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ABSTRACI 

The goal of th1s research proJect \vas to des1gn a VLSI 1mplementat10n of the 

reqU!red dtg1tal c1rcu1tr)' to utd1ze ferroelectriC memory as a pomon of mam 

m1croproce~sor memory An mterface betv.een NatiOnal Semiconductor's 

\:VI~4CFO..l.. a nonvolatile. senal-access. ferroelectnc memory dev1ce. and Intel's 

8086 microprocessor was des1gned and 1mplcmented us1ng SSI/\ISI technology m 

a prev1ous study Th1s thes1s d1scusses the redes1gn of the previOusly des1gned 

c1rcu1t for \'LSI 1mplementatwn The layout v.as accomplished usmg the MagJC 

graphtcallayout cd1tor and tested usmg the Estm event dnven logtc-level Simulator 
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I. INTRODUCTION 

A. BACKGROUND 

feas:t:J_l~',· o: d:rec:::l·1· ::-~:::er:'ac::-~:; ::::-::::-1 tc 'l ::n:--rc~rocessor 

1 . FECM Theory of Operation 

a s:mp.:.e :'erroelectr1c capaci<:or .Re:. 2] .. -:.. corr.::to:1ly- 1sed 

tec:rcelectr:c 11a:::eria.:. :s lead z1r:::or:a::e t1t:a:1at:e IPZl"l. 

PZ! d1electr1c 1S depcs1ted be:::•.-.~eer: :::wo elec:rode layers, 

:o.:::-::-t::Jg a :-:apac1t:or. Tf'.e :::apac1tor ::_s cl-:arged .,.,;-1e:-t ·.,;rlC:te'l :::o 

and :::!"!e charge :s retaEled for greater t:-ta:1 te:1 years :r. tt:e 

case of ::"1e NM24CF04 ?EC--L ':'l:e eel· ::_s read by apply1r:g a 

-·Ioltage across tl:e capaclt:J.:::- and observ::_ng ::::-te curre:1t p:1lse 

generated. 

A smal:_ current p-.1lse 1nd:cates a '1' is storea :r. ~:1e 

ce::.l wr.:le a .:.a.:::-ge cn:cent pu.:.se ind:cates a '0' :s stored in 

t!;e ce.:.l. I:: s:-J.::::..1ld be :~o:ed t.r.a:: :::-te :cead operat:'):l :s a 



"Cestn.:ct:..ve read" ar.d the data :nust be wri:ten bac•: to tl'.e 

Figure 1 Ferroelectric Capac1tor Device, [Re:'.2]. 

Cc:.rrent :echnology l'.as demor.strated severa'._ adva:1tages 

a:-.d favorable characterist:..cs of FECM [Ref. 3], :..r.clud1:1g: 1' 

>Jor.-volatil:..ty, 2) long retention ('>10 years ~ 25°C:, 3, 

wr:.te cycles), and 4) radiat1on hardness i>~O 

RADs (S1/sec) i. Therefore, FEC~'s are ideal for many :n:..li:ary 

a::1d space based systems. 

2. National Semiconductor's NM24CF04 

T:-te NM24CF04 iS fabricated wi:!'. adva:~ced CMOS 

:er::::oelectn.c tec:'1nology [Ref. 4]. The dev.:._ce provides a 4096-

b:..t no:~volatile memory, interna:!.ly organized as two 256 x 8-

bit pages. It 1..:ses a serial 1nterface on a two-w:..re b1..:s wl.tl'. 

practically '...ln:!.imi:ed erase/write cycles ar.o supports a 

b.:_direct1onal b:.1s oriented protocol. Whe:-. powe!:' :..s ::"emoved, 



:r.e aata rema:r.s stored 1n the :"erroe.:.ectrlc: cells. ?1g· :-e : 

s:-.o~1s a cc:1r.ect1on c1agram for the dev1:::e. 

::ier:c..:. :ata (SCAI: SJA 15 a b1d:rec':1or_al p1<1 used to 

tra::s:er data 1nto and out of -:::he dev1ce. It 1s a:. oper.-a::-a~n 

oc:tp:..:: ar.d may be ~are ORed with a::.y number of o~er.-dra1n or 

cpe:1-col:ector ou':pc.:s .. ~pull-up res1.stor lS requ1.red. 

Ser1.a.:. Clock (SC~): ':'he SCL l:'.put: 1s ·.1sed to ~ .:.oc:k 

all date. lnto and out of the device. Jata states on the SJA 

l;:;e car. char.ge only during SCL LOW. s=-A s:::ate changes c:.1r1r.g 

SCL HIGH are reserved for indica::1ng stc.rt and s:::op 

co:1d1. ::ions. 

Address (AO): f\.0 lS unused by the NM24Cf04, ho·c~ever, 

1t must be ':led :o GND to 1nsure proper dev1.ce opera'::.lO:'.. 

Address (Al,A21: The Address <r.puts are used to set 

the least .ongn1f1cant two b1ts of the si;< bit slave address. 

':'hcse 1nputs can be dn.ve::. Wlth log1c or t1ed hlgh or lo\.1. The 

fcc.r most s1.gn1flcant b1.ts of ::he slave aadress are t1ed to V 

or GND to :arm 'Che "Device Type :dentif1er" n1bble 'lClO'. 



?ins Al ar.d A2 cor.nected to +5 ·:olts or ground to establJ.S!1 a 

r:araw~c.d address for the dev1ce. Two bJ.::s al.:..o·,.,. four 

d.:.fferent dev.:.ces to be addressed. 

3. MicroprocC!ssor System 

::-.e most com..'7lonly used l6~b1t rncrcprocessors today 

are c1e Intel ser1es and ":.he Mctor:la 

S":.:.JdJ.es [?<.ef. l. used the Intel 8026 1n U:e :".J.r . .:.::-.u::- ::-.ode. 7t-.e 

thrJ.st of tt' . .:.s thesis research LS centere:i arou:-.d t'le :nte.:.. 

'::<ef. 51, although the rnonLtored s1gnals cou:.d easJ.2.y l::e 

com·e!'ted to allow the use of the :-lctorola 680::0 ch.:.p. :'he 

MJ.::.:.rr.c.r:-. Mode System confJ.guratJ.on 1S st-.own .:.n Figure 3. 

In the :;tJ.nir.~um mode, ::he CPU em.:.ts tl:e b·J.s cor.trol 

signals for ::"lerr.ory. In the maximum :node, a:1 2228 5'J.S 

Control.:..er assc.mes the respons1bil1ty of cc:~::ro.:..llng all 

devJ.ces on the system b"J.S. Tte CPU ir.corpcrates two separate 

prccessJ.r.g LnJ.ts. 1::-:.ese are the Executicr. UnJ.t !EU) and the 

Bus Interface Ur.lt (BIU). Tl':.e EU executes J.ns::ructlO:'.S ana tr.e 

BIC fetches Lnstruct.:.ons, reads operanas, and '-..JrJ.tes res-..:.lts. 

1he t'-..JO un1 ts operate Lndependent of one ar.other a:::i are anle, 

under most cLrcurnstances, to extensively overlap ir.struction 

fetch '-..Jlth execut1on. :'he 8086's Lnstructlon stream queue can 

store up to six 1r.struct1on bytes. When 'Cwc or ~,ere nytes of 

'Che 6~byr.e instruct1on queue are err.pty and 'Che EU does r.ot 

requ1re the BIU to perform a bus cycle, the BIU executes 

Lnstruc'Cio::t fe'Cch cyc.:_es to refill the queue. ':'he BIU normal.:_y 



fe::ct:es t_•,,;o by::es Jr. less :::r.e fetch :s :~o:n tl:e od::t 3.::ta: ~ss, 

FJ.gure 3 8086 CLr:::nu.11 :-lode Sys::em, :Re:". 5]. 

'"'he~e ::r.e 3=TJ cr.:.y :"et::!-Jes ::!-Je byte :~or.. ::!-Je odd .otddress. Tt-.e 

SI:; :s respcr.sJ.t::.e for execut:ng a:._ externa:. bus cycles to 

::::-ead data frc::1 meJicry or ·,.,;~:te data to memory .. i\11 bus cyc_es 

cons1st c: a :'rlJ.ni::-:.r o:" four clock cycles or "T-s::a::es" k:-to•,.; 

as T_, --:,, T, and:',. f::_gure 3 sl-'.o•,is a typ:cal BI:; bus ::::yc_e, 

.r... bus cyc:.e ::::onsJ.s::s of a ct-.aJ.n o: even::s :n w:-t:ct-. tne 

add::-ess c: nemo::-y lccat:cr. is ou::pu::, tr.en a ::-ead or w::::-1te 

control s:gnal is presented, follm-;ed by the data :n a w::::-1te 

ope::-at1on. Tl'.e add::-essed dev:ce accep~s t:-te da::a on a w::::-1-::e 

cycle or p:.a::::es da:a on :te bus during a ::::-ead ope::::-at:on. 



da<-a on :::'le .::::t:s remair.s ·.mcr.ar::::)"eO. Upcr: comple::1on o: :::Je 

::icle, :r.e::~ory :a':::cl1es da"!:a v1:::1::ten or "!:he 3IU remc7es da'::a 

:::e3.d. 

Fiqure 4 ~yp.:_cal 3IU 5t:s Cycle, [Ref. lJ. 

a. Write Bu.s cycle 

FlJ'..lCe 4 illi.:.stcates ::!le bas1c ·<~::· te b'JS cycle. Tl".e 

CPU p:aces t!le w.::ite address or. t:"le m·Jl::1plexed address/data 

::::~..:s d·..1r.:_:~g T . Lur1ng state T., Address Late!-! ~r.ao:e ·:ALE\ lS 

asserted higl1 tc latc:"l tl1e write add::ess ir:to a reg1ster. ':'l-:e 

reg1ster co:-~::en::s can be decoded by cornb1r.at1::mal log1c ::o 

ger.era::e t:'l.e necessary c!1ip se:ect :or memory. 

During state T2, t!le CPU places U:e write data on 

tl'.e mc:lt1plexed bt:s (ADlS - ADO), and WR is asserted low ::o 

1ndica::e to mer:1ory that a write ope::ation 1s ::equested. T!le 

READY signal 1s used t:J force the CPU to 1nsert wa1:: s::a::es 

into t!-:e bt:s cyc:e. 'I':J 1nser:: a v1a1t sta::e, READY m·..1st be _o·<~ 



pr:.8r ts tb.e end 8f scate T,. F:.gure S sh-::;•..,s :.he ':: :L:Jt; 

re.!_a::_8nsl-.:p req"_;:.red t8 generate a '.,a.:.t state. S.:.g:Hl -~AD! 

•• ,,..,. ~c_'_""-"-'"_"_fL _______ _, 

•.• -=:;,~--='"~····:.::..:-·::._c" ··=···::._c'"'"_'-_:_"' __ 'C_ 

Figure 5 8086 Wr.:.te Bus Cycle, [Ref. 1). 

1s produced by an 8284 Clock Generator- and ~r:·..rer sho~o:n 1:1 

~-.Lgure 3. S1gr.a: RDY .LS produced by combu:acLonal :.og1c 1n ::he 

u:te:r::'ace dev.Lce. 

s.:.gnal Da':a Transmit/Rece.Lve (DT/R) co:--,trols -:he 

Lo;.; of da':::a :hrough banks of 8286 octal bus transce1vers '-'r.en 

operat1ng in t:::e min.LmU."n mode confi-guration. Wit~- '.:he s.:_g:1a2. 

b.1gh, data can :'low f:rom the BOSE micropr-ocessor onto '.:he data 

bus and 1n:c ':he appropr1a::e memory locatio:1. Data Enab:.e 



:DENI :.s p!'OVlded as an oc_tp:..J.t er.able for tr.e 

trar.sceivers. 

Figure 6 ;~a1: S:ate Ir:serti_on, [Ref. lj. 

b. Read Bus Cyc~e 

F1gure 6 ll::.ustrat.es the 8086 ?..ead Bus Cyc:.e. Tr.e 

read cycle :.s very s1milar to the wr1te cyc::.e. The :=PU places 

the ::ead address on the mu:tiplexed address/data i:::us dL:rir:g 

T .. Aga:.n, during state T1 , ALE :.s asserted high to later. tr.e 

wr1te address into a reg1ster. The register cor:tents lS 

decoded to gene.:-ate the necessary chip select for memory. Upon 

comp:et1on of Tu the CPU floats the address/data bus 10 

preparat:.on for data to be received from cnemory. Dur1ng state 

T., RD :.s asserted low to ind1cate to memory that a read 

operation is requested. Aga1n, if read1ng from a slo'" memory 

device, the user 1s respons1ble for adding log.:.c to control 



.. ~~---,-.·--, .... -,-,--.~, 

'"""'"~ ..... ~ 
··~ 
-·~=>:~= .. .,~ ....... ~-···-~· .. ·· ~c 

Fiqure 7 8086 Read Bus Cyc'-e, [Ref. i.]. 

READY and generate wa1: states pr1or to sta:e ': .. S1gna: OT/R 

:..s asserted low to conf1gure transce1vers 10 tl"'.e rece::_ve :::.one. 

S1gnal GEN .:.s asserted low to enable the transce1vers to pass 

the rece1ved data to the CPU. 

B. OVERVIEW OF SYSTEM DESIGN 

Fig11re 8 shows an overview of the systerr. bus strc:cture 

1:rtplernented 1n previous -:::hes1s researcn [Ref. l]. 

1. Address and Data Bus Structure 

A:though the 8086 has the abll1ty to address 

megabyte of memory, t.'le system described here err.p:.oys 4K bytes 

of ferroe.:.ectr.:.c RJl.Y. (FERRO), 8K of ROM, and 3K o:!: sta:ic RA.'1. 

Tl"'.e sec:.:_on of memory designated as FERRO is spl:...t 1nto ::wo 



banks of 2K-bytes each. One bank connec':s the lower l".al:' of 

the data bus {07-~0) and corresponds ~o even addresses lAO -

OJ. ~:'le rerr.alning bank connects ~he upper ha.:.: of t:'le aata bus 

ID.:.S-08), and corresponds to odd aadresses {AO "" :_). Aadress 

llnes A'.-A.:._ specify ::he particular by~e ln each bank. To 

perform a by::e ::rans:er to an even address, the 8086 specl:':ies 

an address wl::h AO low and signals Bus High Enable {BHE) hig:'l. 

Wlth BHE hlgh, the upper bank of memory, or the odd by::e of 

the word address, is dlsabled. 

To perform a byte transfer ::o an odd address, :::'le BOSE 

asserts BHE low and AO hlgh. This allows access to t.'le upper 

bank wh:de dlsabl:!.ng any memory access o: the lower bank or 

even byte. To perform a word transfer of 16 bi::s, the 8086 

asserts both BHE and AD low. This enables both memory oanks 
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ana. 2.:.1ov;s :::ra::s:er of ::he eiltlre dac:a bus ~15-JC d~u1:.· or.e 

Cj'Cle. 

2. Data Flow Overv~QW 

'I:•:::.:;::;rJ.; FtS a :'.lr:cttonal block of rr.aHl :;-ternary ·,ntt'.out 

the ferroelectrtc :ner:~or:; l-idS add::::essed. 

The (0:\TFC:W logic of F1g~..:re 8 rnon1tors f:.ve sets o: 

s.:_gr:als; ?.D, llR, BEE, AO-!Ul, and DCl-Dl5. 1-lher, the 

re::;ues:s a .::ed;:~ opere:.t1o:1 f::::orn ferroelec:rtc me:r..o::y, c._t places 

the read address on the address bus and 1nc.Lca:es a read 

rec;ues: cy asse:::::::1ng RD low. The CONTROL .:.ogtc blo.::k -ax:es 

o·:er by lC'L':::a'::ing m:c::oFrocessor watt states and pe::fo:::ung 

tr.e requ:red tas:.;:s to retrieve informa'::Lor. :rom the 

approp.rtate nank of ferroelectr1c memory. Ccm-:rol tasks 

pe.r:c::::ned ir.clJde tdenttfying and select1ng the cor::ect: c:np, 

cow:erting :he para'-.lel address to a se::tal add::::ess, 

:::ransm:t:.:_ng tte address to memory ser1ally, rece1v1:1g :he 

data f.ror.. rne:nory sertal.:.y and transferr:ng the rece:.ved 

::_r.for::-,a:ton 1n:o paraL.el form, latch:ng the data, and 

releastng control the m1croprocessor. ~'l"ri :.:_ng 

ferroe:.ectric memory is very simila~. 
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i-l!'.en tl-:e m1croprocessor :...rr1tes data co :erroe.:.e•:t:.-1c 

r..emory, the :...r::1:::e address 1s p~aced on the address b'..lS, da:a 

on the da:a bc.s, a:1d a wr1te ope:!:ac1or. 1s 1ncncated 

assert1:1g WR ;_0'.·1. Aga:.n, the CONT!'I.OL t.:.ocl:. 1nte:cce:Jes tc 

1=-erfor::~ data :rans_at:cns and :;.n~ut/oc.t~uc func::ons necessary 

:o store daca 1r.to the a~~ropr1ate address. 

RESEARCH GOALS 

?c e:-:tract a port1o;) of a prev1.ous~y :::ies1gEed ss:rt,!3I 

1n:e:cface :Ref. :] and 1ncor~orate 1t 1n a s:.r-.:;.:.e ch:.p des1gr. 

·.1s1::g Cl'10S 'lLS~. Keep1ng the 1mp:..ementat1or. as ger:era.:. as 

;:oss1t.:.e is a !J:!:1r:-.ary considerat1on. F1gc.re 9 sho;~s a b:..ocK 

d1agram of the e:c:rac:ed c:.rcu:;.ty. The :-~a1:1 ?a·.:.te State 
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::::a:ner. S1g:-.al FERRO 1s a ::r:1p select ge::erated by e:~terr:al 

Fl.qure 10 l-llcro:n~erface Proposed P1n D:..agram. 

genera:ed oy the NM24CF04. The Counter Finite Sta:e Mac:-::..:1e 

iCFSM:, :na:..nta:ns a count to contra.:. the number of s:-.:..:t 

operat1ons performed by the shift registers conta1ned ::_n the 

:..ow and HIGH BY':'E MUX/SHIFTERs. The I/O 3US CONTROL ger.erates 

c.:..ock and contra.: for both ::_nterna: and ex:terr.al bus contra~. 

:.ow and HIGH BYTE MUX/SHIFTERs provide senal and paraLel I/O 
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tc the acdress, parallel, and ser1al data bc:.sses. :'1qur0 :c: 
sho,.·s the p::oposed ch1p pin d1agram. gna.::.s r.ot yet d1::ocussed 

Address 'AC-A11): Address bus lines from I<;LS3-:' acta.::. 

latc:hes 1n F:gure 8. Ai.O and A:l s"lect the des:red ch:p 

w.:_tl-.u: a bank. A9 selects the des1red page · .. nt."1:n a cl-.1p. A1-

. .;s selects the .spec1f1c byte ;.-nthln the page. 

Cloci< :r:;::::KHz c:ock to c::.oc<; tl-.e 

"Y.icro:.:1te::face" c:-:ip c:rcu:try and genera.te SCLL ana. SCLH to 

clock L"1e ferroelect;r1c memory cr.:ps. 

Senal :Jata Bus H1gh/Low Out (SDAH_OUTISDAL_OUT); :'hese 

!=llns are used 1f an external SDA b;..:s driver 1s used. Tl-.ey c:a:1 

be c:.sed to er.able data onto a ser1al c.ata bus w1th a 74:...524: 

L.ne Dr1·ver, as shown 1n Figure 57. 

H1gh/:...ow Jata Bus Out (HI/LO_DATA_OUT): Tl:ese p1:1.s are 

useC 1f an external data bus driver is used. Tl-'.ey can be used 

to e:1able data onto a parallel data bus Wlth a t.r:-state Lir.e 

:Jriver. 

Serial Cloc:<; H1gh/Low (SCLHISCLH): The clock output t.:-:.at 

connects to tl-'.e SCL p1n of the respect1ve NM2~CF04 rr.emory 

Chlp. 

Ready (RDY): The output p1n that connects to the RJY pin 

of the 8284 Clock Generator shown in F1gure 3, to ge:1erat.e 

READY. 
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:r. :sn;u-f_n:/s.J,1L_IN,: ·Jsej to 

e:r.at::.e a tr:.-s::ate :...1ne D!"1ve::: 1!: t:r:e c:rcv 

w1t:l": e :+::e!"nal dr1vers as sr:own in Figc.re 57. 

Data L1r.8s ,n::;-D15}: These p.;.ns conr.ect: '::o ::he nata bus 

!:ro!". tl":e ~ra:1SC8lve:::s s~.o·.,·::. .:.n t:.gure 8. 

0 . REQUIRED 8ARDWARE AND SOFTWARE TOOLS 

:he des:g:-. a::d layo:..~t o: t:he Ml<::ron~ter:ace c~n.1p was aone 

o:-: t:-.e tlava~ Postqraduate sc::ool's Sur: SP.c.J'.Cst:at::o:r.s c.s:.ng t!-.e 

·..-:..s: :;..D tool pac:;:age created oy t::e "Jruvers1ty o: Cal:.::orr;la 

Be:::keley. 

1. Sun SPARCstation 

Tr.e Sur: ~!.:.crosyst:ems SPARCs:::at1or. !I ~s a desktop 

'..JO!"ks::at.:.or. ::hat offers h1gh-speed color grapn1.cs. Operat:.:-tg 

at 40-~Hiz, t~.e system is equ1pped w1t;: 32 t--18 of RAE, 424 ~:3 o: 

1.r.ter:-.al f1xed d1sk storage, a::d mounts se·Jeral lr.~rge f1:.e 

systems from a remc:::e server. 

2. Maqic 

Mac;1c lS an 1nteractive ed1tor for c:::eat1on of ·,:ery 

Large .Sca.i.e Ir.tegra::ion (VLSI) c1rcuit .:.ayouts. T!'.1s program 

runs on many UNIX based systems, for exarr.ple, tl".e Sun 

S?A.G.Cstation with an 1nteg:::ated color d1.splay. Us1ng Mag1c, 

the des1gner can create basic cell layouts and comb::..ne them 

lr.to larger structures, or even complete 1ntegrated cirClll':: 

layouts. ':':'lis program :'l.as a built in design rule chec~:er chat 

constantly checks layouts dur1ng creation to e:'.sure L'la':: 

15 



layc-'::: n:.:_es a:::e obeJ'ecl for :::he particular tecr.r.clogy be:..r.; 

c.:sed. To a:.:.o,.· a means of interfac:..ng Wl'th otter pragrams, 

11ag1c al:.cws the user to extract the created c1rcu:..ts :or use 

:Jt:':er progr2.ms. Magic only perm1 ts Manhat:::ar, des:Lg::.s, Ht-'.1ch 

are des:..g;-,s ~on::h ho::izont.al or ve::t:..cal edges, no diagonal or 

curved structures are a~lowed. The further att::::..b·~tes of !v~ag.:_c 

are r:urr.erous, and reference to the :.:ser's :na:1t:al 1S 

::ecor.!!'.e:1ded for addi<:io:~al descrlptlor.s o: :..ts ab.:.L.t:..es 

[?e:. 

3. li'eq 

The PLA :Squation Generator corrp1les f:..n1te sta:e 

mach1nes :o ;er.erate a worlung PLA. It :akes a h1gl"'. :.e·-rel 

descr1pt:..or. c:: a f:..:1ite state mach1ne and trar>.s:.ates :..t lnto 

::he :.og:.c equat:.ons requ1red to implernen-c a spec1fic des:1.;:1. 

Peg generates ::.cgic equatlons that follow the Moore mcae:. o: 

a f:..n:Lte state machine. This impl1es that ::he outpc:ts 

generated by the f1n1te state m2chine depend cn:.y on the 

current state of the mad:ine. Inpu::s can be prov1ded to cause 

transit1ons ::o speci!:1c states. The Peg corn...'nand used •,.;as: 

peg infile > outfile 

Th1s a:..i_owed fer -che in:Ei2.es, which 1n th1s case were mfsm.peg 

and cfsm.peg, '::o be processed into the equat~ons requ1red t:o 

design tl"'.e !"lear': of the ext.racted circul"C. Included 1n 
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a::d 

4. SPICEJCl 

Pe::. 

5. Esim 

Es1m ::.s an eve;.::-drlver. 5'-litch-:.cve:. 51~.\.i:.atc::: :"c::: 

~f:.lOS ar.d o~os c1rc..-:1 t3. It can be entered af:er t:1.e c:..:::c.11 t 

:;as been ex:ra::ted from Mag1c. Es1m is used t:c watch va:::1ous 

;.odes, :o set or reset ;.odes, and ::o simu:.a::e t."le lo:pcal 

ope:::at1on of tr.e circu1t. The '-latched nodes ca:; tf'.en be 

1r.spected a:1d ::he c1rcuit eva.:..uated. ':'here are r.umero:J.s 

cor..ma:-:.ds ar.d options that may be employed 1n tr.e s1:-u:.a:1on 

a:::d the reader is d1rected to the re:erence ma:enal for 

further clariflcat1on [Ref. 6]. 
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E. THESIS STRUCTURE 

::::-.apte!" ~ l~t!"ojuces -che :wed for fe!"roelectL.CS, -::he 

~!i-::24Cf0t., tr·.e 8:J86 m1croorocessor, and detd1:s cf pre'JlOGs 

research. Syster.. -::1r..1ng consldecatlons are 

I: cor.:au;s a descr:..p--::1on ot c1rcuit e~:tract1o~ cons:..derat~ons 

r:-:at were necessary to :::ie>:elop the des1gn of '::--.e ::.nterface 

and t:1e 8fJ86 r..icrop:ocessor. ·,r:...si ~ayout 

co:~s::.dera'::_ons are descr1hed. Chap--::er II: descrlbes t:as:_c 

Cles::.gr. :nethcd ·~sed to tor each maJor secc:1cr. of the c~np. An 

est:r:"a:::..on of stat~c and Uyna:n1c po~1e! d:ss:pa':::.or. ~s made. 

Chap::er IV dlSC:J.SSlon of ::est1ng ob:ect:_ves, proced<lre, ar.d 

res•Jl ::s. Cr.ap"'::et· ·,r swn_;uarlzes ':he study a::ld 1ncluc.es :urtr.er 

recor.~'Tle:1da t 10ns. 
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II. DESIGN CONSIDERATIONS 

::-Je ger:era:.. 1r:te:c!.ace de, _ce ces1gL oegar~ w_:::, c2.re::.tl 

C:J:l.s~de:::-at1cr. o: tl:e 5/s-::e::-. bus st::ucture 

Tre tl:nc-::J.cr:a:.. :::lcc:{s in f_gL::-e ? des::::_i:Je:l the 

_:~plere:Ltat~ J:L of the s.:.r:g:..e c1:l":J nes1gr .. Tt:ese blccks •..,·e:::-e 

J.:lco::porate as as possLc_e :rc:n t'-!e 

pre'ilC.lS SS::/i1Sl ir.terfa:::e 1::-.p·.e::-.entatlO:J :ke:. J, 0.:-Jd Stl_l 

versat.:.l.:.t~' f-J:: .:':uture adaptat1or. :Jt!-.er 

:n.:.crcpro'::esscr a~pllcatlor:s. ':':-,e Ma:p::: lay:J:1':: edltJr req·.~_::es 

:ha:: a :.:.1e::1a:ne oe t.:sed .:':or cell :re:~t1or.. ::t.e r.ame 

"Mi':::::-o.:.r.::er:'ace" .:.s selec::e:::: to des:::r:.oe tJ-.:.s c."1lp. 1<\::::-::her 

e:::-ences tc ::r.e er.t1:::-e c."J.l::: are rn.de t.:Sl:l] :: 

A. MAIN FINITE STATE MACHINE (MFSH) 

Tl".e H?S~ ge:1er'ltes :s d1ffe:::-e:1::: s::ates tr.a-: 'lre necoded -::o 

p:::-ovide co:J::rcl s1gr.als to t:-Je rr.t.:l:::J.plexe::s a::1d st'.1:t 

reg.:.s:ers 1r: the ~8/l" and HIGH BY-:'E MIJX/SHIFTER 2locks. OL"::pu::s 

~:lc:..·.1:1e s-::c.::es a - o, sLi:t register h::lC':J.cr. :::o:1-::rols 

sl, :J:.Jltiplexer byte se:..e<~tcrs muxa ct:lG muxt, ar:d c:our.::er 

cor.t:::-8: signals ccunter~clr 2nd counter~en. T:-,e des:gn ;.;as 

extracted directly from the SSI/MSI desig::1 [Ref. 1], and a 

deta:led description of the operat:.on may be fo·.lr.d i::1 tnat 

refere:tce. 
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B. COUNTER FINITE STATE MACHINE (CFSM) 

:r.e :FS::-1 ~o::1':0!'s t~e o-1tput states 

:rc:n t:-te ~-~FSH, ar:d counts :rom ::ere ':o 

e:-:abled. l~h:le t!l.e ,::FSH 1s cour.t1ng, t~e ~?SM .:.s do:c::~ar.':: ar:a 

13 react· 'iatea the CFSM ot..tpat :3lgcal '..S asserted. 

C. BIGB/LOH" BYTE MUX/SBIFTER 

The HIGH BY':'E a:ce .:.dent1cal 

fu:--,c'::lOna.:. blocks. E:a.ch block cons1s':s of a :1-t.o-~ byte 

1rr.port.an': :·-1r.ct1o:l 

per:orrr.ed by t:h.:.s bloc% 1S the paralle:. to ser::.al co:Jve:cs'..o:~ 

of 1:-.fcr:".atlOL and v1ce ·:ersa. The h1gh a.nd b'..'::s c: the 

sh.:.:'t re,pster connect to t:r.e OLltput and .:.nput of the 

ap:nopr.:.ate Ser:.al Data Bus {SDA). The :..\..'1¥ BY'::'E: :~"JX/SE:FTER 

connect :o the Ser1a.:. Data Bus :.ow (SCAL), a:-:td the :-::GP. BY:::: 

:1UX/SHIF;EEl cor.:1ects to the Serial Data Bt.:s R::.gh {SDA:-!1. 

Four poss:..t:le bytes may be se.:.ected by tb.e rnc:.2.tlplexer. 

F.:.gc.re 1.:. shows the byte formats. For Slmp.:.::.c.:.ty, only '::he 

lo·e.•-t:yte format is shown. The hlgh-byt:e format only d1ffers .:.n 

byte 2 a:Jd would be D8-Dl5 ·nee D0-D7. Byte 0 se.:.ects a 

part1cular chlp 1n a bank. Byte l addresses o:Je of 512 memory 

.:.ocat:lons on a specific c!lip. Byte 2 is t!le aata to be wrltte:-, 

lf the operation 1S a wr1te. Byte 3 i.s only used dur1ng tb.e 

read opera1:ion and is called a "dwruny read". Bit F./W of 3yte 

0 .::.nd1cates the desired operat1on to tt:e :<"M24C?04, W."1en set to 

one, a read operation is selected, when set to zero, a wr1te 
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Byte 0 I RJW A9 ,A10 A11 o 1 , o 1 I 

Byte1 IA1 ,A2 A3 A4 A5 ,A6 A7,A81 

Byte 2 I DO ,01 02 03 , 04 , 05, 06 , D71 
P;,goAddross ChipAddress \ ___........_ 

Byte3 IRJW AQ A10 A11 0 o 1 1 

Figure 11 B','te F:.nr.c::s. 

operc.r:_or. 1s se:ected. The P./W posit:on 1s hd.::d ~-.·ired to a one 

1:1 Bj'te 3. As d1scussed in Chapter I, tl:e h1gh r.1bl::le •_:lJ' 

fo.:::<ts t:'le "Dev1ce ~ype Ident1f1er". 

D. I/O BUS CONTROL 

The I/O 3us Ccn::rol Block .;.s a catch all group of cc._rcu:ts 

::!let generates tr.e remaining required s1gnals. These s1g~als 

1nclude the requ1red shift reg1ster clocks, SD.ri./DATA encbles, 

NM24CF04 Sta::::T/Stop s1gnals, and the Acknowledge enable '.lSed 

:o capture ACK. 
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E. INTERFACE DEVICE OVERALL CHIP LA.'!OUT 

r~ure ~2 1s a ::cor plar. o: t!-.e "1-llcro:..:>:..er face" 

tr.e ov~~-2:1 la}'Out of Lhe rnaJG!:' cells. ?ot Sl.'TipllC:..ty, 

tb.e req . .llreJ eel: rr.,err:Gr:nects, a:-d cnrp pads are orr.r-::ted. 

-:::1e space re:=jurred for ce:l rr:tercon:-tecls 1s a r"2.JOr 

co:-:s:..::-.era-::r::>:-1 •.-I::en plannrnq a chrp layGL-t. rh1s r:;at--::rcc:.:ar 

l2ss v;asted c:np :'!:c 

res:.~l-::ar;t cr.:..p 1s ;,early square ;rreasur1ng four ::~:..ll:..meters cr. 

a srje_ DetarleJ Mag1c cell la:t·cuts are ;-rov:..deC r:-1 ;._ppe:-t::-.r:-· 

B. 
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Figure 12 M:cro:..nterface Floor Plan. 
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III. IMPLEMENTATION 

bdSlC deSLJn of each of the esed ::.n the 

"E;.cro::.:Lte::::ace" :.nterface dev1ce are showr .. :':-:1s w11: p:::y;::_c.e 

1r.s1ght 1nto t~c des1qn character1stH:s of eacr. ·"):::'the ·~ells. 

:'he D2Slc ·cell layouts are 1ncluded 1n Append1:-: ::0 so that the 

reader how the cell descr1pt1ons -:;:.ven appear 1n a 

t,;aglC layout. 

A. CELL CONVERSION 

The eel: p:.ots n: the apoendD: were createli t:--,e 

:.fag1c funct1on c1f, wh1ch creates a f1le cel~.c1f ?ef. 

:'he .r::: f::.le :s then converted by the ro-.1t::.r.e I::~ 

ordey- to 1r1cluc.e these f1:es lfl the thes1s, furthe::: cor:veYSlO:'. 

to a .pc:{ ::'::.le was needed. The fo:.low:ng cor.vers1or. 

ava1lab.:.e on al::.oth at the computer center as fo:..lows: 

pstoppm f1::.er.ame.ps 1 imconv -ppm -pc~: f.:_ler.ame.pcx 

Note: -:'h1s ::.sa general conversior. ut1:.ity. To convert tc 

some other standard format, replace pcx with the exter.s:on 

of the type of graphics you want to co:--.vert to, 1.c. tlff, 

g1f, eps, etc. 

B. MAIN/COUNTER FINITE STATE MACHINES (KFSM/CFSM) 

The MFSM and CFSH were developed from the or::.g1na:. Pe:; 

programs -.:sed ::.r. -::.he SSI/MSI des1gr: [Ref. 1]. The progr:ams may 

be seer. in A.ppe::1d1x .r... Peg generates equat1ons ::.n a mir.term 
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f3s:::cr:. '.':qc:s.::..:.c:1s are e:~):ressed s.s sum c: p:c 

::'.an3:;ea~::.e fo~mJ.t: 

Stateo~ (RESET·QO·Ql·Q2) + iRESET·QO·Qi·Q2) + 

(RESET·QO·Qi·Q2·Q3) + (RESET·Ql-Q2·QJ: + 
( RESET·cn tr7·wr-Q0·Ql·Q2·Q}~ 

.Stet=: :::.: A~plj· CeMo!"gar.' s t:~eorem 

StateO IRESET·QO·Ql·Q2) ·(RESET·QO·Ql·Q2) · 

i RESET·QO·Ql·Q2·Q3) ·I RESET·Ql·Q2·QJ i · 
i RESET·cn tr7·wr-QO·Ql·Q2·QJ: 

~:::E: e.::;..:at1on 1s now i:1 t:::e NAND-NAND form a:1d can be d1rec:t::.y 
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S::ep 3: Log1cal schema::c 

:':1e lcg::.ca.~. sch.,~a::1c for s::ateO 

Figure 13 StateD Log1cal Schematic. 

The .:.og:..cal schemat1c can now be used as a gu1de for 

cor.str:uct1ng the Magic layout. 
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C. BIGB/LOW BYTE MUX/SBIFTER 

:'he :IIG:-1/:i:..OW BYTE ;.!T.JX/SHIFTERs consist of t·.-Jo ce __ s eac:-.. 

_; 4-to-1 by:e multiplexer IMUX1 ar:d ar: 8-b.:_t sh~ft register. 

!he 4-to< byte M:J)( cons1s:s of a bac>.k of e1ght 4-to-1 int 

rnu_t.Lp.:_e::ers. Bytes are se.:_ected by muxa 2.nd ;:nuxb as d.:_sc:..~ssed 

1r1 Chap:.er 2. ':te s!'!ift reg~ster 1s a cidirect:.or.a_, para.:_.:_e.:_-

1n, ser:.al-out, ser1a.:_-1n, parallel-out, gene:tal purpose s!11ft 

reg.:_ster. Bath tt:e MUX and shift: reg1ster car. oe found ln a.:__ 

oas1c dig~:al design books. 

D. I/O BUS CONTROL 

The I/0 ar.;s CONTROL was extracted :ror.. the EFLD p:::ograrns 

used 1n the SSI/XSI implementation [Ref. 1]. The des.:_gr. cnetr.od 

paralleled :ha:. used in the MFSM des1gn. Ex:racted equat1o:'!s 

accompany :he respec:ive cell layouts found in Appendu: 3. 

E. POWER ESTIMATES 

Electrom1grc:t~on is the transport of metal 1ons t:-~rough a 

conductor tha: :resul:s from excessive current densi:y in t:1e 

conductor. In order to determine the m1nimlL'Il s~ze of pO\-o'er and 

ground conduc:ors, an es:::imate of current dens1ty muse be 

made. If the maximum current density, fo::: a spec.:.fic 

conductor, 1s exceeded, the conductor may wea:-:en ar.d 

eventually blow like a fuse [Ref. 8]. 

SPICE3Cl was used for de and ac analyses to de:er!lllne 

power consumption of each circuit. 
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1. static Power Dissipation 

:'he stat.:.c power coDsum~t 0:1 1s def.:.ned 2.s wCJrst-case 

leakage curre:1:: rnu.:.t1Pl1ed by Vdd 1n any specif1c dev1ce. The 

results for each of the elemer:tary eel s used 1:1 the 

M1cr0::::::er face dev1ce arc showr. 1:1 Table 

Table I STATI: ;om1ER D:SSIPATIO~. 

II CELC CEL:.. PO\'/EP. No. c' C:;"Li S TOTAi 

II BUFF 5.5C ow 25 138 cJ.\.; 

'I I!Nl 1<6 nW 122 17.8 J\'1 

II :tCJ4 5.60 JW 83 465 JW 

NA..'\C2 ~ 95 :11~ 143 0 0.8 oW 

I N/0JL'3 854 :11'/ l91 r ]-lW 

N.r..ND4 86l :11'/ 38 '" 
.. 

"" 
1\.:l.NDS 890 :'.W l4 l.: :JVi 

NAl'lD6 ::53 :.W lE 4.05 :J~1 

NAN::! 404 nW l.2l J\'1 

~L;;NCB ::o:: nw 20:2 n\·1 

:~M.NClO 1.04 ).iW 1. 04 ..:.W 

tlOR2 356 pl'l l..;:: r.w 

NOR3 369 F'-' 738 pW 

l~OF:4 0.585 p!il 1.1" ~~ 

!~C:R5 0. 585 ~w l.P pi~ 

>WF:::' 55 5 nl-1 444 nl'l 

TCTALS 16.3 "w 555 ~21 :JW 
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2. DynamJ..c Power D1ssipation 

The cynam:..c power d1ss::.pat1on is def::_r.ed as the 

c:.r:ren: d:awn by the ce:.l d:Jrlng :rans1t1on multlpl::_ea Vdd. 

The tot2:. power d1ss1pation for :he dev::_ce lS :hen calcula:ed 

by mult1ply::.:1g by the :1umber of dev::_ces t.:sed o: each :ype. :'he 

results r;-.ay be seen .:.n Table IL 

Table II DYNAM~C POWER VISSlPATION 

CE:LL CELL ?OWE:/<. No. of CE:LLS TOTAL 

3'J?? 9.25 :::~W 25 ::'31 :r,W 

I~l"Vl 2.57 mW 122 314 mW 

INV4 3.81 rr.W e3 316 mW 

NANJ2 45 r:!W 143 350 mW 

NANJ3 2.45 r:!W 91 224 :r.W 

NANJ4 2.48 mW 38 94.2 mW 

N..t_Jo.l[S 2.54 mW " 35.6 mw 

NA.l\!"DE 52 mW :6 40.3 :r,W 

N.r....'JD7 35 mw QS ;r.W 

NA.'\DB 2.40 mW 40 mW 

)J;.J:D10 :?.40 rr.W 2.40 mW 

N0?..2 1.10 mw 4.40 ~.w 

NOR3 1.18 mW 2,36 ::tW 

NOR4 :..18 mW 36 :c~W 

NORS 735 eW 1. 47 :nw 
XOR2 994 eW 9o :nW 

TOTALS 40.rr.W 555 1. 64 w 
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F. MICROINTERFACE PHYSICAL IMPLEMENTATION 

:::o:1f.:.q-.:ra:::1Jn umum mod~. ?1ts:::, 

nus:: be 

the ferroe.:.ect:r:Lc memory is u:stalled. 
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IV. TESTING 

testej w::.tf. t:;e s1rr.u:a:::or 

o: c:!"'.e :·nerarcf'.y '.-Jas, 

ch:..p be :e1L.y verlf::.ed testlng ::he M?St--:, C?~}l, 

8yte :--ll:.:-:/S~ifter, larger cells of the B:..1s Cor.:::rol, ar:d a 

pad-c:o-pad oE tt.e ent1re chip. 0>3l:n ou:::;:n ... ts o: each c:' 

t~ese ::~.ay 8e see:-: lr"' _;:._ppendlx C. 

MAIN FINITE STATE MACHINE 

Tf.e 1--E'S~ ::.r.p1....ts 1nc:..ude a clork {CLK), fllp-flop preset 

:PR;•, fllp-Elcp clear (CLR), read h1gh/wr1t:e low (wr) 1 count 

to sever. (cntr7) 1 SDA acknowledge (ack) I and c."1::.p select 

'ferrc). The cu::puts are states (a.-o) and r:.u:.t::.plexer ::.npw:s 

'm:Jxa, muxb, sO, and sl). The circuit ..,as stepped :hrougt'. all 

sta:es and all outputs verified correc:::. After ver::.:t·lng 

proper operation of PR and CLR, they were ::1ed to Vdd as they 

..,ere used only for tes::ing. 

B. COUNTER FINI'l'E STATE MACHINE 

The CFSM ::.nput.s are counter_clr and counter_en. :r.e si.gnal 

counter_clr occurs in states b, d, f, k, and m to clear tl'.e 

counter. The signal counter_en occurs in states c, e, q, 1, 
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a;.d .J er.able tr.e co:.~r:.te::. :'he st.a·_e out;::.1:.s c:' CF~·~ 

a·.·Z~.:...:.atle :'or -.1se l>lth the bus t1mir.g Cl!:Cult::·/- =:J 
part1cular, sta:.e 1 .:_s used to clear the ac.': ::aptc.re Cl::c.11: 

C. HIGH/LOW BYTE MUX/SBIFTER 

::OJ::rol s_;_gna.~s to ;::crform the load1r.g a:~d s:nft1ng 

operat:or.s of the fo.1r b';,'tes dlSC..lSSed 1r. C:ha;::::er =r. Correc::. 

or;eret:on '..J:tr. 2 rep:::-eser.t2<::i·:e bus cycle :.s s.!owr: 1r. Ar;penrJ.:..: 

D. I /0 BUS CONTROL 

Tt:e I/0 Bus Control section covers all re::ta_r~:..ng s:gEals 

used to ma:1:.pulate ':he Ser1al Clocks, Start/Stop cond:..t::1on, 

capt"'::e, RDY, and the enable .:.1nes for the ex:':er::al _lne 

dr1·:e::s. Complete computer Slrr.ulation usu:g Esim rna:! be see; . 

. :l.ppend::.:' C. 

E. PAD-TO-PAD VERIFICATION 

The pad-to-pad ver1f:.cat:..on is the result ::;,f severa: 

iterations of teS':::ing of each maJor subcell. Du:::ing tl'.iS pr.ase 

of testing, ::Jany problems were discovered. So:;ue problems were 

eas.i.ly rect1f:.ed. However, the acknowledge enab~e (AC:<_EN) 

would fu:;.Ction using bidirectional SDAL pu. 

co:-~:":..gu::atiOn. Redesign of the ACK_EN capture c5.rcu:.: '..Jas 
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:::-ec;.~:red. Proper ope:::at1on was fi.nally acn:._eved. ft .. L::':::J.e::: 

s.:_gn1f:.cant problem encountered was the nu!:lber:..ng order :::f t.<e 

address/da:a bus :.n'Co t!'.e shift reg:ster. :'he N112~CF04 

:ranufacturer's documentatl..on :Ref. 4j :.s nat c:_ear as to w~ .. :.ch 

b.:.:: should be sr . .:.:ted :.n:o the dev.cce f:rst .. ihe :.:.nal ces1gr. 

used ::he b.:.:: order determ:.ned :.n the prev:.o:..~s [.!S:/ss: stL..dy. 

::-.e :t.ost s.:.gr.1::":..cant b:.t of the respect.:.ve address or 

byte .:.s s!'.:.fted .:.r.ta t!le :-.1.j24CF04 Lrst. 

P.e:err!.ng :o Append:.:~ C, Sect.:.on M, a typical read cycle 

ca:--. oe seen. Ferroelectr~c memory address FF ... 1s addressed :..n 

botr. tl".e .:.ow ar.d h:.gh banks. lhe MFSM states are r:~on:.tored for 

:::.:.ar:.::y cf operat~on. Control bytes 0 and 3 ca:1 be see:-, ::he 

SDA.:.../H b·.1s d'..lr.:.ng s::ates c and l. 'il'.e address FF., .:.s on the 

bc;s dc.rn.g state e. The NM24CF04 responses w1tl": :::1e cata bytes 

o:OlOJ.OJ., for D0-D7 and 10l010l02 for DB-Dl5 curing s::a::e o. 

lhe typ1cal wr1::e cycle 1s verified in a si:(lllar manner. 

The pad-to-pad verif1cat.ion required care::"ul cons1derat10:1 

of the cperat1on o::" the b1direct1onal p1ns. It s~ .. ould be noted 

::na:: :::~e SDAL/H bus pins were only driven w.'len t~e ~<M24CF:J<: 

would be expected to respond. Ot!"'.erwise, a 'don't care' 

COTIC.ltlOTI applied allow mon1toring o: :r.e 

M1cro1n terface output. 
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V. CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

Tr:e "'Lcco~rtecfac:e" ~:1~er:"3.ce ClCCUl": has oeer: :::es1:;rea 

··cr ~:nplerre:1::2~1or: on a s::.r.gle c1".1p. Al>:ho~.;gh ">~i::rc::.n::ec:'acc" 

;as :::cs~:;:1cd tJr a staraac::: precess, t::-te s::.r.q.:.e d:1p 

a nc1~ C0"1t::-::.tL.t::.or ~o m::.c:::-oprccesso::- :ncrno::-:i sys':::e:" 

~>-'cu.:.a .:::c:;ru:re cr.ly ~6 ch1ps. 

~h::.s ::-esearch ~rOJCC":. prov::.aes tl"'.e :1cccssary fol.:.ow-or. 

:or 'f_SI l:l~~e:1er:t:at10r. of the ce<:Ou:rc::: o::.g1::a.:. 

<::1rc: . .~:try ::c ut1l::.z(' fc::::roe.:.ect.::-lc memory 3.S a :co.::-tlC:1 c: ::1a1:1 

m::.ccopcocesscr me:ncry. The :..~se o: :ercoelectr:c tec::-mo~o]y 

wcG.:.ct :crov.:.:::e a rad::.at1o:1 harde:1ed a:1d r:or:vclat1.:.e, yet 

mcct::.:1ab~e, acea of memory 'Nt.ere m::.ss1or: pe.rametecs or :-~e•.-1 

p.:::oqr3.r..s coJ::.ct te sto:::-ed. Tl"'.is VLSI :m~lemer.tat1or. ""'OL.ld more 

eas:ly aLo•,.; tr.e :nco.::-por3tlon o: t!;e NM24C:'04 mer..ory dev:ce 

1n a mlcrcp:::-ocessor based system. The ·Jse of :er:::-oe::.ectr:c 

memo:::-y in any system would ccmb:ne tl":e strengths o: current 

tect.nolo]ies: t~e flex1b1l1ty of RAM and tl"'.e :1onvola::::.l1::y o: 

?..OM. 
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':':1e fe!:"roelect::1c memory dev:ce _s _:-~t:eren:ly s:..o:.-.: d..;e tc 

::-,e ser::.al-access c:es1g:1. Ccn'.>ers::.cr. of t:1e add::essida:::c:. :'Yor.. 

paral:..el to seYial :cr:--c:.: !:"eq:HYes t:-.e :-tiCYOpYocessc:: :::o wcut 

2.1"'. 1r.ord1r:ate a:uo·Jnt o: :1c.e foy ::te::lc::y access. As :t:e 

:er.cce:..ec:::::1::: '::ec:w.olcgy E"'rclves, 1.,;f'.a::: ::.s Yeall·y :1eed'O'O is a 

:erroe~ec>-::1::: ::Y:::egrated ci::c:.L:- tf'.c:.::: _s c:.ccessed cy 

corpat::.:::le "-':::h cu:'::er.t- F_:;_\1 access::;g tec:1r:1q.Jes. Tt:e 

ava1 · ab:l1:y cf a ;::a::a:..lel accessed :'er:'oelec::::::.c :-te:nc::y ·,.,•o:.~ld 

y :mp::o?e ::ead ar.d •,..;r1::e c;c:..e '::r..es. 

B. RECOMMENDATIONS 

:"'ab::1cate ch1p ar.d tes:: u: a c rc·J::.t s:m::.la:: :c the 

c::::.g::.:1a.:_ SSI/V.S::: Clrc:.Lt. 

2) :Jes1qn and 1mp~emer.t c::.::c:.~::.try ::eqc1red fo::- cse ;..•i:::-. 

::1e Y.otorola E8000 m:c::-oprocessor. 

36 



APPENDIX A: PEG PROGRAMS 

A. MAIN FINITE STATE MACHINE INPUT 

~::?·~·Ts: 

;:_·::-?r.·-=-s: 

statet:: 

statec: 

stated: 

statee: 

statef: 

s+:ateg: 

stateh: 

state::.· 

state]: 

statek: 

"-ESET :er-r-.) 
s: s: ::!'J.::a 

.=\SS£?.1 a; 
!~ t;cr fe:>:".::-o r;,rrt' stateb s:sr .:..cor>; 

.::..5SE?.T b s~ s:::; 
GOTO statec; 

.-=-.SSE?T c s~; 

:F cr,tr7 T:iEN seated ELSE LOG?; 

.;ssER':" c. muxa sO s l; 
I~ ack THEN statee ELSE LOOP; 

ASSER: e sO; 
CASE (cnt!"' ,.;r-) 
~ 0 ""> state f; 
1 1 => statej; 
ENDc.r;sE => statee; 

ASSERT f sO sl muzb; 
E ack THEN stateg ELSE LOOP; 

ASSERT g 
lF cntr~ 

ASSERT h; 
GOTO sta'::e~; 

ASSERT i; 
:;oro start; 

stateh ELSE LOOP; 

ASSERT J sO sl muxa muxb; 
IF ack THEN statek ELSE LOOP; 

.r;SSERT k sO sl muxa muxb; 
GOTO statel; 
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statel: 

staterr.: 

st:>ten: 

P.SS:?:RT o; 
';070 star::.; 

MAIN FINITE STATE MACHINE OUTPUT 

:nux a 
ffil:.XD 

"' Vt.:.tSt3*: 
{!P.E:SET&!cntr7& InStO*& InStl*&!InSt2*& :nStJ*) I 
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mc:xb= 

{ InStJ*&!InStl•& InSt2*&!:~St3*J I 
\ I~St0*&!InStl*&!InSt2*& I:>S'd*ll 
!Ir.StO*&!InStl~& ::1St~*& ::>St3*J; 

{ InStOw&!InSt:*& InSt2*&!:nSt:3') I 
( InSt0 .. &!InSt:*&!::1St2*& InSt3*11 
(!InS tO*& 1:->Sl::*&! ::>St:2*& InSt3*: 
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!-.= 

k-

1• 

I! Ir.StO* & ~ Inst:. ~&: InSt2* & ! InS:-3*); 

'InS tO* & ! InS':l * & : ~r.St2* & InSt3*} 

:rnS::J*&!InStl*& Ir.St:::'*&!Inst3*~; 

'Ir.St::'*&! InStl *& :nSt:::'*& InSt3*:; 

'InSt0*& InSt: *& 1 ::1St2*&! Ir.St3*); 

1 InStO*& Ir.Stl *&: I:1S:2*& Ir.S::3* I; 

1 InStO*& InStP& InS:-2*&' InSt3* I; 

{ Ir:St0"&'Ir:Stl*&!InSt2*&!:nSt3*); 

InSt0*&!:nStl*&!InSt2*& I<~St3*\; 

InS:O*&!:::SdT& Ir,St2*&!InS::3*); 

InS:J*&! ~:1S:l*& Ir.St2*& InSt3*); 

InStC*& InS:l'"&!InSt2*&!InSt3*); 

InS tO*& InSt:.*&! I:1St2*& InSt3*); 

InStO*& InSt:*& InS:2*&!1nSt3*1; 

C. COUNTER FINITE STATE MACHINE INPUT 

:NPUTS: 
OUTPUTS: 

start 

RESET; 
cntr7; 

ASSERT cntr7; 
GOTO start; 
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D. COUNTER FINITE STATE MACHINE OUTPUT 

:!;ORD2:F"' 
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Fiqure 30 Buff Cell Layout. 
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See ,;ppe::.c.:;; ;... f:Jr ::np_e:ne:::..a:::o:: eq:..:a:::vn for :::_r 
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.:Oee Append1z A. for lrr.p3.emen::a:::o:J eq·.B::1on :or c:rc::..:.1:: 

S:a:e3. 

Figure 39 Sta'Ce3 Cell Layout (MFSMl. 
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APPENDIX C: SIMULATION DATA 

A. MAIN FINITE STATE MACHINE SIMUlATION 

ESIM (V3.!i 03/27/91) 
initializationtook!i9!ittept 
initielizationtookOttepa 
>01010101D10101D1D1D10101D1D1D101010101010101D101D10:CLK 
>111111111111111111111111111111111111111111111111111:PR 
>111111111111111111111111111111111111111111111111111:CLR 
>1111111111111111111111111111111DODOODODDDDDDODODOOO:wr 
>11111111DDDD111111111111111111111111110000111111111:cntr7 
>111111111111111111111000011111111111111111111100001:ack 
>000011111111111111111111111111111111111111111111111:\farro 
>11111DDODDDDDDODODODOODOOODODDD1tOOOODOOOOOOOODODOD:a 
>00000110000000000000000000000000011DOOOOOOODOOOOIIOD:b 
>OOODDDD111111DDOOODODDOOODOODODODDD11DDDOOODOODODOD:c 
>000000000000011DOODOOOODODOOOOOODOOOD11DDDODODOOODD:d 
>DDOOOOOOOOODOOD11DDOOOOOOOOOOOOOOOD00001111DODOOOOO:e 
>ODOOOOOOOOOOOOOODOOOOOOOOOOOOOOOODOOOOOOOD011DODODO:f 
>DODOOOODOODODOOODOOOOOOOOOOOOOOOOOOOD0000000011DOOO:g 
>DOOOOOODOOOOOOOOOOOOOOOOOOODOOOOOOOODODODOD0000110D:h 
>DOOODOOODOOODODDOOODOOOOOOOOOOOOOOOOODOOOOOOOOD0011:i 
>DODDDODODOOOOOODD11DODOODDDOOODOODOOOOOODOOODOOOODO:j 
>DDOODDD000000000000110DOOOOOOOOOOOOOOOOOOOOOOODOOOO:k 
>DOODOOOOODOODDOOD00001100000DODODODOOOOOOOODOOOOOOD:I 
>DDOOOODOOOOOOOOOOOOOODD1111DOOOOOOOOOOOOOOOOOOOOOOO:m 
>DOOOOOODOOOODOD000000000000110000000000DODODOOOODOO:n 
>DOOODDOOOODODODOOODOOOOOODOOOttDDOOOODODDOOOODOODOD:o 
>000000000000011D011110DOOODOOODOODDDD11DDODDDOODDOD:mule 
>DDOOOODODDDODODDD11110000DOODOOODOODOOOOODD11DOOOOO:muxb 
>00000111111111111111111111111DDDD11111111111111DOOO:t0 
>DDODD110DODDD11001111DOOODODD0000110011000011DDOODD:I1 
982tranlidort, !iD!i nodu(Dpulled up) 
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B. COUNTER FINITE STATE MACHINE SIMULATION 

ESIM (¥3.5 03/27/91) 
initialization took 143 steps 
initializetiontookOittps 
>0101010101010101010101010101010101010101:CLK 
> 1111111111111111111111101111111111111111:CLR 
> 1111111111111111111001111111111111111111:PR 
>1111111111111111111111111111111111111111:!RESET 
>1DOOODOD00000001100110000000000000000110:cntr7 
198 transistors, 104 nodu (0 pulled up) 

C. ACK_EN SIMULATION 

ESIM (¥3.5 03127/91) 
initializationtook2Bstap1 
initializationtookOshlps 
>0100010DD:c 
>11111DOOO:cntr7 
>ODOOOOOOO:Clk 
>DDD010001:a 
>000100010:g 
>001000100:1 
>01111000D:DUT 
34transistors,25nodas(Opulladup} 

D. LSSEN SIMULATION 

ESIM(¥3.5 03/27191) 
initialization took 24staps 
initializationtookOstaps 
>00000000001111111111:AO 
>1100000000110000DOOO:b 
>00110000000011DODOOO:i 
>0000110000000011DOOO:h 
>00000011000000001100:k 
>00000000110000000011:o 
>01100110100110011010:CLK 
>0111101011DDOODODOOO:LD START STOP EN 
38 transiators, 27 nodn (0 puilad up)- -
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E. BSSEN SIMULATION 

ESIM (V3.5 03/27/91) 
initialization took 28 steps 
initializationtookDsteps 
>OOOODOOOOODODODODDDDDDDDOODDODODODODDDDODDDDODODOOODODODODDOOOOO:CLK 
> 1111111111111111111111111111111111111111111111111111111111111111:!BHE 
>0101010101010101010101010101010101010101D10101010101010101010101:c 
>0011001100110011001100110011001100110011001100110011001100110011:• 
>000000000000000011111111111111110DOOODOODDD000001111111111111111:g 
>OOODDDDOOOOOODODOOODOOD00000000011111111111111111111111111111111:1 
>00001111000011110000111100001111000011110D001111D000111100001111:m 
>000DDDD0111111110000DD0011111111DOD00000111111110000DOD011111111:n 
>0000111111111111DDDD111111111111DDDD111111111111DOD0111111111111:HI Sll SH 
IFT_CU( - -
36transiltors,28nodes(Opulledupl 

ESIM(V3.5 03/27/91) 
initializationtook28steps 
initializationtookOstaps 
>1111111111111111111111111111111111111111111111111111111111111111:CLK 
>DDODODOOODOOODOOODODOOODODODDODODODDDOODOOODOOODOODDDOODODDDOODO:!BHE 
>01010101010101D1010101010101010101D101D1010101010101D10101010101:c 
>OD110D110011001100110D110D11DD110011D011D0110011DD1100110011DD11:e 
>DDDDDDDDDDODDODD11111111111111110DODOODOOODOODDD1111111111111111:g 
>DDODODODDDDDOOOODODODOODODDDODOD11111111111111111111111111111111:1 
>0DOD111100D0111100001111DDOD1111DDDD1111DDDD1111DDDD1111DDDD1111:m 
>DODDDDOD1111111100D00000111111110000000011111111000DOOD011111111:n 
>DOOODDOODOOOOOODDDDDDDDDDDDDDODODDDDDDDDDDDDOODODODODODODODOODDD:HI SR SH 
IFT_CLK - -
36transiston,28nodas(Dpulledup) 
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F. HISRSBIF SIMULATION 

ESIMtV3.5 03127191] 
initializ&tiontook2Bstaps 
initi&liz&tiontookDitap• 
> 1111111111111111111111111111111111111111111111111111111111111111:CLK 
>1111111111111111111111111111111111111111111111111111111111111111:!8HE 
>010101010101010101010101010101010101010101010101D101010101010101:c 
>00110011D01100110011D011DD1100110Dt1DD11DD110011DD11001100110011:e 
>DDDDDODDOOODDODD1111111111111111DDDDDDDDDDDDDDDD1111111111111111:g 
>DDDDDDODDDDDDDDDDDDDDDDDDDDODDDDttlttttltlttltltlllttlt111111111:1 
>DODD111100001111000011110DD011110DDD1111DDDD1111DDD0111100001111:m 
>DDDDDDDD11111111DODDODOD11111111DDODODDD11111111DDDDDODD11111111:n 
>0111011101110111111111111111111111111111111111111111111111111111:HI SR SH 
1FT CLK - -
3Biransistors, 28 nodes (0 pullld up] 

ESIM tV3.!i 03/27/911 
initializationtookZBstepl 
initieliutiontookDitBpl 
>DDDDDODDDODOODDOOOODDDOODODDDODDDOODODDDDOOODDOOODDODODDDDDDDDDD:CLK 
>1111111111111111111111111111111111111111111111111111111111111111:!BHE 
>010101D10101D1010101010101010101010101010101010101010101DID10101:c 
>DD11DD11DD110011DD11001100110011DD11DD11DD11DD11001100110011DD11:e 
>DDOOODDODDDDDDDDIIIIIIIIIIIIIIIIDDDDODDDDDDDDDODf111111111111111:g 
>DDDDDDOODODOOOODDODOOOOODDDOD00011111111111111111111111111111111:1 
>DDOD111100001111DDDD1111DDDDI11100001111DDDD1111DOD01111DDD01111:m 
>DDDDDDDD11111111DDDDDOOD11111111DDDDDDDD111111110000000011111111:n 
>000011111111111100001111111111110000111111111111DD00111111111111:HI SR SH 
IFT_CLK - -
3Btren•i•ton,2Bnod&I(Dpulledup] 
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ESIM (¥3.5 03/27/91) 
initializationtoak2BIIt1p1 
initializationtook011tlp1 
>1111111111111111111111111111111111111111111111111111111111111111:CLK 
>OOOOOODOODDDOODODOOOOODDODODDDOODOOODOODDDDDOOOODOOOOODDDDOOODOO:!BHE 
>010101010101010101010101D101010101010101010101010101010101010101:c 
>0011001100110011001100110011001100110011001100110011001100110011:8 
>OOOOOOOOOOOOOD001111111111111111DOOOODDOOODDDDD01111111111111111:g 
>OOOOOOODODOOOOOODOODDDDOOOOODD0011111111111111111111111111111111:1 
>000011110000111100DD11110000111100001111000011110000111100001111:m 
>0000000011111111000000D011111111DOOOOOD0111111110DODOOOD11111111:n 
>OODOOOODOOOOODODODODOOODOODODOOODODOOOODOODODOOODOOOOOODDDOOOOOO:HI_SR_SH 
IFT_CLK 
3Btransistars,2Bnadaa(Dpulladup) 

ESIM (¥3.503/27191) 
initializationtook2811tlp1 
initializationtookDataps 
>OOOOOOOOOOOOOOODOOOOOOOOOOOOOODOOOOOOOOOODOODOOOOOOOOOOOOODOOOOO:ClK 
>DODODOOOOODOOOOOOODOOODODOOODODDOOODOOOOOODDDDOOOODODOODDODOOOOD:!BHE 
>0101010101010101010101010101010101010101010101010101010101010101:1: 
>0011001100110011001100110011001100110011001100110011001100110011:1 
>0000000000000000111111111111111100000000000000001111111111111111:g 
>0000000000000000000000000000000011111111111111111111111111111111:1 
>0000111100001111000011110000111100001111000011110000111100001111:m 
>D00000001111111100000000111111110DOOD000111111110000000011111111:n 
>DOOOOODOOOOOOOOOOIIOOOOOOOOOOOOOOOOOOOOODOOOOOOODODOOOODOOOOOOODO:HI SR SH 
IFT_CLK - -
3Btransistors.2Bnodes{Opulladup) 
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G. LOSRSBU' SIMOLATION 

ESIM (Y3.5 03127191} 
initializationtook2Bsteps 
initializationtookOitaps 
> 11111111111111111111111111111111111111111111111111111111111111111:CLK 
>DDOODDOOOOOOOOOOODOOODOODOOOOOOOODODOOOOOOODODODOODDOOODDDDOOODOO:!AD 
>D101010101010101010101010101010101010101010101010101010101010101D:c 
>0011DD11DD11001100110011001100110011DD11001100110011001100110011D:a 
>0D0011110000111100001111000011110DDD1111DODD11110000111100D011110:g 
>00000000111111110000000011111111000000001111111100000000111111110:1 
>DODDOOOOOOOOOODD11111111111111111DODOOOODOOOODODD1111111111111111:n 
>DDOODODDDDODDDDOOODOOODOOOODDD00011111111111111111111111111111111:m 
>DDOODDDDODDODOODDODDDOOOOOOOOOOOOOOODOOOOOODODOOOOOODDODDDDOODDDD:LO SA S 
HIFT CLK 
3&tn.nsiston, 28nodas(Opu11adup) 

ESIM (Y3.5 03/27191) 
inh:ialization took 28 steps 
initiali11tiontook01teps 
>11111111111111111111111111111111111111111111111111111111111111111:CLK 
> 11111111111111111111111111111111111111111111111111111111111111111:!AD 
>010101010101D10101010101D10101D101010101D101010101D1010101010101D:c 
>OD110011001100110011001100110011001100110011001100110011001100110:e 
>00D0111100001111000011110000111100001111000011110000111100001111D:g 
>00000000111111110000000011111111000000001111111100000000111111110:1 
>000000000000000011111111111111111000000DOODODDOD01111111111111111:n 
>ODDODODDDDOODOOOODDODOOOOOOOODDODI1111111111111111111111111111111:m 
>0111111111111111D111111111111111011111111111111101111111111111110:LD SA S 
HIFT CLK - -
36t;-;.nsistors.2Bnodas{Opulladupl 
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B. BISRLO.AD SIMULATION 

ESIM (¥3.5 03127/91) 
initilliutiantoak15ateps 
initi•lizatiantoakOstaps 
>01010101010101010101010101010101010101010101010101DID10101010101:!CLK 
>00110D1100110011001100110011001100110011001100110011001100110011:!BHE 
>0000111100001111000011110D001111000011110DDD1111DDD01111DDDD1111:b 
>DDOODODD11111111DOODD0001111111100000000111111110000000011111111:d 
>0000000000000000111111111111111100000000000000001111111111111111:1 
>0000000000000000000000000000000011111111111111111111111111111111:k 
>0000000100010001000100010001000100010001000100010001000100010001:HI_SR_LO 
AD_CLK 
1Btran•iators,11nodes(Dpulladup) 

I. LOSRLOAD SIMt:rLATION 

ESIM (¥3.5 03/271911 
initializltiontook15steps 
initilliz•tiontook.Ditepl 
>0101010101010101D10101010101D1010101D1010101D101D1D10101010101DI:!AD 
>00110011001100110011DD110011001100110011001100110011001100110011:!CLK 
>0000111100001111000011110000111100001111000011110000111100001111:b 
>OODODOOD111111110DDODODD11111111DDDOODD0111111110DODOOOD111111tt:d 
>DDOODODDOOOOOOD011111111111111110000DODODDODDDDD1111111111111111:1 
>DODDDODODOOODDOODDDOOODODODOODOD11111111111111111111111111111111:k 
>DDDDD0010D010001D001DOD1DOD100010DD10DD1DDD1DD0100010001DDD1DOD1:LD SR LO 
~~ --
1Btransiatars.11nodes(Dpulladup) 
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J. LOCLKDIS SIMULATION 

ESIM (Vl.5 03127191) 
initialization took 41 attpl 
inititlizttiontookOsttpl 
>111DDDDDDDDDD111DDDDDDDODD:n 
>1DDDDDDDDDDDD1DDDDDDDODDDD:cntr7 
>DDD11DDDDODDOD00110DDDDDDD:a 
>DDDDD110DDDDDDDDDD11DDDDOD:i 
>DDDODDD11DDDODDDDD0011DDOD:h 
>DDDODODOD11DODDDDDODDD11DD:j 
>DODDDDDODD011DDODDODDOD011:o 
>101D1010101D1101D101010101:CLK 
> 1111111111111DDODDDDDODDDD:!AO 
>DODODODDDODDD1111111111111:!BHE 
>DDDODDDDODDDDODD1111101011:HI CLK DISABLE 
> DD011111D1D110DDDDOODDDDOD:LO- CLK- DISABLE 
> DDDOD11 00001 ODDDDD11 00001 D:ST0P _START_ SET 
!i4transiston,l9nodts(Dpu1Jad up) 

K. HIGH/LOR BYTE MUX/SHIFTER SIMULATION 

ESIM (Y3.5 03/27/91) 
initialization took 740 1ttp1 
initializationtookOsrtp• 
>0101010101D1D1D1D1D1D101010101D10101010101D1D10101010101D10101D1:CLK 
>1111111111111111111111111111111111111111111111111111111111111111:PR 
>1111111111111111111111111111111111111111111111111111111111111111:CLR 
>DDDDDDDDDDDDDDDODDODDDDODDDDODDDDODDDDDDODDDDODDDDDDDDDODODDDDDO:SINL 
>DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDODDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD:SINR 
>DDDDDODDDDDDDDD0110DDDDODDDDDDDODODDDDDDDDDODDDD11DDDDDDDODDDDDD:muxt 
>DDDDDDDODODDODDODDDDDODDDOODDOD011DDDDODODDDDODD11DDDDODODDDOODD:muxb 
>11DODDDDDDDODDD0110DDODDDDOODOD011DDDODDODDODODD110DDDODDDDDODDD:S1 
>1111111111111111111111111111111111111111111111111111111111111111:50 
>DDDDODDODODDODDODOODODDDDDDDODODOOOODDDODDODOODDDDDDDDDODDDDDDDO:b01 
>1111111111111111111111111111111111111111111111111111111111111111:bD2 
>DDDDDODDDDDDDDDDDDODDDDDDDDDODDDDODDOOOODDDODODOODDDODDDDDDDDDDO:bD3 
> 1111111111111111111111111111111111111111111111111111111111111111:b04 
>1111111111111111111111111111111111111111111111111111111111111111:b05 
>DDDDDDDDDODODDDODDODOODDDOODODDODDODODDDOOODOODODODDDDODOOODDDOD:b06 
>1111111111111111111111111111111111111111111111111111111111111111:b07 
>1111111111111111111111111111111111111111111111111111111111111111:b08 
>1111111111111111111111111111111111111111111111111111111111111111:b11 
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>ODOODODDOOOOODODOODOOOOODODDODODODOOOODOODOOODOODDOOODDOOODOODOO:bt2 
>1111111111111111111111111111111111111111111111111111111111111111:b1J 
> t11111111111111111111111111111111111t111111111111111111111111111:b14 
>1111111111111111111111111111111111111111111111111111111111111111:b1!i 
>111111111111111111111111111111111111t111111111111111111111111111:b16 
>DDDDODDODDDDODODDDODOODODDDOODODODDDDODDDODODDODDDOODDDDDDODODDO:bt7 
>11111111111111111111111tt11111111111111111111111111t1ttt11111111:b18 
>1111111111111111111111111111111111111111111111111111111111111111:b21 
>11111111111111111111tt11111111111111t111111111111111111111111111:b22 
>111111111111111111111111111111111111111111111111111111111111tt11:b2J 
>111111111111111111111111111111111111111111t1t1111111111111111111:b24 
>DDODDDODDODDODDDODDDDDDDDODODDODDDDODDDODDDDODDDDDDDDODDDDDDODDD:b2!i 
>111111111111ttt111111111111111111111tttttt111111111111111111111t:b26 
>11111111111111111111111t1111111111111111111t11111111111111111111:b27 
>11111111111t1111111111111111111111111111111111111111111111111111:b28 
>1111111111111111111111111111111111111111111111111111111111111111:bJ1 
>1111111111111111111t1111111111111111111111111111111111111111111t:bJ2 
>1111111111t11111111111111111111111111tt1111111111111111111111111:bJJ 
>DDDODDDDDDDDDODODODDODDDDDODDDDODDDODDDDODDDDDDDDODDDODDDDDDODDD:bJ4 
>11tt111111111111111111111111111111111111111111111111111111111111:bJ5 
>111111111111tt11111111111111111111111111111111111111111111111111:bJ8 
>1111111111111111111111111111111111111111111111111111111111111111:bJ7 
>11111111111111111t111t111111111111111111111111111t11111111111111:bJB 
>00011DD1111D011111100111111110D1111111111DD1111111111110D1111111:At 
>D110D1111D011110DOD11111111DD1100111111001111110D11110Dt1111111D:A2 
>DDD1111DD11110DOD111111ttD011DDOD111tDD111111DDDD11DD11111111DDD:Al 
>D11ttDD1111DDODDDt11111DD11DDDDDD110Dtt1111DDODDDOD1111t111DODDD:A4 
>D110D1111DDDDODDD1111DD11DODDDODDDD1t1111DDDDDDDD11111111DODODDD:A!i 
>DDD111100DDODODDDt1DDI10DDOODDOD0111111DDODDOOOD0111111DODOOOODD:A6 
>01111DDOODOOD0000001100000000000011110000000000001111DOODOODOOOO:A7 
>011DDODOOOOOOOOOD110DDOOOOOOODD0011D000000000000011DOOOOOOODOOOO:AB 
944 transistors, 515 nodas (0 pullad up) 
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L. SRBUSEN S!HtlLATION 

ESIM {V3.5 03/27/91) 
initieliutiontookl03staps 
initielizetiontookOstaps 
>11111111111111111111100000000000000000D:!AO 
> 100000000000000000001111111111111111111:!BHE 
>000110D00000000000000001DOOOOOOOOOOOOOO:cntr7 
>011110000000000000000111000DOOOOOOOOOOO:c 
>000001100000000000000000110DOOOOOODOOOO:t 
>00000001100000DOOODOD00000110000DOODODO:g 
>00000000011000000DDODOODOD0011DOODODOOO:I 
>101101D101000000111110111D1010000001111:CLK 
>DDDODDDODODD100010DODOOODDOODOD10001000:b 
>DOODOOODOOODD10001DODOOOOOOODOD01DOD1DO:d 
>OOOOOOODOOOOD01000100DOOOOOODOD0010001D:f 
>000000000000000100010DODDOOODOOODD10001:k 
> 0111011111101 11100DOOOOODODOOOOOOOOOOOD:LO_SH_BUS_EN 
> 000000000000000000000111 1 1111 1 0111 tOOOD:HI_ SH _BUS_ EN 
114 transistors, 67 nodes (0 pulled up) 
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O>II1111111111111111111111111111111111111111111111111111111111111111111111111111111111.AI 
;;.111111111111111111111!11111111111111111111111111111111111111111111111111111111111111.A7 
>111111111111111111111111111111111111111111111111111111111111111111111111111111111111 . .U 
>111111111111111111111111111111111111111111111111111111111111111111111111111111111111.A9 
>111111111111111111111111111111111111111111111111111111111111111111111111111111111111Al0 
>111111111111111111111111111111111111111111111111111111111111111111111111111111111111.A11 
>00100UIOII11111111111111100111111111111111100001111111111111111DOOQIIIIOOOOOODODOQIIIIDO$DlH_tll 
>001MII0001111111111111111001111111111111111110GOI11111111111111100DOOOOUGOODGIIOIIDIIDO$DlLtll 
>1111111111GtaGGDDOIMOOOOOI11MIGOOOOta00010011110000QdOOG0000000111111111111111111111SDAH-OUT 
>111111111GOOIIIODOOOOOOIM011DtOGIMIOGIIDOOOII01111DI00000000000000111111111111111111111SDAL-OUT 
O>l1111111111111111111111111111111111111111111111111111111111111111111t1111111111111DOLDD;i.TlOUT 
;;.111111111111111111111111111111111111111111111111111111111111111111111111111111111111H(Ull~OUT 

2. WrJ.t.e Cycle Simulation 

''"''""••nantaakllt11otopo 

'"'""'""'"'"'"l:liiZotopo 
onotl>l~ouootooll440otopo 

onot1ol~o01oo tool 7M otopo 

onotiolllotlon tool: i~ "'""' ,.;, ..... , .. ,. ....... . 
'"'''"'"""oniOol(ot•• 

'""'"'"""""'""''"""" >101010101110101110101010101010101010101010101010101010101010101010-(Ul 
>1111110GIIGIIIOGOIIIIGO-GDOOOIDOOQOOOOtDIIODGDOODDOOOOIGOOQOOOQOOIDOURRD 
>DIMOIOOOOotOIDOIMOOIMGOOOOOODIIIOOIDODeOQDDIOODOOOOODOOGDOIDDODOOOOOWI 
>111111111111111111111111111111111111111111111111111111111111111111·HD 
0>1111111MOIDOOOOIDOIMIDOOtDOIMDDOIMDOOII00001MIOOOOUD00DGOODODOD011~DY 

>Ot!IOODUI01tD11001111111MOODD11111111001111011101111111100111100DIDGIDll 
>O~DINIOta01001100111111QIDOD011111111GI11110110D11111111001111001001UDA11 

>11111111011101011101010101010111011le101010101010101010101010UI1UCLL 
0>111111110101010101011101110111010111G111010101010101010la1DU10111:1Cl11 
>11111111000118110DOOOIIOIMIDGtDIOOODOIDOOODGODIOOOIOODGGDOOODOOOOIGh 
>000DOIM01101HIIODDOtoiiG-OIDIIIMDDtDIOODOOODGOOIDOOODOIOtDDIIODOOO:Io 
0>00GOOOOOD01111111111111111IItODOOIDOtDIOOOIDOOODOOODOGDIOODIOOOIGOO.. 
>IOOIIODGOOGIODOIIDIIDDOIOOII111110GIIIDIODOIOOOOODIOODIODDIDODGDDIOOO:d 
O>OOOtOOOIIOIDIODDDOODIDODOOD00111111111111111110DDIDODGDDODODODODDDb 
>OIODOIMOIIOOOOtDDIMDDOotiGOOIOIIIMIDD0800000011tDODIDODIDOOOODD0008~ 

~::~~:::::::::::a~===~~:::::!~!~::~:!!!~!::;::;: 
>DGUOIODOIIODOIIOIIOeoDOOOOBGDIICIIOIDOIIIOIIDOIOOOODDOODDGOOIIODDGOOI0011·o 

~ ::~~::::::::::::::uo::::~=:a~::::::::::::::::~ 
>IUODOIOOODOIODDOOIDOIMIOIIQIDOIMIODIIIOODGDIIDGODIDOIODDDGOOIOODIOOO:I 
>DOODODOIOOOIDODDDGDOOOIDOIIIOIIDGIDIIIMIOOIIOOOIOODIOODODDGODODDIOGODO:m 
>DOOIGDOOIIDODOIIOOOIIGIODOOtoiiQIIIOIIDIIOOIOODOOOIOODIDODOODDOODIOOOI"n 
>ODtDOOOQeDOOOotiOIMIOOODDOOOIOIODIIIOIIDOIDODIIOOODOIDOODIOODODODODOG:o 
>111111111111111111111111111111111111111111111111111111111111111111:00 
>111111111111111111111111111111111111111111111111111111111111111111.01 
>011111100DIODOIMIDOOIIOIDODOIODOIOIIOOGIDODDIODOOOIODOI00DGOOD000IOOIO:Dl 
>111111111111111111111111111111111111111111111111111111111111111111DS 
>111111111111111111111111111111111111111111111111111111111111111111:0• 
>111111111111111111111111111111111111111111111111111111111111111111:0§ 
>1111111111111111111111111111111111111111!1111111111111111111111111:DI 
>11111111111111111111111111111111111111111111111111111111111111111107 
>111111111111111111111111111111111111111111111111111111111111111111:01 
>111111111111111111111111111111111111111111111111111111111111111111D9 
>ODOIOtDOOOOOGIDOOIIUGIODUODOIIDOIODOIOGOODOOODGOODOODIOOOOOOOIIDODOD10 
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>11111111111111111111111111111111111111111111111111111111111111111UI11 
>11111111111111111111111111111111111111111111~111111111111111111111·D1l 

>II\111111111111111111111111111111111111111111111111111111111111111:D1l 
>1111111\1111111111111111111111111111111111111111111111111111111111:014 
>111111111111111111111111111111111111111111111111111111111111111111·D15 
>OIIGDGIOOGODOUUDODQIOOt\QOQOOtiDGIDOODOIDOOIDOOIO ..... IIOIIOGIDDIIDG..IMt 
>IHIIIIOOOODOIIDGDQOOOUGIODOHDDDO~IDOGGD\1800011111\IIIDOOIIOIIOIIU.lt 

>111111111111111111111111111111111111111111111111111111111111111111.ll 
>111111111111111111111111111111111111111111111tl1111111111111111111:.U 
>DDODIGODDDODODODDDDDDCICMIDOOCICMIOIODQIQIOGDIOIUIUQQOIIIQIIOIID19DOIDRAl 
>111111111111111111111111111111111111111111111111111111111111111111..1.4 
>1111111111111111111111111\1111111111111111tll11111111111111\l11111.l§ 
>1111111\1111111111111111111111111111111111111111111111111111111111.ll 
>!11111111111111111111111111111111111111111111111111111111111111111.l7 
>111111111111111111111111111111111111111111111111111111111111111111:.U 
>111111111111111111111111111111111111111111111111111111111111111111-U 
>11111111111111111111111111111111111111111111111111111111111111111\:AIO 
>1111111111111111111111111111111111\111111111111111111111111111111\:A1t 
>111111111DDDDDDO®DU\101101100000011CIGIICIDti\GDI\IIIOOGGDIIDCIOGI0.1111\:ID.I.HIIUT 
>111111111DODUOODGDGIDIIGOI10a.IDGIODOIDDODOI\IOGOQDGCICIIODODOOD11111·1D.I.l-IIUT 
>DDDODDC\GDI111111111111111101111111111111111U1111111111111111DCICIOCI.ID.I.M-IM 
>UIIOODIDei111111111111111CII111111111111111110D\1111\11111111111010CI-ID.I.l!M 
>1111111111111111111111111111111111111111111\1111111111111111111111:111 a.\n OUT 
> 111111111111111111111111111111111111111111111111111111111111111111i.O- DATA- OUT 
41201ro""'"""'·f17!,.,1inl4lJullod,.; - -
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APPENDIX 0: CIRCUIT SCHEMATICS 

A. MICROINTERFACE WITHOUT LINE DRIVERS 

-----

,~ ~J tf ... c_~:.-.·. I~.: .. = I . .·~ 
~ ~==~====~~--~ 

FJ.qure 57 ~:crointerface W:thout L1ne Dr 
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B. MICRO INTERFACE WITH SDA BUS LINE DRIVERS 

FJ.gure 58 M1cro1nterface ~1ith L1ne Dr1vers. 
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APPSM.DlX ! : PMt.lHJKART DATA S BE£1' 

Cocnpcovnt 11.-:o.e: l<CiC!'ointerCAee c:ntp 

Gener-a l Detsc:n.PtlOtH 

Kicrointet'r•ee. .1• a.n it:.::etraee bet.wel!n Nat:1c:mal. 

~:';;~~~:~;;~~ ~~~c!::t~:~~~ 'i~!:i. :e~!;~~ ac:c:ces; 
micropr ocessor. A PHI diag~ b Sh.O'ffl tn P191Jt"C ~9, 

t' i P dotcd_puon: 

AO• Al l • Addrua inpu t. p;.na 
CO · DlS ~ !l:idi l"octionAl p~orallel dAta bu• p i ne 
SDAR/ L • llidireetiona.l a:ertal IUU ~a pir·.• 
RD/WR · Rea.d/"fri t e .requen lnpu.t l•ot.!V6 low! 
iHi • :sue Jiigh l!nabie' lillctive ~ov) 
F!HtR,O Chip selet<t. !.Dput. ~aeUYD- lqv ) 
CL!t - 100 K.H~ dock: aignal input 
5DA.H/!._OU71 

~~~~o!~A_our 
- axt.ern.tl driver enableu1 hctive l.O'If' l 

SCLH/ L - Serial Clock: ourputs. tO UM24Cf'Ool. dl:.pe-
RDY RSADY O'Jt:put !active le»t1 
,-e:;Z'T' tnpue tG ::noe ~in Fi11 !te it.ate M&cl'rtne 

3 t.at: lC Pover Dias ipar.ioo fno input l .:. all jJ'W 
Dyr.;t.rnH: Fover DiAaipa,tioG hiOc-et ca•el .1- LU w 

r 1.qur• U 
i?~r,l)Ut., 

•• 
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