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1. Topic introduction 
 

1.1 Introduction and motivation: 

 

For many particle physical experiments and different application areas, such as 

animal PET scan, a high precision and highly adaptable time measurement device is 

needed. 

Time of flight and time drift measurements are of special interest. In order to have a 

better resolution, required in many experiments, the GSI developed a board, which 

has all the required limitations, specifications and is highly adaptable to many 

different setups. 

The high increase of TDC applications in experiments is another reason, why the 

development of such boards is important. 

 

In order to improve the performance and find possible bugs of the TRB3, to adapt it 

for other applications, to find the limitations and verify the already existing limitations 

in different setups, to debug the analysis and the analysis tool GO4 and to detect 

hardware/software influences, different measurements have to be done.  

A small background introduction and the measurement setup, as well as the results 

are explained in the following chapters.  
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2. Background 
 

2.1 TRB3 – Time to Digital Converter Readout Board: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: TRB3 – Time to Digital Converter Readout board with add-ons. [2] Photo by Gaby Otto, GSI Darmstadt 

 

The TRB3 is a 264 Channel Time to Digital Converter, data concentrator and digital 

readout board, realized with five Lattice FPGA’s and developed by GSI for three 

years. The central FPGA is for data transmission via Gigabit Ethernet and for the 

central trigger system CTS. 

Each of the four peripheral FPGA’s has 64 channels for the TDC measurements. 

With different add-on boards the peripheral FPGA’s can either be adapted to different 

time measurement setups or they can be used as HUB’s for connecting other TRB3 

boards, in order to enlarge the setup. 

The used voltage for the power supply is 48V which is downscaled by DC-DC 

converters to 1.2V, 1.8V, 2.5V, 3.3V and distributed to the FPGA’s. The 48V is 

adjusted with a DC-DC converter to 5V and then from 5V with four separate DC-DC 

converters to the other needed levels.  

 

 

 

 

 

 

 

 

 

 

 



Tim Schweitzer |BPP1 |Hochschule Darmstadt - University of Applied Sciences Seite 7 
 

 

2.2 CBMToF - Compressed Baryonic Matter, Time of flight – TDC: 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: CBMToF - Compressed Baryonic Matter, Time of flight – TDC. 

 

The CBMToF, developed by GSI, is realized with one FPGA for time to digital 

measurement and four DC-DC converters for transformation 5V into 1.2V, 1.8V, 2.5V 

and 3.3V. It is basically ¼ of the TRB3 board and can be connected to the TRB3 hub 

add-on. 

 

 

2.3 CTS Central Trigger System: 

 

The CTS is responsible for processing all external and internal triggers with the 

selected options and specification and for generating a system wide common trigger 

for data readout and time synchronization. The web-based user interface can be 

used to set the frequency of an internal trigger, to analyze the frequency of an 

external trigger as well as to monitor the amount of the detected and accepted hits. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3: CTS - Central trigger system online tool. 
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2.4 Time to digital measurement principle: 

 

The measurement is done with a tapped delay line for each channel consisting 304 

delay elements, realized with lookup tables, and with D-FlipFlops on each exit. The 

total propagation time is 5ns. [4] 

 

 

 

 

 

 

 
Figure 4: Tapped delay line [4] 

 

 

Each signal is distributed to a delay line and while propagating through it, the D-FF 

output is saved with the next clock. The fine time information is saved in a memory 

for each channel individually with a time stamp of the system clock with a granularity 

of 5ns.  

The fine time is calculated with 

 

                                           

 

 

 

 

 

 

 

 

 
Figure 5: Time difference measurement calculation. [4] TRB3 264 Channel High Precision TDC Platform and its Applications

 

 

 

The time difference between leading edges of two hit signals is calculated with: 
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2.5 TDC Calibration: 

 

The calibration of the delay line is very essential for the measurement, because each 

delay element has a different bin width caused by temperature-, and power supply 

voltage changes and the internal routing of the FPGA. 

For the calibration a bin width histogram is used which, contains the number of hits 

on each delay element for a specified time. 

 

 

 

 

 

 

 

 

 

 
Figure 6: Calibration bin width histogram. 

 

 

For the calibration the delay time of each delay element is calculated as: 

 

           
           

            
      

 

 

It’s important to have hit signals which are not correlated to the system clock in order 

to have random hit distribution on the delay line. 
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3. Measurements 
 

3.1 Measurement introduction 

 

The following measurements are done to determine the limitations and the 

specifications of the designed TDC in order to establish its adaptability to different 

experiments and setups. Any bugs that might be found in the TDC or in the analysis 

software during the tests would be a secondary benefit in order to bring the whole 

TRB3 platform to perfection. 

The tests done are precision and mean measurements for different time intervals, 

precision measurement between different TDCs, dead time, trigger window and 

finally burst measurements. 

 

Before every measurement setup a calibration for the used channels is done, 

because when the calibration is too old the measurement will not produce the right 

results or have less precision. 

 

 

 

 

3.1.1 Used standard setup: 

 

This is the setup I used for all measurements consisting of the TRB3 or CBMToF as 

TDC, a local computer as eventbuilder and the online analysis as the last instance.  

 

 

 

 

 

 

 
Figure 7: Schematic conduction of the data transfer setup. 

 

 

The measured time data of the detected hits are sent from the peripheral FPGA to 

the central FPGA, merged into one event and forwarded to the eventbuilder and then 

sent to the analysis tool GO4. 
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3.1.2 Used hardware: 

 

3.1.2.1 Hit generator 

- Tektronix DTG5078 Data Timing Generator 

- HEWLETT PACKARD 33120A 15MHz Function / Arbitrary Waveform 

Generator 

 

3.1.2.2 Power supply 

- ROHDE & SCHWARZ HAMEG HMP4040 Programmable Power Supply 

384 WATT 

 

3.1.2.3 Measuring instruments 

- YOKOGAWA DL6154 10GS/s 1.5GHz DIGITAL OSCILLOSCOPE   

 

     3.1.2.4 Remote control 

- Prologix GPIB-ETHERNET CONTROLLER 

 

     3.1.2.5 Device under test 

- TRB3: TDC from GSI Helmholzzentrum für Schwerinonenforschung 

- CBMTOF: Single FPGA TDC from GSI Helmholzzentrum für 

Schwerinonenforschung 

 

 

 

3.1.3 Used software: 

 

     3.1.3.1 GO4 

 

The GO4 tool, developed by GSI, is used for TDC data unpacking and analysis. 

All data gathered by the central FPGA can be analyzed and displayed in specific 

histograms or other diagrams. Additionally with starting the analysis a C++ script 

is called, which can be used to choose different FPGAs for the analysis, to set 

conditions for the calibration or to add diagrams for used channels. The C++ script 

also has a hook function, which can be used for repeating the analysis with a 

specified time period and set conditions for this measurement such as write the 

chosen data into a file or clear all histograms before the next measurement starts, 

which is necessary for the automation of the long time measurements.  
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Figure 8: GO4, TDC analysis tool 

 

 

 

3.2 Measurements for different Signal delays 

 

An important measurement for the TRB3 board is the measurement of the delay 

between two signals, in a range from 0ns delay to 1000ns delay, to see that the 

difference from the measured MEAN to the expected MEAN and that the RMS value 

are constant for every delay. 

The channels 1 and 7 of the TDC0 were used to measure the LVDS hit signal 

created by the DTG. For every measurement the delay was increased by 2.50ns via 

remote control. 

 

 

 

 

 

 
 

Figure 9: Schematic measurement setup – different signal delays. 

 

The delay between the two signals is n*2.50ns with 0 ≤ n ≤ 400. 

Because of the high number of measurements an automation was necessary, in 

order to have a constant time between each measurement and nearly the same 

amount of hit entries for each histogram to calculate the RMS and MEAN value.  

A Perl script to read out the temperature of the used FPGA (appendix: Program for 

temperature readout) and a Perl script to update the signal delay (appendix: Program 

for DTG remote control) is automatically called from the GO4 hook function with a 

constant time interval.  
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After a certain time interval the histogram data like RMS-, and MEAN of the hit 

distribution and the temperature are written into a file, the histograms are cleared and 

the Perl scripts are called again until the delay of 1000ns between the signals is 

reached.  

 

 

Figure 10 is plotted from 0ns to 900ns delay, because of the GPIB connection 

problems after a long time.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 10: RMS value over delay, TRB3 

 

 

Each point in this diagram represents the RMS value of a hit distribution histogram 

with approximately 1.5 million detected hits.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 11: TRB3, Temp over time. 
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Figure 11 shows the temperature for each measurement. The temperature is nearly 

constant, which means that the calibration error caused by the temperature 

influences is minimal. When the temperature is higher or lower than the temperature 

of the calibration time, the RMS value gets worse. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 12: TRB3, Mean difference. 

 

 

Figure 12 shows that the difference of the measured means to the expected means. 

The offset is approximately -1.47ns caused through the internal signal line routing of 

the FPGA, the routing on the board and maybe a very small difference in the signal 

cable length from DTG to the TRB3. 

The delay goes from 0ns to 450ns because of a format error in the plot script which 

couldn’t be fixed in order to use it for all gathered data from different measurements, 

it should display 0ns to 900ns.  

 

 

 

 

Because of the very high RMS changes the measurement have to be repeated under 

different circumstances in order to find and debug the influence which causes this 

effect, because a good quality for future measurements is only given when the RMS 

value is constant for every hit signal delay. 

 

 

 

The precision of the TDC depends on the correctness of the calibration, which 

degrades with the changing temperature and the supply voltage. As the temperature 

change during the measurement was minimal (0.45C peak-to-peak) the voltage 
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fluctuation was the possible cause of the precision change. And also the periodical 

changes indicated that the power supply might have an influence on the 

measurement.  

 

But before de-soldering the DC-DC converters of the TRB3, a verification of the 

measurement with the smaller TDC Board CBMToF, which is basically the ¼ of the 

TRB3 except of the big DC-DC converter, was done in order to see the 48V-5V DC-

DC converter. 

 

For this RMS over delay measurement I used 1.25ns delays steps over the 0ns to 

1000ns delay interval to have a higher resolution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 13: CBMToF, RMS value over delay. 

 

Figure 13 shows the RMS value for CBMToF for all delay measurements.  

It is observed that the RMS value is around 20ps in the worst case and has a 

frequency of ~2MHz. 

The fact that the RMS value peak is not as high as in the measurement with the 

TRB3 means, that the 48V to 5V DC-DC converter has a bigger influence in the bad 

precision.  

 

After the measurement with CBMToF the five DC-DC converters were de-soldered 

from theTRB3 board, to verify the influence of the four DC-DC converters using a 

linear power supply with the needed voltage.  

 

The following picture shows the RMS over delay diagram from the TRB3 board 

without DC-DC converters. 
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Figure 14: TRB3, RMS value over delay – no DC-DC. 

 

 

As seen in figure 14, the very high RMS changes disappeared and the RMS value 

stays in a small band of 3ps peak-to-peak. The reason for the 40MHz periodical 

changes is not detected jet, but because of the very low peak-to-peak value the 

effect can be ignored for now. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 15: TRB3, MEAN difference over delay – no DC-DC converter. 

 

 

As displayed in figure 15 the high difference at the beginning didn’t changed, but the 

MEAN offset is increased, caused by the temperature shift during the calculation of 

the calibration.  The temperature shift is approximately 8ps per 0.3°C.  
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3.3 Measurements for signal delays between different FPGA’s 

 

Another important measurement is the RMS measurement between different 

FPGA’s, because of the error which is caused by the interpretation of the reference 

channel, which measure the trigger signal, in order to synchronize the TDC’s. 

 

 

                                                                            

 

Because of the correlation of the trigger from the CTS and the clock signal of the 

FPGA it is hard to calibrate the reference channels of the FPGA’s, as it is not 

possible to get random distribution along the delay line. 

 

 

 

 

 

 

 

 

 
Figure 16: Bin width histogram CH0 on each TDC. 

 

On figure 16 the bin width histograms for the reference channels of each TDC is 

displayed. It shows that the rising edge of the trigger signal hits nearly one bin which 

is caused by the correlation of the trigger and clock signal.  

 

In order to prevent the correlation of the clock and trigger signal the next setup would 

be with two TRB3 boards, one as CTS and external trigger for the other TRB3 board 

which is used as TDC. But problems with the GbE development occurred and this 

setup was not possible to build. Therefore the reference channels were linear 

calibrated, which has a significant worsening effect.  
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For the next measurements the DTG was used as hit generator with a delay of 0ps 

between the hit signals and as internal trigger the CTS was used. The time difference 

between the 1st channels measured of different TDC were calculated to define the 

RMS of the hit distribution.   

 

 

 

 

 

 
 

Figure 17: Schematic measurement setup – different TDC CH1 to CH1. 

 

 

The figure 18 shows that the symmetry between two TDC’s is perfect, but depending 

on which TDC’s are compared the precision is different, maybe caused by calibration 

of the reference channels. 

 

 

 

 

 

 

 

 

.  

 
Figure 18:  Hit distribution histogram between two TDC. 

 

 

 

 

In picture 19 the RMS values between all TDC’s is displayed. 

As a result the second TDC is the worst with an accuracy of >14ps in every 

combination, might be caused by the wrong interpretation of the reference channel. If 

the bin width (shown in figure 16) is close to the average bin width used for the linear 

calibration, the calculated precision will be smaller. 

 

 

 

 

 

 

 

 



Tim Schweitzer |BPP1 |Hochschule Darmstadt - University of Applied Sciences Seite 19 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
Figure 19: RMS value between all TDC, CH1 to CH1. 

 

For the second measurement the same setup was used but the time difference 

between channel 1 and channel 7 of different TDC’s was calculated. So the cross 

measurement between two TDC’s is not same with the same channels on the TDC.  

 

 

 

 

 

 

 

 
Figure 20: Schematic measurement setup – different TDC CH1 to CH7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 21: RMS value between all TDC, CH1 to CH7. 
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The result in figure 21 was expected because of the different precision of every 

channel and the interpretation of the reference channels, but it has to be verified 

soon.  

 

 

 

The third measurement was to check that the RMS on every TDC has nearly the 

same value in order to eliminate hardware malfunctions of the TDC’s. 

Therefore the same setup as before was used but now with channel 1 and channel 7 

on the same TDC as hit channels. 

 

 

 

 

 

 

 
Figure 22: Schematic measurement setup – TDC precision comparison. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 23: RMS value for every TDC. 

 

 

Figure 23 shows the hit distribution histogram for every single TDC measured from 

channel 1 to channel 7. 

It shows that the precision of every TDC is nearly the same. Therefore the precision 

difference and worsening between different FPGAs can be explained with the wrong 

calibration of the reference channels. 
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3.4 Dead time measurement 

 

The dead time measurement is necessary to find out the minimum time between two 

leading edges on the same channel, which can be detected by the TDC, in order to 

find the limitation for the hit frequency. 

For this measurement the DTG was used as the hit generator and as external trigger 

source for the CTS. With the DTG two pulses within a time distance of 100ns, were 

created and the time between these edges was decreased in 1.25ns steps.  

The trigger rate was 100kHz so nearly every 10µs a event is built and sent to the 

analysis tool GO4.  

 

 

 

 

 

 

 
Figure 24: Schematic measurement setup – DTG external trigger. 

 

While decreasing the time between the leading edges, a hit per event histogram was 

used to display the number of detected hit per trigger. 

 

 

 

  

 

 

 

 

 

 

 

 
Figure 25: Hits per event histogram – CH 1. 

 

Figure 25 shows the hit per event histogram for the time distance of ∆t > 30 ns, which 

is the minimum distance where both of the two hits could be detected. 

 

 

If the edges are in a too short time interval the histogram shows bars at 1 hits/event 

and 2 hits/event, which means that sometimes the second edge can be detected but 

most of the time the hit is ignored. 

This can happen, because the data processing time is 5 clock cycles (25ns) and the 

minimum time in which a hit can be 100% detected is ∆t  = 30ns because the hit can 

only be calculated with the clock edge after the processing time.  
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Figure 26: Dead time – Ignored hit - processing time explanation. 

 

3.5 Trigger window measurement 

 

As some applications require only hits in a defined time interval before or after the 

trigger signal, a trigger window functionality is implemented in order to filter the hits. 

This test is for verifying that the trigger window works correctly. 

  

The trigger window size can be set via slow control. The maximum size for pre and 

post trigger window size can be 0x7ff where each nibble has a granularity of 5ns 

which means that the maximum for post and pre trigger window size is (0x7ff)*5ns = 

2047*5ns = 10235ns, which is the span of the coarse counter. Maximum trigger 

window size is post trigger window + pre trigger window = 20470ns. The minimal 

trigger window size is 0x00f for post and 0x000 for pre trigger. 

 

 

 

 

 

 

 

 
Figure 27: Trigger window explanation. 

 

A trigger rate of 100kHz was used, which means that all hits should be in a range of 

±10µs around the trigger signal. 

 

With the first measurement the hit distribution without using the trigger window was 

tested to check that the analysis works correctly. 

The CTS was used as internal trigger.  

At first a hit rate for 10kHz was tested, which means that every 10th trigger signal a hit 

will appear. 
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For monitoring, a hit distribution histogram for channel 0 and channel 1 was used, 

because it shows the time difference from each hit to the trigger signal and displays 

all effects which could appear. The channel 0 is the trigger channel, which measures 

the common trigger signal edges. 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 28: Schematic measurement setup – DTG and function generator as hit source. 

 

 

 

 

 

 

 

  

 

 
Figure 29: Hit distribution histogram – hit/trigger ratio 0.1. 

 

 

The figure 29 shows the hit distribution histogram for a hit/trigger ratio of 0.1, 

measured from channel 1 to channel 0. 

 

At the first sight this result doesn’t look right, because the hit’s are mostly in the range 

from -10000ns to 0ns and only very few hit’s are in the range from 0ns to 10000ns.  

 

The reason for this effect is that the trigger signal, measured at channel 0, is 

additionally the readout trigger signal, so every hit that happens after the trigger 

signal is readout with the next trigger. 

The error is the few hits on the post trigger side, which are artefacts, caused by the 

epoch counter, which is updated too early and gives the hit a timestamp offset of 

+10240ns, the granularity of the epoch counter. 
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To verify the first results some more measurements with the same setup but higher 

hit rates were done, to check the behavior of the artefacts and to see other effects 

caused by higher hit rates. 

 

 

 

 

For the hit rate from 10kHz to 100kHz the results are the same but at higher hit rates 

another effect appears. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 30: Hit distribution histogram – hit/trigger rate > 1.0. 

 

As in figure 30 displayed, the hit distribution starts to narrow. This effect is caused by 

the analysis, because only the first hit within the trigger range is used to calculate the 

time difference and the other hits are ignored.  

 

 

 

The TDC detects all hits and sends them to the event builder, but for the online 

analysis it is hard to decide which hit pair to choose for the time difference calculation  

as the analysis is prepared  have to be as simple as possible and to be adaptable for 

many different setups.  

 

 

 

Although the trigger signal and the hit signal are not correlated, the relative jitter 

between them and the jitter of the signals themselves are very small. So the time 

distance between the hits stays the same as well as the time distance between the 

trigger signals but the signals relative to each other flits. So when the hit is near the 

trigger and flits over the trigger all other hits in the trigger ranges are ignored.  
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Figure 31: First hit analysis explanation. 

 

 

 

After verifying, which effect is caused by a higher hit rate, always a lower hit rate than 

trigger rate was used. 

 

With the second setup the functionality of the pre and post trigger window was 

checked, by increasing and decreasing the size of both windows and analyzing the 

resulting hit distribution.  

With activating the trigger window, the readout waits until the end of the trigger 

window ends .That is why the effect from the previous measurement doesn’t occur 

again. 

 

The tables below show the trigger window sizes and the hit distribution sizes for post 

and pre trigger hits. The difference is calculated with  
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Fixed pre trigger size at minimum value of 0ns 

trigger window size 
hit distribution size 

(ns) difference(ns) 

post pre Post pre post pre 

75 0 100 5 25 5 

155 0 180 5 25 5 

235 0 260 5 25 5 

395 0 420 5 25 5 

555 0 580 5 25 5 

875 0 900 5 25 5 

1275 0 1300 5 25 5 

2555 0 2580 5 25 5 

3835 0 3860 5 25 5 

6395 0 6420 5 25 5 

10235 0 10260 5 25 5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fixed post trigge size at minimum value of 75ns 

trigger window size 
hit distribution size 

(ns) difference(ns) 

post pre post pre post pre 

75 75 100 80 25 5 

75 155 100 160 25 5 

75 235 100 240 25 5 

75 395 100 400 25 5 

75 555 100 560 25 5 

75 875 100 880 25 5 

75 1275 100 1280 25 5 

75 2555 100 2560 25 5 

75 3835 100 3840 25 5 

75 6395 100 6400 25 5 

75 10235 100 9915 25 -320 
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Same pre and post trigger size 

trigger window size 
hit distribution size 

(ns) difference(ns) 

post pre Post pre post pre 

75 75 100 80 25 5 

155 155 180 159 25 4 

235 235 260 239 25 4 

395 395 420 400 25 5 

555 555 580 560 25 5 

875 875 900 880 25 5 

1275 1275 1300 1280 25 5 

2555 2555 2580 2560 25 5 

3835 3835 3860 3840 25 5 

5000 5000 4985 5025 -15 25 

6395 6395 6415 3595 20 -2800 

10235 10235 10255 9765 20 -470 

 

The difference of a 5ns hit distribution for the pre trigger window is within the 

tolerance, but the 25ns difference of post trigger hits are not and will be fixed soon.  

At a trigger rate of 100kHz the trigger has a period of 10000ns, which means if the 

post and trigger window are greater than 5000ns they overlap. So because the total 

trigger window width is greater than the trigger period, the TDC cannot readout the 

data in the allowed time and cannot send the ready signal to the CTS on time. 

Therefore the next trigger signal is skipped by the CTS. 

 

With the third measurement the effects which are caused when the trigger window 

size in both directions is higher than  

                         
 

            
 

and the trigger windows from two trigger signals are overlapping were checked. 

Therefore the post and pre trigger window size were gradually increased from 

4970ns to 5020ns, to verify the effects of the second measurement. 
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As expected the decrease of the hit distribution size starts at  

                        
 

             
    , 

which sets the conditions for maximum trigger window size depending on the trigger 

rate. 

 

 

3.6 Burst measurement 

 

 

This test was requested by the HADES experiment in order to observe the possible 

precision change with the changing hit rate, as the higher hit rates might increase the 

internal temperature of the FPGA momentarily and cause error in the calibration. 

 

The time difference from channel 5 to channel 9 and vice versa was tested in a short 

time interval. Therefor channel 5 and channel 9 had different hit rates(100Hz, 1kHz, 

10Khz and 100kHz), in order to see the effects which are suspected. 

 

 

 

 

 

 
 

Figure 32: Schematic measurement setup – different hit rates. 

 

 

The suspicion was that the higher hit rate causes a slight temperature increase, 

which can be verified by comparing the precision. 

Trigger window size 
hit distribution size 

(ns) difference(ns) 

post pre post Pre post pre 

4970 4970 4995 4975 25 5 

4980 4980 5005 4985 25 5 

4990 4990 5015 4995 25 5 

4995 4995 5020 4995 25 0 

5000 5000 5025 4985 25 -15 

5005 5005 5030 4985 25 -20 

5010 5010 5035 4975 25 -35 

5015 5015 5040 4975 25 -40 

5020 5020 5045 4975 25 -45 
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The figure 33 shows the hit distribution histogram for the named hit rates, in the same 

short time period.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 33: Hit distribution histogram – different hitrates: Upper Left 100Hz-100kHz; Upper Right 100khz-100khz; Lower Left 

10kHz-100kHz; Lower Right 1kHz-100kHz 

 

Besides the MEAN shift caused by the different channels that were used the 

accuracy nearly stays the same at 12ps RMS and verifies that the hit bursts have no 

significant effect on the precision.  
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4. Conclusions 

 
4.1 Measurement Conclusion 

 

The found bugs, such as the influence of the DC-DC converters and RMS differences 

between the TDCs can now be fixed in order to improve the performance. For short 

time measurement, in a range from 0ps to <10ns the influence can be ignored. 

  

The verification, of the 30 ns dead time between two hits in a channel, is essential to 

set the performance limits for setups of the TRB3 board. The functionality of the post 

and pre trigger window and the limitation depending on the trigger rate will help to 

adjust the board to be adapted for different applications.   

 

The verification, that the TRB3 board is resilient against hit bursts, helps to ensure 

the quality of future measurements. 

    

 

4.2 Personal conclusion: 

 

The project was very interesting for me, because I had the chance to apply many of 

the knowledge I gained during my studies, in order to understand the complex 

background of the whole TRB3 network.  

It was quiet challenging for me to jump into a, for me, new project, which is already 

three years in development. The requirements to work with the TRB3 board and to do 

the measurements gave me a good opportunity to learn something new, such as 

programming with Perl and working with Linux.  

To write the report in English was a new experience for me and it showed me that the 

effort is much greater than writing it in German. 

The fact that not every setup worked right from the beginning, caused by the 

complexity of the whole project, and that I could use some devices only for a specific 

time period forced me to choose which measurements are the most important, in 

order to stay on schedule. 
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Appendix 
 

Program for DTG remote controll: 

 

I wrote the program in order to automate the long time measurements. This program 

is for changing the delay via GPIB of two signals which are generated by the DTG 

and the script is automatically called by the C++ script from the GO4 analysis tool. 

With every repetition the C++ script delivers a variable which counts the repetition in 

order to calculate the delay. 

 

Schematically UML diagram: 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



#!/usr/bin/env perl

use Modern::Perl;
use IO::Socket;

my $go4_count = $ARGV[0] // " "; # Variable for pattern shift increment via deliverd programargument
say $go4_count;
my $result;  # Variable for saving the GPIB response

#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− GPIB socket config −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

# Socket Parameter
my $GPIB_device = ’eegpibenet02.gsi.de’; # Sets sevice name
my $Port = ’1234’;                       # Sets port
my $Protocol = ’tcp’;                    # Sets protocol for data transmision

# Creation of the Socket
my $sock = IO::Socket::INET−>new
(
   PeerAddr => $GPIB_device,
   PeerPort => $Port,
   Proto    => $Protocol
)
    or die "Can’t bind : $@\n";

$sock−>autoflush(1);

# returns the socket status
say $sock;

#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− GPIB commands −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−                           
                                                               
#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
my $DTG_cmd_block_select = ’block:select "Block1"’; # Command for selecting the pattern block 
my $DTG_cmd_error_reset = ’*cls’;                   # Command for clear the GPIB error buffer
my $DTG_cmd_error = ’system:error?’;                # Command for error record
my $DTG_cmd_read = ’++read eoi\n’;                  # Command for readout
#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−                           
                                                               
#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− GPIB Error Readout −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−                           
                                                               
#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
# Sends the commands to the open socket
print $sock "$DTG_cmd_error_reset\n";
print $sock "$DTG_cmd_error\n";       
print $sock "$DTG_cmd_read\n";         
#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−                           
                                                               
#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− DTG Pattern Arrays −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−                           
                                                               
#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
# Pattern array creation
my @CH0_0 = ();
my @CH0_1 = ();                    

my @CH1_0 = ();
my @CH1_1 = ();
# for−loop to initialise the arrays for LVDS pattern
for(my $i=0;$i<1000;$i++)
{
    $CH0_0[$i] = 0;
    $CH0_1[$i] = 1;

    $CH1_0[$i] = 0;
    $CH1_1[$i] = 1;
}

for(my $i=0;$i<5;$i++)
{
    $CH0_0[$i] = 1;
    $CH0_1[$i] = 0;

    $CH1_0[$i] = 1;
    $CH1_1[$i] = 0;
}
# Converts the pattern array to a string variable for GPIB command adeption 
my $CH0_0_String = join(’’,@CH0_0);
my $CH0_1_String = join(’’,@CH0_1);

# Check for correct and same array length
my $LCH0_0 = @CH0_0;
my $LCH0_1 = @CH0_1;
my $LCH1_0 = @CH1_0;
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my $LCH1_1 = @CH1_1;

say $LCH0_0."  ".$LCH0_1."  ".$LCH1_0."  ".$LCH1_1 ;
#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−                           
                                                               
#−−−−−−−−−−−−−−− GPIB −> DTG Pattern Channel 0  −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−                           
                                                               
#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−                           
                                                               
# GPIB command for sending the patternarray to channel CH0[0] and CH0[1] 
my $DTG_cmd_CH0_0 = "SIGNal:DATA \"CH0[0]\",0,1000,\"$CH0_0_String\"";
my $DTG_cmd_CH0_1 = "SIGNal:DATA \"CH0[1]\",0,1000,\"$CH0_1_String\"";

# Sending the pattern for LVDS singnal to CH0, with error readout 
if ($go4_count == 0)
{
    say "−−−CH0[0]−−−";
    print $sock "$DTG_cmd_block_select\n";
    print $sock "$DTG_cmd_CH0_0\n"; 
    print $sock "$DTG_cmd_error\n";
    print  $sock "++read eoi\n";
    $result = <$sock>;
    print $result;
    say "−−−−−−−−−−−−";

    say "−−−CH0[1]−−−";
    print $sock "$DTG_cmd_block_select\n";
    print $sock "$DTG_cmd_CH0_1\n"; 
    print $sock "$DTG_cmd_error\n";
    print  $sock "++read eoi\n";
    $result = <$sock>;
    print $result;
    say "−−−−−−−−−−−−";
}

#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−                           
                                                               
#−−−−−−−−−−−−−−− GPIB −> DTG Pattern Channel 1  −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−                           
                                                               
#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

# for−loop for pattern shifting
for(my $i=0; $i<$go4_count;$i++)
{
    unshift(@CH1_0,0);    # Adds an arrayelement to the the beginning of the array and increments the arraysize 
    pop(@CH1_0);          # Removes the last arrayelement in order to keep correct array size
    unshift(@CH1_1,1);
    pop(@CH1_0);
 }
# Converts the pattern array to a string variable for GPIB command adeption
my $CH1_0_String = join(’’,@CH1_0);   
my $CH1_1_String = join(’’,@CH1_1);
# GPIB command for sending the patternarray to channel CH1[0] and CH1[1]
my $DTG_cmd_CH1_0 = "SIGNal:DATA \"CH1[0]\",0,1000,\"$CH1_0_String\"";
my $DTG_cmd_CH1_1 = "SIGNal:DATA \"CH1[1]\",0,1000,\"$CH1_1_String\"";

# Sending the pattern for LVDS singnal to CH0, with error readout
say "−−−CH1[0]−−−";
print $sock "$DTG_cmd_block_select\n";
print $sock "$DTG_cmd_CH1_0\n"; 
print $sock "$DTG_cmd_error\n";
print  $sock "++read eoi\n";
$result = <$sock>;
print $result;
say "−−−−−−−−−−−−";

say "−−−CH1[1]−−−";
print $sock "$DTG_cmd_block_select\n";
print $sock "$DTG_cmd_CH1_1\n"; 
print $sock "$DTG_cmd_error\n";
print  $sock "++read eoi\n";
$result = <$sock>;
print $result;
say "−−−−−−−−−−−−";

#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−                           
                                                               
#−−−−−−−−−−−−−−−−−−−−−−−−−−− GPIB close socket  −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−                           
                                                               
#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

close($sock);  
say "−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−";

exit;
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Program for temperature readout: 

 

I wrote this program in order to read out the temperatures of the used TDC FPGA’s 

and to write them it into a file. This script is called by the GO4 analysis tool which 

delivers the TDC ID in order to have the corresponding temperature information for 

every FPGA. 

 

Schematically UML diagram: 

 



#!/usr/bin/perl
use strict;
use warnings;
use 5.010;
use Getopt::Long;

# Array and variable definition
my @data = ();
my @buffer = ();
my $TDCadr= "0xc000";

#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
−−−−−−−−−−−−−−−−−−−−−−−−−−
#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− Options −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
−−−−−−−−−−−−−−−−−−−−−−−−−−
#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
−−−−−−−−−−−−−−−−−−−−−−−−−−
my $help = "";
my $sourcedata = "./data/GPIB_RMS_MEAN_over_Delay.txt";
my $delay_argv = 10;
my $TDCid="";

my $result = GetOptions (
    "h|help"    => \$help,
    "f|file=s"  => \$sourcedata,
    "d|delay=f" => \$delay_argv,
    "t|tdcID" => \$TDCid
    );

if($help) {
    print "\n";
    print "Usage: GPIB_PLOT_MEAN_RMS.pl −f <file>\n\n";
    print "−h −−help\tPrints the usage manual\n";
    print "−f −−file\tSource data for analysis (Default = GPIB_test.txt)\n";
    print "−d −−delay\tDefine the resolution of the delay (Default = 10)\n";
    print "−t −−tdcID\tDelivers the TDCID";
    print "\n";
    exit;
}

#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
−−−−−−−−−−−−−−−−−−−−−−−−−−
#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− Query for FPGA adress  −−−−−−−−−−−−−−−−−−−
−−−−−−−−−−−−−−−−−−−−−−−−−−
#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
−−−−−−−−−−−−−−−−−−−−−−−−−−

if($TDCid eq "TDC0")
{
    $TDCadr = "0xc000";
}
if($TDCid eq "TDC1")
{
    $TDCadr = "0xc001";
}
if($TDCid eq "TDC2")
{
    $TDCadr = "0xc002";
}
if($TDCid eq "TDC3")
{
    $TDCadr = "0xc003";
}
if($TDCid eq "TDC4")
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{
    $TDCadr = "0xc004";
}
if($TDCid eq "TDC")
{
    $TDCadr = "0xffff";
}

#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
−−−−−−−−−−−−−−−−−−−−−−−−−−
#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− Filehandle data processing −−−−−−−−−−−−−−−
−−−−−−−−−−−−−−−−−−−−−−−−−−
#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
−−−−−−−−−−−−−−−−−−−−−−−−−−

# Opens filehandle
open(HANDLE,">>$sourcedata") || die $!;
# if for FPGA adress
  if($TDCadr eq "0x8000" || $TDCadr eq "0xc000" || $TDCadr eq "0xc001" || $TD
Cadr eq "0xc002" || $TDCadr eq "0xc003" || $TDCadr eq "0xc004")
  {
      # TRB command for temperatur register readout for specified FPGA 
      my $temp_hex = qx(trbcmd r $TDCadr 0x0 ); 
      chomp($temp_hex);

      my $time_stamp = time;

      say "$time_stamp $temp_hex";
      print HANDLE "$time_stamp  $temp_hex  ";
  }
  if($TDCadr eq "0xffff" )
  {
      # TRB command for temperatur register readout for all FPGAs at the s
ame time
      my $temp_hex = qx(trbcmd r $TDCadr 0x0 );                           
                                          
      chomp($temp_hex);

    
      for( my $i = 4; $i >= 0; $i−−)
      {

  #formates the string 
          my $new_temp_hex = substr($temp_hex, 19*$i, 0, time . "  ");     
                                     
      }                                                                   
                                                                          
                                        
      my $time_stamp = time;
      
      say "$temp_hex";
      # Writes the temp and the time into file
      say HANDLE "$temp_hex ";
  }
# Closes handle 
close(HANDLE);
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