
APPENDIX A 

SAMPLE VHDL TEMPLATES 

A.l GENERAL VHDL CONSTRUCTS 

A.1.1 Overall code structure 

Listing A.l Overall code structure 

l i b r a r y  ieee; 
u s e  ieee. std-logic-1164. a l l  ; 
use  ieee. numeric-std. a l l  ; 

5 - -  e n t i t y  d e c l a r a t i o n  
e n t i t y  bin-counter i s  

-- o p t i o n a l  g e n e r i c  d e c l a r a t i o n  
g e n e r i c  (N: integer : =  8) ; 
-- p o r t  d e c l a r a t i o n  

1 0  p o r t (  
clk, reset: i n  std-logic; -- c l o c k  & r e s e t  
load, en, syn-clr: i n  std-logic; __ i n p u t  c o n t r o l  
d: i n  std-logic-vector"-1 downto 0 ) ;  -- i n p u t  d a t a  
max-tick; o u t  std-logic; -_ o u t p u t  s t a t u s  

15 q :  o u t  std-logic-vector(N-1 downto 0 )  -- o u t p u t  d a t a  
) ;  

end bin-counter; 
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__ a r c h  i t  e c t u  r e  body 
20 a r c h i t e c t u r e  demo-arch of  bin-counter i s  

-- c o n s t a n t  d e c l a r a t i o n  
c o n s t a n t  M A X :  integer : =  ( 2 * * N - 1 ) ;  
_- i n t e r n a l  s i g n a l  d e c l a r a t i o n  
s i g n a l  r-reg : unsigned (N-1 downto 0)  ; 

25 s i g n a l  r-next : unsigned(N-1 downto 0)  ; 
beg in  

__ 
_- c o m p o n e n t  i n s t a n t i a t i o n  
__ 

30 -- no i n s t a n t i a t i o n  i n  t h i s  code  

-- 

-- memory e l e m e n t s  
__ 

35 -- r e g i s t e r  
p r o c e s s  (clk, reset) 
beg in  

i f  (reset=’l’) then 
r-reg <= ( o t h e r s = > ’ O ’ ) ;  

r-reg <= r-next; 
40 e l s i f  (clk’event and clk=’l’) then 

end i f  ; 
end p r o c e s s ;  

45 -- 
__ c o m b i n a t i o n a l  c i r c u i t s  

-- n e x t - s t a t e  l o g i c  
r-next <= ( o t h e r s = > ’ O ’ )  when syn-clr=’l’ e l s e  

__ 

so unsigned(d) when load= ’1 e l s e  
r-reg + 1 when en = ’ 1  ’ e l s e  
r-reg ; 

_- o u t p u t  l o g i c  
q <= std-logic-vector(r-reg); 

55 max-tick <= ’ 1 ’  when r-reg=MAX e l s e  > O ’ ;  
end demo-arch ; 

A.1.2 Component instantiation 

Listing A.2 Component instantiation template 

l i b r a r y  ieee; 
use  ieee.std-logic-ll64.all; 
e n t i t y  counter-inst i s  

port  ( 
5 clk, reset: in  std-logic; 

load16, en16, syn-clrl6 : i n  std-logic; 
d: i n  std-logic-vector ( 1 5  downto 0)  ; 
max-tick8, max-tickl6: out  std-logic; 
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q :  out std-logic-vector (15 downto 0 )  
10 1 ; 
end counter-inst; 

architecture st ructur e-ar ch of counter - inst is 
begin 

I 5  -- i n s t a n t i a t i o n  o f  16-  b i t  c o u n t e r ,  a l l  p o r t s  u s e d  
counter-16-unit: entity work.bin-counter(demo-arch) 

generic map ( N =  > 16 ) 
port map(clk=>clk, reset=>reset , 

load=>loadl6, en=>enl6, syn-clr=>syn-clrl6, 
20 d=>d, max_tick=>max_tick16, q=>q); 

__ i n s t a n t i a t i o n  o f  f r e e - r u n n i n g  8 -  b i t  c o u n t e r  
__ w i t h  o n l y  t h e  m a x - t i c k  s i g n a l  
counter-8-unit : entity work. bin-counter 

port map(clk=>clk, reset=>reset , 
25 load=>’O’, en=>’l’, syn-clr=>’O’, 

d=>“00000000“, max_tick=>max_tick8, q=>open); 
end structure-arch; 

A.2 COMBINATIONAL CIRCUITS 

A.2.1 Arithmetic operations 

Listing A.3 Arithmetic operations 

library ieee; 
use ieee. std-logic-1164. a l l  ; 
use ieee. numeric-std. all ; 
entity arith-demo is 

5 port( 
a ,  b: in std-logic-vector(7 downto 0 ) ;  
diff , inc: out std-logic-vector ( 7  downto 0 )  

) ;  
end arith-demo ; 

architecture arch of arith-demo is 

begin 

10 

signal au, bu, diffu: unsigned(7 downto 0); 

---------___------------------------------- ____________________----------------------- __ 

15 -- c o n v e r t  i n p u t s  t o  u n s i g n e d / s i g n e d  i n t e r n a l l y  
-- a n d  t h e n  c o n v e r t  t h e  r e s u l t  b a c k  

au <= unsigned(a1; 
bu <= unsigned(b); 

_________---____________________________--- ____-----_______--------------------------- __ 

20 diffu <= au - bu when (au > bu) else 

diff <= std-logic-vector(diffu); 
bu - au; 

25 -- c o n v e r t  m u l t i p l e  t i m e s  i n  a s t a t e m e n t  
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A.2.2 Fixed-amount shift operations 

Listing A.4 Fixed-amount shift operations 

l i b r a r y  ieee; 
use ieee. std-logic-1164, a l l  ; 
e n t i t y  fixed-shift-demo i s  

port  ( 
5 a: in std-logic-vector (7 downto 0) ; 

shl, sh2, sh3, rot, swap: out  
std-logic-vector (7 downto 0)  

) ;  
end fixed-shift-demo; 

a r c h i t e c t u r e  arch of f ixed-shift-demo i s  
begin  

10 

-_ s h i f t  l e f t  3 p o s i t i o n s  
shl <= a(4 downto 0)  & " 0 0 0 "  ; 

sh2 <= " 0 0 0 "  & a(7 downto 3); 
-- s h i f t  r i g h t  3 p o s i t i o n s  and s h i f t i n g  i n  s i g n  b i t  
__ ( a r i t h m e t i c  s h i f t )  
sh3 <= a(7) & a(7) & a(7)& a(7 downto 3); 

rot <= a(2 downto 0 )  & a(7 downto 3); 
-- swap two n i b b l e s  
swap <= a(3 downto 0)  & a(7 downto 4); 

15 -- s h i f t  r i g h t  3 p o s i t i o n s  ( l o g i c a l  s h i f t )  

20 -- r o t a t e  r i g h t  3 p o s i t i o n s  

end arch; 

A.2.3 Routing with concurrent statements 

Listing A S  Routing with concurrent statements 

l i b r a r y  ieee; 
use  ieee. std-logic-1164. a l l  ; 
e n t i t y  decoderl i s  

port  ( 
5 a: in std-logic-vector (1 downto 0) ; 

en: in std-logic; 
y l ,  y2: out  std-logic-vector(3 downto 0)  

) ;  
end decoderl ; 

a r c h i t e c t u r e  concurrent-arch of decoderl i s  

begin  

10 

s i g n a l  s : std-logic-vector ( 2  downto 0) ; 

___________-_____________________________-_-_ _________________________________________-_ 

inc <= std-logic-vector(unsigned(a) + 1); 
end arch; 
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A.2.4 Routing with if and case statements 

Listing A.6 If and case statement templates 

l i b r a r y  ieee; 
use  ieee. std-logic-1164. a l l  ; 
e n t i t y  decoder2 i s  

port  ( 
5 a: in  std-logic-vector (1 downto 0)  ; 

en: i n  std-logic; 
y l ,  y2: out  std-logic-vector (3 downto 0)  

1 ;  
end decoder2 ; 

a r c h i t e c t u r e  seq-arch of  decoder2 i s  

beg in  

10 

s i g n a l  s :  std-logic-vector (2 downto 0)  ; 

____________________---------_--------------- ____________________--------_----_--------- 
15 -- i f  s t a t e m e n t  

____________________----------------------- --__________________-__---------------------- 
p r o c e s s  (en, a) 
beg in  

i f  (en='O') then 
yl <= "0000"; 

e l s i f  (a='lOOll) then 
yl <= "0001"; 

e I s i f  (a=" 0 1  'I ) then 
yl <= "0010"; 

e l  s i f  (a=!! 10 ) then 
yl <= "0100"; 

e l s e  
yl <= "1000"; 

I S  -- c o n d i t i o n a l  s i g n a l  a s s i g n m e n t  s t a t e m e n t  
-- 

y l  <= "0000" when (en='O') e l s e  
" 0 0 0 1 "  when ( a = " 0 0 " )  e l s e  
" 0 0 1 0 "  when ( a = " 0 1 " )  e l s e  

20 " 0 1 0 0 "  when ( a = t ' l O 1 l )  e l s e  
'1 1000 1' ; -_ a = "1 1 I' 

-- s e 1 e c t e d 

s <= en & a; 
w i t h  s s e l e c t  

s i g  n a 1 a s s i g n m e n t  s t a  t e m e n t 
25 -- 

YZ <= l t O O O O t l  when " 0 0 0 "  I 11001" I t l O I O "  I " O 1 1 " ,  
0 0 0 1 when 'I 1 0 0 'I , 

30 " 0 0 1 0 1 1  when "101", 
0 1 00 when It 1 10 I' , 

" 1 0 0 0 ' 1  when o t h e r s ;  -- s = "1 1 I 'I 

end concurrent-arch; 
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A.2.5 Combinational circuit using process 

Listing A.7 Combinational circuit using process 

l i b r a r y  ieee; 
use  ieee. std-logic-1164. a l l  ; 
e n t i t y  comb-proc i s  

port  ( 
5 a ,  b :  i n  std-logic-vector(1 downto 0 ) ;  

data-in: std-logic-vector ( 7  downto 0 )  ; 
xa-out , xb-out : out  std-logic-vector ( 7  downto 0 )  ; 
ya-out , yb-out : out  std-logic-vector ( 7  downto 0 )  

) ;  
10 end comb-proc ; 

a r c h i t e c t u r e  arch of  comb-proc i s  
beg in  

_-------------------------------------------- 
15 -- w i t h o u t  d e f a u l t  o u t p u t  s i g n a l  a s s i g n m e n t  

__------------------------------------------- 
-- m u s t  i n c l u d e  e l s e  b r a n c h  
__ o u t p u t  s i g n a l  m u s t  be a s s i g n e d  i n  a l l  b r a n c h e s  
p r o c e s s  (a,b,data-in) 

i f  a > b then 
20 beg in  

xa-out <= data-in; 
xb-out <= ( o t h e r s = > ' O ' ) ;  

e l s i f  a < b then 

end i f ;  
30 end p r o c e s s ;  

40 

45 

__ 

c a s e  s t a t e m e n t  __ 
__ 

35 s <= en !L a ;  
p r o c e s s  ( s )  
b e g i n  

c a s e  s i s  
when l l O O O 1 t  I l t O O 1 l t  I l t O l o l l  I "o111t =>  

when " 1 0 0 "  = >  

when ltl~llp => 

when l l l l O t '  = >  

when o t h e r s  => 

y2 <= " 0 0 0 1 " ;  

y2 <= " 0 0 0 1 " ;  

y2  <= " 0 0 1 0 " ;  

y2 <= " 0 1 0 0 " ;  

y2 <= " 1 0 0 0 " ;  
end c a s e ;  

j n  end p r o c e s s ;  
end s e q - a r c h  ; 
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15 

30 

xa-out <= ( o t h e r s = > ’ O ’ ) ;  
xb-out <= data-in; 

xa-out <= ( o t h e r s = > ’ O ’ ) ;  
xb-out <= ( o t h e r s = > ’ O ’ ) ;  

e l s e  -- a=b 

end i f ;  
end p r o c e s s ;  

-- w i t h  d e f a u l t  o u t p u t  s i g n a l  a s s i g n m e n t  
__ 

3s p r o c e s s  (a, b, data-in) 
beg in  

ya-out <= ( o t h e r s = > ’ O ’ ) ;  
yb-out <= ( o t h e r s = > ’ O ’ ) ;  
i f  a > b then 

10 ya-out <= data-in; 

yb-out <= data-in; 
e l s i f  a < b then 

end i f  ; 
end p r o c e s s ;  

IS end arch; 

A.3 MEMORY COMPONENTS 

A.3.1 Register template 

Listing A.8 Register template 

l i b r a r y  ieee; 
use  ieee.std-logic-ll64.all; 
e n t i t y  reg-template i s  

port  ( 
5 clk, reset: in  std-logic; 

en: in  std-logic; 
qi-next , qz-next, q3-next : in  

ql-reg , q2_reg, q3-reg: out  
std-logic-vector ( 7  downto 0 )  ; 

10 std-logic-vector ( 7  downto 0)  
) ;  

end reg-template; 

a r c h i t e c t u r e  arch of  reg-template i s  
1 5  begin  

__ 

__ r e g i s t e r  w i t h o u t  r e s e t  

p r o c e s s  (clk) 
__ 

20 beg in  
i f  (clk’event and clk=’l’) then 

end i f  ; 
ql-reg <= ql-next; 
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25 

30 

35 

40 

45 
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end p r o c e s s ;  

__------------------------------------------- 
__ r e g i s t e r  w i t h  a s y n c h r o n o u s  r e s e t  

p r o c e s s  (clk , reset) 
begin 

__------------------------------------------- 

i f  (reset=’l’) t hen  

e l s i f  (clk’event and clk=’l’) t hen  

end i f  ; 
end p r o c e s s ;  

q2-reg < = ( o t h e r s = >  ’ 0 ’ )  ; 

q2-reg <= q2-next; 

__------------------------------------------- 
__ r e g i s t e r  w i t h  e n a b l e  a n d  a s y n c h r o n o u s  r e s e t  

p r o c e s s  (clk, reset) 
begin 

........................................... --______________________________________----- 

i f  (reset=’l ’ )  t hen  

e l s i f  (clk’event and clk=’l’) t hen  
q3-reg < = ( o t h e r s = > ’ O ’ ) ;  

i f  (en=’l’) t hen  

end i f  ; 
q3-reg <= q3-next; 

end i f  ; 
end p r o c e s s ;  

end arch; 

A.3.2 Register file 

Listing A.9 Register file 

l i b r a r y  ieee; 
use ieee. std-logic-1164. a l l  ; 
use ieee. numeric-std. a l l  ; 
e n t i t y  reg-file i s  

5 g e n e r i c (  
B :  integer:=8; -- n u m b e r  of b i t s  
W :  integer:=2 -- n u m b e r  of a d d r e s s  b i t s  

) ;  
p o r t  ( 

10 clk, reset: in  std-logic; 
wr-en: i n  std-logic; 
w-addr , r-addr : i n  std-logic-vector (W-1 downto 0) ; 
w-data: in  std-logic-vector ( B - 1  downto 0) ; 
r-data: ou t  std-logic-vector ( B - 1  downto 0 )  

15 ; 
end reg-f ile ; 

a r c h i t e c t u r e  arch of reg-file i s  
t ype  reg-file-type i s  a r r a y  (2**W-1 downto 0)  of 



20 std-logic-vector ( B - 1  downto 
s i g n a l  array-reg : reg-f ile-type ; 

p r o c e s s  (clk, reset) 
beg in  

25 i f  (reset=’l’) t h e n  

beg in  
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0)  ; 

array-reg <= (others=>(others=>’O’)); 

i f  wr-en=’l ’ t h e n  
e l s i f  (clk’event and clk=’l’) t h e n  

array-reg(to-integer(unsigned(w-addr))) <= w-data; 
30 end i f  ; 

end i f  ; 
end p r o c e s s ;  
__ r e a d  p o r t  
r-data <= array-reg(to-integer(unsigned(r-addr))); 

35end arch; 

A.4 REGULAR SEQUENTIAL CIRCUITS 

Listing A.10 Sequential circuit template 

l i b r a r y  ieee; 
use  ieee. std-logic-1164. a l l  ; 
use  ieee. numeric-std. a l l  ; 
e n t i t y  bin-counter i s  

5 g e n e r i c ( N :  integer : =  8); 
p o r t  ( 

clk, reset: i n  std-logic; 
load, en, syn-clr: i n  std-logic; 
d: i n  std-logic-vector (N-1 downto 0 )  ; 

q: o u t  std-logic-vector (N-1 downto 0 )  
10 max-tick: o u t  std-logic; 

) ;  
end bin-counter; 

I S  a r c h i t e c t u r e  demo-arch of bin-counter i s  
c o n s t a n t  MAX: integer : =  (2**N-1) ; 
s i g n a l  r-reg: unsigned(N-1 downto 0 )  ; 
s i g n a l  r-next : unsigned (N-1 downto 0 )  ; 

20 b eg in  
__ 

__ r e g i s t e r  

p r o c e s s  (clk, reset) 
__ 

25 begin  
i f  (reset=’l’) t h e n  

e l s i f  (clk’event and clk=’l’) t h e n  

end i f ;  

r-reg <= ( o t h e r s = > ’ O ’ ) ;  

r-reg <= r-next; 
30 
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end p r o c e s s ;  

__ n e x t - s t a t e  l o g i c  

35 r - n e x t  <= ( o t h e r s = > ’ O ’ )  when s y n - c l r = ’ l ’  e l s e  
u n s i g n e d ( d )  when l o a d = ’ l ’  e l s e  
r - r e g  + 1 when e n  = ’ i >  e l s e  
r - r eg  ; 

40 -- o u t p u t  l o g i c  

q <= std-logic-vector(r-reg); 
m a x - t i c k  <= ’1’ when r-reg=MAX e l s e  ’ 0 ’ ;  

end d e m o - a r c h ;  

A.5 FSM 

Listing A . l l  FSM template 

-- code  f o r  t h e  FSM i n  F i g u r e  A . l  
l i b r a r y  i e e e ;  
use  i e e e .  s t d - l o g i c - 1 1 6 4 .  a l l  ; 
e n t i t y  f s m - e g  i s  

5 p o r t (  
c l k ,  r e s e t :  i n  s t d - l o g i c ;  
a ,  b :  in  s t d - l o g i c ;  
y o ,  y l :  out s t d - l o g i c  

1 ;  
ID end f sm-eg ; 

a r c h i t e c t u r e  t w o - s e g - a r c h  of  f s m - e g  i s  
type  e g - s t a t e - t y p e  i s  ( S O ,  s l ,  s 2 ) ;  
s i g n a l  s t a t e - r e g  , s t a t e - n e x t  : e g - s t a t e - t y p e ;  

15 beg in  

__ s t a t e  r e g i s t e r  

p r o c e s s  ( c l k  , r e s e t  
20 beg in  

i f  ( r e s e t = ’ l ’ )  then 
s t a t e - r e g  <= S O ;  

e l s i f  ( c l k ’ e v e n t  and c l k = ’ l ’ )  then 
s t a t e - r e g  <= s t a t e - n e x t ;  

25 end i f  ; 
end p r o c e s s ;  

__ n e x t - s t a t e  / o u t p u t  l o g i c  

__ 

__ 

30 p r o c e s s  ( s t a t e - r e g  , a , b )  
begin  

s t a t e - n e x t  <= s t a t e - r e g , ;  -- d e f a u l t  back  t o  same s t a t e  
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(a) State diagram 

, .......................................... l b  y l  c= 1 

I- 
................... 

y l c - I  

r 6 F .........,.......... 

I , ................... + .......... .........I 

(b) ASM chart 

Figure A.l State diagram and ASM chart of an FSM template. 
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yo <= ’ 0 ’ ;  -- d e f a u l t  0 
y l  <= ’ 0 ’ ;  -- d e f a u l t  0 
c a s e  s t a t e - r e g  i s  

when SO = >  
i f  a = ’ l J  t hen  

i f  b = ’ l ’  t h e n  
s t a t e - n e x t  <= s 2 ;  
yo <= ’ 1 ’ ;  

e l s e  

end i f  ; 
s t a t e - n e x t  <= sl; 

-- no e l s e  b r a n c h ,  u s e  d e f a u l t  
end i f  ; 

when sl = >  
y1  <= ’1’; 
i f  ( a = ’ l ’ )  t h e n  

-- n o  e l s e  b r a n c h ,  u s e  d e f a u l t  
end i f  ; 

when s2 => 
s t a t e - n e x t  <= S O ;  

s t a t e - n e x t  <= S O ;  

end c a s e ;  
55 end p r o c e s s ;  

end t w o - s e g - a r c h ;  

A.6 FSMD 

Listing A.12 FSMD template 

-- c o d e  f o r  t h e  FSMD shown i n  F i g u r e  A . 2  
l i b r a r y  i e e e ;  
use i e e e .  s t d - l o g i c - 1 1 6 4 .  a l l  
use i e e e  . n u m e r i c - s t d .  a l l  ; 

p o r t  ( 
5 e n t i t y  f i b  i s  

c l k ,  r e s e t :  i n  s t d -  
s t a r t :  i n  s t d - l o g i c  

o g i c  ; 

10 

i : i n  s t d - l o g i c - v e c t o r  ( 4  downto 0)  ; 
r e a d y ,  d o n e - t i c k :  o u t  s t d - l o g i c ;  
f : o u t  s t d - l o g i c - v e c t o r  (19  downto 0 )  

1;  
end f i b ;  

15 a r c h i t e c t u r e  a r c h  of f i b  i s  
t y p e  s t a t e - t y p e  i s  ( i d l e  , o p , d o n e ) ;  
s i g n a l  s t a t e - r e g  , s t a t e - n e x t  : s t a t e - t y p e  ; 
s i g n a l  t o - r e g  , t o - n e x t  , t l - r e g  , t l - n e x t  : 

u n s i g n e d  (19  downto 0 )  ; 
20 s i g n a l  n - r e g  , n - n e x t  : u n s i g n e d ( 4  downto 0)  ; 

beg in  
-------------------------===========-----==== 



FSMD 431 

start=l 

T (7) t l t  I 

........................................ 

................................................................ 

T 2 

Figure A.2 ASMD chart of an FSMD template. 
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30 
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65 

70 

-_ s t a t e  a n d  d a t a  r e g i s t e r s  
-___-______-_____-__----------------------- --____________________-__-__-__--__----_----- 

25 p r o c e s s  ( c l k ,  r e s e t )  
begin  

i f  r e s e t = ’ l  ’ then 
s t a t e - r e g  <= i d l e ;  
t o - r e g  <= ( o t h e r s = > ’ O ’ ) ;  
t i - r e g  <= ( o t h e r s = > ’ O ’ ) ;  
n - r e g  <= ( o t h e r s = > ’ O ’ ) ;  

s t a t e - r e g  <= s t a t e - n e x t  ; 
t o - r e g  <= t o - n e x t ;  
t l - r e g  <= t l - n e x t ;  
n - r e g  <= n - n e x t ;  

e I s i f  ( c l k  ) e v e n t  and c l k =  1 ’ ) then 

end i f ;  
end p r o c e s s ;  

________________________________________--- - -_______________________--______-__-- -__-- - -  
40 -- n e x t - s t a t e  l o g i c  a n d  d a t a  p a t h  f u n c t i o n a l  u n i t s  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p r o c e s s  ( s t a t e - r e g  , n - r e g ,  t o - r e g  , t l - r e g ,  s t a r t  , i  , n - n e x t )  
begin  

r e a d y  < = ’ O ’ ;  
d o n e - t i c k  <= ’ 0 ’ ;  
s t a t e - n e x t  <= s t a t e - r e g ;  -- d e f a u l t  b a c k  to  s a m e  s t a t e  
t o - n e x t  <= t o - r e g ;  -- d e f a u l t  k e e p  p r e v i o u s  v a l u e  
t l - n e x t  <= t l - r e g ;  __ d e f a u l t  k e e p  p r e v i o u s  v a l u e  
n - n e x t  <= n - r e g ;  __ d e f a u l t  k e e p  p r e v i o u s  v a l u e  
case  s t a t e - r e g  i s  

when i d l e  => 
r e a d y  <= ’1 ) ;  
i f  s t a r t = ’ l ’  then 

t o - n e x t  <= ( o t h e r s = > ’ O ’ ) ;  
t i - n e x t  <= ( 0 = > ’ 1 ’ ,  o t h e r s = > ’ O ’ ) ;  
n - n e x t  <= u n s i g n e d  ( i )  ; 
s t a t e - n e x t  <= o p ;  

end i f  ; 
when op = >  

i f  n-reg=O then 
t i - n e x t  <= ( o t h e r s = > ’ O ’ ) ;  
s t a t e - n e x t  <= d o n e ;  

s t a t e - n e x t  <= d o n e ;  

t l - n e x t  <= t l - r e g  + t o - r e g ;  
t o - n e x t  <= t l - r e g ;  
n - n e x t  <= n - r e g  - 1; 

e l s i f  n - r e g = l  then 

e l s e  

end i f  ; 
when done  => 

d o n e - t i c k  <= ’1 ’ ;  
s t a t e - n e x t  <= i d l e ;  

end c a s e ;  
end p r o c e s s ;  

75 -- o u t p u t  
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f <= std-logic-vector(tl-reg); 
end a r c h ;  

A.7 S3 BOARD CONSTRAINT FILE (S3. UCF) 

# 

# P i n  a s s i g n m e n t  f o r  X i l i n x  
# S p a r t a n - 3  S t a r t e r  b o a r d  
# 

# 
# c l o c k  and r e s e t  
# :  

NET " c l k "  L O C  = " T 9 "  ; 
NET " r e s e t "  LOC = " L 1 4 " ;  

# 

# b u t t o n s  & s w i t c h e s  
# 

# 4 p u s h  b u t t o n s  
NET " b t n < O > "  LOC = "M13"; 
NET " b t n < l > "  LOC = "M14";  
NET " b t n < 2 > "  LOC = " L 1 3 " ;  
#NET " b t n < 3 > "  LOC = " L 1 4 " ;  # b t n < 3 >  a l s o  u s e d  a s  r e s e t  

# 8  
NET 
NET 
NET 
NET 
NET 
NET 
NET 
NET 

s l i d e  s w i t c h e s  
" s w < O > "  LOC = " F 1 2 " ;  
" s w < l > "  LOC = " G 1 2 " ;  
" s w < 2 > "  LOC = " H 1 4 " ;  
" s w < 3 > "  LOC = " H 1 3 " ;  
" s w < 4 > "  LOC = " 5 1 4 " ;  
" s w < 5 > "  L O C  = " 5 1 3 " ;  
" s w < 6 > "  L O C  = " K 1 4 " ;  
" s w < 7 > "  LOC = " K 1 3 " ;  

# 

# RS232 
# 
NET " r x "  L O C  = " T 1 3 "  I D R I V E = 8  I SLEW=SLOW; 
NET " t x "  L O C  = " R 1 3 "  I D R I V E = 8  1 SLEW=SLOW; 

# 
# 4 - d i g i t  t i m e - m u l t i p l e x e d  7 - s e g m e n t  LED d i s p l a y  
# 

# d i g i t  e n a b l e  
NET " a n < O > "  LOC = " D 1 4 " ;  
NET " a n < l > "  LOC = " G 1 4 " ;  
NET " a n < 2 > "  LOC = " F 1 4 " ;  
NET " a n < 3 > "  LOC = " E 1 3 " :  

# 7 - s e g m e n t  l e d  s e g m e n t s  
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NET 
NET 
NET 
NET 
NET 
NET 
NET 
NET 

# 

# 8  
# 

NET 
NET 
NET 
NET 
NET 
NET 
NET 
NET 

s s e g < 7 >  
s s e g < 6 >  
s s e g < 5 >  
s s e g < 4 >  
s s e g  < 3 >  
s s e g < 2 >  
s s e g < l >  
s s e g  <O > 

LOC = 
LOC = 
LOC = 
LOC = 
LOC = 

LOC = 
LOC = 
LOC = 

" P 1 6 " ;  # d e c i m a l  p o i n t  
" E 1 4 " ;  # s e g m e n t  a 
" G 1 3 " ;  # s e g m e n t  b 
" N 1 5 " ;  # s e g m e n t  c 
" P 1 5 " ;  # s e g m e n t  d 
" R 1 6 " ;  # s e g m e n t  e 
" F 1 3 " ;  # s e g m e n t  f 
" N 1 6 " ;  # s e g m e n t  g 

d i s c r e t e  LEDs 

" l e d < O > "  LOC = " K 1 2 " ;  
" l e d < l > "  LOC = " P 1 4 " ;  
" l e d < 2 > "  LOC = " L 1 2 " ;  
" l e d < 3 > "  LOC = " N 1 4 " ;  
" l e d < 4 > "  LOC = " P 1 3 " ;  
" l e d < 5 > "  LOC = " N 1 2 " ;  
" l e d < 6 > "  LOC = " P 1 2 " ;  
" l e d < 7 > "  LOC = " P 1 1 " ;  

# 
# V G A  o u t p u t s  
# 
NET " r g b < 2 > "  LOC = "R12" I D R I V E = 8  I SLEW=FAST; 
NET " r g b < l > "  LOC = " T 1 2 "  I D R I V E = 8  I SLEW=FAST; 
NET " r g b < O > "  LOC = " R l 1 "  I D R I V E = 8  I SLEW=FAST; 
NET " v s y n c "  LOC = " T 1 0 "  I D R I V E = 8  1 SLEW=FAST; 
NET " h s y n c "  LOC = " R 9 "  I D R I V E = 8  I SLEW=FAST;  

# 
# PS2 p o r t  
# 
NET " p s 2 c "  L O C = " M 1 6 "  I D R I V E = 8  I SLEW=SLOW; 
NET " p s 2 d "  L O C = " M 1 5 "  I D R I V E = 8  1 SLEW=SLOW; 

# 
# t w o  SRAM c h i p s  
#: 
# s h a r e d  1 8 - b i t  memory address  
NET " a d < 1 7 > "  L O C = " L 3 "  I IOSTANDARD = LVCMOS33 
NET " a d < 1 6 > "  L O C = " K 5 "  1 IOSTANDARD = LVCMOS33 
NET " a d < 1 5 > "  L O C = " K 3 "  I IOSTANDARD = LVCMOS33 
NET " a d < 1 4 > "  LOC=" 53" I IOSTANDARD = LVCMOS33 
NET "ad<13>"  L O C = I ' J 4 "  1 IOSTANDARD = LVCMOS33 
NET " a d < 1 2 > "  L O C = " H 4 "  1 IOSTANDARD = LVCMOS33 
NET " a d < l l > "  L O C = " H 3 "  I IOSTANDARD = LVCMOS33 
NET " a d < l O > "  L O C = " G 5 "  1 IOSTANDARD = LVCMOS33 
NET " a d < 9 > "  L O C = " E 4 "  I IOSTANDARD = LVCMOS33 
NET " a d < 8 > "  L O C = " E 3 "  I IOSTANDARD = LVCMOS33 
NET " a d < 7 > "  L O C = " F 4 "  I IOSTANDARD = LVCMOS33 
NET " a d < 6 > "  L O C = " F 3 "  I IOSTANDARD = LVCMOS33 
NET " a d < 5 > "  L O C = " G 4 "  I IOSTANDARD = LVCMOS33 

I SLEW=FAST; 
I SLEW=FAST; 
1 SLEW=FAST; 
I SLEW=FAST;  
I SLEW=FAST; 
1 SLEW=FAST; 
I SLEW=FAST; 
I SLEW=FAST; 
I SLEW=FAST; 
I SLEW=FAST; 
I SLEW=FAST; 
I SLEW=FAST; 
I SLEW=FAST;  
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I W  NET "ad<4>" LOC="L4" I IOSTANDARD = LVCMOS33 I SLEW=FAST; 
NET "ad<3>" LOC="M3" I IOSTANDARD = LVCMOS33 I SLEW=FAST; 
NET "ad<2>" LOC="M4" I IOSTANDARD = LVCMOS33 I SLEW=FAST; 
NET "ad<l>" LOC="N3" I IOSTANDARD = LVCMOS33 I SLEW=FAST; 
NET "ad<O>" LOC="L5" I IOSTANDARD = LVCMOS33 I SLEW=FAST; 

# shared oe, we 
NET "oe-n" LOC="K4" I IOSTANDARD = LVCMOS33 I SLEW=FAST; 
NET "we-n" LOC="G3" I IOSTANDARD = LVCMOS33 I SLEW=FAST; 

# sram chip 1 data, ce, ub, lb 
NET "dio_a<l5>" LOC="Rl" I IOSTANDARD=LVCMOS33 I 
NET "dio_a<l4>" LOC="Pl" I IOSTANDARD=LVCMOS33 I 
NET "dio_a<l3>" LOC="L2" I IOSTANDARD=LVCMOS33 I 
NET "dio-a<12>" LOC=" 52" I IOSTANDARD=LVCMOS33 I 
NET "dio-a<ll>" LOC="Hl" I IOSTANDARD=LVCMOS33 I 
NET "dio-a<lO>" LOC="F2" I IOSTANDARD=LVCMOS33 I 
NET "dio-a<9>" LOC="P8" I IOSTANDARD=LVCMOS33 I 
NET "dio-a<8>" LOC="D3" 1 IOSTANDARD=LVCMOS33 I 
NET "dio-a<7>" LOC="Bl" I IOSTANDARD=LVCMOS33 1 
NET "dio-a<6>" LOC="Cl" I IOSTANDARD=LVCMOS33 I 
NET "dio-a<5>" LOC="C2" I IOSTANDARD=LVCMOS33 1 
NET "dio-a<4>" LOC="R5" I IOSTANDARD=LVCMOS33 I 
NET I' d i o - a < 3 > " I 
NET "dio-a<2>" LOC="RG" I IOSTANDARD=LVCMOS33 I 
NET "dio-a<l>" LOC="T8" I IOSTANDARD=LVCMOS33 I 
NET "dio-a<O>" LOC="N7" I IOSTANDARD=LVCMOS33 I 
NET 'I ce-a-n" LOC="P7" I IOSTANDARD=LVCMOS33 I 
NET "ub-a-n" LOC="T4" I IOSTANDARD=LVCMOS33 I 
NET "lb-a-n" LOC="P6" I IOSTANDARD=LVCMOS33 I 

L 0 C = " T 5 " 1 I 0 STANDARD = LV CM 0 S 3 3 

# sram chip 2 data, ce, ub, lb 
NET "dio_b<l5>" LOC="Nl" I IOSTANDARD=LVCMOS33 
NET "dio_b<l4>" LOC="Ml" I IOSTANDARD=LVCMOS33 
NET "dio_b<l3>" LOC="K2" I IOSTANDARD=LVCMOS33 
NET "dio-b <12>" LOC="C3" I IOSTANDARD=LVCMOS33 
NET "dio-b<ll>" LOC="F5" 1 IOSTANDARD=LVCMOS33 
NET "dio-b <lo>" LOC="Gl" I IOSTANDARD=LVCMOS33 
NET "dio-b <9>" LOC="E2" I IOSTANDARD=LVCMOS33 
NET "dio-b <8>" LOC="D2" I IOSTANDARD=LVCMOS33 
NET "dio-b <7>" LOC="Dl I IOSTANDARD=LVCMOS33 
NET "dio-b <6>" LOC="El 'I I IOSTANDARD=LVCMOS33 
NET "dio-b < 5 > "  LOC="G2" I IOSTANDARD=LVCMOS33 
NET "dio-b <4>" LOC=" J1 I'  I IOSTANDARD=LVCMOS33 
NET "dio-b <3>" LOC="Kl" I IOSTANDARD=LVCMOS33 
NET "dio-b <2>" LOC="M2" 1 IOSTANDARD=LVCMOS33 
NET "dio-b <1>" LOC="N2" I IOSTANDARD=LVCMOS33 
NET "dio-b < O > "  LOC="P2" I IOSTANDARD=LVCMOS33 
NET 'I ce-b-n" LOC="N5" I IOSTANDARD=LVCMOS33 
NET "ub-b-n" LOC="R4" I IOSTANDARD=LVCMOS33 
NET "lb-b-n" LOC="P5" I IOSTANDARD=LVCMOS33 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST ; 
SLEW=FAST; 

SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST ; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
SLEW=FAST; 
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# Timing constraint of S3 50-MHz onboard oscillator 
# name of the clock signal is clk 
# 
NET "clk" TNM-NET = "clk"; 
TIMESPEC 1'TS-clk9t = PERIOD "clk" 40 ns HIGH 50 % ;  




