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Temperature Measurement Application by FPGA

Mr. Supachai Ngamanekrat

Mr. Marut Jaisue
Dr. Manas Sangvarasin Advisor
2001

Abstract

This thesis is presented application of Field Programmable Gate Array (FPGA)
for temperature measurement application. System to brought data of thermometer
equipment (IC DS1620) sent the result to 7-Segment and connected to computer series
type. After used the software to apply and show data by Microsoft Visual C++
Language. Modes of process were real times mode and record time's mode. Real times
mode examined real temperature and showed in present time. Record time's mode
saved temperature data in memory (RAM) and read temperature data from memory to

show in next time. The total process used FPGA to control.
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ENTITY component_name IS
Input and output ports Physical and other
parameters

END [component_name];
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MUX
ENTITY mux IS
PORT (in0, in1, sel : IN BIT; m(; putput L ==—
in
output : OUT BIT ); Bl
END mux;
(@) ()
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517 2.4 uaasguuuvoasanman

() MM NUUUIDUNA U VoA VALDD

(b) H1UBIVDWUFBNLIZENY (Interfacing)
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Y
NUIWNINTLD18 (Propagation delay time) wwﬁﬁma{mmﬁ 58N U (Generic) NAIMUA

fef1ds GENERIC a1ndaed1alugiin 2.5

ENTITY mux IS
GENERIC (tplh : TIME := 3 1s; X
tphl : TIME =5 ns; ino output [5_
PORT (in0, in1, sel : IN BIT; inl
output : OUT BIT ); sel
END mux; tplh tphl

(a) V T b) ?

d' v A c/::{ 9 9 1 1 1
1 2.5 suliuudafinanghdsznounleTayamNmINTUILNTNTZNY
(2) MiwmsoanuuDEUNA IuFvaIeYALea

(b) yuNOIVRIRUTFONTTA Y

Tynansdiannsafiagldayiesauen adregdauuivsianingesnieiva Wiazeonvosds

A 4

9 & 1 1 k) ) [ o =) t-é
ya 18 FadawIngezwulumsadngliuy dmiuasnasumsiinuvedngiluyuminfe

= 9 o =~ =
L’e)“lfﬂui’)ﬁﬁ]’lfi’i‘]_lmiﬂﬂﬁf)mﬂiﬂﬂmﬂﬂ (Test bench)

ENTITY test_bench IS
END test bench;

a
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ARCHITECTURE identifier OF component_name 1S

[declaration

BEGIN
specification of the functionality of the
component in terms of its input lines and as
influenced by physical and other parameters

END [identifier];

t:' 1 Qdd' 1 o 1 d' 1 Y
Zij‘lJ‘Vl 2.7 1'1U'JEJﬂ”Ii'O‘E]ﬂLL“]JUL'EJH‘VW]‘VILliJJJﬂﬁﬂﬁ’?u@l‘lﬁ]\ﬁ’nﬂﬂﬂﬂﬂ'ﬂﬂ"lﬂuﬂﬂ
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(identifier) F9Ndoatmuaadly1dun Fahuaacl#diiuil ARCHITECTURE 1114 ussenamiiag
11599 NUUUBUTATAY (OT<entity design unit>1S) d9UNDYIE1I19 ARCHITECTURE U@z

a A ' 0 ; : 4 g
BEGIN Wusiufdinsemeaniievesan1ilnenssuniviua (architecture declarative area) N1y

[l v '
{ivaauiiedon (option) Tuusnaiimuisalfdoulsematimuaniaie negiirll1daeTy
v

aoflaonssniiu'ld o1 zian (type) 7199 @29E1UBY bit, bit_vector), Ay 1M (signal),
AIn9N (constant) Tﬂmnsudaﬂ"lﬁufi function 8¢ procedure) Llazqﬂﬂﬁﬂf(component) aaun
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v v 4 H
f1d9 PORT) fiuszgnussensluninauiioNszni1af1d1 BEGIN N END 4941118015001
5 o o o w A 1 a ¥ | o W '
wuuaadasnssy uazuennniugafdndidanedmeluinaiisgilugaiidununss
v 1
41413 (concurrent statement) (111111 ¥iIwmseRAULVamilasnssuzdesahedioida END
A o [ 1 A A o = aa v a
uazfovosamilasnssuiiug Wuduiiedonlasn lmswengluuuszuuaiaanlen iy 1

v
rateamusaeu ldluanyazaiee Al

- dszinnms lnavosdoya (Dataflow description)
- ﬂimquﬁﬂﬁu (Behavioral description)
-dszianTaseadhs (Structure description)

-sznnnay (Mixed model description)

ARCHITECTURE data_flow OF mux IS

BEGIN

Output <= ((NOT se1) AND in0) OR (se1 AND in1);
END data_flow;

=

31071 2.8 uamaniiemseenuuuaniilaenssuveaiadmandninilafduyan

U

Output = (sel.in0) + (sel.inl)

d' ] A [ @ 4 1 9 d' 9 [ 9 ci
1Nl 2.8 daufiusseeanmduiuiseniedoyad Tnadh (ino, inl ) fudoyailva

Y o I ~ = &L o <!
R} (output) 1J5zﬂfmﬂ’JEJ‘Igﬂm’cNuU‘lJLHNﬁJu"IJumtwm‘lgmﬂtn “K\?lﬂlﬂuﬁﬂuﬂﬁglﬂﬂﬂ'ﬁqﬁﬁmﬂﬁ

C%

foyavoaiadmand 3o szaumsaieTeudeyaseninesTcines (RTL Register Transfer Level)
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MUX
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i [ 1 v a J 9
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1% 8111031985 (inv NAWNIUL g0), LOURINA 2 DUWASIUIY 2 A (and2 NAUKUL gl LAZ g2)

o a Ad' o 1 9 o v = =
uaz 903510A 2 FUNA (or2 NdwMIN g3) adremuilintuyauueagin 2.8

ARCHITECTURE struc OF mux IS
COMPONENT inv

PORT (i1:IN BIT ;01 : QUT BIT);
COMPONENT and2

PORT (i1, i2 : INBIT ; 03 : OUT BIT);
COMPONENT or2

PORT (i1, i2: IN BIT; o1: OUT BIT);
END COMPONENT;

SIGNAL int0, int1, int2: BIT:

BEGIN

g0 :inv PORT MAP (i1 => sel, 01 => int0);

al:and2 PORT MAP (i1 =>in0. i2 =>int0. o1 =>

7P 2.10 wibemseenuuuaninanssureuiaimandulszinniasaing
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ARCHITECTURE behav OF mux IS
BEGIN
PROCESS (in0, in1, sel)
BEGIN
IF (se1="'0") THEN output <=in0:
ELSE output <=inf;
END IF;
END PROCESS
END behav;
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ENTITY component_name IS
Input and output ports
Physical and other parameters

END [component_name] :

ARCHITELTURE identificr OF component_name IS
[declartion]

BEGIN
specification of the functionality of the component
in terms of its input lines and as influenced
by physical and other parameters

END [identifier]:

= o A '
519 2.12 msMmnuamssounstazaailaenssy

U

ﬂﬁﬁTﬁuﬂﬂ]il%ﬂ&lﬂ’ﬂ

v
v A

o y ' g @ o
msfmuamitvendeiussduuugaueinisesnuunIasluszauiidossmuanesa
o @ B Y. o J A v v 1 A &L g ]
dmsunsdndefiuesfsnaunisuendus dedredielugln 213 Fuiluudenlaezunsy
HATMIUTIOIIMIFaNApveIRlszAY  dmSumnedganauiniluussiausnuenis

A TP o A s £ o I~
mmwmﬂ%mmﬂumsmwumfammadﬂﬂizﬂau mdﬂmumﬂu clock component 13

'
1 A

° o 1 < 1 < o
g]}'JEJﬂ'I’J'I PORT meamﬂmeﬂagmﬂﬂlu’mau gIU IN Uae OUT Lﬂuﬂ15ﬂ1ﬂuﬂTﬂuﬂﬂl@\1

o Yy a A o [ a ]
n{;ﬂpmﬁlmﬂuauwwmammww uag BIT Lﬂummmwumaway‘a
CLOCK
en —m] APackaged ——m clk
Component

ENTITY clock_component IS
PORT (eh : IN BIT;ck : OUT BIT)

END clock_name;

v d 4 1
51/ 2.13 vAeA laLUNTULAZMITUTTBIEMIIFONABVD clock _ component
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981950 AUR 18108197151 53818U09 Clock_component Tugii 2.14 Futlumsussensluid
a a g a | Jd < o Aq ¥ A v o o
wgAnssuTaed en Wuduwniag ck (Fuewiyn PROCESS Wumildlumsisuaudmaunis
a a o 7 z S| o i o A <
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Tas3un

ARCHITECTURE behavioral OF clock_component IS

BEGIN
PEOCESS
YARIABLE periodic : BIT :='0%
BEGIN
IFen='1' THEM
periodic := Mot periodic;
END IF;

ck <= periodic;
WAIT FOR 1US5;
END PROCESS;
EMDbehavioral

919 2.14 MV TTNUFINGANTTUVDL clock _ component
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- PACKAGE DECLARATION
' Ao o o A [~} Y ' o LY Yy 1
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' =} A < ' Aq Yo A A A ' <
drumsiszaeinng teesnndudiunldsimuadovosdandsemeangnieluunnimne
o v o v v S Y a ' v i
dmsui ) 1¥meuendiveuiininaes 1 msdszmaailan Tudiuvesduueaunning
nm o 1 [~} o ' a ' °
ud ligniszmaludaumsisemandininez i ldamagngAnssa ldeuisai 1) Idamly
' 2 v A A ' ! d ,
duenld FudFeuiou1dsudandsemalilugiuveanisdsznie Entity o galouss

]
a a 1552 ol

{ :; A < -4 [l
Wse Wosa NiuThiaeresulanmeuen aziiulasiidldududinmeainsaadavu1d el

be

s

o o [V o ' o o a
$uiludoidimued uazfaansairldlfnuningduuuneven ldeu lddmsulseme stia

A o - @ ' g d'lll - 7 BY - ' g
(Type) UIDAUUIN LB UAYINU FIUUDALNAININ 11‘1]’]L‘1J‘Ll¢l’eNll ﬁ’J‘lJ‘ll’tNﬂ1§"]J5$ﬂ’lﬂlLWﬂLﬂ%

9 o
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PACKAGE package_name IS
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PACKAGE BODY package_name IS
deciarative part
END package_name:;
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TYPE byte IS ARRAY (7 DOWNTO 0) OF BIT;

PROCEDURE byte_to_integer {ib: IN byte: oi + QUT INTESER) IS
VARI ABLE result: INTESGER =0
BEGIN
FORIINO TO 7 LOOP
IF ib(i) = '1' THEN

result := result + 2N

END IF:
END LOOP:
0i = result:

END byte_to_integer

717 2.18 M5 14 TnsGwes

FUNCTION f (o b, :BIT) RETURN BIT IS
VARIABLE x:BIT;

BEGIN
x 1= ((NOT a) AND (NOT b) AND &)
RETURN x:

END f;

571 2.19 m3ldilariary
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PREDEFIND OPERATORS

LOGICAL OPERATORS : NOT AND OR NAND NOR XOR
OPERAND TYPE : BIT BOOLEAN
RESULT TYPE : BIT BOOLEAN

RELATIOMNAL QPERATORS ¢ = /=< «=>x
QPERAND TYPE: ay type
RESULT TYPE: Brolen

ARITHMETIC OPERATORS ¢ + -/ ** MOD REM ABS
OPERAND TYPE : INTEGER REAL Physical
RESULT TYPE : INTEGER REAL Pysical

CONCANTENATION OPERATOR : &
OPERAND TYPE : ARRAY of any-type
RESULT TYPE: drrayof anytype
RESULT TYPE : array of aytype

v
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SIGNAL a, b, ¢, d, input : vibit_1d(3 DOWNTO 0);

SIGNAL sel : vlbit_1d(1 DOWNTO 0);

SIGNAL enb : vlbit;

A
ouput <=a AND b; v )—— output

ouput <=a OR b; aD output
b

ouput <=a XOR b; sz output

ouput <=aNOT b; input «Do‘ output
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ouput <= a input WHEN enb="1" ELSE “ZZ”,

WITH sel SELECT
output <= a WHEN “00” ELSE b output
b WHEN “01” ELSE

sel
C;

2.3.2 fheehsgluuumaauviivasdiiug v

SIGNAL input, output : vlbit_1d(3 DOWNTO 0);

SIGNAL clock, enable, reset : vlbit ;

PROCESS BEGIN
WAIT UNTIL PRISING (clock);
Output <= input;

END PROCESS;

PROCESS BEGIN

WAIT UNTIL PRISING (clock) OR (reset="1");
IF (reset="1") THEN output <="00’;
ELSIF (enble =¢1’) THEN ouput <= input ;
END IF;

END PROCESS;
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BEGIN
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END PROCESS:
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(Signal) ¥3ad1nanif 141 szma 13 lud1mve9 ARCHITECTURE luglii 5.13 uaaedod1an1s

y A

0/ o é 1 J o ;l U QI
Ysenadansziinielulysise F99zegseni1am1de PROCESS tag BEGIN LasAIuaAungn

v
v o a [

o Y v o Y a 9 ava A =
smualdsudiduiunmsaelullsaaazgminnldluneusudn vesmsgiaionsune,

Yy
9 v

1 o,: 1 w 1 a‘ Y d' 1 ] ] = = 9 v
Wiy asfumisuduiiegaeluTusunsudesazgniinnldynaseniimsGenly Tusunsudoy

5
U 9

PROCESS
FILE flush : TEXT IS IM "filename dat";
VARIABLE var : BIT:
CONSTANT n: INTEGER =0

BEGIN

END PROCESS;
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ARCHITECTURE demo OF partial _process IS
BEGIN
PROCESS

BESIN

xe="'1"
IF x="1'"THEN
perform action_1
ELSE
perform action_2

END IFE

END PROCESS:
END demo:

g1 2.23 Reulumsnseinluly e

ARCHITECTURE demo OF partial _process IS
EEGIN
PROCESS
BEGIN

x <= Q AFTER 10 NS
y<=b AFTER 6 NS ;

END PROCESS:
END demmo;

U1 2.24 uaraamsnsgiir lu T sier
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b b Q ENTITY component_name IS
Input and output ports
- Physical and other parameters
cl Qp END component_name;
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ARCHITECTURE behavioral OF d_sr_flipflop IS
SIGMAL state : BIT:='0"
BEGIN
dff : PEQCESS (rst, set. clk)
BEGIN
IFset="'1' THEN
state <= '1' AFTER sq_delay
ELSIFrst = 'l' THEN
state «= '0" AFTER rq_delay:
ELSIFclk = '1' AND clk * EVENT THEN
state «= d AFTER cq_delay:
END IFE
END PROCESS dff;
q <= state;
gb <= NOT state;
END behavioral:

(a)

ARCHITECTURE average_dalay_ behavioral ©F d_sr_flipflop IS
BESGIN
dff : PEOCESS (rst, set. clk)
VARTABLE state : BIT := '0';
BESIN
IFset='l' THEN
state <= '1
ELSIF rst = 'I' THEN
state <= '0';
ELSIFclk = '1' AND clk ' EVENT THEN
state «= d:
END IF:
q <= state AFTER (sq_delay + rq_delay + ¢q_delay)/3:
gb <= NOT state AFTER(sq_delay + rq_delay + cq_delay)/3:
END PROCESS dff:
END behavioral;

(b)

517 2.26 MIVTTOWIFINYANTTUYD D-FlipFlop
(a) M3 l¥anseimenenlysise

() M3 l¥arnszyirnelulysise
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3.1 Field Programmable
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