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Abstract— In this paper, a new CMOS low-voltage second
generation balanced output current conveyor (BOCCII)
introduced. The BOCCII has provided an n-channel
differential pairs voltage follower stage instead of
complementary differential pairs to provide a rail-to-rail
input/output operation. A high driving current capability
ensured by using a class AB topology output stage. For the
proposed BOCCII, the static power consumption is 5.22mW,

the open circuit input-referred noise voltage is SpV/ JHz ,
THD is -53dB, and IM3 is -42.7dB. PSpice simulations for
the new BOCCII are given using 0.35pm CMOS technology
and £1V supply voltage to verify the analytical results.

L INTRODUCTION

The second-generation current conveyor (CCII)
proposed by Sedra and Smith in [1] has proved to be a
functionally flexible and versatile block. The CCII
modeled as a three terminal block derived by
interconnecting a voltage and current followers. An ideal
CCII has infinite impedance at Y and Z terminals and zero
impedance at X terminal. The voltage at X terminal
follows the voltage at Y terminal and the current at Z
terminal follows that at X terminal. The Z terminal current
direction relative to that at X terminal defines whether
CCII is positive or negative. The balanced output CCII
(BOCCI), shown in fig. 1, provides both the negative and
positive Z terminals output. The input/output relation
could be described with equation (1),

170 0 o 0w,
Vel [1 0 0 of 1 (1)
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Several CCII structures have realized [1-9]. These
structures aimed to improve the voltage and the current
transfer accuracy [2], increasing the output current
capabilities [6-9], while reducing the offset using a several
compensation techniques [3]. In addition, a fully
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differential behavior realization has presented [6]. To
extend the region of operation up to rail-to-rail, the input
stage is typically made-up of two parallel connected
complementary (i.e. n-channel and p-channel) differential
pairs [9]. Unfortunately, it includes a class A output stage
which limits the maximum output current achievable.
Although in the same paper [9] a small arrangement
providing class AB behavior suggested. However, with
this approach the small signal and large-signal behaviors
suffer from large deviations when the input voltage sweeps
entire voltage range and increases the supply requirements
to a value higher than =1.5V. Reference [8] has provided a
solution to overcome this drawback. The solution offers a
close rail-to-rail input and output ranges, as well as a high
driving current capability. Using the same input stage is
typically made-up of two parallel connected
complementary. There is a draw back that once transistors
have been properly sized to operate under a certain supply
voltage, this voltage cannot be modified substantially.

In this paper, a new CMOS low-voltage rail-to-rail
BOCCII circuit is proposed. The new circuit uses two n-
channel differential pairs voltage as a voltage follower
stage instead of complementary differential pairs to
provide a rail-to-rail input/output operation. The current
follower stage implemented using class AB topology to
offer a high-drive current capability with a rail to rail
swing capability. The symbol diagram for Balanced output
CCII shown in fig. 1. This paper is organized as follows.
The basic building block of the proposed BOCCII
described in Section 2. In Section 3, PSpice simulations
have been carried out to verify the performance of the
proposed BOCCII. Conclusion has been reported in
Section 4.

ly =0 Iz+
Vy —= Y Z. —
BOCCII
Ix Iz.
Vx X z
Rx =0
Figure 1. The block diagram for BOCCII



Vob
T
¢ g
Ve LM Mg
M,
M{“—d;Mg I[I\/Im |[M17 | My, Mos Iivl%
f Mg
—e -VX
Vi v ||_M13 IHVZ+ . VZ,
q B —|HM2 " ;|_ M4;“—Xlﬂ W I
I |
o TTovre T2 Maghe—iM2
M20 0_| MIZ
M,
Vym lﬁj M M :| b2
IH v, 5 M, 1 |-'
Voltage Follower stage Current Follower stage
Vss
Figure 2. The proposed CMOS low-voltage class AB BOCCII
follower is not suitable since it will not provide a rail to
II.  THE PROPOSED BOCCII CIRCUIT DESCRIPTION

Fig. 2 shows the CMOS realization of the proposed
BOCCII circuit. The circuit could be divided into two
stages: (a) voltage follower stage and (b) current follower
stage.

A. Voltage follower stage

The voltage follower implemented using two n-channel
differential pairs M;-M, and M,-M3, biased with the same
current. Two floating voltage sources, implemented by
two identical source followers, Ms-M,;, and M;g-M,,
connected in front of the Y, X terminals of one of the
differential pairs M;-M,. These followers provide a
positive voltage shift to the Y and X terminals. Transistors
M 5-M,, and M9-M,, are matched and have the same
feature size.

Vyi=Vy+(Vbp-Vo) )

To ensure a rail-to rail operation, the voltage shift must
keep the corresponding input pair active (M;-M,) when the
other differential pair is inactive (M,-Mj;). The current
mirror formed with transistors (M;-Mg) forces the currents
in transistors M;, M, equal to the currents in transistors
M;, M, and hence:

VX = VY (3)

The X terminal voltage Vx follows the Y terminal voltage
Vy.

To provide low impedance at the X terminal, a
suitable buffer should be wused. Traditional source
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rail swing capability. In the proposed circuit, a class AB
buffer is used to ensure rail to rail swing capability.
Transistors M4 and M;5 form the push-pull output stage
at the X terminal. Transistors M, and M,; are level
shifting to provide the proper biasing for M;s. Both
transistors M4 and M;s must be on when no current is
withdrawn from the X terminal. This current, standby
current, should be small and controllable. This achieved
by using a suitable gate voltage M, that sets the voltage
level shift between the gates of My, and M;s. Assuming
all transistors to be working in saturation region, it is clear
that:

Vsgia + Vasiz + Vasis = Vop - Vss

And,

“4)

Vsgo + Vasio T Vasiz = Vop - Vs

®)

B.  Current follower stage
The current follower stage implemented using transistors

M and My; to convey the X terminal current to the Z,
terminal.

(6)

By using extra current mirrors, as shown in fig. 2,
transistors M»,-M,; the negative output current Z_ could be
realized.

Iz_ = _IX

Iz, =Ix

(7



The small signal output resistance at the Z terminal
could be given by:

I, = Tote 4 7017 (8)
By inspection of the whole circuit, the minimum supply

voltage requirement by the input differential stage is
VT+3VDSsat~

III. SIMULATION RESULTS

The circuit, shown in fig. 2, has been simulated using
PSpice with 0.35um CMOS technology from MOSIS.
The power supply voltages Vpp and Vg are balanced (1V
and -1V) respectively, Vc= 0.65V, the output current was
sensed using 1kohm output resistance at the X, Z, and Z.
terminals. Table I gives the proposed BOCCII transistors
aspect ratios. Fig. 3 presents the output voltages Vy, Vz.
and Vz versus Vy, a rail-to-rail operation has been
obtained. The X, Z, and Z. terminals are terminated with
5kQ output resistances and Vy varied from -1V to 1V.
Fig. 4 shows the X terminal offset voltage variation
versus Ix while the Y, Z; and Z. terminals grounded, and
I varied from -1.5mA to 1.5mA. The X terminal output
resistance has been obtained as 0.522Q. The stability of
the new BOCCII is verified by simulating the transient
response for a £0.5V input step of 0.1us rise time and
frequency 0.25 MHz; the corresponding result is shown in
fig. 5. The 0.1% settling time is lower than 1us. The
phase shift between the Z, and Z_ output voltages is 180°.
The open-circuit frequency response between the X and Y
terminals is shown in fig. 6, where Vy is the AC-varying
signal with 1V magnitude, the X and Z terminals
terminated with resistances 1k€Q. The open circuit
bandwidth is around 1.5MHz. Fig. 7 indicates the short
circuit frequency response between the X terminals and
the Z, and Z. terminals. The short circuit bandwidth is
around 1.1MHz. Fig. 8 gives the IM3 spectral density of
the new BOCCII for two input signals with frequencies
0.5 kHz, 1 kHz and 0.5Vpp magnitude. From the transient
simulations the IM3 could be obtained as -42.7dB. The
input-referred noise voltage spectral densities for the
BOCCII when terminated by 1kQ is equal to S5pV/ JVH .
The maximum current driving capability of the proposed
BOCCII is greater than 850pA. Table II summarizes the
simulation results of the proposed BOCCII.

TABLE L THE PPROPOSED BOCCII TRANSISTOR ASPECT RATIOS
Transistors W (um) L (um)
M;-My, 2.8 0.7
M;s M, 4.2 1.4
Mj, Mg 28.7 7
Mo, My, 0.7 0.7
My, M21,Mz0, Mis Mo 1.4 0.7
Mis Mis, Mz, Mo, Moy 94.85 1.4
M4, Mi7, Moy, Mas Mo 250.25 1.4
My, Mi3 4.2 1.4
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Figure 3. The output voltages Vx, Vz: and V. versus Vy varying from
-lvto lv
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Figure 4. The X terminal offset voltage while Z & Y terminals
grounded
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Figure 5. The proposed BOCCII transient response (a) the X, (b) the
Z+ and (c) the Z- ,output voltages
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m o 2
=4 Vz+
g
>
&
>

16

100Hz 1.0KHz 10KHz 100KHz 1.0MHz 10MHz

1.0Hz 10Hz
a vdb(16) ¢ vdb(38)
Frequency

100MHz

Figure 7. The short circuit frequency response Vz and V.
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TABLE II. SUMMARY OF THE SIMULATED RESULTS FOR THE

PROPOSED BOCCII
CMOS Technology 0.35um
Power supply (Vop, Vss) (1V,-1V)
The 0.1% settling time <lps
Total Power dissipation 5.2 mW
The open 01r(':u1t X terminal THD @ -53.18dB
Vy=0.5*sin (2I1f) V, f=1kHz.
Input Voltage Dynamic range (Ix= 0A) -1Vto 1V
The X terminal offset voltage while Y and Z are <0.9mV
grounded
Current driving capability (Rx=R z = 500€2) +1.5mA
Voltage transfer error -0.02dB
Rx 0.522 Q
Current transfer error -0.024dB
The X terminal open circuit B.W. 1.5 MHz
The Z terminal short circuit B.W. 1.1 MHz
The two tone IM3 @ f\, = 0.5kHz, 1kHz, 0.5V,
M3 = @200, -42.7dB
a@ wl

IV. CONCLUSION

In this paper, a new CMOS low voltage BOCCII has
presented. The proposed circuit performance has
confirmed by using PSpice simulations with 0.35um
technology, and supply voltage +1V. It shows a good
overall performance. The simulations included the power
consumption, the frequency bandwidth, input referred
noise, IM3 and THD, as given in table II.
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