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Behavioral Design & Verification 
(mostly technology-independent) 
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ADVance MS Simulation System 
 Questa ADMS “kernel” supports: 
 VHDL & Verilog: digital (via ModelSim/Questa Sim) 
 VHDL-AMS & Verilog-AMS: analog/mixed signal 
 Eldo/SPICE (&RF): analog (via Eldo) 
 ADiT/SPICE: high-speed analog/timing 
 

 Invoke stand-alone or from Design Architect-IC 
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Example: 4-bit binary counter 

 VHDL model (count4.vhd) 
 Create working library:  vlib work 
                                     vmap work work 
 Compile: vcom count4.vhd 
 Simulate: vsim count4(rtl) 

 ModelSim simulation-control inputs 
 ModelSim “Macro” (count4_rtl.do) 
 OR, VHDL testbench 

 ModelSim results 
 listing or waveform 



-- count4.vhd     4-bit parallel-load synchronous counter 
LIBRARY ieee; 
USE ieee.std_logic_1164.all;   USE ieee.numeric_std.all; 
ENTITY count4 IS 
   PORT (clock,clear,enable,load_count : IN STD_LOGIC; 
          D: IN  unsigned(3 downto 0); 
               Q: OUT unsigned(3 downto 0)); 
END count4; 
ARCHITECTURE rtl OF count4 IS 
       SIGNAL int : unsigned(3 downto 0); 
BEGIN 
    PROCESS(clear, clock) 
    BEGIN  
         IF (clear = '1') THEN  
               int <= "0000"; 
         ELSIF (clock'EVENT AND clock='1') THEN  
               IF (enable = '1') THEN  
              IF (load_count = '1') THEN 
                    int <= D; 
              ELSE 
                          int <= int + "01"; 
                    END IF; 
               END IF; 
        END IF; 
   END PROCESS;  
   Q <= int; 
END rtl; 



Modelsim “do” file: count4_rtl.do 

add wave /clock /clear /enable /load_count /D /Q 
add list /clock /clear /enable /load_count /D /Q 
force /clock 0 0, 1 10 -repeat 20 
force /clear 0 0, 1 5, 0 10 
force /enable 0 0, 1 25 
force /load_count 0 0, 1 20, 0 35, 1 330, 0 350 
force /D 10#5 0, 10#9 300 
run 400 
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Post-synthesis simulation (1) 

 Compile the ADK standard cell library 
1. Create an adk library:  vlib adk 
       Optional: Map this to “work” to compile the adk files:   

 vmap work adk 
2. Compile the cell models:  
 vcom $ADK/technology/adk.vhd –work adk 
3. Compile the ADK components declaration package:  
 vcom $ADK/technology/adk_comp.vhd –work adk 
4. Remap “work” & “adk” logical names:   
  vmap work work 
  vmap adk adk 



Post-synthesis simulation (2) 
 Edit the synthesized VHDL netlist file (count4_0.vhd) to 

include the package of component declarations: 
 

-- Definition of  count4 
--      Thu Sep 21 10:48:09 2006 
--      LeonardoSpectrum Level 3, 2005a.82 
--  
library IEEE; 
use IEEE.STD_LOGIC_1164.all; 
library adk;      -- add these two lines 
use adk.adk_components.all;      
 
entity count4 is 
   port (….. 

 



Post-synthesis simulation (3) 
 Compile the VHDL netlist:  
  vcom count4_0.vhd 
 Simulate the model: 
  vsim count4 –do count4.do 
    (count4.do is the “force file” used earlier for the behavioral model) 

 
 Verify that the synthesized circuit produces the same 

results as the behavioral circuit 



Leonardo-synthesized netlist  count4_0.vhd 
library IEEE; use IEEE.STD_LOGIC_1164.all; 
library adk;  use adk.adk_components.all;     -- ADDED BY VPN 
entity count4 is 
   port ( 
      clock : IN std_logic ;  clear : IN std_logic ;  enable : IN std_logic ;  load_count : IN std_logic ; 
      D : IN std_logic_vector (3 DOWNTO 0) ;  Q : OUT std_logic_vector (3 DOWNTO 0)) ; 
end count4 ; 
 
architecture netlist of count4 is       -- rtl changed to netlist by VPN 
   signal Q_3_EXMPLR, Q_2_EXMPLR, Q_1_EXMPLR, Q_0_EXMPLR, nx8, nx14, nx22,  
            nx28, nx48, nx54, nx62, nx126, nx136, nx146, nx156, nx169, nx181,  
            nx183, nx185, nx187, nx189: std_logic ; 
 
 
 
 
 
(continue next slide) 



Leonardo-synthesized netlist  count4_0.vhd 
begin 
   Q(3) <= Q_3_EXMPLR ;  Q(2) <= Q_2_EXMPLR ;  Q(1) <= Q_1_EXMPLR ;   Q(0) <= Q_0_EXMPLR ; 
   Q_0_EXMPLR_EXMPLR : dffr port map ( Q=>Q_0_EXMPLR, QB=>OPEN, D=>nx126,  CLK=>clock, R=>clear); 
   ix127 : mux21_ni port map ( Y=>nx126, A0=>Q_0_EXMPLR, A1=>nx8, S0=>enable   ); 
   ix9 :     oai21 port map ( Y=>nx8, A0=>load_count, A1=>Q_0_EXMPLR, B0=>nx169   ); 
   ix170 : nand02 port map ( Y=>nx169, A0=>D(0), A1=>load_count); 
   Q_1_EXMPLR_EXMPLR : dffr port map ( Q=>Q_1_EXMPLR, QB=>OPEN, D=>nx136,       CLK=>clock, R=>clear); 
   ix137 : mux21_ni port map ( Y=>nx136, A0=>Q_1_EXMPLR, A1=>nx28, S0=>      enable); 
   ix29 :   ao22 port map ( Y=>nx28, A0=>D(1), A1=>load_count, B0=>nx14, B1=>      nx22); 
   ix15 :   or02 port map ( Y=>nx14, A0=>Q_0_EXMPLR, A1=>Q_1_EXMPLR); 
   ix23 :   aoi21 port map ( Y=>nx22, A0=>Q_1_EXMPLR, A1=>Q_0_EXMPLR, B0=> load_count); 
   Q_2_EXMPLR_EXMPLR : dffr port map ( Q=>Q_2_EXMPLR, QB=>OPEN, D=>nx146,   CLK=>clock, R=>clear); 
   ix147 : mux21_ni port map ( Y=>nx146, A0=>Q_2_EXMPLR, A1=>nx48, S0=> enable); 
   ix49 :   oai21 port map ( Y=>nx48, A0=>nx181, A1=>nx183, B0=>nx189); 
   ix182 : aoi21 port map ( Y=>nx181, A0=>Q_1_EXMPLR, A1=>Q_0_EXMPLR, B0=> Q_2_EXMPLR); 
   ix184 : nand02 port map ( Y=>nx183, A0=>nx185, A1=>nx187); 
   ix186 : inv01 port map ( Y=>nx185, A=>load_count); 
   ix188 : nand03 port map ( Y=>nx187, A0=>Q_2_EXMPLR, A1=>Q_1_EXMPLR, A2=> Q_0_EXMPLR); 
   ix190 : nand02 port map ( Y=>nx189, A0=>D(2), A1=>load_count); 
   Q_3_EXMPLR_EXMPLR : dffr port map ( Q=>Q_3_EXMPLR, QB=>OPEN, D=>nx156, CLK=>clock, R=>clear); 
   ix157 : mux21_ni port map ( Y=>nx156, A0=>Q_3_EXMPLR, A1=>nx62, S0=> enable); 
   ix63 :   mux21_ni port map ( Y=>nx62, A0=>nx54, A1=>D(3), S0=>load_count); 
   ix55 :   xnor2 port map ( Y=>nx54, A0=>Q_3_EXMPLR, A1=>nx187); 
end netlist ; 



// Verilog description for cell count4,  LeonardoSpectrum Level 3, 2005a.82  
 
module count4 ( clock, clear, enable, load_count, D, Q ) ; 
    input clock ; 
    input clear ; 
    input enable ; 
    input load_count ; 
    input [3:0]D ; 
    output [3:0]Q ; 
 
    wire nx8, nx14, nx22, nx28, nx48, nx54, nx62, nx126, nx136, nx146; 
    wire nx156, nx169, nx181, nx183, nx185, nx187, nx189; 
    wire [3:0] \$dummy ; 
 



// Verilog description for cell count4,  LeonardoSpectrum Level 3, 2005a.82  
 

    dffr Q_0__rename_rename (.Q (Q[0]), .QB (\$dummy [0]), .D (nx126), .CLK (clock), .R (clear)) ; 
    mux21_ni ix127 (.Y (nx126), .A0 (Q[0]), .A1 (nx8), .S0 (enable)) ; 
    oai21 ix9 (.Y (nx8), .A0 (load_count), .A1 (Q[0]), .B0 (nx169)) ; 
    nand02 ix170 (.Y (nx169), .A0 (D[0]), .A1 (load_count)) ; 
    dffr Q_1__rename_rename (.Q (Q[1]), .QB (\$dummy [1]), .D (nx136), .CLK (clock), .R (clear)) ; 
    mux21_ni ix137 (.Y (nx136), .A0 (Q[1]), .A1 (nx28), .S0 (enable)) ; 
    ao22 ix29 (.Y (nx28), .A0 (D[1]), .A1 (load_count), .B0 (nx14), .B1 (nx22) ) ; 
    or02 ix15 (.Y (nx14), .A0 (Q[0]), .A1 (Q[1])) ; 
    aoi21 ix23 (.Y (nx22), .A0 (Q[1]), .A1 (Q[0]), .B0 (load_count)) ; 
    dffr Q_2__rename_rename (.Q (Q[2]), .QB (\$dummy [2]), .D (nx146), .CLK (clock), .R (clear)) ; 
    mux21_ni ix147 (.Y (nx146), .A0 (Q[2]), .A1 (nx48), .S0 (enable)) ; 
    oai21 ix49 (.Y (nx48), .A0 (nx181), .A1 (nx183), .B0 (nx189)) ; 
    aoi21 ix182 (.Y (nx181), .A0 (Q[1]), .A1 (Q[0]), .B0 (Q[2])) ; 
    nand02 ix184 (.Y (nx183), .A0 (nx185), .A1 (nx187)) ; 
    inv01 ix186 (.Y (nx185), .A (load_count)) ; 
    nand03 ix188 (.Y (nx187), .A0 (Q[2]), .A1 (Q[1]), .A2 (Q[0])) ; 
    nand02 ix190 (.Y (nx189), .A0 (D[2]), .A1 (load_count)) ; 
    dffr Q_3__rename_rename (.Q (Q[3]), .QB (\$dummy [3]), .D (nx156), .CLK (clock), .R (clear)) ; 
    mux21_ni ix157 (.Y (nx156), .A0 (Q[3]), .A1 (nx62), .S0 (enable)) ; 
    mux21_ni ix63 (.Y (nx62), .A0 (nx54), .A1 (D[3]), .S0 (load_count)) ; 
    xnor2 ix55 (.Y (nx54), .A0 (Q[3]), .A1 (nx187)) ; 
endmodule 
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