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ifips Semiconductors

Product specificaton

8-bit A/D and D/A converter

PCF8591

f D/A conversion

i third byte sent to a PCFB591 device s slored in the
\C-data register and is converted to the corresponding
og voltage using Lhe on-chip VA converter. This DYa
verter consists of a resistor divider ehain connected to
+ extemal reference voltage with 256 taps and selection
ilchos. The tap-decoder switches one of these laps to
1 DAC oulput line {see Fig.6).

2 analeg outpul voliage is buffered by an auto-seroed
ty gain amplifier. This buffer amplifier may ba switched
or ofl by setting the aralog output 2nable flag of the

control register. In the active state the outpul voltage s
hetd unbl a further data byte is senl

The on-chip DVA converter i5 also used for Successive
approximation A/D conversion. In order to release (he
DAC for an AD conversion cycle the unity gain amplificr is
equipped with a track and hold circuil. This ciruil holds te
aulpul voltage while executing the A/D convarsion,

The output voltage supplied to the analog output AQUT is
givers by the formula shown in Fig.7. The waveforms of a
DfA corversion sequence-are shown in Fig.8.
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Fig.f DAC resistor divider chain.
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AJD conversion

2 AD converter makes use of the successive
woximation convarsion technique. The on-chip DA
ywerter And a high-gan comparator are used
perarily during an A/D conversion cycle.

AD conversion eycle i3 always started after sending a
il read mode address o a PCFE591 device. The A/D
warsion cycke is riggered al the trailing edge of lhe
inowisdge clock pulse and is excouted while

1smitting the result of the previous conversion (ses
4y,

cE g conversion cycle is friggered an mpul voltage
nple of the selected channel is stored on the chip and is

corverted to the comesponding 8-bit binary code. Samples
picked up from differential inputs are converfed to an 8-bal
lwos complement code (gea Figs 10 and 11).

The conversion resull is siored in the ADC data reqgister
and awaits ransmission. If the auto-ncrement flag is set
Ihe nexl channel is sclectod.

The first byle ransmitted in a read cycle conlains the
conversion result code of the previous read cycle. After a
Power-on reset condilion the first byte read is a
hexadecimal 80 The protocol of an 12C-bus read cyele s
shown in Chapler 8. Figs 16 and 17.

The maxmun AD conversion rate is given by the actial
spead of the FC-bus.

PR T i CETR HY TN

ACETE R | 1

Fiy

DUTASYTC 2 ]

| A DATE BYTE 1 | a

LA VPV Py

Lsmhﬁm1

comsersion of byt 1

t— wAMping byt 5

[— sampkng byt 2

bl Tt T
1 IR
zonveried byte

comwarmon of byte 2 cnrmeasinn of bye 3
| — — — =
rEnETissTn rENsmMsson
of hiyla o hyle & i

Fig.2 A/D conversion Sequence.
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r.§

=ar the D/A and AJD conversion either a slable external
raltage referance or the supply voltags has to ba applied
o the resislor divider chain (pins VWV ger and AGND),

The AGND pin has to be connected fo the system analkog
round and may have a DC off-set with refersnce 1o Vs,

Reference voltage

Y low frequency ay be applied to the Viger and AGND
iins. This allows the use of the VA converler as a
ne-quadrant multiplier; see Chapler 15 and Fig.7.

he ATD convertar may also be used as a ane or bwo
wadranl analog divider. The analog input voltage is
lividad by the reforence voltage. The resultis convertad to
1 hinary code. In this application the user has o keep Lhe
eference voliage stable dunng the conversion oyche,

003 Jan 27
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7.6 Oscillater

An on-chip oscillator generates the clock signal required
for the A/D convarsion cycle ant far refreshing tha
auto-zeroed buller amplifier. When using this oscillator e
EXT pin has to b connected to Vg At the DSC pin the
oscillator frequency is available.

If the EXT pin is connecled to Vion the oscillator output
OSC is switched {o a high-impedance state allowiriyg the
user to feed an external clock signal to OSC,
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3 CHARACTERISTICS OF THE EC-BUS

The IPC-bus is for bidirsctional, two-line communication between diferent ICs or maodules. The twao |ines are a serial data
ine {S0A) and a serial clock line {SCL). Both lines must be connected to a positive supply via a pull-up resistor. Data
rangfer may be initiated only when the bus is not by,

L | Bit transfer

Jne data bil s transferred during cach cock pulse. The data on the SDA line must remain stable during the HIGH periad
it ihe clock pulse as changes in the data line At this time will be interpreted as a control signat,

Sish /.

| | |
[ b e | change |
| siable; | of dats |
| data valid | allowerd |

Fig.12 Bit transfer.

l.2 Start and stop conditions

inth dala and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the data iz, while the
lock is HIGH, is delined as the start condibon (5). A LOW-lo-HIGH tranzition of the data line while he dock is HIGH, is
lefined as the stop condition (P).

2|
P

5TART condEtion STOF condticn

L

Fig.13 Definilion of START and STOP condition.
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33  System configuration

& device gencrating 8 message is a 'lransmitter’, a device receiving a message is the recever”. The davice that controls
he message is lhe ‘master’ and the devices which are controlied by lhe master are |he ‘slaves’.

S04 — : ]. J
S l —= [ | T T ].
i ] | |
MASTER SLAVE MAS | ER
SLAVE MASTER
TRANSMITTER | IRANSMITTER | TRANSMITTER /
RECEIVER HELENVER RECEIVER TRAKGMITTER RELCEMER
MEASTS

Fig.14 Systemn configuration.

4 Acknowledge

‘he number of data bytes transferred between the siart and stop conditions from transmiller lo receiver is not limited.
zach data byve of eighl bits is followed by ore acknowledge bil The acknowlodge bil is a HIGH level pul on the bus by
fie ransmitter whereas the masler also generates an extra acknowledge related clock pulse. A slave receiver which is
iddressed must generate an acknowledge after the reception of each) byle. Also a master must gencrate an
icknowledge after the reception of each byte that has been clocked oul of the slave ransmitter. The device thal
Icknowledges has to pull down the SDA line during the acknowledge clock pulse, so that the SDA line is stabla LOW
luring the HIGH pariod of the acknowledge refated dock pulse. A master receiver must signal an end of data to the
ransmitter by mot generating an acknowlzdge on the last byte that has been docked aut of the slave. In this event the
“ansmitter must leave the data line HIGH o enable the masier to generate a stop condition.

DATA CLTPYT | [ o
BY TRANSIII [ER | .
|

T
| nit Scennw ko .
I

I
DATA (LITPLIT I
RY RFCEWVER | [
| sernveledon:

ST FROM
MASTER | 1 % ot M—

5]
" ciock pulse for
START
Frtieicl m‘:hmniﬂ_dgmm. ]
WA

Fig. 15 Acknowledgemont an the FC-bus.
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8-bit A/D and D/A converter

15  FCHus protocol

Mfter a slarl condilion a valid hardware address has to be sent to @ PCF8541 device. The read/wrile bit dofines the
firection of the following single or mullipke byte data transfer, For ihe format and the timing of the start condidion {5), the
itop condition (P) and the acknowledgs hit (A) refer to the 12C-bus charactenistics. In the write mode a data transfer is

erminated by sending cither a stop condition or the start condition of the next data transfer,

Product specihication

PCF8591

acknowieige acknowiedge acknowladgs
from PLFBSG1 from PCF85491 fom PCFES01
' ' 1
a ADDHESS : a A CONTRUL BY TE n OATA BYTE L] FE
H=01MM
o WEL At

Fig.16 Bus prolocol for write mode, DVA conversion.

A BEHNOWIERTE o acknowiedge
from PCRASGSY lerem miasdor
T
g BODRESS 1 L OATA BYTE A LAST DATA BYTE 1 F
1
.
N0t M
dsla hytes
ELAM

Fig 17 Bus protocol for read mode, A/D convarsion,

‘003 Jar 27

14




Fhilips Semiconductors

Product specification

8-bit A/D and D/A converter PCF8591
8 LIMITING VALUES
In accordance with the Absolute Maximum Raling Systom (IEC 60134).
SYMBOL FARAMETER MIN. MAX. UNIT

Vi . supply voltages (pm 16) 0.5 +H.0 v

W, input voltage (any npuot) .5 Voo + 0.5 v

| LC mput current +10 ntd

Iy DOC output current - 120 m

Ipn das Voo OF Voo current +50 ma

Pt total power dissipation por package 300 miy

Pr power dissipaion par oulput - 100 'y
Tasits -nperan'ng amien] lemperature —40 +85 L

Tei slorege temperature —45 +150 G

10 HANDLING

nputs and oufputs are prolecled against electrostatic discharge in normal handling, However it is good practice 1o lake

aormal precautions sppropriate to handling MOS dovices (see ‘Handiing MOS devices ™.

003 Jan 27
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11 DC CHARACTERISTICS
Vop= 2.8 Vo6V Ves =0V; Tamn=—40 °C to 85 “C unless otherwise specified,
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. UNIT |
Supply
Voo supply voltage (operating) 25 - 6.0 W
hi supply curmant
standty W = Vg or Voo no load - 1 15 A
operating. AOUT off fup = 100 kHz = 125 250 TN
operafing, AQUT active fage = 100 kHz - 0.45 1.0 ma
VieoR Powar-or resel level note 1 8 2.0 v
Digital Inputsfoutput: SCL, SDA, AD, A1, A2
Vi LOW lemvel mpul vollage i] 03xVpp |V
W HIGH leval input voltage D7 = Voo |- Vi W
' leakage currenl
AD, AT A2 Vi = Vs 10 Voo -250 - +2580 nA
SCL, SDA WV =Vag bo Vigg = +1 LA
G inpul capacitance - - 5 pF
lew LOW vl SDA output current | Vg =04 W 3.0 - - m#a,
Referenca vollage inputs
VREF reference vollage VREF = Vacnp: note 2 Ves + 1.6 |- Voo W
Vasnn analeg ground voitage Virer = Vagnn: note 2 Ve Vpp - 0.8V
I inpul leakage current =250 - +25( A
Rrep input resistance ping Vaer and AGND - 1060 - ki)
Dscillator: OSC, EXT
Iy Input leakage current - - 250 nA
frge ascillator frequency .75 - 1.25 WMHz
Joles

|, The power on reset circuit resets the 2C-bus logic when Vg is less than Vigp.

v
AGND -, 4y

W Iy v -4
REF ' YAGND . gy v, — REF

2

2003 Jan 27
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t A further extension of the range is possibla, if the following conditions are fulfilled:
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12 DlAa CHARACTERISTICS
Yoo =80V Ve =0V Veer = 5.0V Vaoun = 0V, R = 10 k82 ©p = 100 pF; Tame = =40 “C o +85 “C unless othenyise

specifie.
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAKX. LINIT
Analog outpui
Ven | output voltage na resistive load Vss = Vi v
R = 10 kil Vaa = 08 %V |V
Iia output leskage oument AOUT dsabled - - 250 nA,
Accuracy
05, offset emor Tar =26 °C &0 i
Le hinoarity ermor - - 115 LB
Gig gain eror o resistive load - - 1 %
toac setling time o Y2 LSB full scale step | - - an us
foue comaersion rate - - 11.1 kHz
SNRR supply noise rejection ratio =1l Hz; 40 - dB
Voow = 0.1 % Vep

3 A/D CHARACTERISTICS

fop = 5.0 V; Vg = 0V; Ve = 5.0.V; Vagnn = DV Rg = 10 ke Ty =

40 *C to +85 "C unless olherwise specified.

SYMBOL PARAMETER CONDITIONS MM, TYP. MAaX. UNIT
Analog inputs
Yis analog Input vollage Veoq = Vi W
I analog inpul keakage cument = - 100 A
Cig analog inpul capacitance - 10 A pF
Ci differcntial input capacitance - 10 pF
Wiz singlo-ended voltage S ASUNNG rang Varssn - Veer W
Vio differentizl voltage MEASUTING range; Ve . +Vis v
Vs = Vierr — Vagnn 5 5
Acturacy
05, offset emor Tamn =250 - 20 Yy
L linearity errmr = = 1.5 LSH
G, QAN Srror - 1 o
G5, small-signal gain efror AV =16LEB - - 5 9%
CMRR common-mode rejechon ratio = | 6D F dB
SMNRR supply Noisa rejection ratio f=100 Hz; = 40 - dB
Voo = 0.1 % Vpp
tacc conversion lime = a0 Hs
larc sampling/conversion rate - - 111 kHz

003 Jan 27
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om0 MEL 535 A LBLAXE
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Fig.18 Dperating supply current as a function of supply woltage (analog aulpul disabled).
MELAIT FAELELW
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Tha w-axie rearasents the vex npul-code eguvalent of the outpul voltage

Fig. 18 Output impadance of analog output buffer (near power rails).
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14 AC CHARACTERISTICS
Al Brrung values are vahd wilhin the operaing supply voltage and amment lemperalure range and reference o v and
fin with an input voltage swing of Vg 10 Vion.

STYMBOL PARAMETER MIN. TYP. MAX. UNIT
I*C-bus timing (=zee Tig. 20; note 1)
fectL SCL clock frequency = - 100 kH:
tzp tolerable spike width on bus - - 1100 ns
tar bus free fime 47 — - LE
lsusTa START condition set-up time 4.7 - - HE
thio s START condition hold time 4.0 = s
o SCL LOW time AT - - Hs
thicH SCL HIGH time 40 = = S
I SCL and SDA rise time - - 1.0 us
I SCL and SDA fall ime E o3 LS
Lee g data sat-up tima 250 - ns
thooaT data hold ime 4] = = ns
ternar SCL LOW-to-data owt valid - - 2.4 ps
lsirs o STOP condition set up bme 4.0 - ps
iote

A delailed description of the PC-bus specification, with apphcations, is given in brachure “The FC-bus arnd how lo
usa " This brochure may be ordered using the code 9398 393 40011,

START Bl 7 BITG BIT O | ACKNOWLEDGE STOR
FROTOCOL CONDITION | M3E {86 Ls8 iA CONMTHN
18 i AT} (RN P}
Painsta 'tow 'HicH S
q = R |
SECL !
i |
S—_
'BuF (=
5 o Lo sl o b o L
VP HEsTA tsuoar ' Hopal Lvo:paT e LR

Fig.20 FEC-hus iming diagram; rise and fall times referto V) and Vig.
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|5 APPLICATION INFORMATION
nputs must be connected o Vss or Voo when notin use. Analog inputs may also be connected to AGMND or Vi

norder to prevant excessive ground and supply noise and 10 minimize cross-talk of the digital to analog signal paths the
15er has to design the prmted-creul board layoul very carefully. Supply lines comman to a PCF8581 device and noisy
Hgical cirewils and grownd lops should be avoided. Decoupling capacitors (=10 pF) are recommended for power supply
wnd referance voltage inpuis.

Y
Yoo Voo e
Py b
VYoo AUl | L
Vegr
AGND
EXT
: PCFBSE OoC
soL— —
vSS SO
ERE
Vi
ama Yoo ADUT —— Vau
|—.P||H1 "u"REF
o) @ g nimz AGND N Elj,.‘_’
Va \"1# o B R ExT ”?;
Fi " Vpn |0 oschb— T
4 PCFBSDY
r Az Vgg SDA
o oo
H ki
Vi
|
MASTER f———=—
z',ﬁ TRANSHMITTER .
% ANALOGUE GROUND
?k S‘JV ¥
] "
TP DIGITAL GROLIND —

Fig.21 Application diagram.
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|6 PACKAGE OUTLINES

DIP16: plastic dual in-line package; 16 leads (300 mil)

507384
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L
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k|
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3016: plastic small outline package; 16 leads; body width 7.5 mm S0T162-1
T e
[h IR HHH
¥
T o |
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h in 1 index | 1 ¢ ! ' 1
TR £ _ -j"__"'“
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1 j] % LT
i LY
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[} A 10 v
L M H i i
ol
CIMENSIONS {inch dimensians are derfved from the orginal mm dimensions) )
| UNIT i rn':x_ Ay | Ax | Ay | By c | M| g Hy L k; a v w y | 2| »
1 > - g
[ ! a3 | wan 049 | n3z | *0s5 | 76 1065 EREE I SR L (7
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Note
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17 SOLDERING

t7.1  Introduction te soldering through-hole mount

packages

This text gives a brict insight to wave, dip and manual
soldering, A more in-depth account of soldering 1Cs can be
cund in our "Data Handbook IC2E; Integrated Circuit
RackagesT (document order number 9398 652 90011).

NMave soldering is the preferred method for mounting of
hreagh-hioke mount IC packages on a printed-cirouit
0oard.

172 Soldering by dipping or by soldor wave

“he maximum parmissible lemperature of the solder is
Y6l “C; solder at (his iemperature must not be in conlast
yith the joints for mora than 5 scconds,

The Wwlal contact time of sucoessive sclder waves must not
excead 5 seconds,

The device may be mounted up © the seating plane, bul
lhe temperalure of the plastic body must not excesd the
specified maximum storage temperature { Tygman) If the
printed-circuil boarg has been pre-heated, forced coofng
may be necessany immediately after soldering to keep the
emparature within the permissible iml

17.3 Manual soldering

Apply the soldering iron (24 V or less) to the lead(s) of the
package, either below the seating planc or not more than
2 mm above il, If the temperature of the soldering inor bt
is less than 300 “C it may remain in contact for up 1o

10 secands. If the bit tem perature |5 belweoan

300 and 400 "C, contacl may be up to 5 seconds.

7.4 Suitability of through-hole mount IC packages for dipping and wave soldaring methods

SOLDERING METHOD |

PACKAGE

DIPPING

WAVE

DES, DIF. HOMP, SDIF, SIL suitable

suitahic!!)

iote

For SDIP packages, the longiludinal axis must be parallel to the transport direchion of the printod-circuit board.

003 dan 27
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18 DATA SHEET STATUS

LEVEL

DATA SHEET
STATUS!

PRODUCT
STATUSPNT

DEFINITION

Objective deta

Cravelopment

Thizs data sheet contains data from the objective specification for product
devolopment. Philips Semiconducions reserves the rnight © change the
specilicalion i any manner withaut notice:

Hreliminary data

Qualification

This data sheel contains data from the preliminary specification.
Supphamentary dala will be published at a later date. Philips
Semiconductors reserves the right to change the specification withort
natice, n order loamprove the design ang supply the best possible
product

Produet data

Production

This data sheel contains data from e product specification. Philips
Scemiconductors reserves the rght Lo make changes at any time in order
to improve the design, manulfachuring and supply. Relavant changes witl
be communicated via 8 Customer Product!Process Change Motification

(CPCN).

Notes

1. Please consult the most recently issued data sheet before mitiating or complating a dosign.

* The product status of the device(s) described in this data sheet may have changed sinco this data sheet was
published, The latest information is available on the Intemet at URL hitpcfwww. sermiconductors. philips.com.

i, Fordata sheels describing mulliple type numbers, the highesiHevel product status determines the data sheel slalus,

19 DEFINITIONS

3hort-form specification — The data in a short-fom
specification is exiracted from a full data sheel with the
:ame type number and title. For detailed information see
he relevant data sheet or data handbook.

.imiting values definition — Limiting values given are in
ieoordance with the Absolule Maximum Rating System
|[EC 60134). Stress above one or more of the Rmiting
rAlues may cause penmanent damage to the device.
These are slress ralings only and operahon of the device
it these or at any other conditions above thase given in tha
sharacterisiics sections of the specificalion 15 not implied.
“xposure o imiting values for extended periods may
foct device reliability.

\pglication information— Apphlcations that are
iescribed herein for any of these products ara for
lustrative pumeses only. Philips Semiconduciors make
o representation or wamanty that such applications will bo
uitabile for the specified use withoul further tosting or
sodification,

003 Jan 27
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Life support applications — Thess produchs are nol
designed for use in life support appliances, devices, or
systems where maliunclion of thase products can
reasonably be expected to result in personal injury. Philips
Semicondusiors customers using or selling these products
for use i such applications do so al their own nisk and
agres to fully indemnify Phibps Semiconductors for any
damages resulting from such apphcation.

Right to make changes — Philins Semiconductors
reservaes the righl Lo make changes in the products -
including circuits, standard cells, andfor software -
described or contained herein in order to improve design
andlor performance. YWhen the product is in full production
(status ‘Production'), relevant changes will b=
communicatad via a Customer Producl/Process Change
Mavification (CPCN). Philips Semiconduciors Assumes no
responsiniity or hatalily For the use of any of these
products, conveys no leence or Gtle undor any patenl
copyright, or mask work right to these products, and
makes no representaions or wamanties that these
praducts are free from patent, copyright, or mask work
right infringement, unless othetwise spocified.
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1 PURCHASE OF PHILIPS IFC COMPONENTS

Purchase of Philips 1°C components conveys & icense under the Phifips' 12C patent ko use the
components in the PC system provided the systom conforms o the FC specification defined by
Philips. This specification can be ordored using the code 9398 393 40011,
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Philips Semiconductors — a worldwide company

Contact Iinformation

For addiional information please visil http:iwww.semiconductors.philips.com. Fax: +31 40 27 24825
For sales offices addresses send e-mail lo: sales addresses@www.semiconductors philips.com.
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Remote 8-bit /0 expander for 12C-bus PCFB8574

‘ONTENTS

FEATURES

GENERAL DESCRIPTION
OHRDERING INFORMATION
BLOCK DHAGRAM

PIMMNING
i DIF16 and 8016 packages
2 55020 package

CHARACTERISTICS OF THE IC-BUS

Bit tranzfer

Start and stop condiaons
Systam configuration
Acknowlecge

FUNCTIONAL DESCRIPTION
1 Addressing
? Intemupt outpul
3 Cluasi-bidireclional /05
LIMITING VALUES
HAMDLIMNG
DC CHARACTERISTICS
*C-BUS TIMING CHARACTERISTICS
FACKAGE OUTLINES
3 SOLDOERING

1 Introduchien

1.2 Through-hale mount packages

3214 Solderng by dippinyg o Ly sobder wave

322 Manual saldenng

3.3 Surface mount packages

131 Reflow soldering

182 Wave soldering

.23 Manual soldenng

14 Suitability of IC packages for wave, reflow snd
dipping soldering methods

| DATA SHEET STATUS

i DEFINITIONS

i DISCLAIMERS

’ PURCHASE OF PHILIPS PC COMPONENTS

P =

I = g

02 Mow 22 2




hifips Semiconduclors

Product specification

Remote 8-bit I/O expander for I2C-bus

PCF8574

FEATURES
Orperaling supply vollage 220 8 Y
Low standby currenl consumption of 10 pA maximum
[2C-bus to parallel porl expander
Crpen-drain intermupt cutput
B-bil remote /0 por: for the 12C-bus
Compatizke with most microcontrollers
Latehed nutputs with high curent drive capability for
directly driving LEDs

Address by 3 hardware address pins for use of up to
8 devices (up o 16 with PCFBST4A)

DIF16, oF space-saving SO16 or SSOP20 packages.

GENERAL DESCRIPTION

1 PCF85T4 s a silicon CMOS circul, 1| provides goneral
ipose remole V0 expansion for most microcontrolicr
milies via the two-ling hidirectional bus (7C-bus).

ORDERING INFORMATION

The device consists of an B-bil quasi-bidirectional port and
an 12C-bus mlerface, The PCF8574 has a low current
consumplion and includes latched oulpuls with high
currant drive capability for directly drving | EDs. It alza
poszesses an interrupl line (INT ) which can be connected
o the interrupt logic of the micrecontroller. By sending an
intermupt signal on this ine, the remote 10 can inform the
microcontrollar if there is incoming data on s ports without
Having to communicate via the 1°C-bus, This means thal
the PCFBST4 can remain a simple slave device.

The PCF8574 and PCFBSTAA versions differ only in their
slave address g5 shown in Fro. 10,

PACKAGE

YPE NUMBER

NAME DESCRIPTION VERSION
CFB5TAR, oiP1G plasuc dual in-line package; 16 leads (300 mi) S07T384
CFRGT4AP
‘CFBETAT; 5016 plastic small cutline package; 16 leads: body widlh 7.5 mim SOT162-1
CEASTAAT o
CFa574ATS; S80F20 plastic shrink small outline packsge; 20 leads; body width 4.4 mm SOT2E6-1
CFRETAATS

G2 Mov 22 3
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BLOCHK MAGRAM
T ""“LEUTEEF" LP FIL TR
1 PrFRA7A
P &
Al - 4 2
3 - = # P
fi2 1 — P
“# N L J E
it " weur I ey N 7 .
ol FnrEn CONTROL SHIF T I
L by B **| rEGiETER m PORT  —2d 5 P
FELLY B
| 1 pe
. —t »F7
|
WRITE pulze T
N 16 IREAD putsa
oo ; POWER-ON |
Veg —— | HESE |
MEONEG
Fig.1 Block diagram {pin numbers apply o DIP16 and SO16 packages),
i
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Product specilicaton

Remote 8-bit /O expander for 1C-bus PCF8574
PINNING
1 DIP16 and 3016 packages
SYMBOL PiN DESCRIPTION

0 1 address input O

A 2 adrress input 1

2 3 address inpul 2

b 4 quas-bidirectional 140 0

1 5 quasi-bidirectional 110 1

2 G nuaskhidirectional 11O 2

3 7 guasi-bidirectional VO 3

55 8 suUpply ground

4 ] nuasi-hidirechonal WO 4

& 10 quasi-hidiractional 10 5

f 1 quasi-bidirectional O 6

[ 12 quasi—hi(ﬁrer_:limal o

T 13 interrupl oulpul (active LOW)

GL 14 serial clock ing

A, 15 serial data ine

oo 16 supply voltags
Al Wl "|[-T Voo e U "r__El Vo
a1 2] 15| 508 a2 Tohi
A2| 3| 14] s¢1 n2[3 11] 5o
P[4 ] popasrap |12 NI Pe[2] | perssrar [T
B 15 PCFBFWF‘ P7 B E [PCFHSTMT 3I 7
P2 | [11] P8 P2 E [11] e
B3 T 10 ps Paf7] 10] P

Ves | 8 [0 | P4 viss 7] 5] Fa
[ HEE
Fig.2 Pin configuration (DIP16}, Fig.2 Pin configuration (SC16)
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Product specification

Remote 8-bit /0 expander for 12C-bus

PCF8574

2 SS50P20 package

SYMBOL PIN DESCRIPTION
INT - 1 interrupt output {active LOW)
SEL 2 serial clock line
n.t. 3 not connecled
S0A 4 serial data line
Voo ] supply voitage
A G address input O
A1 7 address input 1
LW A not connecied
A2 g addross input 2
P 10 nquasi-bidirectonal /O O
P1 11 quasi-bidirectional 170 1 n
P2 12 quasi-bidirectional 1/0 2
M, 13 not conneckod
B3 14 quasi-bidiractional 110 3
Vag 15 supply ground
34 16 quasi-bidirechonal 1O 4
2] 17 quasi-bidirectional VO 5
n.G. 18 nol connectod ]
3t 19 quasi-bidirectional /O &

27 20 guasibidirectional VO 7

m o [@e

sor[z [1e] PR
e | 3 I__Bl ne

som [ 4 | 17] P&

Yo [£] perasrars |27
Al E PﬂFHETMTSFT_ﬂ Vao
w [7] [14] P2
noc | B l:;] A
na o] 12]P2
eo 1] miE

pyr—

Fig.4 Fin configuralion (SS0P20).
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Product specilcation

Remote 8-bit /0 expander for 12C-bus

PCF8574

CHARACTERISTICS OF THE PC-BUS

he 1FC-bus is for 2-way, 2-ine communication between
iTerent 1Cs or modules. The two lines are a serial data
nc (SOA) and a seral clock line (SCL ). Both fines musl be
onnected In a positive: supply via a pull-up resstor when
onnected to the culput stages of a device. Data transler
1ay be initiated only when the bus is not busy.

A Bit transfer

ine data bit |3 transferred during cach clock pulse, The
ata on the SDA line must remain stable during the HIGH
eriod of the clock pulse as changes in the dala line at this
e will be interpreted as control signals (sce Fig.5).

6.2 Start and stop conditions

Both data and clock lines remamn HIGH whan the bus is not
bugy. A HIGH-to-LOW transition of the data line, while the
clock is HIGH is definod as the start condition (S).

A LOW-1o-HIGH lransition of the data line while the clock
is HIGH is defined as the stop condition {P) (see Fig.61,

6.3 System configuration

A device generating a message is a “lransmitier’, a device
receving is the ‘recaiver . The device thal controls the
message is the 'master and the devices which are
contrafled by the master are the *staves’ (see Fig 7).

i i I
I data line | change |
] statle, | ofdata |
| datavalld g slowad | waCE
Fiy.5 Bit transfer.
| = e |
- I] (] oty e [ -
S I 1 L) ': : S8
o i i
i i i i
1 i | | ZE
EE T T .
3CL || || % I Y / i | SO5L
15 [ |
START conclBon STOP condilhan S
Fig.6 Definition of slarl and stop condiions,
Sha
LT — t ~
I | [ |
WASTER i SIAVE MASTER
: BLAVE TRAMSMITTER e tTER TIZAMEMITTER /
TR SRNER HECENVEIL RECEIVER TRANGNIL| ER RECEIVER

Fig.7 System configuration.

MABALCS
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Pmduct spacification

Remote 8-bit I/O expander for I2C-bus

PCF8574

54 Acknowledage

The number-of dala byles transfermed batween the start
ind the stop condiions rom ransmitter (o receives i not
imited, Each byte of eight bits is followed by one
icknowledge bit (see Fig.B). The acknowledge bit is a
HIGH level put on the hus by Lhe ransmiller whereas the
naster generates an extra acknowledge refaled clock

18] 2R

4 slava receiver whict 15 addressed must generato an
acknowledye afler the recaption of each byte. Also a
naster must generata an acknowledge after the reception

of each byle that has boan clocked out of the slave
transmitier. The device that acknowledges has o pull
down the SDA ine during the acknowledge clock pulse, so
that the SDA line is stable LOW during the HIGH perod of
the acknowledge related clock pulse, sel-up and hold
Tirmes rust e laken kD SCcount

Amnaslen receiver must signal an end of data to the
ransmitter by not genarating an acknowledge on the last
byte that has been clocked out of the slave. In this event
the: fransmitter must keave the data fme HGH L eratibe W
master to generals a slop condition.

=
CHATA TRETRUIT | | / X o
BY TRAMEMITTER | i .
]
| | not ecknowledge .
. -
DATA DUTFUI | |
BY RECFIVFR | |
| | ackrnowladgs -
S0 FROM
wasTER || | e\ /N s\
%) T
et claek palss for
-ETA_RT ackrnwiedgemant
cnrediine

Fig.# Acknowladgment on the 1FC-bus,

LA
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Remote 8-bit I/O expander for 12C-bus PCF8574

FUNCTIONAL DESCRIPTION

= -V
witte puises — l (513}
10 g“'.."j
b x
dada from -~ ol
chift ragister

ooer=nn
resal

51
read] ptes —I-—:D Iﬂ
data in ; ‘lD—b i
sht registar ) 4 T

AR

Fig.9 Simplificd schematic diagram of each 110,

R | Addressing
or addressing see Figs 10, 11 and 12,

sl akiress skave aidress
[ — r — 1
T T T 1 T T T P | 1 Ve
|\S 1] 1 [¥) o A AT AD D | L | 5 G 1 1 1 a2 A1 A0 | i | #
| 1 1 i 1 I 1 1 | 1 L i ] ]
MR
a. PCFRST4. b. PCFBSTAA.

Fig. 10 PCFB574 and PCFE5TAA slave addressos.

aoh of the PCFRS74's eight 1/Os can be independantly used as an input or oulpul Inpul data is transterred frorm the
nrt to the micronontroller by the HEAD mode (see Fig.12). Output data is ransmilled 1o the part by the WRITE mode

ea Fig.11).
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PCF8574

Remote 8-bit /O expander for I2C-bus
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Remote 8-bit 1/0O expander for I°C-bus
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Product specification

Remote 8-bit I/O expander for I°C-bus

PCF8574

2 Intarrupt output

e PGFEST4 provides an open-drain oulpul (INT) which
an be fed o a correspanding input of the micrecontrallar
seq Figs 13 and 14). This gives these chips a type of
astar function which can inifiate an action elsewhere in
18 Syslem,

o intermupt is cenerated by any rising or faling edge of the
ot inputs in the input mode, After ime t, the signal INT is
alid.

eseting and reactvating the interupt circuit is achieved
rten data on the poris changed o the original setting or
ala is read from or written to the porl which haz generated
1 irtermupl.

tesatting occurs as follows:
in the READ mode atihe acknowledge bit after the rising
edge of the SCL signal
1 the WRITE mode &l the acknowindge bit after the
HIGH-to-LOW transiion of the SCL sigral

e Interrupts which ncour duning the acknowledge clock
pulse may be lost (or very shorl) due 1o the resetling of
the intermipt during this pulse,

Each change of the 1/Ds after resetting will be delected
and, after the next rising clock edge, will be transmilled as
INT. Reading from or wriling to another device does not
sffect the milesrupt crouit

T3 Quasi-bidirectional ¥0s

A quasi-bidirectional VO can be used as aninput or output
without the use of a controd signal for data direction

{sec Fig.15). At power-on Lhe V0= are HIGH. In this mode
only a curment source to Vo is active. An additional strong
pull-up to Ve allows fast fsing edges into heavily loaded
outputs. These devices tum on when an oulpul is wiitten
HIGH, and are switched off by the negative edge of SCL.
The 10s should be HIGH before being used as inpuls.

FORBST4  POFBRSTA POFASTA
Yoo (1} @ (16)
MICROCONTROLLER
T INT INT T
= |
E] — =y s
UEOATE
Fig.13 Application of multipke PCFBS74s with intermupt,
slavve addrass (POFASTL) b frar port
- = TN v A =
1 T I T T 1 I T I T T 1 T T T T
SDP;|E~|IEII‘IGI{||A2.&‘EIAHL'I._A= , |l . | | I |1:F'|
¥ it t ¢
slart condiiog AW 1 acknowledge  FS Ftop
! from e oomwidion
|
|
sCL /AL faLSsUE L fal o
| |
DATA TN IO |
b A i
i :
|
. . |
[ ity iy
il

Fig.14 Interrupt generated by a change of inpul 1o KO P5.
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Remote 8-bit I/O expander for 1°C-bus PCF8574

LIMITING VALUES

: arcordance with the Ahsolute Maximum Rating System (IEC 60134 ).

SYMBOL PARAMETER MIN. MAX. UNIT

rn supply voltage 0.5 +7.0 W

! mput voltage Vag— 05 Wpp + 0.5 v

i DC input current - 20 ma,

o DG oulpul current +25 mé,

oo sUpphy current - 100 mA

a5 supply current 100 i

et total power dissipalion - 400 mwy

e porweer dissipation per oulpul = 100 my

"y etorage temperature —6h +150 "G

el armbient temporature —41 +B5 kL M
HANDLING

puts and outputs are prolecied against clectrostatic discharge in normal handling. However it s good practice to @ke
wmal precautions appropriate to handling MOS devices (see “Handling MOIS devices ™).

I DC CHARACTERISTICS
= 26 0BV, Vag =0V Tamy =—40 to +86 °C; unless oltherwise specified.
SYMBOL PARAMETER CONIDITIONS MIN. TYP. UNIT
wpply
‘oo supply voitage 25 - 6.0 v
0 supply cument aperating mode; Vpg =6V, |- &0 100 1A
noload: Vi = Voo or Vss:
fooL = 100 kHz
i standby curment standby mode; Vpp =6V, |- 25 10 TE.
no load; W, = Vop of Veg
PilEE Powear-on roset mltﬂgﬁ I'ul'l|_|_'| =6\; no Inad; = 13 24 W
"u"| = UDD Oor "urssi moke 1
1put SCL; inputioutput SDA
i LCWY jewvel input woltage 0.5 = +0.3W ) W
Tl HIGH level inpul voltage (AT - Vi + 0.5 |V
1l LOW level output curment Vg =04V 3 - mA
leakage cument Wi =Yoo or VWss —1 - +1 A
i input capaiiance V= WVuy - T pF
102 Moy 22 14
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Product specification

Remote 8-bit I/O expander for 12C-bus PCF8574
STYMBOL PARAMETER CONDITIONS MIN, TYP. MAX. UNIT
'Os
L LOW level mput voltage 0. = +.3Vpo W
il HIGH level nput ynltage N.7Voo Wop +0.5 |V
HL (e masximum allowed mpul V= Vpo or V)€ Vag - - =400 wh

current through protecton
dicde
aL LOWY I2vel cutput cuiment Vo, =1V Vpn = 8Y 10 25 - -
M HIGH level output currant Won = Vg 30 - 300 na
I ransient pull-up curren| HIGH during acknowledge |- -1 A
{see Fig.15); Vion = Vs
Von =25V
i input rapacitance 2= = 10 nF
e oulpul capachance - = 10 pF
tort timing; C, < 100 pF {see Figs 11 and 12)
" output data walid = - 4 L5
p inpul data sel-up time 0 - - s

i input data hokd tme 4 - ns
wtarrupt INT (see Fig.14)

il LOW lenveld output currenl VoL =04V 16 = ma

Inakage current W =Vpp or Vsg -1 = +1 A
wine: C, £ 100 pF
4 mnprul data valid time = E a s
resel delay Wme = | 4 TE:]
elect inputs AD to A2

i LOWY level input voltage 0.5 - +h 3V
i HIGH level npul voliage 0.7Voo - Voo + 0.6 |V
i Input leakage cumenl pin at Vg or Vas —250 +250 nA
e

The Powear-on resel circuit resets the IPC-bus logic at Vi < Veor and sets all 10s to logic 1 (with curment source Lo

Vpn)-
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Product specification

Remote 8-hit I/O expander for 12C-bus PCF8574
1 IEC-BUS TIMING CHARACTERISTICS
SYMBOL PARAMETER MIN. YR MAX. UNIT
2cbus timing (see Fig.18; note 1)
=5 SCL clock frequency = 100 kHz
oW tolerable spike widlh on bus - - 100 ns
BUF bus free time 4.7 - s
SEERTA START condiion sel-up Gme 4.7 = 1]
e, QTART condifion hold tme 4.0 = s
LW SCL LOW tme 4.7 - - ps
$GH SCL HIGH time 4.0 = 5

BCL and SDA rise time = - 10 us

i SCL and S0 fall bme - 0.3 Tt
S0 AT data sel-up line 250 = - ns
HO: oA data hold time 0 - — ns
YO OAT SCL LOW to data oul vahd — 34 Bt
ST STOP condifion set-up ime 4.0 - WS
ote

All the timing values are valid within the operating supply voltage and ambent lemperature range and refer 0 V),

and Vi with an input voltage swang of Vsg 0 Vipp.

 gTART AT BITE BTO | ACKNOWLEDGE STOP
PROTOCOL CONDITICN MSE (AR} LSB. (A CONDITION
(B [AT) {RAY) {F)
Leipsia Liow  ‘licH e
I-I - — S =
i \
SEL i |
! |
i T
Y 1y
i
|
o [ S | ot )
! poiETA P eupaT b Hie AT Twrmona tayarg

Fig. 16 EC-bus timing diagram.
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Remote 8-bit I/O expander for 12C-bus

PCF8574

! PACKAGE OUTLINES
IP16: plastic dual indine package; 16 leads (300 mil)

SOT2E-4

Tl |

g

ﬁﬁﬁﬂﬁﬂﬁﬁ

min -1 ineden |

3‘_’_. i

0 5 1lﬂlrr.m
L 1 Il |m¢.
DAMENSIONE (Inch dimensions are derived fram the ariginal mm dimansions)
I 11 i M W L . I by | e e | B | EM| e € Lo owp | oy | ow rf";i
wn | a2 |os [ 32 [ (T 05 | 18| 030 1900 008 | as | ver | 30 | 35 | B9 |02m | o
mehes | o17 | oooa | oaa | 0068 0021 [ 00ds | 30t [ 077 028 | oy | g | 014 | B3z | 028 | 4o | pess
Hote
1 Plaghe o mealal protrugions of 0 2% mm hasrmum per sida ara nol included
[ ouTLe ‘_ = JEDE:FFE“?'.‘“ES’:W b2 2 IS5UE DATE
| SOT36E- . -[_—3- @ Q50114
17
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Remote 8-bit I/O expander for 12C-bus PCF8574

S016: plastic small outline package; 16 leads; body width 7.5 mm SOT162-1

"y i 1 e ;

10 M

DIMENSIONS (nch dimenzions are derived from the eriginal mm dimensions)

wmt | B | A | A E Ay [ By | ¢ DM EM| o | He | L || @) v | w ]|y |2V e
app | @30 | 245 pad | o | 108 | e 10,65 {ota | 4 : o
mn O ZES | N Bes | %5 | g | aea | coq | 7a | 12T |qopo| 14 | N Nl L O
L i : :
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Remote 8-bit I/O expander for 12C-bus PCF8574

330P20: plastic shrink small outline package; 20 leads; body width 4.4 mm S0T266-1
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hilips Semiconduclors

Product specilication

Remote 8-bit I/O expander for |2C-bus

PCF8574

3 SOLDERING

3.1  Introduction

‘his text gives 8 vary brief msigh! 1o & complex technology.
. mare in-depth accoun of soldering ICs can be found n
ur “Data Handbook IC26, Integrated Circuit Packages”
document order number 9308 552 90011),

here iz no soldering methed that is ideal for all 1C
ackages. Wave soldering is often preferred when
wough-hole and surface mount components are mxed on
ne printed-circuit board, Wave soldering can =il bo used
ar certain surface mount ICs, bul il is not suitable for fire
ilch SMDs. In these situations refllow soldenng is
sommended.

32 Through-hole mount packages
321

fiz maximum pemmissible emperature of the solder is
61 *C; solder at this emperature must not be in conlact
ith the joints for more than 5 seconds. The tolal contact
me of successive solder waves must not exceed
seconds.

SOLDERING BY DIPFIMG Ot BY SOLDER WAVE

he device may be mounted up to the seating plane, but
1 temperature of the plastic body must not exceed the
pecified mazimum sorage temperature {Tagmax). If the
rinted-circuil board has boen pre-heated, forced cooling
ay be necessary immediately aller soldenng to keep lhe
imperature within the permissible Bmit,

3.2.2  MaNUAL SOLDERING

cply the seldering iran (24 V or less) to the lead{s) of the
ackage, either below the sealing plane or not more than
mm above it. H the lemperalure of the soldenng ron bit
less than 300 C it may remain in contact for up ko
daaconds. If the tal lemperature is bebwesan

06 and 400 “C, contact may be up lo 5 saconds.

3.3 Surface mount packages

3.3 ROTLOW SOLDERING

eflow soldaring requires solder paste (a suspension of
ne solder paticies, flux and binding agent) to be applied
y the printed-circuit board by screen printing, slendilling or
messure-syringe dispensing before package placement.

mveral methods exist for reflowing; for example,
orivoction or convectionfinfrared heating in a conveyor
ipe oven, Throughput times {preheating, soldenng and
soling) vary betwesn 100 and 200 seconds depending
r heating method.

02 Nov 22
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Typical reflow peak tomperatures range from

215 to 250 *C. The top-surface lemperalure of the
pachages should preferable be kepl below 220 °C for
thickAarge packages, and below 235 “C Tor smallithin
pathages.

13.3.2 WAVE SOLDERING

Corventional single wave soidering is nol recommended
for surface maount devices (SMDs ) or printed-circuit boards
wilh a high compoanent dens=ily, 35 sclder bridging snd
non-wetling can present magor problems.

Toovercome these problems the double-wave soldsring
method was specifically developed.

i wave soldering is used the following condilions must be
observed for oplimal results:

= Use a double-wave soldermng method comprising a
turbulent wave with high upward pressure [ollowed by a
smooth lamimar wawvo.

= For packages with laads on two sides and a pitch (2):

— larger than or equal lo 1.27 mm, the footprin
longitudingl axis is preferred 1o be parallel to the
transpor direction of the printed-gircuit board:

— gmaller than 1.27 mm, the footprint longitudinal axis
must be paraiel 1o the ransporn direclion of the
printed-circuit board.

The footprint must incorporate solder thieves al the

downsiream end.

« Forpackages with leads on four sides, the foolprint sl
be placed at a 45° angle to the ransport direction of the
printed-circuil board. The footprint must incomaorats
solder thieves downsiream and al the side comers.

Dwring placemenl and bafore soldering, Lhe package must
ba fixed with a droplet of adhesive. The adhasive can be
applied by screen printing, pin ransfar or gyrings
dispersing. The package can be soldered after the
adhesme 1 cured.

Typical dwell ime is 4 seconds at 250°C.
A mildiy-activated flux will eliminale the need for removal
of corrasive residucs in mosl applications.

13:33 MANUAL SOLDERING

Fix the component by first soldenng lwo
diagonally-opposite ond leads, Use a low voliage (24 W o
Inss) soldering iron applied to the flal part of the lead,
Contact lime must be limited to 10 seconds at up to

300 °C. When using a dedicated tool, all other leads can
be solderad in one operation within 2 (o 5 seconds
betwean 270 and 320 “C.
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|32.4 Suitability of IC packages for wave, reflow and dipping soldering methods

) SOLDERING METHOD
MOUNTING PACKAGE'!
WAVE REFLOW2) | DIPPING

Through-hole mount | DBS, DIP. HDIP. SOIP. SIL suitablet® suilable
Surface mount BGA, LBGA, LFBGA, SOFF TFBGA, VFBGA | not suitable suitabla =

HBCC, HBGA, HLOFR, HSQFR H50R, not suitabiztd) suitable -

HTOFF HTSS50P HVOFN, HWS0ON, SMS

PLCCE, 50, 804 suitable auitable -

LOFF OFF TQFP not recommended =58 | suitahle

S80F, TS50F Va0 not recommended!”! | suitable .
iotes

For more detailed information on the BGA packages refer to the ‘LFJBGA Application Note™ (ANO1026); order a copy
from your Philips Semiconductors sales office.

All surface mount (SMD) packages arc moisture sensilive, Depanding upon the moisture content. the maximum
temperahire (with respect In fime) and body size of the package, there is a nisk that internal or exlernal package
cracks may ooout due to vaporization of the moisture in them (lhe so called popoom effect). Mor details, refer (o the
Drypack infarmation in the “Data Handbook IC26; Integrated Circuit Packages; Section: Packing Methods”

For SOIF packages, the longitudinal axis nmust be parallel to the ransport direction of the: printed-circuit board.

These packages are nol suitable for wave soldenng. On versions with the heatsink on the bottom side, (he solder
cannot penetrle belween the printed-circwil board and the heatsink. On versions with the heatsink on tha top side,
the solder might be deposited on the healsink surfaca,

. Il wave soldering is corsidered, then the package must be placed at a 457 angle to the solder wave direction.
The package footprint musl incomporate solder thieves downstream and al the side comers.

|, Wave soldering is suitable for LQFP, QFP and TQFP packages with a pltch (e} larger than 0.8 mm: it i delimtely not
suitable for packages with a pitch (&) equal to or smaller than .65 mm.
Wave soldering is suitable for SSOP and TSSOP packages with a pilch (e} equal to or larger than 065 mim; itis
definilaly not suitable for packages with a pitch (2) equal to or smaller than 0.5 mm.

0oz Moy 22 21
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| DATA SHEET STATUS

DATA SHEET

EVEL | eraTugi)

PRODUCT
STATUSFHS)

DEFINITION

Oigective data

Development

This data sheel conlains data from the objective specification for product
development. Philips Semiconduclons resarwes the right to change the
specificalion in any mannar without nobice.

Praliminary data

Qualification

This data sheet contains data from the prefiminary specification,
Supplementary data will be published at a later dale. Philips
Semiconduclors reserves the right to change he specification without
notice. i order to improve the design and supply the best possiblo
product.

Product dats

Production

This dals shest conlains data from the product specification. Philips
Somiconductors reserves the right to make changes at any time in order
Lo imnprove the design, manufacturing and supply. Relevant changes will
be commumicated via a Cusiomer ProducUProcess Change Notification

(CPCN).

oles

Plegse consult the maost recently issued data sheel before iniiating or compleling a design.

The product status of the device(s) descrbod in this rdata sheel may have changed since this data sheel was
published. The lalest information is availabie on the Intermet al URL hitpc/iwwow . semiconductors. philips.com.

For dala sheets doscribing multiple lype numbers, the highest-level product stalus determines Lhe data sheet slalus.

3 DEFINITIONS

hort-form specification — The daia in a shorl-fonm
secification is extracted from a full data sheet with the
e type number and title. For detailed information see
o relevant dala sheet or data handbook.

imiting values definition — Limiting values given are in
spordance with the Absolute Maximuin Rating Systerm
= §0134). Stress sbove one or more of the limiling
ilues may cause permanent damage to the device.
'ese are stress ratings only and operalion of the device
hese orat any olhar conditions above those givenin the
haracteristics sections of the specificalion is not implad.
wpasure o limiting walues for extended periods may
1ol cevice reliability,

pplication information — Applicabions that are
sgcribed harein for any of these products are (o
ystrative purposes only. Philips Semiconductors make

1 representation or warranly that such applications will be
iitable for the speaified use without further tesling or
cdification.

102 Nov 22 22

16 DISCLAIMEHRS

Life support applications — Thesa products are not
designed for use in life support applances, devices, or
systems where malfunchion of thase products can
reasonably be expecied to resultin personal injury Philips
Semiconducions customers using or selling these products
for use in such apphcations do so at their own risk and
agree ko fully indemnify Philips Semiconduclors for any
damages resulting from such applicalion.

Right to make changes — Philips Semiconductors
resorves the right to make changes in the products -
including circuits. standard colls, andfor softwar -
described or contained herein in order to improve design
andfor performance. When the productis in full production
{status 'Production’), relevant changes will be
communicated via a Cuslomer ProductProcess Change
Motification {CPCN). Philips Semiconduclorns 3ssumes no
respongibility or liahility for the use of any of these
products, conveys no lcence or e under any patent,
copyright, or mask work nghl to these products, and
makas no representations or wamanties that these
products are free from patent, copyrighl, or mask work
nighl infingement, unless otherwise specified.
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7 PURCHASE OF PHILIPS IF'C COMPONENTS

Purchase of Philips 12C components conveys a license under the Philips' I2C patent to use Llhe
components in the I°C system provided the system conforms to the PG specificatinn defined by
Philips. This specification can be ordered using the code B398 393 400117,
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Philips Semiconductors — a worldwide company

'ontact information

ar additional informalitn ploano vioit http:ferws.samisendustors. philips.
or egles offices addresses send e-mail to: sales.addresses@www semiconductors. philips.com.
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FAIRCHILD
fi=c e, |
SERMICONDLISTOR

S$59012

1W Output Amplifier of Potable Radios in

Class B Push-pull Operation.
« High total power dissipation. (Pr=825mil)
= High Collactor Current. (1-= -500ma)
+ Complementary to ESS013
= Exeellent heg limaarity.
. TO-50

{. Emitter 2. Basa 3. Collectar

PNP Epitaxial Silicon Transistor

Absolute Maximum Ratings 1.=25:C unless ctherwiss noted

Symbol Parameter HRatings Units
Voo Colleclo-Basze Voltage -4 W |
WD _ Collector-Emitter Yoltage =40 W
Wean Emitter-Base Voltage -5 ")
g Caollector Currart -500 A
Pr Gollector Powar Dissipation B25 ¥
T, Jurctien Temperaturs 150 i
Tete | Storage Tempsrature 55~ 150 G

Electrical Characteristics 7,=25'C uness otherwise noted

ZL06SS

" Symbol Parameter ' Test Condition Min. | Typ- | Max | Units
BVoan | Goliecior-Bass Braakdown Vottage 1= = -10OpA, I =0 A0 ' m
BVopo | Collector-Emitter Broakdown Vollage | 1= -1mA, 1g=0 20 v

T BVEmg Emifter-Basa Braakdown Voliage lg=-100pA, |- =0 -5 W
lean, Collector Gut-off Current Vog =25V, I2=0 00 | nA

e Emitter Cut-off Cusront Wog = -3V, Ic=0 00 i

“hrey DG Gumant Gain Wop = 14, | = ~S0mA B4 120 202
hegs Wep=-1Y, Iz = -S00mmA 40 B
ViE (sal) | Gullector-Emitter Saturation Voltage | Ip = -500mA, | = -S0mA 018 | 08 W
W (sat) Base-Emitter Saturation Voltage I = -500m#A, 1o = -S0mA -0.85 -1.2 W
Ve (on} | Basa-Emitter On Voltage Wip = 1Y, lo= -10md 05 | -087 0.7 W

heg Classification

Classification i D ' E F B H
Negs &4~ 81 TE~ 112 86~ 135 112~ 186 144 ~ 202
e Fig= A1 Juiy 200"

O] Fafrchibd Semicondecioe COsponrma™




Typical Characteristics
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| Package Demensions
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TRADEMARKS

Thie faliowing are registered and unregistered rademarks Frirshild Semiconductor swns or = auharized 1o use and is not
intendad to ba an exhaustive list of all such trademarks,

ACEx™ FAST® DPTOPLANAR ™ STAR*POWER ™
Bottomiless™ FASTr™ PACMANT Stealth'™
ConlFET™ FRFET'™ POR™ Supers0T™-3
CROSSVOLT™ GlabalOptoisoator™ Power247™ SupersQT™-&
DensaTrench™ GTO™ PowerTrench® SupersQT™-8
DOME™ HiSel ™ QFET™ SyncFET™
EcoSPARK™ IoPLANAR™ Qg™ TruTranz|ation™
E*CmMas™ LittleFET™ QT Optoelectronice™ TinyLagic™
EnSigna™ MicroFET™ Cluiet Seres™ HC™

FACT™ MICRCWIRE™ SLIENT SWITC HER® UltraFET®

FACT Quiet Serieg™ OPTOLOGIC™ SMART START ™ YOX™

STAR*POWER s used under license

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RESHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TOANY
PRODUECTS HEREIN T IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRGHILD DOES MOT ASSUME AMY
LIABILITY ARISING OUT OF THE APPLICATHON OR USE OF ANY FRODUCT OR CIRCUIT DESCRIBED HEREIN;
WEITHER DOES 1T GOMVEY ANY LICENSE UNDER ITS PATEMT RIGHTS, MOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

EAIRCHILD'S FRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITHGAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR
CORPORATION
A= used harain!

1. Life support devices of sysiems are devices of systanms
which, () are imended For surgical implant inta the bady,
or {b) support or sustain iife, or {z) whose failure to perfarm
when proparty used in accondance with instructions for use
providad in the lebaling, =an be reazonably expacted te
result in significant injury to the wear,

2. A eritical cormganent is amy componant of a life suppon
device or system whose failure to perfarm can be
reasonably s¥pected to cawse the faiura of the Ife support
device or system, o b0 affect its safaty o effectivanass.

PRODUCT STATUS DEFINITIHONS
Definlton of Terms

Datashest Identiflcation Product Status

Definition

Farmative or In
Dasign

Advanes Information

This datasheet contains the design spacifications for
product develo penent, Specifications may changa in
any mannar without notice

Prodiminarny First Production

This datashest contains preliminary dats, and
supplamantary data will ba published at a later date.
Fairchild Semiconducior resarves the 1ight to make
changas at amy time witheut nolice in arder improva
dealgn.

Mo ldentification Neaded Full Praduction

THis datashest contains final specifications. Farchild
Sarvicanductor resarves the right to make changas at
any time withaut notica in order e improve dazigr.

Obsolete Hot In Produstion

Thi= datashsat contalne specifications an a product
that has been discontinued by Fairchid semiconductor.
The datasheal s printed for refsrence informaton anfy.

01 P i i Semdcon dy e Coponelion




{T525-5
19013)

NPN Epitaxial Silicon Transistor

revised Cotobsr 1998

W QUTPUT AMPLIFIER

3F PORTABLE RADIOS IN CLASS

3 PUSH-PULL OPERATION

+High total power dissipation | PT=625mW)

+ High Gollector Current (I =500mA)
+ Excellent hgg linearity.

LASSIFICATION hg (1)

Classification D E F [&] H
hep (1] f4-91 78-112 06-135 112-166 144-202
\bsolute Maximum Ratings (Ta=259C)
Symbal ' Parameter Bating. Units
frpo Colleciur-Base Voltage AQ v
foEC Collector-Emitter Voltage 20 v
fepn Emilter-Base Voltage 4] v
o Collector Current 500 ma
- Collector Dissipation 25 mvy
5 Junction Temperature 150 LC
‘sl Storage Temperalure _&R - 150 oc
zlectrical Characteristics (T, = 25°C )
Symbol Parameter Conditions Min Typ | Max [ Units
WVran Collector-Base Dreakdown . =100uA, I =0 40 Y
Voltage :
Ween Cuollector-Emitter Breakdown |l =1mA, Iz —0 20 W
Voltage
Mern Emitter-Base Breakdown Ig =100uA, |- =0 5 v
Voliage
~ary Collector Culofl Cinrent Veg=25V, g =0 100 nad
o Emitter Cutoff Current Vep=3W, I =0 100 i
el DC Current Gain V=1V, I =50mA 64 120 202
g2 Veg—= 1V, I =500mA 40 120
fer{sat) Collector-Emitter Saturation | I =500mA, Ig —S0mA 016 | 0.6 v
Woltage
mrisat) Base-Emitter Saturation l- =500mA, iy =50mA 0.91 1.2 ')
Voltage
'BE(nn] Base-Emitter On Voliage Vee= 1V, I —10mA 0.6 {167 0.7 W
2ad Location
« DIE SIZE 495 X 485um

« DIE THICKNESS Typ. 470 um

» BONDING PAD SIZE
Emitter
Base

gsx 114 m
85 x 154 uym




GAS SENSORS : TYPE AF3(0

DESCRIPTION:

Gas sensor made with thick film element.

FEATURES:

» Constant heater voltage

» Tight resistance tole@ance

= High sensitivity

* Typical applications include air purifier

DATA:

Operating conditions:

Operating temperature............ -10 10 +65C
Storage temparatura wmmmie s auene s 0 10+ BOPC
Load Resistor R_. S TIRRRR R - ) [ 111, =1
Heater mﬁlﬁtam:n wrmnmmerrnnnmanmrrnn 2 (52 (MO
Rated power cnnsumptlnn P, e < 15mW
Rated working voltage of dmult 'J ..........
........ sesnseennsse W 0.0, OF BY rMs A.C. frnax 12V
Rated wnrkmg vnltag-e of heatar . ...coeeeees
e e B DOV R
5 0.2V msa.c.

Parts and matarial

Sensing element ......... Semi-conducting oxide
Thick film heater ......c..cceeveeneccomeenea PlATINUM
CHB i i iiinian s saniion s s s mmicsid sianaves. Pylon) 56
P LI oo s v o oo snt s acas smmnanniw sewms DHIGHE] | O
Flame Amesior ... R ——
... Double 100-mesh stamless guuze (SUS316)

CIGARETTE SMOKE SENSOR

DIMENSIONS:

plb =03

T | —|
' _ 075202

\_W

l L || w1z00s

Dimensions in mm

o
IR L - T Y

Sensitivity characteristics: Frergs e et
Specification | _Conditions & i
Sensor ©
resistance 15k to 35k L2 [In clean air 2 afes
Rgas
. Resislance ratio
G“H SOTSIMY| 021004 [t 10ppm H to S i |
clean air (%) e e g

Power Gas concomtration] ppm|
consumption E3bmW (max) (*] Comelation between H, andp cigarette smoke
Meachanical characteristics:
[Test Condition Performance
|Vibration |Frecuency: - 500 Hr Should salisfy the

Amplitude (10 - 50Hz): 2 mm specifications shown in the

pAcoeleration (50 - 500 Hz) 106G sensitivity characteristics

Reclpricol scanning tme: 5 min

Test time: 2 hours each for X, Y and Z directions

Shock Acceledtion: 100G
Murnber of impacts.: 5

a3 2haet D-AFAD ]

Craatt Industaal Estate, Sricesmood fid HOH LS Higheay 1
Taabow, wmerset TA2 BOT LK
Te FA R HAT 346200 T 01 {733} ZET 2070
Fan ~& (0233420 Féx [Fa2 287 BBAT

67 Winatall Raad

tdinan, Mew kysey DBST 7600 US4 5L Mans, Fernsylania 15E3T-3387 UsA
~14E141 834 Al

Fax =1 {B14}TET L9659




GAS SENSORS

: TYPE AF3(

SMOKE SENSOR

NOTES: Test conditions:
Pin allocation and standard test circuit: Atmosphere
Clean air at 25+ 2°C and 50+ 5% RH without
T noise gas.
AT Circuit condition
5 I VE (Gircuit voltage) ... .ccovreerer e 5+0.05V
O Vh (heater volage) .. 5+0.05V
= I PIETEAT AT s i irmmvvsnsais s sanivsery . A8 hours
Bt vies Test gas
. Hydrogamn Lo o i 10ppm
TN
RLamrThin
i o : E E,I— I ._ 'f-ﬂ.":l'J i
L I-.l
‘!,,-;"L : Hepter E:_J_ :
WARNING:

Do not use if the case or wire netting is damaged, otherwise built-in heater may cause explosions of fires.
Do nat disassemble or change any pans.
Use anly within specified conditions.

Lhila el D-AFS-T

o Indushsinl Cabals, Priceswnon Ho 808 US Highaway 1 967 Wirndlall Roéd

Tai ke, Samersel A2 1K Edisari, Mo Jorsow TIAET7 AE0E LISA, St Maryn, Permayliania 198573337 USA
Te a3 821 315200 Td +1 (732 282 2870 Tl — T4BI&L B 0140

Fae - £4007 813 332637 lex —  (T3ek2a? 4847 —ax ¢ 1 E1E] TR TEEG
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L2938

DUAL FULL-BRIDGE DRIVER

» OPERATING SUPPLY VOLTAGE UP TO 46 Y

» TOTAL DCCURRENT UPTO4 A

s LOW SATURATION VOLTAGE

s OVERTEMPERATURE PROTECTION

s LOGICAL "07 INPUT VOLTAGE UP TO 1.8 Y
(HIGH NOISE IMMUNITY )

DESCRIPTION

The L2898 is an integrated monalithic circultin a 15-
lead Multiwatt and PowerS020 packages. It Is a
high voltage, high current dual full-bridge driver de-
signedto acceptstandard TTLlogiclevels and drive
inductive loads such as relays, solencids, DC and
stepping motors. Two enableinputs are provided to
enableor disable the device independentlyof thein-
put signals, The emitters of the lower transistors of
each bridge are connected togetherand the come-
sponding external tarminal can be used for the can-

BLOCK DIAGRAM

FPowerS020

Multiwatt1s

DROERING NUMBERS : L29BN (Multiwatt Vert.)
LZgaHM (Multiwatt Haoriz.)
L288P (PowerSo20)

nectionofan externalsensingresistor. An additional
supplyinput Is pravided so that the logic works at a
fower voltage.

ours OUTA

1 1 3 &
g ls af s
e 1 1
g b o]
%‘ . L] -] . !-5'-
SENSE n{}-—-—q-“ ) _L g —OINED s
A
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ABSOLUTE MAXIMUM RATINGS
Symbol Parametar Value Unit
Ve Power Supply EQ Y
Veg Logle Supply Voltage T W
W1 Ve Input and Enable Volage 0347 W
I Peak Oulput Current (gach Channal)
— MNon Repetitive (I = 100us) 3 A
~Repetiive (B0% on ~20% off; ta = 10ms) 25 A
-0 Operglion z A
L Sansing Voltage L [ W
Pl Total Power Disslpation (Tawe = T5C) 26 W
Tap Junction Operating Temparaiune =25 10 130 G
Tatg Tj Storage and Junchon Temperature 40 ta 150 c
PIN CONNECTIONS {top view)
/ l o — CURRENT SENSING B
(TN e— ST =Tk o
‘$‘ - E—| QUTRUT 3
PN e—
(A B — ENABLER
11— N =1
| VE— 2 - ﬁltﬁ SLIPRLY W TAGE Vg
r—— MPUTE
a3 EWABLEA
s ——— KPUT 1
s > SUPPLYVOLTAGE ¥y
.@. P —  OuTPUuTZ
3 e— T
\ [l e e CJRRENT SENZING &
Z Tak CONMNECTED TO FINE (B L
’
Gre T4 1 20 1 GHD
Sensad [ 2 15 ] SenseB
MG 13 LTS —
Lo T I — 17 1 ©n4
pwz [} s PowerSOZ0 15 7] w3
Ve TR 6 15 1 Input4
npul V4 7 14 ] EnableB
Enablaa 48 13 ] Imautd
nput® 4 @ 12— ws8
GND 1 10 1M ] anp
LS
THERMAL DATA
Symbol Farameter PowersQo2n Mu itiwatt 15 Unit
Flin|casa. | Thermal Resistance Junclioncase Max - 3 i
Fihrame | Thermal Rasistance Junclion-ambient Max. 153" 35 T

(") Mouniad on aluminum suinsisle
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PIN FUNCTIONS (referto the block diagram)

MW, 15 PowarS80 MNamé Function
115 219 Bergo A Sanse B |Between this pin and grour s connected the sense reststor to
contrl the cument of the load
=3 405 Out1; Oul 2 Cutputs of the Bridgs A; the current that flows through the load
connacad pehwesn thasa two pins 15 manilonred at pin 1.
4 6 Ve Supply Voltage for the Powsr Output Stages.
A non-nductve 100nF capacitor must be connected batween this
pl and ground,
57 78 Input 1; Input 2 TTL Compatble Inputs of Ine Bridaa A.
Bl 8:14 Erable &: Enable B |TTL Compatble Enable Input; he L slate disables the bridge A
{enable A) and'or the hr'l‘ige B [anablke B).
8 1,10.11.20 GND Ground,
] 2 YEE Supply Voliage for the Logic Biotks. A100nF capacitor must ba
conneded batween this pin and ground
10,12 13;15 Irput3; Input 4 TTL Compalibke Inputs of the Eridge 8.
13;14 16,17 it 3: Out 4 Dutpute of the Bridge B The curent that flows through the load
conneded bebween thase two pins is moritared at pin 15,
- 318 N.C. Mot Connactad

ELECTRICAL CHARACTERISTICS (Vs = 42V, Vss = 5V, T) = 25°C; unless atherwise specified)

Symbal Parameter Test Conditions Min. | Typ. | Max. | Unit
Vg Supply Voltage {pin 4) Operative Condiien Vi *+2.5 46 W
Weg  JLogic Supply \oltage (pin 8 4.5 5 7 v
Is Oulescent Supply Curtent (pind}  [Ve.=H: L =0 Wi=L 13 22 ma,
Vi=H a0 70 s
Vin =L WVi=X 4 A
las Quisscart Currert from Vaa (pin @) [Van=H; IL=0 VisL 24 36 m#
Vi=H T 12 T
"q'rm =L "-l"| =¥ & A,
Vie Input Low Yeltage 23 15 W
ppine B, 7, 10, 12}
Wik Input High Voltage 22 YES v
{pine 5.7, 10, 12)
li, Low Voltage Input Current Vi=L —10 [T
ipins g, ¥, 10,12}
b+ High Valtage Input Curment Wi=H < Vs -0.8Y an 100 LA,
(ping 5,7, 10,12}
YWon = L |Enabie Low ‘u"nltage [pins @, 11) =03 1.5 5
War = H |Enable High Voltage {pins §, 11) 2.3 Ve ']
len =L |Low Vollage Enable Current Wan =L -1 A
{pins 6, 11)
l.w =H |High VYoltage Enable Currand WVan = H = Vg —LBY an 104 H By
{pins G, 11}
W o EaaiiH Source Saturation Voltage IL=1A 085 1.28 1.7 '
I =24 2 27 W
Veesan) |Sink Saturation Voltage IL=1A (B} 085 | 12 16 W
I =28 (3) 1.7 2.3 W
Viegsa | Total Drop IL=1A {3) 1.80 3z '
| =24 {5) 4.9 W
Yepns  1Sensing Voltags {pins 1, 15) -1 1} 2 W
iy7 3413
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PERANCANGAN DAN PEMBUATAN SISTEM RUANGAN

MULTIFUNGSI BERBASIS MIKROKONTROLLER AT89551
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{ 0317060 )
Jurusan Teknik Elektro 5-1
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email :
ABSTRAK

Perkembangan teknologi  terutama di bidang elektronika mengalami kemajuan
vang pesat Di dunia elektronika ada yang dikenal dengan mikrokontroller.Ada beberapa
jenis mikrokontroller salah satunya adalah jenis ATMEL tipe AT89551. Kerena
mikrokontroller jenis ini memiliki keistimewaan dan kesederhanaan di dalamnya untuk
merancang dan membuat alat pengontrel suatu benda dengan menggunakan remote
sebagai pengendali.Penulis mencoba mengembangkan ide untuk membuat alat yang
diaplikaszikan pada ruangan Tv agar bisa menjadikan ruangan multifungsitidak lepas darni
merubah interior dan menambahkan beberapa fasilitas agar memberikan kesan canggih
dan unik. Seperti merubah interior Tv menjadi ruang kerjamembuks dan menutup
korden menvalakan dan mematikan lampu secara otomatis yang di control dengan
remote dan terahir sebagai tambahan di berikan juga pendeteksi asap rokok untuk

kebersihan udara dalam ruangan.

Kata kunci:Mikrokontroller, Motor Dic, Relay dan Sensor Asap.
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BAB 1

PENDAHULUAN

1.1 Latar Belakang

D dalam perkembangannya, mikrokentreller banvak  diterapkan  dalam
perancangan clektronika karena mikrokontroller memiliki  sistemn pengaturan dan
pengontrodan  yang otomatiz dan praktis. Keefektitan mikrokontroller inilah yang
diperlukan manusia dalam menuvnjang rubinitas, baik dalam proses produksi maupun
dalam kehidupan sehari — hari pada umumnya. Sepertimemantaatkan ilmu elektronika
pada ruangan yang mana ruangan ini di jadikan ruangan mullifungsi, dengan pengubahan
interior Tv menjadi ruang kerja berbasis mikokontroller AT8955] dengan spesifikasi
interior — interior didalam roangan untuk mendukung ruangan multifungsi ini menjadi
layak tanpa merubah suatu konstruksi bangunan.

Pengpunaan remote kontrol sendiri berfungsi apar sang pemilik tidak perlo
mondar — mandir dalam menjalankan fungsi dan masing — masing interior yang
dimilikinya. Hanya menekan tombol vang ada pada remote komtrol scmua dapat
dilakukan dari manapun juga bahkan dari tempat duduk sekalipun,

Dengan semakin pesatnya perkembangan teknologi saat ini, hal itu sangat
mungkin dilakukan. Dengan memanfaatkan remote kontrol IR dan module IR yang
digunakan schagai inputan dari rangkaian mikrokontroller ATB9S51. outputan dari
rangkaian mikrokontroller im kemudian diteruskan untuk mengatur sistem kerja dan
masing — masing fungsi

Sedangkan untuk mencegah terjadinya penumpukan asap pada ruangan maka

digunakan sesor asap yang berfungsi untuk mendeteksi asap rokok yang kemudian asap




tersebut akan dihisap oleh fan keluar ruangan tentunya ada setpoin penumpukan asap

yang sudah ditentukan setelah itu tan akan bekerja untuk menghisap.

1.2 Ruomusan Masalsh

Dalaim perancangan dan pembuatan sistem ruangan multi fungsi berbasis

mikrokontrooler A'T89551. Maka permasalahanya adalah bagaimana membuat suatu alat
yvang dapat merubah suatu ruangan single menjadi ruangan multifungsi scears otomatis

atau terkontrol.

. Bagaimana merancang dan membuat rangkaian yang menunjang dalam sistem ini.
2, Bagaimana merancang dan membuat perangkat lunak atau  sofbhware pada
mikrokontroler vang mengendalikan semua kerja sistem.

3, Bagaimana merancang,memperhitungkan konstruksi bangunan dan ruangan.

1.3 Tujuan
Adapun tujuan dari pembuatan alat inj adalah untuk mengubah ruangan single
menjudi ruangan multifungsi {mengubah ruangan TV menjadi ruangan kerja dengan cara

kerjanya berputar) vang dilengkapi dengan fasilitas-fasiltas dan kenyamanannya.

1.4 Batasan Masalah.

Apar pembahasan dari perancangan dan pembuatan systemn ruangan multifungsi

berbasis mikrokontroller AT89S31 ini tidak terlaln meluas maka penyusun perlu

membuat batasan-batasan masalah vanp meliputi




1. Tidak membahas konstursi bangunan.

2. Tidak mcmbahas motar yvang di gunakan secara lenghap.

Ll

1.5 Metodologi Penulisan
Metodologi penulisan yang dipakai dalam pembuatan skripsi ini adalah:
1. Study literalur
2. Perancangan dan Pembuatan alat
3. Pelaksanaan uji coba alat
4. Analisa Software dan Hardware
5. Penyusunan laporan skripsi.
1.6  Sistematika Penulisan
Penulisan skripsi ini terbagi menjadi lima bab dengan sistematika
penulisan sebagai berikut:
BAB | PENDAHULUAN
Berisi lalar belakang, tujuan, permasalahan, batasan masalah,
metodologi, dan sistematika penulisan.
EAB 11 TEORI PENUNJANG

Tidak membahas interior Tv.

Membahas teori-teori  dasar penunjang perancangan  dan

pembuatan alat.

BAB III PERANCANGAN DAN PEMBUATAN ALAT

3




Membahas tentang perancangan alat baik perangkal keras maupun
perangkat lunak dan cara kerja blok diagram.

BAB IV PENGUJIAN ALAT
Mencakup pembahasan tentang proses pengujian alat yang terdiri
dari peralatan yang digunakan, langkah kera, dan analisa hasil
pengujian.

BAB ¥ PENUTUP

Berisi kesimpulan dan saran.




BABII

DASAR TEORI

2.2, Minimum Sistem A'TEYSS]
2.2.1. Mikrokontroler AT89551

Perbedaan mendasar antara mikrokontroller dan mikroprosesor adalah
mikrokontroler selain memiliki CPU juga dilengkapi memon dan inpud outprt
vang merupakan kelengkapan sebagai sistem minimum mikrokomputer sehingga
sebuah mikrokontroller dapat dikatakan sebagal mikrokomputer dalam keping
tunggal (Single Chip Microcomputer) yang dapat berdiri sendiri.

Mikrokonwoller ATB9551  adalah  mikrokontroler ATMEL  vang
kompatibel penuh dengan mikrokontroler keluarga MCS — 51, membutuhkan daya
rendah, memiliki performance yang tinggi dan merupakan microcomputer & bit
vang dilengkapi 4Kbyle FEPROM (Electrical Erasable and Programmalle Read
Only Memory) dan 128 Byte RAM infernal. Program memori yang dapat
diprogram ulang dalam sistem atau menggunakan progranuner Nonvolatile
memori konvensional. Dalam sistem mikrokontroler terdapat dua hal yang
mendasar, yaitu: perangkat lunak dan perangkat keras yang keduanya saling

terkait dan mendukung.

2.2.2.Perangkat keras mikrokontroler AT§9551

Soeara umum Mikrokoniroller AT89851 memiliki :

¢  (PU 8 bit termasuk keluarga M(58-51




= 4 Kb Flash memory

o |28 byte Internal RAM

e 4 bank register, masing — masing berisi 8 register.

- 16 bytc vang dapat dialamati pada bit level.

e 80 byte general purpuse memory data,

s 32 buah Port I/O, tersusun atas PO — 3, masing — masing 8 bit.

e 2 Timer/ counter 10 bil

o 2 Serial Port Full Duplex

. Kecepatan pelaksanaan intruksi per siklus | us pada frekuensi
clock 12 Mhe

« 2 DPTR (Daia Pointer)

s Watchdog Timer

-

Flcksibel 1SP Programming
Dengan keistimewaan Di atas pembustan alal menggunakan ATBOS51
menjadi lebih sederhana dan tidak memeriukan IC pendukung yang banyak.

Adapun blok diagrdm dari Mikrokontroller AT89851 adalah scbagai berikut




Gambar 2.1 Diagram Blok Mikrokontroller AT89851

FEN

i

Sumber : Data Sheet Atmel AT89851. halaman 3

2.2.3. Konfigurasi Pin Mikrokentroller AT82551

Mikrokontroller ATE9851 terdiri dari 40 pin dengan konfigurasi sebagai

berikut :
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Sumber ; Data Sheet Atmel A'T89551, halaman 2




Funesi tiap pin-nya adalah sebagai berikut :
1. Pin | sampai 8, Port 1
Merupakan 8 bil 'O Bi-dircetional yang dilengkapi dengan mnternal Pull -
Up. Kctika diberikan logika “1° pin ini akan di Pull-Up secara internal
sehingga dapat digunakan scbapai inpuwi. Sebagai masukan jika pin - pin
ini dihubungkan ke ground maka masing — masing pin ini dapat
menghantarkan arus karena di Pull-High secara internal. Port 1 juga
menerima Low Order Address Bytes sclama melakukan verifikasi
program.

Pada port 1 di ATE9S51 pin ini mempunyai alternatif seperti pada tabel

berikul ini:
Tabel 2.1 Fungsi — Fungsi Alternative Port 1
Sumber : Data Sheet Atmel ATR9S5 1, halaman 4
Port Pin Alternative Functions
Pl.3 MOSI (Master Qutput Sleve Input)
P1.6 MISO ((Master Input Sleve Output)
P1.7 SCK (Serial Clock)

2. Pin 9, RST (Reser)




Merupakan pin yang akuif tinggi (high), pin ini akiifl tinggi selama dua
siklus mesin vang akan membuat mikrokontroler AT 89551 menjalankan

rutin reset,

. Pin 10 sampai 17, Port 3

Port 3 sebagai 8 bit 1/O Bi-directional vang dilengkapi dengan Pull-Up
Internal. Penyangga keluaran port 3 dapat memberikan atau menyerap
arus empat masukan TTL (sekitar 1,6 mA). Jika diberikan logika “17 pada
pin - pin port 3, maka masing  masing pin akan di Puli High olch Pull-Up
internal sehingopa dapat digunakan sebagai inpur-an. Sebagai inputan, jika
pin — pin port 3 dihubungkan ke grownd, maka masing - masing kaki akan
memberikan arus karena di Pufi High secara internal, dimana Port 3 juga
mempunyai [ungsi-fungsi khusus yang dimiliki oleh keluarga MCS-51.

Fungsi tersebut dapat dilihat dalam berikut ini :

Tabel 2.2 Fungsi Khusus Pada Port 3

Sumber : Data Sheet Atmel ATBYS51, halaman 3

Nama Fungsi Khusus

Penyemat

Port 3.0 RxD (port masukan serial)

Port 3.1 Tx} (port keluaran serial )

FPort 3.2 /INTO {masukan interupsi eksternal 0)
Port 3.3 /INT1 {masukan interupsi eksternal 1)
Port 3.4 TO  (masukan pewaktu eksternal ()




| Port 3.5 Tl (masukan pewaktu cksternal 1)
Port 3.6 MWR (sinyal tulis memori data eksternal)

Port 3.7 /RD  (sinval baca memori data eksternal)

4. Pin |8 sampai 19. X-TAL ! dan X-TAL 2
X-TAL 1 mecrupakan masukan ke rangkaian osilator infernal sedangkan
X-TAL 2 keluaran dari rangkaian osilator infernal. Untuk keperluan ini
diperlukan kapasitor penstabil sebesar 30pF. Dan nilai dari X-TAL
terschut antara 3 — 33 Mhz. Untuk lebih jelasnya dapat dilihat gambar

pemasangan X-TAL serta kapasitor yang digunakannya.
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Gambar 2.3 Osilator Eksternal ATE9551

5. Pin 20, GND (Ground )
Dihubungkan dangan growsd rangkaian.

6. Pin 21 sampai 28, Port 2
Port 2 berfungsi sebagai 8 bit YO Bi-directional yang dilengkapi dengan
internal Pull-Up Penyangga keluaran port 2 dapat memberikan alau
menyerap arus empat masukan TTL (sckitar 1,6 mA) Jika diberikan logika

‘17 pada pin — pin port 2, maka masing — masing pin akan di Pull High




s

sccara internal sehingga dapat digunakan sebagai input-an. Sebagal input-
an jika pin — pin port 2 dihubungkan ke ground (di Pull-Low), maka,
masing — masing pin dapat menghantarkan arus karena di Pull High secara
irternal, Port 2 mengeluarkan alamat bagian tinggi (A8-AlS5), sclama
pengambilan instruksi dari memori program eksternal dan  selama
pengaksesan memori dala eksternal yang menggunakan perintah dengan
alamat 16-bit (dengan perintah “MOVX @DPTR").

Pin 29, PSEN {Program Store Enable)

Pin ini aktif rendah yanp merupakan strobe pembacaan ke program
memuor cksternal.

Pin 30, ALE (Address Latch Enable) | PROG

Keluaran ALE menghasilkan pulsa — pulsa untuk menahan alamal rendah
(AD-A7) pada port 0, selama dilakukan proses baca atau tulis memori
external. Pin ini jupa berfungsi sebagal masukan pulsa program (PROXG)
selama pemrograman EEPROM external. Pada operasi normal, ALE akan
berpulsa dengan laju 1/6 dari frekuensi kristal dan dapat digunakan
sebapail pewaktuan atau pendetakan (clocking).

Pin 31, EA / VPP (External Access)

Dapat diberikan logika rendah (grownd) atau logika tinggi (+5V). Jika
diberikan logika tinggi maka mikrokontroller akan mengakses program
dari ROM internal (CEPROM/ Flash Memori), dan jika diberikan logika
rendah maka mikrokontroler akan mengakses program dari memori

external vang berlokasi 0000h sampai FFTTh
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10. Pin 32 sampai 32, Port 0
Port () terdiri dari 8 saluran inpaf atau ougpf dua arah, tanpa internal
pull-up. Porl 0 merupakan bus alamat rendah (Ag — A7), vang dimultipleks
dengan saluran bus data (D0-D7), yang digunakan pada saat mengakses
memon data external dan memori program exferil.
11. Pin 40.VCC
Merupakan masukan catu daya 5 volt dengan toleransi kurang lebih

10%.

2.2.4. Organisasi Memori
Organisasi vang dimiliki oleh AT89S51 yang terdiri atas
1. RAM Internal
Memori sebesar 128 byfe yvang biasanya digunakan untuk menyimpan

variabel atau data vang bersifat sementara. RAM internal terdiri atas :

o Register Bunks
AT89551 mempunvai delapan buah register yang terdiri atags RO hingga R7.
Kedelapan register ini selalu terletak pada alamat 00H hingga 0711 pada setiap
kali sistem direset. Namun posisi RO hingga R7 dapat dipindah ke bank 1 (08
H hingga OFH). hank 2 (10H hingga 17H) dan bank 3 (1811 hingga 1FH),
dengan mengatur bit RS0 dan RS1.

o Bif Addressable BAM

12




RAM pada alamat 20H hingga 2F1 1 dapat diakses secara pengalamatan bif (bif
addressable) sehingga hanva dengan sebuah
instruksi saja setiap hif dalam arca ini dapat diset, clear, AND, OR.
RAM keperluan umum
RAM keperluan umum dimulai dari alamat 30H hingga 7FH dan dapat
diakses dengan pengalamatan langsung maupun tak langsung. Pengalamatan
langsung dilakukan ketika salah sal operand merupakan bilangan yang
menunjukkan lokasi yang dialamati.
. Special Function Register
Register lungsi khusus (Special Function Register) terletak pada 128
hyte bagian atas memori data internal dan berisi register-register untuk
pelayanan latch port, timer, program status words, conirol peripheral dan
sebagainya. Alamat register fungsi Khusus ditunjukkan pada Tabel 2-3.
Register-register ini hanva dapat diakses dengan pengalamatan
langsung. Fnam belas alamat pada register fungsi khusus dapat dialamati
perbit maupun pet-fyte dan terletak pada alamat 80y-FFy;. Secara perangkat

keras, register fungsi khusus ini dibedakan dengan memori data internal.

Tahel 2.3 Special Function Register

Sumber ; Hafindo Elekironic & Education, Malang, 2001

Nilai Pada Saat

Simbol Nama Register Alamat
Reset

ACC Aceumulator a0y EQy
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DPTR
NPl

' DPH
PO

P1

P2

P3

1P

TMOD
TCON
THO
TLO
Tt
TL1
SCON
SBUF

PCON

Register 3

Program Status Word
Stack Pointer

Data Pointer 2 Byte

Bit rendah

Bil Tinggi

Part ()

Port 1

Port 2

Port 3

Interupt Periority Control
Interupt Enable Control
Timer/Counter Mode
Control

I'imer/Counter Control
Timer/Counter 0 High
Control

Timer/Counter 0 Low
Control

Timer/Counter 1 High
Control

Timer/Counter | Low

Control

00y,
00y

074

00004
0000
OFFu
OFE),

OFFR

| OFF

HXX00000,
OXX0000Ug
00y,
00w
0y,
00y
00y
00y
Othy

Independen

17k
DOy

81n

82n
83
80y
90,
Aly
Bl
DRy
A8y
&9y
884
8CH
RAY
8D
5By
084
Q9

B74

14




| Serial Control
Serial Data Buffer

Power Control

Beherapa macam register fungsi khusus yang sering digunakan adalah

schagal berikut ini -

Accywmudator (ACC) merupakan register untuk penambahan  dan
pengurangan,  Perintah  mnemonic  untuk  mengakses  akumulator
disederhanakan sebagai A.

Register B merupakan regisier khusus vang berlungsi melayani operasi
perkalian dan pembagian.

Program Status Word (PSW) yang terletak pada alamat DOH terdiri dari
heberapa bir status yang menggambarkan kejadian di  akumulator
schelumnya. Yailu carry bit. auxiliary carry, dua bit pemilih bank,
bendera overflow, parity bit, dan dua bendera yang dapal didefinisikan
sendiri oleh pemakai. Keterangannya sebagai berikut :

I'lag Carry

Flag Carry (icrletak pada alamat D7H) mempunyai lungsi sebagai
pendeteksi terjadinya kelebihan pada operasi penjumlahan atau lerjadi
pinjam (borrow) pada operasi pengurangan. Misalnya jika data pada
gecumulator adalah FFH dan dijumlahkan dengan bilangan satu alau lebih,

akan terjadi kelebihan dan membuat carry menjadi Set, sedangkan jika




data pada accumulator adalah D0H dan dikurangkan dengan bilanagan satu
atau lehih, akan terjadi pemimjaman dan membuat carry juga menjadi set.
Flag Auxilary Carry
Flag Auxilary Carry akan selalu Set pada saal proses penjumlahan terjadi
carry dari bit ketiga hingga bit keempal.
Flag O
Flag 0 digunakan untuk tujuan umum bergantung pada kebutuhan
pemakal.
Bit Pemilih Register Bank
Register Bank Select Bits (RS0 dan RS1) atau Bit Pemilih Register Bank
digunakan untuk mencntukan lokasi dari Repister Bank (RO hinpga R7)
pada memori. RS0 dan RS1 selalu bernilai nol setiap kali system direset

sehingga lokasi dari R0 hingga R7 akan berada di alamat 00H hingga O7I1.

Flag Overflow

Flag Overflow akan diset jika pada operasi aritmatik menghasilkan
bilangan yang lebih besar dari pada 128 atau Icbih kecil dari — 128.

Bit Pariti

Bit Pariti akan diset jika jumlah bit 1 dalam accumulator adalah ganjil dan
akan clear jika jumlah bit 1 dalam accumulator genap. Jika data dalam
accumulator adalah 10101110b atau AFH pariti akan discl. Data AEH

mempunyai lima bit vang berkondisi | atan dapat disebut mempunyai bit 1
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dalam jumlah yang ganjil. Bit parili ini digunakan untuk proses yang
berhubungan dengan serial port vaitu sebagai Check sum.

Stack Pointer (SP*) merupakan register 8 bit yang dapal dilctakkan di
alamat manapun pada RAM internal. 13i register ini ditambah sebelum
data disimpan. selama instruksi PUSH dan CALL. Pada saat reset, register
SP diinisialisasi pada alamat 07y, sehingga stack akan dimulai pada lokasi
08y

Data Pointer (DPTR) terdiri dari dua register, yaitu untuk byre tinggi
{Daia Pointer High, DPH) dan byte rendah (Data Pointer Low, DPL) yang
berfungsi untuk pengalamatan alamat 16 bit.

Port { sampai Port 3 merupakan register vang berfungsi untuk membaca
dan mengeluarkan data pada port 0, 1, 2. 3. Masing-masing register ini
dapat dialamati per-byte maupun per-bif.

Serial data buffer (SBUF) merupakan dua regisfer yang terpisah, regisier
buffer pengirim dan schuah register buffer penerima. Meletakkan data
pada SBUF berarti meletakkan pada buffer pengirim  yang akan
mengirimkan data melalui transmisi serial. Membaca data SBUF berarti
menerima data dari buffer penerima

Control Register terdiri dari register yang mempunyai fungsi kontrol.
Untuk mengontrol sistem interupsi, terdapat dua register khusus, yaitu
register IP (Interupt Priority) dan register |l (Interupi Enable). Untuk

mengontrol pelayanan  fimer‘counter terdapat register khusus, yaitu
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register  TCON (fimer/counter control) serta pelayanan port serial
menggunakan register SCON  (Sericd Pore Condrol).

Register Timer

AT89S51 mempunyai dua buah 16 bil Timer/Counter, yaitu Timer 0 dan
Timer 1. Timer 0 terletak pada alamat 8AI1 untuk TLO dan 8CH untuk
THO dan Timer 1 terletak pada alamat 8BH untuk TL1 dan 8DH untuk
THI.

Repister Interupt

89551 mempunyai lima buah interupsi dengan sua level prioritas interupsi.
Interupsi akan selalu nonaktif setiap kali system di — resel. Register —
register yang berhubungan dengan interrupt adalah Imferrupt Enabie
Register (IF) atau Register Pengaktil’ Inlerupsi pada alamat ASH uniuk
mengatur keaktifan tiap — tiap interrupt dan Interrupt Prionty Register (IP)

atau Register Prioritas Interupsi pada alamat BSH.

Register Port Serial

ATR9S5] mempunyai sebuah on chip verial port (serial port dalam
keping) yang dapat digunakan untuk berkomunikasi dengan peralatan lain
yang menggunakan serial port juga seperti modem, shift register dan lain —
lain.

Buffer (Penyangga) untuk proses pengiriman maupun pengambilan data

terletak pada register SBUF, yaitu pada alamat 99H. Scdangkan untuk
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menzatur mode serial dapat dilakukan dengan mengubah isi dari SCON

yang terletak pada alamat 9811

3. Flash PEROM

ATR9551 memiliki 4Kb fHash PEROM (Programmable and Erassable Read
Only Memori), yaitu ROM yang dapat ditulis ulang atau dihapus menggunakan
sebuah perangkat programmer hingga 1000 kali. Program yang ada pada Flash
PEROM akan dijalankan jika pada saat sistem di-reset, pin EA/VP berlogika satu
sehingga mikrokontroler aktif berdasarkan program yang ada pada Sflush
PEROMunya. Namun, jika EA/VP berlogika nol, mikrokontroller aktif berdasarkan

program yang berada pada memori external.

2.2.5. Mode Pengalamatan,
Mode pengalamatan yang digunakan pada AT89551 adalah sebagai berikut:

a) Mode pengalamatan segera (fmmediate addressing mode).
Cara ini menggunakan konstanta, misalnya: MOV A, #20H. Data
konstanta merupakan data yang menyatu dengan instruksi, contoh
instruksi tersebut diatas mempunyai arti bahwa data konstantanya yaitu
20H. (sebagni data konstanta harus diawali dengan *#7) disalin ke
akumulator A.

b) Mode pengalamatan langsung (direct addressing made).
Cara ini dipakai untuk menunjuk data yang berada di suatu lokasi

memeori dengan cara menyebut lokasi (alamat) memori tempat data
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d}

terscbut berada, misalnya: MOV A, 30H. Instruksi ini mempunyai arti
bahwa data yang berada di dalam memori dengan lokasi 30h disalin ke
akumulator. Bedanya dengan pengalamatan segera yaitu jika pada
pengalamatan segera menggunakan tanda “#° yang menandai 20H
sebagai data konstan, sedangkan pada instruksi ini tidak menggunakan
“#" sehingga 30H diartikan sebagai suatu lokasi memori.

Mode pengalamatan tidak langsung (indirect addressing mode).

Cara ini dipakai untuk mengakses data yang berada di dalam memori,
tetapi lokasi memori tidak disebut secara lungsung tapi di-‘titip’-kan
ke register lain, misalnya: MOV A, @R0. RO adalah register scrba
guna yang dipakai untuk menyimpan lokasi memori, sehingga
instruksi ini mempunyai arti memori yang alamat lokasinya tersimpan
dalam RO isinva disalin ke akumulator A. Tanda *@’ dipakai untuk
menandai lokasi memori vang tersimpan di dalam RO, Register scrba
euna RO berfungsi sebagai rcgister penyimpan alamat (indirect
address), selain RO register serba guna lainnya, R1 juga bisa dipakai
sehagai register penampung alamat.

Mode pengalamatan register (regisfer addressing mode).,

Misalnya: MOV A, RS instruksi ini mempunyai arti bahwa data
dalam register serba guna RS disalin ke akumulator A, Instruksi ini
menjadikan register serba guna RO sampai R7 schagai tempat

penyimpanan data yang praktis dan kerjanya sangat cepal.
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¢} Mode pengalamatan kode tidak langsung (code indirect addressing
mode).
MCS51 mempunyai cara penyebutan data dalam memori program
yang dilakukan secara tak langsung. misalnya: MOVYC A,
@A+DPTR. Insiruksi MOV diganti dengan MOVC, tambahan huruf
(' tersebut dimaksud untuk membedakan bahwa instruksi ini
digunakan unwk memor program (MOV tanpa huruf C arlinya
digunakan untuk memori dats). Tanda *(@’ digunakan untuk menandai
A-DPTR yang berfungsi untuk menyatakan lokasi memori yang iginya
disalin ke Akumulator A, dalam hal ini nilai yang tersimpan dalam
DPTR (Data Pointer Register — 2 byle) ditambah dengan nilai yang
tersimpan dalam akumulator A (1 byte) sama dengan lokasi memorn

program yang diakses.

2.3, Remote

Berfungsi sebagai Sebagai pengonirol. Dun Remote yang di gunakan
Remote dengan format data Sony yang mempunyai panjang data schanyak 12 hit.
Sinyal control inilah yang nantinya akan menjadi masukan untuk unit pemproscs
ATE9S51. Penerima sinyel Remote menggunakan IR reciver pabrikasi vang telah
berfungsi untuk menerima sinyal dengan frekwensi sinyal Remote Tv Sony yailu

40 KH=z.
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Tabel 2.4 Data Remote Sony

“Tombol | Fexs 1 Tombol ] Hesn |
N N ESTETT S
N
4 =083 AR
— | o - 1
— 1 = | =
1 e
[ =ORY
T e —
Frow Lol L
T I

Dimana data vang untuk di gunakan untuk mencmbak oleh modul ini adalah
sama dengan penekanan tombol “17 pada remote sony. Pengguna dapat mencoba
dengan menembakan tombol ©17 pada sensor. Oleh karna itu data yang harus
dimodulasikan oleh modul adalah data 80h. Data tersebut di kirim secara serial
dalam bentuk pulse code modulation dimana logika 0 di wakili oleh logika 0 dan
logika | yang pendek sedangkan logika O diwakili oleh logika 0 panjang dan

logika | untuk yang pendek scperti pada gambar 2-3 berikut:
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Gambar 2.4 Bentuk Sinyal Remote Tv Sony

Namun sinyal PCM ini tidk dapat di kirimkan langsung ke LED infrared
melainkan terlebih dahulu melalui proses modulasi dengan sinyal carrier 40 KHz
sehingga lampak seperti pada gambar di atas logika 0 dari hasil PCM akan diubah

menjadi sinyal 40 K11z dan logika | diubah jadi logika 1 biasa.

2.4.1IRM (Infra Red Receiver Module)

Inframerah Receiver Module vang lebih dikenal dengan modul infra merah,
menerima gelombang infra merah dengan panjang gelombang 107 — 10" m dan
frekwensi sehesar 10" — 10" Hz. dengan frekwensi carrier 38 40 Khz.

Proses penerimaan pada prinsipnya sama dengan proses fotodinda dan sudah
terintegrasi bersama satu komponen IC, dimana pada fotodioda terdapat smatu
jendela kecil yang memungkinkan cahaya luar dopat masuk dan mengenai PN
junction. Pada keadaan normal fotodioda berlaku scbagai dioda biasa yang dapat
menghantarkan arus listrik dari anoda ke katoda, numun mempunyai tahanan balik

vang besar. Bila cahaya luar mengenai junction fotodiods, maka tahanan balik
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akan mengecil dan menimbulkan arus balik. sehingga fotodioda berlaku sebagai
dioda yang balik atau dibias reverse.

Sernakin besar intensitas cahaya yang diterima, maka semakin besar pula
arus balik vang ditimbulkannya. Bila energi foton diserap dalum suatu
semikonduklor, maka akan dihasilkan pasangan clektron-elektron dan hole-hole
yang telah dibangkitkan oleh foton vang saling memisahkan diri karena pengaruh
medan listrik. Dimana elektron-¢lektron akan menuju sisi N dan hole-hole menuju
ke sisi P, schingga dihasilkan arus dari katoda menuju anoda. Arus balik yang
dihasilkan sebanding dengan sinar yang diserap. Karena pengaruh suhu junction
vang lebih tinggi menciptakan lebih banyak pasangan elektron-hole, sehingga

mengakibatkan aliran arus balik yang melewati junction bertambah.

O
1]

Gambar 2.5 Simbol Infra Red Receiver Modul (IRM)

2.5.Limit switch Max — Min

Limit switch ini adalah suatu komponen detector manual atau panic switch,
Komponen ini merupakan yang paling sederhana sekali dimana dalam
memperoleh respon dariluar sangat mudah dan hanya mempunyai dua posisi yaitu
NO (normaly open) jika hanya dalam posisi normal artinya tidak ada respon dari
luar dig skan mempunyai kendisi wrbuka (off), dan jika NC {normaly close)

adalah dalam posisi normal dia akan terkondisi (on).
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2.6. Sensor Asap Rokok AF 30
Berfungsi sebagai Pendeteksi asap  tokok dalam ruangan. Sensor asap AF30
memiliki sensisifitas tinggi atau kepekaan yang tinggi dan rangkaian yang simple

sepetti pada gambar berikut:

Gambar 2.6 Rangkaian Sensor AF3(
Deskripsi :
s Sensor gas ini lerbuat dari element film yang tebal.
Kelebihan :

Konstanl Heater Voltage.

Tahanan Yang Kecil.

Sensivilas yang Tinggi,

Dengan Type aplikasi sebagai pembersih udara.
Bekerja pada emperatur =10 ~ +55°C,

Pada circuit VC bekerja pada voltage 5V De.
Tahanan Heater 27 Ohm.

Resistor RL Variabel.
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Gambar 2.7 Dimensi Dan Configurasi Pin
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Gambar 2.8 Grafik kerja pembacaan sensor

2.7. PCF8591

PCH859] adalah suatu chip tunggal buatan philip semikonduktor.dengan
empat inputan analog data 8 bit CMOS dengan power supplay rendah, salu out
putan analog dan suatu serial penghubung 12C bus. Tiga empat pin AD,Al dan
A2 di gunakan unluk memprogram perangkal keras (hard warc). Dan pada
perencanaan ini Ic PCF8591 digunakan sebagai ADC untuk scnsor AF30.
Adapun bagian spesilikasinya berikut:

e Seral /0 via [2C bus.

s Terdapat 3 pin alamat dari hard ware.
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e [nputanya Diffrensial.
s Analog input 4 chanel 8 bit.
s Analog output 1 chanel 8 bit.

e Input range tegangan 0V — 2.5V,

Adapun gambar dari lc PCF5891 seperli pada gambar berikut :

: ATHO VOD | #
—— ADN AOUT —
— AD1 VERF ——
T ADD HOND —
=N Bl
1 A o% —5;
T B L —3
—_— Vit DA
PCF8531

Gambar 2.8 Pin PCFB931

2.8. Keypad

Keypad merupakan salah satu sarana untuk memasukkan suatu data ke
komputer ztan minimum sistem. Lntuk rangkaian keypad dalam tugas ahkir ini
digunakan keypad matrik 4 x 3.

Keypad matrik 4 x 3 merupakan susunan 12 tombol membentuk keypad
sebagai sarana masukan ke mikrokontroller, meskipun jumlah tombol ada 12 tapi

hanya memerlukan 7 jalur port pararel, scpetti terlihat dalam Gambar 2-8 berikut:
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Gambar 2.9 Keypad Matrik 4 x 3

2.9, LCD (Liquid Cristal Display)

Liguid Cristal Display adalah modul tampilan yang mempunyai konsumsi
daya yang relatif rendah dan terdapat sebuah kontroler CMOS didalamnya.
Kontroler tersebut berlungsi sebagai pembangkit ROM / RAM dan display daia
RAM. Semua fungsi tampilan dikontrol oleh suam instruksi, modul LCT) dapat
dengan mudah diinferfucekan dengan MT'LL

LCD yang digunakan dalam skripsi ini adalah 1.CD yang memiliki

kemampuan sebagai berikut:

o Meliputi 32 karakter yang dibagi menjadi 2 baris dengan display dot
matrik 5 x 7 ditambah cursor.

» Karakter penerator ROM dengan 192 karakter,

e Kurakter generator RAM dengan 8 tipe karakter.

« Dilengkapi fungsi tambahan yaitu display clear, cursor home, display
ON/OFF, cursor ON/OFF, display characier blink, cursor shift dan
display shifi.

s [nternal data.




o 80 x 8 hir display data RAM.
» Dapat diinterfacekan dengan pC 8 atau 4 bif.
« Internal olomatis dan reset pada power ON.

s+ 5 volt power supply tunggal.

Gambar 2.10 Bentuk fisik dari LCD ( Liquid Cristal Display )

2.10. Meotor DC

Miotor arus searah { DC ) adalah suatu mesin yang berfungsi mengubah
energi listrik menjadi energi mckanik. Dasar prinsip keja motor DC sebenarnya
sangal mudah, hanya saja kita sering dibingungkan dengan konstruksi mesin

yang agak Tumit.
2.10.1. Prinsip kerja Motor DC Satu Arah
Prinsip kerja motor arus searah didasarkan pada penghantar yang membawa

arus ditempatkan dalam suatu medan magnet, maka penghantar tersebut akan

mengalani gaya. Gaya menimbulkan torsi yang menimbulkan lorsi yang
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menghasilkan rotasi mekanik, schingga motor akan berputar. Dialam sistematika

kerjanya bisa disimpulkan sebagai berikut:

1. Adanya garis — garis paya medan magnet  fluks ) anatara kutub yang
berada di stator
2. Penghaniar dialiri arus ditempatkan pada jangkar dalam medan magnet

3. Pada penghantar timbul gaya yang menghasilkan torsi

1 L
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Gambar 2.11 Medan yang dihasilkan oleh kutub
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Gambar 2.12 Medan schagai hasil arus yang mengalir pada penghantar
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Gambar 2.13 Interaksi kedua medan menghasilkan gaya
Gambar di atas vaitu Terjadinya rotasi motor arus searsh sebagal interaksi
.miara medan magnet yang dihasilkan oleh kutub pada stator dan medan magnet
yang dihasilkan oleh arus yang mengalir pada penghantar,
Persamaan vang mendasari prinsip kerja motor DC
|. Persamaan gaya pada kawat berarus listrik dalam medan magnet.
E=i(lxB)
dimana :
F = gaya pada kawat
I — arus vang mengalir pada kawat
I. = panjang kawat
B = medan magnet
2. Persamaan tegangan induksi pada kawal berarus listrik yang bergerak
dalam medan magnet
ga={vx 1)l
dimana
ey = tegangan induksi pada kawat

v = kecepatan putar kawal




B = vector medan magnetl
L = panjang kondukior dalam medan  magnet
3. Hukum tegangan Kirchoff
Vo— iR —€pa=0

V= &nat iR

Pada proscs kerja motor DC, keempal persamaan lersebut saling lerkait
dan berkesinambungan. Proses kerja dapat disimpulkan sebagai berikut :

1. Penutup saklar { memberi legangan } menghasilkan aliran listrik
[=Vg/R

7. Mengalirnya arus menghasilkan gaya pada lilitan kawal T = Bil

3. Lilitan kawat bergerak kesamping (kanan). menghasilkan tegangan induksi
yang herimbas pada kecepatan

4. Tegangan induksi menaikanarus i={( Vp—&m }/ R

5. Gaya induksi menurun ( F = i 1 B ), sampai mendekati F = 0. Pada keadaan
terscbut, ¢g = Vs . 1 = 0, dan lilitan berputar konstan dengan kecepatan

EET e heban Ve = Wi { B

2.11. RELAY
Relay adalgh  suatu perangkat  switch  yang dioperasikan  gaya
clektromaknetik ( magnet permanen ) alad di sehut juga komponen

glekromekanis.




Relav biasanya digunakan untuk pensaklaran khusus ( misalnya pemutusan
daya dengan remote ). Keuntungan dari pemakaian relay umumnya terletak pada
pengaturan switching daya / tegangan tinggi, dengan caiu daya rendah schingga
terdapat isolasi antara catu daya relay yang relative rendah dengan catu beban
yang tinggi vang akan di putus sambungkar. Kerugian relay umumnya terjadi
efek “bouncing’ dan tanggapan waktu ( respon time ) saat on tau oll yang
relative lebih lambat. kontroksi relay :

Semua relay elektromaknetik terdapat tiga bagian utama, yaitu :
a. Koil magnet ( Kumparan penggerak magnetisasi )
b. Hubungan dari kumparan transformasi keierminal keluaran (out put )

¢. Perubahan kondisi saklar { on atau off ), selama knmparan berenergi.

Gambar 2.14 Dasar Kerja Relay

Bagian kontak rclay dapat dipakai sebagai :
a.Pole ( kutub utama )
b. Trow { Kutub Pelepasan )

¢.Posisi Normal ( Normally Open alau Normally Closed ).

Misalnya sebugh relay dengan parameter SEST ( Singgle Pole Singgel

Throw ), NO, ( Normally Open ), DM ( Double Male ), artinya : relay dengan 1
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induk 1 anak. pada keadaan normalnya terbuka ( OFF ), dengan kontak
penyambungan ganda, Klasifikasi Relay
Relay di kelompokan dalam tiga hagian menurut pemakaian dan kegunaannya,
Yaitu :

|. Pemakaian umum  : ( General Purpose ), contoh : Relay AC. rclay nc

7 Pemakaian khusus  : ( Specific Puspose ), contoh : DLL relay.

1. Pemakian Terbatas  : ( Define Purpose), contoh : reed relay, kontakior.

Sedangkan menurut kemampuan yang spesifik, relay dapat di kelompokkan
sebagal berikut:
a Marging  : Kemampuan vang baik dalam mengambil atau melepasmkan
arus listrik ( Pick up and drop —out carrent ).
b. Timing, . Kemampuan dalam waktu pelepasan kontak ( release time),
waktu perlambatan ( delay time ). dan waklu lainya.
¢. Sensitivity : Kemampuan dalam sensitifitas { kepekaan ) dalam
mengambil atau melepas arus listrik pada operasi normal.
d. Letching  : Kemampuan dalam urutan perioda switctingnya.
¢. Sequencing : Kemampuan dalam urutan perioda switetingnya
f, I'requency sensitivity @ Kepekaan perioda frekwensikerja relay
{ Khususnya relay AC ).
g. Thermal Response 1 Kemampuan alcan temperaturnya akan kerja dari

Kumparan saal operasi.




BAB III

PERANCANGAN HARDWARE DAN

SOFTWARE

Rah ini akan membahas teniang perencanaan dan perancangan alat yang

meliputi petencanaan perangkat keras (Hardware)

dan perangkat lunak (Software)

dari sistern pengaturan kerja motor untuk dinding Interoir Tv dan Mgja kerja,

Buka dan tutup korden. Pengaluran sistemt kerja sensor asap dan Pengaturan

Hidup matinya lima lampu dalam ruangan. Perancangan sccara keseluruhan dapat

dibagi menjadi dua bagian, yaitu :
1. Perancangan Hardwarc

2 Perancangen Software

1.1 PERANCANGAN HARDWARE

Blok diagram sistem gsehugai berikul :

Lo
Srges
R — == -t & N
| Aemos | o MocueiR —
e ]
Ut weiben |
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Gambar 3.1 Diagram Blok Sistem
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Nari gambar blok diagram 3.1 dapal dijelaskan cara kerjanya secara umum

Komponen - komponen dan Fasilitas pada blok diagram secara kesluruhan

dapat di kontrol dengan remote dan sebagian Iasilitas dapat diatur secara manual.

Dan fumgsi dari masing — blok sebagai berikut:

l.

Remote sebagai pengontrol atau pengirim intruksi  dengan
menggunakan remote v sony.

Module IR rangkaian penerima intruksi dari remote  untuk
menjalankan system atau perinlgh pada tiap — lap fasilitas sesuai

dengan perintah vang di lerima.

. Limit Switch Max-Min sebagai pengatur motor pengerak pada motor

dinding dan motor korden jelasnya untuk pembatasan pergerakan
motor kapan harus bekerja dan berhenti.

Sconsor Asap AF30 digunakan sebagai pendeteksi adanva asap dalam
TUEANZAN,

PCF 8591 digunakan untuk mengubsh tepangan analog menjadi
tcgangan digital sebagai inputan dari sensor asap AF30 untuk proses
penerimaan pada Mikrokontroller.

Keypad digunakan untuk tombol pengaturan intruksi dun seling point
batas pendeteksian kelebalan asap dalam ruangan yang di tenima dari
sensor asap A0 untuk menjalankan proses keia FAN schagai

penganti blower.

36




7.

1.

1.

12.

14.

15.

Liguid Crystal Display (LCD) digunakan untuk menampilkan data
yang telah diproses oleh mikrokontroler AT89851 dan intruksi dan
Keypad.

Driver Motor Dua Arah sebuah rangkaian penggerak motor satu arah
di jadikan duarah putar searah jarum jam dan kebalikan arah jarum jam

dengan system kerja rangkain ini membalikan polaritas.

Motor Korden digunakan schagai pengerak korden.dengan cara
kerjanya buka tutup korden.
Motor Pemutar Dinding Interior Tv menjadi Ruang kerja, putaran

roda pada motor mengerakan dinding Interior Tv dan Meja Kena
dalam satu dinding vang saling membelakangi berputar berputar
dengan menapak pada lantai.

Driver Relay suatu rangkaian pengatur proses kerja relay.

Relay suatu perangkat switch yang dioprasikan gaya elektromagnetik,
pada blok system ini relay digunakan untuk pensaklaran khusus

mematikan dan menghidupkan lampu menggunakan remote.

. Lampu digunakan untuk penerangan ruangan yang melanjutkan proses

ahir dari driver relay yang di intruksikan dari remote.

Driver Fan berfungsi sebagai rangkaian pengatur kerja fan untuk
menghisap, apabila terdeteksi adanya asap dalam ruangan.

Fan digunakan untuk menghisap asap dalam ruangan yang bekerja
setelah melalui proses dari driver fan dan intruksi dari proses awal

pendetcksian sensor asap.
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16. Mikrokontroler AT89S51 digunakan schagai pengolah daia hasil
pembacaan dari intruksi yang diterima kemudian dikirimkan pada tiap

— tiap blok scsuai intruksi yang diterima,

312. Perencanaan Penggunaan Remote Tv Sony Triniton 827 s

Dalam perencanaan alat ini mengunakan remote Tv Sony Triniton 827 s
karena remote Tv Sony lebih mudah untuk mendukung kebutuhan alat ini, Pads
perencanaan ini membuluhkan beberapa tombol untuk mengendalikan fitur — fitur

alat sesuai kebutuhan, demikian gambar remote Tv sony:

Gambar 3.2 Remote Ty Sony

Tabel 3.1 Fungsi Tombel Remote

TOMBOI. FUNGSI TOMBOL

1 Lampu On 1
2 ' Lampu On 2
3 Lampu On 3

I 4 Lampu On 4
5 Lampu On 5 L
6 Larnpu OfT 1 ]
7 Lampu OfT2
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8 ' Lampu Of1 3 Ei
B 9 Lampu Off 4 ]
i 0 Lampu Off 5
+ Prog Buka Korden
- -Prog Tutup Korden
+Vol Putar Ruang Meja Kerja
- Vol Tutup Ruang Meja Kerja
1- l.ampu Semua On
2 Lampu Semua OHf |

Dari petencanaan penggunaan remol Tv Sony demikian setingan tombol
_ tombol yang akan dipergunakan, untuk mengendalikan fitur — fitur yang ada

pada alat tanpa harus mengendalikan secara manual.cukue dengan jarak jauh.

13. Perencanaan Rangkaian Sensor Asap AW30 Dan IC PCF 8591 Sebagai

ADC (Analog to Digital Converter)

Sensor asap tipe AF30 pada perancangan alat ini berfungsi untuk
pendeteksi adanya asap rokok yang mjusanya agar menjaga kebersihan udara
dalam ruangan apabila pengguna  merokok dalam rusngan tidak terjadi
pemenuhan asap rokok  dalam ruangan. Karena terdeteksi oleh sensor AF30
berupa tegangan Analog.

[Dan pada perancangan rangkaian sensor ini dibutuhkan ADC (Analog o

Digital Converter) untuk pengolahan data pada Mikrokontroler AT8955] maka




digunakan le PCF8591 yang memiliki empat inputan analog data 8 bit CMOS
satu chane! outputan analog 8 bit dengan power suplay rendah dan suatu serial
penghubung I12C bus. Sensor asap AI30 memiliki 4 pin, pin | dan 3 diberi
tegangan inputan 5V pin 2 terhubung dengan ground dan pin 4 diberi tahanan luar
10K kemudian dihubungkan pada pin input Ie PCI'8591.

Pembacaan intruksi vang di terima semsor dan di proses oleh ADC
kemudian dilanjutkan oleh Mikrokontroler AT89551. dari gambar le PCI8591
kaki keluaran yang diberi tahanan luar dari pin VDD masing — masing 10K, Vref
dan VDD diberi tegangan 5V kemudian dihubungkan pada Mikrokontroler pada

pin 16-17. dan rangkaian dari sensor AI'30 dan ADC Te PCFB591 seperti pada

gambar berikut :
VSV SV
ki I s 1 o e LI S
I o o o e B
- hom ut!r~—.|]-!-—; =
v ) — a0 soeD —p—— 1K
AFM T M DL — |
{= B o —p— |
N P L NS B K
10K L o e 1 e
P | |
= PCFEE0] =

Gambar 3.3 Rangkaian Sensor Asap AF30 Dan ADC
Dalam mikrokontroler data vang diterima lalu diolah untuk dilajutkan oleh
rangkaian Fan (Driver Fan) untuk menjalankan Fan agar berputar menghisap asap
dalam tuangan, pada rangkaian menggumakan Transistor 9012 PNP dan 9013
NPN dua tahanan 10K dan 1K kemudian dioda 1A untuk pengaman apabila ada

arus balik. Demikian gambar perencanzan rangkaian driver Fan:
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Gambar 3.4 Driver Fan
Rangkaian driver fan ini sama dengan rangkaian pendukung lainnya untuk
menghubungkan fan dengan mikrokontroller yang di hubungkan dengan port2
pada mikrokontroller.

Mengcari | dari R yang telah ditentukan pada driver fan :

Dik :
Ebl = 10 kL2 I¢c1 —=1Ibl . Hfe
Rb2 — 1 ki) =043 . 60{data sheet)
Trl PNP 9012 (Hle -70) =25, 8mA
Tr2 NPN 9013(Hfe -70} Ty =Lt PEaNene
Vhe (saturasi) = 60 {data _ 387
sheet) _
— 4 3ImA
™l = 1T="ha SRR
e 2 =Tb2 . Hfe
el =43 . 60(data sheet)
=0.43mA =258m
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34. Perencanaan Driver Motor De

Untuk motor De satu arah memiliki prinsip dasar dengan mengubah energi
listrik menjadi cnergi mekanik, scsuai kebutuhan alat ini mengunakan motor D
dua arah maka dari itu di rancang sebuah rangkaian untuk membalikan polaritas
agar motor De dapat berputat searah jarum jam dan berlawanan arah jarum jam
dengan ini rangkaian mengunakan lc 1298 untuk merubah system kerja motor
De.

Pada rangkaian driver motor De port Vs diberi tegangan masukan 12V
untuk port Anable A-B dan Vss Tegangan masukanya 5V Port Input 1-4 pada Ic
[,298 dihubungkan pada mikrokontroler. Dan port output 1-4 dihubungkan untuk
motor pemutar dinding Interior Tv dan meja kerja yang men apak pada lantai, dan
Untuk motor pengerak buka tutup korden.

Untuk jelasnya tiap — tiap port Tc L298 dapat dilihat pada skema driver

motor Do pada gambar berikur

Mk

Gambar 3.5 Driver Motor De




Demikian gambar perencanaan motor de untuk pemutar dinding :

Gambar 3.6 Motor Pemutar Gambar 3.7 Motor Pengerak
Dinding Korden
Demikian karakterisik Ic L298

1 .operasi tegangan hingga 46v

2.total current DC hingga 4A

3.overtempcratur proteksi

4.logic™0” input hingga |.5v (high nois immunity)
3.5, Perencanaan Rangkaian Keypad 3x4

Untuk memasukkan data pada Mikrokontroler ATRIS51 keypad. Keypad

matrik 4x3 merupakan susunan 12 tombol membentuk keypad sebagai sarana
masukan ke Mikrokontroler, meskipun jumblah tombol ada 12 tapi hanya

memerlukan 7 jalur port pararel, seperti pada gambar berikut
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Gambar 3.8 Keypad Matrix 3 x 4
Dari gambar di atas dapat diperoleh 12 kemungkinan output dapal
ditenukan Tungsi dar setiap tombol. Keluaran data dari penekanan tombol
dihubungkan langsung pada Mikrokoniroler AT89531 untuk pilihan pengaturan
seting point pada keypad tombol (%) digunakan sebagai tombol cancel, (#)
digunakan untuk torbol menu atau enter untuk seting point dan ADC. Kemudian

tombol {1.2.3.4.5,6.7.8.9.0) tetap untuk memasukan nilai atau angka.

3.6. Perencanaan LCD (Liquid Crystal Display)

Untuk menampilkan semua intruksi dari keypad. maka dalam perencanaan
ini dipunakan L1 M1632 karena 1.C1) adalah modul tampilan yang mempunyi
konsumsi daya yang relative rendah dan terdapal sebuah kontroler CMO5
didalamnya dan kontroler tersebut berfungsi sehagai pembangkit ROM/RAM dan
display data RAM karcma fungsi tampilan dikontrol oleh suatu intruksi, agar
modul [,CD dapat dengan mudah di interfacekandengan MPU.dan perencanaan

LCD seperti pada gambar berikut :
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Gambar 3.9 LCD M1632
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Pada gambar diatas kaki-kaki LCD MI1632 yang terhubung dari port
Mikrokontroler PO — P7 ke kaki DBO - DB7 pada LCD kemudian port 26 — 27
dari mikro terhubung dengan kaki Rs dan E pada LCD. Tambahan dioda external
yung lerhubung ke VI BL pada LCT) dengan tegangan masukan 3V port V-BL
dihubungkan ke ground kemudian kaki Vss dan RW  diberikan tahanan cksternal
1K dengan tegangan masukan 5V,

3.7. Percncanaan Rangkaian Clock

Mikrokontroller AT89S51 membutuhkan sinyal clock untuk berpindah
dari satu kondisi ke kondisi yang lain, sebab dalam perancangan perangkal
lunzknya perpindahan dari satu state ke state yang lain dieksekusi jika ada clock.

Perencanaan clock ini menggunakan Crystal 12MHz dua buah capasitor
33pF vang terhubung dengan kaki dari Crystal dan rangkaian ini dihubungkan ke
kaki 18 — 19 pada Mikrokontroller. dalam perencanazn alat ini clock diprogram
pada 12 KHz. rangkaian clok ini digunakan sehagai pemicunya. Dan rangkaian

clock seperti pada gambar berikut ©
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Gambar 3.10 Rangkaian Clock
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3.8. Perencanaan IRM (Infra Red Recciver Modul).

Untuk perancangan IRM digunakan IRM 8510 karena IRM dapat
menerima panjang gelombang imfra merah 10 — 10 m dan frekwensi sebesar 10 —
19 1z, dengan frekwensi carrier 38 — 40 KHz, Karena proses pencrimaannya pada
prinsipnya sama dengan proses [otodioda yang terinlcgrasi  bersama  salu

komponen le. Perencanaan IRM dapat dilihat pada gambar berikut :

5V
e _:_LIZ:.
—L

RIS L0

11158

Gambar 3.11 IRM 8510

39. Perencanaan Rangkaian Driver Relay Menggunakan I¢ PCF8574
Rangkaian ini mecrupakan rangkain tambahan untk mengontrol Relay
karena terbatasnya port pada mikrokontroller sehingga dapal dihubungkan dengan

mikrokontroller AT89S51.




Rangkaian ini mempunyai Spesifikasi sebagai nberikut:

1. Operating supply 2.5V to 6V

2. Low Standby current

3. I2C to parallel port

4. Open drain interrupt output

5. Kompotibel penuh terhadap mikrokontroller

6. Address by 3 hardware address pin

Dan rangkaian ini berfungsi untuk mengontrol nyala lampu dan mematikan
lampu melalui Remote. Dan Rangkaian driver ini menggunakan lc PCF 8574

vang lerhubung ke mikrokontroller. Seperii pada gambar berikut:
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Gambar 3.12 Rangkaian Driver Relay Menggunakan Te PCFB574
Relay dihubungkan pada IC PCF8574 sebagai rangkaian tambahan karena

kurangnya port mikrokontroller yang dihubungkan pada port 5.0 dan port 3.1.
Rbl = 10 kf2
Rh2 = 1 k£}

Trl PNP 9012 (Hfe -70)
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Tr2 NPN 9013{11fe -70)

Vbe (saturasiy = 60 (data sheet)

to B EI:i"L-

=

= 0. 43mA

Icl =Ibl . Hie
=43 . 60{data sheet)
—25.8mA

“l? =t V=Taa& FATRFaN

Ie2 =Tb2 . Hife
=43 ., 6i){data sheet)

= 258mA
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Gambar 3.13 Flowchart Sistem Sensor Asap AF30
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Gambar 3.15 Flowchart Sistem Buka Tutup Korden
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BAB IV

PENGUJIAN DAN ANALISA

Pada bab ini membahas cara pegujian dan analisa dari alat yang dirancang,
sehingga dapat diketahui apakah alat tersebut dapat bekeria sesuai dengan yang
telah direncanakan, Dalam rangka pengujian alat tersebut diuraikan percobaan
yang dilakukan untuk mengetahui respon dari keseluruhan alat vang telah
dirancang.

Untuk mengetahui kemampuan alat dan sistem kerja sesuai  dengan
program yang telah dibuat maka dilakukan pengujian pada alat dan sistemn kerja
alal dengan prosedur pengujian schaga berikut:

1. Pengujian perangkat keras (Hardware)

2. Pengujian perangkat lunak (Software)

4.1. Pengujian Peranghkat Keras
"Tujuan pengujian yang dilakukan terhadap sistern adalah sehagai berikut:
1) Mengetahui unjuk kerja Sensor AF30 dan le PCF8591 schagai ADC (dnalog
To Digital Converter) sampai dengan kerja Driver Fan.
2) Mengerahui unjuk kerja Driver Motor De.
3) Mengetahui unjuk IRM (Infra Red Receiver Modul),
4) Mengetshui unjuk kerja Rangkaian Driver Relay Menggunakan lc PCF8574.

5) Pengujian Mikrokontroller sebagai mirimum system.




4.1.1. Pengujian Rangkaian kerja Sensor AF30 dan lc PCF8591 sebagai ADC
{Analog To Digifal Converter) sampai dengan kerja Driver Fan.
I. Tujuan
Untuk mengetahui besarnya tegangan output dari sensor Asap A0
berdasarkan perubahan kebersihan udara  pada ruangan saat mendetcksi adanya
asap rokok dan diterima oleh ADC kemudian di lanjutkan oleh Fan.
2. Peralatan Yang Digunakan
1. Muliimeter Digital Range RES301).
2. Rangkaian yang akan diuji.
3. Catu Daya 5 Volt DC.
4. Asap rokok.
3. Prosedur Pengujian

1. Merangkai rangkaian seperti pada gambar dibawuh ini:

FCFESH

RL

= L M - I

Gambar 4.1 Pengnjian Rangkaian Sensor Asap AF30 dan

le PCF8591 schagai ADC (4nalog To Digital Converter)
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2. Menghubungkan IC PCF8591 dengan tegangan DC 3 Volt pada kaki
untuk Vref
3. Menghubungkan kaki lainnya pada ground.
4, Menguji sensor dengan di beri asap rokok pada ruangan.
5. Analisa hasil pengujian.
Dari percobaan pendeteksian asap telah ditentukan setingan dalam
program sesuai batas yang ditentukan, seperti pada tabel di bawah ini:

Tabel 4.1 Range Pendeteksian Sensor Af30

Seting Point Batas Asap ADC Keterangan
150 ' 153 " Low
140 142 Low
120 12] Tigh
100 100 High

Pada range selingan batas asap diatas didapat grafik scbagai berikut:

i) 148 13 16

Grafik 4.1 Pembacaan Pendeteksian Asap
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Rerdasarkan pengujian sctingan batas asap dapat didefinisikan pada saat
setingan batas asap rendah maka respon sensitifitas pembacaan asap sermakin
tingei, dan jika setingan batas asap tinggi maka kcpekaan pembacaan asap

semakin low atau rendah.

4.1.2. Pengujian Rangkaian Driver Motor e.
1. Tujuam
Pengujian ini bertujuan untuk mengetahui apakah driver motor DC dapat

berfungsi dengan baik sebagai penggerak dan pembalik arah putaran dan untuk
mengetahui kecepatun  respon dari driver motor DC terhadap kecepatan
perubahan arah putaran, Dalam pengujian ini hal yang periu dilukukan adalah,
pertama beritegangan 12Volt pada konektor rangkaian penggerak, pasangkan
motor pada rangkaian driver dan beri tegangan 5Volt pada kaki yang akan
dikoneksikan ke mikrokontroler sebagai pembalik arah putaran maupun sebagai
PWM. Kemudian hubungkan ground scbagai logika 0" Bila logika *0)° diberikan
pada kaki PWM maka motor akan begerak dan bila logika “0° diberikan pada kaki
pengubah arah putaran maka putaran motor akan berbalik.
2. Peralatan Yang Digunakan

|. Multimeter SUNWA YX-360TRD

2. Rangkaian driver motor Dc yang akan diuji.

3, Catu Daya 12 Volt DC dan 5 Volt.

4. Motor De.
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3. Prosedur Pengujian

I. Merangkai rangkaian driver motor De seperti pada gambar di bawals

ini:

i
4 S
g B s | B D
5 B
5 | [v| |w v v
AL

Gambar 4.2 Pengujian Rangkaian Driver Motor De
Menghubungkan rangkaian driver motor Dc dengan tegangan DC 12 Volt
untuk catu daya pada [C 1.293D untuk suplai tegangan,3 Volt untuk penyedia
tegangan dan Vss.

2. Menghubungkan motor D¢ untuk memutar dinding interior Tv dan
meja kerja pada pin outputl.2 kemudian untuk motor De pengerak
buka tutup korden dihubungkan ke output 3.4 pada Ie L298.

3. Mengamati hasil pengukuran tegangan output rangkaian driver motor

D,

Melakukan pengukuran output dari rangkaian driver motor De seperti pada

tebel 4-2 berikut:

Tabel 4.2 Arah Putaran Motor DC

logie Vi gic V oout |

Ket

A B A B A B A [}

0 0 | 004 | 0.03 006 | 005 | 00L | 000 | Stop
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| 003 | 470 | 005 | 11,55 | 0,02
1 0 I-’-U;'E 003 | 11.75 | 005 165

I 1 4.98 4,70 11,75 | 155 165

154
0,00

154

Kiri

Kanan

Break

Analisa:

Dari tabel diatas dapat dikctahui bahwa untuk membalik polaritas gerakan

motor apabila logika A dan B diberikan logika “0° maka motor akan berhenti,

kemudian logika A diberi logika ‘0" B diberi logika 17

maka motor akan

berputar kekiri. Lalu logika A diberi logika *1° B diberi logika *(I' maka motor

akan berputar kekanan, dan jika logika A dan B diberi logika 1" maka Kondisi

maolor akan berhenti.

4.1.3. Pengujian Pencrima Intruksi Remote Tv Sony IRMS510

1. Tujuan

Tujuan dari pengujian remote ini adalah untuk mengetahui  kerja

kesgluruhan tombaol pada remote yang digunakan.

2. Peralatan Yang Digunakan

1. Rangkaian Driver IRM (Infra red reeeiver modul ).

2. Catu Daya 5 Volt DC.
3. Remote Tv Sony.

4. Dsciloscop.
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3, Prosedur Pengujian
1. Moerangkai rangkaian penerima intruksi Remote Tv Sony TRME510

seperti pada gambar berikut:

Kode vang dikembangkan aleh perusahaan SONY ini menggunakan frekuensi

Yoo 5y
MBS0

O

ATEFS51

Gambar 4.3 Pengujian Rangkaian IRM8510

sub-carrier 40 kHz dan selang waktu minimum antara 2 data = 23 ms.

Demikian abel Pengujian Rangkaian [RMB510:

Tabel 4.3 Pengujian Rangkaian IRM8510

| Tombol | Hexa Biner Bentuk sinyal

1 #0ORO 1000 0000 T i 0 ) (. =d
2 081 | 1000 0001 0T e LTt
3 #O82 1000 0010 I g S g = S = T
+ #083 1000 0011 = i = gy = S
5 #HOB4 1000 0100 . ) ) S R I = T
6 #085 1000 0101 sy ST O o 5 L T ) B A WO 11

7 #4086 | 10000110 7 gy VT A Y A T




8 #087 (10000111 | 1 71 FLoL i Lo L
9 %088 |10001000 | [ 1 11 11l LI LILlIL |
0 #089 | 1000 1001 EENEEEEE EEEEEE E g

1= #OF4 | 11110100 T e O i B ) 5

2- | #0F5 [ 11110101 i L o e B
+Prog | #090 [10010000 | [ [ 1[I LILILrLrl

~Prog | #091 | 1001 0001 e o I o I i
+Vol | #092 | 1001 0010 LA EENET i
-Vol | #093 1001 0011 LU UUw 1

Analisa pengujian remote membuktikan bahwa intruksi yang di kirimkan ke
IRMRB510 berupa bilangan hexa yang diterima oleh IRM dan diubah dalam bentuk

pulsa untuk pembacaan pada mikrokontroler.seperti pada tabel pengujian diatas.

4.1.4. Pengujian Rangkaian Driver Relay
1. Tujuan
Untuk mengetahui apakah rangkaian Driver Relay dapat bekerja sesuai
dengan yang diharapkan.
2. Peralatan Yang Digunakan.
1. Multimeter SUNWA YX-360TRD

2. Rungkaian driver yang akan diuji.
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3. Catu Daya 5 Volt DC.
4, Relay 12 volt (8 pin Omron + Led}.
5. 5 Buah Bolam 5 Watt.

3, Prosedur Pengujian

1. Merangkai rangkaian Driver Relay seperti pada gambar dibawah ini:

T
Tsmz 10K
0 _——.:1 ;l _f\/\ j\’_ PCF8574
Lamﬂ Ly o i
220 < —j Elj b Lgmz MK
[

Gambar 4.4 Pengujian Rangkaian Driver Relay

2. Memberi tcpangan masukan 5 Volt pada lc PCF8574 Yang terhubung
pada rangkaian Driver Relay.

4. Menghubungkan bolam pada relay dan diberi tegangan masukan untuk
bolam 220 Volt.

Tahel 4.4 Pengujian Rangkaian Relay Scsuai Intruksi Dari Remaote.

Tombol [ Relay Kondisi Lampu

BMME =g | & |4 | % |2 2 |3 a ][5
1 1 ¥ * * - 1 & #* # £
2 # 1 * ® # % 1 | #* ¥ =
*; * * l E ¥ W # 1 ] *
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4 # # ] 1 & % ¥ * 1 % |
5 ® % " ® 1 ¥ * # & 1
,6 {} o * L 3 -4 U * L & Ed
7 ® 0 * t * | * 0l * | =%
8 * * () X * # * o * [ #
Y * ¥ % g | =1 *] * | *]0 ! *
i * L] #* * 0 ¥ * & # 0
T FTE | E]Fja | BIElE]
2- olo|ololofo]JoJo|lo]|QO
Keterangan i

0=01ff

1 =0m

¥ — Diabaikan

Analisa pada tabel pengujian rangkaian relay diatas membuktikan bahwa
fungsi relay dari tiap — tiap rangkaian bekerja denpan baik sesuai dengan intruksi
penekanan tombol pada remote, karena fungsi rangkaian relay ini hanya untuk
pemicu saklar nyala dan matinya lampu sccara terkontrol menggunakan remote.
4.1.5. Pengujian Fungsi Limit Switch

1. Tujuan

Tujuan dari pengujian ini adalah untuk mengetahui seberapa besar fungsi
peranan limit switch dalam pengamanan proses kerja dari motor de. dalam hal
ini yang kita lihat pengaruhnya terhadap dua motor yang digunakan pada
system ini. Pada system putar kanan-kiri dinding interior TV dan buka tutup

korden ini mengunakan cmpat Fimit switch yang bersitat normaly open dan
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terlclak pada tiap sisi, adapun cara pengujiannya dengan menjalankan alat
setelah ity kita amati fungsi dari tiap — tiap fmir switch yaitu dengan menckan
satu persatu fimit switch.
2. Peralatan yang digunakan
1. Rangkaian Limit Switch yung akan digji.
3 4 huah Limit Switch, 2 buah limit untuk lantai dan 2 buah limit untuk
korden.

2. Proscdur Pengujian

|. Merangkai rangkaian Limir Switch seperti pada gambar dibawah ini:

- =]
2

Gambar 4.5 Pengujian Rangkaian Limit Switch

Dan dari hasil pengujian tersebut diperoleh data seperti pada table berikut

logic !, V Logic
A B A I3 B
0 0 0.04 | 002 | Mm
0 1 (1,03 4,74 kanan
1 0 4,73 0,04 kiri
l 1 4,75 .73 Max J

Tabel 4.5 Data Hasil Pengujian Limit Switch

Pada maotor dinding
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logic V Logic
A B A B s
0 0 004 | 002 Min
0 1 0.03 4,74 Buka
1 0 473 0.04 Tutup
| 1 4,75 4,73 Max |
(- |

Tahel 4.6 Data Hasil Pengujian Limit Switch
Pada motor korden
4.1.6. Pengujian Mikrokontroler schagai Sistem Minimum
1. Pengujian Mikrokentroler sebagai Output ( Keluaran )
Pengujian ini bertujuan untuk mengetahui apakah  port-port pada
mikrokontroler vang digunakan dapat berjalan dengan baik. Dalam pengujian ini
kaki-kaki pada Porf 1 dihubungkan dengan LED . Dalam keadaan normal port

berlogika | (LED mati). Pada saat port 1 diberi logika 0, maka LELD menyala.

- 1 wkr it
} I' - i LI WET
we | =

R v i :_z
PR H i P — E
PALITH 1 —

A KT AL e ] Ha
EVALL A ®a
PA.2EINT 1.

% PAICIRT | e o
PAAMTOL dAIR 1Ty "
PR ST bk D

- Cikals 3,37 :5
*_ LT

I
I

Gambar 4.6 Pengujian Mikrokontroler sebagai Qutput
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Pada pengujian ini, setelah alat dirangkai seperti pada Gambar 4.1,
kemudian dilanjutkan dengan pengisian program pada mikrokontroler. Setelah

program dikompiler, maka akan tampak perubahan LLD pada pert 1.

Listing Program :

org (h

start:  mov pl MOO000000H
call delay
mov pl 1 ETIOO00k
call delay
v gl OG0T 11 1A
call delay
mov pd KELLETH TR
call defay
Jjmp start

delay: mav Rf), #235

toopl: mov RI, #1235

loop2: DINZ RO, loop?
DINLRE, loap]

ref
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Tabel 4.7
Pengujian Mikrokontroler sebagai Qutput

Logika pada LED pada Port 1
Wakiu _

Port 1 L7[L6|L5| L4[13 12| L1 ]| Lo
1 000000006 | W [ [ W |[H|H HJ[H][H
2 11110000b | M |M | M |M | H H |H|H
3 00001111k | H |H | H |[IL|M | M|[M[M
4 111711l | M [ M | M| M| M| M|[M|M

Keterangan ;

H : Hidup

M : Mati

Dari tabel pengujian di atas, dapat dilihat percobaan pertama degan
memberi perintah mov pi, #G00000005 (isikan pi dengan data 00000000h) kepada
mikrokontroler akan megaktifkan semua led. Oleh karena itu, dapat diambil
kesimpulan bahwa mikrokontroler dapat dijadikan sebagai output. Adapun variasi
nvala LED tergantung pada perintah-perintah pada program vang telah dibuat.
Pada program dibawah ini, dibuat variasi nyala lampu LEI) dimana hasil dari
pengujian ini, ditunjukan pada Tabel 4.1.
4.1.2. Pengujian Mikrokontroler sebagai Imput ( Masukan )

Pengujian ini unmuk membuktikan bahwa porr pada mikrokontroler dapat
dijadikan schagai input (masukan) untuk poerf lain, Dalam keadaan normal, pors-

port pada mikrokontroler herlogika 1 atan bila dihubungkan dengan LLED, maka
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dalam kcadaan mati. Dalam gambar di bawah, kaki-kaki pada port 3 masing-
masing dihubungkan dengan switch dan kaki-kaki pada port 1 masing-masing
dihubungkan dengan LED. Bila salah satu switch pada kaki port 3 ini ditckan,
maka menyebabkan kaki tersebut berlogika 0. Saal kaki tersebut

berlogika (), maka ia menjadi inputan kaki-kaki pada pori 1, vang

menvebabkan kaki pada port 1 juga berlogika 0 sehingga 1. menyala.

EL

G CAFACFTOR BT
3y = i
;v-v- L i T

=] -

ufitrt — TET oo — -]

= TLARX FIT "
. T — = TETH Fis

ETALZ Fi5 7]

ETAL1 (I s
B3 P13

FA.d |§ o BB

" F3 AT R?
FARTI (AMNIELD

M _E: BT FLT H

i = ENE

o1
L3

= XTAL
I
11 Mh=
_I‘,.,’,n ]‘f.i.,.f

Gambar 4.7 Pengujian Mikrokontroler sebagai Input
Pengujian terscbut diawali dengan pengisian program pada mikrokontroler
setelah alat dirangkai seperti pada Gambar 4.2. Sctelah mikrokontroler diprogram,
mulai dilakukan pengujian dengan menekan salah satu switch yang ada pada port
3. Saat itu pula, terjadi perubahan pada LED pada Port 1. Adapun hasil dar
pengujian ini dapat dilihat dalam Tabel 4.2, Hasil dari pengujian tersebut

disesuaikan dengan program yang telah dibuat,
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Listing Program :

org Oh

sfari’

ufil:

ujil:

wjid:

Hjis:

ujifi:

end

jnb p3.0.ujil

Jjnb p3. 1 wi2

jnb p3.2.uji3

jnb p3.3.ujid

jnb p3.4.ui5

jnb p3.5.uji6

[mp mulai

mov pl 2111111106
g start

mov pl #{1111101b
Jmp start

mov pl #11111011H
Jmp start

maov pl #11110111H
jmypy start

movpld 111100 111H
Jmip siari

mov pl #1011

Jmp stari
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Tabel 4.8
Tabel Pengujian Mikrokontroler sebagai Input

KONDISI
LED
| SWITCH
P17 |Pi6|PLS|PL4 | PL3|PI2|PL1 PlO
(8W)
P3.0 ditekan | 1 1 I 1 1 1 1 | 0
| P3.1 ditekan | 1 1 ] 1 1 1 0 1
P3.2 ditekan | | i 1 ] 1 0 | 1 1
P33 ditckan | 1 1 1 1 | 0 1 1 1
P34 ditekan | | 1 1 0 1 1 1 1
P35 ditekan | | | 0 1 1 1 ] |
Keterangan :
1 : LED Mati
ﬂ:lrﬂr}N}"ﬂ]ﬂ

Program listning di atas digunakan untuk menghidupkan LED melalui
tombol-tekan di P3.0-P3.5. Dengan demikian akan dilakukan proses polling
(pengecekan terus menerus) pada port 3 apakah ada tombol yang ditekan atau
tidak?

Jika tombol pada P3.0 ditekan maka akan terhaca P1=11111110b, hal ini
sesuai instruksi program mov pl #f4111110b yang akan menyebabkan LED pada
P1.0 akan menyala sesuai dengan tabel 4.2. Oleh karema ilu, dapat diambil

kesimpulan bahwa mikrokontroler dapat dijadikan input {masukan). Adapun dan
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percobaan yang telah dilakukan, dapat dikatakan bahwa sebuah input (masukan)
dapat mempengaruhi output (keluaran).
Demikian gambar pengonirol keseluruhan alat :

Gambar 4.8 Alat Pengontrol
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BAB YV

KESIMPULAN DAN SARAN

5.1. Kesimpulan

Berdasarkan pembuatan alat ruangan multi fungsi berbasis mikrokontroller

AT89551 dapat diambil kesimpulan sebagai berikut:

Pengujian pada Scnsor asap dapat diatur sesual dengan sctingan batas
asap vang diinginkan karena apabila sctingan pada point tertinggi
maka ADC mendeteksi adanya asap juga makin tinggi sampi diatas
batas selpoinl.

Pada rangkaian penerima intruksi IRM memiliki kepekaan yang linggi
jadi pada saat menckan tombol pada remote tidak sejujar dengan IRM
sering terjadi pengacakan penerimaan jadi tidak sesual dengan perintah
dari remote.

Pada rungkaian driver relay diberi didoda eksternal schan pengaman
apabila ada arus balik dan Led untuk mengetahui kerja relay yang pada
kondisi akuif,

Driver Fan disimulasikan sebagai blower unluk mengeluarkan asap
dalam ruangan yang sccara fungsionalnyva bekerja selelah mendapat
intruksi dari pembacaan sensor asap.

Perserakan kerja motor korden dihentikan oleh limit switch untuk

buka dan tutupnya tetapi limit tidak berfungsi penuh pada rangkaian
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5.2. Saran

ini maka untuk menghindari terjadinya selip maka diberi timer dalam

progam.

Tujuan utama dari penulisan adalah bagaimana membuat alat untuk

mengatur suatu ruangan single menjadi ruangan multifungsi alau merubah ruang

santal menjadi ruangan kerja dengan system kerjanya merubah pada dinding

interior Tv dan ditambahkan fitur — fitur lain untuk memberikan konsep ruangan

pada rumah moderen vang berbasis mikrokontroller dan clektro mekanik. Saran-

saran vang bisa digunakan untuk pengembangan alat ini secara lanjut antara lain:

1.

Dalam penggunaan motor D¢ gearbox perlu diperhatikan perbandingan
gear atau pigi transmisi pada motor De untuk pergarakan yang lebih
akurat dan memperkecil kemungkinan error, karena berpengaruh pada
kekuatan dan putaran motor.

Dalam perancangan software dengan menggunakan Mikrokontroller
perlu diperhatikan seberapa besar memory yang diperlukan untuk
perancangan  alal, schingga kita dapat menggunakan pilihan
pemograman sesual kebtuhan alat.

Pada saal pengerjaan perancangan mckaniuk  disarankan  agar
memperhilungkan tiap — tiap penataan mckanik untuk hasil yang
maksimal dan tidak menganggu aktifitas kerja alat lain.

Sebelum Sofiware kita downlodkan perlu kita simulasikan dalam

Logic Simulator untuk melihat hasilnya.
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5. Agar pengontrolan lzbih akurat maka antara remote control dan modul
IR perlu tegak lurus ataau sama rata, perlunya untuk menghindari
penerimaan intruksi yang mengacak atau pembacaan perintah yang

tidak sesuai.
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Listing Program

org  00h

Kbr2
Kbr3
Kel3
Kbra
Kell
Kbrl

Kcl2

Ltkr
Ltkn
Krik
Krtt
Rest

Enbl

IRRX
Lkbk
Lktt
Llkn

Likr

ISCL

1SDA

Dasp

Stpn

Bit P1.0
Bit P1.1
Bit 1.2
Bit P1.3
BitP1.4
Bit P1.5

Bit P1.6

Bit P2.2
Bit P2.3
Bit P2.4
BitP2.5
Bit P2.6

Bit P2.7

Bit P30
Bit P3.2
Bit P3.3

Bit P3.4

Bit P2.5

Bit P3.6

Bit PA.7

Equ 30h

Equ 31h

Dimp Equ 32h

, system reset

; keypad baris 2
: keypad baric 3
: keypad colom 3
; keypad baris 4
: keypad colom 1
: keypad baris 1

; keypad colom 2

; lantai kiri

; lantai kanan
; korden buka
: korden tutup
: RS LCD

;ELCD

s infra red module
; limit karden buka
; limit korden tutup
- limit lantai kanan

= limit lantai kin

1 12C clock

12C data

- dlata sensor asap
; data seting point

: data lampu




Dtrm Equ 33h ; data remote

Dtrd  Equ 34h : data remote bit O
Dtrl Egqu 35h ; data remote bit 1
Dtr2 Equ 3&6h ; data remote bit 2
Dtr3 Egu37h : data remote bit 3
Dtrd  Equ 38h : data remote bit 4
Dtr5 Equ 3%h ; data remote bit 5
Otré  Equ 34h : data remote bit 6
Dtr7 Equ 3Bh : data remote bit 7
Char Equ 40h ; character LCD
Tmod Equ4lh ;timeout 0
Tmol Egud2h ; timeout 1
Bufr Equ43h : buffer
Bufd Equ 44h ; bufferQ
BuflL Equa5h ; buffer 1
Buf? Equ 46h ; buffer 2
DiyD Equd7h ; delay O
DIyl Equ48h sdelay 1
DIiy2 Equd9h i delay 2
Dly3d Equ 4Ah ;delay 3
init: acall lcd_in ; inisialisasi LCD
acall tmr_in ; imisialisasi timer
mov  Dimp,#0FFh ; reset datz lampu
mov  Stpn,#150 : set awal seting point
mov  R1L#OFFh - reset data IR receive
mulai: mov  DPFTR #nama 4

acall linel : | tulis data pointer nama




mov  Char#16
acall Lulis

mov  DPTR #nim
acall linel

moy  Char#16
acall tulis

acall delay2

mov  DPTR&jur
acall linel

mov  Char,#16
acall tulis

mov  DPTR,#univ
acall line2

mov  Char,#16
acall tulis

acall delay2

mesrmn: acall ledclr
mov  DPTR,#tpstad
acall linel
mov Char #16
acall tulis
mov DPTR#angka
acall bcasap
mov  PO#0CZh
acall w_ins
mov  ASIpn
acall nilai
mov  PO#0CBh

acall w_ins

; | pd line 1 sebanyak 16 char
il
4
: | tulis data pointer nim
: | pd line 2 sebanyak 16 char
+/
; tunda waktu
H
: | tulis data pointer jur
: | pd line 1 sebanyak 16 char
o
i\
;| tulis data pointer univ
: | pd line 2 sebanyak 16 char
o

s tunda waktu

; hapus layar LCD
A
; | tulis data pointer tpstad

: | pd line 1 sebanyak 16 char

if

. | tulis data seting point
; | & data asap
Al




MY
acall
moy
acall
acall
acall
acall
sjmp

]

A, Dasp
nilai

PO,#0D0OR
w_ins
bdgdta
scnrmt
delayl

mesrmn

stgpnt: mov  OPTR, #tpstpn

acall
oy
acall
oy
acall
o
acall

Mo

linel

Char,#16
tulis

DPTA, #tpadcn
line2
Char,#l6
tulis

Bufr,5tpn

stpntd: mov  DPTR.#angka

mow
acall
Moy
acall
mow
acall

acall

PO,#0CSh
w_ins

A, Bufr
nilai

PO, #0D0h
w_ins

1z _lps

stpntl: acall scnkpd

cjne

RO, H10,stpnt2

simp  stpntl

stpnt: cjne  RO#11,5tpnt3

: banding data 5tpn dg Dasp
. scan remote
s tunda waktu

s loop

2\

; | tulis data pointer tpstpn

: | pd line 1 sebanyak 16 char

¥

R

: | tulis data pointer tpadcn

; | pd line 1 sebanyak 16 char

M

: simpan déta seting point

I

A

;| tulis data nilai interval

: | line 1 colom 4

1 |

; | konvirmasi




mov  SP.HO7h A |
limp mulai : | canfent/rubah data
stprtd: cjne  RO#12,stpntd : | milai interval
mov  Stpn,Bufr il
mov  SPHOTh i
limp mulai if
stpntd: mov PO, #0C%h N
acall w_ins i
mov  ARD o
moy BufD,A il
acall wr_chr il
acall tg_lps il
acall tg tkn L)
mov  ARD ;| pengisian data
mov  Bufl A . | nilai seting point
acall wr_chr 4 |
acall tg_lps i
acall tg_tkn il
mov  ARD il
mov  Buf2.A i

acall wr chr !

acall tg_lps i

mov A, Bufd X

mov  B,#100 5

mul AB

mov  Buf(,A |

mav  ABufl il

moy B0 ; | pembulatan data
mul AB ; | milai interval

mov  B,Buf il




add
moy
add
Moy

Ijmp

AR
B,Bufl

AB
Bufr.A

stpntd

bcasap: mov  A#20h
acall adrtx
maov  AH#DOh
acall dtaty
mov A #91h
acall adrtx
acall dtarx
acall givack
acall dtarx
acall i2cstp
mov  Dasp,A
ret

bdgdta: mov  A,Dasp
mov  B,S5tpn
div  AB
jt  bddtad
mov  A,DImp
clr  Acc.b
mov  Dimp,&

bddtal: mov

simp  bddtal
A,Dimp
setb Acc.b

mov  DimpA

"
r

#

¢

:

#

H

+ address PCFR591 write address

kirim
: adc ch-0
kirim
: address PCF8591 read address
kirim
baca data
: beri ack
baca data
;2o stop

: simpan data sensor

il
|

; | banding data seting puint

; | dg data asap

- | if lebih besar ->fan on

] et
=)
3 |




bddtal: acall drvimp

ret

L

drvimp: mov  A#70h

acall adrtx

mov  A,0lmp

acall dtatx
acall i2cstp
ret

adrtx: acall i2cstr
acall putbit
ret

dtatx: acall putbit
ret

dtarx; acall getbit

ret

putbit; mov  R7,#8
putbt; RLC A
mov |SDAC
seth  ISCL
clr  15CL
djnz R7,putbt
seth  |SDA
acall getack

ret

: kirim address
: kirim data

; back

: kirim data

: back

: terima data

. back

i)
;| kirim bit
Al
i




gethit: mov  R7,#B R

petht: seth ISCL il

mov  CISDA 1
RLC A ;| terima bit
cr 15CL 4
dinz R7.getbt |
seth  1SDA =1
ret i
getack: seth ISDA M
seth ISCL 5
ackbit: mov  CISDA | tungpw ack
jc  ackbit ; | D=1, C=1D=0, C=0
elr  1SCL |
ret o
givack: clr  ISDA A
setb  ISCL s
elr  ISCL | kirim ack -> D=0, C=1, C=0, D=1
seth  15DA 3
ret )
izgstr: seth  1SCL i\
seth  ISDA |
clr  ISDA . | i2c start -> C=1, D=1, D=0, C=0
clr ISCL i
ret i
i2cstp: cir  15DA i\

seth I5CL =)




seth  ISDA ; | i2e stop -> D=0, C=1, D=1, (=0

clr  I5CL £
ret &

scnrmt: cjne  R1,#255,scrmt0
ljmp  scrmtl

scrmt: cjne R1, 4000 scrmtl
mov  ADImp
clr  AccO |
mov  Dimp,A
limp scrmtG

scrmtl: cine R1,#001,5crmt2
mov  ADImp
el Acel ;
mov  Dimp,A
limp  scrmtG

STt s cjne R1,#002,5crmi3
mov  A,Dimp
clr  Acc.2 -
mov  Dlmp,A
ljmp scrmtG

scrmt3: cjne  R1,#003,scrmtd
moy A DImp
clr  Acc3 i
moyv  Dimp,A
limp scrmtG

scrmtd: cine R14#004,scrmts
mov  ADImp
clr  Acc7 |

mov DimpA




sjmp  scrmtG
sermtS: cjne  R1L#0O05,scrmib
mov  ADImp
seth  AccO
moy  Dimp,A
sjmp sormtG
scrmith: cjne  RL#006,scrmt?
mov  A,Dlmp
seth  Acc.l
mov  Dimp,A
simp  scrmitG
sermt?: cjne R1,#007 scrmis
mov  A.Dlmp
seth  Acc.2
mov  Dimp,A
simp scrmtG
scrmtB: cjne R1,#008 scrmtS
mov  A,Dimp
seth  Acc.3
mov  mp,A
simp  scrmtG
scrmt9: cjne  RLH009,scrmtA
mov  A,DImp
seth  Acc.V
mov  Dimp,A
sjmp  sermitG
scrmtA: ¢jne  R1,#012 scrmiB
mov A MImp
clr  AccO

clr  Acc.l

scan remote




clr  Acc.2
clr  Acc.3
cr  Acc.?
mov Dimp,A
sjmp  scrmtG
scrmtB: cjne  R1,#013.scrmtC
mov  ADImp
seth AccO
seth  Acc.l
setb Acc.2
seth  Acc.3
setbh  Accd
mov  Dimp,A
sjmp scrmtG
scrmtC: cjne  R1,#016,scrmtD
acall krdbka
simp scrmiH
scrmtD: cjne R1,#017 scrmiE
acall krdttp
sjmp scrmtH
scrmtE: gjne  R1,#018 scrmtF
acall Intknn
sjmp  scrmtH
scrmtF: cjne  R1,H019,scrmtH
acall Intkrr
sjmp  scratH
scrmiG: acall drvimp
sormtH: mov  R1,H#0FFh

sermitl: ret




bc_rmt: jb

seth
jnb
clr
mow
oy
div

jnz

IRR¥, bcrmitO
TRO

IRRX.S

TRO

A, THO
B8
AB

bermtl

bormitl: simp  bormith

bermtl: acall bocbtrm

PO
acall
mow
acall
mow
acall
Mo
acall
o
acall
P
acall
iaTal
acall
o

acall

o

Moy

Dtrd, 4
bebtrm
DIrLA
bebtrm
Dir2,A
bcbtrm
Dir3,A
bebtrm
Dird, A
bebtrm
Dtr5,A
becbtrm
Dtrd, A
bebtrm
Dir7 #0

bcbtrm

R140

A,DEr0

: | baca start remote




acall
may
RRC

mowv
Mo
acall
Mo
RRC

MoV
mowy
acall
maov
RRC

Moy
moy
acall
oy
RRC

mowv
Mo
acall
Moy
RRC

o
mov
acall
moy
RRC

mov

mow

ckbirm
ARL
A
R1,A
A,Dirl
ckbtrm
ARL
A,
R1.A
A,Dtr2
ckbtrm
ARL
A
R1,A
A, Dtrs3
ckbtrm
AR1
A
R1,A
A,Dird
ckbtrm
ARL
A
R1.A
A D5
ckbtrm
AR
A
R1,A

A, Dtre

Ll

1 | kalibrasi data remote
: | ke data binary

A

7




acall ckbtrm

mov ARl
RRC A
mov  R1A
mov  ADEr7
acall ckbtrm
mov A R1L
RRC A
mov  RLA
mov  TLO,#00
mov  THOHOD
bermits: ret

ckbtrm: cjne A #0,chtrmO

cr C

simp chtrms
chtrm0: cjne A #1,cbtrml

cir C

sjmp cbtrmb5
chtrml: cine  AH2,cbirm2

clr €

sjmp  cbtrm5
chtrm2: cjne  A#3,cbirm3

setb C

simp cbtrmb
cbtrm3: cine A #4 . cbtrmd

seth C

simp cbtrm5
chtrmé: cjne A #5,cbtrm5

seth C

!

,

2
1 | reset timer

4

: | remap data

i | remote




chtrm5: ret

*

bebtrm: moy  TLO#0O

mov  THO&O0O0
b IRRX.S
setb TRO

jnb  |ARXS

cir  TRO

mov A THO
ret

krdbka: mov  TmeQ,40
mov  Tmol#25
cir  Krbk

seth Kt

krbkaO: djnz  Diy0,krbkal

jnb  Lkbk krbkal

simp  krbkal

krbkal: djnz Trnol, krbkad

djnz Tmol,krbkal
krbkaZ:seth Krbk
seth  Krit
ret
krdttp: mov  Tmo0,#0
moy  Tmol#25
seth  Krbk
elr  Krtt
krttpO: djnz  DiyQ,kritp0

jnb Lkt krttpl

=
At |
: 1
¢ | baca hit
: | remote
Al
i
i\

H|

LR}

N |

. | korden buka

. | karden tutup




sjmp  krttp?
kritpl: djnz  Tmo0,krttpd
djnz Tmol kritpO
kritp2: setb  Krbk
seth Kt
ret
Intknn: mov  TmoO,#0
mov  Tmol #25
seth  Ltkn
clr  Ltkr
inknnO: djnz  Dly@,InknnQ
jnb  Llkn,Inknnl
simp  Inknn2
Inknni: djnz  Trmod,InknnD
djnz  Tmol,Inknn0
Inknn2:seth  Ltkn
seth  Ltkr
ret
Intlerr: mov TmoOH0
mov  Tmol#25
cr Ltkn
seth  Ltkr
Inkrr0: djnz  Diy0,InkrrQ
jnb Llkr Inkrrl
sjmp  Inkrr
Inkrrl: djnz  TmoO,InkrrQ
dinz Tmodl,Inkrr

Inkrr2: seth Ltkn

; | lantai kanan
s

|

r

i)

. | lantai kiri
4]
4

.
!




ceth  Ltkr

ret

tmr_in:mov  Diy3.#1

acall delay3

mov TMOD#11h

ret

nilai: mov  B#H100
div AB
acall wr_chr
mov  AB

nil: mov B#10
div  AB
acall wr_chr
mov  AB
acall wr_chr
ret

scnkpd: acall delay0
mov  RO#10

bicO; cir Kbrl
seth  Kbrl
seth  Khr3

seth  Kbrd

hicl: jb el blc2

mov RO#1

blc2: jb  Kclzblc3

mov  RO#2

bic3: jb Kol2,b2eO

Hi
A
: | inisialisasi
: | timer
it
i\
5}
K
i
+ | cacah nilai
il
il
7

I




mov  ROH3 =l
b2c0: setbh Khbrl 5

cir  Kbrl o

seth Kbr3 |

seth  Kbrd A
b2cl: jb  Kellb2cd i)

mov  ROH4 ||
b2c2: jb Kci2bied i

mov  ROH5 Hl]
b2c3: jb Kel3,b3c0 x

mov ROHE i
b3ch: setb Kbrl il

seth  Kbr2 ; | scan keypad

elr Kbr3 B

seth  Kbrd vl
bi3cl: b Kollb3c2 |

mov  RO#7 i
b3c2; jb  Kei2,b3c3 s

mov  ROHE =]

b3c3: jb Kcl3,bdch i

mov  RO#9 il
b4cO: setb Kbrl ]
cetb Kbr2 o
seth  Khr3 4|
cir  Kbrd i |
bacl: jb Kecll,bdc2 =
mov ROHIL £

bac2: jb  Kel2,bdc3
mov  RO#D :

bac3d: jb Kel3,back !




mov RO#12Z

back: setb Kbrl
setb  Kbr2
seth  Kbr2
seth Kbrd
ret

tg_tkn: acall scnkpd

tg_tkO: cjne RO,#10,tg_thl

simp  tg_tkn

tg tkl:cjne ROH¥11tg tk2

moy  SP#O7h

ljmp  mulai

tg th2:cjne RO#12.18 tk3

simp  tg_tkn

tp_tk3:ret

tg_lps: acall scnkpd
¢jne  RO,#10,tg_lps
ret

linel: mov POKOBON
acall w_ins

ret

line2: mov POHOCOD
acall w_ins
ret

tlis: clr A

A

;| tunggu tekan angka

A

. | tunggu lepas tombol

| line 1

- | line 2




acall wr_chr
inc DPTR
djnz Chartulis
ret
wr_chr: movc A, @A+DPTR
mov  POA
acall w_chr
ret
w_ins: cir  Enbl
¢lr  Rest
seth  Enbl
clr  Enbl
wins: djnz Diy0,wins
ret
w_chr: cir  Enbl
seth  Rest
seth Enbl
clr  Enbl
wchr:

djnz DlyO,wchr

ret
icd_in: mov  Diy3,#l
acall delay3
mov  POROLH
acall w_ins
g Ly

PO,#380

acall w_ins

;
. | tulis deret character LCD

o
A
- | tulis character angka
: | dari tabel angka
£
i\
v
;| tulis

+ | instruksi LCD
Al
i

Hl

i | tulis

; | character LCD
i

74

A
-
- | Display Clear
A
: | Function Set

5|




mov  POHODh
acall w_ins
mov PO#08h
acall w_ins
mov  PO,#02h
acall w_ins

ret

lcdelr: mav  PO#01h
acall w_ins

ledclO: djnz  Dly0,ledcl

ledcl1: djnz  Diy0 ledcll
ret

delay(: dinz  Dly0,delay0
acall bc_rmt
ret

delayl: acall scnipd
cjne RO#12,delylD
ljmp stgpnt

fely10: dinz Oy, delayl

ret

delay2: mov  Dly2 #20

dely20: acall delayl
dinz Diy2,dely20
ret

delay3: dinz Diy0,delay3

: | Display On, Cursor, Blink
v |

: | Entry Mode

i |

: | Cursor Home

5

o,
2\
8
; | Display Clear
i |
oF
A
5 1
o
X
; | tunda waktu
; | dg loop register Diyl dan delay(
: | senkpd if 12 -» lompat stgpnt
H
i\

; | tunda waktu
- | dE loop register Diy2 dan delayl
.




dinz Dlyl,delay3 : | tunda waktu
djnz Dly3,delay3 - | dg loop register Diy0, Dhy1 & Dly3
ret i

nama: DB 'Andies Taufan’ Al

nim: DB ' NIM: 0317066 ' ; ]

jur: DB ' Teknik Elektro ' 5 |

univ: DB ' ITNMalang ' ;| string

tpstad: DB ' Stp ADC i

tpstpn: 0B ' Seting paint ' ;|

tpadcn: DB ' ADC: ! o

angka; DB 0123456789 ' i/

and
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mpatitile with MCS“51 Products

Bytes of In-System Programmabila (I5P) Flash Memaory
. Endurance: 1000 Wric/Erage Cycles

V to 5.5V Qperating Range

Iy Static Operation: 0 Hz to 33 MH2

ep-leyel Program Memory Lock

i % B=bit Intemnal RAM

Programmable /O Lines

1 16-hit TimerGounters

Interrupt Sources

| puglex UART Serial Channel

y-power |die and pPower-down Mades

srupt Recovery from Power-down Mode
rehdog Times

if Data Pointer

yer-off Flag

t Programming Time

btz ISP Programming {Byte and Paga Mode)
en {Ph/Halide-ree) Pachkaging Option

Description

\TBES51 is a low-power, high-performance GMOS 8-bit micracontroller with 4K
ol \n-System Program mable Flash memory. The device ie manufaclured using
s high-density nonyolalile memory technology and is compalibla with lhe indus-
andard BOCE1 instruction set and pinoul. The on-chip Fiash allows the prograim
ary 1o be reprogrammed in-syslem or by a conventional nonvolalile memaory pro-
ner. By combining & versatile B-bit CPU with In-Sysiem Programmable Flash an
“alithic chip, the Atmel ATR0GET is a powerful microcontroller which prowvides 8
-flexible and cosi-effiective solution to many embedded control applications.

(TBUS51 provides the lollowing standard Tealures. 4K bytes of Flagh, 128 bytes
M. 32 1O lines, Walchdog timer, two data pointers, lwo 16-bit time riounters, a
pctor two-leve! interrupt architecture, a full duplex serial port, on-chip oscillator,
ock circuilry, In addition, the ATBAS51 is desgned with stalic logic for operation
to zero fraquency and supporls b software seleclable power saving modes.
ije Made stops the CPU while allowing the HAM, limerfcounters, serial pert, and
1pl systemn Lo cantinue functioning. The Power-down mode saves the RAM con-
bul freeres (he oscillaior, disabling all other chip functions until the nexl exlernal
ipt or hardware resel.

8-bit
Microcontroller
with 4K Bytes
In-System
Programmable
Flash

AT89S51
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Pin Description

VCGC
Supply voltage (all packages excepl 42-PDIPY,

GND
Ground (all packages except 42-P DIP: for 42-PDIP GND connects only the logic core and the
embedded program memory).

vDD
Supply voltage for the 42-PDIP which connects only the logic core and the embedded program
MIEMIrY.

PWRVDD
Supply voliage for he 42.PDIP which connects only the VO Pad Drivers. The application board
MUST connect both VDD and PWRVDD to the board supply voltage.

PWRGND
Ground lor the 42-PDIP which connecls only the /O Pad Drivers PWRGND and GND are
weakly connecled througn the common silican substrale, bul not through any melal link, The
application board MUST connecl both GND and PWRGND to the board graund.

Port 0
Porl 0 iz an B-bit open drain bi-directional O port. As an oulput port, each pin can sink eight TTL
inpuls, When 1s are wrillen ta port 0 pins, the pins can be used as high-impedance inputs.

Por 0 can also be configured 1o be the multiplexed low-order addressidata bus during accesses
to pxternal program and dalia memory In this mode, PO has intemal pull-ups.

Port 0 also receives the cude byles during Flash programming and outputs the code byles dur-
ing program verification. External pull-ups are required during program yerlficatlon.

Porl 1 is an B-bil bi-directional VO port with internal pull-ups. The Port 1 oulput bulters can
sink/source four TTL inpuls, When 1s are writlen ta Porl 1 pins, ey are pulled high by the inter-
nal pull-ups and can be used as inputs. As inputs, Port 1pins that are axternally being pulled low
will source current (i, ) because of the internal puli-ups.

Port 1 also receives the low-order address byles during Flash programming and verification.

Port Pin | Alternate Functions N
L — | MOS! {used for In-System Progrmming) DR ————
l_F"InE_ - TSD_{uﬁaitm Ii-Syﬂemingmming_‘j -
(P17 | ScklwediorinSysomProgmnmind) ]
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Port 2
Porl 2 is an 8-bil bi-directional IfQ port with internal pull-ups. The Port 2 outpul buliers car
sink/source four TTL inpuls. When 18 are written to Porl 2 pins, they are pulled high by the inler
nal pull-ups and can be used as inputs. As inputs, Port 2 pins that are externally being pulled low
wil| sauree currenl (1 | beceuse of the intarnal pull-ups.
Part 2 emils the high-order address byte during tetches trom extemal program meamory and dur-
ing accesses o axternal data memory thalt use 16-bit addresses (MOVX @ DPTA). In this
application, Port 2 uses strong internal pull-ups when emilling 15. During accesses to external
data memony that use B-hit addresses (MOVX @ Rl), Port 2 emits the contents of the P2 Special
Function Register:
Port 2 also receives the high-order addrass bits and some control signals during Flash program-
ming and verificabion
Port 3
Port 3 is an 8-bit bi-directional /O port with internal pull-ups. The Port 3 outpul buflers car
sink/source four TTL inputs. When 15 are writien to Port 3 pins, they are pulled high by the inter-
nal puli-ups and can be uscd as inputs. As inputs, Port 3 pins thatl are externally being pulled low
will spurce current (1, ) because of the pull-ups.
Port 3 receives some conirol signals for Fiash programming and verification.
Por 3 also setves the lunclions of various special leatures of {the ATBOSH1, as shown in the fol-
iowing table.
Part Pin | Alternate Functions _l
‘ Fa.0 ‘l R¥D {gerial inpul port)
F3.1 TXD (senal outpul port) B = 1
paz I_im_o {extemnal interrupt 0) |
i3 TNT (extemal intzrrupt 1)
I:F':},-’f | 70 (umer 0 extemal input) J
| Pas T1 {fimer 1 extemal inpt} |
LF'E;.E ﬂ \WR {external data memory write straba) —|
| = = i
o7 | FOeemaltsmmenoryeatsets) ____— —— K
RST
Resat inpul. A high on this pin for two mactine cycles while the oscillator is running resets
the device. This pin drives High for 08 oscillator periods after the Watchdag times out. The Ol3-
ETO bit in SFA AUXH {address 8EH) can be used 10 disable this fealure. In the detault state ol
it DISRTO, the RESET HICH oul leature is enabled.
ALE/PROG

Address Laich Enable (ALE) i= an outpul pulse for latching the low byte m_lhe  address during
accesses lo external memory. This pin is also the program pulse input (FROG) during Flash

programming.

MO AC-DE0E
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capEresslmmedE

in narmal aperaticn, ALE is emitled at a constant rate of 1/6 the oscillator Irequency and may be
used for external liming or croCKINg PUrpoSes. Mote, however, that one ALE pulse is skipped dur-
ing each access 10 axiemnal dala memory.

I desired, ALE operalion can be disabled by setting bil 0 of SFR location BEH. With the bit set,
ALE is active anly dunng a MOV X or MOVC instruction. Otherwise, ihe pin is weakly pulled high.
Selting the ALE-disable bil has no eftec if the microcontrolier i in axternal execution mode.

Program Store Enahble (PSEN] is the read stroba lo external prograrm memaory.

When the ATBIS51 is execuling code from external program mMemaory, BSEN is activaled lwice

each machine cycie, excepl thal two FEEN activations are skipped during each access 1o exriar-
nal data memory.

EA/VPP
External Access Enable. EA must be strapped to GND in order fo enable the device lo fetch
cade from extermal program memory locations starting at 0000H up 1o FFFFH. heote, however,
\hat if lock bit 1 is programmed, EA will be internally latched an reset

EA should be sirapped to Vg for internal program ereculions.

This pin also receives ihe 12-yoll programming enable voliage (V) during Flash programming.

XTAL1
Input te the inverting pecillator amplifier and input 10 the internal clock operating circuit.

XTAL2

Output from the inverting cuciliator amplifier

Special Function Registers
A map of the orechip memory area caliad the Special Function Regicter (SFH) space is Shown in
Tabwe 5-1.

Note that not all of the addresses are occupied, and unoccupied addrasses may not be imple-
mented on the chip. Reed accesses 1o these addresses will in general refurn random data, and
write accesses will have an indaterminate effect,

AT89S51 /
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251, ATBOS51 SFR Map and Hesel Values

BH | | | | | | | orEH
o IR ST S o S I N
3H| i T —| T | |uL'FH
T e
ad | m;mmu | | | | | | e
|._._|___T___________|____[___
o | | . | | | | | ooFH
_____]____.___l______.____l____l
W
oo || [ D T SR
o | | | | | | | | oo
I B GRS e S i W
oH | | ( | ooH
__I_______|__J__ B e
| ¥ | ﬂ | [ 2
EHI .K._HDD:'_IJDG_ N S _|_ B _l - _I_ - _l_ - (. _D‘El‘H
o] B | | | | | | |
I _|E_|_ R R — _| - = I_ | .|_ | L |
aH |_ﬁﬂﬂEDﬂi - |_ - -|_ - B _|_ o - J_ o _—||:|P-.FH
s po AR I_ | '_ WDTRST | ATH
™ | e l XHHNHRKD L _| il R R | @
= D[KJI}GWSEGNﬂl SSaTIEOnLX | | | i | | | sr
= sa —— T =
]H||_T11‘_1‘ B _J____l____l___|__ |__ _l___IQTH
4y TCON TMOD o [ e | e [ | auxA il
| ooosony | ooosooop_|_ o000 000880 |, ST auseanoo | w0000 | |
| PO 5P DPoL DPOH oPIL T o R
’ '_ﬂm*ll_ﬂ*?@m__w_lw_l ooouc0on | Goo00o00 | | SO

=oftware should not wrile 15 10 these unlisted locations, since they may be used in future products to invoke New fea-
In that case, the resetor inactive values of the new bits will always be 0.

upt Registers: The individual interrupt enable bits are in the |E register. Two priorities can be set lor each of the five
ipt sources in the IF register.
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Table 5-2.  AUXR: Auxiliary Register
[ AUxR Addrass = BEH esat Valus = XXX00XX0B |
‘ Mot Bit Addressabie

. _|wn1|:nE Ulsm'c:r' - _|_- DISALE ‘
|EI-It Lﬂ:EJ “t—[_ -I_F—'_ |_{}'—_l|

- Aeserved lor Julure sxpansion !
| CISALE Disable/Enable ALE |

| DISALE
| Operating Mode ‘

| 0 ALE s smitied al a constanl rale ol 16 the oscillator freguency |

| 1 A1 E is active only during a MOVX or MIOVC nsiruction |

DISAT hsable/Enakia Reseat-oul

‘ DISATO

| 0 Reset pin is driven High aftor WOT timeas out
3 Reset pin s input anty

‘ WDIDLE Dhaabla/Enable WOT n 1DLE mode ‘

WHHDLE |
‘ a WOT continues to sount in 101 E mode ‘
1 WET halis mum‘ing ] IDLE made
- e S - —

Dual Data Pointer Registers: To facilitate accessing both internal and external data memaory,
twa banks of 16-bit Data Pointer Regislers are provided: DPO at SFR address lecations B2H-
g3H and D1 at 84H-85H. Bit DPS = 0 in SFR AUXR1 selecls DPO and DPS = 1 selects OP1
The user shauld ALWAYS inilialize the DPS bil to the appropriate value betore accessing the
respective Dala Pointer Reqlsier

Power Off Flag: The Power Off Flag (POF) is located al bit 4 (PCON 4) in the PCON SFR. POF
s set to “17 during power up. itcan be sel and rest under soltware control and is not affected by

resel.

AT89551 /
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Table 5-3. AUXR1: Auxiliary Register 1

AT89S51

[Auxmt  Address = A2H Reset Value = XXXIOAX0R |

Mot Bit Addressable

f=——=11 —|——| —Sje—seme— ==— = HEE 1 I

|| - Beserved for future Bxpansion
OPS Data Pointer Hegisler Select

oFS
0 Salects DPT H Reglsters DPOL, DFROH
1 selects DPTA Registers DPIL, oPiH

Memory Organization

J-RESPEETS

MCS-51 devices have a separale address space for Program and Data Memory. Up 1o 64K

bytes each of extermal Frogram end Data Memory can be addressed.

Program Memory

If the EA pin is connected o GND, all program letches are directed |0 external memory.

On the ATE9S51. if EA is connectad 1o Ve, progam fatches to addresses DDDOH through FFFH
are directed to internal mamory and letches to addresses {D00H through FFFFH are directed o

external rmemory.

Data Memory

The ATBAS51 implemenis 128 byles of an-chip RAM. The 128 bytes are accessiple via direct
and indirec! addressing MOOES. Stack operations are examples of indirecl addressing, so the

128 bytes of data RAM are available as slack space.

watchdog Timer (One-time Enabled with Reset-out)

The WOT is intended as a recovery mathod in situations where the CPU may be subjecled to
software upsels. The WDT consiste of a 14-bil counter and the Watchdog Timer Reset
(WDTRST) SFR. The WDT is defaulied to disable trom exiting resel To enable the WDT, a user
must write D1EH and 0E1H in sequence to the WD IRST register (SFA location OaGH). When
lhe WDT is enabled, it will ifcrement every machine cycle while the ascillator ig running. The
WDT timeoul pariod is depe ndent on the external clock frequency. There is no way lo disable

tha WDT except through reset (either hardware reset or WDT overliow
flawe, it will drive an outpul RESET HIGH pulse at the RST pin.

Using the WDT

gsel). Whan WDT ovar-

To enable the WDT, a user musl wrile 01EH and OE1H in sequence 1o the WDTRST regisier
{SER location pAGHY. When the WDT is enabled, the user neads o sarvice it by writing 01EH
and DE1H to WDTRST to avoid & WDT overflow. The 14-bit countar averflows when it reaches
181R3 (3FFFH), and this will resst the device. When Lhe WDT is enabled, it wil increment every
machine cycle while the eacillator is running. This means the user must resel the WDT al least

RN
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every 16383 machine cycles, To resel the WDOT the user must write 01EH and DETH to
WDTRST. WDTRST is @ write-only register. The WDT counler carnot be read or written. When
WDT overfiows, it will generate an output RESET pulse al the BST pin, The RESET pulse dura-
tion is 38xTOSC, whera TOSG = 1/FOSC. To make the hest use of the WDT, 1t should be
surviced in ihose sections ol code thal will periodically be axeculed within the time required to
prevent a WDT reset.

WDT During Power-down and Idie

In Power-down maode the ascillator stops, which means the WOT also stops. While in Power-
down mode, he user does not rieed to service the WDT. There are lwo methods ol exiling
Power-down mode: by a hardware rasat or via a level-activated extemal interrupt, which is
enabled prior to enlering Power-down mode. When Power-down is exiled wilh hardware raset,
sarvicing the WDT should ocour a5 it normaily does whenaver the ATHES51 is resel Exiling
Fower-down with an interrupt is significantly difterent. The interrupt is held low long enough for
the oscillator to stabilize. VWhen the interrupl is broughl high, the interrupl is serviced. To pravenl
the WOT trom resetting the device while the interrupt pin is hald low, ihe WOT is nol started unti
the interrupt is pulled high 1tis suggested that the WDT be reset during the Interrupl servics for
the interrupl used fo exi Power-gown mode.

To ensure thal the WIIT does not overllow within a few clates of exiting Power-down, i is best to
reset lhe WDT just before entering Power-down rmode.

Before going into the 1DLE mode, the WDIDLE bit in SFR AUXH is used to determine whetlher
the WOT continues o count if enabled. The WDT keeps counling during IDLE (WDIDLE bit = 0y
as the delault stale. To prevent the WDT from reselling the ATBISS1 while in 1DLE mode, tha
usar should always set Up & fimer thal will periadically axit IOLE, service the WDT, and reanter
|DLE mode.

With WDIDLE bit enabled, the WDT will stop 1o count in IDLE mode and resumes the counl
upon exit fram IDLE.

UART
The UART in the ATBS551 operales the same way 85 the UART in the AT83CE1. Far further
inlormation on the UART operation, please click on the docu ment link below!
hilphaiane atimel -:‘,r:rr-..“dj.rnffesuurcms.fprnﬂ__c&-:;lcumsﬂ!ﬁ-' BoC4316.PDF
Timer 0 and 1

Timer 0 and Timer 1 in the AT89551 pperale the same way as Timer 0 and Timer 1 in the
ATBSCH1. For further information on the limers’ pperalion, please click an the document link
below:

bt/ e Bl o midyniresourcesiprad dacumentsDOC4316.PDF
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Interrupts

AT89S51

The ATBOS51 has a lotal of five interrupt vectors: 1wo sxtarnal interrupts (INTC and TNT1), twe
timer interrupts (Timers 0 and 1), and the serial port interrupl. These interrupts are afl shown in
Figure 10-1,

Each of thees interrupt sources can be individually enabled or disabled by setting or clearing a
bit in Special Funchion Retister IE. |E also conlains & global disable bit, EA, which dizables ali
interrupls at once.

Note that Tabie 10-1 shows that bit positions |E.6 and IE.5 are ummplemented, User software
shauld ot write 1 to these bit positions, since they may be used in future ATES products.

The Timer 0 and Timer 1 flags, TFO and TF1, arc set al S5F2 ol the cycle in which the timers
overfiow. The values are then polied by the circuilry in the nexl cycle.

Table 10-1.  Interrupt Enable {IE) Ragister
M8} Les)

e |- [ e 1w e e [0 | |
| Erabie Bil - 1 cnables the interupt. |

| Enabta bt = 0 disales the intarugt.

|_".:'qrmhul | Position | Function |
T _|
|— | Disables all intermupts, I EA= 0, reo ImiEmupt is
acknowiedged. I EA = 1, gach NIErrupL SOurce 18
indhidually enabted or dizahled by setting or claanng s
| enakde b,

| Tzoneg

EA | 7

ks

|E.5_
€S T | Es
YET.T —==="llarm - |_'|'|m¢r1 interrupt enable bit

Resarvead

Serial Porl interrupt enatle bt

EX1 "IEZ2

j_F vternal inlamupl 1 enable bil
s

| ETG
EX0 | IE.}

User sottwara should nevst wiits 15 1o rosenved Dits, because they may be wsad in future ATEY
|_pmduc:5.

Tirreer 0 interrupt enable bit

| Extarnal interupl O enabls i

s ] mEl 11

I RO-0ATS
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Figure 10-1. [nterrupt Sources
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Qscillator Characteristics

XTAL1 and XTAL2 are the input and oulput, respectively, of an inverting amplilier that can be
conligured for use as an an-chip oscillator, as shown in Figure 11-1. Either & guartz crystal or
ceramic resonator may be used. To drive the device fram an external clock SOUTGE, HKTALZ
should be left unconnected while XTAL1 is driven, as shown in Figure 11-2. There are no
requirements on the duty cycle ol the external clock signal, since the input to the intemal clock-
ing circuitry is through a divide-by-two {lip-flap, but minimurm and maximum vallage high and low
time specilications must be observed.

Figure 11-1. Dacilator Connections

Mole: ct, C2 a0 pF £ 10 pF for Grystals

40 pF + 10 pF for Caramic Resonaiorns

AT89551 /
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Figure 11-2. External Clock Drive Configuralion

Idle Mode

I dle mode, the CPU puls itself to

AT89551

sleep while all the on-chip perpherals remain aclive. The

mode is invoked by soflware. The cantent of the on-chip RAM and all the special function regs-

{ere rermain unchanged during thiz mode.
intarrupt or by a hardware reset.

Nole thal when idie mude ls terminated by a hardware resel, the

The idle mode can be terminaled by any enabied

device norindlly resumas pro-

gram execulion Irom where it left off, up 1o two machine cycles belore lha internal reset

algorilhm takes cantral. Qn-chip

hardware inhibits access o internal RAM in this eveanl, but

access to the port pins is not inhibited. To eliminate he possitility of an unexpected write 1o &

port pin whan idie mode 1S terminated by a reset,
idle mode should nol wnle 0.8 port pin or o gxtemal maemory.

Power-down Mode
In the Power-down moda,

the instruction following

the one thal invokes

ihe oscillator is stopped, and ne instruction hat invokes Power-down

is the last instraction axecuted. The on-chip RAM and Special Funclion Registers retain their
values until the Power-down mode is terminaled. Exit fram Pawer-down made can be inialed

gither by a haraware reset or by activation of an enabled external interrupt (INTO of

INT1). Resel

redefines lhe SFRS bul does nol change the on-chip AAM. The reset should not be activated

befare Vg is restored tofits normal
the oscillalor to restart and slabilize.

operaling lgvel and must be held aclive

iong enough Lo aliow

Table 13-1.  Status of External Ping During Idie and Power-down Modes

" mote Program Memory | ALE [ BSEN | PORTO | PORTI " pORTZ " porTs |

' idie _i intanal B _| . ! _nata_' Dam = Dam ' Data |

’jdlﬂ_ B External B |_ |_| v | Pea | Data lMdEssI Data _i

Pﬁww-;jnwnﬂ Internal 0 o | Data | Dama Data | Daa |

et 8 (BT iee OB B oms
i3

P ‘ﬁiEl

WDHC 030D
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Program Memory Lock Bits

The AT89551 has three lock bils that can be leh unprogrammed (L) or can te programmed (P)
ta obtain the additional fealures listed in Teole 14-1,

Table 14-1.  Lock Bit Pralection Modos

[ Pragram Lock Bits ' '|

| \g1 Lez  LB3 | Protction Type |
f

! 1 u Y Y Mo program lock features |

-I_ | MOVE instructions executed from axtemal program memory |

2 | P u | U | are disablad from feizhing code byies rom interral mamary,

| ER is sampled and latched an resat, and further programming |

—f L | of the Flash memory is disabled :

I_ 3 P —[ P U  Same asmode 2, bul verity is aiso disabled |

I_ 4 | P P P | Same as made 3, bul auiemal exgrution iz alse disabled

Whan lock bit 1 is programmed, the logic level at the ER pin is sampled and lalched dunng reset,
[ tha device is powered up without a reset, the laich mitalizes to a random value and holds thal
value until resel is activated. The lalched value ol EA musl agree with the currant logic lavel al
that pin in arder Tor the device 1o funclion properly

Programming the Flash — Parallel Mode
The ATB9S51 is shipped wilh the on-chip Flash memory aray ready 1o be programmed, The
pragramming interface needs a high-voltage {12-volt} program enable signal and s compatibie
with conventianal third-party Flash or EPROM programmers.

The ATB9S51 code memary array is programmed byle-by-byte.

Frogramming Algorithm: Before programming the ATBOS51, the address, data, and contral
signals should be sel up accarding Lo the Flash Programming Modes table (Tapie 17-1) and Fig-
ure 17-1 and Figure 17-2 To program the ATBOS51, fake the following steps:

Inpul the desired memory location on the address lings,

Input the appropriale data byte an the daia lings.

Activate the correct combination of conirol signals.

Ralse EAMNVpp lo 12V.

Pulse ALE/PROG once lg program a byle in the Flash array or the lock bits. The byte-
write cycle is seli-uimed and typically 1akes no more than 50 ps. Repeal steps 1

through 5, changing the address and data for the enlire array of until the end of the

object filz is resched.

Data Polling: The ATBSS51 fealures Tata Polling to indicate the end of a byle wnie cycle, Dur-
ing & write cycle, an attempted read of the last byte written will result in the complement ol the
written data on PO.7. Once the WE cycle has Deen cumpleted, irue data is walid an all outpuls,
and the next cycle may begin. Data Polling may begin any lime aller a write cycle has been
iniliatacd.

= R

Ready/Busy: The progress of byté programming can also be manitared by the H@EE_Y oulput
signal. P3.0 is pulled low after ALE goes rign dunng programming 1o indicate BUSY. P3.0is
pulled high again when programming is done [0 indicate READY.

ATB89551 /
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Program Verify: If lock hits LB1 and LB2 have not been programmed, the pragrammed code
data can be read back via the address and data lines for ve rification. The status of the individ-
ual lock bits can be verified directly by reading them back.

Reading the Signature Bytes: The signalure byles are raad by the same procedure as & nor
mal verficalion of Imcations OUOH, 100H, and 200H, except that P36 and P3.7 must be pulled lo
a logic low. The values returnad are as lollows.

{000H) = 1EH indicales manulactured by Atmel

{100H) = 51H indicales ATBE551

{200H) = 06H
Chip Erase: In the parallel programming mode, a chip erase operalicn i initiated by using the
proper combination of cont rol signals and by pulsing ALE/PROG low for a duration of 200 ns -
500 ns.
1n the serial programming mode, a chip erase operatian is initiated by issuing the Chip Erase
instruction. In this mode, chip erase is self-timed and takes about GO0 ms.

During chip erasa, a senal read Irom any address location will return poH at ihe data oulput.

Programming the Flash — Serial Mode
The Code memory ardy carn be programmed using the serial ISP interface while AST is pulled
16 V.. The serial interlacs consists of pins SCK, MOS! (input) and MISO {output). Alter RIT 15
zel high, tha Prog ramming Enable instruction needs tobe executed first befora other operaticns
can be executed, Belore a reprogramming sequence can oucur, a Chip Erase pperation is
required,

The Chip Erase operalion turms tha content of every memaory location in the Code array irnto
FFH.

Either an external Syslem clock can be supplied ai pin XTALl1ora crystal neads o be connecled
acrose pins XTALY and %TALZ. The maximum senal clock (SCHK) frequency should be less than
1146 af the crystal frequency. With a 533 MHz oscillaior clock, the maximum SCK frequency is
2 MHz.

Serial Programming Algorithm
To program and verify the ATBOSS1 in the serial programming mode, lhe following SEQUENCE i
recommended;

1. Power-up sequence:
a.  Apply power belween VCC and GMND pins.
b Set RST pinto "H™
if a crystal is not connected across pins XTALT and XTALZ, apply 2 3 MHz 1D 33 MH: clock to
%TAL1 pin and wait tor al 1east 10 miliseconds.
2 Enable serial programming by sending the Programming Enable gerial instruction to pin
MOSHP.5 The frequency of the shift clock supplhied at pin SCKIP1.7 neads lo be less
than the CPU clock at XTAL1 divided by 16.

3. The Code array is programmed one byle al a time in either the Bylear Page mode, The
wrile cycle 15 self-timed and typically takes less than 0.5 ms al 5.

4. Any memory locetion can be verified by using the Read inslruction that refurns the con-
tenl at e selected address a1 serial output MISO/P1.6.

e e ‘ImEl 15

MCEO-0305




#

i

5. Althe end of 8 programming session, RST can be sel low 10 commence no rmal dovice

operalion.

Power-off sequence (if needed):

1. Sei XTAL1 lo“L (ifa crystal is not used).

2. SetHST10"LC,

3. Turn Vg power off.
Data Polling: The Dala Poliing feature is also available in
a write cycle an attempied read of the lasl byte written will resuil
af the serial output byte on MISO.

the seral mada. In this mode, during
in the complement of the MSHE

Serial Programming Instruction Set

The Instruction Set for Senal Programming {ollows a 4-byte protocol and s shown in the

“Serial Programming rstruction Set’ on page 20.

Programming Interface — Parallel Mode

Every code byle in the Flash array can be programmed by using the appropriate combination of
control signais. The write pperalion cycle iz pali-timed and once initialed, will automalically time
itselt to comphation.

offer worldwide support for the Atmel ATBS micro-
programming vendor for ihe appropriate soitware

Mosl major worldwide programming vendors
controller series. Please contacl your local

revision.
17-1.  Flash Programming Modes
| ' | i [ i | ' | | oy | PaAe_ Pl
' |v¢|nm|ﬁﬂ|rﬁﬂ|vwlm£ P?_?,Paualm.ﬁ||=a,rimu: Address
| f T T vl | T
E'?ll'Ji'-.‘l_UHi‘:l—l— il | _H !_L_l _‘—’I__| j\r _ll_ L_| H_| i _H_| H_l _DN_ f'&'_m_{' |
_n:aup._nma_' v |_H+ L. |_ H_" i S |_L L H_| 1-:_| B iﬂ-ﬁﬂ E—ﬁ‘{
LockBiL1 | BV H L | _h_;': 12y | H | H H | H Ho| X | X X |
L A R Rl L N T N LW
mai'.2|5v|H+L|_J'12v|H H|H|L L|}( e X
I s e e e T [ =
Lok Bit 3 sy H L . 12v H L H H L; X % X
—I—l_l_—|—|——|——| —|—|—|—|—|——__L_J
: PO -
Lm"""”'sv h| |_| H H|H H L|H L | Poa x %
2 | | | | | | | | HA |
Sreish | s | H | L - 12v Ho| L H L L x | X %
eyt e Ty W N g e
omicaid_| T (S R L_|_51H_'_wmj oo
wimo | v [ w] L[ m | ® ] ] |_L_L_ o om0 | oo |
1. Each PROG pulse is 200 ns - 500 nsfor Chip Erass,
5 [Cach PROG pulse is 200 ns - 500 ns for Wrile Code Data.
3. Each PTDGuuusmszmns-f.oﬂ.nsfnrwmamaans_
4. ROY/BSY signal is output on PA.0 during programming,
5, ¥ =don't cars.
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Figure 17-1. Programming the Flash Memory (Parallel Mode)
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Figure 17-2. Verilying the Flash Memory (Paralle! Mode)
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Flash Programming and Verification Characteristics (Parallel Mode)
304G 1o 30°6, Vg = 4.5 lo 5.5V

bel | Parameter | Win | Max | wnits

| Programsing Supply Voliage 115 | 12,5 v
| Ve e S A
T aSwsyowe L W | mA
e _‘ Oscilator Frequeney Y. S 3 _I__ 33 ! MHz |

o Aﬂdms&ﬁ&tuplnFﬂDGLw . _4&.,_ J - _| -

e _—I_P.d-d.rcss Hold After F"HD(: R — _dE lpu_ - _| ==
T [omsewermol e s S
. DataHodARerPROG | 48lga - _| o
. |P2?qENﬁFll-Lghm‘u'FF e }_ 4Blag - _| i

W e SENLED 10 FROG Lm 10 | Hs
T | ypp Hold Afler PROG =— = I’ 10 s _|
o o |Paﬂetumm - oz r_ i:t_:; T T —
[ e R e
o1 N S N7 S I

| Data Float Arier ENABLE 0 |_ 48t ]
- F'_E]GHightﬂI]USYLow - o _| a 10 _| s
- : o E@nt&_ﬂvdeﬂme I _| :_ _l __55}_ _1.!5 |
e 18-1. Flash Programming and Verificalion Wavelorms — Paraliel Mode

gg 21 | mijiﬂfj | VERIBIGATION
— Lavay

e G —>——b_—_“r:>—

=¥ Ly MW
Lo |"_ | N I"_ "1 Lanax
ALEPADG | \L_ o i ',
et} ¥ - (g

]
— M Talm |

_Pper
(ENARLE)

B30
(RO ESY
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& 18-2. Flash Memory Serial Downioading

.\‘I
ATHAS51 q
[ e —
| Yig, | -
S LS TN i
”'“"“T = :"I.b."ﬂDS!
SATA CCIUTPUT * [ B sEG
CLGGE W ."i (u) By i
— ] FTALE |
333 Wiz L ! l
el
i =
| ]
|
|
- - KTAL 13T = Y
- G

Flash Programming and Verification Waveforms — Serial Mode

e 18-1. Serial Programming Wavalorms

o - j : .*—"j :-*"—"\
SERIAL DATE NPT \ e
P15 MO k"-
SERIAL DATA GUTPLT /s ‘/\{ >{ }\: }[’ \}:: ‘\{ _y_.uﬁ
P1E (MIST) 4 = i, i
SERIAL CLOCK INPUT [_'
oo [ LTI TL 0
7 B & 4 3 2 1 0

P = “__Il“EL 19




Serial Programming Instruction Set
| Instruction Format |

= coe= omesen = o o = =
ruction | Byte 1 Byte 2 —[ Byte 3 | Byted Operatian
| . EEEN MM i
; o110 100 | Enable Serial Programming
prarrming Erable 1010 1100 | o101 0011 Per e et ] (Output on | white ST i< high
| | MISO) .
Emze _L 1010 1100 | 100 MKxN Fae s S et | socor M0 S::;Emﬂ Flashmemory
4 Program Meamory _— _x: A D —I:.q:: P I: _NNZ _Head_dala?um-ﬁlgra; |
S J o010 0000 | oA _F{ﬂ 4425 _F% B858 | mamory in the byte rade
ST L — — == e e B R e e
= Program hemory K —2RT . = P RO Wrile data 1o Program
 Mode) oi00 0000 | T e S ] Jnmn o Tatatal | ory in the byte mode
3 Lack Bits' _' 1010 110D 1110 0dm | HHAX, WA PEr e e ) | Write Lock bits. See Mote {1':T|
| o o Baad back current status of
| Lock Bits Q010 0100 WM KKK | AdX XAKK o M ‘ the tock bits (8 programmed ‘
| | |k bit reads badkas a™17)
| O o { 1] . -
i Signature Bytes oo 1000 | ARk EE"-E? > e | Signature Byle | Read Signature Byle
| Fead data from Program
0y T
1 Frogram Memory | gn4q 0000 | ﬂﬁﬁ Oye O Bge 1 | merary in the Page Moda
2 Maode) | Byt 253 {256 bytesl
. '_ Write data to Program
,Ei-:;ugg;rj.}m Mernaary | oict 0000 | pon0r T Byle D g:’i;&:& | memory in the Page Mods
L {256 byles)

g1 =0, B2 = 1 —» Mnde 2, lock bit 1 activated
Bi=1 B2=0— Male B.I-nrckl::iIEal::liualEd
Bi=1, B2=1— Mode 4, lock bit 3 actvated

Each of the lock il modes need to be activated seguentially be-

1 ek —s
1, Bi=0,02=0— Mode 1, ne lock protection
fare Mode 4 can be executed.

Jeset signal is high, SCK shauld be low for at least 64 sysiem clocks before it goes high to clock in the enable dala
No pulsing af Reset signal is necessary. SCK should be no faster than 1/16 of the systam clock at XTAL1.

age Read/Write, lhe data always starts from byte 0 10 255 After the command byte and upper address byte are
d, each byte therealer is treated as dala unii all 256 Dyles are shilled infoul. Then the nex instruction will be ready

decoded.
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Serial Programming Characteristics

re 21-1. Serial Programming Timing

OS]

MISO

1941, Serial Programming Characteristics, T = 40°C 1o 85°C, Vi = 4.0 - 55V (Unless Oiherwise Moled)
bol l. Parameter | Min ! Typ | Max l Units _II
i | Oscillator Frequendy 3 33 | MH:z |
o Osciliator Perad - —f e _| - s _‘
__ ]_BCKEIEHEW H@ o o o _B 1.:; kil o - o —I— _rlﬁ_ |
= | Bm | o &
R e T el el 5=
B ey T BN e N
SCKLowtoMISOVald J_ w1 4_ @ om
;_E —Tﬂhiu Erase Instruction Cycia Timea ' | 500 | ma
e = T T [ | s
Absolute Maximum Ratings”
NG TEMPEIAIUIE . rensissssresssssarsos s 50 G 10 +125°C NOTICE:  Sirasses beyond those listed under “Absalule

g TEMPBIAILINE . cioan s corasrrross i e B5°C to 1 150°C
g on Any Fin

Jospant 0 Ground ..o o1 OV D + 7.0V
Turmn Dperaling Voltage ... ERCTIROAPONN 1. |
T LT Lo SR 150 mA

Maximum Ratings” may cause permanant dam-
age to the device. This s a siress rating oty and
functional operation of (he device at these or any
othar conditions beyund those indicaled in 1ha
opermlional sections of this specification is not
implied. Exposure to absoluie maximum rating
conditions for extended periods may affect
device raliatility.
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DC Characteristics
:alues shown in this table are valid for Ty = .40°C 10 B5°C and Vee = 4.0V 10 5.5V, unless otherwise noted.
ibol | Parameter Condition Min | Max Units |
Tinput Low Voltage | (ExceptE®) | 05 _|_ 02Vec®1 | ¥ '
" gt | | | o2ug0a | ¥
 Input High Voltage | (Except XTALT, RST) 02V +08 | Vo5 W
- lanTHigmrnltaE o o {}{TAL_‘I, rts? - | ez vcc__i_vmﬁ.s v
— i (e — | e [ W
E;g?&}:&?‘;%;l . lg = 32 mA | 045 | W
| Culput High Voltage | = =jﬂ er_um =_5U ii% == 5= Ei _f _ —I‘ 1 ||
' (Ports 12,3, ALE, PSEN) gl 00— A SR L Y
| h:,ﬁ A0 pA 0.9 Vir | | w
- T h.:?ﬁiuu;uc,::ﬁ?_im? T " 8s | ! %
| ?Puc:ﬁu:; :—:E]Ehﬂi{:::?;,ls Made) |lu=300pa | 07V | I . |
e . S _ e
- | Ln;qical Cﬂnpn,llEurrmEl,FﬁaﬂiLE,S‘j __U,N =_D.45N_ - | == e _Erl.'.l . | _u.P-. .
iy s | L
Input Leakage Cument (Port 0, EA} | D45< Vi< Voo 10 i WA |
| Resipmompessor | T e | w [
Pin Capacitance Tast Freg: =1 MHz: T, =257C 10 pk
4' - ] A[:‘t_wEMuda_,‘lZM?Lz - 1_ — T % | ik
Power Supply Guren = 0 = | = S e =
= S | ldie Mode, 12 MHz - | R 85  mA |
| Pawer-down Mode'™ | Voo = 5.5V 50 s B

1, Undar steady stale {non-iransiem) conditions, 1, must be autermally limited as tollows:
Maximum Ly, per porl pin 10 mA
naximum Iy, per 8-bit port:
Part 0 26 mA, Ports 1, 2, 3 15 mA
Masimurm Ioial | for alt outpul pins: TimA
It Iy Exceeds the 1est condition, W, may excesd the related specificalion. Pins ame not guaranteed to sink currant greater
Than the listed tast condihons.
5 Minimum Ve for Power-gown is 2V,
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AC Characteristics

r operating conditions, load capacitance far Por 0, ALE/PROG, and PSEN

s = 80 pF.

External Program and Data Memory Characteristics

- 100 pF; load capacitance lor all other

| ‘ 12MHz Oscliator | Varlable Oscillator '
ibol | Parameter B H'; T Tﬁx B lll: | h_lll:l: | Units |
o | OscilatorFrequancy | I _w._ g MHz !
ALE Pulsa Widih | IE? 2 ch.:L- n%
[ Address Vatid 1o ALE Low . L 43 e lerci-25 - ns
| Address Hold me;_nLEEw T o258 |__ — e
il | ALE Low o Va "u’ahd }nstmmlm n N | o a _EG__ = = a d-t,:,_;_-ﬁb___-ts__
ALE Low to PSEN Low ‘ B chﬁ—zs_ - __ | s ‘
. _| FSEN Pulse Width N B — I oo ! s |
- FSEN Low 1o "u’alld Insirumon In o __I - __ _145__ __ B _Lw _-ﬁ_l:l'_ I __ns__ i
In.pul Instruction Huid .H“B‘I’ FSFN 0 : 0 ns
N |Ir1pullmlmcﬂm Float After FQEN N - —L o T .__| s
BT R el | e [ m ]
Addrese tn Valid Instrution 1n |_ B 212 - | Sl ns
i?ﬁr&@:mﬁdm;n; - L a8 - _| 10 ns ]
o _Fﬁzase_wmrh_ - —I_ 400 B DR | Ble 100 E ns
. WA Pulse Widlh - __L e | Bl 100 | | | ns
— s L L L] w —|
Data Hold Aar Fllj -l_ 0 I_ -
e Da:a F!Inat Altar HD R T _!H 1 ]_ 2 tgm_ |
B T i S _'?‘_ s~ AN ¥ |
| Adaress 10 valid Data in | e o | oS ne
=) AL? an? AD .ﬁ.rﬁ ow | 200 400 | Blgas0 | Blp S0 | ns
- | Aﬂdmsstﬁ FID urWH Lc-w ki EB o Al e 72 - o __ns:
; __ Dafa | ‘ul'ahd !a_ﬂ Transihan __ __ __ _2? __ o j |_1.;,. CL_-a_n | __ __ l_ 5_
- Data Uahd la ¥ WFI digh - _-t'iﬂ_ |_ N 7 7o 13 -130 _}
B Dm.a Hold Aﬂer wo L 33 —l— - | ICL,,,_-QE s
o PlD Low Lo Addrass Float k= W | s
HO or WH High to ALE High | 43 123 _I e 25 1— o 425 ns |
# 23
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External Program Memory Read Cycle

:."_' S —"']
o _'/i/_—._—_\;" ff___.—\\_..._.-.—
i I I r _HI1|'IF‘r
= > |
PoEM ”~ T A
| I \]l‘_-"_“ I""l"-f-\'n'—vi . T
[ ! —8| fa—Tli iz i
LR p— i ; .r;}:lﬂ'it _..! |
| pagy—m !
POMT € — kA KNSR T

— = Ly —— "J
POAT 2 : AR- ALG W M-t

External Data Memory Read Cycle

ALE m _/r'_‘_‘\_____/

| II T
|

o TR i

— b

_'+"
|

- e 1| -

A —lae—H e
§ —— iy .
i =t —* | ! =

POET 0 >K A0 - A¢ FHON B OF DRl %,
| J I

-'F" _—'—H e
e | ol ] et

B0 - A EEON PCOL 15T N

P TATY 1N A

LA Ty, — —— i
—— — gy —— M

POIET 2 ﬂ( Fog - Frr OR B - Al FRlM DPH "W A K15 FROM PCH
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External Data Memory Write Cycle

|#— S —

I | = i'" Yol

F'_SFH A _.l . j’
]
|" - r._l_'.f-': —r T i
1 I |
L L |
WH TR "‘|\_._-/
by i1
je— bany 1= Legnsre e = bpencn
r’ A ¥ _r!..'_ !G\"wH = j !-‘_ i

| i
PEOET O }-F WO - A7 FRON Rl O .'.-r=|_)c|: I DAA T }f_\__)@ A FAON Poir—<NSTR 1
[ |

ey ——
|

EOMET 2 J{ Fr - Pr.7 R A8 - ATS FROM DFH .4 AR - At FION PES

External Clock Drive Waveforms

External Clock Drive

bol | Parsmater | Min | Max | Units
i | Oscillalor Frequency | o ' 33 | Mz |
| Clock Pariod | 30 I ns |
__wa@m_______'E'__i,_____l__ﬂs__J

Low Time 12 5
LTINS s s e B = b= ==== L

| Riga Time 5 ns
- PaTme s e |
———— ATIEL 2

e e e
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Serial Port Timing: Shift Register Mode Test Conditions
salues in this lable are valid for Vg = 4.0V 1o 5.5V and Load Capacitance = 80 pF.
12 MHz Osc F Variable Osciliator ‘ |

kol | Parameter I_ Min T max Min | Max Uinits '|

| Serial Forl Clock Gycle Time [ 10 | R | s
" [uput D setpto Gk sing e | 70| et | |
. Ouiput DaiaHald After Clock Fising Edge 50 ‘ _1 21 B0 ol oms
{ _||nrn£Da1a_Hmﬂmeflom_mspE_Ed_gE _| _ﬂ _l o o I}_ _| === I ns |
, | Ctock Rising Edga to Input Data Valid T | W03 e |
Shift Register Mode Timing Waveforms

TR TION | O | i I ol | A i 4 [ 5 \ & | T | (3 I
o e 0N L M S Lﬂ_["I_I_IJLTLﬂ_H_I_U’LMJ
CLOCK 2

WRITE TR S8Ur,
PR =

CLTRUT TATA
CLEARRY

b
PPLT DATA

AC Testing Input/Output Waveforms'"

i e TR /—
TERY POINTS
s A= DAV
R —-

1. AT Inputs during testing are driven at Vi - A5V foralogic 1 and 0.45Y for a logic 0. Timing Measuremants ara made at ¥y

min. Tor a8 logic 1and ¥, max. for a logie .

Float Waveforms'"

Tywning Feterance
Puaiis

1. For timing purposes, a por pin is no fenger floating whien a 100 mv change from jvad vollage oocurs. A port pin bogins o
Hoat whan a 100 mV change iram the loaded WV level ooours.
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Ordering Information
Standard Package

AT89S51

J'E-'E’d I Power | | [
AHZ) |  Supply Ordering Code Package | Operation Range |
' ATBISE1-24AC 445,
. | ATBOSE1-24.JC | | Commercial
| ATB9551-24PC 40P6 {0°C 10 TOG)
ATE9SS51-245C 42P36
= | 4OVSV [ Rgsst-24m aan —I_ -
' A189551-24.0 44) - Industrial
| ATBISS1-24P | A0PE | (40°C 16 85°C)
i | ATBISS1-2451 | 42PS6 e
| ATHOS51-33AC [2an |
KTE9S51-33JC 44, Commercial
.= ‘ 45V10 55V | xraoss1-33PC 40P5 (0°C 10 70°C)
s | ] ATEBS51-335C | 42756 - - |
Green Package Option (Pb/Halide-free)
eed | Power | | |
Wz) | Supply  Ordering Code  package | Operation Range .
ATR9SS1-24AU | 44A : ]
noustrial
| 40V 1055V | ATB9S51-24JU 44J | (40°C 10 85°C)
_ | ATBIS51-24PY | 40P8 |
Package Type

| 4443@13 Thin Plastc Gull Wing Cuad Falpack { MQFF}

| 44- I.aaj:l Prastic J-leaded Chip Garriat (PLCC)

i AI_': pm l'lﬁl:lﬂ‘ WIdB, F"I-d'-}llc Dual En':nn Package {(PDIF)

B | dz-pln DB(}U’ Wlﬁa ﬁas‘nc [Draal Inlma Package (PTIF)

e e ‘ mElm

FGHO-DEE

27




Packaging Information

a4A - TQFP

COMMON DINEMSIONS
(Unit ol keasire = mm)

TeymBoL, MIN | HOM | MAX I noTE |

&
(YR e O |
| & i 2| i

| &t | ©os | = _i__;:-.ﬁ b
|_ az | gar | 100 10 |_ _|

o ies | ize0 | v2ss |
{ ot 850 040 {910 - Snlad
— e e e [ =
(= 11745 fzon 1228 |
imess 4 This padieage conlanms 1 (EDED refarence ME-026, Varilon AU e == g A
2 Chmgnsions D1 and B do ot inciirle mold prorusion. Aliwakie L B 3 i;'ﬁ_l R s L L
roragicn s 0 25 mm pefs sins. Dumersons Y and B are masiriur ' B | aEn i 025 |
daams hedy sie it nmione netudingg meoid mizraRGh I_ = _u: i .~.-a_.::._ ,— =
3 Lesd copiananty =010 mem masimen g Dl il [ STee PEEEale-s _i
L bas | — | B | |
T ewwe_ 1|
Tie/EI00 J
TITLE DRAWING NC. 1ﬂEu.
205 Crehs a :
g"ﬁ? L'E:;hfér: ';a;:c:f" a44. Ad-lpad, 103 10mm Body Sice, 1.0mm Body Tckness, A4 B
b, - 0.8 mn Lead Pitch, Thin Prodile Plashe Quad Flat Package {TOFF) | ]
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COMMWEN DIMENSIONS
(I )it of Wt g = e

| et _i
A afpy 1 - | @R |
LB s O P A.0a8
I_ a2 | vsee | -
| D | tras a5 —
L BETTT = |
|: I3 ’.l 3'9‘9‘ | 17 L'u"* | i
Notpe 1 This peckage cortanms to J2 BEC frterane ME-018 Varialan AL = F R 5 ) —}
5 Gimensions G1 B E7 o ra irruds mofd prolrusion E1_ | s - ' WJJ"—"*’Q' 2
ARgwakie protrogion s HIDY0.E53 mr wiy pEr GicnE, Dimenson [E]] ;}2 =2 14886 | = |85 e |
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hips Semiconductons

Product specification

3-bit A/D and D/A converter

PCF8591

FEATURES

ingle power sUpply

yporating supply vollage 2.5 Vio &Y
aw standby curent

;onial inputioutpul via 12C-bus

\ddress by 3 hardwarn address pins
:ampling rate given by 12C-bus speed

analog inputs programmatie as single-anded or
iferantal inpuls

uto-neremented channel selection

\nalog voltage range from Vss 10 Voo

In-chip track and hold ciTcuil

|-pit sucoessive approximation AD COnversion
Aultiphying DAC with one analog outpul.

APPLICATIONS
zlosed loop confral systems
‘ow power converter for remate data acouisition
lattery operated aguipment

seauisilion of analog values in autnmobwe, audio and

W applications.

ORDERING INFORMATION

3 GENERAL DESCRIPTICN

The PCFESY1 is a single-chip, single-supply low power
B-bil CMOS data acquisition device with four anakog
inputs; one analog output and a sarial I7C-bus interface.
Three address pins AD, A1 and A2 are uged for
programming the hardware addrass, allowing the use of
up to cight devices connectad 1o the PC-bus withoul
additional hardware, Address, control and data to and from
the device are transfermed serially vig the Ltwo-line
hidirectional I?C-bus.

The functions of the dovioe include analog nput
rultiplexing, an-chip track and hold function, 8-hit
analog-to-digital eonversion and an 2-bit digital-to-analog
conversion. The maximur conversion rate is given by the
masimum speed of the FC-bus.

e PACKAGE
NUMBER |  NAME DESCRIPTION [ VERSION
IFASYIR DIP16 plastic dual in-ing package; 16 leads (300 mil) SOT3ER 4 j
SFREUT So16 plastic small outiine package; 16 leads; body width 7.5 mm BOTIEE

05 Jan 27




hilips Semiconductors Product specification
8-bit A/D and D/A converter PCFB8591
BLOCK DIAGRAM
e E =
w08 1+ poaus = > ] ]
a1 | o] INTERRAGE status | | oac pata | | aDc Data
nz—| -+ PCFB581 recisTer| |REGEIER]| |REGISTER
ExT— + U |
Voo- ] owERON |— — —— '
ol —. RFSET COMNTHRUL
DEG—— —— | DELILLATOR o LOUIC \L
AINT - SAMFLE
AINT—f+| anaLoGuE | 1T un SUCCESSIVE
ANE s MULTIPLEXER L) : APPROXIMAT IO
AlkI - v REGISTFRLOGIC
SAMPLE [ | "
ATUT + —Q-— ——1  AND _ ] 4 Y REE
oo [+ e e B,
MELLZT
Fig.1 Block diagram.
PINNING
SYMBOL PIN DESCRIPTION
IND 1 | analog inputs (A/D converter)
N1 u
N2 3 aina [1 ] E] Vi
M3 4 amt[7] [15] A0UT
F_I 5  |hardware pddress ""”‘ZE (9] Vier
1 &
AMG [ 4 13 | AGMLD
7 7 E PCFESAP :I
- anls 2] ExT
85 B |negative supply vollage
- _ At [11]c=n
D g |FCbus dat inpuiioutput
GL 10 | 1PC-bus clock inpul a2 7 [70] s
SC 11 | oscilialer inputioutput vas [8] ,EIEUH
KT 12 | externalimternal switch koo o iee
ascillator input
GHD 13 | anslog ground
REF 14 | voltage refercnce inpul
ouT 15 |analog outpul (D/A converler) Fig2 Pinning diagram (DIP16),
oo 16 | positive supply voltage

03 Jan 27




iilips Semiconductors

Product specification

8-bit A/D and D/A converter

PCF8591

.-\lNIJEI‘ U 6] vop

e 5] AOUT

amz[2] [14] Vier

pirda [ a T3] AGHD
ME PCF591T m—_—
1 [E] 11]osc
a7 0] SC

wus [E] }1'] 508

wri A23

Fig.3 Pinning diagram (SO16).

FUNCTIONAL DESCRIPTION
Addressing

ch PCFB591 dewice in an 12C-bus syslem is activated by

qding 8 vahd address o the device. The address
wi5ts of a fined part and 3 programmable parl. The

wyrammabte part must be set according o the address
s AD, A1 and A2 The address always has o be senl a8

+ first byle after the start condition in the 12C-bus
deeal, Tha [as! bitof the address byte is the

shwrito-bil which sets the direction of the following dats

nafer {see Figs 4, 16 and 170

03 Jan 27

msh a0

[ 1 o] o |t [a]Aall]AD F{.m_'ui
- M ——
fed par progranenabhe padt

ML

Fig.4 Address byle

72 Control byte

The second byte sent to a PCFE581 dewvice wilk be stored
in ils control regisicr and is required 1o control the devica
furiction. The upper nibble of the control register used for
enabling tha analeg cutpul. and for programming the
analog inputs as single-endec or differential inputs. The
jower nibbie selects one of the analog input channals
defined by the upper nibble {ses Fig.5). If the
aulp-increment flag is sel, the channel number 15
incremented aulomatically after each AD conversion.

I the auto-increment mode is desired N applivalnns
whare the internal oscillator is used, Ihe analog output
enable flag in the control byle (bit 6} should be sel, This
aflows the intemal oscillator 1a run corbnuously, thereby
preventing conversion erors peculting from ascillator
stari-up delay. The analog output enable flag may be reset
at olher times to reduce quisscent power consumplon.

The selection of a non-emsting input channel resialts in the
highest available channel number being allocaled.
Tharatare, if the auto-increment flag is sel, the naxt
selecied channe! will be atways channel 0. The mast
significant bits of both nibbias are roserad for futlre
functions and have to be setto logic 0. After & Power-on
resel condition 2l bits of the control register ara resetto
togic 0. The DA converler and the oscillator are disabled
for powes saving. The analog vulput B switched to 2
high-mpedance slate.
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PCF8591

DDODDEE 1=~]m.ﬂm

1 chmes 3
AUTO-INCREMENT FLAL:
(astive it 1)

[ ANALDGUE NPLIT PROGRAMMING:
00 Faur singe-ended s

AIND - — ehannel
AN — ———— —— «hannel 1
AN ———  chemneal 2
Al —— ——— Enannci 3

o1 Thres diferental INpULs.

AN ——
- gzhannel O
Al

channol 1

AN -
— el 2
A —

10 Singe-ended and diferentzl miEetd

BlNg ——— channal 01
AN ——— — chipmaes 1
ANZ —
channel 2
AINT —
11 Twir dilfisrential Inputs
AING —
chanact 0
ANl ——
BHE —
afvemaz 1
AlNE ——
L AMAIDCUE DUTPUT ENARLE FLAG
[anmngue cuiput aie 1 1] MELE

Fig.5 Conirol byte.

_I
B CHANNEL MURMBER:
o channel
o rhannel 1
m channal 2
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	Image (1) .pdf (p.1)
	Image (1) (1).pdf (p.2-57)
	Image (2) .pdf (p.58)
	Image (3) .pdf (p.59)
	Image (4) .pdf (p.60)
	Image (5) .pdf (p.61)
	Image (6) .pdf (p.62)
	Image (7) .pdf (p.63)
	Image (8) .pdf (p.64)
	Image (9) .pdf (p.65)
	Image (10) .pdf (p.66)
	Image (11) .pdf (p.67)
	Image (12) .pdf (p.68)
	Image (13) .pdf (p.69)
	Image (14) .pdf (p.70)
	Image (15) .pdf (p.71)
	Image (16) .pdf (p.72)
	Image (17) .pdf (p.73)
	Image (18) .pdf (p.74)
	Image (19) .pdf (p.75)
	Image (20) .pdf (p.76)
	Image (21) .pdf (p.77)
	Image (22) .pdf (p.78)
	Image (23) .pdf (p.79)
	Image (24) .pdf (p.80)
	Image (25) .pdf (p.81)
	Image (26) .pdf (p.82)
	Image (27) .pdf (p.83)
	Image (28) .pdf (p.84)
	Image (29) .pdf (p.85)
	Image (30) .pdf (p.86)
	Image (31) .pdf (p.87)
	Image (32) .pdf (p.88)
	Image (33) .pdf (p.89)
	Image (34) .pdf (p.90)
	Image (35) .pdf (p.91)
	Image (36) .pdf (p.92)
	Image (37) .pdf (p.93)
	Image (38) .pdf (p.94)
	Image (39) .pdf (p.95)
	Image (40) .pdf (p.96)
	Image (41) .pdf (p.97)
	Image (42) .pdf (p.98)
	Image (43) .pdf (p.99)
	Image (44) .pdf (p.100)
	Image (45) .pdf (p.101)
	Image (46) .pdf (p.102)
	Image (47) .pdf (p.103)
	Image (48) .pdf (p.104)
	Image (49) .pdf (p.105)
	Image (50) .pdf (p.106)
	Image (51) .pdf (p.107)
	Image (52) .pdf (p.108)
	Image (53) .pdf (p.109)
	Image (54) .pdf (p.110)
	Image (55) .pdf (p.111)
	Image (56) .pdf (p.112)
	Image (57) .pdf (p.113)
	Image (58) .pdf (p.114)
	Image (59) .pdf (p.115)
	Image (60) .pdf (p.116)
	Image (61) .pdf (p.117)
	Image (62) .pdf (p.118)
	Image (63) .pdf (p.119)
	Image (64) .pdf (p.120)
	Image (65) .pdf (p.121)
	Image (66) .pdf (p.122)
	Image (67) .pdf (p.123)
	Image (68) .pdf (p.124)
	Image (69) .pdf (p.125)
	Image (70) .pdf (p.126)
	Image (71) .pdf (p.127)
	Image (72) .pdf (p.128)
	Image (73) .pdf (p.129)
	Image (74) .pdf (p.130)
	Image (75) .pdf (p.131)
	Image (76) .pdf (p.132)
	Image (77) .pdf (p.133)
	Image (78) .pdf (p.134)
	Image (79) .pdf (p.135)
	Image (80) .pdf (p.136)
	Image (81) .pdf (p.137)
	Image (82) .pdf (p.138)
	Image (83) .pdf (p.139)
	Image (84) .pdf (p.140)
	Image (85) .pdf (p.141)
	Image (86) .pdf (p.142)
	Image (87) .pdf (p.143)
	Image (88) .pdf (p.144)
	Image (89) .pdf (p.145)
	Image (90) .pdf (p.146)
	Image (91) .pdf (p.147)
	Image (92) .pdf (p.148)
	Image (93) .pdf (p.149)
	Image (94) .pdf (p.150)
	Image (95) .pdf (p.151)
	Image (96) .pdf (p.152)
	Image (97) .pdf (p.153)
	Image (98) .pdf (p.154)
	Image (99) .pdf (p.155)
	Image (100) .pdf (p.156)
	Image (101) .pdf (p.157)
	Image (102) .pdf (p.158)
	Image (103) .pdf (p.159)
	Image (104) .pdf (p.160)
	Image (105) .pdf (p.161)
	Image (106) .pdf (p.162)
	Image (107) .pdf (p.163)
	Image (108) .pdf (p.164)
	Image (109) .pdf (p.165)
	Image (110) .pdf (p.166)
	Image (111) .pdf (p.167)
	Image (112) .pdf (p.168)
	Image (113) .pdf (p.169)
	Image (114) .pdf (p.170)
	Image (115) .pdf (p.171)
	Image (116) .pdf (p.172)
	Image (117) .pdf (p.173)
	Image (118) .pdf (p.174)
	Image (119) .pdf (p.175)
	Image (120) .pdf (p.176)
	Image (121) .pdf (p.177)
	Image (122) .pdf (p.178)
	Image (123) .pdf (p.179)
	Image (124) .pdf (p.180)
	Image (125) .pdf (p.181)
	Image (126) .pdf (p.182)
	Image (127) .pdf (p.183)
	Image (128) .pdf (p.184)
	Image (129) .pdf (p.185)
	Image (130) .pdf (p.186)
	Image (131) .pdf (p.187)
	Image (132) .pdf (p.188)
	Image (133) .pdf (p.189)
	Image (134) .pdf (p.190)
	Image (135) .pdf (p.191)
	Image (136) .pdf (p.192)
	Image (137) .pdf (p.193)
	Image (138) .pdf (p.194)
	Image (139) .pdf (p.195)
	Image (140) .pdf (p.196)
	Image (141) .pdf (p.197)
	Image (142) .pdf (p.198)
	Image (143) .pdf (p.199)
	Image (144) .pdf (p.200)
	Image (145) .pdf (p.201)
	Image (146) .pdf (p.202)
	Image (147) .pdf (p.203)
	Image (148) .pdf (p.204)

