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A new technique haa been developed to u t r a c t  two-dimensional impurity distributiona from several o n c  
dimensional doping profiles measwed at  different angles, uaing emiasion-computed tomography algorithms. 
A discussion of the effect of the number of angles, number of iterations, rneasurement noise, choice of the 
initial gueas, and the siie of the reconstructed array, will be preaented. 
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Twdimensional measurementd of impurity profiles in silkon have become an important h u e  in VLSl 
device design and process aimulation.. A ncw technique h u  been developed t o  extract twdi iens iona l  
impurity distributions using cmission-com~uted tomography algorithms. Twwdimensional effects, such U 

the asymmetry due to shadowing of implanta in lightly doped drain transistom, are device and process 
issuea where knowledge of the doping ~rofile is essential. The recent development of twadimensionai procesi 
simulatom to invmtigate auch effecta requires measured impnrity profiles to check the validity and accnrrcy 
of theu aimulations. 

Traditional impurity profile measurement technique~, auch M spreading resistance, SIMS, RES, and ca- 
pxi t ive measuremenb, are oncdimeniional. Some efforts have been made to meaaore t w w d i i e ~ i o n a i  im- 
purityprofiles by aelectivc etching of atnictures [1,2]. The present technique reconsttncb the twdimensional 
dopant distribution from several one-dimensional profiles acquüed at different anglea osing algorithm origi- 
n d y  developed for ernission-computed tomography. A one-dimensional SIMS measurernent at an angle B to 
the surface normal of the structure effectively counts the numbcr of impurities in each slice 01 the sttncture 
(Fig. 1). The counting of impurities in a thin Iayer by SIMS is directly analogous to the acquisition of 
emitted radiation from a human body in a medical tomographic atudy. A linear combination of the voxels in 
the silicou structure can be derived for each SIMS data point. Thus several SIMS pmiiles produce a System 
of cquations that can be aolvcd for the concentration of hp&ties  in each voxel. The maximum likelihood 
estimator algorithm [3,4] was chosen to minimiae the number of angles required and hence the number of 
necessary measurementd, and because of itd r o b u s t n e ~  with respect to  measurement noise. 

Aa part of extensive Computer aimulationa done to explore the potential and limitations of thia techniqne, 
a simulated twodimensional impurity profile ww generated for boron implanted at 800.KeV wich a dose 
of 1 X 10'5cm2 through an oxide mask with an opening of Ipm and 45' side walls (Fig. 2 and 3.). Seven 
oncdhensional SIMS measurements were then simulated for thia implantation. Rom the syrnmetry of the 
structure, six of these measurements also represented the datafor negative 8s. The thirteen one-dimensional 
pmfiles were then used t o  reconstruct the twc-iimensional profile in 100 iterations (Fig. 3b). Additional 
simulations will be presented to show the dependence of the reconstniction algorithm on different Parameters, 
auch as the number of anglea, the number ofiterations, the acceleration factor, the siae of the reconstrncted 
array, measurement noiae, and the choice of the initial guess. 
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Figure 1. A SIMS measurement done at an  angle Figure 2. The physical stmcture used t o  create the 
B Lo the  surface normal of a structure counts the  simulated doping profile ahown in Figore S r  
impurities found between adjacent diagonal lincs. 

4 b) 
Figure 3. a )  A perspective plot of a siniulated tw~dimens iana l  impurity profile ol.500 KeV boron implanted 
with a dose of 1 X 10'"d tlirough an  oxide niask with an opening of l p m  and 4 5 O  side wdls. X is rhe 
lateral position and Y is the depth. Simulated SIMS mexurements were made of thia structure. b) The 
rcconstructed two-diinei~sional doping profile usiiig 13 angles and 100 iterations. 




