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Description 

Colour  picture  tube 
This  invention  relates  to  a  colour  picture  tube 

that  is  constructed  using  a  shadow  mask,  frame, 
inner  shield  and  bimetal  and  other  tube  elements, 
having  good  formability  and  excellent  thermal 
characteristics  and  which  gives  a  high  quality 
displayed  image. 

A  colour  picture  tube  has  electron  guns,  e.g.  in 
an  in-line  array,  in  a  neck  portion  formed  at  one 
end  of  a  glass  envelope  and  red,  blue  and  green 
phosphors  provided  in  an  image-division  array  on 
a  face  portion  at  the  other  end  of  the  glass 
envelope  facing  these  electron  guns.  A  shadow 
mask  with  a  plurality  of  beam  holes  is  placed  near 
to  and  facing  this  fluorescent  surface.  As  this 
shadow  mask  is  made  integral  with  a  frame  by 
welding  around  its  periphery  and  the  frame  is 
mounted  on  a  face  portion  via  attachment 
elements  including  bimetal,  the  frame  is  further 
provided  with  an  inner  shield  to  shield  against  the 
effects  of  geomagnetism. 

In  a  colour  picture  tube  thus  constructed,  elec- 
tron  beams  emitted  by  the  electron  guns  are 
deflected  by  deflection  control  effected  by  a 
deflection  device  provided  at  the  root  portion  of 
the  neck  portion  and  pass  through  holes  in  the 
shadow  mask  to  strike  the  fluorescent  surface  and 
cause  fluorescence  and  so  produce  a  coloured 
picture. 

In  the  past,  the  materials  used  for  shadow 
masks,  frames  and  inner  shields  have  been  rim- 
med  steel  and  Al  killed  steel,  etc.,  which  have 
good  etchability  and  formability  and  on  whose 
surfaces  an  oxide  film  that  contributes  to  reduc- 
tion  of  electron  beam  reflection  is  easily  formed. 
Recently,  however,  there  have  been  demands  for 
higher  picture  tube  quality,  i.e.  for  so-called  good 
viewability  and  fine  detail  of  displayed  images,  in 
order  to  meet  the  needs  of  new  media  and 
drawbacks  have  been  found  in  the  use  of  shadow 
masks,  frames  and  inner  shields  that  are  made  of 
rimmed  steel  and  A1  killed  steel  as  noted  above. 

In  more  detail,  the  temperature  of  these 
elements  rises  to  30  —  100°C  during  operation  of  a 
colour  picture  tube  and,  for  example,  so-called 
doming  occurs  because  of  distortion  of  the 
formed  shape  of  the  shadow  mask  caused  by  its 
thermal  expansion.  As  a  result,  misalignment  in 
the  positional  relationship  of  the  shadow  mask 
and  fluorescent  screen  occurs,  so  giving  rise  to 
colour  fringing,  or  purity  drift  (PD).  In  high  defini- 
tion  colour  picture  tubes  in  particular,  there  is  a 
proportionally  greater  amount  of  misalignment 
since  the  shadow  mask  hole  diameter  and  hole 
pitch  are  very  small  and  tube  elements  as 
described  above  for  which  the  material  used  is 
rimmed  steel  or  A1  killed  steel  become  unservice- 
able  for  practical  purposes.  This  problem  is  par- 
ticularly  apparent  in  high  radius  of  curvature 
picture  tubes  in  which  the  face  portion  and 
shadow  mask  are  brought  close  to  a  plane  in 
order  to  reduce  image  distortion  and  reflection  of 
external  light. 

Use  of  Ni  —  Fe  alloys,  e.g.  invar  (36  Ni  —  Fe),  with 
a  small  coefficient  of  thermal  expansion  as 
material  for  these  tube  parts  or  elements  has 
been  proposed  in  the  past,  e.g.  in  U.S.  Patent  No. 

5  4,420,366  (Oka  et  al)  but  the  heat  conductivity  of 
these  Ni  —  Fe  alloys  is  very  poor  and  as  well  as 
accumulation  of  heat,  the  so-called  springback,  or 
inward  curving  from  the  spherical  surface  of  an 
ordinary  shadow  mask  towards  the  electron  gun 

w  end  is  liable  to  occur.  There  are  also  drawbacks  in 
connection  with  etchability  and  formability,  since, 
when  shadow  mask  holes  are  formed  by  etching, 
unevenness  of  hole  diameter,  etc  are  liable  to 
occur.  Also,  a  blackening  film  formed  on  the 

15  surface  as  disclosed  in  Japanese  laid-open  Patent 
Application  No.  50-58977  is  liable  to  peel  off,  so 
imposing  limits  on  designs  to  upgrade  colour 
picture  tubes. 

DE  —  A  —  3124185  discloses  use  of  an  alloy 
20  named  "Nilo  475"  for  making  shadow  masks. 

This  alloy  contains  nickel,  chromium  and  iron. 
The  present  invention  seeks  to  provide  a  colour 

picture  tube  which  can  produce  pictures  of  high 
quality  and  possesses  tube  elements  that  have  a 

25  low  coefficient  of  thermal  expansion  and  good 
formability  and  which  effect  excellent  radiation  of 
heat. 

Therefore,  according  to  the  present  invention 
there  is  provided  an  inner  element  for  a  colour 

30  picture  tube  according  to  claim  1. 
A  Cr  rich  layer  is  produced  on  a  surface  on 

which  a  black  film  is  formed  and  this  contributes 
to  film  adhesion  strength.  Designating  the  thick- 
ness  of  the  Cr  rich  layer  as  a,  it  is  satisfactory  if  it 

35  is  made  such  that,  relative  to  the  black  film 
thickness  b,  the  relationship  is 

0<a<(3/4)b 

40  Though  the  range  of  the  grain  size  of  the  tube 
elements  is  subject  to  restrictions  connected  with 
the  workability  of  the  plate  elements  if  the  size  is 
too  small,  the  smaller  the  average  drain  daimeter 
the  rougher  the  surface,  which  is  desirable  from 

45  the  point  of  view  of  heat  radiation,  although,  if  the 
average  diameter  is  too  small,  formability  is 
poorer.  For  practical  purposes,  therefore,  the 
material  is  preferably  material  in  which  the  aver- 
age  number  of  crystal  grains  per  mm2  is 

so  10—9000. 
The  reason  for  making  the  Ni  component 

25  —  45  wt%  is  to  make  the  coefficient  of  thermal 
expansion  90x10-7/°C  or  less.  If  the  Ni  addition  is 
outside  the  above  range,  it  is  not  possible  to 

55  produce  tube  elements  with  the  low  coefficient  of 
thermal  expansion  that  is  an  object  of  the  inven- 
tion  and  so  it  is  not  possible  to  obtain  an  attractive 
image  with  a  low  PD  value.  If  the  Ni  addition 
exceeds  45  wt%,  the  result  in  an  increase  in  the 

60  0.2%  proof  strength,  which  is  a  criterion  of  the 
quality  of  formability,  and  the  formability  is  much 
poorer.  Also,  springback,  for  example,  occurs  in 
the  shadow  mask,  making  it  difficult  to  obtain  a 
clear  image.  At  the  same  time,  it  normally 

65  becomes  difficult  to  effect  blackening  treatment 
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:  its  surface  because  ot  an  increase  in  us 
sistance  to  oxidation. 
With  regard  to  etching  too,  large  Ni  contents 
ake  fine  etching  difficult  and  result  in  problems 
ich  as  the  occurrence  of  a  so-called  gas  pitting  in 
le  side  walls  of  etching  holes  or  reduction  of  the 
:ching  speed  because  of  large  amounts  of  Ni 
3ing  dissolved  and  entering  the  etching  solution. 
Cr  raises  the  coefficient  of  thermal  expansion  of 

3—  Ni  alloys  but  on  the  other  hand  it  lowers  the 
2%  proof  strength  so  contributing  considerably 
>  formability.  Thus,  addition  of  Cr  does  not  result 
i  as  much  worsening  of  the  PD  value  as  conven- 
onal  invar  but  it  plays  an  important  role  in 
nproving  formability,  especially  in  cases  in 
rhich  shadow  masks  with  a  large  curvature,  etc. 
re  produced. 
However,  with  a  Cr  addition  of  less  than  0.3 

rt%  the  0.2%  proof  strength  does  not  fall  to  the 
radically  useful  region  of  2.16.10s  Pa  (22  kg/ 
im2)  or  less,  while  if  the  amount  of  Cr  and,  if 
squired,  Mn  that  is  added  exceeds  10  wt%,  there 
an  be  difficulties  in  the  formation  of  black  film  on 
ie  surfaces  of  tube  elements. 
This  addition  range  also  applies  in  cases  in 

/hich  0.2—10%,  preferably  7%  or  less  of  Co  is 
dded  to  Fe—  Ni  alloys.  Addition  of  Co  in  the 
bove  noted  range  lowers  the  coefficient  of 
hernial  expans  still  further  and  can  improve 
itchability.  Also,  the  black  film  containing  Co  that 
3  formed  has  excellent  blackness,  adhesion  and 
lardness  properties. 

The  invention  will  now  be  further  described  by 
vay  of  example,  with  reference  to  the  accom- 
>anying  drawings,  wherein: 

Figure  1  is  a  cross-sectional  view,  partially 
:utaway,  showing  one  embodiment  of  the  inven- 
ion; 

Figure  2  is  an  enlarged  cross-section  of  a 
jortion  of  a  shadow  mask  in  one  embodiment  of 
he  invention; 

Figure  3  is  a  graph  showing  the  relation 
aetween  annealing  temperature  and  0.2%  proof 
strength  for  the  purpose  of  explaining  the  inven- 
:ion;  and 

Figure  4  is  a  graph  showing  the  relations 
oetween  the  amount  of  Cr  added  and  the  0.2% 
proof  strength  and  annealing  temperature  for  the 
purpose  of  explaining  the  invention. 

Example  1 
Referring  to  Figure  1,  in  one  embodiment  of  the 

invention,  electron  guns  3,  e.g.  in  an  in-line  array, 
are  provided  in  a  neck  portion  2  defined  by  one 
end  of  a  glass  envelope  1  .  A  fluorescent  surface  5, 
on  which  red,  blue  and  green  phosphors  are 
provided  in  a  picture-division  array,  is  provided 
on  a  face  portion  4  at  the  other  end  of  the 
envelope  1  facing  the  electron  guns  3.  A  shadow 
mask  6  with  many  beam  holes  faces  and  is  near  to 
the  fluorescent  surface  5.  The  periphery  of  this 
shadow  mask  6  is  spot  welded  to  a  frame  7.  As 
this  frame  7  is  mounted  on  panel  pins  4a  of  the 
inside  wall  of  the  face  portion  4  by  attachment 
elements  8  including  bimetal  material,  it  is  fitted 

Willi  an  iiiiioi  oiiigiu  *j  w  ijiiivim  iiwi..  —  ■  ■  —  — 
of  earth  magnetism. 

In  a  colour  picture  tube  thus  constructed,  three 
electron  beams  1  1  emitted  by  the  electron  guns  3 
are  deflected  by  a  deflection  device  10  provided  at 
the  root  portion  of  the  neck  portion  2  and  pass 
through  holes  of  the  shadow  mask  to  strike  the 
fluorescent  surface  5  and  cause  fluorescence  and 
so  produce  a  coloured  image. 

»  Manufacture  of  the  shadow  mask  6  is  as 
follows,  an  ingot  of  an  alloy  containing  36%  Ni 
and  Fe  as  main  components,  6  wt%  Cr  and,  as 
supplementary  components,  0.01  wt%  each  of  C 
and  Si  and  0.005  wt%  each  of  P  and  S  was 

>  prepared  and  this  ingot  was  made  into  0.13  mm 
thick  sheet  material  by  repeated  annealing  and 
cold  working.  Next,  the  sheet  material  was  coated 
with  photoresist  and  after  this  had  been  dried,  a 
mask  defining  a  standard  pattern  in  the  form  of 

3  slots  or  dots  was  adhered  to  both  sides  of  the 
sheet  material  and  the  photoresist  was  exposed 
and  developed,  this  development  resulting  in 
unexposed  portions  of  the  photoresist  being  dis- 
solved  and  removed.  Next,  the  remaining  photo- 

5  resist  was  hardened  by  burning,  etching  treat- 
ment  with  a  ferric  chloride  solution  was  effected 
and  then  the  remaining  resist  was  removed  with 
hot  alkali,  so  producing  a  flat  mask  constituting  an 
original  sheet  for  a  shadow  mask. 

o  Next,  after  washing  and  shearing  treatment, 
this  flat  mask  was  vacuum  annealed  at  1,33  10  2 
Pa  (10~4  torr),  1000°C  and  subjected  to  press 
working  to  give  a  formed  mask  with  a  radius 
curvature  of  1000  mm.  After  acid  treatment  of  this 

ts  formed  mask,  washing  with  triclene  and  washing 
with  water,  heating  oxidation  was  effected  for  30 
minutes  at  670°C  in  a  moist  30%  02—  N2  atmos- 
phere.  The  number  of  crystal  grains  in  the  result- 
ing  mask  was  300  per  1  mm2  and  the  Cr  rich  layer 

to  had  a  Cr  concentration  of  1  0  wt%  and  was  0.6  urn 
thick. 

In  the  shadow  mask  6,  an  Fe-Ni  alloy  plate  body 
6a  has  a  Cr  rich  layer  6b  formed  on  its  outer 
surface  side  and  a  black  film  6c  is  formed  on  the 

ts  outer  surface  of  this,  as  shown  in  Figure  2.  The 
black  film  6c  is  produced  as  the  result  of  anneal- 
ing  and  oxidation  of  the  plate  body  6a  and  has  a 
spinel  structure  representable  by  the  chemical 
formula 

50 
CrxNiyFe(3_x_y)  04 

where  x  and  y  are  each  greater  than  O  and 
(0<x+y<3). 

55  On  top  of  that,  there  may  further  be  a  very  thin 
formation  of  a—  Fe2  03  6d,  this  being  not  more 
than  1/5  of  the  thickness  of  film  6c,  but  as  this  is 
on  top  of  the  black  film  6c,  there  is  no  peeling  and 
it  does  not  affect  the  degree  of  blackness. 

60  The  black  film  6c  on  the  crystal  grain  boundary 
6e  of  the  plate  body  6a  builds  up  to  form  peaks 
but  this  is  advantageous  for  radiation  of  heat 
since  it  increases  the  surface  area  of  the  film.  As 
long  as  annealing  in  moist  hydrogen  is  not 

65  effected,  the  crystal  grains  of  the  black  film 

o 
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lepend  on  the  crystal  grains  inside  the  alloy.  Fine 
irains  are  betterfrom  the  point  of  view  of  the  black 
iim  but  coarse  grains  are  betterfrom  the  point  of 
iew  of  formability.  The  crystal  grain  treatment 
emperature  varies  but  for  the  shadow  mask  the 
jrain  number  is  suitably  10—9000  and  preferably 
t  is  made  50—5000  per  mm2  and  the  black  film 
>roduced  is  made  more  uneven. 

The  black  film  can  be  adhered  more  firmly  if, 
iesignating  the  thickness  of  the  Cr  rich  layer  6b  as 
?,  the  mask  annealing  and  oxidation  treatment  are 
iffected  in  a  manner  such  that  this  thickness  is  in 
he  relation 

0<a<(3/4)b 

:o  the  thickness  b  of  the  black  film  6c. 
Formation  of  the  Cr  rich  layer  6b  is  the  result  of 

:he  above  treatment  and  its  average  Cr  concen- 
xation  n2  is  in  the  relation 

10  nl>n2>1.2  nl 

to  the  Cr  addition  n1  in  the  alloy  plate  body  6a,  n2 
aeing  taken  to  be  50  wt%  or  less. 

The  shadow  mask  thus  produced  was  attached 
by  spot  welding  to  a  frame  manufactured  by  a 
similar  procedure  and  this  was  mounted  on  a 
panel  via  bimetal  material.  Next,  red,  blue  and 
green  phosphors  were  applied  in  correspondence 
to  the  holes  of  the  shadow  mask  and,  after  A1 
deposition  and  aquadag  coating,  an  inner  shield 
was  mounted,  the  funnel  in  the  rear  portion  of  an 
envelope  fitted  with  electron  guns  and  the  face 
portion  of  the  envelope  were  connected  and 
sealed  and  the  interior  was  evacuated,  so  giving  a 
colour  picture  tube.  The  inner  shield,  also,  was 
made  of  similar  material. 

In  Figure  3,  the  variation  of  0.2%  proof  strength 
with  annealing  temperature  of  a  36  Ni—  Fe  alloy 
with  addition  of  6  wt%  Cr  constituting  material 
according  to  this  embodiment  is  plotted  as  charac- 
teristic  A.  As  the  0.2%  proof  strength  indicates 
stretch  at  0.2%  strain  on  the  stretch  strain  curve,  it 
constitutes  a  standard  indicative  of  the  strength  of 
material.  Characteristic  B  is  the  variation  of  0.2% 
proof  strength  while  annealing  temperature  in  a  36 
Ni—  Fe  alloy  without  Cr  addition  that  is  given  for 
comparison.  It  is  seen  from  thefigure  thatthe  0.2% 
proof  strength  of  the  tube  element  material 
according  to  the  invention  is  higher  than  that  of 
conventional  material  at  room  temperature  but  is 
considerably  lower  when  annealing  is  effected  at  a 
temperature  of  500°C  or  more.  For  example,  when 
vacuum  annealing  is  effected  at  1000—  1200°C,  the 
0.2%  proof  strength  of  tube  element  material 
according  to  the  invention  is  1,18.10s  Pa  (12  kg/ 
mm2)  but  that  of  material  without  Cr  addition  is 
higher,  at  about  2.16  10s  Pa  (22  kg/mm2).  It  is  seen 
from  this  that  addition  of  Cr  makes  a  considerable 
contribution  to  lowering  of  the  0.2%  proof 
strength.  An  element  that  displays  the  same  effect 
as  that  of  Cr  addition  is  Mn  and  it  is  therefore 
possible  to  partially  substitute  the  Cr  with  Mn.  In 
this  case  the  oxide  film  produced  has  a 

urx1  Mnx2  iNiy  i-e(3-x1_x2_y)  u4 

spinel  structure  where  x1,  x2  and  y  are  each 
greater  than  0  and  0<x1+x2+y<3.  This  Cr  addi- 

5  tion  is  also  effective  with  a  super  —  invar  contain- 
ing  30—35%  Ni  and  up  to  7%  Co. 

A  colour  picture  tube  was  assembled  using  a 
shadow  mask  in  which  a  51  cm  (20")  flat  mask 
formed  with  material  indicated  by  the  above 

o  characteristic  A  was  hydrogen  annealed  at  800°C 
and  then  had  a  black  oxide  film  formed  on  its 
surface  by  steam  oxidation.  Measurement  of  the 
PD  value  of  the  tube  over  a  3  minute  period 
showed  it  to  be  the  small  value  of  95  um.  In 

<5  contrast,  when  the  same  measurement  was  made 
for  a  shadow  mask  for  which  conventional  invar 
was  used,  it  was  found  impossible  to  determine 
the  PD  value  because  of  marked  springback  of  the 
shadow  mask  and  extreme  unevennes  of  colour. 

;o  If,  however,  the  Cr  addition  is  less  than  0.3  wt%, 
as  with  36  Ni—  Fe  alloys  without  Cr  addition,  the 
0.2%  proof  strength  does  not  go  to  196  MPa  (20  kg/ 
mm2)  or  less  even  if  the  annealing  temperature  is 
as  high  as  1200°C.  If  the  amount  added  exceeds  10 

?5  wt%,  the  coefficient  of  thermal  expansion 
becomes  90x10"7/°C  or  more,  which,  since  it 
causes  colour  fringing,  makes  the  material  unsuit- 
able  for  use  in  high  definition  colour  picture  tubes. 
Further,  a  Cr  addition  exceeding  1  0  wt%  gives  rise 

30  to  drawbacks  in  connection  with  blackening  treat- 
ment  since  a  Cr2  03  protective  film  is  liable  to  be 
formed  on  the  surface  of  the  material  and  the 
speed  of  surface  blackening  is  liable  to  be  slow. 

As  seen  in  Figure  4,  in  which  the  0.2%  proof 
35  strength  variation  characteristic  C  and  the  thermal 

expansion  coefficient  variation  characteristic  D 
when  a  shadow  mask  formed  using  tube  element 
material  according  to  the  invention  is  annealed  at 
1000°C  in  hydrogen  are  plotted  taking  the  amount 

40  of  Cr  added  as  a  parameter,  the  0.2%  proof 
strength  is  keptto  216  MPa  (22  kg/mm2)  or  less  and 
springback  can  be  prevented  as  a  result  of  this 
annealing  if  the  Cr  addition  is  made  0.5  —  15  wt%. 
With  a  Cr  addition  of  over  10  wt%,  however,  as 

45  well  as  the  0.2%  proof  strength  rising,  there  is  also 
a  rise  in  the  coefficient  of  thermal  expansion, 
which  is  a  cause  of  variation  of  the  PD  value.  It  is 
therefore  necessary  to  restrict  the  Cr  addition  to 
0.3  —  10  wt%  as  described  above. 

so  A  past  example  of  addition  of  Cr  to  a  36  Ni  —  Fe 
alloy  in  order  to  produce  tube  element  material  of 
high  strength  is  that  of  Japanese  Laid-Open  Patent 
Application  No.  59-58977.  However,  this  includes 
no  measure  at  all  for  achieving  low  proof  strength 

55  and  the  resulting  material  is  simply  high  strength 
material  and  is  not  designed  for  reduced  0.2% 
proof  strength.  Also,  as  described  below,  a  surface 
black  oxide  film  failsto  form  and  instead  there  is  an 
a-Fe203  film  which  peels  off  easily.  If  one  considers 

60  these  points,  therefore,  it  can  be  said  to  be 
completely  different  from  tube  element  material 
according  to  the  invention. 

The  above  blackfilm  6c  formed  on  the  material's 
surface  plays  an  important  role  in  connection  with 

65  improvement  of  heat  radiation  and  contributes 

4 
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reatly  to  lowering  of  the  PD  value  ot  a  colour 
icture  tube.  Radiation  of  heat  is  determined  by 
le  degree  of  blackness  and  by  the  surface  rough- 
ess  and  a  black  film  6c  according  to  the  inven- 
on  is  superior  with  respect  to  the  following 
oints. 
Unlike  a  black  film  formed  on  conventional  A1 

tiled  steel  or  rimmed  steel,  a  black  film  consti- 
jted  by 

Crx  Niy  Fe3_x-y  04, 

where  x  and  y  are  each  greater  than  0  and 
D<x+y<3),  has  a  spinel  type  oxide  structure  in 
vhich  some  of  the  Fe  sites  are  substituted  by  Cr 
ir  Ni.  With  this 

Crx  Niy  Fe3_x_y  04, 

no  voids  are  liable  to  be  present  in  the  film  due 
o  gas  or  vacancies  and  the  film  displays  excellent 
idhesion  to  the  base  material.  Since,  also,  it  has 
ligh  hardness,  it  is  effective  in  preventing  flowi- 
ng  caused  by  vibration.  Inside  a  colour  picture 
ube,  the  black  layer  6c  is  not  liable  to  peel  off, 
)ecause  Cr  accumulates  at  the  metal/oxide 
joundary,  and  so  that  is  no  risk  of  electron  guns 
)eing  damaged  by  detached  fragments.  Further, 
icicular  crystals  tend  to  be  formed  normal  to  the 
nask  surface,  so  giving  still,  better  radiation  of 
leat. 

There  is  no  change  in  characteristics  even  if 
here  is  infiltration  or  solid  solution  of  unavoid- 
able  components  in  the 

Crx  Niy  Fe3_x-y  04. 

Phis  is  known  from  the  fact  that  when  Cr  is  added 
:o  super-  invar  containing  30  —  35%  Ni  and  up  to 
7%  Co,  there  is  solid  solution  of  Co  in  the  black 
film  but  no  change  in  its  characteristics.  When  the 
material  is  one  in  which  Cr  is  partially  substituted 
by  Mn,  the  black  film  has  a  spinel  structure 
constituted  by 

Crx  Mny  Niz  Fe3_x-y_2  04 

and  the  same  effects  are  displayed  in  this  case 
too.  However,  unlike  Cr,  Mn  is  uniformly  dis- 
persed  in  the  oxide  film  in  most  cases.  When  air 
oxidation  or  steam  oxidation  are  used  in  forma- 
tion  of  this  black  film,  a—  Fe2  03  is  formed  on  the 
surface  but  this  does  not  cause  any  problems  as  it 
is  an  extremely  thin  film. 

A  comparison  of  the  PD  values  of  51  cm  (20") 
colour  picture  tubes  assembled  using  a  shadow 
mask  of  the  above  noted  material  on  whose 
surface  a  black  film  with  a  composition  as  noted 
above  was  formed  and  a  shadow  mask  on  which 
no  black  film  was  formed  showed  that,  whereas 
the  3  minute  PD  value  in  the  case  of  the  element 
with  no  black  film  was  120—130  urn,  the  PD  value 
with  the  element  which  had  a  black  film  formed 
on  it  was  small,  at  80pm.  Thus,  the  black  film  acts 
to  improve  the  heat  radiation  action  and  is  very 

effective  in  suppressing  ru.  niese  eiieuio  aie 
particularly  marked  when  a  flattened  shadow 
mask  with  a  curvature  of  900  mm  or  more  is 
formed. 

Example  2 
A  flat  mask  was  manufactured  in  the  same  way 

as  in  Example  1,  using  an  ingot  or  an  alloy 
containing  36%  Ni  and  Fe  as  main  components.  2 

0  wt%  Cr  and,  as  supplementary  components,  0.01 
wt%  each  of  C  and  Si  and  0.005  wt%  each  of  P 
and  S.  Then,  this  flat  mask  was  hydrogen 
annealed  at  1000°C  to  give  a  shadow  mask  which 
was  oxidized  in  steam  for  10  minutes  at  650°C  and 

5  20  minutes  at  680°C.  The  number  of  crystal  grains 
of  this  shadow  mask  was  600  per  mm2.  The  Cr 
rich  layer  had  a  Cr  concentration  of  5  wt%  and 
was  0.5  urn  thick.  A  colour  picture  tube  was 
produced  using  this  shadow  mask.  The  oxide  was 

o  1.2  pm  thick. 

Example  3 
A  flat  mask  was  manufactured  in  the  same  way 

as  in  Example  1  using  an  ingot  of  an  alloy 
■5  containing  36%  Ni  and  Fe  as  main  components,  4 

wt%  Cr  and,  as  supplementary  components,  0.01 
wt%  each  of  C  and  Si  and  0.005  wt%  each  of  P 
and  S.  Then  a  shadow  mask  was  produced  by 
hydrogen  annealing  of  this  flat  mask  at  800°C  and 

w  formation  of  a  black  oxide  film  in  the  same 
conditions  as  in  Example  2.  The  number  of  crystal 
grains  of  this  shadow  mask  was  2100  per  mm2 
and  the  Cr  rich  layer  had  a  Cr  concentration  of  8 
wt%  and  was  0.5  urn  thick  and  the  black  film  was 

(5  1.3  urn  thick.  A  colour  picture  tube  was  produced 
using  this  shadow  mask. 

Investigation  of  the  PD  value  at  the  four  corners 
of  the  colour  picture  tubes  of  Examples  1  —  3  thus 
produced  showed  that  it  was  a  small  value  of 

to  about  80—90  urn,  as  opposed  to  the  value  of 
120—130  urn  in  conventional  51  cm  (20")  units. 
Also,  the  time  required  to  return  to  a  normal  state 
after  occurrence  of  PD  was  about  half  (around  2 
minutes  30  seconds)  that  required  conventionally. 

45  Further,  there  was  no  colour  fringing  and  a  very 
fine,  high  quality  image  was  obtained  over  the 
whole  screen. 

Example  4 
so  An  ingot  of  an  alloy  containing  32%  Ni  and  Fe 

as  main  components,  5  wt%  Co,  2  wt%  Cr  and,  as 
supplementary  components,  0.01  wt%  each  of  C 
and  Si  and  0.005  wt%  each  of  P  and  S  was 
prepared  and  this  ingot  was  made  into  0.13  mm 

55  thick  sheet  material  by  repeated  annealing  and 
cold  working.  Next,  the  sheet  material  was  coated 
with  photoresist  and  after  this  had  been  dried, 
film  defining  a  standard  pattern  in  the  form  of 
slots  or  dots  was  adhered  to  both  sides  of  the 

60  sheet  material  and  the  photoresist  was  exposed 
and  developed,  this  development  resulting  in 
unexposed  portions  of  the  photoresist  being  dis- 
solved  and  removed.  Next,  the  remaining  photo- 
resist  was  hardened  by  burning,  etching  treat- 

65  ment  with  a  ferric  chloride  solution  was  effected 



9 EP  0  176  344  B1 10 

and  then  the  remaining  resist  was  removed  with 
hot  alkali,  so  producing  a  flat  mask  constituting 
an  original  sheet  for  a  shadow  mask. 

Next,  after  washing  and  shearing  treatment, 
this  flat  mask  was  vacuum  annealed  at  1,33  10~2 
Pa  (10-4  torr).  1150°C.  The  coefficient  of  thermal 
expansion  at  this  time  was  22x10~7/C  and  the 
0.2%  proof  strength  was  206  MPa  (21  kg/mm2). 
Next,  press  working  was  effected  to  give  a 
formed  mask  with  a  radius  of  curvature  of  1000 
mm.  After  acid  treatment  of  this  formed  mask, 
washing  with  triclene  and  washing  with  water, 
heating  oxidation  was  effected  for  30  minutes  at 
730°C  in  a  30%  02  —  N  moist  atmosphere.  The 
nubmer  of  crystal  grains  at  this  time  was  100 
per  I  mm2  and  the  Cr  rich  layer  had  a  Cr  concen- 
tration  of  5.7  wt%  and  was  1.0  urn  thick  and  the 
black  film  was  1.4  um  thick. 

The  shadow  mask  thus  produced  was 
attached  by  spot  welding  to  a  frame  manufac- 
tured  by  a  similar  procedure  and  this  was 
mounted  on  a  panel  via  bimetal  elements.  Next, 
red,  blue  and  green  phosphors  were  applied  in 
correspondence  to  the  holes  of  the  shadow 
mask  and,  after  A1  deposition  and  aquadag 
coating,  an  inner  shield  was  mounted,  the 
funnel  in  the  rear  portion  of  an  envelope  fitted 
with  electron  guns  and  the  face  portion  of  the 
envelope  were  connected  and  sealed  and  the 
interior  was  evacuated,  so  giving  a  colour 
picture  tube.  The  inner  shield  also,  was  made  of 
similar  material. 

Addition  of  Co  as  well  as  Cr  has  the  effect  of 
improving  etchability  and  lowering  the 
coefficient  of  thermal  expansion.  Etching 
becomes  more  difficult  as  the  Cr  concentration 
increases  unless  the  number  of  crystal  grains  is 
set  at  2000—32000  per  mm2  but,  if  Co  is  added, 
etching  is  possible  without  this  grain  size  speci- 
fication  necessarily  having  to  be  met.  Further, 
etching  is  possible  without  the  direction  of  crys- 
tals  on  rolled  surfaces  necessarily  having  to  be 
concentrated  in  the  (100)  direction.  The 
coefficient  of  thermal  expansion  becomes 
smaller  with  increased  C  and  is  minimum  with  a 
5  wt%  addition.  The  reason  why  the  Co  content 
is  made  0.2  —  10  wt%  is  that  the  effects  noted 
above  fail  to  be  achieved  if  it  is  out  of  this 
range. 

The  above  noted  black  film  formed  on  the 
surface  of  the  material  plays  an  important  role 
in  connection  with  improvement  of  heat  radi- 
ation  by  the  material  and  contributes  greatly  to 
lowering  of  the  PD  value  of  a  colour  picture 
tube.  Radiation  of  heat  is  determined  by  the 
degree  of  blackness  and  by  the  surface  rough- 
ness  and  a  black  film  according  to  the  invention 
is  superior  with  respect  to  the  following  points. 

Unlike  a  black  film  formed  on  conventional  A1 
killed  steel  or  rimmed  steel,  a  black  film  consti- 
tuted  by 

Crx  Niy  Coz  Fe(3_x_y_z)  04, 

where  x,  y  and  z  are  each  greater  than  0  and 

(0<x+y+z<3),  has  a  spinel  type  oxide  structre 
in  which  some  of  the  Fe  sites  are  substituted  by 
Co,  Cr  or  Ni. 

With  this 
5 

Crx  Niy  Coz  Fe(3_x_y_z)  04, 

no  voids  are  liable  to  be  present  inside  the 
film  due  to  gas  or  vacancies  and  the  film  dis- 

w  plays  excellent  adhesion  to  the  base  material. 
Since,  also,  it  has  high  hardness,  it  is  effective 
in  preventing  howling  caused  by  vibration. 
Inside  a  colour  picture  tube,  the  above  noted 
black  layer  is  not  liable  to  peel  off,  because  Cr 

15  accumulates  at  the  metal/oxide  boundary,  and 
so  there  is  no  risk  of  electron  guns  being 
damaged  by  detached  fragments.  Further,  acicu- 
lar  crystals  tend  to  be  formed  normal  to  the 
mask  surface,  so  giving  still  better  radiation  of 

20  heat.  The  Co  is  in  uniform  solid  solution  in  the 
black  film  and  serves  to  improve  the  film's  hard- 
ness. 

The  material  may  be  material  in  which  the  Cr 
is  partially  substituted  by  Mn  and  in  this  case 

25  the  blackening  film  has  a  spinel  structure  con- 
sisting  of 

Crx1  Mn^  Niy  Coz  Fe(3_x1_x2_y_z)  04 

30  where  x1,  x2,  y  and  z  are  each  greater  than  0 
and  (0<x1  +x2+y+z<3).  There  are  the  same 
effects  in  this  case  too.  However,  unlike  Cr,  Mn 
is  uniformly  dispersed  in  the  oxide  film  in  most 
cases.  When  air  oxidation  or  steam  oxidation 

35  are  used  in  formation  of  this  black  film,  a-Fe2  03 
is  formed  on  the  surface  but  this  does  not  cause 
any  problems,  as  it  is  an  extremely  thin  film. 

A  comparison  of  the  PD  values  of  colour 
picture  tubes  assembled  using  a  shadow  mask 

40  of  the  above  noted  material  on  whose  surface  a 
black  film  with  a  composition  as  noted  above 
was  formed  and  a  shadow  mask  on  which  no 
black  film  was  formed  showed  that  whereas  the 
3  minute  PD  value  in  the  case  of  the  element 

45  with  no  black  film  was  120  —  130pm,  the  PD 
value  with  the  element  which  had  a  black  film 
formed  on  it  was  small,  at  80  pm.  Thus,  the 
black  film  acts  to  improve  the  heat  radiation 
action  and  is  very  effective  in  suppressing  PD. 

so  These  effects  were  particularly  marked  when  a 
flattened  shadow  mask  with  a  radius  of  curva- 
ture  of  900  mm  or  more  is  formed. 

Example  5 
55  A  flat  mask  was  manufactured  in  the  same 

way  as  in  Example  4,  using  an  ingot  of  an  alloy 
containing  30%  Ni  and  Fe  as  main  components, 
2  wt%  Co,  2  wt%  Cr  and,  as  supplementary 
components,  0.01  wt%  each  of  C  and  Si  and 

60  0.005  wt%  each  of  P  and  S  and  this  flat  mask 
was  hydrogen  annealed  at  1150°C.  The 
coefficient  of  thermal  expansion  at  this  time  was 
45x10~7/°C  and  the  0.2%  proof  strength  was  186 
MPa  (19  kg/mm2).  The  flat  mask  with  these 

65  properties  was  molded  to  give  a  shadow  mask. 

6 
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he  number  of  crystal  grains  and  the  Cr  rich  state 
/ere  more  or  less  the  same  as  in  Example  4.  A 
olour  picture  tube  was  produced  using  this 
hadow  mask. 

Example  6 
A  flat  mask  was  manufactured  in  the  same  way 

s  in  Example  4,  using  an  ingot  of  an  alloy 
ontaining  32%  Ni  and  Fe  as  main  components,  5 
irt%  Co.  4  wt%  Cr  and,  as  supplementary  com- 
lonents,  0.01  wt%  each  of  C  and  Si  and  0.005 
Yet%  each  of  P  and  S  and  this  flat  mask  was 
lydrogen  annealed  at  900°C.  The  coefficient  of 
hernial  expansion  at  this  time  was  35x10~7/°C 
md  the  0.2%  proof  strength  was  157  MPa  (16.0 
:g/mm2).  The  flat  mask  was  these  properties  was 
nolded  to  give  a  shadow  mask  and  this  was  used 
n  production  of  a  colour  picture  tube. 

•xample  7 
First,  an  ingot  of  an  alloy  containing  36  wt%  Ni 

ind  Fe  as  main  components,  up  to  1  wt%  each  of 
Si,  P,  S,  Zn,  Cu,  O,  B  and  Ca  as  supplementary 

:omponents,  3  wt%  Mn  and  2  wt%  Cr  was 
jrepared  and  this  alloy  ingot  was  made  into  0.13 
nm  thick  sheet  material  by  repeating  annealing 
md  cold  working.  This  was  followed  by  coating  of 
his  sheet  material  with  a  photosensitive  agent, 
jxposure,  development  and  etching  by  burning, 
:o  give  flat  mask  stock  material,  which  was  then 
washed  and  sheared  and  then  annealed  at  900°C 
n  hydrogen  and  subjected  to  press  working  to 
give  a  formed  mask  with  a  radius  of  curvature  of 
1  000  mm.  This  formed  mask  was  given  heating 
oxidation  treatment  for  30  minutes  at  620°C  in  a 
30%  02—  N2  moist  atmosphere.  The  number  of 
;rystal  grains  was  1200  per  mm2  and  the  Cr  rich 
film  had  a  Cr  concentration  of  3.8  wt%  and  was 
3.7  um  thick  and  the  black  film  was  1.2  um  thick, 
fhe  PD  value  was  90  urn.  The  shadow  mask  thus 
produced  had  a  low  springback  value  too. 

Example  8 
An  alloy  ingot  containing  40  wt%  Ni  and  Fe  as 

main  components,  up  to  1  wt%  each  of  C,  Si,  P,  S, 
Zn,  Cu,  0,  B  and  Ca  as  supplementary  com- 
ponents,  1  wt%  Mn,  5  wt%  Cr  and  2  wt%  Co  was 
prepared  and,  using  this  alloy  ingot,  a  colour 
picture  tube  was  constructed  by  the  same  steps 
as  in  Example  1.  The  PD  value  was  100  um. 

Investigation  of  the  PD  value  at  the  four  corners 
of  the  colour  picture  tubes  of  Examples  4—6 
produced  in  the  above  described  manner  showed 
that  it  was  the  small  value  of  about  70—80  um,  as 
opposed  to  the  value  of  around  120—130  um  in 
conventional  51  cm  (20")  colour  picture  tubes. 
Also,  the  time  required  to  return  to  a  normal  state 
after  occurrence  of  PD  was  about  half  (around  2 
minutes  30  seconds)  that  required  conventionally. 
Further,  there  was  no  colour  fringing  and  a  very 
fine,  high  quality  image  was  obtained  over  the 
whole  screen.  Also,  there  was  no  unevenness  of 
colour  on  the  screen  since  there  was  no  gas  holes 
in  the  etching  holes. 

Although  the  description  given  above  takes  the 

formation  ot  snaaow  masn  as  an  example,  u  is 
also  possible  to  produce  colour  picture  tubes  in 
which  the  inner  shields  or  frames  or  bimetal 
elements,  etc.  are  manufactured  in  a  similar  way. 

> 
Claims 

1.  An  inner  element  for  a  colour  picture  tube, 
the  main  body  of  which  element  is  constituted  by 

o  an  alloy  containing  iron  as  its  main  component, 
nickel  and  chromium,  characterised  in  that  the 
alloy  of  the  main  body  of  the  inner  element 
contains  from  25%  to  45%  by  weight  of  nickel  and 
from  0.3%  to  10%  by  weight  of  chromium,  which 

s  may  be  partially  replaced  by  manganese,  that  a  Cr 
rich  layer  is  formed  on  its  surface  whose  average 
Cr  concentration  n2  in  %  by  weight  is  in  the 
relation 

o  1.2  n1<n2<10  n1 

to  the  Cr  concentration  n1  in  %  by  weight  in  the 
main  body  of  the  inner  element,  and  that  there  is 
formed  on  the  surface  of  the  Cr  rich  layer  a  black 

'5  oxide  film  that  has  a  spinel  structure  and  is 
representable  by  the  chemical  formula 

Crx  Niy  Fe(3_x_y)  04 

to  where  x  and  y  are  each  greater  than  0  and 
(0<x+y<3),  or  by  the  chemical  formula 

Crx1  Mnx2  NiyFe(3_x1_x2-y)  04 

?5  where  x1,  x2  and  y  are  each  greater  than  0  and 
(0<x1  +x2+y<3). 

2.  An  inner  element  according  to  claim  1, 
characterised  in  that  the  thickness  a  of  the  Cr  rich 
layer  is  in  the  relation 

40 
0<a<(3/4)b 

to  the  thickness  b  of  the  black  oxide  film. 
3.  An  inner  element  according  to  claim  1  or 

45  claim  2,  characterised  in  that  the  main  body  of  the 
inner  element  contains  additionally  from  0.2%  by 
weight  to  10%  by  weight  of  Co  and  the  black 
oxide  film  having  a  spinel  structure  is  represent- 
able  by  the  chemical  formula 

50 
Crx  Niy  Coz  Fe(3_x_y_z)  04 

wherein  x,  y,  and  z  are  each  greater  than  0  and 
(0<x+y+z<3),  or  by  the  chemical  formula 

55 
Crx1,  Mnx2  Niy  Coz  Fe(3_x1-x2-y_z)  04 

wherein  x1,  x2,  y  and  z  are  each  greater  than  0 
and  (0<x1  +x2+y+z<3). 

60  4.  An  inner  element  according  to  any  one  of  the 
preceding  claims,  characterised  in  that  the  said 
inner  element  consists  of  an  Fe  alloy  in  which  the 
crystal  grain  number  is  from  10  to  9000  per  mm2. 

5.  A  colour  picture  tube  containing  at  least  an 
65  inner  element  according  to  any  one  of  the  preced- 
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ing  claims  selected  from  a  shadow  mask,  a 
frame,  an  inner  shield  and  an  bimetal  element. 

Patentanspriiche 

1.  Ein  inneres  Element  fur  eine  Farbbildrohre, 
bei  der  der  Hauptkorper  des  Elements  durch  eine 
Legierung  gebildet  ist,  die  als  Hauptbestandteil 
Eisen,  Nickel  und  Chrom  enthalt,  dadurch 
gekennzeichnet,  daB  die  Legierung  des  Haupt- 
korpers  des  inneren  Elements  zwischen  25—45 
Gew.-%  Nickel  und  von  0,3—10  Gew.-%  Chrom 
enthalt,  das  teilweise  durch  Mangan  ersetzt  sein 
kann,  daB  eine  Cr-reiche  Schicht  auf  seiner  Ober- 
flache  gebildet  ist,  deren  mittlere  Cr-Konzentra- 
tion  n2  in  Gew.-%  in  der  Beziehung 

1.2  n1<n2<10  n1 

zu  der  Cr-Konzentration  n1  in  Gew.-%  in  dem 
Haupkorper  des  inneren  Elements  steht,  und  daB 
doit  auf  der  Oberflache  der  Cr-reichen  Schicht 
ein  Film  aus  schwarzem  Oxid  gebildet  ist,  das 
eine  Spinell-Struktur  hat  und  durch  die  chemi- 
sche  Formel  darstellbar  ist 

Crx  Niy  Fe(3_x_y)  04 

worin  x  und  y  groBer  als  0  und  (0<x+y<3)  ist, 
oder  durch  die  chemische  Formel 

Crx1  Mn^  Niy  Fe(3_x1_x2-y)  04 

worin  x1,  x2  und  y  groBer  als  0  ist  und 
(0<x1  +x2+y<3). 

2.  Inneres  Element  nach  Anspruch  1,  dadurch 
gekennzeichnet,  daB  die  Dicke  a  der  Cr-reichen 
Schicht  in  der  Beziehung 

0<a<(3/4)b 

zu  der  Dicke  b  des  Filmes  aus  schwarzem  Oxid 
steht. 

3.  Inneres  Element  nach  Anspruch  1  oder  2, 
dadurch  gekennzeichnet,  daB  der  Hauptkorper 
des  inneren  Elements  zusatzlich  0,2  —  10  Gew.-% 
von  Co  enthalt,  wobei  der  schwarze  Oxidfilm 
eine  Spinell-Struktur  hat  und  darstellbar  ist  durch 
die  chemische  Formel 

Crx  Niy  Coz  Fe(3_x_y_z)  04 

worin  x,  y  und  z  jeweils  groBer  als  0  sind  und 
0<x+y+z<3),  oder  durch  die  chemische  Formel 

Crx1  Mnx2  Niy  Coz  Fe(3_x1_x2_y_z)  04 

worin  x1,  x2,  y  und  z  jeweils  groBer  als  0  sind 
und  (0<x1+x2+y+z<3). 

4.  Inneres  Element  nach  einem  der  vorherge- 
henden  Anspriiche,  dadurch  gekennzeichnet, 
daB  das  innere  Element  aus  einer  Fe-Legierung 
besteht,  in  der  die  Kristallkornzahl  zwischen  10 
und  9000  pro  mm2  betragt. 

5.  Farbfernsehrahre  mit  wenigstens  einem 

inneren  Element  nach  einem  der  vorhergehen- 
den  Anspriiche,  namlich  einer  Schattenmaske 
und/oder  einem  Rahmen  und/oder  einer  inneren 
Abschirmung  und/oder  einem  Bimteli-Element. 

5 
Revendications 

1.  Element  interieur  pour  un  tube  a  rayons 
cathodiques  ou  un  cinescope  en  couleurs,  ele- 

10  ment  dont  le  corps  principal  est  constitue  par  un 
alliage  contenant,  en  tant  que  composant  princi- 
pal  du  fer,  ainsi  que  du  nickel  et  du  chrome 
caracterise  en  ce  que  I'alliage  du  corps  principal 
dudit  element  interieur  contient,  en  poids,  de 

15  25%  a  45%  de  nickel  et  de  0,3%  a  10%  de 
chrome,  qui  peut  etre  remplace  en  partie  par  du 
manganese,  en  ce  que,  a  sa  surface  est  formee 
une  couche  riche  en  chrome,  couche  dont  la 
concentration  moyenne  en  chrome,  designee  n2, 

20  exprimee  en  %  en  poids,  est  donnee  par  la 
relation  suivante: 

1,2  n  =S  n2  =s  10  n1 

25  par  rapport  a  la  concentration  de  chrome  n1,  en 
pourcents  en  poids  dans  le  corps  principal  de 
I'element  interieur,  et  en  ce  que,  a  la  surface  de 
la  couche  riche  en  chrome  est  formee  une 
couche  d'oxyde  noire  qui  a  une  structure  en 

30  spinelles  et  qui  peut  etre  representee  par  la 
formuie  chimique  suivante: 

Crx  Niy  Fe(3_x_y)  04 

35  ou  x  et  y  sont  respectivement  superieurs  a  0  et 
ou  (0<x+y<3),  ou  par  la  formuie  chimique  sui- 
vante: 

Cr,  Mnx2  Niy  .Fe(3-x1_x2_y))  04 
40 

et 
(0<xi+x2+y<3). 

2.  Element  interieur  selon  la  revendication  1, 
45  caracterise  en  ce  que  I'epaisseur  a  de  la  couche 

riche  en  Cr  est  dans  le  rapport. 

0<a=S(3/4)b 

so  a  I'epaisseur  b  de  la  pellicule  noire  d'oxyde. 
3.  Element  interieur  selon  la  revendication  1  ou 

2,  caracterise  en  ce  que  le  corps  principal  de 
celui-ci  contient,  additionellement,  en  poids, 
entre  0,2%  et  10%  de  Co  et  en  ce  que  la  pellicule 

55  noire  d'oxyde  qui  a  une  structure  spinellique 
peut  etre  representee  par  la  formuie  chimique 
suivante: 

Crx  Niy  Coz  Fe,3_x_y_z)  04 
60 

dans  laquelle  x,  y  et  z  sont  respectivement  plus 
grands  que  0  et  (0<x+y+z<3)  ou  par  la  formuie 
chimique  suivante: 

65 

8 



P  U l / D   344  D l  

Crxi  Mn,<2  Niy  Coz  Fe(3_xi-X2-y-z) 

j  x1,  x2,  y  et  z  sont  respectivement  plus  grands 
je  0  et 

(0<x1  +x2+y+z<3) 

4.  Element  interieur  selon  I'une  quelconque  des 
ivendications  precedentes,  caracterise  en  ce  que 

de  fer  dans  lequel  le  nombre  des  grais  de  cristal 
est  compris  entre  10  et  9000  par  mm2. 

5.  Tube  cathodique  ou  cinescope  en  couleurs 
contenant,  au  moins,  un  element  interieur 
conforme  a  I'une  quelconque  des  revendications 
precedentes  tel  qu'une  masque  perfore,  un  cadre, 
un  blindage  interieur  ou  un  element  bimetallique. 

J 
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