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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. P89VSIRD2 is used as the circuit processor.
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durmesadunmerdyadimividauiall dedurueaasalud

BRI INIEUBN(AS-A15) leAndBA Y

Port Input/Output (P3.0-P3.7) Y1 10-17

d a (4 o o o o3 o A a
durnwesadunmerdyadmiuldnuia il Wuvmesanihaifien

Vv
faliswazBennolili

>y o Y o g a o v w Y
“RxD.__(83.0: 94 - 10) i uurwesaduyadiniuSudoyanianms

fomsuueynIY

e b o b & = ) w9
“TxD (3197 1) IlluvwesasunadinsuSudoyasinms

dots nuueynsy

s

9 o Jd = o o a =N o
INTO (P3.2: 47 12) 1 5fluanne B unad mMIns Ut yaiadunes
w [ ]
FY6 1InMauenNyes 0

9 o d o o v @ = 4
INTT-(P3.3; 91 13) I9thuanwoindunad msusudyghasumes
SUAMINATEUENTDI 0

s

BT~ ¢ a o w o 4
T0.(P3.4:9714) 1@ mosasunadinsusudgana nwesen

aa

NTIUBNYOI 0

9} o o = o @ e o = 'd
Th.(P35:1 15) ldiluviwesnduwadiv Suitdyyindunes
W o ]
5UA A TIUBNFDT 1
—— [~ s at A ¥ 1 %
WR (P3.6:0116) Mmuvdgons WR lunsdif ldideudony
UUAWANUIINEUDN

RD (P3.7: 11 17 Mdlundyanu rRD lunsdidlfiFeudody

NUIIAINIINEUDN



Reset Input (RST) 419
WuanlFlumsSisamsiaueslulasaouInsames lavlumsilou
Yannaasdnc1 etratoniluna 2 uudulxda Tasnses fuidadaaiannim

Sanavnuasiiles lilesadiuilng

Address Latch Enable (ALE) 4130
duvuedyaiiosnunaquudulesfa st1alsinw aunsedaoida

@/

Jc? 9 a A 4
waﬁu"lﬂ TAsNISIEAYN 0 VoI5 3a1ADT AUXR

Program Store Enable (PSEN) U1 29
WunFlunsdedyansniedesvonatedumitsnaiuii 1Usunsy
Ay 'y ' ¢
muusaiofosmssudoyaninisgllsunsunouea lulasaouInsames
v b4 E4 3
sz idynInoeniNl 2 a53 venvinid sz nenlumsau-Foudoya
Tumisenus i lsinsudenssuiunts ISP
o ar ' s ::l Lo Y o
LdmSmues PocsiRD+Mdoviiiasnsaudiloud  +12Thad
(£0.57 Y13 EA/Vpp
o as & e A e = v
~ #msuiues - P8oCsIRD2IA0VIHAINS 1IN Hauaodn <17 N

P2.7 nazleuisadu-+s11aa v EA/Vpp

External Access enable/Programming voltage input (EA/Vpp) 941 31

W 1¥dmsvidenmsfnneniasannud ldsiunsuanneusnvse
muludalulnseeuInsaaes
«o 13on1 I Insneu Insamesansesunilsanudi llsunsunnnmouen
«p @onld luTasaouInsatneiAnnesunilrennuii T sunsuanaioliu
uanmnﬁﬁﬁmffﬁ'ﬁ%’nflumﬁumﬁm?u%’nusaﬁuﬁm%wmsTﬂsuﬂsu
wiheanus el lulnsaeuInsanes

- dm5uo3P8oCSIRD+ doamsusasu +1217ad (+0.5V)

- §MSVIVBSPSOCSIRD2 Apamsusiny +511a0



XTAL1 %119
Hunduneiudyanunniesunsooadaames (11 XTAL2) LAz
9 a d" 1 Y o o v o
meusn Tumsldaulnd artinaze XTAL2 aadnduasanoatasdniuilszy

yaen1ions

XTAL2 %118
L4 o o 'L
fluviedyavesssvnesadaramomelululasnounsameslu
v
a v @ a v g ¥
s Ivudndfiuazen XTALL dedhfuaSansauazdaunulszyvasom

Rl

2.1.3 dnpaclnssadumeluveshilnsasuinsaiass (P8OVSIRD2)
TastafamgTuiugiuaedlulnsnaninsamosasyga | Mcs-51wes
¥ o [ d" [ o o~ a P4
PROVSIRD2  sznoudivogilnsainiveg aail niasanud s unie uiivuia 1 dlalud
v ° ar o P=1 =3 < d o [
nidsa i sunsumoluaalulasneu Insamesgeds 64 nlalud mwesadmsy
Y o & ~ 2 a fdied s o o
1#a14 nefn wosnay 8 ila LunsaosnamadlildnsduyauazeInng wious
o 3 Qs ~ ar o
Tnsesanings 16 Tn 3 & (nies o, 1 tay 2) i Tuga PCa dvsvadedyanaies
Y4 2 ] =1 & A o w ‘::Ia . 3 A
vogdnd (PMW) 10 5 $09 Haead Inwes i3 samosa i uvdsdoyanse DPIR 2

4 o a v ow ] o
a1 fiasesfeasoynsuunurgamanduazaing afnao funticennusinouenld

a3aa 64 platua

£l 9
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CRYSTAL
OR
RESONA A
(i
Ve,
R L =l'. D

i3 '.4'}"'3"'%“" Tnseanamely g
L‘ AP '} NN
SRR YT Y

2.2 1 U1
W -
| 1379 UNYY
" Sal(4 4 3 " -
11224 0-100,8 ol ] o +0.4 Fuf uazi1unsia

;1]?; 24 wm-rai'ﬂnoil’uqmnqﬁuazmméu (SHT15)

sz - Y o U 14 - =2 @ 1 Y o v & v 1%
enansiiluenansnanulidmiumsldnuenisdnwivingu leygmlihlulgusslevimunism

Lidnsallagnsdu nviulilvidaudasilen uagdesdnsdsdiadiveaaenaisynasandnisluly
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ar

Ay _ l=; o
2.2.1 puaniamamatinfdfey
o 3 Aﬁ 3 @ @ -g - Yaor o s

1. HmhndlunsdaTaanudunazqungineldddadvaniu

2. ANNINMYUARNYAZIBATBI UM IR 18

3. HuadnuasiuNasum

¥
4. W lugnssduWiaes +2.4 Tiad 69 +5.5Taa

5. dosn M lumsiaugs

o o a A ¢
2.2.2 nidygunnivdemsveyaveusuye: SHT1S

SHT T
& 457 1} 2
¥33 : 'nfss A
L S p——
Pl A ad _,f-w.j" : S i 4 no connect
PO L An, . — Zelock e,
2 U
+ 5 Yl 220 Pl NI Wy 53

] A " ) ==
51 2.5 msdaunions | ¥a1iue usiasns SHT1S

2.2.2. - a st i (SCK)Y RS udaanayainaiiesnua

o

IyIzly mstoaisveia

2:2.2.25 Ty BIV/A W PYR MATA) WL Fyasd 1w Tunasda

3 o a 7 o 2
Jdtra-Jums Iamosasfaaainiil 10 dlaTor Wgdilfiani

2.2.3 gnumsdemadeyaves SHT1S
2.2.3.1 m‘if;fx‘lmt%@ (Sending Command)
luannzisuduneumsdadeyamidenn’lyTnsneu Tnsames i
wmmai’mwﬁ'nqmwgﬁuaxmm?:u (sutT15) sufluszdesadregiuuy
Ay IunseAuA NNy InuIRNI (SCK) uazundyyruiv/didoya
(DATA) iite I as et uidou luiiSoni1 naziSudedyn il (Transmission
start) VuRovindaanaiudedoyn (DATA) dosgainlfifiuviaein <o

1oy
UIUBYINUDY |
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a o ) [ 4 4 [ 4
lanfavesdygnaunin (SCK) nasvinflisuaeinsnduguugiitazanuiu

(Y

¥ J
(SHT15) 92031 1dviuii i deyanevniniifie Mde

"Transhusston Start™ ssquence

=n-

51

2.6 AoygnamIMYBIMIaIMT

vaennadadou iy iz uasdaya s (Transmission start) (132 dusadefida s

b4 ) v
IBUYDS ATV VQUVNNIASAINAIL (SHT15) thosmuams i Idnuiiuaanumisian 2.1

m31ai 2.1 NPazRuamdwmasdoyaM i@ mSUAIANM SN AN WS SHTIS

el Joyadiids
Ay 0000x
fimmqmmﬁ (Measure Temperature) 00011
K4
UMANUTUTUANT (Measure Humidity) 00101
PIUMIVARDSMNHUAADIUS (Read Status Register) 00111
3 =
damls 0101x 94 1110x
2 o o kot oo Y v
31AM 591U (Soft reset) Y I3 vatmas snuaanuzadu lulgam
defaultitazdsd lFna lumsinuediadss 11 TaanaesaInsasy 11110
Mo 114

2.2.3.2 319AN151¥03AD (Connection reset sequence)
A a 9 A ' J v o
mamaaminimumﬁ1‘15031%5%310"[11Tﬂiﬂ’ouimmaas AVLFULTD T

ar =Y d” 9 Y Q =) d? 1 o Y
ATIVIVPUNJUUDSANUTU (SHT15) ADITIWAUUIUILTAVUNDY Tﬂﬂ‘ﬂﬂ‘ﬂ
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ndyanuswdidoyn (DATA) Hdowzasdn “1” wumihdusnmnieu

o

YoM (SCK) 9 gndAnseiy udimndremsadunnzsudunisds

2

Y0

DATA \ /

T
Transmission: Start

.

—

SCK /AN o\ [s\ /48X {9

- - o0 33 qoz’r

[PURNRRTSp: T

Connection resel sequence

4' [y =4 d‘ v
g‘l.l‘ﬂ 2.7 AYYIUNINYRNMTIFAM SIYBNAD

2.2.4 FuABUNTOILQMN YIBZATNTUT NS

s
a o o

4
MIsTudoYaRVYDIgBNgEIns A IEUFuINTHu R lAvianigndams adi

a4

¥ ' ¥
AMIZIFUAY (Transmission start) HAT AIWAIIMI A1 VoaMA B 1UGUHYIINS DAMT

LY g | v . as L4 (3 a z; 4
duindedalasdrnin dusumesas9tugungiivazanudu (SHTIS) wuives

4 ) 1
A3199 QUM RNAzAMIFY (SHTIS) Aealsariumsiseuianaiive 19 1dnadnih

9/ 2 3 3 9 é’ (3 =t 9 ] 9 'Y
ﬂﬂdﬂﬁ“lf\?ﬂ&ﬂ‘lﬂ’)ﬁnl'!ﬂ‘ﬁ5E)'L!E)EJ‘U'NE)gﬂl!ﬂ’ﬂlmzmﬂﬂ‘!!’t)ﬁli)Nﬁﬂﬁ@dﬂﬁﬂ\‘luﬁﬂﬂu

<G

P
ATTHNN 2.3

M1 2.2 weasmaswses SHT15 dedlilumsiszananadoya

anunzBuavesdoyafiszanana nafiauses SHT1S Wilszanana (£15%)
14 1a 210 2@
12 Un 55 iaa 3
8 1in 11 Fadud
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2241 MMM

1 J = 4 @ o 4
°1umsamm’qm‘ngummmuwasmqumwgmmzmm%u (SHT15)

Y o A

A v i ~ A S A
ANaugnsaenauazosalumseuldluuuy 14 0a w50 12 10 lash

o

k4 y
anmazdon 14 daumdedy Tasidimuisudusedosdrudoyaivain
o [v o d" 9 v 3 = }4
1BUIEDTATINVURUNYNUALADIWFY (SHTIS)  1d1andeu 31niudaly
a A g any = o v
pszUIUMINNAdamansine 19 lasgungliesnn Tasaunsoasiuialdnn
AUMINAMUUAMININIUTTOU (Sensirion) AHAAIYIYOSATIVIURUNTNAY

ANUFY (SHT15) A3l

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

Tael) /Temperature AOAT1RNRYRIF

3
v ¥

di | ‘pemashavegii iWidesnilonldnun Vo ve3 SHTIS gawazidualu

M350 2.4

b 4
=y

A a2 Vo & v
dz ADMAIN “\!uﬂgﬂnmmazteﬂﬂmm’qmﬂgu

NAeINMI1A SHT1S gluaisne

24

A A aa v

SO, finfpangiiauie I nanaesnsansugugilinea Ay SHT1S

~

d' 3 \J 4' o oar :; d} o ¥ ) d'u ¥
A5189N 2.3 (0) NINIRUAATINTINIIDURHUAIN 1 (d1) me)mmmmqmm;mmamﬂ‘lﬂ

EJ v ]
Tidea AMAINNYUNYUAIN1(1)

Tumagesmaidon (°C) Jimvresesrmvusu'led (° F)

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

+2.5V -39.55 -39.23
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M 2.4 (1) MIDMUAmIATINQUNTIN 2 (d2) iNemuIumgamgiiasiniala

ANUALDYA maefimsgung i 2 (@2)
Tuniae °C Tunve °F
14 1n 0.01 0.018
12 i@ 0.04 0.072

2.2.42 AIIVMANNTUTUING
3

S mSuprEeTUMANUBUF IS IINsUEeS SHTI AN Dl nawazdea 1y
I 9 [
mse1uldtuiuy 12-1a w50 810 Teaenaiiwazidea 12 taudumdidundnlash

9 o o ﬂ o [ 9 =S 4 ) v 3 = 3
s uiluszAesdudoyaaus I aes SHTISWhinnow Ny lgnssuiums
* b 4 v
nasamdns el laseanududuinsosnyyr lesesosiuia ldanaumsi

F4
fuUAIIINEMFsoU (Sensirion) ANARITNIBOSAIWIVYMNYT0ANWFY (SHT15)

N 5
Agtl
RH_ =(T-25) X[t PHX SO Y HRH, © 2 et o @)
RH;7 =c1-H(e2X S0, ) FLe3X(SOpp ) ] i s Ll (3)
Taof | RH,,, Aosmamsuduimngoie
\ fio MaaimgieseaiAnnaldnnaumsit (1)
A + o 5 (XY =4 4" v o dAY
tuag 2 fofinsn Iaedinegiuanaziduaye i uduininAsams

.

1IEUIEDS SHT1S 95 1wazdoamsfiruaaninmsai 2.5
A =i 5 (X4 = d" v o Jay

c1, c2 Ay c3*. AvAINIT InsiusgiunnuazEn VB NNFUTURNTNADINS
VNFUFDISHTTS 935 10a210eaMIMUUAMIINAIITINN 2.5

v 4 @ W da i
SOy femmududiintauiiow ldnnsuaes SHT15
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= o v As v ° v B v o e A v
A13149N 2.5 fniﬂ1ﬂuﬁﬂ1ﬂ-ﬁﬂ“'Qﬂﬂ\ﬂ'\ﬂ“ﬂ‘ﬁﬂ‘l“‘]ﬂlﬂ‘lﬂ?TN”uﬁNWﬂﬁﬂﬁﬁﬂ’Jﬂ‘lﬂ

ANUAZIDA mnedl ANUAIDIA Maai
tl t2 el c2 ) c3
12 Ua 0.01 0.00008 12 Un -4 0.0405 | —28x10"
8 10 0.01 0.0128 8 1n -4 0.648 | —72x10"

| _d
2.3 ledadagunanniineisisesa imindon-dS1307)
Todargmpaninmuaniimieialniafon (D$1309) YanisiFoude luuu
o/ o . 4 % - o n’: 3 (2= ] =
v 12 Tavanuifufnseieardiue ey dotanoitusenioninduaiuiiouisdl Tay

faufudoyaluwiisfaiayg 1uava0 (BCD: Binary.CodeDecimal)

A28 ledad ugrmamnitmsimsesnlninden 0S1307)

Ao

2.3.1 puaniAmImaiinnaing

5 9 q’) =Y » = @ e =4
- 1iuled5 a'milafenld dayadndilafit uiedl soudanisdSuiuluil

a a ¥y oA 2 a4 a o
oSngsiudie aunso IMdeyanm ldedauniesnsdilasandng iy 2100
1 ° 1 =] &
- Timwanuswen Taan Indusw 56 Tudegmely aunseldnudeyana 1@
=1 ar ; e' P~ (] ar s o 9
- finvesasresu IinsadimTomeliledadn Tuid uazannsadnyidoyanm

PR is idee 105
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. 17
dninvemyanald wizveundiamnsziYy

&y
X1t~ 8 mve:
x2:28 7 | sawiout
’%’aﬁ'?ﬂ 3¢ S[3sCL
o |-
GND {4 — 57 sDA

30 2.9 msdavivesled Ds1307

2.3.2 wazpsaninelinuvesledadegrunannitmass (DS1307)
£
) o o
- Vee, GND (11 8, 4) sionu lwlidee+51aad
1w ~ o
- VBAT (11 3) 1¥aeftuunnes 31aa
- SDA, SCLA%1 5 saz 6) ihundmiuigeuaoizuulia 1’6
~ o ~ P~ ¥ = o } 4
- SQW/OUT-( ) udsygfise 3 dmnsudseonu lasausoidonanun 1a
1Hz, 4.096 KHz,8.192/kHz (18 32 kHz Jums 1$911uf09a §aduvi 1
= 4 o (A 3
nlaTony wgorliuiidg
- X1, X2 (V1 1 18-2) aofunsanoan Nun 32.768 kHz
TedadrsgumaiuIinas o (DS1307) IamisiFeudolunuutia 72C Tay
o o 4 v v Ao w A = [
Mauiugdnssiaadiave dandigneundnididufe nesesadalames
& IS Ay Yy ¥ a A S v
110991011 IS TAU ¥BINY T 83 1 ToyAnaIRsL insiiuarvesaar 131y
v o L3 -
wiheawsmeu arlniisy 64 Tud Fedadssldlafvdoyanar 8 lud uazify
o 4 r Y ~
Joyana ) s6 Tuasesnaugundsnu i izaseas naevanazupdlviceleod
o J o ° o v o 1 o
HINAINN 125 VBat nazaguauli DS1307 e vald luannsedesensy
Ed
ToGasregmunannininie.0s1307) 18 asiulunrslfudessyiass feoild
d" ° v o d" ' o v
TWidusdni1 1.25 x Vearwiedssannm 3.75Taa 4w IWidoadimdini Vear
ToFasegmanniniese (Ds1307) vy Tnuadisesdoyanszuadiuil ua
;Y [ o d' Y a ] (=Y 4‘ = dy
seesadngunmiinesitnuieldmgunanauldesidanara el lvides

! a o =] ' a a v 3
Usingiudnnsa Ds1307 AezldawesnaidlusSwungldaulddea)

72865



18

2.3.3 madaassmiheanusililedaiugnannimesa (0s1307)
b4 I
mstagsinuivesnttsanuiineluleFadngunaiuiinmese (ps1307)
¥ ] ¥ 14 v
Usznoudie #uht 7 ludusniuateaiasa $00-506 1WuiuivesSIdmasaaaldlu
4 v 4 o - A A4 aa s ° -
mstnudeyannfuna iueaasa $07 WuiuivessTamesamugumsiniuvesled

A3 99 MNATRMI3I (DS1307)

2.3.4 SPmAvinInngu
= ld‘ - I ¥ a ar dy
Tuomasdodn $07 lswazBavomeasiingail

Aeda P

OUT (Out-€ontfol): 1¥munuszauasdIniu sSQW. oUT lunsdifidaeidants
o A o A A Y A d"ﬂ d P < Y a d’l a
Auiiadyanadmacy Taetdaditly <17 197 soW-oUT Azl «17 driiniidu <o~ #

=1
91 SQW.OUT fagiluy <o
] =Y 0. A g A o {
SQWE (Square-Waye Enable): Iouodiansesduila muigwmﬁmaanﬁm SQW
ey o ~ 3 o a yd

ouT faeams Wiidagnadimasueeniitmuadadindu <1~

RS1, RSO (Rate’ ~ Select): 1tionaaudvesdyaediuagunoonine
SQW/QUT

RS1- © RSO - an2alnveddaianamirions

0 0 i Hz

0 1 4.096 - kHz
1 0 8.192" - kHz
1 1 32768~ kHz

2.3.5 InuamsiniuvesleFai1eg 1 Imnnn1933.MS1307)
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J 9 [ u’l’ 4‘! o a (% A Y
mwz Tnuasmdeyamniv tiesvinlulasaeuInsamesazaadenu leFadng
o o § =1
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msiamuuuTnummsedeyane 1
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gazdugamaeu
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v
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2.3.6 Yoyad1nFudaneiuledasugunaninwnmese (DS1307)

Ed
=1

Tod a1 egaunannimas s (ds1307) fgthiuuuesdeyaiemasaaai

31N 2.12 Juupvesveiatoa I

ansofivuadeyatoansaniidy
0xD0  dmiuToudoyallds DS1307

0xD1 dMSUB ULDYaIIN DS1307

2.3.7 Mmsdaassmilea s wssmaluledadieguratinitmese (0S1307)

Y :; 3
HDUATE sumga‘nmu
0x00 W
0x01 UM
0x02 ¥ 119
0x03 TU
0x04 Jun

A
0x05 1nDU
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Aa 4
SALADIAMIUAN

wieanus sy 56 lud

2.3.8 nthiuazmsiinuvesdlandusmaqluldsunsy

2.3.8.1 Handufiadefin DS1307 iieilaumnauazJoya
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agUiludunouldasil

FudugdwaniznsAnnealafds i2c start(;
@Aetinuoaasavel loFas1931ula1mRn5 e (DS1307)

]

mmwﬂaﬂmm{husuﬁ"wmsﬁﬂuﬁmammﬁmamﬁwmmi‘imiu

a9 b=
NAINITVIN

a8 9 Ay 1 o

Wendeyanaoimsaslunysarms sy

windstinisidoudoyans i TeGasregunarmitn1es e (DS1307)
° < $ o Voo

wahdeya lunuiuenasalugiisda Ty

= ¥ o ' o oy v &, a ¢

diawpudoya lldwmisanudusuGoudosuda Tnganisfede
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S a ar ) 4
2.3.8.2 andudaseivledia g uaannwmaia (DS1307) e umna e

v
voya

[ o et
agphilurunewlAasd

I.

2

FuAuadNaaIzMInaneAwRIde i2c_start ();

Wounnionasavosledaiigrumaniinmess (DS1307)

Y 2

IR IS VAN UM LB ALAT FYBINUITA NI

dv Y2
NADINTTVIEN

v A ¥ oY e I, ]

AT NANNILITUAUAIWATAN i2¢_start (); DNATY

-t 9 ~ 9 =3 oY d’
Aeudeyaveslodadugrunanimese (0s1307) uenlowily
Tnungudoya

' o Y {
grudeyavudy B ludulslagmundesms

MYANISARABAILMA i2c_stop 0);
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iennuazatnlumssdoyanin  leFadiegmnanninieis
@s1307)  Seadniladsusiudeya 1 ludanlofadiegmmnanniinieia
(DS1307) Fuszsuuifa I°C W¥doi Ds1307_rd Fuduiledduiiimsdaimd
woatasanifuminiined IAfuiladdu uazlddwadniaunduiudoyavoa

a0 A =t oo o @ 4”
L!?Jﬂmiﬁﬂﬁ\‘l"lﬂ U51002BUAYRININFUUALNMTNINIUAIY

Unsigned char DS1307_rd (Unsigned char addr)

{

. o = A L]
Unsigned chartet; /%A uals ret NUYDYAINUDAIATANUNTAINIY
Winiiaoswld

¢! start 0); 4 a3 nan s uRnneiugUasaidavlnia 1°C

2¢_write (DS1307_ID);. // damiosasd9o3-DS1307
i2¢_write (addr); //\Fsudeyamuauunnuaivesdanls addr
d' Yy R ¥ o d‘ o
Jorndeitaga s U lnueawmsanMMvua lay
Aauals addr

' 1 a 1 °
i1 A addr Heunilaffonms o nsnen udusuly

HOARS AL

12¢, start (); /I (énﬁﬂdaqﬂnmfamﬂ%ﬂﬂizq

i2c write (DS1307_ID+1); JEERAMBAIAT U09 DS1307 tagison ey
TuTnupeinidoys

ret =i2¢read () /I %yammmﬂmiﬁﬁ'L%'ﬁmf’{mﬁu"lf’iﬁﬁmﬂi
ret

i2¢_stop 0; A AYANTIAAND

return (ret); /I Rommadninmauls ret iyl

}
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2.4 VB ANAAIWABIIUITNINUA 8 AN (7-SEGMENT 8 DIGIT DISPLAY)

VDT AUTAINAIFIIMIFNUUA 8 AN (7-Segment 8 Digit) lfluqﬂninﬁmmnauuum‘fqﬁ
&suamnuiionlums ¥ Tasmmzileshudeudosy lulasneuTnsames dwmiulasanu
AT e mMIRnfe TN IR AN AINAIILIFRILIUA § A9R (7-Segment 8 Digit) N
TuTasnouInsaimesaszga MCS-51 wod P89VSIRD2 aawTusunsunmnd Tavuesauaaina
IUBNUUA 8 A3A (7-Segment 8 Digit) 1119 iHumnasguid 1¥dmues MaX7219 udanrugy

MSNIU

31 2.13 U AUARINABRIS NN 8 HIA (7-SEGMENT S DIGIT DISPLAY)

241 %’aymﬁmﬁ'mmmﬁmmnuﬁ 8 799 (7-Segment $ Digit)

1. 7-Segient 8digit MUAVAI0.56 110919025 7 Fuay

201 14 2 (i fio Amnb§e DISPLAY 8%8 16 PIFHEADER 11053 7W
fina n3omnentdru iy MAX72918of T 3B PORTIAUNMIADAIY 3B
PORT &1l 0pewasiy mafinmiv 1 Uosa

3. AunsAfespoonuy U IHAnn 18 M e yyiuariialgae
CONNECTOR Mg i filastntiousndantveudazuein ldedidasy

4, mu1:&1H§"ua1uﬂszqnﬁshmﬂﬁ’l’mmsutmwmﬁuuuuﬁ"nm 1M 13871 3101
$wniu iudu

5. annsoueaniu laFamuluszuslszunm 2 was

2.4.2 MIABIFNUIINGAY MAXT219
-~ T A 2 &
MAX7219 ﬂnmzlﬂu OPTION mslmzumzﬁawe MAX7219 INuIAULIOE
1111 1dn3 9/ NUISOCKET 24 PIN w1 MAX7219 nazldas 5 PIN aedhnuuesa
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AURY (@uvesats 5 PINIu OPTION) idumiis 3B PORT wnsiummisnidou

=t

Tilsunsunruguldiud

A J o
2.5 Annenugilnsassuuiia I°C
6031910 Inter-IC Communition 11883 M3Aanedp13TENnINTled Tavtiagayivue
Y- | b2 9 A A = v &a Y Qs = 9
wanfe deams i leduie lugammisnaane deu nazaruguesldaedyanaiios 2 1du
Y] & A P A . . a9 & A o a
ifuwilshe dodoyaoynsun3e SDA (Serial Data line) ddunilifio dodygsuinoynsy
30 SCL (Serial Clock line)7i 15U AuuasanIzmsiinu msasswiuvesgunsaiuy
o [3 d @ o < 1 @ 1 [Y
e 1°C Wld Tasaaedoyatinsaedaanauiimyesgilnsdudazadvuiunsonaedul
dumsimuaueansansofmiidiniuaanegdnseluaaziz s Hadoyauazmssmua

a 4 d 1 o
aﬂnzaa%nﬁmuammmmqﬂﬂsmnmazm

. 251 paauvaleeiahilvesa 72C
o8 SDA Wae SCL (uasdaanal 2 REM (bicdirectional Jine) #3TiMsAoAI

aunnimgs sz +5V Bnasanar tie melinomzasing dluvaed lifins

4
as

¥ ¥
aaae 1Faunedeelums llosdndagasunwnoniidanluaedyan auisaes
4 Sl LY @
299510 Wna wedgUnssleguuiTa 2C dealidnuaigiiuaasiasuila (open-drain) N30
o
apUAnIABSIlA (open-collector)
g ' b s 2 p=3 a oy A = o
snsImangneadeyauue °C. g9 100 Alatasaduin 1u Inuailsnauaszge
a a oA =] 4 vy ¥ o '
211 400 Nlatinde i Tu Tnuaawisagglnsalnaes weduuiia /2 C vzdeaiininay

IWihsuniRadiusendnaio SDA ez SCL lifiw400pE.mstdndeginsoltia 1°C 14

9

¥ °

Foyad mSuMsi1De.2 ffe 7 U0 (7-bit addressing) W39-10 T (10-bit addressing)

2.5.2 nanmsveava I°C

Ve I*Cilsenoudismedaga 2 tdufiofo SDA 1ay SCL gunsainden vy

a O

o - 9 @ d’/‘ 2 9 = o a v as A 4
‘]Jﬁﬁ"lln‘iﬂllvlﬂlﬂﬂlﬂﬂ muummwmsmﬂuﬂgﬂuummmmﬂmnuua (W I

1 d ¥
Aldaumani vaziiglnsalladndeiueg uazginsaida lailudsunsodads ae il

a [ tY A 1= St 1 ] o 2
woTwanyMe N uazilnuvedginsainnesguniia 1°C
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g 3

r'd 1 ] o 1
- gunseiniludadndoyansodedoya iSuni1 #rda (ransmitter)

o

- unsainiludsudeya (Fund1 A5 (receiver) qUnsaiuuta I2C dunse

q

A3

o @ w o [} o o { o w i '
dnldadrsunasdde veglasaiimihiidudafvosiuden e hid
. oua

gunsallauuiaivhwihidusdufissesiufen

*
s o

- ginsaidwmdhfintuquianiznisdadeuutia I°C5und1 wnainey
(master)
o Ay ' Y =) 1
- gUnsaingnatvquuiegunsaideviudlduuda 12C Sundt aiad

(slave)

W a

Fomua 2 Ussmsdrnnvsanisaaasuuilea 72C- e

fum—y

(o2

U 9o =3 é’ sld' @ ' 1 3
mimsmaﬂmay,awmmm"lﬂmaummmuu

' v 4 <3 { a8 a
Tusgnenismuneatoya woladaitans ScL Taamziluasings aodoya

¥
{ =<

¥ o ¥ Yy YA = & g a S o A a
ﬂ'ﬂ\?ﬁﬂﬂ’]ﬂlai‘;’ﬁq’) 98111’“ﬂﬂﬂ151'ﬂaﬂu“ﬂa\imulﬂﬂsﬂ'lﬂ URTUH ﬁmiy’]mﬂlﬂﬂmu%g

Tésunsulaanumnedludaaianiugiuny

4 o d <
2.5.3 mawelsunsummanedadenuguosaiuussuuda 12C

2:5.3.1 WenuldsunsummBvesnsanaeundszunie /2C
12 start ludsnsuad s rsEIANYess TN I°C
A o & 3 a 1 Y 2
2. 12¢ stop = | WA Fuaianengansaane luseuulia 1°C
3. i2¢ delay - finfensumisaamuienlvvessyuuia 12C

4. 2cclk  dhiiladudsdoya 1 fieaslustaua 1°C

L

siizc wrdata 2 @nilsndudsdoya i luanaluszouta 12C uaziing

3 s

asdvFoUdganeineuiuIngUnsaidan@romsaue

L
s/

v du
HOOWTAIU
t Y4

= | Y 4
uMNaaNSITY “0” uaasNimaaouiuIngUnsaima

Y4

1 J ] o o
uswaansdu <17 ugarhn hiimsasususingdnsaimad
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2.5.4 Yuseulaei Wlumsieulilsunsufadeiugilnsatuuszyuiia I°C
¥ v

1.lumsAadedugunssiuussuuldea I’Ciiu doyaludusngafazdefioe

¢ A& v v ’ /g a
wommsaglnsaiman Fdeansiuneun uoamsdvesginisindeamsanse

¥
aroruiiaunila Taoaweniasd 4 in uu (da 4-7) gpMvuaunndnin
1 o W =Y 9 o 9 o ot

au 3 Uadew e 1-3) AFeuTisunsuansadnualdwanisas aua i

L4 a/ Y T u’/’ 3 o
1991 A0-A2 ShinndigilnsalifieadufaninezauianuniunIns e 1na
iludoya 000 druiinagafeda o s muaideinsaadoiesudeya

¥

=} = 3 < Yo
niolvsuvaya mmiawaum}mm"lﬂmu

a7 a6 105 a4 a3 a2 il 190

P ' a WAl a0 ey )
31'7\ 2.14 ﬂ]l!ﬂﬂ!ﬂiﬁc‘luﬂ15ﬂﬂﬂﬂlwa®]uﬁ‘53!‘“8“‘“63&3

}- 4

v £ 12 '
2. dadiayanInn (Control byte 39 control word) Ha0199: 11158 i 14 Yueg
o [ o
fuMIsMTIYYeIgUns sl
& t or § y APl 4 1w
3o aleruludune i L uasii 2 udy wnnurannsoseunefiuginsalaad
] o 4 \ v ' 3 § 4
Taodnauyel vintivzddeyode llmlanlaaswiglFoudesms uazile

-4 a a v ] 3o M : 4' a T
ADINTILANANAD f‘ﬁlgﬁl‘lfﬂ'l’dﬂ i2¢_stop (); RO UYANTINAND

255 mauawuimﬁ Wvasiag I°C
b2
AniRas T TReR 5 an1aed T
15783149 (Bus not busy) AR A01UZA03N LA SDA g SCL

b4 J * ¥
uaoingaisg unmeaun msoemoadeyaansaisuduyuld

v ¥ ]
2430AUM3NENBATDYA (start  data transfer) (DAYUTIBA1G SDA UMs
nJaﬂuuﬂmszﬂnaa%ﬂmﬂm"lﬂm Tuvaefians scL :Jﬁmuzamnm Gon

ﬁmu“‘nmmuum ﬁﬂ'l’le'ﬁJﬂu (START)
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t 4 F4
° H g A a 8 o

3. Joyamseeguuiia (data valid) anzilifadudaningnizisudu Tasaoius

¥

] ¥ v
= o

a <4 ' 4 =
apdnfiinunuee SDA fedoyafivhimsgienea tieas scL iiluasinga

]

& v 4 A qu o Y o o 1 A
asuznate SDA fesnad tive ginsalsudeyaludemaziug du «0” nie
= 4 § I~ a o v A <
“1» fayanrunamsinlasunlasidlusaziais scL Wuasindr uailiolan

Ay ¥ a ' ¥ [ e a A v
mundeamsidifamstoneadoynednauysal domuzasiniivl SDA Aoq
MNAABATINANEIY SCL Haauzasingaminifanmsildeuutlasdoing

a { a 1 3 L4 )

apdnluvaiziiens SCL NaeIngeegiu gunsslnamasniimsmugus
9

4 a =] °
sreneadeyaszulaniunmsiuaninzngansoaniziudun 14 vir 14

H bl ¥
JoyaimimsaronemiwianiuAana 1Al

1 4 )
4. 5u3doya (acknowledge) INATURAWINAMSTIoNoadoyavInddandiii

¥
a ¥ 4 @ 3 o ¥ a ' a o
fiavuegnauysd Tasdadaaziimsdedeyout 1 Daondi dnsui

v

(acknowledge .~ bit) ﬁamuzaﬂuaa%ﬂm HAIINAITO YA NIATUDIU AU

K

o

L4 o« o T o o
Qllﬂiﬂllﬂﬁm@iﬁ]%ﬂ']ﬂ'liﬁ\'lﬁmuiy']ﬂliﬂi lﬁHWQﬁNWNﬁﬂUﬁﬂJﬂJTﬂ!HWWﬂW

o

3
Qs v g

o =1 Y K] a v A o o @& a
gUnsaidavngndedslumsfndeniomadanesy luvazinhzduilan

¥

SuinllannseednduNeseuaueslnnsw s udeyais vuseandn

b d [
5:4gANI0IEN8AUBYA (stop ) data  transfer)) 1NAYULLoA 10 SDA  Tiny
nffeminlassgavasinminaillge luamsias sck. daniuzaninga Son

da Fo,
ANWUNAYUUT TALH YA (STOP)

2.5.6 mamnuuuia’c

SudugremsSududidigynseideron Tnonmsidhdigunseluuda 12C e
M¥msidhdauuy7 vse 10 e 1unsﬁﬁﬁaﬂnsaf¢iaatinuﬁﬁ"laimn wmsidhdauu 7 On
Afisane ualuunglnssidesidmsidrdaimy 10 Ba waamnwmﬂmaﬂﬂmsma i ld

5 ﬂ‘]Jﬁ’i)EJLLﬁ’J ﬂi]wl‘i uﬂu ﬂ'liﬂTEl‘Vl’é)ﬂﬂl@llaﬂuWﬂ"l'ﬂ
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2.5.6.1 PM35I919940Y 7 DA (7-bit addressing)
3 ¢ da £ o 2 v oa g lq v v =
Joya ludusniifadundeninannzisudude doyanldlunsdieds
o’n‘ 3 =y ¥ ~ d‘ 1=y ~ Q’/’ =Y
ginsaindeamsaade Tasigdunuuaaalugyn 2.14 T 7 avusiuiaia
MsB Mmesziiludoyauoansavesgunsslamnideamsaane Tasuiuilu in
o d' . o o é oY dy s 1 Y
fmuaueAATAAIN (fixed address bit) $11471u 4 1in Fidoyailginsaluaazding
gnfmuauiningwia lisnsonldsundawd 1yl daudn 3 a fuia
fruaneaasanawsaTusunsy'ld (programmable address bit) Iaofldan
dosfimundaruzasinidinyl Ao-az-weginsalilimsiWonaounute I°C
1 1= A A 9 o ¥ A A $) Y t4 [ o’/’
duludarspiuianldfmuamssmunSoRioudoyaduglnseiaandaiug
= s ¢
windiaLsB 10" viniena desnsmenidoyaldguasaliiug duilu <17 9y
flumsemdeyavingUnsalam
v 7 Ay P @ P v =
Foyalu'luadonae Feyanunm (Control 'byte) Jumilnisiudazdafimsimuadoyai
' o @ 1 ¢ § ° 1t a a a
unnaneiuly sadiod1e leBumeneiatidoganivauildimuai fnlaihuduna dalaily
4 4 i o o =
p1ana Iuvusi lod ADC/DAC noumistoyaniuaunesvualitinuiluigs Abc wie

DAC iludu

by & Ay s o ' a
maga“lu'lumamﬂa POUANNTNIDIYNOATII (data)

U+

o J F ¥ o 4 a Yo = v 1 @ v Y
nawnaenendoyalundaglud gilnsaiaadn ldsumsaadedsdaaasuino

NAVWIANANT
a7 1106 Uas 104 U013 102 a1 ST
X X X X A2 Al A0 R/W
— AN UANNIBAATE AN — > TANINUADAIAS

Tilsunsu'ld

~ v v
31'7' 2.15 ll'ﬁﬂ\‘llﬂ]'ﬂ‘“ﬂ)dﬁi“ﬂ]ii’)”ldllﬂﬂlﬂﬁﬂ
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2.5.6.2 M3NDWUY 10 7 (10-bit addressing)
=y a a dg’ - ¢ ar = a v
wildoyarudniunuandos Tasluludusoudeninfaaazisudu
Y o ¥ =Y s Y I~ 1 =) A W a
dosfmualy s Tavuiidoyailu 11110 d2udn 2 Sadauniuiausainsavea
s 1 a 1 =Y v (4 ar o v
gUnsaldeamsanneludn Ls  vesdoyaludusndinaiiumsfimuady
1 o 4 o A a v )
aoamssmmsasudoyatuginsdaadindesmsfndedis Joya luddem
dudoyausamsaluludi 2 vesginsaindosnsdadedie doyaluddalais
]Ej v k4 @ o a ﬂ ;Y a g a
Wudeyaniugu Jeyandesnniuneziludeyasienlilumsaade
T P=3 o 9 X o o U 3 g Y =1
wwRertumsidwey 7 a nimmaoneadoyansunnlud deslianig

¥ L
[ a A A

wiiavudialinszuaumsoeneadeyadimsaduiuselal 1@

A ) 1 ¢ ¢
2.6 MsdemsveyanHNBsHRYN VR Nl asReuINsaIaR T MCS-51
msdedsvoyarunesasynsuaeslyInsnet Insames fo mslouldsunsunimd
A L4 4 a T = LR 4 &
mold luTnsaouInsaaes ~MCS-51 | AananuasuiuaosHaun1awesnoynsy ¥elu
¥ ¥ 1
TuTnsneuInsaiaes Mes=s1 aunhsodemsvoyalansfuuasdslua@eny niefisoni
dunvugamdnd (full duplex) Tna 19 230 fandhiisudioya (RxD) a4 p3.1 vuthida

v =

¥
Youa (TxD) gﬂuuumséamsé’fagmzﬁ’musﬂunmﬁmﬁuﬁm Wrsneudiudas lumsaignea

Y

4]

R b 4
JoyanTodas 108 (baud rate), HalSUAY (start bit), DAt0a (data bit), UANTIVABUNIIA (parity

bit) HaznNye (stop bit)

ita y

=Sa 4' Y
2.6.1 sﬂmms‘nmmmaﬂumiaamwm‘gnaqmu

o 3 o d ;
‘%ilmﬂﬂiﬂ'mi;}um‘i‘n%ﬂuﬂlﬂdﬂﬂiﬂﬂiﬁﬂiﬂﬂga SCON (Serial port Control

Register)
a7 106 Uns Und 193 192 a1 M0
SMO/FE SM1 SM2 REN TBS RBS TI RI

3 a 3 o
311 2.16 Mueasave I dmABIMIVAUINIINUYB MBI ABY NI
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SMO/FE (Serial port mode bit 0/Framing error bit): Unfagl¥swduin SM1
A o o o 3 R a d" o 4?' vg A A
l‘W@ﬂ'l‘ﬁ“LlﬂT‘HlIﬂﬂ15ﬂ1§1ﬂﬂl@ﬁﬂﬂﬁﬂﬂuﬂiu fﬂﬁl.“U'IiNUﬂuﬂglﬂﬂ‘\luqﬂﬂﬂﬂmﬂuﬂ'ﬁ

Lﬂﬁﬂi‘Uﬂ SMOD “Nﬂﬂ’t) 1n 6 vo95a1A0S PCONiuﬂS 1‘15ﬂ’J13JfT11J13ﬂ§]3’J§]%‘Uﬂ’ﬂll
a Y o d Yy v = o8 A 4? w A A

wﬂwmﬂmmzwsmam nms%z“l%xmmmwwwammnmu Tﬂﬂ'ﬂ%l“ﬁm‘ﬂu “I” NUnius
WU vlJJﬁuﬂﬁﬂﬂi’)ﬁl%‘UUWﬂﬂﬂ‘HSB']JﬂﬂﬂﬂWﬂ‘UﬂQ‘ﬂﬂﬂﬂ‘UﬂﬂW@iﬂﬂuﬂillvlﬂ ﬂﬁl’é]ulﬂ
l‘lJﬂﬂ’J'I!Jﬁ'l?J'lﬁﬂu‘Vl'l‘lﬂﬂ’JUﬂ'ﬁL"]SﬂUﬂ SMOD 1u5ilﬁmﬂiPCON msma ‘f!@l 'tN

o (4 S v o
nszmmwawmmmmu

SM1 (Serial port mode bit 1): 145 unvia sMolumsfmvrua Truamsniay

3 o [ = o dy
voanos noynstlu luInsnouInsames PIVSIRD2 A 1waudunn o 111l

SMO  SMI._ —1viua EazIRLA 9As1UBA
o =P 4 Ao =
0 0 0 A Tames - mrmddyainuIine
Aulnue 6 lmfadyaruuiinn)
0 1 1 UART 8 1a — dsuald

1
=

1 0 2 UART 9 19 AU FUAIUTNRNI/32

Aulnwe 6 lydadamiauniin)

g g

Qs 1 3

1 1 3 UART 94 Usuaild

=3 = o
SM2 (Serial port mode bit 2): W lumsi@uiiaanuansanmsiuiuemnsa
a 1w e g ' 1 4 Y [
Tumsanaaonluwld ielimsiFoude lulasasulnsalaeinarsdudidionu Tas
£ qon vad VoA ¢ ¢ o
anuannsasiszididandetiioatssnosnoynsuvetiuTasnouInsamesiinuluy
Tnua 2 w30 3 drila sM2 T« fia Risshigd Auuadeyaiini o Asudumiiu <1~
Y 0 o ' 9 c:v v A v d' 9 = ¥ 9
dumsudadh aunsofade lduazdeyaiisuidunie mueamsaiideanisaadedoly
$ o o v a = 1 4 1
nsdinnesaoynsuihavediuinua 1 S10a M2 13 Ua RI 92 Binffsunassuniie

=

Vo M a £ Y Ao Yyw Y ay a 1
Ulﬂiﬁﬂlﬂ}‘l‘ﬁﬂﬂﬁﬂﬂﬁﬁﬂ'ﬂﬂﬂﬂﬂ?ﬂlm%‘uﬂgﬁ'ﬂSﬂvlﬂﬂ%l‘ld]u‘llﬂylﬂuﬂﬂlﬂiﬁﬂﬂﬂ\?ﬂ']iﬂﬂﬂ@

L
]

4 ° a y
FrolunsdiiisesnesaoynsuinluInue o da sm2 diflu <o
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=3 = o
REN (Received enable bif): 11 weiiannuaimnsalumssudeyavesasas

WosAOYNTY

“1” @ustiamssudeya

U

“Q” ﬂmamamsm%ga

da ¥

ﬂ'lil“]fﬂﬁi’i)lﬂﬁﬂi‘ljﬂ ﬂﬂﬁﬂiw'ﬂWﬂ’Jﬂﬂiq,‘]J’Juﬂ’lﬂ’lN“]fﬂwml’JS

TB8 (Transmit data bit 8); ‘lﬂfmmauam 8 1i501n 9 NA0INIIAI00NNIINDI A

oynsu ooy Tnun 2423

<@ - {o
RBS (Receive data bit 8): 14inudegaiia 8 vesdoyadsmduveanosnoynsu
4 o ~ =Y 4 PN 3 1
doinnluTnua2 a3 Tulnue 1811a SM2= 0 Joyavesiangasziny 3ndai lu

9
I nudailuTvuao

TI (Transmit interrupt flag): ﬁmmmﬂmﬁﬂﬁuma{%ﬂﬁmﬂmﬁsfhﬂ’fauaaaﬂ
manasnoynsuiferinmlunua o mmvwmnanmsawamm 7vioiin 8 pon 'l
Lmﬁ'mn1u°luimmu muﬁlzwmmumsLimuﬁmwaﬂmamﬂﬂma nsnaesin

‘Lmﬂ\i

R (Receive interrupt flag): Taaaimsiindumossidiionamivdoyadn
o 9 a A4 a4 g

L) i 4 3
wvoanes aoynsu ey Tuea.o datigsaiinsudoyaia 7vselinh 8 1a5e

u

A\l o A =y H 4 Qs oy o ~ é
auysel uadinu lulnusdu deilszisaiienissudatladteduiullldaTnie
b 4

~ g o
AUADINTTNN

o

wonnimawadaiteiien it mun lasin sM2 20390 Msindes
b4 4 o
AWNTTUIUMIMIBONALIT
4 v
Tasdu najud1inazaIn1ve T SCON Al
o o T 9 Y 1 =
SCON = 0x40; — wesasynsuihauluTvua 1 ansoddeyaldediufen

SCON = 0x50; — wesaeynswhauInue 1 annsosuuazdidoya’ld
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A e ¥ o d 4
2.6.2 mstvaulisunsummndfaneiuwesneynsuvedlulnsneulnsames MCS-51

=X o
2.6.2.1 riguldsunsunuuasreaeudaurlan

i a {4 o Y i & U
dudsn I Tsunsuiuassaeudaunaniiferdestumssudidona $318un

EH

@ Da R Auiiaasnasunisiudeyadveanesnoynsu &1 Ri= <1

'
ot

' =1 ’
weaunideyarduimanesaoynsundinazdoyagaiiuegisdames

SBUF $desmsihideyalllFnudesnissdaunan rilaodoudids rI = o

Y 1 ¥ < v o v @ o i ' A:?‘
udromdoyaninsuuny Bndunlsidesms dedredieae luil

Unsigned char dat; 1F s dat Wud Sudoyanidunmanesnoynsu
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52.0 54.5 55.6
51.0 53.2 54.0
485 50.9 517
46.0 417 485
43.5 45.6 46.9
41.0 427 435

60 31U 39.5 416 422
38.5 403 412
37.5 392 40.3
36.5 38.1 39,0

90 U 35.0 37.0 38.6
34.0 3577 36.8
33.0 35.0 360

120 211 32.0 342 35.5
315 333 34.4
31.0 32.6 33.6

180 U 30.0 322 33.1
29.0 309 31.8
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N e

Date 05/02/07 Time 17:00:02 Temip. 34 1d1ty 38.7%RH
Date 05/02/07 Time 17:00:03 Temp. 34.2 C Humidity 38.6%RH
Date 05/02/07 Time 17:00:04 Temp. 34.2 C Humidity 38.6%RH
Date 05/02/07 Time 17:00:05 Temp. 34.2 C Humidity 38.5%RH
Date 05/02/07 Time 17:00:06 Temp. 34.2 C Humidity 38.5%RH
Date 05/02/07 Time 17:00:07 Temp. 34.3 C Humidity 38.6%RH
Date 05/02/07 Time 17:00:08 Temp. 34.2 C Humidity 38.5%RH
Date 05/02/07 Time 17:00:09 Temp. 34.3 C Humidity 38.5%RH
Date 05/02/07 Time 17:00:10 Temp. 34.3 C Humidity 38.5%RH
Date 05/02/07 Time 17:00:11 Temp. 34.3 C Humidity 38.7%RH
Date 05/02/07 Time 17:00:12 Temp. 34.3 C Humidity 38.7%RH
Date 05/02/07 Time 17:00:13 Temp. 34.3 C Humidity 38.7%RH
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SENSIRI®N

SHT1x / SHT7x
qumidity & Temperature Sensor

SHT7x

- Relative humidity and temperature sensors

- Dew point

- Fully calibrated, digital output

- Excellent long-term stability

- No external components required

- Ultra low power consumption

- Surface mountable or 4-pin fully interchangeable
- Small size ‘

- Automatic power down

SHT1x / SHT7x Product Summary

The SHTxx is a single chip relative humidity | and
temperature multi sensor module/cemprising-a-calibrated
digital output. Application of industrial CMOS processes with
patented micro-machining (CMQSens@+tectinology) ensures
highest reliability and excellent Jlong term/stability.-The
device includes a capacitive polymer sensing -element for
relative humidity and a bandgap temperatiire sensor. Both
are seamlessly coupled to a 14bit analog fo digital converter
and a serial interface circuit on the samerchip..Thisresults in
superior signal quality, a fast response time and insénsitivity
to external disturbances (EMC) at a very compeéfitive price.
Each SHTxx is individually calibrated in-a precision humidity
chamber. The calibration coefficients are programmed into

the-QTP_memory. These coefficients are used intemally
duiring measurements ‘to-ealibrate the, signals from the.
sensors.

The2-wire_serial interface and“internal 'voltage regulation
allows easy and fast-systern integration. Its tiny size and low
power_consumption makes it the, ultimate | choice for even
fie most demanding applications.

The device. is| supplied in either a ;surface-mountable LCC
{Leadless Chip Carrier)or as.a pluggable 4-pin single-in-line
type package. Custemer specific packaging options may be
available on réquest.

Applications

_HVAC _ Test & Measurement
_ Automotive _ Data Logging

_ Consumer Goods _ Automation

_ Weather Stations _ White Goods

_ Humidifiers _ Medical

_ Dehumidifiers

Ordering Information

i\ o Calibration —<___! scx
A2

- Humidity | Temperature

i N:mber accuracy |accuracy [K] | Package

; [%RH] @25°C

| SHT10 +45 +05 SMD (LCC)

| SHTN +3.0 04 SMD (LCC)

| SHT15 +20 +0.3 SMD (LCC)
SHTTA +3.0 +04 | 4-pin single-in-lie
SHT75 +18 +0.3 4-pin single-in-line

Block Diagram

Digital 2
N ] wre
\
% \\?“ - &
f - 0% CRC
A o generator
!_— GND
|

AT e s
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1 Sensor Performance Specifications

Parameter LConditions I{i’n. Thp. MaIl. I Units -

Humidity

Resolution , 05 | 0.03 |0.03 | %RH

‘. 8 | 12 | 12 | br

‘Repeatability _ +0.1 %RH

Accuracy ,, linearized see figure 1

Uncertainty :

Interchangeability " Fully interchangeable

‘Nonlinearity raw data +3 %RH

finearized < %RH

:Range 0 100 | %RH

éResponse time 1/e (63%) 4 s

i slowly moving air

‘Hysteresis +3 %RH

{Long term stability typical <5 %RHNT

T’ emperature .

Resolution ,,, 04 P07 ool | -G
07 10. 0.02- 1 )VF &
124744 1|1 4 bit

Repeatability +071.4 €

303 |

Accuracy see figure 1

Range 40 1238 ~°C
-40-1° 549-1- °b

Response Time 1/e (63%) 5 30 s

Table 1 Sensor Performance Specifications

2 Interface Specifications

Fif Vdd
{ i
| GND -
L] SN
uC ! Y pata L—— =3 NSHT4X
i+ (master) e (slave)
1 SCK n
Vdd 2.4 - 5.5V [

Flgure 2 Typlcal application circuit
21 Power Pins

The SHTxx requires a voltage supply between 2.4 and 5.5 V.
After powerup the device needs 11ms to reach its "sleep”
state. No commands should be sent before that time.

Power supply pins (VDD, GND) may be decoupled with a
100 nF capacitor.

2.2 Serial Interface (Bidirectional 2-wire)

The serial interface of the SHTxx is optimized for sensor
readout and power consumption and is not compatible with
|,C interfaces, see FAQ for details.

Humidity absolute accuracy
o »vr a; vy g gritemids e

4_§H.i,1ui
s o o 5 T ;
DN SHYTTY q/g
§ " ,‘ ¥ i &
i : ‘--ﬂ'-ﬂ.@".lﬂ - - m-.::.’"‘
£0 0 s SO SR B ’ “RH
D 10 20 30 40 50 60 70 80 90 10

$3°C

7 5

F 3 9

< o 63 o
S ¥ 0 1 Jgeet
i RGO} - b o 1}
¢S5 F N '}*1 & W@? (typica} 230
!"a"‘ ﬁ: :74 :? n":--—; & i i’ I’, ?.
2T/ l : 254"
2 AR 236"
‘:t'l“c——-?' e 31 8"
wer | SRR ."'P’.‘m-tsnit" “Rt
b At 3 304 & 40/ 70 80 90 o

Figure4-~ Rel Humidity, Temperaturé:and Dewpoint accuracies

221 Serial clock-input (SCK)

The8CK is used to syrichronize the communication between
al microcontroller~and~"the SHTxx. Since the interface
consists“of fully“static logic there is no minimum SCK
frequency.

2.2.2 Serial data (DATA)

The DATA tristate pin is used to transfer data in and out of

the device. DATA changes after the falling edge and is
valid on the rising edge of the serial clock SCK. During
transmission the DATA line must remain stable while SCK is
high. To avoid signal contention the microcontroller should
only drive DATA low. An external pull-up resistor (e.g. 10k )
is required to pull the signal high. (See Figure 2) Pull-up
resistors are often included in I/O circuits of microcontrollers.
See Table 5 for detailed IO characteristics.

m Each SHTxx is tested to be fully within RH accuracy specifications at 25 °C (77 °F) and 48 °C (118.4 °F) ‘
., The default meastirément resohiion of14bil (tempesature) and 12bit (humidity) can be seduced fo 12 and 8 bit through the status register,

www.sensirion.com
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2.2.3 Sending a command

To initiate a fransmission, a "Transmission Start" sequence
has to be issued. It consists of a lowering of the DATA line
while SCK is high, followed by a low pulse on SCK and
raising DATA again while SCK is still high.

DATA \I
o T

Figure3 "Transmission Start' sequence

The subsequent command consists of three address bits
(only "000" is currently supported) and five command bits.
The SHTxx indicates the proper reception of a command by
pulling the DATA pin low (ACK bit) after the falling edge of

the 8th SCK clock. The DATA line is released (and.goes
high) after the falling edge of the 9th SCK clock.

Command Code
Reserved 0000x
Measure Temperature 00041
Measure Humidity 00101
"Read Status Register 00111
Write Status Register 00110
Reserved 0101x:1110x
Soft reset, resets the interface, clears the 411110
status register to default values
| wait minimum 11 ms before next command

Table2  SHTxx list of commands

2.2.4 Measurement sequence (RH-andT)

After issuing a measurement compiand (00000101 far RH,
'00000011' for Temperature) the cantroller has to wait for the
measurement to complete. This, ‘takes -approximatély:
11/55/210 ms for a 8/12/14bit measurement. The exact time
varies by up to £15% with the speed of the.internal oscillator.
To signal the completion of a measurement, the SHTxx palis
down the data line and enters idle mode. The contrallermust
wait for this “"data ready” signal before restarting SCK.{0
readout the data. Measurement data is stored until readout,

Trarsrnascn Stan »\udnmzmﬂ

oATA \d‘ W A

Command=T0107

AL S

therefore the controller can continue with other tasks and
readout as convenient.

Two bytes of measurement data and one byte of CRC
checksum will then be transmitted. The uC must
acknowledge each byte by pulling the DATA line low. All
values are MSB first, right justified. (e.g. the 5, SCK is MSB
for a 12bit value, for a 8bit result the first byte is not used).
Communication terminates after the acknowledge bit of the
CRC data. If CRC-8 checksum is not used the controller may
terminate the communication after the measurement data
LSB by keeping ack high.

The device automatically returns to sleep mode after the
measurement and communication have ended.

Warning=To.keep self heating below 0.1 °C the SHTxx
should not be-active.for more than 10% of the time
(e.g. max. 2 measuremeqisi,second for 12bit accuracy).

2.2.5 Connection reset sequence

if communication with.the device is\ost the following signal
sequence will resetits serial interface;

Whiie leaving DATA high, toggle SCK Sermore times. This
must .befollowed by 'a "Transmission 'Start" sequence
precedingthe next command.. This sequence resets the
interface-only. The statusregister presefvesiits content.

DATA

Transmission Start

o i AR T

Figure 4

2:2.6 | (CRC-8/Checksum calculation

The. .whaole”digital” transmission/is/ secured by a 8 bit
chiecksum. 1t ensures thaf any wrong data can be detected
and eliminateg.

Please ‘ consult application note "CRC-8 Checksum
Calculation*for information on how to calculate the CRC.

Connectionreset sequence

‘/ = SHTxx contrels Cﬁ.YA e
Plag.

ule conusls DA TA Lo

me::ﬂwr

-/ NS\ J\J\/\f\f\f\/\m_,_m

thr e Yen? et P

e 3ol Som T CATA e

S\

Thg Ao

12 bt b ‘“ ¥
7 :____j \ /

e (-: N\ANNNANANNNAANNNAANNNT

CRC8 Wimw.w
TiNTA . ‘\_A“
we onms g AN RSN A It

mmmmhmwmt 0011'0001"=2353 = 75/79 %RH | (without temperature tompensaiion)

Figure 5

lmnsms‘n n 3 T

ip acknoaiedge 10

v2.04 May 2005



SHT1x/ SHT7x Relative Humidity & Temperature Sensor System

60
SENSIRISN

THE SENSER CEBMEANY

wall Tor 413 faady

R t
000

L L
o Dt il 1

%,

LI | il

Lo b8y AT precorm

B

T}ﬁ

Commanrd

Figure6  Overview of Measurement Sequence (TS = Transmission Start)

2.3  Status Register

Some of the advanced functions of the SHTxx are available
through the status register. The following section gives a
brief overview of these features. A more detailed description
is available in the application note "Status Register”

. f" r-«siaiukli

C’Qmm
Figure7  Status Register Write
ekl 1158 ey o PR
HeECA ) 4 mee /Y p\
CJB"W‘-W
Figure8  Status Register Read
“Bit | Type | Description Default >
7 reserved 07F
3 L Tnd of Ballery [low vOTage Goecion) X | No delou vae, |
0 for Vdd > 2.47 bit! is
1" for Vdd < 2.47 onl
f updaled after |a
5 reserved 0 U
14 reserved 0
K] Tor Testng only, do nol usa. ]
2. |RW | Healer O} off
T | /W | no reload iom OTP T 1 rekad
T [RW | 7= BOoARATTZ0A Temperalire resoliuon 0 | 1200RA
i 0" = 12bit RH / 14bit Temperature tesolufion 14bit Temp,
Table 3 Status Register Bits

2.3.1 Measurement resolution

The default measurement resolution of 14bit (temperature)
and 12bit (humidity) can be reduced to 12 and 8bit. This is
especially useful in high speed or exireme low power
applications.

2.3.2 End of Battery

The "End of Battery” function detects VDD voltages below
2.47 V. Accuracy is +0.05 V

2.3.3 Heater

An on chip heating element can be switched on. It will
increase the temperature of the sensor by 5-15 °C (3-27 °F).
Power consumption will increase by ~8mA @ 5 V.
Applications:

By comparing temperature and humidity values before and

% Parameters arg|periodically:sampled and not 100% fested
@ With one measurement of 8 bit accuracy without OTP reload per second
@ With oné measwement of 12bit accuracy per second

after switching on the heater, proper functionality-of both

sensors can be verified.

* In high (>95 %RH) RH environments heating the sensor
element will prevent condensation, improve response
time and accuracy

Waming: While heated the SHTxx will show higher
temperatures and a lower relative humidity than with no
heating.

2.4 “ElectricalCharacteristics "
VDD=5V, Temperature:= 25.°C unless otherwise noted

Conditions Min. Fyp. Max. Upits |
24 5 55 NV i
measunng 550 oA
average 20 | 2809 A
sleep 0.3 1 kA
] 20% (vad
5% T00% Vad
Negalive going | 0 120% pod |
asiivegoing 1 80% 0% pad .
1 |<A :
on 4 ImA ‘
g ¢ : [Tristated (o) 10 A |
Tabled | SHTwx DG Characteristics
lEu Parameter |Gonditions Min [Typ. Nlax. Uit
frequency >45V | 10
VDD <45V T WAz
w0 |[DATATaltme  |Outpulioad 5 pF 35| 10 | 20 |
Oulpiload JOOpr | 30 | 40 [ 200 s |
e Jiow ime 100 Ins
T, [DATA vald tme 250 [ns
Tsu o [DATA set up tme 100 ns
o7 |[DATA oW time 0 | 10 s
T JT, |SCKiselall tme 200 s
Table'5 SHTxx I/O Signals Characteristics
- TOH |- | TR,
FscK - | Lig
SCK \
e |
-'*TsuL— [+ THo
DATA X
Figure9  Timing Diagram
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3  Converting Output to Physical Values
3.1 Relative Humidity 33 Teapsrshoe )
To compensate for the non-linearity of the humidity sensor The bandgap PTAT (Proportional To Absolute Temperature)
and to obtain the full accuracy it is recommended to convert temperature sensor is very linear by design. Use the
the readout with the following formula ,: following formula to convert from digital readout to
RHjpeqr = C1+C*SORH  +C5S0gy > temperature:
SORH c1 c2 (=] Temperah.lfe = d 1 "'d 2 'SOT
- 12 bit 4 0.0405 -2.8'10_6 VDD d,rel d.lrﬂ SOr der] dzl"F] §
8 bit 7 068 | 72°10, "5V | 4000 | 4000 B | 001 | 0018
Table6  Humidity conversion coefficients &V | 3975 | 3050 168 | oo4 | 0072 |
35V | 3966 -39.35
For simplified, less computation intense conversion formulas WV | 3960 39.28
see application note "RH and Temperature Non-Linearity 25V § 9,55 30.23
Compensation". Table 8 Té ~ : ficient
Values higher than 99% RH indicate fully saturated-at and PR reion coeticeens
must be processed and displayed as 100% RH. Forimproved accuracies inextreme temperatures with more
The humidity sensor has no significant voltage‘dependency. computation irrtense conversion ‘formulas see application
100 note"RH and Temperature Non-Linearity Compensation”,
» 1]
4 4 3.3 Dewpoint

Since humidity and temperature are both measured on the
same monolithic chip; the SHTxx allows ‘superb dewpoint

. 4 : . .
+ o -t (RY measurements. See application note*Dewpoint calculation”
g f ' . : ‘ for more.
‘D-?,‘ - -s?.*v.?--’w”"l
s g W v
i E ' W s
20% " --;.tﬁﬂ;--ﬁ-:-'tl
) ) Im ¥
* ) 3 4
¢ 1 4 X
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Figure 10 Conversion from SO, torelative humidity

3.1.1 Humidity Sensor RH/Temperature compensation
For temperatures significantly different from 28.°C(~77 °F)
the temperature coefficient of the RH senser should be

_ considered:
RH o = (T 325)+(t; +t *SD  RH) +RH;
i SOM_ te t
12 bit 0.01 0.00008
8 bit 0.01 0.00128

Table 7 Temperature compensation coefficients .
This equals ~0.12%RH /°C @ 50 %RH

awmaresoBI is the sensor output for relative humidity
Wwww.sensirion.com v2.04 May 2005
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4  Applications Information
4.1 Operating and Storage Conditions

300308 s
80- :
604 | wobn
40 £
20- :
0 ; . -

S by g |
40 20 0 20 %0 60 B0 100 120
Figure 11 Recommended operating conditions

Conditions outside the recommended range may temporarily
offset the RH signal up to +3 %RH. After retumn to normat
conditions it will slowly retum towards calibration.-state by
itself. See 4.3 "Reconditioning Procedure” toaceélerate this
process. Prolonged exposure to extreme Conditions-may
accelerate ageing.

4.2 Exposure to Chemicals

Chemical vapors may interfere with the polymer layers used
for capacitive humidity sensors. The diffusion of chemicals
into the polymer may cause a shiftin beth offset ‘and
sensitivity. In a clean environment the-contaminants, will
slowly outgas. The reconditioning’ pracedure. described
below will accelerate this process. High levels of poliutants
may cause permanent damage to the'sensing potymer.

4.3 Reconditioning Procedure

The following reconditioning proceduré will bring the sensor

. back to calibration state after exposure to-€xtreme Conditions
or chemical vapors.

80-90 °C (176-194°F) at < 5 %RH for 24h\(baking) followed-by
20-30 °C (ro-90°F) at > 74 %RH for 48h\(re-hydration)

4.4 Temperature Effects

The relative humidity of a gas strongly dependsen “its
temperature. It is therefore essential to keep humidity
sensors at the same temperature as the air of which the
relative humidity is to be measured.

If the SHTxx shares a PCB with electronic components that
give off heat it should be mounted far away and below the
heat source and the housing must remain well ventilated.

To reduce heat conduction copper layers between the
SHT1x and the rest of the PCB should be minimized and a

slit may be milled in between (see figure 13).

45 Membranes

-~ A membrane may be used to prevent dirt from entering the
housing and to protect the sensor. It will also reduce peak
concentrations of chemical vapors. For optimal response
times air volume behind the membrane must be keptto a
minimum, :For: the. SHT 1x) package-Sensirion recommends
the SF1 filter cap for optimal IP67 protection.

46 Light

The SHTxx is not light sensitive. Prolonged direct exposure
to sunshine or strong UV radiation may age the housing.

4.7 Materials Used for Sealing / Mounting

Many materials absorb humidity and will act as a buffer,
increasing response times and hysteresis. Materials in the
vicinity of the sensor must therefore be carefully chosen.
Recommended materials are: All Metals, LCP, POM (Delrin),
PTFE (Teflon), PE, PEEK, PP, PB, PPS, PSU, PVDF, PVF
For sealing and gluing (use sparingly): High filled epoxy for
electronic packaging (e.g. glob top, underfill), and Silicane.
Otitgassing.of these materials may also contaminate the
SHTxx (cf-#:2), Store well ventilated after manufacturing or
bake at 50°C for=24h. to outgas contaminants before
packing.

4.8 Wiring Considerations,and Signal Integrity

Carrying. thd S6K-and_DATA signal'parallel and in close
proximity (e.g. in~wires) for more than 10cm may result in
cross talkand loss of comminieation. This may be resolved

by routing VDB andfor GND between the two data signals.
Please sea the application note "ESD; Latchup and EMC" for
Power supply pins{VDD; GND) should be decoupled with a
100 nF capacitor if wires are used.

4.9 Qualifications

Extensive fests were performadin various eavironments.
Please eontact SENSIRION Tor detdited information.

Envirqnmud orm Resultsqy)

em I JESD2ZA TSR T
Cycles -40°0/125°C, 1000 cy Spefifications i

SESDZAIN0B Rejersible shit |

Pressure Caoker 23825425 °C 85%RH by 2 %RH
High Temperature - |JESD22-A101-B Reversible shift
and Humidity 85°C 85 %RH 1250h by +2 %RH
Sall Atmosphere DIN-50021ss Within Spec.
Condensing Alr - Within Spec. |
Freezing cycles 207+90°°C, 100 ¢y Roversible shit
fully submerged 30min dwell time by +2 %RH :
Various Automotive DIN 72300-5 ithin

Chemicals Specifications

Table9  Qualification tests (excerpt)

4.10 ESD (Electrostatic Discharge)

ESD immunity is qualified according to MIL STD 883E,
method 3015 (Human Body Model at +2 kV)).

Latch-up immunity is provided at a force current of £100 mA

with T, = 80 °C according to JEDEC 17. See application
note "ESD, Latchup and EMC" for more information.

(1 The temperature sensor passed all tests without any detectable drift. Package and electronics also passed 100%

www.sensirion.com
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5 Package Information

For manual soldering contact time must be limited to 5

seconds at up to 350 °C.

After soldering the devices should be stored at >74 %RH for
at least 24h to allow the polymer to rehydrate.

Please consult the application note "Soldering procedure” for

more information.

5.1 SHT1x (surface mountable)

{Pin |Name Comment

1 |GND Ground

(2 | DATA Serial data, bidirectional

¢3  |SCK Serial clock, input

{4 | VDD Supply 24-55V

i , NC Remaining pins must be left unconnected
Table 10 SHT1x Pin Description

5.1.1 Package type

The SHT1ix is supplied in a surface-mountable LCC
(Leadless Chip Carrier) type package. The sensors housing
consists of a Liquid Crystal Polymer (LCP) cap with epoxy
glob top on a standard 0.8 mm FR4 substrate. The device is
free of Pb, Cd and Hg. (Fully ROHS, WEEE gompliant)
Device size is 7.42 x 4.88 x 2.5 mm (0.29% 019 x 0.4-inch)
Weight 100 mg

The production date is printed onto the cap in white pumbers
in the form wwy. e.g. "351" = week 35, 200%:

5.1.2 Delivery Conditions

The SHT1x are shipped in 12mm tapesat 100pcs or-400pcs.
(SHT10 at 2000pcs only). Reels are individuafly labelied with
barcode and human readable labels- The lot numbers aliow
full traceability through production, calibration ‘@andtest

7QTWﬁk

-
P ot

p.«--

-
R
Lo Sy

M w
Figure 12 Tape configuration and unit oﬁaltaﬂm
5.1.3 Soldering Information

Standard reflow soldering ovens may be'used. For details
please see application note "soldering procedure?®,

n’ 7L =

5.1.4 Mounting Examples

_ Slit to minimize heat
- transfer from the PCB

Figure 13 "SHT1x PCB Motnting example

The SF1.membrane filter cap'is-available. for optimal IP67
protection, When mountad-through a housing the interior can
be protected from the environment white still allowing high
quality humnidity measurements (see example below).

Figure 14 SF1 IP67 filter cap'motinting example

Top View Side View Recommended PCB Footprint
1145 19 | 149
Tbm I
i = e e 3 wm """"""""""""
- | mc -
| —— X o ——
i 151 A ﬁ%t‘;'g £ b
@' i =+ " a £ i O
8= 2l i | e e g L7l
s | el |8 T 3|58 - T
’ = i ) — | - ~
Nggreil — [l | [T ] { = o
O, T \-{—* s [N 7 o T -2
L =g v FEime|T g ’ t |
s Wik e s
bd ' 1 1*® | Sg
-0
L -__7 i 1'3'4' 1 l l L @ ..........................
) 18 | 348(0.137) | 18
- o, l e (007) "o 708 (0278) - ~ (007
488 1019 ] ——

Figure 15 SHT1x drawing and footprint dimensions in mim (inch)
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5.2 SHT7x (4-pin single-in-line) 31

Pin Name Comment

1 | SCK Serial clock input

2 VDD Supply 2.4-5.5V

3 GND Ground

4 | DATA Serial data bidirectional
Table 11 SHT7x Pin Description
5.2.1 Package type,
The device is supplied in a single-in-line pin type package.
The sensor housing consists of a Liquid Crystal Polymer
(LCP) cap with epoxy glob top on a standard 0.6 mm FR4
substrate. The device is Cd and Hg free.
The sensor head is connected to the pins by a small bridge
to minimize heat conduction and response times. The goid
plated back side of the sensor head is connected to'the GND.
pin.
A 100nF capacitor is mounted on the back side between
VDD and GND.
All pins are gold plated to avoid’ corrosion.” They can-be
soldered or mate with most 1.27 mm (0.05") seckefs

. e.g.. Preci-dip / Mill-Max 851-93004-20-001 or similar
Total weight: 168 mg, weight of senser head: 73 mg

0.4(
0.0

| 1

H

b

| | o6
=T 0.024)

bom |

(0.53

(~0.2¢

The production date is printed onto the cap in‘while numbers
in the form wwy. e.g. "351" = week 35,2001,

522 Delivery Conditions

The SHT7x are shipped in 32 mm tape_Thesefeeled parts

in standard option are shipped With-500 unitsper 13 inch T Y- _
diameter reel. Reels are individually Tabelled with*barcodea FlgureA7_ SHT7xdimensions in mm (inch)
and human readable labels.

0.2
(0.01)

-.! ; :

NS £

fIP' -
. £ .“‘-"b L; T
i -3 LS - ——
l - - - -

wx o aarler L gm
WL Tt

Figure 16 Tape configuration and unit orientation

5.2.3 Soldering Information,

- ‘Standard wave SHT7x soldering ovens may be used at
maximum 235 °C for 20 seconds.

For manual soldering contact time must be limited to 5
seconds at up to 350 °C.

After wave soldering the devices should be stored at

>74 %RH for at least 24 h to allow the polymer to rehydrate.
Please consult the application note "Soldering procedure” for
more information.

1 Other packaging options may be available on request.
, For maximum accuracy do not solder SHT75!
www.sensirion.com v2.04 May 2005
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6 Revision history

 Date Version Page(s) Ghanges
"February 2002 Preliminary 1]9 First public release
June 2002 Preliminary Added SHT 7x information
: March 2003 Final v2.0 1-9 Major remake, added application information etc.
: Various small modifications
! V2.01 1-9 Typos, Graph labeling
! July 2004 V2.02 1-9 Improved specifications, added SF1 information, improved wording
- April 2005 V2.03 1-2 Added SHT10 information
' May 2005 V2.04 1-9 Changed company address

The latest version of this document and all application notes can be found at:

www.sensirion.com/humidity

7 Important Notices

7.1 Warning, personal injury

Do not use this product as safety or eémergency-stop
devices or in any other application where failure of the
product could result in personal injury. -Faiiure teo
comply with these instructions cotld result in death or
serious injury.

Should buyer purchase or use SENSIRION AG-products-for any
such unintended or unauthorized -application, Buyer ®shall
indemnify and hold SENSIRION AG and its.officers, employees,
subsidiaries, affiliates and distributors harmless againstall claims;
costs, damages and expenses, and.‘reasonable—attomey fees
arising out of, directly or indirectly, any claign of personal injury or
death associated with such unintended arunauthorized pse, even

if such claim alleges that SENSIRION AG'was negligent regarding
the design or manufacture of the part.

7.2 ESD Precautions

The inherent design of this component causes it40 be'sensitive to
electrostatic discharge (ESD). To prevent ESD-indiiced damage
andlor degradation, take normal ESD precauions when handling
this product.

See application note "ESD, Latchup and EMC™. for ~ more

information.

1.3 / Warranty

SENSIRIONAG makes-no warranty, representation or guarantee
regarding the ;suitability -of -its produet for any particular purpose,
nor-doas- SENSIRION AG_assume any, fiebility arising out of the
application ‘or uSe~of Jany product or, circuit and specifically
disclaims_any .and @ all Tability, including without limitation
consequential’ or. incidental .damages. "Typical® parameters can
and 'do’ vary in, different applications. All' operating parameters,
including | *Typical® must 'be validsied, for | each customer
applications by-customer's technical experts.

SENSIRION. AG reserves the (nghf, without further notice, to
change - the 'product /specifications andlor information in this
doctment and to improve reliabilify, functions and design. .,

Copyright® 20012008, SENSIRION.AG.
All rights reserved,

Headquarters and Sales Office

SENSIRION AG Phone: +41(0)44 306 40 00 B » .
Laubisriitistr. 50 Fax: +41(0)44 306 40 30 Sensirion humidity sensors are available from:
CH-8712 Stafa ZH e-mail: info@sensirion.com
Switzerland http://www.sensirion.com/
find'your local representative at:
S i
WWWw.sensirion.com v2.04 May 2005
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15 DALLAS DS1307

» SEMICONDUCTOR 64 x 8 Serial Real-Time Clock

wWww.maxim-ic.com

FEATURES PIN ASSIGNMENT

§ Real-time clock (RTC) counts seconds,

= X1 I ~"8 Vece
minutes, hours, date of the month, month, day x2 12 7| sawout
of the week, and year with leap-year W PRy
compensation valid up to 2100 GND C14 5 [SDA

§ 56-byte, battery-backed, nonvolatile (NV)
RAM for data storage
§ Two-wire serial interface

PS1307 8-Pin DIP (300-mil)

: X1 1 s—m Vee
§ Programmable squarewave output signal x5 |2 RbRSQWIOUT
§ Automatic power-fail detect and8witch Vo il 6 RGO
circuitry GND 3 s [0 SDA

§ Consumes less than S00nA in/battery backup
mode with oscillator running
§ Optional industrial temperaturerange:

DS13078-Pin SOIC (150-mil)

e PIN DESCRIPTION
§ Available in 8-pin DIP or SOIC Vee I Primary.Pawer Siipply
§ Underwriters Laboratory (UL) recognized X1, %2 -32768kHz Crystal Adction
GND = Ground
ORDERING INFORMATION SDA - Serial Data
DS1307 8-Pin DIE (300-mil) SCL - Serial.Clock
DSI1307Z 8-Pin SOIC (150-m11) SQW/OIJT “ Square Wave/Output. Driver
DS1307N 8-Pin DIP{Industrial)
DS1307ZN 8-Pin SOIC (Industrial)
DESCRIPTION

The DS1307 Serial Real-Time Clock is, aslow=-power, full binaryscoded decimal {B€D) clock/calendar

plus 56 bytes of NV SRAM. Address and data“are transferred. sefially via_a-2-wife, bi-directional bus.

The clock/calendar provides seconds, minutes, hoursyday, date; month; anid year information. The end of

the month date is automatically adjusted for months with fewer than 31 days, including corrections for
leap year. The clock operates in either the 24-hour or 12-hour format with AM/PM indicator. The

DS1307 has a built-in power sense circuit that detects power failures and automatically switches to the

battery supply.

1of12 100101
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TYPICAL OPERATING CIRCUIT

Typical Operating Cireus?
Ve Veo
Voo
b I
Voo 1
DS1307 =
__:ray stal
RPU |RPu [R1 5] sDA
w 6l scL 3
7| sqwsout _—L—
RPU = ;/Ch ’_-E
GND =
i 4
OPERATION

The DS1307 operates as a slave device onthe 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 untila STOP conditionis executed. - When V., falls below 1.25x V. 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 intoa low-current battery backup
mode. Upon power-up, the device switches from battery to Vo when V. is greater than V- +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

pt————— NOIE JHE DST308 INGLUDES THE CHYS AL ANU

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

RTC
OSCILLATOR
AND DIVIDER
SQUARE WAVE
SOW/QUT ouT - |
RAM
{56 X 8}
CONTROL
LOGIC
Veo
Viar ————n POWER
GND ————»|
4
SCL ———
SERIAL BUS ADDRESS N
INTERFACE REGISTER b
SDA |

7 T Ej

20f12
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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 , reads and writes are inhibited. However,
the timekeeping function continues unaffected by the lower input voltage. As V. falls below Vj,; the

RAM and timekeeper are switched over to the external power supply (nominal 3.0V DC) at V5, 1.

Va1 - 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 Vy,; 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/utrl.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 pinis open
drain and requires an external pull-up resistor. SQW/OUT will operate with either Vce 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.

RECOMMENDED LAYQVALER CIRES T

........................................................ RTC
Crystal
Local Ground Plane
Layer 2
Guard Ring
(connect to ground)

3of12
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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

fer | |} | | | ]om]
ooM | CH 10 SECONDS SECONDS 00-59
x 10 MINUTES MINUTES 00-59
12 10HR o1-12
x e [ | 1OHR HOURS higtd
.3 .4 b4 ¥ ¥ I DAY 1-7
01-28/29
61-30
¥ ¥ 16 DATE DATE -3
X X X [ 10 MONTH 01-12
10 YEAR YEAR 00-99
o7H | OUT | X x | sqwel “x X RS1 | RSo
Q Q 1] 0

CONTROL REGISTER

The DS1307 control register is used to control the operation of the SQW/QUT pin.
BIT 7 BIT 6 BITS BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
OouT 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 = L-and is O if

ouT=0.

SQWE (Square Wave Enable): This bit, when set to alogic 1, will enable the oscillator output. The
frequency of the square wave outputdepends 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
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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
A 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.

60f 12



72
DS1307

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

- ,
! ol Vo
: . - A LN ! l ey
SDA L\ A
.. : SR
- SLAVE S
M= ADDRESS o -—*{ }.»— .
| OIRECTION ACKNOWLEDGEMENT
e SIGNAL FROM
_-—‘ L RECEIVER
T v
SIGNAL FROM '
[
¢ .
w A AR AR
L ACK ACK N
START STOP CONDITION
CONDITION g . BEPEATEDIF . . I ~OR REPEATED
M?:AE BYTES :;gs START CONDITION

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 s 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. Themaster: 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, SFART “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 Adress> lé ord Address (> <Datairp> Data (el Data (peXp
['s [ 1101000 [ o T Jx0000000¢ | a Txoo00000x] A | a000000t | A |x000000c] 4 |-
S - START i
A~ ACKNOWLEDGE VE, 7
P - STOP (X+1 BYFES + ACKNOWLEDGE)
*R/W - READ/WRITE OR DIRECTION BIT. ADDRESS =Dth

2. Slave transmitter mode (DS1307 read mede): 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 1s 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 aread.

DATA READ - SLAVE TRANSMITTER MODE Figure 7

<Stave Address> ‘% <Datain)> <Data(re 1B <Daa (+2)> <Data (n+X)>
(s [1o1000 [ 1 [ A [x0000000¢ | A [ 30000000 | A Jo000000¢ | A | xoooooox | & e

1 5 |
8 - SIARY DATA TRANSFERRED
A - ACKNOWLEDGE X+t M¢mmmreeusr_muwms
P - srtOP FOLLOWED BY ANOT DGE { A ) SIGNAL)
A - NOT ACKNOWLEDGE
“R/W ~ READYWRITE OR DIRECTION BIT ADDRESS= Dih
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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 4.5Vt05.5V Vg ®

RECOMMENDED DC OPERATING CONDITIONS

(Over the operating range®)

PARAMETER SYMBOL MIN TYP MAX UNITS |NOTES
Supply Voltage Vee 4.5 5.0 5.5 \%
Logic 1 Viu N2 Vee-4 0.3 Vv
Logic 0 ViL -0.5 +0.8 V
Vgar Battery Voltage VBAT 2.0 3.5 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 & TLo 1 mA
SQW/0UT)
Logic 0 Output (I, = 5mA) VoL 0.4 N
Active Supply Current Icca 1.5 mA 7
Standby Current Tecs 200 mA 1
Battery Current (OSC ON); IBATL 300 500 nA 2
SQW/OUT OFF
Battery Current (OSC ON); IBAT2 480 800 nA
SQW/OUT ON (32kHz)
Power-Fail Voltage VeF 1216 x Vi, ¢ 125x Vgur 1284 x Vy,p \Y 8

*Unless otherwise specified.

90f12
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AC ELECTRICAL CHARACTERISTICS

(Over the operating range*)

PARAMETER SYMBOL MIN TYP MAX UNITS |[NOTES

SCL Clock Frequency fscL 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 40 ms

Set-up Time for a Repeated START tSU:STA 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 R 1000 ns

Fall Time of Both SDA and SCL Signals tr 300 ns

Set-up Time for STOP Condition tsussTO 4.7 ms

Capacitive Load for each Bus Line Cs 400 pF 6
N 10 pE

1/0 Capacitance (T , = 25°C)

Crystal Specified Load Capacitance 12.5 pF

(T , =25°C)

*Unless otherwise specified.

NOTES:

1. Iccs specified with Vo
. Vecc =0V, Vg, =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 typ,  ,7 has only to be metif the device does not stretch the LOW period (t; gy,

SCL signal.

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

~

8. V pymeasuredat Vg, =3.0V.

10012
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TIMING DIAGRAM Figure 8

._,,
'

‘.

™~

[

P R

HOSTA
L E__:' S susTO “"l
ted  suDar T
DS1307 64 X 8 SERIAL REAL-TIME CLOCK
8-PIN DIP MECHANICAL DIMENSIONS
et sy o PKG $-PIN
‘f DIM MIN MAX N
b M A-IN. 0.360 0.400
MM 9.14 10.16
- ¥ _,L B IN. 0.240 0.260
- i B
| MM 3.05 356
D IN. 0.300 0.325

F.IN. 0.120 0.140
MM 3.04 3.56

W), MM 762 326
iy E IN. 0.015 0.040
Ve MM 038 1.02

<}

G IN, 0.09%0 0.110
MM 229 2.79

2] H IN. 0.320 0.370
MM 8.13 940

JIN. 0.008 0.012

3 MM 020 0.30
K IN. 0.015 0021
t-— R ——-b' MM 0.38 0.53
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DS1307Z 64 X 8 SERIAL REAL-TIME CLOCK
8-PIN SOIC (150-MIL) MECHANICAL DIMENSIONS

1T
o

P

12 0f 12

8-PIN
PKG (150 MIL)
DIM MIN MAX
A IN. 0.188 0.196
MM 478 498
B IN. 0.150 0.158
MM 381 401
C IN. 0.048 0.062
MM 122 157
E IN. 0.004 0.010
MM 0.10 025
F IN. 0,053 0.069
MM 1.35 175
G IN. 0.050 BSC
MM 1.27 BSC
H IN. 0.230 0244
MM 5.84 6.20
J-IN. 0.007 0.011
MM 0.18 0.28
K IN. 0:.012 0.020
MM 0.30 0.51
L IN. 0.016 0050
MM 041 1.27
phi 0° 8°

56-G2008-001



MAX232, MAX2321 78
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 kbitls C1+ % 1 vee
D Two Drivers and Two Receivers Vs+ L 2 GND
D ct1- |3 T10UT
+30-V Input Levels co+ 1] 4 RAIN
D Low Supply Current. . . 8 mA Typical C2- E 5 R10OUT
D Designed to be Interchangeable With vs. 18 THN
Maxim MAX232 T20UT [} 7 T2IN
D ESD Protection Exceeds JESD 22 R2IN E 8 R20UT
- 2000-V Human-Body Model (A114-A)
D Appiications
TIA/EIA-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 ElA-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™ fibrary.

ORDERING INFORMATION
T PACKAGE+ ORDERABLE TOP-SIDE
A PART NUMBER MARKING
PDIP(N) Tube MAX232N MAX232N
Tube MAX232D
SOIC (D) Tape endreel b MAX232
0°C t,7Q7C
Tube MAX232DW
SOIC (DW) MAX232
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 AX2321
C oW Tape and reel MAX232IDWR M

+ 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 publfication date.
Products conform to specifications per the terms of Texas instruments
standard wamanty. Production processing does not necessarily include
testing of alt parameters.

%TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 *

DALLAS, TEXAS 75265

Copyright O 2002, Texas Instruments incorporated
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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 level, L'= low
level

logic diagram (positive logic)

14

TN

12 13
R1OUT A\ 4

10 7
T2IN
o
Big

R20UT

“'P TEXAS
INSTRUMENTS

2 POST OFFICE BOX655303 * DALLAS, TEXAS 75285

Ti0UT

T20UT

R1IN

R2IN
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MAX232, MAX232I
DUAL ElA-232 DRIVERS/RECEIVERS

SMLSOUZL FERRUARY 1050 REVISED OCTORER 2000

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

Input supply voltage range, Voo (seeNote 1) ... ..o e 03Vtob6V
Positive output supply voltage range, Vg, ... . . Vg -03Vioi5V
Negative output supply voltage range, V S et . -03Vto-15V
Input voltage range, V|- Driver . ... .. i -03VtoVCC +03V
RECBIVET .. i i i e e e e e e 30V
Output voltage range, V5: TIOUT, T20UT ... ...ttt A" s. -03VtdvVg, +03V
RIOUT, R20UT ... . i i 03VitoVee +0.3V
Short-circuit duration. T1OUT, T20UT ......... e e e e e e e e Unlimited
Package thermal impedance, 8 ;5 (seeNote2y:Dpackage .......... ... . ... 73°CW
DWpackage ..........coiiiiiiinie . 57°C/W
Npackage ........... ... 67°C/W
NSpackage w e .o oo 64°C/W

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds
Storage temperature range, Tstg

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
vCcC Supply voltage 4.5 5 5.5 v
VIH High-level input voltage (T1IN,T2IN) 2 . \
ViIL Low-level input voltage {T1IN, T2IN) 0.8 \)
R1IN, R2IN Receiver input voltage +30 \Y
TA Operating free-air tpampenaitne a5 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 TYPS MAX UNIT
VCC =55V, All outputs open,
[{eled Supply current T AC= 25°C v 8 10 mA
1 All typical values are at VCC = 5Vand T A=25°C.
NOTE 3: Test conditions are C1-C4 = 1 «<F at VCC = 5VL05V.

“? TEXAS
INSTRUMENTS

POSTOFFICEBOX 855303 * () © | DALLAS) TEXAS 75265



MAX232, MAX2321 81
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 MiN  TYPE  max { unIT

VOH  High-level output voitage T10UT, T20UT RL= 3kQto GND 5 7 v

VOL Low-level output voltaget T10UT, T20UT RL = 3 kQ to GND -7 -5 v

10 Output resistance T1OUT, T20UT VS+ =Vg =0, vo =2V 300 Q

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

s Short-circuit input current T4IN, T2IN Vi=0 200 ocA
1 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 at VCC = 5V05V,

switching characteristics, VCC =5V, T-A=25° (see Note'3)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SR Driver slew rate RL=3kQto 7 kQ, 30 | Vs
See Figure 2
SR() Driver transition region slew rate See Figure 3 3 V/ecs
' Data rate One TOUT switching 120 kbit/'s
NOTE 3: Test conditions are C1-C4 = 1 «<F atVCC = 5V05V.
RECEIVER SECTION

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

PARAMETER TEST CONDITIONS MIN CTYPT wmax | unit
VOH High-level output voltage R10OUT, R20UT IOR =-1mA 3.5 A\
VoL Low-level output voltaget R10UT, R20UT 0L =3.2mA 04 \
Receiver positive-going input
\4 = =25°C
T+  threshoid voltage R4IN, R2IN VCC= 5V, TA 1.7 24 \%
Receiver negative-going input & nES,
v gema o R1IN; R2IN VCC= 5V, TA $25°C 08 12 v
Voo threshold voitage
Input hysteresis voltage R1IN, R2IN VCC= 5V 0.2 05 1 \
Vhys  Receiver input resistance R1IN, R2IN VCC =5, TA =25°C 3 5 7 kQ)
+IAll typical values are at VCC = 5V, T A=25°C.
t 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 at VCC = 5V+05V.
- . s = = 28B9° .
switching characteristics, VCC 5V, T A=25°C (see Note 3 and Figure 1)
, PRRAMETER TvP | unim
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 <F atVCC = 5V05V.

‘t’? TEXAS
INSTRUMENTS

POST OFFICE BOX855303 * DALLAS, TEXAS 75265 1



MAX232, MAX232i
DUAL EIA-232 DRIVERS/RECEIVERS

PARAMETER MEASUREMENT INFORMATION

vce

RL =13kQ

Pulse
Generator
{see Note A)

See Note C

CL =50 pF
I {see Note B)

TEST CIRCUIT

<10 ns .ﬂ }4_ _ﬂl l4_ <10 ns
3 0% 50% 50% P 0% ov
4PHL r—— 5100 > “PL——N— {PLH

f

| | VOH
Output 15V sV e 0 o i)

WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Z O = 50 £, duty cycle < 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; | Measurements

“3 TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 * DALLAS, TEXAS 75265
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MAX232, MAX2321
DUAL EIA-232 DRIVERS/RECEIVERS

PARAMETER MEASUREMENT INFORMATION

;—rme_‘_T T1IN or T2IN T10UT or T20UT
'I Generator ® * ElA-232 Output
| (see Note A) _l

RL CL =10 pF
(see Note B)

TEST CIRCUIT
10ns  —p le— —pl j¢— <10ns
l 3v .
nput |/ 90% 90% E&L
50% 50%
0 Ly
10% | l 10% oV
e Ses —
. et
tPHL —l<—>: Ligoh
|
, 90% [ 50% VOH
Output } 5 l
. 10% % A =P8 __ o
tTHL-— | —’k (& tiLH
srR+ 0.8(VOH-Vm) °-3W°|_'VOH)
Ol— or A
e THL
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 iy Measurements (5-xs Input)

m—-
.
|
,

" Pulse '
. Generator O- 4 *— ElA-232 Output.
, L (see Note A) l l
i

3kQ CL =2.5nF

TEST CIRCUIT
<t0ns —pl g —p e <tons
Input ‘ [
[
| VOH
IV %
Output | | sy
-3 - A v
\' v oL
srt t
e oVtny \
WAVEFORMS

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

Figure 3. Test Circuit and Waveforms for try_and tp 4 Measurements (20-«cs Input)

“3 TEXAS
INSTRUMENTS

POST OFFICE BOX855303 * DALLAS, TEXAS 75265
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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 )
= t 1 <F
\ vee , ca
= .
€1 T 1oF 4 c+ vs+ » 85V
e PR 6
4 . » 85V
B RS vs- T
c2 T «F g c4\L’ 1 «<F
c2- + 1
B > D 18 pia232 Output
From CMOS or TTL 10 7
F A > > ? . EjA-232 Output
12
- T < Ea232Input
To CMOS or TTL 9 3
<———% 5 I < EIA-232input
A
GND

+ C3 can be connected to VCC or GND. "

Figure 4. Typicai Operating Circuit

“." TEXAS
INSTRUMENTS
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