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(54)  Semiconductor  device. 

(57)  A  P-type  electrode  structure  is  provided  for  a 
Group  ll-VI  semiconductor  device  having  a  P- 
type  Group  ll-VI  semiconductor  layer 
(101  ;201  ;301)  consisting  of  or  containing  Zn 
and  Se  and  an  ohmic  metal  electrode 
(104  ;204  ;310).  To  reduce  the  resistance  of  the 
device  between  the  semiconductor  layer 
(101,201,301)  and  the  electrode  (104,204,310) 
there  is  at  least  one  intermediate  layer 
(102;202,203;311,312)  of  a  Group  ll-VI  com- 
pound  containing  a  Group  II  element  other  than 
Zn,  for  example  Hg. 
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The  present  invention  relates  to  a  semiconductor 
device,  and  in  particular  to  a  Group  ll-VI  semiconduc- 
tor  device  having  a  P-type  ohmic  electrode  structure. 

Recently,  blue  light  emitting  diodes  (LEDs)  or 
blue  laser  diodes  (LDs)  have  become  available,  using 
a  plural  component  Group  ll-VI  semiconductor  which 
is  higher  than  ternary  and  which  contains  zinc  and  se- 
lenium.  In  particular,  with  the  use  of  a  P-N  junction 
which  is  formed  by  using  nitrogen  (N)  as  a  P-type  do- 
pant,  suitable  light  emission  can  be  obtained. 

However,  there  are  few  metals  suitable  for  a  P-ty- 
pe  ohmic  electrode  having  a  low  resistance  for  use 
with  P-type  Group  ll-VI  compounds.  Accordingly,  the 
P-layer  side  ohmic  resistances  of  green  to  blue  light 
emitting  diodes  or  semiconductor  lasers  having  P-N 
junctions  are  extremely  high,  and  accordingly,  the 
major  part  of  the  power  injected  into  a  device  such  as 
an  LED  or  LD,  is  consumed  in  the  form  of  heat,  result- 
ing  in  low  efficiency  of  light  emission  with  respect  to 
the  power  injected.  Further,  the  generation  of  heat 
possibly  causes  the  devices  such  as  LEDs  or  LDs  to 
deteriorate,  lowering  the  reliability  of  the  device.  Ac- 
cordingly,  the  formation  of  a  satisfactory  P-type  oh- 
mic  electrode  is  indispensable  for  obtaining  practical- 
ly  usable  devices  such  as  LEDs  or  LDs. 

An  object  of  the  present  invention  is  therefore  to 
provide  a  P-type  ohmic  electrode  having  a  low  electric 
resistance,  for  Group  ll-VI  semiconductor  elements 
containing  P-type  zinc  and  selenium. 

After  much  study,  the  present  inventor  has  found 
that  a  satisfactory  ohmic  electrode  can  be  formed  us- 
ing  Group  II  elements  other  than  zinc  or  Group  ll-VI 
semiconductors  containing,  as  a  constituent  element, 
a  Group  II  element  other  than  zinc. 

The  present  invention  provides  a  Group  ll-VI 
semiconductor  element  characterized  in  that  a  part 
on  a  Group  ll-VI  semiconductor  containing  P-type 
zinc  and  selenium,  on  which  an  ohmic  metal  electrode 
is  formed,  is  formed  of  a  zinc  selenide  Group  ll-VI 
semiconductor  layer  containing  a  Group  II  element 
other  than  zinc,  or  a  thin  film  made  of  a  Group  II  ele- 
ment  other  than  zinc  is  formed  between  the  surface 
of  a  Group  ll-VI  semiconductor  containing  P-type  zinc 
and  selenium,  and  the  ohmic  metal  electrode. 

The  present  invention  also  consists  in  semicon- 
ductor  devices  including  such  a  semiconductor  ele- 
ment. 

The  main  feature  of  the  present  invention  is  the 
provision  of  an  ohmic  electrode  suitable  for  a  Group 
ll-VI  semiconductor.  Accordingly,  the  structure  of  the 
semiconductor  device,  other  than  the  electrode  and 
a  layer  adjacent  to  the  electrode,  can  be  the  same  as 
in  known  semiconductor  devices  such  as  LED,  LD  or 
the  like,  and  is  not  limited. 

The  layer  adjacent  to  the  electrode,  that  is,  the 
layer  on  which  the  electrode  is  formed,  may  be  made 
of  a  Group  ll-VI  compound  in  the  form  of  a  zinc  sele- 
nide  or  zinc  selenide  based  plural  component  P-type 

semiconductor  (which  will  be  hereinbelow  denoted 
simply  "zinc  selenide  layer"  for  the  sake  of  brevity). 
The  zinc  selenide  layer  has  on  it  a  layer  in  which  a 
Group  II  element  other  than  zinc  is  diffused  into  the 

5  Group  ll-VI  compound  semiconductor.  Preferably  the 
density  of  the  Group  II  element  other  than  zinc  grad- 
ually  increases  from  the  zinc  selenide  layerside  to  the 
electrode  side.  The  concentration  of  the  Group  II  ele- 
ment  other  than  zinc  at  the  electrode  side  is  prefer- 

10  ably  higher  than  1%  (%  by  atom),  and  is  more  prefer- 
ably  higher  than  10%,  most  preferably  higher  than 
30%.  Preferably  in  particular,  the  surface  of  the  layer 
on  the  electrode  side  is  substantially  wholly  made  of 
the  Group  II  element  other  than  zinc.  With  this  ar- 

15  rangement,  the  band  gap  gradually  decreases  to- 
wards  the  electrode  and  good  ohmic  contact  with  re- 
spect  to  the  Group  II  element  other  than  zinc  is  es- 
tablished.  Further,  in  a  particularly  preferable  config- 
uration,  the  surface  is  substantially  defined  by  a  layer 

20  containing  a  Group  II  element  otherthan  zinc,  and  ac- 
cordingly  satisfactory  ohmic  contact  with  another 
metal  can  be  attained. 

The  method  of  diffusing  a  Group  II  element  other 
than  zinc  into  zinc  selenide  is  not  limited  to  any  spe- 

25  cific  one,  and  any  suitable  conventional  method  can 
be  used.  Suitable  methods  are  one  in  which  the 
Group  II  element  other  than  zinc  is  diffused  by  heat 
treatment  into  the  zinc  selenide  layer  from  a  layer 
made  of  the  Group  II  element  other  than  zinc  formed 

30  on  the  zinc  selenide  layer,  and  another  in  which  the 
partial  pressure  of  the  Group  II  element  other  than 
zinc  in  gas  is  changed  during  vapour  phase  growth 
(deposition  from  vapour  phase). 

Particularly  preferred  is  the  method  in  which  the 
35  Group  II  element  other  than  zinc  is  diffused  by  heat 

treatment  from  a  layer  thereof  formed  on  the  zinc  se- 
lenide  layer.  With  this  method,  the  structure  in  which 
the  concentration  of  the  Group  II  element  other  than 
zinc  gradually  increases  from  the  zinc  selenide  layer 

40  side  to  the  electrode  side  can  be  readily  obtained.  By 
the  method  in  which  the  partial  pressure  of  the  Group 
II  element  other  than  zinc  in  gas  is  changed  in  vapour 
phase  growth,  the  content  of  the  Group  II  element 
other  than  zinc  in  the  zinc  selenide  is  continuously 

45  changed  so  that  the  density  thereof  can  be  changed 
in  the  form  of  a  linear  function  when  graphically 
shown,  or  the  content  of  the  Group  II  element  other 
than  zinc  in  the  zinc  selenide  is  intermittently 
changed  so  that  the  density  thereof  can  be  varied  in 

so  a  stepped  manner  when  graphically  shown. 
In  another  embodiment,  the  same  effect  of  re- 

duced  resistance  can  be  obtained  by  means  of  a  layer 
of  a  Group  II  element,  for  example  mercury,  between 
the  p-type  semiconductor  containing  Zn  and  Se. 

55  However,  for  example,  mercury  which  can  be 
used  as  the  Group  II  element  other  than  zinc  on  the 
surface  or  as  a  thin  layerand  which  has  a  liquid  phase 
at  room  temperature,  is  readily  evaporated  and  is 
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soon  lost.  This  fact  not  only  causes  problems  in  nor- 
mal  use  but  also  causes  serious  problems  when  using 
heat  treatment  for  diffusing  the  Group  II  element  into 
zinc  selenide.  In  a  method  by  which  the  above  men- 
tioned  problems  can  be  solved,  a  high  melting  point 
metal  layer  having  a  more  or  less  high  mechanical 
strength  is  formed  on  the  layer  containing,  as  a  main 
component,  the  Group  II  element  other  than  zinc,  in 
order  to  restrain  the  Group  II  element  other  than  zinc 
from  evaporating.  Specifically,  metal  having  a  high 
melting  point  of  higher  than  2000°C  such  as  platinum 
or  tungsten  can  be  used  as  the  high  melting  point  met- 
al.  Since  a  metal  wire  or  the  like  is  difficult  to  bond  di- 
rectly  to  platinum,  tungsten  or  the  like  as  mentioned 
above,  a  layer  of  lower  melting  point  metal,  e.g.  a  gold 
layer,  is  preferably  formed  on  the  above-mentioned 
high  melting  point  metal  layer. 

Embodiments  of  the  invention  will  now  be  descri- 
bed  by  way  of  example  with  reference  to  the  accom- 
panying  diagrammatic  drawings,  in  which:- 

Fig.  1  is  an  explanatory  view  illustrating  a  struc- 
ture  of  an  ohmic  electrode  which  is  an  essential 
part  of  a  first  semiconductor  device  embodying 
the  present  invention; 
Fig.  2  is  an  explanatory  view  illustrating  one  ex- 
ample  of  the  structure  of  the  P-type  ohmic  elec- 
trode  of  a  semiconductor  device  according  to  the 
present  invention; 
Fig.  3  is  an  explanatory  view  illustrating  another 
example  of  the  structure  of  a  semiconductor  de- 
vice  according  to  the  present  invention;  and 
Fig.  4  is  an  explanatory  view  illustrating  a  further 
example  of  the  structure  of  a  semiconductor  de- 
vice  according  to  the  present  invention. 
In  Fig.  1,  there  are  shown  a  P-type  ZnSe  layer 

101,  a  ZnSe  layer  102  diffused  with  Hg  and  having  a 
thickness  of  about  10  nm  to  l^m,  a  Pt  layer  103  hav- 
ing  a  thickness  of  about  50  nm  to  500  nm  and  an  Au 
layer  104  having  a  thickness  of  about  100  nm  to2nm. 

By  this  structure,  according  to  the  present  inven- 
tion,  an  ohmic  electrode  having  a  good  bonding  ability 
can  be  readily  formed  on  a  Group  ll-VI  semiconductor 
device  containing  a  P-type  ZnSe  layer. 

Explanation  has  been  hereinabove  made  of  a 
method  of  diffusing  the  Group  II  elements  other  than 
zinc  using  heat  treatment.  Next,  explanation  will  be 
made  of  another  method  of  making  a  structure  of  the 
invention  in  which  a  Group  ll-VI  compound  contain- 
ing,  as  a  constituent  element,  a  Group  II  element 
other  than  zinc  is  formed  by  crystal  growth  on  a  given 
P-type  Group  ll-VI  compound  before  an  ohmic  elec- 
trode  is  formed.  Such  Group  ll-VI  compounds  con- 
taining  a  Group  II  element  other  than  zinc  include 
HgSe  (or  another  Se  containing  compound  excepting 
zinc  selenide),  HgTe  (or  another  Te  containing  com- 
pound  excepting  zinc  telluride).  Also  in  this  case,  an 
ohmic  electrode  can  be  readily  formed  for  the  reason 
mentioned  above.  An  example  of  this  structure  of  the 

invention  is  shown  in  Fig.  2  in  which  there  is  a  P-type 
ZnSe  layer  201,  a  P-type  HgSe  semiconductor  layer 
202  having  a  thickness  of  1  0  to  1  00  nm,  an  HgTe  layer 
203  having  a  thickness  of  abut  10  to  100  nm,  and  an 

5  Au  electrode  having  a  thickness  of  about  100  nm  to 
2p.m.  Naturally,  a  structure  in  which  ZnSe  is  gradually 
changed  into  HgSe  over  the  HgSe  layer  thickness, 
that  is  to  say  the  substitution  x  of  Z^Hg^Se  is 
changed  to  0  from  1,  is  also  effective.  Similarly,  the 

10  substitution  y  of  HgSeyTe^y  in  the  HgTe  layer  may 
change  gradually  to  0  from  1,  and  this  is  also  effec- 
tive. 

Fig.  3  shows  a  more  specific  embodiment  which 
is  an  LED,  but  the  present  invention  is  not  limited 

15  thereby. 
Referring  to  Fig.  3,  an  n-type  ZnSe  layer  303  dop- 

ed  with  CI  (chlorine)  and  having  a  thickness  of  0.2nm 
(carrier  density  of  1  x  1018  cm-3),  an  n-type 
ZnSo.07Seo.93  layer  304  having  a  thickness  of  l^rn 

20  (carrier  density  of  1  x  1017  cm-3),  a  P-type 
Cd0.2Zn0.8Se  layer  305  doped  with  N  (nitrogen)  and 
having  a  thickness  of  0.1  (carrier  density  x  1017 
cm-3),  a  P-type  ZnSeo.07So.93  layer  306  similarly  dop- 
ed  with  N  (carrier  density  of  3x  1017crrr3)and  finally 

25  a  P-type  ZnSe  layer  307  doped  with  N  and  having  a 
thickness  of  0.2nm  were  grown  successively  on  an  N- 
type  GaAs  substrate  302  by  a  M  BE  (molecular  beam 
epitaxy)  process  at  a  growth  temperature  of  300°C. 
Thereafter,  an  In  layer  301  as  an  n-type  electrode  was 

30  deposited  by  evaporation  on  the  n-type  GaAs  sub- 
strate  side,  and  an  Hg  layer  308  having  a  thickness 
of  30  nm,  a  Pt  layer  309  having  a  thickness  of  100  nm 
and  an  Au  layer  310  having  a  thickness  of  500  nm 
were  deposited  by  evaporation  on  a  P-type  electrode 

35  side,  and  the  device  was  heat-treated  for  10  minutes 
in  the  atmosphere  of  nitrogen  at  a  temperature  of 
280°C.  Hg  is  still  present  as  a  thin  layer  after  this  heat 
treatment.  This  LED  was  energized  by  applying  a  vol- 
tage  thereto  in  a  forward  direction.  The  value  of  cur- 

40  rent  fed  to  the  LED  was  20  mA.  In  this  mode,  a  com- 
parative  structure  in  which  Au  alone  is  used  for  the  P- 
type  electrode  on  the  ZnSe  layer  307  required  15  V 
as  an  operational  voltage.  In  contrast,  the  structure  of 
this  embodiment  required  3.3  V  from  which  it  can  be 

45  seen  that  great  improvement  can  be  achieved. 
In  the  embodiment  shown  in  Fig.  4,  a  P-type 

HgSe  layer  311  doped  with  N  and  having  a  thickness 
of  50  nm  and  a  HgTe  layer  312  having  a  thickness  of 
a  50  nm  were  formed  by  crystal  growth  by  an  MBE 

50  process  on  the  crystal  growth  structure  of  layers  303- 
307  obtained  by  the  MBE  process  on  the  substrate 
302  in  the  embodiment  of  Fig,  3,  and  then  an  In  layer 
301  as  an  n-type  electrode  was  deposited  by  evapor- 
ation  on  the  n-type  GaAs  substrate  side,  and  an  Au 

55  layer  310  having  a  thickness  of  500  nm  as  a  P-type 
electrode  was  deposited  by  evaporation  for  10  min- 
utes  in  an  atmosphere  of  nitrogen  at  a  temperature  of 
20°C.  Thereafter,  a  current  of  20  mA  was  fed  to  the 
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LED  in  the  forward  direction  so  as  to  energize  it,  as 
in  the  embodiment  of  Fig.  3.  The  average  operational 
voltage  was  about  3.2  V. 

According  to  the  present  invention,  a  satisfactory 
P-type  ohmic  electrode  suitable  for  Group  ll-VI  sem- 
iconductor  devices  can  be  obtained,  and  in  particular, 
a  satisfactory  semiconductor  device  such  as  a  blue 
LED  or  the  like  can  be  obtained. 

Claims 

1  .  A  P-type  electrode  structure  of  a  Group  ll-VI  sem- 
iconductor  device  having  a  P-type  Group  ll-VI 
semiconductor  layer  (101;201;301)  consisting  of 
or  containing  Zn  and  Se  and  an  ohmic  metal  elec- 
trode  (104;204;310),  characterized  in  that  be- 
tween  said  semiconductor  layer  (101  ;201;301) 
and  said  electrode  (104;204;31  0)  there  is  at  least 
one  intermediate  layer  (102;202,203;311,  312)  of 
a  Group  ll-VI  compound  containing  a  Group  II  ele- 
ment  other  than  Zn. 

2.  An  electrode  structure  according  to  claim  1 
wherein  said  intermediate  layer  is  a  Group  ll-VI 
semiconductor  layer  (102)  consisting  of  or  includ- 
ing  Zn  and  Se  having  said  Group  II  element  other 
than  Zn  diffused  into  it. 

3.  An  electrode  structure  according  to  claim  1  or 
claim  2  having  a  layer  (308)  of  said  Group  II  ele- 
ment  other  than  Zn  between  said  P-type  semi- 
conductor  layer  (301)  and  said  electrode  (310). 

4.  An  electrode  structure  according  to  claim  2  hav- 
ing  a  metal  layer  (103;309)  of  melting  point  of 
more  than  2000°C  between  said  intermediate 
layer  (102)  and  said  electrode  (310). 

5.  An  electrode  structure  according  to  claim  3  hav- 
ing  a  metal  layer  (103;309)  of  melting  point  of 
more  than  2000°C  between  said  layer  (308)  of 
said  Group  II  element  other  than  Zn  and  said 
electrode  (310). 

6.  An  electrode  structure  according  to  claim  1 
wherein  the  or  each  said  intermediate  layer  is  a 
semiconductor  layer  (202,203;31  1  ,31  2)  of  a  bina- 
ry  Group  ll-VI  compound  wherein  the  Group  II 
element  is  other  than  Zn  or  a  ternary  Group  ll-VI 
compound  containing  Zn  and  a  Group  II  com- 
pound  other  than  Zn. 

7.  An  electrode  structure  according  to  any  one  of 
claims  1  to  6  wherein  said  intermediate  layer 
(102;202,203;311,312)  has  a  concentration  of 
said  Group  II  element  other  than  Zn  which  in- 
creases  in  the  direction  towards  said  electrode 

(310). 

8.  An  electrode  structure  according  to  any  one  of 
claims  1  to  7  wherein  said  Group  II  element  other 

5  than  Zn  is  Hg. 

9.  A  P-type  electrode  structure  of  a  Group  ll-VI  sem- 
iconductor  device  having  a  P-type  Group  ll-VI 
semiconductor  layer  (301)  consisting  of  or  con- 

10  taining  Zn  and  Se  and  an  ohmic  metal  electrode 
(310),  characterized  in  that  between  said  semi- 
conductor  layer  (301)  and  said  electrode  (310) 
there  is  a  layer  (308)  of  a  Group  II  element  other 
than  Zn. 

15 
10.  An  electrode  structure  according  to  claim  9 

wherein  there  is  a  metal  layer  (309)  of  melting 
point  of  more  than  2000°C  between  said  layer 
(308)  of  a  Group  II  element  other  than  Zn  and 

20  said  electrode  (310). 

11.  An  electrode  structure  according  to  claim  9  or 
claim  10  wherein  said  Group  II  element  other 
than  Zn  is  Hg. 

25 
12.  A  Group  ll-VI  semiconductor  device  having  a  P- 

type  Group  ll-VI  semiconductor  layer 
(101;201;301)  and  an  electrode  structure  there- 
for  according  to  any  one  of  claims  1  to  11. 

30 
13.  A  Group  ll-VI  semiconductor  light  emitting  diode 

having  a  P-type  Group  ll-VI  semiconductor  layer 
(101;201;301)  and  an  electrode  structure  there- 
for  according  to  any  one  of  claims  1  to  11. 
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