FEM to DCM II data format specification
The FEM to DCM data transfer should be done through optical media. The connector on the DCM side is 50um LC duplex connector. The FEM will transfer data through 8b/10b encoding with 80 MHz 16 bits input data before the encoding. The result optical bandwidth is 1.6 Gbits/sec. The 8b/10b encoding methods encode the 8 bits data into 10 bits wide data to ensure the data stream is DC balanced.  The expanding data field also provides sets of control characters could be used to mark the data packet boundary. Texas Instrument has TLK2501 chip can be used to facilitate the 8b/10b data encoding and data serialization for the optical transmitter. The chip provides two widely used control characters, IDLE (K28.5) and Carrier Extend (K23.7). We will use these two control characters to mark the data packet. It is not necessary for the FEM to use this chip as long as the protocol is followed. 
1) All data transfer is done with 16 bit wide data before encoding.

2) Between transmitting event data packet, IDLE should always been sent.

3) The first data word after the “IDLE” will be treated as the beginning of the packet. 

4) The last data word before the “IDLE” will be treated as the end of the packet.

5) The event packet should be continuous. In the middle of event data packet, use “carrier extend” to indicate empty, i.e. not valid word.  
6) The “IDLE” should be coded as either (< K28.5, D5.6 > or < K28.5, D16.2 >). The Carrier extend should be coded as (K23.7, K23.7). 
PHENIX DCM Header Block (Required)
	Sequence No. 
	16 bits Data word
	Comments

	1
	Event number
	* To check event alignment

	2
	Flag word
	

	3
	Detector ID
	

	4
	Module address
	

	5
	Clock number
	


Raw Data Block (Required)
	Sequence No.
	16 bits data word
	Comments

	
	Detector data
	Format varies between  detectors
Exact format needs to be agreed upon  between DAQ  and detector groups


User Data Block (Optional)
	Sequence No.
	16 bits data word
	Comments

	
	User define word
	Sub-system defined. Keep the size to a minimum.


PHENIX DCM Trailer Block (Required)
	Sequence No.
	16 bits data word
	Comments

	
	Longitudinal parity word (i.e. X-OR) 
	X-OR off all previous data word in the event packet.


(1) All data packet should have header +  raw data + trailer blocks.


User data block is optional for all sub-detector FEM.

(2) Maximum event transfer rate for FEM to DCM need to be set to 20 KHz to ensure proper data buffer and bandwidth allocation. This rule will be properly enforced by ENDAT bit from GTM system.

(3) FEM will use ENDAT bit, distributed by the timing system, as data transfer token. The FEM holding the token will transmit data. 

(4) In Half Bandwidth mode (DAY-1), we will double the number of FEM’s into one DCM. The maxim average L1 trigger frequency will also be halved.

(5) FEM to DCM data format should remain the same as the Full Bandwidth mode in the case of  Half Bandwidth mode (DAY-1). ENDAT bit will be used to enforce the proper space between two FEM data block.

(6) In Half Bandwidth mode, the first module transfer data should be the module with the even address, followed by the odd address module. These two addresses have to be  consecutive.

