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Fig. 6.1 Eight of the most relevant processes
that convert long-wavelength excitation light
inte shorter-wavelength emission light. The
processes are (a) anti-Stokes Raman emission,
(b) 2-photon excitation, (c) second harmonic
generation, (d) cooperative luminescence, (e)
cooperative sensitization, (f) excited state

(2 ihi

absorption, (g) energy transfer upconversion,
and (h) sensitized energy transfer
upcornversion, The dotted lines indicate
nonradiative energy transfer processes, the
dashed horizontal lines indicate virtual states,
and the arrows indicate excitation (upward) or
emission (downward) transitions.



DKCIIepUMEHT

[nAa BO3OyKAEHNA aHTN-CTOKCOBOM
NIIOMUHeCL,eHUMN NCMOoNb30BaCA
NoNynpoOBOAHUKOBLIN Na3epHbli moaynb 980
HM C U3MEPEHHOWN MOLLHOCTbIO 69 MBT.

B paay usy4yeHHbIx nap naHtaHomnaos Yb-RE (RE
- Pr, Nd, Sm, Dy, Ho, Er, Tm) TonbKo Yb-Ho, Yb-Er
n Er obnaganm apPpekTMBHON BUANMOM
anKOHBEPCUOHHON NtomunHecueHumen. Cnabon
BMANMOMN aNKOHBEPCMOHHOMN NIOMUHECLLEHUMA
obHapyrkeHa Takxke B napax Yb — Tm, Yb-Tb.

Hamun nccneposaHa apPpeKTMBHAA aNnKOHBepPCUA
B Kpuctannax CaF,, SrF,, BaF, akTnBMpOBaHHbIX
YbF3-HoF3 C KOHUEeHTpaunamm B UHTepBane
0.01 go 10 monb. %.
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Table 1. Available Measured Normalized Absolute Efficiencies for Various Upconversion Processes

matrix ions process order 1 temp (K} efficiency (cm®/W)™! ref
YF3 Yhi+—Er*t APTE (ETL) 2 300 e 102 2
=rFz Er#t ESA 2 300 =103 2
YF; Yhi+t—Th¥* coop. sensitiz. 2 300 o 100 2
YhPOy Yh¥* coop. lumin. 2 300 o 1078 13,61
KDF SHG 2 300 =101 2
CakF; Eu?t two-phot. absorpt. 2 300 o 10713 2
YFs Yhi+—Er*t APTE (ETL) 2 300 2.8 »x 1071 201
vitroceramics Yhi+t—Er*t APTE (ETL) 2 300 2.8 x 107! 51
MNa¥Fy Y —Tm** APTE (ETL) 3 300 3.4 % 1070 158
YFs Yhit+t—Tm*t APTE (ETU) 3 300 4.25 » 1078 158
vitroceramics Yhi+—Tm* APTE (ETL) 3 300 8.5 x 102 158
MNa¥Fy, MNazyaFu Yh¥+—Er*t APTE (ETL) 2 300 102 to 2 x 1074 191
Ma¥YFy Yhit+t—Er*t APTE (ETU) 2 300 2.5 » 104 16
MNa¥F, YhH —Tm* APTE (ETU) 3 300 5.5 = 10-2 191
MNa¥Fy YhH+—Tm** APTE (ETL) 3 300 3 1077 1G
fluorchafnate glass Yhit+t—Tm*t APTE (ETU) 2 300 6.4 » 1073 125
fluorchafnate glass Yhi+—Ho+ APTE (ETL) 2 300 8.4 2 104 125
vitroceramics YhEH*—Tm** APTE (ETU) 2 300 3.5 = 107! 157
vitroceramics Yhi+—Tm** APTE (ETL) 3 300 3.6 2 1073 157
ThEr, Lo+ ESA 2 300 2w 10°° 161
SriClz Yh+—=Yh* coop. lumin. 2 100 1.7 2 10710 B0
SriCle Yhi+t—Th¥* coop. sensitiz. 2 300 B 1078 B0
Sril; Yh¥H —Th¥* coop. sensitiz. 2 100 1.8 » 1078 B0
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Tab. 6.1 Typical examples of the mechanisms in which higher-
energy emission light is generated from the original excitation
light. The processes are schematically shown in the parts of
Fig. 6.1 as indicated, and are further discussed in the text.

Fig. 6.1 Mechanism Typical example Efficiency

(a) Anti-Stokes Raman Silicon crystals ~107 B em? Wt
(b) 2-Photon excitation CaF,:Eu?* ~107 2 em? Wt
(c) SHG KH,PO, crystals ~107 " em? Wt
(d) Cooperative luminescence YbPO,:Yb*" ~10" % ecm* W !
(e) Cooperative sensitization YF5 Y+ Th* ~10" ecm*W!
(f) ESA SrFy:Er ~107° cm* W
(g) ETU YF;:Er? ~10 em* W !
(h) Sensitized ETU NaYF,Tm’* Yb* ~10tem* Wt

Luminescence From Theory to Applications
Edited by Cees Ronda
2008 Wiley-VCH Verlag GmbH & Co. KGaA
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3aKAIOUYeHIe

B cnekTpax ntoMUHecueHLMN Hamu Habaoganvce nonocbl Ho3* npu 542 Hm (°S,,F,-
>lg), 650 HM (°F5->lg), 752 HMm (°S,,°F,-*1;) 1 1150-1180 Hm (1, - °lg), c pa3suToM
CTPYKTYPOW BCAeACTBME B3aMMOAENCTBUA C KpUCTanamndeckmm nonem. CTpyKTypbl
nosioc Ho3* npu Bo3byxaeHnn nazepom 980 HM (anKoHBepcKuA) 1 NP BO3BYKAEHUK
532 HM, nonagaroLem B Kpan nonocbl Ho3*, 3HauntenbHo otanyatorca. Bee ato
BbI3BaHO B/IM3KUM paccToaHuem mexay noHamu Yb-Ho B anKoHBEPCUOHHOM
LEeHTpe, YTO NPUBOAUT K BO3SMYLLLEHMIO NEPEXOA0B B MOHE FO/IbMUA.

O6Hapy»KeHa CU/IbHaA SKCMOHEHLMaNbHaA 3aBUCMMOCTb MHTEHCMBHOCTU
anKoHBEPCUOHHOro ceevyeHns Ho3* oT KoHueHTpauum Yb3* n chabaa 3aBUCMMOCTb OT
KOHLLEHTPaLUM roibMUA.



