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Thesis Inverse Sine Function Circuit with Temperature

Compensation
Student Mr.Perm Apisitticharoonlert
Student ID. 54611201
Degree Master of Engineering
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Year 2016
Thesis Advisor Asst.Prof.Dr.Wandee Petchmaneelumka
Abstract

A technique to realize inverse sine function circuit with temperature
compensation is presented in this paper. The hyperbolic tangent characteristic of
bipolar-transistor differential pair existed in operational transconductance amplifier
(OTA) is utilized for the proposed realization method. Because of the operation of
OTA can be assigned to operate in large signal and small signal modes by providing
the input voltage signal and bias current of OTA. Temperature compensation of
proposed circuit is provided by connecting OTA operation in large signal and small
signal modes. Thus temperature effect from the change of ambient temperature will
be compensated. So it takes an easy when use this circuit. The proposed scheme
provides a simple configuration and low cost. The proposed circuit can operate in
range 25-70°C of ambient temperature. Simulation and experimental results
confirming the performance of the proposed scheme are agreed with the theoretical

values.
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2.4 299sulasnauilenduledlngldnisuszunuataunisnus

VX
vV, Kx? +
; 1- Kx?
Square
Rooter
V,, — - Ky ? 1.22 x4/1— Kx?2
V. — 2X S —

0.775+0.5%>

Vx . KX 2
5 Current Sinil(x)
Vy2 —» Ky Divider [P

5UN 2.4 wasudasnauilsiduledlagldnmsussunumaunisnuny [6]

Tusuil 2.4 Jumseenuuunsudasnduilsiduloilneldnsussanuannns
wyunitiiauelay JK. Seon uavany [6] Feerdumdnnisuszanaeniinausleg [14)
rastesildludiudneg  duldueansudameslunisesnuuuuszneuldie 1993
WNSHEYRYU 29IAUTRY Y0 29350805 INTIARY asENA&tdes Fsauisaesunendnnisle
el mnmsUsTanasrmswasnduileiduleidiinauelne £ Seevinck [14] fiusvanaen

WMNaUNINUINaEla
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a-X+b-x-yc+(d-x?)

e+ f-x°

y(x) = sin (x) = (2.21)

PMNFNNTN (2.21) ArduUszansimnunganluainieg Ao ¢=1.0 d =-1.0uaz f =0.5%4

aunsasuaunswlasnauilanduleulaeadl

2-X+1.22-x-1—x?

0.775+0.5-x°

sin 7 (x) = (2.22)

Imaﬁauisuﬁmmsamﬁ?u%éfaﬂagﬂuﬂi’m y(£1.0), y'(0), y(i%) WAy y'(+1.0) naunT7

(2.22) AnmnuEANAAgIEAtUAriA10g1 0.22% NN1siaenAMIEaNT U THUAINEY
Handuleud Wesanmaliatdlaldisasgesnais e 19astunisulasnduilenduleidela
wnzauiuuludnvasiuuaaada Wevinisreluisesaseiuazeddanldineas uazds

foaltrnuwiugiveasteslunmazisasiiatieluniswlasnauiantulyl
2.5 299sudasnaunsndulailas ldlaiive

asulasnaduilsndulailngldrsaslefientauslang A, Kaewpoonsak uazmus

(71 duldldnuauifvessaslefieilundnlunisesnuuudsnuidevuidaliminiausias

[ o =

wUasdyaanduanuvnsuludyaiunduleidnme duanddusui 2.5

Vin

%

JUN 2.5 wesuiasdyananiuauvaendudygyianduled

1%
L

Tuinginusatuilldldlefielugunsaiuonfinudnluniseoniuu amudslasinisesune
n1svukarAuaudivesleialasazidunluuni 3 F9a1n3UN 2.5 ausanlisy

PUEUNUS SN ussriuBunaiunseiadneledu
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V., =1, R+2V, tanh™ (:—‘)J (2.23)

B
e V; Aeussriuiegaumngil (Thermal voltage)

IINUANNITNIINTEANLBUNTUAGS (Power series expansion principle) vaaflanduduiisa

TawasludnAunuLaun
1 1 3 1 5
tanh (x):x+§(x) +§(X) +... (2.24)

NAUNISN (2.24) @ursauseunnlain

3 5
V., =1,R+2V; I—°+1 1 +1 L +... (2.25)
I, 31, ) 51,

9naun1sn (2.25) wmeungluinduazdunainlueunsuiaaniduilsidun Tnafidnves
pdsadsivaunIuiTaavesiliduBuRsaloudseanusalioulandu [15]

X3 x>
K sin 7 (x) = K; (x+ B, ac B, ?+j (2.260)
Tnedi
o -2) -
B, = Y We i =35/7,... 2.26%
11:! i-2j +J ( )
wazanmstunteulufivanyey fe
K=(I4R/2V,;)=13 (2.27)

AU (M) YaenslaleIdng 1, gnivuad

m=0.975I, (2.28)
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AMNFNNITN (2.23) azanunsauszanaa ey

V, = (2V; +1,R)sin -{”I"O] (2.29)
B
%30 I, = (g /m)sin(V,, /(2V; +I;R)) (2.30)
ansnsodnliogluguvasussduaningldded
V... =R(I, /m)sin(V, K2V, +I,R)) (231)

suiuladussiuendnn V,, fildeglugyvesiinduludveusaiudune V,,

out

LY

JUN 2.6 wasuvainaudaandulsilupdudyguaumaey

9n3UT 2.6 wanasasmsulainaudygrandulsidunduanmdenlaednisiiulediedn
wilssfiaiunstoundudyanlagasalisumuduiuss eninaussiudunaiuns v

Ly
V,, =(2V; +14R)sin *(mV,, /1,R) (2.32)

NANNIIN (2.32) awsulaiussiuedng V,, Aldeglusuveanisuiamnduilsidulaiuves

v a 1 LY & A val = & v AX o aa
wsssuBune V,, uidwseduednn Vo, Aladnenves Vo Faduwsedunvuiveumgise

1%
[y

wevliksaiueding V,, 3@usgivgumgiinindes
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nNslaendlege 4 suwuvlunisudasnduilsdduledalminaueluunilaun

rsulasdyaraauvdendudyaraluilngldnsauanie 2wsdaszinisulaindu

Hendulailngldoauuwaudaasiudulrsasdaunsiziian duleyd “ann1syinaukaz199shuad

nauflenduledlagldmsussinamaun sy wag sasulasnaduilsiduledlaglilodie

Feanunsoazutennazdoidelunsasiaasianlunised 2.1 dal

A1919% 2.1 mMsadieuiisunmsinanurensasulasnauilsidulaiiluumie

29asudasnauienduleiluafa

wanns

Jah/valde

sulasdyg ey
doyaadleillaglirasanasiig

wedadlglulnasnsudawmas
dowi imhiduasaserang

Jaf 4lATIE5191995Uh UL
Jade Anua1NNsalun1YINaUY
mama%@"waemﬂf’uwvl,ajlﬂu
AU BIAUS AN 3

29958 9A51EMNSHURINAY
flandulwillaelteaUwoudse
S UasaLes e virlandu e

T 9958 unszifsnduladiidu
AU NTAWDINTLUIUNISATS
Jounauwuuaubisauwaud

Joh ﬁhmmﬁmwmmﬁfaaag'ﬁ
0.2%

Jaide lTdnanniseenluulNas
Fauvilitianugsenuazdudou
Tun1sesnuuu

2995wladnauilentulailngly
NFUSZUUAIENANTNAUIY

andendnnsUsEInaIATIvILEUe
e [6] nefinsastesiililudu
snseldupansudamasiung
DONUUUYUITLNBUNAIYIIRT

Faf Aranuiananiiatosagh
0.22%

v = } %4 1

Joide lvr9aseeenanyraasiy
nsaeUsuAInbalimungiu
SUNADIIIDTLUUAFATA

29950 Uasnduilandulelingly
lo7ie

l$19asteietalinantalagin
Nﬁ]i@jmaﬁiwLﬁuaqaﬁuﬁﬂiuﬂWi
2ONWUU

Jof @unsaUsualaneisnie
dldnnseiind dlAseasneeas
wuudreuazldgunsaiueaiiv
Faude 299siieanuuuia
Remanaiinainnisiudsunlas
PN IwIndex




uni 3

nguivaslaiie

3.1 nanun

19939818ANAUUT (Operational transconductance amplifier, OTA) #3slofile
Junvsudasananisvasdygiausnudunmdudygrunszuaondnn lefiedauaudd
mﬁﬁmmﬂmwwEnEJé’zgigmLUULma'aahammmﬁmuqm’muiaﬁu (Voltage controlled
current source, VCCS) 3panananliineastefiieffessasiivhuinfiudsudayyiousei
1‘171ﬂmm‘1°flué’mapmﬂsma (Voltage-to-current converter, V/I) Uszunnnis Feanunse
muRuAnAlasUSunszialusannasuen esanisaslefielfuisasiifllassaing
Anglidudou Joilrtimaiuszgadldanuiieg g fogatu 2asnsesdygia
wuuweayin (Active filter) [8-91,[16] 2asidanaud (Frequency generator) [17] Wag
1995V UUB ARG (Instrumentation. amplifier) (18] Falgdnsiilefieun
a519.0u2993590 (Integrated circuit, 1C) wazlafin1snanle@n3a19955000nUIMAEFUTY
CA3080 CA3280 uay LM13600 1Hudu Tudnerdnusatuililinasleftedugunsaindnly
mspenkuUNITuasuilidulsifsaegungll Tuunitsnandsauaifuazndnnig

YMUVBI9s e lriinuflalun1svinauyesle Neun Ny

3.2 MUV 95189110

Tasvafrsiugruuardndnuaivensaslofiouanslusud 3.1 dedsznoudae
1933ANaf19 (Difference . pair) = Aig NIUTalnes Qi Way Q, laendnn1svinuAe
NIUTANDT Qr uar Q. UAMANNIAUNNUILNIT s‘ﬁqaqai@masmﬁfﬁiai'mﬁ’mwsagﬁau
nszua (Current mirror, CM) MiSlsns10818WINTURTs CM; — CMs uae Is 1URaIssnseua
lusaneuenveslefiie WensuBawmes Q, uaz Q, lwsasguaignludasmenszua I g

TARMUFURUSVDY i) Uag i, MNNIIUTEALNDS Q, hag Q, MNAINU fall [n1ANLIN A]

B IBe(_VinIZVT)
h = (~vinf2vp) | A(vin/2Vy) (3.1)
e in T +e in T
; IBe(VinIZVT)
Ay I, = eCn/2Vr] | (/2] (3.2)



WBIINNIMTUALAISAEIBUNSE LAl NI asieunseaL i1 AUNTa WeoNa1sanNgn

e Vr A wsaiuliegaunndl (thermal voltage) devinfiu KT/g

1 { 6 1 1 U _23
K fa Apsnvadluaniuy (Boltzman’s constant) JAvinnu 1.38x10 J/K
T Ao Angaumgiluinaey (K)

q Ao AUszqlninBidnmseu (electron charge) fiAviriu 1.602x10 " C

LBIANAYDIITT LA

(Vin/ZVT)_ (_VinIZVT)
i —i, =1, & € (3.3)

V.
| =1, tanh| 2 3.4
-1, (ZVJ 59

16
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NaunIsN (3.4) azdulanAnszuaedng 1, sglugiresiiidulawesludnunuaudain

n1sAuINUILed Yy ausuBunadvuainunrsedandAudauduiusdasd
anvazduBadu (Linear  approximation) egld38n13nszateeynsumass (Taylor’s
series) A lAAAIEAUNT

x> 2x> 17X’

tanh (X) = x — — + =— —
3 15 315

il x| < z (3.5)
2

= | V a v
WaknuaAl X = —" asluaunisi (3.5) azle
T

V. V. v DS N A7 e Y y
tanh| /> |=| =~ |- 2| =% | +—| =~ | — e B P S0
. ) l2v. ) 3lav, ) T1sl2v, ) 315\ 2v,

nauNN (3.6) A1V, agestesniian 2V, JeavaiisadszanuasidulaiUesluan-

in

T
Z (36
<2( )

T

wnuuAlA S adulady

tanh (V—J 2 Vi (3.7)
2V

Wetaun1sn (3.7)  wnuasluaunisn 3.4)  azlaauduiusszvinenseuaendnmg

|, Aunasinauseiudune V., Mdudaduasaunis

| v e (3.8)

21N

g, = dlo :I_Bsech2 (;/\%J (3.9)
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dievuavesdye i V,, denilndaud ssilignsvengranui g, Jawviiu

n

dl I
v, . 2V
Feagldaumsanszuaiondmg 1wy
IB
Io = ngin :Vin WT (3'11)

W15 iasaunen Vi, Neaumgiivioadsylarussiui@agugil V, Yssunaiiny

¥
=

26 mV vibiiiuldddedndnvesnsyuaiendnn |, Yusgivnaanmgiuddluuveaiusediu

0 U
Fegaungdl V; deniaeseaussiudune V, azdesdadoandy 52mv e Gedodnlugos
UfuRn1smavuIafino Uty #9lun1ssn¥atesnInyeI99siuAIsEeNINITNITYALYY

fianuldesvian lnganunsadnszvimiaiaaiula (Sensitivity: S ) laainaunis

oY oY /Y

SY
X = ==
onX oX/X

(3.12)

(%
v Y

shuavaunsadiesisimanulvenseuagneen | segnngliviedenniuisuwdadiy

(%

fmatl

—

ol 11
Sbh——0_0__1 3.13
T eTIT (3.13)

NaunIsN (3.13) awnsadeuliogluglvetasidudnuiinnainvanszuaiondnalodu

ol
I

° =—A_I_—T><100% (3.14)

0

e A1, Ae nszuawnadsusladluidlogamgiivindeuiuasunlasly

AT fg gaumgiluandeuidsuudadly
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Mnlassaseiiugiuvesiaslefieluguin 3.1(n) Welinnsanilemnnvesisasienievzle
AUMUNIWDIANA Ry veaisasleiediinfias Sweunselinszviwasdoulanaunis

I’06 r08

R, =Tos /I Tog = (3.15)

loe t Tog

WD fhg WAE Fy ADAIANUAMUNIULDWNAVRIMTIUTaRET Q, war Qp v89asly
JUN 3.1 pudiu Asiulednsastefieludeldiununfeinsaidnsivetswsaduiigs @l
ANNAUNIY Ry vedluanfitiuisieiugaednnveiadstefiioasdedimgniuiuniuy

B dy o t% I A I N o & sl [ 1% = v
neulvivinliiasieeneglusurededdusaguvisvesniivivegluriewain Jalad
N159eNLULINATLaTelaguTUuines (Buffer) soflgaiatnnmnyasiaasiediaiiiosnuien

v/ (3 Y a0 A i o ! 14
ﬂ’J’]ﬂJG]']UVHUL@’]GW!G&VTEN@QN@’W]QQLM@UWIUG\@U?%E‘@GTIGENWU

3.3 N15IATIZUNANDUAUDINIIAIND

lusun 3.2 wanea9sT1aesluN1IANILATIEIRARDUANBINIIA N luMSHa TN

a = o - | o i
HANDUAUDIMINANLTVENINAsLoNe taelv R waz C, Ao A1adnuduymiuleelasA1nIl
lifunsniedwavedleiie mudadu R Ae Almnudiunumeuenntiusiesiuiu

lofiie uaz C. Aermauglnivadvanntiuisesiuiuledie

ImVin f)

JUN 3.2 199591809lUNSARTLATIETINANBUANBINIIANILATBINATBTILE

NesTeeddusul 3.2 WRsanHAReUAUeIINANDYEIIslefiie d1u1Ta

AATIEIMIANDNTIvN8 LTI UYD Yy auladatl

Als)=

Vo(s)

gm (Ro // RL)

V. (s) (R, MRNC,+C,)s+1

(3.16)
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Wownu s= jo asluaunisi (3.16) azlaneaunis

. 9. (R, /TR.) A,
= = 3.17
A0 = R C v C ) jorl j@lw)+l (3.17)
he A, =09, (R, /R :I—B(RO IIR,) (3.18)
2V,
1
(3.19)

@, =
(R, /R )(C, +C,)

NauN1sN (3.19) aiuladnnisdiaensaslugui 3.2 eglugdvesdinsesiiuniuden
(Low-pass filter) FsfiA @, 9 nansh (3.19) Wuemmdnys (Comer frequency) vilitléian

WUUAINN (Bandwidth, f.) dawaiy

@, 1

f = ——=
“" 27 2z2(R,IR)(C,+C,)

(3.20)

° o o = 0 9 9} A

FU5UNITYINIUY09TNANNDAIUIN TRTIVIILRITIAU A, TUALNTN (3.16) Y
HANINAUSRIEBRTIRY A, Tuaun1sy (3.18) lawanunsamnninsns1ugnunsenulaann
n1sUTuAINIEUaluSanI8uen |y IINANSNBUENNA1INYIINRsleTIea 1 saullY

Uszgnaldiluasasugeiiansanuaudnswenslamedinedidnnsetind

lunsalasesiaunanudgen luaunisin (3.17) whedn jo/ o) >>1

A1 EuaNNI1SN (3.17) Tnailaan

A (jo) = —

——— 21
i@/ @) 221

o o 4 A I aAa o YV [ | [ = . .
Weanimualialiud w=owr Wuaudniinlnensivenaussauyinnunis (Umty—gam

frequency) feluaNNs# (3.21) anunsaleulnalondu

|A\/(](0T)|_| A\/o |: A\/o 2 -1
(o /@,)

== (3.22)
(@ /@,)
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FILUANE @; FLUAYINNY

@ = A, 0, (3.23)

dlounumannaunisi (3.18) wag (3.19) asluaunsi (3.23) avld

gm IB
= = 3.24
“rTC.+C. 2v, (C,+C,) (52
Wleuuudion f; w0l o faudu
I
f=2x 8 (3.25)

" 27 4w, (C,+C,)

TunsalnmsldanusaslefielaonisUaunaunuuau (Negative feedback) aglamuuuning

wuuteaunau (Close-loop bandwidth, f.(CL)) fALyiAU

f (CL)= ﬁ f. (3.26)

nA1dRswetensInY A, Tuaunisi (3.18) vilawuualavinuudeunauluaunisi
(3.26) anunsamunulamenssualudanieusn g iliinsinsasieielussyndldanu

Tun19§9LATIEMI9AINTDIF Y Y I ULV VLB AN AT LI TOUTUAMUUAIANLAAI8 35N14

Slannseting [91,[16]

gain(dB)
A

Ao

A\/o (CL) 1T-—-—" """ "—"—"—"—"—"—")/—-"———

0dB > log(f)

f f.(CL)

c

JUN 3.3 HanaUANRINNANHNVRI9T LTI
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Tuguil 3.3 wanIHanoUANBINIANATDILOTIDTENINNANBNTIVENE (Gain) AUATKUUATINT

luwenvesasn5y (Logarithm)

b4
3.4 msﬂszqnm‘%mmwﬂaﬁw
29steiiieilugunsalueniiniianuisainludszgndldauludiunieg  lagasve
YNAIDEYNY MATALATILIAIANUMTENWUULABUNS1IA (Grounded inductor) [19]
29958ASITIANAMUTEIULUUABUNSIIR

dmiurnTduasgimnnumds i uuiisunsIadandlugun 3.4 Usenaume

29slefedansasdenududiuiulsey C wuuliiaunsan

5UN 3.4 1asdauaseiaianumiieniuuuiigunsng

a1 1

Lﬁaﬂﬁmm’mﬁmmmﬁwm i Wz iy TAAUNINY
L =0,V (3.27)
IGH I, =—0,,Vc (3.28)
Sofinsanussiuinnasendufivlszy C agld
j

Ve = E (3.29)
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dierhaunsi (3.29) wnuluaunisi (3.28) agla

H - gm2i1
l, =———= 3.30
2 sC (3.50)

WAUAT iy Pnaun1sf (3.29) asluaunisit (3.30) avld

- gmlngVin
L, =—"-"—"— (3.31)
? sC
fiansandlun A azld
=i, (3.32)
WAUANTZHE i, naunsit (3.31) adduaunisi (3.32) azld
- 9mOm2Yi
A ! s(r; o (3.33)
AU (3.33) WeRarsaussiy v, Tun A waznsewa i, flvadilun A 9l
Vi, sC
TN Sy (3.34)
Iin gmlgmz
AaiuaglarBunpduwaLs Z;, 183399suiny
V, sC
Zin — _|n = = SLeq (3.35)
lin gmlng

uiuIABufiweud Z;, v990395lugun 3.4 Tpaaudfiadoudmiientiineiieunsin

FadlAnAnuwmiteatauya (Equivalent inductance, Leg) NaAT18A7WwAY

C

L. =
9m19m2

eq (3.38)
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3.5 unasy

Tuunillanafenaandd dnnisinurasimeganisuszendldanuvedisasied

= v A A ) ¢ = o 2 a X
3] "?NT@W%@Q'N"U?I@WL@ﬂ@L'U‘UQUﬂiﬂJLL@ﬂWWﬂWNWiﬂ@@Uﬁu@QI@ﬁ?@Li'ﬂ UNTINAAVUNIVANY

o & vy, v a & ° Y a a o Y} v
Eueﬂ\iaquqiﬁ%q‘ﬁ@l@lﬂq?Jm']lﬁ/l@ﬂ@]a']@l I@?J'Nﬂii@ﬂl@uu‘ﬂ%vn%u’]w Lﬂaauamﬁyﬂmmﬂﬂﬂw
U d!

naneudyaunseua Fanszuandneiliidudadiulaenseiunaiiwauswiudunn lng

A

~ vada 1 a a

fnauauUAndAdunnduiiuausd wazte1dnnduiinaudas fsaunsoniuauladeiiesnin
sUkuurenaTlidudeu uaglrsagluvedefiioluilieasasiounseuanosiuiuiase
Hae Jeanansathnuaudivesasagrasieiueglulofiounldaiierasuasdyyn

paugUlsiilumduanumasy Jeldinavsluluumi 2



uni 4

2995udasnaunendulounudaus

4.1 na17udn

luunihhauensdunsgsisasuanduileddulaunsonsaswlasdaygraleidu
anuwvideulagldlefieniimsvaegamgll uedntulainisunaueniswainduitanduled
Ingldletialag [7] wifiarastuiiaunanAdou iewingumiivindeuidsunlasiy

'
=

Fudupudnvaziiauiuledie Insrdnusadulfninaueisasulasdygundulyid

=

pauamaulagldnauandivedlefieiduiugvlunsesnuuy lnenavesgumginilselad
1% a 48 A o a % | ' ~ =~ ] A o
lagnuaiye Bnvvsasiduausilassasieegisirgsiudaisiaign tielun1sdudu
ALTIOULATINNIUVDINATIIAYIINIT NAADUNITINIUVDIIAT LALASRSULUUNITYINU
2992995028 1USHNTY PSPICE 1azisn15691995934 dananisnaaaunisvinausuduluai

wSnNsAleLaue
4.2 $ANNITN19IUV9299TUasnauisndulsdndaus

nann1sihuvedIasiUasnduiandulednynwesamgininausilldinaianis
wlasnauilsidu (Inverse function) 994299598188 TURUUNSUWE (Inverting amplifier)
Ingldeauuaudawumanslugun 4.1 wazanndnnisnisieuveslefientmitausluuni 3

A a Y s 1% ! | 19 ) v Y] q'
'V]lliﬂﬁflai']ﬂLLU‘UIUIW@WiUﬁgﬂ@U@?U '3\7"\]3@NaG]'Nmai']mﬂU’N‘ﬂiﬂ%Vl@uﬂigLLa WQEU‘V} 3.1

= a wa

FatlaauiRvesieandulawesludannuaudwlaunnudi laie 3901591191U2997995UaY

q

Y

nauiendulevdaiusaasulelanad

1, N
< | OTA
Vin Rl =
e, AN - v
_> (0]
Iy opamp o
+

JUN 4.1 2easudasnduitanduledegiadne
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[

INIATIUIUN 4.1 annsamanuduiussenin |y uag |, ladadl
l,+1,=0 (a.1)

PMnANUFUTUSVRlaTeluaNn1sN (3.4) way aunsh (4.1) aunsadeulnaidu

\i + 1, tanh Vo =0 (4.2n)
R, 2V,
%79
(=
V, =-2V; tanh ™| —= (4.22)
IR

[

aun13N1INTEIweUNTuAGwesilndusuisalaosiudrunuaud uanslanadl
—1: l 3 1 -
tanh (x):x+§(x) +§(X) +... (4.3)

AIUAINENNT (4.2) @dEIBNTsNsEAtEaNNsuia el tuBuisalawasiudauwuaud

AUNT5N (4.3) @nunsauszanadlain

3 5
V, ==V Vin (L[ Vin | (L[ Vin ) (4.4)
IR 3\ TR )  5l14R

Y

Q{' =3 o ] o v a & 3 A= Ao ¥
1NFUNIN (4.4) ma:umaimuamzmmmﬂLﬂuaﬂémmnmw,ﬂuﬂaﬂ‘uu@ PINANBUEANNY

pasivaynsuiawasiladtududsaluidsansadeoulmiu [15]

3 5
K sin ‘1(x):KT(x+ BB%+ BSX?-F...] (4.5n)

1aen

i-1
(7) i
(i-2j)) 4.
B. = —_— = .
i I,-_!L—ZHJ e 1=35,7, (4.5%)

andendaunseud |, laangauiual m Adunisdyauwssdueiding V, Tuaunis

7 (4.4) anursaisulaidu
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. mV,
V, = -2V, sin I F'; (4.6)

[y

NNAINFT (4.6) azifuinAussiuerdng V, vess9sluguil 4.1 tufuegfuduseiuide

gaumnil Vr Fuegivanmgiivinden Jeladnissaledive Ay iiudanandlugui 4.2 ey

9 Y

nmsvaEgungiuIndeulaefiiasiiiauetulszneume aadueud OA; lafile A, wag

A, ddununsdl Ry waz R wazdidiuniudiuald R, 11991191U9092995811150

Y

asuelamatl

U 4.2 wsvsudasnduilerdulefivawegamglininaus

Y

Awsaiudune V,, gndeuinluluieaslugui 4.2 dndyanussiu V, awnsamlaann

) V.
V, =2V, sin 1(m '“J @.7)

Bl

wsenu V, gnaaneumeminiuniu. R, elnlarussiudunaliiuledive Ay Mmsngay
lnefdeulviussiudunnvedeiiie A, feadlabiiiu 2V Andyaaussiuendne V,,

a11150911991n

out

\Y; =—2|\B/2 R kV, (4.8)

a A I v =] LY o o Y v a D&Y =
e k AeAdnsvenemunsauvasssiu V, dunsuldluussiudunalidulediie A, unu
A1INENNTTA (4.7) adluaunisi (4.8) Awsanuiedng V,, v999asidiausiaiaunis

1
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V,, = e R k| —2V; sin _{m_\/mj (4.9n)
N, IR
. mV,
V.= lg,R ksin ‘1[ '”j (4.9)
Bl

PN =3 Y1 ! (% & A o L a as
INAUNTN (4.9) azuladnaussiuedng V,, veseasidnauseglusuuuuduisa

fandulwiuenaininavesanmaiiligniaweesnludnde
4.3 NITNAFDUANITAULNITVINNIUYDINNDT

4.3.1 HANITRYUKUUNITNNILYBIINTS

yhnsvaaeuNM I nuenIkUasnduilsiduluifivaregungiluguil 4.2 Tag
TNsideukUUNIINUYeRselglusunsy PSPICE laeidenld seuueudives LM358
d1m3u OA; uagleiliaiuas CA3080 dmiu Aq kag Ay AMITIEMDIURIRUNTAIN19° Lan

Tuns19i 4.1

d’ 1 a ¢ al a o
A15197 4.1 Asdnesnldlunisiae uuuuNSINIUY$99s

fianls ATNISN3ILADS
Supply Voltage +10V
R1 1kQ
R, 10kQ
g1 100pA
lg 400pA

HANMIEHULUUNTTINNUVD9RTIUIUN 4.2 wanaladisguil 4.3-4.5 Tugun 4.3 uanananis

Aouwuunsvinaufowssiudune V, Wudyaialed aaud 500 Hz - 9u1a 200 mVee

] IV Y ¢ AV Y& o = o A & )
Q%LMUIG]’NLL?Q@UL@']MWM V wlmﬂuammgmammasm NINSNAFBULNDLUUNTHULU

out 5]
Ay aENasNNlANNITIEYULUUAIVINNUTDINDT 83AUTZNIUNIIANDURIA I8

NV, lAngui 4.3 uanadalugun 4.4

out
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100

(Aw)"A

(Aw)mA

Time (ms)

¢l o

YUNUAUD

sUN 4.3 wannsk

& o

Jasnduilandul

[

AYULLUUNTITNINIUUDIINATE

a

80
60
0
20
0

(Aw) oA

3.5 4.0 4.5 5.0

3.0

Frequency (kHz)

25
Us

15 2.0

1.0

0.5

LADUNMAINUDYDII9T

a 3
AUULUUDNA

4.4 pangk

SUN



80

30

40

-40

-80

Vour (MV)

v Temp. 70°C

Temp. 30°C \ /
o Temp. 50°C / \/

73.85

0.5 1.0 125 2.0 2.5 3.0 35 4.0 45 5.0
Time (ms)

(n) &yayranendng V,, Wila

out

70.001

65.001

Vou (MV)

50.00+
45.001

40.35

60.001

55.001

Temp. 30°C
o Temp. 50°C
v Temp. 70°C

50 > 300 350 400 450 500 550 600 650 700 750 800

Time (us)

(v) wenenneenvasdyyIaeIann V, , lusd (n)

out

sUT 4.5 nan1siaeuLuUN1SNNUTeeNesniinsaguwUasgumail 3

SUM 4.5 Lanawan1sidgukuunsvinuYevsiiasnduitandulelnidnisivfsuuwdas

Uil

NLTIRULINANUNT 25°C linall

a

3 A1 Ae 30°C 50°C way 70°C a1unsamulaumalUssifunmiunainndou &,

(%
a

9 Y

V. -V
& =11 100% (4.10)

ref

A & I3 d' [ 13 Ay a o [
& Av Lﬂ@iL%uﬂﬂ’ﬂﬂJﬂa’mLﬂa@‘wﬂ@\‘]LLi\‘]ﬂuL@’WW\!VWIE)'N@\‘]ﬂULLi\‘]@‘U Vref

(3

V. Ao ussiudnnfigaumnil 25°C

9 9

Vi A9 U390 nangamginieg
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a

Faa1150a3UL U5 HUAAIUAAIALATOUTDILTIR UL ANALTBUAULIIIY V, Naungd

[

A199 9INATTNRBINTYINULAASL

a

M15199 4.2 WoSHuAAINAAIAAFEUTDILIINUOIANATIQUNATFA 1 TBUAULSIAUV

9

gaundl (°0) A TIRULEIANA (V) £, (%)
25 132.13 mV 0
50 130.70 mV 1.09
70 129.64 mV 1.92

99157197 4.2 wafliagiuliinnisdsuwlatenmn)iinanavuinreusiuedna oy
%qﬁﬁhumqmﬁmﬂu 1.9% 91NAIAIURANAINALAAIIUATS197 4.2 nanslftiiua 19957
Jausarunsadasnduilanduley dnea1u1soduaeNanssnUINNAISUASULUAIUDY

gaumniwindeuls uasieundynvatesnusenauvnudlalunandusun 4.6

60mV

40mV

Vou (MV)

20mV

omv /\

0KHz 0.5KHz 1.0KHz 1.5KHz 2.0KHz 2.5KHz 3.0KHz
Frequency (kHz)

3.5KHz 4.0KHz

(n) Tigaungil 25°C

5UN 4.6 NaNTLEYULUUBIAUTENOUNNANUNYBINATNDUNN LAY



32

60mV

40mV

S
E
=
20mV
omv /\
0KHz 0.5KHz 1.0KHz 1.5KHz 2.0KHz 2.5KHz 3.0KHz 3.5KHz 4.0KHz
Frequency (kHz)
= N\
(¥) Ngaungil 50°C
60mV
40mV
S
E
=
20mV
omvV /\
0KHz 0.5KHz 1.0KHz 1.5KHz 2.0KHz 2.5KHz 3.0KHz 3.5KHz 4.0KHz

Frequency (kHz)

@) foumni 70°C

9 Y
a ol |

JUN 4.6 HANTSEEULUUBIAYTENBUNIAINDVEINRT RN ilenee) (sip)

{ & [

. Mludyguannisy

o

[

JUN 4.6 uanman1sideunuunsvihnulaedndyaiaeidnn Vo,

lusUuuussAusznauneaudngumgi 25°C, 50°C way 70°C dmiua1eAUsEnaUNIg

Nlangamaingeg uanslunsei 4.3

Y

ANy IeIANe V,
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M19197 4.3 ANLDUNEINVDIDIAUTENBUNNANUDNYUNYTATGY IINAITELULUUNT

9 Y

Wy
25°C 50°C 70°C
Frequency Ideal Output of Ideal Output of Ideal Output of
components triangle proposed | triangle proposed | triangle | proposed
wave circuit wave circuit wave circuit
(Vims) (Vims) (Vims) (Vims) (Vims) (Vims)
0.5kHz 58.01 58.01 57.59 57.59 57.29 57.29
1.5kHz 6.45 6.40 6.39 6.18 6.36 6.03
2.5kHz 2.32 12 2.30 1.19 2.29 1.14

fvuali &, fie AMaTINANURANAIAYBIUAaDsAYTENRUANILATIBYlUF U INTIdDS

YoIMAs@ndladuwuUaLnln (Root-weighted-mean-square) Fadeuliiiu

q b\ 2
P “ Zwi(f—f_-ij x100% (4.11)

Inefia1 f way f, FaA1edun1daaes (Root mean square; rms) 8483AUIENOUAIIUD

S o 1

nialafuAlugaupAnua1su q AessAdseney

o v A

a1 T IINFYINKTIRULDENR V.

out

a Yy Ay ° A 13 o ! 3 aa =
ANNDAAYINETIRBINITATUIN ke W, PeAtntinvesuiazeIAUsenauAudNUsEna Uy
Judyeuannidon lneaina1sien 4.3 @mnsaauauman €, tuane 25°C - 70°C landg

AN5199 4.4

= ! a i ¢ a ad A
19799 4.4 HATIUAIAIUNANAIN &, LLG]EW@ﬂﬂﬂi%ﬂ@Uﬂ’ﬁuﬂﬁaqm%QﬂﬂLU@‘EJULL‘IJﬁ\Tﬂ]'m

AFRYUBLUUNITVIUY

gaunnd (°0) &, (%)
25 9.2
50 10.74
70 11.74

NENTNN 4.4 ansadeunTvlbansauduiusserieumgibinseniisulUasluse

a

i a Yo = < Y1 Ay o s & & a &
AMHATINANIURANANR &, tARITUN 4.7 Feagiiulainamflatuiiiosigunniuianaintu

Y

] =

wnfianegi 11.74% saduafias Islavinisiaeuwdasemnaiivestunissesnsaselm

Y

Tagazvinnmsiauslurmdetnly
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14 T ! ! ! T T
13 b S S T O A _
g 12 b ............................ ............. - ............ -
S : : n :
S T S PR PR PR R RS _
5 : u
o . .
s ;
O 10 o ............. - ...................................................... -
B
- ;
9 9 U AP, W A T T O O R 0 N SO R e O P -
8 1 1 1 1 1 1
10 20 30 40 50 60 70 80

Temperature (°C)

5UN 4.7 nsivasiuenuianaIn & AegumninFsulUaIRINNIsag Lk uuN SNy

4.3.2 Han13YINIUYBINITUUUADAT
Tumdeilavinmsmaaeun1sinurenssniiausluun 4.2 Men15AeIeaTass
Ineidenldaunsal LM351 dwsusatneud OA; wag CA3280 dwiuleiite A uay A, du

wdiwesneg Aldlunissoasiansluniseg 4.5

d' a o‘::l' L a
A1519% 4.5 W15 TWRSNIBLUNSNAFOUADIITAII

Aauus ANsALnes
Supply Voltage +10V
R, 1kQ
R, 10kQ
I, 300pA
I, 700pA




10.0mvV 500 Hz —124.000us

() 2aPUTENDUNIIAINNDVDAT WU asnduRanTula

UM 4.8 HANTYINNURTIENTABAT
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g ]

[y

A 500 MVpe luguil 4.8(n) dyayrasduuududyaadunn V,, @

o

JUN 4.8 wansnan13602995939lnedyaradunnudyyialed arud 500 Hz
W

[y [

[ 3 <@ V1 A o [ Y &
doyaranendng Vo, uiiuladn wasiiiaueaunsawdaindudyaadesdiidud gy

aumdeula daugun 4.8(2) uantetAusznaunaudvesdyiaendng V,, My

a

dyaaanuviien wazlevimauisuwlasgaumniilneseuigamgil 25°C, 50°C wag 70°C

Y

=

M13199 4.6 AUTIUD I NANUNHA19Y

gaungil (°C) ATIRUEIANA (V) £,(%)
25 3.320 V 0
50 3.340 V 0.60
70 3.426 V 3.19

A o o s =

WaurAusaduednanlauiduIsanuaaiaedeulaaUssuisuiu Ao e

q
<

a v Yo 3 Jor =, = v PN !
DUNNNVBUU UL @ﬂ']LU@?L%U@?]'N@J?VJ']@JV’]@W@Lﬂﬁ@uﬁﬂﬂ'ﬂﬂ";\]ﬂ,@"iﬂﬂamﬂqiﬂ (4.10) 9gnUN

9 Y
(3

dounAwssdueanaigamnglisneg sunuatagliesisumiunainnieuluyisgumngd

q

i = A = = ! = av v
M9 ATURNTITNN 4.6 'E]%J‘V] 3.19% “U\‘WﬁﬂL‘V]EJ‘Uﬂ']ﬂ'J']ﬂJﬂa']ﬂLﬂa@u%@ﬂﬁﬂﬂﬁ'ﬂlﬂ%qﬂﬂ'ﬁ
= ° 1l A AT = ' a ]
LaEJULL‘UUﬂ’ﬁ‘WW\T]ua%Vl 1.9% WUNUUBSIFUAAINUARIALAFDUVDINITABIIAFTITININALN
N1591ADINANTITVINGIY LﬁENN'mWﬂﬂ']il]ﬁ%u']ﬂm']“ﬂ@ﬂﬁﬂﬁ%uauL%%ﬁiﬁLU@ﬁUaﬂLLWULQUﬁﬁU

aunsufdwesiantududsaleluaunisn 4.6
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L]

i

Run

=
i
% =)
- m‘-
jm B

2,00V % M1.00ms A Ch2 £ 560mV

=1
N

200V % MI1.00ms A Ch2 £ 560mv

(%) foumndl 50°C

9 Y

4.9 Fyaaneanm Vo, waresnusenaunennudnonumgiinieg

out
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.——.
.

Run

200V~ M1.00ms A Ch2 4 560mV
() NQUNQH 70°C

UM 4.9 dyananending Vo, waresAusznauninanudienmniinieg (ve)

JUT 4.9 uansdgananerine V,, Adudyaiaeumdeunlaainisasulasndvilaidulel

Y

N RUNIDIAUTLNBUNIIAIUD VD IA

aIRUsENEUNNAMUDYDIdQIMeIENe V,, Tila

25°C 50°C 70°C
Ideal Output of Ideal Output of Ideal Output of
Frequency
triangle proposed |  triangle proposed | triangle | proposed
components

wave circuit wave circuit wave circuit

(Vrms) (Vrms) (Vrms) (vrms) (Vrms) (Vrms)

0.5kHz 1.12 1.12 1.14 1.14 1.14 1.14

1.5kHz 0.12 0.13 0.13 0.12 0.13 0.12

2.5kHz 0.04 0.05 0.05 0.03 0.05 0.03

LSNNAMBUNEAYDIBIAUTENOUNNAUDLUANTINN 4.7 LNAIHATINANAIURANAIATN

AuN157 (4.11) Tuts 25°C - 70°C azuanslumnsed 4.8
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M19197 4.8 NATINAIANURANAIN &, winzaAUsEnauANUDsoguUiNAuLUAY

gaunQil (°C) &, (%)
25 5
50 8.4
70 8.4
10 ! ! ! ! ! !
Q Fr ............................................... ............................. -
: ] ] [ |
8 T S SO .
S\i 7 B g ........ -
5 .
5 : L
gof :
2 A
© z
5 Am -
4 T . . IO Y o™ oY IO T TR o B -
3 | | | | | |
10 20 30 40 50 60 70 80

Temperature (°C)

SUM 4.10 n3MKATILAVIURANGIR &, FeammgiiluagulUa

NA1599 4.8 aunsalisunsuanIANduR LS TERI M TkIndenUaguLUaslUse
ANATINANURANAIN &, Laneud 4.10 Tnglunisnaassiulaviinisivisuwtasgaumgl
1g50UveNRTHAWINISUS Y ULgUAUALe e LAY e0mall 25°C - 70°C w73t
ANVANHATINANURANAINVBIUARZRIAYTENOUATHNDAINENNTN (4.11) HAAuRANaT1R
1 =& @ u A v 13 & o Y a o eav v
a9gnegh 8.4% FuTumbudunsvhauvesasiuaunsainulaiasaas nadnslaiu

RUBIRR

HOAARDINUAINNNG 1)
4.4 a3y

waswUasnadudyaalestiduaunisunsonsasulasnauilsnduledminauely
enfinusaduilldrasienielunisesniuy asiminausiilasiasisedsiredniiagunsal
A10150M BB LA luYBINaIn HAIINNITEIULUUNITVINNIUTDIIATHALHATINNITHBIIATI

A ! & LY ¢ < LY N Y a !

MINFUN 4.2 wudreestuaunsawdasdyaaledidudyaruaunioulaatuas Ay
a dll a ¥ A d' 3 v d' o B =
Aana1aiiaosangamiinindeuiuasuwlasiuidulagniaweeenly wisvinsiSeuiiey
HANISNAFOUIIVIVTINUNITEYUL VUSSR A0AAABIRNIUNG WY TANATINAIAIY
Aanangeanagi 8.4% wazesi@udrmnunainadoulaensindayain V,, 089 3.19%

out
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718.4 % wazesidudniuaalnedeulaensIndyaIuus iy V,, 987 3.19% aunsa

out

IS v =
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PENIIADIRIIT FINANITVNUVRsasEAvaeandaswaztiTulUlumadeiu

5.2 YaLEUaRULBUINIIUNISVNIALAD

MNFwATERaNsEIUIInaaainausluineinusatull  fadluseinud
Uraulaswdunumalumidenaziauiisasiiiuseansamevy daiudaidu 2 Uszimu

o iesandneesleiinlife cA3280 duldldedlugiugaumall 25-70 ssrwadeaiadu

o w [y

Todnnalunsldan uardinsiivedninluiivesiel]uin1suesieas NTuegiuauaudfves
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ANANUIN N
2995187118

Nl A53ATILINIANFURUSTTNTINAILTIAUBUNA V,, NUAINTEUELRIANA
I

o]

JUN n1 3sasmeluvadeiiie

NNFUN N1 Alirmasaunseuantnanuvdlinmesvemsnudames Q. was Q, &

oy, i i
Iel+|92:|B= < +L2‘ (ﬂl.l)
ar A

do i, uar i, AeAnszuaiivaniuvedinnesvemaudanes Qr way Q AN
A i uay i, AeAnszuadilvaiuureadnnevemudames Q, uaz Q, auddiu
WAL @, AeAdnTdlLTETINNTTLARRAdnmesH aAnsEuLadRnned Wensudames
aglanszud i, wag i, dAiniu

i, =i, =i el (n1.2)
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i, =i, =i et (n1.3)

dl' - A 1 q' Y s a s A ! U
We i, AeAnszuadud vodlulnaniniudawes V., wer V,, AoALIsdusn
ATOUYIBHANDT-LUA VBINTIUTANDT Qruar Qo MUAIRU Uay V, ABAILIIRUTQMUNY
d‘ o ¥ a 3 ! v a1 (% 1
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Inverse Sine Function Circuit with Temperature
Compensation

Perm Apisitticharoonlert, Wandee Petchmaneelumka, and Vanchai Riewruja

Abstract—A technique to realize inverse sine function circuit
with temperature comp tion is pr d in this paper. The
hyperbolic  tangent of bipolar-transistor

characteristic
differential pair existed in operational transconductance
amplifier (OTA) is utilized for the proposed realization method.
The proposed scheme provides a simple configuration and low
cost. Simulation and experimental results confirming the
performance of the proposed scheme are agreed with the
theoretical values.

Index Terms—sine-to-triangular waveform converter,
operational  transconductance  amplifier, temperature
compensation, hyperbolic tangent

I. INTRODUCTION

Inverse sine function circuit or sine-to-triangular waveform
converter is important circuit building block in electronic
signal processing, instrumentation and measurement system.
Many applications of sine-to-triangular waveform converter
can be found in the literatures [1-4]. The techniques for
implementation of sine-to-triangular waveform converter
based on the use of hyperbolic tangent characteristic of
bipolar-transistor differential pair existed in OTA have been
reported [4-5]. Unfortunately, the performance of these
approaches is disturbed by ambient temperature which exists
in the behavior of OTA. Therefore, the aim of this paper is
to propose a sine-to-triangular waveform converter based on
the use of OTA’s characteristic. The temperature effect of
OTA used in the proposed scheme is compensated.
Moreover, the circuit configuration is simple and low cost.
PSPICE simulation and experimental results verifying the
performance of the proposed circuit agreed with theoretical
values are given.

II. CIRCUIT DESCRIPTION

A. Principle of OTA
Basic scheme of BJT-based OTA and its symbol is shown
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in Fig. 1, where V,,, Iy and I, define the input voltage, bias
current and output current of OTA, respectively.

CM, CM;

Q Q. Qs Qs
+o— _I.,_’
Vin +—o0
= Q Q

Iy Q Qs
CM;
(a) Basic schematic

(b) Symbol

Fig. 1. BJT-based of OTA.

Transistors Q; — Q, form the differential pair. Transistors Q3
- Q4 Qs — Qg and Q; — Qg function as the current mirrors
CM,, CM; and CM;, respectively, with unity gain. The
relation between V;, and I, can be given by

1, = I tanh(V,, /2V;) (1a)
or
V,, = 2Vy tanh™' (1, /1) (1b)

where V7 is the thermal voltage. From (1b), the hyperbolic
tangent term in (1a) can be expressed as

3 5
— VL_L[VLJ +1(Vi) @
2Vy 3\ 2Vp 15 2vy
It can be seen that the series covers to a sine function as

3 x5

sin(x) = x—%+§—... 3)
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If the input voltage of OTA V,, is weighted with the
appropriated value of the factor m for 0 < m < 1, then the
output current /, can be approximated as

IDEIBsin[;‘;' ] @

T

B. Proposed circuit

The proposed principle is based on the use of the inverse
function technique of an inverting amplifier using
operational amplifier (opamp) as shown in Fig. 2.

Fig. 2 Simple inverse sine function.

From routine circuit analysis, the relation between the
currents #; and #, can be stated as

L +1,=0 )

For (1a), (5) can be rewritten as

ﬁu, anh| ~2_ | <0 (6a)
R 2V
or
ol v
V, = -2V, tanh | 22 6b
o i (IBR) ( )

The power series of (6b) can be stated as

3 o
VAN B YL Vad X %
IzR 3\ IzR) 5(IzR

From (7), the series is corresponded to an inverse sine
function as [6]

V, =2V,

1 % x
Ksin™ (x) =Ky x+B3?+B’5?+.‘. (8a)
and

[E
2
@-2j) .
B. = | | - =7 =357 8b,
" Gali=2iH 1 @)
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If the current 7, is chosen with the appropriated value by the
weighting factor m at the output voltage V,, then the series in
(7) can then be expressed as

v, =2V, sin'l[’;‘;‘;‘] ©
B

From (9), the term of thermal voltage Vrcauses the output
voltage V, depended on the ambient temperature. The
proposed inverse sine function with temperature
compensation is shown in Fig. 3. It consists of opamp OA,,
OTAs A; — A,, constant resistors R; and R; and variable
resistor R,. The operation of the proposed scheme can be
explained as follow. The input voltage V;, is applied to the
proposed circuit in Fig. 3.

‘ln

Fig. 3. Proposed inverse sine function circuit.

The voltage V, can be expressed as

V, = -2V, sin-l| Min (10)
Iy R
The voltage V, is attenuated by the variable resistor R, to
obtain the appropriated value for OTA A,. The output
voltage V,, can be expressed as

IB2
Ve =——=RkV 11
out 2VT L2 ( )

where k is the optimal gain of the voltages V, for OTA A,.
Substitute V, from (10) into (11), the output voltage V,, of
the proposed converter can be rewritten as

Vo = 382 il oy, gin 1| TVin
2, TR

= IRk sin“[’”v""]
IBI

(12)

It should be noted that the output of the proposed sine-to-
triangular converter is in the form of inverse sine. Moreover,
temperature existing in thermal voltage Vris compensated.

II. SIMULATION RESULTS

To verify the performance of the proposed inverse sine
function, the circuit in Fig. 3 was simulated using PSPICE
simulation program. The commercial opamp and OTA

IMECS 2016
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models are selected for OA; and A, — A,, respectively. The B3
circuit parameters R; = 1kQ, R, = 10k}, Iz, = 100pA and T Mgt
Iy, = 400pA were chosen. The supply voltage was set to  Temp. 70°C
+10V. Fig. 4 demonstrates the simulation result of the 65.001
proposed inverse sine function circuit, where V,, is 500Hz
sinusoidal with 200mV . g %00
1004 355.00—
50.004
E ° 45.00{
40_‘1'7'_)0 300 350 400 450 500 550 600 650 700 750 8
100 Time (us)
(®)
Fig. 6. Simulation results of temperature change by 3 difference values.
(a) obtained triangular wave
(b) zoom in at the peak of the obtained output
i Fig. 5 shows simulated frequency spectrum of the obtained
i triangular signal in Fig. 4. Fig. 6 illustrates the simulated
| results by changing temperature with 3 difference values
Y P <RI AN (30°C, 50°C and 70 °C). From Fig. 6(b), the proposed circuit
Fig. 4. Simulation result of the proposed sine-to-triangular waveform ~ can minimize the effect from the ambient temperature, which
converter. the error caused by temperature changing is about 1.9%.
The error of the It is evident that the performance of the
. proposed scheme is agreed with the expected values.
% IV. EXPERIMENTAL RESULTS
The proposed inverse sine function circuit in Fig. 3 was
also experimentally implemented using commercial
Z " available devices LM351 and CA3280 for opamp OA; and
K OTAs A, — A,, respectively. The circuit parameters are
summarized in Table I. Experimental result of the proposed
5 inverse sine function circuit is shown in Fig. 7(a). Frequency
spectrum of the obtained triangular wave provided from the
i proposed circuit is shown in Fig. 7(b). It is clearly seen that
i the proposed converter is close agreement with the expected
) 05 10 15 20 25 30 35 _ |4 uestish. value.
Frequency (kHz)
Fig. 5. Simulated frequency spectrum of the proposed sine-to-triangular TABLET
waveform cqnvegler. PARAMETERS SET IN PRACTICE REALIZATION IN FIG. 3
% parameter value
Supply voltage +10V
Ip 300pA
- I 700pA
Ry 1kQ
Ry, 10k
z
;i 0
V. CONCLUSION
. Simple technique to realize inverse sine function or sine-
:mﬁ to-triangular  waveform converter with temperature
V Temp. W'C compensation has been introduced in this paper. The
w0 proposed circuit provides simple configuration and low cost.
LA Tin:’(m) 30 35 4045 50 Gimulation and experimental results confirming the circuit
(@ performance are agreed with the expected values.
ISBN: 978-988-14047-6-3 IMECS 2016
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S S

(b)
Fig. 7. Experimental results of the proposed sine-to-triangular waveform
converter.
(a) behavior of the proposed circuit
(b) frequency spectrum
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