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Abstract

A low voltage square root domain filter based on the MOSFET square law is proposed in this thesis. Through
HSPICE simulation, the extendibility and the reliability of the design procedure are verified. Furthermore, the supply
voltage is successfully reduced down to 0.9V by the Flipped Voltage Follower (FVF) low-voltage technique without
regarding the performance of the filters. The proposed filter structure has the merits of low-power voltage supply
operation, high frequency operation, and the wide range of pole frequency tuning capability. The proposed circuit has
been simulation with the TSMC 0.18 ym CMOS technology. The experimental results have demonstrated that the center
frequency fO of the band-pass filter can be electronically tunable in 774-914kHz with tunable bias-current, 1.78% total
harmonic distortion (THD), and the power dissipation is less than 387uW at a 0.9V supply voltage. [Life Science
Journal. 2010; 7(1): 30 — 33] (ISSN: 1097 — 8135).
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1. Introduction
Recently, there is a growing interest in the field of H (s) = & (1)

translinear filters. Main advantages of regarding to these , &W, 6 2

various filters are large dynamic range and S°F gQ_ES W

low-voltage/low power operation capability. Since the

voltage swings of internal capacitors are compressed, DC By wusing the standard technique for deriving
power supply voltage will be less restrictive to the companion-form dynamical equations, Eq. (1) is realized
maximum input signal. Initially, a subclass of translinear ~ with the system described by the following equations.
filters was the log-domain filters introduced by Adams .

On the other hand, a subclass of translinear filters, named : A, = - wox,
“square-root domain filter” was introduced. Toumazou'? i ~ ®w, o ew, o (2
proposed state-space synthesis of the second filter which : dy = Wox, - gQiEX 2 * E-QH'E“

was the first filter structure using the MOSFET square v
law. Although an alternative biasing of MOS translinear ty=x,

loops based on the app“ca“gg] of the Flipped-Voltage  \yhere x, x, vy, and u are state variables, output and
Follower (FVF) was proposed™™, it allowed a significant jno¢ signals, respectively. If the node voltages V; and V,
reduction in the voltage supply requirements. In order to are assumed to be the state variables, x, and %, and a

. . [6] . 4
Improve th[% prob{ls?m of Germanqvgfl% method,  \ojtage signal U denotes the input u, the Eq.(2) can be
Psychalinos'”, Yu **and Lopez-Martin also adopted rewritten as

MOSFETs operating in saturation region to implement
the square-root domain filters. i (:\ﬂ(1 =-Cw,V,

In this paper, a square-root domain filter with voltage I y .
supply down to 0.9V has been proposed. The paper is }c\ﬁz =Cw,V, - ?Ecrmg/z " ?&fmg‘} (3)
organized as follows: In Section 2, the principle and T Q o Q o
architecture of the square-root domain filter using ¥y =V,
state-space approach are derived and explained. Then in

Section 3, the:' most supply-voltage critical block,_i.e. the  \where C is a multiplicatioin factor. C\, and CM, in
square-root circuit, which performs the geometric-mean Eq.(3) can be regarded as the time-dependent current

function, is _proposed to operate at.a.supply as IP W-as through the two capacitors C connected from V; to
0.9V. By using the proposed circuit implementation as .
ground and from V, to ground, respectively.

well as the state-space approach, several filter prototypes The drain current of a MOSEET transistor

are designed for the purpose of verification highlighted in operating in saturation can be expressed as
Section 4. Finally, a brief conclusion is given at the end P 9 P

of this paper.
:M(Ves - Vi )2 = b(ves - Vi )2(4)

ID
2. Principle and Architecture 2L
The transfer function of a second-order band-pass

. where B, Ves and Vy, are the device trans-conductance
filter can be expressed as

parameter, the gate-to-source voltage and the threshold
30
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voltage, respectively. Thus, the state-space equation
becomes

o o

Q Q

According to Eq. (4), and while supposing Q=1, the state
equations in Eq. (3) can be written as

(6)
@)
and
Bl
W, = = (8)
2 2
I, :C—/';VL o)

Note that wgis inversely proportional to the capacitance
C and is proportional to the square root of ly; hence the
cutoff frequency wg is dominated by the capacitance C
and Iy is used to tune the cutoff frequency.

3. Circuit Implementation
3.1 Flipped-Voltage Follower Circuit

Fig. 12 shows a flipped voltage follower (FVF),
which consists of a current source and two transistors.
One transistor is cascaded with another. The current
source supplies the drain current of My, and the voltage at
the drain of M; connecting to the gate of M, can be
expressed as

o

Fig.1. Current-mode Flipped-Voltage Follower (FVF)
circuit

th (10)

et et
<
(2}
I

&i I

3.2 Current-Mode Square-Root Circuit

The proposed current-mode square-root circuit is
shown in Fig. 2 operates as follows: Iy and Iy are input
currents, and these currents generate the corresponding
voltage, Vx and Vy through the current to voltage

conversion of diode-connected MOS. The matched
transistors M,-Ms which are forced to operate in
saturation region and the DC current sources, depicted as
Ic altogether to construct a voltage-averaging circuit.

(b) |

1,

Fig. 2. Current-mode square-root circuit (a) Circuit
diagram(b) Equivalent block diagram

The voltage averaging circuit produces a gate voltage
Vyy, which is manipulated to be equal to the average of the
gate voltage of My and Mg as Vyy= (Vx+Vy)/2. The detailed
operation of the averaging function circuit can be
explained with a few simple steps. The well-known |-V
relationship between the drain current and gate-source
voltage for a MOS operating in saturation region can be
formulated as the following equation:

Iy = b6V - Vth)2

We can easily find the following equation holds since
Ipot1pa=lpatlps= Ic

(11)

Iy =1p, (12)

Substitute Eq.(11) into Eq.(12) , the equation can be
rewritten as
2 _ 2
b(V31 - Vx - Vth) - b(vss - va - Vth) (13)
From Eq.(13) we can derive the result :
Viyy =Vs3 - Vg +Vy (14)
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with the similar manner, we can obtain the following
result.

Vyy =Vg - Vs +Vy

According to Eq.(14) and Eq.(15), we can state the
following Eq.(16).

VvV, +V
= cmt——
2
According to the translinear loop formed by transistors
My, My, and Myy, it is realized under the assumption of

Bma=Bmza= 4B and Bwr= Pws = B Where B is the aspect
ratio, and the following equation can be derived.

(15)

v (16)

Iy =1 +1, +2g1, 1, 7)
We narrow current Iy and ly by 1/4 times to give supply

voltage of low power, so we can prove the following
Eq.(17).

1 1 1
Iy :zlx+?|Y+2 IV (18)

Again by writing the KCL equation at output node of this
circuit, the equation can be reduced to the follows:

Iy (I (19)

2
Hence if the ratio of the output stage current mirror in
Fig. 2 is set to be 1:2 the output current I, can be
derived as:

I @I« 1y (20)

Fig. 3 shows a circuit diagram of the proposed
band-pass filter. The band-pass is realized by using
current mirrors, three current-mode square-root circuit
blocks and two capacitors. V, is the desired output
voltage and U is a DC biased input voltage.

oty

—i—
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Fig. 3. Circuit diagram of the second-order band-pass
filter

4. Simulation Results

Fig. 4 illustrates the simulated result of the
current-mode square-root circuit while Vpp = 0.9V, Ixand
lyare a triangular wave current with values between 20 to
30 pA and a 30 pA DC current, respectively.
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Fig. 4. Simulated result of the square-root circuit

The simulated frequency responses of the
second-order band-pass filter with Vpp = 0.9V, C = 5 pf,
Q =1, Iy is changed from 20 to 30 uA, shows the tunble
center frequency f, of the band-pass filter from 776 to
914 kHz shown in Fig. 5.
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Fig. 5. Frequency response of the second-order
band-pass filter

The total harmonic distortion (THD) with a 4MHz
100mV  peak-to-peak sinusoid is 1.78%. The
specifications of a second-order band-pass filter are
summarized in Table 1.

Table 1. Specifications of the second-order band-pass

filter
Parameters Simulation conditions
Order of filter 2
Technology TSMC 0.18um
Power supply voltage 0.9V
Load capacitance 5 pf

lo 20pa, 25pa, 30ua

Parameters Simulation results

fo

(15=20yia, 2543, 30pa) 776kHz, 871kHz, 914kHz

Power dissipation

(1,=20pa, 25pa, 30pa) 387UW, 452uW, 487uW

THD (Vpp=0.1V)
(1,=20pa, 25pa, 30pa)

1.78%, 1.61%, 1.25%
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5. Conclusion

In this paper, based on the MOSFET square law, a
square-root domain band-pass filter with low voltage and
low power operation is proposed. Operating at 0.9V
power supply voltage, band-pass filter has been
simulation in 0.18um CMOS technology.

The proposed circuit, thus, has the advantages of high
frequency operation, low supply voltage operation and
low power consumption. Furthermore, implementation
via standard digital CMOS technology for the proposed
filter is feasible for system-on-a-chip (SOC) application.
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