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–– Dual–port memory controller
 
ENTITY dpram IS
        PORT (clock, r_we_n, r_cs_n, l_we_n, l_cs_n, reset_n: IN BIT;    ––INPUTS
              ram_oe_n, ram_we_n : OUT BIT;                              ––OUTPUTS
              r_ready, r_add_oe, r_dat_oe, r_lat_en : OUT BIT;
              l_ready, l_add_oe, l_dat_oe, l_lat_en : OUT BIT
              );
END dpram;
 
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
USE work.rtlpkg.all;

ARCHITECTURE ARCHdpram OF dpram IS
  TYPE ctrl_states IS (waitcs, r0, r1, r2, rend, w0, w1, w2, wend);      ––Internal signal declaration
  SIGNAL rightside, leftside : ctrl_states;
  SIGNAL r_we_ndd, r_we_nd, l_we_ndd, l_we_nd : BIT;
  SIGNAL r_cs_ndd, r_cs_nd, l_cs_ndd, l_cs_nd : BIT;
  SIGNAL r_ready_int, l_ready_int : BIT;
BEGIN

––Double register the input we and cs signals for sync & metastability hardening
  PROCESS BEGIN
    WAIT UNTIL clock = ’1’;
      r_we_ndd <= r_we_nd; r_we_nd <= r_we_n;
      l_we_ndd <= l_we_nd; l_we_nd <= l_we_n;
      r_cs_ndd <= r_cs_nd; r_cs_nd <= r_cs_n;
      l_cs_ndd <= l_cs_nd; l_cs_nd <= l_cs_n;
  END PROCESS;

––RIGHTSIDE STATE MACHINE
  PROCESS BEGIN
    WAIT UNTIL clock = ’1’;
      CASE rightside IS
        WHEN waitcs =>
          r_add_oe <= ’1’; r_dat_oe <= ’1’; r_lat_en <= ’1’;
––goto state 0 if : r_cs is active + L_cs  inactive or r_cs active + (l_cs active but at end)
          IF (((r_cs_ndd = ’0’) AND (l_cs_ndd = ’1’)) OR                      
              ((r_cs_ndd = ’0’) AND (l_cs_ndd = ’0’) AND                 
                ((leftside = wend) OR (leftside = rend)))) THEN          
––start write state machine if WE active
            IF r_we_ndd = ’0’ THEN                   
              rightside <= w0;                       
              r_add_oe <= ’0’; r_dat_oe <= ’0’; r_lat_en <= ’1’;
            ELSE
––start read state machine if WE inactive
              rightside <= r0;
              r_add_oe <= ’0’; r_dat_oe <= ’1’; r_lat_en <= ’1’;
            END IF;
          ELSE
            rightside <= waitcs;
          END IF;

––RIGHTSIDE READ STATE MACHINE
        WHEN r0 =>
          rightside <= r1;
          r_add_oe <= ’0’; r_dat_oe <= ’1’; r_lat_en <= ’1’;
        WHEN r1 =>
          rightside <= r2;
          r_add_oe <= ’0’; r_dat_oe <= ’1’; r_lat_en <= ’0’;
        WHEN r2 =>
          rightside <= rend;
          r_add_oe <= ’1’; r_dat_oe <= ’1’; r_lat_en <= ’1’;
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        WHEN rend =>
          r_add_oe <= ’1’; r_dat_oe <= ’1’; r_lat_en <= ’1’;
          IF r_cs_ndd = ’1’ THEN
            rightside <= waitcs;
          ELSE
            rightside <= rend;
          END IF;

––RIGHTSIDE WRITE STATE MACHINE
        WHEN w0 =>
          rightside <= w1;
          r_add_oe <= ’0’; r_dat_oe <= ’0’; r_lat_en <= ’1’;
        WHEN w1 =>
          rightside <= w2;
          r_add_oe <= ’0’; r_dat_oe <= ’0’; r_lat_en <= ’1’;
        WHEN w2 =>
          rightside <= wend;
          r_add_oe <= ’1’; r_dat_oe <= ’1’; r_lat_en <= ’1’;
        WHEN wend =>
          r_add_oe <= ’1’; r_dat_oe <= ’1’; r_lat_en <= ’1’;
          IF r_cs_ndd = ’1’ THEN
            rightside <= waitcs;
          ELSE
            rightside <= wend;
          END IF;
        WHEN others =>
          rightside <= waitcs;
          r_add_oe <= ’1’; r_dat_oe <= ’1’; r_lat_en <= ’1’;
      END CASE;
  END PROCESS;

––LEFTSIDE STATE MACHINE
  PROCESS BEGIN
    WAIT UNTIL clock = ’1’;
      CASE leftside IS
        WHEN waitcs =>
          l_add_oe <= ’1’; l_dat_oe <= ’1’; l_lat_en <= ’1’;
––goto state 0 if l_cs is active + r_cs is inactive or l_cs active + (r_cs active but at end or in waitcs
 state)
          IF (((l_cs_ndd = ’0’) AND (r_cs_ndd = ’1’)) OR
              ((l_cs_ndd = ’0’) AND (r_cs_ndd = ’0’) AND
                ((rightside = wend) OR (rightside = rend) OR (rightside = waitcs)))) THEN
––start write state machine if WE active
            IF l_we_ndd = ’0’ THEN
              leftside <= w0;
              l_add_oe <= ’0’; l_dat_oe <= ’0’; l_lat_en <= ’1’;
            ELSE
––start read state machine if WE inactive
              leftside <= r0;
              l_add_oe <= ’0’; l_dat_oe <= ’1’; l_lat_en <= ’1’;
            END IF;
          ELSE
            leftside <= waitcs;
          END IF;

––LEFTSIDE READ STATE MACHINE
        WHEN r0 =>
          leftside <= r1;
          l_add_oe <= ’0’; l_dat_oe <= ’1’; l_lat_en <= ’1’;
        WHEN r1 =>
          leftside <= r2;
          l_add_oe <= ’0’; l_dat_oe <= ’1’; l_lat_en <= ’0’;
        WHEN r2 =>
          leftside <= rend;
          l_add_oe <= ’1’; l_dat_oe <= ’1’; l_lat_en <= ’1’;
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        WHEN rend =>
          l_add_oe <= ’1’; l_dat_oe <= ’1’; l_lat_en <= ’1’;
          IF l_cs_ndd = ’1’ THEN
            leftside <= waitcs;
          ELSE
            leftside <= rend;
          END IF;

––LEFTSIDE WRITE STATE MACHINE
        WHEN w0 =>
          leftside <= w1;
          l_add_oe <= ’0’; l_dat_oe <= ’0’; l_lat_en <= ’1’;
        WHEN w1 =>
          leftside <= w2;
          l_add_oe <= ’0’; l_dat_oe <= ’0’; l_lat_en <= ’1’;
        WHEN w2 =>
          leftside <= wend;
          l_add_oe <= ’1’; l_dat_oe <= ’1’; l_lat_en <= ’1’;
        WHEN wend =>
          l_add_oe <= ’1’; l_dat_oe <= ’1’; l_lat_en <= ’1’;
          IF l_cs_ndd = ’1’ THEN
            leftside <= waitcs;
          ELSE
            leftside <= wend;
          END IF;
        WHEN others =>
          leftside <= waitcs;
          l_add_oe <= ’1’; l_dat_oe <= ’1’; l_lat_en <= ’1’;
      END CASE;
  END PROCESS;

––RAM_OE and RAM_WE control signal logic
  PROCESS BEGIN
    WAIT UNTIL clock = ’1’;
          IF (((rightside = waitcs) AND ((((r_cs_ndd = ’0’) AND (l_cs_ndd = ’1’) AND (r_we_ndd = ’1’)) OR
              ((r_cs_ndd = ’0’) AND (l_cs_ndd = ’0’) AND (r_we_ndd = ’1’) AND
                ((leftside = wend) OR (leftside = rend))))))
             OR
             ((leftside = waitcs) AND (((l_cs_ndd = ’0’) AND (r_cs_ndd = ’1’) AND (l_we_ndd = ’1’)) OR
              ((l_cs_ndd = ’0’) AND (r_cs_ndd = ’0’) AND (l_we_ndd = ’1’) AND
                ((rightside = wend) OR (rightside = rend) OR (rightside = waitcs)))))
             OR
             (rightside = r0) OR (rightside = r1)
             OR
             (leftside = r0) OR (leftside = r1))
          THEN
            ram_oe_n <= ’0’;
          ELSE
            ram_oe_n <= ’1’;
          END IF;

          IF ((leftside = w0) OR (leftside = w1) OR
              (rightside = w0) OR (rightside = w1))
          THEN
            ram_we_n <= ’0’;
          ELSE
            ram_we_n <= ’1’;
          END IF;
  END PROCESS;
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––READY signal logic for leading edge of signal
  PROCESS BEGIN
    WAIT UNTIL clock = ’1’;
      IF ((rightside = r1) OR (rightside = w1)) THEN
        r_ready_int <= ’0’;
      END IF;
      IF ((r_cs_nd = ’1’) OR (reset_n = ’0’)) THEN
        r_ready_int <= ’1’;
      END IF;

      IF ((leftside = r1) OR (leftside = w1)) THEN
        l_ready_int <= ’0’;
      END IF;
      IF ((l_cs_nd = ’1’) OR (reset_n = ’0’)) THEN
        l_ready_int <= ’1’;
      END IF;
  END PROCESS;

––MEALY outputs for READY signal to turn off as soon as CS goes inactive
  l_ready <= ’0’ WHEN ((l_ready_int = ’0’) AND (l_cs_nd = ’0’)) ELSE ’1’;
  r_ready <= ’0’ WHEN ((r_ready_int = ’0’) AND (r_cs_nd = ’0’)) ELSE ’1’;

END ARCHdpram;
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