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ABSTRACT

A Single low-supply CMOS Analog Multiplier based up on ohmic region of MOS
Transistor is presented. This paper describes a method to force the drain-source voltage (V) of
MOS transistor to operate in ohmic region. The archived circuit can be used a single low-power
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supaineAnh IMisuRaanziugoov gnisundt ussiunsuFaduda (Saturation Drain

Source Voltage V., , ) W30 TunansdisfiGoniiud usaduiudoon (Pinch off Voltage: V,)
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& a Y =~ e, ' ¥ o
Tuvaziiiosan 189 urumaiviasennedndumisnlasduasy msmhauves
¥
o “ 1 lé =3
womnluanziitendwiuan e iudeonysa N-Channel JFET nanafie ilodianasoulu
upuuagnasvi Taoeuw Ifhoindemnmeduasu uazdiondamourunaiyn
- o ' P 1 " a "
wugoon auw IWihaigaganianasenulusuny q vesusnulasawmmzsznhalaoves
U tazduAsy sxAsiidianasoundnnlawnsuadninalasaninzdi b
v
auasu Aniunszuaasuing naldudvinavenszud srgadadiolSinuvesdiana
sou NignAsnsedadnuinanlasanmzdsnanuazornszinsu dnszumasugniia
L 5
A0AININATUN M52 ANTHA (Effective Resistance) YDINWUIUA ANTUITOITIAWIATU-FO T
4 & ar 2 & ' o & A 2 -
ALY NI UA 1, 9AUNNTUAIY (B619%¥za0M) nszialiedam V., , nTzumasuaziiaig

qAITUNT1 NIZUMATUDUAI (Saturation Drain Current) HazlouunudIn I, AazUii 2.7 9)
2.5.1.5 039 Vi >V, V>V, - (Saturation Region: ¥ n3zuadusi)

ipus Ui U aliANNAN IS WUBNAI nie V>V, Wliissduiianasoy
¥ I v ¥
Fueen leanuinulndlmed sy Tanfosniws wuidasy (v v, )<v, dniuluion
o ' ey = J = e 1 a o a J A ¥
Aana1e hilinruuaiiaiu Sandwiui yeRugeeriiaiu meulusngamaswd luma
Augared uazidumia X 1a q Adugaiudesd audeu lvvesaums (v v, (x)=V,

. ¥ . »
aalinfaounlas Anfudiousswumsuiimganda v, yaiudoovaziaowd T Inddw

o = s g ¥a a ] a o w & a v
¥oa 3311 2.7 9) Mlinavinadasammzsznhganugeeivduasu Faillszoznha
Y AL M1AN1501191 uoaniiiluwsiia Long Channel iaz AL << L #a1iun1me17v04
¥ 3 .
uruuadslivinaduasnndamisonn aszialsznaihiinnannumaiidy i deunlas
ar 5 ¥ = 1a v ] ar o & =]
AniuAnuAIUMUYRILYLIMA R, viian)szunmin@y ulihuswuiimsuez iaunuvun
o A 1 " = = o = v P ' = @

A azusRuanAsTaNs e adiganueovlizlimneaye Taolun/aouunlasiuusa
s A o § ﬁ. 5 ' 1 i
AUIASUBDE HAZIIOUIT IAUNATUFOINNIUGINT V. nszumasuazilszaina Idhiining

— " e & a o
N uaziinumves I, Fuilunszumasududd m'ldnnaums

V

_ U"D(Sa)
D(Saty — R s Vs>V

eff (n—ch)

I,=1 (23)

DS(Sat.)

=& - e v o a o = . . !
FawomungnnsadivihaulurinihinszuadudImse (Saturation Region) Na1IAo
nszuaesuziinined Taolunlaoumlasduusduinmsu

V,=VV,
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Saturation Region
Vas

‘r Ohmic Region

3N 2.8 Anudniusvesnszumasy wazussdufivuasuures

mwduiuivowsadu v, funszua 1 Tuvasiuseduiivinnasiinazueamin

° ' o a w = [ { ~] o e "
ialudninszuaduiaamrsodoulddagiii 2.8 Favzuannsmanuduiudsenig

nIzudATUMAZUIAUIRTUAYYee Tasnldousm v, Taofl v , < v, <V, < Vgq oo
mahaveweaviniudnsazvesmsldusediu i augulsinanis Inaves

a &
nIzu auMInTzImATUYo e aHNgnAatu Iav Sah , H. Shichman 11a D. Hodges [14],[15]

AT (2.4) nananuaniamaiauveaedyin

Taeh

G, T

W
I,= K’—L—(V. -V —%)VDS;VGS >V, (2.4)

K' = fim3mansusnuaus (Transconductance) iR fy 4,C,,,

= AANuAaoalea 3o 81anATOY (Surface Mobility of Carrier)

Coy = fhﬂ’amqﬁiﬂﬁuﬁmauﬂnaan"lmﬁ (Capacitance per unit area of the gate Oxide)
W = A28 LA (Channel width)

= ANYUIVDILYUIUA (Channel Length)

L
Vgs = UTIAUTTHINUYUAN AU soa
V, = usaﬁuﬁm‘%‘u (Threshold Voltage)
Vps = HIRUTTNINVUATU AV Fod

I = NITUAATU
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2.5.1.6 ﬂ‘iiﬁtl"luﬁliﬂﬂ‘lﬂ (Breakdown Region)

eannussiu ludailiunsooo fi-ou sznie msu-gusos iulusadoundy &
: AII ar q' = ; g < U & :‘d v ar ar
HUNBUTIAUTMATULANNAYULAZ TIVUDIAT 9 HiTINEonI 15ITUWRINAI0 (Breakdown
Voltage: V,) M lri3eudefan1sWana1ouuuenaus (Avalanche Breakdown) nIzUmMATUNDY
Ve 4 4 g ' Y o qw [T @
Tudmdudvamisiuediesiad uaz liaunsoaiugyld mlvueamnidhganiizmsns

& ] & H - o o
naw A1l 2.9 n) waz v) Fuilunsdiveawoaminiitinniu Tanzuas Inasaneumud gy

ID‘

- \/ps

() n3divesogiiounm

(v) nsdivoa Iwasaneu

" ] 4 .
i 29 innimawnszumasuveaweainezimuiuedesad e v, > v,
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2.5.2 aumsnszialuy e 4 veauaarvin

i . ¥
nnmiMauvesweamnasinanun luiadeinanumiu sanns ol wivesns
wnszuaveawamvnla 3 923 fie a9 lithinszum (Cut-off Region) Faninszua s us
' »
(Triode Region) 118253911 1NIZUADUAD (Saturation Region) Taoudnzaramsmhausziuegiu

A VeV, 1AZA1B3 V,
2.5.2.1 ¥29hihnszua (Cut-off Region)
0 v v, ihugudniedumay duseiiveanin livnan hifivo imaduvoa
nszuavzindamiiowdavitla Joh livemvin licunsobnszuaesu 1) 16 vommnazey

Tugaalihinszua (Cut-off Region) auaums

I,=0; Vg -V, <0 (2.5)
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2.5.2.2 ¥301inszuahidudh (Triode Region 130 Ohmic Region)

U [V - [Vl > 018z 0 <[V < [Vl - IV, ud2 ihusaaiius s Tudafivunnuas
vigpaiii s WGy V> v, nazussdussnhaiesusunsed v, disnfoond
VooV udomemvinzeglugasveansiinszuahidud) (Triode Region 139 Ohmic Region)

aunsamnszumasu (1) ldmuaums

VZ
I,= K'%[(VGS —V, W, -—ZﬂJ (2.6)

v " VZ
o o ar | =
dmivlunsdiinsduszninvuasunazaven v, finnfosinn meuves 295 Tu

aumsii 2.6 annsodanald nszumasy 1, siidnvuziudadu Taotuogivus wuszning
¥

VUATUUBLVIFBE V, N3t vommrnzlszngdAduaiioudadmmulasiimanuduniu

R,, TAamaums

R!qz%)-‘g—z W l (2.7)
b K'T(VG =¥

2.5.2.3 ¥23010521ad161 (Saturation Region)
A Vool - [Vl > 00z [V, > [V - [V,| ud ifhushsiius sduitvunnuazsivoad
AT UTAITY V> V, 1021598 UTZH I IR U %0 Vs AN M300m

M VeV, 182 woanazihnueg lusaninszuadud (Saturation Region) 8111501171
nszuaasu (1) Tdmuaums

D=

KW
?T(VGS —V)? (14 AV,) (2.8)

Taoh A4 = u‘rmumauiuagmiu (Channel Length Modulation) ; (V")
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2.6 ¥HAveINamNNn

woamnminialditu 2 wiiafie wiiaeuamduuivemvn wSeGundnedimiiah (&-
MOSFET) taz¥iinanaduyoanin n3edundnetiamitadn (D-MOSFET) Aaq1li 2.10 wazg1il
2.11 uarmanssard aveaweaminaiiney uaz 1 2 nuumudisy

nng17 2.10 vzifiuTaseadhs (D-MOSFET) vxadof (E-MOSFET) usvzumnea
funsafivessznireafunsUYes (D-MOSFET) nzﬁmsuws'fnsmuag’ﬁafu%’qﬁnmm'lna
nsznhamsuiuwed ioussduiinsuihuniledoufuven uagiiussusznhanmiy
goaifugud v , = 0 dio v Saufuaunszumasuszanasi v, inidhannnssumas e
iU daumsuves (E-MOSFET) v hifinszuanasenhansuduven iious auiin
suihiandledivuivsed uasussduiinnsvremiuguéide v, Suduanesinld
nszumasuIna uagile v, iduuamnniuesiaszumasu Inamuiy Aagulii 2.12

uanIns AU aIIAYe (E-MOSFET) tiaz (D-MOSFET)



25

Drain
Region

(M) ¥1A N - Channel

(V) ¥1a P - Channel

31 2.10 Tassadrevesueamnuyy D-MOSFET
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Oxide (Sio,)

(%) ¥UA P - Channel

U 2.11 Taseardeveswemmnuyy E-MOSFET
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Vs> Viess>Ves2>Ves1>Vr

(M) ¥HA E-MOSFET

I 4 Vies1>Vas2>Vass
Vese>Vess>Vass

VGss

Vass
Vas4
VGS =0
-Vess

Vgs2
‘VGS 1
P Vps

(V) ¥1A D-MOSFET

3N 2.2 nswlnnwdniussenina g, fu v,
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2.7 nuvdasavaanemn

o

2.7.1 spydnaesvesueaind miudyanavnadninnuam

P o @ ar 4 da = t;
1N 2.13 uamanuuiiaesveamemmindmiudyanuvinadniinuad (Low
Frequency Small Signal Equivalent Circuit Model) 9 31iilumsunusoaindaerans i o

a o ' w o
11’1'1umnmswﬁmwmn15ﬁﬂﬂﬂumﬂaﬁtymmnmmmﬁﬂ (Small Signal Analysis)

G o o > o D
+
Ver &oVes Yo
-C
S

§ o o ar ar d 1 l:: ;
30 2.3 iudaesveweamndmsudyanuvnadnitinnuad

woainitugunsaiifiguannidlumsnounsaduiion son (v,) Wilunssuaiin
¥ - o & = A 1 A w o
U WO (g,v,) ANUAUMUNYUNNLAZINN T 1UN199ANAA (Ideal) Do ilanTuoriua
¥ = a0 ) a d o v & o & A a o
(00) ANUAMUMUNVUATY (r,) UAIABUVNGI MBI NAdMYdndmTan 19 lunsins ey

o d A 4 o @ o
AYYIUVUIAAN AD AMTIUARDUARIAUS (g_) ansonm Taamaums

o, W
8 =y =K T (Vos =) (14 ) =

{ o ' o a o " o (Y] o 4 ]
nstiveamnhauluinhnszuadud mvsamsudneudauaud (g,) 9ehAwm

~ =
S

&n = k’"_(p;;s_l/;) =,2k'—1, (2.10)
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wwusaesdyaamnadni ldnauud ludredy duniaesiias i 185ms

- A = J A G’I‘ 1 ' L 4
N30109HAVBIZ U503 (Body Effect) Funntutilogiusoniulildroogunaemiiosnma

vosgwsenih I lauvudaesdygnavinadn dagili 2.14

{ e -0 D
+ S

I 7o GD Eons¥ e :
b

e o

i 2.14 moudraosvesweanindmivdyapannaidnigusesli 1ddesyiuvivena

- o d da J ' as o Ya
nnglit 2.14 dygravinadniiiatuszningwsesiunwen (v,) wildifem
VOINSTUAMATULAWNAY (g,v,) TAeiAIwea (g,) AoAmiudaosAnuAuEng NS (Body

Trans conductance) ¥83uamNN asont lamuaums

ol, W oV
= =—k'—(V..-V. )1+ AV, ) —— 2.11
Emb v, L( GS :)( * D.s)aVBS (2.11)

dmunsdivesuemninmaulusininssuasud ewson 1 damuauns

gmb =ﬂgm (2]2)

U i
22| ¢ |4V
J29€,64N,

C()X

¢F :Em{ﬂ‘i)
q n
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{ o o o 4 e 4 &
13 2.15 nanswuineweswemnadmivdygrauvinadniinnuge Fisow

o ' o o - |
wavasdunulszguda 18un C,, C,, C,, €, C, Funlsey C, e ¢, illuddaiivilsey

1951950868 (Junction Capacitance) 3¥M 19T IUTDINUBOAUALTIMTOIAVIATUA NN

ason ldamuaums

Lag

Taen

n=2 nsdiseoneil 19U Wuuuviuiiula (Step Junction)

' o o ”
n=3 ﬂiﬁﬁ DUADN DU Lﬂull‘l]'l]ﬁ'lﬁ (Graded Junction)

C,unz C,, Wiy Iihnsd ov,) uag (v,) Sauilugud amdisy

(2.13)

(2.14)

@ » A g = @ 4 cgp s .
v, s siuiiseoreil 18y vaziiussdumousniugud (Built-in Potential)

3 [} ¥ v
A uaz 4, Juiuiivespauanasy samdeiufid 191 (Side-wall)

V, w0z ¥, s sdussn iy iaeaiuguseauazvinsuiuguses

) BtV

L4

3 215 iupiaensssauyaveswemmnianudgs
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' o d 3 L - |
Adunulszy Iihsenhannuazgiuses () Wumdainlszy e
4 . - = é = J i 1: v = =
00N %A (Parasitic Oxide Capacitance) FUfnIUsznIIFUAIINIE AN (lanznie Tnd
Fanou) Auguses vaziveamnihauegluiiainszua hiduduazsininszuadui m
w o U { "o ' ] [
aunnlszy I ) sxfiiszinagud vaziveamin hihaunsooglusasines

aansammduiulszyTiih ) ansom I&awauns
Cyp = CoyWL+2C, L 2.15)

mdunulszy i (c,) Tuvagveamimineglugrnihinszua lidud sxiid

mnuansan ldamuaunis

1
Con=Cos = Cor¥L (2.16)

Tuvagivemmnihnueglusininszuadud Yoamuduvesnszuasziaunag
o o P=1 - 4 @ ¥ [ = P o Vo o o
usALUNVIATUITINoIaMIBoARYBIMuAUNsUAIaz sz YU T IR iy
Uszy(c,) ismmiumannulszqudsiioonlad suiannduvesnndeuiuiuiudnves
1A3U (Overlap Capacitance) Taof1 (C,,) ifn)szanaegluszay 1 i 10 mylavhia
' o o ' 1 ° A o
Avesdanulszyssninvinnuaznged () lusrahnszuadud aunsom’ld

ATUTUNTI

20, 2
=—=— WL (2.17)
S (024
® v, 3

awva ) o o LY o o - a '@
Tumaljiasmdunulssyc,) fidossmdamavesdufiuilszy i fifanndwin

o o A df P i — @ @ w1 - [
innlszyoonladuds ifesnniuiivesdnunmidowiudusuduveuas @iy (C,)

]
=

aanldnanuiuda

€

AuauiAndddnlszmsnita f‘im§'1ﬂumsv‘imuﬁdmmmﬁqwamamﬂfnﬁ
wailuaesves fie andndisasimsvonodunile (Unity Gain Frequency: f;) Tagiiony
a'ni‘lummﬁﬁé’mwuwwwamﬂwﬁﬁaag}‘lugﬂnmwm'msﬂaunaucma(Connnon Source
Configuration) ¥z 112393 (Short Circuit) TiAuTuniladsgii 2.16 nansuusranslausa-In

£
(Hybrid-77) voaweamnludnumzasineuueused wiousisnszuaduwn (i ) uaznszua
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s . ar 4 v ] T o oa
IMNN(i,) 1um‘smamﬂmwuwnszummzﬁﬁmwmg wassimstlouunadsiuiianszua

% N 4 d .
oumn (i) M deezldnszuaiivieen (i) munsomt ldawauns
L =8V —sC v, (2.18)

vinfindranudaludiedu ) innioinn dlinnigaoluaumsii 2.18 fdudh Indgud

w2 ldaumsvesnszuanvioonlvuiin uviisy

T8y (2.19)

30 2.16 mImdasimsvonszuavaznaaees

13l 2.16 uana (v) Tumnivesnszuawudh (i ) annson 18mwauns

i:
ng = m (220)

MNANMIN 2.19 1AL 2.20 MITAMIBATIVLINI vz Tal99s 185y

i
L 1S _ 8w (2.21)
i, s(Cp+Cpy)
P dad e Vo o & )
INAUNITN 2.21 mmm'ﬁm’;mmmmﬁlnsmwuwnizuﬁnmﬁ‘luﬂm 195?]14
o, = —=n (2.22)

(ng +C,,)
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VINTUMSA 222 annsomisinnud £ di

1
fi=—a=—7rfn__ (2.23)

277 27(C,+C,)
il = -;’—;

¥

uennniide 1dinms 14 TUsunsuduSagihimsTinsed uaz@ounuumsiauveas
3914 9 M081an 31992119 T1)51AT3 Spice (Simulation Program with Integrated Circuit

. A 4 kY ﬂ P a a Y w a Y
Emphasis)  1TuTusunsumitadagnldmnuaziduiivouiy gnanduiannninuminndy
Berkley California USA TuTasunsu Spice 1Anisgaunusians (Mode) msvamveoaueasm

o ar A o ar

noamilu 3 JUuvufio nuu$1aeasERUNILA (level 1 Model) iU 100352/ Ua04 (level 2

Model) HUVDADITZAVA Y (level 3 Model)
2.7.3 HUUS10095AUNHA (Level 1 Model)

: .. dsay = ; z .

iWhunuudraeauuiug MFSBaiuaumsan 9 uuuiug v mmzdmsums
o -: q'.v 4:; 'y - d = ' - Yy 9 o
Annunug i Ui lidesnmsnszimanuAanain (Eror) e 9 Faddoanssiumns

v -~ "9 - =y o d’d 4 P v ¥ &
VIV 9 nieuuy hidesvsananudawaiauuusiassiinmoweiios 1914 ¥

¥ '

ansalddmiumshauveweammuuuiugu Anmeveuusumannn 10
Tunsou TauldTumaAaves H. Shichman and D. Hodges ¥aniauaqumsiiaylidaTumaves

C.T. Sah A7t
2.7.4 1UUDIDBITZAVTD4 (level 2 Model)

fhunuuirneaiiaiann (Level 1) o 2 dau fie Fimsdnummansznumennwen
UWUIUA (Effective Channel Length: A ) uaz ludiuveamsnlaouinlas (Transition) 611n13
Mamsznigdudnazhisud Woamsdnnumsnliounlas (Transition) N3
T esud ez hidudunn ninoia SEdnnunisalouasznhesesdevessag
ﬂ"l'iﬁ‘lﬂizuﬁéllﬁ"; (Saturation Region) uﬂz‘ﬁ'ﬂﬂ'liﬁ]ﬂizuﬁ‘ﬁéllﬁ") (Non-Saturation Region)

¥ v
Tuuiaesszdvaesiidalils: Tomimednnlsz@ninmianiuas mivayunsld
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i & o o fe1
qUnsainfiusumauny (Shot Channel) 1dasansalddmsvmsimamveswemmniiinny

L é = '
mwmuwmaﬁ’aunn 10 'luﬂsau ¥2138N0721 Shot Channel effect
275 nuuUdIaeTzAumY (level 3 Model)

Whunvusiasafineumaudnsvinms dunada T o (Semi-Empirical Model) Tat
Fanlsana 4 fidudun (einnuduius lidanuidwamnnguanianmamenmues
voamsmFaaes) imlisz@ninmatu huwvinessdumuiisiansoaanalums
Auamumsnounnlas (Transition) trumsausznietamsinszuasudaz g3
nsualiiduiadndau

mis@enviavoauinesdmivlFumsiaeansianvenseniulaoia il
deaiiladaguenniama sz s zgnd1dau dedary nuuinealusedumil
mnganlums 1$5insziaugm Taodooniuy Tina'ldligndonin Tasmmzadisbeiy
wommiitviadnms 1 Tumaszavil Tisamavessingmssinifasususemvimuain

uazraveaminszua ludiunmnuswudasy

2.8 unajy

Gﬂy 4 ' = 23' = s ' a
Tuuniildnante wugw vagsniudnuzvesemmnodiawedavy nazms

o ] 1 @ ¥ ¥ o ' i = -5 ¥ = A
e ludmae 4 shldnswldhmsimaudmaa q idavuldedsls uaziiaumsiine
4 A v ° " - g & de
VO INDFIWMIAIUNIAN 9 Nsznoviuninueavin Fweaniniduginsaidiaanie
= a & a ja 2 - |
ndrianilsannsanugulimuveanszumasulddoany I inatusnus i

' - v A A 4 s e a o
o annsauismustiavewedmin Iditu 2 ¥iia Ao Buamduuiveamn uaz Ands

' = ' é ar = e ar
uveamn Tavudazstauiseonilu PMOS taz NMOS dims ludaasiidnymzaseiudiy
deRnsanaumsnszuaasuvoweavnuiuiiy Humsihaiuegiumswes v v, i
flowidhidunnldiuueauin TavszdesiinunniussdumsaTead (v,) Ssezaunsoniugy
> ¥

nszuadnn I8 ussiumsyTaad 1 aansanfaounladlddonsdusznianyoaiog
793(Substrate) oz Tuaugamovesunii ldnantagiuusaaModel) voams 14 Tisunsuy
@UULUUMINNU PSpice Tu Model A3 q il 14iuag Tuilegiiu ionsSinszvasesaiii

ponuuuuniuNImsiantiuedels uasiilszaninmunmi'ls
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o ¢ 4
N39BNUVLI D INUAYANIMOUIARN 4 AIDAUAUN NFUKA

aelléh

H d’ " a -1
Tuunn 3 w:nanﬁamsnanuumas)smsaammmwsqmﬁfgtymamaﬂn 4 700
uaun nlFumnaane’ g Taosunmsiaus nanns Yo AU =TS 38U NIUFAADT
] o w v a S A ° ' o A ¢ @ ¥
gmitou msvafu linswgmaesgmilowinanuluralevin vazdodinmlsenoudues1d
ar a a ¥ 1 s o
hnwinsuaneudnmes uazmudualseneudis ) w'!ﬁ'lflu’msﬂmﬁtyty'lmaumaﬂ

o dq ¥ L ; P o
4 ADALIAUN 1‘11‘]‘!111?1491011"917“13““'#“0

3.1 HANNTVRIDTIADUIZAVUSINY

» ] .
2stiiums 1 PMOS nazumdsionszue Az 1 nawFmaesihaulurdy

#1 (saturation) NITUMATU (drain) A5 0051101ARIAUMIN 1 Hazs @O IMToU AR

'ﬂllﬂ'l?'?; 2
I, = kp(VB =~V —"VTPI)Z (3.1
Taui
HpCox (W
k, =—"| — 3.2
r 2 ( L ) B:2)

Ve =V, +IVTF| £ \/g (3.3)
kp

3N 3.1 naavsideus AL Iy



36

ar d

3.2 nanmiveastmimesteunaunuvvmu
I v
2s51mesToundunuuvunulil m1ngui 2 sziuinesiivsznoudiounasiie
[ s @ = A o o W

NITUE 2 UHAIDIY LAZNS WF AT 3 @1 NIwTmass M, 1iNeswusswurealidiniues

a o L Y o a o v A o
nIFMAes M, Mmenonszumdinlnua v, uaz nsugmaes M, 1ot iwnszumoniym

A = : o v a o o u’a o =1 ar ¥
Y92993 FINsMFMA0TNMuaRIU uBuA? dnfuus e niymmunsowou 1ddsi

I
Vo=V, - fk—' Vi (3.4)
N

nszuae Wiy 1, Tauiifiy 1-1, 718910 1aAM3 Current Mirror N3 MFmADS M3 061
o @ : i &
Tsnmunszua'luned (Bias) 1, 15182 138 10mdnms Symmetry Differential in51¢ 1, 1unai 44

a s Vo : q’y - [y
NI uFmaein IFnundesdmiideaniounuyniszms

UM 3.2 2909s1iWmes tloundunuuvuiu

#9150129959103100 2 sziuTwmaaionszue 1, AenszumAIuved M, uaz I, i
@ - " - - o = a
NITUATINVDIINDT UTIAUBUNN (V) N0ding (Gate) vOINTWTAADT M, dIAALT I
0 (source) HAzAIMINT Inaauden Tnua v, Andslinszumniioeciafiovans aniu M,
° v A
uay L vinunldwedionszua
P O ] i oo a & o a
23 erueil L1819 1, msrzhawnsaumuiidaTesdiinns wdmansa v Iiisaiiiuag
» ¥y 9 [l " *
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. b
M3 TUsnuNINUY PSpice INBNARBUMTINUYDI2995 nunsnnit 1A Tao1d code dane T1lii

The CMOS Sigle Low-Power Supply Multiplier

VDD 10DC 1.5

Vx 100 0 dc .4

Vy 2000 ac .8

EVx+501000.5

EVx- 14 01000-.5

EVy+ 1802000 .5
EVy-2302000-5

RL190 10K

RL2 10 0 10K

M1A 054 4 PMOS1 W=1U L=1U
M1B 0 14 13 13 PMOS1 W=1U L=1U
M2A 4 151 1 PMOS1 W=20U L=1U
M2B 13 15 1 1 PMOS1 W=20U L=1U
M3A 8 4 0 0 NMOS1 W=1U L=1U
M3B 12 13 0 0 NMOS1 W=1U L=1U
M4A 7 6 8 8 NMOS1 W=1U L=1U
M4B 11 6 12 12 NMOS1 W=1U L=1U
M5A 7 16 1 1 PMOS1 W=10U L=1U
M5B 11 16 1 1 PMOS1 W=10U L=1U
M6A 8 7 1 1 PMOS1 W=30U L=1U
M6B 12 11 1 1 PMOS1 W=30U L=1U
M7A 97 11PMOS1 W=20U L=1U
M7B 10 11 1 1 PMOS1 W=20U L=1U
M8 6 17 1 1 PMOS1 W=20U L=1U
M9 0 18 6 6 PMOS1 W=1U L=1U
M10A 20 4 0 0 NMOS1 W=1u L=1u
M10B 24 13 0 0 NMOS1 W=1u L=1u

M11A 21 22 20 20 NMOS1 W=1u L=1u



M11B 25 22 24 24 NMOS1 W=1u L=1u
M12A 21 16 1 1 PMOS1 W=10U L=1U
M12B 25 16 1 1 PMOS1 W=10U L=1U
M13A 20 21 1 1 PMOS1 W=30U L=1U
M13B 24 25 1 1 PMOS1 W=30U L=1U
M14A 10 21 1 1 PMOS1 W=20U L=1U
M14B 9 25 1 1 PMOS1 W=20U L=1U
M15 22 17 1 1 PMOS1 W=20U L=1U
M16 0 23 22 22 PMOS1 W=1U L=1U

MinA 1515 1 1 PMOS1 W=20U L=1U

MinB 16 16 1 1 PMOS1 W=10U L=1U

MinC 17 17 1 1 PMOS1 W=20U L=1U

11150 8.5u

1216 0 5.5u

13170 3u

AR AR AR AR RRA() D SRR R AR AR AR AR AR AR Ak
*LOT: T14Y MOSIS WAF: 03

* DIE: N_Area_Fring DEV: N3740/10

*Temp= 27

.MODEL NMOS1 NMOS ( LEVEL =3

+TOX =5.7E-9 NSUB =1E17 GAMMA =0.4317311
+PHI =07 VIO =0.4238252 DELTA =0

+UO =4256466519 ETA =0 THETA = 0.1754054

+KP =20501048E-4 VMAX =8.287851E4 KAPPA =0.1686779
+RSH =4.062439E-3 NFS =1E12 TPG =1

+XJ =3E-7 LD =3.162278E-11 WD = 1.232881E-8
+CGDO =6.2E-10 CGSO =6.2E-10 CGBO =1E-10

+CJ =181211E-3 PB =05 MJ  =0.3282553

+ CJSW =5.341337E-10 MJISW =0.5 )

.MODEL PMOS1 PMOS ( LEVEL =3

50
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+TOX =5.7E-9 NSUB =1E17 GAMMA = 0.6348369
+PHI =0.7 VIO =-0.5536085 DELTA =0

+UO =250 ETA =0 THETA =0.1573195

+KP  =5.194153E-5 VMAX =2.295325E5 KAPPA =0.7448494
+RSH =30.0776952 NFS =1E12 PG =-1

+XJ =2E-7 LD =9.968346E-13 WD =5.475113E-9
+ CGDO =6.66E-10 CGSO =6.66E-10 CGBO =1E-10
+CJ =1.893569E-3 PB =0.9906013 MJ =0.4664287
+ CJSW = 3.625544E-10 MJSW =05 )

AEHE XA AR RS AR AR R RS ARH() D | AR AR AR AR AR AR R AR R AR AR SRR AR AR RS
*.FOUR 1Meg V(9,10)

*.tran .01u 1u 0 10n

.ac dec 10 100 1000MEG

*DCVx-4.4.01Vy-4.4.1

.PROBE

.END
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Abstract— A single low-supply CMOS Anslog Multiplier
based upon ohmic region of MOS transistors is presented.
This paper describes a method te force the drain-source
voltage (Vps) of MOS transisters to operate in ohmic region.
The achieved circuit can be used a single low-power supply.
The complete circuit contains 20 transistors and 8 current
sources using a low-power supply +1.5 volts. This circuit has

high performance with very high-linearity and low-distortion.
The achieved input dynamic range operation is £+400mV, the
linearity error is smaller than 0.1% =and total harmonic
distortion is smaller than 0.25% for input range 800mVp-p.
Keyword— CMOS Analog Circuit, Analog Multiplier, Low-

Supply

I. INTRODUCTION

The analog multiplier cells have been rapidly proposed
in recent years [5-9]. The several methods are used for
implemented. This paper presents a new approach for
implement an analog multiplier. This proposed technique
is based on ohmic region of MOS transconductance circuit
that under forcing of drain-source voltage. The particular
sub-circuits are used in this approach for achieving the
complete circuit such as: voltage-level shifter, shunt-
feedback buffer and ohmic transconductance element. A
single low-power supply can be use for +1.5V with linear
range operation within £400mV.

I1. PRINCIPLES

A Voliage-Level Shifter Circuit

This circuit employs a PMOS and a current source as
shown in Fig.l. The transistor is operated in saturation
region can be described the drain current as shown in Eq.
(1). The output voltage can be written as Eq. (2)

Iy = kP(VB -V ‘1Vr.°|}2 M

0-7803-9538-7/05/$20.00©2005 1EEE

HpCoy (W
Where kj =—"2‘ur (TJ

Vy =V, +|Vpp| + 22 @
kp

Fig 1 Voltage-Level Shifter Circuit

B. Shunt-Feedback Buffer Circuit

Fig. 2 The Shuat-Feedback Buffer Circuit

Fig. 2 shows shunt-feedback buffer circuit [1]. It
contains the 2 current sources and 3 transistors. The
transistor M is using for supply its source voltage, M,
using for supply current at node ¥, and M; is done for
output current. All transistors are operated in saturation
region. So, the voltage output can be written as follows :



Vo=V~ L =V (3)
!J ky

The output current [, equals I/, obtaining from
current mirror M;. However, the bias I; can be cancelled
by symmetry differential scheme because I, is constant,
while the transistors of both sides must be identical.
Consider circuit Fig.2, current source /; is the drain current
of M; and I, is the total current source of circuit. While
input voltage (¥¢) is applied in gate of M, source voltage
is appearred. The enough current should be supplied in
case of load connected at node V,. Thus, M, and I, are
employed to supply current. This proposed circuit does not
use I; because it can replace by ohmic transistor that cause
main transconductance elements, so the ¥, must be set to
lowest since V, complied to Vps in order to operated
transistor in ohmic region that must be within 2 condition
of Vps < (Vs = V7).

111. Low-SUPPLY OHMIC TRANSCONDUCTANCE

The principle of MOS pairs transistor in Fig. are
identical operation in ohmic region and perfect matched
that can be written as follows:

14
1p ﬂncax[LIVo.n Vi ‘—;L]me 4)

V,

__’._

W
Ipy = l‘ncax Vos: —Viw ®)

’DJ Im
""ynl‘ ‘A’P’”" J‘
M ym
Vs

Fig. 3 Ohmic memdum Element

This paper is based on forcing the drain-source voltage
technique for ohmic transistor to be operated in ohmic
region. Consider Eq. (4) and (5), if the source voltage is
grounded (¥ = 0) and input gate voltage must be always
more than Vv under condition (V. -¥,,)>¥,, that
applied from output of voltage level-shifter circuit. The
drain voltage is forced to be ohmic region and also
controlled its transconductance. Suppose that, if we set
Vos:=Vps2=Vps, gate-source voltage M, is

Fim =%+|an+ ’%_ and likewise, the gate-source
P

243
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voltage M, equals to Vm=—~‘+|V |+JT then the
P
differential current of Fig.3 is realized to

Fcax( ] Vs (6)

Consider Eq. (6), the transconductance is controlled by
its drain voltage V. Regarding to principles above, a
proposed transconductor can be implemented as shown in
Fig. 4. All transistors have been operated in saturation
region except My, and Mz which are ohmic transistors for
main transconductance elements.

.Dl

Fig. 4 The low-supply transconductance Amplifier

The drain voltage Vp of My, and My are equalled,
which are controlled by V.. The M,, and M, used for
shift-up the input voltage for gate voltage of M; according
to the ohmic condition. The output current is mirrored
from My, M,pby My, Msp. The current I; and Iy are only
depending on the current changed of Ip,4 and I, while [,
is constant. So, the differential output can cancelled
identical terms. The linear output current is controlled by
controlling voltage (V) that can be express as

4 ’!
I, =l‘xcax[‘£') [Vc = ';L _Vm]
2 I

1V. LOowW-SUPPLY FOUR-QUADRANT ANALOG MULTIPLIER

The four-quadrant analog multiplier can be
implemented using the some modifications of above
transconductance. The addition of input balancing is
constructed. The completed multiplier is shown in Fig. 5.
The differential output current of multiplier is linear and
simplified. The identical terms is cancelled by balancing
scheme then the output can be written as

W
Io = pyCox (TJVer

v, )]

8
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Fxg 5 The completed low-supply four quadrant analog multiplier

V. THE SIMULATION RESULTS

The proposed multiplier in Fig..5 can be confirmed the
performances by PSpice. The level 3 model T14Y MOSIS

0.25um with the ¥, =042V, ¥V, =055V, uyCoy
= 250.1048u4/V* and p,C,y = 51.94153. pd/V’. The
aspect ratio of transistors is shown in table 1.

The DC-characteristic is shown in Fig. 6(a) and (b)
while Vy and ¥y input, respectively. It can be shown the
linearity and +400mV dynamic range operation. The
hneamymrofproposedmmtmbedonebyﬁxed
maximum input Vx while Vy is varied and vice versa. The
result of linearity error is shown in Fig. 7 that less than
0.5%.

Transistor W/L(im/|Lm)
M1, M2, M4 /1

M3 21

M5 3011

M6 2011

Table 1. The aspect mtio of transistors

(b)
Fig. 6 The DCcharacteristic of proposed multiplier
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Fig. 7 Lineanity error of proposed multiplier

Fig.8 shows the total harmonic distortion (THD) of
proposed circuit can be done by applied ¥y at IMHz with
varied amplitude between 0.1-0.8Vp-p. The THD is less
than 0.25% within VY is different value.
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Fig. 8 The THD of proposed circuit

VI. APPLICATION

The other result for the realistic application of
proposed circuit is amplitude modulation (AM). The
frequency of carrier and input are 10MHz and 500kHz,
respectively. The amplitude of both inputs are 0.8Vp-p.
The input signal and AM output are shown in Fig. 9.

400mV-

W

SEL>>
-4 00mV-

onrvx) . vuwl

-nvv—;’
e V(9.10}

m—— T ™

1.0us 2.0us 4.0us

Time

Fig. 9 The AM output signal while input is 10MHz and 500kHz

Fig. 10 is shown a bandwidth of proposed circuit that
larger than 34MHz.

S U S——

-m‘
o Tmau
- M'Nl' 10V e8]

1. 1tz Tem:

1.0

Trepmcy

Fig. 10 Bandwidth of proposed circuit

The comparison of proposed circuit with previous
works is shown in Table.2.
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12] 151 161 171 __[Proposed
(Supply | #3V__[F13V [#ISV [F15V | +I5V
THD (%) | 06 - 1 2 0.2
|@10kHz kHz 1MHz
Linearity | 1% |08% | 2% % 0.5%
| Error
Input | 218V |04V | 208V | 208V 0.4V
Range (SRSt [,
freq -3dB | 17MHz - 12MHz | 5MHz 34MHz
Tech. 2pm 1.2pm | 2pm 0.8um 0.25pm

Table 2 The comparison of proposed circuit with previous works

VII. Conclusion

This paper proposes a low-voltage, low-distortion
four-quadrant analog multiplier. It based on the ohmic
transcondance elements and particular sub-circuits. The
THD and linearity error are less than 0.25% and 0.5%,
respectively. The achieved dynamic range is +400mV
with a single +1.5V power supply condition. The wide
bandwith 34MHz is presented. The good performances
are compared with the previous papers. The AM is an
application for confirm the realistic applied of proposed
circuit.
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