TEINT 7 AFY VOB IO

BFEBERICHE T 5L

N

Jil & % —



518

X

..................................................................

B2E 7ENV772FK YV VvHBRORXRBEERSR
BU®HIC

..................................................................

B2H MEROMEREXS -V =v)
1

-------------------------------------------------------------

7
.................................. 8
8
............................................................. 9
....................................... 10
# B ettt et et 10
2 % 7 12
2.1 A2 9 F Y VT EDORE i 12
2.2 TENT 2 RAFY) VHEBEOVEBRI AL «ccorerrecnriiiiian. 13
2.8  F A DRI E I HE e rreerrrrrrerroinaeeeeenn 14
2.4 FHFWANYEFFp o TORDI coeevercerenenrinniancnenns 16
3 FERLEEE oot e teeicsenateitesietaatonanaenes 17
3.1 TENTI s AFYVYONRVYFFp oy &
e d = = T it e e 17
3.2 TEWNI ARV VORST ==V TBBE--ooeveerennns 20
A F LMD ceerretteaeiiii ittt it 25
>4 B v v et it e 26
BI3FM -1 HT YU —=F v B it et 27
1 et it i 27
2 = BR e 28
3 %%tggnum“m“mi ..................................... 30
3.1 HTYV—F VI ARI P NVEBEE DR (R ceorecerceceeenns 30
3.2 FHTY—F v S DEBIRIE R oovrererrrrraaeiniiiaiias
3.3 BT Y —=F VT EDHB o
3.4 TV —-FrvIOBESEKEYR
LD

--------------------------
............................................................



K . ﬁk .......................................
I - KTV —F Y THE e
1 ## Hee et i e

2 REHEOBEOREDOESCAIRLS
R W I Y N
3 FHTY —F U SR
R T S R TR TREE
B ADDEIALX vrrrrrrrrerrrrareanen e
FAE Rr-—vvrEizhicizBRBEE~OREE--
1 ﬁ %‘ ........................................
2 = 7 P
3 FEHEEBE o

BIE

1E

52 Hi

3.1 7ENI P RAFYVVORF—-—F vy IHER
3.2 AgF—FvIr i858~ E

TENNVIFAFY YOy yBIEAS APITHBIT S
R ENRR CBMERTG i,
R o] MR R R R R R R R PP R PP PR R R PRRE PP
X m .........................................
TENTIyRAFYvaoA FOREL
%& U@%‘%Eﬁ% ...............................
1 ﬁ 'E“ .......................................

2.1 H S ZDTHEL cevvervrerniieiiiiiiiiiin
2.0 A HE DR E - veeeerreereeeeeen

................... 68



3 *:g%t%—g ........... [P S e e it ettt 71
3.1 TENT y AFKYvyauf FORE

(A F 5 A F U F) verrerennersneeiienesessiosoneneneannnss 71

3.2 REEBGE-cccoecoerenn T ST P P 73

3.3 BEAETSccceeeieen Cedieaen s R eeaeehs 76

A F L ceeeerineains e e D F |

7 T L 84

EOH BMEREBEEEY VOHIES E OB fecrrrrrrerrrrrerasetiiiiinenn 85

1 Eoeeeernnennn et eeseiserierienneens ET T 85

2 & = T 87

LR = U T — G 89

- T S 96

38 7 R 97

R T ", SR 98
H4E B = 100
M T EE ST 1] R R eeeveereeneeetnateataeteaie ettt ieeaaaas 104
= =S 106



B1E o

TENT y AVEREEFEM L LTARVIEERBIWZ K5 IcB>T& L. %
DEMHIZ, CI20FbFEhz st/ 2EER2Y-FLTEXLERYET
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1. #% g

TENT s ZANIAFFA FOXBENUED—~>2ELT, 5 —2=r75 (Photo-
darkening) ¢RI h2BENH 3. XEBHITILBRNRNEIEEEMICBEHL
(red shift) , "V F¥+ 9 7OEzFVF-HIANOBBHEEEINBZ DK —
y=v iR, 2I1ELRLEEIIE, ThETAS”, P.Se?, Ge-As-Se R
BRECRZEINBITENVNI s RANVAFFA FTLIAEBSATVE V., £ 1,
TENI y ABTRTIOASORFEER - RERXBODTONELY, FITVELE
(pnictide elements) TR 7ENT7 » ALt (a-AS)E Ry -7 =V 7 %2R&
BOWEWSISEHERS BT TY, "NYIFBELLEATVELERTREISAVWE
RLEIONTVI.

Table 2.1 Photodarkening observed in various amorphous

materials.

PNICTIDE(V) | CHALCOGEN (V1)
element alloy element

P’

“. .
......

&

(As2Se3)

O :observed
A :unobserved



—%h, IHSRIBEMNICERELDFY YODao 4 FHR, i’r’:ﬁﬂﬁﬂ:&bééb:.
Bikd 3 t2RVHL, EHENICTRE LB FY voRS -7 =V 7 DOHEE
HERE L TERLY.

ECTHEEZERCOBRKIKBERAL, RY vESORTEBKXFHOVTORR
CEFELE., 2O0RE, BRAEARRy S Y v 7ETHERLETENVT » AFY ¥
(a—P.o) HEAVEOHREKSHE, $hLLEAINVIFVEHHLEL TR
DTHS— 7=V 7R RTIEERVHLAY.

ATk, BAKER Ny sy v IrEBICLKSa-P. . HBOERAEEL, O
a—-P... BORLERF -2 =V I/IDREBIIODVWTRRE., £/, TOHBEICO
WTR, ChETHNIFFAFRTREYARLATVWAETFVERRLBHL
WEFNVEIRIBT 3.



2. % B

2.1 ZNw S YT EORE

SHEro7ENT » AEEEERST S5 HEE LT, PVDE (Physical Vapor
Deposition) £ CV D% (Chemical Vapor Deposition) &% 3. B<{ H
WOhBHEHZEREBEEPLPEAMETHVWEL RNy 5 Y v kid, PVDEKEBT 3.

22y SEDOEBERE2.1IRT. 2y R 7o —RBIcXDERLELAT
BEDREH_HTNRA A VEBRTMEL, #—F v PcHERIE, Thick i
Wl =%y FEFE2ERECHBIE I ETHS. Cobhdld, BSER
RESENVOT, HERBETHEBLLVEIATVWIYMETORET 3 2 &2
RlgEThH 5. ZOohT, BRABERA Ny I Y VY ITHiE, -5 vy FPEREOF +—
Ty TERBTELD, MBEDOSI S v FTHRANY I TBILENARETD 5.

’J——
l ]
\\
SUBSTRATE
Ar
c DAr +
®+
EARTH /}9
SEAL
\| "'—Q
TARGET L—
l | VACUUM
1Al |

RF POWER =

Fig 2.1 Principles of r. f. sputtering.



2. 2 T7ENIZRAFYVHBOEREE

a - P..#lR, BEAK (13.56MH) <73 b0y 2y 50y 7%E (SBH -
3308 % , ULBAC#) THE®LA. s—¥% v bicid, BER3M4vF, EE5mmD
YUY FLU—F (99.999%) 2RV, ERICE M Vy 2 245X (EX0.55mm)
EEALEL. s-F oy rtEREREOMBIC Ly FL, HEEG6 X 10‘PallTF
TCHFEXRLEBRNyv Y Y IEFHABLE. 2%y YEBEOENIZ0.6~0.7Pa,
EREY -7 PO (T-SHERK) X60mm, HIMEAR3IOOWTIT-
. BH, K2Ry 4 2TH5RCEREI—Fy rORFEETI Y F VT (T2
Ny4) L. a—-P, JBEOEXRZ Ny yBHE2LEXLZ L TREL, &KX
BE#H (DEKTAK-TDTA) TRIELL. FERTHEALAZEEO#BAIZ, 100~
6000nm TH 3. a — P, BDR/Ny sZBfER2.2ICFE LD .

Table 2.2 Preperation conditions for a — P« sputtered film.

RED PHOSPHORUS PLATE,
TARGET 5 mmt, 3 inches dia.,
99.999 %
BOROSILICATE GLASS,
0.5 mmt (Corning 7740)
| SPUTTERING GAS | Ar
SPUT. PRESSURE | 0.67 Pa
R.F. POWER 300 W
T-S DISTANCE 60 mm

SPUT. RATE 30 nm/min.

SUBSTRATE




B A a-P...EEARIGEHBTZEMNT, Si0.K (300nm) 22D L
Moy s L. SiOBORSyIEHBR, s-Fy POEESA YT, H
MEH1500WlHAIRa -—P..ROFHEERLTH S. B2.2ic% 0K
ERT.

Specimen
| hy
S|02
/07//7
a- re%é?
AOVAO’

substrate

(pyrex )
PP Ve

Fig 2.2 Constitution of a sample for
observation of photodarkening. After
the red phosphorus film is formed
on Pyrex glass substrate, amorphous
silica film is sputtered successively

for protecting the a — Pw film.

2. 3 RAEHHEOMNESE
GW1ommAKRYVHLEREA2 254425y bicey P LAFER/EERE
Lz, SO 544259 PESRREHORMELREL, ECBRELKRR
LEDobXBHEHEZRZ PVRAIEAREITY, BEKBHEICE LI AT
OEiLEREL .

¥EicikRXes 7 (500W) 2V, RoRBEZBRIBLHIKIRA v |
74 vy —%2BLTRABIEEZRESL . Bt Eid 250 ml]cm?-sec TIT
- 1o,

COHETHRFBUEEIANET 2B OB ER2.3I7RY.
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C 2 2 [ ]
1. cryostat 2.spectrophotometer 3. Xe lamp

4.1R cut - off filter 5.lens 6. SiO2 glass window

7. liquid—-N2 8. computer 9. thermal controller

Fig 2.3 Experimental set-up for light illumination under
controlled temperature.



2.

4 XEHONVEFXr v TORDAH
KEHNYFF vy TiE, Beer DEREE->TRKDEY . ZOHBERET.
BXHEHald, Beerdghldd
E=1o0og (Io/1.) =log (1/T) =ad «cooreeeeee (2.1)
E : BkE
Io: At tomE
I :EBXDHE

T: ZAR
a : BAFEE
d : REHOE X

T, BRNEBRICRITISadXFxxrVF¥— (photon energy) KFH
BRI

BB @ (Eog—d @) Zrrrrrrrrrereeeeeuiiieeeeriiiiereeeeennes (2.2)
TH5¢E&0Y, Hoét (ahw) OB FE%E2 7oy b L, XRFEH Y
F¥+ v 7 (optical band gap) E.%2Kk®74. {HL,

A w=1.2398%xX10° 72
TH 5.



3. BRLEE N

3.1 Z7ENIZ7ARYVONYKFF ey TERTS -V ZVIRR

REFEHa N1~ 10COHEAICAZIESORN (AL, SiO.BHEH) 24 HEHR
EY, BEAEOREMER (2.1) & (2.2) OBFIEARALEENANY FF + v
7 (UFBENAY F¥Fey TEHRT) 2RD L.

2.4, 2%y yETHEBLALE (as-sputtered) ¢ ZEHh %2553 KTI10
S8 B (annealed) , 07— VL BICRRBHEZ2 4BRHTVIEMS
#7840 (illuminated) , BREFEH e EfLEZRLILH DT, —HKITNVF
Fro77o0y PERRIATVS. BERENIC~10COHBETHESNIERE
AL, X#h (photon energy) EXbBENZORBPBO~NY F¥ v v TITH
R 8

Y

o —O— as-sputtered

~

'% —@— annealed

Q 6 I A illuminated

i)

S

(&

o~

2 4l

o’
~
>

7N

S

3 %[

- /

/’ /,//
0 1/ l//// ‘ I I
2.0 2.5 | 3.0
Aw (eV)

Fig 2.4 Variations in optical band gap by annealing and

illumination at room temperature.



COFRLhRKDIas-sputtered BB L T7=—NVLIEONYFF s+ v 7T,
Fh®Fh1.91eV & 2.07eVThHo7c. COT7=—NVL7BIK300KTEEHE
Bt aE, "NV FFrvTi30.04eVEz X2 VF—-MIcHBEL (red shift)
y—s=vIrRBAlahi, RS- =v /02 1LEABRB4T7T3KUL0EE

(ZEBMMICid553K104) THLET ik, REHMUMOT = —n
BEoREICED (thermo-restoring) COH A4 7 Vi3 HEIOEIELICXL T
BHHITH - 1.

B 2.5 1%, 7—‘2—)113*4.&%11%77K‘Fi’t’:5"‘—7:—‘/7‘éﬁ‘f: (24 hTty
fMEABRLE) BEDNNVYFFv vy T Toy FTHE. COHAIZ0.08~0.09eV
Ly F¥Yy7rL, S00KIKERP2ZEY I LT B ENGN-7. DEDOBR
#R2.6lcx&Hi.

8
— —O— illuminated (77k)
§ —&@— annealed
> 6
o
N
D
E
No 4 |-
@)
O
<
—
S 2
S y
S—~ /// //
0 /l // l I
2.0 2.5 3.0

Aw (ev)

Fig 2.5 Variations in optical band gap by annealing and
illumination at 77K.



as-sputtered __|L__)Lno change

E.=191eV

AH
(>473K)

illuminated band gap shift

_—-——————————--——-——d

at 300K E 004
E=2.03ev | SE00=004%eV

annealed

E.-=2.07eV

at 77 K

E;=1.98 eV AE7720.09eV

Fig 2.6 Relation between the optical band gap and the temperature illuminated.
As — sputtered a — P film does not show any optical changes by band gap illumination.
Once the as — sputtered a — Pw film is annealed at a temperature above 473K,
the band gap shifts to a higher energy. This resulting a — P. film exhibits photodarkening.
The optical band gap shifts at 300K and 77K are 0.04eV and 0.09eV, respectively.
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Schematic representation of conduction and valence band states.
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Fig 2.8 Changes in transmission shift (photodarkening) at
77K with illumination time. Aas-1 represents the
wavelength corresponding to absorbance = 1.
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Fig 2.11 Experimental set-up for light illumination under controlled
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Fig 2.13 Relation between Au-: and film thickness (d) ;
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Fig 2.20 Changes in depth profiles of oxygen for a — P.
film by illumination. The numbers of curves

indicate illumination time in hour.
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in a — P films illuminated.
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Fig 2.23 Schematic representation of valence and
conduction band states for a — Prd.
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Fig 2.24 A tentative model for photobleaching in a — P film.
Band gap illumination excites the o —bonding electrons
forming P—-—P bonds to the anti — bonding levels.
A part of the excited P— P bonds dissociates and
subsequently the resulting active phosphorus combines

with oxygen diffused from atmosphere to form P

- O bonds.



Rica—P,. e EOXTYV—F Vv 7OFEBEILS>DVTRITT 2. M2.251ta — P..q
Box 7y —Fry/s7oRFEEEE®EDO NS — v E2RY. BIBiTRERL LS T,
RIG#HE (FRA) TR, EBOEERD (Jd) pEZTVAEVWIZ MM DS
F, BRIV —FrraBAENE. COEBIESCATRROLM o
74— VHARBHEMEEbIBEOEIARAANFERIWZ@HE—FT E. —7,
EE BT, R¥WEE (Jd.,) OBRDVEEBOBEORDHIELL, ZB,S
OPHEEDOTo 7 4 - VIBHEBEICEKZRIC—-ETSH 5.

e, AF¥FNEERIBEOREIARCHMELTWS D, BPIKFEETSP - P
B (5aB) 2o LlikrbTHRHIELTVWERCEICKSE. £z, BODDOP -0
B GEHBE) B, EFBCREXEIOLATBNBEAREALTVSYN, ThbED
EXHRARAAEERIOOSIEMEITCOTHBLALES. LAN-T, @K
AT, P-PENEEHNALRP-OBIEXHRDLD, ZTOBEAINLRBRHEKRE IS
hWTHBMICELEEZELBIENTES.

?\ %\\\\5\\\\\
7 —3

Adop

~ .
Y

TIME

Fig 2.25 Schematic representation of photobleaching behavior
as a function of illumination time. Both A and
B show the changes in optical film thickness and
D shows the changes in physical film thickness.
C indicates a hypothetical curve extended from A.
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Table 3.2 Glass compositions and thermal properties.

Glass transition Dilatometric Expansivity
Composition temperature, Tg softening point X 107
Glass (mol %) (C) Ts (C) (cM)
A  3K0-12B,0,-16A1,0,-69P,.0, 660 750 74.4
B 6K.022A1,0,+72P,0; 570 640 66.7
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EFRERICBNARAZ CEREL, RNBRAEEEMNCBH TS LITLDR
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Fig 3.1 Changes in optical transmission curves.
(Schematic representation)
The arrows indicate coloring.
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Table 3.3 Striking conditions of glass A and glass B

Heat — treatment

Glass Temperature (°C) Time (h)
A 720 24
B 660 24

BULBEMPOY YEBENS 2AMBKETIE, SIOBILICEDTVRDO LS BRIEHN
&

2P,0,+58Si—>5S8Si0,+4P
2T, SikKE->TP. O UADHS AT OBILYNBLINDE I ERBANEN
KEVERW?, Lizin-T, BraMict-TERLETERDOY Y&, Bl
HS52hTRY VEFELTHABLTWS, Cohs22m#dse, aET
CHEENTOAY Y ETORMABREND, RAZNERELRETS 3 &
BIANVNF—Z2BLTEHNE, TH8bLY) Y OLa&NEES. T LTEZORERKEK
B ATPHOAESETIOA FARETAEEALNE. SO 04 FAMM
h, 323VRAHNBABRTRY YcEBL, ChHBrR) vBEFVFSAKERZ D
o T HEATH 5.
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Fig 3.3 Coloring of glass A by irradiation of (a) uv rays
(0.9mW_ cm?,365nm) and (b) Xe lamp (250mW cm?,
500W) at room temperature.
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Fig 3.4 Coloring of glass B by irradiation of uv rays (365nm)
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Fig 3.6 Transmission curves of glass A heated at 280°%C in

a dark room.
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Fig 3.7 Isothermal coloring curves of glass A (a) and glass

B (b) heated at various temperatures in a dark room.
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EORHBRFRNHERORLZ2EEOY vEBENSAERY, AbS5AF VT,
FEQ, BREBEOICOVTHANL., ZLT, CORPRICIZIFEAEN/NT 5 2R
CHERELDLEY Y3 FOTENT s AFY vaa, FAOHEBIZES D
DEHM L 7.

PUTFTexficBONREZENT 3.

1)

2)

3)

4)

5)

BrLAMcl-THBLALRAK Y YREFNS 2R, BYLTEETRALET
3LERL, WHOWARPMSAFVYIODBHEEET 5.

thit, 2P,0;+5S8Si—>5S8Si0,+4P, ORBICL->TERLKLY
VEFN, BBk ELELTY vyaud Fickky, MBRGBS 3 VWIERE
HBRERTHRY vaoA FRAERLAEZEICERT 3.
Z2FSAFVISEIELASZAEHNE600CIKEMALTH»h6RAKTSHLE
FEBBHICKS., CS5LT, PTC-RPH#HI2nESHhBE. PTC -
RPHSZRpDY vyaoa Fig, BMEBBLERY v (FHHEYv) NTo0fF
BEHEEY v, brvR—BERKMLLTHY YERYVFEELTWS. PTC
~-RPAS2ORBLURICLZEFERR, F73XARCHERELIIEZS.
PTC-RPHSZORXRBOITHNOLERICLEZTENT 7 AFKY ¥ DHERK
T, BERTESHEORZEHBELAVAVAEATHEHALALLTS,
ERDOETIHNOLETEN I > AFKY YVOEREERT 1., & X RBHEHERH
t EDficik, A.=a+blogt (a, b:EH OBFEMNKILLE.
PTC-RPAHIZODBMBRI L DODERITKZTENT 7 AFKY v DHERK
B, 5 2RICEFELET200CULOBETEZS. ZLTIORE
ODRMFTOEMILzXxVF—I13151k]/molT, BBicAohTWVWBEHY
VNS TENT 7 AFRY VANDEBICOVTROOhAEEZIE-HL L.
ZbS5AFv T, RER, BRERAORRNTHSET7ENT 7 AR Y YOLE
B (%) OBE%E Avrami 7o v FHASHEBERF L. ZoOKRE, R
I BEHBTIIM=0.5, BicksEHTEm=1, A +54F Y TRmI
BHHICEML, BL7TENV 7 > 2K Y VOEKRTHEZEORBORELSE L
NEbhi.
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BraMck-THEOALY YBENS 22R{LAMEOEE TRAET 3 &,
BRREE (RF54F07) LT, K{BERTEY., CORM54FV7I0&»T
HERBLAASIZAIEZ, W00 CLULETRBUERHICIRED, TIHhoRKTHER
FEAEFEHLPTC-RPHI2ANESHNBE. COPTC-RP#HS5 23, kR
5 (Z&) ©?, 200CHLE0BEE (Bf) TEHERELY, T ZRETHA
LTHBBLAEY. HRLAFVSAEAVE600CULOREL Y RET LI,
EBEEHLZPTC-RPAS2NEBLONE. ZLTCoEFER-BEIF, AHFEHI
fMETLRETHS. B3.13icid, BRBRITS2H»S5PTC-RPH I REERT
2hH&E, REAs 208 - BBEOMBEELE LD L.

¥, COFBR-BROBHERE, UToLkI2H52<bY v s 2icERYE
Ly vaof FOHEBICERT 2 LHERMLTELY. $4bb, EFERTEK
JOXFEROY YR HAIA<PY v 7 RAPIRAERT S, RiZ, TON T RZME
T5LYyN2EL, I FEEKRTS (Rb54Fv7) . CORETE,
DYk vaoAfA FELTHEETSIOTHREEBFERT S, 3516 00CREII
BiETBE, FY VHABES (depolymerization) LE#&ERY vickky, BU
HS2AFBBT S, TIHhoRBTHRE, VB HMKETLEIEY YiIKtkD,
BREBEHLPTC-RPFI2NBELSHB. LN ->T, PTC-RPHS
ZDE®BIZ, X, BELEL08E80, EHLKEKY vELBZBY YHSDKY ¥
~NOWHEBICXBEEELTELY.

—%, BY vPHEAEY Y IFEJFEURLOEOLD, BEOERIHPTODTA
RETHBELTENRIYD, ALY vOoHEBCHBLAREHRRKIEERE T
201, hWWUEOYRETHBY., 2ok, YVyEEOHEBEZ2E ->-KDTAOHE
BiREAER L,

FHild, PTC-RPHSZODTARFMRFTL, TRV voREZEIL
thBTBZEicky, LROHRAMOZIBEZBELELODTH S,



REDUCED PHOSPHATE GLASS

(as-cast,colorless)

£
Striking(Heat treatment I)
v
Annealing
¥
Annealingl¢ Heat treatment II
Exposed to light
. i hi
at room temp. Raplilquenc 'ng
Heat treatment III < PTC-RP GLASS
(Above 200°C) (colorless)
Fig 3.13 Preparation method and coloring method of PTC

— RP glass. When the as — cast reduced glass is
heated at around softening temperature of the glass
and annealed, it has a reddish tinge (Striking).
The red glass loses its color when it is reheated
at above 600°C. If the colorless glass is rapidly
quenched, the colorless state is maintained at room
temperature (PTC — RP glass). PTC — RP glass is
recolored red either by irradiation of light or by
heating above 200°C. These coloring and bleaching

are reversible.
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PTC-RP#HS5 20K &ELT, R34 TTL4BHON S 2 EEHL .
FTEMET AN ThOMBRICENEHEML . R34 THAE (+251) ¢&
230, ¥32100FviclLTYYavHEkRE2ENMRMLALI LEEZEK
3. vyaviz, BxamsscirEmELTHEMLA. AYULALERES
METNVIFBEOERICAA, ZK P, 1300~ 1350CT | BiEmEzs v L
ARECHELHBLEBTZEickh, BRBEHL TS 2 2E .

COBRANIZAR2RIARCRLEBUREZHFO L THRUEL, #5X%X L35
A+ V788, AV 5AFVIOBMBIIL - THREBERIEEKR, OS5
2056 0.3mmECHEFZVIVHL, Th2600CUE0BEECERL TEE
Xg, ZIHoRBKTEILED, EABEHALAPTC-RPAS2ZHK.

£3.41cld, ChoDHF2RDHEKRERNIAF Vv SO EOflIc, #F5 2EKEB
B (Tg) &kt (Ts) oYM ELTOHETCHERT AN S RO0FFT bRE /.

DTADHIER, REFAS20@FE2HIVALYKHLAbLOEZHM30mg #FH
L, 10C/ AR BEETIT-» 2.

E2HiOBRBEOAOERI, HEEBECRABFLALERFAN (B T ERMA
ME®%, TORBRFA2ZEREITREL, ZERTARIPIVORERIT- TE L.
CCTRBLIZECOETE2DTARERTEARIEVWRHETHANZENT,
BEMBAZIRZ FPVORAIEGIT-7. ThiZ, REEZHEEEHRNCEREL oM
BiFoficty PL, DTALRAL—FEOHEE (10C/4) TMHRLENS X
RIJMVOBBERARSZFETH 5.



Table 3.4

Glass

and thermal

compositions,

striking

properties.

conditions

Glass I I \'A
Composition SOPZOS-SOCaO 47P205-52Ca0 50P205.33Ca0 69P205-16A1203
A1203 17A1203 12B203-3K20
(mol%) (+6.5 Si) (+3.5 Si) (+3.5 Si) (+2 Si)
Glass Transition
530°C 550°C 340°C 660°C
Temperature (Tg)
Dilatometric Sof-
570°C 590°C 390°C 750°C
tening Point (Tg)
Striking 580°C 580°C 400°C 720°C
Condition 30 h 50 h 50 h 24 h




3. HRLER

B3.14ic, ¥21IDODTAMKRETRYT. (a) BMBELSOREH 5 R (as —
cast) , (b) ¥ (a) ORAH%2580C30h#MMEBTRIFSAF Vv I7EE+
HDicEBLIAS5 R (colored) , (¢c) BRAPSAF v/ THEBLEATIZ%2640
CTHHBEERL, ZH»roRBLTHELKBEYS X (PTC-RPglass) T
5. £/, (d) & (a) LELCELHEKROAN S 2%ESioRbDILS i 0.%2K
BELTHOWTAM -2S TERLAL, BIELY 5 X (oxidized glass ) TH 3.
560CHEICKE, IXTORBICAFSI ZAEBRICERT 2R E— 7 08HA
ht:. zhlAic, (b)) TIIE600C LD PRLERBICES, (c) TIE6 0TCH
MOBBMEZ2 6 0CHAEDRBMVHBEAMINA., ChSORIBIF, MBBETER
bBELHEIILL (a) £ (d) TREAMsATVWEVWIEDNSGEXT, 72
k&b d, PTC-RPAHSREFOFAPLEBABICHEBLTVLE I ENHERNX
h3. 22T, HROENBAPTC-RPHA522HVTINOORBRERL

2 O fll
B~ a) as-cast

C) bleached

EXO

(d) oxidized

TEMPERATURE (°C)

Fig 3.14 DTA curves of glass I at heating rate of 10°C/min
in air.
(a) as — cast (reduced) (b) struck (colored)
(c) bleached (PTC — RP glass) (d) as — cast (oxidized)



M3.1561c, #5RU» /B LAZPTC-RPHF520DTA%2TY. RHI
580CT50hBMUBLTR NS A+ /38 A52%2640CT1 05
BELTBAEIYE, TZIHSBHBLTHELPTC-RPHFS2THS. 290C
fFETY +—THRRERBNBRA S .

290°C
|
o 2
= 0
Glass I l
l 1 | ! | ] |
100 200 300 400

TEMPERATURE (°C)

Fig 3.15 DTA curves of bleached glass @I at heating rate of

10°C /min in air.

®3.164k, #1521, 520, 5 2NOHKRORLEE3=FEDOPTC-RP
H53ZADRBMBRARI P NVTEHL. D ald, ERONNS A -5 -Thb,
HE2HoX (3.1) LXRDLHLDTHB.

CD&Hic, PTC-RPHIZXRZFBLTWE, 200CHEISHRAIC
EBLBED»300CHETERMICKS. ZLTH5T0CHETRBEBRT 5.
ChoDEAR, HRECEKELEVRETH2I LGN 5.

HICE2H T, PTC-RPH5Z2D200~300CHEICHYZIHFORIE
DEBILTZAVE—B, BY VHEHRY Y AOEBOBAL KT DI LEBN
7o, ¥, MN3. 150K -/ BEEEN3.160aDdILLERNDBEREIR, L —
BLTWw3., thokh, M3 I5D0RME—I, H52hicERINAZBEEFY
vERBHY Y (P) OFKY Yy ~OER, TAULLHEREACHETZHDLE
Zoh 3.
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Fig 3.16 Coloring and bleaching of PTC — RP glasses during
heating (10°C /min) where a is a coloring parameter
estimated from equation (3.1) ; a=0 means initial

state (colorless) ; a=1 means saturated state (red).

LoLENS, K3.16055 0CULETRONZ22HMIB adETICHIETSDTA
TOEIER, 521, #¥>520CcRBAILEL-7. COBBERICIT g,
TsHBEDHSZAWEBFORUICERT2EMANEET 2120, HMOUBRRESR
BRBEHLIESCWY., 22T, TgOHEWVWAH I ANTHRANK.

H3.17 (a) 3, #52ANAR 54427 (720C24h) SeTHES
#7828, (b)) i, 2 F53A4F/7%X51540CT330h#MELAREE
DDTATHS. REFOFAEEIR, AFHMCRHELL. (a) TREABEHIIHL



ot LHL, (b)) TEROHETOCHELBEANLBHEINASI L T 7. &
OHEMINI.IOBMICadETTI2EBEEL—BL, KY V2o EY v~OR
HA LW TR2bDEELLNBY.

K3.17 (a) TIOBRBMMPBR IO UL BHRHELT, T20COoRUER
Bizky ol (685%CY) LlkTtdhy, chxirmlcEdaiHhTl
FY VHBFHLTWE ERVWE, 20K YvORBRBILENEI-Dh, &5
WRHRABIATORBER) VHEET I LDCHTRASHENIBILL, DTA
Bicldy +— 7R ELLTRBIA DA bDEEZLSNBEY. — A, (b)
TR, 40COoORKHEANETHBEHOIRVERERY Y MNERI I,
ZOMBIcHIE T ARBEILBRIINALbDEBDLS. Uk, TOREETOR
BRBLBICIDTENT > 2K Y YIERIELT I Esh TV 3EY.,

Striking (720 °C 24h)

Striking —> 540°C 330h

k—spv —

EXO

50 200 400 600
TEMPERATURE (°C)

Fig 3.17 DTA curves of glass IV at heating rate of 10°C/min
in air (colored).
(a) 720°C 24h and annealed.
(b) 720°C 24h, subsequently 540°C 330h and annealed.



iz, 6 0CHEOPHRBME—IT>VTRRNS,

M3.1813, #¥5>2MDODTAf#ET, (a) 3PTC-RP#HS5Z, (b) &
+ R EBXERATTIATHS. 60~T0COH‘HMHIZ, PTC-RPHSRT
BbLbbLbBRXELEISABEORETHE I ENgN 3.
%FC

(a) bleached

5 MV

67°C

EXO

[,
]
e

(b) struck

1 ] |
20 50 100
TEMPERATURE (CC)

Fig 3.18 DTA curves of glass I at heating rate of

10°C/min in air. (a) :bleached,(b) :colored -

BHY YOMAIZ44.1CTH3Y. £, PTC-RPHIAREWHLI L&D,
bV s2dD) vk, AY YHOEE) VTHBE. L TIORBKI, A
Y YORMBITRObBEAY VHALBEEY YANOEBIHYETILICEDIRS.

B3.19ic#5ANDDTA%2RT. #A5RIPHSRTDLHK, 640CTH
SCaLLTELBERE (b) PDTAKIKE, 60 CHEIBRMAIBRBINL I -
fz. —F/, 780%C (54%4) »oBEXELHEAH (a) TRERMIh. CDKD
2, 6 0CHEOBRBLBAIShARBR, BELEOLDPORLBEEN, ¢
RTTsPUETHh-BFBERRBOATLR. '

A5 2NDEE, 640 CRTEgUTORLDHA I ROBEREDLDD THL
(>10"F¥4X) F52DEFREISLHV. Zokd, BEAED D DN
ko TbYvauof FRELAEERET, ETHIE, BEEEIKFVWTZ
oA FORMBRREDLST, BETTRHEY YEb TR ) YRIANEHERE I



STWBEEZLNSE., —F, T8BO0CRTsHULEOBETHY, V> ORKHER
COBMBETRHNTORETHE”. CORBEBTRY S ZOMENEVLD, Vv
ODAREIRED 204 FRLDOH S A0HKET 2. 207, Yvyaof FiE
RTAENFREICABY, LEOXIICEHBREICIELAL., Lizd-T, Tg
PLTFIeHERTSUEOARET RO EDZRHEAETLHE T VB EEION S,
By v, BRHEISAPTVY. 4, YUyESK (PL) 28HTHIEHRY v
WERENEY. Lid-T, TgUTOBE» SRR L THEBLBADOPTC-RP
A52KE, BEABEEY) VIEEL, BAY YIREBEALEERShATLR W EH#
flxhsd. —H, TsPLETHSZA<PY 9 2 20ENEVRENSCAHILTHE
BAER, VVYERIKH»SBRHEIhELD, AY VHABEBNERIhTBY, %
ODRBENDTAOEHRELTHAIAIDOLEEDLDN 3.

Fig 3.19 DTA curves of
glass IV at heating rate of

Ca) 10°C/min in air (PTC - RP

ke—s5pv —

ol
®) 62°C glass).
o
(a) bleached at 780°C for
(b) 5 min and quenched.
(b) bleached at 640°C for
l ) | | 10 min and quenched.
20 50 100 200

TEMPERATURE (°C)

ULoHERENS, PTC-RPHSZ2DTREZALY YvORNLHEET(LEETED S
EX3.20ic8B. BB, TENVI > AFKY YOEBELOWIELEZDTATOEAL
BREEBRTRBATER M7z, —BIC, 2ORRBILOEBEIZXDODHTEVD TY,
DTALBUASAGBERTE, HRLORBIBRHsh L. LOL, +HKE
BB LEBEOREER) YOFER, HNOERERINSOESTF ShTWEY,



(ENDO) [EXO]
White P4 ]———-;l Liq. P r——
— \

m. p.44°C

Amorphous
Red P

Lig. P4
(Supercooling)

l

Crystal I |zat|on‘

-— - s emn o o — --—.———/

Crystalline |
Red P

Fig 3.20 The phase transformations of phosphorus in PTC - RP glass.
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kpbrUvaEarFTs8LY VBEFYSX (PTC-RPH#TJ2) OBRN
KEBRLBEOBBEDTATHNE.

A CTHONAEEREZUTIRENT 3.

1) 200~300Cickit2&FEEIE, DTAORBRIEEMHY, ¥352thic
ERashTuwiiEk) v (BE) »oKRY Y (TEVI s REEZOND)
~NDEBIcL-THERL., £/, 570CHE0EBRI, KYVYOREA
Kk-TEZHN, DTAWIKIR, 540CTHRAICHBMUEST S LI
o THKYV VORKRILELZEDLBAEAOS, TOMBIIXEL ZRARKE
NER .

2) Berx#kLAIZ2hO Y i3, BY vE@EE&Y voBERLY, 520
BEASVRENCABLEBACBICHEGEY v, HEOELVREHL S
A LcBacE, FcaY vyAERIhTwi., 2ok, RETRH
Yy vOMBICHIELEZDTAORBERIENEHA S h 7.

PUE, PTC-RPH5ZODTADKRL, THERY voREELLHET
52 &icky, PTC-RPHI2hIcRAY vELRBBAEIMKEY) vOao4
FRERLTED, ZOHZEMANPTC-RPAHSROEFER-BEOFERERLE X -
TVW3B I ENEDSY LN,
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TENT 7 RFY a4 FOY vBRIEFNS 2Dt 35K E, COHS5 2
DOFABMLIELPTC-RPASZAORBLIUREBEROHZIIDVWTHRL, Ch
COBENEH I ZOMRICBEFERAA S APicERSELY vaof FOREE
LEXMIBLTEETVWAIEEHSMLE. DT, xETEBOALERE T L
»fo.

BLAEBMICI-THONBEE2RB L TCELFNS 23, BEEHTEETOD
A5 2ENAREREKEDOEh . COFS2FBUREERTCHEMRL,
WoKk DHHTE2ERCERLE, TR TS RAPREREELRRECH B IAT
WEBS THMZY YEFRBRI I VF—cLhEHL, BVitdsdT 32 &
IVREXANVF-—Z2ETsE, LVREL IS, FRTFEERTEIHOTH 5.
CDaoA FHFREFY) Y OMA (585C) lEkBREINhTVIKBIIERT
HoTeHh, ThUTOREBEBTRAY vitkEBL, ¥F3XELTRFLEBERL 2.
COBRENY Y ILKBRAMS54F v TH 5.

ZAbSAFVYITIRLODFKBRLATNSZEHE600CL LOBFICmMET 3
EHRY vaod FRIEMBLEGKY YERVFTS523BH -/, Chiakd
hig, RY V2 HETFZO0EEBAHNEEY) vHA—BERILLTHY Yich 3
HASARBEIEBER L. THLTEBLAAT S ANEPRICLZE
B2 EHFTSEPTC-RPHS2TH 3.

PTC-RPHSZ2DERERR, 5200 B85HKHEY v XizHY v2AiR
MLV TENI >y ARV v ANEBTEILCEVERL. BROETTHNDLSL
TENVI y ZARY YOERBERT 1., L REEHERt LORBiciR, EBRERO
filTld, 2.,.=a+blogt (a, b:EH) OBEAKRITEENS N
- 7.

PTC-RPASZOMBEBIE, #5 2MBRIKFEET200CULOBRET
&, CORIGORMGFOFEH{btzxVvF -1, BCHOATVEIHY Y b
TENVI 7y AFRY Y ANDEBIZODVTROLABEERIEF—HKLEL. COoBEBOD
ODRELFEXZEHMNT, PTC-RPH>2ODTADHERETERY v ORE



TlLEEHK LA, Z0KE, PTC-RPH2ticizAY vyXiRBBIHSHh
fe@BE) voauA4 FRAERLTEY, (AY v—>) BEHKEY) v>TENVT
y AFY VB EY Y OHEMANPTC-RPHSIZROERB>FR>BEOEIL
KB LTw3 EVWImESRL.

Lic->T, KETRRTELIER, B vBEFSZ2—KRICESoh 3 b
DT, TITHERALATS ZHKRE—2oflicdFERVwWIEEMNEBLTHEL.
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MIBHrLLEETHS. Z0LdE hoHREIIhTHEY, ChERHLALAH
mbABEBV. LHLAENS, KUY VYZ2OVDWEIHFEMEVWIBERNMNS ESL X 12
RIBBEAETDODIATOVRELVOLRERTS - 1.
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DRI ShBHMIT BRI S EBRLE. (B2F)
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