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,.-+8 42%$ &.1 04)3% 2.,% 3),% "8 2823%, $%2)'-%12

!-$ 2.&36!1% $%5%+./%12�  �(%1% !1% 36. /1),!18 !$;

5!-3!'%2 3. 42)-' 3()2 ,%3(.$.+.'8�  �)123� )3 !++.62

#.,,.-+8;42%$ "4)+$)-' "+.#*2 3. "% #1%!3%$ 2%/!;

1!3%+8 !-$ 2!5%$ &.1 +!3%1 42% 6)3(.43 (!5)-' 3. 1%$%;

2)'- .1 1%5%1)&8 3(%,�  �%#.-$� )3 !++.62 &.1 ,.1%

1%!$!"+% $%2)'- &)+%2 "8 *%%/)-' 3(% 3./;+%5%+ $%2)'-

&)+% !2 ! 2),/+% )-3%'1!3).- .& 2,!++%1 "4)+$)-'

"+.#*2� %)3(%1 42%1;$%&)-%$ .1 &1., ! 5%-$.1;24/;

/+)%$ +)"1!18�  �- 2823%, $%2)'-� 3(%2% "4)+$)-' "+.#*2

-.1,!++8 3!*% 3(% &.1, .& 2#(%,!3)# 28,".+2 )-23!-;

3)!3%$ )-3. ! 2#(%,!3)# $1!6)-'� 6()+% )- 2.&36!1%

3(%8 !1% &4-#3).-2 .1 /1.#%$41%2 3(!3 !1% #!++%$

&1., 3(% ,!)- /1.'1!,�

������  !-$ ������  ���� )-#+4$%2 ! 2%3 .& &%!;

341%2 2/%#)&)#!++8 $%2)'-%$ 3. ,!*% ()%1!1#()#!+ $%;

2)'- ".3( 2),/+% !-$ /.6%1&4+�  �()2 -.3% 6)++ &)123
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/+% %7!,/+% .& (.6 3(%8 ,)'(3 "% 42%$�  �3 !224,%2
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�- .1$%1 3. #.-2314#3 ! ()%1!1#()#!+ $%2)'- )-

����� 3(% $%2)'-%1 ,423 4-$%123!-$ 3(% #.-#%/32

.& #.,/.-%-32� /!#*!'%2 !-$ +)"1!1)%2�

�.,/.-%-3 � � #.,/.-%-3 )2 ! ���� $%2)'- 4-)3

3(!3 ,!8 "% )-23!-3)!3%$ )- .3(%1 ���� $%2)'-

4-)32�  �%&.1% )3 #!- "% )-23!-3)!3%$� )3 ,423 "% $%;

#+!1%$ 42)-' 3(% ��������� $%#+!1!3).- 6()#(

2/%#)&)%2 3(% -!,% .& 3(% #.,/.-%-3 !-$ +)232 )32 +.;

#!+ 2)'-!+ -!,%2�

�!#*!'% � � /!#*!'% )2 ! #.++%#3).- .& ���� $%#;

+!1!3).-2 3(!3 #!- "% 42%$ "8 .3(%1 ���� $%2#1)/;

3).-2�  �.1 3(% /41/.2% .& #1%!3)-' ()%1!1#()#!+ $%;

2)'-2� ! /!#*!'% #.-2)232 .& .-% .1 ,.1%

#.,/.-%-32�  �.6%5%1� ! /!#*!'% ,!8 !+2. )-#+4$%

.3(%1 38/%2 .& $%#+!1!3).-2�

�)"1!18 � � +)"1!18 )2 ! +.')#!+ 23.1!'% &!#)+)38 &.1

$%2)'- 4-)32�  �%&.1% ! #.,/.-%-3 #!- "% )-23!-;

3)!3%$ )- ! ()'(%1;+%5%+ $%2)'- 4-)3� )32 /!#*!'% ,423

"% #.,/)+%$ )-3. ! +)"1!18 3(!3 )2 5)2)"+% 3. 3(!3 $%;

2)'- 4-)3� 424!++8 3(% #411%-3 6.1* +)"1!18�
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�.-2)$%1 3(% &.++.6)-' %7!,/+%�  � $%2)'-%1 $)2#.5;

%12 3(!3 &.1 ! 2/%#)&)# 38/% .& #)1#4)3 $%2)'- (% #.,;

,.-+8 -%%$2 !- 4-424!+ 38/% .& #.4-3%1�  �:�.,;

,.-+8�� )- 3()2 1%&%1%-#%� ,%!-2 3(!3 3()2 #.4-3%1 )2

+)*%+8 3. "% 42%$ %)3(%1 ,4+3)/+% 3),%2 )- ! /!13)#4+!1

$%2)'- .1 !#1.22 ,4+3)/+% $%2)'-2�  �.3( !1% #!2%2

6(%1% ()%1!1#()#!+ $%2)'- 2),/+)&)%2 3()-'2��  �()2

#.4-3%1 )2 ! 2),/+% &.41;")3 #.4-3%1� "43 )3 ,423 .43;

/43 ! 3%1,)-!+ #.4-3 )-$)#!3).- �3#� !-$ 1.++ .5%1 3.

9%1. 6(%- )3 1%!#(%2 
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�//%-$)7 ��  ��(% 1%!$%1 2(.4+$ 4-$%123!-$ 3(%

#.-3%-32 .& 3(% %-3)38;!1#()3%#341% /!)1<3(%8 6)++

-.3 "% $)2#422%$ &413(%1��  �- .1$%1 3. 42% 3()2 #.4-3;

%1 )- .3(%1 ���� $%2)'- 4-)32� )3 )2 $%#+!1%$ !2 !

#.,/.-%-3 6)3()- ! /!#*!'% !3 3(% 3./ .& 3(% &)+%�

�(% #.,/.-%-3 $%#+!1!3).- 2),/+8 -!,%2 3(% $%;

2)'- 4-)3 !-$ +)232 )32 2)'-!+ -!,%2�   (%- 3()2 &)+% )2

#.,/)+%$� 3(% /!#*!'% )2 /+!#%$ )-3. 3(% #411%-3 +);

"1!18 !-$ 3(% #.,/.-%-3 )3 #.-3!)-2 ,!8 3(%- "%

)-23!-3)!3%$ )-3. .3(%1 $%2)'-2 #.,/)+%$ )-3. 3(!3 +);

"1!18�  �& 3()2 6%1% ! 23!-$!+.-% $%2)'-� 3(% %-3)1%
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use work.cnt_pkg.all;

�/ /$! /*+ *" /$! "%'!� 2$%�$ (�&!. �)4 �*(+*)!)/.
%) /$! �)/�+&# 1%.%�'! 2%/$%) /$! �0--!)/  !.%#) 0)%/�
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.%#) %)�'0 !. /2* /4+!. *" �*0)/!-.� *)! /$�/ -*''.
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+��&�#! �. %) �++!) %3 ��  �$%. "%'! �*)/�%). �*/$
!)/%/45�-�$%/!�/0-! +�%-. �)  /2* �*(+*)!)/. %) �
.%)#'! +��&�#!�  �. �!"*-!� 2$!) /$%. "%'! %. �*(5
+%'! � /$! +��&�#! %. �  !  /* /$! �0--!)/ '%�-�-4 �) 
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use work.cypress.all; 
use work.rtlpkg.all;

package cnt_pkg is 
component count15 port( 

clk, enable, reset:in bit; 
cnt:inout bit_vector (3 downto 0); 
tc:out bit); 

end component; 
end cnt_pkg;

use work.bv_math.all;

entity count15 is port( 
clk, enable, reset:in bit; 
cnt:inout bit_vector (3 downto 0); 
tc:out bit); 

end count15;

architecture one of count15 is 
begin

process begin 
if cnt=“1110” then 

tc<=’1’; 
else 

tc<=’0’; 
end if;

end process;

process(clk,reset) begin 
if reset=’1’ then 

cnt<=“0000”; 
elsif (clk’event and clk=’1’) then 

if cnt=“1110” and enable=’1’ then 
cnt<=“0000”; 

elsif enable=’1’ then 
cnt<=inc_bv(cnt); 

else 
cnt<=cnt; 

end if; 
end if;

end process;

end one;
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use work.cypress.all; 
use work.rtlpkg.all; 
use work.cnt_pkg.all;

entity muxcntr is port( 
clk, enablea, enableb, reset, sel:in bit; 
cnt:out bit_vector (3 downto 0); 
tca, tcb:out bit); 

end muxcntr;

architecture one of muxcntr is

signal muxina, muxinb:bit_vector(3 downto 0);

begin

cntra:count15 port map(clk, enablea, reset, muxina, tca); 
cntrb:count15 port map(clk, enableb, reset, muxinb, tcb);

process begin 
if sel=’1’ then 

cnt<=muxina; 
else 

cnt<=muxinb; 
end if;

end process; 
end one;
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use work.cypress.all; 
use work.rtlpkg.all;

package cnt_pkg is 
component count15 port( 

clk, enable, reset:in bit; 
cnt:inout bit_vector (3 downto 0); 
tc:out bit); 

end component; 
component count12 port( 

clk, enable, reset:in bit; 
cnt:inout bit_vector (3 downto 0); 
tc:out bit); 

end component; 
end cnt_pkg;

use work.bv_math.all;

entity count15 is port( 
clk, enable, reset:in bit; 
cnt:inout bit_vector (3 downto 0); 
tc:out bit); 

end count15;

architecture one of count15 is 
begin

process begin 
if cnt=“1110” then 

tc<=’1’; 
else 

tc<=’0’; 
end if; 
end process;

process(clk,reset) begin 
if reset=’1’ then 

cnt<=“0000”; 
elsif (clk’event and clk=’1’) then 

if cnt=“1110” and enable=’1’ then 
cnt<=“0000”; 

elsif enable=’1’ then 
cnt<=inc_bv(cnt); 

else 
cnt<=cnt; 

end if; 
end if;
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end process; 
end one;

use work.bv_math.all;

entity count12 is port( 
clk, enable, reset:in bit; 
cnt:inout bit_vector (3 downto 0); 
tc:out bit); 

end count12;

architecture one of count12 is 
begin

process begin 
if cnt=“1011” then 

tc<=’1’; 
else 

tc<=’0’; 
end if; 
end process;

process(clk,reset) begin 
if reset=’1’ then 

cnt<=“0000”; 
elsif (clk’event and clk=’1’) then 

if cnt=“1011” and enable=’1’ then 
cnt<=“0000”; 

elsif enable=’1’ then 
cnt<=inc_bv(cnt); 

else 
cnt<=cnt; 

end if; 
end if;

end process; 
end one;
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use work.cypress.all; 
use work.rtlpkg.all; 
use work.cnt_pkg.all;

entity muxcntr is port( 
clk, enablea, enableb, enablec, enabled, reset:in bit; 
sel:in bit_vector (1 downto 0); 
cnt:out bit_vector (3 downto 0); 
tca, tcb, tcc, tcd:out bit); 

end muxcntr;

architecture one of muxcntr is

signal muxina, muxinb, muxinc, muxind:bit_vector(3 downto 0);

begin

cntra:count15 port map(clk, enablea, reset, muxina, tca); 
cntrb:count15 port map(clk, enableb, reset, muxinb, tcb); 
cntrc:count12 port map(clk, enablec, reset, muxinc, tcc); 
cntrd:count12 port map(clk, enabled, reset, muxind, tcd);

process begin 
if sel=“11” then 

cnt<=muxina; 
elsif sel=“10” then 

cnt<=muxinb; 
elsif sel=“01” then 

cnt<=muxinc; 
else 

cnt<=muxind; 
end if;

end process; 
end one;
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use work.cypress.all; 
use work.rtlpkg.all;

package cnt_pkg is 
component countg 
generic (stop:bit_vector(3 downto 0):=“1111”); 

port( 
clk, enable, reset:in bit; 
cnt:inout bit_vector (3 downto 0); 
tc:out bit); 

end component; 
end cnt_pkg;

use work.bv_math.all;

entity countg is 
generic (stop:bit_vector(3 downto 0):=“1111”); 

  port( 
clk, enable, reset:in bit; 
cnt:inout bit_vector (3 downto 0); 
tc:out bit); 

end countg;

architecture one of countg is 
begin

process begin 
if cnt=stop then 

tc<=’1’; 
else 

tc<=’0’; 
end if; 
end process;

process(clk,reset) begin 
if reset=’1’ then 

cnt<=“0000”; 
elsif (clk’event and clk=’1’) then 

if cnt=stop and enable=’1’ then 
cnt<=“0000”; 

elsif enable=’1’ then 
cnt<=inc_bv(cnt); 

else 
cnt<=cnt; 

end if; 
end if;

end process; 
end one;
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use work.cypress.all; 
use work.rtlpkg.all; 
use work.cnt_pkg.all;

entity muxcntr is port( 
clk, enablea, enableb, enablec, enabled, reset:in bit; 
sel:in bit_vector (1 downto 0); 
cnt:out bit_vector (3 downto 0); 
tca, tcb, tcc, tcd:out bit); 

end muxcntr;

architecture one of muxcntr is

signal muxina, muxinb, muxinc, muxind:bit_vector(3 downto 0);

begin 
cntra:countg generic map(“1110”) port map(clk, enablea, reset, muxina, tca); 
cntrb:countg generic map(“1110”) port map(clk, enableb, reset, muxinb, tcb); 
cntrc:countg generic map(“1011”) port map(clk, enablec, reset, muxinc, tcc); 
cntrd:countg generic map(“1011”) port map(clk, enabled, reset, muxind, tcd);

process begin 
if sel=“11” then 

cnt<=muxina; 
elsif sel=“10” then 

cnt<=muxinb; 
elsif sel=“01” then 

cnt<=muxinc; 
else 

cnt<=muxind; 
end if;

end process; 
end one;


