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Functional Description
1.1 Introduction
The U2F (USB to FEC Interface Card) is an interface card between a PC and the ALICE TPC Front End Card (FEC). For the communication with the PC, the U2F supports the USB 2.0 High Speed (480 Mbit/s) interface. The communication with the FEC is based on the ALTRO protocol as described in the ALTRO Chip User Manual. The bridge between these two interfaces is based on a micro-sequencer that will execute sequentially a set of pre-loaded instructions. In this way the User can send large portions of FEC configuration in an instruction memory and execute the sequence with a single command. These sequences can be composed by ALTRO instructions (micro instructions) and/or higher level macro instructions.
This document contains a description of all accessible registers and memories as well as the macro instructions that can by run by the U2F. At the end of this document, some basic examples of configuration scripts (containing instruction sequences) are proposed. They allow running the system with a minimal set of parameters. 
1.2 Architecture
1.2.1 Introduction

The Front End Electronics for the ALICE Time Projection Chamber (TPC) consists of about 560000 channels packed in 128-channel units (Front End Card). Every Front End Card (FEC) incorporates the circuits to amplify, shape, digitize, process and buffer the TPC pad signals. From the control and readout point of view the FECs are organized in 216 partitions, each being an independent system steered by one Readout Control Unit (RCU). The RCU, which is physically part of the on-detector electronics, implements the interface to the Data Acquisition (DAQ), the Trigger and Timing Circuit (TTC) and the Detector Control System (DCS). It broadcasts the trigger and clock information to the FECs, performs the initialization and readout via a high bandwidth bus, and implements monitoring and safety control functions via a dedicated I2C-like link.
Although primarily developed as readout controller for the ALICE TPC FEE, the RCU has been designed to implement control, readout and monitoring functions for any front-end card based on the ALTRO chip. Therefore, while the interface to the front-end units and the core functions are tailored to the ALTRO architecture, the interface to the back-end systems (DAQ, DCS and Trigger) is open to accommodate different technologies and possible upgrades. The resulting architecture and physical layout consist of a board based on a single FPGA, which implements all functions related to the control, configuration, readout and monitoring of the front-end units, on which can be plugged as mezzanine cards the interface boards to the specific back-end systems. In the ALICE case, these two mezzanine cards are the Detector Data Link Source Interface Unit [6] (DDL SIU), which implements a full duplex 200MByte/s optical link and is the ALICE standard interface to the DAQ, and the DCS/Trigger interface card [7], which is also an item common to a number of other ALICE detectors. In particular, the latter incorporates the LHC TTCrx chip [8], through which it receives the clock and trigger information by the TTC system, and implements an intelligent controller and DCS interface based on a FPGA with an embedded processor and an Ethernet Interface.       

 The U2F card is a variant of the ALICE RCU: it is a single board (does not support any mezzanine card) that incorporates all ALICE RCU functions. However, the interface to the ALICE DAQ and DCS are here replaced by a USB interface, while the interface to the ALICE TTC system is replaced by two LEMO connectors to input external clock and trigger signals. 
From the functional point of view the U2F card consists of three main blocks: 1) the ALTRO Bus Controller, which implements all functions related to the communication to the front-end units during the configuration and data readout, and it is described in the section 1.2.2; 2) the Monitoring and Safety Module, which implements the functions described in Section 1.2.3. 3) The USB interface, described in section 1.2.4. It should be noticed that the first two blocks, the ALTRO Bus Controller, and the Monitoring and Safety Module, correspond to the core functions of the ALICE RCU board. 
1.2.2 ALTRO Bus Controller
For the initialization and data readout, the communication between the U2F and the FECs is implemented via the ALTRO bus. Physically this is implemented either as PCB-based backplane or with a standard ribbon cable. The ALTRO bus is essentially an extension of the FEC’s internal bus that allows the U2F to access the FEC’s internal components. It is a multi-drop single-master bus, whereas the U2F is the MASTER and the FECs are the SLAVEs. Electrically the bus signals are implemented as GTL lines with the exception of the sampling clock that is transmitted to the FECs as differential PECL. 

The ALTRO Bus implements a VME 
1.2.3 USB Interface
1.3 Functions
Despite of the name, the U2F card performs key system-level functions: distribution of Trigger and Clock signals to the FECs, configuration of each front-end channel and readout of trigger-related data from the FECs. In parallel the U2F is also responsible for monitoring the voltages, currents, temperature and a number of functional parameters. In case any of the monitored quantities shows an anomalous behaviour, the U2F takes the appropriate action in order to prevent any damage to the FECs or severe system errors. In this section will give a detailed description of the U2F functions.
1.3.1 Trigger and Clock Distribution
The U2F can be operated either with an internal clock, generated by a 40MHz quartz, or with an external clock, which input to the card by means of a LEMO connector. The two sources are exclusive. We will refer to this clock signal as the master clock. Inside the U2F FPGA, from the master clock, starting from the The trigger information and the clock are transmitted to the RCU via the TTCrx chip of the DCS board. The incoming clock (RCLK) and a fixed latency Level-1 trigger pulse, originated in the A-channel of the TTCrx, are broadcasted to all FECs through the ALTRO bus. The sampling clock (SCLK) is derived from the RCLK through a PLL. Its value, which ranges from 5 to 10MHz, is distributed to the FECs via a differential line in order to minimize the noise and, therefore, the signal jitter. The Level-1 trigger word (10 bits) and Level-2 trigger messages (several bytes of information) are received from the TTCrx B-channel.  The Level-1 word and part of the Level-2 message are copied in the event data packet header shipped to the DAQ. The Level-2 message is used to compare the LHC bunch crossing number with the local one, and to generate the Level-2 accept/reject signals for the FECs. Three trigger running modes are possible in the RCU: software trigger mode, used for debugging and calibration purposes; Level-1 mode for detectors using a single-level trigger; and Level-1 + Level-2 mode as in the standard running mode foreseen for the ALICE TPC. In the case of the Level-1 mode, the RCU self generates the Level-2 after the ALTRO acquisition window.
1.3.2 Configuration of the FECs

The configuration parameters for the FECs are stored in the U2F Instruction Memory. A sequencer fetches these instructions, decodes their content and executes them in the form of a single ALTRO instruction (RCU micro instruction) or sequence of them (RCU macro-instruction). The macro instructions allow, for example, to write or to verify the full content (or part of it) of a given ALTRO pedestal memory. Another example is a RCU macro that handles a complete trigger sequence to exercise the readout chain.
1.3.3 Data Readout

The readout of one event is performed in two separate phases, which are consecutive for a given event, but can otherwise be activated concurrently. In a first phase the trigger information is received by the U2F and broadcast to all FECs in the system, starting the digitisation of each channel, which lasts for a programmable amount of time (see TRCFG register in ALTRO User Manual). During this phase data processing takes place in the ALTROs. In the second phase, information is moved by the U2F from the ALTRO’s multi-event buffer into the internal data memory first and then into the PC, on a channel-by-channel basis. The U2F data memory consists of two banks, working in interleaved mode, each being able to store the event data of one single ALTRO channel. While data from one bank is being pushed into the USB channel, data from the next ALTRO channel is stored into the other one. The time needed to complete the readout depends on the size of the event, but other triggers can be processed during the readout of the previous event, as long as the multi-event buffers in the FEC are not full. Dead time can be generated only when this condition occurs. FECs containing valid data are enabled to assert data on the bus by individual addressing, according to an Active Channel List stored in the U2F.
1.3.4 Data Format

In Data Pushed mode, the ALTRO data blocks are shipped by the U2F card to the PC with the following format:
Assuming a data block of 4*M words,
ALTRO_Data[N] 
= U2F_Data[N][9:0];

ALTRO_Data[N+1] 
= (U2F_Data[N][15:10] & 0x03f) | (U2F_Data[N+1][3:0] << 6)& 0x3C0);
ALTRO_Data[N+2]
= U2F_Data[N+2][9:0];

ALTRO_Data[N+3] 
= (U2F_Data[N+2][15:10] & 0x03f) | (U2F_Data[N+3][3:0] << 6)& 0x3C0);

for N = 1,2,3, ..., 4*(M-1), and
ALTRO_ADDRESS = U2F_Data[M][11:0]

ALTRO_BLOCK_LENGTH = U2F_Data[M+1][20:16] & 0x00f) | (U2F_Data[M+2][5:0] << 4)& 0x3C0);
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2
Mode of Use and Operation
2.3 USB Interface
Data Transport Format

The communication between the PC (host) and the U2F card (device) is done via structured data blocks (Messages) that are written/read to/from the Endpoint 6(2) in High-Speed Bulk Mode.
IMPORTANT
The Endpoint 6 and 2 have a capacity of 1 Kbytes, which in the actual version of the U2F card, defines the maximum size of the data block transferred to/from the device. However, it is foreseen an upgrade that will remove any limitation in the size of the data blocks exchanged between host and device.
The format of the Message is defined in table 1.1.

	
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	0
	Block Length (11 bits) (1)
	Operation Code (5 bits) (2)   )

	1
	Address (16 bits) (3)

	2
	Data 0 (16 bits) (4)

	…..

	N + 111       
	Data N-1 (16 bits)


Table 1.1. Message format

Hereafter follows a description of the fields that compose the Message. 

(1) Operation Code (5 bits)

It specifies the message typology. The present version supports only two types of Message (table 1.2), the Write Instruction and the Read Instruction. In the case of a Read Instruction, the Message consists of 2 words. For a Write Instruction, the Message consists of N+2 words, N being the number of data words to be written in the destination unit defined by the address field of the Message. 

	Instruction Name
	Code
	Description

	Write
	0x00
	Write a data block with the specified Length at the specified Address

	Read
	0x01
	Read a data block with the specified Length from the specified Address


Table 1.2. Instruction set
(2) Block Length (11 bits)
It specifies the number of 32-bit data words to be transferred in a Write/Read Instruction. 

(3) Address (16 bits)
It specifies the address of the destination unit inside the U2F card in a Write/Read Instruction. The U2F address space is defined in the tables 2.1 (Memories), 2.2 (Registers) and 2.3 (Commands).  

(4) Data (16 bits)
Data to be written at specified Address in a Write Instruction. Two consecutive Data words form the 16 LSB and 16 MSB, respectively, of the 32-bit word that will be written at the specified Address. Since Block Length is expressed in terms of 32-bit words, the number of Data words must be equal to 2 x Block Length and is, therefore, even.

2.3 Storage Elements (Memories and Registers)   
The U2F interface card contains a set of Configuration and Status Registers (CSR) and a set of Data and Instruction Memories, which are mapped in a 16-bit address space as defined in tables 2.1 and 2.2. 
	Name
	Size
	Base Address

and Access
	Description

	Instruction Memory
(IMEM)
	24bit x 256
	0x7000

R/W
	It contains the Instruction Sequence to be executed either in configuration or readout.

	Pattern Memory
(PMEM)
	10bit x 1024
	0x6800

R/W
	Contains Pedestal values to be sent or compared.

	Result Memory
(RMEM)
	20bit x 128
	0x6000

R/W
	The result of each ALTRO READ instruction is stored in this memory.

	Active Channel List

(ACL)
	16bit x 256
	0x6400

R/W
	It contains the list, in a per channel basis, of all the channels that will be readout. Each line corresponds to an ALTRO, and each bit to a channel.

	Data Mem 1 – Low

(DML1)
	20bit x 256
	0x7400

R
	Low 20bit of data MEM 1

	Data Mem 1 – High

(DMH1)
	20bit x 256
	0x7500

R
	High 20bit of data MEM 1

	Data Mem 2 – Low

(DML2)
	20bit x 256
	0x7C00

R
	Low 20bit of data MEM 2

	Data Mem 2 – High

(DMH2)
	20bit x 256
	0x7D00

R
	High 20bit of data MEM 2


Table 2.1: U2F Addressable Memories
	Name
	Access
	Size
	Base Address
	Description

	ERRST
	R
	4bit
	0x7800
	It contains the status and error information.

	TRCFG1
	R/W
	29bit
	0x7801
	It contains the Trigger configuration and Trigger Status.

	TRCNT
	R
	32bit
	0x7802
	It contains the counters of L1 triggers received and L1 triggers accepted.

	LWADD
	R
	16bit
	0x7803
	It contains two 8bit words with the location of the last written words in each one of the memory banks

	IRADD
	R
	20bit
	0x7804
	It contains the address of the last instruction sent to the ALTROs.

	IRDAT
	R
	20bit
	0x7805
	It contains the data of the last instruction sent to the ALTROs.

	EVWORD
	R
	5bit
	0x7806
	It contains information on the dataflow related to the last trigger

	ACTFEC
	R/W
	16bit
	0x7807
	It controls the power state of each FEC connected to the ALTRO bus.  

	FMIREG
	R/W
	16bit
	0x7808
	Input register to write into the FEC’s flash memory. FMIREG[15:8] contains the 8-bit address of the Flash Memory, FMIREG[7:0] contains the 8-bit data.

	FMOREG
	R/W
	8bit
	0x7809
	Register containing the results of the last Flash Memory  Read instruction. 

	TRCFG2
	R/W
	2bit
	0x780A
	It controls the readout mode, TRCFG2[0], and the Hardware Trigger, TRCFG2[1]. If TRCFG2[0]  is set to 1 (defaults to 0), the data-pushed mode is enabled. If TRCFG2[1] (defaults to 0), the Hardware Trigger is enabled.


Table 2.2: Configuration and Status Registers (CSRs) Table
It should be noticed that independently of whether the width of the addressed storage element exceed or not 16 bits, each data word is beard in the Message by two consecutive Data word. When addressing IMEM at the location 0x7000, for example, we have:

· IMEM[15:0]   = Message[2][15:0]
· IMEM[23:16] = Message[3][7:0]


For PMEM at 0x6800:

· PMEM[9:0] @ 0x6800 = Message[2][9:0]

· PMEM[9:0] @ 0x6801 = Message[4][9:0]

It follows a detailed description of the Configuration and Status Registers.

 ERRST-
Error and Status register
	Instruction Code
	7800 h

	Width
	5

	Register Type
	Status

	Access Type
	Read


Instruction Coding

	31                      5                                                 
	4
	3
	2
	1
	0                                              

	X
	HWADD ERROR
	ALTRO ERROR
	TIMEOUT
	ABORT
	PATTERN ERROR


Description

	Parameter
	Description
	Range

	PATTERN ERROR
	This bit is set to “1” if there is a mismatch in the comparison of the PMREAD U2F instruction
	0 – 1

	ABORT
	It signals that the instruction sequence has been aborted
	0 – 1

	TIMEOUT
	This bit is set to “1” if the front-end cards do not respond within 32 clock cycles
	0 -- 1 

	ALTRO ERROR
	This bit corresponds to the errorb line of the ALTRO bus
	0 -- 1

	HWADD ERROR
	This bits signals a mismatch between the channel address contained in the data of a readout and the channel address requested in that readout 
	0 -- 1


 TRCFG1-
Trigger Configuration Register I
	Instruction Code
	7801 h

	Width
	29

	Register Type
	Config /Status

	Access Type
	Read / Write


Instruction Coding

	31   29
	28      26
	25
	24
	23    20
	19
	18
	17
	16   15
	14
	13 0

	WRPT
	RDPT
	FULL
	EMPTY
	REMB
	X
	POP
	OPT
	MODE
	BMD
	TW










Write Access
Description

	Parameter
	Description
	Range

	TW
	This register contains the number of clock cycles that the system waits after the arrival of the L1 trigger and the issuing of the L2 trigger. Only usable in trigger mode = 2
	0 – 3FFF

	BMD
	Buffer Mode: “0” for 4 buffers and “1” for 8 buffers
	0 – 1

	MODE
	Trigger Mode: for the U2F application should be set to 2
	0 -- 3 

	OPT(*)
	This bit enables the readout optimization using the board controller
	0 – 1

	POP
	This bit enables a popped readout scheme controlled by an external master e.g. USB or DCS
	0 – 1

	REMB
	Remaining free buffers in the multi-event buffer
	0 -- F

	EMPTY
	Signals that the multi-event buffer has no events to be readout
	0 – 1

	FULL
	Signals that the multi-event buffer is full and cannot accept any events
	0 – 1

	RDPT
	Read pointer position
	0 – 8

	WRPT
	Write pointer position
	0 – 8


(*) Not yet implemented 

TRCNT-
Trigger Counter

	Instruction Code
	7802 h

	Width
	32

	Register Type
	Status

	Access Type
	Read


Instruction Coding

	31                                                                             16
	15                                                                                        0                                              

	Number of L1 triggers Received
	Number of L1 triggers Accepted


Description

	Parameter
	Description
	Range

	NTR
	Number of L1 triggers Received. 
	0 – FFFF

	NTA
	Number of L1 triggers Accepted
	0 – FFFF


LWADD-
Last Written address in the Memory banks

	Instruction Code
	7803 h

	Width
	16

	Register Type
	Status

	Access Type
	Read


Instruction Coding

	31                                          16                                                                    
	15                                                         8     7                                                            0                                              

	X
	Address of the last memory location written in bank 2
	Address of the last memory location written in bank 1


 IRADD-
Address of last ALTRO Instruction
	Instruction Code
	7804 h

	Width
	20

	Register Type
	Status

	Access Type
	Read


Instruction Coding

	31                                          20                                                                    
	19                                                                                                                             0                                              

	X
	Address of the last ALTRO instruction sent


IRDTA-
Data of last ALTRO Instruction

	Instruction Code
	7805 h

	Width
	20

	Register Type
	Status

	Access Type
	Read


Instruction Coding

	31                                          20                                                                    
	19                                                                                                                             0                                              

	X
	Data of the last ALTRO instruction sent


EVWORD-
Event Word

	Instruction Code
	7806 h

	Width
	5

	Register Type
	Config /Status

	Access Type
	Read Only


Instruction Coding

	 31                       
	
	
	5
	4
	3
	2
	1                                                                    
	  0                                  

	X
	Trigger
	Start Event
	End Event
	DMEM2 FLAG
	DMEM1 FLAG


Description

	Parameter
	Description
	Range

	DMEM1
FLAG
	This register is set to 1 when data of one ALTRO channel has been written into DMEM1. 
	0 – 1

	DMEM2

FLAG
	This register is set to 1 when data of one ALTRO channel has been written into DMEM1.
	0 – 1

	End
Event
	This bit is set to 1 when the U2F card has accomplished the readout of one complete event. This occurs when data from the last ALTRO channel, according to the ACL , has been completely transferred in DMEM.
	0 – 1

	Start
Event
	This bit is set to 1 when the U2F card starts executing the data readout. 
	0 – 1

	Trigger
	Signals that a trigger has been received. When set to 1, it will prevent the U2F to process any further trigger.
	0 – 1


ACTFEC-
Active Front End Cards 
	Instruction Code
	7807 h

	Width
	16

	Register Type
	Config /Status

	Access Type
	Read/Write


Instruction Coding

	 31                       
	
	
	     16
	15
	
	
	                                 
	  0                                  

	X
	ACTFEC


Description

Each bit controls the power switch of the card with the corresponding address. For Example, if ACTFEC[15:0] = 0x0005, the FECs with address 0 and 4 are ON, while all other FECs are OFF.
FMIREG-
Flash Memory Input Register 

	Instruction Code
	7808 h

	Width
	16

	Register Type
	Config /Status

	Access Type
	Read/Write


Instruction Coding

	 31                       
	
	
	                            16

	X
	FM Address
	FM Data


Description

Flash Memory Input Register.  It stores the Address and Data of the next Flash memory Write Instruction. The slash memory 
FMOREG-
Flash Memory Ouput Register 

	Instruction Code
	7809 h

	Width
	8

	Register Type
	Config /Status

	Access Type
	Read/Write


Instruction Coding

	 31                       
	
	
	                                                                             8

	X
	FM Data


Description

Flash Memory Output Register.  It stores the result of the last Flash memory Read Instruction.
TRGCFG2-
Trigger Configuration Register I

	Instruction Code
	780A h

	Width
	2

	Register Type
	Configuration

	Access Type
	Read/Write


Instruction Coding

	 31                       
	
	
	                              2                                                 1                                              0

	X
	Hardware Trigger Enable
	Readout Mode


Description

Hardware Trigger Enable enables the Hardware Trigger which is input to the board via the TRIGG_IN input (LEMO connector PX1). Readout Mode defined the readout scheme. When Readout Mode is set to 0, for each ALTRO channel, the PC has to read the EVWORD register, execute the readout of the Data Memory and reset the corresponding EVWORD bit. If Readout Mode is set to 1, the U2F card will keep pushing trigger related data into the USB channel (one USB packet per channel).
2.3 U2F Commands

Besides the Write and Read Instructions to a storage element, the U2F card supports a set of 10 Commands (table 2.3). The Commands, which belong to the category of Write Instructions, will be executed by a Finite State Machine.  
	Name
	Base Address
	Description

	RS_STATUS
	0x6C01
	It resets the ERRST (status) register

	RS_TRCFG
	0x6C02
	It resets the TRCFG (trigger configuration) register

	RS_TRCNT
	0x6C03
	It resets the TRCNT (trigger counter) register

	EXEC
	0x00XX
	Starts the execution of a sequence in the instruction memory at the address specified in XX (8bits)

	ABORT
	0x0800
	Aborts any sequence taking place on the instruction memory

	FECRST
	0x2001
	Executes a Global Reset of all FECs

	SWTRG
	0xD000
	Software Trigger

	RS_DMEM1
	0xD001
	Resets the DMEM1 Flag in the EVWORD Register

	RS_DMEM2
	0xD002
	Resets the DMEM2 Flag in the EVWORD Register

	TRG_CLR
	0xD003
	Resets the EVWORD Register

	WRFM
	0xD004
	Write FEC’s Flash Memory

	RDFM
	0xD005
	Read FEC’s Flash memory


Table 2.3: Commands Summary Table
2.3 Instruction Sequence Code
 The U2F instructions are coded in 24bit and can be divided into RCU-specific commands and ALTRO Instructions. In both cases the basic structure of each instruction is:

	22
	21
	20
	19                              16
	15                                                 0

	U2F/

ALTRO
	R/W
	Position
	U2F Instruction

Code
	U2F Instruction

Data

	
	
	
	ALTRO Instruction Format


Table 2.6: 40-bit bi-directional Address/Data bus

1) U2F/ALTRO. It contains information on the type of instruction. This bit is set to “1” it is an ALTRO instruction and “0” for an U2F command. 

2) R/W. This bit is set to “1” for a WRITE instruction or command and to “0” for READ access.

3) Position. This bit indicates if the current instruction is the first half or second half of an ALTRO instruction. Since the ALTRO bus is 40bit, two U2F instructions are required to form a single ALTRO instruction. In the case of ALTRO commands or READ instructions (20bit) the first U2F instruction is not required. The POSITION bit is set to “0” for the first half of an ALTRO instruction; otherwise it is set to “1”.
4) RCU Instruction Code. This 4bit register contains the code of the specific U2F command.
5) RCU Instruction Data. This 16bit register contains meaningful data related with specific U2F command. In some cases this field is not needed.
6) ALTRO Instruction Format. This 20bit field contains either the first or second part of an ALTRO instruction [ALTRO User’s Manual].

Table 2.7 shows a summary of the existing macro-instructions which are U2F specific. To note that on top of those, all the ALTRO commands and register accesses are possible. In this sense a given instruction sequence can contain a mix of ALTRO-specific commands and U2F macros. A more detailed explanation on each instruction is given subsequently.
Instruction Set: Summary Table

	Name
	Base Address
	Description

	JUMP
	0x0
	Jump or Loop Instruction.

	RS_STATUS
	0x1
	This instruction sends a reset to the ERRST register.

	RS_TRCFG
	0x2
	This instruction sends a reset to the TRCFG register. 

	RS_TRCNT
	0x3
	This instruction sends a reset to the TRCNT register.

	CHRDO
	0x6
	This instruction sends the ALTRO CHRDO command to all the channels whose front-end card is active (cf. Active Front-end card List) and whose corresponding bit in the Active Channel List (ACL) is set to “1”.

	PMREAD
	0x7
	This instruction sends the ALTRO PMADD (W) and PMDTA (R) commands to the channel with address CHANNEL ADDRESS and to all possible 1024 locations of the corresponding ALTRO pedestal memory. The result is compared with the content of the Pattern memory of the RCU. Any error in the comparison sets the bit[0] of the ERRST status register to “1”.

	PMWRITE
	0x8
	This instruction sends the ALTRO PMADD (W) and PMDTA (W) commands to the channel with address CHANNEL ADDRESS to all 1024 locations of the corresponding ALTRO pedestal memory. The instruction is broadcasted to all channels if the bcast bit is set to “1”. 

	END
	0x9
	This instruction signals the end of the instruction sequence. It is mandatory to this instruction in order to avoid leaving the system in a busy state permanently. No more instructions will be executed after the END instruction is called.

	WAIT
	0xA
	The WAIT instruction forces the instruction pointer to remain in the current position for a number of clock cycles defined by Ncycles.

	TRIGGER
	0xB
	The TRIGGER instruction forces the instruction pointer to remain in the current position until a hardware L1 trigger reaches the U2F.


Table 2.7: Instruction Table

	Instruction Code
	0 h


-JUMP-
Jump or Loop Instruction
Instruction Coding

	22                   20
	19         16
	15
	14                                                8
	7                                                0

	3
	0
	JnL
	N
	ADDRESS


	Parameter
	Description
	Range

	JnL
	JUMP not LOOP
	0 – 1

	N
	Number of Loops before continue
	0 – 7F

	ADDRESS
	Address to which the instruction sequence pointer will jump
	0 -- FF 


Description

This instruction allows the instruction sequence pointer to jump into a user defined location in the instruction memory.  There are two possible modes: JUMP mode and LOOP mode. In Jump mode, the bit JnL is set to “0”, the sequence pointer is directed to the location given by ADDRESS with no other conditions. In LOOP mode, the bit JnL is set to “1”, the sequence pointer will be directed to ADDRESS only if the current instruction has been called a number of times less or equal to N. When this number is reached, the sequence continues and does not jump.
Example
The following instruction sequence will loop 10 times on instruction 0x0005 and 0x0006, before continuing to instruction 0x0008.
Instruction Address



Instruction Code
0x0005




XXXXXX

0x0006




XXXXXX

0x0007




0x308A05
0x0008




XXXXXX

-RS_STATUS-
	Instruction Code
	1 h


Reset Status Register Instruction

Instruction Coding

	22                   20
	19         16
	15                                                                                                                                   0

	3
	1
	X


Description

This instruction sends a reset to the ERRST register.
-RS_TRCFG-
	Instruction Code
	2 h


Reset Trigger Configuration Register

Instruction Coding

	22                   20
	19         16
	15                                                                                                                                   0

	3
	2
	X


Description

This instruction sends a reset to the TRCFG register.
-RS_TRCNT-
	Instruction Code
	3 h


Reset Trigger Counter Instruction

Instruction Coding

	22                   20
	19         16
	15                                                                                                                                   0

	3
	3
	X


Description

This instruction sends a reset to the TRCNT register.

-CHRDO-
	Instruction Code
	6 h


Send Channel Readout Instruction

Instruction Coding

	22                   20
	19         16
	15                                                                                                                                   0

	3
	6
	X


Description

This instruction sends the ALTRO CHRDO command to all the channels whose front-end card is active (cf. Active Front-end card List) and whose corresponding bit in the Active Channel List (ACL) is set to “1”.

-PMREAD-
	Instruction Code
	7 h


Pedestal Read Instruction

Instruction Coding

	22                  20
	19         16
	15                     12                                                                                                                                
	11                                                                                                  0

	3
	7
	X
	CHANNEL ADDRESS


Description

This instruction sends the ALTRO PMADD (W) and PMDTA (R) commands to the channel with address CHANNEL ADDRESS and to all possible 1024 locations of the corresponding ALTRO pedestal memory. The result is compared with the content of the Pattern memory of the U2F. Any error in the comparison sets the bit[0] of the ERRST status register to “1”.

PMWRITE-
	Instruction Code
	8 h


Pedestal Write Instruction

Instruction Coding

	22                   20
	19         16
	15        13                                                                                                                                               
	12
	11                                                                                               0                                                                                           

	3
	8
	X
	bcast
	CHANNEL ADDRESS


	Parameter
	Description
	Range

	bcast
	The instructions is broadcasted to all channels
	0 – 1

	CHANNEL

ADDRESS
	Channel Address to which the Pedestal Memory Write is sent
	0 -- FFF 


Description

This instruction sends the ALTRO PMADD (W) and PMDTA (W) commands to the channel with address CHANNEL ADDRESS to all 1024 locations of the corresponding ALTRO pedestal memory. The instruction is broadcasted to all channels if the bcast bit is set to “1”. 
 END    
	Instruction Code
	9 h


End Instruction

Instruction Coding

	22                   20
	19         16
	15                                                                                                                                   0

	3
	9
	X


Description

This instruction signals the end of the instruction sequence. It is mandatory to this instruction in order to avoid leaving the system in a busy state permanentely. No more instructions will be executed after the END instruction is called.
 WAIT-
	Instruction Code
	A h


Wait Instruction

Instruction Coding

	22                   20
	19         16
	15                                                                                                                                   0

	3
	A
	Ncycles


Description

The WAIT instruction forces the instruction pointer to remain in the current position for a number of clock cycles defined by Ncycles.

 TRIGGER-
	Instruction Code
	B h


Trigger Instruction

Instruction Coding

	22                   20
	19         16
	15                                                                                                                                   0

	3
	B
	X


Description

The TRIGGER instruction generates a hardware trigger (L1) that will be seen and treated as an external signal. The combination of this instruction with the WAIT and LOOP instructions can provide a programmable in-circuit arbitrary trigger generator.
Example

The following instruction sequence will generate 10 L1 triggers spaced by 128 times the RCU clock period, typically 25ns.

 Instruction Address



Instruction Code
0x0000




0x3B0000

0x0001




0x3A00FF

0x0002




0x308A00
0x0003




0x390000
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