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RDOv1: FTOF Readout Board

๏RDOv1: Readout board v1 that supports three module boards, twiki page 
➡ VTRx+: optical transceiver,  RX @ 2.56 Gb/s and TX @ 10.24 Gb/s 
➡ lpGBT v1: control and data transmission 

‣ Fast control: 320 Mb/s to modules,  two elinks per module board  
‣ Data readout: 320 Mb/s from modules, four elinks per module board 
‣ Clocks: 40 MHz to modules, four per module boards 
‣ I2C communication to VTRX+ and modules  
‣ ADCs for analog monitoring  and GPIOs for slow control  

➡ MUX64: extension of analog monitoring channels  
๏Power-supply: LV is 17-20 V, and three bPOL48 DC-DC converters on Power Board to provide 1.2V for lpGBT + modules 

➡ Without Power Board, 10-12V and 1.2V are directly provided
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https://twiki.cern.ch/twiki/bin/view/Main/EpicFTOFRBv1
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ePIC RDO Test with KCU

๏ The test stand uses the KCU105 to send+receive data from RDO 
๏Without using modules, we designed one custom test board for loopback test to 

verify the interface between RDO and module: both analog signals and elinks
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RDO+CMS ETL ETROCs

๏ Installed CMS ETL module board with three bare ETROCs in the middle slot of RDO 
➡ ETROC is like EICROC in ePIC TFOF 

๏ Two test stands at Rice: 
➡ KCU + RDO + ETL CMS module board 
➡ AXAU15 + RDO + test board: loopback test reported last time 
➡ At this moment, no Power Board is used in these two setups and 11V+1.2V are directly provided
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RDO connected to KCU 
Use CH0 for 1.25V and CH1 for 11V 
ETL module board in middle slot

RDO connected to AXAU15 
Use CH2 for 1.25V and CH1 for 11V 
Testboard in middle slot
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MUX64: ETROC in middle location

๏MUX64 monitors VREF and VTEMP for each ETROC 
➡ VREF is used to define threshold and is critical for performance, typically 1V 

‣ Can be provided externally or generated internally 

➡ VTEMP is proportional to chip temperature
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CMS ETL ETROC: Threshold Scan and Noise Width

๏ 10-bit DAC threshold generation for discriminator from 0.6-1V with VREF=1.0V 
๏Adjust the threshold to get the different hit rates => S-curve for each pixel 
๏Auto threshold scan function: controlled via I2C and results (baseline and noise width) saved in 

registers 
➡ ETROC2 manual: CMS ETL meeting indico page 
➡ ETROC paper on auto threshold scan calibration 

6

S-curve for each pixel
Baseline and Noise width distribution

Noise width

Baseline

https://indico.cern.ch/event/1288660/#26-etroc2-chip-testing-update
https://iopscience.iop.org/article/10.1088/1748-0221/16/09/T09006/pdf
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Auto Threshold Scan

7

Auto threshold scan with RDO+CMS ETL ETROCs: good elink status in the end  
=> good elinks status = KCU can correctly decode data from ETROCs with expected data headers in order 
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ETROC 1 Results

๏Repeated the same results obtained using CMS ETL RB 
➡ Some bad pixels on these ETROCs 
➡ Reasonable noise width is ~3-4 DAC counts, while the baseline strongly reply on the VREF
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Baseline Noise Width 
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Summary 
๏ Last time we reported the loopback test with RDOv1+customized 

test board to verify interface btw RDO and module: 
➡ Analog signals to module board are readout by MUX64+ lpGBT ADC 
➡ PRBS test for elink loopback:  

‣ KCU PRBS generator → lpGBT downlink → lpGBT ePortTx → test boards → lpGBT ePortRx → lpGBT 
uplinks → KCU pattern checker for each elink 

๏ This time we tested the RDOv1 + CMS ETL module board with 
three bare ETROCs 
➡ VREFs and VTEMPs are monitored via MUX64 + lpGBT ADC 
➡ Good elink status: KCU can correctly decode ETROC data  
➡ Auto threshold scan: repeated the same results using CMS ETL RB+this 

module board
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Backup
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Long PRBS Test 
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PRBS test over 10 hours: no error observed

Full-Path PRBs test 
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RDOv1 ADCs 
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RDO ADC+MUX64 readouts with power board: 


