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ABSTRACT

This thesis presents a design of two interface circuits for resistive sensors
based on the use of commercially available and low cost devices. The first proposed
circuit with lead-wire-resistance compensation for generating output voltage, which is
linearly related to the change in connected single-resistive sensor. The second
proposed circuit with electronically-adjusted conversion gain is designed for
producing output oscillation, which is linearly converted from the connected resistive
sensor. Performances of both proposed circuits are verified by experimental results.
Applications of the proposed circuits for interfacing PT1000 resistance temperature

detectors (RTDs) are also included.
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2.1 na1audn

IULEDSUUUANNAILMIY (resistive  sensor) ulwutgasfigniiiuildeuedie
nfsndlunismuaunszuuns mstauarsyuuiedosdietnlugaamnssu [11-03] iwuives
LuUALiUNIURYederann1sn1sAsLLasAA i ununegluvesTagaUInm
Tl AnduTofulsiidesnimniiadu dedygranerdnaildanisugesaziunis
WasuwUasAraugiuniu vlvldanansaiauiiudvdndssananald Seosiiniu
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2.2 VENNTNUFIUVIATULYBTUUUAMNATUNIY [15]

USBANTaugulgeshuuANRUUaIIIsawdssanidu 2 nquuandieiufe wuy
Bafien (single type) WATLULAINNLANGIY (differential type) lnglauigosuuuAIy
fumuiidyanasednaiumaudsuivasdamiuduniu Tageenusunusususes
AT AMINANUEUNUS Ren=Rf(x) L0 MUl f(0)=1 dMSULBURSLUULTLEY AAIY

ANUYDUY UL DS LUUAINUAIUNIUILANNITONINT UG IEUNATS
Riens = Ro(L+ %) (2.1)

B Rens A0 AIAUAUNIUDIANATDUY UL SUUURIATUNI

i % a

Ro AD ANAIIUAULSUALYD T UDILUUAIFIUNIUY

'
! )

)
= d‘ a d‘ %
X A9 ANAIVLUAEULUAIMUUTUIUNASIIN

93915 U AT UL UAIUDIAIANUATUNIUYD LYWL DS N UABULUAIMUUS L UNRSITA X 2

YuagiuTlnve T UDS

Y



2.2.1 LU UULTILAL?
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3.3.1 295 Beusaisuwaslagldundednenszuansii (7]

asPeudow s aneUsenauluiiy uidsdnensyiansdl css vimindidne
NILUATUIN 1TMA LﬁaﬂizﬁumiﬁﬁmwaﬂLWL%%LLUUmmé’wmuﬁﬁawiaé’w
anedyaynd 2 ane s ey 1IN CLK 3uia tkHz §IM5UAIUANNNSYINuaing
\3a718 SWN-1 Feeindii 4 A9 AIVANANIINIST INAVRINTEUADIN CSS flwasonain
SWN-1 2495guUazAsAT SHC YuffvuaRILTsfu V, vy v, Uae V; Lagaindiaiore

SWN-2 §9usenaulumelalon D; D, BWaziulga3kUUANUANUNIY R
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RSEHS

CLK

but

5UN 3.5 wasiensawuwesiagldundadienseuanad

N3V 3.5 dnnsnesuIEvENNSTLTeTeasLaw el dedayayaniniegluaniug High
&I SWy IEMUUANITINATDINTYUE | HIUENEFIU Ry 1ALOA Dy WULEBSUUUANAU
Reens WOZENEEEYRUI Rep SINUUAIAT SWs AmuafiamInTELalraatdns 1 useiu v, i
S/H, 4aE V', 7 SIH; Aousasuiilun 1 uag 2 Auaisu anunsaRansanlaEed

V=R, | +Vg + R I+ R+ Vs (3.12)

Sens
WD Vgys BAY Vo, ABLSIANUNANATOUAINT SW5 wazlalan D, A1uaIfy
V, =Vgys (3.13)

Wedyarauniiniegluaniug Low alnd sw, avivuaiinisivavenseua | Tufianig

e

[ ]

ATINUTIUNIUEBEYYIU R, 1AlA D, Laransdyqin Ry NUUEINT SW, 93A11Ue
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[

AN TERalnaatdnsnIn wiedu Vv, 7 SH, war VL, N SH, Aouseiuiilun 2 uag 1
&
prail

AUAINU a@nusansanlasatlaiunsanansanle

V, =R, | +Vp, + Rl + Vg, (3.14)
P a v A ] a ¢ o o
LD Vguo AT Vp, ABDLLIIAUNANAIDUEINY SW, LLaglﬂi'@ﬂ D, AdaInU
V2 = sz2 (315)
fUEUNEUUINLLAE AU

)

WSIAU VL ViV, WaE V', 19995dUKagAIAT1 SHC fiaidiuleasuened
(adder-subtracter amplifier) SPC W3AAULDIANAVDIINAT Vou £ ANNTONATUNLARIL

(3.16)

Vour = (Vl +V2I)-(V2 +V1'): Ryensl + Vb1 =V,

MUl D, hag D, AAuaunsdnuazle
(3.17)

= & v v = PR Y] 3 =& o
INAUNIIN (3.17) ‘UzLWUI@ﬂ’J'uJ@nUVﬂua']EJ Ryt B8 Ryp lmﬂimﬁ@]aﬂqLLﬁ\TQUL@’]WWW’ﬁﬂN

ANMUAUNUSLUUTURAUNUAIAINAIUNIUAATITIA

3.3.2 2995LauRBLrULYas lae ldLsInunsTwaaaU [8]
UIUUAUDIIT VDU DL UGBS NI NISVALLAIAIUA U NI UAIEAEINSUN5HD

ey 2 @ InewuresiuuanuiunuIs@euseiulnasuUasusssulunseua 9

AAN19N1TINAYBINTEUAILYNAIUANMILLTIAUBUNA
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R R
i AMA M\
= - Vout
OA, S
+
_OAl
+

}R‘SEHS

JUT 3.6 2asiveusawuesinglduseiunseuaady

v

A a L o v & LY [ o v
?G']ﬂEU‘Vl 3.6 Z‘ﬂiJ']iﬂE]ﬁ‘U'WEJﬁﬁﬂﬂ’]iVl']ﬂ?Ulﬂ@ﬂu MATHUAILTINULTUNTELAIENIUINLURY

o

doyayrnBunslidunseiadvanusonlasad
=" (3.18)
R

dll = o d‘ t-d‘ o 14 = < o d' d‘ 1 [ dd‘ I 1
\le v; Aedayasdmden vinly 1 e dudygrmdmasuguiu lunsay v, eglutgieuin
AAN19N 589N T2 AL INaaINTIIANIUAIAIINAIUN LAY Ry, Re tALOA Dy
WASAIATUNIY Rens ANLUITOVSIAU Vyy LARSENNTT

Vxl = (Rwl + Rsens p RWZ)I L +VD1 (319)

W19 vp; ABwIIsUANAsaNlnlen D,

WA iudle Vi, aglutiiau nsswaazlnaanns aniIuAIANRmUUESEYY I Ru,Rue
wazlalen D, EUNITONILIIAU Ve bARIENATT

Vi, =—(R, +R,,)l —Vp, (3.20)

11D vp, ABLSIPURNATaulalan D,
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INAUNITN (3.19) wa (3.20) ANUITONIMSITUBIANG Vour LAGIANNTT
Vout = Z(Vxl +Vx2) (3.21)

91na@uN157 (3.21) 9 HUlAIIWUBIANG Vour 2t TULTITUNTZUAGSY Tnga@IunsanIa

1
Yo A

Y a A o A
LLN@ULQ@EJEU?W@U?{LM@EJ&I VOMEAN lanadl

Y A— | 1<\ (3.22)

WAUELNNST (3.21) adluaunsy (3.22) agle

Vomean = ILRsens + (VDl _VDZ) (3.23)

AMUUALA D, hag D, AAuaunsEiuazle
Vomean = 1 Reens (3.24)

91naun157 (3.24) aiiuldnNusIunIuEg Ry Uaz R,y LifikasoAlssiuiefnndall

ANUFUNUS LU ULTHEUNUANPNUAIUNIUTIATI I

3.4 1995 audsLTULYas TiaUanluAIUIaIWIaAIUD

dnuumnlunsResBlg RS UUANNRIUINY fiB PSUSUan Iy ae1dnn
vouuosglugUdyyIanIunat maudunIuezgnulanduaunainioninud I

Jugyuuumhldldanulaedduuuuidnes

3.4.1 2asifoudawuwasuuuanudumuedawlaaduaanud [10]

niinanlineuniing lueinazldizsnsidoudewumesuvuaudiuniulagly
29953nalauusasifioutainisiuasuulasimnudumureamuwefidunsssiu sAdei
Yaue199sdousswugesuuuanuduniusdawdanduniud Tnserdenissuda
HeyauauuuNauAane (relaxation oscillator) ﬁ?iqajdﬂia}umaﬁiﬁﬁmwsazﬁmma&ﬂu&hu

cut-off #30duFA (saturation) Wty WaTHUAIAIAUAEUMIUTUAMLATR AU UTENDU
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TUshensviney 3 da fensesralouguweilaglfiasinalauuiad 29asBuiiings uas
29959599 FURFALE (zero-cross detector) N1svhauTBTNasTILAUDAMNIaET ULl
40172U3A9laNAAgiAAIINNITUUTAIYB LI ULLE SLUUAIUAITUNIY AIUANAITBUTNTH
waziruanstounduludneasinalauuiad siliinn1sesadaianuotdygaie1fnaves

1T UABNULEUD

C
Rsens§ RZ T

. OA AN -
¢ + OA,

Vout

OA;

JUN 3.7 2asleuneiwuwestlauuanduaud

v

NFUN 3.7 Msusaiunlualagai

Vo = Vg, (3.25)

Vp = AVou (3.26)
1

Ve =V ~j(va — v, it (3.27)
T

il
o= R (3.28)
R, +R,
- (3.29)

sens

el
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7=C/R; (3.30)
A
Vo
0 T T 4T, >t
-V, |

UM 3.8 nsmldygailianiestousswuesyiauwUandumnud

ALY}

v

NIUN 3.8 193503993V UALSLAZIATBUTINTA annsaesuelanall

M il V>0 (3.31)
Vout =

=4 1319 V<0

g9 T, kae T, ADYILIANMWIIAUBDIANG Vour HAUVNTY V, hae V, AIMEIRY 9NN

Vv

fygransvinauansaedsullanail

T, = $(1+ 7)e (3.32)

T, = a;fﬂ(u %Jz’ (3.33)
Lﬂja

y =N, 1V, (3.34)

Aatiuazlamnunednafauns
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f=“;ﬁt (3.35)
Lfi@
n:aﬁyi (3.36)

LBLYULYDTLUUAITUATUNIUAD Reens = Ro(14x) 9% 1A191

_RR=RR, ¢~ R

. e (3.37)
Rl(RZ = Rs) Rl(RZ + Rs)

PN a I3 a o & I3 a Y a1 P a
ANNFNUNITIN (3.37) ﬂ'milﬂL@W@W@%@Q?QQ?QJQ?WNﬁNWUﬁ@EJ’NL‘UULGU\?Laum@ﬂqﬂ'ﬂ’]umq‘UWWUW
Wasuld

3.4.2 2995 DU ULYRSUUANR1uuTsdanUasduaruLian tagly
2995venedyImeaUwand [11]
MATetdaunsReNssw U srlawlanduniuian lneefundnniseaada

a9 FImNADANTSADLRU LAY UL ULLDS LUUAMUAIUNIUL SR

C
|
[
+Va \VA Rsens
in —
° l L= = I
-V,

JUN 3.9 winn1svesaslensewuwesylaulanluauiian

JUT 3.9 a1313095U18N19919119043935 ARl wsaunsalean (threshold voltage) Vr

AN UFUNUSL T UTWAUAULTIFUDI9DY Vi, Inesawiniu Vo = -V,G 1B Vi, Wausanu

IS

+V, WSIPUVDIIITIUTNGA V() Fziiaranatsagradudaduludassdumsalaan v; Jan

WU -V,G 11381 t= 0 L39AUL1ANATRIIRTIUT BB URTIAUABYIMInNAIUAL &R 10

o
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Yo o

Vip WIINAU -V, B liwsanunsaloan Vo SAIN0U V.G WSIAUIDII9950URNTA Ve(t) 98l

¥
=3

ANANTUIIN Ve(0) TANNNAU V.G LUaude Vr 1AW V.G tngaunsaldeulanaaunns
Vin
Ve (t)=ve (0)— [ =o~dt (3.38)

2291781 Te @UN5ONINTULAAIAUNTT

V. (T, )= —va(G N ) =Gy, (3.39)

ANULIAT T UB9NITLTBUAD I IARIENNIS

T =2T. =4GR, C (3.40)
SW
Ra/2
Vier Vb W Vin Vin
o— 1
— Vuut
ANN— AN
Ra Ra

JUN 3.10 29asieudeuesuuuaudumuLUaduaunalagldisasveedyny ol

paUwau

a a [~ a &) [ a a o a 4
n5U7 3.10 Wnsanenuliidugauniivetealuondusenu v, Minanyiauesaingas
Tanlslauuasiulae? v, FAYINAU +V, Wad Vo HAWYIINY —Va+o kg Vi, AANINAY Vi+4

a@1unsnesu1eaunis (3.38) Tuulanal

t

Ve ) =Ve(t,)+ ] R J;VS ;Vi” Py (3.41)

ty sens
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HoaIndUn WIIAU Vi, 8TAWMIAU Vi=V, WIIFUIANAT0929950UMNTA Ve(t) zanad
DU TUTUEUIIN Ve(te+Tg) PUDA Ve(t+Ty) 11D t, Aav9atigaslsauiisunssnurinauy
Tugsneuntd wag t, ApriaaIeasiUSeueuwssnuaginauaaly taedf Ve(t) agdan

WU Vip=-GVotatVee WAE Ve(ty) AWMU Vi =-GV; +a+Vs, INEATULIAN & LAY t, WanSba

Feaunsn (3.42) uay (3.43) Auas

VTZ _VTl + Td (Vl _Vz)

tl = RsensC - R (342)
Vl + ﬁ - InRsens _VS Vl + IB - InRsens _VS
tz — RsensC VTl :_VTZ + Td (Vz _Vl) (3.43)
VZ +ﬂ_|nRsens _VS V2 +ﬂ_|nRsens_VS
NEUNTSD (3.42) Loy (3.43) munmsuaqmmﬂaqmmaamlﬁﬁ’aﬁ
T=t+t,=4GR_C+T,)y (3.44)
fnsaninuavesszuududiuils Awualy ; fewindu 1 azle
T =4GR, C + 4T, (3.45)

Qll =3 F 2 '3 = [ [y 6 a 1% [} I
INAUNTIN (3.45) 99UlATIATUIALDIANN YR IIIISTANMUFURUS LUULTLAUR UAIAIY
AUVNUTBAGUTOTUUUFIA NI ae?l T, Ao eunailfieainviuliidugeuaives

@I

3.4.3 2asioudawuwasuuuanudumurdawlanduanunirsvesiad [12]
AFeiiiauensuwlasieudunuunnuniiwesiad Insedonisnsiaia
AU esvad Winadansaedeumuesuuuauiumuliosudisususaguniu
§1989 299sTiinaueUszneuluiienisieu 3 di 29asdufiinsnadiedyainaindes

(ramp integrator) WATVAAANIALADT LAZIIITADIN
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\ec
Comp
_|_
e ] Sy

T
——>
2
S
e B
@

I

\z] > Vout
7

L

VsmT1

|Q+ 9
2 o | ¥

VCC

JUN 3.11 2sdeuseueesuuuanusumurdautanlumuninwesiad

é’ﬂwmzamﬁamsdqmwaa’mﬂﬁ%ﬁmﬁm’%ﬂma%uamlé’ﬁqgﬂﬁ 3.12 2935UAAANINLNDS SMT,
Usenaulumae 2995 US g uLiig ulsasi Comp, 935VEIEANAINNYT OTA, WIIAUDIIDY Ve
WALAINTUNIY Rens  WNULGULLDITUWUUAIIUATIUNIY F9295VTAANTALNBS SMT, 29995
WIHUBULTIAYE Comp; 1ATVYIYAIANNLT OTA, WSIAUDIIDY Vi WASAIFIUNIUSN9DY R,
Fermuaa1euiumuAuAeEIuuS IR LT wewwes auTiulaiussiumsa
Toa6 Vewr: HANduRUSeg 1 TudndIufUAIAINAIUIIY Ry WYMETLS U TalTas

Vsumre HAnanudusiusedaludndiuiuainiusiunusieds R,

Vret Vit

> > > > >

A Y

Y 3

AN

0 |l les sy <
>

Vref‘IBRsens Vref +|BRsens Vref'IBRr Vref +|BRr

y

¥

Pl DA

JUN 3.12 dnuaraudinisdinngvesassilngvsnines
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V11=VertlgReens
_ Vr=ViertlsR;

At At

7229

>
>

JUN 3.13 nsmdyadilininisesdeusesueesytawdandununinwesiad

T o

' 1%
a =

1NFUN 3.13 @1815005U18NISNINUVENIIATIARAIE LHOAIAIIUATUNIUY Ryens HANLTY
UINNINAIANUATUNIY R, AUUALANSVAARYSNLABST SMT; kag SMT, Y9 1UNYI19DUFIAY
UIN Ve @30 sw aglusunisdn Nﬁ]i%v‘hmimwﬁLﬁuﬂiz@"uaaﬁaLﬁwisq C ANUAAN
WIIUBUNAVBINATVEAANININGS Ve AAiniuaud Weaind sw aglusuniauln nszua

1 Y] < [ s age( 1 < a Y v ~ [y} a 4%’ =
e WINANIUANAVUTEY UIU Ve WNUTUBEITUTAAUAIY 12/C 11D Ve 1iinTuda
ALIIAUNTALIAAYDII9ITVUAANTNLNGS SMT; FILAIITIRUWNAY Viy 10IHNAVDITT
YAANINLNDS Veum1 dzanalaniiugud Mlie1dne Vo ¥89 XOR Bgluanue High

1n89294987 ty 7 Vemry A9AT Ve a10150608UlARaT

t, = IE( 1R (3.46)

R

dle Ve Sanvifunssiumnsaleasuoeastinfnsnnes Ve HANYINAUAUE WIIRY Vour
QwIAuanIuE Low L@IANA Vsw VD9 NOR Tanuzilu High @ind sw azegludunisla
W59 Ve aziBonasnsnsiliiednnvenaasuliadninnosilAniiiy Ve uay Ve 950y
Tuanug Low a#ind sw azeglusdumiadn Tneldina t; A vaurs AN Vee anmnsaidouls

[

&
JU

1:2 = |£( ref T IBRsens) (3.47)

R
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1A8ANANUNINVBIIAIVBILIIAU Vour @11N509bALAE
At=t, —t, (3.48)

WNELNTS (3.46) way (3.47) asluaunisy (3.48) agld

At=C '—B(Rsens -R,) (3.49)

IR

AHC la AR (3.50)

R

NAUNITA (3.50) AziiulaiAaUnINvesNadiinnuduRus LUsfunsatunisiUasuwlas
ANANNAIUNIY TABAIDRSIVEIINITLUAIEINNSAMTAUA LAAIENT AN MUAGAEIUVDINTEWE 15

Lae I

3.5 undgd

[ a

TuunilaLaue19950LIBUNTNISIANISAY UILTILEUAIASTULT ULIBS WUUAINY

e

v s

funudafe ildyaransiueidyadaudsiusuuududadusearmuiiuniud
wUsAld BnisinausuiITednssaseasd Y aud1usunisidauseigulgesiaely
awdgygim 2 arelusin 2 999398 Taeuddei 1 diaue1939s@ausolugeslagly
WMEI18NTEUAAINAIUANMEEINTLATOA1Y KavIIITEN 2 UNAU IS UADIULYRS
Ingldussnunssuaaay  vaessasiinannludsdudasetsaiunsalsuainien1susu
[ = A 3 1 L ] A LY
dyaaunssuadegeen wavaunnanlideduinduldlelaaninnuaunssiu
wonnldsfinsdnaueluefnfiuvasAianudumuiluaiuig 3 9uidy s
avvsinaanUAnIsviuiwanaeiu lneawdden 1 Junesdeuiowuwesiuumiy
suuriaulanduanudlagefeauauiivue1i9asuied dmuaudden 2 wasdeuse
¢ v a < % o o awv A
wuweshuuaMuAmunusiawaiduaunailagldiasvenedygraeoluond uidedn
3 2esWeuABwweskUUANNSUMUsdaLUandumuninsesiad 91ninanandneiu
av a P saa v A wa al [ a
AdeR 2 ansaldlafuwuweindanumumuguissanauaudanlidugauniuay
1290157191989 UkeNT Mia9ITARsedaN U UL TN ALa AN Uda U BN

Tylaunsausudnsivenals Fsvilildazaindisinluldanuass
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195 VIUADLYULY DS LUUANUAIUNUS oL L naNiLa U

4.1 nanud

nsinsverlnagninanldieuitaymlunsdinarauiniianinwindeulaimangdiu

a wa

wInsllodanazguiuRu Inglunisinsseslnadniusuwesiuuausiiuniu Apau

Y

Aunuvesaudy I Inadedyyinieanavesuge v liiAnd1ANAA ARG DY

] o

Fndudosrareainiudiuniuvesaredygyialasldisnisdendeisuivesineld
AedUaILUU 3 @euar 4 e viliauldessulstina Smsiaunwsdeusoimuees
dwmsunisinszeglnalaeldatedymin 2 arefidnisyaweatanudiuniuluais a0
nsfnwudtedldfinisinaveluefianuii Wifiasdnaversasidended miunisin
seezlnafiinisvaweainnudumnuesaeduaalasldunasdienssuansd [7] Tnoande

MANNI5119UYIEINTNAIUANAMISA U YINUIRNT kaLIITTONABLEUIYOTEIMTUNTIA

[

szozlnalagldurasdnonsssunsewaadu [8] s 2 Muddeninauedndudeslvlalendid

ANUALNIE Y

° =

Tuunfiaziiiaus199sdaus ol huuAINUAUUsE ez na RN svAe AR

Aumuvesssdyyindmsuniseusslagldanedyain 2 ag Ineiuseiue1dnnves

[ Ag]

3 1

ﬁﬂﬂiﬁﬂ??ﬂﬁﬂﬁﬂﬁ@&ﬂ%ﬁu@ﬂL’gumlaﬂ"]ﬂ’)’]ﬂJ{;l/"lu‘ifl’]UﬁLLﬂiﬁhlﬂ LAY ONI1VY18UDINAIN

Y LauaIunsaUsuAlAA18NISUS AT B SALY

4.2 WUIAAUNTTEDNUUUSITNULEUD

PR A Moy Vi
NI
L N Buffer Sum —o
' R O
YR Y i 2 Vx2

UM 4.1 ninN157INUYeRNIsWNda e S UUANIAUMUIE ey Ina il aue
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mﬂg‘dﬁ 4.1 &@ind SW, Uag SW, AznAIUANMmEdy)IMUIEnT lag Sw, azﬁmﬁfﬁmuau
frmenisivareanssud I, FslaniudinnsiningugesuuuaudumMudsenaulusie
AedIU Ry WAT Ry, AlOA DoAY D, FIAIUNIUDINDY Ry WAZLSULEDTLUUAIAIUNIU
Reens VITMALAALTIAU V. ANATOUAIUATIIIA drutvilasgnatuausigaing sw, ?famuau
N137191UYB9TEULALAIAT (sample and hold) S/H; Uag S/H, lnudaIaoIinAves
1995 Toue it AN AN INEYYIURIITU Vi W8T Ve VBINITFUUALAIAT S/H; LAY

S/H, MUAINU

4.3 S19a2198A MN1SBNLUUISTIULEUD

S/t
>
z. _]'_ 0A,
2 (o =
Ve 1Y SWL Y g \1|_ Va |1 R,
SO_-C\C # . = A
Y
B
2 X
Alli
ixi [w”

Rs

3

Ry

VW - v
[ Ra ﬂ OA, L oot
i NAA +

\2%)
L R |l

OA; Voif

clk

CCll® z

IC

SIH, sum

5U# 4.2 2995i0uralrugesuuUszeyinamiaue

n3UT 4.2 wesdeudemumeiuuusserlnafidnaustseneulumenisvineugosionun
aud A dHulsNIaRTANEINUNSELATUTides BeimThiiauaufiamnanisinavenszua
Ix $8 SW; dhufidesisasguuazasen Fahmiiasddyyserinnvesnsastiives was
dufianunanssiudayayin (summing amplifier) Ssimtisiuday e dnnveIRTE

WALAIAN 1AUIIUALLIUAUNITORNLUUINT MAarduazes U luitaaly

4.3.1 d9u29958089 1

WsArENIUNITRauiiaes Wugunsaifigneenwuulamnsasudunaiduia

(SN

wsauLaznIewa tnelaseaineve neasagniunsrauiassausaesuiglanegua 4.
s

lngfinesn Y T8unaduiinaudgs wunsdmsudunadudygyiausaiu daunesa x

'
a a o =

Sunpdufiuauden wnzdmsuduneiludyaiunszua uaziiness z T8unnduiiuaudas
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[ LY

Falmodnaludyarnnszud AnauUiAnIIgauARUeINRTANENIUNTTLAN T LATUNADS

g7 q

a a [ LYY a vo &
YUAUIN awmiamauLﬂuaumimmauwuﬁugﬂmeﬂeﬁl@mu

i,7 [0 0 o]y,
V.l=|1 0 ofi @.1)
i | o1 ofv,
iy

Vio == Ly ;
i, cenl z—oV:

Vyolx

UM 4.3 2995aenunsTLaTudes

9INEUNIST (4.1) LIIPUBUNS Vs %agnmuqmﬁwa%% SW, fine3n Y 29979958780 Y
nszlaiudns Tausaiudunm vs fnesn Y axgndsiunsadusndauseiu v, inesn X lng
WSIPBUNA Vs %gmmauﬁumma ix PEFIFIUNTY Rs LABHEYQIUNTHLA iy J2QNAINIY
AssualNSIness Z Fefiavnenislraretnssuavemasn Z waznese X Ifaniafeaty

[

ausaasurelenad

= (295 (4.2)

WIanseud 1, ABNSTWE i, 118358 Z AVaKIUEIUNTITUULYDTLUUANUAIUNIY F1U15D

asunelanadl

Vi il Swi=1
Lo JRs (4.3)
R V .
S =
-— W, =2
R, 149 SW,

Naun15h (4.3) lunsainaing sw, agludunuan 1 useiu vs aggnlowdnndunnv v
YDNIATAYNUTUAARS AEN1N15INATeINTELE Ir 3 IMa98NAINNDTH Z Huaedyyiu

Ru b0LaA Dy agluan1izuinszuarinlingeud 1z IMar1ufiinueds R, wazaedyyiu
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Re HABAINTIIN @1U150RITUILSIAUNANATDUAIUNSIVIUDULY DS L UUAUA1UNULA

[

O
v, =1, (RW1 +R,+R,, ) +Vp, (4.4)

1519 Vp; AaALsIsunnAsaulalan D,

A ANa a ¢ | ° A 1y Y aa
NaNn15¥ (4.3) lunsaltadng swy aglusdumian 2 useiu -vs azgndeudnndunnen Y
YINITAYNIUTUNADS TienanIsivavesnseud 1 3 1naanNnsNIARINEEFYLI R
LBULEB SLUUANATUNIY Rens +ALOA D, B8luan1IBUINTERAYI AN TS LAN WA 8 d QY10
Ry. bVAINDSA Z @11150WINSUIBSINUNANATDUAIUATIVI U WD S LUUAIMUAUNIULA

[

ail
Vio = 7l R (Rwl + RSENS + Ry ) —Vp, (4.5)

dll a 1 v I
b8 Vp2 AoAlserunnaTaulalon D,

4.3.1 dau29asosii 2

=
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Wasukvadly uanantusnsnveny Ay §9811150Usulagua iU @i uy 19wy

L@1FNANFRINISLE Lan1sUSUSRIIEIUIENINAIRIUNIY Ry WAz R,

4.4 NN5IATIHANTITOUSNISNIIUVDIIDS

91NMFIATIERAIAIIRANEINIINNITIUYEI 9T TN UL S UUAI L
frunuszeglnaiinausluzuil 4.2 Tudunsasdosd 1 efiansananulsidugaunives
2sEennunIzuasuiiaesiinnlfensuidonnananuiianaislunisdeiiulsadiuain
wosn Y ludmesn X (1) wagAnuRana1nlunSasRIuAIERAINNESH X 18inesn Z (&)

Feannsaesungldnadl
V,=[1-g)V, (4.10)

bbeYe



iz = (1_ 52)ix

PNAUANTATENITAEN LN TEUATUTIADAE A

1NAUNTST (4.10) B4 (4.12) arunsadsuaun1saudunuse vy

I, = (1_52)(1_ 31)\é_s

S
~ A . oa '3 v
LIBNITLE g ABNITLLE I; NWDIR Z QBIWJ']

b :(1—51 7 e +51‘92)\/_5
Rs

IR

39

(4.11)

(4.12)
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E=(g +&, ~58,)x100%

4.5 NNSNAFBULASNANITNAGDUVD IS VAN UUSLEE InaNULaUD

(4.15)

WONAFDUANTTOULNITVNIIUYDI99SLTBUMaLUUS T o lnafidvaus 1avinnis

NAFBUAILNTTHOIATITINUNANNTLUTUT 4.1 Tngaunsalnldlun1snaaaunansninisned

4.1 LAZAIATNISILNDIANUAITIN 4.2
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clk 1kHz
Ay 8
Voit 0
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a1

R | Voufiduanld Vou 38 (mv) fhmwsfﬁﬂwmﬂﬁqa
(mv) nsdifl 1 | nsdifi2 | nsddi 3 | nedifi 4 Wign (%)
501 4008 3999 | -3995 | -4023 4021 037
-402 -3216 -3209 -3203 -3232 -3239 -0.71
301 2408 2398 | 2398 {2432 2431 0.9
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-100 -800 -781 =774 -813 -815 3.25
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200 1600 1638 1639 1623 1606 2.43
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402 3216 3220 3256 3234 3230 1.24
502 4016 4032 4047 4034 4034 0.77

VAR ATEN 1 1 Rup+Rup = 00

Output Voltage(V)
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WUREINUYIIART Te, L bPANNITAIT

2V.
TC2 = V_Tcleens (56)
ref
FILUANUYBINNTBREATALAN Te A2 1A70
4V.
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Abstract: A simple interface circuit for single resistive sensor-based remote measurements is presented. The realization
method using commercially available devices provides not only the output signal linearly related to resistive sensor
changes but also the compensation of effect due to lead-wire resistances. Performance of the proposed circuit is

confirmed through experimental results.
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1. INTRODUCTION

Resistive sensors widely applied in industrial process
instrumentations and eontrol systems could be classified
into two types; differential type and single type.
Differential resistive sensors, such as potentiometric
sensors, have two sensing elements. The value of one of
sensing elements increases whereas the value of another
sensing element decreases with respect to parameter
being measured. Single resistive sensors, such as strain
gages and resistive temperature detectors (RTDs), have
only one sensing element whose value is varied to
parameter being sensed. Usually, resistive interface
circuits are implemented as bridge configurations that
are balanced at a nominal value (Ry). The amount of
change in the parameter being measured is determined
by the amount of deviation from the balanced condition
(AR). Interface systems for single resistive sensors used
in remote measurements may suffer from two major
limitations. Firstly, the bridge output is nonlinear
function of the AR/Ry. It is shown that the interface
output is nonlinearly related to the variation of
parameter being measured. A linearization technique is
then required to solve this problem [1]. Secondly, the
lead-wire resistance adding to the sensing resistance
causes a measurement error. This means that a
lead-wire-resistance compensation technique is required
to achieve accurate measurements [2].

Recently, a simple remote technique for interfacing
single-type resistive sensors has been introduced [3].
This approach provides the output linearly proportional
to sensing resistance (Rzgy) and the effective technique
for lzad-wire-resistance compensation. Altermnatively, a
linearization technique for remotely measuring i

develop this idea in the different way to improve the
circuit configuration by reducing the number of devices
used in practical realization. The new resistive interface
circuit with simpler structure, fewer components, and
lower costs is obtained Experimental results are
ineluded to verify performances of the proposed circuit.

2. CIRCUIT DESCRIPTIONS
2.1 Basic scheme of the proposed circuit
Fig. 1 shows a basic scheme of the proposed circuit,
which is based on the technique suggested in literature
[5] for compensating lead-wire resistance. The switches
SW,-SW, are simultancously controlled by the clock

signal clk. If the SW,; and SW; are kept to the position 1,

the reference current Ir (direction shown by the solid
ling) flows through the lead-wire resistance (R,), diode
D), and resistance with nominal value (Rp). Based on the
buffer and sample-and-hold circuit S/H,, the voltage v,
can be stated as

Va=dp (Rt Ry+ Ry ) +vy @
where vy denotes the voltage drop across the diode D,
If the 8W; and SW; are kept to the position 2, the
reference current I, (direction shown by the dashed line)
flows through the lead-wire resistances (R, and R,.).
diode [, and sensing resistance (R:g.) Based on the
buffer and sample-and hold circuit S/H;, the voltage v,;
can be given by

Yar=1p (Rwl R + R,z )- Yo @

where vp, is the voltage drop across the diode D,. The
signals v,y and v, are applied to the summing amplifier.

resisiance changes has been proposed [4]. This method
offers the output whose value is linearly proportional to
the AR and is independent of the lead-wire resistances.
However, an inconvenience of this technique is a
complicated hardware implementation due to using
operational conveyors, hybrid structure of opamp and
second generation current conveyor (CCII).

The purpose of this paper i1s to present a resistive
interface circuit suitable for remote measurements as
same as the technique proposed in [4]. However, we

978-89-63215-04-5 9556(/12/815 ©ICROS
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Fig 1 Basic scheme of the proposed circuit.
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Fig. 2 Proposed interface circuit.

2.2 Proposed interface circuit
Based on the basic scheme of Fig. 1, the circuit
configuration of the proposed interface circuit is shown
in Fig. 2. The CCII® functions as a voltage-to-current
converter to provide the current i., which can be written
as
g
i, =%j == (3)
: R
Based on the operation of the buffer A;, the reference
current [ ; is equal to the &, which can be expressed as

e S =1
I, = @

R,

The simple S/H, and S/H; are formed by the opamp
Ay-the capacitor Cy and the opamp As-the capacitor Cs,
respectively. The opamp A, and the resistors R, and R,
function as the inverting summer. The output voltage v,
can be given by

R,
Yo =_?;(vxl +Ve +Vq,:,.) ()

where v,¢ is an external voltage applied to eliminate
offset error. Substituting (1) and (2) into (5), thus
results in

R
v, 22
R,

(6)
For perfectly matched D, and D;, the voltage vy and
vy are equal or vpy — vy = 0. However, if two diodes D,
and Dy are not identical, the appropriate v,z can be
supplied to minimize the diode mismatch error. After
reducing the diede mismateh error and defining Rzeys =
Ry + AR, the output v, can be rewritten as
v, =(AR)AT; @
where 4, = R/R, is a voltage gain of the proposed
circuit. From (7), it is clearly seen that vo is linearly

related to AR and is independent of the lead-wire
resisiances R, and R,

[(}Lm ~R)+ (V52— oo )]

3. EXPERIMENTAL RESULTS

To verify the performance of the proposed interface
circuit, the configuration shown in Fig. 2 was
experimentally tested by using commercially available
devices and circuit parameters as summarized in Table 1
and Table 2, respectively,

Table 1 Devices used in practical realization of Fig.2.

Device Part Number
CCll® AD844
Opamp LF351
Switch CD4053
Diode 1N4148

Table 2 Parameters set in practical realization of Fig.2.

Par 1 Value
v 5V
R 5kQ
f,g + lmA
GG 10 nF
clk 1kHz
A, 8
Vi 4]

1077

In order to simulate remotely measuring temperature
using two-wire RTD, the lead resistances (R, R.2) and
the sensing resistance Rer,; were set in different values.
To mimic the action of the Pt1000 RTD producing
positive changes in resistance for positive changes in
temperature, the nominal value of 1 kQ was assumed
for Ry, The measured results of the interface circuit
output for five different values of total lead resistance
{(Rw1 + Ry) are shown in Table 3. From Table 3, it can
be observed that the results of the proposed circuit agree
well with the ideal values with a maximum worst-case
error less than 2%. Additionally, the minimization of
lead-resistance effects can be obtained. From the Case I
and Case V, plots of the output voltage and nonlinearity
error versus the sensing resistance change are displayed
in Fig. 3. It is apparent that the relations of v, and AR
are linear, and the nonlinearity errors are approximately
equal to zero for both no lead resistance and 98.7-Q
lead resistance cases.
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Table 3 Experimental results of the proposed circuit of Fig. 2 for different lead resistances.

AR | Ideal v, (V) Measured v, (m Worst-case
Case [ Case [T Case III Case IV Case V error (%)
=501 -4008 -3981 -3979 -3968 -3963 -3955 -0.69
-403 -3224 -3219 -3217 -3214 -3209 -3191 -0.98
=302 -2416 -2387 -2377 -2374 -2366 -2354 -1.42
-208 -1664 -1589 -1584 -1584 -1576 -1563 -1.58
-103 -824 -814 -811 -806 -798 =792 -1.95
101 808 827 832 835 839 840 1.96
198 1584 1656 1661 1667 1682 1690 1.33
298 2384 2424 2429 2434 2439 2450 1.28
402 3216 3219 3224 3232 3237 3256 0.79
497 3976 3999 4002 4010 4020 4036 0,52
Note Casel: Ry + Ry =00, Case Il: Rgn + Rypn = 10Q Case [II: Ry + Ry =204 Q

Case IV: R +Ryn =504 02 Case V.Ryn + Ryn = 98.7 Q2
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(a) Measured results from Case I (no lead resistance)
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(b) Measured results from Case V (98.7 Q lead resistance)
Fig. 3 Output voltage and nonlinearity error versus sensing resistance change.
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4. CONCLUSION

In this paper, the realization method of interface
circuit for remotely measuring sensing resistance
changes has been introduced. The proposed circuit
suitable for use with single resistive sensors offers both
linear characteristic and the lead-wire-resistance
compensation. Moreover, the correction of offset and
diode mismatch errors can be done easily by applying
the external voltage v,4: Experimental results verifying
the circuit performance shows that measured errors well
below +2% observed.
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proposed converter can be adjusted by electronic means. The configuration of the proposed converter is simple and
small in size. Experimental results verifying the proposed converter performance are included in detail. The relative

error of about 0.8 % is observed.

Keywords: Resistive sensor, Resistance-to-period converter, Interface circuit.

1. INTRODUCTION

Most of resistive sensors provide the result in small
of change of the resistance. Resistive sensor is widely
used in industrial process control, measurement and
instrumentation systems [1] - [3]. The resistance of
resisiive sensor is depended on the physical quantities
such as force, flow, pressure, weight, temperature and
light [1]. Usually, direct measure of the small change of
the resistance requires high performance instrument that
causes large scale of measurement system and lost cost.
To overcome previously disadvantage, the resistance is
converted to time interval or frequency and measured
the resistance in relative form using simple digital
counting device. Measuring of resistance in term of time
interval or frequency is an importance role for
transducer interfacing circuit building block. Traditional
approach to measure the resistance is based on
Wheatstone bridge [1]. This approach produces an
offset voltage and requires precision differential
amphfier with very high input resistance to avoid the
loading effect. The voltage compensation scheme is
need to eliminate an offset voltage that causes the large
and complex configuration of the converter circuitry.
There are many approaches to achieve the resistance
using resistor-capacitor property of oscillator for result
in frequency (2] or pulsewidth modulator for result in
time interval of pulse [3] - [5]. These approaches require
refersnce  frequency [6] and  provide invariable
conversion gain [2] = [6]. Therefore, an inconvenient
will oceur during implementing of these approaches.
There is an approach to convert resistance to time
interval as propesed in literature [7]. The approach
employs the large signal behavior of an opamp
integrator. However, only high value of resistance 1s
suitable for this approach. This is due to the nonideal
characteristic of opamp used for integrator. In addition,
the conversion gain of most approaches mentioned
above is unadjustable and the approach in literature [5]

978-89-93215-04-5 95560/12/81 5 ©ICROS
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is strongly dependent on its supply voltage. If the
conversion gain can be varied by electronic means and
self-generated time interval and frequency, then the
advantage will be gained. In this article, resistance-
to-period converter is proposed, where the period of
time_is proportional to the measured resistance. The
realization technique is based on the use of astable
multivibrator - formed by three subcircuits ie. a
controllable unity-gain inverting/noninverting amplifier,
a second generation current conveyor and a window
comparator. The resistance is directly converted to
period of time with hinear and high accuracy. The result
of frequency can also be achieved with invert property
of time period. Moreover, the conversion gain can be
controlled by an appreciated de voltage. Experimental
results confirmed the operation of proposed converter
are agreed with the theoretical principle.

2. CIRCUIT DISCRIPTION

The principle of the proposed resistance-to-period
converter based on astable multivibrator is shown in
Fig 1. The principle in Fig 1 is implemented using
controllable unity-gain inverting/noninverting amplifier
A, second generation current conveyor A; and window
comparator A;. The voltage gain of amplifier A; can be
controlled to +1 and -1 for the control signal ¥, equal
to+Fnand Vg, respectively.

Vier v, .
A —{ v Ve Foar
; » A oz - As —o

A "ll — % ,-‘Tl .
w1

Fig. 1 Principle of proposed resistance-to-period
converter.
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The second generation current conveyor A; forms a
voltage-to-current converter. Window comparator Ay
provides the output voltage F,,, in the form of “1” and
“0" for positive supply voltage and negative supply
voltage, respectively. The operation of the principle in
Fig. 1 can be expanded as follow. The reference voltage
Vieris applied. For the assumption, the output ¥, is in
the state “17. Ay is acted as unity-gain noninverting
amplifier. The voltage V, is equal to ¥,z A; will transfer
the voltage F, at port y to the voltage ¥, at port x with
unity voltage gain, ¥, = F, = V. The voltage V; is
converted to current iz by the resistance R; where the
resisiance R is resistance of resistive sensor. Then the
current iy can be expressed as

: v, me

i, =—L1= 1
TR R Q)
The current iz is copied to the curmrent i at port z. The
current i~ flowing through capacitor C, causes the
voltage V- across capacitor C is rising up as

4 o

L v
v, = [Rdrav.0) = [ dr+v,(0 2)
4 !(_,1 4V, (0) JC.RS 74V (0) %)

where V{0 is initial voltage. A; compares the voltage
Ve with the threshold voltage Fq. If voltage Vo is
greater than V7, then the output voltage . is changed
the state “1” to “07”. At the same time, A, is changed to
unity-gain inverting amplifier. Then the voltage V, is
equal to —¥,4R. and the current i at port z of Az is
changed to opposite direction. The voltage I~ across
capacitor C; is caused to reduce, When the voltage ¥
falls down to the threshold voltage ~}'n, the output
voltage of A; is changed from the state “0” to 17, The
commutated operation 1s occurred. If the magnitude of
threshold voltages I’ and Fp of A; are set to equal as
[l = |[Fg| = |F4, then the rising and falling time of the
voltage V' are symmetrical. The operating waveforms
of Fig. 1 are shown in Fig. 2. From Fig. 2, rising time
T 2nd falling time T4 can be determined from Eq. (2)
as

¥,
VelTo) ==L~ V3 ()
t:'l RS

=T — T

|
|

Vr

: l’,--[

Fig. 2 Operating waveforms of Fig. 1.

Ve

At the point of F{Tx) = Fr, the rising time Ty can be
written as

P 2VT

Vs

T CiRs @

Also the falling time T, can be stated as

R &)

ref

Then period of oscillation T can be given by

—_— . 4y

To=Tq+Te; =—CiRs ©
Vre_,f'

Period T: can be simply measured using constant
elapsed time method [8]. It should be noted that the

frequeney ¢an also be considered from Eq. (6). From Eq.

(6), the measured resistance can be shown as

V. T
L NEC T
Re Vg, G.T. Q)

It can be seen that the resistance R; is proportional
converted to period T and conversion gain G, can be
adjusted by varying the reference voltage V.

Circuit of unity-gain inverting/noninverting amplifier
is shown in Fig. 3. From Fig. 3, resistances R, - R; are
equally assigned. For the voltage V.., = “07, transistor

Q) is going to “on” state. The voltage I, = -, ¢is forced.

For the voltage V., = *17, transistor O is “off”. Then
the voltage V) is equal to .z

Fig. 3 Unity-gain inverting/noninverting amplifier
circuit.

Veo Vo
'
> Rs

Fig. 4 Window comparator used in this article.
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Fig. 5 Circuit of proposed resistance-to-period converter.

Fig. 4 shows the circuit of window comparator, where
the voltage I is the threshold voltage I~ The voltage
¥z is chosen equal to Vpz + 2Fp, where Vpz and 7y
defire the zener voltage of zener diode D: and diode
voltage, respectively. From circuit in Fig. 4, if the
output voltage ¥, is in level “17, then the voltage 7z is
equal to I, For the voltage ¥ is greater than voltage 7,
the qutput voltage ¥, will change to state *0”. Then the
voltage F; is equal to —Fy. Similarly, if the voltage Fi-is
less than voltage —I';, then the output voltage 1, will
change to state “1”.

3. EXPERIMENTAL RESULTS

To verify the performance of the proposed converter,
the circuit in Fig. 5 was experimentally implemented.
Zener voltage of diode Dy is chosen to equal 2.7V that
the threshold voltage F7 of about 4V is provided.
Opamps LF351 and second generation current conveyor
AD844 are used for OA; and OA;, and Ay, respectively.
Figs. 6(a) — 6(c) demonstrate the measured period and
relative error of the proposed converter in Fig. 5 versus
the sensing resistance R; varied from 100€2 to 1kE2 with
three different capacitances C, of 100nF, 200nF and
300nF, respectively. It should be noted that the sensing
resistance can be accurately converted to the obtained
peried of time with the warst-case error of about 0.8%,
Figs. 7(a) — 7(c) illustrate time response of the proposed
circuit with the capacitance C; = 100nF, where the
resisance R: is set to 1000, 50002 and 1kQ
respectively. Fig. 8 shows the plots of the period against
the sznsing resistance varied from 100Q to 1kQ with the
capacitance C; = 200nF, where the reference voltage V-
is set to 1V, 2V and 4V. It is clearly seen that the
conversion gain of the proposed converter can be
adjusted by varying the voltage V..

4. CONCLUSION

Smple technique to realize resistance-to-period
converter is presented. The proposed converter requires
only commercial available device that causes the
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convenience for implementation. The conversion gain
can be varied to appreciate value by adjusting the
reference voltage 77 Performance of the proposed
resistance-to-period  converter 15 confirmed by
experimental implementation. The worst-case error of
about 0.8% is observed.
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