
New DCM, FEMDCM
• DCM jobs 

– receive FEM data, perform zero suppression.
– Collect many FEM data and send to event builder.

• Because the components are obsolete, optical market move to devices 
operated on different principles (CIMT vs 8b/10b encoding) and changing 
technology, 5V  1.2V device  we need to design new DCM.

• DCM upgrade path
– Build new daughter card with new optical receiver and fit into the 

old DCM.
• So we can test upgrade FEM with new style optical receiver

– Build new DCM retains the “same optical interface” as new DCM 
daughter card. 

• A generic design for all the upgrade detector.



Data Collection Module (DCM) 
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8b/10b encoding
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Optical data transmission requires data to be DC balance.

Both transmitter and receiver are working on a fix frequency.

The receiver will lock serialized data initially base on the reference clock.

8b/10b encoding method  generating a DC balance code.

The 10 bits code split into control code (k code) and data code (d code).

You can use link for transfer data in multiple bytes. 

Since there are no extra bits, the k-codes are generally used to mark 
conditions other than data, i.e. idle, error, frame header etc.
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Impact from using 8b/10b encoding on 
the FEM  DCM data transmission

• Most likely we will use16 bits data to transfer 
FEM data to DCM.
– DCM will send 32 bits data to event builder.

• Some of the detectors will use all 16bits for the 
data  Minimally we need to find a way to mark 
beginning of packet, idle, end of the packet.

• We need to agree on a reference clock we will 
use for the optical link.

• Although there are many devices has 8b/10b 
serializer. Not many of them are for general use.
– Ti TLK series, FPGA (Altera, Lattice, Xilinx etc.)



Possible FEM  DCM data 
transfer protocol

• Currently HBD FEM is using 80Mhz reference 
clock, 1.6Gbits/sec. I think the same frequency 
can be use for the Pixel FEM  DCM links.
– Drawback is reference crystal is hard to get, 12 

weeks???
– All commercial optical parts is classify as Ethernet, 

fiber channel etc.
– May be we should standardize at fiber channel 

standard speed, 2.125 GHz as link speed, i.e. 
106.25MHz clock while maintain the maximum input 
frequency to 8X beam crossing rate.

• Benefit: One could get parts relatively quick.
• Drawback: your FPGA need to run the output at that 

frequency. 



Possible FEM  DCM data 
transfer protocol (continue)

• TI TLK series general Gigabit transceivers is probably 
the right choice for the FEM.
– FPGA solution is more complicated to use.

• TLK series chip only have 3 K-code one can use, i.e. 
idle, carrier extend, error.
– We should use idle and carrier extend only.

• Possible rule for data packet could be
– Send idle whenever we are not transmit the data
– Carrier extend + valid data  beginning of the data packet. 

• No idle state between Carrier extend and first data word in the data 
packet.

– Valid data + Carrier extend  end of data packet.
• No idle state between Carrier extend and last data word in the data 

packet.
– One data packet for one L1 accepted event. 



What need to happen next
• We need to decide the protocol between FEM  

DCM.
– DCM side

• Discussion with pixel, strip and FVTX etc..
• Collect FEM raw data format.
• Come up with preliminary design of the DCM

– FEM side
• Document the data format and what data can be zero 

suppressed away.
• Occupancy in varies collision species. 
• Have some preliminary design on the output to DCM.


