
ACST Quasi-Optical Detectors 
 

The detector name has 4 fields. Let consider the detector type 3DL_12C_LS2500_A2 as an example: 

1. First field indicates the type of detector and its optimization iteration. The last we call 

"generation". In the above example, 3DL means 3rd generation Detector with optical Lens 

input interface.  

2. 12C means the lens diameter is 12mm and the lens geometry is optimized for Collimated THz 

beam. 

3. The third field means the type of antenna and the frequency bandwidth, where the detector 

shows responsivity. LS2500 in our example means Log-Spiral antenna and the bandwidth is 

2500GHz.  

Please note: measured Responsivity and Noise-Equivalent-Power (NEP) versus frequency is 

given in the user Guide up to about 1200GHz only. This is because typical responsivity and 

NEP of ...LS2500... detectors have been measured in a photoconductive setup with frequency 

span limited to 0GHz-1200GHz. Other measurements, including FTIR, are less accurate but 

they suggest detector response up to 2.5THz and beyond. Even at 6THz such a detector shows 

responsivity but only for a very strong signal from a FEL.  

These measurement results can be used for rough comparative estimation of incident power 

at different frequencies. However, ACST Quasi-Optical Detectors are usually un-calibrated 

and, therefore, are not suited for accurate power measurements.  

Calibration is, in principle, possible but this procedure is rather complicated and should be 

performed externally for additional charge. 

4. The last field indicates the type of integrated pre-amplifier. In our example A2 means an 

amplifier with bandwidth of about 4GHz. 

 

Currently there are three versions of Quasi-Optical Detectors (QOD) available at ACST. These are as 

follows: 

1. 3DL_12C_LS2500_A0 

2. 3DL_12C_LS2500_A1 (or 3DL_12C_LS2500_A1M on particular request) 

3. 3DL_12C_LS2500_A2 

 

The …A1 and …A2 versions have an integrated video-amplifier and stabilization stages for the power 

supply. This crucially simplifies handling procedures concerning ESD-hazard and reduces requirements 

for powering the amplifier. 

Dedicated Power-Supply Units (PSU) are optionally offered by ACST. 

 

All these detectors use essentially similar diodes, similar antennas, similar lens, and differ only by the 

integrated amplifier and the metallic housing. Therefore, the THz frequency response is expected 

similar for all these detectors. The difference is only absolute responsivity and NEP values, which 

depend on the used amplifier and its mismatch with the diode. Each version is shortly described in the 

following sections.  

 

ACST offers a 2-Year warranty for all types of Quasi-Optical Detectors. This warranty covers any defect 

of the detector, but only in the case of proper handling and exploitation by the customer. 



Furthermore, ACST offers detector repair service. If the detector is damaged by improper handling or 

exploitation, then this damage is not covered by ACST warranty and reparation costs should be charged 

to the customer. Usually these do not exceed 3.5k€. 

 

ACST Quasi-Optical Detectors are packed in antistatic bag and aluminium boxes, which protect 

detector modules from ESD and mechanical shocks during transportation and at customer facility. User 

guide with description of typical detector performance and operation conditions is included in the box. 

PSU is delivered optionally on request. Figure 1 shows a detector module ready for delivery. User guide 

is not shown in the figure. 

 

  
Figure 1: ACST Detector module ready for delivery. 

  



3DL_12C_LS2500_A0 
 

3DL_12C_LS2500_A0. This version has no integrated amplifier. The diode is directly connected to the 

output via 50Ω transmission line. This is the fastest version with the response time of less than 20ps. 

This is also the most flexible version because the customer can attach to the output any amplifier or 

reading electronic he needs for particular application.  

During last few years this detector has continuously been optimized for monitoring of short pulses 

from Synchrotron Accelerators. This 3rd generation is a result of successful collaboration between 

ACST and several Synchrotron teams in Germany and Switzerland.    

The new generation (3DL...) has essentially similar performance as the previous generation but is 

implemented in a new housing and has considerably reduced effect of parasitic oscillation after the 

true pulse. This parasitic oscillation is called "ringing"-effect. Reducing the “ringing”-effect is of 

particular interest for monitoring of short pulses. 

For comparison see Figure 2 with comparative responses from the old generation of detector 

2DL_12C_LS2500_A0 (magenta curve) and new generation of same detector, now called 

3DL_12C_LS2500_A0 (red curve). These measurements have been performed at PTB synchrotron 

accelerator in Berlin and the pulse form was the same in both cases. Obviously, the 3rd generation 

shows considerably faster response time and significantly-reduced "ringing"-effect. 

 

 

 
Figure 2: Comparative measurements of the old generation of detector, version 2DL_12C_LS2500_A0 (magenta curve), and 

new generation of same detector, now called 3DL_12C_LS2500_A0 (red curve).  

 



 
Figure 3: Optical view of 3DL_12C_LS2500_A0. 

 

 

However, it has to be noted, that the A0-version has no protection against ESD. Therefore, this detector 

is very ESD sensitive and can easily be damaged by improper handling or measurement setup.  

If the customer decides on own risk to purchase the A0 detector version, then ACST recommends to 

keep it always with a plugged-in bias-tee and a 50Ω cap. This significantly reduces the risk of ESD-

damage of the detector. ACST offers such a bias-tee and a 50Ω cap optionally. 

 

One more issue to be noted is that the A0 detector has no integrated amplifier and the output signal 

can be very small. The customer may need an own LNA to be connected to the detector output for 

signal amplification.  

Moreover, high-frequency reading electronic is required for monitoring of very short impulses. For 

instance, the picture in Figure 2 is done with a 40_GHz real-time oscilloscope. Such an oscilloscope 

costs in order of few hundreds of k€.  

To the conclusion, if a good and fast reading electronics is not available and the customer does not 

have any particular application for the A0 version, then is probably better for him to consider other 

detector versions like A1/ A1M, or A2. 

 

  



3DL_12C_LS2500_A1 

 

This version has a relatively slow (1MHz bandwidth) pre-amplifier. This version has the smallest NEP 

and is the most sensitive detector version. Figure 4 summarises comparative measurements of three 

…A1 Detectors in a Photoconductive setup at Toptica Photonics AG (Germany). These three detectors 

are selected with maximum difference from each other. That means, the performance of detectors 

delivered to the customer may vary within these frames. Since measurements have been done in 

laboratory environment, water lines are clearly seen on the spectrum at several point frequencies 

starting with about 550GHz and up to about 1400GHz. This indicates that the measurements are 

performed correct and the detector signal indeed corresponds to the indicated frequency and are not 

just an artefact due to misinterpretation of the measurement results. After about 1.5THz the signal is 

probably lost because at higher frequencies the THz signal from the used photoconductive setup 

becomes very small and below the noise floor of the detector. In fact, the noise floor of this detector 

is about 10-15dB below 0.01nA, and water lines should be seen up to about 2THz. However, quasi-

optical measurements at such high frequencies are very tricky. Therefore, a good measurement setup 

and skilled operators are required to accurately perform such measurements. Measurement in 

another setup has demonstrated responsivity up to 1.7THz and that was limited by available THz power 

at higher frequencies. 

Figure 5 shows measurement results of the GaAs photoconductive setup used in Figure 4, but using a 

Golay Cell detector. The Golay Cell detector is assumed to have a frequency-independent response up 

to several THz but is very slow and not suitable for many applications. In fact, the ACST QOD were 

developed to replace the Golay Cell for applications, where fast response is required. Nevertheless, 

the results from Figure 5 can be compared to the results from Figure 4 to roughly estimate responsivity 

of 3DL_12C_LS2500_A1 detector. If we compare the signal level at 100GHz and at 1THz in Figure 5, we 

estimate the drop of the TX signal level by factor of about 15. Same comparison from Figure 4 suggest 

the drop of the output signal by factor of 30-35. This suggests, that the responsivity and S/N of ACST 

QOD drops from 100GHz to 1THz by less than 20dB! This is excellent performance for Schottky-based 

detectors! 

Figure 6 shows measurement results of ACST QOD by FTIR technique. These results suggest that this 

type of detectors have a frequency response at least up to 2500GHz. 

Figure 7 contains few optical pictures of the detector module. 

 

 



 
Figure 4: Comparative measurements of 3 detectors in a GaAs Photoconductive setup at Toptica Photonics AG (Germany). 

 

 
Figure 5: The Spectrum of the GaAs Photomixer source measured by a Golay Cell. Measurements are at Toptica Photonics AG 

(Germany). 



 

 
Figure 6: Measurement results of ACST QOD by FTIR technique. Measurements are done at the "Institute for planetary 

research" of German Aerospace Agency (DLR). 

 

      
Figure 7: Optical views of a 3DL_12C_LS2500_A1 detector. 

 

Some customers need A1 version but with extended bandwidth. So, ACST can modify the preamplifier 

and increase the bandwidth from 1MHz up to 40-50MHz. This is what is called 3DL_12C_LS2500_A1M 

version and the price and delivery is same as for A1 version. However, it should be noted, that this 

detector has a little less responsivity and somehow larger noise because of amplifier modifications and 

larger bandwidth. Figure 6 shows an optical view of 3DL_12C_LS2500_A1 detector.  

 

  



3DL_12C_LS2500_A2  
 

The 3DL_12C_LS2500_A2 version has an integrated 4GHz amplifier. In fact, the amplifier bandwidth 

extends up to about 5GHz but with some-how less gain. 

This detector version, similarly to the 3DL_12C_LS2500_A0 version, has continuously been optimised 

in collaboration with several European Synchrotron Accelerator researchers during last several years. 

The repetition rate of synchrotron pulses is usually few nanoseconds. The 3DL_12C_LS2500_A2 

detector is optimised for monitoring of such pulses. Figure 8 shows measurement results with 

2DL_12C_LS2500_A2 detector at Synchrotron BESSY in Berlin. Although the "ringing" effect of this 

detector was rather strong, the synchrotron research team could quite well resolve separate pulses 

from a macro bunch.  

 

 
  Figure 8: Synchrotron pulses monitored with a 2DL_12C_LS2500_A2 detector at synchrotron accelerator BESSY 

(Berlin/Germany). 

 

 
Figure 9: Synchrotron pulses monitored with a 3DL_12C_LS2500_A2 detector at synchrotron accelerator SOLEIL (France) 

 

 

The 3DL_12C_LS2500_A2 version has less "ringing" effect and separate pulses can even better be 

resolved. Figure 9 shows measurement results at synchrotron SOLEIL in France. Unfortunately, the 

time resolution on these pictures is not very well resolved, but the working staff there is very satisfied 

with performance of this detector. 

3DL_12C_LS2500_A2 detector is incorporated in a similar housing as the …A1 and version as shown in 

Figure 7. 

 


