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VHDL Programming for Sequential Circuits

Màhíndrà University

Backed By Màhíndrà Group OPEN

This chapter explains how to do VHDL programming for Sequential Circuits.

VHDL Code for an SR Latch

library ieee; 
use ieee.std_logic_1164.all;
  
entity srl is 
   port(r,s:in bit; q,qbar:buffer bit); 
end srl;  

architecture virat of srl is 
   signal s1,r1:bit; 
begin 
   q<= s nand qbar; 
   qbar<= r nand q; 
end virat; 

Waveforms

VHDL Code for a D Latch

library ieee; 
use ieee.std_logic_1164.all;

entity Dl is 
   port(d:in bit; q,qbar:buffer bit); 
end Dl; 

https://www.googleadservices.com/pagead/aclk?sa=L&ai=Cd5qXjv5cZK_AOJrQowPUlJSgD6PkpJlw7ci7iI8Rsv6hn4wOEAEguoTAM2DlqueDxA6gAdGrlZ0pyAEGqQJGi0ye9T1KPuACAKgDAaoE0QJP0MkXq06COLGYLUF70CtcGSHeC4l64ee3FwKOkKaFWdZ6X23u2XNE8eXW2m0nm8uZBThYLxg3bcjE8XJQhidEff6E80toGGPdO1CFo-YMnIcn5ZR3pnmaQ_s6ogxoeQOxhL_smutBBXpZz2EkNKZHIS48hROQ6EJKoyAy-mlTbjMCel8zJa4Jf3fWqDOtwUuQd556wKv-5kF_oeSG_beesV5mqKsUW83964NCMz9WQnyYm9XwbuvLTjKgP--9xb6IjSUXUPvIMaLBxyOuF1eWD-Jg1Nng7t3r5frNPOhDCLziHpCVgRwOut4rvoBqaCJYbeiJGvKadW-SrkQqLvFqDZfQcWov7T4zjnVlPPbDf_9U0kOdXM4_oxIPr3xYvwlb1vb0o3geB6GzekiAbXE4jaIfyiRDcGa8I68KGcGuZnM1cceTTMHqZU4KhWv8qmjwwATgi6GXpQTgBAGAB9Hj5fwDqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgHpKOxAqgH1ckbqAemvhuoB5oGqAfz0RuoB5bYG6gHqpuxAqgHg62xAqgH_56xAqgH35-xAtgHAdIIFAiAYRABGB0yAooCOgKAQEi9_cE68ggbYWR4LXN1YnN5bi0xNDc0NzExMTMyMDA1MzU1sQnfOUm6EVUhaoAKA5gLAcgLAbgMAdgTDNAVAZgWAfgWAYAXAQ&ae=1&num=1&cid=CAQSOwBygQiDi9cmQlmXvRuMqXOjGKBlKR8pALW5AOu2wO3oKc-Vl80qUkgDy27mzJ5TKGiY58xS4kz1ohx0GAE&sig=AOD64_2xKe0QcBqgkS9IAd_xC6gusqR67A&client=ca-pub-8933329999391104&rf=4&nb=1&adurl=https://www.mahindrauniversity.edu.in/sites/mahindra-university-som/%3Futm_source%3Dunipro%26utm_medium%3Ddisplay%26utm_campaign%3DBA-Economics-Finance-Mahindra-Unipro-2023-19825918733%26utm_device%3Dc%26gclid%3DEAIaIQobChMIr7-B2r_t_gIVGuhoCh1UCgX0EAEYASAAEgIVX_D_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=Cd5qXjv5cZK_AOJrQowPUlJSgD6PkpJlw7ci7iI8Rsv6hn4wOEAEguoTAM2DlqueDxA6gAdGrlZ0pyAEGqQJGi0ye9T1KPuACAKgDAaoE0QJP0MkXq06COLGYLUF70CtcGSHeC4l64ee3FwKOkKaFWdZ6X23u2XNE8eXW2m0nm8uZBThYLxg3bcjE8XJQhidEff6E80toGGPdO1CFo-YMnIcn5ZR3pnmaQ_s6ogxoeQOxhL_smutBBXpZz2EkNKZHIS48hROQ6EJKoyAy-mlTbjMCel8zJa4Jf3fWqDOtwUuQd556wKv-5kF_oeSG_beesV5mqKsUW83964NCMz9WQnyYm9XwbuvLTjKgP--9xb6IjSUXUPvIMaLBxyOuF1eWD-Jg1Nng7t3r5frNPOhDCLziHpCVgRwOut4rvoBqaCJYbeiJGvKadW-SrkQqLvFqDZfQcWov7T4zjnVlPPbDf_9U0kOdXM4_oxIPr3xYvwlb1vb0o3geB6GzekiAbXE4jaIfyiRDcGa8I68KGcGuZnM1cceTTMHqZU4KhWv8qmjwwATgi6GXpQTgBAGAB9Hj5fwDqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgHpKOxAqgH1ckbqAemvhuoB5oGqAfz0RuoB5bYG6gHqpuxAqgHg62xAqgH_56xAqgH35-xAtgHAdIIFAiAYRABGB0yAooCOgKAQEi9_cE68ggbYWR4LXN1YnN5bi0xNDc0NzExMTMyMDA1MzU1sQnfOUm6EVUhaoAKA5gLAcgLAbgMAdgTDNAVAZgWAfgWAYAXAQ&ae=1&num=1&cid=CAQSOwBygQiDi9cmQlmXvRuMqXOjGKBlKR8pALW5AOu2wO3oKc-Vl80qUkgDy27mzJ5TKGiY58xS4kz1ohx0GAE&sig=AOD64_2xKe0QcBqgkS9IAd_xC6gusqR67A&client=ca-pub-8933329999391104&rf=4&nb=0&adurl=https://www.mahindrauniversity.edu.in/sites/mahindra-university-som/%3Futm_source%3Dunipro%26utm_medium%3Ddisplay%26utm_campaign%3DBA-Economics-Finance-Mahindra-Unipro-2023-19825918733%26utm_device%3Dc%26gclid%3DEAIaIQobChMIr7-B2r_t_gIVGuhoCh1UCgX0EAEYASAAEgIVX_D_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=Cd5qXjv5cZK_AOJrQowPUlJSgD6PkpJlw7ci7iI8Rsv6hn4wOEAEguoTAM2DlqueDxA6gAdGrlZ0pyAEGqQJGi0ye9T1KPuACAKgDAaoE0QJP0MkXq06COLGYLUF70CtcGSHeC4l64ee3FwKOkKaFWdZ6X23u2XNE8eXW2m0nm8uZBThYLxg3bcjE8XJQhidEff6E80toGGPdO1CFo-YMnIcn5ZR3pnmaQ_s6ogxoeQOxhL_smutBBXpZz2EkNKZHIS48hROQ6EJKoyAy-mlTbjMCel8zJa4Jf3fWqDOtwUuQd556wKv-5kF_oeSG_beesV5mqKsUW83964NCMz9WQnyYm9XwbuvLTjKgP--9xb6IjSUXUPvIMaLBxyOuF1eWD-Jg1Nng7t3r5frNPOhDCLziHpCVgRwOut4rvoBqaCJYbeiJGvKadW-SrkQqLvFqDZfQcWov7T4zjnVlPPbDf_9U0kOdXM4_oxIPr3xYvwlb1vb0o3geB6GzekiAbXE4jaIfyiRDcGa8I68KGcGuZnM1cceTTMHqZU4KhWv8qmjwwATgi6GXpQTgBAGAB9Hj5fwDqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgHpKOxAqgH1ckbqAemvhuoB5oGqAfz0RuoB5bYG6gHqpuxAqgHg62xAqgH_56xAqgH35-xAtgHAdIIFAiAYRABGB0yAooCOgKAQEi9_cE68ggbYWR4LXN1YnN5bi0xNDc0NzExMTMyMDA1MzU1sQnfOUm6EVUhaoAKA5gLAcgLAbgMAdgTDNAVAZgWAfgWAYAXAQ&ae=1&num=1&cid=CAQSOwBygQiDi9cmQlmXvRuMqXOjGKBlKR8pALW5AOu2wO3oKc-Vl80qUkgDy27mzJ5TKGiY58xS4kz1ohx0GAE&sig=AOD64_2xKe0QcBqgkS9IAd_xC6gusqR67A&client=ca-pub-8933329999391104&rf=4&nb=8&adurl=https://www.mahindrauniversity.edu.in/sites/mahindra-university-som/%3Futm_source%3Dunipro%26utm_medium%3Ddisplay%26utm_campaign%3DBA-Economics-Finance-Mahindra-Unipro-2023-19825918733%26utm_device%3Dc%26gclid%3DEAIaIQobChMIr7-B2r_t_gIVGuhoCh1UCgX0EAEYASAAEgIVX_D_BwE
https://adssettings.google.com/whythisad?source=display&reasons=AY2CpdJOqGx_06FfY9ZlMzsWIKe9-a2pf2jzra5YlYCyqpm45K7r7kaz-BY7wk6MlaV_cyeRpa54DQaXw91WS1RRI--BN44SmRzTseXUwOMFay_0kpwGuBQ5Qg1mnhMBHH5m5dO2315lQ7IY4tSV9YGow-T3wbYzWQ5y_68XQkKMw0bROcNkvl1kwK4AB-JEFeh1vhGgaSVvrdBoiESo1wxtX8ma3C0-IJttVUlNuJK_sjgeuJmLoQFP8daofejonelV-4dkZwhjIMINjHVMRnjXbkdb7c4JegN3UgbCY4fe7arycI87XW17HhOtxPgivvd3oyd88unL8i70InN-bhzhu94YX8Y0dugH8H_aa-PT1b9x8VNgCuMucoJb_jw2bZanED3OYBkjGLYjcG8U8wahSn7yAlndT9u1CZh9k5WYwMhjqPpSa2izoSjm22ihE0dvklhnULqcaTFodOaQiCgix3fZnylikYqZhcV6834QEbhagSdxDzx8FDodTbPJa5UJ2k-wlisnNdikkmGo1qUD_qVFKfTJuOkewaG1TcqWk8m4x1bXiPi5UGT6OrVE9B7pq6zgeykRyZdk_QWtbSPheEpcZGJ6jgB3BDSmM-vvrJzuaifITgnxwHsP_xZr9jiWNeJhJm9IQuiyMz0I8jkNZLsiflrQbMukSdLePmlvPsJl2ksHZatXmBOx2iVgdOO1wYN5UC5MpHHTN2ftfj_8vxXEjPKK5PdHe5XRgvS67p8oiMA3EdhmluComeG9P8fN4a856fBUl3RZVXF4WpOEAokLHfv64c4Bs5d-xQduXVQM0QQiyfRLYylKQHcSX_gASdFkqzr179_MSkP0FQ6PmDlOETA_upbEKFNjzmB_B9RreeZcW_rBwrtqL8PPjslx0nMs3t1FVlmax8W-REvE_xlwHXzswQUNykDhb-PERaf9qI9M9IZIFcFzy1ar5n0auIn_H2Wwd0lir3kM_BGR60s1LyLEpIvcmxxJ1zeRaT4D6PsPUhagUqK8no6CvArVLJNN3ks2OqSGJp3E0aBTpQKfiygbx_Np1rMTLFWP6bt9GRevfoRxUU0erAHWcb0gUJuzGtNrFl0S2Wm1KBOxnbYOlHfa5L2diLOKF90Qib1jJOkdZZWc8HZbKePShwJwn0pE9u9Ht-5byYm4VWcDw9ETjbkt4mzUTkgTjvMjgbg_CYzjVL9X1GdjVVoGXev0Gzy81WChzDygPtqWX38-jxKLbiwBrs1olLBcpXMfmhlOb8fE6DX2d8lBfmeFZZ91mpv_dgwnAnfgMeNknjcjIJViGi6X1yiZIboW9FKh-Qwn8X88YPJZ9A7k1dbw6P2_aBYFeXdsQ-sWYYnbufJVYASPtNfSBOoifxXLmr8T6OfCJtk2NbjqT-PW-EvBilItT2O8CL_KXUHCObb_g42QyAGGLjeoMavgTa3a9qaa9q-M6F_XXRpVY_utkE468L9lwX8Ry2O5h028MsPiWTrNgBR3vq8VXdYY66ezbycuUpHaCDIYqRqdaNuu6HCeYN6jlcfa43P4HhP2buyRgqGHfexqfHdSscOohQCcaYda82pazRWUE5xmafVu0ybHHq0Y4Hapuabw-iMzLV6_yWrKyyhdRq8h0Muw_h6qETDIYuPNYvi9EnQBjm-vMWFgQTCZo6lA7NJ_6qXGdyRfZFOL49IeQPikiRAeTR8GhAYNzqJWxeSXrzKHsQf5Z2rHalapIEnN5oNGOunJJqfvjkZKrW_5JTqrCLlQzfG0ZF4bPTIXcfjq456kAqZsYQqyT_K_zvTiIwhddiJwz4hoJVzZbdYDqQnRKjTjZY-MS6X2V9cPuY5-hJyS8TkXpcOn7XwGodWhHfVD8Ceu4faBcnKSV6kx5aDzGa1q_3DgLGA-AuR5gbjVDSXAU-VSpndGMFW4WOk8_xpJ7Y0o805ZMoOd5IbeGVTlgrml2CVZz7F7qYrRIA


5/11/23, 8:16 PM VHDL Programming for Sequential Circuits

https://www.tutorialspoint.com/vlsi_design/vhdl_programming_for_sequential_circuits.htm 2/7

 
architecture virat of Dl is 
   signal s1,r1:bit; 
begin 
   q<= d nand qbar; 
   qbar<= d nand q; 
end virat; 

Waveforms

VHDL Code for an SR Flip Flop

library ieee; 
use ieee.std_logic_1164.all;
  
entity srflip is 
   port(r,s,clk:in bit; q,qbar:buffer bit); 
end srflip;
  
architecture virat of srflip is 
   signal s1,r1:bit; 
begin 
   s1<=s nand clk; 
   r1<=r nand clk;
   q<= s1 nand qbar;
   qbar<= r1 nand q;
end virat;    

Waveforms
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VHDL code for a JK Flip Flop

library IEEE; 
use IEEE.STD_LOGIC_1164.all;  

entity jk is 
   port(
      j : in STD_LOGIC; 
      k : in STD_LOGIC; 
      clk : in STD_LOGIC; 
      reset : in STD_LOGIC; 
      q : out STD_LOGIC; 
      qb : out STD_LOGIC 
   ); 
end jk;
  
architecture virat of jk is 
begin 
   jkff : process (j,k,clk,reset) is 
   variable m : std_logic := '0'; 
   
   begin 
      if (reset = '1') then 
         m : = '0'; 
      elsif (rising_edge (clk)) then 
         if (j/ = k) then
            m : = j; 
         elsif (j = '1' and k = '1') then 
            m : = not m; 
         end if; 
      end if; 
      
      q <= m; 
      qb <= not m; 
   end process jkff; 
end virat;

Waveforms
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VHDL Code for a D Flip Flop

Library ieee; 
use ieee.std_logic_1164.all;  

entity dflip is 
   port(d,clk:in bit; q,qbar:buffer bit); 
end dflip; 
 
architecture virat of dflip is 
   signal d1,d2:bit; 
begin 
   d1<=d nand clk; 
   d2<=(not d) nand clk; 
   q<= d1 nand qbar; 
   qbar<= d2 nand q; 
end virat;

Waveforms

VHDL Code for a T Flip Flop

library IEEE; 
use IEEE.STD_LOGIC_1164.all;  

entity Toggle_flip_flop is 
   port( 
      t : in STD_LOGIC; 
      clk : in STD_LOGIC; 
      reset : in STD_LOGIC; 
      dout : out STD_LOGIC
   ); 
end Toggle_flip_flop;  

architecture virat of Toggle_flip_flop is 
begin 
   tff : process (t,clk,reset) is 
   variable m : std_logic : = '0'; 
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   begin 
      if (reset = '1') then 
         m : = '0'; 
      elsif (rising_edge (clk)) then 
         if (t = '1') then 
            m : = not m;        
         end if; 
      end if; 
      dout < = m; 
   end process tff; 
end virat; 

Waveforms

VHDL Code for a 4 - bit Up Counter

library IEEE; 
use ieee.std_logic_1164.all; 
use ieee.std_logic_unsigned.all;
  
entity counter is 
   port(Clock, CLR : in std_logic; 
      Q : out std_logic_vector(3 downto 0)
   ); 
end counter;  

architecture virat of counter is 
   signal tmp: std_logic_vector(3 downto 0); 
begin 
   process (Clock, CLR) 
   
   begin 
      if (CLR = '1') then 
         tmp < = "0000"; 
      elsif (Clock'event and Clock = '1') then 
         mp <= tmp + 1; 
      end if; 
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   end process; 
   Q <= tmp; 
end virat;

Waveforms

VHDL Code for a 4-bit Down Counter

library ieee; 
use ieee.std_logic_1164.all; 
use ieee.std_logic_unsigned.all;
  
entity dcounter is 
   port(Clock, CLR : in std_logic; 
      Q : out std_logic_vector(3 downto 0)); 
end dcounter; 
 
architecture virat of dcounter is 
   signal tmp: std_logic_vector(3 downto 0); 

begin 
   process (Clock, CLR) 
   begin 
      if (CLR = '1') then 
         tmp <= "1111"; 
      elsif (Clock'event and Clock = '1') then 
         tmp <= tmp - 1; 
      end if; 
   end process; 
   Q <= tmp; 
end virat;
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Waveforms


