A 8.25-MHz 7th- order Bessel Iter
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Introduction

Why single-ampli er biquadratic lters  (SABs)?
They needonly oneampli er percomplex pole pair. Comparedo
integratorconnectedopologies(at leastoneampli er per pole),

they uselesschip area,but their pole quality factoris alsomore ) Ho: rCi H
sensitve to variationsof the passve componenwaluesandthe I E E for

ampli er gain. R13 R11 .y
What is the purpose of this paper?

This papergives ﬂ ﬂ
anoverview over themaindesignaspect®f MOSFEFC SABs. It i Ho w._ﬁ
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Second- order MOSFET-C lter

Schematic of a current-mode MOSFET-C SAB

Are these lters interesting for the industry?
MaybenotatthemomentthereasorbeingthatMOSFETresistors
areMOSFETsthatoperatein a very specialregion: with a zero
currentin the operatingpoint, and a quite high bulk-channel
voltage. In orderto simulatethat properly one needsbulk-
referencednodelsandparameterextractedhaving this modeof
operationin mind; neitheris providedin standarddesignkits.

Single-ampli er biquadratic  lIters

In aMOSFETFC SAB, all resistorsarereplacedby transistoroperating
in thetrioderegion. Thewhole lter is built in balancedorm, sothat
even-ordetharmonicdistortionis reduced.

Tunability

Adjusting the voltage V¢ changeshe resistanceof the MOSFET
resistorsandthustunesthe polefrequeng. If this voltageis generated
by achage pump,asit is donein our example,thenonecancompute

The optimum output signal swing for maximum SNR
at a given level of distortion

Thefollowing schematishawvs the outputof our currentampli er.

If 1V isincreasedthemaximumsignal
<sw|_ swingatagivenlevel of distortionalso
VaC1V increaseshut at the sametime thetran-

i sistor cascodeshave less voltage mar
gin, mustbecomewider, andtherefore
alsobecomenoisier

Theoptimum1 V only depend®n the

thresholdvoltagesof theCMOSprocess
) 1 m_1 vy usedto build the lter. It is
with ! —DmnC —C ——, 2
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Second- order MOSFET-only lter

The same lters canbe built on single-polyprocesseswith a 4dB
lossin the SNR. Thefollowing gure shaws the simulatedTHD of
a conventional MOSFETC SAB (solid), of a MOSFETFonly SAB
(dashed)andthelatterwith I, scaledoy 1.5 (dotted).
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Properties of a Sallen-and-K ey lter

Several importantpropertiesof this kind of single-ampli er
biquadsalreadyfollow from atheoreticaldiscussior(seepaperfor
references).

Thepole frequeng andthe pole Q areindependently
tunable.
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The maximumoperatingfrequeny of sucha lter
depend®ntheampli er's non-idealitiesandis

1
max(n, 1=m) Coyt max,1=n) Rin Astop '

! pmax

If thevarianceof thepoleQ is minimised,the Iter will
alwaysneedanampli er having again below two.

Therearetwo possibilitiesof building alow-gain ampli er: either
take a high-cain ampli er andapply local feedbackor build a
low-gainampli er without local feedback Thelatteris faster but
generates higherpole Q variance.

in this paper has an edge frequency that is continuously
a chip area 0f0.24 mm?2, and consumes 49 mW from a 3.3-V supply . The SNR at —40 dB of harmonic distortion
as MOSFET-C lters and generating
and noise. Finally , it is shown that the Iter

Signal and Information

built with  MOSFET-C single-ampli er

tunable from 4.5 MHz up to 10 MHz. It was fabricated
48 dB and 50 dB over the whole tuning range. The comparatively

the control voltage of the MOSFET resistors with an on-chip charge pump. This paper briey discusses
instead of poly -poly capacitors
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Video -frequency
current amplier
Block diagram

In orderto reducethe even-ordetharmonicdistortion
asfar aspossible the ampli er shouldbe perfectly
symmetrical.

Thisampli er is ideally describedy
io1D (i i) 2D i(in ii2) -
It consistsof two instance®f thesame. ..

Half circuit
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Bias circuit

Transistor  dimensions

main transistors cascodetransistors

M [1-6]1 45 1.8mm 95 0.6mm
M81 14 0.6mMm —

Mo1 45 1.8mMm 95 0.6mm
M[1-2]2 120 0.6nm —

M13 87 1.8mm 140 0.6mMm
M [2-8]3 70 1.8mm 140 0.6nm
M93 87 1.8mMm 140 0.6mm

Properties of the amplier

Supply:160nA perbranchat3.3V.
XinputresistanceRj;  1=gm22 5000

nCurrentgain: | 2

can also be implemented

using MOSFET capacitors
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Self- oscillating
charge pump
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with the 0.6-micron CMOS process by AMS, covers

low power consumption and chip area

with only 4dB loss
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7th- order Bessel lter
Filter Sections
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Process Parameters

Ry
HQ
Chage pumpcomponents
All NMOSTs 10 0.6mm
All pMOSTs 33 0.6mMm
Ry 4.8ke
C4,C, C3  0.5pF

C1,Cy 1pF
Co 20.5pF

Properties  of the

charge pump
Operation:1.3V...3.3V
Output:1.5V...5.0V
OscillationFrequeny: 62...71 MHz

Paowver consumption: 5mwW

Chip photos

Thetwo chip photoshave
thesamescale.

Right: Chage pump.

Below: 7th-orderlter cascade.
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Measurement  Results

Measurecperformance
Chagepumpsupply  2.7...3.3V
Ve 4.4...5.0V
Edgefrequeny 4.5...10MHz
SNRfor 1% THD 48...50dB
Supplyvoltage 3.3V
Pawver consumption 53mw
Chiparea 0.28mn?

Main advantage

Comparedo other lters with similar electrical
properties, lters basingon MOSFETFC biquadsonly
usel5% to 30% of thechip area.
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