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fntrrauc|dol I\iro rrEin Q6ns of n-ctrannet ncrr-vo]atiJ.e nerory derries with stacked-gate

strucb,rre have so far been dareloped and suessfr:Ily applied to (I) *CU"U*t"table ard

prograrnble read only renpries, arxl (2) EEFmls2'3] -electrically erasable PRottls. Ibvever, eactr of
tfiese derries is ccreirnble to harie the folloaing tto IIEin disadvantages ard has ron for firrther

inprovenent. Elor the E-type devies, tiey are ; (a) the higLr surface itrpurity oqtentration whicft

nrakes so called ctrannel electrcn iniection4'S] efticient c€lusres the thre-strold voltage shift and

nrakes the crrrducltane of nerory transistor por, ard (b) the erasr.lre is slo,v because the sttrol-
gate of securd poly.Si absorbs ttre U.V light. On ttre other hand, for t}re E-type devies ; (a)'

high integratior is difficult because t}re ell requires a sritctring transistor ccnparea to lftAit
organization of E-tlpe devies, and (b) | in er:asure oSnratim, both plarities of applied voltages

Etr€ neessarfy. lftre rrErDry transistor prcgnsed here is appticable for both tlpes of derries (E or

Ets), ard is eliminated of aII above nentiqred disadvantaEes.

Hrcparatisr of Sanples Fig. L outlines an e:<anple of nain trlroessing steps of the praposed

n1glr|]ry transistor. In this figure, (A) starting with'I-qpe Si substrate' thick field SiO2 and

cfrannel stApper fr.egion self-aligrred with it a:c forned wing Iffi technnque. After that-800i
first gate SiO, and -1000A first poly.Si Erre susessively gl3oetn. (B) Contlot arul floating gates

a:e patterned self-aligrred with eactr other after the gr,olvth of -1000A sesrd gate Si% atrl 0.5l.t

seorul 5nly.Si. (C) fte e+-regiur self-aligrred $/ith both gates is forned by the iqt ftrpbntatiort

of borsr. (D) By pfrosplrons diffr:sisr, soure and drain tt+-regions a:e forned hthich are self-
afigned witi both ftates. DraiJt ll+-regicr is also diffirsiqr-self-atigned (DSA) with ttre P+-region-

(E) Follcwing tlre vlell Isro,n steps, the derrice is ocrpleted.

D@erirrEntal Results tris ranory transistor with nerw stJcuctrrre can be written bV channel

etectrqr injeetion and erased bryr oprtical or elestrical neans. Writing arri erasure ctraracteristics

are reasured as t}:=slrold rrcltage shifts of the IrEnDt1l tnnsistor (VS'). Vta is the original
vs' $rhen the floating Sate is rnt cftarged.

ELg.Z and Fig.3 strovr writing characteristics with VW atd VCG as paraleters l€specti\rely for
tlre nerory transistor orr 100O-crrr substrate. !{rite plse VW b applied to the drain thrcu$ a series

resistm of lKowitJl ttre cqrtlol gate voltage Vo" Irositive.
Fig.4 s6otrs erasrure clraracteristics for stackedjate rlE$pry b:ansistors elposed to short-

warre ultraviolet h=253eil of 8W rercurlr lanp. Carparing lrittr sr-ventisral derries, this new device

tras a gl<ellent charaqteristic becarrse U.V. lidtt illuninates direcLly t}e edge of tlie floating
gate v*rictr is not overed by t}te control gate.

Electrical erasiure can be perforned bryz surface arralanctre hole injecLicq frqn {*te soure
jr6ction. In this DSA sbr:sture, Ftlpe inpuriff qrcerrtratiqr of ttre sulcstrate is possible to be

lo,v, so that tlre sprfae breat<dovn rnltage at the soure jr.rrcticr is not limited bV t}te fuiplrity
qr€ntratim and it rises rrith increase of the floating gate potential. IbIe injection stoSts when

t}1e srrrfae brealcdovm voltage besres equal to the erasure rnltagre V" applied to the sour€. BV

this :reassr, satr:ratisr level of V* shift is determined bV Ve only wtren V* Vrowded. Ilil{e\rer,

a sqbstrate rrrith sgch lcrir irt5luriff omentratiqr as it nakes the surfae e:@ept for tlre P'-regiot

rorrally inverted, is not atrplicable for elestrical erasure because the breakdown is not mntloled

by the floating gate ptertial but Lrfr tlte furpurity mnentratior of . the p+-""Si*r. Eror the ffi-
epe derrie, vE used a sulcstrate of l3fcrn resisfiviQz, in whiclr the surfae is weak enharrcenent.

:ftre eperinental r=sr:lts for el-estrical erasure a:re shcrtrr in Fig.S. Erasur? Erlse V" is applied to

' l5-



tJ," sor:re throu$ a series resistor of lK0wittr the draiJt terminal open ard v"" Srouded.

mlusm l4air featur"es of the pnryosed nenory transistor are sulrlErized as folloCIs.

1) By the atrpllcatig1 of EEA tectrriqr:e, e+-regior with hido surfae cqroerrtratiqr can be used not

sacificing high condr:ctane of the rrErl|3ry transistor, and rmreover ttre effective channer lengrth can

be determined inespective of desigred rralue, so tlre writing ctraracteristics are nucfr furpsved'

In addition to that, the introduction of ontroL and floating self-aligned gates' stn:gtue

gurantees higtr integraticn and high lerfornane of this rErlDrlt transistor'

2) In tlre case of ultraviolet light erasure, tlre strieldirrS effect of U-V by the srtrcI 9e@ of

secsrd poly.Si can be preverrted, so ttre erase ctraracteristics of the prolnsed clevie are drastically

iJrprc\red ocngarea to orxrentional ones.

3) Acrbination of r,vriting by ctranneL elestror injection and erasr:r:e hrl' sr:rface avalandte hole

injectionrrrakestherealizationoflarpcapaciQl@Ro[tGpossi.blewithj-nt}resc}rgreofllfAit
organization and positive applied voltages only.
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W/L=6/6(μ )
ρ=100●・Cm

vw=14V

vcc=30v
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