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Introduction to up-conversion luminescence of
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Abstract: Up-conversion luminescence in rare earth doped materials is an important approach for the optical
frequency conversion as well an important aspect in the researches of luminescent materials. On the basis of
the introduction of fundamental concepts of the up-conversion luminescence, the research history of up-conver-
sion luminescence of rare earth doped materials was briefly reviewed and the up-conversion mechanisms inclu-
ding energy transfer, excited state absorption, co-operative sensitization, co-operative luminescence, two-pho-
ton absorbed excitation and photon avalanche processes in rare earth doped materials were summarized and
compared with each others. Then, the up-conversion luminescence mechanisms for various rare earths doped

materials were summarized and the host materials such as phosphors, crystal and non-crystalline solids for rare
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earth were introduced. Finally, the factors influencing the up-conversion luminescence efficiency were

analyzed. It was pointed out that the absorptions of pumping light and emitting light, phonon energies of host

materials, the choices of doping ions and pumping routes must be considered in the designs of up-conversion

luminescence materials.

Key words: up-conversion luminescence; rare earth ion; host matrix; doping luminescence ; luminescence

efficiency
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Fig. 1 Mechanisms for up-conversion luminescence

B 1(A) i B ROt O il 18 1o e
— AR 1 3 1) RE e BROT B vh RO L AR
JG B I — AR 1Y RE 5 BR AT B KO RE
P, KRG — NP AOE T, B2 APTE (Addition
de Photons par Transfert d’'Energie) %W, K 1(B)
PR RO H O A B IR — AT R 2
[ARUA 2S5 PRI — AN 't 1 BRI 31 3 ey 1Y
WO AT RS RO, R AR S W, B ESA
( Excited State Absorption), & 1(C) /s 2
ST P AL U0 25 AR B (] N R [ 38 i 2
J& , T G O AL TR R ORI RS
R POE T 00 LR AR A & 1 e, B COs
( Co-Operative Sensitization) , &2 5 (A) i F2 B A
ZARATTE PR SN ZS 5, B 1(D) &2&
YERHidFE, Bl COL( Co-Operative Luminescence )
A0 S BRI, 52 A Ak T IO RS A - B A
B =AY 2 5 (]I [ B RS I A
BARAG, B R — B SRR 2 & S G RE 2
BHCE B T RERBER N 2 £, IF HOANAETE 5 &4
ST RERAHIERC Y BB, X B 5 (A) FI(C)
AR E O, B 1 (E) BrR 2 306 § W ik
% i3 FE , B TPAE ( Two Photon Absorbed Excita-

tion ) , 3%~ A & O BE S L B WSO S RO
TG, B 5 (B) /Y .3 X ]2 Jo i v [E]
WORAENZS, 5 (D) 1 X5 2 A 2w
Jb T8 R S 0 B -, A B AR TE BLSE B R OB RE S
K 1(F) 2 EM T B2 P 675 i e, B
PA ( Photon Avalanche ), Y675 b5 45t 2iF
ERBER R 2 1 ERALE, O R g i
e 55 1E W RO A R b B AN [, B YRR
AP G520 T 8 7 0SS RR Ly e i
AHZEAR, BN AI0RE ) BE 25 v A AR R BRI
EAFTER 8 0 R A BN, I HLA 18 T IRl 7E
BRIt B ILAE, SEIE 4 6 mi
TR B AL T B, [R5 A Y ST
A I ] A AR S i R
1Y SAE T8 E R i) SE IR B 1T ORI .

4 EEBRESCAH T LB T B R

ME L AT LA Y, (C) i /it th 3L1B 2
FETHREI, (B) (D) MI(E) i B 1E B8
ARG KA LR ARy e, (A) ZRERT LA
TERBIRAR G P LB, W] IERIB IR R G b 5L



304 DG 5 DG

LR

B AR, (F) d R B s LB e R G 8y
AHGE. 3T B TBARNM R, —BAR AR
M=%, EZ B2 T L, ORI 8
TIREAR W E , REZL I (1 fE 1A% 13 A1 52 3t
BN FRZBIRAG T L E TR
PER A A8 SR A WA BN KOG, B2
[l Fi S T2 B AR B i i i 27 AR R K LA,
LK R 5 T RER S A Ko
MHIERAR BETE, BR T ARG PR L8 141,
AT LR ARSI R RO, AR
AN, BHEIAFTE . % 145 TR
Z 1 BRSO B L B T S B RO T,
RS —ATIOR BRI BHE A B 1
TZ— RN E TR T E 1T
T8 o AP AL s —Flal RERI B 28 T7 52,
INZRAER =B MIEE — AT RIS SAE RIR NARA (A)
(B)FR/RTE Tm'" 5 Er'* L4 2% 1 R 58 h AF 1E
(A)FI(B) AR 04 154, RIRE & 1% % b e

R A e, TR R (19 ] R
HFRLESCER 19 ) il K 1 AT LR R
T ETB M ARG ILT A 1 R e
(A) ~ (F)#aWgg s, Y R ZH0h + 8 14t
BRI RG] LI (A) TR B FE R RO, X
JERON YD B T AE 980 nm BT AT K B W U A
a1, [R) B2 8 B 5 1 b 1 R T R R o 8
f I — B, DR AT DA SR B e RO
BT

HF Eu'" (Gd* Dy’ B FAAEAE 5 Ak
A GAMO R D K ARV A RESR , JF H A
B E P )T R S RE L, PR T 1 7E BB 20 1Y
AR Z b S BRAT SO U5 28 3 19 B R Rk, 1B
Eu’" 5 Yb' B R ANH R R P AT SC B (C) i
PR 5 206 1 Gd' " BB IR R 2R vl s2 i
(E) A b8 k06, e TRCRARME, 76—
MR R P AT IR, B, fER 1 PRSI A
Eu3+ \Cd“& DY“%%%o

®1 BIBFHBHEREERBREENH

Tab.1 Possible combinations of dopants and up-conversion mechanisms
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Fig.2 List of up-conversion luminescence glass hosts
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