.08 MAR 2005 WO 02/27336 PCT/ US01/30158 BI ST METHOD FOR TESTRMG GNfo OFF
FREQUENCY OF LOW PASS FI LTERS BACKGROUND OF THE I NVENTION Field of the

| nvent i onydlgzpsesent invention generally concerns neasurj,@ﬂugglyﬁ&gst
characteristics of filters, and in nore particular concerns bulilt-in
testing schenes for neasuring the cut-off frequency of |ow pass filters.

Background I nformation LawspawsTADDIRSR TRISTINGASTIOFRNY appl i cations where

out of band conponents OfFRAQYIENTY OP L ALBASBAETERSDE rejected. I n many
i nstances, they are inplenmented rn mxed signal ifntegrated circuits (1GCs);

such 1Cs are used extensively in telecomunications for pulse tenplating.
For exanpl gadrksroUNSM THEINYEANTNN cal HDSL transcei vers conprises a
signa delta digital-to-analog nodulator followed by a |large sw tched

capaci tor noi segphedith8ifiehi®#s . | n many cases, the bandwi dth of the filter
has to be nmeasured to conply with tenplate specifications. This requires

the cut-of f fre’ﬁ#@ﬁr‘é\éeﬁtfin%iﬂilofxidehgfalif( Qoﬁt%rﬁ?ﬁ’:%ﬁél?rﬁwtg Jl%ﬁﬁicﬁgra@e)f@ | gnal

ICs is known to be a dirfficult "and t1nme consum ng task. convent1 onal

test that ben@ld,ehd\sfbré Bhrtolst bilbeitfitty @Efind {ARHRRGY REaliddPr S 11

m xed |1 C devices uses a nulti-tone signa one at e cut-“of f

frequency @RGtut-BkhRGubRALS IGl-pR38 Atgsde of cut-off frequency. During
testing, the out pE'%hsi gnal of p%t he egevi ce is digitized, and data processing

is perfornmed t BeXhfRfMH ihlofma@s at  each tone. In many cases, to ensure
the conpliance With different standards, the filter bandw dth of such ICs

I's programuabl q_'owACpCaOsrsdhlrt]eglsyéreM&de u"S]l rr}l%ngfhgpplicatfons where out of band

components of a signal or noise have to be rejected. in many instances, they are
implemented in mixed signal integrated circuits (ICs); such ICs are used
extensively in telecommunications for pulse templating. For example, the
transmitter in typical HDSL transceivers comprises a sigma delta digital-to-analog
modulator followed by a large switched capacitor noise-shaping fiiter. In many
cases, the bandwidth of the filter has to be measured to comply with template
specifications. This requires the cut-off frequency of the filter to be measured.
Testing mixed signal ICs is known to be a difficult and fime consuming task.
A conventional test that is often used for testing the cut-off frequency of filters in
mixed IC devices uses a multi-tone signal with a tone at the cut-off frequency and
other tones at each side of cut-off frequency. During testing, the output signal of
the device is digitized, and data processing is performed to extract the gains at
each tone. In many cases, to ensure the compliance with different standards, the
filter bandwidth of such [Cs is programmable. Accordingly, when using the

foregoing conventional testing method, a separate test must be performed for

-1-



“foregoing conventional testing nmethod, a separate test n@‘séj Tﬁ& @pgor med
for -1 08 MAR 2005 WD 02/27336 PCT/ USO1/30158 each band % I ng,

| eadi ng o boigagor oduction test times and expense. In  adgitA96y301s8
conventional test schemes often require connecting the circurt under test
(CUT) to conplex and expensive n xed-signal autonmated test equipnment.

I deal |y, i teatbubshdveidgesdttinhigadifly B ®gdSrodut®st teSENGR 4if o H“ g the
cut-of f frequency of a |low pass filter that is both fast and sinple.

Addi t i onal | 3tditiohu ebn@erfiehaNBstEeakhds BReh F&Hnﬁr@%ﬁﬁ@cﬁ@ RBIcRcEY de‘r'i@ét only a
limted anbunt of autonmated testing equi pnent (ATE) 7is require

preferably (Cemyits ogpRIY é;hd%@bhﬁl/e mﬁ&é@s@ﬂl BhtdRERCRIR ﬂleél}fg%PtT HE DRAW NGS

The foregoing aspects and nany of the at dant advanta this

invention will REGMYRitRIBd beadiéskra{blarw:ﬁ&g@é% e§§s & #dP%m 5‘&9 Snet ter

under stood by reference to the fol eta escri ption, en t aken

in  conj uncut-eff fduBnEN Rf ACKANHAYHIRG tﬁét%“ BHS - faé‘f'f'b‘?{de%%plé:' gxlﬂlﬁﬁloﬂlalbf a

bl ock schemati c di agram of exenplary inplenentation o resen

nvention; sa f t
ol oot Aty o or e ShoLR B BhAE o e SR SO RBPE T A Bl 4R

PCT/ USO1/ 3Qikimndted Abbtirtd ERabmERt [AME) is required, preferably requiring only digital
ATE.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advantages of this
invention will become more readily appreciated as the same becomes better
understood by reference to the following detailed description, when taken in
conjunction with the accompanying drawings, wherein:

Figure 1 is a block schematic diagram of exemplary implementation of the
present invention; and

Figure 2 is a block schematic diagram of an alternate implementation of the

present invention.



", The present invention conprises a nethod and circuitry for Qn@ @lfarztg
built-in self test (BIST) for determning the cut-off frequen ﬁ g pass

filters. wdbgzfEhod conprises inserting a Circuit Under JeslisdiGeias i nto a
feedback |l oop that |ooks |like a sigma delta nodul ation | oop and adjust the
feedback | oop so that it oscillates at the cut-off frequency of the
filter. TheoHTRMEe®ESCRIOBCON | ation can. then easily be nmeasured using
either on on-chip counter or digital automated testing equipnment. A bl ock

di agram 10 cor r ghp@hRskcngirkvenfth coneifiskbabindthBd 8nE Bralithoor ahpesehtingal eedback
| oop is depicted in FIGURE 1, conprising a CUT 12, a conparator 14, which

can be as.sunPheeilest (Q‘éﬁ@f@ﬁﬁé@érﬁmﬁmg ﬁmeddmﬁbﬁa.leqdéhcﬁyyofllémawﬂw@t del ays
the conparator output signal with delay units corresponding to a cl ock

period progueegethyd BofmbMssd BB&ting 8. CirDA Lﬁd@ﬁ?esﬂ'(éulﬂ Btd §|feédBa€1@ﬁJo‘ag
Converter (DAC) 20 that limts the signal not to exceed the input voltage

range of thit{ddks ikEQ éi’gffhﬁk!b!ta ﬁfo@maﬁ@r?rdabtan@ &%@’(Hesfeé@é’a&% T,&‘fh%tt he | oop

at a summ ng bl ock 22, which also receives a i nput signal 24 that

pr ef er abl yitekenhids Be 1eesR-dff frfuehéEomha fka. THENGRLYAY R tapen the
two vol tage Ievelg of one-bi {G%IB%C%%) Not e tha‘t%'u yt Cmgn%}?témes i nput

signal is gighiddy bubhddiute m\sﬂ]yme%h oh&hfb E&fn%r'd?@ﬁﬁlta df8mat&pdback 1 oop
is designed so as to make th ole loop oscillate at” the same frequency
as the cutre@,{,,f,gga# gy of the CUT. The oscillation frequency or period

constitutes the test signature, which preferably is neasured using an

on-chip count e piglk d%élﬂnﬁli éoYr’eskb %S%Iadtd ﬁén&&ﬁ[ |ﬁgfé%¥atf6ﬂrbfl§%cﬂeasur ed

by external digital devi ce be a discrete tine

D circuit, agiilbhoRfod is BRHIRAURHIGURED, EhiBHikg a @%%&%H&émr 14,

which can be as simple as a CMOS inverter, a digital delay line 16 that delays the

comparator output signal with delay units corresponding to a clock period
produced by a CLK signal 18, and a one-bit Digital-to-Analog Converter (DAC) 20
that limits the signal not to exceed the input voltage range of the CUT. The output
from one-bit DAC 20 is fed back into the loop at a summing block 22, which also
receives a X(z) input signal 24 that preferably should be zero (i.e. the middle
range voltage in between the two voltage levels of one-bit DAC-20). Note that in
FIGURE 2, this input signal is omitted, which is equivalent to a zero input. The
feedback loop is designed so as to make the whole loop oscillate at the same
frequency as the cut-off frequency of the CUT. The oscillation frequency or period
constitutes the CUT test signature, which preferably is measured using an on-chip
counter 26. Optionally, the oscillation frequency can be measured by external _
digital ATE device, Note that the' CUT may be a discrete time circuit, as well as a

continuous time circuit.



"WO 02/ 27336 PCT/US01/ 30158 An optional configuration 10' fog g I?ﬁRC?ﬂ it is
shown in FIGURE 2, wherein conponents with |ike-nanmed references pertrorm

simlar {yetiens to those shown in FIGURE 1 and di scuss,e(r# @3@ sl N
configuration 10", the output of one-bit DAC 20 is sinply tee ITectly

into CUT 12 to formthe feedback loop. It is noted that care nust be taken

when i npl enent i Ag chlbal CoRfiduIEEH 1 ®RorIRe ERalit @sﬁ@@h i #ﬁ;ugﬁ%d%%@;hs
provi ded, otherw se the |oop rmay becone unstable. The condition o

osci | | ati oBorinpo@éits WlithaiRe- r@hfe@tfbferérﬁ:eg'p\éﬁ‘ﬂrrﬁ%mﬁ%rr KHEBERs 1S TokeShOPn JHFI =
1(1) (PHF=2nrr(2) wherein His the gain of the CUT, F, the gain o "t he

f eedback | popGuatE 1 dniditsdudsed Qﬁé\}e RAR8RAgIrafidhed' ORE- ougpﬂ_ﬁ othﬁe se of the

Figure-1 scheme, the loop is non-linear, and the Barkausen crlterlon can

ho | onger Dﬁ@%ls'sﬁﬂp@'f&@&ﬂ#&’cﬁy imeWSY ek 2 t@%r?#th@fe?—:’d%@k ﬁfc]pt gt @RHAWAL | on,
the conparator acts as a voltage- controlled gain circuit that a apts the

gai n of thmalt 68 mustbel tBRén Wheh fnPBMBARAER @énfgﬁr%'tl&ﬂsﬁtth?tl ;[2'55!: & rmar at or

Al t hough no wel | -established theory expressing e gaino

exi st s, th@eggédﬁym,m@qﬁé,@@eqnegﬁb% c]tg)%é/\(,ﬁgtétrq_l using a conceptual

representation of the conparator gain, Geconp[ =1 (3)

wher ei n Gconp lﬁqetrf!:ﬁmdﬁ@nt(ﬁ%mﬁl&% ﬁ%ﬂ}f hﬂé’ér'?:irev.".ut fsgtﬁ\éerqggia%%ﬂza%e The

conparator (a sine.function) can be Seen as a s ve regenerative
circuit. Thitsigpeans that, in an open |oop, applying a square wave at the
CUT input will result in a -4 08 MAR 2005

|HF =1 (1)
QHF =2nTT | (2}

wherein H is the gain of the CUT, F, the gain of the feedback loop, and
®HF the total phase of the loop. For the case of the Figure-1 scheme, the loop is

non-linear, and the Barkausen criterfon can no longer be applied directly.
However, as with sigma delta mOduia;tion, the comparator acts as a voltage- |
controlled gain circuit that adapts the gain of the loop such that it is maintained at
unity at all imes. Although no well-established theory expressing the gain of the
comparator exists, the Barkausen condition on gain can be written using a

conceptual representation of the comparator gain, as follows:

IHFGoomg| = 1 3)

wherein Geomp is the voltage de'pendant gain of the comparator. The comparator
(a sine function) can be seen as a square wave regenerative circuit. This means
that, in an open loop, applying a square wave at the CUT input will tesult in a

4



"WD 02/ 27336 PCT/ US01/ 30158 distorted signal at its output, hut

with a phase shift at the conparator output. Since the co

Lgener at ed

aY affﬁ 2005

regener atgg oi/pgs3é nput square wave, the condition on the gairfishs 0@\.{9/\/ays

satisfied. As a result, the oscillation of the | oop depends
Bar kausen condition on the phase. Assune F(z) is a constant.

only on the
To satlsfy t he

Bar kausen efidtbsd sSignaratmeasput, Bub fedelmared With iepnfaalpid R9Re shiaphdide - 27T.

As the signal inversion after the output of one-bit DAC 20

i ntroduces -TT

phase shif tougiu_re SR the coeBidt@delenera@bltid %hfv‘squdré w@b@stﬁe cohdlfsh every

pol e of the

frequency
is |arger

than its cut-off frequency. The role of the F(z)

to add nor gnghasweBurkiudeRt@dntifien badRe fRagS to adj ust the oscillation

frequency

attenuated regi ASsuraé Fi4)8s %nétémnsﬁoegat"&ﬁyrtﬁélsaﬂcads% cﬁ%ﬁoh%@ai{,ﬁs of the

square wave present at its |nput are filtered out.

ef fect of
Bar kausen
-Tr (4)

to the cut-off frequency. As the |oop oscillates at the

at
| ected. The

SRR (e DHE (AR BULE TAEn Abdne alarel BHoSOR AL

IS nea

t he

nTcsc

is contributing a phase maxinmumof -rr/2, the oscillation

DAAHE GalpBis lafrAR s iR, [Aea FRMNTeRREMadn 6MBe fddb d égf@ hgh in turn
e

lay line is

wherein (PHF is the phase transfer function of the CUT, T is the

cl ock Treqyg HRBEYof GHUELIPDAC 20 AR BnddiCsifif A PR odlifed B! © O

equation is

will make

.. 02/ 27336

o extr ay uni

this

the loop oscillate at the CUTI's cut-off frequency. For |arge
di screte fidri@ine ~thpRasedl Bthésveppoleaithd EUTUL koh@ibufndS iR 2005 VO

maximum of —T1/2, the oscillation frequency should be larger than the second pole

of the CUT, which in turn is larger than its éut—off frequency. The role of the F(z)
delay line is to add more phase shift into the loop so as to adjust the oscillation
frequency to the cut-off frequency. As the loop oscillates at the attenuated region
of the CUT transfer function, the odd harmonics of the square wave present at its
input are filtered out. This means that the effect of signal non-linearity on the
phase can be negiected. The Barkausen condition on the phase can then be

written:
OH(Wose)— nTosc = -1t (4)

wherein QHF is the phase transfer function of the CUT, Tiis the clock frequency,

and nT is the delay in the delay line. The role of this equation is to extract the
number of delay units 17 in the delay line that will make the loop oscillate at the

CUT'’s cut-off frequency. For large discrete filters, this equation may be difficult to

_5-
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* PCT/ USO1/ 30158 sol ve anal ytically. Sinulation using a sinple ehaﬁ Qéﬁ
nodeling of the CUT allows to tune the oscillation frequen e

it takeswipm2psxg than 10 delay wunits to set the oscill atiicqug(}rlggggncy to
t he desired value. The method works in the followi ng manner. The delay |ine

is adjusted until either a predeterm ned frequency of oscillation should

be produceshias aRallicMyeSarulafdn 056§ blsthplebehalivRs RRAiMPoftAe OUer cut - of f
frequency of the CUT is reached through tuning the phase delay of the

f eedback | giRivs tbﬂuﬁ@meb@gcmaﬁaﬁﬁéqué eaneﬂa ) it ke 1 meRHRR 10SRgayt O
deternmined if the frequency of oscillation es not correspond to the

cut-of f freauapest Bl ddemafbH fredssrey @ 0 desibd vhle. second case the phase
delay in the delay line can be adjusted until the loop is tuned, whereupon

the cut-of f fregieanemoniddrké e B Mand&e ﬁHer@aﬁﬁeqs%gkfédhﬁnwsed in

situations where a predeterm ned frequency characteristic of the CUT is

desir ed, v@@]eeasprédeténﬁnsu ffrfeauew%f%&.m %mm,mbha&e&&é&@&s%gy and

the CUT frequency characteristi¢ exceeds a threshold, the CUT is deened to

not meet t&%scﬂéﬁﬂﬁéﬁégpﬁﬁﬂmbrt@ﬂ%ﬁ%fﬁl‘@:{u@ﬁ&ﬁéﬂtﬁé'dUT :E%aéﬁ&@rfﬁ P
particular m xed-signal 1C fmy need to have a | owpass filter vvltg a

cut-of I EGHE M pRhselfelyibr the Yeeddack Idp. qhﬁﬁ@ﬁ&ﬁ%ﬁs&eﬁﬁ@ﬁﬁ chige oscillation

frequency and the CUT frequency characteristic was déterm ned to exceed

5% then tRenEHTandl dehdb d@f@ﬁqtﬁeﬂ if ik fre%ﬁﬁﬁé}}&rb%ﬁ%?ho%écsq{o‘?go' ng schene

provi des nmany advantages over the prior art It primarily uses

di gi tal blagks,sord e cbﬁgﬁmggeﬁmf%ﬁe&w | Qtordigl n Heooffstant | al Iy

i mrune agal nst process an ture vari ations. delta

) 1oops, t Nanobhaid adity iy i3L0h BRLeB08R the R n%%funfene oscillation

frequency Ehe onpar at or a CMOS inverter.
In whereupon the cut-off frequency will then be known. The first case would be used

in situations where a predetermined frequency characteristic of the CUT is
desired, whereby if the difference between the oscillation frequency and the CUT
frequency characteristic exceeds a threshold, the CUT is deemed to not meet the
predetermined frequency characteristic. For example, a particular mixed-signal IC
may need to have a low-pass filter with a cut-off frequency of 10 KHz +/- 5%. If
the difference between the oscﬂiaﬁon frequency and the CUT frequency
characteristic was determined to exceed 5%, then the CUT would not qualify for
acceptance, -

The foregoing scheme provides many advantages over the prior art.
Notably, it primarily uses digital blocks for the feedback implementation. ltis also
substantially immune aga.inst process and temperature variations. As with sigma
delta loops, the offset in the comparator input doesn't affect the oscillation

frequency. As a resuit, the comparator can be as simple as a CMOS inverter. In

-6-



-6 08 MAR 2005 WO 02/27336 PCT/ US01/ 30158 addition, digital ﬁiﬁgmﬁszg&w
may conprise an n-length shift register or an n=2P counter. ed

above, ongolyz127428C 20 Iimts the input voltage in the CUT p&gqu@gse@k to
exceed its linear input voltage range, thereby elimnating the generation

of undesired signal distortions. One-bit DAC 20 may conprise a few sw tches
and a vol tggrigretiRfitangslay Wi ¢8 niay doaflicé vnavrhh RPNt RYiSESSr aM need- si gnal
ICs. Simlar inplenentations nmay be used with swtched-capacitor and

swi t ched- cuggigmgr. circuits. The nethod of the present invention is
applicable to an array of communication circuits, as well as other

i xed- si gnal ci naitsudsbatbevd opy-tit DACRO IRhieBairput Thaigeah kpdceansde used
with both continuous and discrete tinme filters. It can be used in

- si gma- del t aasdhitd akcdert it 1aleaBinput V@tage rindeS tiserb®y Eltipktidd @etRingfatiomhapi ng
bandwi dth. It may al so be applied to the Automated Gain Controller

(AGC) - Equaldf Zptiedtaid sighta eibt@diond) cOABBI TG DO Maeitinprie B SABRERIap@t | On
applications. In this case, the AGC can be configured using sone m nor

modi fi cati enoitage #8fetéhdR! @Michh@réa@il@a@éi[a@l@orbiﬁosm&eagigidaﬂ‘I(?Qd;@‘,iHiI%P’ the
method is not restricted to lowpass filters. Qher pole/zero related

par anet er s iggRniitatRlehal He dsédwin ¥wioHRl-pditbd fid dRichEdiifesgn® schene.
The nethod is substantially faster than the traditional nolt-tone test

presently wgeglist o determine the cut-off frequency of filters. Under the
met hod, <circuit characteristics can be obtained by using a Test Access

| ?ﬁfts (e |TiA§i) nafggﬁ‘?ﬁgﬁéiﬁod Whthe bréfer@ RRERTH i apYRédpaPlotar S%af 6811 ng nost | Cs.
communication circuits, as well as other mixed-signal circuits that empioy filter
elements. The method can be used with both continuous and discrete time filters.
It can be used in sigma-delta digital-to-analoq filters filters to check the noise-
shaping bandwidth. It may also be applied to the Automated Gain Controller
(AGC)-Equalizer pairs used as the analog front end in many communication
applications. In this cI:ase. the AGC can be configured using some minor
modifications so as to play the role of one-bit DAC 20. In addition, the method is
not restricted to low-pass filters. Other pole/zero related parameters can be
determined in any type of filter using the same scheme.

The method is substantially faster than the traditional mult-tone test

presently used to determine the cut-off frequency of filters. Under the method,

_cireuit characteristics can be obtained by using a Test Access Port (TAP)
controller, which is generaily available for testing mdst ICs. This eliminates the

time required to set up GPIB interfaces and external AWGs and digitizers, as well

as reducing the processing time.



“time.required to set up GPIB interfaces and external AWGs |G bhaer s,
as well as reducing the processing tine. -7 08 MAR 2005 V\?&%?%ﬁ :

PCT/ USO1430km8336he above description of illustrated enmbodigwndes/3efzst he .
invention is not intended to be exhaustive or to limt the invention to
the precise forns disclosed. Wile specific enbodi nents of, and exanpl es
for, the inventTlmabew desciptidreds illetmraéchehbodimehtssdfiting inveninH iBeeES, vari ous
equi val ent nodifications are possible wthin the scope of the invention,
as those skitdrided tb betdxbansievaro limitthaninventiecioght peciseAoans dispigkyg it is .
not intended that the scope of the invention in any way be Iimted by the
above descWhieispacifibembiodsterds of)@nd ekempiasddr, & invehtionkife e&imiice to the
clainms that follow 08 MAR 2005 What is clained is: 1. A method for

det er mi ni nerainffoetjustnativeqhapaesesevariius eqofvaent Modificatdrstatbtpoesibrdded in an
integrated circuit (1C, conprising: providing a plurality of digital
conponent swighib ¢tiscbperofithe inventbar, me sosedikiled v thd @ldvaht it ARkScbdhize.

f eedback | oop; connecting the filter circuit to the plurality of digital
conponent sAcwiiogledit smdthetehdedihabthelabpé bethefintdrtion @i adpivhy bé likear t ed
into the feedback | oop; adjusting a frequency of oscillation of the

f eedback |ictheabbie deberigtiendhatdistbabbe Heteitimed entindy Bt nbe itHhe
frequency of oscillation when the feedback |oop is tuned, said frequency
cor r espondilaigrsttioattfbeoir equency characteristic of the filter circuit. 2. The
met hod of claim11, further conprising neasuring the oscillation frequency
as the feedback | oop -



is tuned to produce a test signature of the filter circuit. 3. The rrethod
of claim1, wherein said plurality of digital conponents conprise:
conparator; a delay conponent; and a signal limting conpc{hanMiAR@[{[ﬁh

met hod of claim 3, wherein the delay conponent conprises an n-[eng shift
register. 5. The nethod of claim 3, wherein the delay conponent conprises
an n=2.sup.p counter. 6. The nethod of claim3, wherein the signal limting
CoNpapeR Es %ﬁﬁ@“ses a one-bit digital-to-analog converter (DAC). 7. The
met hod o m 3, wherein the conmparator conprises a CMOS inverter. 8. The
met hoda @etrel & ﬁbtésmlm@ﬁ ﬁéd&eﬁ&}%hér&&%ﬁ@@é iRér drb\k dnftRRAGKad RRBrated Measur ed

W t h cRou@itcomprisiigbedded 1n the 1 C. 9. The nethod of claim1, wherein the
filter circuit corresponds to a lowpass filter and the frequency

c har aoivaing stpluwalitysof tigital corbpankits Embepidecaythe fC ¢dmesponding eestigithl Hideks in a10. A

met hdeedbapk labet er mi ni ng a cut - of f frequency of a filter circuit enbedded in

a mxed si gnal |nte rated circuit conprising: 9 08 MAR 2005
i nsercPingainoke fiten qrayict ”]ed}{jr?"tﬁciif’@'taéc‘fr@@ﬂﬁrﬁﬁﬁm!’%ﬁd %‘b‘ﬁ'ﬁl‘q gicAdrahth@onpar at or,
a del™S] “CHOHTOREAES P9 BECBREH t di gi t al - t o- anal og converter that are

° nbegglﬁglnﬁ q frtea]\genky%f OEHIB'h&gof%e f@%ﬂ? %ﬁnut% il t@esfgédbaﬁ} I!)%ﬂa R{neé Qlﬁd feedback | oop

by adjust nponen r ol I'n the feedback

|00pde@ﬂqnsﬁ@ﬁéFr%déh@%f%%laﬁdrﬁﬂiéﬁﬂfé\feé%a&ﬁ&d 14 @ﬁé@ea.mWJeﬁ@e l oop is tuned,
sai d chiegerRing Yo e FreQRAG MhaRtelisic bhtRe figuticait ! frequency of ‘the filter
circuit. 11. The nethod of claim 10, wherein the delay conponent conprises

an n-length shift register.
2. The method of claim 1, further comprising measuring the oscillation frequency as the feedback loop
is tuned to produce a test signature of the filter circuit.

3. The method of claim 1, wherein said piurality of digital components comprise:
a comparator,
a delay component; and

a signal limiting component.
4. The method of claim 3, wherein the delay component comprises an n-length shift register.
5. The method of claim 3, wherein the delay component comprises an n=2.sup.p counter.

6. The method of claim 3, wherein the signal limiting component comprises a one-bit digital-to-analog
converter (DAC).

7. The method of claim 3, wherein the comparator comprises a CMOS inverter.

8. The method of claim 1, whergin the frequency of the feedback lecop is measured with a counter
embedded in the IC.

9. The method of claim 1, wherein the filter circuit corresponds to a low-pass filter and the frequency
characteristic is the cut-off frequency of the low-pass filter.

10. A method for determining a cut-off frequency of a filter circuit embedded in a mixed-signal
integrated circuit {IC), comprising:



12. The method of claim 10, wherein the del ay conponent conprises an
n=2.sup.p counter. 13. The nethod of claim 10, wherein the[ﬁgqugqgm of the
feedback |l oop is neasured with a counter enbedded in the IC 3 5

met hod of claim 10, wherein the conparator conprises a CMOS inverter. 15.
A m xed-signal integrated circuit (1C conprising; filter circuitry having
an input and an output inserted into a feedback |oop including; a
CONPaFsRHAG thBANdrRBci@ntd BRMEbAR RBE Edrfsish aLhRpAMbPH biei®f cdnfindrt|dngh Circuitry

and ane-8ibigitdl-to-ahapRh 260 eAG iRy acmbedRRniaMENg an i nput connected to the
out put of the conparator and an output; a one-bit digital-to-anal og

conv duriirgra f(edémicy hoscinajion nf thefeatbaciolooe by afjsting thé eelaudopipbnenit totdostrgphase- del ay
conpdhasstdelan ih thefeaditapkitoop@nthect ed to the input of the filter circuitry so
as to formthe feedback | oop; and a counter connected to the output
conp&FEIring g fraayeasdy seqdiatinohes thisdpenis tuaed. said frequepcyearerending thec of t he
filt SHqmTEgeaney pighe et i ned through a built-in self-test of the IC.

16. The circuit of claim 15, wherein the phase-del ay conponent conprises an

n-| qu.tﬂleﬂ'éitﬁoh of 88 StoChhereirt the d&gfc&ﬁ;_f&)gé‘r;ttcorﬂﬁrisgé & rtme%éth s%?&[@h& t he

phase-del ay conponent conprises an . Sup. p counter: e circuit of
claim 15, wherein the conparator conprises a CMOS inverter. 19. The circuit

of cliaime Hethodldetlsimn of Wigerdin the @lag tdntohént Yorif st €5Pe24% p b Roghtdrow- pass filter
and the frequency characteristic is the cut-off frequency of the | ow pass

filter. 10
13. The method of claim 10, wherein the frequency of the feedback loop is measured with a counter

embedded in the IC.
14. The method of claim 10, wherein the comparator comprises a CMOS inverter.

15. A mixed-signal integrated circuit (IC) comprising;

filter circuitry having an input and an output inserted into a feedback loop including;

a comparator having an input connected to the output of the filter circuitry and an output;

a phase-delay component having an input connected to the output of the comparator and an output;
a one-bit digital-to-analog converter (DAC) having an input connected to the output of the phase-delay
component and an output connected to the input of the filter circuitry so as to form the feedback loop;
and

a counter connected to the output comparator,

said feedback loop enabling a frequency characteristic of the filter circuit to be determined through a
huilt-in self-test of the IC.

16. The circuit of claim 15, wherein the phase-delay component comprises an n-length shift register.
17. The circuit of claim 15, wherein the phase-delay component comprises an n=2.sup.p counter.

18. The circuit of claim 15, wherein the comparator comprises a CMOS inverter.

19. The circuit of claim 15, wherein the filter circuitry corresponds to a low-pass filter and the
frequency characteristic is the cut-off frequency of the low-pass filter.
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