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Abstract. This paper describes the design of a current-
mode single-input multiple-output (SIMO) universal filter
based on the log-domain filtering concept. The circuit is
a direct realization of a first-order differential equation for
obtaining the lossy integrator circuit. Lossless integrators
are realized by log-domain lossy integrators. The proposed
filter comprises only two grounded capacitors and twenty-
four transistors. This filter suits to operate in very high
frequency (VHF) applications. The pole-frequency of the
proposed filter can be controlled over five decade fre-
quency range through bias currents. The pole-Q can be
independently controlled with the pole-frequency. Non-
ideal effects on the filter are studied in detail. A validated
BJT model is used in the simulations operated by a single
power supply, as low as 2.5 V. The simulation results using
PSpice are included to confirm the good performances and
are in agreement with the theory.
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1. Introduction

In 1979, Adams introduced a novel class of continu-
ous-time filters called log-domain filters which externally
are linear systems, yet internally are nonlinear [1]. This
class originates from the companding concept (compress
and expand) of log-domain circuits. Input linear current is
initially converted to a compressed voltage, and then proc-
essed by the log-domain core block. The compressed out-
put voltage is converted to a linear current to preserve the
linear operation of the whole system. The compression and
expansion of the corresponding signals are based on the
logarithmic/exponential voltage—current relationship of
a bipolar transistor. Log-domain circuits are useful build-
ing blocks for realizing high-performance current-mode
analogue signal processing systems.

In 1993, Frey introduced a general method for syn-
thesizing log-domain filters of arbitrary order using a state-
space approach [2], [3]. Frey also presented a highly

modular technique for implementing such filters from
a simple building block comprising a bipolar current mirror
whose emitters are driven by complementary emitter fol-
lowers. Log-domain filters based on instantaneous com-
panding [4]-[7] and these circuits are both theoretical and
technological interested, since they have potentially offered
high-frequency operation, tunability, and extended dy-
namic range under low power supply voltages [8]-[20].

A biquadratic filter is a basic second-order function
block for realizing high-order filter functions. The multi-
function filter circuit based on a biquadratic function has
been designed and developed for over four decade years
[21]-[31]. The single output OTA (SO-OTA) was used in
realizing the voltage-mode biquad filters based on a two-
integrator loop structure in [22]. The circuit in [23] suf-
fered from using a large number of OTAs. Other filters
have been introduced based on multiple current output
OTAs and grounded capacitors. The two-integrator loop
current-mode filters based on lossless and lossy integrators
(two OTAs and two grounded capacitors) were proposed in
[24], [25]. The concept of component minimization for
realizing the universal biquad filters has also been intro-
duced. However, it cannot adjust pole-Q (Q,) without af-
fecting the pole-frequency (ay). Two-integrator loop struc-
tures using multiple current output OTAs and grounded
capacitors have been introduced in [26], [27]. Summations
of feedback of zeros to the rational function for realizing
the filter were introduced in [28]-[31]; however, some
circuits require too many active devices or excessive pas-
sive components and others cannot adjust the pole-Q with-
out affecting the pole-frequency. The programmable zeros
are obtained by either bias current or analogue switches.
However, a performance limitation of the OTA including
low bandwidth, high power supply and large die area can
be observed.

Other active elements in the family of current convey-
ors including CCII [32-34], DVCC [35], DDCC [36]
CCCII [37-40] and DXCCII [39] have been widely used
for filter realization. However, the voltage and current
tracking errors are the main problems of current conveyors.
Active-only components based on OPAMP gain-bandwidth
and OTAs have also been used in implementing the univer-
sal filter [42-43].
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Unfortunately, several filters based on active building
blocks (ABB) [21-43] are suitable for several megahertz
range that they cannot operate in very high frequency ap-
plications. The narrow tunable range is a problem of ABB-
based filer. Owing to log-domain filtering concept, it is
including the following potential capabilities: low-voltage,
high-frequency operation and wide electronic tunability.
The above mentioned problems of ABB can be solved. In
this paper, a high-frequency single-input multiple-output
(SIMO) biquad universal filter is realized based on log-
domain integrators loop. It is suitable for wireless systems
[9] and high-frequency applications such as video signal
processing, magnetic disk read channel, sensor signal con-
ditioning [44]-[48]. The proposed circuit possesses the
following features:

1) The configuration is realized by using minimum num-
ber of active and passive components.

2) Use of grounded capacitors, thus it is suitable for inte-
gration.

3) Orthogonal electronic tunability between ay and Q.

4) High-frequency operation is achieved based on the
log-domain concept with wide electronic tunability
and low-power supplies features.

5) High-output impedance, thus it enables interconnec-
tion to the succeeding current-mode circuits.
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Fig. 1. Lossless integrator realized from a lossy integrator.

2. Theory and Principle

2.1 Lossless Integrator Realized by Lossy
Integrator

Lossless and lossy integrators perform the same func-
tion as dependent building blocks, but a lossy integrator
performs as a first order low-pass filter. A lossy integrator
can be transformed to a lossless integrator or vice versa
[19]. This paper uses the realization of a lossless integrator
by transforming a lossy integrator. The inverting and non-
inverting lossless integrators in Fig. 1 can easily be ob-
tained by the transfer function at different nodes.

C(s) T
A(s) s M
B(S) -
A(s) s @)

2.2 Low-Pass Biquad Structure Realization

The inverting biquadratic low-pass (LP) function for
synthesizing the system can generally be described by
V4 (s) —-AB

- : 3)
W(S) s*+skA+ AB

The above equation can be rewritten in terms of
lossless integrators as follows:
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Fig. 2. Block diagram of a two-integrator loop filter.

Based on Fig. 2, other transfer functions of different
nodes can, respectively, be obtained.

X (s) s*

= ) s (5)
W(s) s°+skA+AB
Y(s) —skA

=— . (6)
W(s) s°+skA+ AB

2.3 Log-domain Lossy Integrator Based on
Translinear BJT

Fig. 3(a) shows a log-domain filtering scheme based
on a translinear type-B (balance) cell [49] which is called
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Fig. 3. Log-domain inverting lossy integrator (a) analytic
structure, (b) practical structure.
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a log-domain lossy integrator. Assuming that each transis-
tor has an ideal exponential characteristic (base-current is
neglected) and using Kirchhoff’s current law (KCL), the
base-emitter voltage relations can be written as

Vbel + VheZ - Vle} - Vbe4 = O - (7)

b

The collector current of the transistor is given by

V(’
Iczlsexp[V” J ®

T

where the different terms have their usual meaning. Now,
applying the translinear principle (TLP) [50] to O;-O;
gives

Tode, =1c31cy - ©.D
If]c[ = [i, Icz: 12 and Ic4 = [0, then (91) becomes
Il =1.,1,. 9.2)
Collector current of 05 can be expressed as
Iy =L, +C V. (10)

The derivative of the voltage across the capacitor C; is

e qv. v.dl. V.1
v, =2a S Y1t an
a1, dt I,

The derivative of the output current based on (8) yields

Lo L5 Ve \ Ve Loy (1
° dt v, v, ) a v,

T

Substituting (10), (11) and (12) into (9), we get

_I_Cl I Vr
1

.- (13)

o
o

Suppose that we define the currents ,=17;=1, then (13)
becomes

1 =1,+5 100

=1, 7 (14)

By taking the Laplace transform into (14) and rear-
ranging, the transfer function of the circuit of Fig. 3(a) in
the s-domain is

H(s)="o (s) ! (15)

It is seen from (15) that H(s) corresponds to the trans-
fer function of a lossy integrator, and that the natural fre-
quency can be controlled by the bias current /.

Considering the direction of input and output currents
in Fig. 3(a), it can be seen that this structure can easily
produce the non-inverting lossy integrator function. The
constant currents /;, I, and /3 are, respectively, replaced by

I, +1Ip, Iy and I as shown in Fig. 3(b). The current output
1, requires the bias current [ for offset cancellation. The
final current output of Fig. 3(b) is obtained as

L) (1)
Ia(s) S+(IB/C1VT)

Vee

. (16)
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Fig. 4. Log-domain lossless integrator realized using a lossy
integrator: (a) Inverting, (b) non-inverting.

As mentioned in Section 2.1, lossless integrator can
be realized by feeding back the output current to the input.
The inverting and non-inverting lossless integrators are,
respectively, depicted in Fig. 4(a) and (b) and their transfer
functions can be expressed as

Lo (S) — —1y , (17)
I,(s) sCV;
Lu(s) _ _1n (18)
1, (s) sCV;
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Fig. 5. Tunable translinear inverting current-gain.

2.4 Translinear Current-gain

The current-gain in this paper is facilitated by the
translinear concept [49] as shown in Fig. 5, which provides
the current output as a multiplier and divider. The bias
currents are replaced and applied the input current (/;,) then
the linear current output function can be obtained based on
the translinear principle as

IS (19)

in
3
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Fig. 6. Single-input multiple-output tunable log-domain current-mode universal filter.

It is found that the current gain can be adjusted by the
ratio of bias currents [, and /3.

3. Log-domain Current-mode
Universal Filter

The proposed filter as shown in Fig. 6 is realized
based on the two- integrator loop structure, where the pole-
Q is tunable by adjusting the current-gain block (k). It is
straightforward to show that the output current of LP, BP
and HP are given by

@ _ _(IBIIBZ/CICZVTZ) (20)
I, D(s)
I, _—s(kly/CV;) , 1)
I, D(s)
Lyp _ =" 22)
I, D(s)

where D(s)=s’ +S(kIBI/C1VT>+Iglle/ClCZVTZ .

Note that the proposed circuit can easily realize other
two types of standard transfer functions by summing the
particular outputs, which are summarized below.

i) The BR response can be realized by summing of
HP and LP output currents (/yp+ Iy p).

i) The AP response can be realized by summing of
HP, LP and negative BP output currents

{up+ ILp =+ (-Igp)).

The pole-frequency (ay) and pole-Q (Qp) can be
expressed as

o, =L [ole 23)
VT C1C2

0, =+ [ (24)
k\1,C,

The parameters Ip;, V7 and k represent the bias cur-
rents, thermal voltage (= 26mV at room temperature) and
current-gain, respectively. From (23) and (24), it is seen
that the pole-frequency can be linearly tuned by adjusting
the bias currents (/5;), while the pole-Q can be electroni-
cally tuned by adjusting the current gain building block (k)
without affecting the pole-frequency. Note that the pole-
frequency is directly influenced by temperature (thermal
voltage (V7). This effect can be reduced by using the com-
pensated bias currents.

The current biasing circuit of the proposed filter is
shown in Fig. 7, which is based on positive and negative

On3
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Replace for
tunable pole-Q

Fig. 7. Current biasing circuit based on simple current mirrors.
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iout (S) ~

- ngg;MSg;n4r7r1r/r2riz3riz4r7r7

, (25.1)

la (S) gmlnggm3rzzlrﬂ2rzz3r7r4r7r7 - gm2gn13gm7r7rlrzr2rzz3r7z4r7r7 +s (gn11gm2r7rlr7r2rzz3rzz4rzr7c

iout (S) ~

nggm3gm7rzrlrﬂ2r/rSrﬂﬁrﬂ7

)

(25.2)

i(s)

current mirrors. For Qy=1, the positive and negative bias
currents can be tuned simultaneously by single bias current
Ip. The general current biasing circuit contains transistors
Og1-Ogys that are implemented to the 18 bias currents. For
tunable pole-O, Opy, Opa3, Opo4 are removed and replaced
by the extra biasing circuit. Pole-Q can be independently
tuned by adjusting the extra bias current k/ and the pole-
frequency is tuned by bias current /5.
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Fig. 8. Simple small signal of BJT transistor.

4. Non-idealities Studies

Log-domain filter suffers from transistor nonideali-
ties. The study of nonideal log-domain filters is compli-
cated in the fact that the non-linear logarithmic-exponential
operations inherent the circuit result in transcendental
equations. This paper derives equations describing the non-
ideal characteristics of the log-domain circuit as a con-
sequence of the deviations in the nonideal parameters. This
section shows the effects of the transistor parasitic in Fig. 8
based on a small-signal model using transconductance
(gw=1c/V7), base-emitter resistance (r,), base-emitter
capacitance (C,), and base-collector capacitance (C,). We
assume that the other parasitic capacitances are very small
and the impedance of the collector-emitter (r.) is high.
Physical parameters such as area mismatch and early volt-
age are also discussed.

4.1 Influences of Parasitic Resistance (r,)

This qualitative analysis shows that the transistor non-
idealities, including the parasitic resistances and parasitic
capacitances, are the sources of error within log-domain

gmlgm2gm3r7rlr/z2r7r3r7r6rﬂ'7 - gngm3gm6r7rlriz’2r7r3r7r6r7r7 +s (gmlgm2r7rlr7z2r7r3r7r6r7r7cl)

Parasitic base-emitter resistance (r,) is a limitation of
the translinear circuit accuracy at high-frequencies. From
the small-signal model of a bipolar transistor, when the
parasitic capacitances are neglected, the effect of r, to
inverting and non-inverting lossless integrator transfer
function is, respectively, described by (25.1) and (25.2).
They can be simplified and rewritten as

Lo (s)
i, (5)

iuut (S) ~ nggm3gm7
ib (S) gmlnggm3 - gn12gn13gm6 +s (gmlngCI)

~ —8n28m38ma ,(261)

gmlngng - nggn13gm7 +s (gmlngCl )

. (26.2)

From (26), it can be seen that the both types of loss-
less integrators has no effects from the parasitic resistance
(7). Moreover, it can be seen that the transistor Q; and O
should be matched for inverting lossless in integrator.
Likewise, the transistor Q; and Qg should be matched for
inverting lossless in integrator. The function of lossless
integrators can be well operated according to the theoreti-
cal aspect.

4.2 Influences of Parasitic Capacitance (C,
and C,)

Parasitic base-emitter capacitance (C,) is also a major
limitation to translinear circuit accuracy, particularly at
high-frequencies. Using the small-signal model of the bi-
polar transistor with parasitic capacitances, the effect of C,
to inverting lossless integrator transfer function can be
approximated in (27.1) and (27.2).

Assuming that the transconductances of the transis-
tors are matched, the transfer functions in (27.1) and (27.2)
become

b (5) _ ~ 8 . (8.1)
i(s) s(¢+C,+C,-C,)

circuits. Finite beta and base-emitter resistance have gener- l‘f"’ (s) ~ —&n (28.2)

ally been identified as the most problematic error sources i,(s) s (C| +2C,+C,,+C, + Cﬂs)

at low frequencies [51].

i(mt (S) ~ — gngmfagm4 5 (271)
ia (S) gmlgnngnz3 - gnngnz3gm7 +s |:gm1gm2 (Cl + C/r} + C/r7 + C/r4) + gmlgm3cir2 - nggm7Cﬂ3 - nggm7 (CHZ + C/rl ):|

h (8) ~ 2,08,38 s .(27.2)

ia (S) gmlnggm3 - nggm3gm7 + s|:gmlgm2 (Cl + Cu7 + C/x4 ) + gmlngC,ul + nggm3 (C[IZ + C,u3 + Cu7 ) - gm3gm7C,ul:|
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ioul (S) ~ ngnggm7 (29 1)
ib (S) gmlnggm} - nggm3gm6 + S|:gmlgm2 (Cl + Cl[3 + C/rﬁ + C/r7 ) + gmlgm3C7r2 - gm2gm6C/r3 - gm3gmﬁ (C/rl + Cl[2 ):' ’ ’
ioul (S) ~ nggm}gm7 . (292)

ib (S) gmlgn12gm3 - gmlgm3gm6 + Sl:gmlng (Cl + C;ﬂ + C,u())-‘r gmlgm3cyl - nggm(JCyl + nggm3 (C;IZ + C,u} + C/l6 ):|

Similarly, parasitic base-collector capacitance (C,) is
also a major limitation to translinear circuit accuracy. The
effect of the base-collector capacitance to the non-inverting
lossless integrator transfer function is given by (29.1) and
(29.2).

Again assuming that the transconductances of the
transistors are matched, the transfer functions in (29.1) and
(29.2) become

laut (S) ~ gm

~ . (30.1)
i,(s) s(C+C+C,,-C,)
i (5) &n . (30.2)
i,(s)  s(C+C,+Cy+C,p+2C,)

From (30.1) and (30.2), it is seen that the parasitic
capacitances C, and C,; produce a small deviation in the
frequency response in lossless integrators. The natural
frequency is of the form ay=1/CVy, high frequency
operation can be realized by increasing the bias current or
reducing the capacitance. To maintain the low-power, the
bias currents are kept at a lower level and the integrating
capacitance is increased. To prevent significant distortion,
the selected capacitance C should be

C>>C, +5C,. 31)

Note that there are high-order poles (2™ and 3™ order
poles) which affect to higher frequencies than the operation
frequency of the filter. These poles can be neglected.

4.3 Influences of Area Mismatches

Emitter area mismatches cause variations in the satu-
ration current (/) between transistors. Taking into account
the emitter area, (14) can be rewritten as

I
Ak =1, +C% (32)
where ; _ ﬂ — ﬂ .
ISIISZ A1A2

From (32), it is clear that the area mismatches introduce
only a change in the proportionality constant or DC gain of
the low-pass filter without affecting the linearity or the
time constant of the circuit. The gain error can be easily
compensated by adjusting one of the DC bias currents.

4.4 Influences of Early Effect

Early effect (base-width modulation) causes the col-
lector current error by the collector-emitter and base-col-

lector voltages. Considering the variation of collector-
emitter voltage, the collector current can be written as
L=+ V./V)lsexp(Vs.! Vr), where V, is the forward-
biased early voltage. An analysis of the integrator shows
the early effect with a scalar error to the DC gain of the
circuit as in the case of the area mismatches. Since V., has
been signal-dependent, the device base-width modulation
also introduces distortion. Since the voltage swings in the
current-mode companding circuits have been very low
(OVpes), the early effect is not a major source of distortion.

4.5 Influences of the Bias Currents

The proposed log-domain filter employs bias currents
which are provided by positive and negative current
sources. The positive (Izp) and negative (Izy) current
sources are respectively replaced by positive and negative
current mirrors in Fig. 7. The transconductance of the tran-
sistors are controlled by the particular bias currents. Posi-
tive and negative current mirror errors which affect the
filter performances are considered.

Based on the configuration of lossless integrators in
Fig. 4, the positive and negative bias currents are given by
Igp= aply and Izy= anlp, where ap and ay represent the
current gains of the positive and negative current mirrors,
respectively. It can be seen that if the transconductances

Em1= 8ma— 8m5— 8m6— 8m7— mp and Em2™ &m3™ Emn> then
(26.1) and (26.2) become
G (3) =8 _ =Owls | (33.1)
i(s) sC  sV,.C
iouf (S) ~ gmn — aNIB . (332)
i, (S) sC,  sV.C

From the translinear current gain in Fig. 5, current
output has no effects from the current gain of current mir-
rors. It can be seen that the gain of current mirrors affect
only the lossless integrator configurations. Re-analyzing
Fig. 6, the denominator can be rewritten as

D, (s)=s>+s(akl, /CV, )+ ayl;|CCl} - (34)

The non-ideal pole-frequency (ay,) and pole-Q (Qy,)
can be expressed as

od, | 1

a)o = 5 (35)
! VT CICZ
1 ]C
-2 = (36)
Q, k\C,
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It is evident from (35) that slight deviation only in the
pole-frequency is caused due to the errors of the bias cur-
rent Izy. To reduce these errors, accurate current mirrors as
well as cascode current mirrors are required. Note that the
pole-Q has no effects from the error of bias currents.

.MODEL C12TYP NPN

+ (IS=7.40E-018 BF=1.00E+002 BR=1.00E+000 NF=1.00E+000

+ NR=1.00E+000 TF=6.00E-012 TR=1.00E-008 XTF=1.00E+001

+ VTF=1.50E+000 ITF=2.30E-002 PTF=3.75E+001 VAF=4.50E+001
+ VAR=3.00E+000 IKF=3.10E-002 IKR=3.80E-003 ISE=2.80E-016
+ NE=2.00E+000 ISC=1.50E-016 NC=1.50E+000 RE=5.26E+000

+ RB=5.58E+001 IRB=0.00E+000 RBM=1.55E+001 RC=8.09E+001
+ CJE=3.21E-014 VJE=1.05E+000 MJE=1.60E-001 CJC=2.37E-014
+ VIC=8.60E-001 MJC=3.40E-001 XCJC=2.30E-001 CJS=1.95E-014
+ VJS=8.20E-001 MJS=3.20E-001 EG=1.17E+000 XTB=1.70E+000
+ XTI=3.00E+000 KF=0.00E+000 AF=1.00E+000 FC=5.00E-001)

(a) NPN-HSB2 provided by ST Microelectronics

.model HFA3128 PNP

+ (IS=1.027E-16 XTI=3.000E+00 EG=1.110E+00 VAF=3.000E+01

+ VAR=4.500E+00 BF=5.228E+01 ISE=9.398E-20 NE=1.400E+00

+ IKF=5.412E-02 XTB=0.000E+00 BR=7.000E+00 ISC=1.027E-14
+ NC=1.800E+00 IKR=5.412E-02 RC=3.420E+01 CJC=4.951E-13

+ MJC=3.000E-01 VIC=1.230E+00 FC=5.000E-01 CJE=2.927E-13

+ MJE=5.700E-01 VJE=8.800E-01 TR=4.000E-09 TF=20.05E-12
+ITF=2.001E-02 XTF=1.534E+00 VTF=1.800E+00 PTF=0.000E+00
+ XCJC=9.000E-01 CJS=1.150E-13 VJS=7.500E-01 MJS=0.000E+00
+ RE=1.848E+00 RB=3

(b) PNP-HFA3128 provided by Intersil

Tab. 1. Bipolar model parameter of used for SPICE simula-
tion.

5. Simulation Results

In order to verify the operation of the circuit topology
of Fig. 6, a filter with a single input and four outputs is
designed. The power supply voltage (V¢c) is assigned to
2.5V and the bias current / is varied from 0.01 pA to
1,000 pA at room temperature. To prevent the parasitic
effects of the filter, capacitors are chosen to be much larger
than C,+5C, by assigning C;= C,=50pF. The high-
speed bipolar technology (HSB2) provided by ST Micro-
electronics [52] is used in the simulations. The transistor
model is listed in Tab. 1.

@
=
£20 N
S| \
o LPF 7,~100uA \
-40 o HPF -
C=50pF N
v BPF
& BRF
-60
100KHz 1.0MHz 10MHz 100MHz 1.0GHz
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Fig.9. LP, HP and BP filter characteristics at Iz= 100 pA,
C=50pF.

The amplitude response of LP, BP, HP and BR filters
based on Fig. 6 with /z=100 pA and C;=C,=50 pF is
shown in Fig. 9. Fig. 10 illustrates amplitude and phase
responses simulation around 10 MHz of AP filter.

20+ 0ct
I,=100uA
C=50pF
104 -90d
3 \
o
g |2 \
3 Magnitude
= o 21500 g
£ 2 ————
<
|z
Phase
2104 -270d \
=204 -360d P ~——

100KHz 1.0MHz 10MHz 100MHz. 1.0GHz
Frequency

Fig. 10. AP filter characteristics.

Fig. 11 shows the tunable pole-frequency of BP filter
by varying the current bias (/z) from 0.01 pA to 1,000 pA.
A wide range of pole-frequency tuning is obtained from
1 kHz to 100 MHz.

I5=0.01pA  Ig=0.1pA  Ip=1pA  Ip=10uA Iz=100uA Ig=1000pA
/ 7

W
/N
.

=
e

Gain (dB)

>

it

el

s
N\

100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz 100MHz  1.0GHz
Frequency

Fig. 11. Tunable BP frequency response by using various bias
currents.

A comparison of the magnitude response between the
simulated LP filter and the ideal Butterworth LP function
in (20) is exhibited in Fig. 12. Slight difference in fre-
quency responses of simulated and ideal LP functions is
observed due to the effects of parasitic capacitances at high
frequency which was discussed in Section 4.2.

20

5=0.01pA |[p=0.1pA | I5=1pA I=10pA | Iz=100pA |I;=1000pA
— Simulated \
- Theory \
N\ N\
~

-40 N
\

Gain (dB)
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S

-60
100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz 100MHz  1.0GHz
Frequency

Fig. 12. Comparison between the simulation results and
theoretical results.
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The pole-Q can be electronically tuned (at 10 MHz) from 1
to 16 by assigning /3= 100 pA and varying the current bias
klg from 6.25 pA to 100 pA, and is shown in Fig. 13.
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Fig. 13. Pole-Q tuning characteristics for O =1, 2, 4, 8 and 16.

Frequency response of the proposed filter for a time-
domain signal can be investigated by assigning the BP
pole-frequency at 100 MHz (/3= 1,000 pA). The different
frequencies of sinusoidal input (10 MHz, 100 MHz and
1 GHz) are applied based on 200 uAp-p. The linear
tunability range of frequency response from 1 kHz to
100 MHz based on various bias currents from 0.01 pA to
1,000 pA and C =50 pF is illustrated in Fig. 14.

1000

Frequency(MHz)

.01

®  Simulated
— Theory

.001

.0001

.01 1 1 10 100
I,(uA)

1000

Fig. 14. Tunable frequency response by using various bias
currents.

The different frequency output currents of BP filter
(fo= 100 MHz) are shown in Fig. 15(a)-(c). It can be seen

that the highest current output (Fig. 15(b)) is obtained at
100 MHz.

Noise analysis at different outputs of the proposed
filter is shown in Fig. 16. Low-noise values of LP, BP and
HP filters are obtained lower than 133 pp / JH .

Tab. 2 illustrates a comparison of the proposed uni-
versal filter with previous universal filters. The first 2 pa-
pers are based on log-domain concept [16], [17]. The rest
[27], [35], [36], [38], [41] and [43] are based on different
active building blocks (ABB). Note that the existing uni
versal filters have at least drawbacks of requiring dual sup-
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Fig. 15. Time domain response of BP filter based on
fo=100 MHz: (a) input = 10 MHz, (b) input = 100 MHz,
(c) input = 1 GHz.
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Fig. 16. Noise analysis of proposed filter based on fo= 10 MHz.

plies and many transistors. Although, the class-AB log-
domain filter [16] provides quite good performance in
frequency response but suffers by many transistors, four
capacitors, current splitter and complex structure. Another
log-domain SIMO and MISO filters [17] use low power
supply but suffer by high number of components (BJT and
MOS), extra voltage sources and complex structure. The
ABB-based filters [27], [35], [36], [38], [41] and [43] can
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operate only in low megahertz range with narrow tunable
ranges. The proposed filter based on +2.5 V single supply
offers the following features: high frequency, linear wide-
range tunability, simply structure and low-component
count.

Filter Power Tunable | Number of | Useof | Mode of
supply | frequency | transistors | resistor | operation
range
[16] +3V 149 MHz 47 No CM
[17] +15V | 10MHz 58/52 No cM
[27] £5V | <10 MHz 47 No cM
[35] +2.5V [<22.5MHz 62 No CM
[36] +1.25V | <10 MHz 36 Yes VM
[38] +2.5V | <10 MHz 56 No CM
[41] +1.25V | <10 MHz 70 No CM
[43] +2.5V [ <5MHz 98 No CM/VM
Proposed | +2.5V |1k-100 MHz 24 No CM

Tab.2. Comparison of previous universal filters with the
proposed filter. (Remark: Some preliminary results of
the paper have appeared in [20].)

6. Conclusion

A novel low-voltage single-input multiple-output cur-
rent-mode universal filter based on log-domain concept has
been presented. The proposed filter is realized based on
two lossless integrators loop concept which consists of two
lossless integrator, a current gain and additional transistors
for obtaining outputs. Each lossless integrator contains
only 7 transistors and a grounded capacitor which is real-
ized by transforming a lossy integrator. Five types of stan-
dard filter functions with high impedance output currents
are produced based on a 2.5 V power supply. The proposed
filter consists of 24 transistors and 2 grounded capacitors.
A wide range of tunable pole-frequency is obtained from
1 kHz to 100 MHz by varying /3 from 0.01 pA to 1000 pA.
The pole-Q can be tuned without affecting the pole-fre-
quency.
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