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We descr ibe  a new type of t rans is tor   based  on ho t - e l ec t ron   t r ans fe r  between two 

conduct ing  layers   in  a GaAlAs/GaAs he te ro junc t ion   s t ruc tu re .  One of t hese   l aye r s  

i s  t h e  FET channel. The o the r   l aye r  (implemented a s  a heavi ly  doped GaAs sub- 

s t r a t e )  is  separated  from  the  channel by an AlXGal-,As graded  barr ier ,   wi th  x 

varying  from 0.34  near  the  channel t o  0 . 1  nea r   t he   subs t r a t e .  Because of t h e  

b a r r i e r  asymmetry, a p p l i c a t i o n  of a p o s i t i v e   b i a s   t o   t h e   s u b s t r a t e   r e s u l t s   i n  a 

low sa tura ted   cur ren t .   Appl ica t ion  of a source- to-drain  f ie ld   leads  to  a heat ing 

of channel   e lectrons and an  exponential  enhancement of cha rge   t r ans fe r   i n to   t he  

subs t r a t e .   Th i s   s i t ua t ion  i s  ana logous   to   tha t   in  a vacuum diode.  In ou r  case 

the   subs t r a t e   s e rves   a s   an   anode  and t h e  FET channel  represents a hot -e lec t ron  

cathode, whose e f fec t ive   t empera ture  i s  cont ro l led  by t h e   s o u r c e   t o   d r a i n   f i e l d .  

Hot -e lec t ron   cur ren t   in to   the   subs t ra te ,   measured   a t  7 7  K increased by ten  orders  

of magnitude on a p p l i c a t i o n  of the  source- to-drain  vol tage,  VSD, reaching  about 

100 m.4 ( f o r  a 1 m x 250 m gate  geometry)  with VSD=1V. The observed  family  of 

dra in- to-subs t ra te   charac te r i s t ics   (wi th   source   cur ren t   as  a parameter) i s  

r emarkab ly   s imi l a r   t o   t ha t   fo r   t he   b ipo la r   t r ans i s to r   i n  i t s  common-base 

configurat ion.  A t  h igh   source- to-dra in   f ie lds ,   the   ho t   e lec t ron   t ransfer  is  so  

e f f i c i e n t   t h a t   n e a r l y   a l l   e l e c t r o n s   t h a t   l e a v e   t h e   s o u r c e  end up i n   t h e   s u b s t r a t e  

rather  than  the  drain.   Because of the  high impedance in   t he   ou tpu t   ( subs t r a t e )  

c i r c u i t ,  compared t o   t h a t   i n   t h e   s o u r c e - d r a i n   c i r c u i t ,  we have a vol tage   ga in .  

E lec t r i ca l ly ,   t he   d ra in   p l ays   t he   ro l e   ana logous   t o   t he   b ipo la r   t r ans i s to r ' s  

base. The no tab le   d i f f e rence  is  tha t   i n s t ead  of t he   minor i ty -ca r r i e r   i n j ec t ion  

we a re   dea l ing   here   wi th   charge   in jec t ion  of ho t   e l ec t rons ,   an   en t i r e ly  

unipolar  process.  
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