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Abstract


In this thesis,  we present novel ways of achieving lateral Schottky  rectifiers with im


proved performance in terms of low forward voltage drop and reverse leakage current 
 and  increased  breakdown  voltage.  Using  a  two-dimensional  sim ulator  (MEDICI), 
 the  performance  of  the  proposed  Schottky  structures  is  evaluated  in  detail  and 
 compared  with th a t  of the  compatible conventional  Schottky  devices.


We have first proposed a novel Lateral Merged Double Schottky  (LMDS) rectifier 
 on  SOI  utilizing  a  high  barrier  Schottky  metal  filled  in  a  trench  to  electrically 
 shield  a  low  barrier  Schottky  contact  during  the  reverse  bias.  For  the  first  time, 
 the  proposed  LMDS  structure  is  shown  to  provide  extremely  sharp  PiN  diode  like 
 reverse  breakdown  characteristics  with  reduced  reverse  leakage  current.  However, 
 silicon  based  devices  are  not  suitable for  high voltage  applications  because  of their 
 poor  thermal  conductivity  and  low  critical  field.  SiC  is  a  suitable  choice  for  such 
 applications.  We  have,  therefore,  extended  the  concept  of Lateral  Merged  Double 
 Schottky structure on 4H-SiC.  Since standard thermionic emission theory cannot be 
 used  to  predict  the  reverse  leakage  current  of SiC  Schottky  rectifiers,  we  have  first 
 developed  an  empirical  model  for  barrier  lowering  using  reported  measured  d ata 
 on  SiC  Schottky  structures.  Using  this empirical  model  in  our  simulation,  we have 
 demonstrated  th a t  (i)  the  breakdown  voltage  of  the  proposed  LMDS  rectifier  on 
 4H-SiC  is very  sharp  and double th a t  of the conventional  SiC  rectifiers  and  (ii)  the 
 reverse  leakage  current  is  three  orders  of m agnitude  smaller  compared  to  the  low 
 barrier  SiC  Schottky  rectifier  while its forward  characteristics  are similar to th a t  of 
 the  later.


It  may be pointed out  th at  in many applications,  low voltage  Schottky  rectifiers 
with  very  low  forward  voltage  drop  are  also  of  great  interest.  There  is  a  need



(6)to  develop  simple  and  novel  structures  which  meet  this  requirement.  We  have, 
 therefore,  for  the  first  tim e  proposed  a  new  Lateral  Thin  Film  Schottky  (LTFS) 
 rectifier  using  highly  doped  thin  epitaxial  layers  on  SOI.  For  an  epitaxial  layer 
 thickness  of 0.05  /im with  1017  cm-3  doping,  the proposed  LTFS  structure  is shown 
 to  have  (i)  a reverse breakdown  voltage up to 60 V  (six tim es higher than the  plane 
 parallel breakdown  voltage)  with  reduced  reverse  leakage current  and  (ii)  a forward 
 voltage  drop  as  low  as  0.27  V  at  a  current  density  of  100  A /cm 2.  However,  for 
 smaller epitaxial  film  thicknesses,  the  drift  region  resistance  increases  affecting  the 
 current  handling  capability  of  the  LTFS  structure.  We  have  next  demonstrated 
 th a t  this  problem  can  be  easily  overcome  by  using  another  novel  Lateral  Trench 
 Sidewall  Schottky  (LTSS)  rectifier  which  utilizes  the  sidewall  of  a  trench  as  the 
 Schottky  contact.  This  structure  has  been  dem onstrated  to  provide  a low  forward 
 voltage drop even  at  high current  densities.  An added  advantage of this structure  is 
 the  reduced  ON-resistance  caused  by  an  accumulation  layer formed  under  the  field 
 oxide during the forward  biasing.  The proposed  LTSS  structure  is shown  to exhibit 
 not  only  a  high  reverse  breakdown  compared  to  the  conventional  devices  but  its 
 reverse  characteristic  is  as  sharp  as  th at  of a  PiN  diode.


From  our  work,  we  have  adequately  dem onstrated  th a t  novel  lateral  Schottky 
 structures can be designed which are not only simple to fabricate b ut are highly suit


able  for  integration  in  low-loss  and  high-speed  power  IC  applications.  Considering 
the relevance of our proposed  novel structures for the above applications, we believe 
th a t  our  results  provide  a  strong  incentive  for  future  experimental  exploration.
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