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Abstract 

      The data linker for TELL1 is separated into 2 stages.  First there is a PP_linker to collect all the information inside the PP_FPGA, then the SL_linker links 4 PP together and exports data to be assembled as MEP.
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1.  The PP linker input
In our current VELO and ST design, the PP Linker can have 5 possible input data sources (they are also called “bank” in our documents and design, but are not the actual bank in the MEP. Sorry for the confusing):

Table 1  input source for PP linker
	Info
	To put the general event header words like evid, length… Also the possible detailed error words that come from the data Rx & Sync step.

	Cluster
	The cluster words. (for VELO&ST they are 16bit-word for each and padded into 32bit word)

	ADC value
	The raw-adc values for the cluster’s strips, they have an internal structure and padded into 32bit word

	Non-zero suppressed
	Non-zero suppressed words for this event, has a fixed length of 224 32bit words

	Pedestal
	Pedestal words for this event. Has a fixed length of 192 32bit words.


       The first 3 banks (info, cluster, adc) are generated centrally after clusterization while the non-zero and pedestal banks have there own generator. For the PP linker these 5 input data sources all have FIFO interfaces.

       The cluster, adc, non-zero and pedestal banks do not have any header or control words but only the data words.

       For the info bank, it has a structure contains 4 general header words to provide the necessary control information for the PP linker as shown below.
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Figure 1  contents for Info bank in PP_FPGA

BCnt:

12 bit Bunch counter

Detector ID: 
4 bit each detector needs its custom synchronization but can be very similar. To avoid any confusion, the header gets a tag for the FPGA design used.

0x1 : for Velo

0x2 : for ST

0x3 : for OT

0x4 : for Cal

0x5 : for Muon

0x6 : for Muon Trigger

0x7 : for L0DU

0x8 : for Pileup

Bank list       8 bit for internal use. The PP linker relies on the bits setting here to determine which data source it needs to read for this event. As for VELO&ST, the info, cluster and adc are always enabled, the un-zero and pedestal are enabled when specially configured.
Bit0 : info bank

Bit1 : cluster bank

Bit2 : adc values bank

Bit3 : un-zero bank

Bit4 : pedestal bank

Bit5-7: not used

Event information:  8 bit for processing internal use. The general error bit will show whether there is additional 5 error information words in the info bank FIFO for this event. The PP linker will also rely on this bit to see whether it needs to read 4 words (this bit is 0) or 9 words (this bit is 1) from the info bank FIFO.
Bit0 : 4: not used

Bit5 : ecs trigger

Bit6 : data generator on

Bit7 : general error bit  
L0-EvID:    32 bit L0 Event Counter, has nothing to do with PP linker.
Length ctrl:  in which the lengths (in 8bit bytes! ) for cluster and adc bank are given thus the PP linker knows how many words it needs to read from the correspond FIFOs. 
Detector_spec_info:  special usage, has nothing to do with PP linker. 

2.   The PP linker output (quarter of the SL linker input)
In the output format, The PP linker exports the 4 general header words untouched first. The error words(optional), cluster&adc words and un-zero&pedestal words(optional) are all packaged into a bank structure with an additional bank header word as show below. The length field is calculated in bytes and the bank ID is a predefined constant value for each bank:

    
Error bank:       
0x8E00

Cluster bank:     
0x8E01

ADC bank   :     
0x8E02

Non-zero bank: 
0x8E03

Pedestal bank :  
0x8E04

      Additional 4 bits are attached with each word send from PP to SL thus actually to form a 36bit wide bus. These 4 bits are used for control purpose. They are assigned as “1111” for the first word in each bank (‘SOB’ in the figure, Start Of Bank) and “0000” for all the other words.

      At the end of each event, the PP linker also pulls up a control line “pp_event_done” for a few cycles. The SL linker will sample this line to see the end of events.


[image: image2.emf]32-bit

L0_EvID, 32

4-bit

BCnt, 12

Detector 

ID, 4

Bank list, 8 Event info, 8

Bank ID,16 Length,16

Bank data,32

ADC bank length,16 Cluster bank length,16

Detector specific zero suppressed bank header,32  1 word

Padding

EvCTRL

EvID

Length CTRL

Detector info

Header 1

PP-FPGA to SyncLink-FPGA transport format

SOB

SOB

Bank ID,16 Length,16

Bank data,32

Padding

Header 2

SOB

Bank ID,16 Length,16

Bank data,32

Padding

Header 3

SOB


Figure 2  output data format of PP_FPGA

3.  The SL linker output

      The SL linker waits until all 4 PP have sent the “pp_event_done” signal before it starts to assembly an event.
     The first 2 of the 4 general header words and the 16bit bank ID fields in each bank header are compared among 4 PPs, any mismatch will activate a parallel error bank linker (the error bank here is really a bank in the MEP, not the one we talked about in the PP, sorry again for the confusing) which will package all these general header words and bank header words together into a separate error bank and attached to the tail of the assembled event, refer to [3]. All the length fields and detector_spec_info are not compared for they are supposed to be different.
     The different bank from 4 PPs (each PP generates only a fragment of the final correspond bank) are merged together. The lengths are summed and a second padding is performed to squeeze out the padding bytes inserted in PP. 
     The bank header is extended to 2 words according to [1] and [2], the magic pattern “CBCB”, source ID, version and type fields are inserted. 

     The SL linker generates only the “Transport Opaque Data” part of the event, the MEP sub header and MEP header are generated by the MEP assembler.  The SL linker inserts the EvID word at the beginning of each event to help the MEP sub header assembly. For VELO and ST, the cluster and adc bank from PP are put into one zero-suppressed bank. The detector_spec_info is inserted into this bank.
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Figure 3  output data format of SL linker
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