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1. Introduction

The trigger system for the MEG experiment is based on the coupled use of Flash Analog to Digital Converters (FADC) and Field Programmable Gate Arrays (FPGA). The information provided by the photon Liquid Xenon Calorimeter (LXe) and the positron Timing Counters (TC) is sufficient to generate triggers at an acceptable rate. The analog signals are sampled with FADCs and the digitized information is analyzed by means of FPGAs.

The complete system is arranged in a tree structure on 3 layers with 2 different types of boards. The first layer is totally made of boards of the same type (Type 1). A board Type 1 receives and digitizes the PMT analog signals, implements the reconstruction algorithms on a large size FPGA and sends the information to the successive trigger layer through LVDS connections. The two remaining trigger layers are made of a second type of boards (Type 2). The reconstruction algorithms are completed on the board Type 2, and the trigger is generated.   

In the current R&D phase a prototype board of a single type is planned. This board (Type 0) contains features of both previous mentioned types. Schematically, it has the analog-to-digital conversion, the large size FPGA and two LVDS connections, one for output and one for input. 

2. Generalities

This document mainly focused on the main FPGA used in the board Type0. 

The external FPGA signals, the algorithms implemented on the FPGA, the address memory mapping and the programming sequence of the gate array are described in details.

The selected FPGA is the Xilinx device XCV812E-8-FG900. The device size has been selected by requiring that the baseline algorithms should occupy no more than 50% of the component resources. The device programming is performed through Foundation 4.1i, the Xilinx proprietary programming software tool. This software allows three types of design entry: high-level language (Verilog or VHDL), finite state machine and schematic. This design is completely defined with the schematic entry mode
. 

3. FPGA functional description 


The FPGA device receives the digitized PMT signals directly from the FADC. Each signal is digitized in a 10 bits word at a frequency of 100 MHz.


The device can operate either in “run mode” or in “stop mode”. The mode is defined by the state of an internal active high signal (RUNMODE): when this signal is high the device is in “run mode”, otherwise it is in “stop mode”. 

The “run mode” operation is selected by: 

· writing 1 in a dedicated register (RRUN);  

· sending a pulse to the RUN external connection. 

The “stop mode” operation is selected by: 

· writing 0 in a dedicated register (RRUN);  

· sending a pulse to the TRIG external connection.

3.1 Run mode


In “run mode” all read, write and configure operations are disabled, except the access to the register that controls the operational mode.

When the FPGA is in “run mode” all the following functions are in execution. 

The data from 16 PMT input buses are stored in 16 independent cyclic memory buffers of 256 samples depth. There are only 4 independent counters for the cyclic buffers addresses (4 groups of 4 memories), which can be synchronized by an external signal.

The sampled PMT signals are equalized and, if needed, linearized with 16 memory blocks used as look-up tables. The 10 bits sampled signal is used as a look-up table address, while the 12 bits addressed memory content is the corrected PMT signal.  

 A running pedestal is subtracted from the PMT sample and a 13 bits signed word is produced. A delayed and parallel sample stream is produced by means of a shift register. The running pedestal is the sum of the 4 delayed samples, right shifted by 2 bits, preceding the current one by 12, 13, 14 and 15 clock cycles. The current sample is fed in the shift register, and it will contribute later to the running pedestal, if it is lower than the current running pedestal plus a constant threshold (PMTHR). If this condition is not satisfied, the last sample lower than the running pedestal plus the threshold is fed in, instead of the current one. 

(The possibility of changing the order between the sample equalization and the pedestal subtraction should be evaluated.)


4 groups, of 4 channels each, are independently elaborated. 

The equalized and pedestal subtracted samples are summed and a 15 bits signed word is produced (PMFOURSUM[14:0]).

The channel corresponding to the maximum sample amplitude is searched for, and a 2 bits channel index and a 13 bits maximum amplitude are produced (PMFOURMAX[12:0] and PMFOURMAXIND[1:0]).

The time of the PMFOURMAX signal rise is produced. When a sample crosses an amplitude threshold (TIMTHR[12:0]) the status of a 13 bit counter is latched. An algorithm, based on the difference of 4 consecutive sample differences, identifies the time when the signal crosses the time threshold with a precision of a fifth of a clock period. The time word (PMFOURTIM[15:0]) is obtained by multiplying by 10 the latched counter and adding the sub-period timing. The final time information has a periodicity of 81920 ns and a precision of 2 ns.

(The counter range crossing is not yet properly considered.)


The information coming from the 4 groups is then combined.

The sum of the 4 partial sums (PMFOURSUM) is produced and the result is compressed in a 16 bits signed word (SUMPMT[15:0]). The final sum is performed by a COREGen module that adds 2 signed 16 bits words in a single signed 16 word. 

(The behavior of this module near the overflow needs a check.)

The group corresponding to the maximum sample amplitude is searched for and a 4 bits index, pointing to the maximum amplitude signal, is produced (MAXIND[3:0]).

The corresponding maximum amplitude signal is written in a 12 bits word (MAXPMT[11:0]).

The time corresponding to the group with the maximum sample amplitude is written in a 16 bits word (TIMPMT[15:0]).


The 48 bits information, inclusive of the charge sum, the maximum amplitude, the PMT index and the signal time, is written to 3 output buses (OLVA[15:0], OLVB[15:0], OLVC[15:0]) for the connection to an external LVDS serializer. The same information is also stored in a 256 samples depth cyclic memory buffers. 


3 FPGA input buses (ILVA[15:0], ILVB[15:0], ILVC[15:0]) are received and stored in a 256 samples depth cyclic memory buffers. These buses receive data from an external LVDS de-serializer.


Two debugging variants of the previously described algorithms are implemented.


When the internal signal FADCMODE is low, the 16 input buses from the external FADC are ignored and the data contained in the PMT cyclic memories are used instead.


When the internal signal LVDSMODE is low, the 48 bits information is ignored, and the data contained in the LVDS cyclic memory buffer is used instead.

3.2 Stop mode

In “stop mode” all read, write and configure operations are enabled. All cyclic memories address counters are stopped. The time counters are running.


The content of the cyclic memory buffers, of the look up tables and of the configuration registers can be read or write. The stop address of the cyclic memory buffers can be read out too.


Memory block transfer is not implemented. The internal memory devices are mapped onto a 20 bits external address bus VAD[19:0].  

4. FPGA external connections

All input or output connections are received or driven by the Xilinx default buffers. The logic should accomplish the LVCMOS33 standard.

The external FPGA signals can be arranged in 4 groups: control signals, VME related signals, I/O buses and debugging signals. Here the list of all signals is reported.

4.1 Control Signals

SRES 
Asynchronous device reset. Active high.

HRES 
Asynchronous device reset. Active high. 

The OR of the two signals is connected to the GSR pin of the Startup_Virtex device. It should toggle at the startup and it has the same function of a power cycle.

FCLK 
High-frequency clock. 

FCLKB 
High-frequency clock. 
These clocks must be always running. They are supposed to run at 100 MHz, but with the present design optimization the maximum allowed frequency is 95 MHz. Two internal Delay Locked Loop components are used. 

SSYNC 
Synchronization signal. Active high.

HSYNC 
Synchronization signal. Active high.

The OR of the two signals synchronizes all FPGA internal counters by toggling the CLR input of the CbxCE type counters or the R input of the CbxRE type counters. 

TRIG 
Force the “ stop mode”. Active high.

This signal forces asynchronously the FPGA in the “stop mode”.  

RUN 
Force the “ run mode”. Active high.

This signal forces asynchronously the FPGA in the “run mode”. The TRIG signal overrides the RUN signal.

OTRIG 
Output trigger. Active high.

It is generated by the FPGA logic when a trigger condition is met. 

4.2 VME readout and control

RCLK
Read-out clock. 

The RCLK is connected to the clock input of all devices related with the FPGA read or write operations. The RCLK is not connected to the internal DLL component. 

Read or write cycles with period of 40 ns are supported.  

CS
Chip Select signal. Active high.

This signal enable read or write operations on the FPGA and controls the I/O tri-state buffers.

WE
Write Enable signal. Active high.

Enable the write operation.

IOVDAT[15:0]
Bi-directional data bus.


This bi-directional buffer is implemented by using 16 IOBUF_S_8 primitives. The tri-state signal for the output direction is active when CS is high and WE is low . 

The output buffer of the IOBUF_S_8 primitive is connected to an internal tri-state bus. The internal bus is implemented by using the BUFT primitive. 

VAD[19:0]
Address bus 

The 20 bits address space is not completely used. The large un-addressed space is left for further implementations of different algorithms.


4.3 I/O connections


ILA[15:0]
Input bus for the 48 bits input LVDS connection

ILB[15:0] 

ILC[15:0] 

OLA[15:0] 
Output bus for the 48 bits output LVDS connection

OLB[15:0] 

OLC[15:0] 



The 48 bits input and output LVDS ports are used only on the board Type0. The board Type1 and Type2 will have 2 LVDS output ports, and the board Type2 will also have 10 LVDS input ports. 

PMTA[9:0]
Signal bus from the FADC of  PMT A  
- Channel    0
PMTB[9:0]
                      “                          PMT B   
- Channel    1

PMTC[9:0]
                      “                          PMT C   
- Channel    2

PMTD[9:0]
                      “                          PMT D   
- Channel    3

PMTE[9:0]
                      “                          PMT E  
- Channel    4

PMTF[9:0]
                      “                          PMT F
- Channel    5

PMTF[9:0]
                      “                          PMT G
- Channel    6

PMTH[9:0]
                      “                          PMT H
- Channel    7

PMTI[9:0]
                      “                          PMT I 
- Channel    8

PMTL[9:0]
                      “                          PMT L
- Channel    9

PMTM[9:0]
                      “                          PMT M
- Channel  10

PMTN[9:0]
                      “                          PMT N 
- Channel  11

PMTO[9:0]
                      “                          PMT O 
- Channel  12

PMTP[9:0]
                      “                          PMT P
- Channel  13

PMTQ[9:0]
                      “                          PMT Q 
- Channel  14

PMTR[9:0]
                      “                          PMT R 
- Channel  15

These are the direct connections to the FADCs. The conventional channel number is also indicated. 

4.4 Debugging signals

RUNMOD
 

This connection is a copy of the RUNMODE signal and it is used to drive a front panel LED.

FADMOD


This connection is a copy of the FADCMODE signal and it is used to drive a front panel LED.

NOLMOD
 

This connection is a copy of the NOLVMODE signal and it is used to drive a front panel LED.

OSPR[7:0]
 

This bus is intended to be used for debugging purposes. It ends on a strip of test points .

5. FPGA address mapping

The address bus VAD consists of 20 bits. The addressed space is functionally subdivided in 5 parts:

· Registers space: EREG

· PMT cyclic buffers: EPMF

· PMT memory blocks: EPMR

· LVDS cyclic buffers: EIOR 

· Not used.

The bits from 16 to 19 are used to enable the access to the distinct parts. 

The address bus of 20 bits is largely oversized and is foreseen for future extensions. The used memory can be mapped in a space of 16 bits. The unused address bits (bits 18:19 and 10:11) are artificially connected to prevent the Foundation software to optimize the design deleting the unused connections.

	Funct. Part
	VAD bits

	
	1  1      9..6
	1  1      5..2
	1       1..8
	             7..4
	           3..0

	EREG
	 
	reg 
	 
	addr

	
	0000
	ZZZx
	xxxx
	xxxx
	ZZZZ

	EPMF
	 
	chan
	 
	address

	
	0001
	ZZZZ
	xxxx
	ZZZZ
	ZZZZ

	EPMR
	 
	chan
	      address

	
	0010
	ZZZZ
	xxZZ
	ZZZZ
	ZZZZ

	EIOR
	 
	port
	 
	address

	
	0011
	ZZZZ
	xxxx
	ZZZZ
	ZZZZ

	Not Used
	 
	 
	 
	 

	
	ZZxx
	xxxx
	xxxx
	xxxx
	xxxx


Table 1

The description of the bit content is:

0, 1 – fixed values

Z – relevant variable value 

X – not relevant value.

The address mapping is shown in Table 1. Whenever a read or write cycle with the VAD[19:16] value reported in table 1 is performed, the corresponding part is enabled. The further subdivision of these used parts is described in the following sections.

5.1 The Registers Space (EREG)

The register space contains 7 registers plus a dummy one. Their names, the registers addresses and the relevant data bits, both in Read or Write modes, are summarized in Table 2.

	Register
	bits
	

	
	1  1      9..6
	1  1      5..2
	1       1..8
	             7..4
	           3..0
	

	RRUN
	 
	reg   000x
	 
	 

	
	0000
	
	xxxx
	xxxx
	xxxx
	addr.

	
	
	xxxx
	xxxx
	xxxx
	xxxZ
	data W

	
	 
	000Z
	0000
	0000
	ZZZZ
	data R

	RMOD
	 
	reg  001x
	 
	 

	
	0000
	
	xxxx
	xxxx
	xxxx
	addr.

	
	
	xxxx
	xxxx
	xxxx
	ZZZZ
	data W

	
	 
	0010
	0000
	0000
	ZZZZ
	data R

	RPTH
	 
	reg  010x
	 
	 

	
	0000
	
	xxxx
	xxxx
	xxxx
	addr.

	
	
	xxxx
	ZZZZ
	ZZZZ
	ZZZZ
	data W

	
	 
	0100
	ZZZZ
	ZZZZ
	ZZZZ
	data R

	RTTH
	 
	reg  011x
	 
	 

	
	0000
	
	xxxx
	xxxx
	xxxx
	addr.

	
	
	xxxZ
	ZZZZ
	ZZZZ
	ZZZZ
	data W

	
	 
	011Z
	ZZZZ
	ZZZZ
	ZZZZ
	data R

	RFAD
	 
	reg  100x
	 
	chan ZZZZ
	 

	
	0000
	
	xxxx
	xxxx
	
	addr.

	
	 
	1000
	chan
	ZZZZ
	ZZZZ
	data R

	RLAD
	 
	reg  101x
	 
	port ZZZZ
	 

	
	0000
	
	xxxx
	xxxx
	
	addr.

	
	
	1010
	port
	ZZZZ
	ZZZZ
	data R

	RTRI
	 
	reg  110x
	 
	 

	
	0000
	
	xxxx
	xxxx
	xxxx
	addr.

	
	 
	ZZZZ
	ZZZZ
	ZZZZ
	ZZZZ
	data W

	
	 
	ZZZZ
	ZZZZ
	ZZZZ
	ZZZZ
	data R

	DUMD
	 
	reg  111x
	
	 

	
	0000
	
	xxxx
	xxxx
	xxxx
	addr.

	
	 
	xxxx
	xxxx
	xxxx
	xxxx
	data W


Table 2

The description of the bit content is:

0, 1 – fixed values

Z – relevant variable value 

X – not relevant value.

The address range reserved for the registers is %00000 - %0FFFF , but only a small fraction is used.  When this space is addressed, both in read or write modes, the internal signal EREG (Enable REGisters) is active.

The space is subdivided with the following registers:

RRUN:
add %00xxx - run register - 

This register is accessible in read and write, and the access is allowed when the board is in both modes: “run mode” and “stop mode”.

Writing on the register can change the run mode status: when 1 is written, RUNMODE is forced high, when 0 is written, RUNMODE is cleared.

The read out of the register is coded as follow:

· IOVDAT[3:0] – as in Tab.3

· IOVDAT[12]  - RUNMODE 

The power on value of RUNMODE is 0. 

RMOD:
add %02xxx – mode register - 

This register is accessible in read and write when the board is in “stop mode”. 

A 4 bits word can be written onto the register, with the following data bit assignment:

	3
	2
	1
	0

	trimod1
	trimod0
	lvdsmode
	fadcmode


  Table 3 

When FADCMODE is 1 the data stream coming from the FADC is sent to the algorithms and it is also written onto cyclic memory buffers. When FADCMODE is 0 the data stored in the cyclic memory buffers is sent to the algorithms.

When LVDSMODE is 1 the output of the trigger algorithms (48 bits) is sent to the 3 LVDS connections and it is also written onto cyclic memory buffers. When LVDSMODE is 0 the data stored in the cyclic memory buffers is sent to the 3 LVDS connections.

TRIMOD[1:0] is a 2 bit mask for the generation of the OTRIG output. When TRIMOD0  is 1 an the PMTSUM is over TRITHR the signal OTRIG is high. When TRIMOD1 is 1 and INLVPA is 1 the signal OTRIG is high.

The power-on register value is F .

The 4 bits register can be read out; the remaining bit assignment is specified in Tab.2 .

RPTH:
add %04xxx - pedestal threshold register - 

This register is accessible in read and write when the board is in “stop mode”.

The pedestal threshold, a 12 bits word, can be written onto the register. The register can be read back; the remaining bit assignment is specified in Tab.2 .

The pedestal threshold is added to the running pedestal value. If the current signal sample is larger than this sum, the sample value is not used to estimate the running pedestal value. 

RTTH:
add %06xxx - time threshold register - 


This register is accessible in read and write when the board is in “stop mode”.

The time threshold, a 13 bits word, can be written onto the register. It can be read back; the remaining bit assignment is specified in Tab.2 .

The time algorithm latches the time counter only if the signal, minus the running pedestal, is above the time threshold. 

RFAD:
add %08xxZ – address of the PMT cyclic memory buffers - 


These 16 registers are accessible in read only when the board is in “stop mode”.

The 16 pmts sample streams are written onto 16 cyclic memory buffers of 256 words depth (8 bits). The address counters are running only when the FPGA is in “run mode”. When the FPGA is in “stop mode the addresses can be read out accordingly to the following scheme



IOVDAT[7:0] 
= cyclic memory address 



IOVDAT[11:8] 
= PMT channel



IOVDAT[15:12] 
= %8 


If the FPGA is correctly synchronized all the addresses should be equal.

RLAD: add %0axxZ – LVDS cyclic memory address - 


These 6 registers are accessible in read only when the board is in “stop mode”.

The 6 LVDS words, 3 for the input port and 3 for the output port, are stored onto 6 cyclic memory buffers of 256 words depth (8 bits). The address counters are running only when the FPGA is in RUNMODE. When the FPGA is in not-RUNMODE, ready for the read out, the addresses can be read out accordingly to the following scheme



IOVDAT[7:0] 
= cyclic memory address 



IOVDAT[11:8] 
= LVDS port 



IOVDAT[15:12] 
= %A 


If the FPGA is correctly synchronized all the addresses should be equal.

RTRI:
add %0cxxx – trigger threshold register  - 

This register is accessible in read and write when the board is in “stop mode”.

The trigger threshold is a 16 bits signed word. It can be written onto and read back from the register. When the signed SUMPMT[15:0] word exceeds the signed TRITHR[15:0] value a trigger output can be generated (see RMOD for the trigger mask)

DUMD: add %0exxx – not used - 

5.2 PMT cyclic memory space (EPMF)

The PMT cyclic memory space is subdivided in 16 parts, one for each PMT input. When the status bit FADCMODE is high, the PMT samplings are cyclically stored in a 256 samples depth memory and they are sent to the processing algorithms. Otherwise, when FADCMODE is low, the PMT samplings are not used, and the cyclic memory content is sent to the processing algorithms.

 
These cyclic memories are based on a 4 Kbits dual port memory blocks RAMB4_S16_S16, with a 16 bits data word and an 8 bits address word. 
The address of the cyclic memories and the data word content are described in Table 4.

	
	Bits
	

	
	1  1      9..6
	1  1      5..2
	1       1..8
	             7..4
	           3..0
	

	EPMF
	 
	chan
	 
	Cyc.Add.
	

	
	0001
	ZZZZ
	xxxx
	ZZZZ
	ZZZZ
	Addr.

	
	
	chan
	Z0ZZ
	ZZZZ
	ZZZZ
	data R

	
	 
	xxxx
	xxZZ
	ZZZZ
	ZZZZ
	data W


Table 4

The description of the bit content is:

0, 1 – fixed values

Z - relevant variable value 

X – not relevant value.

During a write operation the lower 10 bits from the bi-directional data bus, completed internally with 6 zeros, are fed in through the DIB port of the memory block. During a read out operation the first 12 bits of the memory content are completed with the channel number and written to the bi-directional data bus. 


Real data from the FADC can be distinguished from preloaded data by means of the bit 11; it is 0 when the memory is written through the bi-directional data bus, and it is 1 when the memory is written with real FADC data. 

5.3 PMT look-up memory (EPMR)

Three memory blocks RAMB4_S4_S4 are connected to generate a 10 bits address 12 bits data look-up table. There is a look up table for each one of the 16 PMT channels. The initial memory configuration is transparent: the data is equal to the address. 
The addresses of the look-up table memories and the data word content are reported in Table 5.

	
	bits
	

	
	1  1      9..6
	1  1      5..2
	1       1..8
	             7..4
	           3..0
	

	EPMR
	 
	chan
	      address
	

	
	0010
	ZZZZ
	xxZZ
	ZZZZ
	ZZZZ
	Addr.

	
	
	chan
	ZZZZ
	ZZZZ
	ZZZZ
	data R

	
	 
	xxxx
	ZZZZ
	ZZZZ
	ZZZZ
	data W


Table 5

The description of the bit content is:

0, 1 – fixed values

Z - relevant variable value 

X – not relevant value.

The lower 12 bits from the bi-directional data bus can be written at the addressed location of the memory block. During a read out operation the 12 data bits are completed with the channel number and written to the bi-directional data bus. 

5.4 LVDS cyclic memory space (EIOR)

The LVDS cyclic memory space is subdivided in 6 parts: 3 for the output LVDS connection and 3 for the input LVDS connection. The port coding is described in Table 6.

	Port
	Description
	Name
	Content

	0000
	Out LVDS - Port A
	OLVA
	Time

	0001
	Out LVDS - Port B
	OLVB
	PMT sum

	0010
	Out LVDS - Port C
	OLVC
	Max PMT: ind., val.

	0100
	In LVDS - Port A
	ILVA
	Time

	0101
	In LVDS - Port B
	ILVB
	PMT sum

	0110
	In LVDS - Port C
	ILVC
	Max PMT: ind., val.


Table 6

When the status bit LVDSMODE is high, the information on the total charge sum, the maximum signal amplitude and the relative PMT index and the signal rise time, is cyclically stored in a 256 samples depth memory and it is sent to the 3 connection ports (OLVA, OLVB, OLVC) with the external LVDS serializer. Otherwise, when LVDSMODE is low, the same information is ignored, and the cyclic memory content is sent to the 3 connection ports.

These cyclic memories are based on a 4 Kbits dual port memory blocks RAMB4_S16_S16, with a 16 bits data word and an 8 bits address word. 
The address of the cyclic memories and the data word content are described in Table 7.

	
	bits
	

	
	1  1      9..6
	1  1      5..2
	1       1..8
	             7..4
	           3..0
	

	EIOR
	 
	port
	 
	Cyc. Add.
	 

	
	0011
	ZZZZ
	xxxx
	ZZZZ
	ZZZZ
	Addr.

	
	
	ZZZZ
	ZZZZ
	ZZZZ
	ZZZZ
	data R

	
	 
	ZZZZ
	ZZZZ
	ZZZZ
	ZZZZ
	data W


Table 7

The description of the bit content is:

0, 1 – fixed values

Z - relevant variable value 

X – not relevant value.

During  both read or write operations, the full range of the  bi-directional data bus is read out or written to the memory blocks.

6. Timing requirements

The board should run at 100 MHz, but actually the implementation on the FPGA is not yet timing optimized. The maximum frequency is presently 93 MHz

The chip has been simulated accordingly to the following values:

Clock frequency


66.6 MHz  (15 ns)

Clock  to data transition delay
7-12 ns



Read or write cycle length

75 ns 

6.1 Read and Write cycles


The read and write cycles are executed by means of the 5 external signals VAD, IOVDAT, WE, CS and RCLK. The sequence of a write cycle is shown in fig. 1 , while a read cycle is shown in fig. 2. 

The R/W cycles are asynchronous with respect to the CLK. The five steps of the read and write cycles are all equal and of 15 ns. The FPGA simulation by means of Foundation 3.1i has been performed in the condition just described. 

The limits of the delays between the transitions of the 5 external signals are not yet defined. 
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Figure 1

Write Cycle
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Figure 2

Read Cycle

7. Operation sequence

The FPGA simulation by means of Timing Sim of Foundation 3.1 has been performed with the operation sequence.described in Table 8.

The FPGA inputs status at the time of 0 ns is given by the first value of the inputs files. Every 15 ns the inputs status is read out from the files. 

The low-to-high transition of the clock occurs 10 ns after the inputs transition.

	Operation
	Time
	VAD
	IOVDAT
	Description

	RES
	5
	xxxx
	xxxx
	Global reset

	TRIG
	10
	xxxx
	xxxx
	Trigger signal

	SYNC
	15
	xxxx
	xxxx
	Synchronization signal

	write
	25
	2000
	3
	Set the operation mode

	write
	30
	4000
	32
	Load the PMT threshold

	write
	35
	6000
	1E
	Load the Time threshold

	read
	45
	2000
	xxxx
	Read the operation mode

	read
	50
	4000
	xxxx
	Read the PMT threshold

	read
	55
	6000
	xxxx
	Read the Time threshold

	write
	65
	0
	1
	Start the Run mode


Table 8 

 
Operation sequence

8. Board connections to external devices

             FADC connections     

	FADC
	Section
	FPGA bus
	Side

	0
	A
	PMTA
	component

	
	B
	PMTC
	 

	1
	A
	PMTD
	wire

	
	B
	PMTB
	 

	2
	A
	PMTE
	component

	
	B
	PMTG
	 

	3
	A
	PMTH
	wire

	
	B
	PMTF
	 

	4
	A
	PMTI
	component

	
	B
	PMTM
	 

	5
	A
	PMTN
	wire

	
	B
	PMTL
	 

	6
	A
	PMTO
	component

	
	B
	PMTQ
	 

	7
	A
	PMTR
	wire

	 
	B
	PMTP
	 


                      LVDS connections

	          Transmitter

	Input bus
	FPGA bus

	TxIN[15:0]
	OLA[15:0]

	TxIN[31:16]
	OLB[15:0]

	TxIN[47:32]
	OLC[15:0]

	Receiver

	Output bus
	FPGA bus

	RxOUT[15:0]
	ILA[15:0]

	RxOUT[31:16]
	ILB[15:0]

	RxOUT[47:32]
	ILC[15:0]




Control connector 

	
	-
	+
	

	Trig
	
	
	Trig

	(nc)
	
	
	(nc)

	Sync
	
	
	Sync

	(nc)        InlvpB
	
	
	InlvpA   (auxtri)

	Run
	
	
	Run

	(nc)
	
	
	(nc)

	Clk
	
	
	Clk

	(nc)
	
	
	(nc)

	InlvB
	
	
	InlvA

	OulvpB
	
	
	OulvpA

	(GND) OulvnB
	
	
	OulvnA (VCC)

	(nc)
	
	
	(nc)

	Otrig
	
	
	Otrig



 JTAG connector

	(black)  GND
	
	
	VCC      (red)

	GND
	
	
	TMS (orange)

	GND
	
	
	TCK   (green)

	GND
	
	
	TDO  (yellow)

	GND
	
	
	TDI        (blu)

	GND
	
	
	(nc)

	GND
	
	
	(nc)


9. Clock distribution

Clock signal distribution among the various components.

	RoboClock bank
	Internal name
	Component
	Signal
	description

	B1
	CLK100G/H
	AD9218
	ENCA - ENCB
	Encode clock

	B2
	CLK100E/F
	AD9218
	ENCA – ENCB
	Encode clock

	B3
	CLK100C/D
	XCV812
	FCLKB
	Transmission clock

	B4
	CLK100A/B
	DS90CR483 - XCV812
	TXCLKIN -FCLK
	Transmission clock



Results of the phase scan of the Roboclock.

	
	
	
	Res. Pack.
	Res. Pack.
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	 -- 
	 -- 
	
	
	

	
	
	4F0 
	 -- 
	 -- 
	
	
	

	
	
	4F1 
	 -- 
	 -- 
	3F0
	
	

	RoboClock
	
	FBDS1 
	 -- 
	 -- 
	3F1
	
	CPLD

	
	
	2F0 
	 -- 
	 -- 
	FBDS0
	
	

	
	
	FBF0 
	 -- 
	 -- 
	FS
	
	

	
	
	1F1 
	 -- 
	 -- 
	1F0
	
	

	
	
	
	 -- 
	 -- 
	3F1
	
	

	
	
	
	 -- 
	 -- 
	
	
	

	
	
	
	 -- 
	 -- 
	
	
	



Pin location on the resistive divider of the CPLD register used to configure the Roboclock.


The drawing shows the view from the component side.

10. Programming switches

The FPGA can be programmed in two modes: by using directly the JTAG or downloading the configuration from the dedicated EEPROMs. The switch between the two modes is obtained by varying the configuration bits. 

The JTAG requires the following code: M0 = 1, M1 = 0 and M2 = 1.

The EEPROMs require the following code: M0 = 0, M1 = 0 and M2 = 0.

The switches are 





FPGA

(JTAG)           
   4 (  -  3 (   -  2 (  -  1 (   


VME CONNECTOR

(EEPROM)           
   4 (  -  3 (   -  2 (  -  1 (   

11. Power requirements

The power requirements for the FPGA are:

· +3.3 V for the low Voltage TTL connections

· +2.5 V for the direct LVDS connections on the FPGA itself. 

· +1.8 V for the FPGA core supply.

The absorption when running at 100MHz with all digitizers is 2 A on +5.0 V .

12. FPGA pin lock 

NET "INLVPA" LOC = "U25";

NET "INLVPB" LOC = "V26";

NET "OULVPA" LOC = "AD27";

NET "OULVNA" LOC = "AF30";

NET "OULVPB" LOC = "AB26";

NET "OULVNB" LOC = "AD30";

NET "PMTA<0>" LOC = "A11";

NET "PMTA<1>" LOC = "A12";

NET "PMTA<2>" LOC = "B12";

NET "PMTA<3>" LOC = "A13";

NET "PMTA<4>" LOC = "B13";

NET "PMTA<5>" LOC = "A14";

NET "PMTA<7>" LOC = "A15";

NET "PMTA<6>" LOC = "B14";

NET "PMTA<9>" LOC = "B16";

NET "PMTA<8>" LOC = "A16";

NET "PMTB<0>" LOC = "C7";

NET "PMTB<1>" LOC = "D7";

NET "PMTB<2>" LOC = "C8";

NET "PMTB<3>" LOC = "C9";

NET "PMTB<4>" LOC = "C10";

NET "PMTB<5>" LOC = "D10";

NET "PMTB<6>" LOC = "C11";

NET "PMTB<7>" LOC = "D11";

NET "PMTB<8>" LOC = "D12";

NET "PMTB<9>" LOC = "D14";

NET "PMTC<0>" LOC = "B10";

NET "PMTC<1>" LOC = "A10";

NET "PMTC<2>" LOC = "B9";

NET "PMTC<3>" LOC = "A9";

NET "PMTC<4>" LOC = "A8";

NET "PMTC<5>" LOC = "B7";

NET "PMTC<6>" LOC = "A7";

NET "PMTC<7>" LOC = "A6";

NET "PMTC<8>" LOC = "B5";

NET "PMTC<9>" LOC = "A5";

NET "PMTD<0>" LOC = "D6";

NET "PMTD<1>" LOC = "D5";

NET "PMTD<2>" LOC = "E13";

NET "PMTD<3>" LOC = "E12";

NET "PMTD<4>" LOC = "E11";

NET "PMTD<5>" LOC = "E8";

NET "PMTD<6>" LOC = "E7";

NET "PMTD<7>" LOC = "E6";

NET "PMTD<8>" LOC = "E4";

NET "PMTD<9>" LOC = "E3";

NET "PMTE<0>" LOC = "J2";

NET "PMTE<1>" LOC = "H1";

NET "PMTE<2>" LOC = "G2";

NET "PMTE<3>" LOC = "E1";

NET "PMTE<4>" LOC = "E2";

NET "PMTE<5>" LOC = "D1";

NET "PMTE<6>" LOC = "D2";

NET "PMTE<7>" LOC = "C2";

NET "PMTE<8>" LOC = "A3";

NET "PMTE<9>" LOC = "A4";

NET "PMTF<0>" LOC = "J5";

NET "PMTF<1>" LOC = "H5";

NET "PMTF<2>" LOC = "G5";

NET "PMTF<3>" LOC = "K3";

NET "PMTF<4>" LOC = "K4";

NET "PMTF<5>" LOC = "J4";

NET "PMTF<6>" LOC = "H4";

NET "PMTF<7>" LOC = "G3";

NET "PMTF<8>" LOC = "F3";

NET "PMTF<9>" LOC = "F4";

NET "PMTG<0>" LOC = "K2";

NET "PMTG<1>" LOC = "K1";

NET "PMTG<2>" LOC = "L2";

NET "PMTG<3>" LOC = "L1";

NET "PMTG<4>" LOC = "M2";

NET "PMTG<5>" LOC = "M1";

NET "PMTG<6>" LOC = "N1";

NET "PMTG<7>" LOC = "P2";

NET "PMTG<8>" LOC = "P1";

NET "PMTG<9>" LOC = "R2";

NET "PMTH<0>" LOC = "M5";

NET "PMTH<1>" LOC = "N5";

NET "PMTH<2>" LOC = "P5";

NET "PMTH<3>" LOC = "L4";

NET "PMTH<4>" LOC = "L3";

NET "PMTH<5>" LOC = "M4";

NET "PMTH<6>" LOC = "N4";

NET "PMTH<7>" LOC = "P4";

NET "PMTH<8>" LOC = "R4";

NET "PMTH<9>" LOC = "R3";

NET "PMTI<0>" LOC = "AB2";

NET "PMTI<1>" LOC = "AA2";

NET "PMTI<2>" LOC = "Y1";

NET "PMTI<3>" LOC = "Y2";

NET "PMTI<4>" LOC = "W1";

NET "PMTI<5>" LOC = "W2";

NET "PMTI<6>" LOC = "V2";

NET "PMTI<7>" LOC = "U1";

NET "PMTI<8>" LOC = "U2";

NET "PMTI<9>" LOC = "T1";

NET "PMTL<0>" LOC = "W5";

NET "PMTL<1>" LOC = "U5";

NET "PMTL<2>" LOC = "AA3";

NET "PMTL<3>" LOC = "AA4";

NET "PMTL<4>" LOC = "Y3";

NET "PMTL<5>" LOC = "Y4";

NET "PMTL<6>" LOC = "W4";

NET "PMTL<7>" LOC = "V4";

NET "PMTL<8>" LOC = "U3";

NET "PMTL<9>" LOC = "T4";

NET "PMTM<0>" LOC = "AB1";

NET "PMTM<1>" LOC = "AC1";

NET "PMTM<2>" LOC = "AD2";

NET "PMTM<3>" LOC = "AD1";

NET "PMTM<4>" LOC = "AE1";

NET "PMTM<5>" LOC = "AF2";

NET "PMTM<6>" LOC = "AF1";

NET "PMTM<7>" LOC = "AG2";

NET "PMTM<8>" LOC = "AG1";

NET "PMTM<9>" LOC = "AH1";

NET "PMTN<0>" LOC = "Y5";

NET "PMTN<1>" LOC = "AD5";

NET "PMTN<2>" LOC = "AB4";

NET "PMTN<3>" LOC = "AB3";

NET "PMTN<4>" LOC = "AC4";

NET "PMTN<5>" LOC = "AD4";

NET "PMTN<6>" LOC = "AD3";

NET "PMTN<7>" LOC = "AE4";

NET "PMTN<8>" LOC = "AE3";

NET "PMTN<9>" LOC = "AF3";

NET "PMTO<0>" LOC = "AK10";

NET "PMTO<1>" LOC = "AJ10";

NET "PMTO<2>" LOC = "AK9";

NET "PMTO<3>" LOC = "AJ9";

NET "PMTO<4>" LOC = "AK8";

NET "PMTO<5>" LOC = "AK7";

NET "PMTO<6>" LOC = "AJ7";

NET "PMTO<7>" LOC = "AJ5";

NET "PMTO<8>" LOC = "AK4";

NET "PMTO<9>" LOC = "AJ4";

NET "PMTP<0>" LOC = "AF9";

NET "PMTP<1>" LOC = "AF8";

NET "PMTP<2>" LOC = "AF7";

NET "PMTP<3>" LOC = "AH8";

NET "PMTP<4>" LOC = "AG8";

NET "PMTP<5>" LOC = "AG7";

NET "PMTP<6>" LOC = "AH6";

NET "PMTP<7>" LOC = "AG6";

NET "PMTP<8>" LOC = "AH5";

NET "PMTP<9>" LOC = "AG5";

NET "PMTQ<0>" LOC = "AJ11";

NET "PMTQ<1>" LOC = "AK11";

NET "PMTQ<2>" LOC = "AJ12";

NET "PMTQ<3>" LOC = "AK12";

NET "PMTQ<4>" LOC = "AK13";

NET "PMTQ<5>" LOC = "AJ14";

NET "PMTQ<6>" LOC = "AK15";

NET "PMTQ<7>" LOC = "AJ17";

NET "PMTQ<8>" LOC = "AK17";

NET "PMTQ<9>" LOC = "AK18";

NET "PMTR<0>" LOC = "AF11";

NET "PMTR<1>" LOC = "AF12";

NET "PMTR<2>" LOC = "AF13";

NET "PMTR<3>" LOC = "AH9";

NET "PMTR<4>" LOC = "AH10";

NET "PMTR<5>" LOC = "AG11";

NET "PMTR<6>" LOC = "AH11";

NET "PMTR<7>" LOC = "AG13";

NET "PMTR<8>" LOC = "AH14";

NET "PMTR<9>" LOC = "AH15";

NET "OLA<0>" LOC = "B28";

NET "OLA<1>" LOC = "A27";

NET "OLA<2>" LOC = "B27";

NET "OLA<3>" LOC = "A26";

NET "OLA<4>" LOC = "B26";

NET "OLA<5>" LOC = "A24";

NET "OLA<6>" LOC = "B24";

NET "OLA<7>" LOC = "A23";

NET "OLA<8>" LOC = "A22";

NET "OLA<9>" LOC = "B22";

NET "OLA<10>" LOC = "A21";

NET "OLA<11>" LOC = "B21";

NET "OLA<12>" LOC = "B20";

NET "OLA<13>" LOC = "A19";

NET "OLA<14>" LOC = "B19";

NET "OLA<15>" LOC = "A18";

NET "OLB<0>" LOC = "B18";

NET "OLB<1>" LOC = "A17";

NET "OLB<2>" LOC = "C27";

NET "OLB<3>" LOC = "C26";

NET "OLB<4>" LOC = "C25";

NET "OLB<5>" LOC = "D25";

NET "OLB<6>" LOC = "C24";

NET "OLB<7>" LOC = "D24";

NET "OLB<8>" LOC = "C23";

NET "OLB<9>" LOC = "D23";

NET "OLB<10>" LOC = "C22";

NET "OLB<11>" LOC = "D22";

NET "OLB<12>" LOC = "C21";

NET "OLB<13>" LOC = "C20";

NET "OLB<14>" LOC = "D20";

NET "OLB<15>" LOC = "D18";

NET "OLC<0>" LOC = "C17";

NET "OLC<1>" LOC = "C16";

NET "OLC<2>" LOC = "F24";

NET "OLC<3>" LOC = "E23";

NET "OLC<4>" LOC = "E22";

NET "OLC<5>" LOC = "F21";

NET "OLC<6>" LOC = "E21";

NET "OLC<7>" LOC = "F20";

NET "OLC<8>" LOC = "E20";

NET "OLC<9>" LOC = "F19";

NET "OLC<10>" LOC = "F18";

NET "OLC<11>" LOC = "E18";

NET "OLC<12>" LOC = "F17";

NET "OLC<13>" LOC = "E17";

NET "OLC<14>" LOC = "F16";

NET "OLC<15>" LOC = "E16";

NET "ILA<0>" LOC = "AH30";

NET "ILA<1>" LOC = "AG29";

NET "ILA<2>" LOC = "AK28";

NET "ILA<3>" LOC = "AJ27";

NET "ILA<4>" LOC = "AK26";

NET "ILA<5>" LOC = "AJ26";

NET "ILA<6>" LOC = "AJ24";

NET "ILA<7>" LOC = "AK23";

NET "ILA<8>" LOC = "AJ22";

NET "ILA<9>" LOC = "AK22";

NET "ILA<10>" LOC = "AJ21";

NET "ILA<11>" LOC = "AK21";

NET "ILA<12>" LOC = "AJ20";

NET "ILA<13>" LOC = "AK20";

NET "ILA<14>" LOC = "AJ19";

NET "ILA<15>" LOC = "AK19";

NET "ILB<0>" LOC = "AH29";

NET "ILB<1>" LOC = "AH27";

NET "ILB<2>" LOC = "AH26";

NET "ILB<3>" LOC = "AH25";

NET "ILB<4>" LOC = "AG25";

NET "ILB<5>" LOC = "AG24";

NET "ILB<6>" LOC = "AH23";

NET "ILB<7>" LOC = "AG23";

NET "ILB<8>" LOC = "AG22";

NET "ILB<9>" LOC = "AG21";

NET "ILB<10>" LOC = "AH20";

NET "ILB<11>" LOC = "AG20";

NET "ILB<12>" LOC = "AG19";

NET "ILB<13>" LOC = "AG18";

NET "ILB<14>" LOC = "AH17";

NET "ILB<15>" LOC = "AG17";

NET "ILC<0>" LOC = "AG16";

NET "ILC<1>" LOC = "AF25";

NET "ILC<2>" LOC = "AF24";

NET "ILC<3>" LOC = "AF23";

NET "ILC<4>" LOC = "AE23";

NET "ILC<5>" LOC = "AF22";

NET "ILC<6>" LOC = "AE22";

NET "ILC<7>" LOC = "AF21";

NET "ILC<8>" LOC = "AE21";

NET "ILC<9>" LOC = "AF20";

NET "ILC<10>" LOC = "AE20";

NET "ILC<11>" LOC = "AF19";

NET "ILC<12>" LOC = "AE19";

NET "ILC<13>" LOC = "AE17";

NET "ILC<14>" LOC = "AF16";

NET "ILC<15>" LOC = "AE16";

NET "CS" LOC = "F8";

NET "WE" LOC = "F10";

NET "VAD<19>" LOC = "C30";

NET "VAD<18>" LOC = "D30";

NET "VAD<17>" LOC = "E30";

NET "VAD<16>" LOC = "E29";

NET "VAD<15>" LOC = "F30";

NET "VAD<14>" LOC = "G30";

NET "VAD<13>" LOC = "G29";

NET "VAD<12>" LOC = "H30";

NET "VAD<11>" LOC = "J30";

NET "VAD<10>" LOC = "J29";

NET "VAD<9>" LOC = "K30";

NET "VAD<8>" LOC = "K29";

NET "VAD<7>" LOC = "L30";

NET "VAD<6>" LOC = "M30";

NET "VAD<5>" LOC = "M29";

NET "VAD<4>" LOC = "N30";

NET "VAD<3>" LOC = "N29";

NET "VAD<2>" LOC = "P29";

NET "VAD<1>" LOC = "R30";

NET "VAD<0>" LOC = "R29";

NET "IOVDAT<15>" LOC = "D28";

NET "IOVDAT<14>" LOC = "E28";

NET "IOVDAT<13>" LOC = "F28";

NET "IOVDAT<12>" LOC = "F27";

NET "IOVDAT<11>" LOC = "G28";

NET "IOVDAT<10>" LOC = "G27";

NET "IOVDAT<9>" LOC = "H27";

NET "IOVDAT<8>" LOC = "J28";

NET "IOVDAT<7>" LOC = "K28";

NET "IOVDAT<6>" LOC = "L28";

NET "IOVDAT<5>" LOC = "L27";

NET "IOVDAT<4>" LOC = "M27";

NET "IOVDAT<3>" LOC = "N27";

NET "IOVDAT<2>" LOC = "P28";

NET "IOVDAT<1>" LOC = "R28";

NET "IOVDAT<0>" LOC = "R27";

NET "RCLK" LOC = "C15";

NET "INLVNA" LOC = "V27";

NET "INLVNB" LOC = "W27";

NET "OSPR<0>" LOC = "W30";

NET "OSPR<1>" LOC = "W29";

NET "OSPR<2>" LOC = "Y30";

NET "OSPR<3>" LOC = "Y29";

NET "OSPR<4>" LOC = "AA30";

NET "OSPR<5>" LOC = "AA29";

NET "OSPR<6>" LOC = "AB30";

NET "OSPR<7>" LOC = "AC30";

NET "HRES" LOC = "K6";

NET "HSYNC" LOC = "L6";

NET "SRES" LOC = "H26";

NET "SSYNC" LOC = "J26";

NET "FCLK" LOC = "e15";

NET "FADMOD" LOC = "ad14";

NET "FCLKB" LOC = "ak16";

NET "NOLMOD" LOC = "aa19";

NET "OTRIG" LOC = "d19";

NET "RUN" LOC = "k18";

NET "RUNMOD" LOC = "aa13";

NET "TRIG" LOC = "h18";

� Xilinx recently replaced the Foundation software with a new package, called ISE. The latter one has a new schematic design entry which is not back compatible with the one of Foundation. If in the future we will need new products, like the Virtex II, the entire schematic must be reentered. 
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