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A Novel High-Swing High-Speed with 187uW
Power Consumption Common-Mode Feedback Block
(CMFB) Based on Rail-to-Rail Technique

Sina Mahdavi, Faeze Noruzpur, Esmail Ghadimi, and Tohid Moradi Khanshan

Abstract—This paper presents a new high-swing, high-speed
and low power continuous-time Common-Mode Feedback Block
(CMFB) based on rail-to-rail technique. The main purposes of the
proposed idea are to achieve high-speed, low settling time error,
large output swing, and low power as well. Moreover, applying the
worst case simulation (initial condition 0 and 1.8 volts) on the
proposed CMFB circuit, the output voltage can be settled in the
desired level just after 1.18ns noticeably. The settling time error
and the power consumption of the suggested common-mode
feedback circuit are just 103pV and 187uW with the power supply
of 1.8 volts respectively. Meanwhile, DC gain and phase margin of
the amplifier are 74dB and 67 degree correspondingly, and 0.5pF
capacitor load is applied to the output nodes of the amplifier. It is
noteworthy that, the proposed idea is a good candidate for low
voltage applications too. Because it just needs 2 overdrive voltage
(AV) to start its performance. Applying the proposed idea on the
folded cascode amplifier it achieves SNDR of 68.68dB with the
Effective Number of Bits (ENOB) 11.15 bits respectively. The
proposed CMFB occupies an active area of 155.58um?
(10.56pm*14.73pm). Finally, the proposed structure is simulated
in whole process corner condition and different temperatures
from -70°C to +70°C. Simulation results are performed using the
HSPICE BSIM3 model of a 0.18um CMOS technology.

Index Terms —Common-Mode Feedback; High-Speed; Low
Voltage; Folded Cascode; High Swing

1. INTRODUCTION

ECENTLY, fully differential structures are used in mixed

signal and analog systems widely. Since, fully differential
structures have many benefits such as higher dynamic range,
better common mode noise rejection, larger output swing rather
than the single-ended counterpart [3, 8, 10, 25, 26, 28, 29].
However, despite the advantages, to stabilize the common-
mode voltages for fully differential analog systems in order to
adjust the common-mode output currents, a Common-mode
feedback circuit (CMFB) is required [2, 3, 4, 7, 10, 12, 25]. The
two differential output voltages are averaged and compared to
the common-mode reference voltage (Vref), and the differential
voltage is converted to the common-mode output current to
adjust the common-mode voltage [1-6]. The CMFB circuit is a
fundamental circuitry for a fully differential system. Without
CMFB, the transistors in the system may easily drift away from
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saturation region due to mismatch and other process tolerances
and cause a system malfunction, especially in low supply
voltage applications where the voltage headroom to keep
transistors in the saturation region is very small [6, 8, 9, 30].

Several CMFB configurations have been presented in the
literature, using both continuous-time (CT) and switched-
capacitor (SC) topologies [11, 16, 20].In order to improve the
performance of the CMFB, several types of CMFB circuits
have been proposed: resistor averaging circuit, switched-
capacitor averaging circuit, and differential amplifier [3, 8, 10,
17, 18, 29].

In this paper, a new high-swing, high-speed and low power
continuous-time Common-Mode Feedback Block (CMFB)
based on rail-to-rail technique is presented. Moreover, in the
proposed idea the most motivation is to increase the speed, the
linearity, decrease the settling time error and improve the output
swing of the common-mode feedback circuit. In addition to, it
is a proper choice for using low voltage applications too.

The proposed paper is organized as follow: Section II
describes the principle of the CMFB, briefly. in section III
different types of the CMFB are discussed. Proposed common-
mode feedback is presented in section IV. In section V
simulation results of the paper are specified and finally, section
VI concludes the paper.

II. THE PRINCIPLE OF THE CMFB

As discussed above, to permanent common-mode voltages
at the output of differential-mode circuits, common-mode
feedback (CMFB) circuits are required [1, 2]. For this case,
CMFB circuits usually sense the average (common-mode)
voltage of the differential output voltages Vey = ((Vouer +
Voue—)/2), which is compared to the desired reference voltage
(Vref). So, the resulting error is amplified by an error amplifier
and often transformed to a common mode current which adjusts
the common-mode voltage [3, 5, 6, 8, 22, 23, 24, 27, 29]. Fig.
1 and 2 show the general block diagram of the CMFB, also (1)
indicates the output voltage of the common mode circuit.

v, Vout—
Vemrs = (—( ouH: out )) * Ay (S) (D

Copyright © 2017 by Department of Microelectronics & Computer Science, Lodz University of Technology
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Fig. 1. A general block diagram of the CMFB circuit
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Fig. 2. A general block diagram of the CMFB with its internal circuits

As it is clear that, a CMFB just apply on the differential
amplifiers, due to that a simple fully differential amplifier is
depicted in Fig. 3, and some mathematic equations and small
signal analysis are presented to achieve the DC gain of the
amplifier in both differential and common-mode case. Fig. 4
shows how the CMFB is applied on the fully differential
amplifier. As it is obvious in mentioned figure, the output
common-mode voltage of the amplifier is employed to the input
terminal of the CMFB circuit and it senses the average
(common-mode) voltage of the differential output voltages
which is compared to the desired reference voltage (Vref).
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Fig. 3. A simple fully differential amplifier

Consequently, the resulting error is amplified by an error
amplifier and converted to a common mode current which
adjusts the common-mode voltage as well. Meanwhile, Fig. 5
and 6 present the simplified AC small signal model of the fully
differential and half circuit of the amplifier in common-mode
analysis respectively [22-24, 27].
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Fig. 5. A simplified AC small signal model of the simple fully differential

amplifier in common-mode analysis
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Fig. 6. A simplified AC small signal model of the amplifier (half circuit) in
common-mode analysis

It is noteworthy that, completely difference-mode analysis
hides all information about common-mode, and vice versa, also
it happens in simulations too. Equations (2), (3), (4) and (5) are
presented in order to attain the DC gain of the amplifier in the
common-mode analysis, also the DC gain of the amplifier in the
differential analysis are specified in (6), (7) and (8)
respectively. As (5) and (8) show the DC gain in the common-
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mode analysis is very lower than the differential one. For the
meantime, in the next section, the different types of the CMFB
such as Resistor averaging circuit(R-C), switched-capacitor
averaging circuit, and differential difference amplifier (DDA)
are discussed [22-25, 29].

Vgsl=Vey =V (2)
|4 |4 -V,
I Vew =V )+ (F2) + (Fe2) =0 (3)
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Fig. 7. A simplified AC small signal model of the amplifier (half circuit) in
differential analysis

Vairjz = Vgsl (6)

g * (Var) = (Vour)/rdstlirds3 ) (1)

Vodir
= 2~ | = Aygif = Gy * (rdsl||rds3 ) (®)

Vaif
2

II1. DIFFERENT TYPES OF THE CMFB

Three different types of CMFB circuits have been
developed: resistor averaging circuit(R-C), switched-capacitor
averaging circuit, and differential difference amplifier (DDA)
[8, 13, 15, 20, 29]. First, the resistor-averaging technique
achieves very good common- mode (CM) detection accuracy
but suffers from large chip area due to the large resistors.
Likewise, the R-C common-mode feedback circuit can work at
different supplies but requires large resistance to maintain the
high DC gain and large output swing [2, 19]. Second, the
switched capacitor CMFB circuit eliminates the resistive
loading issue, but, it suffers from clock-injected noise and its
application is limited to sampled data systems [16-18]. Also, it
has the smaller passive area, but its loop bandwidth and stability
are very sensitive to the supply voltage because of the supply-
dependent on-resistance of the switches. [14, 17, 18, 19]. The
DDA CMEFB circuit utilizes transistors to average and compares
the CM voltages, the continuous-time operation is hence
achieved and the bandwidth of the CMFB circuit can be
designed to be close to the bandwidth of the Fully Differential

Amplifier with the realistic area and power consumption [4, 8,
11, 12, 13, 29]. Moreover, it does not need large area passive
components, but it has the limited linear signal range for the
main amplifier and is not suitable for a low supply. However,
the conventional DDA CMFB techniques had limited input
range and low detection accuracy when the differential input
voltage is large, meanwhile, Fig. 8, shows the conventional
DDA CMFB circuit. [2, 19, 20, 30]. In order to overcome some
of the mentioned drawbacks, a new high-swing, high-speed and
low power continuous-time Common-Mode Feedback Block
(CMFB) based on rail-to-rail technique is presented in the next
section.

Vad
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tnl e—{[ ", Mc3 Mc5 | —~—]| _Mcs Mod__|f—oTn2
Bias.A—|[ Mc1 Mc2__||— Bias

Fig. 8. A conventional DDA CMFB circuit

IV. THE PROPOSED CMFB

The proposed common-mode feedback circuit and a simply
folded cascode amplifier are indicated in Fig. 9 and 10
respectively. In the suggested CMFB circuit, the basic idea is to
eliminate the diode-connected transistors in the conventional
DDA CMFB which applies the error correction signal to the
folded cascode op-amp [3, 4, 8, 29]. Since the diode-connected
transistor generates an enormous delay in the feedback signal’s
path. As a result, by removing this transistor, the speed of the
CMFB circuit will be increased extremely [4, 8, 29].

Thus, a new high-swing, high-speed and low power
continuous-time Common-Mode Feedback Block (CMFB)
based on rail-to-rail technique is presented. The main aims of
the proposed idea are to achieve high-speed, high-linearity and
low power CMFB accompanied wideband dynamic range and
large output swing noticeably. The outputs of the amplifier are
applied to the gate terminals of the differential pairs M1 — M4
in order to sense the output value which can play the function
of the sensors of the proposed CMFB as well. On the other
hand, the resistors of the R1-R2 are the actuators of the circuit,
in order to compare the output value of the differential
amplifiers with the desired level, the reference voltage
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(Vref=Vdd/2) is applied to the gate terminals of the M5 —M8
properly. Meanwhile, the transistors M11-M14 are the current
source of the CMFB. In addition to, for improving the stability
of the proposed circuit transistors M9- M10 are exerted. It is
clear that, if the output common mode voltage of the amplifier
is high in this condition the n-type network (M1-M2, M5-M6,
M11-M12) is activated is activated to stabilize the output value
at the desired level. Also, if the output value is low in that time
the p-network is activated, which all the transistors operate in
the saturation region.

This rail-to-rail technique is a guarantee that the output
value of the amplifier can be adjusted in the preferred level
during the most operation process as well.

Vdd

M9

AP

Rl

g :}——i[:.\m

I Wi —
MId |}—bl
M7 [T Mé |
R2
MI0
D]
Fig. 9. The proposed CMFB circuit
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Fig. 10. A simple folded cascode amplifier

It is noteworthy that, as (10) shows the output swing of the
proposed CMFB is improved rather than conventional one.
Also, the output swing voltages in the conventional and
proposed CMFB are represented in (9) and (10) respectively,
where AV and Vth are overdrive voltage and the threshold
voltage of the transistor correspondingly. Equation (10) proves,
by using this method, the threshold voltage and one overdrive
voltage of the (9) is removed as well. Due to this fact, the
proposed idea is an appropriate option for low voltage
applications too. Furthermore, the another key feature of the
mentioned CMFB circuit is widely dynamic range voltage with
low error, it means that if Vref adjusted near to 0.50 to 1.50
volts, the output voltage of the amplifier can be settled at the
desired level as well. It is considered that, during the operation
of the CMFB, all the transistors work in the saturation region.

Output Swing=Vdd-3AV-Vth )

Output Swing=Vdd- 2AV (10)

V. SIMULATION RESULTS

In this section, the simulation results of the proposed CMFB
are presented. A 1000 irritation Monte Carlo analysis are
applied to the Bode plots of the CMFB loop of the amplifier
with and without capacitor load which is presented in Fig. 11
labeled (a) and (b) respectively, meanwhile, the unity gain
bandwidth is 934MHz and 2.28GHz for the CMFB loop, and
the phase margin is 49° and 67° correspondingly, also the DC
gain is 74dB as well. The transient response of the output
proposed common-mode feedback in TT corner and rest of the
corner process (SF, FS, FF and SS) are indicated in Fig. 12 and
13 respectively. As it is clear that in Fig. 12, employing the
worst case simulation (initial condition 0 and 1.8 volts) on the
proposed CMFB circuit, the output voltage is settled at the
desired level just after 1.18ns as well. Meanwhile, the 1000
irritation Monte Carlo analysis are applied to the transient
response of the output common-mode voltage for 3% variation
of transistors threshold voltage and temperature variation on the
proposed CMFB which are shown in Fig. 14 and 15
correspondingly. Moreover, Fig. 16 shows the different
reference voltage (Vref) versus output voltage of the amplifier
in all corner processes reliably. It is noteworthy that in Fig. 16
applying the reference voltage (Vref) from 0.50 to 1.50 Volts,
the suggested common-mode voltage capability to keep the
output voltage in desired value (low error) appropriately. The
FFT spectrum of the folded cascode amplifier is represented in
Fig. 17. Considerably, to exert a Nyquist input (149.84MHz) at
300MHz sampling rate with the amplitude of ImV the SNDR
and SFDR are 68.68dB and 79.45dB respectively. Finally, the
layout of the proposed CMFB is depicted in Fig.18. Meanwhile,
the proposed CMFB has been designed in a standard 0.18 pm
CMOS process with the power supply of 1.8V and simulated by
HSPICE software using level 49 parameters (BSIM3v3).
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VI. CONCLUSIONS

A new high-swing, high-speed and low power continuous-
time Common-Mode Feedback Block (CMFB) based on rail-
to-rail technique is presented in this paper. The main aims of
the proposed idea are achieving high linearity and high-speed
CMFB accompanied wideband dynamic range, large output
swing and low power as well. Furthermore, applying the worst
case simulation (initial condition 0 and 1.8 Volts) on the
proposed CMFB circuit, the output voltage can be settled in the

desired level just after 1.18ns noticeably. Meanwhile, the
proposed idea is a good candidate for low voltage and large
output swing applications too. Because it just needs 2 overdrive
voltage (AV) to start its performance. The power consumption
of the suggested common-mode feedback circuit is just 187uW
with the power supply of 1.8 volts. Finally, the Table I
summarizes the performance of the proposed CMFB. The
proposed circuit is simulated in whole process corner condition.
Simulation results are performed using the HSPICE BSIM3
model of a 0.18um CMOS technology.

TABLEI
CMFB PERFORMANCE SUMMARY
Parameters Value
Technology 0.18um
Supply Voltage 1.8V
Power supply noise 50mV
Power consumption 187uW
Settling error 103puVv
Settling Time 1.18ns
Unity gain bandwidth 934MHz
Phase margin 67 degree
DC gain 74dB
Sampling rate (Fs) 300MS/s
SNDR 68.68dB
ENOB 11.15
CL 0.5pF
Chip area 10.56pm*14.73pum
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