RF ADAPTER FOR FI ELD DEVI CE W TH VARI ABLE VOLTAGE DROP
BACKGROUND OF THE | NVENTI ON The present invention

WO edoaties¢ o i ndustrial process control or noniPOY/USIP09/003636
systens. More specifically, the present invention
relates to field devices in such systens which are
capabl e of Radi o Frequency (RF) conmunication. In
i ndustrial settings, control systens are used to
nmoni tor and control inventories of industrial and
chem cal processes, and the like. Typically, the
control system perforns these functions using field
devices distributed at key l|ocations in the industri al
process and coupled to the control circuitry in the
cont r ®RF ADXPDERF@ERAGFEID DEVICE WITIh VARFABEENOLTAGE
"field device" refers to anyplR@Pce that perforns a
function in a distributed control or process
nonitoring system includi all devices currently
known, or yet to BéQK@RAﬁ OF THE INYENEHON enent ,
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anal og or Some field devices include a transducer. A transducer is understood to

mean either a device that generates an output signal based on a physical input or
that generates a physical output based on an input signal. Typically, a transducer
transforms an input into an output having a different form. Types of transducers
20 include various analytical equipment, pressure sensors, thermistors,
thermocouples, strain gauges, flow transmitters, positioners, actuators,
solenbids, indicator lights, and others.
Typically, each field device also includes communication circuitry that is
used for communicating with a process control room, or other circuitry, over a
25  process control loop. In some installations, the process control loop is also used
to deliver a regulated current and/or voltage to the field device for powering the
field device. The process control loop also carries data, either in an analog or
digital format.
Traditionally, analog field devices have been connected to the control

30 room by two-wire process control current loops, with each device connected to



digital format. Traditionally, analog field devices

have been connected to the control roomby two-wire
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connected tothe control roomby a single two-wire

control loop. Typically, a voltage differential is

mai nt ai ned between the two-wires within a range of

vol tages from 12r45 volts for anal og node and 9-50

volts for digital node. Sone analog field devices

transmt a signal to the control room by nodul ating

the current running through the current |l oop to a

current proportional to the sensed process vari abl e.
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safety” standards must be implemented which limit the amount of stored energy
which can be dischai‘ged into the environment.
In some configurations, an RF adapter can be connected in series with
the process control loop. In such a conﬁgﬁration, the voltage drop across
20 terminals of the adapter may affect operation of the process control loop.
Further, the amount of this voltage drop affects the maximum power available to
the adapter for use in operation of circuitry of the adapter.
SUMMARY OF THE INVENTION
A wireless adapter for use in a two-wire process control loop includes
25  wireless communication circuitry and first and second terminals configured to
couple in series with the two-wire process control loop. A regulator having a
regulator input is coupled to'the first terminal and an output. Shunt circuitry is
coupled to the output of the regulator and is configured to provide power to the

wireless communication circuitry. A feedback circuit is configured to control



wi rel ess communi cation circuitry and first and second
termnals configured to couple in series with the
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regulator input is coupled to the first term nal and
an output. Shunt circuitry is coupled to the output of
the regulator and is configured to provide power to
the wirel ess conmunication circuitry. A feedback
circuit is configured to controlcurrent flowi ng from
the regulator to the shunt circuitry as a function of
a loop current flow ng through the two-w re process
control |oop. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure
1 is a sinplified diagram showspg an industri al
process control or nonitoring system which includes
fi elaindatviloeingfeorh nie vagubk@ss thel shping cicuitrygidracfudctich &f a-loop
cross-sectional, view of a field device of Figure 1
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including a mcrocontroller. Figure 6 I's anot hgl’rlr
exarfpViselessradaptar.at i on of a variabl e vol tage drop o
circuit ifcludi.ng a.m crocont.rol.l er Lng feedback.
Figure 7 Fiqgurgqéf Tpe efstan @mwlnaﬁéj’&?%ﬂﬁvgﬁe %M‘?ﬁ%lagapter
vol tcagsled (O twd-naté frodedy tatiroad lsgpher exanpl e

configuration. Figure 8 is a schematic_ diagram of a
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Figure 6 is another example configuration of a variable voltage drop
15 circuit including a microcontroller having feedback.
‘Figure 7 is a simplified circuit diagram of a variable voltage drop circuit
having another example configuration.
Figure 8 is a schematic diagram of a variable voltage drop circuit _
including a switch for switching betwéén a variable and a fixed voltage drde :
20 mode.
Figure 9 is a simplified block diagram showing components of a wireless
adapter having a variable voltage drop circuit.
DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
The present invention provides a wireless adapter for use with a field
25 device in an industrial process control or monitoring system. The wireless
adapter couples to the field device and provides the field device with wireless
communication abilities. The adapter also couples to a two-wire process control

loop which is used to connect the field device to a local location such as a



DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS The
present invention provides a wireless adapter for use
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or nonitoring system The wreless adapter couples to

the field device and provides the field device with

W rel ess communi cation abilities. The adapter al so

couples to a two-wire process control |oop which is

used to connect the field device to a | ocal |ocation

such as a- Aprocess control roomor the |like. The

adapter has a power supply arrangenent which all ows

the voltage drop across termnals of the adapter to

vary. Figure 1 is a sinplifiedglock diagramof a

process contraol and nonitoring system 10. In Figure 1,
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i ncludes a | oad resistance 20A and ‘a power source 20B

Whe Howevsr.the presens devetiom isglot liguisd 20 sechrn dgyégeaField device 12 is
acc | e:Stan d. o

" SUSBARPIONED 0N pRE B ARABI0E AGEIE i
pr oqxesces@pnm aid ¢ovphs tb a lodul thaﬁomrsaeless;a‘taﬁtt@lbb@nl X through
represented by a curr? | evel flow ng thr

h t
D RO VR PFAESY SR MRR P B FAoGT 2HRGGE ailogd reistance
CONTHARI @fata M&%ﬁ&g P mglt&ﬁ gesg%gﬁ'ﬂlr 186’3 9898 operate

t he ana urrent -Wre
1éxamnl acddﬁdiﬁ(:e) withnmamyi appropriatet atmhdmd ot h)mhnmmeela( typical

digital techniques  are
g commun?catlonéq standard mcludes 4-20 mA process control loops in which a

process variable is represented by a current level flowing through the process
control loop. Another example mcludes dlgltal communication techmques which
may be modulated onto the analog current level of the two-w1re loop, for
20 example HART® communication standard. Other purely d1g1ta1 techniques are
also employed including FieldBus based protocols. Typically, the field device

12 is powered using power received over the process control loop 22.
In Figure 1, a wireless adapter 30 is shown coupled to the field device
12. Wireless adapter 30 can be used for wireless communications, illustrated by
25 arrows 32 and 34 with other devices. For example, the adapter 30 can
communicate with a handheld communicator 40 or another field device 42
which includes a wireless adapter 44. Field device 42 is shown coupled to

process piping 46.



al so enpl oyed i ncludi ng Fi el dBus based protocols.
Typically, the field device 12 is powered using power
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1, a wireless adapter 30 is shown coupled to the field
device 12. Wrel ess adapter 30 can be used for
W rel ess communi cations, illustrated by arrows 32 and
34 with other devices. For exanple, the adapter 30 can
conmuni cate with a handhel d conmuni cator 40 or anot her
field device 42 which includes a wirel ess adapter 44.
Field device 42 is shown coupled to process piping
46. The wirel ess adapter 30 can comuni cate to ot her
devices or conponents as desirgd. The conmuni cation
can be in accordance with any appropriate protocols.
One exanpl e prideowireless @alagsters30 van fohiminicae @b chéreddvices or
network in which data is passed bhetween wirel ess .
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coupling 109. A simlar_conduit connection 109 is also,
usedhe Ves(irs rroeess contel toop thropsh cAnpegtipp dlocknl06. The wireless
t Wo- i ' : .
e b 8 BRSSPI g8, 5 108 LS HOT e nosin
Bl eaifrtiansmittpr A AN fbroaxampix, alirodl) theéaded aoanectibes 122 and 109. For

example, the coupling is through an NPT conduit coupling 109. A similar

conduit connection 109 is also used to couple to conduit 111 which carries the

two-wire process control loop 22 therethrough. The chassis of the wireless

adapter 30 couples to an eIecﬁical. gréund connector 110 of transmitter 12

20 through wire 108. The transmitter 12 includes a two-wire process control

connection block 102 which couples to connection 112 from the wireless

adapter 30. A housing 120 of the wireless adapter 30 carries an antenna 126

which couples to circuitry of the wireless adapter 30. An RF transparent end cap

124 can be sealably coupled to the housing 120 to allow transmission of RF

25  signals therethrough. In the arrangements shbwn in Figure 2, five electrical

connections are provided to the RF adapter which include four loop connections
along with an electrical ground connection.

Figure 3 shows a simplified block diagram 150 which illustrates the

electrical connections between the control room 20, the field device 12 and the



through wire 108. The transmtter 12 includes a

two-wire process control connection bl ock 102 which
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30. A housing 120 of the wireless adapter 30 carries

an antenna 126 which couples to circuitry of the

W rel ess adapter 30. An RF transparent end cap 124 can

be seal ably coupled to the housing 120 to all ow

transm ssion of RF signals therethrough. In the

arrangements shown in Figure 2, five electrica

connections are provided to the RF adapter which

i nclude four | oop connections along with an electrica

ground connection. Figure 3 shgws a sinplified block

di agram 150 which illustrates the electrica

conrdfdless adapiert 30 An illhstrata@hiFigure Gptheirelédzaadhptet 80 is coupled

devi.ce 12 andt%hemﬁreless agapter 30. As_ illustrated .
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1.0 volt drop. Thus, the circuitry of the adapter 30 receives more operating
power when the loop is oberating at higher current levels.

In Figure 3, the load resistor 20A is illustrated. Load resistor 20A is used

20 by the process control system to sense the current 'ILoop flowing through the
process control loop 22. For example, a process control system can convert a
measured voltage across the load resistance to a value which is indicative of the
process variable being sensed by a process variable transmitter. This variable
may be related, for example, to process pressure, temperature, level, flow, or

25  some other measured parameter. Typically, the load resistance has a value of
250 ohms. When the process control loop is carrying 4 mA, the voltage across
this resistor is 1.0 volts. Similarly, when the process control loop is operating at
20 mA, the voltage drop across the resistor is 5 volts. If the voltage drop of the

process variable transmitter is relatively constant as the current in the loop



power when the | oop is operating at higher current

levels. In Figure 3, the load resistor 20A is
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control systemto sense the current |LOOP flow ng
t hrough the process control |oop 22. For exanple, a
process control system can convert a neasured voltage
across the load resistance to a value which is
i ndicative of the process variable being sensed by a
process variable transmtter. This variable may be
related, for exanple, to process pressure,
tenperature, level, flow, or sonme other neasured
paraneter. Typically, the | oad.#tesistance has a val ue
of 250 ohns. \When the process control loop is carrying
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wre |on gure 4 is a sinmplifie
sché{m 150 rg;s({; BEiiching Ry I B Efchig fe.gylator 152
150 v i e &G ?Eﬁqg a‘@'hhﬁ‘t f&gﬁl %qwlﬂﬁoﬁgpg@aﬂﬁ%r 156. The input of

Vari abl e voltage drop 15 ncludes a DC to
swi tregilatgr ¢ 5 veuntlex tocﬁhe mctesshcorgrod doppl 22 dxrougaza wésistdr R;. The
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tT Ee cBLPIEE feedBacR! citcdRtPy 438t WhieH WdnibriseS IGP AhpR 150 and 162,
transistor 164 and resistors R, Rz, R4 and Rs.

The circuitry shown in Figure 4 senses the loop current using resistor R;

20 and varies the regulated voltage at the terminals L+ and L-. OpAmp 160
operates as a current sensing amplifier and creates a voltage drop across Rj that

is equal to the voltage drop across R; by varying the current Is. The relationship

between Is and the loop current is as follows:

25 Iboop *Ri=L*R;3 Eq. 1
= Iboop (R1 / R3) Eq 2

Thus, the current I 1s proportional to the loop current based upon the ratio

established by R, and R3. Example values for R; and R; may be 1 ohm and 5000



input to regulator 152 is at a voltage |level Vreg .
The base of transistor 156 is coupled to feedback
W@ ooens4766) 158 whi ch conprises OpAnps 160 and BGRS2009/003636
transi stor 164 and resistors R, R3, R4 and R5. The
circuitry showmn in Figure 4 senses the | oop current
using resistor RL and varies the regul ated vol tage at
the termnals L+ and L-. OpAnp 160 operates as a
current sensing anplifier and creates a voltage drop
across R3 that is equal to the voltage drop across R
1 by varying the current |Is. The rel ationship between
Is and the loop current is as follows: | S = |LOOP *
(Rl / R3) Eg. 2 Thus, the currgnt Is is proportional
to the l'oop current based upon the ratio established
by BhihsangpEivebx dapsuehvalcoafigiratiorR lans dgBalmay the dodp current
ohm and 50000hns, respectively. In such a
confdig Y015 is equal to the | oop current divided
by 5000. 2 I v @+ .
" drop across L+ lﬁdoﬁgﬁgnﬁﬁglegﬁ%tféqtﬂﬁg%gg%ép{agolp gﬁ&e&g and L
var yermindlh ef cher adapterttyy varyirghthetcurregttcather shibtl régnlator 154 by

T A (s B RS A PRt B s non-
the iﬁ%&if{%ﬁg@m.im%iw&u&, the rﬁﬁlrifﬁréf‘ﬁ'n% Shptt (€ LOEREE & a reference

vol t age , Vreg is the value of the voltage across
t he vbltage Ver,nVaalsstheTvadue of dhe veliageoheragse ther lpop ctermisels. The

establi shed uysi an ropriate techni que, for .
oy apistos epliteel ¥ ot BERSERHEY Dsing: ol fhpfopriglg technique, for
| NV ekihple, hstit'h bafd LpAaaEsZererefdecd ThE ird@rtehgSiuput sTOpAmp 162

node into which current | flows. As the voltage across
IR5 joperpies @gla supmipg pedminta Whish gurre L Bovws. A the yelgage across Rs

The & E)?Jd? fheaamleﬁi t}ﬁ;?%ﬂ%hsl{s\gs taﬁo.tfﬁ%d.l PG, %Ft\fgﬂl&@%ﬂh the loop

curren oW ng varires 1n an edua
oppesairt®, thervagrent Aswing thraighdewaries i ah bgudl dp opposite manner.

C herAs b Besgass. withdhy SRIm GRPTERl SECHHE LBl Rodefreases and
SECIRAERE VI AR s R Vb 1Y gty b
122 iloweremitege diepracess el terminhls ay denmreht Mrtbe pmitess ool loop
| oo%Ziirsxcrg gg.q‘toir% arfalf)leflth%alue of Vg when the loop is operating at 4 mA
and 20 mA can be adjusted by changing the values of R}, R3, R4 and Rs. If R; is
one ohm, Rj is 5000 ohms, R4 is 309 kohms, Rs is 39.1 kohms, and V,~=0.25
volts, then Vi will be 1.98 volts when the loop 22 is operating at 4 mA and

20  0.99 volts when the loop is operating at 20 mA.
One feature of the configuration shown in Figure 4 is that the circuitry
has a very fast response time. For example, the loop current may change from 4
to 20 mA in a relatively short period of time. It is important that if a change
occurs, the voltage drop will change as quickly as possible. This is because at 20
25  mA loop currents, the load resistor 20A “‘consumes” more of the loop voltage.
To ensure that the process device, such as a process variable transmitter, always

has sufficient voltage for operation, the voltage drop across the adapter 30 must

change rapidly in response to changes in the loop current.



and 20 mA can be adjusted by changing the values OR

1, R3, R4 and R5. IfR 1 is one ohm R3 is 5000 ohns,
woR2000850380 kohns, R is 39.1 kohnms, and Vref=0.P28I/usii0%003636

then Vreg will be 1.98 volts when the loop 22 is

operating at 4 mA and 0.99 volts when the loop is

operating at 20 mA. One feature of the configuration

shown in Figure 4 is that the circuitry has a very

fast response tinme. For exanple, the |oop current nay

change from4 to 20 mMAin a relatively short period of

time. It is inportant that if a change occurs, the

vol tage drop will change as quickly as possible. This

I's because at 20 mA loop currengts, the |oad resistor

20A "consunes" nore of the |oop voltage. To ensure

t hat t he Figure Ssshodavarmther ixaimphserbglimenissf vatdbdd veltage drop

transmtter, always has suffjcient volgige for

opercewgy, 17048 Which 4o velfags diep &sconttoded By BHCTaproRgsser 172.

_ ChangR Jficdoy LJQ S‘ES\?ilElQ@%‘i‘ii%i'gxrl GRRBYS Sidithl k& %ﬁg%?o%\f'erter 174

current 'Figure OWs anot exanpl e enbo
var ivdtitteconnketta rethdioyerting tmniray ofl @pAmp 142i thiouighe resistor Rg. In

vol tage drop i.s cqntrol]ed by a m croprocessor. 172.
61 B csBEETafon T B ey Sy 108 S pBE S0 A anen loop
to %Bﬁ‘figlﬁ‘at‘?&f‘é(ﬁhttﬁa[t the/ Gur¥dHt T infPMRB %&ﬁmﬁﬁﬁgn&&%f OpAmp 162 can

inverting termnal of OpAnp 162 through a resistor
I n theiveriednas desinedt Thus, theheolfage dbarcécressrtbe Lttrand I58emaimals can

cur PErvaned iR S0 Rrflendre tap W Ao ouisk ipgrure and
var ingsllifed 8@sig SbratidhdepenbRg\ioh ABE vt AallMsIS té e adapter

L+ and L- termnals can be varied as desired. For
18x afpreiryn egationlds@reess epniioh ipopeduHaveyere oapdrawback to such

difi i ng. i y
o K PAIoD 5L e Vo aR AT BB B e Sl 36%must be

pr opesiteemitieddy dithepthd nardawhrer or cpefatst BuhRakthiOcamfighration
a configuration is that the voltage available for the

adapoey nefotake advantags, lgbedash thalgmele ¥eliags willhle available to the

Tan . . .
oo Bk A R BFeny I b1k whel e S AP
il be &airktablshotve dnvthexdeaigpie 0nfipneatidnan| wbiph the micro

Fi QuPBT S s resAOEh el SUBiBSFRCEOOB A Ao PP fiee Hlowing
t he (GEI the process control loop 22. Note that similar elements have retained
their numbering. In Figure 6, an analog to digital converter 182 is arranged to
sense a voltage drop across a resistor R7I which is proportional to the current ;.

20 This value is digitized and provided to microcontroller 172. As discussed above,
| microcontroller 172 can then control the voltage across the L+ and L- terminals
by controlling the digital to analog converter 174. One advantage of such
configuration is that the microcontroller 172 is able to receive information
related to the loop current and this information can be communicated, for

25  example using HART® communication, to an operator over the process control
loop 22 or through the wireless interface. However, the additional analog to

digital and digital to analog converters, as well as the decreased speed of the

system, provide disadvantages.



controller 172 receives a digital representation of
the current |LOOP flowi ng through the process control
WO owp/12256 Not e that simlar el enents have ret aPeEUS2009/003636
their nunbering. In Figure 6, an analog to digital
converter 182 is arranged to sense a voltage drop
across a resistor R7 which is proportional to the
current Isl. This value is digitized and provided to
m crocontrol ler 172. As di scussed above,
m crocontroller 172 can then control the voltage
across the L+ and L- termnals by controlling the
digital to anal og converter 174. One advantage of such
configuration is that the mcropgontroller 172 is able
to receive information related to the | oop current and
this infqhnaki Hove adirclitrye eamgurﬁﬁineothexfeoareeeiaﬁﬁb@s which may
usi ng HART(r) conmunication, to an operator over the .
pr ocesss e girewitry| to gpsep Fasrexamply gihthe learcuitiyeis sgsuch that Vi, is
i nter . r ddi ti onal anal og to.digital
na g REarERRZ SR ol \ndtl tie 188 PugBRC) P & 53 ma, and
decrdeazasts 36 apstoRimdtél® 15Y S6BOWhE Mhéi186p current increases to 25 mA.
di sadvant ages. I n the above circuitry configurations
fherf fajhuge & thedopp maygauss theelpop sugentita dnggpaseieyeyd 26 mA. If
resej: ) i t LEeUidry jS S t
Ur oot LoBer AV age V.o W EifLE bitcdefie i sBHAeH B vatue of
I S_ \gpaevhith igcoubled. tb OpAmprid2dHache BXE®H DC switching regulator 152
approxi.mately 1.0 volts when the | ogp current .
i ggrr%%’é?é atv&¥t253 FaRut Whick;1p greater thann¥req f95 pperaLon dhs eutput from
t he I JREr '
naptare® RO Ry G R ry SAE BRI tauie, e HhBroprocessor
1and oapyiraesscopimpuniadtion cifcuinein thei adaptes 30otopless. Ifathe wireless

Op 162. |f the DCto sw t chi Jegul at or 152 .
b FPPBLTeagR GRS 8 Epiee 3] PEllBicofheh Eopbhe wireless
for -op@haid8itn ﬂelﬁﬁoﬂuw_f’eqlﬁll'r@"ﬁ FiintAe proctds GRBMRE lcftuitry is
wi || decrease and potentially cause the m croprocessor

or \sfabld. ysingsmely ah egeuromce, it sunatrppssiblettheconuaystieate Sdrelessly

to reset.. Lf .th i rel ess. co nicatio Lrcuitry

- aseliEt U dovitel e 4 bl ot bRl i e/ may need o

18 I ebdasfigheniden Fatther) the OpAnp 260 gl We! £bl& té Sintbtidh NWith its

process once the circuitry is stable. During such an

oc c GRRW ArBLNgls opesating ngap ths wIPET POV IGHADLY \diege. For example, the

Wi r I i ‘ ' net I S

enp?lc%@gg,oé)tltﬁ%é nl?nee{){?\ger: %Sﬁfgg(ﬁ‘lﬁzgél& ?8%&5 f M{l H)C esired that the
voltage across the L+ and L- terminals may be as high as 2.5 volts. In such a

situation, the input terminals of OpAmp 160 may exceed the positive power
20  supply voltage.

Figure 7 is a schematic diagram of variable voltage drop circuitry 190
which is configured such that the circuitry does not cause the loop terminal
voltage to drbp below the operating range of the switching regulator 152 and
does not require that the current sensing OpAmp be operated near its positive

25 power supply voltage. In Figure 7, similar elements have retained their
numbering. However, note that in Figure 7, R; has a new location at the output
of OpAmp 160. Further, R; is connected in series with the negative loop
terminal. In this configuration, OpAmp 160 creates an output voltage that is
proportional to the current flowing through R,. The varying voltage of this



reconfigure itself. Further, the OpAnp 160 nust be

able to function with its input termnals operating
wo2@r/154186 upper power supply voltage. For exanptEBUS1008003636

supply voltage may be approximately 2.35 volts. It may

be desired that the voltage across the L+ and L-

termnals may be as high as 2.5 volts, hi such a

situation, the input termnals of OpAnp 160 rmay exceed

the positive power supply voltage. Figure 7 is a

schemati c di agram of variable voltage drop circuitry

190 which is configured such that the circuitry does

not cause the loop termnal voltage to drop bel ow t he

operating range of the switchinpg regul ator 152 and

does not require that the current sensing OpAnp be

operatmd daeses a tvarygs ctirste throwgh rssigtpt R;vothichgim turn causes an

Figure 7, simlar elepents have retg: ned their

numfaPfihY vangRe gwrrent fhrquehresistor, R

e varyingaCyiEent ghrough Ry

- New daR¢aty, ONoaisol dan ! it reRitiofdMB Betwebh 1dop! duteht V., is as
i s connect'@ in series Wth the negative | 0op - MR
terrfodews: | n this configuration, OpAnp 160 creates an

qQut put voltage that is proportional to the current

Plomﬁng through R1. The varying vol tage of thisout put
cauggs, ARyalyk#g current through resistor R3ggwhich in
turn causes an equally varying current through ‘

r esilseoo™ IRARs TRis varying current through R4Egabises
Vreg,taq al Rge., Jhe el ati onshi p betweep | 00p

cur?\é &_gnﬁﬁbﬁgg ﬁg’%i‘r"’ﬁpol fows: 1 LOOP * R | €%§ R b

Eq. 3 I1LOOP =Ib* Rb/ Ri Eqg. 4 VOU =1b * RF +

Ib * Rb + |Loop_* RTf Eq.

5 Now, substituting

| L0 3 q .
BqudNeBrhubstithting Bguationghint Eqpagop 5= | LOOP * (Rl / Rb)
* (Rf + Ro) + ILOOP * Rf Eq. 6 Is = (VOUt - Vref) /
R3 Eq. 7 Vreg = (Is +15) * R4 + Vref Eq. 8 Equation 6
abowe,shhys *t(Rat Ri)re(Rut Ry)t+ b, ®Rnp 160 (Vout) iEBq.6

directly

Is=(Vou— Vier) / R3 Eq.7
15

Vreg = (IS + IS) * R4 + Vref Eq 8

20

25

Equation 6 above shows that the output of CpAmp 160 (Vou) is directly
proportional to the current flowing through the adapter, Ijoop. As im(,,;" increases,
Is increases due to V. increasing as shown in the relationships set forth in
Equation 7. As Is increases, the current flowing through R4 must decrease as the
current flowing through Rs is constant because Vs is constaht. As the current
flowing R4 decreases, the voltage across Ry decreases and therefore Vi,
decreases. Thus, the equations illustrate that as the loop current increases the
voltage across the adapter loop terminals (V) decreases.

The circuitry of Figure 7 overcomes the first drawback discussed above
as the input terminals of OpAmp 160 operate slightly below the negative power
supply of voltage of the device. One example OpAmp is the LMP2231 available

from National Semiconductor which is capable of operating with its input



proportional to the current flow ng through the
adapter, ILOOP- A S ILOOP increases, |Is increases due

W@ 200Y084756 ncr easi ng as shown in the rel ati onshPEBEUSHNI/003636
forth in Equation 7. As Is increases, the current
flow ng through R nust decrease as the current flow ng
through R is constant because Vref is constant. As the
current flow ng R4 decreases, the voltage across R4
decreases and therefore Vreg decreases. Thus, the
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Further, similar to some of the pircuits discussed above, the circuit 190

shown in Figure 7 has a relatively fast reéponse time. One additional Vadvantage

20 of the configuration shown in Figure 7 is that the circuitry may be easily
modified to provide a fixed voltage drop. Figure 8 shows an example variable or
fixed voltage drop circuit 192. Circuit 192 is similar to circuit 190 shown in
Figure 7 except that a switch 194 is included in the path of current Is. When
switch 194 is opened, Is becomes zero and the voltage across R4 no longer

25 changes such that Vi, no longer changes. Thus, the circuit of Figure 8 is
switchable between a variable voltage drop circuit and a fixed voltage drop
circuit. One example switch which may be employed is the ADG842 available-
from Analog Devices. This switch is normally closed so that the circuit operates

normally in the variable voltage drop mode. The switch may be controlled by



hi gh value. Further, simlar to sonme of the circuits

di scussed above, the circuit 190 shown in Figure 7 has
w@20ehst7sevel y fast response tinme. One additi onBCT/US2009/003636

advant age of the configuration shown in Figure 7 is

that the circuitry may be easily nodified to provide a

fixed voltage drop. Figure 8 shows an exanpl e variable

or fixed voltage drop circuit 192. Crcuit 192 is

simlar to circuit 190 shown in Figure 7 except that a

switch 194 is included in the path of current Is. \Wen

swtch 194 is opened, |Is becones zero and the voltage

across R4 no | onger changes such that Vreg no | onger

changes. Thus, the circuit of lggure 8 is switchable

between a variable voltage drop circuit and a fixed

vol tthg enickoopnteillet i the Aduptep>eddbhengsd dpoh 1ebéioihgNBY aBfropriate

enpl oyed i s, the AD&E42 avail abl e from Anal og Devi ces.

Thi SViss rcrirelesscepmandy ¢l osed so that the circuit

oper at es I [ I . .
The Suit R vatct Ror BE AR ABLY R I BB BB Bytgs:

t he adapter and changed upon receiving the appropriate

Wi T r.wireless command. Suitable values for the

éon‘g&t{g"n]ts shown in Figure 8 are as follows: Table 1

Rl R IERLSGLACESE file (Bhms)2 ONMs) RO = 1271 KOs RF =
Dad Rio St et e (2Bl SRS o e e

kohrRs 166hms LMP2231 (National Semi conductor) 162 =

TCJ%%—WMWMi = 0. 34 volts
DC/| B THhl &PRBF = TPS61070 (Texas | nstruments)

RF =232 kohms

R3 =332 Kohms

R4 =187 Kohms

Rs=35.7 kohms

160 = LMP2231 (National Semiconductor)

162 = TC1035 (Microchip Technology Inc.)

Vrer = 0.34 volts

DC/DC converter = TPS61070 (Texas Instruments)

Figure 9 is a schematic diagram of circuitry of adapter 30 shown in block

diagram format including variable loop voltage drop circuitry 190. Adapter 30
includes a microprocessor 200 having an internal memory which is configured

10. to control operation of the device and communicate using, for example, the
HART® communication protocol over the process_ control loop 22 using a
HART® modem 202. A radio communication module 204 is provided for
wireless communications using an antenna 206. The microprocessor 200 is
powered by an LDO (Low Dropout Regulator) 210 which is coupled to the

15 output from DC to DC converter 152. A reset circuit 212 is provided to reset
microprocessor 200 should the voltage drop below a desired operating point. In

this configuration, the shunt regulator 154 is illustrated as a number of



Figure 9 is a schematic diagramof circuitry of

adapter 30 shown in bl ock diagramformat including

W@ 2000494766 | oop voltage drop circuitry 190. AdaptBEUSB09/003636
i ncludes a m croprocessor 200 having an interna

menory which is configured to control operation of the
devi ce and communi cate using, for exanple, the HART(r)
comuni cation protocol over the process control |oop

22 using a HART(r) nodem 202. A radi o comuni cati on

nodul e 204 is provided for wrel ess conmunications

usi ng an antenna 206. The m croprocessor 200 is

powered by an LDO (Low Dropout Regulator) 210 which is
coupled to the output fromDC_{g DC converter 152. A

reset circuit 212 is provided to reset m croprocessor
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point. In this configuration, the shunt regulator 154
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to rveliege diops belowa drsited thragwld. fA tevel shift tagst 22@misprovided for

bel ow a.desired threshol d | eve hlft cir
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18i grseanalst freym tha FLARRE, cpnrsstine atsingnHAR TRy regeiy eircuit 230 and
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16 es icemprisesRBsistB¥s Ry B4 Bnd Rewlowm irFFiguriee?. (Note I‘thﬁten tHigdimplified
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The present invention provides a field device and/or adapter configured
to couple to a process control loop- which ,furthé‘r includes. a wireless
communication module for one way or bi-directioﬁal wireless 'corn-munjcation.
20  The wireless communication module can transmit and/or receive an RF signal
from a remote device or location. The module can be directly powered with
power received from the two-wire process control loop, or can be powered with
power received from the process control loop and stored for subsequent use. The
module can be a removable module in which the module need only couple to
25  those field devices in which wireless communication is desired. The module can

be configured as an adapter to retrofit an existing transmitter.

The above configuration provides an adapter which enables
wireless communication with a process variable transmitter. The circuitry can be

conﬁgured to operate from power which is already available to the process



The present invention provides a field device and/or

adapter configured to couple to a process control |oop
wakioehs€766 t her i ncl udes a w rel ess conmuni cat i POT/DBIH0$/E3636

for one way or bi-directional wreless conmunication.

The wi rel ess communi cati on nodul e can transmt and/or

receive an RF signal froma renpte device or |ocation.

The nodul e can be directly powered with power received

fromthe two-wire process control |oop, or can be

powered wth power received fromthe process contro

| oop and stored for subsequent use. The nodul e can be

a renovabl e nodul e in which the nodul e need only

couple to those field devices jjg. which wireless

conmuni cation is desired. The nodul e can be confi gured
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above configuration provides an adapter which enag%es
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oper SEaeioF can VSCrVidel it GEBuRRORE EEER bt for the shunt
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SRS PRGNS R AVERt rkher B384 dBPD agross thip dgpjee can be
r egulfeQlas BédireRe provi ded which is part of the .
feedback circuit for the shunt regulator control. This

confi gurati on Thctesndfeldatevice! asnesed erdime carebkaiyndgvideevhich is
nunmber . of conponent equired. The vol.tage drop acrqQss .
the WE0IRE BERDEOYEP] BEILETIL syyeiy Sy ID%F ol pbreiary require
deviglecenfthit s ekt MEEIGN NTIEABeE BRY b6 QYdART WNwHErE $n WREProcess
in a process control nonitoring system and does not

Weceewntipl pystane duAluding i @eantiol ropm loe conirell ercuitMhelhe terminals
devi usEd ‘i:oa%ixﬁlgﬁ:thg Q}?et n;?rgcggg %pg%#ﬁ?% ﬁ&‘%ﬁto %2 %E:gzﬁic%f)gotnrngclztion and

systemin a con co

Ci r quay ryot ddigpriser phydtd o adisdréte CRARRALs. t Any héppropriate radio
process control |qop refer to any electrica

conrfERAUFREY SREUTHCHOR CBRYFYsEabiBesiueed v dgsiseh ésecan any
ter E?Ag?iatep‘@é(mﬁlﬂﬁfcgﬁé;ﬁ ?)?@to&g,d h%g&ééx%gucﬁ'ng&nmu%ication technique.
I cation ci e use e

co rcurtry can s desir as can
Bny HBpppoperi supplycancuitny ¢ configuped ho dediredf arglgiseanot limited to the

Com%rr}hgl%'ta{iggs ge? %ct]rtrl‘ll ﬂgr%in. In some embodiments, the field device includes
an address which can be included in any RF transmissions such that the device
can be identified. Similarly, such an address can be used to determine if a
received signal is intended for that particular device. However, in other
20 embodiments, no address is utilized and data is simply transmitted from the
wireless communication circuitry without any addressing information. In such a
configuration, if receipt of data is desired, any received data may not include
addressing information. In some embodiments, this may be acceptable. In
others, other addressing techniques or identification techniques can be used such
25  as assigning a particular frequency or communication protocol to a particular
device, assigning a particular time slot or period to a particular device or other

techniques. Any appropriate communication protocol and/or networking

technique can be employed including token-based techniques in which a token is



The power supply circuitry is configured as desired

and is not limted to the configurations set forth
whegoeitsu7sd n sone enbodi nents, the field devi cePCTUb20d€603636
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capacitor is employed, for example on the order of 10,000 uF is used to store
energy, the intrinsic safety circuitry of the present invention operates to limit the
20  maximum available energy which is entering the circuitry of the adapter. This is
because in accordance with intrinsic safety standard, the voltage across a given
capacitance must be kept below a level that could result in the capacitance
creating a spark if an instantaneous short circuit occurred. Thus, in the above
discussion, by limiting the maximum circuit voltage which can be received by
25  circuitry in the adapter, the size of the capacitance can be increased. As used
herein, “shunt regulator” is not limited to the particular configurations shown
and may comprise any type of circuitry in the adapter in which current is
ultimately (and substantially) shunted back to the two-wire process control loop.

More generally, this can comprise shunt circuitry which is used to power



conmuni cating in accordance with the HART(r)
communi cation protocol. The adapter can be configured
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for exanple, through a threaded coupling to NPT
fittings in the transmtter housing. In the above
di scussi on, when a capacitor which is not a super
capacitor is enployed, for exanple on the order of
10,000 nF is used to store energy, the intrinsic
safety circuitry of the present invention operates to
limt the maxi num avail abl e energy which is entering
the circuitry of the adapter. This is because in
accordance with intrinsic safefy standard, the voltage
across a given capacitance nust be kept below a |evel
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is ultimtely (and substantially) shunted back to the
two-wire process control | oop. Mire generally, this
can conprise shunt circuitry which is used to
power w r el ess conmmuni cation circuitry. Current flow ng
through the shunt circuitry is returned (shunted) to
the two-wire process control |oop. Although the
present invention has been described with reference to
preferred enbodi nents, workers skilled in the art wl|
recogni ze that changes may be nmade in form and det ai
wi t hout departing fromthe spirit and scope of the
invention. WHAT IS CLAIMED IS: 1. A wirel ess adapter
for use in a two-wire process control |oop configured
to couple to a process field device in an industria
process control system coupled to the two-wire process
control | oop and provide w reless comuni cation to the
process field device, conprising: wreless
communi cation circuitry; first and second | oop

- termnals configured to couple in series with the
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two-wire process control |oop; a regulator having a
regul ator input coupled to the first |loop term nal and
WwW@pooons4ed ; a shunt circuitry coupled to the oRPEPUS2009/003636

the regulator configured to provide power to the

wi rel ess communi cation circuitry; and a feedback
circuit configured to control current flowing fromthe
switching regulator to the shunt circuitry as a
function of a loop current flow ng through the
two-wire process control |oop. 2. The apparatus of
claim1l wherein the shunt circuitry includes a voltage
regul ator. 3. The apparatus of claim2 wherein the

vol tage regul ator conprises a_fgC to DC converter. 4.
The apparatus of claim 1l wherein the shunt circuitry
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the feedback enougput;ry nmeasures a current flowing from
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provide power to the wireless communication circuitry; and

a feedback circuit configured to control current flowing from the
switching regulator to the shunt circuitry as a function of a loop

current flowing through the two-wire process control loop.

2. The apparatus of claim 1 wherein the shunt circuitry includes a voltage
regulator.
3. The apparatus of claim 2 wherein the voltage reguiator comprises a DC

to DC converter.

4. The apparatus of claim 1 wherein the shunt circuitry includes a capacitor
configured to receive charge from the two-wire process control loop and provide
power to the wireless communication circuitry. -

5. The apparatus of claim 1 wherein the feedback circuit is configured to
control a voltage drop across the first and second terminals.

6. The apparatus of claim 5 wherein the feedback circuitry includes an
input which is used to control the voltage drop across the first and second
terminals.

7. The apparatus of claim 1 wherein the feedback circuit includes a

transistor which is used to couple the shunt circuitry to the regulator.



10. The apparatus of claim9 wherein the feedback
circuitry controls power delivered to the shunt
W@Rrens47866¢/ as a function of the sensed currentPCI/US200$1¢03636
apparatus of claim®6 wherein the input is coupled to a
m crocontrol ler. 12. The apparatus of claim1l wherein
one of the first and second |oop term nals couples to
the process field device and further including a
comuni cation term nal which couples to the process
field device and is used to comuni cate with the
process field device. 13. The apparatus of claim1l
wherein the two-wire process control | oop conprises a
4-20 mA current |oop. 14. The_gpparatus of claiml
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communication terminal which couples to the process field device and is used to

communicate with the process field device.
13.  The apparatus of claim 1 wherein the two-wire process control loop
comprises a 4-20 mA current loop.
14.  The apparatus of claim 1 wherein the feedback circuitry is switchable
between a first mode of operation in which a voltage drop across the first and
second terminals is variable and a second mode of operation in which a voltage
drop across the first and second terminals is fixed.
15. The apparatus of élaim 1 wherein the regulator comprises a DC to DC
regulator.
16. A method of providing wireless communication to a process field device
coupled to a two-wire process control loop using a wireless adapter, comprising:
coupling first and second loop terminals of the wireless adapter to the
two-wire process control loop;
generating a regulated output with a regulator in the adapter coupled to
the first loop terminal,;
providing power to wireless communication circuitry in the adapter

using shunt circuitry which is coupled to the regulated output of



and adjusting the current flow ng fromthe regul ator
to the shunt circuitry as a function of a |oop current
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thereby controlling a voltage drop across the first
and second loop termnals. 17. The nethod of claim 16
wherein the regul ator conprises a switching voltage
regulator. 18. The method of claim 16 including
charging a capacitor with charge fromthe two-wire
process control |oop. 19. The nethod of claim 16
i ncl udi ng neasuring a current flowng fromthe | oop
termnal into the adapter and responsively controlling
the voltage drop across the fiygt and second
termnals. 20. The nethod of claim 16 wherein one of
the first and tixeegnidtdraad theeeby pralidingqiontee o the wikeless
process field device and further including coupling a
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control loop and thereby controlhng a voltage drop across the
first and second loop terminals.
17.  The method of claim 16 wherein the regulator comprises a switching
voltage regulator.
18.  The method of claim 16 including charging a capacitor with charge from
the two-wire process control loop.
19.  The method of claim 16 including measuring a current flowing from the
loop terminal into the adapter and responsively controlling the voltage drop
across the first and second terminals.
20.  The method of claim 16 wherein one of the first and second loop
terminals couples to the process field device and further including coupling a
communication terminal to the process field device for use in communicating
with the process field device.
21.  The method of claim 16 wherein the two-wire process control loop
" comprises a 4-20 mA current loop.
22.  The method of claim 16 wherein the two-wire process control loop
carries digital communication in accordance with the HART® communication

protocol.



