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"lui]wﬁ’u5'1#’{ﬁn1ﬂﬁ1!mn'snﬁ1ﬁagﬂ ATz @ouUMSINNUYDINITAN 9
Austianievne Tsunsy Spice (Simulation Program with Integrated Circuit Emphasis) i
TsunsuniladagnlFunuagiduiivonsy Tﬂmmuf:gﬂﬁnﬁuua:ﬁwmmnnnﬁnmﬁ'u
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1317 2.8 ManhFuaudeinvimmdigesassuiamuani idem
Cas = Casi * Cosa 2.7)
o - L4 " [ ¢ & a ar
Coq, AOMANNFIRDS sENTIUNAUDZODN A Fadl 2 Anvaiy
T PR O
Cogs = Cor WEA] -[ @ TH __Ds ] - Non — sat (2.8)
1(V65 3 m)mvos
2
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{ 1 - o
Cose MOAMNY Idhulaim1doin ¢ g, = c, WX, dausmhSuaugsannvuamiuasu (Cg,)

1 ld9n
Cop = Copi + Conz (2.10)

& - o =4 o 3
FamanhBususueunnson laa v1ldan

Vs =V =Viss
(Vs — Vi )mV s

2
Coni ™ Co WL —-[ } ; Non — sat (2.11)

Coni = 0 : 4 (2.12)
ﬁauﬁwmﬂﬁsmwﬁum (Parasitic capacitance) nlaain
Com2 = COXIWle (2.13)

- a g ' 2 : ' o ¥
Cg, U2 Cp, 710 AMNFUAUTNTOUAD (PN junction) S¥MINMaesduas Insaaing (Body

W30 Substrate, Cy,) #314 C,, A AIhEuAUSFIEn v URIUIDE TNT 90518 (Body) M1 18910

Cea(Vgp) = CSB(O) 172 (2.14)
(1 + Ve /¢f)
Caatil)
Cfy_ ) = o8 (2.15)
DB DB (1 4 VDB /¢I )1]2

l& a bl el ar
&1 Cg, (0) Uaz C,,(0) Ao Ahduaudunzdahifin1s ludd (Zero Bias)
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NAAUMSN (2.19) T (g,) Tus0uis (1l Vyg <<1) @mnsoniaInudan

ao¥ (Cut-off : F,) m11dn

— HalNgs7 Vry)

X.
am2 4
3 L,

A v ﬂ' 1 g o 1
Faaznunaun1si (2.7)-(2.9) uazaums (2.10)-(2.13) 1911 Cy taz Cgy MmudrmudaIudy
o - = o A e P
113N (2.19) Li‘lumswﬂﬁauwqmsimemaammmamammmnqa Fazilaoumunue?
= 1

o o & a =]
YoIuBALUA (L) onAI8Iaed FI01VUIUMIHAR B 1T0ann1u817 (L) 1anasinanauuiaves

L4 = o
ginsal uazanus lumsiau



MUNMETNALAN NIXIDUINAIMANTYAN
17

2.8 g1l

" =

dy 4 H as = o s '
Tuunii 1dnandusounvifuueaniusamesiunan Iasldnanis Iassadams

° A A [ ﬂ o o » e - Y e Y e A A
NIIUUASTUNITNINVIVDIL uﬁ‘]ﬂﬂ‘.! ‘inﬂuuvlﬂ"n'm‘l'i!.‘ﬂ?EJ'lJmtJ'U‘Uﬂﬁlmx‘lmlfTU‘Uﬂs‘lnﬂﬂ’lnﬂmtj"u

[ o a o o “aq Y - o

fu'luInarsnsuFawmes uuusiassvesweamnnlFlumsdouuuunisiinudieldsunsy
= ada = = =Y o

Aou AR IAzHRYDIguUNYHTIReueaMIIMFmARs LazgatmsInswHueanILTmaes

1 ¥ = 1 = o w I~
Tuduene 9 iu msdnnzimmanu il msdinssddggravnadn dudy

44957



a
unn3

HANNIIVDIIDIPUAYYIN

3.1 Unin

svsgudyanauuuaasniinissiianudigannsodseyndldauieaiums
UszananadyaiuouIaon (Analog signal processing) #1499 1ANINYNY 1FUNITNIANUD
=1 w s ar e
(Frequency doubler) 2393Wladongl (Phase-look loop) 29v3nsRsdgygMUTULLLERA TR

' o PO Hq 3
(Adaptwe filter) LUDSNITUDGIANDT (Modulator) lﬂUﬂu “]N!luﬂ'l'iﬂﬂﬂllllll'nfﬂiﬂm‘nﬁl‘]fllﬂﬁ“ﬁ‘]u
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3.2 2vspuigananlinugvInesavheswiea

NIPUUVVOUIAON (Analog multiplier) 1‘?‘]141@%5%1%’&111%’uﬂszmaﬂaﬁmmmamaan
Taoimm Ao wogavesdulsaosdulsdsornenunssdunionszua Tavluunilaznands
2esgauveasniieenuuy laoma TuTadduemitaiiumsinnudleiednsazvesmsg
‘lugﬂﬁ 3.1(n) uamansimsguvesdulsaesduilsfe v, uaz Vg Tumeauauinils (lao
Whuanisg) waguuesiaulsaosiausTan v, dudaushusaunuiou uaz v fudms
fimesvoensmiusazdy  danluunuuuade vz Vo Tuguit 3.1(n) f':wni‘lum'iﬂm By
wilsproauauy @l 3.0 Wunsgauuuaesnioauaud uazglit 3.1m) wumsga
upudnoauauydimsguuuuinleeuauiethnesgai dsumswannuazgainn g
wnfiga Fainazgniond “aevsgauundnieauaui” (Four-quadrant multiplier) 2995avinoisy
Foalugilii 3.2 rﬂu'stﬁujmuiﬂﬁ'azﬂa'nﬁq TavszuuAdmeansuGainesiia1 Channel-
length modulation effect (A) ﬁfinfluquﬁxm:nﬂﬁmmc‘sﬁmm{ﬁmuﬂﬁiﬂgm (substrate) 191U

o [ q’: - o o de A 9 o o -::’
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1,-L | ﬂ’ V. [ = -2y (3.1)
By
o B, = #120)(1 (1) uazdrv, dmfemnnie
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N e [4155 (32)
i
aumsdi 3.1) dszanalld
AT, =1,-I,= ﬂ’ [4;55 (3.3)
)

vnmsyszanm al, duiladduinidudaduves v, nozilandu Square-Law 103 I &
2993 lummanaeslianyuzmilouduees luglin 3.2 gminndemaing (cascade) MU AU Al

¥ »
annsauilsnduiiidusuduveaiiguaz v,
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Ansusesinaaalugii 3.3 anwduiug Arg fe

47

Aimiad, « By itia  apm 3.4
- Sl o S 5 xl 3, x] (3.4)
V, = -R,-L) = -R(AL) 3.5)

INUEUNSN (3.5) aaluaunsn 3.4) 121

Alg = %(R[AI A)[-‘%si - RAAIZ)T (3.6)

2

\ ﬁ1ﬁzR12K2 ]W

Alg= RV, (BB 1 z

(3.7

[ 4 (- — dou A o
anuduRusiuaadiiuh Arg  fAeflaidundlud@uduves 1 waziluilaidu

Square-law Y01 'V, mmﬁ'uﬁ'uf Square-law mmm‘mnm’lﬁiﬂui‘%"mwﬁuﬂﬂﬂugﬂﬁ 3.4
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<
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e
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131l 3.4 aunsoloudumsnszue 1ad

V 2
Ay = I~ 1y = Vet B b [t~ ——i} £l gie (3.8)
DX

de I, =I,+I, (3.9

» » ] q'
aumsh (3.8) feefipuvumiouaumsi 3.7) & v, goihldiduduymuesseslugli 33

Sas1dINVDIAUMIN (3.7) ADAUNIN (3.8) A9

Ry =ly Vin I“R:Iss (Brﬂz)ml

(3.10)
Lo 'Icz VCI(IDX Bs)
wituh v, fe Bunm v, Tmi, 9zldn
L-1, -R,ISS{PLB—Z-]"”(ICI—IQ) - (3.11)
IDX l33
Alg = R PP, 11 Al (3.12)
IDX ﬁfi

aumsn (3.12) uaashnszumdmm Al duraguitduFuduies g uaz Al lunsdinmsgu
TuTnuaussdu I uaz Al ssdeeihiduiledduussiuuwnndudadu Ansunasgu

wansluzdi 3.5 nazud 1, vearesguae
L=L-1 =KV, Vp (3.13)
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‘luu'nm'i‘lutsawmmsﬂszqnﬁ"lmmw%sqm?fﬂgﬂpmns:uﬂﬂumwmuuu 4 AIDALTUN
P - P ar [ dq ¥ = =Y d‘ﬂl’.,d o o
qmqqsmzmmﬂumamwmmsﬂi:qnﬁhﬂu‘lmmmwuﬁuﬂa FNITVIUFUDYLOADT
= 4:; o A 4 =4 ar o
(Balanced modulator) Ha£3993NIANUDABAUNT (Frequency Doubler) mﬁ‘lmwsﬁummﬁ‘mﬂmu

syuudemsetnayn

5.2 JeTAUT OGNS

2msaFuegrnesifuiasfiinsueqanmevia (Amplitude modulation : AM) i
amnsoadie1dnnasesguuuy 4 sreausud Taedwg anauiige (High frequency sinusoidal
carrier wave : i) ﬁeﬁnuﬁnﬂuﬁmzmmmﬂznzgﬂﬁimﬁhﬁ%ﬁuuwﬂﬁa drudgunimim
(Low frequency sinusoidal signal wave : i_) wgnwim%ﬁﬁuunﬁﬂﬁuuwﬁq Tasaun5ves
Fyanunsaesimualane

FYIUNNE i

c = l.sin'\Qjt (5.1)

e 1, Aevwiavesnssia Idihvesdyaaunmsuas O iumnnus aFapiinwidy

2nfc Taoh £ ABANUDNING

o 1UU1IT (baseband), i -
i = I sin@_t (5.2)
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nnsaudgyga Tnuanszuailfussduduuuiaesiivausluglin 4.6 whdmua
3 - ar 3 = ar v o o’: as F
Wi X iuduwnvesdyanummzuazd v swduduwnvesdygrannms daniuussdud

eI udyyIugnimuaeglugimsnagu

= KTl (sin 2nfmt Xsin2nfct) (5.3)

NN (5.3) AnNsoudAIHagEVeITYg I InInlauanA iy Tasansoda
U ImiTas1¥nmauiiaRsndings InNA (Trigonometric Identity)

unuaumsn 4)aaluaunishn 6.3) a2 ld

1
(sin A)sinB) = —[cos(A-B)-cos(A+ B)] (5.4)
2

unuaumsh (5.4) asluaunisi (5.3) tile A = Iouaz B =1, wld
K
Vo, = ';Imvm cos 2TU(fc - £, )t-cosZTlI(fC +fm)t] (5.5)

1o K A9 scale factor Y9999 AU Ty I

MInauNsh (5.5) wiiud v, Yseneudlodayaniainanei (Cosine wave) aoadgyayini

v . v v
finnmuanaiunnis 1 wie I, laodyga Taanodidinomddu ¢+ £ Sond1 anudea

dea

59U (Sum frequency) uazdgygmInnniniaomddu .- £, Fondr AwdnAA1 (Difference

A o ' 1 ar a’a 4
frequency) Fafmaana V, danansziunsmiuaasninavesfindyapanihudunuiduloou
P - - 4 ' ' £ X
ulaeuAnud 151EMNsaEonANTiNIALANINAAIYEY V, Bnedianilainuddu
VU (Upper side frequency) HAZANUDAIMAN (Lower side frequency) MUAIAY  TABLAAIAWNUL

voenNudeggIazAIN Ay IUNIME
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5.2.1 N1591209M TN
L L @ = ° ¥
NNV RUAYIUNTTUTANVUTIAULUY 4 mamlﬁuﬂugﬂn 4.6 arinifdursesin

o s & - @ W 3 ar a =t wa A
amduogames Fmusolouiudydnvel1ddegli 5.1 TavnesligueaniGmieuseslu

UM 4.6 yalszms anudumu R, oy 1kQ 2eeslfunassonaznszud ludamiiduio

o o o
= Vg =1 1an uaz Iy = 15 A awdny

Vob
ic ‘ Ix
CMOS
Analog o/p—OV,
Multiplier
-

1 o ot ar
U 5.1 uansuAeniestnauduegaIneiiai NI RaFya

P 9 ¥ o = o & '3 a
1IN29933UR 5.1 Mvualadganunssiaduyn 1, dufyanugUadusioinmb 1

= - - )
kHz Hueuilagaumig s /uAWmammmwumﬂuﬁumﬂﬁ

I, = 5 HAsin20007tt (5.6)
" as - o 3 r @ o v ot 4'
dndyanaiitmualfidudyopawmziuusduduninnda 1, dudyapugiadu
o« = = a - < v
oAl 10 kHz Suoulgauing s ua | wisamunsadouiiuaums 14
(5.7)

I, = 5 fAsin 200007t

o o £y Y Vv a a & 3
Nﬁﬂ'limﬂﬁlﬂﬂ']‘iﬂ'l\ﬂuili’)\ﬂ\‘mii]:hlﬂllﬂﬂulﬂ'l?!‘ﬂ (Vo) ﬂ\‘lglhﬂ 5.2 PINDANDDIATUTY
-~
N13IA0

Yo = L R. =KLVl =k (sin @,t)(sin @,t) - R (5.8)

g [cos(a, - @, )t - cos(@, + w,)t] R, (5.9)

=
o
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]
s 8.5ms 1.5ns 2.8ms
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: o i ' L3 o
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15my

18mU - r q

Smu

BmU -

Vout

-5mU 4

~18mU - h

—15ITIU 3 T T
s 8.5ms 1.08ms 1.5ms 2._.0Bms

Time
()
51 5.2 (do) uarRadRENUTAATN 9 YBINITVIMUTUOGIIRDS

() Frynoud i V, 110n 10mv

= =
5.3 2995MIANND
= - g Y a P 1 =
AesmIanuaiunsi Mdyapamaudmmiianuidu 2 vhuesdyapaniaduwn 29
wgudyaauuoasnmueRiineminnudld  Tevdedunnasiduynvesnesgu
A R TR, Yo a ﬂ a v FhS ¥ Ay YA o o
uupowasnindwiuud ey lituupithunnudsmis i ldfedygrunnud

q', 1 o a A o S b= - . ¥ .
Aluaeaiiuduynissgnimua laoaumsnd Inaiiia (Trigonomatic Identity)

1 - cos27L2E N
(sin2Tf)? = R Ll
2 2

(5.10)

NNTUMIN 5.10 Siddeaesuosdyeiumoinnud  auud £ = 1 kHz wihldifamauves

dayana Taanoiinud 2f u3e 2 kiz VIndumeua DC YA 1/2
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wlfvdenlaozunsugili 5.3

Taofloudyanaudunszuaviin 5 LA a1wd 1kHz Houwn I, waz |, udr iadyrui v, Tao

e ar a ey :‘ o 4 4
N sRUdYYIMNIEHai VLSRN Iz guaTAmlowesMinawelugdn 4.1 yodszms dawa

" b
msdneuana lddazli 5.4 Tavaeandesmuaunisdail

Voo = KR I, I, = KR, (sin? ot)

out

V.= gR,_ (1 - cos2wt)

(5.11)
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MANUID N.

AMIMNIBIADVITUDA VA 0.8 [m UYDI MOSIS

nalumsdrassmsmanuvesisvsnelisunsu PSpice

.MODEL CMOSN NMOS (LEVEL=3 PHI=0.700000 TOX=1.6600E-08 XJ=0.200000U TPG=1
VTO=0.7541 DELTA=1.7960E-01 LD=1.4870E-07 KP=1.2261E-04 U0=589.4
THETA=1.2350E-01 RSH=7.0680E+01 GAMMA=0.7311 NSUB=6.9670E+16
NFS=7.1500E+11 VMAX=1.8680E+05 ETA=3.0710E-02 KAPPA=5.9210E-02
CGDO=4.6399E-10 CGSO=4.6399E-10 CGBO=1.9940E-10 CJ=4.4845E-04 MJ=4.3367E-01
CJSW=3.3760E-10 MJSW=1.7402E-01 PB=9.2635E-01)

* Weff = Wdrawn - Delta_W

* The suggested Delta_W is 2.9940E-07

.MODEL CMOSP PMOS (LEVEL=3 PHI=0.700000 TOX=1.6600E-08 XJ=0.200000U TPG=-1
VTO=-0.9077 DELTA=6.9280E-01 LD=1.4920E-07 KP=3.1952E-05 UO=153.6
THETA=1.1310E-01 RSH=8.3000E+01 GAMMA=0.4603 NSUB=2.7620E+16
NFS=7.1500E+11 VMAX=2.5080E+05 ETA=2.8980E-02 KAPPA=9.7440E+00
CGDO=4.6555E-10. CGSO=4.6555E-10 CGBO=1.7158E-10 CJ=6.2121E-04 MJ=4.8103E-01
CJSW=4.3268E-10 MJSW=4.4239E-01 PB=8.9224E-01)

* Weff = Wdrawn - Delta_ W

* The suggested Delta_W is 1.8772E-07
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A Design of Low Voltage Supply Analog Multiplier Circuit

K. Dejhan, P. Buppha, F. Cheevasuvit, S. Mitatha, S. Junnapiya,
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*Faculty of Engineering, Siam University, Petchkasam Road, Bangkok, 10163
**Aeronautical Radio of Thailand,102 Ngamduplee, Tungmahamek,
Bangkok 10120, Thailand

Abstract

This paper proposes a design of analog multiplier cireuit with low voltage supply. It .
operates with 2 volts supply and current mode operation. All MOS transistors are the same
WI/L ratio, it is quite easy to design this proposed circuit. All simulation results have been
carried out based on 0.8 um CMOS technology by using PSpice program simulator. All
results confirms the theoretical when compared with the simulation results.

Theory Fig. 1 shows the basic circuit of current

All equipments in measurement, mode analog multiplier, the operation
communication, biomedical are designed  principle is square-difference technique
with light weight and small as portable, it~ [1-3]. The equation form is
means that it shc‘)uld h&_:ve sr.r.all size,‘ low (v, + Vy)z = sz 3 V,z] =2V, It is
power consumption with high efficiency
The circuit design with low voltage supply
1s necessary. The current mode design will
have the high operating frequency range, the
dynamic range of input and output signal

cannot be limited with the voltage supply L -
and the noise has small effect with the v
circuit. The low voltage supply, and current

obviously that the three squaring circuits are

needed.
B
by -

v,

& A'
Mt
V2
1
" =

mode operating analogy circuit is a useful

circuit in signal processing, so a design of - v,
this proposed circuit is proposed. in this ;

aper. : . o
e Fig. 1 Basic current mode analog multiplier

circuit based on square-difference

Suppose, all CMOS transistors have the .
technique

same size and the samc W/L ratio, they
operate in saturation region and the drain

current can be obtained as following; The circuit in Fig. 1 also needs the basic

multiplier circuit consisting of three linear
current-to-voltage converter circuits. To
convert the current Ix to be voltage V, can
be done by using the CMOS transistors M7
where & = uCou(W | 2£) and M9 and the relationship of the drain
current versus the current Iy is

Ip=KWVes—V5) ; 0<Vps-Vr<lps (1)

If 7, is the drain current of CMOS :
transistor Mjas / =1,2,3... = i Ix =1p7 - Ipg (2)

F280 ¢



Let Vpp = -Vss
Iy

L S
AR~ V5)

Therefore

()

Similarly, the conversion of current
signal Iy to be voltage signal V; can be done
by using CMOS transistors M5 and M11
and V; can be oktained.

Iy

pra s
2 ak(Vpp - V)

(4)

The conversion of current-signal
(Z¥ +7y) to be voltage signal V3 will use
the CMOS transistors M6 and M10 and V;
can be obtained.

_ e+ 1)
3% KWV - 1)) (5)

The CMOS transistors M8 and M12 are
connected as voltage divider circuit, so

Ve =0 3¥pp = ~Vss (6)

Thus, the. drain current of CMOS
transistors M1 to M4 can be found that as
following, respectively.

Ipy = KK —Ves —5)? (N
Ipy = K(Vs - Vs = V4)* (8)
Ip3 = K(V5 - Ves - V5 )? )
Ipy = K(Vg - Vs - V7 )? (10)

Replace the equations (3) to (6) into the
equations (7) to (10), the drain currents of
CMOS. transistors Ml

_rewritten as follows, respectively.

129

to M4 can be
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2
i /, ;
ey o)
O | bt A
foz-"’(“,(ym_yr) Ves - V5) (12)
ot Ursdy) o
!03“((4/&’(%0—{/,—) Ves - V1) (13)
Ipg = K(—Vss - 15 )? (14)

Therefore, the output voltage of the
multiplier circuit is

Vo =Udpy+ 1p2) = (Lp3 + Ipa)R: (15)

Sor Iyl R,

& (8K (Vpp = 1))

(16)

From Fig. 1, it is necessary to have the
current signal (/¢ +74), so it has to
implement this circuit in order to have this
function.

Fig. 2 shows the simple current copying
circuit, it consists of two current mirror
circuits with 2 outputs. The input signals of
the current copying cireuit are Ix and Iy the
output signals of this current copying circuit
are Ix, Iy and (Ix + Ly).

The proposed of low voltage supply
circuit mode analog muitiplier is shown in
Fig. 3, by combining the circuits in Fig. 1
and Fig. 2.

: g Yoo 2
T
Iy Iy 2Ly Iy
@ % o1, 1, Q
—_— | —

M5 | M3 M1 M2 M4 M6
‘:’ 4 HI:I
s 4 .

T

¢ b

Fig. 2 Simple current copying cireuit.

o=
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Fig. 3 Proposed low voltage supply multiplier circuit

To connect the output of circuit in Fig. 2
with the input of circuit in Fig. |1 and the
circuit in Fig. 3 can be obtained. The output
equation of the circuit in Fig. 3 is quite
similarly with the equation (16)

Simulation Results

All simulation results have been done by
using PSpice simulator program based cn
0.8 pm CMOS technology at level = 2,
85 °C. All dimensions of CMOS transistors
are W/L = 2.5/0.8 pm/um. The voltage
supply is single supply for Vpp =2 Volt and
Vss =0.

Fig. 4 shows the DC Characteristic of the
proposed circuit.

Fig. 5 shows the frequency response of the
circuit.
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Fig. 4 DC Characteristic of the proposed
circuit.
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Fig. 5 Frequency response of the circuit.
Conclusion

A design of current mode analog multiplier
with low voltage supply is presented.
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