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–– ESC_TOP.VHD
––
–– ESCON Interface Control PLD
–– Equivalent to the Triquint GA9104 but designed for operation 
–– with the Cypress Semiconductor HOTLink chipset
ENTITY esc_top IS PORT (

txclk: IN BIT; –– transmit path byte clock
rxclkA: IN BIT; –– receiver path byte clock
rxclkB: IN BIT; –– receiver path byte clock
resetn: IN BIT; –– active low reset
rxq: INOUT X01Z_VECTOR(0 TO 7); –– HOTLink receiver data in
rsc_d: INOUT X01Z; –– HOTLink receiver SC/D
r_rvs: INOUT X01Z; –– HOTLink receiver RVS
txd: INOUT X01Z_VECTOR(0 TO 7); –– HOTLink transmitter data out
tsc_d: INOUT X01Z; –– HOTLink transmitter SC/D
crxd: INOUT X01Z_VECTOR(0 TO 7); –– receive path data output
ctxd: INOUT X01Z_VECTOR(0 TO 7); –– transmit path data input
crxs0: INOUT X01Z; –– receive status 0 (command/data)
crxs1: INOUT X01Z; –– receive status 1 (CRC)
ctxc0: INOUT X01Z; –– transmit control 0 (command/data)
bsync: INOUT X01Z; –– byte sync acquired
error: INOUT X01Z; –– receive bad character error
perr: INOUT X01Z; –– transmit–in parity error
crxp: INOUT X01Z; –– odd parity output
ctxp: INOUT X01Z; –– odd parity input
loopen: INOUT X01Z; –– local loopback enable
ab_sel: INOUT X01Z); –– receiver A/B select

ATTRIBUTE part_name OF esc_top:ENTITY IS ”C383A”;
ATTRIBUTE pin_numbers OF esc_top:ENTITY IS

  ”txclk:17 rxclkA:53 rxclkB:54 resetn:50 rxq(7):44 rxq(6):43 ”
& ”rxq(5):42 rxq(4):41 rxq(3):40 rxq(2):39 rxq(1):38 rxq(0):37 ”
& ”rsc_d:36 r_rvs:45 txd(7):34 txd(6):33 txd(5):32 txd(4):31 ”
& ”txd(3):30 txd(2):29 txd(1):28 txd(0):27 tsc_d:26 crxd(0):62 ”
& ”crxd(1):61 crxd(2):60 crxd(3):59 crxd(4):58 crxd(5):57 ”
& ”crxd(6):56 crxd(7):55 ctxd(0):15 ctxd(1):14 ctxd(2):13 ”
& ”ctxd(3):12 ctxd(4):11 ctxd(5):10 ctxd(6):9 ctxd(7):8 ”
& ”crxs0:63 crxs1:64 ctxc0:21 bsync:65 error:66 perr:7 ”
& ”crxp:49 ctxp:6 loopen:47 ab_sel:46”;

END esc_top;

USE work.cypress.all;
USE work.rtlpkg.all;
USE work.memorypkg.all;
USE work.ttlpkg.all;
USE work.registerpkg.all;
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USE work.iopkg.all;
USE work.mcpartspkg.all;
USE work.gatespkg.all;
USE work.resolutionpkg.all;     –– used to double–buffer
USE work.bv_math.all;           –– allow use of INV function
USE work.crc_t.all;             –– add in CRC transmit function
USE work.crc_r.all;             –– add in CRC receive function
USE work.crc_ctl.all;           –– add in transmit CRC control machine
USE work.sync_det.all;          –– add in SYNC detect state machine
USE work.triq_code.all;         –– add in command decoder section
USE work.iopluspkg.all;         –– add in enhanced I/O buffers

ARCHITECTURE escon_top OF esc_top IS
–– add internal signal equivalents of signals after I/O pads
SIGNAL tclk : BIT; –– transmit clock
SIGNAL rclk : BIT; –– negative edge receiver clock
SIGNAL reset : BIT; –– reset controller
SIGNAL HL_rx : BIT_VECTOR(0 to 7); –– HOTLink receiver data bus
SIGNAL HL_rsc_d : BIT; –– HOTLink receiver SC/D
SIGNAL HL_r_rvs : BIT; –– HOTlink receiver RVS
SIGNAL HL_tx : BIT_VECTOR(0 to 7); –– HOTLink transmitter data bus
SIGNAL HL_tsc_d : BIT; –– HOTLink transmitter SC/D
SIGNAL HL_tsc_q : BIT; –– clocked HOTLink transmitter SC/D
SIGNAL sync_r : BIT; –– receiver byte sync
SIGNAL c_rxd : BIT_VECTOR(0 to 7); –– controller receive path data out
SIGNAL c_txd : BIT_VECTOR(0 to 7); –– controller transmit path dataout
SIGNAL c_rxs0 : BIT; –– receive status 0 (command/data)
SIGNAL c_rxs1 : BIT; –– receive status 1 (CRC)
SIGNAL c_txc0 : BIT; –– transmit control 0 (command/data)
SIGNAL b_sync : BIT; –– byte sync acquired
SIGNAL r_error : BIT; –– receive bad character error
SIGNAL p_err : BIT; –– parity error
SIGNAL c_rxp : BIT; –– odd parity output
SIGNAL c_txp : BIT; –– odd parity input
SIGNAL b_loopen : BIT; –– buffered loop enable

–– transmit internal signals
SIGNAL t_data : BIT_VECTOR(0 TO 7); –– transmit data bus
SIGNAL t_mux : BIT_VECTOR(0 TO 7); –– muxed transmit data path
SIGNAL t_comm : BIT_VECTOR(0 TO 7); –– re–encoded transmit commands
SIGNAL tp_odd : BIT; –– transmit data parity input
SIGNAL t_parity : BIT; –– transmit parity checker output
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SIGNAL t_CRC : BIT_VECTOR(0 TO 7); –– transmit CRC vector
SIGNAL c_txc_0 : BIT; –– transmit command/data
SIGNAL mux_hi : BIT; –– enable HI/LOW transmit CRC byte 
SIGNAL mux_low : BIT; –– enable LOW transmit CRC byte
sIGNAL ctxc3 : BIT; –– 3x registered c_txc_0
SIGNAL t_CRC_reset : BIT; –– preset transmit CRC register
–– receive internal signals
SIGNAL r_data : BIT_VECTOR(0 TO 7); –– registered receiver data bus
SIGNAL r_mux : BIT_VECTOR(0 TO 7); –– muxed data and translated commands
SIGNAL rp_odd : BIT; –– receive data parity output
SIGNAL rcom_data : BIT; –– registered SC/D pin
SIGNAL r_com_data: multi_buffer BIT; –– double buffered registerd SC/D pin
SIGNAL r_crc_err : BIT; –– un–registered CRC status
SIGNAL r_CRC_d : BIT; –– CRC check D–input
SIGNAL rvs : BIT; –– registered RVS signal
SIGNAL sync : BIT; –– decoded K28.5 signal
SIGNAL t_code : BIT_VECTOR(0 to 7); –– Triquint pattern for K–codes

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
BEGIN
–– instantiate pASIC buffers/drivers on I/O signals
–– clocks
p1: CKPAD PORT MAP (txclk, tclk);       –– transmit path clock
p2: HDI2PAD PORT MAP (rxclkA, rxclkB, rclk); –– receive path clock on 
                                             –– on negative edge
–– high drive pads
p3: HDIPAD PORT MAP (resetn ,reset);    –– active HIGH system reset
–– data buses
–– HOTLink receiver data bus (input)
p4:  INPAD PORT MAP (rxq(0), HL_rx(0));
p5:  INPAD PORT MAP (rxq(1), HL_rx(1));
p6:  INPAD PORT MAP (rxq(2), HL_rx(2));
p7:  INPAD PORT MAP (rxq(3), HL_rx(3));
p8:  INPAD PORT MAP (rxq(4), HL_rx(4));
p9:  INPAD PORT MAP (rxq(5), HL_rx(5));
p10: INPAD PORT MAP (rxq(6), HL_rx(6));
p11: INPAD PORT MAP (rxq(7), HL_rx(7));
p12: INPAD PORT MAP (rsc_d,  HL_rsc_d);        –– receive SC/D 
p13: INPAD PORT MAP (r_rvs,  HL_r_rvs);        –– RVS
–– HOTLink transmitter data bus (output)
p14: OUTPAD PORT MAP (HL_tx(0), txd(0));
p15: OUTPAD PORT MAP (HL_tx(1), txd(1));
p16: OUTPAD PORT MAP (HL_tx(2), txd(2));
p17: OUTPAD PORT MAP (HL_tx(3), txd(3));
p18: OUTPAD PORT MAP (HL_tx(4), txd(4));
p19: OUTPAD PORT MAP (HL_tx(5), txd(5));
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p20: OUTPAD PORT MAP (HL_tx(6), txd(6));
p21: OUTPAD PORT MAP (HL_tx(7), txd(7));
p22: OUTPAD PORT MAP (HL_tsc_q, tsc_d);
–– controller transmit data bus (input)
p24: INPAD PORT MAP (ctxd(0), c_txd(0));
p25: INPAD PORT MAP (ctxd(1), c_txd(1));
p26: INPAD PORT MAP (ctxd(2), c_txd(2));
p27: INPAD PORT MAP (ctxd(3), c_txd(3));
p28: INPAD PORT MAP (ctxd(4), c_txd(4));
p29: INPAD PORT MAP (ctxd(5), c_txd(5));
p30: INPAD PORT MAP (ctxd(6), c_txd(6));
p31: INPAD PORT MAP (ctxd(7), c_txd(7));
–– controller receiver data bus (output)
p34: OUTPAD PORT MAP (c_rxd(0), crxd(0));
p35: OUTPAD PORT MAP (c_rxd(1), crxd(1));
p36: OUTPAD PORT MAP (c_rxd(2), crxd(2));
p37: OUTPAD PORT MAP (c_rxd(3), crxd(3));
p38: OUTPAD PORT MAP (c_rxd(4), crxd(4));
p39: OUTPAD PORT MAP (c_rxd(5), crxd(5));
p40: OUTPAD PORT MAP (c_rxd(6), crxd(6));
p41: OUTPAD PORT MAP (c_rxd(7), crxd(7));
–– misc input pads
p44: INPAD PORT MAP (loopen, b_loopen); –– loopback enable
p45: INPAD PORT MAP (ctxc0, c_txc0);    –– transmit control 0
p49: INPAD PORT MAP (ctxp, c_txp);      –– odd parity input
–– misc output pads
p50: OUTPAD PORT MAP (c_rxs0, crxs0);   –– receiver status 0 output
p51: OUTPAD PORT MAP (c_rxs1, crxs1);   –– receiver status 1 output
p53: OUTPAD PORT MAP (b_sync, bsync);   –– byte sync acquired
p54: OUTPAD PORT MAP (r_error, error);  –– received bad character
p55: OUTPAD PORT MAP (p_err, perr);     –– parity error
p56: OUTPAD PORT MAP (c_rxp, crxp);     –– odd parity output
p57: OUTPAD PORT MAP (INV(b_loopen),ab_sel); –– HOTLink receiver A/B select
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
–––––––––––––– TRANSMIT PATH ––––––––––––––––––––––––––––––––––––––––––––––
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
–– add in transmit path input data pipeline register
t1a: DFF PORT MAP (c_txd(0), tclk, t_data(0));
t1b: DFF PORT MAP (c_txd(1), tclk, t_data(1));
t1c: DFF PORT MAP (c_txd(2), tclk, t_data(2));
t1d: DFF PORT MAP (c_txd(3), tclk, t_data(3));
t1e: DFF PORT MAP (c_txd(4), tclk, t_data(4));
t1f: DFF PORT MAP (c_txd(5), tclk, t_data(5));
t1g: DFF PORT MAP (c_txd(6), tclk, t_data(6));
t1h: DFF PORT MAP (c_txd(7), tclk, t_data(7));
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–– add parity and control bits
t1j: DFF PORT MAP (c_txp, tclk, tp_odd);
t1k: DFF PORT MAP (c_txc0, tclk, c_txc_0);
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
–– add transmit data parity checker (10 bit parity tree)
t_parity <= NOT(t_data(0) XOR t_data(1) XOR t_data(2) XOR t_data(3)

XOR t_data(4) XOR t_data(5) XOR t_data(6) XOR t_data(7)
XOR tp_odd XOR c_txc_0);

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
–– add parity check F–F
t2: DFF PORT MAP (

t_parity,                           –– parity of inputs
tclk,                               –– transmit clock
p_err);                             –– output parity status

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
–– add transmitter CRC generator
t3: crc_tx PORT MAP (

tclk,                           –– transmit clock
t_CRC_reset,                    –– from tx CRC control state machine
c_txc_0,                        –– from tx input register 
mux_hi,                         –– enable low byte onto bus
t_data,                         –– transmit data bus
t_CRC);                         –– 8–bit transmit CRC output vector

t_CRC_reset <= ’0’ WHEN (c_txc_0 = ’0’ OR mux_hi = ’0’) ELSE ’1’;
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
–– add transmit output register
t5a: DFF PORT MAP (t_mux(0), tclk, HL_tx(0));
t5b: DFF PORT MAP (t_mux(1), tclk, HL_tx(1));
t5c: DFF PORT MAP (t_mux(2), tclk, HL_tx(2));
t5d: DFF PORT MAP (t_mux(3), tclk, HL_tx(3));
t5e: DFF PORT MAP (t_mux(4), tclk, HL_tx(4));
t5f: DFF PORT MAP (t_mux(5), tclk, HL_tx(5));
t5g: DFF PORT MAP (t_mux(6), tclk, HL_tx(6));
t5h: DFF PORT MAP (t_mux(7), tclk, HL_tx(7));
HL_tsc_d <= (mux_low AND c_txc_0) OR 
            (c_txc_0 AND mux_hi AND ctxc3);
–– add in SC/D output bit
t5j: DFF PORT MAP (HL_tsc_d, tclk, HL_tsc_q);

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
–– add in transmit CRC supervisor machine
–– contains the double pipelined C/D bit
t6: tx_ctl_crc PORT MAP (

tclk,                   –– transmit clock
c_txc_0,                –– registerd command/data control bit
mux_hi,                 –– registered c_txc_0
mux_low);               –– 2x registered c_txc_0
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––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
–– transmit path data/command/CRC mux
t8: PROCESS (c_txc_0, mux_low, mux_hi) 
BEGIN 

IF (c_txc_0 = ’0’) THEN
t_mux <= t_data;

ELSIF (c_txc_0 = ’1’ AND ((mux_low = ’0’ AND mux_hi=’0’) OR
      (ctxc3 = ’0’ AND mux_low = ’0’ AND mux_hi = ’1’))) THEN

–– output CRC bytes
t_mux <= t_CRC;

ELSE
–– output re–encoded command codes
t_mux <= t_comm;

END IF;
END PROCESS t8;

–– Add in transmit command decoder
t9: t_decode PORT MAP (t_data, t_comm); –– translate to HOTLink commands

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
–––––––––––––– RECEIVE PATH –––––––––––––––––––––––––––––––––––––––––––––––
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
–– add in receive path input data pipeline register
r1a: DFF PORT MAP (HL_rx(0), rclk, r_data(0)); 
r1b: DFF PORT MAP (HL_rx(1), rclk, r_data(1)); 
r1c: DFF PORT MAP (HL_rx(2), rclk, r_data(2)); 
r1d: DFF PORT MAP (HL_rx(3), rclk, r_data(3)); 
r1e: DFF PORT MAP (HL_rx(4), rclk, r_data(4)); 
r1f: DFF PORT MAP (HL_rx(5), rclk, r_data(5)); 
r1g: DFF PORT MAP (HL_rx(6), rclk, r_data(6)); 
r1h: DFF PORT MAP (HL_rx(7), rclk, r_data(7)); –– add SC/D bit and RVS
r1j: DFF PORT MAP (HL_rsc_d, rclk, rcom_data); –– registerd SC/D
r1k: DFF PORT MAP (HL_r_rvs, rclk, rvs);        –– registered RVS signal
–– create double buffered signals
db1: BUF PORT MAP (rcom_data, r_com_data);
db2: BUF PORT MAP (rcom_data, r_com_data);
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
–– receive path output register
r2a: DFF PORT MAP (r_mux(0), rclk, c_rxd(0));
r2b: DFF PORT MAP (r_mux(1), rclk, c_rxd(1));
r2c: DFF PORT MAP (r_mux(2), rclk, c_rxd(2));
r2d: DFF PORT MAP (r_mux(3), rclk, c_rxd(3));
r2e: DFF PORT MAP (r_mux(4), rclk, c_rxd(4));
r2f: DFF PORT MAP (r_mux(5), rclk, c_rxd(5));
r2g: DFF PORT MAP (r_mux(6), rclk, c_rxd(6));
r2h: DFF PORT MAP (r_mux(7), rclk, c_rxd(7));–– command/data bit and rvs
r2j: DFF PORT MAP (r_com_data, rclk, c_rxs0);
r2k: DFF PORT MAP (rvs, rclk, r_error);
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–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
–– add receive parity generate
r3: TTL180 PORT MAP (

r_mux(0), r_mux(1), r_mux(2), r_mux(3), r_mux(4), r_mux(5),
r_mux(6), r_mux(7), INV(r_com_data), r_com_data, rp_odd, open);

r3a: DFF PORT MAP (rp_odd, rclk, c_rxp);
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
–– add in receive CRC block
r4: crc_rx PORT MAP (

rclk,                   –– receive path clock
r_com_data,             –– enable only for data bytes
r_data,                 –– receiver data bus
r_crc_err);             –– receive path crc status

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
–– add CRC check register
r5: DFF PORT MAP (r_CRC_d, rclk, c_rxs1);
r_CRC_d <= r_crc_err AND r_com_data AND (NOT(c_rxs0));
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
–– add in byte–sync state machine
r6: byte_syn PORT MAP (

rclk,                   –– receiver clock
reset,                  –– system reset
rvs,                    –– receiver RVS signal
sync,                   –– decoded k28.5
b_sync);                –– byte sync acquired

sync <= ’1’ WHEN (r_com_data=’1’ AND r_data(0 TO 3)=”1010”) ELSE ’0’;
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
–– add command transposition logic and mux
r7: PROCESS (r_com_data, r_data(0), r_data(1), r_data(2), r_data(3))
BEGIN 

IF (r_com_data=’0’) THEN
r_mux <= r_data;

ELSE
r_mux <= t_code;        –– add in command decoder

END IF;
END PROCESS r7;
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
–– add receiver path command encoder
–– t_code is output vector
r8: t_encode PORT MAP (

r_data,                 –– HOTLink data bus
t_code);                –– decoded Triquint commands

END escon_top;
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–– CRC_T.VHD
––
–– transmit 16–bit CCITT CRC for use in data mover
––
–– When sequencing bytes out, the qt(15)–qt(8) byte must be sent out first.
–– Per the ESCON spec, the CRC is the 1’s compliment (inversion) of the
–– qt[15:0] bus.
––
PACKAGE crc_T IS

COMPONENT crc_tx PORT (
clk,                    –– system clock
preset: IN      BIT;    –– synchronous preset, set to all 1s
enable: IN      BIT;    –– enable when not a command byte
mux_hi: IN      BIT;    –– enable high–byte onto bus
dt:     IN      BIT_VECTOR (0 TO 7); –– Input data byte
q_out:  OUT     BIT_VECTOR (0 TO 7)  –– CRC register
);
END COMPONENT;

END crc_T;

use work.rtlpkg.all;
use work.cypress.all;

ENTITY crc_tx IS PORT (
clk,                    –– system clock
preset: IN      BIT;    –– synchronous reset, set to all 1s
enable: IN      BIT;    –– enable when not a command byte
mux_hi: IN      BIT;    –– enable high CRC byte out
dt:     IN      BIT_VECTOR (0 TO 7); –– Input data byte
q_out:  OUT     BIT_VECTOR (0 TO 7)  –– CRC register
);

END crc_tx;

ARCHITECTURE ccitt_tx OF crc_tx IS
SIGNAL qt: BIT_VECTOR (0 TO 15); –– CRC register
BEGIN
proc1: PROCESS BEGIN

WAIT UNTIL (clk=’1’);
IF (preset=’1’) THEN

qt <= x”FFFF”;     –– Preset to 1’s for reset
ELSIF (enable=’1’) THEN

qt <= qt;          –– keep same value
ELSE

qt(0) <= qt(8) XOR qt(12) XOR dt(3) XOR dt(7);
qt(1) <= qt(9) XOR qt(13) XOR dt(2) XOR dt(6);
qt(2) <= qt(10) XOR qt(14) XOR dt(1) XOR dt(5);
qt(3) <= qt(11) XOR qt(15) XOR dt(0) XOR dt(4);
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qt(4) <= qt(12) XOR dt(3);
qt(5) <= qt(13) XOR qt(12) XOR qt(8) XOR dt(7) XOR dt(3) XOR dt(2);
qt(6) <= qt(14) XOR qt(13) XOR qt(9) XOR dt(1)XOR dt(2) XOR dt(6);
qt(7) <= qt(15) XOR qt(14) XOR qt(10) XOR dt(0) XOR dt(1) XOR dt(5);
qt(8) <= qt(15) XOR qt(11) XOR qt(0) XOR dt(0) XOR dt(4);
qt(9) <= qt(12) XOR qt(1) XOR dt(3);
qt(10) <= qt(13) XOR qt(2) XOR dt(2);
qt(11) <= qt(14) XOR qt(3) XOR dt(1);
qt(12) <= qt(15) XOR qt(12) XOR qt(8) XOR qt(4)

XOR dt(0) XOR dt(3) XOR dt(7);
qt(13) <= qt(13) XOR qt(9) XOR qt(5) XOR dt(2) XOR dt(6);
qt(14) <= qt(14) XOR qt(10) XOR qt(6) XOR dt(1) XOR dt(5);
qt(15) <= qt(15) XOR qt(11) XOR qt(7) XOR dt(0) XOR dt(4);

END IF;
END PROCESS;

–– mux and Invert CRC and swap bits
m1: PROCESS (mux_hi)
BEGIN
–– Mux out high and low bytes and transpose bit order
IF mux_hi = ’0’ THEN

q_out(7) <= not qt(8);
q_out(6) <= not qt(9);
q_out(5) <= not qt(10);
q_out(4) <= not qt(11);
q_out(3) <= not qt(12);
q_out(2) <= not qt(13);
q_out(1) <= not qt(14);
q_out(0) <= not qt(15);

ELSE
q_out(7) <= not qt(0);
q_out(6) <= not qt(1);
q_out(5) <= not qt(2);
q_out(4) <= not qt(3);
q_out(3) <= not qt(4);
q_out(2) <= not qt(5);
q_out(1) <= not qt(6);
q_out(0) <= not qt(7);

END IF;
END PROCESS m1;

END ccitt_tx;
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–– CTL_CRCT.VHD
––
–– Control transmit CRC function
––
––
–– All actions are based on the CTXC0 input.  This input is active
–– at the end of every data sequence and is a 1 (HIGH) for all
–– non–data bytes.
––

PACKAGE crc_ctl IS 
COMPONENT tx_ctl_crc PORT (
clk,                    –– transmit clock
ctxc0: IN BIT;          –– command/data control bit
ctxc1,                  –– registered ctxc0
ctxc2,                  –– 2x registered ctxc0
ctxc3: OUT BIT);        –– 3x registered ctxc0
END COMPONENT;

END crc_ctl;

ENTITY tx_ctl_crc IS PORT ( 
clk,                    –– transmit clock
ctxc0: IN BIT;          –– command/data control bit
ctxc1,                  –– registered ctxc0
ctxc2,                  –– 2x registered ctxc0
ctxc3: OUT BIT);        –– 3x registered ctxc0

END tx_ctl_crc;

USE work.cypress.all;
USE work.rtlpkg.all;

ARCHITECTURE ctl_1 OF tx_ctl_crc IS

SIGNAL cq1: BIT;                –– single registered c/d
SIGNAL cq2: BIT;                –– double registered c/d

BEGIN

–– Instantiate DFF to track status of ctxc0 bit
d1: DFF PORT MAP (ctxc0, clk, cq1);
d2: DFF PORT MAP (cq1, clk, cq2);
d3: DFF PORT MAP (cq2, clk, ctxc3);

–– assign outputs
ctxc1 <= cq1;
ctxc2 <= cq2;

END ctl_1;
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–– TRI_CODE.VHD
––
–– Command decode/translate between the Triquint GA9104 and HOTLink
–– K–code command sets

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
–– Triquint/Cypress Command mapping 
––         GA9104          HOTLink HEX
––         HEX BIN         TX RX        BIN
–– k28.0*  1C 00011100     00           00000000
–– k28.1   3C 00111100     01           00000001
–– k28.2   5C 01011100     02           00000010
–– k28.3*  7C 01111100     03           00000011
–– k28.4   9C 10011100     04           00000100
–– k28.5   BC 10111100     05,E1,E2     00000101
–– k28.6   DC 11011100     06           00000110
–– k28.7   FC 11111100     07,27,47     00000111
–– k23.7*  F7 11110111     08           00001000
–– k27.7*  FB 11111011     09           00001001
–– k29.7*  FD 11111101     0A           00001010
–– k30.7*  FE 11111110     0B           00001011
–– * – Illegal for use in ESCON operations  

PACKAGE triq_code IS
COMPONENT t_encode PORT (
c_code : IN BIT_VECTOR(0 TO 7); –– Cypress HOTLink C–codes
t_code : OUT BIT_VECTOR(0 TO 7) –– Triquint K–codes
);
END COMPONENT;

COMPONENT t_decode PORT (
t_data : IN BIT_VECTOR(0 TO 7); –– Triquint K–codes
t_comm : OUT BIT_VECTOR(0 TO 7) –– Cypress HOTLink C–codes
);
END COMPONENT;

END triq_code;

USE work.cypress.all;
USE work.table_bv.all;          –– use for command encoder

ENTITY t_encode IS PORT (
c_code : IN BIT_VECTOR(0 TO 7); –– Cypress HOTLink C–codes
t_code : OUT BIT_VECTOR(0 TO 7) –– Triquint K–codes
);

END t_encode;
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ARCHITECTURE t_encoder OF t_encode IS
–– use TTF function to translate from one command set to the other
–– Command constants
–– T–codes (output vectors)
CONSTANT K28_0: x01_VECTOR(0 TO 7) := ”00111000”;
CONSTANT K28_1: x01_VECTOR(0 TO 7) := ”00111100”;
CONSTANT K28_2: x01_VECTOR(0 TO 7) := ”00111010”;
CONSTANT K28_3: x01_VECTOR(0 TO 7) := ”00111110”;
CONSTANT K28_4: x01_VECTOR(0 TO 7) := ”00111001”;
CONSTANT K28_5: x01_VECTOR(0 TO 7) := ”00111101”;
CONSTANT K28_6: x01_VECTOR(0 TO 7) := ”00111011”;
CONSTANT K28_7: x01_VECTOR(0 TO 7) := ”00111111”;
CONSTANT K23_7: x01_VECTOR(0 TO 7) := ”11101111”;
CONSTANT K27_7: x01_VECTOR(0 TO 7) := ”11011111”;
CONSTANT K29_7: x01_VECTOR(0 TO 7) := ”10111111”;
CONSTANT K30_7: x01_VECTOR(0 TO 7) := ”01111111”;
–– C–codes (input vectors)
CONSTANT C00_0: x01_VECTOR(0 TO 7) := ”0000xxxx”;
CONSTANT C01_0: x01_VECTOR(0 TO 7) := ”1000xxx0”;
CONSTANT C02_0: x01_VECTOR(0 TO 7) := ”0100xxx0”;
CONSTANT C03_0: x01_VECTOR(0 TO 7) := ”1100xxxx”;
CONSTANT C04_0: x01_VECTOR(0 TO 7) := ”0010xxxx”;
CONSTANT C05_0: x01_VECTOR(0 TO 7) := ”1010xxxx”;
CONSTANT C06_0: x01_VECTOR(0 TO 7) := ”0110xxxx”;
CONSTANT C07_0: x01_VECTOR(0 TO 7) := ”1110xxxx”;
CONSTANT C08_0: x01_VECTOR(0 TO 7) := ”0001xxxx”;
CONSTANT C09_0: x01_VECTOR(0 TO 7) := ”1001xxxx”;
CONSTANT C10_0: x01_VECTOR(0 TO 7) := ”0101xxxx”;
CONSTANT C11_0: x01_VECTOR(0 TO 7) := ”1101xxxx”;
CONSTANT C12_0: x01_VECTOR(0 TO 7) := ”0011xxxx”;
–– errors and special mappings
CONSTANT C01_7: x01_VECTOR(0 TO 7) := ”1000xxx1”;
CONSTANT C02_7: x01_VECTOR(0 TO 7) := ”0100xxx1”;

CONSTANT table: x01_TABLE(0 TO 13, 0 TO 15) := (   –– command mappings
––         Command
––      Input   Output
––      –––––   ––––––
        C00_0 & K28_0,
        C01_0 & K28_1,
        C02_0 & K28_2,
        C03_0 & K28_3,
        C04_0 & K28_4,
        C05_0 & K28_5,
        C06_0 & K28_6,
        C07_0 & K28_7,
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        C08_0 & K23_7,
        C09_0 & K27_7,
        C10_0 & K29_7,
        C11_0 & K30_7,
        C01_7 & K28_5,
        C02_7 & K28_5);

BEGIN
p1: PROCESS (c_code)

BEGIN
t_code <= ttf(table,(c_code));

END PROCESS p1;
END t_encoder;

USE work.cypress.all;

ENTITY t_decode IS PORT (
t_data : IN BIT_VECTOR(0 TO 7); –– Triquint K–codes
t_comm : OUT BIT_VECTOR(0 TO 7) –– Cypress HOTLink C–codes
);

END t_decode;

ARCHITECTURE t_decoder OF t_decode IS

BEGIN

t_comm(7) <= ’0’;
t_comm(6) <= ’0’;
t_comm(5) <= ’0’;
t_comm(4) <= ’0’;
t_comm(3) <= ’0’ WHEN (t_data(0 TO 1) = ”00”) ELSE ’1’;
t_comm(2) <= ’1’ WHEN ((t_data(7) = ’1’) 

AND (t_data(0 TO 1) = ”00”)) ELSE ’0’;

t1: PROCESS (t_data(0), t_data(1), t_data(6), 
t_data(5), t_data(3), t_data(2))

BEGIN 
IF (t_data(0 TO 1) = ”00”) THEN

t_comm(1) <= t_data(6);
t_comm(0) <= t_data(5);

ELSE
t_comm(1) <= t_data(3) AND t_data(2);
t_comm(0) <= t_data(2) AND t_data(0);

END IF;
END PROCESS t1;

END t_decoder;
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–– CRC_R.VHD
––
–– receiver 16–bit CCITT CRC for use in data mover
PACKAGE crc_r IS

COMPONENT crc_rx PORT (
clk,                    –– system clock
preset: IN      BIT;    –– synchronous reset, set to all 1s
dr:      IN      BIT_VECTOR (0 TO 7); –– Input data byte
crc_err:  OUT   BIT     –– error detected
);
END COMPONENT;

END crc_r;

use work.rtlpkg.all;
use work.cypress.all;

ENTITY crc_rx IS PORT (
clk,                    –– system clock
preset:  IN BIT;        –– synchronous preset, set to all 1s
dr:      IN      BIT_VECTOR (0 TO 7); –– Input data byte
crc_err:  OUT   BIT     –– error detected
);

END crc_rx;

ARCHITECTURE ccitt_rx OF crc_rx IS
–– declare CRC register
SIGNAL qr: BIT_VECTOR (0 TO 15);    –– CRC register
ATTRIBUTE POLARITY OF qr:SIGNAL IS PL_KEEP;  –– maintain polarity f
BEGIN
proc1: PROCESS BEGIN

WAIT UNTIL (clk=’1’);
IF (preset=’1’) THEN

qr <= x”FFFF”;     –– Preset to 1’s for reset
ELSE

qr(0) <= qr(8) XOR qr(12) XOR dr(3) XOR dr(7);
qr(1) <= qr(9) XOR qr(13) XOR dr(2) XOR dr(6);
qr(2) <= qr(10) XOR qr(14) XOR dr(1) XOR dr(5);
qr(3) <= qr(11) XOR qr(15) XOR dr(0) XOR dr(4);
qr(4) <= qr(12) XOR dr(3);
qr(5) <= qr(13) XOR qr(12) XOR qr(8) XOR dr(7) XOR dr(3) XOR dr(2);
qr(6) <= qr(14) XOR qr(13) XOR qr(9) XOR dr(1) XOR dr(2) XOR dr(6);
qr(7) <= qr(15) XOR qr(14) XOR qr(10) XOR dr(0) XOR dr(1) XOR dr(5);
qr(8) <= qr(15) XOR qr(11) XOR qr(0) XOR dr(0) XOR dr(4);
qr(9) <= qr(12) XOR qr(1) XOR dr(3);
qr(10) <= qr(13) XOR qr(2) XOR dr(2);
qr(11) <= qr(14) XOR qr(3) XOR dr(1);



����� �
�
	 ���� �
�����

�����

�������� ��  ������� ���� ��� ������� ��
�����
	�

qr(12) <= qr(15) XOR qr(12) XOR qr(8) XOR qr(4)
XOR dr(0) XOR dr(3) XOR dr(7);

qr(13) <= qr(13) XOR qr(9) XOR qr(5) XOR dr(2) XOR dr(6);
qr(14) <= qr(14) XOR qr(10) XOR qr(6) XOR dr(1) XOR dr(5);
qr(15) <= qr(15) XOR qr(11) XOR qr(7) XOR dr(0) XOR dr(4);

END IF;
END PROCESS;

–– Need to look for a 1D0F at the receiver 
–– output is LOW when 1D0F present
crc_err <= NOT(qr(0)) OR NOT(qr(1)) OR NOT(qr(2)) OR NOT(qr(3)) 

OR qr(4) OR qr(5) OR qr(6) OR qr(7) 
OR NOT(qr(8)) OR qr(9) OR NOT(qr(10)) OR NOT(qr(11)) 
OR NOT(qr(12)) OR qr(13) OR qr(14) OR qr(15);

END ccitt_rx;
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–– B_SYNC.VHD – byte synchronization state machine
––
–– This machine has a five state supervisor machine that tracks
–– the number of errors detected within a specific period of time.
–– It also tracks valid characters and SYNC codes.

PACKAGE sync_det IS
COMPONENT byte_syn PORT (
clk,                    –– Receiver clock
reset,                  –– system reset
error,                  –– bad character
sync: IN BIT;           –– valid k28.5
bsync: OUT BIT);        –– byte–sync acquired
END COMPONENT;

END sync_det;

USE work.cypress.all;
USE work.rtlpkg.all;
USE work.counterpkg.all;

ENTITY byte_syn IS PORT (
clk,                    –– Receiver clock
reset,                  –– system reset
error,                  –– bad character
sync: IN BIT;           –– valid k28.5
bsync: OUT BIT);        –– byte–sync acquired

END byte_syn;

ARCHITECTURE arch1 OF byte_syn IS
–– declare internal signals
SIGNAL ctr_en: BIT;             –– counter enable
SIGNAL ctr_reset: BIT;          –– counter reset
SIGNAL bbsync: BIT;             –– interface in sync
SIGNAL cnt: BIT_VECTOR(0 TO 3); –– 4–bit counter vector
–– declare state machine
TYPE sync_state IS (
        state0,                 –– reset or errors, waiting for SYNC codes
        state1,                 –– no errors, in sync
        state2,                 –– 1 error, in sync
        state3,                 –– 2 errors, in sync
        state4);                –– 3 errors, in sync

–– declare state machine encoding, state variable, and initial state
SIGNAL s_state : sync_state := state0;
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BEGIN
proc1: PROCESS BEGIN

WAIT UNTIL (clk=’1’);
IF (reset=’1’) THEN

s_state <= state0;      –– don’t even look yet
ELSE

CASE s_state IS
WHEN state0 =>

IF ((cnt=”1111”) AND (error=’0’)) THEN
s_state <= state1;

ELSE
s_state <= state0;

END IF;
WHEN state1 =>

IF (error=’1’) THEN
s_state <= state2;

ELSE
s_state <= state1;

END IF;
WHEN state2 =>

IF (error=’1’) THEN
s_state <= state3;

ELSIF (cnt=”1111”) THEN
s_state <= state1;

ELSE 
s_state <= state2;

END IF;
WHEN state3 =>

IF (error=’1’) THEN
s_state <= state4;

ELSIF (cnt=”1111”) THEN
s_state <= state2;

ELSE 
s_state <= state3;

END IF;
WHEN state4 =>

IF (error=’1’) THEN
s_state <= state0;

ELSIF  (cnt=”1111”) THEN
s_state <= state3;

ELSE 
s_state <= state4;

END IF;
WHEN others =>

s_state <= state0;
END CASE;

END IF;
END PROCESS proc1;
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–– build 4–bit counter with enable and reset
ctr_en <=  ’1’ WHEN ((s_state=state0 AND reset=’0’ AND sync=’1’)
        OR (s_state=state2)
        OR (s_state=state3)
        OR (s_state=state4))
        ELSE ’0’;

ctr_reset <= ’1’ WHEN ((reset=’1’) OR (error=’1’)) ELSE ’0’;

–– add standard counter module
ctr1: cntr4 PORT MAP (                  –– contains the 4 bits of ctr1

one,                            –– set carry in always active
open,                           –– carry out unused
ctr_en,                         –– counter enable
zero,                           –– never load this counter
zero, zero, zero, zero,         –– load inputs are not used
clk,                            –– counter clock
ctr_reset,                      –– will need to expand this signal
cnt(3), cnt(2),                 ––  counter holding register inputs
cnt(1), cnt(0)          
);

–– assign output
bbsync <= ’0’ WHEN (s_state=state0) ELSE ’1’;
d1: DFF PORT MAP (bbsync, clk, bsync);

END arch1;
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–– IOPLUS.VHD

–– Create enhanced I/O buffer that is not part of the io.vhd
–– package for the pASIC 380 family

PACKAGE iopluspkg IS
COMPONENT HDI2PAD PORT (

p0 : IN BIT;
p1 : IN BIT;
qn : OUT BIT);

END COMPONENT;
END iopluspkg;

USE work.cypress.all;
USE work.rtlpkg.all;
USE work.iopkg.all;
USE work.resolutionpkg.all;

ENTITY HDI2PAD IS PORT (
p0 : IN BIT;
p1 : IN BIT;
qn : OUT BIT);

END HDI2PAD;

ARCHITECTURE archHDI2PAD OF HDI2PAD IS

SIGNAL o : multi_buffer BIT;

BEGIN

u0: PAINCELL PORT MAP ( ip => p0, ini => o, iz => OPEN);
u1: PAINCELL PORT MAP ( ip => p1, ini => o, iz => OPEN);
qn <= o;

END archHDI2PAD;


