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Abstract: As a popular inorganic luminescent materials, up-conversion fluorescent fluosilicate
glass ceramics are promising in solid-state laser, solid-state illumination, optical anti-counterfeiting
encode and optical thermometry. Research and applications of up-conversion fluorescent fluosilicate
glass ceramics containing binary-elements nanocrystal, ternary-elements nanocrystal were reviewed.
In which, we compared the effect of composition on nanocrystallization and up-conversion photolumi-
nescence, and listed the issues need to be solved for the further development. We hope this review
can provide inspiration and guidance to the future research of up-conversion fluorescent fluosilicate

glass ceramics.
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Fig.1 ~ Optical transition scheme of up-converting energy lev-
els. (a) Excited absorption. (b) Successive energy

transfer. (¢)Photon avalanche.
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Fig.2 Varied nanocrystals in up-conversion fluorescent fluosilicate glass ceramics
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An overview of the researches on fluosilicate glass embedded with binary nanocrystals
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Tab. 2 An overview of the researches on fluosilicate glass embedded with ternary nanocrystals
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2017 45Si0,-15A1,0,-12Na,CO,-21BaF -7LaF, Ba,LaF,  12~39 — [29]
Tm**/Yb** ; 546, 584 (Th)

60Si0,-15B,0,-10Na,CO,-10BaF -1YbF,-(4-x—y) YF -
2022 Ho™/YH™ P P : : T Ba,YF, 10 544, 657, 751 — [30]
xHoF,-yCeF,
2007  Er 40Si0,-25A1,0,-15BaC0O,-10YF,-10BaF, BaYF, 25 520, 545, 660 — [31]
2010 Ho™/Yb™ 40Si0,-25A1,0,-15BaC0O,-10YF,-10BaF, BaYF, 15~25 483, 545, 645 — [32]
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g 2 ¥/S B Br th LREEN KW A /mm N %%
- ERAe s .
[ Hoy rm A JNFmm (~980 nm &) . SCHik
; 512~537, 537~
2013 Er” 458i0,-15A1,0,-10Na,C0O,-4Ca0-18BaF,-8LuF, BaLuF, 10 — [33]
P i ; ’ 567, 638~681
362, 388, 418,
2014  Ho™ 438i0,-15A1,0,-10Na,C0,-4Ca0-18BaF -10YbF, BaYbF, §~22 445~456, 485, — [34]
538, 650, 750
2016  Er’* 68Si0,-6BaF ,-13K,0-11. 5GdF,-18b,0, BaGdF, 8 520, 542, 655 — [35]
2016  Er’” 60Si0,-19Na,0-7YF,-6A1,0,-1Er,0,-(7-x)NaF-xBaF, Ba,Y,F,  90+20 520, 540, 660 — [36]
2016  Er’” 60Si0,-7Na,0-6A1,0,-9BaF,-(8-x) GdF, Ba,Gd,F, 27«7 520, 545, 655 — [37]
\ 628i0,-15Na,0-6A1,0,-3NaF-( 14—x) BaF, - YbF,
2018 Er” : : ’ ’ Ba,Yb,F,, 100 410, 520, 550 — [38]
(x=0~14) )
. 638i0,-6A1,0,-15Na,0-3NaF-6BaF,-(7-x) LuF ,-xErF, 410, 520, 545,
2018  Er : : : ' ’ BaluF, 43:17 — [39]
(x=0.1~3) 660
2006  Er’” 408i0,-25A1,0,-18NaCO,-10YF -7NaF NaYF, 10~15 520, 545, 660 — [41]
\ 358i0,-15A1,0,-10Na,CO,-30NaF-10GdF,-0. SErF -
2017 Er” ’ : ’ ’ NaGdF,  14~30 520, 545, 660 — [48]
10LiR (R= Br, Cl, F)
2018 Yb'-Er* 70Si0,-5A1,0,-2A1F -2Na,0-18NaF-3Lu,0 NaLuF 10~50 542, 668 — [50]
2 273 3 2 273 4
3+ . i . Na,ScF ./
2018  Er 558i0,-10A1,0,-yNa,0-19NaF-6ScF-2YbF, 3~8/20~30 520, 545, 652 — [51]
: ’ NaYbF,
0.41%+
2019  Er” 508i0,-25YF,-25KF-1. 0YbF -0. 2ErF, KY,F,, 60 520, 545, 650 [52]
: 0. 02%
2019 Yb'/Er*” 625i0,-2A1,0,-10Na,0-19NaF-8Lal, B-NaLaF,  30~50 520, 541, 652 — [53]
1. 44%z=
2020 Yb¥/Er® 708i0,-15ZnF -15KF KYb.F 2~20 520, 542, 650 [54]
2 2 3710 0 02%
N 498i0,-10A1,0,-12Cs,0-15CsF-14Rel, B-CsLu,F
2019 Yb'/EST ’ 30~80 520, 542, 660 0.67% [57]
(Re=La ~ Lu,Y,Sc¢) ;
0. 10%=
2019 Yb'/Er™ 708i0,-15MnF,-15KF-1. 0SnCl, KMnF, 4 545, 668 [58]
? : 0.02%
498i0,-10A1,0,-12Cs,0-15CsF-(14—x) YbF -xLaF,
2022 Er’* (Ln = Eu, Er, Ho, Tm, Er/Gd, Etv/Eu, Et/Th, CsYbZF7 200 520, 542, 660 — [65]
Er/Dy, Er/Sm, x =0~ 5)
2020 Yb*/Tm™ 50Si0,-10Na,0-15A1,0,-3Ca0-15NaF-7YF, NaY,F, 32 649, 678, 700 — [71]

2.2.1 mEe B L RS MK

(1)M,LnF; (M = Ca, Sr, Ba; Ln = Y, La, Gd)

20064, Fan % 3564 45510,-15A1,05-12Na,0-
21BaF,-7La,05-0. SExF3 4143 H #7 HY BayLaF, ff 14,
M HAh B FE R 630 CHH R ZE 650 “CH, fhr R )
FH 27 nm 34 12 65 nm. B4 5 358 76 0 U3 4 1
% 1k A T REAR, EX 0 500 T 4 R O i
SR AR AT I S B 3 Ak T 3 3 2H 8 AT LAy
J1 5 B 40 AH Ba,LaF; fit 14 Ba,LaF,; Fl La, 051 A f
A LaF; Fil La,O5 1H A b A& DL Je 4l A Lay O & 42 119
Br ™ A 4F , Qiao 45 4 45Si0,-15A1,05-12Na,0-

21SrF,-7Gd,05-0. SErF; 41 43 H H7 i Sr,GdF, 44 ok
i, A HE R BE B 630 CTF S & 670 CHE, SRR
P 9.7 nm AN E 19. 5 nm. 980 nm 2 AR BOE
S N OV S S N . £ /2 R (N i el L R
20134F, Ho%54E508i0,-10A1F5-5Ti0,-30BaF -4 LaF ;-
0. 5SErF3-0. 5YbF; 4143 (STABLEY) H1 ti Afr H 14 nm
KN Ba,Lal, S AR &l 5 iros , R 2056 1)
Al I 1% 3 A SOL MU S WG B 2 57 A
FRAh B BE A T AR R R R K 2T e
B 5 EL 2 R SR B R

SR YD Er AR A B R i R O AT
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Fig.5 Relationship between UC luminescence intensity and

crystal size in the SATBLEY glass-ceramics™™

R A RS e SR SV g e o = B 01 LW VA N
L A 7 N i ol = il 21 £ = il 1 7 S
HE NN W B 2 R R B ARG L R
() 7 25 b AH B AR FH g 23 Bk o 21, 91 n 28 SRR
LG, BT df 5, YD R Ex [ R AR /N | B 22 (8] & A
()22 Xith B (Ex™ 5 Ex" 83 Er" 5 Yb™ 2 [1] ) g 48
150 B0, i 2 23 3 AT R AR ExT I S0 K BT e
CH 1o TS5 BE D) R T 500 T RN AR J& 72 200
KA BER CFop BB ) LKL T8 LT, a0 1
.

2015 4F , Imanieh 48 7 428i0,-23A1,05-2081F,-
10KF-5YF;-0. SErF5-2YbF; 41 43 % 81 Y Sry, Y, Fa,
f A, 2 Bb BRI E 600 CTF R & 750 CR L Se
BB YUHCIR o f1 0. 23 TR E) 0. 46, S kL K /N
M9 nm & 45 nm. Er" Wy LR 0 M40 0 |55
KOG WG 5R , H Ak R OGoR T 2060 3l % 5
o Er" B 1Sy, B O A O 500 ws, YbTES
T Fsn BRI FF AN 2 ms, bU 0T 3% 5 TG, 00
Wl ExF YD & AR GG & 0> A R
A R Y, 2017 4 Li %5 7E 45Si0,-15A1,05-
12Na,CO;3-21BakF,-7LaF; 41 75 1 #£47 Th™/Tm™/YbH™
=45, M1 1 0 57 7 BaLal,, iR K/ R 12~39
nm. MrdhJE , SL4RHE =60 b i i kO B Y ag
H AT DL 3 555 Th™ /Tm™ 7Y b 45 2% e J3E 70 5 3
PO T 2R T L0 i =R (' B R X e B SR
Gk . AT & B8 Tm™ (1 85 % F2T 5643 B %t
N =5 W SRR RO - W ik AR T A & O %
Iof T W M B L BR T YD R T ™ FTh™ (1Y) BE 12
ik A AE Tm™ 7] TH™ (1 g 1L 367, 2022 4F
Wang % 7E 60Si0,-15B,05-10Na,C0O5-10BaF,-YbF;-

(4—x—y)YF3-xHoF3-yCeF3(y=O i ,x=0.1,0.2,0.4;
x=0. 1 B}, y=0.05,0.15,0.20) 41 5 " #7 i 10 nm
1) Ba,YF, i 44, {5 B Ce™ %F Yb*/Ho 2 8] B & 1%
i 1 VR B B B AT /s SO L T 8
£t DA WFSE AT DL R B, B ATE A BN TR
A SIS 4 O AR B DO B O
BEFEE B 7 % B YDY/ES YD/ Tm™ Fl
Yb*/Ho™, i i Tm™/Th™ & X i) HE & 1% 128 . 5E 5
B 3 6 5 U AN A Ce™ B T 47 3t S BN €5
St A R

(2)MLnFs (M =Ca,Sr,Ba; Ln =Y, La,Gd)

2007 4F , Liu % 7£ 40Si0,-25A1,05-15BaCOs-
10YF;-10BaF,-xErF;(x=0.5,1.0,2.0,3.0) 415 1
WIS A AT 25 nm K/NA) BaYFs ik, Er B
Fe W B2 IR 3 2. 0% W A vk BE AR K, 2010 4F
Shan Z£ 7 408i0,-25A1,05-15BaC05-10YF;-10BaF -
0. 5HoF5-xYbF;(x=0,1.0,2.0,3. 0) ZH 43 i 13 /b 3%
B AN T BaYFs dh ik, R5E S 15~25 nm,
Brdb 5, Y™/ Ho™ #E A K & b A TG T AL Kk
o6, Ho'™ WY &% 8, I 5% 4 J 6 Ak 15 15 KR BE Y 48
FHE X — 5 Ho S 45 3 A7 T AN ], (H #1 2&
SRR G R a1 S Y A = 2181
358 IR R A WOAC s R R B

2013 4F , Yang 25 7€ 1. 5%ErF; 48 2% (1) 45Si0,-
15A1,05-10Na,C0;-4Ca0-18BaF,-8LuF; I% 5 1 #r
th 37 5 AH BaLuFs 40 2K &, )ROSF 28 20 nm 22 45
20144, Jiang Z57E 43S10,-15A1,05-10Na,C03-4CaO-
18BaF,-10YbF; ( $ 4% 0. 2%Ho,05) 4 4 1 #7 i}
BaYbFs 44 K &, ] )8 8~22 nm. 7£ 980 nm I K
ERC A LT 2 R AR B W S S M S 2
KIEWERYBE LR Ho "k A T 454494 JF 1Y BaYbF;
KR, 2016 4F , Biswas Z57E 0. 5%Er, 0,58 44
f) 68Si0,-6BaF,-13K,0-11. 5GdF;-18h,0, 41 43
Brifh 7 BaGdFs 4 K i o B B v F & &
B L FE 976 nm YK AL T L AR BE S M St 8
BEg A OISR T 200 MR S WA 1540 nm
(3L ZL A0 KOG A AR 5 AR WF I A [ 1Y
A oy P LA L SROBAR 55, FE ARSI T &0 11
gt S SCER1219 S5 R . BT LASE
LS E Rl AN U Ml [V O SR IS B 1 A
) 5 B L o

(3)MLn;F,; (M = Ca, Sr, Ba; Ln =Y, La, Gd)

2016 4F , Krieke %5 7 60Si0,-19Na,0-7YF;-
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¥R 543 &

6A1,0;5-1Er,05- (7-x) NaF-xBaF, 2 4> ' & 3, 24
BalF, ¥ ity O B, A it 36 3585 A7 11 9 40 K& R B -
NaYF,; Il A BaF, 5, ok it B 55 v 1) i AHAS 192 B-
NaYF,, M 4& BaF,. B BaF, & & 09300, & AHIF
Ifi B BalF, i 1A 32 7 28 24 22 77 Ba, Y F, f iR ( = £
iR ). A RS ECT S A R R R T
L1, G GTE & Bay Y, F o (010 B 38 vh o, & B-
NaYF, [ H K, % Bak, I i 55 ; ZLGTFE % B-NaYF,
FR) B340 B 35 v e o, A Bay Y5 F, B9 UK, & BaF, (1)
e, BB A TE 60Si0,-7Na,0-6A1,05-9Bak,-
(8-x) GdF3-xErF;(x=0. 1~4) 241 %3 Fp #r i Ba,Gd,F,
YK, 600 CHALBE S hRE S Sk R Ry (27+7)
nm, 7E 650~700 °C ik B U [l , Ba,GdsF,, 4 K s
ST 7 AH BN ZE T S A AR . #2057 H BayGdsFy,
YR K IR B B 0 b T i ke O o B R B ST A
Ba,GdsF 7 44 2K {3 s 35 38 1) I A%, 2 B B B B 1Y
AR ] WL, b e R O R S T
A PR AL YIAH C

KR4 8 YF, . GdF; 3 % YDFS, A A
AT T BayYbsF A0 K &, Bl YbF, %t 1Y 34 i
Bl , 40 >k & A D BaF, 3 W i U 3 Ba,YbsF,, .
Ba,YbF; \NasYhoFs,, Er 2 8] % F A 1EFH . K
Er'H Y™ 8] 1938 Xath B, =6 7 W i v B 41 68 I
B ot o B AR, 2018 4 AT X AE 638i0,-
6A1,05-15Na,0-3NaF-6BaF,- (7-x) LuF;-xErF; (x=

—Ba,Gd,F , crystals

—Ba,Y, I | crystals

—Ba,Lu,F ; crystals
1, glass

, glass

---Ba,Gd,F

%
oo Ba4Y3 1
---Ba,Lu,F ; glass

Intensity/a. u.

475 480 485 490
A/nm

K6 1% ExF, 48 4% 1% & Ba,Gd,F,.Ba,Y,F, Al Ba,Lu,F,, 4}
oK Bt BB A IR [R] A 8 K O 1 (R BT
f°F,, E 10 K 3L RE T 2RI 23 K 70 38 B8 A oh 52
B AR

Fig.6 Time-resolved excitation spectra(exciting ‘F,,, detect-

ing integral green emission of Er’* in nanocrystals and
glass phase) of glass ceramics containing Ba,Gd,F ,,
Ba,Y,F, and Ba,Lu,F, nanocrystals, doped with
1% ErF, measured at 10 KM,

0.1 ~3) 4% F 0 Ba,LuyFy; f AR, RoSF A (434
17) nm™. AN & 6 s, 2R Ex4E 485, B 1]
T AR I 6% 2 W BayLusF, fb AR R £+ & B
Lt Ba,Y,F; 5t K 9 5 14% , L Bay,GdsF s i 4K Y 5
36% , 7% W AR & 3% 385 v s i m) F 0E A PR B T
/NGRS R, B ES 72 48 8N 1) 48
KA R TS B AEOR . X —WFE s
S5 AT P B 2 AR R I R AT R T R
(=2 F Y & TSN NNk S YU O P/
RHNR IG5 75 AT R .
2.2.2 WA EMW L B AW (ALnF  ALn,F ALn,F,:
A=Na,K,Cs;Ln=Sc,Y,La,Gd,Lu% )%
K &

2006 4F , Liu % 7£ 40S8i0,-25A1,05-18NaCOs-
10YF;-7NaF-xErF; (x=0.05,0.2,0.5,1.0,2.0)2H
3 H A 10~15 nm (1 a-NaYF, ( #4b BHIE FE N
570 C), M B 620 “CHE & 650 CHY, fif i 3%
IS I IR B B-NaYF, i 4, Ex i 4000 I 5 4 &
O 9 2 B (J& NaYF, 48 K & 78 K 89 30
), 3% 2 KR Ex " TE S U7 AH B-NaYF, fh A& i A L
TE a-NaYF, 1 ERe i ROGRCR T & . 2 Er B 4t
W R 0.05% B, 1 i B 338 v JUF et b e d
I 5 2445 2% e B B 0 & 2% B, ok o B 8 R O 4R
AT o b G e % % O 12 W 1 5 [R] B 2% 0% 3B
S

W R T 4R S NaYF, 98 K &b Uk 13 5 3k
B b k6 B RSN B T iR 2 5%
Jyreso g, Sy TR A HURE BT B T a-NaYF,
AR Ry B-NaYF,, $2 @ L 3% 40 & OB 30% | Zhao Fl
Guo 55 43 9 76 B 55 20 43 o A GdFs, 980 /N BT & T
fbfE A Rl F Y—F—Nafb 24 19T 5, 4T 1
KGR B-NaYFy, K& 1 b 4 kOt os
JEUT Gao S5 BEFE A W 45 8 B & R,0 (R=Li,
Na, K) , 75 3¢ 5 20 43 v 43 59 B 00 fin A Li, O . Na, O il
K,0, & 3 NaYF, 44 K 5 19 ROSF 43 5 20 11 nm (25
nm Al 43 nm™', PLAh  MATTIE 223 A MgO , fifi B
TS A SR B R T NaYF, 90K i 1 K
U3 50

4 T NaYF, & 1K , Ren %5 £ 35Si0,-15A1,0;-
10Na,C05-30NaF-10GdF5-0. SErF;-10LiR (R=Br, Cl,
P50 B b T NaGdF, 40K &, 2 00 25 8 5 fA iy
LiBr 28 24 LiCl LiF B, & BUAT & T B R B 8 o 26¢
OB AW AR . 7] — AL SR NaGdF, 44
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K ROSE S RGN, B 21 /% 4 1 B O
SR L B W, 2017 4F | Krieke 25 7E 9 E T3
il % B AT S 4l A 7S 7 B-Na(Gd, Lu) Fy 44 K
A, SR G B Lu, BE 30 57 77 AH ST 4 & 1A
B9 BE A5 A F 75 5 A B-Na(Gd, Lu) F, 48 K &4 B9
R T B, A R b 4 v T = 1) b e 4 R R
B Velazquez ZEN M Y T NaLuF, 40 2K 555, &
A (% B 4 Fe ik #) 19. 3%, YBFE 800 nm E’JZz
IR AR Ex X YD B AL 8, BB Yb' ik
(3G N, b e 4 RO B 21 0 L3 K

2018 4F, Chen 25 1F Si0,-A1,05-Na,0-NaF-ScF;-
YbF3 26 43 rp 38 5o # ) Na 25 52 F F/Na FE S0 T 46

S1-PG S1-GC

AH B} NasScFg FI57 J57 NaYbF, 40K 5 59 SR AT H .
X Na & # . 5 F/Na [ I 453 25 55 17 11 NayScFo 44
Ko AE U 0K S R B B A, R EE NagScFe 40
Kl EX 2 S 7k A NaYbF, 40K 5y, T LA NaYbF,
4k AR R T ECRY B R RO, & 7 i
/N NasScFe 48K il 22, Ex™ 1 b 56 e & 6l 55
{HJ2 Eu™ i T 8 0T 0L & St 2 Prsig om™ . XUAH 24
K A B K M T T G T RE T A B 5 Y Ao
PEFOF T, A R T A4 A B9 kO < 3l ok el 2R
KOG 1 () PR A 45 e A% 338 5 i A 1 2 Fh R A
Yo 4 B R 6 B I RO B sl R4 RO R
18 JRy SO A R v RO

86-PG

S6-GC

(b)

(a) = B
é 4F‘J/ZAVV‘IIS/Z \ﬂ
2 =
RZE N )
a:J 2 4 4 g
= FH S s, E
3 S LA
400 500 600 700 400 500 600 700
A/mm A/nm
(¢) 5 =——s71P6 ——s7-6C (d) = (e) = ——S16-PG S16-GC
< < 3
= ] =
O O o
E E i
400 500 600 700 400 500 600 700 400 500 600 700
A/nm A/nm A/nm

P07 BAT AN F/Na L 35 A0 G0 BB R G 1 BB e 00t 1 . (a)25(5)1.875 () 1.48; (d) I(GCHE S R B A M) 5 (e)

1(GC RE & 4 Na,ScF 40K i)™

Fig.7 Typical UC emission spectra of the Er’* doped PG and GC samples with different F/Na in compositions. (a)2. (b) 1.87.
(¢)1.48. (d)1(GC sample is amorphous). (e)1(with Na,ScF, in GC sample)™”.

2019 4F | % # IR 2 7E 508i0,-25YF5-25KF-
1. 0YbF;-0. 2ExF; 41 43 87 37 5 A0 KYF,0 40K
an, OS2 60 nm, & A48 550 F T 3R 43 A &1 8 i
TR R AE T A B S 1 A AL R A 35% , [HLRE
(4 375 3 1 BT ATS SR R AT, 3% 3k 38 AH LY L 5T 3 5 W A
FEAG IR R 7E 80% L) I o 78 S Ak R an ok & 19 5% 14
TSR 15 1 R R KYSF o 49 K 5 19 4% 1)
(] P, AN 2 3 URUAIT S 00, LA B i A R 3 358 5 Jo
P 5 20 v DR L E

WE 9 B 7 , 76 980 nm P Kk & 1, 1o i B 385
i b R Ol Je R BT BB Y 55 4, s/t
WAk 2] 13. 2, B s g ta 4 R ket ¢
JeFFAE A 1.5 ms, R AR 345 . WA, Kh
SEAE RO R B A R 2K
KGR TFACZE Y 980 nm B & OG0 T 2% EE R
10 W/em® B, W45 | % 4 kO 19 3 308 & ik
0. 41%+0. 02%"",

30 nm ‘

. IHADE MaG: sdens vy 2000Y

30 nm

L (D)

30 nm

30 nm n - 30 nm :

K8 (a)508i0,-25YF,-25KF-1.0YbF -0.2ErF, M fin B¢ 19
A IR IE 0 G 10 5 Si(b) L0 (e) JF(d) LY
(e) JK(£)#~T0 2 19 5345 ] (52 BEARFe Mk ) 7

(a) Dark-field HAADF-STEM image of the GC sam-
ple. STEM-EDS maps showing the distributions of Si
(b), 0(e), F(d), Y(e),

their concentrations reflected by the brightness in col-

Fig.8

and K(f) elements with

Orsbﬂ.
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Fig.9 (a) UCL spectra of the PG and GC samples. The intensity of the PG sample is multiplied by a factor of 10. (b) Decay

curves of the 542 nm green UCL under 980 nm excitation. Inset photos in (a) are taken under irradiation of the 980 nm

LD,

Peng 55 7F 98 fik: 3% 5 v 2ok 2l A8 AV/Si Fe 52 B
T 4liAH La® B ALY 90K & (Lak; .a-NaLaF, 1 B-
NaLaF,) i A] % 55 4 B th " 3% 5 B 5t o Na/La/F
Ay A F T I R85 o-NaLaF, 49 K &b 59 5 4% 12k
Ko B AYSI L2 BRI Na 8 FiE A AL-F-Na 3£ 4],
755 WA a-NaLalF, 55 48 18 %€ 1) LaF,; ] 78 8%
AUSI LB BEES o Na B TR % S 5 i i
IF AR, ff R o-NaLaF, 5% 48 B2 2 1) B-NaLak,™",

2020 4 , Fang % 1€ 708i0,-15ZnF,-15KF 8 fi:
P B R YDF, AR S 9 2% O R R A, BT
KYbsF o 24K i, Yb™ B 48 24 N 00 P 3l 2 i — 20 X
RUEFT,$E 0 T EX"-YD BE B A B AOR , RF ik
e 77 R R (1.4420.02) %™, 3 T, 2021
A M ATT A X — FURE T A B S T SE L T Eu AL
s =0 DR ROl R BT R B ATl
A A RO i R Dy AR O (A 1Y
T 53 Ty R )RR ] LA S Bk — 9 o AR Uk
A AT EE— 20 R, 2 YD B ek R R i 2%
IF LBt 40K 23 B KYbsF o 5% 22 2 KYb,F; i
A, Tm™ () 41 {5 800 nm T £ 41 - % 4 & 5 14 o
T TAE

2019 4, Chen % 7F i £ B 35 3L 5 op 1 oK
7 B -CsRe,F; (Re=La~Lu, Y, Sc) 44 K ', H
W, & YDY/ES" : B-CsLuyFy 40 K i 3 & 3% 38 1) I
B te TR N0.67%, & YD /EX : B-
NaYF, 99 K & B f 3E B8 19 = 29 6 5 5 & Ev:
CsYh, Ry 0 K & 1 1ok & 3% 38 EL A B 2 19 Dt # sk

N, B 980 nm O B R 1 A8 Ak 2 B 8] B 6
1y 4 O
2.2.3 454H B FAH(ATF,: A=K;T=Zn,Mn
F) AR

2019 4F B H TR A il % T & KMnF; 852K
RUGOK S B R . il TAE SR BT S M
P 5 - () B L 3 /0N, PR 35 22 T80 A 7 1 R0 RE e A i
Er 7] DL P H o 1S5 PN 2010 E BRI L 5%
25 Mn™ , Q& 10(b) iy 75, fiff Mn™ B9 2 25 iy 7~ BR
iE 2T, PR B AL 8 45 Ex (19 'Fon 2101 L REYL,
an e — R gl RT U 55 Ex i g0 b A kO B R
ZI0G, AFALL 8 L R, ML 70S10,-
15MnF,-15KF-1. 0SnCl,-1. 0YbF;-0. 2ErF, (fil A
SnCl& Ry T $ A JF P PR B8 4 Min £ R A0 ), #7
7SO AH KMnFs 492K &, P34 R84 nm.
SR A i RT R AE /N BT SRR Y ) SR A
BHE AR (K 10(a)) . XPSEERFZHFILK MY
PER MM i F N N7 9 60% . 4
H, S B PR A 3 DX XU BB 0 A AR T R B
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(a)70Si0,-15MnF,-15KF-1.0SnCl,-1.0YbF,-0.2ExF, F S AA B 5 (PG ) A3 5 3 8 (GC) B3 6% 5 (b) Y™ -Ex™-Mn™

(a) Transmission spectra of PG and GC samples. Inset: photographs of the samples. (b)Schematic energy-level diagram

illustrating the ET processes between Mn®, Yb*, and Er'*1%,
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(a)UC emission spectra of 1.5Yb**-0.2Er**-codoped FS glasses. Sample 1 is 70Si-FS glass; 2, NaYF, glass ceramic; 3,

NaYF, precursor glass; 4, Cal,-based FS glass; 5, Bal,-based FS glass; 6, LalF,-based FS glass. (b) UC emission

spectra of 1.5Yh*-0.2Er*"-codoped 70Si-FS glasses containing different concentrations of AIF,"**,
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Fig.12 Three engineering strategies of upconversion intensity in fluosilicate glass ceramic
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(a) Microphotograph of 0.5Er’™* doped PG microsphere. () NGC microsphere heat-treated at 520 °C for 10 h. (¢)NGC

microsphere pumped by 980 nm laser. (d) Input-output power plots of the lasing emission of the PG and NGC micro-

spheres'”"”.
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Fig.14 UC random lasing emissions of Yb*/Er": B-NaYF, NCs embedded GC under 980 nm ns-pulsed laser excitation: lasing

spectra(a) and spectrally integrated intensity(bh) of UC emission from GC versus excitation power density ™.
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Demonstration of multi-color-emitting anti-counterfeiting patterns, using (I)Er"-doped and ( Il = VI ) Er*/Ln*-doped

Fig.15

CsYb,F.@glass (Ln = Gd, Eu, Tb, Sm, Dy) inks upon a single NIR-laser irradiation, using ( VI ) Er**/Eu’ :
CsYb,F,@glass inks and (VI ) the mixture inks of Er'*: CsYh,F,@glass and CsPbBr,@glass under simultaneous excitation
of UV light and NIR laser, and using ( IX )the mixture inks of CsYb,F @glass and CsPbBr, I, (@glass under simultane-

ous excitation of UV light and NIR laser (herein, the NIR laser is dynamically moving in a counterclockwise direc-

tion) ™.
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