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ANEXO A: HOJA DE DATOS DEL SENSOR DE TEMPERATURA LM335

‘ SGS-THOMSON LM135
Y7 ICROELECTRONICS LM235-LM335,A

PRECISION TEMPERATURE SENSORS

= DIRECTLY CALIBRATED IM °K
= 1°C INITIAL ACCURACY
« DPERATES FROM 45004 TO Sma
» LESS THAN 10 DY MHAMIC IMPEDAMCE ﬁ
4
P
o
z
Toa2
{Plastic Package
1]
DESCRIFTION 508
The LM135, LM235, LM335 are precision tempera- {Plastic Micropackage)
ture sensors which can be easily calibrated. They
operate as a 2-teminal Zener and the breakdown
woltage is directly proportionalto the absolute tem-

perature at 10mV/° K. The druit has a dynamic im-
pedance of less than 10 and operates within a ORDER CODES
range of current from 450pA to SmA without altera-

fion of its characteristics. Calibrated at +25°C, the | ' “par™ Tenperaure Pactle
LA135, LM235, LM335 have a typical emor of less i - -

than 1°C ower a 100°C temperature range. Unlike LM135 —5°C, +150°C o
other sensors, the LM 135, LM235, LM335 have a L2325 —40°C, +125°C | e
linear cutput. [ LM325 A —40°C, +100°C . .

FIN CONNECTIONS

Tiog2 508
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LM135-LM235-LM335,A

SCHEMATIC DIAGRAM
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ABSOLUTE MAXIMUM RATINGS
' Symibal | Parameter LM135 IM235 | LMB3SA | Unit
Current md
I Reverse 15 15 15
3 Forvward 10 10 10
T: Ciperatng Free-ar Temperature Range - (note 1) T
. Contnuous S5t #1500 | 4Dt +125 | 40t 100
| Intermittent +15|]to+21]|]|+125t:1+15ﬂ +1III'01+125_
Ty | Storage Temperature Range 65t +150 | H5t0+150 | B5w0+150 | T

e T = 1507
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LM135-LM235-LM335,A

TEMPERATURE ACCURACY
LM135 - LM235
Parameter LM333A L3 Unit
Min. | Typ. | Max | Min. | Typ. | Mac
) Vo V
CH:HF:?= #25°C, Iy@fmﬁ. | 295 | 288 | 3D | 282 | 28 | 3 |
Uncalibrated Temperature Emor (I = 1mA ‘C
Teasa = +25°C ! } | 3 2 i
| TIII1 3 (= .1} s'-l-l'l'lﬂ. ] | 2 | E | '1 | E |
TE-rI‘F!T:Iﬂ.II‘E Ermor with 25°C Calibration C
win S Toa = Tome I = TmA LM135 - LM235 05 | 15
LM335 1 2
_ LM335A _ L 05 1 . _
Calibrated Emor at Extended Temperature C
Teasn = T (intermitient) 2 2
Mor-linearity (I = TmA) LM135 - LM235 0.3 1 'C
LM335 03 | 15
LM335A 03 | 15
ELECTRICAL CHARACTERISTICS - (note 1)
Paramet . L1335 - LM235 . LM335A Urit
. | Min. | Typ. | Max.  Min. | Typ. | Max |
Operatin woitage change with cument my
. peﬂilua\ 5 ﬂ < bmé 3 temperaturs . | 28 | 10 L
| Dynamic Impedance (Ir = imA) . L 08 | 06 | | o
Output Voitage Temperature Crift +10 +10 miiC
Time Constant Still Ar a0 B0 5
Ar 0.5ms 10 10
Stirred Cil 1 1
Time Stabiity (Tome = +125°C) 02 02 “Ckh

Motz - 1. Accuracy measurements are made in a welb-stirned ofl bath, For other condBons, seff heating must be considersd.
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LM135-LM235-LM335,A

REVERSF VOLTAGE CHANGE CALBRATED ERAOR
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LM135-LM235-LM335,A

THERMAL RESISTANCE JUNCTION TO AR THERSAL TIME CONGTANT
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LM135-LM235-L M335,A

APFPLICATION HINTS

There s aneasy method of calibrating the device for
higher accuracies (see typical applications).

The single point calibration works because the out-
put of the LM 135, LM235, L M335 is proportional to
the absolute temperature with the extrapolated out-
put ofsensorgaing to OV at I°K (—273.15°C). Emors
in outputwoliage versus temperature are only slope.
Thus a calibration of the slope at one temperaturs
cormects emors at all temperatures.

The output of the circuit (calibrated or not) can be

given by the equation: Vot = Vo x Tl
o

where T is the unknown temperature and Ta is the
referance temperatura (in “K).

TYPICAL APPLICATIONS
BASIC TEMPERATURE SENSOR

Mominally the output is calibrated at 10mV/ K.

Precautions should be taken to ensure good sens-
ing accuracy. As in the case of all temperatures sen-
=sors, self heating can decrease accuracy. The
LM 135, LM235, LM335 should operate with a low
current, but sufficient to drive the sensor and its cali-
bration circuit to their maximumn operating tempera-
ture.

If the sensor is used in sumoundings where the ther-
mal resistane is constant.the ermors due to self heat-
ing can be externally calibrated. This is possible if
the circult is biased with a temperature stable cur-
rent. Heating will then be proportional o zener volt-
age and therefore temperature. In this way the ermor
due to self heating is proportional to the absclute
temperature as scalke factor emors.

WIDE OPERATING SUPPLY

CALIBRATED SENSOR

Vi
+5 to #4000

E

Lhi134, LM234
Lhz24

Bac:

Cutput
10mFK

—

LM135
LMZ35
LMZ35

AVERAGE TEMPERATURE SENSING

|"|-+
R1
Cutput
10mVIPK
LM135
LM235 10KEY"
LM335

® Callbrate for 2,952V a1 =25°C

+18/
sl
Output
30m\IFK
LM135
LMZ35
LKi335
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LM135-LM235-LM335,A

ISOLATED TEMPERATURE SENSOR

+15y Lu?;\_/" +18Y
]

hetss 15V = 10000F

Cutput
10mWVimK

SIMPLE TEMPERATURE CONTROLLER
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CENTIGRADE THERMOMETER

ki
+15Y 1] +13V
+15V
Bkid | z2[" 7 12k0)
LM308 g
Output
| 3 /]_/ ! ) 10mVFC
4
LM135
8.5k LM235 10K
LM335
wias A T .
M1+ mm 100pF  FF
" Afjust Tor 27315V at
cuitput of LM306
DIFFERENTIAL TEMFERATURE SENSOR
+18W
uu{
Cutput
100m\VFC
LM135
LMZ35 NI\ ‘I\
L3235

Tesis publicada con autorizaciéon del autor
No olvide citar esta tesis

PONTIFICIA
UNIVERSIDAD
CATOLICA

DEL PERU




PONTIFICIA

TESIS PUCP ' UNIVERSIDAD

CATOLICA
DEL PERU

LM1356-LM235-LM335,A

THERMOCOUPLE COLD JUMCTION COMPEMNSATION
{compensation for grounded thermocouple )

Thermo- R Seabeck
couple Coefficient
+15 J 7T 52 3UVEC
T 0B 42 8pvEC
K 2030 40.8uVFC
3 4580 G 4umC

Adjustments @ compensabes for both ssnsor
and mesishor folerances.

1. Ehort 1N&5EE.

2. Adlust R1 for SEEEECK coeflicient imes

amblent emperature {In degress K} across
R3.

3. Ehort LMA135 and adust K2 for voltage
across A3 comesponding o themacouple

type.
J  14.32mV K A1 47m
T 11.7%mv 3 1.768m\V
Thermiocoupie
15y
" Select R2 for proper thermocouple type
SINGLE POWER SUPPLY COLD JUNCTION COMPENSATION
Themmio- Seeheck
+15¢ couple R R4 Coefficient
- J 1.05ki 3650 52 VT
T B5A0 60 | AZApVEC
10kLL K BiAo A0 | 408pVEC
: 200K 5 1230 4830 | B4NVPC
[ P > |
L1325 1 R % = Adusiments -
LM335 108G Ry 1. Adjust R for the vol@ge scross B3 squal
Lk335 io the SEEBECK coeflclent Eimes amiblent
. — iemperature In degrees Kehidn.
2. Adjust RZ for voltage across R4 Commespone
= ding fo thermiocouple.
+15v J14.3Imw K A1ATmY
T 11.79mW 3 1.7e&mV
1MN45ES ml -
Rz i
by |:"'—|—"
mI.'il
=

" Select A3 and R4 for proper thermocowple
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LM1356-LM235-LM335,A

PACKAGE MECHANICAL DATA
B PINS - PLASTIC MICROPACKAGE (S0}

L
o
[} .!‘ 1]
ﬂ‘
1 %—_:ﬂ.‘ k ¥
ol el ; < |
o E
I D
| L
™
T g
g
|
Di ions Millimeters Inches
Min. Typ. Mae. Min. Typ. Maz
A 1.76 0.068
al 01 0.25 0.004 0.010
az 1.65 0.085
a3 065 0.B5 0.024 0033
b 036 048 0.014 0.019
b1 018 0.25 0.007 0.010
C 025 0.5 0.010 0.0240
el A% (yp.)
o 43 5.0 0.139 0187
E 53 8.2 0.223 0244
& 1.5 0.050
e 3B 0.150
F 3.3 4.0 10.150 0157
L 04 127 0.018 0.050
M 0.6 0.024 g
5 8" (man.} i
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LM1356-L M235-LM335 A

PACKAGE MECHANICAL DATA
3 PINS - PLASTIC PACKAGE TOGB2

Vg ¥
.70, 438 i,
D@ — !
o =
| |
— "--‘l-'!!--j éziﬂ.* X

£
Pl ied ik ez E
— E
Dimensions Millimeters Inches
Min. Typ. M. Min. Typ. Man
L 1.7 0.05
B 32 iy 42 0.124 0.1457 01654
o1 445 5.00 5.2 0.1752 0.1868 02047
G 4.58 503 5.33 0.1303 0.193 02028
K 127 05
o2 0.407 0.5 0.508 0.01a 0.0187 ooz ]
a 035 0.0138 i

Information furniched lc belleved fo be acourate and rellable. Howewer, 232 -THOMEON Migroslsotronlos accumes mo recponcl-
bty for the soncsguanoss of uce of cuoh Information nor for any Infringemant of patente or other righte of third partlec whioh
may recult from He uce. Mo lloances |6 granied by implioation of otharwica undesr any patent or patend rights of 2GE-THOMSON
Wilore . Epeoioad menilonsd Im thks publization are cubject to change whhout noties. This publivation cuparcades
and raplssss all Information previcucly cupplisd. & GE-THOMEON Miorosleotronics products are not authorlzed for uss ac oritioal
eomponentc in life cupport devioac or cycteme wihout sxprece writien approval of 208-THOMION Miorosiestronies.

1887 0L THOM 30N Misroslsstronlos — Prinksd in Ealy — &1 Righic Rescsrved

20E-THOMION Miorosleotronies 3ROUF OF COMPANIER E
Auctralla - Brazll - Canads - China - Franss - Ssrmany - Hong Kong - Esly - Japan - Korsa - Balaycks - Malis - Morooosos
The Natharisndc - Bingapors - Tpain - Twedan - EwHzerland - Talwan - Thalland - United Kingdom - U.2.A
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ANEXO B: HOJA DE DATOS DEL SENSOR DE TEMPERATURA LM35

Do ambar 19894

National Semiconductor

LM35/LM35A/LM35C/LM35CA/LM35D
Precision Centigrade Temperature Sensors

General Description

Tha LM35 sodes ane praision inlegrated-ciroul tempam
um sansars, whose outpul waltage & Enearly proparfonal 10
tha Cokius Confgrady) lempombrae Tha LMAS fhus has
an advarage dwr Inoar lempombro Ssonsors calibrated in
Kalkin, as the user is nol requimd 1o sublmaot a lrge aon
stani waitage fram i ouipul fo abtain corwenioni Cent
grada scaling. Tha LS dowes not nequine any axtomal ool
bralion o Fimming 1o provide hypoal accumaas of +%C
al morn lamparakim and L350 owar afull —55 16 +150°C
tomporaiure range. Low oosl & assured by 1dmming and
calitration al tha waler lwal. The L35 kow oulpul impad
anoa, Inear oubul, and precse mharani ¢ aibrafon maka
imarfacing 1o madout o contml airoutry especialy sasy_ |
can ba used with single powsr suppies, or with plus and
minus suppies. As i draas only 80w fom its supgly, i has
wiry bow Solf-haatng, ks han0.1°C instil ar. The LMIS s
miad 1o opomale over a —55 BB +1580C leepaalura
mnga, while e LM3SC & raled for 8 —40°F 10 +110°C
mnga {— 107 wih mpmoved acouracy]. The LM35 sodos is

availabio padkaged in hammelio TO-85 Fansslor packagoes,
wiiba 1ha LMASC, LMASCA, and LAMISD are also availabin in
the plasfc TO-H2 ranselor padoagae The LM3ISD iz also
avaiabio in an Sload suriace mount small auline packaga
and a plastio TO-202 packag

Features

B Calbrated drecfy in © Calsius {Canfigrada)
B Linaar + 100 md~C soale facior

B 50 aoourasy guaraniooable (al + 25°C)
B Aatad for full —55* 1o +150°C ranga

B Suilabls for remola applications

B Loww oosl due io waterbisal dmming

B Oparades fram 4 19 30 wals

B Lags than 60 pA ourront drain

B Low soif-hoating, 0.08°C in &l ar

B Monlnaadty only 200 typical

B Low mpadance autaul 0.1 £k far 1 mA koad

Connection Diagrams

TiO-36
Metal Can Package®

BTTOM VB

TLFE -1
Sla | e badl i nagathes pin (ONDH

O der Humber LMASCT,
LM3ASCAT or LMISDZ

S04
Small Outline Molded Package
e ] e
Hi.—2 T KL,
HLS =13 Ep=KEL.
hll = 4 Sfp=hE
TL /WIS -2
TLAHASE & 21
Top View

MG = Mo Comicion

Order Number LM35H, LM35AH, See NS Package Number Z0as
LMISCH, LM3SCAH or LM350H Oinder Mumibser LM 350M
SeeNE Package Mumnber HO3H See NS Package Number MOBA
TO-202
Phastic Package Typical Applications
= T
Q TR ]
LMGs Youf
I TET
W= awemamee T .
LM
35DP 1 T
. L= - TIPS 164
FHZLURE 1. Basic Centigrade
Temperabure ChocaFly = =g/ 50
Sensor |+ 2°C to + 150°C)
W= + 1500 m @+ BEOAC
g GHIn S0 T
"'wr re
TLHESIE-24 e e
FIGURE 2 Full-R Centigrade
Order Humber LMISDP Temgataluns BIs0F
See NS Package Number POAA

TR-STATE® B i ragd staemey s ke of Faierad Seermieorsies e Crapsantion.

T T— K o sk

TLAS

R Al R e i UL 5

QSENT/YISEWT/IOSEWT/VSEWT/SENT

slosuas aimesadwa] apelbinuan uoisioald
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Absolute Maximum Ratings pew 10)
i Military /Asrospace specified devices are reguired, S0 Packaga (Mo 13):
please contact the MNaSonal Semiconductor Sales ' apar Phase (61 seconds) ELl e
Office /Distributors for availability and spedfications. Irkaad {15 sansads) s
3-_‘:"‘ E:“?“ ”’i:“ '“ﬂ: ESDSusooptbiity (Not 11) 2500V
put Volaga eVl -l Spadind Oparaling Tempomtrse Ranga: Ty B Ty
O Cumani 10 mai (Nota 3
Stomge Tomp., TO-26 Packaga, =80 Cn +180C LM35, LMASA 55T i + 150
;zfppﬂ“?" '22“”22 LMI5C, LMISCA 8T o +110C
ackage, TEER LM35D 0 fo +100C
T 202 Padkaga, —B5Cia +150C
Lovad Toawmp.-
TO-46 Packaga, (Soldaring, 10 seconds) 300C
TOA2 Package, (Sodaring, 10 moonds) 260C
To-202 Padkaga, fSoldedng, 10 seoands) +230C
Electrical Characteristics piow 1) pote 5
LM3IEA LM3SCA
& Tested | Design Testwed | Design Linits
Para c Typical Lirmiit Linit Typical Lirmit Lt (Max)
{Hote 4 | Hote§) Hote 4) | (Hote 5)
Adouracy Ta= +26C (] +0.5 i 05 b -
{kioda 7 Ta=—10"C k] qik] 1.0 C
T.Q_THM .4 140 b (L4 1.0 C
Ta=Tum kL4 1.0 k(L4 1.5 C
Wamninsarity Togmg= T = Tagaw L. 18 LLAS LO18 L3 C
(ki &)
Sonsar i an Toameg= T = Tagaw +40.0 | +8.8, + 10u0 + 8.8, miiC
{Aewarage Shopa) + 101 +10.1
Lioad Hagulatian Ta= +26C 0.4 £1.40 b (L4 1.0 i
kot ) Q= =1 mA T = Ta = Thaax L8 L3.0 Lo.5 L3.o iy
Lina Aogulaiion Ta= +25C Hili b} L0105 L0 Silik mi
(Mo ) AV g A0V L0L0R o | L002 Lo my
Cuimsoan Curmint Vg= + 0V, +25C 56 &7 55 &7 i
{hoda 9 Wg= +0v 108 131 a1 114 i
Vg= +30V, +25C 5&2 1] GE2 [:11] [
Vg= +30V 108.5 133 21.5 116 A
Change of V=g <30, + 25T o2 10 il 10 A
Cumssmn ! Curmnt AV g A0V s 0 0.5 .0 [
(ko 3)
Tasmporakm + 039 + 0.5 + .39 +0.5 A
Coaficani o
Cuigsoon Curmnt
Mnimum Tamparalum | In amwitlof +1.5 +2.0 +15 +20 C
far Aated Ac ouracy Figume 1,1 =10
Lang Tarm Stakly Ty = Ty for & QL08 il C
1000 hours
L= S vl e g appye — S8 0w Ty + B50NT: for o LW 08 sl LIVESS &g, — 00" Wopc + WOTCE o v ILINES o 1L Y ST s
0 2T + 1000 far Wi LMEBLL Vg =+ e and lpoen = 95w n e drull @ Ao 2 T e e alicom & o apely rem +2 06 Tyao in S el od
Fiows T. Speciic aiens n Bobdtas apply o e full rmed Soymeniu e mnge
Mot 2= Thirmed et e of e TOE o s B 000 unciea B amdan?, and 2000 umnciom o cae Therml recaemesod B TOUD packoas 5
BT A uncien S amidant Therred radabnos of S el colme md died) o e B 2200 W uncien b amBen?. Therme red et of e TOD D macko e
b B umsan e amident For ald Seod Shecrmel recebnoe Indom aion b e Sl i e Seeiloaicncs e i
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Electrical Characteristics piow 1) pote ) Contnuad)
LM3s LMAEC, LM3 D
Tested Design Tested Deesiign Unfts
Parameter Conditions
Typical L rmit Limit Typical Lirmit Lirmit (Max)
(Note d) | [Hote §) Hote 4 | (Nodke §)
Acouracy, Ta= +25C L4 11 k4 11 "C
L35, LMASC Ta=—10"C (il & 05 15 C
(kg 7 T = Taaa il L1.8 il 1.8 b -
T_n_T” ™ (L8 L 1.8 LA =20 C
Acouracy, Ta= +28C & (L6 £1.5 C
LMA5D Ta=Tas £ 0.9 £20 c
{Hode 7) Ta=Tum ik 2 ‘c
Naninoanty T = Ta=Taax 8- | L8 Lg.2 LoS C
(ot §)
SarsariZan Togmg = T = Toax + 10.0 + 8.8, +10.0 + 8.8, mid o
{Awarage Sopa)) + 10,2 +10.2
Load Rogulation Ta= +28C L4 £ 210 b4 £ 210 i fma
(ke 3 050 =1 mad Ty = T = Taaws 0.5 L 8.0 L 0.8 5.0 i A,
Lima Aegulaiion Ta=— +25C i }] g R £ £0.1 mvi
{hoda ) AV Vg <30 L0L02 L2 1002 L2 mn
Cusssamn Curmn Wg= + 5, +25C 58 56 &0 fres
(o 9) Wg= +5W 108 158 a1 138 fres
Wg= +30V, +25C i 562 B2 e
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Applications

Tha L35 can bo applod easily in the sama way as othar
nagraad-arou emparalure snsos. B can ba goad ar
oomanied o a suriace and its lemporaiure will bo within
abaul 001 0 o the sudace lemporakm.

Ths prsumaes fal fa ambiond ar lempemim S aimost
o same as the sudace lampem e if the ar femparakim
worg much highar or kwar than o suriace empdaratim,
o acual wmoaraiuraof he LM35 o wauld be 8l an miae
madiale mparalure batsson o surtacs emoaralune and
tha ar tempemtbrs. Ths s apedally trus for the TO.92
paslo packaga, wham o oaopor laads arg the pencipal
Tormal path 1o carry haal ma iho davioa, 50 s lomoara
ura migil Do dosar 10 he ar ampem e Than i 1he sue
face omparaiura

Ta miniemza hs prablam, ba sure 1hal tha winng 1o B
L35, as il bavas the devioa, is hald al the same lemoara
o ax tha wrisos of nemsl The sasest way 10 do this iz
1o cower up fhoss wims with a boad of epoxy whioh wil
nsura fal e eads and wires am ol a1 ihe same ampara
re as o sudace, and that o LM35 da's lempam um will
nod ba affacted by the air {emporshm.

Tha TO-46 malal package can alss bo soldomd o a motal
surdans or pps withaul damaga Of coussa, in thal cass 1he
W — twarminal of fw aroul will ba groundad 1o hal motal
Alornatvaly, the L35 canba mauntad insda a sealed-and
matal b, and can fen ba dpped nio a bath o somwaed
inio athraaded haba ina tank. A with any IC, The M35 and
acowmpanyng wring and amuts must bo bogl nsuladaed
and dry, o awod leakage and comsion. This is espacally
e if o droud may oparale al cold lempemums wham
aondonsalion can goour. Prinfed-dmul coaings and war
nizhes such as Humiseal and apay paints or dips are oftan
usad o irsum thal masius camol comada o L3S or s
aonnacions

Thess dovioss are somobmaes soldemd 1o a small Eghi
waight haat fin, 1o decaase e famal fme constan and
spaad up e reeponss n slowly-moving aic. On the othar
hand, asmall thasmal mass may ba added 10 the sensas, 1o
giwa the sieadiost reading despie smal deoviafons in the ar
{ompoamium.

Temperature Rise of LM35 Due To Self-heating (Thermal Res istance)

TO=4E, TO=48, Tz, T2, S8 SiDE TD=2: TD=2aE "=
no Beat dink  sonall bead Tin® oo beat sink Al Bheai Tin®" 5o beed sink  ammnall Beai " " B0 heet sink sl Bheat Tin
Sl air 0T pEagd el ] 180nCW 140 CAN e gl ] 110nCAN S5 W = el )
Mcvdre) air A00CAN A0°CW ST TTCAN 1S foap ety ) IETCIW HOGIW
il o A0CACAN 40r W AT TS
Sdmead ol EONCAN SCCW 4ETIW AT TN
WCRmpedn metal
il el o ] ) frt gty ] BEENCIWY [ray L |
* i ] e A0, o 1 diee of D00 aheet bracoy, addened b cioss, o Wmilar
o+ TiOuEr and S08 pocksges giosd and el ackdared B 1" suare o 1" prinded cirull Baoand with 2 ez bl o il
Typical Applications contnued
T e v camenve Lo wikie, 1
| HERNTY CAPRCITINE LOAN, WIRIMI, ERE. H - y
i i LiECe, » »
LM3§ = 10 A MIEHMPEDRACE LDVD a1 FEPa
THMAL T - "
1 1
|
LI 5= 13 ] T | of
FHZURE A LM35 with Decoupling from Capaditive Load heaa . .
T 16-20

CAPACITIVE LOADS

Likot most micmpowar amuits, fe L35 has a Bmited abilty
o driver hiserey capacifes boads. Tha LM35 by il is abls 1o
drive 50 pf withou! spocal pmcautons. H oo Dads am
anfapated, il is sasy 1o o or decoupln fw bad with a
msElar; soe Spoe 3 O you can improse fe olranos of
capactanos with a serms A-C dampor fom oulpul o
graund; saa Furo 4.

Whan e M35 s aoled with a 20000 kad ressior as
shown in Figume § &, o &, 1 & raafvaly mmuna o widng

FIGURE 4 LM35 with R-C Damper

capadtnos bacause the capacilanos fomms a bypass fam
gmund o inpul, nal an fe auipul Howeear, as with any
Inaar araul cannaclad 10 wires in a hastile envimomend, is
pariormance can ba affected advamsaly by nionse dacto
magnafo souroes such a5 mibays, radio imnsmitiers, molors
with arding brushes, SCA imnsan'ts, olo, a5 is wiring can
acl as arecdving anknna and its infemal uncions can act
as mofinem For bos resilis n such cases, 8 bypass capas
for from Wy 1o ground and a sedes B-C dampar such as
76 in sorms with 02 or 1 wF fom oo o ground are
often uselul. Thase am shown in Figumes 13 14, and 1
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Typical Applications (connuad
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T 1811
FIGURE 11. Centigrade Thermometer {Amlog Meter)

-y L -
1 TS T
TLFAIg-12

FIGURE 12 Expanded Scale Thermiometer
{50 to 80" Fahrenheit, for Example Shown)

AGURE 1i. Temperature To Digital Converter {Serdal Output) |+ 128°C Full Scale)
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Standard Data Bus ¥ P interface){ 120°C Full Scale)
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Typical Applications (coninued)

-ri;

TLIHIE-1
-Trim Fig b Wy = LS
-Trim Flg b W = GOTE = 100w o Ty
Ecargs ¥y =227 a2 G
RAGURE 15. Bar-Graph Temperature Display (Dot Mode)
L
3
- . |
1
36 ey H | EH
s LN 3
M
o B H &
LTI = N 2
g !:L:'. i F
[
- | T
- TLM S-S

FHZURE 16. LM35 With Voltage-To-Freguenocy Converter And |solated Output
{ZC to + 150°C; 20 Hz to 1500 H)
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Block Diagram

1.3 %

fe Wy = 10 T
FTIET N
-

2R

TL S SIE-A
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Physical Dimensions ndaws filimas)
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|- 5E 2 PLES

Physical Dimensions inches (milmets) Coninuad)

0.500
<13 7o) "'"

SEATING PLAKE "

LM35/LM35A/LM35C/LM35CA/LM35D
Precision Centigrade Temperature Sensors

LIFE SUPPORT POLICY
HATIONAL'S PFRODUCTS ARE WOT AUTHORIZED FDA

SEMICONDUCTOR CORPORATION. As used hara

1. Lie suppatl devicss or meloms oo desions o
systoms which, (4] am nknded for surgical implan
ima the bady, or {b) suppar or sustain Ba, and whaose
fakm o porfom whan popedy used in accardancs
with instrucions for use prowided in the labaeling, can
b reasonably axpocted 1o resull in a Sgnioant injury
Ty Ehiy s

01350, 145
&,0090 [5.43-35.58]
[z.29] & | n.o4s-n.085
UMCORTROLLED P |'"" [r.14-1.42]
LEAD Di4) 5=
H | ) [1.14=1.40] e
L] I
p.i75-0.185 ) :
[#.45-4.78] | H
L] L —L _'-'—3-/
] i i
0.816-0.031 Lo :lr
EIECTRR WK _/ [0,41-0,53] 0040 _J'r
0065 [z.29] 10% 2 FLCS
[1.85]
T |u|] u:ll:] b Fals (EY )
TO-82 Plastic Package (Z)
Order Number LM3SCT, LMASCAT or LMASOE
M5 Package Mumber Z034

DEVICES OR SYSTEMS WITHOUT THE EXFRESS WHITTEN APPROVAL OF THE PRESIDENT OF MNATIONAL

4
_I_— 0185800 cernpr Lean AMEH

[G.36A-0.594]

USE AS CRITICAL COMPOMENTS IN UFE SUPPORT

2. A oifcal camponend = any companant of a He
sppad disios o sysiem whosa falim o podam can
ba masonably enpactod o cause the falure of tha Ha
mppaor dewics or system, or 1o afec s sadely or
s Teonass.

P ol S e T il Sk el e B conl e el Sebrwic caredueTvardl el St et T
[ rm b g Lid Hoorg I e Lol D Bl L W ) Py Lo
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PO Ao S DE‘S‘L Lraar itk Citar O Caniras, £ Canien B 15058 Fhnirawa Park Civa
S Cam, Ok GOS0 Gl iF Tolrmshamd, Kosiea Sty Paailes 5 Eraa fepires Pk
Tk 1 SR Tk (i S0 +74, P, RiFarmas o Horg Ko Firaal (-0 Feairphill, Badkrora
THE D) s Tobaas Mol Chiw-C iy Tak (M) ST Tak §2-41) St ‘cterien Sl Aommralla

Fise -4 &1 (e P o foras el Fazz (45 5 doialls Taduce S -4 1 Sl W OF OR Tal: (34 O Sl
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ANEXO C: HOJA DE DATOS DEL SENSOR DE TEMPERATURA MCP9701

MCP9700/9700A
MicROCHIP MCP9701/9701A

Low-Power Linear Active Thermistor™ [Cs

Features Dezcription
= Tiny Analog Tempemture Sensor The MCPI700ATO0A and MCPETO1ETI1A family of
- Avadshle Packages: SC-70-5, TOHE2-3 Linear Active Thermisior™ Intergrated Circuit {IC) is an
- Wide Temparature M rement Range: analoy termperature sensor that convers temperatuns
I-lEI"Et 19500 s nee to analog voltage. H's a low-cost, lowpower sensor
- o+ with an accuracy of +°C from 0°C to +70°C
- Accuracy” (MCPETO0OAGTOIA) +4°C from O°C fo +70°C
- 22°C {max.). 0°C to +70°C (MCPST0AMSTIA) (MCPETO0/ATI) whie consuming ©pA (typ.) of
- #4°C {max.). 0°C to +70°C (MCPSTNSTIH § operating cument.
« Optimized for Analog-io-Digital Converters Unfike resistive sensors (such as thermistors) the
{ADCsE Linear Actve Thermstor Ko does not require an
- 1000 mVPC (typ.) MCPSTRNSTHA additicnal signal-conditioning circuit. Therefore, the
- 195 m\VPC (typ.) MCPSTOHISTOA hiasjpg cimcuit dE'-'Ehmel‘l‘t EH.IEFI1E-3C‘:| fior .I:henn'rstn'
. Wide O ting Violtage Range: sul.ll:mns can be avoided I:rgrlr!mlemenm; this Il:-v_r-mst
Vo =79 o 5.5V MCPSTOOSTIOA device, The volage output pin (Vo) can be directy
T Yoo T o connected to the ADC input of a microcontroller. The
- Vpp =31V o 5.5V MCPETHATHA MCPITONETI0A and MCPEFONETOIA temperaturs
= Low Operating Current 8 wA (typ.) coefficients are scaled bo provide a 1°Cibit resolution
- Optimized 1o Drive Large Capactive Loads for an B-bit ADC with a reference woltage of 2.5V and
S respectively.
Typical Applications The MCPETI0ETO0A and MCPETOSTINA provide a

lowe-coest solution fior applications that require measue-

» Hard Disk Drives and Other PC Perpherals ment of a relative change of temperatre. When mea-

+ Entertainment Systems suring relative change in temperature from +25°C, an
= Home Appliance accuracy of £1°C [typ.) can be realized from 0°C to
« Office Equipment +70°C. This accuracy can also be achieved by applyng
« Battery Packs and Portable Equipment system calibration at +25°C.
« (General Purpose Temperature Monitoring In addition, this family is immune to the efects of
) o L parasitic capacitance and can drive large capacitive
Typical Application Circuit loads. This provides Printed Circuit Board (PCE) layout
v design flexbility by enabling the device to be remotely
oo located from  the microcontroller.  Adding  some
T capacianee at the output also helps the output
PICmicrom | AN transient response by reducing owershoots  or
micr undershoots. However, capacitive load is not required
Vas MCU fior sensor output stability.
= Package Type
5-Pin 5C-TO 3-Pim TO-52
Voo MCPSTOO/ST00A MCP3700/3701
oo MCPSTO1/9T01A Only
W,
Coyeass L MCPST00 ll NC 1] [5] nC H ‘23
0.1 pF THH T
r - o [2 il S
- Vaur (2] EIR ','ul Bottom
- Y e
1:__' II!
Vog Vour GHND
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MCP9700/9700A and MCP9701/9701A

1.0 ELECTRICAL thollca: Sresses anove those listed under “Madmum
Ratngs" may cawse permanent damage to the device. This Is
CHARACTERISTICS a siress rating only and functional operation of Me device at
those of any other condons abowe those Indlcated In the
Absolute Maximum Ratings 1 operalional lstings of his specification & nol implled.
Exposure to maximum rating condifons for extended periods
Voo .. BN may affect device rellability.
Storage termperature: -G5°C to +1650°C
Ambient Ternp. with Power Apgplied: .. 40°C to +125°C
Junction Temperature (T ). oo 150°C
ESD Protection On All Pins (HEM-MM-..... (4 KV:200V)
Lateh-Up Casrent at Each Pim: ... 200 rmA

DC ELECTRICAL CHARACTERISTICS

Elecirical Specifications: Uinless otherwize mndicated:

MCPI700ETI0A: Vog = 2.3V to 5.5V, GND = Ground, Ty = -<40°C to #125°C and Mo load.

MCPI7THATMA: Vg = 3.1 to 55V, GND = Ground, T, =-10°C to +125°C and Mo load.

Parameter | Sym | Min | Typ | hax | Unit | Conditions
Power Supply
Operating \Violtage Range Voo 23 — E.5 Vo |MCPITO0AETO0A
Voo 31 — 5.5 Vo |MCPITOETIA

Operating Current oo — i 12 uA
Power Supply Rejection AFCIAN o — 01 — "G
Sensor Accuracy (Motes 1, 2)

Ta = +25°C Tacy — +1 — °C

Ta=0PC to +70°C Tacy -21 — +20 *C |MCPATOOAMTIHA

Ta=-40°C to +125°C Tacy -21 — +0 *C |MCPATODA

Ta =-10°C to +125°C Tacy -2 — +0 *C o |MCPITHA

Ta, = 0PC to +70°C Tacy 4.1 — +£0 *C |MCPITO0AT

Ta, =-20°C to +125°C Tacy 41 — +3.10 °C |MCP3IT00

T, =-10°C to +1255C Tary 41 — +3.0 C |MCPIT
Sensor Output

Owtput Voltage, Ta =0°C Viez — 500 — m\ | MCPI700AT00A

Curtput Voltage, T, =0°C Vi — 400 — m\ | MCPI701MaT01A
Termperature Coefiicient Tz — 10.0 — m P C | MCPITO0MATO0A

Tz — 18.5 — mmC | MCPITOMATIA
Output Noninearity Vo — H.5 — G |T,=0°Cio+70°C (Note 2]
Output Current lour — — 100 uA
Output Impedance Zour — 20 — 1 |lgyr =100 pA, f=500Hz
Output Load Regulation AN — 1 — £ [T,=0°Cio+70°C,
Al ey = 100 pA

Mote 1: The MCPETO0ETO0A family accuracy is tested with Vg = 3.3V, while the MCPITI1/A7T01A accuracy is

tested with Vpg = 5.0V,

2. The MCPIT00/ST00A and MCPETD1/8T01A family s characterized using the first-arder or linear equation,
as shown in Equation 4-2.

3 The MCPET00/ET00A and MCPETD1/AT01A family is characterzed and production tested with a
capacitive koad of 1000 pF.

4:  SC-T70-5 package thermal response with 121 inch, dual-sided copper dad, TO-32-3 package thermal
response without PCE (keaded).
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MCP9700/9700A and MCP9701/9701A

DC ELECTRICAL CHARACTERISTICS [CONTINUED)

Electrical Specifications: Unless othenwise indicated:

MCPITO0AT00A: Vpp = 2.3V to 5.5V, GND = Ground, T, = -40°C to +125°C and No lead.

MCPITHATHA: Vi, = 3.1V 10 5.5V, GND = Ground, T, =-10°C to +125°C and No load.

Parameter Sym Min Typ Max | Unit Conditions

Tum-gn Time ton — 800 — Hs
Typical Load Capacitance (Note 3) | C,.p — - 1000 pF
SC-T0 Themmal Response to 3% | fges - 1.3 - s [30°C (Air) to +125°C
TO-32 Themal Response 0 63% | tazs — || = g |(Fhud Bath) (Note 4)

Note 1: The MCPUTDIET00A famiy accuracy is tested with V,, = 3.3V, while the MCPETD1/8701A accuracy is

tested with Vpg = 5.0V,

2 The MCPE7T00/2T00A and MCPETO1/ 8701 A family is characterized using the first-order or linear equation,
as shown in Bquabion 4-2.

3 The MCPE700/3700A and MCPETIN/ET01A family s characterized and production tested with a
capacitive load of 1000 pF.

4: SC-T0-5 package thermal response with 1x1 inch, dual-sided copper clad, TO-02-2 package thermal
response without PCE (leaded).

TEMPERATURE CHARACTERISTICS

Electrical Specifications: Unless othenwise indicated:
MCPIT00ET00A: Vi, = 2.3V 1o 5.5V, GND = Ground, T, =-40°C to +125°C and No load.
MCPSTOATHA: Vpp = 3.1V to 5.5V GND = Ground, T, =-10°C to +125°C and No load.
Parameters | Sym | Min | Typ | Max | Units | Conditions
Temperature Ranges
Specified Temperature Range Ta 40 — | 4125 *C [MCPSTOOSTODA
{Note)
Ta -10 — | +125 T |MCPITOASTHA
{Note)
Operating Temperature Rangs Ta 40 — | +128 'C
Storage Temperature Range Ta &5 — | 4150 'C
Thermal Package Resistances
Thermal Resistance, SC-70-5 Ba — i - CW
Thermal Resistance, TCH82-3 Ba — [1318] - CW

Mote:  Operation in this range must not cause T to exceed Maximum Junction Temperature (+150°C).
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2.0 TYPICAL PERFORMANCE CURVES

MNote:  The graphs and tables provided following this note are a statistical summary based on a Bmited number of
sarmples and are provided for informational purpeses only. The performance characienstics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., cutside specified power supply range) and therefore outside the warmanted range.

HNote: Unless otherwizse ndicated, MCPAT00ETO0A: Vg = 2.3V o 5.5V, MCPETHATHA: Vg = 3.1V 1o 5.5V GND
= Ground, Cy, . = 0.1 pF.
40 2.0
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FIGURE 2-1: Accuracy va. Ambient FIGURE 2-4: Accuracy ws. Ambient
Tempersfure (MCPITO0ASTITAL Temperature (MCPITOMITOT).
an 7 T T T o BE T T
] worsTtas wersTn £ M TGS ST
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FIGURE 2-2- Accuracy va. Ambient FIGURE 2-5: Changes in Accuracy ve.
Temperafure, with Voo Ambient Temperafure {Due to Load).
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FIGURE 2-3: Supply Cuwment wa. FIGURE 2-6: Load Reguwation vs.
Tempearsfure. Ambient Temperafure.
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Mote: Unless othensise indicated, MCPATONITO0A: Vg = 2.3V to 5.5V; MCPATIHATIHA: Vipp = 2.1V o 5.5V, GND
= Ground, Cyypass = 0.1 pF.

6% 3 15% 5
J MOFITE 1 HCFETG
PR MOPITMA % 3 _:‘El'_i:itl'-
..!Fﬁ; I::.:ﬂ w ﬁ“;ﬂn::-uﬂ-ll
i 6% 3 7 15% 3
& 1% 3 4 10w 3
o o
D'ﬁ: T T T T 17T D‘E
$5333383688§8 253328338 %;:
Y fmbY Wz (M)
AGURE 2-T: Output Voltage at 0°C FIGURE 2-10: Cufpwt Voltage at 0°C
(MCFIFDOSTO0A). (MCPITO1/ST0A).
Py iy HCPETT
ars e 3
aex vt bt
g et I
[T E 5%
B o0 -
2 e R
s 108
B £
I - 5
s 3333333333 333333558 :7%
T iz T imiFC)
RGURE 2-8: Oecumences ve, Temperaiure FIGURE 2-11: Cocwrences ve. Temperaiurs
Coefficient (MCFP3T0QGT004). Coefiicient (MCPITO1/870A)
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w {1 - =
g 0.5 g s
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E T Mt | E 008 ] -
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RAGURE 2-5: Power Supply Rejection FIGURE 2-12: Fower Supply Rejection

{ASCAAVpo) ve. Ambient Tempersfure.
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Mote: Unless otherwise indicated, MCPITO0ATI0A: Vg = 2.3V o 5.5V, MCPITIHMATHA: Vpp = 3.1V to 5.5Y; GND
= Ground, Cpypae: =001 pF.

NEETTT: 3
14— 253 | | <]
123 20 N
T uai Eﬁ TE Tl =
F] E | E
] I:l.té I: - 1.8 3 .-"/-’ #‘::—:H?II
0.4 ; E MCPETTEA
023 : B
TE L L
D& 05 1.0 16 28 25 3.0 3.5 40 45 50 56 S0 -z &0 2 B0 TE W0 128
Vg, (41 T, G
FIGURE 2-13: Oufput Vollage va. Power FIGURE 2-16: Cutpudf Voltage va. Ambiend
Suppiy Temperaturz,
——— & i ———— 300
vmi:":;ﬂ':'; 1.7 E [ 1; '..:-“-r:-l':: _E 13.0 i
bz E - "\,‘ d
- T \ : B
r_._‘< 3 = R o EED -
g o0 15 E 20
E N — _H“.rl""lld - E
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FIGURE 2-14: Oufput vs. Seftling Time to FIGURE 2-17: Cwutpudf va. Seftling Time fo
step Voo Ramp Voo
120 1 -
108 I,’ ] SCT-8 8
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£ w | i
= Lmsdued, wihoul PCE £
55 ] ™ orzs § I
M -ttt i |
2 0 2 4 & B 10 12 14 18 18 woomR mw
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FIGURE 2-15: Thermal Response [Air fo FIGURE 2-18: Cutpud impedance va.
Fluid Bath). Frequeancy:
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3.0  PIN DESCRIPTIONS
The descriptions of the pins ane listed Table 3-1.

TABLE3-1:  PIN FUNCTION TABLE

e | ok | symbo Function
1 - NC | Mo Connect
2 3 GND | Power Ground Pin
3 2 Vour | Qufput Voltage Pin
4 1 Voo | Power Supply Input
5 - NC | Mo Connect

31 Power Ground Pin (GND)
GND s the system ground pin.

12 Output Voltage Pin (Vour)

The sensor output can be measured at Vg The

voltage range over the operating temperature range for
the MCPETONETO0A is 100 mV to 1.75V and for the
MCPE7018701A, 200 mV to 3V .

3.3 Power Supply Input (Vppl

The operating woliage as specified in the "DC
Electrical Characteristics™ table is applied 1o Vi,
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4.0  APPLICATIONS INFORMATION

The Linear Active Thermistor™ IC uses an ntemal
dicde to measure temperature. The diode elechnical
characteristics have a temperature coefiicient that
prondes @ change in woltage based on the relative
ambient temperature from 40°C to 125°C. The change
n woliage is scaled to @ temperature coefficient of
100m\VPC (typ) for the MCPOTDDYGTO0A and
18.5 m\ViPC jtyp.) fior the MCPET01/ETIMA. The output
voltage at 0°C is also scaled to S00mV (typ.) and
40mV  (yp) for the MCPITODMNTO0A and
MCPOT01ETINA, respectively. This linear scale is
described in the first-order tansfer function shown in

Equation 4-1.

EGQUATION 4-1:  SENSOR TRANSFER

FUNCTION
Fopr = Ton T+ Fupr
Where:
Ta = Ambient Temperature
Voyr = Sensor Output Voitage

Ve = Sensor Qutput Voltage at I°C
T, = Temperature Coeficient

4.1 Improving Accuracy

The MCPETOOETI0A and MCPITO1ET01A accuracy
can be improved by performing a system calibration at
a specific temperaime. For example, calibrating e
system at +25°C ambient improves the measurement
accuracy to a H1.5°C (yp.) from 0°C to +70°C, as
shown i Figure 4-1. Therefore, when measuring
refative temperature change, this family measures

temperature with higher accuracy.
40
20
LT )
= s [~
WD —
! -
g 1o
X J
20 4 V= 3IW
] #2 Barpian
40 t
S0 2 @ 2 B TE 10 13
Tal*C)
FGURE 4-1: Relative Accuracy fo +25°C
ve. Temperature.

The change i accuracy from the calibration
temperature is due io e output nondineanty from the
first-order equation, as specified in Equation 4-2. The
accuracy can be further improved by compensating for
the cutput nonineanty.
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For higher accauracy using a sensor compensation
technique, refer to AN1DD 1C Tempersiure Sensor
Accurscy Compenssfion with a  PiCmicm™
Microconfrofler” (D501001). The application note
shows that i the MCPETIN] is compensated in addition
to mmom temperature calibration, the sensor accuracy
can be improved to :0.5°C (typ.) accuracy over the

operating termperature (Figure 4-2)
iu‘ T T T
] | 1 5 s
4] —
E’ 28 E_#i’. IJ:ir.I
} ol =
an 4 - .L-
e
.au: - b 77
s ] . ;
£ X 0§ M T W B
Tt i fenras {10
FIGURE 4-2: MCPITOST00A Calibrafed
Sensor Accuracy.

The compensation technique provides a linear
temperature reading. A fimware book-up table can be
generated to compensate for the sersor emor

4.2 Shutdown Using Microcontroller
I'D Pin

The MCPETDNETO0A and MCPETOTETIA famiy of
lowe operating curment of 6 pA (typ.) makes it ideal for
batterypowered  applications.  Howewer,  for
applications that require tighter cument budget, this
device can be powersd using a microcontroller
Input/Output (LD} pin. The 10 pin can be toggled to
shut down the dewice. In such applications, the
microcontroller  intemal  digital  switching  noise s
emifted 1o the MCPETONETO0A and MCPETOLETOIA
as power supply noise. This switching noise compro-
mmises measurement accuacy. Thersfore, a decoupling
capacitor and senes resistor will be necessary to fiter
out the system noise.

43 Layout Considerations

The MCPETO0ETO0A and MCPETOTETIIA famly
does not require any additional components to operate.
However, it is recommended that a decoupling
capacitor of 0.1 pF to 1 uF be wsed between the Vg
and GMND pins. In high-noise applications, connect the
power supply voltage to the Vo, pin using a 2000
resistor with a 1pF decoupling capacitor. A high
frequency ceramic capacitor is recommendsd. It is
necessary for the capacitor to be located as dose as
possitle to the Vo and GMD pins in order to provide
effiective noise profection. In addition, aveid fracing
diital lines in close prowmity to the sensor.
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4.4 Thermal Considerations

The MCPETO0ET00A and MCPETOETIA family
rmeasures temperaturs by monitoring the voltage of a
diode bocated in the die. A low-impedance themal path
between the die and the PCE s provided by the pins.
Therefore, the sensor effectively  monitors  the
temperature of the PCE. However, the thermal path for
e amibient ar is not as effcient becauss the plastic
device packape funchions as a thermal insulator from
e die. However, the plastic device package
insulates the die and restricts device thermal
responsa. This imitation apolies to plastic-packaged
slicon ternperature sensors. If e applcation requires
measzuring armibient ar, the PCE nesds to be designed
with proger themmal conduction to the sensor pins.
The MCPETOOETI0A and MCPITODIETIIA is
designed to sourcelsmk 100 p& (max.). The power
dissipaton due to the oufput cument is relatively
insignificant. The effect of the output cument can be
described using Equation 4-2.

EQUATION 4-2:  EFFECT OF SELF-
HEATING

|||||

T, = Jumction Temperature
Ta, = Ambient Temperature
8,, = Package Thermal Resistance
(3317 W)
Veour = Sensor Output Voltage
lyyr = Sensor Output Current
lpp = Opemsting Cumment
Voo = Opermsting Volage

A T, = #25°C (Wpyr = OFEW) and maximum
speciication of g =12pA, Voo = 55V and
lyp=+100 pA, the seifheating due to power
dissipation (T, - Ta) is L1TEC.
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b0  PACKAGING INFOEMATION
5.1 Package Marking Information

Slead SC-T0 (MCPATHNMCPITI0A) Example:
H H H H
WM (Front) Davica Coda BITZ (Front)
T (Back) [MCPaToomTona | AUNM | | €22 (Back)
MCPSTHETOIA AN
HHd Mots: Applles o S-Lead SC-70. Hoo
B ead SC-T0 (MCPATHMCPITIMA) Example:
H H H H
Devica Code
XXNN MCPSTI0ATO0R ALMN AVZS
MCPSTIHSTO1A ANN
HHH Mofa: Applies o S-Lead SC-T0. HHH
F-Lead TO-82 (MCPITOWMCPIT) Example
RO MCP
HRERHX STOOE
RO TD@
YW 622256

Legend: XX X Customerspechic information

Y ‘Year code (last digit of calendar year)

L ‘Year code (last 2 digits of calendar year)

WW  Wesk code (week of January 1 s week 017

%ﬁl Alphanumeric traceability cods
Ph-free JEDEC designator for Matte Tin (Sn)

¥ This package is Pb-Tee. The Pb-free JEDEC desjgnaw@:l
can be found on the outer packaging for this package.

Mote:  In the event the full Microchip part number cannot be marked on one line, it will
be camed over to the next line, thus Bmiting the number of available
characters for customer-specific inforrmation
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b.-Lead Plastic Small Outline Transistor (LT} (SC-70)

Linit= INCHES MLLIMETERS*
Dimenzion Lm= MM | moM hA [ = hA

Mumer of Fins n 5 5
e P [OE (BSC) 0ES (BT
[Err— 0 03 o3 18a 110
Wickied Fackags Trickness Az 031 o= 180 100
r— e oo o4 100 010
Cveral v E o7 o 180 za0
Wiokied Fackage Wdth El DS =3 115 135
Cweral Lengsy ) o7 =7 180 220
Foct Lergin L Do+ 01z 130 o2g
Tufamsm||| Pt a1 Do+ os .80 o4
L=ad Tickress C o= o7 10 Tas
Lead Width B oo0e 01z 115 o2g
* Conoiing Faramessr
Mo

Dimersiones D and E1 do not Incude mosd Sash or protrusions.  Mold fash or protnusions shall not excesed 005™ (0. 127mm) par shae.

E=C: Baesic Dimension. Theonebically =xact walue shown sithout ioksramces.
e AZME Y1£EM

JEITA [EIAJ) Sandard: 5C-T0

Drawing Po. COS-051

FRevised O07-15-0E
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3-Lead Plastic Transistor Outline [TO) [TO-92)

El

-

I f
A — |

ol
Unks NCHES MILLVE TERS
Dimenskonlimes | man [ moa | wax MB | NOM | Mex
Wumber of Fins n 3 3
Fa £ 250 1.27
Batom to Package Aiat A 30 143 155 EE 15 35
Overal Widh Ei 7S 185 135 4,45 471 L3
Oveml Lengih D 7D 183 135 R 454 s
Loided Fa Radus B o8s o5 035 215 23 241
Tip to Seating Flans L 500 B &0 1270 1410 1543
Lead THicTess 3 014 o7 020 0.3 043 1=
Lead vadh E oiE 5] JiF] (T3] 0= A
Moid Diraft Angie Tog o 4 B g 4 H B
Lo Draft Angle oo B F] 3 4 2 3 4
* Coriroiling Faramater
Heorbee:

Cimeresions 0 and E1 do rot Indude Foid fash or profrusions. Moid fash or profrusions shal not esmesd
DD (02 5mim) per side.

JEDEC Equivalent TO-OZ

Drawing Mo, CO4-101
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APPENDIX A:  REVISION HISTORY

Revision C (June 2006)

» Adaed the MCPETD0A and MCPETO1A devices o
data sheet

» Adaed TOB2 package for the MCPATOOMCPETT

Revision B {October 2005)

The following is the list of modrfications:

» Added Section 3.0 "Pin Descriptions™

+ Added the Linear Active Thermisior™ IC
trademark

+ Removed the 2" order temperature equation and
the femperature cosficent histogram

» Adoed a reference to AN1001 and comesponding
verbiage

« Added Figure 4-2 and comesponding verbiage

Revision A (November 2005)
» Oniginal Release of this Dacument.
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PRODUCT IDENTIFICATION SYSTEM
Th oeror ot tmaton, 2., 0n cingordeery, e o thefatoy or e e e e

RATHD. - I i1} Exampe.
T T ¥ MCPEOITELT  Linew Actve Themetor™
Dsvics  Tomparaiurs  Packang I, Tape and e,
Range 30 50T paciage.
b MCPSTIGETY  Linew Actve Themictor™
1, 3L0 O package
Deiice MCFSTIOT  Linear Acte Themistr™ IS, U MCPETOATELT. Liney Actie Themistor™
Tape and Fise, P e L, Taps g Rexl,
WCFSTIDAT. Linsar Acte Themistor™ 5, L0 5070 paciage.
Tape and R P fes
MCRITOIT: ﬁrm:tﬂmf"ﬁ- U MCPEDITELT  Unew Achye Thamisior™
2 ! Tape and Resl,
WCRSTHAT, Linsar Acte Themistor™ I, ?_nsi'::m .y
Tape and e P b MCPOTIRETD:  Linear Acte Themistor™
i, 3L0 T package
B \ ¢ MCPSTHARELT Lnew Actie Toarmisio™
TrrRrE E o A0hET T T i R,
L0 5070 paciage.
Faciage [T » Pastc Sl Outine Trishr, S
T0 = Flasic Plashc Trndshr Oufine, e
CFSTIN, MCRETDH onfy)
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Mois tha Tollowing detalls of the code protecon festurs on Microchip devicss:
+  Microchip producis mest the speciiication contairned In Sialr particular Micmchip Data Sheet,

*  Micsochip belleves that s family of products |s one of the maost secure families of Hs knd on the markat ioday, when usad In the

Imandad marner and under nommal condtions.

+  Them are dshonest and possioly llegal Memods used 10 breach the code protection Teature. AN of hese methods, to our
knowiedge, require using e Microchip products In a manner cuiside the operating spediiications contained In Microchip's Dat
Sheets. Most likely, the person doing 50 Is engaged In theft of Intellectual property.

+  Microchip i5 wiling to work with the customer who Is concemed about the Infegrity of their code.

*  Melther Microchip nor any other semiconductos manufaciursr can guarantes the sscurity of Melr code. Code protection does not

mean thal we are guaraniesing the product as “unoreakabic ”

Cotie protection Is constantly evoiving. We at Misrochip are commithad to continuously Improving e code protecion features of our
produets. Attempts i braak Microchip's code probaction feature may be 3 vinlation of the Digital Milernium Copyright Act. If such acts
aliow Unauthon 20 3ceess t YOUr SOMWENE OF DIEr COpyTIghiat WOPK, yOU 3y Nave 3 nght to 5ue for nelef under that Azt

Infomation contained In this publication regarding devics
appiications and the ke & provided only for your convenience
and may be superseded Dy updates. It 5 your resporssibiity to
ensure thal your applcation mests Wil your specicatons.
MICROCHI® MAKES NO REPRESENTATIONS OR
VIARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT WOT LIMITED TO TS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITHESS FOR PURPCSE. Micochip disciaims all Eablly
artsing from s Information and s use. Use of Micrchip
devices In e support andior safety appications s entrely at
the buyer's risk, and the buyer agress bo defend, Indemnify and
hoid harmiess Microchilp from any and all damages, claims,
EI.IE.I:I'Eq:E"IE!‘EI'E'EIIﬂI'Ig from such Ee. Mo lcenses ang
conveyed, Implicity of othermise, unoer any Microchip
Intellaciual property Nights.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

—150/T75 16949:2002 —

Trademarks
The Microchip name and logo, the Microchip logo, Accuron,
dBPIC, KeeLoa, mieriD, MPLAS, PIC, PICmicm, PICSTART,
PRO MATE, PowerSmart, i9IC, and Smantshun are
registered trademarks of Microchip Technology Incorporated
In the LLS.A. and other countries.

AmpLab, Filter, ab, Migratabie Memory, MXDEV, MXLAB,
SEEWAL, SmartSensor and The Embedded Control Salutions
are regisiered trademanks of Microchip Technology
Incorporated In e U.SA
Anaiog-for-the-Dighal Age, Application Maesiro, dsPICDEM,
dsPICDEM.net, dePICWOrks, ECAN, ECONCMONITOR,
FanSense, FIEXROM, NZZyLAB, In-Clreut Senial
Pogramming, ICSF, ICEPIC, Linear Active Themistor, Mind),
MIVYI, MPASM, MPLIE, MPLINK, PICKH, PICDEM,
PICDEM net, PICLAB, PICKI|, PowerCal, Fowerinfo,
PowerMate, PowerTool, REAL ICE. MLAB, PICDEM, Select
Moo, Smart Serfal, SmartTel, Total Endurance, UNUD,
WiperLock and ZENA are trademarks of Microchip
Technoiogy Incorporated In the LS AL and other couniries.

SOTP 5 3 senice mark of Microchip Technology Incorporated
Inthe USA

Al other tragemarks menbioned herein ane propesty of thelr
respactive companies.
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ANEXO D: PROGRAMA COMENTADO DEL ATMEGA16

» kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkk
’

; BASIC .ASM template file for AVR

s kkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkhkkkkkkhkkhkkkkkkkhkkkkkkkk
’

.include "C:\VMLAB\include\m16def.inc"

: Define here the variables

.def contseg =r20

.def contmin =r21

.def tiempo_des =r22

.def rpm_des =r23

.def temp_des =r24

.def se_acabo =r3

.def cont_int=r4

.def primera_vez =r5

.deffin=r6

.def temp =r16
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DEL PERU

; Define here Reset and interrupt vectors, if any
reset:
rimp Inicio
reti  ; Addr $01
.org $02
rimp INT_O ; Interrupcion externa calcula rpm
reti  ; Addr $03
reti  ; Addr $04
reti  ; Addr $05
reti  ; Addr $06 Use 'rjmp myVector'
reti ; Addr $07 to define a interrupt vector
reti  ; Addr $08
reti  ; Addr $09
reti  ; Addr $0A
reti  ; Addr $0B This is just an example
.org $0c

rimp INT_TMRZ1,; interrupcion de timer 1, se activa cada segundo  Not all MCUs
have the same

reti ; Addr $0D number of interrupt vectors
reti  ; Addr $0E

reti  ; Addr $OF

reti  ; Addr $10

.org $26

rjmp int_tmrO

msgPantallalngreseVelocidad:
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DEL PERU

.db "INGRESE VELOCIDAD [100-255] RPM:",0,0
msgPantallalngreseTemperatura:

.db "INGRESE TEMPERATURA [20-65] C:",0,0
msgPantallalngreseTiempo:

.db "INGRESE TIEMPO [1-9] min:",0,0
msgPantallaFinDelProceso:

.db "FIN DEL PROCESO",0,0

msgtact:
.db "Tact",0,0
msgrpm:
.db "RPM",0,0

; Programa empieza aca después de Reset

Inicio:

Idi r16,high(ramend); inicio pila
out sph,r16

Idi r16,low(ramend)

out spl,rl6

rcall configpuertos
rcall configADC

rcall configINT_TMRO
rcall configINT_TMR1
rcall configLCD

;rcall configPWM
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DEL PERU

rcall configinterrupcionExterna

clr contseg ; Inicializacion de contadores y banderas
clr contmin

clr temp_des

clr tiempo_des

clr rpm_des

clr se_acabo

clr cont_int

clr primera_vez

clr fin

sbi portd,4; prendo ventiladores

PantallaingreseVelocidad:

Idi r16,$01

rcall comandoLCD; pantalla en blanco cursor en posicion $00
Idi zh,high(msgPantallaingreseVelocidad*2)

Idi zl,low(msgPantallalngreseVelocidad*2)

rcall escribeLCD

rcall retardo10ms

rcall teclado

rcall retardo10ms
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mov r0,r25
rcall conversion_centenas

mov rpm_des,r25

rcall retardo50ms

Idi r16,$A1

rcall comandolcd

Idi r17,'0'

add ro0, r17

mov r16, rO0

rcall escribech

rcall retardo10ms

rcall teclado

rcall retardo10ms

mov rl1,r25

rcall conversion_decenas

add rpm_des,r25

rcall retardo50ms
Idi r16,$A2

rcall comandolcd
Idi r17,'0'

add r1,r17
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mov r16,rl

rcall escribech

rcall retardo10ms
rcall teclado

rcall retardo10ms
mov r2,r25

add rpm_des,r25

mov rl6,rpm_des
Idi r16,$A3

rcall comandolcd
Idi r17,'0’

add r2,r17

mov r16,r2

rcall escribech

okrpm:

rcall retardo50ms
rcall retardo10ms
rcall teclado

rcall retardo10ms
cpi r25,0b1011

brne okrpm
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DEL PERU

vkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk
’

pantallaingreseTemperatura:

Idi r16,$01

rcall comandoLCD; pantalla en blanco cursor en posicion $00
Idi zh,high(msgPantallalngreseTemperatura*2)

Idi zl,low(msgPantallalngreseTemperatura*2)

rcall escribeLCD

e INGRESO DE LA TEMPERATURA DESEADA** ks

rcall teclado
mov r1,r25
rcall conversion_decenas

mov temp_des,r25

:rcall retardo50ms

Idi r16,$A0

rcall comandolcd

Idi r17,'0’
add rl, r17
mov rl16, rl

rcall escribech
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rcall teclado

mov r2,r25

add temp_des,r25

rcall retardo50ms
Idi r16,$A1

rcall comandolcd
Idi r17,'0’

add r2,r17

mov rl16,r2

rcall escribech

oktemp:

rcall retardo50ms
rcall teclado

cpi r25,0b1011

brne oktemp

rhkkkkkkkkkkkkkkkkkkkkkkkhkkhkrkkkkhkhkkkkkkkkkkkx
’

pantallalngreseTiempo:

Idi r16,$01

rcall comandoLCD; pantalla en blanco cursor en posicion $00
Idi zh,high(msgPantallaingreseTiempo*2)

Idi zl,low(msgPantallalngreseTiempo*2)

rcall escribeLCD
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DEL PERU

poreco NGRESO DEL TIEMPO DESEADQ*#txcxssssk

rcall teclado
add tiempo_des,r25

mov rl6,tiempo_des

rcall obtiene_ascii

Idi r16,$A0
rcall comandolcd
mov r16,r2

rcall escribech
oktiempo:

rcall retardo50ms
rcall teclado

cpi r25,0b1011

brne oktiempo

clr r25

rcall configPWM

sei ; SE ACTIVAN INTERRUPCIONES
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cbi portd, O ; prendo motor!!!!HH

pregunta_acabo:
mov r16,se_acabo
cpirle,l

brne pregunta_acabo

shkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkk
’

pantallaFinDelProceso:

Idi r16,$01

rcall comandoLCD; pantalla en blanco cursor en posicion $00
Idi zh,high(msgPantallaFinDelProceso*2)

Idi zl,low(msgPantallaFinDelProceso*2)

rcall escribeLCD

in rl6, sreg
andi r16, Ob01111111
out sreg, r16

;rjmp inicio

FIN:
cbi portd,5 ; apago resistencias calefactoras
cbi portd,4 ; apago ventiladores

sbi portd,0 ; apago motor!t
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DEL PERU

RJIMP FIN

ST
configpuertos:

W

push r16

Idi r16,0b11100000 ; PA7=RS PA6=E PA5=R/W PAly PAO= Sensores de
Temperatura

out DDRA,r16

Idi r16,0b11111111 ; PBO..PB7=LCD

out DDRB,r16

Idi r16,0b00001111 ; PCO..PC3=Columnas PCA4..PC7=Filas
out DDRC,r16

Idi r16,0b10110001 ; PD7=PWM PD5=Calefactores PD4=Ventilador PD2=Encoder
PDO=Motor

out DDRD,r16

pop rl6

ret ; Retorna al programa principal

ST
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W
configPWM:; PWM rapido, PWM no invertido, Pre escalador N=32

W

push r16

Idi r16, Ox6B ; PWM rapido, no invertido, N=32
out TCCR2, r16

Idi r16, OX7F

out OCR2, r16 ; inicialmente duty cycle 50%
pop rl6

ret

ST

W

configADC:;configuracion del ADC (PAO)

;modo: una sola conversion

;factor de division, preescalador=64 (frec ADC=156.25Khz)
;ajuste de resultado: izquierdo

;Voltaje de referencia: AVCC

W

push rl6

di R16,(0<<REFS1 | 1<<REFS0 | 1<<ADLAR | 0<<MUX3 | 0<<MUX2 | 0<<MUX1 |
0<<MUXO0)

out ADMUX,R16
Idi R16,(1<<ADEN |0<<ADSC | 1<<ADPS2 | 1<<ADPS1 | 0<<ADPS0)

out ADCSR, R16
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pop r16

ret

ST

W

configinterrupcionExterna:

push r16

Idi r16,(1<<ISCO01 | 0<<ISCO00) ; Flanco de bajada en INTO solicita interrupcion
out MCUCR, R16
Idi r16,(1<<INTO) ; Interrupcion Externa 0 habilitada

out GICR,R16

pop r16

ret

ST

W

configINT_TMRO:

push r16

push r17

Idi r16,0
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DEL PERU

out TCCRO,r16 ;sin generador de sefial, modo CTC, Prescalador = 64
Idi r16,(1<<WGMO01 |0<<WGMO00 [1<<CS02 |0<<CS01 |0<<CS00)

out TCCRO,r16

Idi r16,92 ;OCRO0 =92, T =2.4mseg, Fosc = 10Mhz;
;1di r17,low(92)
:out OCR1AH,r16

out OCRO,r16

Idi r16,0b00010010 ; habilito interrupcion TIMER 0 COMPA

out TIMSK,r16

pop r17

pop r16

ret

W

W
configINT_TMRL1:

ST

push r16

push r17
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Idi r16,0
out TCCR1A,r16 ;sin generador de sefal, modo CTC, Prescalador = 256
Idi r16,(0<<WGM13 |1<<WGM12 |1<<CS12 |0<<CS11 |0<<CS10)

out TCCR1B,rl16

Idi r16,high(39063) ;OCR1A = 39063, T =1seqg, Fosc = 10Mhz;
Idi r17,low(39063)
out OCR1AH,r16

out OCR1AL,r17

Idi r16,0b00010010 ; habilito interrupcion TIMER 1 COMPA

out TIMSK,r16

pop r1l7

pop rl6

ret

W

Wi
configLCD:

ST

push r16

push rl7
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DEL PERU

Idi r16,%$3c; instruccion a enviar: Function set command
rcall retardo50ms

;caracteres de 8 bit, 2 lineas y caracter de 5*10puntos. realizar comando sin chequear
BF

Idi R17,0b000 ;RW=0, RS=0y E=0
out PORTA,R17
Idi R17,0b01000000 ;RW=0,RS=0y E=1 RS E RW

out PORTA,R17

out PORTB,r16 :se envia la instruccion almacenada en R16

Idi R17,0b000 ;RW=0, RS=0y E=0 RS E RW
out PORTA,R17
Idi R17,0b00100000 ;RW=1,RS=0y E=0 RS E RW

out PORTA,R17

rcall retardo50ms

;caracteres de 8 bit, 2 lineas y caracter de 5*10puntos. realizar comando sin chequear
BF

Idi R17,0b000 ;RW=0, RS=0y E=0
out PORTA,R17
Idi R17,0b01000000 JRW=0, RS=0yE=1 RS E RW

out PORTA,R17

out PORTB,r16 :se envia la instruccion almacenada en R16
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Idi R17,0b000 ;RW=0, RS=0y E=0
out PORTA,R17
Idi R17,0b00100000 ;RW=1, RS=0y E=0 RS E RW

out PORTA,R17

rcall retardo50ms

;despues de este comando ya se puede chequear BF (usar comandoLCD)
Idi R17,0b000 ;RW=0, RS=0y E=0
out PORTA,R17
Idi R17,0b01000000 JRW=0, RS=0y E=1

out PORTA,R17

out PORTB,r16 :se envia la instruccion almacenada en R16

Idi R17,0b000 ;RW=0, RS=0y E=0
out PORTA,R17
Idi R17,0b00100000 ;RW=1, RS=0y E=0

out PORTA,R17

rcall retardo50ms

Idi r16,$3c

rcall comandoLCD; Function Set: caracteres de 8 bit, 2 lineas y caracter de 5*7puntos.
Idi r16,$08

rcall comandoLCD; Display Off

Idi r16,$01
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rcall comandoLCD; Clear display
Idi r16,$06

rcall comandoLCD; Entry Mode Set: cursor de mueve a la derecha, pantalla sin
desplazamiento.

Idi r16,$0c

rcall comandoLCD; Display ON sin cursor

pop r17
pop rl6

ret

W

comandoLCD:;ejecuta el comandoLCD cuyo codigo se encuentra en rl6
W

push r16

push r17

rcall checkBF

WritelR:
Idi R17,0b000 ;RW=0, RS=0y E=0
out PORTA,R17
Idi R17,0001000000 JRW=0, RS=0y E=1

out PORTA,R17

out PORTB,r16 :se envia la instruccion almacenada en R16

rcall retardo10ms
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Idi R17,0b000 ;RW=0, RS=0y E=0
;problema al usar 10mhz en frec de uC

out PORTA,R17

Idi R17,0b00100000 ;RW=1, RS=0y E=0

out PORTA,R17

pop r17
pop rl6

ret

ST
CheckBF:;espera a que la busy flag del LCD este libre (DB7='0")

ST

push R16

push R17

Idi R16,0 :Bus de datos: entrada

out DDRB,R16

LecturaBF1.:
Idi R16,0000100000 ;RW=1, RS=0y E=0
out PORTA,R16
Idi R16,0p001100000 JRW=1, RS=0y E=1 RS E RW

out PORTA,R16
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nop
nop
nop
nop

in R17,PINB ;Analiza bit BF (DB7)

Idi R16,0b00100000 ;RW=1, RS=0y E=0

out PORTA,R16

andi R17,0b10000000

cpi R17,0
brne LecturaBF1 ;Si LCD esta ocupado => espera
Idi R16,$FF :Bus de datos: salida

out DDRB,R16

pop R17

pop R16

ret

ST

ST

escribeLCD:;escribe el mensaje que esta siendo apuntado por Z hasta encontrar un
caracter NULL

;ENTRADAS: puntero Z
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;SALIDAS:ninguna

;REGISTROS MODIFICADOS: ninguno
W

push rl6

push r17

lazoescribe:
Ipm rl7,z
cpi rl7,0

breq salirlazoescribe

rcall checkbf; espera hasta que el Busy Flag este libre para transmitir dato
Idi r16,0b10000000; RW=0, RS=1, E=0 RS E RW

out portA,rl6

Idi r16,0011000000

out portA,rl6; RW=0, RS=1, E=1

lpm rl7,z+

out portb,r17

Idi R16,0b10000000 ;RW=0, RS=1y E=0
:rcall retardo10ms

out PORTA,R16

Idi R16,0b00100000 ;RW=1, RS=0y E=0

out PORTA,R16
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rjmp lazoEscribe

salirlazoescribe:

adiw zl,1;incrementa puntero Z para que apunte a la siguiente cadena

lpm rl7,z

cpi rl7,0;si el siguiente carater es un segundo NULL, apuntara al siguiente caracter

brne salirEscribeLCD

adiw zl,1

salirEscribeLCD:
pop r17
pop r16

ret

ST

SHHHTTHHHnn
retardo50ms:;retardo de 50ms
Wi

push r16

Idi r16,5
lazoR50ms:
rcall retardo10ms

dec rl6
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brne lazoR50ms

pop r16

ret
W
retardo10ms:
W

push R16;2us

Idi r16,20
lazoR10ms:

rcall retardo500us
dec rl6

brne lazoR10ms

pop r16

ret;4us

W
retardo500us:
W
push R16

push R17

push r18

Idi r17,18
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lazo2R500us:

Idi r16,91

lazo1R500us:

dec r16; 1 clock

brne lazo1R500us; 1 o 2 clock
dec r17

nop

brne lazo2R500us

nop

nop

pop r18
pop R17;2us
pop R16;2us

ret;4us

SN
INT_TMR1:
ST

sei

push r16

push rl7

push rl8 ;****
in rl6,sreg

push r16
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inc contseg
cpi contseg,60
breq un_minuto

rimp fin_intl

un_minuto:
inc contmin

clr contseg

fin_intd:

rcall medir_adc

;1di r25, 204; SACAR RPM DE INT EXTERNA r25=RPM SOLO PARA PRUEBA
;SOLO PARA PRUEBA

;SOLO PARA PRUEBA;SOLO PARA PRUEBA;SOLO PARA PRUEBA;SOLO PARA
PRUEBA;SOLO PARA PRUEBA;SOLO PARA PRUEBA;SOLO PARA PRUEBA

;SOLO PARA PRUEBA;SOLO PARA PRUEBA;SOLO PARA PRUEBA;SOLO PARA
PRUEBA;SOLO PARA PRUEBA

; sacar temperatura de tabla
;clrrl6

;Idi zh,high(temperaturas*2)
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;1di zl,low(temperaturas*2)

:add zI,r18
:adc zh,r16

;lpm r19,z ;guarda temperatura en r19

mov r16,r18
:mov rl6, r19
;1di r16,234 ;solo para probar

rcall obtiene_ascii

; mostrar pantalla

pantalla_tact:

Idi r16,$01

rcall comandoLCD; pantalla en blanco cursor en posicion $00
Idi zh,high(msgtact*2)

Idi zl,low(msgtact*2)

rcall escribeLCD

Idi r16,$87
rcall comandolcd

mov r16,r1
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rcall escribech
Idi r16,$88

rcall comandolcd
mov r16,r2

rcall escribech

pantalla_rpm:

Idi r16,$8C

rcall comandoLCD; pantalla se mantiene cursor en posicion $0c
Idi zh,high(msgrpm*2)

Idi zl,low(msgrpm*2)

rcall escribeLCD

mov r16,r25

rcall obtiene_ascii
Idi r16,$91

rcall comandolcd
mov r16,r0

rcall escribech
Idi r16,$92

rcall comandolcd
mov rl6,rl

rcall escribech
Idi r16,$93

rcall comandolcd
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mov r16,r2

rcall escribech

;escribir tiempo en pantalla
mov r16,contmin

rcall obtiene_ascii

Idi r16,$A2

rcall comandolcd

mov rl16,r1

rcall escribech

Idi r16,$A3

rcall comandolcd

mov rl16,r2

rcall escribech

Idi r16,$A4
rcall comandolcd
Idi r1e,"'

rcall escribech

mov rl16,contseg
rcall obtiene_ascii
Idi r16,$A5

rcall comandolcd

mov r16,r1
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rcall escribech
Idi r16,$A6

rcall comandolcd
mov r16,r2

rcall escribech

;verificacion de tiempo transcurrido
cp contmin,tiempo_des

brne no_completo_tiempo

Idi r16,1

mov r3,r16

pop rl6

out sreg,rl6

pop r18 ;*-k****-k
pop r17

pop r16

reti

; verificacion de temperatura actual con temperatura deseada
; temperatura actual en r19

no_completo_tiempo:

cp rl8,temp_des

brlo prender_resistencia
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cbi portd,5
rjimp fin_temp
prender_resistencia:

sbi portd,5

fin_temp:

; verificacion de RPM con RPM_deseado
; RPM esta en R25

cp rpm_des,r25

brlo disminuir_PWM

aumentar_ PWM:

in r16,0CR2

cpi rl6,0xFF

breq fin_rpm

inc rl6

out OCR2,r16 ;FALTA COMPLETAR AUMENTAR PWM

rimp fin_rpm

disminuir_PWM: ; FALTA COMPLETAR DISMINUIR PWM
inrl6, OCR2

cpi rl6,0

breq fin_rpm

decrl6

out OCRZ2, r16

fin_rpm:
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pop rl6

out sreg,rl6

pop r1s ;**********
pop r17

pop ri6

reti

W
medir_adc:
;ENTRADA: ninguna
:SALIDA: r18
W
push r16

push r17

push r19

push r20

push r24

push r25

clrrl8
chi admux,0 ; se escoge temperatura 1 en adcO

Idi r20,30
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clrr24

clr r25

medidal;

in r16,ADCSR
ori r16,$40;bit de inicio de conversion en 1

out ADCSR,r16

Idir17,8

lazoesperaa:

Idi r16,200;espera 25*64=1600 ciclos de reloj del uC (prescalador adc=64)
lazoespera:

decrl6

brne lazoespera;tiempo que demora la lectura del ADC

decrl7

brne lazoesperaa

;in r16,ADCL; leo parte alta y baja de medicion del ADC

in r16,ADCH ; temperatura 1 en r18

Idi zh,high(temperaturas*2)

Idi zl,low(temperaturas*2)

add zl,r16

adc zh,r18
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lpm r16,z

add r24, r16
adc r25, r18
dec r20

brne medidal

rcall div30

mov r18,r16

clrr24
clrr25
clrrl9
sbi admux,0  ; se escoge temperatura 2 en adcl

Idi r20, 30

medida2;

in r16,ADCSR
ori r16,%$40;bit de inicio de conversion en 1

out ADCSR,r16

Idi r17,8
lazoesperaa?2:

Idi r16,200;espera 25*64=1600 ciclos de reloj del uC (prescalador adc=64)
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lazoespera2:

dec rl6

brne lazoespera2;tiempo que demora la lectura del ADC
dec r17

brne lazoesperaa2

;in r16,ADCL,; leo parte alta y baja de medicion del ADC

in r16,ADCH ;stemperatura2 en r19

Idi zh,high(temperaturas*2)

Idi zl,low(temperaturas*2)

add zl,r16
adc zh,r19

lpm r16,z

add r24, r16
adc r25, r19
dec r20

brne medida2

rcall div30

mov r19,r16
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Isrrl8
Isr r19

add r18,r19 ;promedio de temperauras en r18

pop r25
pop r24
pop r20
pop rl9
pop rl7
pop r16

ret

ST

Wi
obtiene_ascii:

;RUTINA QUE OBTIENE LOS ASCII DE UN NUMERO GUARDADO EN R16 Y LOS
DEVUELVE EN ROR1y R2

push r17
push r18
push r19
push r20

clrrl7
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mov r0,r17
mov r1,r17

mov r2,r17

tiene_centenas:

cpi rl6,100

brlo tiene_solo_decenas
subi r16,100

inc r0

rimp tiene_centenas

tiene_solo_decenas:
cpirl6,10

brlo tiene_solo_unidades
subi r16,10

inc rl

rjmp tiene_solo_decenas

tiene_solo_unidades:

mov r2,r16

Idi r17,'0’

add r0,r17
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add r1,r17

add r2,r17

pop r20
pop r19
pop r18
pop r17

ret

ST

W

EscribeCh:;escribe 1 solo caracter, almacenado en r16
;ENTRADAS: r16

;SALIDAS:ninguna

;REGISTROS MODIFICADOS: ninguno
Wi

push r16

push r17

cpi rl6,0

breq salirEscribeCh

rcall checkbf; espera hasta que el Busy Flag este libre para transmitir dato
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Idi r17,0b10000000; RW=0, RS=1, E=0 RS E RW
out portA,r17
Idi r17,0011000000

out portA,rl7; RW=0, RS=1, E=1

out portb,rl6

Idi R17,0b10000000 ;RW=0, RS=1y E=0
out PORTA,R17
Idi R17,0p00100000 ;RW=1, RS=0y E=0

out PORTA,R17

salirEscribeCh:
pop rl7
pop r16

ret

W

S rutina de interrupcion por timer O
int_tmrO:
push r16
push r17

in rl6,sreg
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push r16

mov rl6,cont_int
inc rl6

mov cont_int,rl6

pop ri6
out sreq, r16
pop rl7

pop ri16

reti

ST

W

teclado: ; Registro modificado R25
W

push r16

push r17

push rl18

push r19

in rl6,sreg

push r16

Tesis publicada con autorizaciéon del autor

No olvide citar esta tesis




PONTIFICIA

TESIS PUCP ' g:_:_\éEﬁgIRAD

DEL PERU

vuelve:

clrrl8

;*** Lectura del teclado
ExploraTeclado:

Idi R19,0b1110 ;Se habilita columna seleccionada (1110)
colum:

out PORTC,R19 ;(nibble bajo)

nop ;Retardo para la lectura
nop ;
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop
nop

nop
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; rcall retardo500us

in R16,PINC ;Se leen las filas

andi R16,$FO0 ;(nibble alto)

cpi R16,0b11110000 ;Si filas = 1111, analizar si finalizo exploracion

breq mueve_columna

;¥** Se presiono teclal

cpi R16,0b11100000 ;Se explora primera fila (filas = 1110)

brne SegundaFila

Idi R17,0 ;bloque <- 0

rjimp LecturaTablaTecla

SegundaFila:
cpi R16,0b11010000 ;Se explora segunda fila (filas = 1101)
brne TerceraFila
Idi R17,1 ;bloque <- 1

rjmp LecturaTablaTecla
TerceraFila:
cpi R16,0b10110000 ;Se explora tercera fila (filas = 1011)

brne CuartaFila

Idi R17,2 ;bloque <- 2
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rjmp LecturaTablaTecla

CuartaFila: ;(filas = 0111)
Idi R17,3 ;bloque <- 3

rjmp LecturaTablaTecla

LecturaTablaTecla:
mov r16,r17
add R16,R16
add R16,R16

add R16,R18

7*** Se lee de la tabla

Idi ZH,high(TablaTecla*2) ;Z apunta al inicio de la tabla
Idi ZL,low(TablaTecla*2)

add ZL,R16 ;Se suma desplazamiento

clr R16

adc ZH,R16

Ipm R16,Z ;Se obtiene tecla leida: Fin de exploracion

mov r25,r16 ; *****GUARDO TECLA PRESIONADA EN R25**¥**¥¥kx

rhkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkhkhkkkkkkhkkkkkkkk
’

rcall retardo50ms
rcall retardo50ms
rcall retardo50ms

rcall retardo50ms
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pop r16
out sreg, r16
pop r19
pop r18
pop r17

pop r16

ret

mueve_columna:
inc rl8
cpi rl8,0b1l
breq paso_columna2
cpi r18,0b10
breq paso_columna3
cpirl8,0b11
breq paso_columna4

rjmp vuelve

paso_columna2:
Idi r19,0b1101
rimp colum

paso_columna3:
Idi r19,0b1011

rjmp colum
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paso_columna4:
Idi r19,0b0111

rjmp colum

ST

W
conversion_centenas:
W

rcall conversion_decenas

rcall conversion_decenas

ret

W

conversion_decenas:

W
push rl6

push r17

mov rl16,r25

mov rl17,r16

add r25,r25
add r25,r25

add r16,r16
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add r16,r16
add r25,r16
add r25,r17

add r25,r17

pop r17
pop r16
ret

ST

rhkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkhkkkkkkkkhkkkkkkhkhkkkkkkkhkkhkkkkkkhkhkkkkkkhkkkkkkkkkkkk
’

;div30: divide R25:R24 entre 30 (el numero a dividir debe ser como maximo 7650)
;solo guarda el cociente en ri16.

:entradas: R25:R25 numero a dividir entre 30

;salidas: R16 cociente de la division

;registros modificados: r16, sreg

revision: 1.2
div30:
push r25
push r24
clr r16
cpi r25,0 ;analiza si el byte mas significativo es cero

breq analiza_r24
dividiendo:

inc r16 ;efectUa divisiones sucesivas para determinar el
cociente de la divisiéon

shiw r24, 30
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cpi r25,0

breq analiza_r24

rimp dividiendo
analiza_r24:

cpi r24, 30

brlo  terminar

rfmp dividiendo ;termina la divisiébn cuando el residuo es
menor que el divisor = 30, o si el

: nimero a dividir es
menor que 30

terminar:
pop r24
pop r25
ret

rhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkhkkkkkkkhkhkkkkkhkkhkkkkkhkhkkhkkkkkhkhkhkkkkkkkkkkkkkkkkkkk
’

rhkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkk
’

ST

INT_O:

push r16
push rl7
push rl18
in rl6,sreg

push r16
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mov rl6, primera_vez
cpirle, 1

brne es_primera_vez

Idi r16, O

mov primera_vez, r16

mov fin, cont_int
mov rle, fin
clrrl8

**x*gacar de FIN tabla RPM *****

Idi ZH,high(TablaRPM*2) ;Z apunta al inicio de la tabla
Idi ZL,low(TablaRPM*2)

add zl,r16

adc zh,r18

Ipm r25,z

pop r16
out sreg,rl6
pop rl8
pop r17

pop r16

:rcall retardo500us

:rcall retardo500us
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reti

es_primera_vez:
Idi r17, 0
mov cont_int, r17

Idir16, 1
mov primera_vez, r16

pop rl6
out sreg,rl6
pop r18
pop r17
pop r16

;rcall retardo500us

:rcall retardo500us

reti

shkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk
’
skkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk
’
;TABLAS:
skkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

’
skkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

TablaTecla:
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;.DB9,3,3,4,3,3,35,3,3,3,6,7,3,8,9
;.DB 1, 2, 3,11,4,5,6,11,7,8,9, 11, 11,0, 11, 11
.DB1,4,7,11,2,5,8,0,3,6,9, 11, 11, 11, 11, 11
TablaRPM:

.DB 255,255

.DB 255,255

.DB 255,255

.DB 255,255

.DB 255,255

.DB 255,255

.DB 255,255

.DB 255,255

.DB 255,255

.DB 255,255

.DB 255,255

.DB 255,255

.DB 255,255

.DB 255,255

.DB 255,255

.DB 255,255

.DB 255,255

.DB 255,255

.DB 255,255

.DB 255,255

.DB 255,255

.DB 255,255
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.DB 255,255
.DB 255,255
.DB 255,255
.DB 255,255
.DB 255,255
.DB 255,255
.DB 255,255
.DB 255,255
.DB 255,255
.DB 255,255
.DB 255,255
.DB 255,255
.DB 255,255
.DB 255,255
.DB 255,255
.DB 255,255
.DB 255,255
.DB 255,255
.DB 255,255
.DB 255,255
.DB 255,255
.DB 255,255
.DB 255,255
.DB 255,255
.DB 255,255

.DB 255,255
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.DB 255,255
.DB 254,253
.DB 250,248
.DB 245,243
.DB 240,238
.DB 236,234
.DB 231,229
.DB 227,225
.DB 223,221
.DB 219,217
.DB 216,214
.DB 212,210
.DB 208,207
.DB 205,203
.DB 202,200
.DB 198,197
.DB 195,194
.DB 192,191
.DB 189,188
.DB 187,185
.DB 184,182
.DB 181,180
.DB 179,177
.DB 176,175
.DB 174,172

.DB 171,170
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.DB 169,168
.DB 167,166
.DB 164,163
.DB 162,161
.DB 160,159
.DB 158,157
.DB 156,155
.DB 154,153
.DB 152,152
.DB 151,150
.DB 149,148
.DB 147,146
.DB 145,145
.DB 144,143
.DB 142,141
.DB 140,140
.DB 139,138
.DB 137,137
.DB 136,135
.DB 134,134
.DB 133,132
.DB 132,131
.DB 130,130
.DB 129,128
.DB 128,127

.DB 126,126
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.DB 125,124
.DB 124,123
.DB 123,122
.DB 121,121
.DB 120,120
.DB 119,118
.DB 118,117
.DB 117,116
.DB 116,115
.DB 115,114
.DB 114,113
.DB 113,112
.DB 112,111
.DB 111,110
.DB 110,109
.DB 109,108
.DB 108,107
.DB 107,106
.DB 106,105
.DB 105,105
.DB 104,104
.DB 103,103
.DB 102,102
.DB 102,101

.DB 101,100
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temperaturas:
.db 0,0
.db 1,1
.db 1,1
.db 2,2
.db 2,2
.db 3,3
.db 3,3
.db 4,4
.db 4,4
.db 5,5
.db 5,5
.db 6,6
.db 6,6
.db 7,7
.db 7,7
.db 8,8
.db 8,8
.db 9,9
.db 9,9
.db 10,10
.db 10,10
.db 11,11
.db 11,11
.db 12,12

.db 12,12
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.db 13,13
.db 13,14
.db 14,14
.db 14,15
.db 15,15
.db 15,16
.db 16,16
.db 16,17
.db 17,17
.db 17,18
.db 18,18
.db 18,19
.db 19,19
.db 19,20
.db 20,20
.db 20,21
.db 21,21
.db 21,22
.db 22,22
.db 22,23
.db 23,23
.db 23,24
.db 24,24
.db 24,25
.db 25,25

.db 25,26
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.db 26,26
.db 27,27
.db 27,27
.db 28,28
.db 28,28
.db 29,29
.db 29,29
.db 30,30
.db 30,30
.db 31,31
.db 31,31
.db 32,32
.db 32,32
.db 33,33
.db 33,33
.db 34,34
.db 34,34
.db 35,35
.db 35,35
.db 36,36
.db 36,36
.db 37,37
.db 37,37
.db 38,38
.db 38,38

.db 39,39
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.db 39,40
.db 40,40
.db 40,41
.db 41,41
.db 41,42
.db 42,42
.db 42,43
.db 43,43
.db 43,44
.db 44,44
.db 44,45
.db 45,45
.db 45,46
.db 46,46
.db 46,47
.db 47,47
.db 47,48
.db 48,48
.db 48,49
.db 49,49
.db 49,50
.db 50,50
.db 50,51
.db 51,51
.db 51,52

.db 52,52
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.db 53,53
.db 53,53
.db 54,54
.db 54,54
.db 55,55
.db 55,55
.db 56,56
.db 56,56
.db 57,57
.db 57,57
.db 58,58
.db 58,58
.db 59,59
.db 59,59
.db 60,60
.db 60,60
.db 61,61
.db 61,61
.db 62,62
.db 62,62
.db 63,63
.db 63,63
.db 64,64
.db 64,64

.db 65,65
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ANEXO E: DATOS OBTENIDOS EN LAS PRUEBAS DE VELOCIDAD DEL MOTOR

Ensayo para 1 minuto y 120 Rpm

Tiempo | Temperatura | Temperatura Medida Mlgﬁgigﬁggr
(s) Desada (°C) Termocupla (°C) (°C)
0 120 114 114
1 120 118 118
2 120 121 121
3 120 120 120
4 120 119 119
5 120 121 121
6 120 120 120
7 120 120 120
8 120 119 119
9 120 120 120
10 120 120 120
11 120 121 121
12 120 121 121
13 120 121 121
14 120 120 120
15 120 119 119
16 120 119 119
17 120 120 120
18 120 120 120
19 120 120 120
20 120 120 120
21 120 2 121
22 120 120 120
23 120 119 119
24 120 121 121
25 120 121 121
26 120 121 121
27 120 119 119
28 120 120 120
29 120 121 121
30 120 121 121
31 120 120 120
32 120 119 119
33 120 119 119
34 120 120 120
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35 120 120 120
36 120 121 121
37 120 121 121
38 120 119 119
39 120 119 119
40 120 120 120
41 120 120 120
42 120 121 121
43 120 121 121
44 120 120 120
45 120 120 120
46 120 120 120
47 120 119 119
48 120 120 120
49 120 120 120
50 120 121 121
51 120 121 121
52 120 120 120
53 120 120 120
54 120 119 119
55 120 119 119
56 120 120 120
57 120 121 121
58 120 120 120
59 120 119 119
60 120 120 120

Ensayo para 4 minutos y 130 Rpm

, Velocidad Veloc!dad Velocidad
Tiempo Medida . .
(s) Deseada Tacometro Medida Agitador
(RPM) (RPM) (RPM)
0 130 114 114
4 130 118 118
8 130 121 121
12 130 126 126
16 130 130 130
20 130 129 129
24 130 131 131
28 130 131 131
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32 130 131 131
36 130 130 130
40 130 131 131
44 130 129 129
48 130 129 129
52 130 129 129
56 130 130 130
60 130 130 130
64 130 131 131
68 130 131 131
72 130 129 129
76 130 129 129
80 130 130 130
84 130 130 130
88 130 129 129
92 130 129 129
96 130 130 130
100 130 130 130
104 130 129 129
108 130 131 131
112 130 130 130
116 130 131 131
120 130 131 131
124 130 131 131
128 130 129 129
132 130 130 130
136 130 131 131
140 130 130 130
144 130 130 130
148 130 131 131
152 130 129 129
156 130 129 129
160 130 130 130
164 130 131 131
168 130 131 131
172 130 130 130
176 130 131 131
180 130 129 129
184 130 129 129
188 130 130 130
192 130 129 129
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196 130 131 131
200 130 131 131
204 130 131 131
208 130 129 129
212 130 130 130
216 130 130 130
220 130 129 129
224 130 131 131
228 130 131 131
232 130 129 129
236 130 130 130
240 130 131 131

ANEXO F: DATOS OBTENIDOS EN LAS PRUEBAS DE TEMPERATURA

Ensayo para 1 minuto y 27°C

Tiempo | Temperatura T_emperatura Te_mpeta_ruta
(s) Desada (°C) Medida 'I;ermocupla MedldaoAgltador
(°C) (°C)
0 27 23 23
1 27 23 23
2 27 24 23
3 27 25 24
4 27 26 24
5 27 27 25
6 27 28 26
7 27 29 26
8 27 28 28
9 27 27 27
10 27 26 27
11 27 27 26
12 27 27 26
13 27 29 27
14 27 28 28
15 27 26 27
16 27 27 26
17 27 28 29
18 27 26 28
19 27 25 26
20 27 25 27
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Ensayo para 2 minutos y 35°C

Tiempo | Temperatura T_emperatura Te_mpeta_ruta
(s) Desada (°C) Medida 'I;ermocupla MedldaoAgltador
(°C) (°C)
0 35 23 23
2 35 24 24
4 35 26 26
6 35 28 27
8 35 30 28
10 35 32 30
12 35 34 31
14 35 36 33
16 35 37 35
18 35 37 36
20 35 36 38
22 35 36 37
24 35 35 37
26 35 34 36
28 35 33 35
30 35 33 34
32 35 34 33
34 35 35 34
36 35 36 36
38 35 36 37
40 35 37 36
42 35 39 38
44 35 36 38
46 35 37 37
48 35 36 37
50 35 35 36
52 35 34 35
54 35 33 35
56 35 33 34
58 35 34 33
60 35 35 34
62 35 35 36
64 35 36 36
66 35 36 37
68 35 37 37
70 35 36 34
72 35 36 34
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74 35 35 36
76 35 33 35
78 35 34 33
80 35 37 35
82 35 36 37
84 35 34 36
86 35 33 34
88 35 35 34
90 35 37 36
92 35 36 38
94 35 35 37
96 35 34 36
98 35 34 34
100 35 33 34
102 35 34 33
104 35 36 34
106 35 37 36
108 35 38 35
110 35 36 34
112 35 35 34
114 35 35 33
116 35 34 33
118 35 33 35
120 35 34 36

Ensayo para 4 minutos y 40°C

Tiempo | Temperatura Temperatura Tempetaruta
(s) | Desada (°C) Medida 'I;ermocupla Medlda})Agltador
(°C) (°C)
0 40 23 23
4 40 26 75
8 40 29 >7
L2 40 33 30
10 40 36 33
20 40 38 36
24 40 40 39
28 40 42 40
32 40 43 41
2 40 43 1
20 40 42 43
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T PONTIFICIA
TESIS PUCP EE}EE_L'}EEAD

DEL PERU

100 40 38 38
104 40 40 39
108 40 42 41
112 40 42 42
116 40 41 42
120 40 40 41
124 40 38 39
128 40 37 38
132 40 38 38
136 40 40 39
140 40 42 41
144 40 43 42
148 40 42 43
152 40 40 41
156 40 38 39
160 40 37 38
164 40 39 38
168 40 41 39
172 40 42 39
176 40 43 40
180 40 43 a1
184 40 42 42
188 40 41 42
192 40 40 41
196 40 38 41
200 40 38 40
204 40 37 39
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PONTIFICIA

TESIS PUCP ' g:_:_\éEﬁgIRAD

DEL PERU

208 40 38 38
212 40 40 38
216 40 41 37
220 40 42 39
224 40 43 42
228 40 41 43
232 40 40 42
236 40 38 39
240 40 39 38
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