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Transition-metal-doped oxides as saturable absorbers in the visible region

Hr g (D3)
Hiroki Tanaka

Abstract

Detailed characterization of various transition-metal-
doped crystals as saturable absorbers in the visible region
is presented. We experimentally examine recovery time,
ground- and excited-state absorption cross section of

Cr*" or Co**-doped oxide crystals.
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Fig. 1 Energy diagram of Pr3*.
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Table 1. Summary of visible saturable absorbers.
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Fig. 2 four-level model for saturable absorber.
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Fig. 3 Experimental setup of pump-probe

measurement to estimate recovery time.
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Fig. 4 Experimental setup of Z-scan measurement.
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Fig. 5 Calculated result of a hypothetical saturable absorber.
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Fig. 6 Crystal structure of Y3Als015.
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Fig. 7 Absorption spectrum of Cr*:YAG crystals.

Absorption coefficients were normalized at 1064 nm.
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and octahedral Cr** in YAG crystal.

Figure 8 = 3 /L ¥ —HEN X TR L7230 | I 5 600
nm % FONE COTORINAFELTEY . 2
AR DER 725, £o, E— 2723480 nm T
5 INHAKRENL D CrH ORI ITIEF I IE < . 600-
680 nm (23T b Z OWINAREILE 2 TIdleu,
600-680 nm | ZF 1 DU D 5 B ERIEiT s U A
BN CrIc i b ONE EEMICEES 52720
Feldman 5[[IZ X > TREN7 Cr ORI e — 27 &
NZDIEZ W, 71, 2 OWRIR AL kL
LTI 4w T 4 T & ToTz,



80

Qo7 = 17.95/cm
Geor(Cr*) = 11.01 fom

@
3
T

Q40 = 16.60 /cm
Geio(Cr*) = 11.30 /om

Abs. coefficient (/cm)

20 |

" SN oz S e siziad L
300 400 500 600 700 800 900 1000 1100 1200
Wavelength (nm)

T T
experimental
fit result

Uo7 = 26.17 /cm
Geor(Cr**) = 17.41 fcm

Qgap = 24.87 /lcm
Qgs0(Cr**) = 17.88 /cm

Abs. coefficient (/cm)

4 > pr—— T——
Lt X . ety T ey
300 400 500 600 700 800 900 1000 1100 1200

Wavelength (nm)

Fig. 9 Resolved absorption spectrum of Cr*:YAG

crystals. (a) Sample 1 and (b) Sample 2.
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Fig. 10 Normalized transmission of Cr*":YAG crystals
pumped by 640-nm pulse. The insets are obtained by

calculating according to Eq. (2).
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excited by 500-nm pulse.
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Table 2 Summary of parameters of Cr*":YAG crystals.
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Fig. 13 Crystal structure of Mg>SiO4 (forsterite).
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Fig. 16 Normalized transient transmission of
Cr*":forsterite pumped by 570-nm pulses (left).

Calculated Inln(7(#)/T)) according to Eq. (2).
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Fig. 17 Transmission of Cr:forsterite as a function of
incident pulse fluence at 523, 545 and 570 nm for

polarization parallel to crystal’s a-axis.
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Table 3 Summary of parameters of Cr*":forsterite for

polarization parallel to crystal’s a-axis.

Wazl‘ﬂf]‘)‘gﬂl 523 545 570
7, 0.746 0.423 0.158
a0 () 272 7.99 17.12
6, (1015 cm?) | 18-26 55-58 11.0 - 11.4
1 0.620 —0.645 | 0.215—0225 | 0.095—0.100
e (1015cm?) | 112-168 | 1I18—131 | 1.05-1.14
n(105cm?) | 105-151 | 138-145 | 150156
T 0.829 - 0.830 0.827 0.834 - 0.836
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Fig. 18 Transmission of Cr:forsterite as a function of
incident pump fluence at 640 nm. Pump pulse is polarized

parallel to crystal’s b-axis.
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Fig. 19 Crystal structure of MgAl,O4 spinel.
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Fig. 20 Absorption spectrum of Co?":MALO crystal.
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Fig. 22 Transient transmission of Co?":MALO pumped at

640 nm and probed at 633 nm.
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Fig. 23 Transmission of Co?":MALO at 640, 607 and 545

nm as a function of incident pump fluence.
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Fig. 25 Absorption spectrum of Co?":LGO.
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Fig. 26 Transient transmission of Co?":LGO pumped at

640 nm and probed at 633 nm.
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Fig. 28 Transient transmission of 1%Co:YAG crystal
pumped at (a) 607 nm and (b) 523 nm. The inset in (a) is
calculated Inln(7(#)/To).
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Fig. 31 Polarization resolved visible absorption spectrum
of Co?":LiAlO; crystal.
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(right).

AEFHWE Co:GGG IZa—TF 4 » 7 &N TE BT,



MOZDOMHEDFATENZ L, Zhns, H1H3 8
FIET LZERNTH Y HATENENZ, BT
R = — b & LR i 2 IV hIdcE T 5 &
FEADBND,

6 RFE

Cr*" K OV Co* TRMER L4 @ "Ik IZ 331 % W] A
FO I RF L DT RIS RIFETT-IC
Cr:forsterite 23 I L—H D 0 A A > FEWEIZHW
DT ENHRD Z L& R U e, FRIZ a #TKFEZR
fRIEIZRE L koo AT fnil R & L CRkRET 5 =
EWGy o T, EToL b B AKEZRRIEITRE L, 620-
800 nm (ZJAWVRINZFEL . Zh b E U< fafiz R
L7z, 607 nm TILEH HORIEITxE LT Al fiafn
WS S AL Do T3 S A7 ekt
J°%5~650 nm FLOWIN G [FARIZEIFNT 2 2 &2
RS AL, IR - A L DRSO AR A & L
THERET A Z &R EZHILD, iE> T, Cr:forsterite
1% 520 725 750 nm (T T O R AT AT Ak
Wk E LCRIHTE 5,

Co*":MALO (Zfi & . AlEHi721Z Co*:LGO. GGG
2SRV ATR IR IR TH D 2 & NEBRIIC AL S
7=, UTEAAERNL Co* 1T & BRI A~ kL IdRA
IS THEBLL TV AICH D L, 35fEMmE Th
% MALO., LGO TH#LUHl S 7=k 5 Fotix
G&}YN}mefﬁm@ﬁéﬂf\@@WE&

o I HRAE fE Y T IC B W CHIEFERIC L - T
Hl :%ﬂb\%éﬂllﬁuﬁﬂ%ﬁ%ﬂ R ENGrol,
Co:GGG DOWIN[AIEFRE 1X~12ns & FEFIZHL, £
OEFIRE IR ICENEEZBND 7, Z A%
Y VRHAIORE RS | 2 O eI T RS 23 /)
&L RERBBRENE R T AIFAFRIUATH 5
ZENHER S LT, AR HIH T Z D Co:GGG % H]
AN AR & LTHWY, R 640 nm @ Pr:YLF L
—YOZHE Q AL v TFHER LT,

A8l T RN AR D FHHIE B % Table 4 (2% &

15

oY e

Table 4 Summary of investigated Cr** and Co?"-doped

crystals as saturable absorbers in the visible region.
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Co*" MALO >450 ns O O O
Co*":GGG ~12 ns A A O
Co*":YAG <5 n A A A
Co*"1.GO >200 O O

>

Co’":LiAlO;

Co*":Akermanite

X |

Ni*":Akermanite

x|x[>|>|O|>|O|O[X|0

X|[x|[D>|>|O

Co'forsterite

X
X
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