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–– UTOPIA extender, PHY layer
––
––

USE WORK.phy_utopia_transmitter_package.ALL;
USE WORK.phy_utopia_receiver_package.ALL;

ENTITY phy_utopia IS
        PORT(   hl_rx_ckr, hl_rx_sc_d,
                master_reset,
                phy_tx_full_tx_clav,
                phy_fifo_hf, phy_fifo_pafe,
                phy_fifo_empty                  : IN BIT;
                hl_rx_data                      : IN BIT_VECTOR(0 to 3);
                rx_fifo_soc,
                phy_tx_enb, phy_fifo_enr        : INOUT BIT;

                phy_rx_clk,
                phy_rx_empty_rx_clav            : IN BIT;
                phy_rx_data                     : IN BIT_VECTOR(0 to 7);
                hl_tx_sc_d, hl_tx_ena,
                phy_rx_enb                      : INOUT BIT;
                hl_tx_data                      : INOUT BIT_VECTOR(0 to 7));

        ATTRIBUTE pin_numbers OF phy_utopia:ENTITY IS
                ”hl_tx_data(3):2 ” &
                ”hl_tx_data(4):3 ” &
                ”hl_tx_data(5):4 ” &
                ”hl_tx_data(6):5 ” &
                ”hl_tx_data(7):6 ” &
                ”rx_fifo_soc:9 ” &
                ”phy_fifo_pafe:10 ” &
                ”phy_fifo_hf:11 ” &
                ”phy_rx_clk:13 ” &
                ”hl_rx_sc_d:14 ” &
                ”phy_fifo_enr:15 ” &
                ”phy_tx_enb:16 ” &
                ”hl_tx_sc_d:17 ” &
                ”phy_rx_data(0):18 ” &
                ”phy_rx_data(1):19 ” &
                ”phy_rx_data(2):20 ” &
                ”phy_rx_data(3):21 ” &
                ”phy_rx_data(4):24 ” &
                ”phy_rx_data(5):25 ” &
                ”phy_rx_data(6):26 ” &
                ”phy_rx_data(7):27 ” &
                ”hl_tx_ena:28 ” &
                ”hl_rx_data(0):30 ” &
                ”hl_rx_data(1):31 ” &
                ”hl_rx_data(2):32 ” &
                ”hl_rx_data(3):33 ” &
                ”hl_rx_ckr:35 ” &
                ”master_reset:36 ” &
                ”phy_tx_full_tx_clav:37 ” &
                ”phy_fifo_empty:38 ” &
                ”phy_rx_empty_rx_clav:39 ” &
                ”phy_rx_enb:40 ” &
                ”hl_tx_data(0):41 ” &
                ”hl_tx_data(1):42 ” &
                ”hl_tx_data(2):43 ”;

END phy_utopia;

ARCHITECTURE netlist OF phy_utopia IS

        SIGNAL atm_fifo_hf_code                 : BIT;
        SIGNAL atm_fifo_not_hf_code             : BIT;

SIGNAL phy_fifo_hf_state : BIT;
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BEGIN
        U1: phy_utopia_transmitter
                PORT MAP (hl_rx_ckr, hl_rx_sc_d, master_reset,
                                phy_tx_full_tx_clav, phy_fifo_hf,

phy_fifo_pafe, phy_fifo_empty, hl_rx_data,
                                phy_fifo_hf_state, rx_fifo_soc,

atm_fifo_hf_code, atm_fifo_not_hf_code,
phy_tx_enb, phy_fifo_enr);

        U2: phy_utopia_receiver
                PORT MAP (phy_rx_clk, phy_rx_empty_rx_clav, master_reset,

atm_fifo_hf_code, atm_fifo_not_hf_code,
phy_fifo_hf_state, phy_rx_data, hl_tx_sc_d,

                                hl_tx_ena, phy_rx_enb, hl_tx_data);
END netlist;
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–– UTOPIA extender, PHY layer transmitter interface (PHY to ATM).
––

PACKAGE phy_utopia_transmitter_package IS

COMPONENT phy_utopia_transmitter

                –– Note, hl_rx_ckr = phy_tx_clk.

        PORT(   hl_rx_ckr, hl_rx_sc_d,
                master_reset,
                phy_tx_full_tx_clav,

phy_fifo_hf, phy_fifo_pafe,
                phy_fifo_empty                  : IN BIT;
                hl_rx_data                      : IN BIT_VECTOR(0 to 3);
                phy_fifo_hf_state,

rx_fifo_soc, atm_fifo_hf_code,
                atm_fifo_not_hf_code,
                phy_tx_enb, phy_fifo_enr        : INOUT BIT);

END COMPONENT;
END phy_utopia_transmitter_package;

ENTITY phy_utopia_transmitter IS
        PORT(   hl_rx_ckr, hl_rx_sc_d,
                master_reset,
                phy_tx_full_tx_clav,
 phy_fifo_hf, phy_fifo_pafe,
                phy_fifo_empty                  : IN BIT;
                hl_rx_data                      : IN BIT_VECTOR(0 to 3);
                phy_fifo_hf_state,

rx_fifo_soc, atm_fifo_hf_code,
                atm_fifo_not_hf_code,
                phy_tx_enb, phy_fifo_enr        : INOUT BIT);

END phy_utopia_transmitter;

ARCHITECTURE behavior OF phy_utopia_transmitter IS

        –– Codes received from ATM side pertaining to the state
        ––      of the ATM side FIFO.  Note, the ’fifo_hf_code’
        ––      is a HOTLink K28.0 code, while the ’fifo_not_hf_code’
        ––      is a HOTLink K28.2 code.

        CONSTANT fifo_hf_code : BIT_VECTOR := X”2”;
        CONSTANT fifo_not_hf_code : BIT_VECTOR := X”0”;

        SIGNAL phy_tx_enb_wait                  : BIT;

BEGIN

        –– Generate the FIFO read enable signal using the invert of
        –– phy_tx_full_tx_clav.  Also, want to disable when resetting.

        phy_fifo_enr <= NOT(phy_tx_full_tx_clav) OR NOT(master_reset);

        –– Note that data out of the FIFO is valid on the rising edge
        –– AFTER the data is read out.  So, want to delay the phy_tx_enb
        –– one clock from the FIFO read enable.
        
        PROCESS
        BEGIN
                WAIT UNTIL hl_rx_ckr = ’1’;            
                phy_tx_enb_wait <= phy_fifo_empty AND phy_tx_full_tx_clav;

        END PROCESS;

        phy_tx_enb <= NOT(phy_tx_enb_wait) OR NOT(master_reset);

        –– Essentially, rx_fifo_soc is a one clock delay (w.r.t.
        –– hl_rx_ckr) of the hl_rx_sc_d pin.  This is then used to
        –– generate the input bit to the FIFO for the phy_tx_soc signal.
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        PROCESS
        BEGIN

              WAIT UNTIL hl_rx_ckr = ’1’;
              rx_fifo_soc <= hl_rx_sc_d;

        END PROCESS;

      PROCESS
      BEGIN

              WAIT UNTIL hl_rx_ckr = ’1’;

              IF ((hl_rx_data = fifo_hf_code) AND (hl_rx_sc_d = ’1’)) THEN
                      atm_fifo_hf_code <= ’1’;
              ELSIF ((hl_rx_data = fifo_not_hf_code) AND (hl_rx_sc_d = ’1’))
                      THEN
                      atm_fifo_not_hf_code <= ’1’;
              ELSE
                      atm_fifo_hf_code <= ’0’;
                      atm_fifo_not_hf_code <= ’0’;
              END IF;
      END PROCESS;

PROCESS (master_reset, phy_fifo_pafe, phy_fifo_hf)

        –– Hysterisis is added to the PHY FIFO half–full flag via the
        ––      input ’phy_fifo_hf_state’.  Thus, the half–full state
        ––      is set to TRUE (1) when ’phy_fifo_hf’ = 0.  The half–full state
        ––      is set to FALSE (0) when ’phy_fifo_pafe’ = 0.

BEGIN

phy_fifo_hf_state <= (NOT(phy_fifo_hf) OR (phy_fifo_pafe AND
phy_fifo_hf_state)) AND (master_reset);

END PROCESS;
END behavior;



��"����)��� ��"����� �%#�#

�����

�!!����' �� ��	
 � ��
������ 
'$����"� ��� 
�(�" �����&�" ��$�"���� ���� $  ����

–– UTOPIA extender, PHY layer receiver interface (PHY to ATM).
––
––

PACKAGE phy_utopia_receiver_package IS

COMPONENT phy_utopia_receiver
        PORT(   phy_rx_clk, phy_rx_empty_rx_clav,

master_reset, atm_fifo_hf_code,
                atm_fifo_not_hf_code,

phy_fifo_hf_state : IN BIT;
                phy_rx_data                     : IN BIT_VECTOR(0 to 7);
                hl_tx_sc_d, hl_tx_ena,
                phy_rx_enb                      : INOUT BIT;
                hl_tx_data                      : INOUT BIT_VECTOR(0 to 7));

END COMPONENT;
END phy_utopia_receiver_package;

ENTITY phy_utopia_receiver IS

        PORT(   phy_rx_clk, phy_rx_empty_rx_clav,
                master_reset, atm_fifo_hf_code,
                atm_fifo_not_hf_code,

phy_fifo_hf_state : IN BIT;
                phy_rx_data                     : IN BIT_VECTOR(0 to 7);
                hl_tx_sc_d, hl_tx_ena,
                phy_rx_enb                      : INOUT BIT;
                hl_tx_data                      : INOUT BIT_VECTOR(0 to 7));

END phy_utopia_receiver;

ARCHITECTURE behavior OF phy_utopia_receiver IS

        –– Codes received from ATM side pertaining to the state
        ––      of the PHY side FIFO.  Note, the ’fifo_hf_code’
        ––      is a HOTLink K28.0 code, while the ’fifo_not_hf_code’
        ––      is a HOTLink K28.2 code.
        –– ’packet_size’ is the number of bytes in a packet (i.e. 53 bytes)
        –– ’packet_gap’ is the minimum number clocks allowed between
        ––      packets.
        –– ’packet_start_delay’ is the number of clocks from when ’phy_rx_enb’
        ––      is valid to when data appears at the PHY UTOPIA receiver
        ––      interface.  Currently, this is defined by the UTOPIA spec.
        ––      as 1 clock.

        CONSTANT fifo_hf_code                   : BIT_VECTOR := X”02”;
        CONSTANT fifo_not_hf_code               : BIT_VECTOR := X”00”;
        CONSTANT packet_size                    : INTEGER := 53;
        CONSTANT packet_gap                     : INTEGER := 1;
        CONSTANT packet_start_delay             : INTEGER := 0;

        –– State of ATM side FIFO maintained on PHY side as ’atm_fifo_hf’.
        –– State of PHY side FIFO as known on ATM side is
        ––      ’phy_fifo_hf_on_atm’.

        SIGNAL atm_fifo_hf                      : BIT:=’0’;
        SIGNAL phy_fifo_hf_on_atm               : BIT:=’0’;

        –– The ’counter’ signal is used to establish the length of
        ––      the packet from the PHY UTOPIA receiver interface.  It
        ––      is also used to assure that there are a sufficient number
        ––      of clocks in between packets as defined by ’packet_gap’.

–– The ’hotlink_idle’ signal is used to indicate no data
–– is being transmitted by the HOTLink Tx and thus the
–– Tx could be used to send FIFO update codes.

        SIGNAL counter                          : INTEGER(0 to packet_size):=0;
SIGNAL hotlink_idle : BIT:=’0’;
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TYPE state_type IS (wait_here, start_delay, count, cell_gap);
SIGNAL present_state, next_state : state_type := wait_here;

BEGIN

PROCESS (master_reset, atm_fifo_hf_code, atm_fifo_not_hf_code)
BEGIN

IF (master_reset = ’0’ OR atm_fifo_not_hf_code = ’1’) THEN
atm_fifo_hf <= ’0’;

ELSIF (atm_fifo_hf_code = ’1’) THEN
atm_fifo_hf <= ’1’;

–– Set ’atm_fifo_hf’ to 1 when receive
–– ’atm_fifo_hf_code’ and clear when receive
–– ’atm_fifo_not_hf_code’.

END IF;
END PROCESS;

PROCESS
BEGIN

WAIT UNTIL phy_rx_clk = ’1’;

IF (present_state /= next_state)
THEN

counter <= 1;
ELSE

counter <= counter +1;
END IF;

END PROCESS;

PROCESS(present_state, counter, phy_rx_empty_rx_clav, atm_fifo_hf,
master_reset)

 
–– ’phy_rx_empty_rx_clav’ is 1 when the PHY side has
––      a full cell (53 bytes).  So, if the ATM side
––      FIFO is not half–full, then set ’phy_rx_enb’
––      to 0 and start transmitting cells back to the
––      ATM side.  Stop (i.e. set ’phy_rx_enb’ to 1)
––      after 53 bytes to prevent back to back cell
––      transfers from the PHY UTOPIA receiver interface.
––      Wait an additional ’packet_gap’ number of clocks
––      before reenabling the receiver via ’phy_rx_enb’.
––      We must assure that there are at least packet_gap
––      bytes between packets in order to recreate the
–– rx_soc signal on the ATM side.  This gap will
––      also be used to send PHY FIFO state codes to
––      the ATM side.

BEGIN

CASE present_state IS

WHEN wait_here =>

phy_rx_enb <= ’1’;
hotlink_idle <= ’1’;
IF (phy_rx_empty_rx_clav = ’1’ AND atm_fifo_hf = ’0’

AND master_reset = ’1’)
THEN

IF (counter < packet_start_delay)
THEN

next_state <= start_delay;
ELSE

next_state <= count;
END IF;

ELSE
next_state <= wait_here;

END IF;
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WHEN start_delay =>

phy_rx_enb <= ’0’;
hotlink_idle <= ’1’;
IF ((counter < packet_start_delay)

AND master_reset = ’1’)
THEN

next_state <= start_delay;
ELSIF (master_reset = ’0’)
THEN

next_state <= wait_here;
ELSE

next_state <= count;
END IF;

WHEN count =>

                        phy_rx_enb <= ’0’;
hotlink_idle <= ’0’;
IF ((counter < packet_size)

AND master_reset = ’1’)
THEN

next_state <= count;
ELSIF (master_reset = ’0’)
THEN

next_state <= wait_here;
ELSE

next_state <= cell_gap;
END IF;

WHEN cell_gap =>

                        phy_rx_enb <= ’1’;
hotlink_idle <= ’1’;
IF (counter < packet_gap)
THEN

next_state <= cell_gap;
ELSIF (phy_rx_empty_rx_clav = ’1’

AND atm_fifo_hf = ’0’ AND master_reset = ’1’)
THEN

IF (packet_start_delay < packet_gap)
THEN

next_state <= count;
ELSE

next_state <= start_delay;
END IF;

ELSE
next_state <= wait_here;

END IF;
END CASE;

END PROCESS;

        PROCESS
        BEGIN

WAIT UNTIL phy_rx_clk = ’1’;

present_state <= next_state;
END PROCESS;

PROCESS (phy_fifo_hf_state, phy_fifo_hf_on_atm, hotlink_idle,
phy_rx_clk)

BEGIN
–– If hotlink_idle = ’0’ send data.

IF (hotlink_idle = ’0’)
THEN

hl_tx_ena <= ’0’;
hl_tx_sc_d <= ’0’;
hl_tx_data <= phy_rx_data;
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–– If the HOTLink is idle (no data being sent) and
–– the FIFO state needs updating, send the code.

ELSE 
hl_tx_sc_d <= ’1’;
IF (phy_fifo_hf_state /= phy_fifo_hf_on_atm)
THEN

hl_tx_ena <= ’0’;
IF (phy_fifo_hf_state = ’1’) THEN

hl_tx_data <= fifo_hf_code;
ELSE

hl_tx_data <= fifo_not_hf_code;
END IF;

ELSE
hl_tx_ena <= ’1’;

END IF;
END IF;

END PROCESS;

PROCESS
BEGIN

WAIT UNTIL phy_rx_clk = ’1’;

IF hotlink_idle = ’1’
THEN

phy_fifo_hf_on_atm <= phy_fifo_hf_state;
END IF;

END PROCESS;
END behavior;
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–– UTOPIA extender, Duke PHY board programmer
––

PACKAGE duke_programmer_package IS

COMPONENT duke_programmer
        PORT(   ref_clk, reset : IN BIT;

proc_modcs, master_reset : INOUT BIT;
counter : INOUT INTEGER(0 to 24));

END COMPONENT;
END duke_programmer_package;

ENTITY duke_programmer IS
        PORT(   ref_clk, reset : IN BIT;

proc_modcs, master_reset : INOUT BIT;
counter : INOUT INTEGER(0 to 24));

ATTRIBUTE pin_numbers OF duke_programmer:ENTITY IS
”reset:2 ” &
”ref_clk:1 ” &
”counter(0):21 ” &
”counter(1):20 ” &
”counter(2):19 ” &
”counter(3):18 ” &
”counter(4):17 ” &
”proc_modcs:22 ” &
”master_reset:23 ”;

END duke_programmer;

ARCHITECTURE behavior OF duke_programmer IS

CONSTANT num_values : INTEGER :=24;

TYPE state_type IS (wait_here, do_reset, count1, count2, count3);

TYPE addrdata IS ARRAY(0 to num_values – 1) OF BIT_VECTOR(0 to 7);

CONSTANT addresses : addrdata :=
(       X”81”,

X”81”,
X”8D”,
X”8D”,
X”20”,
X”80”,
X”82”,
X”83”,
X”84”,
X”85”,
X”86”,
X”87”,
X”88”,
X”89”,
X”8A”,
X”8B”,
X”8C”,
X”8E”,
X”8F”,
X”90”,
X”91”,
X”92”,
X”9E”,
X”9F”);



�������#��� 
������� �!���

�����

�������" �� �	�� ����

���

� �" ������ �!�� 
	� ����� 
��������� �	�
��
��
�

CONSTANT data : addrdata :=
( X”01”,

X”00”,
X”01”,
X”00”,
X”0A”,
X”00”,
X”00”,
X”00”,
X”00”,
X”00”,
X”00”,
X”00”,
X”00”,
X”00”,
X”00”,
X”00”,
X”00”,
X”00”,
X”00”,
X”00”,
X”00”,
X”00”,
X”00”);

SIGNAL present_state, next_state : state_type := wait_here;

BEGIN

PROCESS(present_state, reset, ref_clk)
BEGIN

CASE present_state IS

WHEN wait_here =>

master_reset <= ’1’;
proc_modcs <= ’1’;
IF (reset = ’0’)
THEN

next_state <= do_reset;
ELSE

next_state <= wait_here;
END IF;

WHEN do_reset =>

master_reset <= ’0’;
proc_modcs <= ’1’;
next_state <= count1;

WHEN count1 =>

master_reset <= ’1’;
proc_modcs <= ’1’;
next_state <= count2;

WHEN count2 =>

master_reset <= ’1’;
proc_modcs <= ’0’;
next_state <= count3;
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WHEN count3 =>

master_reset <= ’1’;
proc_modcs <= ’1’;
next_state <= count2;
IF (counter < num_values – 1)
THEN

next_state <= count1;
ELSE

next_state <= wait_here;
END IF;

END CASE;
END PROCESS;

PROCESS
BEGIN

WAIT UNTIL ref_clk = ’1’;

present_state <= next_state;
END PROCESS;

PROCESS
BEGIN

WAIT UNTIL ref_clk = ’1’;

IF (present_state = count3)
THEN

counter <= counter + 1;
END IF;

END PROCESS;

END behavior;


