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Class A CMOS Current Conveyors
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SUMMARY The second-generation CMOS current conveyors
are developed for high-frequency analog signal processing. It consists
of a source follower for the voltage input and a regulated current mir-
ror for the current input and output. The voltage and current input stages
are also coupled by a current mirror to reduce the impedance of the
current input port. Simulations show that this architecture provides the
high input/output conductance ratio and the inherent voltage and cur-
rent transfer bandwidths extending beyond 100 MHz. The prototype
chips fabricated using 0.6 pm CMOS process have confirmed the simu-
lated performances, though the voltage and current bandwidth are lim-
ited to 20 MHz and 35 MHz, respectively, by the built-in capacitances
of the bonding pads.
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current conveyor

1. Introduction

A current-mode approach is quite attractive to high-frequency
signal processing, because it can be relieved of the gain-band-
width limitation accompanying with the voltage-mode sig-
nal processing. A versatile building block for current-mode
signal processing in the continuous time-domain is the cur-
rent conveyor [1], [2]. Toward its monolithic implementa-
tion, many architectures of the second-generation current
conveyors (CClIs) based on op-amps followed by current
mirrors have been proposed in the early stage of develop-
ment [3]. These evolutionary architectures and their applica-
tions have happily proved that any function ever performed
in the voltage domain is possible with the current-mode ap-
proach [4], but their performances have failed to surpass their
voltage-mode counterparts [5]-[7].

Current-mode processing features inherent wide band-
width capability. To fully enjoy this advantage, the innova-
tive architecture of CCII has been exploited and many archi-
tectures which do not involve op-amps have been reported.
Though different in details, their input stages can be classi-
fied into two basic architectures; one based on the push-pull
stage derived from the Wilson current mirror [8]-[14] and
the other on the differential stage [15]-[19]. In the former
configuration, the wideband voltage and current transfer char-
acteristics are achievable, but the finite impedance at the cur-
rent input port invalidates the virtual ground concept. In the
latter configuration, on the other hand, the impedance at the
current input port can be reduced to a negligibly small value
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by the negative feedback, but the bandwidth is still compa-
rable to that of an op-amp. This comparison of key perfor-
mance features implies that an ideal CCII could berealized
by applying the negative feedback to the push-pull architec-
ture. Based on this idea, a new architecture of CCII is devel-
oped [20]. Compared to the recently proposed CCII which
uses a cascode stage to keep the potential at the current input
node constant [21], this architecture uses the feedback stage
which consists of a simple current mirror. The operation of
the feedback stage is independent of the bias current and thus
it is applicable to class AB CClIs. In the followings, its cir-
cuit configuration, simulated and measured performances of
the prototype chips fabricated using 0.6 um CMOS process
will be described.

2. Circuit Description

Figure 1 shows the circuit diagram of the CMOS current con-
veyor. Transistor M,, M, M,, and M, form the regulated cur-
rent cell for the current input and M, forms the source fol-
lower for the voltage input. M,, M, and M, form the cascode
current mirror to transfer the current i_flowing into the node
X to the node Z. Assume for the moment that M, M, and M
and two current sources J are matched. Then,

i=ly. (1)
The same amount of the current also flow through M, . There-
fore, the following relation holds.

gml (v\' - vx) = ng( V.r - V_‘_) = V/RJ s (2)

where g, (i =1, 2) is the transconductance of M, v, is the
source potentlal of M, and R_ is the load resistor connected
to the node X. From (2), we have
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Flg. 1 The circuit diagram of CCII+.
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g mZva\
Y =
- gml_ ng gmlngRr (3)
Ifg, =g,.org g R »g —g . whichisreasonable in prac-

tice, then v _follows exactly v,. The output impedance r_is
given by

i " (gm7 T aah dé) 4)
where r is the internal resistance of the current source J and
r,. (i —5 7)is the drain/source resistance of M.. If the current
source J consists of the cascode mirror, then r_is so high that
i_is not affected by the load. No current flows through the
node Y; i y=0. The input impedance r,_at the node X is given
by

L_ gm4gm6 1

1
ng gmlgm3 gmﬁ + /rzl.v%‘ (5)

X

In deriving (5), g r > 1 1s assumed. The second term in the
right-hand-side arises from the cascode current mirror formed
by M,, M, and M which regulates the source voltage of M.
With the proper de51gn of the regulator the input 1mpedance
r, can be made negligibly small and the node X is virtually
grounded when v =0.

Summanzmg the circuit operations described above, one
can express the input-output relations as follows:

i 000 |v,
v.[=1100]]|
i| lorof]v | )

This matrix representation indicates that the circuit shown in
Fig. 1 is the CCII+ itself. The CCII- can be realized by in-
verting i_by means of a cross-coupled current mirror.

3. Performances

The CCII+ and CCII- based on Fig. 1 were fabricated using
0.6 um CMOS process. The complete circuit diagram is
shown in Fig. 2 and transistor dimensions are listed in Table
1. The terminal connection shown in Fig. 2 is for the CCII+.
For the CCII-, terminals (@ and (® are connected to 3) and
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Fig.2 The complete circuit diagram of CCII fabricated using 0.6 pm
CMOS process.
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(@), respectively. A microphotograph of the CCII+ is shown
in Fig. 3. All PMOS transistors can be seen implanted into
the n-well in the upper part except M, which is implanted
independently into the n-well in the lower central part. Per-
formances of these prototype chips were measured under the
bias condition; V=~V =2.5V, V,= 0.5 V, and J=100 HA
which was set by the extemal re51stor connected between N,
and V. Measured performances were compared with those
mmulated using HSPICE with level 47 transistor model.
Figure 4 shows the current-voltage characteristics at the
node X when nodes Y and Z are short-circuited. The input
impedance r_and the offset voltage at node X are 350 Q and
-0.43V, respectlvely These measured values differ largely
from those simulated ones, 30 Q and —0.33V, respectively.
The differences are attributed to incorrect body-effect
paramters. Introducing the diode-connected PMOS and
NMOS transistors in series with M, and M,, respectively, one
can greatly reduce the offset voltage [19]. Figure 5 shows the
current transfer characteristics between i and i_when the node
Y is short-circuited and the node Z s virtual- -grounded by the

Table 1 Transistor dimensions in CCIIs.

Transistor | W(um) | L(um)
M, 30 1.8
M, 120 1.8

M, ~ M, 40 3

M, ~M, 60 1.8

M ~M,, 50 1.8

M, ~M, 30 1.8

Fig.3 A microphotograph of CCII+.
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Fig.4 The input characteristics at the node X.
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Fig.5 The i vs.i_characteristics.
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Fig. 6 The frequency characteristics of the voltage transfer function.
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Fig. 7 The frequency characteristics of the current transfer function.

current-to-voltage converter using an op-amp. A good agree-
ment between the simulation and the measurement and the
linear current-following action over the full bias current range
can be seen.

Figure 6 shows the frequency characteristics of the volt-
age transfer function of CCII+ when the node X and Z are
loaded by 2 kQ. The -3 dB cutoff frequency is 20 MHz. Ac-
cording to simulations without pounding pads, the inherent
bandwidth extends beyond 100 MHz. Figure 7 shows the fre-
quency characteristics of the current transfer function of
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Table 2 Measured performances of CClIIs.

Class A CCli+ (CCll-)
Technology 0.6 um n-well CMOS process
Supply voltage SVor+25Vto-25V
Power dissipation 2 mW (3 mW)
Impedance at node X 350 Q
Impedance at node Y Q
Impedance at node Z 6 MQ
Offset voltage (v vs. v ) 043V
Offset current (i vs. i) 1.9 HA (1.1pA)
Voltage dynamic range 05Vto+lSV
Current dynamic range -100 pA to +150 pA
3-dB cutoff frequency of (v /v,) 20 MHz
when R =10 kQ ‘
3-dB cutoff frequency of (v /v,) 18 MHz
when R =R =10 kQ '
3-dB cutoff frequency of (i /i) 35 MHz
Active chip area 0.2 x 0.2 [mm?]

CClIl+. The measured bandwidth is 35 MHz whereas the simu-
lated bandwidth extends beyond 300 MHz. These differences
in the frequency response between simulations and measure-
ments in Figs. 6 and 7 are attributed to the parasitic poles
created by the stray capacitance of the bonding pads which is
not taken into the simulation. The pad capacitance is esti-
mated experimentally to be 15 pF. Figure 6 also shows the
frequency characteristics of CCII+ when used as a voltage
amplifier with nodes X and Z terminated by 2 kQ and 10 kQ,
respectively. The —20 dB/decade roll-off characteristics indi-
cate that the bandwidth is limited again by the pad capaci-
tances. To confirm these experimental observation, the fre-
quency characteristics including the pad capacitances are
simulated. The results are in good agreement with measured
characteristics and also confirm that the high frequency peak-
ing appearing in the frequency response of the current trans-
fer function is due to the pad capacitances. The same fre-
quency responses were also observed in CCII-.

4. Conclusions

Circuit configurations and performances of CClIIs fabricated
using 0.6 pm CMOS process were described. Measured per-
formances are summarized in Table 2. These performances,
especially the bandwidth, are insufficient for enjoying cur-
rent-mode signal processing. The dominant pole which lim-
its the bandwidth is formed by the parasitic capacitances of
the bonding pads and external resistors. Therefore, the band-
width can be greatly extended by loading the output nodes
with small resistors. Another issue for high-accuracy signal
processing is the large offset voltage. Simulations show that
the offset voltage can be greatly reduced by the input stages
comprised of CMOS pairs. These improvements are future
works toward an ideal CCII.
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