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-- 1Hz clock generation, ClockDivide.vhd
process(clk, clklhz)
variable cntlhz : integer := 0;
begin
if rising_edge(clk) then
if cntlhz >= 499999 then
cntlhz := 0;
clklhz <= not clklhz;
else
cntlhz := cntlhz + 1;
end if;
end if;
end process;
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3c 6-2
-- modeSelect.vhd
signal mode : std_Tlogic_vector(1l downto 0);
signal sw0_node : std_Togic;

process(reset, clk, sw0)
begin
if reset= '0' then
sw0_node <= '0';
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elsif rising_edge(clk) then
sw0_node <= swO0;
end if;
end process;

process(reset, sw0_node)
begin
if reset = '0' then
mode <= "00";
elsif rising_edge(sw0_node) then
mode <= mode + '1';
end if;
end process;
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signal hour : std_Tlogic_vector(4 downto 0) := "00000";
signal min, sec : std_logic_vector(5 downto 0) := "000000";

-- process for second
process(reset, clklhz, sec)
begin
if reset = '0' then
sec <= "000000";
elsif rising_edge(clklhz) then
if conv_integer(sec) >= 59 then
sec <= "000000";
else
sec <= sec + 'l';
end if;
end if;
end process;

-- process for minute
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process(reset, clklhz, sec, min)
begin
if reset = '0' then
min <= "000000";
elsif rising_edge(clklhz) then
if conv_integer(sec) >= 59 then
if conv_integer(min) >= 59 then
min <= "000000";
else
min <= min + '1';
end if;
end if;
end if;
end process;

-- process for hour

process(reset, clklhz, sec, min, hour)
begin
if reset = '0' then
hour <= "00000";
elsif rising_edge(clklhz) then
if conv_integer(sec) >= 59 then
if conv_integer(min) >= 59 then
if conv_integer(hour) >= 23 then
hour <= "00000";

else
hour <= hour + '1"';
end if;
end if;
end if;
end if;

end process;
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Ic= 64
signal hour_buf0, hour_bufl : integer := 0;
signal min_buf0, min_bufl : integer := 0;
signal sec_buf0, sec_bufl : integer := 0;

-- process for converting to integer type

process(Chour, min, sec)

begin
hour_buf0 <= conv_integer(hour)/10;
hour_bufl <= conv_integer(hour) mod 10;
min_buf0 <= conv_integer(min)/10;
min_bufl <= conv_integer(min) mod 10;
sec_buf0 <= conv_integer(sec)/10;
sec_bufl <= conv_integer(sec) mod 10;

end process;
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-- process for 7-segment display
process(clk, hour_buf0, hour_bufl, min_buf0, min_bufl, sec_buf0, sec_bufl)
begin
if rising_edge(clk) then
case hour_buf0 is -- abcdefg-
when 0 => seg_hour0 <= "1111110";
when 1 => seg_hour0 <= "0110000";
when 2 => seg_hour0 <= "1101101";
when 3 => seg_hour0 <= "1111001";
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when 4 => seg_hour0 <= "0110011";
when 5 => seg_hour0 <= "1011011";
when 6 => seg_hour0 <= "1011111";
when 7 => seg_hour0 <= "1110000";
when 8 => seg_hour0 <= "1111111";
when 9 => seg_hour0 <= "1110011";

when others => null;
end case;

T AR [ 6219 Uk, Shbe] SAHE RBhE o2 38 FEEh] A “abode-
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signal set_time : std_Tlogic_vector := "100";

process(reset, swl)
begin
if reset = '0' then
set_time <= "100";
elsif rising_edge(swl) then
case set_time is
when "100" =>
set_time <= "010";
when "010" =>
set_time <= "001";
when "001" =>
set_time <= "100";
when others =>
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set_time <= null;
end case;
end if;
end process;
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-- process for clock source
process(clklhz, mode, sw2)
begin
if mode = "01" then
timeClock <= sw2;
else
timeClock <= clklhz;
end if;
end process;
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-- process for second
process(reset, timeClock)
begin
if reset = '0' then
sec <= "000000";
elsif rising_edge(timeClock) then
if mode = "01" then -- time set mode
if set_time = "001" then -- second time set
if conv_integer(sec) >= 59 then
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sec <= "000000";
else
sec <= sec + '1';
end if;
end if;
else
if conv_integer(sec) >= 59 then
sec <= "000000";
else
sec <= sec + '1l';
end if;
end if;
end if;
end process;
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Ic 6-9

signal mmsec : std_logic_vector(6 downto 0) := "0000000";
-- process for 1/100 second
process(reset, cl1k100hz)
begin
if reset = '0' then
mmsec <= "0000000";
elsif rising_edge(c1k100hz) then
if conv_integer(mmsec) >= 99 then
mmsec <= "0000000";
else
mmsec <= mmsec + '1';
end if;
end if;
end process;
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signal state : std_Tlogic; -- 0 : stop state, 1 : up count state
-- process for state control
process(reset, mode, swl)
begin
if reset = '0' then
state <= '0';-- stop state
elsif rising_edge(swl) then
if mode = "11" then
if state = '0' then
state <= '1';
else
state <= '0';
end if;
end if;
end if;
end process;

state signal®] 27|17k ‘0’ 0.2 FR-E XA o|H dAR)j9] FA L ET] Efo|H L E (mode
= “117) o, SWIL -5 tvlct el Al FREA ol Ak, A Aol
TA] 7REEAEI 2 BT E3E 1/100% SRR 716k AR F22 [F1E 6-11]3} o] 4=
A,

Ic 611

process(reset, cl1kl00hz, state, mode, sw2)
begin
if reset = '0' then
mmsec <= "0000000";
elsif state = '0' then
if mode = "11" then
if sw2 = '1' then
mmsec <= "0000000";
end if;
end if;
else
if rising_edge(c1k100hz) then
if conv_integer(mmsec) >= 99 then
mmsec <= "0000000";
else
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mmsec <= mmsec + '1';
end if;
end if;
end if;
end process;
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Ic 6-12

signal alarm : std_logic:= '0';
-- process for Alarm on/off
process(reset, alarm, sw3)
begin
if reset = '0' then
alarm <= '0';
alarm_on <= "0000000";
elsif rising_edge(sw3) then
if alarm = '0' then
alarm <= '1"';
alarm_on <= "1111111";

else
alarm <= '0';
alarm_on <= "0000000";
end if;
end if;

end process;
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-- process for second
process(reset, sw2, mode, set_time)
begin
if reset = '0' then
sec <= "000000";
elsif rising_edge(sw2) then
if mode = "10" and set_time = "001" then-- sec alarm set
if conv_integer(sec) >= 59 then
sec <= "000000";
else
sec <= sec + '1';
end if;
end if;
end if;
end process;

o, 2=V} dEEE(mode = “107)0]aL
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Fc 6-14

-- process for comparing between current time and alarm setting time
process(reset, c1k1l00hz, mode, clk_hour, clk_min, hour, min, sec,alarm)
begin
if rising_edge(c1k100hz) then
if hour = clk_hour then
if min = clk_min then
if mode /= "10" and alarm = '1' then
alarm_out <= "11111111";
else
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alarm_out <= "00000000";

end if;
else
alarm_out <= "00000000";
end if;
else
alarm_out <= "00000000";
end if;
end if;

end process;
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6 7-ATHE setolw A7

Digital clock logice AA8k= 2G4 A A7HS &8sl FE-2 oju] A7 &
ez A7k A, eholn] W ket AR A1 Sl Qe AT B H
gttt 71240 HE 07 RE 1oA= HAE 29 AXRE Sk, HE 204
o 229 95, T2]al B E 39A= gfo|n] 229 A7k &3ttt

Fc 6-15

-- process for converting to integer
process(mode, dc_hour, dc_min, dc_sec, al_hour, al_min, al_sec, tl_mmsec,
t1_sec, tl_min)
begin
case mode is
when "00" =>-- digital clock mode
hour_buf0 <= conv_integer(dc_hour)/10;
hour_bufl <= conv_integer(dc_hour) mod 10;
min_buf0 <= conv_integer(dc_min)/10;
min_bufl <= conv_integer(dc_min) mod 10;
sec_buf0 <= conv_integer(dc_sec)/10;
sec_bufl <= conv_integer(dc_sec) mod 10;
when "01" =>-- clock setting mode
hour_buf0 <= conv_integer(dc_hour)/10;
hour_bufl <= conv_integer(dc_hour) mod 10;
min_buf0 <= conv_integer(dc_min)/10;
min_bufl <= conv_integer(dc_min) mod 10;
sec_buf0 <= conv_integer(dc_sec)/10;
sec_bufl <= conv_integer(dc_sec) mod 10;
when "10" =>-- alarm mode
hour_buf0 <= conv_integer(al_hour)/10;
hour_bufl <= conv_integer(al_hour) mod 10;
min_buf0 <= conv_integer(al_min)/10;
min_bufl <= conv_integer(al_min) mod 10;
sec_buf0 <= conv_integer(al_sec)/10;
sec_bufl <= conv_integer(al_sec) mod 10;
when "11" =>-- timer mode
hour_buf0 <= conv_integer(tl_min)/10;
hour_bufl <= conv_integer(tl_min) mod 10;
min_buf0 <= conv_integer(tl_sec)/10;
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min_bufl <= conv_integer(tl_sec) mod 10;
sec_buf0 <= conv_integer(t]l_mmsec)/10;
sec_bufl <= conv_integer(tl_mmsec) mod 10;
when others => null;
end case;
end process;
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(mode0 or 3) or
sw2="0’
/olink_on

model or 2, sw2 =1’
/blink_on
(mode0 or 3) or
sw2 =0’
/plink_on

(mode0 or 3) or
sw2 =0
/blink_on

(mode0 or 3) or
sw2 =0’
/blink_on

/blink_off

model or 2, sw2 =1
/blink_on

model or 2, sw2 =1’
/blink_on
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3c 6-16
type state_type is (s0, sl, s2, s3);
signal state : state_type;

-- process for 7-segment blink on/off
process(reset, clk2hz, mode, set_time, blink, sw2)
begin
if reset = '0' then
blink <= '1';
elsif rising_edge(clk2hz) then
case state is
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when sO =>
-- time set or alarm set mode
if mode = "01" or mode = "10" then
if sw2 = '1' then
state <= sl;

blink <= '1';
else
state <= s0;
blink <= '1";
end if;
else
state <= s0;
blink <= '1';
end if;

when sl =>
if mode = "01" or mode = "10" then
if sw2 = '1' then
state <= s2;

blink <= '1';
else
state <= s0;
blink <= '1';
end if;
else
state <= s0;
blink <= '1';
end if;
when s2 =>
o|s} A2k

[FLE 6-16]9)|A] state_type2] signal-& A12135}1L case~when -2 0|85} §] e 9]
2710] Wt e 0|2 S 2 B,
A2 £33 F2to] dojubr] YA+ segment displayollA] &2lsl= F2-S A sjjof 3t

. A 120ttt ON/OFFE BHESH= signalS A, & % W92 Aolslal, dAjo] FALE
7 QA 270] Uk 7 9-of 837} ONo|H o] signal 50| ON/OFFE HHE51t}

o QL o~

A Al

3= 6-17
-- process for display on/off
process(clk2hz, mode, set_time, blink, disp_hour, disp_min, disp_sec)
begin
if rising_edge(clk2hz) then
if mode = "01" or mode = "10" then
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if blink = '1' then
case set_time is
when "100" =>

disp_hour <= not disp_hour;

disp_min <= '1';
disp_sec <= '1';
when "010" =>
disp_hour <= '1';
disp_min <= not disp_min;
disp_sec <= '1';
when "001" =>
disp_hour <= '1';
disp_min <= '1"';
disp_sec <= not disp_sec;
when others => null;
end case;
else
disp_hour <= '1';
disp_min <= '1"';
disp_sec <= '1'
end if;
else
disp_hour <= '1';
disp_min <= '1';
disp_sec <= '1';
end if;

end if;

end process;

[F.5 6-17]0 4] BEZ} AIZH A% B O ARRERE | EX2)0]3 B837L ONoJH 3

Fol= AI7F 912 9] display signal(disp_sec, disp_min, disp_hour)& 0,5% 7F402

ON/OFFA|IZIT}, I3 A7 AR E E= ogh A m =7t obl AL blink signal©] ONO|
olY display signal2 &4 ON AE|E G- gk}

I 6-18

if rising_edge(c1k100hz) then
if disp_hour = '1' then

case hour_buf0 is -- abcdefg-
when 0 => seg_hour0 <= "1111110";
when 1 => seg_hour0 <= "0110000";
when 2 => seg_hour0 <= "1101101";
when 3 => seg_hour0 <= "1111001";
when 4 => seg_hour0 <= "0110011";
when 5 => seg_hour0 <= "1011011";
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when 6 => seg_hour0 <= "1011111";
when 7 => seg_hour0 <= "1110000";
when 8 => seg_hour0 <= "1111111";

when 9 => seg_hour0 <= "1110011";
when others => null;
end case;

case hour_bufl is --abcdefg-
when 0 => seg_hourl <= "1111110";

when 1 => seg_hourl <= "0110000";
when 2 => seg_hourl <= "1101101";
when 3 => seg_hourl <= "1111001";
when 4 => seg_hourl <= "0110011";
when 5 => seg_hourl <= "1011011";
when 6 => seg_hourl <= "1011111";
when 7 => seg_hourl <= "1110000";
when 8 => seg_hourl <= "1111111";

when 9 => seg_hourl <= "1110011";
hen others => null;

end case;
else
seg_hour0 <= "0000000";
seg_hourl <= "0000000";
end if;
end if;

roll Al A efet display signalo] ONo| &9 Hsof A7 dlo|g& AI1HES] EHsiaL
OFFo| Al T Eo] opi gie Z¥5}A] oh=th, wabA 052 A 02 573 S22 Tk

7 .2 A7+ AA A A 7H] AE £}

o] 7Is= F7137] isiMe 2R A7 OFFd Alfo| Al 2Hz S2lof| 5715 o] A AIZte]
A S7HE =S S, olE 9fste] DCLE-ZoA AJ7to] S718tAY A D ) Ak 22
&g Aohs T2 (55 6-19]9F o] 3t A AR E(RE 1)oA S- 27 OFF
Aol AZto] AR A 0.2 05200 14 T7HE =5 2Hz 23 & ARt

—_

I 6-19

-- process for clock source
process(clklhz, cl1k2hz, mode, b1ink, sw2)
begin
if mode = "01" then-- time set mode
if blink = '1' then
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timeClock <= sw2;
else
timeClock <= clk2hz;
end if;
else-- clock mode
timeClock <= clklhz;
end if;
end process;

5t alarm logicol 4= SW20]| QJaiARt Z7kshe AlZ-S B8 271 OFFER 0,520 14 %
FShEE 25t

ICc 6-20

-- process for Alarm clock source
process(clk2hz, mode, blink, sw2)
begin

if mode = "10" then
if blink = '1' then
AlarmClock <= sw2;
else
AlarmClock <= clk2hz;
end if;
end if;
end process;

-- process for second
process(reset, AlarmClock, mode, set_time)
begin
if reset = '0' then
sec <= "000000";
elsif rising_edge(AlarmClock) then
if mode = "10" and set_time = "001" then-- sec alarm set
if conv_integer(sec) >= 59 then
sec <= "000000";
else
sec <= sec + '1';
end if;
end if;
end if;
end process;

[C18 6-612 ol 717t 7] 5& B 3%t 50tk
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