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Introduction

Why single-ampli er biquadratic lters? They needonly one
ampli er percomple pole pair. Comparedo integratorconnectedopolo-

gies(atleastoneampli er perpole), they consumdesspower, but their pole

quality factoris alsomore sensitve to variationsof the passie component
valuesandtheampli er gain.

Why current-mode?  The questionshouldactuallybe “why not usea
high-gain ampli er with negative feedback?” Feedbackmalesthe closed-
loop gain more preciseandreducesboth the input resistancef the ampli-
er' slow-impedancéerminalsandtheharmoniddistortion. Pushinghepole
frequeng asfarupaspossiblepne nds thatan SAB with apolefrequeny
of one fth of theampli er' s gain-bandwidthproductstill operategproperly
Theretheloop gainiis lessthan ve, andthe stabilizationis no longervery
effective. Thuswe chosean open-loopampli er in the rst place,andwe
foundit easietto build suchanampli er in current-mode.

How good is the Iter? It operatefrom a 3.3V supply consumes
2.4mW perpoleata polefreqgeny of 24MHz andapole-Qof 3 andcovers
anareaof 0.06mn? per pole. The inter-chip matchingis very goodwith
1.5% and3% standarddeviation of pole frequeny andpole quality factor
respectiely. A spurious-freelynamicrangeof 45dB, asrequiredfor mary
video-frequeng applications,can be achieved if a simple modi cation is
madeto the Iter (seefourth column).
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Circuit Description

This lter is derived from an active-RC second-ordefSallen-Key lowpass
Iter by replacingthe resistorshy MOSFETsoperatingin thelinearregion.

The passie network is connectedo a balanced-signaturrent-controlled
currentsource(or currentcorveyor) with gain 2.6, suchthat mostof the

even-orderharmonicdistortionis cancelledwhen the signal differenceis

takenattheoutput.

Note: Transistorsith box gatesareactuallysimplecascodes!
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0_ RCUIT SCHEMATIC OF THE CCCS HALF CIRCUIT

CASCODE TRANS.
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Transfer Function Measurement
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TRANSFER FUNCTIONS OF FILTER 2 ON ALL 14 CHIPS

For Filter 2, measurementand simulationsof the extractedlayout using
BSIM 3v3 modelsagreevery well. The red curwe is the Iter on Chip 13,
which wasusedfor distortionandnoisemeasurementsecauséts pole fre-
queng andquality factorarecloseto themearnvaluesof 24.2MHz and3.07,
respectiely.

Note: All measurementen this posterwere madewith an off-chip 1-V
corverter and voltage differenceampli er. The lIter' s outputswere both
loadedwith 750+ , asthey wouldbein a lter cascade.
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Matching

On-chip Matching:  Thetwo “identical” Iters onthechiparenotreally
identical.In Filter 1, thesupplyof the Iter andof theon-chipV-I converter

aresplit, andthe layout of the signallines s different. As a consequence,

bothpolefrequeng andpole Q aremuchlower thansimulated.

Inter-chip  Matching:  For both Filter 1 and2, the standardieviations
are 1.5% and 3% for pole frequeng and pole quality factor respectiely.
We believe thatan on-chippole-frequeng matchingbetterthan1% canbe
achieredif thelayoutsof thesignallinesarethe samein both lters.
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Noise and Distortion Measurement

To determinethe spurious-freedynamicrange (SFDR) of our circuit, we

measuredhoiseand harmonicdistortion. The outputnoisewas calculated
asthe RMS value of the measuredvhite noise oor of theampli er times

the squareroot of the lter' s noisebandwidth, =2 qp fp. Thenoiseof the

measuremertircuitry wasthensubtractedThe total harmonicdistortionis

thesumof thesecondo fth harmonicgyeneratedy asineinputsignaland

includesthedistortioncausedy the measuremerttircuits. It is shavn over

four decadesf frequeng, with threestepsperdecade.

Thegreencircle in thefollowing gure markswherethe NSR curve would
intersectthe THD curwe for 4.8MHz, whichis fp=5 (not shawn, but close
to the5.2MHz curwe left of the greencircle). The maximumpossibleinput
currentmagnitudeof 9.7mA is only 6% of the input stages bias current,
meaninghatthereis muchroomto increasehe SFDRof only 32dB.
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Discussion and Conclusions

Why is the test lter off the mark? Weactuallydesignedhe Iter
for apolefrequeng of 17MHz. Unfortunatle, the BSIM 3v2 modelsthen
available are unsuitablefor designingMOSFETFC circuits, so we obtained
pre-releas®SIM 3v3 models.Neverthelesswhenthe circuit cameback; it
hada polefrequeng of 24MHz insteadof 17 MHz andhadmoreharmonic
distortionthananticipated.

Theof cial BSIM 3v3modelsreleasedfterthefabricationof thechipagree
very well with the measurementdJsingthesemodels,a Iter with the cor
rect SFDRof 45dB caneasilybedesigned.

How can an SFDR of 45 dB be achieved?  Themaximumpossi-
bleinputsignalmustbe 13dB larger (by afactorof 4.46),or approx.45nmA.

Sincethelimiting factoris really the saturationcurrentof the MOSFETre-
sistors,the SFDR can be increasedby maving the internal signal ground
towardsthe positive rail and re-sizingthe MOSFETsat the sametime to
maintainthesameresistanceSimulationsshavedthatthemaximumachier-

ableinputsignalwill be above 50mA, which meansthatan SFDRof 45dB
cancertainlybe achieved. Furthermoresincethis currentis still not large
comparedo theinput-stageiascurrentof 160mA, aredesigrof the CCCS
is notnecessary
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