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High performance of semiconductor optical amplifier

available for cold atom physics research
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We present a novel design of a compact, stable, and easy-adjustable semiconductor optical amplifier (SOA)
system. This SOA system is capable of providing up to 560-mW laser power at the wavelength of 852 nm.
For the continuous-wave (CW) seeding laser, the amplification gain can reach 18 dB. We add amplitude
modulation onto the CW laser and measure the modulation amplification between seeding and output
laser. The amplification gain remains constant within the frequency range from 10 Hz to 1 MHz. The
whole system could work in ultra-stable condition: for CW seeding laser, the fluctuation of output power
is less than 0.33% in several hours.
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Solid-state optical amplifier is designed to provide
large gains for low-power laser within its own gaining
spectrum[1]. Typically, it could amplify continuous-
wave (CW) radiation from just a few milliwatts to
more than 500 mW, without changes in polarization and
linewidth[2−7]. Amplification of femtosecond pulses with
semiconductor optical amplifier (SOA) has also been one
of the numerously investigated subjects[8]. SOA has been
widely used in cold atom physics research, such as Bose-
Einstein condensation (BEC)[9−12], optical lattice[13−15],
and optical frequency standard[16]. For our research in
atomic physics, we need high-power and ultra-stable CW
laser sources, so we design a three-dimensional (3D) pre-
cisely adjustable and steadily working SOA to generate
optical periodic potentials in BEC.

Our SOA system, as shown in Fig. 1, enjoys advan-
tages in compactness, stability, and 3D adjustment. The
integrated optical part of SOA system consists of one
SOA diode (Sacher, TPA-840-500), two aspheric lenses
(f = 3 mm, numerical aperture (NA) = 0.6), and one
cylindrical lens (f = 50 mm). The active gain region of
SOA diode is 2750 µm long, with 3-µm input aperture
and 190-µm output aperture.

The C-mount SOA diode needs one fixed mount with
firm electrical connection while coupling lens needs
enough space to be adjusted. In our system, SOA diode
is screwed onto a homemade diode holder which has both
ample space for laser passing through and big thermal
sink to dissipate heat. The mounting plate for two lenses
is capable of 3D fine adjustment. As shown in Fig. 1(a),
different dimension has different adjust fineness: in the
x- and y-direction, the minimum step of precise adjust-
ment is 20 µm; meanwhile, to meet the need of high
amplification rate, the adjusting fineness in z-direction
is improved to 5 µm by using ultrafine screws. All of the
adjustments are accessible from the outside without the
need of real contact to SOA diode.

Since the magnitude and wavelength variation of the
SOA gain were closely influenced by thermal stability,
the diode holder was screwed onto one brass heat sink

base of the size 60× 86 (mm) and both of them were at-
tached onto one 40× 40 (mm) thermal energy converter.
With the thermal control ability of 5 W, the temperature
fluctuations could be limited within 0.01 ◦C.

The SOA diode needs precise and ultra-low-noise cur-
rent up to 2 A to provide stable high-power laser. One
homemade constant current driver was used to supply
the current. To insulate the SOA diode from the out-
side electromagnetic environment, different part within
the system was connected to distinct ground: the cur-
rent driver was float ground and all the other parts had
firm connection with the earth. In this way, the current
noise reached the lowest root-mean-square (rms) level:
∆Irms = 10 µA with working current of 2 A (less than
5 × 10−6).

Fig. 1. Experimental setup of SOA system. (a) Exploded
mechanical design draft; (b) photograph of the optical part.
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Alignment plays a key role in the amplification pro-
cess of SOA system because the small input aperture
requires careful mode matching between the injection
beam and amplified spontaneous emission (ASE) light.
The alignment setup consists of fine adjusting for two
aspheric lenses in three dimensions. Alignment defines
the beam quality of both front coupling light and back
output laser. For the input light, the holding plate al-
lows the ASE light to be well collimated, and the shape
and divergence of ASE light help to ensure whether the
seed laser could be fully injected into the SOA diode.
The x-direction of output beam is collimated only by
the aspheric lens screwed into the mounting plate; but
the light in y-direction needs to be adjusted by cylindri-
cal lens. Calculated from the divergent angle and the
focal length we used for collimation, the focal distance
of output beam in x-direction was 50 mm. Then one
cylindrical lens with 50-mm focal length was put right
at the focus point to correct the beam. In this way, the
output beam had a nearly circular shape.

As shown in Fig. 2, one external cavity diode laser
(ECDL) provides seeding laser for the SOA diode. The
confocal telescope is used for mode matching and re-
shaping the seeding laser; the beam cross section after
the telescope is just 1/4 of the original one. The output
beam owns high propagation quality: the beam diver-
gence angle is less than 2 mrad, the M2 factor is 1.7, and
in the frequency range, the output laser has a linewidth
of 25 MHz and a frequency stability of 10−7 which are
the same with those of the seeding laser, respectively.
To detect the amplification ability of alternating current
(AC) modulation on seeding laser, amplitude modulation
is added onto the CW-ECDL seed laser. The modula-
tion amplification information is detected by photodiode
(PD) and avalanche photodiode (APD) in low- and high-
frequency regions, respectively. SOA diode is highly
flimsy and just a few milliwatts of back-coming light can
cause permanent damage to the diode, so the Faraday
isolator of the SOA system should be no less than 60 dB.

The output power of SOA depends on the polarization
of seeding laser. In our system, the amplified polariza-
tion axis lies in the x-direction. The HWP was carefully
turned to change the polarization axis of the seeding
beam while maintaining seeding power to be constant.
At the same time, we measured the output power of
the SOA system. As shown in Fig. 3, when the polar-
ization of linear seeding laser parallels with the diode’s

Fig. 2. Schematic of the experimental working system. PBS:
polarized beam splitter; HWP: half wave plate.

Fig. 3. Output power of SOA system versus polarization of
the seeding beam. TSOA = 20 ◦C, ISOA = 0.5 A, Pseeding =
9 mW.

amplification axis, the output power would get its maxi-
mal level. When the polarization axis of HWP is turned,
which means the axis of the linear polarized beam altered,
the output power will fall down accordingly. When the
beam polarization axis turns right at 90 ◦C, the output
power reaches its minimum level.

Figures 4 and 5 show the output power of SOA versus
CW seeding laser at two different temperatures. From
the datasheet, the output power will be higher when
SOA diode works at a lower temperature. Comparing
the two plots, there is a 5% − 10% increase in power
through lowering the temperature by 2 ◦C.

Figure 6 shows the amplification gain versus ampli-
tude modulation frequency on seeding laser. The current
modulation of 1-V magnitude from 10 Hz to 1 MHz being
added onto the CW-ECDL, then a PD was used to detect
the modulation amplification in low-frequency region

Fig. 4. Output power of SOA versus seeding power with
different working currents at 20 ◦C.

Fig. 5. Output power of SOA versus seeding power with
different working currents at 18 ◦C.
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Fig. 6. Amplification gain versus amplitude modulation fre-
quency on seeding laser. TSOA = 20 ◦C, ISOA = 0.5 A,
Pseeding = 7 mW.

Fig. 7. Fluctuation of output power versus working time.
TSOA = 20 ◦C, ISOA = 1.5 A, Pseeding = 9 mW.

(10 Hz—20 kHz); but for high-frequency region (50
kHz—1 MHz), APD was used for detection. The am-
plification rate versus frequency remains at the similar
level, and because of different sensors, we got inflexion
points between 20 and 50 kHz.

As shown in Fig. 7, with 9-mW CW-ECDL seeding
laser and working current of 1.5 A, the output power
was measured in about 170 min by optical power me-
ter (Thorlabs, PM-100). After the whole system reaches
thermal equilibrium, the output power remains steady
for nearly 3 h. Figure 7 shows that the fluctuation of
output power is 1.06 mW, which is 0.33% of the average
output power within the test timescale.

In conclusion, we proposed a novel design of SOA sys-
tem and made an amplification system which owns mer-
its in mechanical compactness, optical integration, and
reduced space consumption. Our SOA system could be
adjusted in three dimensions and work stably, which pro-

vides a useful device for cold atom physics research. Var-
ious kinds of test were performed onto the whole system
and all the results showed that our system could match
commercial products in features of amplification rate and
long-time stability.
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