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A Novel Bipolar XOR/XNOR Realization
using Translinear Type 2" Generation
Current Controlled Current Conveyor
Designed in 45nm CMOS Technology

M.Y. YASIN

Abstract: The current controlled current conveyor (CCC) has emerged as a reasonable design device for analog electronics, and
has proved to be a design building block ensuring low voltage and low power solution as per the requirements of present day VLSI.
Second generations CCC’s (CCCII) are found more flexible as the circuit design is concerned. A survey of the literature published
so far shows the utility of the device in analog applications only. However, this device is found equally suitable for digital
applications as well. Therefore, a few of the basic digital applications are investigated here to validate the new hypothesis. The
applications studied here are restricted to one and two input variables only and single stage circuits.
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1. INTRODUCTION

Recently, the CCCIl has become popular in
implementing both voltage-mode (VM) and current-
mode (CM) signal processing circuits. Since these
devices offer high performance and are highly versatile,
therefore a variety of applications can be seen in the
constantly pouring in literature in various technical
publications, [1-8]. Researchers are trying to utilize
CC’s in  Circuits, Systems, Communication,
Measurements, Analog FPGA etc [9, 10]. System
design is inclined towards mixed signals. Two level
logic is felt deficient. Multiple valued logic is expected
to reduce complexity of the digital systems [11].
Basically the CCCII is an analog device. It’s
characteristic analytical model is presented here in Eq.1
and the block diagram is given in Fig 1.
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Here, X is the low impedance input node, Y is
high impedance input node and Z is high impedance
output node, V, , V,, I, I, and I, are voltages and
currents of the nodes X and Y and Z respectively, | is
the biasing current. The + sign in Eq.1 represents the
type of the CCCII. For CCCII+, the currents |, and

I, flow into or out of the device simultaneously. For
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Fig. 1. Block diagram representation of a CCClI+.

CCCIlI-, the direction of 1, or I, is reversed as to
what is assumed for CCCIll+. A CCCIl can offer
multiple £ 1, .

It has been observed that the CCCII can also be
applied to the design and implementation of various
digital applications. A few digital applications are
reported in [8,12]. These applications are realized by
using CMOS CCCIlI.

In the present work XOR nature of the CCCII is
investigated and the realization for XOR/XNOR is
proposed. These propositions are simulated on Hspice
using the standard high performance 45nm CMOS
parameters [5].

2. THE XOR FUNCTION

XOR is an important digital function and has
realizations in all circuit methodologies. The usual
symbol is presented in Fig.2 (a) and the basic transfer
characteristics of the function are presented in Table 1.
The output is unipolar in nature. Bipolar logic
realization is pointed out and suggested useful in
multilevel logic realization [13]. The symbol of the
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bipolar XOR is presented in Fig.2 (b) and the
corresponding transfer characteristic is presented in
Table2. The output exhibits both (+) and (-) signal
polarities with respect to ground. In Table 2, the
polarity of the output signal is different for (01,) and
(10,) inputs. (01,) etc. represents binary numbers.

TABLE 1
Unipolar XOR Characteristic
Vy _ﬁl_ v Vx Vy | Vz
u—’;f_>_ z 0 o[ o
0 1 1
@) 1 | o |1
1 1 0
TABLE 2
Bipolar XOR characteristic
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V, 71> 0 "
1
(b) 1 o | =
1
1 1 0

Fig. 2. XOR functional symbols and their truth tables:
(@) Unipolar XOR; (b) Bipolar XOR.

3. XOR NATURE OF THE CCCIlI

It is observed that the CCCII naturally exhibits
The CCCII+ circuit is shown in Fig.3. Voltage pulse
inputs applied are applied to it’s X and Y nodes. The
analysis is done as per the following logic combinations
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Fig. 3. (@) XOR characteristic of the CCCII; (b) Bipolar
representation of the XOR truth table; (c) Simulation results.
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Same results as proposed in Eg.2, 3 and 4 are
obtained by simulation of the circuit of Fig.3 (b).
Clearly, Fig.3 (b-c) corresponds to the bipolar XOR
function and the current in the output resistor attains a
three level logic.

TABLE 3
Performance Details of the XOR of Fig.3(a)

Delay | ~30ps

Average Power | ~ 64uW
Biasing | = +1V
Peak Current | ~+13pA

Offset Current | ~50.0nA (00,)
~ 3uA (11y)
NMOS | 0.1um/0.1um
PMOS | 0.3um/0.1um

Rz | 50K (optional)

4. CCCII BASED XOR REALIZATION
SCHEMES

A general scheme for XOR/XNOR realization is
proposed in Fig.4. Two identical CCCII’s of 1,, and
I,_ are used. An XOR circuit working with Vv, and V,
signals can be developed by using Fig.4 (a—b).
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Fig. 4. XOR/XNOR Realization topologies; (a) the logic driving
circuit; (b) and (c) are sensing circuits for the XOR/XNOR functions
respectively.

In this case, X; = X, = 0. Logic HIGH/LOW = +V,
the output drive 1, is calculated using Eq. 2—4. It is
observed that the output drive is doubled due to the
additive effect at the nodes joining Z,,, Z, and Z,_,

Z,. and enhances the operation speed.
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The proposed circuit for XOR realization is shown Output current is presented in Fig 6(b), and the circuit
in Fig.5 (a) and it’s Truth Table is given in table 4. details and performance are summarized in table 7.
. . . ) %
Fig.5(b) shows the simulation results of Fig. 5(a). ; TABLE 6
TABLE 4 : N ceem| Functional details of current

Functional Details of XOR Realization of Fig. 8. Here, LOGIC ‘1’ input XNOR Circuit
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Fig. 6.(a) Current input XNOR realization; (b) output current of
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g : i Delay | ~43ps (for +half)
-soom ] e Average Power | ~148uW
] va - (74pW per CCCII)
] F Biasing | =+1V
T T \ T ™ —7 Peak I, Current | ~+13uA
1n 2n
Time (1lin) (TIME) Offset Current | ~0nA (00,)
~6nA (11
® N/PMOS : ) /( ?
Fig. 5. (a) XOR realization Topology for voltage inputs; (b) output + | 01um/0.1um
current signal for input voltage combination as per Table 3. Technology | 45nm CMOS
TABLE 5

Performance details of the proposed XOR in Fig.4(a)

5. MINIMUM MEASURABLE PHASE

Delay | ~ 60ps DIFFERENCE IN INPUT SIGNALS
Average Power | ~ 124uW .. . -
(62uW per CCCII) The minimum phase difference these circuits can

differentiate depends their delay characteristics. For

Biasing | =+1V 50% mark as reference, the input signal time difference

Peak Current | ~ +8pA should be larger than delay.

Offset Current | ~ 0.0pA ty, > toeay ®)
N/PMOS : | 0.1um/0.1um For CCCII based XOR realization it is estimated
that the delay = 50ps. Therefore the phase difference of
XNOR function can also be similarly realized by the input signals should be larger than a corresponding
connecting output nodes of Fig.4 (a) with Fig.4(c). phase equivalent to 50ps. This timing restriction causes
Current signals inputs can also be used. A possible measurement errors if the signal frequency is above
XNOR realization is shown in Fig.6 (a). Current inputs megahertz range, as the time period T becomes

I, and Ig are applied to the low impedance input nodes. comparable with the ¢ _, . In the present case, if the
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Fig. 7. Measurement capability of the proposed CCCIl XOR. I is
delayed by 0.1ns with respect to ; . Both ; and ,, are 2ns pulses.
0.1ns delay corresponds to 18° phase difference.

XOR operates at 1GHz frequency, the phase difference
error is ~0.533% for a system operating at 1GHz clock.

6. SIMULATION RESULTS AND
VERIFICATION

In this work, bipolar XOR/XNOR realizations
using the popular CCCII are proposed. For the purpose
of verification, results are obtained by using Hspice.
The CMOS model cards are Beta Version PTM 45nm
High Performance parameters [15]. The results are
presented in Figs.3(c), 5(b) and 6(b). The CCCII used
in this work is adapted from [5], keeping in view the
nature of the circuit functions, the sizes of the
transistors were optimized to achieve the total average
power low. The results obtained confirm the underlying
principles. Efforts are hereby successfully made to
extend the utility of a CCCII to the digital applications.

7. CONCLUSION

This effort brings out the fact that the popular
CCCIl can also be a preferable device for digital
applications. In the forgone propositions, investigations
are carried out to exploit the basic nature of a CCCII,
voltage difference to current conversion and the current
conveyance, to realize XOR/XNOR functions.

Parasitic resistance of the CCC establishes current
in the circuit. But generally, an exact value bears no
significance, therefore this resistance need not be
calculated accurately. The CCC used here was designed
for analog applications, 74uW/CCC power is required.
Translinear type is a good design choice as it attains
very high bandwidths, 350MegaHz.
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