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Abstract

A systematic synthesis for high-order square-root domain filter (SRD) based on the quadratic I-V relationship for
an MOSFET operated in saturation region is presented in this paper. Emphases are placed on the methodology of filter
synthesis, the constructive settings of DC components for input signals, the DC voltages of the state-space variables,
and the DC bias current l,. The proposed prototypes of square-root domain filters are able to overcome the possible
inequality between the input and output node of DC level, in which improve the reliability of high-order filter
implementation. Furthermore, by means of adjusting the range of the DC bias current I, in the acceptable boundary, the
center frequency fo or 3 dB frequency fsyg Of the proposed prototypical circuits of SRD filters are not only attainable at
megahertz frequencies but also tunable electronically. Simulations are performed with the model of a 0.25 nm CMOS
process at 1.5 V supply voltage. The simulated results, which provide that the average errors of frequency response are
smaller than 1.0%, demonstrate the validity of the proposed synthetic technique. The synthesized filters have the
features of high frequency operation, tuneability, extensibility, and low power consumption. [Life Science Journal. 2010;
7(1): 15-29] (ISSN: 1097 — 8135)

Key Words: high-order square-root domain filter; low-voltage level-shift current mirror; current-mode square-root
circuit; electronically tunable; high frequency operation; extensibility

Introduction methods are solved and enhanced via adopting the

Today, many researchers have dedicated to quadratic I-V relationship for the MOS transistor that
developing companding filters which  comprise operates in saturation region to implement log-domain
log-domain and square-root domain (SRD) filters. filters-reducing fabrication cost while also lessening
Log-domain filter which was originally proposed by drawbacks such as high power supply voltage, high
Adams™ is a nonlinear (exponential) mapping on the power consumption and low operation frequency. The
state variables of a state-space (SS) description of a methods are according to those of Eskiyerli et al.'% ],
linear transfer function and includes the characteristics of Yu et al.*and Lopez-Martin™. For this reason, these
high-frequency operation and tuneability. Frey®®* further filters are also known as square-root domain filters. The
utilized the exponential transformation of the state-space basic building blocks for these filters include current
description of a linear transfer function, in terms of mirrors, current-mode geometric-mean and
bipolar circuits, to implement log-domain filters and in multiplier-divider circuits. Different topologies for the
turn, was embedded in as forming part of a broader geometric-mean circuits based on stacked MOS

branch of structures by Tsividis®). Furthermore, translinear loop™*”and up-down MOS translinear loop
Drakakis et al.°”) proposed a systematic synthesis ™! are available in the open literature. Furthermore,
method, based on “Bernoulli cell”, to realize the both geometric mean and squarer blocks are used to
log-domain filters. implement the current-mode multiplier-divider*®*°!,
Most of the IC fabrication technologies, however, For reliable operation of submicron digital CMOS
trend to digital CMOS processes, and this is due to the integrated circuits, the continuous supply voltage

fact that a similar |-V exponential relationship holds the decrease has become notable. Some current mirrors
concept of “log-domain filtering” has been extended to ~ (CMs) are currently in use in most applications!?®?,
the MOS transistors in weak-inversion region. Thus, whereas most of CMs either reveal severe performance
adopting a direct transformation of the corresponding degradation or are not functional at all in a low voltage
implementations based on bipolar transistors into MOS supply environment. All high impedance CMs proposed
transistors realizations. To meet such demand and by Mulder et al.®®!, Zeki et al.”™ and Blalock et al.l*
change, Toumazou et al.land Germanovix et al.l! require high input voltage, which provide the capability
proposed log-domain filters in terms of MOSFET of high output voltage signal swing. The CMs proposed
circuits that operate in weak inversion. The main  by!®**® operate with low input voltage, whereas the main
drawbacks of these topologies are the increased effect of disadvantage of Prodanov et al.”® has limited current
transistor mismatches and the limited operation range, Heim et al.”") is not suitable for high frequency
frequency, both originated from the operation mode of applications, and partial transistors of Itakura et al.”® are
MOS transistor. As a result, the problems of the above biased in triode mode such that the mirror is sensitive to
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geometry and threshold voltage mismatches.

Hence, Lopez-Martin et al.”**! proposed 1.5 V
CMOS square-root domain low-pass and companding
filters. The operation frequencies, nonetheless, remain
low. In Yu et al.®*3 an experiment based on 1.5 V
square-root domain band-pass filter is proposed based on
the MOSFET square law which contains the following
characteristics and advantages: low cost, high frequency
operation, low supply voltage operation, low power
consumption, low noise, and electronically tunable of
center frequency.

In this paper, based on the proposed prototypical

circuits of SRD filters, a systematic synthesis method of
high-order SRD filters is presented. Furthermore, in
order to verify the extensibility of high-order filters, the
synthetic procedures are also presented and discussed in
which principles must be paid attention to at time of the
syntheses for high-order filters, for example, the aspect
ratios W/L of transistors, capacitance C, quality factor Q,
DC bias voltages of driving MOSs, and DC bias current,
etc. The main objectives are not only the demonstration
of practicability of high-order low-voltage SRD filters,
but also indicate the design matter requiring attention of
the high-order filters.
Simultaneously, the simulated results of syntheses for
several high-order low-voltage SRD filters are performed
and compared with the specified values in which
demonstrate the validity of the proposed synthetic
technique and the high performances of the proposed
prototypes of SRD filters.

Design Methodologies of Prototypes for Square-Root
Domain filters

Square-root domain (SRD) filters feature a
nonlinear (exponential) mapping on the state variables of

a state-space description for a particular transfer function.

In order to implement the filters, state equations must be
further transformed to nodal equations at the nodes of
grounded capacitors. Furthermore, based on the
MOSFET square law relationship, the nodal equations
are replaced by intermediate variables. Then, by means
of interconnection of sub-circuits to realize the terms of
nodal equation, the design procedures of square-root
domain filters are achieved.

First, the transfer function of a band-pass filter
(BPF) is introduced and shows how it is used to yield a
SRD BPF. Assume that the transfer function of a
second-order SRD BPF is expressed as

H(s) g&
s +g :s+W2
1)

and by using the standard technique™®*! for creating
companion-form dynamical equations, Eq. (1) is realized
by the system described by the following equations.
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where X3, Xp, y, and u are state variables, output and input
signals, respectively. Let the node voltages V; and V, be
the state variables x; and x,, and a voltage signal U
denotes the input u, then (2) is rewritten as follows

LCV1=-Cw,

T

|

LoV, =cwy, - (S, + (i)
i Q Q

|

}y:\/z
C

©))
with is a multiplying factor. Both of
CVi and CV. in (3) are regarded as the
time-dependent current through the two capacitors C
connected between V; and ground and between V, and
ground, respectively.

Assume that the drain current of an MOSFET transistor

operated in saturation region is expressed as
C, W
:%(VGS - Vi )2 b(VGS - Vs )2
(4)

where B, Vgs, and Vr are the device transconductance
parameter, the gate-to-source voltage, and the threshold
voltage, respectively.

Hence, based on (4), the state equations of Eq.(3) are
transformed into [11-12, 31-32]

:CV:L =-

ID

I, - I

s
~

iy=VY,

5
where ®
l,° b(V1'VT)2 (6)

2 ° b(Vz - Vi )2 )
2
U ° b(U - VT) (8)
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Note that (6)-(10) are defined as the currents in the
circuit corresponding to input voltages Vi, V», U, the DC
compensation term of the threshold voltage V+ and the
DC bias current, respectively. The SRD BPF is driven by
the external applied input voltage U and DC bias current
lo. Hence, based on the given device parameters 3 and V+
of the transistors, the capacitance C, the DC bias current
lp, and the quality factor Q, the center frequency f, and
the DC compensation current I+ can be calculated.
Moreover, the current Iy is also yielded to correspond to
the input voltage U. However, the currents I, and I, are
changed according to the variations of the node voltages
V; and V,. The output is then taken from the node
voltage V..

The center frequency f,, defined in (10), is
proportional to the square root of the DC bias current I,
whereas is inversely proportional to the capacitance C.
Therefore, the center frequency fo is tuned by using the
capacitance C and the DC bias current .

Similar to the above methodologies, the equivalent
representations for first-order and second-order SRD
filters may be derived as listed in Table 1.

Next, in order to achieve low voltage circuit
operation, both of the n-type and n-type low-voltage (LV)
current mirrors (CMs) in the proposed SRD filters are
designed by means of LV level-shift technique, as shown
in Fig. 1%, Simultaneously, Fig. 2% shows the DC
biasing circuit diagrams of the proposed n-type and
p-type LV level-shift CMs, respectively, where V1, Vnz,
Vp1, and Vp, are connected to the corresponding bias
terminals of the CMs, such that the overall supply
voltage source is simplified to be only one supply
voltage source Vpp.

Table 1. Equivalent representations of the SRD filters.
Types of : . Equivalent equations
filters Transfer functions State equations of KCL
Second-order B 6 N o
band-pass gaois : X1 = - WX, iCVy = ‘E I;
filter H(s) = i , .1 L, &l
. O 1 av,® e ¢ (cV, =@l + 1,
sP+g=is+uf 11Xz =WpX —:X2+?:: [ Q Q
gQIZl i Qg Qg Ty=v,
T i
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(a) Symbol and circuit diagram of the n-type LV level-shift CM, (b) Symbol and circuit diagram of the p-type

LV level-shift CM.

(@)

Fig. 2.

Note that, in Fig. 1(a), the transistor Ms biased by a
voltage Vy; is acted as a current source. The Vps voltage
of transistor M; is fixed to a constant value by transistor
M., current source transistor Ms, and voltage source Vys.
The transistor M, with bias voltage V. provides shunt
feedback to form lower input impedance, which reduces
the input voltage requirement.

Further, according to the MOSFET square law, the
square-root of two currents is realized by the
current-mode square-root circuit as shown in Fig. 3.
The core circuit is composed of transistors Ma;, May,
M3z, and Ma,. The other transistors except Ms;-Mag,
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(b)

DC biasing circuit diagram of (a) n-type and (b) p-type LV level-shift CMs.

which are the LV level-shift CMs, are used to transmit
current signals. Assume that the aspect ratios of the

transistors in core circuit satisfy the following
constraints:

—_ 0 —_ (0]
by =by° band by, =b,°2b
Thus, from the derivations of***? we have
[ =JI [
out X'y (12)

which conforms to the function of the current-mode
square-root circuit.
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Fig. 3. (@) Symbol of the current-mode square-root circuit, (b) circuit diagram of the current-mode square-root circuit.
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Fig. 4. Prototypical circuit of the proposed second-order LV SRD BPF.
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Prototypical circuit of the proposed first-order LV SRD LPF.



Fig. 6. Prototypical circuit of the proposed second-order LV SRD LPF.
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Fig. 7. Prototypical circuit of the proposed second-order LV SRD biquad.

20




Life Science Journal, Vol 7, No 1, 2010

Obviously, the constraint for the minimum power
supply voltage Vpp is determined by following

conditions,
VDD 3 ZVEFP +VEFN (13)
VDD 3 2VEFP +"/TP' (14)
W,
VDD (_L)Gll el_/i/)es' aer
V= m
O
(15)
W,

Ve MtV t+ bL)ell &L)ez)(vm - VTN)

(16)

where Vry and Ve are the threshold voltage of the

NMOS and PMOS transistor, respectively,
0

Veen © Vasy - Viy and Verp © Vsep - "/TP'

are defined as the minimum source-to-drain voltages

required to sustain an NMOS transistor and PMOS

transistor in saturation, respectively.

Hence, the prototypical circuit of the proposed
second-order LV SRD BPF expressed as (5) is realized
by using the LV level-shift CMs, three current-mode
square-root circuit blocks, and two capacitors, as shown
in Fig. 43, where U and I, are the external applied DC
biasing input voltage and DC biasing current,
respectively, and V, is the desired output voltage.
Furthermore the currents Iy, I, and I, in the BPF are
related to the corresponding input voltages U, Vi, and V,,
respectively. The DC bias current |y is used to control the
position of center frequency of this BPF. As evident, the
BPF having the expected transfer function may operate
at lower supply voltage.

Similar to the above technologies, the prototypical
circuits for proposed first-order LV SRD LPF,
second-order LV SRD LPF, and second-order LV SRD
biquad may be given, which are shown in Figs. 5, 6, and
784 respectively. Simultaneously, Figs. 1 to 7 are
regarded as prototypes (or basic block diagrams) while
carrying out the syntheses of high-order LV SRD filters.

Furthermore, consider the proposed circuits based
on TSMC 0.25 nm 1p5m CMOS process with

Viy =053V and ‘/TP':O'SBV to verify the

functions of the proposed second-order LV SRD BPF.
The maximum operation current is 200 A, the power
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supply voltage Vpp for the proposed LV SRD BPF as
shown in Fig. 4 is set as 1.5 V, and two capacitors in this
BPF are C;= C,= 0.9 pF. The DC biasing voltages of
V1, V2, Ve1, and Vp, under Vpp = 1.5V are measured
to be 0.52 V, 1.02 V, 0.95 V and 0.46 V, respectively.
The microphotograph of the proposed second-order LV
SRD BPF is shown in Fig. 8 where the total area of this
filter is 0.0175 mm?.

Table 2 shows the measured and simulated results
for the proposed LV SRD BPF and LPF, respectively;
Table 3 shows the simulated results for the proposed LV
SRD biquad filter®™. Both of the measured and
simulated results for the proposed LV SRD BPF are in
well agreement and demonstrate that the center
frequency f, are tunable electronically, further indicate
that the proposed circuit is able to provide reliable
operation at 1.5 V with low power consumption and high
noise immunity.

Systematic Synthesis for High-Order Square-Root
Domain Filters

Assume that the circuit diagrams of LV
current-mode level-shift CMs, square-root circuit, the
first-order and second-order LV SRD filters shown in
Figs. 1 to 7 are regarded as the prototypes (or basic block
diagrams), then the transfer function of a high-order LV
SRD filter can be decomposed into the product of several
first-order and second-order ones, which can be
implemented by cascading the corresponding prototypes.

Note that every individual pole frequency of the
first-order or the second-order LV SRD filter must be
adjusted to meet the specified pole frequency.
Simultaneously, for realizing the high-order filter, the
possible inequality between the input, output node, and
grounded capacitors of DC level which will induce the
incomplete power propagation and seriously degrade the
frequency response of the filter all must be improved.
Hence, in the course of designing, additional condition
will be joined by setting the DC components of input
signals and state-space variables to be a same DC
voltage value, in order to guarantee that the DC levels of
the input node, the output node, and the grounded
capacitors are equal. Fig. 9 shows the synthetic
procedures of high-order LV SRD filters in which the
aspect ratios W/L of transistors for the current-mode
CMs and square-root circuit shown in Table 4 are
assumed to be fixed, while those of transistors and C for
the current-mode LV SRD filters shown in Table 5 are
allowed to be adjustable such that the DC bias current Iy
may fall into the acceptable boundary which are
demonstrated in the simulated and measured results of*2.
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Fig. 8. The microphotograph of the proposed second-order LV SRD BPF.

Table 2. Measured and simulated results for the proposed LV SRD BPF and LPF.
LV SRD BPF LV SRD LPF LV SRD LPF
Parameters Measured results Simulated results Simulated results
Technology TSMC 0.25 nm 1p5m
Order of the filter 2 1 2
Q 21.3 1 1
C 0.9 pF 1pF 1pF
Supply voltage 15V 15V 15V
Power consumption (average) 1.598 mw 0.366 mwW 0.633 mW
fo or f3s tuning range fo=4-10 MHz faus =1.2-21.2 MHz fagg =1.1-22.5 MHz
IM3 (Vy,, =0.1V) -44.67 dB -45.3 dB -38.6 dB
(5.35 MHz and (4 MHz and (4 MHz and

THD (V,p = 0.1 V)

5.4 MHz (in band))
-26.7 dB (5.38 MHz)

5 MHz (in band))
-27.6 dB (1 MHz)

5 MHz (in band))
-26.0 dB (1 MHz)

Output noise power -45.2 dBm -46.2 dBm -44.2 dBm
SFDR 35.0dB 37.1dB 34.6 dB
Measured and simulated conditions
Iy 90 mA 20 mMA 20 mA
faus 5.52 MHz 13.7 MHz 14.4 MHz
fo 5.66 MHz

Table 3. Simulated results for the proposed second-order LV SRD biquad filter.

Simulated results

Parameters Band-pass section Low-pass section
Technology TSMC 0.25 mm 1p5m TSMC 0.25 nm 1p5m
Order of the filter 2 2
Q 1 1
Supply voltage 15V 15V
Power consumption (average) 1.42 mW 1.27 mW

fo or fag tuning range
IM3 (Vp, =0.1V)

fo=1.9-17.0 MHz

-33.2 dB (10 MHz and 11 MHz (in band))

deB =1.2-22.2 MHz
-34.1 dB (5 MHz and 6 MHz (in band))

THD (10 MHz,V,, = 0.1V) -25.2dB -24.8 dB
Output noise power -43.7 dBm -44.0 dBm
SFDR 32.7dB 31.6dB
Simulated conditions

Iy 20 mA 20 mA

deBl, fO, de B2

6.7 MHz, 10.2 MHz, 13.5 MHz

fgdB: 14.1 MHz
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Fig. 9. The synthetic procedures of a specified high-order LV SRD filter.
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Table 4. The aspect ratios of transistors for the LV current-mode level-shift CMs and square-root circuit shown in
Figs. 1t0 3

Prototypes

The aspect ratios (W/L)

The proposed LV level-shift CMs (Fig. 1)
The DC biasing circuits (Fig. 2)

WIL=20 M2 m
WiL)g=2 m 025 m (WL),=03 m 025 m (W/L)g=
03 MO025 m (WL)g=2 m 025 m,(Wil)s=4

m/

025 m, (W/L)=30 m/025 m

The proposed LV current-mode
sguare-root circuits (Fig. 3)

W/L=7 m/07 m
except W/L=14 m/ 0.7 mfor Mszand My

Table5. The acceptable boundaries of C, W/L, and Iy of the LV current-mode LV SRD filters shown in Figs. 4to 7
Ope‘a&j a VDD =15V.

Type of filters Prototypes C W/L lo
Second-order Fig. 4 05-10pF 10 w2 m-40 m/2 m  60-200MA
LV SRD BPF for My - M3

First-order Fig. 5 05-10pF 10 m/2 m-40 m/2 m 2-40nMA
LV SRD LPF for Mz - M7

Second-order Fig. 6 05-10pF 10 M2 m-40 M2 m 2-40nA
LV SRD LPF for M7, - M3

Second-order Fig. 7 05-10pF 10 M2 m-40 M2 m 2-40nA
LV Low-pass section for Mg - Mg

of SRD hiquad

Second-order Fig. 7 05-10pF 10 M2 m-40 M2 m 2-40nA
LV Band-pass section for Mg; - Mgy

of SRD hiquad

Simulated Results

Domain Filters
Consider the proposed prototypica circuits based

on TSMC 025 mm 1p5m CMOS process with

V;, =0.53V and ‘/TP':O'SSV to verify the

functions of the proposed high-order LV SRD filters.
Synthesis of Third-Order LV SRD Low-Pass Filter

For an attempt to synthesize a third-order low-voltage
sguare-root domain low-pass filter specified in Table 6,
the synthetic configurations have two types that contain

of High-Order Square-Root

one stage of second-order LV SRD LPF cascaded one
stage of first-order LV SRD LPF or one stage of
second-order LV low-pass section of SRD hiquad
cascaded one stage of first-order LV SRD LPF shown in
Fig. 108 and (b), respectively, whereas, the synthetic
methods for the two configurations are similar. Thus,
accordingly, only one of the synthetic configurations,
one stage of second-order LV SRD LPF cascaded one
stage of first-order LV SRD LPF, is provided in the
following.

Table6. Specifications of athird-order LV SRD LPF.

Parameters Specifications
Technology TSMC 0.25 nm 1p5m
Order of thefilter 3

Type of filter Low-pass filter

Q 1

Supply voltage 15V

3 dB frequency fags 1.5MHz
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The 2nd stage
first-order
LV SRD LPF

stage

The third-order
LV SRD LPF

Firstly, the prototypica circuits of second-order
LV SRD LPF and first-order LV SRD LPF are given in
Fig. 6 and 5, respectively, which the boundaries of |y, C,
and W/L are rewritten and given in Table 7. Thus,
according to the synthetic procedures shown in Fig. 9,
the initid values of C and W/L for the corresponding
circuitsaresettobeC=1pFandW/L=20 m/2 m,
respectively, and let the DC components of input signa
and state-space variablesbe U =V; =V, = 0.65 V. Next,
the corresponding values of B, I+, and | defined in (4),
(9), and (10), respectivdy, are identical for the two
prototypica circuitsas

b° =mc,

Table7. The acceptable boundaries of C, W/L, and o

The 1st stage
second-order
low-pass section

Fig. 10. Synthetic configurations of the specified third-order LV SRD low-pass filter.

The 2nd stage
first-order
LV SRD LPF

I+ © CwpVy =C(20H,)V; ? 500 mA

2,2 2 2
IOOCTm:%))

2.88 mA
where the DC bias current |, falls into the acceptable
boundary shown in Table 7. Hence, the smulated
frequency response of third-order LV SRD LPF may be
evaluated as shown in Fig. 11 in which the smulated 3
dB frequency fiz is approximately 1.486 MHz.
Obviously the error of frequency response is
approximately 0.933%, while compared with the
specified 3 dB frequency fzqg = 1.5 MHz

of second-order LV SRD LPF and first-order LV SRD LPF.

Type of filters Prototypes C WI/L Iy
Second-order ' 10 Mm/ 2 nm - 40 mm/ 2 mm
LV SRD LPE Fig. 6 0.5-1.0pF for My - Mis 2-40 nA
First-order ' 10 Mm/ 2 nm- 40 mm/ 2 mm
LV SRD LPF Fig. 5 0.5-10pF for Mo - M7 2-40mh
o] o
20 ]
— -0
&
= .
i Simulate
= 60 ] ; ;

a0 |

-100 |

T T
100 1k 10k

100k
Frequency (Jog) (HERTZ)

Fig. 11. The simulated frequency response of the third-order LV SRD LPF.
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Synthesis of Eighth-Order LV SRD Band-Pass Filter
Similarly, by means of combining four stages

second-order LV SRD BPF or LV band-pass section of

SRD biquad cascaded, an eighth-order |ow-voltage

sguare-root domain band-pass filter specified in Table 8
may be synthesized. Further, simply only the synthetic
method of adopting four stages of second-order LV SRD
BPF cascaded is described.

Table 8. Specifications of an eighth-order LV SRD BPF.

Parameters Specifications
Technology TSMC 0.25 nm 1p5m
Order of thefilter 8

Type of filter Band-pass filter

Q 1

Supply voltage 15V

Center frequency f, 5 MHz

The adopted prototype of second-order LV SRD
BPF shown in Fig. 4 and Table 9 is then the
corresponding boundaries of I, C, and WIL.
Furthermore, according to the synthetic procedures of
Fig. 9, the initial values of C and W/L for the
corresponding prototype aesettobe 1 pFand 20 m/ 2

m, respectively, and assume the DC components to be
U =V; =V,=0.65V. Hence, the corresponding vaues
of B, I, and Iy for the second-order LV SRD BPF are
caculated as

b » I

3081 V2 1T ”1665 ad 0 ” 3203

Table9. The acceptable boundaries of C, W/L, and |, of second-order LV SRD BPF.

Type of filters Prototypes C WI/L lo
Second-order Fig. 4 05-10pF 10 M/ 2 nm - 40 m/ 2 nm 60 - 200 A
LV SRD BPF for My; - My3

However, the DC bias current g is smaller than the
acceptable lower limit 60 mAspecified in Table 9. Thus,
according to the synthetic procedures of Fig. 9, the
aspect ratio W/L must be decreased to be W/L = 10 mm/
2 m. Theresultant quantities are

b» s mmavz 't ”1665.ad 1o sa05m
which indicate DC hias current |y satisfies the acceptable
boundary specified in Table 9. Hence, the smulated

frequency response of the eighth-order LV SRD BPF is
performed and shown in Fig. 12 in which the smulated
center frequency f, approximates at 4.97 MHz and
suffers from 0.6% error of frequency response, while
compared with the specified center frequency fo = 5
MHz.
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Fig. 12. The simulated frequency response of the eighth-order LV SRD BPF.

Synthesis of Ninth-Order LV SRD Low-Pass Filter
Next, in order to design a ninth-order LV SRD

low-pass filter specified in Table 10, two schemes are

used. Each contains four stages of second-order LV SRD

LPF cascaded one stage of first-order LV SRD LPF or
four stages of second-order LV low-pass section of SRD
biquad cascaded one stage of first-order LV SRD LPF,
respectively, are provided in below and demonstrated.
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Table 10. Speifications of aninth-order LV SRD LPF.

Parameters Specifications
Technology TSMC 0.25 mm 1p5m
Order of thefilter 9

Type of filter Low-pass filter

Q 1

Supply voltage 15V

3 dB frequency fags 2 MHz

Four Stages of Second-Order LV LPF Cascaded
One Stage of First-Order LV SRD LPF. The prototypes
of second-order LV SRD LPF and first-order LV SRD
LPF are given in Fg. 6 and 5, respectively, and the
corresponding boundaries of 1y, C, and W/L are rewritten
and given in Table 11. Simultaneously, the initid values
of C and W/L for the corresponding prototypes are aso
set to be 1 pF and 20 mm/ 2 mm, respectively. Thus, the
corresponding vaues of B, I, and I, for the two

prototypes are al identical, result in

D> pgmvz It ”666ma,ad 0 ” 513m
where the DC bias current I, meets the acceptable
boundary shown in Table 11. Fig 13 shows the
simulated frequency response of the ninth-order LV SRD
LPF. The smulated 3 dB frequency fags approxi mates at
2.018 MHz and results in approximaely 0.9% error of
frequency response.

Table11. The acceptable boundaries of C, W/L, and |, of the second-order LV SRD LPF and first-order LV SRD

LPF.

Type of filters Prototypes C WI/L lo
Second-order Fig. 6 05-1.0pF 10mMm/ 2 mm-40 mm/ 2 mm 2-40 nA
LV SRD LPF for M1 - My3
First-order Fig. 5 05-10pF 10mm/ 2 nm- 40 mw 2 mm 2-40 mA
LV SRD LPF for Mz - M7z
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Fig. 13. The simulated frequency response of the ninth-order LV SRD LPF.

Four Stages of Second-Order LV Low-Pass Section of
SRD Biquad Cascaded One Stage of First-Order LV
SRD LPF

Similarly, Figs. 7 and 5 are adopted as the prototypes of
second-order LV low-pass section of SRD biquad and
first-order LV SRD LPF, respectively. Table 12 is the
corresponding boundaries of Iy, C, and W/L. Next, the
initial values of C and W/L for the corresponding
prototypica circuits are set to be 1 pF and 20 mm/ 2 nm,
respectively, and let the DC componentsbe U; = U, =V,
=V, = 0.65 V. Hence, the corresponding values of 3, I,

27

and lo for the two prototypical circuits are also identica
and calculated as

b» g emvz It ”66sm and 10 ” 513m

The DC bias current |, also fals into the
acceptable boundary shown in Table 12. Hence, the
simulated frequency response of the ninth-order LV SRD
LPF is shown in Fig. 14. The smulated 3 dB frequency
fagg approximates at 202 MHz and suffers from
approximately 1.0% error of frequency response.



Table12. The acceptable boundaries of C, W/L, and |, of the second-order LV low-pass section of SRD biquad and
first-order LV SRD LPF.

Type of filters Prototypes C W/L lo
Second-order . 10mMm/2mMm-40mMmV2 m
LV low-pass section of SRD biquad Fig- 7 05-10pF for Mg; - Mgy 2-40 A
First-order ) 10 M/ 2 nm- 40 mm/ 2 nm
LV SRD LPF Fig.5 05-10pF for Myg - M7 2-40mA
- iy __________________i ____________________________
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Fig. 14. The simulated frequency response of the ninth-order LV SRD LPF.
Conclusion implemented by standard digital CM OS technol ogy.

Based on the MOSFET sguare law, a systematic
synthesis method for high-order square-root domain
filter with reduced voltage is presented in this paper.
This work is based on the MOSFET sguare law.
Emphases are given on synthesizing filters. The keys to
thiswork are the constructive settings of DC components
for input signals, the DC voltages of the state-space
variables, and the DC bias current l,. The proposed
prototypica circuits of low-voltage square-root domain
filters are able to overcome the possible inequality of DC
level between the input and output node. It is a
significant and necessary improvement for the
convenient and reliability of high-order filter redization
since the inequality of input and output node of DC
voltage will induce the incomplete power propagation
and seriously degrade the frequency response of thefilter.
Moreover, by means of adjusting the range of the DC
bias current |y in the acceptable boundary, which may be
established and attainable during the process of
designing for the proposed prototypica circuits of SRD
filters, it provides that the center frequency fo or 3 dB
frequency fagz are not only attainable at megahertz
frequencies but aso tunable eectronically. Simulations
for the proposed high-order LV SRD filters, based on
0.25 mm CMOS process and operated with 1.5 V power
supply voltage, were provided and discussed throughout
this paper. Simulated results, which indicate that the
average errors of frequency response are less than 1.0%,
demonstrate the vdidity of the proposed synthetic
technique and the high performances of the proposed
prototypica circuits of LV SRD filters. Hence, the
proposed synthetic technique provides an aternative for
performing high-order square-root domain filter
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