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Abstract

Research Title : A Synthesis and Design of Resistor-less Current-mode Sinusoidal
Quadrature Oscillator

Author : Dr. Supayotin Na Songkla
Year : 2011

This research presents the synthesis and design of a current-mode sinusoidal
quadrature oscillator using CCClls. The features of the proposed oscillator are that: (1)
Electronic tunability of oscillation condition and oscillation frequency. (2) High-
impedance current outputs. (3) Independent tuning of the oscillation frequency and the
oscillation condition. (4) Consisting of merely 3 CCClls, 1 electronic resistor and 2
grounded capacitors without any floating elements. The proposed circuit is then suitable
for IC architecture

The PSpice simulations using the parameters of a 0.25um TSMC CMOS
technology with 1.5V voltage supply, C=200pF, I;,=lg,=100pA and I;,=60uA show that
the proposed oscillator can provide 2 sinusoidal signals with 90 degree phase
difference. At 1.25MHz of oscillation frequency, the total harmonic distortion (THD) is
about 1.24%. Moreover, the experimental results using commercial ICs (AD844) agree

well with the theoretical anticipation.

Keywords: sinusoidal oscillator topology, CCCII, Integrator, Current-mode
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AmiulunnaljiRudaiuaziinaaes Channel length modulation nxnnaadaasae
dl = 1 dl o 1 o a dl | a dall
TearinasanisiasunlaniminuesuasuiansTuand wsiANAase lungin

NDANINUTALADTVNABIAVANINETIULAY NIzlansuIed M, aziniunssudinsuaes M, Tag

dl 1 o 9 1 o [ g ul/ A di

NAWNAULATU - TATATBY M, WINUUNAULATU-TD74U8Y M, UuAR Vg, =V LAzl
a4 E g : y . J4 2 X

Vis, HAWANNINAU AN 1) AuinIumIn ANANNFAIWNWesRIes M, (r,) Miuie

annsnadungldainnaWlunini 2.8 Wa M, M9un Vo, Asiamtisineauesiiinzus

o
., Nlvacu M,

dl ! ¥ [ P dsj
AINNIINAINA 2.3 ANITONTIATAINNANUNTULBTIANEA Ro WANWNAT VL@@\TN
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R=—D2=y, =A== (2.6)

2 o P = o ! ) a ~
V,, A% L:AUAENTIeY M, TulsEunInAIAINE19189TeINNaANNTELE  LHe
NATULILRNAeNA Ty UIAENIRNIZTas M, Tunnil 2.4(n) wudn M, Qﬂﬁi@mﬁﬂu

dulalensiauils 1, gnunudaeasasitle wiswaauduauiaas M, awnsomlélnailay

(o] a q

¥ o 4% s o S e
fyyaLNAunAgel V, N9 V, Iadtynununazug I, §AnnINY

VY Vy
Iy :_+gmlvgs =_+gmlvy 2.7)
dsl dsl

M V.

1 9

v,
- +
° 1
qu g ml V;}«’ 72151 g ‘/'1/ M 1 gm 1

I

(n) (1)

NN 2.4 (N) WULANABIAIQUNIWIAENTE M, (3) 29a3anyaduaulILaaesdny

PWNALANTUY M,

M, Y

iur
=
1 + i,
o V -
9 ml g gm‘ZI/;l«* 72152 VL
T l = B ,r;is 2

(n) (1)

NINA 2.5 (1) WUUANABNARI QN DITUIALANTBINATATTDUNTZUE (1) MATANYATDILLUANADY

AryruNnaUALENIRININ ()

www.ssru.ac.th
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{ . a A e 1 o 1 |dl 1 o ?:/ ' .
dqupeIANRaNALANTIRY M, WAL —/ /1, WABSRIN 1, >>— AUAeANG

ml ml

a 1 1 1 o/ 1 o i 6
ﬂmﬁLmeﬁqqﬂﬂizmmfmﬁml:mﬂ‘u — p9lun A 2.4(1) AMNWATANY A1 M, Tunn
gml

' ' . ¢ o | e 1 o
7 2.5(n) Wa V, seawnsnudaginlildinszualvadidiunu — uaz g,,V,, Wiy

ml

At A9l TANYATIDILLUANAIATYDYIUIUIAANAININT 2.5(1) AFTWRBNNLALS
PIATY I BUIALANTAWINAL T,

= o P . PR

AINANN 2.6 ANNIOMININTUNN949H U (Transfer  function) 15 lneIaNNRA 19

WiaNNLHARSTIUNNA 2.6 Windu 1

1 I
s v v, <
Cysl T gml [] 0952 T gm?‘/l [] gds?

[

NIWT 2.6 WATANYATUIATY Y UIUNALANTBINATAZTaUNTTUATUN NG 2.2

Nargundlun V,

I (S
V, = () (2.8)
chsl + gml + SCgsz
uasTilug v,
Iout(s)= (s ATH (2.9)
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¥

UWNUANNNTN (2.8) adlu (2.9) Al dudeeinumai

IOUt (S) — gm2 1 (210)
Iref (S) gml 1+ S(Cgsl +C952)
gml
NIRANNNDANDNANNND LN UNANNAL LA T UAaN s
Jow _ O (2.11)

2.1.2 MATALVAUNTEUAULUNARANUAIERALLL

WNATATTBUNITUAULLINAALARIAININT 2.7 BnaansuFainasynsiolaau

annaiuudoazldArannduiusszudenszuaqaeen |, Aunszuaqadi | Asil
Iout =WnL1 (212)
| LW

1H8 n-1 ABRNALIAADANTBNNITUATBINANINUTALFDFRIALAN n

D Iret |o1l Iozl |on-1l

M1 M2 M M2

i
2
i

NNA 2.7 29A9ALTIaUNITUALLLNAABRNNANEAA

www.ssru.ac.th
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2.2 WANNISNUFIVLRINTIURRL TS

Barrie Gilbert l@ N @UaUANN1U9999330 WA/ S (Translinear) Audluafansniiia
U p.e. 1975 [15] InaldanianiiRaapdaiiuautin lunssuanea L ALea 510N UG aL69 59
Ansulasundauuuidady (Linear) siuaaduinnuesdiansudaiilas Trans+Linear 24239
a a e o d‘ (% 1 k% a o‘d‘?/:v o al v 1
udaiiefazyinaululnuanszua desivetnenisldanunamaudatasiianiun liuneeas
o/ d’lc‘s o v a a 1 1 dy 1
Arudtynyn wananifdenunisilszgne ldeuasamaudaio flunasdousialUil wu o9as
AN AUNTTWE N1AL108N10980LLaNT] I9ATANBNIUNTL LA BAZINATVLETAUNALNTE LA
(Current feedback amplifier) 114w [16]
TunN1998N kUL NI VAR T FANNNDENI1UTALRDT aza1AL AT NFNNUFIT LAY

o

LUINANANNLN D8 [AUAUANN T LA LA TUTBIND AN TNUT ALADT Fail

gm_d_v_a| (213)

e a A AAshe Neadesiu | vise V. siansguiiingnannisi (2.13) azléidn

| =be?® (2.14)

1
' =

d' 4 s o ~
Wa b A ANANYIT LNEUBNNL I i V

1
a a

WHANANTUIANNITN (2.14) NUI1NTzhd | HAdNdNAusiuwsasy V luwuy

b

|

HafdudnInuuuide s Teazmlauiuauduiusseudnanszua 1. Auuseiu Vo 199

TUIWANINUTALRDT WALEBNINNTBURLNIAANNNTN (2.14) WauiuwNsuazlFdn

I=EV2+B (2.15)
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1
X A

TN AR ANNANAUSIENININ I LA UAZUINAUABINDALNN ANNANNIIN (2.15) axWii9 1Ha B 14N
14 0 AzAINITDUNUANNTTNAANLUAUANNITUBIND NN IUTI9IN1TN9 UL L LAN A2 AD
w1 funszuaingu 1, 209NadNNLATINY V ITUHARINIENINNUINABNATER (V) WAT

WISAUTAEH (V,,,) TBINAAINN (VeV,,,) TUARa

Iy =K (Vgs Vi, )’ (2.16)

=)

1ngl

1 W
K=—uC — 217
2;1 o (2.17)

1
=

Tunsinaonuidlannsineuaenamudaite gl azEuiansanusessiuiglilan

' aa e‘d‘ VYo o 1 Y @ ! A ] o
seesalua-dRmAainlasuludanse Tnoazuisaanliiflu 2 dou Ae Tudouusnuseiuiug-
aa rdlda (=3 . ! d‘ o aa o‘d‘d
BNAMASNARANIAINENUIRANT (Clockwise: CW)  UAZAIUNABILINAWILA-BLAD TN
AAN19N1LTNLIANT (Counterclockwise: CCW) Aaudnaliun1ng 2.8 Tneflunadaneanssuad
flauliiussasanaunszualudaivaniuunqanisvinanuasmauiame fvseazilunseuann
WAl daunszuaimsuaemauiamasisazaoaviiuldisnndiuazaneandils 149 KVL e

o

LAPINATINTDIULINAWNA-Ta A sa1gLITAra999asluN N 2.8 anunsnaz@iaulinam

N
zvesj =0 (2.18)
i=1
194
D Vag = D Ve (2.19)
Cw CCw
GR

Veg = (2.20)
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Input Current

(2.21)

P

ANANNNIN (2.21) IenaudanasnidanNaNnesiu (4C, winnmnsa) azlidn

(2.22)

AINANNTN (2.22) NA17 A3 HALINTBIAIIINNADIUBINTLHALATUNNT AT ATV E214
ANHATINFABAINENITALUA A AN AT NWNAN ALl ANWINAUNALINIBIAIIINN ABITDY
NTELALATUNNITALDRTIAIWAITNNINNABAITNENV LT ALLA MU AN NI WD HUIRN /1N

o/ a a e‘tﬂl v 1 ¥ £% o 3 -dl o o/ L8
PANNITUBI9INTUAALTL TN LA A1 NI T19F mmmmiﬂﬂaﬁzqﬂm“LGnLW@mmimme::‘w
qw@mqﬂmmﬁmwj CATR AT WATA (Multiplier) 99427117 (Divider) 2997080310 (Square

o o oo a o‘d‘ 4
rooter) MATNIAIAAY (Squarer) LAZANATUNNAIAAIARTAL °] i

www.ssru.ac.th
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2.3 2925 UEN8ARE AB LUUNSIURALE a1

Tunisinaudnlaniavinauaesisastengaad AB - wuunsudaiiasgl avende

v 1

wannIsunanaaudaiia Ui lanananiuda Inavialil aeaswenapana AB - wuy
a A ¢ Y o n:i ¥ a o Aa °
noudailefglaunsouanslifanand 2.9 [13] aztszneudtanaanauianasatia P A1

2 fin uazata N a1uaw 2 fa Wanseua |, uunasananszuaasiizandnszualudaedaeas

o A o

I, Wunseuaandn dnansdvinsudamesnniaiauantfmieuiugnilsznisainnannis

= [ o 1

2199 298N udafiefgilazliaouduiusaasAiusefuszndnsanina-1aa Vg, 199
NITAeas M,-M, 186

VGSl +Ves3 =VGSZ +Ves4 (2.23)

2

i 2 2
bNB IDl = Kl (VGSI _VTH ) ) ID2 = Kz (Vesz _VTH ) : ID3 = K3 (Vess _VTH ) A
loy = K, (Vass —Vay ) ol K, =K, =K, =K, =K azlfauduiugasnssuainsuaes

neudamasucsamaudaitiasgiiluaai

NN 2.9 29A31818ARNE AB LUUnIuda e fqil

www.ssru.ac.th
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215 = 1o, +/1os (2.24)
dl v % k% % o o :‘/ ¥ %
RINANNIIN (2.24) ¢Ngl |D2 N’W'ZQ‘]_Iﬂ”lﬁlsﬁqﬁl"ﬂ@\‘mmﬂ’]ﬂm’)EIﬂﬂWﬂ\‘]’&ﬂ\WN’&ﬂ\‘]“ﬂ’N@Ziﬁ

D4:4IB_4 IBID2+ID2 (2.25)

|
[ %

a a 1% o o ! dy
NANTUNAA B azldmnuduiussynananseug 1, 1, uaz I, Al

lLo=1,-1, (2.26)

I, =41, —4I1,, (2.27)

14 KVL Tuasasaenanana AB uuunsudailofgiiveliauaa uduiusaeausssi Vg, Ve, »
V, uaz V, laasd
VGsz :V<351 _(VB _VA) (2.28)

A I dl IS M Yo djj
e Vg, = /?B ~V,,, uaz V, =V, =V,, anaunisn (2.28) weulnslanil

|
Vg, = \/% +Vy, —Va, (2.29)

ANANUANTHURINANITIUT AR TN

los = 1, = K (Vggy —Vi, )’ (2.30)
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UWNUANNNTN (2.29) A luannan (2.30) Azl

2

L =K| e _v, (2.31)

mnummu@um?w (2.31) 'ZQ\‘]EL‘LL’&Nﬂ"I?VI (2.27) azla

2
|, =41, -4 [I,K \/%—VBA (2.32)

ANNANNNIT (2.32) aZlE

|, =4V, /I.K (2.33)

AINFNNIIN (2.33) AT F1AIANNFIUNULENTR ”n;a&nmmmmﬁﬂﬁf-gm B uazqn A Tpn

Wumnannan (2.34)

Rgs =2 =——— (2.34)

AINENNTN (2.34) %W‘udm’ﬁmwﬁﬁumuummmﬁmmwmmmm@nﬁ@gm B fuqm A

[As~

199999928NAAA AB wuumaudaiiiudgy annsafavidasuudasanaonusnuniuitlison

o dJ o 2 dl o J % dal 4 aa a a
ﬂﬁ‘ZLLZQVL‘]_I@’& |B GH\TVIWSLM@”INW?QVWZV’VJUﬂqllﬂqﬁ‘ﬂ?‘]_lﬁ’W’]’J’W?\IE‘l’]u%quuiﬂWJEI'JﬁVI’W\‘]@L@ﬂV]?@uﬂ'Z{

X \ o o o 1 W
LAY mmmmumummu@g TurtrAnaiAaNFeauw K (Taen KZE'“COXT) G

ee

dl a ¥
waguulasmug g iseudng

www.ssru.ac.th
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2.4 PNATALINIUNTSLA

19a9ANENIBNIzUA AnLTuginsnd Active building block 1 3 wasnasntinunldu

Auad19unIuang Iwszdnagasananiunszuaatunsn i luntsdszuaadyuldialuun
o = 3.’/ o o ¥
NAU (Voltage mode) WAy MHNANTZLA (Current mode) @ﬂmmmmmm’lﬂﬂﬁzqﬂm“lmmslu
m@@@mmmwmwj lAanunNuIg Liw 29aslaiamas (Gyrator), 9asiefduneAtinAans,
1a = foI/ all o a o/ % ] dsj
1970l aaANBNNLAUTRR 1, 19aTNgasANDLazasaTitady s usu Tnaludoutiay
L= wn \ = Y
ﬂ@mm@mmuummqwaﬁmﬂwmﬂi:lmyl,usqﬂﬁmj mﬂa:n@uiﬂmmwsmmwmmumhm

PR = =
NP QQ@?@WHWWHﬂ?tLL@IMﬂqﬂV}@ﬂQLLZ\]?.Z'NW?ZQ’]EIW'IHHTJLL@FL‘LAQ?W]ZQ'WSJ [17]

2.4.1 WATRILWIUNTLUA b ULAN UL

o

1993 ENLNITLa LA RNt auatuAsaLsn Wil A.A.1968 1mel Sedra way

' ]
a KR

Smith [18] B9EFENTN WATAUNIUNILUAL AN (First — generation current conveyor :CCl)

1
o

dnlfidnilugineal Active building block 913 3 wasn (Port) Aa Wasw XY uay Z Asuandly

ANA 2.10
iy
— i
o> ly .
I, CCl+ z}—o0
—
o———X

NINA 2.10 29AFAUNIUNTTUAE ATINTN (CCI)

wENNNINULeIeaTAe EdisesunnasauduBunaTineSn Y azinldilusadu
wiriuAntuiinesn X lwtueaieaiu Srfinszualiiindunedn X fazinlsiinssualniingn
wiriuriuiinedn Y Lmzmumiﬂ/\lﬁﬁmLﬁmﬁuﬁ%gﬂﬁﬁwﬂﬂé’ﬁu%uwmﬁwafm X

AnANTRRILNaTA (Network) arunr0esunglddaalattanidines sayld

ANANTUETT IR ULAE NIz UATING sina7 TRRsannIsh (2.35)

www.ssru.ac.th
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i,7 o 1 o]V,
Vv, |=1 0 ofi (2.35)
i | {0 1 0fv,
ANENNST (2.35) azl§i9n
i =i, (2.36)
v, =V, (2.37)
i, = +i, (2.38)

AMNANNIIN (2.35) aziiiudn hy, danily +1 vinlAlAA A uduRusszudenszug i,
dl Iy - all Iy [ - - o dl . - - dl o
Inasn Z uaznszua i, anedn X iflu i =+ Aeannieh (2.38) Nl i, =i, nIvua i, Nnan
Z uaznazia i, Anain X Aannenislualuianianeniu Gandi09asananiunszuatiaiuon
(CCIH+) N9t i, =—i, nIzud i, iwaiv z uaznszud i, inaim X ARanenisluanssiudiu
Fandneasaawiunsziatiaal (CCl) uay h, nAaniu 1 MlildArauduiusszndng

nszua i, Anedn Y wiiunszua i, inedm X

242 "J\?Q‘i‘ﬂ’lﬂW‘Tuﬂ‘iSLLﬂﬂﬂﬁﬂ’ﬂﬂ

il A.A. 1970 A. Sedra way K.C. Smith lfauanuimiuaslndlunisg

a g

ARNULLLMNATANENIUNIZLAIPENINTUSLUANBNALALT (Impedance) mqéfm'ﬁuwmﬁwm‘m Y

IHHA49TUAINWATANINIUNIZUALATINGY TIFENT1993788NIUNTTUALATIABY (Second
Generation Current Conveyor : CCll) uazsiannlainnstinldeanuuua¥ianeasdaaniunssug

g aesaInILAN IFfanIzLa Tne Ay AN Al saANNIUNIZUAL ATIABIATLARAIAININT

] Q

211 upzAUANURLUNNETA 289993 5a8NUNTTUAY ANAEY ANTnasune lddoanlatdn

w1afes Teazlinnnudniusssndaussiuuaznszuannasnsine lHasaunisi (2.39)
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: |
o—" 1y :
I CCllxz}——o0
— T
o—X

Iy 0 0 o]V,
V. |=l1 0 oli (2.39)
i | [0 1 0]V,
ANNENNTIT (2.47) aZlEd
i, =0 (2.40)
v, =V, (2.41)
i =+ (2.42)

]
g KX A

ANENNITT (2.39) aziiudn hy, HAdu 0 inlldAnIzua i, inedn v Hauilu 0 Sefifedn
a = o‘dl ' 2’/ % a ] a [ o L2 o o '8 1
Buwautnein Y duazsasiAngaunne dou h, Hadu 1 91 ldAanduiugsendng

1 '
a I's g '

WU v, Inadn X Auusedu v, inadn v dAaninduuas hy, dAndu 19119 H AN

ATNANAUSTLNINNTZUA |, AWash Z uaznszud i iwain X 1l i, = +i, Aeaunnsi (2.42)

a . - - dl ' - dl ' aa a a o
NI 1, =L, NTTHA 1, NWATN Z WASNTLE I, NNATN Xmnﬁmwmﬂmiumﬂmummnu

b

= ! a . - - dl ¢ -
LTEINANWATANLNIUNTELATUALIN(CClI+) NIRd L, =—1, NTTUHA I, NNATN Z LATNTLLA L

WasN X ARAN 19N IMansaiudNFand1n9asg 1w un s aTiaaL(CCll-)

2.4.3 29asfnEnIunszRAgANdaIuLLLlSuA e Enediannsalind
9asdnanIunIzLasuuliuAN lagdanneaiannseding (Electronically tunable
second — generation current conveyor: ECCII) ANHNITOLNUAELUNIATA (Network) 3 Wasn

A9 WA X, Y way Z Auansluning 2.12
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’ y |
——1’ eccl -—
! I——o0

a P o A a a
DINN 2.12 Q\T@ﬁ‘@’]ﬂwquﬂﬁ‘ZLL@ﬂ‘ﬁ‘Vl@ﬂ\?LL'Ll'Llﬂﬁ“Llﬂ'ﬂﬂﬁl’lﬁm’]\?ﬂmﬂﬂﬁ‘@uﬂz{

AUANTRTa9UNIIeTA (Network) arnnsnadunelasaelauianiadlines Geazls

PNANTUSIEUINUIALLATNIELATING 6197 THAsaNneN (2.43)

i, 0 0 0]V,
V. |=[1 0 o i (2.43)
i | [0 £A o]V,
aNnaNNe (2.43) azlddn
i =0 (2.44)
v, =V, (2.45)
i =+Ai (2.46)

<

ANNANNNIT (2.43) azgiullEdn h, dAfu £A FagnunsUsuAE wavazinlflEen
ATNANNUTIENTNNITLNA i, finefnz uaznszug i, finesn x iy i, =%Ai, Feaunnsi
(2.46) nadi i, = Ai, nsvud i, inef Z uaznszud i, inedn X Aemnenisivaluficnag
waafu Fandn wwasaanIunszuauuuliuA ldetiauan (ECCII+) netd i, = —Ai, nzud i
finen waznszua i inefn X Sfananisivalufieniemseiudan Gandn ssasananam

AsenanLlsuAn lsainas (ECCIN-)
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AUAN I ATNANAUIEUINTUIIAU UATNIZUATINGSNFINST) ANANNIN (2.44) D
ANNNIN (2.46) LUNNBTAAINAIY BNAUAUEINGTN Y, Z' uay Z  AzfeqlAgenn uay

a A rna; o ¥ ISP °
ANNLAUTNNDTN X AZFADNNATATININ

2.4.4 WATRIANIUNTUAEANFRLLLAILANTARRENTTUE

M9ATANENIUNTELAL AN ARILLLAYLANLAFI8NITUE (Second-generation

a o

current conveyor: CCCII) [13] Guiflugtlnsninanlunisaanuuundasnsesaind e uidei

TWmunaulag A. Fabre Geldnsasnaudditafgil sinsasauiinsasasiiaunssug Laza1unsm

o

Ul euldlugiupanuigs asasaraniunszuagangaasuuuatuAnliAenszus azi

1
1 o =

AANITRAANEIAANALNATRIEINIUNILUALATNIADS WFAALLANANAWRTaNNe ldnszualusatlan

Q 9

TiuaeasananunsziaganassuuupILAn lAfaanszua NHA1lganazyinliiaA1A N
% é’ . . A 1 % dl [
FNuNILLEUIINg AU (Parasitic Resistance) WzaA1ANiunIueluingin X 1899943
ANENIUNTIUS

MATANLNIUNTZUAL ANADILLLAILAN IARRENTZUARINITDUN LA ALIETA 3 Waw

A9 WA X, Y LAY Z seuandlinini 2.13

i IIB

_» -
o——Y <'z_
i, |CCClltz|—0

o———X

NINA 2.13 29AsANNIUNITLAL ANABIRLLIAYLAN I AN s ILE

WHafa1suA AN WnIBAely R, W1 a1nqn Y Deqa X @1u09nuand
ANANTUS TS mENd luglialiaengasaraniunssudg andaeautuAUAN IF A e NI LA

ANNN9N (2.47)
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<
<

(2.47)

>
>

oS O O
—

0
R
+

<
Il
o = O

A h,, aziiluArausunnalunneim X 2899993818 IUNIzLa Taziiiulidnf R,
UFupldsneitnimisdiannsating Taanisiu

1 avauegiugnuugisaudng uaza1unsn

Anszualuda 1, sailunszualudaanaiauaniueslaadn R azvinduaunisy (2.48) e

19a3d@ngwUnszLdadannann i inanfn s utaines

V.
R =—L1 (2.49)
21,
voltage) ‘Vﬂﬂ'N’%‘@'WEIWWHﬂ?ZLLZQ@%‘/’NN’WWﬂ

Wa V. Aa AnanAdiu¥eu (Thermal
NRANIUTALFATAIANAIUNIL R aziviniuaunish (2.50)

= 1 (2.51)
\/Slucox (W / L) IB

R

e 4C,, (W /L) AD WIsHBAasNINIanINIaInIuianes

245 Q\i@i‘ﬂ’]ﬂﬂ’l“ﬂ‘izuﬂi‘lﬂﬁﬂ’l&l
A4 g Ayaa o X = | =
bHBLTI HlFin1s1nauaeasananIunszual v Iuuaneianile 19azd

anmaizanisntin lilnsadunszualugininiuuuaesdald LasgniaINaIugT 29998NY
nNIzuaLANAN (Third Generation Current Conveyor: CCIII) 2499818 IUNITUALANATN

ANNIDUNUAILLUAIDTA 3 NATNAD WA X, Y LAY Z AlanslunIng 2.14
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—> i
o—> 1y :
I CClllt z—o0
—
O—‘X

NN 2.14 QQ’Q?@WEIW’]Uﬂ?ZLLZQﬂ?ZZLL'&&I‘ﬂﬁﬂ’m

AaNTRTaUNaTA (Network) axnsnasung lidaelatsanisdmes Teazldnouduiug

! [ dl ¢ 1 Y o dl
ﬁ‘f‘.i‘W]’]\‘ILLN@uLL@ﬁﬂ?ZLL@WW@?VIﬁ’W\ﬂ 1mmzmmi‘v1 (2.52)

Iy 0 -1 0]V,
V. =[1 0 ofi (2.52)
i | [0 =1 ofv,
ANNENNTIT (2.52) aZlE
i =i, (2.53)
v, =V, (2.54)
i =i (2.55)

ANNENNIIT (2.52) azidiudn h, dAfu -1 Faazuansngldanniduiengi 1 uaz 0 Wit ¥in
WildAanudniugazninanazua i finedn Y uaznszua i, Ainedn X lu i, =—i, uaz hy, &
Aty £1 AR lFA A udNRUSsTnIansTug i) finefnz uaznszua i, finen X iu
I, =i, Feaunefi (2.55) ngeld i, =i, nIzua i, finen Z uaznszua i finesn X fantanis
naluirnaieaiu Sundiasasaneniunssuagiauan (CCII+) nseil i, =i, nszud i, 7
Wofn Z waznszua i, inedn X Afienenisivanssiudiadendnnesamiunszuasiinay

(Ccll-)
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2.5 UANNIFURINATANLAR Y YU

a

asasnlindtyoynnd (Oscillator circuit) iuasas g saldnlady ol

al

FinnsanasinaazIFATY o uneAnuInean (Output signal) Agtluuiniludnynyiniuuumeany

al o

(Periodic  signal) lag/ldanfluiazfasldymisaiuanidn (Input  signal) 18999276
1 3 a o/ zjx dgj 1 dl dl v a o o a
at19ls asasnlindryynriuiuseasiuguetiamileidnunfiunuamdrAnylunnadmansss

o

Tulflasing lddrazfuluszuniiesiiadn szuunisdeansinsanuianyas lussuy
nsanuAnngaseaadalamasantsnazgnldiiuasasadrednynyroun@auniii (Carrier signal)
ry ) o A Ay o Y a o

Waldlun13nenan (Modulation) AtyauneunseiNeaiednyay1nuunAnI81989uan (Reference

clock signal) TuAseuy WA [19]

o a o dl | tsli/a/ v aa 1 a %4 o 4 J o a o
q\‘mimLummyﬂ&mmmLﬂum@ﬂﬂummwmmummmu 1ﬂLLﬂ WATNILUAD TN

1] o

a

WLILASARAR (Crystal oscillator) 29asn A&ty LLULLAWNE (Phase shift oscillator) 2943

NUIAATYIMLLLAULTAS (Wien — bridge  oscillator) asasniiiadryyrniiuulaaigd

1%

(Colpitts  oscillator) VEG N@iﬁﬁLﬁmmmﬁmmuaﬁmaﬁ(Hartley oscillator) 11w gﬂLm‘u

v o

a o '

1e9dtyryrniaiietuainasasilindyyinuwuusing o) feguanegluuudaaiy iy

o

6 o o o o

dyoyrouanad dyoruiaddmasy Ay uaumasuuazdyyuiuaes vav agglafia

v o v o

o

lundaznaiafandnnisineaiuagasiuiadyyradesnniBadyyrnglaneddaiuies

7 Rg7]

Neqiesegiunasilindtynruiastiniauess lwaudduaiuivini
TuniseanuuuaZieasasiniadyyiuidy Jaenuuusaiunacfasaniang

- = A o Yy > o ° A
A9ALIeNaLARI9AT L\‘mui"ﬂwmmaﬂumﬁ?@@mmu Lmzm\mmwL‘ﬂﬂﬂuu@ﬂm?m\‘num

ananylunianiiagUdtynnuaesnsasansae

2.5.1 asAlsznauaasieasildndnunn

o

- o Ao o o a Ao @ » ¥
N ﬂﬂ‘a‘zﬂﬂmﬂ@ﬂ‘w@ﬁ ﬁﬂqﬂ'ﬂ\‘i'ﬂ\‘i@iﬂ’]Lumﬁlfyﬂaﬂm%@’uﬂuuu AN LLF;Iﬂﬂ@ﬂVLm

\lusiatl
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1. Aanlianasau (Energy source) bown wiasanslw wusimnes Ineluanuiddaaiudl

azsjaiulinunasanglinszuansanidnanaanldana Iiaeliiugdnenisiner lussasdu
&Rty
2. 1WA HnAND (Frequency-determining circuit) lunsniindryyinasasniia
4 o Y dyva o g 4. 4
puDdazilussasianunsalfidanmnudls ludnwusiidussasnsasuuuinuaufenu
8199z 1AW 29299UULL LC, 29939uLUL RC 490 LUUARGA s
3. 29a39818 (Amplifier  circuit)  1uavasUszinnuanividsanaziiuseasranauuy
a2 '8 A P 1 = 1 1 | 9/&‘ o 9 Ao
naudaeas wuuwe wsatsasreneiegluglaedledediglned19ild Teaziauinnaisanis

o

niinaasdnynraldsanissamandsnuludaungo@ds linnalusasiniindoyoynliden

o

AenaE uAN Ine g R TR

4. n9astlaunauuuuuan (Positive feedback circuit)  luasasnaztindymyiuann
nefnuaneantassaInLiladynyrunaulidesnuandiaaasaas Inadyynuniednuan
aannileunauligirudnnassnsastiuazfesdnliima neatuiuinaredaasnissduanegi
ij/ dglai dl ° Y a a o/ o -(z( dl o Y o o/ M v
Madifen WRanssudyny uiuauieazin lidy o nsmssineg 16

FaaaAsznaua 4 dadndsznauiulisalnazinsnluning 2.15

ffffffffffffffffffffff > 09R39E8) WAINUUAANND

L A

Y

wuasans 29951 UARNALLLLLAN -

NN 2.15 uRan lnezinsunansasAilssnataasasasniindoy oo

[J a s

252 l:'i'rﬂuvlﬂlﬂ’]iﬂﬁ LUARTU U URIINAT

o o

v
o o o

"N’Qﬂ‘ﬁ'ﬁLﬁﬁ@mmqmuuﬂﬂLﬂMIﬁNﬁi’mLLUUﬁ@uﬂﬁULLMUMﬁ\‘I %qﬁm@ﬂ@uﬂﬁu

e~

WULILAN aNnTaudasusenlaazunsuesAilsznaunisivacuaesdyoiuldanini 2.16
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1/P X C + X NIVUY X o/P
. A(jw)
X; = B(jo)X,
MNITAUAANNA
B(jw)

A 2.16 uAan1AaLn N9 N AN UNALLLLLIN

Fryanwalsine Nl lussasiludasialui

X, A dyouinmissuandnaesasas

X, AR ATYYIUNIANUINaDNTIINAT
X, P8 ATUUIUNATINIININ X, WA X, HAWINTL X, + X,

A o
X, Aa doynunnutlaunau
- A 1
A(J®) AR ANNUABIINATUENE

- A 1 [ dl
B(jow) A2 ANULBIINATNIUUAAIND

ANNUABN LABLLNTNAININT 2.16 AL lF9n

X, =X, + X, (2.56)
le X; = B(jo)X, (2.57)
uae X, = A(jo)X, (2.58)

\WHaUNUANANNIST (2.57) uaz (2.58) adlu (2.56) muansuuaziiediugtlannislus azld

% __ Aje) (2.59)
X 1-A(jo)B(jo) |
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Tunranliadoyyrnuiiu wsasazfasanusnaiedyyrumisdinuaeantadlaen lud
=

1 '
= 0%

o v ¥ o 1 | a Yo 1 a 3| o g ..
tyty’]mmqmumLﬁmmL\muVLmmn@mxmmmimﬂmmLﬂummaummu@uum (Infinity) 114

A '

AR ANdauBasaNnIsh (2.59) azfasiAilugusd na1aae

1- A(jo)B(jo) =0 (2.60)

|
| =

Taenia e ulamINaNNI9N (2.60) AT 4 ATLUUIANT ALY (ANNAITUN

b
b

b

P%
3 '8

a @ | a a vo o aa a2
TAITND C()O) ﬂLL@@NQW@gLﬂﬂNﬂqTIMﬂqLuﬁﬁmfquWﬂﬂ')’]Nﬂuumu LU NITATIAAAUN

3.

1
o o v Ayao

AAryMiunianium Ae inusiresusagEu (Barkhusen criterion) aiiluNeuland Arynian
o a v o a o 6 o 1 = o dl 1 % o d”d
fud lun1sasnuuuaiisasilindyoyin inasiiainaaideinannldlaaagliiife “oeas

[7Ag > )

|
o & 1 ] A

Anmadtyunuiazausaniadynnldatissaiiiastiuazdasiiinuiuiniagil (Open-

[~

' '
=3

loop gain) tluArasawnAuNie”  duAalazldReulasasnisnuiadyyinaniugas

Heulafiasdefiandoutuie
[A(jo,)B(jw,)]=1 (2.61)

uwazdlAuna arctan {A(j@,)B(je,)} =0%302n]] (n = @28UWH)
4 . - TV T .
delunsfneAnnusuuilngilaegasasliidnvaduniiely fdedunisineanig
o A v o ) d o vy o
nilladyyiuliaiegnaanliiiues anuuuisrestaulaunfagiduananansldfaning

217

1TV | 1AIMNUANIND
A(jw) B(j®)

y
y

|« wnunuuidesd A(jo) B(jo)=1  —|

NN 2.17 ATERNNENSIN DTS LS AgLE
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Tnanisfleunduuuuuanazinliinuuuuilagil (Closed loop Gain) 1949935 HANNAN
5 U a al [~ dJ [~3 o % a 1 [~ o o‘dl
BuuaziinusuLitlaglassasianduniaiaginliinuiuutlagaes aeasAnduatiusmiay

WinlAlaan1sunuaNnaf (2.61) aslugannig (2.59) Aa

X, _ A(jo) _

X: 1-1

o0 (2.62)

ANNN9N (2.62) uansliudn Wanuiuullngiaagagasiainfunilaudaazin i

mnuuutaguaesasasianiuetius Feunnamaududldddnypiuniediiuanda (x =0)

dQJG % o/ 2 v A v o a o/ é’ v
wWastifanagINTnaiedynunisiuaneants Anvsasazarusn i tady oy 1a
e adelafimnlunielfiAtussasdanainazendadoyoyinisunau (Noise - Signal) Lflu
AryryrnuiEnsiunefuadn liiuaeastedtyyrnusunoutianaazunannunasinga e [l

'
1 o =

iu &younnrunauiineatunatnuasang Ininesasanes dusu

o = 13 o
NATNIAUAAINDLADWINS NATNIAUAANMNUDLADUINS

180 29AN 360 29AN

= ;;
299398 UNA

180 a4A1 0 29AN

=
19339 ELARUNA

nnd 2.18 TaseaFsasasniindoyounnanelinaien
waenAengu)ilunisinldafaiuseasindladynrumedmanesaziiulaseaing

1999443 2 FULLL AINANT 2.18 ABEN29AINIUUAANDRNTTERe WINATBIA Y ITUTAND

o, 11 180 83p1 fazfasldrsasaenadnynruianud o, Inaaeunalil180 asan visil
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wzduinalinisimeunamniannanielugiiiu 360 a9an (27 wimaw) luniueaeai
f29asnIMuAANKND AN AR WWATaSATIUNUNAND @, 11 360 a3A Aazsiagldasasueng

. o 4 a4 o yoim .
WIUNAND @, Annsidaualil 0 agAn viralidnisaauaasdyuLaslu

o

2943988ty eUnns [20]
1 < dl = s a v 3’/ o a o/ oI/ ?.’/ [
agslsfimuiafiatsaniulagsssugmaudnniu asasnuladynnlaasialdiuaziily
n993Uszinn @&y (Nonlinear  circuit) unnwAn1sAAIiv9astiule lduannisns

AL T UAINA2195 satTuRaulanlfdasauisaNnazn1vua LA LsALNe9AND

<

wasd g aavinTiuaaz llgaunsanrusun aresd i unnfinauldseaz i ldanninost

o ISP

NNIRIAAUBBILNFAZITUNNA IS TULAAUAINEIIN Bl A NDBeINNIREAd oY Az AN

v o

wWazesdryoyroumingu 2n T (n iuaasuiuba)
o o o d' o a é’ %’/ Q;Q Yo ] aad
AuiunnsaauANIWIAIeNdTY Y uNgNR T TuN TR RN E i uRey 2 T5A0

1. MldlnaniaivusasTudounaznutinnineszautesdny oy

2. limdann1s109n19a1inauInRARLEaLeY (Self-limiting) 109ginsainialuoeas iy

o a % dl v 49{ 2 g . QI v dl % ISP OI
WATNWUARTUYIUNATINAUINNNIULALADT (Transistor) Iummzmmum@m&@ﬁmmmm

[

L

a I's a o a 1 o i dldlnl 1
NITUTARNDIAICHANNLEN mlumg}ﬂmummqwmmmmﬂm’] 1 2 ANUUUNANDNHANNS

' |
o =

windu 2n T weileauiavedduon it uasni linudanasouas

T o

o

7 (Saturate) M

4

a o dl o ul/ ] Y o = dl dl
NITUTALADTUINUAARITIAENN 1AL INULR IR T2 AARIAUN TN LI EUEUNEUNTUIANAIN

k)

Tilungn
2.5.3 ANNISNNIUARINATINUARTY Y08

NI NRIAINATNHAd Ty e urauLiean Al 3 antas Ae
1. ANIZBNAUNITNNIULBINAT (First Turn-On)
Q' Y] o a d? d‘ = 1 o [ v 1 dl
ANIIZENAUNITNINIVYRIIIATAZLNATWHBHNITINEN1A9911 T LA99T T
AN9AENIANIUANNLUAINAINUN e U9 LT ungasatineiuniuledl aznn liifaan1ozid asu
(% L 1 o 9 o o a X ' ' <
g1 (Transition) Aun1lddlallnafuresdyyruiinnszanaduadesunnung agnelafia

dll o a o :J/ a o dl | o :// XK dl = dl
Lummmq%mLummgtfg'1muu%m\wimwummmnﬂgmﬂiu PNUUANNATTINDNENAITND
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a 1 :J/ dl 1 A 2% v o o o v a a o
weawhtunlnawiulazazgnidanignilaudeunaulunszusunistlaundu inlinanisiin
uponutvesdyarunazdangdudynnaneensednsas
2. AnNzNM9a5NATynynd (Signal build up)
d‘ d‘ o/ d‘ o a 49{ o d‘ o d‘ %
Wanunsdy Nl NAULARAINDTALI9AINUAAITNTILAY
o/ % o o o Y ¥ 4‘ o o v
Aryoynamnesnuanaanazgninndullfesnuandnnaesisas adnyninazgnaningnsas il
wanseiuiaunnatudyoynuldindawnngsau
3. anNEiNEIN198519Anynynnd (Sustained oscillation)
nisfnenisniiadyuliasagduaniilulinuReulasesunsagdy Ae
1 o ¥ a 1 o dl a 1 a oA
HAADLANNUIEINAIUENE UAaTaeastiaunduazfasilAwinduniialuntma s wsilun1ed )i
?:/ 1 k4 a 1 d! [~ U Ql 2’/ dalG dl [
HUANNUMINTEITLLAE AN ANINNdutLAndas TuanusBuusn Meiiaidunisgaime
o/ lﬂl a z L Y o [ 1 a Y ‘SI
n1saanaudyruiienaaziiatuldlussasiazazldansueanuldidwdaduansencad
a

a .‘3( dl o 3| o o 4 ! o 4‘ dl (=] o o o
Lﬂﬂﬂ]uLN”ﬂ@ﬂ;’ID&I’]mwﬂ’]N’mNWLﬂuﬁl’liﬂ‘i‘_‘m@jﬂLﬂuiﬂm’\ﬂlmu\‘i WaLiluFau1ainIUI ALY

. dn o
oy lAaanun

2.6 UIRBNLNLIURY
TUNINLNIUITIUNIIHATN AN TNRALAULAZAAFBL TBINAINLHAA T YU el Tva

o a

neenan lennade lfinaua 13t

2.6.1 wasiullnduaanld OTA saunuaatluanil
wasiuiadtyaiunldinesginsaluanindenand 2.19 [5] Usenaulisae

OTA anuau 4 fouazestluantlan 3 60 Iaglddeanisdafiuilszaniauen Teasldinmusiuuueg

'
=l

Fara9a01luaNTIN 1 UEN LN waﬂ@zﬂ@‘u521mq%ﬁuﬁmmﬂwﬁmﬁmwaauﬁmiLmﬁL@:

' '
o ==X

A9AINIBINIUYNANNDANALNL TneTinuaiuuufisaeseatluanilluisaseasnsasdiumgn

d‘ o o 4! v ISP (e
AMHOATAUNNAZHABINATNTINL
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Lossless intergrator

-A(s) -+ ¥
2 wr [T

A(s) ="

First order all-pass filter

NN 2.19 wasnilindny oy Iinenatinaniuanin

| A [ i oy [ a o [ aal
AALAULBNINATAD Zﬁﬂﬂﬂiﬂﬂiﬂﬂﬂl’mﬂLL@ﬁLGﬂuVLSLIGLuﬂT;Tﬂ’]Luﬂ@ﬂ.lﬂ.ﬁﬁuiﬂﬂﬂlﬂ')ﬁﬂ’]ﬂ

v o

a s

alannsatind n9asliifesnisginaniuaninnisusnasmunznaziinllafraiuseassn aaw

a ] o A ¥ A v

FunuilefwaiAge uaznudeidedeamasainisauannediusesesuendine lu

a

1 ]
o =

2agnsasiuynANdaIsunauas e N snlFumntuar Reulalunisiniindry oy nsle

AYNBATZTANNNU

o

2.6.2 Wasiudadpraitldisasaunszua
149N HA ”ﬁyagﬂmﬁ'ﬁqwmmmumﬁqmwﬁ' 2.20 [9] Usznaulddaaneas
AINNTEUAAUIL 1 Aousainsalianinnieuenan 4 6o qasunessasniiladoyainly
A 2.20 Aa MgunsalueniiviResiaiigadeindenisinlseldauaie udaznuded
o

Y v 1 e ndl Aﬂl 3 a % 4 ad a a
UABADEAR 13~I@’13~I”I?ﬂﬂ?‘l.l®')’]3~lﬂLL@ZL\‘lﬂuvLﬂlsl,uﬂ’Wﬁ‘ﬂ’WLuﬂ@ﬂgﬂéqmiﬂﬂfﬁl'}ﬁﬂqﬂ@L@ﬂ‘ﬂﬁf@uﬂ%{

atvaaszaInfiu avastlsznavlififivdszquuuaas vin W dmans ezt ldadaiussassn
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CF -

N 2.20 asanifindoynrounldasasnnunssug

o

2.6.3 29asnuadnunld FTFN
AN lady Al FTEN  aanand 2.21 [7] deznaulilfaaqeasFTEN
AU 1 Fiauazginsniuaninniauenadn 7 69 qatsunesasiiadnyoyialuning 2.21
A o dl dl o a o ¥ 1 a o ' v Ay v
Aa ausnliumnuiuartaulalunisindadnyyinldatisdaszainii uwiasnudsildasas
A ] o dl dll o a o 7 aa a a
Aa ldarunsolfuaouiuazReulalunisfindynulfdaadiniediannsaiing 29as

dsznavlildasginsniinuounn vl arududeugeuaydmansiaztinliadaiuseassu

R6
—A\A
g
Yy w[*VR
Ioutli\ X 7z I—S
| Cl
L A

SR4 RS

QE\Iout’Z

"

R7

NN 2.21 R iadty o 1oun 1 FTEN

2.6.4 29asniadyunuild CCCDBA

warnIasAN D ANz LanateTiniuazasasnilindnysy il CCCDBA

o

dlu o=l

[11] fanawd 2.22 dsznevlildna CCCDBA a1uau 3 Fiauazsialiuilszqisaasnsiasan 2 i

1
=

qaiAugada9aIilad g lunInwd 2.22 As awisadiuacnduazteulalunimuie
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1
a (3

Fyaunasliatnedaszanniu Iddaiudseanseainsnous usazwudnszuaesine ldaiuns

azduluanlalnansessiuaniufiasiunasnunszianzantasaenansudive lidaieswas

ARNFNUNIUGS

Tl

N 2.22 asasnfindoyyouild cCcDBA

2.6.5 29asiiadnuild DO-CCCDTA iieafaLfAen

1
=

wasnuiladtyo o ld DO-CCCDTA wNasfamen [21] fan1nwd 2.23 Usznay

11/fne DO-CCCDTA anuau 1 fauazdiaiiulszaifeaingaddn 2 v a1N99asauien

ApszinannIsAnaNR THAaNnI9n (2.63)

e e

2

p X
o L | DO-cccDpTA
=
n X

z z

i
1

2

I

CZ

N 2.23 agamnilndnyny i ld DO-CCCDTA teaaLaen

32+3i£i_gm2)+&:0 (2.63)
C,\R, C.C,R,
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anaun199 (2.63) azliRaulalunemfiadyoyioailu

2
== (2.64)
RP gmz
dnuanudlunianuiindyoynonanali
Oy, = O (2.65)
CC.R,

: o & o )~ a o = &
AALAUTBAIINATNILUA a;f,yf]miumww 2.15 Aa a1l fuaanuiuazNeulalunig

=3

nuilndyaynulfetdasyainiu Mdaafulszanseainaous ubaznudinszuaensne b

q

117082 U AR 16 1A R 29A9TTUA VT AR NI9A IANNN T LAY FAgATUEIN eI NT LIk LNe 19740

LFNANAINEIUN UG

2.6.6 Wastiudndyunld cCCDTA

naasn AR N 1 CCCDTA [22] san i 2.24 sznavli@ae CCCDTA

v o

1
o a o=l

AMUIU 2 A3 WATATNUIAU T FUazAaiLLseqNfeaIngIafen 2 F AIN9aaINIgD

aa

AATIaNNIAENTR THAaNNI97 (2.66)

S 9m (2.66)

S 4| == | = =
’ Cz RplCICZ

R.,

anaunni (2.66) azldRaulalunisnndfindryoyinadu

—=g,, (2.67)

. J o~ o Y o
dnuanunluninuiindyoynouanaliiu
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o, = |—9m (2.68)
RPICICZ

RN T

P X p X
CCCDTA CCCDTA,
n z n Z |
1 1¢,
¢l i1

MNA 2.24 2sasniliadtyoynuin ld CCCDTA

| o & o = = o = o
ARALAUTBAIINATNILUA Q.JQ./]’]E‘IAIMJ’W’WWV] 2.16 AB ganunsadiumnnnuazmeulalunig

=3 1

nuilndyanulfatdasyainiu Mdiatulszanseainaaus uaznudinszuaensne b

Q
(%

11708 iU TaR 16 1A R 29A9TTUA T UABIANI9A IR NN T LAY FA9ATUEIN e NT LIk LiNe 19740

Rl EAL LRI IR

2.6.7 29asiuiadyun il CDTA A1u9u 2 fa

o

naasnladuunounld CDTA  [23] fanind 2.25  lsznaulisae CDTA

v o

AU 2 FauazgUNIAiNIATNAEUBNEN 6 AIAINNATAINIIORAINTIUNANNNTIADIANITR 16

FadNNN9N (2.69)

C>
R 1~ X
—\VW\— p X+ R, CDTA 2
C, CDTA 1 n z X- >0 /oo
|
|

I n V4 X- >0 /p;

Rs

NN 2.25 aamniiadtyonuin I CDTA anuau 2 fia
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s?(kk, +1)+2saa, (1-kk,)+(kk,+1)aa, =0 (2.69)

AMNANN13N (2.69) azlaanlaly

o 1
wa k =9,R;, kK, =0,,R,, 8 =—= lar a, =
Rl 1 22

nsnadny oot
ImImRR, =1 (2.70)
dnuanudlunianuiindyoynouanaliiu

o = |—1 (2.71)
C1C2 Rl R2

{ o a o dl A s dl dl
AALAUTBANINATNILUA fyfyﬁmslumww 2.25 Af ZQ’WN’]@‘N‘]J‘;]“UﬁQﬁNﬂLL@;‘ZL\‘l@uhﬂuﬂ’ﬁ‘

-

nuiladtynraldetinsdaszainiu anusuniuileswadAngeasanisaduivanldlaamnsg

ladanunrndfuaanuiuazReulalunimifiadyyrulffeignididnnseating aeasdsznay

Tsegunsnianuaunin Mlddasdudeugauaslimuziazinllafadunsassn

2.6.8 Washiuidndyuatiteireld CDTA

e uiladoyounounld CDTA  [24] sanndi 2.26  isznavuliéiaa CDTA

o

A1W0u 1 FauazgUnIninaEnnauenan 3 AaaIna9asaINIIntATiiIaNNIIAIENR 18

Fagunad (2.72)
s’C,C,R+s(C,-C,g,R)+g, =0 (2.72)

ananne (2.72) azldReulalunisndfiady ooy
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C
gnR=—2 (2.73)
1
anumnud lunenuiladoynynana i
o, = |-In_ (2.74)
CC.R
all-pass filter lossless integrator
Cl A
0—“— p X-
? CDTA

—MAN— N Z ZIC X+ >0l

C,=—= log

N 2.26 asamnilindtynynuednsdinanld CDTA

1 o a % A ¥ s P = o =K ] 1
qaLAuIaINaTIHady lunn 2.26 Aa Tdginsniuannniiendainenasinesie
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02

M9 3.2 uEuiannsdanmzilasdtanuiiadynnaauuuacainsiaesuuanszug

ANLALEA NN 3.2 AINNTaMANNNTANEUTANLR (Characteristic) 189laseang e

o

4 o s o
W @euannimnazua | 1

=1+, (3.1)
daunazud |, | uay |, uanalaaed
|, =- la (3.2)
° sa+l '
.= s (3.3)
© sh(sa+1) '
WAz
k
I, =1 (3.4)
¢ sa+l

WNUANNITN (3.3) way (3.4) adluaunish (3.1) azls
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l,=- . +1 K (3.5)

* sh(sa+l) ‘“sa+l

ANANNNT (3.5) aZlpannnsdneuzaNtiBaaslnsatineily
szab+sb(1—k)+1:0 (3.6)

INANNTITN (3.6) WL A lunsnlindtytynnd (Frequency of oscillation: FO)

o

arunandiulfadsdaszaneulalunisniindoyyan (Condition of oscillation: CO) #
wiRmas a fu b dauReulalunisndindoy

IUAININALAN AT ERINTENY k A91ATN

ANIATRIATY YN |, LAZ |, Y IHATN

I‘”(s) ! (3.7)

o Jw) _Lgw (3.8)
lo, (jo) b
azwuldan 1y, uaz Iy, azilnasnaii
$=-90° (3.9)

Amiulassdnenuilndtyoramaiuuundsinsiaasiuaanszuanasuax lifeRsnig

alannsatindminaue lueuddaaiuiiavilsznauaingunsaluanivl cCCll iluunan Insandy
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nann1ranUaanlaazunsNluAIng 3.2 azlfinearsaunanalnIni 3.3 ANNATNNLIIN9AT
dsznaulidiaeg CCCll Auau 3 fa siasunmuiuuaiannsatindisasinsaug (R) 1 fauay
% [~3 dl 1 6 O % [~ o Y o

poifullsvqisassnsaudanuiu 2 6 tee iy, 1, weyly, unszualudalsdiu ccoin,

CCClI2 uay CCClI3 auanau Taaarusnuniu R, wnlaasil [25]

Y
R, = n (3.10)

N
]
Il
>
O_
N}

ot Rq

o\/. 1S X —Z
= fgiElectronic J: @

......

| Resistor

N 3.3 Tasanandady i nisdiuuatainsaasiuans ANt aue

Hafa190412939 NN 3.3 uavandupuaniifiaes CCCIl - AlAnanaldluuni 2

AN UANNITNIZUENT x 2as CCCll Tondlu

1

I, =——(I,, +I 3.11
x1 SCI RX1 +1( 72 23) ( )

Tnenszuaida i =i, anannian (3.11) azla
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1" *x1

Taenszua i, waulfidu

w SCZ Rx2

dounszug i, Wewlfidu

UWNUANNNTN (3.13) AT (3.14) asluaunisi (3.12) azls

i =— 1 I —ij R
* sCR. +I|SC,R, *“R

1" *x1 272 X3

"Q’m’&llﬂ’i‘i‘ﬁ (3.15) "Q515’&Nﬂﬁi‘ﬁﬂﬂmt@ﬂﬁﬁﬁl@ﬂiﬁﬁ‘ﬁhﬂL‘ﬂu

s’CC,R,R,+sC,R, (1 —E—k] +1=0

Waiansanludauanuauais (Real part) azldnanunlunisndfindy oo

o, - /;
C1C2 Rx] Rx2

45

(3.12)

(3.13)

(3.14)

(3.15)

(3.16)

(3.17)
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avfuRaulalunamfiadyiu Wansanldaindauanuauaunniw (Imaginary part)

1=—% (3.18)

1
k(lals )

3.19
cC. (3.19)

0osc

LAY

1=R JKl, (3.20)

T9ANANNIN (3.19) way (3.20) wudnanisatiuidanlalunisndinduaunninazaanud i

v o

[~3 a

nmenladynruldetsdaszanduseignisaiannsaiindlnamun lunmiiadoyoyin

a o

an3ndFuled |, way |, daulaulaluniaiufiadyouaiunsodsulén |, uae R, aunis

o

1% I o

(3.19) We a,, =271 arudlunisnuliadtygyinuviniu

v o

(3.21)

- (3.22)

Wanarsoun Tutasetifaresdtynyinenesdainannisi (3.22) arwnsadaule i
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(3.23)

azwulean Iy, uaz Iy, azdasnaii
¢=-90° (3.24)

3.2 msaasiznasasiunsdiliilluannni

1
=

luafuusniiaziiarsainstin ccell - nldluasiinnnnliifuganai aau19n

AAzilaann
i, 1 7o o o]V,
V. |={p R ofi (3.17)
i 0 ta O

o @ o v e d o
e o war B iluddeinunszuauazisssuainguns lldauensyanainisoidesiu
Tilann 1 @annsafinainannldiduganafivesnaudamasnigluga CCCIl #anmnneasiy

i 3.3 anafalngldnnaniifines CCCIl mMuaNnIei (3.17) AN EUANNITNIZULATIIN

x, 1Al

. 1 . .
| o= (i, +i (3.18)
x1 SCIRxl +1( z2 23)

Taenszuaddn i ,=-0i,, anaunsh (3.18) ax e
o= (i, +i (3.19)
z1 Sclel +1( z2 23)
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Tnenszua i, @aulfidu

_ LB,
2 sC,R

272

daunszug i, Weulfidu

R
i =i k.
Ly =—1,,80,

X3

WNUANNNTN (3.21) AT (3.20) adluannisn (3.19) azlé

. a LB, . R
|21 - _ 1 22ﬂ2 2 |Z3ﬂ3a3 k
sC,R,, +1{ sC,R,, Ry,

1" *x1

AMNANN1IN (3.22) azldannisansoisdntinuasingadnenily

R
32C1C2 Rxl Rx2 + SCz sz (1 - ,330(10(3 R_kJ + ﬂzalaz =0

X3

dl a ] o a v dl o a o |
Waiansan ludauanuauade azlannudlunnmnda Q_Jﬂ_lw"]mmu

w,, = paa,
Clcz Rxl Rx2

avfuRaulalunmndiadyyin Aansanlfaindauaiuauausnin

48

(3.20)

(3.21)

(3.22)

(3.23)

(3.24)
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R
1=paa, R—k (3.25)

X3

AMNANNNIN (3.24)-(3.25)  wudnAr TunegauaRazdnaistaulanazaanunlunisinge
Arytynnd
2, . d L y . .
WANAINUUAIMINAANTUNNAINDGIRTNUINAIAINATUNIULATAIAINF IR TUEY
CCCIl azgInansznusiaanssnuzaasnamuiladyoamdeanuuuld Weatedeargingnl
1 Z’/ = = a Y o Qi o a o/
UHAN A0TSR TINLLALNTAY CCCIl IAAINING 3.4 anasasniladnyninelu
NN 3.3 WeNAIIINTNANDGIAN NN ITNITHUNAT LA AW 3.5 e G, =1/R,,

G, =1/R, ANUUA 19

Y,=s(C,+C,,+C,;)+G,, +G,; (3.26)

CCCll z

NINT 3.4 29ATWEULAENT8Y CCCIl LDRANIINTIAIND4Y
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MnA 3.5 wasniiadynnoiiiaNansnniaungs

Y,=5(C,+C, +C,,)+G, +G (3.27)
Y, =5(C,+C,;)+G +G, +G (3.28)
BeugunisnsTuaRian x Al
i, = m( 2 +iyy) (3.29)
Tnenszuaiin i, =i, anANns (3.29) axlg
i, =— ;( ) +iyy) (3.30)
YR, +1

Taenszua i, waulfidu
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i, =—1= 3.31
z2 YR ( )

272

dounszug i, Wewlfidu

(3.32)

UWNUANNNTN (3.31) AT (3.32) agluannis (3.30) azlé

S SR (3.33)
YR TR, PR,

1" *x1 27 %2 X3

ANENNNIN (3.33) azlfaunsanezanihuasdasrened

YY,Y,R R,R,+Y,Y,;R,R +Y;R,~Y,R,=0 (3.34)

x1" X2 '3 3727 X3

WLANNNIT (3.26)-(3.38) adluannnaf (3.34) azld

[s (C,+C,,+C,,)+G,, +G

1

5(C,+C, +C,)+ G, +G,, |[3(C, +Cys) + G, +G,, +Gyy [RyRR +

z3

IE
[s(cz+czl+c +GI+GY2J[S (C.+C)y)+G +G, +G, |RuR, +[3(C,i +Cps )+ G, +6, +Gy [Ry = =0
IR

(3.35)

AINANNN3N (3.35) UINR, WA R, 983 CCCIl WiazfadlAINInndl R, WAz R, 1107 411190

Uszannuaunig (3.35) 1
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5(C,+C,,+C,)][5(C,+C, +C),)|[5(C,i +Cys) + Gy |RyRuR, +
[ 5(C,+C, +Cpy ) |[3(C+Cy )+ Gy [RuR+[5(C +Cy )+ G, [Ry—p =0 (3.35)
[5(C,+C,+C,) R,

ANNANNNIT (3.35) a<ld

$°(C,+C,,+C,;)(C,+C,, +C,,)(C, +Cps JRyR,R s +

x1" X2 '3

(
s*(C,+C, +C,,)(C,+C,, +C,;)GR R, R, +
(

k' %127 X3
-0 (3.
$*(C,+C,, +C,,)(C, +C3)R,R; +5(C, +C, +C,, JGR,R,, + (9.9

k**x2" *x3

s(C, +Cy;)R;—5(C,+C, +C,, )R, +G,R,,

[ naNnI139 (3.36) wudn avaglugdaesannisdudu 3 Inaanisndaulded lugdaunns

nmsgulaidy
sa+s’b+sc+d=0 (3.37)
Lfll'ﬂ
a=(C,+C,+C,;)(C,+C,+C,,)(C,+Cy;)R.R,R, (3.38)
b=(C,+C, +C,,)[(C,+C,, +C ) GR RuR,y +(C, +C s )RR, | (3.39)

¢=(C,+C, +C,)GR,R;+(C,+Cy;)R;—(C,+C, +C,,)R,,  (3.40)

d=G,R, (3.41)
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NaNN199 (3.37) azldmanudlunadiadoyoyioailu
d

o - |9 (3.42)
b

dnuiaulaluniadladyyinuanedaiiu
ab=cd (3.43)

UNUANNIN (3.39) uaz (3.41) adluauniad (3.42) azldmaunlunimndfindynyiniie

~ = 4 a
wmsmmmwmﬁuﬁu

= Ry (3.44)

(CZ +Czl +Cy2)|:(cl +C22 +Cz3)Gk Rleszx3 +(Czl +Cy3) szRx3j|

a)OSC

dnuaulaluniandiadyynuanedaiiu

(Cz +Czl +Cy2 )2 (Cl +sz +Cz3)(Czl +Cy3)|:(cl +sz +Cz3)Gk Rleszx3 +(Czl +Cy3) szRx3:| Rxl szRx3 =
|:(C2 +Czl +Cy2)Gk Rx2Rx3 +(Czl +Cy3)Rx3 _(Cz +Czl +Cy2)Rx2:|GK Rx3
(3.45)

|
1A

ANANNTITN (3.44) waz (3.45) wuqn 2sassamsiinuiladyoaddusRaulauazaanudlunig
o a o = ai a ' a va ?.//
Adadyyrmasinindouunldniunisimesaialuses cccll lunasd s

a -8 1 ¥ o = 1 o
NIHBDBT fF, o ﬂ’]ﬁ’ﬂm“ﬂLL@$®Q’1NW’]MW’WULLB~]\11MWQ CCCIl RgdHNARNDNITNINTUUDINAT
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UNN 4
NAN52]8

Waflunisiuduanssouzaesianuliady oy anasiiuualainsiaasinuanszuah
ANN9I0AILANNNINNNULAFATE N IMBLIaNNsatindT e dviAs iuazeanuuulluuma 3
Tuunilaznagaunimnanuredisasiqe ldsunsuing ldd (PSpice) waznnsAataasasandaniia

a [ dl N a dl 1 o A a o dy
afdsenanimmageuiunliftwezilflunimgudluuniiiiunn Aliseavidandsstelli

© vDD

21
Mi4 Mi$ MI6 MI7] wmis

Mi2 ?ME
Yo— Xo0— Lo 7+ >< o7,

MI10 Mll1

0 e e

O vss

M1

nd 4.1 Tassa¥nieluaas coCll AlElun1931809019911971
4.1 uamadnaasnsinnuaaslassinadiisdugiadaiuuunlaingiaas

°Luﬁﬁ@‘ﬁ%mmmumaﬁﬁwmmmwiﬁﬂLﬁmﬁmmﬁmmwﬁuuummmmafﬁw
Tdsunsuialud Lﬁ'@mfmzﬁ@umiﬁwmm@\mwiﬁié’%Lmﬁxﬁifﬂuquwﬁ RV ET
nsdanes PMOS uaz NMOS 74 lunnsanaasnisineuaesasasidldnisminesass TSMC
0.25um CMOS malulatl [25] %qqumﬁmemmmm%l,mimmmuL@ﬂmﬁummmmn
N aaseuiLasEng 1.5 laas Anadunulmaawintu 1 Teviu Taeldlasea¥rannelu
289 CCCll lun1nil 4.1 danAnaua WL 1eansuiamnesudadiuansnei 4.1 Tnaflaun

NaanTuTawes MR1 uaz MR2 Wuaasssuniuaidnnsaiing (R,)
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ANALLINUTU C=200pF, I,,=1,,=100A, WAL I, =60pA AINAFL NANITAIAAINIT

v
o

finsruuanslun i 4.2(n) Wunszugienimaluaniazsusi (nital state) daunng 4.2(2)
dunszuaesing |, bag |, an19zatjsa (Steady state) A¥WUINAEYTYIEUTIS 2

ailannaniy
90 a9A1 AaN FRATZT I luanns7 (3.24) daudilnminaesdy o muanafanIng 4.2(p) T
W41 AuD lunsnEAATY cyuYinaL 1.25MHz SAnAauiiaiauneaniuatindson (Total

harmonic distortion: THD) 117y 1.24%

[ﬂ’]?’]\?ﬁ 4.1 TNPTRININUTALIRT

Transistor W (um) L (um)
M1-M9 5 0.5
M10-M11 16 0.25
M12-M13 8 0.25
M14-M21 15 0.5
MR1-MR2 3.8 0.5

200

.|‘ \“‘ ! ‘w‘

Io (nA)

i ‘“ wl“: \ Hﬂ‘\w \‘\ ] \}u | M“ ‘ \l M “‘ Tt }‘

-200 10 éo §0 40 éo 60 io éo 90 100
Time (us)

(N) NITUALBFWANANI BN
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200

AINVINWIAWINWINVINY
NV RNVANVANVVAN VAN

-200
30 31 32 33 34 35
Time (pus)
(7) nIzLALRIFNA luan1IzaLfn
100w
\<_:/ fosczl.ZSMHZ
2 THD=1.24%
1.0p 7 N\\\M
10
"0 2 4 6 8 0 12 14 16 18 20
Frequency (MHz)

() dLlnmin
NNA 4.2 NaNI9IANAANNATN LAY IUIUNAIND 1.25MHzZ

Walfu C=100pF, I,,=1,,=100uA, WAy 1,=60pA ANNAIAU HANITANABINITNINIY
wanslunIng 4.2(n) Wlunszuaesing |y, ey |y, an1avatfnasnudndnannms 2 aziina
AN 90 a9An AR laniaseildluaunneh (3.24) dauailnainaeedy o nuanafanIng

4.2(1) FIwuan AN lunIEad I nnL 2.47MHz AAnAnudaiaunsasuaiing

FUNNNL 0.92%
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200
20.0 20.4 20.8 21.2 21.6 22.0
Time (us)
(N) NITLALRFANG)
100 : :
< fo=2.47MHz
= THD=0.92%
1 O“' o +
: F’/ ~ :
3 4 \
10ng) 2 4 6 8 0 2 4 6 8§ 20
Frequency (MHz)

(1) gvlnmsu
NNA 4.3 NANIIRNAANNAINUTARTYUIUNAIND 2.47MHzZ

Walfu C=50pF, I,,=1,,=100uA, WAL I,=60uA PINRIAL NANITANABINITNINIY
wanslunIng 4.4(n) lunszuaesing |y, ey |y, an1avatfnaynudndnannms 2 aziina
AN 90 a9An AR laniaseildluaunneh (3.24) dauailnainaeedy i nuanafanIng

4.4(1) Tewudn Al lad UL 4.84MHz - HANANuRaNaunanfuaiing

UYL 1.12%
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200

Io (nA)

AWIAWIAWIAWIAW
INVANVAVVAN VIV

200
5.0 5.2 5.4 5.6 5.8 6.0
Time (us)
(N) NIEUALBFNG
1.0m
< fs=4.84MHz
o \\ THD=1.12%
|
1.0u
‘—LM—'%'——O—-.__
10
"0 5 10 15 20 25 30 35 40

Frequency (MHz)
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Preface

The MIXDES 2011 International Conference "Mixed Design of Integrated Circuits and Systems” was the 18" in the
series of events held annually since 1994 in the most renowned places in Poland. This year we have met together
i Gliwice m Upper Silesian region.

The MIXDLES conference is one of the largest in Central Europe in the field, encompassing interdisciplinary research
in design, modelling. simulation, testing and manufacturing in various areas. such as micro- and nanoelectronics.
semiconductors, sensors, actuators, biomedical applications and power devices. All the submissions from 27 countries
were reviewed and evaluated by the members of the Programme Committee to put together a high quality technical
programme of 129 papers organised in oral and poster presentations.

In addition to the regular programme, three invited papers were presented:

e Design and Technology for High-Power Silicon Devices
Prof. Jan Vobecky (ABB Switzerland Ltd. Semiconductors, Switzerland and Faculty of Electrical
Engineering, Czech Technical University in Prague, Czech Republic)

*  NeoSilicon Based Nano-electromechanical Information Devices
Prof. Shunr Oda (Tokyo Institute of Technology, Japan)

e Technology Challenges in Silicon Devices Beyond the 16 nm Node
Prof. Mikael Ostling (School of Information and Communication Technology. Royal Institute of Technology.
Sweden)

The program of MIXDES 2011 also included four special sessions:

* Biomedical Engineering
organised by Prof. Ewa Pigtka (Silesian University of Technology, Poland)

e Compact Modelling for Diagnostics and Design of Nanoscaled Analog 1Cs
organised by Dr. Daniel Tomaszewski (Institute of Electron Technology, Poland)
and Dr. Wiadystaw Grabinski (GMC Suisse, Switzerland)

o VESTIC: New VLSI Technology, Devices and Circuits
organised by Prof. Wiestaw Kuzmicz (Warsaw University of Technology. Poland)

o xTCA for Instrumentation
organised by Dr. Dariusz Makowski (Technical University of Lodz, Poland)
and Dr. Stefan Simrock (ITER, France) in collaboration with the RFtech network of Work-Package 4
"AccNet" of the "European Coordination for Accelerator Research and Development" (EuCARD). EuCARD
is an Integrating Activity co-funded by the European Commission under the Framework Programme 7, grant
agreement no. 227579. The session has been partially sponsored by RFTech.

We would like to take this opportunity to thank the many individuals, especially the reviewers, who have worked hard
to make this meeting happen, and to welcome the new member of the Scientific Comnuttee Prof. Jerzy Rutkowski
from the Silesian University of Technology, Poland.

With the deepest sympathy we bid farewell to our great colleague Prof. Jean Louis Sanchez who deceased
unexpectedly on 15" of May 2011. He was the Director of LAAS-CNRS in Toulouse, France, and the long-term
member of the MIXDES Scientific Committee.
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Number of Accepted Papers and Authors by Country
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, Number of . Number of . Number of
Country papers | co-authors Comntry papers | co-authors Country papers | co-authors
Austria 3 8 Germany 4 14 Spain 2 3
Belarus 1 3 Greece 4 8 Sweden 3 12
Belgium 2 6 Ireland 0 1 Switzerland 5 12
Bulgaria 4 11 Japan 1 1 Thailand 2 5
Canada 0 1 Jordan 0 1 The Netherlands 1 7
China ) 7 Poland 68 139 Tunisia 0 1
Czech Republic 11 23 Portugal 6 15 Turkey 1 2
Estonia 2 8 Romania 1 4 UK 1 2
France 3 15 Singapore 0 4 USA 3 8
Total: 129 321

As it can be seen from the above statistics, the total number of authors and co-authors is 321. It should be underlined
that some papers are common for two or even three institutions involved in a joint project.

Number of Accepted Papers by Country

Belgium USA Austria

2%

France Sweden Gorma ny
2% 3% 3%

Bulgaria
39 _Greece

During the past years, the best papers chosen by the chairmen of all the sessions were printed by Kluwer Academic
Publishers. in a special issue of the Electron Technology Journal, Microelectronics Reliability Journal.
Analog Integrated Cireuits & Signal Processing Jowrnal, VLSI Design Journal. Journal of Microelectronics and
Computer Science and the best papers from Poland in the Elektronika Journal. This year we continue this practice.
Additionally, the authors of selected papers have received the Best Paper Award diplomas and the IEEE ED Poland
Chapler has given the best student paper award.

We would like to thank all the participants for an inspiring discussion during the sessions and we hope that the
conference will help to create and enhance links amongst the experts in different domains, and will help all the
participating universities m finding the optimal teaching program for the students involved in the design
of modern integrated circuits, devices, and microsystems.

Lodz, June 2011

Andrzej NAPIERALSKI
Department of Microelectronics and Computer Science
Technical University of Lodz, Poland
General Chairman of MIXDES 2011
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A New Resistor-less Current-mode Sinusoidal
Quadrature Oscillator Using CCClIs

Supayotin Na Songkla, Winai Jaikla
Department of Electronic Technology
Faculty of Industrial Technology
Suan Sunandha Rajabhat University
Bangkok, Thailand, 10300
n_songklai@hotmail.com, winai ja@hotmail.com

Abstract—A current-mode quadrature oscillator using second
generation current controlled current conveyors (CCClls) as
active element is given. The oscillator has high output impedance,
employs two grounded capacitors, one electronic resistor and has
electronic and independent contrel on escillation condition and
on oscillation frequency. The propesed circuit is suitable for
integrated circuit (1C) architecture. PSpice simulation result is
included to demonstrate the practicality of the oscillater circuit.

Index Terms— Ouadrature oscillator, CCCII, Current-mode.

1. INTRODUCTION

The quadrature oscillator, which provides 2 sine waves
with 90 degree phase difference. are important in electrical and
electronic applications, for example in telecommunications for
quadrature mixers and single-sideband generators or for
measurement purposes in vector generators or selective
voltmeters [1]. Recently, current-mode circuits have been
receiving considerable attention of due to their potential
advantages such as inherently wide bandwidth, higher slew-
rate, greater linearity, wider dynamic range, simple circuitry
and low power consumption [2]. The literature surveys show
that a lot of attention has thus been given to oscillators utilizing
the different high-performance active building blocks, such as,
Four-Terminal Floating Nullors (FTFN) [3-4], cument
conveyors [5], OTAs [6-7]. current follower [8-9], differencing
voltage current conveyor (DVCCs) [10], cumrent controlled
current differencing buffered amplifiers (CCCDBAs) [11],
current  controlled current  differencing  transconductance
amplifiers (CCCDTAs) [12-13] and fully-differential second-
generation current  conveyor (FDCCI) [14], have been
reported. Unfortunately, these reported circuits suffer from one
or more of following weaknesses:

e Excessive use of the passive elements, especially
external resistors [3-4, 5, 10].

e Lack of electronic adjustability [3-4, 5, 8-9, 10].
e Output impedances are not high [5, 8-14].

e Use of a floating capacitor, which is not convenient to
further fabricate in IC [10].

Bancha Sreewirote
Department of Electrical Engineering
Faculty of Engineering
Thonburi University
Bangkok, Thailand, 10160
sr_bancha(@hotmail.com

e The oscillation condition and oscillation frequency
cannot be independently controllable [6, 8-9].

The CCII is a reported active component, especially
suitable for a class of analog signal processing [15]. The fact
that the device can operate in both current and voltage-modes,
provides flexibility and enables a variety of circuit designs. In
addition, it can offer advantageous features such as high-slew
rate, higher speed, wide bandwidth and simple implementation
[15-16]. However, the CCII can not control the parasitic
resistance at X (Rx) port so when it 1s used in some circuits, it
must unavoidably require some external passive components,
especially the resistors. This makes it not appropriate for IC
implementation due to occupying more chip arca, high power
dissipation and without electronic controllability. On the other
hand, the introduced second-generation current-controlled
conveyor (CCCII) [17] has the advantage of electronic
adjustability over the CCII. Also, the use of dual-output current
conveyors is found to be useful in the derivation of current-
mode single input three output filters using a reduced number
of active components [ 18-19].

The authors in this paper propose a novel current-mode
quadrature oscillator using CCClIs that overcomes all the
aforementioned drawbacks. The proposed circuit provides the
following advantageous features:

® Availability of quadrature explicit-current-outputs
(ECOs) from high-output impedance terminals. The
ECOs can also be flown into external loads to give
quadrature voltage outputs. ECOs also facilitate
cascading with other current-mode circuits without
requiring the use of external current-followers.

e The proposed circuit employs only grounded
capacitors and which is advantageous from the point
of view of integrated circuit implementation as
grounded capacitor circuits can compensate for the
stray capacitances at their nodes.

¢ The circuit is governed by independent oscillation
conditions and oscillation frequencies tuning laws.
The tuning laws are completely decoupled and none
of the term appearing in the oscillation conditions is

212 Copyright @ 2011 by Department of Microelectronics & Computer Science, Technical University of Lodz
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present in the oscillation frequencies and vice versa.
This enables non-interactive dual-current control for
both the oscillation conditions and the oscillation
frequencies. Thus, the circuit can be used as
electronically-controlled variable frequency oscillator.

I1. THEORY AND PRINCIPLE

A. Basic Concept of CCCII

Since the proposed circuit is based on the CCCIL, a brief
review of CCCII is given in this section. The characteristics of

the ideal CCCII are represented by the following hybrid
matrix:

5,7 To o o]¥
Vel={1 R, of1,]. (1)
L | |0 1 o,

If the CCCTI is realized using CMOS technology. R, can be
respectively written as

R= ]—ll'f=3#.CM [K) =8uC, [1) . (2)
&, Ly B

Here k is the physical transconductance parameter of the MOS
transistor. Ig 1s the bias current used to control the intrinsic
resistance at x port. In general, CCCII can contain an arbitrary
number of z terminals; provide both directions of currents L.
As an example, the symbol and the equivalent circuit of the
CCCII with a pair of z+ and z- terminals are illustrated in Fig.
1(a) and (b), respectively. The internal construction of CMOS
CCCII is shown in Fig. 2.

IB
. A I !
Vyo—sly z, fete
;| ccor |
X, Z
Ve—w x z |

(a)

)

Figure 1. CCCII (a) Symbol (b) Equivalent circuit

B. Proposed Current-Mode Quadrature Oscillator

The proposed current-mode oscillator circuit is shown in
Fig. 3. It is seen that proposed circuit consists of 3 CCCII, 2
grounded capacitors and | electronic resistor (Ry) which is easy
Lo fabricate. The transresistance of the electronic resistor circuit
can be expressed as [20]

87
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where Vr denotes the threshold voltage.
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Figure 2. Schematic of the CMOS CCCll
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Figure 3. Proposed current-mode quadrature oscillator

Using routine circuit analysis, the characteristic equation
can be found as

SCCR R, +5C, (R, —R,)+1=0. ()

From Eq. (4), it can be seen that the proposed circuit can
produce oscillations if the condition of oscillation is fulfilled:

R <R,. (5)

If the above condition of oscillation is satisfied the circuit
produces oscillations with frequency of

Wy = SN (6)
. R,R,CC,
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From Eqgs. (5) and (6), if the parasitic resistance is
controlled by input bias current as shown in Eq. (2), it can be
seen that the condition of oscillation can be adjusted
independently from the frequency of oscillation by varying Ip;
and Ry while the frequency of oscillation can be adjusted by Ip,
and Igs. Thus both condition of oscillation and frequency of
oscillation have dual-current control for tuning. From circuit in
Fig. 3, the relationship between the explicit-current-outputs can
be found as

]()3 (S) = l (7)
I(Jl (‘ ) TR.‘1C] .
For sinusoidal steady state. Eq. (7) becomes
1,(jw,.) . ! e (®)
j’nl (ja)msa ) mmthZCE

It is evident from (8) that all the explicit-current-outputs are
shifted by 90° from each other and thus the oscillator can be
used as quadrature oscillator.

IT1. RESULTS OF COMPUTER SIMULATION

The working of the proposed circuit has been verified using
PSpice simulation program. The PMOS and NMOS transistors
have been simulated by respectively using the parameters of a
0.25um TSMC CMOS technology [21]. The aspect ratios of
PMOS and NMOS transistor are listed in Table 1. Fig. 2
depicts schematic descripion of the CCCII used in the
simulations. The circuit was biased with +1.25V supply
voltages, C=200pF, Iy =lg=100pA and lg;=60pA. Fig. 4 show
simulated quadrature output waveforms, I, and Ip, and

1.25MHz.

TABLE I. DIMENSIONS OF THE TRANSISTORS

Transistor W (um) L (um)
M1-M9 5 0.5
M10-M11 16 0.25
MI12-M13 8 025
M14-M21 15 0.5
MR 1-MR2 38 0.5

Ion Iep
AN/ ANV VAN AV

2y ] 23 2 24 25
Time (us)

Figure 4. Current outputs of the proposed oscillator

Fig. 5 shows the simulated output spectrum, where the total
harmonic distortion (THD) is about 1.243%. The quadrature

relationships between the generated waveforms have been
verified using Lissagous figure and shown in Fig. 6. The
quadrature phase error is less than 3%. The electronic tuning of
the oscillation frequency with the bias current I (In;=Ip2=Ig)
for different capacitor values (C;=C>=C) is shown in Fig. 7.

fosc MHz
THD=1.243%

= lola) 8
=

i s —
4 — 1 [ |
10m 3 3 10 12 14 16 18 J(
Frequency (MHz)
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Figure 7. Simulated oscillation frequency versus Ig for different capacitances
€

IV. CONCLUSSIONS

An  electronically  tunable  current-mode  quadrature

oscillator based on CCCIIs has been presented. The features of

the proposed circuit are that: oscillation frequency and
oscillation condition can be electronically/independently tuned:
the proposed oscillator consists of merely 3 CCCIlIs, |
electronic resistor and 2 grounded capacitors, non-interactive
dual-current control of both the condition of oscillation and
frequency of oscillation and availability of four quadrature
explicit-current-outputs from high-output impedance terminals.
PSpice simulation results agree well with the theoretical
anticipation.
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