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Research Progress of Phosphosilicate Glass and Optical Fiber
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Abstract Since the in-depth research on the theory and technology of luminescent materials, luminescent materials have
been widely used in white LED lighting, optical imaging, optical storage, optical communication, optical fiber laser, and
other fields. In recent years, it has been found that the luminescent materials prepared by introducing phosphorus as co-
doped elements show unique advantages in optical properties, which has become the key factor to solve the bottleneck of
luminescent properties of many luminescent materials. In this paper, the preparation methods and optical properties of
phosphosilicate luminescent glass was reviewed. Several mainstream preparation methods of luminescent materials and
their phosphorus doping technology were introduced, as well as the spectral characteristics of various luminescent ions in
the coordination environment of P°", which shows the great advantages of phosphosilicate luminescent glass and optical
fiber in the fields of optical communication and optical fiber laser. Finally, the application prospect of a variety of
phosphorus doped active special optical fibers is prospected.
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Fig. 1 Profile and refractive index distribution of phosphorus doped fiber preforms prepared by MCVD "
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) Doping . Technology
Preparation method Doping method Performance .
level maturity
Modified chemical vapor Gas phase doping/liquid phase
. b High b b ‘g Hep Central dip Mature
deposition doping

High temperature melting method ~ Low Crystallization Mature

Sol gel method High Liquid phase doping Doping uniformity Not mature
) ) o ) Doping uniformity and no

Glass phase separation method High Liquid phase doping Not mature

crystallization

0900011-4



Likhachev 2% F MCVD J5 % il % T — & 5148 Er-
PAS(P,0,-AL,04-Si0,) 36 £F 7 il % , i 2 B¢ AS [7] 4 5
M PAS B 58 W & 5635 5 B0 RE R AR B Ak R £k 3t
BN & B - AR A PAS B BRI & BT S A R
Fik L5 B 35 AH 0L 5 B B AY PAS B B WU & 5O 5 B
REMR SR BE B AL, LA X 2t F PASHBEF 7
1E 1Y Si0,-AIPO, 45 #) 5 4 Si0, 45 #4 41 L, BF LA X F
PAS G L Wy PE R B T P/AL YR 20— 7 . FF H.,
PAS BOGHEEE i o] LI 9 2 10 Ex” 1 A & & A4 A
T, 5 WA R e B AR, L R O AN R S R AR AE )
A, M PASBUE P A A 5 P b1 7E be 2 5
TE B Al—O—P # , i 5 HL A AR 5 i A M, JIr LK 12 1)
Al—O—P#IE W5 & B EFC Wbk 7 Er 5 H
iy BH B T A 2k, B T B ISR R W BETE . 2020 4F
B 2 g B O 25 K 2 MLACT 58 BIF Shao 4638 i
R EE IS %) Er/Yb/P/ Al 3L B 35 585 6 i M i 5 AL/P
FRPAT TIRAMBIGY . 4558 EW EX B 6%
P o B T HJE BB T 7 R 5 < 24 P/AL<<L B ErT
FEEY SR AT, Er™ 3 77 1.5 pm &b 1 W Y i
T RN 28 G 0 B A v Y P/AL> 1 EX B
P SIAP AL, Er’ B A5 1.5 pm &b 0 W Ui 3% 3 B A
TEGTEE A

FEA B T R OCRCRTT I, 52 A B (5]
PR ALY R ICE B 25 MR T A TR R = TR O
RIBWER . EX B 7 980 nm (19 W Ui 4w &/ =
Yb' B F7E 980 nm A BRI R T, I YT RS
T 0T AAE b AR 00K il i L 45 xR i B R
BRI () s R O T ST R RO AR B
Wizh o HE, YD B T ECT B 7 A G AL 0 [H)
IS AE7E Er' B 710 Y™ 25 1 Y 52 1] i 4% 3 4
PLR YD B 1 SRR, #E 77 A 1.5 pm k% Y [R] B
I YD B FAE 1030 nm &b 7= A A A 96, T YhTT R
T 14 B A DG B A 5 ) S T e A AR 11 2 R o TR
o 1996 4F , Y [E pg % 3 HOK 4 1) Vienne 253l 11 R
HMCVD ikl T oI B et $h v 55, Of & 9wk
1% £h 3 B P AR AE KB 1 P=0O WU, T P=O U B A
T RE R MR AN T EX B T L. BE R
iy, KER 4> B & 5 *T,, BES N Er® 5 18 Kk 153 1
5 YD B kR RE AR 5w DL IR 9 BRAE ) T 2UER
HE L, R MR LS4 1.5 um KOk, 455
FH, P=0 7ML I35 K ot gl 3 vhonl LUK 290 61 Ak +
WMEBKES B 7 YL B TR EAS, 48R

ai RPN LB T MIE R A (600~
1000) X 10 °, H Er’" &+ By ¥ 254 98 LA 38~40 nm,
S T BAROGE(F A KT R, A R A
T2 T i RO & GBS R BN W Y I
YK Z FL o3 PR L AT AR R 0 b SR AR, DL R FL A P e

F61EF9IH/2024 £5 B/BAEEFZHE

A w F = R AR U, 0T LN RS B R T B Y
DF BRI T B 55 52 e vE . 2006 4F , BRIP40k £
LB X Er i T8 2% 19 8] T A6 98 50 nm & T
BOR T8 MARE I B B A i B . ARk e
B R 2= ik = A BT Z LB il 4 T — R 5188
W LA R B i AL 3 A g O R O R AT T
TEARIWFFE 0 JE T 90K 22 LA DB B P 2 4 1) )
B TR RS L PO AN T ErY B F R S
L3 B9 A X FRPE , S BCES BE YL Stark 23 2L T 51 2
Er' B F i 2t 14 58 (FWHM) 4 5% , 3 T 7 ik
il % 1 B L 42 0 S B Al 9 A 96 7T 38 69 nm
IR, BT YD 3 F A, FE— RN T Er’
JE) L Jey 3 T 57 B B8 (4 A X AR, SO T Ex’ BB
Stark 4324, 3 T 40K 2 FL 93 il 25 1 BHAR B JL 48 4
B R R O TR R R 72 nm. Rtk 2z A, o X oA
] e FE Wi 48 2% 10 B B8 &6 Y oD B R A B R B
Wi 2l Vi BE R 380, ExtT B R Y 2¢Ol 06 I (B 0 B i
1534 nm ZF#im K MBI RK B E
1543 nm, Xt & H THR#E T H 7152 b Si—
O—Si 8 3 5% /Y [ PO, 1 ik & DY T A4 5k ] i 2k 3
HESEE Er P, WA TES B FEABE TS
A3 AT T WL B T BB S . I H T
YU BT M PTG A LEST AN RO B GE  n H
Wit 25 W 1 o B A0 2 5, YD B T 7E 1030 nm Ak i A A=
9 I W Uk 55 I 9 40 ) A AR AKX (15 15 1 Bk
N B4 4R 48 KO R RHE S C-band Y67 K L K L-band
JEHL K HRAT 2 A 14 oL FH AT 5%
3.2 BB YRR MREMNFAR

Yb' B T W A 95 (800~1064 nm) | K HF T
(970~1200 nm) % 5& , HL.#E 970~1064 nm 17 7 W U &
B p B BT, L TE Yb' B i &k i AT DLk £
I 5t 5 LA S 3 O A W B R R RS D K S R
PR T R RCR R SR AR S A N H TR R
WO PR KO

2014 4F v [ B 4 Be 1 G 2K 2 HL MU 5 BT
Wang 53 1 V5 e 58 I B WE 5T T Wi R Eh B BS b Yb®T
BT AR ORI 45 A ot 2R iR B X L EAT
TR I A BT K B A BB B P YhT T W U
JEiE ORI BT L K YD ) X SR TR
T (XPS) B4E T PP AE Y™ 8 1 i A AL I8 I v i 19
YER : DI P 5 B 38 1Y 6 408 B 2 T B, (115 3% 55
T OHCs 2k 2 B F 19 R I B AK, N 38/ T YD 13
L F78 9 Yb* R LR 5 2) P B i 1] T 4b T A A 0 480 Ak
AL RHERRB PP YD P YD Bz A,
Pk BE AR N 2 B YD AT L AN G, o
By P A PR E LI YD LT AN KOG . SLEG R RE B IE
T PR B B SOVE U A R e
Yb U BRKIER T, BT YD 5 Yb' 2 A i A
I AR 2 5y & AR U R b A 45 7= A b e 4 R 502 nm 9

0900011-5



0% (R AHTR YD VR BT B A PO R B, B I
B A e N R R S T R S5 Y PLO BE IR 43 B 9 6 I
JUF W AN B iy ] 1 5 ¥ &0, S B ik T P AT Ay
WO B T RE . 2015 4F 3% 1 BA Xu 25675 1 X
BB I A S B R RE B R AT TS
XL 3 T 08 WA | i AT & 3 2 P/ALZT B % 4
A B B8 0 W i & B AR R R P/ALI> 1L 5 RF R 245, 9 H
T P—O—AIBE B AELE, Y D' AR X % B8 4 5, g Isf
YU R A W CRD & S 06 1) FWHIML 24 5 5 XY 45 4
HEEAE P=0R, Yb" B 1 [ A X FR B AR, SO
WD & ST s () FWHM W85 %

3.3 BBREWEDUBEFEXEENTR

H Murata B ¥R & BLAR 56 7 I 204 & G B4 Lk,
B8 e BB AE G LT SO0 R 8 {5 T B4 g A
TEREM., W TS T RGBT WL+
B R O6 KR 5 A9 1150~1500 nm BL & 1600~
1800 nm, H.i% 35 Bl # 4b + 7 92 56 £F (9 AR 2 #E X 38 L
H m B AT B 5 A R RS T LB B R R 3 Bt
FWEAIN R R EE WL ELENEN . (HE2ZdF
SEF Y R, A TS A2 L BRI, DR R A B T Y kOt
R Z B BT SR B B 52 o DR AN [R] ) B 38 66 o
HHAEEAS TR S i A 50rh 0 (BAC) , B 38 10 g B0 R
[T 2063 . HAat KR Z 5 BAC A T A
[] A BE 1930 6 R v -

P55l R R B B 2 — P DL T U B S - 2 A
LGS AR R i e E i N IR 8 )
460 nm, 7E 460 nm %y G I & T R0 I 2 55 21 A 21 Ak
BHEPG, Hop b 3 K AT 1200 nm H. % % 2 06 4> 58
7300 nmo {EF— 2 AR X AR 2L 20 A0 KOG I K
TG T A BB BRSOG4 A AR RE X B, R A T
B O A M B A SO LR R
A H o ARSR BT 241 B R N X AL T
LA KR AR 2, i 7E P,O,-ALO,-ZnO 3% 7
e A B 250k 808 nm Y ZE A I &, Wa I B A Ry
5 20y ol B K 67 T 1250 nm, 38O 2 1§ 4 55 5k
250 nm BT LT A0 B IC LG, 3k B e B4 1 B
BB E M 3p" E 3p° ML AR B A, 2021 4 4R
TR R 2= ik 2 P BAR 3% 38 0 AH B R E T 9ok £
FL 3% 35 X B M S HEAT R AR L S B R 5L AT L
BB 2 AR 3 B AT A 0 B 8 v e ) 8 D 7 K e
BEEEFR P I T RS BAC, 24 980 nm it % 3 i
D AAE 700 nm A 2 7= A — A EFER BAC, 73 4l
BRAEL797 nm bW &/ — P EHSHCHL+HU BB
LA BAC, Ak, B8Ot 3 JLAF L AE T R .
2007 4F , = [ i) Razdobreev Z£ I MCVD FiEfl &1 T
BB 2% Si-A1-Ge-P 443 MBI EF , #E 1150~1225 nm
T PR P SE BT O K T A B SOk B B0 R
RIKF 249, 15 B 0 6 1R £k B 38 R (E AE v] O 4R B
St 7 T A B oY K O R T L AR T R R Ot

E61E5E9H/2024 FE5 A/BAERBEFEHE
K7 1 B DR RS 3 T T

4 Wi 1B 2 i i R R RS DG £ 1Y ]

4.1 SHEXRBEXTHLSE

Bl T AR B R B9 35 00, = D) SO0 AR OB AR  TOk
L 5 RE 3G T 5 | S O 2% i 1 D) SRR AR B B R R Ot
TR S . MR PRI 2 SRR RB RO
2T O 8 0 B T R YO RS I 56 O A, I
FLYGER 1 B 453 #E Bt 25 T4 B 6% 386 in i 388, 3 3K
WMAREWHBROREM, A, Y ETFoHh5ET
5 Ak [] B A7 76 1, SR 2F v i B 3k S iR, S B0 OR
FoE ARG, B, M&E R e Jr ik B2 Ak
EA AR BA U RIS E T E AN
I FGEE B 2% 0 5 e A AR M S5 O # R AT AR
7 8 2o 28 Sk T B Ot R AL I R O HOR R Y, I
AN S B K AT Bk L BRI A8 i O 25 40 43 10 #E B AR
A A 3] 6T I AR RN, A R e TR R AL Ik

1 2 Bk 2 Be S £F S 2 W 5 v O 30 4 SR AR B A
PR IBE LT OGS X AW e 7 W4k 7 b 4T 7 K
BRI 5 3 e ) B B R R R AR 5 i R R P A O
TR I G HE 1T L8R, & 30 Wl ik TR R 06 2 1% St W b Bief
) H 0 HE AR RE IR RO 24F 55 10~1004% , tn &l 3 firos o If:
B #2007 6w Ak i 2 B AR KRR BE B T Y b Ok |
BB FAU(N, 5 YD (38 28 W BE (N) /Y L (H (n,) o
TE AR RE R R L 27 vp HA 72 T 4R 19 0. 5~10 min N n, 4
FEAE 0.9 22 A7, i 76 W hE R ER e £F wp , B 150 min J5
AR SR AEFETE 0.9 2247, o] UL ik R 3k 3% B OB 247 240
REMRER IO A Ry R L R A 20 |
BE SR T %0

600 \
H1
E = a,, = 631 dB/m (x = 2.25 min; p = 0.51)
@
=]
& 400
@
o
@ 300+ H2
8 a,, = 364 dB/m (x = 2.2 min; p = 0.51)
8 2004
2
8 B14
100 + 0,, = 22 dB/m (x = 293 min; p = 0.65)
\
0 T v L = T » T L3
0 100 200 300 400

time / min

3 AL IR £h BERS DL 2T B14 15 1 ik R SR B B O 2F H1 H2 Ot
Bk il 28
Fig. 3 Photodarkening curve of phosphosilicate glass fiber B14

and aluminosilicate glass fiber H1 and H2""
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Fig. 4 Radiation darkening mechanism diagram when P is less than A"
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Table 2 Research progress of improving darkening by phosphorus doping in recent years

Year Researcher Conclusion Reference
2004 Zhou Q L Silicate glass is more prone to darkening than phosphate glass [43]
2006 Lee Y W The solubility of rare earth ions in phosphate glass is higher [44]
2007 Shubin A V Yb doped phosphorosilicate glass fiber has .stro.n.ger resist darkening ability than [36]
Yb doped aluminosilicate
Oxygen defects are not easil oduced in phosphate glass, and the probability of
2008 Jetschke S e g 1Y PIOCHECCD . p. grass bt o [45]
color center formation is small
2008 LeeY W Rare earth ions are more soluble in phosphate glass [37]
2011  Likhachev M E Phosphate glass has great solubility of rare earth ions [35]
Phosphate has higher electron transfer absorption band and is easier to improve .
2012 Deschamps T . . [46]
the solubility of rare earth ions
It is verified that Ce doping can significantly improve the photon darkening of Yb doped fiber
2020 LiuR It is proposed that the suppression mechanism of photon darkening in Yb/Ce/P co doped [47]
aluminosilicate fiber is the synergistic suppression of doping components
With the increase of P/Al ratio, the Yb—O—P bond is gradually replaced by the Yb—O-—Al bond,
2020 LiuB which improves the photon darkening, but the excessive phosphorus will also [48]

lead to the generation of new defects in the fiber
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