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ABSTRACT

This thesis presents a design of square-rooting circuit, which can support both voltage
and current input signals. The realization method is based on the use of the characteristic of MOS
translinear principle. The proposed circuit is simple, small in size, and suitable for fabrication
using CMOS technology. PSPICE simulation results verifying the performances of the proposed

circuit are in close agreement with the calculated values.
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A Simple MOS- gorithmic ADC
Amphawan Chaikiq, Thepjit Cheypoca,

Vanchai Riewruja(KMITL, Thailand),
Anucha Kaewpoonsuk(Naresuan Univ., Thailand)

This paper presents a one-bit cell of reverse Gray—code
algorithmic analog-to-digital  converter. The proposed
converter comprises of full-wave rectifier, current mirrors, and
current comparator. The realization method is simple, small in
size, and suitable for integrated circuit form. The design
,strategyisbasedonmeM%biasedaIUwedoeof
conduction to provide a low accumulated error and a- low
distortion in the transfer characteristic. An N-bit resolution can
be achieved by cascading of the N proposed one-bit cells.
PSPICE simulation results supporting the characteristics...

:

. " A CMOS-based Square-Rooting Circuit

Amphawan Julsereewong, Tipparat Rungkhum, Vanchai
Riewruja, Prasit Julsereewong(KMITL, Thailand)

This paper presents a square—rooting circuit supporting both
input signals. The realization method
on the use of a characteristic of MOS-translinear
The proposed circuit is simple, small in size, and

the voltage and current
is based
principle.

A Current Signal CMOS Sample-and-Hold Circuit
Wandee Petchmaneelumka, Amata Luangpol, Thawatchai
Kamsri, Vanchai Riewruja (KMITL, Thailand)

_ it. The
Curent peak detector is used to hold the signal from the

Minimum ~ circuit i the “hold”  state. The proposed
iconfiguration is adopted effectively cancels switch feedthrough
70, The performances of the proposed circuit are

-“Monstrated using the PSPICE analog simulation program.
e Simulation results show the sampling frequency up to
: and high accuracy.
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Seokhyoung Lee, Duyong Kim, Nga-Viet Nguyen, Viadimir
Shin(Gwangiju Institute of Science and Technology, Korea)

Two fusion formulas with scalar and matrix weights are
presented. The statistical relationship between them is
established. They are compared on the multi-sensor Kalman
fitering problem. The basic equation for cross—covariance of

using Ulu'asonlcCTbasedonﬂmoleﬂntheum-
Shinji Ohyama, Junya Takaysma~ ———
(Tokyo Institute of Technology, Japan),
Kazuo Oshima(NTT Facilities, INC., Japan)

ultrasonic propagation paths. The temperature and the wind
velocity effects can be distinguished by considering sum and
difference of the time of flight data, and two kinds of
projection datas -temperature oriented and wind velocity
oriented components are obtained. Filtered back projection...
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International Conference on Control, Automation and Systems 2007

Oct. 17-20, 2007 in COEX, Seoul, Korea

A CMOS-based Square-Rooting Circuit

Tipparat Rungkhum, Amphawan Julsereewong, Vanchai Riewruja, and Prasit Julsereewon,

Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang, Bangkok, Thailand
(Tel: +66-2-739-0758; E-mail: kcamphaw@kmitl.ac.th)

Abstract: This paper presents a square-rooting circuit supporting both the voltage and current input signals. The
realization method is based on the use of a characteristic of MOS-translinear principle. The proposed circuit is simple,
small in size, and suitable for fabrication using CMOS technclogy. PSPICE simulation results verifying the
performances of the proposed circuit are in close agreement with the calculated values.

Keywords: translinear, square-rooting circuit, CMOS-based circuit

1. INTRODUCTION

A square-rooting circuit is one of the most important
building blocks used in analog measurement systems
and communication systems. Many applications be
found in [1]. One fundamental method to realize the
square-rooting function is based on the use of
operational amplifiers (Op Amps) and bipolar
transistors [2]. The frequency performance of these
approaches is limited by the narrow bandwidth of the
Op Amp topology. Alternatively, the square-rooting
circuit based on the concept of bipolar-translinear
configuration is reported in [3]. This design is suitable
for implementing in monolithic integrated circuit form.
In addition, the square-rooting circuits using MOS-
translinear principle are proposed [4-5). The low power
consumption and low voltage operation can be obtained
by these approaches. However, the small

values of the weak inverted MOS
transistor [4] and the parasitic capacitance of non-
saturated MOS transistor [5] limit the accuracy, the

on MOS transistor biased at the edge of conduction in

the saturation region to provide the low-distortion in
output signal, high-speed operation, and high-frequency
response are proposed in [6-7].

In this paper aims to present the similar CMOS-
based square-rooting circuit. We develop the idea in the
different way to realize the simple circuit supporting
both the voltage and current input signals. The
simulation results showing the characteristics of the
proposed circuit are also included.

2. CIRCUIT DESCRIPTION

The basically design of the proposed circuit, all
MOS transistors are well matched and operate in their
saturation regions. The drain current of transistor
operated in saturation region is expressed as

=2 ¥ (VY =K (v -1, )
2 L
where K, vgs, and V7 are the device transconductance
parameter, the gate-source voltage, and the threshold
voltage, respectively.
Fig. 1 shows the MOS-translinear configuration
consisted of the transistors M,-M; to realize the square-

Fig. 1 Translinear-based square-rooting cell.

rooting cell. If we design the ratios of the channel width
and length of the devices such that (W/L); = (WIL), =
4(WIL), = 4 WIL),, the drain currents ip, and ipq can be
obtained as

ipy =ipe = 4Ly + (15 +i,) @

From Eq. (2), if the sum of the current I and i, as
shown in the second term of the right side is eliminated,
the square-rooting ﬁmcuonofthempuau'renti. is
achieved.

an.zshowsthcpmposedcuumtmedonthe
square-rooting cell illustrated in Fig. 1. Its input signal
can be applied either to node A with the voltage v,, or to
node B with the current i, The operation of the
proposed circuit can be discussed as follows.

If the input current ij, is applied while the voltage v,
is grounded (v, = 0), the drain current ip; can be stated
as

py =y —ipg =iy = I3 =L, =i, 3)

The current ips is forced to equal the current ip; by using
the current conveyor formed by the transistors Ms-M;
[8]. The gates of transistors M; and My are connected
together, thus both transistors My and My will have the
same drain currents in saturation. Then the current i. can
be written as

i =lL—ipy=1-ipy (4)
When substitutes Eq. (3) into Eq. (4), resulting in
i =I—(1,-1,)+i, %)
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Fig. 2 Proposed square-rooting circuit.

If we design such that /; = I, — I, the current i. will be
equal to the input current ij,,. The transistors M¢-M;2
form as the negative current limiter. The constant
current source /; and the transistor M, provide the bias
voltage v, approximately equal to 2¥7. Therefore, the
transistors M,o-M,, are forced to the edge of conduction
to minimize the crossover distortion in output signal. If
the current i. is negative, this current will flow through
the transistor M), and cause the voltage at node C to
decrease. The transistor M;; is effected to cutoff.
Otherwise, the positive current i. flows through the
transistor M, and brings the transistor Mo to cutoff.
Based on the unity-gain and double-output current
mirror Myy-M,s, the current i. = iy, is transferred to
nodes D and E. The current i, is then applied to the
square-rooting cell formed by the transistors M,-M,.
The drain current ip; can be given by

ipy = AL, +(Is+i,) (6)
Considering at node E, the output current i, can be
stated as

iy =ipy—Is—i, )

Substituting Eq. (6) into Eq. (7), the output current jo,
can be written as

™ 'J‘E\/‘E =G, \/f: ®)
where the gain G, is equal to (4/5)".

When the positive input voltage v,, is applied at node
A and a given resistor R is connected at node B.
Considering at the transistors Ms and M, the drain
currents ips and ips have the same value of the constant
current I,. From Eq. (1), the gate-source voltage vgss
and vg;e will be equal. Therefore, the input voltage v, is
accurately transferred to node B (v5). The input current
iin can be given by

L ©9)

If we substitute Eq. (9) into Eq. (8), the output current
ious 1s related to the input voltage v, as

41 )
=R =G (10)

where the gain G; is equal to (4/J/R)"”. From Egs. (8)
and (10), it is clearly seen that the output current is a
square-rooting function of both input current and input
voltage signals.

3. SIMULATION RESULTS

The performances of the proposed square-rooting
circuit as shown in Fig. 2 were observed using PSPICE
simulation program. The technology AMIS 0.5um
CMOS process parameters were chosen for the circuit
simulation. The ratios of the channel width and length
(W/L) of the devices used are shown in the Table 1. The
supply voltages were set to ¥pp = —Fg5 = 3V. The bias
currents and the resistor were chosen such that J, = /, =
10pA, > = 60uA, I; = S0pA, /5 =35pA, and R = 10kQ,
respectively.

Table 1 Device aspect ratios.

Transistors WI/L (um/pm)
M:-M;, Ms-M;2 412

M;-M, 16/12

Ms 6/1

M 23.5/1
MrM; 24/1

M;3-M;s 2012

Fig. 3 shows the comparison results between the
calculated values and the simulated responses to
illustrate the DC transfer characteristic of the proposed
circuit, when the input current i, varied from 0A to
100pA. was applied while the voltage v, was grounded.

Similarly, the comparison results between the
calculated values and the simulated responses as shown
in Fig. 4 depict the DC transier characteristic of the
proposed circuit. When the input voltage v,, varied from
0V to 1V was applied at node A and the given resistor R
= 10k was connected at node B.
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Fig 5 shows the transient responses of the proposed
square-rooting circuit for the triangular-like input
current waveforms with 100pA peak amplitude.
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Fig. 5 Simulated transient response for input current.
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The transient responses of the proposed circuit for
triangular-like input voltage waveform with 1V peak
amplitude is shown in Fig. 6.

Fig. 7 illustrates the frequency response of the
proposed circuit. The bandwidth of about 156MHz is
observed.
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Fig. 6 Simulated transient response for input voltage.
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Fig. 7 Frequency response of the proposed circuit.

From the experimental results, it is apparent that the
performances of the proposed circuit exhibit the high
accuracy and high-speed operation.

4. CONCLUSION

This paper has described the square-rooting circuit
based on the MOS-translinear configuration. The
proposed circuit can support both voltage and current
input signals. From the simulation results, it is evident
that the proposed circuit functions correctly and
provides good performances.
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