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Abstract

In this paper, we present a new analog
maximum, median and minimum circuit with
a new preamplifier. This circuit can be used
for sorting multiple-input analog signals. The
median circuit has been implemented in a
0.8um single-poly double-metal (SPDM)
CMOS process. The measured output error of
this median circuit is less than 2.5mV. Its
frequency response can be up to IMHz. The
maximum and minimum circuit are also
verified by simulations. The experimental
and simulation results confirm with the
theoretical analysis.

I. Introduction

Median filters play an important role
in many applications, such as digital signal
processing and image processing [1-7].
Median circuit is the core circuit for a median
filter. Maximum and Minimum circuits are
also the important building blocks for fuzzy
applications such as process control, robotics
and expert systems [8-10]. Conventionally,
the median, maximum, minimum circuits can
be implemented in either digital or analog
forms [1-7]. For the median circuits, the most
common analog approach is based on a
feedback configuration [5]. However, there is
a poor transfer characteristic with important
'corner’ errors. One way to decrease the
corner errors is to use a limiting amplifier
with a reduced linear range in stead of simple
differential pairs. But the errors is still

significant. An improved approach is to place
an additional gain stage in the front of the
differential pairs [5]. This method requires an
amplifier for each input and becomes fairly
complex for multiple- input circuits. In this
paper, we proposed a new median, maximum
and minimum circuit with a new preamplifier
which can be used for multiple inputs and
this circuit is quiet compact.

II. Circuit Description

The core circuit of this proposed
analog maximum, median, and minimum
circuit, which consists of three conventional
differential pairs and a current source Igyy,, 1S
shown in Fig. 1(a). The operation principle of
this circuit is explained as follows: Assume
that these three differential pairs are matched.
Let the voltages V, (k=1,2 and 3) be input
voltages and Vy be the output voltage (in fact,
the voltages Vi and Vi are not the true input
voltages and the output voltage). If a
maximum (MAX) operation is required, i.e.,
one of the voltages Vi (k=1,2 and 3) is
required to be equal to the output voltage Vi
and the remaining two voltages will be
smaller than Vg. Assuming that the
differences among the remaining two
voltages and Vy are enough large, then the
total current flowing through three
diode-connected nMOS ftransistors (M,, M,,
My), which are connected to the voltage Vp,
should be equal to 2.5Ii. To operate the
MAX function by this circuit, the current
source Iy must be equal to 2.51g. That is to
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say, if we design the I to be equal to 2.51g,
the output voltage Vi will be the maximal
voltage among the voltages V (k=1,2 and 3).
Similarly, if a minimum (MIN) operation is
required, the current source Iy, should be
equal to 0.5Igs. Moreover, if a median (MED)
operation is required, the current source Igyy
must be equal to 1.5I;.

However, if any input voltage V,
(k=1,2 or 3) is not equal to Vg, their voltage
difference should be enough large to flow the
current Iy or no current through the
diode-connected transistors in Fig. 1(a).
Thus, a new preamplifier circuit, which is
shown in Fig. 1(b), is developed to enlarge
their voltage differences. For example, let us
design an median circuit with Ig;~1.5].
The gate voltages of the matched pMOS
transistors M, -M,, in the preamplifier circuit
are connected to the voltage Vy of the circuit
in Fig. 1(a). The voltages V,, V, and V,in
Figs. 1(a) and 1(b) are also connected
together. The matched nMOS transistors
M, -M,, of the preamplifier circuit are in
common  source  configuration.  The
transistors M,, (k=1, 2 and 3) and M,, can be
viewed as differential pairs. The transistors
M;,, Mg, M5, and My, are used to reduce the
channel length modulation effect to make the
voltage V, to be approximate to the voltage
Vi. If any one of the voltages V,, (for k=1, 2
and 3) >V, the equilibrium condition
requires that M,, will enter into the triode
region since M,, and M,, have the same
source-gate voltage. Similarly, if any one of
Vi.(for k=1, 2 and 3)<V_,, the corresponding
M,, will also enter into the triode region.
Thus, once any V,,, (for k=1, 2 and 3) is not
equal to V_, their difference is amplified to
be the voltage difference between VK k=1, 2
or 3) and V,. These voltage differences will
be enough large for the circuit in Fig. 1(a) to
operate properly. It will force the voltage Vi
to be equal to the median among V,, V, and
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V, provided that Ig,~1.5Ig. Finally, V
will be equal to the median of Vy,;, V,;,,, and
V.. Thus, this preamplifier amplifiers the
difference between Vi (or V,) and any non
median V,, (k=1, 2 or 3) to be larger than the
linear range of the differential pairs, the
"corner" errors will be effectively
suppressed. Similarly, the MAX and MIN
circuits can also be realized by the same
ways. Since the polarity of the voltage V, and
V.. (k=1,2 and 3) are out of phase, the MAX
operation will need that Igy, =0.5Is which is
different from the explanation in the
beginning of this section. The MIN operation
can also be obtained provided that Igyy
=2.5I¢. Therefore, this circuit can be used to
be a sorting circuit with three inputs by
programming the current source Igyy.

III. Experimental and Simulation Results

To verify the theoretical analysis, the

circuit with the  proposed
preamplifier in Figs. 1(a) and 1(b) has been
fabricated in a 0.8um SPDM CMOS process.
The aspect ratios for all the transistors are
listed in Table 1. The supply voltage is 5V.
Fig. 2 show the measured DC transfer
characteristic by using V,;=1.5V and
Vi=3.5V while V,,; was swept from 0 to 5V.
The measured error is quiet small (<2.5mV)
that is consistent with the simulated one
(<2.5mV) when V,,; is the median. However,
when V,,, or V,, is the median, the error is
larger than 2.5mV. Its frequency response
can be up to IMHz. ‘

The simulation results of the MAX
and MIN operation for a 3-input circuit are
also given. Fig. 3 shows the transfer function
for a MAX circuit with I, =0.5Ig and
V.=1.5V and V,,=3.5V. Fig. 4 shows the
transfer function for a MIN circuit with Ig;y
=25l and V,=1.5V and V,,=3.5V. The
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experimental and simulation results confirm
the theoretical analysis.

IV. Conclusions

We have presented the simple
maximum, median and minimum circuit with
the compact preamplifier which can be used
to be an analog sorting circuit. Experimental
and simulation results have been presented to
verify the theoretical analysis. This
configuration can be easily generalized to a
multiple-input maximum, median and
minimum circuit by programming the current
Isym- Moreover, by properly choosing the
value of the current source Ig,y, this circuit
can be made to select any other rank, such as
the maximum or minimum.
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Table 1. The aspect ratios of the transistors in
Fig. 1(a) and Fig. 1(b)

Fig. 1(a) [M|-M,M,, M,-M,M, -M,; | 5p/2n
M, 7.51/21

Fig. 1(b) [M,-Ms, M, -M, Su/2p
M,, 14p/2u
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Fig. 1 The proposed analog maximum,
median and minimum circuit with (a)
differential pairs and (b) a preamplifier.
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Fig. 2 The measured and simulation results
of the median circuit for V;,; being swept
from OV to 5V and V,,;=1.5V and V,,,=3.5V.
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Fig. 4 The simulated transfer function of the
MIN circuit with I;=2.5Ig, V,,,=1.5V and
V.u:=3.5V.

Fig. 3 The simulated transfer function of the
MAX cireuit with Ig=0.5I,V,,=1.5V and
V. ,~3.5V.
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