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©  Method  of  manufacturing  thin  film  transistors. 

©  A  method  of  manufacture  of  thin  film,  field-effect 
transistors  formed  on  a  transparent  substrate  (2)  and 
with  transparent,  conductive  source  and  drain  elec- 
trodes  (S,D),  uses  initially  deposited  gate  electrodes 
(G1)  as  a  mask  in  association  with  photolithographic 
processing  using  radiation  (UV)  transmitted  through 
the  substrate  (2)  and  electrodes  to  minimise  parasitic 

|  capacitance  between  the  gate  and  source  and  drain 
1  electrodes. 
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SEMICONDUCTOR  DEVICES 

This  invention  relates  to  semiconductor  devices 
and  methods  of  manufacture  thereof.  In  particular, 
it  is  concerned  with  the  fabrication  of  thin  film 
transistors  having  a  pair  of  gate  electrodes  dis- 
posed  about  a  channel  region. 

In  the  fabrication  of  semiconductor  devices,  it 
is  usual  to  produce  an  array  of  devices  on  a 
substrate,  which  may  be  composed  of  the  semi- 
conductor  itself  or  may  be  an  insulating  support  for 
active  materials  which  are  deposited  as  thin  films 
on  the  surface  of  the  substrate.  Active  devices 
comprise  a  plurality  of  regions  having  different  con- 
ducting  properties  to  which  conductive  electrodes 
are  applied. 

Hitherto,  it  has  been  customary  to  employ 
photolithographic  methods  to  define  the  electrodes 
and/or  the  active  areas  of  the  devices.  Difficulties 
arise  because,  either  due  to  misalignment  of  suc- 
cessive  masks,  or  to  variations  in  dimensional  toler- 
ance  of  successive  masks,  overlap  of  electrodes 
occurs.  Because  of  the  conductive  nature  of  the 
electrodes,  a  parasitic  capacitance  will  exist  be- 
tween  them  and  this  will,  in  general  have  the  effect 
of  degrading  the  performance  of  the  semiconductor 
device.  It  is  therefore  an  object  of  this  invention  to 
present  a  method  of  manufacture  of  semiconductor 
devices  having  reduced  parasitic  capacitance. 

According  to  one  aspect  of  the  present  inven- 
tion  there  is  provided  a  method  of  manufacture  of 
semiconductor  devices  comprising  the  steps  of  de- 
positing  on  the  surface  of  a  transparent  insulating 
substrate  a  first  layer  of  conductive  material  adapt- 
ed  to  form  a  first  plurality  of  gate  electrodes,  de- 
positing  over  said  first  layer  of  conductive  material, 
a  first  layer  of  transparent  insulating  material,  for- 
ming  on  the  exposed  surface  of  said  first  layer  of 
insulating  material  a  plurality  of  pairs  of  conductive 
contacts  having  gaps  therebetween  defined  by 
photolithography  involving  exposure  to  radiation 
through  said  transparent  insulation  substrate  using 
said  first  plurality  of  gate  electrodes  as  a  mask, 
depositing  a  layer  of  semiconductive  material  to 
form  a  semiconductive  path  between  said  pairs  of 
conductive  contacts. 

According  to  a  further  aspect  of  the  present 
invention  there  is  provided  a  method  of  manufac- 
ture  of  semiconductor  devices  comprising  the 
steps  of  depositing  on  the  surface  of  a  transparent 
insulating  substrate  a  first  layer  of  conductive  ma- 
terial  adapted  to  form  a  first  plurality  of  gate  elec- 
trodes,  depositing  over  said  first  layer  of  conduc- 
tive  material,  a  first  layer  of  transparent  insulating 
material,  forming  on  the  exposed  surface  of  said 
first  layer  of  insulating  material  a  plurality  of  pairs 

of  conductive  contacts  having  gaps  therebetween 
defined  by  photolithography  involving  exposure  to 
radiation  through  said  transparent  insulation  sub- 
strate  using  said  first  plurality  of  gate  electrodes  as 

5  a  mask,  depositing  a  layer  of  semiconductive  ma- 
terial  to  form  a  semiconductive  path  between  said 
pairs  of  conductiye  contacts,  further  depositing 
over  said  layer  of  semiconductive  material  and  said 
conductive  contacts  a  second  layer  of  transparent 

70  insulating  material,  and  depositing  on  said  second 
layer  of  transparent  insulating  material  a  second 
plurality  of  gate  electrodes  having  an  area  defined 
by  photolithography  involving  exposure  to  radiation 
through  said  transparent  insulation  substrate  using 

75  said  first  plurality  of  gate  electrodes  as  a  mask. 
The  layer  of  semiconductive  material  may  be 

deposited  either  before  or  after  the  conductive  con- 
tacts. 

There  is  also  provided  a  field-effect  device 
20  comprising  a  channel  region  of  semiconductor  ma- 

terial  having  a  pair  of  transparent  conductive  con- 
tacts  thereto  and  a  pair  of  gate  electrodes  posi- 
tioned  on  opposite  sides  of  said  channel  region 
each  of  said  gate  electrodes  being  insulated  there- 

25  from  by  a  layer  of  insulating  material  wherein  the 
edge  adjoining  said  channel  region  of  each  of  said 
electrodes  is  substantially  coplanar  with  the  cor- 
responding  edges  of  said  gate  electrodes. 

An  embodiment  of  the  invention  will  now  be 
30  particularly  described  with  reference  to  the  accom- 

panying  drawings  in  which:- 
Figure  1a  to  j  shows  schematically  a  series 

of  steps  in  the  fabrication  of  devices, 
Figure  2  is  a  diagrammatic  cross-section  of 

35  a  double-gate  thin  film  transistor  in  accordance  with 
the  invention. 

Referring  now  to  the  drawings,  a  layer  of  chro- 
mium  1  is  deposited  in  vacuo  on  to  a  transparent 

40  glass  substrate  2.  A  layer  of  photoresist  3  is  spun 
on  to  the  chromium  and  exposed  to  ultra-violet 
radiation  UV  through  a  mask  M1.  The  resist  is 
developed  and  the  chromium  selectively  etched 
leaving  an  array  of  gate  electrodes  G1.  (Figure  1b) 

45  An  insulating  layer  of  silicon  dioxide  4  followed  by 
a  layer  of  a  transparent,  conductive  material  such 
as  indium/tin  oxide  5  is  then  deposited  on  to  the 
substrate.  This  is  then  covered  with  a  further  layer 
of  photoresist  7  which  is  exposed  to  ultra-violet 

so  radiation  through  the  substrate  such  that  on  devel- 
opment  the  photoresist  is  removed  over  the  area  of 
the  opaque  gate  electrodes.  The  exposed  conduc- 
tive  area  is  etched.  (Figure  1c)  To  define  the  actual 
area  of  contact  between  the  semiconductor  and  the 
transparent  conductor  the  substrate  is  coated  with 
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photoresist  exposed  through  a  suitable  mask  M2 
from  the  front  of  the  substrate  developed  and 
3tched.  This  mask  does  not  have  to  be  accurately 
located  as  the  critical  source-drain  gap  has  already 
been  define'd.  (Figure  1e) 

The  substrate  is  then  heat-treated  in  a 
hydrogen-nitrogen  ambient  to  render  the  indium/tin 
Dxide  layer  highly  conductive. 

A  layer  of  cadmium  selenide  9  and  a  further 
layer  of  photoresist  10  is  deposited  on  to  the 
Insulator  4  and  the  defined  contacts  5  on  the  sub- 
strate  2.  This  photoresist  is  exposed  to  ultra-violet 
radiation  UV  through  another  non-critical  mask  M3. 
(Figure  1f)  After  development,  the  cadmium 
selenide  layer  is  etched  to  form  channel  regions  C. 
(Figure  1g)  A  second  insulating  layer  of  silicon 
dioxide  12  and  yet  another  layer  of  photoresist  13 
are  deposited  and  exposed  to  ultra-violet  radiation 
UV  through  the  substrate. 

Both  the  cadmium  selenide  and&the  indium/tin 
oxide  layers  are  transparent  to  ultra-violet  radiation, 
but  the  first  gate  array  acts  as  mask,  so  that  when 
the  resist  is  developed,  windows  corresponding 
exactly  to  the  pattern  of  the  first  gate  array  are 
formed.  A  layer  14  of  nickel  is  then  deposited  and 
the  remaining  photoresist  removed  leaving  a  sec- 
ond  gate  array  G2  of  exactly  the  same  dimensions 
as  those  of  the  first  gate  array  G1.  (Figure  1j) 

It  will  be  apparent  to  those  skilled  in  the  art  that 
various  modifications  may  be  made  without  depart- 
ing  from  the  ambit  of  the  invention.  For  example, 
the  method  of  exposure  of  photoresist  through  the 
transparent  substrate  using  the  opaque  patterns 
deposited  thereon  as  a  mask  to  achieve  precise 
alignment  and  minimum  parasitic  capacitance  may 
be  used  to  produce  devices  with  only  one  gate 
electrode.  The  second  gate  electrode  need  not 
have  any  electrical  effect  and  may  serve  simply  for 
optical  screening  of  the  photosensitive  channel  re- 
gion.  The  semiconductor  material  used  for  the  de- 
vice  is  preferably  a  ll-VI  compound,  but  other  ma- 
terials  suitable  for  thin  film  transistor  fabrication 
may  be  used.  Other  materials  may  be  used  for  the 
electrodes. 

Claims 

1.  A  method  of  manufacture  of  semiconductor 
devices  comprising  the  steps  of.  depositing  on  the 
surface  of  a  transparent  insulating  substrate  a  first 
layer  of  conductive  material  adapted  to  form  a  first 
plurality  of  gate  electrodes,  depositing  over  said 
first  layer  of  conductive  material,  a  first  layer  of 
transparent  insulating  material,  forming  on  the  ex- 
posed  surface  of  said  first  layer  of  insulating  ma- 
terial  a  plurality  of  pairs  of  conductive  contacts 
having  gaps  therebetween  characterised  in  that 

said  gaps  are  defined  by  photolitnograpny  involving 
exposure  to  radiation  through  said  transparent  in- 
sulation  substrate  using  said  first  plurality  of  gate 
electrodes  as  a  mask,  depositing  a  layer  of  semi- 

5  conductive  material  to  form  a  semiconductive  path 
between  said  pairs  of  conductive  contacts. 

2.  A  method  of  manufacture  of  semiconductor 
devices  comprising  the  steps  of  depositing  on  the 
surface  of  a  transparent  insulating  substrate  a  first 

w  layer  of  conductive  material  adapted  to  form  a  first 
plurality  of  gate  electrodes,  depositing  over  said 
first  layer  of  conductive  material,  a  first  layer  of 
transparent  insulating  material,  forming  on  the  ex- 
posed  surface  of  said  first  layer  of  insulating  ma- 

rs  terial  a  plurality  of  pairs  of  conductive  contacts 
having  gaps  therebetween  characterised  in  that 
said'  gaps  are  defined  by  photolithography  involving 
exposure  to  radiation  through  said  transparent  in- 
sulation  substrate  using  said  first  plurality  of  gate 

so  electrodes  as  a  mask,  depositing  a  layer  of  semi- 
conductive  material  to  form  a  semiconductive  path 
between  said  pairs  of  conductive  contacts,  further 
depositing  over  said  layer  of  semiconductive  ma- 
terial  and  said  conductive  contacts  a  second  layer 

25  of  transparent  insulating  material,  and  depositing 
on  said  second  layer  of  transparent  insulating  ma- 
terial  a  second  plurality  of  gate  electrodes  having 
an  area  defined  by  photolithography  involving  ex- 
posure  to  radiation  through  said  transparent  insula- 

30  tion  substrate  using  said  first  plurality  of  gate  elec- 
trodes  as  a  mask. 

3.  A  method  of  manufacture  of  semiconductor 
devices  as  claimed  in  either  claim  1  or  claim  2 
characterised  in  that  it  includes  the  further  step  of 

35  heat-treating  the  substrate  to  render  the  material  of 
said  pairs  of  electrodes  conductive. 

4.  A  field-effect  device  comprising  a  channel 
region  of  semiconductor  material  having  a  pair  of 
transparent  conductive  contacts  thereto  and  a  pair 

40  of  gate  electrodes  positioned  on  opposite  sides  of 
said  channel  region  each  of  said  gate  electrodes 
being  insulated  therefrom  by  a  layer  of  insulating 
material  characterised  in  that  the  edge  adjoining 
said  channel  region  (C)  of  each  of  said  electrodes 

45  (S,D)  is  substantially  coplanar  with  the  correspond- 
ing  edges  of  said  gate  electrodes  (G1  ,G2). 

5/  A  field-effect  transistor  as  claimed  in  claim  4 
characterised  in  that  the  semiconductor  material  is 
a  ll-VI  compound. 

so  6.  A  field-effect  transistor  as  claimed  in  claim  5 
characterised  in  that  the  semiconductor  material  is 
a  cadmium  selenide. 

7.  A  field-effect  transistor  as  claimed  in  any 
one  of  the  preceding  claims  4  to  6  characterised  in 

55  that  said  transparent  conductive  contacts  are  of 
indium/tin  oxide. 
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8.  A  field-effect  transistor  characterised  in  that 
it  is  made  by  a  method  as  claimed  in  any  one  of 
claims  1  to  3 
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