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Abstract: A local feedback linear transconductor re-
quires a voltage divider. For realization of a gyrator-C
filter, an output terminal of a transconductor in the fil-
ter is connected to an input terminal of itself or another
transconductor owing to local feedback of gyrators and
equivalent resistors. If NIC circuits are employed in a
gyrator-C filter, the voltage divider and the NIC are con-
nected in paralel. This paper proposes a NIC divider
that hastwo roles: oneis avoltage divider and the other
isan NIC for improvement of the output resistance of a
transconductor.

1. Introduction

Active filters are suitable for realization of integrated
circuits. An active filter is composed of transconduc-
tors, which are voltage to current signal converters. The
transconductors are desired to have linear transfer char-
acteristics. A transconductor shown in Figure 1. is
known as alinear transconductor, which has local feed-
back loop[1][2]. Because the transconductor has ainter-
mediate voltage terminal, a voltage divider is necessary
for its operation. A gyrator-C filter is one of rediza-
tion circuits for active filters composed of transconduc-
tors. Low output resistances of the transconductors de-
teriorate the characteristics of gyrator-C filters, such as
the passhand gain and the passband ripple. It is well-
known that a negative impedance converter (NIC)[3] is
effective to realize high output resistance. If the NICs
are employed in a gyrator-C filter, the voltage divider
and the NIC are connected in parallel. This paper pro-
poses a NIC voltage divider, which is a voltage divider
composed of two NICs. Using the NIC voltage divider,
the number of components and power dissipation is re-
duced.

2. Local Feedback Linear
Transconductor

Figure 1showsthelocal feedback linear transconduc-
tor. M1 and M3 compose the source coupled pair. M2
and M4 compose the local feedback circuit.
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Figure 1. Local feedback linear transconductor

2.1 Transconductance characteristic

In Figure 1., drain current Ip1—I[p3 of M1-M3 are
expressed as

Ipy = I =KV, — Vg — Vp)?
Ips = Igp = K(Vg — Vs — Vp)?
Ips =Ip= K (Vg — Vs — V)2

D

If Vp isthe constant voltage, the common mode gain is
high. Therefore, to decrease the common mode gain, a
voltage divider is applied. Using voltage divider, Vp is
expressed as

(2

In this paper, assuming fully differential input voltages,
Vi, and Vi are expressed as

1
Vg = §<VL + VR).

1
VL = *Vin

24 ©)
VR = _5‘/1n

From Eq.(D)—(3), I,u: IS expressed as

Iout = 2\/ IOK‘/zn (4)
From Eq.(4), transconductance G, is expressed as
dIout
m = =2y K. 5
G Vi 0 )

Eq.(5) shows that the transfer characteristic of this
transconductor is linear.
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Figure 2. Voltage divider using transconductor
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Figure 3. Voltage divider using source coupled pairs

2.2 Voltage divider using transconductor

A local feedback linear transconductor requires a
voltage divider that realizes Eq.(2). The simpliest volt-
age divider is a series connection of two resistors which
have the same resistance. However, using the volt-
age divider, input impedance of the transconductor is
fixed to the resistance. Therefore, to realize high in-
put impedance of the transconductor, large chip areais
required. For implementation on IC, it is valid to use
an active voltage divider, which is composed of two
transconductors, which is shown in Figure 2. In Figure
2, the output current I; and I, of the transconductors are
expressed as

I = Gn(VL, — V)
I, = Gy (VR — VB) (6)
I +1,=0.

Solving EQ.(6), V is expressed as

7VL+VR

\%: 5

(7)
Figure 3 shows acircuit configuration of the active volt-
age divider using two source coupled pairs.

2.3 Input and output impedance

The output nodes of the transconductor shown in
Figure 1. are drain nodes of MOSFETs. Therefore,
the output impedances of the transconductor is much
lower than the input impedance. The input and output
impedances are illustrated in Figure 4. From Figure 4 ,
the output impedance is lower than the input impedance
in the range lower than 1 MHz. It is expected that the
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Figure 4. Input and output impedances
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characteristic of an active filter using the transconduc-
torsisimproved by making the output impedance of the
transconductor high. A method to realize the high out-
put impedanceis connecting an NIC circuit to the output
terminals of atransconductor.

3. Using NIC to Improve Output
Impedance

3.1 NIC
The impedance of an NIC is expressed as

Vnic
Inic

(8)

ZNiCc = —

The simplyest circuit configuration of the NIC is shown
in Figure5 (). Thecurrent I; and 5 in Figure 5 (a) are
expressed as

L =GV —W1)
{ I = —Gp(Va = V). ©)

From Eq.(9), I, isexpressed as

L =—1Iy = —gn(Va — V1). (10)
From EQ.(10), Z ¢ isexpressed as
— 1
ZNic = VQI h_ 1 (11)
1 9m

Figure 5 (b) shows a circuit configuration of NIC using
NMOSFETSs.

3.2 Improvement of output
transconductor

impedance of

Figure 6 shows a schematic diagram of connection
an NIC and the output terminals of the transconductor,
where Z,;, indicates the equival ent output impedance of
the trasconductor, and D indicates a voltage divider for
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Figure 6. Connecting NI C to transconductor

the local feedback transconductor. The combined con-
ductance G,,; of the NIC and the transconductor is ex-
pressed as

Gout = GNIC’ + Gota (12)

where G ¢ and G, are the conductance of the NIC
and the conductance of the transconductor, respectively.
In Eq.(12), if

(13)
the conbined conductance G,,; becomes 0. Thus, using

the NIC improves the output impedance of the transcon-
ductor.

GNIC’ = _Gota;

4. NIC voltage divider

For integration of afilter, it is valid to use an equiv-
alent resistors and equivalent inductors which are com-
posed of trasconductors. Figure 7 shows an equivalent
inductor, in which transconductors G,,1 and G2 form
agyrator, and Z; and Z;- are the output impedances
of transconductors G,,,; and G2, respectively. Watch-
ing the surrounding components of the transconductors
shown in Figure 7 carefully, it is found that D1 and D2
are connected in parallel with Z, and Z, respectively.
Therefore, this paper proposes a new circuit that is an
NIC voltage divider, which functions as both of an NIC
and an voltage divider. Using the NIC voltage divider,
the output impedances of the transconductors are in-
creased, and the number of components and power dis-
sipation are reduced. Figure 8 shows the NIC voltage
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Figure 7. Equivalent inductors
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Figure 8. NIC voltage divider

divider composed of two NICs. Figure 9 shows the cir-
cuit configuration of the NIC voltage divider realized by
using NMOSFETs. From Eq.(3), the output current Iy
and I in Figure 8 are expressed as

{ L = Gu(Vi — Vi) = G (¥ — Vp) (14)
Iy = Gpn(Vr = VB) = —Gm(— %2 — V).
Solving Eq.(14), Vp is expressed as
vy = LR (15)

This shows that the proposed circuit functions as the
voltage divider. From Eq.(14), I; and I are expressed
as

Gm

L =—1,= B (16)

From EQ.(16), the impedance Zp seen from the nodes
of V, and Vi of the proposed circuit is expressed as
Vi 2
INp = % = ——.
ND =7 G

From Eq.(15) and (17), NIC voltage divider has two
roles of a voltage divider and a negative impedance.

Vin.

17

5. Filter Design

The proposed technique is applied to an active low-
pass filter designed employing the local feedback lin-
ear transconductors. Figure 10 shows the prototype el-
liptic LC' ladder lowpass filter. Figure 11 shows the
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Figure 9. Circuit configuration of NIC voltage divider
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Figure 10. Prototype elliptic LC' ladder lowpass filter

gyrator-C elliptic lowpass filter based on the prototype
filter shown in Figure 10. The values of C1, Cpo, Cs,
and C- are set at 61.8pF, 49.4pF, 61.8pF, and 10.3pF, re-
spectively. Then, a third-order elliptic lowpass charac-
teristic of 0.28dB passband ripple and 28dB attenuation
isrealized.

6. Simulation

In order to confirm the validity of the proposed tech-
nique, SPICE simulation was carried out. CMOS model
used in simulation is BSIM3v3 model of 0.18um pro-
cess rule. The design conditions are that the supply
voltage is 0.9V and I in the transconductor is 10uA,
which determines the cutoff frequency as 100kHz.

Figure 12 illustrates frequency characteristics of the
filters. "Conventional’ means that the conventional ac-
tive dividers are employed for each transconductor. ’4
NIC means that all voltage dividers are replaced with
the proposed NIC dividers. '2 NIC' means that only the
transconductors G,,,5 and G,,,3 have the NIC divider. '1
NIC' means that only G,,» has the NIC divider. The
figure shows that the passband gain becomes higher ap-
proaching the ideal value as the NIC dividers are used.
Also it should be noted that the passband ripple isim-
proved. The reason why the peak value of the ripple be-
comes higher in excess is that the phase of the transcon-
ductor is delayed around the cutoff frequency.

7. Conclusion

A linear transconductor with local feedback requires
avoltage divider. For realization of agyrator-C filter, an
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Figure 11. Gyrator-C €lliptic lowpass filter
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Figure 12. Frequency characteristics

output terminal of a transconductor in the filter is con-
nected to an input terminal of itself or another transcon-
ductor owing to local feedback of gyrators and equiva-
lent resistors. If NIC circuits are employed in a gyrator-
Cfilter, the voltage divider and the NIC are connected in
paralel. This paper proposesaNIC divider that has two
roles. one is a voltage divider and the other is an NIC
for improvement of the output resistance of a transcon-
ductor. SPICE simulation for a gyrator-C €lliptic filter
shows that the passband gain is improved by using the
NIC divider.
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