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ABSTRACT

This thesis proposes the CMOS squaring circuit using low supply voltage and free from body
effect. The operation principle of the circuit based on the symmetry between n-channel and p-channel
operating MOS transistors in saturation region. The proposed circuit operates in current mode. The
simulation results of circuit by PSpice show in the 160 HA input current range, the 60 LA output
current range, the frequency response is 162MHz for power supply is 2 V. The MOS transistor mode

has threshold voltage about 0.7 V based on 0.8 Im parameter of MOSIS.
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o as s

wdnwallugiil 2.40) uaw 2.4G) Ao Enhancement PMOS o Vpg = 0 dydnuailuguii 2.4()
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fle Depletion NMOS iife Vg = 0 dydnuailugUl 2.4(a) Ao Depletion PMOS e Vg = 0

[ tL
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2
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o o
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msihnuveseansmdmaesiudnyas lddne IniharugudSuavenssua aums

yoaup IO T MRS auNsaua R IRdwaasluaunsh 2.1
KW Vo 4
I, = —L'""((VGS - " )" _'Z—)VDS I8 Vs>V, @.1)

P " 4 Y o I ()
Tavh X' flemsmdneusdinuaus (Transconductance) TRV By
1 1 o a
Lo = ANNUANDIVDY leanTodiannsou
1 [ J d‘. ) o
COX = ﬂ?ﬂ?]ﬁ?ﬂﬂwuﬂﬁlﬂﬁlﬂﬂﬂﬂﬂ‘l“}fﬂ
(Capacitance Per Unit Area Of The Gate Oxide)

Y = AMWNINUDILUYULUA (Channel Width)
L = ANNYNIVOIYULUUA (Channel Length)
Vgs = AanuANAndTEnIunnAuTed

Ve = usaduTAEY (Theshold Voltage)

Vps = anwdAndndsgnhuasuduaed

Ip = NTLUTIATY

¥
dmiulumsesnuuuieesludInoidwusi s lduoansudamosasiia N-Channel 1ums
é =1 o 1} L} 1 1 [ t;’ 1 ar 1 L
PNUUVFINMIMIULLuTy 3 99 Tﬂuuma:mamiwmuﬂwuagﬂum (Vgs = V) oz
Vps MU NMOS &1 (Vgg-v,) Wlugudniafiuiay  weamsmdmnosazeglusae i

NTLLLE (Cut-off)

Ip=0 e (Vg ~vp)<o0 2.2)

! ! o cf ' ° o_ w A £
Tugalihnssuail Yenhnszumzidumilonsesia (Open Circuit) 01 (Vg — V1)
>0 1Az 0 < (Vi) < (Vgg — Vr) udweansmdmaeszoglusisvesmsihnszuad hisue
¥ '
(Non-Saturation) Aniupwdiudseninnszua Iy, fuussdy vpg seuanslddaaunisd

(2.2)



§ (Vg — V) >0 une Vps 2(Vgs — Vr) udmweansmudmaesosianulussves
MIUINTLUABUA (Saturation) Wl ammsanuduiussenhanseue Ip MUUTIAY Vg o2
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>
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=4 a 4
VGS (n) WHFALUANDANT U eI DT
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ﬂmwm‘fuﬂwamsmwmsu (Vp) ﬁmsnua'cmﬁwmmaiamumuu‘nuuumvmuwwi‘luwn
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2
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AUBU19AA9U1 Tdsunsy Spice (Simulation Program with Integrated Circuit Emphasis) {u
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ug Auagyrmaihnssua lisudun iy W912152N0UAI Rooting Routine vosaumsags
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LEVEL 3 Lﬂuuuumammsmamvawaamwwmmm '-NBEJHLLU‘U‘U‘NTWJmﬂUNmHﬂ
MINAADY, mmamm‘wqwﬂsiumﬂﬂi‘fuuazﬂsxﬁumimmm‘mmw (Semi-Empirical) 1f{o1/5u
Ussmmsiiiinedene 4 WSaummsay 9wy liida 196719 18u1n WIne 0199z
mmunmJsuﬂsﬂ'ﬁﬂwswammmmmuagmua) lu LEVEL3 léiimsannamsfiminnig
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MIJuA1v09gaMYiReY (Room Absolute Temperature) Uaz K 5 Humnaifidogsenine 1.5 &
2 2
20 vinaumsezwuh () wiimanauifoqungiifiviy

T\ K3
LT = | = 2.4)
Tr

=Y

' v A A < ¥ o do o
2. MIVDWTIAUVAISY H30 Vi Fallaumsuanannudusiug vgungiuansluaunsi

L'}

(2.5) Taeiinwes K 4 fudinadl ﬁfhag'ssij 0.5 m V/K (fadTaavidenaiu) §9 4 m viK 910
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AUNMTIEHUNAN V1 (T) nvumaﬂaqmaqmﬂ HIWYYU

(Y 1 & i o v a Il oy

ﬂ’JE]EHQﬁ‘uQﬁuﬁﬂﬁ1ﬁLHNﬂ31ﬂJﬁHWN'ﬁ5vﬁ’iNﬂ5$H’dﬂ‘a’u‘UE]\HJEI?T?IﬂN“IffTLWBEW?Jﬂ'TS
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WUFNDUHT (Saturation Region) AUNAYDIQUUY NI msnasulasfntudauanstigyi

Y

=

J i w o
2.7 vingdi 2.7 mmmmswumﬂsuuﬂwuagﬂuamnﬂwqﬂﬂwﬁﬂﬂnmzﬁaﬂymmﬂuzﬁ'uma

Tavilfwoanaudy (M) mLﬁlﬂﬂ‘NﬂuTﬂUﬂQﬂm Tdvzilue L(T) uag vp(T) &
An mnmﬂaauuﬂawm LL(T) nwmnmmmﬂauuuﬂawm v (T) dauaas it luay
M3 2.4) oz (2.5) MwdAy uaznInaumss (2.6) veuaa diituanuduiussenemsdoy
udasAnszug Ip et Wen) 1 Iuaunsdi 2.6) ml¥anusudauaasluaums (2.6) 1A

Y ae; 4 = 4# = J
mmﬁaqquum uaxsﬁaﬁqmﬁqnqwumﬂmu A1UDY LLU(T)
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oz Vp(T) eeliinfovasihimanudusenig VIp MU Vgg Handesns mnzasiveiiv
Ta7uile Mos fmsianludsuiigungiiqe msnfeunlasvesnszumasufidaldoy
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2.7 mﬁmﬂzﬁuaammc‘fmma{

a d U a J a d
2:.74 fn‘i'élﬂ‘ﬂa‘:‘ri‘l’i]ﬂ1m‘lh"'lﬂIWN"HL!PJQGIHNB'ET‘I’I‘S'IH"HKTW] ik ]

= a a oo 9 e/ 9 = o & 3 ar =
umﬂwmmuwmum71mcmlmﬂuTﬂsqﬁm‘ummﬁmmmmmfJs damnsa ladagua
2.8 Tnouaauilunindaving

2]

4t i i o
T Casa TC<351 Cc;mT CGDzT
1 I I I

A % 1
Tes Cos |
—t—

W//////WA’////// SIS,

Ui 2.8 namammhSunudluseams s mnns

P " a L4 = o n’: kY
ﬂ.fﬂz‘]_h’] 2.8 ﬂ’]ﬂ']‘]_h“]ﬁlﬂu”]ﬁ"Iﬂ‘iﬂiﬂ"ﬂﬂ@‘lﬂ“ﬂ@'iﬁﬁ?l]ﬂq}’fuﬂ1’1'lllﬂi]'lﬂ

Cos = Cosi + Cosz

(2.8)

A a ¢ ' o ¢ & A o
CGSI ﬂﬂﬂWﬂm?“ﬁlﬂﬂﬁm‘i’J'I»!Lﬂﬂlmxflﬂﬂulmﬂ YIN 2 ANHIUY

2
Vos ~Vru ~Vos :' ; Non-sat (2.9)

Coe = C.. WL —
o o [I(VGS Vi )mVDS
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Cos: AOAMMY IR 1801n ¢

n v
w1laen

1 =Y o =
as2 = Cox WX, @aUMNGuaUds W Inv NS BA5U (Cop)

Cep = Cpyt Copa ; (2.11)

& a ' o '3 9
FammM I Buaugvounndon laed n1ldn

2
Ve =V =P
Copr = CoxiWL11 —I: L I 23 :' ; Non-sat

(2.12)
1Vos —Viy mV
Copy = 0 : sat 2.13)
" 1 a o S . g
TMANNFUAUTUH (Parasitic capacitance) 11145910
Copz = Cox WX il (2.14)
Cg, llAE C

- Av mihcmmwﬁmﬂuem (PN junction) ’i»H'JNiJ’]“h’E]SﬁLLﬁ“’TﬂiQﬁSN (Body
E) Substrate, Cg,) A Cop AD mﬂwuﬂumsmmwmuumTﬂNﬁ'm (Body) 1 1d91n

CoVgg) = —8(Q) — (2.15)
0+Vs /4,)

ConlVpp) = —22(0) — (2.16)
(1 + VDB / ¢f )

é - ar =1 o
T3 Cyy(0) 102 Cpy(0) Ao AhBumuduaedslains s Zero Bias)
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a Cd a 7 g o [ a 4
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Anim lden
H Co’.\'W .
d]d - L VD.S' ’VDS <VGS <—VTH
= - 2.17)
Y dWesl, H, CoxW
Yos =0 L‘ (VGS -V Xl + ’U/Ds) ; VDS 2¥es o
Turedududouaums 185y
21, 7
gm = V V ~ ZﬂnCOX —L,_Id (218)
Gs ~Vry

v ! [} o w A
01 }qus<< 1 ﬂ'lﬂ'J’IU‘I—J"Ii]$£“ﬂu‘i'lﬂﬂ"lﬁ\!ﬂf‘fﬂﬁ.lﬂ\?ﬂ‘izuﬁlﬂ514



16

' ! 3 v v v
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G
l-..g da, | 'HITOA"(VGS Vo= VE)) 5 Yos <Vos =iy (2.19)
- 1 0 -
.70 df/:‘;ls;/ ﬂd !\‘E)SEI/GS_-K"H

2.7.3 ANZHMAINNIND - neoWveINIIUTaINDS

Fhmmﬁﬁ’maﬂxﬁaé?mswmmflwuwzmﬁauﬁ'u JFET 1ufie

gm (2.20)
27T(CGS + CGD )

FT—_-

VNTUMIA (2200 FmSuAnni (g,) Tugdud (e v, <<1) aunsommnisy

oavl (F,) 1dvn

1%
FT #n( GS TH) : VDS 2 VGS - VTH (2.21)
2 1 X'I
drl®| —+—L£
- I

mq‘auwmmwmiw (2.8)-(2.10) uazaums (2.11)-(2.14) 19men Cos A2 Cop AMUMAVTIIANNT
il (2.20) Lﬂumsmﬁaqumﬁmmuaﬁmmwmammmnm cnwwtﬂﬂuumummmwm

urauua (L) sniasaog wmwmumﬁwam TT0ANNNEIT (L) "lﬂﬂﬂwwawmjmmaq

oUnsal uaznmS lumsvigy
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ANSNeSVeITHOAVUIA 0.8 [im YD MOSIS

nldlunmsdraesmsmauvesisasdislysunsy PSpice

-MODEL CMOSN NMOS (LEVEL=3 PHI=0.700000 TOX=1.6600E-08 XJ=0.200000U TPG=1
VT0O=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
VT0=-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 MISW=4.4239E-01 PB=8.9224E-01)

* Weff = Wdrawn - Delta. W

* The suggested Delta_ W is 1.8772E-07
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Low Voltage CMOS Current Squaring Circuit Without Body Effect
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Abstract

This paper proposes a design of low voltage CMOS squaring circuit with independence
from tody effect. The operation principle of proposed circuit is based on the symmetry of
NMOS and PMOS, the proposed cireuit Operates on saturation region and in current mode.
All simulation results of the proposed circuit have been carried out based on PSpice simulator
with 2 volts supply voltage.

Theory

The squaring circuit is widely used in
signal processing for wide range
applications such as frequency  doubler
circuit, multiplier cireuit and e, The
previcus technique is implemented by using
bipolar junction transistors and then the
CMOS transistors substitute, A problem due
to use CMOS integrated circuit technology
15 the voltage at body will effect with the
drain current of body effect [1-2], it can be
solved by connecting all body CMOS
transistors with source and it must be
implemented the separated well for some
CMOS 1ransistors. The chip area increases,
the present technology is used to reduce this
problm. This paper proposes to usc the
circur technique to solve this problem

witho it processing technology. (b)
Fig. I Low voltage supply squaring circuits

The low voltage supply squaring circuits (#) with body effect [2]
are shawn in Fig. 1. Fig. 1(a), the body of (b) withourt bady effect
transistor M7 is connected with ground, the
threshold voltage of M7 varies with the Fig. 1{b) shows all body transistors
source voltage of M7, the body effect will  conneeled with source, then there has no
give te the owtpur voltage of the circuit body effect. The conditions are Ky = Ky and

Vi = Vi,

1S



W
Where Ky = ].LNC‘O\,(—]
N2

W
K= L,Coy :z

Vo = threshnld voltage

Suppose thai all CMOS transistors operate
in saturation region, then the drain current
of NMOS is

0 v Ves "V} ()

and
Yo St ?[\@F Vs T \’%]

which is obtained from reference [3] for Vi
15 threshold at body-to-source voltage;
Vs = 0.

D
Where ¥ = !—“—
| &

ox
¢!,_ = Fermi potential level

Thus, the source current of PMOS transistor
can be obtained as
} (2)

Ie =Ky [Vsa ~
The derails of equation (2) are quite the
saine s in equation (1). To obtain Ky = Kp
can be adjusted the W/L ratio of CMOS
transistors and Vry = Vip can be done by
adjusting Vag as shown in Fig 2.

Ips = Is1 =1y 3
M. IR T
Ko =V ) =KV —H ‘ln'\u =/
)
Vo= ._%_{ﬂ._.__ 4 i."'_) (5)
2K (¥, =2V, ) 2

"

Fig. 2 Low voltage supply squaring cireuit
with Vyg adjustment.

In Fig. 2, the relations can be obtained
as followings.

Suppose that Kp = Ky = K and Vyn =
Vp = V1. From Fig. 2,

ng|= Vc;s.; and
-1/ I )
po=| — in + b (0)
ZK(P'DD —?VT) ?

The output current will be Ip = Ip; + Ip: (7)
or :

1 2

i v

it -2k DD_“;’
w,) 2

2KV
(8)

1, = —

op - “r

The relation of Iy versus Ti, as shown in
equation (€) is the squaring, the term

v 1?
o ged LOD o ,
2K ~Vr} Is constant and can be
omitted by compensating the supply
voltage. The body effect is not also in the
term of V.

Simulation Results

All simulation results have been carricd
out based on PSpice simulator program by
using 0.8 pm CMOS technology at 85 °C.
All NMOS, PMOS transistors use W/L =
1/0.8 pm/um and WAL = 2.5/0.8 pm/um,
respectively. The supply voltages are 2 and
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Fig. 5 Frequency response

Fig. 5 shows the frequency response of
this proposed circuit. This circuit can be
used for high frequency about 50 MHz,

Conclusion

The proposed circuil can be used for
current squaring signal for 2 volt supply and
for 50 MHz operating frequency. This
proposed circuit has no effect with the body
of CMOS technology.
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