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2.5-Gbs Serial Copper/Optical Transceiver Link

on PCI Card (Short Format)

General Discription:

The CoLink is a fixed-height short format PCI card with two serial transceivers from Texas Instruments (TLK2500) capable of data transfer rates up to 2.5Gbs. The CoLink is a +5V, 33Mhz, 32-bit target only PCI card w/ interrupt capability.  This card provides a simple yet reliable scheme for data transfer to/from a remote device or another CoLink card at rates equal to or greater than the PCI bus. The CoLink is a minimalist design consisting of only three chips (1-Altera FPGA 20K100E, 2-Tlk2500 transceiver). The Altera FPGA incorporates a PCI  soft core function and VHDL firmware (state machines, Fifos and glue logic) to interface the PCI bus to the two 2.5Gbs TI serial transceiver chips. One of the transceivers is setup for short haul (up to 20 feet) data transmission over two differential coax cables while the second transceiver is setup for long haul fiber optical cable. The optical transceiver requires a Finisar  compatible plug-in laser module (FTR-1319-5A-2.5).

A modified version of the CoLink  PCI card  was designed  to support the read-out of a QIE frontend system in the  test beam at Jefferson laboratory (scheduled for the fall of 2002). This modified version required a 1.5Gbs transceiver (TLK1500) operating at 700Mbs to match the QIE system 35Mhz data rate. Another change included a NIM level stop input (lemo connector) to hold the last 2-KWrds (16-bits) of QIE and trigger a PCI readout. The PCI readout trigger can occur via an interrupt or polling of the NIMstop Interrupt bit in the Control/Status register. Also for testing, a NIM trigger output on a lemo cable was added to externally trigger a pulse generator. Only the Control/Status register bits labeled  in red refer to the QIE modified version of the CoLink card.
PCI Register assignments:

Bar0  -  Address Offset = 0h Control/Status Register for Link 0

The Status portion of the Control/Status register is made up of  the least significant 16-bits and read only. The Control portion of the Control/Status register is made up of  the most significant 16-bits of the register and is write bit settable and reads back a logic zero. 

Bar0  -  Address Offset = 8h Source Trigger Data Register for Link 0

Source data trigger ID register to be used in conjunction with the retransmit mode to generate a Master Sync based on ½ the round trip propagation time of the downstream end of the serial cable. The synchronization circuit compares the 16-bit value of this ID register with the upstream source data and when a match is found after eight idle cycles then a time of flight counter is started which is stopped when a match of the downstream return ID is encountered. On a PCI bus read  the lower 16-bits contains the source trigger information and the upper 16-bits contains the actual measured one way propagation delay from the Master Sync circuit.

Bar1  -  Address Offset = 0h Control/Status Register for Link 1

The Status portion of the Control/Status register is made up of  the least significant 16-bits and read only. The Control portion of the Control/Status register is made up of  the most significant 16-bits of the register and is write bit settable and reads back a logic zero.

Bar1  -  Address Offset = 8h FIFO Word Count Register (FWrdCnt) for Link 1

This register will be removed in the future, it is added for debugging the transmit and receive fifos. 

FWrdCnt[31:20] 
: Spare

FWrdCnt[19:16] 
: Transmitter Fifo Word Count 

FWrdCnt[15:12] 
: PCI  Fifo Word Count 

FWrdCnt[11]
: Receiver Fifo Empty Flag 

FWrdCnt[10:0]
: Receiver Fifo Word Count 

Bar2  -  Transceiver Data Fifo for Link 0(length: 8 double words)

A PCI bus write to the transmitter data fifo automatically starts a serial data transmission (up to 2.0Gbs) via the coaxial copper link 0. If the transmitter fifo is over-run by the PCI bus (extremely unlikely) then a fifo full flag is set in the status register bit(1) of link 0. Data from the serial receiver  (up to 2.0Gbs)  of copper link 0 is deposited in the receiver data fifo for readout from the PCI bus. If the receiver fifo is empty during a PCI bus read then an empty flag is set in status register bit(0).  If interrupts are enabled then either of the flags will generate an interrupt.

Bar3  -  Transceiver Data Fifo for Link 1(length: 8 double words)

A PCI bus write to the transmitter data fifo automatically starts a serial data transmission  (up to 2.0Gbs)  via the optical link 1. If the transmitter fifo is over-run by the PCI bus (extremely unlikely) then a fifo full flag is set in the status register bit(1) of link 1. Data from the serial receiver  (up to 2.0Gbs) of optical link 1 is deposited in the receiver data fifo for readout from the PCI bus. If the receiver fifo is empty during a PCI bus read then an empty flag is set in status register bit(0).  If interrupts are enabled then either of the flags will generate an interrupt.

The Control/Status Register bit assignments for both data links are as follows:


0 – Receive Fifo empty error (Read Only)

1 – Transmit Fifo full error (Read Only)

2 – NIMstop Interrupt  (Read Only; Link 1 Only)
3 –  RX-Error Interrupt, Serial Data Receiver Error (Read Only)

4 – TX-Error Interrupt, Serial Data Transmitter Error (Read Only)

5 – PRBS Error Interrupt (Read Only)

6 – CircularBufEn: Enable circular buffer until NIMstop asserted (Link 1 Only)
7 – NIM-Trig: External NIM Trigger(Issues external pulse; Link 1 Only)

8 – Enable Loop Fifo Test  (Read/Write bit set)

9 – Enable Loop Serial Xtm/Rcv Test  (Read/Write bit set)

 10 – Enable PRBS Test (Read/Write bit set)

 11 – Enable Serial Xmt/Rcv Power-on mode, keep high (Read/Write bit set)

 12 – Test-Enable: XmtRcv, factory test input, keep low  (Read/Write bit set)

 13 – LckRefn: Lock-to-Reference =0; Rcv locks to data clk =1 (Read/Write bit set)

 14 – ReXmtEn: Retransmit Enable loops (or repeats) received data to transmit port

 15 – Transmit Fifo empty (Read Only) (For debugging, will be removed in future)
The Control bit assignments are as follows:

16 – Clear Fifo empty interrupt error bit (Write bit clear Only)

17 – Clear Fifo full interrupt error bit (Write bit clear Only)

18 – Clear NIMstop interrupt bit (Write bit clear Only; Link 1 Only)
19 – Clear RX-Error Interrupt (Write bit clear Only)

20 – Clear TX-Error Interrupt (Write bit clear Only)

21 – Clear PRBS Error Interrupt (Write bit clear Only)

22 – Clear CircularBufEn (Write bit clear Only; Link 1 Only)
23 – Clear all interrupts (Write bit clear Only)

24 – Clear Loop Fifo Test (Write bit clear Only)

25 – Clear Loop Serial Xmt/Rcv Test (Write bit clear Only)

26 – Clear PRBS Test (Write bit clear Only)

27 – Clear Serial  Xmt/Rcv Power-on, Low Power Mode (Write bit clear Only)

28 – Clear Test-Enable: XmtRcv, factory test input, keep low (Write bit clear Only)

29 – Clear LckRefn: Lock-to-Reference, default is set high (Write bit clear Only)

30 –

31 – Reset module (Write bit clear Only)

Notes:

1) The CircularBufEn bit when set allows the receiver fifo to fill as normal but when almost full an automatic read is performed to cause the fifo to act as a circular buffer until a NIMstop. When a NIMstop input is received an NIMstop interrupt is generated and data to the input of the RX fifo is inhibited from being written.

2) The CircularBufEn bit and the NIMstop interrupt is available on Link#1 only

Brief Description  of QIE Readout Version:

The QIE readout version of the CoLink PCI card continuously  writes serial data from the QIE frontend device into a 2K word circular buffer memory (when CircularBufEn of the control/status register is set) until an external input NIM trigger is received. The NIM trigger input (pulse width ~100ns) inhibits additional circular buffer writes and sets the NIMstop bit of the control/status register. When the NIMstop bit is set,  PCI readout of the circular buffer can proceed until the receive fifo empty flag is set in the control/status register. Note: prior to the receipt of a NIM trigger any PCI reads to the circular buffer returns a 0xFFFF_FFFF value and sets the receive FIFO empty flag in the control/status register. Once the fifo has been readout, the NIMstop bit can be clear by writing a one to Clear NIM Stop (control/status register bit#18) re-enabling the frentend writing to the circular buffer.

Basic QIE Readout Procedure:

1) Set Link#1 “Reset module” bit in control/status register to initialize all internals of the module (including error flags and state machines).

2) Set Link#1 “CircularBufEn” bit in control/status register to start data taking from the QIE frontend.

3) Poll control/status register for NIMstop bit to be set. When set, readout of the last 2k words of data store in the circular buffer (receiver fifo) can be be read via the PCI bus.

4) An attempt to read beyond the last data word of the fifo  generates a receiver empty flag set in the control/status register.

5) The circular buffer can be re-enabled by clearing the NIMstop and the Receiver Fifo empty bits of the control/status register. This is accomplished by setting bits 16 & 18 (“Clear fifo empty” and “Clear NIMstop”) of the control/status register.

6) Goto step 3.

