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IMPLEMENTATION OF NITRIDE OXIDATION IN THE 2D PROCESS SIMULATOR 
IMPACT-4. 
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To shrink thc dimension of dcviccs, ncw isolation tcchnologics, with rcspcct t o  classical LOCOS, haw to  
bc cwluatcd. This papcr dcals with thc study of onc of thcsc possiblc altcrnativcs: thc L,OCOS/ Rcccsscd-L,OCOS 
NCLAD strnctnrc. In this process a thin nitride laycr cncapsiilatcs thc oxidc-nitride stack to  prcvcnt thc formation 
of long bird's bcak [l]. Thc cfficicncy of this tcchniqiic is dcpcndcnt on thc nitride oxidation. In ordcr to study this 
proccss, via simiilationl it is thcrcforc ncccssary to modcl nitride oxidation: a "modificd Dcal and Grovc" modcl has 
bccn implcmcntcd and calibrated in thc 2D Process simulator IMP.4CT-4 (21. Thc iniplcmcntation problems and 
rclativc solutions arc dcscribcd. 

Thc cquation govcrning wct oxidation of nitride is givcn by [3-41: 
Si3N4 + 6 H20 - 3Si02 + 4 NH3. 
Thc Dcal and Grow modcl [3] has bccn applied to  dcscribc thc reaction (1). From cxpcrimcntal rcsults publishcd 
by Enomoto [GI and Rcbora [7], thc valiics of thc linear ( B / 4 )  and parabolic (B)  paramctcrs ham bccn calibratcd 
for a rangc of tcmpcratnrc bctwccn [920"C - 11OO"C]: B = 1.96 x lo+' x exp 
A = 3.7 x 10-1 x c t p  
Thc prcssurc dcpcndcncc of B has bccn dcdiiccd from [7]. It appears that ,  for prcssiircs lowcr than la tm,  thc 
parabolic cocfficicnt B is givcn by: B = 1.9G x lof' x e z p 7  x Po.* (p2/mzn, ) .  
Thc niodcl has bccn implcmcntcd in thc 2D process simulator IMP.4CT-4 [2]. 

Thc main problcni in thc implcmcntation is causcd by thc vcry diffcrcnt diffusion and reaction ratc cocffi- 
cicnts for nitride and silicon (51 rcspcctivcly. For this reason, thc iniplcmcntation of nitride oxidation in IMPL4CT-4 
rcquircd to diffcrcnciatc thc oxidc growing on nitride (oxynitridc) from thc onc on silicon (silicon oxidc), without 
dctining a ncw niatcrial, in ordcr to  attribute to  thc clcmcnts of cach kind of oxidc its proper cocfficicnts. In 1D 
simulations? as oxidation occiircs cithcr on silicon or on nitride, thc paramctcrs of oxidation can bc attributed easily. 
In 2D simulations, silicon and nitride simultancously oxidize. Thc reaction ratc cocfficicnt k is attributcd according 
to  thc surfacc on which oxidation is pcrfornicd. Conccrning diffusion cocfficicnt, a tcst has bccn introduccd on mcsh 
clcmcnts. This tcst is niadc in ordcr to  permit nitride oxidation ( D ( n i t )  # 0) only on air contacted oxynitridc and to  
canccl nitride oxidation undcr nitride masks: bccausc of stress cffccts: ( D ( n i t )  = 0). In ordcr t o  distingiiish bctwccn 
oxidc and oqnitridct for cach oxidc mcsh clcmcnt (triangle) all its neighbors arc cwluatcd; if thcy contact both air 
and nitride, this clcnicnt is oxynitridc (D = D(n.it)): othcrwisc i t  is silicon dioxidc (D = D ( s z ) ) ,  as cxplaincd on 
figure 1. Thc limit of this method in 2D is for oxynitridc thickness larger than two divisions of thc mcsh (about 
1000.4, for IMP.4CT mcshcs). Thc cascs which havc bccn studicd arc within this mcsh limit. 

Thc diffcrcncc of diffiision cocfficicnt bctwccn oxynitridc and silicon oxidc can bc chcmically cxplaincd by 
thc gradient of oqgcn  concentration cxpcrimcntally obscmcd in oxynitridc laycr [8]. To rcproducc this cffcct: a 
gradient of diffusion is numcrically introduccd for oxynitridc (figure 2). 
Numerical simulation has bccn pcrformcd in casc of 1D cxamplcs t o  chcck-out thc validity of our calibration. Figurcs 
3 and 4 compare thc numcrical rcsults to cxpcrinicntal data for tcmpcratiircs cqiial to  950°C and 1100°C. Fur thc  
morc, thc analytical rcsults givcn by thc modcl of Kamins [9] haw bccn addcd to  thc figurcs. Onc can concliidc that 
our calibration shows an cxccllcnt accuracy for thc rangc of tcmpcraturc and prcssurc which has bccn stndicd. 

NCL.AD LOCOS and Rcccsscd-L,OCOS havc bccn proccsscd a t  1050°C: latni? in wct ambient t o  grow 
55OO.iof ficld oxidc. Thcir corrcsponding classical structurcs havc also bccn proccsscd for comparision. 2D simula- 
tions of thcsc isolation structurcs havc bccn pcrformcd with IMPA4CT-4. Thc rcsults arc rcportcd on figurcs 5 to 8, 
whcrc it can bc noticed that thc simulations arc in good agrccmcnt with SEheI photos. NCLAD prcscnt a rcduccd 
bird's bcak. If nitride oxidation is not takcn into account, onc can obscrvc that it has rathcr no influcncc on thc 
bird's bcak shapc in casc of classical LOCOS or Rcccsscd-LOCOS, whilc it indcrcstimatcs thc birdk bcak thickncss 
for NCLAD vcrsions. 
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4 Dcal and Grow modcl for silicon nitride oxidation has bccn implcmcntcd in thc process simulator 
IMPA4CT-4, using an appropriatc tcst on mcsh oxides clcmcnts to  diffcrcnciatc oxynitridc from silicon oxide, and 
defining a diffusion cocfficicnt gradient in oxynitridc laycr. This tool can bc uscd to study NCLAD structurcsl and 
othcr advanccd isolation structurcs affcctcd by nitride oxidation. ' 

WC thank 4.  Rcbora and P.Colpani, from SGS-Thomson, Agratc, Italy, for 1D nitride oxidation data and 
SEM photos. 
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Figiirc 1: Definition of diffiisivity and reaction ratc. 
of nitridc (D(nit). k(ni t ) )  and silicon oxide (D(si). 
k( si)) according to position in growing oxidc. 
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Figurc 3: Nitride oxidation 1D at 9 50°C. 

Figurc 3: Simulation and SEM photo of a LOCOS 
structurc oxidizcd at 1050°C. Plain linc: simulation 
with nitride oxidation niodcl; dashcd linc: without 
nitridc oxidation. 

Fignrc 7: Simulation and SEM photo of Rcccsscd 
LOCOS oxidizcd at 1050°C. Plain linc: simulation with 
nitride oxidation modcl; dashcd linc: without 
nitride oxidation. 
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Figurc 2: Gradient of diffusion cocfficicnt in oxpnitridc 
growing on nit,ridc: D( nit)=Diffiision cocfficicnt in 
oxynitridc; D( si)=Diffnsion cocfficicnt in silicon oxidc. 
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Figurc 6: Simulation and SEM photo of NCLAD 
structurc oxidizcd a t  1050°C, with a sccond nitride 
laycr of 3004. Plain linc: simulation with nitride 
oxidation modcl; dashcd linc: without nitridc oxidation. 

Figiirc 8: Simulatiyon and SEM photo of NCLAD 
Rcccsscd-LOCOS oxidizcd at 1030°C. with a 
sccond nitride laycr of 300.4. Plain linc: simulation 
with nitride oxidation modcl; dashcd linc: without 
nitride oxidation. 


