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i thes paper wr descrine o 20ME: sompir rote switched -curren: Fingte impuise Response (FIR) filer
sungbie for egualzer grohnectures T dasic cell of the FIR filter is the switched-curren: (S1) sompis and -hoid
(58]} ciroadr proposed |1, approprime for iow volagr opermtion Tie progrommeability of the FIR filer
struciare 5 achieved vio Mosfer Onty Curven: Divaders (MOCD) [2]. The FIR filter has been designed wsing the
m&hm’uﬂm.mmmm-h L2mW ar TV power supply.

1 - inrodurtion

<), the forward equalirer and the feedback cquahizer sre wsed 1o chmunste e im=rsvmbo] Imerference (IS])
before and afer cach symibol. respectively. The IS] iomes the speed of mer commmecsthon systems and the
densny Of THENY SIOrRge Svsiems I all equabiver oo, the FIR filer 15 psed 10 compensate the mteriace oo
“Thes paper presents 2 programmabic switched-current FIR filter winuch 15 suntabic for iow voltage operation. The
FIR fileer 35 based on 2 circular delay ime srchatecture [5]. This paper is divided o three pans Section 1 is =
revimor of the FIR filker resfizamons direct. tramsposed and coculsung sructores. The swaitched-correm
resiizanon and smuiston of te FIR fiker sructure are prosented m section I Section TV summarizes the
11 - FIR filser structures
Tﬂ*ﬁﬂqﬂﬁn*;dﬁh“-utﬁiﬂ,ﬁ. {1a)) The
—pﬁhﬁ“ih#--ﬁﬁt“#ﬂh_ﬁ
*&t_lﬁ-ﬂi(li]}h—-_ﬂﬁ}‘u_iﬁh&*—n

binck of the gwrert form wes repiaced by fwo-mpu: summers a1 the mput of each deley coll The overall ramsie
funcuion of the transposed form s exactiy the same &5 of the dmect form. and < giver by

H (_z‘.=¢,z" +532_:+.n32—3+q42'—' {1

mpu:

i) Block duagram of & diveci-form FIR filter. ib) Bipck dingram of o tronsposed FIR fitter.
Fag. i- The different bioci: duagram:s of the FIR filer reairzanon
The desadvantagr of Sus stucuwe 1 tha the WpE Grives N multiphers { aumber of taps) and,

m.t—t-slmqiﬁrum:hguinnﬂﬁphkm
sruciure can be modifeed, ac shows m [6]

htmﬁ_(ﬁmumﬂh;dhmﬁrmhﬁi-’dﬁu
one memory cell © the mext on sach clock cyvcle. resultmy m an ansiog deisy Gee. In the analog delsy line
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STucTE srTorT Such B nosse smd offss are acrumuisees wp o the pivmae mp. To aveld e doewback of the
aaslop deisy bme. the cocuisr FIR srucure [5] e been proposed (Fag- 2 ) The spaal fiow tSwough the FIR
falter 15 described o follows -
B Dunmg the first clock cycie, the sampied vaive ( sumpie- hoid 1) 5 e mpot to multpher “s,”. winch
corresponds 16 the first coeffrsent n eguation 1
8 n the s=cond clock cycie, e stored vaiee = NOT moved o mext deley o=l {sample-hoid 2} bt 1= the
mput 10 the second multipher “a-" (7). as shown mFag 2

Thersfore, the FIR fher can be constrected with deley slements commected m panallel Fag. 2 can be
cxtended 10 an N 1ap cocutanng FIR filer The mulupiexsng process contimees of: sach clock ovcle thes cwclimg
the mpan dars throuph all the ap weigh muinpiers. Ties process simulses & @pped delay hne withom pessng
the sampied vaine mic senes deisy siemenis on sach clock cycle. Conssgeently. tins struciure hes the advaniags
of svouhmg the propaganon of offsct voliags =nd nonr from each o2l 1o the foliowmg.

aas sac-wgmnn 3 The impus switch ¢ :
@ I

o) '1- Positon |: 5] son

T
—_— - vim = ayxie-Teags-2T)

2 | |Sempleffold 2 _
= ' 2- Position 2 - 52 ison
}

: ViD= BT rragmie-IT

swsh

Fig. 1- Second order carcular FIR fiber struciure.

{1 The sampleand-hold circuit

The sampie-and-hold crons car be bull & & swached-caparnor (50 megrmny wnh =0 el
comdmson x each clock cvcle in she SC sechmigue  the op smp despn &= relanvely compiscased due 10 the Change
of the ioad capaciance m cach clock phese Programmsbic SC cocuns | 5/H, meogrator and filers) sogure
CcapaCHor mTaEys, which oconpy & lsnge achve arce companed with the tenany wesrited TanssaoT sTey and the
MOCD structores m the 5] wechmgue Moreover, m the swilched-cormen: techmugue [1. 7). the compiess deday
ciemen 1 realired 8c 2 cascade of vwo half delav oolis. s showmm Fag 3.

il The copventions! 5] echhigae:s 7 | b TThe 51 rechmsge: [1] for o Volknpe sappds .
wr E o =T lglX
1t Drpimy oo
Fig. 3- Deiay impiemematior. in ST techmigue

Thersfiore. for the 5] mapiementanon of both the drect and transposed realzstions, two half delay celis
must be msed  So, for an Netap FIR fileer. 2N op amps (two comrent soarces in fhe convennons! ST acchnague )
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have 1o be wsed However, i the coewier FIR filter reslization form. we can wsc omly ome half delay cell w
mpiemen: & compicis delay cioment winch mesns that the iial powesT ComSIMDHOT 30 E©MA! BCTive ares will be
reduced by shout S0% wath vespect 1o divect and mansposed 51 mnplemenianons. Also, the circuler srucre has
only one ap conmected to the mpu S (master 54 ) 2t cach dlock cycic. thes avosfing mulupic joads & the
mpue The cocuistmg stucrs nesds 2 Muinpie-mpe summer. a5 shows o Fig 2 Hae pessrally. m corrent mode
Drocess. the summation 15 performed by tving all ermmels (summer mputs) st

In thes work, the wchmgee for swached rorest (S1) commis proposed 0 {1, 8] will e wsed Tius 5]
echmges avosds the conducton gap T9] by properly aasmg the swmches Thersiore. 1t & more ssimshie for iow
voilage appications than the copventional SI techmges [7]. I the swached-corren: method . the correm =
processed @R Two Steps. as can ‘e readily observed from Fag. 3oy

= Track mods : the mput current = fed 1o the cell when sench “37 (¢,) s closed The correm: 5 memonzed
& & viltage across the hoidmg capaciion. It should be smphacired that bnesr capacnors are NOT needed
10 Siore the dete

= Sampied mode- when swnch “5” opens, the voliage 1= held on the capacitor. This volage s ssed 1o keep
the same cumrenl Srough the oompo: mensrenr M. | Wy, = WL |

In tier 5! syucuare shown m Fig. 5b). all the switches opemss a1 @ conaeey DC voltage . sgual 10 Vg, thus
EIVIRE Nis< 10 & sugnal mdcpenden charge mecnon.

(0-2) The MOCD ss  programmaible structure

in the copvennona! ST echmeguee [7], bmnery weighted traneastors are osed ac propranwnable clemens The
‘bmary weeight techmgue needs bmary wesghesd corren: sources [ 10] 1o reabize 2 compicts propramemablc ciement.
which mesnc more powsr Consumption with Tespect (o the MOCD sracwre [1. 2], In the 51 echnigue propoeed
herz e MIDCT) srruciore s psed as the digitslly proprammabie siemen: The MOCD . whoss soheme 1= shown m
Fag {42, has an mpul Impedance mdependen: of both the digial word and the clock phase thus providing 2
constam ioad smpedance 1o the op amps. The MOCD is switched b “ANDung " the digita! word and the switched
phmsr Wihom mmmmg wchmgees e MOCD acheess 6-bit resolution. wiuch i< sufficen for disk drive
oo 6, 11

Generaliy. the ootpan crcuiming switches | Fig 7) are impicmented by USIng 2 TO@RLNE Swilch My #s m
4], in thus wawk, the FIR cocfficeenss are comrolied by MOCD struciures and the rotatmg switch is simmsiated by
roearmg the digial word { b, +=0,12 5 ) of the MOCD. The FIR filter cocfficeents are cocuisted Swough the
MOCDs s shown m Tabie | This muinplexmg proces: i< acheeved via 3 digital tme-mubtiplexed corcmt such =
the one shown m Fag. (Sa).

W

ol
a= B.xjﬂ' w f W ER
o=

(2) )

Fig. 4 The MOCD scheme and it symbol
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(a) )

(1i-3) The compiete FIR architecture

Each of the S/H coomts and the MDCD programmabl structure are osed for the comples 51
impicmentahion of & S-tap circulsr FIR filer. s shown m Fig. 6 The mpm crculsnmg swich “S17 15 reaized oy
using transsstor M: for each delay cell. In the sampic mode of each cell, bofh “S17 and “S527 of fhe correspomdmg
cell must be closed together { #, for the first delay cell, for cxampie ). Afeer thes mme siol. “527 bas i be opened
for the hold mnde of the sampiefhold corcun and <517 must be opened 0 #void the owspus of the celis m the hold
made 10 be fed 10 the sampied cell The control puises for the mpust curulstmg swaiches “S17 and “S7" of each
tap anc geactated by 2 shift regrster cooun, s shown m Fag. (5.a). The clock diagram s showm m g (Sb)

in Fag. €, the mpm swich & 3 iarpe MOS manasor (M2 Thes, 3 seubicenl amount of chergr can be
ansicrred 1o the holding capacitor dur 10 both the channel charge and the Capaciive COUpIRE bereeon paic and
source Figumre (7.a) shows details abom The swichmg methodoiogy of the FIR fiker srucwre shown m Fig. 6
differemt clock cycies. Genemally. the myecied charge dee to the switch 527 = mmmmized by using & TansmIssIOn
ERir structure Of Gummy ranssior echmgee Herr we propos: 2 aew Slock scheme 10 i the mpeceer charpe
mio the holdmy capacaor dus 10 the larpe tanocor M. The new scheme i shown an Fag. (7.b). in tes ciock
diagram. swaich “527 m Fig [7.2) has 1 open before M; tures off to avoad the charge sngected iy M; 10 be stored
mio the holdmg capacsor.

.

Fig. 6 Tie 5] 4yap FIR regiranon m corculanng form.
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To vahdnr our saalyss. the coroun shown i Fig. (7 2) s ‘been symuiseed with SMASH [12] for = Tigsa
mmdquﬂs“mmmhﬂ.ﬁm.ﬂﬂuﬂlﬁmhk-—:—d-ﬂp
Mmm&ﬂ-ﬁhudhnm*llﬂ_ﬂﬂlh
—mmqﬂm-mAﬂjﬁﬁqw-h-uThwmqq-
been desipned psing the methodoiogy described m [13].

L T e —
.

{a} Tir Bayic cell f) Proposed ciook scieme

Fig.7- The banic cel! comstrucnon of the circulating FIR omd w5 clock scheme.

The taas volusge Vi) he boon prnemmed usmg the voltage divider scheme proposed m [1]. Tramsmor
My (Fag r?xJiumuimmnmnﬁg.i.mﬂuuﬁ-ﬁduﬁ-“ﬂﬁ:
shown m Fiz £ The delay tme 1= zrownd (/40 sec. correspondimg 10 fhe deiay of two cascaded CMOS smvereers
In Fag. l.*mn&:mmhmmmhhmﬁhﬂﬁthﬁ
zmpacior Thas probiem is shenusted by usng the Shock scheme in Fag. (7.5 The comesponding stmised result
= shown m Fag. £ | InM, ) SHIFT | Fmally. e overall switched corrent FIE fit=r shown m Fig. € hae beer
ssmuizied Tiee oupul curren! messyred 21 the £° tap 15 shown m Fig 9 The delay time i around 2006 s=

IV- Conclusion
Awmmmﬂsmﬁhhmw—ghmnhigwm

mwdhwmmmquummwmnﬂ Thuns the

FIR filer srucuars 1 sunabie for jow voitapr disk drive application. The FIR filler stuciore saves S0% of the

memﬂmmﬂmmMMWMnﬂw.hmm
ﬁhﬁﬁ@ﬂmhmﬂmﬁn-hnlh"ﬁmnn‘pmm-
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Taubie I- The seguence of 4 wap FIR coefficsenss w the MOCDs at different ciock cycies
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Fig. ¥ Semuigtion resuiry for vhe circuit of Fig. (7.al.
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