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Characterization of a Cr**:YAG saturable absorber at 640 nm and a passively Q-switched Pr**:YLF laser
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Abstract

In this report, parameters of a Cr*:YAG crystal
determining its saturable absorption at 640 nm are
presented. The absorption recovery lifetime, the ground-
and excited-state absorption cross sections are
experimentally estimated, and the numerical simulation
with the proposed model of the saturable absorber shows
a good agreement with a passively Q-switched Pr**:YLF

laser.
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Fig. 1 Experimental setup of the pump-probe

measurement.
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Fig. 2 Recorded PD voltage over 20 ps. The inset is the

analysis of the longer recovery lifetime.

ERNGHGNTHD LI, B~ A 7 afbofgfn
R OFIEDRHR TE D, £, Ko7 7L 2 A4
EEEZIARLZLDONFig.3 THhoH. A7 /UL
DIE IR HHET 100ns FE TH H DIk L, Fig.
31T, BRI/ VIV AR L& 72112, Fig.2 »
BHERE SNTo B VRN & 13, VR FE R
NFETDHZ L ERL TS,
INHD2ODOMMNG, ZHEIEEIITRINE
R 2 HEET 5. — e T Fn AL Fig.
YU RT LD R AVENL TRILIN DD, Tk
I [EERE R 72y LI EYERL 23— D DA Th 5.
Z D7, A lalE Fig. 4b)2 9 6 AR 2 NE L,
WY [ R 2 L2, £, 2 6 HERLRICHE
DSV R IIUE OFEE X)X L > TH X
HND. T I T T EFRINIZE 542 Crvod
e, (0 Unl? (0)12 2B B DF—,
% T RhE HENL (Fig. 4 (b)) TDE,, E5)DIRMEEEE, |
XA EFNRIADIE S TH 5.

1.03

1.02 +

4
w0 10 120 180 140 18D
Time {ns}

Amplitude (arb. units)

1.01

0 50 100 150 200
Time (ns)

Fig. 3 Recorded PD voltage over 200 ns. The inset is the

analysis of the shorter recovery lifetime.
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Fig. 4 (a) The four-level system representing a
conventional saturable absorber. (b) The modified six-

level system modeling the Cr**:YAG at 640 nm.

T(t) = exp <<_Jgs (ntot - ng) (0) exp (__) - nes) (0) exp (__)) -

Oes (nes)(O) exp ( ) + ng?(O) exp (— é))) lSA), (1)

t>» B INDEE, (H)RXF oy 2 EEH T
o L AT ERHEE, @R b,

T(t) = exp <(_Jgs (ntotal - nfj)(O) €xp (_ é)) a

ra@ew(-5)a). @)

ZOQXRDOBBDIZTHOWT, WIHEEERT, =
exp(—0ysNeorlsa) THIY, BRI A 2 EHS &,



QB ELEND.

tn(in(52)) = =5+ (I (52)). @
:M;D,%EMKPD 2T LIRIERIS, 4]
HBEETHY, BRI AR 2ERAHZ LI2LY, A
BB, %@@% DS [RIE IRE F] 0D 3450 kF IS
#é:kﬁb#é.:@mﬁ%mbk%@ﬁﬁgz
DAy NTHY, HEREY EANGF L.
DIEE DS, WAL 5.6 ps H‘émén
oo =0, tK T B OEEIZE VT,
exp(—t/1,) = 1& RadHEn 0k, (HRix@Xic
it E 5.

mhw%&%GmﬁﬂWmﬂqnﬂw

Oes <nes)(0) exp ( ) + ng?(o))) lSA)a (4)

Z ORO ML % HIZERZET, TEIY , BRI %
o &, UToG)ANMEFLND.
m@ﬂ(%ﬂw%@mMGﬁ+@s%M@mJ$
ZoRUT, FEEBRIZHTZ PD B & W B CE
D, =0 ﬁﬁiﬂiﬁl%’fﬂyé ECexp(—t/T) +Cyk
WHIRTT 4 T A VI HAETH D Z & &R
LTW5%. Fig.3 DA &y MURTERIL, G
PENTZBEMENOFHEINTZHOT, BRIEY
AT AT =T ThbH.1y=26ns & L7
TR OBBWT 4 T 4 I BELRT.
PLEXY, 640nm 2B\ T, Cr*:YAG w[fafn
W AARTE 2 S OWRIN RHERE 2 R > T Y, i
ZH26ns, 5.6us LHEE STz,

3. Z-scan FHAIZ X 2 RIXWrERE OHEE

AT, AR IR D Rt & DA 1T D B IS - Jihie
YENT RIS T TR FE D HEE IZ DWW Tk 5 . SR
IS VT i oy VX NS BT 7 L— = R %, AL HENT
WS W T Ff o | L FIF BB R A T E T 5. BRI HENT
WX ATEE TH DT L, Fig. 4 (R TIHRIEHENICH
DREHITHD LT <, L Tafn 7 r—=

RPN E L 2D HAEANCIE, EREEMIZS DR
BEDNER & Rolc & ZITHEBRIT 100 %2725
TEMEFE LV, —RIZIZZE D EFRLT, LTH
FIFHR R FAET D . BERAY 72 e R AN OO 125 i 2R
1 ETsqr = eXp(—0OesNioels)) THZHND. Fio, —i
B, ZRER S (RrEa IR O Z i 28 (k) 73K
L RDIFEEZOIMFEKIIRES LD LN
MHATWD

Xiao 5% Z-scan FHilll & L — F HRRERUITE S
EFED7 4 T 0 7DD, 1064 nm TOWIL[A]
WM ZHECE A L 2R LIZ3]. £z, =D
Z-scan FHIUFER (LR Z-scan 1 —7) TIE, oge&
Ces DIEROMAB DY TT 4 v T 4 TR AHE

D LEBRNTND. SEFHA 1T ZOFIEELH
L, £z, "V AZRAFXF—%ZLEE, 2250 Z-
scan W — 7 ~[FIRFIZ 7 4 T 4 2 7 HIR DRI T
M RE DR A B o & B9 2 & O W A A
e LT, Z-scan FHHIOFAIX % Fig. 5 (2R 7.

PD1

ND
filter

Lens

(f=100 mm) CHYAG —

AO Q-switched
Pr3*:YLF laser

HBS z

Fig. 5 Schematic view of the Z-scan measurement.
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Fig. 6 Z-scan curves obtained with the 1.3-mm long
Cr*:YAG crystal pumped by (a) 0.6 WJ and (b) 6.0 W
pulses, and with the 2.4-mm crystal pumped by (c) 0.50
uJ and (d) 5.9 pJ pulses.
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Fig. 7 Setup of the blue-LD-pumped passively Q-

switched Pr3*:YLF laser.
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Fig. 8 Experimental and calculated results of the passive
Q-switching laser. Three figures on the left are results
with 1.3-mm long Cr**:YAG crystal, and others are that
with 2.4-mm long crystal. Solid-lines correspond to
experimentally recorded results, and dashed-lines stand

for calculated results.
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