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1. Functional description

The OFCu-RO performs the following functions:

· Converts the 25 arriving readout data links to differential signals. 24 channels are converted by two different 12-fibre receiver modules from AVAGO (AFBR-742BZ) and the 25th by a FTLF8519F2KCL transceiver. The electrical signals are passed through seven 4-channel DS90LV804 LVDS buffers and AC-coupled to the RJ-45 connectors that route them to the front panel of the ROS boards.

· Receives an optical serial data link from a similar board situated back-to-back of the TSC board, deserializes it, processes the communication overhead bits to check for integrity and other potential problems, and delivers the information, when requested, to the ROS board through the backplane pass-through connector, emulating the behaviour of the TSC board. The optical module used for transduction is a Finisar FTLF8519F2KCL.

· Communicates through the J2 backplane with the VME_patch board, which, in term, can be accessed by means of the VMEbus to which it is connected. The communication is mainly register-based with 4-bits address bus and 8-bits data bus, although the signal-detect signals for the three OFCu modules are passed directly through the backplane.

2. Hardware description

2.1 Mechanical board specifications

The dimensions of the board comply with the VME standard specifications for a Rear Transition Module (see IEEE 1101.1 & IEEE 1101.11). The VME connectors used are compliant with IEC 60603-2 (DIN 41612), and the backplane pass-through pins are 13.2 mm long (instead of the more-common 17 mm)
Vertical dimension is 6U (233.35 mm) and board depth is 160 mm (163.8 mm, in fact, to account for the shorter pins of the pass-through connectors).

2.2 Dual PCB layout

Given the similarities between the OFCu-RO and the TSC_rear functionality and design, a PCB has designed that can serve for both boards, depending on the components mounted
2.3 Power distribution system
· Input voltage is 5V, arriving through both J2 and J3 connectors and then passed through a fuse. 3.3 V and 1.2 V are needed for operation, and are obtained in cascade.

· Both bias voltages are obtained in the same way: an LTC4361CTS8-2#TRMPBF overvoltage/overcurrent protection controller drives a NFET that interrupts supply in case of failure. A linear regulator (mic29301-3.3V and MCP1824-1202E/OT) converts the voltage levels, and power is stabilized by means of bypass capacitors both close to the regulators and to each individual IC. Voltage and current is additionally measured by a DS2438Z 1-wire intelligent battery monitor.

· All four optical modules have individual inductive-resistive-capacitive power filtering networks as recommended on the manufacturer's datasheet.

· Several bypass capacitors are placed close to the FPGA, as recommended by manufacturer.

2.4 Clock

40 MHz LHC clock is received through the TIMbus connector. When the absence of external clock is detected by SN74LVC1G123-DCT, a local clock generated by a crystal oscillator is routed to the FPGA and a flag is activated.

2.5 FPGA

· A Xilinx XC6SLX4-2TQG144C Spartan-6 FPGA does all the data processing and interface communication needed.

· The FPGA FW can be loaded directly from a XCF04SVOG20C flash memory automatically on power-on, and on demand by pressing U7 button. 

· The FPGA and the flash memory can be written by using a standard JTAG connector and interface.

· There are 6 user-programmable LEDs (of which 4 can be seen from the front panel) and several single-ended and differential signals for testing and for future additional functionality.

2.6 Optical to electrical data path

· The optical links from UXC are received by two AVAGO (AFBR-742BZ) and a Finisar FTLF8519F2KCL modules (the finisar needs DC restoration). The electrical signal is buffered (DS90LV804), AC-coupled (100 nF) and output to RJ-45 connectors. There is a series short-circuited resistor footprints to allow for hypothetical future modifications in the adaptation network.

· The control signals are controlled from the FPGA and pulled to a default level in case they are left undriven.

· The signal-detect signals are routed both to the FPGA and directly to the VME_patch through the J2 connector

· An additional finisar FTLF8519F2KCL receives the optical data link from the TSC_rear board and sends it to the FPGA. The SD in this case is only routed to the FPGA.

2.7 Front panel

· 2 MTP sockets corresponding to the AVAGO receiver modules

· 4 LC sockets corresponding to the two Finisar transceiver modules

· 4 hard-wired LED indicators:
· 3.3 V: continuous green if power ok.
· 1.2 V: continuous green if power ok.
· CLK: yellow if working with local clock (remote clock unavailable).
· DONE: FPGA loading ok
· 4 programmable LED indicators; its behaviour is described in detail later.
· 8 RJ-45 sockets

2.8 Rear connections

J2

· Three signal detect outputs: pulled down and then buffered 

· Board_sel input: pulled down and negated; controls the enable of the following buffer ICs that interface to lines in the J2 connector:

· SN74LVCH16244ADGGR (tri-state buffer of OFCu inputs): 
· reset (pulled down before and after the buffer)

· 4 address bits

· write_reg bit (pulled down after the buffer)

· 3 spare lines (read_reg, spare0 and spare1)

· SN74LVT16245ADGGR: direction is controlled by the write_reg bit, buffers all 8 data bits.

· SN74LVT16245ADGGR: direction is controlled by FPGA, buffers 3 spare lines (spare2-4)

· Individual spare line: buffered individual spare line whose direction can be selected by soldering appropriate short circuits in two empty 0602 footprints.

TIMbus

· Input differential to single-ended buffer for ROS-Ready signal (terminated and dc-restored).

· Input differential to single-ended buffer for L1A signal

· Input differential to single-ended buffer for EVCNTRES1A signal

· Input differential to single-ended buffer for CKDES2 signal (clock)

· Output single-ended to differential buffer for TRG_STROBE signal

· Bidirectional single-ended to differential buffer (SN65LVDM1676) for TRG_DATA(0-15) bus. Input/output behaviour controlled by FPGA, hard-coded in FW to output.
2.9 Other relevant PCB components

· The 20-pin P7 connector has lines routed to the FPGA that can be used for FW debugging.

· The 14-pin P1 connector serves for JTAG programming of the FPGA and flash memory.

· The U7 pushbutton triggers a re-programming of the FPGA from the flash memory.

· Jumpers P2-P7 are connected to ground

· LEDs D8 and D9 are controlled by the FPGA
3. Software description

3.1 Slow control interface

Signals
· Board select (bsel): enables the appropriate buffers so that only one of the boards makes use of the shared bus, and informs the FPGA that it is being adressed.

· Write (wr): determines the type of communication (write register or read register)

· Reset: reset signal to the FPGA 

· Address bus (add)(4): selects the register to operate on (0-15)

· Data bus (data)(8): data byte to write or to be read

Communication protocol

VME_patch point of view

1. The VME_patch drives the WR and ADD(3-0) signals, and optionally, DATA(7-0) if WR=1
2. Wait time = XXX ns to avoid racing condition
3. The VME_patch drives the corresponding BSEL line
4. Wait time = XXX ns to ensure the OFCu has time to update the register (WR=1) or to drive the data bus (WR=0)
5. Data bus is read (WR=0 only) and all lines are freed by VME_patch (both cases)
6. Wait time = XXX ns to ensure the OFCu has time to end the register access cycle.
OFCu point of view

1. when BSEL is detected:
a. (WR=1) ( reads data bus and updates the contents of register determined by ADD(3-0)

b. (WR=0) ( drives the data bus with the contents of register determined by ADD(3-0)
2. when BSEL is released, the cycle ends and data bus is released
Register description

Each register is identified by its ordinal, the hexadecimal offset, the FW name, and whether it is writable or read-only. 

The standard addressing space covers registers 0-15 (0x00 – 0x1E). Registers above those are accessed via a store – recall procedure that uses registers 0 and 1 (0x00 and 0x02). Writing in register #1 moregs_ctrl (0x02) triggers a recall (if msb = 0) or store (if msb = 1) operation on the register identified by the address contained in moregs bits 6 downto 0 (128 registers maximum addressing space). The registers contents are copied from register #0 moregs_data (0x00) to the corresponding register in a store operation, from the corresponding register to moregs_data register in the recall operation.
0 (0x00) – moregs_data (w/r)
Data to be stored to (or recalled from) one of the registers in the extended register addressing space, triggererd by the corresponding wrirte operation on register #1.
1 (0x02) – moregs_ctrl (w/r)
	store/ _recall
	A
	D
	D
	R
	E
	S
	S


2 (0x04) - ow1_ctrl_reg (w/r)
1-wire line (1.2 V monitoring) commands

	tsc link test pattern selection
	tsc link  speed
	read 8b
	write 8b
	read 1b
	write 1b 
	init


A 1-wire operation is triggered when there is a write operation in this register and the corresponding bit is active. In case of more than one active bits, only the operation corresponding to the least significant bit is executed.

Bit #5 controls the tsc link data rate: 0 (default) is 800 Mbps, 1 is 400 Mbps

Bits #6 and #7 are described on the test section. 

3 (0x06) – ow1_data_reg (w/r)
1-wire line (1.2 V monitoring) data byte (msb for 1-bit read operations, lsb for 1-bit write operations)

4 (0x08) - ow1_crc_reg (r/o)
1-wire line (1.2 V monitoring) CRC byte
A write operation in this register triggers a reset of the PLL.
5 (0x0A) - ow3_ctrl_reg (w/r)

same as register 2 (bits 4 downto 0), for 3.3 V monitoring.
6 (0x0C) - ow3_data_reg (w/r)

same as register 3, for 3.3 V monitoring
7 (0x0E) - ow3_crc_reg (r/o)

same as register 4, for 3.3 V monitoring

8 (0x10) - sd_status_reg (r/o)

Signal detect status register. The 4 LSB are real time values, the 4 MSB are latched on loss of signal. WR command on this register resets latches regardless of data written.

	sd_ch24
	sd_tsc
	sd_avago2
	sd_avago1
	sd_ch24
	sd_tsc
	sd_avago2
	sd_avago1

	(latched value)
	(live value)


9 (0x12) - opto_ctrl_reg (w/r)

Avago modules' control signals (receiver enable, squelch enable, enable SD).

	tx2_dis
	tx1_dis
	rx_en2
	rx_en1
	sq_en2
	sq_en1
	en_sd2
	en_sd1


Default value = 11111111 (this is the only register in which the default value is different in OFCu-RO/TSC_rear boards, so it also serves for board identification)
10 (0x14) – tsc_status_0_la (r/o)

11 (0x16) – tsc_status_1_la (r/o)

12 (0x18) – tsc_status_2_la (r/o)

These three registers can be concatenated into a 24-bit word that contains several error flags for the tsc link status.

The flags are as follows (0 being the lsb, that is, the lsb of register #10):

	#
	Flag name
	Short description

	0
	err_bufpll
	Bufpll not locked

	1
	err_pll
	Pll not locked

	2
	(legacy)
	(legacy)

	3
	err_ixo_lcl 
	No external clock, working with local

	4
	err_lock 
	Lost lock to data stream

	5
	*err_ecr_rmt
	ECR word received through serial link but no ECR on TTC first

	6
	*err_ecr_lcl 
	ECR received through TTC but not through serial link

	7
	err_fifo 
	Fifo full

	8
	*err_ros_rdy
	L1A received but ros_ready not asserted

	9
	err_ros_rdy_fast
	Ros_ready deasserted before communication ended

	10
	*err_ros_rdy_held
	Ros_ready not deasserted alter comunication ended

	11
	err_hdr_ali
	Header’s event counter different than expected

	12
	err_hdr_bad
	Non-header word received when expecting a header

	13
	err_hdr_wait
	No header word received

	14
	err_dat_wait
	No data received alter header

	15
	err_dat_sudden_end
	Idle word received befote trailer

	16
	*err_dat_count_match
	Counted data words different from trailer value

	17
	err_dat_count_max
	Maximum data words limit reached

	18
	err_bad_data_trail
	Non-data and non-trailer word received

	19
	*err_resync
	Error while attempting to resync event alignment

	20
	*err_inerrorlatch
	The state machine has been in the error state

	21
	*err_resynced
	Successfully completed the resync alignment procedure

	23
	inerrorlive
	Live indicator of error


The occurrence of errors marked with does not inmediately send the state machine to error, although it is nonetheless an indicator of a malfunction, and might 

Although these registers are read only, a write command can be issued. Instead of changing the registers’ content, it has the following consequences:

· tsc_status_0_la: simulate successful ECR (same as a real ECR but no ECR word is expected from the serial link)

· tsc_status_1_la: clear latch for all three tsc_status registers

· tsc_status_2_la: resets input deserializer
13 (0x1A) – test0_reg  (r/o)

14 (0x1C) – test1_reg (r/o)

15 (0x1E) – test2_reg (r/o)
16 (0x20) – tsc_maxwords (r/w)
Maximum event size from the tsc_rear that will be passed to the ROS. 

Default value = 80.

18 (0x24) – tsc_ecrwait (r/w)
Maximum number of clock cycles (BX’s) that can be waited from the reception of an ECR signal until the ecr word is received on the tsc serial link.

Default value = 25.

19 (0x26) – tsc_roswait1 (r/w)
Maximum number of clock cycles (BX’s) that can be waited between the time at which the ofcu_ros has finished processing an event and a new L1A is received, and the rising edge of the signal ros_ready. The contents of this register are multiplied by 64.

Default value = 100 (equivalent to 6400 BX’s).

20 (0x28) – tsc_headerwait (r/w)
Maximum number of clock cycles (BX’s) that can be waited from the assertion of the ros_ready signal until a header word for that event is received on the tsc serial link.

Default value = 10.

21 (0x2A) – tsc_datawait (r/w)
Maximum number of clock cycles (BX’s) that can be waited from the reception of the header word to the first data word on the tsc serial link.

Default value = 10.

22 (0x2C) – tsc_roswait2 (r/w)
Maximum number of clock cycles (BX’s) that can be waited from the de-assertion of the trg_strobe signal until the ROS de-asserts the ros_ready signal, and a the board is ready to process a new event.

Default value = 50.

23 (0x2E) – buildn_reg (r/o)
Build identification number (bits 7 downto 1): should change when changes are introduced to the FW. 

The lsb indicates the type of board this FW version is built for: 1 for OFCu-ROS, 0 for TSC_rear.
24 (0x30) – log2_recaltime_reg (r/w)
Controls the interval between recalibration commands issued to the slave IODELAY2 of the deserializer module.
Default value = 24 (corresponds to 0.84 s).

25 (0x32) – log2_integr_reg (r/w)
Controls the number of bits of the integrator in the phase detector, that controls the assertion of IODELAY2 increment/decrement signals. Zero corresponds to no integrator (every phase detector valid signal triggers an IODELAY2 increment/decrement.

Default value = 4 
26 (0x34) – tsc_resyncwait (r/w)
Limit number of cycles (x64) to wait for the successful resync condition.
Default value = 150 (x64)

27 (0x36) – tsc_resyncgap (r/w)
Number of L1A-free cycles to consider that the resync condition is satisfied.

Default value = 100

28 (0x38) – tsc_unlocking (r/w)
Number of words with errors in start/stop bits that the integrator must count to consider the link unlocked.

Default value = 1

29 (0x3A) – tsc_safetylatency (r/w)
When working at 400 Mbps, latency to add to the assertion of the trg_strobe signal to allow for the FIFO to be full enough so that it is not depleted.

Default value = 30

3.2 One-wire lines operation

Each one of the two 1-wire lines present is controlled by a set of three registers: registers 2-4 for the 1.2 V monitor, registers 5-7 for the 3.3 V monitor.

Writing the ctrl_reg starts the command identified by the firtst ‘1’ bit (starting by the lsb).
· Init: the initialization pulse is asserted.

· Write 8b (byte-level write): writes to the 1-wire line the byte previously written at register data_reg.

· Write 1b (bit-level write): writes to the 1-wire line the LSB of the byte previously written at register data_reg. Note that the LSB bit is sent every time the command is asserted: thus, writing a byte at data_reg and issuing 8 times a bit-level write command is not equivalent to issuing one byte-level write command.

· Read 8b (byte-level read): reads a byte from the 1-wire line. The result is stored at data_reg and the calculated CRC is stored at crc_reg (after the communication of a complete frame with the CRC information, the CRC register should be “00000000”). As specified in the 1-wire protocol, the LSB is the first to be communicated.

· Read 1b (bit-level read): reads a bit from the 1-wire line, which can be read at the MSB of data_reg. Every time a bit is read, the data_reg register shifts one bit to the right, the old LSB is lost and the newly read bit becomes the MSB. The crc_reg is updated accordingly. Note that this implies that issuing 8 times a bit-level read operation is equivalent to issuing a byte-level read operation.
3.3 Optical modules control and monitoring
The signal detect outputs from all four optical receivers are continuously monitored and mirrored in the 4 lower bits of register sd_status_reg. These same four signals are latched onto the 4 higher bits of this same register, so that a temporary loss of signal doesn’t go undetected. Issuing a write command on this register clears the latches. The four receivers are:

· sd_avago1: the combined SD for all channels in the top  avago receiver (ch. 0-11)

· sd_avago2: the combined SD for all channels in the bottom avago receiver (ch. 12-23)

· sd_tsc: the receiver part of the top finisar transceiver module, that carries the TSC serial link

· sd_ch24:  the receiver part of the bottom finisar transceiver module, that carries 24th channel from the minicrates

The control bits in register opto_ctrl_reg are mirrored to the lines going to the optical modules. The signals are as follow:
· tx1_dis and tx2_dis: transmitter disable control signals for the transmitter part of the two finisar transceiver modules. The top transmitter is tx2 and the bottom transmitter is tx1.

· Each avago (1-top, 2-bottom) has 3 control signals: signal detect enable, receiver enable and squelch enable.

The default value for this register is “11111111” (transmitters disabled and reception, squelch and SD enabled on the avago modules).

3.4 TSC link
Overview
Before the DTE upgrade there’s a communication between each sector’s ROS and TSC board, which are adjacent to each other in the crate, carried through the TIMbus backplane. After the upgrade, ROS and TSC board are no longer in the same crate and this is information is transmitted by means of two intermediate boards, the TSC_rear, a RTM for TSC, and the OFCu-RO, a RTM for the ROS, and a serial optical fibre link. This communication is essentially unidirectional from the TSC to the ROS. 

The TSC_rear plugs to the backplane of the TSC crate and communicates with a TSC board through the pass-through connector in it. It emulates the behaviour of an adjacent ROS board, signaling the ready status and receiving the 16-bit parallel bus data from the TSC. It adds a layer of communication to transmit metadata such us the event number or the word count, or the detection of an event counter reset. The information is transmitted forming 20-bit serial words, with a start and stop bit, a valid bit, a word-type bit, and 16 payload data bits in each LHC clock cycle. Thus, the data rate of the serial link is 800 Mbps.
The OFCu-RO receives this link and deserializes it synchronously using the same LHC clock. It checks that the data received is compliant with the established protocol, and, if no errors are found, it delivers the data to the ROS board to which it is connected through the pass through connector in the backplane, mimicking the behaviour of the no-longer-adjacent TSC board.
In case of a recoverable error, i.e., an error that sends the state machine in the OFCu to the error state, because event alignment cannot be guaranteed, an automatic resync (realignment) procedure is able to recover the link provided L1A's are sufficiently spaced.

There's also the possibility of halving the speed of the serial link to 400 Mbps. Since at this speed, two cycles are needed to transmit one tsc word, the latency of the link increases by about half of the total event size being transmitted.
OFCu-RO-specific information

When the FPGA boots, it initializes the internal pll for clock generation, the phase detector and input delay for correct eye-center sampling, and the input deserializer and word alignment logic. When an idle word is received it is immediately discarded, and any non-idle word (except for the special case of the ECR word) is written into a FIFO for later availability.

After boot the FPGA is ready for data reception, but most errors would send it immediately to the error state in which incoming information is discarded and no data is delivered to the ROS (however, if ros_ready is asserted while in error state, a simple handshake is carried over with a dummy word to prevent the ros from waiting the tsc data timeout). This is done to prevent incorrect or unaligned data delivery. There’s a FW hard-coded mask that allows non-critical error flags to be bypassed. There are two ways out of this state: by the reception of an ECR signal, which resets the event counter and clears the error flag registers, or by the automatic resync procedure. The ECR cycle is completed if a ECR word is received through the serial link before a timeout, to indicate that the ECR, which is an LHC global signal, has also been correctly received and processed at the TSC_rear. For debug purposes, a successfully completed ECR cycle can be forced by issuing a write command on register tsc_status_0_la.
When a L1A trigger is received it is queued in order to process when it is possible. Whenever the FPGA is in the idle state and the presence of a queued L1A trigger is detected, a data frame delivery cycle is started: the ros_ready signal is asserted by ROS, the event number coincidence between the header word and the local counter is verified, and as soon as payload data is available it is delivered to the ROS by writing it in the 16-bit parallel bus and asserting the trg_strobe signal. For as long as there is new data and ros_ready flag is active the communication continues, and when data ends, the number of words counted is compared with the counter on the trailer word, trg_strobe is de-asserted and the ROS consequently de-asserts the ros_ready signal. If no errors have occurred the system goes back to the idle state.
3.5 LED indicators

There are 6 programmable LED in the OFCu-RO board, four of which are visible from the front panel by means of a light guide. These four LEDs serve a dual purpose:

· Right after FPGA boot or reset the four LEDs are switched on sequentially during several seconds to indicate a successful load of the FW and presence of a working clock. The cycle lasts (+) seconds approximately with each LED being on for (+) ms approximately. 

· After this, they serve as indicators:

· SD: continuous green if all four signal detect lines are asserted. If any of the four SD lines is low, the LED repeatedly flashes four times: one for each receiver module. A long flash indicates that the corresponding SD signal is high, whereas a short flash indicates a low SD.

· CTRL: flashes intermittently when registers are being accessed through the slow control interface.
· TSC:  continuous green if TSC link is locked, intermittent if it’s locking and unlocking, off if unlocked.
· TTC: short flash indicates L1A, long flash ECR.
4. Test-specific information 
4.1 Optical modules signals in TSC_rear builds
opto_ctrl_reg in the TSC_rear board controls the same signals as it does in the controls same things, although they are unconnected. In particular, the tx1_dis signal is used during test.
opto_ctrl_reg also controls the value of the sd_ch24 (bit 2), sd_avago2 (bit 1) and sd_avago1 (bit 0), which in the TSC_rear act as outputs, since there’s actually no physical optical module present. Thus, this register can be used to validate the PCB manufacture without actually changing the optical signals in the receivers. The sd_status_reg bits, in this configuration, reflect the behaviour of these user-controlled signals. 

4.2 TSC link recent history data in OFCu-RO builds

In order to be able to debug the functioning of the TSC link interface logic to the ROS board, there is a memory element that stores the recently received words (depth can be configured by changing FW). Each word is 4 bytes long, but it is read through a 1-byte interface. A brief summary is given here; in order to know the details, the code should be inspected.
· During normal operation, the memory is shifted 4 bytes (and the 4 oldest ones are discarded) and new information is inserted if the appropriate conditions are met (see FW).
· If an error is detected, some more words are still registered and then recording stops.

· Writing in register tsc_status_0_la (successful ECR simulation) restarts recording, as does writing in register test1_reg (when the tsc-link receiver state machine is returned to operation by a real, not simulated, successful ECR, the recording is not automatically restarted).

· Reading in test0_reg returns the last shifted word, and writing in this register shifts back the entire memory 1 byte (readout of the memory acts as a LIFO, whereas recording functions as a FIFO).

4.3 Deserializer’s iodelay2 tap value
In the OFCu builds a value is written to register test1_reg that serves to identify the status of the deserializer’s iodelay2 tap status: after reset (deserializer reset occurs at global reset, on bufpll unlock and on a tsc_status_2_la write operation) it starts at 128 (0x80) and increments/decrements every time DLY_CE is asserted (which happens automatically if the phase detector indicates need for it). The relationship of this count with the actual delay value for the master and slave iodelay2 depends on the history and the initial phase relationship: The master is configured to stay_at_limit while the slave is configured to wraparound, so for certain evolution of the phase relationship the difference between the two of them may separate from the ideal value of half a bit (for the frequencies in use, 1 bit ~ 45 taps). Also, when a CAL order is issued to the slave iodelay2, so this relationship is restored.

There is an active bug possibly tied to a non-documented behaviour in the IODELAY2 block that causes this counter to shift every time a CAL is issued to the slave, so its information is corrupted.
4.4 Serializer

The serializer module is present in the TSC_rear builds, feeding the signal to Tx2 transmitter. In the OFCu builds, a clk40 is fed to this pin. Tx1 is fed with constant 0 value. 
4.5 Test module

Test module carries out the following tasks:


· The output word, which serves as the serializer input, is selected by ow1_ctrl_reg(7 downto 6). 

· 00 does not affect normal operation.

· 01 idle: all words are idle (10 zeros, 10 ones)

· 10, pseudorandom: The output word has start and stop bit, and the 18 “payload” bits are selected from a 360-bits-long pseudorandom string (which is cycled every 20 clock edges).

· 11 clk400: out of every 20 words, one corresponds to an idle word (to make it possible for the serializer to find the start and stop bits) and the rest correspond to ones and zeroes alternating.
· An state machine locks to the input word (received from the deserializer) and aligns it to the data pattern that is being sent. If an error is detected, a counter (test2_reg) is incremented up to value 254. In case lock is lost either in the deserializer or here, the error counter turns into 255.

· Test2_reg resets on test2_reg write

· testconn:

· 20: clk40

· 19: serializer slow clock (data rate / 20)

· 18 downto 1: test signals.
5. Registers table
	
	register value function
	WRITE

	0 (0x00) moregs_data
	Buffer register for extended register space access
	Write register

	1 (0x02) moregs_ctrl
	Control register for extended register space
	Write register and issue command 

	2 (0x04) ow1_ctrl
	1.2V 1-wire control, select tsc link speed, select serial test pattern
	Write register and issue command

	3 (0x06) ow1_data
	1.2V 1-wire write byte
	Write register

	4 (0x08) ow1_crc
	1.2V 1-wire crc byte
	Reset PLL

	5 (0x0A) ow3_ctrl
	3.3V 1-wire control
	Write register and issue command

	6 (0x0C) ow3_data
	3.3V 1-wire data byte
	Write register

	7 (0x0E) ow3_crc
	3.3V 1-wire crc byte
	

	8 (0x10) sd_status
	Live and latched receivers’ SD values.
	Reset sd_status_reg’ latches.

	9 (0x12) opto_ctrl
	Avago rx’ and finisar tx’ control outputs TSC_rear only: drives SDs
	Write register

	10 (0x14) tsc_status0
	TSC link error flags (latched)
	Simulate ECR

	11 (0x16) tsc_status1
	TSC link error flags (latched)
	Reset tsc_statusX_reg

	12 (0x18)

tsc_status2
	TSC link error flags (latched)
	Reset deserializer

	13 (0x1A) test0_reg
	OFCu-RO: Tsc link debug memory top byte
	OFCu-RO: Shift 1 byte the tsc link debug memory

	14 (0x1C) test1_reg
	Deser delay tap indicator
	OFCu-RO: Restart recording in tsc link debug memory

	15 (0x1E) test2_reg
	Serial loopback test
	reset test2_reg

	16 (0x20) tsc_maxwords
	Maximum TSC-ROS event size
	Write register

	17 (0x22) tsc_strobewait
	Maximum wait cycles for assertion of trg_strobe
	Write register

	18 (0x24) tsc_ecrwait
	Maximum wait cycles for arrival of ECR word through serial link
	Write register

	19 (0x26) tsc_roswait1
	Maximum wait cycles for assertion of ros_ready signal ( / 64)
	Write register

	20 (0x28) tsc_headerwait
	Maximum wait cycles for arrival of header word through serial link
	Write register

	21 (0x2A) tsc_datawait
	Maximum wait cycles for arrival of first data word through serial link
	Write register

	22 (0x2C) tsc_roswait2
	Maximum wait cycles for de-assertion of signal ros_ready
	Write register

	23 (0x2E) buildn_reg
	Build identification number and board type
	

	24 (0x30) log2_recaltime
	OFCu-RO: interval of deserializer iodelay cal_slave
	Write register

	25 (0x32) log2_integr
	OFCu-RO: deserializer phase detector integrator bits
	Write register

	26 (0x34) tsc_resyncwait
	OFCu-RO: timeout for completing resync alignment
	Write register

	27 (0x36) tsc_resyncgap
	Number of L1A-free cycles to approve resync alignment
	Write register

	28 (0x38) tsc_unlocking
	OFCu-RO: deserializer integrator size for start/stop unlocking
	Write register

	29 (0x3A) tsc_safetylatency
	OFCu-RO: latency to add to trg_strobe
	Write register


