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4 te ure whi ch
per m tlsd on eblbfa g&i@?"?ﬁrﬂ“p@cewert @%éf?’&qoréﬂf G0 aﬁH @conom cally
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i ndi vi dual one(wamnbelf bhyl he of “communi cati on equi pnent.
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inclu@@g ether syp&eef rmmaélm ﬁﬂsprvmqfheafihstn tual televisiqn set,
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The first mducwhmnrbmmrt dh brdeérctoubet effegtivecin minimizing the

distortion of the signal received thereby. However, television sets
25 and mobile telephones are massed-produced items in which cost
also must be minimized. What is needed is a single integrated
e circuit (chip) architecture which permits one or more of such chips
to efficiently and economically implement a reconfigurable
programmable digital filter having characteristics of a deghosting
30 filter or any other type of equalization filter that may be '
' separately tailored for use in each individual receiver' of any type
of communication equlpment
The invention is directed to filter archltecture which may be
impiement_ed as an mtegrated circuit. The architecture comprises
35 means including multiplexer means combined with first and
second input-weighted digital filter units each of which has a
given number of multiplier-coefficient taps that provides a
reconfigurable programmable digital filter suitable for use as a
deghosting filter. The first and second digital filter units can-be
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corﬂ‘agured with this conblrnafl on-Tar roperat fone ejt her' as 'a siR@A 86,909
‘corrpl ex digital filter urit® with tdie gl ven: nunbeff of comﬂl ex
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progr ammablye ﬂ&p tf?ﬁéi ’lﬁnﬁ' i twice thBayiveéh mdmhbée ofseedll enaltipliet FI GURE

la dlagramm strat s an-arran nt enploying a plurality
of such chicgst f101ents f°f a anysu "cﬂd&?&hﬂgﬂggel y illustrates a first
‘configuration of a pal r of real coefficient FIR filter units enpl oyed
in each of the n i f FIGUREZalsa

ti mng di agram [ nﬁ# Q@gﬁ"ﬁ@o@p‘%fﬁ@%‘% reo : FI GURE 3
diagrdn@atically illustrates a second configuration of the pair of

real -coeffici eggg@qkfﬂ ' e@ﬁ%&ﬁ{ﬁf&%‘l&y nhﬁ'afe?.cﬁnoavervwwt 6t ené il ter

sections of FI I's7a t1m.ng Jndl ative of

the oper at iagehiteetusefof and (n+1) section N@h@lﬂasuﬁﬁm&ngg 5“:1%“
di agr amat igilkimeiitig | @ F6éGhtigarable! |pi§gfﬁhhvaﬂ>lexdegh©snnfg \filtepus types

of fllteI’SSLtable or us zation filters,
@ich of whi@yi %ynb@ %r?d\ser@m Jﬂ%ﬁ(ﬁﬁ? \;Lr%fﬁgﬁ/a m.f/ﬂg&g&” erent
pr ogr dnfrabliHustratesc anf wgmmgemenbfempkxynggeag plurality eof i sucharchipsy ee

| dentical ly- é?lg lﬂ:tfrcﬁQngJpHdt}c%‘ffyt 1ﬁﬁ§tra€éﬁ ]f_ﬁlvcoﬁf tish efannel

equal I zation an ostin

nal s
nust adapt a @aiihpfcrealicoefficienss FIR fﬂtpregmgtempwpghmtea%@ ofrshﬁgsrn li near
channel | MR §8ions) of FIGURHA)"id FIGURE 2499 o Hirfg gcf?%rmi These

L ebhost o Sadisatineaf thesopetilion SHERPE LS| no . var | oty of 8l oottt hi.
Channgd gequal i ZHIGQURE 3 diagtammati¢albhedilnstdeese fSeocbhd configuraerponse
((FIR T terts the pair of real-coefficient FIR filter units employed in each of
the n filter sections of FIGURE 1, and FIGURE 3a is a timing
diagram indicative of the operation thereof; and _
FIGURES 4a, 4b and 5 to 12 diagrammatically show in detail
25 illustrative examples of various types of filters suitable for use as
deghosting and/or equalization filters, each of which may be
U - implemented on a VLSI chip by a different programmable
configuration of a single global section and three identically-
structured filter sections.
30 A digital channel equalization and deghosting filter for
either HDTV or NTSC signals must adapt to any combination of
preghost, postghost, and other linear channel impairments in a
channel that is then being received. These filter types are needed
to accomplish attenuation of post ghosts, preghosts, and channel
35 equalization using a variety of algorithms. Channel equalization is
accomplished by dense Finite Impulse Response (FIR) filters;
postghost cancellation is accomplished by sparse Infinite Impulse
Response (IIR) filters, and pre-ghost attenuation is accomplished
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25

30

35

the value of n is normally larger than one (VLSI chip 100
normally comprises a given plurality of filter sections). In an
actually designed VLSI chip, the value of n is five. However, for
illustrative purposes in describing the present invention, it is
assumed in the examples shown in FIGURES 4a, 4b and 5 to 12
that the value of n is only three. : :

Each of the n filter sections of chip 100 includes a pair of
input-weighted filter units 102T and 102B that are shown in
FIGURE 1. In addition, each of these n filter: sections comprises
other structure including input multiplexers, routing multiplexers
registers, and bulk delay means that are not shown in FIGURE 1
but are shown and described in detail below in connection with
FIGURES 2, 2a, 3, 3a, 4a, 4b and 5 to 12. The IIR input and global
section of chip-100, is shown and described in detail below in
connection with FIGURES 4a, 4b and 5 to 12, includes routing
multiplexers and other structure (a) for selectively
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+3-8 FIGURES 2, 2a, 3, 3a,:4a, 4br and § to 12. -The 1I'R i put, aRdcal 862909
section of chi p 100, is. shown and. descri ed in rdetaf | el owin
conhection with FI GURES 4a, 4b ant 5 to 2, -incl ades rout | ng

-mul ti pl exefiﬁtééénﬁéé”ﬁ‘ﬂig Sthieu gl Lfﬁl@el( %bch@hssedchrw &defectively operating
REPLACEMENT SHE onnectJ the fhhter seglions, (b) for
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FIRfilter S)pemhimg none, pagteorntdlhgfndre n filter (secabns ods IR filters,t and
sections a % %eltegﬁaﬁl)a%ntrolhgg]g tHe ff?getse%e%ﬁoﬁ @uﬁgca hidH i89 the

filter sect e out put of chip

100. orward dponihe A QO@“ﬁPé:‘tan ahipt 109. needed for the case of a
deghostl ng and/ of AR k:hi>)5 Ilfm) fis ldIEth4te i/ ineeded "fot' tHee\vake fofl mer

sections. he casenﬁ u?g .Stl and/ or . eﬂual i zat |fon fil tg
requiring ostizg and/ot a o, [PGMHRg, & jat, fgweznfier 1o

1ﬁ0- 1to é&@eﬁmm.y Ihetlmasdedf @ &tughmstm Faidfdr lequalizatilins filter- 108ase -
Forwar ded_ XN orfdhinch, BURKCEBidal alkilelf nIfRie ot chips 1Y Chi
100-1.10 1 190-Cotp!180-andanaydie cascadad; aas cshomf ini FIGUREi 1a. T02thiand :
102B: eclﬁase the Iﬁ&a‘@ gu?étgf of té‘z{ch” @P eﬁ ei¥epts tlgﬁ'%hga}ﬁsi)ech

alternativ operate.as a'single caonpl ex- coetpf i ci ent
i-nput - ferwargedato fnhpt casqasde imput pfy each ohipr eacephpthator a
conpl ex i npyft fﬁsgqgﬁ ggoshown in FIGURE 2, or to operate as two 20
t-ndependent real -coefficient input-weight ed digital filters having

‘f Wi ce the given nunber of taps for tvvo |ndependent real input.

si gnal k5 aLomolex J-Ir&h Rk isiration® peff il U 1] 02T e A 2B -

LﬁﬁLe‘f"ﬁFf{SLi”%‘b@p@%ﬂWﬂé i o %ﬁﬁﬁr@e@a‘ litbtifatively 9"

Ref er ence iconfigiredot¢| gpBmte, asva csmglmmmpbx-eaefﬁclent inpdfficient FIR

filter uni t eff er unit 102B
associ at edtv\Z\/lél T%(g | ut; friruﬁbiqlf ﬁgg 5 gg‘_‘ ﬂ.&r of taﬁlidl &)JREaZa V\:hl ch |s
‘a timng JiCOMBISX; input.sign 8 2, opfto; ARETAtey FE LY

struct2ige. 1Edebeﬁdeliu | feal- dwfﬁ%léﬂﬂin v&@igﬂltbd thiia!) filtdrs th’#inng
er,- accumu jsters

as50ci at ed HHIEH E%ﬁtglivnnﬂlbeﬁdﬁ”tatgap % KPR ABOEpepdkny real inblEo 2 S o e
prow ded f signalssasrshowh ieFHGUEREN3signad operace as four independent
real-coefficient input-weighted digital filters each having the
. given number of taps for four independent real input signals.
25 ~ Reference is made to FIGURE 2, which shows top real-
* coefficient FIR filter unit 102T and bottom real-coefficient FIR
Sl filter unit 102B associated with an input multiplexer 200, and to
FIGURE 2a, which is a timing diagram indicative of the operation
of the FIGURE 2 structure. Each of filter units 102T and 102B is a
30 multitap input-weighted filter having two multiplier-accumulator
registers associated with each tap, as.indicated in FIGURE 2. Input
signals are provided from a source of television signal video
component for example, and output signals are provided to video
signal processing circuits in a television signal receiver for
35 example. Successive Real (R) and Imaginary (I) input data
samples are respectively applied to first and second inputs of
“multiplexer 200 at a given sample rate that is one-half the filter
clock (Clk) rate. Multiplexer 200, in response to Clk applied to the
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rcorrpOnent for exarrpl e, ana gu:I put’rétgnél S a.rref p} QVi ded”i,or Vi dBS:A 86 209
signal processing circuits in a terew §i 6n signalir eceTV,eF for

. exahpl e. Sucge Real (R) a i har ). 1ripu rrpl es are
respect i vefyl I(gid“’cpéltf &T’%Fog ?&%d 7\{ &Jt‘gpw? dardS sarwalletlt Ié‘fer 200 at

a lgl veln sapihas’ of ebéthafilier anitshbO2Tt hrd f 102Br during the didst (Cllsk) rate.
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102T and 189EFeRsiYG gSamples pesipd.cAlthugh ek sgge)fflcaHly ShQWR il ve sanpl e
%erk i od. AldMGMEHQI, éﬁ)ﬁﬁg}‘ tlf@lﬂitsststlmrpenﬂod an aﬁpﬁjﬁlfataly-&uluetuRt he first
perio ro t.e al u t ci ent i s
applied tom'ﬂgpﬁfegsfgﬁt;factlﬁgyt%ds ggphe%ﬁot WS‘% fégtaﬁéﬁﬁge{‘{ r registers .
associ at edmu]ltiplm’chcc'mnulﬁtoi'l tegisters assodiatexh2withn@achcitap apf ofilter| t er

uni t B. | t V, a
appr oé&?at epﬁr %ﬁ E?&ang 6 filter dg'g fﬁﬁ'B ‘W%é ﬁlc tecl)kt he .
second of pBEleAothﬂl negatuée of an a&@t@mlaﬁldrVﬂé@ﬂstlﬁuhllﬂé%m ated wth
each tap OEo%fﬁéféhtuﬂ' is %Tled to Hﬁ‘%eéﬂn&pef Qhe! #v8! inilfipler. Ml L1 plier
coefficient t,

IS .a

mul ti pl i er 2g6RERIA foFeg’é&‘r@t éF%O%Q@G'c %ﬁdeach tanﬁp filternupigy 1RTE | ¢ or

gnit 102B. and an approﬂi‘iﬁtelyl-wiueﬂ multiplierx coefficient eR d@eilbpldcd: nto C

Pnput 13 "Te seaand “of e, (Bl lditlePachiRing s SRty

val ue 20 W1thT¢anlEftmpeof tfﬂeerprlmdudOZ(B?ﬂ I)[err](R+j1)[err] of the conplex
ff t :
R LT o, VAo I SR BN PRt RO bt

to perfornat Keal wa ansh am émalgiwuctvah&rﬂuaa @rpomplﬁéwénput filter
g\%ts |10i2;si }%gg%ls@ﬁnQBNé%Y:bgﬂlta RalWdlue! RxaﬁdZaﬁ'» nﬁ%grn :ﬁlﬁf‘a and
i nvol- k heTelorg,| kﬁﬁ'ﬁk@i‘\gﬁsl of th‘?)é:PFﬁ?slﬁE r&i 1R G the

two filter tlmes thé02dny elxﬁ@@iit sample i is equalptarticul ar, the sanple
oup, ORI, ooty e e Mgt <
“11. Toget n@rpexﬂwgn this cinviedved complex product computation. However,
filter units 102T and 102B, by employing time-multiplexed
25 coefficients and two multiplier-accumulator registers between
taps, permits this involved complex product computation to be
performed with only the two filter units 102T and 102B.
In particular, the sample output from filter 102T during the
first Clk period of each sample period is RR and during the second
30 Clk period of each. sample period is -II. Together, they represent
the real portion of each complex output sample, shown as EE in
the FIGURE 2a timing diagram.. Similarly, the sample output from
filter 102B during the first Clk period of each sample- period is RI
and during the second Clk period of each sample period is IR.
35 Together, they represent the imaginary portion of each complex
output sample, shown as FF in the FIGURE 2a timing diagram.
In a designéd ,chip, each of filter units 102T and 102B
comprises only three taps. For this reason, a whole filter usually
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.t he real portion of each c-orrpl exeout pu{ sarrpl e,r shownfan E_E i RCA 86.9(
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the f11rer un TSEORR P altGhaiive’ Sy 6 ihdilify WY Q“Hm aﬁﬁve weys
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-1 nput - wei ghigexg T g :rg% %# A0 §h&%n in FIG]@ﬁE 2Ai%' {c handle tﬂ@tSlﬁﬁﬁWn in
FIGURE 2, is_ to handle e

sum n al ue | samne s such

sanpl e val alugrin HAg(same manner,as §ug ys%ﬁ‘Pfﬁ Y ReY A6 - ﬁ[:ﬁf?ed filter
Uhnlt 1PZT ICihtéxQBPyOfwuhm arﬁﬁgpﬁt-hﬁe&ghmbtﬂiher white16RFciori 40RBy, ofeach of
the multipl exed.first nd se r u rs
éssoci at ed kit %%gc ﬁec(]ion lﬁ Be oﬁ‘pe?ﬁqf@g’ 85'al'ﬁfe r@h@@ﬁlﬁ' @ %tgs t he
current 5i nmand sseguind multlpher-aecmym:latmefrﬁgwtem assogiateds oxitht mc :
t herew t h, e t t 0 val ue
fromthe tBB ngﬂﬁggp‘?}% | }]%2’%‘“] t ) exeg“ﬁe | Se{sﬂtﬁ?%%&ﬁﬂ‘éh? e(rjseat?igﬁ%er om
the 20 predudi by ﬂaﬁoaﬁfﬂépﬂh alngyaggocia éhﬂ'@ﬂlt urthen ad Rhlﬁerl ods.

In this firgbdiRy vdiag to'Nhe adBlinytad Sub® valfud fpémuthe of a given
filter section from.,the rruin lElxe‘éed out put . EE or

F f .
cor r espondi GRFTEIRAN mammu e segister rforwar &Sﬁgﬁ% fiem.cthe

forwar\?gd tpret8ding d ziﬂté:terdelfz)t iofnai sp énifiedpllnambbﬁ of nClk npe¢tiods.25
case e a, secon ues U

input isr g‘l’f thy &éfdgz}'“‘t Sutin %P §?§p%€ P\cl)?otﬁ ﬁﬁh é'{HIP of 'l given

mul ti pl i er -fatenisettionr froayithe emudtiplexedt dutputnBEilareFE of he second

mul tiplier-aarddpdndiing Ft@EShfit 88 S Preding (AlebCsddict is directly
' forwarded to the given filter section in mtiltiplexed- form. In this
25 case, the first and second Clk period sample values of this sumin
input is respectively added to the sum value of the first
multiplier-accumulator register and to the sum value of the
second multiplier-accumulator register associated with the first
tap of the filter unit of the given' filter section. In the second way,
30 shown in FIGURE 2, the multiplexed outputs EE and FF are
demultiplexed before being forwarded to the E and F sumin filter-
unit inputs of a following filter section. This is accomplished by
delaying The EE and FF outputs by a Clk period in registers 202T
- and 202B and then adding the delayed EE and FF outputs to the
35 undelayed EE and FF outputs in summers 204T and 204B. In this
“second way, the Real Out output from summer 204T and the Imag
Out output from summer 204B (designated Out in FIGURE 2a) is
forwarded only during a selected valid one of the first and second
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tap 6f the filter unit of ¢ fhe gi \7en friter ,sect.l an. Ila t.he SseROA 36\,\90930
shown in FIGURE 2, the nuftipl exed” out[out;s EE -and ‘FF arer

denul ti pl exed before bei ng forwardéd to the 'E and F sunin filter-

“uni t i nput €lkf peribds | ofiieaghf sample periado$P THesignated Nnpertionsd ofyOut

delaying T t [ g and
202B and tﬁgnﬁ%é% Ff??o %ﬁral?eﬁxii ogvgr(ﬁf odjﬁ’m sﬂhfs ohﬁga&éte@gﬁv@é?ayed EE
and FF out gnesof rth §ufﬁl?ietr andosecondy i§4B°nPﬂst gach samp cBﬁH%& t he Real
Qut out put &ééi ated ™ bngref Ot i:ml‘!lGURE 2at ’Bhetsnlbcifsdovahdrmne 204B

e 10 oL U 0ot Sl i perioh BTl siile DA 5P ko =
7 C k spamerss 204 R aarid 2048 engead inod B (hte Sageatasd ouepanothers of CQut
in FI GQURE 2a), g&g-gt%h%og ftﬁwx% gg t%uﬁﬁﬁ,kliﬁe %ﬂcﬁcgﬁ&nggﬁﬁl 5&me one

of the first an na. eri ods of
(desi gnat etiopX mltaanfﬁcwmoﬁka filrercumit 202 smté@meae&lm id one 5 . of

the first %Qg gfggi'?dFﬁ{kfﬂf‘e{{' AR Q?)ZBaCtBaﬁadi’@ %ﬂ%ﬁﬂ@ﬂ-oﬂ%rﬁ&ﬁ as Sunrer s

204T and 2 e sane, as one, Ref er ence is
now midd 1 singleuremplexceriiicient inputSHsighte 31&%‘ felter Ravingcident FIR

I ihl Eer uni l\tléh?lTn@i%ebobf Quaps e -afgve-demﬂfefd FIGURE R, r¢donfigured 102B

at are | x-operated as a

i nput - wei gﬁ?e ‘ﬁﬂ? SI’OP?q %raﬁab‘yﬂg“éa &1&;@1 %ﬂfﬁﬁﬁgﬁ%{e&? ?@égt-l n-

~ above- descwdigtited @igital, filecortidavingetwice this givent npimberop€rtaps. as two
iFndependen f | h i g e haV| ng
Coi co thi s FACHRE 3% 1 & Fihinel Bidgram ipgichveroF ine Spbaicn dectine

i ndi cdt5ve18f3URE dpstructyg. of the 15 FIGURE 3 structure.

FI GURE 3 shows tFIGURE 9 shows {6p FiRes amiftiOR ™ dstociabed with inptl ti pl exer

300T and bottom.r eal IR filter unit ass ed with
i nput nul t |"b‘|l @Fxgb(}‘&?&ksagﬁi ﬁﬂ“PPP gpébﬁget}li'cwnt ﬁgﬁd filtey; wnt gﬁiﬁ FI GURE
2a, multi pIasmat@DGﬁithnmIﬂnoaulnptdxemf300B MlsﬂomamﬁGUREaeranner

ol 11 ) e diba if, FISURIEES, Biftiptexers NP, 4t SRRREC Ehe),

“uni t 2027 vehighl @peratsst e 8 umannen pintrinsically rsimilar dor tlrag ﬂnscnbpdt a k
peri od of %%Bmes?ﬂpbﬁgﬂééﬁ?ﬁ’ With g@ﬂltl exerr?ﬁﬂe%kg d‘(f:él?r ¥eed bhexcascade

out put of a correspon ilter section to

the sunmin |th9Lﬁ)“6f°‘FﬁH“tte9 Lﬁl‘thrS ‘units 10 a‘ztnéné Z&ZEO mlﬂeug&tond a k
period of ¢Réfeo¥adutifng the first Clk period of each sample period SP, and

respectively forward the cascade output of a corresponding filter
25 unit of a preceding filter section to the sumin input of filter units
o 102T and 102B during the second Clk period of each sample
N period SP. Each of the filter units 102T and 102B of FIGURE 3,
which derives a GG output, operates as an input-weighted filter
having its given number of real coefficients during a first pass
30 therethrough of each of successive input samples that takes place
during the first Clk periods of the successive sample periods SP
(which successive samples of the GG output during the first Clk
periods are designated P1 in FIGURE 3a). Each of these successive
samples P1 of the GG output of respective filter units 102T and
35 102B, after being delayed by a Clk period by respective registers
- 302T and 302B, is fed back for a second pass through filter units
102T and 102B that takes place during the second Clk periods of
the successive sample periods SP (which successive samples of the
Been Replaced

\\\\\\\\\l\l\\\\\\ \l\\\l\



period SP. Each of the fifter unrts 102T and 102B of - Fl GURE 3RCA 86,999 ch
derives a GG output, operates as gn in,pu_g-wei ghted filter .~ . having its
giyven nunber of real coefficients during a first-pass 3 0 'therethrough of
each of su€@@seutputi dprings theplsesohdaClk gperiods are des1gnathd iRy inhe first

d k d

sarpl o5 of TRURE3FF Flf Vs TR1°pRAL 1078, of FIGURE 3, it W65 1 ed
Pl in FI GUREcead . p@ﬁehagmnt matgu@gegm input- welglstsdplft!serpilad#nz httsee

out put  of rg?ﬁéh?cﬁﬁmei"bf eﬁeal’%de‘ff&@é’n'isaﬂdnﬁ% thd Osdgond tpassbei ng del ayed

by a d res ctive re I s fed back
for a coﬁ d?ﬁs K Pé &gmspgcesswe Q‘%ﬂ'egngqléég‘qlﬁ%ﬂ t akes pl ace
((Zl\l;l\;] i n% t he 'Elm:reﬁﬂ'eﬁ witherespectofo the su¢dessivecdapat veamples) ecqudr iofds  SP
I C sSuc t
9§%@ﬁ%ﬁ%3§“¢ﬁﬁ£ QYT nd 1028, gperates, a5 an, iput py i,
FI GURE 3a) weightest filter sha\(mz twicelche ngem aumber ofureal Qcmfflments second
pass, aga| ’Eooﬁéﬁ%e K s%'&cb V& - pRi ﬁ!’esf K Srsﬁl@é@sﬁﬂvd tfelayed PRiven

nunmber rea coef I Cie ur| ng t secpn

t her, et h of
each ok théamlﬂé%s%ﬂ vhe PEMPPEL aﬁﬁ?'éso resxgectwrer BFé‘mW B’r&ruﬂspect to
t he successmleloawtoc%%mhgs(iuﬁﬁghtl&f first Clk qseﬁe@ds Wf fsubéeysiveri ts 102T

and 102B operat.es_as Iter a t wi ce the given
nunmber of rsgg}ptlgogp aﬁeﬁ?gsuw“"s thg H@ilﬂvt‘?tﬂ\é PU - 2BC: ﬁ'f‘%&P . The
filulcceSSI ve dirimgy aliePRirso Clk’ ;mmidssoﬁtsudmesﬁve sample périedsh Ic<)f respgct|¥e
ter un|t periods o
&iiccessi ve %nwa}ig%r'&ee ‘g@ﬁ}dlgg %‘@ﬁ@? %'}gﬁ%g&g& Hﬁqug gf and t hose
occur rk fig It uisi m@vmms fthat tmaltiplesr itechnigues usisaidar \te :ihm e peri ods
const it ut e%rﬁr#l%ybav e FIGURE : 3 dSonfighiatidif could, SHtkode usi It
o iy Sl e i Lo esgpee "
filter uni tfauiOE&BepeﬁdéﬂtZ&ehp FIRerfiltersagadh Wwith its owaug wade:mn@eﬁt r eal
Al ter nat | v Ofy Fodls ERptitieRt g AR KA gPA Fbin, draBhek" HueE S LT
confi g?aﬂedamd flﬂaﬁamm lbe oonfigurexhrlpl farwirdoithe outputoSampm vavonbl lter
units as ao@ﬁfe@d%&@ﬂh&%ﬁﬂ? théaﬁ%fag[Fhﬂﬁﬁ‘t to the! Bfher bﬁer?mogé" ts,

t hereby operatin hem-as Sl n yr tinmes
the given AWep&H gfm ungts, @G‘é@l?)f cqmegnaf th@aehas)fa smgle trﬁélnFIR filter

with four times the given number of real coefficients of each of
them.

25 '
" Examples of reconfigurable programmable filter chip architecture: -
N The filter clock employed by the designed VLSI chip
' embodying the reconfigurable programmable digital filter
architecture of the present invention is 28.636MHz and the input
30 data sample clock is 14.318MHZ (i.e., one half the rate of the filter
clock). The programming of the filter is determined by a software-
controlled CPU. As stated in the above "overview", the designed
VLSI chip comprises six sections comprising a single IIR input and
global section and five filter sections, all of which filter sections
35 have identical architectures. Because of the large amount of
structure included in each of these sections, it is necessary in
FIGURES 4a, 4b and 5 to 12 to abbreviate the designations of each .
structural item and to limit the illustrative examples of

Thxs Sheet Has Been Rep

(K 1



. 25% - Exanpl es. of reconf irgurabl e programiabFe_filter rchi,p REANBEQAT e:
‘The filter clock enployed by:the designed YLSl ~chi pr  °<r “‘enbodying the
reconfigurabl e progranmabl e digital- filter -- ~architrecture of the
present i p¢eonfignrable2fil@366hip anchitéctureshowBdn inlaFEGURIPS eda) ddk i s
14. 318MHZ (i, e. . O hal f .t a f ikie | gkinie The
pr ogr anm r‘?é"dos F‘P}e i 1O QPIX Bﬁa%e[ gﬁ%?q%%#&f[slaléoértdv%rtg fit &fl h}:1(S)n,t roll ed
CPU. As ststhmtuie: withinbavailableedrawing aten.dedNomenclature farsthishi p
compri ses v1X1Safp! A YL FromGes welfH @ LbfglePunoded Real filtepba

section and T, er sections, .all o Ich™fjlter sectio 5 have
i denti 8al sectionseandr é§$oceé%3@:éwamerqlaﬁgé0aﬁﬂtﬁﬁ sgetions Tagﬁ&@f’ure
i ncl uded ifysgafdte@’ habdwars &af ithes desériptiongcwhiler imaginary fiReBURES 4a, 4b

o ¥, ek IR -SSR IO o Biowing i M 8 the! {1

9 rabbreviayed adésighations employedc im t EKEURES dayn 4bnand §1 @A 4a, 4b
and 5 to 12 to only three filter sections in order to fit all this :
structure within avail able drawi ng area. Nomenclature for this VLSI

. chip 19 dek. Eilterrspation, abbraviated: slgsignatipns: Real filter 5 - sections
o | . ARCTABE-MElecha FIR Sos il ailar oo sbosar 1,
filter sections 11@2&&%&%&21 Gﬁpna i o }‘iﬂ“ta‘r’e’(&med file %@é{}?ﬂ{ed _
desi gnati ons enplipyedtip progeiintatile dolaysd of from?21 td041sampleer-section.
(Eobr e 0, 0o R0 and they incpf BDIEAM! (PUHIG, "l o
i nput 18ei ght ed f i¢ammects ot ahe coefficient multipliess, "apmindgaddidBl &0 del ays
oef {16l ents. 1 gy product. of the fiflt LOERIGIPRF MURIDHPE, 48 NMmOBTICET
"sum n" adds in tis the output of the,dast adder. delayed i’in &cC M@t
o Ly Ba By "o LIS one Bl & sample pbfodsl bt 011 Lost 200
rera 1)1 o RBHPRCIBT41-rRegt and, THiRginaky, o MupteiyeRep' © Pe! o¢
Contr-plp There ar€ohrol. iTheresate foachinputst tondachpimpwt multiplexer. -
There are four” copprol BLUKrOc6R6G0 Bitd t8' E4H ‘miMlifieksr.Cbn each of
the first and second clock periods TO and T1 of a sample
period, different data arc presented to the control of the
input multiplexer. This allows any input to be selected
25 from the four input selections during TO, and any input to
be selected during T1. This is an easy way to obtain the
~ required flexibility to cascade devices and support all.
required modes of ' operation. Each input multiplexer
" control includes a first latch for storing two control Dbits
30 written into it by a CPU control line which define the
~ effective one of the four inputs during any clock period TO,
and a second latch for storing two control bits written into
it by the CPU control line which define the effective one of
the four inputs during any clock period TI.
'35 RIReg, IIReg--Real and Imaginary Input Data Registers. This is
a pipeline delay, as well as a ‘buffer for data into the filter
inputs. This is programmable to sample at clock rate for
complex modes, and at sample rate for real mode. _
: I —
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-the First and second cl ocil( perl ods a0 and 'Iil of a sanpl ér c RCA 86,909
period, different data aree pfesented to thé corttél “of “the :

i nput rTU|tIp| - h t d from
2T our | noueRBhe TRt o Vg R OB COBRE Tt be

sel ected during Tmulttplasxars. Real awpdenis set dbt inputt Be Complex mode isequi r ed
flexibility to caﬁ&ag@ ﬁ\ﬁcps and support all requi red nodes
of operation. Eac ut “mul ti pl exer nt r. ol udes a first

latch for storRMg+ M2uReab and  Imaginary OUtP“tV\Pf‘! ’@ACWFESO%JW by a CPU
controlg i ne whi cheldefinpetlidialata output sourcecifremt ithe fultowing he four

i nputs during any _cl.ock period TO, and a second latch for
storing two gontr HONS: v iiton into +—by—t-he—CRU—eart-+0l
line \l/vhi Eh dpO Bori HERﬁlf Mode cFwmctior Complext MoﬂeuFunonons dLII‘I ng
any clock pe o) . Rl A Reg- - Re n [Hput a
Regi st ers. T1¢)s |s “|mter Section %qﬂ'p li ne d f‘b’;‘?% ggcﬁgﬁl ﬁgiilya uffer ffor
data into thelfilter]Not Useful i nputs. Thi intes- Seogonrmlnln)e 1o sanpl e
at clock ‘rat g4for . C t rieal
Tode. 2 Inter @ﬁcthlm&g%& rfﬁ?el Iﬂf}g gtecﬁgﬁ) d?ec}%g 9 ‘i§5

mul ti pl exer s|{3Real ndater §®eton cddlhbui 0, Co set
to i nput 1. gp}ﬁg | exers for
5 se‘l l% gig @E@ data Ot%qpu{ QEJ d}g ro M% 5@3?%&%94 :
options: elockrpgrioh @ ausample, period. Conpl ex Mode

_,Funct | OnNot Tl--SQcond clobgtﬁénggcbfcm gigl, ?enod Inter Section delay 2

Us _ 2
I nter ction 'quﬂéy'%“ﬁt?}S in Iﬂreﬂ%&fl%ﬁeﬁéﬁ&& b ng’ at sample rate,
I nter Section del epabiled onl;churiisgfﬂlb Tl clock pexieds, Da@egillReal and

| magi nary Qut put . i S eFpfad
sanpl e peri od. B%@ltﬁﬁgléﬁ@r le(r]Pe‘gba Eraaﬁ éia}?&llée) perl (?3; Ik}
Tl ena- - Enabl e in d@layrmpgra@Saat e&gmp peiadiiTate; aotselaske peaiad rate

enabl ed only duri ‘I‘hlé ok Qhé’céhlﬂ?rdélﬂ adBéd t¥ lthe bulk delay ratiges’inS' tion
only qn_the sarrpl ri ogﬁéranm t del ay” oper at es
of; .

i
at saqp?e. period clioo 8kt ﬁgalr@agpafr@mkfi to 155. ~ This forms the
third delay. adﬂ-MDdl’a)t hef block petiod wdiege it stands alone in FIGURES 4a,

4b and 5 to 12. Otherwise, it is adjustable to be either one
clock period for complex, one full sample period for real
~ {(RIReg, IIRcg), or one full sample period always (Tlena), or
20 one full sample period enabled in Tl for real, TO for
complex (ROReg,‘ 10Reg). Its only consistent definition is
that it is' implemented with only a single register stage.
z-3kr, z-3ki--Real and Imaginary programmable inter-tap
delay Used Only in real mode configurations. Range from 0
25 to 3 sample period delays. '
z-RDEL, z-IDEL--Real and Imaginary Bulk Delay Registers.
Programmable from 0 to 152 sample period delays.

2. IIR input and global section abbreviated designations: .l
30 ISC, QSC--In-phase Scaling Control and Quadrature Scaling
| Control. This multiplexer allows shifting of IIR feedback
data to get additional precision when all IIR coefficients
are less than 1, 1/2, or 1/8. In FIR only mode, it is
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~

<15 7 of 0 to 152 t,o g;at the°range f,rom;?» to 155 «v . RCA 86,909
z-1--Del ay of clock peri od WnEre It staqg? al one';]'n FI GURES 4a,
4b,.and 5 to 12. O herwise, it"is ‘adrustable to be either. one
clock period for conpenientowe select & cOrpdse ipput. ofhisomukiplexer is

(R Reg, |1Rcg), Ostdtital fxaclb(f:ﬁ?@ﬂ?é&% fé%eﬁwl@XTﬁ(g&r%?:) or 20

one full sanple perl conpl ex
( ROReg, 1CReg) f‘t‘Qltﬁﬂf?UEGnﬂ@ﬂgmaWéf caseaden source select. In that it is

i npl enented with @th’urﬁ:tfdmg*/ﬁhrmshﬁ Eﬂﬁesectmn or IIRzhddet. outI put Lsed
Gy L1 real mode Eoffimt ¥at$%ﬂaasf='§?é b9 input of the nglE, Y o °
peri od del ays.: filter sectzirelolf] thezEkipr IfiltBeeslecaod h nimg FIGUYRBullkang| ay

Regi st ers. ogr o O e | ays.

> TR | nput and SSE-geciBn S BTIURES I8, "ah e 3 RAT)°L1EE'RE el

"QS8C- - | n- phase ScaﬁBngﬂE&nmiﬂtlpml‘@anr alternately | selgct different inputsont r ol
This nul tiplexer gyl @46h dlbék! &i dy c?efTIﬁ?éi%krequued for somedata to get
addi ti,onal precision en a oeff1C|en S are less than
1, U3 6or 1/ 8. ﬁoml\ggénln}o‘aﬁ 3“Ta§l°n cascades. onveni ent
to select a 0 mJ-Mﬁhasgh(Remlt)l basda@eersousce select. In conj mio@idtpaivith

controlled and re | e ature (Irra nary)
cascade source se gbanyn?iltser éction or u&rﬁq.d\é% ‘81"‘\% *h 480 S Iter
section or |lR addascadedpto the sumin inputoof ztheouqmt Bﬂte:raseaﬂed ob the

Z8et on n i nFi GRS PHIR (flter section n ih BUGURYE. bR fliet VecRdachh, ),

and, 5 k% 12). Li kFIGRRES 4a, 4b and 5 to 12 Like Band. Bethis can

alternately sel ecimgli Si&”tcdnnwfe‘inately select any CEI&E’%?IESH' od
cycle. This is regw d..for ,sone |gurat|on
cascades. -This bﬁa@&“l’ﬂé‘af?r mw&@ﬁ%@ egascaggs.

conj unction w M4--In-phase (Real) Mectiony s‘ellééterSéleets Qheobutﬂlﬁ afdanyout put

i1 for section of real (n-phase) $RETet debhion: 4 the. 2B, 11k DY |

filte2@ection 3 ontputsto drive M¥| GURES 4a, 4b and 5to 12). Like RB and
IB, this M5--Quadritiirt’ PIfR%Sinary) S4diEonatlb¥t. S Veclts?the! BRithuf' OCK
peri od . . .
of any imaginary (quadrature) half filter section or the
imaginary IIR adder output to drive M2. .
M6--In-phase (Real) output select. Selects the output of any
25 real half filter section or the real IIR adder output to be
B output from the Iout terminals.
Lol M7--Quadrature (Imagmary) output select. Selects the output
'  of any imaginary half filter section or the imaginary IIR
adder output to be output from the Qout terminals.
30 M8--FIR Input Multiplexer. In FIR modes, input data comes
from either the IIR filter output or the phase rotator
output. Either way, it is routed through the IIR filter
adder--the other IIR addend is set to 0 by ISC and QSC if
the filter is pure FIR. In real mode, either adder can be
35 used as a data source. In complex modes, M8 multiplexes
real and imaginary data at the clock period rate which is
twice the sample period rate, thereby formatting the mput
data for the multiplexed filter sections.
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.cyele. This is required fOT sorre co;rrp'r BX rmde Cfas,cades « - - RCA 86,909
M4- -1 n-phase (Real) secti on sel ecfe Sef s therfqut put - of “ any

real (I1n-phase) half filter sectiomr or the real FIR adder 20

output to dri vPOMRa z-1--A registér- efabslédainirthe (TOBcliookr pgriedcof an sel ect .

Sel ects the out put 1 of any imaginary (quadrature) half filter -
section or the sample perloq magi nary |1 R adder output to drive M.

Mo- - | n- phase (Real) output select. Selects the output of any 25

real half &il 'S | h e R P

out put froﬁT ﬁ@fq oﬁstt%@prhﬁhai and %tﬂdt a%%@h&‘ﬁé% %%sdgﬂa Igﬁ:sagl nary) out put
sel ect .5 Sel ect@ +Hdeogopstant value of zero.of any immginary half filter
section or theyj [ A In- realld Filtérl seetiond pez ugput from
the Qout ter meiﬂ nﬁg’ 'I'S’-rgbdtbﬁts of Igharﬁgug Mil tiplexer. In Fl RQm)des I nput
data cones ut--In-p as?r@%ﬁ‘%‘itﬁBFp‘E‘he IR filter output or the phase

rotator Iph--In-phﬁslé piﬂputEtdi hHR vaider| t friom r phdsed robatongUsed ad R
filter er--th IIRaddendls set to 0 by I SC and QSC
i f , ropl Mpytin; Al In real node, either adder can be
35 10 ubsasnins - In-phase sGascza;ie Ihp@l@n’pﬂ]&&d nasieeal Menlyu| casgrdges

real and imagi nary, tgna ?zﬂh‘f'n ﬁgﬁ%dﬁt e which is
r1od, ra ere

twice the sanpl e he i nput
data for the rVEQpMudtip P?‘Pée BEEt iﬂg'lagmary multiplexed

12 Toenélg&{atrirn] cOmiplex sinodes riehl @ignﬂ flnaeal mbdek This iisdanof a

I I od.
Goslgnat tons:  soutput”og thécRiB 5l 1RE, sl HRC SredBRAE ddet 1y is
~13--Qdtput s of | nimpuets on( mthlothér Ichips.sMIOena énabiles 3the output

| out - -1 n-phase fi %&s;bggfgigut : : . Iph--1n-phase input to IIR adder,

from phase rotato ' -real Put in real m)de 10

| sum n-- I n- phahHlea?aBBabl@uthe wnpuascapasbﬂl@w of ghec MO

i nput in real .ggmﬁ n xezi ilter 110 -

Real / I magi nary (S@e?o 43"of Quadr_ausulegnMaIF%l %\é&c%ﬂﬁ gx rmge -real
signal in real Q%'(!E‘ uadratuee Hilter output. output on the chip with the

activw@ 0! R f ee@dppckQaadpituré tiiput to IIR adder, from phase rotator.
Qsumin--Quadrature Phase Cascade Input.

‘The identical chip architecture of the three filter sections and
the single IIR input and global section shown in each of FIGURES
- 25 4a, 4b and 5 to 12 is selectively programmed to be reconfigured

_ " into a particular one of nine different filter configurations or, -

. alternatively, to merely forward the cascade input to the chip with
a certain amount of delay to the cascade output of the chip without
any filtering taking place. A software-controlled CPU accomplishes

30 this selective programming solely by (1) determining the input-
output connection of each input multiplexer of each filter section
during respective clock periods To and T1 of each sample period;
(2) determining the input-output connection of each routing
multiplexer RM1, IM1, RM2 and IM2 of each filter section; (3)

35 determining the input-output connection of each routing
multiplexer ISC, QSC, M2, M3, M4, M5, M6, M7 and M8 of the single

'IIR input and global section; and (4) controlling the respective
digital values of the in-phase (real) Iph portion and the .
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.15 - I nput on aII 'qt r[er chl;psr' M Oena enabl es: tfte OUtR@A 86,909
capability. M Cena-~ Enapt es ttiej aut put”capab‘I'I,J ty of the’ M O bus.
Q, @, B--Qutputs of Quadraturecfilter sections 1, 2;° 3.

Qout - - QJadqahdfﬁuFéJplhﬁge o(inragina?y¥) Qph Qplm-tl@nad!faau lcempipuct phaset R adder,

from phase_r ot at or sum n- - Quadr at ure Phase Cascade | nput.
The i dent i EQIALHE c%"rfé’rﬁl?‘é%t ure of the three filter sections and t he
single IR nputAﬁlknogtmleTSﬁcmﬂmsmnomgnaisem'@thfﬂ sigaakesnot 5 4a, 4b

and 5 10 1ohip1gg! Gehale! i RRAOTCASEE the AhPEe 'ARENI4eBUORY and thd RifgR

partlcul ar O erent ter C% I guratiops, or,
e

alterndti vélR, lmtn%lltblglobélf \weetionhsheuld: bee corfigured, inke 3 real \(not a
certain a”EBgzplei) dﬁitéi/ fl‘het Rhip aﬁfc@x‘i‘&c@h‘i@‘ﬂorﬂ‘iﬁﬁrﬁﬁoﬁhlshowﬂ higuit any

filtering gégs%ﬂ softga((gf d'gaicﬁknﬁ]ut? iqurggtlshes B{Jf

sel ective
connect i onfilfere f6h the ptdsenin t whichx ahe ofIRe filiverl iusesrfesesrt filter sectiomisiri ng

ov oot e PR Sifler 1o HGURE " 3R 8 .#?'@ted fom ol | oer

RML, IIN), Mviagimatyl lSchmOnsaaand fthe t eeal shalfi ofi; sqcsion 35 uétl@rmlnpng t he

:\/Hpu}\/sou}\/gwqenm ex%gli’nsi?’é'téﬁghe IR, 1}41 'aHHSi(;eB pgxgu 1aM2 g/Ed
(4) controlcpmleﬁh@haésﬂ@éw% coeﬁwlang.va uey o} ds L0580 t(ﬁwrﬁ 3228 B eal)
| ph portiogh@nslokést value to 1 that can be expressed in :I:bmary form w1th 13

Soctt ci et Stgnificant digd) TRA AR eafe’is TefoRRE TR HETMIO by OIS
not 15 camﬂl ¢he dirghasdextionn of hthe HReflltere is Hmplemented byctheons and the
single _mia@ars{wpo@pﬂpghggﬁbfssﬁ&fOgecsmwsd PhoCopipuiUbPtnen 0 o T eal

(not chip architecjure co tion, s I n
FI GURE 4a |1masnn%r>yahplfe06f filter esgctionrls s g§ &Mkdﬂe fmre rsé'&'I“nF?F?P

filter for dfhﬁl&isﬁc'tibn"\@ Ci‘hé EIR |fReés |du§)utli§stakéﬂefrohl |ther reglct i ons
than the FIR filt 4a, the FIR is constructed fromall 1 0

i magi nary <8¢ P\lbr@r m@rt FF&‘F%I:; hal f of section 3. Further, input
dat a ‘iz0f ed int Grﬁéehﬁpad:chheetme toufiguratiomw whowitdn FIGURE dbnis a

compl ex phage ekt e " S SO0 iR Hiter*kdifowed” b§' 4 IrehPET Hilter 67 e' S
case in which the IIR filter uses more filter sections than the FIR
filter. FIGURE 4b defines a real IIR filter using the imaginary half
of all filter sections and the real half of filter section 1. The FIR

25 filter is composed of the real half of filter sections 1 and 2. The

- real input data is fed to the imaginary side of the IIR input adder
by providing a complex phase-rotating coefficient value O+j(1-2-
10), As always, the IIR output is fed back by the MIO bus.

FIGURES 5-12 show other examples of configurations that

30 are useful as deghosting and/or equalization filters for HDTV
television currently being developed and/or NTSC television.
These filters include real filters, complex filters and combinations
thereof.

FIGURE 5 shows an example of a complex IIR filter

35 configuration. In this configuration, the entire chip is programmed
as a complex IIR filter. Sections 1 and 2 are shown with only a zl
delay and section 3 is separated from section. 2 by the bulk delay.
The Isumin and Qsumin terminals are not used, except possibly
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« theclosest value to 1 thaﬁ ¢an be re>(press<ssd |n bi narhy tOer\RCA 86,909 11
significant digits). The l1IRoutput is fgd-back"by theé "™ O bus, 15 and

the first section of the FIRfilt€r i's i npl enentéd by the: | magi nary
(bottom Hairf caﬁcafduixg;ennpectdam diriveseonul pand @ inpat termmalsagnfnehw hal f

—of filt f | filt
L e e ey
filter secandiQaut.2BIReg and MReghare all-sonfiguged fosnelogking iMMHIBBowWn i n

FI GURE 4b péth the Tm%naxmbmcqtf peéribds) ahd RRORégrandolORegdaty a real FIR

filt f t h he Il R,filt f | t t '
o e ladelaueed for S6ck Balon s et Pogoh ot TH SRR B, L 5o

i magi nary hal f FIGURB{6 ashows laneexample cofs aaodnfigeration clmilpnsnfng‘ ial ter
secti ons COfiex TR Cfilter ' wif g &?ﬁﬁf@??ﬁ? Huud' By 66 b I this G e o
thfa | | §+| Eqnnflgmmron filter bsectiomsi di agda2culgolmxllﬂ”|£d&err m@dmngvlub@I 1;] i C:\/I erc1)t
val ue a thts u e

bus. ) Section 3 ﬂﬁﬁ&g %‘ﬁ?g 5% ot%g‘reFteRxa eg %?ﬁ%%éf?nﬁ@gﬁagﬁs that 30
are ub u|a:a:qu;e@no§phng1¢nepbs angl, qutput .dﬁafw deriyedopn ~

tel evisi ONQBHE! Hich Rﬁiﬁﬁeﬂ&neirobaebnﬁnﬁ‘dm e sedivon 3. ORIReg andThese

filters i ude real | ters, ,C rs an 0 nat,i
t her eof . rﬁheg are all ﬁ%ﬁ@rsd %fqﬁk‘@ﬁa IB og '3‘ %P\gx Iﬁl??lfter 35
confi gur atpmnods nahdi RORey iamd OReg atdne:omﬁguredcforpclockmnggmmmmd

“Go1 2y ano Geend 05 e sk’ h#@@ﬁf E‘i#%reéeéﬁﬁn 20 kiR thof, 71"

e | $5m riibed s@“"“”“bym a2l deday %Dﬂssmp&wptoqoésm o 9lock
"isE§S tgr I's of the
W e pzfa&?aogg‘ ° ! séRidi o sess tlﬁ“b‘ulﬁ"ﬂ’el ﬂptget &' {9tAP

ter .o | and
Qout. RIR Ndo

aspmn,lsnwgeﬁé ¢q1 ¢ inpyfoy h t he
TO and T1 gitacKNpes ithdé.a Emﬂaizciie@naﬁﬂed Ciﬂegewmnﬁg uheni:o ed for

 exanpl o oroutbul bt of Nehiond 3 oSt ¥ et 1o, cascpde, tp F@Jﬁqtﬁhgm "
.conpl-@0 Fichip, | the complex componentsh(ise., the donticeefficiemt/data ter sections
1 and 2 ar dcﬁ:c':é RRI ! gfl R] Udfﬁéi \thb | Equld_ bes’é§§§eﬂ”o3eiffth808g3ﬂﬂr ed as a 3

tap FIR ase adj uste , and out put
dat a is debusseg. oyinceut 1gnqxample 1s a stand alone conflguratlon the real

and imaginary filter outputs are computed before the output. This '
delay is simply signal latency.
25 FIGURE 7 shows an example of a configuration comprising a
~ complex IIR filter followed by a real FIR filter processing the real
s part of a complex IIR output. In this configuration, filter sections
1 and 2 compute complex IIR, filter section 3 computes a 12 tap
- real FIR. The bulk delay RDEL from section 3 can be used to
30 separate the two six 'tap' sections of real FIR in time. To capture
only the real output data from the real filter, one must use the
bulk delay path to the output terminals. If cascading, the input
section would zero the intermediate tap information. RIReg and
. IIReg of section 3 are enabled_ only in the T1 clock period for real
35 only operation. ROReg and IOReg of section.3 are always enabled
for real only operation. RIReg and IIReg of sections 1 and .2 are
~always enabled, while ROReg and IOReg in sections 1 and 2 are
" enabled only in TO. The imaginary output of the complex IIR filter
as Been Replaced
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. Qout’,: whi ch recei ves thel r out put f:rom fil ter sect [ on°3 RI REF@AdSG 909
lIReg are all configured for cl ockf ng dﬂr%rrg bot't'g ‘TO and Ti°C
peri ods, and ROReg and | OReg rareceonfig d for clocking only at t he

end of TO pl gekilABld Qﬁ‘ﬁ thEI Hueﬁ RXed Gutput DiEeMIG Al fdrprmé Qautl ter:
section 1 by 3 z;err one sanple period (1.e. e clock

periods), Wimpals of eﬁh%e‘g{lpon 1 uses the bulk delay to get a total
del ay of 3 to 1PIGURRI & slﬁfws)chl lextaniplebef nag adﬂﬁgi:rhﬁohheommmn a data.

sect i on 3, SompLek B, Flftcffowba 6y 2*1%1599 BB Tager, 1 AR e ©
conponént sceafiguration fﬂmr seetion cl ecorngaites an: IIRprfdwt;tﬁ R, seqtiqnﬂ and
I R) could ?eatﬂf‘?gur éhﬂh‘ﬁéﬁﬁflf com l%%ﬁksﬁl§rnceﬂ¥é“l% BPFRe IS a.

stand al ong_con g| n | Iter out puts are
conput.ed bEHEF cis Rentiguped asta 9 tap equalizgf, %l a grerehastency. 25

FI GURE 7 Smmumrewpmﬁad)ffraanhél gqaalizen wnmre! wna delay IDERMi ex IR
filter fol r?ethiR Brm&es& ﬂg ﬁ& t tpart of a
conpl ex || %ﬁt?ﬁﬁ\"‘oq “t I PH E; FalPor® 33“?5 SOUPIL 1 and 2
conmputld coayditablel iy multiplexed cMI&h Bus:candﬁ@euh td:ﬁmchls The FIRal FIR The -
bul k delay n 0 p h I X tap
sections o reafééf(g‘ssea&% Q&éﬁjgacaw?‘éﬁs%lk dﬁh% Js ﬂécﬁh?e(? %\S%tﬁdat a
fromthe rdata itimesrrealneogfficientse Stum and lmaaukararmdaya pamcsm 't he out put

term nals. 1rh£% adbBfficien®s | SHS must b%e%hb%c‘fé&” ‘inﬁertﬁet B8mplete
+nternedi ate ¥FP nf,or mat | ct|0n3are

“epabl ed onf&al| b ig1Stor ?@k“‘pﬁ‘?oguﬁﬁ)rdqlﬁﬁi lglrgcbrgayc JeABife RoReg and
IOdReglchg serahifer 6fathel auials sumd| oft real datﬁonmésglreghlcsv?heﬁlﬁeiattson RI Reg
an eg sections epabl e |

"OReg | n°s4td  BReERTy o a3bE dds® imagingsl, SUTRETARSTEr $imlidieRel

out put of form o@epl ¢imes Rreal |ineTO clock periods and imaginary times

O@X%}ﬁg'ﬁl@ﬂ ET&IP‘B@H@XGC’ out put bus MO and on the Qout.

term nal s l@E GURE 8 shows an exanpl e of  a
configuration cERGURENY shows an exsmple oR 3 iqanfiguratiopeampyisingad f

conpli@Q Fl anglétr%hl FIR tfiitér. In th%)fbfd tﬁfah% fhie! hﬁﬁuts%tl 1§ conputes
anIIRfllter fil taﬁL conpl ex

PR 111 ertouhd bo ol fiierinpts fTh?eﬁﬁanguxsn? Rt $3s6h, 8 higial | zer
with a 3 teqalpFRdfiltet is the émagimaryohalepdrfilted $ection BheTheual i zer by t he

bul k- del ay;h JEnal) half of filter section 1 is routed back to the real half of
' - filter section 3, and the output is taken from the real half of filter
25 section 1. '
| FIGURE 10 shows an example of a configuration comprising a
single complex FIR filter. In the light of the above teaching, this
configuration is straight forward. ' .
FIGURE 11 shows an example of a configuration comprising a
30 . half complex FIR filter. In this configuration, complex data is input
to Iph and Qph. It is multiplexed real/complex on TO and Tl clock"
periods by M8 and fed to the inputs of all filter sections 1, 2 and 3.
The imaginary half of filter section 3 is the effective first FIR filter
section, the output of the imaginary half of filter section 1 is. fed
35 back to the real half of filter section 3, ahd the real 'output is taken
from the real half of filter section 1. ' '
FIGURE 12 shows an example of a configuration which
conveys data unchanged by operating merely as a delay line

rr‘
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. firkter section 3. Real output’ is®orf |out. Imagl nary Id R . outpIRCAD 86,909
avail able in nultiplexed MO’bus and Qopgtermﬁéfs The FIR filter
sections are cascaded. Wien bul k”delay Is requiréed t he real dat a
ti mes realbetoeden cthenclslpsunpmsd andngitputy. d%hla iy 1the the de faali nary

coeffici en‘tf(ﬁlcﬁgrsl\i‘kqﬁgﬁt o%u rec W s %gg_“; sy qgg’p&lﬁge ’%‘he d4amal result is

stored in S require r%gffer of the
partial supasses ﬂmugbamcmm%d regausgeth Q&Qﬁff'é“ems are, $itgiPary data

times i Mgjiar Yn CR]/EHbhSE St & spedialndontidlexithal preseat rod rpmbvet i mes real in

TOcIock eriods an nma 1, cl ock peri ods

FI GURE9Q pﬁﬁéﬂi’a awh &&%?&Plﬁﬁeydat%dﬁpl%ﬁ?gﬁggﬁﬂﬁ gS] % gl nlgl e Zeal

-]'f| :? filterthess iTx’ﬂﬂ&pQ@tff drs oto d]prwardtﬁ)levammt td othlepMRsadders, rwulmbdl tgl %I I
ilter inpyts. The effective fifst fi t t ea

filter i sp{fﬂ% W?é’ﬂﬁlngﬂ?&l‘?;l ﬁ’lgﬂ?{ #? é:,ﬁhgé%ﬁflg k’gﬂ“ of e comn%lel&nar y hal f

of filter cefficientl defimedubydIplcind Qpheto &l 1h2111I0+09, rathex |tgﬁ8r section

3, Gﬁg‘é agegﬁ'ﬁ%g‘ﬁ ‘I‘Tle aﬁfzﬂxl{ r&é’@r’é@ﬁyl gﬁéségahfatz?ffrﬁtd tifipuf o s%@l%thpn 1.

: uration c | e
corrpl 30 Fi oa1the ehip |and isause giatacto FHIPIALIEUEBatla Aymipnpf the HR!

confi gur at fipars StoStthai Akt fsafgitd. - FI GURE 11 shows an exanpl e of
a configuration_cqnpris

configuration, Lol BR Id‘z!‘g%lnq%cp Wﬁﬁt the 2 5 *Fpﬁﬁgﬁh'l B&ﬁ e}c?réé]cﬁ

rruhl tipl exe@hclgwnl irc FIGWURESN 42D 4bndnd 15 abogz of the ﬂhcr @aehitgcmeamﬂ }‘ }ad ]EO
t-he inputs Yopal f o
Cfilter secm% gk?@ ll% net?&gctﬁ)\r}g %“Ys?’%g I!ﬁ?lt l%%r sectl aent o{‘he

out pull Sof larger nfidteracpnfigurations; pf c inpwcweighted @ﬂbfdplsﬂ?ﬁ ed b*g Tto the
real hal T ghif P?frﬁrﬂﬁ?%ﬂﬁréal FIR bPIIRC flltedd) BbinPléxtFKEnor IIR fromthe

real half ter_sectlo éﬁ ﬁan eéarrple of a
r Iy as a

confi gur at ﬁé‘iﬁ’fwm% rfllstcrs WQ’G}?V &l Yarious, r&qmﬁb%l

- delay |ineimplemented with the designed sxx -section VLSI Chlp, and6 even

between.th ch| p uts ut uts

condition o@iﬁf’?scg lﬁBW%} ?n‘&pﬁgﬁ'@ﬁt%& ﬁ lurality 0pfasses

t hr ou@i0 unswngﬂdpbecenn&mdelmccm‘sbade ents are all set to zero in
response to a special control signal present on power 5 startup, which
is applied to nultiplexers | SC and QSC to cause ‘these multiplexers to

forward O values to the IIR adders, while
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.thi*s':speci al control si gnél’ _at so 'c(artuses t he_val Cle,. of t:ﬁé, éorrpIEQA 86,909
coefficient defined by Iph and Qohcto beg?-2- [err]+0, Tather than
bej,ng 0. The default operation passes data fromifput t'6 sunout 10 on the

chip and c&IsAIM&:a to ripple through the sunin of the FIR" filters to
t he next sunout. I't is not intended that the particul ar
I1lustrative exanpl es shown jn Fl GURES 4a, 4b of the
filter architecture of- In a feeOnfigw HW@F‘@)‘H*‘B é‘u‘@ﬁé?llmtlng

Many di ffera?é‘hlt@étuie5su1|téﬁlﬁefof idseeas C@ﬂfe?uummorfﬂt@‘f suohuas Wel ght Ed
mul-tipl exed f a|r t hat

FIR ar
conpl ex Fl I@Birtll?qth reducing I"t‘L‘F ;qlpeisgl éﬁpé {FarllnﬁhédQ rfﬁ{ ati ons
- thereof, camdbesecond inpyttweigtited mgltalt i tete uindtse @ashx of ewhicin hésSia chi p,

d h
oo ey give iy 97 SooRERNLELGRHA SRR Bde damLARLALY 1
1. In a redbeféyithahtlanactenizedrabye digital filter architecture sui tabl e
for use as an equali ZT:"AE) i He‘ihssftﬁh vﬁllﬂg' Sigild e Qdfd i iﬂaltﬁlter‘\/\here' n
¢ i @

said architecture in 'g'ntﬁ*?%vslt
t he

esflrs(ti ut - \/\/Elgﬂéd2
units each of which H&E§aRES gingd ans, (200 1
comnbi gat l orsmlrsvmh 300BA302B Y € ]g tﬁor conflgunng saith firstgd 02 Toand
rovi.di ng signals
Ul t1 pl oxercchgatc (10287 dighs! fiffor, dnfhf'for sgperatipn, 25" 5o Sie1E o diiptx
conf i ?url ngilguabl ﬁlmt(%ﬂmgm?emddf?m%gamwﬂg crampbm USI ts for
- operation ‘iﬁuﬂ@‘n c1% s r% g rPl 5a ﬁl.?ﬂu Q'ig gk % ven
nunber of cO P coef X, S
signal, or fpg)conﬁigunngu aurleass ene| effaidHHrss (k@?’ﬁyfm%tseeqeé second
(102B) di gldlgitailﬁhef mts SfcfrObpemt@i Iasn @se aﬁﬁéaf@dledigivél dilesrt anif i | ter
unit (100) ﬁbhs e t an i%hmsgl&;ﬁél}"réﬂ num . r%atrﬁﬂ-” tlﬁhgeé coefficients
for a real €s Tor recei ving
si gnal s fr,cuud’ﬂcrbntsgfmala frealt sampled input .sigmal; Tamd digital filter

architecture defined (. ihailahs for receiving signals from said digital

- filter.

2. The digital filter architecture defined in claim 1,
.characterized in that:
~ each of said ‘given number of multiplier-coefficient
taps of each of said first and second filter units has a first
multiplier-accumulator register and a second multiplier- .
accumulator register associated therewith.

// -
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. characterized i'n that: :- edch of said gi véh-runber JRCA 86, 909
mul tiplier-coefficient taps of eachrof 3®'d first andrsecond £4 Iter units -

has a first multipli er accunul ator_ fegi ster and a 'seco td er -
accumul at or regi st er 3asskhe stighal fdtenarehitecture defin of Gn"eldi "P i'3 The

digital fithgactrized Sat Yhat daid nekans fddluding ahdtipléxer means inhat said
means i ncl UdIHgBmJLtI p f)i(]er neans_in -configuration (1) conprises:

means for ¢2§ fﬂ‘W'ﬁgt EMPHECYF the real conponent of each input sanple
as an input to said frieans for (&) applyingndheppalpengft the wvealie of the real
conponent I re f Oof 4t I g St ted
w th each %}Fﬁ)laﬁ eHP& gglag ?&&gtgdfrﬁpge]%su%nt hfplit F}é saﬁlﬁggﬁh‘fgbllf’ezfgfrﬁhgu” ng
each firsta oa;pplwemgotheowaluersz eead opemponent of itheemultiplistk peri ods,

(b) ‘applyi ggeff itgema'dfetﬂé f}ﬂa re bflaats\éoepﬁe&n@mm Q'facﬁa | o whidanpl e as -
an input to said second T ni of th r eal

th
conponent $Aid ﬁ'és‘mflll“l"fplqnétr tEOEhfaftl érgmreg”'égqugnu%qgfeq\é :fe Er"lgg oci at ed

W th each pefodf ofafiestsand secsdl ti!det-ﬁfultipléxdd) dlbek panodwl(lbg each first
second. time-nulti Il ods, (c)

cl ock erlod f. saj,d first cke
~ appl yi I?\g tﬁBpﬁ'éﬁ' hl:?f valie | ﬁﬂ?}?‘ﬁawaémﬁ%nsmn%‘*‘%ﬁcﬁ?.‘F\‘b ‘é‘ﬁ’ﬁéﬂ e as an
i nput to ssmtlple r&st ahi inpart tmmaldnsbczqml filter tumdt taned rappdying: thé t he val ue
of the im 9#.% fténe &ﬁﬁlt@‘iféfbﬁbfﬁk} et 6?‘%@600“0‘
eac ap L Cer

regi ster a oc sard's to that
tap duri ngfigsic megmwh@smmthomtbdeaﬁh dapdof said said §§§@nd “fil tcr

component E#’ﬁeac g e e okt bohoc OF 80 A 20 T Yang
appl yi ng t secand p Hépaﬂg&ﬁ S@?@%lﬁ%’éﬁ ‘F})eqHBYf’tﬁ > YOHT i ent of
the SeCOﬂdtH@Qhﬁigiﬁ LRh leeCht\NbfhemﬂinpﬁD simpke dissandimgmrtonol §aildt er
et B, tegr;lg}'&@gagac DSARE uE Rk REgAEHL % TRbOvAldeS i Second
imaginary component of the multiplier coefficient of the second
register associated with each tap of said said first filter unit to

that "tap during each second clock period of said first and second
time-multiplexed clock periods, and (d) applying the value of the
imaginary component of each input sample as an input to said

second filter unit and applying the value of the real component of

the multiplier coefficient of the second register associated with

each ‘tap of said said second filter unit to that tap during each

second clock period of said first and second ' time-multiplexed

clock periods.
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.19 -. 4. The digital fifterr architecture défitned i nrﬁ ”%§909
characterized in that said neansgingl udi né; mul tipl; exér,,means A Eher’
i n¢l udes: first maans réspoﬂs ve to réspéctive outhuts of said

first filter unit dug norgachgafal sl dfr&ﬁheéﬁﬁt S&&ﬁﬂé%cixf ifgr3 ods for

deriving, during a certain on sard secon perlods an
out put sanpharaoterized; in f thatt sa@anyemmg vdipng Jeultip 505&%@ to the sum

of said regpafblVenSHidusts of said first filter unit ; and .
second neans responsiye to respective, outputs of said sec? ffl|t rounit

during each of said ATt MEARS SERSPORSIGHIR FEIRESILE utgy uring
said cert afigssofiltef vt duringteathd of esaiddficstoakdpsecomnts, cleokopd:muds sanpl e

fromsaid u o) u sai d
respect i verot st angy withig 08 ey God Ve SERPHSE hd soBBnd Sk G 0.
filter arcperiodsuran catpueosamplel drom? saxdqafnréétmenazedhawngw@t valuel means

i ncl udi ng a | opfi a S

first nean%%w%ﬁ?ﬁ{agp%yﬁ% ﬂé'1 gglﬁgaoﬁés?ecﬂaéegafﬂli{%utsﬁs?&%l glrgtssom at ed
with one ofiltgs] gn;t, ﬁs@ nd second filter unit as an input thereto during

.bolt h Offf' VSL and s$%eatdnar n'§U|rés mied ©. Q@Eg@aﬁve')dﬁutmm lﬁf’lﬂéz?idng the
val ue of eac irs of sai e i plier
coeffici en?gcqrﬁfi ata]éslf r‘ggbg‘if‘b"ﬁ% ??r?i' 6& ?ﬂé ?iir§tstan e§FeR lggngom gt ed with
the taps opesiadd for derivdngj |dwring rsaiddeertain emehofi saitd ﬁrst:laqderl od of

id first | | th
val e of *oSoEohd SRR peffeds; Fﬁ'ﬁ?ﬁgﬁm@'@n@ﬁfﬁﬁgg@‘o?%ﬁ?) oy 1S
coef fi ci enhaving cmlucspomspgn d0 thee suse opfl saidi mspesti¥esoci ated with

the taps OBu t@ S %axﬁ”%eééﬁdeﬁltﬂ idnigluri ng each second cl ock period of
said first secon time- nultiplexed clock periods; and

second rreans responS| ve to each output sanple of said one of said first and
second filter unit d@g.inThead 1ialrﬁheelax%w@etureddefm&dlihfolaﬁﬁ 2nd second

T e B b BB, PORHERE b 1 "
peri od of senfigurationan(@)seomptigasae- mul tipl exed cl ock peri ods.

N C first means for (a) applying the value of each real
input sample assoc1ate_d with one of said first and second filter
unit as an input thereto during both of first and second time-
multiplexed clock periods, (b) applying the value of each of a. first
group of said given number of real multiplier coefficients to a
corresponding one of the first registers associated with the taps of

_ said said one filter unit during each first clock period of said first
and second time-multiplexed clock periods, and (c) applying the
value of each of a second group of said given number of real
.multiplier coefficients to a corresponding one of the second
registers associated with the taps of said said one filter unit
during each second clock period of said first and second time-
. multiplexed clock periods; and -
second means responsive to. each oﬁtput sample of
said one of said first and second filter unit during each first clock
- period of said first and second time-multiplexed clock periods for
feeding back that output sample through said one of said first and
second filter unit during each second clock period of said first and
second time-multiplexed clock periods.
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-adj acent taps
registers assocmtcd with the taps of said said other filter unit

during each second clock period of said first and second time-
multiplexed clock periods; ‘and
fourth means responsive to each output sample of said

other of said first and second filter unit during each first clock

~ period of said first and second time-multiplexed clock periods for
feeding back that output sample through' said other of said first
and second filter unit during each second clock penod of said first
and second tlme-multlplexed clock periods.

7. The dlgxtal filter archltecture defined in claim 1,
= characterized in that each of said first and second filter units
NG includes means for inserting a programmable delay adjustable
between a minimum and a maximum number of clock periods
between adjacent taps thereof.
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'10. A VLSI circuit (Flg 1; each of Figs. 4a, 4b; 5- 12)
havmg a given architecture for defining a reconfigurable
programmable digital filter for a periodically sampled input
signal; wherein each sample period is divided into two successive
clock periods; and wherein said given architecture comprises a

- first given plural number of filter sections and a single IIR input
- and global section; and characterized by:

each of said filter sections includes a pair of first and
second input-weighted filter units (102T, 102B) that respectively
have a second given plural number of taps and two multiplier-
accumulator registers between taps thereof and a programmable
delay between taps thereof that can be adjusted between first and
second relatively small numbers of sample periods, programmable
multiplexer means (1) for configuring each 'p_air of first and second
digital filter units as a single complex digital filter unit with said
second given plural number of complex multiplier coefficients for
a complex sampled input signal, or (2) for configuring at least one
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and complex FIR and/or IIR filters.

11. The VLSI circuit defined in Claim 10,
N characterized in that: _
~ said given architecture further comprises a cascade
" input and a cascade output; and '
said programmable routing multiplexers further
applies a filter output of said circuit to said cascade output
thereof;
whereby said cascade output may be forwarded to a
o cascade input of another VLSI circuit having said given |
architecture. ' -

12. The VLSI circuit defined in Claim 10,

characterized in that:

' said programmable multiplexer means of each of said
~ filter sections and said programmable routing multiplexers are
- selectively operated to provide a default-condition configuration
in which said filter sections perform only as a delay line to pass
data therethrough unchanged between -said cascade input and said
_cascade output.
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