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Influence of AI**/Yb*/P**-doping on UV Transmission and Fluorescence Spectra
under the UV Excitation of Silica Glasses
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Abstract: Silica glasses containing different contents of Al,O3;, Yb,O; and P,Os were fabricated by Sol-Gel method
combined with high temperature vacuum sintering. Changes in UV transmission, fluorescence spectra under the UV
excitation, and X-ray photoelectron spectra (XPS) of Yb4d caused by P°" and AI’" ions co-doping in Yb*-doped
silica glasses were comparatively investigated. The related mechanisms were discussed. Results show that the
strong absorption bands in the range of 190 nm to 300 nm in AI’/Yb’"/P*"-doped silica glasses are largely due to
the charge-transfer (CT) from O* to Yb™", the positions of CT-absorption bands as well as binding energy of Yb4d
are shifted to the higher energy with increasing electro-negativity of the second coordination element (Al, Si, P) of
Yb*" ions. In addition, introduction of AI’” into Yb*-doped silica glass leads to the reduction of Yb*" to Yb*" ions
under vacuum sintering condition. The characteristic absorption of Yb>™ ions is located at 330 nm. Nevertheless,

13+

further incorporation P> into AI*’/Yb’"-co-doped silica glass with mole ratio of P"/AI’*>1 can effectively suppress

the formation of Yb>". The IR luminescence (976 nm) under UV excitation originates from a relaxed CT transition,
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and the visible luminescence (525 nm) is ascribed to 5d—4f transition of Yb*". The results provide a guidance on

technology optimization and composition design for fabricating high-performance Yb**-doped fiber.
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Tablel Compositions of Yb*'/AI**/P®*-doped silica glasses and reference samples/mol%

Sample Yb,0; Al,O4 P,Os K,0 BaO SiO, Al/Yb Yb,03(Wt-ppm)
O#pure silica — — — — — 100 — —
Al# 1#A1-1 — 1.0 — — — 99.00 — —
2#A1-4.5 — 4.5 — — — 95.50 — —
3#AY-0.5-0.05 0.05 0.5 — — — 99.45 10 3259
4#AY-2.5-0.05 0.05 2.5 — — — 97.45 50 3214
Ybi# 5#Yb-0.05 0.05 — — — — 99.95 0 3270
6#Yb-0.08 0.08 — — — — 99.92 0 5324
T#YA-0.05-1 0.05 1.0 — — — 98.95 20 3248
8#YA-0.1-1 0.10 1.0 — — — 98.90 10 6478
9#YA-0.15-1 0.15 1.0 — — — 98.85 20/3 9690
10#MCVD 0.02 0.2 — — — 99.78 10 1308
P# 11#PAY-6-4-0 — 4.0 6 — — 90.00 — —
12#PAY-1-4-0.1 0.10 4.0 1 — — 94.90 40 6264
13#PAY-6-4-0.1 0.10 4.0 6 — — 89.90 40 5881
14#P-65 1 5.0 65 5 24 — 5 27594
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Fig. 1 Influence of AI**/Yb**/P**-doping on UV absorption spectra of silica glasses

(a) Al**and Yb**single doping; (b) AI**/Yb**-co-doping with AI** ion contents variation; (c) AI’*/Yb**-co-doping with Yb** ion
contents variation; (d) AI**/Yb**/P**-co-doping with P>* ion contents variation
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Fig. 2 (a) UV absorption spectra and (b) visible emission spectra under UV excitation of different samples
APP*/Yb**-co-doped silica glasses with AI** and Yb**ion contents variation are represented by thick solid line(4#. 5#. 6#) and dashed line(9#. 8#.
7#), respectively. AIP*/Yb**/P**-co-doped silica glasses with P> ion contents variation are represented by thin solid line(12#. 13#). The inset in (b)

shows an enlargement of the emission intensities of sample



12 W

a2, 55 APYDY/PT B A A1 JEBEE SR AN B L IR AN EUR 96 K5 1331

ﬂﬁ%‘lﬁ‘:[“’ 17, 20]: 1)Yb3+n,(] 4f13—’4f125d1 th\ﬁtﬁﬁllﬁ,
2)Yb* [ 4f't—af5d" BB 3)YD I AT R
(Charge Transfer transitions, CT)W . 1H2 Yb*' &%
G 4f'25d" BEZLAAL T 1L YOO 1) CT A BE & 5 i 1)
FEP B YD 4f—5d BRIT R ISGE 3 A T LAY 4
A B B (<150 nm)PY . 78 SRR AR B
10#MCVD FEf (RS YO h L RBLT 5.23 eV Fi
5.8 VIR (LK 1(c)Fr ), H B3 EZiiEs: Yb*
X 5.23 eV Al 5.8 eV W () sTERA K. BRI ] A
HEM B 1 LR 5.23 K1 5.8 eV e 2 )45 1
YOI CT Wi .

sehr b, AE APTYD B AR, SR
5.23 eV RICHAE T YO i CT W™, k[ 11]
HEAMEEE] 5.8 eV BICHT, X 1] BE 2T TURE i
BT APTH YO BRI . B 1(c)
WUAEH, $535 AP HBE YO B4, 5.8 eV
CT M A AW B AT e 7E YO B 1 93k
B, CT AT 5.8 eV by 3B AP &30 YO ' 11
AT AR5, T TE % 5.23 eV CT

N TWESE YO TR AR S5 R CT i B 1) 5%
Wi, XoF bl = AN 24 B0 AN [V R 1) e i R g 4, e
1150 52 YO /AP L5 (8#) . Yb'T 35 (6#) H
Yb /APPIS H PTIER(13#),

o, R XPS MRL: Fokii Wit AP Bk P
X YO RIS . B 3(). (b) (©). (d)
i) R4l Y005 K3 R« 8#. 6#. 13#F1 1448,
1) Ybdd HLF[) XPS i, Hr Yb,O5 # AR FN 1444
A FES AR, B 3 WL H, 4l YbOs #AK
8#. O#. 13#F1 14411 Ybad BT 455 RE D A
184.8. 186.7. 187.1. 187.6 Ml 187.7 eV, H{HMIX

7.50x10'F(@) Pure Yb,0 bad
5.00-10°F ,_/)—!\YR_
L L ]$4$ eV -

2.50%10°t e e

7 3.75=10°F(b)8# YA-0.1-1  Yb
00x10°F y
] 186.7 eV

3.00<10°
225<10°F

4.0=10° (T 6# Yb-0.08 Ybdd

3.8<10°F

3e<0E i, Y TN e e T W
5.5%10°H(d) 134 PAY-6-4-0.1Ybdd

5.0<10°F M
4”4)(”}3_ ; - = : lIS?.GFV : A
1.00%10° F(e) T4# P-63 Ybdd

7.50x10°F

5.00<10°F ——— , 187.7eV
182 183 184 185 186 187 188 189 190 191
Binding engery / eV

Intensity / (counts)

B3 AR K Ybdd HI-FIK) XPS i

Fig. 3 XPS spectra of Yb4d in different samples
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Pure Yb,0; powder and Yb** doped phosphate glass(14#) are used as
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Table 2 Comparison of structure and spectra for samples of 8#, 6# and 13#

Sample Yb-O-M(M=) EN* Yb4d BE* /eV CTband /eV
Al 1.61 523
8# Si 1.90 186.7 5.80
6# Si 1.90 187.1 5.80
13# P 2.19 187.6 6.50

*EN and BE are the abbreviations of electro-negativity and binding energy, respectively
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Fig. 5 Schematic configurational coordinate diagrams for the
CT-transitions in (a) Yb*>*/AI**-co-doped, (b) Yb** singly doped
and (c)Yb*'/P**-co-doped silica glasses
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