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Temperature and Humidity Detector Board Using SHT15

Kawin Sabangban ID 46010022
Nattaya Rattanapong ID 46010358

Assoc.Prof.Dr. Worapong Tungseerut

Academic year 2006

Abstract

This project proposes a temperature and humidity detector board using SHT15. The
measured values of temperature and humidity will be displayed on the 8 digit 7-segment board
together with the time and date. The circuit communicates with a personal computer via serial
port to evaluate the change of temperature and humidity in the different surroundings. Moreover,
the sensor characteristic and associated electronic circuit will be studied. The microcontroller

MCS-51 no. P89VS1RD?2 is used as the circuit processor.
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“TxD (@3.1: 91 1) IHdunwesadunyadimsviudeyaninns

foa1s uuveYNIY

1

9 o d a o a ) Py I'4
INTO (P3.2: 41 12) 19fluswesndunadminsudygradumes
w (& 3
$Ua anmeuonaes 0

¥ o d a o v W w o 4
INT1 (P3.3: 1 13) 1ifluvnesaaunadmivivdyyrudumes

@ o []
FUannmeusnyod 0

s

¥ g d a o Y @ I'd
TO (P3.4:4114) 1HiHluvmesadunadiviusudyara lnwesein

ABUBNYDI 0

@ v

9 o d a [ ar o 4
T1 (P3.5:91 15) Gl‘]flﬂu‘ll’lWﬂﬁﬂﬂuV!ﬂﬁ’]ﬁﬁUiU UYIUDUIADT

ar o ]
FUavInmeusnyed 1

v ]
~ A

WR (P3.6:0116) Milundyia WR lunsdiflfiyouden

o=

WHIBANNIINGUDN

YHIBAINIINIEUDN



Reset Input (RST) ¥19
WuanlFlumsSisamsiauveslulasaeuinsames lavlumsilou
Toanaaesn<1 etraonilunm 2 udvlyvia lasises fuidadyaisunim

Sanarmnuaaiios o auiluilnd

Address Latch Enable (ALE) 9130
Wuvnednaiioonuinaquudulada st lsiniu aunsofmerda

3
o/

=L ~ Aaa I'd
‘Wﬁﬁu‘lﬂ IﬂUﬂ'lil‘]mUﬂ 0 YD353TIMDT AUXR

Program Store Enable (PSEN) 91 29
Auniflumsdedyarsuiedosvedadedunirsanuiilusunsy
A v oy ' ¢
moupniliodeamseudoyaninniielisunsuniouen lulasaouInsames
1 (3 d' dy :/’ dyw 97 ¥ =} 3
vedsdggrueanuInil 2 ase wenantdildlszneulunmseu-wsudoya
Tunsireanusi Tsunsudonszuiums ISP
b 4
- dwmfmpes  psocsirD+IWAenasnsdudaflould  +12Taad
(£0.57) 1411 EA/Vpp
o @ 4 A dy 4 a ¥ A
- dmfuwes  psocsirD2 1A u1iiains1nd deuasin “17 19

P2.7 wazdlouussdiu +sThad idhnv EA/Vpp

External Access enable/Programming voltage input (EA/Vpp) 91 31
Wunlddmsuidenmsfanenirsanudr lsunsuanaeuensse
molud luTasaouInsames
«o 13on1 I Insneu InsamesAnreiumitsanudr Tsunsunnmeuen
<> 1don1d lnTasnou InsatansAndesunirvanuir Tdsunsueinaiely
ui)ﬂmnf';f';ﬁmwfiﬁa‘l%’ﬁ]umﬁumﬁm?u%uusaﬁu dwmsumsTlsunsy
wiheanusimelylulnsaouInsanes
- dmSUo3P8ICSIRD+ doamsusau +1217ad (+£0.57)

- §MSVILBTPEICSIRD2 Apamsus sy +5170a



XTAL1 ¥1 19
ilundunaiudynnunnisvnveeadanmod (11 XTAL2) uazen
9 A s 1 Y = o g
menen lumsldaulnd vitinazu XTAL2 aadhduasdnoauazdnivilszy

yawomions

XTAL2Z %118
o o o o
fluriedavenisssvnvesadaaimesmelululasaouInsameslu
9 a & v Y o a o o '
M3 lFulnd vifinazen XTALL deidhfusiansanazdunulszyvaisen

Hoe9)

[ <
2.1.3 dnwalnssadumeluveslulnsneninsanes (P89VSIRD2)
v & ¢ ¢
TassadrenmeluiugiuvedlulasnouInsaaesaszga  MCS-51 1ues
9 Ll Y] dy [] o = a o
P8IVSIRD2 1lszneudiugitnssiaieg asll mireanudwsumelufivue 1 Alalud
v o o s £ = 4 J o [
mireanudi IlsunsumeludarluTasneuInsaiaesgane 64 filalud vainesad iy
¥ s ¢ a 2 a ¥y & a s y &
19911 4 woin nofnaz 8 I upviwaesiamuiiuldniduyauaziordya wiouis
o L4 o a Y o o o
Tnwesnianines 16 1n 3 @1 (Inwes o, 1 uaz 2) 1iTuga PCA dmsvadndygnaies

o o

4
wogdad (PMW) 11084 5 03 Thead Inwes 53amesdrddumiadeyanse DPTR 2

9

~

N o a1 w v o
7 fhaesdemseynsuunudggwanduazansodaneduniieniudinisuenla

28
qagn 64 nlalua

q



dy a N o v N =~ = ' 5 . N o N o N
wnansiidwenasianubidmsunislsanuienisnyimiu lweygislmilulydsslosununisan

lunsdlla visdu Bnnanuiludnuadilon uaznedendidsaivesenalsnaseniinisdiliuly



dy a N o v N =~ = ' 5 . N o N o N
wnansiidwenasianubidmsunislsanuienisnyimiu lweygislmilulydsslosununisan

lunsdlla visdu Bnnanuiludnuadilon uaznedendidsaivesenalsnaseniinisdiliuly
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a o ~ o 4 o a ~ J
lyfavesdyguuin (SCK) naninflisuaeinsndugunginazanusu

o

4 ’
(SHT15) 9zn31w 1dnuih Jeyasoiniife Ads

"Transmission Start” sequence

=2.

il

2.6 TYRNMWIMVYDIMFTINTI

naevnadeitou lunizGudide sl (Transmission start) a2 d15aaIR 1 118

F4 3 v
1IR3 AT VRUNgITaEANTY (SHTIS) iiefhmuamsiinu ldiufuaasniunisei 2.1

M9afl 2.1 NeaziBeamFuasdoyamdsdmiumugumshauveusves SHT15

s Joyadda
gl 0000x
a'mmqqu 1 (Measure Temperature) 00011
E)'mmmm%uﬁ'uﬁwﬁ (Measure Humidity) 00101
BIUMIINADT MNMUANAIUE (Read Status Register) 00111
gy 0101x ©9 1110x
FIrAM 319U (Soft reset) M 1H3vatmps Mnuagouzadnlildam
defaultazdnalFa lumsiaiuediaios 11 aauiveezawsosy 11110
fdfado’ly 14

2.2.3.2 Samsiioune (Connection reset sequence)
Ay a v A ' v LY g
wammminsumumsvxfauﬂaizﬁ'na"laﬂﬂiﬂauTmamammmuwm

Qs = ,ﬂ” 3/ v 3 =l dy 1 o ¥
ATIVIUYUHJUUBSANUTU (SHT15) A INdUIUILTAIUNDU Tae¥in 14
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ndyanuswdidoyn (DATA) Tdowzasdn “1” uwihduranmidon

o

WM (SCK) 9 gndAndaiy udmudiomsadianzisudunisds

)

Toyay o8

DATA \ /

— |
Tran*,smisstoni Start
i
!

.

SCK /a\J2\/3\/4-8\ J9

[OOSR T

Connection reset sequence

4' (¥4 = d‘ J
31]‘" 2.7 aIHNNYNIMIIFANYBNAD

2.2.4 FuARUMIE UMM TIETANNTUT NS

~ @ o

’ a ¥ a o 3 @
mygudoyafuvosguuginionnuiuduinivdu Mldnnmondamsadi
¥

L'

1 ) ¥
AN12I5UAY (Transmission start) U&1 MudIsMsdadoyamdie1ugunginsonimiu

v

@ @ & v U 4 @ o o ~ d’ 4
duinsoinlaedrmislifusuesasindugungiinazanudu (SHTIS) 1xuiros

¥ v 1
asavdugmHglinazaNuiy (SHT1S) Aesldnarlumsdszuonaiie1d ldnadnin
b4 & i A 9 1 (XY - v Ay o
doan1sdaaz Iannaniedesiusgiuanuazidonvesdoyandesnsiuanclu

Y

-
AMINN 23

M319h 2.2 paasmmisuees SHT15 dedldlumsitszananadoya

AnuaziBavesdeyaiitszaana nanfuues SHT1S Wilszuana (£15%)
14 19 210 TadIW
12 1n 55 faa v
8 i 11 fad




Taen

14

2.2.4.1 MSAMIUMQURYI
1 3 a o [y o 4
lumseumigunginneuyeins1nivgungiuaza2 sy (SHTIS)

9 o A o ’ 9 ~ A a d'
gmmmmmmlaaﬂﬂﬂuazmﬂﬂ1uﬂ1smu"lﬂ“luu‘u‘u 14 U9 Y159 12 U TﬂU‘VI

LY °

= a ﬁ ] 4’;’ 9 Ay i’] ¥ ¥ 9 a
ANUATIDA 14 VALDUMAINY Tﬂﬂ‘ﬂfﬂ'ﬂ@lu’]%“ HISADIDTIUIDYDADIN
¥

2

4 [ a 1 3
IFULFDINTINNVRUNYTAUAEANUFY (SHTIS)  1dwdeu viniudeld
a ¢ A Yy Y 1 a o 4
nszUMINNadiamansine ¥ Idagungieonun Tasaunsafmuraldnn
AUMINAMUAINYUTTOU (Sensirion) AWAMTUFDSATIVIVYUNYTUAZ

7MY (SHT15) nadd

Temperature=d1 +(d2><SOT) ....................... M

Temperature Aomounniiess

L} R
[ 4

¥ H
d1  pemasnyuegiy IWidssnilouldiuan vV, ves SHTIS gawazidealu

P
319N 2.4

b 4
1w

Ay oS & o ady
dz2 AOAIANTN YUDY Uﬂ'.]'lllagl'ﬂﬂﬂWlﬂqqmﬂguﬂﬂ'i)QﬂTSﬂWﬂ SHT15 fﬂu%’ﬁ’]\i

24

[
aa A

A 4 4 o a Ay
SO, Aemgungiaunew ldnnmuwesasniugungiitazanuiy SHT1S

~

d' o J q' a e d' 4! ) ¥ ] d'u ¥
519N 2.3 () MIMRUAMANINNNYIURHUAIN 1 (d1n lWﬂﬂ1u’Jﬂ&ﬂ1QmﬂQN%3\1ﬂ’m‘1ﬂ

Ed v T
TWidea Masnmegunginai 1 d1)

Tuminsossnisaiod (°C) Tunigesrniusuled (°F)

+5 Vv -40.00 -40.00
+4 V -39.75 -39.50
35V -39.66 -39.35
+3 V -39.60 -39.28

+2.5V -39.55 -39.23




d. (3 1 d‘ a d' A‘ (3 \J a /A A
MINTN 2.4 (V) MIMAUAMPAINNNGUHHUAIN 2 (d2) MU IUMQUN Qﬂiﬁd‘ﬂiﬂ'}lﬂ

15

+

b 4

ANNALLDYA maafinsgung i 2 d2)
lunie °C Tunie °F
14 19 0.01 0.018
12 1@ 0.04 0.072

2.2.42 ANOUMANNTUTININS
k4
MM BIUMANUTUT IS 1IN UIEDS SHT1 5N e nanyazidea
¥ ¥ v
n1581u 18 uuD Y 12 Ta 150 8 I Tasfinnwazides 12 Tadumasdundn Ineh
9 o o by J ¥ a 4 kY v 3 =2 9
ARannduiluszdossudoyadivnnauires SHT1S ihwneu imindaldnszinums
naadaman; Moldlamanusuduinseenin Tasaunsasiuin ldanaumsi

o = . a o Y =Y -
MUUANITINTUFSOU (Sensirion) AHARIUITDSA5I9IUYUNYITUAZANUFY (SHT15)

Aatl
RH,, =(T-25)X[t1+(£2XSO g, JFRH,: . oo @)
RH,,_ =c1+(c2%S0 ) HE3X(SO gy Tovvreromomsimsesmsi. 3)
Tash RH,, Aomusuduiniess
T flo mgamgiiesiduan Idenaumsi (1)
A * - 5 " a nﬁy @ Y o Vv
1 102 2 Aoamifi Tasinegiuanuaziduavasmnuuduinindeams

1

NN SHTIS §510az0oaMIMUUAMININASIN 2.5

A v P P Y a A o o edy
cl,c2uaz c3 Ao lasduegiunnuazdsave R NUFUTUIMTNADINS

NAFUFDISHTIS §310aZIDeAMINMUUAMIINANGINN 2.5

A ¥ ,i' o @ da - v o
SOy Aomnnuiuduinsauiiow ldnnsuwes SHTIS



dy a N o v N =~ = ' 5 . N o N o N
wnansiidwenasianubidmsunislsanuienisnyimiu lweygislmilulydsslosununisan

lunsdlla visdu Bnnanuiludnuadilon uaznedendidsaivesenalsnaseniinisdiliuly



o o 17
dninveayanald wizteunmmanszly

Fan
X1 ~ g ™ Ves
x2 ] 238 7|73 sawiouT
Vsmrj sg, S13sCL
GNDTl4 5[ spA

30 2.9 msdanvesled Ds1307

2.3.2 neazRaanaslinuvesledadsgrunannitmass (Ds1307)
) W d’, o
- Vee, GND (11 8, 4) s TWidee +5Thad
v o = o
- VBAT (1 3) 19aonunumanes 3Taan
- SDA, SCL (11 5 uaz 6) lundmsuideudeszvulia 1°C
- SQW OUT 11 7) iidggnagildmasudeosnnlasaiusadennnudla
1Hz, 4.096 kHz, 8.192 kHz tag 32 kHz lumsifdanudsene aadumu 1
= I'd @ gt dy
AlaTlovtu wgdilfniidle
- X1, X2 (1 1 402 2) AoNUAT In0an130 32.768 kHz
ToFad19g1ua1niimese (DS1307) Sansi¥euas luwuula 12C Taw
o I~ o y v Ao o A a 4
Mautuginsalaavidus daudseneundnindidgfe 1NIsosaTaaInes
& a v Yy ¥ a a 3 v
isennifugaisuduveanisadradoyanainse dnsidunrvesnar iy
' ° o /L o 3 4 d
nienudmenTaan Indusw 64 Tud Fadaassidlfnudeyanar 8 Tud uaziny
o d [V d” )
Joyanalil 56 Tud 2sesmvgundsnuldihnzasnsrndeuaniizuesIdifeslod
o ' =3 o o ] a 1w
MINAINT1 1.25 x Vear Nazaduguld DS1307 ngavau il liawisofasedy
14
Todadregunanniiniede (0s1307) 18 daiulumsldnudessziasefeedila
d” ; v 4 c:‘ 1 ; ]
TWidesdind 1.25 x vear wieiszum 3.75Taa  dmnlidosiinidindy Vear
ToFasegrunauniniee (DS1307) widgInuadisosdoyanssuadniui ua
9 @ o A Al a 1 LY A dy
asadnpunmidnaihaumsldmigunandu e birawain deli Wit

-4 > d ' 1 a 3
Usingiudnnss Ds1307 Aezldrwesraiidlussaungldaulde la

72869
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2.3.3 mydaassmnsanudluledadegiunanniimess (0s1307)
3 »
mstaassnuivesntsanuiimeluleFadresgunaiuiinieia (Ds1307)
P ' @ z ' -4 Y a ¥
Usznovdie Wuf 7 ludusndaunusaasd $00-506 1 uRuRv0ISTamos A 19y
o 9 o [y o d" o Aa o o 2
msthudeyainonfunm hueaasa $07 WuiuiivessTamesaugumsiuvesled

#3193 UNANNRMGI (DS1307)

2.3.4 SVamosmuny

Suoamstogi $07 S5 wazBonveurazingail

OUT (Out control): I¥minguszduasiniivi sQw out lunsdifiamerfianis
fuiladyanadmaon Taedhdadidu <1 flan sQw OUT fazilu «1” $rdadiiiu <o” 7
¥ SQW OUT fazitlu «o”

SQWE (Square Wave Enable): 1§18 utoiiiaieasfuila ”mapm?%m?;vuﬁm SQW
oUT $rdeams Wiidyanadmaoueentimmuaiadiify <>

RS1, RSO (Rate Select): 11d0nanudvesdug radivisuiioonsinun
SQW/OUT

RSI RS0  manudvesiyanadimas

0 0 1 Hz

0 1 4096 kHz
1 0 8192 kHz
1 1 32768 kHz

2.3.5 Innamainuvesledadeguuannitmess (DS1307)
1 2 Tnuafe Tnuaidsudoya uaz Tnuasudoya lunsldaudsnassld
] 9 ] q’.l’ A o a [ - a9y
mmz Tnuasmdeyamiy leaninlulasnenInsamesazaadeu loFadngunm
a a g ' g
WI935 (DS1307)  iesudeyaveanan ) 1dam Tnuamsdoudeyassgnldaun
¥ A z J L] ) o 0" L
AouladoamsasmaIniuazdosmsiFoudoyaaslumizsanus1gaunall ednls
o i A a 1w a a 0 " A A 1
fmundleFuduaaneiyledadugninanniinesa (0s1307) sutluediizdoudiyg
a Y . A o dy vy & = 4
TnuamsveudoyanouineMnuaneaasandoinsoudoya niuauddon Tnua

msmaudiuTvuamsemdoyasely
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S ¥

~ 23.5.1 Tnuam3vpuloya

a 1% A & o o a g q’; '

Suduile TulasaouTnsamasimssmuaan1izisudu (START :S) miniuda

doyafmuaueaiasd 1101000 Muiisdoyaidonaisiion iudes 0 Imivegsems
a = a a n’; v A 3 & 2

apusuInloFad 191w IS (DS1307)  YunduRBIAD dadoyaiieldon

{ < o g @ =
ueALAs T NABINMSITEU INUUTEMIABLTVIN DS1307 1elimsaouiuunSeuios n
A a 9 o> o = [y ' Y]
sunyesdoudeyani lunssazueansa nasnnivsudeyaluudazuomase szdonya
semsapusuNntoFadegiunanniinese (DS1307) NRse Tezamsadsudoya

3 ¥
a0 14 WedsuiSvuSeundrIdeaniznya (sToP: P) ilusuduganszuiumsidou

Vv
UDUD
- L)
e doyasmun HOAATT Joya Joya e
Budu HOAIAT RIW VOIS nyA
S 1101000 0 | A | xxxxxxxx | A | xxxxxxxx | A [ -—- | xxxxxxxx [ A | P

3 <

douaindonld Ds1307

nioudunnmaousy

31
v

Ud

2.10 JnpudeyadmSuAadenvledaiteguiatnimaeds (081307) Tulnuamadeu

e =n.

]

. 2.3.5.2 uan1saiudeya
a v o A Y A 9 = d o
Gudumshinumileunu Tvuamsileudeyano TuTnsaouInsaaoifins
o 4 v ¥y 1y ° y_ ¥ & ; £, o
fMruaanzisuauudiddoyasnuateaias amudiedeyaiionniseu Fuviiu 1
14 »
91MIUsENMINB VSN ledadegunauinese (DS1307)  iiledinisasusuan
~ a 4 a
GoudesloTadiagiumaininieie (DS1307) MiSunsendoudoyanslinsiaz 1
A % o A oy Y a o ' ' Y
uoasayso 1 lud Tasusawsanidonsiudeyaszdesdimssinuanoualmingoy
Tnuanmsilsudoya 13nsho 1dg Inuanisileudoyanswilettinicideudion
b ¥ o ¥ A v v 0 a8 y oA
Joyaldimsadnanzsudunazddeyadmuausamsalvaidnass mudaiden
' { 1 o ’
Tnuamsowdoya deyaiioonuinin psizo7ivziludeyannueansaisimualineu

v d"
THIU
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y
AT FUgAM IO

an1z Joyadmua Joua Joya Joya anaz
Gudu HOAATTY RIW g
S 1101000 1 A XXXXXXXX [ A | XXXXXXXX [ A | - | xxxxxxxx | , | P
FoyafideuTalda Ds1307
wfoudynnueevusy

Y
v

51 2.11 sinpudeyadiniufaseiuledadrsgrummnima’e (0s1307) Tulnuamsiden
Yoy
U@

alnssasavollsunsy

2.3.6 doyadimSvaasenvuledasguannimeia ms1307)

b d
=1

ToFa$ragmnanniniess (0s1307) Tjduuvuesdoyauoansanail

= 3
31 2.12 pluvpvesveyanean s
aunsnfivuadeyatoamsayinny
0xD0 dmiudsudoyaliii Ds1307

0xD1  dmSusudoyasin DS1307

2.3.7 msdaassmieanudwsumealledadegrunmn®mai (DS1307)

LOAUATE Yoatify
0x00 GITRLT

0x01 U

0x02 F11u4
0x03 U

0x04 Suii

A
0x05 1ADU



0x06

0x07

0x08-0x3F

21

3
aAa 4
FEALADIMIUAY

wieaus sy 56 lud

i o ‘o
2.3.8 ninNuazmamnuvearangumaqlullsunsu

2.3.8.1 WanduRanefiu DS1307 meliaumnuazYoya

Q’l’ Y o ndy
ayhiudunouldsai

1.
2

SuduadnanmnzmsaaneaefIde i2c_start();
Rouneaasaved loFa3 g mnmuines (DS1307)
DI HIEANS WS UAIEMTIVEUA LD AT AVDINUIBAITNT TY
Y v 2 *
AhoamsidnDa
a v Ay ' °
Woudeyandosmsasluniieanuimsy

A =y 9 T T £ =Y a
windalimaFoudoyane il loFad19gmmamiiines (ps1307)

o < { o 1T @

wibdoye lilihuiineamsaludmmiadaly
di ~ g/ @ ] o ~ b v b a ¢
WadsudoyahldamirsanuiwsuSouiooud Mnganshane

AuMda i2c_stop();

"u'/ a a ) a 4
2.3.8.2 Handudadeiulodadsgunannwma3s 0s1307) e umnamas

24
voya

b 4 3
agphiludunouldsail

1.

2

suguadnaazmsanaafwf1dq i2c_start ;

Wounmeansavod loFad g mNaIIRnMese (DS1307)

WarIsANI I UM SR TUA D AT FUDINUIBAIUT T Y

Ay Y 2
NADINTVIIN
v

2 Yoy e @, o J
ATNANILTUAUAWAIA i2¢_start (); DNATI
=1 3 ~ 9 =3 o d’
Ayudoyaveslodadugruaninese (0s1307) uesnldowily
Tnuaemdoya
' [ Y d
swdeyar v Bluduslagmuidesms

HYANSARABALMIA i2c_stop 0);
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ieanuazadnlumsedoyanin  leFadegimnanninieis
@s1307)  Saaduiladsusiudona 1 ludanlodadragmnanniniess
DS1307) Fmszuula I°C 1959 DS1307 rd FudufladFuiitimsdaiud
woaias aifuminfined Ifufaddu uaglddwadniaunduiudoyavoa

d = a Py ° o &
llaﬂlﬂ‘iﬁ‘ﬂﬁ\‘],’lﬂ 1151UazlE]EJﬂ‘llEN‘WQﬂ“BmLaZmi“n%ﬂumu

Unsigned char DS1307_rd (Unsigned char addr)

{
. Qs = { LR
Unsigned char ret; /g mls ret inudByanInuoaRsARTINS T IR
=Y I'd 9
Wlwesn 1A
12c_start (); I/ adnamzsuaaseiugUnselaanuuta 12C

i2¢_write (DS1307_ID);  // eaOAATAYDI DS1307

i2c_write (addr); /1 Agudioyamuguimiumvesdauls addr
/ Wedhdamisanuiwsuluseamsaidinua Tay
fls addr

¥ 1 = ' °
/I 1 addr Haunmilanpemsidhdanleanus sy lu

HOAAT AT

i2¢_start (); /" L'éuﬁmiaqﬂﬂmfmaﬂ%nﬂs:q

i2c_write (DS1307_ID+1); / oA HUBe DS1307 uagison 1u
TuTnuaoudoya

ret = i2¢_read (); /I ﬂ’l’agammmmmaﬁn%’wﬁaué’azﬁn"l"iﬁﬁauﬂs
ret

i2¢_stop (; /I MygaMIAneae

return (ret); /I Remmadninauals ret il

}



dy a N o v N =~ = ' 5 . N o N o N
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AuAN (Fruvesais 5 PN OPTION) ifvia 3B PORT nintiuansnidou

I}

Tsunsumauguldnud

Y é
2.5 Annenugilnsassuuiia I°C
6931910 Inter-IC Communition W1vde MsAarpFoa1ssznINled Tautagasanue
@ A 3 9 A A o v u'a 9 o = kY
wanfe Aeams i lodnieo lugamuisnfane deau uazarugumesldaedyanaiios 2 1du
) & a ¥ A R . a9 &L A o a
Iduniishe audoyaoynsun3e SDA (Serial Data line) DBNIFUNINAD MoTYyaINUIRNIOYNIY
%50 SCL (Serial Clock line) 1§ lumsfmuadaniznisiia msaesiuduvesginsaiu
g I°C Wld Tasreaedoyauazasdyanauiinivesgilnsaludazirvurunionaduly
daunsMvuauesns ansedumisdmsudaaogilnssiuaasiezlfsdadoyauazmsfivua

a 4 d 1 @
?mn;‘,’ﬂf)i]ﬂﬁ‘lﬂllﬂﬂlﬂiﬂﬂlﬂﬂqﬂﬂimllﬂﬁzﬂi

. 2.5.1 paianiialnenin i vesiva 12C
a16 SDA Wag SCL uasdayanal 2 AN (bi-directional line) Apafinmsnoda

Aumungdlfuussdu +5v Bassanar imeliaeliaouzasingaluvazii hitins

b4
ar

¥ ¥
aaneo 1F01u Midarelumsdessudyarusuniufeniidun luasdyanaisaes
s 1 LY o
2995101 %R vosgilnsainoguutia I°C dealidnuuziiiuiaesiasuila (open-drain) 150
AOUIAAND 3R (open-collector)
@ ' s Y 2 = o ) ' a = =
gasIMIngneadeyavud 17C ¢34 100 ladnna i lu Inuaisnauasga
a a1 A g { v 1 ] o 1
24 400 AlatinseIuii luTnuannuisigeginsainaesweguutia I°C vzdpaiimany
] 14
P15 wnifatiuszniedis SDA waz SCL laiiiu 400pF msidrdegilnseltia 1°C 1%

3

Foyadmsumsidnta 2 mAe 7 1n (7-bit addressing) %50 10 T (10-bit addressing)

2.5.2 nanmsveada I°C
LY [ ot v ]
et I°C sgnoudsaodayanm 2 idufons SDA wag SCL gilnsainaoneuu
s =1 9 Y 6’1‘ =®K 9y = [ o v Y d' 9/
vaaunsall lduinue duiudedeslimsdmuagiuunvesnisannovutia ino 1%
b4 ¥
Aldanmani vaziignsolladadeiued uazginsald lailusiunSodade ae il

a @ 4 P ¥ Y
swatuwdnyue nind uaztnuvegilnsainaeeguulid I°C
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/o 1 Y ow
- gunsaiidiudadadoyaniodsdoya Funi1 A4 (transmitter)
o @ ' o w Q
- gunsefdudsudeya Soni1 F150 (receiver) gUnsaluutia 12C awsn

¥ T
dhuldnadsuuazdaids vgiasaiimdiidudsvesrufer ee1us
o LY i o 1 @ 1 '
gunsellavuiaihmhidluddaufivsesafien

A o @ = 1 g 1
- gunsafidhmdinntuguismiznisAareuuta I°Cisen1 mained
(master)
<A i ' Y 1
- ginssingnaruquuseginsaifnerrud lduutia 1°C Sundh aiavl

(slave)

@ o

dofmnua 2 Usemsddawesmsaanouulia 712C Ao

o

U ) 3 314'! @ U ¥ 3
1. msmﬂmwﬁ'ﬂga%ztﬂmm"lﬂmaumnmmu

Y A

J 1 = i =
2. luszwinamsaoneadoya tieladmuiics scL Haomeiiuasings medoya

;4
{ ]

Y o Y] ¥y 1 qya A 2 g a o o A a
ﬂﬂ\‘liﬂB"lﬂl@Hﬁ‘l? 6311ﬁlﬂﬂﬂ]5!ﬂﬁﬂuuﬂaﬂﬂlulﬂﬂﬂl”lﬂ WRASUU ﬁtyqnm‘nmmm%z

18sumsudannuminedludyananiuguuny

2.5.3 msisulusupsummndivedadenuailnsaluuszinnia 1°C
2.5.3.1 Wansuldlsunsummavesmsanneuuszuua 1°C
s A Y

Li2e stat  wuiedsuadheaamsSuduvesszuwea 1°C

. 7w kY o 1 ar 2
2.12¢_stop ﬁ]uﬂmwasNﬁmawqﬂmmﬂﬂa‘lus:uuuaI C
3.i2¢ delay  (uilsndurmihanamuioulvvesszuutia 1°C
4.i2¢_clk Wuilsidudadoya 1 daasluszuwia 1°C

v 3

o s o
5.i2c wrdata  uflandudadoya 1 luAalussuuia 12C uazling

o o

asnoudyaunouiuaInglnseiaandronisAun

oo

HOANT A1
t @ v @ 4
daummadntiii <07 uansniimsasusuaingunssian
! @ v v o o
Srausmasniiu <17 uerasi hiinsaeusunnginsalaaw
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2.5.4 YunouloenWlumsiiisulilsunsufadeiuginsaiuussyuiia I°C

=

E 4 v
1.lumsAarefuginssiuussuula I°Ciiu doyaludusngafazdaioe
L4 A 9 v 1 Jd’y a 1
weatasagUnssicial Fadvansuneudn ueamsavesginsaindoinsfane
1 4
aronuliniila Tasaweaasd 4 da vu (Ia 4-7) gnMvuauIngrin
dau 3 Tndaun (Ia 1-3) AdeuTdsunsuenunsofmnualdemiasaunnsrim
¥ t 4
M1 A0-A2 Swndiglnseliivadnfoninezasrnianuaiuainig ina

iudeya 000 daudnarsgadedin o Mhmuaiidesnisandeiiiesudoa

@

A A Y a 4 dy
nIvlgUYala mmmwuuu%ﬂum"lﬂmu

~ ' a 1 A 1 A A ]
310 2.14 mueaasalumsfaeies unsaivoudoya
4 & 13 ¥ v
2. dadoyanIugy (control byte 130 control word) Fev199:Tin3e 114 Yueg
@ o o
fumsmhauvesglnssiaan
At o ~ P Y S v @ A ' @ s
3. ieruluduneui 1 uash 2 udd Ahdu aunsaseurefuginsalaa
] H ¥ 1 ' 3 i ) 4
TRed1auysal ninflvzdsdoyane lhmladldaswigldaudesns uaziie

9 a a v  d Yo @ . A a
ADINTILANNAND ﬂﬂgtl‘]fﬂ'lﬁﬂ i2¢_stop O; IRDNYANINAND

2.5.5 Yeyaniug undnyvesa I°C
d. = ‘ﬁ?’ CY s Y L2 dy
aamziiatuuuld Ideru 5 anizaail
b d ¥ [
15703149 (Bus not busy) @nziifaduiipaniuzasinuuaiy SDA wag SCL

4 3 N b 4
Wuaoinganag Wunmeanwi msdemeadeyaaunsosuduiuld

v 4 r

2.43uAUM 30 1eNoAToYa (start  data transfer) 1NAYWITOE10 SDA Hims
d' o a ; d' =2 o =)

wasuudassedvasinninga Ui luvaziiens scL douzasdnga iSun

da 4 & s v
ANNITVUOAVHUIN dNISIIVAY (START)
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3’ } 4 13
3. Joyasseeguuiia (data valid) an1izifadudaninanizisuau Tagaoius
aednfliAaduLTIE SDA fifledeyaiiimsdionen deme scL Wuasings

{ ] A o o & 1 |
aouziiae SDA densh tine IgUnsalsudeyalusamziudi dlu «0” nie

a { | a o v A <
“1» foyamrunamsnaouuilasidlusmziare scL iuasind uaiiolan

Ay Y a 1 EY 3 N4 a A v
ﬂ']ll'ﬂﬂ'ﬂ\iﬂ']itl’ﬁlﬂﬂﬂ']‘iﬂTUﬂﬂﬂﬂlﬂgﬂﬂUTQﬁuuim ADIUSDDINTNYT SDA MDY

AMNAABATNNANIY SCL Uaauzasdngaminipamsuldeuulasaoiug

/e o

a ] = 1 :: 4
asdnluvuznaty SCL Hasingagiiu ginssluidines ARIMsAIguNIs

' Y A A ¥ 3WY o qY
ﬂ’]ﬂ'ﬂﬂﬂ‘Ui’)ll”ﬁi]$ll‘ljaﬂ'.]']3J'ﬁll']Ulﬂuﬁﬂ']'J3‘”Qﬂﬂiﬂﬂﬂ']'l&illﬂuﬂhlﬂ ‘nﬂ‘w

2

H b4 ¥
ayammsenoauianURANIIATY

w VY

b 4 1
4.3u3%0y0 (acknowledge) INATUMAININTINMITwNadoyasIndIdandidisy

¥
a ] 4 @ 3 o ¥ a ' A o
Haduedaguysal Tasdrdersiinisdeadoyant 1 daSondn Dasus

9

(acknowledge bit) Hasuziluasdings ndsindadoyauinsudiu diu

0]
@ Ya P o o

L4 4 o T o [ (Y a
Q‘IJ ATANITADIISNINTAIAYIUT U FWIAYBITUAUT NV AUY IV UIWMN

¥ o

A o o oa % % yd

L4 A Y =2 a v Y o A o
gilnsalmanngndndilumsfndenieMdsdndesyluvaziiuffuiiatn

SuintiaouzaeinduensuauasldiniunldsudeyaSsusoouda

b d 2
5.1YAN361ENDAYBYA (stop data transfer) (AnIUIDEI18 SDA  Tims
wasunlasszauaednaindr lga lusmeiiens scL fiaoiugasings Son

da &
ANNSHNATUUN ANITVIYA (STOP)

2.5.6 MsmuuuYa 1°C

v v E 4
Sududemsisududtegunsalidenou Tasmsihdsgunssivusa 12Ciuee

ada

a a1 ] @ [] 7=
T¥nsiddanun7 wie 10 U lunsdindigunssinesguuia iy 19msiddeny 7 Oa

L]

=4

ﬂLWUQW’G uﬂiummﬂnsmmﬂ%msmmuun 10 Un ﬂﬁ\i‘mﬂ“ﬂﬂﬂﬂﬂﬂﬂﬂimlmﬁ ﬁ’.]vlf:]’

LSEJ‘]JS@ULLG'J ﬂ%wlinﬂuﬂ'l‘iil'l&ﬁ’l’t)ﬂ“l]ﬂlmﬂuﬂﬂ"lﬂ
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2.5.6.1 M3ANDWUY 7 DA (7-bit addressing)
") ¢ da 4 o A v oa 9 Hq 9 P
doyaludusniifadundanindnzisudude doyah1Flunisdrads
(d' by o ¥ =1 d‘ o 5 .?,’ =y
ginsaindeamsande Taslijduuuuaailugdn 2.14 Tu 7 davusiunada
MSB mnziiudoyauoansavoginsiaanidesmsiade Tasimiaiu da
o P . 13 o 4 v dy g 9 @
fMNUALOANIAAIT (fixed address bit) 314U 4 Tn FedoyaiigUnssiunazaieg
gnfimuaunngnan limusodoundawdlvld fauidn 3 da duia
fruaneaasandw1saTsunsu'ld (programmable address bit) Tnofldain
dosfmuanauzaeinliunu Ao-A2 vewgunsallimsiseuasuuvie I°C
! b
duluiia LSB Wuibai ldfmuamssmunsedoudoyadugunselamndniueg
¥
winila LSB 11lu <0~ vanoda deamsidoudoyaldqunseiiug duilu «17 oz

dlumsemdoyanngilassiaian

9 Lo = kY < v o A o kY -
Foualuluadeinfe doyanugu (control bye) luginssinaazdalimsdmuadeyan

uananfuly endieia TeFuneneiatidoyaniuquitl¥fmuad daladuduns daladlu

: . o
w1y luvazilod ADCDAC dosmisdoyamuguiieiimualiiiaiuilules Apc wse

DAC iludu

Y 4 A oy A o ' a
magaiu"lumamﬂa VoyaNnMINSNeNon95a (data)

o J v v o o Py 9o = v v W o Y
nasvinaneadoyalundazlud gilnseiamdldsunisAadodeduyanasuiao

Y
NAVINEIWNNAS
a7 106 Uns a4 a3 a2 a1 R0
X X X X A2 Al A0 R/W
——IAMAUANDAUATAIN — > VAN IR UAOAA ST o—

Tsunsu'la

31 2.15 uraanudoyalumsorweniasa
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2.5.6.2 M3IANDWUY 10 TR (10-bit addressing)
= g A A d? [~ o @ a A v
wildoyamudniuinantes Tavluludusandsnniaannzisudy
9 o 9 a Ay =] 1 ~ A oW a
Asamualy s Dauvulidoyailu 11110 drudn 2 Tagauuduiauoansavo

PR a 1 P M e o ° v
Qﬂﬂimﬂﬂﬂ\jﬂ]iﬂﬂﬂﬂﬁluﬂﬂ LSB q]ﬂﬂﬂlﬂy‘ﬁvlﬂﬂlliﬂﬂ\jﬂqrﬂuﬂ]'jﬂ’]ﬂﬂﬂ’l']

Y

9 1 A 0~ kY o o A kY a vy s/ d
ﬂﬂx‘lﬂ'l‘i'f)'lﬂﬁi'f)l‘llﬂﬂ‘llﬂ%lﬁﬂ‘lJi’J‘]Jﬂimﬁlﬁﬂﬂ?'ﬂﬂﬂﬂﬂ'ﬁﬂﬂﬂﬂﬂ’w "1]614611‘1]9]9]6111

9

{ oo

dudeyausamsaluludi 2 vesginsalideamsAndodis doyaluddalise
ﬂ 9 B o S 2 ﬂ s/ a A a
nludeyamugy JoyondsnnmivnziudeyasianlFlumsaade

v A 'Y 3 &K a o ' ¥ Jd 9 =~
wudsrumsdidwy 7 de ndmnareneadeyansunnlud deslianiz

Y

¥ :
viiiadu weldnszuaumsmeneadoyacunsaduiude 118

: ¢ ¢
2.6 MsAemsTeyarIHNeINBYN IVt IIAsAEUINIAmES MCS-51

4 3 ' s ¢ N ~ =~
mydeasdeyariuneineynsuveslulasaouInsames Ao madouldsunsumud

d‘ 9 o a Voo ~ R) o &
moldluTasaouInsames MCSS51  AnredunsuimesiiunIanesneynsy Falu
4 4 z [ ] @ 4 '
Tulasnoulnsames MCS-51 annsadomsdoya lanssvuazdelunanfoinu nseNiGeni
s 4 o { o ] {
Wunvuvigauwand (full duplex) Taol¥un p3.0 simihisudoya (RxD) uazan p3.1 hndhida

¥ ~

¥
Hoya (TxD) JUiuums demsdoynsResiigluuuidnfuiag Uszneudausas lumsmenen

1 b 4
JoyanTodns w0 (baud rate), AITUAY (start bit), DnT0Ya (data bit), TARTIVAOUNISA (parity

bit) Az UANYA (stop bit)

dda  y

A 4' k4
2.6.1 Sﬂﬁlﬂﬂiﬂlﬂﬂﬁﬁlﬂxﬂuﬂﬁﬂﬂ T1IVOYADUNTH

= d o d )
%‘ilmﬂ‘aﬁﬂ’mf:mmﬁ‘nan‘ﬂﬂ&ﬂﬂiﬂﬂhlﬂ‘nm%ﬂ SCON (Serial port Control

Register)
a7 106 Uns a4 U3 92 T 100
SMO/FE SM1 SM2 REN TBS RBS TI RI

4 = d o
51 2.16 Mueaasaves3I AR INLAUNMIINUYBINBINOYNIN
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SMO/FE (Serial port mode bit 0/Framing error bit): dUnave 195 wnuda SM1

-

A o ° s N 1 v 1 A
l‘Wﬂﬂ’]ﬂuﬂTﬁuﬂﬂ’]iﬂ’N’]um@Qwasﬁﬂuﬂ'ju fniHJ’]QQUWU%ZLﬂﬂ‘Uu‘lﬂﬂﬂalnﬂuﬂ’ﬁ

A da & da A Aa 4 A Y [
NAYI VA SMOD BINAD VA 6 VDITININDT PCONGluﬂ‘ileﬂ‘Bﬂ’J'IJJ’CT'IJJ'I‘Sﬂﬂ'i')‘i]‘i]“ljﬂ'l'm
a 3 =y ; Y ¥ a d' a 3 @~ d'
NﬂWﬁ'lﬂ‘Ui)\ilw‘ﬁJ‘ilﬂigﬁ Uﬂu%%i‘]ﬂl%ﬁﬂ'ﬂMNﬂWﬁ'Iﬂ‘Vllﬂﬂ‘ilu Tﬂﬂi]:ﬁl"lfmﬂu “1” NUnivo

1 ] v A A A 1Y 9/ o 9 d
wu ldaunseasinduiavgansointlaniovesdoyavesnosnoynsuld msidwe
9

7Y dyo vy a 2 o A da Ay
mammmmmum"lsamamsmn‘lm SMOD‘lu'ii]ﬁmﬂ'iPCON A1IADYIUAUADI

o o L 1 :
NITMN T HALITINIITU

SM1 (Serial port mode bit 1): 1¥5unuda sSMolumsfinualnuamsiianu

e ¢ o a o g
voawasnoynsulululnsnouInsames PsOVSIRD2 Avswazidundane 11f

SMO0 SM1 Inua eazean 9A1VLA
a gy o A o a
0 0 0 FASIena0s  addyINMIRNYG
(uTnua 6 Imiadaanuuiin)
0 1 1 UART81n  dSueld
1 0 2 UART91U"  mmAdgaIsiuinny/32
(uTnua 6 lsdadayanauiing)

1 1 3 UART9 1 dSumld

< o o
SM2 (Serial port mode bit 2): 15 lumsduariannuansanmsiuiueansa
TumsAndedn Twild ledinisiFonde luTasaouTnsamesnarsdndhdredu Tay
; Y A ' g o
anvamsatseldldanaeilionsssnesaeynsuvesluTasneouInsamesinuly
Tnun 2 w30 3 i sM2 1§y <17 T Rz liiwn Auuadoyainh o Audnmily <1~

Y v a J 9 Ao 1 A ' Ay a v o9
L‘l:']uﬂ'lilli]\ﬂ'l ﬁ'liJTiﬂﬂﬂﬂﬂqﬁ’llazﬂlﬂgaﬂ‘iﬂHl'lll'lﬂi) ﬂ'lll’t)ﬂlﬂ'iﬁ’ﬂﬂ’t)\iﬂ'l'iﬂﬂﬂﬂﬂ'JElGh.l

o °

nsfinnasnaynsuiinuegluTnun 1 Mda SM2 1w 1a RT 92 lifasuulassunieg

o

dsudoyatiangansodalanouasdoyaiisvldvziiludoyauoamsaiideanisiane

Y q

—5

] ¢ o - >
FrolunsdiisvsmesaoynsuinluTnua o 9n sm2 Hidlu <0
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o a [y
REN (Received enable bit): 11ouoriiannumiunselunmssudoyavoans

WosAoYNIN

“1” pueiianisfudoya

L'

«0” Apianmssudoua

O

¥
¥y

A a da A o ¥ o 4
MSIYANI OINAYTUAUADINIZNIAWAITZUIUMINNBBNALIS

o o a A 1
TBS (Transmit data bit 8): 1$1Audeyaiin 8 vieiia 9 Adoamsdesnniamesa

aynsu oty nua 2 wag 3

. . - = ¥ do 3
RBS (Receive data bit 8): 1f1nudeyaiia 8 vesdeyansuidunvesmesaoynsy
4 o - - <1 ia &y,
ok luTnua 2 uaz 3 TuTnua 1 611 SM2= 0 Jeyavesiangavziny 1 AAdad li

1HudatiluTnua o

TI (Transmit interrupt flag): Dauaasmsiiaduinessdavinnisdedoyaven
4 A o a dy A A L a A a
manesmoynsuiioiauluTnua o Tadlvzmaiiolimsdedoyain 7 nSeiin s ven'ly
1 :ﬂ' =3 dy :ﬂ' <4 n' 9 1T a A a 9 A;d o a
uadihauluTnuadu daflzmaiielimsiSududiiangansoiiatlaiie msndviia
Ay
fifeq

@ ¥

RI (Receive interrupt flag): Uauaaimsinadunessidiisninmiudeyain

U

s A o a 4 A o 9 a A a4 g
MWENWEJSGIE)‘IgﬂSIJ lﬂ@ﬂ']\j']‘hﬂuiﬁuﬂ 0 Uﬂu%:l%ﬂm%ﬂ‘uagaﬁﬂ 7 BI0UAN 8 1A59

\ o A o 4 A o ) o o A
avysal uadinululnuady dedssadienmssuiatladeduiduldldaganig

b4
b4

dy a dyw =1 ﬁ' d' o a ' a da A o
wananiimsatatidailitou lanfnualasia sM2 $2ud2e msndssiaiideinseii
¥ 4 L4
ABNTZUIUNITN BN AT

9 3
Tagdu Inajudinazaan1ves SCON Aail
o o 1 Y =
SCON = 0x40; — wesaaynsuihauluTnua 1 awsadedoyaldecnauden

SCON =0x50; —> wasaaynswhnululnue 1 awsosuuazdidoyald
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A e ¥ d d
2.6.2 mstveulilsunsumnddaneiunesnoynsnvedluinsneulnsames MCs-51
=2 a
2.6.2.1 !‘Uﬂui‘l.li!lﬂiuuﬂﬂﬂi'J‘ilﬁg'll'llﬂ!!ﬂaﬂ

5 o i A Y [y i é v
dudsn 1 lsunsuiuassaeudaunaniinoadostumssudedoua F3laun

EH

@ n RIAuiiaasnaeunsiudeyadivesnesnoynsy d1ri= <1

V. oy s 4 ¥ ¥ =4 1 A A 4
HUWEANUNUYDUALVIVINWINDIADYNITUHAIUASVDYAYNINUDINTIVIAD I
¥ @

SBUF tdesmsihdoyallldnudeuniosdaudan rilaodsudida rI = o

’ =4 i o { o @ ] ' ¥
udremdeyaninxuudn ndusidesns dsdredeae Tl

Unsigned char dat; 1Mduls dat Wugnsudeyaidhunmanesnoynsy
. a T A o
While (~RD); /1 s05udoyalasns19doun RI = 1 wie higatld
{vou v whiletiluiia
RI=0; 1 wasnniimssudeyasudeouduntos iauan

dat = SBUF; TI =0, i shdeyalthAu 139

@) Ba Trdluiinas naeumsdedoyadrvemesaoynsud T = <1

R g a : o
wneaundadoya 1 ludeannanesneynsuiSsudesuds naseimiuins
indes dauvlan TI Aremde T1 = o; ivews suanundonlumsdadoyaludaelal

o

¥ 3 EY ) v 9/ Ao 4 LY .
Taslumsdideyasenivzdouioudoyal¥iuiimmes SBUF dedaed

do 'l

o < 1

Unsigned char dat;  // 1@ auils dat inudoyandesmsdseonmanesaoynsy
o_ ¥ c‘ [] 1 o

dat = SBUF; hdeyanoglu dat deoen lmanesaeynsy

. 1y S 9 a o v

While (~TD); /1 sedsdoyaidSadaomsnsivdonia T = 1 M ld
4 o
(3ou'ly while (Huia

TI = 0; / waestaudan TI Weasouwieudmsumsdadoya

Tudaely
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o

2.6.2.2 WeulsunsulaslFounessua

a (5

o Y [ 9 ~ o v A o
wosnoynsuansoaidyaudunossUa e Taslidumidunes
RS J ¥ o_ o R 1Y 4 9 ~ a a .3
SUArINeDs0g 1AL 4 (interrupt 4) uANTGIINEANTDINTIA MINADUIADS
[ 4 o a =Y d' =% v 9 A =y
SUdvoanesnoynsuomAaInEaaunan RTolmssudoya wio 91 T1
4 ] =1 Aw o 4 a 3 [ - ° g
diodsdoya 1ludwSedui 14 Fidaurania 2 ddlssimdhiduuranveants
=N @ X =3 ° o Frs a
dunes Silddae ielimsimnezi 193 Higns 2 Taadh I luilansunims
o Lo | o o ) 1 a a s | o 3 ¥ ~
dumassUaludiay 4 vun Tuaruvedldsunsuusmsouaessiaiuszdosd
=Y 3 @ 1 a o (d' =y dy =Y [
msasraovdauranna 2 4191 dwwessUanNavuINMsERvDIDAuNana)

b4

Q’l’ ° A da o o’z’ A Y A kY @ A v g a
Ta aniwimainassdagandniu e ldinssuniousvnsededoyaluads

ao )

2.6.2.3 Woulibunsulaeldfeiduiimuitieglulays3 stdioh
anuazaInyel C nonlmansveslulasaouInsaass McCS-51fov

o S

(3L . A @ A s o @
T’Iﬂﬂ'lvlll'ni]%lﬂu Resonance, Keil 132 Read51 unezildne Hendudmsoums

a

= A o i A 1 {4
Aadofuwesaounsuildauldazaininldissudoond Feezeglulansisnye

. 4 t @ 4 e @ 1
stdio.h tiiodoanisAndefunesneynsuTasldflnsuninudandrrezdoalinis
A a d o
UszmamuAuao lasndn includedais
#include< stdio.h>
2 b 4 3
e enlFaziimsdsmdoasnuwesaoynsunanialdnuldisoudon
= =y 9 o M A ¥ o @ s w [
weugadia TidwMd T1 = 1; e ldinufuflaidusuddoyanaoaa

kAR su A A ~ 9] oy Vet o ¥ o1
won NN FuBUN N Tat on lFus s I nnaneda 1aun

" ﬁ&ﬁf;lu printf

¥dadoyatupluvudemmumasinaiioonlfmesaeynsu Tasdoya
fdufuszlgsumsulaudusiauead dmndalusunsulszianmoiiven 7
annsoasdumsudetoya’ld 017 Hyper Terminal fagihldTidonmdidaly

- ) n’;’ ~
Ysingh llsunsumesiiveatiug om
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printf (“17); i wlasfaan 1 dusiauean fe 0x31 i
delufinosmeynsy

printf (“hello world” /7 waadenIn hello world us e amnd?
dalufinesmoynsy

¥ 1
Aw A @ @ v A

¥
wenunfifallsiatwuniinssinldnutiosq Asdl

ERY [ SIAT) M
\n Suvssiialmi
%c BIUAIONYS
%d v fugugy
%f 1UBYTIUIUITI
%0 SRV IIUANT IR
%x SIUAY IHIMANTINFUNA

do
(v) HanTu _getkey
L@ @ T a - o ~ o [
lﬂuWQﬂ¥u505Uﬂ1i‘]u7§ﬂ%1ﬂﬂ15ﬂﬂﬂﬂ'l]f]ﬁﬂ‘llf]\'iﬂﬂllwmﬂﬂﬁ Tﬂﬂﬂ]'ﬁ]y‘ﬂ
o ﬂ o o add ¥ ¢ ¢ Aa g v o
HUIL ‘Ll511ﬁ!!ﬂﬁﬂﬂ]ﬂ@QﬂUﬂﬂﬂﬁﬂﬂ']ﬂ]QW@iﬂ@uﬂiu Iﬂﬂﬂ\?ﬂ‘“u‘l‘Iﬂuﬂ'lNﬂﬂWﬁ

» T
dusvigueannsstumasnng

1%

Ay &

unsigned char key;  //1¥u1la key Wudisudoyaidnnmanesa

YN

E 4
Ado

»
dat=_getkey (); /1 som3nadgiag udnirmsaueanvesddiy

ToPuludnnls dat
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n) ﬁdf‘l’“ffu getchar

¥
Y

S w1 a ad 4 b @ e
dluilsfduseFumdunannmsnadduesa Tasdeyariuilusiauead

(]
<
@ &

] a sa 9 o s ¥ T Y ;d” - 3
AVDININNAVIUINTANDINDYNTY HAZUMITIMITIHAUDNNUNAVAUNIDAANI

ada o

& s o ci’d ' [y o’ﬁ Y dycé @ '
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TYPICAL OPERATING CIRCUIT

Typical Operating Cireui?
Vee Vee
Voo
ki I
Voo 1
DS1307 S
__:ray stal
RPU_|APU [m1 5] spA
e 8| sc 3
7} sawsout _—L—
APY = 1/Ch ’_-E
GND =
i 4
OPERATION

The DS1307 operates as a slave device on the serial bus. Access is obtained by implementing a START

condition and providing a device identification code followed by a register address. Subsequent registers

can be accessed sequentially until a STOP condition is executed. When V. falls below 1.25 x V1 the

device terminates an access in progress and resets the device address counter. Inputs to the device will

not be recognized at this time to prevent erroneous data from being written to the device from an out of

tolerance system. When V. falls below Vg, the device switches into a low-current battery backup
mode. Upon power-up, the device switches from battery to V. when V. is greater than Vg, +0.2V
and recognizes inputs when V¢ is greater than 1.25 x V.1 . The block diagram in Figure 1 shows the

main elements of the serial RTC.

DS1307 BLOCK DIAGRAM Figure 1

p————— NOIE JHE DS15U8 INGLUDES THE CHYS 1AL ANU

{ D i CONNECTIONS TO X1, X2
| x1[_' x2 |

RTC
OSCILLATOR
AND DIVIDER
SQUARE WAVE
SOW/QUT <ty ouT - |
{56 X 8}
CONTROL
LOGKC
Veo
Vaxr ———— POWER
GND ———»]
4
SCL ———
SERIAL BUS ADDRESS N
INTERFACE REGISTER b
SDA |

7 T Ej
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SIGNAL DESCRIPTIONS

Vees GND - DC power is provided ‘to the device on these pins. V. is the +5V input. When 5V is
applied within normal limits, the device is fully accessible and data can be written and read. When a 3V

pattery is connected to the device and V is below 1.25 x Vg, p , Teads and writes are inhibited. However,
the timekeeping function continues unaffected by the lower input voltage. As V. falls below Vg, the

RAM and timekeeper are switched over to the external power supply (nominal 3.0V DC) at Vi, 1.

Vgt - Battery input for any standard 3V lithium cell or other energy source. Battery voltage must be

held between 2.0V and 3.5V for proper operation. The nominal write protect trip point voltage at which

access to the RTC and user RAM is denied is set by the internal circuitry as 125 x Vg, nominal. A
lithium battery with 48mAhr or greater will back up the DS1307 for more than 10 years in the absence of

power at 25°C. UL recognized to ensure against reverse charging current when used in conjunction with a

lithium battery.

See "Conditions of Acceptability" at http:/www.maxim-ic.com/TechSupport/QA/ntri.htm.
SCL (Serial Clock Input) - SCL is used to synchronize data movement on the serial interface.

SDA (Serial Data Input/Output) - SDA is the input/output pin for the 2-wire serial interface. The SDA
pin is open drain which requires an external pullup resistor.

SQW/OUT (Square Wave/Qutput Driver) - When enabled, the SQWE bit set to 1, the SQW/OUT pin
outputs one of four square wave frequencies (1Hz, 4kHz, 8kHz, 32kHz). The SQW/OUT pin is open
drain and requires an external pull-up resistor. SQW/OUT will operate with either Vcc or Vbat applied.

X1, X2 - Connections for a standard 32.768kHz quartz crystal. The internal oscillator circuitry is
designed for operation with a crystal having a specified load capacitance (CL) of 12.5pF.

For more information on crystal selection and crystal layout considerations, please consult Application
Note 58, "Crystal Considerations with Dallas Real-Time Clocks.” The DS1307 can also be driven by an
external 32.768kHz oscillator. In this configuration, the X1 pin is connected to the external oscillator
signal and the X2 pin is floated.

RECOMMENDER LAYQVAE LR FIREB LAY

________________________________________________________ RTC
Crystal
Local Ground Plane
Layer 2
Guard Ring
(connect to ground)
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CLOCK ACCURACY

The accuracy of the clock is dependent upon the accuracy of the crystal and the accuracy of the match
between the capacitive load of the oscillator circuit and the capacitive load for which the crystal was
trimmed. Additional error will be added by crystal frequency drift caused by temperature shifts. External
circuit noise coupled into the oscillator circuit may result in the clock running fast. See Application Note

58, "Crystal Considerations with Dallas Real-Time Clocks" for detailed information.

Please review Application Note 95, "Interfacing the DS1307 with a 8051-Compatible Microcontroller”
for additional information.

RTC AND RAM ADDRESS MAP

The address map for the RTC and RAM registers of the DS1307 is shown in Figure 2. The RTC registers
are located in address locations 00h to 07h. The RAM registers are located in address locations 08h to
3Fh. During a multi-byte access, when the address pointer reaches 3Fh, the end of RAM space, it wraps
around to location 00h, the beginning of the clock space.

DS1307 ADDRESS MAP Figure 2

00H

SECONDS
MINUTES
HOURS

DAY

DATE

MONTH
YEAR
O7H CONTROL

08H RAM
56x8

3FH

CLOCK AND CALENDAR

The time and calendar information is obtained by reading the appropriate register bytes. The RTC
registers are illustrated in Figure 3. The time and calendar are set or initialized by writing the appropriate
register bytes. The contents of the time and calendar registers are in the BCD format. Bit 7 of register 0

is the clock halt (CH) bit. When this bit is set to a 1, the oscillator is disabled. When cleared to a 0, the
oscillator is enabled.

Please note that the initial power-on state of all registers is not defined. Therefore, it is important
to enable the oscillator (CH bit = 0) during initial configuration.

The DS1307 can be run in either 12-hour or 24-hour mode. Bit 6 of the hours register is defined as the

12- or 24-hour mode select bit. When high, the 12-hour mode is selected. In the 12-hour mode, bit 5 is

the AM/PM bit with logic high being PM. In the 24-hour mode, bit 5 is the second 10 hour bit (20-
23 hours).

On a 2-wire START, the current time is transferred to a second set of registers. The time information is

read from these secondary registers, while the clock may continue to run. This eliminates the need to re-
read the registers in case of an update of the main registers during a read.

40f12
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DS1307 TIMEKEEPER REGISTERS Figure 3

ter | L 1 1 1 | [em]
oon | cH 10 SECONDS SECONDS 0059
L3 10 MINUTES MINUTES §0-59
x |27 ’:;H 10HA HOURS plwtd
.3 .4 3 X .4 I DAY 1-7
01-28/29
¥ X 10 DATE DATE Fimss
b3 X x [Mgg.m MONTH 01-12
10 YEAR YEAR 00-9%9
oTH out X X SQWE X X RSt RSO
9 g 0 0
CONTROL REGISTER
The DS1307 control register is used to control the operation of the SQW/OUT pin.
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
ouT 0 0 SQWE 0 0 RS1 RSO

OUT (Output control): This bit controls the output level of the SQW/OUT pin when the square wave

output is disabled. If SQWE = 0, the logic level on the SQW/OUT pin is 1 if OUT = 1 and is 0 if

OouT=0.

SQWE (Square Wave Enable): This bit, when set to alogic 1, will enable the oscillator output. The
frequency of the square wave output depends upon the value of the RS0 and RS1 bits. With the square

wave output set to 1Hz, the clock registers update on the falling edge of the square wave.

RS (Rate Select): These bits control the frequency of the square wave output when the square wave

output has been enabled. Table 1 lists the square wave frequencies that can be selected with the RS bits.

SQUAREWAVE OUTPUT FREQUENCY Table 1

RS1 RSO SQW OUTPUT FREQUENCY
0 0 1Hz
0 1 4.096kHz
1 0 8.192kHz
1 1 32.768kHz

Sof12
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The DS1307 supports a bi-directional, 2-wire bus and data transmission protocol. A device that sends

2-WIRE SERIAL DATA BUS

data onto the bus is defined as atransmitter and a device receiving data as a receiver. The device that
controls the message is called a master. The devices that are controlled by the master are referred to as
slaves. The bus must be controlled by a master device that generates the serial clock (SCL), controls the

bus access, and generates the START and STOP conditions. The DS1307 operates as a slave on the 2-

wire bus. A typical bus configuration using this 2-wire protocol is show in Figure 4.

TYPICAL 2-WIRE BUS CONFIG i 4
Ry Rp

Figures 5, 6, and 7 detail how data is transferred on the 2-wire bus.

§ Data transfer may be initiated only when the bus is not busy.
§ During data transfer, the data line must remain stable whenever the clock line is HIGH. Changes in
the data line while the clock line is high will be interpreted as control signals.

Accordingly, the following bus conditions have been defined:
Bus not busy: Both data and clock lines remain HIGH.

Start data transfer: A change in the state of the data line, from HIGH to LOW, while the clock is HIGH,
defines a START condition.

Stop data transfer: A change in the state of the data line, from LOW to HIGH, while the clock line is
HIGH, defines the STOP condition.

Data valid: The state of the data line represents valid data when, after a START condition, the data line
is stable for the duration of the HIGH period of the clock signal. The data on the line must be changed
during the LOW period of the clock signal. There is one clock pulse per bit of data.

Each data transfer is initiated with a START condition and terminated with a STOP condition. The
number of data bytes transferred between START and STOP conditions is not limited, and is determined

by the master device. The information is transferred byte-wise and each receiver acknowledges with a
ninth bit. Within the 2-wire bus specifications a regular mode (100kHz clock rate) and a fast mode
(400kHz clock rate) are defined. The DS1307 operates in the regular mode (100kHz) only.
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Acknowledge: Each receiving device, when addressed, is obliged to generate an acknowledge after the

-eception of each byte. The master device must generate an extra clock pulse which is associated with
‘his acknowledge bit.

A device that acknowledges must pull down the SDA line during the acknowledge clock pulse in such a
way that the SDA line is stable LOW during the HIGH period of the acknowledge related clock pulse. Of
course, setup and hold times must be taken into account. A master must signal an end of data to the slave
by not generating an acknowledge bit on the last byte that has been clocked out of the slave. In this case,
the slave must leave the data line HIGH to enable the master to generate the STOP condition.

DATA TRANSFER ON 2-WIRE SERIAL BUS Figure 5

oo ol

L

,
v l
msg ! '

SLAVE

e ——

N
— b

\
-
SDA |\

ADDRESS i
OIRECTION ACKNOWLEDGEMENT
BT SIGNAL FROM
——l - RECEIVER
T v
SIGNAL FROM Co
I
¢ .
= A ARARL AR AR
. ACK ACK Lo
START STOP CONDITION
CONDITION REPEATED IF OR REPEATED
I MOREBYTESARE — ™| STARTCONDITION
TRANSFERRED

Depending upon the state of the R/ W bit, two types of data transfer are possible:

1. Data transfer from a master transmitter to a slave receiver. The first byte transmitted by the
master is the slave address. Next follows a number of data bytes. The slave returns an acknowledge

bit after each received byte. Data is transferred with the most significant bit (MSB}) first.

Data transfer from a slave transmitter to a master receiver. The first byte (the slave address) is
transmitted by the master. The slave then returns an acknowledge bit. This is followed by the slave
transmitting a number of data bytes. The master returns an acknowledge bit after all received bytes
other than the last byte. At the end of the last received byte, a "not acknowledge" is returned.

The master device generates all of the serial clock pulses and the START and STOP conditions. A
transfer is ended with a STOP condition or with a repeated START condition. Since a repeated START
condition is also the beginning of the next serial transfer, the bus will not be released. Data is transferred

with the most significant bit (MSB) first.
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‘he DS1307 may operate in the following two modes:

l. Slave receiver mode (DS1307 write mode): Serial data and clock are received through SDA and
SCL. After each byte is received an acknowledge bit is transmitted. START and STOP conditions
are recognized as the beginning and end of a serial transfer. Address recognition is performed by
hardware after reception of the slave address and *direction bit (See Figure 6). The address byte is
the first byte received after the start condition is generated by the master. The address byte contains
the 7 bit DS1307 address, which is 1101000, followed by the *direction bit (R/ W ) which, for a write,
isa 0. After receiving and decoding the address byte the device outputs an acknowledge on the SDA
line. After the DS1307 acknowledges the slave address + write bit, the master transmits a register
address to the DS1307 This will set the register pointer on the DS1307. The master will then begin
transmitting each byte of data with the DS1307 acknowledging each byte received. The master will
generate a stop condition to terminate the data write.

DATA WRITE - SLAVE RECEIVER MODE Figure 6

<Slave Mt lé ord Addeess Dok Data (et <Data X
['s [ 101000 [ o Ta Jxoo00000c ] & | xoo0000¢ | a |xo000000k [ A | oooooox [ | P |
- START i
A~ ACKNOWLEDGE - L
P - STOP (X+1 BYTES + ACKNOWLEDGE)
*R/W - READ/WRITE OR DIRECTION BIL. ADDRESS = Dih

2. Slave transmitter mode (DS1307 read mode): The first byte is received and handled as in the slave
receiver mode. However, in this mode, the *direction bit will indicate that the transfer direction is
reversed. Serial data is transmitted on SDA by the DS1307 while the serial clock is input on SCL.
START and STOP conditions are recognized as the beginning and end of a serial transfer (See
Figure 7). The address byte is the first byte received after the start condition is generated by the
master. The address byte contains the 7-bit DS1307 address, which is 1101000, followed by the
*direction bit (R/ W) which, for a read, is a 1. After receiving and decoding the address byte the
device inputs an acknowledge on the SDA line. The DS1307 then begins to transmit data starting
with the register address pointed to by the register pointer. If the register pointer is not written to
before the initiation of a read mode the first address that is read is the last one stored in the register
pointer. The DS1307 must receive a "not acknowledge" to end a read.

DATA READ - SLAVE TRANSMITTER MODE Figure 7

<Stave Address> ‘% <Datalry> <Data 1) <paa (¢2)> <Data (e X)>
(s T1a1000 [ 1 | A [x0000000¢ | A [ 3000000 | A J3o000000¢ | A | o000 | & e |

1 . |
$ - STARY DATA TRANSFERRED

A - ACKNOWLEDGE (X+1 BYTES + ACKNOWLE| NOTE: LAST DATA BYTE IS

P - sTOP FOLLOWED BY ANOT DGE { A ) SIGNAL)

A - NOT ACKNOWLEDGE

*RIV ~ READVWRITE OR DIRECTION BIT ADDRESS= D'ih
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ABSOLUTE MAXIMUM RATINGS*
Voltage on Any Pin Relative to Ground

Storage Temperature
Soldering Temperature

-0.5V to +7.0V

-55°C to +125°C
260°C for 10 seconds DIP
See JPC/JEDEC Standard J-STD-020A for
Surface Mount Devices

* This is a stress rating only and functional operation of the device at these or any other conditions above
those indicated in the operation sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods of time may affect reliability.

Range Temperature Vce
Commercial 0°C to +70°C 4.5V 10 5.5V V,
Industrial -40°C to +85°C 4.5V10 5.5V V.

RECOMMENDED DC OPERATING CONDITIONS

(Over the operating range®)

PARAMETER SYMBOL MIN TYP MAX UNITS |NOTES
Supply Voltage Vee 4.5 5.0 55 A%
Logic 1 Vi 2.2 Vee +0.3 \'%
Logic 0 ViL -0.5 +0.8 \"
Vgar Battery Voltage VBAT 2.0 35 Vv

*Unless otherwise specified.

DC ELECTRICAL CHARACTERISTICS

(Over the operating range*)

PARAMETER SYMBOL MIN TYP MAX UNITS {NOTES
Input Leakage (SCL) Iu 1 mA
1/0 Leakage (SDA & Lo 1 mA
SQW/OUT)
Logic 0 Output (I,, = 5mA) VoL 04 \Y
Active Supply Current Icca 1.5 mA 7
Standby Current Iccs 200 mA 1
Battery Current (OSC ON); IBaTI 300 500 nA 2
SQW/OUT OFF
Battery Current (OSC ON); IsaT2 480 800 nA
SQW/OUT ON (32kHz)
Power-Fail Voltage VeF 1216 x Vo 125% Vg1 1284 x V0 \Y 8

*Unless otherwise specified.
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AC ELECTRICAL CHARACTERISTICS

(Over the operating range*)

PARAMETER SYMBOL MIN TYP MAX UNITS |NOTES

SCL Clock Frequency fsc 0 100 kHz

Bus Free Time Between a STOP and tBUF 4.7 ms

START Condition

Hold Time (Repeated) START Condition tHD:STA 4.0 ms 3

LOW Period of SCL Clock tLow 4.7 ms

HIGH Period of SCL Clock tHIGH 4.0 ms

Set-up Time for a Repeated START tsussTA 4.7 ms

Condition

Data Hold Time tHD-DAT 0 ms 4,5

Data Set-up Time tSU:DAT 250 ns

Rise Time of Both SDA and SCL Signals tr 1000 ns

Fall Time of Both SDA and SCL Signals tr 300 ns

Set-up Time for STOP Condition tSUSTO 47 ms

Capacitive Load for each Bus Line Cs 400 pF 6
Cl/n 10 pF

1/0 Capacitance (T , = 25°C)

Crystal Specified Load Capacitance 12.5 pF

(T , =25°C)

*Unless otherwise specified.

NOTES:
1. Iccs specified with V.
- Vee =0V, Vg,r =3V.

= 5.0V and SDA, SCL =5.0V.

2.
3. After this period, the first clock pulse is generated.
4. A device must internally provide a hold time of at least 300ns for the SDA signal (referred to the

Vi of the SCL signal) in order to bridge the undefined region of the falling edge of SCL..
5. The maximum tgp, .7 has only to be met if the device does not stretch the LOW period (t; oy

SCL signal.

6. C, - Total capacitance of one bus line in pF.
Icca - SCL clocking at max frequency = 100kHz.

~

8. V prmeasuredat Vg,r =3.0V.

100f 12
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TIMING DIAGRAM Figure 8

._,,
'

‘.

™~

[
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HO:STA
L e teusma SusTO “"l
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REPEATED
START
DS1307 64 X 8 SERIAL REAL-TIME CLOCK
8-PIN DIP MECHANICAL DIMENSIONS
Ao PKG $-PIN
T DIM MIN MAX .
1 N A IN, 0.360 0.400
MM 9.14 10.16
S _l B IN. 0.240 0.260
" p MM 6.10 6.60
b r — C IN 0.120 0.140
MM 305 356
D IN 0.300 0.325
“Te MM 762 326
iy E IN 0.015 0.040
[[ H u “ LR MM 038 102
K it .] L——" FIN. | 0120 | 0.140
) MM 3.04 356
G IN. 0.090 0.110
MM 229 2.79
o H IN. 0320 ] 0370 ]

MM 8.13 9.40
JIN. | 0008 0.012
) MM 020 030
X IN 0.015 0021
i-— " —-| MM 0.38 0.53
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DS1307Z 64 X 8 SERIAL REAL-TIME CLOCK
8-PIN SOIC (150-MIL) MECHANICAL DIMENSIONS

G K 8-PIN

.1 r ’I PKG (150 MIL)
a B a H 13 DIM MIN MAX
A IN. 0.188 0.196
MM 478 498
B H B IN. 0.150 0.158
O L MM 3.81 401
C IN. 0.048 0.062
H g ﬁ g____- MM 122 1.57
1 EIN. 0.004 0.010
MM 0.10 025
A F IN. 0.053 0.069
i MM 1.35 175

. G IN. 0.050 BSC

”{7 MM 127 BSC
H IN. 0.230 0.244
E MM 584 620
JIN. 0.007 0.011
i MM 0.18 028
’ F K IN. 0.012 0.020
{’—"‘ i} MM 030 051
- _j . L IN. 0.016 0050
MM 041 127
phi 0° 8°

56-G2008-001
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DUAL EIA-232 DRIVERS/RECEIVERS

3

D Meet or Exceed TIA/EIA-232-F and ITU MAX232 ... D, DW, N, OR NS PACKAGE
Recommendation V.28 MAX232i ... D, DW, OR N PACKAGE

D Operate With Single 5-V Power Supply (TOP VIEW)

D Operate Up to 120 kbit/s C1+ % 1 vee

D Two Drivers and Two Receivers vs+ 1] 2 GND

D c1- {3 T10UT
+30-V Input Levels cor 4 R1IN

D Low Supply Current . . . 8 mA Typical co- E s R1OUT

D Designed to be Interchangeable With vs 016 TN
Maxim MAX232 T20UT E 7 T2IN

D EsD Protection Exceeds JESD 22 R2IN [ 8 R20UT

- 2000-V Human-Body Model (A114-A)
D Appiications
TIAJEIA-232-F
Battery-Powered Systems
Terminals
Modems
Computers “

description/ordering information

The MAX232 is a dual driver/receiver that includes a capacitive voltage generator to supply EIA-232 voltage
levels from a single 5-V supply. Each receiver converts EIA-232 inputs to 5-V TTL/CMOS levels. These
receivers have a typical threshold of 1.3 V and a typical hysteresis of 0.5 V, and can accept £30-V inputs. Each
driver converts TTL/CMOS input levels into EIA-232 levels. The driver, receiver, and voltage-generator
functions are available as cells in the Texas Instruments LinASIC™ iibrary.

ORDERING INFORMATION
T PACKAGE} ORDERABLE TOP-SIDE
A PART NUMBER MARKING
PDIP (N) Tube MAX232N MAX232N
Tube MAX232D
SOIC (D) Tapo anaTed oeaDn MAX232
0°C tg,745C
Tube MAX232DW
SOIC (D MAX232
oW Tape and reel MAX232DWR
SOP (NS) Tape and reel MAX232NSR MAX232 *
PDIP (N) Tube MAX232IN MAX232IN
Tube MAX232iD
SOIC (D) MAX2321
-40°C to 85°C Tape and reel MAX232IDR
Tube MAX232IDW
SOIC (D MAX232}
C (oW Tape and reel MAX232iDWR

+ Package drawings, standard packing quantities, thermal data,

guidelines are available at www ti.com/sc/package.

symbolization, and PCB design

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

LinASIC is a trademark of Texas Instruments.

PRODUCTION DATA information is aurent as of pubfication date.
Products conform to specifications per the terms of Texas instruments
standard wamranty. Production processing does not necessarily include
{esting of all parameters.

*?TEXAS

Copynight O 2002, Texas Instruments incorporated

INSTRUMENTS

POST OFFICE BOX 655303 *

DALLAS, TEXAS 75265
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MAX232, MAX232]
DUAL EIA-232 DRIVERS/RECEIVERS

ShRSRZLILEERELARY Joto. REVISED OCTORER 2002

Function Tables
EACH DRIVER
INPUT | ouTPUT
TIN TOUT
L H
H L

H = high level, L = low
leve!

EACH RECEIVER
INPUT OUTPUT
RIN ROUT
L H
H L

H = high leve), L = low
level

logic diagram (positive logic)

14
TN TI0UT
10 7
T2IN T20UT
12 13
R10OUT OfF——— RIIN
8
R20UT I R2IN

“" TEXAS
INSTRUMENTS

2 POST OFFICE BOX855303 * DALLAS, TEXAS 75265
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DUAL ElA-232 DRIVERS/RECEIVERS

SMLSOUZL FERRUARY 1050 REVISED OCTORER 2000

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)+

Input supply voltage range, Voo (seeNote 1) ... ... e 0.3Vto6V

Positive output supply voltage range, Vg, ... oo . Ve -03Vio15V

Negative output supply voltage range, V © et . -03Vto-15V

Input voitage range, V|- DriVer . ... . s -0.3VtoVvCC +03V

RECBIVET . i i e e e e e e 30V
Output voltage range, V: TIOUT, T20UT .. ...t \" s -03Vtdvg, +03V
RIOUT, R20UT ... i i e e i e ees -03VtoVee +03V

Short-circuit duration: TIOUT, T20UT ......... R P Unlimited

Package thermal impedance, 0 j5 (seeNote2). Dpackage ........... ... .. ... ... . ... ... 73°CW
DWpackage ..........cooiriiiinnin, 57°C/W
Npackage ......... ... i, 67°C/W
NSpackage .........ccouiiiinnninnn .. 64°C/W

Lead temperature 1,6 mm (1/16 inch) from casefor10seconds  ............... ... ... ......... 260°C

Storage temperature range, Tstg .................................................. -65°C to 150°C

t 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 under "recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: Ali voltage values are with respect to network ground terminal.

2. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions

MIN NOM MAX UNIT
VCC Supply voltage 4.5 5 55 \%
VIH High-level input voltage (T4IN,T2IN) 2 . \
ViL Low-level input voitage (T1IN, T2IN) 0.8 \Y
R1IN, R2IN Receiver input voltage +30 Y
TA Operating free-air tempanaiiune Maxas2 2 i °C
MAX2321 -40 85

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (see Note 3 and Figure 4)

PARAMETER TEST CONDITIONS MmN TYP: MAX UNIT
VCC =55V, All outputs open,
iICC Supply current TA = 25°C pe 8 10 mA
1 All typical values are at VCC = S5VandT A=25°C.
NOTE 3: Test conditions are C{-C4 = 1 «<F at VCC = 5V+0.5V.
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NAX232, MAX232I
JUAL EIA-232 DRIVERS/RECEIVERS

DRIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 3)

! PARAMETER TEST CONDITIONS MmiN TYPP MAX UNIT

VOH  High-level output voitage T10OUT, T20UT RL= 3 kQto GND 5 7 \Y

VOL  Low-level output voltage} T10UT, T20UT RL= 3 kQto GND -7 -5 %

0 Output resistance T10UT, T20UT VS+ =Vg =0, vo =12V 300 Q

108§  Short-circuit output current T10UT, T20UT VCC =55V, VO =0 +10 mA

:HS Short-circuit input current T1IN, T2IN Vi=0 200 ocA
+ All typical values are at VCC = 5V, T A=25°C.

1 The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic voltage
fevels only

§ Not more than one output should be shorted at a time.

NOTE 3: Test conditions are C1-C4 = 1 <F atVCC = 5V05V.

switching characteristics, VCC =5V, T A=25°C (see Note 3)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SR Driver siew rate RL= 3 KQto7 k@, 36 V/ecs
See Figure 2
SR() Driver transition region slew rate See Figure 3 3 Vixs
X Data rate One TOUT switching 120 kbit/s
NOTE 3: Test conditions are C1-C4 = 1 <F at VCC = 5V05V.
RECEIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 3)

PARAMETER TEST CONDITIONS MIN TYPF max | uniT
VOH High-level output voltage R10OUT, R20UT OB =-1mA 3.5 \
VoL Low-level output voltaget R10UT, R20UT IOL =3.2mA 0.4 v
Receiver positive-going input
\ = =25°C
T+  threshold voltage R1IN, R2IN VCC= 5V, TA 1.7 24 \
Receiver negative-going input . ~Eo
v 9ema e R1IN, R2IN VCC= 5V, TA =25°C 08 12 v
Vo threshold voltage
Input hysteresis voltage R1IN, R2IN VCC= 5V 0.2 0.5 1 \
Vhys  Receiver input resistance R1IN, R2IN VCC =5, TA =25°C 3 5 71
+IAll typical values are at VCC = 5V, T A=25°C.
1 The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic voltage
‘levels only.

NOTE 3: Test conditions are C1-C4 = 1 <F atVCC = 5V+05V.

switching characteristics, VCC =5V, T A=25°C (see Note 3 and Figure 1)

’ PARAMETER i -

tPLH(R) Receiver propagation delay time, low- to high-level output 500 ns

tPHL(R) Receiver propagation delay time, high- to low-level output 500 ns
NOTE 3 Test conditions are C1-C4 = 1 cF at VCC = 5V10.5V.
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MAX232, MAX232}
DUAL EIA-232 DRIVERS/RECEIVERS

PARAMETER MEASUREMENT INFORMATION

vce

RL =13 kQ

Pulse
Generator
{see Note A)

See Note C

CL =50 pF
j: (see Note B)

TEST CIRCUIT

<10 ns _->1 le— —»| lq_ <10 ns
|| N )
Input |7 90%  90% N | 3V
P 0% | 50% 50% N 0% ov

|¢— 500ns
{PHL | <«—>»—tPLH
f l

WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Z O = 50 £, duty cycie < 50%.

B. C Lincludes probe and jig capacitance.
C. All diodes are 1N3064 or equivalent

Figure 1. Receiver Test Circuit and Waveforms for tpyy, and tp) |y Measurements
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MAX232, MAX2321
DUAL ElA-232 DRIVERS/RECEIVERS

PARAMETER MEASUREMENT INFORMATION

;—rme_‘_T T1iN or T2IN T10UT or T20UT
| it 4 * EIA-232 Output
| (seeNote A) l
RL CL =10 pF

(see Note B)

TEST CIRCUIT
0ns  —py le— — l¢— <10ns
l L 3v .
mput |/ 90% 90% E&L
50% 50%
9, 1 9,
10% I l 0% oV
—— Ses
. -t
tPHL —l<—>: [P
|
. 90% | ¥ gom VOH
Qutput } l
' o 0
. 10% 0% A VoL
tTHL < —’l (¢ tTLH
srt %8 MVoy-V ) o 08 (Vo - VoH)
LK tTHL
WAVEFORMS
NOTES A. The pulse generator has the following characteristics: Z O = 50 Q, duty cycle < 50%.
B. C Lincludes probe and jig capacitance.
Figure 2. Driver Test Circuit and Waveforms for tpyy and tp; ,; Measurements (5-<s Input)

rm—-
.
|
,

7 7|;—‘ulse '
. Generator O 4 ®— ElA-232 Output
, L (see Note A) l l
T

3k CL =25nF

TEST CIRCUIT
<10ns —p q— —» le— <10ns

Input [

| VOH
3V %
Output | | sv
-3 L . v
v v oL
srRt ¢
L oMty \
WAVEFORMS

NOTE A-  The puise generator has the following characteristics: Z O = 50 2, duty cycle < 50%.

Figure 3. Test Circuit and Waveforms for tyy; and tp y Measurements (20-s Input)
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MAX232, MAX2321 84
DUAL EIA-232 DRIVERS/RECEIVERS

SALSOAIL EERRUARY Jose_ REVISED OCTORER 202
APPLICATION INFORMATION

5V
+
cBYPASs =1«F
- 16 i
- t 1 «<F
. vee es
2 -
—E I -
c1 T TecF 5 C1+ VS+ > 85V
c1- 6
4 Py » -85V
o ] C2+ v 1
cz |~ 1«F ¢ ca~L 1«F
c2- +
1 D> 14
— ———— EJA-232 Qutput
From CMOS or TTL
10 > 7
—_— =~ % — EIA-232 Output
12
== T < pa2sz Input
To CMOS or TTL 9 8
<———% oV I —<—— EIA-232 Input
|
GND

+ C3 can be connected to VCC or GND.

Figure 4. Typical Operating Circuit
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