Program the fpga with DCS card
Remark: To more detail on this step you should refer to TOR communication with DCS bus interface.

Remark: before trying to flash the fpga, you need to have an NFS partition mount on the DCS card. It is wise to mount a folder on the network, as there are not any room at all almost for trigger OR programming files etc on the Flash Device on the DCS board. This is also how it is supposed to work in the real setup. You should not store any data locally on the DCS board.
Report to this wiki to know how to mount a partition:

http://web.ift.uib.no/~kjeks/wiki/index.php?title=DCS_FAQ
( don’t forget to setup the firewall )

1. Now you will need a firmware file built for the Trigger OR FPGA. This must be a bitfile. You can test it with the firmware in the appended. You can configure the Trigger OR by doing the following: 

2. rcu-sh w 0xbf01 0x1 #this enables the selectmap interface to the trigger or. You will most probably see “no target answer” as there is no pullup on the ack line of the bus transaction, but it works anyway. (This should maybe be a HW fix – adding a pullup on dcs_ctrl2). 

3. cat <bitfile> > /dev/virtex1 

4. rcu-sh w 0xbf01 0x0 #disable selectmap bus again. If you get “no target answer” now. This means that either the Trigger OR has not been correctly configured, or there is an error with the DCS bus interface. 

Control registers

How to read/write the fpga registers

The design of the trigger OR fpga has some register of 16 bits in it. You can read and write them with the rcu-sh shell.

Remark: 

- The register you try to read/write must be implemented in the firmware of the fpga you load or you will have the response "no target answer".

- You must load a bitfile implementing a DCS bus interface firmware in the fpga before  trying to read/write in the register ( see the section: Program the fpga with the DCS card ).

The data bus is 16 bits wide. To read/write to registers on the FPGA:
* type rcu-sh h to see some help-text on commands
* to read the value from register address 5555 (hexadecimal) type rcu-sh r 0x5555
* to write ABCD to address 5555, type rcu-sh w 0x5555 0xABCD

If you get a "no target answer" most likely the FPGA is not programmed with a design that supports the bus-interface. 

List of the registers

There are several registered implemented in the trigger OR. Some of them are read only.

Each register is sum up in the table and explains more precisely after.

Register interface
	Register name
	Address
	Type

	Description

	Trig0_OptionCode
	0x00
	R/W
	Used for the selection of trigger0 output options

	Trig0_Signature 
	0x01
	R/W
	Signature of Trigger0

	Trig0_MessageHeader
	0x02
	R/W
	Message Header of Trigger0

	Trig0_Prog_Rate_Low
	0x03
	R/W
	Low 16bits of Programmable  Rate for Trigger0

	Trig0_Prog_Rate_High
	0x04
	R/W
	High15bits of Programmable  Rate for Trigger0

	Trig0_Prog_Delay
	0x05
	R/W
	Programmable Delay for Trigger0


Table 3-1:Registers for Trigger0
	Register name
	Address
	Type

	Description

	Trig1L_OptionCode
	0x06
	R/W
	Used for the selection of trigger1L output options

	Trig1L_Signature 
	0x07
	R/W
	Signature of Trigger1L

	Trig1L_MessageHeader
	0x08
	R/W
	Message Header of Trigger1L

	Trig1L_Prog_Rate_Low
	0x09
	R/W
	Low 16bits of Programmable  Rate for Trigger1L

	Trig1L_Prog_Rate_High
	0x0A
	R/W
	High15bits of Programmable  Rate for Trigger1L

	Trig1L_Prog_Delay
	0x0B
	R/W
	Programmable Delay for Trigger1L


Table 3-2:Registers for Trigger1L
	Register name
	Address
	Type

	Description

	Trig1M_OptionCode
	0x0C
	R/W
	Used for the selection of trigger1M output options

	Trig1M_Signature 
	0x0D
	R/W
	Signature of Trigger1M

	Trig1M_MessageHeader
	0x0E
	R/W
	Message Header of Trigger1M

	Trig1M_Prog_Rate_Low
	0x0F
	R/W
	Low 16bits of Programmable  Rate for Trigger1M

	Trig1M_Prog_Rate_High
	0x10
	R/W
	High15bits of Programmable  Rate for Trigger1M

	Trig1M_Prog_Delay
	0x11
	R/W
	Programmable Delay for Trigger1M


Table 3-3:Registers for Trigger1M
	Register name
	Address
	Type

	Description

	Trig1H_OptionCode
	0x12
	R/W
	Used for the selection of trigger1H output options

	Trig1H_Signature 
	0x13
	R/W
	Signature of Trigger1H

	Trig1H_MessageHeader
	0x14
	R/W
	Message Header of Trigger1H

	Trig1H_Prog_Rate_Low
	0x15
	R/W
	Low 16bits of Programmable  Rate for Trigger1H

	Trig1H_Prog_Rate_High
	0x16
	R/W
	High15bits of Programmable  Rate for Trigger1H

	Trig1H_Prog_Delay
	0x17
	R/W
	Programmable Delay for Trigger1H


Table 3-4:Registers for Trigger1H
	Register name
	Address
	Type

	Description

	Thre1
	0x18
	R/W
	Threshold 1 for L1L

	Thre2
	0x19
	R/W
	Threshold 1 for L1M

	Thre3
	0x1a
	R/W
	Threshold 1 for L1H

	Mask_array12
	0x1b
	R/W
	L0 trigger Mask for module 2 and 1(high 8bits for 2)

	Mask_array34
	0x1c
	R/W
	L0 trigger Mask for module 4 and 3(high 8bits for 4)

	Mask_array5
	0x1d
	R/W
	L0 trigger Mask for module 5

	Ctrl_reserve_r
	0x1e
	R/W
	Reserved control reg,bit 0 is used for L1 test.


Table 3-5:General registers
	Register name
	Address
	Type

	Description

	Counter1
	0x1f
	R
	The low 16 bits for L0 counter

	Counter2
	0x20
	R
	The high 16 bits for L0 counter

	Counter3
	0x21
	R
	The low 16 bits for L1L counter

	Counter4
	0x22
	R
	The high 16 bits for L1L counter

	Counter5
	0x23
	R
	The low 16 bits for L1M counter

	Counter6
	0x24
	R
	The high 16 bits for L1M counter

	Counter7
	0x25
	R
	The low 16 bits for L1H counter

	Counter8
	0x26
	R
	The high 16 bits for L1H counter


Table 3-6:Counter of Trigger 0 from TRU

                         How to select different mode?

The default mode is Normal mode.You can program delay by write 0x00~0x0f to Trig0_Prog_Delay.
Toggle option:

Write 0x01 to register Trig0_OptionCode 

Signature Option:

Firstly write the Trig0_Signature and Trig0_MessageHeader,then write 0x02 to Trig0_OptionCode.
Random Trigger option:

Firstly write Trig0_Prog_Rate_Low and Trig0_Prog_Rate_High,and then write 0x03 to Trig0_OptionCode.

You can test it according to these steps:
For L0:
Firstly,configure required registers

Rcu-sh w 0x1c 0xff  //   Mask_array34,if you connect part of ports of TOR to TRU,make corresponding bit to 1.

For example,if you connect Port M3_1A of TOR to TRU,write 0x01 to it.If you connect both M3_1A and M3_2A of TOR to TRU,write 0x03 to it.

Rcu-sh w 0x1b 0xffff   // Mask_array12
rcu-sh w 0x04 0x26bc         //Trig0_Prog_Rate_High //you can change it according to your                                                                         requirements
rcu-sh w 0x03 0x4d7f         //Trig0_Prog_Rate_Low // you can change it according to your                                                                         requirements

rcu-sh w 0x02 0xb1           // Trig0_MessageHeader 

rcu-sh w 0x01 0x04           //Trig0_Signature     // you can change it according to your                                                                         requirements

rcu-sh w 0x05 0x00         // Trig0_Prog_Delay  // you can change it according to your                                                                         requirements  (It should range from 0-15)

secondly,select specific mode

rcu-sh w 0x00 0x02   //Signature Mode

rcu-sh w 0x00 0x03 // Random

rcu-sh w 0x00 0x01 // Toggle
The following are for L1
For the generation of L1,you need also to set the mask register for L0.

Rcu-sh w 0x1c 0xff  // write mask_register34

Rcu-sh w 0x18 0x8A //set the threshold 1 for L1L

Rcu-sh w 0x19 0x3AA //set the threshold 2 for L1M

Rcu-sh w 0x1a 0x27AA //set the threshold 3 for L1H

For the test mode of L1L

rcu-sh w 0x0a 0x26bc         //Trig0_Prog_Rate_High //you can change it according to your                                                                         requirements

rcu-sh w 0x09 0x4d7f         //Trig0_Prog_Rate_Low // you can change it according to your                                                                         requirements

rcu-sh w 0x08 0xb1           // Trig0_MessageHeader 

rcu-sh w 0x07 0x05           //Trig0_Signature     // you can change it according to your                                                                         requirements

rcu-sh w 0x0b 0x00         // Trig0_Prog_Delay  // you can change it according to your                                                                         requirements  (It should range from 0-15)
rcu-sh w 0x06 0x02   //setSignature Mode 

rcu-sh w 0x06 0x03 // Random

rcu-sh w 0x06 0x01 // Toggle
For the test mode of L1M

rcu-sh w 0x10 0x26bc         //Trig0_Prog_Rate_High //you can change it according to your                                                                         requirements

rcu-sh w 0x0f 0x4d7f         //Trig0_Prog_Rate_Low // you can change it according to your                                                                         requirements

rcu-sh w 0x0e 0xb1           // Trig0_MessageHeader 

rcu-sh w 0x0d 0x06           //Trig0_Signature     // you can change it according to your                                                                         requirements

rcu-sh w 0x11 0x00         // Trig0_Prog_Delay  // you can change it according to your                                                                         requirements  (It should range from 0-15)

rcu-sh w 0x0c 0x02   //Signature Mode

rcu-sh w 0x0c 0x03 // Random

rcu-sh w 0x0c 0x01 // Toggle
For the test mode of L1H

rcu-sh w 0x16 0x26bc         //Trig0_Prog_Rate_High //you can change it according to your                                                                         requirements

rcu-sh w 0x15 0x4d7f         //Trig0_Prog_Rate_Low // you can change it according to your                                                                         requirements

rcu-sh w 0x14 0xb1           // Trig0_MessageHeader 

rcu-sh w 0x13 0x07           //Trig0_Signature     // you can change it according to your                                                                         requirements

rcu-sh w 0x17 0x00         // Trig0_Prog_Delay  // you can change it according to your                                                                         requirements  (It should range from 0-15)

rcu-sh w 0x12 0x02   //Signature Mode

rcu-sh w 0x12 0x03 // Random

rcu-sh w 0x12 0x01 // Toggle

If you want to test L1,but there is no ctp_L0 from ctp,then write 0x01 to 0x1d(ctrl_reserve_r),which select real L0 as ctp_L1.
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