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Passively Q-switched Nd3+:YAG laser with corner cube
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A passively Q-switched Nd3+:YAG laser with corner cube is theoretically and experimentally studied. We
analyze the polarization variation in cavity and simulate the peak power, pulse energy and pulse width
changed with the rotation angle of corner cube numerically. An experiment is made to verify the theoretical
results. With rotating the angle of corner cube about the axis the variation range of peak power is 1.77 MW
(from 10.36 to 8.59 MW), and that of pulse energy is 14.9 mJ (from 159.5 to 174.4 mJ), the fluctuation
of pulse width is 2.95 ns. The experimental results agree with the theoretical analysis to the extent of
variation rules. The most dynamic to static energy ratio of 62.5% is achieved.

OCIS codes: 140.3540, 140.3580, 260.5430.

Because of low saturation intensity, high damaged
threshold, and excellent optical, chemical, and thermal
characteristics[1], Cr4+:YAG can be used as passive Q-
switch in Nd3+:YAG laser[2−6]. Corner cube is insensitive
to vibration, impact, and great variety of temperature,
and can be used in adjust-free lasers[7,8]. The combina-
tion of Cr4+:YAG with corner cube will obtain adjust-free
Q-switched laser. Chun[9] and Singh[10] made use of the
crossed Porro prism to realize electro-optical Q-switched
laser. But this kind of resonant cavity is adjust-free only
in one dimension. Chen used corner cube as the resonant
cavity of passively Q-switched laser, and got the pulse
energy of 8.8 mJ and the peak power of 400 kW[11]. Shi-
mony et al. also realized passively Q-switched laser with
corner cube[12]. But none of them thought of the polar-
ization properties of corner cube, and the effects of the
polarization on the peak power, pulse energy, and pulse
width. We describe the polarization variation with the
rotation of corner cube about the axis in cavity[13,14], and
simulate the peak power, pulse energy, and pulse width
changed with the rotation angle of corner cube numeri-
cally. An experiment is executed to verify the theoretical
results.

The polarization state of incident light will be changed
from linear polarization to elliptical polarization because
of the polarization properties of corner cube. When the
incident light comes to the bottom of corner cube ver-
tically, Liu et al. deduced the Jones matrix by vector
optics as[15]

J123 = R(−120◦) · T · R(60◦) · T · R(−60◦) · T · R(−60◦)

J231 = R(120◦) · T · R(60◦) · T · R(−60◦) · T · R(180◦)

J312 = R(0◦) · T · R(60◦) · T · R(−60◦) · T · R(60◦)

J321 = R(−60◦) · T · R(−60◦) · T · R(60◦) · T · R(−120◦)

J132 = R(180◦) · T · R(−60◦) · T · R(60◦) · T · R(120◦)

J213 = R(60◦) · T · R(−60◦) · T · R(60◦) · T · R(0◦), (1)

where subscripts 123—213 are in correspondence with six
reflecting orders of incident light on three flanks of corner

cube. R(ε) =

[

cos ε sin ε
− sin ε cos ε

]

describes the coordinate

variation when light is reflected from one flank to an-

other. T =

[

rp 0
0 rs

]

is the variation of amplitude and

polarization between incident light and reflected light, rp

and rs can be got from Fresnel formula.
Our theoretical model is shown in Fig. 1. Resonant cav-

ity is formed by corner cube and fully reflecting flat mir-
ror. The gain material is Nd3+:YAG and the Q-switch is
Cr4+:YAG. The polarizer in the resonant cavity can pro-
vide the output beam of linear polarization. The cross
section of light beam in cavity is divided into six sym-
metric faculas (three pairs of conjugate faculas) because
of the diffraction of three edges of corner cube. Because
corner cube has the function of exchanging the situation
of light beam on space, the cavity is equivalent to three
sub-cavities. The three pairs of conjugate faculas enter
into Nd3+:YAG and Cr4+:YAG at different situations,
and pass through them four times each round trip (only
twice in flat-mirror cavity). This increases the gain of
cavity. Referring to the Refs. [16]—[18], we can deduce
the peak power and pulse energy of three sub-cavities as

Pm(α) =
hνAl

γtr
ln

(

1

Rm

) [

(nim − ntm)

(

1 −
1

κ

)

× −nt0m ln

(

nim

ntm

)]

, m = 1, 2, 3, (2)

Fig. 1. Theoretical model of passive Q-switched Nd3+:YAG
laser with corner cube.
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Em(α) =
hνA

2γσ
ln

(

1

Rm

)

ln

(

nim

nfm

)

, m = 1, 2, 3, (3)

where nim is initial inverted population density of each
sub-cavity. ntm and nfm are the inverted population den-
sities when the photon population density reaches the
most and the least, respectively, which are expressed as

nt0m =
ln

(

1
Rm

)

+ δ ln
(

1
T 2

0

)

+ ∂

2σl
m = 1, 2, 3, (4)

nim =
ln

(

1
Rm

)

+ ln
(

1
T 2

0

)

+ ∂

2σl
m = 1, 2, 3, (5)
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1
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(

1
T 2

0

)

+ ∂

2σniml
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(1 − δ) ln

(

1
T 2

0

)

2σniml

(

ntm

nim

)κ

m = 1, 2, 3, (6)

nim − nfm =
ln

(

1
Rm

)

+ δ ln
(

1
T 2

0

)

+ ∂

2σl
ln

(

nim
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)

+
(1 − δ) ln

(

1
T 2

0

)

2σl

1

κ

(

1 −
nκ

fm

nκ
im

)

m = 1, 2, 3,(7)

where δ = σe/σg, κ = σg/γσ, and tr = 4L/c. The mean-
ings of all parameters are as follows: h represents Plank
constant, A area of the beam, ν frequency of photon, L
equivalent length of cavity, l length of operation mate-
rial, σg absorption cross section of ground state, σ emis-
sion cross section, σe absorption cross section of excited
state, γ inversion reduction factor, T0 initial transmission
of Q-switch, ∂ round trip dissipative optical loss, and α
rotation angle of corner cube.

In Eqs. (2)—(7), there are

ln

(

1

R1

)

=
1

2
ln

(

1

r123(α)

)

+ ln

(

1

r321(α)

)

, (8)

ln

(

1

R2

)

=
1

2
ln

(

1

r231(α)

)

+ ln

(

1

r132(α)

)

, (9)

ln
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1
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=
1

2
ln

(

1

r312(α)

)

+ ln

(

1

r213(α)

)

, (10)

where r123(α) to r213(α) are the ratios of transmissivity
of the polarizer corresponding with six orders mentioned
above. They are related with polarization and the rota-
tion angle of corner cube. Think of the order 123 and as-
sume that the incident light is linearly polarized, namely
→

Ei1 = E01

[

sin α
cosα

]

. Then the output light is

→

Eo1 =

[

Ep1

Es1

]

= J123Ei1 = J123E01

[

sinα
cosα

]

. (11)

Fig. 2. Ratios of transmissivity of the polarizer, r123(α) to
r213(α), changed with rotation angle of corner cube α.

Then we get r123(α) as

r123(α) =
|Ep1 sin α + Es1 cosα|

2

|Ep1|
2 + |Es1|

2 . (12)

By the same method, we can get all the expressions of
r123(α) to r213(α). Numerical simulations of the varia-
tion of r123(α) to r213(α) with rotation angle of corner
cube are shown in Fig. 2. When corner cube rotates from
0◦ to 90◦, r123(α) to r213(α) are changed with rotation
angle of corner cube differently, which is caused by the
variation of polarization in cavity. The variation range is
about 40%. From Eqs. (2) and (3), we get peak power,
pulse energy, and pulse width as

P (α) = P1(α) + P2(α) + P3(α), (13)

E(α) = E1(α) + E2(α) + E3(α), (14)

τ(α) =
E(α)

P (α)
. (15)

Numerical simulations of the variation of peak power,
pulse energy, and pulse width with the rotation of cor-
ner cube are shown in Figs. 3—5. We can find that peak

Fig. 3. Numerical simulations of the variation of peak power
with α.
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Fig. 4. Numerical simulations of the variation of pulse energy
with α.

Fig. 5. Numerical simulations of the variation of pulse width
with α.

power and pulse energy are changed with the rotation
angle of corner cube, while pulse width remains the same
on the whole. The fluctuation of peak power is about
1.5 MW and that of pulse energy is about 20 mJ.

The experimental configuration is the same as theo-
retical model shown in Fig. 1. An 8-mm Nd3+:YAG is
pulse-pumped by xenon lamp whose capacitance is 100
µF. The length of cavity is 380 mm and the initial trans-
mission of Cr4+:YAG is 25%. Because of the polarization
properties of corner cube, p component light, whose oscil-
lating plane is parallel to incident plane, passes through
the polarizer and continues to resonate in cavity, while
s component light, whose oscillating plane is vertical to
incident plane, is extracted. The intensities of p and s
component lights are changed when corner cube is ro-
tated, which results in the variations of output peak
power and pulse energy.

Rotating corner cube every 10◦, we measure peak
power, pulse energy, and pulse width as shown in Figs.
6—8. The most and the least peak powers are 10.36 and

Fig. 6. Experimental results of the variation of peak power
with α.

Fig. 7. Experimental results of the variation of pulse energy
with α.

Fig. 8. Experimental results of the variation of pulse width
with α.

Fig. 9. Recorded passively Q-switched pulse waveform.

8.59 MW, respectively. The variation range of peak
power is about 1.77 MW. The highest and lowest pulse
energies are 174.4 and 159.5 mJ, respectively. The ad-
justable range of energy is 14.9 mJ. The static energy is
279 mJ and ratio of the most dynamic to static energy
is 62.5%. The pulse width fluctuates near 20 ns and the
fluctuation is 2.95 ns. Figure 9 is the recorded waveform,
and the pulse width is 20.71 ns.

Comparing theoretical results in Figs. 3—5 with ex-
perimental results in Figs. 6—8, we can find that the
variation ranges of theoretical and experimental peak
powers are 1.5 and 1.77 MW, the variation ranges of
theoretical and experimental pulse energies are 20 and
14.9 mJ. Besides, the variation rules of peak power and
pulse energy are the same on the whole. There are still
some differences between theoretical and experimental
results. They are because that the saturation property
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of Cr4+:YAG is not isotropic, which depends on how the
crystal is cut. In addition, experimental error is also the
reason.

In conclusion, we analyze the polarization property of
corner cube theoretically, simulate the variation of peak
power, pulse energy, and pulse width with the rotation
angle of corner cube numerically. An experiment is car-
ried on to verify the theoretical results. By rotating
the corner cube, the highest pulse energy of 174.4 mJ
is achieved, the lowest energy is 159.5 mJ, and the range
of adjustment is 14.9 mJ. The experimental results are in
correspondence with theoretical analysis to the extent of
variation rule. The differences between theoretical and
experimental results are because of the saturation prop-
erty of Cr4+:YAG and experimental error.
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