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Abstract- In this paper a low-power current-mode RMS-to-DC converter is proposed. The proposed converter includes
absolute value circuit, squarer/divider circuit, low-pass filter and square root circuit which employ CMOS transistors
operating in weak inversion region. The RMS-to-DC converter has low power consumption (<1µW), low supply voltage
(0.9V), wide input range (from 50 nA to 500 nA), low relative error (<3 %), and low circuit complexity. Comparing the
proposed circuit with two other current-mode circuits shows that the former outperforms the latters in terms of power
dissipation, supply voltage, and complexity. Simulation results by HSPICE show high performance of the circuit and
confirm the validity of the proposed design technique.
Keywords- current-mode; RMS-to-DC converter; weak inversion; low power; low voltage ;

I.

have additional power source, then it causes lower
power compared to other converter.

INTRODUCTION

The RMS-to-DC converter as an electronic measuring
circuit is employed for computing of the average
energy content in an electronic signal. This converter
is widely used in instrumentation devices and
biomedical Ics.

The paper is organized as follows. In section II the
basic principle of converter is described. Circuit
design of the proposed converter is explained in
section III and the circuit analysis of the proposed
converter is presented. The characteristics and the
performances of the converter are presented by
HSPICE simulation results in section IV and
conclusion is provided in section V.

Recently, researchers focus on small size, low power
consumption and capable to operate under low supply
voltage while the performance still maintains. Most
of RMS-to-DC converters with CMOS transistor in
saturation region have power consumption of about
100uW and required the supply voltage of about 1.5V
[1-2], which is not suitable for very low power
applications such as in biomedical Ics [3]. In addition,
a micro power CMOS true RMS-to-DC converter has
been proposed [4], however they design based on
CMOS transistor operating in saturation region
combination with FG-MOS operating in weak
inversion region which is complicated synthesis for
the integrated circuit. The two approaches exist for
designing RMS-to-DC converter: 1) current-mode
approach, 2) voltage-mode approach. A current-mode
circuit enables current processing and has certain
important advantages against a voltage-mode circuit,
such as, wide bandwidth, high slew rate, low power
consumption, and simple circuitry [5-6].

II.

BASIC PRINCIPLE

One of the most notable instances of nonlinear
dynamic operation from a practical viewpoint is the
RMS-to-DC conversion. In its basic form, and
assuming input and output currents, such operation
can be described by the equation :
(1)
I out = I in2
Where I inand Iare
out the input and output currents of the
RMS-to-DC converter, respectively, and the operator
...
represents a time averaging. Fig. 1 shows the
block diagram of the current-mode RMS-to-DC
converter which consists these two operations.

The proposed circuit of RMS-to-DC converter in this
paper includes four current-mode blocks; (a) absolute
value (b) squarer (c) averaging (d) square root. All of
them designed based on the use of CMOS transistors
operating in weak inversion region where their power
consumption of about 250nA. The main features of
this circuit is its low-power (<1µW), requires low
supply voltage of 0.9V for the input range of 50nA to
500nA and simplicity of the circuit design. The other
feature of this circuit is that the converter doesn’t

Figure 1. Block diagram of RMS-to-DC converter

III. CIRCUIT
ANALYSIS
PROPOSED CONVERTER

OF

THE

Circuit of the first block is shown in Fig.2. Its circuit
structure consists of the transistors M3-M6 operating
as a current mirror, the transistor M2 connected in
cascade to the mirror input and the transistor M1 is
used for biasing. In the case of the positive input and
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the transistor M1 is used for biasing . in the mirror
input

Fig. 3 shows the current-mode squarer with the
absolute-value circuit. Transistors M7-M9 act as a
current mirror which copy output current of absolutevalue circuit. Also transistors M10-M11 form a
current mirror which copy output current of absolutevalue to the squarer circuit. The transistors M12-M15
stand in a translinear loop that doing squaring. From
the translinear loop, the relation of the transistor
M12-M15 in the circuit can be described as [7]:
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IV. SIMULATION RESULTS
The performance of the circuit has been studied
through simulation results using HSPICE by level 49
parameters (BSIM3v3.2) in 0.18µm
standard
CMOS
technology., and where employed. The
aspect ratio of transistors is shown in Table I. The
simulation results in Fig. 7 and Fig. 8 show output of
the converter for the input signals of sinusoidal and
triangular waveform, respectively, with the peak
amplitude of 200nA at frequency of 100Hz.

To provide more insight into the technique proposed
here, a comparison was made between simulation
results of this work and measurement results of the
formerly reported CMOS RMS-to-DC converters.
Table II summarizes this comparison by showing
some important parameters of the converters.
TABLE II. Comparison between RMS-to-DC
converters
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V. CONCLUSION
In this paper, a very low-power, low-voltage currentmode RMS-to-DC converter based on MOS
translinear principles operating in weak inversion
region is presented. Simulation results have been
given to confirm the validity of the theoretical
analysis. According to results, the converter has low
power consumption (<1µW), low power supply
voltage (0.9V), and wide input range (50nA to
500nA).

[2]

K. Keawdang, K.Kumwachara and W. Surakampontorn, “A
realization of simple current-mode CMOS based true RMSto-DC converter,” IEEE Asia-Pacific Conf. Circuits Syst.
(APCCAS), vol. 2, pp. 733-736, December. 2004.

[3]

C. J. Yen, W. Y. Chung and M. C. Chi, “Micro-Power LowOffset Instrumentation Amplifier IC Design for Biomedical
System Aplications,” IEEE Trans. Circuits Syst. I, vol. 51,
pp. 691-699, April. 2004.

[4]

E. Farshidi and S. M. Sayedi, “A micropower multi decade
dynamic range current-mode true RMS-to-DC converter,”
IEEE Northeast Workshop on Circuits Syst. (NEWCAS),
pp. 1493-1496, August. 2007.

[5]

B. Wilson, “recent developments in current conveyors and
current-mode circuits,” Circuits, Devices and Systems, IEE
proceedings G, vol. 137, pp. 63-77, 1990.

[6]

C. Toumazou, F. J. Lidgey and D. G. Haigh, Analog IC
Design: The Current Mode Approach, Patter Peregrines Ltd,
On Behalf of IEE, London, 1990.

[7]

E. Seevinck and R. J. Wiegerink, “Generalized Translinear
Circuit Principle,” IEEE journal of solid-state circuits, vol.
26, pp. 1098-1102, 1991.

[8]

P. R. Gray, P. J. Hurst, S. H. Lewis, R. G. Meyer,
ANALYSIS AND DESIGN OF ANALOG INTEGRATED
CIRCUITS , 4th ed., John Wiley & Sons, USA, 2000.

[9]

S. Pookaiyaudom, K. Dejhan and C. Watanachaiprateep,
“Electronically tunable filter blocks,” International Journal
of Electronics, Vol. 46, pp. 521-527, 1979.

ACKNOWLEDGMENT
The author would like to thank Director of Electronic
Research Center and Assoc. Prof. Dr. J. Azhari of
Iran University of Science & technology for several
good suggestions and helping to improve this paper.

[10] D. Frey, “Exact analysis of implicit RMS converters,”
Electron Lett, Vol. 40, pp. 1455-1456, 2004.
[11] E. Farshidi, and T. Ghanavati Nejad, “A New TwoQuadrant Squarer/Divider Circuit for true RMS-to-DC
Converters in MOS Technology,” Elsevier. Measurement,,
Vol. 45, pp. 778-784, 2012.
[12] C. A. De La Cruze-Blas, A. Lopez-Martin, A, Carlosena,
and J. Ramirez-Angulo, “1.5-V Current-Mode CMOS True
RMS-to-DC
Converter
Based
on
Class-AB
Transonductors,” IEEE Trans. Circuits Syst. II, Vol. 52, pp.
376-379, 2005.

REFERENCES
[1]

A. J. Lopez-Martin and A. Carlosena, “A current-mode
CMOS RMS-DC converter for very low voltage



International Journal of Electrical and Electronics Engineering(IJEEE) ISSN(PRINT):2231–5284,Vol‐3, Issue‐3
174

