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[15] psm oY) O Slasi¥) 5 (aliaia¥) ciula 138 5 A8l il i 1(1-111) JS&Y

Gl aal e o (Al die 328l g Jaw sl 7 sde die Bl Al s ) sl B3l ) O

2uSY) (5 gl Bl 3 (g Erdt il Gueilaid) adaill of () [16] sl el 83 sdiall
ald el oy dinnii o3 LS el e il zla 31 B B sl s e S il al sl
el 14805 yie sl 980 2ie Fuall vie

| ina Gl (o sl Johal) e ErPTasapWl axdaall (i gl zla 5l JLsil 45 8 n s Of 2y il

177 Aamaid) eUad¥1 2 s Cpaia ady g

13,0l A i) jealially andaall i sdl) s 30 ) il Juadl jliial L sadizall juleall

AL a5 lall 4y gud) 3 (5 SSIV) olay Bae Jass sie Jiad 13Tl Baa >
OS5 pabaial JWial 1a, oabaiad Juadl) &h."u.\\ >
Ot Jlaal ol dilayl Juial 1, GilaaDU Jladl) adaial) >

sy sl Aendaal) Jiliu gl a3 £ il G Lgide Juanall gl Jiay 2(1-111) Sgaad!

0 Ert Aap | Oap | Aem | Oom | T n | Ref
zo [x10%° (nm) | (cm?)| (nm) | (cm?)| (ms)

ions/ 102 102

cmd]
PALM 3.8+ 0.2 | 1500 1535 8.00 153518
PE 4 980 1540 | 3.89 19
Ph- L-28 | - 979 | 2.47 20
Ph- L-12 975 |2.01 20
Ba-Ph 1.080.05 | 1524 | 6.04 7.22 1158521
Cd-Ph 1.080.05 | 1520 | 6.17 8.46 | 1.604 | 21
Ca-Ph 1.080.05 | 1515 | 5.77 8.23 1548 |21
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Sr-Ph 1.080.05 | 1518 | 6.08 8.23|1.559 |21
NPPO 1wt % 1500 1530 234|173 |22
NPP10 1wt % 1500 1530 213|157 |22
NPP20 1wt % 1500 1530 2441164 |22
NPP30 1wt % 1500 1530 250159 |22
LPA20 1 1500 | 6.73 | 1540 | 7.54 |8.20|1.523 |23
NPA20 |1 1500 | 7.41 | 1540 |8.23 |7.47|1.509 |23
KPA20 |1 1500 | 7.79 | 1540 | 8.60 |7.33|1.500 |23
NPA15 |1 1500 | 10.0 | 1540 |11.15|6.32|1.510|23
9
NPA25 |1 1500 | 7.10 | 1540 | 7.73 |7.99|1.503|23
NPA30 |1 1500 | 6.60 | 1540 | 7.22 |8.63|1.501 |23
NPA35 |1 1500 | 6.51 | 1540 | 7.14 |8.65|1.500 |23
MPA20 |1 1500 [ 8.61 | 1530 [9.65 |8.45|1.508 |23
CPA20 1 1500 | 8.46 | 1530 [9.35 |7.74|1.527 |23
SPA20 1 1500 [ 9.16 | 1530 |10.13|7.40|1.532 |23
BPA20 1 1500 [ 8.15 | 1530 [ 9.01 |7.35|1.549 |23
BPA1S5 1 1500 [8.42 | 1530 | 9.31 |7.10|1.547 |23
BPA25 1 1500 |7.21 | 1530 |7.96 |7.87|1.551 |23
BPA30 1 1500 |6.36 | 1540 | 7.03 |8.55|1.553 |23
BPA35 1 1500 | 6.01 | 1540 |6.64 |8.66|1.560 |23
oY) Ol Aeadaall i gl la 5 ) 8l iandd Lgale Jeanall I Jiag 2(2-111) Jgaadl
gl ey | ErT Aap | Oap | Aem | Oem | T n | Ref|
[x10%° (nm) (cm? (nm) | (cm? (ms)
ions/ cm?] 10 10
21 21
R1 6.6 wt% | 980 1531 7.8 | 1.737 |24
R2 6.6 wt% | 980 1531 8.9 |1.713|24
R964 6.6 wt% | 980 1530 8.6 | 1.667 |24
KbaP 0.75 980 8.5 |1.543]|25
CazZnBaP |6 980 9.58 | 1.541 | 25
PBLNKA | 0.69 980 1536 | 9.0 26
LPCG 23.2 376 1500 (8.3 |16.7 | 1.495 |27
NPCG 25.3 376 1500 8.7 |15.7|1.489 |27
KPCG 21.4 376 1500 |15.6 |8.45|1.492 |27
CaPCG 21.1 376 1500 |20.7 | 6.77 | 1.483 | 27
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PbPCG 23.6 376 1500 |19.3|6.85|1.510 | 27
NAPT 2 Wt % 980 1536 |4.37 | 6.23 | 1.502 | 28
NAPT 3wt % 980 1536 |4.30 [5.58 | 1.512 | 28
NAPT 4 wt % 980 1536 |4.23 |4.52 | 1.531 | 28
NAPT 5wt % 980 1536 |4.11 |[4.19 | 1.536 | 28
NAPT 6 wt % 980 1536 |4.15(3.71| 1.555 | 28
NAPT 7wt % 980 1536 |4.28 | 3.27 | 1.565 | 28
AP1 15.88 979 1550 0.18 29
AP2 15.88 979 1550 2.49 29
AP3 7.96 979 1550 1.60 | 1.519 | 29
AP4 5.57 979 1550 3.46 | 1.522 | 29
AP5 3.01 979 1550 3.43 29
APG6 0.43 979 1550 6.79 29
A 4.66 980 4,97 | 3.37 | 1.568 | 30
B 4.62 980 4.17 | 3.01|1.574 | 30
C 4.55 980 3.7112.83|1.566 | 30
PKSAEr10 | 1wt % 980 |5.59| 1540 |6.03|7.43|1.525]|31
PBNE1 0.05 980 1530 255(152 |32
mol% 8
PBNE2 0.10 980 1530 2.08 (152 |32
mol% 3
PBNE3 0.15 980 1530 1731152 |32
mol% 3

es0tY) (s deadaal) i il a5 £ il Gand Lle: Joanall miliil) Jiay 1 (3-111) Js2ad)

%S Er® |T, Te | Adgp | Oap | Aom | Oom | T n | Ref]
gl [x10%° | [oc] | [°C] | (nm) | (cm®)| (nm) | (cm?)| (ms)

ions/ 102 102

cmd]
Erl 0.02 485 | 1017 | 976 1550 7.04 11572 |33
Er2 1.30 489 | 986 |976 1550 7.011.575|33
Er3 2.59 482 | 1009 | 976 1550 6.331.571 |33
Erd 7.76 480 | 889 |976 1550 3.60 | 1.570 | 33
ErS 13.73 | 495 | 1008 | 976 1550 | 0.68 |2.11|1.572 |33
EPG 2.57 540 | 839 | 976 1537 3.96 1552 | 34
PgaGe 0.5 382 486 |1534 |7.6 1530 | 6.8 4721203 |35

wt %
PgaGe 0.5 382 (486 |979 |2.1 1530 | 1.9 0.31]2.07 |35
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wt %
ErNAP2 | 1.82 975 1534 | 558 |7.86|153 |36
ErNAP3 | 2.74 975 1534 | 550 [6.80|155 |36
ErNAP4 | 3.68 975 1534 |5.33 (659|155 |36
ErNAPS | 4.67 975 1534 |5.00 [5.20|1.58 |36
ErNAP6 | 5.62 975 1534 | 5.07 |[3.68|159 |36
ErNAP7 | 6.57 975 1534 | 548 397|161 |36
ErNAP8 | 7.69 975 1534 | 4.87 (097|162 |36
NPT 3.42 340 1550 | 6.8 1554 | 6.8 6.6 [1.96 |37
NPT 3.42 340 979 |1.94 1.96 |37
LPT 3.62 335 1550 | 6.2 1554 | 6.2 59 [2.01 |37
LPT 3.62 335 979 |1.82 | 1554 2.01 |37
LPT 3.62 335 799 | 0.744 | 1554 2.01 |37
NPT 3.42 340 799 10.846 | 1554 1.96 |37

33 e pabaiadl pia ) adatall g Sl e jall adadall 12 3 ¢ 58l Sl 8l s 50 8
akaiall 31 3y (g sl oz )W) i sil) a1 s ¢ LT <Na <K il &l sall s il Caua
[23] Sr cl\/lg «Ca «Ba ;&) yuaidll ‘g\}d\ i yilb Galaia™ c;"‘)’d\ cla&d\j ClilaniSU ‘;m)d\
i LNp0s = prdaall Gabio ) s bzl of U (0 Ll Jsmanll 8 ) il & el
) Y ErOs 48hal 2 55 s (8 ¢ sbaill A glia ) Jras zla 3l ) j8iul Gy (Ln= Eu, Dy, Th)
g G cpabia gl s gl b oalal (i Cilia o)l s el (e (el i b

azkaaS o s i) A8la) aly Lasale o sa VL dexdaal) cal ) 5ll) o 4 gucall Cladizaal) Alad 30l ) dal (e
1070 ) 850 NM (<) a5 abiatial da a5 0 50 3V Ll juS (aliatial plada (i oy (531 5 G

g (530 530 pully (Gl e ) il 51 il sy Y1 g Alall s 3 (M
[15] (ps2n Y (oo Lingiall &aUall yalall) JaZial)

157 sbad) Jaze pa a s sl 5 o sm ) (550 Eilani¥ 5 paliaia¥) akilia 1(4-111) Jgad)

p o Y ey

(Cm2) pabaia¥ alie ~1.6 x 1072° ~1.5x 1072
2F71 = %Fsp 1z = Hliar

~6.6 x 10721

*lusr2 = Hliar

(Cm2)&ilasyl alaia 1.4 x 10720 ~7.0 x 107%¢
’Fsip = %Frp 1z = s
(ions/cm?) Fall (s siva 1.4 x 102° 4.0 x 10%°

(Ms) 3 Gall Al 3l 320 1.2 8.0

’Fs1, = 2Frp2 1z = s
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pabiaia¥) ik 138 5 Logay A8UAY a5 a5 0¥ 5 o sam sl (0¥ A8 il gia 3(3-111) JS&)
[40] e
waal) ¢y oS Letie alie) ¢y oS il e ) (IS (Er, Yh) A el Al 431 48y 5 a5l o
QY jud g el adliy Al 038 (o auadaill 32l ) die 5 ¢ 1.82.10% ions/cm?® 2saa (8 o sn iYL
) p s V) U Y e gl IS S (PFs2) Y'2  e(Plian) B o 48Ul uSlaall Jlil
[A1] s ) (e i

(Er¥*+Yb*) o apadail) 408 i sl mla 3 g1 58l Gl Lggle Jumndl) iliil) 3(5-111) J g

B%%) Er3+Yb*® [Ty [Tx | Agp | 0 | dem | Oem | T(MS) n | Ref
gl | [x10%° (°C) [ (°C) | (nm) |.1073} (nm) |.107%
ions/cm3] (sz) (sz)
YPG |6.15 522 | 812 | 915 978 0.90 |1.553 |34
I0G- | Er0s31.15 975 |6.65 |1530 |7.35 |8.26
1A Wt%szOg
4.75 wt%
I0G- | Er0Os32.16 975 |6.72 |1530 |7.09 |9.18
1B Wt%szOg 39
4.70 wt%
I0G- | Er032.31 975 16.88 |1530 |7.38 |8.78
1C wt%Yhb,03
3.57wt%
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I0G- | Er,034.00 975 [6.90 |1530 |7.56 |7.82

1D wt%Yb,03
3.00 wt%

LaLi |Er:0.53 977 |1.33 | 1535 |7.98 |9.465 42

P4012 Yb: 10

Nb2.5 | Er:0.511 |464 |660 [980 |[1.76 |1533 [4.86 |11.4 |158 |1
Yb:0

Nb30 |Er:0.519 |625 |[689 |[980 |[1.93 |1533 [5.15 |8.9 1.75 |1
Yb:0

Nb40 |Er:0.543 (646 |724 [980 |2.03 |1533 |[5.39 |7.0 1.95 |1
Yb:0

Nb50 | Er:0.520 980 |2.31 |1533 |5.54 |45 229 |1
Yb:0

Nb2.5 | Er:0.511 |464 |660 | 1530 |5.87 158 |1
Yb:0

Nb30 |Er:0.519 |625 |689 | 1530 |6.36 1.75 |1
Yb:0

Nb40 |Er:0.543 |646 |724 | 1530 |6.26 1.95 |1
Yb:0

Nb50 | Er:0.520 1530 | 6.69 229 |1
Yb:0

Nb2.5 [Er: 0 980 [9.79 |976 |3.69 |21 1
Yb :10.43

Nb30 |[Er:0 980 |11.66 976 |4.22 |1.8 1
Yb: 10.32

Nb40 | Er:0 980 [13.39|976 |545 |1.1 1
Yb: 10.53

Nb2.5 | Er:0.520 |493 |651 {980 |9.40 |1533 |4.05 159 |1
YDb :10.40

Nb30 | Er:0.527 |643 |743 980 |11.41 |1533 |4.86 1.77 |1
Yb: 10.54

Nb40 | Er:0.532 |656 |746 [980 |15.12 |1533 |5.15 1.99 |1
Yb: 10.65

10G2 | Er:1.76 980 |7.6 1533 | 8.0 6.8 43
Yb: 2.56

10G1- | Er: 0.99 975 |6.65 |1534 |7.35 |8.26 44

A Yhb: 3.99

40




5ol Ayl ol AL andaal) ias sill s 30

SN Jasaall

10G1- | Er 1.88 975 [6.72 |1534 | 7.28 |9.18 44
B Yb: 3.98
10G1- | Er:2.00 975 [6.88 |1534 | 7.56 |8.78 44
C Yb: 3.01
10G1- | Er: 3.47 975 [6.90 |1534 |7.60 |7.82 44
D Yb: 2.53
Ao Er:0 975 393 |9/5 |598 [0.84 |1.556 |45
Yb: 2.753
LaLi |Er:0.96 970 (4.0 1540 | 4.8 46
P4012 Yb: 18.2
Nb2.5 | Er: 0.520 |493 | 651 | 1500 |5.77 1
Yb:10.40
Nb30 | Er:0.527 |643 |743 | 1500 |6.26 1
Yb: 10.54
Nb40 | Er:0.532 |656 |746 |1500 |6.95 1
Yb: 10.65
Qx/ Er:0 946 |20 975 | 7.0 2.0 1.53 |47
Yb | Yb:2.215 [44]
PABN | Er,03 1.00 | 494 1540 | 5.8 9.09 48
Wt%szOs
4.00 wt%
PABN | Er,03 1.00 | 483 1540 |5.85 |9.05 48
Bi2.5 Wt%szOs
4.00 wt%;3
PABN | Er,031.00 | 470 1540 | 5.9 9.00 48
Bi5 Wt%szOg
4.00 wt%
PABN | Er.O3 1.00 | 466 1540 | 6.3 8.38 48
Bi7.5 Wt%szOg
4.00 wt%
PABN | Er.03 1.00 | 460 1540 | 6.7 8.03 48
Bi10 Wt%szOg
4.00 wt%
V12 Er.03 0.00 975 977 |75 1.0 1.53 |49
wt%Yb,03
0.5 wt%
V13 Er,03 0.00 972 | 7.0 1019 {119 |1.70 |1.62 |50
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wt%Yh,03
300 wt%

V14

Er,03 0.00
Wt%szOs
300 wt%

972

5.9

1024

12.1

1.65

1.76 |50

V15

Er,030.00
Wt%szOs
300 wt%

973

6.55

1026

13.2

1.50

1.89 |50

V16

Er,03 0.00
Wt%szO3
300 wt%

972

6.8

1018

10.6

1.70

1.64 |50

V17

Er,03 0.00
Wt%szOs
300 wt%

972

6.4

1017

9.5

1.60

1.61 |50

V18

Er,03 0.00
Wt%szOs
300 wt%

973

6.4

1013

10.8

1.60

1.66 |50

V19

Er,O3 0.00
Wt%szOs
300 wt%

972

6.5

1012

10.2

1.65

1.65 |50

V20

Er,O3 0.00
Wt%szOs
300 wt%

973

6.7

1012

9.6

13.70

1.64 |50

V21

Er,0O3 0.00
Wt%szOs
300 wt%

973

6.2

1012

8.7

1.65

1.66 |50

V22

Er,O3 0.00
Wt%szOg
300 wt%

972

6.0

1012

7.9

1.60

1.62 |50

V23

Er,O3 0.00
Wt%szOg
300 wt%

972

6.0

1012

9.1

1.64

1.55 |50

V24

EI’zOg 0.00
Wt%szOg
300 wt%

972

6.4

1014

9.9

1.66

1.70 |50

V25

Er,O3 0.00
wt%Yb,03

972

9.2

1021

10.5

1.65

1.70 |50
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300 wt%
NZLE | ErO3 0.00 | 271 | 427 |976 1550 | 7.7 753 | 131 |51
0 Wt%szOs
300 wt%
NZLE |Er,O3; 0.5 |281 |455 |976 1550 | 6.2 8.64 |131 |51
1 Wt%szOs
0.5 wt%
NZLE | Er030.50 | 290 |473 [976 |0.9 1550 | 7.2 848 |131 |51
2 Wt%szO3
1.00 wt%
VO Er,O3 0.15 975 [0.89 |1533 |5.10 |7.94 |1.517 52
Wt%szO3
4.00 wt%
V4 Er,03 0.15 975 1533 [5.21 | 7.80 |1.518 |52
Wt%szOs
4.00 wt%
V8 Er.030.15 975 1533 (454 |7.70 |1.518 |52
Wt%szOs
4.00 wt%
V12 Er,03 0.15 975 1533 [ 4.83 |7.83 |1.520 |52
Wt%szOs
4.00 wt%
PBNE | Er,03 0.10 980 1530 1.968 | 1.52 |32
Y1 Wt%szOs
0.05wt%
PBNE | Er,03 0.10 980 1530 2201 152 |32
Y2 Wt%szOg
0.10 wt%
Verre | Er,O31.00 980 (6.1 1536 |11 4.8 53
Wt%szOg
1.00 wt%

zla V138 (e Jaag LALIPO gla ) o8 OH" (e s (midiall 38 5l o pals (S8 SAL sl 01
[42] radl pal 2l Aals e Sldis b ) il LS ja (e 12 8 Al b
83k 30 21335 s ca g oY) (el Ananal) Al sy ) S Ualii ) Ja 55 SEGN ClaY) ALl o

[54] A3 Jalas &G puaal) Asis 83l i 3 AN juaa ylal Caial
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[12] O siss O JEE DM (uaplaliseal

s Aol s o503 50ill axdae (s 8 e S Agddal) Lol ) (amy aje (M sall Jpaadl 8 s

RERCH

N 522 580 prlaal) s sl 50 Aipdall Jails g1 2(6-111) S
B%%) Nd® | Tq [Tx | Aap | Oap | Aem | Oem |T(MS) n | Ref
zsV [ [x10%° | (°C) | (°C) | (nm) | 1072 (mm) | 10721

ions/ (cm?) (cm?)

cmd]
NPG |0.72 522 | 790 | 785 1054 0.33 | 1557 |7
PKSA | 1.0 355 1051.4 | 405 |0.172| 1535 |63
N10 mol%
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PKBA | 1.0 1054.4 | 64.8 | 0.144 64
N10 mol%
PKM |1.0 1053.5|44.1 |0.194 65
AN10 | mol%
LHG- | (0-2) 485 808 1053 | 36 0.351 | 1.5296 | 66
8 mol%
LG- (0-2) |461 808 1053 |39 0.349 | 1.5067 | 66
770 mol%
LG- (0-2) | 450 808 1053.5 | 37 0.367 | 1.5257 | 66
750 mol%
LHG- | - 402 808 1054 |42 0.327 | 1.5429 | 66
80
Q88 - 367 808 1054 |40 0.326 | 1.5449 | 66
NPBP | 0.5 798 882 14.08 | 0.718 66
A5 mol%
N31 1.22 445 1053 | 38 0.348 | 1.540 |67
N41 1.22 465 1053 |39 0.351|1.510 |67
NAP2 | (0.01- | 545 1053 | 37 0.400 | 1.530 |67
6)
mol%
PAN |0.5 580 |35.2 |1059 0.330 68
mol%
V1 0.568 875.5 890 2.5 0.210 | 1.654 | 68
V5 2.722 875.5 890 1.8 0.275|1.654 |69
V10 5.249 875.5 890 2.1 0.254 | 1.656 | 69
V15 7.514 875.5 890 1.2 0.482 | 1.654 | 69
V20 9.789 875.7 890 1.6 0.513 | 1.656 | 69
V25 11.73 875.7 890 1.3 0.783 | 1.654 | 69
0
V1 0.568 875.5 1054 |23.0 |0.210|1.654 |69
V5 2.722 875.5 1054 |30.7 |0.275]1.654 |69
V10 5.249 875.5 1054 |30.3 |0.254|1.656 |69
V15 7.514 875.7 1054 |17.4 |0.482|1.654 |69
V20 9.789 875.7 1054 |16.7 |0.513]1.656 |69
V25 11.73 875.7 1054 |16.8 |0.783|1.654 |69
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Ndp 522 52800 andaall i gal) s 50 Aadall Jails gll 2(7-111) Jgaad)

BYS) Nd*® Aap | Aem Oom 7(ms) n | Ref
sV | [x10%® | (mm)| (mm) | 10721
ions/cm?] (cm?)
PLK1 | 2.00wt% | 501 | 595/6 | 108.2/5.| 0.182/0.6 70
62 8 14
PLK2 | 2.00wt% | 501 | 597/6 | 196.1/9.| 0.106/0.3 70
62 0 80
PLK3 | 2.00wt% | 501 | 597/6 | 201.6/1 | 0.106/0.3 70
63 0.4 55
PLK4 | 2.00wt% | 501 | 595/6 | 251.4/1 | 0.096/0.3 70
63 0.5 50
PLK5 | 2.00wt% | 501 | 597/6 | 281.4/1 | 0.095/0.3 70
63 0.9 42
PNK1 | 2.00wt% | 501 | 596/6 | 223.8/1 | 0.090/0.3 70
63 1.8 06
PNK2 | 2.00wt% | 501 | 593/6 | 275.4/9. | 0.091/0.3 70
60 5 53
PNK3 | 2.00wt% | 501 | 593/6 |220.5/8.| 0.104/0.3 70
61 8 93
PNK4 | 2.00wt% | 501 | 596/6 | 161.4/7.| 0.149/0.4 70
67 7 85
PNK5 | 2.00wt% | 501 | 596/6 |272.3/9.|0.093/0.3 70
61 1 60
ED2 1064 29.0 0.310 71
Q98 2% 803 | 1054 45.0 0.308 1555 | 72
LG76 - 803 | 1054 45.0 0.323 1.508 | 72
0
N31 4% 803 | 1054 40.0 0.340 1528 | 72
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Abstract

In The field of communication and active laser medium, rare-earth ions doped glasses
are used as optical amplifiers, in view of the amazing properties of glasses specially
phosphate glasses, which is the better one for this application.

For this reason, the objective of this work is a review of many studies, which were done
about the rare-earth ions doped phosphate glasses. First, a general idea about the glasses
such as:( definition, physical properties....) were given, then the spectral characterization of
rare-earth elements were displayed, which they have a lot of optical transitions scanning a
wide range of wavelengths spectrum, from ultraviolet to infrared.

Finally, the results of many works and researches about phosphate glasses doped with
(Nd, Er, YDb) were exposed, here we focused for Important factors such as:( ions
concentration, refractive index, active section, life time ...). These factors give many
important information about the element...

Thanks to the gain factor, which was used to determine the best glass of each kind of (Nd,
Er, Yb) doped phosphate glasses, these glasses of high qualities can be used as laser and
optical amplifiers.

Key words: Phosphate glasses, rare -earth ions, doped, laser, optical amplifiers, Erbium,
Ytterbium, Neodymium.
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