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SECTION 4

DESIGN AND FABRICATION OF G aAs CUNN DlOl)E S FOR
OPTICAL MODULATION

The most common , and t he.’ eas iest , method of m o d u l a t i n g  an i n l e . ’ct i o n

laser Is by var~ ing t h e ’ c u r r e n t  t ha t got’s t h r o u g h  tire. ’ laser. h owever ,

t h i s  type  of modu la t ion  i s  l i m i t e . ’d as to h i g hest  ,ti ’ h i i e . ’vab l t ’  m o d u l a t i o n

f r e q u e n c y  because of the  pr cse ’u ce ’ of t h e relaxation oscillation in the. ’

laser. S t a t e — o f — t h e — a r t  semiconduc-t o r  l a se r s  can be.’ modulated e l f  I c i e . ’n t l v  I~

up to only a t’ew gigahertz with t h is method . A second drawback with

d i r e c t  m o d u l a t i o n  is that the.’ laser , even t houg ht it oscillate ’s at a

sing le long i t u d i n a l  mode under  dc e x c i t a t i o n , t end s to break i n t o

m u l t i — l o n g i t u d i n a l  mode o s c i l l a t i o n  when i t s  c u r r e n t  is  modula te. ’d .

Therefore , fo r  u l t r a h i gh f r e q u e n c y  m o d u l a t i o n , e x t e r n a l modu la to r s

migh t  be necessary.

This sect ion describes a scheme in w h i c h  t he  i n t e r a c t i o n  between

the t raveling high e l ec t r i c  f i e l d  Gunn domain and the laser beam is

used to achieve loss m o d u l a t i o n  of the laser  o u t p u t  at very  hig h I re.’—
( 1— 3 )

quencies.  The m o d u l a t i o n  f r e q u e n c y  ts dete.’rmiiied by t h e . ’  ope.’rai. t u g

f requency of the Gunn diode and is not l i m i t e d  b y t hc.- f r e q u e n c y  re. ’sponse

of the laser. Thus, this is a p r o m i s i n g  method f o r  the  e f f i c i e n t

high—frequency modulation of injection lasers and one t h a t  can p o s s i b l y

also be used f or the ac tive mode locking o f  i nj e ’c t  ion  l a ser s .

When a dc voltage is appl ied across a Gunn diode , hig h e l e c t r i c —

field domains are formed in the device under certain conditions. These

domains propagate between the two e lec t rodes  of a Cunn diode at a

saturated ve locity of V
D 

‘
~~ lO~ cm/sec .  The traveling domains lead to

a regular spiking of the device c u r r e n t  at a f r e q u e n c y  given  by

f V d /L , ( 1 )

where L is the length of the Cunn diode.
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We propose to use the i n t e r a c t i o n  between the  Cuon domain  and t h e

optical beam to pulse modulate a semiconductor l a s e r  or L EI) at v er y

hi gh f r equenc ies .  Some o t  t he.’ i m p o r t a n t  opt ie’ .tl  processes ins ide . ’  the. ’

Gun~i domain are.’ d i s c u s se d  be ho w . ‘t he ’ e ’ , n r r  i e r  den s i t  s’ w i t  k i n  a Coon I ’

domain  is h i g her than  t i n e  bae.’k gr ou n d  dop i rig dc -us i v . t a r  a h .nc k gr e m u iid —

doping concent r a t i on  cii 10 ’ 6/cm 3 . t he peak car  r i e.’r chens i 1 s I s  ap p  t a x i  —

mate ly 10 to 20 t i me s  t hat c i i  t. he.’ b ackg round . Titus  t h e  opt  i c .i I n b s o r p —

t ion due to t ccc ’ c a r r i e r s  is hig her  w i t h i n  L i r e . ’  donna i n  - A si nip b e ’

c a l c u l a t i o n  reveals t hat  the  inc rease .’  i n  abse rpt.  I s i fl  e’t i~~t I ici e ’iit 15 on

the  order  a t ’ 10 cni
1 . A ;e’cond e. ’t t e c t  oh t ile. ’ i u e .’r e’ase.’d c a r r i e r  eie ’ti s i t v

wi t h in  the  dom al ii is tha t the  r e a l  par t  ci t  t h ~ d I c ’ b ee t r i  e.’ csinst ant

w i l l  change . T h i s  leads to an i ncr ease  in  the  opt  i c. t  I re.’ I it’ d I V  i t . v I ron

the  domain.  Floweve r , s ince t lie’ change ’ in t lie index o I ref  r act  ion  .\n  is

on ly  about ~~~~~~~~~~ the  e f f e c t  is neg l i g ible. We behie. ’v e.’ t h a t  the.’ l a r gest

e f f e c t  w i l l  come f r o m  the  h igh  e . ’ l e c t r i c  f i e lds  w i t h i n  t h e . ’  domaIn .

Since , by the  we l  1—known Fr ,nu ~’, — Ke ’ i d y sh i  e t  f eet  , a large. ’ e. ’lc ’e t  n c  t I e ’  i i i

can skI ft the a b s o r pt i o n  ed ge of  a se.tni l e’oneiuct or (su ch as t~ . te \c i  ) to

lower energies , t he  absorption e.’e i e ’ l i i i ’ i e’nt. will increase.’ tar an op t  I c , t  I

beam with given wave length near the band gap c i t  t h e. ’ mat  e.-r i a 1. To

es tima te the change in a b s o r p t i o n ,  we c a l c u l a t e’ the  ia .n x mm uni  e. ’le.’ct U i c

field inside the doma in using the e.’xpr ession
4

/2eV n ~ l / 2

E ~~~~~~~~~~~~~~~ ,max \ c

where e is the  e l e c t r o n i c  charge , V is the  c r i t i c a l  v o l t a g e , n i s  the. ’

c a r r i e r  d e n s i ty , and L is the d i e l e c t r i c  constant ~~ GaAs . The’ c r i t i c a l

f i e l d  E a (V /L) in GaAs is ~ 1 x V/ cm . For a lO— ~tm — i o n g  e1O\’ I CC ,

V is t h e r e f o r e  ~3 V. Assumi ng a background d o p i n g  c o n cen t r a t io n

n 1O ’6 /cm 3, Eq. 2 y i e l d s  E 10~ V/ cm.  The.’ i” r an z— K e ’l d y s h  c t
. 
le’~~~ci max

is s ign i f i can t  In the  presence of  such a s t rong  e I e.’e ’t r Ic  t i e  Id - L’ s I ng

avai le dat a for  CaAs , we. ’ I I  mci t h a t  the change i n  a b s o r p t i o n
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coefficient , &i, can be as large as 500 cm ’ 1  near the  bandgap

w i t h  a f i e ld  ci t l0~ V / c m .  This  large  change. ’ an t i t u s  be u~ e.’d t o  p u l s e

modulate the  o u t p u t  f rom a G aAs i nj e c t  ton l~tser (or  En ) .

The e x p e r i m e n ta l  arr an ge. ’nicnL t o  be used j s sh le i Wnt  i n  1-igure  1.

A Cunn diode is placed p er p e n d i e .u l ar  t e l  t h e ’  i i i  ~e’ct j o f i  laser ca\  i t  v su c h a

t h a t  the  laser o u t p u t  w i l l  go t br oug h i tire. ’ Guun e.t Ic ic le’ . l’ht ’ I . n s e ’r w i l l  be

driven con t inuous ly , and the  Cunn d iode w i  I I  be.’ bi aseel ,nbeive.’ t i r e .’

thresho ld fo r  domain  format ion.  The domains  tr ave l between t1e. ’ ,woel .’

and the cathode. ’ at  a f requency d e t e . ’r m i n e .-d by Eq. 1 * W iien ~ t h e ’ opt  ical-

beam encounters a domain , the  st  ic ing  a b s o r p t i o n  c m l  titis region r e du c e .’s

the t ransmi t ted  power , and when the domain  d i sap p e a r s , t h e t r a n s n h i s s i c l n i

is high. 11 we assume tha t  th e . -  ab s o r p t i o n  c c m c ’f l i e  le ’t i t  is  SOt) cm I’

withi n the domain and 10 cm outs ide t he’ donia i i i , tint-n t he ext 1 n et  I t i n

ra t io I /1 is given by
on o f f  ‘ S

I

a ~~~~~~ (— l Od) 
a exp  (490d ) ,

‘o f f  ~~~ (—SO Od )

where d is the  t ransverse  dimension of the  Cunn diode’ ( t i l e  i n t e r a c t  ic’ii

length) expressed in cent  imete.-r s . The l i s t  a l  e x t i n c t ion r a t  his ve rsus

d ‘s shown in Table  3 indicates that e.’ft’icient ~~U ISe ’ n ic in j u l a t  ion c’ , rn  be.’

achieved w i t h  reasonable i n t e r a c t i o n  d i st a n c e ’ . fo enhance.’ t he.’ i n t e r —

action between the  o p t i c a l  beam and the  Gu un doma in , we.’ pre ipo se’ t o  C I S C

a waveguiding s t r u c t u r e  in the v er t  ica l  cii  re’e t  ion , as shown i n

Figure 8. The Cunn diode is coniposce.I c i t  two epi  t a x i  a I layers . GaAs

(v 2  urn ) and Ca
0 6A 10 , As ( -s -2  u rn)  on a s e m i — i n s u l a t i n g  GaAs sub s t  rate. ’.

The doping level  f o r  the a ct i v e  GaA s l aye r  is - ‘- iO ~~~/cm 3. l i n e ’ n . n s k  F o r

the active region was designed and procured d u r i n g  th i s  q u a r t e r .  Te’

achieve stable dc opera t ion , we use a t r a p e z o i d a l  lv  shaped act  i ce ’ re ’g i e m u

wi th  optimized geometr ical  parameters ,5 as shown in ~ l gure 9 ( a ) .  An

etched pa t te rn  in GaAs is show n in Fi gure.’ 9 ( b) .  We have f a b r i c a t e d
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st udv t og  Gu nni  ci !°~~~
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Table 1 . Ext m e t  ion Rat  to Versus  1nt ~ ’ r  ,ne ’ t  t o n i  l.e. ’ug t ii ci t
a Cunn M o d u l a t o r

~~~~~~~~~~~~~~~~~~~~~ ION
INTER ACTION RATIO 1ON / 1OFFLENGTH

20 (Mm) 2.7 OR 4,31 dB

50 - 11.6 10,64 dB

70 30,8 14.89 dB

— 

100 , 734,3 27 .28 dB

150 1556,0 31,92 dB

200 18033.0 42.56 dB
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ANODE CATHODE

VZ/7ZA V/i ’/ / 4
GaAs N -- 10 16 ’CM 3 2 j~nl

- , 
Ga0 6A10 4As N 3 x 1015 ’CM 3-~7 #~m

SEMI I NSULATI NG GaAs SUBSTRATE

—

Fi gure 8 . t r oss  Se.’e’ t i o f l  s ’t  ,i Gun i )  d io d e  s i t  in
c ip t  i c r l w~r~ t ’g u i J  i rig st  ru e ’ l e i r  c .
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SECTION 5

PLANS FOR THE NEXT Q UARTER

‘
~I

In the next q u a rt e r , we w i l l  f i n i s h  the  au t o c or r e l at i o n  measurement

setup so that the true pulse width of the output of the injection laser

can be determined . We will attemp t to modulate the laser at higher

repetition frequencies and to improve the external cavity arrangment

by such means as using an etalon in the cavity and adding an antirefle. ’c—

t i e’in c o a t i ng  to the laser facet to keep the experimental parameters

manageable.  We w i l l  s tud y the  m a g n i t u d e  of  the  p hiise ) i t t e r  In t h u

op t i c a l  pulse and f i n d  ways of r educ ing  i t .

We w i l l  cont inue  t h e  f a b r i c a t i o n  of GaAs FETs and Gunn diodes.

RF cha rac t e r i s t i c s  of these devices will be measured so tha t  ap j i r o p r l a t e ’

microwave circuits can be designed for amplifier and oscillator

operations . Op tical—microwave interactions in these devices will then

be studied quan titat ive ly.
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