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Introduction

The Sector Processor (SP) reconstructs tracks from the track segments delivered by the Muon Port Cards (MPC) and the Drift Tube (DT) Track-Finder. The SP decision on tracks is passed to the Muon Sorter (MS), and eventually to the Muon and Global Trigger for further processing. The SP stores all incoming MPC data along with reconstructed tracks in a FIFO buffer for a time sufficient to receive the corresponding L1 Accept. Upon receiving L1A the input and output SP data are combined into the Event Frame and transmitted to the Detector Dependent Unit (DDU) via optical link running at 1.6GBPS. The SP uses a Texas Instruments TLK2501 Transmitter to feed fiber optics with a serialized data stream converted from the 16-bit @ 80 MHz parallel input. Two control signals Transmit Enable (TX_EN) and Transmit Error coding (TX_ER) define four possible modes of Transmitter operation, Table 1.

Table 1. Transmit Data Controls

	TX_EN
	TX_ER
	ENCODED 20-BIT DATA 

	Low
	Low
	Idle 
<K28.5, D5.6>, 
= 0xBCC5 

<K28.5, D16.2> 
= 0xBC50

	Low
	High
	Carrier extend <K23.7, K23.7> 
= 0xF7F7

	High
	Low
	Normal data character <DX.Y>

	High
	High
	Transmit error propagation <K30.7, K30.7>
= 0xFEFE


Each valid Transmission Character of the 8B/10B Transmission Code is given a name using the following convention: Cxx.y, where C is used to show whether the Transmission Character is a Data Character (C is set to D) or an Extended Character (C is set to K). There are 256 valid Transmission Data Characters and 12 valid Extended Characters [
].  

The DDU uses the same part to deserialize incoming data and convert it back into 16-bit @ 80 MHz parallel words. The DDU stores incoming data in the 18-bit wide input FIFO, if only the TLK2501 Receive Data Valid / Loss of Signal (RX_DV/LOS) output is High, Table 2. The stored data is 16-bit Receive Data bus (RXD), RX_DV/LOS and Receive Error (RX_ER) outputs [
].

Table 2. Receive Status Signals

	RECEIVED 20-BIT DATA 
	RX_DV/LOS
	RX_ER

	Idle (
< K28.5, D5.6>, 
= 0xBCC5 

< K28.5, D16.2> 
= 0xBC50)
	Low
	Low

	Carrier extend (K23.7, K23.7) 
= 0xF7F7
	Low
	High

	Normal data character (DX.Y)
	High
	Low

	Receive error propagation (K30.7, K30.7)
= 0xFEFE
	High
	High


Frames

The SP sends data to the DDU using an ordered set of 16-bit words called Frames. A Frame is composed of a Start-of-Frame (SOF) delimiter, frame content, and an End-of-Frame (EOF) delimiter, Table 3. The SP uses the TLK2501 Controls to build Frames. Inserting a Frame in the sequence of Idles performs frame transmission. Idles are transmitted immediately upon completion of the Frame, and may be transmitted anywhere inside Frame (see exception below). 

Basically there are two types of Frames: Event Frames (EF) and Fast Monitoring Frames (FMF). The SP provides the DDU with Fast Monitoring (FM) data, which is transmitted either as a part of the Event Frame or as a dedicated FMF. If the trigger rate is high enough, the SP sends only EFs to the DDU. Each EF carries the Fast Monitoring (FM) data in its EOF. If L1A rate drops below 10 KHz and/or there are changes in the SP status to be reported to the Fast Monitoring system, the SP initiates transmission of the FMF.

The DDU processes Event Frames and Fast Monitoring Frames differently. It extracts the Fast Monitoring data out of the Event Frame and passes it to the Fast Monitoring Module (FMM), while sending the entire Event Frame further downstream for data logging. The Fast Monitoring data from the Fast Monitoring Frame is intended exclusively for the FMM use. The FMF is not supposed to be logged to disk. 

Table 3: Frame Structure

	Frame Structure
	Comment

	SOF
	Start-of-Frame

	Data
	Frame content

	-----
	------------

	-----
	------------

	Data
	Frame content

	EOF
	End-of-Frame


Start-of-Frame

The Start-of-Frame delimiter precedes the frame content. The Start-of-Frame delimiter is composed of two immediately following 16-bit words, Table 4:

· The Error propagation word <K30.7, K30.7> or 0xFEFE

· The SP Identifier and Frame Type word. 

No Idles are allowed between SOF words. The SP ID is a 5-bit SP Geographical Address and the Frame Type is either zero for Fast Monitoring Frames (FMF), or non-zero for Event Frames (EF)

Table 4: Start-of-Frame Delimiter Structure

	Word
	TX_EN
	TX_ER
	TXD
	RX_DV/
LOS
	RX_ER
	RXD
	Comment

	SOF1
	High
	High
	0xXXXX
	High
	High
	0xFEFE
	Start-of-Frame word

	SOF2
	High
	Low
	0xID00
+
0x00FT
	High
	Low
	0xID00
+
0x00FT
	SP IDentifier (Geographical Address) - upper byte

Frame Type – lower byte


Table 5 shows the SOF2 bit assignment. The upper byte carries the Sector Processor ID. The lower byte defines the Frame Content format. If bits 00 to 04 are set then the corresponding blocks are present in the frame content. Here the HD stands for the Header, OB – for the Output Block, and IB – for the Input Block. There can be only one Header and one Output Block, but several Input Blocks (up to 7) in the Frame Content to have provisions for observing the neighbor bunch crossings of the trigger event. Input Blocks are Zero-Suppressed (ZS) if the ZS bit is set to 1.  

Table 5: SOF2 word structure

	SOF2
	15
	14
	13
	12
	11
	10
	09
	08
	07
	06
	05
	04
	03
	02
	01
	00

	Value
	Spare
	SP ID
	ZS
	Spare
	IB
	OB
	HD


Frame Content

The frame content immediately follows the Start-of-Frame, Table 6. The frame content is composed of the frame fields. The Header and the Data Block comprise two basic types of frame fields. The field size is always a multiple of four 16-bit words. All fields are optional, but the Header field is mandatory, if any of the Data Blocks is being transmitted. The Data Block is either an Output Block, or an Input Block. Several Input Blocks may be transmitted in the same EF for debugging purposes, as defined by the SOF2 word.

Table 6: Frame Content

	Frame Field
	TX_EN
	TX_ER
	RX_DV/
LOS
	RX_ER
	Comment

	Header
	High 
	Low
	High 
	Low
	Mandatory if I/O Blocks present

	Output Block
	High 
	Low
	High 
	Low
	Optional

	Input Block
	High 
	Low
	High 
	Low
	Optional

	------------
	High 
	Low
	High 
	Low
	Optional

	Input Block
	High 
	Low
	High 
	Low
	Optional


Idles may intermix with the frame content data words. The DDU does not store Idles in the input FIFO, since it executes FIFO writes only on the RX_DV/LOS = High condition. There should not be too many Idles in the EF, otherwise the DDU would timeout on the event readout time and mark the current event as bad (is this true -?).

Header

The Event Frame Header consists of eight 16-bit words, shown in Table 7. It carries the L1A related information and the SP current configuration. 

Table 7: Event Frame Header 

	Event Header Word #
	What
	Comment

	HD1
	SP Code Version
	Sector Processor Code Version

	HD2
	L1A LBC
	Local Bunch Counter – 12 bits

	HD3
	L1A LEC Low
	Local Event Counter - 12 LSBs

	HD4
	L1A LEC High
	Local Event Counter - 12 MSBs

	HD5
	SR LUT Set #
	Sector Receiver Look Up Table Set #

	HD6
	SP LUT Set #
	Sector Processor PT Look Up Table Set #

	HD7
	SP Configuration 
	Sector Processor Configuration bits (TBD)

	HD8
	SP Configuration
	Sector Processor Configuration bits (TBD)


Output Block

The Output Block carries three muon tracks, delivered to the MS on bunch crossing specified by the HD2 word. Before choosing three best tracks, the SP additionally validates the input muon stubs by comparison a 2-bit bunch crossing of each muon stub with two lower bits of the Local Bunch Counter. Normally, input muon stubs with bunch crossing mismatch would not participate in the SP decision. The results of comparison are also included in the Output Block, Table 8. 

Table 8: Output Block 

	Word #
	What
	Comment

	OB1
	ME_Out_of_Synch
	ME Out-of Synch muon stubs

	OB2
	MB_Out_of_Synch
	MB Out-of Synch muon stubs

	OB3
	MS_A Low
	First muon to Muon Sorter

	OB4
	MS_A High
	

	OB5
	MS_B Low
	Second muon to Muon Sorter

	OB6
	MS_B High
	

	OB7
	MS_C Low
	Third muon to Muon Sorter

	OB8
	MS_C High
	


Bit assignments for ME_Out_of_Synch and MB_Out_of_Synch words are shown in Table 9, Table 10. If any input muon stub has been already marked with the Synch_Error bit [
], the OB1 would carry a logical OR of this Synch_Error bit and the result of the bunch crossing comparison.

Table 9: ME Out_of_Synch word.

	OB1
	15
	14
	13
	12
	11
	10
	09
	08
	07
	06
	05
	04
	03
	02
	01
	00

	Value
	0
	4C
	4B
	4A
	3C
	3B
	3A
	2C
	2B
	2A
	1F
	1E
	1D
	1C
	1B
	1A


Table 10: MB Out_of_Synch word.

	OB2
	15
	14
	13
	12
	11
	10
	09
	08
	07
	06
	05
	04
	03
	02
	01
	00

	Value
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1D
	1C
	1B
	1A


Input Block

The Input Block can be sent in two different formats: either as a Fixed Input Block, which is composed of forty 16-bit words shown in Table 13, or as a Zero-Suppressed Input Block, which is composed only of input muon stubs with Valid Pattern bit [3] asserted. In any case the Input Block starts with a word carrying the position-coded info about valid ME muon stubs:

Table 11: ME Valid Pattern word.

	IB1
	15
	14
	13
	12
	11
	10
	09
	08
	07
	06
	05
	04
	03
	02
	01
	00

	Value
	0
	4C
	4B
	4A
	3C
	3B
	3A
	2C
	2B
	2A
	1F
	1E
	1D
	1C
	1B
	1A


The MB Valid Pattern word follows the last ME muon. The MB muon stubs are coded likewise: the MB stub pattern is valid if the stub quality > 0.

Table 12: MB Valid Pattern word.

	Bit
	15
	14
	13
	12
	11
	10
	09
	08
	07
	06
	05
	04
	03
	02
	01
	00

	Value
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1D
	1C
	1B
	1A


The number of 16-bit words in a Zero-Suppressed Input Block should always be a multiple of 4. This is the case if the number of valid muon stubs is odd. If it is even, two padding words 0xaa55 are added at the end of the Zero-Suppressed Input Block.

Table 13: Fixed Input Block

	Word #
	What
	Comment

	IB1
	ME Valid Muon Stubs
	ME Valid Muon Stubs with Valid Pattern bit asserted

	IB2
	ME_1A Low
	First muon data from ME1 

	IB3
	ME_1A High
	

	IB4
	ME_1B Low
	Second muon data from ME1

	IB5
	ME_1B High
	

	IB6
	ME_1C Low
	Third muon data from ME1

	IB7
	ME_1C High
	

	IB8
	ME_1D Low
	Forth muon data from ME1

	IB9
	ME_1D High
	

	IB10
	ME_1E Low
	Fifth muon data from ME1

	IB11
	ME_1E High
	

	IB12
	ME_1F Low
	Sixth muon data from ME1

	IB13
	ME_1F High
	

	IB14
	ME_2A Low
	First muon data from ME2

	IB15
	ME_2A High
	

	IB16
	ME_2B Low
	Second muon data from ME2

	IB17
	ME_2B High
	

	IB18
	ME_2C Low
	Third muon data from ME2

	IB19
	ME_2C High
	

	IB20
	ME_3A Low
	First muon data from ME3

	IB21
	ME_3A High
	

	IB22
	ME_3B Low
	Second muon data from ME3

	IB23
	ME_3B High
	

	IB24
	ME_3C Low
	Third muon data from ME3

	IB25
	ME_3C High
	

	IB26
	ME_4A Low
	First muon data from ME4

	IB27
	ME_4A High
	

	IB28
	ME_4B Low
	Second muon data from ME4

	IB29
	ME_4B High
	

	IB30
	ME_4C Low
	Third muon data from ME4

	IB31
	ME_4C High
	

	IB32
	MB Valid Muon Stubs
	MB Valid Muon Stub <=> MB Quality > 0 

	IB33
	MB_1A Low
	First muon data from MB1

	IB34
	MB_1A High
	

	IB35
	MB_1B Low
	Second muon data from MB1

	IB36
	MB_1B High
	

	IB37
	MB_1C Low
	Third muon data from MB1
coming in next Bunch Crossing

	IB38
	MB_1C High
	

	IB39
	MB_1D Low
	Forth muon data from MB1
coming in next Bunch Crossing

	IB40
	MB_1D High
	


End-of-Frame

The End-of-Frame (EDF) delimiter immediately follows the frame content. The EOF delimiter is composed of two 16-bit words (no Idles allowed between EOF words), Table 14:

· 5-bit Fast Monitoring data in lower byte and number of Out_of_Synch input muon stubs in upper byte.

· The Error propagation word <K30.7, K30.7> or 0xFEFE

Table 14: End-of-Frame Delimiter Structure

	Word
	TX_EN
	TX_ER
	TXD
	RX_DV/
LOS
	RX_ER
	RXD
	Comment

	EOF1
	High
	Low
	0xNE00
+
0x00FM
	High
	Low
	0xNE00
+
0x00FM
	Fast Monitoring Data and number of Synch Errors

	EOF2
	High
	High
	0xXXXX
	High
	High
	0xFEFE
	End-of-Frame word


The FM data is composed of 5 signals:

· SP Ready (RDY)

· SP Busy (BSY)

· SP Warning of Overflow (WOV)

· SP Synch Error or Out of Synch (SER). The two terms are used interchangeably.

· SP Error (ERR)

There are 15 ME muon stubs and 4 MB muon stubs maximum. A 5-bit Number_of_Errors field is enough to cover all cases.    

Table 15: EOF1 word structure

	EOF1
	15
	14
	13
	12
	11
	10
	09
	08
	07
	06
	05
	04
	03
	02
	01
	00

	Value
	Spare
	Number of Errors
	Spare
	ERR
	SER
	WOV
	BSY
	RDY
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