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A Temperature Difference-to-Frequency Converter

Using Resistance Temperature Detectors,

W.-S. Chung, H. B, Kim, J, S. lLee*,
K. M, Lee*, H, 8. Kim*, H. J. Shin*

Dept, of Semiconductor Eng, and Dept, of
Electronics Eng., Chongju University.

Abstract 23 % (high accuracy) 2] <Ue{slol 2zl %2350
A novel temperature difference-to-frequency Heh(3),(4).
converter using two resistance temperature aersMiale By Ee glgfwe] Wl
detectors (RTDs) has been developed. The cf-gsted Afgol wRsE AR 2E, £5,
resistance difference of two RIDs is converted A EHA dal AgE2 ok WA
into its equivalent inductance to form the Aywizie clxjrgte g WHEAs|lE wWyeE 23
resonant circuit of the Colpitts escillator. Sopal® vpyoich, b MAE
The conversion sensitivity of 16 Hz/°C and E 280} o] AWM sl (relaxtion oscillator)2]
the residual nonlinearity less than 2.15% over Aute T8 ATy PFHAAE AR
the temperature difference range from 35°C to wielo] (5)-(7), b e W2l xge
185°C are obtained by the prototype converter, el EE AR ey Hop- Juppyp
The frequency drift of oscillator itself is (VL) v} opupR - claj g @o)(al0) § A3t
¥0.5 Hz, Thus, the minimum detectable thal clalE: g4ex wEasle Wyeich,
temperature difference is estimated to be HMaps] whAe Ep4E w23 2iohsiol,

%0,0139C, The proposed converter, except for two ®#lgol Y& ZHAye zter, ¢, %apg

Nl

RTDs, can be fabricated in monolithic IC form, ZHeolr 245 VC b AC F ¥HE2AE

w

AgdeEA e RUSH A2@E YEAR

1, M 4 gtk spalmt, Mal #xel el BUHAlE
24502, AW mel2EuFer deleMeal,  FHE Aok

U2EAL, AMAE, BYEL A2 M|, S50 ¥ omRolre deua Ageeldel sl2E

22 22o)olel YeiMe] FaY wHe £ MUY WC I A AEE

A432 dch. o]§l  Ropol upo]Z - - 2sppygole Mg ALY A
dEER YA s g AMEse] glaAle Subd wWacle fEie] Ughstn 2Pielu
ARl 29 Agol et ge ®ise PEch ML WYslE RO of
Kafolal ol glejM2] AR Aals umejmg- L83te] EEA- Fupsole Y HAzich
WRHelE olgstol Solstr YHHch wata, 2ale] olo} 2Welale XA FEavitisly
s Deln Ao o 2ae 2wy HEay 9 FAdeled oM Yz,

%3], WA (sensor), of4olei(actuator) 222|3 3 oMy Yo FHol cfsM e P2t
olB2l mMolRRUFEE UHalz|E 4 oM BrE®e obRal e

defrol 2 (interface)e] Zhgel 9 ch(1).(2).

Wajsl Adejzo)ag Uy WEMEEg2E 2. 2Ry

Azl R, nlel2 Ly Ful e AHEE SeAYANE AEsAd FEAE Y Suel
Y22 slEaE Y] He Megs: HETE 29 lef vpebuch
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operational transconductance amplifier
RTL =} RTZ 2] Aga& $o2 &L
wgaltcl, of2lA RT1 2 RI2 &+ 27 &%
T19C T20Co| it RTD2] 2 abe|c},
of MR OTA22} OTA32] wloloj HMH AR 5]
2} zb o) BAs et Ao e, OTAZ2} OTA3
222 AEAlEC & AlRelelE] = 2y
(simulated inductor)®& RASFR, o <lgef:=
Cl, C2st PusA FANZE Wy ooh
2X2E RID of =8k A%,
OTAlol 2l8ix S22 MEE, SIS
AlRalelel = Aefsjo] 2fsA defuiry,
T2t ddy2E FUAL A MY B/Y
stetoleid 2u42 HEgch eo)sto] 2%e
Fatel chaiM  Yads) Yo eich, OTAlY 29
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VEE MR ey,
RT1 RTZ
1 = gmi ~ vr ¢V
RI+RTL  R1+RT2
o{2]A, gml & OTAl2] Z=@W2Bojedno|ch,
(1) 2lely
R1>>RT1, RT2 ' (2)
olated,
RT1-RT2
Io~ gml. — Vr (3)
R1

& 2spsjo] OTAL2] 2 H2 S48 RID 9

2l gtaboll 2 wialsts ®ri o] AMpE  wy
EHxle] OTAZ2l OTA32] wjolojz HHX ¥},
akebA, 2 g2t} OTA2 gl OTA32]
ERagedrzle]l @AE g eR  chebviel
et
lo P gmi(RT1-RT2)
g2 = gmd = P e e Ve (&)
2 2R1
o1 7] A,
1
Pz (5)
2vy

olR, Ve EWaj2e2)
voltage)al v, 2|8} ajoll

o]l E  OTAZ®} OTA3:

% Mot (thermal -
sHl swzayuzs)

a8 Ra, Rb Zatx

R Al el 2}
Fysta o

ol Agelelts g

VHYLE AL FofHch

]
]

Leq = (6)

gm2 gmied RT1 - RT2
( p gml ———— Vl) |
2R1

o 71 M,
Rb
 E— 0
Ra + Rb
olth. meba, Wl WURHAE
fo=k (RTL - RT2) (8)
5 slo] %si2] RID 2 Astapel 23y sl
st b, of 2] A,
p gml Vr
K = (%)
ez ¢
47TR1 ( —
cr+c2 §
ofch, RID 2] &%- alghzaie
RT = Ro( 1+0fT +AT%) (10

o) 23422 2agch efrlA, Ro. K, 8%

Yaoln, T & HugSolth, S WAz
TE- AlYgnael FUstchn Ay, 1004 e
(8) qol chelstnt, 2Lzl Fmastel Pox

thEA 2% bebuoldch,
Pk Ro{oA( TL - T2 ) +8( Ti®- n")} €1))

o7l A, [Bx(<< 1 ol7] wEoll, &5 A}

2thx|
22UAE wslelde W A2 gol Rasled,

Aubp E5okel A2 welsARc WHPEE

ofc
e R0
24T
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Lol Apgdith, & OTA = CA30800]3, gml &
mS of A eick, wWiZ( Pt) RID  RT1 2} RT2 =

PA-50-8 %, R = 100f% =3,9733X10°, @=-5.8611X167

ojth, Vo = 14Vein, o2 2% 23k C = 10rF,
Cl = C2 = SO00PF, Rl = R = 100k,Rb = 1009 c},
RT2 = 960 (- 15°C) o 2a4]»|2 RTL &
10902 2 28] 15740(30%C~150°C) 7}a}]  wiz}a]»fA
Ay HaAE 292 ol o WHYEE
16 B2/C 2gl2 Atha M abs, 254 150°ColA
2,15% olch. o] AMeatyE (U4 ¥

H2 gtel 2lsiM oQ=lE zloln ROM &
Agste] tilEHer Y 4 odrch. 2 19
2Ry REMA

-
RTL 2} RT2 & 2}z}e
2¥AYEL UAYE, fHre o
WAl bl 5 3

Eejn=

e
€ AP Yok HYE]of <
0.5 Hzgith, whebal, zglal Wz g 4
e A2z rstee52e (minimum  detectable

temperature difference) *0,031% % =ispgic),
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Fig. 1. The circuit diagram of temperature

di fference-to-frequency converter

using platinum RTDs,
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Fig. 2. The oscillation frequency versus
temperature difference obtained by
the prototype converter,
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