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A n a l o g - t o - d i g i t a l c o n v e r t e r s a r e 
n e e d e d to c o n v e r t vo l t ages o c c u r r i n g i n 
a n a n a l o g w o r l d to d i g i t a l c o d e s that 
c a n b e s t o r e d o r p r o c e s s e d i n d i g i t a l 
c o m p u t e r s . I n a p p l i c a t i o n s s u c h as 
s p r e a d - s p e c t r u m c o m m u n i c a t i o n s a n d 
radar , t he re is a n e e d to A / D c o n v e r t 
s i gna l s w h o s e b a n d w i d t h s e x c e e d the 
l i m i t s o f c o n v e n t i o n a l a l l - e l e c t r o n i c 
A / D c o n v e r t e r s . 

A d e v i c e has b e e n d e m o n s t r a t e d that 
c a n c o n v e r t 5 0 0 M H z b a n d w i d t h a n a l o g 
w a v e f o r m s w i t h fou r -b i t r e s o l u t i o n at a 
1 G s a m p l e / s e c ra te . 

T h e A / D c o n v e r t e r s c h e m e d e p e n d s 
o n the p e r i o d i c v a r i a t i o n o f the o u t p u t 
o f a g u i d e d - w a v e i n t e r f e r o m e t r i c m o d u 
l a to r w i t h b o t h vo l t age a n d e l e c t r o d e 
l eng th to p e r f o r m the c o n v e r s i o n a n d 
o n t he a v a i l a b i l i t y o f s h o r t o p t i c a l 
p u l s e s to p e r f o r m the a n a l o g s a m p l i n g . 
A c o m b - g e n e r a t o r - d r i v e n d i o d e l a s e r 
e m i t s < 120-ps -w ide p u l s e s at a 1000-
M H z ra te . 

T h e o p t i c a l p u l s e s a re c o u p l e d to a 
LiNbO3 c h i p , a n d the o p t i c a l m o d u l a t o r 
ou tpu t s a re c o u p l e d t o a S i a v a l a n c h e 
p h o t o d i o d e . 

T e c h n i q u e s to s tab i l i ze the L i N b O 3 

b a s e d m o d u l a t o r a r r a y h a v e b e e n d e m 
ons t ra ted . T h e s e i n c l u d e " t h e r m a l f ix
i n g , " w h i c h has r e d u c e d the s u s c e p t i b i l 
i ty o f the d e v i c e s to d e t r i m e n t a l p h o t o 
re f rac t i ve ef fects b y a h u n d r e d - f o l d a n d 
a u t o c a l i b r a t i o n c i r c u i t s w h i c h p e r i o d i 
c a l l y c a l i b r a t e t h e A / D c o n v e r t e r 
aga ins t r e s i d u a l p h o t o r e f r a c t i v e e f fec ts , 
t h e r m a l ef fects a n d m e c h a n i c a l a l i g n 
m e n t dr i f t . T h e s e ef for ts h a v e r e s u l t e d 
i n s tab le a n d v e r y u s e f u l s i g n a l p r o c e s 
s o r s . — R . A . B e c k e r , L i n c o l n L a b o r a 
tory, M.I .T. , L e x i n g t o n , M a s s . T h i s w o r k 
was s p o n s o r e d b y the D e p a r t m e n t s o f 
the N a v y a n d the A i r F o r c e . 

References 
1. R.A. Becker, C . E . Woodward, F.J. 
Leonberger, and R.C. Williamson, Proc. 
IEEE 72, 802 (1984). 
2. R.A. Becker and L.M. Johnson, Opt. Lett. 
9, 246 (1984). 
3. R.A. Becker, Appl. Phys. Lett., 15 July 1984 
issue. 
4. R.A. Becker, C.E. Woodward, L.M. John
son, and F.J. Leonberger, Paper THN2, Con
ference on Lasers and Electro-optics, Ana
heim, CA (1984). 

F igure 1. E l e c t r o - o p t i c A / D c o n v e r t e r . 

Quantum Well Optical Modulators 
And SEED All-Optical Switches 

W h e n t h i n (e.g. , 100 Å ) l aye rs o f the 
s e m i c o n d u c t o r s G a A s a n d G a A 1 A s a r e 
g r o w n a l t e r n a t e l y o n e o n t o p o f t he 
other , m a n y i n t e r e s t i n g p h y s i c a l e f fects 
resu l t . O n e is a n e w e l e c t r o - a b s o r p t i o n 
m e c h a n i s m w h i c h c a n b e u s e d f o r h i g h -
s p e e d o p t i c a l m o d u l a t o r s o r l o w - e n e r g y 
a l l - o p t i c a l s w i t c h e s c o m p a t i b l e w i t h l a 
s e r d i o d e s . 

E l e c t r o n s a n d h o l e s a r e c o n f i n e d 
w i t h i n t h e G a A s l a y e r s ( " q u a n t u m 
w e l l s " ) , w h i c h a r e s o t h i n that the m o 
t i o n a n d e n e r g i e s b e c o m e q u a n t i z e d 
l i k e t hose o f p a r t i c l e s i n a v e r y s m a l l 
b o x . O n e c o n s e q u e n c e i s that s h a r p ex¬
c i t o n p e a k s , c o r r e s p o n d i n g t o c o n f i n e d 
e l e c t r o n s a n d h o l e s o r b i t i n g a r o u n d 
o n e a n o t h e r , c a n b e s e e n at r o o m t e m 
p e r a t u r e i n the o p t i c a l a b s o r p t i o n s p e c 
t r u m . S u c h fea tu res c a n u s u a l l y o n l y b e 
s e e n at l o w t e m p e r a t u r e i n b u l k s e m i 
c o n d u c t o r s . 

R e c e n t l y i t h a s b e e n f o u n d tha t t hese 
p e a k s c a n b e sh i f t ed to l o n g e r w a v e 
l eng ths b y a p p l y i n g m o d e r a t e e l e c t r i c 
f i e l ds ( 1 0 4 - 1 0 5 V / c m ) . T h i s sh i f t is e x c e p 
t i o n a l b e c a u s e it c a n b e l a r g e r t h a n the 
e x c i t o n b i n d i n g e n e r g y a n d ye t the e x c i ¬
t o n p e a k s r e m a i n w e l l r e s o l v e d . I n e x c i ¬
tons i n b u l k s e m i c o n d u c t o r s , e v e n at 
l o w t e m p e r a t u r e s , o r e v e n i n a t o m s , the 
c o r r e s p o n d i n g S t a r k sh i f ts c a n n o r 
m a l l y o n l y b e ~ < 1 0 % o f the b i n d i n g 
e n e r g y b e f o r e f i e l d i o n i z a t i o n b r o a d e n s 
the r e s o n a n c e s o m u c h that i t e s s e n 
t ia l l y c e a s e s t o ex is t . 

O n e r e a s o n f o r th is d i f f e r e n c e is that 
the " w a l l s " o f the q u a n t u m w e l l s ( i .e. , 
the G a A 1 A s l aye rs ) , i n h i b i t the e l e c t r o n s 
a n d h o l e s f r o m b e i n g r i p p e d apar t b y 
the e l e c t r i c f i e l d . 

W h e n 100 s u c h l aye rs a re g r o w n 
(i .e., ~ 1 µm t h i c k n e s s ) , t he o p t i c a l 
a b s o r p t i o n at the e x c i t o n r e s o n a n c e s is 
l a rge (e.g. , ~50%) . C o n s e q u e n t l y , f o r a 
w a v e l e n g t h jus t l o n g e r t h a n the e x c i t o n 
r e s o n a n c e p o s i t i o n w h e r e the m a t e r i a l 
is n o r m a l l y t r a n s p a r e n t , a p p l y i n g the 
e l e c t r i c f i e l d sh i f ts the e x c i t o n reso 
n a n c e a n d m a r k e d l y r e d u c e s the o p t i c a l 
t r a n s m i s s i o n , g i v i n g a n o p t i c a l m o d u l a 
t o r o n l y ~ 1 µm t h i c k . T h i s m o d u l a t o r is 
c o m p a t i b l e w i t h l ase r d i o d e s o u r c e s 
(e.g. , at ~ 8 5 0 n m ) . 133 ps o p e r a t i o n has 
b e e n d e m o n s t r a t e d , l i m i t e d o n l y b y 
s i m p l e p a c k a g i n g t i m e c o n s t a n t s , a n d 
f u n d a m e n t a l l i m i t s a r e e x p e c t e d to b e 
m u c h faster. 

L i g h t a b s o r b e d i n the q u a n t u m w e l l 
m a t e r i a l a l s o g i ves r i se to a p h o t o c u r ¬
ren t . T h i s c a n b e u s e d t o a d v a n t a g e b y 
i n c o r p o r a t i n g a l a r g e r e s i s t o r i n se r i es 
w i t h the m a t e r i a l a n d the b i a s supp l y . 
T h e n a n y p h o t o c u r r e n t g i ves a vo l t age 
d r o p a c r o s s the res is to r , h e n c e r e d u c 
i n g the vo l t age a c r o s s the q u a n t u m w e l l 
m a t e r i a l . 

B y a p p r o p r i a t e c h o i c e o f w a v e l e n g t h , 
th i s resu l t s i n a n i n c r e a s e i n a b s o r p t i o n , 
h e n c e g i v i n g m o r e p h o t o c u r r e n t a n d 
e s t a b l i s h i n g a p o s i t i v e f e e d b a c k l o o p 
w h i c h c a n l e a d to s w i t c h i n g . T h e r e c a n 
t h e r e f o r e b e a c r i t i c a l o p t i c a l i n tens i t y 
at w h i c h the q u a n t u m w e l l t r a n s m i s -
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