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There harre been rnany lnrrestlgatlorsl-8 lnto the MNG devtce physlcs, the propertles of the

IIEITDTy traps and the roLe of the gate dielectrlcs on derrice behaviors. Ifuch valuable lnfornratim

has been gathered, but ttrere ls thre corsplcuou,s absence of a nd.cr"oscoplc rodel that can correlate

the lmcnrt facts. We pr.opose such a rpdel that identlf,les the nerory traps as s1l1con dang$ng

bmd.s or equlvalent\y lncorpletely bonded sll:lcon ln the slIlcon nltr'lde. A sllleon dang]i:eg

bdld that has an electrrst ln 1t ls electrC-cal\y neutral. the ener5r level for this electr"on l-s

fuislab the energr gate of S1, at an ener6r Dor sl:lghtly belo,r the mld-gap posltlons, as 11l:^stra-

ted by the electron energ/ dlagam of a MNOS structr:ne ln F5-gure 1. Howe.ver, thls neutral con-

flguratlon of the dangllng bond ha^s not the lowest enerry. Instead elther of the two chrarpd

cmf,Lgurratlcns, me wlth ttre dangUng bcnd possesslng two electr"ons and the otlter wlth the sane

possesslngnane (1.e. two holes), are lower ln energr. Hence the system of Sl dangllngbond^s

cooperatlvely loter ttrelr total energr by electron charge tr:ansfer fbom one dangHng bond to the

other. Such drarp transfers are accorparded by bond dlstortlons. The result 1s the forrlB.tlon

of posltltiely and neggtlvery charged dangDng borrls rreplaclng the neutral or{glnal ones. 'Itre

negatlve\y charged dangljng bond state f, with two electtrcns, ILes ln energr below Dor near the

Si valence band edge. f is a hole nerory trap. The posltlvely charged dangllng bond state D+,

wlth two holes, ILes 1n energ/ above Dor near the Sl conductlon band edge. D+ ls an electrrcn

rerory trap. If the lnltlal ctrarge state of the sillcon nltr'lde fllm 1s neutra-l, then we must

have eqr.ral nunbers of D+ and f states conpensatlng each other. Slnce these rerpry traps D+

and D- are charged, the large dsenrcd capture cross-sectlm of 5 x to-13cm2 1s not une:<pected.

the trep center ls arphoteric, 1.e. the dangling band can possess elther of the tr,ro charge

states, D+ or D-.

In CVD nltrC-des large arourts of H are lncorporated and bonded to elther N or 51. The

interplay of our charged dangllng 51 bonds wltJr the S1-H bcnd^s have been consldened 1n partlcular

wlth respect to hlgfi tenperature anneal of 1ow tenperature nltrlde, and the effects of wrlte/
era.se cyclIng.

Our rpdel of remry traps enables u^s to ldentlf! what a::e the desfu"able chemlcal conposltlm

of the nltrC-de for optlmlzatlon of rretrDry devlce pararmtere 1nc]dlng endurance, retention and

wlndcw slze. It tums out that the corpetLng propertles of tlre treps prresenb a forrnldable ta^sk

to optlnd.ze the serreral deslred pr.opertles of an MNG trranslstor. Fbr exanple the exlstence of

a large ttap cmcentratlor ln the dlelectrtc enhances rrcrrDty vrlndow, but the rrery large trap

concentt:atlcn f,acllttates transport of drarges whlctr lead,s to poor nenDry netentlcn; and.,
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as another e:{arple, the use of hydrogen to passlvate fa^st surface states lead,s to avallablllty

of excess S1-H bmd.s susceptlble to band breakage wlth str"ess tlom endur:ance cycllng.

lto e:plolt the urderctandlng brougfrt forth vrtth the trap node1, the nltr{de dtelectr{.c can

be stnrctuned for a speclfled trap dlstrlbutlon by vertlcally gadlng the nltrC.de flln v1a f[Im

deposltlm plocesses. To ll}.ustrate, 1n Elgune 2, we dserrye the relatlons]r1p of threshold wln-

dcru decay to ttre lnfluence of traps in the nltrC-de dlelectrC.cs. Nltrd.de fabrC.cated wlth larp

tr:ap denslty (curve A) e*rlblts a large V, shlfb (for lor conductance state of an MNG rErrDrV

translstor) wittr corrnespordlng Jargg retentlm decaVr wh1le the opposlte holds trr:e for nltrC.de

fabrC-cated with lour trrp denslty. In curve C, & optlnd.zed MrIOS retentlon feature ls accorplished

wlth a trC.ple layer dlelectr{.c 1n whlcft bac}<warrd charge transport 1s njnlnized and sufflclent traps

e:dst ln ttre ncr:lnnedlate r"eglans of ttre dlelectrd-c for thrreshold shlft bo entrrance MNG renor'gl

wlndow.
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175:l unlform SlN 。15v′ decade
50:l uniform Sl‖  。45v/decade

175:1′ 50:1′500:1 9raded Sll .35v′ decade
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