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.Subckt OTA1

*Pinouts
VDD 1
VSS 2
1B 1
M1 7
M2 8
M3 7
M4 8
M5 14
Mo 12
M7 13
M8 15
M9 14
M10 12
M1l 13
M12 15
MB3 26
MB4 25

*********************************0 25um**************************************

13
12
13
12
26

26

1 3

14 15 16 17 18 19 20 21

in+ in- 0+ 0- 0+ 0-0+ O0- O+ 0- OTA1

dc1.2

dc -1
200u
25
25

2
2

* LOT: T14Y MOSIS

* DIE: N_Area Fring

* Temp= 27

2

25
25

2
2

NMOS1
NMOS1
PMOS1
PMOS1
PMOSI1
PMOS1
PMOS1
PMOS1
NMOS1
NMOS1
NMOS1
NMOS1
NMOS1

NMOS1

W=5u L=lu
W=5u L=lu
W=5u L=lu
W=5u L=lu
W=5.5u L=lu
W=5u L=lu
W=5u L=lu
W=55u L=lu
W=3u L=lu
W=3u L=lu
W=3u L=lu
W=3u L=lu
W=5u L=lu

W=5u L=Ilu

WAF: 03

DEV: N3740/10
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.MODEL NMOS1 NMOS ( LEVEL =3 TOX = 5.7E-9 NSUB = 1E17 GAMMA = 0.4317311

+PHI=0.7 VTO =0.4238252 DELTA =0 UO =425.6466519 ETA =0 THETA =0.1754054

+ KP =2.501048E-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
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+CGSO = 6.2E-10 CGBO = 1E-10CJ = 1.81211E-3 PB = 0.5 MJ = 0.3282553
+CISW =5.341337E-10 MIJSW =0.5)

.MODEL PMOS1 PMOS (LEVEL =3 TOX =5.7E-9 NSUB = 1E17 GAMMA = 0.6348369
+PHI=0.7 VTO =-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 TPG = -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
+CISW = 3.625544E-10 MJISW =0.5)

s e et ookl s etk sk sttt ok () 7 G K K ok kel s et ookl stk ookl sk
Ms2 16 7 1 1 PMOSI W=55u L=lu

M92 16 13 2 2 NMOS1I W=3u L=lu

M53 18 7 1 1 PMOSI W=55u L=lu

M93 18 13 2 2 NMOSI W=3u L=lu

M54 20 7 1 1 PMOSI W=55u L=lu

M94 20 13 2 2 NMOS1 W=3u L=Iu

M8 17 8 1 1 PMOSI W=55u L=lu

M122 17 12 2 2 NMOS1 W=3u L=lu

M8 19 8 1 1 PMOSI W=55u L=lu

M123 19 12 2 2 NMOS1 W=3u L=lu

M8 21 8 1 1 PMOSI W=55u L=lu

Mi124 21 12 2 2 NMOS1 W=3u L=lu

.Ends OTA1

st R R R AR AR AR AR AR AR AR AR R R R R R R R R R R R R R R R R R R R R R R R o
Subckt OTA2 2 3 4 14 15 16 17 18 19 20 21

*Pinouts int in- 0+ 0- 0+ 0-0+ 0- O+ 0- OTA2

VDD 1 0 dcl.2

VSS 2 0 dc-1.2

1B 1 26 200u

M1 7 3 25 25 NMOSI W=5u L=lu

M2 8 4 25 25 NMOS1 W=5u L=lu



76

M3 7 7 1 1 PMOS1 W=5u L=lu

M4 8 8 1 1 PMOS1 W=5u L=lu

M5 14 7 1 1 PMOS1 W=5.5u L=lu

M6 12 7 1 1  PMOS1 W=5u L=lu

M7 13 8 1 1  PMOS1 W=5u L=lu

M8 15 8 1 1 PMOS1 W=5.5u L=lu

M9 14 13 2 2 NMOSI W=3u L=lu

M10 12 12 2 2 NMOSI W=3u L=lu

M1l 13 13 2 2 NMOSI W=3u L=lu

M12 15 12 2 2 NMOSI W=3u L=lu

MB3 26 26 2 2 NMOSI W=5u L=lu

MB4 25 26 2 2 NMOSI W=5u L=lu
skttt K () ) G R R R ook
* 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=0.7 VTO =0.4238252 DELTA =0 UO =425.6466519 ETA =0 THETA =0.1754054
+KP =2.501048E-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-10CJ = 1.81211E-3 PB = 0.5 MJ = 0.3282553
+CISW =5.341337E-10 MJSW =0.5)

.MODEL PMOS1 PMOS (LEVEL =3 TOX =5.7E-9 NSUB = 1E17 GAMMA = 0.6348369
+PHI=0.7 VTO =-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 TPG = -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 =0.5)

*********************************O zsum**************************************



M52 16 7 1 1 PMOSI W=55u L=lu
M92 16 13 2 2 NMOS!I W=3u L=lu
M53 18 7 1 1 PMOSI W=55u L=lu
M93 18 13 2 2 NMOS1 W=3u L=lu
M54 20 7 1 1 PMOS1I W=55u L=lu
M94 20 13 2 2 NMOS1 W=3u L=lu

M8 17 8 1 1 PMOSI W=55u L=lu
M122 17 12 2 2 NMOS1 W=3u L=lu

M8 19 8 1 1 PMOSI W=55u L=lu
Mi123 19 12 2 2 NMOS1 W=3u L=lu
M84 21 8 1 1 PMOSI W=55u L=lu
Mi124 21 12 2 2 NMOSlI W=3u L=lu
.Ends OTA2

sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok kokok

Ilinl 1 0 acl
Ilin2 2 0 acO
Iin3 3 0 acO
x1 102030000 0 OTAl
x2 021000000 0 OTAl
x3 3 4100000 0 OTAl
x4 0 3000000 0 OTAI
xq 1 51000000 OTA2

0
4
0

Cl 2 0 0.467n
C2 40
0

Ro 5 1

.ac dec 100 0.1k 10Meg
.PROBE

.OP

.END
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Three Inputs Single Output Current Mode
Universal Filter

Montri Somdunvakanok
Electrical Engineering Department, Faculty of Engineering.
Siam University, Bangkok 10160, Thailand.
Tel. +66 2 4570068 Ext.123, Fax. +66 2 4573982, Email: monsom@siamu.com

Abstract— This paper presents a new current mode universal
filters employing only two lossless differentiators by which the
obtained result still achieves the advantages obtained by
employing OTAs and two grounded capacitors. The proposed
filter consists of three inputs and single output, where either
one of five filtering transfer functions (LPF, HPF, BPF, BRF,
APF) can be achieved by proposes structure. In addition,
parameters orthogonally with frequency response (@p) of
quality factor (Qp) can be also electronically tuned.
Characteristics of the proposed filter are simulated using
PSpice and its results are in agreement with the theory.

Keyword: universal filter, differentiator, OTA

I. INTRODUCTION

In currently analog signal processing area, current mode
analog filters are rapidly developed which have more
advantages than voltage mode counterpart. Recently current
mode filters have been reported which are preferred to use
several active devices such as Current Follower (CF),
Current Conveyor (CCII) and Operational Transcon-
ductance Amplifier (OTA) [1-3].

Biquadratic transfer function is widely used in order to
the filters synthesis. Many kinds of filter can be realized
based on only integrators building blocks. [4-10]. However.
integrator circuit performs as a low-pass filter. In high
frequency. stage gain of integrator is decayed due to
components bandwidth and integrator characteristic. In
order to realization of filter, magnitude response of filter in
high-frequency would be unstable according to the mention
characteristic. Differentiator circuit performs as high-pass
filter that compensated with component bandwidth for
stabilized of magnitude response in high frequency.

This paper presents an analysis and design of
biquadratic filter based on differentiator realization. Basic
MO-OTAs and grounded capacitors are mainly components
which pave a way to further integrated circuit production.
Low-pass function is supposed and raised up to initial the
filter synthesis. Current-mode five types of basic second-
order filter functions are obtained by the same topology.
Multiple inputs and single output is obtained with its
electronically tuning of frequency response (@p) and quality
factor (Qp) without disturbed of each others.

II. GENERAL PRINCIPLE
A) Biguadratic function
Biquadratic equation in term of low-pass filter can be
expressed as

113

¥(s) B ab

v 1
X(s)i s+ sb+ab W

Rearrangement Eq.(1), differentiator forming of
Eq.(1) becomes
¥(s)= x(s) - LUb” s @)
) ) ab

It consists of two differentiators, a proportional block
and a summing function. The block diagram of Eq.(2) can
generally be described in Fig.1.

sja

s/b

‘—‘ )

Fig.1 LPF function based on differentiator blocks

Voo

My

m @

M;:
£
Vg I_j
Fr——"ton
=i
=ty
-l

Fig.2 Basic MO-OTA circuit

B) Multiple Outputs OTA

A simple CMOS Multiple Output OTA, (MO-OTA)
[10] as shown in Fig.2 is a versatile device that given
multiple plus/minus output currents while applying a
differential voltage input. The output current and
differential input relation named the transconductance is
given by

x

e

=&m= (]ﬁ ) (JIJUC.OX W’f“’[’ )1=2
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~

From Eq.(1). where gy, Co, W and L represent for
surface mobility, oxide capacitance, channel width and
length of MOS transistor. respectively. Consequently.(g;,,)
can be tuned electronically by current biased.(/g)

III. CIRCUIT DESCRIPTION
A) OTA-C Differentiator Circuits
Considering the principle block diagram in Fig.1 the
lossless differentiator block needs to realization which
preferred to use MO-OTA and grounded capacitor. The
realization of OTA based lossless differentiator is depicted
in Fig.3 and its equation is expressed in Eq.(4)

+ &mi
+
lin 1
+ -
5 ,
_gm‘ H—>lo
cT
Fig.3 OTA based lossless differ:u_gmor
o _5C )
by &

B) Current-mode universal filter

From block diagram Fig. 1 and lossless differentiator
Fig.3. current-mode biquadratic filter is constructed as
shown in Fig.4. It can seen that g3 is disappeared in Eq.(5)
because it is prior cancelled from Eq.(4).

- Tiny e
e ﬂf%’?’:‘%
Tin2 _ :
o L 4|
ey T o
L Ja |4
:‘:—7_‘7_
_gmo-_:—‘ 1o

gnC " g.6C (5)

Whereas denominator is D(s):sz T Ena&mo 4 Emr8m
.6 GG

ml

which compared to the standard biquadratic equations in
Eq.(6) then the parameters are found to be

D(‘s}:sz+.sm—”+a)§ (6)
i

)

Em &G
Op = : -
g mQ g mﬂf("l

®)

From Eq.(5). it can be seen that five types of filter
function can be obtained by applying appropriated inputs
by following conditions:

e ForlPF. I, =I,=0and =1,

e TorBPF. Iy = Iz = 0and I» = I,

¢ ForHPF.I,=ILs=0and =1,

e ForBRF.Ip=0and Iy =Ty =1Ia

o FOr APF, Iy = Iy = Iz = I

For LPF. HPF and APF. gu1 = w2 = Zms = Zmo = Zm
and C; = C, = C are defined for Oz=1. For BPF and BRF,

Zmi = &m = Zms = gmand C; = C, = C are defined that (Op)
is obviously therefore adjusted by (gmo) and (gumi).

IV. CIRCUIT SENSITIVITY
Sensitivity of filter is an important parameter for
evaluate its performance. Passive and active components
sensitivities with respect to frequency cut-off (S ) and
quality factor (\S‘fl’) are considered which can be
expressed in Eq.(9)-(12)

@p __ O@Pp
S35 =57, =0 ©
Sfp, — Sﬁ’p :l . SS‘F =Sé’P z_l (10)
Em Eme 2 1 2 2
1 1
QP — 'QF = y ==
ng: 755: 75 : 55:4 =S(LP __E (11)
0 _ @ _
S =1. 8% =-1 (12)

V. Non-ideal Analysis

In this section we discuss the effects of non-idealities
of the OTA-C on the transfer function of the proposed
multifunction filter. The schematic and symbol of a basic
OTA are shown in Fig.2. The characterization of the OTA
plays an important role when dealing with a wide
frequency range of operation. An OTA macromodel is
desirable to facilitate filter performance characterization.
A simple practical small signal OTA macromodel is
shown in Fig.5.

|\;“‘- —
—
|CfI auls)=gyoll-s7) — |E>
+ + o
Vi © | cLv, _L i
an_o—'{_ (20 Vu‘]?g R, |
C, = = =
L =
— —_—

Fig.5 Generic small signal OTA macromodel

The macromodel components are characterized by (i)
the differential and common mode input capacitances, Cy
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and (C.). respectively, (ii) the output capacitance and
resistance (conductance). (Cyp) and (R,). (g,). respectively.
and (ii1) the frequency dependent transconductance.

2.(s)x g,0ll=s7,): o1, <<1 (13)

Where (@7,) is denominated the excess phase and is
typically evaluated around the operation frequency (a).
The (ean; =1/7) denotes the second pole of several OTA-C
integrators. In the frequency range (@ << ay) of our
interest, current mode transfer function of each filter can be
described by 2 parts as follows

e Part 1: (grnl :gm'_’ :gm4 :ng = gm) ﬁlld (Cl = (7'_’ = C')

2 2

ans);slll—glr—i’;jrl +s"+i’"—2ri +En 14
- ¢ o T )@
C—"::?(l—2s-r+.s:r:] (%)
Tols)zt— -
== 50
T (5)=—5 (16)
HPn DH(S)
51+g—,”f[.5'3r7.5')+g—’%[l—2.sr+32r:]
T (5)= C c? ’ (17)
' D,(s)
Parameters (@p,) and (Op,) become
- q}?l
Oy =7 (18)
and 0, =1 (19)

From Eq.(18) and (19), It found that (ep,) does not
affected from parasitic poles but (QOgp,) received small
effected from parasitic poles.

e Part 2: (gml =8&m2 T 8me =gm) and ((Tl = Cl = C:)

~Zmg g Sm g s g’"972ré‘f’% —& (20)
c 2t e ot c?
()= ) @n
BPn 5)=
D (s)
52+%[3312—5(_2r)+l] -
Ton,(5)= (22)

D, (s)

From Eq.(20)-(22), it found that parameters (@p,) does
not affected from parasitic poles but (Op,) received small
effected from parasitic poles in high frequency as described
in Eq.(23) and (24).

~ 8n
@y, =

0.~ gm[szr:—s[Zr)ﬁ—l] \]

\gmg[szrz'g—s(r+ z'g)+ll

VI. SIMULATION RESULTS
Proposed OTA universal filter is simulated by PSpice.
MO-OTA uses MOSIS TSMC 0.25um model with + 1.2V
power supplies. The transistor aspect ratios are listed in
Table.1

Tablel. Aspect ratio of transistor for CMOS MO-OTA

Transistor W(pm)  L(pm)
My, Mo, My, My, M, M 5 |
Ms, Mg 5.5 1
MM, 3 1

Filter characteristics are exhibited in Fig.5 and 6 for
confirm the electronically tunable of natural frequency
(@p). The capacitors C; and C, are supposed of 10pF
while varied the biased current (/) at 1pA and 100pA.
Frequency response are respectively illustrated around
200kHz and 4.5MHz.

Gain (dB)
40

1 Ci=Ca=
I~ luA

-40

v

=80
10KHz 100KHz 1.0MHz 10MHz 100MHz
Frequency
Fig.5 Filter characteristics while (Jg = 1pA)
Gain (dB)
50
B * he
C=C+~Cq=10 + hw
T = 100uA L 0 Jae
ol o TR T I IR
v v T
i ——‘B/ oA
=50 N H H R / H H
-100:
1.OKHz 10KHz 100K Hz 10MHz 10MHz  100MHz
Frequency

Fig.6 Filter characteristics while (I3 = 100pA)

BPF and BRF results are shown in Fig.7 and 8 for
confirm the adjusting of quality factor (Qp) is independent
with frequency cut-off (@p). Biased current (fz) and
capacitors (Cy=C,) are respectively supposed at 100pA
and 0.46nF. It found that the adjusting of (Op) can be
tuned by (Zzg) without any effects to (@p).
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Gain (dB)
0

1 f=ha=ks == 100uA

C=Cy=046nF
60
100KHz 1.0MHz 10MHz
Frequency
Fig.7 BPF characteristics while g is adjusted
Gain (dB)
0 —tr —F

-0
0 Fio=100uA

=20 ¥V fe=13uA |
+ ho=3uA
¥ ho=2uA
¢ hig=1uA

-30

=40

100KHz 1.0MHz

Frequency
Fig.8 BRF characteristics while Igp is adjusted
Fig.9 shows an all-pass response at IMHz which is
obviously seen that low-magnitude fluctuation at center
frequency. Fig.10 shows the plots of frequency response
against varied (/z) and C. They are totally in agreement
with the theoretical.

Od 200

! - : : Igy =l =lpz=Ip=Fz = 100 uA
: : : C=Ca= 046 nF
=00d: 10 : — \ :

0

Phase (degree)
g
Gain (dB)

=270d-

-360d =20
100KHz 1.OMHz 10MHz
Frequency
Fig.9 APF characteristics at 1 MHz

VII. CONCLUSION

This paper introduces a current mode universal filter
which realizes by biquadratic transfer function. Low-pass
biquadratic fransfer function is synthesis by using
differentiator blocks for taking their benefits. MO-OTAs
and two grounded capacitors are supposed for such
implementation. Five types standard filter function are
obtained with electronically tunable characteristic of
orthogonally frequency cut-off (@) and quality factor (Qp)
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Abstract
This paper presents CMOS-based three-

input  single-output  universal  filters  with

independent tunable pole-Q, .The structure of

circuit based wupon lossless differentiator
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synthesized from multi-output OTAs, together

with grounded capacitors. The proposed
universal filter can be realized as five different
filtering transfer functions (LPF, HPF, BPF, BRF
and APF) within the same circuit. Its quality
factor (Qp) _can be adjusted electronically
independent of its frequency response (&) and
in addition, its sensitivity is relatively low.
Characteristics of the obtained circuit are
simulated by the PSpice program and they are

found to agree well with the theory.
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