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6.1.1 What is Synthesis?

 What is synthesis?
— Conversion

» Convert register-transfer level (RTL) descriptions into gate-

level representations suitable for implementation on ASICs or
FPGAs.

* The goal is to maintain equivalence between the RTL design
and the synthesized netlist.

— Optimization

* Improve various design aspects, including area reduction,
power consumption minimization, and timing constraint

optimization.
sel sel
a4 a
¢ C—»
assign d = sel ? (a+b) : (a+c); a a
i
{a) Anticipated (b) Optimized
Hardware Results Hardware Results
FIGURE 6.1

Synthesis Results of assign d = sel 7 (a+b) : (a+c);



6.1.2 Mismatches Between Simulation and

anthesis

« Mismatches Between Simulation and Synthesis

— Incomplete statements

« Simulation: may cause simulation failures since the changes of
missing signals cannot trigger the associated statements.

» Synthesis: synthesis tools can automatically analyze the design
code and complete the sensitivity list.

1 always @(sel) begin
2 if (sel & en) begin
3 a <= #1 1°bl;
a end else if (sel==1°bx) begin
5 a <= #1 1°bx;
8 end else begin
a <= #1 1°b0;
B end
s end

— Delay statements
— Logic comparison

» Hardware can only distinguish logic levels of zeros and ones,
rendering comparisons to unknown values and high impedance
states in simulation irrelevant for synthesis. ADSD CENG5534



6.1.3 Synthesizable Verilog HDL

* Synthesizable Verilog HDL

— Verilog HDL is a large and comprehensive IEEE standard
however, most of them are unsynthesizable, meaning they
cannot be translated into hardware by synthesis tools.

» For instance, delays, system tasks, display statements.
— RTL description

» The subset of Verilog that is considered synthesizable is
commonly referred to as RTL description.

» RTL code describes the flow of data between registers and is
more hardware-oriented, making it suitable for synthesis.

* RTL designers need to adhere to the subset of constructs and
coding styles supported by synthesis tools.

— Summary

» Synthesizable Verilog descriptions encompass a small subset
constructs that are suitable for hardware synthesis, including

— concurrent assign, conditional assign, level-triggered

always blocks, and edge-triggered always bAI([))(SﬂE)SC-;ENG553 4



6.1.3 Synthesizable Verilog HDL

« Concurrent assignment
— Describe combinational circuits.

« Conditional assignment
— Describe various combinational circuits.

1

» assign d = a & b | ¢;

4
enable ? a : 1°’°bz;
enable 7 a : b:

= assign b

s assign c

* Level-triggered always blocks
— Describe both combinational and sequential circuits.

» Edge-triggered always blocks
— Describe registers

— Should typically include only "*posedge clock" and

“'posedge/negedge reset" in the sensitivity list.
ADSD CENG5534



6.1.3 Synthesizable Verilog HDL

« Concurrent assignment
— Describe combinational circuits.

« Conditional assignment
— Describe various combinational circuits.

* Level-triggered always blocks
— Describe both combinational and sequential circuits.

» Edge-triggered always blocks
— Describe registers

— Should typically include only "*posedge clock™ and
“"posedge/negedge reset" in the sensitivity list.

s always @(a, b, en) if (en) ¢ <= a & b;
10
11

12 always @(posedge clk) b <= nxzt_b;

ADSD CENG5534



6.1.3 Synthesizable Verilog HDL

« Design Guidelines for Synthesizable Verilog Descriptions

Design Guidelines for Synthesizable Verilog Descriptions

e For concurrent /conditional assign blodss, declare the data type of the
LHS signals as wire, and utilize blocking assignment (=) for the design
statements.

e For level /edge-triggered always blocks, declare the data type of the LHS
signals as reg, and use non-blocking assignment (<=) for the design
statements.

e Ensure that the trigger list in a level-triggered always block is complete,
and provide complete case items if applicable. In ¢ f — else statements,
it is permissible to omit the final else condition when describing latches.

e Ensure that the trigger list in an edge-triggered always block only con-
sists of active clodk and reset edges. In ¢f — else statements, it is per-
missible to omit the final else condition when describing registers. or
registers

e To prevent multiple drivers from affecting the same LHS signals in RTL
designs, make sure not to assign values to the same signal across dif-
ferent blocks. Nevertheless, it's worth noting that within the simulation
testbench, it is considered acceptable to have multiple drivers for signals
like the clock initialization.

ADSD CENG5534
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6.2.1. Fundamental Combinational Logic

C=A&R C=A|B C=A"B B=-A C=A+B

* Fundamental D= s[> | 1Ty
Comb|nat|0na| LOglC C—{(A&B) C=-(AB) C={A"B) B=EN?A:1'hZ C=S7B:A

EMN 5

] A [.A:j:: {,i:j:E C
— Fundamental logic = n b s | 3}
descriptions using
. FIGURE 6.2
concurrent assign Basic Logic Descriptions Using Concurrent /Conditional Assignments
and conditional
. 1 Example #1: Design AND-0OR Using Concurrent Assign

aSSIgn bIOCkS z module examplel_and_or {output e .

3 input a, b, ¢, d J);

4 assign e = (a & b) | (c & 4);

s endmeodule

T Example #2: Design AND-OR Using Level -Trigger Always

s module example2_and_or (ocutput reg e .

g input a, b, c, d );

1w always @ (a, b, c, d) begin

11 e = (a & b) | (c & 4d);

12 end

1z endmodul e

14

15 Example #3: Design AND-0OR with Tri-State Buffer
16 Using Conditional Assign

17 module exampleE_and_or_tri {output e .
18 input a, b, ¢, d, en J;

19 assign e = en 7 (a & b) | (c & 4) : 1°bz;
20 endmodule



6.2.1. Fundamental Combinational Logic

1 // Example #1: Design AND-0OR Using Concurrent Assign
2 module examplel_and_or (output e .
3 input a, b, ¢, d );
4 assign e = (a & b) | (c & 4);
5 endmodule
a8
0 7 J// Example #2: Design AND-0OR Using Level -Trigger Always
el - - - -
a[:>_______4i———a\0 Y s module example2_and_or (ocutput reg e .
I f ______j:::>JL____£:> 5 input a, b, ¢, 4 J;
1 " .
b [:}——r_____-muWD 1w always @ (a, b, c, d) begin
RTLOR 11 e = (a & b) | (c & a4):
p [:>__W_____iLE&LO 12  end
l1::::>2______ 13 endmodule
o -
RTLAND
(a) Example #1 and #2: Design AND-OR Gates Using Continuous Assign
and Level-Trigger Always
D 10 el i i
a — :0 o 2!
L 11 2 | 0 o]
b [>—  wwamno —_ [}j> [ > e
L OE | RTL_TRISTATE
« O
c o €1i 0
e
d 1
RTL_AND
(b) Example #3: Design AND-OR Gates with Tri-State Buffer Using Conditional Assign
15 // Example #3 rn AND-0OR with Tri-State Buffer
FIGURE 6.3 18 // Using Conditional Assign
Synthesis Results of AND-OR-Tri Description. 17 module example3_and_or_tri (output e .
18 input a, b, ¢, d, en );

19 assign e = en 7 (a & b) | (c & d) : 1°’bz;
20 endmodule
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6.2.2 Uni-Directional and Bi-Directional Buses

« Fundamental Combinational Logic

Example

module uni_dir_bus

assign bus
endmodule

Example

modunle bi_dir_bus

assign b
assign bus
endmodule

— Uni-directional bus (lines 1-6),
— Bi-directional bus (lines 8-16).

#1: Design Uni-Direction Bus
(output [31:0] bus \
. A bus_ 0
input [ :0] a s rHHHE
: =%, [[31: 1.
input send_en ); a[31:0] 2 CI310] > bus[31:0]
= gsend_en T a : 32°bz; —
O£[210] | RTL_TRISTATE
- ~ . L . _ send en
#2: Design Bi-Direction Bus
{%HOUt [21:0] bus ? (a) Example 41 : Design Uni-Directional Bus
input L 1l a s
output [ I b ,
input send_en . busD
input receive_en ); . a[31:0]
= receive_en 7 bus 32°b=;
= send_en 7 a 32'b=z=; OF[310] | RTLTRISTATE b0

send_en

receiwe_en

1[31:0]

OE[3140]

| >

(b) Example #2 : Design Bi-Directional Bus

RTL_TRISTATE

FIGURE 6.4
Synthesis Results of Uni- and Bi-Directional Buses

&
D

bus[31:0

b[31:0]



6.2.3 Multiplexer

1 // Example #1: Multiplexer Design Using case-endcase
° Multlplexer z module examplel_mux (cutput reg [Z1: 0] e ,
3 input [21: 0] a, b, e, d,
4 input [1 : 0] sel );
19 D= srt00 st 5 always @ (a, b, c, d, sel) begin
8 case (sel)
Bl31:0) Pl Lty _ 25 h0 . <= .
5=2b10  12[310] el31:0] ! e %= a :
3 -_ N
[31:0) C2bi1  1310) 8 2°hi e <= b H
a 2°h2 e <= ¢ :
d[3t0) 2
o 55 10 2°h3 : e <= d :
sl [ 11 default: e >»>= a H
12 endcase
(a) Example #1: Design a Multiplexer Using Always case
13 end
14 endmodule
; Example #2: Multiplexer Design Using if-else
module example2_mux (output reg [Z1: 0] e .
input [21: 0] a, b, ¢, d,
input [l : 0] sel );
always @ (a, b, c, d, sel) begin
if (sel == 2°h0) begin e
e <= a- 3[31.{]] D 5=2600 H{31:0]
t . S s=defauft 11[31:0] e31:0]
end else if (sel == 2°hl) begin -
e <= b; b127:01 [ il s oE10] R MUK

Sadefautt 11731207

end else if (sel == 2°h2) begin el

C=2bid W3O

e <= c; €[31:0] [ S0 OB sy | RTLLMUX

. =detaul 11031
end else begin d[31:{J]D-|M
e <= d; S[1:0] RTL_MUX
end sel[1:01 [

end
(b) Example #2: Design a Multiplexer with Different Priority Using if-else in always or con-
ditional assign

endmodul e

FIGURE 6.5
Synthesis Results of Different Designs with Multiplexer



6.2.3 Multiplexer

* Multiplexer

ss // Example #3: Multiplexer Design Using Conditional Assign
sa module exampled_mux (output [ : 1 e .

35 input [21: 0] a, b, e, 4,

a6 input [l : 0] sel );

a7 assign e = (sel == 2°h0) 7 a

38 (sel == 2°h1) 7 b

39 (sel == 2°h2) 7 c : d;

an  endmodule

5=2'600 H{31:0]

3101 >

E_i_ﬂ' s=adefautt [1[3T:0] 9[3] !U]

- =201 K3 1:0)

a[310) | >—| s=2'b00 I0[310] n[37:0] D e \\\LD[SIIT RTL MUX
ei S-dznghl'IB'I:U'

- S=2b01  11[2140] |

bl31:0]
5=2'b10_ 12[310] Ley 310 [ f-Itia WS TO] o101 s | RTLLMUX

I e 3y
o[3t:0] D—l P—— - s=oetaut [1[310]
dja1:0] i s | RTLMUX

sel[1:0

sel[140] D [ ]D

(a) Example #1: Design a Multiplexer Using Always case (b) Example 4#42: Design a Multiplexer with Different Priority Using if-else in always or con-
) ditional assign

FIGURE 6.5

Synthesis Results of Different Designs with Multiplexer
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6.3.1 Intentional Latches Design with Verilog

 Intentional Latch Design with Verilog

1 Example: Design Latches Using Omitted else

: module example2_latch_always (output reg [2:0] g

3 input [2:0] a

4 input en )
s always @(en, d) begin

8 if (em) g <= 4d;

v end

s endmodule

a0

0 -——1[:>bqﬁm
d[3:0] [::>————————-nﬁm

RTL_LATCH

FIGURE 6.6
Synthesis Results of Latch

ADSD CENG5534



6.3.1 Intentional Latches Design with Verilog

* Intentional Latches Design with Verilog

— Combination of the combinational logic and sequential latches
includes the incorporation of an omitted else statement

Example #1: Design Combinational Logic and Latches
module examplel_comb_latch (input a, b, c, sel,
output reg d )

reg rl, r2;

always @ (a, b, ¢, sel) begin
if (sel) begin
rl <= a & c;
r2 <=1l ~° b;
d <= rl & r2;

end
end om0
dmodule =] )»°
endmodul e . i
¢ { AND ,._._jrza_. X
,,2 }
b D | 4 r2_reg
TL_XOR
ri_reg _ il
d D 1 G a
o . " a
3 ;
RTL_LATCH o 0 i
RTL_LATCH ‘ ! o
ﬂ_"}i;l
RTL_AND B
a apB—>d
RTL_LATCH

(a) Example #1: Intential Design of Laches



6.3.1 Intentional Latches Design with Verilog

* Intentional Latches Design with Verilog
— Divides the design of combinational logic from the sequential

latch
15 Example #2: An Alternative Way to the Design of
18 Combinational Logic and Latches
17 module example2_comb_latch (input a, b, e, =sel,
15 output reg d );
1w wire wl, w2, w3;
20 assign wl = a & c;
21 assign w2 = wl *° b;
22 assign w3 = wl & w2; )
o ] D 1,:}_ CH_I o
4 always @(w3, sel) begin ¥ ‘ do i
25 if (sel) begin c D RTL AND | 10 dli 0 10—
28 d <= w3; - B O I d reg
a7 end b [ RTL AND -
s end RTL_XOR D
28 endmodule el D e d D d
RTL LATCH

(b) Example #2: An Alternative Way to the Design of Combinational Logic and
Latches

FIGURE 6.7
Synthesis Results of Intentional Latches Design



6.3.2 Accidental Design Latches with Verilog

* Accidental Design Latches with Verilog

— Incomplete case-endcase

Example #1: Accidental Latches with Incomplete Case di
module examplel_acc_latch_co_case (input a, b, c, . [ sereo0 10 d_reg
input [1:0] sel . b S s=rwn N o Jp
ouEput reg d ) cEg rhe © e
always @ (a, b, c, sel) begin sprd | RTLMUX | o tATCH
case(sel) sel10 D>
2°b00 d <= a H
2°b01 d <= b :
2'b10 d <= ¢ H
endcase
end
endmodul e
(a) Example #1: Accidental Design of Latches with Incom-
plete case-endcase
Example #2: Design with Complete Case £
module example2_acc_latch_co_case (input a, b, c, [P~
input [1:0] sel , a [ > . g
output reg d ) b [ > el X o
always @ (a, b, ¢, sel) begin e [ S=2b10 12 s d
case(sel) S=defaull 13 _
2°b00 d <= a H -
2°b01 d <= b : 5[116]’] RTL_MUX
2°b10 : d <= ¢ seto] [
defaunlt: 4 <= 1°b0; -
endcase (b) Example #2: Design Results with Complete
end case-endcase

endmodul e

FIGURE 6.8

Synthesis Results of Incomplete and Complete case-endcase
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6.3.2 Accidental Design Latches with Verilog

* Accidental Design Latches with Verilog

— B. Incomplete Sensitivity List

« Simulation: any modifications to the signal "*c" will not activate
the always block during simulation.

« Synthesis: the synthesis tool may automatically analyze the
design code and complete the sensitivity list to generate the
desired hardware.

" Example #1 Accidental Latches with Incomplete List
module examplel_acc_latch_inc_list (input a, b, c,
input [1:0] sel
cutput reg d );
always @(a, b, sel) begin i
case(sel) [y
2°b00 d <= a; a D = 7
2°b01 d <= b; v [ oot LS 5 .
2°b10 : d <= c; e [ S=2b10 12 | —{ > ¢
default: d <= 17b0 S=default 13
endcase B
end 3|'iTJ-]J|ﬁL‘MUI
endmodule sel[1:0] D
FIGURE 6.9

Synthesis Result of Incomplete Sensitivity List Co o204
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6.4.1 Single-Bit Register with Asynchronous
and anchronous Reset

» Single-Bit Register with Asynchronous Reset

1 A Design Example of Asynchronous Reset o
2z module example_async_reset {input d, clk, rst,

3 output reg gq ); g} a_reg
4 always @ (posedge clk, negedge rst) begin
if (“rst) begin

8 g <= 1°b0; ok >_}C

CLR

end else begin Q > g
q <= d; d > — B
g end

1w end RTL_REG_ASYNC
11 endmodule

(a) Example #1: Single-Bit Register Design
with Asynchronous Reset

s -
£ [febfrtfce 0
£ fibfttfest n
£ fbftd n
0

“a [bittfa

15ns 22,15
(a) Simulation Result of Asynchronous Reset ADSD CENGH534



6.4.1 Single-Bit Register with Asynchronous

and anchronous Reset

« Single-Bit Register with Synchronous Reset

13 A Design Example of

Synchronous leset

14 medule example_sync_reset {input d, clk, rst,

17 if (“rst) begin

15 q <= 1°b0;

10 end else begin
20 q <= d;

21 end

22 end

23 endmodule

ql

S=1b0 10|
' o]
S=gefault 11
-é'"r RTL_MUX

RTL_REG_SYNC

output reg q )
15 always @ (posedge clk) begin

o

0

Mow 10000 ns

Sns 15ns 22ns 25ns

(b) Simulation Result of Synchronous Reset

FIGURE 4.4
Simulation Results of Asynchronous and Synchronous Reset

(b) Example #2: Single-Bit Register Design with Syn-

chronous Reset

FIGURE 6.10

Synthesis Results of Single-Bit Register Design with Asynchronous and Syn- ADSD CENG5534

chronous Reset



6.4.2 Multi-Bit Register with Asynchronous and
Synchronous Reset

« Multi-Bit Register with Asynchronous and
Synchronous Reset

Example #1: 8-bit Register with Asynchrmnous Reset
module reg_async_rst {input rst, clk,
input [7:0] a .
output reg [7:0] g )

always @ (negedge rst, posedge clk) begin
if ("rst) begin

a

=}
1

I
@
=
=2

1 @ m & W K e

e [ wa

d[7-0) D— D q<=8°h0;
B end else begin
—————| — .
RTL_REG_ASYNC . 9 <=d :
10 end

(a) Example #1: 8-bit Register Design with

11 end
Asyvnchronous Reset

1z endmodule

i [ 13
Qi 14 Example #2: 8-bit Register with Synchrnous Reset
S=1b0 UDD 15 module reg_sync_rst {input rst, clk,
S=defaull 11 - 18 input [7:0] a :
<TRTL_Mux 17 output reg [7:0]1 g )
' 15 always @ (posedge clk) begin
et [ G ' | 9.regl7:0] 10 if (“rst) begin
o [ S ) PR q<=8’h0;
d[7:0] D ) ' 21 end else begin
az q<=d H
RTL_REG _SYNC 23 end
(b) Example #2: 8-bit Register Design with Synchronouse Reset 24 end
25 endmodul e

FIGURE 6.11
Synthesis Results of 8-bit Register Design with Asynchronous and Syn- ADSD CENG5534
chronous Reset



6.4.3 Shift Register

« Shift Register

— Applications:

« Serial data reception and the introduction of clock cycle delays
for data processing. Typically, the shift register design allows for
the propagation of input data over multiple clock cycles. The
number of clock cycle delays is determined by the number of
registers connected in series.

— Big-endian input and little-endian input:

* In the big-endian input mode, the data stream begins with the
input of the most-significant bit (MSB), followed by the
successive single-bit data in sequential order until reaching the
least-significant bit (LSB) of the data stream.

» Conversely, in the little-endian input mode, the process starts
with the input of the LSB, followed by the input of the remaining
data in sequential order.

ADSD CENG5534



6.4.3 Shift Register

« Shift Register
— A. Design Specification

* A 4-bit shift register, or 4-bit shifter, consists of four single-bit

registers connected in series.

« Allows the data input to be shifted out by four clock cycles, with

each cycle moving the data to the next register in the series.

— B. Verilog Design and Synthesis

rst N
clk .
data_in .,
data_out ,

] data_revl;

£

1%;

data_rev|i)/
data_rev|d| data_rev|2Z] data_rev|1] data out
& L 3
rsi v ; i i
data_in — Reg *  Res M Res " Res J 1 Shift Register Design
L - > F P module shift_re i
2 _reg (input
T* [+ [* r+ a input
4 input
FIGURE 1.12 - output
Block Diagram of Shift Register (Little-Endian Input) . output reg [
rst D -
1 data rev regiz:0 5 assign data_out = data_rev[(];
o always @ (negedge rst, posedge clk) begin
£ D 0 . ~ .
o [ [ dotaou 10 if ("rst) begin
) = _ data_rev[3:0] 11 data_rev <= 47h0
. 12 end else begin
ATL_REG_ASYNC
13 data_rev <= {data_in, data_revl
14 end
FIGURE 1.13 15 end

Synthesis Result of Shift Register 1 endmodule
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6.5.1 Counter 0-f

* Counter O-f
— Application:
« Counters play a critical role in controlling timing and

sequencing across multiple clock cycles.

— For instance: serial buses like 12C, SPI, SDIO, GPIO,
UART, etc., as well as numerical designs involving long
datapaths such as vector-vector multiplications.

— A. Design Specification

* A counting loop from
hexadecimal 4'h0 to 4'hf

anananes
@heTROYTHO) -

TABLE 6.1
Counter 10s Description
Name | Direction | Bit Width | Description rst

clk Input 1 Clock 4'h1
rst Input 1 Asynchronous reset, 0 valid ok enth e
- . - T F ent
en Input 1 Enable signal, 1 valid (a) Design Specification of clk—s> He
Output 1 Counter output Counter for 16 cveles.

cnt

(b} Timing Diagram of Counter for 16 cycles,

{c) Block Diagram of Counter for 16 cycles.

FIGURE 6.14
Design Specification of Counter for 16 Cycles



12

13

14

6.5.1 Counter 0-f

» Counter O-f
— B. Verilog Design and Synthesis

nxt_cnt_i

s=1rp0 O30

Sedelast  11]3:0]

0[3:0]
RTL_MUX

X

- cn[3:0]

J cnt_reg[3:0]

CLR

0-f Counter Design
module ent_O0_f (input rst, clk, en,
output reg [3:0] ent ) ;
wire [ ] nxt_ecnt = en 7 cnt+47hil cnt ;
always @ (negedge rst, posedge clk) begin
if (“rst) begin e
cnt <= 4°'h( : " nxt_cnt0_i
end else begin o |+ okl
cnt <= nxt_cnt ; RTL_ADD
end
end
endmodul e
en [
=[O
dk [

FIGURE 6.15

= C
= CE Q

et ]

e
RTL_REG_ASYNC

Synthesis Result of Counter from 0 to f



6.5.2 Timer O-f

 Timer O-f
— A. Design Specification

» The first level consists of a counter that counts 16 clock cycles, from
hexadecimal 4'h0 to 4'hf.

* |n the second level, the timer counts the number of units, with each unit
comprising 16 clock cycles. Every 16 cycles, the timer increments by one,
starting from hexadecimal 4'h0 and progressing up to the maximum value
of hexadecimal 4'hf. o

. @ = Ia e IE Counter 16 c_vtle.s;
Or\TI‘: E } ; Ik DFF cnt
()] *-. 2 w1
TABLE 6.2 rst —h-' | ' Tim?l"ﬁ:f'l‘.‘r'l‘lei
Timer 10s Description ! axt tim % |
Name | Direction | Bit Width | Description | DFF i
cllc Input 1 Clock |
rst Input 1 Asynchronous reset, 0 valid
€11 Input 1 Enable Signa], 1 valid {a) Design Specification of Timer for 16+ 16-cycles. (¢) Block Diagram of Timer for 16« 16-cycles.
tim Output 4 Timer output Sl 02 raew: 160 17 2 I8 s --- 2 32 e 145 146 o160 . 161
clk | | | 1 1 - | . i k s ! : :
ont QEEDARD - @RDEEERD - @) - EHDAD
tim @' . Th0 'J{ EI Y I ) ----- [ -Ihf

(b} Timing Diagram of Timer for 16+ 16-cycles.

FIGURE 6.16
Design Specification of Timer for 16x 16-cycles



« Timer O-f
— B. Verilog Design and Synthesis
1 Design on Timer 16xl6-cycle
z module timer _O_f_16_cycles (input rst, clk, en,
3 output reg [ 1 tim);
4 The first level counter
5 reg [2:0] cnt;
s wire [ ] nxt_cnt = en 7 cnt+4’hl cnt ;
v always @{(posedge clk, negedge rst) begin
8 if("rst) begin
a cnt <=4 *h0 H
10 end else begin
11 cnt <=nzt_cnt;
12 end
13 end
-~ senany 15 // The second level
: TEt ('uumer]f-cycles; 16 wire [ ] nxt_tim =
§$M nxt_ci ; 17 always @{(posedge clk,
i DFF cnt : 15 if ("rst) begin
i Clk —pl H
clli —»} T 19 tim<=4 *h0 :
?- - - 'Tﬁ 20 end else begin
= ' Ti'“‘?""f""ﬁ'f!'["'-’é 21 tim<=nxt_tim;
o : a3 end

dles.

—i— 23 end
}[IIFF —Ti-btim 04

endmodul e

(¢} Block Diagram of Timer for 16~ 16-cveles.

(en & %ent) 7 tim+4°hi
negedge rst) begin

6.5.2 Timer O-f

tim;
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sles. {c) Block Diagram of Timer for 16+

6.5.2 Timer O-f

 Timer O-f

— B. Verilog Design and Synthesis

// Design on Timer 16xzl6-cycle

module timer_0_f_16_cycles (input
ocutput

// The first level counter

reg [2:0] cnt;

wire [ ] nzt_cnt = en 7 cnt+4’hl

always @(posedge clk, negedge rst)
if("rst) begin

cnt <=4 *h0 H
end else begin

cnt <=nxt_cnt;

end

end

'St Counter 16 ncle.s

l6-cycles.

15 // The second level timer
rst, clk, en 18 wire [ ] nxt_tim = (en & &cnt) 7 tim+4°hi
reg [ ] tim) 17 always @(posedge clk, negedge rst) begin
15 if("rst) begin
19 tim<=4 *h0 H
cnt ; a0 end else begin
begin 21 tim<=nxt_tim;
22 end
23 end
2a endmodule
en D
a
| RTL_REG_asYnC
dk [ b nxt_tim _|
CE @ sares ID[30]
o ot ent _| TL_REDUCTION_AND Segesat [1[310]
rk_cnid | Se10 KN30 -|- tirr2_i
i r =i RTL_MUX o
]D[@n-:m - = . tim_req[3:0]
HiE A RTL_MUX LT ooy =
-] D | [ i
= p o
t c tirm |
o Seried Wb
RTL_AND Sk 1 o
- =g ATL REG ASYNC
reck_timD | g
10[30] 20
RTL_ADD

FIGURE 6.17
Synthesis Result of

Timer for 16 x 16-cycle

-t

tim;
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