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1. 
Introduction

The Fast-TracKer (FTK) is an electronics system that identifies and fits tracks in the inner detector silicon layers for every event that passes the Level 1 trigger.  It uses all 12 silicon layers over the full rapidity range covered by the barrel and the disks.  It receives a copy of the Pixel data and the Semiconductor Tracker (SCT) data as it is sent from the Read-Out Drivers (RODs) to the Read-Out System (ROSs) following a Level 1 trigger [1].   The FTK system calculates the helix parameters of all tracks with PT above a minimum value, typically 1 GeV/c.  This information, along with the hits, are sent to the ReadOut System (ROS) computers, which in turn makes the information available to the Level 2 Trigger.  The Level-2 processors can request the track information in a Region of Interest or in the entire detector.  Normally the inner detector RODs send the data directly to the ROSs.  The transmission of data to the FTK system is accomplished by using a new output card from the ROD called a dual-output HOLA, which provides the FTK with an identical copy of the silicon data being sent to the ROSs.  A block diagram of the FTK system is shown in Figure 1.
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Figure 1.  Block Diagram of the FTK System

The FTK system is a scalable processor, designed to function at the LHC Phase I luminosity of 3(1034 cm-2s-1.  It is designed to allow expansion and upgrade to operate at the higher Phase II luminosities.   

This document describes specifications and requirements of a subsystem of the FTK called the FTK - L2 Interface Crate (FLIC).  As shown in Figure 1, data is processed through the FTK system, with the final processing performed by the Core Crates.  After an event is processed and track information constructed by the Core Crates, they in turn send track information to the FLIC as a data record.  The FLIC then sends the data to the ROSs, where it is made available to the Level 2 trigger.

Each Core Crate processes data for every event that has been accepted by the Level 1 Trigger (L1).  There are eight Core Crates in the system.  Each Core Crate covers 45 degrees of the detector in phi as shown in Figure 2.  Because the event processing is performed by discrete Core Crates, it is necessary to define an overlap area in each region, where Core Crates share information between crates to facilitate efficient track identification and reconstruction.  The overlap regions for each detector region are 10 degrees on one side, as shown in Figure 2.   The data from this region is sent to the neighboring Core Crate (clockwise in the figure.)

[image: image4.wmf]
Figure 2a.  Definition of the 8 Core Crate regions in phi-space of the detector.
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Figure 2b.  Definition of an overlap region for a Core Crate region.

An event will generally have multiple tracks, but blank events with zero tracks will occur.  The tracks are identified in the Core Crates.  For each track, the Core Crates produce a set of helix parameters, which are summary information about the track.  The data includes the road ID, the five helix parameters D0, Z0, PHI0, COTTH, and CURV, and a goodness of fit CHISQ.  The Core Crates will also send hit ID information, so that the High-Level Trigger (HLT) can refine the calculations of the helix parameters and the track fitting.  Note that this makes the data records variable length.  After an event is processed and track information constructed by the Core Crates, they in turn send track information to the FLIC as a data record, using data push.  The FLIC receives these records and buffers them, pending output to the ROSs.  The event data is identified by the Level 1 ID, along with other information, which is part of the data record header sent by the Core Crate.  Since each Core Crate may require different amounts of time for processing a given event, the records from the individual core crates may arrive at the FLIC at different times but always less than a maximum time referenced to the time of the event, and always time-ordered.  The Core Crates will send a record even if there is no track information from a particular region for a given event, so that the HLT knows that no event fragments have been lost.

Because of considerations of data rates, each Core Crate will have two transceiver links to the FLIC.  Generally the two links will function in a combined way to transfer data to the FLIC, e.g. even/odd data based on the event ID. However, during the Technical Design Report (TDR) process, the core crate decided to use each link to transmit data for half core crate thus two links became independent. 
As for data processing in the FLIC, for the baseline design, there will be no event concentration, reconstruction, or overlap removal.  The FLIC will combine the two data streams from each Core Crate, and send this information directly to the ROSs as a single data stream.  The HLT will perform the event reconstruction.  In the baseline design, overlap removal will be done in the Core Crate.  However, it is desirable to include an option where additional functionality might be incorporated into the FLIC, such as primary vertex finding or beam spot determination.  This will be described in Section 3.

The data received by the FLIC will be buffered in a FIFO, pending processing.  After processing (if any), the Input Card must reformat the data to conform to formatting rules for a ROD [2].  The header words must contain specific information about the event, which is part of the data that is sent from the Core Crates.  Other header words, as well as the trailer words, will be formed within the FLIC.  This is described in Section 3.    This data is then stored in an output FIFO, pending transfer to the ROSs.  In the case where there is no data processing or event concentration (the baseline design), the FLIC will transfer the data as promptly as it is made available.  In this case, the different data streams from the Core Crates may operate independently.  
The data will be sent from the FLIC to the ROS using S-Link protocol [3].  The system shall implement two S-Link output channels for each Core Crate data stream (a pair of transceivers from each Core Crate as described above).  
In addition to serving as an interface to the Level 2 trigger, the FLIC subsystem shall also provide monitoring and diagnostic capability.  This implies a means of controlling the system through peripheral means.  The system shall have an interface to the TDAQ control system to facilitate monitoring and control.  For monitoring, it is desirable to implement “spy buffers” so that the overall performance of the system can be monitored.  For diagnostics, it is desirable to have the ability to process both fixed data and user-defined data through the processing chain.  These features will be described in Section 3. 

Given the overall features of the FLIC subsystem as described above, a conceptual design of the subsystem is described in Section 2.
2. 
Conceptual Design

The FLIC will be implemented as a separate crate.  Only one crate is needed for the system, and it will process the data streams as received from the eight Core Crates.  We propose to use an Advanced Telecommunication Computing Architecture (ATCA) crate for this subsystem.  This will allow the implementation of full event processing within the crate as a future option.   The architecture required for this functionality is a X2 mesh configuration, where every payload card (Input Card) can communicate with two dedicated slots in the crate.  One is used for control and monitoring.  The second would be used for future functions, such as event processing or triggering.  

In this conceptual design, there would be two Input Cards and two Output Cards.  Each Input Card would service 4 Core Crates. Each input from the Core Crates will use two SFP links to send data to the front panel of the FLIC Input Card. The data from each Core Crate will be formatted into the standard ATLAS ROD fragments on the Input Card, and then passed to the Output Card, which is a Rear Transition Module (RTM, in ATCA parlance.) The data is passed from Input Card to Output Card using the zone 3 connector of the ATCA crate. The Output Card holds eight SLINK connectors, with two for each output channel, which send the data to the ROSs.  The new ROS deployed after the first LHC long shutdown can handle the 100KHz request rate, so two SLINK connectors will send data to ROS without any additional load balancing operation. The drawing in Figure 3 illustrates the basic concept.  
For the basic functionality of the system, Zone 3 of the ATCA crate would be used to send event data from the Input Card to the Output Card.  To facilitate an optional trigger processor in the future, the data streams will be copied to Zone 2, utilizing one of the two star connections in the backplane mesh.  Each of the mesh networks on the backplane provides four pairs of send and four pairs of receive connections to the dedicated processors in the crate.  The trigger connection would use one of these sets.  The combined transmission rate of the four pairs is 10 Gbps.  For the baseline design, only the connectivity is needed to facilitate a future implementation.

Each Input Card will require the capability to communicate with a single-board processor blade in the crate, to facilitate slow control communication and the readout of monitor information (e.g. spy buffers – see Section 3.4).   This function will be provided by the using the second of the two star connections on the Zone 2 backplane mesh.  This feature is needed for the baseline design.  The blade will communicate with the TDAQ Information Service (IS) system over standard Ethernet.  The blade is envisaged to be a commercial processor, and must be compliant with the ATCA Zone 2 connectivity for 10 Gbps communication.
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Figure 3.  Conceptual design of the FLIC Input & Output Cards in ATCA.

                                       Dashed & light colors are optional features.

As shown in Figure 3, the Input Card has a connection to Zone 1.  This is a slow control link with the Shelf Manager that is standard in the ATCA crate.  This connection will be used to monitor the voltages on the cards, and perhaps other slow control processes.

3. System Specifications

3.1 General Input Data Parameters

3.1.1 Maximum Input Event Rate

The maximum sustained input event rate is 100 KHz.  This corresponds to the maximum Level 1 trigger rate for ATLAS.  

3.1.2 Average FTK Event Size
An average event will have ~300 tracks, and 12 hits per track.  Assume that on the average this data is spread out uniformly in the 8 Core Crates. This is based on assumptions and simulations of the typical event size at design phase-1 luminosity (L ~ 3E34.)  
3.1.3 Maximum Input Data Payload Rate into System
Assume ~100 bytes per track, plus an overhead of ~60 bytes per event for header and trailer (See Section 3.2.) From 3.1.1 and 3.1.2, the average data rate into the system is:

100 KHz * [ (300 tracks/event * 100 bytes/track) + 60 bytes] 








     = ~3E9 Bytes/sec 

Assuming that the data is evenly distributed among the 8 Core Crates, the rate per Core Crate link is 375 MByte/sec = 3 Gbps.  
3.1.4 Total Number of Data Inputs into the System

There will be a maximum of 16 inputs into the system.  This corresponds to two data streams per Core Crate.  

3.1.5 Input Data Connectivity with Core Crate

The system will use point-to-point connections for the input data from the Core Crates.  

3.1.6 Input Data Protocol 

The input data from the Core Crates will use a serial bit stream, 8b/10b encoding.

3.1.7 Minimum Link Speed 

From 3.1.3 – 3.1.6, the minimum link speed must be:

3E9 bits/sec * 10/8 / (2 links/Core Crate) = 1.875 Gbps.
3.1.8 Input Data Physical Connection

Each input data stream from the Core Crates shall use an SFP transceiver, Finisar FTLF8524P2xNy or equivalent.  FTK printed circuit boards shall be designed to meet the mechanical dimensioning provided in the SFP Multi-Sourcing Agreement (MSA).  

3.1.8.1 Electrical Signal Connections to Fiber Interface

The physical interconnection to the SFP fiber transceiver modules shall be a direct, unbuffered CML or PECL connection between a compatible FPGA (or SERDES chip) and the SFP device.  AC coupling of the serial data shall be used, either provided within the SFP module or on the printed circuit board.

3.1.8.2 SFP General Electrical Requirements

High speed SFP fiber interfaces require a +3.3V power supply with a local LC filter.  The SFP cage shall be electrically isolated from the front panel of the PC board but shall be connected to ground through a separate trace distinct from all PC board planes that connects to ground only where the power enters the board (star grounding).  The PC board designer is strongly advised to provide multiple grounding points for the SFP cage with stuffing options to either ground the cage to the local ground plane or the distinct return trace.

3.1.8.3 Transmission Medium

The transmission media will be fiber optic.  The fiber optic link shall be implemented using two hot-pluggable SFP transceivers each utilizing a duplex LC connector.  50/125um fiber pairs shall be used to minimize loss. 

3.1.8.4 Transmission Data Rate

The bi-directional fiber optic link shall be capable of simultaneously transmitting and receiving at 3.25Gb/sec.  This is the raw data rate, not the payload data rate.

3.1.9 Input Data Flow Control

The Core Crates operate as “data-push.”  The receivers for the system shall assert flow control back to the Core Crates using the transmit side of the SFP transceiver.  The Input Card shall assert control in the event of buffers nearly full, either in the Level 2 Interface Crate, or by the ROSs.  (Format to be specified.)

3.2 Input Data Format

3.2.1 Data Record Defined

The Core Crates develop a set of helix parameters for each track in an event.  The resulting information that is sent from the Core Crates to the FLIC is organized in records, each corresponding to one event (one Level 1 Accept).  A record contains multiple track frames, each of which contains information that describes a specific track in that event, including the helix parameters as well as hit information.  There may be a variable number of frames in a record.  A record is terminated by a series of words that comprise the record trailer.  The general organization of a record is shown in Fig. 4. The format is described below.
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Figure 4.  Organization of a data record.
3.2.2 Data Record Rules

Event frame arrival at the FTK-LVL2 Interface from each Core Crate shall be time ordered or sequential with Level 1 event number.  This is desirable in order to aid in efficient event construction in the FTK-LVL2 Interface.  Independent of an event’s track occupancy, each core crate shall transmit to the FTK-LVL2 Interface an explicit record for each event.  Specifically, if no tracks are found in a core crate for a given event, the core crate is required transmit a record of identical format to a normal event record to the FTK-LVL2 Interface that corresponds to no tracks having been found for that event.  This shall be the primary method of determining when a full event has been transferred to the FTK-LVL2 Interface.

3.2.3 Data Record Format

Each record begins with a record header that describes the event.  The first 4 words contains a fixed binary code to provide a way to identify the start of a record.  Each record ends with a record trailer, which contains a series of words with fixed binary codes to identify the end of the record.  In the middle are track frames containing the data received from the tracking detectors, that the FLIC must modify on-the-fly to merge in detector geometry information.  The details are described below.

3.2.3.1 The format of the record header is shown in Table 1.  It contains 14 words as shown, with a fixed format.  The first 4 words of the record header are a fixed binary code to allow the FTK-LVL2 Interface to identify the start of a record. The RH02 are set to 0xCAFx where the last four bits are the slink status word that can not be fixed by the upstream. Note that in the data emulation mode 0xCAFx is to be set as 0xCAFE. 
3.2.3.2 RH07 plus RH08 gives the 0x0+31bits L1ID.  Two models have been implement in the SSBe: 1. Extended L1ID, same as the realistic data. The last 24 bits works as counter. The first 6 bits starts from 1 and increase when the last 24 bits saturate.
3.2.3.3 The format of the record trailer is shown in Table 2.  It contains 16 words as shown, with a fixed format.  
· In the first two words 0xE0DAxxxx, the first word RTF01 is a fixed binary code 0xE0DA which identifies the beginning of the record trailer. The second word RTF02, the bits 15-4 are the length of the debug words, while the bits 3-0 are the slink status word that can not be fixed by the upstream. 
· RTF03 (0xE0DF) is used as the identifier for the end of the debugging information in the record trailer. For word RTF04, bits 15-4 are the length of the debug words while the bits 3-0 are the slink status word that can not be fixed by the upstream.
· The RTFD are debug information. If there are no debug information the length of the RTFD will be 0; if there is debug information the length of the RTFD will be fixed N. Note the N has not been fixed in v1.7.2 yet.
· The RTF05 plus RTF06 gives the 0x0+31bits L1ID.  It is simple counter counting how many event record has been generated in the SSBe.

· The last four words (0xE0F0 0xA5A5 0x5A5A 0x0E0F) comprise a fixed binary code that identifies the end of the event record.
3.2.3.4 
[image: image11.emf]


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



RH01



Bits 3:0 of RH02 are indeterminate =========>RH02
RH03



RH04



RH05 0
RH06
RH07
RH08
RH09
RH10
RH11
RH12
RH13
RH14



B 0 F 0
C A F x
F F 1 2



3 4 F F
Run	Number	[30:16]



Run	Number	[15:0]



Extended	Level	1	ID	[15:0]
Extended	Level	1	ID	[31:16]



Reserved
Reserved BCID	[11:0]



Reserved
Reserved Level	1	Trigger	Type	[7:0]
Reserved Detector	Event	Type	[7:0]



Reserved TIM	[3:0]










Bit=>	Word1 5 1 4 1 3 1 2 1 1 1 0 0 9 0 8 0 7 0 6 0 5 0 4 0 3 0 2 0 1 0 0

R H 0 1

Bits 3:0 of RH02 are indeterminate =========>R H 0 2

R H 0 3

R H 0 4

R H 0 5 0

R H 0 6

R H 0 7

R H 0 8

R H 0 9

R H 1 0

R H 1 1

R H 1 2

R H 1 3

R H 1 4

B 0 F 0

C A F x

F F 1 2

3 4 F F

R u n 	 N u m b e r 	 [ 3 0 : 1 6 ]

R u n 	 N u m b e r 	 [ 1 5 : 0 ]

E x t e n d e d 	 L e v e l 	 1 	 I D 	 [ 1 5 : 0 ]

E x t e n d e d 	 L e v e l 	 1 	 I D 	 [ 3 1 : 1 6 ]

R e s e r v e d

R e s e r v e d B C I D 	 [ 1 1 : 0 ]

R e s e r v e d

R e s e r v e d L e v e l 	 1 	 T r i g g e r 	 T y p e 	 [ 7 : 0 ]

R e s e r v e d D e t e c t o r 	 E v e n t 	 T y p e 	 [ 7 : 0 ]

R e s e r v e d T I M 	 [ 3 : 0 ]

 


Table
 1.  Format of the Record Header
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SSt3 0 RSV



RTF1
Length	of	debug	block	will	be	limited	to	12	bits,	in	bits	15:4	==> RTF2



RTFD(1)
RTFD(N)
RTF3



Length	of	debug	block	will	be	limited	to	12	bits,	in	bits	15:4	==> RTF4
RTF5
RTF6
RTF7
RTF8
RTF9
RTF10
RTF11
RTF12
RTF13
RTF14
RTF15
RTF16



HIT1	WIDTH HIT1	COORDINATE	[10:0]
E 0 D A



debug	information
debug	information



E 0 D F



L1ID	[31:16]	
L1ID	[15:0]



Error	Flag	[31:16]
Error	Flag	[15:0]



Reserved
Reserved
Reserved
Reserved



E 0 F 0
A 5 A 5
5 A 5 A
0 E 0 F



Length	of	Debug	Block



Length	of	Debug	Block










SSt30 RSV

R T F 1

Length	of	debug	block	will	be	limited	to	12	bits,	in	bits	15:4	==>

R T F 2

R T F D ( 1 )

R T F D ( N )

R T F 3

Length	of	debug	block	will	be	limited	to	12	bits,	in	bits	15:4	==>

R T F 4

R T F 5

R T F 6

R T F 7

R T F 8

R T F 9

R T F 1 0

R T F 1 1

R T F 1 2

R T F 1 3

R T F 1 4

R T F 1 5

R T F 1 6

HIT1	WIDTHHIT1	COORDINATE	[10:0]

E 0 D A

d e b u g 	 i n f o r m a t i o n

d e b u g 	 i n f o r m a t i o n

E 0 D F

L 1 I D 	 [ 3 1 : 1 6 ] 	

L 1 I D 	 [ 1 5 : 0 ]

E r r o r 	 F l a g 	 [ 3 1 : 1 6 ]

E r r o r 	 F l a g 	 [ 1 5 : 0 ]

R e s e r v e d

R e s e r v e d

R e s e r v e d

R e s e r v e d

E 0 F 0

A 5 A 5

5 A 5 A

0 E 0 F

L e n g t h 	 o f 	 D e b u g 	 B l o c k

L e n g t h 	 o f 	 D e b u g 	 B l o c k



Table
 2.  Format of the Record Trailer
3.2.4 Track Frame Input Format

Each track frame contains information that describes one track within a given event.  A frame begins with a track header that contains twelve 16-bit words, which contain FTK local identifiers and the track helix parameters.  This is followed by a hit data block consisting of sixteen 16-bit words that enumerate the hit data ordered by detector layer.  The format of a track frame is shown in Table 3.  The details are described below.

3.2.4.1 The format of the track header is shown in light red in Table 3.  It contains 12 words as shown, with a fixed format and fixed length.  
· Bits 11:0 of the first word of the track header are a fixed binary code to allow the FTK-LVL2 Interface to identify the start of a track frame.
· Bits 12 of the first word of the track header is the Link ID which identifies from which link SSB  sends this record to the FLIC (pSSB – 0, all tracks are from A-Side; fSSB – 1, all tracks are from C-side)
· Bits 15:0 of the second word is the sector number of the track from the Core Crate.
· Bits 6:0 of the third word is the Tower ID of the track from the Core Crate.

· Bits 11:8 of the third word is the number of the track fit from the Core Crate.

· Bits 11:0 of the fourth word is the Layer map for the hit data.
· Bits 7:0 of the fifth word, the sixth word are the ROAD ID.
· 
· 
· 
· Words TH07 – TH12 contain the helix parameters for the track.
3.2.4.2 The format of the hit data block is shown in light yellow in Table 3.  It contains 14 words as shown, with a fixed format and fixed length. Bit 15 in words IBLb, PL0b, PL1b and PL2b indicates whether the cluster exceeds the sized of pixel clustering grid (s = 0 or 1). The data is arranged by tracker layer as follows:
· Words IBLa/IBLb : IBL Layer
· Words PL0a/PL0b: Pixel Layer 0
· Words PL1a/PL1b: Pixel Layer 1
· Words PL2a/PL2b: Pixel Layer 2
· Word SAx0: SCT Axial Layer 0
· Word SSt0: SCT Stereo Layer 0
· Word SAx1: SCT Axial Layer 1
· Word SSt1: SCT Stereo Layer 1
· Word SAx2: SCT Axial Layer 2
· Word SSt2: SCT Stereo Layer 2
· Word SAx3: SCT Axial Layer 3
· Word SSt3: SCT Stereo Layer 3
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RH14
TH1 L
TH2
TH3 Res
TH4
TH5
TH6
TH7
TH8
TH9
TH10
TH11
TH12
IBLa 0
IBLb s
PL0a 0
PL0b s
PL1a 0
PL1b s
PL2a 0
PL2b s
SAx0 0
SSt0 0
SAx1 0
SSt1 0
SAx2 0
SSt2 0
SAx3 0
SSt3 0 HIT1	WIDTH



HIT2	WIDTH



HIT1	WIDTH



HIT2	WIDTH



HIT1	WIDTH



HIT2	WIDTH



HIT1	WIDTH



HIT2	WIDTH HIT2	COORDINATE	[11:0]



ROW_WIDTH ROW	COORDINATE	[11:0]
COL	WIDTH COL	COORDINATE	[11:0]



ROW_WIDTH ROW	COORDINATE	[11:0]
COL	WIDTH COL	COORDINATE	[11:0]



ROW_WIDTH ROW	COORDINATE	[11:0]
COL	WIDTH COL	COORDINATE	[11:0]



ROW_WIDTH ROW	COORDINATE	[11:0]
COL	WIDTH COL	COORDINATE	[11:0]



TRACK	CURV
TRACK	PHI0



TRACK	COTTH
TRACK	Z0
TRACK	D0



TRACK	CHISQ
ROAD	ID	[15:0]



Reserved ROAD	ID	[23:16]
Reserved Layer	Map	[11:0]
Reserved TF#	 Tower	Number



SECTOR	NUMBER	
Res	[3:0] B D A



Reserved TIM	[3:0]



HIT1	COORDINATE	[11:0]
HIT2	COORDINATE	[11:0]
HIT1	COORDINATE	[11:0]
HIT2	COORDINATE	[11:0]
HIT1	COORDINATE	[11:0]
HIT2	COORDINATE	[11:0]
HIT1	COORDINATE	[11:0]










RH14

T H 1 L

T H 2

T H 3 R e s

T H 4

T H 5

T H 6

T H 7

T H 8

T H 9

T H 1 0

T H 1 1

T H 1 2

I B L a 0

I B L b s

P L 0 a 0

P L 0 b s

P L 1 a 0

P L 1 b s

P L 2 a 0

P L 2 b s

S A x 0 0

S S t 0 0

S A x 1 0

S S t 1 0

S A x 2 0

S S t 2 0

S A x 3 0

S S t 3 0 H I T 1 	 W I D T H

H I T 2 	 W I D T H

H I T 1 	 W I D T H

H I T 2 	 W I D T H

H I T 1 	 W I D T H

H I T 2 	 W I D T H

H I T 1 	 W I D T H

H I T 2 	 W I D T H H I T 2 	 C O O R D I N A T E 	 [ 1 1 : 0 ]

RO W _ W I D T H R O W 	 C O O R D I N A T E 	 [ 1 1 : 0 ]

C O L 	 W I D T H C O L 	 C O O R D I N A T E 	 [ 1 1 : 0 ]

RO W _ W I D T H R O W 	 C O O R D I N A T E 	 [ 1 1 : 0 ]

C O L 	 W I D T H C O L 	 C O O R D I N A T E 	 [ 1 1 : 0 ]

RO W _ W I D T H R O W 	 C O O R D I N A T E 	 [ 1 1 : 0 ]

C O L 	 W I D T H C O L 	 C O O R D I N A T E 	 [ 1 1 : 0 ]

RO W _ W I D T H R O W 	 C O O R D I N A T E 	 [ 1 1 : 0 ]

C O L 	 W I D T H C O L 	 C O O R D I N A T E 	 [ 1 1 : 0 ]

T R A C K 	 C U R V

T R A C K 	 P H I 0

T R A C K 	 C O T T H

T R A C K 	 Z 0

T R A C K 	 D 0

T R A C K 	 C H I S Q

R O A D 	 I D 	 [ 1 5 : 0 ]

R e s e r v e d R O A D 	 I D 	 [ 2 3 : 1 6 ]

R e s e r v e d L a y e r 	 M a p 	 [ 1 1 : 0 ]

R e s e r v e d T F # 	 T o w e r 	 N u m b e r

S E C T O R 	 N U M B E R 	

R e s 	 [ 3 : 0 ] B D A

ReservedTIM	[3:0]

H I T 1 	 C O O R D I N A T E 	 [ 1 1 : 0 ]

H I T 2 	 C O O R D I N A T E 	 [ 1 1 : 0 ]

H I T 1 	 C O O R D I N A T E 	 [ 1 1 : 0 ]

H I T 2 	 C O O R D I N A T E 	 [ 1 1 : 0 ]
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Table 3.   Format of a track frame describing one track.
Data Processing

3.3.1 Input Buffering

Data received shall be stored in a ring buffer, of depth 20 KByte for each link.  This corresponds to ~8 events, assuming 20 KByte/event / 8 Core Crates.
3.3.2 Flow Control to Core Crate

The Input Card shall assert Flow Control back to the Core Crate when the input buffer contents reach 80% of capacity 
3.3.3 Time Ordering

Event arrival from each Core Crate must be time ordered or sequential.  This is desirable in order to aid in efficient event processing in the ROS Interface.
3.3.4 Event Processing

3.3.4.1 Track data as received from the Core Crates, contains Link ID and Sector Number fields that must be translated into Module Numbers by the FLIC.  These Module Numbers provide an index for later data analysis of event geometry.
3.3.4.2 The Module Numbers are loaded into the FLIC by control software at system startup, or whenever new geometry maps are generated.

3.3.4.3 As data is received from the Core Crates, each Event Record is buffered into a FIFO.  In parallel with the reception of data, the Link ID and Sector Number received in the Track Header of each track frame are used to provide the base address to a fast static RAM lookup table.  As each word of the track frame is received from the Core Crate, a pipelined lookup of Module Numbers from the static RAM is merged with the incoming data to form a differently formatted data word that contains all the information from the Core Crate plus the associated Module Number.

3.3.4.3.1 The two 16-bit words received from the Core Crate per pixel layer are reformatted into two 32-bit words in order to pack the Module Number in with the row and column coordinate data. Each 16-bit word received from the Core Crate per SCT layer is expanded to a single 32-bit word containing the Core Crate data plus the Module Number.

3.3.4.3.2 As each Module Number is retrieved from the lookup table, the input word(s) from the input FIFO are flushed, data merged by a state machine, and the newly formed 32-bit words pushed into a second FIFO.

3.3.4.3.3 When an entire track record of Core Crate data has been reformatted and merged with Module Number information, an output state machine then transmits the entire record to the ROS.
3.3.4.4 As an option for future functionality, the system shall include connectivity such that the sixteen data streams from the Core Crate are sent to a central processor board in the system, for the purpose of performing additional processing on reconstructed events, including the option of an advanced lower-level trigger.  This functionality is left undefined presently.  The system shall be designed to provide this connectivity to allow easy expansion of this functionality. 

3.3.5 Maximum Processing Time

The processing time of the FLIC  is defined by the size of the events sent by the Core Crate.  The data processing function of the FLIC necessitates that at least one full event be buffered within the FLIC at all times.  The FLIC shall not internally buffer more than two events’ worth of data at any time.  Assuming 40 tracks in the average event from a single Core Crate, the average event will be 540 words long.  Using a processing rate of 156MHz, two event’s buffering time will be less than 7 microseconds.  When large events pass through the system this delay may increase to 10-15 usec until those events are processed.
3.3.6 Output Buffering

Output data shall be written to a FIFO of depth 100 KByte, pending transfer to the ROSs.  Event arrival from each Core Crate must be time ordered or sequential.  This is desirable in order to aid in efficient event processing in the ROS Interface.
3.3.7 Output Data Flow Control

The FLIC subsystem operates as “data-push” in writing data to the ROSs.  The ROSs may assert flow control back to the FLIC subsystem.  The Input Card shall implement flow control, and suspend the transmission of data until buffers are free in the ROSs.  This shall be implemented on a link-by-link basis.

3.4
Monitoring, Diagnostics, and Control

3.4.1 Monitoring Functions

3.4.1.1  A monitor of the number of events received from each Core Crate shall be stored in a register, and made available to the monitor process in the crate.  The registers shall be 32-bit, one for each of the eight Core Crates.  A mechanism for clearing the registers shall be implemented by a command from the monitor process.

3.4.1.2 A monitor of the number of events sent to each S-link shall be stored in a register, and made available to the monitor process in the crate. The registers shall be 32-bit, one for each of the eight outputs. A mechanism for clearing the registers shall be implemented by a command from the monitor process.
3.4.1.3 A monitor with a list of the sizes of events received from each Core Crate shall be stored in registers, and made available to the monitor process in the crate. (Format, depth and implementation TBD.) A mechanism for clearing the lists shall be implemented by a command from the monitor process.
3.4.1.4 A monitor with a list of the sizes of events sent to each of the S-links shall be stored in registers, and made available to the monitor process in the crate. (Format, etc. should be the same as the item above) A mechanism for clearing the lists shall be implemented by a command from the monitor process.
3.4.1.5 A monitor of the XOFF states shall be stored in a register, and made available to the monitor process in the crate. The registers shall be 16-bit, one for each Core Crate input and one for each S-Link output stream.
3.4.1.6 A process shall be provided to store all event data input data in a circular buffer, which can be read either periodically, or stopped and read if an error occurs.  (Buffer depth to be determined.)  

3.4.1.7 A process shall be provided to capture every Mth Core Crate input and store the input in a FIFO, which can be read by the monitor process in the crate, where “M” is a programmable quantity.
3.4.1.8 A process shall be provided to read out the occupancy of output and input FIFOs by the monitor process in the crate.
3.4.2 Control Functions

3.4.2.1 A mechanism shall be provided to enable and disable each input channel. 

3.4.2.2 A mechanism shall be provided to enable and disable each output channel. 

3.4.2.3 A mechanism shall be provided to clear all event output FIFOs.

3.4.2.4 A mechanism shall be provided to clear any Core Crate input FIFOs.
3.4.2.5 A mechanism shall be provided to clear all counters and lists used for monitoring.
3.4.2.6 A mechanism shall be provided to set and reset XOFF for each S-Link output and for each of the input links.
3.4.3 Diagnostic Functions

3.4.3.1 A mechanism shall be provided to process fixed data through the crate. The data should be inserted as close to the Core Crate input as possible. The data should be downloaded from the crate processor and a mechanism to allow Core Crate multiple event downloading must be available.  The number of events is TBD.
3.4.3.2 A mechanism shall be provided to loop over, process and output the diagnostic data described above at several rates (TBD) and for a fixed number or unlimited number of repetitions.  On the output end the extended L1ID of the data must be incremented by 0x1000000 .  This ensures that the events all have unique identifiers (eL1IDs).
3.5 General Output Data Parameters

3.5.1 Maximum Output Event Rate

The system must be capable of sustained operation at the maximum Level 1 trigger rate of 100 KHz. 

3.5.2 Average FTK Event Size @ Maximum Event Rate

The average output event size for data received from the Core Crates is 20 KByte/event.  This corresponds to 64 bytes/track * 300 tracks/event.  This is based on assumptions and simulations of the event size at design phase-1 luminosity (L ~ 3E34.).  The FLIC adds only a few additional words of header and trailer, which is small compared to the size of the data received.
3.5.3 Maximum Output Data Payload Rate

The maximum output data rate for the system is 2 GByte/sec.  This corresponds to the maximum trigger rate and the average event size. For 100 kHz rate to the ROS, each output link can process records with 22.7 tracks in average.(TO be changed for v1.7.0)
3.5.4 Total Number of Data Outputs from the System

There will be a maximum of 16 outputs from the system.  This corresponds to two data streams per Core Crate.  

3.5.5 Output Data Connectivity with ROSs

The system will use point-to-point connections for the output data to the ROSs.  

3.5.6 Output Data Protocol 

The output data will use S-Link protocol as a serial bit stream. The system shall use fixed-width, 32-bit transfers.  The data payload transfer rate is specified at 400 MB/sec.

3.5.7 Output Data Physical Connection

Each output data stream from the Core Crates shall use an SFP transceiver, Finisar FTLF8524P2xNy or equivalent.  FTK printed circuit boards shall be designed to meet the mechanical dimensioning provided in the SFP Multi-Sourcing Agreement (MSA).  

3.5.7.1 Electrical Signal Connections to Fiber Interface

The physical interconnection to the SFP fiber transceiver modules shall be a direct, unbuffered CML or PECL connection between a compatible FPGA (or SERDES chip) and the SFP device.  AC coupling of the serial data shall be used, either provided within the SFP module or on the printed circuit board.

3.5.7.2 SFP General Electrical Requirements

High speed SFP fiber interfaces require a +3.3V power supply with a local LC filter.  The SFP cage shall be electrically isolated from the front panel of the PC board but shall be connected to ground through a separate trace distinct from all PC board planes that connects to ground only where the power enters the board (star grounding).  The PC board designer is strongly advised to provide multiple grounding points for the SFP cage with stuffing options to either ground the cage to the local ground plane or the distinct return trace.

3.5.7.3 Transmission Medium

The transmission media will be fiber optic.  The fiber optic link shall be implemented using two hot-pluggable SFP transceivers each utilizing a duplex LC connector.  50/125um fiber pairs shall be used to minimize loss. 

3.5.7.4 Transmission Data Rate

The bi-directional fiber optic link shall be capable of simultaneously transmitting and receiving at 3.25Gb/sec.  This is the raw data rate, not the payload data rate.

3.5.8 Output Data Flow Control

The system operates as “data-push” to the ROSs.  The ROS can assert flow control back to the Core Crates using the transmit side of the SFP transceiver.  The Output Card may receive flow control in the event of buffers nearly full, either in the Level 2 Interface Crate, or by the ROSs. 

3.6 Output Data Format

3.6.1 Record Defined

The ROS expects the data sent to it to have a format as shown in Figure 4.  The FLIC will use the left-most configuration of the data payload.
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Figure 4.  General Format of ROD Data

3.6.2 Output Data Header Defined

The header has the following elements (9 long-words, 36 bytes total), as defined by the S=Link specification
3.6.2.1 Start of Header Marker

Length: 32 bits  

Encoding: binary, fixed value for a ROD:  0xEE1234EE  

Source:  Formed within the FLIC

3.6.2.2 Header Size

Length: 32 bits  

Encoding: binary, fixed value 0x09  

Source:  Formed within the FLIC

3.6.2.3 Format Version Number

Length: 32 bits  

Encoding: binary, global variable

Source:  Formed within the FLIC from firmware

3.6.2.4 Source Identifier

Length: 32 bits  

Encoding: unique Subdetector ID, fixed value 0x7f for FTK (bits 23:16). Module ID for each output S-link to ROS (bits 15:0), 0x0000-0x000F (TBD).
Source:  Formed within the FLIC

3.6.2.5 Run Number

Length: 32 bits  

Encoding: binary integer, unique number for the experiment

Source:  Passed to FLIC from Core Crate

3.6.2.6 Extended Level 1 ID

Length: 32 bits  

Encoding: binary, 24-bit L1ID + 8-bit ECRID

Source:  Passed to FLIC from Core Crate

3.6.2.7 Bunch Crossing ID

Length: 32 bits  

Encoding: binary, 12-bit bunch crossing ID, padded to 32 bits   

Source:  Passed to FLIC from Core Crate

3.6.2.8 Level 1 Trigger Type

Length: 32 bits  

Encoding: binary, 8-bits from L1 Trigger, padded to 32 bits  

Source:  Passed to FLIC from Core Crate

3.6.2.9 Detector Event Type

Length: 32 bits  

Encoding: binary, detector specific

Source:  Passed to FLIC from Core Crate

3.6.3 Output Data Payload Formatting Defined

The data formatting follows from Section 3.6.1.  The data must be packed into 32-bit words, as shown in Table 4.  
3.6.3.1 
3.6.3.2 There are an indeterminate number of track records, consisting of Track Headers (shaded orange) and Track Data (shaded yellow, two intensities to separate Pixel from SCT).  Each track record defines a single track and is of fixed length.  The track records are derived from Core Crate data described previously in Section 3.2.4.
3.6.3.3 The words following the track records are debug information and global quantities (shaded white). Total N/2+4 words if there is debug information; 4 words if there is no debug information. 
3.6.3.4 
3.6.4 Status Elements
3.6.4.1 Then up to one long words followed are the FLIC status (presently undefined.). Zero word if there is no FLIC error, otherwise one status word will be created.
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Table 4.  Format of Output Data Payload
3.6.5 Output Data Trailer Defined

The trailer has the following elements (3 long-words, 12 bytes total):

3.6.5.1 Number of Status Elements
Length: 32 bits  

Encoding: binary, the number of FLIC status words, up to 0x10  

Source:  Formed within the FLIC

3.6.5.2 Number of Data Elements
Length: 32 bits  

Encoding: binary, total number of data payload words  

Source:  Formed within the FLIC
3.6.5.3 Status Block Position
Length: 32 bits  

Encoding: binary, fixed value, 0x01  

(status block follows data)
Source:  Formed within the FLIC
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										Track Header from Core Crate																																SH03		Header Size - Bytes 3-2, Fixed Value 0x0000																																3						SH03		Format Version Number - Formed within FLIC from firmware																																																																3

										Pixel layer data																																SH04		Header Size - Bytes 1-0, Fixed Value 0x0009																																4						SH04		Source Identifier - Fixed Value 0x0000007F																																																																4

										SCT layer data																																SH05		Format Version Number - Bytes 3-2																																5		0x0310

																																										SH06		Format Version Number - Bytes 1-0																																6		0x007f

																																										SH07		Source Identifier - Bytes 3-2																																7		0x007f

				Bit=> Word		15		14		13		12		11		10		09		08		07		06		05		04		03		02		01		00						SH08		Source Identifier - Bytes 1-0																																8		Module ID						31		30		29		28		27		26		25		24		23		22		21		20		19		18		17		16		15		14		13		12		11		10		09		08		07		06		05		04		03		02		01		00

				RH01		Region ID						0		1		1		0		1		0		0		1		1		0		1		0		0		1				RH01		Run Number - Bytes 3-2																																9						RH01		Run Number - Passed to FLIC from Core Crate																																																																5

				RH02		Reserved																																2				RH02		Run Number - Bytes 1-0																																10						RH02		Extended Level 1 ID - Passed to FLIC from Core Crate																																																																6

				RH03		Run Number - Bytes 3-2																																3				RH03		Extended Level 1 ID - Bytes 3-2																																11						RH03		Bunch Crossing ID - Passed to FLIC from Core Crate																																																																7						SH01		Start of Header Marker - Fixed Value 0xEE1234EE

				RH04		Run Number - Bytes 1-0																																4				RH04		Extended Level 1 ID - Bytes 1-0																																12						RH04		Level 1 Trigger Type - Passed to FLIC from Core Crate																																																																8						SH02		Header Size - Fixed Value 0x00000009

				RH05		Extended Level 1 ID - Bytes 3-2																																5				RH05		Bunch Crossing ID - Bytes 3-2																																13						RH05		Detector Event Type - Passed to FLIC from Core Crate																																																																9						SH03		Format Version Number - Formed within FLIC from firmware

				RH06		Extended Level 1 ID - Bytes 1-0																																6				RH06		Bunch Crossing ID - Bytes 1-0																																14						RH06		NUM_TRACK_HI_PT_THRSH																																NUM_TRACK_LO_PT_THRSH																																10						SH04		Source Identifier - Fixed Value 0x0000007F

				RH07		Bunch Crossing ID - Bytes 3-2																																7				RH07		Level 1 Trigger Type - Byte 3-2																																15																																																																														RH01		Run Number - Passed to FLIC from Core Crate

				RH08		Bunch Crossing ID - Bytes 1-0																																8				RH08		Level 1 Trigger Type - Byte 1-0																																16																																																																														RH02		Extended Level 1 ID - Passed to FLIC from Core Crate

				RH09		Level 1 Trigger Type - Byte 3-2																																9				RH09		Detector Event Type - Bytes 3-2																																17																																																																														RH03		Bunch Crossing ID - Passed to FLIC from Core Crate

				RH10		Level 1 Trigger Type - Byte 1-0																																10				RH10		Detector Event Type - Bytes 1-0																																18																																																																														RH04		Level 1 Trigger Type - Passed to FLIC from Core Crate

				RH11		Detector Event Type - Bytes 3-2																																11				RH11		NUM_TRACK_HI_PT_THRSH - Bytes 1-0																																19																																																																														RH05		Detector Event Type - Passed to FLIC from Core Crate

				RH12		Detector Event Type - Bytes 1-0																																12				RH12		NUM_TRACK_LO_PT_THRSH - Bytes 1-0																																20								31		30		29		28		27		26		25		24		23		22		21		20		19		18		17		16		15		14		13		12		11		10		09		08		07		06		05		04		03		02		01		00								RH06		NUM_TRACK_HI_PT_THRSH																																NUM_TRACK_LO_PT_THRSH

				RH13		NUM_TRACK_HI_PT_THRSH - Bytes 1-0																																13				TH1		ROAD_ID[31..16]																																21						TH1		ROAD_ID[31..0]																																																																11						TH1		ROAD_ID[31..0]

				RH14		NUM_TRACK_LO_PT_THRSH - Bytes 1-0																																14				TH2		ROAD_ID[15..0]																																22						TH2		TRACK_D0[15..0]																																TRACK_Z0[15..0]																																12						TH2		TRACK_D0[15..0]																																TRACK_Z0[15..0]

				TH1		Board ID				1		1		0		1		0		1		1		0		1		0		0		TOWER						15				TH3		TRACK_D0[15..0]																																23						TH3		TRACK_COTTH[15..0]																																TRACK_PHI0[15..0]																																13						TH3		TRACK_COTTH[15..0]																																TRACK_PHI0[15..0]

				TH2		SECTOR_NUMBER[15:0]																																16				TH4		TRACK_Z0[15..0]																																24						TH4		TRACK_CHISQ[15..0]																																TRACK_CURV[15..0]																																14						TH4		TRACK_CHISQ[15..0]																																TRACK_CURV[15..0]

				TH3		ROAD_ID[31..16]																																17		SRAM addr assert		TH5		TRACK_COTTH[15..0]																																25						TH5		TRACK_QUALITY[15..0]																																(Reserved for future use)[15..0]																																15						TH5		TRACK_QUALITY[15..0]																																(Reserved for future use)[15..0]

				TH4		ROAD_ID[15..0]																																18				TH6		TRACK_PHI0[15..0]																																26																																																																														PL0a		Reserved								Spare																																Module ID[11:0]

				TH5		TRACK_D0[15..0]																																19				TH7		TRACK_CHISQ[15..0]																																27																																																																														PL0b		HitType				RSV				COL_WIDTH						col coord [10:0]																						row width						row coord[10:0]

				TH6		TRACK_Z0[15..0]																																20				TH8		TRACK_CURV[15..0]																																28																																																																														PL1a		Reserved								Spare																																Module ID[11:0]

				TH7		TRACK_COTTH[15..0]																																21				TH9		TRACK_QUALITY[15..0]																																29																																																																														PL1b		HitType				RSV				COL_WIDTH						col coord [10:0]																						row width						row coord[10:0]

				TH8		TRACK_PHI0[15..0]																																22				TH10		(Reserved for future use)[15..0]																																30								31		30		29		28		27		26		25		24		23		22		21		20		19		18		17		16		15		14		13		12		11		10		09		08		07		06		05		04		03		02		01		00								PL2a		Reserved								Spare																																Module ID[11:0]

				TH9		TRACK_CHISQ[15..0]																																23				PL0a		Reserved								Spare[15:4]																								31		mshalf				PL0a		Reserved								Spare																																Module ID[11:0]																								16						PL2b		HitType				RSV				COL_WIDTH						col coord [10:0]																						row width						row coord[10:0]

				TH10		TRACK_CURV[15..0]																																24				PL0b		SPARE[3:0]								Module ID[11:0]																								32		lshalf				PL0b		HitType				RSV				COL_WIDTH						col coord [10:0]																						row width						row coord[10:0]																						17						PL3a		Reserved								Spare																																Module ID[11:0]

				TH11		TRACK_QUALITY[15..0]																																25				PL0c		HitType				RSV				col width						col_coord[10:8]																		33		mshalf				PL1a		Reserved								Spare																																Module ID[11:0]																								18						PL3b		HitType				RSV				COL_WIDTH						col coord [10:0]																						row width						row coord[10:0]

				TH12		(Reserved for future use)[15..0]																																26				PL0d		COL_C[1:0]				row width						row coord[10:0]																						34		lshalf				PL1b		HitType				RSV				COL_WIDTH						col coord [10:0]																						row width						row coord[10:0]																						19						SAx0		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]

				PL0a		RSV				COL_WIDTH						COL_COORDINATE[10:0]																						27				PL1a		Reserved								Spare[15:4]																								35		mshalf				PL2a		Reserved								Spare																																Module ID[11:0]																								20						SSt0		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]

				PL0b		HIT TYPE				ROW_WIDTH						ROW_COORDINATE[10:0]																						28				PL1b		SPARE[3:0]								Module ID[11:0]																								36		lshalf				PL2b		HitType				RSV				COL_WIDTH						col coord [10:0]																						row width						row coord[10:0]																						21						SAx1		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]

				PL1a		RSV				COL_WIDTH						COL_COORDINATE[10:0]																						29				PL1c		HitType				RSV				col width						col_coord[10:8]																		37		mshalf				PL3a		Reserved								Spare																																Module ID[11:0]																								22						SSt1		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]

				PL1b		HIT TYPE				ROW_WIDTH						ROW_COORDINATE[10:0]																						30				PL1d		COL_C[1:0]				row width						row coord[10:0]																						38		lshalf				PL3b		HitType				RSV				COL_WIDTH						col coord [10:0]																						row width						row coord[10:0]																						23						SAx2		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]

				PL2a		RSV				COL_WIDTH						COL_COORDINATE[10:0]																						31				PL2a		Reserved								Spare[15:4]																								39		mshalf																																																																												SST2		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]

				PL2b		HIT TYPE				ROW_WIDTH						ROW_COORDINATE[10:0]																						32				PL2b		SPARE[3:0]								Module ID[11:0]																								40		lshalf																																																																												SAx3		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]

				PL3a		RSV				COL_WIDTH						COL_COORDINATE[10:0]																						33				PL2c		HitType				RSV				col width						col_coord[10:8]																		41		mshalf																																																																												SSt3		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]

				PL3b		HIT TYPE				ROW_WIDTH						ROW_COORDINATE[10:0]																						34				PL2d		COL_C[1:0]				row width						row coord[10:0]																						42		lshalf						31		30		29		28		27		26		25		24		23		22		21		20		19		18		17		16		15		14		13		12		11		10		09		08		07		06		05		04		03		02		01		00								RF0		Core Crate Status bits (format TBD)																																Core Crate Status/Error bIts (format TBD)

				SAx0		RSV				HIT2_WIDTH						HIT2_COORDINATE[10:0]																						35				PL3a		Reserved								Spare[15:4]																								43		mshalf				SAx0		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]																								24						RF1		FLIC Status - Bytes 3-2																																FLIC Status - Bytes 1-0

				SSt0		HIT TYPE				HIT1_WIDTH						HIT1_COORDINATE[10:0]																						36				PL3b		SPARE[3:0]								Module ID[11:0]																								44		lshalf				SSt0		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]																								25						SLF1		Number of Status Elements - Bytes 3-2, 0x0000																																Number of Status Elements - Bytes 1-0, 0x0003

				SAx1		RSV				HIT2_WIDTH						HIT2_COORDINATE[10:0]																						37				PL3c		HitType				RSV				col width						col_coord[10:8]																		45		mshalf				SAx1		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]																								26						SLF2		Number of Data Elements, Bytes 3-2																																Number of Data Elements, Bytes 1-0

				SSt1		HIT TYPE				HIT1_WIDTH						HIT1_COORDINATE[10:0]																						38				PL3d		COL_C[1:0]				row width						row coord[10:0]																						46		lshalf				SSt1		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]																								27						SLF3		Status Block Position - Bytes 3-2, Fixed Value 0x0000																																Status Block Position - Bytes 1-0, Fixed Value 0x0001

				SAx2		RSV				HIT2_WIDTH						HIT2_COORDINATE[10:0]																						39				SAx0a		HitType				RSV				Hit Coordinate[10:0]																						SP		47		mshalf				SAx2		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]																								28						SH		ROD Header in S-link format (4 32-bit words)

				SSt2		HIT TYPE				HIT1_WIDTH						HIT1_COORDINATE[10:0]																						40		Hit2_WIDTH?		SAx0b		SPARE								Module ID[11:0]																								48		lshalf				SST2		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]																								29						RH		Record Header - 6 32-bit words

				SAx3		RSV				HIT2_WIDTH						HIT2_COORDINATE[10:0]																						41				SSt0a		HitType				RSV				Hit Coordinate[10:0]																						SP		49		mshalf				SAx3		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]																								30						TH1		Track Header - 5 32-bit words

				SSt3		HIT TYPE				HIT1_WIDTH						HIT1_COORDINATE[10:0]																						42		Hit1_WIDTH?		SSt0b		SPARE								Module ID[11:0]																								50		lshalf				SSt3		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]																								31						PL

				RTF1		Fixed Value 0x0F0F																																43				SAx1a		HitType				RSV				Hit Coordinate[10:0]																						SP		51		mshalf																																																																												SL

				RTF2		Fixed Value 0xA5A5																																44		Hit2_WIDTH?		SAx1b		SPARE								Module ID[11:0]																								52		lshalf																																																																												RT		Record Trailer - 2 32-bit words

				RTF3		Fixed Value 0xF0F0																																45				SSt1a		HitType				RSV				Hit Coordinate[10:0]																						SP		53		mshalf																																																																												ST		ROD Trailer in S-link format (3 32-bit words)

				RTF4		Fixed Value 0x5A5A																																46		Hit1_WIDTH?		SSt1b		SPARE								Module ID[11:0]																								54		lshalf																																																																														15		14		13		12		11		10		09		08		07		06		05		04		03		02		01		00

				RTF5		Core Crate Status bits (format TBD)																																47				SAx2a		HitType				RSV				Hit Coordinate[10:0]																						SP		55		mshalf																																																																												SH		S-link Header (8 words)

				RTF6		Core Crate Status/Error bIts (format TBD)																																48		Hit2_WIDTH?		SAx2b		SPARE								Module ID[11:0]																								56		lshalf																																																																												RH		Record Header (6 32-bit words)

																																										SSt2a		HitType				RSV				Hit Coordinate[10:0]																						SP		57		mshalf																																																																												TH		Track Header (5 32-bit words)

																																								Hit1_WIDTH?		SSt2b		SPARE								Module ID[11:0]																								58		lshalf						31		30		29		28		27		26		25		24		23		22		21		20		19		18		17		16		15		14		13		12		11		10		09		08		07		06		05		04		03		02		01		00								PL		Pixel Layer Data (8 32-bit words)

																																										SAx3a		HitType				RSV				Hit Coordinate[10:0]																						SP		59		mshalf				RF0		Core Crate Status bits (format TBD)																																Core Crate Status/Error bIts (format TBD)																																32						SL		SCT Data (8 32-bit words)

																																								Hit2_WIDTH?		SAx3b		SPARE								Module ID[11:0]																								60		lshalf				RF1		FLIC Status - Bytes 3-2																																FLIC Status - Bytes 1-0																																33						RT		Record Trailer (2 32-bit words)

																																										SSt3a		HitType				RSV				Hit Coordinate[10:0]																						SP		61		mshalf																																																																												ST		ROD Trailer (3 32-bit words)

																																								Hit1_WIDTH?		SSt3b		SPARE								Module ID[11:0]																								62		lshalf						31		30		29		28		27		26		25		24		23		22		21		20		19		18		17		16		15		14		13		12		11		10		09		08		07		06		05		04		03		02		01		00

																																										RTF1		Core Crate Status bits (format TBD)																																63						SLF1		Number of Status Elements - Bytes 3-2, 0x0000																																Number of Status Elements - Bytes 1-0, 0x0003																																34
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				Bit=> Word		15		14		13		12		11		10		09		08		07		06		05		04		03		02		01		00						RTF3		FLIC Status - Bytes 3-2																																65						SLF3		Status Block Position - Bytes 3-2, Fixed Value 0x0000																																Status Block Position - Bytes 1-0, Fixed Value 0x0001																																36

				RTF1		Fixed Value 0x0F0F																																				RTF4		FLIC Status - Bytes 1-0																																66																																																																								37
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		Bd ID				ROAD_ID[29..16]																												ROAD_ID[29..16]

		TRACK_D0[15..0]																																TRACK_Z0[15..0]

		TRACK_COTTH[15..0]																																TRACK_PHI[15..0]

		TRACK_CHISQ[15..0]																																TRACK_CURV[15..0]

		TRACK_QUALITY[15..0]																																(Reserved for future use)[15..0]

		[0x00 if hit data not included, 0x01 if hit data follows}																																[0x00 if hit data not included, NUM_HIT if hit data follows}

		F1		F2		HIT Type				MODULE_ID_000																								HIT_ID_000[15..0]

		F1		F2		HIT Type				MODULE_ID_001																								HIT_ID_001[15..0]

		..		…		..				...																								...

		F1		F2		HIT Type				MODULE_ID_nnn																								HIT_ID_nnn[15..0]

		CORE_CRATE_STATUS[31..16]																																CORE_CRATE_STATUS[15..0]

		FLIC_STATUS[31..16]																																FLIC_STATUS[15..0]





Timing model

		1 row = 1 ns								Data reception from core crate at 3Gbps																				187.5				5.3333333333										Data reception from core crate at 3Gbps																				78.125				12.8																														Data merger output, running at 3Gbps																				187.5				5.3333333333

		Time

		0		RH01		01101001																Reserved										Region ID						1

		1

		2

		3

		4

		5

		6		RH02		Reserved																																2																																																						RH01		01101001																Reserved										Region ID						1

		7

		8

		9

		10

		11		RH03		Run Number - Bytes 3-2																																3

		12																																																																																										RH02		Reserved																																2

		13

		14

		15

		16		RH04		Run Number - Bytes 1-0																																4

		17																																																																																										RH03		Run Number - Bytes 3-2																																3

		18

		19

		20

		21

		22		RH05		Extended Level 1 ID - Bytes 3-2																																5																																																						RH04		Run Number - Bytes 1-0																																4

		23

		24

		25

		26

		27		RH06		Extended Level 1 ID - Bytes 1-0																																6

		28																																																																																										RH05		Extended Level 1 ID - Bytes 3-2																																5

		29

		30

		31

		32		RH07		Bunch Crossing ID - Bytes 3-2																																7

		33																																																																																										RH06		Extended Level 1 ID - Bytes 1-0																																6

		34

		35

		36

		37

		38		RH08		Bunch Crossing ID - Bytes 1-0																																8																																																						RH07		Bunch Crossing ID - Bytes 3-2																																7

		39

		40

		41

		42

		43		RH09		Level 1 Trigger Type - Byte 3-2																																9

		44																																																																																										RH08		Bunch Crossing ID - Bytes 1-0																																8

		45

		46

		47

		48		RH10		Level 1 Trigger Type - Byte 1-0																																10

		49																																																																																										RH09		Level 1 Trigger Type - Byte 3-2																																9

		50

		51

		52

		53

		54		RH11		Detector Event Type - Bytes 3-2																																11																																																						RH10		Level 1 Trigger Type - Byte 1-0																																10

		55

		56

		57

		58

		59		RH12		Detector Event Type - Bytes 1-0																																12

		60																																																																																										RH11		Detector Event Type - Bytes 3-2																																11

		61

		62

		63

		64		RH13		NUM_TRACK_HI_PT_THRSH - Bytes 1-0																																13

		65																																																																																										RH12		Detector Event Type - Bytes 1-0																																12

		66

		67

		68

		69

		70		RH14		NUM_TRACK_LO_PT_THRSH - Bytes 1-0																																14																																																						RH13		NUM_TRACK_HI_PT_THRSH - Bytes 1-0																																13

		71

		72

		73

		74

		75		TH1		Board ID				1		1		0		1		0		1		1		0		1		0		0		TOWER						15

		76																																																																																										RH14		NUM_TRACK_LO_PT_THRSH - Bytes 1-0																																14

		77

		78

		79

		80		TH2		SECTOR_NUMBER[15:0]																																16

		81																																																																																										TH1		Board ID				1		1		0		1		0		1		1		0		1		0		0		TOWER						15

		82

		83

		84

		85

		86		TH3		ROAD_ID[31..16]																																17				SRAM BASE ADDR VALID																																																		TH2		SECTOR_NUMBER[15:0]																																16

		87

		88

		89

		90

		91		TH4		ROAD_ID[15..0]																																18

		92																																																																																										TH3		ROAD_ID[31..16]																																17

		93

		94																																																								SRAM VALID sampled = 1																		IDLE				X

		95

		96		TH5		TRACK_D0[15..0]																																19

		97																																																																																										TH4		ROAD_ID[15..0]																																18

		98

		99

		100

		101

		102		TH6		TRACK_Z0[15..0]																																20																				ADDRESS ASSERTED																						X												TH5		TRACK_D0[15..0]																																19

		103																																																								COUNTER VALUE														0

		104

		105

		106

		107		TH7		TRACK_COTTH[15..0]																																21

		108																																																																																										TH6		TRACK_Z0[15..0]																																20

		109

		110																																																								PIXEL layer 0 ID latched																						X

		111																																																								COUNTER VALUE														1

		112		TH8		TRACK_PHI0[15..0]																																22

		113																																																																																										TH7		TRACK_COTTH[15..0]																																21

		114

		115

		116

		117

		118		TH9		TRACK_CHISQ[15..0]																																23																				PIXEL layer 1 ID latched																						X												TH8		TRACK_PHI0[15..0]																																22

		119																																																								COUNTER VALUE														2

		120																																																								ID written to FIFO

		121

		122

		123		TH10		TRACK_CURV[15..0]																																24

		124																																																																																										TH9		TRACK_CHISQ[15..0]																																23

		125

		126																																																								PIXEL layer 2 ID latched																						X

		127																																																								COUNTER VALUE														3

		128		TH11		TRACK_QUALITY[15..0]																																25																				ID written to FIFO

		129																																																																																										TH10		TRACK_CURV[15..0]																																24

		130

		131

		132

		133

		134		TH12		(Reserved for future use)[15..0]																																26																				ST Axial layer 0 latched																						X												TH11		TRACK_QUALITY[15..0]																																25

		135																																																								COUNTER VALUE														4

		136																																																								ID written to FIFO

		137

		138

		139		PL0a		RSV				COL_WIDTH						COL_COORDINATE[10:0]																						27

		140																																																																																										TH12		(Reserved for future use)[15..0]																																26

		141

		142																																																								St stereo layer 0 latched																						X

		143																																																								COUNTER VALUE														5

		144		PL0b		HIT TYPE				ROW_WIDTH						ROW_COORDINATE[10:0]																						28																				ID written to FIFO

		145																																																																																										PL0a		HitType				RSV				Module ID[11:0]																								27

		146

		147

		148

		149

		150		PL1a		RSV				COL_WIDTH						COL_COORDINATE[10:0]																						29																				St axial layer 1 latched																						X												PL0b				col width								col coord [10:0]																						28

		151																																																								COUNTER VALUE														6

		152																																																								ID written to FIFO

		153

		154

		155		PL1b		HIT TYPE				ROW_WIDTH						ROW_COORDINATE[10:0]																						30

		156																																																																																										PL0c						row width						row coord[10:0]																						29

		157

		158																																																								St stereo layer 1 latched																						X

		159																																																								COUNTER VALUE														7

		160		PL2a		RSV				COL_WIDTH						COL_COORDINATE[10:0]																						31																				ID written to FIFO

		161																																																																																										PL1a		HitType				RSV				Module ID[11:0]																								30

		162

		163

		164

		165

		166		PL2b		HIT TYPE				ROW_WIDTH						ROW_COORDINATE[10:0]																						32																				St axial layer 2 latched																						X												PL1b				col width								col coord [10:0]																						31

		167																																																								COUNTER VALUE														8

		168																																																								ID written to FIFO

		169

		170

		171		SAx0		RSV				COL_WIDTH						HIT2_COORDINATE[10:0]																						33

		172																																																																																										PL1c						row width						row coord[10:0]																						32

		173

		174																																																								St stereo layer 2 latched																						X

		175																																																								COUNTER VALUE														9

		176		SSt0		HIT TYPE				ROW_WIDTH						HIT1_COORDINATE[10:0]																						34																				ID written to FIFO

		177																																																																																										PL2a		HitType				RSV				Module ID[11:0]																								33

		178

		179

		180

		181

		182		SAx1		RSV				COL_WIDTH						HIT2_COORDINATE[10:0]																						35																				St axial layer 3 latched																						X												PL2b				col width								col coord [10:0]																						34

		183																																																								COUNTER VALUE														10

		184																																																								ID written to FIFO

		185

		186

		187		SSt1		HIT TYPE				ROW_WIDTH						HIT1_COORDINATE[10:0]																						36

		188																																																																																										PL2c						row width						row coord[10:0]																						35

		189

		190																																																								St stereo layer 3 latched																						X

		191																																																								COUNTER VALUE														11

		192		SAx2		RSV				COL_WIDTH						HIT2_COORDINATE[10:0]																						37																				ID written to FIFO

		193																																																																																										SAx0a		Spare								Module ID[11:0]																								36

		194

		195

		196

		197

		198		SSt2		HIT TYPE				ROW_WIDTH						HIT1_COORDINATE[10:0]																						38																																										X												SAx0b				HitType				RSV				Hit Coordinate[10:0]																						37

		199																																																								COUNTER VALUE														12

		200																																																								ID written to FIFO

		201																																																										SRAM LOOKUP COMPLETE - NORMAL CASE

		202

		203		SAx3		RSV				COL_WIDTH						HIT2_COORDINATE[10:0]																						39

		204																																																																																										SSt0a		Spare								Module ID[11:0]																								38

		205

		206																																																																														X

		207

		208		SSt3		HIT TYPE				ROW_WIDTH						HIT1_COORDINATE[10:0]																						40

		209																																																																																										SSt0b				HitType				RSV				Hit Coordinate[10:0]																						39

		210

		211

		212

		213

		214		RTF1		Core Crate Status bits (format TBD)																																41																																										X												SAx1a		Spare								Module ID[11:0]																								40

		215

		216																																																										SRAM LOOKUP COMPLETE - ICD CASE

		217

		218

		219		RTF2		Core Crate Status/Error bIts (format TBD)																																42

		220																																																																																										SAx1b				HitType				RSV				Hit Coordinate[10:0]																						41

		221

		222																																																																														X

		223

		224		RTF3		Fixed Value 0x0F0F																																43

		225																																																																																										SSt1a		Spare								Module ID[11:0]																								42

		226

		227

		228

		229

		230		RTF4		Fixed Value 0xA5A5																																44																																										X												SSt1b				HitType				RSV				Hit Coordinate[10:0]																						43

		231

		232

		233

		234

		235		RTF5		Fixed Value 0xF0F0																																45

		236																																																																																										RTF4		Fixed Value 0xA5A5																																44

		237

		238																																																																														X

		239

		240		RTF6		Fixed Value 0x5A5A																																46

		241																																																																																										RTF5		Fixed Value 0xF0F0																																45

		242

		243

		244

		245

		246																																																																																										RTF6		Fixed Value 0x5A5A																																46

		247

		248

		249

		250

		251

		252

		253

		254

		255

		256

		257

		258

		259

		260

		261

		262

		263

		264

		265

		266

		267

		268

		269

		270

		271

		272

		273

		274

		275

		276

		277

		278

		279

		280

		281

		282

		283

		284

		285

		286

		287

		288

		289

		290

		291

		292

		293

		294

		295

		296

		297

		298

		299

		300

		301

		302

		303

		304

		305

		306

		307

		308

		309

		310

		311

		312

		313

		314

		315

		316

		317

		318

		319

		320

		321

		322

		323

		324

		325

		326

		327

		328

		329

		330

		331

		332

		333

		334

		335

		336

		337

		338

		339

		340

		341

		342

		343

		344

		345

		346

		347

		348

		349

		350

		351

		352

		353

		354

		355

		356

		357

		358

		359

		360

		361

		362

		363

		364

		365

		366

		367

		368

		369

		370

		371

		372

		373

		374

		375

		376

		377

		378

		379

		380

		381

		382

		383

		384

		385

		386

		387

		388

		389

		390

		391

		392

		393

		394

		395

		396

		397

		398

		399

		400

		401

		402

		403

		404

		405

		406

		407

		408

		409

		410

		411

		412

		413

		414

		415

		416

		417

		418

		419

		420

		421

		422

		423

		424

		425

		426

		427

		428

		429

		430

		431

		432

		433

		434

		435

		436

		437

		438

		439

		440

		441

		442

		443

		444

		445

		446

		447

		448

		449

		450

		451

		452

		453

		454

		455

		456

		457

		458

		459

		460

		461

		462

		463

		464

		465

		466

		467

		468

		469

		470

		471

		472

		473

		474

		475

		476

		477

		478

		479

		480

		481

		482

		483

		484

		485

		486

		487

		488

		489

		490

		491

		492

		493

		494

		495

		496

		497

		498

		499

		500

		501

		502

		503

		504

		505

		506

		507

		508

		509

		510

		511

		512

		513

		514

		515

		516

		517

		518

		519

		520

		521

		522

		523

		524

		525

		526

		527

		528

		529

		530

		531

		532

		533

		534

		535

		536

		537

		538

		539

		540

		541

		542

		543

		544

		545

		546

		547

		548

		549

		550

		551

		552

		553

		554

		555

		556

		557

		558

		559

		560

		561

		562

		563

		564

		565

		566

		567

		568

		569

		570

		571

		572

		573

		574

		575

		576

		577

		578

		579

		580

		581

		582

		583

		584

		585

		586

		587

		588

		589

		590

		591

		592

		593

		594

		595

		596

		597

		598

		599

		600

		601

		602

		603

		604

		605

		606

		607

		608

		609

		610

		611

		612

		613

		614

		615

		616

		617

		618

		619

		620

		621

		622

		623

		624

		625

		626

		627

		628

		629

		630

		631

		632

		633

		634

		635

		636

		637

		638

		639

		640

		641

		642

		643

		644

		645

		646

		647

		648

		649

		650

		651

		652

		653

		654

		655

		656

		657

		658

		659

		660

		661

		662

		663

		664

		665

		666

		667

		668

		669

		670

		671

		672

		673

		674

		675

		676

		677

		678

		679

		680

		681

		682

		683

		684

		685

		686

		687

		688

		689

		690

		691

		692

		693

		694

		695

		696

		697

		698

		699

		700

		701

		702

		703

		704

		705

		706

		707

		708

		709

		710

		711

		712

		713

		714

		715

		716

		717

		718

		719

		720

		721

		722

		723

		724

		725

		726

		727

		728

		729

		730

		731

		732

		733

		734

		735

		736

		737

		738

		739

		740

		741

		742

		743

		744

		745

		746

		747

		748

		749

		750

		751

		752

		753

		754

		755

		756

		757

		758

		759

		760

		761

		762

		763

		764

		765

		766

		767

		768

		769

		770

		771

		772

		773

		774

		775

		776

		777

		778

		779

		780

		781

		782

		783

		784

		785

		786

		787

		788

		789

		790

		791

		792

		793

		794

		795

		796

		797

		798

		799

		800

		801

		802

		803

		804

		805

		806

		807

		808

		809

		810

		811

		812

		813

		814

		815

		816

		817

		818

		819

		820

		821

		822

		823

		824

		825

		826

		827

		828

		829

		830

		831

		832

		833

		834

		835

		836

		837

		838

		839

		840

		841

		842

		843

		844

		845

		846

		847

		848

		849

		850

		851

		852

		853

		854

		855

		856

		857

		858

		859

		860

		861

		862

		863

		864

		865

		866

		867

		868

		869

		870

		871

		872

		873

		874

		875

		876

		877

		878

		879

		880

		881

		882

		883

		884

		885

		886

		887

		888

		889

		890

		891

		892

		893

		894

		895

		896

		897

		898

		899

		900

		901

		902

		903

		904

		905

		906

		907

		908

		909

		910

		911

		912

		913

		914

		915

		916

		917

		918

		919

		920

		921

		922

		923

		924

		925

		926

		927

		928

		929

		930

		931

		932

		933

		934

		935

		936

		937

		938

		939

		940

		941

		942

		943

		944

		945

		946

		947

		948

		949

		950

		951

		952

		953

		954

		955

		956

		957

		958

		959

		960

		961

		962

		963

		964

		965

		966

		967

		968

		969

		970

		971

		972

		973

		974

		975

		976

		977

		978

		979

		980

		981

		982

		983

		984

		985

		986

		987

		988

		989

		990

		991

		992

		993

		994

		995

		996

		997

		998

		999

		1000

		1001

		1002

		1003

		1004

		1005

		1006

		1007

		1008

		1009

		1010

		1011

		1012

		1013

		1014

		1015

		1016

		1017

		1018

		1019

		1020

		1021

		1022

		1023

		1024

		1025

		1026

		1027

		1028

		1029

		1030

		1031

		1032

		1033

		1034

		1035

		1036

		1037

		1038

		1039

		1040

		1041

		1042

		1043

		1044

		1045

		1046

		1047

		1048

		1049

		1050

		1051

		1052

		1053

		1054

		1055

		1056

		1057

		1058

		1059

		1060

		1061

		1062

		1063

		1064

		1065

		1066

		1067

		1068

		1069

		1070

		1071

		1072

		1073

		1074

		1075

		1076

		1077

		1078

		1079

		1080

		1081

		1082

		1083

		1084

		1085

		1086

		1087

		1088

		1089

		1090

		1091

		1092

		1093

		1094

		1095

		1096

		1097

		1098

		1099

		1100

		1101

		1102

		1103

		1104

		1105

		1106

		1107

		1108

		1109

		1110

		1111

		1112

		1113

		1114

		1115

		1116

		1117

		1118

		1119

		1120

		1121

		1122

		1123

		1124

		1125

		1126

		1127

		1128

		1129

		1130

		1131

		1132

		1133

		1134

		1135

		1136

		1137

		1138

		1139

		1140

		1141

		1142

		1143

		1144

		1145

		1146

		1147

		1148

		1149

		1150

		1151

		1152

		1153

		1154

		1155

		1156

		1157

		1158

		1159

		1160

		1161

		1162

		1163

		1164

		1165

		1166

		1167

		1168

		1169

		1170

		1171

		1172

		1173

		1174

		1175

		1176

		1177

		1178

		1179

		1180

		1181

		1182

		1183

		1184

		1185

		1186

		1187

		1188

		1189

		1190

		1191

		1192

		1193

		1194

		1195

		1196

		1197

		1198

		1199

		1200

		1201

		1202

		1203

		1204

		1205

		1206

		1207

		1208

		1209

		1210

		1211

		1212

		1213

		1214

		1215

		1216

		1217

		1218
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				Input Data Format from Core Crate																																						Output Data Format - 16 bit																																								Output Data Format, packed as 32 bit entities for S-Link

								Color Key for both Input and Output Formats																																				15		14		13		12		11		10		09		08		07		06		05		04		03		02		01		00										31		30		29		28		27		26		25		24		23		22		21		20		19		18		17		16		15		14		13		12		11		10		09		08		07		06		05		04		03		02		01		00

										SLINK required header/footer (output only)																																SH01		Start of Header Marker - Bytes 3-2, Fixed Value 0xEE12																																1						SH01		Start of Header Marker - Fixed Value 0xEE1234EE																																																																1

										Record Header/Footer from Core Crate																																SH02		Start of Header Marker - Bytes 1-0, Fixed Value 0x34EE																																2						SH02		Header Size - Fixed Value 0x00000009																																																																2

										Track Header from Core Crate																																SH03		Header Size - Bytes 3-2, Fixed Value 0x0000																																3						SH03		Format Version Number - Formed within FLIC from firmware																																																																3

										Pixel layer data																																SH04		Header Size - Bytes 1-0, Fixed Value 0x0009																																4						SH04		Source Identifier - Fixed Value 0x0000007F																																																																4

										SCT layer data																																SH05		Format Version Number - Bytes 3-2																																5		0x0310

																																										SH06		Format Version Number - Bytes 1-0																																6		0x007f

																																										SH07		Source Identifier - Bytes 3-2																																7		0x007f

				Bit=> Word		15		14		13		12		11		10		09		08		07		06		05		04		03		02		01		00						SH08		Source Identifier - Bytes 1-0																																8		Module ID						31		30		29		28		27		26		25		24		23		22		21		20		19		18		17		16		15		14		13		12		11		10		09		08		07		06		05		04		03		02		01		00

				RH01		Region ID						0		1		1		0		1		0		0		1		1		0		1		0		0		1				RH01		Run Number - Bytes 3-2																																9						RH01		Run Number - Passed to FLIC from Core Crate																																																																5

				RH02		Reserved																																2				RH02		Run Number - Bytes 1-0																																10						RH02		Extended Level 1 ID - Passed to FLIC from Core Crate																																																																6

				RH03		Run Number - Bytes 3-2																																3				RH03		Extended Level 1 ID - Bytes 3-2																																11						RH03		Bunch Crossing ID - Passed to FLIC from Core Crate																																																																7						SH01		Start of Header Marker - Fixed Value 0xEE1234EE

				RH04		Run Number - Bytes 1-0																																4				RH04		Extended Level 1 ID - Bytes 1-0																																12						RH04		Level 1 Trigger Type - Passed to FLIC from Core Crate																																																																8						SH02		Header Size - Fixed Value 0x00000009

				RH05		Extended Level 1 ID - Bytes 3-2																																5				RH05		Bunch Crossing ID - Bytes 3-2																																13						RH05		Detector Event Type - Passed to FLIC from Core Crate																																																																9						SH03		Format Version Number - Formed within FLIC from firmware

				RH06		Extended Level 1 ID - Bytes 1-0																																6				RH06		Bunch Crossing ID - Bytes 1-0																																14						RH06		NUM_TRACK_HI_PT_THRSH																																NUM_TRACK_LO_PT_THRSH																																10						SH04		Source Identifier - Fixed Value 0x0000007F

				RH07		Bunch Crossing ID - Bytes 3-2																																7				RH07		Level 1 Trigger Type - Byte 3-2																																15																																																																														RH01		Run Number - Passed to FLIC from Core Crate

				RH08		Bunch Crossing ID - Bytes 1-0																																8				RH08		Level 1 Trigger Type - Byte 1-0																																16																																																																														RH02		Extended Level 1 ID - Passed to FLIC from Core Crate

				RH09		Level 1 Trigger Type - Byte 3-2																																9				RH09		Detector Event Type - Bytes 3-2																																17																																																																														RH03		Bunch Crossing ID - Passed to FLIC from Core Crate

				RH10		Level 1 Trigger Type - Byte 1-0																																10				RH10		Detector Event Type - Bytes 1-0																																18																																																																														RH04		Level 1 Trigger Type - Passed to FLIC from Core Crate

				RH11		Detector Event Type - Bytes 3-2																																11				RH11		NUM_TRACK_HI_PT_THRSH - Bytes 1-0																																19																																																																														RH05		Detector Event Type - Passed to FLIC from Core Crate

				RH12		Detector Event Type - Bytes 1-0																																12				RH12		NUM_TRACK_LO_PT_THRSH - Bytes 1-0																																20								31		30		29		28		27		26		25		24		23		22		21		20		19		18		17		16		15		14		13		12		11		10		09		08		07		06		05		04		03		02		01		00								RH06		NUM_TRACK_HI_PT_THRSH																																NUM_TRACK_LO_PT_THRSH

				RH13		NUM_TRACK_HI_PT_THRSH - Bytes 1-0																																13				TH1		ROAD_ID[31..16]																																21						TH1		ROAD_ID[31..0]																																																																11						TH1		ROAD_ID[31..0]

				RH14		NUM_TRACK_LO_PT_THRSH - Bytes 1-0																																14				TH2		ROAD_ID[15..0]																																22						TH2		TRACK_D0[15..0]																																TRACK_Z0[15..0]																																12						TH2		TRACK_D0[15..0]																																TRACK_Z0[15..0]

				TH1		TOWER						SSB_ID				1		1		0		1		0		1		1		0		1		0		0		15				TH3		TRACK_D0[15..0]																																23						TH3		TRACK_COTTH[15..0]																																TRACK_PHI0[15..0]																																13						TH3		TRACK_COTTH[15..0]																																TRACK_PHI0[15..0]

				TH2		SECTOR_NUMBER[15:0]																																16				TH4		TRACK_Z0[15..0]																																24						TH4		TRACK_CHISQ[15..0]																																TRACK_CURV[15..0]																																14						TH4		TRACK_CHISQ[15..0]																																TRACK_CURV[15..0]

				TH3		ROAD_ID[31..16]																																17		SRAM addr assert		TH5		TRACK_COTTH[15..0]																																25						TH5		TRACK_QUALITY[15..0]																																(Reserved for future use)[15..0]																																15						TH5		TRACK_QUALITY[15..0]																																(Reserved for future use)[15..0]

				TH4		ROAD_ID[15..0]																																18				TH6		TRACK_PHI0[15..0]																																26																																																																														PL0a		Reserved								Spare																																Module ID[11:0]

				TH5		TRACK_D0[15..0]																																19				TH7		TRACK_CHISQ[15..0]																																27																																																																														PL0b		HitType				RSV				COL_WIDTH						col coord [10:0]																						row width						row coord[10:0]

				TH6		TRACK_Z0[15..0]																																20				TH8		TRACK_CURV[15..0]																																28																																																																														PL1a		Reserved								Spare																																Module ID[11:0]

				TH7		TRACK_COTTH[15..0]																																21				TH9		TRACK_QUALITY[15..0]																																29																																																																														PL1b		HitType				RSV				COL_WIDTH						col coord [10:0]																						row width						row coord[10:0]

				TH8		TRACK_PHI0[15..0]																																22				TH10		(Reserved for future use)[15..0]																																30								31		30		29		28		27		26		25		24		23		22		21		20		19		18		17		16		15		14		13		12		11		10		09		08		07		06		05		04		03		02		01		00								PL2a		Reserved								Spare																																Module ID[11:0]

				TH9		TRACK_CHISQ[15..0]																																23				PL0a		Reserved								Spare[15:4]																								31		mshalf				PL0a		Reserved								Spare																																Module ID[11:0]																								16						PL2b		HitType				RSV				COL_WIDTH						col coord [10:0]																						row width						row coord[10:0]

				TH10		TRACK_CURV[15..0]																																24				PL0b		SPARE[3:0]								Module ID[11:0]																								32		lshalf				PL0b		HitType				RSV				COL_WIDTH						col coord [10:0]																						row width						row coord[10:0]																						17						PL3a		Reserved								Spare																																Module ID[11:0]

				TH11		TRACK_QUALITY[15..0]																																25				PL0c		HitType				RSV				col width						col_coord[10:8]																		33		mshalf				PL1a		Reserved								Spare																																Module ID[11:0]																								18						PL3b		HitType				RSV				COL_WIDTH						col coord [10:0]																						row width						row coord[10:0]

				TH12		(Reserved for future use)[15..0]																																26				PL0d		COL_C[1:0]				row width						row coord[10:0]																						34		lshalf				PL1b		HitType				RSV				COL_WIDTH						col coord [10:0]																						row width						row coord[10:0]																						19						SAx0		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]

				IBLa		RSV				ROW_WID				ROW_COORDINATE[11:0]																								27				PL1a		Reserved								Spare[15:4]																								35		mshalf				PL2a		Reserved								Spare																																Module ID[11:0]																								20						SSt0		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]

				IBLb		Typ		COL_WIDTH						COL_COORDINATE[11:0]																								28				PL1b		SPARE[3:0]								Module ID[11:0]																								36		lshalf				PL2b		HitType				RSV				COL_WIDTH						col coord [10:0]																						row width						row coord[10:0]																						21						SAx1		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]

				PL0a		RSV				ROW_WID				ROW_COORDINATE[11:0]																								29				PL1c		HitType				RSV				col width						col_coord[10:8]																		37		mshalf				PL3a		Reserved								Spare																																Module ID[11:0]																								22						SSt1		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]

				PL0b		Typ		COL_WIDTH						COL_COORDINATE[11:0]																								30				PL1d		COL_C[1:0]				row width						row coord[10:0]																						38		lshalf				PL3b		HitType				RSV				COL_WIDTH						col coord [10:0]																						row width						row coord[10:0]																						23						SAx2		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]

				PL1a		RSV				ROW_WID				ROW_COORDINATE[11:0]																								31				PL2a		Reserved								Spare[15:4]																								39		mshalf																																																																												SST2		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]

				PL1b		Typ		COL_WIDTH						COL_COORDINATE[11:0]																								32				PL2b		SPARE[3:0]								Module ID[11:0]																								40		lshalf																																																																												SAx3		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]

				PL2a		RSV				ROW_WID				ROW_COORDINATE[11:0]																								33				PL2c		HitType				RSV				col width						col_coord[10:8]																		41		mshalf																																																																												SSt3		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]

				PL2b		Typ		COL_WIDTH						COL_COORDINATE[11:0]																								34				PL2d		COL_C[1:0]				row width						row coord[10:0]																						42		lshalf						31		30		29		28		27		26		25		24		23		22		21		20		19		18		17		16		15		14		13		12		11		10		09		08		07		06		05		04		03		02		01		00								RF0		Core Crate Status bits (format TBD)																																Core Crate Status/Error bIts (format TBD)

				SAx0		Typ		AX_WIDTH						RSV		AX_COORDINATE[10:0]																						35				PL3a		Reserved								Spare[15:4]																								43		mshalf				SAx0		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]																								24						RF1		FLIC Status - Bytes 3-2																																FLIC Status - Bytes 1-0

				SSt0		Typ		ST_WIDTH						RSV		ST_COORDINATE[10:0]																						36				PL3b		SPARE[3:0]								Module ID[11:0]																								44		lshalf				SSt0		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]																								25						SLF1		Number of Status Elements - Bytes 3-2, 0x0000																																Number of Status Elements - Bytes 1-0, 0x0003

				SAx1		Typ		AX_WIDTH						RSV		AX_COORDINATE[10:0]																						37				PL3c		HitType				RSV				col width						col_coord[10:8]																		45		mshalf				SAx1		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]																								26						SLF2		Number of Data Elements, Bytes 3-2																																Number of Data Elements, Bytes 1-0

				SSt1		Typ		ST_WIDTH						RSV		ST_COORDINATE[10:0]																						38				PL3d		COL_C[1:0]				row width						row coord[10:0]																						46		lshalf				SSt1		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]																								27						SLF3		Status Block Position - Bytes 3-2, Fixed Value 0x0000																																Status Block Position - Bytes 1-0, Fixed Value 0x0001

				SAx2		Typ		AX_WIDTH						RSV		AX_COORDINATE[10:0]																						39				SAx0a		HitType				RSV				Hit Coordinate[10:0]																						SP		47		mshalf				SAx2		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]																								28						SH		ROD Header in S-link format (4 32-bit words)

				SSt2		Typ		ST_WIDTH						RSV		ST_COORDINATE[10:0]																						40		Hit2_WIDTH?		SAx0b		SPARE								Module ID[11:0]																								48		lshalf				SST2		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]																								29						RH		Record Header - 6 32-bit words

				SAx3		Typ		AX_WIDTH						RSV		AX_COORDINATE[10:0]																						41				SSt0a		HitType				RSV				Hit Coordinate[10:0]																						SP		49		mshalf				SAx3		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]																								30						TH1		Track Header - 5 32-bit words

				SSt3		Typ		ST_WIDTH						RSV		ST_COORDINATE[10:0]																						42		Hit1_WIDTH?		SSt0b		SPARE								Module ID[11:0]																								50		lshalf				SSt3		HitType				RSV				Hit Coordinate[10:0]																						spare										Module ID[11:0]																								31						PL

				RTF1		Fixed Value 0x0F0F																																43				SAx1a		HitType				RSV				Hit Coordinate[10:0]																						SP		51		mshalf																																																																												SL

				RTF2		Fixed Value 0xA5A5																																44		Hit2_WIDTH?		SAx1b		SPARE								Module ID[11:0]																								52		lshalf																																																																												RT		Record Trailer - 2 32-bit words

				RTF3		Fixed Value 0xF0F0																																45				SSt1a		HitType				RSV				Hit Coordinate[10:0]																						SP		53		mshalf																																																																												ST		ROD Trailer in S-link format (3 32-bit words)
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		6516

		6517

		6518

		6519

		6520

		6521

		6522

		6523

		6524

		6525

		6526

		6527

		6528

		6529

		6530

		6531

		6532

		6533

		6534

		6535

		6536

		6537

		6538

		6539

		6540

		6541

		6542

		6543

		6544

		6545

		6546

		6547

		6548

		6549

		6550

		6551

		6552

		6553

		6554

		6555

		6556

		6557

		6558

		6559

		6560

		6561

		6562

		6563

		6564

		6565

		6566

		6567

		6568

		6569

		6570

		6571

		6572

		6573

		6574

		6575

		6576

		6577

		6578

		6579

		6580

		6581

		6582

		6583

		6584

		6585

		6586

		6587

		6588

		6589

		6590

		6591

		6592

		6593

		6594

		6595

		6596

		6597

		6598

		6599

		6600

		6601

		6602

		6603

		6604

		6605

		6606

		6607

		6608

		6609

		6610

		6611

		6612

		6613

		6614

		6615

		6616

		6617

		6618

		6619

		6620

		6621

		6622

		6623

		6624

		6625

		6626

		6627

		6628

		6629

		6630

		6631

		6632

		6633

		6634

		6635

		6636

		6637

		6638

		6639

		6640

		6641

		6642

		6643

		6644

		6645

		6646

		6647

		6648

		6649

		6650

		6651

		6652

		6653

		6654

		6655

		6656

		6657

		6658

		6659

		6660

		6661

		6662

		6663

		6664

		6665

		6666

		6667

		6668

		6669

		6670

		6671

		6672

		6673

		6674

		6675

		6676

		6677

		6678

		6679

		6680

		6681

		6682

		6683

		6684

		6685

		6686

		6687

		6688

		6689

		6690

		6691

		6692

		6693

		6694

		6695

		6696

		6697

		6698

		6699

		6700

		6701

		6702

		6703

		6704

		6705

		6706

		6707

		6708

		6709

		6710

		6711

		6712

		6713

		6714

		6715

		6716

		6717

		6718

		6719

		6720

		6721

		6722

		6723

		6724

		6725

		6726

		6727

		6728

		6729

		6730

		6731

		6732

		6733

		6734

		6735

		6736

		6737

		6738

		6739

		6740

		6741

		6742

		6743

		6744

		6745

		6746

		6747

		6748

		6749

		6750

		6751

		6752

		6753

		6754

		6755

		6756

		6757

		6758

		6759

		6760

		6761

		6762

		6763

		6764

		6765

		6766

		6767

		6768

		6769

		6770

		6771

		6772

		6773

		6774

		6775

		6776

		6777

		6778

		6779

		6780

		6781

		6782

		6783

		6784

		6785

		6786

		6787

		6788

		6789

		6790

		6791

		6792

		6793

		6794

		6795

		6796

		6797

		6798

		6799

		6800

		6801

		6802

		6803

		6804

		6805

		6806

		6807

		6808

		6809

		6810

		6811

		6812

		6813

		6814

		6815

		6816

		6817

		6818

		6819

		6820

		6821

		6822

		6823

		6824

		6825

		6826

		6827

		6828

		6829

		6830

		6831

		6832

		6833

		6834

		6835

		6836

		6837

		6838

		6839

		6840

		6841

		6842

		6843

		6844

		6845

		6846

		6847

		6848

		6849

		6850

		6851

		6852

		6853

		6854

		6855

		6856

		6857

		6858

		6859

		6860

		6861

		6862

		6863

		6864

		6865

		6866

		6867

		6868

		6869

		6870

		6871

		6872

		6873

		6874

		6875

		6876

		6877

		6878

		6879

		6880

		6881

		6882

		6883

		6884

		6885

		6886

		6887

		6888

		6889

		6890

		6891

		6892

		6893

		6894

		6895

		6896

		6897

		6898

		6899

		6900

		6901

		6902

		6903

		6904

		6905

		6906

		6907

		6908

		6909

		6910

		6911

		6912

		6913

		6914

		6915

		6916

		6917

		6918

		6919

		6920

		6921

		6922

		6923

		6924

		6925

		6926

		6927

		6928

		6929

		6930

		6931

		6932

		6933

		6934

		6935

		6936

		6937

		6938

		6939

		6940

		6941

		6942

		6943

		6944

		6945

		6946

		6947

		6948

		6949

		6950

		6951

		6952

		6953

		6954

		6955

		6956

		6957

		6958

		6959

		6960

		6961

		6962

		6963

		6964

		6965

		6966

		6967

		6968

		6969

		6970

		6971

		6972

		6973

		6974

		6975

		6976

		6977

		6978

		6979

		6980

		6981

		6982

		6983

		6984

		6985

		6986

		6987

		6988

		6989

		6990

		6991

		6992

		6993

		6994

		6995

		6996

		6997

		6998

		6999

		7000

		7001

		7002

		7003

		7004

		7005

		7006

		7007

		7008

		7009

		7010

		7011

		7012

		7013

		7014

		7015

		7016

		7017

		7018

		7019

		7020

		7021

		7022

		7023

		7024

		7025

		7026

		7027

		7028

		7029

		7030

		7031

		7032

		7033

		7034

		7035

		7036

		7037

		7038

		7039

		7040

		7041

		7042

		7043

		7044

		7045

		7046

		7047

		7048

		7049

		7050

		7051

		7052

		7053

		7054

		7055

		7056

		7057

		7058

		7059

		7060

		7061

		7062

		7063

		7064

		7065

		7066

		7067

		7068

		7069

		7070

		7071

		7072

		7073

		7074

		7075

		7076

		7077

		7078

		7079

		7080

		7081

		7082

		7083

		7084

		7085

		7086

		7087

		7088

		7089

		7090

		7091

		7092

		7093

		7094

		7095

		7096

		7097

		7098

		7099

		7100

		7101

		7102

		7103

		7104

		7105

		7106

		7107

		7108

		7109

		7110

		7111

		7112

		7113

		7114

		7115

		7116

		7117

		7118

		7119

		7120

		7121

		7122

		7123

		7124

		7125

		7126

		7127

		7128

		7129

		7130

		7131

		7132

		7133

		7134

		7135

		7136

		7137

		7138

		7139

		7140

		7141

		7142

		7143

		7144

		7145

		7146

		7147

		7148

		7149

		7150

		7151

		7152

		7153

		7154

		7155

		7156

		7157

		7158

		7159

		7160

		7161

		7162

		7163

		7164

		7165

		7166

		7167

		7168

		7169

		7170

		7171

		7172

		7173

		7174

		7175

		7176

		7177

		7178

		7179

		7180

		7181

		7182

		7183

		7184

		7185

		7186

		7187

		7188

		7189

		7190

		7191

		7192

		7193

		7194

		7195

		7196

		7197

		7198

		7199

		7200

		7201

		7202

		7203

		7204

		7205

		7206

		7207

		7208

		7209

		7210

		7211

		7212

		7213

		7214

		7215

		7216

		7217

		7218

		7219

		7220

		7221

		7222

		7223

		7224

		7225

		7226

		7227

		7228

		7229

		7230

		7231

		7232

		7233

		7234

		7235

		7236

		7237

		7238

		7239

		7240

		7241

		7242

		7243

		7244

		7245

		7246

		7247

		7248

		7249

		7250

		7251

		7252

		7253

		7254

		7255

		7256

		7257

		7258

		7259

		7260

		7261

		7262

		7263

		7264

		7265

		7266

		7267

		7268

		7269

		7270

		7271

		7272

		7273

		7274

		7275

		7276

		7277

		7278

		7279

		7280

		7281

		7282

		7283

		7284

		7285

		7286

		7287

		7288

		7289

		7290

		7291

		7292

		7293

		7294

		7295

		7296

		7297

		7298

		7299

		7300

		7301

		7302

		7303

		7304

		7305

		7306

		7307

		7308

		7309

		7310

		7311

		7312

		7313

		7314

		7315

		7316

		7317

		7318

		7319

		7320

		7321

		7322

		7323

		7324

		7325

		7326

		7327

		7328

		7329

		7330

		7331

		7332

		7333

		7334

		7335

		7336

		7337

		7338

		7339

		7340

		7341

		7342

		7343

		7344

		7345

		7346

		7347

		7348

		7349

		7350

		7351

		7352

		7353

		7354

		7355

		7356

		7357

		7358

		7359

		7360

		7361

		7362

		7363

		7364

		7365

		7366

		7367

		7368

		7369

		7370

		7371

		7372

		7373

		7374

		7375

		7376

		7377

		7378

		7379

		7380

		7381

		7382

		7383

		7384

		7385

		7386

		7387

		7388

		7389

		7390

		7391

		7392

		7393

		7394

		7395

		7396

		7397

		7398

		7399

		7400

		7401

		7402

		7403

		7404

		7405

		7406

		7407

		7408

		7409

		7410

		7411

		7412

		7413

		7414

		7415

		7416

		7417

		7418

		7419

		7420

		7421

		7422

		7423

		7424

		7425

		7426

		7427

		7428

		7429

		7430

		7431

		7432

		7433

		7434

		7435

		7436

		7437

		7438

		7439

		7440

		7441

		7442

		7443

		7444

		7445

		7446

		7447

		7448

		7449

		7450

		7451

		7452

		7453

		7454

		7455

		7456

		7457

		7458

		7459

		7460

		7461

		7462

		7463

		7464

		7465

		7466

		7467

		7468

		7469

		7470

		7471

		7472

		7473

		7474

		7475

		7476

		7477

		7478

		7479

		7480

		7481

		7482

		7483

		7484

		7485

		7486

		7487

		7488

		7489

		7490

		7491

		7492

		7493

		7494

		7495

		7496

		7497

		7498

		7499

		7500

		7501

		7502

		7503

		7504

		7505

		7506

		7507

		7508

		7509

		7510

		7511

		7512

		7513

		7514

		7515

		7516

		7517

		7518

		7519

		7520

		7521

		7522

		7523

		7524

		7525

		7526

		7527

		7528

		7529

		7530

		7531

		7532

		7533

		7534

		7535

		7536

		7537

		7538

		7539

		7540

		7541

		7542

		7543

		7544

		7545

		7546

		7547

		7548

		7549

		7550

		7551

		7552

		7553

		7554

		7555

		7556

		7557

		7558

		7559

		7560

		7561

		7562

		7563

		7564

		7565

		7566

		7567

		7568

		7569

		7570

		7571

		7572

		7573

		7574

		7575

		7576

		7577

		7578

		7579

		7580

		7581

		7582

		7583

		7584

		7585

		7586

		7587

		7588

		7589

		7590

		7591

		7592

		7593

		7594

		7595

		7596

		7597

		7598

		7599

		7600

		7601

		7602

		7603

		7604

		7605

		7606

		7607

		7608

		7609

		7610

		7611

		7612

		7613

		7614

		7615

		7616

		7617

		7618

		7619

		7620

		7621

		7622

		7623

		7624

		7625

		7626

		7627

		7628

		7629

		7630

		7631

		7632

		7633

		7634

		7635

		7636

		7637

		7638

		7639

		7640

		7641

		7642

		7643

		7644

		7645
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		7647

		7648

		7649

		7650
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		7663
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Sheet1

				Input Data Format from Core Crate																																						Output Data Format - 16 bit																																								Output Data Format, packed as 32 bit entities for S-Link

								Color Key for both Input and Output Formats																																				15		14		13		12		11		10		09		08		07		06		05		04		03		02		01		00										31		30		29		28		27		26		25		24		23		22		21		20		19		18		17		16		15		14		13		12		11		10		09		08		07		06		05		04		03		02		01		00

										SLINK required header/footer (output only)																																SH01		Start of Header Marker - Bytes 3-2, Fixed Value 0xEE12																																1						SH01		Start of Header Marker - Fixed Value 0xEE1234EE																																																																1

										Record Header/Footer from Core Crate																																SH02		Start of Header Marker - Bytes 1-0, Fixed Value 0x34EE																																2						SH02		Header Size - Fixed Value 0x00000009																																																																2

										Track Header from Core Crate																																SH03		Header Size - Bytes 3-2, Fixed Value 0x0000																																3						SH03		Format Version Number - Formed within FLIC from firmware																																																																3

										Pixel layer data																																SH04		Header Size - Bytes 1-0, Fixed Value 0x0009																																4						SH04		Source Identifier - Fixed Value 0x0000007F																																																																4

										SCT layer data																																SH05		Format Version Number - Bytes 3-2																																5		0x0310

																																										SH06		Format Version Number - Bytes 1-0																																6		0x007f

																																										SH07		Source Identifier - Bytes 3-2																																7		0x007f

				Bit=> Word		15		14		13		12		11		10		09		08		07		06		05		04		03		02		01		00						SH08		Source Identifier - Bytes 1-0																																8		Module ID						31		30		29		28		27		26		25		24		23		22		21		20		19		18		17		16		15		14		13		12		11		10		09		08		07		06		05		04		03		02		01		00

				RH01		Region ID						0		1		1		0		1		0		0		1		1		0		1		0		0		1				RH01		Run Number - Bytes 3-2																																9						RH01		Run Number - Passed to FLIC from Core Crate																																																																5

				RH02		Reserved																																2				RH02		Run Number - Bytes 1-0																																10						RH02		Extended Level 1 ID - Passed to FLIC from Core Crate																																																																6

				RH03		Run Number - Bytes 3-2																																3				RH03		Extended Level 1 ID - Bytes 3-2																																11						RH03		Bunch Crossing ID - Passed to FLIC from Core Crate																																																																7						SH01		Start of Header Marker - Fixed Value 0xEE1234EE

				RH04		Run Number - Bytes 1-0																																4				RH04		Extended Level 1 ID - Bytes 1-0																																12						RH04		Level 1 Trigger Type - Passed to FLIC from Core Crate																																																																8						SH02		Header Size - Fixed Value 0x00000009

				RH05		Extended Level 1 ID - Bytes 3-2																																5				RH05		Bunch Crossing ID - Bytes 3-2																																13						RH05		Detector Event Type - Passed to FLIC from Core Crate																																																																9						SH03		Format Version Number - Formed within FLIC from firmware

				RH06		Extended Level 1 ID - Bytes 1-0																																6				RH06		Bunch Crossing ID - Bytes 1-0																																14						RH06		NUM_TRACK_HI_PT_THRSH																																NUM_TRACK_LO_PT_THRSH																																10						SH04		Source Identifier - Fixed Value 0x0000007F

				RH07		Bunch Crossing ID - Bytes 3-2																																7				RH07		Level 1 Trigger Type - Byte 3-2																																15																																																																														RH01		Run Number - Passed to FLIC from Core Crate

				RH08		Bunch Crossing ID - Bytes 1-0																																8				RH08		Level 1 Trigger Type - Byte 1-0																																16																																																																														RH02		Extended Level 1 ID - Passed to FLIC from Core Crate

				RH09		Level 1 Trigger Type - Byte 3-2																																9				RH09		Detector Event Type - Bytes 3-2																																17																																																																														RH03		Bunch Crossing ID - Passed to FLIC from Core Crate

				RH10		Level 1 Trigger Type - Byte 1-0																																10				RH10		Detector Event Type - Bytes 1-0																																18																																																																														RH04		Level 1 Trigger Type - Passed to FLIC from Core Crate

				RH11		Detector Event Type - Bytes 3-2																																11				RH11		NUM_TRACK_HI_PT_THRSH - Bytes 1-0																																19																																																																														RH05		Detector Event Type - Passed to FLIC from Core Crate

				RH12		Detector Event Type - Bytes 1-0																																12				RH12		NUM_TRACK_LO_PT_THRSH - Bytes 1-0																																20								31		30		29		28		27		26		25		24		23		22		21		20		19		18		17		16		15		14		13		12		11		10		09		08		07		06		05		04		03		02		01		00								RH06		NUM_TRACK_HI_PT_THRSH																																NUM_TRACK_LO_PT_THRSH

				RH13		NUM_TRACK_HI_PT_THRSH - Bytes 1-0																																13				TH1		ROAD_ID[31..16]																																21						TH1		ROAD_ID[31..0]																																																																11						TH1		ROAD_ID[31..0]

				RH14		NUM_TRACK_LO_PT_THRSH - Bytes 1-0																																14				TH2		ROAD_ID[15..0]																																22						TH2		TRACK_D0[15..0]																																TRACK_Z0[15..0]																																12						TH2		TRACK_D0[15..0]																																TRACK_Z0[15..0]

				TH1		Board ID				1		1		0		1		0		1		1		0		1		0		0		TOWER						15				TH3		TRACK_D0[15..0]																																23						TH3		TRACK_COTTH[15..0]																																TRACK_PHI0[15..0]																																13						TH3		TRACK_COTTH[15..0]																																TRACK_PHI0[15..0]

				TH2		SECTOR_NUMBER[15:0]																																16				TH4		TRACK_Z0[15..0]																																24						TH4		TRACK_CHISQ[15..0]																																TRACK_CURV[15..0]																																14						TH4		TRACK_CHISQ[15..0]																																TRACK_CURV[15..0]

				TH3		ROAD_ID[31..16]																																17		SRAM addr assert		TH5		TRACK_COTTH[15..0]																																25						TH5		TRACK_QUALITY[15..0]																																(Reserved for future use)[15..0]																																15						TH5		TRACK_QUALITY[15..0]																																(Reserved for future use)[15..0]

				TH4		ROAD_ID[15..0]																																18				TH6		TRACK_PHI0[15..0]																																26																																																																														PL0a		Reserved								Spare																																Module ID[11:0]

				TH5		TRACK_D0[15..0]																																19				TH7		TRACK_CHISQ[15..0]																																27																																																																														PL0b		HitType				RSV				COL_WIDTH						col coord [10:0]																						row width						row coord[10:0]

				TH6		TRACK_Z0[15..0]																																20				TH8		TRACK_CURV[15..0]																																28																																																																														PL1a		Reserved								Spare																																Module ID[11:0]

				TH7		TRACK_COTTH[15..0]																																21				TH9		TRACK_QUALITY[15..0]																																29																																																																														PL1b		HitType				RSV				COL_WIDTH						col coord [10:0]																						row width						row coord[10:0]

				TH8		TRACK_PHI0[15..0]																																22				TH10		(Reserved for future use)[15..0]																																30								31		30		29		28		27		26		25		24		23		22		21		20		19		18		17		16		15		14		13		12		11		10		09		08		07		06		05		04		03		02		01		00								PL2a		Reserved								Spare																																Module ID[11:0]

				TH9		TRACK_CHISQ[15..0]																																23				PL0a		Reserved								Spare[15:4]																								31		mshalf				PL0a		Reserved								Spare																																Module ID[11:0]																								16						PL2b		HitType				RSV				COL_WIDTH						col coord [10:0]																						row width						row coord[10:0]

				TH10		TRACK_CURV[15..0]																																24				PL0b		SPARE[3:0]								Module ID[11:0]																								32		lshalf				PL0b		HitType				RSV				COL_WIDTH						col coord [10:0]																						row width						row coord[10:0]																						17						PL3a		Reserved								Spare																																Module ID[11:0]
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		162

		163

		164

		165

		166		PL2b		HIT TYPE				ROW_WIDTH						ROW_COORDINATE[10:0]																						32																				St axial layer 2 latched																						X												PL1b				col width								col coord [10:0]																						31

		167																																																								COUNTER VALUE														8

		168																																																								ID written to FIFO

		169

		170

		171		SAx0		RSV				COL_WIDTH						HIT2_COORDINATE[10:0]																						33

		172																																																																																										PL1c						row width						row coord[10:0]																						32

		173

		174																																																								St stereo layer 2 latched																						X

		175																																																								COUNTER VALUE														9

		176		SSt0		HIT TYPE				ROW_WIDTH						HIT1_COORDINATE[10:0]																						34																				ID written to FIFO

		177																																																																																										PL2a		HitType				RSV				Module ID[11:0]																								33

		178

		179

		180

		181

		182		SAx1		RSV				COL_WIDTH						HIT2_COORDINATE[10:0]																						35																				St axial layer 3 latched																						X												PL2b				col width								col coord [10:0]																						34

		183																																																								COUNTER VALUE														10

		184																																																								ID written to FIFO

		185

		186

		187		SSt1		HIT TYPE				ROW_WIDTH						HIT1_COORDINATE[10:0]																						36

		188																																																																																										PL2c						row width						row coord[10:0]																						35

		189

		190																																																								St stereo layer 3 latched																						X

		191																																																								COUNTER VALUE														11

		192		SAx2		RSV				COL_WIDTH						HIT2_COORDINATE[10:0]																						37																				ID written to FIFO

		193																																																																																										SAx0a		Spare								Module ID[11:0]																								36

		194

		195

		196

		197

		198		SSt2		HIT TYPE				ROW_WIDTH						HIT1_COORDINATE[10:0]																						38																																										X												SAx0b				HitType				RSV				Hit Coordinate[10:0]																						37

		199																																																								COUNTER VALUE														12

		200																																																								ID written to FIFO

		201																																																										SRAM LOOKUP COMPLETE - NORMAL CASE

		202

		203		SAx3		RSV				COL_WIDTH						HIT2_COORDINATE[10:0]																						39

		204																																																																																										SSt0a		Spare								Module ID[11:0]																								38

		205

		206																																																																														X

		207

		208		SSt3		HIT TYPE				ROW_WIDTH						HIT1_COORDINATE[10:0]																						40

		209																																																																																										SSt0b				HitType				RSV				Hit Coordinate[10:0]																						39

		210

		211

		212

		213

		214		RTF1		Core Crate Status bits (format TBD)																																41																																										X												SAx1a		Spare								Module ID[11:0]																								40

		215

		216																																																										SRAM LOOKUP COMPLETE - ICD CASE

		217

		218

		219		RTF2		Core Crate Status/Error bIts (format TBD)																																42

		220																																																																																										SAx1b				HitType				RSV				Hit Coordinate[10:0]																						41

		221

		222																																																																														X

		223

		224		RTF3		Fixed Value 0x0F0F																																43

		225																																																																																										SSt1a		Spare								Module ID[11:0]																								42

		226

		227

		228

		229

		230		RTF4		Fixed Value 0xA5A5																																44																																										X												SSt1b				HitType				RSV				Hit Coordinate[10:0]																						43

		231

		232

		233

		234

		235		RTF5		Fixed Value 0xF0F0																																45

		236																																																																																										RTF4		Fixed Value 0xA5A5																																44

		237

		238																																																																														X

		239

		240		RTF6		Fixed Value 0x5A5A																																46

		241																																																																																										RTF5		Fixed Value 0xF0F0																																45

		242

		243

		244

		245

		246																																																																																										RTF6		Fixed Value 0x5A5A																																46

		247

		248

		249

		250

		251

		252

		253

		254

		255

		256

		257

		258

		259

		260

		261

		262

		263

		264

		265

		266

		267

		268

		269

		270

		271

		272

		273

		274

		275

		276

		277

		278

		279

		280

		281

		282

		283

		284

		285

		286

		287

		288

		289

		290

		291

		292

		293

		294

		295

		296

		297

		298

		299

		300

		301

		302

		303

		304

		305

		306

		307

		308

		309

		310

		311

		312

		313

		314

		315

		316

		317

		318

		319

		320

		321

		322

		323

		324

		325

		326

		327

		328

		329

		330

		331

		332

		333

		334

		335

		336

		337

		338

		339

		340

		341

		342

		343

		344

		345

		346

		347

		348

		349

		350

		351

		352

		353

		354

		355

		356

		357

		358

		359

		360

		361

		362

		363

		364

		365

		366

		367

		368

		369

		370

		371

		372

		373

		374

		375

		376

		377

		378

		379

		380

		381

		382

		383

		384

		385

		386

		387

		388

		389

		390

		391

		392

		393

		394

		395

		396

		397

		398

		399

		400

		401

		402

		403

		404

		405

		406

		407

		408

		409

		410

		411

		412

		413

		414

		415

		416

		417

		418

		419

		420

		421

		422

		423

		424

		425

		426

		427

		428

		429

		430

		431

		432

		433

		434

		435

		436

		437

		438

		439

		440

		441

		442

		443

		444

		445

		446

		447

		448

		449

		450

		451

		452

		453

		454

		455

		456

		457

		458

		459

		460

		461

		462

		463

		464

		465

		466

		467

		468

		469

		470

		471

		472

		473

		474

		475

		476

		477

		478

		479

		480

		481

		482

		483

		484

		485

		486

		487

		488

		489

		490

		491

		492

		493

		494

		495

		496

		497

		498

		499

		500

		501

		502

		503

		504

		505

		506

		507

		508

		509

		510

		511

		512

		513

		514

		515

		516

		517

		518

		519

		520

		521

		522

		523

		524

		525

		526

		527

		528

		529

		530

		531

		532

		533

		534

		535

		536

		537

		538

		539

		540

		541

		542

		543

		544

		545

		546

		547

		548

		549

		550

		551

		552

		553

		554

		555

		556

		557

		558

		559

		560

		561

		562

		563

		564

		565

		566

		567

		568

		569

		570

		571

		572

		573

		574

		575

		576

		577

		578

		579

		580

		581

		582

		583

		584

		585

		586

		587

		588

		589

		590

		591

		592

		593

		594

		595

		596

		597

		598

		599

		600

		601

		602

		603

		604

		605

		606

		607

		608

		609

		610

		611

		612

		613

		614

		615

		616

		617

		618

		619

		620

		621

		622

		623

		624

		625

		626

		627

		628

		629

		630

		631

		632

		633

		634

		635

		636

		637

		638

		639

		640

		641

		642

		643

		644

		645

		646

		647

		648

		649

		650

		651

		652

		653

		654

		655

		656

		657

		658

		659

		660

		661

		662

		663

		664

		665

		666

		667

		668

		669

		670

		671

		672

		673

		674

		675

		676

		677

		678

		679

		680

		681

		682

		683

		684

		685

		686

		687

		688

		689

		690

		691

		692

		693

		694

		695

		696

		697

		698

		699

		700

		701

		702

		703

		704

		705

		706

		707

		708

		709

		710

		711

		712

		713

		714

		715

		716

		717

		718

		719

		720

		721

		722

		723

		724

		725

		726

		727

		728

		729

		730

		731

		732

		733

		734

		735

		736

		737

		738

		739

		740

		741

		742

		743

		744

		745

		746

		747

		748

		749

		750

		751

		752

		753

		754

		755

		756

		757

		758

		759

		760

		761

		762

		763

		764

		765

		766

		767

		768

		769

		770

		771

		772

		773

		774

		775

		776

		777

		778

		779

		780

		781

		782

		783

		784

		785

		786

		787

		788

		789

		790

		791

		792

		793

		794

		795

		796

		797

		798

		799

		800

		801

		802

		803

		804

		805

		806

		807

		808

		809

		810

		811

		812

		813

		814

		815

		816

		817

		818

		819

		820

		821

		822

		823

		824

		825

		826

		827

		828

		829

		830

		831

		832

		833

		834

		835

		836

		837

		838

		839

		840

		841

		842

		843

		844

		845

		846

		847

		848

		849

		850

		851

		852

		853

		854

		855

		856

		857

		858

		859

		860

		861

		862

		863

		864

		865

		866

		867

		868

		869

		870

		871

		872

		873

		874

		875

		876

		877

		878

		879

		880

		881

		882

		883

		884

		885

		886

		887

		888

		889

		890

		891

		892

		893

		894

		895

		896

		897

		898

		899

		900

		901

		902

		903

		904

		905

		906

		907

		908

		909

		910

		911

		912

		913

		914

		915

		916

		917

		918

		919

		920

		921

		922

		923

		924

		925

		926

		927

		928

		929

		930

		931

		932

		933

		934

		935

		936

		937

		938

		939

		940

		941

		942

		943

		944

		945

		946

		947

		948

		949

		950

		951

		952

		953

		954

		955

		956

		957

		958

		959

		960

		961

		962

		963

		964

		965

		966

		967

		968

		969

		970

		971

		972

		973

		974

		975

		976

		977

		978

		979

		980

		981

		982

		983

		984

		985

		986

		987

		988

		989

		990

		991

		992

		993

		994

		995

		996

		997

		998

		999

		1000

		1001

		1002

		1003

		1004

		1005

		1006

		1007

		1008

		1009

		1010

		1011

		1012

		1013

		1014

		1015

		1016

		1017

		1018

		1019

		1020

		1021

		1022

		1023

		1024

		1025

		1026

		1027

		1028

		1029

		1030

		1031

		1032

		1033

		1034

		1035

		1036

		1037

		1038

		1039

		1040

		1041

		1042

		1043

		1044

		1045

		1046

		1047

		1048

		1049

		1050

		1051

		1052

		1053

		1054

		1055

		1056

		1057

		1058

		1059

		1060

		1061

		1062

		1063

		1064

		1065

		1066

		1067

		1068

		1069

		1070

		1071

		1072

		1073

		1074

		1075

		1076

		1077

		1078

		1079

		1080

		1081

		1082

		1083

		1084

		1085

		1086

		1087

		1088

		1089

		1090

		1091

		1092

		1093

		1094

		1095

		1096

		1097

		1098

		1099

		1100

		1101

		1102

		1103

		1104

		1105

		1106

		1107

		1108

		1109

		1110

		1111

		1112

		1113

		1114

		1115

		1116

		1117

		1118

		1119

		1120

		1121

		1122

		1123

		1124

		1125

		1126

		1127

		1128

		1129

		1130

		1131

		1132

		1133

		1134

		1135

		1136

		1137

		1138

		1139

		1140

		1141

		1142

		1143

		1144

		1145

		1146

		1147

		1148

		1149

		1150

		1151

		1152

		1153

		1154

		1155

		1156

		1157

		1158

		1159

		1160

		1161

		1162

		1163

		1164

		1165

		1166

		1167

		1168

		1169

		1170

		1171

		1172

		1173

		1174

		1175

		1176

		1177

		1178

		1179

		1180

		1181

		1182

		1183

		1184

		1185

		1186

		1187

		1188

		1189

		1190

		1191

		1192

		1193

		1194

		1195

		1196

		1197

		1198

		1199

		1200

		1201

		1202

		1203

		1204

		1205

		1206

		1207

		1208

		1209

		1210

		1211

		1212

		1213

		1214

		1215

		1216

		1217

		1218

		1219

		1220

		1221

		1222

		1223

		1224

		1225

		1226

		1227

		1228

		1229

		1230

		1231

		1232

		1233

		1234

		1235

		1236

		1237

		1238

		1239

		1240

		1241

		1242

		1243

		1244

		1245

		1246

		1247

		1248

		1249

		1250

		1251

		1252

		1253

		1254

		1255

		1256

		1257

		1258

		1259

		1260

		1261

		1262

		1263

		1264

		1265

		1266

		1267

		1268

		1269

		1270

		1271

		1272

		1273

		1274

		1275

		1276

		1277

		1278

		1279

		1280

		1281

		1282

		1283

		1284

		1285

		1286

		1287

		1288

		1289

		1290

		1291

		1292

		1293

		1294

		1295

		1296

		1297

		1298

		1299

		1300

		1301

		1302

		1303

		1304

		1305

		1306

		1307

		1308

		1309

		1310

		1311

		1312

		1313

		1314

		1315

		1316

		1317

		1318

		1319

		1320

		1321

		1322

		1323

		1324

		1325

		1326

		1327

		1328

		1329

		1330

		1331

		1332

		1333

		1334

		1335

		1336

		1337

		1338

		1339

		1340

		1341

		1342

		1343

		1344

		1345

		1346

		1347

		1348

		1349

		1350

		1351

		1352

		1353

		1354

		1355

		1356

		1357

		1358

		1359

		1360

		1361

		1362

		1363

		1364

		1365

		1366

		1367

		1368

		1369

		1370

		1371

		1372

		1373

		1374

		1375

		1376

		1377

		1378

		1379

		1380

		1381

		1382

		1383

		1384

		1385

		1386

		1387

		1388

		1389

		1390

		1391

		1392

		1393

		1394

		1395

		1396

		1397

		1398

		1399

		1400

		1401

		1402

		1403

		1404

		1405

		1406

		1407

		1408

		1409

		1410

		1411

		1412

		1413

		1414

		1415

		1416

		1417

		1418

		1419

		1420

		1421

		1422

		1423

		1424

		1425

		1426

		1427

		1428

		1429

		1430

		1431

		1432

		1433

		1434

		1435

		1436

		1437

		1438

		1439

		1440

		1441

		1442

		1443

		1444

		1445

		1446

		1447

		1448

		1449

		1450

		1451

		1452

		1453

		1454

		1455

		1456

		1457

		1458

		1459

		1460

		1461

		1462

		1463

		1464

		1465

		1466

		1467

		1468

		1469

		1470

		1471

		1472

		1473

		1474

		1475

		1476

		1477

		1478

		1479

		1480

		1481

		1482

		1483

		1484

		1485

		1486

		1487

		1488

		1489

		1490

		1491

		1492

		1493

		1494

		1495

		1496

		1497

		1498

		1499

		1500

		1501

		1502

		1503

		1504

		1505

		1506

		1507

		1508

		1509

		1510

		1511

		1512

		1513

		1514

		1515

		1516

		1517

		1518

		1519

		1520

		1521

		1522

		1523

		1524

		1525

		1526

		1527

		1528

		1529

		1530

		1531

		1532

		1533

		1534

		1535

		1536

		1537

		1538

		1539

		1540

		1541

		1542

		1543

		1544

		1545

		1546

		1547

		1548

		1549

		1550

		1551

		1552

		1553

		1554

		1555

		1556

		1557

		1558

		1559

		1560

		1561

		1562

		1563

		1564

		1565

		1566

		1567

		1568

		1569

		1570

		1571

		1572

		1573

		1574

		1575

		1576

		1577

		1578

		1579

		1580

		1581

		1582

		1583

		1584

		1585

		1586

		1587

		1588

		1589

		1590

		1591

		1592

		1593

		1594

		1595

		1596

		1597

		1598

		1599

		1600

		1601

		1602

		1603

		1604

		1605

		1606

		1607

		1608

		1609

		1610

		1611

		1612

		1613

		1614

		1615

		1616

		1617

		1618

		1619

		1620

		1621

		1622

		1623

		1624

		1625

		1626

		1627

		1628

		1629

		1630

		1631

		1632

		1633

		1634

		1635

		1636

		1637

		1638

		1639

		1640

		1641

		1642

		1643

		1644

		1645

		1646

		1647

		1648

		1649

		1650

		1651

		1652

		1653

		1654

		1655

		1656

		1657

		1658

		1659

		1660

		1661

		1662

		1663

		1664

		1665

		1666

		1667

		1668

		1669

		1670

		1671

		1672

		1673

		1674

		1675

		1676

		1677

		1678

		1679

		1680

		1681

		1682

		1683

		1684

		1685

		1686

		1687

		1688

		1689

		1690

		1691

		1692

		1693

		1694

		1695

		1696

		1697

		1698

		1699

		1700

		1701

		1702

		1703

		1704

		1705

		1706

		1707

		1708

		1709

		1710

		1711

		1712

		1713

		1714

		1715

		1716

		1717

		1718

		1719

		1720

		1721

		1722

		1723

		1724

		1725

		1726

		1727

		1728

		1729

		1730

		1731

		1732

		1733

		1734

		1735

		1736

		1737

		1738

		1739

		1740

		1741

		1742

		1743

		1744

		1745

		1746

		1747

		1748

		1749

		1750

		1751

		1752

		1753

		1754

		1755

		1756

		1757

		1758

		1759

		1760

		1761

		1762

		1763

		1764

		1765

		1766

		1767

		1768

		1769

		1770

		1771

		1772

		1773

		1774

		1775

		1776

		1777

		1778

		1779

		1780

		1781

		1782

		1783

		1784

		1785

		1786

		1787

		1788

		1789

		1790

		1791

		1792

		1793

		1794

		1795

		1796

		1797

		1798

		1799

		1800

		1801

		1802

		1803

		1804

		1805

		1806

		1807

		1808

		1809

		1810

		1811

		1812

		1813

		1814

		1815

		1816

		1817

		1818

		1819

		1820

		1821

		1822

		1823

		1824

		1825

		1826

		1827

		1828

		1829

		1830

		1831

		1832

		1833

		1834

		1835

		1836

		1837

		1838

		1839

		1840

		1841

		1842

		1843

		1844

		1845

		1846

		1847

		1848

		1849

		1850

		1851

		1852

		1853

		1854

		1855

		1856

		1857

		1858

		1859

		1860

		1861

		1862

		1863

		1864

		1865

		1866

		1867

		1868

		1869

		1870

		1871

		1872

		1873

		1874

		1875

		1876

		1877

		1878

		1879

		1880

		1881

		1882

		1883

		1884

		1885

		1886

		1887

		1888

		1889

		1890

		1891

		1892

		1893

		1894

		1895

		1896

		1897

		1898

		1899

		1900

		1901

		1902

		1903

		1904

		1905

		1906

		1907

		1908

		1909

		1910

		1911

		1912

		1913

		1914

		1915

		1916

		1917

		1918

		1919

		1920

		1921

		1922

		1923

		1924

		1925

		1926

		1927

		1928

		1929

		1930

		1931

		1932

		1933

		1934

		1935

		1936

		1937

		1938

		1939

		1940

		1941

		1942

		1943

		1944

		1945

		1946

		1947

		1948

		1949

		1950

		1951

		1952

		1953

		1954

		1955

		1956

		1957

		1958

		1959

		1960

		1961

		1962

		1963

		1964

		1965

		1966

		1967

		1968

		1969

		1970

		1971

		1972

		1973

		1974

		1975

		1976

		1977

		1978

		1979

		1980

		1981

		1982

		1983

		1984

		1985

		1986

		1987

		1988

		1989

		1990

		1991

		1992

		1993

		1994

		1995

		1996

		1997

		1998

		1999

		2000

		2001

		2002

		2003

		2004

		2005

		2006

		2007

		2008

		2009

		2010

		2011

		2012

		2013

		2014

		2015

		2016

		2017

		2018

		2019

		2020

		2021

		2022

		2023
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