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0. Parts for imaging stage 

 
 
For your external imaging setup there are two possible arrangement options. Depending on your order 
you will find the following parts preassembled: 
 

 aluminum base plate on which the x-stage is mounted onto 
 

 y-stage to be mounted onto the x-stage (fixed to the base plate for transport) 
 

 terahertz emitter and detector antenna packages including focusing THz lenses and the  
two mounts 

 
 Mini-Din cable for hooking up the x-stage to the spectrometer 

 
 Mini-Din cable for connecting the y-stage to the x-stage (daisy-chain configuration) 

 
i) two posts and clamps for fixing the antenna packages face to face (transmission setup) 
 
ii) second base plate for setup with reflecting geometry to be mounted onto the y-stage 

(including jig with a mirror for reference measurements) 
 

 
Warning: 
 

 
For safety reasons you must never put your hand on one of the stages while it is moving. The linear 
stages can cause serious damage to your hand and fingers. Hence, before you can change the 
configuration of the stages please always disconnect them from the spectrometer and power supply (if 
a separate power supply is used for the imaging stage). 
 
 

 
 
Figure 1: Top view of transmission setup for imaging measurements (sample holder not show). 
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Figure 2: Side view of transmission setup for imaging measurements (sample holder not 
shown). 
 
 
imaging area 15 cm x 15 cm 30 cm x 30 cm 45 cm x 45 cm 
imaging stage weight (T + R) 5.4 kg 7.2 kg 8.9 kg 
bread board size 30 cm x 30 cm 30 cm x 45 cm 30 cm x 60 cm 
mount height above bread board 20 cm 35 cm 50 cm 
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Figure 3: Top view of small base plate for reflection setup, including jig with reference mirror. 
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1. Transmission setup 

 
 
In the transmission setup the two terahertz antennas are positioned face to face. The gap between the 
packages has to be roughly 55 mm because the focal length of the THz lenses typically used is 
30 mm. You do not need to reposition the antenna packages if you choose to detach the lens tubes 
containing the focusing THz lenses but you may need to optimize the alignment of the two packages 
once again. Additionally, you have to remember that removing the lenses will result in a time shift of the 
terahertz peak of about 25 ps because of the reduced optical length of the terahertz path. Finally, 
please bear in mind that the spatial resolution is very limited when using a collimated beam due to the 
large beam diameter. 
 
The x-stage should be placed in the center of the breadboard between the packages and in a way that, 
if viewed from above, the terahertz beam passes by the front tip of the stage (see Figure 1). 
Consequently, if the x-stage is moved to its end position the y-stage will not block the terahertz beam. 
Secondly, the position of the antenna packages should be as high as the stage of the y-stage in its 
home position to make use of the full range of the linear stages for the imaging measurements (see 
Figure 2). 
 
 
Figure 4: XY-stage for transmission measurements, object moves in front of the antennas. 

 
 

 
Caution: 
 

 
You can mount your sample holder onto the y-stage using the M6 tabs on the stage. Please make sure 
that your screws are short enough and do not inhibit the stage movement. Otherwise the linear stage 
may be damaged. Additionally, the sample holder shall not extend further down than the stage of the 
y-stage. If not complied with, moving the y-stage into its end position may result in damage to the 
stages. Please also try to keep the weight of your sample holder (and sample) low as it may otherwise 
affect the performance of the linear stages and the rigidity of the setup. 
 
Before you put your setup into operation make sure there is enough clearance between your sample 
holder and the two antenna packages. If not, the sample holder may damage the mounts that hold the 
antenna packages. 
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2. Reflection setup 

 
 
For the reflection setup a small base plate, including the posts for the two antenna packages and 
reference mirror jig, is provided (see Figure 3). The y-stage has first to be mounted in a way that the 
stage is parallel to the movement direction of the x-stage. After putting the imaging stage back together 
you can mount the base plate with all its components to the y-stage. 
 

 
Caution: 
 

 
Make sure that the BNC cables and optical fibers coming from the antennas are positioned in a way 
that allows full flexibility during the imaging procedure while avoiding that they become entangled with 
the linear stages. Additionally, please ensure that the M6 screws are short enough when mounting the 
y-stage to the x-stage and the base plate to the y-stage. Otherwise the linear stages may be damaged. 
When changing the setup from transmission to reflection please make sure that the posts used in the 
transmission setup do not block the movement of the imaging stage. If one of them does, you need to 
detach it temporarily. 
 
Figure 5 shows the reflection setup. Contrary to the transmission setup the antennas are mounted onto 
the imaging stage. Hence, the sample has to be positioned in front of the antenna packages at the 
focal point (focusing THz lenses are recommended because of the much higher resolution compared 
to a collimated terahertz beam). In the chosen configuration the angle of incidence is roughly 30°. 
 
 
Figure 5: XY-stage for reflection measurements, terahertz antennas move in front of the object. 

 
 
 
At first we recommend using the reference mirror in order to optimize the terahertz signal. Afterwards 
you need to remove the reference mirror jig at the ½” to 1” adapter. The plane that the antennas scan 
is about 50 mm away from the edge of the small base plate. Hence, you can use this value in order to 
position your object / sample at the right distance. You may fine tune the distance by conducting a slow 
scan and matching the peak position to the reference measurement. Ideally, the plane of the object 
and the movement directions of the imaging stage are parallel. This way, the THz pulse reflected from 
the front surface remains at the same time delay for every position on the object. In order to achieve 
this state you need to determine the peak position on different positions on the xy-plane and adjust its 
orientation. 
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3. Parts for rotation stage 

 
 
For your angular resolved measurement setup your will find the rotation stage, the post for the sample 
holder and the post for the emitter antenna package pre-mounted to the aluminum base plate. 
Additionally, the package comes with the following items: 

 
 terahertz emitter and detector antenna packages, including focusing THz lenses and the  

two mounts (please note that the THz lenses have a focal length of 94 mm, hence the 
distance between object and antenna is much larger than for the imaging setups) 

 
 sample holder 

 
 a jig that the detector antenna is fixed to and which has to be mounted to the rotation stage 

 
 two 50 mm posts in order to limit the stages range of motion for safety reasons 

 
 two 300 mm 1/2" posts for handling the cables from the detector antenna during movement 

 
 Mini-Din cable for hooking up the rotation stage to the spectrometer 

 
 
Warning: 
 

 
For safety reasons you must never put your hand on the stage while it is moving because the stage 
can cause serious damage to your hand and fingers. 
 
 

 
Figure 6: Top view of angular resolved measurement setup. 
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4. Angular resolved measurement setup 

 
 

 
Attention: 
 

 
Contrary to the imaging setup it is necessary to initialize the rotation stage before mounting the 
supplied parts to the stage and the base plate. Therefore, please hook up the stage to the 
spectrometer using the Mini-Din cable that came with the shipment, start the T3DS software once, wait 
for the rotation stage to end its movement / initialization and stop the program. Please check 
afterwards that the stage has been moved to 0° (scale on the stage) and disconnect the cable from the 
spectrometer. Once these steps have been executed you can start assembling the setup. 
 
First, mount the jig for the detector antenna to the rotation stage as displayed in Figure 7 (the grooves 
on the jig should match 20°, 110° and 200° on the scale). Because the stage is currently at its home 
position you may now attach post LL (1/2”) to the base plate in order to limit the stage movement in the 
counterclockwise direction.  
 
 

 
Figure 7: Angular resolved measurement setup at home position with detector antenna jig 
(mounted to the rotation stage) and post LL (mounted to the breadboard). 
 
 
Hook up the stage to the spectrometer once again and restart the T3DS software. As the stage is 
already at its home position there should be very little movement during the initialization procedure. 
Please now move the stage to an angle of reflection of 20° (lower limit set by the software). The 
rotation stage will turn by 180° in the clockwise direction. After the stage has arrived at its target 
position please stop the software and disconnect the stage once again. 
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Caution: 
 

 
As the setup is now positioned at the smallest reflection angle possible you can go on to mount the 
emitter antenna package to the post and the detector antenna package to the jig. Both antennas have 
to point to the center of the stage, with the resulting setup looking like Figure 8. Subsequently, fix the 
post UL to the base plate in order to ensure that any manual stage movement in the clockwise 
direction beyond the 20° angle is stopped. Both posts will now prevent that the two mounts may be 
damaged due to a collision caused by human error. 
 
The software itself permanently limits the range of motion between the home position and an angle of 
reflection of 20°. Hence, as long as the stage has been put into operation correctly and has not been 
rotated using the manual knob no critical situation should occur during start-up or use of the setup. 
 
 

 
Figure 8: Angular resolved measurement setup at smallest angle of reflection with both antenna 
packages (mounted to their posts) and post UL (mounted to the breadboard). 
 
 
After the antennas have been set up you may mount the sample holder to the post in the center of the 
rotation stage as shown in Figure 9. In order to align the sample holder with the indicator on the stage 
there are small grooves cut into the rim of the sample holder. Please us those in order to turn the 
sample holder in a way that the surface of the sample is perpendicular to the emitted THz beam 
(grooves are in line with 0° / 90° / 180° / 270° marks on the stage when the angle of reflection set by 
the software is 20°). 
 

 
Attention: 
 

 
As the typical setup reflects the incoming THz beam back towards the emitter antenna you need to use 
the square reference mirror and turn the sample holder to half the angle of reflection. Using this 
configuration it is possible to optimize the signal strength, similar to a regular reflection setup. 
Afterwards, please turn the sample holder back into the neutral position (mirror plane is again 
perpendicular to the THz beam). 
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Figure 9: Angular resolved measurement setup with sample holder mounted to its post. 
 
 

 
Caution: 
 

 
As a last step it is necessary to mount the two 300 mm posts to the bread board and attach the cables 
of the detector antenna to the horizontal post as shown in Figure 10. This configuration will make sure 
that the cable of the detector antenna can move freely even if the rotation stage turns a full 180°. 
Otherwise, the cable may become entangled which could damage the fiber coupled antenna or the 
rotation stage itself. 
 
 

 
Figure 10: Angular resolved measurement setup in transmission, 
with detector antenna cable attached to a post for safe operation 
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5. Connecting your external measurement system 

 
 
Independent of your measurement setup you need to hook up your emitter and detector antenna to the 
panel on the right hand side of your terahertz time-domain spectrometer. Therefore, please connect 
the emitter antenna to the “emitter out” port, the detector antenna to the “detector in” port and the 
optical fibers to the corresponding FC/APC ports next to the BNC adapters as shown in Figure 11. 
 
 

 
Figure 11: Panel on the right hand side of the TDS system with ports for optical and electrical 
connection of the fiber-coupled antennas as well as the communication with the imaging stage 
and the computer. 
 
 
Once you have connected your antennas just hook up your x-stage to the spectrometer using one of 
the Mini-Din cables provided. The second cable can then be used to connect the y-stage to the x-stage 
in a daisy-chain configuration. In case of a rotation stage simply connect the stage to the Mini-Din port. 
 

 
Attention: 
 

 
Please note that as long as the software has not been started you can position a stage manually using 
the knob on the stage itself. Once the software has been started avoid using the knobs under any 
circumstances. If the knobs are not in the neutral position the software cannot operate the stages. 
Note, that stage movement is always indicated by the orange LED on the stage. 
 
In case the external linear stages do not function properly please consult the Zaber manual or contact 
us. If the power supply through the Mini-Din cable is not sufficient we advise you to hook up the 
additional power supply that comes with the shipment (may be required for larger imaging stages). 
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6. Contact details 

 
 
If you have any further questions or remarks, please do not hesitate to contact us. 
 
BATOP GmbH 
Stockholmer Str. 14 
D-07747 Jena 
Germany 
 
e-mail: info@batop.de 
 
Tel.:  +49 3641 634009 0 
Fax.: +49 3641 634009 20 


