A HIGH-DRIVE FULLY DIFFERENTIAL CURRENT MODE
OPERATIONAL AMPLIFIER PROVIDING HIGH OUTPUT IMPEDANCE
AND FILTER APPLICATION

Mustafa Altun

e-mail: altunmus@itu.edu.tr

Hakan Kuntman
e-mail: kuntman@itu.edu.tr

Istanbul Technical University, Faculty of Electrical and Electronics Engineering, Electronics and Communication
Engineering Department, 34469, Maslak, Istanbul, Turkey

Key words: Current-mode circuits, current-mode operational amplifier

ABSTRACT

In this study, fully differential CMOS current-mode
operational amplifier (COA) which provides high drive
capability and output impedance is presented. The proposed
COA is operated under +1.5 V voltage supplies and designed
with 0.35-pm CMOS process. As using class AB input and
output stages, the amplifier can drive a 1kQ load resistance
with a maximum bipolar output current of about 350 pA
while the quiescent current of all the branches are only 20
pA. Furthermore it exhibits 100dB DC gain, 85 MHz gain-
bandwidth product and 6.1 G2 output resistance. Finally, a
second order notch filter is realized to demonstrate the
performance of the proposed COA.

L. INTRODUCTION

Compared to the voltage-mode counterparts, current-
mode circuits are preferred especially for their wider
bandwidth, lower power consumption and larger dynamic
range [1, 2]. Current-mode operational amplifier (COA) is
one of the most important current-mode devices and it is
the exact current-mode counterpart of the traditional
voltage-mode amplifier (VOA). It means that almost all
VOA-RC analog circuits can be alternatively
implemented as COA-RC ones by using adjoint network
principle [3].

The circuit symbol of fully differential COA is reported in
Figure 1. COA ideally exhibits zero input resistance and
infinite output resistance and current gain.

Differential signalling has many advantages such as;
better noise performance, reduced even-odd harmonics
and increased dynamic range. However limited number of
the COA designs is fully differential in the literature [4 -
6]. Unfortunately, these COA’s do not offer both high
drive capability and wideband operation, crucial point of
current-mode circuits.

In continuous-time filter design, high output impedance
current-mode active devices are needed to enable filtering
at low frequencies and reduce filtering errors [7, 8]. As

many COA-based filters are presented in the literature [9 -
11], it would be very useful to design a COA with very
high output impedance.

In this paper, high-drive high-output impedance COA is
presented. Both the input and output stages present class-
AB operation which enables high drive capability with
low quiescent current. At the output stage of the proposed
COA instead of simple cascode one regulated cascode
(RGC) [12] stage is used to achieve very high output
resistance.

Figure 1. Circuit symbol of fully differential COA

II. PROPOSED COA
Figure 2 shows the CMOS realization of the proposed
two-stage COA with the transistor dimensions and DC
values reported in Table 1 and Table 2 respectively. Both
input and output stages operate in class-AB which enables
high input-output current swing and drive capability.
Input resistance equations of the proposed COA are:
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Compensation capacitance (Cc) is inserted at the high
impedance node series with M13 which operates like a
resistance. M 13 is modelled with the resistance - Rc.
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Figure 2. Schematic of the proposed COA

At the output stage, by using regulated cascode structure
output resistance values are improved and obtain nearly
g, times higher values compared to the those of simple
cascode one. Output resistance equation of the proposed
COA is:
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DC current gain and gain-bandwidth product of the
proposed COA are given by (4) and (5) respectively.
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III. COA-BASED NOTCH FILTER REALIZATION
As an application example, COA-based notch filter (band-
stop) is offered. Shown in Figure 3, single COA is used
for realization and matching conditions are selected
C2:2C1, R1:2R2.
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Figure 3. COA-based notch filter topology.

The node analysis of the circuit of Figure 3 yields current

transfer function as follows
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IV. SIMULATION RESULTS

A. Simulation results of the proposed COA

Simulations were performed with SPICE using the
BSIM3v3 model parameters of an 0.35pum n-well CMOS
process. Transistor threshold voltages are 0.5 V for
NMOS and -0.7 V for PMOS.

The frequency response of the loop-gain of the amplifier
is reported in Figure 4. The dc loop-gain is 100 dB, the
gain-bandwidth product exceeding 80 MHz and the phase

margin is greater than 60°.

Table 1. Transistor dimensions

Transistors W(pum)/L(pm)
M2, M4, M6, M14 M15, M16, M17, 20/0.7
M28, M28, M37
M1, M3, M5, M18, M19, M20, M24, 30/0.7
M26, M27, M30, M31, M34, M36
M21, M22, M23, M25, M32, M33, 10/0.7
M35
M7, M8 30/1
M9, M10 10/1
M1l 20/1.4
Mi12 40/1.4
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Figure 4. Open-loop frequency response of the COA
Table 2. DC values of the COA mn;
Parameter Value 1
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The input-output transcharacteristic in unity-gain e

configuration, with a load resistance of 1 kQ is depicted in
Figure 5, where a maximum achievable output current of
about 350 pA is clearly shown. A good power-conversion
is therefore obtained since the quiescent current in each
branch is only of 20 pA (Ib=20p).

The transient response to a step input current of +200pA
is shown in Figure 6. As we neglect the outer
capacitances, compensation capacitance (Cc) dominates
the slew rate performance of the COA. As Cc is selected
1.5 pF, it also means that adding output capacitance not
bigger than 1.5 pF does not considerably worsens the
speed of the proposed COA.
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Figure 6. Response of the COA in unity-gain feedback to
a 200 pA input step (F=1MHz)

The main performance of the COA is summarized in
Table 3. Note that with using impedance improvement,
output resistance values become very high - 6.1 GQ.

Table 3. Performance parameters of the COA

Parameter Value
Power Dissipation 0.72 mW
Open-Loop Gain 100 dB
GBW 85 MHz
Phase Margin (Cc=1.5p 62°
Rc=2.2kQ)
Output Voltage Range 1V
Output Current Range +250 pA
Slew Rate 100uA/ns
Input Resistance (n, p) 1.6 kQ
Output Resistance 6.1 GQ
Input Voltage Offset (n,p) =0.lmV




B. Simulation results of the COA-based filter

The following values are selected to realize a COA based
band-stop filter. Quality factor (Q) is 1/4, center
frequency is = 400 kHz and element values in the circuit
are chosen as R, = R;/2 =10 kQ, C;= Cy2= 20 pF.

As shown in Figure 7, simulated and ideal filter responses
are almost same up to =~ 10MHz.

Fig. 8 explains the transient characteristic of the filter. Up
to nearly 700 pA peak to peak input signal value, THD is
small enough to allow band-stop filter work properly.
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Figure 7. Simulated and ideal band-pass filter responses
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frequency with R =1kQ
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V. CONCLUSION

In this work, a high performance fully differential COA is
presented. High current swing range is achieved both for
input and outputs of the proposed COA which means
high-drive capability. Furthermore, very high output
resistance is obtained by modifying simple cascode output
stage. The proposed COA also offers 85 MHz GBW and
100dB DC gain. As an application example, a new COA-
based 2™ order band-stop filter is proposed. Simulation
results of the filter agree with the theoretical analysis
demonstrating accuracy of the proposed fully differential
COA.
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