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Summary: In ihii paper we dircuii a ncw diicntizalion mcthod for the inner praduei E.J. 
which appcarr in thc hydrodynamic modcl ~f ihr icmiconductor rquations. Thr obtaincd 
niul ir  aw  very rali~factory I O  Iong a~ the m c ~ h  ir suitabl~( njincd in fhc hol rpoti of thc 
simulalcd deoicc. Thur, an adapiioc njincmcnt rchcmc accounting for ckctron-tcmpcralun 
sariationr turn# out io be ncce##arq. 

Abstract 
In recent Papers, a new discrctization stratcgy of the scmiconductor cquations comprising 

momcntum and cnergy balance has becn proposcd [1,2]. A major discrctization problcm stiil 
to  bc solved regards the inner product E-J, [Z], which reprcsents the forcing term for cairier 
hcating. In this paper wc addrcss thc abovc problcms by proposing a new discrctizcd form 
Tor E. J. and show that, by using a suitable adaptive mcsh-rcfincment technique, smooth 
solutions can bc achicvcd with a reasonsble numbcr ofmcsh points. 

The proposed discrctization schcme Tor E .  J. is bascd on thc simple vcctor relationship 

By remembering that, in steady-stbte, divJ, = qU, U being the nct rccombination rate, cq. 
(1) lcads to  the foUowing form of thc cncrgy-bslsnce equation 

whcrc S, is thc cncrgy flow and W, is thc mcan clcctron cncrgy. Thc term on the LHS of 
(2) can be intcrprctcd as the divergcncc of thc ioial cncrgy flow, while the first term on thc 
RHS 01 (2 )  rcprercnts thc total-energy dcnsity lost pcr unit time due to rccombination. 

The discrctizcd form of E. J. a t  the ith node turns out to  bc 

where J; is thc projcction of thc currcnt dcnsity ovcr thc clemcnt sidc ( i ,  j), d;i is its cross- 
scction, a; j  is thc lcngth of the sidc ( i , j )  end Il; is thc arca af thc ith box. It is worth 
mcntioning that (3) docs not involvc thc problcm of computing the currcnt dcnsity J, in 
thc ncighborhood of thc ith node; rathcr aU thc physicsl paramctcrs sppcaring in (3) arc 
either nodal values of scalar quantities or projections af the currcnt dcnsity over the sidcs 
cmanating from thc ith nodc. 



Figure 1 shows a 3-D plot of thc carricr tcmpcraturc in a typical 1 p m  F E S  biascd with 
Vcs = 1V and V D ~  = 5V. The same plot is shown fiam a different viewpoint in f i ~ u r e  2, 
which clcerly cxhibits a tcmpersturc ridgc in the vicinity af thc metallurgical drain junction. 
Aa can be seen , thc electron tcmperaturc is rather smooth at  this refincment lcvel cven 
around thc tempcrature pcak which occurs a t  thc drain end of the channel. This confirmr 
that thc solution adopted for thc diacrctization of E. J, providca satisfactory rcsults, so 
loug as thc mcsh ir properly refined in thc ncighborhood of the peak. On the other hand, 
duc to the dXculty of E prioti forcaccing thc rcgiona where intense refincment is required, 
an adaptive scheme bascd on temperaturc variation is ncecrrary. Experiments are currcntly 
in progrcss in ordcr to eombine thc solution of the serniconductor equations with such an 
adaptive refincmcnt scheme. 
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