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Two Types of Assignment
Statements in Process

Blocking Assignment with Unspecified Time-delay

target variable name=drive expression;



Two Types of Assignment
Statements in Process

Blocking Assignment with Specified Time-delay

[delay] target variable name=drive
expression;

target variable name= [delay] drive expression;

... //procedural statement ... /procedural statement
Y1l = B*B; Y1 = BA*D;
36 Y2 = A& B | € Y2 = 46 A & E | C;




ssign

(]

ol

= A|E:;

begin

o1

A|B;

assign Q1 = B&C; gl = B&CT; Ql <= B&C;

assign Q1 ~C; 0l = <C ; end Ql <= ~C ; end
begin begin

assign Q1 = A|B: 0l = A|B; Ql <= A|B:;

assign Q1 = B&C; Ql = B&C; Ql <= B&C;

assign Q1 ~C; 0l = <@ ; end @l =g s end
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begin begin begin
¥l = #6 A*B; ¥l «=%6 A*B; ¥l = #5 A*B;
Y2 = #4 A|B; Y2 <= #4 A|B; Y2 <= #3 A|B;
¥3 = #7 B&B; Y3 <= #7 B&B; Y3 <= #2 A&B;
end end ¥4 = #4 (~B); end




module DDF3 (CLK,D,Q);
input CLK,D:; output Q; reg a,b,Q:
always @ (posedge CLEK) begin

a <= D;

b <= a;

Q <= b; end

endmodule

module DFF3({CLK,D,Q);

input CLK,D; output Q;reqg a,b,Q;
always (@ (posedge CLK) begin

= D;

= a;

= b; enid

endmodule
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Figure: The RTL diagram of Example 7-11 after  Figure: The RTL diagram of Example 7-12 after
synthesis synthesis
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Further Discussion of

Different Initialization Ways

module MUX41a(D,S,DOUT); module MUX41a(D,S,DOUT);
output DOUT ; output DOUT ;
input [3:0] D; input [1:0] S; input [3:0] D; input [1:0] S;
integer T; reg DOUT; integer T; reg DOUT;
always @(D,S) always @(D,S)
begin T <= 0; begin T =0;
if (S[0]==1) T<=T+1; if (S[0]==1) T=T+1;
if (S[1]==1) T<=T+2; if (S[1]==1) T=T+2;
case (T) case (T)

0 : DOUT = D[0] ; 0 : DOUT = D[0] ;

1:DOUT =D[1]; 1:DOUT =D[1];

2 : DOUT = D[2]; 2 : DOUT = D[2];

3 : DOUT = D[3]; 3 : DOUT = D[3];
default : DOUT = D[0] ; default : DOUT = D[0] ;
endcase end endcase end

endmodule endmodule
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Figure: The operational timing of Example 7-13
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Figure: The operational timing of Example 7-14
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Discussion of Procedural

Statement

module mux2_1 module COMP(A,B,Q); module COMP(A,B,Q);
(CLK, D, Q, RST); input[3:0] A,B; input[3:0] A,B;
output Q; output Q; reg Q; output Q; reg Q;
input CLK,D,RST; always @(A,B) always @(A,B)
reg Q; begin begin
always @(D, CLK, RST) if(A>B) Q=1'b1; if(A>B) Q=1'b1;
if(CLK) Q <= Dy else else if(A<B) Q=1'b0;
else Q <= RST; if(A<B) Q=1'b0; else Q=1'bz;
endmodule end endmodule end endmodule
CLKED———
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Figure: The RTL diagram of example 7-15
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Figure: The RTL diagram of Example 7-16, and the output port is
added by latch.

Figure 7-7 The circuit of Example 7-17, which
is a pure combinational circuit.




Design of Three-state and
Bidirectional Port

module tri4d4B (ENA,DIN,DOUT);
input ENA;

ENAD_.__mUT[3]"3

input [3:0] DIN ; on JED——y={ >
output [3:0] DOUT ; _£ﬂ$
reg [3:0] DOUT,; O%;L
always @ (DIN,ENA) s P
if (ENA) DOUT <= DIN ; s
else DOUT <= 4'HZ; ey ek
endmodule |

Figure: 4-bit three-state control gate circuit
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module bi4b (TRI PORT, DOUT,DIN, ENA,CTRL);
inout TRI PORT; input DIN, ENA, CTRL;
output DOUT ;
assign TRI PORT = ENA ? DIN : 1'bz;
assign DOUT = TRI PORT | CTRL;
endmodule
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Figure: The RTL diagram of circuit design of 1-bit
bidirectional port in Example 7-19



module BI4B(CTRL,DIN,Q,DOUT);
input CTRL;  input[3:0] DIN;
inout[3:0]Q; output[3:0] DOUT;
reg [3:0] DOUT,Q ;

always @(Q,DIN,CTRL)
if (ICTRL) DOUT<=Q ;
else
begin Q<=DIN; DOUT<=4'HZ; end
endmodule

CTEL

IIH B: o q L
g IR T K
TOUT i z } S

module BI4B(CTRL,DIN,Q,DOUT);
input CTRL;  input[3:0] DIN;
inout[3:0] Q; output[3:0] DOUT;
reg [3:0] DOUT,Q ;

always @(Q,DIN,CTRL)

if ('CTRL) begin DOUT<=Q;

Q<=4'HZ; end else
begin Q<=DIN; DOUT<=4'HZ; end
endmodule
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Figure: The simulation waveform of Example 7-20 Figure: The simulation waveform of Example

7-21



+ DOUT[3]~3
Q[2}$latch :
DIN[3..0]L D e Q CTRL > Q[3~3
CTRLC > ENACLR 10_BUF (TRI) DIN2.. 0> DL
DOUT[2]~2 10_BUF (TFD) 10_BF (TRY) > 0[3. 0]
Q[11$latch Qﬂj Do$]~z
o e a 10_BLF (TRI) P L
ENa DOUT[1 ] 1 10_BUF (TRI} 10 _BUF (TRI)
CLR comb~[3..0] FA\ a1 DOUT[1]~1
s S 00UT[3 0] sl "y oUTE3 0]
Q[0]$latch — b L~
— 10_BUF (TRl 10_BUF (TR 10 _BUF (TRI)
boo@ DOUT[0]~0 =00 0] QR0 DOUT[O0
EMa, %L
LR
BUF (DRECT) | | i
10_BUF (TR 10_BUF (TRI)
10 BLF (TRI)
Q[3]$latch
FRE
ooa
EMA,
oLk

Figure: The RTL diagram of Example 7-20 Figure: The RTL diagram of Example 7-21
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Design of Three-state Bus
Control Circuit

module triBUS4(
IN3,IN2,IN1,INO,ENA,DOUT);
input[3:0] IN3,IN2,IN1,INO ;
input[1:0] ENA;
output[3:0] DOUT;
reg[3:0] DOUT;
always @(ENA,IN3,IN2,IN1,INO)
begin
if (ENA==0) DOUT=IN3;
else DOUT=4'HZ;
if (ENA==1) DOUT=IN2;
else DOUT=4'HZ;
if (ENA==2) DOUT=IN1;
else DOUT=4'HZ;
if (ENA==3) DOUT=INO;
else DOUT=4'HZ;
end
endmodule

module triBUS4(

IN3,IN2,IN1,INO,ENA,DOUT);
input[3:0] IN3,IN2,IN1,INO ;
input[1:0] ENA;
output[3:0] DOUT; reg[3:0]DOUT;
always @(ENA, INO)
if (ENA==2'b00) DOUT=INO;
else DOUT=4'hz;

always @(ENA, IN1)

if (ENA==2'b01) DOUT=IN1;
else DOUT=4'hz;

always @(ENA, IN2)

if (ENA==2'b10) DOUT=IN2;
else DOUT=4'hz;

always @(ENA, IN3)

if (ENA==2'b11) DOUT=INS3;
else DOUT=4'hz;

endmodule
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Figure: The RTL diagram of Example 7-22
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Example 7-23



Resource Sharing

module multmux (A0, Al, B, S, R); module multmux (A0, Al, B, S,R);
input[3:0] AO, Al, B; inputS; input[3:0] AO, Al, B; inputS;
output[7:0] R; reg[7:0] R; output[7:0] R; wire [7:0] R;
always @(AO or Al or Bor S) reg [3:0] TEMP;

begin always @(AO or Al or BorS)
if (S==1'b0) R <= AO0*B; begin if (S==1'b0) TEMP<=A0;
else R <=A1*B; end else TEMP <= Al; end
endmodule assign R = TEMP*B;
endmodule
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w Lab

Logic Optimization

In the practical design, we always meet the case that two numbers
multiply with each other and one of them is a constant.

module multl (clk, ma, mc);
input clk; input[11:0] ma;
ountput [23:0] me;
regli2id- ol ne; reEglll=z o] ta; tb;
always @ (posedge clk)
begin ta<=ma; mc<=ta * tb;
tbh <= 12'b100110111001; end
endmodule

module mult2 (clk, ma, mc);

input clk; input[l11:0] ma;
output [22:0] me;

regl23:0]1 nc; reEglll=-0] ta;
parameter th=12'b100110111001;
always @ (posedge clk)

begin ta<=ma ; mc<=ta * tb; end

endmodule

If it is adapted to the EPF10K20, the example of 9-3 totally consumes LC of
167 and the example of 9-4 consumes LC of 93.



Serialization

yvout = alOb0 + albl + aZ2b2 + a3b3

[ Example |
mocdule pmultadd. (clk, a0, al, a2, a3, b0, bl, b2, b3, yout);
input clk; input [7:0]1 ab;: al; a2, ad; b, bl;, b2, b3;

output [15:0] wyout: reg[1l5:0] wyout;
always @ (posedge clk) begin
vout <= {(a0 * b0+ (al *# bl))+{(a2 * b2y+({d3 * bB3)) ; end
endmodule

It totally consumes 4 8-bit multiplier and some adder. If it is
adapted to EP3C5, 460 LC will be consumed.



M Lab

The serialization is to (1) split up the parallel execution logic which
consumes large resource and complete within one clock period; (2) extract
the same logic module; (3) multiplex the logic module in time and finish the

same functionality by using several clock periods. The drawback of this
method is the lowering of the operation speed.

[ Example |

module smultadd (clk, start, a0, al, a2, a3; b0, bl, b2, b3, youl);
input clk; start; anput[7:9] ab, al; a2, a3d; b, bl, b, b3;

output[15:0] yout; reg[l5:0] yout, ytmp; reg[2:0] cnt;
wire[7:0] tmpa, tmpb; wire[l5:0] tmp;
assign tmpa={cnt=—==0) 7 ad: lecnt==1)7% al:{cnt=—2)72 a2: {cnt—3)7 al:al;

assign tmpbh= (cnt=—0) ? b0: [cnt=1)7 bkbl:{cnt=2)72 b2: (cnt=3) 72 b3:b0;
assign tmp = tmpa * tmpb ;
always @ (posedge clk) begin

if (start==1'bl) begin cnt<=3'b000 ; ytmp<={16{1'b0}} ; end

else if (cnt<4) begin cnt<=cnt+l ; ytmp<=ytmp+tmp ; end
else if (cnt==4) begin yout<=ytmp ; end end
endmodule

It only needs one 8-bit multiplier and one 16-bit adder. Moreover, 3-bit binary

counter and tow large selector are needed. If the same synthesis/adaption
configuration is used, 186 LC will be consumed.



Speed optimization

The design of pipeline

The pipeline technology is one of the most commonly used technologies in
the speed optimization. It can significantly enhance the upper limit of the
operational speed of the circuit design.

In fact, adding the pipeline into the design will not reduce the delay of the
design. Sometimes, it will a little bit increase the delay of the inserted register.
However, it will enhance the overall operation speed.
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Figure: The timing simulation waveform of Example 7-31



[ Example ] Ordinary adder, and the synthesis result of EP3C10: LCs=10, REG=0,
T=7.748ns

module ADDERS (CLK,SUM, A, B,COUT,CIN);
input [7:0] A,B; input CLK,CIN; output COUT; output [7:0] SUM;
reg COUT; reg [7:0] sSuM;
always @ (posedge CLK) {COUT, SUM[7:0]} <= A+B+CIN;
endmodule



| Example | Pipelining adder, and the synthesis result of EP3C10: T=3.63ns, LCs=24,
REG=22

module ADDERS (CLK,SUM, A, B, COUT,CIN);
input [7:0) A,B; 1input €CILK,CIN; output COUT; cutput[7:0] sSUM;

reg TC,COUT; reml3 o0 SR TR reg[7:0] SM;
always @ (posedge CLK) begin

iTC, TSt <= A[3:0]+B[2:0]4+CIN ; SUM[3:0]1<=TS5; end
always @ (posedge CLK) begin

TA <= A[T:4]; TE <= B[7:4];

{CoUT,SUM[7:4]} <= TA+TB+TC; end

Endmodule



