
module addbit(
a,
b,
ci,
sum,
co

);

input a;
input b;
input ci;

output sum;
output co;

wire a;
wire b;
wire ci;
wire sum;
wire co;

assign {co,sum} = a + b + ci;

endmodule;





module adder(
result,
carry,
r1,
r2,
ci

);

input [3:0] r1;
input [3:0] r2;
input ci;

output [3:0] result;
output carry;

wire [3:0] r1;
wire [3:0] r2;
wire ci;
wire [3:0] result;
wire carry;

wire c1;
wire c2;
wire c3;

addbit u0(r1[0],r2[0],ci,result[0],c1);
addbit u1(r1[1],r2[1],c1,result[1],c2);
addbit u2(r1[2],r2[2],c2,result[2],c3);
addbit u3(r1[3],r2[3],c3,result[3],carry);

endmodule;



module tb();

reg [3:0] r1, r2;
reg ci;
wire [3:0] result;
wire carry;

initial begin

// Dump waves
$dumpfile("dump.vcd");
$dumpvars(1);

$display("time\t r1 r2 ci result carry");

$monitor("%g %b %b %b %b %b",
$time, r1, r2, ci, result, carry);

r1 = 0;
r2 = 0;
ci = 0;
#10 r1 = 10;
#10 r2 = 2;
#10 ci = 1;
#10
$finish;

end

adder U(result,carry,r1,r2,ci);

endmodule



time r1 r2 ci result carry

0 0000 0000 0 0000 0
10 1010 0000 0 1010 0
20 1010 0010 0 1100 0
30 1010 0010 1 1101 0



time r1 r2 ci result carry

0 0000 0000 0 0000 0
10 1010 0000 0 1010 0
20 1010 0110 0 0000 1
30 1010 0110 1 0001 1



module mux_4_to_1(
out,
i0,
i1,
i2,
i3,
s0,
s1

);

output out;
input i0, i1, i2, i3;
input s0, s1;

wire out;
wire i0, i1, i2, i3;
wire s0, s1;

assign out = s1 ? (s0 ? i3 : i2) : (s0 ? i1 : i0);  

endmodule



module tb_mux();

reg [3:0] i;
reg [1:0] s;
wire out;

initial begin

// Dump waves
$dumpfile("dump.vcd");
$dumpvars(1);

$display("time\t i s result");

$monitor("%g %b %b %b",
$time, i, s, out);

i = 4’b0000;
s = 2’b00;
#10 i = 4’b0001;
#10 s = 2’b01;
#10 i = 4’b0011;
#10 s = 2’b10;
#10 i = 4’b0111;
#10 s = 2’b11;
#10 i = 4’b1111;
#10
$finish;

end

mux_4_to_1 U(out,i[0],i[1],i[2],i[3],s[0],s[1]);

endmodule





module FJKRSE(J,K,Clk,R,S,CE,Qout);

input J,K;  //inputs
input Clk;  //Clock
input R;    //synchronous reset (R) 
input S; //synchronous set (S)
input CE; //clock enable (CE) 
output Qout;  //data output (Q)

//Internal variable
reg Qout;

always@ (posedge(Clk))  //Everything is synchronous to positive edge of clock
begin

if(R == 1) //reset has highest priority.
Qout = 0;

else    
if(S == 1)  //set has next priority

Qout = 1;
else

if(CE == 1) //J,K values are considered only when CE is ON.
if(J == 0 && K == 0)    

Qout = Qout; //no change
else if(J == 0 && K == 1)

Qout = 0;  //reset
else if(J == 1 && K == 0)

Qout = 1;  //set
else

Qout = ~Qout;  //toggle
else

Qout = Qout; //no change
end

endmodule



module tb_jkff;

// Inputs
reg J;
reg K;
reg Clk;
reg R;
reg S;
reg CE;

// Outputs
wire Qout;

// Instantiate the Unit Under Test (UUT)
FJKRSE uut (

.J(J), 

.K(K), 

.Clk(Clk), 

.R(R), 

.S(S), 

.CE(CE), 

.Qout(Qout)
);

initial begin

$dumpfile("jkff.vcd");  
$dumpvars(1); 

// Initialize Inputs
Clk = 0;
J = 0;
K = 0;
R = 0;
S = 0;
CE = 0;
#3;
//Apply inputs
R = 1;  #5;
R = 0;
S = 1;  #5;
S = 0;
J = 1;  K = 1;  #5;
CE = 1; #5;
J = 0;  K = 0;  #5;
J = 0;  K = 1;  #5;
J = 1;  K = 0;  #5;
J = 1;  K = 1;  #5;
CE = 0;
$finish;

end

always begin
#2 Clk = ~Clk;

end

endmodule





module first_counter (
clock,
reset,
enable,
counter_out

);

input clock;
input reset;
input enable;

output [3:0] counter_out;

wire clock;
wire reset;
wire enable;
reg [3:0] counter_out;

always @ (posedge clock)

begin: COUNTER

if (reset == 1'b1) begin
counter_out <= #1 4'b0000;

end

else if (enable == 1'b1) begin
counter_out <= #1 counter_out+1;

end

end

endmodule



module first_counter_tb();

reg clock, reset, enable;
wire [3:0] counter_out;

initial begin

// Dump waves
$dumpfile("dump.vcd");
$dumpvars(1);

$display("time\t clk reset enable counter");

$monitor("%g %b %b %b %b",
$time, clock, reset, enable, counter_out);

clock = 1;
reset = 0;
enable = 0;
#5 reset = 1;
#10 reset = 0;
#5 enable = 1;
#200 enable = 0;
#10 $finish;

end

always begin
#5 clock = ~clock;

end

first_counter U_counter(
clock,
reset,
enable,
counter_out

);

endmodule









module vend(coin, clock, reset, newspaper);

// port declarations
input [1:0] coin;
input clock;
input reset;
output newspaper;

wire newspaper;

// internal FSM declarartions
wire [1:0] NEXT_STATE;
reg [1:0] PRES_STATE;

// state encodings
parameter s0 = 2'b00;
parameter s5 = 2'b01;
parameter s10 = 2'b10;
parameter s15 = 2'b11;

function [2:0] fsm;
input [1:0] fsm_coin;
input [1:0] fsm_PRES_STATE;

reg fsm_newspaper;
reg [1:0] fsm_NEXT_STATE;

begin
case (fsm_PRES_STATE)

s0:
begin

if (fsm_coin == 2'b10)
begin

fsm_newspaper = 1'b0;
fsm_NEXT_STATE = s10;

end
else if (fsm_coin == 2'b01)

begin
fsm_newspaper = 1'b0;
fsm_NEXT_STATE = s5;

end
else

begin
fsm_newspaper = 1'b0;
fsm_NEXT_STATE = s0;

end
end

s5:
begin

if (fsm_coin == 2'b10)
begin

fsm_newspaper = 1'b0;
fsm_NEXT_STATE = s15;

end
else if (fsm_coin == 2'b01)

begin
fsm_newspaper = 1'b0;
fsm_NEXT_STATE = s10;

end
else

begin
fsm_newspaper = 1'b0;
fsm_NEXT_STATE = s5;

end
end

s10:
begin

if (fsm_coin == 2'b10)
begin

fsm_newspaper = 1'b0;
fsm_NEXT_STATE = s15;

end
else if (fsm_coin == 2'b01)

begin
fsm_newspaper = 1'b0;
fsm_NEXT_STATE = s15;

end
else

begin
fsm_newspaper = 1'b0;
fsm_NEXT_STATE = s10;

end
end

s15:
begin

fsm_newspaper = 1'b1;
fsm_NEXT_STATE = s0;

end

endcase

fsm = {fsm_newspaper, fsm_NEXT_STATE};

end

endfunction

assign {newspaper, NEXT_STATE} = fsm(coin, PRES_STATE);

always @(posedge clock)
begin

if (reset == 1'b1)
PRES_STATE <= s0;

else
PRES_STATE <= NEXT_STATE;

end

endmodule



module tb_vend;

reg clock;
reg [1:0] coin;
reg reset;
wire newspaper;

vend U(coin, clock, reset, newspaper);

initial
begin
$dumpfile("dump.vcd");
$dumpvars(1);
$display("\t \tTime Reset Newspaper\n");
$monitor("%d %d %d", $time, reset, newspaper);

end

initial 
begin
clock = 0;
coin = 0;
reset = 1;
#50 reset = 0;

@(negedge clock);

//put in 3 nickels to get newspaper
#80 coin = 1; #40 coin = 0;
#80 coin = 1; #40 coin = 0;
#80 coin = 1; #40 coin = 0;

//put in 1 nickel then 1 dime
#180 coin = 1; #40 coin = 0;
#80 coin = 2; #40 coin = 0;

//put in 2 dimes
#180 coin = 2; #40 coin = 0;
#80 coin = 2; #40 coin = 0;

//put in 1 dime then 1 nickel
#180 coin = 2; #40 coin = 0;
#80 coin = 1; #40 coin = 0;

#80 $finish;
end

always
begin
#20 clock = ~clock;

end
endmodule
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Electrical Characteristics (continued)
The following specifications apply for AGND = DGND = 0 V, fSCLK = 0.8 MHz to 3.2 MHz, fSAMPLE = 50 ksps to 200 ksps, CL =
50 pF, unless otherwise noted. Maximum and minimum limits apply for TA = TMIN to TMAX: all other limits TA = 25°C.(1)

PARAMETER TEST CONDITIONS MIN TYP MAX(2) UNIT

AC ELECTRICAL CHARACTERISTICS

fSCLKMIN Minimum clock frequency VA = VD = 2.7 V to 5.25 V 0.8 MHz

fSCLK Maximum clock frequency VA = VD = 2.7 V to 5.25 V 16 3.2 MHz

50 ksps
fS Sample rate continuous mode VA = VD = 2.7 V to 5.25 V 1000 200 ksps

tCONVERT Conversion (hold) time VA = VD = 2.7 V to 5.25 V 13 SCLK cycles

40% 30%
DC SCLK duty cycle VA = VD = 2.7 V to 5.25 V 70% 60%

tACQ Acquisition (track) time VA = VD = 2.7 V to 5.25 V 3 SCLK cycles

Acquisition time + conversion timeThroughput time 16 SCLK cyclesVA = VD = 2.7 V to 5.25 V

tAD Aperture delay VA = VD = 2.7 V to 5.25 V 4 ns

6.6 Timing Specifications
The following specifications apply for VA = VD = 2.7 V to 5.25 V, AGND = DGND = 0 V, fSCLK = 0.8 MHz to 3.2 MHz, fSAMPLE =
50 ksps to 200 ksps, and CL = 50 pF. Maximum and minimum limits apply for TA = TMIN to TMAX: all other limits TA = 25°C.

PARAMETER TEST CONDITIONS MIN NOM MAX(1) UNIT
tCSH CS hold time after SCLK rising edge 10 0 ns
tCSS CS set-up time prior to SCLK rising edge 10 4.5 ns
tEN CS falling edge to DOUT enabled 5 30 ns
tDACC DOUT access time after SCLK falling edge 17 27 ns
tDHLD DOUT hold time after SCLK falling edge 4 ns
tDS DIN set-up time prior to SCLK rising edge 10 3 ns
tDH DIN hold time after SCLK rising edge 10 3 ns
tCH SCLK high time 0.4 × tSCLK ns
tCL SCLK low time 0.4 × tSCLK ns

DOUT falling 2.4 20 ns
tDIS CS rising Edge to DOUT high-impedance

DOUT rising 0.9 20 ns

(1) Data sheet min/max specification limits are specified by design, test, or statistical analysis.

Figure 1. ADC128S022 Operational Timing Diagram
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module ADC_CTRL(iRST,iCLK,iCLK_n,iGO,iCH,oLED,oDIN,oCS_n,oSCLK,iDOUT);

input iRST;
input iCLK;
input iCLK_n;
input iGO;
input [2:0] iCH;
input iDOUT;

output [7:0] oLED;
output oDIN;
output oCS_n;
output oSCLK;

reg data;
reg go_en;
wire [2:0] ch_sel;
reg sclk;
reg [3:0] cont;
reg [3:0] m_cont;
reg [11:0] adc_data;
reg [7:0] led;

assign oCS_n = ~go_en;
assign oSCLK = (go_en) ? iCLK:1;
assign oDIN = data;
assign ch_sel = iCH;
assign oLED = adc_data[11:4]; 
//assign oLED = led;

always @(posedge iGO or negedge iRST)
begin

if(!iRST)
go_en <= 0;

else
begin

if(iGO)
go_en <= 1;

end
end

always @(posedge iCLK or negedge go_en)
begin

if(!go_en)
cont <= 0;

else
begin

if(iCLK)
cont <= cont+1;

end
end

always @(posedge iCLK_n)
begin

if(iCLK_n)
m_cont <= cont;

end

always @(posedge iCLK_n or negedge go_en)
begin

if(!go_en)
begin

data <= 0;
end

else
begin

if(iCLK_n)
begin

if(cont == 2)
data <= ch_sel[2];

else if(cont ==3)
data <= ch_sel[1];

else if(cont == 4)
data <= ch_sel[0];

else
data <= 0;

end
end

end

always @(posedge iCLK or negedge go_en)
begin

if(!go_en)
begin

adc_data <= 0;
end

else
begin

if(iCLK)
begin

if (m_cont == 4)
adc_data[11] <= iDOUT;

else if (m_cont == 5)
adc_data[10] <= iDOUT;

else if (m_cont == 6)
adc_data[9] <= iDOUT;

else if (m_cont == 7)
adc_data[8] <= iDOUT;

else if (m_cont == 8)
adc_data[7] <= iDOUT;

else if (m_cont == 9)
adc_data[6] <= iDOUT;

else if (m_cont == 10)
adc_data[5] <= iDOUT;

else if (m_cont == 11)
adc_data[4] <= iDOUT;

else if (m_cont == 12)
adc_data[3] <= iDOUT;

else if (m_cont == 13)
adc_data[2] <= iDOUT;

else if (m_cont == 14)
adc_data[1] <= iDOUT;

else if (m_cont == 15)
adc_data[0] <= iDOUT;
//led <= adc_data[11:4];
//else if (m_cont == 1);
//led <= adc_data[11:4];

end
end

end
endmodule



module ADC_tb();

reg iRST;
reg iCLK;
reg iCLK_n;
reg iGO;
reg [2:0] iCH;
reg iDOUT;

wire [7:0] oLED;
wire oDIN;
wire oCS_n;
wire oSCLK;

ADC_CTRL U(iRST,iCLK,iCLK_n,iGO,iCH,oLED,oDIN,oCS_n,oSCLK,iDOUT);

initial
begin

$dumpfile("dump.vcd");
$dumpvars(1);

end

initial 
begin

iCLK = 0;
iCLK_n = 1;
iRST = 1;
iGO = 0;
iCH = 3'b101;
iDOUT = 1; 
#10 iRST = 0;
#10 iRST = 1;
#10 iGO = 1;
#350
iDOUT = 0;
#350 $finish;

end

always
begin

#10 iCLK = ~iCLK;
iCLK_n = ~iCLK_n;

end
endmodule





module unsig_altmult_accum(

input [7:0] dataa,
input [7:0] datab,
input clk, aclr, clken, sload,
output reg [15:0] adder_out

);

// Declare registers and wires
reg [15:0] dataa_reg, datab_reg;
reg sload_reg;
reg [15:0] old_result;
wire [15:0] multa;

// Store the results of the operations on the current data
assign multa = dataa_reg * datab_reg;

// Store the value of the accumulation (or clear it)
always @ (adder_out, sload_reg)
begin

if (sload_reg)
old_result <= 0;

else
old_result <= adder_out;

end

// Clear or update data, as appropriate
always @ (posedge clk or posedge aclr)
begin

if (aclr)
begin

dataa_reg <= 0;
datab_reg <= 0;
sload_reg <= 0;
adder_out <= 0;

end
else if (clken)
begin

dataa_reg <= dataa;
datab_reg <= datab;
sload_reg <= sload;
adder_out <= old_result + multa;

end
end

endmodule


