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(54) Title: CALIBRATION OF PROCESS CONTROL TEMPERATURE TRANSMITTER
(57) Abstract
A transmitter (10) in a process con-

-{ rol loop (12) measures temperature, A
calibrator (60) includes a known calibra-

tion element (64) which is connected to 62
the transmitter (10). Software in the trans- I-Wn%—‘
Vm

-mitter (10) compares a measured value of
the calibration element (64) with the ac-
tual value of the calibration element (64)
and responsively calibrates the transmitter
(10). The calibrator (60) includes a temper- 64
ature calibration sensor (70) for coupling )
to a terminal block (14) of the transmitter
(10). The temperature calibration sensor ] .
(70) provides an actual temperature input d
to the transmitter (10). The transmitter (10) 1
measures actual temperature of the termi-
nal block (14) and compares actual temper-
ature with a temperature measured by an
internal terminal block temperature sensor
(34), and responsively calibrates the inter-
nal temperature sensor (34). -
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Tenperature Device, also called a PRT, Platinum Resi st ance

Thernoneter) sensor, or the voltage output of a thernocoupl e sensor.
One technique for sensing the paranmeter is by 30 conparison of the

resi stance of an RTD with an internal reference resistance level in.
the transmtter which is calibrated when the transmtter is :
manuf act ured. For exanpl e, resistance of the RTD is nmeasured by _
.connecting it in series with a known reference resistance (R ERR]) and
WD 96/ 10166 PCT/ US95/ 11433 '
- 2- appl ying a current common to both resistances. The

resi stance of the sensor (R ERR]) is expressed as follows: :

R ERR] [ERR] (R ERR] +R[ERR]+R[ERR]) Equation 1 5

wher e: R ERR] = t he nom nal resistance of the reference

resi stance i n ohns; R ERR] = a calibration offset in ohns
determ ned 10 during manuf act ur e. Thi s val ue

represents the difference between the
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v
calibrated reference resistance (Rerr]) and the

nom nal val ue of the reference resi stance; 15

Rperr] WO 96/16465'S €T calibration offset; Vierr] = pc¥Bkdspdgssdr op
across the input; and Vlerr] = vol t age drop across err].
Equation 1 is used as part of an auto-zeroing and auto- spanni ng
routine in that errors in nmeasurenent of Verr] 20 in the nunerator tend
to be the sane as errors in V[err] i mthe denom nator and therefore

Egzgte: on 1. The m croprgggs%%f@%%fh%géésggsgégsnw‘l t\allgleﬁegf and

cal cul at es and conpensat es R eCEMPERAFURENFRANSMITTERjuati on 1 which is
.converted into a correqupg#lag%lgn o&ena% LeaRehaLLEe d@lﬁﬁlw E:J%t%ntmk up

tabl e or sui tabl e equ the m croprocessor,
circuit in thedOCARERL CONtAIAS mé§eFl4élsi!hé§h is subisgfert@ GP@Y\F&-I‘JP@ and

provides ag oub&%etdtﬂdaﬁ | eaR a§p§91gn% swﬁéenﬁaé.ewlowje@l&m )it

value. Unfortunately %{ rJ son&ﬁ{ fromthe calibrated

val ue of R errfacsimg, Iﬁl_eé’ﬁci ta&yq{’e?c&fr LheePatsnfe JOFUBRRY  of
tenperature. or thé/\lb&ﬁéziﬂlﬁﬁsclosure, as it appears in the Patent

PCT/US95/'11433 and Trademark Office patent fﬁe or records, but

otherwise reserves all copyright rights whatsoever.

10 BACKGROUND OF THE INVENTION

The present invention relates to transmitters
used in process control loops. More specifically, the
present invéntion relates to calibrating temperature
transmitters used in process control loops.

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

20 format, a microprocessor 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

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

One technique for sernsing the parameter is by

30 comparison of the resistance of an RTD with an internal

~ reference resistance level in the transmitter which is
calibrated when the transmitter is manufactured. For
example, resistance of the RTD is measured by corinecting
it in series with a known reference resistance (Rgg) and



A typical prior art nmethod of calibrating the Rlerr] is to connect an
external predeterm ned resistance to the sensor input of the

t ransm twewoe/20166 have t he transmtter enter a cali bratpepusdafgsszThe
transmtter 5 conpares the expected value of the predeterm ned
resi stance with the neasured value of the R err] and uses t he
difference to calibrate its el ectroni (_:_i_by adj usting. Rl err], the user
trim Typically, the predeterm ned resistance is an active circuit

or a resist d . Lye,circuitry which sinulate
resi st ance iggﬁq.yqﬁ{?:uil %&ﬁl%%cu?%één %t VIR ryr?si S5 bl e TS h an
i ntrinsi cal F@sigiaacen ol sheesensoDetRger hoie exparessed asifefdawall e and

i naccurate relative to precision transmtters and are unw el dy,
requiring the_transm v} gL»15 to be disconnected fromthe process |oop in
the field Rl ¥ frzmen t Bbicht &Beiueh | ab. They Bhwetdonf dr
fromdrgft in resi standE Val ue from changes in ambient t enperat ure.
Ther nocoupl e2 ealhe al so used by transmtters to 20 nmeasure tenperature.
U.S. Patenf?®K§: 4,936, 690, entitled "Thernmocouple Transnmitter with
Col d Junct i oNRgernon COMpPENS atheo momiatall asse WEshé® dhethanpedssegeae as the
present application, descri a Jreasurenment. A t her nocoupl e
junction generates a vol ta;%es}csrﬁ%gsk? h]g"e sﬁ unction related to its

~tenperature. Readowever, @ calibnatridmrofidetein dolmsnibtermehalds at the
term ngp bl ock of the 1t ' ces another _thernopcoupl e

“voltage. To neasure the thg'{nrg'gﬁpl éﬁnéirf%éra ?‘e, it jso1s Kggggsary to
measure the tenperature of nepresentis] the jdiffemwericat betweear nthel bl ock

connection and COMPeNLRf§ priated ! QE%er‘éﬂlcteaggesistanceTy?kcal)l y, in
m croprocessor based transmtters, a tenperature sensor. _ REF
. and the nominal value of the reference
resistance; _
15 Rearz = & user calibration offset;
Vemveur = -voltage drop across the input; and
Vagrer = voltage drop across Rpgp.

Equation 1 is used as part of an auto-zeroing and auto-
spanning routine in that errors in measurement of Vaoveur
20 in the numerator tend to be the same as errors in VRrer
in the denominator and therefore cancel.
The A/D converter digitizes the voltages of
Equation 1. The microprocessor receives the digitized
values and calculates and compensates Rppyr according to
25 Equation 1 which is converted into a corresponding
sensor temperature value with a look-up table or
suitable equation by the microprocessor. The output
circuit in the transmitter _receives the sensor
-temperature value and provides an output to the loop as
30 a current level or as a digital value. Unfortunately,
Rper sometimes drifts from the calibrated value of Rgpmon
and Rg,y, leading to inaccuracies in measurement of
temperature. ' '



ey

IS thermall y coupled to the termnal block and connect ed to the
m croprocessor of the transmtter through the A/ID WO 96/ 10166
PLCT/ US95/ 1143 -4- c [

The micr o&%g‘&@ﬁ‘? conpensates the t her nocoupl e vol t ‘ﬁ%&e‘d“&pon
the cold junction tenperature neasured by the PRT. Errors in

t her nocoupl e tenperature neasurenents arise if the transmtter 5

i naccurately neasures the tenperature -8 the cold junction.

Prior art attenpts at calibrating thernocouple mul tiple input
transmtters focus on cal¥ Eﬁ/@tllwg prdor artt makbedt oér calihratisgvibeol t age
Sour ce. Hovvevekg%t hg 16 oMkt has dtiirml pré‘&é‘téﬁhEﬁé&ek&sEQ%Taﬁ@ee with

respect to a précision transmtter. _ For exanple preci si on
t her mocoupl e~ EParfif t EERSORASNRRE 9 the tran%l&b‘ﬁ?ﬁ%ya@ﬂ cdhavep&heent of

the actual val geanshitided’ enter d iddlibrdt Eov i REAEaS ‘bﬁéntghhgﬂuft‘&er
calibrating the cold 15 unction te gerature nmeasur ene

The art |acks SOUPRLESHNitHHe FXBAGHID: W Ue OfevtRE PFSfjeteaﬂ‘é&ﬁélt ely
calibrating . tespetandecwith titeameasuieids valwe bEr theh®pgit anackses

device that Is the dl%%e?‘legcgngggcpaf&rbaetee f:Etesctellve%:I onrla}:cse ?rlgdt]%s% {NST

Rcazr the user trim. Typically, the 'predetermlned
. resistance is an active circuit or a resistance decade
10 box. Active circuitry which simulates resistance is
usually inaccurate and typically incompatible with an
intrinsically safe environment.. Decade boxes are
unrepeatable and inaccurate relative to precision
transmitters and are unwieldy, requiring the transmitter
15 ' to be disconnected from the process loop in the field
and brought into a calibration lab. They also suffer
from drift in resistance value from changes in ambient

temperature.
Thermocouples are also used by transmitters to
20 measure temperatur'e. U.S. Patent No. 4,936,690,

entitled “Themdcouple Transmitter with Cold Junction
Compensation, " and assigned to the same assignee as the
present application, describes such a measurement. A
thermocouple junction generates a voltage across the_
25 junction related to its temperature. However, a
junction between dissimilar metals at the terminal block
of the transmitter introduces another thermocouple
-voltage; To measure the thermocouple temperature, it is
- necessary to measure the temperature of this "cold
30, junction® at the terminal block connection and
compensate for this voltage. Typically, in
microprocessor based transmitters, a temperature sensor
is thermally coupled to the terminal block and connected
to the microprocessor of the transmitter through the A/D



20 (National Institute of Standards Technol ogy) traceable ref erence

within the precision of a high precision transmtter. As vm'tthTD s],c I
vol t age w@ ions are i naccurate and not stable engugh to be usefu
s NI ST b8/ R{l?&aceabl e devices (e.g., they are not stable R 114325
hold their calibration for very Iong) _ SUMVARY OF THE
| NVENTI ON The present invention is a tenperature

transmitter which transnmts a neasured4tenperature over -a process

control | oo To calibrate the transmtter, 30 .a known N ST traceabl e
resi st ance %’EV?F teT -coupl &ha o @ﬁ@roprqc@@lﬁorof chepensaseist t ethewhi ch t he
transm ttertnamuae&ple &Slehgér]ba-sréa Nhﬁgnca{:hgraéggdv iHﬁcE’ioB[ err|

(Rlerr]) is gmcrorocessor mtter which

thon r eaporcrUReEaBlire fes Surds By eneiay vRFaerR thrfhermocoupes 10166

PCT/ US95/ 11¥&8perature fneasuurefm]emt@ sﬁe@qbuqrﬁ ﬁws%ﬁé@%hlteér Rierr]
d t L ffergnt c ration nod

? pansm?tee{llﬁ)gég%gé?e(]iyt ggﬁﬁ ?5’3@35?5“5& t8he the ¢@ldrence

V[ err] whi ciuneeionansnitter rreasur es. The NIST 5 calibrated val ue of

MVerr] (Vlerr]) is prayidedio dttempts artrégfﬂ)féging L1 rmoccclnggfl try and

the transmtte
mult:Lple input transmitters focus on calibrating the

transmitter with a known voltage source.  However, the
10 source has typically been relatively unstable with
respect to a precision transmitter. For example, a ‘
precision thermocouple transmitter has a . typical
accuracy of 0.04 percent of the actual value. Further,
little attentlon has been given to calJ.bratJ.ng the cold
15 junction temperature measurement. _
The art lacks a self-contained calibration
device for adequately calibrating temperature '
measurements. Further, the art lacks a device that is
stable enough to be effectively traceable to a NIST
20 (National Institute of Standards Technology) traceable
reference within the precision of a high precision
transmitter. As with RTD’s, voltage calibrations are
inaccurate and not stable enough to be useful as NIST
traceable devices (e.g., they are not stable enough to
25 hold their calibration for very long). |
SUMMARY OF THE INVENTION
The present invention is a temperature
transmitter which transmits a measured temperature over
-a process control 1obp. To calibrate the transmitter,
30 a known NIST traceable resistance Ryg is coupled to the
input of the transmitter, which the transmitter measures
as Rppyr. The NIST calibrated value of Rygr (Rysrear) i
provided to the _micrdprdcessor of the transmitter which
then responsively calculates a calibration value Rg,;



.

responsi vel y cal cul ates a voltage calibration val ue Vlerr]. In a

final calibration node, a tenperature probe that nmay have N ST
tyaceable calibration is coupled to 10 the termnal block é*

transm tterW°9§(m:}66the transmtter measures the cold jun% ’8#55]1?433

t enperature and then responsively calibrates an internal cold junction
t enper at ure sensor. A calibrator adapted for coupling to the
15 transmitter includes the NI ST traceablse resistance Rerr], t he

NI ST traceable voltage V[err] and the N ST traceabl e t enper at ure probe
(Pl[err]). | fowne ussrboilnnesubseduent  measubement cafunkgaies and h t he

transmtter over L~ two-wmre p nt : 0

BRI EF DESCRI PT Gﬂbgiaﬁﬂéeomw#&s% QPEfdPetit éé)jl:#éﬁ%i?ﬁ medey, Sbe

di agram of a t &¥posmifter is coupiedi toc knawedIST tryacsadlec vodmegeat ur e
with an RTD  refeedde Ve which the tran@ilittdd meaal¥difk dimoha®r | ike

Figure | A 25 of ate SFature transmitter connected _to neasure
t enper at ur & wi Fﬁla-bﬁ:ﬁéﬁgc%bll@ &dhsBimst  (Vnstea) 1s previded otes thep| ock

di agram of onereghediivRdr inp@t 2 GAHIHHP' and the transhi%eed 3 is
a bl ock diagram of anqther 30 ~enbodi nent of° a calibrator. |
Figure 4 is a JESEPRHMGISh SRiGElates B aiftage caddhrabiqn avalue

‘transmitter. v.,,. In a fikdUuc€lbratiohl mvdehaat tempepatatrieoprobed
m croprocessor thgtt ?neayt HRe %}fg‘f‘a ér[aacnesargié ®Calibration is coupled to
10 the terminal block of the transmitter, and the
transmitter measures the cold junction temperature and
- then responsively calibrates an internal cold junction
temperature sensor.
' A calibrator adapted for coupling to the
15 transmitter includes the NIST traceable resistance Ryist+
the NIST traceable voltage Vi and the NIST traceable
temperature probe (Pmmo. In one embodiment, the
calibrator communicates with the transmitter over the
two-wire process control loop.
20 BRIEF DESCRIPTION OF THE DRAWINGS
| | Figure 1A is a block diagram of a temperature
transmitter connected to measure temperature with an RTD
'~ sensor. '
| Figure 1B is a block diagram, like Figure 1A,
25 of a temperature transmitter connected to measure
temperature with a thermocouple sensor.
| Figure 2 is a block diagram of one embodiment
"of a calibrator.
Figure 3 is a block diagram of another
30 embodiment of a calibrator. '
Figure 4 is a diagram which shows a calibrator
coupled to a transmitter.
Figure 5 is a flow chart of operation of a
microprocessor in the temperature transmitter.
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- 6- DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Fi gure Xolgndep! ock di agram of tenperature transm ttgo, @89 ected
to measure tenperature with an RTD sensor. Transm tter coup es to
process control 5 | oop 12 which provides power to transmtter 10 and
over which information is transmtted and received.

Transmitter 10 includes terminal Dfock 14 having termnals 1

t hrough 4 for %Iln to for Ie an RTDte erature sensor 16
or a ther nocotHE-Erbeti E LEON BHE 1RREEER EN Fi gure

| A shows the

18) can be
10 i ncl ude

el eEigureI 1A0rimecl=lll|@n?ck?dﬂ§r&ﬁ o&ewﬁpé&&{?}@ SentS?r
r eLna 0] ransmt ransm er
SUADERLOCET I8 cHin et SR B dalifl htacharure 7Etb % on | &

coupled to mtstSdmop TraasSmithevudld icoppilesutyoutprddeds Od:dmon 24.
Ml ti plsexery %pa? rd at &N signal s,
i ncl udlsﬁg S|&%<)51I152 fwrﬂt?rr% t e&l m nal & i '&cﬂ t%.alfs%fttg{. %@go AL negative

i nputs of d‘fl'flf@r entinfiormahian er is

f/7 D convgrtﬁar?%u@@er Inoongnemaég][rememsaa\ie”b%&@ has %@ﬁ?
ITS an

conversion rate o
E%Hﬂ%% } sthEQughpégirr crupding xo, for E%%}“Iéeﬁsn 180 wi t h
Char ge- Bal R t¥Rperdtie Benesr 16 or a M@@de@&ig mpE¥atdbre 1987, in

conver si on

El ectr,oni c
and % i

14 sanpl es/ second.

R 08 (BRORAL G ERded, 19 - "iliahin

etft &0oys the

determ ned eltgctn:icm:k ccﬁﬁlectlons ﬂ\dJIR:nmlléxerSeﬁﬁor 16 (and sensor

15

20

18) can be eJ.ther 1nternal or external to transmitter
10. Transmitter 10 includes multiplexer 20 controlled
by microprocessor 22 which is coupled to control loop 12
through J.nput/output (I/O) circuitry 24. Multiplexer 20
multlplexes_, appropriate sets of analog signals,
including signals from terminals 1 through 4, to
positive and negative inputs of differential émplifier
26, which connects to high accuracy A/D _converter 28.
In one embodiment, converter 28 has an accuracy of 17

" bits and a cohversio'n rate of 14 samples/second. One

25

30

example conversion technlque is descr::.bed in “Resolve 22
Bits Easily with Charge—Balance ADC’s, " by 'I'homas J.
Mego, published June 25, 1987, in Electronic Design
Magazine, page 109. Memory 30 stores instructions and
information for microprocessor 22, whlch operates at a
speed determined by olock. 32. Multiplexer 20
selectively connects its inputs to the positive or
negative inputs of differential amplifier 26. A

resistance 38 couples to multiplexer 20 and is connected

in series with RTD 16. _

In 'operation, transmitter 10 measures
temperature of sensor 16 and t'ransmi't's_ a representation
of temperature over control loop 12. '.Tfansmitter 10

g

tpensmtcndcome@t s ner:etmgeﬂ accur acy
racy of
exanpl e

tor S |nstruct|ons

speed



-

sel ecti vel y connects its inputs to the positive or - negative inputs

of differential anplifier 26. A 30 resistance 38 couples to
mul ti pl exeryw@®eadfel S connect ed in series with RTD 16. pCc1/US95/11433
In operation, transmtter - 10 neasures t enperature of sensor 16
and transmts a representation of tenperature over control |oop 12.
Transmtter 10 W96/ 10166 : '
PCT/ US95/ 11433 . & enpl oys the
following equation .to np ature of 6:
Rl err] V[erg#'p?ﬂygrr]gr&%[ eﬁcﬂilﬁg%&r]eﬁhaﬁggr )U£g Ec‘ﬁ?gﬁacﬁjle 2 tge
wher e: Pemperatare ofh&TRodi6tal resi stance of the reference
resi stance in ohns, and/or stored in menory 30; 10
Rl err] = a calibratign. offset to Rerr] in ohns ' .
determi ned duri fweenTf agtor e(Rmmdk dRears ¥ Reazz * Reara) skgranionn2
menmory 30g This val ulF represents the difference
bet ween t he : '
where: : _
Rpppvom = the nominal resistance of the reference

10

15

20

25

resistance in ohms, and/or stored in
memory 30;

Reart = a calibration offset to Rgemoy in ohms
determined during manufacture, and/or
stored in memory 30. This value
represents the difference between the
actual value of the reference resistance

(Regr) and the nominal value of the

reference resistance at manufacture;
Rearz = a user calibration offset to Rpsmom
stored in memory 30;

Rears = a field calibrated offset to Rggmom iR
accordance with one aspect of the
invention, stored in memory 30;

VemNeuT = voltage drop across the input; ‘and

Virer = voltage drop across Rggg. |

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

drop (Vggr) across resistor 38 with MUX 20.  Rgemvoms

- Rpearir Rpearza @nd Rpeay; are retrieved from memory 30. Rears.

30

is used to accurately calibrate the measurement to a
NIST standard as described below. In a four-wire
resistance measurement such as this, the voltage drop
across the connections to terminals 2 and 3 is largely



actual value of the reference resistance 15 (Rferr]) and

the nom nal value of the ref erence resistance at

manuf a r Rl err] = a user calibration o Rl err]
stor ed%ﬁgggmy 30; Rl err] = a field ca%%?séﬁg%sffset to
Rlerr] in 20 accordance wth one aspect of the

I nvention, stored in nenory 30; Verr] = vol tage drop
across the input; and - Af-err] = vol tage drop across .
Rerr]. Current source 50 provides current I[err] through sensor 16 25
(vi a tern redligninated 4)sinder ehbssant iaddivstakl 3ghe currkntr oﬁdnmsssor 22
Teasures iR saldnte g 1 radc% e D LARAHE G L™ 12! 5 2
and 3, and%e vorlii * 4[errrﬁa acrosls resis 38 Wi t I\/UX 20.
Rlerr], acqUIAGY | OIQ[ drhe SR[r@i"}ﬁnta-re Rkt ed8d FPRVERERSr £B30.

Rierr]. 30 tenpersasrd Oundte aheti ceal nBoX-ag NeaBBas WE MR tad 1 NI'ST
standard as descri bed bel ow I n four-wre resi stance neasurenent

such a® t hieduation, f4erRd d bnemory aos Then HMPERYES BGFIRASY &ni nal s 2

and 3 is | amgelihvention W8 Qﬁ/rtﬁ.hﬂfiy achieved by using additional
PCT/ US95/ 11433 - 8- el i.m _nat ed, since
subst ant i al9 lgqaft]f%‘ cdﬁ%ﬁ‘nt ﬂ'%ﬁgd in memory "and additiona 5\

computational power of the microprocessor. _
Figure 1B shows transmitter 10 connected to
10 measure temperature with thermocouple sensor 18 which

creates a voltage Vycppyr across terminals 1 and 2. : ‘

Multiplexer 20 couples inputs of differential amplifier
26 to terminals 2 and 1. Figure 1B shows a voltage
reference (VTCR.EF) 36 coupled to MUX 20 and current
15 source 50. A voitage reference 36 includes resistors 40
and 42 connected as a voltage divider and a Zener diode
44. B | _ |
Transmitter 10 measures the temperature of
thermocouple sensor 18 by determining the thermocouple
20 voltage Vq with the following equation:

Ve = %(de- Veazs * Vearz + Veara) Equation 3
where:

25 Vienwur = = the measured voltage across terminals 1
‘and 2 of terminal block 14 sensed by
ampllfler 26; : :

- Vircrer =  the measured voltage generated by
' | voltage reference 36 as sensed by

30 amplifier 26; .

VyicrErNOM = a nominal value of voltage reference 36

stored in memory 30;

¥

]



between termnals 1 and 4, and has little inpact on the accuracy of
t he measurenent. Rlerr] is converted to tenperature units with a
| pok-up table or suitable 5 equation stored in nenory 30. _ The inproved
~accuracy oW09/1016¢c i hyention is partially achi eved by usi ng"%’r"ﬂgﬁal

calibration data stored in nenory and additi onal conput ati onal power
of the m croprocessor. ' Figure 1B shows transmtter 10
connected to 10 neasure tenperature w thgt+hernocoupl e sensor 18 which
creates a voltage V[err] across termnals 1 and 2. Mul ti pl exer 20

coupl es inputs oV fferenti ab &apltioliyercalibraifidm difsenats Yragdod -
Figure 1B shows a voltage reference (Vierrk) 36_coupl e 20 and
current 15 source 50. A vol Pgiage?eﬁé’r 3%%5&%% %écaﬁaéggf&ﬁq%‘{%?%

and 42 connected as a vol t ageofii trdosmitdex Aéder di ode 4

44,
Transmtter 10 rgasures Lthe tggp%rs%trurecp{,g/[ e??}igmf‘tggg{gﬁgpio%%ﬁgét&B by

determ ni nsg the tH#& nocoupl e vol t age €
equation: Vierr] . Vicanewr§tored in pemery] 3¢;vpedr] + Verr] +
V[err]) Equatygn, 3 = VRerRlibration/[6ffsetr tol REABASUrSEbM&d t age
across termnals T . and_2 of termnal™ ck 14 sensed
by anpl i f +Brmegory 30 fox calibrating trangmitsex  red
vol tage generated by 10 to a NpdtagardcdsireIce volftags
sensed by 30 g lifier 26; Vlerr] = a nom nal
val ue of voltage reference 3grererence. stored i-n nenory 30;

10 However, the junction between two dissimilar

metals formed at terminal 1 introduces a cold junction
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

15 resistance of a PRT (Platinum Resistance Thermometer)
sensor 34 and subsequently using a standard equation or
‘look-up table to determine the cold junction error
voltage. Resistance of sensor 34 is measured using
Equation 2 by applying a current Iy from with current

20 source 50. The resistance of PRT sensor 34 is
calculated as:

Regcerr = Rprreg.2 * Rprrcar Equation 4
25 where:
Roycprt = the calibrated resistance of PRT sensor
34; |
Rppreoz = the resistance o{‘i PRT as calculated with
Equation 2; and
30 Rpprear = a calibration offset stored in memory
30.

Microprocessor 20 computes Vy. according to Equation 3
and Rgeppr according to Equation 4, then effectively
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-9- V[err] = a factory calibration offset to V[e[r] .

| aced i 30 during nmanufacture ‘g{_ ransmtter
20; Wo%\}?gdr{] = ° a user trim calibration offg ’U_s?.‘"()““:??

Vlerr] stored in nenory 30; and Vlerr] = a calibration offset to
V[err] stored in menory 30 for calibrating transmtter
10 to a N ST traceable vol t age-10- reference. 10
. However, the junction between two dissimlar metals formed at termnal
1 int roduce§‘f‘§té'él‘-'d=fi URsérronfrom Ves rosingl wageappoporiaveall cok-tipe

t t e Ladh On. FhEner I ' ed by neasuring
the o eerates sisERa sy,  THeat i MRsididd SSREReAkeds
resi stance SFTREPREUTS o0 n FRNEAY sifnde TRenpdedt 49 loop sk2seia34 and

subsequent | puttputg cd rdudrdsy ggeguation or  look-up table to determ ne
t he colg junction erraqy, voltage. Resistance of sensor 34 is measured

usi ng Equati on 2 TWSHSHI 2 ngtS chrr &chemaddq f¢rgranh ofirrent 20
source 50. calibeatoesi B@ncinof acBbTdanedsokwitlft tife invSﬁltEiBh@t_ ed as:

Calibrator 60 includes a voltage reference (Vist) 62,

resistor reference (Rysr) 64, compound switch 66,

connectors 68a, 68b and 68c, and connector/probe 70

10 which includes a NIST traceable PRT sensor 72. Ryist

should be selected as a high accuracy resistance which ‘

is stable over time and temperature. Similarly, Viist

should be an accurate voltage reference stable over time

and temperature, such as a voltage drop across a

15 temperature and time stable diode. . Switch 66 includes

ganged switches 66a through 66d which are operated in

unison and selectively couple connec{:ors 68a through 68c

and connector/probe 70 to reference resistor 64, voltage

reference 62 and PRT sensor 72, respectively. - Probe 70

20 is adapted for thermally coupling to terminal block 14

of transmitter 10. - In one embodiment, probe 70 screws
into terminal block 14.

| In operation, Vysr 62 and Rysy 64 and probe 70

are calibrated to a NIST traceable reference using a

25 standard laboratory NIST traceable volt/ohm meter and a

temperature standard calibrated 0°C ice point. - The

precise calibrated values of reference voltage 62

{VasreaL) » Treference resistance .64 (Rnistear) @and  Pysrear

‘(NIST calibrated value Of Rppope at 0°C) are marked on

30 labeling 74 on calibrator 60. Calibrator 60 is taken to

the location of transmitter 10 and connectors 70, 68c,

' 68b and 68a are connected to terminals 1, 2, 3 and 4,

respectively. Switch 66 is operated to connect one end

of resistor Ry 64 to terminals 1 and 2 and terminal



R[err] - Rerr] + Rerr] Equation 4 25 where: R err]
the calibrated resistance of PRT sensor 34,

R[err] = the resistance of PRT as calculated with

Equati on 2;WQHR¢/18066 R[err] = a calibration offset stor BGT{USIHEMBTF y

30. M croprocessor 20 conputes V[err] according to Equation 3 and

Rl err] according to Equation 4, then effectively WO 96/ 10166

PCT/ US95/ 11433 11— -10-- subtracts

Rlerr] fromV[err] using an appropriate Iogk up tabl e or equati on.

Then the resul thngcgoARENS AL Ghis é@i@ﬁs@; U§$5T0f64SQ.%SQ£orﬂr?eét§e&0ﬂn9| gd to
| oop 12 via out put erCU|try Fi.gure , 2

schematic di agh@ppess sgml ar(ﬁﬂQkﬂ%ﬁ%r 6'|nSQEHBrd&ﬁbeRﬁgWF?helA-
i nventi on. TEahbhigter 6001 reloedeesa yoldoxtardf ¢saeae 48/ e rEARSE,

command) over loop 12 which instructs transmitter 10 to
5 enter a calibration mode and an operator provides
transmitter 10 with the NIST calibrated value (Rygsrcar)
of Ry 64, as indicated on labeling 74. This
information is provided to transmitter 10, for example,
over two-wire loop 12 using a hand held communicator
10 such as that described in U.S. Patent No. 4,988,990,
entitled “Dual Master Implied Token Communication
System." Microprocessor 22 causes Vyppyr and Vepmom £O be
sensed and digitized, and calculates a new value of

Rearsr Reavspewys- @8 follows:

15
Vreer

VRINPUT

Ram”mm, * Ryrsrear = Regrmoy— Reaz: = Rearz Equation 5
Reauspewy 1S stored in memory 30 as Rgus for subsequent
measurements. '

20 Next, the operator positions switch 66 to
couple voltage reférence Vmﬂ;sz between terminals 1 and
2 of terminal block 14 as Vicppyr. The NIST calibrated
value (Vysrcar) ©0f the Vg 62 is provided to transmitter

| 10 over 12. A new value of Vs (Vearspewy) 15 determined:

25

V. .
Veazsumn = Vizsrenr S - Vocgzrwow~ Veazs~ Vaarz  Equation 6
Vremneor

.‘Qmummm is stored in memory 30 for subsequent use as

" Veas-
30 After calibrating resistance and voltage
‘ measufements, cold junction temperature sensor 34 is
calibrated'by placing switch 66 in position to couple
the other end of PRT sensor 72 to terminals 1 and 2, and



resi stor

reference (Rerr]) 64, conpound switch 66, connectors

68a, 68b and 68c, and connector/probe 70 10 which includes a N ST

traceam
~resi stance
Vierr]

é% ﬁnsor 72. Rerr] shoul d be sel ected qacﬁgﬁkﬁh a
is stable over tinme and tenperature
shoul d be an accurate voltage reference stable over tine

and tenperature, such as a voltage drog across a 15 tenperature and tine

stabl e diode. Switch 66 incl udes
are operate

68c

ghEORFEGFoFbeBBet?GmPBaﬂéférEH€e4res?%?éﬁ/sﬂnn@§tpag§0

ccuracy

ged switches 66a through 66d which
on and sel ectively coupl e connectors 68a through

reference 625ahﬂeEﬁElﬂgn$mmpEédlﬁﬁﬂxﬁﬁmiﬁéy 1 p¥eREmdPe28ensbs 3dapted for

embodt ment . SHEBbe CHit o CeRDPRRBAFR, nPfal PRbCESBEST T2 48

enbodi nent ,
operati on,

vol t/ ohm et er

probe Screws

In

Yhbetpnéiaddy Reperrpaﬁe and pthbe Zémperatake calfi bpated to a
NI ST tracea I s diS| a ra ry NIST traceabl e
> Qhﬁerﬁéﬁ &§ 38 %%n ro’ é?gg? RBr PFESFce point.

erature S at

The preéhte Eﬁﬂ“b?‘a@-eﬁ vawmwg ér%ﬁ@@w@letsagh%probe Nygerr]) -
reference reslabapge. G4 sl itk &Er@f r&ahbréNcﬁT ':’n@éé‘ﬁﬁgﬂéﬁa' ue of

Rlerr] at 0 er[%g are marked_on 30 Ilabeling 74 on caltbrator

Cal i brat or $8%#+

70, 68c, PROSbs@NigoHB3Ar CadNNAEL &b iingy t Raloh 19. 2, 31gndofle
respe %vel% ﬁntch 66 i s _operated to, connect one _end, . of re5|stor
Rlerr] PP AIFEFs MLGHOPEOSRESPE 97 FQmPares the difference in

15

20

25

30

these measurements which represents the amount sensor 34
has drlfted from its previously callbrated value. .Thls
provides a new cold Junctlon calibration value Rpprcaraew
as follows:

Rpxrcu.tm_ = Rpxosz = Rescerr + (Prowu = Przsr) Equation 7

where Pygy is the nominal resistance of a standard PRT
at 0°C. Rpprcarpewy 1S stored in memory 30 as RppreaL
Figure 3 is a block diagram of a calibrator 80
in accordance with.another embodiment. Calibrator 80
includes reference resistande (Rmm) 64, voltage
reference (Vast) 62, NIST traceable probe Py 70, and
connectors 68a, 68b, 68c and 70. Mlcroprocessor 82
controls calibrator 80. Microprocessor 82 displays
information on display 84, stores information in memory
88, receives information from an operator through keypad
90, and communicates over two—wire loop 12 through

-input/output circuitry 92. Microprocessor 82

selectively couples Rygr 64, Vysr 62 and PRT sensor 72
(not shown in Figure 3) to conhectors.GBa through 68c
and 70 using multiplexer 94 which operates similarly to
switch 66, shown in Figure 2.

BkEn Revpse Of { RRT| §€REPEN T andnEesisbanee Ragdmeonnectors

|



VD 96/ 10166 PCT/ USO5/ 11433 bl ock
14. In this position, Rerr] 64 is connected in a manner simlar to
RTD 16, shqg gure 1A Transm tter 10 receives a co

a HART][ err]w 96’"98#rmand) over loop 12 which instructs -trans wsﬁqﬂé
enter a calibration node and an operator provi des transmtter 10 W|th
the NI ST calibrated value (R err]) Rlerr] 64, as indicated on

| abel ing 74. This |nforrrat|on |s 6130w ded to transmtter 10 for
exanpl e, over two-w re I oo% (l)JISII n%a hand_ hel d comuni ca:% such

as that described in U S. *P2¥ FRRFPALOL MeRRYLeRFe ‘?n%‘&ter
| npl i ed Token G(@2mandcd#i4 oand propet €0 relhtivpr doessoNIBY carsesabhierr ]

d V t d 11?9’9 f
g[ner r ][ ,er rR][ er :‘)] O}T/omn?%q:&n agg[gléérffé!r %Lt%%a%er I"] ﬁper r%’(ﬂé@s °
Equation 5 thqervylussst(anedum Viasrosy 30 M@br]lnftor TR Uit

t t 6Qnt
Coupl e vol thge 15439 Bcroprdbylact ¥p MR RYpdef 90! (681 IBERER; Bp' £
term nal bl ock qﬂlnfé@CW‘ér o YrRansmsytesi i Y at &@rough sroanegrers] )684 t he
V[err] 62 is prayf&eeht%etcr agRdl e’ and HOupRis 1€o AWV Y2l UenPdudherr]

(V[err]) is determn
input output circuitry 92 so that calibrator 80

communicates directly with transmitter 10 pursuant to

10 standard communication techniques such as the HART®
protocol. An operator instructs calibrator 80 to begin
calibration by entering a command on keypad 90.
Microprocessor 82 controls multiplexer 94 to connect
voltage reference 64 to transmitter 10. Microprocessor

15 - 82 instructs microprocessor 22 of transmitter 10 to
enter a calibration mode by sending an appropriate
command through I/O circuitry 92 over two-wire loop 12.
Microprocessor 82 sequentially connects resistance 64
and voltage reference 62 to transmitter 10 through MUX

20 94 and instructs microprocessor 20 to calibrate
resistance and voltage, as disclosed above. Temperature
sensor 34 in terminal block 14 is calibrated using
sensor 72 (not shown in Figure 3) which is coupled to
transmitter 10 through multiplexer 94 and Rpgrcarpewy 15

25 determined. In one embodiment, transmitter 10
communicates the amount that its reference values have
drifted for display in accordance with 1ISO 9000
_requirements. This can be displayed on a hand held

. communicator or displayed on calibrator 80.

30 . Figure 4 is a block diagram of a prdcess
control system 100 including transmitter 10, loop 12,
and controller electronics 102 which are modeled as
resistance 104 and voltage source 106. Figure 4 shows
calibrator 80 coupled to loop 12 and to RTD sensor 16



[err] V[err] is stored in nenory 30 for subsequent use as Vlerr] 30

After calibrating resistance and voltage nmeasur enents, cold 6 i
junct i oRyb9ERFIEaL Ur e sensor 34 is cal i brated by pl aci r&q‘:% i n
position to couple the other end of PRT sensor 72 to ter Jgﬂsl“% and 2,
and WD 96/ 10166 PCT/ US95/ 11433
-12- the other end to termnals 3 and 4. Probe/connector 70 S
thermal ly coupled to terminal 1 proximh#e sensor 34 such that the

t erpor at Ur & SDYFOSR ISR hek J0AHRISH. TerRLveR AnFREE e 10 can scr ew
into terni ndunctibmnboixt t 208 10s eani vebtéhrapiode . Sindivid@alus ]f’[ I(?a’rR'rl']
censor 72 an g ol R Ve BE T SHER Igac apa® 30”4 RE% F argih R Equat | on
2. I n onebl@ckenbbdi mefunceien opp'e;celsxﬂaramowsrrmleisbn&mrii Dberwdcr:?f ![ gd
rom i 1e proniasay CarRTERESSEErRLALE, BIBER 137080bydh connetimy
junction calilfrati SHUSHIRI REERARECLOr  BL0f dintensjunction box 108
actuates switches. 112, thereby providing electrical
connections to terminals 1 through 4 of terminal block
14 and'electrically disconnecting sensor 16. To pérform
10 a cold junction temperature sensor calibration, sensor
70 is attached to terminal 1 of ‘terminal block 14. ‘
Junction box 108 provides a simple and convenient
technique of acbessing terminals 1 through 4 of terminal
block 14. As resistance measurements are made using a
15 = four-wire conriéction, resistance ' introduced ‘through
switches 112 does not reduce the calibration accuracy.
Figure 5 is a flow chart 140 showing operation
of microprocessor 22 according to instructions in memory
30. Flow chart 140 normailly operates in loop 142 which
20 includes measuring and transmitting temperature over
two-wire loop 12 at block 144 and checking for a
calibration initiation command received over loop 12 at
block 146.  Upon receipt of a calibration command,
microprocessor 22 begins calibration at block 148.
25 Determination of Reyanew, 18 initiated at block
148. Prior to sending a command to begin calibration,
an operator has connected the NIST traceable resistance
to terminal block 14. At block 148, microprocessor 22
.measures and transmits Ry OVer process control loop
30 12. The transmitted value of Ry can be displayed on
a hand held communicator or on calibrator 80. At block
150, microprocessor 22 obtains the value of Ryiscar OVer
loop 12 from calibrator 80. At block 152, the values of
Rpwpyr @nd. Ry are measured and a new calibration value



1% [err]

where Plerr] is the nom nal resistance of a standard PRT

at Oferr]C Rerr] Is stored in nenory 30 as Rerr]. 20

Fjgure 3 i di agram of a calibrator 80 in accord |
anot her S‘H@%ﬁf& Cali brator 80 i ncludes reference ?@2@;?%’%@33
vol t age reference (V[err]) 62, N ST traceabl e probe

(R[err]) 64,

Plerr] 70, and
controls cali
di splay 84, st

an oper at or thRemMe&@@BlCUlwdaamﬂmm@mbslocﬁl%rﬁt‘l\mawbpe'dlm@p 12

t hr ough I n
sel ectively co
in Figure 3) t

96/ 10166
-13- 5

10

15

20

25

"workers skilled in the art will recognize that changes.

30

connectors 68a, 68b, 68c and 70. M croprocessor 82 25

brator 80. M croprocessorls82 displays i nformati on on

ores informati 6n in nenory 88, receives information from

8] E8%aTdon %l By Blep® 436 s, Bpnt atEar pasdieata |,

dteoveddreris eaéartsmm'gﬁd eeer loonné|27ﬁonsrﬁgencp|tt éxer
whi ch oper at es haind Wl difit or kﬁy\ﬂé&iht@ﬁatébow | PRl gUY81de should VO

CT/ US95/ 11433
be aPRrr?’G‘ﬁ’l#%ﬁJiib s pRras o?hﬁe'é§&1‘§s°ifeﬁmmes

Next, an operator connects the NIST traceable
voltage reference to terminal block 14 for calculation
of Vearsmewye Vst 15 measured and transmitted over two-
wire loop at block 158. Microprocessor 22 obtains
Vnistca,  from calibrator 80 over loop 12 and Vicppyr and
Vrcrer @t block 160. At block 162, a value of Veaseew 1S
calculated according to Equation 6 and stored in memory.
Vansr 15 again measured and its value is transmitted over
loop 12 at block 164. This value should be
approximately the same as Vygrcar- This completes
calibration of voltage measurement, and probe'70 is
connected to terminal block 14 for calibration of PRT
sensor 34. At block 166, determination of Regrcargew, 18
initiated and the value o0f Pygca, 15 obtained by
microprocessor 22 at block 166 from calibrator 80 over
loop 12. At block 168, microprocessor 22 measures Pppops
and Rpr.e At block 170, microprocessor 22 calculates
Regrcarpewy USing Equation 7, and this value is stored in
memory 30. Block 172 shows the completion of the
calibration procedure and control is returned to block
144. '

Although the present invention has been
described with reference to .preferred embodiments,

may be made in form and detail without departing from
the spirit and scope of the invention. For example,
other types of references may be used and communication
of the actual values of these references may be through

94



62 and 64 and probe 70 relative to a NI ST traceabl e vol t/ohm neter and
tenperature standard, and enters t hese values (R err], Verr] and
Plerr] ki nory 88 5 using mcroprocessor 82 and k _

Cali br)é’tvg?%'gﬁ&lgs connected to transmtter 10, thr ougﬁeg’gﬁne(’:lf%’rs 68a

t hrough 68c and 70, and couples to |oop 12 through i nput / out put
circuitry 92 so that calibrator 80 comuni cates directly with
transmtter 10 pursuant to 10 standat@-comuni cation techni ques such as
the HART[ err] protocol. An operator instructs calibrator 80 to begin
cal i brati oYy appxopydatecoRsang-on KE9padxmwple, Mlthongkeddm 82

control s mydijH o 4pk8ceaires! descrDbéddwerdf %}S@E&iﬁédt Qilgransm t ter
10. M croprocessor 15 2 instructs m croprocessor 22 of transmtter 10 to

enter a caleHeRSAL FOUEWBTVIERIFFRNSALEEBF8p R ee— and EARETY IR ough 1/ 0
S circuitry Zanemittersyi reéahoopeghally WweIlopmakessais$2 sequaiid al |y
connects resistance 64 and vqlta eference 62.to transmtter 10
Lhrough MUARIERGPIS 4 For, SRRARLE / RLEPGHIN S00G, Wis6 TE51EAN% at o

resi st ance mead wErage has bbar| describede. thenpenaepte set Fardlr 34 in
term nal bl 14 ] L i _ e 72:(no in Figure 3)
which is C(?%%{%é‘éﬂ té‘oIse %éﬁa%és% ?;éaé n%%h?gugﬁ%nﬁr i"%fge%gr%q%ﬁ%%c% R err])
is 25 det se@aswement. |n. one enbodinent, transmitter 10

conmmuni cates the anount that its reference val ues have . drifted for

di splay in accordance with | SO 9000 requirements. " This can be .

di spl'dPed on a hand held - communi cator or displayed on calibrator 80. 30
Figure 4 is a block diagramof a process ~ control system 100 i ncl udi ng‘
transmtter 10, |oop 12, and controller electronics 102 which are

nodel ed as resi stance 104 and voltage source 106. Figure 4 shows
calibrator 80 coupled to |loop 12 and to RTD sensor 16

15
20
25

30

)
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- 14- t hrough junction box 10 b j 3—g connector 110.

Junction b an alternati vig scr
connectorsaéﬁégﬁ%gi, 68C and 70 i 1ﬁﬁ¢%b4—§ﬁgggﬁgﬁﬂgg_b
108 allows calibrator 90 to 5 dires : er i, ngll

t hr ough connect or .110. Pl uggi ng connector 110 |nt ea “TbS
actuates switches 112, thereby providing7el ectrical

termnals 1 through 4 oiktern1nal bl ock 14 and ele

- di sconnect i ngWa&dsdS CGLAIMED IS H5rm 10 a cold junction tenperature sensor

calibration, ggnsor A temperiithatd edanenti®ierah d prlodeydricoaltdylock 14.
Junction box 108 provides, a sinple and conveni ent t echni que of

accessing ter s PRGBS Y of terminal bl ock 14. As resistance
measurenents are nmade usd ngeasdp ifmput Wor reweisdnigona te

I ntroduced t hrough SMAtCh ges n edy g al % al
accuracy. Fi gu?% Jsblﬁ'it °F oﬁﬁéﬁ{é %ﬁﬁ gﬁf}%ﬂ gpé} atd on

of m croprocessor 22-accord|ngampera$urectsensnrr1ﬁurnnqpld jum@tﬂﬁnow
chart 140 normally operates 'Ebﬁﬁﬁ@}éfgn“@éfFngtigh”C'“des measuri ng and

transmtting tenperature over &4t bl ock 144 and
checking for a caJ|¢nnnfewam¢¢ttgmpgnatunﬁaaensegeﬁogdm@¢§mnmm@p 12 at

resistance of a cold junction of the
~ sensor input;

A/D conversion circuitry for converting the
sensor input and the measured resistance
into digital values;

I/0 c1rcu1try coupling to the process control
loop . and sending and receiving
information over the loop; and '

microprocessor circuitry coupled to the A/D
converter for calibrating the reference
temperature sensor in response to the
calibration input resistance.

2. " The transmitter of claim 1 wherein the
calibration input is NIST traceable.

3. The transmitter of claim 1 including a
resistance coupled in series with the reference
temperature sensor and wherein the microprocessor
determines cold junction temperature based upon voltage
drop across the resistance.

4. A temperature transmitter in a process control
loop, comprising: - . .

a terminal block for coupling to a sensor
resistance; '

‘a current source providing a current through
the sensor resistance and through a

‘R O



bl ock 146. Upon_receipt £pration conmmand, m croprocessor 22
begi ns calibrati :nrpﬂé sWEE?K—IA@BEEIQ y Determdn?t ion of Rlerr]) is
initiat { REﬁﬂ,ﬁcgrE’rl or fo sending a conman

calibr a?}?g%&/lﬁk@ —an—operator—Has—esnnect ed the NI ST trac_e %f'gbé}'&"@t ance
to ter m nal bl ock 14. At bl ock 148, m croprocessor 22 measures and

r process control |oop 30 12. The transmtted val ue
ﬁl i splayed on a haft hel d conmmuni cator or on cali brator

_ Fﬂml I%ﬁ 50, mcroprocessor 22 obtains the value of Rerr] over
oop 12 from cal i brator 80FekeTSNSGS HePistapceacoupled in gewied and
Rlerr] are neasured and a REWhCalheds¥nsdy \i%sliestance- V\D 96/ 10166.

PCT/ US95/ 11433. err .
cal cul ated and stored®Bt BYBck CPRYETREFo, d‘fbrfgr"h c?’b"?ﬁ'&%t |Y591‘Bag%t bl ock

156, R[err] is again rreasudeoff&nr@nces atroeal thei sehsensresistanrer | oop 12

for receipt by a hand Qg hd e%r%ﬂ%{r%%ﬂ%%an&' s yalue shoul d
e vaI

5 be approxi mately the sane as Next, an
operat or connects the N ST digitadbvalues; yol tage refer ence to term nal

bl ock 14 for cal cul at g c1rcgf1ty.g,errfbr Mesid Eﬂﬁa
transmtted over t wo- 4 wire | oQp at bl ock 1l]5nSd croprocess%r 22
obt ai ns information;

memory containing a value of the reference
resistance Ry and a resistance
calibration value Rears; and ‘
a microprocessor receiving an actual value of
the sensor resistance from the 1I/0
circuitry, the digital values of the
'\'roltage .differences  across the sensor
resistance and the reference resistance,
and the value of the reference
resistance Rpgg from  memory and
‘responsively  calculating a new
calibration value Reysnewy,  Wherein
Reawsomw, 15 Stored in the memory as Rgys
for subsequent use during temperature
measurements. o
5. The temperature transmitter of claim 4 wherein
the terminal block is adapted for coupling to a
thermocouple providing a thermocouple voltage, the
memory contains a'voltage calibration value Vears @and the
microprocessor'- receives an actual value Vo, Of the
thermocouple voltage, a sensed tliermocouple voltage from
the A/D converter, and the. voltage calibration wvalue
Vcas and responsively calculates .a new voltage
calibration value Vcusnew Wherein Ve, saew, i stored in
the memory as Vg, for subsequent use durlng temperature
measurements.

* [ L L ] *



10 V[err] from callbmig{eet%iﬁspaéﬁkﬁi? 12 and V[err] and V[err] at

bl ock 160. At bl ock 16 [err] is cal cul ated according to
Equation 6 tored i ured a eis
t ransni tte&a‘gg@f‘u% ckSHERIAIAS BERRi Kk val ue%t,h%g&?llgj"ﬁ

15 approximately the same as Viegr].
of vol tage neasurenent, and probe

RERLACERonpl efles  calibration
tonnected to term nal block 14

for calibration of PRT sensor 34. Atl%tock 166, deternination of
Rlerr] is initiated and the value of Plerr] is obtalned by 20
m croprocessor 82 at bl ocRNf66 YERRRELAFUIR at BFABEMETELT  Of | o%am At

bl ock 168, m cropE2a83RY a2@J0EBempesatheer sensor enérﬂamy] couﬁllea' Qék
170, m croproceéﬁor 21;2 cal cuiat %ock R%e‘rrré usi n%squﬁat I Qn aﬁgo
val ue i s stored Bl BERV19228ho Sqﬂﬁﬁﬂkﬂl & the
25 cal i brati obempperature aadsomnbnubutsnaegy;naddtuhé!m&kroprocéééor
breferred enbodthenpaates™s, B8 BRaBEBR, onepRE Fmcaroem i1t FEEBEAFEC PRl
changes 30 naythe nadmlmalfmmuckthNperdtwrermmmsdepautpng Refer and t he
oDl L1 pond S0P Bhobl® ALY cofBle® OPLER mermldE bl dBE WRlen, o,
ref erences may peovtndesgha res.tamam 1(11,@635 recelved by the 1/0
PCT/ US95/ 11433 circuitry, and the calibration offset is stored in the
memory for subsequent use during temperature
measurements.
7. . The temperature transmitter of claim 6 wherein
the probe resistance Rpogs iS electrically coupled to
the terminal block.
8. The temperature transmitter of claim 4
inclu@ing a junction box for electrically coupling the
sensor resistance to the terminal block. _
9. A calibrator for calibrating a temperature
transmitter in a process control loop, comprising:
a NIST traceable reference;
a plurality of electrical connectors adapted
for electrically connecting to a
terminal block of the transmitter; and
a switch connected for selectively coupling
the NIST traceable reference to the
plurality of electrical connectors.
10. The calibrator of claim 9 wherein the NIST
. traceable reference is a NIST traceable resistance.
.11, The calibrator of claim 9 wherein the NIST
traceable reference is a NIST traceable voltage.
12. The calibrator of claim 9 wherein the NIST
traceable reference is a temperature probe.
13. The calibrator of claim 9 including circuitry
for coupling to the process control 1loop and

A



- 16- any appropriate nmeans.

ough t he
cal i bration proce S S ”mm aced ttref erence toI I
A8rBEENour - m ual l'y
REPLAGER! | ons. R 1 TR

t wo- wi rqvég‘gﬂﬁ@%tt

wel | make use

resi stance measur ement  nas descrlbed the concepts set forth
herein are applicable to two- or three-wire resistance ~ measurenent .
10 15 20 - —20- -

transmitting values of the NIST traceable reference to
the transmitter. _ o
- 14. The. calibrator of claim .9 including a NIST
traceable temperature probe adapted for coupling to the
terminal = block and measuring ‘a cold junction
temperature. ' P -
15. A method of calibrating- - temperature
transmitter in a process control loop, comprising:
connecting an input of the transmitter to a
NIST traceable reference,
communicating the value of the NIST traceable
reference to the transmitter;

. comparing the communicated value of the NIST
traceable reference with a measured
value of the NIST traceable reference;

_ and | R
responsively calibratiﬁg the temperature
_ o | transmitter based upon the comparison.
16. The method of claim 15 wherein the step of
communicating comprises transmitting information over
the process control loop to the transmitter.
17. The method of claim 15 including transmitting
the communicated value of the NIST traceable reference
prior to calibrating and transmitting the measured value
of the NIST traceable reference after calibration.
18. The method of claim 15 including:
measuring temperature of a terminal block of
the transmitter; - _
communicating the measured temperature te the
transmitter; _ S
comparing communicated temperature with an
internally measured terminal block
temperature; and |

* c L M S *



25 30 - - 17- 1. A

t enperature transmtt'@nssih#r-t& (pri sing: a
tserm nal bl ock for rec aImSEVﬁﬁﬁﬁﬁﬁgﬁNa i_nput
resi st ance WPI§1016§ t sor REPLACED t herHAPS?5044331 ed
to the term nal bl ock for cold junction conpensation

cal i'bration; a cold junction conpensation tenperature sensor
coupl ed to the termnal b+ptk for providing an out put
related to cold junction tenperature of the term nal bl ock;

A/ D conversion circuitry

¢alikboatving i nhpet heramsmitbenr based upon the

calibration input resistance %ﬁ{@iggﬁput rel ated

19.
traceable
20.
traceable
21.
traceable
22.

23.
switch is
connected
24,

The method of claim 15 wherein the NIST

reference is a resistance.

The method of claim 15 wherein the NIST

reference is a voltage.

The method of claim 15 wherein the NIST

reference is a temperature probe.

A junction box, comprising:

first connections for coupling to a terminal
block of a transmitter in a process
control system;

second connections for coupling to a sensor;

a calibration input for coupling to a

_ 'reference element;

a switch movable between a first position in
which the first connections are coupled

to the second connections and a second

position in which the first connections
are coupled to the calibration input.
The junction box of claim 22 wherein the
actuated when the reference element is
to the calibration input.
The junction box of claim 22 wherein the

second connections and the calibration input include
four connections for a four-wire resistance measurement.

LR R A



to cold junction tenperature into digital values; /O circuitry

coupling to the process control |oop and : sendi ng and

recei ving i L on over the | oop; and

m cropr ocesg'@);@%‘ﬁi try coupled to the A/D converter PCI‘IUS9SIl]f483r
calculating a calibration value for the cold junction
conpensation tenperature sensor based upofyg the tenperature
calibration input resistance and the cold junction

t enper at ure nmeasured by the cold junction conpensation

t enperature segsor. TM&Hammtta of dannlvmaénthe
calibration input is N S]Tt@geable The transmitter jof &aim1
including a resihstance jcpup in serles ‘with the cold junctio erature
sensor and whereyn the {m ¢f oprocessor determnes the cold ju

t enper at ure based, upon vigl t age drop across the resistance.

- 18- 4, he traghsmtter of claiml including a junction box
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coupling the sensor input to the tenperature sensor, conprising:

first connections for coupling to the term nal bl ock of t he
transmtter in the process control system second hg& for
¢oupl i ng t Vo b&1@i66per at ur e Sensor ; roration
i nput for coupling to a reference el enent; a switch novabl e ,
between a first position in which the first connections are
coupled to the second : corffécti ons and a second position in
whi ch t he first connections are coupled to the calibration

I nput . 5. The tenperature transmtter of claim4 wherein the switch
I s actuated en the reference elenment is connected to the calibration

i nput of the Yunction box. 6. The transmitter of 'claim4 wherein
the first con ectidns d the calibration input include flour connecti ons
for a four-w Ke di st #hce neasurenment of the junction bdx. oy 7. A

tenperature trg@nsng in a process control |oop, cohptiisi Ag: a

term nal block for jcoupling to a sensor resistance; a current
source providing a rrent through the sensor resi stance and
through a referenc€N.esistance__ ___ ___ __ coupleddin Les wi_th the
sensor residtance; an A/ D converter which convewts vol t age

di ff erences across fhe se d the reference

resi stance iLto digital val ues; I/Ocircuitry for sending and
receiving information;
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enory containing a value of the reference resistance R err]
and a resistance calibration value Rerr]; and

-19- a mcroprocessor receiving an actual value sor
fesi stanceVPP6iPI88e |/ O circuitry, receiving the ﬂ&nﬁ%ﬁgﬁfﬁl

val ues of the voltage differences across t he sensor

resi stance and the reference resistance fromthe A/D
converter, and receiving the value of 3/6 t he reference
resistance R err], fromnenory and responsi vely cal cul ating
a new calibration val ue Rlerr] wherein Rerr] is stored in
the menory as Rlerr] for subsequent use during

t emperature nmeasur enent s. 8. The tenperature

transmtter of claim7 wherein the termnal block is adapted for coupling
to a thernocouple providing a thernocouple voltage, the nmenory contains a
vol tage calibration value V[err] and the m gf,0processor receives an actual
value V[err] of the thernDcoupIe ol t 494, ensed t hernocoupl e vol t age
fromthe A/D converter, and Vol calibration wvalue V[err] and
respon5|vely calculates neweyol t a ration value V[err]
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wherein V[err] is stored in the menory as V[err] for subsequent use during
t enperature neasurenents. 9. The tenperature transmtter of claim
75 including a tenperature sensor thermally coupled to the terum nal bl ock
provi di ng VOEPAIEl bl ock tenperature sensor output Rlerr] ifd/Pina/11433
~m croprocessor calculates a calibration offset Rerr] in response to the
term nal bl ock tenperature sensor output R err] and a probe thermally
coupled to the term nal bl ock which pro@/@es a resistance R err] received
by the I/Ocircuitry, and the calibration offset is stored in the nmenory
for subsequent use during tenperature neasurenents. 10. The
tenperature transmtter of claim9 wherein the probe resistance R err] is
el ectrically coupled to the term nal bl ock. '

- 20- 11. The tenperature transmitter of claim7 including a

junction box for electrically coupling the sensor resistance to the
term nal bl ock
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12. The tenperature transmtter of claim1ll, wherein the junction box

conpri ses: _ first connections for coupling to the term nal bl ock of
the transmitter in the process control system second connections
for coupl MEYP6/0366 t he sensor resi st ance; PCT/USON11433
calibration input for coupling to a reference el enent; a switch
novabl e between a first position in which the first
connections are coupled to the second 5/6 connections and a
second position in which the first connections are coupled to
the calibration i nput . 13. The transmtter of claim 12
wherein the swtch is actuated when the reference elenent is connected to
the calibration input of the junction box. 14. The tenperature
transmtter of claim12 reln t he second connections and the calibration

i nput include four connec ons<fo a four-wre resistance neasurenent of
the box junction.

CALIBRATOR
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-21- caI I brating the transmtter based upon the

conpari son. The rret hod of claim15 wherein the N ST traceabl e

r &f er ence I@toa?géﬁi t ance. The met hod of claim 15 wherein the N ST
traceable r is a voI tage 21. The nethod of cl ai RETSSHHEAS
the NI ST traceable reference is a tenperature probe. 22. A junction
box, conpri sing: first connecti oafafor coupling to a term nal

block of a transmitter in a process control system

second connections for coupling to a sensor; a dalibration j ﬂlﬁ
for coupling to a refyénce el eprent ; a SWit

novabl e between a fir n i WDAECULDARTE -1 St
connections are gaul énﬁﬂgdﬁf t he second nnect | ons aﬂd/'ez

, Q a
second G@?&%ﬁ‘r wWHi ch¥¥de fifst o%@%
are coupled to the cdli I‘'npyt. 23. Theg | t ox Jof claim 22

wherein the switgh is actugted when t#flie referknce el enent] 1s connected to
the calibration {nput. 2 The junction pox of claiip 22 wherein|@ge

second connectiops an ration input {ncluyd ect ie@Ns for a
four-wire resi st : %N&gﬁn /gﬁ
146
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