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mux: process(col_ad,col_sel,row_ad,re_ad,state)
begin

if(state = refad or state or state = wr1 or state = wr2) then
rc_ad <= re_ad;

elsif(col_sel = ’1’) then
rc_ad <= col_ad;

else
rc_ad <= row_ad;

end if;
end process;

	�� �� ��  ����!����� ����������� �� � ������#��

	�� �� ��  ����� �� ������ ��� ��� � ������#��

rc_ad_11_ = /controller_state_12_.Q * /controller_state_11_.Q *
            /controller_state_10_.Q * /controller_state_11_.Q *
            stored_ad_11_DFF.Q * col_sel.Q
           +  
            /controller_state_12_.Q * /controller_state_11_.Q *
            /controller_state_10_.Q * /controller_state_11_.Q *
            stored_ad_23_DFF.Q * /col_sel.Q
           +  
            controller_state_12_.Q * ref_ad_11_DFF.Q *
           +  
            controller_state_11_.Q * ref_ad_11_DFF.Q *
           +  
            controller_state_10_.Q * ref_ad_11_DFF.Q *
           +  
            controller_state_9_.Q * ref_ad_11_DFF.Q *
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adreg: process
begin

wait until clk = ’1’;
if(reset = ’1’) then

as_flag <= ’0’;
elsif(as = ’0’) then

as_flag <= ’1’;
elsif(clr_as = ’0’) then

as_flag <= ’0’;
endif;

if(as = ’0’) then
stored_ad <= address;
burst_stored <= burst;

end if;
end process;
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. �)� + � -�#!�!+0 &� + � ���)�** !* � ��"���  � �

���!+!&%�# �#&�" �0�#� �)&$ + � )���!'+ &� + � ��2

�)�** �#�� +& + � +�*+ &� + � ���)�** -�#!�!+0 �##&.*
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6,/( 61 6(56 6+( $''4(55 $)6(4 ,6 +$5 (06(4(' 6+( $'=

'4(55 4(*,56(4�  �) 6+( 722(4 $''4(55 %,65 $4( �� 6+( $&=

&(55 ,5 6$-(0 61 %( 8$.,' )14 6+( ���� /(/14; $0'

6+( 56$6( /$&+,0( $'8$0&(5 61 56$46 6+( /(/14;

&;&.(�  �) 6+(4( ,5 01 $''4(55 /$6&+� 6+( 56$6( /$=

&+,0( $55(465 6+( $''4(55 ).$* &.($4 5,*0$. 61 24(2$4(

)14 $ 57%5(37(06 64$05$&6,10�

�41/ 6+( 56$6( /$&+,0( ���	 56$6(� 6+( $''4(55

/7.6,2.(:(4 ,5 5(6 61 5(.(&6 6+( 722(4 2146,10 1) 6+(

5614(' $''4(55 �6+( ��" $''4(55��  ",6+ $0 $'=

'4(55 5641%( '(6(&6('� 6+( 56$6( /$&+,0( $'8$0&(5 61

6+( ���	� 56$6( 9+(4( 6+( $''4(55 /$6&+ ,5 (:=

$/,0('�  �) 6+(4( ,5 01 /$6&+� 6+( 56$6( /$&+,0( 4(=

67405 61 6+( ���	 56$6( $0' ,) 6+(4( ,5 $ /$6&+� 6+(

56$6( /$&+,0( $'8$0&(5 61 6+( ����  56$6(�  �(4( 6+(

56$6( /$&+,0( $55(465 ��� $0' 5,/7.6$0(175.;

&$75(5 6+( $''4(55 /7.6,2.(:(4 61 5(.(&6 6+( .19(4

2146,10 1) 6+( 5614(' $''4(55 �6+( ��� �� $'=

'4(55��  �0 6+( 0(:6 &;&.(� 6+( 56$6( /$&+,0( $'8$0&(5

61 6+( ����  56$6( 9+(4( 6+( ���� ��� 5,*0$. ,5

$55(46('�  �+( 0(:6 &;&.(5� "	� "
� $0' 9�� $4( 9$,6

56$6(5 -((2,0* ��� $0' ��� $55(46(' )14 6+( 4(=

37,4(' 6,/( *,8(0 ,0 6+( ���� '$6$ 5+((65�  �(=

2(0',0* 7210 6+( &.1&- 52(('� "	 $0'�14 "
 /$;

%( 1/,66('�  �0 56$6( "�� $ '(&,5,10 ,5 /$'( 61 4(6740

61 6+( ,'.( 56$6( ,) 01 %7456 ,5 61 %( 2(4)14/('� 14 61

$'8$0&( 61 6+( 56$6( 
����  ,) 6+( 64$05$&6,10 ,5 $

%7456�  �0 6+(  
���� 56$6(� ��� ,5 '($55(46(' $0'

6+(0 6+( 56$6( /$&+,0( 6+(0 .1125 %$&- 61 6+( ����

56$6( 61 &106,07( 9,6+ 6+( %7456�  �+( %7456 ,5 (0'('

9,6+ $0 (:$/,0$6,10 1) 6+( %7456 &1706(4 ,0 56$6( 9��

�) 6+( %7456 ,5 &1/2.(6('� 6+( 56$6( /$&+,0( 4(67405

61 6+( ���	 56$6(�  �()4(5+(5 $4( 2(4)14/(' %; $'=

8$0&,0* )41/ 6+( ���	 56$6( 61 6+( �	
�� 56$6(�

�(4(� 6+( $''4(55 /7.6,2.(:(4 ,5 ',4(&6(' 61 176276

6+( $''4(55 )41/ 6+( 4()4(5+ $''4(55 &1706(4�  �0 6+(

0(:6 56$6(5� ��� ,5 $55(46(' )14 6+4(( &;&.(5�

�	
����� ���� $0' ����   �()4(5+ ,5 &1/2.(6('�

$0' 6+( 56$6( /$&+,0( 4(67405 61 6+( ,'.( 56$6(�  �0

6+( ���� 56$6( 6+( &1'( *,8(5 24,14,6; 61 4()4(5+ 4(=

37(565 18(4 %75 4(.$6(' 4(37(565 �$''4(55 5641%(

'(6(&6,10��

�.6+17*+ 6+,5 ,5 $ +,*+=.(8(. %(+$8,14$. '(5,*0�

51/( $52(&65 1) 6+( +$4'9$4( +$8( %((0 6$-(0 ,061

$&&1706�  �+( 56$6(/(06

������ �� 56$6(#(0&1',0* �� 56$6(�6;2( �� 

���#���#����

',4(&65 6+( 5;06+(5,<(4 61 75( 10( ).,2=).12 2(4 56$6(

)14 6+( 56$6( /$&+,0(�  � 2146,10 1) 6+( 5;06+(5,<('

.1*,& ,5 5+190 ,0 
����� ��  �16( 6+( 5,/2.,&,6; 1) 6+(

4(57.6,0* .1*,& (37$6,105�  �762765 $0' 64$05,6,10

6(4/5 ,0&.7'( 10.; 6+( 10( ).,2=).12 )14 6+( 56$6( ,0

37(56,10�  �+,5 4(57.65 ,0 $ *4($6 5,/2.,),&$6,10 1) 6+(

.1*,& 5,0&( &1/2.(: 56$6( '(&1',0* ,5 016 4(37,4('�

�.6+17*+ 6+,5 $2241$&+ 75(5 /14( ).,2=).125 6+$0

(0&1'(' 56$6(5� 6+( '(&1',0* ,5 )$4 5,/2.(4�  �156

56$6(5 $0' 6+( 4(.$6(' '(&1',0* 5+17.' %( 4($.,<$%.(

,0 10( .1*,& &(..�

�+( 56$6( /$&+,0(� %; 8,467( 1) 6+( !��� &1',0*�

)14&(5 6+( 1762765 61 %( '(4,8(' ',4(&6.; )41/ 6+(

176276 1) $ ).,2=).12�  �+,5 *,8(5 5,*0$.5 57&+ $5

���� �%75 $&-019.('*(� $ 5+146 &.1&-=61=176276
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–– State Machine process

control:process
begin

wait until clk_in = ’1’;
if(rs_in = ’1’) then

state <= idle;
cas_en <= ’1’;
ras_en <= ’1’;
back <= ’1’;
col_sel <= ’0’;
ref_sel <= ’0’;

else
case state is

when idle =>   
cas_en <= ’1’;
ras_en <= ’1’;
back <= ’1’;
if (ref_req = ’1’) then

state <= refad;
ref_sel <= ’1’;

elsif (as_flag = ’1’) then
state <= asdet;
clr_as <= ’1’;

end if;
when asdet =>

clr_as <= ’0’; 
if (match = ’1’) then

state <= rasa;
ras_en <= ’0’;
col_sel <= ’1’;
burst_flag <= burst_stored;

else
state <= idle;

end if;
when rasa =>   

state <= casa;
cas_en <= ’0’;
––back <= ’0’;

when casa =>   
state <= w1;
––back <= ’1’;

when w1 =>     
state <= w2;

������ ��  ����� 	�
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when w2 =>
state <= w3;
back <= ’0’;

when w3 =>
cas_en <= ’1’;
back <= ’1’;
if(burst_flag = ’1’ and bst_cnt /= ”11”) then       

state <= nocas;
col_sel <= ’1’; 

else
state <= idle;
ras_en <= ’1’;
col_sel <= ’0’;

end if;

when nocas =>
state <= casa; 
cas_en <= ’0’;

–– Refresh 
when refad =>  

state <= wr1;
ras_en <= ’0’;

when wr1 =>
state <= wr2;

when wr2 =>
state <= idle;
ref_sel <= ’0’;
ras_en <= ’1’;

end case;
end if;

end process;

���"�� ��  �!�!� ������� ����#����� 
� ����!��� ������� ���

����������� ����#� ����"��� �� �� ���� ��� ��� ���%
����� �� � ���� ����� 
 ��


� ��� ����% � 

��� ����� ���� �� ��� ������ ������� �� �� ����#$� ���
��!��� ����������� ��� ���� ��� ������� �� ���

controller_0_state_bv_4_.D =
   controller_0_state_bv_3_.Q
 + controller_0_state_bv_8_.Q * burst_flag.Q * /bst_cnt_0__BEH_i42_0_DFF.Q
 + controller_0_state_bv_8_.Q * burst_flag.Q * /bst_cnt_1__BEH_i42_0_DFF.Q
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!".&$* /+ +,/&)&5"  "-/�&* .,""! ,�/%.�  �/ /%&.

,+&*/� /%" #0* /&+*�(&/4 +# /%" !"1& " .%+0(! �"  +-6

-" / ,"- /%" !".&$* .," &#& �/&+* �. 1"-&#&"! �4 /%"

���� .+0- " ("1"( !"�0$$"-�  �%" ,"-#+-)�* "

+,/&)&5�/&+* &. �  +),(&.%"! 0.&*$ /%" /&)&*$ �*�6

(45"-�  �&)&*$ )"�.0-")"*/.  �* �" )�!" &* /%"

.&)0(�/&+* �. 2"((�  �%"-" �-" ."1"-�(  +* "-*. &*

/%&. !".&$*
 /%" ."/60, /&)" #+- /%" �!!-".. �*!  +*6

/-+( &*#+-)�/&+* /+ /%" &*,0/ -"$&./"-� /%"  (+ '6/+6

+0/,0/ !"(�4 #+- /%" ���� .&$*�(� �*! /%" !"(�4 &*

/%"  +(0)* �!!-".. +0/,0/�  �%&. (�//"-  +* "-* &. /+

!"/"-)&*" &# /%" )0(/&,("3&*$ #-+) /%" -+2 /+ /%"

 +(0)* �!!-".. �&* ./�/" 
���� 2&((  �0." /%"  +(0)*

�!!-".. /+ �" /++  (+." /+ /%" �.."-/&+* +# ��� �./�/"

����� ,+/"*/&�((4 1&+(�/&*$ /%" ����  +(0)* �!6

!-".. ."/ 0, /&)"�  ��
�
	 � &((0./-�/". � /&)&*$ )"�6

.0-")"*/ �"&*$ )�!" &* /%" .&)0(�/&+* "*1&-+*6

)"*/�  �%" #&$0-" .%+2. +*" �0-./ /-�*.� /&+*�  �

��-' �*! �+&*/ �-" ,(� "! �/ /%" #�((&*$ "!$" +#

������ �/%" ��� "*��(" +0/,0/� �*! /%" ,(� "

2%"-" /%" ���� �!!-".. ��������� %�.

.2&/ %"! /+ /%"  +(0)* �!!-".. �*! ./��&(&5"!�  �%"

.)�(( 2&*!+2 !&.,(�4. /%" ��-' �*! �+&*/ /&)". �*!

����� &. /%" /&)" !&##"-"* " �"/2""* /%"." ,+&*/.�

�. �* "3�),(" +# �* +,/&)&5�/&+* /%"  (+ ' /+ +0/6

,0/ +# /%" ���� .&$*�( &. "3�)&*"!�  ����	 � .%+2.

/%" +0/,0/ +# /%" ��/% �*�(45"-�  �%" /��(" .%+2. �

/&)&*$ �*�(4.&. -".0(/ ."(" /&*$ /%" #(&,6#(+, /+ ���

+,/&+*. &* /%" �*�(45"-�  �%" #(&,6#(+, /+ ���� ,�/%

&. /%"* ."(" /"! &* /%" /��(" +# .&$*�( !"(�4.�  �%" /��6

0(�- -".0(/. .%+2 � !"(�4 +# ��	 *. #-+) /%" ����
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| controller command file
logfile controller.log
stepsize 50ns
defaults –bignet –cmdfile –time
wave
vector address address[31:0] 
radix hex address

vector dram_ad RC_AD[11:0]
radix hex dram_ad

vector r_c RAS_CAS[3:0]
radix hex r_c

wave controller.wfm clk as burst address dram_ad r_c ras_en cas_en back 
reset

clock clk 0 1

wfm reset @0=1 100ns=0
wfm as @0=1 200ns=0 100ns=1
wfm burst @0=1
wfm address @0=a0f0\h
cycle 200
log
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entity controller is
port(clk,burst,as,reset: in bit;

address: in bit_vector(31 downto 0);
back,ras_en,cas_en: out bit;
ras_cas: out bit_vector(3 downto 0);
rc_ad: out bit_vector(11 downto 0));

attribute part_name of controller:entity is ”C384”;
end controller;

use work.bv_math.all;
use work.rtlpkg.all;

architecture behavior of controller is

type name is (idle,asdet,rasa,casa,w1,w2,w3,nocas,refad,wr1,wr2);
ATTRIBUTE state_encoding OF name: type IS ONE_HOT_ONE

signal state: name;
signal bst_cnt: bit_vector(1 downto 0);
signal col_sel, ref_sel, as_flag, burst_flag, burst_stored, match, 

clr_as, ref_req, clk_in, ck_x, ck_y, as_x, as_in, rs_x, rs_in: bit;
signal stored_ad: bit_vector(31 downto 0);
signal re_ad, col_ad: bit_vector(11 downto 0);

alias top_ad: bit_vector(3 downto 0) is stored_ad(31 downto 28);
alias row_ad: bit_vector(11 downto 0) is stored_ad(23 downto 12);
alias bank: bit_vector(3 downto 0) is stored_ad(27 downto 24);

begin

–– Special IO ports for device

ck1:PAckcell
PORT MAP(clk, ck_x, ck_y, clk_in);

hd1:PAincell
PORT MAP(as, as_x, as_in);

hd2:PAincell
PORT MAP(reset, rs_x, rs_in);

–– Address register process

adreg:process
begin

wait until clk_in = ’1’;
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if(rs_in = ’1’) then
as_flag <= ’0’;

elsif(as_in = ’0’) then
as_flag <= ’1’;

elsif(clr_as = ’1’) then
as_flag <= ’0’;

end if;

if(as_in = ’0’) then
stored_ad <= address;
burst_stored <= burst;

end if;

end process;

–– Match Comparator

match <= ’1’ when top_ad = ”0000” else ’0’;

–– DRAM address multiplexer
re_ad <= ”000000000000”;
ref_req <= ’0’;

mux:process(col_ad,col_sel,row_ad,re_ad,state)
begin

if(state = refad or state = wr1 or state = wr2) then
rc_ad <= re_ad;

elsif(col_sel = ’1’) then
rc_ad <= col_ad;

else
rc_ad <= row_ad;

end if;
end process;

–– Encoded RAS / CAS select

ras_cas <= bank;

–– Column Address, Intel Order

col_ad(11 downto 2) <= stored_ad(11 downto 2); 
col_ad(1) <= stored_ad(1) xor bst_cnt(1);
col_ad(0) <= stored_ad(0) xor bst_cnt(0);

–– State Machine process

control:process
begin

wait until clk_in = ’1’;
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if(rs_in = ’1’) then
state <= idle;
cas_en <= ’1’;
ras_en <= ’1’;
back <= ’1’;
col_sel <= ’0’;
ref_sel <= ’0’;

else
case state is

when idle =>    
cas_en <= ’1’;
ras_en <= ’1’;
back <= ’1’;
if (ref_req = ’1’) then

state <= refad;
ref_sel <= ’1’;

elsif (as_flag = ’1’) then
state <= asdet;
clr_as <= ’1’;

end if;
when asdet =>

clr_as <= ’0’;  
if (match = ’1’) then

state <= rasa;
ras_en <= ’0’;
col_sel <= ’1’;
burst_flag <= burst_stored;

else
state <= idle;

end if;
when rasa =>    

state <= casa;
cas_en <= ’0’;
––back <= ’0’;

when casa =>    
state <= w1;
––back <= ’1’;

when w1 => 
state <= w2;

when w2 =>
state <= w3;
back <= ’0’;
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when w3 =>
cas_en <= ’1’;
back <= ’1’;
if(burst_flag = ’1’ and bst_cnt /= ”11”) then   

state <= nocas;
col_sel <= ’1’; 

else
state <= idle;
ras_en <= ’1’;
col_sel <= ’0’;

end if;

when nocas =>
state <= casa;  
cas_en <= ’0’;

when refad =>   
state <= wr1;
ras_en <= ’0’;

when wr1 =>
state <= wr2;

when wr2 =>
state <= idle;
ref_sel <= ’0’;
ras_en <= ’1’;

end case;
end if;

end process;

–– Burst counter

burst_count:process
begin

wait until clk_in = ’1’;
if(state = idle) then

bst_cnt <= ”00”;
elsif(state = w3) then

bst_cnt <= inc_bv(bst_cnt);
end if;

end process;

end behavior;
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