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  1. jntroduction

  The  history of  light sourees  is a  history of  an

improvement  of  lamp  efficiency.  It was  a  long

way  from an  ineandescent lamp  using  carbon

filament of  several  lmfW  invented by Edison
100  years or  more  ago  te  a  current  high  inten-

sity  discharge lamp  of  140  
-

 150  lmfW. How-

ever,  these studies  are  closely  related  to a  devel-

epment  of  materials,  necessarily.  During  this
decade, representative  examples  ean  be seen  in
a  development  of  rare  earth  fiuorescent material

in three band  fiuorescent lamp, a  development
of  translucent alumina in high pressure  sodium

lamp, a  development  of  multilayered  ceramie

film in incandescent  lamp  with  infrared refieet-

ing film and  so  on.  Therefore,  it can  be  said  that

the history of  a  development  of  lamp  is a  history

of  a  development  of  light source  materials.

  As  mentioned  in above,  a role  fulfiled by fine

ceramics  as a  light source  material,  especialIy

as a  part  of  high  technology, is important in the
history of  lamp. Now,  in this respect,  it is im-

portant to survey  and  summarize  results  already

obtained  and  tasks remained  as  a  future study

for a  technologieal development  in this field
and  for the  effort  t6wards  its praetical use.

  Based on  these  viewpoints,  the Research and

Survey Committee  for Ceramic was  established

in September, 1985  and  since  then the Commit-

tee was  held 14 times until  February, 1988,

wherein  the current  and  future trend of  ceramics

was  studied  energetically.  This report  is a  sum-

mary  thereof.
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           T. Ohmori
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           K. Watanabe
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  2. Progress Report

  The Committee was  held 14 times and  in the
Committee  the proposed current  problemswere
discussed mainly  in reference  to member's

opinion  from  the standpoint  of  his specialized
field and  a  hearing from  relating  specialists.

Also,  a  lecture meeting  and  a  sympsium  were

held.

  2.1 Lecture Meetingand  Symposium

  An  educational  activity  for the members  of

the  Illum. Eng. Inst. of  Japan was  sponsored  by

the Committee,  in which  two  lecture meetings

and  one  symposium  were  held.

  2.1.1 Lecturemeeting

(I) The  lst lecture meeting  (Nov. 26, 1986)(2}
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  It was  held mainly  concerning  ceramics  joint-
ly with  the Subcommittee  of  Survey of  Optics

Relating  Material and  Device.

(1) A  progress of  ceramics  for light source

      
- N.  Ichinose  (Waseda University)

(2) Translucentzirconia

      -  K. Tsukuma  (Toyo Soda  Co., Ltd.)

(3) Translucent aluminurn nitride

      -  H. Taniguehi et  al

         (Tokuyama Soda  Co., Ltd.)
                            .
(4) Far-infraredradiationceramics

      -  M.  Kawaguchi

         (Asahi Glass Co., Ltd.)

(5) Ceramics for infrared reflecting  film

       -  T. Saite et  al

         (Nihon Soda  Co., Ltd.)

(6) Ceramicsforinfraredrayssensor
       -  S. Ito

         (Murata Seisakusho Co., Ltd.)

(7) Color  development  of  ceramics  and  its

     property

       
-

 J. Ohtsuka

         (Yokohama National University)
       

-
 T. Takenaga

         (Sumitomo Cernent Co., Ltd.)

(II) The  2nd  lecture meeting  (Mar. 9, 1986)
  It was  held as  a  meeting  for offieializing  this

survey  report.

(1) General

      
-  N. Ichinose (Waseda University)

(2) Glass

      
-  T. Ohmori  (Toshiba Glass Co., Ltd.)

(3) Ceramics

      -  K. Narita (Toshiba Co., Ltd.)

(4) Optoelectronie device

      -K.  Nagata (National Defense Acade-

        my)

(5) A  desire for ceramics  from  users

      -  K, Watabe

        (Mitsubishi Denki  Co., Ltd.)

      -  H. TakahasL'

        (Matsushita E!ectronics Co., Ltd.)

  2.1.2 Symposium{Sept.11,1987}

  A  symposium  titled as 
"Researeh

 trend of

light transmissive ceramics"  was  held in "The

1987  Joint  Meeting  of  Institutes Relating to

Electrics and  Informations".

(1) Current  trend  ef  translucentceramics

      
-

 N. Ichinose (Waseda University)

87 j. Light &  Vis. Env.

(2) Translucentalumina

      
-

 N. Igarashi

        (Toshiba Ceramics Co., Ltd.)

(3) Translucentaluminumnitride

      
-  H. Taniguchi et  al

        (Tokuyama Soda  Co., Ltd.)

(4) Tran'slueentyttrium･aluminum･garnet

      -  H. Hada

        (National Institute for Research)
                    ,
(5) Translucentmagnesia

      
-

 S. Matsuda

        (National Institute for Research in

        Inorganic Materials)

(6) Translucentzirconia

      -  K. Tsukuma  (Toyo Soda  Co., Ltd.)

  3. Present State of  Ceramics

  For a  light source  material,  such  a variety  of

materials  as  metal,  organic  material  and  ceramics

is used.  However,  in this report,  ceramics  which

is recently  payed  attention  as a new  material  is

featured and  surveyed  in relation  to  illumina-

tion, especially  light source.

    3.1 Glass

  (a) Glassforillumination

    It ean  be said  that it seems  that  the variety  of

  glass type has a  connection  with  a  variety  of

  glass for illumination. That  is to say,  a histery of

  glass for illumination is 
"a

 history of  light" so

  that  at  each  invention of  a  new  light source  a

  glass having a  new  property was  discovered.

  However, it is a current  trend'to give a  priority

  to material  and  power  conservation  while  search-

  ing a  new  material  property from  a variety  of

  properties. Now,  among  these glasses for illumi-

  nation,  low-leaded glass and  quartz glass for ring

  type  fluorescent lamp  will  be described in the

  following.

     Concerning a  quality improvement  of  fiuores-

  cent  lamp,a  progress in an  upgrading  of  such  a

  property as initial luminous  flux, life perform-

  ance  property, mean  life and  eolor  lendering

  property has been almost  saturated.  Reeently,

   on  the other  hand, according  to social  needs,

  an  improvement  is being diTected mainly  to such

   an  economic  factor as material  and  power  con-

   servation.  However,  a  competition  for property

  upgrading  between  fiuorescent lamp  manufac-

  turers has  never  been  ended.  Conversely, a more

  severe  competition  including a rationalization  of
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Table 1Comparison  of  materiais  ofglass  for ring t ype  fluorescent lamp

Glasscomposition(wt%)Item

Glasstype
sio1Na,OK,OPbOCaOMgOTherrnalexpan-

siQncoefficient

(xlO-71ec)Seftening
temperature(eC)Densityiglcm3)

Chernical'reststance

(Daikohshi*
method(ml)

Low-1eadedglass

AglassBglassCglass
6871586115.716.05.09.81,O1.56.83,65,5r28.023.55.66.0-O.52.52.8-- 100989597 6807oe6186182.592.453.032.936.18.53.49.2

'GlassEngineeringHandbeok(1972)(Japan)

 produetion 1ine is under  progress. In particular,

 low-leading of  glass for ring type fluorescent

 lamp  is payed  attention  as  a  factor contributing

 to a  cost-down  of  a  glass bulb eost  which  occu-

 pies a greater part of  the lamp  cost  composition.

Table 1 shows  a  comparison  of  materials  of  glass
for ring  type fluorescent }amp.

   Quartz glass is a  single  oxide  glass which  is
produced  by melting  pure silicon  dioxide (Si02 )
so  that  it has features as listed below.

(1) Its purity is very  high. It is opaque  at  about

     99.9%  but it becomes  transparent at 99.9%
     or  more.

(2) It has an  excellent  heat resistance.  It does

    not  present any  deformation up  to

     1,1000C and  is available  even  at  about

    1,3000C. It has a  remarkably  low thermal

    exparision  coefficient  such  as 5x1O'710C.

(3) It is stable  chemically.  It can  not  be at-

    tacked  by  any  acid  except  hydrofluoric

    acid  and  phosphoric acid  even  at  high tem-

    perature and  high concentration.

(4) It has an  excellent  electrically  insulating

    property.  Its specific  resistance  is about

    10i  8 st -cm.

(5) It has an  excellent  translucent  property.  It

    can  transmit  a  light of  O.2 -  3.5um.

  By  utilizing  the above-mentioned  features, the

quartz glass has a variety  of  applications,  e.g. a)

prism, lens and  cell  for spectrophotometer

which  utilize  a  light transmissive property in
a  wide  band  range,  b) various  types  of  window

plate having heat resistance  and  chemical  resist-

ance  and  c) light emitting  tube such  as  merqury

arc  lamp, metal  halide lamp,  xenon  lamp, tungs-
ten halogen lamp, infrared lamp  and  germicidal
lamp.(b)

 Newglass

  New  glass is termed  as  a  glass modified  so  as

 to show  a  specific  function of  material  and  form

 at maximum  extent  so  that it can  be said  that  it

 takes an  important role  in the high technology.

 Concerning material,  it consists  of  glass and

 amorphous  substance  (except representative

 element-semiconductor,  metal,  carbon  and

 organic  polymer), of  glass or  amorphous  sub-

 stance  post-treated (e.g. cTystallization,  ion
exchange  and  surface  treatment)  or  of  a  compo-

site material  with  a  matrix  of  glass or  amorphous
substance.

  A  representative  new  glass includes, for
,example, optical  fiber, optical  IC, distributed
index  lens, glass for optieal  memory,  electrically

conductive  glass, inorganic photoresist, glass for
optical  control  device, nitride  glass, chalcogenide
glass, fiuoride glass, uniaxially  crystallized  glass,
porous  glass, artiificial tooth of  glass and  artifi-

cial  bone. Table 2 shows  functional classification
and  application  example  of  new  glass.

  3.2 Ceramics

(a) Fluorescentsubstance

  A  spectrum  which  stimulates  the fluorescent
substance  of  fiuorescent lamp  is mainly  the  Hg

resonance  line of  254  nm.  Therefore,  it is the
  'pnmary

 necessary  condition  for the fluorescent
substance  of  fluorescent lamp  to  be  capable  of

absorbing  sufficiently  and  converting  it into a

visible  light emission  effectively.  Furthermore,
a light emission  by the resonance  line of  185 nm
with  a strength  equal  to about  10%  of  that of

254  nm  line is not  negligible.  The smaller  the
lamp  diameter, as seen  in the recent  trend, the
larger the strength  ratio  between  185 nm  line
and  254  nm  line so  that the light emitting

efficiency  controls  greatly the performance of

fluorescent substance.  In a high pressure  mer-

cury  lamp, approximately  one  third of  total
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Table 2Functional classification and  application  example  of  new  glass

Functioma1
  field

Function Glass.Crystalglass
Basiccomposition
   example

Applicationexainple

'

Optics

Optical fiber

Optical transmissivity

Laser oscillating  property

Photosensitivity

Opticalmeniory

Form  stability

Electrical
device'SoundwThermal

Heat

Ion  transrnissivity

Soundwavetransrnissivity

Optical fiber

Glasslaser

Photo chromic  glass

Amorphous  oxide

Photo mask

High  ion transrn issive giass
Retarding1ineglass

Low  expansien  glass

Lowexpansiencrystal

glass

SiOi Opticalcomrnunication,
microopties

Tio(R,.kiAoll!ali) t utiestiaiteiescope
Li,-O-Al203-Si02  Heatexchanger

(zrO,-TiO,)

Maehine

I AIkaliresistance

 High  Young  modulus

 Workability

Alkaliresisting glass

Oxynitride light glass
Mica  crystal  glass

Na,O-ZrO,-SiO,

Mg-A!-Si-O-N

K,O-MgO-Al,03-SiO,-FlllaLutmJ

Highstrength Compositecrysta!glass
:

SiC-P-Spedumen Hightemperaturemachine
strUcturalmaterial

Carrierproperty Porousglass Si02 Fixatienenzyme,Heat'extenslon

ChemistryMeltingsolidifyingpropertyBorosilicateglass
Borosilicate Fixationenzyme,Heat

liquidfixatien
- m

I,iving'orgamsmOrganismcompatibility Apatitecrystalglass K20-Na20-MgO-CaO
-P,O,-SiO,

Architecturalbone,
Architecture

Cementreinforcement

Plasticreinforcement

Electrical insulating
materia1

energy  is emitted  at  the band  of  254, 313  and

365  nm,  respectively.  Table 3 shows  a  list of

fiuoreseent substance  for practically used  lamps.

(b) Electron  emitting  material

  According to  a  recent  inereased demand  for

high density electron  beam, an  interest is

directed in a  great extent  to an  electron  emitting

material.  As an  electron  emission  from  a  solid

surface,  thermal eleetron  emission,  electrical

field electron  emission,  secondary  electron  emis-

sion  etc.  are  known.

  For  fluorescent lamp,  an  electron  emitting

material  comprising  a  base material  of  oxide  of

Ba, Sr, Ca  with  a  content  of  1 -  10%  of  Zr02  is

used.  For discharge lamp, BaO-CaO-Th02

system,  Ba2CalN06,  Bal.sSro,2CaW06-Y203-

BeO  system,  Ba3 Y2 WOg  etc.  are  known.
                   .
(c) Translucentceramics

  As  represented  by chinaware,  ceramics  is a

polycrystal  body  obtained  by sintering  raw

material  powder,  which  fine structure  is general-
ly composed  of  crystal  grain, grain boundary  as

well  as pore. The  refractive  index  of  crystal  grain

is usually  larger than n=1  (refractive index of

89 J. Ught &  Vis. Env,

air)  so  that a  incident beam  to  ceramics  is scat-

tered at crystal  boundary, resulting  in an  inad-

vantageous  light transmissive property. There

fore, ceramics  has been thought to be inappro-

priate for optical  material  due to  its opaqueness.

However,  since  an  invention of  translucent
alumina  (A12 03 ), a  number  of  light transrnissive

ceramics  including MgO,  Y203,  Zr02  has

appeared  successively.  Recently,  nonoxide

eeramics  such  as AIN  or  AION  with  translueent

property was  introduced.  Typical translueent

ceramics  are  shown  in Table 4. Among  them,

the material  ranging  from  A12 03 to MgO.  A12 03

has a  melting  point of  2,OOOeC  or  more  and  is

superior  in heat resistance  and  strenghh  than

glass so  that it can  be used  in a  light emitting

tube of  high pressure  discharge mercury  lamp  or

a transparent container.

  Recently, a  piezoelectric ceramies  called  as

PLZT  composed  of  PbTi03  -PbZr03  system  with

an  added  La2 03  became  the topic of  conversa-

tion. This ceramics  shows  an  excellent  optoelec-

trical effect  so  that its application  as  a  new

optical  material  for information processing,
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Table 37typical  ftuorescent materials  for lamp

Activatingagent Materia1 Light ernitting  peak  (um)
  and  light ernissivity Application

Seif-activation
cawO,MgwO, 410  (Blue)

483  (Blue-white)

Cotor larnp
High  color  rendcrting  larnp

S' electron  configula-
tion  ien

Coactivation

(Ca,Zn),(P04)2:"
BaSi, Os:  Pb

3Ca, (PO,),.Ca (F, Cl),:Sb
(Sr, Mg, Ba), (PO,), : Sn

3Ca,(PO,),.Ca(F,Cl),

:Sb,  Mn

304  (Ultraviolet)
351  (Ultraviolet)
480  (Blue-white)
625  (Orange)nge)O(White)

Gen

Haalthy  line lamp

Black1ight

High color  rendering  lamp

     tJ

General Muminatien larnp

3Sr,(PO,),.SrF2:Sb,Mn 490+57e(White) Highcolorrenderinglamp

Divalent
MgGa,O,:Mn 503(Blue-green) Xeroxlamp

Mn
Zn2SiO,:Mn 525(Green)

I Highcolorrenderinglamp,
colorlamp

Tetravarent3.5MgO.O.5MgF,Ce02:Mn`'657(Red) Highcolorrenderinglarnp,
colorlamp

Fe LiAIO,:Fe 745(Far-red) Agriculturallamp
Sr,P,Ol:Eu2+ 420(Blue-violet) Diazocopyinglamp
3Sr,(PO.),.SrCl,:Eu" 450{Blue) Highcolerrenderinglamp

f-d 3Sre(PO,),.CaCl,/Eui" 14s2(Blue)
t-

BaMg2Alid027 454(Blue) tJ
Rare 2SrO.o.s4P,O,･e.16B,O,:Eu"48e(Blue-green)

L tt.tt
earth

t.....
'lon Y,SiO,:Ce,Tb l544(YeUow-green) Highcolorrenderinglamp,

colorlamp

LaPO,;Ce,1'b 544(Yellow-green)
-l

f-f (ce,Tb)MgAliiOig 544(Yellow-green) --
Y,O,:Eu 611(Red) tr
Y(P,V)O.:Eu 619(Red) HighpressuremeTcurylainp

Table 4flypical  transiueent ceramies

Compositien Al,O,BeOMgOCaOY,O,zr02Th02MgO.Al,OsCaF,GaAs PLZT
Crystalsystem Hexa-genalHexa-gonalCubicCubicCubicCubicCubicCubicCubicCubic

Meltingpoint(Oc) 2,0502,5702,8002,5702,4102,7003,3oe2,1301,3601,240
1,45e

Hot'(eC)1,SOO1,2007701,15e9001,300-1,750
900900-1,OOO1,OOO-･1,300Pro-cess-'lngpressrng(kglcrn')4002,OOOloe600800500--30,OOO .t.tT2,600600-3,OOO200--600

Highternpetature
sintering(ec)1,9501,800'1,750 2,200'1,450.t2,1002,150

instead of  a single  crystal,  is expected.
(d) Infrared refiecting  film

  Recently, in the field of  light source  mainly

for illumination, power  conservation  is given a

great importanee as  well.  Especially, an  effi-

cieney  improvement,  of  low pressure sodium

lamp  or  incandescent lamp  is attained  by  reusing

a  wasted  infrared radiation  so  that  it is evaluated
in the field of  material  technology from  the

point  of  power  

'conservation
 realized  by using

infrared refiecting  film.

  The  production  process of  infrared reflecting

film material  and  film has been studied  in
various  fields. For light souree,  a film used  in
EL, solar  cell,  optical  filter, refiection  prevent-
ing film and  solar  system  is now  applied  mostly.

As an  application  to illumination technology, a
utilization  of  semiconductor  film in low pressure
sodium  lamp  or  a  manufacturing  of  lamp  using

multilayered  interference film of  ZnS  and  MgF2
as

 optical  filter or  cold  mirror  is already being
practiced.

  Recently, a  lamp, in which  an  efficiency  was

improved  by feeding back an  infrared radiation

40 111um. Engng.1nst.Jpn. 90
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into filament  while  a  multilayered  interference

film of  Si02 and  Ti02 is provided on  the sur-

face of  halogen lamp,  was  realized  for practical

use, wherein  a  cheaper  manufacturing  method  of

!amp  by  dipping  is noticable.

  3.3 Optoelectronicsdevicemateriti1

  Optoelectronics is a  new  field which  combines

opties  and  electronics  and  optoelectronics

material  is defined as  a material  which  is pro-

vided  with  both  features outstandingly.

  Refractive index (N) is generally a  complex

quantity and  it is expressed  by N  
=

 n--ik,  where

n  is so-called  refractive  index and  k is damping

coefficient.  Now,  n  is a  coefficient  which  deter-

mines  a phase of  light and  k is a  coefficient

which  determines a  variation  in amplitude  of

light so  that n  and  k  are  changed  by an  external

effect.  This external  effect  includes electrical

field, magnetic  field, ultrasonics  and  light so  that

it is called  as  optoelectronics  effect.

  Figure 1 shows  representative  optoelectronics

Fig. 17btpe  of  qptoetectronic ei71ect

e £fects. It is only  laser oscillation  that is an  ef-

fect varying  k and  others  are  phenomena  varying

n.  In optoelectronics  material,  usually  a  single

crystal  is used.  That  is beeause ion orientation  is

regular  and  uniform  therein and  because it has

features such  as  no  scattering,  constant  crystal

orientation  and  accurate  cut-out.  Representative

optoeleetronics  material  is LiNb03,  LiTa03,

Ba2 NaNbs  Ois,KNb03,PbMo04,Te02  etc.

  4. A  Desire for Ceramics from  Users

  4.1 A  desire from  tamp engineer  to  material

      specialist

  A  safety  and  a reliability  of  lamp  greatly de-

pend  on  a  progress  of  g!ass and  translucent

ceramics.  Table 5 summarizes  performances

required  from the side  of  safety  and  reliability

(life) to glass and  translucent ceramics  for vari-

ous  types  of  lamp. For  glass and  light transmis-

sive  ceramics,  first of  all, a property  of  crack

resistance  is required.  For instance, in metal

halide  lamp, a chemical  reqction  of  quartz glass
with  an  enc!osed  material  provides  a  cause  of

91 J. Light &  Vis. Env.Vol

crack  or  reduces  a  light fiux maintaining  ratio.

Therefore, a  quartz  glass not  reactive  to the

enclosed  material  is' desired. Also, in a  high

pressure sodium  lamp, from  a  similar  reason,  a

translucent  ceramics  and  enclosing  glass, which

are  not  reactive  to metallic  sodium,  are  desired.

  On  the other  hand, in order  to realize  a  longer

life and  a  higher reliability  ef  lamp, a  steady

effort  of  lamp  engineer  is also vequired,  For

example,  a mechanism  of  blackening of  glass

is not  necessarily  clear  at  present even  after  50

years since  the first practical use  of  fiuorescent

lamp. It is the  first step  for realization  of  a

longer  life of  Muorescent lamp  to make  clear  the

mechanism  of  blackening of  glass by  sufficiently

utilizing  the present material  technology.

  Furthermore, metal  halide lamp  is not  so

popular  yet at  present even  after  about  25 years
since  its first practical use.  The reason  why  the

metal  halide lamp  having an  excellent  efficiency

and  color  rendering  property  is not  widely  used

yet  is attributable  to its shorter  life and  lower

reliability.  That is; a  crack  is produeed  in quartz
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Table 5Prqperty  ofglass  and  light transmissive ceramics  required  from safety  and  reiiabilit),

Safetytt-..
Lamp

Mechanical Optical
Reliability(Life)

Bulb Crackresistantglass

Halogenbulb CrackresistantquaTtz
glass

UVnon-transmissive
cheaperquartzglass

FluoTescentlamp Crackresistantglass
tt

non-blackeningglass

Highpressure
mercurylamp

Crackresistantquartz

glass

-tUVnon-transrnissive

cheaperquartzglass

Metalhalidelamp
/Li

nt

-J
11

tJ

Quartzglassnen-reactive
withenclosedmaterial.
Nenon-transmissivequartz

fglass.".t

Highpressuresodium
lamp

CrackresistantcerarnicsUVnon-transmissive Glassforenclosinglight
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glass by a  reaction  of  an  enelosed  halogenide

with  quartz glass or  a tube  wal1  is blackened by

a  reaction  of  an  enclosed  halogenide with  an

electrode.  It is difficult to analize  these chemical

reactions  because they are  carried  out  in a  multi-

cornponent  system  containg  water  and  impuri-

ties or  they  takes  such  a  long time  as  several

thousand  hours.  It is an  obstacle  against  a  longer

life and  higher reliability  of  metal  halide lamp

that the  detail of  the above-mentioned  chemical

reactions  is not  obvious  yet. Its solution  by

material  specialists  is being desired by  users.

  4.2 A  desire to ceramics  used  as  a  lamp

      dperating device

  A  lamp  operating  device, also,  has a  tendency

of  being  smal1-sized  and  thinned. A  smal1-sizing

and  a  light-weighting of  ballast and  transformer

have  been  attained  by  converting  ballast or

transformer compried  of  iron and  eopper  into

electron  ballast or  electron  transformer. Also,

a  starter  for starting  lamp  is changing  from  bi-

rnetal  switch  or  glow  switch  to  semieonductor

starter.  Dimming  or  Mashing is mostly  eontrolled

eleetronically  and  the trend  of  lamp  operating

deviee is being directed towards  semiconductor

device or  electronie  device. Within this trend,

the parts depending on  ceramics  sueh  as  amor-

phous  alloy  and  ferrite which  will  replace  metal-

lic magnetic  material,  recently  spotlighted  high

temperature superconductivity  ceramics,  SIT  or

SI thyristor, high temperature  semiconductor,

nonlinear  condenser  or  smai1-sized  laminated

condenser  will  increase more  and  more  ex-

pectedly so  that a  development  of  these types  of

material  is expectable  in a  great extent.

  5. Conclusion

  This is only  a summary  of  the Report submit-
ted  by the Committee  so  that the detai1 shal1  be

preferably  referred  to the original  report.  It

can  not  be said  that this'survey  is completely

sufficient.  The  uncovered  subjects  wil1  be'sup-

plemented in another  report  on  
"The

 Research

and  Survey  of  New  Material for Light Source"

(The Committee  started  in 1988).
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