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tn this pi per, o de$gn lnd nnllcmsnl,iion ol srnrhesizlbb vHnI- lnodel ft'.
conlrol sy tm (co.hrlkr) oI tl'e P. oill co,rpui.r Men.ry c.rd
hlernetional .r$o.iarion (l,CMcIA) .rrds. $hich rft c.lled nen,or! PC
C..ds (SRAM rnd ILASII), tu pres.nted,
Th! iys&m son**. ldr ibh con.roller hs lieen deleloped using OiCAD
prqhn based or \rHDL(Very higt .p.cd Hsrdlr.e De.ripiion ltngu,gc)
rs lofrn!rc envirennienrrnd xilitr! sp,ren.xr- (xcsloxl-4 TQ1.t4) FgGA
(rikd lrogmmmihlc Care Arny) .hip ar hDdrar. d.vice, 30 the
d.r€loDn.n. beom€s moro .!li,bh! modular, ,nd ,drnrible ro &P

Tb. iinibg behsvior of ihe.ontmllcr is verifi.d lo.nsnE rtr. i( f,eelJ the
perfornlme equirerrsnri b} using rini.e simtrlqlioD took 0f OrCAD
proqran\ tte.efoF .onplete 3imul n'i r6dts of readhvrit tdNIiB ror
borh rn. ,,butr 0 rcomnotr m.rtorh!,m pr.rored in rhr prptr.

Ito! Boid: PCrvlCrA nr.norycards. VIIDL.FPGA,

PcMcla eli;Ji1i 3turi rE"n .iriii J vrDL eir..j r]gr 
{.,jiJr

rllil :F i&F! r/!*, r/!-.r.El iijr iL'HDL tr' d,.1, E'iru.r rn J
.!, jr -r* ?r ; -9!! + ,-i ;sJ

(o.c,$) eruj fe-t, lrijl .J e.6tn aJ& Ja,! JaI rir rurj! 6r++.r lJJ!
xccl0xLa , t, {*/ -uJd nj. 

' 
q-,4+I t\ HnLr d r, :LiJ,

iiy.-.lI js+:r! J.r-L.I j-$ n (xfl'!r)n,E:J-!(rurr
.lJrrr rliu:r J+.l:lJ,.ti r , uJ. .rrlr

r.4:i ,l)i aul- rq {r .,. stu ttrir i r }!an (dnirg bsh,vio4ll !i
!.irr L1i! rir ql;rt: I sll:J lorc,\D)rl e-ilr]l c,irlr ;lrE dr:i r[.r*! li,

,i-,r,_ r,] irsi,i J Luj ; jrlL! i.trlr r trlr elr.rr iur.:.I c,L !i

intioducd as an allemnive b the
mahadcal floppy and nopp! drile.
ID oL\er words, memory cads arc
us.d roen,trlrig the floppy drn! strb-

M.nDry caids irpk'nenred,
as vntuol lloppy dislts mui 5ho havc
tlE obilir:_ lo b. insencd ind Nmorcd
ftoh rltr ry!.n ai any rime (as wi(h
fl.ppy diskr. This lbilily is
ac.onplishcd rhougb the PC Ca 'r
hd nvappin-g cap.biliry -lhe sy*cfi
.ut'n.rlcally ddcct ari confisuPs
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terr it s a iloppy dhk, Iha1is, onco
s PC nemory ed is insened iDlo a
socket, rhe user.atr iad fi]es or *rile
filesjust as a floppy driec The onlv
pgceptible difc,cic. is the lthftiig
specd a! rhich dee opcdions oNUr
$hcn coopapd io the spced or $e
same opcrations pedorhed *nh I
floppy di\., This is dle io rhe rnuch
fs$er acces ro did ! e me. ia i,
addnion ro very fan ac..s, these
ridudl drives prcvide a dats nanstcr
m.'liun less susepribie rd hmsh
envirotrmerzl conditioN wheo
compared to masneric media l, 21.

There !rc mrny rypes ol
hmory cdds $rch 6. DRAM, pre-
proa.m,ned RoM, sfuAM md Ft6h
Thcse tlpcs aE ror itrrdcha.seable
bnt they ca. be used 6 dah $oragc
devicss Hos.lci that memory cmds
re arailable fren a number of
difaeent m.nufetuec rirou8h the
basic ft'cue is always rlr same
The basic conponenb ol dr.s. crds

. Anribule MenDry: , rhe
PCMCIA enFry c,rd 

'nnn 
h3!.

at,ibute meftorl r! suppon CtS
(cdrd inrornrrion Slruclurc).

! Comm Msmory (Memory
Amy): - dni, files and applicarion
progies catr b. nor.d on rhe
common menory lor tlk applicarions
olall kinds of ponrhk compure^

. Conrmller (AddEs Decode
and conrol L.gic): - which co.r@G
comon ad adribute memury
read&ric tl.nsLs. -thk pnt ol
mmory cad is rhe dor inponanr
(mpon.nr wilh Esp.or 6 rhis p!pe.
wri(e Pbrcc! ssnch: whtch is used

In ad,lition, nemory cards
rhrt cotrein voldrile memo.y.lovi&!.

such SRANI cards $mll) use a

In n,is pap.r, PCMCIA
.. toller lor memoD .ad is
p.op.sed as rl'e ha $meappmachbl
nsing VHDL laD8ua8e basql oo

Tlre PolDsed ICMCIA lrle'no(
PC aord Cotrroller Desigtr

Thc prdposed corrotts w.s
implemented lor S&AM ind ILASH
fCNlClA memory c.rd 'l'he

corhllerconrai.s r.oinpl.lc addrc$
and doia buller addrcs dccodcr.
rn. or) device seLeclion logiq d
rtad sd tr.ire control loBic aor
comnon od aD anribnre memory
Eiglr chip emble orptrts r.
p.o!i'le( supponlng 16 memory

SiN. (he 
",enor}' 

cids ca br
apeBled in eirher an 3 bn or r6-bir
eide nodc whicli lllo*s fle\lbl.
inteeErioi into rrious ryien
plr{lorms rvJrich coilorn b PCMCIA
$rdaid- rhh ontlller is desi8 ed ro
opcEie for borh 3-bn and I 6-bii

The Pmposed PCiICIA MeD,ory
Ca.d Co roll.r Op.nlion

The.ontolLer is uscd ro
nnplemenr PCMCIA ry! I conp ible
nemory cdrds as sholyn ir rlE sy$em
blocl dirgrom aid in rhe intenrlchip
blo.L di.gtum (I'PCA) D r,g.(L).
Both PCMCIA sigmL lires an.l
nemo.y delices ..e connccred
directly ro the conlroller sirh no
.ddidoial componens r.quired.

^6i!c 
chip 3elect line\ (csl [7:0iaG

ddennine'l by Addres lines ton,
L2j:rrlsshoyrn in hbre (r)

rhe co mll.r providcs
srpaEle orput md wire enable for
ihe uppcr,lowd byter oltk me,norl



ana) (COEH*, CWEH, COE|; dLl
CWEI-#) and fo! tlF attribM m.nor)
(CISOE and CISWE) ro implemc.r
br{. addEssing. The asenion of
rlrac ourPurs !nde' $e l\0, cEll.
CEor, OF+ and WEf is givetr by tlble
(2) Read.wrnc codtul Gsnemtion
lvlM REG? k hiSh aod whctr RFc*

TIE conroll.r suppons h6rh
C.mmon and At'ibut. M.hory rcad
and wriie cyelcs ol word ,nd 5)1e
vidih Cdmmon Dr:mory. ths cichal

'nemory 
d.vices on the PC card, arc

selected *hen R!6# h hign.nd can
onlt b. .cccsed in cnhe! b)te or
uod nod.. Anibure memory
(externol EEPROM), h selecled *hen
REC, is lo* aod cu only bc

Ble/wod addfcsii8 h
oonrolled by cE0r, cEr3 od A0.
OD# functions as an r ive lovou9ur
ciable. WI# iuelions as 0 adivo
lov *rirc .nable. Menory acoe$
funcrionaliq, is deine'l in rlr rabld
(2)

When Aftibutc Memory n
sdscred by lhe i$cnioi of REG4,
only tne bwe. d6ra bus, DtLow [7:0]
is vtrlid and only even nuhbered
a'ldrc$es bE acsse,l. Accoldinglr,
atr enr]} ol 0' in the REG# ofdrc
hrdion hble (2) sns ine rc.e$ is
n,PPoited lor AdribtrG Memory ai
enlry ot 'l ' nc!!s the access ii
surportod lor Cono.tr Menrory
aeeses Du.in8 word sc.eses ol
cohmo, Mefrory, DILow [7:0] ard
DIHICH n5r3l are adive During
byle Accese. (othq lhatr od,l Brte
only a.ce$cr, (he PcMclA
tansleB lake plee on Dlr-ow 17:01
and the conrolrer pcrlo s ihe
requiEd byte line srappi.g basd otr
A0 to ,nd ,iom DllxcH [1513] or

Thr WPh irpnr provldes
wite protc(ion for common memdry
Tls ATTWI inpnr provldcs Nrire
prcted cas for the stribule meDorl
{hsn high. lhesesigmlsar. used ror
applLcalionr requniu Nite prn'

ln the c:se ol nox memory
dcvicos uscd, llro RDY/BUSY! siliil
rir &ce$irg l\es Menrory dcviccs

1he dosigi llo! brc&l!
refe* io the scque@e ot activnies
ercompa$ing vftious design iooh
nd beEh wrh some {h$ruct
specilicariotr of a desigD d etrds
with. confi$red FPC  [,1,5.6].

The deslgn flor descib.d in
thn seqlioi h ih.. ol the orcAD
(OrAaniaiion Computer Aided
Desieo) .nviomcnt howern nor
ol rlE dirilies will hrvc a
comrepafr n, my v.odols desiSn
fior lhc dosier fl.\ b.gin 1n dc
d*igi enrq fhase Ri$ i$ cEalior
ol ,dcptioDof F hardwlre.
tyni.illy usiig either VIIDI- or
$hcDdics vHDr is chosen a! r
dcsi8r arq- ,nr contolle.
derdopnenr The tuictionatiq or re
coiuoll$ .ndrl is defin.d b)
behNioral archnccor de{ritnior:
Fis. (2) sl,o*s rhc generrl fon ol
PCMCIA n.mory PC Card.o.tollor
dsign 6 pDgimmiig stuclure s'l
lie(]) d(Ns tlie li0archy block
di.gmh ol IhG coirEller After rhe
design snrD. h.s blcn enLered. rhe fi^r
Sin,ul?1io( DlEsc 0i Dcsisr) is us.d
todebug VHDLdesigtr rc$u'ces The
Co0pile phe* usus lyrthcsi. lid
.pti'ni4tion rcohnolog! to coiven
rhe design des$ipriotr b s trctLisr !l
io8ic luictions, arB odpur ol llris
pha* is sliowi i'r liig 14) The BuLld



pl,ase uss pla.eand route teohnotogJ
io ccnvert the destgn ro ! sp€cific
progft.nnable d.vi.e, frcm rhe
nerlisfs dehys ofrhG phase ir can tje
ror.d $ar rhe dol.y oa rhc nel
''nr4937" is rhe limitinr faclor tnar
l,mirs *e rlble desi:i s rpeod.
Ho*ever, lhis deial is tihlc (5.6t5 ,,
A onpmed qirh bus slred ( 0 MHzl
5o Lhar therc i\ no probhrn rrJn, rh,5
delay in rhe propo*,1 design.
. Du.iE rhe final Simutarion D|Ese
(Tl ed) tinins sinulalion vJrifi.s
rh,r rlr pos rcuk dess ,d.e6 e
perfomm* rcqu'rem;E or lhe

TiDing simut'rion Rc.uxs
Thc resuls concem.d here{. rhe ri'niDE dDedms oirltsoesot

ec m.moo rJnr rm$(tioN.;.e. m
atribur a.'i afttuon 

'nenories 
rcad

t0^sfes and rho ryritg nansfe* tor
& atiibule aid .oftmon nremo es s
sLrown in Fic. nom (s) ro (3).

Fmm lhe* rc5uhs (imn[
dngram, {.rn be,en,hn lhc 

"oEidelay obraioed fron lhe coolbller

'lesisn 
n th. dels) beNeei fie i,,ou!

sin!lu\ PcMctA *rirc (wEc) or
ourput enabhs roElj ind ll,.
corrnlld Nde or ourpur eiablcs
$hich arc equ&l ro (6n, for read
transieis and (7n, lor wriie rmnsre6,
so tlie& delals dre very shtrtl valuc d.
c,,nina(d $itl' ri. d.hrs rite ph(e rf
'he 

co roller 
^ de'Med h\ uiinr

Loflc0 onalhard$ae

The follosing poinb m 6nduded

I Usins FPOA if, fie develoomenr
or dre p&po*d colkolbr ;diovs
rhree uniitue chrmcteftri.s rhot
!anenhotrerl'edeleoph{ and
,rebugEinE proles Ela e b

coDvenrional !!$onh$d\are

o hmdqarc availabjtiiy (t,PcA
hrd$tue is gcrni. and can b.
used at lhe ealliesl poinr in rhe

h) proerannmbilny (FpcA
iainw,e can be nodified
thtuuShoftrhe dosiSn crte): and
o) rki6itirr. (he inrmrtsare of
DEr] FPCAS is diR tr
acce$ihle. so lhat ir is eEila ro
v il} desisns and rack dorvtr

2 thc spariel-xt(xcsloxL-4) is
chokr as . elget device ohtp
becrns it h considered a
mod(de seteci.n aor rtre
nunber ol g es av,lable md

3 Itc hehryioml architccrrc k
ciosn as appoach in rhe writil8
of the dcalgd coie b.&se this
provides rery flex ble code rhar
cai bc frodrfed quicklyaid ako
prcvid.s lirle or no insiehr inro
physicrl implotuenialioi ot rhc

4 As a final dote. i'rvcsilarins the
pEvlotrsly Dentioncd esulis ot
place .nd roulc aid iiirjru
sintrlaaotr l*.1 ro rbe r,d rh;
the delay berweetr signati if rh(
dcsig. is suir$h ard *iihni ihe
linrn oIICMCIA bus speed.

[]l Don AndeEon anJ Tom sh.nte]..CARDI]L]S

Archnecturc'i Mindshmc, lnc l

[2] Don AndoBon; .PCMCIA Synem
Archn{iule/16 BtT PC Cardr,:
Mindshee. I.c.: Stuoid Edni.i

[]l PC/104 cofsonirmi fC/104
ICMCI  ivrodubruser,s MaNati



Fir:r Edirioi; I, nted in 
-l.nraiiJ{ly;

[a] Sudl{k.r Yal.manqhilLj
''l bduciory VHDL: fom
Slnn'lalio, Io Slnlhesis,.l
PEtriice Hrll.Inc;2001.

Tiblc (2) R.ad.Vrir. Conidl Ccro'rinn
funcrions for Connon Memory

lil Kerin skahrLri vriDL aor

Poermndble LoBi.i Addison
Wesiey Loiaman.lDc ; 1996

l6j Mark zsllinski; Digibl Sy$em
Deslgtr rirh VtlDLi Pi! ice

Byte *lerior aft D.!i necrine

'rrhh(r)ChjpErableDslod ODoErion

cs* l':n)
:

i!l ]]1]01
rr! 1l I I1011
Jl i 1l1l011l

I I 10111!
I'] Ir!11lll
tio 10111111
lrl 0]] I111



Nole: l. X" meaisdonl carc condidon ibr AO.
2. Odd BIe.r Even B)le arc dab read arom or wne b o,ld or even brre of
comnon and atrribulc nemory.

3 "High-? indicares high ihpedance condiri.n for dat, bus tinca.I "l rd -0-..he.e synoot. rhr ro acr\e.[,Ch.m A..netor

5 .'1hh symbol indicaies ihar coreslotrdidg sisnsh do ioi operare jnrhese

E

I
Er
$
e

l'ig. l. rhe pr.po*d s}eem bt@k diasran



I'CMCTA Me'n C ad ConkoltE p,osm
Einrr li{lm! d (d!fi!!S.t?. dh.,rro!drisiit,

{

l4inbub md.,y i, -ld.d f, radiig d. {niiis
m srri.i iirob ario fronnr 6d ldormdDi
strtu lcls) coriiis $ r[! $d$ of.ad a,bl!
s3iar, .€* I | 01, orFs .&h1., mE hrbl., d0,

{ccoaoo n.mory r at.ft.d rd 
'ladiie 

q mrq
xqhig dia $d a. s.j b, mrs *Eqdos h tu ,:Es
or.&,r !!abl. 5si:1' cr# tr 01, ourpur &abt!, mr
aahr!, Ao. rnY, ad rrhtr ,!Mt l

/i ?id oflclltclA Mlr fI C{d co,rolin !rcEMr/

Iig.2. Thegen.nllo.noaPCMCtAmcno',
PC Cird oontolle' desi8.
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Fig, ?. Co'nmotr tylerory Rend (Ele! byro &oe$ for 3 and l6,bl nmde,

ri&S.ComnrodMem.r.vRead(Evon6!..ccastorsand t6 bn mod;


