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ABS TRACT

Silicon vertical—channel MOS—transistors (VMOST) have been

des igned and fabricated which exhibited high power capabilities

(approaching 5 watts) at frequencies up to 1.5 GHz. Some problems with

excess input parasitic capacitance still exist to limit the frequency

response of the device, even though significant reductions of parasitic

source and gate resistances and feedback capacitance have been achieved .
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1. INTRODUCTION

The main o b j e c t i v e  of the p rog ram was to inves t iga te  the

feasibility of extending the frequency potential of the Westinghouse

silicon vertical channel MOS—field effect transistor ( VMOST) to the 2 to

4 CHz f r equency  band.  Addi t iona l l y ,  t h e  device must  be capable of

delivering up to 5 W of output power wi th  an associated ga in of 8 dB ,

have linear amplitude and phase characteristics , and a noise figure

comparable to the silicon bipolar transistor at this frequency.

At the beginning of this phase of the contrac t (N00014—74—C—0012),

the maximum cutoff frequency (f ) of the VMOST device was nearly
max -

4.5 CHz , and the CLiss A output powe r at 0.5 GHz was approximatel y 2.5

To imp rove the frequency and power capabilities of the transistor , a

numbe r of fabrication problems had to be solved. These were :

( 1) Excess gate and source m e t a l l i z a t i o n  rc~~is tances

( 2 )  Excess g a t e — d r a i n  and ga te—source  capac i t ance s , and

(3) Hig h cu r ren t  and rf power d e n s i t i e s .

The f i r s t  and last  problems were  e f f e c t i v e l y  solved d u r i n g  the

course of t h e  p r o b l e m  by the development of a nove l m e t a l l i z a t i o n  scheme and

an e x t e n s i o n  of t he  VMOST ga te  p e r i p h e r y  to 1 . 7 2  cm. A l t h o u g h  s i g n i f i c a n t

reduct  ior s  of g a t e — d r a i n  and ga t e—source  c a p a c i t a n c e s  we re made t h r o u g h ;l

t I g h i t en i n g of des i gn d i m e n s i o n s , t he  i m p r o v e m e n t s  we re no t  s u f  f i e ien t  to

i n f i  ience  t he f r equency  p e r f o r m a n c e  o f  the  t r a n s i s t o r  ap p r e e i a b ly  . The

.1 
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remaining problem , u n f o r t u n a t e ly , is mo re f u n d a m e n t a l  t han had o r i g i n a l  lv

been envisaged and may be a s s o c i a t e d  w i t h  the l o w ang le ( - 15° w i t h r e s p e c t

to surface plane) of gate evaporation used in all the VNOST designs

investigated for the most part of the contract. The program , however ,

yie lded va luab le  in f o rm a t i o n  f rom w h i c h  severa l  i m p o r t a n t  m o d i f i c a t i o n s

to the VMOST geo metry have been made and are  b e i n g  s t u d i e d  in present

devices.

While  not  a lt  the o b j e c t i v e s hav e been s u c c e s s f u l ly  met in t h i s

program , i t  is wor th  p o i n t i n g  out , howeve r , t h a t  the  f requency  powe r

product  t ha t  has been ach ieved  by t h e  VMO ST d e v i ce  is s t i l l  s t a t e — o f — t h e —

art  fo r  a s i l i con  MOS t r a n s i s t o r  t o d a y .

I
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2. D E V I C E  D E S I ( ;N

2 .1  VMOST Geometries (Mark IV and \‘)

Two new VMOST geometries (Mark IV and V) evolved from the

present study as a result of further understanding of the origins of

parasitic capacitive and resistive elements in the device.

The Mark IV and V transistors , shown in Fig. 1, are similar

in many respects to  the previous VMOST geometries reported in the last

annual report , November 1974 , with th e exception of t h e following

design changes:

The new devices have an increased gate periphery , from

0.62 cm (Mark III) to 1.3 cm (Mark IV) and 1.72  cm (Mark V). The

purpose of this increase is to reduce the operating dc and rf power

densities of the device to levels compatible with the maximum operating

temperature (120°C) for CW operation and to allow larger rf powers

from a sing le cell.

The Mark V desi gn has a number of improvements over the

Mark IV geometry other than the increased gate peripher y . While both

devices are surrounded by isolation notches , p lating brid ges consist Inc

of narrow ( I tim ) st  r I ~ S of 510 , unOe r wli Ii ii  t lie s iii coii has been e t ched

comp letely away ,  have been I n c  lud ed  in t i l e  l a t e s t  des i g n .  The f t i i c  t ion

of t hese b r i d g e s  w i l l  become more ev i d e n t  w i t h  t h e  d e scr i  pt  ion  of  t h e

f ab r  I at  Ion process in  the n e x t  sect ion . Has i c t  I Iv , t hey  serve t o

es t ah ’  I Ish c e n t  inn I t v h t ween the gate bus • source cent acts • and t he

_ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



(a) Mark IV Geometry , 1.3 cm Gate Periphery
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(b )  Mark \ (:eomelr~ . 1. em Gate Periphery

Figure 1 5—band ~‘MOST geometries.
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outer per i p he  rv of the device at t o  r no , i  i o V.1 p o r ì t  i on . l i i  is cent m u  it v

is 1150(1 to  en s u re  t in  i t o  tan i~ 
[a t  i n c  o t  i I 1 t lie pa te and source contacts oil

t lie wa t o  r a t on e  t i me , W i  t h t  t he  ou t  o r per i phe  rv metal act ing as the

p l a t i n g  ca thode .

Con t i n u t ty  n o t  cites in t h e  gate mes a pad have a Ise been

introduced in the Mark V des ign .  These notches ensure u n i f o r m  m e t a l —

Ii za t ion o t t he  ca t  e met  a I up t lie s i d e  and ove r t lie to p ~t f the ca to  mes a

pad , thus  p r ov id  m r reproduc ib ie  , re l i a b l e , and low res i stance cont inui tv

between the  gate bus and gate  bond ing  pad .

As shown in F i g .  lb , a port ion of t lie so urce  bus reg ion  in t i l e

M a r k  V geoniet rv is opened down to the ~~~ I av e r to  a l l ow  low resist once

olimi c contact to this area. As in prey i on s  geome t rico • in each act ive

transistor finge r p is lands are also m l  reduced to ground the p channe l

to the source mob I l o c a l ly  in t h i s  r e g i o n .

T h e  Mark V a l so  has ono t h i e  r new t e at u r e  . The source  bus ( o r

source bendin g pad ) o f t h e  dev i ce has  an internal taper and a stra i ght

o u t e r  edge . Thi s  d e s i g n  t c a t u re  r e s u l t s  in t h e  p a r a s i t i c  gate bein g

dep os i ted d i r e c t  l v  on t lie t rough  i n s te a d  o f  a l o n g  t h e  outer s i  do o t t lie

source mesa.

T h e  a c t  i ye a rca of  t lie Mark  V geome t rv  i s  a p p rox i ma te  lv

0 . 7 2  riot by O . b O  nint and  t h e  c h i p d i e  size is 1 not b~ O . 8 L)  mm.

. 2 Device Mode l ilig

.•\ computer si mula  t i on o l  an i d e a l  I . 2 3 rot V~US des i g i i  was

c a r r i e d  out  at  t h e  beg i n n i n g  o t  t h e  p r ogram t o  d et e r m i n e  b i t e  t r e q u e n c v

capab ii it i es o I t he d e v i c e  i n  t he g r o u n d e d  so it r ce  con I i gura t ion . ii to
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results are p lotted in F I p . 2. The transistor dat a used In the o i t im —

hation are given in lahie I. The dotted curves in FI g. 2 are the in-

trinsic transistor characteristics (neg lig ilde parasitic source , drain ,

and gate resistances). Over the whole frequency passband up to 10 Ghlz ,

the device is only conditionally stable (K< 1). Under this condition ,

the hi ghest gain that can be achieved is the maximum stable gain (MSG) .

For the frequency range of interest (2 to 4 GHz), this gain is at least

10 dB. The intrinsic f (U 0 dB) of the device is in excess of 20 P1hz.max

In the presence of finite contact resistances (R = 0.25source

R = 0.5 Q, and R = 0.25 12) a seve re degradation of frequency-
gate drain

gain response is seen . The device as expected is more stable , and f o r

frequencies above 7 P1hz , K is greater t han  units’ , or the transistor i s

unconditionall y stable. The unilatera l gain fall o f f , howeve r, is in

excess of —12 dB per octave and the device cuts off at nearly 9.5 Phlz .

Table I — S—band Power VMOST Parameters

Elements  Values

Gate perip hery 12 , 320 ~im

Gate lengt h 0.8 ti m

C 3.7 p 1
g

R 1 .4 (d im S
g

C 0 . 7 3  i f
dg

g (1 .28 mit t s
m

10 m i l l  m ites

C .2  p 1cls

R 3 oh ms
cr1

()
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Fig. 2 — Computer Simulation of S—hand Power VMOST
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The max jniu iil St  a b l e  c i  i i i , on t lie o t he r h a n d  • i s  barely p t  r t  tin ted by t hi

p resence o h  t hese  j~~ i r m  i t i cs . in pcue ra 1 , t h e  s t  a b i l i t y  and m a x i  mum

f r equency  are  f a i r l y  s e n s i t i v e  to device para sitics , in par t i c u l a r  R
~~
.

N e v e r t h e l e s s , t he s t u d i e s  do sh ow t h u r  t h e  p r o p o se d  \TMOST d e s i g n  is

capa ble  of o p e r a t i n g  wel l  above the  f r e q u e n c y  p a s s ba n d  o f  i n t e r e s t

T h e  t r ans  is to  r p a r a m e t e r s  col  cu l  a ted f o r  t l i i  s in i t  i a  1 mode

had a c o n c e n t r a t i o n  p r o f i l e  as s k e t c h i e d  in Fip . I. The s h o r t  p — c h a n n e l

(0 .8  tim) was chosen to give the device an 
~T 

of n e a r ly  13 GHz , a s s t i m i n 1

a scatterin g limited surface electron velocity of  6 .5 x 10
6 

c m / s .  t h e

l eng th  of the  11 d r i f t  region was 1 . 5  tin t to g i v e  a t ransit de i ty time

of only 23 ps or a phase delay of th i e  shie r c i r c u i t  d r a i n  c u r r e n t  w i t h

respect  to the  gate  v o l t a g e  of  16. 6 ” at a fr e q u en cy  o f  4 G H z .  Th i s  dcl iv

is s uf f i c i e n t l y smal l  as to be neg l i g i b le ex c e p t  at f r e q u en c  ies much

g r eat e r  than  4 G H z .  The bre akdown ~o I t i g  of the p—n j u n c t i o n  wa~

assume d to he app rex i to be lv 30 v o l t s  I rem ~ rev i o t i s  VNO~~T d a t  a , wit m (‘ii

g ives  a p d e p l e t i o n  w i d t h  0 1 apprex im ate l 0. 1 t m i t  t h u s drain v eltuic .

)

8
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3. FABRICATION

3.1 Silicon Material Processing

The epitaxial growth techni que f r  r e a l i z i n g  the  S—hand VMOS 1

impurity profile , Fi g. 3, is essentiall y t h e  same as that reported

pr ev ious l y. (U  The starting material is a ~0.O08 —cm As—doped < 1 l h ~

or i en t a t i on  s u b s t r a t e , on which is grown by chemical vapo r  d e p o s i t i o n
8

the  n layer to a t h i c k n e s s  of 1.5 — 2 tim and a doping concentration of

approx imate l y 10 15 cm 3 . This  is f o l l o w e d  b y a second ep itaxial growth

of p—type layer to a thickness of approximatel y 1 .4  t im and a c o n c e n t r a -

t i on  between 3 and 5 x 1016 
cm

3
. A third ep itaxi utl h over is grown on

top of t h i s  to fo rm the  c o n t a c t  to t he  p reg ion. h u e  thickness and

impurit y concentration of this layer is 0 . 5  cm an d ~io 18 cm 3 ,

respectively.

After ep itaxi al grow th 01 the n — p — p~ layers , 5000 A el

Si0 2 i s  depos i t ed  by c h e m i c a l  vapo r di posi t i on  ( C V I ) )  ott t h e  w a f e r  and

ph o t o l i t h o g r a p h i c a l l y  d e l i n e a t e d  i n t o  i s ha ~ids using Ma sk  1 , Fi g.  4.  h u e

w a f e r  is n e x t  s u b j e c t e d  to a s h a l l o w  p hosp ho rus  d i f f u s i o n  t o  a d e p t h  n t

a p p r o x i m a t e l y  0.8 nt at  a d e p o s i t i o n  t e m p e r a t u r e  o f  1150° C. T h i s  d i f -

f u s i o n  forms the  n + sou r c e  c o n t a c t , w h i  I t  l e a v i n g  i s l a n d s  f o r  t i r i t n i i n c

the  p channel  s u b s t r a t e.  Fi gure  9 shows b I t e  spread  l u g  r o  1st onc e t i

of a ty p i c a  1 wa f o r  i l  t or t i t  i s  s t op.

10
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Following t h e  phosp h o rus  d i l  f u s i o n , the SlO > is lands are

removed b y chemica l  e t c h i n g  and anot her GVI ) S ii ) . lo v er , 0. 7 nt t hj c k

is deposited on bi te wafer. The l i t  ter is now r e a l v  f o r  d e v i c e  pro ss~~n g .

3. 2 l)evice h’ rncess  lu g

The VMO ST proc ss i n g  st ips art  i l l  us t ra t  ~ d in P i g.  1> . The

first nine steps , Si eps A to I , ire exac t lv the sante its before (U  and ar

described here for comp leteness sake . Th e first step in tli e device

f a b r i c a t i o n  is t u e  d e l i n e a t i o n  of the  \P’I)ST geometry , ~!uisk #2, Fig.  4 ,

after which ioooX of Si
3
N4, followed 1w l 6 0 0A  o f  Si O 1, a r e d e p o s i t e d

ove r t h e  S iO . ) pattern , Fig. PA. A second 510 pat tern is defined p h o t o —

l ithograp hicall y ,  ~-lask //3, and etched down to t h c  Si 3 N , l ov e r , F i g .  611 ,

to form an etch mask b r  t h e  Si 
1

N , . h i t >  w er  is  now e t c h e d  in ut corn —

mere ia l  phosp horic acid solut l e t i  ‘‘ l’ r ; i t i s e t  c i t — N ’’ to remove t h e  Si  .3N , down

t o  the  si 1 icon leve l , l i p ,  P C .

A f o u r t h  mask , M ask #4 , is used t o  s e l e c t  i v e l v  e t c h  away t h t t

S i0 2 l a y e r c o v e r i n g  t h e  Si  1N , ,  Fi g.  61) , in  t h e  g a t e  n t t 5 i  p ads .  The ex-

pose d s i l i c o n  is t h i e i t  e t c h e d  to  a d e p t h  if  u i p p r o x i m a t e l v  ~ .~~~~~, F ip .  I i

+
down to the n substrate.

In S t e p  b i g .  61 ’ , t he Si 3 N 4 on t i l e  c t  I e mi s ts ir e  removed

followed by a quick ci. cli in buffer ed HF to r emove  I he rena i fl in g SI 0  ,

l ay e r  on t h e  sour f i n g e r s , i i ) . . pP • i ’hi e w a t e r  i s  i to r t i dv  f o r  t t r i c h

oxidation t o  form t he thi In MOS p i t  e o x i d e .

Therma l oxid ation is t .irr ied o t i t  i t  8SO t ri w e t  o xy g e n  b r

t o t a l pe r iod  01 5T) mm , d u r i n g  w h i c h  h e t w , ii 9 0 )  to l ) l l b M .\ of Si() is

grown ove r the exposed s i l i c o n  s i r )  I i  , i u i u i t s t t  i n  t i p . i ) ) ~~ He Si

I
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cove r ing t h e  s o u r c e  Op e n i n g s  is  iie x t  ci. (‘lied oft , Fi g . 61 , and the wa t ‘ r

subs Ir a t e  t i t  inn ed  down to a f i n a l t h i  i ckness o t  25 to 30 tint in a ri tat in

etch solution of ht140
3~ 

HC
2
H
3
02, and HF u s i n g a composition ratio of 15 :10:1

at room tempe rature . Following th i s , the wafe r  is road~ for inetallization .

3 . 3  Device M e t a l l i z a t i o n

To reduce the  source and ga te  b us resistances , a vertical

evaporation (0 = 90°) of AK , up to 0 .6  cm t h i c k , i s  f i r s t  c a r r i ed  out .

This is illus t rated in step 3 of the  p r oc e s s i n g  s t eps , Fi g. 6. Thi s

additional evaporation step deposits .\~ eve r the entire source reg ion

and in the trough reg ions ove r th i e  dra in b e t w e e n  the Si0 2 ove rhangs ,

Fig. 7. Following t h i s , c o m p l e m e n t a ry  ang le evapor~tt ions o f  Cr (12 00 .\ )

0 0

— Pd (6000 A) — Au (6000 A) ~ire carried out to define t u e active g a t e s ,

gate bus , gate pads , and source regions , Fig. 6K. The Cr—Pd—Au metals in the

last three regions are deposited over the initial th ick A~ m e t a l l i : ’ i t  i o n

and act as a metal mask for the  subsequen t  remova l , by c h e m i c a l  e t c h i t t c ,

of  unwanted A9. f r o m  reg io n s between t h e t r ;rns ist r fingers. This is

illustrated in Fig. 7. Since the angularl d e po s i t e d  m e t a l  r h  I t kn e i - -.

is only 2 t
g 

x Sin (t
g 

being the  g a t e  me al  t h i c k n e ss ) ,  a thin (2000 Al

Au layer is p lated ove r those areas cove re I by t h e  C r — P d — A u  m a s k .  T h i s

selective p lating process is accompl i shed  i u t o r n a t i c a l l v  s i n c e  g o l d  does

not  p la te  to a l u m i n u m .  The common outer peri phery m et i l is r e a d i ly  avail-

able so i t  Is used as the  p l a t i n g  c a t h o d e  d u r i n g  t h e  go ld  p l a t i n g  s t e p .

To ma in t a in  un i fo rm p l a t  t u g  t h i c k n e s s  ove r the  w h o l e  w;t I or , t h e  p i t t  and

source r e g i o ns  are conne ct ed  in e ;i chi  d e v i c e  t i  t h e  ntrntin 0 t i t e r  p e r  i p hie rv

a rca b y na r row  p h  a t  lug hr i dgt  s des c r i lie d - t r i t e r  and  s i t  wn i n  I i  p .  5 . 1
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I n the I i n i s l i e d  d e v i c e s , t b i e r c t o r e , the  g a t e  bus and source res i s t a n t - .

i n  gove rned by t h e  lii i k v er t  i e ; i l  - i l u m i n i t n i  evaporation , and not by lie

a n g u l a r l y  depos i t ed  C r — P d — A u  m e t a l s .  hiecau s e of  t h i s , t h e measu red

e f f e c t i v e  ga te  and source res i s tances  are n ow t y p i c a l l y  0 .2  and 0. l~

r e s p e c t i v e ly .  Th is represen ts  a r educ t i on  of g r e a t e r  than  one orde r of

magn i tude  in both res is tances  over previous  VMOST devices . 1)uri ng t l t e

f i na l  f a b r i c a t i o n  steps the  unwanted a luminum is c h e m i c a l ly  e t c h e d  away

and the  p l a t i ng  b r i d ges are opened d u r i n g  dc t e s t i n g  by p u l s i n g  a h i g h

cur ren t  ( i ., I amp) through the br id ge m e t a l  to evapora te  the t h i n  m e t a l —

l i za t ion , Fig. 8b.  Th is step is t r i v ia l  at td  comp l e t e ly  r e p r o d u c i b l e ,

and appears to have no effect on device ch i racteristics.

3.4 Device Bonding

Diced VMOST chi ps are bonded to ReQ c h i p  carriers mounted on

Au—plated Cu studs . The chip is mounted d ir e c t ly  onto the dra in  te r m i n a l

and connect ions  to the source te rmina ls  are made b y a A u — p l a t e d  0.00 1 i n .

t h i ck  p re fo rm ribbon as shown in F i g .  9a .  This  allows the sou r c e  in-

duc tance  to be min imized  (below 0 .05  nh)  b r  h igh  f r equency  p e r f o r m a n c e

and he lps  in removing heat  f rom the die . C o n n e ct i o n s  to  the gate  pads

are trade through openings in the pre form with 0.0015 in. Au wires .

Chip c a r r i e r s  f o r  p a r a l l e l  ing  twt \ ‘Mt )
~-. I c e l l s  have a l so  been

designed and f a b r i c a t e d , as shown in F i g .  b .  These c a r r i e rs  h:i vi

provis ions  fo r  MOS c h i p  capac i to r s  w h i c h  c o u l d  he used in d t v h  cc m a t c h i n g .

Work on m u l t i p l e  cel l  in te r n a l ly  ma tched  VMOST d e v i c e s  is  c u r r e n t l y p ing

on and shou ld  he comple ted  in the  nea r  f u t u r e .

20
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4 . DEVICE [VAl U AT I ON

The f a b r i c a t e d  VMOST dev ices  were care f u l l y  t e s t e d  at l en .

f r e q u e n c i e s  f o r  t h e i r  c u r r e n t — v o l t a g e  and c a p a c i t a n c e — v o l t a g e  c h a r a c t e r —

is t ics  and a t  microwave  f r e q u e n c i e s  f o r  t h i e i  r small signa l S—paramet e r- -

Devices  f r o m  good wa f e r s  we re t e s t e d  f o r  t h e i r  powe r c ap a h i l  i t i e s . T e s t s

we re also made on one device series to m e a s u r e  i nt e r m o d u l;t t  ion  product

and n o i s e  f i gu re . S m a l l — s  igna l  mode l s  i f  t h e  VMI 1S l devices we re d e r i v e d

from t h e  measured data and used to p i n p o i n t  t h e  ar e a s  n e e d i n g  f u r t h e r

improvement

4 .1  Low Frequency  Mea su rements

A Tektronix 576 curve tracer was used to eb s e r ve  the eut ;~ut

chi a rac t e r i s t  ics , breakdown vo l tages  and l e a k a g e  c u r r e n t s  cr1 each d c i  cc .

The ga te  leakage c u r r e n t  was mon i t  ‘red us j a g  a Et ’ i t h  1ev 41 3A mi c r ’ri i c r —

ammete r  and the i n p u t , o u t p u t  and l e e d b a c k  c lp i l c  it a r t ces  rs’e rn  measured  at

1 MH z u s i n g  a Boonton 72 AD cap ic i t  ance m e t e r .

F ’ i g u r e  10 sIt es ’ s t h e  dc d r a i n  c u r r e n t — v o l t a p e  i t i r ; t c t r i  st  i c s

of  a typ i cal Mark  IV and i i  M a r k  V VMI . 1ST d e v i c e . t h e  saturated cur i nt is

n e a r l y  2,\ i t  a g a t e  v o l t a g e  of  16\’ o r  t h i e  I i r s t  d e s i g n , and IA i t  t h e

s~tme g a t e  vol  ta  ge f o r  t he  second de si gO . The m a x i m u m  t r in  n en du c  in es

g )  i r e  0 .2  mh cr and 0.3 mho , r e s p e c t  i v e lv . The se giv e a t r a c n ’n i h t  t i n t -c

p e r  u n i t  g a t e p en  i p il e rv 
~~~~~~

‘ 
e t  l i . ‘n in tl I 7 .  m i c r  i s  m i  c r t n i h  i ii . I a

w i t h t c h t ~~j in i s i t  t r~i t  i n n  e l i t  ron v e l o c i t y  l i t  i . n  ~ rod I’ x 10 r1 f ~~.

_ _ _ _ _ _ _ _ _ _ _ _ _  -~~~~~~
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I f  t h e  p r o b e  res i s t a n c e  of  1. 1 ol in i s  sub t rae ted in  each case  , t i r e

nr in ini u m turn—on res i s tances  of the dev ices  a r e  1 .3  and 0 .6  ohms

respectivel y at the gate v o l t a g e  of 16V . These are t h e  l o w e s t  re-

sistances that have been reported to date from an MOS device , and

opens up t h e  p o s s i b i l i ty  of us ing the  VMOST d e v i c e  fo r  h i gh speed

microwave switching applications.

Si gnificant progress has been made in t h e  r e d uct  ion  at  th e

feedback capacitance of the \~ ft)S l dev ices . The t y p ica l 
~~ d of t h e

0 . 6 3  cm peri phery  VMOST devices  r epor t ed  p r e v i o u s l y  was 6 p F . The

typ ical C gd fo r  t he  1 .72  cm M a r k  \‘ d e v i c e  was r i e s s u r e d  I. e be ‘ & - t v n n tn

3 and h pF , in sp i t e  of t i r e  f a c t o r  of  t h r e e  i n e r t  i s e  in t h e  c i t e  i’~ r i —

p h ie ry . The f e e d b a c k  cap ac  i t ance  per urn i t p i t  c p e r  i p i t t  rv has t h us  h e n

dec reased by a t  least  t h i s  f a c t o r . This  n i t  t r i  h u t e d  d i  r e t  l v  t o  in in-

crease in t i r e  M a x i m u m  S t a b l e ’  Ga in  (MSG)  and  s t  i i ’  i i  i t v  b i t t ‘r ( F t  ‘f  t

l a r g e r  p e r i p h e r y  dev ices .  F i g u r e  11 sh ows t h e  t y p i c a l  rin a s t i r i d  I P h I .

c a p a c i t a n c e — v o l t a g e  c h a r a c t e r i s t i c s  of ii Mark V device.

4.2 Microwave Measurements

l i n e  microwave n h t i r i n t e r j z i t  h e n  e l  t h e  \ M i i~~I h n y l  i S  wa s  pe r-

formed usin o a hewlett— Packard ll6O8~\ test  jig I n ’ r  w h i c h  a s p e c ia l  v a t  n —

coo led  c o p p e r  b lock  was mach m e d  I i ’  f i t  t i n  VMI)S I heade rs , is shown i n

Fi g. 12 .  B i a s  was supp l i e d  us i ng  t h e  Int erna l bias p r e v i s I o n s  01 t h e

H P 8 7 4 6 B  S — p a r a m e t e r  t e s t  set  or ‘v i p a i r  a t  t IM 1 n O t t \  ‘ i r s  r i r t s ’r k s .

The sma l 1—s i gn a l  m e a s t i r e n n h e n t s  i n n  h u d e ~d g i  i n n , f r e q u e n c y  r n s p n n n s e  a r i d  n o i s e

f i ~~~u i r e  and i t  how ed an n  ac - u t r i n  n m c m l  of t h e ’ \ M t~~ : 
~j .  v i e - c a I ’ ,  u l r - v e h

FI g. 1 3 .  T) ie~ I r r p n — s i gnn i l mn- n - - i u u r a  itI n t S I n c l u d e d  i n t e r ~’ i n ’ n h r 1 , i t  I o n  p r ’ h i c t

( I  MI  I and  powe r t o t - i t s .  

.
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4.2.1 Small Signal Measurements

• T i re s m a l l  si gnal S — p a r a m e t e r s  ‘ b  t i r e  VMOST d c v i  C i t - i  w e r e

measured on an Hl~ s410 Network Analv zn r m i d  an l ot  e r na l  i~es t  i ng house

compu te r  p r o g r a m  c o n v e r t e d  the  r e s u l t s  to Y — p a r : m n s e t  cr 5 , Z—par .ine t i r s ,

and various gain and stabilit y p i r if ~c t n r s . T u e  g a in  and s t a b i l i t y  ot  a

M ar k  IV  Vt-l OSt ’ dnvice ( i~2 8— 3—1 9)  , f r  examp le , i re  shown i n n  Fi g. 1-n

l i m e  ext r a p o l a t e d  1 of this device’ was 3. 5 GH z and t h e  a v a i l a b l e  g a i n
tin m x

wa s  5 dli a t  1 .5  GH z . The dashed l i t h e  in  t h e  f i g u r e  r e p r e s e n t s  t h e  pr ’ —

d i c t e d b e h a v i o r  based on the  sm~t l l si gna l  model shown in Fi g. 1 3 .  The

parameter values used for t h e  simulat ion were ’

g — 0 .21  mhr om

C = 5.13 p ’gs

Cds 
= 1 2 . 6  p

C = 5. 6 p Ugd

C = 8~ t p Fgn

R = 1 . 7 i ~g

= 4 O ~~i

R = O . 3 o
gp

R = 0 . l i l
sp

R = 0 . l i ldp

L = 0.178 nIlgp

L 0 .15  nfl

Th e b i g g e s t  Im p r o v em e nt  In t h i s  d e v i c e ’  is t h e  r e d e i c  t i o n  of tire soun rc

a nd g a t e  p a r a s i t i c  re s  I s t a n ces  due t o  t h e ’ v e r t  lea 1 n i u r n i n u m  ev a p o r a t  ion

d i  s cu i s se d  p r e v i o u s  I v .  l’ s In g  t i r e  v u  i u I r ’ ~ ob  measu red  r e s i s t  . i n i  ~-s i n  t I l e

2 7

-~ -~~~ 
. - - .~~~~ ____________ .
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M ;r rk i i  I di’ v i c e  a n d  5 Ca I i rig them iii ci ‘r r ~ ’ - . pu Old to  iii &u~ U t  v u  ic-n t I . 3 cm

peri phery device leads to ii p r e d i c  ted  source  r e s i s t a n c e ’ , R , of  1 t n t

1 
i i , wh i le the VMOS’1’ 28—3 device had aol  v 0 .1  ~~ . The scaled value of R

g i n

w i t h o u t  the a luminum evapora t ion  was 2 ii , w h i l e  VMOST 2 8 — 3  had cmlv

0 .5 0. The v e r t i c a l  a l u m i n u m  ev a p o r a t i o n  has t i tus  reduced the  r e s i st i v e

losses b y a f a c t o r  of 10 or inu re in t ine  source  and by a factor of 4 in

the  gate  corresponding to a r e d u c t i o n  of  ga t e  bus r e s i s t a n c e .  Besides

inc reas ing  t h e  gain of  t i m e  device , t i r e  r e d u c t i o n  of t u e  sourc e r e s i s t  an cc ’

has imp roved its stability and eliminated t h e spon taneous oscillations

which were obse rved in some previous VMOSI devices when they were tuned

t a r  powe r m e as u rc nt c  n t  5 .

Of more inte re st to a nnn p i i f  ic r app i icat ion ar e  the  actual

S — p a r a m e t e r s  of  the  device. These •m r e  shown in h - h g .  13 f o r  bo th  t h i n ’

measure d and modeled d e v i ce .  N o t i c e  t h a t  b o t h  ~ 1 1 and 
~~ 

ire  n ear  tine ’

outside of the Smith chart , indic at in g  t h a t  t ine  p a r i s  i t  ic losses  arc’

low. For c l a r i ty , t h e  va lues  of  S 12 shown are t e n  t i m e s  the measu red

va l un ’s •

The small signal pe’rtormane.- e ol  t h i n  M u r k  V d e v i u - e s  h i r s  been

e q ua l l y imp r e s s i v e  and  t I n e  r e s u l t s  , l t u i n e d  a rt’ summarized ;~ i ;iInle II .

w h i i u . hr  will he d j s m u m s s c ’ d  in Se ’ c l j n n i n  4 . 3 .

l I t e  n o i s e ’ t n [u r n ’ a t  Sn ve r. r I 28— 3 d e v i e - e - ~ h i s  i i  so I’een n i ne a su re d

m t 1 Ghtz rising an A l L  Ty p e  7’ i’ n n e i s i u n n  \ i i t n n t i u . i t h n  N o i s e  Fi gu re  l n d i n ; r t , ’ r .

‘l ’hie n t e v i u ’r ’ s we re’ di b i a s e d  b r  t i l t - s n ’ t n - . t~~ t r e - l r t j v e l v  low  drain cur-

r en t s  ( 0. 3A ) to minimize h e at  t u g .  The’ me r . u i r n n h  n n n ’ i s e ’  I i  u n n r e s  w e n t

t y p i c - a l  i v  h’ n t 5 ’ n ’ t n  i . > and u . d h .  ( ‘nnside ’ ri ni g t: in t hi e s u i r e  l . m r g u  p e r i 1n h e r \

- •_n•_•a___,, ••_. ___ — -—--~~.‘~.*.n- i~a4 t tr, ,t . . e r  . - . - -- ....
. ~~~~~~ :,. —•——- -. .— - — - — . .— ——— a_ —
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(1.3 cnn) power  d e v i c e s , L h u e s n ’ vr l u e i-i a re ’  m u u n n m e n u i i h n l y  I ‘is ’ and  I r e - e n n u i —

parable to the 4 dli nra ise t i pur e i t  I C l i x  rep n nrted by Si pp et a] . 
(2) 

c u r

a 700 ~m m p e r i p he ry  D—M OS t r an s i s t o r .  These device’s were all tuned for

maximum gain at I GHz and no attemp t was  made to optimize the noise

figure by varying eithe r the tuning cur bias point of the device .

4.2.2 Large Signal Measurements

l)evices from three wafers have ‘reduced significant powe r - it

1 [lIz or h i ghe r .  ‘l ine power  c a p a b i l i ty  n t  a 1 . 3  cm p c r i p her~ dev ice ,

(t2 8_ 3_ 39 , is sh own in F i g .  16 . O p e r a t i n g  C l as s  All i t  1 Clix , t h i s  device

showed a l i n e a r  ga in  of 6 . 2  dB and an output powe r of 2.8 W at 1 dii ( or -

pression (5.2 dB rain) . Tire dra in e fficienc y ci t tin s device was 31; ut

t ine  2 .8 W p o i n t  and t ire  ~n a tce r— added L ’ f f j  c i e n n c v  wc t s  2 1 % .  These r e s u]  t s

r e p r e s e n t  a s u b s tan t i a l  i m p r o v e m e n t  ov e r  tine 2 W a t  0 . 5  [Hz and dli

gain which was obtained with t i r e  ‘n - s t  M a r k  l i i  dcv i  cc- .

The powe r c h a ra c t e r i s t i cs  n u t  a 1.75  cnn M i r k  V dev ice  cit 1 .5b [Hz

are shown in Fig. 17. T h i s  d e v i c e  was operat -d i l a s s  Al l so ti n e g a i n

r ises  as tire i n p u t  powe r is inc  rea- , c h  and  ne i k s  a t  m lmas t  6 dli . A t  t h e

1 dli c o m p r e s s i o n  p o i n t  (5 dii m m ) ,  tHu ‘ u n t l ’ u i t  ‘‘s -m r  is .1 1 , t h e  drain

e f f i c i ency  is -~n R , and thin’ 
~~~ 

r - -  d i d  ci I i n - j , - n c v  i s 3 . 2 .  ‘l i i i  is dcv i c e

ope r a t e d  a h a l  f — c c  t ave  h i g h er  i n n  I r e n u s - i l  V H ni t i n t ’ l ’ n - s t  M u r k  I V d c v i n  c - -

and had a 10% i i i  gine r p aw n - r —a dde d i f  I c  i en~ V .  Tine ~‘ . n i n  a t  2 [lIz i , i

approximatel y 4 dli . ‘l’Iie magnitude i t h i n  p ’no n ‘ r ’ n h u n ~~ed , h i ’wn vi ’r , w I n-

mc ) h i gher  t han  t h a t  of  t i n e ’  I .  3 cr1 d c v h c n -  . l i i i —  r a n  be ‘‘x i’ L r i n e d  b y .m

d e f i c i e n c y  in t i r e  dop ing  ‘ r i  i i i  a t  t h i n  w a t e r  wh i ch , w h i t  1 -  n o t  i t  ¶ e ’ c t i n ~. c

the  t requency r n’ ~p .uni ~ e , l i m i t  J t i r e ’  d r , r  inn  i n n ,  ikd ’wnn v i i i  t , m , n -  I n  l u - - s  h u n

2() V i ) 1 t S .
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Th e- pu ’s-er a ‘ r b  i i i  t v  c’ 1 a m acm a  I ‘-H r k  \ d e v i c e -  is  sh u ’icni 1w

t i n t -  1. 5 [lI z ‘c, se ’r  c u r v e  t a r  VM tH i’ / / 3 3 — ~—~- i nn  Fig. 18. Tine powe r at I dul

comp r e s s i o n  i5 5.~ wa tts with a dr r in i u t  I i e i e n c v  , i f  - m l ’ . I’his is t ine

i l i g li e s t  l owe r vet achieved by a mi crea-: ,ive silicon ~~~i5  powe r t r a n s i s t o r

cr 1 th is t r e q u n n ’ n i u v .  l i m e g a i n  of t i r e  device w a s  un fnn r t un cn t el y ‘ow and

t i l e  device i s  nt ome - s u i t a b l e  t a r o p e r c n t i i o n  I - c i t ’s 1 . 5  [l i z .

Tine re 1 at  i ye lv  coins t rn n t i n p u t  r i n d  o u t p u t  capa~’ i t ances  and

con s t a n it  t r .r n s c o n d u c  t ance ’  of  \ ‘M i ) H T  d c v i  ce-s s h o u l d  r e s u l t  inn lowe r d i s —

t o r t i o n  than  in  ot iner microwave trans is tars. , I , s ’ o—t  on e i n t e r m n d u L r t  i o u

d i s t o r t i o n  m easurenn en t s  were -  p e r t  arme d on a numbe r of ~1 . i r k  I V  d e v i c e s

( o p e r a t i ng  u n d e r  tH- c o n d i t  i o n s )  I n - i n  w a f e r  p 2 8 — 3  a t  I [liz. Tine t e ’-t

o ig in a  is  we’ r u  s e ’ .i r u L d  I M h l c ’  ‘ i r t anal aunt ’ I i f i’d b~v cr [‘l  t o t i n e ’  r a n i e r  i r e - I

i n p u t  powe r leve l . l i m e - TWT o u t p n m t  m i d  t i m e  \ M ’  i’- I out pint ci re - ‘bse rve -d an

cm sp e e t r n u m  a n a l y z er .  F t  n’u r n  t 9  s h n L n w s  t i -  t i n  i r d  - ‘r de ’r i u t e ’ r n m ’ d n n l a t j n n n

p r o d u c t  ( [ M I ) in dl i  b e l o w  1’
u ’ c m t  

p l a t t e d  , m [ . m i i i  - t  n I t ’ V i c ’ e’ o u t p u t  pawe n-

in  dE im .  At  t ine  1 dli c o m p r e ss i - . : 1  p a i n t , t h e  i M P  l eve l i s  24 .5 dli below

t i ne  f u n d a m en t a  1 . Tin is  I ~ti’  is lowe-  r t l i - r n  n .  ‘ - ‘
~~ 

t n - n i  v i i  neo r in i p o l a r

o r June t i o n — p c i  te  f i e l d — c  I n - c  t t r - I n s  S t  ‘ u - , -

‘n. 3 Discuss ion o f  \‘NO t-Pt Re-s ni l Is

i’hese I’ a , e - r , I n t c  runodu icr  t i ann , and Ito I se’ r e -c  a l t o  ( i r e ’ i l l vu ’  rv

p r o m i s i n g .  ‘rhe real  i z at  ion of 3 1 a SW dcv cuz s wi t i n  - u  s i  u p  i n -  ct - l i  r im i t

at 1 .5 [lIz shows a si p h i  f i n . i f l t  imp n -v i nce nt inn t i  t i n  pu s- n- r m o d  t cc ’ c i i  -

c c n p a b i l  I t v  a t  t i nes u ’ devi~ n o .  i’he i u . j ’r o\e - t’i - I t  n c~ ~ h 1 n ire ’ (l ine ’nn cV rn ’- c ’,’n- .e-

a t tire’ \ M i )  - t r u i n s  n S t  ‘rs  1 ia  n o t  p n~~ ’ rn - - - - , .15 t I  P I cu e’ n ’r n o  I m r . i  -t Sn  n n i i

extt’ ct ed , Iu n ’ s- n ’ver. In t in i~~ s e t  ion  t i n e  ‘~ ‘ ~~j b l n ’ m o d  p u o l ’ . m b i n - ci a - ce ’- ’ n t

t ire p r a b l e - i n c  i r e -  r c - c c n t n ’ d  t o g c t } u n ’r  w i t h  - . n u - c i ’ l i n t  l i n u s .
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au i ’ n uu u rv i t i r e ’ i niport an n ~ n -  I -ct r i c m l  n o d  niue ’c i i c m n  i e , m  I i h a  n - _ i c  t e r —

i st  i r s  c u t  — e v e - i l  VMI )H1 r e ins  is  shown i n  m l ’  I c  I I .  \ I  I t i n e ’ r a i l  - i n ’  M i t  c

( 1 . 7 2  cm) devices  e x c e p t  Run / 12 8_ 3 t a r  w t m i i ’ h  ti m - f i gu ir ’ -s in e r r e - n i l n e s t ’s

i n d i c a t e  t he  app  ropri c it n: parameter val ue-s when sn c m led up f i n  1 . 3 c m t o

1 . 7 2  cm. The f i r s t  f o u r  column s show t ine  l o w  I r e -j u e n c v  m e a s u r e d  v c m l c m t —

o f c a p a c i t a n c e -  and t r a n s c o n d u c tan c e  . ‘l i ne ’  n~ - x t  1 i ve’ c u i l u m n s  g i v e  t i n e ’

f a b r i c a t i o n  d i m e n s i o n s  and the 1 ;ms t  co lumn give s t i n e  me- ins ur e - ni f of
m c i ’ .

t ire d e v i c e  . The f a b r i c a t i o n  dinn ens ion s I r e  l a b e l e d  e n n n  t i n e  d r a w l  n~
- i n n

F ig .  20 . The co lumn W r ep re sent s  t h i n  w i d t i n  a t i e  n or 1 igi nt lv nl a t ’ e P

J r m i n n  r eg ion  measured  f r o m  time ’ p— n j u n e-t  un in t ’ rface’ to  whe rn- t i m  fl

dopin g e x c e e d s  2 x 1( 3 1)  
cnn ~~. l i n e -  n - t itian “ i e i~,’ n ’ ’ j n d i c u t n - a t l i m t

th e- d o p i n g  of t i n e ’  n r e g i o n  eXc e ed S p 11) 1)  
cm and t H i n  r e - s u i t  i n c

d e v i c e ’ h ad  cm poo r o u t p u t  c a p a c i t a n c e  de ’p i e - t i o ~ u ’ H , m r , m c t e - n i  c t  h r  as d r m  i n

to s o u n  r ae - v o l t  ape - was j n i c r ’ -c e- - e u d .  ‘l i n e  t e r m s  “ p l u - -  h m d  •~ W i  d t h ’ ’

indiu- a tu ’ the’ d e p t  o t  t H e  p—n j u n c t i o n  b~. I n e ~’ t h u e  t ap  a t  t i n e -  d rc m i n

c o n t a c t  and tini’ w i n i n h n  of  t i r e  p m - i n c m n n n m e - 1  , r e - o p t - c t  i vul \’ . l i i i ’  m a g ic’ - ‘  i s

liii’ m n g i n en t t i n e ’  e l  c m l i  i z a t  ion e v i l s ’  r u  j o i n  and 51 it H h  dt h n ” i I c  cm ‘ut - n . - ‘ii

a t  t I n n ’ ape n i ng  b e t  we e - n i t i n e  a x i  di- av e  rh a nn g-

u ’  - c m l i  fl a t  j u n  ot t h I -; c-har t ni- - n ’ cr i s th in - c -c’ u - r u e  l~ i t i in n s

be tween -n  t i n e ’ me - n n s u i r u ’ n i  - , u p ; m u - t t cn n n c e ’s  r in d t i n e ’  I n i b r i  i ’ ,i t i n  d u i u n - i i - - i n n s .  l i m e -

i r o t  re - i  a t  l ain com et ’ r u n - - t ine  - u i  t h a i  t a ap ie  i t  an n e ’ , , and t i n  - w l i l t  h n~

t ine ’ n r e g i o n .  Tin i s  is g i ven  by

t :
i 

tar n~~ I - -: nj

wine ’ r -  A h i s  tile ’ out put i c t i  VI’ ire -a o f  I i n -  e-’~ - t i n y h e n ’ m i d  W — I — - t ‘n
0

vi  d t Ii i t  t Ir e’ n — c i -  p h i  ni . I n n  t a u- - ~ 4 - i  —2 111, 1  c’ (-~ — , , i, , -  Si~ u - t i m t I ’ m , 1 n a n  - - i - - u -
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of W — f rom 1 . 1 3 urn t o  1 . (nP im d c - c r e ases t ine ’ o u t p u t  c c m l u a e ’ i t ance  by da u n t
n

5 pF .  ‘l ’hr is i s  ye rv t ie- a n y  t ime p r o p n u  r t  l a n a i  d e e r e - c i s c -  e - pc ’ t e d .  l’~’ con-

t ro l Cd i t i n e  re- f o r e , t i m e  n ep i tax i c r !  w i d t h  mus t be i n c  re m s e d  to  a b o u t

2 . 5  tim which drops C
d 

to about ~ 1) 1-’ . Th i s  va lue  i m p r o v e s  the d u - v i c e -

frequency performance as i n d i c a t e d  in tine pred jcte-d Mark \‘ I re-~uencv —

gain curves of F i g .  2 1 .

A second c o r r e l a t i o n  involves the  can t ro l of t i n e  f e ’ e n .I l ’ a c k

c a p a c i t a nce by the  w i d t h  of the oxide s l i t  t l n r c u n n g i u w im ich the -  d c v i  Ce is

m e t a l l i z e d .  Tine s l i t  w i d t i n  is p l o t t e d  a g a i n s t  C in i i  p .  22 .
n- c

f i gure shows t h a t  an e m p e r i c al  r e d u c t i o n  n slit width decre ase s t h e

feedback c a p a c i t a n c e . ‘[‘his i n d i c a t e s  t h a ’  some n u t  t i n e ’  ‘ ; m t e  m e t a l  i s

depos i ted r ive r t ine -  n r e g i o n  and ‘ont nihute ’ s t i e  C
1
. R e d u in in 4 t h e -  s l i t

w i d t i n  t h u s  reduces  t h i s  o v e r l a p . t n t  e r t u n a t e l  nc , t i n e ’ o l i t  w i d t i n  c anno t  he ’

made a r b i t r a r i ly sn u a l  I is I n t e  t h i s  n’s i n l to inn :r d rop  in  g ,  mo n e - f l  I f l

Run ~ 32—3 , due to m n  uncovered por t  ion of tile cli  ann e - i  n e x t  t e n  tine’ - i nn c

which is no t  inverted. Tine value of C has  n o t  b e- en a p r n ’l ’lt -n in n u-’ ’~t ‘1 - , r I - -gd

runs w i t h  n a r row  s l i t  w i d t h s and a va lue  nc  f C = 3 .  5 a i- , c m - - u — c - I in n t I n t ’  - u  —

12 ci

je’cted p e ’ r f u ’ r n u m u i - e - curve-s of Fi g. 21 , is a u t  i s t  u - el  in  r s n s t  : m s t s

Fine t in i rd and nk)st i m p o r t a n t  re ’I u t ion - - ‘ n ’ -~ -r n s  t h i e  p depth in ch

t h e  :n p u t  c a p a c i t ; m n n c e , C , of  tine ’ t i e ’ v i e ’e’’ - . F i  - ‘ ‘ n c -  2 1  o l i n ’ s —  t i l t  In nc -c
[5

w i t h  deeper  p de ’p t l n s  have h i g in e r i n p u t  - n l nc m, - l t ; In , i’S .  I t  t h i n  p a t e ’  t ’ -n - t , m l  I i - - -

ove r t I n e ’ ci nann e  I al one , t h e n  t i n e  i n p u n t  u - m c u e  I t  . u l u c e  s l u - ’  u i l d  r u - I  ;mt  u - t h i n

channel s ’ i i t h  o r  t h e  s l i t  w i d t h  bu t  n n t c t  t a  t h i n -  p , b n - p t i i .  h i - xp i . m in , r t l e t

I e r  t he  obse rv u ’d cle ’p c n d e n n c e  on p de-1c th  i s  t i n  u t  t i n e ’  ~‘ m  i i  - m e t  u i  i n n  p h - i

i s  n i ’  I con t i ned  t t li e ’ r i g  ion on t h e ’  - - n - ‘~ ,u is j c l i  u s  n i t  i t  t n  - I he s i n - p i n  - 

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



Param eter Value Optimum Fr~quency ~-Gai r~ Ch~ra~ter istics
C - PF 6 of 1.75c m VMOS -Tran sistor -

Cs ’
C A PF 3.5GD 2 0 -  U -

C DS $ PF 6
C +PF 2
RG~

Q 1. 1 ~ 15 - - 1. 5 ~~~.

R~~ Q 75
I-) 10 — 

_ _ _  
1 0 t ~R~ pi Q 0.2 

-

RDP IQ  0.1 K
L NH 0.2 

— MAC - 0.5
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g e o m e t r i c  e’ xt r apo l a t !  on , hu t  c mc t u r m l i v  cuSt t u ‘v i  r c t - i r l v  t i m e  ~‘hei le P t  ~ c m

side f ram nea r  t i m e  top  a f t i ne sc . u rce ’ clown p a s t  the p—n j u n c t i o n  and

overl cm i’ s some of tin e ’ n r eg ion  d u r i n g  e’v ; n p e u r , u t  i a n . Since’ nine i c - i t t -  - c e - t a l

l y ing ave r e’ i tine r the source (~ +) en r chn rmnn ne 1 r ig i nns won ld c ant ribut i’ t -

i n p u t  capac 1. Lance , t i n i s w e n u l d  r e -i  c u t e ’ ( ‘ - t o  time d e p t h  o f  the p— n un e - t  i ‘in
[S

f ro m t he  top of t ine n-mc scm . l ime ’  g c m t e  cs.’ t m m i o v e r l a p  c u t  t h e -  n reg ion h as

a l r e a d y bc - c -ni  cmsc e r t  n m i n i e d  f r o m  Lime  c o  r re ’ I cu t  i o n  cut C 
d 

m d  s l i t  u~’ i d t i n

‘l ime d e p o s i t i o n  of  Acm a t  l a r g e  e l i s t c m n e - e s  w i t h u i i  maske ’d r eg i ’ne ~

during vcme -uum i- v ;m l ie u rcmt ion inns a iso r - c e - n t  I nc he’e’nn e b au- n n c n - n i by  R o s s au n i -

e t a l.  These ann t i na  rs h ave s emg gc sl ed ;n nc ’ m p e ’  r — n I  i t I u m s  i o n  t v pt o f  m e - e l i —

anism fu ’i~ tin e’ lateral t ransport ,mt ion n u t  A u i n n  t i m e -  e c ’ c r e - u m i t i ’ ei rn - :  i o n  be-

tween the mask i, in t i m e  c isc’ of \M 5 I de \ ‘ i ce ’ s , t Ine ’ O X  i d e ’ e ’vu r l u ang)  m l

subist r m t e  during v a p o r  dep o sit i o n  cn n - i to  t i r e  u n s l u i t ’ l  ded s u i t - s t  r u t t  .

sequent conden srmt i ’ m  whne ’i i  Hupc r it Ur n mt i t in  rn -e l i i  rn ’r - ,t’m n ts mn - c’ pit -I re-sem i t s

i n A n n  c r v s t n i l i t u ’  t u r r : i m t i o n  s-e l i  w j t h u i n  Line- s h j 1 l , h ~- d r t a ’ i c ’ n n  of  t i n e  s e n t ’—

strate - - The ’ ir e-xp c- r i u i e ’ n i t c m l e i n t t , m  a l o e  r u l e s  n n u m t  ~c l l m c r  Ine ss ih ! e  m e - c h i n a  iSu ’ .c—

s m m e ’ l n  m ; ’ ~ m i r t , m c - e ’ m i g r , m t  j u n 1 1  ncr mu lt i p le re -t ie - c t !e ’t i  ~ ‘ - t c , , - , n  t’,c u ’ -k and s u b —

Si rate ’ . ‘lim e - l’ u n nt t r n  t ion d I.5 t ; m n n c e ’  I -, cmi i s , ’  a f n n n n c  t 1 i n n  n i t  t i m e  c m i  I c

‘ n t  a n n - n i  t imi -  e V m l i u i r i t e d  c u - L u  s i r e - m is aind t l m i -  ‘u c i o l ’  p I m i l e  - i n  ‘, M - ° — 

d c v i i i ’ s  we h i m v e ’  ~i c ’ i n i d  a I it — ge -c  ‘ i nl e t r a t  h a n  d i s t  c u t u n u ’ si t hu  i k ’ c n ’  i l - ’ n i  u n t i l -

i i  I c - v - u ~~~ - m 1. in Sn

Work I’c mntteie ’n nc~- mnc te n re-dun e’ t ! ii  ci i I t  a o l - n  i ‘ci  }u ,m nn i sm by loa n -n ~

ing t i m e  e’V n j u o r m t  join rate ’ anti d ec r e m ’  i ng  tine ’ \ ‘ m p e n n  e t n n t c t ’iti r rt i ’ ’nn u l n n i l ic-t n t

I re- i lnu nrmrv re-s uits obt ai ne d in d u c :u nc - \ ‘Mu ) S F t nc’ pe ’  n i u ’ n , i e ’ u ’s I i i ’, - s i r e n s - n i  u

eli-cr ea se by 30’~ a t  [ml e ’ i n p m e - It - m i c e  W i  t i n  u ’ v n m j n r m t  m e n u  n i l e -  F n , t i l n  I ha m t n ’ - r - ,

30 A - - t o  3 ~e S . l b  i i  [n i l i i i  ru - c u l t  is n ’ n i c e n n l  n m i i i , m m d  wun ri - I ’  (- ‘ t n—

I i n u i n g  ieJ t Hid t I m  e n j ~ t inn unnn d u - i n en s i t  i e n i n  e ‘n it i n n n n c I - -n V P  I ele ’VjceS -



In summ a ry , t ine  on ly  e l e m e n t s  w h i l e - h  den nnot  meet the  values

reqem ired  in Fi g. 2 1  a r,,t C and C - I can he reduce- el by growlin g cm
ds gs (IS

th icke r n~ region as discussed previous l y, b ut the ex c e s s  C due 1 ’  cm

wider gate is more fundamental and thus n icu re’ difficult to sOlve’. One

p o s s i b l e  s o lu r  ion is to r e-desi gn t i m e - \ ‘M i P-; ’I ~ e m ’ p m e t  r i t i e  i nc re m se t h e

e’vapa r a t i o n  ang le- P and reduce ’ t h u e elepas i t  ion r ,u t c . 
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5. CONCLUS ION

The work per formed dur ing  th i s  period has e s t a b l i s lm e d  t h a t

si gnificant  rf  power (up to 5W ) can be obtained from silicon >IOS

tra nsistor devices of large gate peripheries. The usable frequency

range for power operation , however , is below 2 GH z .  Th is is a s i g n i f i c a n t

improvement over other MOS devices , but is still lower than ti ne pr e dicted

frequency capabi l i ty  of time d e c v i e : e .

The problems tha t  had to be so lved  at t Ine  b e g i n n i n g  of t h i s

phas e of the program imave almos t all been solved. Tine one r em a i n i n g

proble m , that of e’xe:e’ss gate—source capacitance , is pr i ucn ri lnc’ responsible

for time observe d frequency degradation , and may be’ more fundamental t ha n

ori g ina l l y  envisaged. Nt -ve ’r t he i es s , work has already begun on a c e c i L -

si gning of tine b - i s VMOST geon netrv t o  reduce this Pcircl s it ic.

The y i e l d  at  t i m e  VMOST fnbr i ccmt ion proece ss is still hi gh ( 5O’~)

even for time large peri p hery 1.72 cm Mark V cliv ie : e’ . 

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



6. RECO~~1ENDATION S FOR Ft’TURE WORK

We recommend f o r  f u t u r e  s tudy  a p rog ram t o  e x t e n d  t i r e ’ i n t r i n s i c

f req u e n cy  of t ime  VMO ST device  t e n !~ [liz hi’ f~~n~~~Uis~~ l u n g  on t i m e  f o l  l owing

problems:

(a) G a t e — S o u r c e -  ~~~~ ac i t a n c e  —— a re de s i gn of t ine  \ ‘MOST s t r u c t u r e

must be ca r r ied  out to increase’  t h e !  g a t e  e v a p o r a t i o n  ang le e.

(b) Gate—Drain  Feedback Capaci tance  — —  f u r t h er r e d u c t i o n  of [ l i e - —

drai n feedb ack can be achieved b y go ing  to an i n v e r t e d  (source down)

geomet rv .

An inverted S/MOST geometry wide-h will satisfy t lme ’c-u e two re ’—

quirements has been prop osed and submitted for c o n u s i c l e r a t  ion  (P e s t  i n ig inouse

Proposal 5M589 , Augus t  1975) .
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