¢ w LN
ﬂluﬂﬁﬂﬁl‘lﬂﬂﬁ'N Wf&'ﬂﬂulﬂa'lﬁ']ﬂﬂ?zl]‘:l

NeNuaTvanysallasamsisy

&
1394

o ) -
MIvNIUVIRINRAINTIaad Inalduemnalilat

Y v
MIUINTINS

My Jaan gizinass

RCH
TR
BVA

. 14495
1YY

tﬂ"d“;ﬁjﬂu. 3 2 O 7 5
T, wnow, 1.3 U, 2542




- ) a
589 NUULINI0BAT 1NN Taslvusainalulat

A CMOS Based Square-root Circuit
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Abstract

A CMOS integrable current mode square-root circuit is proposed in this article. It is based on the
square-law characteristics of MOS transistor. Experimental results and PSPICE simulation results confirm that

the circuits performance are agreed with the theoretical results.
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A class AB CMOS square rooting circuit

Abstract

In this paper, an integrable CMOS square rooting circuit based on a class AB
configuration is described. The -circuit achieves wide dynamic range and wide-band
capability. The accuracy of the circuit is also high over the entire dynamic range. Simulation

and experimental results demonstrating the characteristic of the proposed circuit are also

included.

i. Introduction

A square rooting circuit is a useful circuit building block used in .analog measurement
and instrumentation. For example, it can be used to linearize a signal from differential
pressure flow meter, or to caiculate the RMS value of an arbitrary waveform (Doebelin
1990). Usually, one fundamental approache to realize a square root function is based on the
use of an operational ampliﬁer (op-amp) attached to bipolar transistor to form as the log and
antilog amplifier (Millman and Grabel, 1992). This approach provides the logarithmic
principle to realize a squaré root function. Howeve;r, the frequency performance achieved by
this circuit is limited by the narrow bandwidth of an op-amp topology. Alternatively, an
approach based on the characteristic of the translinear configuration of bipolar juﬁction
transistors, which is suitable for implementing in monolithic integrated circuit form, has been
shown to realize a square root function (Toumazou et al, 1990). The ;cxdvantage of this
technique is wide bandwidth due to the circuit operated in current mode. In addition, two
approaches have been reported -on the realization of a square root function using MOS
transistors. The first approach is based on the use of weak inverted MOS transistors (Van Der

Gevel and Kuenen 1994). This approach obtains low power consumption and low voltage

N



operation. In contrast, the accuracy and the frequency performance are limited by the ;small
transconductance value of the weak inverted MOS transistors restriction (Gray and Meyer
1993). The second approach is based on the use of the second generation current conveyor
(CCII) connected with nonsaturated MOS transistors and op-amp (Liu 1995). The high
frequency limitation of this approach is due to the finite gain bandwidth product of the op-
amp and parasitic capacitances of the nonsaturated MOS transistors. The purpose of this
paper is to propose a CMOS integrated circuit technique for the realizaﬁon of square rooting
circuit. The circuit consists of a CMOS class AB configuration, current mirrors and current

sources. The resulting performances of the circuit have high accuracy, wide-band capability.

and wide dynamic range.

2. Circuit description
2.1 Basic prihciple

Figure 1 shows a CMOS class AB configuration formed by transistors M;-Mj. The
constant current source Iy provides the bias current for the circuit. Ideally, it is required that
thé transistors M, and M, as well as M3 and My are closely matched and all the transistors
operate in their saturation region. If the input signal current I, is applied to the circuit, then

the relationship of the current Ip2, Ips and I, since the current Ip; and Ips have same

magnitude, can be expressed as

I,+1, I,
4 + 2 ]in (1)

where Ip; and Ipg are drain currents of the transistors M, and Mg, respectively.



2.2 Square rooting circuit

The proposed pircuit diagram is shown in figure 2. Groups of transistors Ms-Ms
function as a current-mode full-wave rectifier (Wang, 1990). If the input signal current I;, >0,
the current I turns Mg ‘on’ and Ms ‘off , thus Ips = 0 and Ipg = L. For the input signal
current I;; <0, the current Iip will turn Ms ‘on’ and M ‘off,’ therefore Ips= Iiy and Ipg = 0. The
ﬁnity gain current mirror M;-Mj reflects the current Ips in order to add to the current Ips.
Thus the current Ipg, the sum of Ips and Ipg, is full-wave rectified. The current mirror My and
My, reflects the current I to the current mirrbr Mi2-Mis. The current mirror My-M; and
Mi2-My3, which have current gain equal to 4, forces current |4L;5] into transistor M; of a class

AB stage and the current source 1} and I,, which are set equal to 41, provide the bias current.

The current Ips can be written as

Ipg= I + I

Tl @

where Ipy is the drain current of My. The unity gain current mirrors Mo, My, My2, My4 and
Mis5-Mje reflect the current Ipg = lia} and Ipg, respectively, into an output node and the current

source I3 = Ig provides an elimination of the output current offset. Then the output current Iy

becomes

Iout =\[I: |Iin] (3)

which means that the output current loyt is a square root of the input si gnal current I;, with the

current gain equal to /7, .



3. Circuit performance

In practical realization, the devices mismatch between nm and p channel MOS
transistors of a class AB circuit is the major factor that contribute to the errors from the ideal
performance. The error of the output current Iy, €, is due to the cancelling remainder

current of the signal current I, and the current Ipje. The percentage of error g; can be

expressed as

VBB,
28, + BB - 35,)

% 100% | @)

where B, and B, are the transconductance parameters of n and p channel MOS transistors,
respectively and Ip is the bias current of the class AB circuit. If B, =4.919 x 10*A/V2,
Bp=1.73 x 10*A/V  and I = 25pA, then the resulting error €1 is equal to 0.13%

For high frequency response, the first major high frequency limitation is due to the

device capacitance of a class AB circuit (M;-M,). The single dominant pole of a class AB

circuit, PAg, can be approximately given by

- Cs ®)
g ~
&m

where gm; and C; are the MOSFET transconductance and the gate-to-source capacitance of
transistor My, respectively. If C; = 0.2pF, gm; = 2.21 x 10*A/V, then this pole will be

located at 175.86MHz. The second dominant pole Py, is due to the bandwidth of negative

current mirror M3-My4, which can be written as



1
P =

" - C,$ A , | :
&My, ©)

where gm), and C;; are the MOSFET transconductance and the gate-to-source capacitance of
transistor My, respectiveiy. For Ci; = 1.5pF and gmy; = 2.68x 10%A/vV , then the cut-off

frequency of this pole is located at about 28.43MHz. This pole should be the high frequency

limitation of the circuit.

4. Experimental and simulation results
The circuit in Figure 2 has been constructed using CD4007 devices for experimental
purpose, where the bias current I; =1, = 4]p and the current source I; = Iy are set to 100pA

and 25pA, respectively, and Vpp = 7V. Figure 3 éhows the measured DC transfer
characteristic for the input current Ii, which is varied from -1mA to ImA. Figure 4 shows the
output current waveform for a 20kHz triangular wave input waveform of peak amplitude
ImA. It is evident that the performancé of the experimental circuit is in close agreement with
the expected value.

The high frequency response of the proposed circuit was observed using the PSPICE
* analog simulation program. The MOSIS 2.0pm CMOS process parameters were used for the
circuit simulation. The ratio of channel width and length (W/L) of the devices used are as
follows, Ws/Ls = W¢/L¢ = 2um/2um , Wip/Lig = Wi3/L;5 = 80pm/2pum, Wi/L; = Wo/L, =
Wi/l; = W4)L4 = ‘10um/2pm and the other devices were set identical to 20p1ﬁ/2um. The

simulated frequency response of the proposed circuit is shown in figure 5. It should be noted

that the bandwidth about 32MHz is observed.
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5. Conclusion

A current-controlled Square rooting circuit has been presented in this paper. The

realization method is based on the principle of class AB configuration and suitable for

implementing in CMOS integrated circuit form. The experimental results as well as the

simulation results have shown that the circuit performance is highly accurate and wide-band

capability
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Figure captions

Figure 1. CMOS class AB configuration.
Figure 2. The proposed square rooting circuit.
Figure 3. Measured DC transfer characteristic.
Figure 4. Triangular wave response of circuit in F ig. 2.
Upper trace input: S00pA/div ; lower trace output: 100pA/div ; time-base: 10us/div

Figure 5. Simulated for high frequency response.
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