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OPTICALLY CONTROLLED GaAs DUAL-GATE MESFET AND PERMEABLE BASE TRANSISTORS 

R.N. Simons* and K.B. Bhasin 
Nat iona l  Aeronautics and Space Admin is t ra t ion  

Lewis Research Center 
Cleveland, Ohio 44135 

SUMMARY 
J 

D i r e c t  o p t i c a l  c o n t r o l  o f  microwave/mi l l imeter wave devices can prov ide  
f a s t e r  swi tch ing,  ga in  and phase a d j u s t a b i l i t y  i n  a m p l i f i e r s ,  and frequency 
t u n i n g  o r  l o c k i n g  i n  o s c i l l a t o r s  ( r e f .  1). Furthermore, i t  can reduce the  

c complex i ty  o f  f i b e r  o p t i c  s igna l  d i s t r i b u t i o n  networks f o r  Gall ium-Arsenide 
(GaAs) Mono l i t h i c  Microwave In tegra ted  C i r c u i t  (MHIC) based phased-array 
antennas f o r  f u t u r e  space communication system. 

Several  authors have inves t i ga ted  t h e  pho tovo l ta i c  and photoconduct ive 
e f f e c t  of l i g h t  on the  dc c h a r a c t e r i s t i c s  and the  equ iva len t  c i r c u i t  parameters 
o f  GaAs s ing le-gate Metal  Semiconductor F i e l d  E f f e c t  Trans is to rs  (MESFETs) 
( r e f s .  1 and 2 ) .  However, t he  s ing le-gate MESFET has severa l  l i m i t a t i o n s .  
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This  paper presents computed r e s u l t s  on l i g h t  induced vol tage, V l i t ,  and 
I t s  e f f e c t  on the  dc c h a r a c t e r i s t i c s  o f  bo th  the  GaAs dual-gate MESFET and the  
GaAs Permeable Base T rans i s to r  (PBT). The dual-gate MESFET when compared w i t h  
t h e  s i n g l e  gate MESFET has found a wide v a r i e t y  o f  app l i ca t i ons .  T h i s  i s  so 
because o f  t he  presence o f  t w o  independent c o n t r o l  gates together  w i t h  excel-  
l e n t  i s o l a t i o n  c h a r a c t e r i s t i c s .  The PBT on the  o ther  hand has a much h igher  
f i g u r e  o f  m e r i t ,  t h a t  i s ,  the  maximum frequency o f  o s c i l l a t i o n .  Typ ica l l y ,  t h e  
f i g u r e  o f  m e r i t  o f  a PBT i s  150 GHz as compared t o  60 GHz f o r  GaAs MESFET. 
Hence, PBTs can operate a t  a much higher speed than MESFETs. 

l a s e r  t o  the  a c t i v e  reg ion,  o f  a dual-gate MESFET and o f  a PBT, through an 
i n t e g r a t e d  o p t i c a l  waveguide and an o p t i c a l  f i b e r  respec t i ve l y .  L i g h t  i s  
respons ib le  f o r  t h e  generat ion o f  excess e lec t ron-ho le  p a i r s  i n  the  a c t i v e  
reg ion;  which i n  t u r n  increases the  m i n o r i t y  c a r r i e r  concentrat ion,  t h a t  i s ,  
holes i n  a n-type channel. An expression f o r  t h e  l i g h t  induced vo l tage V l i t  
as a f u n c t i o n  o f  t he  m i n o r i t y  c a r r i e r  concent ra t ion  and o ther  phys i ca l  proper-  
t i e s  o f  GaAs i s  g iven  i n  re ference 3. 

Figure  1 i s  a schematic diagram i l l u s t r a t i n g  the  coup l ing  o f  l i g h t  f rom a 

An expression r e l a t i n g  d r a i n  cur ren t ,  Ids,  t o  the  app l i ed  gate te rmina l  
vol tages, Vgsl 

mina t ing  e i t h e r  o f  t he  two gates o f  a dual-gate MESFET i s  equ iva len t  t o  forward 
b i a s i n g  t h a t  gate by a vo l tage source equal t o  V l i t .  The n e t  vo l tage a t  
t h a t  ga te  i s  t he re fo re  a superposi t ion o f  t h e  ga te  te rm ina l  vo l tage and V l i t .  
An expression r e l a t i n g  d r a i n  cu r ren t  dens i t y  t o  t h e  app l i ed  ga te  b i a s  
V S ,  and vds 
T j e  n e t  vo l tage a t  t he  gate i s  a superpos i t ion  of Vgs and V l i t .  

and V 2, and the d ra in  t o  source vo l tage,  Vds, f o r  a 
depletion-mode (normal 9 y-ON) dual-gate MESFET i s  g iven i n  re ference 4. I l l u -  

3 
f o r  a permeable-base t r a n s i s t o r  1 s  g iven  i n  re fe rence 5. 

*NRC-NASA Research Associate. 



The dual-gate MESFET a c t i v e  l a y e r  th ickness,  t h e  PBT a c t i v e  l a y e r  t h i c k -  
ness and t h e i r  respec t ive  doping d e n s i t i e s  a re  i n d i c a t e d  i n  f i g u r e  1. 
i n t r i n s i c  c a r r i e r  concent ra t ion  and the  m i n o r i t y  c a r r i e r  l i f e  t ime are  
1 .79~106 cm3 and 10-8 sec respec t i ve l y .  
11 h t  and the  o p t i c a l  absorp t ion  c o e f f i c i e n t  i n  GaAs a re  normal ly  0.87 pm and 

The 

The wavelength o f  t h e  i n c i d e n t  

IO 4 cm-1 respec t ive ly .  

Using these equations l i g h t  induced vo l tages a r e  computed f o r  t he  dual -  
ga te  MESFET and the PBT as a f u n c t i o n  of t he  i n c i d e n t  o p t i c a l  power dens i ty .  
Th ls  i s  shown i n  the  i n s e t  i n  f i g u r e  2. The l i g h t  induced vo l tage i s  observed 

y w i t h  the  i n c i d e n t  o p t i c a l  power dens i ty .  Besides, t h e  two 
equa l ly  s e n s i t i v e  t o  l i g h t .  

t o  increase l i n e a r  
devices a re  almost 

The computed 
gate 2 o p t i c a l l y  i 
by 16 mA w i t h  gate 
and 
Vd c 

I d s  o f  t he  dual-gate MESFET as a f u n c t i o n  o f  vds, w i t h  
luminated, i s  shown i n  f i g u r e  2. Fur ther ,  I d s  increases 
1 o p t i c a l l y  i l l u m i n a t e d  (1 pW/cm2) and V s1 = -1.5 V 

Vg2 = OV.  The computed d r a i n  cu r ren t  dens i t y  3 as a ?unct ion o f  
f o r  a PBT when the  gate g r a t i n g  i s  i l l u m i n a t e d  i s  shown i n  f i g u r e  3. 

The dual  gate MESFET provides a d d i t i o n a l  c o n t r o l  due t o  t h e  presence o f  two 
independent c o n t r o l  gates w h i l e  the  PBT can handle a much h igher  c u r r e n t  
dens1 t y  . 
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Figure 1. - Schematic diagram i l lus t ra t ing (a) a n  optical waveguide i l l u m i n a t i n g  a dual-gate 
MESRT. (bl a n  optical f iber i l l umina t ing  a permeable base t rans is to r  at two possible locations. 
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Figure 2 - Drain current versus drain to source voltage with gate 2 illuminated for a dual- 
gate MESAT. Also shown in inset i s  the light induced voltage as a function of the in- 
cident optical power. 
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