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(54) Title: POWER SUPPLY FOR FIELD MOUNTED TRANSMITTER

(S7T) Abstract

A field mounted transmitter (10) for use in a two-wire process

a switch (64) which selectively couples the inductive element (70) to

control loop (16a/16b) 1hc1udes a sensor (12), measurement circuitry

(18) and a power supply (20). The sensor (12) senses a process variable of a process which is transmitted over the control loop (16a/16b)
by the measurement cxrcmtry (18). The power supply (20) is powered by a current flowing through the control loop (16a/16b) and powers
the measurement circuitry (18). The power supply (20) includes an inductive element (70) coupled to the measurement circuitry (18) and

the control loap (16a/16b).




signal represents a zero and a 20 nmA signal represents a full scale

r eadi ng. The transmtter transmts the process vari abl e by
controlling current 1. ~Digital 25 information may al so be transmtter
on the sanme loop. = Another standard is the field bus standard in which
nultlple transmtters can couple to the same control - loop.

It is desirable to provide the field nounted 30 transmitters with a hlgh
| evel of conputational ability. The advantages of such ability are
nuner ous and i ncl ude error correction, data | ogging, and’

di agnostic - functions. However, power limtations put a constraint

on the processing capabilities of the transmtter. For . WD 96/ 02874
PCT/ US95/ 08198 ' : - 2- exanple, if a
m croprocessor is performng the . calculations its cl ock speed
must be sl owed appropriately to limt power draw.

Therefore, power constraints are a limting 5 factor I n t he

capabllltles of field nmount ed
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transmtters.

The present wdw@nkt©n provides an efficient

SUMVARY OF THE | NVENTI ON

mpunted transmtter in a two- 10 w re process control loop in which t

transmtter is

a sensor for sensing a process variable of a process and
. Circuitry for transmtting the process "

power suppl ypdRUsstioBiss! d

he -

powered by the control |loop. The transmtter includes

vari-abl e over the control

A power supply circuit 15 receives the_|ogp_current fr fhe contro
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. circuitry of Figure 1. 30Process-contggéupgsgepg arei 4§ P@d%§§#§%£¥

c

. di agr am of
Figure 4
circuitry

Bopaustiisopland n cantaodanpeoeets .t he Xr efSissitd | mommitiedh

sherat i e, L AGEAM SPEYE Vhr i anldI¥ 'BRF HSLARCTa PR

297 hETFROM

15

20

- 25

30

temperature, flow rate, or pressure. The transmitter is
coupled to a two-wire process control loop which carries
a loop current, I. ° Loop current I powers the
transmitter. The transmitter sends the process variable
over the control loop to a central controller which
monitors the entire process. The centfal controller
uses the process variable received from the transmitter
to control the process. _ '

| The power which is available for use by the
transmitter is limited by the control loop. Typical
control loops include a 4-20 mA standard in which a 4 ma
signal represents a zero and a 20 mA signal represents
a full scale reading. The transmitter transmits the
process variable by controlling current I. Digital
information may also be transmitter on the same loop.
Another standard is the field bus standard in which
multiple transmitters can couple to the same control
loop. _ :
It is desirable to provide the field mounted
transmitters with a high level of computational ability.
The advantages of such ability are numerous and include
error correction, data 1logging, and diagnostic
functions. However, power limitations pﬁt a constraint
on the processing capabilities of the transmitter. For

measur ement

| oop. .
| oop
it

n the
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- 3- ' Figure 5is a sinplified schematic diag :
startup (‘:Y?%%qzﬁ"y .for the invention, DETAI LED DESCR?@I?P%\SIM&?STHE
PREFERRED EMBODI MENTS : Figure 1 is a bl ock diagram of
transmtter 10 5 which includes sensor 12 and transmtter electronics 14
coupled to control loop 16a and 16b. —2-Transm tter el ectronics 14

i ncl udes nmeasurenent circuitry 18 and ~interface/ power supply circuitry
20 i-n accor caywaepleih if & hemieweproosssor| nisperperformingnstheter 10 is
in 10 commuu cAli M d N a5 €ont raldr  (aleedOWRls2OUPKRA t @) oweqcur I ent

| oop 16a/16b. Transmtter 10 senses a process vari abl e such as _

t enper at ur e, 2RREARTFEtE LY ¥9 oldBhE POWeX (dFaWits the information to the
controller. This - THéresdtési powean chastirain®sargte, abyimemtine | i ng the

19, LLo of Auasnt v uah TRuRolaIG e uen B poughall WA ch
scal e val ue mfaridmittersr ocess vari abl e. Measurenent circuitry 18 receives
t he process vari abl e f_r%@@% gg ]@Hﬁ”ﬂi\?@ﬁiéﬁs ci r_cui try 20 20 to
nodul ate | oop current |. reronally, I ) _
The present invention provides an efficient :
power supply for a field mounted transmitter in a two-

10 wire process control loop in which the transmitter is
powered by the control loop. The transmitter includes
a sensor for sensing a process variable of a process and ‘
measurement circuitry ' for transmitting the process
variable over the control loop. A power supply circuit

15 receives the loop current from the control loop and
powers the measurement circuitry. The power supply
circuit includes an inductive element coupled to the
measurement circuitry- which powers the measurement
circuitry. A switch is controlled to selectively couple

20 the energy inductive to the- control loop. When the
switch couples the inductive element to the control
loop, the 'inductive element receives energy from the
loop current flowing through the control loop.

BRIEF DESCRIPTION OF THE DRAWINGS -

25 ' _ Figure 1 is a simplified diagram of a
transmitter ~ including power supply circuitry in
accordance with invention. ' o ' _

Figure 2 is a simplified schematic diagram

which shows the interface circuitry of Figure 1.
30 "Figure 3 is a simplified schematic diagram of
~ a power supply in accordance with the present invention.
Figure 4 is a schematic diagram showing
interface and power supply circuitry of the invention.



conmuni cat i on protocols such as the HART[err] standard, measur enent
circuitry 1o seg28r4di gi tal conmmuni cation  over |oop 16a/ 16GECcEOShs08198
di,gitally transmts the sensed’ process vari abl es. Measur enent
circuitry 18 sends 25 digital information to and receives digital
commands . fromthe controller (not shown) over Ioop 16a/ 16D.
Circuitry 20 al so uses loop current | to 'r?b‘wer transm' tter 10.

Figure 1 also shows the varjous inputs and .30 en Ci rcwtr
18 and power supply 20. lglgg% %é;) ?S-Fd.mpllfle emat%.lcw%lagra y
PCT/ US95/ 08198 startup circuitry for the inventidn. | oop 16a/16b is

priovided to measurgialy s tidbrib o ek WelkiRld lMbpfeyns

Addi tional ly, electricat power . TEea (0 Nedsure
by circuitry 20 oveerg\me 1 i ¥ anhqclammefwttrmsmnﬁw@p. on.

o 5 Fighién Zlﬁépu@eé g@{seoldeltzalaxﬁﬁ t‘f'a‘%‘@!nﬁftt%r eled%‘i‘btn'l% ok
I nt erface/ power sup Figure 1. Crcult r%b I ncl udes interface
i6a

circuitry 30 an‘EP‘bBﬁE‘% to °§B’p’5P} 3120%11615&1 £89 ob /?6anm"F6Fr
sinplicity, eléttEohicy thatimensdss dinghbakefbgialcidouitaep 16akhab

interface/power supply circuitry 20 in accordance with

the invention. In operation, transmitter 10 is in
10 communication with a controller (not shown) coupled to
current loop 16a/16b. Transmitter 10 senses a process
variable such as temperature, pressure, or flow and
transmits the information to the controller. This
transmission can be, for example, by controlling the
15 flow of current I through loop 16a/16b between a 4 mA
signal which represents a minimum value and a 20 maA
signal which represents a full scale value of the
process variable. Measurement circuitry 18 receives the
process variable from sensor 12 and controls circuitry
20 20 to modulate loop current I. Additionally, in some
communication protocols such as the HART® standard,
measurement 'c_:ircuitry 18 is in digital communication
over loop 1l6a/l16b and digitally transmits the sensed
process variables. Measurement circuitry 18 sends
25 digital information to and receives digital commands -
from the controller (not shown) over loop 16a/16b.
Circuitry 20 also uses loop current I to powef
transmitter 10. . o
Figure 1 also shows the various inputs and
30 outputs between circuitry 18 and power supply 20.
' Digital information is provided to interface/power
supply 20 over data line 24. An analog output for
. measurement circuitry 18 is provided to interface/power
supply 20 through line 22. Information received from



10 and conveys such signals to neasurenent circuitry 18. t hrough |ine
26, knowwedesasese of ordinary skill in the art, i s npCTARIS/08198
Interface circuitry 30 includes op anp 36, transi stors 38 and 40,
zener diode 42, and diode 44. 15 Analog and digital inputs 22 and 24 are
coupled to op anp 36 : through resistor 46 and capacitor 48,
respectively A startup circuit 50 C@Ubles to op anp 36 t hrough

resi stor oupl es_to. of transistor 38 ose
Coll ector cohieR: 8p4 1phe Badtrafidel EPamersretant “Sienthryatss

provi des a cunr@mghsdana line 2Ad ai-\dchimon@lw;:aiﬁcatm:.m tpeyeerdiep whi ch
Is used to ﬁyg% Se t | ovRr o
supply 32. Su%é#%%ﬁrgglgggf%g $§VI es Pﬁ gg( EPP&?%ggftﬁﬁn to the
| oop currentoYer fRe@ackines?&tin QQQOQGBHQﬁlvhthh helanﬁétﬂ@Qp current

feedbacksto op anp 36 m?ufel 2t eshdws | %opmsyére.mtallﬁé& oygly aop &ba/ 16b.
I n-operation, digital ormation s se circuitry 30 onto | oop

"16a/ 16b by rI%FﬁJTF*dl%dlﬂfat PBﬁeSFface/PEUFFen?ugPlﬁs|%@1 t¥hndiigwre 40, which
responds tacBfcuiehl 20 i Dic Bidws| tnoerflaca tineudryi aonadd péwerThe

SLOMY, VAU SR A" ST o8 oS! FLePOL0 DB eyttt o0
turn controlsitcwitryst thadOsensesi digptadp s3gmalkheist hooppléaydébtry 50 is
used 105 ang conveys such signals to measurement circuitry 18

through line 26, known to those of ordinary skill in the

art, is not shown. : ‘

Interface circuitry 30 includes op amp 36, |

transistors 38_and_40, zener diode 42, and diode 44.
15 Analog and digital inputs 22 and 24 are coupled to op
amp 36 through - resistor 46 - and éapacitor 48,
respectively. A startup circuit 50 couples to op amp
36 through resistor 52. . Op amp 36 cduples.to the base
of transistor 38 whose collector connects to the base of
20 tran51stor 40. Zener diode 42 provides a current shunt
and a relatlvely constant voltage drop whlch is used to
power op amp 36 and as a preregulated input to power
supply 32.  Sense resistor 60 provides a voltage
proportion to the loop current to feedback resistor 122
25 which then is the loop current feedback to op amp 36
related to loop current I through loop 16a/16b.

In operation, digital information is sent by
circuitry 30 onto loop 16a/16b by rapid modulation of
current I using transistor 40, which responds to

30 modulation 51gnals on data line 24 v1a node 34. The.
slowly varying portion of current I (referred to hereln-

- as analog_current) through lqop 16a/16b is controlled
through input 22, which in turn controls transistor 40

via op amp 36. The startup circuitry 50 is used to
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-5- Pr Qg dkspagral F@nsitory step input to op anp 36 in ordegciBs9sns19s
devel op a large enough vol tage drop across diode 42 to power op anp 3

and turn on power supply 32. Once the circuitry is active, the step

I nput to op anp 36 from5 startup circuitry 50 is renoved. Once power from
out put - 28 has been supplied to a m cr'o'b'r ocessor in rreasurerrent
circuitry 18, the mcroprocessor sets the signal carried |ne 22 '
such that the |BBRVEREerafrdisERReS59R 1npu %dégl PRGEMB3f G CT

Di ode 44 prOVld?ﬁeléﬁvériéréﬁ ehbagRCblnage tiepeaerbsishatiocae dertat or -
attenpts to orce curren u 0 6R. i W O

direction. power op éf ?’8 gthcrggaég%/{e%eggbglV;%Ize pgﬂvx}gre tthﬁa'

vol tage dr op accnssuﬂtnﬂelsZasmmed trdres e ey echpuk ko agp 18mphi3gh fxem

possi bl e. e&&&&g%?ﬁé@ﬂrgwaé PRRbYedZ Oncé PBWEE SEAdif ddﬂiﬂltt power

(voltage tines curren Jfﬁfi) power at about 90% effi ci enc In a
4-20 M syst@mas H%e‘?ﬁ FUREA &R reht® MICHF CRFRNSFSPE ddn MeSsaTg as
3.5 mA. Theref of rc@i LAy Urs V@H@ﬁ@c@b@&o@@sw deedeui@ sftﬁuﬂelmnm ease
- avai | abl e power. in the ot her h%g ge maxi mum e of the wvqltage
drop across di ot A3ne 2%h8RFR EBale TS o4OBRs EH TS #‘ J&cﬁ t age
at . desired analog level. = Diode 44 prov1des reverse

10 protection in the event that an operator attempts to
force current through 'loop 16a/16b in the wrong
direction. _ _

In order to increase the available power, the
. voltage drop across diode 42 should be selected to be as

15 high as possible. As explained below, power supply 32
converts the input poWer (voltage times current) to
output power at about 90% efficiency. 1In a 4-20 mA
system, the minimum current into supply 32 can be as low
as 3.5 mA. Therefore, a large voltage drop across diode

20 . 42 helps increase available power. On the other hand,
the maximum value of the voltage drop across diode 42
should be selected based upon the minimum voltage at
which the transmitter 10 is required to operate. This
'is based upon the following equation:

25 S

Virn = Veporao * Vaz ¥ (I X Rgo) + V, ' Equation 1

where the V,, is the minimum voltage at which the
transmitter must operate, Vb5¢¢ is the forward voltage

30 drop across the collector and emitter of transistor 40,
Vs is the voltége drop across diode 42, I is the loop
current, Ry is the resistance of resistor 60, and V. is
the voltage drop across diode 44.



which the transmitter 10 is required to operate. This I s based upon the )

f ol | ow neyeogapgION: 25 [err] where the V[err]péfukdsgiggni mum
voltage at which the -~ transmitter nust operate, V[err] is the forward
voltage 30 drop across the collector and emtter of transistor 40,

V[err] is the voltage drop across diode 42, | is the |oop current, _
Rlerr] is the resistance of resistor 667 and V[err] is . the vol tage drop
across di ode 44, oy VWO 9@/02874 .  pe . <

PCT/ US95/ 08198 igure 3 1s a 81mpllf1ed-scb%mat1c diagram of Fi gure

3 is a sinppokiesd supplmt 32 .di agupplyf 32 impmwdesupppacizor &pply 32
i ncl udes cag@g_lttcg‘r gg dipdes '_gchi ﬁ}l&qqde.,gS %MU%% ._racg_Q_'bra__n.;l%capapi t or
72 connected as shown I n Figure 3. n opération, fnput 5 apaci tor
62 recei vesCannessed @s rehewn r b Fdgure 3 oopIn operdd/irgh cimpihg it to
charge gnd thgaekYoR 8Yi feSe fres an UYPAICuSRENtE £EBmS¥bhEPo® 400 iEN
switch 64 I?Ggy?%gdﬁausing it to charge and thereby provides'a
voltage source to. switch 64. When switch 64 is closed,
the voltage across capacitor 62 is applied to inductor
70. The current through inductor 70 ramps up, storing
10 energy in the magnetic -field of inductor 70. This
current also flows into the output filter capacitor 72
and out through power lead 28. When switch 64 is .
opened, the current continues to flow_through inductor
70 in the same direction. However, when switch 64 is
15 open the current flows through diode 68. With switch 64
in the open position, oniy current from inductor 70 is
supplied to the load through connection .28. This
current tends to decay toward zero as the energy stored
in the magnetic field of inductor 70 is transferred to
20 capacitor 72 and the load. The duty cycle of switch 64
is controlled by circuitry (not shown in Figure 3) such
that the current drawn by the load coupled to line 28 is
substantially constant (DC). Feedback is used by the
circuitry to monitor the output voltage to control
25 switch 64. " |
It 1is helpful at this point to define

efficiency:
efficiency = ) Equation 2
30 or: H}
;o X .
efficiency = -ZE 9T Equation 3
VinX Iy

Figure 4 shows a detailed schematic :.iagram of
interface/power supply circuitry 20 in accordance with



t he vol t age across capacitor 62 is applied to inductor 70. The current
t hrough i ndwes egio28%% ranps up, storing 10 energy in the nagnesdmusdseBrdsof

i nductor 70. This current also flows into the output filter
capacitor 72 and out through power |ead 28. When switch 64 is
opened, the current continues to fIOM/throggh i nduct or 70 in the sane
direction. However, when switch 64 is 15 pen the current flows through

di ode 68. Wth pen positi Vo U T

i nductor 70 is %‘P{' E)r%%ené-‘d tlélqr Ellil'ej‘f:%‘ad th;&(s)ugﬁ%c%on%e}lc |ﬁ gags{q_g@
current tends t@umntgovlmﬁ renadinedt hbeesampy ketween Figurg téheand
magnetic field gfchdichoangOsl s éif@ﬁi@fgeﬂstQnaolmeap@caf@rkﬂew&n&the

| oad. The duty c control by circuitry (not
shown in Fi guret®e ay&hand nofhghovReliR (Figwre it awthsy GIRPIRARE c‘(ﬂﬂdq‘%d to

line 28 is 5 - ogukshanlitaldlenenits! aF Fildure Iieea&léa@l@ I ffo lUsRés DY the
circuitry to nonitor the output vqltagg %ﬁ §8E r ol switch 64.
It is helpful at this point to eff|C|ency

efficiency = [err] - 46 Equation 243K Sor: ef ficiency
= [err] _ _ _oEquation 3 50K Q Figure 4 shows a
detail ed schematic di agram of i nterface/ power supply circuitry 20 in
accordance with 100 12K Q
10 - 102 _ 12K Q
104 12K Q-
106 10K @
108 - 22K Q
110 6.2K Q
15 116 1K MQ
118 578K Q
122 o 402K @
, CAPACITORS
48 - - 2700 PF
20 54 6800 PF
62 0.1 uF
72 T 150 uF
124 . 150 uF
' DIODES
25 42 7.5 V zener
44 : " pn
112 o 800 PF
114 20 PF
126 . 7.5 V zener
30 128 pn 1N 5817
130 : _ 4.7 V zener

132 _ 4.7 V zener
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= 7- ?9@02891 esent invention. To the extent posspprRISISH8198
nunberi ng has remai ned the sanme between Figure 4 and Figures 2 and 3
Circuitry 18 and line 26 are known in the art and not shown in Figure
4. The conponent value 5 of circuit elements of Figure 4 are as foll ows:
RESI STORS . 46 -8~ 46K [err] : 60
50K [err] . = 100 12K [err] 10 '
102 | 12K [err] INDUCTOR - 94 12K
[err] 106 - 1000 [Hr ] 108
22K [err] P 1so shows int8 %étﬁaﬁr didchit 140 |
116 , fl%%ifeérri 2 s 1ntcy - £-1°¢
[err] which is MAX 639ESA regulatoyo gvyailgble from Maxim
CAPACI TOBS Integrated Products, 120 San Gabriel Drive, Sunnyvale,
California 94086. |
The circuitry of Figure'4'opgrates similar to
the simplified circuits shown in Figures 2 and 3.
Integrated circuit 140 includes switch 64 and circuitry
10 © to control the opening and closing of switch 64. The
various inputs and outputs of integrated circuit 140 are
as follows: - ‘
Table 1 : -
15 ' FUNCTION ' l
Sense pln for fixed +5V output
operation. _
LBO Low—-Battery Output.
LBI Low-Battery Input. When the voltage on
LBI drops below +1.28, LBO draws
_ current.
I’ GND Electrical Ground.
20 LX LX drives the external inductor which
provides current to the load.
| v+ _ Positive Volt§ge Input.
VFB Feedback Pin.
SHDN Shutdown input -—— active low. When
pulled below 0.8V, the LX power switch
stays off, shutting down the regulator.
—
25 : As discussed above, startup circuit 50 causes

the input to op amp to initially go high when
‘transmitter 10 is turned on. This causes a large amount
of current to be drawn from loop l16a/16b which charges
capacitors in power supply 32. Circuit 50 maintains the



10

15

20

25

30

2700 PF 20 54 6800 PF

152 receives a first input on data line 22 from
circuitry 18. A second input to OR gate 152 connects to
a microprocessor 154 of transmitter 10 which is
contained in measurement circuitry 18. A pull-up
resister 156 is also connected between this second input

to OR gate 152 and a positive voltage level V+ of wire

l6a. When transmitter 10 first receives power through
lbop 16a/16b, the input to OR gate 152 is pulled up
through pull-up resister 156 connected to the positive
voltage level V+ of wire 16a. This positive voltage

48
62 W096/02874 0.1 [err]F _ ' 2 PCT/US95/08 48
[err] F 124 . 150 [err]F
DI CDES 25 42 7.5 V zener : 44
pn 112 - - 800_PF : 114 :
20 PF 126 ~¥75 V zener 30 128
n 1N.5817 . 30 - . 4.7 V. zene .

.232 | high state %_‘_céﬁ—-éqpproxa.m%]g%/%y@ at wﬁlcfx point power
'PCT/ US95/ 08198 supply 32 provides a regulated ottput on power line 28
| NDUCTOR : 70 . ' _ .1 . Figure 4
al so shows integF&Fé&ﬁ%q%&ﬁquf4&0 can Rﬁﬁ&ﬁ %g%dggqgﬁﬂggA regul at or
avail able from Maxi m - Figure 5 is a diagram.of startup circuit 50

5 used to provide a startup input to op amp 36. OR gate

input causes the output of OR gate 152 to go high which

is connected to sum node 36 through resisters 46 and 102
thereby allowing power sﬁpply 32 to receive a large
current to initiate operation. Once power supply 32 is
operating, a reqgulated output is provided on power line

provides a low output forcing the second input of OR
gate 152 to a low state thereby allowing the signal from
circuitry 18 on data line 22 to directly control the
output from_OR gate 152 provided to op amp 36. Thus,
once microprocessor 154 is operating, data on line 22 is
modulated onto loop 16a/16b through op amp 36 as
described above.

. 28 which is used to energize measurement circuitry 18,
‘'including microprocessor 154. Microprocessor 154 then

The present invention provides a power supply

for use in a two-wire process control transmitter. The
power supply can be configured for high efficiency. 1In

typical process control systems loop current can be less

than 4 mA. The power supply of the present invention is



5 | ntegrated Products, 120 San Gabriel Drive, Sunnyval e, California

94086. WO 96/02874 The circuitry of Figure 4 operates PCINUSS5/08198

the sinplified circuits shown in Figures 2 and 3. Integrated circuit .
140 includes switch 64 and circuitry 10 to control the opening and cl osing
of switch 64. The various-inputs and out put s of integrated circuit

140 are-: as follows: Table 1 15

NAVE : A3 le | Is +5V out put
oper ati on. cap a%@'@céig%kov;dt%%kéélaﬁégg t&?‘gﬁtg ﬂ%‘émgh!% 'EQE&B&)&Q in

Low Bat t er y thep & anspiditemh#high dge gipater than the loop LrrEe®Pps bel ow

+1.28, LBO draffowing in the contr¥dll@Bop. Furtid¥) the Bheghrical
Ground. 20 ives the.extern i pduct or whi ch

. LX £ bx-dr fl'
provi des cuPfEACIERVNHLTE| 55§ Power supRdy resulpg iR GEeabPt ¢ Fput .
VFB 5 Feedbamlaskirement circuitdy thashprdownartpudesigmetwiichow. Wen

Goun' t he. r oBiRRE, moPE LB ERe S /by nigner, chock speBdH Ip e cuit 50
causes - meeshypmento CAFCH/KIIVo initially go high when
| Although the present invention has been
described with reference to preferred embodiments,
10 workers skilled in the art will recognize that changes
may be made in fOfI_I_l and detail without departihg from
the spirit and scope of the invention. For example, the ‘
invention can be used in other types of deﬁrices which -
couple to two-wire procéss control loops such as field

15 controllers or configuration devices.
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transmitter 10 is turned on. This causes a | ar ge anount of current to

be drawn frowd ssmagh6a/ 16b whi ch char ges capacitors in poverT/BsHs/0819832.
Grcuit 50 maintains the. WO 96/ 02874
PCT/ US95/ 08198 -9- hi gh state for

ey o e anyen e v e TR

functioning. LA ug. 5is a diagran1of_sta}tdp tirbuit 30 5
used to provide ~op anp 36. OR gate 152 receives a’
first input on data |ine 22Aftommsmitterrfortugelfn & twoowdirenpuecessOR

gate 152 connect Yela sor 154 of transmtter 10
which is. (é?léﬁ?&%ﬂ?éphg%s eﬁ%ﬁ?ﬁ circuitry 18. A pull-up 10

resister 156 is al so connetteRNRE \iWekch $ensee oadPrApess varigbler gate
152 and a positive voltagapné£y@tenent®®f WitBuitry leAicMenctimsisitdéten 10
first receives power through . loop 16a/16b, "the input to,OR . gate 152 is
pul | ed up t hrough pul I - up $EE73t LVeE6tRSNFRREEAL { $OPRel 8§8FF68615
vol tage | evel V+ of wire 16a. dhis wobiéiof viktppecess vanpableauses the
output of CR gate 152 t"£§b$2£”%d%ﬁf@ circuitry which receives a loop
current from the control loop and
provides an energizing current to the
measurement circuity, comprising:
an inductive element coupled to the
measurement circuitry; and
a switch selectively coupling the
inductive element to the control
loop;
a capacitor for storing charge;
modulation circuitry coupled to  the
measurement circuitry and the two-wire
loop which responsively controls current
through the loop; and -
startup circuitry coupled to the modulation
circuitry which controls the modulation
circuitry to cause an increase in loop
current during a startup condition
~whereby the capacitor in the power
supply circuit is charged. '
2. ~ The transmitter of claim 1, wherein the
energizing current is greater than the loop current.
3. . The transmitter of claim 1 including analog
transmission circuitry coupled to the modulation
circuitry for transmitting analog information over the
two-wire process control loop by controlling the loop

current.



is connected to sum node 36 through—+es+sters 46 and 102 . thereby

al | ow nowp@¢fzs7suppl y ' arge current tpeTiuHobHhRbs
operation. Once power 'nmnmgiﬁ”uﬂimrioperati ng, a regulated output is
provi ded on power line * ¢ whi e used to energi ze neasur enent

circuitry 18, i ncludi ng m croprocessor 154. M croprocessor 154 then

provides a | ow output forcing the seCord i nput of OR " gate 152 to a | ow
state thereby allow ng, the_signal, from.25. .circuitry 18 on ,.data  line 22 to
directly co?trol t he gh.e gﬁ?ﬁgf“#?zﬁl B8 §afd™ 2o l&c&%‘dé‘&? B E 3 36.

Thus, ohrensmiseponcesdaculissyi s aguplked ngtodatheon nddwel 2iars .

roduf at ed opi acl p0ByLFal 16Rad B ALBINGR SR D At ornatlist dted apove. 20

The present ‘inventi S a - use In atw-wire

process contvWorwirgnprrcess. cpadrol 1oameby sepBRryoddanpe tAenfiQRR ed f or

hi gh effici gigyentn typical process control systens |oop current can
be | ess t han mA. The power supply_of th resent invention is

WO 96/ 028745 - 4 The <tr nsmittegp %f c&a?.mppé-r/ g@ﬁf \ a

-10- ﬁﬂaﬁébﬁlaﬁoﬁraﬂbdé ngornecead 1w persliehaniticitinsigower n.
supply and providing a substantially fixed voltage input
to the power supply. .
6. ' The transmitter of claim 1 wherein a voltage
output from the power supply is greater than a voltage
drop across the transmitter. : , ‘
7. . The transmitter of claim 1 wherein the startup -
~circuitry remains in an on condition for about 200 msec.
following the startup condition.



the transmtter which is greater than the | oop current | flowing in

t he control W@oge2s74 Further, the high. efficiency of thePQUUsesS/O8II8pl y
results in greater power 5 to nmeasurenent circuitry than prior art

desi gns whi ch al l ows nore conponents and/ or higher clock speeds in the
measurenent circuitry. Al t hough the present invention has
been described with reference to pré{%rred enbodi ments, 10 workers
skilled in the art will recognize that changes - - my be nmade in form and
detail w thout departing from the spirit and scope of the invention.
For exanple, the invention can be used in other types of devices which
couple to two-wire process control |oops such as field 15 controllers or
configuration devices. 20 - 25
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-11- WHAY o logrosgs4l VED | S: 1. - A transmitter for upgpiydedosios
two-wire process control |oop, conprising: - a sensor which
senses a process vari abl e; measurenent circuitry which
transmts a ' si gnal over £)1e control |oop indicative

~of a value of the process vari abl e; 4 power -supply circuitry
whi ch receives a | oop | current fromthe control |oop and
provi des an energizing current 'to the measuyr enment
circuity, conprising: l an inductive el enment lcoupled to the
measurenent circuitry; and I (8 ' |
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H2- 4. The transmtter of claim1 including digital

transm ssi oygbdigRatd 'y coupled to the nodul ation Circuitry #aIUs9s/08198
transmtting digital information over the two-wire process control | oop
bg controlling the | oop current. 5. The transmtter of claim
1 including a preregul at or di ode connected in parallel with the power
supply and providing a substantially fixXtd vol t age i nput to the power

suppl y.- 6. The transmitter of claim1l wherein a voltage out put
fromthe power supply is greater than a voltage drop across the

transmtter. 7. The transmtter of claim1l wherein the startup
circuitry remains in an on condition for about 200 nsec. follow ng the

~startup condition.
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