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Low-Power Switched Current Memory Cell with CMOS-Type

Configuration

Masashi KATO'®, Member, Nobuyuki TERADA"*, Hirofumi OHATA "**, Nonmembers,

SUMMARY  This letter presents a low-power switched current (SI)
memory cell with CMOS-type configuration. By combining nMOS and
pMOS in the SI memory cell and using a polarity discrimination circuit,
we design a CMOS-type SI memory cell which eliminates the quiescent
current in the SI memory cell. The simulation result shows that the CMOS-
type SI memory cell consumes less power than the conventional class-AB
memory cell.
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1. Introduction

Switched current (SI) circuits have been widely researched
in the analog circuit field because they have the advantages
of low voltage operation and small chip area [1],[2]. The
basic function of the SI circuit is to sample and hold of the
input current by the SI memory transistor. The nMOS mem-
ory transistor, however, conducts current only from drain to
source, while the pMOS memory transistor conducts current
from source to drain. In order to accept input current signal
with both the positive and negative polarities, current should
be supplied from a current source to a memory transistor, or
a memory cell should consist of a class-AB configuration
shown in Fig. 1 [3], [4]. However, the circuits with the cur-
rent source and the class-AB configuration usually conduct
the quiescent current, which introduces continuous power
consumption in the SI circuits during operation. In this let-
ter, to reduce the power consumption of the SI memory cell,
we propose a CMOS-type SI circuit configuration which can
suppress the quiescent current.

2. Circuit Description

A circuit diagram of the CMOS-type SI memory cell is
shown in Fig. 2. Mn is an nMOS memory transistor and Mp
is a pMOS memory transistor. ¢; and ¢, are the same clock
as in the conventional SI memory cell [1]. Compared with
the conventional SI memory cell, no current source is em-
ployed in this circuit, and a polarity discrimination circuit is
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Fig.1  Class-AB SI memory cell.
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Fig.2 CMOS-type SI memory cell.

connected to an input node. The polarity discrimination cir-
cuit is the same circuitry as the one-bit current quantizer [5].
When the input current is positive, the polarity discrimina-
tion circuit outputs ¢, and closes a switch next to Mn. The
input current flows through Mn at clock ¢, and Mn samples
the input current. Then Mn holds the input current at clock
¢», and it outputs the sampled current to the output node.
On the contrary, when the input current is negative, the po-
larity discrimination circuit outputs ¢, and closes a switch
next to Mp. The input current flows through Mp at clock
¢1, and Mp samples the input current. Then Mp holds the
input current at clock ¢,, and it outputs the sampled current
to the output node. The polarity discrimination of the input
current is performed just before sampling clock ¢,. The sta-
tionaly current never flows from Vdd to ground through Mn

Copyright © 2008 The Institute of Electronics, Information and Communication Engineers



LETTER

and Mp, because either ¢, or ¢, is opened at any time.
3. Simulation Results and Conclusion

We simulate the CMOS-type SI memory cell shown in
Fig.2 by HSPICE with level 49 MOS transistor model for
a 0.35 um CMOS process. A supply voltage is 1.5V and
a clock voltage for switches is 2.0 V. Transistor sizes are
33/10 um and 100/10 um for Mn and Mp, respectively, and
the sampling frequency is 500 kHz. Input signals have 10—
50uA amplitude with a 1kHz frequency. For compari-
son, we simulate the conventional class-AB SI memory cell
shown in Fig. 1 in the same condition.

Figure 3 shows power consumption of the class-AB
memory cell and the CMOS-type SI memory cell includ-
ing the polarity discrimination circuit. The CMOS-type SI
memory cell consumes 10-14 uW lower power than class-
AB SI memory cell. This means that power consumption
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Fig.3  Power consumption of the class-AB memory cell and the CMOS-
type SI memory cell including the polarity discrimination circuit.
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Fig.4 SNDR of output signals from the class-AB and CMOS-type SI
memory cells.
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due to the quiescent current in the class-AB memory cell
can be eliminated in the CMOS-type SI memory cell. In
particular, at the small signal amplitude, the difference be-
tween them is relatively large. In the class-AB SI memory
cell, the potential at gates of Mn and Mp depends on the sig-
nal amplitude. When the signal amplitude is small, the po-
tential there stays around threshold voltages of nMOS and
pMOS. Then quiescent current flows through Mn and Mp,
and the class-AB SI memory cell consumes power. Since
the CMOS-type SI memory cell does not conduct quiescent
current at any signal amplitude, it shows smaller power con-
sumption than the class-AB SI memory cell especially at the
small signal amplitude.

Figure 4 shows SNDR of these memory cells estimated
from the FFT analysis of the output signal. These two mem-
ory cells show almost the same SNDR (or even slightly
better SNDR in the CMOS-type SI memory cell). There-
fore, the polarity discrimination circuit in the CMOS-type SI
memory cell does not introduce significant noise or distor-
tion to the output signal. We can conclude that the CMOS-
type SI memory cell can reduce power consumption without
signal degradation compared with the conventional class-
AB SI memory cell.
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