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2. VHDL 3. VerilogHDL
ARCHITECTURE sync_pld OF s_counter IS module s_counter (clk, enable, q);
input clk, enable;
BEGIN output q;

PROCESS (clk)
reg [2:0] cnt;
VARIABLE cnt : std_logic_vector(2 downto 0);
always @(posedge clk)

BEGIN if (enable)
IF enable ='0' THEN cnt = cnt+1;
cnt = cnt; else
ELSIF (rising_edge(clk)) THEN cnt = cnt;
cnt:=cnt + 1; assigng = cnt[2];
END IF;
g <= cnt(2); endmodule
END PROCESS;
END sync_pld;
>
—
—
—
—
—
4 VHDL 5 VerilogHDL 6
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5. VHDL 6. VerilogHDL

ARCHITECTURE async_pld OF a_counter IS
SIGNAL cnt2, cntl, cntO: std_logic;

BEGIN
g0:PROCESS (clk) BEGIN
IF (enable='0") THEN cnt0 <= cnt0;

ELSIF rising_edge (clk) THEN cnt0 <= not cntO;
END IF;
END PROCESS q0;

ql:PROCESS (cnt0) BEGIN
IF rising_edge (cnt0) THENcntl <= not cntl;
ELSE cntl <= cntl;
END IF;

END PROCESS q1;

q2:PROCESS (cntl) BEGIN
IF rising_edge (cntl) THENcnt2
<= not cnt2;
ELSE
END IF;
END PROCESS q2;
g <=cnt2;

cnt2 <= cnt2;

END async_pld;

7 8

VHDL 9

reg cntO, cntl, cnt2;

always @(posedge clk) begin
if (enable) cnt0 = ~cntO;
else cntO = cntO;

end

always @(posedge cnt0)
cntl = ~cntl;

always @(posedge cntl)
cnt2 = ~cnt2;

assign q = cnt2;

endmodule

VerilogHDL
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8. VHDL

ARCHITECTURE rev_clk_pld OF rev_clk IS
SIGNAL int0, intl: std_logic;

BEGIN

PROCESS (clk) BEGIN
IF (rising_edge(clk)) THEN
int0 <= data;
ELSE
int0 <= intO;
END IF;
END PROCESS;

PROCESS (clk) BEGIN
IF (falling_edge(clk)) THEN
intl <= intO;
ELSE
intl <= int1;
END IF;
END PROCESS;
g <=intl,;

END rev_clk_pld;

9. VerilogHDL

module rev_clk (clk, data, q);
input  clk, data;
output q;

regint, q;

always @(posedge clk)
int = data;

always @(negedge clk)
g =int;

endmodule
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15 16 12 VHDL
VerilogHDL

VerilogHDL

15.

17 18 13 VHDL

VHDL

ARCHITECTURE pld OF a_clr_w _reg IS
SIGNAL int: std_logic;

BEGIN
PROCESS (CLK, q) BEGIN
IF (g='1") THEN int <="'0";
ELSIF rising_edge (clk) THEN
int <= data;
END IF;
END PROCESS;

16.

PROCESS (clk) BEGIN
IF rising_edge (clk) THEN
g <=int;
END IF;
END PROCESS;

END pld;

VerilogHDL

module a_clr_w_reg (clk, data, q);
input clk, data;
output q;

regint, q;
always @(posedge clk or posedge q)
if () int=1'b0;

else int = data;

always @(posedge clk)
g =int;

endmodule
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17. VHDL

ARCHITECTURE pld OF gated _cir IS
SIGNAL node : std_logic;

BEGIN
PROCESS (nwr, ad) BEGIN

node <= not nwr AND ad(2) AND ad(1) AND ad(0);
END PROCESS;

PROCESS (clk, node) BEGIN
IF (node ='1") THEN

q<='0%
ELSIF rising_edge (clk) THEN
g <= data;
END IF;
END PROCESS;
END pld;
18. VerilogHDL

module gated_clr (clk, data, nwr, ad, q);
input clk, data, nwr,;

input [2:0] ad;

output g;

reg q;
reg node;

always @(nwr or ad)

node = ~nwr & (ad == 3'h7);
always @(posedge clk or posedge node)

if (node) q = 1'b0O;
else q = data;

endmodule
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22. AND

VHDL

20 VHDL

ARCHITECTURE pld OF and_clk IS
SIGNAL node : std_logic;

BEGIN
PROCESS (nwr, ad) BEGIN
node <= not nwr AND ad(2)
AND ad(1)
AND ad(0);
END PROCESS;
PROCESS (node) BEGIN
IF rising_edge (node) THEN
g <=data;
END IF,;
END PROCESS;
END pld;

23. AND

21 VHDL

ARCHITECTURE pld OF enb_clk IS
SIGNAL node : std_logic;

BEGIN
PROCESS (ad) BEGIN
node <= ad(2) AND ad(1)
AND ad(0);
END PROCESS

PROCESS (nwr) BEGIN
IF (node ='0") THEN
q<=q;
ELSIF falling_edge (nwr) THEN
g <=data;
END IF,;
END PROCESS;
END pld;

(VerilogHDL)

20 VerilogHDL

reg g
reg node;

always @(nwr or ad)

node = -~nwr & (ad
==3'h7);
always @(posedge node)

g = data;
endmodule

24

rco

21  VerilogHDL

reg g
reg node;

always @(ad)
node = (ad == 3'h7);

always @(negedge nwr)
if (node)
a = data;

endmodule

ver.1.0 2006 4
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26.

(VHDL)

24 VHDL

ARCHITECTURE pld OF gated_clk IS
SIGNAL node : std_logic;
SIGNAL intq : std_logic_vector (2 downto 0);

BEGIN
PROCESS (clk) BEGIN
IF (enable ='0") THEN
intq <= intg;
ELSIF rising_edge (clk) THEN
intg <=intq + 1;
END IF,;
END PROCESS;

PROCESS (intq) BEGIN
node <= intq(2) AND intq(1)
AND intq(0);
END PROCESS;

PROCESS (node) BEGIN

25 VHDL

ARCHITECTURE pld OF s_clk IS
SIGNAL node : std_logic;
SIGNAL intq : std_logic_vector (2 downto 0);

BEGIN
PROCESS (clk) BEGIN
IF (enable ='0") THEN
intq <= intq;
ELSIF rising_edge (clk) THEN
intg <= intq + 1;
END IF,;
END PROCESS;

PROCESS (intq, enable) BEGIN
node <= enable AND intg(2) AND intq(1)
AND not intg(0);
END PROCESS;

PROCESS (clk) BEGIN
IF (node ='0") THEN

IF rising_edge (node) THEN q<=q
q <= data; ELSIF rising_edge (clk) THEN
END IF; q <= data;
END PROCESS; ENDIF;
END PROCESS;
END pld;
END pld;
ver. 1.0 2006 4 22/66 ELSENA, Inc.
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27. (VerilogHDL)

24  VerilogHDL 25 VerilogHDL
module gated_clk (clk, data, enable, q); module s_clk (clk, data, enable, q);
input clk, data, enable ; input clk, data, enable ;
output q; output q;
reg node; reg node;
reg q; reg q;
reg [2:0]intq; reg [2:0]intq;
always @(posedge clk) always @(posedge clk)

if (enable) if (enable)
intq = intq + 1, intg = intq + 1;
else else
intg = intq; intg = intq;
always @(intq) always @(intg or enable)
node = intq == 3'h7; node = enable & (intq == 3'h6);
always @(posedge node) always @(posedge clk)
g <= data; if (node)
g <= data;
endmodule
endmodule

ver. 1.0 2006 4 23/66 ELSENA, Inc.
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29. 1
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D Q> ouT
ENA
CLRN
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28 29 VHDL VerilogHDL 31
30. (VHDL)
28 VHDL 29 VHDL

ARCHITECTURE pld OF a_ml_clk IS
SIGNAL div2 : std_logic;
SIGNAL node : std_logic;

BEGIN
PROCESS (clk) BEGIN
IF rising_edge (clk) THEN
div2 <= not div2;
END IF;
END PROCESS;

PROCESS (div2, sel, clk) BEGIN
node <= (sel AND div2)
OR (not sel AND clk);
END PROCESS;

PROCESS (node) BEGIN
IF rising_edge (node) THEN

ARCHITECTURE pld OF s_ml_clk IS
SIGNAL div2 : std_logic;
SIGNAL node : std_logic;

BEGIN
PROCESS (clk) BEGIN
IF rising_edge (clk) THEN
div2 <= not div2;
END IF;
END PROCESS;

PROCESS (div2, sel) BEGIN
node <= not(not div2 AND sel);
END PROCESS;

PROCESS (clk) BEGIN
IF (node ='0") THEN

q<=g;
q <= data; ELSIF rising_edge (clk) THEN
END IF; g <= data;
END PROCESS; END IF;
END PROCESS;
END pld; END pld;
ver. 1.0 2006 4 25/66 ELSENA, Inc.
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31.

(VerilogHDL)

28 VerilogHDL

module a_ml_clk (clk, data, sel, q);

input clk, data, sel;

output q;
reg q;
reg div2;

reg node;

always @(posedge clk)
div2 = ~div2;

always @(div2 or sel or clk)

node = (sel & div2) | (~sel & clk);

always @(posedge node)

g = data;

endmodule

Ripple Clock

(Ripple Clock)

32

29 VerilogHDL

module s_ml_clk (clk, data, sel, q);

input clk, data, sel;

output g;

reg q;
reg div2;

reg node;

always @(posedge clk)
div2 = ~div2;

always @(div2 or sel)

node = ~(sel & ~div2);
always @(posedge clk)
if (node)

g = data;

endmodule

1

32
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34.

(VHDL)

32 VHDL

ARCHITECTURE async_pld OF

a_counter IS

SIGNAL cnt2, cntl, cnt0: std_logic;

BEGIN

q0:PROCESS (clk) BEGIN
IF (enable='0") THEN
cnt0 <= cnt0;
ELSIF rising_edge (clk) THEN
cnt0 <= not cntO;
END IF,;
END PROCESS q0;

q1:PROCESS (cnt0) BEGIN
IF rising_edge (cnt0) THEN
cntl <= not cntl,
ELSE
cntl <= cntl;
END IF,;
END PROCESS q1;

q2:PROCESS (cnt1) BEGIN
IF rising_edge (cntl) THEN
cnt2 <= not cnt2;
ELSE
cnt2 <= cnt2;
END IF,;
END PROCESS q2;

q <= cnt2;

END async_pld;

33 VHDL

ARCHITECTURE sync_pld OF

s_counter IS

BEGIN
PROCESS (clk)

VARIABLE cnt : std_logic_vector
(2 downto 0);

BEGIN
IF enable ='0' THEN
cnt := cnt;
ELSIF (rising_edge(clk)) THEN
cnt:=cnt+1;

END IF;

g <=cnt(2);

END PROCESS;

END sync_pld;

ver. 1.0 2006 4 28/66
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35. (VerilogHDL)
32  VerilogHDL 33 VerilogHDL
module a_counter (clk, enable, q); module s_counter (clk, enable, q);
input clk, enable; inputclk, enable;
output q; output g;
reg cnt0, cntl, cnt2; reg [2:0] cnt;
always @(posedge clk) begin always @(posedge clk)
if (enable) cnt0 = ~cntO; if (enable) cnt = cnt+1;
else cnt0 = cnt0; else cnt = cnt;

end
assign q = cnt[2];
always @(posedge cnt0)

cntl = ~cntl; endmodule

always @(posedge cntl)

cnt2 = ~cnt2,;

assign q = cnt2;

36
37

ver. 1.0 2006 4 29/66 ELSENA, Inc.
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36 37 VHDL

38.

36 VHDL

ARCHITECTURE pld OF a_m_clk IS
SIGNAL ga, node : std_LOGIC;

BEGIN
PROCESS (clk_a) BEGIN
IF rising_edge (clk_a) THEN
ga <= data_a;
END IF,;
END PROCESS;

PROCESS (ga,data_b) BEGIN
node <= ga AND data_b;
END PROCESS;

PROCESS (clk_b) BEGIN
IF rising_edge (clk_b) THEN
g <= node;
END IF,;
END PROCESS;

END pld;

38 VerilogHDL 39
(VHDL)
37 VHDL

ARCHITECTURE pld OF s_m_clk IS
SIGNAL ga, gb : std_LOGIC;

BEGIN
PROCESS (clk_a) BEGIN
IF rising_edge (clk_a) THEN
ga <= data_a;
END IF;
END PROCESS;

PROCESS (clk_b) BEGIN
IF rising_edge (clk_b) THEN
gb <=qa;
END IF;
END PROCESS;

PROCESS (clk_b) BEGIN
IF rising_edge (clk_b) THEN
g <= gb AND data_b;
END IF;
END PROCESS;

END pld;

ver.1.0 2006 4
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39.

(VerilogHDL)

36  VerilogHDL

module a_m_clk (data_a, clk_a,

data_b, clk_b, q);

input data_a, data_b;
input clk_a, clk_b;

output q;

reg node;

reg g, ga, gb;

always @(posedge clk_a)

ga = data_a;

always @(qga or data_b)
node = ga & data_b;

37 VerilogHDL

module s_m_clk (data_a, clk_a,

data_b, clk_b, q);

input data_a, data_b;
input clk_a, clk_b;

output g;

reg g, ga, gb;

always @(posedge clk_a)

ga = data_a;

always @(posedge clk_b)
gb = ga;

always @(posedge clk_b)

always @(posedge clk_b) g =gb & data_b;
g = node;
endmodule
endmodule
ver. 1.0 2006 4 32/66 ELSENA, Inc.
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42.

(VHDL)

40 VHDL

ARCHITECTURE pld OF a_4count IS

BEGIN
PROCESS (clk, enable)

VARIABLE cnt : std_logic_vector
(3 downto 0);

BEGIN
IF (enable ='0") THEN
cnt ;= cnt;
ELSIF rising_edge (clk) THEN
cnt:=cnt+1;

END IF;

g <= cnt;

END PROCESS;
END pld;

41 VHDL

ARCHITECTURE pld OF s_4count IS
SIGNAL intc : std_logic ;

BEGIN
PROCESS (clk) BEGIN
IF rising_edge (clk) THEN
intc <= enable ;
END IF;
END PROCESS;

PROCESS (clk)
VARIABLE cnt : std_logic_vector
(3 downto 0);
BEGIN
IF (intc ='0") THEN
cnt ;= cnt;
ELSIF rising_edge (clk) THEN
cnt:=cnt+1;

END IF;

g <= cnt;

END PROCESS;

END pld;

ver.1.0 2006 4
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43.

(VerilogHDL)

40 VerilogHDL

module a_4count (clk, enable,q);

input clk, enable;

output [3:0]q;

reg [3:0]a;

reg enb;

always @(enable)
if (enable)
enb = 1'b1;
else

enb = 1'b0;
always @(posedge clk)
if (enb)

q=q+1;

endmodule

44

44.

41 VerilogHDL

module s_4count (clk, enable,q);

input clk, enable;

output [3:0]q;

reg [3:0]q;

reg enb;

always @(posedge clk)
if (enable)
enb =1'b1;
else

enb = 1'b0;
always @(posedge clk)
if (enb)

q=q+1;

endmodule
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a_en CO>—

PRN PRN

CLK =

CLRN CLRN
v

A———r>ua

ENA ® ab

QC ————o>0qc

] NOT
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52 53
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DFF
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52 53 VHDL 54  VerilogHDL 55
54. (VHDL)
52 VHDL 53 VHDL

ARCHITECTURE pld OF a_cIr IS

BEGIN
PROCESS (trigger, q) BEGIN
IF (g="1") THEN g <=0

ELSIF rising_edge (trigger) THEN

q<="1%
END IF;
END PROCESS;

END pld;

ARCHITECTURE pld OF s_cIr IS

SIGNAL int0, intl : std_logic;

BEGIN
PROCESS (trigger, q) BEGIN
IF (g ='1") THEN int0 <=0
ELSIF rising_edge (trigger) THEN
int0 <="1"
END IF;
END PROCESS;

PROCESS (clk, q) BEGIN
IF (g ='1") THEN intl <=0
ELSIF rising_edge (clk) THEN
intl <= intO;
END IF;
END PROCESS;

PROCESS (clk) BEGIN
IF rising_edge (clk) THEN
g <=intl,;
ELSE g<=q;
END IF;
END PROCESS;

END pld;
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55.

(VerilogHDL)

52 VerilogHDL

module a_clr (trigger, q);
input  trigger;

output g;

reg g

always @(posedge trigger
or posedge q)

53 VerilogHDL

module s_clr (trigger, clk, q);
input  trigger, clk;

output q;

reg int0, intl, q;

always @(posedge trigger

or posedge q) begin
if (@) int0 = 1'b0;

if (Q) else int0=1'b1;
g =1bo; end
else
g=1b1; always @(posedge clk
or posedge q) begin
endmodule if (q) intl = 1'bO;
else intl =intO;
end
always @(posedge clk)
q =intl;
endmodule
- On-chip XOR
ALTERA (MAX )  De-Morgan
Exclusive-OR(XOR)
56
56. On-chip XOR
a
=P
C
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56 XOR OR
57
57. On-chip XOR
a
b
OR-out L
y _]l
b OR XOR a b OR
XOR
MAX+plus Define Synthesis Style XOR Synthesis OFF
Power-ON
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58 AHDL
58.
SUBDESIGN il_state ( BEGIN
clk, go : INPUT ; ss.clk =clk;
ok : OUTPUT ; CASE ss IS
) WHEN idle =>
IF go THEN
VARIABLE SS =one;
ss : MACHINE OF BITS(q[2..0]) ELSE
WITH STATES ( ss =idle;
idle, END IF;
one, WHEN one =>
two, SS =two ;
three, WHEN two =>
four); ss = three ;
WHEN three =>
ss = four ;
WHEN four =>
ss =idle;
ok = Vcc
END CASE ;
END ;
58 idle -> one -> two -> three -> four
59
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59.
SUBDESIGN recover ( BEGIN
clk, go : INPUT ; ss.clk =clk;
ok : OUTPUT ; CASE ss IS
) WHEN idle =>
IF go THEN
VARIABLE SS =one;
ss : MACHINE OF BITS(q[2..0]) ELSE
WITH STATES ( ss = idle;
idle, END IF;
one, WHEN one =>
two, ss = two ;
three, WHEN two =>
four, ss = three ;
illegall, WHEN three =>
illegal2, ss = four ;
illegal3); WHEN four =>
ss =idle ;
ok =Vcc;
WHEN OTHERS =>
ss = idle;
END CASE ;
END ;
59
illegall,illegal2,illegal3 CASE
OTHERS
illegall illegal3
idle
VHDL  VerilogHDL
74
”0” ”11
"l"
”0” 'Hl" Hl" ”O”
PLD "ON”
L) (DAND
1lv
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61. CPLD/FPGA
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62. MAX7000
PRN PRN
ARG e LC
CLRN CLRN
Clear Q@ e
Clock
62 (tSL) (tH)

tSU =trp + tPia + tLap + tsu ...

tH =tro+tria+tLap +tH ...

Where, tSU
tH
trD
tria PIA
tLap
tsu

tH

tSU=1+2+6+4=13nS Where trp = 1nS, tria = 2nS, tLap = 6NS,

tH =1+2+6+4=13nS tsu = 4nS, th = 4nS

13nS

CPLD/FPGA

CPLD/FPGA
ALTERA 100pS

ALTERA CPLD/FPGA
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- 1.
MTBF = |ZfCLOCK X foata X C1 X e( C2 X tuer) :| 1
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