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ABSTRACT

This thesis proposes body-driven circuit as a low-voltage true rms for CMOS technology.
In typical analog circuits use three terminals of the MOSFFET which are gate source , and drain
terminal. For this work the body-driven CMOS results in one additional terminal. An advantage
of the body-driven technique is low voltage operation with a large threshold voltage. The
proposed circuit consists of three parts which are a square circuit , a low-pass filter circuit , and a
square-root circuit. A sequence of operation starts from the square circuit , receiving input
current. Then the current flows to the low-pass filter circuit. Finally , current flows to the square-
root circuit. The square circuit is designed by translinear circuits that use body-driven MOSFET
in the saturation mode. The implemented circuits that have been mentioned above are presented

with their performances by PSPICE.
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-szAuN 2 geometry-based , analytic model

-5%A1T 3 semi-empirical , short-channel model
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-52@UN 5 EKV model version 2.6

-52AUH 6 BSIM3 model version 2.0

-52#19 7 BSIM3 model version 3.1
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Voltage)
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Z Vi = Z Vig (3.5)

1o
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=V.In| £+ (3.6)
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]q 2 AFZUAADAAAIADTUDINTTUSTIADIAIN )
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Vosi =V =Vos2 — Vi (4.4)

il anszumeminniianilu
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, _km,

[ 4 in 3 VDS! _ VDSZ 1%
L, (K W, )V 2
LI DS1

5 pS2 v Vipsa <Vosa =V (45)

_ KW, VDZSI

') L, + L, + Vigs 2 ~V,
out L2 KI/VI g Vz KVVI 4 » " p8§2 = " GS2 th2
L, DSI L

7171 4.3 uanmaneuaus Ilasswenssaziounssua dietloudaanadunnily

(4.6)
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KW.
D2max. — L—z{lVGS|_
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I e KW, {Vnm _ Visa

9 2 }Vasz » Vpsz = Vcsz - Vzhz (4.10)

2
Irm! = . {ﬂ@.} > VDsz = VGsz T I/;hZ (4.11)

r & e
4.3 BanN1tUdIAH

a’fﬂﬁﬁﬂﬁﬁﬁﬂﬂumiaam.mmwagmuzaﬂﬂ1ﬁv‘iNm‘lé’ﬁuwdqﬁwﬂ‘lﬂuﬂﬁumﬁa
LsduTady mssilRueNINTENA (um on) esuusedud N TaglFuunm szdecld

nvasse Ingauiu [9]

Vop +lVSS‘ 2 Vis =Vosur. +]V

thmax.

+V

signal

(4.12)

Taoi
v, , Wuimdasis iidsiiuuan
v, Sunmdsieiidsnduay
V. \iuussfuszudnuunniagyyed
memﬁ]uﬂumﬂﬂumnssqﬁu%ﬂﬁuﬁﬁﬁhmﬂﬁqmm NMOS #38 PMOS

V, gnar U3 AU UM

Vis

sat,

Vas — \I/!hmax.‘ (4.13)
4 ¥

uaidlesunsadudunnlaglduied Iunaeniglntaniiu

VDD + IVSS| 2 VGS = VDSsat. + |I/thmax.| (4.14)

1NN (4.14) naasldifiudussdusunnely Tag'lusufuussaudaEy uazdmin

O U UNDNVITIAUVAGY A NN (4.15)

Vi =Vro 7 (N2 Vie = 2101 @.15)
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(4.17)

(4.18)

(4.19)

' ¥ ’
i LeALAZ Y TR ANIARBYATUAY Tasauualiueamnnndarielugey
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ansasaesluaunisn @.27) wld

AL = Fo 05 2l (4.28)
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+CJSW = 1.774237E-10 PBSW = 0.3948801 MIJSW =0.11832
+CISWG =4.256E-11 PBSWG = (.3948801 MIJISWG=0.11832
+HCF =0 PVTHO = 3.688838E-4 PRDSW =270.0035945
+PK2 =2.263316E-3 WKETA = 9.143067E-3 LKETA =-0.0121406

+PAGS = (0.09532 )
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g a.l efinsanTagldngnszuaveuneisen ansaad e laded

= 0¥
19 a 92 16

v, (SCap11 +SCaprr +SCpry +SChsupt1 + SCheupio +SCsp10 +SCgpio T5Cgar0 +
+SC g5 +SC g5 +SCopa +SCgsa + SCop3 +SCgs3 + &5+ 8o10 T &mbro + 8os +
+Zmps + Los + Emba + o3 T Emb3) T

A, (—=SCap11) +

v, (=SCg5 =SCospa — Emba ~ Zrsd T

+V,(—8mp3 —SCsp3) +

+vo(_g03) = _'im (a1

Mg bozld

V, (=SC o1y + Emp11)
4+, (SC gp11 +S8C a1 + SC s ¥ SCgS6 +SCgp +SCgs + SC g3 +5C g
+go‘i] + 806 + Emb6 + &o2 i Emb2 + 8ol + gmbi) o
+V, (_SCSbG i gmbé) =3

+V,(=SC g2 = SCyp1 = Emb2 ~ Emb1 ~ a4+
Vo (_chsﬁ - go6) =0 (n.2)

a 9y ¥
Mga ¢ 9z 14

v, (=SCyg5 —SCypa — Bos — Emba) T
+9;, (=SC ) +
+v,(SC g6 +5Cgps + S SC s +SCgps + SCng +8C a4 +Sng9 +SCgps +
+SCheure T SChsubs TSC gba + 8oa T Emba T go9)+
+v, (—=SCaps ) +

+vf (_"Sng‘) i ng) =0 (ﬂ3)

fad e vz ld
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vy (=SCep3)+

v, (=SC 1 —SCyp2 — o1 ~ Embi )+
+Ve (SCdb3 + Scsb?, =2 SCbmb3 + S(:gb?, + SCdb2 4 SCsz + SC?bsubZ 2 SCgbZ + chdl -

+chd8 + Scsbl + SCbsubl + chbl * SCdbS T &0 + 808 + Emb1 ) 8
+vf(_Sng8 + gm8)+
+v0(_SCdb3) =0 (n.4)

fige foz 14

v, (=SCgq9) +
+ve(_Sng8) =
+v(SCg7 + SC g +SCqg + SC g0 +5C gio + SC 47 +SCapg + SCapo + 8op +

g 7+ 87+ Ema T 808) =0 (A.5)

= 9
13m0 9214

V(=803 — 8mb3)
+V5(—806 — mbe )+
+V,(=SC g6 + Embs) +
+v,(=SCgp3) +

+VO(SCdb6 + chdf) + S'Cdb?y + chd3 + g03 + gOG) = —"ia (ﬂ6)

4 " . s 5 i o
AN (A.1) D9 (7.6) AWNTDATUIMNHIATUBIDATIAIU out YB93905 JAALH

Lin

four _ —agh,C3€4.f506 + AgDsCs€a f300 + aybsCees.f403 + a3y e f504 @7

lin a1b263e4f506 _a3b2cle(')f504 = a2blc6esf 403 — albécse4f302 =1 )
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ay = SCan1 +SCyp11 +SCpi1 +SChupr1 +SCosmpro + SC 10 +SCgpro +SCqar0 +

+Scsb5 + SCgsS +Scsb4 + chs4 & SCsb3 +chs3 + &5 + 8010 + &mb10 + 805 %

+8mbs + 8oa T Emba T 8o3 + Emb3 (A.8)
by =—=SCapn (A.9)
¢y ==8C 05— SCepa — Bmbs — Bmb5s (7.10)
e =—&mp3 — SC3 (A.11)
Oy = =803 (1.12)
ay =—=SCap11 + &mb11 (A.13)

bz = Scdb” + chd“ + SCS% + SCgSG +SC552 =+ SCgSZ +SCsb] + chsl +

+8o11 + o6 T Embs T 8o2 T Emb2 ¥ 81 T Emil (R.14)
¢y = —=SCgp6 ~ Embs (A.15)
ey = —SCgp = SCg1 = &mb2 ~ &mb1 ~ &ol (7.16)
0y = =SCygs6 — 8ot (A.17)
ay =—=SCg5s = SCgps = 8ot — Emba (f.18)
by ==SCgs (A.19)

C3 —_— ‘g(:db() + SCSh() + chb() =+ SCdbS =+ SCsbS +ch55 + chd4 +S(’gd9 +6C3b4

+8Chabs T SChsubs T5C gha + 8oa + Emba + 809 (7.20)
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fé = _Sng9 —Emy (9.22)
b4 = _SCsbl - SC'sbz —&o1 ~ Embl (ﬂ'24)
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fa=—SCqaz + &ms (.26)
04 =—SC g3 (A.27)
c5 =—SCpa9 ' (R.28)
es =—SC 48 (1.29)
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+8m7 T 8011 Ems + 808 (A.30)
s = ~803 ~ Emb3 (A.31)
b =—8o6 ~ &mb6 (.32)
¢ = —SCaps T Embs (A.33)
e = —C gp3 (1.34)
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D = aybycseq 506 — @iBeCseq 302 — dabiCeesfa0s ~ asby¢ie6.f504 (7.36)
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p.a a~a

(A.37)

Tash

i, & 5 1
A I (1.38)

gs 8os Eoaml Eo3ml

Ca:C%nm+{mwn+cmn+Cmmo+cmm+5@w+6g5+cmmr+

_i_Cgsli + (”Ysb4m1 # Csb?:ml P Cgs3 e Cgb] s Cgbl() (7.39)

]
=

ez Inaiae b oz 169
T nih— Rbe (7.40)
Tagh

1 1 1 1
R, = I I (R.41)

Eo11 8ooml o2 8olml

(%={ﬁmm2+cmn+C&@n+Cy6+cy2+cw%ﬂ+cyr+Cmm1mﬁﬂ
e Inanga c 9z 1437
(n.43)

Tagh
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B e (n44)
oam? go‘)

C, = Capom +Cspomz +Cap +Cans + Ceps + Copama + Cosubs T Chsubs +

+Copamr +Copa + Coas + Cogom +Capo (.45)
A A = wer
idiafinisw Tnaige e 92 141
7,,=RC (1.46)

Taeh

R, = || — (1.47)
8oam2 8o8

Co = Cgpam +Chsups + Copama + Ceps +Cavz +Copama + Cpsur + Cosubz +

+C oy +Copima + Coar +Cagm + Cop +Capsg (7.48)

ilears Iwadige foz1da

Tp,szfo (ﬂ49)
Taodh
R, = L (.50)
Eob 8o
Cp=Cp7 +Coigmr + Cars +Coaom +Cgr9 +Cap7 (A.51)

-d'i. = c; g1
idieNasn Twafign o 9z 1491

7,0=RC, (A.52)
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(’dbl Iml = Cdb] 1 (1 - w‘;)

(’sh(mrl - Csb()(l = w(,)

(;sh6nr2 = C'st(i(l = ! W(,)

CS."JZml — (jst (l - “}7)

('jsb2m2 = Csbz (=1 / W7)

Eoim1 = 8al (1 = w‘;r)

Eotm2 = 8a(1-1/W7)

Csblm] = C_s‘b] (1 = W7)

Catin, =Call=1/wy)

Ciisémi = Cast (1-wy)

Capem = Caps(1=1/Wg)
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(M.53)

(n.54)

(R.55)
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(n.57)

(M.58)
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(A.61)

(n.62)

(M.63)

(7.64)
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Caasmr = Cgas(1=1/wy;)

i = [gmbl + 8o J(Oz% — 03 ]
=
Emb €03 — (30,

Wz = gmb4
Embs T 809

a,C, — d;C
wy = o B

_ G0~
Cr03 = (309

_ Embl B3 7430
WS = .
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figa oz 14
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Abstract

This paper presents a low voltage power supply (1.5V) RMS
for sinusoidal signals that operates in voltage domain. In typical analog
circuils use three terminals of the MOSFFET which are gate , source ,
and drain terminal. For this work the body-driven CMOS results in one
additional terminal. An advantage of the body-driven technique is low
voltage operation. The proposcd circuit consists full-wave rectify circuit
znd low-pass filter circuit. Simulated by PSPICE , verifies simulated

results is consistence with caleulated one.

Keywords: RMS circuit , body-driven
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ABSTRACT

BiCMOS and MOSFET four-quadrant analog
multiplier are presented. The MOSFET multiplier
uses parasitic bipolar and MOSFET characteristics
in onc device to propose. They arc based on the
utilization of cross-coupled , wvoltage biased
differential pairs and utilizes a current produced
by unsymmetrical sourcecoupled pair as the tail
current to cancel out their inherent nonlinearity.
‘When they do not apply the compensated circuit ,
they can operate with + 1.2V supply voltage. But
they employ it , they can operate 2.5V supply
voltage.

1. INTRODUCTION

In present , the demana need to develop
efficient portable electronic equipment necessitate
to produce circuit designs with low-voltage power
supply. As a results , IC technology trends suggest
that future support of mixed analog digital circuits
using standard CMOS will have low power
supplies voltage. The four-quadrant multiplier is
important subcircuit in analog signal processing.

Gilbert multiplier cells are widely used |
however many of them fail to operate at low-
voltage power supply. Today , IC technology
concerns with BiCMOS technology because it has
very high speed and operates in low-voltage power
supply. In the literature , several circuits apply
BiCMOS  [1-3]. In this paper presents BICMOS
multiplier and MOSFET multiplier. For MOSFET
multiplier , circuit uses body-driven techniques
with turned on lateral bipolar parasitic.

2. PRINCIPLE OF OPERATION

2.1 BiCMOS MULTIPLIER

Fig. 2.1 shows the BiCMOS multiplier |,
consisting of cross-coupled BiCMOS and applying
the differential input signals. Assuming square-law
MOSFET operation and neglecting channel
modulation , and all bipolar transistors be active
mode , drain current is described by

I = K.~V ) M
and collector current is described by
Ie=1 exp(Vy, 1V,). @)

By apply taylor approximation to (2) , a

collector current approximation is obtained:

I = 1,0+ 2. 3)
VT
The parameters in (1)+(3) are identical with
standard SPICE parameters for MOSFET and
bipolar transistor. The circuit’s differential ourput
current is defined as
l__ =, +l€" +Im +J'w)—(]‘n +l02 +Im +104)

= ZKVM(VSI '"V.n)

) £/'"ci_K(Jb: ~dac, —b ~dag) (@)

where
a =2K (%)
9
b, =4k, ——= (6)
VT
2
6= K(Q+2V,§,)+]S—Kﬂ—+215 -1, )
2 Ve |
2
c, =K(%+2V,§,)—£’§ﬁ+2[5 -I,. (8

b i
By applying approximation 1+ x x]—&% to (4) ,
it obtain
AV VLKV,

= inl_ind (9)

4KV, 21,1V,

2.2 COMPENSATION CURRENT IN BiCMOS
MULTIPLIER
Fig 2.2 gives a circuit providing the
compensation current from unsymetrical source-
couple pair[4]. The compensation current
Lo +1,,, is added to tail current of BiCMOS
multiplier. From (4) , the output current can solve
- &V, V.. 1. K (10)
V (el +e2)
where

KiV, 8KIV_ Al
o= _lé__i.,m.__‘f_nl..._;i.—wlix‘—léxl’43K(J”,+I“”;
T

% r

an
2
2= __mglgm“+ﬁignl+4—;§--ﬂ’ix’—l6ﬂ: +8K(I,, +1,)
r r r
(12)
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Assume

W, w W, W
A T T W+ 3 S 44 13
Lq Ln Ls Llo ( )

£ 1s a constant , then

20, 260-6)

!M9+IHII=]+9 ' (1+t9)2 K|V:| (14)
1 W
where Ki=—pCor—%. If  we make
e g
40(1 — .
W) k. <&, bl b
(1+8)
8IV V.
= — S wml n2 - (]6)
Vi(f1+12)
where :
fl-J_M_%+ﬂ,,6x;,+'ﬁxe (an
v, v, V3
16KI.V,, 16KIV, 41 16K6 18
fz-J V: + Vr‘ *;’;’z-—lﬁmx+]+a. (18)

2.2 MOSFET MULTIPLIER
MOSFET multiplier circuits in Fig. 2.3 , is
similar to [5] , but it is applied forward bias
between body-terminal and source-terminal that
enough voltage make active parasitic bipolar [6].
This drain current consists MOSFET current and
lateral bipolar current. The circuit’s differential
output current is defined as
L =Up +Ip)~Upy +1,,) (19)
Iy =2V K(V, -Vy) (20)

1 =2V, K(Je} —4d, —\Jc? —4d) (21)
where

¢ = —{7’ -|-2[—P’,.°+;v.,,'2q§‘r +;—JEI[EL_V:[J} (22)

2 A 1 'ZI S i 23
d ==y (2&, T]f(vyn"»yﬁ;;-ri _K_L—V_‘] ( )
4 -—f[za,+%)+[—i’,_+y\h_¢:+.;. Pz @9

By applying approximation 1+x =1 +; to (21),
it obtain

KyV, V.
I,=2 mlm (25)
24,
.4 COMPENSATION CURRENT IN
MOSFET MULTIPLIER

The circuit in Fig. 2.4 is added compensated
circuit as same as the circuit in Fig. 2.2. From (21)
, the output current can solve

V.V ¥?
]Q; —rl rn!y (26)
gl+g2

where
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TR
‘glx&r’d,.+r’V,_,+r‘+4r’[—Vn-r 24, + = _('*";—"-‘-)“Vi]

(27)
fz'J;z‘r_T!V.z*f‘*‘r’[hyro"f ‘F+%J&,—%L)_V:J
(28)
If compensated current is chosen
K~ e = Kk, & Tollows that
(1+8y
v 2
1, = i im2Y (29)
h+h,
where
<kt 7 Tl ol [T
K = JS?”#, +72V-: +r'+4y L"Vm —r\J2¢, +"2" m]b)
(30)
3n

3. SIMULATION RESULTS
The circuits in Fig. 2.1 and Fig. 2.3 were
simulated by PSPICE (EPK version 2.6)

¥

Vo ~—08V, V=12V, Ve =-12V,
R =100QQ , [, =20ud and the MOSFET
dimensions are given in Table 3.1. The DC

transfer ‘curves are shown in Fig.3.1 and Fig.3.2
with the input range for signal ¥, =404V and
Vi =0,202,404,and #0.8V. Fig. 33
demonstrate amplitude modulation ¥, and ¥, be

1 MHz and 10MHz sinewaves , respectively at 1V.
Table 3.1 MOSFET Sizes Used in BiCMOS
Multiplier and CMOS Multiplier.

MOSFET W/L
MI-M4 2/8
MS5-M6 9073

The circuits in Fig. 2.2 and Fig. 2.4 in which
8=0.6 are employed were simulated by
Vi =25V, Vi =-25V, I, =100ud and the
MOSFET dimensions are given in Table 3.2. The
DC transfer curves are shown in Fig3.4 and
Fig.3.5 with the input range for signal ¥, =+1V
and ¥, =0,10.2,10.4,10.6,10.8 ,and +1V. Fig.
3.6 demonstrate amplitude modulation ¥, and
Vimz be 1 MHz and 10MHz sinewaves , respectively
at 1V.

Table 3.2 MOSFET Sizes Used in BICMOS
Multiplier and CMOS Multiplier with
compensated circuit.

MOSFET W/L
MI1-M4 2/8
M5-M7, M12-M14 10073
Mg, M10 2/3
M9 , Mi1 2/5




S. CONCLUSIONS

MOSFET is applied enough voltage to body-
source , until parasitic bipolar is active. Then it
can be use in designed circuits that is a MOSFET
(gate-driven and body-driven) instead of a
MOSFET (gate-driven) and a bipolar transistor.
This paper has proposed BiCMOS four-quadrant
multiplier and MOSFET four-quadrant multiplier
and improve linearization by unsymmetrical
source-coupled pair.
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Fig. 2.1 BiCMOS four-quadrant analog multiplier.

Fig. 2.2 MOSFET four-quadrant analog
multiplier.
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ABSTRACT

Almost circuits using MOS transistor in three.
terminal are overlooked something that MOS
transistor has four terminals. In this paper
proposes the novel translinea: circuits for use at
low supply voltage. The key of this work is the
constructive in translincar loop use of all saturated
CMOS operation and back-gate driven technique
to circumvent the CMOS turn-on (threshold)
voltage requirement, This technique is applied to
a squaring/dividing circuit that is suitable for low-
voltage applications than bipolar translinear
circuits or MOS transiinear circuits. Simulation-
results by PSPICE are consistence with calculated
results.

1. INTRODUCTION

In today , the market and the need to develop
efficient portable electronic equipment necessitate
to produce circuit designs with low-voltage power
supply. As a results , IC technology trends suggest
that future support of mixed analog digital circuits
using standard CMOS will required power
supplies of 1.5V or less [1-2]. On circuit designs ,
the basic limitation of low-voltage power supply
must be at least in the Jevel equal to the sum of the
magnitudes of the n-channel and p-channel
threshold  voltages. Nevertheless |, threshold
voltages can not decrease more than them in
present [3]. Then necessity to be novel technique
designs that eradicate these limitation by back-gate
driven. This technique is shown in many papers

Engineering , King Mongkut’s Institute of
Technology Ladkrabang , Chalongkrung Road ,
Ladkrabang , Bangkok , Thailand 10520
Phone: (+66 2)3269968 ext.105
Email: POLPHADUNG@ANET.NET.TH

Boonpikum’s Department of Electronics
Engineering
King Mongkut’s Institute of Technology
Ladkrabang
Address: B306 Department of Electronjcs
Engineering , King Mongkut's Institute of
Tedmology‘Ladkrabang » Chalongkrung Road ,
Ladkrabang , Bangkok , Thailand 10520
Phone: (+66 2)3269968 ext.110
Email: POLP}LA.DUNG@ANET.NET.TH

[4-6].

This paper proposes designed circuits for
compatibility in future even though threshold
voltage is large by novel translinear circuits,

2. PRINCIPLE OF OPERATION

2.1 Back-Gate in MOSFET

One factor that controls the power supply
voltage is threshold voltage. A MOSFET turned-
on in strong inversion and operation in gate-
driven , power supply voltage must meet the
condition [5]

VDﬂ+IVSS‘|2VDSm, +IVTm.|+Vu‘gm.v (])
where ¥, is the most positive power supply
voltage , ¥ is the most negative power supply
voltage, ¥ _ is the magnitude of the largest
threshold of the nMOS or pMOS transistors. For
the back-gate driven technique , power supply
voltage would be

Voo V|2 Vog, 41V o | @)
This expression reveals that the bulk-driven
technique is removed threshold voltage from the
signal path.

Also for the back-gate driven technique must
must have a structure of each MOSFET in a
individual well (p-well in nMOSFET and n-well in
PMOSFET). Its operation is resemble a Jjunction
field-effect transistor (JFET) that the gate-source
dc voltage creates a channel and the back-gate
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source voltage controls the channel current.
Consequently , drain current adapted by signal
path is [7]

K'W .V
]D :'_L—(VGS_PT_ ;T)Vm ’ V,r)s S'Vpxtm) (n
K'W
[.p:—zz‘(yas"yr)z ’VDSZV.QS‘(W) @
V-’l’i(m} = VG:‘Vr- (3)

In bulk-driven , the drain current is

KW V
"D=T(VG_VI‘0_‘7 MF—Vss"'f Q¢F_._!2§4)Vm
s ng{mj (4)
KW
jD =_{L__(VGS_’};'0_?’ ‘wr'_ygs +7\l|2¢f)2

el 5

The parameters in Eq. (1)- Eq.{5) are identical
with standard SPICE parameters for MOSFETSs.

2.2 Translinear circuits operation

At the first time , translinear circuit principle
was formulated as a practical means of
implementing  nonlinear  signal processing
functions by bipolar transistors , the exponential
voltage-current behavior [7). And later on |,
emergence of has been used [8]. But nevertheless |
these translinear MOSFET circuits operated in the
saturation mode require high supply voltage.
Although MOSFET in weak inversion mode uses
low supply voltage [9-10] , it can only operate in
very low current.

To demonstrate the usefulness of the back-gate
technique , circuit principle start with saturation-
mode of MOSFET. By applying the approximation

X
Vi+x =1+§ to Eq.(5) , a simplified drain

current approximation is obtained

K'w 124
B e e = )2 (6)
aL ° 224
which becomes
4fd. xJI, 2.2
V” = \/¢_, J_D + ¢F (_Vcs Ea Vrn) - (7)
rJKW/L ¥

In the fundamental of this back-gate technique |
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the back-gate and source voltage are connected 1n
series. All transistors operate in saturation-mode.
From Kirchhoff ’s voltage law , it follows that

Z Vss = Z Vas (8)

-where the subscribes ¢w and ccw indicate the

devices connected clockwise and counterclockwise
in the loop , respectively.

Next , it is applied the approximate square-law
model of a saturated MOSFET by substituting Eq.
(7) into Eq.(8) , results are

Z{4J¢_FXE N 2@ (_VGS + Vro)}

rJK'W/L y
o4, 2424,
= - + Vet h)
S| rJKW/L ¥
9)
If equcl numbers of devices are present in
clockwise and counterclockwise 3

44,

(Vs +¥3,) and ——2E on both sides

224,
¥ rJKW/L

of Eq.(9) are equal. Thus Eq.(9) reduces to

21 =21, (10)

23 Example of Back-Gate Translinear Circuit

n B R K
m‘ Jl 1Lm‘:‘j,§i | M
Vdd]‘\':l* __;: j l,.jvm

Fig. 1. Loop in up-down topology with flcating
back-gates.

In Fig. 1 , a four-transistor back-gate is depicted
in an up-down topology. The source of M1 and M4
and of M2 and M3 are the same. The resulting
fundamental topology in Fig. 1, is described by

NN NN (n

An example application of the up-down
topology in Fig. 1 is a squarer/divider circuit ,
shown in Fig.2.

In the circuit of Fig. 2, I, is a bias current ,

I is a mput current and M1-M2 |, M4-MS5 are

current mirror by using the back-gate driven
technique [4] because all MOSFETs ( M2 , M3 |
M5, M6 ) in translinear loop must be saturation
mode. The output current of the circuit 1s
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2 . !
| = i ] -{TJ I, E R,
M7 | M8 M9 |
J
j *-— 1‘ V-H 1}—\
s v vV v
M1 ™ M2 ; M3 M4 " T MS ™ M6
] il 1 i
% ~M10 M1 ‘»—]
1V '
Fig. 2. Squarer/divider circuit.
& this results show that the comparative results of
I,=2l,+2. (12)

81,

3. SIMULATION RE3ULTS

Simulation results of the circuit on Fig. 2 were
performed by PSPICE BSIM3 version2 , based on
a 2 p IC process. Table 1 shows the aspect ratio of

MOSFETs. V,=1V , V_ =1V , I, =4ud |,
o =8+8sinIx10%7zt ud.

Table 1. MOSFET Sizes used in the circuit of

Fig.2.

MOSFETs W/L
MI1-M6 30072
M7-M9 100/4

M10-M11 2002

Fig. 3 shows the output current from the circuit
of Fig. 2 by spectrum analysis is

I, =11.541x10™ +4.8844 x10 sin1x10° 7¢

+770.146 x107° sin2x10° 77 A
and calculated results from Eq.(12) is

I, =11x10"* +4x10*sin1x10° zt

+Ix10°sin2x10°71 A

simulation results and calculated results is vicinity:

L (1)
18 ;

16
14 1
12
10

o0

100
Time(us)

150 200

Fig. 3 Output curreat from the circuit of Fig. 2.

5. CONCLUSIONS

This paper has proposed the MOSFET as a
four-terminal device which is suitable for low-
voltage applications. This is made possible by
exploiting the bake-gate driven , together with the
square-law. Additional equation structures have
been derived , which example translinear circuits
design for a squarer/divider circuit.

The techniques proposed in this paper are
preseatly being developed further for low-voltage
analog signal processing. Important properties
with respect to bandwidth , noise and errors due to
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MOSFET mismatching need to be studied and will
be published in a future paper.
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Abstract

In this paper proposes a IV translinear-based
true RMS-10-DC converter for CMOS technology.
The key of this work is the constructive in
designing circuit use back-gate driven technigue to
circumvent the CMOS turn-on (threshold) voltage
requirement. This technigue is applied 1o circuit
that is suitable for low-voltage applications. The
conversion circuil consists of a squarer , a low-
pass filter and a square root circuit. The results
Srom PSPICE simulation give a good agreement
with theoretical resulss.

1. Introduction

In today , the rapid growth of the market and the
need to develop efficient portable electronic
equipment necessitate to produce circuit designs
with low-voltage power supply. As a results , IC
technology trends suggest that future support of
circuits using standard CMOS will required power
supplics of 1.5V or less [1-2]. On circuit designs ,
the basic limitation of low-voltage power supply
must be at least in the level equal to the sum of the
magnitudes of the n-channel and p-channel
thresheld voltages. Nevertheless , threshold
voltages can not decrease more than them in
present [3]. Then necessity to be novel technique
designs that cradicate these limitation by back-gate
driven. This technique is shown in many papers [4-
7.

The computation of the root-mean-square
(rms) value of a signal is one of the important tasks
in electronic measurement. It is found useful in the
fields of instrumentation , communication and
display system. In analog computing , the rms
value can be obtained by computing it , directly
relating it to the associated rms value. Using the
dircct approach | a full-wave rectificr , a squarer ,
a low-pass filter , and a square rooter are required
according to the definition , resulting in a true rms-

Proceedings 2002 International Symposium

on Comrnurication and  Information Technology

to-dc converter. The proposc of this paper is to
present a CMOS circuit design techmque for the
realization of a true RMS-t0-DC converter. A full-
wave rectifier is not require for this realization
scheme. PSPICE simulation results are given to
characterize the performance of the proposed
circuit.

2. Principle of operation

2.1 Squaring circuit

4 J M10 M1
, ﬁkj—éﬂ
A I I
“ erHi:’ ol e sl
e TS e
|H? Jim f uy - B ,j e
L‘t ; = i,
il A R _
1

Figurel. Squaring circuit

Consider the schematic diagram &f the
squaring circuit in Figurel. I, is a bias current ,
I;, is a input current and M1-M2 | M4-M5 and
MI0-M11 are current mirror by using the back-
gate driven technique[4]. Transistor M2 , M3 , M5
and M6 form a translinear loop [7]. Assuming that
MOSFET in translinear loop are biased in the
strong inversion region , a drain current is

obtained
K'w .
1:):“51—(’/03"/7-0—? 20r —Vps +r\2¢p)°
v Vos 2 V oseary - ()



The parameters in Eq. (1) 1s identical with standard
SPICE paramcters for MOSFETs. To demonstrate
the usefulness of the back-gate technique by

applying the approximation 1+ = 1+§ to Eq.

(1) . a simplified drain current approximation is
obtained
K . : PFas s
{p = j’j_‘“'c;s ~Vra + _;%‘f‘)k
2 2,24
which becomes

8BS

)

J

Y JEWIL ¥ —Vgs *"! ro).  (3)
In the fundamental of this back-pate technique |
the back-gate and source voltage are connected in
scrics. All transistors operate in saturation-mode.
From Kirchhoff s voltage law | it follows that
Z Vgs = ZVHS . (4)
wW cow
swhere the subscribes cw and cew indicate the
devices connected clockwise and counterclockwise
in the loop | respectively.
Next, 1t 15 applied the approximate square-law
model of a szwrated MOSFET by substituting Eq.
(3) into Eq.(4) . results are

{4\@“\/E+2 @C( i W

— Vs +1575)
y JKWiL ” a5t j

_ N 4\ ¢‘L' X\'”-D 2 2¢‘,;
= = + (Vs +Vrg)
¥ JK'W/L

%)
If equal numbers of devices are present in
clockwise and counterclockwise

224, = o 4\ ér
—— (Vs +Vp) and —E__op
/4 yNKW/L
sides of Eq.(5) are cqual. Thus Eq.(5) reduces to

;JT=ZJ?Z- (6)

ccw

cCw

?

both

The output current [, can be expressed as

2
Loy =20, + i
81,

for |I,,|<41,. @)

our

From Eq(7) , if the bias current 2], can be

compensated , the translinear circuit operates as a
current squarer. This squaring circuit will be the
key circuit building block to realize the true RMS-
to-DC converter.

2.2 The first-order current-mode low-pass
filter

The first-order current mode low-pass filter is
shown in many papers [9-10] but they are not
compatible in low voltage circuit. The small signal
response of the first-order current mode low-pass

filter in Figure 2 is

Figure 2 First-order current mode low-pass filter.

Emb2 IS(_)‘
fyp B EE G

o (8)
e+ mh20 y-
(s e )

If the value of capacitor C is chosen C>>g,,., , the
current /g, can be written as

l
b :?stgdr (10)

where T = 1s the time constant of the filter

Smb21

and &2 are  the  back-gate

Embr0
transconcuctance of M20, M21 respectively.

2.3 Principle of operation and design the
true RMS-to-DC converter

In Figure 3 the true RMS-to-DC converter is
shown. As before , it comprises the squaring circuit
in the Figure 1, current mirror , low pass filter and
square root circuit . The current mirror using DC
level shifters [8] that allow to reduce the input and
output voltage formed by MOSFET MI12-Ml14 |,
M29-M31 and current mirror M7 , MI17
compensates the biag current 27, , the current Isp

cquals
i

[SQza. (11)

The current passed through the first-order current
mode low-pass filter , formed by M20-M21. From
Eq.(10) , the drain current of M21 can be expressed
as

- ‘r"id: (12)
W =grd g

The square root circuit , formed by M22-M23
[11], drain voltage of M23 can be written as

1
Versrza =Voun =G ,_ J-!iid’ (13)
\r
1 T 1 1
where G = ——| [—4— - [— |. (14)
l 2y l:\/;'n koy kzlJ
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Figure 3b sub-circuit RMS2 of Schemeatic diagram
of true RMS-to-DC converter
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Figure 3¢ sub-circuit RMS3 of Schemeatic diagram
of true RMS-to-DC converter
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Figure 3d Schemcatic diagram of true RMS-to-DC
converter

k= u,C

where i
(W/7L);.

kyy =u,C,

= nTor

(W /L), and

When Fpy oy and Vg, are applied to M27-

M23 , they can change voltage to current and M36
compensates the bias current. Then the: output
current /,, . can be written as

Lons = G /_jf,,,dz (15)

G, B, (Hn’)ﬁ[{ \F] -—
T4l oL,

If Gyi=l

in the form of z true RMS as required.

. iUis seen clearly that the current /4, is

3. Simulation results

Simulations were conducted in PSPICE on the
circuit of Figure 1 and Figure 3 by using MOS
BSIM models for the MOS parameter of the 0.5
microns hp-amos14tb/t1I9m Technology MOSIS
process. Aspect ratios of NMOS and PMOS were
listed in the table 1.

From squaring circuit in Figure 1 , The d¢
current source /, is equalto 1 uA , R, =100Q and

the supply voltage is V. The dc transfer curve of
the squarer in Fig. 1 is given in Figure 4. This
squarer has a nonlinearity error less than 5% when
comparison between the simulation results and an
ideal square.

Figure 5 shows the /g, of the sinusoidal signal
from the circuit in Figure 3 , when input signal
with the amplitude is 2uA of 10KHz ,
Iy =1py = Iy =lud and R, =100Q . The circuit
is also able to convert the sinusoidal signal into the
sinusoidal signal into the DC signal in the RMS
value.
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