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ABSTRACT

This thesis proposes a rail-to-rail CMOS common mode feedback (CMFB) circuit and
its applications for pseudo differential amplifier and differential current amplifier. The circuit
employs a common mode detector using CMOS inverter and common mode amplifier consisting
of transimpedance and transconductance amplifiers. The proposed circuit shows high loop gain
and large bandwidth. The common mode feedback circuit is designed based on a 0.5 pm CMOS
technology and operates under the supply voltage of 1.8 V. The performance of the circuit is
evaluated using HSPICE. The simulation results show the open loop gain of 52 dB and unity
gain frequency of 94 MHz. The differential output voltage swing is found to be 1.4 V. The phase

margin is 63 degree, while the total power dissipation is 64.5 pW.
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Abstract: This paper presents a CMOS pseudo differential
amplifier using simple rail-to-rail CMFB circuit. The
proposed circuit employs the complementary common
mode feedback (CMFB) consisting of common mode
detector, transimpedance and transconductance amplifiers.
The simulation results using HSPICE under a typical 0.5pm
CMOS technology shows that the rail to rail output swing is
achieved with low common mode gain(-27dB). The output
swing of the circuit is 1.4V under the supply voltage of
1.8V. The power dissipation of the circuit is 0.5mW.

: 1. Introduction

Operational transconductance amplifier (OTA) is one of the
most frequently used basic cells. Several approaches have
been proposed to design low voltage OTA using pseudo-
differential (PD) configurations. It is known that avoiding
the voltage drop across the tail current source, in a PD
structure, allows the circuit to achieve wider input and
output ranges and makes the architecture attractive for
reduced power-supply applications. However, PD structure
requires an extra common-mode feedback (CMFB) circuit
which serves two purposes: 1) to set the common-mode
voltage at high impedance nodes and 2) to suppress the
common-mode signal components. Several -approaches
have been proposed to achieve CMFB[1-7]. [1-4] use CM
detector and one stage amplifier. As a result, the common
mode gains are still high. Additionally, the output swing is
not rail to rail. [5-6] employ transistors with two stage
common mode amplifiers. The resulting common mode
gain are low. However, the circuits have limited output
i swings-and potential oscillation problem. In addition, [6]
uses bipolar transistor technolagy which is not compatible
with the mixed signal VLSI. [7] proposes the
complementary CMFB which can achieve low common
mode gain with good output swing. However, the power
consumption of the circuit is high while the bandwidth is
quite low.

2. The Proposed Pseudo Differential Amplifier
In this paper, a simple pseudo-differential amplifier using a
new common mode feedback is proposed. Figure 1. shows
our proposed pseudo-differential amplifier. Map-Miap
consist to be the input transconductors while M;-M,,
consist to be a wide swing common mode feedback
(CMFB) circuit. M;-Mg are connected as CMOS inverter
and serves two purposes: 1) to set the common-mode
voltage and 2) to detect the common-mode signal

components. In our design, the aspect ratios and the body
bias voltages of M;-My are set such that the drain currents
and the transconductances are the same. As a result, the
output common mode voltage is equal to Vpp/2 or the well-
known midpoint voltage of CMOS inverter. To explain
how our circuit can achieve large differential gain and, at
the same time, can suppress common mode gain, let
consider the case when differential signals are applied to
the circuit. When differential outputs V,; and V; are
supplied to M;-Ms, the current amplitude from the left
inverter (M; and M,) is equal to the current of the right
inverter (Ms and Ms) but opposite in phase due to their
equal transconductances. As a result, there is no input
current to the transimpedance amplifier (M;, My and Mgs)
and no common mode feedback current i,. On the other
hand, when the common mode signals V,, and V,, are
supplied to M;-Mg, the common mode detector circuit (M;-
M) will produce the output current i, which is passed to
the transimpedance amplifier(M;, Mg and Mgg) and then ¢
output transconductor(Mg-Myp). The amplified common
mode feedback current i, is then fed back to the input
transconductor to eliminate common mode signal.

Figure 1. The proposed pseudo differential amplifier(PDA)

It is noted that the transimpedance amplifier in our
design serves two purposes: 1) to enhance the loop gain and
2) to reduce the impedance at nodes V. and V. (shunt-
shunt). Low impedance at node V. and V,, alleviates the
miller capacitors from the CMOS inverters at nodes V,, and
V,2 and reduces the time constants associated with the input
and output nodes of the transimpedance amplifier. The

" resistor (Rc) and capacitor{C¢) are used as a frequency

compensation network.

3. Simulation Results
To verify the circuit performance, HSPICE is used to

simulate the proposed circuit using a standard 0.5um

~ 1020 -



CMOS process with 1.8V supply voltage. Bias current (Ig)
is set to 30 pA. Figure 2. shows DC transfer characteristic
of the proposed circuit. As seen, the circuit shows rail to
rail output swing. Figure 3. shows the transient response of
signal at node (Vo1 Vo2 and V) when the differential input
signal is applied.  As seen, V, variation is very
small(0.03mV). Figure 4. shows frequency response of the
open loop gain of the CMFB circuit. The open loop gain
and phase margin are 49dB and 832 respectively. In this
work, the compensation resistor R and capacitor Cg are
15kQ2 and 0.2pF respectively. Figure S. shows frequency
response of the differential mode and the common mode
gains of the PDA (in Figure 1.). The differential mode gain
is found 10 be 32.3dB with unity gain frequency of 912MHz
while the common mode gain is quite low -27dB.
The power dissipation of the proposed PDA is 0.5mW.
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) 4. Conclusions

In this paper, CMOS pseudo differential amplifier using
simple rail-to-rail CMFB circuit is proposed. The proposed
circuit can set the common mode voltage and, at the same
time, suppress the common mode signal. HSPICE is used
to verify the circuit performance. The simulation results
show output voltage swing of 1.4V under the supply
voltage of 1.8V. The differential mode gain is 32.3dB with
the unity gain frequency of 912MHz. The common mode
gain is found to be -27dB. The power dissipation is
0.5mW.

References

[1] M. Banu, J M. Khoury, Y. Tsividis, “Fully differential
operational amplifiers with accurate output balancing. ™
IEEE J. Solid-State Circuits, Vol. 23, pp.1410 - 1414,
Dec 1988.

[2] F. Yang, P. Loumeau, K. Azadet, P. Senn, “The design
of CMOS transconductor for high frequency continuous
time filter application, ™ ISCAS'94, Vol. 5. pp.513 - 516
, May-2 June 1994.

[3] T. Kwan and K. Martin, “*An adaptive analog continuous
time CMOS biquadratic filter, ” JEEE J.Solid-State Cir-

_ cuits, Vol. 26, pp.859 - 867, June 1991.

[4] F. Matsumoto and Y. Noguchi, “A 1-V continuous-time
filter using bipolar pseudo-differential transconductor, ”
IEICE Trans. Fundamentals, Vol. E82-A, no.6, pp.973-
980, June 1999,

[5] Z. Czamnul, S. Takagi, N. Fujii, “Common-mode feed-
back circuit with the differential-difference amplifier, ”
IEEE Trans. Circuits Systems I, Vol. 41, pp.243 - 246,
March 1994.

[6] F. Matsumoto and Y. Noguchi, “A realization of a low-
voltage differential-output OTA using a simple CM
amp CM amplifier, " IEICE Trans. Fundamentals, Vol.
E81-A, no.2, pp.261 - 264, Feb 1998.

[7] S. Jae-Yoon, L. Cheol-Hee, J. Won-Chang, P. Hong-Jun
“Adaptive Biasing Folded Cascode CMQS OQP-Amp
with Continuous-Time Push-Pull CMFB Scheme, ”
IEICE Trans. Electronics, Vol. E80-C, no.9, pp 1203
1210. Sept 1997.

- 1026 -






111

A 1 Volt CMOS Pseudo Differential Amplifier

Apirak Suadet and Varakorn Kasemsuwan
Department of Electronics, Faculty of Engineering, King Mongkut's Institute of Technology
Ladkrabang, Ladkrabang Dist,, Bangkok, 10520, Thailand
Phone: 66-2-326-4222 Ext.102, Fax: 66-2-739-2398, e-mail: kkvarako@kmitl.ac.th

Abstract-This paper presents a 1 V CMOS pseudo
differential amplifier using simple rail-to-rail CMFB circuit.
The proposed circuit employs the complementary common
mode feedback (CMFB) consisting of common mode detector,
transimpedance and ftransconductance amplifiers. The
simulation results using HSPICE under a 0.18 pm CMOS
technology shows that the rail to rail output swing is achieved
with low common mode gain (-36 dB). The differential output
swing of the circuit is + 0.7 V. The power dissipation of the
circuit is 0.23 mW.

I. INTRODUCTION

At present, a high performance analog circuit using low
voltage is strongly demanded. This. is mostly due to the
advance of the large scale integration with complicated
circuit systems and the increase of the demand for battery-
operated portable equipments. However, supply voltage
reduction in analog circuit causes several performance
degradations and, therefore, new approaches in the design
are needed to obtain analog circuits with enough bandwidth,
gain and good linearity.

Operational transconductance amplifier (OTA) is one of
the most frequently used basic cells as OTA finds many
applications in many analog circuits such as operational
amplifier, voltage comparators, A-D and D-A converters
and high frequency filters. Several approaches have been
proposed to design low voltage OTA. [1-10] using both fully
differential (FD) and  pseudo-differential  (PD)
configurations. FD is typically based on a differential pair
with a tail curent source while PD is based on two
independent inverters without tail current source. It is
known that avoiding the voltage drop across the tail current
source, in a PD structure, allows wider imput and output
ranges and makes the architecture attractive for low power-
supply applications. However, PD structure requires an
extra common-mode feedback (CMFB) circuit which serves
two purposes: 1) to fix the common-mode voltage at high
impedance nodes and 2) to suppress the common-mode
signal components. Several approaches have been proposed
to achieve CMFB [1-10]. [1] used switched-capacitor (SC)
circuits result in lower power consumption, but the SC-
CMFB circuits introduces clock-feed through error making
circuits not plausible for continuous time applications. [2]
used simple resistive divider to sense the voltage of two
differential nodes.  However, resistors have to be large
resulting in a large chip area. To solve the problem,
methods of employing MOS transistor as CMFB circuit
have been proposed [3-5]. The CMFB consists of CM
detector and one stage amplifier. As a result, the common
mode gains are quite high and, in addition, the output
swings are limited. [6-8] employs transistors with two stage
common mode amplifiers. The resulting common mode
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gain is low. The problem with this structure is that the
circuit has limited output swing and potential oscillation
problem. In addition, bipolar transistor technology in [7] is
not compatible with the well known CMOS technology. [9-
10] propose the complementary CMFB which can achieve
both low common mode gains with good output swings.
However, both NMOS and PMOS in the circuit are required
to have the same threshold voltage and transconductance
which may not be true¢ in general. [11] proposed positive
feedback technique to increase the differential gain.
However, the common mode gain is low (Aen = 1/2).

In this paper, a 1 V pseudo-differential amplifier (PDA)
using a new common mode feedback (CMFB) is proposed.
The CMFB consists of a common mode detector,
transimpedance and transconductance amplifiers. The
common mode gain is low (-36 dB). The positive feedback
is also employed to increase the differential gain, The
differential output swing of the circuit is + 0.7 V.

II. CIRCUIT DESCRIPTION

The proposed PD is based on the configuration shown in
Fig. 1. As seen, PDA consists of the input transconductor
Gump and common mode feedback network (CMFB).
When the outputs from Guyay are differential signals, the
currents through resistors R are of the same value but
opposite phase. These currents will flow to each resistor
and be mirrored to the OutlA and OutlB. Because these
curtents are of the same amplitude but opposite in phase,
there will be no input current to the transimpedance
amplifier and no voltage variation at node C. The current
through resistor R are also mirrored and positively feedback
to the output of the input transconductor Gyqy. As a result,
the output impedance of PD at node V,, and V; are given
by Zout-

When the outputs from PD are common mode signals, the
common mode current will flow through nodes A and B
with the same amplitude and phase. As a result, the
summation of these two currents are added and passed to the
common mode amplifier (A) which consists of
transimpedance amplifier and output transconductor Guo.
The output current of Gumo is fed back to the output node of
input transconductor Gmmy to eliminate common mode
signal.

From Fig.1, it can be easily shown that the common mode
output impedance at the output nodes (V,; and V) are
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Figure 2. The proposed CMOS PDA
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while the differential mode output impedance at the output
nodes (Vo and V) are

cm

e ®
Eon T (1—)/R

where A, o, B and g, are the gain of the CMFB given by

GumoRu, the current ratios of current mirror and conductance

at the output nodes (gou=1/Zeu).

From Eqgs. (1)-(2), the common mode gain (Ay,) can be
derived and shown as

1
A_=G 3
sl [g'm +(1+a+2AB)/RJ @)
Similarly, differential mode gain (Ag,) can be shown as

1
A, =G —_—— )
dm M(IN) |:gm -i-(l—O‘.)/R:| G

From Egs. (3) and (4), the common mode rejection ratio
is

Zim

CMRR:A_dm:[gw|+(1+a+2A[3)/R] 5)
AL g t(1-)/R

It is noted that CMRR can be increased if the common
mode amplifier (A) is large. In addition, the mirror ratios o

and P of cumrent mirrors A and B also play roles in
determining the CMRR.

The circuit implementation of Fig. 1 is shown in Fig. 2.
Mias-Maap consist to be the input transconductor GMmy)
while M;as-Msas and My;-My consist to be a wide swing
CMFB circuit. Mj3a-Mgs form the current mirror A while
M;jp-Mgp are used to form the current mirror B. The current
mirror with the ratios of o and B are achieved by adjusting
aspect rations of M g, Mean and Msa s, Msa s respectively.

It is noted that the choice of alpha requires precaution. A
large value of o can result in a large differential gain.
However, large value of o can drive the circuit unstable. In
practice, o should be set a little bit larger than one to
compensate for the loss due to the imperfection of the
current mirror not being able to perfectly mirror the current
from the input to the output. In this work, o is set to 1.4 to
enjoy both differential gain and stability. The value of B
plays role in determining the common mode gain because it
is part of the CMFB circuit. Large { gives large common
mode gain but, at the same time, leads to poor frequency
response. In this work, B is set to one.

My and Ry consist to be the transimpedance amplifier (Ry)
with the gain set by resistor Rp. M;-M, form the output
transconductor (Gyp). The transimpedance is employed
here to increase the common mode amplifier (A) and, at the
same time, reduce the both input and output impedance (at
nodes C and D) so that the time constant associated with
these nodes are low.

The dc common mode voltage is set equal to node A and
node B by Vpp-Vasaar = Von/2



III. SIMULATION RESULTS

To verify the. circuit performance, HSPICE is used to
simulate the proposed circuit using a 0.18 pm CMOS
process with 1 V supply voltage. Bias current (Ig) is set to
45pA. This bias current value is chosen to optimize both
gain and power dissipation of the circuit. The aspect ratios
of the transistors of proposed circuit are summarized in
Table I. The DC level shifters (V¢ ) in Fig. 2 are designed
using a simple resistor and current sources as suggested by
[12]. Fig. 3 shows DC transfer characteristic of PDA. As
secen, the output swing shows rail-to-rail operation. Fig. 4
shows transient response of outputs for both differential
mode (Voi=Vo-Vo2) and common mode (Vo=(Vo1+Ve2)/2)
when differential and common mode inputs are 17 mV at 10
KHz are applied. As seen, the differential output voltage of
+ 0.7 V is obtained while the output common mode voltage
shows only 0.03 mV variation.  Fig.5 shows frequency
response of the proposed PDA for differential mode input
signals. The DC gain is found to be 36 dB with the -3 dB.
and unity gain frequency of 14 MHz and 1.25 GHz
respectively while the phase margin is 87°. Fig. 6 shows
gain and phase for the common mode case. As seen, the
common mode gain is small and found to be -36 dB. The
power dissipation of the proposed PDA is 0.23 mW.

TABLE 1
Shows Aspect ratio of MOS Transistor

Transistor (W/L)

Miags 0.9/0.3

Mzas, Ms 50/0.5
Mspp, Msap , Mg, My 6/0.3
Maap 9/0.3

Msagp 8.510.3

M, 18/0.3

Mp1s 21/0.5

Qutput Voltage(V)

Input Voltage(V)

Figure 3. DC transfer characteristic
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IV. CONCLUSIONS

In this paper, a low voltage CMOS pseudo differential
amplifier is proposed. The circuit use low voltage and wide
swing CMFB circuit. HSPICE is used to verify the circuit
performance. The simulation results show that the circuit
and operate under the supply voltage of 1 V with the DM
and CM gains of 36 dB and -36 dB respectively. The unity
gain frequency is 1.25 GHz and the power dissipation is
0.23 mW.
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