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ABSTRACT 

Dynamic random access memory (DRAM) Integrated circuits have been evolvll'lg for the past twenty. 

fivII years. From the early 1 kilobit DRAMs, to the recently defT'lOllStlaled 1 gigabit DRAMs,advances 

in semiconductor pm : ng have fueled thIS evolutlOl1. Starling at the 64 kilobit oenetabOn. [)RP..M 

designs have COOSisten1Jy relied uporl the foklecl digllboe ard'llleo:;lure This ard'llledun!. based upon 

BmlYS utilizjng eight Squall! feillute (8Fl) memory celb. achieves /'ugh SIlIna~I()o(l(liso! performlllr'lOe 

&I tile expense of IarQef die sileo Alternative ardIiteetures, with smaller memllfY cells, are either too 

expensive, 100 compIeJc, Of otI'IefwI$$ faJllo meet requirad SIOnal.~ taIge\S. Thl$lhesis 

deSaibGS a 11011e4 bl-level DRAM art11i1eeture ~ 10 achieve signlflcalll redudlOllS In die siu 

while malnlainmg the S9nal-to-nOise pMOITI\8nce of the folded diQitlme arehitedure The bi4evel 

digltlme afChitedure 8ChIeves doe SIZfI redllCliOll by bulidU'lg memory arr8y$ wtth smaller soc SqUllre 

leaIure (6r=2) memory cells in II form of open digitllne layool. Tlle melllOlY arrays utiIQe st&Cked 

dlQitJines and vertical d.gitline IWISting 10 otherwise achieve folded arclulechJre operation and noise 

petfotmanee lllis Iht!$iS 15 dMded Into five sections, Sed:1OIl one consosung 01 a review of basie 

DRAM c:onsIlUClioo and operation. Secbon two (:OtI\lI1I1$ a detailed exam'nat!OIl of essential DRAM 

buildIng bIocI<s used In 81'1l1Y construct>on SeQlon thfllf! pI'OVIIIe$ a detailed 6esaiptlofl of the 

ttadrtlo08lopen digitlioe and folded digitHne archdedl.lfeS. $e(:l1OIl four II1lroduees and examines tile 

biItM!t digrtllrle etd'uIedure All tI'w9II an:tuledlKe5 are employed In the tIleorelK:al COI'ISIrur::hOIl of 

32MbiI memory bIocU, IhLtS providing a valuable data point for dlOm!! compartson. FInally. the 

results 01 thIS an;Medure size compalison 8re presenled 800 8nalyzed 
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I. DRAM Basics 

This section contains a brief examination of basicdynamk: raodom access memory (DRAM) amty 

al'{:flltedure and construction. The e;.;amination focuses upon developing a basic under.i!anding 01 

memory cell and array 00<I()eflts- Aft .... developing Ih~ undefSland .... ll. the analysis rom,"u.s into 

birsic array operahOl1s that Indude cell access, sensing, and refresh 

Array Construction 

A modem ORAM memo!)' cell or rnemo>ry bit (mbit), as shown In fIQure 1.1, consists 01 one metal 

oxlde SerTlIconduClor (MOS) tranSIstor and one storage cap&dtor-lICCOrdlJlgly relltlTed to as a IT1C 

cell The mbil transistor Opel'8les as a SWltch,lnterposed between tile mbit capacilOf and the 

, 

digilll" •. TIM mbll is Cllpable of holding. single rMece of binary information. 8S stored electric charge 

digMne 

VCCr2 

PoIer"eIII .. vee let IC>gI<: ...... 
.. GND f<>r logo: "ze<o" 

F1gUllll.1 : 1T1C DRAM memory cell 

In the cell capacitor. Given a bias voltage 0/ VCC12 on tile capacllOf's common node [I!. e logic one 

level 1$ represented by +VCC12 votts aaoss the capacdor and a logiczaro Is represented by -VCCJ2 

voIlS acros.s the Cllpacitor In &itller case. the amount of charge stored In the mbll capacitor is 

Q. C I1'X I 2coulombs . ..mere C is tile capacttaoc<! value in Farads 

The dig~line. as deptCled III rl(lure 1 I, CO<I$ISI$ of a conductive line connected to II muttrtude of mbit 

transistors. Generally, either metal or slllckledlpolyCided polyslliCOll forms the conductive hne [2J 
Due to the farge qu~nttty of.ttadled mbits, Its physicalleogth, .00 proximity to otller features, the 

dlglthne is very cap3CitlVe For UlsIance, II typiCal value fordigitllne capacitance on a O,35um 

process might De al'Ollr'Ml 300IF Oig~line capac:Jlance IS an ImpolUtlI parameter Since it dfctates 

many other Ispeas of the design, 



, 
TIle mbIl b.. ?«,sgll. \enTJIn3I COI.18CIS $0 a ........ (roMine) The ........ oe, wbic:h COIIIec:Is\o 

• rno ... • of mbb. COl ..... of an elI!etIded ~Ilofthe same poi!l'iotic •• 1I!i8d 10 form the 

ImJIIsIDf'lI gate. The wonIhne III ptl~ak:aIIy ~ 10 the dlgltline A memory ."..y, at--. in 

figure 12, Is cntSle<! by tlUng' sellldttd quarrtit'l' 01 mbrts togetherllUCh that mblts .Iong. givltfl 

dig~1inII do not shar1I • commoo WOI'dIInI .nd such IhIt mbrts alOng • 0D!TIfT'I0II WOIOIloe dO not sfl_ 

~--i~ ~ 1jl ~ 

~--1f-,; I t -If-~ 
~-Ih rf-~ 

• ~--4~ irf-i • , i 

.-



iii common Ilignline figure 1,3 COnlams an example at B memory Brray tonned by lilino m~. There 

are several features of this layo'" tnat need illumlRllIion FIISt, note tnal the mbits are In pau's to 

pertTI~ tlMo sn.ri!1g of" common conlad 10 the d'ogftline. Tl1is fealure reduces lhe amlY size by 

ehmlnatJng unnecessary duplication serooo. noIe!hat any giVen wtlI'dltnl! onlr forms (cmsses) an 

mhl! tnlrI$i!;Ior on allematmg digltllnes. This feature allow!; the formation of digiUine pllrs and 

e!l$UrIIS lllat won:Iline actIVatiOn enables transistors onlr on alternate digj~lnes. Dlgrtt1ne pairs are an 

Inherem feature In folded d9Itline amlYS, as depided in rtgure 13 fut1herdlSCUSSlOl'lOl rolded 

dlgJUlne architectures and ll!eir chantCleristk:s win be easler, Ihough. alter fi!'Sl inll'OduCing an 

aHemative amily stnx:ture called the open dlO~I'oe af'Chllecture A \tIOrOUgh 1.mdtI1lItImd1ng 01 both 

folded and open ard'iHectures is I'I&Ce:SS8ry to 8j)praClIIte the dlar&eterlsllcs and beoeflls of tile bI­

level digltii"" ,,/Chrtectu .... thtl sublect of this thasis 

AfflIY Operation 

An urde!staf!ding of bask: DRAM operation, sueh as reading and writing. is IIBGI!'SSBty before Itte 

d,se.lSs'on of array arcllRectUfe can continue ASSume 1tt.1 the capacitors in figure I. haYe logic one 

levels (+VCC/2) slorad on them. Consider each digitline pair orcolumn as conSIsting Of two adjacem 

d;g,ttines. The digltJlnes. labeled 00 and 00" lire inotially equ,Ubr.Ued 81 VCCI2 volts: [31 All wordlines 

Figure 1.4: Simple folded array .ehefNtie 

HJtI Initially al zero volts, Which lurns off the mblt tranSlStol'$, To read mbitt , wordline WLO transitions 

10 e voRage that Is at least one transistor V", above vec This elevated wordUne voltage Jevelis 

,efemJd to ~ vecp or VPP When the won:Ihne voltage exceeds one V .. aboIIe the digi!!lne voltage 

NCCI21n this examPle) and the mbit Imnslstorturns on, the mbil eapacitor WIll begll'l to discharge 



0010 the Iflgilhne Essentially, reading or ac:c:essing I DRAM c;eU rastllIs In dia'rge sharing between 

\he mbit Cllpacitor and the dogrtl~ ClIpacltanee 1l!Is sharing of charge causes the digitline vonage 

to .~her o!>('nase for a stored Ioglcone or deereaS8 for .. stored logIC zero. ldually. the access will 

only modify the 8dive digitln1e, iellVing h$ complement digi11lne L/tIahered In reality. the other 

dlgllilne voltage win also dI3nge 511Oht/y. due to pal1lsrtic coui>Hng betMen dog~hnes and oYefiap 

vec, 
VCC~ VII! 

f 

__ ... "" .. J._ 
00· I 

Figure 1.5: cell aee ... _vefom1s 

C8~nee bel.l'IIsn the finng WOfdline and tile digllhne, Ragardless. a differentlalllOllags develops 

bet"een the two dlg~knes The magn~OOe of this Signal vohagels a foncbOfl of the mlllt cap&Cdanee 

(Cmblt). dlghlioo ClIpacitanc;e (Cdigitl, the mbit's st~ voltage priorto the access (Voell). and any 

noise le<ms Aecordingly. V _ B [CI"ctIl·Clllbol)·' (CdlJI!I +Corb!rJl- V_volts for 8 design In 

"'11<:11 Vcell-I.IISV. cm~. Gdigll-3OO1F, aoo v __ o. this equation yields a V_ of l~mV 

FIII",re 1 5 contains typical waveforms lor the eel! access Operatloll just desenbed 

After the alii access Is eomplelll, the sensing Operation can commence, The reason lor forming I 

dogrtllne pair will now b8c:omt! appal8fll Figl,lre 1.15 contains a SChemIltK: dlagram for .. almplifled 

~­N ... __ 

~ 

FigUf1l1.6: Sense ampllfllf Khemltic 



sense amplrller art:UR. NOla mal ~ COOSISlS lila lOI~pIt:O PMOG 1»\1 IU~ 1lo ~ 

PMOS pIIlr The NMOS pair or N-sense-.mp common I'I<'lde is labeled NLA 1'" (for N-sense-amp 

LATch) In figlJr1II 1.8 SImilarly, tile P-sef\SlHImp common oodf! is labeled A.CT (for ACTIve pulkJp) 

In~lillly. NLAT'Is biased II) VCC12 lind ACT Is biased to VSS orground SII1ee the digdUne p;!lrOO 

and 00' are boIllll\ihally ,I VCC12 volts, Ihe N-sense.arnp traflSlStoo; remain off due to zero Vgs 

potentllll Similarly both P-sense-ernp transistors remalfl off due 10 Illeir negative Vgs poIentJaI , A$ 

dlsalssed In tIM pre<:edlng paraglllph, iI SlQnal voltage develops bet .. ,!n the digIUina palfwhen the 

rntxt access OCWI'S, While one digltl!ne COnta,ns d'I'!VG!rom the cell Booess. ,tie OIher chgnline 

serves as a reference lor Ihe sellslfIg oper1lltion. The sel'lSO! amplifier firing gf!nelllily occurs 

:seq .... nI>ally rather !han wncumtnl/y /11.'''1. /5] The N-seru;e.amp fires first and the P-sense-amp 

.seOO!'Id The N $elISe amp is gE!fltrflllIy a better amplifl8f than II>e P-sense-amp becallSe ollhe 

higherdrtve of NMOS traflS!St~ and better V" matching This provides fOf beIIer seNilI'lg 

enaractl!1istlcs and Iow.r probability of errors. Figure 1,1 contllillSwavefonns for the sensing 

=' Ir----/~~----
/ 

' , ,~ Nl.Ar' :' 00-, . 
-, 

Figure 1.7: S&nslng operatIOn wav.forms 

ope18!ioO Dropping the NLAT' signal loward ground WIll fire the N-sense-amp_ As the IIO~ 

ber-en NLAT" ani! the digitllne$ approaches V ... the NMOS If1In$l!llor, whose gllle <;:OIlr>e<;t;on is 10 

the lligtler voltage digltllne, WIn begin 10 conduct Trans\slor (:OI'IdLK:IJOfl OCQN$ fil$\ in till! 

subthre$hOld ~lOn, progressing \0 the S81umtlO!l I'eOIOfl as the gJle 10 source vottage ~ceeds v .... 

CondtJdlon results In Ihe dischaf\le of II'KIIow vchage dlgilline lawalt! the NLAT" voltage. UHJmalety, 

NLAT" wiU reach ground. bnnglng \he digillme 'll'ith it. NoIelhal the oIherNMOS Il8nsistorwlll not 

conduct since Its gale voltage denves from the I()W vo/Iaoe digltlille, ""'dI is dl5t:harging loward 

ground. In reellty. pala5ltlc coupling behF,een the dogitllnes and limited subthtes/lold r::onduc:bon by 

\he seeood tra~or wUl redooe the htgh dlgitJlne YO~1IQ8 

Shoftly af\erthe N-sensa-amp f\re!i. ACT will be driven towiIrds VCC. This adnrates the ?-sense­

amp that operet~ in a complementary lashlofl to \he N--sense-amp. WIth the low YOItage d'llttline 

, 



, 
approllChlng ground, I strong Signal extSI:S 10 <lnve tile approprlatB PMOS ~Of mlO COOO\KllOn 

This condUCbOll. again moving from subthnlSl'lOkl to $olIIur.tJon op&raIlon, will charge \he IIIgI'! 

_~ dogrtllne toward ACT. 1I~;mately ,uchlng vee. Since rhe mbit tran$iSlor remolllS on during 

$ensing, the mbit capacilorwlll chsrge 10 the NLAT" or ACT verHage level. The voltage. and lienal 

ch.!Iroll, which the mbII capacitor held prior to /IC'X:eSSIng will restore a rua leve+-VCC for • k:lgic one 

and GNO for a!oglczero It SIIould be appererd now, wily tile minimum wordUne vollilge Is V .. 1l00Ve 

vee. If veep ~ enyltllng less, the mbit transISIor would tum off before the mbit capaci10r 8'I1IIIns 

• fun vee levIIl 

A DRAM wrile opem.on Is very siml~r In 5eNIng and resI~ Ope~ exeePi Ih8i se~e ,"",III 

dItv8f dn:ults determme whetIIer Iogil; ones or zeros '1lI placed Into tile cells. The write driver cil'tud 

is genentlly IIlr1-state lnve!'lercooneded to the digrtlmes through. second pair of pass ITlInsisiOB 85 

shown In figure 18 These pass Il1IllSIstOfS are refentld to as 110 transislo~, The gate tennlnals of 

the IfO tranSlSl~ connea to a common CSEL (Column Sf! 1(1) signal The column address 

dllt8rnline'S whkh CSEL signal acllYates and lIIlimatllly which pair (or multiple pan) 01 digltli08$ 

f'gU!e to the ou1pu1 ped or write drIYer. In most curr.nI DRAM designs, the write driYer simply 

QVerdrtv,,~ the SCI""" ampliflotr pair, whIoh remllin active dunng the wnling Dpenltion The write 

V 
N ....... 

F1gute 1.8: Se .... amplm ... aclMHnatic with 110 devlcu 

operation needs to be long 'JRougll In dUr8lIDn to nip !he sense ampUfoers. After new data writes ifllo 

the _ .mphflefs, the amplillers actually fimsl1lhe wrtte cycle by reslonng tile digillllMl$ 10 fUll rail 

to 1lI1! voltages. FigtJ11II1_9 contains an example d this. In which DO is if'I~ially hlgoh after the se!\Slng 



operation. and low after the 'Mile opennlon. Each read cyc;le f1If~ all of the mbll capao101l> 

eonnected to the adrve wordline. A WITIe operation. though. ~ only two 10 four mbits wlltlln 8n 

.... 1 of mbrts. This Is because • sir>g1A CSEL fine generally COI1nedS \0 ordy four 110 translslor pair.; 

The nlmalmllll dlglliines are aooessible Ihroooll ackMional CSEL lines c:orrespondlng \0 different 

column address 1oca\JOnS. 

~' r-------~~~~~--------------
/ 

RESTORE 

Figure 1.1: WrItII o,..ation waVilfor'ml 

, 



11. DRAM Array Elements 

5edI(lllo11 begtns I mora de\.alled exa.minalion of standard DRAM array elements. ThIS secIiorIls 

neces5a1Y to deVelop I clear understanding of fundamental DRAM eillmeuts 8IId IIow they are used 

In memory I*Idl construetlon. A common po;nI of rer~ is required before the anlilysis of 

competlng array ardllte<:tures cen De COOSKIeIlild. Included 11l1hi$ 58dlOO Is a lleteiled dIsc<l~"'or1 of 

mblts. array conflOuralions, _ ,mphroer elements and rowdeooder elements 

Memory Cells and Amtys 

The pnmary advantage of DRAM. OY~ other types of memory technology. Is low cost ThIs 

advantage al'ise$!Tom the simplicity and sealing eharactenstlal of Its H1e memory ceU [8J 

Although the DRAM mblt enoompasses simple omeep($. Its actual design and Implementation 81'8 

highly oompleJ(. Succesdul, COS! mfectlvtl DRAM designs reqUIre. t~mendous amount of prooess 

technology 

""'--
-O'U--( .... 'l 

-- W ..... ~'I 

F1l1ure 1.1; Mbll pair layout 

A modem buried capacitor DRAM mblt palr appears In figure L I. DRAM rnbll5are oonstruc:led In 

pairs, to allOW' $tilling of the dig,lline conI'd. Shanng a con1act significantly reduces OYenlll cell 

siza The mbits t:OI'ISIst of an act",. at'el rectangle (in this case N+ aClive area). II: pair of po/ySIflOOl1 

WQI'tIIines. a SIngle dIgitline contllCl,. metal or poIysIlicon d'll"line, and a pall" of CItII capacitors 

foonlld WIth OXIde-nitrd&-oJdde dielectric berMen two layers 01 poIysIIjcon. For some pi'" e .." tile 

WQl'dIIIle po/yslllQOr1ls sllleided 10 raduce tile sliM! raislaf1Ce, permltllng Iongerwonlline segments 

without reducing speed The mbIt layOU! ~ $IIOwn ill flO""' 2.1. is tr:55e111ially under the control of 

process eng.neefS. Since every asped of the mb/l mUSl meet slringent perfOlTT1ance crileria. 

• 



, 
A snall arrey OJ mblts 8ppea~ In figure 2.2 This !\{jure "IS uselllllo l"USI.I'~e se\leral lea'1.ures 0\ \\'Ie 

mbit Firs!. note that the dig~llne pitch (wkIth plus space) diclales the adi'lle area pitch &lid capacitor 

pildl Process eouineers IOdjust the aC(lve area width and Ihe field oxide YridIh to maximize transistor 

dme and minimize transistor \0 transistOl' leakage. The field oxide technology graaHy impacts this 

balance A thicker field oxide or. shallower jul'lClion deplh will enable wider transistor adive area 

5eeond, tile word~ne pilch (Width plus space) dldBtes Ihe space 8\l8,1a1lle iorthe d!Q~llI1e cooted, 

trarlSlslor length, &ClIVe area space, field poly width, and capaCitor f.engl/l. OptimIZatiOn of eadl of 

these features by procesS ef!g'!'Ieflf$!s necessary to maxlm~e capacllance, minimize leakagi! and 

maximize yield. Cofltad tecttnology. $UDlhreshold tran.slslor charactltrtstJcs, photolithography. etch 

and "1m technology ..... ,1 dlaate Ihe """",II design 

-=1 

Figure 2.2; Layout to show Imy pitc:h 

AI thi5 point In filII discussion, ~ Is appropriate \0 introduce \he concept of feature size and how k 

relates to oeII size The mbit shown in figures 2.1 and 2.2 Is by definition an eight square featura 

(8P) cell [71, [8) The imended definition of fe8tuI1l In this c;crse Is minimum realizable procesi!I 

dimenSion, buI in adual fact equates to e dimenSion tll8lis half of tile wordltne (row) or diglUine 

(column) pilch. A O.25um process having wordllne and doglthne pitches 01 O.6um yields an mbl! size 

ll\at is 8 ·(O.) .... )' _ 0,12"",' EJ<pIall8tk>n 01 the 8P designation Is easier wtih the lIid 01 tlgure 2,3 

An Imaginary box drawn around tile mblt defines the cell's outer boundary Along the Il-.axls, this box 

win indude 112 digithnll conlact feature. 1 wordIJn8 feature, 1 capacltot feature, 1 lleld poly feature. 

and 112 poly 5pIK;e feature, which totals to 4 features. Along tilt! y-axis, this boll contains two 112 

field ollkle features and 1 actrve area feature. wfllch totals to 2 features. The area of the mbrt Is 

therefore 4F· 2P .. 8F' The folded array archit&CIure, as Shown In (ogure 2.2, always produces an 
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Sf' II'IDII ThIS.-.As trum the lid 1Nl1llOl""" ... te IOQ.B2S (loons a ~ 't11\f11t\ trf.ll 
II. ' - on eYlIIy GlbWcIigIIw..nd ITlUII pe.- --' mbl ... - '.".. .. n.IcI poly on Iht 

NIIWIr*'lI dig6oleS. The .... poly 11'1 NdI mol cell ~ _ SIU8I" fNllnllO '"'* woUd nr.. 

~. OF' 0.1 011. 41. A,IIhaugh ~ foIded.my yIl!tO$. c:elthIIls 25" t.I9Iflhln 0Iher.,., 
.":",. lIftS, J -'so ~IOn-..penor tIgI'\II-to-tIo pelluo', ..... , ese:- 7, 'II'IIIIII Wi •• willi 

_form cA .,.,. ... lI4iDiQ 191 SI4IIf\Or low _ ~ nwde ,,**,.,.,.d ;hn 

the ~ of choicI! woee It.- &4l!bil g-. ........ (1! 

A foIdeI:I.n.y Is~ ......... 111 .. 2.4 Sense .,i, 7r ara.ts pI.oecI_1he tIdge vi 

Mdt ~ WI..a 10 both Ina..:l COi' .... ' ....... (0'" D") COl .. " from a lingle .ray 
0\lI*In8I digIIoi ... pgirt ''''IiI-_ ot ~ pIKa eM.-Iuce «Id r ' Ie» the cour:*lo 10·" .. 
dIgdo ... .,.., '11", ___ '9l1li ~ ~ (VI F9n 25 __ ..... 1da1CC 

of_~otl ,'.,oecn._ .... II. Qr:~Itw~indI.'*Y(IOJ 1de1lly,._Kheo,,. 

wi! eq. ........ the ooupIong 1_ from Mdt ~ to .. 0Iher ........... boChlNe 8IId complement. 

If done prope(,J 1m noe. e.n.wiI ~ oront,. pnICIuaI 0001 •• _ modt _10 whId'Ilhlt 

diho ..... __ •• 0j04;1ier IS ImtnUI1e EKI'I dogiIIi ... 1WI5I18gIOrI ClDllSUn*m .. bIe.-.:an _. As 

• IaUI. 6esIign q~ reson 10 tile WI,' !It II1d mo5I el!laenll'lolSljng sctIItM to glib ,lOb 

dOne &nee the coupling bel lin ~ metal, .... 4 il'lver$elyplDpOiliOollllo \tIeIr JpKing, the 

1ig,.'11>nIIisa ploblem Ij8tS ~IOI "ngIy worse .. DRAMs scale 10 smaller and SlNlIIIr~ 
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Evidence of this problem, IS Ina lI'IOusuy trend \0 lISe more com~ twIStIng SCIltme5 00 5UCCeeUlfI\I 

generabons ItDJ. [Ill-
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Figa.. 2.4: Folded dlgltll", am.y schematic 
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An .lternative 10 the lokled array arcrl1lectll/l!, popular pOOl' 10 \he ~'-.bi\ !l'!f'ierabOO 1\)\. was the 

opefl digrt~nB .~ltectlltl!. Seen schema!JCa11y to figure 2.6. Ihos 'rehrtectufl!.150 faalures the sense 

amplif\ef c;:I=1ts bcl .. un two sets of ./TIIYS (12). Unli~e the folded II/TIIY, thougll, troe and 

oompletneot dlg.tlones CD and D1 connected to each sense .mplifoer pair corne from sepal'Q1e alTllYS 

(13] This precludes tile use of digltllne \WIStlng to improva signal-tD-llOlSe petfoonance.nd 1de!1h~ 

the pRlValentlBllson why the Industry switched to the fOlded IlTIIy arcllitecture Also note tIllllunlike 

Wordline em",. 

, 
L.-- Aml'l' 

figure 2.6; Open digithne UTIIy IChematie 

the folded array alChltecture each won:Ihll81n.n open diglUina ard!tt&aure COO/'leClS to mbll 

lranSiSlOI'S 00 every diglUine-crosspoirtt style 81'll1ys. TIlls feature permItS, 25% redudlon In mM 

sjze 10 only 6F' sil'lC8 \/'Ie wonIl1nas do 110111l1li. to _ eftemale mbrts lIS field poly. The lllyout for 

.n lmIIy 01 slIIrdanl6F' mbll paIlS is shown In figure 2.7 [7] A bolo: is dnrwn around one of tile mbM 

to shown tile 6Fl catl boundary Again, two mblls sh~re II common digdhn. conlad to Improve layout 

efficiency, Unfonunat.ly, most mllnuf.clurers haviI found Ihallhe signat-tlHlOI$I problems of open 

digiIJlllI .reIlitecture outweigh the befleflts derived from reduced 'lTIIy SWI 112] 
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-- -
Figure 2.1: Open dlgltline amoy layout 

OIgitllne C6paQllve COtnpOrlef1ts, c:ontnbuted II)' each mbit, Indude jurldion capacitance, digrthne Ie 

eeIlpiate (poIy3), dlllnJlne 10 wonIkrle. d'llllJine 10 d'll~Jlne. digrtl,ne 10 substlate, mel In SOfTlII cases 

dlgltl,"e to SlQI'tIge oeII (poIy2) capacitance, Eadl mblt connected to the digltlinll therefore adds • 

spe<;iflc amount of CIIl»Cllaoce 10 tile digitllne MO$I modem DRAM designs lurve no rnor.than 256 

mbits ..onneded 10 a dlgrthr'M!l Sllgmenl Two faden dk:t~te tllis quantity. firS for. Olvom cell size, as 

deiemllned by row afld column pIId1es, thent Is. maximum achievable AortIge capacitance wtlhout 

IMOItmg to 8l(oti(: pnx::esses or e~c 'va cell height. For processes In wtrieh the dlgillllHll!! above 

the storage capacitOf {buried QlpadtcQ. conIaet techlJOlogy wUl determine the maximum .,lowIIble 

celllleighl. This fixes the VOlume .vail,bIe (oeU ... multiplied by cen height) In whld'J to buJld the 

SlOI'8\lII capacitor second. 8S the dlgrtllne c;apacitallC8 il'lCl'e8ses, the power aSSOCiated wIIh 

I;IlaIV'1'IJ and dl$l;tmging Ihos ca~ dunng ~ and wrltmg opftnIt.ions inQ'eIlses Any 

gIVen woRllIne _nU,tly a ........ ,.., (crosses) all of the columns Wllhm 8 DRAM For a 256Meg 

DRAM eadl wordhne a1lSSI!S 16.3&t columns. Willi a muItJpliersud\ as 1IIal, II Is usy to appreciate 

why hmrtslo digrtllOe capaCltal'lCl! are necessary to keep power dissipation low 
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Figure 2 a COI1Iatns I pruce!o.S CfOM lIeQ\on 1011 Ille bIiI'oeQ ee.~ mbit depid.e<111\ figure 2.1. ThiS 

type of mbit. emplOying a buned C8paatorSlrudunr. pl8GeS the dlglUlne physically above the $l0<1Ig8 

capadtor 1'4J. The digrtSroe Is ClDnslnided from eIIh~ melIIl Of ~ ...tI1ie tIM! dlgiUine eontltd 15 

formed USIng metal or poIyslllcon plug technology. The mbit eapadlor ill fOl'Tlled wilh poIyslheon 

(poIy2) as the bottom plate, an o.w;od&-nikide-oldde (ONO) diele<:lri<:, and. shM( of poIysIlic:on (poIy3) 

which fonns the common node $I\aIlId by all mbIt ca~ors The capacitor shape (;8Il be simple. 

such as. rac;laIlgle. Of compIeJt, such as concentric cylindelS or stacked discs. Elcotlccapacttor 

structures lire the topie of many DRAM prOOeS$ p;lpe!'S [ISI.11SJ. [HJ. The ONO dielectric 

IIndergoe$ opllmlzat/on \0 adlleve maximum capacitance with minimum leakage It must al50 

tOlelllle \he malIImum DRAM operating voIIage wrthout brtIakdown Forthis nrason. Ihe oenplate 

(poty3) I!; nol'Tnlll/y biased 81 +VCC12 volts ThIS will ensuf1llhat the dieleclric wiJlllave no more than 

VCC12 Yolts across II for ellherstorad Iogoc stale. 8 logic one at +VCC12 volts Of a logic UfO at_ 

VCCJ2 volts. 

digilline 

Flgunt 2.1: Buried capilcltor cell prOCIU CT'OU se.::tlon 

Then! Me two ottler basic mtlrt confIgul'lltlons used In the DRAM Industry, The fll5l, shown in figure 

2.9. Is retena:! to as a burled digilline or C8pt1C1lorover bitl,ne cell/18]. [191. The digrtJine rn thIS cell 

Is .lmosIalways /TUIde from pol)'Sllk:on rattler than meta •. As v"'-d from the top. the actM!.rea is 

noonilly befit or angled to Ilceommoda1a the stonge capadtor COI'll8'd thllt mllStdrop bef .. ee., 

digltlloes. A.o iIOvantage Ihllt thf: buried digrUine cell has Oller t!wl burled capacitor CIIIt of figure 28 

Is that tile digrU,,", is physically very close 10 tile silicon aurf_ making digrtllne contacI$ m...ch 

..wrlo produoe The angled td.ive,1N though, 11Id00ll$ thf: effed)ye adiVe area pilch, 

CMSIrairuna Ule lsolabon process even further Burled diglUine cells also make formation of the 



Cllpaa\or contaa IIXIIl!fTM!Iy O.nK:UII. &nee me 1l~1\lIlle I:. 111. or nnr ",",""urn prtd\ lor tile ~. 

Inseftion or. oorrtact between d9~1ines is fllr from lIMal 
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\ 

Figure 2. .. : Buried digltline mbit uillayout 
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Figure 2. 10 contains II pnX 55 CI'"OSS-Sed'OIl of the ItIJrd type QI mlllt used 411 ll1e COflS(fUCIIDn or 

DRAMs. This 0!lI1 utilU:es trench storaoge capacitors and is acc:on:l1ngly called II trench ceO [16J. fl71 

Trench capa¢lors al'tl Io<med in the sllicoIl substnlle. rather than above tile substrBte, after elching 

deep holes Into thewaler, The Slorace /IOCIe coosisI$ of II doped pOIysIIic:on plug depo$Jled in the 

hole !ollowing gl"OYM or deposition of the capacitor dl&lectOe. Contact ~n the SlOIage node plug 

lind \he tranSIstor dlllll'\ is usually made Ihrougll • poty Slfap WillI most trench capaator designs, 

SUbStJ'1lle serves as the common /lode COMeCIIor1 to the ClIpaertOl$, prevertUng the use of +1/CC/2 

bias and Ihlnner 0ie1ftdflC. The subslrale Is I\IIsvHy d()pI'Id amund the capacitor '0 reduo::e ,he 

resiSlaJICII and improo.oe the capacitor's CV characlerislics. A real advantage 10 trench tell is that the 

capacitance 1'.:1111 be inaeased by merely etching II deeper I'Iole Into the sub5trale [20]. Furthermore, 

\he capacitor does no! add Slack IIeigtrIlolhe design. whH::h grellly Slmplifoes contad led1no1ogy 

TIle disadvantage to trench eapacitor lechl'lCllogy resides in tile diffiaJky assoaated 'Irith reliably 

buddlllll capadtol's In deep smcon holes and In mrtnec:til'lg the trench capacitor to the transislor drain 

termlnal. 

intertayer dielectric 

==c-_____ -.;digitlIl'l9 
poly ~ 

wordline ::; wordhne 

~ 

substrate or wetl 

poty storage node 

potystmp 

\ . 

I I , , OND dielectric 

hea"" doped 
substrate regiOn 

r 
. I 

\UJ 
FlgullI 2.10: Trench CIIpKilor mbl! proc:-ss ero .. section 
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Sense Amplifier Elements 
"The tenn ""'n5l! amplifier actually ref8f!l to It coDectlon of cin:urt elements that pilch up to the 

cf'llitimes of It DRAM arr'IIy TIllS collection most !iM'fl8I1IHYlnciudes isolation trlI!1SIStOfli. devices for 

dig~ljRe equilibration and bias, one or more N-_ amplifiers. one or more P-sense ImpilflelS, and 

devi<;.e$ to wnrted seleeted digrthnas to UO signal ~nes, All of these drQuls along wrth the wo!'dline 

drivel' CIrcuits. to be dlsarS .... later In this sedkln. are ClllIed pitcIl cells, TII~ designatIOn oome:s 
frooIltIe requlI'emenllhat \he physical layou1 for these circuM Is COflSIfaloed by the diglll!ne aod 

woRllIne pitches of 81'1 alTlly of mbits, Forexample.1he sense amplifier layout IDr 8 specific digitl'ne 

pall' (eoIumo) generally oonsumes the space of four digitJlna. ThIs is commonly referred 10 as 

quartllf1Jllcl\ or four-pllch, such that one sense amplifier exists for every four digrtJlnes 

The Iir$I eI&meI1ts IOf rvvIew are the ~uIIibratlOl1 and bias cin:uits, From the eaTl", disa'·s>ons on 

DRAM opef9Iion In sedion-I, the d'llrtlines stan 81 V0cJ2 volts pnorto cen aa:ess and sensing [3]. 1\ 

Is vitally Important to the serISIng operation \hal both dlgrtllnes, which form a column pair, are at the 

.same voltage befont firing II wordIine Any offsal voltage that appealS ~ the pair, wW dtreetly 

,. 
00 

~r 
Ie ~= 

-"r=, ~ 

Figure 2.11: Equilibration and bias circuit 
ache<motic 

reduce the effeclive ~I voltage produced by the 1Ia:es5 openruon [1). O!gitl;1M! equilibration Is 

aecomplisl!ed WIth one or more NMOS UUnsistOfS connected ~n the digitllnes. The higl\efdrive 

stl1lngth Dian NMOS device produces faster lIQu,!ibnlhon Ihan a PMOS lnInsisIor 01 comperabla 

5iH An equlUbraloon tnlllsistor. together WIth bias IransisiOIS. apPealS schematically in flgure 2 11 

The gllle temun.Rlis connected 10 a SIgnal caUed EQ (EOuUlbtateJ EO is Ilekl81 \Icc wtlerMNerlhe 

".ldemal rr10N address slrI'>be (RAS*) is hlOh. lodir:.abllQ an lJIactive I"K ~arge stale for the DRAM 

'MIen RAS" falls EO willnlllsrtion low. turning off the lIQui~bnrtlon tnllls,stor)us! poor to any 

wordllne firing Tnward the end 01 each RAS cycle. Ea WI" again transition high end force the 

dlQiUines 10 re-equUibrate. 
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As shown in flgurn 2.11. Vcd2 bias for the digrtlllles IS provI(Iad by two Bdd"1Of\a1 NMOS InInsosI"",_ 

The devices opeBIe In COI\jIn:bOn WIlli equUibrll\iOn to ensure Ihat the digitlJlM! par ",mains at the 

pRISCIibed voltage for 5eRSing NormaUy, • pair 01' digitlllles that are 11\ Vee and ground respectnlet,o, 

will lIquUibnlle to Vcd2 volts [I] The bias dev!ees etISure IMt this oeeurs, and also guar.intee that 

the dlglllines ~In 81 Vcd2 oesprte leaka!)e paths Ihat rrught othetwisCI dl$d1atgfl them. NMOS 

tnu15iSlor.s are lIg.IIin Lffled t.ec.use of their ~p&riot dlive strength. bu1 also 10 allow irllegrabOrl with 

the equilibnltlon InIn5IStor MosI oneil, layout lntegrRle5 the bias ¥ld equllibr.lt>oo1 transistors 10 

red...ce the,retfectrve me and $l1IOI! they $I\af1I the same EQ control signal. Most rnocIefl1 DRAMs 

use Vrr12 von JQCh.ilgl! since thls reduces power consumption. Improll8S sen.song and reduces read 

IImII An GXcejU)n 10 VocI2 predulrge exisls In the IBMe 16Mbil PMOS mblt DRAM designs that 

.,LII',/r.Ite and bias the (hgltbnes 10 Vee [21· Sin(:e the WOfdlines and digiUirMls _ both 81 Vr;x; when 

the pen is 1nKINe. reNt 10 column shorts do flOII. mntrfbute 10 lnaused !lt8ndby t:um'!I1I. On the other 

tlalld, row to eoiumn shorts CBLISI! higlMlr standby cutntnlin VWl prlIdJarve DRAMs since tll.,.,r 

wooII,nes ... up! 81 ground in !booby _ A typICallayoul for the equilibratiOn and bias ciraJil appears 

In figure 2.12. 

0° 

o 

EO vcen 

Fig ... 2.12: Equilibmti ..... 1Id bias eln:ult layoo,rt 

lsolaloon dev;ees .... Importam elemellts In $etI$O amplifOef cIrcuu. Genel1llfly implemefTted as 

NMOS transistOl$, lsoIaIion I!'8nSiSloni are pIaoed bet\Ioeen the any digHlines.od $peCifiC sense 

ampllf1ef components. As wi. be underSlood shortly, there are 11 mullJtude of po:$SfbIe configllMlons 

for the sense ampllfler block. I&oIatJoo devi(:es prVYIde two functions. FIrst, if Ihe sense amps al"ll 

posrborled bel .. een and conned:ed 10 two 1IfTIlYS. Ihey allow one of the two QfTlIYS 10 be electrically 
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iSOItled This isolation Is necessaJY wtlenever a won;lhne fires high In one oIlfle 8f1"1)'S. Isolation 01 

the second ...... )' wiD reduce tile tOlal digrtlllle eapad\atlCe ocmneaed 10 tile _ .mplifleni This 

speeds read and write tlme. I1Iduces power consumption, and extends refresh for the isolated amlY 

Second. the IsoIabon device's provide some resistance ~",.een the sense ampl,1iI!r and the 811'lJy 

digitllnes. ThIs res/Slance stabilizes the sense amplifiers and speed511P the sensing operation by 

miflimlzlnO the ,mourn 01 capaaLallOll direaJy COIInedlld to Il'Ie sense ampl1iers IS) C&paatance of 

the sense nodes. bel'o,een lsoIahon 'I1InsoslOfli. is gefMI1'8lly less tluln 15fF This low Cllpacitance 

permits the sense ampUfJ8rs to latch qulcldy, Tha restore openrtJOn slows, though, because of the 

~ re5i$lance, but !his Is less Importam than sensmg Rnd stat.lrty. IsolatlofllrBrISI$IQIS are 

physically Ioc8I.I1d on both ends of the sense .mplifle( layout. For quaner pilch sense amplifiers, 

Ihete IS one 1soI1I1I00 transl$for lor every two digltllnes A/ll'Iough thl!Ils tw\C8 the acflve .ru wiGth 

and SplIce of en array, ~ oovef!lleless establiSfles the mlrumurn lSOIalion used In the PItch celts. 

Input/output (110) transIStors allow data to b8 re>KI rrorn or written 10 specific digl\hne peirs A single 

110 IrallSlSlor conl'\eds to each sense node as shoWn In figure 2.13 The OlllputS 01 each LIO 

transistor are connecled to ItO SIgnal pairs. Commonly,lhete are two pairs of 110 signal lines 

penmltmg lour 110 transistors 10 $hare 8 $lngla column salflct control signal. DRAM deSIgns 

empkrying two or mQfe met.lIllayer$ run the ooIumn 5eIed lines ICroSS the arrays using either mel.!2 

0( metal3. Elch COlumn select Icti\lates four va translston; on both sides of an allllY. pennlttlng the 

connection of lour dlglt/jne pail$ (columns) to pefiph&rat dWI path cin:ulls. TIle IJO transistors are 

carefully $IuId 10 IfflSUIlI thtrt!he 110 bias voltaga or remnant volt. on !he 110 tines c!oe:s no! 

lntrocIuce inslabifrty Into ItIe sense amplifiers. AlI/loUgII designs vary slgnillcantly r.i 10 tile numeffClI 

ratio. VO lnIns<stors alll two 10 elgin tllnes smallef than ItMI N-sense amprl1ler trlllISEStOIS. TIlls 

relatlonshlp Is referred to 8$ belli 1'11110. A beta ratio beNieen five and eight Is common, althwgh 

proper selection can only be ventiud with Silicon. since somulllllons la~ to 8dequacely predict sense 

amplifier Instability 



" L" 
; ,-JI 

, ,-"' ". 
CSEL_ 

00 

L" 
-" 

,-"' ~ 

1 I 
• . 

FlIIWll 2.11: Sf;:n.matie showinliliO ~nsltllO(S 

The fundamerrlal e'eme<~sof .n~ sense ampflfief bIocI( a", the N-seose ampl,foef'l'ld me P-seose 

amplifll!l". These amplifief$, as prevlOU5ly d'Sl'''ssed. wort. togethef to deled the IICUSS Signal 

vo/tag.e and dri¥e the digrtlmes, lICCOOIingly 10 Vee and gtOUnd. The ~ Impllfler. depldetl in 

figure 2 14, consi:;ts of eross-eoupled NMOS IrallSlSlors. The N-sense amplifierdr!Y1!$ Ille lOW 

00 

00' 

~ 

"1< __ '.'Hlmp 

Figure 2.14: Bask sense amplifier $Chell1oiltiC 
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~ ~ 10 ground ~. tIMI P __ amplifier, !XII $"" 01 dOL !XII~ PMOS 

tr-. 'UrI'S IIId drrwslhe I1igtI poIenbII digIIne 10 vee. The _ .,~_ cwetutty dll g MId 

10 U'I'*'. 'at oorrecI dala to., IIId .,..... ..... Il001 of ... .,.. SV'" ~ PfUOUC*' donlg 0IiI 

..,.. o-s tMn 200m'll) [II- t.Wdq of II.. 'h VIh, ~ .... jundloo' ..... aroc::e 

""""" de-. ... _ hRp5 .... I 7 t .. __ ........ opermoa. UlllnlileI)', ... IrfcUI cIIuIes 

the -.II t : iCe II'Id perforTMIaollhe sen. ., ...... bIoct.. As, re.a., b_dous.-ron 

of tine i5~enung Ihtt Ihe _ "'~ a.yo.I is iIpbfTUn S)'mmelry Wd Uld "',,**-
01 II I.r.. .... aD2I ta , pM • • • dIIPOn n::U;ting t I ad cctCIIir9 to .. _ 01 OOIS!. 

P.IdI_ uo IDs ... a.teh ..... (Nl.AT" Wd ACT). e I iCe i5 "lie( ..,. QU;tlIorIilyoul.I~>Q 

................. 11.. (IIS..--u. _ IIDdIo ~ __ IS v.y ,-, 1'IItb'ig._ 
MlISiIM! to IIOI5OIII11d cin:ud., t I as. 

WhIte 1M rnaJO(lly of DRAM II $'O<II:.td1 the digitIInes ta Vrx. ... grou:ld, ,growing oumberof 

OMGI'I5 ,re beg<lI!IIII!iIlo AIduoe theM !riels, V"*" \edIrUCIII ~ repon.lmproyed fWfrnI'i times 

and ro-r power d~iOO through...ouetlons 111 !ltd! 'ID/t8ge$ [211, [22], ,f.l nr..IhIs.~ 

contrIdlctoty, sInee ...rtImg a SIlMII« <m:rge Ioto tI\II memory oen should produce Iowernrfresh time. 

The bi!llllIfits f;llltive from mliintli'nlng lower drell1 to iIDUfC8 vollages (Vds) and 118g.hvl gatl to 

souree voI\.Ige$ (VII$) 8CI'O$S fIOI1-f(:< " I 1 mblt 1nI1l$iSlDrS, t...DwIr Vds aoil negltiYe Vgs tm1$1a11 

to lUbsIan\lally ID¥Ier subtl\resllokl ~ and Iongef refresh, o:Iesp1e tile sm.ller Mored dlarge 

MOIl designs tllat implement redlioed II1eh \IOILages. geomIlly fliIlSI the No_ arrlI*fl ... Lltd! 

vouoe Without Ic7 OIIID tile P·_ ..... 1lIf IIIdi vobge Designaled .. boostId __ ground 

d"',".II. they ","I data ~ Ad! fill*: '*III lui Vor; lor ,1ogIe0i'le ana boost«l ground for_\ogIe 
uro The _ ground""" Is 0II1111ify I lew hundred mO¥oIts __ tNt ground In IItarldard 

DRAMs wtKIi dItYe o;igIII_ filly 10 ground. the':;""'::~"'~':~:':':-:~:' mba ~ (lifO """" the 
~",IM_ ... 1Itd'IIid, This ...... I'lI'iigh aut._del .. 1' age tor ,Iloted or. ...... , SinCe U Va; 

e::dIts ac:rwa the mtilli. . "......-1hI Vg5 II: hIti:I to ZIIItI. SIonid.nro ..... do lID! tutrer fIum 
p .... ved ~.esr"'*' .... __ '"Y __ of 0IiI1 I IgIi pmdt ..... ~ Vg$ Jar the 

" .. I Ie The Mtlftllc:t 1I1t.l,1Ilar8d _"""INb.., 0TU:tI ...... 1hM,...., l8rO""". 
OAt'S ............ _. tt_efool!, ..... '" the maxirrun I1IhsfI ~ b"moII DRAM d ",15. 

9oDiiI1d __ groundeXllnds~. by~subII.esfddl 1 "" Iorsknd-. TlII$. 

_.!pIIshed by~ ~ QIIlIi 10 ~ biaOl1IOOf1-+ t mboIll'ItIIoIIOI'S. The 

tIenII'lI of IU1IndeCI refresh frGITi U- t ,1111 IS some.Nl~, 1hougIt. by 11M IddIId 

IlI)I'IIJIIuIy 01 geI.,ij.", lIoosteil oround levels I!ld ItM PIOt'em 04 dogdo_tfII( no longer 

~e II vccn 'o'OIls 
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Tl'uI nile al I'ItI,CIllhe sense ampl!t~ are aONate(] ha5 been llIe 'SII\.ljet1 01 some at\la\e. ;.. ~a!\t\',. 

of designs uti~1I muHIsIage ciraJits 10 controllhe rata at which NLAT" fires. Espeaally prevaJent with 

boosted:;en:N! ground designs are two stagII ciR:Uilslhal lrwbally drive NlAT" qulGkly Iowan! true 

ground. \0 Speed sensing, and then brtng NlAT" to the boosted ground IeveiIO l1Iduce cell leakage 

An attmla\iYlI 10 11'11$ approach LlSing two ~ dlivelli. fifR drives NlAT" slowly loward ground 10 

IlITIlI current and digJtllne dISturbances Following thiS ph_Is a sea>nd phase In whICh NLA T" drives 

strongly toward ground 10 complete the senslIlg operation. The second phase LlSlJally OCQJfS In 

COIljIJoetIon WIth ACT 8Clivall!Xl Although these two designs IIave CXIIIUlIry operallon. they each 

meet specific performance DIl;eaJves-1r3d1ll\l 011 noise INId speed 

Figure 2. 15 shows a sense amplifier block commonly IItIlized k1 double or lriple metal designs H 

fea\lRS two P·sense Impiiflt!fli placed outside the isolation tral\Sl5lors, a pair of EOI&asdevices, II 

Single N-sense amplifier. and a $Irlg1e IJO 1fa0$lSl0f for ~ch diglttlne This de5lgl1 is quaner prlch 

(one sense 8fI1IIIirler for every four digilli!les) , as are figUres 2 15 .nd 216. since only half of Ihe 

sensa amplifo«s llIC(UinId for an ami)' IIIlI on erther side, Placement of the p~ 8mplJ1lefs outside 

,tie iSolation dellice$1s IM!CeSS8ty Since a fuU one level (Vee) cannot pass Itn'ougl'! NMOS ISO 

transiSlOfs whose gale leml'!Ulls are dnven to Vcc. EQ/BIlls tranSIStors are also pI8<;ed outside the 

ISO devi<:.:t!s to permit COfllinued equl~brabon of digitHnes In the Isolated amays The 110 Imnsistor 

gate lemW'IaIs for four ad~ digrtlilles eonnOCl 10 a common CSEL signal. Each of the four 110 

I,.nsislOIS bemu lied 10 II sepanrle 110 bus. Ttus sense amplifier. although simplll to Implement. is 

~ larger than 0Itler designs due II) the presence of two P-sense amplIfiers 

~ 

I 
f.C 

~ ..... 
Lc 

~~ -. r . 
~. 110' vo HLAr 

Ftgurt! :t 15; Standard sense .-npllfier block 

Figure 2.16 shows a secood I'l1OIlI oomplieated style 01 sense amplifillr block. ThIs design employs a 

Slnglll P-senSll amphfllll" and thfDII sets ofN-sense ampliflers, In this design tha P-_ amphfler is 

bet"een the Isolation InIIlS1Slors Wrfung a full one level \0 \lie mblts requires thaI the i5011lltOn 

devices be either NMOS 1IepIe\ioII, PMOS enhancemen\. or NMOS enhaooement mode with 
boosted gate dove. The usa of three N-_ amplif!ef5 ""iKf"""'S the use of PMOS ISOlation 



IranslSlors, wI\Ich prevent \he Wli\ing 01 fu\1zero levels unless the N-sense Bmphl\efS elOSl outslcle 

the lsoIa1ion devices In this design the use ollhree N-sense IIm~j(.ers guarantees lastBf sensing 

and higher stabil~y lIlan a similar design using only two N-sense ampliflfml, The inside N-sense 

amplitler fires prior to the outside N-sense amplitlers to ensure proper sensing. This design IlSing 

three N-sem.e amplifiers will not ~kI a minimum layout but mis objective is saaificed for higher 

pe!formaooe 

, C$FJ 

~ 
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Figure 2.16; Complex sense amplifier block 

TIle sense amplifier block shown in fogure 2 .17 is at or near the mirumum confoguralJOn, TIlls design 

features ~ngle N-sense and P-sense 8m~lfief!i placed between me rsolaijon transistors To wrtte full 

logic levels requires that tile isolation trarlSlStOl'S be eithef depletion mode devices or that tile gate 

voltages be boo5Ied aoove 1If;C by at least one Vlh. This design still includes a p31f 01 EQlBIa5 

c!rcu!ts 10 maintein equillbrnhOfl OfIlsoIated lIlTII)IS, Only a lew designs have eve!" tTied to opetfIte 

wilh a single EOISilis elll,",J/t residing WIthin the iSGInon devices Most designers col!Slder IIoating 

dlgJtJmes a risky proposttlon since cell leakage 1ncreeses and senslllg operations degrude as the 

d1QrtJlnes drifted II'NfI'llrorn!he 1Icd2 prec.harve level. Future DRAM deSIgns Implemented on SOl 

(Silicon On Insulalor'j coukl pennit the use of sn'(jll!! EOIBias Circul\.S,though, SInce thiS technology 

has rwgligible jundlon leakage [231, [24], [251· 
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Ftgure Z.11: Mln.mlzeo sense amplifier btOCk 
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\141 ..... , l.InI!U the dOutM mdIf _ .,~ S' a.tKMn In tIgurI:s 2 15 tIwough 2.17. "*'IIIe 

m.UI __ .-nc-1Iy out .. II8If pUIt-oIle .,c*l\elIor......,!woO .-my $gOI .. lbI$ type ~ 

IayouIcs edIeme1)~. ,aa.iO bgN COIiStIakUOIl proo design mIIVIM 8eeIIu5e of !he 

IIn8¥aIUIbiIIIy of ~, c:okJmn seIed !IIig!lQ e.rW!Ot tOIAe 1IC:I'OSIS the mtI'!ICII"y ~ As • -.II 

eoturM seIeellignil geneMtOrl ~ • Ioeakled ratIler thin • gIobel column deo .... 'U tin:uIl 

figure 2-111 depicts how the ~J se,1SOI! amplifier 'lid p~ amphllet$ weloclled OIl gpposita erds 

of the mbrt 111'1II\'S In .. ngte metal desigrtS The shartng of sense ampilflefS by two edjacem afTIIY' 1$ 

espedaUy benetlclll fOf Sjngle metal designs. FlgUI'tl 2 l11111USlrl11es this COI1C11!pt by showing how two 

flI'ay$ lind their as:IOCl_ed P-sense ampl,n- nre • lingle N-sense ampllfiar In the <lePlde!! 

cae, wIIete 110 de\IIoes exISt on only one end, the rightmost p·sense amplifier ac:tIvates only when 

u. ngM.,.,.. bIing Wi eel The left P-setIM ~.IhougI1.'!ways M1iY8Ies. ~1es8 of 

which .,.,. II; bnIQ •• 1. M1CIt .. '* .... 'MIle vperwlions must ~ thIUI4Ih Ihe 111ft p-_ 
•• ipIifia III INdI tht I/O ~' es 

, .;, -
V ,- • -I 'I( 

I q 
~. w , , , - ...... ,.. 

FIg ..... 2..,,: Sing" metItl...".. .... plifler block 

A seI of op&nItlng ~al WllYeloons appeal3ln ('!lure 2. III for the sense .mpbfler shown in IlgUI1I 

2. IS, The ..... efgjnlS <SeptCl. reid modify wrtte cycle (late ...me) in ....,k:II.1Ud operatlOO pteCedes 

• WI1te operatlon chlfing alllng\e o;:eIla.- In thlsaumple, • one IIrYeII5 tuCI from the QeII, 

~ed by OO-""",,.ocwe 00 during tht OIl __ A one IIMII-..,s appNIS 1I$.V0d2 In U. 

rnbot OBI, 11Ip"1 • of~lhe cell fXItIIIeds to. tsu. or~ digOI._ The IIC:b.IIII dill 

... lIS A. 11 !tom tIM' [)RAM'$ dill .. " ... (DO) IS. fundJon oItbe dltllOpOIug) 8nd1he 

pi .. or dIlI .... ,It6Q o.ta L •• 1bIoi1ljl Of 1090 "",_,a-ifill •• '"*,,iated IIwougb .h&!-: III 

d'BJ*h CIR:UI(I; to .... 1I'rM the SIDled rnDol cIItI ....... Md 0CI1DgIe ....... _In ",,"" ... 11 An 

mbII one ...... (+\IccI2) """,.aspca:ds to all:lgoc __ !hi 00 Md a'I mbIII uro ...... (-Vcd2) 

c:onesponds to • logic lWO _ the OQ lermrwI n. ....... bnWlQ ~ sm.n III figure 2.1li1 

depicts a ....... ImQ In '"*11 _ PIIof 10 IIle '«IItIIJne firing. ISOo\· must trwlIitaIlow 10 isai8le 

• ......,n ".,..." 1M _..",.,...,.. 1008 lIl!tn (KIM low ..-d disabIB !he EOIBIn nllSi5l~ eOhlederi 

to amryl The........almo ~ hlgl!, .. "fill an mbo\, wI'Hch dumpe ItS dlarg<l CIfIIo 00· NlAT"', 



Initially aI Vcc/2, drives low to begin the sensing opeI3tlon by filing Ille N-sense amplifier to pull DO 

loward ground. ACT fU"es, moving from ground to Vee. whidl activates the P-sense amplifier, driving 

00' toward Vee. CSELO rises 10 Vee. wlddl enables the 110 transOslol5 and conntlds the peript\enll 

data CllCUItS to \he memory cells. Thll va lines '1Ir1l biased at a voltage close to VCJ:, The 110 line bias 

causes DO to rI$I! sllgtllly whita the column is active Follow1ng thiS read DpIII'8tion. write drivel5ln 

lhe pllripl\ery aellVate and drive IhflIIO lines 10 opPOSIte data Slates (in this exampla). ThiS new data 

propagales through the lIO devices and wrttJng overtha previoos data held by the sense ampllf\el5. 

After the sense Bmplrfiers latct11he new data, the write drlvel5 and the 110 devices start down. 

allowing IhII_ amplifiers to restore the dlglUines to fullleY1!!$. The wordlirle transitions low to 

shut on \he mbil tnlnslstOf after the cell restOnltion completes Finally. EQS and tSOA" fill! high to 

equnlbrala Itle dlgiWnes back to Vcc/2 and to reconnect 81111yO 10 the sense amplifier.;. WIlDe timing 

lor eact1 of these events needs to be minimized foroplimum DRAM performance. hming cannot be 

pushed too far as to eliminate all ijmlng margms. Margins are necessary to ensure properdeviGe 

operation over \he expeCled range ¢ pnx:ess varlllions and over I wide rangtl of Operating 

condrtions 
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Figure 2.19: Wrllfonns for I r.d-mod,fy-write DRAM eycle 

Row Decoder Elements 

Row df!o!;ode draJits are similar 10 sensa amplifHlr cIrcu~s In thallhey' also pitch up to mbrt Irrays 

and have a variety of Implementations. A row decocte block COOSIsts of two basic elements. a 

WQfdllnc driver and an address dIIcOOertree, There are three basic configurations for WOfdllne driller 

ClraJltS that Include lhe nor drfver, the inverler (CMOS) driver, and the bootstrap dnver AddillOnally, 

the drivers and associlIled decodlllrees can elther be configured as local row decodes tor each array 



sewon or iIS glObal row decodes whidl diive a mul\l1ude of array ~ Global ~ de<:Odes 

conneQ to multiple amrys througll metal wordI,na $iraI'$. The straps are $IiIched 10 IIIe po/y$!llcon 

wordIines at specific intelVlll5 dictated by the poIpUieon reslsIal'lC8 and tile desired RC word~ne time 

c:onsIOI1l. MOSI proa!SSI'!$ tIIat strap WQtdlines \VIlli metal do nOl sdi(;i(le the pOlys<lioon. aHhough 

doing .so would reduce tile lIumber of stJIeI1 regions l'eqUll'ed Stropping wordllnes aoo USII1g glob3l 

row demdeni obviously reduces die size..-Iri some ~ very dnlmaticflly. The pellalty to slr1IPPI'III 

Is !hat ~ l'eqlllfll!l all addrtJol'lat lTMIIal layer and UIaIIhls layer Is at mimmum array pilch. TIlls putS a 

tremendous bun:len on pllx:ess technologISts in wtlk:h tl1ree condudors are at m'lIimum pilei!­

wordlines, digitlines. ilOO wordlme $I/OIPS Distributed row dlMlOders, on the otlle< hand. do not require 

metal straps. !lui do NqIIirw adddional die size I26J n Is l1iglily advantageous to reduallile 

poIysilicon r.sisIance In onIef to slnltd'llhe wonlllne length Ind reduce tile number of needed row 
decodes especially on large DRAMs sutllll5 the 10'llabil 

The boot5ttap wordHne driver s/IOWn In flQtlre 2 .20 Is buill exdusiYeI)' from NMOS trlI!lSISIors 1261. 

producing the smallesllayout for tria tIIllIIt types of dnvef circuits. As. tile name Oenotes. thIS dIfver 

relies on bootsInlpping principles to bias the 0\Itp.II transistor's gale temunal, This bias VOltage must 

be higll enough to allow the NMOS trlInsistorto drtve tile wotdllne to the boosted wordline voH. 

'= """'" 
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"" --,-----' "' 
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"',·--+--,..----il 
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FlglA 2.20: BoolStnlp wordHrMI drtY .... dMlflWlti~ 

VCeP. 0penIII0n of the ~ drtverwill be <le$Crlbed with the tIeIp of fl(jure 2.21. Inwlly the 



.... dllloe CIr1Yef IS on aM \tle wooIIIno arJIlltIaM \tm'IInaIs.e iIlglWlC1, 11311S$.0I' \QhoIIlstlli! 

........ at ground SII'ICII! h Nw 0 ... 0IApLl1ignIII DEC' is ... Vee. The (IIle 01 pas tr8nsostor U3 IS 

1Iod .. Voe. The sogn.ts DEC 8nd DEC' _ fIIOi_wled bf. "",jIM_ deQoGe CirCUlI DEC and 

DEC· .... _.4 •• em8l.,......... .tt."OfIwo-.n. •• eryIO»c'MItMOOtJed 

WOIOIirIe ~...... Its".c:ond."., If DEC nses 10 Va: and DEC' mup.1O graund ... 

• ,IIi_M1bflhe 1ec: .... ltMboCIIIrIOdetr' 181w11ti5eloVco-vtnvolsllldll8' I-M2 .... 

tum on T.a.1 '· ... 1 anno.s 10 not!"" oooedliMi to ~.soooe PHASEO Is".ground 
Orx:e 81 .MdMis VCC-\ltn. 1M PHASE -vIII"'1O 1tM t: "Sled ....... ....,.. veep As.!-.« 

aI g.ta IDdtain and "* 1O....::e ·""Mdt_ aI Ml_!he gate of'" wII boot 10 an .'iiIe1 
vabge, Vbool. Thisvobge. _ •••• Mid bf the JIM ............... ara oIlIOde 81. CO$I. Cg11 

VCCP.rd II-. InilIII YObgII .. 81. Vco-\o'In Atxu"""t. 
'"bI -l I('l'XP -C,.n)- (Cpl. CPl .. eBl)!.!''''' - nlf) In ~ wIttIltMwon;Iine ...... 

rtaing I'!'om gnIUi1d to VCCP \tilt pte 10 aoun:e cepaatance of"l p'OYIde$. MQOtIdery boo* 10 ItM 

booI /IOCIe _ The seeondIry boaBl heIp:s \0 IIIn5Urw that \he boot voltage iSldeC/U'le to ck'Ive the 

wordr.n. 10 • fuH veep level 

veep . "'" ~ -
" veep -- , WU> 

""" ,,,,,,. IDEe " 
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The boob1I",,~ 15 turned on bf IIt1iI diMtIg II'Ie ~ SignoIiIIO gr"OlIIIII "I _ an , ... 

noda 81 cemot drop bektw Vo>VIn. ~4itd_jjilii<l the .... dIII. ~ graund. This iii 

,. 011 by 11M ._ .. _" .... , ..... ha'IWIg off, bIIngIr1Q DEC IOgrOIWldllJd DEC'" 10 vee. ...... h DEC" II 

Va;;. b. '01 M2 b.m5 an IIld fuIy a.mps ... 'MlRAI. togtOUllll A \/OIUigI1wII InlMi110rls 

~!Of' the PHASEO S9flII-. OpIQIes biMalll1lJ1111111d and Ihe booIIed wi. veep 

For. gIoba!lOWd!M"1e OOfTfigurllbOtlm.." hOC II1Ud'I oil buIOen_ Fat lloc'aIlOW(181 11e 

COflfioo,ntieln the IeYei , .. iM\ors can be very cbfficuIt 10 Implement. GenerIIIy. theM,~_ 

pIIOCtIU M.IK •• '!iI"P'>....nk;h.~ 11111 ... 1nI~1on of _ atnpIifocr_ row ~.g'~D bIocb, Of !hey 
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ant dIsIribuIed IIItoughoullhe lOW decOOe block ItSelf The ~ require bolh PMOS and NMOS 

UlIn5IStors and must be c:llpable of dmoing lal{/e capedtrve loads. Layoul of the trwIsIators is very 

difflclJlt. espedllUy $IO'101!! the OII ..... 1I1ayouI must be as small as possible 

The second type of wooIl,ne driver, shown In figllre 2.22.15 called II t«)R dnver His Slmllarlo Ihe 

bootstrap dnver in Ihid two de<::ode terms drive tNt outpuIlflIl\$l$lor fmm separale terminals. The 

NOR driver uses a PMOS transistor for Ml and does /101 rely on bootWappmg to dertve the gate 

bIa5. ~. the pc is dINen by a votIage tr.mslator that GOI'IIIerts DEC'lrom Va; to VCCP YOIlage 

levels Tlb$ translatIOn is nec;e$$3ry 10 1!fISUn! thai MI rernall'l5 off for rIOI'IseIecIecI _,,"Illes 5IfIOO 

the PHASE sigIuIl \1'181 is common 10 multiple dl'Ml!$ls driven 10 veep, To fire a Spe(:Iflc: wordhne 

DEC' must be low and !lie Bppropna<! PHASE musI. f\f1! high_ Ge!1eI1JIIoj.lhere ani four to eoghl 

PI-Lo\SE signals per row deooder bIodL The NOR dover reqUires sepIIl'lIIB level ~0fS lOt" each 

Figure 2.22: NOR wortIllna drivv 

PHASE and DEC' s/gBIII. The booIsU'ap driver by eompanoon requires mmslal0!3 onty for \he 

PHASE s.gnai5, far lew IlIan the NOR driver 

The final won1IirIe dliYercoofigunrtion seen in llgura 223 l.w. specifie name. but Is sometlmes 

rmenvd to as a CMOS Invertllf driver or CMOS drivef, UlIlike the fIrsI two dnvers. the 0\IlpUI 

lninsislor. M 1, has b source lerminal permanent/y COMed.ed 10 VCCP f27j. ThIs dnvef, IhlNefore, 

reqUlrtIS. voltage IJanslator IOf each and evertwotdline, 80ItI deaJde loons DEC and PHASE" 

combine to dl1\l8 the OUIput stage through the b1IrISI;rIor. The ~age of thiS OOvef, other than 

Simple operation. Is low power consutrIpIiDII. The CMOS dl'i\ler COI'ISIlfVeS powef because the 

translatOfS dnve only the small capacilance associa1ed with 8 single wordline driver. The PHASE 

transllllors of both till! bootstnIp and NOR dnven; must drive consoderable juncllOn c.&paertance. 

DlscKtVantages 10 !he CMOS drtver a~ 18)'0lIl eomp!eldly and hogh stMIdby cull'l!!nl. Sublhreshold 
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leakage In ttllnsl$tor Ml ;/Id!he high drain to source bias (Vecp) cause high standby CUmlnt fGftfli$ 

design. The booIsIrap and NOR dllveni do not wtlet from high $tendby aJIT8nI sine.! veep IS noI 

applied to tile output 1ra1l$l$l0lS when the dnvers are disabled For DRAM designs havlng IhousiInds 

til' wonlline drivers, \tie QI"Ilulative leakage c:oo-ent can easily exceed Ihe standby CUfTefII budget. 

Only eareM design of tranSIStor Ml witt prevent this from occumng. 

vccp veep 

~.-L--1t-------

Flg ... 2.23: CMOS wordllne d river 

Address decode trees are the filial element of \he row deocxIe block 10 be discussed 0em0e I11Ies 

are coostruded from ell typeS of lDgie-statle, dynamic, pass gate. or I combonttiOll thereof 

Regardless of what type of Iog;e \hili an address decoder Is Implemented With, the layout must 

completely ra$lde beneath the row..:!dress signal lines to consuhn. an efflcietl\. mlmmal desogn In 

o1.lIet WWds. the metalllddl1!SS Il'II<::ks diaate the dla ar1UI available lor !he tIecoder, For [)RAM 

desigN thai utdi~e OIobai row decrxIe sdIemBs. tile peIWIMy tor Ir!eff1CIeIl\ design may be 

nsigrntlcanl. but for distributed local row decoOe 5Clleme5, !he die area penaMy tan be Slgnrfleanl M 

WIth mbll5 and $ell$ll ampliflers, any bme Invested In row de(:oGe 0jlCJITUUIi00 is well $pent. 

Tlle SImplest type of 8ddress decode tree Ulili2:es statiC CMOS logic. Shown In figure 2.24 .• simple 

ITH can be designed USIng 2.lnpul NAND galas. Wlule easy 10 cIMlgn setlem8llcaHy, sIaliC logIC 

IIddreu U'8a ant not popular, since they wasta cSihcon and are dl1flcu~ 10 t.yOUI effICiently SIalIC 

!ogle /lIQUII1IS two tnmsislors for eKl'l address term, one NMOS and one f>MOS....flrodllQng alarQe 

layout for designs wrtn many add~ lenns. Furtllefmore. SIalic: gates mllSl be cascaded 10 

accumutale IlCklress leml5, adOIng gate delays YI'IIh each level For these and other reasons. 5IatIc 

logiC g8l85 are noI IIlIllled III row decocfe address trees lor today·s stale of the an DRAM 
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TlHI second typll of ~""IIH ulllizf!S dyn.mk: Iogi(:, the mO!ll prlIII.1enI being preeharge and 

evaluate (P&E) Iogie. Used by the ma)onty D'/ DRAM manufactu~l1i. PIe IIddf1lSa trees come In • 

variety of forms. although !he ditferenc:es bet ,II8n one and anaIhercan blsubtJe [261. [27], Figure 

225 shows II ,,",1PII1Ied sthemabc for one vtnIOn of. PiE add! !!Ilfeedesigned lor use ¥I'Ilh 

~ 

~ ~-Sc~---, 
------<1J J 

f-I --'- OT-r--<1c.,' ~ 
M'-iC; ~ 

'------~-

Flgu,.. l.U: pae decode ... 

boDtstr1Ipped WOI\!IIno~. P&E address trM CifO.IItS fealuAi one or more PMOS pnlCharge 

1rWISiSl0l'S and • CIt! -Ie of enable NMOS tt. 'J!S 1oU-M4 TIlls P&E design .-hair of the 

bw ""*"**' by tIJe Ibbt ~!' ,1J1It; offIguN 2..24 M • .-.It. 1M a.yout of IhII P&E _ is 

mud'! ~ IMrI tile --.c 11M -...g _...., .... the IOddo II ~ The PR£CHARGE" 

~. under CCIftnII 01 tile RAS chIin k9C. ~ the pn!dIage tiM W PRfCHARGE" InC! 

b. 'Or),lt _u. DEC" pnd"!llbhlgh, t Nwlg the .... ~ .. fi'ioIet ItIdpCII*iug u.1rM 
lor row address~. tI1 is. small PMOS b. 1 • ~ by !be oec IIIYe!ter (1t5_ we) 

Togeltler. M111'1d the InYertIrfOlm. I8IdI ~..,. DEC" ~ I\IgI'I for. _null ' Md 

eddIessesare III 1 ~ (Iow). AfterRAS" f.lIs, PR:eCHARGE" ~tllGlilO tumoffM! 

I"DII<Mmg tIlb, tIM ruw 80dfeSSeS ar. enaD1e4 If RA 1 Ihr1luJh RAl aU go hlgll. IIMIn M2-M'" wfIllum 



on, overpowering M7 and driving DEC' [0 ground and DEC [0 Vee.. The outpul of each !ree segmenl 

nonnaUy drives lour tIOOtSl/iIpped wordHne drtvefs.-each conneaed [0 a separ.de PHASe SQII8I FOl 

an BfT8y willi 256 won:Ilines there I'IilI be 154 5UCtl Oecode trees. 

The ~ add.ess Unes shown as RAI·RA3 can be e~hef!rue and oompIemem. addn!ss lines Ol 

JAdeCOded address 11f\eS. Predeooded 80dress lines are formed by logically combining (AND) 

addresses as shown in [able 2.1. Act.rwota(le$ 10 pr8decoded addresses Include Io\wr powef". Since 

Table 2.1 : ~oded addoeu lrU1h table 

RAIl "A> PR01(n} , , , , , , , , 2 , , , 
fewer signals make transitiOrtS doong address changes, aod I'ligher efIicIency. since only three 

transaslOI$ are .-ect$ury to deo::ode silo: addresses for lhe Qrcuit 01 figure 2.25 Pred«Xlding is 

espe<::Iany benefieull for nodundaRCy Circuits. Predecoded addresses are used throughOUl mOSl 

DRAM designs ' \lday. 

The final type 01 address trl!t!. shown In figure 2.2t1, utilQe5 pass translstOlIogIc. Pass Ifal"lSistor 

address trees are sirnilarto P&E trees in many ways. Both desigl'lS utilIZe PMOS precII8rge 

~!lSoISI<n and NMOS 8ddress enable IfIInsisI()r$, Unlike PAE logiC. though. the NMOS cascA 

does noIlemIlnate lllilround Rather, the cascade or M2.J,4.4 goes to a PHAse" signal t/l8Ils high 

®ring Pfl'Ch.81gt1 and Iowduring!he evallJllion, The address signals opera1.e the same as in the P&E 

tree. hogh to select and low '0 deseloeCl, The pass tl1lnsislortree is Shown integl1lled Into a CMOS 

woodllne!lnver 1111$1& lIecessBl)' since they are lIenetaUy used logether and their opel1lllon is vefY 

complementary. The c;ross..eoupIed PMOS tre!1Sist1n ofllle CMOS !eYe! tnlnsIaIOl providoe a latch 

I"IeI";e$SSI)' to keep the fifllllinterstaoe Mde biased BI vee. The latch has a _ak pulkoP. easily 

overpoweAId by the ease3ded NMOS ell8bie transislOl$, A pass transistor 8ddJess tree is flot used 

WIth bootstrapped won:llme drovers. since the PHASE Signal leeds Into the address tree logic tDlher 

th.an 11110 the driver as required by the bootsInIp drive!" 
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Flgu ... l.2tI: Pass nnslstor decode tree sellet'NtK: 



III. Architectural Characteristics 

This section provides I detailed desaiption of the two most preyalerl1 afl"llY architectures under 

collSiderauonfOf /utUi'l! large scale DRAMs-lhe aforementioned open digiWne and folded dlQltline 

arcMectures. To provide I viable point fOf comparison. etX:h arch~ecture will be employed In the 

Iheofetical oonstrudton of 32Mb!! memory blocks for t.ESe In a 2S6MbiI DRAM Design paramete~ 

and layout rules from a typiCal O.251'1f1 DRAM prooess provide 1M n.eeded dimensions and 

oonstrainsts forlhe analysis. Some of \h.ese parameters are shOWflln lable 3 I, ~amlnation of 

DRAM archllectures in the light of a real world design problem penn~s a more objedNe and 

Parameter 

Digltline width Wdl 

DigiUJne pilch Pdl 

Wordllne width w.I. 

WOrdline pitch for SF' mbil Pwl8 

Wotdline pilch forW mbil PwI8 

Cell c::apadlance Cc 

OIgltJioe capacitance per mbil Cdm 

Wordllne capacllvance per SF" mbil ~ 

Wordllne capadlVance pel" SF' mtlil ewe 
Wordline sMet llISisIanoe Rs 

O.ll'1fl 

0.6)1111 

03~ 

""" 0.9)1111 

lOW 

0.8IF 

0.611" 

0,511" 

6"'~ 

unbiased comparison, An added booeflilo this approach is that \he stl"9flglhs and weaknesses of 

eilhef architecture shoukl become readily apparent. 

Open Digitfine Amty Architectuf& 

The open digh!ine afl"lly archrtecture was the prevalent archttecture prior to Ihe 64KbiI DRAM A 

modem embodimenl of this aod'l~edu", as shown In ligu", 3.1 [8[. [1-41. 1$ cortSIn.u;:ted with mu~pIe 

cmsspomt array cores separated by strips of sense amplifier blocks In one axis and either rrNt 

dttcode blocks Dr wordline smchlng regions In Ihe other axis. Each 128KbiI alTllY core Is buill using 

6P mbll cell pairs, There are a lotal of 131 ,072 (2") fundionally addressable mblts arranged In 2&4 

rows and 52~ digrtllnaa. The ~ rows consist of 256 actual won:tHnes. 4 redundanl woroiines and-4 

dummy wordlines The 52-4 digitJlnes consist of 512 adual digidines. 8 redundant digitlines, and .. 

dummy digltllnes. PhoI.olitf1ography problems usually occur at tile edge of large repetitive structures 
5Uch as mbtl arra)'5. These problems produce mallormt:d or nonunllonn stru(;lures. rendering the 



" 
edge cells l/Se/ess Inclusion of dummy rnbitS, wordlines and dtgilhnes on each array edge ensures 

ll'Iat these problems only occur on dummy cells, leaving live cells unaffeaed. Although dummy 

structures make each array CQ(fIla~r. they also signlrlcantly improve device yield making them 

necessary Items on all DRAM designs 
-, -- ', -- ,'--

~ ~ ~ ~ '\ 
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, ~-- --.::.....::,. U --L::. 
Figura 3.1: Open digiti.no ;uchiteeture schematic 

Array core size, as measured In the numbel" (If mbils, Is A!strlCled by two factor.r-a deSIre 10 keep 

the quantity of mbds binary and practicallimlts on WDrdline and digitJine length The need for a binary 

qUllm,ly of mblb In each 81'1'111 core denves from !he binary nature of ORAM addressing. Given N 

~ IIddresses and M column addresses for a givllfl part lhere are a total of 2"'~ addressable mMs. 

Address deco(ling is greatly simplified WIthin a DRAM If array addn!SS boundaries are derived 

djredly from address bits. S;noa \he addressing is bonary tile boundaries nalurally become binary 

Thefelare, the size 01 each alT1lY core must necess&rily hIVe r addressable rows and 2' 

addressable dlQlllmes. The resuH,ng erray core sizlIls 2">' mbi15. whICh is of COUr.i6 II bm8ry 

number. The second set or fildOfS limlllng BI11IV core size are ptilcticallimits on digrtline and 

woniline length From earlier dISCUssions In section-II. the dlgltllne capacl1allCe Is hmited by two 

factors. Ara..iha l1IIiO of cell caP8Ci\ance 10 dlg~line capacitance ITIl.Jst fall wnhin a specifoed range 10 

ensure reliable sensing, second. opel1llmg currerl1 and power forthe DRAM Is In large pan 

determined by the curren! reQUI""; 10 charge and discharge the dlglUlnes during each active cycle 

Power considerations restrid digilline ler.gtl1 !orthe 256Mbit genertltion to approximately 128 mbit 

pairs (2!i6 rows), with eaCl'l mbll connection adding capadtanOll to the dig~line_ The power dissipated 

durinO a read or refresh operation Is proportIOnal to the dtgrthne capaCItance (Cd), the supply voHage 



(Vee). the number of active columns (N). and tne refresh period CPJ. Accordingly, the pOWer 

dlS$lpatad Is given 8$ Pd "y"",.(N ·I(c· (Of + Cc))+(2· P) watts 0... a 256Mbit DRAM In 8K 

refresh thare are 32,768 (2') aCllVe columns dl.u'lng each read. write, Of refresh operation, ActIVe 

array current and power dlSSlpallOl1 for a 256MbiI DRAM are glv8flln \able 3.2 for a 90nS refresh 

Table 3.2: Active curnnl and pow. Yef'SUS digilline length 

DigitliM Length Dlgitline Capacitance ActIve Current Power Dissipation 

128 mbits '''''' "",," 199mW 

2S6mMs """ 121mA 398mW 

512 mbits " "'" 241mA 79~W 

periOd (·5 timing) al various digalll'le tengths. The budget for &dive array ament is limited 10 200mA 

forthis 258MbIt design To meet thIS budgeI. the dlgitllne cannot exceed a length of 256 mbits 

Wordline tength, 85 described In sedion-II, Is ~m~ed by the maximum allowable RC lime constant of 

tile wordl!ne, To ensure acceplable access time forltte 256Mbit DRAM. the WOldhne lime oonstam 

Tab" 3.3: Wordll'" lime constant venus word!!ne length 

Worollne Length .., 
""' TIme Constanl 

128 mbits 1,536ohms ... IF 0098n5 

258 mbits 3,072ohms "OF 0,3905 

512 mblts 6.144ohrns ''''IF 1,57n5 

1024 mblts 12,268ohrns "2IF 6.~n5 

should be kept below four na~. For I woltlUne connected 10 N mbtts, tile Iolal resistance 

and capacitance usjng 0.31'"1 poIysiUcon are /hoI/ * III· S Pw/ .. O.1~ ohms and 0.1 _ (" .. 6_ ,\ 

F,rads respeCllvely Table 33 contail15 the effective won:lline lime constants for various wordline 

lengths As shown In the table. Ihe wordJlne length canoot exceed 512 mblts (512 dtgilllllt!$) ilthe 

wordU", lime constant is 10 remain under four IUInoseconds 

The open dlgilline architecture does nol support dtgltJlne twlstlng since tile lrue and oompjement 

digHlines which conslrtute a column are in separate array cores. Therefore. no silicon area Is 

consumed for twtst regions. The 32Mbil array block requires a lolal 256 128Kb11. array cores In Its 

constrodlon Each 32Mbit block repre$8rrts en IIddress space comprising a total of 40Y6 rows ,rid 
8192 columns. A praetlclll configullllion for tile 32Mbrt block is deptCled In figure 3,2. In this figure, 



" 
the 256 arTIlY cores appear III • 16 by 16 lIfTlIiljlei.terIl The by 1& IrT1IInoemem produces 2MIlII 

sedlons COfISISI'og or 25e wordUnes and 61512 dlgltrmes (-4098 columns) A total or 16 2Mbit secUons 

ate reqUired 10 form the complete 51MbiI bIoc;k.. Sense ampli1ier stops.re pDSiIloned vertically 

_n each 2MbIt s.ec:tion Raw deoode strips or wordllne stitcl'llllQ stnps are posIboned ho/U:antally 

behA!!en each lIIT1Iy ~ - - '1k 
~ - ~, , , , 

, , 

~ 
" 

, , , , 
" 

, , 

, , 

, , ,t I ' -, 
~' 

, 
~ --, , , 
, , , , , 

, , , , , , 
i 
! --

~, 
, , , , , 

, , ,jr' 
, 

'~ 
~ , , 

, 

f# 
~ 

" ' , , 
~ 

, , , -
, , 

! L. .. -
~ - t t --

--

-',IN'I' .. -
FIgure 3.2: Open digitllfle 32Mbit ilfRy block 

Layout was genlllll.ed for the v8flou5 32t.1b1t elements depded In figure 3.2 U;$IIlO commen:.al Ie 

layout software This layout Is _I)' to obtain lUSOnabie esUmales fOf pilch cell SiZe These 

SIZlI estImates. In 111m. allow avenlil dllllllR$kWl$ Of the 32MbIt memory bIodllO be calculated The 

f1!SU1Is of ,!lese estimates appear In Iig",re 3.2. EssenIudly, the OVllf1ln I*ght of the 32Mbn block can 

be fOUnd by summing !he hmgll1 of tile row deoode blocks (or strtch ~Ions) logetl!et with the 

producI of wotdline pitch and lotal number of WOtd~nes Aa:o!ding/y, 

H6.p,n .. (T, HIdtc)+(TtII Pill) microns, wileR! Tldec; Is the JlUfTlberof IocII row dIIcoders, HIdee 

15 the IleIgIrt of each decoder, Tdl is the number of wonllines ind~ing reduOOaIll and dummy lines. 

and PdI is tile 1f1gitl1ll6 pitch, Simllarty, the width of the 32MbiI block Is found by SUmtnlllg the lotal 

WIdth of the sense ampbfief blocks together WIth the $J'OdOd of the WOI'llUne plitt! and the number of 



........ n. bit all'NIIh yI8Ids lrootiJ2~ (7 .... ..,,) .. (TW, 1'w16) """ ..... , \IIIhenI Tsa I5Ihe 

lUnberal_..".,.... su.,s. Wampis tM wIdIh allhe _ ....... 10. Tel. tile II:Ut rum. 
01 woo"'ellOldirlg ~ .-.d cUmty .... ..., p.,e I5Ihe .... cIIne pldllot!hl! 6P rnbl 

TIbIe 3,4 ~c:.o""" I8IUb lor !hi UMbItmdlw- III ligon 32 'MlIIeQVenllSlZe II 

!he best _ of .m.tecllnll ~IC~, I.-Id pop-mIt!'Ie i5.,., tffioeolC)i ~ 

ef'f"tdrlllC)i ildeI.,I.1Id bydiwfllllllhe _ 0DnSUn1Id by h.nc:IIonIIy"" ..... ~ by IhI totII 

die 111ft To sunplify 1tIe.na/ysc$1II ttus thesiS. ptilphetal CirWIb .... be 91On1d In \tie anay 

eI'flciency C<II1cu~1On, Rather. the wrvy ~ C<IIk:u~ wiI only 0DIl$IcIti"!he 32MbiI memory 

T.btl3.4; Open diglUine (iocil row dKDdeI-32MblC lID tllculltions 

r-- =------, 

WIdth of .,... Imp/iI'IeB W_. -NumbIIt oIlDc:II He :Ie $InpS - " Heigtt of IDc:II dIcoOe", .- -NumberoltQ*IM Td .. 00 

~01_"_ T~ .". 
He;gIII aI 32MbI bIDdI -"" fI,821..,., 

Wdh al32MbIt bIDdI '""'" '-" 
Atel of l2MbiI bIDdI ..... " 3S.071.058I'In: 

block igllo •• og" otllef flClors With thiIs sompiiOcltlon, IfMIIfTlI)' ef'Ik:IIney lor I 32MbiI bIDck is 

given 15 FJ1C1M£)' _(100·2"· PJJ ·/'w/6) .. (AlWIn) pen;:ent. when! ta Is the number oIliddlUSlble 

mbi!s in ",en 32MbIt bIDcIt The open d;gitlin, .rc/lKecture yields II calculated Imly efficiency of 

51.7 peroenl. 

UnfOl1urwlllly, tIIIldeII open dQlllille lfCtuIectLlf1l pll i el1ll1d In ligule 3.2 CIIUIOI be .. ,ned In 

pgdJce, ThWe .. sMous Imj •• ""1$10 UIing III open dlgllfille 1ItnII«:hn The h prob6I!ollls 

1hII1I'Ie __ .......... rrlUIl_.ItICIIO twO IepIIMI/I an.,. 0DnIS. While IIIiII tlqllinmMllaelllly 

.. ideostucod. lie in,. +Il0l11 .. _tum lrMIl 'II ,lOll l*ldl edvIs PI It I fMI pi'. I U SItIf» 

!tie sense ., ...... CIII1IIOC be pf8QId .. __ aI wr.,s _ ""1*1«' In II\IIIn 3.2-they ftIU5t I/wa)'s 

be DIll '.'In'IYS (121, There .. twO ~ allCIIvqj!his .. 001&11., Fnt. dIMgn!tle_ 

.'1$OfIfieI's sucto II'IIt till _ .". r bIDck ~ II ... of _ lIlT""", lor -r digiIIone in 

!toe IfTlI)' Thoos ..... on. _ III figo..n! 3,3.lIIrnIMIe5the rII!8d 10 NMt _ .'OClIiIlers on ~ 
IIde$ 01 In ln1iyeote linea .. allhe dlgotlnes <:eM.1Id 10 I sngIe .... 1ITIpllf!erblDc:k. Not DIlly 

does tI'Iis solution eIimIl'ate the edge pIl)bIem. bU:. _ reduc:esltle l2MboI toIIQ ti:le Sinc:l1heie 



" 
are only eight sense IIITIplifter sl.rIpslnstelid 01 the sevenleen shown In figure 32. Unfortunately. It Is 

neld to impossible to layout sense amplifiers In this fuhion (281- Even single metal sense ampl/flef 

layout. considefed \he tightesllayout in the Indu:stry. can only achieve one ser.se ampliflef lor every 

two dlg~Jlnes 

• 

I 

, " ...•. ' --L 

v 

• • • 

\ 

Row~_ 

__ 1-""'''''''' ""''--1_ 
RowOecode 

FIgure 3.3: Sinslla pitch o~n dlgltli,.,. arc:hitKture 

A second approadt 10 solving the alB)' edge problem in open dlgitl;"e 1Ird'llteelUre$ is to maintain 

tIH! eortfigUl'1lItion shown In figure 3.2. but include some form of reference djg~ljoe lor the edge sense 

amplifiers. 1118 reference dig~lIne can assume eny form, as tong as It acwrately models the 

capacitance and beh8vior of a true d~h_ ObvIously the be$! type of rvferena! digltlil'le Is • trve 

dlgrtflne, Therufonl. with this approach, 9dd~lonal dummy ami), cores 1111 added t" both edges otthe 

l2Mbit memory block 8$ shown In flQUfe 3." The dlJmmy 8mIY cores only need IuIIf as many 

WQ!tfIines as a \IlIe amlt core since only half of the digit/IlleS are COOtlec:t1ld \0 any single sense 

amplifier strip. The uneool'llClilld dlgltllnes are used to double the enedivlleng\h of the reference 

dlgltJines. Whlle UUS approach solves the array edge pn:1tlIem. it results in "-" .-nit etnc;ency and 

• Ioo<v« 32MbiI ..-nooy bIodc DIrmmy "mtl'S solve the IImIY edge problem 1nhemn1 in op&tI 

dlgltJlne arch~ecture. but they neo.essilllle sense amplifter layouts that are on the edge of Impossible 



The ptQllIem 01 sense ampll/ler layout is alilhe WOfSe because 01 the need to rouIe oJOOal eolwrm 

seIed ~nes through the IayouI For all intents arid PlAI'CIe5 the sense ampliller layout canoot be 

completed withouI lhe Pi eooe or.n add!tionaJ O(IfIdudor$UCh as a third metal or wrthout IImlI 

mUltiplexed sensing, T/'Ie""Ie>re, for the open dlORllne archltecWre to be successful an additional 

metal mUSl be added to the DRAM process, 

--- --- .... _-
Flgure 3.4: Open digiUlne architecture with dummy IImIYS 

The presence of mlttal3 not only enables the sense ampliller layout, bu1 also permItS the use 01 a 

eIIh&r a IuD or IIIl1'f'Brchic;et global row deoo!Iing scheme. A full global row decodlng sdIeme using 

wordline SiilcllIng places great demal'lds upon metal and eontactIvI8 ted'loologoes. bu1 representS the 

mosI elTlClent use at the aodiliooal metal, HieflIrc:hlca1 WoN IleOXIlng using bootstrap IfIICI"C"lIne drivers 

1$ &lightly less et1ldent. bu1 relaxes proces$ reqwrtlfTlent5 SignllleanUy [26]. For a balanced 

per$p8dlve. both aPPfO'Ches. global 81'1d hlerard'liCBI. _ al'l8/yZed The results of this 8/'IaIysi$ lor 

the open dlglUint! IIfChdedura are stJlnmartzed In tables 3,5 (IfId 3.6 resped:rYiey, Amly efflciency 101" 

global 8nd ~n::hical row deoodlng eak:ulated 10 60.5 percent al'ld 55.9 percent respectively to( the 

32MbiI memory blocks based upon data from these tables 
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,..mber of SlIIIch legiOIlS NO " HeirIl oISlrtch regions ... ,-

Number of dlgltlines ,. ...'" 
Number 01 wordhnes , .. ',488 

Helghl of 32MbI1 bIocII; Hfligh132 5410)1lT1 
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HeogIM. of gIcDI dem<Ie SUIps - ,-
Hum .. or hitr dt> de 5lJ1ps """" " ~I't of hIet oecode strIpS .-. """ Number or d'llrtlines ,. 0400 

Number 01 wordlines , .. '.4aa 
H'~ht of l2MbII block ... ...,,, 5.IISGI1fT1 

WktIh of 32MbI bIrx:t; Widlh32 5.53S~ 

AIu of 32Mbl block A ... " 12429.se5~ 
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Folded Array Archit&cturo 
The folded afT'll), ardlllecture depiaec! in figure 3.51$ tile standard arch~lId.ure used In today's 

modem DRAM <leslgns. The folded arcMeClure is constructed WIth multlple alT8Y corn separated by 

strips of sense amplifiers and either rowdeoXle bI~ or W()Idline sIiIching regions. Unlike the oper1 

dlg,tllne arcMedure, which uses SF' mild 01111 palrs, !he folded 1fT'll)' core uses SF' mbit c;ell pairs 17] 

Modem array cores Indude 262,144 {2''l ful\CllOOally addressable mbits 81T3ngeCIin 532 rows and 

104.( digrtlines. The 532 rows consists of 512 actual wordllnes, ~ redundant wordlines and 16 dummy 

Wl)l'dllnes Each row (wo!dUne) connects 10 mbit Il'lInslstors on aftematmg dlg~lines The 10« 

dlO~ljnes oonsIsI 0/102. actual digillilleS (512 columns). 16 redundant d!g,Uines (6 columns) and 4 

dummy digHlines. As (li$"wseld earlier. pl'JoIoIithography limitations necessila1e!he use ollhe 

dummy wordllnes and digllJines These photo problems are very pronounced Billie lIdges of large 

repetitive structures suell as the 81T8Y core. 
, -- _DoooOo --- 1 
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Figure 3.5: Folded digiUine alTily vchitKture schemallc 

Sense amplifier blocks are placed on both sides of each array COI'e. The sense ampll~ WIthIn each 

blod< &flIlaid out at quarter pitch-one sense amplifier for every fQur dlgitlines. Each sense amplifoer 

connects through ~Ia!ion devoces to coiumns (digitline pailS) from both adjacel'\1 army cores Odd 

columns COflned on one HIe of the core and even columns conned 01'1 ttle opposi1e skIe Each 

~"nu am(\l;r"" I-£nA i~ ", ..... """ ............... 0<1 In oni)o odd 01' OV~ eoIumnc • ....,ar ~B§ejingo to botl! 

odd and even coIulT\IISwilhln the same block COnnecting to both odd and even columns reqUires a 



half pitch sense amplifier blyout-ooe sense amplifier forevetY two dig~hnes. While hall pitch layout 

Is possible wtth c;ertaln DRAM processes, the bulk of production DRAM designs remain qualter pIIeh 

due to ease of layout The an.alysis presenled In thIS section Is accordingly based upon quaner pitch 

design PfIIctices. 

LO<:atlon of rowde<:ode blocks /ortha amlY core depends upon the number of available me1allayers 

FOI" one aod two metal processes,local row decode blocks are located at the top Hod bottom edges 

of tile core. Three and tol1l" metal proceSSeS support the use of global row decodes. Global row 

decodes require only stitch regions 01" local wordline drivors a! the lop sod bottom edges of the core 
[11]. Stitch regions consume much less siliCOn area than local row decodes, substantially increasing 

amly effICiency fOl" the DRAM The alTllY core also Includes d",IUine Iwlst regions that run palllileito 

the worohnes. lltese regions provide the die area required for digrtline twiSting. Depeodlng upon the 

parlicular twistmg scheme selected for a (lesjgn (sea section-II). the array core wlll need between one 

and thf1:!e twist regions. For the sake of analysis. a ll1p1e twist Is assumed, since It offllfSlhe best 

ov&l'8l1 noise perfonnance and Is tile choice of DRAM msnufadurefS onoovanced larga scale 

applications \291_ Each twist region constltules I break In the amlY structure ne<:eSSitaling tile 

Inclusion of dummywordhnes_ ForthiS raasc-n 1Itare are 16 dummy wordlmes (2 for each amlY edge) 

In the folded amlY COI'f! rather than 4 dummy wordllnes as In the open dlgitline architecture_ 

The array core fOrlo1ded digllhne ardlHeclines coniams more mblls than Is possible foropen 

dlgiUina ardlttectures. Lalger core slza is an Inhefllnl feature of folded ardliteclures arising from the 

very natul'f! of the arcllitltdlJre. Fokled architectures get their name from the filct that a fokled array 

COft! re:;ult$ from folding two open dlgnllne amlY cores one on top of the other The dlgrtlines art<! 

worrllir>e$ fmm eaelt folded cora are spread apart (double pilch) to allow room lor the other folded 

core. AItM folding. each constHuenl cores remains Intact and independent, e)(cept for mbit ehanges 

(8F' convllfSion) thai al'f! neoessal'1 in the folded ardtHeaure TIle amlY core siZe doubles since tile 

lotal numbe!- of dlgttllnes and wordhnes doubles In the folding process. h does I'lo\ quadruple as one 

might suspect. because the two constituent folded cores remain Independent-thll wordllnes from one 

folded core do I'lo\ connect 10 mblts in Ihe other folded 00flI. DiglUine pairing (column formation) Is II 

nalullli outgrowth of the fOlding process since each woRlhne only COfInectS to mDdS on aHemaling 

digrtlines. llte eldstence of digrtllne j>alrs (columns) is the one CllaractenstlC of fokled <ligltline 

architectures that produces superior Signal-tD--floise performance. Furthemtore. tile digrtlines thai 

form II column are physically adjacent 10 one another. This feature pemtils various dlgtlline i'Mstlng 

schemes te be 1I$IId, as diswssed in section-II, wtllcl1 further Improves slQnaHo-nOise 



Similar to the open digrtllna ardlHecture dig~br.e length lor the folded dllilltline an::hile<;ture Is again 

tim~ed by powerdJsslpatoon and minimum eeilio dlglUine capaa!al'lCe ralio For !he 256Mbi1 

generation, dlgrtjmes are restricted from hllving connectiorl to ITIORt lhan 256 cells (128 mllrt pairs) 

The analysis to arrive allhls quantity 1$ similar to that for the open diglUine archrtectulll. Refer bad; 

10 Table 3.2 to view the calculated results of power dlssIpaIion \Ief5US~ine length for a 256Mbit 

DRAM in 8K refresh Wordtine ktngIh Is agaiolirnlled by 11M! maximum allowable RC lime const&nt of 

the wooIIlne, COntrary 10 an open digitJine architecture In whICh each wordlme COMedS to mbrts on 

ead'l digitline,!he wordUoes In a fokled dlgrtllrll! architecture only conned. to mbits on aHemat/ng 

digitlJnes. Therefore, a wordIine can aoss 1024 digltlines whne only connecting to 512 mbIt 

Table 3.7; Wordll". time constant versus wordlina length (folded) 

Wordlme Length .... OM T_ """"" 
128 mbits 30720hms 77W 0.24nS 

"'- e,144ohms ".~ 0,95nS 

512 rnbits 12,28&oIIms ""W 3.nnS 

1024 mbits 24,576ohms 814tF 15.09nS 

tranSIStors. The won:mnes will have twice the overall resiStance, bu1 only slightly more capac;itanee 

since the won:Ilines run over field oxide on aHernatlng dlgHbroes. Table 3,7 contains the effectrve 

wordIine time constants lorYarious wordline Jenglhs for 8101ded DmlY toni. For a wordline 

connected to N mbi\s, the totlli re5lStal'lCll and capac;tance USIng O.3)11T1 ~Iicon are 

ROll .. 1 /(3, \" p..." .. QJ}oWl ohms and ('..1 ~ C\o>S. \ farads respectrvely. As shown In table 3.7, the 

wordti ... 1ength cannot exceed 512 mbils (1024 digilliM$) fertile wordlirll! lime DIlR'II&re 10 remain 

under four naoo- conds. A/th.ough 11M! wordIma eonn-eds 10 only !i12 mbrls it is two limes longer 

(1024 dlgillines) than wordllnes In open digltlJn.e alllly cores, The IokIed digrtllne architecture 

therefolll raqUjll!$ half as many row decode bIocI<t; Or wordllne sI~chlng regIOns as the open dlgltllne 

an:hrtectURI, 

A diagtllm of a 32Mb/! lImIy bloek. using foI6ecI dogitJine arclutedure is shown in f9ure 3.6 This bkIdt 

requires a total of 128 2S6Kbit all"ly cores. In thl:s figure, tha 128 alllly cores are allllnged In an e 

(ON and 16 column configurallOn, The by 8 row 8m1ngement produ<:es 2Mbrt sediOOS COfISisIJng of 

256 wordlJnes and 8192 digrtline:S (4096 columns) A Iolal of 16 2Mbrt sedlOOS lorm!he complete 

32Mbrt array DIoek... Sense amplrtler slriPli alll po$tJOn8d vertically ~ ead1 2Mbit secbon, 85 

..... as done In the open digrtllne archnec::ture, Again, row decode blocks or ....ort!Ime strtdung regions 

are posihoned hOrizontally betWeen the allllY cores. 
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T1Ie 32MbII. .fIlIY block shown in IigU/'l! 3.61f1C100es size 8'SIlm8tes lor the variouS pilch cells layotJI 

was veneraled where necessary to arrive at the size astlmates OveraU size lorllle folded dllilitJi08 

32Mbit bIocIr. can be found by again $Umml!1g the dimensions lor each CQft1pooen1. Accordingly . 

H~'g/t132 m (r .. Hrdtc ) '. (TJ/ P4l) mlaons, v.t.ere Trls the number 01 rowdecoders, Hrdec is t!wl 

he;ght 01 each decoder. Tdlls \he number of diglthnes Including ~1.IIIdanI.nd dummy, and Pdlls 

tile digrtJone pitch SImilarly, WulIILl2 ~ (r~ .. if_pI '" (T.,/ ...... /.) .. (T"" ... , 11",.... .. 1) microns, where Tsa 

Is the numbel" 01!i81lS11 amplifier stnps. Wamp is the wKIth 01 the sense amplillefs. Twlis the lOIaI 

number of WDl'dllnes Induding redUAaanllOO dummy, Pwl8 is \he won:Ibne pltdJ lor the SF' mbit, 

TtwI!t Is tile 100ai number of Iwrsl ragk>ns. and 'NIwIsI1s the width of the twISt regIOnS. Table 38 

shows lhe calculaled results forlhe 32Mbit block shown In ligwe 3,6 ThIs table assumes the use 01 

• double metal process r1of!aO!$Sjt&1ing the use of local row decoder blocks, Note thai table 3.8 

oontams a~mateJy twtee (IS many woaIIines as lable 3 4 for the open rIllllUllle ard1lteaUfe. The 

...--. r .... lh~ iI: tIud ooadI """"lfIl,.. in lhe 10k*! array only connects 10 mbit Dfl allematmg digit lines, 



Whereas e~ch WI,lIdline in the open array cooneclS to mbils on every digrtline. A folded digilline 

<!esIgn therefore n&eds twice as IIUIny WOItIhnes as a comparable open digltJine design 

T.ble 3,8: Foldltd digitllne (local row dacode)-32Mbit size alk::u'-tlons 

-" Parameter So. 

Numberof $8!15e amplifierslnps T~ 17 

Wodth of sense amplifiers Wamp """ Numberof local decode slnps Tldoc • 
Height of local decode strips H_ """ Number of dlglliines TO. 8,352 

Number of wordtines T" 8,512 

Number of twIS% ragiollS TlwI. .. 
Wldlh of twist regions lMwist ". 
Height of 32MbtI block HeiGht32 6,592j<1t1 

WIdth of 32MbtI block Wictth32 6,160j<It1 

Anla of 32Mbit block ""'", 40,606,7201'ffl1 

Amly efficiency locthe 32MbII memory bIOdr. from figure 36 is again found by dividing the area 

consumed by fun(::titH1.lIy addressable mbits by the to\.lll die area. For the $lmptffied anal)'Sls 

presented in this thesis, the peripheral cirwlts are ignored Array efficiency for the 32Mbit block Is 

therefore given as FJjIclmcy,. (100·2" . Pdl· 2·1'><-18) ... (Anon) percent. which yields 59.5 pefCent 

!Of the fokled array design example 

The add~lon of metal3 to 1M DAAM process enables the IlSoIt of either a 910bal Of hierarchical row 

decoding scheme-similar 10 lhe open digilline analysis. While global row decoding and stitched 

wordllnes lldlieve lilt! smallest dH!i size, they also place greater demaods upon the fablfcaboo 

process. For a balanced perspedive, bo!!l aPPfOllches were analyzed forthe folded dig~line 

archileetul'1'!. The results of this analysis era prasemed In tables 39 and 3 10, Array efficiency for the 

32Mbit memory b/od(s IlSing global and hierarchical row decoding calculated to 74 0 percent and 

709 pen;ent re~ively 



Table 3.': Folded dlgltlloe {global dKode)-32Mblt size calculations 

Desaiptloo1 Parameter S .. 

Number 01 sem;e IInlpl:lfief stI1ps ,y H 

WodIh of sense amplifiers Wamp """ Numbar of global decode strips ''''~ 
, 

Helghl of global decode stnps ""~ ""'''''' 
Number of stitch regions NO 9 

HeIQht of strtch legiOnS "" ""'" Number oll:!igrtllnes '" lI.l52 

Number 01 wortIlines ,~ 11.512 

Number oltwist regions Tlwist .. 
Wldtll 01 twist regions -- .,. 
Height of 12Mbll block Heoghll2 5.301 )IfT1 

WodIlI of 12MbIt block Width32 6.160)IfT1 

Area of 32Mbit blodl Neal2 
, 

12,6S4.160)IfT1 

Table l.10: Folded digitline (hier row decodej-32Mbit sin caleulations 

DesMpbon Parameter 50, 

Numbel" of sense amplifoer strips 'A H 

Width of sense amplifiers Wamp ""'" Numbel" of global decOde strips ,- , 
Height of globall:!eeode stnps - "'''''' 
Numbel" of Iller decode strips Nhdoc 9 

Height of hler decode stnps HI>" 37"", 
Number of I:!igillines '" 6.352 

Number 01 wortIlines ,~ 6.512 

Numbar oflWlst regions "'" .. 
Wldth of twist regIons """" ''''' 
Height of l2Mbit block Helght32 5.5l4jun 

WKIIh of l2Mbit block W,,,,,,, 6.160)IfT1 

Area of l2Mbit block ",,32 3<1.089.440)lfT1' 



IV. Advanced BUevel DRAM Architecture 

This sed;"" introduces a novel advancad arehitectul'l! for use on future large scale DRAUs Firs!. 

techniCIII objectives forUle proposed arch~eClure are discussed. Seoood, the ooncept for an 

advanced array ardlrtecture capable of meeting these objectives is developed arod physocally 

descrtbed Third. a 32MbiI memory block is coll(:eplually conslrucled Wllh this new archrtecture fOf 

use In I 256Mbi! CRAM Finally. the results achieved Ytith the new archltedure are oompared to 

tnose OOIained for me open dlQltlllle and fl)lded digltllne architectures from 5eCIiOn-lii 

Array Architecture Objectives 

The opIl11 digitllne and folded digrtlme ardlrtectures both have dlstjnct advantages and 

disadvanlages, ......"lIe open dig~l1ne 8rdlrtectUnl$ achieve smaller array layouts by virtue of using 

smallef SF' mbil cells they also suffer from poor noise performance, A relaxed wordline pilch whIch 

stems from the SF: mbil simpHfies the task of wordline drNer layout Sense amplifl8r layout. though, 

Is dlt'fIctJlt because the llnay configurallOflis Inherently half pitdl-o<le sense amplif!!H' for every two 

digrtlinBS. Folded dlglU,ne archl!ed:ures. on me other hand, have superior signal 10 noise (tOj. at the 

expense of larger, less efficient array layout. Good signal 10 noise performance stems from the 

adj.aceney of true and complement digiUines and tile capability 10 twist these digttline pairs. Sense 

IKTlplifier layout is simplified Decause Ihe array oonfigufBfion is quarter PilCh-OOe sense amplifier for 

every four digillines Wordtine driver layout is more difficult since the wordHne pitch is effectively 

reduced In folded archrtedures 

The main objective of the naw 8mi)' arehiledure is to oombi .... me advantages DOth fDlOed and open 

d"lgiUine an:hitectureswhile avoiding their respectIve disadvantages. To meet thIS !Kljedive, the 

archltacture needs to inctude the Iollowlllg features and cltaracler1stlC$: 

• 
• 
• 
• 
• 
• 

• 
• 

Open diglmoo mbil configuration 

Small6F'mbii 

SmaU etrk:iem amilY layout 

F~ digiUloo sense Implilief conrlllurat/on 

Adjacent true Ind complement Ilig'rtli nas 

TwIsted digltllne pairs 

Relaxed wordline ptch 

High signal to noise 

An underlying goaJ of the new archrtecture is 10 redLICB overall die SIZe beyond 11181 obtainable from 

Mher the folded oropan digltJine an:h,loctures. A serond, yet equally impon.am goal, Is 10 achieve 

sigllill 10 noise perlonnilnc8 thai meets Of 8pproadleS that of tile loided digitline archHectu~. 



BiIewJl DigitJine Construction 
The bIlotwI dig ..... dliledlft ~ from 256MbIt DRAM dnIgn and r I HI Ki/YiIi-. CInied 

0I.t It MIcn:In T.-l.IDIog~, Inc.. III Boose, IdIbo The biIeYeI dQitiilB M11IIIectUl1lIS *' 1MOvICIOn!llt 

IWhrecf fronIl ~ aolt)'Sll d OJ*! MIG roIded dog.6. ad» ...... The • .aIpi&se¥Id 

_ ........ ')':Il, uIJInItoIy 1eIdo", to ... aMllOn rJIla .- DRAM MT'J' ~ W\It 

1Iooo$1Ii8 ... rJIleF" mbts.,., 0CIi8II is' foIOad ... *"Y ~ 

Sf' .... "IOi~ cells life. byp<idUQ rJIl Q ............ style (open clgiUiie) "'" bkIc:b. Oo.pool' SlJ'e 
...., IIIcItb ~ thai ftWJ' ...... dIII. WI;"" 10 lTd b. '''IS on ~ __.. ~!he 
Joj,nMiOi.ddigdi.pen yet.di06i.pen{c:oIumns)~*, ___ ' mMlWltoiIMd 

dgIIine; type """,1tIu, 0igjIIIrW pejrS aacI digdllI "'iShi", MIl ~ reawre:sl/llt PCNlde for 

fiIOOd ~ to noOse petformaIce The bieWI dIGIUit. ~ solves Itw Q'OIIPOonl MId dIgiIme 

pWcItemrnI tIIroogh vertic:elll'iegrl!/Orl ~,t- open digItIne CI'OISI$CIOIIII'rny sealOnS MIl 

--
f"'~ (,,1: Drn!cPIMn' of blew! digilf_.rr:h/tKtJ.n, 

....., SlIM by SIde _seen., tIgln" I 0igdi_1n _lIIny!ill!dlon.,. desigIIIIed _ true 

digItIInes ""'iIe dIIiJtIfneS Ifom tne MODI'Id IrT1I)' sewon are deSignlCed _ compIelMnI digltkne$, All 

edchtlOi'llll condlldor Is eddIId to the DRAM pro to complete fOIT1IIIbon of the diOItline pMs TlI8 

edded conducIor ,allows d'ogrtlines rrom ..a. ,n., Mo::tIon to route .aoss the 0Iher 'rT'rf MQIorI­

bCIttt Irue....a _'ipleil"'~ dlglU/o'leS o.mg vertlelllI~ .ligned Allhe JIHIQI.If8!lelhun INICh MQjon, 



" 
!he \lU8 anti Wi ....... signals _YWCIIIy twIsIed ThIs twisting aIIorws the IJue dIDiIIo.e1o 
COI.MId to mbts ... _ ~ IediOn Md !he eompieInent ~. to COI.1ed to rnbb .... DI:I.-

-.y.man The ~ $10 WI ....... 1; ........ II'lIlgure: 42. 

F~ 4.2; Diglcil .... verticIII twlsliilg cone.pl 

To ~ agnlllo _ cn..etef'ISIIQ oflhls deaIgn 1he$lllQle twist f1IQlII!I II ~ fir' ItIr/!Ie 

I\fIIIa '""""". lIS ..... II1I«I in figure 4 J. An mc!ed benefit II) muIIipIe tI'I'IIt • ...,.....15 IhII «rty I'd of 

IN diQillIne pin ad! ') IWdI ""'* ad! NgII)n.1hus '"*"III room in the twill .... far e.d'IlwtSI 

10 OCI:U"_ The _ ' ...... MIl 5,,, .!..: lM ZSY.. 50'lI0, anti 15'4 m.b 11'1l1'li __ .,..,. 

~ tr.I _ dig6. pin IIotIIIlIM ~ ~ tt.illdd dVIJoi- ""'" Il '"' 2S"- and 

75"4. !NIb &dI ~111111 ai, dQiIII_ 1*'. m.....t CDi ..... ' .. ~, Sf*ids~ 0115 ownI 

IIcIgIh 011 ttIII boIIom ~or .................. 10 ml* ...t liar of b length on !tie kI9 c:ordtIdor _ lb&$ 

~I 'a:estnl ........ ...,therumerofrmib; .. tedlllJleecfldlg6. 

FUltl'MIIIin. Ihe DipIe IwislIng sct""*II\* •• i $ CMlIhI! IIOI!ie 1emI5 .. ~ Iore.d'l 

dig". ~uc:itIg e : ne", SigIlli to fIOiM peiIfornwnce 
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FlgUrlil 4.3: Bilevel digitlina archilllctu,. schefTlllllc 

A .... rlely of ~ll:wIstj"ll sc:h&mes.~ possible with!h.., blllIYeI dlgrtJine arch~ecturtl. As shown in 

figure "0(, each sc/\e1M utilIZes conductive layeB already present In the DRAM proceSS 10 complete 

the twist. Vertical twisting is simp/moo since only half of tile digitlines are invotved in ; given \wist 

region. The final selection of a twisting scheme is based upon available proceSS technology, yield 

fac:t0fS 8IId die 5lze consideration . 

... 7' 

< =-:::- , -----"-----

< 

• 

FlglK8 •. 4: Vertical twi$bng schemes 



" 
To further advaf'lO!lltle bilevel DiglUlne architecture concept, its 6F' mbit was modified to Improve 

yield. Shawn In amlyed form In f!\lure 4.5, the )liaid' mbills constructed using long parallel slrips of 

ac:tIve area venlc.ally 5ePIIl1lled by traditionalllcfa o)dde isolation. WordlilMl'l run pefpf!n(lieular \0 the 

IIdlve area In straight strips of poIysjllcon. Plaid mbrts are agam constructed In pairs 1M! share II 

common conilid to Ihe digitline Isolation gates (trlInsistOfSj formed with additional poIysilicon strips 

provide Ilofizonlel isolation between mtllts. Isolation Is obtained Imm these gates by pennanentty 

COMecting Itle isolation gate poIysillcon \0 &itller II ground Of negatiVe potential The use of isolation 

gales In this rnbil design elim'RaIe$ one aod two d,mell$iOnal encroachment problems associated 

with normal isolation processes Furthel'TnOl8, many photolithography problems ara eliminated from 

the DRAM ptOC!IS as R resull 01 \he slralght, simple design of both the active 111118 and poIyslUcon In 

the mbrt. The 'Plaid' GeSIQnaliOO for this mbit is Clerived from the similarity between an array of mbits 

and tartan fabric-very apparent In a color array plot. 

, --- --
Figure 4.5: Plaid SF" mbll array 

In the bilevel and folded digltllne arch1teaures boIh true ard oomplemen\ dig~l!nes eXISt In the same 

array eo<e. Accordingly. Ihe sense amplifier bIoeIr. needs only one sense amplifier for every two 

dig~~n .. pair. For the folded dogitJ,ne archltOK:ture. this yields One _ amplifier for ""'eoy four 



m«IIl clGltlullIS "Mer pilch The bile'leldlgdllne .d'IIeclure that uses 'IlWbeII digllil .. ~. 

1IMdI_ sense .,_,. foteo.oery two met.il digdL ..... MIt pItl::f\ Sense 8I"pli" ~ Is 

,*eloo, motedifticull for bitewillhan fokIed I'd 10,-. The UipIe ITIIIlaiI DRAM p"" /'Ie,,,,, lor 

b*wI.d-.tunls COCJQIITtQ/y ~ 8IId ., ..... _ ~ IIyI:d Meal, • used for 

"-' ............ ___ n;JlIlinQ .... tile _ .,,,*1Ias and row 1 •• w.ucz is 

.. ' W for uppi!tt~ o¥it_ 8IId c:oum telel2.5igrIIiI n:tobIg ImIugh the __ .,eMa& 
MttItII3 can Ittitfote be used for fXIIImq Mea ~ ~ lie IfRy$h ~ 8IId ,..,..... 

IOUIJ'eItln:t&Qh the ___ """ ... 5. TlIIt fIlrdJDn of rne&.a 8IId IIIlUI3 can...,. t. •• ;ped ~ 

1l'1li __ .'iCAifiIIr I*M:It depei"", upon aa,cut p I .. _.00 desI!;In ot.;wc:tt •• 

WOtdlo .. PtldIIS efJectj.~ ~ Iorlhe PlMlIIFI mbit used it'!1he bIIweI _lit .. etCIIIIedure 

n. milliS" t..- usiQg the mktImum P , II '_ure IIIze of 0.3"", The.....,.. WOi"''' pitdt 

lIetNI from!ltl'L>Cllnl dIff .. alC8S bethea" ft*Ied digitline mbIt end en open (IIgIIIne or plaid mIiIL 

ThenlIIe em IbaIIy lour 1IIORIInes IUIWWlg 8Cf055 Ndl folded digrtIlne mbrl Pltlr compared 10 two 

wordIIrle$lhaI run IIa1lSS uch open dtgilllrMt or ptIId rrDI pair. AIIhough the pIa.d mtNIls 25'" 

iIIIOIter\hIll1' lalded mbil (3/estures __ .(/tatuntS). d Ifso lias hall .. I!IIIn~ wordrtn. 

,nectNety redUCing \he wordltne pilch. TIlls i'ellJ(ed wordline pilch I!IIIkes layout mIlCh tawr lor the 

wordllrMo t:tnv&rS and address decode tree In lid. bolt! odd and even wordltn. ean be dlTll,n from 

the """ row dftoadftr block, tI!u$ t/Imin.tI,ng hilt of the row dec:oder stripe In , g,.,.." Irrey bIodL 

This it en irrIportarrt ~1Orl smee the ""/It WOtdlinof pilch for folded digillane d Ig IS 

!'eC I (Mes $IjI8f1Ile odd arw;I even row detode stops 

SlJev./ Dlgnn". A.rr.y An:hitectu,. 

The boIeWI digiIlne IIITWY IIId1Itealn ""'P"'1«' it'!1IgIn" S Islhe pi,,,. 1'...:tItI~ for 

1011101' ....... "'Vt ",*ORAAI ' , I· .. :" Tl'iI ~ .c:tIilt:dIn Is COMIruc:Md with rnuIIC*.-y 

CInS ...... ed lI'f~of __ """S'" __ row decode bIocbor..at"'" -'ltd.", 

,"'1& wo."l6st11dwlg ,..uns,tcumetalpm .... rowdecodll:*x:bcan be 

.,._-.:1111 a tine meleI pi'. The InY «IIlI511c:U1e 2&2.14<4 ~ IIftCtiOfYIy 

-*It I. pUod Sf' mba .,.""" In S32 rows 8IId 52 .. bIeveIi dogIIil6 ..... The S32rows 

c:on.t of !i12.o.<111 ..at"*"." """"'WOIdIines. 1IICI1S cUnmy I00I''''. n.. _ eISI) 2fI7 

• I ,e- it'! ..:tI .-ray due 10 the _ of pi8IG fI'IbII5. IllJ. SInCe II'Iey _ .::counIe01or III Ihe 

1M ..... pIIch. 1hef' c.n be iQilOled TlIIt S24 bllMlldigdil6 ~ c::or-... of S121C:b111 dQIllIM 
pus. S recIuncIant d9tline petrs. end .. durnrny dgdlinll*B- TlIIt temI aO(llllme ,..... IS _ it'! 

...... "'!he.n.y CItQ Sln.GlKe SinC:e peiNIg Is, IWIl,iral JWOduct: of !he biM!llIthiItIC:lln EKtI 

dtglllltllt .... COfI5ISts of one digiti .... on ~11t1d I ve!1IClIlIy aligned com~ d9lIlne on ....... 



, , 
.~-

~ a"" o.c- '\7 

1 Il-::Z: 
~ ,--, 

Il-
, .. + 1-

'I • • :1 ... +[~ -- • 
• • 

'l::Z: 
~ • , 

K Il-
. <t-o 

Il- Il- r+ r+~ -.. ~ v -
',; i 1-_~ .. .. c 

• • 
-~ 

Flgu .. 4.1: BU ..... I dlgltlln. array schematic 

sense amplif\ef blocks are placed on both SIdes of each arTIly core Trle sense amplifiers WIthin each 

block alll laid out at half pitcl\-One S81151l amplifier for every two melal! dlgltHnes. Each sense 

amplifierronnects through isDIal>OO dltVoces to columllS (digHline pairs) from two adfacent array 

COI'e$ Simi~r to the folded digrtline Ilrchiteclure, odd columns conned. on one side 01 the anay core 

and aven columns connect on \he oIherside. Each sense amphfierblock is \hen exclusively 

connected 10 either odd 0/" even columns. never both 

Unhke a folded dig~lilWl.rohlt~re that needs a local row decoOe block COllneded 10 boIt1 side$ of 

8n array core. the bil6'vel dlgltl,ne 8n::tJ~eclure only needs a IDcaI rwt deoode block connected to one 

side of each core. As staled eat1ier. tile felaxed wordllne pitch allows both odd and aven rows \0 be 

driven from the same local rON decoder block. This feature help$ make tile biJeveI dig,t1ine 

arehrtedure more efficient than attem8tiYe architectures. A four meI.1 DRAM process allows Ioeal 

row deeodes to be replaced by elth&rsrttch regions or local wordline drivers. EBher approactl could 

substantJally reduce die size. The amlY core also irtdudes \he three twist regions thai ere necessary 

for the bi!eval digllilne arauteClu",_ The twist region is SOmewhet larger than thai used In the folded 

dlg~line IrdlHecturtl. due 10 the complexity Of twisllng digithnes vertically The IW'lst regions again 

constitute a break in the alT1lY struClu"" necessitating the inclusion of dummy wordlines. 



N wan \tie open dQdI ... n fok1ed cIigI!Ine 8I'dIil8CtIn.1he IJiIeW:( IIQ4lIne IIngt/l is limited ~ 

~ CI ·'Mn .-.:I rniIlirJun eel to ~ ... ' '" - "nee I3l1O In t:. 258Mbil ge. .. 8bcil1he 

...... _ -uan. LklIid trum IWYirG iXIi • ..a.o.. to iTlOi"elnln 25e mba (128 molt PM3) The 

~ 1D..-oM Mitis q.anlityllltfle __ .... for !he open d ....... II~. exIlI!PI ...... 

... -..Ii <ig6o_ ... 'ancII is 1IiQtIer .... the dfolIIi_ n.nJ iIQUiII ioInQIII5 W1,.....a n ..... , 
"The ...... -a -*ied ~ \til tnItII2 ~ III smII ~ 10 tile"*," CIOiT!pJi ... ..::It 

metII2~ngtWi.iiid.lDmottli. I lDi"$.~lhedigd>oe ...... ancII'lCi ~~2S 

......... ~edto_open4iUOl ... "Thep::lWel" I ,.o!Iddurlng ..... orM1lll'l ......... ,i5 

prcipOIbONiIlOthe~ ....... _-Q (Cd). tIIe~ YOIage (Yc:c).t:. numt:w d ~ CIUm$ (H)."- retresn penoa (p).wd III ~ _N_ ...,,....(.,. ·1i%·(Ci +C~))· [2·1"1 wcs· On. 

255 mbitl! 

512 mblts "'" SI31f 

ISlmA 

"''''' 
.000W 

"'mW 

25eMbII DRAM In 8K ~ lh_.,. 32,708 (2'~ A(:I, ... e ooh,lmnsdui1!lg eld! "'ad. write. or 

refresh 1IJ*Wli<>n. Active .rray c:utrent I'nd poww dt$eipetlon lor • 2SIIMbIt DRAM ... IP'I'" In table 

• 1 for. 00nS A!tres/I peOod (-Sliming) 81 .... ~ cligdJloe leuoths The budget for IiClIYe array 

current Is IlmItea to 2OCJm.t. forlhl:S 2S6Mbit design To meet this biidgel..1M dIglIiM cannot bteed 

• IengI/1 of 25e mbiIs. 

WOidlii .. 1BngIh is-uilin Imhd by Ihe IT\PIfJIiIiII all) tM RC time c:onst..- dIM 0001 ..... The 

............ ..., for bIIINeI digiUIne IJIOInbeIIIIO .n. peifOi.,1CId for open dIgdi ... dIM Ihe ......., d 

.,., o:w. '*ign. n-l1!SUb _ gjrrIoIn WI ~ 3 31n SKbOIi-A. Aa:.alidlliQl).1tN won ... '-IIIIh 
c:annal ........ 512 mills {512 *"'" ~J" ... ~ .. the WCIdIii ... 1kne Wi ~.IO tWneIn""" 
U. NqUnd fI;u fill_III iml. 

t..eroI.l aII_ bil!wIiI 1 'Mots_gill"" 1 d 10 otItajn. - ... ...,-.-01 ~!::.II_ 

n.. .. ~ ... --.. dII, ........ for. 32MbiIl ~bIock 10 a.('W>'trld Tl'II 

....,. for. 32MI* ~ 1*Ick..eng Il'II ~ diQIIIo •• d .......... i5 ~ WI fiDin .1_ TlNs 

bkod< ~. \ohII of 12125eKb11.".,. _ no. 12&....,. __ •• II>ged In 16,-.00 8 

columns. Ea:ti .Mbil ~ JeaiOn c:onsiSIS of SI2 wtH ....... 1IId 81112 bIIeYeI digmm. PIllS (81112 

COlumns) A total 01 eQt-. .MbI sIJ\tlS ate f*l1Iired 10 fonn the complete 32Mbit block. SenM 

'mpline. blocks al" posiIioned vertlCeUy bel"~en ead14Mbit secbOn. Row decode SIrip& ate 



posrtloned horttoolally between every any cora. There are onW a 100a\ 01 eigtll TOW O&COIIe strips 
needed for the StX1een array cores since each ra.N decOde comalllS wordlHle drivel'll for both odd and 
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Figure •• 7; Blleyel digithrte arthiteeture 32Mbitarny block 

The 32Mtljt array DIock shown in figure 48 incll.l(1~ prtch cell layout estimales O\IeraU sixe for the 

32MtK1 blod<.ls found by summing !lie d,mell5ions for each component As before. 

H~'glu12 ~ (Tr Hrd«) ... (TdI Pdl) microns whare Tr is the number of bilavel rON decOders. Hrdec IS 

the height of each deooder, Tdlls the number of Dllevel dlgilline p.ilirs Including redundant and 

dummy. and PdJ is the dig~line Pilch Also. Wuh},J2 - ITJ'" .W_p)+(T",I- PwI6)..-(T"" .. , W""J>I) 

mlCl'Ons. where Tsa Is The numbef-of sense amplifier strips. Wamp Is lt'Ie width olthe sense 

amplifiers. Twi is the 10la1 numbef-ofWGf'dlInes locIuding redundam and Oummy. PwI6 Is the wordline 

pilch for the plaid 6fl mtK1, TtwISI. is the 100ai number of twist regions, alld 'NIvIfSl is 1M width of the 

Iwrst regions. Table 4.2 shows the CIIlculated IllSUIts for the bilevel 32Mbit bIodI shown In figure 4.7. 

A U1p1e metal p!OQe55 15 assurneo in lhese CIIlculalJOI"Is since H requires the use of IocHI rf1<N 



decode~ Array effieo&I'Iey for the blleveI dlgitl;n! 32MbII amy t:JII:IO Is g'NenllS 

(Of"DICV .. (100·2" -Pdl-2·P'w/6)+ (Arm32) peiceJlt • ..mich yields &3. 1 percent forthoS design 

example 

Table" 2' Bileve! digltUne (local row decoo.l-32Mblt sial Qlo;ulation, . . 

"""'- Parameter ""' 
Number of .sense ..-nplifitr SUijls TA • 

Widtn of sense ampilfltHS Wamp """ Number olloeal deeOde strips ""~ • 
Helflht of toeal ct.codv sin"" - 14S1)l11'1 

Number of dlglUines T. .. '" 
Number QI wonliines Twi '258 

Number of IwisI regions n.,. " Width of twIsI flIglons -.. ''''' 
Height 01 32MbrllIIocII. ..... " 6.203j411 

W\dtII of 32Mbrt bIodo; W""''' 4 ,6321'1f1 

Area of 32MIlI1 blO(;k Area32 28.732.296)l11'1' 

" 

With metalo4 added to the bIIIMII DRAM process, the toeal fV<N decoder sdMI'me can be replaced by • 

global or h.8f8rchica1 row decoder sch&me The lIdditlon of I fourth metal to the DRAM process 

places even grsaterdem8fds upon process technologists. Regardless, In anatysis of 32M1;M1 8rTl1y 

bIodr. ~e W8S perfOOf1a:l assuming the evai(abitity 01 metal4 TlIe resu~5 of the analysis are shown 

~ tables .. 3 and .... for 1M global and hlentrchlcal row deoXIe $Che/rIe5, Array efliaenqo for the 

32Mb!! memory I*x:Ir. USIng gIoDaI ancI hienlrehteal row decoding calallates to 745 pert:er1\and 12_5 

percent respec:lIv&ly, 



" 
Table. 3' Bilavel Dlgitli", (Global Deeode}-32MbIt SQe Calculations . . -- """",",M ... 

Number of sense ampIif!l!f strips Tu , 
Width of sense amplifiers Wamp 55"" 

Number of global decode strips T"~ , 
HeIgh! of global deaxle 5Inps HgO<o """" NumDef of SlItch regions "" • 

Heoghl of sliIch regions "" """ Number of digijlines T. 8,352 

Number of wtlrdlines M 4.256 

Number of IwIsI reglOOS ."... " Width of IwIsI ""1iQl'l$ ..... ''''' 
Height of 32Mbit bIoc:k Helght32 5.251~ 

Wodth of 32MbiI block W"''''' 4.6321"'lJ 

Anla of 32Mb/! block Are,,' 24.322.a32~2 

r __ T~"":::.4.4: BileYeI DigitI!,... IH_ Row Decode}-32Mbh Size C8IcUIation$,:::: __ , 

Widtll of se!\S$ ampllf.ers Wamp """ Number of global decode stnps T_ , 
HeIgtrI of global decode stnps .... K ".""' 
Number of h'" decode strips N_ • 
Height of llier decode strips "OK """ Number of dlgitlioes TO 8,352 

Number of 'IrI'On:I11!1eS T" .". 
NumDef of twist rvg;ons ".,. ,. 
Widlh of IwI5I regions -.. ''''' HeIght of 32Mb!! block Height32 5.3931'f'1 

Width of 32Mb!! block WIdtIl32 4.632~ 

ma of l2Mbtt bIocI\ ""''' 24.980.376fl1ll: 



" 
Architectural Comparison 

A.lthoogh a straigtll oompanson of DRAM art:hiteclures mJ{jhi appear simple, In actual fact tt IS B very 

complieated problem. profit remains the crttical test olarcllltedural efficiency and ~ the true basls 

for compal1SOl1. Thls in tum requires accurate yield and cost eslimales Iof each aftemaliYe. Without 

these eSlunates.oo a thorough understanding or pi 00 capab!litoes, conclusions are elusive and 

the exertlse remains academk:. The data necessary \0 peffom1lhe analysis and render a deasion 

also varies from manufacturer to manufaaurer. Accordingly •• conclusive oompanson ollhe various 

8m11y art:hrteaul1I5 is beyond the 5CO!l8 of tills thesis. Rather, the arcMedures will be oompared in 

light of !he avanable data To better f&dlrtate II comparison. the 32Mbit array bIoct size data from 

sedion-III and section-IV is summartzed In table •. 5 for It\{! open dl{llUlne, kllded dlOltlirlll, lind 

bllW91 dogitline an:Med.ures. 

ArchItecture Row D."," -" 32MbR Area (lun") Etrldellcy (%) 

Open o;gll Global 3 29,9+4,350 60.5 

-<>g" Ho, 3 32,429,565 S59 

Folded Dig" "'" 2 40,606.720 59.S 

Folded {);gil Go"" 3 32,654.160 74_0 

Fokled Oogll H,~ 3 $4,089,440 70.9 

Bilevel Oigrt ,~, 3 28.732.296 '" B,!evel Oigtt Global • 24,322,632 745 

Bilevel Oig~ Hler • 24,980,376 72.S 

From table" 5 ~ can be conduded thai ovlH'llll die ske (32MbiI Are~) is a bette!" metnc for 

compartsoo !han IImI)' afIIcIency, For instIInoe. !he tnple metal folded dig~lilll! design using 

hier8rchiCIIl row decodes hIlS an area of 3<4,089 ..... 0.,m' end an effiCIency of 70.9%, The \JfpIe metal 

bileYel dig~l,"e design wrth local rowdeoodes hIlS an efficiency of only 63.1'*0, buI: an ovel1lJl area of 

28,732.2116 wn' Array effK:iency for the folded digitline is higher. but this Is misleading. since the 

folded dlgllUne yields e die IhlIt is 188% largerforthe same number of condUCIOl'S. Table ".5 11150 

IliustraIe& thai the bilevel dlgitline arch~ad.ure always yields \h.lII smallest die area. ragardll!Sll of the 

eonfiguraliOn The smll1l8!ll folded dlgllline design at 32,6504, lBOI'm' and the smallest open dlgitllne 

design al 29.9« ,350~2 are still larget"!han the largesl bilevel dlgltilne design at 28,732.29ti~' 

Also 3ppDrefltis that the bitevel and op811 dlgitllne Hrchitact:uras both need at IeasIthree conductors 

In !heIr coostrudion. TIle folded dignline archHectur. still has a viable design option using only two 

conductors The peM~y to two conductors IS of COm$(! a much lalgerdie siz_ full"',*, larger than 

lhe triple metal bilev&l digiUlne design 



v. Conclusion 

ThIs IhniI 1 • bad • .-.I1*vwI dlgdle .cAiI.eUA. rar use on .... ! DRAM' 0 IS The 

biIe¥eI ~'" ad , I : I we kttIe_ ........ ""'"""15 in de Iize .... ~ the high 

~ 10 _ perfotInarIoe of lIidil!Oh-' k*Ied dtgdIMi ad1illectlns The bI&YIII dtgIIt", U58$ 

vetbC:aIy stecbd dIgdIjM PIllS COIIIMlQed 10 arrwpofeF· 'nemoI, eels. VetbCil cItgiIIInI! twI5trG. 
Ihtee any ....... ___ "~noed noiMI cer-',.' • ...., 8I'ICI trqUikl ..... quatIlay 01 memory ods 

oonIadWIg ~ dlgftl,ne ORAIA die ~ redvCIlDt'I ...... Its ~ Ifum IlIe U$Il of smaller 6P 

memory oeIl$lrI c:ro"POlnl $lyle Irray$ and MCIOtIdaI1IJ from efficient pilch oeIltdlllution. 0venI1!. 

IIIe bilevel dlgitJine .pptOaIeI'I po ISCnt"" In tl'l~ ,.,.... eOillbo ,_ tile best dlinrClel1$lk:s of bOth foICIed 

and open dlQltlrne ardliteetures!nlo an efflcllnl new DRAM arehlleelul1l Futul1l work will need III 

Inc:IuOethe ~.1Id consttvctJOn of prulolype DftAMs e!,IpIoYing the bIIeveI ItIOiIIine lIrChiIeclunI 

PrutoIypes wtIt ..tile • d'IorOtJgh I!UITIIrIabon of _ IIId yield .... WIth ~ SIlicon, Ihus 

permiIIlng 11'1 III'" "'1 COl, .. , itIOI, billie IIIiIMrt cIQIlIIne ad" t "n 10 the trdlotMrrI foIckId 

dlgidiiMl 8fOIiteaute 
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