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Currently we are unable to communicate with the lpGBT on 
our readout board version 3 using the MTD DAQ firmware + 
software. 
 
Goal: Compare how we first contact the lpGBT between 
tamalero and MTD DAQ.  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MTD DAQ 

PC  PC 

DAQ 
Serenity 

Front End 
RB3 (MUX64 ASIC)  

DAQ 
KCU105 

Front End 
RB3 (MUX64 ASIC)  

ETL Testing DAQ 
Firmware: MTD 
DAQ firmware 
Software: MTD 
DAQ Software 

Firmware: 
module_test_fw  
Software: 
module_test_sw / 
tamalero  

https://etl-rb.docs.cern.ch/files/etl_rb3_mux64.pdf
https://etl-rb.docs.cern.ch/files/etl_rb3_mux64.pdf
https://gitlab.cern.ch/cms-etl-electronics/module_test_fw
https://gitlab.cern.ch/cms-etl-electronics/module_test_sw
https://gitlab.cern.ch/cms-etl-electronics/module_test_sw


What we have tried so far 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Ensured correct uplink configuration in firmware based 
on the hardware: 

- Ran MTD DAQ software routine using firmware 
with the correct data rates and FEC modes 
(10Gbps, FEC12) 

- Also attempted FEC5 @ 10Gbps just in case  
 
 
We cannot read any registers on lpGBT using MTD DAQ 
firmware + software 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What are the Configurations 
Steps that lead to First Read of 
lpGBT in each FW/SW? 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Power Up Sequence 
Tamalero 

1. Set the frame format of the KCU depending on the 
lpGBT version  

 
2. Toggle Uplink data path test patterns 

a. This replaces the data signals coming from the ePortRx oon 
the lpGBT with the downlink for 0.1  seconds then returns it 
back to normal 

 
3. Set highSpeedDataOutInvert to 1 

a. Equivalent to swapping HSOUTP and HSOUTN on the PCB 
 

4. Power Up lpGBT 
a. Sets dllCOnfigDone and pllConfigDone 

i. DLL = delay locked loop, related to uplink phase 
alignment 

ii. PLL = Phase locked loop, circuit receives high 
speed serial data from the downlink 

 
5. Read ROM register 

Strategy: Ensure communication by reading the lpGBT the 
ROMREG  

lpGBT v0 and v1 have a different data format that 
needs be specified on the firmware level to the 
KCU.  
 
The IC Frame Format tells you the format of the 
data words from the lpGBT. 
 
See firmware code  

https://gitlab.cern.ch/cms-etl-electronics/module_test_fw/-/blob/devel/src/gbt_ic/gbt_ic_rx.vhd?ref_type=heads
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Power Up Sequence 
Tamalero 

Strategy: Ensure communication by reading the lpGBT the 
ROMREG 

1. Set the frame format of the KCU depending on the 
lpGBT version 

 
2. Toggle Uplink data path test patterns with downlink 

for 0.1 seconds 
 
 

3. Set highSpeedDataOutInvert to 1 
a. Equivalent to swapping HSOUTP and HSOUTN on the PCB 

 
4. Power Up lpGBT 

a. Sets dllCOnfigDone and pllConfigDone 
i. DLL = delay locked loop, related to uplink phase 

alignment 
ii. PLL = Phase locked loop, circuit receives high 

speed serial data from the downlink 
 

5. Read ROM register 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Power Up Sequence 
Tamalero 

Strategy: Ensure communication by reading the lpGBT the 
ROMREG 

1. Set the frame format of the KCU depending on the 
lpGBT version 

 
2. Toggle Uplink data path test patterns 

 
 

3. Set highSpeedDataOutInvert to 1 
 

4. Power Up lpGBT 
a. Sets dllCOnfigDone and pllConfigDone 

i. DLL = delay locked loop, related to uplink phase 
alignment 

ii. PLL = Phase locked loop, circuit receives high 
speed serial data from the downlink 

 
5. Read ROM register 

Since the differential pair lines are backwards on the Readout Board to 
the lpGBT we need to switch this flag. 

LpGBT 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Power Up Sequence 
Tamalero 

Strategy: Ensure communication by reading the lpGBT the 
ROMREG 

1. Set the frame format of the KCU depending on the 
lpGBT version 

 
2. Toggle Uplink data path test patterns 

a. This replaces the data signals coming from the ePortRx oon 
the lpGBT with the downlink for 0.1  seconds then returns it 
back to normal 

 
3. Set highSpeedDataOutInvert to 1 

a. Equivalent to swapping HSOUTP and HSOUTN on the PCB 
 

4. Power Up lpGBT  
 

5. Read ROM register 
Sets both of these bits to 1, dllCOnfigDone and pllConfigDone on 
the lpGBT. Both are needed for full power up on lpGBT. 
 
- Dll = delay locked loop, related to uplink phase alignment, 
    - Uplink phase alignment  
- PLL = Phase locked loop, the Clock and Data Recover and PLL 
circuit receives high speed serial data from the downlink.  
    - Architecture and Functionality Overview  

https://lpgbt.web.cern.ch/lpgbt/v0/ePorts.html?highlight=dll#uplink-phase-alignment
https://lpgbt.web.cern.ch/lpgbt/v0/introduction.html?highlight=pll#architecture-and-functionality-overview
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Power Up Sequence 
Tamalero 

Strategy: Ensure communication by reading the lpGBT the 
ROMREG 

1. Set the frame format of the KCU depending on the 
lpGBT version 

2. Toggle Uplink data path test patterns 
3. Set highSpeedDataOutInvert to 1  
4. Power Up lpGBT 
5. Read ROM register 

 
 
NOTE: Read is attempted 50 times  

If it is v0 lpgbt this should 
read 0xA5 and if it is v1 
this should read 0xA6 

If you get here you are cooking 😎  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Power Up Sequence 
MTD 

Strategy: Power up and keep trying to read the status register for 
the power up state machine 

1. Select the link 
2. Reset the SCC 
3. Set highSpeedDataOutInvert to 1  
4. Series of setups, writes to 20 registers under these 

methods from the official lpGBT software  
a. clock_generator_setup 
b. line_driver_setup 
c. equalizer_setup 
d. config_done / power-up 

5. Read current state of the power up state machine until it 
is done  MTD DAQ SW abstraction 

layer lpGBT 
lpGBT official library 

abstraction layer  

C++ abstraction layer 

Firmware 

uhal communication here 

Example, link = 6, related to the fibers 

https://gitlab.cern.ch/lpgbt/lpgbt_control_lib/-/tree/master?ref_type=heads


11 Date Endcap Timing Layer 

Power Up Sequence 
MTD 

Strategy: Power up and keep trying to read the status register for 
the power up state machine 

1. Select the link 
2. Reset the SCC 
3. Set highSpeedDataOutInvert to 1  
4. Series of setups, writes to 20 registers under these 

methods from the official lpGBT software  
a. clock_generator_setup 
b. line_driver_setup 
c. equalizer_setup 
d. config_done / power-up 

5. Read current state of the power up state machine until it 
is done 

https://gitlab.cern.ch/lpgbt/lpgbt_control_lib/-/tree/master?ref_type=heads
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Power Up Sequence 
MTD 

Strategy: Power up and keep trying to read the status register for 
the power up state machine 

1. Select the link 
2. Reset the SCC 
3. Set highSpeedDataOutInvert to 1 
4. Series of setups, writes to 20 registers under these 

methods from the official lpGBT software  
a. clock_generator_setup 
b. line_driver_setup 
c. equalizer_setup 
d. config_done / power-up 

5. Read current state of the power up state machine until it 
is done 

0x0036, CHIPCONFIG REG 
0x80 

100000011011010000000Seems to be set! 

https://gitlab.cern.ch/lpgbt/lpgbt_control_lib/-/tree/master?ref_type=heads
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Power Up Sequence 
MTD 

Strategy: Power up and keep trying to read the status register for 
the power up state machine 

1. Select the link 
2. Reset the SCC 
3. Set highSpeedDataOutInvert to 1  
4. Series of setups, writes to 20 registers under these 

methods from the official lpGBT software  
a. clock_generator_setup 
b. line_driver_setup 
c. equalizer_setup 
d. config_done / power-up 

5. Read current state of the power up state machine 
until it is done 

Need to clarify with Giorgio/Ozgur what part 
of this was failing. Possibly step 5 because 
the rest are blind writes. 

https://gitlab.cern.ch/lpgbt/lpgbt_control_lib/-/tree/master?ref_type=heads
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Clock Generation 

Reg Name MTD* Tamalero

REFCLK 011 000

CLKGConfig0 1110 1000 1110 1000

CLKGConfig1 0011 1000 0011 1000

CLKGPLLIntCur 1001 1001 1001 1001

CLKGPLLPropCur 1001 1001 1001 1001

CLKGPllRes 0010 0010 0010 0010

CLKGFFCAP 00 011 011 00 011 011

CLKGCDRIntCur 0101 0101 0101 0101

CLKGFLLIntCur 0101 0101 0101 0101

Reg Name MTD* Tamalero

CLKGCDRPropCur 0101 0101 0101 0101

CLKGFLLIntCur 0101 0101 0101 0101

CLKGCDRPropCur 0101 0101 0101 0101

CLKGCDRFFPropC
ur

0110 0110 0110 0110

CLKGLFConfig0 1000 1111 1000 1111

CLKGLFConfig1 1111 1111 1111 1111

CLKGWaitTime 1000 1000 1000 1000

EPRXDLLConfig 01 10 0100 01 01 0000

*Values based on code; MTD Value setup is hardcoded in 
Python lpgbt  Layer  



Register Differences 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MTD 
011
 
Tamalero 
000 



Register Differences 
16 Date Endcap Timing Layer 

MTD 
01 10 0100
 
Tamalero 
01 01 0000
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Reg Name MTD* Tamalero

LDConfigH 0 1000000 0 11111111

LDConfigL 0 0000000 0 0000000

Reg Name MTD* Tamalero

EQConfig 11 00 00 00

EQRes 00 00 00 00 00 00 00 00

*Values based on code; MTD Value setup are hardcoded values 
from Python lpgbt layer 

Line Driver Setup   Equalizer Setup  



Register Differences 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Reg Name MTD* Tamalero

LDConfigH 0 1000000 0 11111111



Register Differences 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Reg 
Name

MTD* Tamalero

EQConfig 11 00 00 00



 
 

Firmware Overview Links 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Serenity KCU105 

Lpgbtfpga_downlink  
+  
Lpgbtfpga_uplink 
 
Are common firmware 
blocks 
 



LPGBT Uplink 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KCU105  Serenity 

4 
8 
32 

5 
64 

30 
1 
40 

32 



LPGBT Downlink 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KCU105  Serenity 

4 
8 

32 

32 



  

  

Thoughts and Next steps 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- Firmware on initial inspections seems to have correct 
FEC mode and data rates for uplink/downlink 

Future tests: 
1. Reflash serenity with FEC12 firmware and probe VTRX+ 

with an oscilloscope to confirm if data is being outputted 
2. Find MGT declarations in firmware  

- Check MGT rates of 2.56 Gbps for downlink + 10.24 
Gbps uplink 

- Flash serenity with single MGT 
3. Write C++/Uhal code that directly talks to the firmware 

to see if we can configure and set a GPIO pin on the 
lpGBT high/low (check with scope) without the MTD 
software to isolate this problem as either a firmware or 
software problem  



  

  

Thank you! 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Let us know your thoughts on the best way forward :)  Contact  
ngonzalz@bu.edu 
hayden.swanson@cern.ch 
 
 


