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1.1 £/ VHDL iB5 SEIXS FPGA 254 HU4REE

FPGA (Field—Programmable Gate Array), BIE{IZAI4mfETFES, "E/&FE PAL. GAL.
CPLD %5 F] 4 A2 #5 F HO SR B b — DR R, & RAE T AL S (ASIC) AT+
— b T IR, BRAR UL T B BRI R, XOEIR TR AT R AR A T R L
A PR

FFHAT FPGA 234, v LAME B IRTE S (Verilog 8L VHDL) 58S # T,
A ULAIL R RIsE & 54 R, PURRIBEE FPGA EREATINR, ZBUR 1C BitIIEmE
AR I o XL R Gy 04 P LA SR SE I — SR AR (@ T HL % (L an AND. OR. XOR. NOT)
B B AT — Se 1 20 & Th AR LU AN A 1 38 B 7 R
1.2 FAMRITIA
1.2.1 IS

Cyclone ii #&—7K FPGA &, T 2004 1 Altera A FHEH . Cyclone 1T FPGA HY
JRA L3 —4R Cyclone #RAHIK 30%, EHARK T =2, FNEAFEEK 1/0 51l %
IR K EP2C5T144C8 365 Fr FFEL A SDRAM 5 F, HHEHAIZ N 50MHz . [HI, SZIGHREE 4
ANBSRE AR 5 Nk, FIRDE RS 1/0 O RHEEET 751 . WRGHRIELL M s TiH
FERIJTHIE S, 35 2 LS R ReAS I T IR et
1.2.2 BHER

Quartus 11 & Altera 2] HI%:4PE PLD/FPGA FF R %4, JE¥EE. VHDL. VerilogHDL
PLK AHDL (Altera Hardware SZHF Description Language) L Ftiti AR, Wik
H A 45 A2 DL A%, 7T DASE LA BT N 2088 (0 2 7 56 % PLD Bil-Jifs .

VHDL 38 & & —Fh F T B B R 205 5 . B 18 80 BN G Bl B &t RiF.
ST BB, MOL TR R S TSRS . &S X FPGA ARt
BEAT G o
1.3 BRHIEE

RRGAE—ANTZAKLHA T34 O nds DLEISE BoRIkE)D . /s R4
I 8539 1000Hz, 1Hz SERHE ST RPAEH . TEEE 7B RG RIS,
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PCB & ittn .

BE BEFEITESH

2.1 Sronsssstrangit
ARG o M as R BN AR, B R T I TR R B AT B 2 B R T (i
o HAAREMT: (LLIns AR HE S 8D

process (clk_in) --1ms FIHATHHA

begin
if rising edge(clk _in) then—-SEMNEHRPWESAHLEHEH
if (data ms=25000) then —-BH#HEXM A HMAITHE
--MsomM/ (25000+2) FE|ESEIE EHHE -
--fEfrdata msHHER {8 & A LSS B a4 b
data ms<=0;
Q ms<=not Q ms; —-HEEFEREERHTHE
else
data ms<=data ms+1;
end if;
end if;
clk out ms<=0 ms; ——ﬁﬁﬁ%ﬂﬁﬁi&u
end process;
& 2.1

2.2 HEE B RIENFHRILIT
SCIR IR RIS B OV IE RIS, 5 4 MRS 5 LR 8 MBUEE S, B ALiE &
Bige T A SEELERS 3 ) S



Zr ARG 508 0-15 (BB Fi oV EoR 16 dERIH N 74 BUE S 5. R
FAACKH] case A, XFH NG 5 BEAT LRI N A5 H .

process (int_in)

begin
case int_in is=
when 0 => data out <= "11000000"; -- O
when 1 =» data out <= "11111001"; -- 1
when 2 => data_out <= "10100100"; -- 2
when 3 => data out <= "10110000"; -- 3
when 2 =» data_out <= "10011001"; -- 4
when 5 => data out <= "10010010"; -- 5
when & =» data_out <= "10000010"; -- &
when 7 =» data_out <= "11111000"; -- 7
when 8 => data out <= "10000000"; --— 8
when 2 =» data_ out <= "10010000"; -- 82
when 10 => data out <= "10001000"; -- A
when 11 =» data out <= "10000011"; -- b
when 12 => data out <= "10100111"; -- ¢
when 13 => data out <= "10100001"; —- d
when 14 =»> data out <= "10000110"; -- E
when 15 => data out <= "10001110"; -- F

when others => NULL:
end case;
end process;

K 2.2
2.3 E=R[/HEt
2.3.1 1Z2gEEE
BRGNS THAEERI T HEIAL BT, 7T LA R BE INAR e v . Y B S 5 2
TS, AR i IR, S BOA BIBOE (BN 45 R L T RIS S OF
PATAHRLDIRE, Horb keyd SEIURBL TG FE,  FLARAL B S I IR H) B2 RE Y 5E 5L

process (sysclk, keys) —0Z0—————— FRoEPHA A EERDIRE (=60
variable COUNT1l :integer range 0 to 1000000;
begin
if key5='0"'" then
if RISING EDGE (sysclk) then
if COUNT1<1000000 then

COUNT1 :=COUNT1+1:;
else COUNTL:=COUNIL1;
end if;
if COUWNT1=295922% then
data mode <= data mode+l;
elze data mode <= data mode;
end if:;
end if;

else COUNT1:=0;

END if;

if(data mode = <) then

data mode <= 0O;

end if;

end process ;

K 2.3



2.3.2 HRERMET

SCIRHCR A T VU IEBAIBOSE, & HELSAN R E E SR A PR N, )RR
ST BT RN . ARGERA 10000z ISR HD & AT I SR, LB AT
PARERE I R AN 2 LA BRI BLR -

R BT JTTHER ) AN process, 23 A B A HEAT 1958 LA BUE S

Erocess (tmp sig ms,data count seg) -4t EHBPELERE
begin
if rising edge(tmp sig ms) then
data count seg <= data_ count_ seg+l;
if(data_count seg = <) then
data count seg <= 0;
end if;
end if;

end process;

K 2.4

process (svsclk) ——-HHEARSEAETHA

begin

if (data mode = 0)then------—-——-————————-—
if (data count_seg = 0) then-—{u FE @A A
zegTeom <="0111";——{uik
tmp segT7data <= data_rr.in_low:——fﬁii
el=sif (data count seg = 1l)then
segTcom <="1011";
tmp segTdata <= data_min high;
elzif (data_count seg = Z)then
segTcom «<="1101";
tmp segTidata <= data_h low;
else
segTcom <="1110";
tmp segTidata <= data h high;
end if;

K 2.5

2.3.3 24 /BB

N TSI AR SRR IRCR, TR 24 NI HEIRR B AR G000 T 1 B
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process (sysclk) —-24:AFATE 20

begin
if:ﬂ:@}@eﬁmtnqpnlﬂmn"ﬁl%%ﬁﬁﬁ!ﬁﬁﬁﬁl%%ﬁﬁﬂﬁﬁﬂﬁ
data min low<=data min low+l; ——FF i
if (data min low = 2)then AR EREAE, BiTHE
data min low <=0; -—-EE
data_min _high<=data min high+l;
if(data min high = S5)then —-FH— 04l 0
data _min low <=0; --FHE
data min high <=0;
data h low <= data h low+l:
data_h <= data h+l;
if(data h low = ¢ )then -——/EIHEFHBUS|HSH
data _min low <=0; --BE
data min high <=0;
data h low <=0;
data_h high <=data_h _high+l;
end if;
end if:;
end if:
end if;
if(data h = Z24¢)then —-Fza it 2HEFE

data min low <=0;
data min high <=0;
data_h low <=0;
data h high <=0;
data_h <= 0;

end if;

if (data_h >= data_time nightin or data h <data time nightout)then —-HXZE7HHf
night <='1"';

else

night <='0"';

end if;

end process;

& 2.6
2.3.4 HTETEIEE
ARSI T AT NIBATIS (8], P28 A7 I TA] LA S AR TR IS ] B 1605
FeeSEENE . FEARML DA NIRRT EET T+ .
if(keyl="0"'")then
if (data mode = Z)then
data_tiEe_cp <= data_time cp+l:

elsif (data mode =3)then
data time nightout <= data_time nightout+l;

end if;
end if;
if(key2="0")then
if (data mode = Z)then

data time cp <= data time cp-l:
elsif (data _mode =3)then
data time nightout <= data_time nightout-1;

end if;
end if;
if(key3='0")then
if (data mode = Z)then

data time pp <= data time pp+l:;
elsif (data mode =3)then
data time nightin <= data time nightin+l;

end if;
end if:
if(key4="0")then
if (data mode = Z)then

data time pp <= data_time pp-1;
elsif (data mode =3)then
data time nightin <= data time nightin-I1;

lz] 2.7 end if;

end if;
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MR IEFIRAD

--@By Hypo 20170520 &l 4] FREFF
LIBRARY IEEE;
USE IEEE.STD_LOGIC 1164.ALL;
ENTITY test IS
PORT(
keyl,key2 key3,key4 key5, key6: IN STD_LOGIC;--1#45 4 A\
sysclk: IN STD_LOGIC;--F &4 A\
led_c rled c yled c_g,led p rled p_g: OUT STD_LOGIC;--led %
seg7data; OUT STD_LOGIC_VECTOR(7 DOWNTO 0);--¥it & fi7 i
seg7com: OUT STD_LOGIC_VECTOR(3 DOWNTO 0)  --#{i% % Btk
)i
END test;

ARCHITECTURE main OF test IS

COMPONENT seg7led IS B
PORT (
int_in: IN INTEGER RANGE 0 TO 16;
data_out: OUT STD_LOGIC_VECTOR(7 DOWNTO 0)
);
END COMPONENT seg7led;
COMPONENT clkdiv IS it
PORT( clk_in:IN STD_LOGIC; I B SR

clk_out_ ms:OUT STD_LOGIC; --ZIMZ 5%
clk_out_s:OUT STD_LOGIC; --FMZ St
clk_out_ min:OUT STD_LOGIC; --7r#ifs St
clk_out_h:OUT STD_LOGIC; --I4{E 54
clk_out 50ms : OUT STD_LOGIC
);
END COMPONENT clkdiv;

HO A 4 4
SIGNAL tmp_seg7data :integer range 0 to 16;
SIGNAL data_count_seg:integer range 0 to 10;

vag kol
SIGNAL tmp_sig_s,tmp_sig_ms,tmp_sig_min,tmp_sig_h,tmp_sig_50ms :STD_LOGIC;--73 4l #% i ! i
E S

24 /NI Ao

13



SIGNAL data_min_low:integer range 0 to 20;
SIGNAL data_min_high:integer range 0 to 10;
SIGNAL data_min:integer range 0 to 100;
SIGNAL data_h_low:integer range 0 to 20;
SIGNAL data_h_high:integer range 0 to 10;
SIGNAL data_h:integer range 0 to 100;

Hht e AR )
SIGNAL data_mode: integer range 0 to 10:=0;
SIGNAL data_count_key:integer range 0 to 100;

I FEFET

SIGNAL led_p :integer range 0 to 3;--Z=iE 4]

SIGNAL led_c :integer range 0 to 3:=1;-- A 4718 4T

SIGNAL key_flag :integer range 0 to 1:=0;

SIGNAL data_time_count:integer range 0 to 1000;-- i) 1%

SIGNAL data_mode_led: integer range 0 to 10:=0;--2T. &% AT el 43 s} 7] 7

AT A B
SIGNAL data_time_nightin: integer range 0 to 100:=22;

SIGNAL data_time_nightout: integer range 0 to 100:=8;

SIGNAL night :STD_LOGIC:='0";

ZLERAT I (] L B
SIGNAL data_time_cp : integer range 0 to 100:=30;--Z5 847 30 #
SIGNAL data_time_pp : integer range 0 to 100:=15;-- \i# 1T 15 #»

BEGIN

div: clkdiv PORT MAP ( ----------—- I
clk_in  =>sysclk,
clk_out_s =>tmp_sig_s,
clk_out_ms =>tmp_sig_ms,
clk_out_min =>tmp_sig_min,
clk_out_h=>tmp_sig_h,
clk_out_50ms =>tmp_sig_50ms);

dis: seg7led PORT MAP ( =-------------- L

int_ in  =>tmp_seg7data,
data_out => seg7data

14



process(sysclk,key5) — ------ T8 5 R HRS E R UL R (s6)
variable COUNT1 :integer range 0 to 1000000;
begin
if key5="0" then
if RISING_EDGE(sysclk) then
if COUNT1<1000000 then
COUNT1:=COUNT1+1;
else COUNT1:=COUNT],;
end if;
if COUNT1=999999 then
data_mode <= data_mode+1;
else data_mode <= data_mode;
end if;
end if;
else COUNT1:=0;
END if;
if(data_mode = 4)then
data_mode <= 0;
end if;
end process ;

process(sysclk)  -------- T 12 3 4 PR 15 € I [H] (52 $3 54 55)
variable COUNT1 :integer range 0 to 1000000;
begin

if keyl="0" or key2="0" or key3="'0" or key4="0" then
if rising_edge(sysclk) then
if COUNT1<1000000 then
COUNT1:=COUNT1+1,;
else COUNT1:=COUNT]Y,;
end if;
if COUNT1=999999 then
if(keyl='0"then
if(data_mode = 2)then
data_time_cp <= data_time_cp+1;
elsif(data_mode =3)then
data_time_nightout <= data_time_nightout+1;
end if;
end if;
if(key2='0")then
if(data_mode = 2)then
data_time_cp <= data_time_cp-1;

15



elsif(data_mode =3)then

data_time_nightout <= data_time_nightout-1;

end if;

end if;

if(key3="0"then
if(data_mode = 2)then

data_time_pp <= data_time_pp+1;

elsif(data_mode =3)then

data_time_nightin <= data_time_nightin+1,;

end if;
end if;
if(key4="0"then
if(data_mode = 2)then

data_time_pp <= data_time_pp-1;

elsif(data_mode =3)then

data_time_nightin <= data_time_nightin-1;

end if;
end if;
end if;
end if;
else COUNT1:=0;
end if;
end process;

process(sysclk) =L LT RS E X

begin

if(led_c = 0)then
led c r<="1}
led_c_g <=0
led_c y <=0,
elsif(led_c = 1)then
led_c_r<='0%
led_c g<="1"
led_c y <=0,
else
led_c_r<='0%
led ¢ g <=0
led c y<="1}
end if;

if(led_p = 0)then
led p r<="1,
led p g<="0%

16



else

led_p_r<="0;
led p g<="1%
end if;

end process;

process(sysclk) Ak YAIE St Y s
begin
if rising_edge(tmp_sig_s)then
data_time_count<=data_time_count+1;
if(night="1")then----------- R
if(key_flag=1)then
if(data_time_count=data_time_cp)then
led_p<=0; --#EAZST
led_c <=2;
data_mode_led <=3;
end if;
if(data_time_count=(data_time_cp+3))then
led p<=1; -f7 N@AT
led_c <=0;
data_mode_led <=2,
end if;
if(data_time_count=(data_time_cp+3+data_time_pp))then
led p<=0; --ZEilfT
led_c <=1;
key flag <=0;
data_time_count <=0;
data_mode_led <= 0;
end if;
else
led_p <=0;
led_c<=1;
data_mode_led <= 0;
end if;
end if;

if(night='0")then------------- H R
if(data_time_count =data_time_cp)then
led_p<=0;  --HEAT/T
led_c <=2;
data_mode_led <=3;
end if;

17



if(data_time_count = (data_time_cp+3))then
led p<=1; --fT Ni#iT
led_c <=0;
data_mode_led <=2;
end if;
if(data_time_count >=(data_time_cp+3+data_time_pp) )then
led p<=0; --ZFi#AT
led ¢ <=1;
data_time_count <=0;
data_mode_led <=1;
end if;
end if;
end if;

if(key6="0" and key_flag = 0)then
data_time_count <= 0;
data_mode_led <=1;

end if;

if(key6="0"then
key flag <=1;
end if;

end process;

process(tmp_sig_ms,data_count_seq) ---2F s EHS A7 e T H
begin
if rising_edge(tmp_sig_ms) then
data_count_seg <= data_count_seg+1;
if(data_count_seg = 4) then
data_count_seg <= 0;
end if;
end if;
end process;

process(sysclk) - E F I AR R R A

begin

if(data_mode = 0)then------------------ 150 0, WEh TR
if(data_count_seg = 0)then---fo7 i 4% A\
seg7com <="0111";--{i/.i%

18



tmp_seg7data <= data_min_low;--Bi%k
elsif (data_count_seg = 1)then
seg7com <="1011";
tmp_seg7data <= data_min_high;
elsif (data_count_seg = 2)then
seg7com <="1101";
tmp_seg7data <= data_h_low;
else
seg7com <="1110";
tmp_seg7data <= data_h_high;
end if;
elsif(data_mode = 1)then B 1, ZLERT T R [H) B
if(data_mode_led = 0)then-------- WA —BHEE, TR
if(data_count_seg = O)then
seg7com <="0111";
tmp_seg7data <= 16;
elsif (data_count_seg = 1)then
seg7com <="1011";
tmp_seg7data <= 16;
elsif (data_count_seg = 2)then
seg7com <="1101";
tmp_seg7data <= 16;
else
seg7com <="1110";
tmp_seg7data <= 16;
end if;
elsif(data_mode_led = 1)then---- 7= 18 173 43 B (7]
if(data_count_seg = O)then
seg7com <="0111";
tmp_seg7data <= (data_time_cp - data_time_count)rem 10;
elsif (data_count_seg = 1)then
seg7com <="1011";
tmp_seg7data <= (data_time_cp - data_time_count)/ 10;
elsif (data_count_seg = 2)then
seg7com <="1101";
tmp_seg7data <= 16;
else
seg7com <="1110";
tmp_seg7data <= 16;
end if;
elsif(data_mode_led = 2)then---- A\ i 4175 42 I 1]
if(data_count_seg = Q)then
seg7com <="0111";
tmp_seg7data <= ((data_time_cp+3+data_time_pp) - data_time_count)rem 10;
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elsif (data_count_seg = 1)then
seg7com <="1011";
tmp_seg7data <= ((data_time_cp+3+data_time_pp) - data_time_count)/ 10;
elsif (data_count_seg = 2)then
seg7com <="1101";
tmp_seg7data <= 16;
else
seg7com <="1110";
tmp_seg7data <= 16;
end if;

else ---- BT M 57 00
if(data_count_seg = O)then
seg7com <="0111";
tmp_seg7data <= 0;
elsif (data_count_seg = 1)then
seg7com <="1011";
tmp_seg7data <= 0;
elsif (data_count_seg = 2)then
seg7com <="1101";
tmp_seg7data <= 16;
else
seg7com <="1110";
tmp_seg7data <= 16;

end if;
end if;
elsif(data_mode = 2)then B 2, ZLERIT I (A R

if(data_count_seg = 0)then
seg7com <="0111";
tmp_seg7data <= data_time_pp rem 10;
elsif (data_count_seg = 1)then
seg7com <="1011";
tmp_seg7data <= data_time_pp / 10;
elsif (data_count_seg = 2)then
seg7com <="1101";
tmp_seg7data <= data_time_cp rem 10;
else
seg7com <="1110";
tmp_seg7data <= data_time_cp /10;
end if;
03, FH R B E N ] R

if(data_count_seg = 0)then

seg7com <="0111";

tmp_seg7data <= data_time_nightin rem 10;
elsif (data_count_seg = 1)then
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seg7com <="1011";
tmp_seg7data <= data_time_nightin / 10;
elsif (data_count_seg = 2)then
seg7com <="1101";
tmp_seg7data <= data_time_nightout rem 10;
else
seg7com <="1110";
tmp_seg7data <= data_time_nightout / 10;
end if;

end if;

end process;

process(sysclk)  --24 /NI itk

begin
if rising_edge(tmp_sig_min) then -4 AN 55 A%, A8 NG 5 8 LIl ok
data_min_low<=data_min_low+1;  --JF4AiT%k
if(data_min_low = 9)then I BMRALIR B B KB, PATIEAL
data_min_low <=0; -HE

data_min_high<=data_min_high+1;
if(data_min_high = 5)then  --ifi— /NI aEA7 25 /NS
data_min_low <=0; S
data_min_high <=0;
data_h_low <= data_h_low+1;
data_h <=data_h+1,;
if(data_h_low = 9)then --/INEHMEALTHHIENL LS /N 7
data_min_low <=0; g%
data_min_high <=0;
data_h_low <=0;
data_h_high <=data_h_high+1;
end if;
end if;
end if;
end if;
if(data_h = 24)then -1t 24 /NB, AEEE
data_min_low <=0;
data_min_high <=0;
data_h_low <=0;
data_h_high <=0;
data_h <=0;
end if;
if(data_h >= data_time_nightin or data_h <data_time_nightout)then -- 9 K 5.7 1 It
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night <="1"
else

night <="0";
end if;

end process;

END main;

______ oIS

library ieee;

USE ieee.std_logic_1164.all;

ENTITY clkdiv IS

PORT( clk_in:IN STD_LOGIC; KL AL AN
clk_out_ms:OUT STD_LOGIC; -l 505 54
clk_out_s:OUT STD_LOGIC;  --Hf#i = St

clk_out_min:OUT STD_LOGIC;
clk_out_h:OUT STD_LOGIC;
clk_out 50ms : OUT STD_LOGIC
)i

end clkdiv;
architecture div of clkdiv is

SIGNAL data_ms:integer range 0 to 1000000;
SIGNAL data_s:integer range 0 to 100000000;
SIGNAL data_min:integer range 0 to 100;

SIGNAL data_h:integer range 0 to 100;

SIGNAL data_50ms:integer range 0 to 10000000;
SIGNAL Q_ms,Q_s,Q_min,Q_h,Q_50ms:std_logic;

begin

process(clk_in) --1ms Z G ddg A
begin
if rising_edge(clk_in) then-- 4 I | i £0{5 54 _EFHHE I
if(data_ms=25000) then -- FH 1T 4 #% S HL A S Th A

--FH 50M/ (25000%2) 75 %= 5 &H%E FE 1 .
--f& 25 data_ms 11340 Wi E sl T PASEEAS [ 1) 43 A e

data_ms<=0;
Q_ms<=not Q_ms; X G APRS E AT
else
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data_ms<=data_ms+1;
end if;
end if;
clk_out_ ms<=Q_ms; -fE A R AT
end process;

process(clk_in) --50ms 4 ifar i N SEPRIS ] CRZ&3%E FHED
begin
if rising_edge(clk_in) then
if(data_50ms=1250000) then -- It A A ARARE ) 34T L, infout=data*2+1 ; data=(infout -1)/2
data_50ms<=0;
Q _50ms<=not Q_50ms;
else
data_50ms<=data_50ms+1;
end if;
end if;
clk_out_50ms<=Q_50ms;
end process;

process(clk_in) --1s C.4i%5 10 %
begin
if rising_edge(clk_in) then
if(data_s=2500000) then --data_s=25000000 IE %  data_s=2500000 H} 1s 4 %ijH 10 £%
--data_s=250000 i 1s CL£845% 100 1%
data_s<=0;
Q_s<=not Q_s;
else
data_s<=data_s+1;
end if;
end if;
clk_out _s<=Q_s;
end process;

process(Q_ms) --1min C.47i%H 1000 1%
begin
if rising_edge(Q_ms) then
if(data_min=30) then
data_min<=0;
Q_min<=not Q_min;
else
data_min<=data_min+1;
end if;
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end if;
clk_out_min<=Q_min;
end process;

process(Q_min) --1h T.&4H%0 1000 £ (L&A HED
begin
if rising_edge(Q_min) then
if(data_h=30) then
data_h<=0;
Q _h<=not Q_h;
else
data_h<=data_h+1;
end if;
end if;
clk_out_h<=Q_h;
end process;

end div;

K R R 5

LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;

ENTITY seg7led IS

PORT(
int_in: IN INTEGER RANGEOQOTO 16;
data_out: OUT STD_LOGIC_VECTOR(7 downto 0)
)i
END seg7led;

ARCHITECTURE example OF seg7led IS
BEGIN

process(int_in)
begin
case int_in is

when 0 => data_out <= "11000000"; -- 0
when 1 => data_out <="11111001"; -- 1
when 2 => data_out <="10100100"; -- 2
when 3 => data_out <= "10110000"; -- 3
when 4 => data_out <= "10011001"; -- 4
when 5 => data_out <= "10010010"; -- 5
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when 6 => data_out <= "10000010"; -- 6
when 7 => data_out <= "11111000"; -- 7
when 8 => data_out <= "10000000"; -- 8
when 9 => data_out <= "10010000"; -- 9
when 10 => data_out <= "10001000"; -- A
when 11 => data_out <= "10000011"; -- b
when 12 => data_out <= "10100111"; -- ¢
when 13 => data_out <= "10100001"; -- d
when 14 => data_out <= "10000110"; -- E
when 15 => data_out <= "10001110"; -- F
when 16 => data_out <= "10111111"; -- --
when others => NULL;

end case;
end process;

END example;
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