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Abstract We have proposed a topdown design from RTL to layout using Verilog HDL. Target is a 32-bit RISC processor.
The processor is a core of system LSI and a model for education. The design covers (1) HDL description of data path and
control unit, (2) Test bench description, (3) Simulation (4) Logic synthesis, and (5) Place and route for FPGA.
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(1) vozr¥
(2) ALU module register32 (d, rl, r2, w, RegWrite, ck,
(3) MmES res, ql, q2);
(4) BERER
(8) 7marorhvr¥ input [31:0] d;
(6) Y7 % input [4:0] rl, r2, w;
(7)) =AFFL 7% (58 b, 328> ) input RegWrite;
HIBER - input ck, res;
(8) E#Hl==v bk output [31:01 = gl, q2;
(9) ALUHI# == > b reg  [31:0] regf [0:31];
integer i;

FaEgEREREOS L, LB ERO DL ERE

TR T,

always @(posedge ck) begin
if (res == 1’b0)



for (1 =0; 1 <32; 1i=1+1)
regf{i] <= 32°h00000000; /*U & v h*/

always @(a or b or opcode) begin

case (opcode)

else if (RegWrite == 1'bl) AND : g <= a & b;

if (w!=5"b0) /%0 FEHITITE XA ES/ TOR i oq<=alb;

regflw] <= d; /% X R Frx/ “add 1 g <= a + b;
end “sub @ q <= a - b;

“slt ¢ q <= slt_q(a, b);
assign gl = regfirl], /% e A H L o*/ default:q (=32’ hXXXXXXXX}
a2 = regf(r2]; endcase
endmodule end
2. 2 ALU /%8 v HRE*/
assign zero = "|q;
endmodule
opcode

LMl = b
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/*ALU @ HDL ik */
/¥ 7 0k DERS

“define AND 3’ b000 2.3 FH#Hz=v b0 ALK

“define OR 3’ b001

“define add 3’ b010 2. 3oy yRAArRiZ6y hOAHOp (HRED
“define sub 3’ b110 F~Xa—F) 210y oA (FHEEE) &3
“define slt 3’blll 37a—FEETHD,

uj

module ALU32 (a, b, q, zero, opcode); /¥ = =~ ko HDL Eak*/

input [31:0] a, b; module ctrl_unit(Op, RegDst, ALUsrc, MemtoReg,
input [2:0] opcode; RegWrite, MemRead, MemWrite, Branch, ALUop, Jump);
output zero;
output [31:0] q; input [5:0] Op;
reg [31:0] q; output [1:0] ALUop;
output RegDst, ALUsrc, MemtoReg
/xs1t fin 45 O B #x/ RegWrite, MemRead, MemWrite
function [31:0] slt_qg; Branch, Jump;
input [31:0] a, b; reg [1:0] ALUop;
if (a < b) slt_q = 32°h00000001; reg RegDst, ALUsrc, MemtoReg

else

endfunction

slt_g = 32’ h00000000;

MemRead, MemWrite
Branch, Jump;

RegWrite,



/IS B 0 Rk

always @(Op) begin

/#R JE R/

if ( {op[2], oOp[1], Opl0l} == 3'b000 ) begin
{RegDst, ALUsrc, MemtoReg, RegWrite, MemRead

MemWrite, Branch, ALUop, Jump} <= 10’ b1001000100;

/*beq i1 7 */

end else if ( {0p[2], Op[1], Opl0]} == 3'b100 )

begin

{RegDst, ALUsrc, MemtoReg, RegWrite, MemRead,
MemWrite, Branch, ALUop, Jump} <= 10’ bx0x0001010;

/%3 i/
end else if ( {0p[2], Op[1], Opl[0l} == 3°bO10 )
begin
{RegDst, ALUsrc, MemtoReg, RegWrite, MemRead,
MemWrite, Branch, ALUop, Jump} <= 10’ bxxx000xxx1;

/#1w T/

end else if ( {Op[5], Op[31} == 2"b10 )

begin

{RegDst, ALUsrc, MemtoReg, RegWrite, MemRead
MemWrite, Branch, ALUop, Jump} <= 10’ b0111100000;

Jrsw A/

end else if ( {0p[5], Op[3]} == 2°bl11 )

begin

{RegDst, ALUsrc, MemtoReg, RegWrite, MemRead
MemWrite, Branch, ALUop, Jump} <= 10’ bx1x0010000;

/%% D Hx/
end else begin
{RegDst, ALUsrc, MemtoReg, RegWrite, MemRead
MemWrite, Branch, ALUop, Jump} <= 10’ bXXXXXXXXXX}
end
end
endmodule
(2) ALUHI 2= v b
(i) #ae
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/*CPU @ HDL i/

module KOA (ck, res, pc_out, id, ALU_out, w_data,
yv_data, MemRead, MemWrite);

input ck, res;

input [31:0] 1id, r_data;

output [31:0] pc_out, w_data, ALU_out;

output MemRead, MemWrite;

wire wl, w2, w3, w4, w6, w7, wl6, wl7;

wire [1:0]  w5;

wire [2:0]  wl4;

wire [4:0] w83

wire  [27:0] w20;

wire [31:01 w9, wl0, wll, w12, w13, wl5, wl8
wl9, w21,w22;

w3 & wl6;
{w19[29:26]1, w20};

assign wll = w_data;

assign wl7

assign w2l
assign wlb = ALU_out;

ctrl_unit i0
(.0p(id[31:26]), .RegDst(wl), . Jump(w2), .Branch
(w3), .MemRead(MemRead), .MemtoReg(w4), .ALUop(w
5), .MemWrite(MemWrite), .ALUsrc(w6), .RegWrite(
w7));

register32 il
(.ck{ck), .res(res), .r1(id[25:21]), .r2(id[20:1

61), .w(w8), .ql(wl0), .qg2(w_data), .RegWrite(w
7, .dw9));
ALU32 i2

(.a{w10), .b(wl3), .zero(wl6), .q(ALU out), .opc
ode (wl4));

ALU_ctrl ’ i3
(. funct (id[5:0]), .opcode(wl4), .ALUop(w5));

add i4 (. a(w19), .b(w22), .q(w18));



sign_extend i5 (. hex(id[15:0]), .extended(w12));
pc2 i6
(.ck(ck), .res(res), .q(pc_out), .1b(wl7), .1j(w
2), .j_addr (w21), .b_addr(w18), .x{(w19));
12_shift2 i7 (.a(id[25:01), .q(w20));

12_shift i8 (.a(wl2), .q(w22));

mux5 i9
(.a(id[20:16)), .b(id[15:111), .s(wl), .x(w8));

mux32 110 (. a(r_data), .b(wl5), .s(w4), .x(w9));
mux32 i1l (.a(wl2), .b(wll), .s(w6), .x(wl3));

endmodule
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