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ABSTRACT
This thesis presents the method of amplitude control of sinusoidal oscillator by force
response. This proposed method, the dc voltage is fed into suitable position. The result of this
technique, oscillator circuits have both natural response and force response, so the sinusoidal
signal’s amplitude is controlled by the dc voltage.
In addition, the proposed method is independent to condition of oscillation and frequency

of oscillation. The theoretical result and experimental result are agreed.
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MIMINOADLAUBUTIFT TUNAIL mmmm‘lﬁmnﬁumimnﬁuﬁ' ( Homogenous

Equation ) U@AIAINUNS

o F80), , doefd dg (1)
—

—= — g — = +a,g(1)=0 (2.3)

Tumsmfmeuves aumsienius imezanuy@ld g(z) e™ Wudimeuvesauns uaz

unasTuaunsdi (2.3 ) 92149
e’"‘(amm”+a"_,m“+-»-+a,m+ao)=0 (24)
iitoanin e™ Hsmnnnigus yoq Awes m Ay
a,m’+a,_m" +---+am+a,=0 (25)

Fonaunsi (2.5) 1 auNIAUANY U ( Characteristic Equation )
VNN (2.5) A1 m AinlA ezdleg 3 dnvuzdiodu e
v ¥ ¥
(1) 1 m vnaunsqudnae HuinouFeiideiuimea du m,m,,....m daiu

- a v
15192 1AM meuVeIaNNIIN (2.3 ) HAAIAIANATS
g(t)=Ce™ +Ce™ +--+C ™ (2.6)

v a o - d' o’ o o A :;
(2) A1 m vnaumsguanyuz Wusmueiaisiu & &2 fle m, = m,,...,m, Taoh

o
o

' d' - A i o s : o 4 A d' o
k<m wazm m Nimdedaanany aniu s lddweuvesaunisn (2.3 ) ludiunsidu
HAAIAIAUNTT

g()=(C,+C+Ct +---+Cpt*)e™ (2.7)
2



v ¥
(3) i1 m Hdvnaumsqudnyue duinnwdefou fie m=at jb Auiuisneldm

ADVUBIAUNITN ( 2.3 ) HAAIAIAUNTT
g(1)= Cele ¥ 4 C,el ") (2.8)
L 3 = 1 = cidy ' == -
mMInmasevausuFaisfuiu Tegna1v3s Tunilazna1id MsMInaAsLAUBUT
efu Tagdsimoudulszdnt Taohinsamamgluuuvessaneuaususiiy lasduna
o o & @ ' @ o
vndnuazveailanau £ (1) Feewdluileddulas isu Hadsumqun, HAasuas Ina nie

o o o 4
Herwend Tumwdva Tasligluunveamsaiamidsnsie 2.1

maaf 2.1 aemsmamgduuy g(f) nndnvuzves f (1)

f () (1)
k A
t At+B
1 A +Bt+C
e” Ae”
cos(bt),sin(bt) Acos(bt)+Bsin(bt)

a d : o A e : d ar ar d
23 msdmneiszuunsesiuiiaduananauglla lagerfsaumserivus

d o
2.3.1 ssuufidaaname vy aglugilvesaunseyiuseuduniaes

Fusiiszuy fidygnueine egluzilvesauniseyiuisuduiaes A 2.2

2
W10 B0 oy o 4> V.0
[

'
A

51l 2.2 ssnufdgyenauening egluzdvesaumssyiuisuduiaes
usrawnsonideuly 7 vl 5 =0 sl Raunisvesszuy Hudeaunisn (2.9)

2
L4V

o ==eF ) (29)
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¥ v v
AU HOIRAIYBITUNIIN ( 2.9 ) UARIAIAUNITN (2.12)

V() :C,ej\E' +Cze'j\/§'

wmmaan C, uaz C,

(2.10)

(2.11)

(2.12)

d' ¥ = - a v A 4 ]
DINTAUNITN (2.12) WU HFAABLAUBUFITTTUT A Unvua RN C; uaz C; a9l

¥ v v
NITLAT ANTUTIRDIAWTUN AN C) Loz C; Tasedoan 1325 uAuYeIsTUy Hnal 1=0

o ¥
fmuald

& (O) =Vir

(2.13)

] =4 A n& v v :;
Lag MaunNTyIl annuIaunIg Lﬂﬂ‘lﬁ")ﬂ?ﬁﬂ'l‘iuﬁﬁﬂﬂ'liﬂ‘Iﬂ'lﬂ\‘l‘ﬂ Cyuae C; Taon1sm

[} ¥ * [
USWUT v8s aumsh (2.9) daua N =0 1 Maarlaq [(13] 9218

a dV;t(l) = —cj[Vo (1)dt

dV;I(O) —cha (0)dt

(2.14)

(2.15)



av,(0)
dt

=0 (2.16)

v I v »
oo lvluaunisn (2.13 ) uaz (2.16) lumsmsah C; uag C, Al
v A A i i 2 2
n.) unuanieulusudu it =0 a3l luaunsi (2.12) suluaunisnansuaueei

nuAvaITzUY 92 180

EUD=G5£O+QEJ% (2.17)

Vo =G+ C, (2.18)

v & ; ° a o n’: i
K€.) 1NANNITN (2.12) ‘h’m‘ﬂuﬂﬂﬂ?iﬂﬂﬂﬂﬂﬁﬂﬂﬁﬂﬂﬂﬂﬂ'ﬂﬂﬂizﬂﬂ 'ﬂ‘lﬂ'ﬁ"‘lal}‘"u'ﬁﬂi\‘lﬁ 1

wl1d
KTszJEde;—j ECﬂﬁé: (2.19)
a a

wniReulyluaunsf (2.16) unumeyiuf Anarz=0 ashluauasi (219) wuh
. |C ’ ‘C
a a

C =C, (221)

o 9/
fvualn

C,=C,=C (2.22)

NN (2.22) imusasluaunsi (2.18) 1218



C=-2L (2.23)

: A & & i
unus Cy uaz G, adluaunsd (2.12) Fuiluaunisnansuaussisnuavesszuy 9z 189
V j Et V —j EI
V;(t):—ﬂz‘fle‘{:+17”e g (2.24)

Wouaumsn (2.24) Ini 1adail

VAt)=Vyr cos[JEIJ (2.25)
a

MNauMIA (2.25) nuhdyaaening ¥, Ae dyanuadugyland ues Taslivina

o P d 1 oo a (1] Pey
vosdyauaaugl laniviiny annsEuauvesszuun 1Pa1 =0

- o d o du o = P A o
2.3.2 ssuvhdyasueninmegluglusaaun ey usauauNae NiNAILBIINARYY 1N
[=J
AUNA

A = o v o of w w A [ o
Fusiiszuu Nenina oglugdvesauniseyiius surunass Avluzii 2.3

7,0 ),

V,(t) o—» e >

+eV () =p=—5=

2
d Va(t)+de;,(t) rV. (I)
dt in

dr?

] v v

91 23 szudidgyapaiewinaegluplvesauniseyiuisudviiaes Ninmiiesen

Ty IUBUNA

¥
=

Susramnsaniieuly 7 v ld b =0 i lfaunisvesszuy Wudsaunis (2.26)

JAAQ)

d,,(t)
dt dt i

dr*

reV(0)=p d]f;t(’) L1V, (0) (2.26)

=1 J i s o o A T ]
dziud aumstl (2.26) Huaumseyiufsudui 2 uaz finainag vesaums o 2 daude

HOADUTAUDUTITISUFIA ( Natural Response ) 1aT HAABUTUBUFIIIAY ( Force Response )

V()



WINOND VA HBAFIFI TN
nsmwaseudusuirssund Mildlasdmuald ¥, ()=0 wdsuaunsi

(2.26 ) laiiu

dV, (1)
a'—dt—zz—CVO(l‘) (227)

ol WMUANNTOYWUT A20auN1TAUANYYE ( Characteristic Equation ) 92 14

=t (2.28)
a
N30
C
m==xj,|—
a

”‘1:+ng 5 ”‘z=—j\/g (2.29)
a a

t 4 ¥
ANIU HOABUTUBUTITITUYIA UAAIAITUNIIN ( 2.30)

V. (0)=Cé £ =i f (230)

WINRND VT UB AT INT
dusrimualit ¥, (1) dludneh Taoh
V,()=V, (231)

n

L4 u’: acd O - o o ' o 9 A -
AUU i’t’lﬂ’Jﬁﬂ15ﬂ']ﬂlﬂ'lz‘lhl‘iﬂl‘ﬂﬂﬁNﬂﬁﬂﬂﬂuﬂil‘lﬁ]ﬂﬂﬂ mmanmuﬁ'ﬂummaw 2.1 9

fmuald nassuaus Ty 1im
V,(t)=K (232)

weunum luaumsf (2.31)wag (2.32) asllluaunishn (2.26) 1@
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d*K dv dv
a +cK = p—2 +g—2+rV 2.33
dr* P dr* 9 dt " ( )
199970
d*K d*V. dv.
TR B (2.34)
dri*’ ditC dt
Sagulaunsii (233 ) 1Rifu
cK =rVy, (235)
FaTu HaRBUAUBUTIT IR HARIRIAYNIT (236)
& ;
Ve()=K =;V,.,, (2.36)

MHANDUAUBININIA

4
HOABLUAUBININUA UBITSUD H'l‘la‘il'!ﬂﬂﬁi’]il‘!lﬂﬂﬂﬁﬁﬂl!ﬁﬂﬂﬂl‘ﬂi‘iSN‘B‘IH Hae #a

ABUAUDAUFILIAL

V(1) =V, ()+V (1) (237)

UNUAWAADUTUBIUTITTTUFIADINAUAIIN ( 2.30) LD HAABLTUBAFINIAUINAUAIIN
(2.36) maluaumisn (237) wl@
y J Ef -J E: r
V,(1)=Ce I +Ce ' +=V, (2.38)
C
wmanan C, waz C,
d‘ v o’: =1 o -:; -&
INANNITN ( 2.38 ) WU HAABU AT UBINIMUAVDITSUY UNIUMAIN C; uay Cy %9
fins e 3adesduiiunisma C; uaz C; Tasodoan1izisuduvesszuy fa =0 Tay

fvuald

V,(0)=Vyr (2.39)
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a oA & A ' <
UAZMINITNITUNITVIY DANUITUNIT L‘WB‘B’)ﬂ1uﬂ1illﬁ’ﬂuﬂ1iﬂ1ﬂ1ﬂﬂ°ﬂ Cy uaz C; Tas m

- o :; é 3 1 c} = c; ]
Uius vesaunish (2.26 ) Fudluaunsvesszuy dad final =0 daiinalaq 92183
dv (t : dav._(t i
aﬁﬂﬁﬁ (£)dt = p—%)ﬂrqlﬁn(‘)“f% (1)at (2.40)
0
INAUNITN (2.40) NN NIaar =0 1@

( )+c_[V (0)dt=p (0)+rj' ,(0)dt (2.41)

ﬁnnaumm(zm ) srUI Nl ¢ j V,(0)dt , Wl 7 _[ L (0)dl ﬁfhwhf'i'ugut? yaztiies

vIn ¥, (¢) fifaeh sarfu ( )3 Sewiiugud daiy Sagtlaunsi (2.41) il

e (0) qv,,(0) (242)

[ ‘:i 4 [ i 9
Htoulvluaunish (2.39) uaz (2.42) lumsmianan C; uaz C; Asil
1 5 A. H s i\ d.4 4
n . unuAeu luFudui a1 =0 Awnan asll luaumsi (238 ) FuiluaunisHanay

¥
AUBININVAVBITZUY 92 1471

~y

V,(0)= Clej‘{;o + Czej‘Eﬂ +-V, (243)
c

VINT :C]+C2+£I/in (2.44)
C

P & - o o s A
U, NNTUNIIN(2.38) mrﬂuﬁumswaﬁauaummﬂumaqs:nu mm'smaqwufﬂﬂﬁ 1

w2 ldn

v, (1)=JC, \/%ej‘{; -JjC, gej\l; (2.45)



uazuMUAINTMeYIUENNT =0 asl)luaunsi (2.45) w189

v, (0)= j\/gc, - J‘ECZ

unuou lvenaunisi ( 2.42) as I luaunish (2.46 ) oz 189

V.’ _ E _ JE :2 :
, (0) J\/; G=Jjy-C =~ V.(0)

vInaunsi (2.47) M¥quantia nsmiiu vesswFedou nun

. |e A | €
J\ﬁCI _J\/:Cz ~Q
a a ’

Saguaunisdi (2.48) Tusi ity

fvuald

unusaunsi (2.50 ) asluaunsi (2.44) 9183

L
Vir = Vi
S

C:

12

(2.46)

(2.47)

(2.48)

(2.49)

(2.50)

(2.51)

4 ' < &
NAANMTN (2.50) waz (2.51 unua1 C asluaunisn (2.43) ‘Nlﬂuﬂﬂﬂ'ﬁﬁﬂﬂﬂ'ﬂﬁuﬂﬂ

NINVAVDITTUY 1A

(252)
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<1

vInaumsd (2,52 ) wondyanuh 1dnszuuiiu Sl daanuadugdlnd sudy
s v & :.; LY d‘, o J [ - 9 s:i
dyanuldassamite Taoh vavesdyanaduglland  Juiy annzSuduvesszund
na1 =0 wazawsaau asndowd 1 lussun
dievimsnfSeumoudyapaeninain 18 vinaumsi (2.25 ) Tunsan Biastlou

dygnuduye AU aumsi (2.52) delinsdeuduanuduns Wuduyau'Mass wudh

<4

v s Qs o 9 o o A 4 4‘ o o
Amseiu dygraeninei1d Swaihudyanuniugllend wez aaudvesdyaaenina
= 1 v e
fiaunuay

v A = d' s d v P (o]
uadieNnsanluzes vinavesdyanuening sewun Juszuud lifinstlou

v & 9 2 o 2 i
dygrunugiu vinavesdyg aemina wiufy annzEuduvesszuud nat =0
ivsednaaed Midnsdivvinavesdgyanunauzlland awsesh 18 Tasnssusm anne

] 1] 3 [ 13
FuAuvesTEUY finan =0 mu msvUsuldesaes Wudu Tuvaedi ssuviifinsileu

o v
dygruguymiu vwevesdyapauenina Haunlfusudygusunandiudyg o'y
a3 Nflowdrhlluses mldaunsolivvinavesdygauenina Razaannii uazie

a1 Tng'lideadedanslag mnd

v
e =

2.3.3 ssuundyanauening eglugdvesaumseyiussuduiia

[]
L ) o

dusiiszuun dognauening eglugivesaumseyiussududion dalugili 2.4

3 2
PEAAGNY LA AUNGCLAURY AT S
dt dt dt

31 2.4 szvundyenaenina eglugilvesauniseyiussusuiian

s llvesaumiseyiufsudud 3 uansdsauns

3 2
Ad I/‘J(t)'f'Bd‘Z;)z(t)+CdP:;r(t)+DVo(t):0 (253)

dr?

UNUTINITOYRUTOUAUT 3 ﬁ’aﬂﬂnmsf]mﬁnymz ( Characteristic Equation ) LORA9AaUNTS

Am* + Bm* +Cm+D =0 (2.54)
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¥ 9 o o & @Y o
windeans immeuvesaumsitludyapundugal el desimuanamas veaauns

oYRUTOUAUH 3 namsRaanns

V,(t)=Ce™ +C,e™ +C,e™

Taod
m, = jw
m, =—jo
m, = —k,

ANTUANNIAUANYUY ( Characteristic Equation ) 3v8g 1ugal
(m- jw)(m+ jo)(m+k)=0
m’ +km’ - o’m—- ko’ =0

I3 o e d o A \
MinsfSsuivudulss@ntvesaunisi (2.54) Auaunisf (2.58) mia

k =B/ A
@ =-ClA
ko’ =-D/A

> E v
AUU HOABUTUBININUA YBIAUNTTN (2.53 ) HAAIRIAUNIS

jgl vj.g; E;
V,(t)=Ce 4 +C,e "4 +C,e?

wann C,, C, uaz C,

(2.55)

(2.56)

(2.57)

(2.58)

(2.59)

(2.60)

P o 3 n‘: =] a1 a
NAUNIIN ( 2.60 ) WTIHUI HOABUTUDINIHUAVDITSUU UNIUAIAIMN Cy, C2

A " \ s n’» o = 1 S ] LY A'
uaz C; Fahinswm Anludsdesduiunsmean C;, C, uaz C; Taserdoannzisuduves

szuy Na =0 Tasimuald
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Va(o):er (2.61)
o ] =y A i ] " ci
HAasMmMMIIvIauNIs¥Ie oNUUIaunN1s aﬁamu?ummﬁ'ﬁnmsmmﬂm C.5 G 08 Cs Tay

° o o A & 3 3 ] :i < o
WNIIIUE ve aunsh (2.53 ) Fuiluaumsvesszunanun daug faan -0 89 7
nalaq [13] 92189

AJ‘ CAAUPN BjdV(’)dz cj KLAOY +DjV(r)dt— (2.62)

VINAUMIN (2.62) ANTAXANIL a1 =0 91d3

r’ 0
Ad2’2(0)+Bdli;f0)+CIQ(0)+DIVo(O)dt:O (2.63)
0

v 0 \ » [
VINAUMITN (2.63 ) AU WO J'Vo (0)ar dimuviniugud fuiu Mouaunis (2.63)
0

18t

A

d¥ (0 dV (0
o0, g O | oy 0y=0 (2.64)
dt dt

k ﬂ. T 1 L2 J
T9Reulvluaunsi (261) uaz ( 2.64) lunsmanehi Cy , C, uaz C; Aail
' M A’ 4 L L H é

n. unuandeu lvisudAu Hal =0 dsnan m‘lﬂ‘luﬁumiﬁ (2.60) Fuiluauniswa

ABLAUBY YBITLUY muum"lﬁ’ﬂ TuanneSudu finar r=0 dgyay I eniNA sxiam

M Sl Ay veesun gany

Co S B,
Vo0)=Vy, =Cie 4 +Ce "4 +Cye? (2.65)
Mmsvagdannisi (2,65 ) uansdaaunis
Var =C,+C, +C, (2.66)

¥, NAUMIA (2.60) mr‘i‘luﬁummamauaummwummnw Mmsmeyius
a1 w1dn
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C B

'Ex 5 =t
Jg(z):j_gcle% ﬁj%C’ze T4 +§(T3e" (2.67)

° o o 3 o '
wo MMImeywuiasii 2 ozldn

N 2 C 2 B
=t C -t

2 =t
V;’(r):—%z-C,e 4 +-A—2C2e A +?C3e‘ (2.68)

ninteulvluaunisd (2.64) umusiSen'ly i =0 asnanag W luaunisi
(2.60),(2.67)uas (2.68) 921871

V.(0)=C, +C,+C, (2.69)
(& b i B
V;”(O):]'ZCI—‘]*ZC;-FECS, (2.70)
Y 2 B’
VO”(O):—?C, +?C2 +FC3 1271)

UNUA RT3 (2.69), (2.70) HDe (2.71) aal luaunsdi (2.64 ) 921851
2 2 2 |
[(—%+C]C‘, +(—(:—;—+CJC2 +(2§ +C]Cs}+j[—i£q —%C—C,}:o (2.72)

VAN (2.72) nuaania mavidy vessmudadou wud

2 2 2
(—%+C]C,+[%+CJC2+(2§ +CJC3:O (2.73)
EC_C,—ECZ:O (2.74)
A A

VNAUMIH (2.66),(2.73) Moz (2.74) nsudaums wisneii €, , C, uaz Gy

o

AIUU

. 1 AC
CI :(,-2 :[—'}'EJVINT (2.75)



L4
fUINETIETIN HILIBUINAIMANTIAN .

. 2BC?
(,3 :TVINT (276)

v 1] ¥ ¥
unumngdi C1, C, uoz Cs asluaumsi (2,60 ) Anfuse 18 mansuauesianuavesszuy

3

1 AC S (1 AC < 2BC? &
Vo(t):[z-'—WJKNTeA+(E+_4_EJVINT8 2 5 y -~ (2.77)

Yaguaums Ini namsdsaunis

2 B
V()= (1 + ;BCZ JVM cos[—%t]+ ZIZC Me“ (2.78)

nnauns (2.78) s hdyguening V(1) e dygpandugylani 518y
o a ada s ' o d o < - '
MU HOYBY HOABLTUBUFITTSNYIA Nilfannsggud uuusns TmuiSon Wernmru'll

) A o ] a 9 -
uazvinavesdgygranaugy lmiH 18 dusvannziEuduvesssuy finar =0

ﬂi L d v dar w ﬂ' -‘d ci o
2.3.4 ssuviidaeyaue wivmaglugilvesaumseyussusufion NUHAUBININTEYSY I
UNA

4 L o ar o A & 4
duniiszuy fienina egluzilvesauniseywus susuita Aslugilii 2.5

dav,(t) N a“’-V(t)
dr d’

av (1)

e ;? dv, (r) v, . dv.@t)

+0—=2—= a;z +R—;’?——+SV,." (t)

Va(t) o—» 4 +DV, (1) =P—2==

3 2.5 szmdgapaeninaeglugdvesaunseyiuisusuiiom Ainaiessn

dyguduns
i hlvesaunseyRussudui 3 uansdsauns

3 2
A d Voa(l) + B d Voz(t)
dt dt

o dV (:)

2
Yol , py, (1)=p Vol , gDl sy (1)
dt dt dt

+Q

(2.79)

476105
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szifiud aunsi (2.79) Ahuaunseyiussusui 2 uoy fnamas vesaunis og 2 daude
HAABUAUBAUFITITUYIA ( Natural Response ) IAZ HAADUAUBATIIIRY ( Force Response )
HINDNDUAUBAFIFITUIA

nMImmaaeUUBNTIE A MldTasdmuald ¥, (1)=0 ewdouaunsi

(2.79 ) lailu

3 2
PELACIPLUACIRLAC
dt dt dt

+DV,(1)=0 (2.80)
UNUANMTOYRUTEUAUN 3 A2oauAITAUANYUE ( Characteristic Equation ) A01IN1S

Am® +Bm* +Cm+D =0 (2.81)

¥ 9 o o - < 9 °
mindesnis ismevvesaumailudyanuaduzalland desdmuanamas vesaunis

oYWUFSUAUT 3 utAsRIaNg

V,(t)=Ce™ +C,e™ +C,e™ (2.82)
Taoi
m = jo
m, = ~ jo (2.83)
m, = -k,

ANTUAUNNITAUANY UL ( Characteristic Equation ) 98¢ 1uj1
(m— jo)(m+ jo)(m+k)=0 (2.84)
m’ +km’ —o’m-ka* =0 (2.85)

WmsnfSoudisudulseantvesaunisn (2.81) fuaunisi ( 2.85 ) wWuh
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k=B/A
w*=-C/A (2.86)
kw>=-D/ A

AU HOABUAUBUFITTTUYIA VBIAUNIIN ( 2.86 ) UAAIAIANNIS

C G B

V. (0)=Ce' % +Cpe "4 +Cie” (2.87)
HWINAND UAUBUFITIAY
fusimuald v, (1) Wusind Taoh
Va.()=V, (2.88)

o = o e o o '- ar P =& o
1)1ﬂ0‘5ﬂ1‘iﬂ1ﬂlﬁ1§ﬂu‘l.l‘].i‘llBQNﬁﬂﬂUﬂUﬂQ!‘NDQﬂU mwnmamuﬁ'ﬂuuﬁaw 2.1 93N IMUA

W wossuaUBUT IR 1A
Ve(t)=K (2.89)

: ; ; - 4 2
deunumluaunish (2.88) uay (2.89) 0 I luaunisn (2.79) suiluaumsvesssuus

nua 9218
3 2 3 2
PLE A LAV Sy £ Vo s 0w g i sy (290)
dt dt dt dt dt dt
19990
d’K d*K dK d%V_ dWV._ dv
3 2 2 > 4 2 3.1"’ 2"') 2 =0 (29])
dt”  dt* dit " dt dt dt
Fagdaunsi (2.91) 1ty
DK =SV, (2.92)

9 "
ANTUHIABUAUBUTIVIAY HAAIRITUNITN (2.93)
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(2.93)

blh

Vol y=K=

HINAND U HBININIA
HOADU Y UBININUA YDISZUL 11ﬂﬂ"amwanmmanaﬂauaumﬁeﬁmmﬁ uaL Wa

ABUAUDAUYFITIAY
Vo ()=V,(0)+V,, (1) (2.94)

UNUAINAAB L AUBUTITTSUTIAVINAUNITH (2.87 ) uaz HOABUTUBUTIIAVINAUAITN

(2.93) aaluaunmsi ( 2.94) aariu

S -t 28
V,@)=Ce 4 +C,e '# el +5Vm (2.95)

manai C,, C, uaz C,
mntmmi'n (2.95) nun Nﬁﬁﬂﬂﬂﬂﬂ\‘l‘ﬂiﬂﬂﬂ'ﬁﬂﬁ“‘ﬂ'ﬂ nmumm'n CpaCh

uoz Cs 9 limswe Yedesduiiunsmie ¢, , C, 10z Cs Tagerdoan e uduuesszuy

fian =0 Taoimuald
V,(0)=Vyr (2.96)
MMIMaUMITIY Bndesaums ievelumsudaunisnigingd C1, C,uaz C; Taoms

< s 3 A : : \J 1 4
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UNUAUNISN (3.84),(3.87) aaluaums (3.89) 9¢1aN

35’C?R* +4sCR +1 k(1+5CR)+SCR) , _k(1+CR) ,
sCR? sC R 2 R *
(3.90)

[2sCR+]

]((1 k)Y, ~kV,)—sCV, =0
smmsdagaumsdi (3.90) w1841

[[1 +%) s’C°R* +65°C*R* +55CR + l] vV,

(3.91)
g [5+5k] SOR + (5+8"J 2C2R2+[1+5k]sCR+I V, =0
k k k
wnsudasanlaaiieides e luuaunar o2 1dd
3
3 2

. (5+5kJC3R3dV (1) | (5+8k]Cszd Vz(’) (1+5k]CRdK"(t)+V,-,,(r) =0

(3.92)

o v _ 0 ar o o A -
vziitud aunsh (3.92) eglugdvesauniseyiuisudud 3 Anfuramasvesaums 39

Usznov A0 HaRRUAUBAFITITUIA AL HARDUAUBUFITIAY
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WINAND VAU UFIFTINTIA

mMImwageuauBuFIs NG M ldlasdmuald ¥ (1)=0 esxlouaunisi
(3.92) 1A

. 2iiag RI :
[ k]c dt +6C di +SOR 2L dt +V(t) 0 (3.93)

o o

vertureunsi (3.93) duaumseypiuidudui 3 fusuFougiin llvesaumseyius
SUAUN 3 HAAIAITNMS
dV,(1) dV, () - dV,(t
4 °3()+B "2()+C ()
dt dt dt

+DV,(1)=0 (3.94)

UNUANMSBYWUTOUAUN 3 R20aun13AUSNYUY ( Characteristic Equation ) 9% 1AA N3
Am® + Bm* +Cm+D =0 (3.95)

uazdmindeams i meuvesaunsitludayanuaauzallant Sedesdmuananasg veaay

o o o A ar
MIEYUTOUALT 3 HTAIAIANNS

V.(t)=Ce™ +C,e™ +C,e™ (3.96)
Taoi
m = j@
m, = — jo (3.97)
m, = —k,

AU aUNIIRUANYUL ( Characteristic Equation ) 9zg lugyl
(m— jo)(m+ jo)(m+k)=0 (3.98)

m’ +km* —o’m- ko’ =0 (3.99)
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msnfSoumouduilszansvesaunisn (3.95) fuaunisn (3.99) 9z 189

k =B/A
w'=-C/A (3.100)
ko' =-D/ A

Y] 3 _ = Y d Y o et
AIUU 'H'lﬂ‘ﬁﬁi')‘l.lEﬂlE’Jﬁl‘iﬂ‘ﬁiin‘lﬂﬂﬂlﬂﬂ?ﬂ‘iﬁlﬂﬁﬂﬂ BELE BIGIGEE Tﬂﬂi‘lﬁﬁl'ﬂﬂ‘u

oy ‘3‘ ol
Auilszans uaasRIauns

22
k,:-—é—(]-j—ﬁ— (3.101)
(1+~)C3R3
k
aﬁ:—--%’ze-— (3.102)
(1+—)C3R3
k
2 p2
ka® == %R . 51CR =— 11 (3.103)
o= (AR | ASACARS @
k k k

NAUMS (3.103 ) udaumsmial k 32181
= (3.104)

unua aaluaunis (3.101) uag (3.102) 932 18N

1 1
k=—— @ =——— 3.105
' 5CR 6C*R’ ( :

¥
#3119z 18 HaAoUAUBUTITISUTIA UAAIAITUNS

P —j%! oSy
V;m(t)the J6RC +Cze 6RC +C3esRc (3.106)
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o o

MINANBVAUDAUTFINIAY

d. s
B9 IN Y

w ¥V, (1) dudyauiase vienda1dd dygru ¥, (1) flus

v ¥
A9N ALY

V(1) &V, (0) dV.
d, (1) ,,,(’), ;t(’)zo (3.107)

dif ’  di

Sy qumsh (3.92) Sufiuaunisvesszuunianua suveulnd gy
dv (¢ d*V. (t dv (t
[1+%)03R3d—;0+6C2R2-—;i-t"—z(—-)-+SCR—_;;(-l+Vo(t)+V,.,,(z)=0 (3.108)

A‘Q a’ = ar = L s:{ s 3 o o 9 -
mmmﬂﬂigtgmauvgmi‘lu dygnu Mass n3e sneh Aniude fmuald nareuausud
9aAUIiA1 ASaNNTT

=A (3.109)

O force
1 Si 4 a0 ool oo = v o
Lmumm"lﬂ‘luﬁumm (3.108) ﬁ]i",‘lé”ﬂ HOAD U UIUFILIAY UAMAAIAITUNT
A=V () (3.110)
WINOND VA UDINITUA

9
NOABUAUBININUAVDITLUY A UVINY HATINVBINAADLAUBAUFITI TUT AR

NORDUAUDUFILIAY HAAIAIAUNTT
V.y=v, .. 0+V, (@ (3.111)

UNUANAABLAUBUTITTTUTIA VINAUNITN ( 3.106 ) HAZHANBUAUBUFITIAY INAUAIT

#(3.110) aaluaumisn (3.111) 12189

. X P BN
V,(t)=Cie VR 4 Ce R 4 Ce%FC Y (1) (3.112)
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wmash C,, C, uaz C,
o o ’ 3 =) d v P
VInANMsH ( 3.102 ) UG naneuauBIIMAvesszY Hnnifia C) |, C,
4y row o A ' v 4
uaz C; &1 linswm dntudedesduiiunsmen C; , C,uaz C; Tagerdsannzisuduves

FEA LT ﬁnm =0 Tawdmuald
V. (0)=V,y (3.113)

. ; 3 L . d
uasiIMIMauns¥e dnnilsaums esaslumsudaumsmeinsi C, , C, uaz C; Tao

o - oo o o & 3 5 1 =5
MM THUTS Yo Tumsn (3.92) mnﬂuﬁumwmizunmﬁuﬂ Auanal 7=0 9
1aq [13] 918

K k](,ﬂRSj.Adt 6C2R2j' d, (t) t+ 5CRI—)dr+jV (t)dz}

+{(5-;5k)C3R3J-d3V 3] (sﬁ;s;c]cszId’;Z(r) +(1+5kchI r+§1';.(f)d‘}=0

0

(3.114)

VNAUNITN (3.104) unue k = % aa Tl luannis®i (3.114) uazshintsdagilaumsIni

HAAIAIAUNIT

[30(:3133 () 6C?R* dt()+5CRV(t)+J'V(t)dr}

(3.115)
aw, av_(t
+[150C3R’—E:'2—(Q+153C2R2 - () +34CRV,, (1) + j v, (t)dt:l o
0
NAUMIN (3.115) A1 A 1=0 1N
2 av
[30C’R3w +6C’R* (0)+5CRV (0)+ j V. (O)dt}
dr’ dt (3.116)

2
+[150C3R3%(O)+153C2R2 dt(0)+34CRV (0)+J'V (O)dt:|-
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0

v 0
INAUNITN (3.116) 927U WeYd IVO (0)dr , wori IV
0

n

(0)dt Trufiugud woziiles

(=]

ay dw @ dFN0 0
v ¥, (1) dnneh aniu d’:z( ) ( ) 5 fisiiugud dafu fouaunsd (3.116)

e

30C3R3 o

V.
+6C’R’ddt(o)+5CRV(0)+34CRV (0)=0  (3.117)

» " v F
Mdeulvluaumsd (3.113 ) uaz (3.117) Wlunsmisasi €, C, uaz C; Asil
oA a ¥ A o ' P &
n. unuAteu lusudu e 1=0 dsnan aslllueunish (3.112 ) Fuduauns
» ¥ » [
HOABLAUBINIMUAYBITTUY AU 1A Tuaniwisudu w i =0 dygu enina

= T e -& A ot 3
sziigumtuieu luSudaun vesssuy Aniu

1

>
V(O) =V, 2 Ce T 4 o T " V(1) (3.118)

winmsdagiaunsd (3.118) uansdenunts
Ve e C ) A 1) (3.119)

{ 3 o %
Y. INANNIIN (3.112) mz‘ﬂ‘uanmsNﬁﬁﬂuﬁuaamnnmmszuu NMNITNI

¥ v
oyuEATIN 1 9z 1dn

1 s =1
I/;’(ar):jW ’WR_ -jJ_RC € Jere nug—;?qemC (3.120)
uaz MmsmeyRuiassi 2 92189
1744 j?@i" 1 Jﬁ' o
1 (0=~ i G i Cae e G (aaa)

andeululuaunis (3.117) unuandsu'ly a1 =0 dwmnanaslluaunish
(3.112),(3.120) uaz (3.121 ) 92 189
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V,(0)=C,+C,+C, -V, (0) (3.122)
v, (0)= ! Ci-Jj ! C,+ 1 C (3.123)
J6RC J6RC * 5RC
(0)=— ] C, + 1 C,+ : C, (3.124)
’ 6R’C* ° BRC* 2SRC?
unuA aun1sd (3.122), (3.123) uaz (3.124) ae T luaunsd (3.117) 2189
[10C+ : ]-*-_](\/_GC J6c,)=—-297, (0) (3.125)
vnaumsd (3.125) Wamaunia maniiu vessmaudedou nud
3
10C2+ 5 -297,,(0) (3.126)
J6C, ~[6C, =0 (3.127)

InaunsN (3.119), (3.126) waz (3.127) nsudaunts mamei Gy, C, uog Cs
4 3 N X J ¥ ;
uoz iitesnin dyanat ¥, (1) Wusnsii & 1V, (¢) =7, (0) Antuezlda

910V, (1) +185V,
% =C,= i () 185V (3.128)
24
340V, (1) + 50V,
CBZ_[ VM(2)4+ MJ (3.129)

v v > »
unusngi Cp , C, uaz Cs aaluaunsi (3.112) Aniuee ldwaneuausaianuaves
sTUY A

V, ' it (3407, (1) +50V
VD(;)=(910V*H(2:]85 M]e;m:+[910V,,(2:185Vm]e T (40 (:2)4+ MJW v 0)

(3.130)
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niedaglaunsini yansdsoums

910V, (1) +185V. 340V, (1) 50, | L
| L+ 1 cm{ l ,J_ w0+ ) 5ty i) (3.131)
24 J6RC 24
o ] : a 's - o : s d‘l
WU HaRBUAUBINIMUAYES 2995 adwyieeaFaimes 1u Wludyg uadu
a @ o 4 9 - ] -

sl soudy dyapanassndewdunmedune naziinavesveswansuausuFasssu
3@ Hilmasasgaud uuudndlduudoa denawimlillash vunavesdayguniugil

¥
land 1iu annsantuguld Tasdggulvass

3.5 1995M20NAI 1100 s voaFatames 1ulvauanszia

ﬂ -
* Y- ECIT v
g e Yy CC-Al-
X (B) VA
P X
C R =
C R
== | = ) 4 v
I Z
> CC-II+ X

1
4
A Y
i, '

11 3.4 2993R28MAs NIBSRRATOIOIARS Tu Tnuanszua

[ ¥ v
Avsmewunsznd ui 2 Wuednsaluuy 3 93 AicwnsoeTueawuduiug 13

¥
A3 N vesdaulsag 1aaail

]y 0O 0 0 Vy
V. |=[1 0 ofr (3.132)
I, ] o £1 oy,
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VNN (3.132) 850101831 fidunalvua X sxdisanmdunudunad uay
v ¥
ndunalnua y limmudmmudunags datunszua /), sslinwidvgud dmsue
3 o o A ¥ o
nszua I vxgnazdou s ingh Tnuaenina z alimnauduniueniyaga
1 A‘! == g o A ) o = =) A
dIUATMINY £ YaRIDIVIVBINITUME I HA ilesuiunsTudBUNA STiinTeY
wneiu + Mvziunmsuendt nszumening uay nszuadunaifemamiiouiu nande
9/ & = . 4
Tnadviag nie Tnaeendisg
1NAI ANFNRUTYeses MU 2 shldTased dssmlenasused
- S A o s dy
spadaianes M lulvuanszuea 18wl

AU 1TASNBUNTZUT C 92 18N
N7/ (3.133)

#orsendi Tua . iflesnnnssue 7, =0 92189

L=1,-1, (3.134)
Fatu 92189
]in _Io
Vo= e (3.135)

] ¥
weann ¥V, =V, waz I, = -1, Ay

I -1
[, =—-2_2¢ 3.136
4 SCR ( )

Ne1300 lua v. eannnszua 7, =0 Anuez1ldh

]in _]o
V= T (3.137)
iieaan ¥, = V,, wag I, =-1, aniu
I -1
- (3.138)

5=
z 32C2R2
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’ E
Woswn /1, =1, =1 fniy

i 1"] _]D
nhszcsz (3139)
dagdanms i ldiiu
S*C’R,+1,-1, =0 (3.140)

Mmsasalamiesiiins e luununar 92184

d2
C’RZ—;:TG)+10 (1)-1,()=0 (3.141)

MU AN sH (3.141) oglugilvesauniserpiussusui 2 Anfunamasvesauns 39
Usznev i nanevausuFerssua uay naseuTue Uy
WNOAB U UDUTIFIINYIA

MIMIHAARUAURUNIEIINNIA M lATasdmualY 7, (1)=0 sudsuaumsi
(3.141) 'l

p..
C’de:iz()u (1)=0 (3.142)

UMUTUAITBYRUT AIUTUMIRUANBUE ( Characteristic Equation ) 921441
C’R’m*+1=0 (3.143)

a2 1a

m=+tj— (3.144)
AU 1A nareuausuTIsTsuA Ty

(t)=C,¢’ re +Ce i (3.145)

med
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MINANB VA HDIUTIVIAY

iiesnndyanu 7, (1) dudyanovass vie ndn & dygu 7, (¢) duen
AN e mualy nassuausurlIRulial dsaunis
1 =4 (3.146)

L H é v - o o/
unusas T luaunsn (3.141) Fudluaumsvesszuy 9z 1871 nareuausuFieny il
A=1(1) (3.147)

MHANB UAHBININIA
¥
HAABUNUBININUAYBITTUL LA UNINY HATINVBIHAADUAUBUTITITUTIAUAL

NARBUAUDUFILIAY UTAIAIAUNS
Lw=1, O+, © (3.148)

UNUAWAADUAUBUTITITUNIA DINAUNTIIN ( 3.145 ) HATHARDUAUBAUFIIAY INAUNS
1 (3.147) aaluaunsi (3.148 ) 32 189

R 1/
L(t)=Ce'™ +Ce 7 41, (1) (3.149)

wmansi C, uaz C,
- o ¥ g = d a
NAUNIIN ( 3.149 ) IUNUIY HOABVAUBINIMUAVBITZUY INIAINN C; uaz
J L] o =y L] r A' d‘
C, ¥linswe Fadesduiiumsmia C; uaz C, 1o doan1zis uduyeszuy Nal

=0 Taodmuald

1,(0)=1,, (3.150)

o

' =) é z L] " d‘ Ei
uazMANMIFI Bnnilsaums tevslunsudaunismsiag C; , C, Tasmsnlinus

i A : Al A
W9 aumMIN (3.141 ) Fuilu aunsvesszuy dwdnal =0 dararlag [13] wldn
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t d2] { t t
(“’R?jjz(—)duj'lo(z)dt—j'lm(:)dt =0 (3.151)
0 ]

0

ynmsvagdaums vl uoasdsauns
dl (1) ¢ ’
CPR? dl. (1) + j 1 (tdt - j],.,,(t)dz =0 (3.152)
dt + 4
NNAUMIN (3.152) annz wnar =0 wldn

dr,(0) ;
2p2 o i
R +!10(0)dz-£1,.,,(0)dz_o (3.153)

v 0 0 9
VInauN1sh (3.153) sziiudn el Ilo (0)at , mol _[1,.,, (0)dr Tswiiugud faiu 3a
0 0

31 aumsdi (3.153) WRidlu

dl {0
BRA A )=0 (3.154)
dt
nieWouaun1sh ( 3.154) 1dity
dl (0
o—() 33! (3.155)
dt

WidewIvluauniss (3.150) uar (3.155) Tunswisanei C, uae C; daft

n. unususeulusudu finat =0 danan aslluaunisi (3.149 ) Fuduauns
HAABYTUBIANNAYELIZIY WUt TuanzBudu finat 1=0 dygnuening wlinum
fudeouluisudu veaszuy Ry

1 e
1(0)=1, =Ce'*" +Ce " 41 (0) (3.156)

Mnssaglannisn (3.156 ) HaAIAITUNS
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Iy =C+C,+1,(0) (3.157)

i & & o
¥, 9INAUNITN (3.149) mqnd_luﬁnm‘mﬂﬂauﬁummﬂumﬂﬁzmj NMNITH

¥ ]
pyRuASI 1 93149

1, i
1(0)= j—C] jﬁcze o (3.158)

ondeu lvluaunish (3.155) unuaudeu'ly Maa1 =0 ssnanaslduaunisd (3.158)

921831 luannzisudu Tiiimsnldounlasvesdaanaemina a1 =0 dniu

I 0 ——C RC—'——C RC’ 3.159
() JRC € JRC 2e ( )

unue aunsh (3.159) ashlludeu v luaunisi (3.155) 921891
j(€,-C,)=0 (3.160)

INAUMIN (3.160) IFnmmnid niswiriu vessmaudadou nud

C,=C, =0 (3.161)
smssagUaunsd (3.161) 91
e (3.162)
Mnaums (3.162) imuald
G =C,=C (3.163)

* v 3
UNUAMIRIRDUANNIIN ( 3.163 ) asluaunisn (3.157) Asu

Iy =C+C+1,(0) (3.164)
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iag 1iesnn Toyanu 7, (1) flusmned 1,(1)=1,(0) Faviu

Iy, =1
SRALIX0 (3165

H o ' H &
NN (3.163 ) uaz aumsn (3.165 ) unua aaluaunisn ( 3.149) Fudluaunmswna

ADUAUBININUAVDITZUY 9% 1831 HAABUAUBININUAVDITZU diA
T A S iy UL =T At} )~
10(1):[_WL2’_"()]3"'RC +(L2"'_(_) & +1(1) (3.166)

wiamouauns Il naasfsaums
1
]0(1)=(]M —']m(t))COS(FC_—t)'FIM(t) (3.167)

WU HOABUAUBMIINNAYEY 2995 MIBNATINeFpeadames luTnuAns U
Hvl s 4 4 : 1 o ] o 4
v iy dygpunsznanaugilsd ﬁﬁf-r.nuﬁ::'mmJE rad/s s3um nszua asendleu

- o o P U4 J o a 9 P
wWhummedune Taoh vwna dygpunssuaadugyland Judy annzSuduvesszuu fina

=0 uaz mdggra Masmieuliiuszan

3.6 1995 InaNnnoeaFaane3lasly inn

31 3.5 2995 Inatingl eoadaianes laold ianla
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U 3.6 3993TUYaNI AC VB4 2993 Tnafingd seadaiames Taeld 1ala

1% KCL filua n. 921871

K '
—2 (V. -V )sC, =0 3.168
SLl ( 1 o)S 1 ( )

ymssagiaunsi (3.168 ) 918

2
allcicwai Vi (3.169)
st & s HC;

1¥ kcL #lua v, 9218791

sCV, +%+(VD—VI)SC| >Vt (3.170)
I{,(sCﬁRQLHCI]—sC,V,=g,,,(V,—V,,) (3.171)
K,[SC2+Ri+sC,+gm]:ng, e 2 (3.172)

2

unua ¥, anaunisi (3.169) asluaumsi (3.171) 9218
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2 d 3 2
Vo{sC2 +L+SC| +gm:|: > L‘Zc'g’" V. + = l;(" V,+ IE" (3.173)
R, 1+s"LC, 145°LC, 1+5 4G

Mmnssaglaunmsi (3.173) 92189

[s LG, +5 [[Rf J+S(C +C,)+ [E+gm]] V., (3.174)

simsutlasanlaaiesindias e luununar 21891

&V, () | LG d, (1) £ -
l‘ICIC dt3 ]'-‘,72 di 2 (C C ) [R2 +gm]l/a(t) - V;n(t)( 3.175 )

i) aumsi (3.175) aglugvesauniseyiussududi 3 snfunamaovesaunis 3
dszneu ldo moasuaus uFsssuma uaz rarsuaus uFuisdy
MINOND VT UBIFITITUNIA

mMInIHaRBUaUBATIEITUIA A laedmuald 7, (£)=0 widouaumsi

(3.175) 14ty

av.(t) L,C dv, () dv.(t) R
Llcicz dr R2 dr? (C +C. ) dt [Rz gMJVD(r) =0 (3.176)

vitudaunsii (3.176) Aluauniseyiussusun 3 dusulisugainllvesauns

BYNUTBUADA 3 uaasdsauns

3 2
PELACIY. IC(!)+Cd¥f;t(r)

" " +DV,(1)=0 (3.177)

iIMuTUMIBYRUTIUAUT 3 Aoaun1IAUENYUE ( Characteristic Equation ) 92 TA@saun1s

Am* + Bm* +Cm+D =0 (3.178)
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9 9 o o A P ) u
1!ﬁ$ﬁ?ﬂﬂﬂﬂ'ﬁ'1ﬂﬂ'lﬂﬂ‘ll‘llﬂﬂﬁllﬂTilﬂUﬁﬂ‘.’Iﬂc.lflﬂlﬂﬁuzﬂll‘ﬂu WANINTHUANAIRAY UYDIAUNIT

aYRUTOUAUT 3 naasAsannIs

V(1) = Pe™ +Qe™ +Re™ (3.179)
Tavi
m = j
m, = — jo (3.180)
m; = _kl

ANIUAUNIAUANY UL ( Characteristic Equation ) 9881131
(m= jo)(m+ jo)(m+k)=0 (3.181)
m’ +km’ - o’m—-ka’ =0 (3.182)

malSsumoudulseansvesaunis (3.178 ) fuaunisn (3.182) 92 181

k=B/A
w*=-ClA (3.183)
ko' =-D/A

[ : - - - o = o =
AU NMITHINAADUAUDATITIIUYIAVD 12995 INaNaAA soasalaes 1aon1s 19I5 ou

%l &
duilszant vaasAsauns

k = (3.184)

i (3.185)
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1
—+ g

F
ko’ =_;2(? (3.186)
A1

UNUANANNS (3.184 ), (3.185) aalu aums (3.186 ) wda uAaunsma g 92149

G
GR,

g = (3.187)

>
ANTUUNUAITINT (3.184), (3.185) alu aun1s (3.180 ) uoz (3.179) 9214 HameuaUBs

IFIFTIUIA LARAIAY auns

G+G ' 1
2

. G+Cy )
J,I t = t
Ve O RPARY = (3 Gy g T ™ (3.188)

HINAND U LB UFITINY
iesnndygnu ¥, (1) diudyapnoaiiass viend1a1d% dygnu ¥, (1) dlu

v »
AN ANTUTS fmua Il nareuaus uFsTaR U faarunls
V =4 (3.189)

J é 4 \ DL S v
wnumas I luaunisi (3.175) Suiluaunsvesszuy 121871 nareuausudiany e

HAAIAIAUMT
A=V, (1) (3.190)

MHOND LA HBININUA
¥
HOABUAUBININUAVOITEUY UAWNINY  HATINVBIHAABUAUBUTIFTTUYRLAY

HOADUOUDUTIVIAY HTAIAITUNIT

V0=V,  (O+V, (3.191)

UNUAHAABUAUBUFIZTTUFIA INAUNITN ( 3.188 ) HASHAADUTUBUTIIIRY VINANNS

M (3.190) aaluaumsn (3.191 ) 92189
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7 'C|+C2 7 {Eiey, o
V,(t)=Pe V"9 Qe NHGE' | ok’ +V,,(1) (3.192)

wman P,0 uaz R
] ¥ v
VINANNIST (3.192 ) 921U HOABUAUBININUAVBITZUY Tnorisined PO uaz
4oy Vv o v - ' & i i
R Fhinnwe dniudsdesduiiumsma P,Quar R edsannztuduvesszuy &

na1 =0 Tasfmuald
VA= (3.193)
' a =& A ] =
HaSMIANMIYIY NN UIANMS Ne¥0 lumsudauniswidneh P ,0 uar R Tan

mMsnlSHus ves aumsi (3.175) msﬂuﬁumwmsuwmnm Faua Aar =0 daom
laq [13] 921891
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Abstract ;
In this work a sine wave switched-capacitor (SC)
oscillator based on feedback SC BPF oscillator is
proposed. Advantage of this technique is high stability,
constant amplitude at wide frequency range and
suitable for amplitude control by output forced response
technique. In addition, frequency tuning can be adjusted
by clock control, which without effect to stability. The
experimental results conforming the wvalidity of the
theory are also presented.

1.Introduction

In general, a sine wave is important signal. It is
used in measurement, instrumentation, electronic
system and telecommunication system, etc. Usually, it
is generated by various methods such as (1) positive
feedback network ( Wein bridge, Phase shift and Twin
T oscillator, etc ) technique, (2) recognized digital data
of sinusoidal in ROM [1,2], read and convert it to be
analog with A/D converter, (3) used difference equation
{3] that has a result as a sine wave and (4) SC fashion
[4,5] is used to be produced wave. For forth approach is
appropriate with low frequency gencration All of
manner, their problems are unable to generate sine
wave that constant amplitude at wide frequency range.
Especially first technique, frequency adjusted in wide
range it nced to be change values of R and C which it
cause to be variation of amplitude sine wave and
condition of oscillation. It is not convenient to be
implemented. In this work, we present a technique to
gencrate sine wave by used a positive feedback SC BPF
filter which constant amplitude through 7 decade wide
frequency range is achieved. Another advantage for
4’th method is frequency tuning can be adjusted by
clock control SC network which we don’t need change
C in the circuit.

Beside that, network structure is convenient for
amplitude control by de forced output response
technique [6) and stability control. In cxperiment we
used IC ( MF5 ) as a SC BPF filter, the experimental

0-7803-7150-X/01/$10.00@2001 IEEE

results agree well with the validity of technique are also
presented. In section 2, the oscillator based on
quadrature integrator and feedback SC Band pass filter
are discussed and amplitude control is presented also.
In section 3, implementation of feedback SC BPF
oscillator is described. Experimental results from this
circuit are presented and conclusion is described in
section 4.

2. Principle

In general, the consideration of behavior of sine
wave oscillator that it is directly generated must be
almost used second order differential equation to
describe.

Since sine wave is a one of natural output
responses of differential equation. Which laplace
transform is a one of techniques that used to be solved
differential equation in s domain. By this fashion the
condition and frequency of oscillation are simply
accomplished but it is difficult to find amplitude of sine
wave. While we can find all of information from the
differential equnation that it is solved by directly
method. In this here, both techniques are used to solve
differential equation that have output response as a pure
sine wave. In order 1o be simple analysis, quadrature
oscillator scheme is used to be model as shown in
figure 1.

v v; Vo

o £ X
s

5
Integrator |

" Integrator 2
[a |
LI
Fig 1. Ideal integrator quadrature oscillator

Which vo . v; . v, are voltage at node 1, 2 and 3,
respectively. It follows that

o T (1)

o =kyld (2)
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As —g=la|,and k are constant, @ is frequency of
oscillation while the ideal integration function on s
domain is represented by £/ . For figure 1. if integrator
is ideal, v;, v; and vy output are sine wave, so that, this
network will oscillate by adjustable of oscillation
condition doesn’t need. It has only just one thing that
we do, initial condition of oscillator is provided.

In the case that integrator in figure 1. is non ideal,
and Y., , ¥.., are non ideal integration function of

integrator one and two, respectively. £,,E, as a real
constant. So that characteristic equation is a

s +(e, +e,5+eE, —ak’=0 (3)
Which four pattern of natural response of equation (3)
are overdamped (a), critically damped(b), underdamped
(c)and undamped (d) shown in figure 2.

In the case of OSC scheme is a figure 1. If
integrators are non ideal that the complete sine wave is
not produced so it is not suitable for implementation.
Hence we will consider oscillator scheme constructed
by BPF and feedback amplifier as shown in figure 3.

s \ﬁ )

Fig 2. The response of equation (3) (a) overdamped (b)
critrically damped (c) underdamped and (d) undamped

v |m

Integraror 2

Fig 3. Ideal integrator state variable oscillator
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It is found that
s’ —ak(a, +a,)s—kKaa, =0  (4)
If a, = —a, and @,8, =—|a,a,| so that
st = -kzlaﬂaz| (3)
(6)

o=k a°a1|

In figure 4. show oscillator scheme that both integrator
are non ideal

Fig 4. Non ideal integrator state variable oscillator

so that characteristic equation indicate in equation (7)

5* +(e, +€,-a,k(a, +a,))s = agke,(a, +a, }+ aya,k°
M

Suppose that
E, +&,

3 =

—a, (8)
and

efe, +&6,)+aak’ e, = —lel(sl +&,)+ ayak’ ‘elezJ
(%)
The perfect oscillator is found in figure 4

o= JI-E;(E. +&; )+ a,a,k? -e,s,l
(10)

hs

2
=./|€x +aqa,k |

which @ is frequency of oscillation.
The advantage of second oscillator scheme is when the
both integrator are non ideal we can tune a; in order to
achieve perfect oscillator while first scheme cannot be
obtained.

In this paper we use a MFS as a SC BPF as shown
in block A



Amplitude Control

For this here, the dc forced output response
amplitude control technique is used as shown in [6). For
this circuit we connect positive input of op-amp in
feedback section ( op-amp (2) ) with voltage source
instead of terminated to ground as shown in fig 6..
Which amplitude relative to dc voltage source as
indicated below

By, +"'s,|r|’ v, <0

A=
B, —|vr) v >0

(1)

which A is an amplitude sine wave output and B as a
constant. Vg, 1 is a saturation voltage.

3. Circuits and Experiment

In order to verify this technique we use circuit in
figure 5. that equivalent to block diagram in figure 4.
For IC MFS is used as SC BPF and IC TL081 as an op-
amp show in figure 5.

Fig 5. SC-BPF and its feedback oscillator

From figure 5., characteristic equation achieve as
following

1B NN S
32+SkR2 E—ER' +k E—O a2)

Which & =% or k =£§‘;—L&m is a constant of
integrator on SC circuit of MFS5, /5 is a clock frequency

1 R, _
R RO

R
frequency of oscillationasa @ =k {-:R:L 5
4

that SC circuit control. Assume
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To control amplitude, circuit in fig 5 is modified by
instead of ground at positive input pole of second op-
amp with voltage source. In experiment, supply voltage
+ 5V is used R; = R; = R; = R, = 5k2. It follow that
amplitude of sine wave is

_ 20 #Ven| sv <0

7 R I
In this case |V,,,| 3.6V
so that
v, .+36 ;v.<0
2Vpe—36 v, >0
@iLp
e
0

p———y(Q) DC Voltage Source

Fig 6. Complete SC oscillator and amplitude control.

Experimental results of frequency and amplitude
contro] are respectively shown in fig 7. and fig 9.

Amplitude ( Vpp )

O = N oW e m ~w T ow &

o a 000 10000

Frequency ( Hz)

Fig 7. Frequency of oscillation versus its amplitude at
Vi as a zero.
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Fig 8. Experimental result of sine wave output
oscillator at frequency 0.01 Hz

-

L=

Amplitude (Vp)

-

DC Voltage Somree (V)

——— Theoretical result
& Expaimental result

Fig 9. Amplitude of sine wave output versus DC
voltage source which used to be amplitude control.

Pid

H

Frequney of osdlistor (Hz )

T - T - T .‘l' T v T 2
162 1ed 103 el 1ee2 1o+ Yot 1e5  levB TedT
Clock (Hz)

Theoretical result
®  Experimental result

Fig 10. Frequency of oscillation versus clock frequency
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4.Conclusion

From experimental results, we found that oscillator
operates at wide frequency range with constant
amplitude and high stbility, because of feedback part
of proposed circuit will offset phase at the whole
frequency, in order to it is still oscillate while feedback
amplifier of fig 1. unable to operate. In addition,
amplitude control by dc forced response can be
available with dc feed at positive input of op-amp in
feedback part instead of ground. Furthurmore frequency
tuning can be easily done by adjust frequency of clock
control 5C.
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