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Abstract; Based on rate equations, effects of laser parameters, including the pumped power, the
YAG, and the length

of Yb’* : YAG on the laser performance were analyzed theoretically. Then based on theoretical

reflectance of output mirror, the initial transmittance and the length of Cr**:

conclusions, we designed a LD-pumped and passively Q-switched Yb’* : YAG microchip laser with
narrow pulse width, high peak power and large pulse energy. The pulse width was 199 ps, the peak

power was 1.04 MW, and the pulse energy was 0.21 m].
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Fig. 1 The energy transition for four-level system of Yb'*:

YAG(a) and the energy level of Cr**: YAG (b)
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Fig.2 The cavity’s design diagram of the ()-switched micro-

chip laser. The flat end mirror M1 has high reflection
coating at 1 030 nm and high transmittance coating at
941 nm, and the flat output mirror M2 has certain re-

flection coating at 1 030 nm.

R (1) . (2) . (3) F & T iz Ml A
RERGTAFE R FR | LG 0 BRI ARMEXT R A, Rtk

0. = %(’Lm - 1)?, (10)  F&ATHE B MATLAB 2 75 % B EF7 BU(E SR e B
n
‘ N T6=0.05,l,, =5 mm,w, =100 pum 3 PIEARSHL
LA (9) FI(10) , T {53 e o L@, T S
A HATEUE R AR TR 2209 YD YAG I Cr'
Calontm) —eul (1) YAG MBHEA A I 2 PR
o £1 Yb'':YAG HIEESH
Table 1 Main parameters of Yb**: YAG!'?
Ty/ o, @941 nm/ c@1 030 nm/ o,@1 030 nm/ N/
n
ms cm ™! cm’ cm’ cm”? l
1.2 10.7 2.0x12°% 0.1x10°% 1.38 x 10% 1.82

®2 Cr'":YAGWEESH
Table 2 Main parameters of Cr'*: YAG!' ™!

7./  0.@1030 nm/ 0,@1 030 nm/

2 2 n2
s cm” cm

3 2.2x12°" 8.7x10°" 1.80

3.1 EFESHIHE Q0-YO’ : YAG MR K # 525
AN
IR XTE Q WG As P B A 52w 4 & 3 fr

7R o A A T AR A 6 0, B AR P 2y i
DIFREAEIEI WD K ol E A0 K b BE 2 7
PSR 2 i X0 e, ke 8 32 9
DRI, (MR B 5875 1, D 0 iy | B4 5 A
ZE WK TE e WA DA AR P R Q WO AR (H
5 RN AR R, W D RN R,

4 JEH TR GTERXE Q WOt e ERE Y Y
Wi, B i HE B R SR A, i R Rk
AEF P FH AR L TG KA R F s K b 58 B ~F 257



1222 Voa St 2 Bl %34 %

= 6 440
< (a) 2
E 4l = 420
= =
2 o2r 5 400
T =
< 1 | | (2
= 0 4 6 8 10 380
% 4 2.0
B (© = @
2 = L
2, S 1.8
= 2
s 2 1.6
) )
gn 0 | | \ g 1.4 ! ! !
g 2 4 6 8 10 2 4 6 3 10
=
750 0.60 —

z (e) . (f) ——
% 700 o
: o ol
° 6507, 5 g
= g2
& 600 ‘ ‘ : 0.50 ! ! !

2 4 6 8 10 2 4 6 8 10

Pumped power P./W Pumped power P,/W

B3 3 Q WOLRERES SRR DR P A LIZE . (a) AWK £ (b) BKehSERE A (o) PRI Py (d) 1
EYIR P, 5 (e) BkihEit £ (f) SPKIPRERAIAR o, OIS BOER B ST R=0.90,Cr* " - YAG YWI R iE L %
T,=0.84, KEF [ =1 mm,YH " : YAG (9KJE I =1 mm,

Fig.3 The performance parameters of the Q-switched laser versus the pumped power P, . (a) the repetition rate f. (b) the pulse

width Az. (¢) The average output power P. (d) The peak power of a pulse P,. (e) The pulse energy E. (f) The

efficiency of pulse energy 1, respectively. Set the reflectance of the output mirror R =0.90, the initial transmittance of

Cr*": YAG T, =0.84 and its length [, =1 mm, and the length of Yb’*: YAG [ =1 mm.
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Fig.4 The performance parameters of the Q-switched laser vs. the reflectance of the output mirror(R). (a) The repetition rate

/- (b) The pulse width Ai. (¢) The average output power P.(d) The peak power of a pulse P, . (e) The pulse energy
E. (f) The efficiency of pulse energy 1. Sel the pump power P,, =4 W, the initial transmittance of Cr**: YAG T, =
0.84 and its length [, =1 mm, and the length of Yb**: YAG [ =1 mm.
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Fig.5 The performance parameters of the Q-switched laser vs. the initial transmittance of Cr**: YAG(T,). (a) The repetition
rate f. (b) The pulse width Az. (¢) The average output power P. (d) The peak power of a pulse P,. (e) The pulse
energy E. (f) The efficiency of pulse energy 1. Set the pump power P, =4 W, the reflectance of the output mirror R =
0.90, the length of Cr**: YAG [, =1 mm, and the length of Yb**: YAG /=1 mm.
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Fig.6 The performance parameters of the Q-switched laser vs. the length of Cr**: YAG([,). (a) The repetition rate f. (b)

(e) The pulse energy E. (f)

The efficiency of pulse energy 1. Set the pump power P,, =4 W, the reflectance of the output mirror R =0.90, the initial

transmittance of Cr'*: YAG T, =0. 84, and the length of Yb’*: YAG /=1 mm.
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Fig.7 The performance parameters of the Q-switched laser vs. the length of Yb’*: YAG(1). (a) The repetition rate f. (b)

The pulse width Az. (¢) The average output power P. (d) The peak power of a pulse P,,. (e) The pulse energy E. (f)
The efficiency of pulse energy 7. Set the pump power P, =4 W, the reflectance of the output mirror R =0. 90, the initial
transmittance of Cr'*: YAG T, =0. 84, and the length of Cr**: YAG [, =1 mm.
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