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I.
Introduction
The Data Concentrator (DCON) is the data interface between the 64-channel custom Application Specific Integrated Circuits (ASIC) called DCAL that is part of the front-end electronics, and the VME Data Collector (DCOL) that forms the “back-end” part of the data acquisition system.  A block diagram of this part of the system is shown in Fig. 1.  The DCON is a board mounted close to the front-end boards and it provides several functions independently or initiated by the DCOL:


• Readout of time and hit data from DCAL
• Concatenation of data from several DCAL chips into one output stream


• Bidirectional slow control writes or reads to the DCAL internal registers 


• Distribution of the timing and trigger signals to DCAL

• Provide power to the front-end boards

This document describes the functionality of the Version 1.xx of DCON, for use in a “Vertical Slice Test” of the readout system.  In this configuration, the front-end boards contain 4 DCAL chips, and there is one DCON per front-end board.  It is envisaged that next version of the system will be such that a DCON board services 12 DCAL chips.  Much of the functionality of this version of DCON will carry forward, although the details and many of the specifications will be different.

For background information on the system, refer to the References at the end.  

[image: image3]
Fig. 1.  Block Diagram of the Interfaces to the Data Concentrator
II.
DCON – DCOL Connector
Communication between DCON and DCOL uses a serial communication protocol.   The DCON connects to the DCOL with a 4-differential pair CAT-5 cable.  See Table 1.  Each signal pair uses LVDS for signal transmission, and all signals are uni-directional.  The signal TXDATA is used to write serially-encoded slow control data from the DCOL to the DCON.  The signal RXDATA is used to read serially-encoded data from the DCON to the DCOL, and may be either DCAL hit data or the slow control read data.  The signal TCAL is used to provide a test pulse from DCOL passing through DCON to the front-end ASICs for calibration purposes. The fourth pair provides +5 volt power from the DCOL to be used for the digitally isolated circuitry on the DCON. (The terminology “TX” for transmit and “RX” for receive are referenced from the Data Collector.)
	Pin
	Signal

	1
	TXDATA+

	2
	TXDATA -

	3
	+5 Volts

	4
	TCAL+

	5
	TCAL -

	6
	GND

	7
	RXDATA +

	8
	RXDATA -


Table 1.    Pin definition for the RJ-45 Connector
III.
DCON – Front-End Board Connector

The communication between DCON and the front-end board uses a 68-pin flat-ribbon cable.  This cable has a set of individual data acquisition differential pair signals, also LVDS.  The signals are also all uni-directional.  Some are bussed signals that go to all front-end chips, while others are point-to-point.  See Table 2.  Note that the connector on DCON is a dual-row connector, and the pins numbered from 1 to 68. 
The signals have the following functionality:
1.
VDD/GND 

DCON provides power and ground to the front-end board.  There are 10 pairs, each of which can handle ½ amp.  VDD is defined as +2.5V.  Power is supplied to DCON using external supplies.  DCON regulates the voltage to that needed by the DCAL chips.  The nominal current demand is 100 mA per DCAL chip, or 400 mA total for a front-end board.  The power on the 68-pin connector is grouped into 5 VDD wires on each end of the connector.  Each of these groups is individually fused with a ½ amp fuse on the DCON.
	Pin
	      Name
	
	Pin
	      Name

	1
	GND
	
	2
	VDD

	3
	VDD
	
	4
	GND

	5
	GND
	
	6
	VDD

	7
	VDD
	
	8
	GND

	9
	GND
	
	10
	VDD

	11
	TIMERST-
	
	12
	TIMERST+

	13
	OUTCLK-
	
	14
	OUTCLK+

	15
	BCOCLK-
	
	16
	BCOCLK+

	17
	EXTTRGIN-
	
	18
	EXTTRGIN+

	19
	1 SHIFTOUT-
	
	20
	1 SHIFTOUT+

	21
	2 SHIFTOUT-
	
	22
	2 SHIFTOUT+

	23
	1 DATAOUT-
	
	24
	1 DATAOUT+

	25
	1 CLKOUT-
	
	26
	1 CLKOUT+

	27
	1 TRGOUT-
	
	28
	1 TRGOUT+

	29
	2 DATAOUT-
	
	30
	2 DATAOUT+

	31
	2 CLKOUT-
	
	32
	2 CLKOUT+

	33
	2 TRGOUT-
	
	34
	2 TRGOUT+

	35
	3 TRGOUT+
	
	36
	3 TRGOUT-

	37
	3 CLKOUT+
	
	38
	3 CLKOUT-

	39
	3 DATAOUT+
	
	40
	3 DATAOUT-

	41
	0 TRGOUT+
	
	42
	0 TRGOUT-

	43
	0 CLKOUT+
	
	44
	0 CLKOUT-

	45
	0 DATAOUT+
	
	46
	0 DATAOUT-

	47
	PLSRCLK-
	
	48
	PLSRCLK+

	49
	3 SHIFTOUT-
	
	50
	3 SHIFTOUT+

	51
	0 SHIFTOUT-
	
	52
	0 SHIFTOUT+

	53
	SHFTCTRL-
	
	54
	SHFTCTRL+

	55
	SHIFTIN-
	
	56
	SHIFTIN+

	57
	CORERST-
	
	58
	CORERST+

	59
	VDD
	
	60
	GND

	61
	GND
	
	62
	VDD

	63
	VDD
	
	64
	GND

	65
	GND
	
	66
	VDD

	67
	VDD
	
	68
	GND


Table 2.    Pin Definition for the 68-pin Cable

Between the Data Concentrator and the Front-End Board

2.
BCOCLK 

Signal is sent to the front-end board by DCON, and bussed to all front-end chips.  It is derived and synced to the pulse-width encoded 40MHz input from DCOL, and is used as the system clock by DCAL.  It is nominally 10 MHz.  

3.
TIMERST 

Signal is sent to the front-end board by DCON, and bussed to all front-end chips.  It is sent from the timing system through DCOL to reset the timestamp counters in the DCAL front-end chips, which nominally will occur at 1 Hz.  It is received from DCOL pulse-width encoded on the RXDATA signal line.  It must be received on the same clock cycle by every chip in the system to synchronize the timestamp counters.  The signal is issued in-synchronization with BCOCLK.
4.
OUTCLK 

Signal is sent to the front-end board by DCON, and bussed to all front-end chips.  It is the clock used by DCAL to send hit data to DCON.  It is nominally 10MHz continuous, the same as the system clock BCOCLK, and is of the same phase.
5.
iCLKOUT 

Signal is sent to DCON by each DCAL chip in point-to-point fashion, and is used as the clock to latch, on both edges, the serial stream of data bits that are sent by the DCAL chips.  The clock is continuous, and is used by DCON to synchronize the output data from DCAL. There is one signal pair for each DCAL chip on the front-end board.  Because the data bits are clocked on both edges, it is one half the frequency of OUTCLK, but may differ in phase.  Signal is terminated by DCON.   
6.
iDATAOUT 

Signal is a serial bit stream sent to DCON by each DCAL chip in point-to-point fashion, and contains the hit pattern and timestamp of a triggered event.  See the section on Data Format below for the protocol.  There is one signal pair for each DCAL chip on the front-end board.  Signal is terminated by DCON.  

7.
SHIFTCTRL
Signal is a control signal sent to the front-end board by DCON and is bussed to all front-end chips.  It controls the reading and writing of slow control serial data.  When SHIFTCTRL is true (logic 1), a selected DCAL chip is commanded to a read state.    Note that the read state may include a command to write slow control data from the chips.  The signal must be held high for the entire duration of the write cycle to the DCAL chip, and if data is to be read back, it will remain high until this data has been received by the DCON.  See Figures 4 and 5.  When SHIFTCTRL is false (logic 0), the slow control interface is inactive.  The reading and writing of slow control data uses the BCOCLK as the data clock, so SHIFTCTRL is asserted and de-asserted in synchronization with the BCOCLK.  (See the DCAL specifications for a detailed description of the slow control read/write protocol.)
8.
SHIFTIN
Signal is sent to the front-end board by DCON and is bussed to all front-end chips.  It is used as the serial bit stream for writing slow control data to a selected DCAL chip.  (Part of the serial write protocol includes a chip address, which selects which chip is to be active for receiving data. See the DCAL specifications for a detailed description of the slow control read/write protocol.)  The DCAL chips use the BCOCLK as the clock for reading in slow control data, so the slow control data must be synchronized with it.
9.
iSHIFTOUT
Signal is sent to DCON by each DCAL chip in point-to-point fashion, and is used as the serial bit stream for reading slow control data from a previously-selected DCAL chip.  There is one signal pair for each DCAL chip on the front-end board.  Data is sent synchronized with the BCOCLK, although there may be a small phase delay.  Signal is terminated by DCON.    

10.
EXTTRGIN

Signal is sent to the front-end board by DCON, and bussed to all front-end chips.  It is sent from the trigger system through DCOL, and is used to capture events in the DCAL chips.  This signal is issued in-synchronization with BCOCLK.  

11.
iTRGOUT 

Signal is a trigger out bit sent to DCON by each DCAL chip in point-to-point fashion whenever one or more front-end discriminators register a hit in a given clock cycle.  The DCAL chips have an internal latency of 1 BCOCLK cycle.  There is one signal pair for each DCAL chip on the front-end board.  Signal is terminated by DCON.  

IV.
Power Connector

The power connector to DCON brings in +5 volts on a 4-pin polarized Molex power connector.  It is regulated down to +3.3 volts and +1.5 volts for the circuitry on the DCON.  It is also regulated to +2.5 volts and sent to the front-end board as VDD.  It is fused on the DCON with a 2 amp fuse.
	Pin
	Signal

	1
	+5 VOLTS

	2
	GND

	3
	SPARE

	4
	SPARE


Fig. 2.  Input Power Connector to the Data Concentrator

 V.
Receiving Timing & Trigger Bits from DCOL on TXDATA
The serially encoded bits from the DCOL come in on a pulse-encoded 40MHz clock, as shown in Fig. 3.  These bits are sent as 4- bit nibbles, and include a Start Bit, a Counter Reset Bit, and a Trigger Bit.  Slow control data is also encoded in this nibble, but is described later.  See Table 3.  
The system uses this protocol to generate the system clock (BCOCLK.)  In the absence of trigger, count reset, or slow control bits, the start bit has a periodicity of 100ns.  Upon power-up, the DCON looks for a minimum of 80 of the ‘1000’ pattern of bits to find synchronization.  DCON forms BCOCLK from this.  When there is no slow control write data or counter reset or trigger, which is most of the time, DCON will resynchronize.   BCOCLK is then sent to the front-end board.
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Fig. 3.  Decoding Timing & Trigger Bits on the TXDATA Signal

(Figure courtesy of Eric Hazen) 
	Bit
	         Definition

	1st
	Start Bit (Always = 1)

	2nd
	Slow Control Write Data Bit

	3rd
	Counter Reset Bit (Reset = 1)

	4th
	Trigger Bit (Trigger = 1)


Table 3.    Nibble Decoding for TXDATA
Once synchronized, DCON decodes the serial bit stream to pick out the other bits.  When count reset is detected, DCON sends TIMERST to the front-end board on the next clock cycle.  When a trigger bit is detected, DCON delays sending it to the front-end board according to the setting 5-position DIP switch located on-board, giving a range of settings 0-31, where each setting delays the trigger pulse by a clock cycle.
VI.
Decoding Slow Control Bits from DCOL on TXDATA

The slow control data to be written to a selected DCAL chip is packed into the 4-bit nibble that comes in on the TXDATA line from DCOL every 100ns.  Initially, when the first bit is detected after a long period of 0’s, the DCON will receive and group the slow control data bits.  The first time a ‘1’ is detected on the slow control write data bit after the slow control data has been enabled or re-enabled, the DCON begins forming bytes from the decoded serial bit stream.  The bits arrive msb first, lsb last.
The format of the data received from DCOL is shown in Table 4.  The first two bytes contain address information.  Byte 1 contains 3 bits of data concentrator address (up to 8 data concentrators may be on the serial link from the data collector), followed by 2 bits of front-end board address (up to 4 front-end boards per data concentrator), and 2 bits of chip address (max 4 DCAL chips per front end board.)  Each Data Concentrator has an address that is set by jumpers, and only when the address as written matches the board address will a Data Concentrator act on the incoming data. The Data Concentrator uses the front-end board address to route the data to the correct front-end destination.  

The second byte of data contains the register address and the type of instruction.   There are 5 bits of register address, and 3 bits that define the type of instruction.  DCON decodes these fields to determine the nature of the interaction.  An instruction code of 4 (‘100’) is a read instruction.    In the event of a read instruction, DCON saves the chip’s 2 byte address in a local register to use when sending the read data to DCOL.  (This is needed because the DCAL chips do not append their own address for reading data.)  The register address determines how many bytes of information are to be read or written, either 0, 1 or 8.  
Once DCON has received all of the write data, it sends the data to the front-end board, asserting SHIFTCTRL as described earlier.  The data is sent to the front-end board mostly in the same form as received by the Data Concentrator except that the Data Concentrator and front-end board addresses are removed.  Examples of a write cycle to a front end board and a write instruction to initiate a read are shown in Fig. 4 and Fig. 5.
After a write cycle has been completed, there must be at least one “null” pattern (1000) in order to resynchronize the Data Concentrator.  DCON will then reset the process and begin looking for a new slow control data start bit.
   
 Byte 1

	1st bit
	Start Bit
	‘1’

	2nd bit
	DCAD2
	Data Concentrator Address 2

	3rd bit
	DCAD1
	Data Concentrator Address 1

	4th bit
	DCAD0
	Data Concentrator Address 0

	5th bit
	FEBAD1
	Front End Board Address 1

	6th bit
	FEBAD0
	Front End Board Address 0

	7th bit
	DCALAD1
	DCal Chip Address 1

	8th bit
	DCALAD0
	Dcal Chip Address 0


.     

                Byte 2
	1st bit
	REG4
	Dcal Chip Register Address 4

	2nd bit
	REG3
	Dcal Chip Register Address 3

	3rd bit
	REG2
	Dcal Chip Register Address 2

	4th bit
	REG1
	Dcal Chip Register Address 1

	5th bit
	REG0
	Dcal Chip Register Address 0

	6th bit
	INST2
	Dcal Chip Instruction Address 2

	7th bit
	INST1
	Dcal Chip Instruction Address 1

	8th bit
	INST0  
	Dcal Chip Instruction Address 0


Either 0, 1, or 8 bytes will follow Byte 2.

If 1 Byte:

    Byte 3   (1 byte Write)

	1st bit
	DAT7
	Dcal Write Data Bit 7     

	2nd bit
	DAT6
	Dcal Write Data Bit 6

	3rd bit
	DAT5
	Dcal Write Data Bit 5

	4th bit
	DAT4
	Dcal Write Data Bit 4

	5th bit
	DAT3
	Dcal Write Data Bit 3

	6th bit
	DAT2
	Dcal Write Data Bit 2

	7th bit
	DAT1
	Dcal Write Data Bit 1

	8th bit
	DAT0
	Dcal Write Data Bit 0


Table 4.  Format of Slow Control Data Sent from DCOL to DCON
If 8 Bytes:
  Byte 3   (8 byte Write)

	1st bit
	DAT63
	Dcal Write Data Bit 63     

	2nd bit
	DAT62
	Dcal Write Data Bit 62

	3rd bit
	DAT61
	Dcal Write Data Bit 61

	4th bit
	DAT60
	Dcal Write Data Bit 60

	5th bit
	DAT59
	Dcal Write Data Bit 59

	6th bit
	DAT58
	Dcal Write Data Bit 58

	7th bit
	DAT57
	Dcal Write Data Bit 57

	8th bit
	DAT56
	Dcal Write Data Bit 56


   · 
    Byte 4      
 ·
·

    · 
    Byte 5    
 ·
·

    · 
    Byte 6    
 ·
·

    · 
    Byte 7   
 ·
·

    · 
    Byte 8   
 ·
·

    · 
    Byte 9   
 ·
·

    Byte 10   (8 byte Write)

	1st bit
	DAT7
	Dcal Write Data Bit 7     

	2nd bit
	DAT6
	Dcal Write Data Bit 6

	3rd bit
	DAT5
	Dcal Write Data Bit 5

	4th bit
	DAT4
	Dcal Write Data Bit 4

	5th bit
	DAT3
	Dcal Write Data Bit 3

	6th bit
	DAT2
	Dcal Write Data Bit 2

	7th bit
	DAT1
	Dcal Write Data Bit 1

	8th bit
	DAT0
	Dcal Write Data Bit 0
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Drawings complements of Jim Hoff, Fermilab

VII.
Sending Data Bits to DCOL on RXDATA

There are two types of data that are sent from the Data Concentrator to the Data Collector.  One is slow control data that is read from the DCAL chips.  The other is event data.  The protocol used to write data to DCOL is very similar to that used to read data on the TXDATA line.  The write data path uses the RXDATA lines, and also uses a pulse-encoded 40 MHz clock broken into nibbles.  The definition of the data bits is shown in Table 5.  
	Bit
	         Definition

	1st
	Start Bit (Always = 1)

	2nd
	Slow Control Read Enable Bit (Enable = 1)

	3rd
	DCal Hit Read Enable Bit (Enable = 1)

	4th
	Slow Control or DCal Hit Read Data Bit


Table 5.    Nibble Decoding for TXDATA
The protocol uses a start bit, two control bits, and one data bit.  The start bit functions in the same way as described for TXDATA, and provides synchronization between DCON and DCOL.  Bit 4 is the data bit, where one bit of potentially long words is sent on each 100 nS clock cycle.  Bit 2 is asserted if the data bit included is a slow control data word.  Bit 3 is asserted if the data bit is for event data.  Bits 2 and 3 should never be asserted at the same time.  When bits 2 and 3 are both 0, the data bit is not valid.  The formats for slow control data and event data are described in the following sections.
VIII.
Decoding Slow Control Bits from DCAL and Sending to DCOL on RXDATA

In order to read slow control data from a DCAL chip, a write cycle with a read instruction must be performed as described in Section VI.  As slow control data comes into DCON, it is stored in latches.  DCON knows there can only be 1 byte of read data to send to DCOL.  8 byte reads from a DCAL chip are not allowed.  When it has received the 1 read byte, DCON then sends the 2 latched address bytes along with the 1 read data byte to DCOL according to the protocol described in Section VII.  Table 6 shows the data format for sending slow control data read from a DCAL chip to DCOL. Note that there is a checksum that is added at the end.  This will be described in Section XI.
    Byte 1
	1st bit
	Start Bit
	‘1’

	2nd bit
	DCAD2
	Data Concentrator Address 2

	3rd bit
	DCAD1
	Data Concentrator Address 1

	4th bit
	DCAD0
	Data Concentrator Address 0

	5th bit
	FEBAD1
	Front End Board Address 1

	6th bit
	FEBAD0
	Front End Board Address 0

	7th bit
	DCALAD1
	DCal Chip Address 1

	8th bit
	DCALAD0
	DCal Chip Address 0


                Byte 2
	1st bit
	REG4
	DCal Chip Register Address 4

	2nd bit
	REG3
	DCal Chip Register Address 3

	3rd bit
	REG2
	DCal Chip Register Address 2

	4th bit
	REG1
	DCal Chip Register Address 1

	5th bit
	REG0
	DCal Chip Register Address 0

	6th bit
	INST2
	DCal Chip Instruction Address 2

	7th bit
	INST1
	DCal Chip Instruction Address 1

	8th bit
	INST0  
	DCal Chip Instruction Address 0


    Byte 3   
	1st bit
	DAT7
	DCal Read Data Bit 7     

	2nd bit
	DAT6
	DCal Read Data Bit 6

	3rd bit
	DAT5
	DCal Read Data Bit 5

	4th bit
	DAT4
	DCal Read Data Bit 4

	5th bit
	DAT3
	DCal Read Data Bit 3

	6th bit
	DAT2
	DCal Read Data Bit 2

	7th bit
	DAT1
	DCal Read Data Bit 1

	8th bit
	DAT0
	DCal Read Data Bit 0


    Byte 4
	1st bit
	CHKSM7
	Checksum Bit 7

	2nd bit
	CHKSM6
	Checksum Bit 6

	3rd bit
	CHKSM5
	Checksum Bit 5

	4th bit
	CHKSM4
	Checksum Bit 4

	5th bit
	CHKSM3
	Checksum Bit 3

	6th bit
	CHKSM2
	Checksum Bit 2

	7th bit
	CHKSM1
	Checksum Bit 1

	8th bit
	CHKSM0
	Checksum Bit 0


The Data Collector will use this Checksum Byte to determine if a possible data transmission error of Bytes 1-3 has occurred. 

Table 6.    Format of Slow Control Data Sent from DCON to DCOL
IX.
Decoding Event Data from DCAL and Sending to DCOL on RXDATA

The DCAL chips continuously send data out on the DATOUT lines, clocked in on both edges of the OUTCLK clock.  When there is no trigger, the chip sends alternating sync/status words, as shown in Fig. 6.  The sync word, a leading 1 followed by 10 0’s, is unique in the DCAL format.  The most-significant leading bit of all 11-bit data words from DCAL is always a “1”, which helps with synchronization.  The two least significant bits of the 11-bit data word indicate the data type, defined as shown in Table 7.  Once DCON is synchronized to DCAL, it continually looks at the two data type bits, looking for either a time word or a data word.  Time words consist of 3 sequential words, forming a 24-bit timestamp on the data.  Data words consist of 8 sequential words, yielding the hit pattern of the 64 channels in a chip.  

[image: image5]
Fig. 6.    Example of Data Stream from DCAL Chip
Table complements of Jim Hoff, Fermilab

	Data Type Bits
	Definition

	1xxxxxxxx00
	Sync Word

	1xxxxxxxx01
	Data Word

	1xxxxxxxx10
	Time Word

	1xxxxxxxx11
	Status Word


Table 7.    Decoding Data Type Bits in Data Words from DCAL
Under normal circumstances, DCON will not save the sync or status words from DCAL.  They are read and interpreted by DCON, but are not passed into the output stream to DCOL.  In this mode of running, DCON looks for data words that have data types of either time or data, and processes them in a manner to be described.
When DCAL gets a trigger, the result is that 8 bytes of hit information and 3 bytes of timestamp are sent to DCON, encoded as described previously.  DCON strips away the start bit and stores the resulting 10-bit words of data in an input FIFO dedicated for each chip (the data type is kept at this point, attached to every word.)    Up to 23 data acquisition events from each DCAL chip can be saved in a 10-bit x 256-word FIFO.  
Once data is received from the front-end board, and one or more FIFOs have at least one event in it, DCON begins the data processing.  The first event (11 bytes) from each of the 4 FIFO’s will be read out, time ordered, error checked, and then the earliest one will be sent to the DCOL along with its chip’s 2 address bytes, 2 extra bytes, and an added checksum byte.  The data type is suppressed.  The Data Concentrator will suppress all event data when all of its 64 hit inputs are zero.  The data format is shown in Table 8.  Each event word is sent out independent of the others, and processing continues until all input FIFOs are empty.
    Byte 1
	1st bit
	Start Bit
	‘1’

	2nd bit
	UNUSED3
	‘0’

	3rd bit
	UNUSED2
	‘0’

	4th bit
	UNUSED1
	‘0’

	5th bit
	UNUSED0
	‘0’

	6th bit
	DCAD2
	Data Concentrator Address 2

	7th bit
	DCAD1
	Data Concentrator Address 1

	8th bit
	DCAD0
	Data Concentrator Address 0


   Byte 2
	1st bit
	UNUSED7
	‘0’

	2nd bit
	UNUSED6
	‘0’

	3rd bit
	UNUSED5
	‘0’

	4th bit
	UNUSED4
	‘0’

	5th bit
	FEBAD1
	Front End Board Address 1

	6th bit
	FEBAD0
	Front End Board Address 0

	7th bit
	DCALAD1
	DCal Chip Address 1

	8th bit
	DCALAD0
	DCal Chip Address 0


 Byte 3
	1st bit
	TS23
	Time Stamp Bit 23

	2nd bit
	TS22
	Time Stamp Bit 22

	3rd bit
	TS21
	Time Stamp Bit 21

	4th bit
	TS20
	Time Stamp Bit 20

	5th bit
	TS19
	Time Stamp Bit 19

	6th bit
	TS18
	Time Stamp Bit 18

	7th bit
	TS17
	Time Stamp Bit 17

	8th bit
	TS16
	Time Stamp Bit 16


The Time Stamp time is 100ns per tick. 

Therefore, the maximum time is about 

1.677 seconds.

   Byte 4
	1st bit
	TS15
	Time Stamp Bit 15

	2nd bit
	TS14
	Time Stamp Bit 14

	3rd bit
	TS13
	Time Stamp Bit 13

	4th bit
	TS12
	Time Stamp Bit 12

	5th bit
	TS11
	Time Stamp Bit 11

	6th bit
	TS10
	Time Stamp Bit 10

	7th bit
	TS9
	Time Stamp Bit 9

	8th bit
	TS8
	Time Stamp Bit 8


Table 8 .  Format of Normal Event Data Read

    Byte 5
	1st bit
	TS7
	Time Stamp Bit 7

	2nd bit
	TS6
	Time Stamp Bit 6

	3rd bit
	TS5
	Time Stamp Bit 5

	4th bit
	TS4
	Time Stamp Bit 4

	5th bit
	TS3
	Time Stamp Bit 3

	6th bit
	TS2
	Time Stamp Bit 2

	7th bit
	TS1
	Time Stamp Bit 1

	8th bit
	TS0
	Time Stamp Bit 0


    Byte 6
	1st bit
	HIT63
	DCal Hit Data Bit 63

	2nd bit
	HIT62
	DCal Hit Data Bit 62

	3rd bit
	HIT61
	DCal Hit Data Bit 61

	4th bit
	HIT60
	DCal Hit Data Bit 60

	5th bit
	HIT59
	DCal Hit Data Bit 59

	6th bit
	HIT58
	DCal Hit Data Bit 58

	7th bit
	HIT57
	DCal Hit Data Bit 57

	8th bit
	HIT56
	DCal Hit Data Bit 56


    · 
    Byte 7      
 ·
·

    · 
    Byte 8    
 ·
·

    · 
    Byte 9    
 ·
·

    · 
    Byte 10   
 ·
·

    · 
    Byte 11   
 ·
·

    · 
    Byte 12 
 ·
·

    Byte 13
	1st bit
	HIT7
	DCal Hit Data Bit 7

	2nd bit
	HIT6
	DCal Hit Data Bit 6

	3rd bit
	HIT5
	DCal Hit Data Bit 5

	4th bit
	HIT4
	DCal Hit Data Bit 4

	5th bit
	HIT3
	DCal Hit Data Bit 3

	6th bit
	HIT2
	DCal Hit Data Bit 2

	7th bit
	HIT1
	DCal Hit Data Bit 1

	8th bit
	HIT0
	DCal Hit Data Bit 0


Table 8 .  Format of Normal Event Data Read (Continued)

    Byte 14
	1st bit
	EXTRA15
	‘0’

	2nd bit
	EXTRA14
	‘0’

	3rd bit
	EXTRA13
	‘0’

	4th bit
	EXTRA12
	‘0’

	5th bit
	EXTRA11
	‘0’

	6th bit
	EXTRA10
	‘0’

	7th bit
	EXTRA9
	‘0’

	8th bit
	EXTRA8
	‘0’


EXTRA[15..0] bits are reserved for possible future data.

    Byte 15
	1st bit
	EXTRA7
	‘0’

	2nd bit
	EXTRA6
	‘0’

	3rd bit
	EXTRA5
	‘0’

	4th bit
	EXTRA4
	‘0’

	5th bit
	EXTRA3
	‘0’

	6th bit
	EXTRA2
	FIFO Empty Error        (Error = 1)

	7th bit
	EXTRA1
	Data Data Type Error   (Error = 1)

	8th bit
	EXTRA0
	Time Data Type Error  (Error = 1)


    Byte 16
	1st bit
	CHKSM7
	Checksum Bit 7

	2nd bit
	CHKSM6
	Checksum Bit 6

	3rd bit
	CHKSM5
	Checksum Bit 5

	4th bit
	CHKSM4
	Checksum Bit 4

	5th bit
	CHKSM3
	Checksum Bit 3

	6th bit
	CHKSM2
	Checksum Bit 2

	7th bit
	CHKSM1
	Checksum Bit 1

	8th bit
	CHKSM0
	Checksum Bit 0


The Data Collector will use this Checksum Byte to determine if a possible data transmission error of Bytes 1-15 has occurred. 

Table 8 .  Format of Normal Event Data Read (Continued)

X.
Special Mode for Timestamping Triggers

The DCON has a timestamp counter that is identical to that used in the DCAL chips.  It also has a special Diagnostic Mode, where external triggers are timestamped and recorded, and read out as an extra set of data words with of the event data.  This data has a special format, using special address bytes, with data bytes with all bits equal to 1, and an added checksum byte.  The format is shown in Table 9.  This special set of words is sent to the DCOL before any DCAL data is sent.   
    Byte 1
	1st bit
	Start Bit
	‘1’

	2nd bit
	TRIG11
	‘1’

	3rd bit
	TRIG10
	‘1’

	4th bit
	TRIG9
	‘1’

	5th bit
	TRIG8
	‘1’

	6th bit
	DCAD2
	Data Concentrator Address 2

	7th bit
	DCAD1
	Data Concentrator Address 1

	8th bit
	DCAD0
	Data Concentrator Address 0


   Byte 2
	1st bit
	TRIG7
	‘1’

	2nd bit
	TRIG6
	‘1’

	3rd bit
	TRIG5
	‘1’

	4th bit
	TRIG4
	‘1’

	5th bit
	TRIG3
	‘1’

	6th bit
	TRIG2
	‘1’

	7th bit
	TRIG1
	‘1’

	8th bit
	TRIG0
	‘1’


 Byte 3
	1st bit
	TTS23
	Trigger Time Stamp Bit 23

	2nd bit
	TTS22
	Trigger Time Stamp Bit 22

	3rd bit
	TTS21
	Trigger Time Stamp Bit 21

	4th bit
	TTS20
	Trigger Time Stamp Bit 20

	5th bit
	TTS19
	Trigger Time Stamp Bit 19

	6th bit
	TTS18
	Trigger Time Stamp Bit 18

	7th bit
	TTS17
	Trigger Time Stamp Bit 17

	8th bit
	TTS16
	Trigger Time Stamp Bit 16


The Time Stamp time is 100ns per tick. 

Therefore, the maximum time is about 

1.677 seconds.

Table 9 .  Format of Event Data Read with Trigger Timestamp

Byte 4
	1st bit
	TTS15
	Trigger Time Stamp Bit 15

	2nd bit
	TTS14
	Trigger Time Stamp Bit 14

	3rd bit
	TTS13
	Trigger Time Stamp Bit 13

	4th bit
	TTS12
	Trigger Time Stamp Bit 12

	5th bit
	TTS11
	Trigger Time Stamp Bit 11

	6th bit
	TTS10
	Trigger Time Stamp Bit 10

	7th bit
	TTS9
	Trigger Time Stamp Bit 9

	8th bit
	TTS8
	Trigger Time Stamp Bit 8


    Byte 5
	1st bit
	TTS7
	Trigger Time Stamp Bit 7

	2nd bit
	TTS6
	Trigger Time Stamp Bit 6

	3rd bit
	TTS5
	Trigger Time Stamp Bit 5

	4th bit
	TTS4
	Trigger Time Stamp Bit 4

	5th bit
	TTS3
	Trigger Time Stamp Bit 3

	6th bit
	TTS2
	Trigger Time Stamp Bit 2

	7th bit
	TTS1
	Trigger Time Stamp Bit 1

	8th bit
	TTS0
	Trigger Time Stamp Bit 0


    Byte 6
	1st bit
	HIT63
	‘1’

	2nd bit
	HIT62
	‘1’

	3rd bit
	HIT61
	‘1’

	4th bit
	HIT60
	‘1’

	5th bit
	HIT59
	‘1’

	6th bit
	HIT58
	‘1’

	7th bit
	HIT57
	‘1’

	8th bit
	HIT56
	‘1’


    · 
    Byte 7      
 ·
·       All Hit Data Bits = 1

    · 
    Byte 8    
 ·
·

·

    · 
    Byte 9    
 ·
·

·

    · 
    Byte 10   
 ·
·

·

    · 
    Byte 11   
 ·
·

·

    · 
    Byte 12 
 ·
·

·

Table 9 .  Format of Event Data Read with Trigger Timestamp  (Continued)

    Byte 13
	1st bit
	HIT7
	‘1’

	2nd bit
	HIT6
	‘1’

	3rd bit
	HIT5
	‘1’

	4th bit
	HIT4
	‘1’

	5th bit
	HIT3
	‘1’

	6th bit
	HIT2
	‘1’

	7th bit
	HIT1
	‘1’

	8th bit
	HIT0
	‘1’


    Byte 14
	1st bit
	EXTRA15
	‘0’

	2nd bit
	EXTRA14
	‘0’

	3rd bit
	EXTRA13
	‘0’

	4th bit
	EXTRA12
	‘0’

	5th bit
	EXTRA11
	‘0’

	6th bit
	EXTRA10
	‘0’

	7th bit
	EXTRA9
	‘0’

	8th bit
	EXTRA8
	‘0’


EXTRA[15..0] bits are reserved for possible future data.

    Byte 15
	1st bit
	EXTRA7
	‘0’

	2nd bit
	EXTRA6
	‘0’

	3rd bit
	EXTRA5
	‘0’

	4th bit
	EXTRA4
	‘0’

	5th bit
	EXTRA3
	‘0’

	6th bit
	EXTRA2
	‘0’

	7th bit
	EXTRA1
	‘0’

	8th bit
	EXTRA0
	‘0’


    Byte 16
	1st bit
	CHKSM7
	Checksum Bit 7

	2nd bit
	CHKSM6
	Checksum Bit 6

	3rd bit
	CHKSM5
	Checksum Bit 5

	4th bit
	CHKSM4
	Checksum Bit 4

	5th bit
	CHKSM3
	Checksum Bit 3

	6th bit
	CHKSM2
	Checksum Bit 2

	7th bit
	CHKSM1
	Checksum Bit 1

	8th bit
	CHKSM0
	Checksum Bit 0


The Data Collector will use this Checksum Byte to determine if a possible data transmission error of Bytes 1-15 has occurred. 

Table 9 .  Format of Event Data Read with Trigger Timestamp  (Continued)

XI.
Error Detection & Handling
The DCON has error detection of the 2 bits of Data Type of the event words from the FIFO’s.  If the first byte of the 11 event bytes (3 time bytes and 8 hit data bytes) coming from a FIFO has a Data Type that isn’t a Time Data Type (10), then a Time Data Type Error bit will be set.  If the last byte of the 11 event bytes has a Data Type that isn’t a Data Data Type (01), then a Data Data Type Error bit will be set.  If the FIFO becomes empty while reading out an event, then a read FIFO Empty Error bit will be set.  These three error bits are located in Byte 15 of the DAQ Hit Read data.  See Tables 8 and 9.  Any one of these 3 errors will clear its FIFO and related logic.
Once the DCON has synced the 4-bit nibbles coming from the DCOL, the DCON will constantly check to make sure that the first bit of the nibble (Start Bit) is always a ‘1’.  If it’s not, the DCON will not send any slow control data to the ASIC and will clear the sent data and start to re-sync. 
All data sent to the DCOL will have a checksum byte added to the end of the 15 DAQ Hit Data or 3 Slow Control Read Data bytes (see Tables 6, 8, or 9).  This byte is the byte sum of the 15 or 3 previous bytes with no overflow bits.
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Figure 5 – A Read Command to a DCAL Chip
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Figure 4 -  An 8-bit Write Command to a DCAL Chip
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