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ABSTRACT

This thesis presents design method of five analogue voltage divider circuits where
cach circuit has been improved step by step. The first one is a basic analogue voltage
divider circuit which consists of current mirror circuits and MOS transistors biased in
nonsaturation region or triode region for synthesizing analogue division function. The
second, in which current mirror circuits were substituted by a second gencration current
conveyor circuit (CCII), is developed from the first circuit. With higher frequency
response, the third circuit replaces the voltage follower or buffer circuit from operational
amplifier buffer to CMOS buffer. Four-Quadrant Analogue Voltage Divider Circuit, the
fourth circuit composes of two Two-Quadrant Analogue Voltage Divider Circuits from the
third circuit and can be operated at all quadrants. The last one utilizes a common Y
second generation current conveyor circuit that can be implemented by a positive and
negative current conveyor while both Y ports are commonly used. Also included less
transistors. All circuits emphasize on design methods using MOSFETs (Metal Oxide
Semiconductor Field Effect Transistor) as main active elements. The CMOS-based circuits
give more advantage than bipolar-based circuits in that they require less silicon chip area
and more suitable for constructing in monolithic Integrated Circuit (IC).

From implementing the circuits with MC14007UB and PSpice simulation,
experimental results are given to verify the theoretical analysis. The results illustrate that

the circuits have wide bandwidth and good accuracy.
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2.1 uni

unadn (Metal Oxide Semiconductor Field Effect Transistor ED) MOSFET) w30
nsFmmesyiiaued  wipupansuTm@e; 939 q LdunnmAanofuyed 14t
Wannnnsunsad i luInednswdmaes (ipolar transistor) [11 luaunessy 1930
I&imdngunaasdinseadnitasdwiveunsalfigadeiudnouuoaninmislni  ud
hildaedunndanen Tﬁvﬁﬁmfiﬂunszmumsﬁ%’wmnﬁﬂzmnﬂmﬂuﬁuﬁﬁn?asaﬂ
ADUDIMUIUAVASAIANIY  (insulator-semiconductor  interface)  ttazviana ey
AszIuMsYRIRIUIzas A hidgunsalfadreusdintugiinfulieunsai
TFemeield aunseimsifasUYBINILIILMT silicon planar sazmaTuladadolmi
aunsanlunusesreszuinesn laduazdineulan  ldueaminausminnlduld
951 uesiiuiuwinanoludmoneassy 1970

vommmihmsnGaaesivoulaomavesnm i awsogruiathnlsenm
dn q nnnetuegiunusdilFlunsus wudunmmrdaveanmeAl§unni
Aszua szeanusauieidilugessiia Ae veaminylaveamaufunseuasiiadu (nchannel
MOSFET) dhmiwmdawesaldadnasoulumminssud  tazusamnsiaveimiadu
nIzuAwiiaf (p-channel MOSFET) fhunsmudaimeialdlaadhuwmelunminizur To
Sudnusiudameanudnnoirisfuesdy lRudadaglii 21 fuwoamsudaaed
mudnuuzmim ssannsauildaesdnra Ae  wimdmaesuuudusudwund
MU (Enhancement Mode Transistor) HaENI M@ mansunanasu nun (Depletion Mode

Transistor)
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AB V= VeV (ile Vi < v, nszudeslilvauns luiflusunmiaifadiu  enseinld
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urnnuanedu ldifumnom hindgalawd e suussduamzdasdidunnnh v,
A ar d' A. @
D V> Vg WIB (VerV) > Vo Sominefla useduiinniliemiousuynyaluuuem
Yy aw # = e q ¥m a o <o ;
uuaszdealfndfuyin Taeeihiifausunua Tasluvaeiingudmaesiuuazeglu
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¥ hisud  nssumesuy L sslidduduaumaiuvewsdu v, stnhiidududu
»
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SOURCE

P-Substrate
Accumulation layer = Depletion region
Ves << 0

(m

SOURCE
lo

P-Substrate
\
Inversion layer R Depletion region
Ves >Vt
Vos =0

(V)

SOURCE

\’fns P-Substrate

1
Ves > Vr
Vos = Vs -Vt

(7)
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SOURCE GATE DRAIN

A ke T

P-Substrate

Vos
> X
pinched off channel widened depletion region
Ves > Vi
Vos > Ves -Vr
(0

197 2.3 (o)

)
o At

unsifesveauseiu v, U8 neunssRafion V™ VNN Tunsdiiiusadu
fr'iﬂﬂﬂs'amusuuuaﬁﬂawé’mmuﬁﬁmmh Vs Vy FufuszialdRannzRusood
(Pinch off) naMAe  uruuneduiutemuAunszuaszveeen  BusnuSnadniay
ﬁaf’ftﬁmmn'ln'ﬁﬁum'lﬂﬁﬁwzmmﬁmﬁﬂﬁﬁmsﬁxﬁwmﬂs:qau ey
psunua fausermaRunzuaiasenIniy ueraamigUi 23 @) wovesiinazua
ung  (diffusion currenty WINFIUVBRWENlUGUATY  YeIMWAUATEUASTUARIGUENTRA
AIMAIUMIUGN uazadwiuThumdssonszuani (constant current source) NTTUMATU
Tunnsiisadimned whi Voo szﬁﬁuﬁuiuﬁmnuﬁm'lunﬂﬂmugﬂﬁ 2.3 (@) AN

» »
voansudmaes g miliSundt $1900f1 (saturation region W38 active region)

2.2.2 AENLIAMININM
friauifnshiuvemeansmFmass srfinsanldnnuuudinsidygnuving

‘lmy: (large-signal model) ﬂ1ﬂ§ﬂﬁ 24

D
(Y o_
! q
— —
G i;—(l‘—""-——: B Ve G ¥ I= g o B Ve
[ —_
Ve Vs Vio Vs
. +he
* s S
n) &)

21 2.4 wuudeeamsinuvswemvin (7)) NMOS () PMOS
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AUMSUTAMANINAURUSS THINNTTuEaAnaT A mSuusans LS ame SNy

Tutadhidudn naeeldmweannts (24) [

Tau

Ip= ﬂ[(VGS - V,)-(%J]Vm(l + AV ) (2.4)

K'Ww
ﬂ“T
K'=pC,

L, fis fInungesnifing (surface mobility) ysawins luseeana@uns sud
(cmzlvo]t.seconds)
] 1] é r z 4
C, =€ n,, fin vy Il denilaniaeiuf (capacitance per unit area) v84
o
nnesn 8 (Fiem)
W fin AundNLsEANSHauDLFULIUD (effective channel width)
L fin ANUETsZANTHAVBIBUIYA (effective channel length)

D channel length modulation parameter (volts'l)

Vy = Vro + 7201+ Ve —f205) @5
2q8 Nem?2

Vo =V (Vg =0)=V,y + 2/, | + iy qg"c sun | (2.6)

y= ____,29;-';%3 fio bulk threshold parameter (voltsm) (2.7)

kT (N, -
O = —ln[ L1 ] fID strong inversion surface potential (volts) (2.8)

q n,
V_,-.B = ¢GB - %ﬁ o flatband voltage (volts) (2.9)

Pep = @ (substrate) — ¢ (gate)

@ (substrate) = Hll{ ke
q

J dwmfunsdl NMos filigseuiiuf
Sis

- kT N g L] e +
#(gate) = —-—ll{ﬂu] dmSunsal NMos Afiinmiiu o polysilicon
* q

nl
Qs  fB finlszqeenlud (oxide charge)

K fiv A199N Boltzmann's = 1.381X107° JK = 8.62X10° eV/K
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T fio qungll (K)
n, AD AMUNUILUYOINIME YA intrinsic = 1.45X 10" cm™

- i ol 4
wipaunsveBENIUFAMAnT e litud annsafoulddngunitash (5]

I, =F(V,.V,)~F(Vs,Vy) (2.10)
Taof

4 &
FVy Ve)=2K(Vg -V, ~Vip — - Wy —K(Vy —V,)* —-EK;V(VX —~V, +dp)?

K=
ZL#Cm

Ioa

i \
// I ~ A
»  Increasing A\
\

2 Vas

»
0 Vos

1 25 naans R wduRuTTEuIN LV, mwanms 2.4) s A =0

»
auns (24) 18T (210) wunsoinmldugidn 9 dudum vy, de v,

= L1 + o A =1
v, iluguivieay  weansmdmaeiszeglusnfinesd  (cur offy  Furuuuased

WOANISUHVVIIA9S (open circuit) TRoiFoudiuanudunus ldiiu

1 =0 LV, —Vv. <0 @2.11)
NNANMT (2.4) WATA A = 0 sinndeuns i idnugd 25 dmium vy, @
» 5 [ » [
an q ggaveansMudaniduiiondt 1aduda (sarurate) Taomdn 9 vee v, ARadui
» »
MiSen3) AnAIDUAT (saturation voltage)
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Vo (sat)=V —V, (2.12)

Vos(sat)  thuifiuisveuiamaien Taosr v, eond v (say udaves

(-3 L) I‘; ar - A r
muFmanseinndusnliduia awrunis 2.4) uesiitoulvi

O<v,<(v,~Vv) (2.13)

A ] 3 1 ﬂ’d J Ve w . . v ¥
e Vo, BN Vosat) 933550031 $2900R7 (saturation region) ¥293inszite

ld’ o = oy LY o n’: o @
1, hivuiu v Sravudh bifinsaraves A duiuse idanuduiuimuauns @.14)

1, =§(VGS _Vr)2(1+’1Vm) 2y 0<Was —Vr)SVps (2.14)
by Ves = Ves-Vr  Saturation region
Linearregion | . _———

Increasing
Vas

o
>

Vos

U4 2.6 LEAINUANTATINIEDN (output characteristics) YBINBENI T AR

ngUil 2.6 uoesdinmaNANInINesn  (outpur characteristics)  UBANBEH
(=) A 3 H |
nindamed AlAVinauns 24), @11, @13) ser @14) Tasiduivlugli 26 N

Aandanaves A (A=0) drxudullszesiunisfissenraves A A0

2.2.3 CMOS [6]
£ L] T < : -
CMOS 6811910 Complementary MOS 1Humsa TuladnlSueanswuBtneinariia
Bunsuuuanaziusuige el uaauguseudeaty  wlinws cMos sradwld

onnit NMos udlidefifie  amsembiesnuuuasesidedniitsziniam Tuilegiv



15

cMOs  Nunumdnann luma Tulagessumuuned wazansn 19055 mE
91U (analog) UAIFAURY (digital) mAluTad CMOS ¥AuTnduntnsiads uaninesn
wuses Ity ls lunseenuuues Taeld cMos iy wazIkEnsalasess
Us2ynd (application) 91nmaTulad luTnard TudhumaTuladuvy cMos innune

507 27 Whilnssadnivy cMos uozeiunedenisadis PMOS 1taz NMOS 1u
uAugusouRtIT  Funadweisd NMos  mmsaadaeldlavnse PMos  szrdiiule

Tavdvaadntiodu (o well) Sunou Tashvomisaesdgauonaindulaoauuesnles

NMOS PMOS

Thick Si0z
(isolation

p-type body

31 2.7 Taseadnwes cMos

= = y
2.3 uomHNBHARNATY
nsuFmmesnuuAndsuriaduusuiun  TdnvaeTasadauasdudnuel taas
¥ v 4 ' = G‘
awgln 28 Tevdiuvessenazminszgnadniulaonsunsezaoumsfoyiiabu Fafl
r 1] é ol L ] 3 ar : [}
anumumingat I uudusd agusesvesmsiadnienied  ndsmiudiuves iy
vy 2 o m & 4 P a4 v 4 4
uunszgaEiNIuAITITItuaNIAF  Fuiluitmsteezaoumsordh 1y hailessha
o . ar & o o clv ] ar e o o
dnh dnvuzlaseadnduy q  vemsndmmesunuilszmilouiunuuiBusudunninn

Uszns



16

6ol

S
(1)

i 2.8 womnsnFmmeiiyAndfusiaduuinnnn ) Tnssadn @ dodnud

a { o » 1 o o
nindnyaslastadnluzii 28 () vanuvasiussiunniduguduasusadu
-y A g a4 a 4 o oo o v 14 P | =
FOMATR Vo A1 9 wile feslinseuamsuifia¥u  suifsudd luiusesduiitnn nszuad
] & b -: ' & v = o
o vaduusuuald  disssinusuuualdgnasniumneunds  Fenennsdliiy
o = 3/ L o A = & 4 o ° ¥ a
gmgnuninsutiuaes ussduiinnia 9 wilafemiionih Mifausuuua
nni ez nudnvewmunmezgnmiugudies v, mideudunsdiveudu
4 ' . & a i
gmudun et v, thinssilintnin TeensAddnaseudunazaufiu
> ¥ . dcg A o o o
wua wanibinmh i@ dedd v, duaud@naseussgordnsenninusuima
1 »
Whiiruuiauauas unzmsthinihases lunsieeasi v, duamfuSendr ms
o [] “ A P ﬂ .; = ¥ ) & - Y of o
anlusxanddulnee e v, duanindusufeimih  doihliaidnaseugandn
00N TUINUIUUUBIUNIA  (depleted)  tazusunuameTl)  vlinszua 1, fuiugud

wih v, idluguéia  Tasimdiueuves v, fimifunemewehhfuide swsa

o a A e o
AUAAISL (threshold voltage) VBANBUIHNUVUANATUSIRBUUBLIME

~
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NHOEYANGI MIveeNINDRIANIEA v
by Vos = Ves-Vr  Saturation region
Linearregion .  _ __ __—~———
4 ENHANCEMENT
__ Increasing MODE
Voas
Ves=0
Decreasing | DEPLETION
Vos MODE
v
'Vos

»
=1

zﬂ‘n 2.9 UHAMUANTA -V, vBwsmNIIUSAmOIHULANETUTAD UL

b
p-channel p-channel n-channel n-channel
enhancement depletion depletion enhancement
£
0 Vos

¥ o
UM 210 uaasnuaNlld 1V, vouodinianug

nngUn 29 lauaads faould 1.V, vswemmIMFaaeTuuLANGTUia
d 4 o = o fd s ’ = o
Bunie Fandrofunsdivesdusmadiud ondu v, fauthaudmiu NMos way
dhandmiy PMos wazamnsaiemdhuuudusisuun nuald  Tasmsli v,
=
fisuihiuan

4 - 2 2

A3 1,V gyl 2.10 dunsaglsounueni® 1V, Aemuavewommnia

AT RUduedIs Imauazanddulnus  unzsiladesmadunssuasiia

o N

BUHATHUAN

2.4 2393INYdVRIUBAINY
,

NITUUUR (small-signal equivalent circuit models) vyeauedvin Lﬂumsxmuqﬂﬂinf

A - - =y o
uerinAwnes i e i lunsTinseiransucusidongfnssuvesdyana

33367
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o oy ar o o o I Py

vumian  Tesnnssuenfumsiensidygavnalng FaRossudiudiunama'y
A54 (de quantities) F1lAna1 luud2Tuade 222

yomrniingAnssundu usakumURuUMGISITIANTUL (voltage-controlled current
source) Taithuns Iddage v, wazhldifianszu g v, flawdnuesu anmdmmu
P qy . . et 1 P ad o s ﬂ @ o
AN (input resistance) NN UM S lunngausdteiiidullueiud
anwAmMNinresn  @nuiumuiiveat llidawd ey Gdgedis Tums

Aoanedind q syavuAniiduiiueiud mugld 2.1 ()

(n) ()

7 211 wudeesdygurmnainveaeain () TuRnenHaYes A vty

FNBUAD (V) ANTaHared A TagiuanuA umuinuesn

foidovoanuudesdyauvnadnluzl 211 () Ao sslumse@nszua

v » o a vag - o & o 9 - ’ 3 3 ¥

wIusreg lugndudl uazhivuduussduasy  Fnnidefioanudedy wud
] » ¥

guauidvesusamnlusndudniuedy 9 udwWuegnn v, udnvaziFudumurunis

@1y Mlfusvdwedldudn il 2.0 @ Teoliddun ) udesgssnin

PR
WIdazEo Fla1lIzu

m (2.15)
ID

1K

r
o

vzl V, = YA Taoialud -, sglusa 10 B 1000 Alalery

] s - a 1e [ A w &

A1 r, PRsandedu dunsissenvemmsusmasiihoulusibud Fald
ANUANIMUANREBNTAN  UAIENIRBENINAUSSHINSDAUOZIASY)  YaIZT

¥ ] » (3
vaemsuSmasimiaulusnbiduimiu marudumuiinueeniianiiu (4

*

1 =6Vd, 1
g+ Ol ﬁ(Vcs—Vr‘Vm)

F=

i

(2.16)
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< o] ol [ P = o o o -3 1
zAnIamnNdmeindifygsnd i lumsinseddygunnadn fe M

ar <4 .
ﬂiWNﬂﬁuﬂﬂtlﬁu‘ﬁ B FaAMAAINVAUNS (2.17)

g, = 2.17)
i
Tunsdinueamsmdmaesialugdudy naguns 2.14) 118
2K 2K'W
=]+ AV )= 7 o (2.18)

v & a Y e
RNANMT (2.18) WuhAwes g, Fuduminiimevesdyanannadn Tusgiy

' ) & 4 @ ' pope
finszuenasy L Suilufeulumisicuvesdyonuvnalng  ueslunsdfives

windamesiieulusnlitud anounsi 24 uer @17 9218

gﬁi{gg—V 1+ ﬂVm)“KZV Vs (2.19)

uupiessdyguvnadni ldna gy dunvuiasdidalifinsumaves
FTUTD9 (body effect) %‘\uﬁﬁﬁmﬁagmsm'l1i'l¢’|'¢iaﬂ;jﬁnﬂmnﬁ'mmaff uaziiviie v, 3y
ueraaaisgalit 2.12

fynat v, wiildifanssuma gy, Tao g, dusmsussusnuaudigu

383 (body transconductance) [6]

Emb = (2.20)

I, [ve = constant
oV, v, = constant

nsdiveemsuFmaoinmlutududa snauns (2.14), 25), waz 27 1218

F

— =78, (2.21)
2(2|¢F|+VSB)

% gmbs gm
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Ui 212 wvdessdyguvinednveeamn psdifigusesidesgiuves

nstivoamsmFmaeihamlusnliduda enauns 4, (2.5), uaz (2.7) 9

By,
Gy = ———— (2:22)
202)p, |+ Ve )
q‘
2.5 HAABUFHBINWANUD
or 4 A ¥ a
vndeindy i ldndndnasauyanisuuuiaesdyaanna@nvewea
o -4 3 o A L]
on  wozluviadell  sylfiousfuuimasnesauyavewemin  Fldsmerdnam
(fiu1l52q (capacitances) ifissandas aingdl 2.13 (n) uemeisuvusiassdyauvim
ﬂi ar - or *
dnvosweanin FlAsaiduinlsyyinmtw e ¢, c, c,, C, uaz ¢, odnls
=3 q’ 1 9 » o g o o« 24 ¥ ar
pawNsTHAsuYNgnnnasFudonlunsinnzidasiio  udmuzeudmiuluns
Anszilaoldmsdmesmnium  Tael¥llsunsunonfianed uasluglf 2.3 (v 14
ﬂti £ roar & :!' o] T
uaarNITmanslinsomyoudeiugIuTes  Fenesn ldinnwazainlunisdnsiziun
aneslugd 213 () win udedielstamneeslugd 213 @ iuasesimnzanlums
=y 1 =1 ’ 1 = é L] i
Inswideilomnfign  Teefewariiniug ¢, SAndesnn 9 Feeziahiifaeesii
& . 4
Ansed lAdonniiu
’ o ¥ o - o o 3 <3 e r
Annupiahidnantduduy  Gfesmanugiinnses ¢, oinfuiifunum
o 3 G'P L d’ = o =, d =
dnghgaluvssainougioh  wosdluiugulunsiessdierfvsuniinnige
yusifnNg C, unz C, MuMANUUAY (parasitic capacitances) luguANEU

(depletion region) ITVINFMTOMVFOT HazgUsOINVIATUANIRY uaztinuilu [7)

s

*
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(7)

JU% 218 (n) uuudiassnIsauyaveweaniinTungs (V) WesauyadmSunIdiven

Aafugusee (A) Wesauyaangl (@) nsdi C, anisoun

Cyu = AL _ ; (2.23)
. 1+ Yo
¥

Lo
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= — 20 (2.24)

Ty
=4 roaag & o . .
n=2 nsdssodeRduiunuuiuiula (step junction)
n=3 nitlseudeRduiuluuneain (graded junction)
Cpo UBT Cyp Whuritm g Itfhingdl v, uaz vy, finufhugud anddy
v, fuusduiisesdefiduvaziiussdunoueniiugud ouiltin potential)

‘; [ b4 » .
A, uaz A, Huiuivesseauaziasy SWTINURR TN (sidewall)

My Ifhseniunmuasgses ¢, Wumanuy Ifturkvesesnlad
A i H r A’ - R ] o
(parasitic oxide capacitance) FUNAVUIEHINFUMIN VAT (TanenTe Inddanen) Au
gses TasmnnugIddh ¢, Tidwad 953 9 udaranuyIifludasiiadll sxanadan
wa InagansuunsTansunusudn  azesgnARISUURNIZNITIIBBURSRNIUYBIINT
Loy ot = Fy 4 ¥ o J s

uazpuiauAvesgUnsaiinudge  Taolfneuiauwed  mlseidldssiusgiunumn
vpwonlas uaziidegluig 004 83 005  ohlmhiademsw hinseuvessesssd
4 J .
oudIu

syl ¢ uas c, Manninmmiuseauasioniuesu awdsy lagh C

' o & Y & o q %1 > 3

dumnnugesnlesrenilanmieiusinaentumuia  ibimanwyhifhimuedh

1 T o & 1 ' ! Ll L]
Winmiisuidy c WL Fehiliflus Tasudesvasnisinuvesmenvn  wazifugduuy
s lsmulumsmuguidifansihldthiusme - sasiilussiveavnmianlusall

A' o ] ﬂ’ ’ [ 7 - » »
guda mnnuythilesuieeadiuaesdiuni 9 fusswinseauaziasy 1@
C_=C_=5CW (2.25)

vashvemmiminmugndud  usuuassvannuasuAeeniva 1w umIY

& . q¥ a a4y S < w &4 4 .
sohliussdumsuiinaifvadmissronunumanaslszyiiion dniudumninvesin C,,
I.l I3 * L] ﬂ. B i H A £y ¥ 3
Taoialdudaiidpduguilusunsinmudud  susiidadmduRannsnnugrhi
A 1 L o L] i ¥ Ll [
oonled isnmyndmvesnmdouiuiuundmveunsu Taod c, Uedlusydy

1 92 10 uTarsh
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. kel ]
Tunifiunam ¢, Tugrdud sderinnuminoudszpimua @, fisglu

usunua 9214

o, =2wic, (v —V,) (2.26)
AU
il X, =Zwic 27
= 3 - *
dly

-4 L o L T i = i A
wennnil fianuy C, dwsssdudmfifiasnaniugoen leduds 1iseen
4’ == 1 b1 o ar df d. 1
HunnedursunndeuUAURUIUNd YO0
Y @ = o o < - g
Ruaudan dgamlsenanily dmsumsinmiianutgesemmn e
= Ao | % r, %t = ¥
fluzeesven Ae arwdalidasvoiluniia (unity-gain frequency) £, laoitiows
ANuDfi s vsnssudvevoamnfieg lugluuu9es90as I (common  source
' £ < d °
configuration) ~ TiAufunilavarzfillanes  (shortcircuity AFUN 2.4  uaRAUVTIAD
Tovin-tn (mybrid-T) vewsammnludnuazeeasuseniduynuazieniymuwein  u
msmsanmsvsensziavuslanes  wwdsahnisteuumdsiuiianssua 1L Hiduwm

i -3 d
uaziienimnilanes uaziimsmnszieiieniym1d (6]

1, =gV, —sC.V (2.28)

£

ninvindndndu c, Sanfeonn  Traldnaigaiovesauns 228) Saudind

gud ndreeldeunistni fie

l=gV (2.29)

AR PETTR Y A S W

11 214 uganMmBaTIMsVrIenszudynzaees
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P 'S =
vl 215 awnsouans v, lunnivesnssuadunn | 18

1

Vo= L 2.30
e sng,+ngj 230

INAUNTT (2.29) UAL (2.30) 12 1Adaswmunseuauizaiees

Em

Ly
Lo _ (2.31)
i SIC et C ot i
hod ¥ A . H
Tao s = jo0 uavszldnnevesasivnonszualiidiunilefinaud

&7 = 8/(Cpu +Cya) 232

ar

¥ [} *
dguiuanuiisaswoedhumih £, =, 27 fi0

g
= 233
Ir 2HC,;, +C,, ) 1

asiwea £, wlsdumu g, tezilssniususnng e udvemoin e
g, Tuoums (2.18) sEwude £, azfuagjﬁ'mﬁmzuﬁmm 1, Geensoag$hnszua
wsuddmtunsinuseswemvinfinnutges milaeallves £ ssifeg luwelsyuna
100 winziBsnd MHz) dwmdumalulodium avu malulednszuunnda cMos
5 lupsew) uasiismonw q fAnzdnd GHz)  dwiumaluladanudige (high-speed

technologies) #ilmuUnT1 (vu maTuladnizuauniswdn cMOS 0.8 Tunsow)

2.6 HUUIIALIveINImHN
flhytuluneonuuunesnn  aunsaimseenuuuiasnwdwansoonuLL
A::lv ’ a - P | - é oy L A =t
TRTaondalsildviinseda  wSeviinsadvasesenaosanmisiiimesan q  riteannd]
TisumsuasuRumesithuivslumsesnuuy  aunsofiasansiuvesees 18 1ndife
o 3 ar * 4: o 3 'w [} » - 4
fasesilafunsad ety mbimsutwansesnuuuiafidd 118N sRErese &
E 3
Tibsupsuaiihudsgiu1dtimumdny  lugasmnssumssenuuunesdidnmseiing

dusdrann  solumslsendanauasdunulunssdaessn  Tsunsuidhiitonls -
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fuluilegiu lAun SPICE HSPICE [10] (l&Summuiivuedammsnanuuszunfia
= (Y] ) o 1 d} ] Yy
A3 UNIX) uaz PSPICE [11] (Honlgfuneuiumesdauyana PCy alysunsumenil
o o & o o . . [ =
185 ums NI Ing18s Berkeley Califonia Ussmaanigomsnn
A “5 L) =3 ar af yﬂl af 1o
woanduisiulugalndfssiuiuTsunsy sPice 185umsiannaiugiun
Tavanea uazldfinsuusAsisauuusiaes (MODEL) voweaminidusugliuy e
AIINABIAUBINITANINUATMITANTUTHONIENY  (effect) AN 9 YBINITTUIUNITTIN
A ] o 3 3
uoamn FaaunsaagUanuuananveus eI IRvDID TN [8,12)

a ° & a A ° B
TasnAuvudians LEVEL] #4148198309uu1$1209999  Shichman-Hodges [13]
oy J [ -3 o -3 L) L] A )

Taoldndinsaastiugulunsinnn  Wdmiunsdaonaseduain 9 Filideanns
¥ nﬂ' ld' ar 9 ar A:il:l. o oy =
mifessanmin S mivueaminilunuariuazinnesn lgany  luRnsanda
r ¥ [
WOANIIUYDMIFUUUGNAY (short channel  behavior)  unudiastvnsueamniinig
-1 v o 3 = o ) d’ |
Uszanninngufinn  sowlstmumsdssuaamsiinesdn 9 a0 LEVELL 1 five#
4 b4 o P T 4 azy ¥ [
ao  lgmanlunisdna  waztszininmvsunTesneudiuans liwn  lunissiassm
sz@NnTnIMUeen9snENNnI N 9
»
uuudI@eed LEVEL2 UAAANDIN LEVELI WIIBMSAMIBIAINIINGIIN0ITES
= a  a o P (] 7 or ¥ ¥ o e
mupunssuadNiMs  waves A) uasmslfournnznngashitudr lleglutbuda
¥ »
(141 Hselomicmsvuemmniinnurnysusmadu 19w miae s luns
o ; i =l a ¥
fmoanniy eonlsimudmindinesues LEVEL2 galdwua uuusiaedissdeclsd
namazslssinEn ey CPU (Ceatral Processing Unit) othauinlupisdming uasiies
aiadszauilynunganunms convergence ¥MI Newton-Raphson algorithm iag Tife s
o H £ g -9
famideuiviiotuiaiuldvesToulaoanime (depletion region) veswpanasiasuly
[ » -
gunsainiusmmaduuin 9 ravesaum Wi medud e Qaeral field effecty #ildip
mmnaa«mwaqmm U8T drain-induced barrier lowermg (DIBL) (azW1n13nsIseIHe
YBLULLATI Y (short channel effect) foeuiadanyimiu
wupdraee LEVEL3  Whinuudassdiildudledeuamsesn q #ldnandaly
d? 8 o [ Py L3 o
LEVEL2 Tasfugmudievadwadaiy LEVEL2 Tundvealaseadn wisilimesvateda
@ - a’r ¥ @ 1 - A
miloufunielndfsstuinn  uandesuf LEVEL3Z Wivusaesninisnaass  (semi-
. w0 vt & = a & o
empirical model) IfuvuSiaesBwsWBASVIMLTL  Wuwslwes 1) FildeSue
o . - &
DIBL -Uenaniiituud1ae channel length modulation 191w LEVEL! uay LEVEL2 4
a ° i a H a4 a o
W A esgnumuidisnuusoedfidudeuiudnios  dufordumnideed v uay
< s . .. (=] 4 » = =2
WMIWADSAINATBY  (semi-empirical parameter) BNAINIY  uasgatwIdRITRTINS

T ¥ ar A p ¥ oA o c:‘
aﬂawmmmmﬂamm'uammzmaﬂmu'lﬂﬁ'lmummﬂ1u1n uummaﬂu 1LEVEL3 U
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Mm99 2.1 ugaamslieeivesuuuiaoweamini19lulysunsy SPICE (8]

Symbol SPICE LEVEL Parameter name Default  Typical  Units
keyword value vahie

Vo VTO 1-3 Zero-bias threshold voltage 1.0 1.0 v

. KP 13 Transconductance parameter 2X10°  3x10° AV
v GAMMA 1-3 Body-cffoct parameter 00 0.35 v
20, PHI 1-3 Surface inversion potential 0.6 0.65 v
A LAMEDA 12 Channel-length modulation 0.0 0.02 v
1, TOX 13 Thin axide thickness X107 1x10” m
N, NSUB 13 Substrate doping 0.0 1x10" cm’
Ny, NSS 13 Surface state density 0.0 1%10" cm®
Ny NFS 23 Surface-fast state density 0.0 1X10" cm®
N, NEFF 2 Total channe] charge coefficient 1 5
x; XJ 23 Metallurgical junction depth 0.0 1x10* m
X, LD 13 Lateral diffusion 0.0  0.8x10° m
Ty TPG 1-3 Type of gate material 1 1
I, vo 13 Surface mobility 600 700 cm'f(V.s)
U, UCRIT o Critical electric field for mobility 1X10*  1X10' Viem
u, UEXP 2 Exponential cocfficient for mobility 0.0 0.1
U, UTRA 2 Transverse field coefficicnt 0.0 05
v, VMAX 23 Maxigrom drift velocity of carriers 0.0 sx10’ m/s
X, XQC 23 Coefficient of channe! charge share 0.0 0.4
o DELTA 23 Width cffect on threshold veltage 0.0 10
K KAPPA 3 Saturation field factor 0.2 L0
n ETA 3 Static feedback on threshold voltage 00 1.0
3] THETA 3 Mobility modulation 0.0 0.05 v
o, AF 1-3 Flicker-noise exponent 1.0 1.2
k. KF 1-3  Flicker-noisc coefficient 00  1xX10™
I, Is 13  Bulk junction saturation correat x10"  1x10™
I 18 1-3 Bulk junction saturation current per square meter 00 1x10®
W, FB 13 Bulk junction potential 0.80 0.75
C cJ 13 Zero-bias bulk capacitance per squars meter 00 2%10™ Ffm®
1/ 155 13 Bulk junction grading coefficient 0.5 0.5
C)_ cIsw 1-3 Zzro-bias perimeter capacitance per meter 0.0 1%10° Fim
M" MISW 1-3 Perimeter capacitance grading coefficient 0.33 0.33
FC FC 13 Forward-bjas depletion capacitance coefficient 05 05
£ CGBO 13 Gate-bulk overlap capacitance per meter 00 2%10™" F/m
Cono CGDO 13 Gate-drain overtap capacitance per meter 0.0 axio™ Ffm
Gy CGSo 13 Gate sousce overlap capacitance per meter 0.0 4x10™ F/m
% RD 1.3 Drain ohmic resistance 0.0 100 Q
T, RS 13 Source chmic resistance 0.0 10.0 Q
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o e 43 o o o o A ¥ o = = a
nsznuRPadutuseanuazilmeinnds  Meli kA 9 IndiRssnnussannd
qa  mseaniumnsoagd1ddh wwudoe LEVEL3 dhunmseeshazidoafiqe 14
s T o = o« =
rnawplsedninmesd CPU  1nfiga TaswisiiwesvoaseamnilyiuTysunsy

sPIcE a3 tuasedi 2.1

(7] d
2.7 maBaudeuiululnes
o 9 :f a -] =% ] » o o o
Tudadell ezldimanBoumoufnmuanansznin gulnsalveanswudmnes
ar A L ‘;I‘ Qr y
fuluTwarimsudmned Faidouananndaou uoasldnd
B Sustavmzlumsihinszua  Tesvemnaz 1Flumsihnssusifeasiiame
»
fin Tsa (role) Tu PMOS u3e Bidnnsou (electron) Tu NMOS dniuSaTon
A o of 2w o s cl’l =3 r's =, o 5 . &
fulssAugasmdniwiiald g Iwarinsusanss (unipolar transistor) &4
1 F= ) o = o A . o o
anvinnsdl o Inavimsudanes (ipolar transistor) ¢ 198 mmwmelunsth
= [l 1] L3 . . v A
nseneaesviia  iuilunszuaveanmedulng  (majority . carrier) Fuily
a o o = o =4
gidnasoudmiunsdl npn  uaziulea dmiunsdl prp  UBTRISHAVEINIME
] . P ar a I
AuNDY  (minority carrier) Fuiuleadmiv npn uasihid@naseudmiy
=
N3gl pnp
o & oo z
M Snvos Insadnusaodimn sUANNUSAVUIASNIABINT  (bilateral
4 ; =t
symmetry)  awlanednlusi 20 wrhilawesuuezseaiinou
mnnasfusnsaaduniuld lnofi lillnademsinmeemnsel ey
oy A ar ¥
TuTwavinsmdmens Fednvuzvelaseadelifnmuauuas Yateniesdm
Biimned (emitter) Timmnseadusudmeniduneadnaed1d mszseid
AaseuLA lunrsyieunlaouly
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- Yo LY P o ar ¢ & W °
nseanladmaunn  uazluilgtunemmsudanefiadiuginsaioisnedini
#ldsumutomnaige  lumsinnadadunessuvnelvgn - visy
Taoldma TuTotves cMos

B s weamsmdmaeinuTaoldussdu liniuguaszuafinween uas
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ANTWATUMIUBMAN (nput impedance) voIWBAMNIAMIN 9 HBINT
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madhnianissnnstivewedn  Milalses lunsgoideidannah
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3.1 unin
simmiudaldeTineds  ngufuazmsnenveaeamy  suudeedyau
] < o 4’ . adf 1 :f ij
vwialvguazi@in nmsseuauend qaa luunfies Idiemouiugmuvaiiuuiv
S s & ¥ (] [} 45 ay -y o  ar d’ &
dudinglunseonuuuuazeimenguaesdeean 9 AlFhdinninuiaiud &
Usgnaudie NesagBUNISUd NITAWANAT eSTEIOWIUNISUE  esilSouifounsa

¥ ¥
fu vsewneendIng uazhuimilezldhnsiimszimeaenniase o vsanesma]

¥
8.2 WVIANOUNISUY [2,4,6,15]

¥ Ly i 3 .
NSALROUNTZUA (Current Mirror) 1Tuvesuguiddynesuite fimisiill
Wiilunesdesluransan 9 e wu  hamdsiufianszuensfi (constant current

sy o da W oy = ¥ o P
source)  flamuiAveNsAsNounszuainzass imnszuainadhnhfunseiainm
DN uaziinnudnmmimathvesdyanaiesaudunuineeengy 283
asvsunszualfndnnaii  SusduinngenusiusansuFmasiiviiouiuasdaiie

miiu udnszuan e uusunua (pIsuMATY) ssvidudae

'

o Q) k

+ M1 M2 +
VDs1 :l I———'——I" s I: Vps2
Ves )

Vss
n; 9 cg =
31]1'1 3.1 UARYNITASNDUNTSUTNVUNUT IUSUABUUSULLD

¥

] & -
nngift 3.1 weAIRIsAsdeunssuFIUUAUgUYTRBUNITUIUG  (N-channel

current mirror)  laglumasinianszuandi L Wusssuafimadh uae 1 dunszuad
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nweenusonszuafignasiey  wemmswdmasd M1 Iim v =V,  fuiuued
nsmFawmed M1 awiRmlugioudl uazanudiueensmdames M2 s v >

¥ .
Ve Ve Anh duoamsniGmned M2 Malugndudy vnauns @14 el

L
o o

tasidIuveInssuaeMyNAsnTuaduNN Al

2
Zos =(L]WZIVGS—VT2J (I+/12Vm21#mcm2J 3.1
IRE" H/;Lz VGS —Vﬂ 1+21VDSI ﬂmcaxl

A =y Q” o ﬂ.’ 1 o o
issninuermsudmeeiniaedds Taviallvzgnadnasuunkunesswden q fu &

¥ v
nuysansFmADINAeIAIRRaunaiY A dines B Iaseade (physical
E »
parameters) YWHUA U V,, W, C_ <04 midunselndifvsdu aAniuauns G.0)
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Ansamadanvooussuiinesyn X deuissduiinesn v wusssufinedn

x) feaiilnua v, 9314
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Ansainue v, 92ld
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A\'C‘CII(S)="1"’£'= ('y"d+SCS)yid+A\nd(S)yod(gm5 +SC5)
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s 1dnsauyanugli 3.7

Aosuilvua v, e2ld

G’od "‘SCS)"I +(And(s)yod "SCS)Vx =0

Assuiiinua v, szld

(3.48)



sV +(gd5 +8ms +SC6)V2 - (ng +gds)", =0 (3.49)

X
)

Yy

Avd (S)y od vx

U 817 nuImuyadmiummduRiuaudinesn x

A Tnua v, w2lf

(yid +8us t Bpms +SC5)vx — BasV2 "(gms +SC5)"| o] (3.50)
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o d
8.6 29999H1a9NaINY
5= & s " A e ¥ A . o
NIBURBATINY  (Analog  Switch)  Hunesimhfiadoutiuaindluaaes
X ﬂ” - . H &
TastumsespuvuaindlunessaniutionFaineedetunnuosdn  SFemnsom
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] @ -y t:’ . A P ¢ n’r
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2 2
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B,
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Vo,Votvy > vy +Vy (4.6)

4.2.2 vmsilizneudimssmewunizuasiinay
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V= Py (4.10)
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Four-Quadrant CMOS Analog Divider

3 J. Parnklang, C. Arammongkonwichai, P, Kongtanasunthorn,
Electronics Research Center, Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang
Chalongkrung Road, Ladkrabang, Bangkok, 10520, Thailand
Phone (662)3267980, Fax (662)7390643, e-mail:kpjirawa@kmitl.ac.th

Abstract
The novel four-quadrant analog divider circuit

is presented. Essentially, it consists of two building
blocks of circuits, a basic analog divider circuit, and a
switching part. Analog divider circuit can be
implemented by a second-generation current conveyor
(CCII), which compose with two MOS transistors biased
in non-saturation region, a voltage buffer and a resistor.
The SPICE simulation results are given to verify the
theoretical analysis.

1. Introduction

The analog divider is useful in analog signal
processing. It can be adapted in analog computation,
fuzzy control, neural network, and robotics elc
[11,[2],[3]. Most of analog divider circuits can be made
form the analog multiplier by using it as the feedback
part of the operational amplifier [4],(5] or form the
operational transconductance amplifier (OTA) [6].
However, these circuits which consist of operational
amplifier, the finite gain bandwidth product of the
operation amplifier will limit the high frequency
operation and the accuracy of the divider.

The novel four-quadrant analog divider circuit
is present in the paper. It use the principle of second
generation current conveyor and the nonsaturation MOS
transistors to combine two circuits of two-quadrant
analog divider. The first circuit can be operated in the
first and the second quadrant which consists of negative
second generation current conveyer as the feedback
part, the others quadrant can be succeed by the second
circuit which consists of positive second generation
current. The switching technique is operated as the
selector switch to connect the suitable output signal.
This novel four-quadrant analog divider circuit has the
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Fig. 1 Circuit symbol of a second generation current
conveyor.

The characteristics can be described as
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The minus or plus sign of the I in (1) depend
on the direction of the current i, respected to the i,. That
is the plus sign show the same direction of the i, and i,.
This condition we can use the positive second
generation cusrent conveyor to operate the input signal.
And if the minus sign is shown, it mean that the
direction of i, is opposite to the i,, so this condition the
negative second generation current conveyor is used.

2.1 Two quadrant analog divider circuit with
second generation current conveyor
Principle of two quadrant analog divider circuit
with second generation current conveyor is shown in
Fig. 2. The MOS transistors M; and M, are biased in
the nonsaturation or triode region [8]. So the current of
the transistors is

high frequency response and accuracy, low power oo F(V ¥ )_ F(V 45 ) )
consumption. i B S $re
with

2. Circuit description F(r,.v,)=2ely, =¥, =V~ g, ¥, ~x{v —», 2—117

Basically of second generation current ( o) (o " )v ( ') 3
conveyor, as shown in Fig, 1, is three-terminal network - 2
[7} F (V. yl +¢l)z
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Fig. 2 (a) Proposed two quadrant divider circuit (b) Circuit symbeol,
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Where Ip is the drain current in the
nonsaturation region, w is the effective mobility, Ve is
the flat-band voltage, N, is the concentration of the
doping substrate, W and L are channel width and
length, respectively, C, is the gate oxide capacitance
per unit area, ¢y is the approximate surface potential in
swrong inversion layer and V; and Vg are the gate and
substrate voltages, respectively.

In case of negative second generation current
conveyor, the output voltage of the circuit is

b = ©

al
2y,

To keep the MOS transistors M, and M; in the
triode region, the following condition should be satisfied

Vo =V ¥y ¥V =¥, >V, 4)
with Vi is the threshold voltage of the M; and M.
In case of positive second generation current

conveyor, the output voltage of the circuit is

|

W 5
o2 2x(-vy) ©)
The bias condition of the M; and M, is
Vo =¥ Wy +¥y—k. >0 (6)

2.2 Four quadrant analog divider circuit
The combination of the two previous circuits
and the switching component is shown in Fig. 3,

cCil-

Fig. 3 Four-quadrant divider circuit.

We use two-quadrant divider circuit as the
different building block connected with analog switch
which controlled by V, that come from the output
voltage of the comparator. If V; is positive, output of the
four-quadrant divider circuit is switched to Vor, two~-
quadrant divider circuit which uses the negative second
generation current conveyor (CCIL-) is operated. If V, is
negative, output of four quadrant divider circuit js
switched to Vi, two quadrant divider circuit which uses
the positive second generation current conveyor (CCIT+)
is operated.

3. Experimenta] results

To verify the circuit concept, PSpice program is
used for all of simulations. The characteristic curve of
input and output voltage of four-quadrant analog divider
circuit is shown in Fig 4.
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Tise
Fig. 4 The input and output voltage of four~-quadrant
analog divider circuit.

The frequency response of the four-quadrant
analog divider circuit was measured in Fig. 5 and Fig.
6. Fig. 5 shows the frequency response of V), against V,
with V; (sawtooth signal) 2 Vpp. Its -3dB bandwidth
was about 16 MHz. Fig. 6 shows the frequency response
of V; against Vg with V, = 5 Vpc. The bandwidth was
about 12 MHz.
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Fig. 5 The gain response of four-quadrant analog
divider circuit V/V; with V; (sawtooth signal)
2 Vp.p.

To verify PSpice simulation result in Fig. 4, we
breadboard the circuit by using the MC14007UB dual
complementary pair plus inverter. The measurement
result of the implemented circuit with the same
condition of PSpice simulation is shown in Fig 7.
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Fig. 6 The gain response of four-quadrant analog
divider circuit Vo/Vy with V|, = 3 Vpe.

Fig. 7 The input and output veltage of the
implemented circuit

4, Conclusion

The new four-quadrant analog divider circuit
using CCII- and CCII+ have been proposed in this
paper, Simulation results are given to show the
feasibility of the proposed circuit. Frequency response
show that the proposed four-quadrant analog divider
circuit will be useful in high-frequency analog signal
data processing application,
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Abstract

This paper proposes two novel analogue divider
circuits. First circuit consists of current mirror circuits and
MOS transistors biased in non-saturation region or triode
region. Second circuit composes of negative second
generation current coaveyor CCII- and MOS transistors
biased in non-saturation region or triode region. From
constructing the circuits, experimental results cen be
delineated that second circuit which have lower quantity
component than the first circuit had better frequency response

than the other.
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Abstract

This paper praposes a navel CMOS Four-Quadrant
Anslogue Voltage Divider Circuit, The circuit consists of common Y
second generation current convevor circuit (CCIT) and MOS transistors
biased in non-sawuration regioa or triode region, The common Y
second geaeration current conveyor can be implemented by a positive
and negative second generation current conveyor while Bozh ports Y
are commoaly used. The PSpice simulation and experimental results

are given to verify the theorelical analysis.
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mnzﬂn 2 ursmm‘nmnmgmmunnuﬁmuaumun i, = Flv - Fv, Y] &)
SailsznouTudae NMOS 4 49 yasmnewunszusiianein ¥ fu L= Fv, W —F(v,_Y,) )
- * Lt §
1 7393 2993AILANAT (voltage follower) 2 2393 2ee7n3vwiiowsa v
&u (voltage comparator) 1 3493 sqpsnmAenmang  (analogee = =—R_+F (v, b, = FCO¥, (®
switch) 1 2993 wAmn 2 A Tﬁun NMOS mﬁmu*n’mﬁmu v 0
, i =—+Fv ¥ )=F(UY ) 7
nq'lunnn:'luuum ~ R 2t L k
winmrmeuenasueoiu1AfeE pIzUMATY i = F vy ¥, v )R F(ON +Y;) ®)
- s - 1 A -
umuaumm:mmmnqn"luvrﬂunﬂunnm rnnsouras 1A lno S F(v, ¥ vy FO¥, +v,) )
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o - . - - x w - ;A
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fu v, nardrdynra v, finuduny 2l uumummnun.da
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-
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v = (12)

f ZKR"I

mefiez1 NMOS M, M, M, un: M, Mnmagluvashiands oz

goaduldamidoulvdwa i

Vo—Fub vy =8 By v (13)
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3. MINANBUI0T (V)
. 3 - - 4
pisnansuees i i lao nisAoa1eseTsamgld 2 #al¥
v udmaninnloFiuad MCI4007UB (Dual Complementary U1 3 (n) Ay iorduymnaind 1 kHz v, iflugiffimeuving 2.5

Pair Plus Invener) uazlimndonaindiuai 4066 Tednfivuidfiou Tond v, illugtmumdunna 2 v,_ () daeaus i v,

it

133RU (voltage comparator) 1U8F LM311 nasATIAIUMINA) 10

Alalery Tumimaapsnfefidimuald v, = 5 Tand naz v, iy T

doanaplivAcuvinn 125 Tand mowd 1 Aladmd v, dly

o - - a~y - &
fyapagUmumounins 2 V,, aawd 1 Aladmd Fwans

naags WRunAsdagld 3
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nisvoarwaalugyl (n) vy, utasdagd (v) upxgui 4 Wlusanys
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- ] L -2 .
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