diinvieTyana N Nszsesndiaanseye

gAILANguRYN MU AA

INBORN INFANT TEMPERATURE CONTROLLED SYSTEM

Ty

Tae

e Yyade a95n

W TR SnUSI09

6 £12 5 e

=Y

a A 3 o v A
YSaaniinusihiuaunitavesmsinmmunangasiSaygisnssumansianna
mandrinanssudidnnseding
AMZIMINTSUMANS
L% IS Yy v 0%
amwnalulag Wiz N UNINUNHITAIANIZI

Umsanu 2547



ANILANQUNYNA S UIANUININA

INBORN INFANT TEMPERATURE CONTROLLED SYSTEM

Tag
Wie Yyasie 9930 IWa 45015238

W M SAUITae ST 45015299

a d

Yanfnusiidudruniisvesmsanmmundngasdsyaninnssumansiamie
MUIB1IAINISUBEANITO TN
AIAINIINATNS
%) =) Y v CY)
aoDumalulagwszaeund U INUNIISAIANIZ

Ynsdanu 2547



) )

Ysayanidwusilmsine 2547

a a

<] a J
NINIVT DIANNITDUNT

a 4 @ %
amzdenssumans aaniiuma luTagnszreundudigunmsaianss

A A o [ ] a
399 AMIUANEUNYTTMTUIANLTNINA
Yo o

HYA

e Yayaie 19sn euilseindl 45015238

e gdat $AUITee auilseidn 45015299

PR
0191501501

AaRANARNIY)



TP
=1
Ynsanm

¢y a d
219713504AUANUIYYIUNUS

a a o A
TnsenuveallSamniinusiies

a o v g a
AnrugugUnQld I LIANLININA

Q u

W Yyade 23sn SWe 45015238

@ 4 @ )
W IuN SNUIIN Ha 45015299
Sen3susiannIeiing
2547

¥ "
- a w

HALAT. LT AaTanaaliy

UNAAELID

a o @ ] a
AnUANEMINTIY AL NINA(Inborn

Infant

3 < @ [ a ) 3
Temperature Controlled System) Fumsnywaziannmadiuanmgungdldnmnsauiugn

a Al 1 oy
LL?ﬂLﬂ@W]ﬁTQﬂWUqNﬁNuﬁmLLﬂNLﬁ\?

¥
Taelumsianilngeaiuil

Yg5imsinownalulaglulnsaonlnamesuiniugums

3 2 74 o YA s ~
semveeszuy dalulasaoulnamesninunldde lulasaoulnameinszga MCS-51 uay

Yo ad : o a ) g o < s
“l%@aﬂaa‘nmwumuﬂmmu PID ﬁ?ﬂﬂ?iﬁﬁﬁ%%ﬁ@ﬂ!ﬁgmlﬁ?ﬂﬁ‘,l‘h’ LM35 Lﬂuﬁfll“lm!,"ﬁ@ﬁ

@ a & vy I ] E any 1o s
MTIVIUYUN Y mﬂWﬁﬂWiWﬂa@ﬂﬂWﬁi%ﬂWU!ﬂu‘ﬂuq‘W@ifﬂ ﬁ’]llqiﬂﬂ'gﬂﬂuqmﬁauulﬂuﬂutﬂ Iﬂﬂrﬂll

ARANAIAINEY 0.25 BIRIFAITT



11

Thesis Title INBORN INFANT TEMPERATURE CONTROLLED SYSTEM
Student Mr. Boonsang Chongruk Student ID 45015238
Mr. Sayan Rakbanjong Student ID 45015299
Programme Electronics Engineering
Year 2004
Thesis Advisor Asst.Prof.Dr. Supan Tungjitkusolmun
ABSTRACT

This thesis studies about the Inborn Infant Temperature Controlled System, which
is used for a newborn whose frail health is caused by premature birth. However, infant
warmer is expensive and must be imported into Thailand. Therefore, this project has been
conducted and developed in order to decrease importation and to be able to invent infant
warmer which meets the international standard in this thesis.

We design the Inborn Infant Temperature Controlled System. LM35 was used as
the temperature sensor, while Microcontroller MCS-51 was employed control our system.
The control system features a PID-type automatic control system. Our system has a

satisfactory performance with the temperature accuracy of + 0.25 °C.
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2.2.1.2 A3EIMINIVANUVY proportional
' k4
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m)=K et
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519 2.4 Block diagram mmﬁam‘ugwmu proportional

U
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SP S E(s) K; M(s)

PV

317 2.5 Block diagram Y@4fIAIUANUUY integral

2.2.1.4 H3LNNIAIVANUUL proportional+integral 30 PI
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SP E(s) K1 +Ts) | m(s)
Tls
PV
()
e())
\
/ Unit step
1
0 =
)
m(t)
\
PI control action
2Kp
K e YRS 4 0 A TR &
(Prop Only)
0 Ti .
()

gﬂﬁ 2.6 (N) Block diagram ﬂjmﬁamuqmmu proportional+integral

(V) DUV IIAIUANTUTUIVY unit step

J Y 4 a
() 1IINWNVRIFMINIVNUUVY PI Lﬁaauumi‘lu unit step
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2.2.1.5 D3E1M9I AIVANIUVY proportional+derivative %150 PD

3
A3UIMIAIVANVOIAINIUANIUY  proportional+derivative  WuUAWIsDIZLTAIARY

aumsne Tl
de(t
mt)= K, e+ K,T, o)
dt
PN E® ke M(s)
PV
(M)
e()
Unit ramp
0 > [
V)
m(t)

PD control action

(Prop Only)

Q)
g‘ljﬁ 2.7 (0) Block diagram mmﬁ’aﬂmammv proportional+ derivative

() BunMveINIUANTUTIUIVY unit ramp

(A) LOMYNVBITINIVANUUY PD

62125
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Taon K/, SISTRREIGN proportional sensitivity W§0 gain

i L’ldjuﬂ'WEN derivative time
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SP_(SO\ ) K+ T+ TT | mes)
Ts
PV
Q)
e(t)
Unit ramp
0 > [
)

m()  PDI control

action

PD control action

; \(Prop Only)

®

51/ 2.8 (1) Block diagram Y24AIAIVANUULPID
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2.2.1.7 auMINIINIUANUVY PID 1uUM4 discrete time

n
MH:K/) *en + Klzel —Kd(en —e,,-|)+1\40

i=1

Mn = Kp *en +K,Zei = K{/(PV/I—| _PV")+A[0

i=l

T, = Sample rate

K, = Proportional gain

K = Kp*(TS/Ti) = Coefficient of the integral term
K,= Kp*(Td/TS) = Coefficient of the derivative term
T, = Reset or integral time

T, = Derivative time or rate

SP = Setpoint

PV, = Process Variable (temperature) at n" sample
e, = SP-PV = Error at n" sample

h
M, = Controller output at n sample
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M3U5uAUDIAAILAN IABADISINNWANBUAUDIVDIIZUY  closed-loop HBYADIIT

ultimate method 148¢ damped oscillation method

1. Ultimate Method

ac @ ' @ 4 G,j a 9 . i I~
FM3150A 10 INIVAVLLL  ultimate method WUAAANIAY Zicgler 11ag Nichols 111

= ' aa D ¢ 3 L g ' . ' ~ 1 =
1942 1380737 ultimate W35121350 1Y ultimate gain FuYum gain qdqﬂﬂaumzumﬂmmaﬁ
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ades 1 lumsmeanaian vesiinuaudegUi 2.10 1TaIBIHEADDAUBIVBITZUY closed-loop

o . A = ' § v A o Y a =)
HTiMIAIANLYY proportional lagfif K, ADA1 ultimate gain N I¥IAA curve B uag P, Ao

o

ultimate period 1uMsviA1 K uag P, suazinldTaemsisum gain K ,493§2n11qu PID
(lagliiA1vos T,LﬂuﬁuﬂﬁﬁuaxTdLﬁugm5c'§3ﬁ1“1ﬁizum§jma°léfmammgmm‘u proportional
Wi UM 1A NaNISADUANBIVDISZUY closed-loop AANT oscillate doifioau T uidoA
gain K 11AZA1U1A19INT oscillate AifiD 7,
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1. AIAIVANLUL proportional (P)
K,= 05K,
2. é’hmuﬂmm‘u proportional+integral (PI)
K,= 045K,
T = PNz
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3. é‘hmuammu proportional+derivative (PD)
K,=06K,
Ty = E R

4. é’hmuammu proportional+integral +derivative (PID)

K,= 06K,
Fo= 05,
T = B8

Y '
Amevesauauinaziuy vz ldnanouauetvosszuagawlitanmaidon/4

2. Damped Oscillation Method
75 Damped Oscillation ‘LT‘LJ‘M}‘]J%U‘UEQLL#I“IJZJWWﬂmJ‘U ultimate method 198 Harriott
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LM35

General Description

The LM35 series are precision integrated-circuit temperature
sensors, whose output voltage is linearly proportional to the
Celsius (Centigrade) temperature. The LM35 thus has an
advantage over linear temperature sensors calibrated in
* Kelvin, as the user is not required to subtract a large
constant voltage from its output to obtain convenient Centi-
grade scaling. The LM35 does not require any external
calibration or trimming to provide typical accuracies of £¥4°C
at room temperature and £%°C over a full =55 to +150°C
temperature range. Low cost is assured by trimming and
calibration at the wafer level. The LM35's low output imped-
ance, linear output, and precise inherent calibration make
interfacing to readout or control circuitry especially easy. It
can be used with single power supplies, or with plus and
minus supplies. As it draws only 60 pA from its supply, it has
very low self-heating, less than 0.1°C in still air. The LM35 is
rated to operate over a =55 to +150°C temperature range,
while the LM35C is rated for a -40° to +110°C range (-10°
with improved accuracy). The LM35 series is available pack-

ﬂNational Semiconductor

Precision Centigrade Temperature Sensors

November 2000

aged in hermetic TO-46 transistor packages, while the
LM35C, LM35CA, and LM35D are also available in the
plastic TO-92 transistor package. The LM35D is also avail-
able in an 8-lead surface mount small outline package and a
plastic TO-220 package.

Features

Calibrated directly in * Celsius (Centigrade)
Linear + 10.0 mV/°C scale factor

0.5°C accuracy guaranteeable (at +25°C)
Rated for full -55° to +150°C range
Suitable for remote applications

Low cost due to wafer-level trimming
Operates from 4 to 30 volts

Less than 60 pA current drain

Low self-heating, 0.08°C in still air
Nonlinearity only £%4°C typical

Low impedance output, 0.1 Q for 1 mA load

Typical Applications
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FIGURE 1. Basic Centigrade Temperature Sensor
(+2°C to +150°C)

+Vs

LM35 - Vour
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Choose Ry = =Vg/50 pA

V our=+1,500 mV at +150°C
= 4250 mV at +25°C
= -550 mV at -55°C

FIGURE 2. Full-Range Centigrade Temperature Sensor
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LM35

Connection Diagrams

TO-46
Metal Can Package*

BOTTOM VIEW
DS005516-1

*Case is connected to negative pin (GND)
Order Number LM35H, LM35AH, LM35CH, LM35CAH or
LM35DH
See NS Package Number HO3H

TO-92
Plastic Package

BOTTOM VIEW
DS005516-2

Order Number LM35CZ,
LM35CAZ or LM35DZ
See NS Package Number Z03A

SO-8
Small Outline Molded Package

Your ! ~ 81— +vg
N.C.— 2 7 N.C.
NC.—3 6—N.C.
GND— 4 SHN.C.

DS005516-21

N.C. = No Connection
Top View

Order Number LM35DM
See NS Package Number M0SA

TO-220
Plastic Package*

O

M
3507
+Vs Vout
GND
DS005516-24

*Tab is connected to the negative pin (GND).
Note: The LM35DT pinout is different than the discontinued LM35DP.
Order Number LM35DT
See NS Package Number TAO3F
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Absolute Maximum Ratings (Note 10) TO-92 and TO-220 Package,
If Military/Aerospace specified devices are required, (Soldering, 10 seconds) 260°C
please contact the National Semiconductor Sales Office/ SO Package (Note 12)
Distributors for availability and specifications. Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C
Zﬁf,ﬁ"uy( ://;,::gz +32\\; :2 :(:éz ESD Susceptibilty (Note 11) 2500V
Output Current 10 mA (Sh?cigf%d Operating Temperature Range: Tyun t0 T pmax
Storage Temp.; LM35, LM35A -55'C to +150°C
TO-46 Package, -60°C to +180°C LM35C, LM35CA -40°C to +110°C
TO-92 Package, -60°C to +150°C LM35D 0°C to +100°C
SO-8 Package, -65°C to +150°C
TO-220 Package, -65°C to +150°C
Lead Temp.:
TO-46 Package,
(Soldering, 10 seconds) 300°C
Electrical Characteristics
(Notes 1, 6)
LM35A LM35CA
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit (Max.)
(Note 4) (Note 5) (Note 4) (Note 5)
Accuracy T A=+25°C +0.2 +0.5 10.2 . +0.5 G
(Note 7) T A=—10°C 10.3 | $03 +1.0 ge
T A= Tmax +0.4 1.0 +0.4 1.0 ‘C
T =Tl +0.4 +1.0 104 15 *C
Nonlinearity T minSTa<Tmax +0.18 $0.35 +0.15 0.3 °C
(Note 8)
Sensor Gain T minSTaSTmax +10.0 +9.9, +10.0 +9.9, mV/'C
(Average Slope) ' +10.1 +10.1
Load Regulation T A=+25°C +0.4 1.0 104 +1.0 mV/mA
(Note 3) 0<l, <1 mA T minSTaSTmax 0.5 3.0 0.5 3.0 mV/mA
Line Regulation T A=+25°C +0.01 10.05 +0.01 10.05 mV/V
(Note 3) 4V<gV <30V $0.02 0.1 10.02 0.1 mV/NV
Quiescent Current V g=+5V, +25°C 56 67 ; 56 67 pA
(Note 9) V g=+5V 105 131 91 114 pA
V ¢=+30V, +25°C 56.2 68 56.2 68 pA
V ¢=+30V 105.5 133 91.5 : 116 pA
Change of 4V<Vg<30V, +25°C 0.2 1.0 0.2 1.0 A
Quiescent Current 4VsV <30V 0.5 2.0 0.5 2.0 pA
(Note 3)
Temperature +0.39 +0.5 +0.39 +0.5 pAIC
Coefficient of
Quiescent Current
Minimum Temperature | In circuit of +1.5 +2.0 +1.5 +2.0 ‘C
for Rated Accuracy Figure 1, 1.=0
Long Term Stability T ,=Tuax: for +0.08 +0.08 ‘€
1000 hours

3 ' www.national.com
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LM35

Electrical Characteristics

(Notes 1, 6)
LM35 LM35C, LM35D
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit (Max.)
(Note 4) (Note 5) (Note 4) (Note 5)
Accuracy, T A=+25°C 10.4 1.0 10.4 1.0 ‘C
LM35, LM35C T o=-10°C 0.5 0.5 +15 ‘C
(Note 7) T A=Tmax 0.8 1.5 0.8 +15 ‘C
T A=Tuin 0.8 +1.5 0.8 +20 ‘C
Accuracy, LM35D T A=+25°C 10.6 +1.5 ‘C
(Note 7) Ta=Tuax +0.9 +2.0 ‘C
Ta=Thing +0.9 +2.0 ‘C
Nonlinearity T minSTaSTmax 0.3 0.5 0.2 +05 ‘C
(Note 8)
Sensor Gain T minST asTmax +10.0 +9.8, +10.0 +9.8, mV/'C
(Average Slope) +10.2 +10.2
Load Regulation T A=+25C 0.4 2.0 0.4 2.0 mV/mA
(Note 3) 0<l, <1 mA T minST ASTmax 0.5 5.0 0.5 5.0 mV/mA
Line Regulation T A=+25C 10.01 10.1 +0.01 +0.1 mVNV
(Note 3) 4VsV ¢<30V +0.02 £0.2 $0.02 10.2 Y
Quiescent Current V g=+5V, +25°C 56 80 56 80 pA
(Note 9) V =5V 105 158 91 138 HA
V =+30V, +25°C 56.2 82 56.2 82 pA
V ¢=+30V 105.5 161 91.5 141 pA
Change of 4V<Vg<30V, #25°C 0.2 2.0 0.2 2.0 pA
Quiescent Current 4VV <30V 0.5 3.0 0.5 3.0 A
(Note 3)
Temperature +0.39 +0.7 +0.39 +0.7 pAIC
Coefficient of
Quiescent Current
Minimum Temperature | In circuit of %16 +2.0 +1.5 +2.0 C
for Rated Accuracy Figure 1, 1,.=0
Long Term Stability T 43=Tmax for +0.08 +0.08 C
1000 hours

Note 1: Unless otherwise noted, these specifications apply:
0°sT,<+100°C for the LM35D. Vs=+5Vdc and ILoaD=50 pA, in the circuit of
Specifications in boldface apply over the full rated temperature range.

-55'CsT,s+150°C for the LM35 and LM35A; -40°<T ;<+110°C for the LM35C and LM35CA; and

Figure 2. These specifications also apply from +2°C to Tyax in the circuit of Figure 1.

Note 2: Thermal resistance of the TO-46 package is 400°C/W, junction to ambient, and 24°C/W junction to case. Thermal resistance of the TO-92 package is
180°C/W junction to ambient. Thermal resistance of the small outline molded package is 220°C/W junction to ambient. Thermal resistance of the TO-220 package
is 90°C/W junction to ambient. For additional thermal resistance information see table in the Applications section.

Note 3: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output due to heating effects can be
computed by multiplying the internal dissipation by the thermal resistance.

Note 4: Tested Limits are guaranteed and 100% tested in production.

Note 5: Design Limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to
calculate outgoing quality levels.

Note 6: Specifications in boldface apply over the full rated temperature range.

Note 7: Accuracy is defined as the error between the output voltage and 10mv/"C times the device's case temperature, at specified conditions of voltage, current,
and temperature (expressed in ‘C).

Note 8: Nonlinearity is defined as the deviation of the output-volxage~versus-lemperélure curve from the best-fit straight line, over the device's rated temperature
range.

Note 9: Quiescent current is defined in the circuit of Figure 1.

Note 10: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operaling
the device beyond its rated operating conditions. See Note 1.

Note 11: Human body model, 100 pF discharged through a 1.5 kQ resistor. _

Note 12: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in a current National
Semiconductor Linear Data Book for other methods of soldering surface mount devices.

www.national.com 4




Typical Performance Characteristics

Thermal Resistance

Junction to Air

Thermal Time Constant

Thermal Response

" in Still Air
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LM35

Typical Performance Characteristics (continued)

Noise Voltage
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NOISE (nV/Y Hz)
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Q
o
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DS005516-34

Applications

The LM35 can be applied easily in the same way as other
integrated-circuit temperature sensors. It can be glued or
cemented to a surface and its temperature will be within
about 0.01°C of the surface temperature.

This presumes that the ambient air temperature is almost the
same as the surface temperature; if the air temperature were
much higher or lower than the surface temperature, the
actual temperature of the LM35 die would be at an interme-
diate temperature between the surface temperature and the
air temperature. This is expecially true for the TO-92 plastic
package, where the copper leads are the principal thermal
path to carry heat into the device, so its temperature might
be closer to the air temperature than to the surface tempera-
ture.

To minimize this problem, be sure that the wiring to the
LM35, as it leaves the device, is held at the same tempera-
ture as the surface of interest. The easiest way to do this is
to cover up these wires with a bead of epoxy which will
insure that the leads and wires are all at the same tempera-
ture as the surface, and that the LM35 die's temperature will
not be affected by the air temperature.

Start-Up Response

4
z
= 2
>

0

0.6 T
~ 04
= N\

/

s 02 S
>° 0

0 10 20 30 40 50 60
TIME (microseconds)
DS005516-35
The TO-46 metal package can also be soldered to a metal
surface or pipe without damage. Of course, in that case the
V- terminal of the circuit will be grounded to that metal.
Alternatively, the LM35 can be mounted inside a sealed-end
metal tube, and can then be dipped into a bath or screwed
into a threaded hole in a tank. As with any IC, the LM35 and

. accompanying wiring and circuits must be kept insulated and

dry, to avoid leakage and corrosion. This is especially true if
the circuit may operate at cold temperatures where conden-
sation can occur. Printed-circuit coatings and vamishes such
as Humiseal and epoxy paints or dips are often used to
insure that moisture cannot corrode the LM35 or its connec-
tions.

These devices are sometimes soldered to a small
light-weight heat fin, to decrease the thermal time constant
and speed up the response in slowly-moving air. On the
other hand, a small thermal mass may be added to the
sensor, to give the steadiest reading despite small deviations
in the air temperature.

Temperature Rise of LM35 Due To Self-heating (Thermal Resistance,0,,)

TO-46, TO-46°, T0-92, TO-92*, S0-8 SO-8* TO-220
no heat small heat fin no heat small heat fin no heat small heat fin no heat
sink sink sink sink
Still air 400°C/W 100°C/W 180°"C/W 140°C/W. 220'C/W 110°CwW s0'cw
Moving air 100°C/W 40°'C/W 90'CW 70°'CW 105°C/W 90'CW 26°'CwW
Still oil 100°C/W 40°C/W 90'C/W 70'CW
Stirred oil 50°CW 30°C/W 45'CW 40'CW
(Clamped to metal,
Infinite heat sink) (24°'CW) (55°C/W)

*Wakefield type 201, or 1" disc of 0.020" sheet brass, soldered to case, or similar.
**T0-92 and SO-8 packages glued and leads soldered to 1* square of 1/16" printed circuit board with 2 oz. foil or similar.

www.national.com




Typical Applications

+ | KEAVY CAPACITIVE LOAD, WIRING, ETC.
2K
LM3S T TO A HIGH-IMPEDANCE LOAD
-1
DS005516-19

FIGURE 3. LM35 with Decoupling from Capacitive Load

lr— N HEAVY CAPACITIVE LOAD, WIRING, ETC.
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DS005516-20

FIGURE 4. LM35 with R-C Damper

CAPACITIVE LOADS

Like most micropower circuits, the LM35 has a limited ability
to drive heavy capacitive loads. The LM35 by itself is able to
drive 50 pf without special precautions. If heavier loads are
anticipated, it is easy to isolate or decouple the load with a
resistor; see Figure 3. Or you can improve the tolerance of
capacitance with a series R-C damper from output to
ground; see Figure 4.

When the LM35 is applied with a 200Q load resistor as
shown in Figure 5, Figure 6 or Figure 8itis relatively immune
to wiring capacitance because the capacitance forms a by-
pass from ground to input, not on the output. However, as
with any linear circuit connected to wires in a hostile envi-
ronment, its performance can be affected adversely by in-
tense electromagnetic sources such as relays, radio trans-
mitters, motors with arcing brushes, SCR transients, etc, as
its wiring' can act as a receiving antenna and its internal
junctions can act as rectifiers. For best results in such cases,
a bypass capacitor from V) to ground and a series R-C
damper such as 75Q in series with 0.2 or 1 pF from output to
ground are often useful. These are shown in Figure 13,
Figure 14, and Figure 16.

SV

Vout =10 mV/°C (TAmBIENT +1°C)
6.8k 200  FROM +2°C TO +40°C

5% 1%
Vs —
+
T
2 200 TWISTED PAIR
= 1%

= 0500.5516-5
FIGURE 5. Two-Wire Remote Temperature Sensor
(Grounded Sensor)

5V

HEAT louT
FINS R
% TWISTED PAIR
Vour =10 mV/°C (Tamsient +1°C)
FROM +2°C TO +40°C
200
OR 10k RHEOSTAT %
FOR GAIN ADJUST

DS005516-6

FIGURE 6. Two-Wire Remote Temperature Sensor
(Output Referred to Ground)

+Vs
]
LM35 +
Vout
1N914
> 18k
10%
= B DS005516-7
FIGURE 7. Temperature Sensor, Single Supply, =55 to
+150°C
Y > - 5V
1
|
0.14F |
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oPTIONAL T TWISTED PAIR
1
1
LW Vour =10 mV/°C (Tamsient +10°C)

FROM —5°C to +40°C

200
1%

DS005516-8
FIGURE 8. Two-Wire Remote Temperature Sensor
(Output Referred to Ground)

oS N— +5V T0 +30V
%4.71(
)

2N2907

ouT
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FIGURE 9. 4-To-20 mA Current Source (0°C to +100°C)
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Philips Semiconductors

Product specification

Clock/calendar with 240 x 8-bit RAM

PCF8583

1 FEATURES

e |2C-bus interface operating supply voltage: 2.5 Vto 6 V

o Clock operating supply voltage (0 to +70 °C):
1.0Vto6.0V

e 240 x 8-bit low-voltage RAM
o Data retention voltage: 1.0 Vto 6 V
o Operating current (at fsc = 0 Hz): max. 50 pA
e Clock function with four year calendar
¢ Universal timer with alarm and overflow indication
e 24 or 12 hour format
o 32.768 kHz or 50 Hz time base
o Serial input/output bus (12C)
¢ Automatic word address incrementing
e Programmable alarm, timer and interrupt function
e Slave address:
— READ: A1orA3
— WRITE: AO or A2.

3 QUICK REFERENCE DATA

2 GENERAL DESCRIPTION

The PCF8583 is a clock/calendar circuit based on a
2048-bit static CMOS RAM organized as 256 words by

8 bits. Addresses and data are transferred serially via the
two-line bidirectional 12C-bus. The built-in word address
register is incremented automatically after each written or
read data byte. Address pin AQ is used for programming
the hardware address, allowing the connection of two
devices to the bus without additional hardware.

The built-in 32.768 kHz oscillator circuit and the first

8 bytes of the RAM are used for the clock/calendar and
counter functions. The next 8 bytes may be programmed
as alarm registers or used as free RAM space.

The remaining 240 bytes are free RAM locations.

SYMBOL PARAMETER CONDITION MIN. TYP. | MAX. | UNIT
Vop supply voltage operating mode I2C-bus active 2.5 - 6.0 \Y
12C-bus inactive 1.0 - 6.0 \Y
Iop supply current operating mode fscL = 100 kHz = - 200 HA
lbbo supply current clock mode fsc,=0Hz; Vpp=5V - 10 50 HA
fsct=0Hz;Vpp=1V - 2 10 HA
Tamb operating ambient temperature range —40 - +85 °C
Tstg storage temperature range —-65 - +150 |°C
4 ORDERING INFORMATION
TYPE PACKAGE
NUMBER NAME DESCRIPTION VERSION
PCF8583P DIP8 plastic dual in-line package; 8 leads (300 mil) SOT97-1
PCF8583T SO8 plastic small outline package; 8 leads; body width 7.5 mm SOT176-1
1997 Jul 15 3



Philips Semiconductors

Product specification
Clock/calendar with 240 x 8-bit RAM - PCF8583
5 BLOCK DIAGRAM
oscl 1, PCF8583 DIVIDER | 100 14, control/status 00
2 OSCILLATOR 3 1 02R56 3 hundredth of a second 01
0SCO < 32.768 kHz 100+ 128 seconds
iNT 7 minutes
TN ] hours
Voo . POWER-ON CONTROL yoares
4 weekdays/months
- RESET LOGIC e -
| __ slamcontrol ___| 08
3 ~N alarm registers
A0 > or RAM
6 Rrceush =l N1 | ISV —B . — — 7
SsCL > INTERFACE .| ADDRESS ::> O
sonde s * | REGISTER RAM
” (240 x 8)
FF
AR A |
N
MRB0O1
Fig.1 Block diagram.
6 PINNING
SYMBOL | PIN - DESCRIPTION
OSCl 1 | oscillator input, 50 Hz or event-pulse
input osct [ U 8] Voo
0OSCO 2 o:t;xllator. output osco [Z] o’ A 7]
AO a re‘s.s input o PCF8583T oy
Vss 4 | negative supply
SDA 5 |serial data line Vss (4] 5] soa
SCL 6 |serial clock line MRBO14
INT 7 | open drain interrupt output (active
LOW) Fig.2 Pinning diagram.
Voo 8 | positive supply

1997 Jul 15 4



Philips Semiconductors

Product specification

Clock/calendar with 240 x 8-bit RAM

PCF8583

7 FUNCTIONAL DESCRIPTION

The PCF8583 contains a 256 by 8-bit RAM with an 8-bit
auto-increment address register, an on-chip 32.768 kHz
oscillator circuit, a frequency divider, a serial two-line

bidirectional 12C-bus interface and a power-on reset circuit.

The first 16 bytes of the RAM (memory addresses

00 to OF) are designed as addressable 8-bit parallel
special function registers. The first register (memory
address 00) is used as a control/status register.

The memory addresses 01 to 07 are used as counters for
the clock function. The memory addresses 08 to OF may
be programmed as alarm registers or used as free RAM
locations, when the alarm is disabled.

7.1 Counter function modes

When the control/status register is programmed, a
32.768 kHz clock mode, a 50 Hz clock mode or an
event-counter mode can be selected.

In the clock modes the hundredths of a second, seconds,
minutes, hours, date, month (four year calendar) and
weekday are stored in a BCD format. The timer register
stores up to 99 days. The event counter mode is used to
count pulses applied to the oscillator input (OSCO left
open-circuit). The event counter stores up to 6 digits of
data.

When one of the counters is read. (memory locations

01 to 07), the contents of all counters are strobed into
capture latches at the beginning of a read cycle. Therefore,
faulty reading of the count during a carry condition is
prevented.

When a counter is written, other counters are not affected.

7.2  Alarm function modes

By setting the alarm enable bit of the control/status register
the alarm control register (address 08) is activated.

By setting the alarm control register a dated alarm, a daily
alarm, a weekday alarm or a timer alarm may be
programmed. In the clock modes, the timer register
(address 07) may be programmed to count hundredths of
a second, seconds, minutes, hours or days. Days are
counted when an alarm is not programmed.

1997 Jul 15

Whenever an alarm event occurs the alarm flag of the
control/status register is set. A timer alarm event will set
the alarm flag and an overflow condition of the timer will set
the timer flag. The open drain interrupt output is switched
on (active LOW) when the alarm or timer flag is set
(enabled). The flags remain set until directly reset by a
write operation.

When the alarm is disabled (Bit 2 of control/status

register = 0) the alarm registers at addresses 08 to OF
may be used as free RAM.

7.3  Control/status register

The control/status register is defined as the memory
location 00 with free access for reading and writing via the
I2C-bus. All functions and options are controlled by the
contents of the control/status register (see Fig.3).

7.4  Counter registers

In the clock modes 24 h or 12 h format can be selected by
setting the most significant bit of the hours counter
register. The format of the hours counter is shown in Fig.5.

The year and date are packed into memory location 05
(see Fig.6). The weekdays and months are packed into
memory location 06 (see Fig.7). When reading these
memory locations the year and weekdays are masked out
when the mask flag of the control/status register is set.
This allows the user to read the date and month count
directly.

In the event-counter mode events are stored in BCD
format. D5 is the most significant and DO the least
significant digit. The divider is by-passed.

In the different modes the counter registers are
programmed and arranged as shown in Fig.4. Counter
cycles are listed in Table 1.
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Product specification

Clock/calendar with 240 x 8-bit RAM

PCF8583

MSB LsSB

memory location 00

7 5 5 4 3 2 1 0 reset state: 0000 0000

L timer flag (50% 'duty factor
seconds flag if alarm
enable bit is 0)

alarm flag (50% duty factor
minutes flag if alarm
enable bit is 0)

alarm enable bit:

0 alam disabled: flags toggle
alam control register disabled
(memory locations 08 to OF
are free RAM space)

1 enable alarm control register

(memory location 08 is the
alarm control register)

mask flag:

0 read locations 05 to 06
unmasked

1 read date and month count
directly

function mode :

00 clock mode 32.768 kHz
01 clock mode 50 Hz

10 event-counter mode

11 test modes

hold last count flag :

0 count

1 store and hold last count in
capture latches

stop counting flag :
0 count pulses
1 stop counting, reset divider

MRB017

Fig.3 Control/status register.

1997 Jul 15



Philips Semiconductors Product specification

Clock/calendar with 240 x 8-bit RAM PCF8583
controlstatus control/status 00
hundredth of a second
110s | 11005 D1 Do 01
seconds
10s | 1s D3 D2 02
minutes
10min | 1min D5 D4 03
* hours S
10h | _1h 04
year/date
10day | 1day frew 05
weekday/month
10 month | 1 month es 06
timer timer
10day | 1day i | T0 07
alarm control alarm control
08
hundredth of a second alarm alarm
110s | 1100s D1 DO 09
alarm seconds
D3 D2 0A
alarm minutes
D5 D4 0B
alarm hours
free oC
alarm date ¥m)
| oD
alarm month free 0E
alarm timer alarm timer oF
free RAM free RAM
CLOCK MODES EVENT COUNTER
MRBO15

Fig.4 Register arrangement.
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