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GPS APPICATION FOR CAR ROUTING
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Abstract

This project is about how to apply GPS with knowledge of Navigation system,
Microcontroller, Mapping, and Database system. Those will be used for determining
statistics. Data will be accumulated from one location to some destinations by GPS receiver
and Data Locker and then calculated and verified by map and database system in a
computer. This would benefit for inspecting some routes, solving delayed transportation and
saving some expenses.

The paper presents all about GPS including coordinate system, database design,
storing and displaying a map, Data Locker designing for accumulating data from GPS

receiver, testing, results of testing, criticism and conclusion.
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Aundn  aaiintugundnezduamaslnssvesanaufisueduuiuil Jeyaczgn
Sadiuguuuudhfudeymires (Navigation Messages) fignifunlaoulidmsy
t 4
anfieuudnza  uazdeyatiezgadendu lifsafenudazareTnsedom
9y
2IMANIANUAY
3. User Segment
9y A 1Y P A o
User Segment U3enousie AT095U (GPS Receiver) lasiA3essy suilag

[ = A Y =) v 3 9
AYYIUNNANUNYY ma‘lwm"mmmsmm ﬂ’J"IiJLi’JLLﬁﬁL’JﬁT\lﬂ

DATA TO SV

DATA FROM SV
DATAFROM SV

CONTROL STATION RECEIVER
GPS CONTROL

P H Dana 841794

31 3.2 uermannuduius vos GPS Tuudaz Segment

3.1 Mslduamamsseysiurivaluszuy GPS (GPS Positioning Services)
o 1 . . o <o (Y a wa {
32UUMs11589 (Navigation System) lagnihunidiss Temidmiumsdfiaaui
Huanudy meoidlumstlestumsldnu ops lumsitligndes Sedeadinmsutiaszdums 19

udlu 2 seau 18un



1. Precise Positioning Service (PPS)
mﬂﬁu?ms1uszﬁufﬁ%uﬁ“luﬂmﬁww%"§ Tagldszauanuusiui
- ANV UIUIUBY 22 AT
- i@ nnge 27.7 was
- Aanuuius Yo 200 w1 TuAui
2. Standard Positioning Service (SPS)
nsTdusmslusedu yanara luansa 1918 Taehidea1ds1e  uagluido
Ll Lﬂ?m%“ud’;u“lmjmmmﬁﬂz%”mmx‘l%’ﬁmiymmn sps 18 szeuany
uiuuee SPS QnAATEALAININ PPS A18lAn15AILANYBY U.S. Department of
Defense (DoD) 1agn151d anueninsaifionn (Selective Availability 1150 S/A)
Taoldsgauanusiui
- amuuuSIMEAULUIUBY 100 AT
- amumiidimed e 156 g

- CAaNuBUHUBIaT 340 Wi luIuni

3.2 deyay i ey GPS (GPS Satellite Signals)
ARUNIN (Carrier Signal) idsnananuiienluszun GPs fog 2 navidaeiu 1dud
AWA L1 (157542 MHz) iSuafunives foymites (Navigation Message) 11ag SPS code
ez AE L2 (1227.60 MHZ) 198 miuda tonospheric Delay 18 1n58431) PPS
sWafinunfuatunimusnutvoen 18 3 ngu 18us
L. C/A Code (Coarse Acquistion) fiD 3¥d Pseudo Random Noise (PRN) U149
IMHz ganiis q‘?ﬂn fu Tag Noise i1 weaguan Ny doguand L1 ludnsuznis
A3z edanTY (Spread Spectrum) ARDATNLLUUATAT 1 IANIESA S1Te C/A 9
@u nnq 1023 e naq 1 daaund Tasarufisuudazaeezil /A code fi ldinilon
fiu Tasaauiiew GPS 1a'lUozgnszy audaiay PRN sa C/A code 1915y SPS

2 P-Code (Precise) ﬁlzmﬂ@mﬂﬁmﬁumﬁ L1 uag L2 P-code 11 PRN 9iin

9
= olslsld' v W

& d'd Lﬁ' Q o/ o
TUINUANNYTT code NYNININ TYYIUUIEIN 14mimsum"lﬂﬁuﬁuiumsmmm

¥ '
Y a a ~

v o o 9dy Yo wva Yo ~ a ~ '
AN ﬁ'WiTUPjﬂhlﬂiﬁauuﬁiﬂﬂ%ﬁmmqmu%gﬁ'ﬁ]\jﬂ%‘WWLﬁH“ﬂﬁUﬂ'ﬂ AOC

oo

=

(Auxiliary Output Chip) elFiumToesuise: 1dauldedragndas i P-code 198y

5291 PPS
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3. doymiies (Navigation Message) Yoyarhseudiudyauitinnmd 50 He
9

a dq ¥ ~ Y Y Y A
Lﬂuﬂﬁﬂl@ﬂﬂlﬂgﬁﬂi%ﬂﬂﬂ ’NI‘?’I%S"UENWI'JW]EJU ﬁuau‘,ammﬂ"stmtmzmuﬂiauq

o ¢t

yoeszuudeyaihisesezgniinnauiy C/A code uazuoagE@nAuATUWIN LI

u

L1 CARRIER 1575.42 MHz

X L1 SIGNAL
C/A CODE 1.023MHz
JUTML AR ® Mixer
NAV/SYSTEM DATA 50 Hz
@ Modulo 2 Sum
P-CODE 10.23 MHz
UL e X+H)

L2 CARRIER 1227.6 MHz ‘RX
MAVAAAAIAYA L2 SIGNAL

GPS SATELLITE SIGNALS

P H DANA VOB

1t 3.3 uamsdggnad Idenaradion Gps

3.3 MANURANAIANINAlNsZUY GPS ( GPS Error Sources)
MANNAanaIafae199z it uMau191n M3 luda dyamsuniu (Noise)
wazANUAANAIA I INUYBIR 8 AIRT
1. ATILAANAIADINGYYIUTUNIY (Noise Errors) NRIINWATINYDS PRN code
: : 2 Y
Noise (TW3ge2 1 A7) 1Y Noise 1INNTOITY (lUszay 1 Mins)
2. ANUAANI9INN7TUea  [UMAL19IN Selective Availability (S/A) 1@
% 4 o/ Al o L . &
Yodvoun s/a dumsanszduanusiudrvosmsseydunis #9149l  Standard
.. . . é L 1 A\ \ Qv
Positioning Service @M ludalu S/A vosarfisnudazaiinana1esiy nans
szyfumistededddmaainms lude /A vesasassiu dSmSuanuAanain
nndedeoun wu  dygrauuRknivesaTIfisunaauRaNa1Aied9n  Control
[ 9
Segment ANWHANAIAYINTOYA AT ANWAANAIALBIIANITsa Tudu
. A a QU d' 9 4%’ a a Y A'!
UII61Me L0 Multipath Fufanndyanuiaziounnwumilanusnulndinses
o o 9 Y A 1 y P a a Y . a
fu Mlddgygpaidanduduassnnaifiouiannuiianainld Multipath 10
v v '
WwAIINTY HAZLNATINNITHAN@IY ANURANIIANNMST DT wwdanaluszes
P 1l
o lifmas
a { a o s 7 ' a
3. ANUHANDIANNA UYL E15ALIS (Blunders) IH1U ANAANAIAIN

3 4
Control Segment @nsatinsszydwmusnatamioudsud 1 was Havanedes
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Alawas 1 anuRanaiannmsion 3lowan A1dN (Geodetic Datum) a11309 1%

) 9
msszydumisnaanioudud 1 was suilanaedoomas 1a

ot
[T
++H+
" 5
+J§Z A A
NOISE NOISE and NOISE,
BIAS BIAS, and
BLUNDER
A posiTioN <+ POSITION ESTIMATES

§ o T - 4 - J
711 3.4 urasiednNuAanaRRINAYL W STUD GPS

A \

Tudlaqriuldtinsenidn Selective Availability 1udAsudiuil 2 wommay w.e.
2543 fnlRmsmdumisreunsesSufa T Tun nelsAuma T TasA 1dWan Ty
961939015251 M3 Differential Global Positioning System (DGPS) 16 Wide Area
Augmentation System (WAAS) 11l ldnsvidumis Salarmmiviunn ldfuszes s

q’l‘ a { a { a =] o (]
eas u@ﬂi]?ﬂuuﬂ'limﬂuﬂﬂ”l'iﬁﬁﬂl,aﬂﬂﬂ']'mNﬂWﬁTﬂﬁLﬂﬂiuiZU‘U GPS ﬂ‘lﬁlﬂﬂ‘w%l'l‘l"l (5144

L)

A [ kY = 9/ =3 g 1 (] 9/ a 1o (] [
NIDITUNUITOAUVIANUNGY ulﬂ'i’)m'i'ﬁlu "l,u’n%3agiuﬁmazmmauﬂummﬂ ¥ oY

Tuems fudu

' a N
34 masgiunldlunishadedeas
& Y & o aw q S Y : Y o
nannanluasuduiuiildismewa 6ps Iindnmsedielstelumstmue
] v 9
funisveuniesiy GPS Taswaf ldonmsdszuianaiunaaseglugl azdgn oosige
AN 130T 40
g o { 9 o ' 4 [
m3tlszendldau Gps usuilunezdoslddoyamadril mnmsAnuIwuIuaTesy
9y v )
GPS vegutummnIoNededoyamen  sEnuATessuAleiu  uasfiamisoAndony
a y g o Y o 9 = d Y o
apunuaes lwonaa  hildeusnihideyaudszuianawmanieilszgndidniu Talsunsy
g Weldnulududug uenanmsudawasiazAga 0899 ANNG WEILENRe)
! . s < ' 9 y o °
iU Car Navigation, MIMIAIHIST LOZADINEININAT 1990LAVBUATOITY GPS tagn1svh

a 9
U §udu
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[ ] v Y )
nMsezAnADIENINNTREY GPS Aunouiumes 1Aty funTesiy GPS uag
a g kY A a o 9 Aq ya v R W 9 o u‘/l KX a
ApuNINBI IzADUdoN Teadaun ¥ feaiy cunsahleneildfndenetuld fafuded
msvannMyeUdmsumsandedomsluszumhises 1dun NMEA 0180 Tag
0 Y
NMEA 869111910 National Marine Electronics Association Lﬂﬂﬂﬂ’)ﬂﬂWNﬂﬁTﬁHﬂiﬂﬂig%&ﬁ
‘! o ] a a o =1 [ [l
YU NMEA 0180 Tasmuagiunulumsdsdoya azdgn ansdga fvuannurlumssuds
4 o 1 2 ] = 4
Joya uazdeyaduq lumsihsos Fweun Iatimsudly NMEA 0180 Tnii 1¥iivse Teniuas
£ ¢ H v & o
T ldnheunanniu stufeinasyu NMEA 0183 A141dRugalnsalianua luilegriudl
A4~ L) [ a 1 4 9
1937 NMEA 0183 dludeiSendmsumsandedomsdoyalugiuuy 1selon
& P=1 U 9/ %
Fatpgrategiuuudenu
t4
W15 101A05 Y09 NMEA 0183 fifsil
- lumsdedoya 1 lud szalsznoudae 7 4n Asci lu 8 dn Tasind
dAguniige (Inh 7) szgadmualmidiu o
a A a4 R 4 a2 -
- UMDY (Start Bit) LagUIunauga (Stop Bit)
y
- dtiwsadn (Parity Bif)
My1BI NMEA 0183 daugdezdimnuad lisnnfiszidhle Taoudazdsy loneziSudu
Qy é’ o . M { QU U
A8 “$” uagdugadentsiunssialng Tuudazalse loatinnuen Ifmniga 8o fidnws
. Y )
senasuduna Tugeusatlsy Tendudoya udazdoynsrgauennnfudsniosmue <
Y A 9 oy v v = =2 I
Toyayausnuesnng Uszlen sisudude 2 @I8nEs Auaasdeszuundedoyamn
awdie 3 @dnesiuaasihldgluuulse Tonlauazandredeyaniarsiulymugiuy
sz Ton
[ 1 v @ = K o 1 9/
f10619984 2 AdnyINLAALe gilnsaiNdedoyau
LC Loran-C
GP GPS
TR Transit SATNAV
AP Autopilot
HC Magnetic Heading Compass
RA Radar

sunuvszlunmnasgrumed vl
GLL - Geographic Position, Latitude and Longitude

UaAIAILMUIDZATA ADITYA LAZHA)



$--GLL, 1Ll , a, yyy.yy , b, hhmmss.ss
LI = AumisazhAgn (Latitude of Position)
a = nrwmtlovseniald (NorS)
YYy.yy = ﬁmwﬂqaaﬁgﬂ (Longitude of Position)
b = ffRAziueenuIeNAziuAN (E or W)

hhmmss.ss = AHMUYDI UTC (UTC of Position)

GGA - Global Positioning System Fix Data

o [] A ) o A o
LEANLINN mzmumaz%gamﬂmaq TINTUATOITU GPS

$--GGA, hhmmss.ss , 11111, a, yyy.yy ,b, X, XX, X.X, X.X , M, x.X , XxxX
hhmmss.ss = AUKRUIYES UTC (UTC of Position)
a = NawmtionTenald (NorS)
yyy.yy = A1MU9a89990 (Longitude of Position)
b = NAAZIUDDNUIBNAAZ IUAN (E or W)
X = %‘uaﬂﬂmmwmm GPS (0=no fix , 1 = GPS fix , 2 = Dif.GPS fix)
xx = SaInveIAToNR1e
XX = mmrﬁ'mmﬂmm’mau (Horizontal Dilution of Precision)
R izﬂzmmqwmmﬂmmﬁmﬁmzﬁm‘fmzLaﬂmﬂma
M = Y18UBIANNTIUDIT BB I (11A3)
x.X = Geoidal Separation
M = HUIBUDI Geoidal Separation
XX = 919UB3903y0 Differential GPS (IUT7)

xxxx = Differential GPS Address

ZDA — Time & Date
WAl UTC, 3y, how, 1 waznamesiuluudaziun
$--ZDA, hhmmss.ss, XX, XX, XXXX, XX, XX
hhmmss.ss = AHUI¥89 UTC (UTC of Position)
xx= U (010331)
xx = 1AoU (01 8912)

XXXX=?J
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XX = DAWYANDIOU (2 1u4)

XX = (AUVANDIDU (U9

Y [
wonmileningluuuysy leamanil deligiuuudus o STN (Multiple Data ID)

TRF (Transit Fix Data) , VRW (Dual Ground/water speed) , VTG (Track Made Good and Ground

Speed) TnolunIosSuudazive udaziu Aezfoinyn Wugiiuuls: Teafuandreiuesn

Tl
yadoyn Foyaiiven

APA Autopilot cross track error , direction to steer, status of GPS , route
status ,destination waypoint name , and bearing from origin to
destination ( old format)

APB Revised autopilot message contains all of the above plus : heading to steer
toward destination, bearing from the present position to the destination

BWC Range and bearing to a waypoint

GGA GPS position , time , fix quality , number of satellites used , HDOP
(Horizontal Dilution of the Precision ) , differential reference
information , and age

GLL GPS —derived latitude , longitude , and time of fix

GSA GPS receiver operating mode , satellites used in the navigation solution
reported by the $--GGA sentence and DOP (Dilution of Precision )
values

GSV Number of satellites in view , satellites numbers , elevation , azimuth ,
and SNR value

RMB Data status , cross track error , direction to steer, origin , destination
landmark ,landmark location, bearing to destination , and velocity
toward and the destination

RMC Time , latitude , longitude , speed , heading , and date

VTG Track (magnetic and true ) and groundspeed (knots and KPH)
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UNN 4
MsdAauLaL

NMSUAAINTNUHN N

4.1 MITAUNUNTWUNTT
4 o & a Yy 9 =) aa o w t
wosnnluilegiu  wIesneuiuaes I wnTiunimludiadse iriuduedaun
[ =< 3o ¥ (] d' 1 v v
wanemisnuis Idihdeyadnmsfeglugluvuenmsnszay  weglugtuuuvesduay
& a ] v g 9y U o A 1 o v
YIUANUTASAIN 5'3ﬂli?1ﬂﬂ15‘0ﬂLﬂ‘U LLﬁZﬂuﬁTl’ﬂu@UNUTﬂ °lu’mmsmtmuwm%uﬂu l1@”

o A g @ o 4 ~ [} 4
mathuwunieglugluuunszay invludnyazduay WomunsaSonldriunaunie
a Y 1 Y] & o Y Y PR a o v a3 [ Y dy
Ao lwuiy  Felaoialiudadoyaunun  Aeztinniafivludnyasfaunuie

Uszneudiedoyaaesdnuuzie

Y q‘

1. Yoyauwuit luauiidlumn (Graphic)

u

9/ (] [

2. teyaludiundiudofing (Attribute)

u

-] 9 ' 4 Y ' Y] ' 4 ' '
NTIANUUDUAVINABDITIUN ﬂgﬂaqNjuﬂqiﬂaﬂllﬂuﬂ']umagaﬂ@u GIN‘i]gﬂﬂ']’.]ﬁ@VL‘lJ

u

ludivvesmseanuuugudoya

4.1.1 Yoyauruiluauiidunin (Graphic)

v g 9/ (] dy [V < 2 Y] A
mstafudeyaluduilmusadanyld 2 dnpuzde

< [V A 9 d'
1. huludnyme Raster 30 Yoyandluganin

v o 9 [V c&y ) a [} ~ =3 [

m3sanudeyaludnuaeil %zumwu‘n’lumuwL"ﬂumwmmuiuaﬂymzﬂ@mw
é \J = 4 . aQ g ° ! ¥
950031 “nN3A” (Grid Cells or Pixels) IAsv1U1v09n3ATUHE 1H7131 “Resolution”
UAUYLIAYBIAITINTA 138 “Dot Per Inch” HNUSIUIUIDIATITIINSA 19T 097 19ea

g 9 @ dy Yo v A
mmayaiuaﬂymzu 1 INAUALYU scanner

U 4.1 Tassardradeyanuy Raster 30 grid
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9 A v

t4

mstafudoyaludnuasiiiifende sauie Tassadndoyalidudou udde
- y & 4 v g a . 44 v v & 4 v
ionn Ape 1N TuMITANLINN B3 Resolution gaRvedosldiilofn lumsiafivinn

=] 1Y A9 a a o

2. huludnuneg Vector nSedoyaiidiufidaga
v a8 9 P 1 A A v o [

mssanudeyaununludiufidunmuny  Vector fomsiafiuludnumsdiy
FeiAauUY 2 unu A X, Y Mie 3 unu X, Y, Z Tulassadedeyauuy g0 (POINT)
WU (LINE) woz jUmben (POLYGON) Tasimsfiudnumzuuy g sifiunissafy

a o (] aa 1 1 g 9 9 9 b
yoegainia ludunGend NODE daumsnudeyalulaseadrsdoyauuy idu@INg)

AomsinudeyadeiifialudiuiiSend NODE uag VERTEX Tasazfiod NODE feqe

[
a 1

ﬁﬁ’ﬂﬁuﬁmﬁadauﬁféné’x’usmzéuqmamﬁ'u luvaizi  VERTEX Aeqafifaiiog
senie NODE  unggamuio lnssadumsifiudeyauvugymasuPoLyGoN) 4
ﬂizﬂauﬁ'aﬂiﬂsaﬁgwa%ayaﬁattuu*Qﬂ wnsidu Taoiilaseardadoyauuugaazuny
Arogagudnans(CENTROD)YosgtmAy  Tunaigii laseardedeyauuuiduunudas
duseugiliidonsouqaguina(CENTROID) Ve gUimacy fuaaslugll 42 fudag

Tnssardsdoynvesqn (POINT) IU(LINE) taz JUinau(POLYGON)

node

TanaFdayauuuqaPOINT)

centroid

l Taseaidayauuuslmdenpolygon)

NODE
Vertex

NODE

TansaFndeysuuuduLing

U7 4.2 Tnseadedoyauny Vector
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{ v 3 { v v oA v .. v 3
gunsainlddadudeyauun Vector Misiiniudldun digitizer Yodvesnisdafiy
Y] A gy & 4 v & Y oy ' 1Y A A
YORAUUD Vector Ao IMtienlunmsdafuaeudaiosniuuy Raster uddoidono

nsUszananauunsoenouiames 9 1Fa1ae ud 191N LY Raster

4.1.2 YeyaunniiluauiiduseBune (Attribute)
v o v = r A o A & ¥ 4 9
Tumstadudoyaumi ludwndudrotunet wlfldinme mafudeya
{ @ 1 a’/’ < { v
urdnludnyuges Vector iy msizmsidudeyausuiludmvesnwiuy
Vector snsaneziwendeyaludmndudoyafiduddaus Aiafuludnunzves
31udpYa(DATABASE) ms51zmstadudeyausui ludmuvesmwiuy Vector Ao
m3daRudeitn  wienstafuilidnuaetiu  gudeyadeduiusRelational
3 A o 9/ o A v ' 9/ A‘f] Qv '
Database) 1iupe MlvmursafezFoudoszniie Yeyandlufidavesganindugu
= v @ Ao d (] ]
Jeyanidudssnusidanulu Tsunsugmdoyaiu Dbase 130 Oracle 18 Tneruy
9

ol (-9 (]

e doyanddoyasauiuen vunemilsz$1di0D) veudazgavestoyadauras

0 NAKWE

1 [T 7 AT

U1 4.3 nansanuduiuivesgadeya

1 g { 1 4 [} 4 1
Tudmvesmsinudoyausuil ludiuvoenwuul Raster o0 luamsoioude
Joyaludmvonmidifvdeyaluduidudidoys  Wesnndedifaludivves

' =1 =3 a
Tassadedoyauuy Raster uamsfiudoyauuy Raster Ammisoszlddoyaid
Y
st udumueTineanuuandsynienguussdoyaluditues aniusios
P a3 9 = 1 ' 3 9
Geamaiudoyausni ludmuyesn wuuy Raster 31 @y msfudoyauu one-field

attribute 91z davsiauaanuUanA Yo sdeya daaas 13l 44

7U7 4.4 pvsvauang

ANUUANAINVBITBYA
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Tuslugiununszay Taoia lUE Nz udasanuuananiusenig Jagnigy
A v A a [ a [ g Ad Aa
UU(Feature)wilouiuife 4 wazvwna wu ouunduouumendn neelid Al
[ 1 Y] [ a [ [} A 4{ [l [] [ A
Snunzeuda wu duas uanestuouunduouun lilsaunemendn Ade auu
v ]
mamiuerniuduaausuneriuns sueewezdnni ouundluauumendn wa
v v
mMsdafuvoHuiaavauunsaes oz liddnunzuanaeduluduvesn iy
] v9 n’: s [ v o a kY Av g v °
daupa Vector uatpyaniassiinnuuandteiuiui Jeyandanuludimves M

p51"eM30 Attribute Tuduvesgudoyadidnys aweas1ingl 4.5

D, o NARE
1 auurdndu
2 | auuwnf

P Dt o 1 ° a » [} v @
glh’l 4.5 LL’dﬂQﬂ1iﬁﬂlﬂﬂiuﬂﬂuﬂlﬂ\‘iﬂiﬂﬁ‘UTU‘ﬁ?ﬂ Attribute °lumu11m§1m’fay‘amanm
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UNN 5

msaammugm%ga

5.1 izvm’l’aga (Information System)
szoudeyn mnedamsihdeyafifieadesfiuniwensuysd (Human Resources)
HAUNEUALYOYE NTNOINTIRNILA AT (Technical Resources) HAINTUYLIUNITIANTS
Joyalavesdns Fefuinvenlumsrindeyn omivayy uazaussreAIABINS YOS
A39AN13
szuudeyamusoueldiiue fnunsde
1. Non-Spatial Information System lAunszuudeyaludnumzassmsdamsiudiu
A9
2. Spatial Information System 1dun 5 zum’l’agaﬁmﬂ? We1NT (Resource Information
System) UseneumsUumTaUme {l‘ﬁmﬁﬁ{ (Geographic Information System
139 GIS) g 52UU98aM19NIEAIM (Land Information System 138 LIS) 1Az
3TUURDYABUY 19V LU CAD/CAM Hudu

uaaeaagy

Information System

|
| |

Non-spatial

Spatial Information
Information System

| System
Management ) ’
Resource Information Other Spatial
Sysiem Information System
| CAD/CAM
Geographic Information Land Information System
System (GIS) - Small Scale (LIS) — Large Scale

gﬂﬁ 5.1 ugnadnuuzradsTuLdaya (Information System Taxonomy)



20

5.2 mmﬂmummazuumsaumagﬁmm% (Geographic Information System)
a /A A A4 A da a a o
ITUUMITUNAYIUAAAS N30 GIS Ap szuULnsoonTdseansamlumsifiusiy
9y a d}‘ a & 9 o’: Y ) dy d' ¥ a A
JIWOYANIUN  ozwen Teauns wrukanudeyansdoyaiFinuuas doyaidiussee 7
a 9 [ a d a I'd o
o lugmdoyn mwsodautlaaudlunasdnsed wasuanwamsinzd wazmadh
9 A Yy g aa v o Y A’i’ A v & oy [ y a 9
wuedoyn e ldimudauazanudiiusauiuiivesdoya Feliduseliinaaaudile
v a a Y 3 o a g a
Yoy uazsensumsaadulslunisilgwuferdunmsnaumumsldninonsieaiui
a 79 1 A
yuuns lumsamszddoyaluszuy GIs wisesnidiu 2 guluuude
o ¥ a A 3/ v 1 ]
1. Manual Approach Wumsihdeyalugdueaunuil nioaaduries ooasuuuiy

Ld o S 1

lahundeusiuiuiSenia Overlay Technique

ad

t;’d o W A o 1 { o Qo 4 4
51 fidednaluFesvesiunuudulanssihundeouniuiu iesnnanuaunsaly
a 7y . o o 1 do w o Y
MIANTIZHA0a10A1 (Byes Interpretation) 111a luswanveswnulaniing wazduiudes
vy 4 4 Y 3 9 ' 9
ldieuaz Jerg lunsifudeyaseudann
a I'd s aa
2. Computer Assisted Approach L‘ﬂﬂﬂﬁ’l&ﬂiwﬁ%@yﬁiuzﬂﬂl?NWJLﬁiI ﬂ?@ﬂ‘ﬂﬂ@ﬁ

(Digital) Tasmsulasugiunnvewmuivsonsduldoglusdvesdiay udwimsdouiy
@ o o a ' g 9 (] as dy [} Aiy P g 9
fulaemsthvdnatiamaas uazassngmaas iy A3nstezsandionlunsfude

=3 A o a 9 [
yaay LLTC’IZET'HJ’]?ﬂLiUﬂ‘lJHLﬁﬂQﬂ'i'f)ﬂ']ﬂ']i')kﬂi'l%’,ﬂﬂﬂiﬂﬂﬂ'lﬂ

a d
5.3 panyszneuvedsTUNMTTMmMANTManS
Wesndnyue deyavesszvumsaumagimaaiinnududou lasdvesdines
9 a R v A 9 d' cid
nslsgnlanatayavesszuuasaumagiaiaassslnten laaiesaussnaniniy
@1150g9 (High Speed Computer) i IFfundniidenansaduunesddsznevesszuu
Y [] @ dydl
asaumseenlaliu 5 ssuulva) q adife
1. 52UVEISAUIT (Hardwares) 1oUA szULAUDINALALQUNTAIYIY (Computers &
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Features

» Compatible with MCS-51" Products

* 20K Bytes of Reprogrammable Flash Memory
¢ Endurance: 1000 Write/Erase Cycles

* 4V to 5.5V Operating Range

* Fully Static Operation: 0 Hz to 33 MHz

¢ Three-level Program Memory Lock

¢ 256 x 8-bit Internal RAM

¢ 32 Programmable I/O Lines

¢ Three 16-bit Timer/Counters

* Eight Interrupt Sources

* Programmable Serial Channel

* Low-power Idle and Power-down Modes

¢ Interrupt Recovery from Power-down Mode
* Hardware Watchdog Timer

* Dual Data Pointer

* Power-off Flag

Description

The AT89C55WD is a low-power, high-performance CMOS 8-bit microcomputer with
20K bytes of Flash programmable read only memory and 256 bytes of RAM. The
device is manufactured using Atmel’s high-density nonvolatile memory technology
and is compatible with the industry standard 80C51 and 80C52 instruction set and

(continued)

. . .
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pinout. The on-chip Flash allows the program memory to  on a monolithic chip, the Atmel ATBIC55WD is a powerful
be user programmed by a conventional nonvolatile memory  microcomputer which provides a highly flexible and cost
programmer. By combining a versatile 8-bit CPU with Flash effective solution to many embedded control applications.
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The AT89C55WD provides the following standard features:
20K bytes of Flash, 256 bytes of RAM, 32 I/O lines, three
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K6T1008C2E Family

CMOS SRAM

128Kx8 bit Low Power CMOS Static RAM

FEATURES

e Process Technology: TFT

¢ Organization: 128Kx8

e Power Supply Voltage: 4.5~5.5V

o Low Data Retention Voltage: 2V(Min)

o Three state output and TTL Compatible

» Package Type: 32-DIP-600, 32-SOP-525,
32-TSOP1-0820F/R

PRODUCT FAMILY

GENERAL DESCRIPTION

The K6T1008C2E families are fabricated by SAMSUNG’s
advanced CMOS process technology. The families support
various operating temperature ranges and have various pack-
age types for user flexibility of system design. The families
also support low data retention voltage for battery back-up
operation with low data retention current.

Power Dissipation
Product Family | Operating Temperature | Vcc Range Speed Standby Operating PKG Type
(IsB1, Max) | (lccz Max)
K6T1008C2E-L 50, -DIP- 4 3
Commercial(0~70°C) LA 32-DIP-600, 32-SOP-525
K6T1008C2E-B 101A 32-TSOP1-0820F/R
4.5~5.5V 55"/70ns 50mA
K6T1008C2E-P 50, = -
Industrial(-40~85°C) 5 Rl iy
K6T1008C2E-F 15uA 32-TSOP1-0820F/R
1. The parameters are tested with SOpF test load
PIN DESCRIPTION FUNCTIONAL BLOCK DIAGRAM
B E 10 o %?go [ ckgen. "} Precharge circuit. ]
AB]3 30 st k3 T T
— A13 4 29 1108
neffio © wfdvec i 24 =
ate (]2 31[JA1s AlS 7 32-TSOP 28 1105 S
a1a[]3 m:]cszvﬁggg E A Sl ; ]
' » Type1-Forward [ vss i
at2[]4 2n[JWe AlS E 1 2 % :gg ! Memory array
ar[]s 28] 7JA13 A120] 12 21 01 5::,“5 f Row 1024 rows
AGE 6 32-SOP 27 %Aﬂ Ard ¢ A= : ggleg 128x8 columns
AS 7 26 A9 A5 115 18 1A2 i
e 32-DIP 2l ad 18 17{5A3 : L]
a3 ]e 24| o€ B ==
a2 [0 2 Ja10 a5 12 :; ﬁ >
At [ 1 22| )81 “E:g ;g%“
a0 []12 21 Juos A2 12 21 5ot I : l
ot []13 20[Jvor Aa ] 1 ek 2R vo »-[E— Dai? — 1/0 Circult
o2 []1a 19[ Jos NC o 24 vss 1O {Z- con - Column select |
wo3 [ 1s 18] Juos “nis =t Typei-Reverse E S !
vss[]1e 174u04°v—§1g52 %%{@ Data l
A13 {4 29|53 1108 e” 4
el HE 7 (SRR Al
migs O B =r I I
Column Address
Name Function P
CS1, CS2 Chip Select Input |
OE Output Enable Input oo ]
—— cs: — Control
WE Write Enable Input We — logic
1101~1/08 Data Inputs/Outputs o —
Ao~A1s Address Inputs
Vee Power
Vss Ground
N.C. No Connection

SAMSUNG ELECTRONICS CO., LTD. reserves the right to change products and specifications without notice.
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K6T1008C2E Family

CMOS SRAM

PRODUCT LIST

Commercial Temperature Products(0~70°C)

Industrial Temperature Products(-40~85°C)

Part Name

Function

Part Name

Function

K6T1008C2E-DL55
K6T1008C2E-DL70
K6T1008C2E-DB55
K6T1008C2E-DB70

K6T1008C2E-GL55
K6T1008C2E-GL70
K6T1008C2E-GB55
K6T1008C2E-GB70

K6T1008C2E-TB55
K6T1008C2E-TB70
K6T1008C2E-RB55
K6T1008C2E-RB70

32-DIP, 55ns, Low Power
32-DIP, 70ns, Low Power
32-DIP, 55ns, Low Low Power
32-DIP, 70ns, Low Low Power

32-SOP, 55ns, Low Power
32-SOP, 70ns, Low Power
32-SOP, 55ns, Low Low Power
32-SOP, 70ns, Low Low Power

32-TSOP F, 55ns, Low Low Power
32-TSOP F, 70ns, Low Low Power
32-TSOP R, 55ns, Low Low Power
32-TSOP R, 70ns, Low Low Power

K6T1008C2E-GP55
K6T1008C2E-GP70
K6T1008C2E-GF55
K6T1008C2E-GF70

K6T1008C2E-TF55
K6T1008C2E-TF70
K6T1008C2E-RF55
K6T1008C2E-RF70

32-SOP, 55ns, Low Power
32-SOP, 70ns, Low Power
32-SOP, 55ns, Low Low Power
32-SOP, 70ns, Low Low Power

32-TSOP F, 55ns, Low Low Power
32-TSOP F, 70ns, Low Low Power
32-TSOP R, 55ns, Low Low Power
32-TSOP R, 70ns, Low Low Power

FUNCTIONAL DESCRIPTION

cst cs2 OE WE Vo Mode Power
H X" x1 XM High-Z Deselected Standby
x" L X1 X0 High-Z Deselected Standby
L H H High-Z Output Disabled Active
L H L Dout Read Active
L H x1 Din Write Active
1. X means don’t care (Must be in high or low states)
ABSOLUTE MAXIMUM RATINGS"
Item Symbol Ratings Unit Remark
Voltage on any pin relative to Vss VIN,VouT -0.5t07.0 \Y -
Voltage on Vcc supply relative to Vss Vce -0.5t07.0 \% -
Power Dissipation Po 1.0 w -
Storage temperature TsTG -65 to 150 °C -
Operating Temperature TA Glo%S Y B JPURCRE-LIB
-40 to 85 °C K8T1008C2E-P/-F

1. Stresses greater than those listed under "Absolute Maximum Ratings™ may cause permanent damage to the device. Functional operation should be
restricted to recommended operating condition. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

Revision 3.0
March 2000



K6T1008C2E Family CMOS SRAM

RECOMMENDED DC OPERATING CONDITIONS"

Item Symbol Product Min Typ Max Unit
Supply voltage Vce K6T1008C2E Family 4.5 5.0 5.5 \
Ground Vss All Family 0 0 0 \Y%
Input high voltage VIH K6T1008C2E Family 2.2 - Vee+0.52) \%
Input low voltage Vi _ K6T1008C2E Family -0.5% - 0.8 \

Note:
1. Commercial Product: Ta=0 to 70°C
Industrial Product: Ta=-40 to 85°C, otherwise specified.
2. Overshoot: Vec+3.0V in case of pulse width<30ns.
3. Undershoot: -3.0V in case of pulse width<30ns.
4. Overshoot and undershoot are sampled, not 100% tested.

CAPACITANCE" (f=1MHz, TA=25°C)

Item Symbol Test Condition Min Max Unit
Input capacitance CiN VIN=0V - 6 pF
Input/Output capacitance Cio Vio=0V - 8 pF

1. Capacitance is sampled, not 100% tested

DC AND OPERATING CHARACTERISTICS

ftem Symbol Test Conditions Min | Typ | Max | Unit
Input leakage current L VIN=Vss to Vce -1 - 1 pA
Output leakage current ILo  |CS1=ViH or CS2=ViL or OE=ViH or WE=VIL, Vio=Vss to Vcc -1 - 1 HA
Operating power supply current|  Icc  [llo=0mA, CS1=ViL, CS2=ViH, VIN=VIH or ViL, Read - - 10 | mA
h e Cycle time=1ps, 100%duty, llo=0mA, ESO.ZV, CS22Vcee-0.2V, Vin<0.2V ; R 7 mA
Average operating current or ViN2Vee-0.2V
Iccz |Cycle time=Min, 100% duty, lio=OmA, E§1=VIL, CS2=ViH, Vin=Vin or Vi - - 50 | mA
Output low voltage VoL |[lot=2.1mA - - |04V
Output high voltage VoH |loH=-1.0mA 24| - - \
Standby Current(TTL) Is8  |CS1=ViH, CS2=ViL, Other inputs=ViH or ViL - - 3 | mA
Standby Current(CMOS) Isg1  |CS12Vee-0.2V, CS2=Vee-0.2V or CS2<0.2V, Other inputs=0~Vecc | - - | 50" pA

1. 50pA for Low power product, in case of Low Low power products are comercial=10pA, industrial=15pA.

4 Revision 3.0
3 March 2000
ELECTAONICE




K6T1008C2E Family CMOS SRAM

AC OPERATING CONDITIONS

TEST CONDITIONS( Test Load and Input/Output Reference)
Input pulse level: 0.8 to 2.4V

Input rising and falling time: 5ns cuh T
Input and output reference voltage: 1.5V \V4
Output load(see right): CL=100pF+1TTL 1. Including scope and jig capacitance

CL=50pF+1TTL

AC CHARACTERISTICS (vcc=4.5~5.5V, Commercial Product: TA=0 to 70°C, Industrial Product: TA=-40 to 85°C)

Speed Bins
Parameter List Symbol 55ns 70ns Units
Min Max Min Max
Read Cycle Time tRC 55 - 70 - ns
Address Access Time taa - 55 - 70 ns
Chip Select to Output tco - 55 - 70 ns
Output Enable to Valid Output toe - 25 - 35 ns
Read Chip Select to Low-Z Output tz 10 - 10 - ns
Output Enable to Low-Z Output torz 5 - 5 - ns
Chip Disable to High-Z Output tHz 0 20 0 25 ns
Output Disable to High-Z Output toHz 0 20 0 25 ns
Output Hold from Address Change toH 10 - 10 - ns
Write Cycle Time twe 56, - 70 - ns
Chip Select to End of Write tow 45 - 60 - ns
Address Set-up Time tas 0 - 0 - ns
Address Valid to End of Write taw 45 - 60 - ns
Write Write Pulse Width twe 40 - 50 - ns
Write Recovery Time twrR 0 - 0 - ns
Write to Output High-Z twHz 0 20 0 25 ns
Data to Write Time Overlap tow 20 - 25 - ns
Data Hold from Write Time tDH 0 - 0 - ns
End Write to Output Low-Z tow g - 5 - ns

DATA RETENTION CHARACTERISTICS

Item Symbol Test Condition Min | Typ | Max | Unit
Vcc for data retention VDR CS1>Vee-0.2v1 2.0 - 55 \Y%
K6T1008C2E-L - - 20
— 2E-B - -
Data retention current IorR Vee=3.0V, CS1>Vee-0.2vY el 10 HA
K6T1008C2E-P - - 25
K6T1008C2F-F - - 10
Data retention set-up time tSDR See datatotantion Wavetsim 0 - - e
Recovery time tRDR 5 - -

1. CS12Vee-0.2V, CS22Vee-0.2V(CS1 controlled) or CS2<0.2V(CS2 controlled)

5 Revision 3.0
March 2000
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M AKX/

+5V-Powered, Multichannel RS-232

General Description

The MAX220-MAX249 family of line drivers/receivers is
intended for all EIA/TIA-232E and V.28/V.24 communica-
tions interfaces, particularly applications where +12V is
not available.

These parts are especially useful in battery-powered sys-
tems, since their low-power shutdown mode reduces
power dissipation to less than 5uW. The MAX225,
MAX233, MAX235, and MAX245/MAX246/MAX247 use
no external components and are recommended for appli-
cations where printed circuit board space is critical.

Applications
Portable Computers

Low-Power Modems

Interface Translation

Battery-Powered RS-232 Systems

Multidrop RS-232 Networks

Drivers/Receivers

Features

Superior to Bipolar
¢ Operate from Single +5V Power Supply
(+5V and +12V—MAX231/MAX239)

¢ Low-Power Receive Mode in Shutdown
(MAX223/MAX242)

¢ Meet All EIA/TIA-232E and V.28 Specifications
4 Muitiple Drivers and Receivers

¢ 3-State Driver and Receiver Outputs

¢ Open-Line Detection (MAX243)

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX220CPE 0°C to +70°C 16 Plastic DIP
MAX220CSE 0°C to +70°C 16 Narrow SO
MAX220CWE 0°C to +70°C 16 Wide SO
MAX220C/D 0°C to +70°C Dice*
MAX220EPE -40°C to +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow SO
MAX220EWE -40°C to +85°C 16 Wide SO
MAX220EJE -40°C to +85°C 16 CERDIP
MAX220MJE -55°C to +125°C 16 CERDIP

Ordering Information continued at end of data sheet.
“Contact factory for dice specifications.

Selection Table

Power No. of Nominal SHDN Rx
Part Supply RS-232 No. of Cap. Value & Three- Activein Data Rate
Number V) Drivers/Rx Ext. Caps (u State SHDN (kbps) Features
MAX220 +5 2/2 4 0.1 No — 120 Ultra-low-power, industry-standard pinout
MAX222 +5 2/2 4 0.1 Yes — 200 Low-power shutdown
MAX223 (MAX213) +5 4/5 4 1.0(0.1) Yes v 120 MAX241 and receivers active in shutdown
MAX225 +5 5/5 0 — Yes v 120 Available in SO
MAX230 (MAX200) +5 5/0 4 1.0(0.1) Yes — 120 5 drivers with shutdown
MAX231 (MAX201) +5 and 2/2 2 1.0(0.1) No — 120 Standard +5/+12V or battery supplies;
+7.5t0 +13.2 same functions as MAX232
MAX232 (MAX202) +5 2/2 4 1.0(0.1) No - 120 (64) Industry standard
MAX232A +5 2/2 4 0.1 No — 200 Higher slew rate, small caps
MAX233 (MAX203) +5 22 0 — No — 120 No external caps
MAX233A +5 2/2 0 — No — 200 No external caps, high slew rate
MAX234 (MAX204) +5 4/0 4 1.0(0.1) No — 120 Replaces 1488
MAX235 (MAX205) +5 5/5 0 — Yes — 120 No external caps
MAX236 (MAX206) +5 4/3 = 1.0(0.1) Yes — 120 Shutdown, three state
MAX237 (MAX207) +5 5/3 4 1.0(0.1) No — 120 Complements IBM PC serial port
MAX238 (MAX208) +5 4/4 4 1.0(0.1) No — 120 Replaces 1488 and 1489
MAX239 (MAX209) +5 and 3/5 2 1.0(0.1) No — 120 Standard +5/+12V or battery supplies;
+7.5t0 +13.2 single-package solution for IBM PC serial port
MAX240 +5 5/5 4 1.0 Yes — 120 DIP or flatpack package
MAX241 (MAX211) +5 4/5 4 1.0(0.1) Yes — 120 Complete IBM PC serial port
MAX242 +5 2/2 4 0.1 Yes [ 200 Separate shutdown and enable
MAX243 +5 212 4 0.1 No — 200 Open-line detection simplifies cabling
MAX244 +5 8/10 4 1.0 No — 120 High slew rate
MAX245 +5 8/10 0 — Yes v 120 High slew rate, int. caps, two shutdown modes
MAX246 +5 8/10 ¢} — Yes v 120 High slew rate, int. caps, three shutdown modes
MAX247 +5 8/9 0 — Yes v 120 High slew rate, int. caps, nine operating modes
MAX248 +5 8/8 4 1.0 Yes 4 120 High slew rate, selective half-chip enables
MAX249 +5 6/10 4 1.0 Yes v 120 Available in quad flatpack package
AW AXI A Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243

Supply Voltage (VOC) w1 -0.3V to +6V
Input Voltages
TN e
Rin (Except MAX220) ...
RIN (MAX220)........coooie
Tout (Except MAX220) (Note 1) .
TouT (MAX220)........ooooeeee

-0.83Vto (Vec -0.3V)
...................... +30V

Output Voltages
TOUT e +15V
BOUT cossissimmisimininmemmsaseomsearssresssmsmssd -0.3V to (Vcc +0.3V)

Driver/Receiver Output Short Circuited to GND.......... Continuous
Continuous Power Dissipation (Ta = +70°C)
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mwW
18-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....889mwW

20-Pin Plastic DIP (derate 8.00mW/°C above +70°C) ..440mW
16-Pin Narrow SO (derate 8.70mW/°C above +70°C)...696mW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
18-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
20-Pin Wide SO (derate 10.00mW/°C above +70°C)....800mwW
20-Pin SSOP (derate 8.00mW/°C above +70°C) .......... 640mwW
16-Pin CERDIP (derate 10.00mW/°C above +70°C).....800mW
18-Pin CERDIP (derate 10.53mW/°C above +70°C).....842mW
Operating Temperature Ranges
MAX2__AC__,MAX2_ C__....
MAX2__AE__,MAX2__E__ ...
MAX2_ _AM_ _, MAX2_ _M_ _
Storage Temperature Range.................
Lead Temperature (soldering, 10S€C) .......cocvovvevovvov . +300°C

........ 0°Cto +70°C
..-40°C to +85°C

Note 1: Input voltage measured with Tour in high-impedance state, SHDN or Vcg = OV.
Note 2: For the MAX220, V+ and V- can have a maximum magnitude of 7V, but their absolute difference cannot exceed 13V.

Stresses beyond those listed under “Absolute Maximum Ratings™ may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243
(Vce = +5V +10%, C1-C4 = 0.1uF, MAX220, C1 = 0.047yF, C2-C4 = 0.33pF, Ta = TMIN to Tmax, unless otherwise noted.)

PARAMETER ] CONDITIONS I MIN TYP MAX f UNITS

RS-232 TRANSMITTERS

Output Voltage Swing All transmitter outputs loaded with 3kQ to GND +5 +8 \%

Input Logic Threshold Low 1.4 0.8 \

. ) All devices except MAX220 2 1.4

Input Logic Threshold High MAX220: Vo 5.0V 5 4 \

\Bdile B HR Mept MAX220, normal operation 5 40 A
SHDN = 0V, MAX222/242, shutdown, MAX220 +0.01 +1

Output Leakage Current Vce = ﬂw =0V, VouTt = £15V, MAX222/242 +0.01 +10 o
Vce = SHDN =0V, Voyrt = +15V +0.01 =10

Data Rate 200 116 kbfs

Transmitter Output Resistance Vce =V+ =V- =0V, Vout = +2V 300 10M Q

Output Short-Circuit Current Vour = OV +7 +22 mA

RS-232 RECEIVERS

RS-232 Input Voltage Operating Range +30 \%

RS-232 Input Threshold Low Voe = 5V ez R R 28 18 v

MAX243 R2|N (Note 2) -3
RS-232 Input Threshold High Voo = 5V EUEXOEpHNIANGHS Rem 18 24 |
MAX243 R2in (Note 2) -0.5 -0.1

RS-232 Input Hysteresis All except MAX243, Ve = 5V, no hysteresis in shdn. 0.2 0.5 1 v
MAX243 1

RS-232 Input Resistance 3 5 7 kQ

TTL/CMOS Output Voltage Low lout = 3.2mA 0.2 0.4 %

TTL/CMOS Output Voltage High lout =-1.0mA 35 Vce-02 \

L Sourcing Vout = GND -2 -10
TTL/CMOS Output Short-Circuit Current Shrinking VouT = Voo o 25 mA

MAXIM



+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/23
(Vce = +5V £10%, C1-C4 = 0.1uF, MAX220, C1

3A/242/243 (continued)
= 0.047yF, C2-C4 = 0.33uF, Ta = TMIN to TMAX, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
SHDN = Vg or EN = Ve (SHDN = 0V for MAX222),
TTL/CMOS Output Leakage Current V< Vour<Vis +0.05 +10 LA
EN Input Threshold Low MAX242 1.4 08 Vv
EN Input Threshold High MAX242 2.0 1.4 %
Operating Supply Voltage 4.5 55 v
MAX220 0.5 2
No load
Ve Supply Current (SHDN = Vo), MAX222/232A/233A/242/243 4 10 mA
Figures 5, 6, 11, 19 3kQ load MAX220 12
both inputs MAX222/232A/233A/242/243 15
TA = +25°C 0.1 10
Ta = 0°C to +70° 2 50
Shutdown Supply Current MAX222/242 5 GR bC uA
Ta = -40°C to +85°C 2 50
TA = -55°C to +125°C 35 100
SHDN Input Leakage Current MAX222/242 +1 pA
SHDN Threshold Low MAX222/242 1.4 0.8 v
SHDN Threshold High MAX222/242 2.0 14 v
CL = 50pF to 2500pF,
RL = 3k to 7k, MAX222/232A/233A/242/243 6 12 30
Transition Slew Rate Vece =5V. Ta= +25°C, Vlus
measured from +3V MAX220 15 3 30
to-3V or -3Vto +3V
MAX222/232A/233A/242/243 1.3 3.5
Transmitter Propagation Delay tPHLT MAX220 P 10
TLL to RS-232 (normal operation), us
Figure 1 t MAX222/232A/233A/242/243 16 35
PLEIL MAX220 5 10
MAX222/232A/233A/242/243 0.5 1
Receiver Propagation Delay IPHLR MAX220 06 3
RS-232 to TLL (normal operation), S
L A ) t MAX222/232A/233A/242]243 06 1 g
W MAX220 0.8 3
Receiver Propagation Delay tPHLS MAX242 0.5 10 .
RS-232 to TLL (shutdown), Figure 2 tPLHS MAX242 25 10 H
Receiver-Output Enable Time, Figure 3 | ter MAX242 125 500 ns
Receiver-Output Disable Time, Figure 3 | tpg MAX242 160 500 ns
Transmitter-Output Enable Time t MAX222/242, 0.1uF caps 250 5
(SHDN goes high), Figure 4 EF (includes charge-pump start-up) H
Transmitter-Output Disable Time
(SHDN goes low). Figure 4 toT MAX222/242, 0.1uF caps 600 ns
Transmitter + to - Propagation ; - MAX222/232A/233A/242/243 300 -
Delay Difference (normal operation) PRLT = 1PLHT MAX220 2000
Receiver + to - Propagation ¢ -1 MAX222/232A/233A/242/243 100 o
Delay Difference (normal operation) PHLR - IPLHR MAX220 225 s
Note 3: MAX243 R2pyr is guaranteed to be low when R2iNis 2 OV or is floating.
SAXIAA 3
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+5V-Powered, Multichannel RS-232
Drivers/Receivers

Typical Operating Characteristics
MAX220/MAX222/MAX232A/MAX233A/MAX242/MAX243

AVAILABLE QUTPUT CURRENT MAX222/MAX242
OUTPUT VOLTAGE vs. LOAD CURRENT vs. DATA RATE ON-TIME EXITING SHUTDOWN
10 - 1 — o +0V o
g g el :
8 L g OUTPUT LOAD CURRENT [§ & 1uF cAPS —— il
! P 3 0 FLOWS FROM V& TOV- -2 :
6 | EITHER V+ OR V- LOADED —~| N ve NL L
; A _ T ’ PO i 0.1uF CAPS
S 4 }Voc=ssV — 0 e i = 46V !
= NO LOAD ON = S SFDN
£ 2 | TRANSMITTER OUTPUTS 2 & Ve = +5.25V 8 o
S | (EXCEPT MAX220, MAX233A) & S =
= | | | = ALL CAPS =
g -2 |- V- LOADED, NO LOAD ON V+. 'é VA 01pF D 2} ‘\ = v
I = -
2 4 04pF | ) Yoc =78} £ \e— 1F CAPS
. >\ ~1 A\ ||
) | 5 o= M 0.1uF CAPS
? - v
V+ LOAD :
@ '+ LOADED, NO LOAD ON V. / )
0 5 0 15 20 % 0 10 20 30 4 5 6 500ps/div

LOAD CURRENT (mA) DATA RATE (kbits/sec)

4 M AKX



+SV-Powered, Multichannel RS-232

- -
Drivers/Receivers
HVINPUT g
TOP VIEW e 5
¢ 1
N = 16
C1+ [4 v 1 Vee 2
[1] 16] Vec ey L I 4 <Rt
Ve [2] 15] 6no B {CT voLTAGE DouBLER
c2 . 6 10V
ct-[3] MAxia [ Tour oo + +10V T0 -10v 1.
5/ Co- VOLTAGE INVERTER c4
c[a]  ma2 gl ey T
MAX232 =
[s]  maxcn  [ia] Mo
V- E E TN —4>
T2our | 7 10] T2y TIL/CMOS RS-232
E :] INPUTS OUTPUTS
R |8 9] R2our 17,
DIP/SO
CAPAGITANCE (iF) TTL/CMOS
DEVICE_ Gl (2 3 4 G5 OuTPUTS
MAX220 47 47 10 10 47
MAX232 10 1.0 10 10 10
MAX2328_ 01 01 01 07 41

Figure 5. MAX220/MAX232/MAX2324A Pin Configuration and Typical Operating Circuit

() ARE FOR MAX222 ONLY.

TOP VIEW
I P -
(N.C.) ENE 18] SHON
o1+ 2] [17] Ve
v+ [3] 16] 6ND
¢ [4] amaxiaa [ T
C MAX222
L) ez e
c2- [g] [13] Rigur
v[7] [12] i
T2our E E T2
Row [ 9 10] Rour
DIP/SO

(NCYEN 7] 20] SHON
Ci+ E E Vee
v+ 3] 18] GND

¢ (4] amaxina [17] Tion
c2+ 5] ng% [16] N.C.
c2- [6] [15] Rt

v-[7] [14] Riour
T20ur [ [13] NC.
R2i E E] TN
R2our [10 1] Taw

ssopP

PIN NUMBERS IN TYPICAL OPERATING CIRCUIT ARE FOR DIP/SO PACKAGES ONLY.

o PUT o ALL CAPACITORS = 0.1
Csl )b—’ ) ¥
= 17
2 vee 3
c1=E [ svToeov o
T4/ C1- VOLTAGE DOUBLER
5
B |2 wivroav 7 -ov
T2 C2- VOLTAGE INVERTER 2 c4

TTL/CMOS
INPUTS

TIL/CMOS
OUTPUTS

10| R2out =

1|(N.C)EN 5

RS-232
OUTPUTS

—
RS-232
INPUTS
—<

Figure 6. MAX222/MAX242 Pin Configurations and Typical Operating Circuit

SNAXI N
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Philips Semiconductors

Product specification

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

PCF8574

1 FEATURES

¢ Operating supply voltage 2.5 to 6 V
e Low standby current consumption of 10 pA maximum

I2C to parallel port expander

e Open-drain interrupt output

e 8-bit remote /O port for the 12C-bus
Compatible with most microcontrollers

e Latched outputs with high current drive capability for
directly driving LEDs

e Address by 3 hardware address pins for use of up to
8 devices (up to 16 with PCF8574A)

DIP16, or space-saving SO16 or SSOP20 packages.

3 ORDERING INFORMATION

2 GENERAL DESCRIPTION

The PCF8574 is a silicon CMOS circuit. It provides general
purpose remote I/O expansion for most microcontroller
families via the two-line bidirectional bus (I2C).

The device consists of an 8-bit quasi-bidirectional port and
an I2C-bus interface. The PCF8574 has a low current
consumption and includes latched outputs with high
current drive capability for directly driving LEDs. It also
possesses an interrupt line (INT) which can be connected
to the interrupt logic of the microcontroller. By sending an
interrupt signal on this line, the remote /O can inform the
microcontroller if there is incoming data on its ports without
having to communicate via the I2C-bus. This means that
the PCF8574 can remain a simple slave device.

The PCF8574 and PCF8574A versions differ only in their
slave address as shown in Fig.9.

PACKAGE
TYPE NUMBER

NAME DESCRIPTION VERSION
PCF8574P; DIP16 plastic dual in-line package; 16 leads (300 mil) SOT38-1
PCF8574AP
PCF8574T; SO16 plastic small outline package; 16 leads; body width 7.5 mm SOT162-1
PCF8574AT
PCF8574TS SSOP20 | plastic shrink small outline package; 20 leads; body width 4.4 mm S0T266-1

1997 Apr 02 3




Philips Semiconductors Product specification

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

4 BLOCK DIAGRAM

TV 13 INTERRUPT
INT < L
i LP FILTER
1 PCF8574
A0 -
A1 cidl
3 ¢ PO
A2 21 5Py
y
LR PN Y
26k INPUT 12C-BUS 7
—» — ~
" | FTER CONTROL SHIFT o ¢ Kird
SDA < <] 8 BIT 9
REGISTER PORT |4 > P4
A
PRLLN
11
I\ < > P6
12
< —» P7
y y y
WRITE pulse
16 READ pulse
Voo
r POWER-ON
Vgg ————D RESET

MBD3I80

Fig.1 Block diagram (SOT38-1 and SOT162-1).
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Philips Semiconductors

Product specification

Remote 8-bit I/0 expander for 2C-bus PCF8574
S5 PINNING
PIN
SYMBOL DESCRIPTION
DIP16; SO16 SSOP20
A0 1 6 address input 0
A1 2 7 address input 1
A2 3 9 address input 2
PO 4 10 quasi-bidirectional 1/0 0
P1 5 11 quasi-bidirectional I/O 1
P2 6 12 quasi-bidirectional I/0 2
P3 7 14 quasi-bidirectional I/0 3
Vss 8 15 supply ground
P4 9 16 quasi-bidirectional I/O 4
P5 10 17 quasi-bidirectional I/O 5
P6 11 19 quasi-bidirectional 1/0 6
P7 12 20 quasi-bidirectional 1/0 7
INT 13 1 interrupt output (active LOW)
SCL 14 2 serial clock line
SDA 15 4 serial data line
Vbp 16 5 supply voltage
n.c. - 3 not connected
n.c. - 8 not connected
n.c. = 13 not connected
n.c. - 18 not connected
INT [1] U 20] P7
Ao [1] U 16] Vpp scL [2] 19] Pe
A1 [Z E SDA ne. |3 E n.c.
A2 3] [14] scL SDA [4 | [17] Ps
PO [4] popgsrs [13) INT Voo [5] 16 ] Pa
PCF8574TS
P1 5] PCF8574A 73] p7 40 B 7] Vss
P2 6| [11] Pe A1 (7] [14] P3
P3 (z E P5 nc. |8 E n.c.
Vss [ 8 9] Pa A2 [9 12] P2
He Po [10 [11] P1

Fig.2 Pin configuration (DIP16; SO1 6).

MBD978

Fig.3 Pin configuration (SSOP20).
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Philips Semiconductors

Product specification

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

PCF8574

6 CHARACTERISTICS OF THE I2C-BUS

The I°C-bus is for 2-way, 2-line communication between
different ICs or modules. The two lines are a serial data
line (SDA) and a serial clock line (SCL). Both lines must be
connected to a positive supply via a pull-up resistor when
connected to the output stages of a device. Data transfer
may be initiated only when the bus is not busy.

6.1

One data bit is transferred during each clock pulse. The
data on the SDA line must remain stable during the HIGH
period of the clock pulse as changes in the data line at this
time will be interpreted as control signals (see Fig.4).

Bit transfer

6.2

Both data and clock lines remain HIGH when the bus is not
busy. A HIGH-to-LOW transition of the data line, while the
clock is HIGH is defined as the start condition (S).

A LOW-to-HIGH transition of the data line while the clock
is HIGH is defined as the stop condition (P) (see Fig.5).

Start and stop conditions

6.3

A device generating a message is a ‘transmitter’, a device
receiving is the ‘receiver’. The device that controls the
message is the ‘master’ and the devices which are
controlled by the master are the ‘slaves’ (see Fig.6).

System configuration

i
SDA / I'
|
1
1
SCL
|
| data line
| stable;
| data valid

I

| change |
| ofdata |
| allowed |

MBC621

Fig.4 Bit transfer.

]

==

/ SDA

.

&
|
|
|
|
|
|
|
|

SCL sCL
P 4
START condition STOP condition MBC622
Fig.5 Definition of start and stop conditions.
SDA
o I | I l
MASTER SLAVE MASTER
TRANSMITTER / RES(!JJE\I\\//EER TRANSMITTER / TRXD?SSI\;EI'F'I{'ER TRANSMITTER /
RECEIVER RECEIVER RECEIVER

MBA605

Fig.6 System configuration.

1997 Apr 02




Philips Semiconductors

Product specification

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

PCF8574

6.4  Acknowledge

The number of data bytes transferred between the start
and the stop conditions from transmitter to receiver is not
limited. Each byte of eight bits is followed by one
acknowledge bit. The acknowledge bit is a HIGH level put
on the bus by the transmitter whereas the master
generates an extra acknowledge related clock pulse.

A slave receiver which is addressed must generate an
acknowledge after the reception of each byte. Also a
master must generate an acknowledge after the reception
of each byte that has been clocked out of the slave

transmitter. The device that acknowledges has to pull
down the SDA line during the acknowledge clock pulse, so
that the SDA line is stable LOW during the HIGH period of
the acknowledge related clock pulse, set-up and hold
times must be taken into account.

A master receiver must signal an end of data to the
transmitter by not generating an acknowledge on the last
byte that has been clocked out of the slave. In this event
the transmitter must leave the data line HIGH to enable the
master to generate a stop condition.

% AN PR~/

not acknowledge \

acknowledge :

clock pulse for

MBC602 acknowledgement

]
DATA OUTPUT | [ /
BY TRANSMITTER
| M
[
DATA OUTPUT L
BY RECEIVER 1~
(==
SCL FROM )}
MASTER —
Do
START
CONDITION
Fig.7 Acknowledgment on the 12C-bus.
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Philips Semiconductors Product specification

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

7 FUNCTIONAL DESCRIPTION

\
write pulse - Db
i 100
s
data fi * 4
ata from .
shift register B
FF
- Cls .—‘ PO to P7
A
power-on R l %
reset » L Vgg
D Q
EE
C
read pulse —p— s

dsta id - ﬁD_} to i'nte_rrupt
shift register g ! £ goic

MBDI77

Fig.8 Simplified schematic diagram of each I/O.

7.1 Addressing
For addressing see Figs 9, 10 and 11.

slave address slave address
r - N Ya X N
T T T T T T T T T T T T T
S| o0 1 0 "0 A2 A1 A0 OIA] [SIO 1 1 ‘IA2A1AOIOIAI
1 ] ] 1 ] 1 ] 1 L 1 1 1 1
MBDI73
a b.
(a) PCF8574.
(b) PCF8574A.

Fig.9 PCF8574 and PCF8574A slave addresses.

Each of the PCF8574's eight I/Os can be independently

used as an input or output. Input data is transferred from
the port to the microcontroller by the READ mode

(see Fig.11). Output data is transmitted to the port by the
WRITE mode (see Fig.10).

1997 Apr 02 8
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SCL

WRITE TO
PORT

DATA OUT
FROM PORT

1 2 3L/4 5 6 7, 8 ] I
' | :
|
slave address (PCF8574) | data to port | data to port |
A— : '8 AL - : I AR ) ;
T T T T T T T 0 T T T T | T T T T T T
SDA ls | 0 1 0 0 A2 A1 A0 O "Al DATA 1 I‘Al DATA 2 J‘Al
I I ! 1 L 1 1 I 1 1 ] 1 | | ! ] ] ! | |
! o B T
start condition R/W | acknowledge | acknowledge | acknowledge
| from slave I from slave | from slave
| | |
| | [
! {8\ M
| | |
| ! |
; A<V -
: ! X DATA 1 VALID : DATA 2 VALID
T A | |
1
| tpy = | tpy ! O

Fig.10 WRITE mode (output).
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ol

slave address (PCF8574)

data from port

data from port

A5 A
e Y r Y r N
T T T T T T | T T T T T T | T T T T T T T |
SDA I S|0 1 0 0 A2 A1 A0 1 ,lA , DATA 1 l,Al DATA 4 l,1 , iq
1 1 1 | 1 1 1 T 1 1 1 1 1 1 I 1 | 1 1 1 1 1 T
4 1t 4 p
start condition R/W | acknowledge | acknowledge I stop
! from slave : from slave : condition
READ FROM | l I
PORT lr\ |F\ |
| | :
| Ay | Mool -
| T
DATAINTO X XDATA 2X DATA3 X i DATA 4 !
PORT [ I |
I —— I \ i
1
: tof ity = +l tps e |
[ |
NT [ LN Al ;
| J | | |
> ety BN Lt >l ety | mBD975

A LOW-to-HIGH transition of SDA, while SCL is HIGH is defined as the stop condition (P).

at the last acknowledge phase is valid (output mode). Input data is lost.

Fig.11 READ mode (input).

Transfer of data can be stopped at any moment by a stop condition. When this occurs, data present

SNQg-Og| Jo} Jepuedxa O/ 11g-g aj0way

v29840d
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Philips Semiconductors

Product specification

Remote 8-bit I/0 expander for I12C-bus

PCF8574

7.2

The PCF8574 provides an open drain output (INT) which
can be fed to a corresponding input of the microcontroller.
This gives these chips a type of master function which can
initiate an action elsewhere in the system.

Interrupt (see Figs 12 and 13)

Aninterrupt is generated by any rising or falling edgeof the
portinputs in the input mode. After time t;, the signal INT is
valid.

Resetting and reactivating the interrupt circuit is achieved
when data on the port is changed to the original setting or
data is read from or written to the port which has generated
the interrupt.

Resetting occurs as follows:

¢ Inthe READ mode at the acknowledge bit after the rising
edge of the SCL signal

* Inthe WRITE mode at the acknowledge bit after the
HIGH-to-LOW transition of the SCL signal

e Interrupts which occur during the acknowledge clock
pulse may be lost (or very short) due to the resetting of
the interrupt during this pulse.

Each change of the I/Os after resetting will be detected
and, after the next rising clock edge, will be transmitted as
INT. Reading from or writing to another device does not
affect the interrupt circuit.

7.3  Quasi-bidirectional 1/Os (see Fig.14)

A quasi-bidirectional I/O can be used as an input or output
without the use of a control signal for data direction.

At power-on the I/Os are HIGH. In this mode only a current
source to Vpp is active. An additional strong pull-up to Vpp
allows fast rising edges into heavily loaded outputs. These
devices turn on when an output is written HIGH, and are
switched off by the negative edge of SCL. The I/Os should
be HIGH before being used as inputs.

PCF8574 PCF8574 PCF8574
Voo (1 ) (16)
iNT iNT INT
MICROCOMPUTER 1 l
INT |—e IR v —J
MBD376

Fig.12 Application of multiple PCF8574s with interrupt.

Fig.13 Interrupt generated by

slave address (PCF8574) data from port
—— 0 g 2 ™
T T T T T T T | T T T T T T T
SDAISIOI1|0 0A2A1|A0|1IIA, . 111 | |1IP1
L 1 |
T
bt } }
start condition R/W | acknowledge P5 stop
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Philips Semiconductors

Product specification

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

8 LIMITING VALUES

In accordance with the Absolute Maximum Rating System (IEC 134).

SYMBOL PARAMETER MIN. MAX. UNIT

Vop supply voltage -0.5 +7.0 \

\/ input voltage Vgs — 0.5 Vpp + 0.5 \'

I DC input current - +20 mA

lo DC output current - +25 mA

Ibp supply current - +100 mA

Iss supply current - +100 mA

Ptot total power dissipation - 400 mwW

Po power dissipation per output - 100 mwW

Tstg storage temperature —65 +150 °C

Tamb operating ambient temperature —40 +85 °C
9 HANDLING

Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is
desirable to take precautions appropriate to handling MOS devices. Advice can be found in Data Handbook IC12 under
‘Handling MOS Devices”.

10 DC CHARACTERISTICS
Vpp =2.51t06 V; Vgg = 0 V; Tamp = —40 to +85 °C: unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. I TYP. , MAX. UNIT
Supply
Voo supply voltage 2.5 - 6.0 V
Ibo supply current operating mode; Vpp =6 V; |- 40 100 HA
no load; V| = Vpp or Vsgs;
fscL =100 kHz
Istb standby current standby mode; Vpp=6V; |- 25 10 HA
no load; V| = Vpp or Vgg
Veor Power-on reset voltage Vpp =6 V; no load; - 1.3 24 \%
V| = Vpp or Vsg; note 1
Input SCL; input/output SDA
Vi LOW level input voltage -0.5 - +0.3Vpp V
Viy HIGH level input voltage 0.7Vpp - Vpp+05 |V
loL LOW level output current VoL=04V 3 — — mA
n leakage current V| = Vpp or Vgg -1 - +1 HA
Ci input capacitance V= Vss - - 7 pF
1997 Apr 02 13




Philips Semiconductors

Product specification

Remote 8-bit I/0 expander for 12C-bus PCF8574
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT

1I0s

ViL LOW level input voltage -0.5 - +0.3Vpp V
ViH HIGH level input voltage 0.7Vpp - Vpp+05 |V
hHL(max) maximum allowed input V= Vpp orV, < Vgg - - +400 HA

current through protection
diode
loL LOW level output current VoL=1V;Vpp=5V 10 25 - mA
lon HIGH level output current Vou =Vss 30 - 300 HA
lont transient pull-up current HIGH during acknowledge |- -1 - mA
(see Fig.14); Vou = Vss;
VDD =25V

G input capacitance - - 10 pF
Co output capacitance - - 10 pF
Port timing; C_ < 100 pF (see Figs 10 and 11)

tov output data valid - = 4 us
tsu input data set-up time 0 — - us
th input data hold time 4 - — us
Interrupt INT (see Fig.13)

loL LOW level output current VoL =04V 1.6 - - mA
I leakage current V| = Vpp or Vss -1 - +1 HA
TIMING; C_ < 100 PF

v input data valid time - — 4 s
tir reset delay time - - 4 us
Select inputs A0 to A2

ViL LOW level input voltage -0.5 ~ +0.3Vpp \
ViH HIGH level input voltage 0.7Vpp - Vpp+0.5 |V
I input leakage current pin at Vpp or Vss —250 - +250 nA
Note

1. The Power-on reset circuit resets the 12C-bus logic with Vpp < Vpor and sets all I/Os to logic 1 (with current source

to VDD)-

1997 Apr 02
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Philips Semiconductors

Product specification

Remote 8-bit /0 expander for 12C-bus PCF8574

11 12C-BUS TIMING CHARACTERISTICS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
[2C-BUS TIMING (see Fig.15; note 1)

fscL SCL clock frequency - - 100 kHz
tsw tolerable spike width on bus - - 100 ns

tsuF bus free time 4.7 - - us
tsu:sta START condition set-up time 4.7 - - us
tHD;sTA START condition hold time 4.0 - - us
tLow SCL LOW time 4.7 - - us
tHiGH SCL HIGH time 4.0 - - ps

tr SCL and SDA rise time - - 1.0 us

tf SCL and SDA fall time - - 0.3 us
tsu:pAT data set-up time 250 = — ns
tHD:DAT data hold time 0 - - ns
typ:pAT SCL LOW to data out valid - - 3.4 us
tsu:sto STOP condition set-up time 4.0 - — us
Note

1. All the timing values are valid within the operating supply voltage and ambient temperature range and refer to V,_

and V| with an input voltage swing of Vsgs to Vpp.

Fig.15 I12C-bus timing diagram.

MBDB820

START BIT7 BIT6 BITO | ACKNOWLEDGE STOP
PROTOCOL CONDITION MSB (A8) LSB () CONDITION
(S) (A7) (RIW) (P)
tsu:sTa fLow  tHiGH
M fscL—ey
scL
t HD;STA tsu;paT ' HD:DAT tvo:DAT tsu;sTo
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MIcrocHIP 24AA512/24L.C512/24FC512
512K I2C™ CMOS Serial EEPROM

Device Selection Table Description
The Microchip Technology Inc. 24AA512/24L.C512/
" ::::er R‘;‘:“;e r;’;g::g; ;::;Z's 24FC512 (24XX512*) is a 64K x 8 (512 Koit) Serial
Electrically Erasable PROM, capable of operation
24AA512 | 18-55V | 400 kHZ" I across a broad voltage range (1.8V to 5.5V). It has
241.C512 2555y 400 kHz LE been developed for advancgd, .Iow power applicatiqn§
such as personal communications and data acquisi-
24FC512 2.5-5.5V 1 MHz ! tion. This device also has a page-write capability of up
Note 1: 100 kHz for Vcc < 2.5V. to 128 bytes of data. This device is capable of both ran-
dom and sequential reads up to the 512K boundary.
Features Functional address lines allow up to eight devices on

the same bus, for up to 4 Mbit address space. This

* Low pawer CMOS tegfifingy device is available in the standard 8-pin plastic DIP,

- Maximum write current 3 mA at 5.5 SOIC, DFN and 14-lead TSSOP packages.
- Maximum read current 400 pA at 5.5V
- Standby current 100 nA typical at 5.5V Block Diagram
« 2-wire serial interface bus, 12C compatible
- Cascadable for up to eight devices LT 2L ———@
« Self-timed ERASE/WRITE cycle T
« 128-byte Page-Write mode available :
. ; 110 MEMORY EEPROM
* 5 ms max write-cycle time CONTROL<+ CONTROL |—sXDEC ARRAY
* Hardware write-protect for entire array LG i
Gt : : . PAGE LATCHES
= Schmitt Trigger inputs for noise suppression
+ 1,000,000 erase/write cycles
* Electrostatic discharge protection > 4000V = YDEC hl
* Data retention > 200 years SA
* 8-pin PDIP, SOIC(208 mil), and DFN packages
+ 14-lead TSSOP package vee [ F—
« Temperature ranges: Vss [} SENSE AMP
/W C L
- Industrial (1): -40°C to +85°C RVTR
- Automotive (E): -40°C to +125°C
Package Type
PDIP solc TSSOP DFN
~ ~ A0cHd1 T 14havee
A0 []1 8[]vee A0 1 8 [Mgvee et 185 wr A0 |1 @ - 8] vce
A1[]2 g 70Owe Aarcde R 7[™Mwe NCcH3 R 12FaNc Aatfz % 7pwe
o & NCcH4 & 11RaNC els & 6fsa
A2[]3 2 e[dsCL a3 @ e[4scL NCe5  Z 10mNC ]
vss [J4 " 5[] SDA s s A2cs " OpmascL Vet | e
vss T FISDA 7 8 1 SDA

*24XX512 is used in this document as a generic part number for the 24AA512/24L.C512/24FC512 devices.

© 2002 Microchip Technology Inc. DS21754A-page 1



24AA512/24L.C512/24FC512

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratingst

VEC ettt sttt st R s s 52 e bt et e e e e e e+ e et e e ee et eee s eees e eeees e eseen e 6.5V
AlLNPULS BN OULPULS W.E.L. VSS ..o -0.6V to Vcc +1.0V
StOraGE LEMPETAIUNE ...........ouveietiriete et -65°C to +150°C

-65°C to +125°C
>4 kv

11 DC Electrical Specifications

. . Industrial (1): Vce = +1.8V to 5.5V TAMB = -40°C to +85°C
HEsSgesinestions Automotive (E):  VCC=+2.5V 1055V  TAMB = ~40°C to +125°C
Pa;;zm. Sym Characteristic Min Max Units Conditions

D1 — AQ, A1, A2, SCL, SDA — — e
and WP pins:
D2 ViH High level input voltage 0.7 Vcc — \% —
D3 ViL Low level input voltage — 0.3 Vcc \" Vvee 2 2.5V
0.2 Vce \Y Vce < 2.5V
D4 VHYS | Hysteresis of Schmitt 0.05Vce — Vv Vce > 2.5V (Note)
Trigger inputs
(SDA, SCL pins)
D5 VoL Low level output voltage - 0.40 \% loL =3.0 ma @ Vcc =4.5V
loL=2.1 ma @ Vcc =2.5V
D6 1Ll Input leakage current — +10 pA  [VIN=Vss orVce, WP = Vss
VIN = Vss or Vce, WP = Vce
D7 Lo Output leakage current — +10 pA | VouT = Vss or Vcc
D8 CIN, Pin capacitance — 10 pF Vce = 5.0V (Note)
Cout | (all inputs/outputs) TamB = 25°C, fc = 1 MHz
D8 |lcc Read | Operating current — 400 pA  |Vce =5.5V, SCL = 400 kHz
Icc Write - 3 mA | Vcc =5.5V
D10 Iccs | Standby current — 1 pA | TAMB = -40°C to +85°C
SCL = SDA = Vcc = 5.5V
A0, A1, A2, WP =Vss
= 5 pA | TAMB = -40°C to +125°C
SCL = SDA = Vcc = 5.5V
A0, A1, A2, WP =Vss

Note:  This parameter is periodically sampled and not 100% tested.

DS21754A-page 2 © 2002 Microchip Technology Inc.



24AA512/241.C512/24FC512

1.2  AC Electrical Specifications
. . Industrial (1): Vce = +1.8V to 5.5V TAamB = 40°C to +85°C
AG Speciiications Automotive (E):  Vec=+25V1055V  TAMB = 40°C to +125°C
PaNr‘a)m. Sym Characteristic Min Max Units Conditions
1 Fcik | Clock frequency — 100 kHz |1.8V<Vcc<2.5V
— 400 2.5V<Vece<5.5V
— 1000 2.5V <Vce < 5.5V 24FC512
2 THIGH | Clock high time 4000 — ns [1.8V<Vcc<25V
600 —_ 2.5V<Veec<5.5Vv
500 — 2.5V <Vcec < 5.5V 24FC512
3 TLow | Clock low time 4700 — ns 1.8V <Vecec<2.5V
1300 — 2.5V<Vee <5.5V
500 — 2.5V <Vee 5.5V 24FC512
4 TR | SDA and SCL rise time (Note 1) — 1000 ns 1.8V <Vee<2.5V
— 300 2.5V <Vce <5.5vV
— 300 2.5V <Vce <5.5V 24FC512
5 TF [ SDA and SCL fall time (Note 1) — 300 ns | All except, 24FC512
— 100 2.5V < Vee <5.5V 24FC512
6 THD:STA | START condition hold time 4000 — ns 1.8V<Vec<2.5v
600 — 25V<Vee<5.5v
250 — 2.5V < Vce £5.5V 24FC512
7 Tsu:sTA | START condition setup time 4700 — ns 1.8V <Vcec <2.5V
600 — 2.5V <Vee <5.5V
250 — 2.5V < Vce < 5.5V 24FC512
8 THD:DAT| Data input hold time 0 — ns (Note 2)
9 Tsu:DAT | Data input setup time 250 — ns 1.8V < Vee <2.5V
100 — 2.5V <Vce <5.5vV
100 — 2.5V < Vce 5.5V 24FC512
10 Tsu:sT0 | STOP condition setup time 4000 — ns 1.8V <Vee <2.5v
600 — 2.5V <Vee £5.5V
250 — 2.5V <Vce <5.5V 24FC512
11 Tsu:wp | WP setup time 4000 — ns 1.8V<Vce <2.5V
600 — 2.5V <Veec <55V
600 — 2.5V <Vee < 5.5V 24FC512
12 THD:wp | WP hold time 4700 — ns 1.8V <Vce <2.5V
1300 — 2.5V <Veec <55V
1300 — 2.5V < Vee 5.5V 24FC512
13 TAA | Output valid from clock (Note 2) — 3500 ns 1.8V <Vece <25V
— 900 2.5V <Vecec <5.5V
— 400 2.5V < Vce < 5.5V 24FC512
14 TBUF | Bus free time: Time the bus must 4700 — ns 1.8V<Vcec <25V
be free before a new transmis- 1300 — 2.5V <Vcec <55V
sion can start 500 — 2.5V <Vce <5.5V 24FC512
16 Tsp | Input filter spike suppression — 50 ns All except, 24FC512 (Notes 1 and 3)
(SDA and SCL pins)
17 Twc | Write cycle time (byte or page) — 5 ms |—
18 — | Endurance 1,000,000 — cycles | 25°C (Note 4)
Note 1: Not 100% tested. Cs = total capacitance of one bus line in pF.

2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region (minimum
300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions.

3: The combined Tsp and VHYS specifications are due to new Schmitt Trigger inputs which provide improved noise spike
suppression. This eliminates the need for a Ti specification for standard operation.

4: This parameter is not tested but ensured by characterization. For endurance estimates in a specific application, please
consult the Total Endurance Model which can be obtained on Microchip’s website: www.microchip.com.

© 2002 Microchip Technology Inc.
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24AA512/24L.C512/24FC512

FIGURE 1-1: BUS TIMING DATA
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24AA512/241.C512/24FC512

2.0 PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 2-1.

TABLE 2-1:  PIN FUNCTION TABLE

Name | PDIP | SsoOIC }‘;‘;ﬁ;‘g DFN Function
A0 1 1 1 User Configured Chip Select
A1 2 2 2 2 User Configured Chip Select
(NC) — — 3,4,5 — Not Connected
A2 3 3 6 3 User Configured Chip Select
Vss 4 4 7 4 Ground
SDA 5 5 8 5 Serial Data
SCL 6 6 9 6 Serial Clock
(NC) — — 10, 11,12 — Not Connected
wWp 7 7 13 7 Wirite Protect Input
Vvce 8 8 14 8 +1.8V to 5.5V (24AA512)
+2.5V to 5.5V (24LC512)
+2.5V to 5.5V (24FC512)

21 A0, A1, A2 Chip Address Inputs

The A0, A1, A2 inputs are used by the 24XX512 for
multiple device operations. The logic levels on these
inputs are compared with the corresponding bits in the
slave address. The chip is selected if the compare is
true.

Up to eight devices may be connected to the same bus
by using different chip select bit combinations. If these
pins are left unconnected, the inputs will be pulled
down internally to Vss. If they are tied to Vcc or driven
high the internal pull-down circuitry is disabled.

In most applications, the chip address inputs A0, A1,
and A2 are hard-wired to logic ‘0’ or logic ‘1'. For appli-
cations in which these pins are controlled by a micro-
contraller or other programmable logic device, the chip
address pins must be driven to logic ‘0’ or logic ‘1’
before normal device operation can proceed.

2.2 Serial Data (SDA)

This is a bi-directional pin used to transfer addresses
and data into and data out of the device. It is an open-
drain terminal, therefore, the SDA bus requires a pull-
up resistor to Vcc (typical 10 kQ for 100 kHz, 2 kQ for
400 kHz and 1 MHz).

For normal data transfer SDA is allowed to change only
during SCL low. Changes during SCL high are
reserved for indicating the START and STOP condi-
tions.

23  Serial Clock (SCL)

This input is used to synchronize the data transfer from
and to the device.

2.4  Write Protect (WP)

This pin can be connected to either Vss, Vcc or left
floating. Internal pull-down circuitry on this pin will keep
the device in the unprotected state if left floating. If tied
to Vss or left floating, normal memory operation is
enabled (read/write the entire memory 0000-FFFF).

If tied to Vcc, WRITE operations are inhibited. Read
operations are not affected.

3.0 FUNCTIONAL DESCRIPTION

The 24XX512 supports a bi-directional 2-wire bus and
data transmission protocol. A device that sends data
onto the bus is defined as a transmitter, and a device
receiving data as a receiver. The bus must be con-
trolled by a master device which generates the serial
clock (SCL), controls the bus access, and generates
the START and STOP conditions while the 24XX512
works as a slave. Both master and slave can operate
as a transmitter or receiver, but the master device
determines which mode is activated.

© 2002 Microchip Technology Inc.
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24AA512/241 C512/24FC512

4.0 BUS CHARACTERISTICS The data on the line must be changed during the LOW
period of the clock signal. There is one bit of data per
The following bus protocol has been defined: clock pulse.
* Data transfer may be initiated only when the bus Each data transfer is initiated with a START condition
is not busy. and terminated with a STOP condition. The number of
* During data transfer, the data line must remain the data bytes transferred between the START and
stable whenever the clock line is HIGH. Changes STOP conditions is determined by the master device.
in the data line while the clock line is HIGH will be
interpreted as a START or STOP condition. 4.5 Acknowledge
Accordingly, the following bus conditions have been Each receiving device, when addressed, is obliged to
defined (Figure 4-1). generate an Acknowledge signal after the reception of
each byte. The master device must generate an extra
4.1 Bus not Busy (A) clock pulse which is associated with this Acknowledge
Both data and clock lines remain HIGH. bit.

4.2  Start Data Transfer (B)

A HIGH to LOW transition of the SDA line while the
clock (SCL) is HIGH determines a START condition. All
commands must be preceded by a START condition.

. mingcycleisinprogress.
A device that acknowledges must pull down the SDA
line during the acknowledge clock pulse in such a way

4.3 Stop Data Transfer (C) that the SDA line is stable LOW during the HIGH period
» : ! of the acknowledge related clock pulse. Of course,
A LOW to HIGH transition of the SDA line while the setup and hold times must be taken into account. Dur-
clock (SCL) is HIGH determines a STOP condition. Al ing reads, a master must signal an end of data to the
operations must end with a STOP condition. slave by NOT generating an Acknowledge bit on the
4.4 Data Valid (D last byte that has been clocked out of the slave. In this
( ) Y case, the slave (24XX512) will leave the data line HIGH
The state of the data line represents valid data when, to enable the master to generate the STOP condition.
after a START condition, the data line is stable for the
duration of the HIGH period of the clock signal.
FIGURE 4-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS
A) | (B) (D) (D) ©) (A)
SCL /—\ /—/ =3
\ J * i X /
SDA \ { f \ /_
1f
\ﬁ_a ~ A ~ TSI
START ADDRESS OR DATA STOP
CONDITION ACKNOWLEDGE ALLOWED CONDITION
VALID TO CHANGE
FIGURE 4-2: ACKNOWLEDGE TIMING
Acknowledge
Bit
SCL 1 2 3
SDA | Data from transmitter Data from transmitter
Transmitter must release the SDA line at this point l T Receiver must release the SDA line
allowing the Receiver to pull the SDA line low to __T at this point so the Transmitter can
acknowledge the previous eight bits of data. continue sending data.

DS21754A-page 6 © 2002 Microchip Technology Inc.



24AA512/24L.C512/24FC512

5.0 DEVICE ADDRESSING

A control byte is the first byte received following the
START condition from the master device (Figure 5-1).
The control byte consists of a 4-bit control code; for the
24XX512 this is set as 1010 binary for read and write
operations. The next three bits of the control byte are
the chip select bits (A2, A1, AO). The chip select bits
allow the use of up to eight 24XX512 devices on the
same bus and are used to select which device is
accessed. The chip select bits in the control byte must
correspond to the logic levels on the corresponding A2,
A1 and AO pins for the device to respond. These bits
are in effect the three Most Significant bits of the word
address.

The last bit of the control byte defines the operation to
be performed. When set to a one a read operation is
selected, and when set to a zero a write operation is
selected. The next two bytes received define the
address of the first data byte (Figure 5-2). Because all
A15...A0 are used, there are no upper address bits that
are don’t care. The upper address bits are transferred
first, followed by the less significant bits.

Following the START condition, the 24XX512 monitors
the SDA bus checking the device type identifier being
transmitted. Upon receiving a 1010 code and appro-
priate device select bits, the slave device outputs an
Acknowledge signal on the SDA line. Dependingon the
state of the RAW bit, the 24XX512 will select a read or
write operation.

FIGURE 5-1: CONTROL BYTE

FORMAT

Read/Write Bit

Chip Select
Control Code Bits
[ 1 1

A2 | A1 | AO

L ]
Slave Address

R/WIACK

START Bit Acknowledge Bit

5.1 Contiguous Addressing Across

Multiple Devices

The chip select bits A2, A1, A0 can be used to expand
the contiguous address space for up to 4 Mbit by add-
ing up to eight 24XX512s on the same bus. In this case,
software can use AO of the control byte as address bit
A16; A1, as address bit A17; and A2, as address bit
A18. It is not possible to sequentially read across
device boundaries.

FIGURE 5-2: ADDRESS SEQUENCE BIT ASSIGNMENTS
CONTROL BYTE ADDRESS HIGH BYTE ADDRESS LOW BYTE
b &
- ~\ e e ' - N
AlA[A L= AlAIALAIA|AlA|A A (AL .. ].1A
THO1T10]2 ] TN 15| 14|13 12[11{10| 9 | 8 7 0
L IL |
CONTROL CHIP —— .
CODE SELECT X =Don't Care Bit
BITS

© 2002 Microchip Technology Inc.
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24AA512/24L.C512/24

FC512

6.0 WRITE OPERATIONS
6.1 Byte Write

Following the START condition from the master, the
control code (four bits), the chip select (three bits), and
the R/W bit (which is a logic low) are clocked onto the
bus by the master transmitter. This indicates to the
addressed slave receiver that the address high byte will
follow after it has generated an Acknowledge bit during
the ninth clock cycle. Therefore, the next byte
transmitted by the master is the high-order byte of the
word address and will be written into the address
pointer of the 24XX512. The next byte is the Least Sig-
nificant Address Byte. After receiving another Acknowl-
edge signal from the 24XX512, the master device will
transmit the data word to be written into the addressed
memory location. The 24XX512 acknowledges again
and the master generates a STOP condition. This ini-
tiates the internal write cycle, and, during this time, the
24XX512 will not generate Acknowledge signals
(Figure 6-1). If an attempt is made to write to the array
with the WP pin held high, the device will acknowledge
the command but no write cycle will occur, no data will
be written, and the device will immediately accept a
new command. After a byte write command, the inter-
nal address counter will point to the address location
following the one that was just written.

6.2 Page Write

The write control byte, word address, and the first data
byte are transmitted to the 24XX512 in the same way
as in a byte write. But instead of generating a STOP
condition, the master transmits up to 127 additional
bytes, which are temporarily stored in the on-chip page
buffer and will be written into memory after the master
has transmitted a STOP condition. After receipt of each
word, the six lower address pointer bits are internally
incremented by one. If the master should transmit more

than 128 bytes prior to generating the STOP condition,
the address counter will roll over and the previously
received data will be overwritten. As with the byte write
operation, once the STOP condition is received, an
internal write cycle will begin (Figure 6-2). If an attempt
is made to write to the array with the WP pin held high,
the device will acknowledge the command but no write
cycle will occur, no data will be written, and the device
will immediately accept a new command.

6.3 Write Protection

The WP pin allows the user to write-protect the entire
array (0000-FFFF) when the pin is tied to Vcc. If tied to
Vss or left floating, the write protection is disabled. The
WP pin is sampled at the STOP bit for every write
command (Figure 1-1) Toggling the WP pin after the
STOP bit will have no effect on the execution of the
write cycle.

FIGURE 6-1: BYTE WRITE
s
aﬁ.’r\g'ww X CONTROL ADDRESS ADDRESS $
R BYTE HIGH BYTE LOW BYTE DATA o
T e o v = N L —A— - B
AlAla
SDA LINE 1010210()' H
BUS ACTIVITY A A A A
c c c C
X =don't care bit K K K K
FIGURE 6-2: PAGE WRITE
s
BUSACTIVITY A  CONTROL ADDRESS ADDRESS e
MASTER R BYTE HIGH BYTE LOW BYTE DATA BYTE O DATABYTE 127 O
T . A A—— P
SDA LINE 1010/2\/1\30 ] ' ' l 1T H
I | I I | | ) [ O | | T S I | 7’1’ B A |
A A A A
BUS ACTIVITY il a8 a A
X = don'’t care bit K e 8 K "
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24AA512/241. C512/24FC512

7.0 ACKNOWLEDGE POLLING FIGURE 7-1: ACKNOWLEDGE
POLLING FLOW

Since the device will not acknowledge during a write
cycle this can be used to determine when the cycle is

mplete_(this feature can be used to maximize bus
~Once the STOP condition for'a write com-
mand has been issued from the master, the device ini-
tiates the internally timed write cycle. ACK poliing can
be initiated immediately. This involves the master
sending a START condition, followed by the control
byte for a write command (R/W = 0). If the device is still
busy with the write cycle, then no ACK will be returned.
If no ACK is returned, then the START bit and control
byte must be resent. If the cycle is complete, then the

Send
Write Command

Send STOP
Condition to
Initiate Write Cycle

device will return the ACK, and the master can then
proceed with the next read or write command. See Send Start
Figure 7-1 for flow diagram. l

Send Control Byte
with RIW =0

Acknow(edge
(ACK =0)2

YES

Next
Operation
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24AA512/24L.C512/24FC512

8.0 READ OPERATION

Read operations are initiated in the same way as write
operations with the exception that the R/W bit of the
control byte is set to ‘1'. There are three basic types of
read operations: current address read, random read
and sequential read.

8.1 Current Address Read

The 24XX512 contains an address counter that main-
tains the address of the last word accessed, internally
incremented by ‘1'. Therefore, if the previous read
access was to address n (n is any legal address), the
next current address read operation would access data
from address n + 1.

Upon receipt of the control byte with RAW bit set to ‘1,
the 24XX512 issues an acknowledge and transmits the
8-bit data word. The master will not acknowledge the
transfer but does generate a STOP condition and the
24XX512 discontinues transmission (Figure 8-1).

8.2 Random Read

Random read operations allow the master to access
any memory location in a random manner. To perform
this type of read operation, first the word address must
be set. This is done by sending the word address to the
24XX512 as part of a write operation (R/W bit set to
‘0’). After the word address is sent, the master gener-
ates a START condition following the acknowledge.
This terminates the write operation, but not before the
internal address pointer is set. Then, the master issues
the control byte again but with the R/W bit set to a one.
The 24XX512 will then issue an acknowledge and
transmit the 8-bit data word. The master will not
acknowledge the transfer but does generate a STOP
condition which causes the 24XX512 to discontinue
transmission (Figure 8-2). After a random read com-
mand, the internal address counter will point to the
address location following the one that was just read.

8.3 Sequential Read

Sequential reads are initiated in the same way as aran-

FIGURE 8-1: CURRENT ADDRESS dom read except that after the 24XX512 transmits the
READ first data byte, the master issues an acknowledge as
_ili_ E opposed to the STOP condition used in a random read.
BUS ACTIVITY A CONTROL DATA h This acknowledge directs the 24XX512 to transmit the
MASTER V& BYTE 0 next sequentially addressed 8-bit word (Figure 8-3).
T e P Following the final byte transmitted to the master, the
SDA LINE k 2
I1I° ‘OJ I ) Bt E] master will NOT generate an acknowledge but will gen-
A N erate a STOP condition. To provide sequential reads,
BUSAGTVITY E o the 24XX512 contains an internal address pointer
A which is incremented by one at the completion of each
G ; . ) :
K operation. This address pointer allows the entire mem-
ory contents to be serially read during one operation.
The internal address pointer will automatically roll over
from address FFFF to address 0000 if the master
acknowledges the byte received from the array
address FFFF.
FIGURE 8-2: RANDOM READ
S S
el ,T\ CONTROL ADDRESS ADDRESS A CONTROL DATA <
BYTE HlGH BYTE LOW BYTE R BYTE BYTE (0]
A T = A ~ P
SDA LINE l_\10[—|10]A1A1A1 llllllllJ'lllllll EH?HOPHAH L I B
IIIIJI[J ) S s | L S O Y I |
A N
BUS ACTIVITY Cc O
K K K K A
X = Don’t Care Bit o
FIGURE 8-3: SEQUENTIAL READ
BUS ACTIVITY CO":(TTREO'- =
MASTER DATA (n) DATA (n + 1) DATA (n + 2) DATA(n+X) o
R 4 ks RN A N\ gsidia N\ A N P
'.—IIIIIIIIJIIIIIII L IIIIII][E]
RIS | [ I IR A LLLg11]
A A N
C C C C )
BUS ACTIVITY K K K K A
C
K
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