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SECTI ON 1

INTRODU CT iON

Th e o b je c t  ives of this exp loratory d e v e l o p m en t  ci ‘r t  ar  t o

(1) design and fabricate transferred—electron logic devices (TELDs) wit h

both Schottky—barrier and insulated p ickup gates , (2) evaluatc the dc

and rf operating characteristics of the TELDs , and (3) correlate the

measured operating characteristics with a theoretical analysis. The

device structures are to be fabricated using both ion—imp l an ted and ep i—

t a x i al  GaAs w i t h  s i l i con  oxide , s i l i c o n  n i t r i d e , and an o d i c  o x i d e

insulators.

As part of this program , p lanar TELDs were fabricated on ion—

imp lan ted GaAs , li quid—p hase ep itaxial (LPE) GaAs , and vap or phase epi—

taxial (VPE) GaAs. The dc current versus voltage (I—V) characteristics

and the rf characteristics of the device were measured. Devices fabri-

cated on epitaxial GaAs exhibited a current drop back of up to 24~ in

the dc chara cteris tics and opera ted as a f r equency d ivid er d iv id ing t h e

input signal by an integer from two throug h nin e.

GaAs anod ic oxide has been grown with nonaqueous electrolytes. Both

aqu eous and nonaq ueous liquid electrolytes have been incorporated ; how-

ever , to be compatible with other process requirements and to minimize

in ter fa ce prob l ems , nonaqueous electrolytes have been found to he th e

best approach .

In addition , compu ter model s have been devel oped f or desig ni ng

TELDs. The threshold conditions were calculated as a function of device

geome tr y ,  material parasitics , and bias conditions. The electric field

af ter domain formation is computed to ensure that it is sufficient for

the domain to transit from the gate to the anode. An equivalent cir-

cuit for the TELL) has been used to calculate switching times as a func—

tion of device and circuit parameters.
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SECTION 2

COMPUTER ~0DELING FOR GaAs TELDs

This section discusses the computer models developed for predicting

the d c and rf performance of GaAs TELDs as a function of device geometry ,

ma ter ia l  parameters , and bias conditions . Also discussed is an au curate

model developed for calculating the parasitic capacitance of the device

and circui t. The latter model was developed because the parasiti c (-apa—

citance is an important parameter in determining the circuit speed.

Hughes has developed models fo r  des ign ing TELDs and p red htin g the

switching t imes of the device in a circuit. To assure that a domain will

nucleate and grow sufficiently to produce a large current drop ha ck ,

several constraints must be satisfied . A computer model that calculates

the electric field in and current density throug h the device before and

af ter domain formation has been developed to design t.he TELD with the

proper doping density and channel thickness.

For a planar TELD such as shown in Figure 1, the nl product of the
device mus t be above the critical value

1 
to ensure that a domain grows

to maturity,

N
d
lgA ~ 10 , ( 1)

since , f o r  small Nd, the negative dielectric relaxation time is too short

for a domain to form in a transit time. The energy stored in the elec-

tric field of the domain must be above the critical value ,
2 

which e re—

quries tha t

N d  ~~io
l2 

, (2 )d o

where d
0 

is the width or thickness of the device. These con~ traint s on

domain growth determine lower bounds on the device ’s geometry and

I I  _ _
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dop ing dens it v • The’ cons t rat n t Imposed by Eq.  1 puts st  r I c  t l i m i t  on

the ’ l o S S  i b i  l i t ~ ’ o t  t a b r i c a t  i e i t ~ rh ;1 1)~ by ion implant ~it ion stun e - ei i
0

no rn ,i l i v  between 0. 1 .end 0. rn

An upper hound on dop h a g  d ’e ish v e e s u e l  t s  f rom i m p a c t  io n i . at  i o u

occur r I ng in t lie be ighu— I It ’ Id reg I on o I t hit ’ domain. As t he d o p i n g  d~~ns i t  v

Inc re ,ISt ’S , domain growth t tin e d c c  l e a s e s • domain v o l t  .ege - i n c  r ca St ’s and

t h e  f i t ’ ld in  he ’ doma in In c  r e -ases .  For l a rg e ’  I i t ’ I ds , c icc t ron—h ole ‘a i us

.e r e ge ’nc r.e ted b~ i m p - s c  t I on i a t  ion . ~ in ~-c t he ho I ~‘s .5 r c  t i .ipp ed , t i c

e ’x c” S s  0 l t ’c t rons  v i  11 he’ ioe .i I i;’e ’d at  the t ! .IM’ ed h o  I t s , t h e r e ’hv c a u s i n g

. e u i  _ t p~’are ’at in c r e a s e  in he n u m b e r  of conduct i on  elec t u ’nn  i i i  t h u  is

reg ion.  For cac he  domain trans it , t hee v,e 11ev c u r r e n t  i s  i i i c r e ,~se’d c u l t  I

domain for ma t  ton ht ’com ~-s n o n c o h i e r en t  . To p r ev e n t  in ip .s - t ion  i :, et  i on  I r on

ot e u u r r i n g  I n  the ’  doma ins , ~h ie d~~j~ i n g  d e n s i t y  s h o u l d  h e ’ I imite el t o  I c -s~
t h a n  ~ x i o

i6  cm S i n c e  t h i s  r e - s t e  i e t i e ’ n  i s  h . t n ~~,i on a el~ ,sie,clvs j s

fe r  b re akdown , impact  ion i ; , i t  ion is t l in e’ dependent  . a nt i  t h i e ’ i e ’ I n a

t t ru e’ dc l iv in the’ fo rma t ion ot  t he ’ d o ma i n , t h e  li m it b.c se ’d - c i  t be in

s imp le model  could  be e’xceeded to a ce ’r t a i n  e x t e n t .

1 _______ CATHODE

I
’ 

_

SEMI INSULATING GaAs

GATE

I . I’ l , i u u s r  st ru,c t i c e , - ,~~i u : . t \ . . i l l  I ’ .

1’

i L 
- - ________________________________________
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A computer model has been de’v~ loped that a 1 cu h i t , s  t f t c  e l e c t  u I ~a I

c he.c r ,Ie’ t e’ r 1st ics  cit t hit ’ TELL) .is a t u n e  t t o r i  o t t ht ’ ci c v  I C e  ~~ r,sm~ t c F 5  and

b ij s  c on d it  b u s  . The calculat ion of th e e tiire’sfeo ld e’ond it ion follows

the FEr model h Puct ’l et .1 1 .~ The Tfl h i m o d e l  shown i n  Fi gure .~ t e a s

been used to d e r i v e  the the resico 1 d c’eind i t  l o u i s  under t he ’ g~s t e ~‘I t b e e ’ i ! h i ~ .

A compute r  program t h a t  cal~-ul.ct e s  t h e  e l e c t r i c  I he 1~b c in d e r  t i l e ’ g a t e  ,snd

in t h e ’ c ie,i~ nt ’ 1 be t ween the g,c t c— c u t  h~~d t - and g.s t c— a n o d e ’ inc s he ’cui el ev e ’ I —

e)ped fo r  desi g n i n g  t h e ’ TELL ) . Once t hr e ’sheo Id conch i t  t o t e s  l ea ve ’ he -cu

reached under  t h e  g a t e , t h e  p r o g r a m  c a l c u l a t e ’s t h e e  S t  ,t d v — s t , e t ~ - coued I—

t i o c i s  in t i le’ ci t  ~‘ i c e ’ , essus m i n c , ,I m ature’ domain bias t o ru ’us d and is  t r a v~- r s —

1mg t h e e  ci j~~ t , i f l c  c fr on  t h e  ga t e  to the .sr ode. I Iet ~ pr og ran c.i I~~u u I . e  t c-s

the  e l e c t r i c ’ t Ic Id t h r o u g h ou t  ti le ’ c i t y  I c e , t h ee c u r r e n t  dec rease ’ cause d by

domain fo rmat  ion , and the  vo i t  age .i~~
- r- ’s ~‘ he it  b e t hR d c v  i~~c and a load

r e s ist o r .  The ci f e ’ct s of doping den s l  t v • c h a n n e l 1 c t c t  Ii , ar id load les is—

t ance  can be i n ve s t i g a te d . 
-

F o i l  owing t he der  I ~‘a t ion o t Puce’ I t ’ t a I . ,
‘4 

vbe I cii rca k~’ s use of

Sh oc’k l ev  ‘s gradual c I i . t u i i i e ’~ i~’ pe  ,‘x luuat c u e , s i m p l e ’ e - x t ~e t s s  l o c u s  c ii i  b~’

dt ’r ive ’d t or S • I’, cinch I • ( F i g u r e - 11 :

5 
— 

t ’ 
• I ci

‘b ~~ , c o

\f ~A 
+

: ‘
~~~

- ~ ~~
:

C I i’ • — — ~~ 
(P — S

where ’

• i q N~~ 
ci :

* hat e lt ’u Iee ’tg Iet e ’t  f l it ’ ~ e iic ’f k ’c ~ a t  e h u i n , t
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E:
WITHOUT TRIGG ER PULSE

r
0 z = L

z

Fi gure  2.  TELD e le c t r i c  f i e l d  w i t h  and w i t h o u t  t r i gger  p u l s e  f o r
-

• triggering domain.
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V
g 

— ga t e ’ vo l t age

V D 
— dra in  vol tage

E q~i N ~ d

Z — channel  w i d t h

L = gate length

— 19q • l. 6 x 1 0  C

N 1) — dop ing d e n s i t y

-
‘ 

C = d i e l e c t r i c  cons tan t

d • active channel thickness
0

U n 
= low f i e l d  e l e c t r o n  m o b i l i t y.

As the dep le tion reg ion extends across the conducting channel , t h ee

longitudinal field in the channel will increase. In a normally b i a s e d

TELL ) , the field will he greatest at the anode end , whore th~ dc’p let Ion

w i d t h  is g r e a t e s t .  Linear  ope ra t i on  of the  TEL!) w i l l  continue w i t h

i n c r e a s i n g  anode vo l tage  until a critical velocit y s a t u r a ti o n  f i el d i s

reached. This condition is satisfied when

T
AC

qp N Zd (1 — P) Lsn D o

e~e uee ’  ~hj s  condi t ion  has been reached , a domain forms under the  anode’ edge’

the  gate. To take into account the parasitic resistance of the cathode

and anode channel lengths , Eqs.  3 and 4 must he modi f  it ’d b y

VA V AC 
— 1

AC 
(Rc + R

A
) (7)

Vc 
- Vcc — I AC R C 

. (8)

M a k i n g  t h e  ap p r opr t~n t e subs t I t  c u t  i t en s  I n t o  Eqs.  1 and 4 g ive ’s  new

e ’\ h ’ r , ’ss  ions  I or S m d  I’:

16
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These equat ions and an i t e r a t i ve  procedure  have been programmed on a

microprocessor.  For a g iven V , the cor respond ing  v a l u e  of is cal-

cu la ted  as a f u n c t i o n  of VAC . The voltage V AC is subd iv ided  i n t o  equal

steps from 0 to VT, where VT is the estimated threshold volta ge ’. At

V AC 
— 0 , the long i t u d i n a l  f i e l d  is zero and t h e r e f o re  I \(~ = 0. Start-

ing at t h i s  point , successive values of 1AC are computed using the ’

interpolation formula given by Eq. 11.

The elec tric field in a TELL) with a mature domain in transit can he

derived if the velocity v versus electric field E characteristic Is known .

Following the derivation of Hartnagel ,
7 in which a piecewise’ lin ear

approxima tion for the v versus E curve is assumed as shown In Fi gure 4,

one can show for E
M 

< E
s 

that

(E — E ) 2 u + (E — E ) 2 
~ 

= (E — E ) 2 Fl + 2 ( E — E ) ( E — F )  Ut R o p t n S p fl S p ~1 S n

(1 ‘~~)

and for E11 > E
s 

that

(E
~ 

— E
R
)2 

~~ 
+ (E — E

~
)2 U~ 

= (E M — E) ’ ,

These equations are based on the assumption that a mature domain has

formed and , t h e r e f o r e , t h a t  the e q u a l — a r e a s  r u l e  app l i e s . Eq.  l - ~c ha s a

f a c t o r  c f  2 which  Hartnag e l 7 does not show, From F i g u r e  L4 , one can

show the  fo l lowing  r e l a t i o n s :

(E — i~: ) 
~

. = (E — l~ 
) 

~
j  ( i b )

p t a t R o

E
s 

— E = v~ ~ r ’~ 
(17 )

V I (IS )
t c l i

18
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A f t e r  some mani p u l a t i o n , Eqs. 14 and 15 can be reduced to

(E
~ — E

R
)2 (1 + _)

~(si
_ E

R
) = 

2(E
R

_ k E
t
) ER (l + 

~
) 

~
+ E

~ (~ + ~~
° 

(1 
- (19)

for E M >  Es 
and to

EM - E
R 

= (E
~ 

- ER
) 

[{
~~~(l + 

~~~
}l

/2 
+ ~l + (20)

~or EM 
< E

5
. Using Eq. 19 or 20 , the domain voltage is obtained from

- ER
)2

V
D 

= 

~~~~~~ 
. ( 2 1 )

With the corrected version of the domain voltage , the steady- —~tate con—

d it ion s  for  a TELD wi th  a domain in t r a n s i t  are ca l cu l a t ed . Assumi eg

a circui t similar to that shown in Figure 5, the current is related to

the voltage by

Vbi = IR
L 

+ VTLLD 
(22)

where

V TELD 
= V

D 
+ V

gate  + E
R
(
~ Ag 

+

20
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The distances from gate to anode and from ga te  to cathode are g iven  by

and respect ively.  The vol tage drop f r om the anode s ide  to  the

cathode side of the gate is g iven by V and Is  c a l c u l a t e d  by t h e
4 g a e

Pucel model. In addi t ion , the cur rent  through the TEL!) must satis fy

I — ~~ N E b d , ( 2 4 )
o D R o o

where b d is the cross—sectiona l area of the channe l . Thus , to deter-

mine the s t eady—sta t e  condi t ion for  a given bias vol tage Vb . .  l oad

res is tor  R , and gate bias  V (which is a func t ion of the b ias app liedL ga te
to the g a t e) , a s e l f — c o n s i s t e n t  solut ion must  he found fo r  Eqs .  19

th r oug h 24.  In comparison , be fore the domain is t r iggered , the cond i-

t ions  to be sa t i s f i ed  are

V — I ’R + V ’bias L TE LD

V2fE~~ 
= V;ate + E

~~~ Ag 
+ 

~cg~ 
(21c )

I ’ — ql-i N E’b d . ( 2 7 )
0 D R o o

A computer program that  runs on a microprocessor  was w r i t t e n  to solve

these two sets of equations. The results of the program for  the 1’ELI)

and R
L 
as shown in Figure 6 are given in Table 1. The pr ese’ i e t  fo rm of

the program ca lcu la tes  the condit ions in the circuit before and after

domain format ion with  a variable bias vol tage tha t  j u s t  s a t i s f i e s  the

threshold condit ion fo r  the given gate bias.

This mode l pred icts ~ t large current drop back since’ a mature ’
domain is assumed to form immedia te ly , r e s u l t i n g  in a low value for

tne sustaining field in the d r i f t  r eg ion of the TELL ). For the domain ,

which is nucleated under the gate , to transit from the gate to the’

anode , the field iu this region must be large enough to sustain the

domain. A first—order approximation to the sustaining field Is tha t

t i l e ’ curren t dotes ity In t he s region Is greater than that obta (ned l e e r  t I c e -

s e t  urate’d d r i f t  v e l e c  it y  of tlee carriers. Referring to F (gun’ 4, th i s

imp l ie s  t ha t  the  f i e l d  Is greater  than E s ince ’s us

22

I’ -
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i l l  I I I
ND s 3 x 1 O 16 cm

_3
~~~~~~~~.~~~~~~~~

’ 
ND . 3 x 1 016 cm 3

SEMI—INSU LATING GaAs

Figure 6. Schematic of TELL) and load re~ ist cer (n~ = 6001) -nu , \ 5~ 
~

E
r 

= 3.2 x I O~ V/cm). 1)imcnsiens in m icr e dnee ’t t ’rs .

T a b l e  I . TELD Cur r en t and V o l t a g e ’  b ef  ‘r t  aced a f t ~ -r
Domain  Format  i a n

(R
1 

= 182 N!) 
= 3 x io

i6 cm 3 , d 0 = 2 m , h~~= 2 1) , ‘i )

v , 
\
.FELD ,

V 
- igC V , -— ________

\ B e f o r e  After V Before- -\l te ’r nA

6.16 8 .62  2 . 9 6  3 2 . 2 5  18. ;~
l l . ~~l -l  ~ .90 8.09 2 . 1 9  30.82 18 .7 8  1 2 . 0 -

1 1 . 1 2  —2 5 . 70  7 . 6 9  1.99 2 9 . 7 5  18 . 7 9  1 1 .96

Ii ) . ~ — 3 5 .34  6 .96  1 . 6 2  2 7 . 7 2  18.83 8.89

U .81 —6 5 .06 6.38 1 . 3 2  2 6 . i 3  18 .87  7.~~6

6202

2 3
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A ’, t h ee ~‘he a n n e  1 t h I c ’knt ’ss dt -~- rea se ’s , t hee ’ d o m a i n  i ~‘ nu t ’ I e ’ , e t  cii eeude ’t t h e ’

C.i t e ’ tc ’r smaller and smaller V and V - with h , w e - t  and l e e .s- t ’r f i e l d s

he ’ t W t ’ t ’fl t hee ’ ,itlt ’ele ’ and th e e’  g.e t e ’ . F’o r V t ’ i~V t h e  In e’leanne’ I s ( i — ‘ - . , ‘ (I . - r n )

the’ I ie ’ld In t hee ii rift region is not  ~It ) e lV e ’ t Ie~’ sees  t a i i i i  ceg \‘a l ic e ’ , aced .c

ciecneain will not p r e l~~e g a t e ’. Thi s In ep l it ’s that , l e e r ,e g i v e n  S h e e t  t k- s’ —

har rier he’ I g h e t and channe’ I doping deces i t  v , th e - r -  i s a re l ic i neueee he ,cnee e ’ I

I he I kne- -~ . I t  t he e ’  eie ’ i) Ic  t ion e- eg ion X is  no rnea I i i t ’d t e i thee ’ e ,e c ent ’! t he Ic k—

flt ’SS J , the ’n a max imum value ’ for X/d i s  o b t a i n e ’d as .i t t ene ’t ion if
0 ci

dop ing denc ’c i t\’.

i c e add ft te en Ii  thee ’ reqeci rements Oil t h e e ’ de ’’~’ h e ’ Ce ’,imc - t i : ;eced ieea t c c i i i

‘.1 r,eme’ t er~ de’t &‘rm (ned by thee ’ mode I , t ICe’ se llS It iv i t  \‘ e el I iCe’ t it’ Id (Icic le ’ r

thee ’ c, e t e’ te e t he’ Cafe bias is ,elso obtained , h’ t t ggt’e- Sc ee s i t (vi tv is ace

I rip ’ r t  ant dc’s I gte and pert ormance pa r,erne ’ ( C ’ r in the ’ ope ’ r at  i O i l ~ i F I! hIs

i i  i C e  e ’ r secis i t l v i  t v ( S d c ’ I I ne ’d .es t I ’e ’ mini mum e ’hea ng e ’  ~t e’ I e’ c I c  I c  t it ’ Id

1 1 -0 ‘ i i  re ’d I or domain  forma t ion due’ to a Vt) It age ’ cp u  I I eel I t ’ t hee ’ ~ , e t e ’ .

Sce c~c - t.c e ’~ ,el ~8 d e f i n e d  the ’ m i n i m u m  I i c - I d cs that du e ’ t e e  s h e e t  n o i s e ’  i c e

t O ’  i c r  ie ’r dens  i t  v ; however , .es pointed t i ed  h \  L1 pitdi eva~’t c I - i , 1 h i s

d.’ fin i t [on does not lead to a u s e f u l  d e v i c e ’ , s i n e 11CC ~s ’(I Id not e~,eii I

he’ 11-1.1) t r i gger ed by foist ? . i pa h h i v a v e e  I .e 1cr i v C ’d t lee ~ tn c - e l  seces i—

Iv  i t  v inc tee d ing the load re ’ s i s tor  in thee .en ode ci  rcu i t  and e-i he e e~,’ e’d I l e e  i

It ~s inc reased h - v  (1 + g R
1 

) due t~~e the load r e s i s t o r  S u i t e ’ i t  pt ’—

vi dc ’s :‘c’s it lye’ fc’e’elhe ae ’k • At— t h ee ’ gate’ V el It age i s  made ’ n e r d ’ eec ’c , e t I V I ,

t i’t’ depl e’t ion reg ion unde’r hit ’ gate ’ u e e c re ’a st ’s , w h e i e ’he ~C ( e S c ’s a sni ,e I Ic -n

cross — S e ’ t  tona l .eee. e t e e r  t h e ’ c u r r e n t .  T h i s  de c r e a s e -s t i l e ’ ‘ e e r e - e ’fl t  ,

w h i c h  in  turn de ’e’ re ’ase ’s t i l e ’ v o l t  .cgc ’ drop . t e oss it~ . S h e i c e ’ t h e e ’ Id e s i s

H e ’ eeiis t a f l t  • d c v i  cc’ ye I t e e -  i i e e ’ re ’ , es e ’s , wle i t - ’ i ne - c c - ,c~~i -i i i i -  I i~ - I l  c u te - i

t let- ~a I t . ‘i’ hucs , t l ee ’  I c’e’elh e ,ec k l e e  r c ’ e s • s t h e e ’  I t ic1 I c i w , i  I e h ~, ( l i i  ~~~~ i t l .

I”oi’ t hee ’ 151’ w it Ii e c a t  l e c ec le ’  l e e ! i~~we ’i’ c i  c e c i l , t hee -  e ’e ’e l I ’ .ee k I ’ . c c - e l  e~

- —I
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The’ reverse b ias  on t h e  gate , w h i c h  det  er n e in e s  t i l e ’ de’p l et teen w idt Ic .cied

t he r e for e  the  cu r r e n t  t h r o u g h  t h e  dev ice , is t h e e  d i  t f c ’ r e ’ t ee ’e’ l i i i ~. e t ’il  I u

pote nt i ,e l at  thee ed ge of the  dep l e t i o n  reg ion in t he channe 1 and tht’

(lot cee t l . t l  ~‘ce t hee ’ gate . In c r ea si n g  t h e cle ’g.it IVe ’ gate’ b i a s  in c ct ’,cse ’s fli t ’

t e V e ’ rse ’ h ’ 1 , 1 5 , w h i c h  1n~’ re’.Ise’s t (cc dep 1 el i c d ii r e’g 10CC . l i e  I s  l e e t u r n

red uct’s t hit ’ current and t hee’ vol tage ’ drop  . c - r e ’ss th ~e’ l e e c h  t e ’sIs I ’r. As

h e ’ Ved i t  , I g e ’ a~’ ross R 1 dec t- e’ase ’S , ( t i c ’ eat he ce d e ’ po t Cu t I a I dee’ t e ’,e se ’s • Flu e s

• th e e ’ pelt CO t  i.e I e e l  the’ dt cp Ic t Ion e’dge under  t he t ’ cheanne’ I d e e  re.i Se 5 , aced

I l i e ’ i- e ’~~’ c ’ r5e’ hi .15 ht’tWt’e’~ t hee c he ,ene e t ’ I anti t he gal e d~’~ ce ase’s. Fc c I l ow e eeg

t h e e ’ de ’r I .‘ .e t i~d Ie elf t’ p ed tev.evul.e , thee ’  c u r ren t  t h e e c c eeg he t he e ’ 1 1 1 . 1 )  is g l V c ’l l  h~

I = ( 1 — X) ‘Etc  d , ( I t ) )
C l i

whet’ r ’  ,‘ i s  ~‘~cnd cccl iv it v

l’he’ “at’ i .e t  ion t el l i e  Id w i t  he g a t e ’ v o lt .ege ’ V
g 

is g e ~‘~‘ce

Cd l- i’ dX
dV — 

(l — X) JV + 
d h o ~~h - X ~ 

‘ 
( U )

g C o o

Wilt ’ i t ’

dl
S — -

m
C

The dci’ let ion width for a g i v e ’n pot cccl (a I drop  ~ is

Xci — /~~~~
- -

0 \- q N 1

l’ht’ p o t e nt  l a l  drop for  the  two c.ese’s ( a n c e~lc h i a ~! t c ’ s i s t e ei - \ .11Cc! c . l t  he ’de ’

f~c l  t ower CF) Is

~ — V  — I ( R  + R  ) — V  +~~~ ( i i’)
A B I. g.t 5 II

I..— _______________
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, . — + !(R + R  ) — V  , t I - . )CF B L gs

Wile’ re

— h i ,es  v o lt . i gt ’

R anode—to— gate ’ channe’ I resist ane ’e’
g.e

R — e’athod e— ’t o— gat  e e’hanne ’ I r e ’s 1st , i i l t e ’

-

~~~~ 

— built—in potential.

F’v.e l u a t i n g  dX/ dV and ~tihs t i t u t i t e g  i n t o  Eq. Il v lc ’lds

— E ( l  — g (R + Ft ) )  gdF. 
— 

m L j~a + -— — -  
~~~

— ( I i)
dv (1 — X ) 2 X ~- ‘hi d (1 — X)

p ce o

- — t - : ( 1 — g ( R  + R  )) gd~. _
~ ____ ~~~~~~~~~~~~~~~~~~ + -~~~~- --~~~~~ i t )JV ( I  — X ) 2 X - : -  ~b d ( I  — X) ‘

~‘CF 
P c c c i

wher e  
~ 

i s  thee  p inch—ce If vol tage.

~c ’ e r r .eng I teg terms and u s i n g  ti le’ relations i E Ft 
- 

I — V v ~c ’ Ids

- - 

~ 
[
~ 

( \  
~ e 

-

- :\(i ~~~~~~~~ 
+ 

[2X~~I - X )  - R
g n }  

.

10,’ la st term in the parenthese’s in both e’qeiat tote s Is ti es it i ~~~~ t c ’l re st

I t - l i) designs , and , t he re fo re , dE/dV is negat I V t ’ I or thee ’ t , ’ a h  r. - -~ I s I d i r

in  thee ’ , e e i e ce le ’ c l  r~’ e I i  t hut ~- ,en he’ ci t i c er  il c ’gat i \ e ’ ‘n p os it i \‘c I OF t i e , ’

le e eel t ’ t o I ! owe ’ r c , es t ’  . hic is , t lie’ t c i  ~~~e ’ I Se ll s lt I’,’ it v c i  I I ,  - - el Ii ‘dc

t~~ l I ’ ~s c r  c i S c ’ i s  (ic c re’ase’cI 1ev (1 — g Ft

i _ i
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The’ computer model calculat c’s thee tri gger Sell s it ivi tv m d i  rect lv

s it lc ’e the  e l e c tr i c  f i t - i d  und e’r the  gate’ at t h e e ’ anode ’ e d i C t ’ C S c a  I e e l  I , et 1

as .e funct ion of  gate  bias for e given bias rood i t  i on , doping de’nsj  t v

device geometry , and load r e- S i s t o r .  Thee’ c ’I e -c tr ic t i t -id or thee ’ FEI lu

des~ r ihed in Fi gure 6 w i t h  gate’ bias .es e p~lran1t ’te’r is ~-h ’wii i ce h ”i geie -~’ 7.

• Figure 8 plots the c - l ect  r I c f i t ’  id u n d e r  t h i t ’ gat c- at t h e e  at i t ed - e ’ei oe as

‘ a funct ion of  thee g . l t e ’ b i a s  for this ‘l’El!) and for .c sivi i l i i  F i l l )  - . , i  t I e  - e

dop ing  d e n s i t y  of l0~~ cm ~ . Th e Nd and :~ l~~ produ cts I or  t h e e ’ twe e

d cvi e’ t’S are giv en in l’ab le  2 a long wit Ii t he e t r i ~~g c ’ r se’ns it iv it and t i c ’

- ‘  
c-orr e’sponding g at e  t r i gger v o l t a g e ’ ti’ in c reas e ’ t i i t ’  f i ~~lci by 0.1 I

opt inure value’
10 fo r  V is be twe en  0 .5 and 1 . ~ \ :  i t  \‘ is t e eo srIa 11

g C
it w i l l  t r i g g e r  spontaneousl y and if V is t oo  i ,er ~~- it e~i l I  t,ekc t c ~~

much log ic’ swing and ene rgy  I rom t h e ’  i n p u t  t o  t r i g g e ’r t let ti c - vi ce .

I . ch I t ’  ‘ - lEi l) i _ c _ i C c - i  Secis i t : ~‘ i t  ~

1)oping Nd , N I  , A E / ’ \’ , 
‘
\

U ~, .\ -Densi~ v , - 
- — I ’

cm
2 

i’m
2 i’m V

3 x l O~~ 6 10 12 6 x lo
t I 

2 2 8

16 12 13I x tO 2 x 10 2 x 10 3 c c )  0 . ~~

6

Flee  to t .-el c’urre’nt throug h t he  devie -e t~t’e15 i sts ot  ho t  h t i e  dci t t .cnd

d i s p l a c e men t  c u r r e n t s .  As the e let ’ t r j c f i e l d  is rat ~e’d tO nt ’sh e I d I rocie

i t s  bias ~‘~e1eie lust below thre shold , t h e  conduct It ’ll e ’eirre ’nt iuc ’c~e ’asc -s .

On e c ’ tie rt ’sho Id is re’acieed , a domain  he’g ins  t~~ f or ne as t he ’ che ,e tgc ’ in ice

— Ite ’o~e t  lye mobil itv reg ion separa t e’s . ‘-.5 i he c h a r g e  red 1st  r i b t e t  e s  I t  se ’ I f ,

t hee  C e’ld in the  doma i i i  inc  reases rap id 1 ~ , r esu  I t  lo g  in .eee l i t  c e a s e  i ce

di sp I .ccemen t current thea t coun t era  F t i e ’ c i t e  re ’,ese  ill c ’ t ’ l ) e l e e t  I je t i) e’elr—

rent dtie’ tel t i c t ~ decrease’ in ve lece it v .  Thee ’ net  r c ’s u c l  t i~ th at I h i t ’

re ’ce I rein,! ins re I at I ~
- e l v  c c  us t ant du r I ng t tee ’ t racis i t I ciii  t hcr ecug ie t i ce ’ ie~’, e—

t i v e ’ mob l i l t  v region. ‘Fhe ’ I i ’ l d  e d IC t s i d e  t h i , ’ dom:e in e l s i e r - ~r c i  is l i t - _ e r  lv

2 7



:~~i~~~ ~~~~~~~~~~~~ ~~~~~~~~~

7449-19
3-3

r~~~l

- CATHODE GATE DISTANCE . ~am

01 c cci. - 7 i-’ l e c ’t ri - . t i t ’ 1 d V t ’ i~~5U 5  di ~~t , 1 f l , c  I t ’t I t I 0 end h ‘ li i

r e ’s i st o r  in I-’ e e~t l i c ’ I’ l,\ 1 1 . 1  ‘c ’ , I - •
‘~~~~. 7 “ \ i  —- bia s Os

2$ ~~~



~~~~~~— - ~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~ 
—

~~~~~~~~~~~~~~~~~~~~ j

- 
- 7449-lS~~~l

- I

— E T H 3.2
-

. 

~~~~~~~~~~~~~~

:

~

:

b0 16 cm

~~

3

~~~~~~~~~~~~~~ S

- 2 6  ~

— 2.5

I I ‘r
—2.5 —2.0 — 1.5 —1.0 —0.5 0

GAT E VOLTAGE , V

Fi gure’ 8. ~ e t i  n c ’ I ie ’id unde r tict ’ gate ’ \‘t -rs cIs

g~~~~ ’ h i- es (R
1 

= 182 = I 2 l ~ \‘/ e i’i ’? .

29



-
~ .~~~~~~~C~eW --

~~~~~~~~

I

t c c  ‘ces tac it lee’~lr t i e  r t ’sleo I d - In I t (a 1 lv , h it ’ hi - is vo l t .e oc - t heat r e  I cc  - t lie ’

I It’ ld above thr eshold ~e ce’~ers at - rolls lice ’ doeeea ice si lic e ’ t he , ’ I I let’ i ic i l St ccc i

B s S e c c  I a t e el Wi tli t i l e ’ lle’g;ct lye’ d i e ’ I c c - t i l t - ret ~ex~ e t  i cc c t (ieee’ is l e s s  t l e , eie

I Cs i . 1) 1 1 c c ’ tile ’ dccmcc in I Ic’ id  l e e s  c e ’ai ’ hee ’d t lie’ i i c ~~s i t iv.’ c i e c c hc h I it v ri g i ti ll

t h e  I I c - I d  doe ’s t e o t  g row as r , e t e ( d l v  ac ed t ie e’ t o t a l  c -urr e’ ie t , w i c l c ’ i e  c c c c . ’ c —

h t c e l ) l h s It ’ t h e e ’  c ’o c cdei c  t ion  c - e l i  re’ce I l i e  tie . ’ dcens e lie , d r e l i c s c c l i tel I v — ‘l i c e ’

c ’ I c t t i i c  I i e L d  d r o p s  cecIl s i d e ’  t h e e ’  t h c ’ i i e ; e in , -~eus  d i g  a ci e ’ e t e ’:ise’ l ee c - c i i e h c i c —

ion c u r r en t  aced a tec’g~ct l y e ’ d i s t ’  I a c c ’ i ee e ’ ie t  c u c - r e ’ i c t  . l I c e ’ e l ’  h a y  I icc ee ’ I s

di’ I I iced es t he’ t (flee’ re’qel I red li i i  I lee ’ I i t ’  I d  t e e d ro~i c t )  c i t  i t  1 ’  t a I

d r o p I re i c h t lee ’ t lc re ’slc ee Id va I e e e ’

Ate -eppro xineat .- m o d el , w i e i c i e  c - a c e  be u sed I - . ’  (nve’st (get c ’ 1 1 c c ’ c ’ I  f c ’ c t  ii

t e l  t ht ’ ci rcu  i t  , c’har ae’ I or I zi’s tiee’ dicnea in I om en I ( t e l l  is t hee’ c - I c e  ig i ceg i t
- 

- t i i e ~ ave ’rae’,e’ domain e’apae ’ i t an c c ’  t i e r c c e i g i c  t h e e ’ I eew— It c h ci cc ’s st , l e lt - e’ ,e ie el ( le e ’

[cm ii r c c s i st or . 7 ’ 11 , 12 l ’hei s  mod e l  i e e c l u i c l e ’ s  t h e e ’  j e ’v l i ’c’ aced c l  re -t e l

pa raceec ’ he’ rs . ‘l’hc di e ’ I av t i ceee’ for ti ce’ doma l i e t o  m e n  t loic I s g I ve’ce h \  t h e ’  FtC —

t i m e ’ eocis taut of I let’ dcvi i .e and 1 - i  re ’ee i t • wie I cli c’ecr re ’s lee eee e l 5 t i e  I ICc ’ I j Ulie ’

r equ  I r c ’eI t i e r  t i le ’  lie ’ Id e l e C t s Ide ’ t In’ eieecee a l i e I c e  ci cop t i e e ic ee ’—h e , e h I c c l  i t

I I on I I ow— I i t - h  d v i  i e e e ’ .
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p . i , , e s  i t  I i ’ c - i l i a c ’ I i  a i l c c ’ , crc ’ d U b  f (c e il I I c e  t aki - i c e t c c

Fl ee ’ re’spoiesc’ ((tile’ t e l  t lee’ ‘l ’i-I ,l ) Is .e I (lilt I I t ’ c c  c i t  ht m l he thee ’ c O y  1 c ’

aced t i  rc’u( I parameters. Tee c ccceepare’ c li v i c e  cod i ’ i  F e e l i t  e ,er ,elli c - t c I S  ( c ’ . c .

doj’icig de nsit y , d e v i ce- w i d t h , , e s s c e c I a t e ’d e e i e s i t  ~~~~~~~ a s i c l e l e I c - Ilet e ih i ‘1

.155 Llfl tc’d I ecr t h e e  d cv i  e d ’  ace d u i r e ’ cu t . As cicc ~ c~c i ; I ccl liv Hart c c c  - i , Vt ’ F i t  i
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H I or the de’v ice is as shown in Fi gu re 9. Th e’ p a r a st  I t s  arc- e’cecteb I nod Ice

C~. and t h e  average domain c a p a c i t a n c e  is g iven  by 7 ’ 1 3

/ 1 /2
I 3qN1~

c

~ I ,
—- - -  h d

d I
\ t i c  0

The re sponse of the v o l t a g e  across the  d e v i c e  as I t s  c’learg e’s I Fcclt

t h r e s h o l d  to a higher potential was calcdelated using the’ e ’irc ui t a n a l y s i s

program SPICE. The r e s u l t s  are shown in Figure 10 leer :e iO— ei c—wIehe ’ t I e ’ —

v ic e’ with: N
0 

1 x io
16 cm 3 , p a r a s i t ic’s c o r r e s p o n d i n g  to d e v i c e — t o —

de’v I e ’ c’ sp a t  i i eg s  o f 300 om and 20 pm , and 2 — lfl---W i ch e ’ ie l t e ’r e ’oti nc’c -t  inc 1 l I C e ’S -

The et fec ’ t t e l  f a n — o u t  on device response can he seen I ron th o se ’  re~su 1 t s.

As I a n — o u t  in e’reases , in te rconnec t  c a p a c i t a n c e’  ieee roast ’s a l o ng  w i t  h e

additional gate capacitances of the next Stage. Thus , CT 
can he cl e ’t e r—

m ined as a function of the fan—out . The effect of other loads c’aee be

taken into account in a similar fashion since the load resistance , as

in the case’ of the interconnecting l ine s, is much sma l le’ r thaic Ft
1 

a e th

can be’ neg lected ; only the increase in input c-apac itancc’ needs to lie ’

considered . The e f f e c t  of the  load res i s tance  on the  re ’spe m eei c- is aisc e

shown . In Figure’ 11 , the response of a similar device with N1) =

5 x lO~~ cm
3 and 300— ;cm and 20-pre spac ings  is p l o t te d . A coce par  ison

- 

- 
be tween  10— pm— and 2— p m—wide  d e v i c e s  is shown . I f  i t  is  assce ieec’d t h e a t

t he  sw i t ( ’h i ng  t ime corresponds to the  t i m e  necessa ry  fo r  t he  v o l t  age’ to

reach  90~ of i ts  f inal va lue , then

2 . 5 R1C1, -

The load r e s i s to r  is a f u n c t i o n  of l o w— f i e l d  r e s i s t a n c e ’  and , thei- t’fori ’,

of device  geomet ry .  P a r a s i t i c’ c a p a c i t a n c e  i s  a I unction d e l bot le d e ’v i t ’ e ’

geom e t ry  and the  spae ’lng  between devices .  S w i t c h i n g  t ime , .es t ’a l e -n i a t c ’ uI

by Eq. 40, is p lot ted for  several d i f f e r e n t  dev ic e ’s  as a fc ee e e ’t ion d l

dc’v i e’t’ s eat’ ing.

11

_________ - 
~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~

-
~~~~

— - —  —



‘

~~~~~~~~~~

‘

~~

‘ 

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~

“ 

~~~~~~~~~~~~~~~~~~~~
- -

~~~~
‘-- --; ~ r -~~---ee~ -’-~ 

‘
~~~
‘
~~~~~~ ~~“

fl
1 

“See .’ I

:_[. A 1 $
V 8 

1

CD 

V t h c

F I c_ l e F t - • I c~~ e t  ‘, h  I t ’l e t C t I c i i t  S I II I P lI lt 1 ~ (c i l l
d c c i  l i e , -, c h c ’ i i _ c  i l l  I , i e l l e e I  I I I .

‘C~4 ) .’ 14
1~0 1 I 1

A 1 - R e 2083

0.8 — 
SPACING 20 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

R
L H , 7  104 2

> SPACING 3O0~~imi

4
I-’
-J 0.6 -

A L R ’2083
SPACING = 30t)~~imi

N

-J 0.4 -

4

0z
‘
Cc
, 

0.2 —

0
0 20 40 60 80 100 120 140 160 180

TIMF - pst’ c

l-’ j g c t c  V . R e ’ s p c i i i se ’ e e l  cR’~ ’ i c e  \ c i I  t e g i -  \ , i ’ o c - - I I l l ’ - 5 .i I c c t cc i l l  ,‘ t  ‘ c c l

t c ’ - i ’ - . i eie c , ace d c h , ’~~ I c ’ c ‘;t’ c - i l lc_ t d  - l e e  - - , h 1 I ’  I I I  ~~~~

Lh. - - - ~~~~~~~~~~ - 
- - - - - - -  

~~~ :-~~ - 

-



~~~~~~~~~~
-=

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~

‘

~~
‘
~~~~~~ % ‘~~~TL~~~~~ - 

~~~~~~~~~~~~ 
‘ -~~

--
~~-~r- ~~~~~~~~~~~~~~~~~~~~~~~~~~

5802- lb
1 ,0 

~ _.__
_+.— 

j___uuI_— I I

~~~~~~~~~~~~~~~~~~~~~~~~~~ SPACI NG- 300 ~~m
d0-10~~m

0,8 - SPACING 2 O /hm .,... .. 
—

U’ 
d0 . 2 ~ .g,m 

~~~~~~~ SPAClNG-300~~md0 - 2~~m
0.6 - SPACING - 20 ~~~~

1

~~ 

120 140 160 ~~0

TIME , ~ wc

FIgu’-e’ Ii. Respcncsei c i t dew Ic ’e volt .-u gi- ~‘e ’rseis t I ceec’ - c s  a f u n c ’t I cccl e e l  e lc ’\’ i c ’e’

wI d tie ac-ed spat’ I meg (R
1 

= — -c  I Ii S~ , N1) 
‘i x 10 1 (i e ’ne

By ine ’orpot-~e t log an act (y e  I c ’aci (such as .ete I”FT) ices t c ’ . lt l  c c l  .e I c iacl

re’s 1st d ’t ’ , the’ power d ’cen su mp I I de n c ,cec lii ’ r e ’du e ’c’~l . lice ’ c ’ I ru ’ cii I Is slic iwuc i c e

F’ i g ur c ’ 1 ~ a loc e g w i t h  the  equ I v,e I e’ee t e’lre ’eui t f or  t h e e ’ ‘I ’ l - ’h I ’  be’ l c i ’.s t h e e e ’shei e Id.

In t Ice’ equ I va 1 e’nt cir cuit • t h e  I r ( teg I ng e’:cpae’ I tan c ’e-’ elf I Ice ’ I ’ l l lens hie ’eee

I l e ’c_ I e ’C I t’d , .cncl the F’ET is assumed t e 1 he’ a C c ’ l C i - l  I ace I c’u rreect 5c10 l’Ct ’ •

1 s.c ch line I or this ci rc u I t  is shown in F I gte re’ I -~ wit hi thee t t~’te st il t c ’S S t

‘ C e TELD d epic ted . P oint :\ r cpr ose’ie t $ t lee I aced V at’ ross I he ’ l F I  - I )  he I ow

t h e e ’ e ’ sb l c i l d ;  p o i n t  B re’pr eseccl s thee ’ 1 e d t! V s i  t i c  a d o m a i n  in  t lie I cans ie ’i et —

l i e c ’ c ’h e . e l ege ’ t i e ~‘d l l  t ag s  A a t  tile ’ .ct ee i e l c’ ci f l Ice ’ TELl) c’cirre ’spc c c ech s te ’ t i l e ’

I ogl~’ sw I ceg or p u l s e’ out ptet cC f t he ’ c’ ire-u it - I ’Ice t i men’ c - t i l es  t .ciet o F

mew it c’Ieing t m e  is g Iven by

N C  . (-~ 1)
ci o T

-

~ 

_ _  L
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Tee compare t h is w i t h  the ca se’ of r e s i s t i v e ’ lo ad ing ,  c e e i e s l d c ’ r F i g u r e ’ 14 .

For the swi tch ing  t ime and power d i s si pa t ion tel c- cee l l I i . e r e . w i t  h e c i l s ,  I
the act ive load case must be equal to H (case 2) hu t t h e ’ l o g i c ’

swing .\ must he’ much smalle r .  For much larg e r  H 1 ( u -il mi t ’ 3 ) , thee ’ 1 cig I t

swing  corresponds to the  ice t I ye Ic -m c i ; Ieowe’ver , t lee’ sw It c’le ing I (nec’ .1 cccl

power d i ss ipa t ion  are much l a rg e r .  For H
1 

smaller tlcan H , t hee d e v i c c ’

is faster and the circuit dissipates less leowe ’r; ile)We’V e’I’, t ile ’ log I c -

swing goes t ci z e r o .

When the  domain reaches lice ’ n eet ec i e ’ and is soil c’t ’ I e’d t i l e ’ t- t e it c c _ i -

t he  TELl) dee’ re ases as thee ’ vo it age’ cI roil as ross H 1 
l i lt Fc ‘ i S c S  . ii I t  h e

nec domain in t lee’ TELl), the equ iva ieee I c Ire’ e d t  slecwn in F (gee F e ’ 9 Feclccc ’eS-l

t e l thee’ e’ i r cu l  t in Figure  15. ‘rice ’ t ime I ccc  thee ’ vol tlcge . l e  r oss I ~ 1

dc’ e ’ ,~v hec e’k to lust below tlcreshcceld Is g ive ’ee by

I 2 . 5  (K 1K )C • (.‘~ .‘)L o T

Thus • the decay time is normal ly one—lea I f  ( 1  • e . , H 1 
— H )  tiF I c ’s s oI

the’ domain oharg ing t ime. lee an ac tun 1 d e v i c e ’ (.cs e’xp I ,c lcec ’d , e h i e i v e - , l ice ’

domain nuc leat es  much fas ter  at f i r s t  tlean this simple ’ modt’ l prt’dlc’ts;

thus , i t  is poss ib le  that  a new domain w i l l  h - m e’ (cd t iated S (11Cc t ilt’

ano.le voltage rt ’ma ins too large , c a u s i n g  t l c e f i t ’ Id ice t h e e ’ ci e~ t e e ’ t ~
i bc~

abo v e -  t her este o Id .

-\ means c-cf avoidIng tie is self— t r iggee- ing is to couple ’ I Ice ’ c ’d e I p elt e C l

t 11 0 TELl) via  ~e MOS capac ’ i t  or p ( o k — o f f  probe’ eee c- i c ln t  ed em I ice I I- li e , .es

- - ‘ shown in Figure 16. The in su la t ed  g a l e ’ respond s t e e  Pot he t ict’ tc irm at fo i l

e c d  ext (not ion of the domain and the  doma in p a ssa ge ’ t ender t he’ c _n t  0. Tie is

structure lens been used for function generators h~ cause ’ thee’ c -m u t p e i t  of

1 3 IS
the ga te is a f u n ct  Ion of the  gate ge ’ci me’t r v .

T h ’  dev ice s t r u c t u r e  shown in Figure ’  17 ~‘ c c c e s I s t  s u m I  .c ten I I  c i rcle

T~ LD wi th  a thin d i e l e c t r I c  1 aver  ac ed .c ec oec t u n i f o rmc e iv  shapc ’cI ceet’t a 1 e ’ 1 ~‘ c —

t rode on i t  • Assuming t hea t the c’ l c ’c t  r i o  t i c ’ Id in t let ’ d i e ’ I c ’e t  r h e ’ I s

~e rpe’ecd i t ’ cci ~cr t c’ lice ’ slcndw (oh and that thee cli sp I ac’t’me’l e t e’ t l l  l’ e ’cl t I mC ce c e ec le

smie I l e’r than lIce ‘L’EI.i) current t h e e ’ pee l  out I.c I eI (st e (Ic e d l imO Iii I lee 1 1 1 1 1

i c )
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Figure 16. Planar structure of GaAs TELD w i t h  c a p a c i t i v e ly  occup ied
pick—off gate.
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w i l l  he .es showee te e F igure ’  ~~~. ~\s th ’ domain nee eve -~ d d cc c l c ’r I l i c  g,et c I i c tm i ’ l

x t o  x + dx , t lce ’ indue’t’d c - h e a r c_ e ’ ~‘ce t h e  p l a t e - i s  m e r e - u s c - ti ~

— 
e S  

I x icI~m

whore’ W i s  tIle ’ d i e l e c t r i c  t i e i ~- k iee ’ss , i s  L~ ce l 1e ’i ~~ I t l  k ’ c t ~ t e l t I e ~’ tIIc I ,, -

I r i o , V is lice ’ dccma iii e ’ \ t c S S  \‘ e~ it ,lc_e ’ • aced I (x~ is t hee - a el ’  i t e , u c  ~ e~- cel l he

~‘f t h e e  g . e t e c . ~ i c e t e ’ t h e e ’ c i e c e ’ g ( t e g  c ’ e e r e e ’ e e t  c i t t hee c _ i t o  i s  c _ive ’cc l iv  I

I I m e ’ rate of c’ic.ciegt ’ c c l  t i c t ’ e’lc :erc_c - i ced i cec t ’ t l e e ’ cl c ’i ’’ e (cc Vi ’ i c ’, i t  ~ ‘he 
I

,e cc t , i t  t ~c j I t ’ws t hat

-~~~ I ~~~~~ 

~‘nt ‘I) ~ - , , )

lI e eis , t ile’ c’cerre ’ue t cci t i l e ’ icesuiat c c i  c_ et c wle Ic- I h l e ’ tit iel c , e i c e is ‘ 5 5  ice c _ uceclc - c

I is  ~ I ~- ece  I - m v  ,e e ’u e e s t n c e t  mcc l t p I I c c l  tcv thee’ cr1 i t  t 0 T \  c c l  t cs i~l t he. -
‘

i i

POT ENT IAL

hI 1

• l edSi  ANe ’c
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In addi t ion  to the induced current during doeeeain tr ,ut es it , t Ice gat e’

has large capacitive transients when the domain is I c ’rm ~’d a t  t le e ’  c’atieoci e’

or at another gate’ aced collected at the anode. The risc ’ time ’ ol  t Ice ’se ’

s i k ~~ is the same as the r i s e  t ime  or domain fe rmatiocc time’ ellse ’usse’cI

previous lv • The’ magnitude ~i f  t he  pulSe ’ i s  . e f u n c ’ t ion  t e l  thee ’ c’apac ’ it aecc ’e’

of the insulated ga t e’.

l’lee’ current  output of th e’ gate’ p ickup c’aie he use’d to  t r I gge’r cit ld c ’F

TE1.Ds . The curre n t  pu lse  c cc l lee’ ted during the l~ ess lge ’ oh tice dcmi cea lie

under  the  ga te ’ is  de l ayed  in t ime f r om  the  i n p u t  by th ee  t r a c e s  i t  t ime ’ c - m t

t~ ee ’ domain to thee gate , whereas the cu r r en t  p u l s e ’ geceera t eel hc~- th ee’

domain fo rma t ion  is delayed e cn I~’ by t ice domain f o r m at  lore t ime’. Uowe’ver ,

if a de~ma in is in transit • then thee TELD i s  ~n h i h t t e ’ d  and no new clc cnea Ic e

teeny be ini tiated and , therefore , the ceut~eut must wait u n t i l t i c ’ d o ma i n  i s

co l l ec t ed  before responding.

Two fac tors  must be considered in the design of tlee e’ce cepl (leg c’ i r —

cc i t t  between the .MOS p i c k — o f f  gate’ aced tlee input to a 1’ELI) ~- m c nec FET.

F i r s t  , th e e  pulse’ a m p l i t u d e  and the’ clcarg I ng Inee of thee , i n p u t  c c i t h e e ’

next device must he such tha t the suc’ce’ed l ceg de v i c ’e w i l l  re’sp eeeed . Fsee-

t iec case w i t h  a rec tangula r  pick—off c_a t e ’ , thee ’  e’c e r r eut  i s  g i t’ e ’ d c by

V 1 vex pg sat
w *

wleer e ‘pg is the length of thee ’ p i c k — o f f  ga t e ’, and tIe~’ doma 10  Vt ’ h o c  i t  v

has been approx (mated by the sat  u rn  t e d  ye lee i t  v . lice’ c’q u I V 1,11)01 ~
‘ I r —

c u i t  for the TELD and succeeding s t a g e ’s Is slc owu e in  Figure ’  H. lIce

pick—off gat e has been assuneed tee be’ ci t - m S c ’ c i l i ce ’  .lteoele ’ so t h a t  t h e ’

dcvi ~‘e re’s istance between t l t ’ ga te and the ’ .le e oc le ’ leas hc ’e ’c~ eec_ i e’ c’t  ~ c h .

The capacitance ot the succeed lug c_ at  t’ is rc’p re’seiet t’d by C ,  and a Id n e-i

resistor Is provided for disc’learg ing this c apacitor. For lIce ’ next

s’ age’ t c C be t r iggered , the vol tage  V~ mus t  reae’h I V as qulc - kl v as

possibl e’ • The’ RC time constant of tie is charg ing c ’ I r cu i  t is c_ i \ c ’el 1ev

1 R
11

C . ( - c l i )

-
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F I gure 19 . Equivalent  c i r c u i t  of MOS p i c ’k—of f  ga te -
and inpu t  to next s t age .

For V~ to  reach 1 V ,

I = ( - 4~~
’ )

so t h a t

C

I

~ b~ l
c_ 

10 ( + ~~~~

I-o r ~c doping dc ’usi tv c e f  2 x l0~~ cm
4
, I = I = I uc , an oxI de ’ ti e i c ’kiec -~~sg pg

c ’ ’ i 0( )  ?c , and a device ’  w i d t l e  of 20 rn , the  d i scharge  t i m e  cons tan t  is

t 6 . 3  PSe ’e ’/ V  ( m c d ’)
ex

- 
- 

To c’nsure’ t hat  the  inpu t  gate’ d I sehea rges l-e e - fc i re ’  t he ’ domain i s  c _ e l i  —

I Oc t c’d , thee’ di sc’barge t (me c’ons tan I is given app rex ima tel ~ by

T ~ R (C + (‘ ) , ( c t ) )
B g pg

4()
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i

c_ 
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17 
it ) ’ + 

f b i ]

lb . I ic s t c / \ ’ , (‘I)

‘l’heees t or ne- m rn c~el c’Xc e’sS eh5 ’m,c in \c ~ l t~ Ic_ e s  ne ’ ,e r  1 ~~~, b e c ti c t i l e ’ t-h ar~~ieeg t i nfl-

, l t l c ’ t h e e ’ di st -lea t-g i i c g  t i nce c r c ’ _ e e i p r e i p r i e t c - . I h e e - ~- c l t i e  Ic - m r tie s ’ bi ,c s

re ’e-i i st c ’r is g i v 5 - ee i -m v

4 R = 706/\ ’  , ( ~~
‘)

B t ’X

wie ole i s  a r e ’,est ’ie,ch Is ’ vol t I e ’ . l~ i t ie t hee ’ c , e l C . I c  I t  I V e ’ I v  c ’ C i d d ( C  I c c l  h~ i c ’ k — s ’ t

c _ _ e l t ’ , t it ’ c _ ep ~cc ’ I tj n c ’e’ b _ e d ing thee ’ ~ete~’~i ’  c c ’ d l S I S t S  ~‘ce l v  ~e t t h e  c i t ’” ~t c

self and no t  l e t ’ m l  e ’ r c -on n s - c ’t  l e n t ’s and tan c ’e c t . h a , - e - t ’t or,- , tics t imt -

~-oces I .ecCt I or I he’ ,i cec ’dc vc ’ It cc _c ’ t o  c~~ - d V  t c i ,e t- ,c i eee - lie ’ I c~c, t hc r~’sheo Id

t or I dc ’ de-mma in ie.ts b ’en t c ’ l l c ’ c t c’d i s grc -~e t lv reduc ed ecec l Sc I I —

I r i ~g - r  I ce c_ ca n lW s - l i n e  I te ,c ~~~
Ant c t i e c - r  ad~-nic t a c _ c ’ ‘i t le e ’ c _ e p e c  I t  i ’, e ’ l y  t c ’ l l ~~ I~~~I i i  c k — ,’I I c _ e l c Is

h~c~ i t  is ac coup led t o t h e ’ f l c ’ X t  sI  d c _c ’ ace d  t l e c t s ’ t  o r e - dc cc ’s C e c i l  t t c _ I I  i c e ’

le v e l sh c i I t  j u g  b e t w e e n  ~‘t  d c _ c S , l’Icis rt ’d ,ic - s -s pocs e -r  c ’ccns ed rnpt i c e d e  .e t ec h c i i —

O t t  i t  t c ’fl h l ’  i e ’x i t  V .

\s disc ’tc s~ c d  , d i ’ c ’V e ’ , thee’  s t - m~-~-d , ‘t  t hee ’ I - I 1 is 1 i n c i t e - cl by the , - ‘ c i a —

t i c  c’ e
~
)lO it ,cnt - e’ t ’ t  t h ee t l t ’\ i cs ’ ,cnd c j F e ’ ( d i t .  ~i’ht - RI’ I i rn e  c - c ’lesl aid c~~t

- e 
tl e~’ , I S S c ’c in t e d  1’i r e ’ c u i  t r y  c a ll  c O i l s e ’ , d c l t l  i t i~’ei,ci ~ltse . cite s to bc du c l c ’at eel .

,eced t i e ’ TEl~l) w i i 1 rema ic e in ,e nec - ee c - m r I ‘ccl s t , dts ’. 
it ) 

l o  c ”t (ii I ~‘ s t hee ’

dc- s i c _ I c  c i t t i l e  d e v i c e ’ par~es i t Ic ’s an~ ti ct’ e i r t e ci I i , ev t c t d t , ai ac - c u e  it ,-

c. e i t O  I at cc c ii ccl tile ’ i- m a r ,us  i t  I c  c ’ap~ec it ,ciec ’e’ b~’t es’s - s- ce t Ice ’ cli t i e  i t  s ’ c i l e t  dc ’ I ~

, I t i c i  ti l t ’ c’ap ,ec i I J I l c e i c c  gr o tc i ed  e e l t ’,d c l d bc ,es t c ’ ic e ’ ‘c - r I  c ’e - ree ’d .

I ’ h ic ’ li _ d r _ e s  i t  10 c ’ , d p ~ R ’ i  t ad e c - c ’ IS ~e i c c l y e - cl by I i c - -I c eh c t a i c e i ceg c c _ i  c - c -cc ’s

fec ;e~
- I I c i i  , c pp r oe ’  r m t  c ’ I cc r lee’ c - c i ce dc ct - t c ’ r c - t e e  I i g i c r ~c t I c - m i d . F l i t ’ 0 i c ~ C d - c d i  s—

I c i -  t i , i e  i ci c t i e  c ’c e cc clut - t t c i i ;  , u i e c l  ( c c ’ t c c t a  I c ’ h c a I c _ e  I F s ’ , e h e (  ,c ieeed I ’\ lIl t c ’ d —

~~t ’ c c l  i it’ I i c ’ c _ c c ’ c ’il ‘s I dccli t i cit e w i t  I i  c deunce ’e (c al .c ‘ i ’ i - ’ , e c - l i  ( t - . ~ . • l , , l i t ’ d 

- 

-
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of moments) .  Final ly,  from the total charge on each conductor , the

- se l f—capaci tance  (capacitance to ground ) and the mutual  c apa c i t anc e .c

(capacitance between conductors ) is calculated.

42 
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SECl’IO~ 3

PROCESSING TECHNOLO GY

P1 c n t r  T~ LDs have been I abr icat 5’d in ion— inep la r e t e ’ c 1 , I,PF ; aced \ ‘l ’E c _ c A~
w , e!  c r 5 . ~t ’v i c - e s  such as t h ’ -cs ’ showie in F i g u r e  20 i c ,cv c- been mact o h~ pl~c t c i —

l i t  l1o c_rnii!ev w i t h  1— n i — l o n g  Se l ect  t ky —ba  r r i e ’r  c_ a t  es .  lie a dd it ion , CaA~;

eetod i— oxide has been grown on test samp le ’s.

Se’vs’ r~c 1 expe’ r m ont s heave’ been pe r f o r m e-d t o  o s t ab  l is le  an imp l a i c  t , ct i cell

r , ’, - , - s - ;  s- i t  a b l e  f o r  TELD f ab r i c a t  ion . N o m i n a l  c_ on I s  t c - m r  t i e  i s  w t - m r k  \,‘e C ,

t o  e - - ; t i l ’ l  Ish an imp lant process w i t h  Nd p r o d u ct s  gr e-ate ’ r than

2 x lO~ c : ’1~~~. lI c e ’ imp l an t  dep th  i s  1 im it e - d  by t h e e  m a x i m u m  ac - c e ’lt ’ra t  i n c _

v o l t a g e ’ , w hj e ’le , for our imp lant apparatus , is 2 7 5  k\ ’ . To a v o i d  i m p a c t

io n i z a t  ion on the  c t-c e’ hand and l a rge  v a r i o t  ions in as ’t iva t i c - m n  due’ I t ’

compensa t ion  on the o t h e r , we s-host’ ~ x io l6 Sm as a re’aoc ’ic , eh i l t - c e rr i s r

cc erd ( (’f l t  r at  ion .

l e ~r c’ ’  5 c r  105 ci f e ’ xpe ’ r i fle e - u t  S were  c,e r r l c d  c ’ c d t  1 o 1 Id Vs ’s t I c _ c t  e ’ t Ice-

infi eic ’iet e - - o f  ion source , io n d ose , ai ed n t e uce ’ , e i t e - i ; n ’ r a t e c i - c ’ c i i i  t o e

resul t ing imp lant. In  a l l  ‘,eses , si  I id ’oee I ct-e S we’re use d to ,l’c t ’ id sub-

sequent diffusion d u r i n g  a n n e a l .  In thee ’ m i t  i~c l  e x p e r i m e n t  • 
d o u b l y

ionized imp lan ts were’ p5-r Io~~~ed a t  551) k~’V e n e r gy, 1hc~~e’d cCO ti d e ’ e’\ C ” l  I —

mont e 1 r ange—energ y  curve s i t  Fi gure’ 21 • t h e ’ e’Xpe ’ c t s’d dept he of t i ee ’ss’

mm~ lant s is a p p r o x i m a t e ly  5000 A . A l l  imp lo ot s  We ’re ’ coj i n e ci with (‘Vie

510 and annealed in f low ing h ev d r c - m g e-n . The’ F s ’ S d d  i ts c- m f 11cc-s e ’ imp I ,cl t  s

we’re ’ e v e !  edated using a universa l mat  ~-r i a  I e ’ve l t cat ion  m c ~~k . P e t  tortes ciO

Hi s n as k wore ’ used for standard C—V p r o c  i i  log as ws -1 1 es ~ c -m F c ’d i id t .dt ’t—

rc - sis t000e’ and Hal 1—mob iii t v  me’asurement s. Rough e S  t m eat c’s c ’ t h e e ’ not i—

v i  t j on ~~~i ’ r~’ i’ll t ;ege and mob j i l t  v we- rc - oh t a  inc -el f r , -mr ’ t h e ’ c ’ c ’I l  t ec t re ’s is—

tLi nc ’e d ’e ta  b y c o m p a r i n g  the  low f i e l d  c e ’ e- i i st, enc - e’ c -m ’ O c’c -m I l t a t t r e - s  is—

ccc  - - s -  pat tern (at t er sub Ira c t i teg thee ’ c’ of l  t a c t  F e S  is  I a IL 0 t c-mmpc -m ieece t ) t c -m

the - — en u r e  5-d c u r r e n t  oh t o  i ned f r o m  t h e e ’ -c , c nte - p ,c t t  s- rn . l ice ’ r e s u l t  c ’ C

t hue’sc’ expe r linen t s a re - seimma r i -
, ed i n  Tab I e 3. rI ce ’ r ose c  I t  5 o t  t h i c ’Se ’

c’xj- mt -r ime - rct -i ,,e-r e ’ c’om Icar .chic~ c ’ x t c ’p t  t h c c t  t h e e ’  p r c e  l i e S  I,,l-
- ~-e i c _cc It i c - , ec e t Iv 
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Figure 21. Range and range straggle fe’r Si G eAs .
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d ifferent. Specificall y ,  the SIH
4 

i m p l a n t  i n d i c a t e d  some j ) o s s i b l  I i t \  c e l

surface conversion . To check for the po ssibilit y of nitroge n e’out,cne i—

teat ion in the d o u b l y  i on i zed  beam (Si~~~ has the same- e’/ne rat ic e as N~~)

a se r i e s  of sing l y Ion i zed  275 keV imp lants  was per fte n -ieed , and tht

imp lants were annealed at 800 and 860 ° C. ‘I ’hecs e’ r e ’ sc i l  Is are sumnea r Ize’d

in Table 4 .

tab Ic ’ 3 .  Compar i son of I on S pec ’ i eee ft-mr TEl]) I m p l a n t  s

‘, ii) k.-V - S) c c ’,- e . \ I e i c e ’ , c  C

l i e n  S, ’ c c r , c - I i ’ s , ’ , 
Mcdt~~~~ tv . R e s i s t a n c e , ,~ c d  c y l i c  • I c~ P ’ i ’ s - i ~ c l i i i

- - ‘ c m  f t  Sc ’,

SjF~~~~ t . S x i c c~~ -~ S2 8  l ic e c c

— I 
S iH 4~~ ) • c x 1~~

l
~• . q c e l  , M i i  / c s o c

I ’ ) - ’ ’

Tab i~’ 4. Ce mpar I se- m id o t  -\ nn d -a 1 Te’nept’ rat ci res

275 kceV S) e t ’ e - t  
\ l l i i t - . c  I

- D O R C  Mc I’ i i t t v  • -‘c’s I 5t~ e I ) c c • \ i i i t s  , -l c iTi Sc ’c i r , - c’ ‘, - 
),- . cc ,- c c t l i c , - .

cm ’- e m  ‘c ‘-cc - c -

S i  II , 1. 5 x i l l 1,51CC S i  -.5

x t o t s t i l l )  I tie )

S i l ) ,~~~ i. ’ x i ct t 2  
5,~~i i ,  ‘ 5 1

S i ) )  - 
C . x ‘ ‘o’M I C . - 5 , 1

5- ‘-1 I ’
~~i ~ .- SLF ’ I. ‘-m x t- ) — 1 5511 ‘ 1 5  1 . — S I l l

S 
- 

~~~ • - , ~ l I 
1511 , ,i,it S I t  5 , - i l

- - - 
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-
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- ‘‘ The avat lah ie beam cur ren t  at SiH 4 was ve ’r ~ ’ low acid t h e t i s

e’ c i c e l  ecs 1mg rc ’sec Its were expected from t host- i m p l a n t s ,  lice’ re-main ! t eg

— 
- f o u r  Im p I a n t  s He’ieave’d as e’xpec ted • No apparent di I f t  r t ’ c ee - c -s he’ t we’e’n

t h e ’ ci if C ore -itt i cite scm r e e S  were  observed . lice m ob i l it v and at t I v a t  I till

c i I I lee ’ I i i  c_ he ’ r t e’mpe rat ore’ Letenea Is ar e  Ic iglee-r , as Ox~ e’c t t’d • lit ’ ddici5 I

ne-mt i~’e’,ib le ’ d if t erence was with imp lan t p r o f i l e s , as sheown in Figure’ 22.

t’l dt ’Se’ resti Its shecew a Iil g iic ’r t ican expec t c ’ si s u r i n c ’ e’ dcile eng love ’ 1 at  t e l  thee ’

8 t0 °C adl d l t ’.i I

‘(‘leoug ie t Ice ’ I—V e’ h e.e r oe - I  e’r 1st I t ’s e ’x l e l b  i ted a t ler t ’s ie e -m 1 d y e ’  i t  age’ n eed

a e u r r en t  drop ha ck w iee’n do tested l i e  wa t e e  I orm , as shiowie i ie I-’ I gte C c ’ 2 1

t i l e’ dcv Ice’s wc cu ld  flee t OSc’ I h ate wlee’n mounted in ate r I  t e ’St  c i t - t i l t  .

poss ib le ’  re ’cesoies f o r  t h i s  p r o b l e m  m i gl et  be t h a t  ( I ’ t t h ’ ,i c t i v a t  1cm c - m I

lice i nep Ian t c’d dose ’ is poor b r  low close’s, result iteg lie a 1 c-m w e’ e’ t h e.i e e

ant i e’ I p a t  ed dop ing density w i t ie man y dee-p 1 raps , aced (2) I lee ’ diel) Ic ’ I lou

re ’c_ (cm tu ede - c’ t h e e  Schis et I ky—b arrier gate ’ whc ’ee nor nea I I , ‘ c ’ch t o  I l i e ’  d e p t  he c c l

til e ’ I ccc ii 1 _ d i e t  ( l  0 . 1 t o  0./i t i l l ) is 1 _ i I c _ c , (‘lie ’ I l i s t  c ’,d cc e e e s c ’ c I  I d  i c - 1 1  It

le e  a I c-mw valu e’ for t lee Nd produc ’ t • 1 c’ss t han I0~ — 
c’iee ’ 

. I’hce ’ sc’s’ozcci

reason w o u l d  mean t h a t  t iec f i e l d  out side t lee’ gate ’ re’gl till i s  I c -m ci S)11 ,111 t o

s u s t a i n  t h e- domain Oie c ’e’ It has formed under th ee’ ga t e ’ .

10~~~’ — c ‘ ‘ ‘
1

861) 5

Do

~

tn g d t ’i c si t r ve rs~~~

I t , ,,, I I -

dl 1)) 0 . ’ 0 . ) 0 4
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i c -  i ci ’ r c ,ct - si ,‘c i tl ~l — c _ i o t -n h I’r ( - c , - \ ,  a f l t i s r i  \‘ t ’b - (- ,c~\5 w i t i t

‘ cc i I i i  i . i V c c~~i t r , i v c  ‘ i ’ ’ c e t , ~ ci i S  t I c s -  1 5 1 C c ’]. h l c e sc ’ d c - 5 t  t o r -i c c i  t ~i , c i c

i c c  ~
, ,  I I c ’ i i  I . t C c  I ‘I t s , c S  -

‘ I I I  t I ~ i c ’k  . c _ i c ’S’Ie ote I c ’ctt I— i c ese c i a ~ i i c c _
he ’ —

l : i \ - e5- i l  Ii , c 
~1 ’ i’ i i i - c l c i I ’ ~~i t  c ’l ,‘,c) 

~~ h i ) c i i  C t ic ’ \ }‘l l i ed ~~i icr i i t

c i c e p i I i - ~ d e S - d I V  n e d  c l t , i ~ e i i c ’ h  I l l i c - i l i c - ’ , c-e ‘ c c l  s c o I ’, i c n s e e  c e de a ‘ i l l  b k - i  h i s - i

t i ir h v I l sc ’ d - I ‘i i c r  - e I Ft I I~- Ii i~ s ’ hc ’c - i t  I - In i - - - ci ,- , I .‘ce I Ii ice cre el , ‘ i  I a I d c c ,  - I c ’ t Ii - -

c l i  I t  c i i i t ~~ ii d c l  i r c i H i ~ ,i I — t i c — i c ’ i i s . g e t  c ’ s c ’r I I c c ’ - ‘— . cic — ie cs ~hc 1 1 , 5 1 , I d  

- s~~t t Ii c l c ’p.’ - i I ir e ’. ,c I - c i  ‘ .c I ~‘ ‘ \  , - )  . 1  -
, ‘c— I c i~~l t cr , s.c 5’’—, i c t  l 5 ’ c d d d Cc s ’l

I - - 1 c O I l  i l l  - -
- - , i i c ’ ‘I~~’ I 

c ’ d 0 -  I c - d  a I I I ‘ c l ’, - - ci I I i ,  - r i , ’ e , I - I S li , ’~~i i i ’

I - - s e ,  1 , d c - -ic l I e u - I !  I 1 c ’I s l i t c - i c c  d c -c t  I c e -  i ’ e - ,-n iI’ - , cl I c ’ ‘ S I  iii, -
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wafer , the photo—resis t  at t lee edge of the mesa has thinned down It) less

than 0. 5 Urn.  When a l—~,im—l ong , 0 .5— e m—hi gh gate I s deposi ted , t h e’ ga te ’

metal wi l l  not be well defined over the mesa edge and w i l l  o f t e n  br eak

ui een the photoresist Is removed. In a d d i t i o n , i t  Is difficult , d ice t o

I n t e r f e r e nc e  e f f e c t s , to d e f i n e  a l— ~ m gate  w i t h  con t act  p h o t o l i t i c e ’ g r a p liv

both on top of the mesa and ote the substrate.

Wafers have been processed with 2—lIm—helg le mesas and gate’s defined

by E—heacn lithography. In Figure 25 , the metal gate , which is 7500 A

b u g  and 4000 A thick , is shown to have ex c e l l e n t  c’ on t l n u i t v  over th e ’

2 — ;  c r c — i c  ig ’e mc’sO. The TELl) mask set has bee-n mod If led to cle ’ii eis it be’eec ’hc

marks  on tice wafe r  so tha t al i gnmen t of the E beam e’an he’ nead - and i — t i m

gates can he deposited .

Galli um arsenide anodic oxide has been grown at URL witle hothe

aqueous and nonaqueous li quid elee’troly tes. Oxide grown with so l u t i o n s

of inorganic sal ts In organic solvents has been found superior to oxide’

grown with aqueous solutions. In particular , noruaqueous c,’l e ’c ’tro l vte’s

appear generally to yield oxide/GaAs Interface properties that are l e s s

sens i t ive  to atmosp heric h u m i d i t y .  C o n s e q u e n tly , su b l e ’ct  to c’ompa tibi i—

ity witie other process requirements , nonaqu cous e l c -’e’ tr o l v te s  w i l l  h- m e ’ use’d

for oxide ’ growth.

Incorporating anod ic  oxide MIS structures as GaAs 1C e’lenee ’n t s

presents some unique fabrication problems . Oxide must be grown on d e V I s e ’

mesas t ha t  ar e e l ec t r i ca l ly  isolated on hi gh — r e s i s t i v i t y  su b s t r a t e ’s.

Sc list rate’ re - m s I s t anc e  e s sen t i a l ly  prevents  oxide’ growth t t n l e’ss , as .i nil c l i —

mum requ I reticent , thee’ wafer is ill unein,’cted tc-m exc i te  photocotedue’ II v i i  v •

Grow tie is still extremely nonuniform if only edge cont zec ’t is made’ t o  lice ’

wafer. Growth of a uniform oxide requires cc la rg e—a re’ ee e’on t a ct  t e e  t i e c

back of the wafer. The voltage drop through the substrate’ is the’n ~t u b —

ficlen tiv low to ensure a uniform oxide. A proprietary, nc’iedc’strcee’t iv”

tee’lenique for supplying the necessary back e’on ta ct has bee n deve loped  a t

HRL. In combination with i l lumination , t lels t ce ’ieniq ue 1e~cs hee’n demon—

s reete’d to pc’rneit rep ld growth ci f ce n o d i c ’ ox id e  on h I g h — r e s i s t  i t ’ i t ~-

c c c ; cte ’r 1 , 1 I aced a Vc’ I ’\ cud I t i m e c cx isle ’ over cc re ’g it iie th i , cl c c cii i (‘leric ’ (0 t h e ’

cc re’.c c - m i  I in’ hack c~~nt :is’ I
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The intrinsic chemical vulnerability and thermal instabilit y c c l

the oxide place constraints on device desi gn and f a b r i c a t i o n .  Areodi c

oxide is readily soluble in even moderately strong acids  and base-s.

In pa r t i cu la r , the oxide rapidly dissolves in the alkaline develope r

fo r  convent ional  pos i t i ve  ph o t o r e si s t .  As a re -see l t , the  oxide i s

damaged by the photolithograp hic processing necessary tee pa ttern thee

overlay ing metalization . Patterning the oxide by etching is a l s o  d i f f  I —

cult since (1) resist development and oxide etching occur with t he’
- 

-
~ same chemical treatment , and (2) the oxide etch rate’ is so leig ie that

undercutting is difficult to control .

An alternative fabrication technique that appears quite feccslhle -

is to use a single photoresist step to both control selective oxide

growth and pattern the overlaying metal by lift—off. We heave observed

~hat oxide growth can be rea~l1ly restricted to openings In a c-oating

of positive photoresist. The extent of lateral growth depends on the’

post—development bake treatment of the resist and anodic growth param-

eters. Lateral growth can be limited to less than 1 tine for an oxide’

thickness of 0.1 Urn. Following oxide growth , the desired metal layer

- - is deposi ted and pa tt erned by dissolving the photoresist wit h organic

solvents. The solvents used do not attach t he a n o d i c  cx id e . Clearl y ,

thIs techn ique requires a device desi gn in which  bot le  t h e  oxide ’ and t h e e ’

overlay ing metal have the same pattern . Direct contact  of the  m e t a l

to the GaAs is prevented by the latera l  growth of the oxide . We e’xpe -m c ’t

that a nonanodizing metal lying on thee h ig le—resis t iv itv substrate can

also be exposed during anodization without significan tly affect lug oxide

growth on the mesas.

The completed anodic oxide MIS structure remains vulnerable to

chemical attack and thermal degradation, and the f a b r i c a t ion pr ocess

rnust be desi gned to accomncodate this vulnerability, if furtleer chemi—

cal processing is essential, the MIS elements are best encapsulate’d with

a deposi ted , impervious dielec tric. Subsequent processing temperatures

arc’ l i m i t e d  to about 350° C by the onset of cc n o d l e ’ ci x idc ’ decompos it i c - m id ,

wic i c’ hi r eseul t s in thee’ loss of As an ] the e’ ry s t , i  I I I ice t i em of thee’ re’ma i ci—

log Ga 2 03
. In te r face  propert i es  degrade w i t h  t h e  oiese’t of cr vs ta ll i ;ai i c - m i ) .
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Figure 28. TELD tes t  boards.
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Fi gure 29 . RF t e s t  s e t u p  for  TELDs .
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ci g a t e , a re shc wn in F’(gure I 
~
‘
. l b  h i i ’ s - ~~h i d e  Id c eirre - det cu ed c _ c ’ I t  ege ’ 1 I c r

t ile ’ g a t e - l e s s  dcv I s ’s’ i s  2 ( 1 mA c i t  9 . . \‘ . l i c e ’ c ’c i r r s ’sp onel i ccg t Iui ’c -sles i l el

coci d I t  ions leer t lee- g c et  i’d de ’c _ ’ i c ’e cc r e IS . - e mA cc l  5 . ‘c Ic . F i g e i r e ’ I ;  c e l see

~ 1 shows t h e e t~ t e’c’ t of a ne’gcdt ( c _ c ’ he l e o  c u e  I lee ’ i t  c ’ • h i d e ’ c d i  i’l’c ’ spcuecl I rig

t i e r e sh o l d  c o n d i t i on s  ar e  I ( s t e e l  (dl i b i s ’ i . lIce ’ I— V chi c c i c e c t e - r i st ics

l c d  r thee  du de 1 — g c u  I c ’ TELl) a r e ’ S i l e iwid  i c e  F I g u n -  15 . I n  F i gui  re 18 ( c i ) 0 \-‘

is appl ie d to gate’ 2 w h I l e ’ ga t e ’ I Is steppe-el frci ne 0 t e e  — 8 Ic’ . Iei

Figure 18(h), gate’ 2 h e c i s  —4  V eedi  I t  and  g a t e ’ I is st e’ppe ’d I rs-mm I) te e

8 V . I t would he poss [hi e tee ceh Ici i n  cc se’ t ci f lii ceo  v s - m i t  age ’s s - m id t hee ’

c uc io el e - d ie d go t i ’s I d Uel 2 Sdi c ’ll t hea t thee -  ‘I ’El l) w o u l d  opt ’ r a t  s ’ ~is c i t  leer ;cn

OR gate ’  or as ee ls ’ ANI ) g c e t e ’

I, I
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7826 1,

(a) SINGLE GATE (b) DUAL GATE

• Ic) INPUT-OUTPUT GA TE (d) 5-STAGE DELAY CIRCUIT

l - ’ I I l u r c ’ 10 . sl:~I p l e u t  s e g r , c ~i Ics  e e l  ‘h’ h I I i - ;  c_s d h i g . i t  c ’s d c l  c eu • ’eI b y  I
l i t  he c e g r , e p h i v  .
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(a) TWO T ER MINAL

(b) THREE TERMINAL
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Table 5. TELD Threshold Conditions

V , 
~~~~ 

TAC ’

0 8.4 18.4

—2 7 .9  17.5

-4 7.5 16.5

—6 7 . 0  15 . 6

—8 6.5 14 .6
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(a)

V 92 = O V , V 91 - O . —2 . —4 , --6, —8

(b) . 
- 

-

V~~ —4 , V~~ = 0. —2 , —4 . —6 , —8

-

‘ 

Figure ’ 38. I—V e’h e ;e r ,i ct e’n j st i c c ;  d l  sIeLel—g,c t c ’ ‘FF1 0.
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SECTION 5

CONCLUS IONS

Planar  TELDs have been desi gned , f a b r ic at e d , and tes ted . Compute’r

; ; c c d e ’ l s h o v e - been developed for designing and pr e- d ic ’ t i ng  t h e e -  i’ h e a r a c t e ’ r —

• i s t ic s  of TELDS as a function of device geometry, materi al parameter s ,

and bias conditions. TELDs have bee-n fabricated ore i o n — i m p l a n t e d  LP E
• and VPE GaAs . Devices with as high as 24~ c u r r e n t  drc e l e back in the I—V

charac teristics have been measured , and f r e q u ency d ivide rs wh ic h d i v i d e ’
the input signal by any integer from two t i-t rough “s’ havc b~ e ’ei r e a l i z e d .

Work is con t inuing on improving the ion—1m p ~~~~t a t  ion  processing

wi th the aim of increasing the de1eth so that the Nd product wi ll he

large enoug h. E—b~ arn l i thograph y is being used te e w r i t e ’  l — ~im gate -s

or the 2—urn—high mesas. This involves deve lop ing e’ompat lb il itv in t h e

p rocess ing  s teps  be tween p leo to li thograph y and E—b e’am lith ogrc ephi v .

Devie ’ e’s w i t h  anod ic  oxide grown under the  p i c k — o i i  gate , i r e ’ h i r i n g  pro—

cessed to determine the e f f e c t  of t he  i n t e r f a c e ’  S t i l t e’s and t he’ oxjde

thickness. Finall y, models are being improved to c or r e ’l ; e t e’ w i t h  t h e ’

measured devices.
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