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Summary. Adaptive grid refinement for semicondoctor-device analpin becomea more and more important due 
to the i n c n ~ i n g  complexity in the geometrical shape and in the phyaical models. The technique presented h u c  
has the advantage of dowing for anisotropic refinemenb while pnsuving smoothness, ~ p e c t  ratio, matrix 
bandwith, and mmimum number of obtuse trianglea of the initial grid. 

Abstract. The adaptive refinement technique han been implemented in two diienaions in an impmved version 
of the grid generator ATMOS [I]. Thii code in interfaced with the solver HFIELDS [2] which, in turn, ia based 
on the weU-horn Box Integration Method with a piecewiae-linear appmximation for the electric potential p. 
The basic f e a t m  of ATMOS are a) an automatic refinement of the initial (coarse and nctangular) gnd based 
on the shape of the boundariea and on the dopant diatribution and, b) the tranaformation of the mtangular 
grid into a triangular one. if needed, an interactive refinement in a h  available. The generation pmcedure 
givea .rke to  a grid having the foliowing pmperties: i) smooth tranaition in the sise of adjacent elements, ii) 
aspect ratio ranging between 0.5 and 2 for the elements having terminating lines (thia eiiminates the obtuae 
anglea in the interior of the domaiu), üi) miniiisation or eiimination of the remaining obtuse angle8 (i.e., thme 
along the boundarira), iv) regnlarity in the bandwith of the connectinty matrix (typ. 6 adjacencies with a large 
majority of right trianglra, thia reducing the effective adjacencies to  typ. 4) and, V) apecial treatment of the 
boxes surrounding a node when a termination of a grid line occnrs. The latter point preventa a spike in the 
electric potential which typicaiiy occurs when the electric field in high in the direction normal to the transition 
in the gnd sise (e.g., the dhc t ion  normal to the channel of a MOSFET n e u  the jnnction edges). 
Some adaptive refinement pmceduns for semiconductordence analpin have been presented in the iiteratore 
[3,41 and are w u d y  b d  on the behanonr of p. The pmcedan presented here in baaed on <p as weii, and 
has a feature which we beiieve in very attractive: ali the pmperti- i) thmugh V) above are pnserved at any 
atage of the refinement. Thin avoids the intmduction of 'clustersa of slender, and very often obtuse, triangles 
which increase the matrix bandwith and usuaily degrade the quality of the grid. The implementation han been 
carried out by linking ATMOS with HFIELDS' Poiedonaolver, by letting the latter code run on the current 
grid, and by i n t d u c i n g  two tests to be repeated on p at each node and element, mpectively, and along both 
direction z and y .  The first test ia based on the lower-order term in the denation from linearity a t  each node, 
which in the z d i i t i o n  in (112) <p„ Aza . if thin teat faiin, a refinement takes place in the z diiction (i.e., the 
refinement ia anisotmpic). The key point here is that the refinement does not start from the c m n t  grid, which 
ia triangular, bnt from the comsponding -and previously stond- nctangular one. In thii way, pmperties i) 
thmugh iv) above are automatically preserved. 
Typicaiiy, the position of the terminating nodes mentioned a t  point V) in modified by the refinement. The 
aecond t a t  takm place here and in based on one component (along y in the example) of the electric field on 
the elementa aurmunding a terminating node. if the test faiin, a pmpagation in forced in the grid line in the 
z direction. Thia moves the terminating node to the next element, onto which the test ia then repeated. The 
key point here in that the choice of the electric field component and of the pmpagation direction ia unique, thia 
yielding the nsul t  that the terminating nodes are eventualiy moved outside the high-field region without any 
degradation in the quality of the grid. 
Fig. 1 showa the find grid for a typical 1 pm MOSFET biaaed at Vcs = 2.0 V and VDs = 0 V. The latter 
comprises 1,395 grid pointa and in heavily refind at the sonrce/drain junction cumtures  and withii the 
inversion layer. The comsponding electric potential in shown in Fig. 2, and proves the validity of the used 
refinement criteria. Figa. 3 and 4 repreeent P., and <p, at an intermediate iteration, which exhibit acute peaka 
a t  the Si-SiOa interface and at both ends of the channel, nspectively. According to  our refinement algorithm, 
the higher the second derivativee of the electric potential, the amaller the element sise turns out to be aloug the 
corresponding dimtion. Fig. 5 shows the ID - V D ~  curve and the number of nodea corrwponding to each bian 
point and, finaliy, Fig. 6 ahorni the effect of a foned pmpagation of a terminating node in the channel region. 
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