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Optimization of the Q-switch in a folded resonator with
prism reflectors
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The Q-switching performance in a folded resonator containing prism reflectors is analyzed. It is shown
that the performance of the Q-switch in a folded cavity is affected by its configuration. A variety of
configurations are compared theoretically. The transmissivities are calculated when the Q-switch is turned
on and off, respectively. The effects of the misalignments of the prisms are also calculated. The Q-switch
in a folded resonator with prism reflectors is optimized. With the optimal Q-switch, the laser system is
more compact and stable. The effects of the misalignments of the prisms on the Q-switching performance
are reduced by using optimal Q-switching configuration.
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Folded cavity is widely used to make the laser system
more compact and stable. Prisms instead of mirrors are
used in resonator to change the direction of the light
beam[1]. However, when light beam is totally reflected on
the prism with non-normal incidence, the two planes of
polarization generally have different phase shifts[2]. This
makes the folded resonator laser different to the linear
resonator laser on Q-switching operation. The perfor-
mance of the Q-switch in a folded cavity with prism re-
flectors is affected by its configuration. In this paper,
the performances of a variety of Q-switch configurations
are numerically calculated and compared. The optimal
Q-switch configuration in a folded resonator with prism
reflector is achieved.

In this paper, we ignore the influence of thermally in-
duced birefringence on the performance of the Q-switch.
The polarizing elements in the resonator include polar-
izer, waveplate, and prism reflectors. The matrices of
these elements are given as follows[3,4].

The Jones matrix of the polarizer is

Mp =
[

1 0
0 0

]
. (1)

To a waveplate with phase retardence δ, if its fast axis
rotated θ from the x (horizontal) axis, its Jones matrix
can be expressed as

M(δ, θ) = cos
δ

2

⎡
⎣ 1 − i tan δ

2 cos 2θ −i tan δ
2 sin 2θ

−i tan δ
2 sin 2θ 1 + i tan δ

2 cos 2θ

⎤
⎦ .

(2)
In Fig. 1, the light is totally reflected on the prism.

The incident ray and the normal to the surface form the
incident plane P2. The ray can be resolved into p compo-
nent (parallel to the plane of incidence) and s component
(perpendicular to the plane of incidence). The two planes
of polarization generally have different phase shifts when
totally reflected. The difference in the shifts is known as
phase retardance. It is determined by

tan
δ

2
=

cosα
√

sin2 α − n2

sin2 α
, (3)

where α is the incident angle, n = n2/n1 is the relative
refractive index. The Jones matrix of the surface of total

reflection is

Mr =
[

1 0
0 exp iδ

]
. (4)

Generally α = 45◦, n1 = 1.5, n2 = 1, by inserting these
values into Eq. (3), we obtain δ ≈ 40.3◦.

In the same way, when light reflects or refracts at pre-
vious polarizing element there is another incident plane
P1. P1 and P2 do not coincide with each other due
to mechanical misalignment. The angle between P1 and
P2 is defined as β. The transformation of coordinates
is necessary when the polarization of light is calculated
by Jones matrix. Matrix related to the transformation of
coordinate can be expressed as

Mt =
[

cosβ sinβ
− sin β cosβ

]
. (5)

Combining Eqs. (4) and (5), one surface of total reflec-
tion of the prism can be expressed as

MR = MrMt =
[

cosβ sin β
−eiδ sin β eiδ cosβ

]
. (6)

The Q-switching configuration shown in Fig. 2 is usu-
ally applied in folded resonator. In this configuration,
the performance of the Q-switch is the same as that in a
linear resonator. The best turning-off performance (with
the transmissivity of 0 when turned off) and the best
turning-on performance (with the transmissivity of 1
when turned on) can be achieved theoretically. However,
in existence of misalignment of the prism, the polarizer
has more insertion loss owing to the phase retardance

Fig. 1. Total reflection in prism.
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between s and p components. When the Q-switch in
Fig. 2 is turned on, KD*P and quarter-wave plate (QWP)
equal a full-wave plate which ignored in calculation. The
horizontally polarized light has a round-trip transmissiv-
ity determined by

t0 = MpMRMRMRMRMp. (7)

Assume the total reflections at two surfaces in the
prism have the same parameters: the incident angle 45◦,
rotated angle of p-polarized plane β. t0 for different val-
ues of β are calculated. The result is shown in Fig. 3. It
can be seen that the turning-on transmissivity is sensi-
tive to misalignment of the prism. In this way the usual
Q-switching configuration is not ideal especially for the
case in which reliable operation under severe environmen-
tal conditions is required.

To optimize the Q-switch in folded resonator the polar-
izer must be moved to the upper arm of the cavity. Then
the KD*P and the QWP will be placed according to the
results of calculation.

The KD*P can be ignored when Q-switch is turned off.
There are two possible configurations for the Q-switch
as shown in the left column of Fig. 4. By rotating the
QWP and minimizing the round-trip transmissivity the
Q-switch will be turned off. For Fig. 4(a) the transmis-
sivity is determined as

toff a = MpMWMRMRMRMRMWMp. (8a)

For Fig. 4(b) shown in Fig. 4 the transmissivity is de-
termined as

toff b = MpMRMRMWMWMRMRMp. (8b)

Assuming β in Eq. (6) takes the vaules of 0, 2◦, 4◦, re-
spectively, the transmissivities for different values of θ are
calculated. The results are shown in the right column of
Fig. 4. It can be seen obviously that the Q-switch shown

Fig. 2. Q-switching configuration in a folded resonator.

Fig. 3. Transmissivity versus different rotated angle of p-
polarized plane of a usual Q-switching configuration in a
folded resonator.

in Fig. 4(a) cannot be turned off completely. So the
QWP must be placed in the lower arm of the resonator
as shown in Fig. 4(b).

According to the results obtained above, the QWP
must be set as shown in Fig. 4(b) showed in Fig. 4. Then

Fig. 4. Two possible configurations for the turn-off Q-switch
and the corresponding transmissivities.

Fig. 5. Three possible configurations for the turn-off Q-switch
and the corresponding transmissivities.
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Fig. 6. Comparison between the optimal and usual configu-
rations.

the KD*P has three possible positions as shown in the left
column of Fig. 5. When Q-switch is turned on the round-
trip transmissivities for three positions are expressed as

ton a = MpMKMRMRMWMWMRMRMKMp, (9a)

ton c = MpMRMRMWMKMKMWMRMRMp, (9b)

ton b = MpMRMRMKMWMWMKMRMRMp, (9c)

where MK is ideal Jones matrix of the KD*P,

MK = M(π/2, π/4) =
1√
2

[
1 −i
−i 1

]
. (10)

Similarly, make the values of β in Eq. (6) as 0, 2◦, 4◦,
respectively and calculate the transmissivities of different
values of θ. The result is shown in the right column of
Fig. 5.

For the Q-switch arranged as shown in Fig. 5(a) the
turning-on transmissivity have the maximum of 1 when
the QWP has a rotated angle of about 45◦, which is the
same as that for minimum transmissivity when the Q-
switch is turned off. So this configuration has a good
switching performance and is insensitive to the misalign-
ment of the prism. For Figs. 5(b) and (c), it can be seen
obviously that the transmissivities are influenced severely
by the misalignment of the prism. So Fig. 5(a) should be

the best one for the Q-switch in folded resonator.
We compared directly the optimal configuration shown

in Fig. 5(a) and the usual configuration shown in Fig. 2.
The values of t0 in Eq. (7) for β of 0, 2◦, and 4◦ are
1, 0.99, and 0.96, respectively. These values are shown
in Fig. 6 to compare with the turning-on transmissivities
of configuration Fig. 5(a). It can be seen that the opti-
mal configuration is obviously less sensitive to the mis-
alignment of the prism. So the Q-switching performance
will be improved markedly by using the optimal config-
uration. Especially when the unadjustable elements are
used in resonator to improve the stability the optimal
configuration will reduce the difficulty of process and ad-
justment. Besides it will go with a shorter assemble time.

In conclusion, the Q-switch performances in folded res-
onator with prism reflectors are theoretically analyzed
and calculated. The usual Q-switching configuration
shown has a high sensitivity to the misalignment of prism.
Then the Q-switch is optimized by changing its configura-
tion. The transmissivites for various configurations when
the Q-switch is turned on and off are calculated. The
best Q-switching configuration in the folded resonator is
achieved and compared with the usual one. The result
shows that the optimal configuration has better switch
performance and lower sensitivity to the misalignment of
prism. Benefitting from this merit the difficulties in pro-
cessing and adjusting are reduced markedly, especially for
the case in which unadjustable elements are used. The
optimal configuration has higher stability and is more
insensitive to shock and vibration in actual application.
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