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DE; @RATH
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(HUMTEMP) 4 DE

TR ET s
(GRAD+DY, A
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HL 3 CREFTEMP) 7 § CARGANDS HiZ-  CON = LA
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DE, ( BENSATE) $CARGAMOS DE ™ .CON’ LA
Fos FTEMP. SENSADA "
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(GRAD®1) 5 A
CTRHUPM
2 INMECTT

COMENTARIOQ,

_Con la“finalidad de obtener un-amplic  panorama’ sobre’ el
comportamiento - de un controlador PID (Proporcionals -Inteagral
o :Derivative) u & tin" de  simplificar la bisaueda . de  las
congstantes. Kpy . Kd 4y Ki «que satisfagan las nocesidades de
nuestro control de temperatura y himedad se recurrin a la
ayuda de la programaciodn en lenguaje Rasac.

Con. la ayuda de este programa fue posible de una manera
sumamente  sencilla (cambiando cada una de las constantes)
fograr. una grafica cuyas caracteristicas tuvieran un winimo
de oscilaciones y una répida estabilizacion. .

El” programa, asi como fa grafica resultante es mostrada
cantinuacian:

PROGRAMA PARA EL. CALCULO DE LAS COMSTANTES Kpy Kd"y Ri.h

1 GCLEAR
18 GINIY
20 ~ GRAPHIGCS ON
34 : Yuy=48"
407 S L Xu=150
5@ WINDOW —12,X::4 10y Yy
6@ - L CHBIIE 3.5,0.35
7Qa; L LORG &6
R = 1 R FOR X=0 TO Xu STEP 18-
9@ SLINE TYPE 1 R
1o MOVE X419 VU Numeracion-pa
110 LABEL X=2
120 LINE TYPE 4,2 TN
38 TOMOVE Xy Yy-2 ! Lineas vertical
140 DRAW X419 : N

150 - NEXT X
L@ TLORG B
. FOR-Y=1% TO Yy- 1 STEP )
180" LINE TYPE ;
A9 MOVE @,Y ot Nnmerac1nn L
Lo 20 LABEL Y
=31 R LINE TYPE 4.2
220 O MQVE B, Y 3% B
230 " “DRAW Xi,Y ! Lineas horizontal
240 NEXT Y e S
1250 LINE TYPE 1
260 - MOVE 15,47, 4
270 CS1ZE 4,0.4
280 LABEL *TEMPERATURA C : R
L2980 . REFTEMP=37,7 ! Temperatura de referen
2 308 SENSATE=21 ! Temperatura sensad
b 310 TS=RENSATE : : Lo

320 A RKP=16R - $DATO VARIABLE”




k4 ? V:Y'
KD=19
DIN=1/18
INICE=0 -
- ESTADE=0

TMOVE. 0,19

X=0
INICLO: -

CDATO VARIABLE
$DATO VARIADLE
YT Constantetde

= MOVE 104,29

tiempo. desencenrdido
V" det elementu’ calefactor::

FINALE = REFTEMP. - SENSATE
PIDL ‘= FINALE * KP/100
EGTADE = ESTADE + FINALE
PIDZ = ESTADE % KI/100
PID3. = (FIMALE~INICE)
INICE = FINALE

PID = PIDL + PIDZ + PID3 “
SENSATE = SENSATE + DIN # PID -,
X = -X+1 t Tiempo 3
DRAW X, SENSATE ! Impresidn de la:
IF X < Xx THEN INICIO curva
CSIZE 3,0.7 : .

% KDZ1007 ¢

LABEL " KP= ',Kp

MOVE 102

LABEL * Ki= ",Ki

MOVE 102,27

LABEL * Kd= *",Kd

MOVE 107, S
LAREL " TR= *,REFTEMP
MOVE 183 :
LABEL * TSI=",Ts

MOVE 128, 24 S
LABEL * TSF= *,SENSATE

MOVE 9@, 16
CSIZE 4,0.4

a8 LABEL " SEGUNDOS -
CeB@ END
. GRAFICA DEL CONTROL PROPORCIONAL INTEGRAL DERIVATIVO..
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® Supply Voltege ange = 30 vide 10 18 Vac

& Al Outputs Bulleieg

» Capavle of Driving Two Low-pawer TTL Loads or One Low-powet

Schottky TTL Load Over the Rated Tumpetature Range.

* Douuie Diode Protection un Al Inputy :
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MOTOROLA

148 T HINAKY COUNTRR
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General Dosoription
Tha LMIBE seting sunsiats of four indepandant preclaan
you-n- curtpatators with an offeel voltage soecificaton as
\f'nu 181 I it (AR Thoibe wuid diw
mncd :pununlr, to operale rom & ang’e pavor suppty
over & wida rangs of vollsgos. Oparation fiom spit powar
supphas [z alz0 pussiblo and the low power supply current
drain is indepandent of tha magniuda of the power sUprly
voltage, Thosa Comparators a1s0 havo a uniquo Charaztcrs:
UC in that the input common.mody voltago rangu mchues
ground. evun though opacated fom a single powar supply
wvoltage.
Apphcation areas mciude imit comparators, s:molg enaleg
10 digital converturs; pulso, squarewave and tma delay gen-
orators; wido 1angs VCO, MOS clock timers, mullvtidwi s
and igh voltage digtal logic gatas. The L1390 scnes was
designed 10 diectly witorlaca with TTL and CMOS. Whan
operalod from both plus and munus pow ar suppkas, hay wilt
diroctly interface with MOS lagic— wnese the low powot
drain of tha LM339 i3 a d.sunct advantage over stendard
comparators,

Advantages
& High precisian comparators
® Roducoed Vgs dift cver tarnperaturo

LM139/239/339, LM139A/239A/339A, LM2901, LM3302
Low Power Low Offasat Voltage Quad Comparators

®» Eliminatus nond fur dual supplios

8 Aliows sensing noar OND

® tunipattie with i lonne of logio

® Puwor diain suiatie for battety operation

Features

w Wido singfe supply voltage rango of dual supplias i
LM133 sunics, 2 Vix; ta 38 Ve or
LM139A senes, LM2901 £1Vpeto 218 Vpg

[UREN 2Vpc 1028 Vg

o £1Vpoto $14 Vpg

u Vory low supply current drain (0.8 mA) — indopandant
of supply vctiaga {2 mwW/comparatar at + 5 Vpe)

& Low input basing current 25 nA

® Low inpul oifsct cutrent A5nA

and otol vollage amy

input corrman:made voltage range includas GHO
Diicrontal input voltage ranga cqual to tho powst
supply voltage

Low output saturaton vottage /WIMV LA mA
Output voltags compatble with TTL, DTL, ECL, MOS
and CMOS logic systoms

Schematic and Connection Diagrams

TLin/8rodey

Duat-ln-line Package

QUIPUT OUITUY A SO I ae wud . SRPUTEY NPULY.

n 0 u n " ]

1 1 l ¥ g 0 r
LT R T R S R R O B L X
1P vitm TLnane

Ordar Number LM139), LM139AJ, LM239J, LM239AJ,
LM330J, LMIIGAS, LM2901J or LMIJ0Z)
See NS Package Number J14A
Ordar Number LMII9AM, LM3I3SM or LMZI1W
See NS Packege Number M14A
Order Humber LM3IJ9N, LHIIRAN,
LM2S0IN OF LM3D 4
See NS Package Number N14A




Absolute Maximum Ratings
11 Military/Astospace speciiled davices

LM138/LM239/104339
LMA3PA/LMII9AILIAII0A
. 112901
Supply Vottage, v * 38Vpgof 418 Vpg
Drtiorenual input Vohsge (Nota B} 38 Voe
Input Voltage ~03Vpcia +36 Ve
Powet Dusipation {Note 1)
Molded DIP 1050 mW
oie 1100 mW
Bmall Outing Package 700 mwW
Output Short-Clraull lo GND,
(Note 2) Continuous
lnpu!cwmm Vi< -03Vpd),
Noto S0 mA
Bloiago Tumpomuvu Rango =-85'Clo +150°C

Load Tempetalure

(Sokdering, 10 saconds} 260°C

28 Vog of 14 Vg -
20 Vpg
-0 Vpcia +26Voe

required, contsct the Natlonal Son

" masz

tor

‘and

1050 mW

Continuous

50 mA
-65°Clo t150°C

20°C

 Oporating Tomperatins Aango

LM3I9/LM3IDA
‘LM239/LM230A
LM290%
LMI3/LMI30A
Soldating Informavon
DualIn-Line Pachegs
Holriuring {10 sucands)
-- Small Outhine Pachage
Vepor Phase {50 socands)
Intwod (15 soconds)

Soa AN-450 “Surlace Mounting Mothods and Thew Elfect ‘on Pioict Ro 1hhr{' lovr

AL}

T LM130ATLM2IAMLMIIOA
L2901

139/LM229/LMI38

G'Cto +70C

25°Clo +65°C
~4rClo +85'C
=85'Clo +125'C

260°C

215°C
220C

othor mothods of sokfanng surtace mount duvicos.

ESD ratig to bo dotorminod,

Electrical Characteristics v+ ~5vpe, Ty = 25°C, unluss ohowiso stated)

Parameter Condil LM139A  [LM239A, LM339A Lui139 LM239,LM33g LM2901 LM302  foe
MIn Typ  Max [Min Typ  Max [Min Typ _Max_{Min Typ_ Max Min Typ  Max [MinTyp Max
Input Otfsot Voluage |(Noto 9) £10 120 $10_£20 +20 3150 120 350 120 $70 £3  $20 lmVyc
Input Bias Current  Jling+ ) of iy ) with Output in 25 100 n 2% 25 100 25 200 %5 250 25 500 |nApc
Linaar Alando. (Nota 5), Ve =0V . -
Ingut Otisol Current [ng 4 ) =Ny -3, Ve OV 130 =2 150 50 130 125 150 150 15 260 13 £100 {nfAoc
Input Cormmon- ModofV + =10 Vi (LM3302, V' ! = 28 Voc} 0 ve-150 Vi1t ve-18/ o vi-1do vy V15 Voo
Vollage Ranga__[tNolo €)
Suppty Curront By = © on all Computators, 08 20 08 20 08 20 08 20 08 20 08 20 |mAyc
[Ass @, V4 36V, {LMII02, V ¢ = 28 Vpg) 1025 10 25 10 26 10 26 10 25 |mAy
Voltago Galn Rz 16 RIL Y - 1 Ve 50 200 50 200 0 200 50 200 25 100 20 frv
Vo« 1 Vpcto 11 Vg
Lasgo Signat [Vira = TTL Logic Swing, Vage = 00 00 200 300 300 300 ng
Aasponsa Time |14 Voc. Vi = 5 Voo, A= 6.1 k1,
Responso Time (Vi ~ 5 Vpg, Ay * 51k, 13 13 13 12 12 13 e
(Nola 7}
Output Sink Cotrant [Viey- 3= ¥ Voo Vi » )0, 50 16 60 16 50 18 80 16 60 16 50 16 mAo;
Vo 1.5 Voe . =
Satwaton Voltage v‘,., ,-1 v‘.(_ Virig 13~ 0. 250 400 250 400 250 &vo 250 <00 20 400 250 §00 | mVpe
Ik 4
Outpulloakage | Vipgay—1 voc.vm(.., =0, 0.1 (X3 o1 01 01 [X} nApc
Curmant Vo=+5Vpe
Electrical Characteristics v+ = 5.0vec. Hoto 4y
LMI39A | LM239A, LM339A LM129 LM233, L339 LM290¢ LM3302
Parsmeter | units
MinTyp Max | Min Typ Nax |MinTyp Max |MinTyp Max [Min Typ  Max {RinTyp Max
input Oftswt Yotiage  |(Noto 9} 140 140 190 19.0 19 115 240 {mVpe
haput Otisat Curront iy« y—biug -3, Vesa = OV, 1100 £150 £100 1150 150 4200 £300 {nAge
npu! Bias Curont g ¢ 3 OF D -3 with Outpulin 300 00 300 400 200 500 1000 [nApg
Linear Rango, Vea = OV (Note §)
inprt Common-Mode |V * = 30 Vo (LM3102, v * =28 Vpcl) O vi-20] o v 2000 vt -20 ve-20/0 ve-20l0 vt -20i Voo
Voltage Range (Mot 8)
iSaluration Vollago Vi 1= 3 Voc, Vings )~ 0, 700 700 700 700 400 70 700 jmvoc
[$5irm 54 MA
[outputLeakage Custont Wiy «) - ¥ Voc, Virg -1« 0. 10 10 10 10 10 10 {pAve
Vo = 30 Vixc, [t M3102, Vo =~ 28 Vo)
{Pritarental Input VottagelKeap et Vin's:: 6 Vg (or V -, 8 | SRER R .38 .3 a6 2
it usad), (Noto B} i, —
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General Description

The LM124 sartos consists of four indupondent, high gain,
intornally Moquoncy compensatod operatonat amphfiors.
whih woro desgnod specically (o operate from a single
powor supply ovor B wido Fange of vollages. Opuraton lrom
split powns supplios 1S als0 Poss:bla and the low power sup-
ply currant drain 1s indopendent of the magnitude of the
power supply vollaga.

Appication sreas Inckido transducer amphifiers, DS gue
blocks and all the convantanal op eme ¢vcuts Atich no.
car bo mots easdy «mplamanted in Singlo Power SUPETY §ys-
tams. For examplo, tho LM 124 senes can be duectly operat
edoff of tha standard 4 5 Vpg pawar supply voliaga which
s used in digital systoms and will easly prawda the requ.rod
nladaco elocttomcs without rogunag tho  ad3Lonal
15 Vpc powst supphas.

Unique Characterlstics

B In the Nnoar mode tha inpul common-moda woitnge
range includas ground and the output voltage can also
awing to ground, evon though oporated tom only a sin-
glo power suppdy voltage.

® Tho umity gain cro8s lrequoncy is tamporaturo
componsatod,

W Tha input blas cutront is also lempatature
compansated.

b LM124/LM224/LM324, LM124A/LM224A/LM324A,
. LM20602 L.ow Power Quad Operational Amplifiers

Advantages

# Elmnatas ncod for duat supphag

® Frur intornally compensated 0P amps in a single
packane

® Allowa suactly sansag nuar GHD and Vgt also goes
10 GHOD

u Compatblo wih ali forms of logic

& Power drain sutai'e for battary operation

Features
® Intornally froquzncy componsatod for unity gain
u Largu DG voltaga gsin 100 d8
| Wido bandwidih (unity gain) 1 MHZ
temgaratuto compersatod)
® Wido power supply range:
Singlo supply 3Vpc 1032 Vpc
or dual supplies 15Vpcle £18 Ve
& Yury fow sunply cuttont drain (800 wA}—assontatly in.
depondont of supply vollago (1 mWiop amp al
+5 Vpeh

& Low input brasing current 45 nAge
{tompuarature compansatad)

= Low input ciisol veltage 2 mVoe
and ofisct current 5nApc

® input comman-mode valtage rangs icludas ground
& Dnltorantal nput volingo rangs equal 10 Ihe power sup
ply voltago

W Lerge output vollago swing O Vgglo Ve - 1.5 Vpg

Connection Diagram
DuablrrLine Psckage

e o antr

e ante w1 gyt

" " u " " . '

D

MLI" -'l‘l‘. 1 ]l v 0 T

[ A P P T
.
Top View
Order Number LM124J, LM124AJ, LM224J,
L“H‘AJ, LM324J, LMIZ4AJ, LMI24M, LMIZUAM,
¢ { LM2902M, LM324N, LMI2EAN or LM2902N

. Sea NS Package Humber J14A; M14A o N14A

Schematlc Diagram (gasn amptiny




Absolute Maximum Ratings
M ryIAwolpx:c specitied devices as
(Noln n)

suppn} vohago,v*
Ditterential Input Yoltayy

3Vpgor 1 18Vee
ravey

Electrical Characteristics v*

LM124/LM224/LM324
LM1Z4A/LM224AJLMI24A

ligul Votage - 03Vpctu +92Vos
Powst Disspalian (Note 1)

Mokied DiP 1130 mW

Cawity Dip 260 mW

Smail Qutine Packaga HO0 v
Oulput Short Sutant 1o GO

(on. Aniior) (nmu )

3 1 V wiTy - 25°G Contireous.

mpuI(.

i~ —n:vucl(Nalo:n ELLTY
Opetating Tonporelure Rangu

LMI24/LMI24A rCie ¢ Nre

LM224/LM224A -25'Clo 185G

LMIZA/LMIZHA -55'Cla +125°C

requtired, contact the Natlonat

Sales © for snd
LMI24/LM224/ L1324
L2902 . LMI24ATLM224A/LMI2AA
26 Vpoor $13Vpe Siurago Tomporature Hange <64 Glo +150C
26V Lend Tompotatura (Soldeting, 10 seconds)  200°C
03Vpclo +26Vpn Solduting Informaton
Dvral-In-Lina Pac hagu
V130 Suldutew (10 susonds) B0
1280 vt Outino Packag
£on mw ot Phasu (60 soconds) 215°C
Infrard (16 sacomis) 206
Sua AM-AZH “Surtaco Mounting Muthiods and Theit Eftoct on l’m\mtl llullah‘hly tor
Contnunus ©fhs e iliods ul soldoring wirface mant dueos:
EBU rating 10 by dateimnud,
504nA
-40Cla 1 AYC

= 150Vpe, (Hoto 4), unloss athermea statid

P conmioms [ | uwea ] Oaaa_ | oWtz |t e
fin Typ Wax i Typ Max |Min Typ Max_|Min Typ  Max_[Min Typ Max -
npul Olfset Voltuno___|(Noto &) w1 12 13 12 1 1214 12 17 | 22 7 |mvne
sput Blas Cunent ey =g Yn = 0F 20 s 0w st s i 45 260 5 20 nAy:
Note 6) -
nput Oftsetcunent [y - ling 1 Vo = OV, 12 110 12 t1s 15 130 13230 ¥5 150 £5 150 |nAne
npat Common Moda |V* ~ 30Vpe, s ' g ' ol v
Motiar Rang thote 71111 M2002,V* - 26 Vix) o M A B M e A v e L) Mo
JSuppty Cunent By o~ e, Vo= dov, . B
WMzoezv ! e 25v) 52 13 1503 TR o
N Ay A
f = o Ol Al A os 12 01 12 or 12 07 12 07 2 o7 12
- St vpe Py ek . | i » 5
AN oo 5 100 K0 100 » 0 s0 100 5 100 26 100 Vinw
oty -
[Fonunon toda DCVow = 0710V - LEV0C 45 gg 0 es 65 63 6% 65 85 50 70 g
Noclion Antio -
Jowut Supply OC.V' - 5Vpctod0voe N
d
A R S istove) 55 10 5 100 65 100 65 100 65 100 50 109 u
i pilice-to-Reipter T = 1 Az to 20 WFz, N .
Fouptng {Nato 8) tinput Rgtortod) -1 - 120 ~120 120 v - 120 a0
tpul Current {Sowrce Vi ' = 1 Vo Vin' = 0Vpa | . ., -
P Ve Ve 2o 20 4 20 40 20 4 0 40 0 @ 20 40
Sink i - 1 Ve Vin' < 0V
il - W YING e ny
Y vy 10 10 2 0 0 20 10 2 0 20
i~ VooV - 0Vog, .
e vV sem 12 50 2 s 2 s 12 0 12 5 12w WA
Bhont Cucut lo Ground J(Mote )V ' = 165V, Fa - 25°C 40 60 40 60 40 & 40 60 4 & 40 60 | mAy
npul Ollsot Voltage _|(Nolu 5 ) 14 15 7 19 110 | mviy
100t lRs - on ’
mgumn s 7 120 17 120 17 130 17 17 17 e
nput Ofisot Curunt. sy kg 3. Ve - OV 120 +30 175 1100 1150]  +45 1200] mAog
u Otset Ag = 011 .
é‘;’umm“ s £10 1200 110 £200] <10 200 110 210 £10 lpAgc G
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