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Abstract

This project invents the remete control for air conditioner by relative appropriately between
humidity and temperature. It can detect the degree of temperature and humidity by a single SHT135
sensor. And, it connect to microcontroller PIC 16F877, 2-wire interface type which analyze the
relationship between temperature and humidity. Later, air conditioner wilt be controlled by Infrared

signal for saving encrgy.
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ACLRAAA e [ 4 U 40 [] =— RETPGD
RALAND oa [T > 39 [] s RBGTIC
RALANT #—- ] 5 33 [1w— REE

RAZANIARE - w—an [ 4 37 [ a—a RE4
RAZANIATL ~ amege [ & a5 [] -+—m RE3PSH
RALTOCK s—ae [ 35 [] st RE2

RGNS S s [ 3 [] e RE1

REOTEDANG = e[ 0 E 33 [ = = REOINT
RE1ARANG =[] o 29 32 [] 10
REZTSaN7 a—e[] 12 T PP,
e [ 11 L 53 0-e—e rorrorr
L R— i ©o 29 [} w—w ROSPSFG
DETUCLKIM —-E 13 G 23 :H ROEPEPE
VSR KT e 11 = 27 [] et RTA PSP
RCOTIOS0TICK! w13 25 (] —ae RC?FXDT
RCUTIOSHCCPE w—a [ 13 25 [] —w= RCETNCK
RO et [ 17 24 [ et RCRSOO
RCwECKECL ] 13 235 [ == RCASD1S0n
ADAPEP) e T 12 27 [] a—a RDZPEF3
INIPER e O 20 21 [ s RNFP P37

717 3.3 uaa i I FRNnAI 9 V83 PIC 16F877

3.2 M dpassiuimoenuday S mnesaiag
n1sdanIuAT e PIC 16F877 azutisoaniiiu 3 drufio miioanuiTusunsy,
miraudoyaRAM) uazniaeanusWoyaiifu EEPROM Fastnzingluudaydudsil
] )
3.2.1 vibeamaanlysunsy
A = b = oy ] A
PIC 16F877 Uit Program Counter ¥U1& 13 mﬂmmmsamdﬂmumuwm‘ga%m g nin

1359 Tawozddmia Resct Vector #1 0000h 1@z Interupt Vector 1 0004h siavinlums@eou

' » @
1 =1

= a4 Yo ar q % a da o W ' ] D
Tlsunsuianrsaauruid il HdmSumslsnuswanssnd 1nddaiannfiuniiug

VB4 Stack 8 530U way WA 1Usunsunseanilu 4 Page (8 kwords) Fanun luduili

'
o

PawfuwAudoyadidanavua lavlassadiesduwunrasy (fash memory) 1 auuaz@on

]

Tmilanaonis
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-
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rdamrap Veclor T
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e 1
7 Lamiis
UFFEL.
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717 3.4 msdaassiufimienusives PIC 16F877

1 sV
322 wiaANuvoya
Ty pic 16F877 ImizsanudifoyaszuilsoonPufiuives RAM mitonud 14w
¥ia 1l {Gerneral Purpose Register) YU16 368 Bytes LAz WuRue SemmaiHanduniey (Special

@ 1 »
Function Registers) Tunisdaiuiinzuisoondihu 4 1ned Ausueainse 00h i3 1FFh dag1



Fil File File File:
&ddress BACress Address Address
et add- U 0 I addr™ | aon Indirect add- SV 1nrh redicot adeér!™! -goR
. TMR0 | 0th OPTION REG| g1h | TMRO | 191 | GPTIOM REG] ‘81h
| PGl 02h PCL #2h PCL 7 FCL .| 182h
STATLS 3h STATUS 83h STATUS 103k SIATUS 183h
FER Oth FS2 Fah FS& 1040 FSR 184h
PORTA | 35h TRISA B5h 105 [ | 18sh
PORTE | 2Bh TRISE A6l PORTE 10Fh T3ISE 146k
~ RORIC__ o7 TRIEC e7h 107k 187h
_PorTp®™ posh [ TRISS™ epn (o 110eh 188k
PCRTEM | U%h TRISEY | gen o insh 180h
SCLATH QAR POLATH Al ‘ POLATH 1040 FC_ATH 18AR
INTCON | OBh ~ INTCOM | 88h LINTCON p10Bh | INTCCN - 18Bh
FIR1 nch PIEY BCH EEDATA 10Ch | EECCM1  <gCh
FIRZ2 0Cn PlEZ anh EEADR 100h FECON2 . «gDh
TMRAL OEh PCON AEh EEDATH 10Ch Seservad® | 18Fh
'———W DFh ’ "1 rFh FEADRA 13Fh Resersadldl 1HFh
COIEGNTTTT 10m = lem 1100 180k
T TMEZ? | ik SEPOONZ | 91n 1h 191h
‘ T2CON 12h PR2 52h *12h 19zh
. SSFBUF | 13h SSPATD | 93h 113h 183h
: BEPCON 12h SSFSTAT “dh T14dh 194h
CCPRT. 150 i 1154 195h
CCPR14 @ 15h ' N T1&h 196h
. CGPICON | 17h _ 27h General 117h General 1a7h
—e—— : Purpose . Pupose
| RCSTA 18h TXSTA L6h Regsler 118h Register 198h
TXREG | 13h __8IBRG cih 16 Byles 114h 16 Byles . 189h
ROREG 14h GAN 114h “GAR
CLERIL | 18R § 63k 11Bh -aph
L CEPRZH | 1Ch . ach en L 19Ch
©CCPIZCON | aph 4 4 Dk 110n 160h
i ADRESE tEh ADRESL SEh HER 19Eh
;. ADCOND 1Fh ADCON1 GFh Fh 19Fh
—"_ 20h A0R 120n 1ATh
i Generai Gene-zl ¢ General General
i Purposo Furpese Purpase Purpcse
Regisier Register Rogister Registor
¢5 Byles ‘ B0 By:es 30 Byies e 50 Byies TEFh
1/6h ACLGRECS at
: /- /7h
: i iFh l codaren L 1FFH
Sank Bank 2 Buank 3

] Unimplemented data memory locations. read as 0.
TONSL & physica] ragists

Naote f: These registers are not implemented on the PICIBFETA,

2. These ragisters arc reserved . maintain thesce regisiers clear.

g1 3.5 maganauivesniuanuideya
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qﬁiﬂﬂg'ﬂ ,Iuﬂ"liﬁﬂﬂﬂﬂlﬂﬂﬂluuﬂazﬁﬂu HI0 UAAT UL ﬁWUW?ﬂWWqﬂIﬂUﬂqiﬂWﬁuﬂﬂT

U

TuFvmaes STATUS luiinfl 5 1tas 6 (RPO.RP1) Badinimiios il

A137199 3.1 Madmuam S Iamas

RP! RPO Bank Select
0 o BankD : 00k - 7Fh
0 1 Bank! : S0h - FFh
L 0 Bank?  [00L— 7Fh
1 1 Bankd : 160h - [FFL

3

3.3 Sommasfid e q ves PIC 16F877

= o 21 ] :ic: o o 1 a v é
Samassin ldduiludaulseneuiianuddademswan Tlsunsmduadan Gelu

PIC 16F877 113 ¥auans a1 mauiv sz SmaoiflFmmdng el

3.3.1 53mm09 STATUS

s Taaasaldiudeyaroue mavoueedlulngasuInsames 1 hezifuudan

a

r =T o Ed a T T 1 o =
TOIUSA N1 TIC],%‘]J?JﬂWﬁﬁ‘W‘ﬁﬂ'liﬂ'l@'luﬂliﬂﬂﬁ'?uﬁﬁf] {8221 ﬂﬁﬂ?lﬂﬂﬁﬂﬂﬂfmﬁﬁ?ﬁﬁ{ ﬂﬁlﬁ@ﬂ

Sy o o

é‘g =4 L= 3 ' =
HINUDYD Fauswazdun luuaas ieanail

R e £ I £ f-1 R RV R
[ me [ me Jreo T 70 | ®0 [ - [0 .
bit 7 it

4 L g
7114 3.6 TwazOua Tuumnzla

3.3.1.1 IRPO (Indirect Register Bank Select bit — iia 7) Idenuvad lumiie
AuH1win RAM Tunsdinldmsdadedoyaununiadou (indirect addressing mode)
=1 o«
40" \BBAIINA 0 BAY |

~ = 4
“17ARNUINA 2 g 3



3.3.1.2 RP1RPO (Register Bank Selcet } ldiAanuuifvosmisoanusidayausy
uay T9maos IWdilodlumsdhddeyanun Taonsa (direct addressing mode)

= 4

“00”  1ADNLLAN 0
2 o

017 denund |
Il 4

‘10" ifienuuan 2

- s
“117 I8DNLUNN 3
. _ =t a g o ot 7
3.3.1.3 TO (Time-out bit ) L’]d_lu‘}_lﬂ“l.’lliﬁﬂﬂﬂlﬁlﬂﬂhhﬂHLE)W\‘U’EN’JE]W%@Eﬂul“ﬂma‘i

vaniivlanin <o
3.3.1.4 PD (Power-down) Dauanimaiinululvuaaay (Sleep mode) fiv 1io
1 Sleep mode iatiaznanaiiiuy <o
3.3.1.5 Z (Zero bit) ifudauansaniuemaiiaunaasiamas s
A o o - P #
“0” ilopAdwi R armaaTaodn biflugud
A Y = s e g +
“1* akaauiniandamansas Tnitlugud
= = b ar
3.3.1.6 DC (Digit carry/borrow) LY UTANANT 0BUTEHININAD

A 1A = =3 ] L) =1 = =
0" 19 111Lﬂﬂﬂ15‘1’!ﬂ5]'lﬂll‘ﬂ 3 ll‘]_"i_lﬂ 4 190 MIAUNANITUMANLA 4 11U

3
é‘i =) = = H 1= = =1 =
I BINAMNINeTINUG 3 ul‘iJ"JJﬁ 4 1Io ﬁ?ﬂhﬂﬂlﬂﬂﬂﬁﬂﬁ%]ﬂﬂﬂ 41
a3
=y AN N ¥ A =] =
3.3.1.7 C (Carry/borrow} HANAV S8 Iduaaaninzniana HIDMITaUNIIaUA
o
AT

«grfie ludimsnaie 7 (MSB) H30 1AamsausInila 7 (MSB)

“1* (FolMsnaninia 7 (MSB) u3a liifamsfiua1veiiia 7 (MSB)

33.233ma0s W (Working register)
& e a

aa s o = o : ¢
ihissmaesnnanudidginaiigadviiweslulasnoulnsaand PIC #s3mmas w

s o = ° v o | =TT o = a4 o o o o
L‘ld]‘l—! FuamaTUHIa 8 Ust i]$7ﬂﬂ1!"l'1r’l!.ﬁ3]ﬂulﬂu5ﬂﬁm@§ HEAYBLIRIADT luﬂTﬁ'ﬂﬂ']ﬂ'\TWNﬂmﬂ

A Yy Y 1 an 2 Y
?ﬂﬂﬁiﬁiaﬂ'ﬁiﬂuﬂqﬂﬂl@ﬂmﬁ ADIFTUTIAIDAT W NITU
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3.3.3 Tilsunsamvima$ (PC)

1
L= D .-

= P c'? o @ Aol o ] »:; 92 [4 o

Fuiimaniaddadadinils FoimhRafudwuniweamsaiios1 cpu lddvia
oty o =1 = =y 1 ld‘dq

lag3imans PC vo1 PIC 16F877 vzlivina 13 1in Tao 8§ ina1e PC< 7:0 > azagi3 oaumas PCL

' a1 ¥ oA aa 7 0 ' 1 ] 3 =
asoauazou minileuidamasia il dau pe<12 8 > a2l ansadnd d18awilng n1s
{1549 ATER MU IMNDT PCLATH < 4 :0 > uaziioiamssTion PCLATH 1zaaed oty
0~ Tumis Teidalumsnsz Taamu CALL ¥59 GOTO audumsihawwawsauldlussamas

-~ Y v & A o q ¥ 3o a A

PC <10:0 > 1HiBa 11 Tauvnindiy pPC<12:11> v linlGoundas $1ldmsidmids CALL w5

= 5 [] 1 1 a 3 = 1 =3
GoTo 118 naing 2Kwords (2048 @l sanionudanuail 8 Kwords uyuily 4
Page nztiulumsnizlaadiu Page vrdoalimsdmuasiliiy PC<12:11> Fawlaoimmg

S5 nnIPCLATH

3.4 PORT T4 PIC16F877
PIC16FR77 Tlaziinesalildasiavua 5 Port Ae PORTA(TBit) . PORTB(SBit) .
PORTC(8Bit) , PORTD(8RBif) Az PORTE(3BIY) Tpoudaziamuniofmuanisviaulfifiusu
M < 3/ L =y
WANT 10N IADE 1D TIE
3.4.1 PORTA
1 r Y
PORTA 339 6 bit Fauflu port Miflu'lénia toput taz Output Taedoadenuunslauu
< & b . aad &2 : ] o
nils munsadaen lfan register VINHB 11 TRISA 4301 TRISA bit 9 set (11 ¢1° PORTA #11
a oA L. S = 4 o 9 &5 1 e 1
wgaviadgamiuiiauutiu inpue (W port Wuoglueniug hi-impedance) #1181 TRISA
bit g set (ilu *0° PORTA #iimneaviin@urmmiufioziremuiiu output (port vzogluaniuz
output latch) MIBIUAT PORTA register AOMTOIUAAOIUZUDIUT PORTA Juvmzily daunis
Wounhlda PORTA flontsdenlUds lach 199 port dnbaizmTleusziiuiny read-modify-
write operations F41118A21191 TumsFou lds pore 9z15UA 2001581171 port HumIABULAIRT

P ' : @ o = e ar =] 3 &
mstasunilaint mniuniims@eundu 13 port latch 30T a1l

73166
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Te &0 Convenar
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Hote 1: IO pne have protection gicges to YD anc V.33,

717 3.7 namanaonlaezuns uan RA3RAO

V1 RA4 s mtiEiu RA4GTOCK Taeiint RA4TOCKI anfudnbme nput L1

Schmitt Trigger iazii Qutput 111 open drain Tae Port RA ﬁuq 921! TTL input level L1Dg Y output

uyy full CMOS drivers



Cata
Bus

Cata _atzh
C o

WH

HR

T&IS

RO

TRIS

Port

Topr By

TR S Laten

Soharr
Trigger
IV-HY
B affer

RLC =at

rm
=

+

TR O ook incut

-

Mote 1) Ui por bes protection dicdes to 003 orly

Ty A Power-on Reset Y111

TR,

3.8

3
=1

Ugzgns

a 3
Wiual

2
nanavdenlaesunsue RA4

= 1 '
flu analeg input LAZIFa A1 A

n v



£15199 3.2 tandleafFun13H19 109 PORTA

Name Bitd | Buffer Fungtion
RATAMN) B[ TIL [dnoutousout o analog input,
RATANT btl | TTL | inoutouiput s analog input,
RAZANZ b2 | TTIL Hinoutouiodt or analog inpur,
RATANIVREE 1 bt | TTL {nputoutout or analog nputor Y=es
RATOCKI bité ST inputiouinut or externa: clock nput for Timer). Outputis apen dran ype.
JAESSANG bits | TTL | Insutouiput or slave sefect inpus for synchronous serial port or analog inpt

3.4.2 PORTB

PORTB (JufnHMsUUD Port (UL AR 1RANIE 53 register Avzifiudimuaiy port Tavz
dlunut inputoutput 129ARIMUA TR TRISB register §1 set TRISB bit a1 (=1) PORTB Fani
azaflu input §1 clear TRISB bit Tn (=0) PORTB #iiatufazifiu output 119144190 1 PORTB 92

multiplexed 111 Low Voltage Programming function %1 1911 RB3/PGM, RB6/PGC llaz RBT/PGD
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VEZ
REFL 1 Er
y . 1 Vyeasd
_‘ _,;""_l E Blius
Cata _ateh
Dzta bBus L2 -t [~-.. —r
[
SR ot o — =l
TRIG Laten
C G !
TTL .- -
AR TRIS Iipdt %
WR TR < Euffer
RC 7RIS I
::;":'} a,J5
R Fori I
REZ T
RE22 G ﬁ_(-
Sohonitt ':"rlc_lg er
B.ffer
Hote 1: T pire love ¢ ode prolecuon to V0D ard V33,
2. To enzhe weak pJl-ups set the asprosriats TRIS
bus! and clear ine RB=L bit i{OFTION_REZT=

514 3.9 nanavaan laazunTuv1 RB3-RBO

U

PORTR 10 port 921 weak pull-up agaiolu (1894013 pult-up Ansde1493n1oUun)
s Tofmua 9219 pull-up n101UnT001AMF set W30 clear RBPUL (OPTION register 1A 7)
Taud 1131 clear RBPU\ 93401089 151910717 disable pullup 9104 uasdunidmuald PORTB

il QUTPUT 17 pull-up 9291 disable Taosn 1A

e o A o s  a g a o = i =
d 1151 91 RB4-RB7 axddpvazmmauiio n13timualiie Interrupt 1ifoifanis
at ar ~ Y g & = = o
ulasuulasvasanmzvesdma o lWdiiv RB4-RB7 (Taedunlanvilufanl@ouraus iy
#11¥1A9 RB Port Change Interrupt Yu Faoeir 1l RBIF (INTCON.0) flag §f set HEY Interrupt

szinnilawnsnins “wake” microcontroller 1NANTUL sleep mode 1A
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EERING

Data Bus

Wi Fert ~ =

YR TRIS _—— TTL |
RN I Inzuz &,
Buffer ST
3u¥Fsr

o cthar , R Fet
RETR3L nins . 2

RE7TRSE

In Sena 2regranming KMads

tlote 1: [0 ping kove cicds protectizn 00 C and V32,

‘Fe approcriate RIS

CFTICH_REG: 7o




#1571991 3.3 uaeatasTUAITHI9ILY09 PORT B

Name Bk Buffer Functicn

SBOANT bt TS Inputioutout pim or externai nerupt input, Interral software
programmatrle weak puil-up.

RB1 hit1 TTL inpuroutput oin. Internal software programmable weak pull-uig.

RBZ bit2 TTL [rouroutput in. IMernal software programmable weak oull-uo

REZF G b3 TTL lmoatrcutpus on or programming pin in LY2 mode. Irterna software
programmable weak pui--up

Ri4 bifd TTL lrpuzattpus pin iwith interrupt-on-change) interral sofhware programmabie
weak pull-up.

RBL bits “TL nputoutpu: pin faeth irterrupt-on-change)d Interral software proagrammate
weak pLli-up.

RBAF GO nté FTLSTIR Inputoutput piv (with nterrupt-on-charge? or 1n-Circu § Debuggsr pir,
|nternal software programmai.e weax pull-up. Serial programming cock

RB7 =060 bt? TTLs TR It outpus g edh clermup-or-charge) o In-Circa t 2ebugosr pir
Internni software pregramniasie weak pull-up. Sarial programming da,

Legend: TTL = TTL input. 3T = Schrutt Trggar input

Note 1: This bufferis a Schritl Trgger input when canfigured as the exiernal nterrupi.
2: This buffer is a Schmitt Tngger input when usad in Serial ~rogramming mats,

3 Low Voltage ICSP Programming (LYF) .5 enablec by default, which disazies the RB2 10 furcuon, LVP

must be disabled ta enable RB3 as an I pin and allow rmaximum compatibility to the otner 28-pin and

4C-pin mid-range devices

343 PORTC

[ = 4 ~ <3 @ o " g
PORTC (Fuanuaiz1 Port LUUADINANII B9 register Nziiudimuadi port lagy

Wl inputoutpur 9zgAR1MuATAn TRISC register 31 set TRISC bit 1 (<1) PORTC AiDatin

v input 1 clear TRISC bit Ia (=0) PORTC ARz output 1 PORTC %ﬁﬂmﬁllﬁﬁ

IWHIAY (¥ 1IC, UART, SPL PWM, CAPTURE dlusgiumisifianldaiu Taoileis181A17 cnable

] ] 1 E
AuEUIIAALALA137 7| PORTC 1314095274 luiSau09n13@e9A1 TRISC U0audaz 11984 PORTC

712 TUnT enable queniAIdIfiogh PORTC (181 UART) dafumafvzsiimisilaou bit

TRISC Taudaluiia aaiuluinishezdadl TRISC Tavasanuulaues PORTC 7i¥i1n15 enable

PORTC 1fag port 8¢ Schmitt Trigger input buffers an1aluusazn

a ¥ v (= =1 ' g o
ﬁﬂHm3iﬂ‘iﬂﬁ‘iN‘ﬂJﬂﬁ PORT dzuvauiu 2 nguAs PORTCO-2,5-7 HAZBNNHHUHINAD

" PORTC3-4




SorPeriphers G2 zoti!

Serighenal Oata D

Zata Jus
e cowo
l.'-'R

2ot ECK‘LC’

Data Laten

50 —

Sehpm b
Trigger

~zripheral ”
=l &) o g L

R '
Szt (A /[

Sgrickaralinzat

m

Hote 1: G prs ave dicde crataction to vl 503 VS
2: FortPercheral seent sgnal sslscts cemweean port
3@ anc cericheral ol

3: Feripnera DB iootpst sraber s ony activatsc if
sedpneral sshecl s aclive.

517 3.11 uamsuden laozunsua RC2RCO 1Az RCTRCS




PORTC3-4

HMUIEd MU NAD I TR

SortFericheral Seiec

£2)

Sericharal Data O

~atz 3us

C

-

Wi

=

*— o
VR
TRIG - — ™~
ot L Wha R S \I B :—{ I

e = —

T5IS Lawca e
S — =
TR ) &

Tk

Dasa Latek ;

~=13] - .

% e C Sohrin
Trigoer

o I EH L |wnh

= -‘1 A | 5MBUs

Zort — T o evae

SZEl oy T :

Hote 1:
2:

3:

fDogins have dode protectior to WD and Va3
PordFer phary’ select o gnet selects hemween por data
anc sersheral cuice.

Seripheral DE ‘oltput enssletis only aciivamen if
perichera seell s aotve

U 3.12 naagudonlaezunsue RCARC3




A519% 3.4 Llﬂﬂx‘lﬁ\‘lf{%}uﬂﬁﬁNWH"UﬁN PORTC

Name Bit# i Buffer Type Function
RCOTIOSOT CKI ot ST Inpuzowtpal port prroor Tmert osallator ousput Timer ! docs npst.
ROTTIOSLCCR2 it | ST K ‘autpat ot pe or Timer! oscilater pput or Capturel apu?
Cempared o iputy=VYRZ cutput
RiZ20Cr ot sT [nputcutpus cort pir or Capture” nputfCempare  outpuy
CEWIT output.
RCISCKISCL bitd ST RC3 can aisa be the synchronous serial c ocx for bioth SPI
and 1< modes.
RCASDISDA bid ST RC4 can also be the SP Data In {SP mode) or data 11 iIC nyordel
RS0 i bits ST Inputoutput port pin or Syncaronous Seral Port data output
RO XK bitd ST mpuziosput port pincor UEART Asyrchronoas Transmdt or
Synchrorous Clack,
RCTRXOT oty ST [mputioatpus port e ar LSART Asyachronogs Rece ve o
Synchronous Daa.

Legend: ST = Schmtt Trgger nput

3.4.4 PORTD nuaz PORTE

o
==}

#1M3U PORTD oy PORTE tiuagluiiaglu pic luasznainiumesr 28 w1 Taod
PORTD 9z43]U port 4U1M 8 bits FI9T Schmitt Trigger input buffer g luda Tagfsmuiso
Auuausazinuns port THEY input 170 output 1A Taudasz a1y PORTD 10130709167
2 Yoy o 1w r . ) 4
i1 parallel slave port ldonaau InowilaIaan1s set PSPMODE bit (TRISE<4>) %411 mode #

buffer mffl,u%ﬂawrﬂmmu TTL



Bus - R T o
2 2 » S
R T
Fort -
SR T
W
IRES | Seomit el
o 5 £
el 5< A
Rty ;
ST
30
TRIG
o L

EH —‘

.’,‘f{l
-
2 Bort
- 0

Hote 1: 0 pre havs peatection Sieses to WD and W35

= 2 s
5101 3.13 nanauden 19osUATIVT RD Hanua




@1519% 3.5 naaadlafTun13 ¥ PORTD

Name Bit# Buffer Type Function
ROCPS™0 b0 STATU I~pubicutpul port pin or paralie! slave port b,
RO1PSTY bit1 STTL irputioutpat port pin or paraliel siave port it
ROZF3F2 bie2 ST inputioutout port pin or paraliel siave port bit2.
ROAPSP2 bit3 sTTTL Inputioutodt port pin of paralie’ slave port bid.
RO4PSF4 bitd STTILW inputiautout port pin or paralle slave port bid.
RDEPERS bt ST inputioitput port pin or paralle siave port b,

RDEEEPE bt s nputzdput port pin of parallzl s ave port bé.
RD7:PSF7 bit? soTTL InpLteutput cort pinor parallel siave pont B,

Legerd: ST = Sehnett Triggernput TR = T npw
Note 1: Input ouffers are Schovtt Trggers waen ie [0 mode ard TTL buffers when nFara e Slave Por mode

»
a =)

PORTE 2UNIHUA 3 41 AD RED/(RDVW/ANS, REV(WRWANG LAz RE2Z/(CS)/ANT ‘?\‘1 R
il Schmitt Trigger input buffer ol 11A7 Tasiis1gnnsamvuauaasienvod port W1 input w30
output 'O PORTE mmmﬂawﬁ}u contro] Input GRNER miCroprocessor port Lﬁi@ N3 set
PSPMODE(TRISE<4>) bit %’amﬁﬁmﬁaﬂtﬂu‘lwmﬁﬁﬁa AnanT799 1A 91 TRISE aaedn 0-2
0 set (agﬂuﬁmu: input) uazdoauiladl ADCON] 1R set 113{8@:114 mode digital /O c‘?a“lu modc

11 input buffer 94511 TTL

=

PORT E 9z3anyzne 9 multiplex il anatog inputs Tauiito PORTE £ set i analog
2 1 dy 4 o 1 ' a0 d i & o 4 3
inputs U&7 Ao N e Az ST 0 d31 TRISE uily control register Huazdna set

5 ; TN
1l input 1o set lﬁ@giu mode analog input
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Jata Catz _atch - e
"_,1-_‘; \\
R
TRS Sebritt ol
Trigger Ny /-
Inpat ;
/J_,.x; Buffer
o SN
TR S b I
). o g
E~
R For l“m : ‘]

Hote 1¢ 170 pins have protecton gicges to VCD and V22

7107 3.14 namavdon laozuns vl RE flanua
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#191399 3.6 naealeAFUNIIHI9ILV09 PORTE

Name Bit# | Buffer Type Function
1iG pott pir or read controd inpul n Faralizl Slave Pod mode or anaiog irpit
RE:
REQROANE | bac | STTTUY |1 =l
o = Read operalion, Conterts of PORTD register are output to PORTD
150 pees (0 chip serected)
1 port par o wirite control inputie Parallel Slave Port rrade or araleg input:
WR
IRETANRAANG | b1t | sTATUN |12 e
0= WNrite operaton. Vale of PORTD 17O pins is atched irto FORTD
register (if chip selected)
L2 port pinor chip select controf nput in Parallel Slave Portmade or andiog input:
e _——— S
REZTSAN | btz | smpiit ©

1 = Device 15 not setecied
w= Deyice i3 selectad

tegend: ST = Schmit: Trigger input,
Note 1. Irput buffers are Scamitt Trggers when in 40 mode and TTL suffers whesn in Paralle. Siave Fort mode

TTL = TTL input
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#include <16F877.h>

2: //#include <math.h>
3: //#include <stdic.h>
4: #inciude <string.h>
5: #defipe txd pin cé
6: #defire rxd pin c7
7: wdefine CLOCK SP 200C0JQC0
8: #fuses HS
8: #fuses NCPROTECT, nowdt, put
10: t#use delay{clock=CLCCK_§P)
11: tyvedef unicn
12: { unsigned int 1;
13: filcat =;
14: } walue;
15: enum {TEMZ, HUMI, cne, two:;
16: #define t25 pin dl
17: #define t26 pin dl
l18: #defire t27 pin d2
19: #defire t28 pin d3
20: #define match pir_d4
21: #define no match pin dS

22: fcefine sht roRACK 0
Z23: f#cefine sht BACK 1

24 fdefins sht STATUS REG W Ox0c //0C0 OCL1 O
25: #define sht STATUS REG R O0x07 //0CC 0011 1
26: #define sht MEASURE TEMP 0x03 //0C0 0001 1
27: #define sht MEASURE HUMI 0x05 //000 0010 1
28: #define sht RESET Oxle //000 1111 ©

29: #define shtll data pin Al

20: #define shtll sck pin AS

31: /*#defirne t23 pin d0

37: #define tZ4 pin dl

33: #deline ti5 pin d2

34: #define ti6 pin d3

35: #defire t27 pin d4

36: #define t28 pin_db*/

37: f/#byte port b=¢

38: #¥define use porth lcd
39: #include "led.c™

40: int ple = J;

41: int count = 0;

A0 e
43: void lod show{fleat rh, flecat =c)

da: S e e
45

46: lcd send byte (0, 0x80);

47: printi{lcd putc,” humi:%5. 25", xh);

48: celay ms(500;;
49: lcd send pyte(0,0xc0);

50: printf(lcd putec,” Cemp:%5.2£",tc);

51: delay ms{500);

52:

53: }

54 e
5: void lcd show off(fleat rh, float tc)

BB e e -

57:

58: lcd send byte{0,0x80;;

28: printfiicd putc,™ofZ humi:%>.2f", rh};
60: delay ms {300}

6l: lca send byte(0,0xcl)

fle]

62; praintfi{lcd putc,” temp: 3

(&)

LefN, e



63:
64:

=93
=

6o
67;
68
09:
70
71
72
73
T4

TR

76
77
78:
79:
B80:
81:
82
83:
84:
85:
86:

-

[
38:
39:
8C:
31:
22
93:
94:
95

96:
a7

=

58:

59:
120;
1301:
102:
103:
104:
10%:
106:
107:
108:
105:
120:
111:

- -~

_12:
113:
114:
115:
116:
117:
118:
119:
12G:
1271
122:
123:
124:

celay ms (500} ;
}
void led show25{float rk,float tc)

lcd sena byte(d,Cx80);

printi{lcd putc,™ 25 humi:%5.2f", rh);
delay ms{300);

lcd send byte (0, 0xc);

printfiicd pute,” temprez 2", ta);
celay ms(Z00);

}

vold lcd showZé{float rh,float tc)

~cd senc byte(0,Cx80);

vrinti{lcd putc,"” 26 humi:%5.2:2", rh);
delay ms ({500} ;

led sernd byte (0, Oxc();

printf{lcd putc,™ temprgs.2f™, wa);
delay ms{3C00);

}

vold lLcd show27{flecat rh,fleoat tc)

lzd send byzte(0,0x80);

printf(lcc pute,” 27 humi:%5.2f ", rh);
delay ms (500);

lcd senc byte(d,Cxc0);

vrintfilcd putc,” decpeg gy, AY M/ TN
delay ms(530);

}

veid lecd shewzZ8({fleat rh, float tc)

icd send byte (0, 0x80);

prirntfiled putc," Z8 humi:i5.2f", rh);
delay ms (500);

Zcd send byte (0, 0xc0);

printf{icd putec,” temp:35.28",tc);

delay ms(500);

}
T T
char compare temp{float ra true, flcat £t C)

f

char pa = 0x80;
float rh;

flost tcy

rh = rh true;
tc =t C;

if{rh true<sd){
if(rk true<iis){
if(rh _true<hC){
1f(t _C<Z8}{//temperature no match at 28
//cutput lowimatchj;
cutput nigh(ne match);
icd _show28 (rh,te);
output _high(t28);
delay ms (1300);
cutprt low(tZ8);



if(
ouat
lcd
ouf
del

return pa;}

else{ // temperature match at 2§
1£(t C>29)
cutptt_high(no matca);
lca showiZ8 (rh, tc);
output high{t28;];
delay ms{1300};
cutput _low (tZ28);
return pa;}

else(

cutput _iowi{nc match);
return pa;}li

T G271 // temparature no match at 27

put high(nc_match};

| snowZ7i{rnh, ta);

put highi{z27);
ay ms{2300);

ouvtput low(z27;;

ret
els
if
out
lcd
out
del
ous
ret
els

urr. Sa;

e{ //tempsrature match az 27
t C»28) |

cut nigh({no matchj;
_show27(rh,tc);

put high{t27);

ay ms{1320C);

put low(t27);

arn pa; }

e

output low(no match);

/o

ret
1f(t C
//outp
cutput
_cd sh
cutour

utput high{matchk);

urn pa; il

<26){ //temperature no match at 26
ut low(match);

_hich{no match);

ow26 (rn, te);

_Righlt2e};

delay ms (1300);

cutput
return
elsef

1fit ¢
output
led sh
outpuat

delay

output
return
else
cutput
return
els

low(tZ6];

pa;}
//temperature match at 26
=270

_high{no match);

owZ6(rh,tc);
_hich(t26];
ms (1300 ;
_low(t26);
pa;}

_lowinc_match);

pay}til

el

1f{t_C<Z€){//temperature match at 25
ifit_C>24) 4
output lowino match);
//output _highi{match)
return pa;:
e.sel
cutput high(nc match);
led _skow25 {rh, te);
outpuz high(t25);
delay s (1300} ;
cutput low{tZ25};

r



187:
188:
1839:
190:
191:

return pajlt:
else{//tenperature no match az 2%
//output __ow(mazch);
output nigh(noe matca);
lcd show2d(rh, to);
output high{t25};
delay ms (1300} ;
output low (tZ5);
return pa:l}

char shtll wrize byte({unsigned char value)

e

unsigned char 1i,srror=0;

fer (i=0x80;i>0;1i/=2) //shift bit for masking

{

if (i & wvalue)

output high(shtll data); //masking value witn 1 , write to SENST-RUS
else

coutput lowishtll data);

cutpat hichi{shtll sck); //clk for SEN3SI-BUS

celay us(5); //pulswith apprcx. 3 us

output low(shz’l sck);

delay us{ 5); //pulswith approx. 5 us

}

ovtput highishtll deta); //release DATA-line/////7// /77777777 77iii/iill1//777
ocutout high{shtll sck); //clk %9 for ack

delay as(b); //pulswith approx. 5 us

error=input (shtll data); //check ack [DATA will be pulled cown by SHTI1;
output low(shtll sck):

return error; //ferror=1 ir case of no acknowledge

char shtll read pyte({unsigned char ack]

F
// reads a byte form the Sensibus arnd gives an acknowledge in case of
{

tnsigned char 1,va>=0x0J;

output high{shtll data); //releass DATA line

for {(i=0x8C;i»0;i/=2} //snift bit for masking

{

output hign{shtll sck); //clk for SENSI-BUS

delay us( &); //pulswith approx. 5 us

if (input{shtll data)==1)

val=(va. | i); //read bit

output low(sntll sck);

1

output kit{sht’l data, lack]; //in case of
outpuat _highi{shtl:l sck}; //clk #8 for ack
delay us({ 5); //pulswith approx. 5 us
output low(shtll sck);

output high(shtll data); //release DATA-line
return val;

ack==1" pu’'l down ZATAE-Lire

/7 generates a transmission starz
/f
// DATA: |




(SR CG I S A B AN B AT A T B SO I
[ R S a RS IS B S TR B L R QNN

Y I S G V)

(Lol o

IF -
/7 8SCK v [l

4

output_high{shtll dataj;

cutput low(shtll sck):; //Initial state
delay us{ 1);

output_nigh(shtll sck);

delay us{ 1;;

output “ow(shtll data};

delay us{ 1);

output low{snzll sckj;

delay uas({ 3);

outouz high{shtll sck};

delay as( 1)
output high
delay us( 1)
cutput lowl(s

shtll data);

htll scki;

// communicazion reset: CATA-line=1 and at least % SCK cycles
// followed by transstart

{7

// DATA: | |

7

// SCK [ _adabiod P WA .. AW i A

ursigned char 1i;

cutput high(shtll data};
cutput_lew{shtll sck); //Initial staze
for(i=0;i<9;i++) //9 SCK cycles

{

cutput highishtll sck);

output low({shtll sckj:

1

shtll transstart(); //transwmissior start

T e
vold shtl® calc{unsigned irtlé bath,unsigned intlé dolla;

B it it
{

char pik;

intie¢ rh,t,ml,mZ,n3,n2,7;

int rh_true;

ficat rh lin,z C;

rh 1in=0;

L _C=0;

rh=patn; // rh: Humidity [Ticks) 12 Bit

t=dolla; // t: Tenperature [Ticks. 14 Bit

t C={t~*C.01) -~ &C; //calc. temperature Zrom ticks to [2C]

rh 1in=0,0405*rh - 0.0000028*rk»rh ~ 4; //calc, humidity from ticks zo [3R
//rn true=({t C-2%)*{T1+T2*rh)-rh lin; //calc. Temperature compensated humi

if{rh 1in>100}rh 1in=%9; //cut if the value is cutside of
if{rhk 1lir<0.1l)rh 1in=0; //the physical possible range

Q.=

S
ifiple == 1;/{

if {++count == 9314

count = 0J;

pik=ccmpare_temp(rh_lin,t_C);

}



31il: lcdishow(:h_lin,t_c);

312: }

313: else

314: lcd show off(rh lin,t C);

315: } h - B

316t /e e

317: char shtll_measure{unsigned char mode, less,unsigned inzlé *price)

318 S e
313: // makes a measurement (nuridity/temrperature) with checksum

320: J/lcd show(tl);

321: |

322: unsigned char p value,p val,p checksum;

e

323: unsigned error=0;

324: unsigned int i;

325: char a,b,c;

3Z26: uvnsigned irtlée hl;

327

328 sholl transstarz(); //transmissicn start

329: awitchimode)

330: { //send comrand to sensor

331: case TEMP : error+=shtll write byte{sht MFASURE TENMP); break;
332: case HUMI : error+=shtll write byte(sht MEERSURE HUMI); break;
333: default : bhreak;

334: }

335:

336: for (1=0;1<63535;1i++)

537: 1iZ{inpuz{shtll data)==1)

338: break; //wait until senscr has finished the measurement

339: if{input{shtll data)==1)
340: error+=1;

341:
342 if{error==0}
343: |

344: p_value =shtll read byteisht ATK!; //read the first byte (MS3)
345: p val=shtll read byte(sat BCK); //read the seccnd byte (LS3)
346: p_checksum =shtll read byte!sht noACK); //read checksum

347: switch{less)

348: {case one:

349: hi=1;

350: c=0x08;

351: if{c & p_value)

352: {for (a=0x04;a>C;a/=Z} //shift bit for masking

353: {if{a & p_value,
354: hl={2*hl)+1;
355: else

356: hl=2+*hl;:}

357: else

358: {Zor (a=0x02;a>0;a/=2) //shift bit for masking
359: {if(a & p value)

360: hl=(Z hl)+1;

361: else

362: hl=Z2*hl;}}

363: break;

364: case two:

365: nl=>;

366: for (a=0x08;a>0;a/=2) //shift bit for masking
367: {if{a & p value)]

368: Al={2*hl)+1;

369:; else
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default:oreak;}

for (b=0x80;b>0;b/=2) //shift bit for masking

{

if (b & p_val)
hl=2~hl+1;
else

hl=2*11;

'

*price=hi;

//lcd _show(*price);
return error;

else

returr. exrocr;

value humi vzal,temp val;

flcat value;
unsigred char errcr, checysum;
unsigrnec intlé i,do’la,zazh;
int k,qg;
float x;

led init();
output iow({match);
/output lowipin dlj;

sntll connectiicnreset(};

whiie (Zrue)
{
bath=0;
dolla=0;
//lod show(x);
output lowimatch);
if {input (match) )
ple = 1;

errcr=0;
grror+=shtll measure (HUMI,one, &bath);
if{error!=0}
//lcd show(x, x);
shzll conrectionreset{);

error=0;

error+=sht’]l messure (TEMP, two, &do 13} ;

if{error!=0}
//1lcd show(x,x);

shtll cornecticonreset();

//1lcd _show(bath,dol’al;
entlil calc({path,dclia};
/-
if{input (t28;)
_cd showZB{rh,tc);
iff{inpaz(tz27})
icd showz7{rh, tc);

//measure humidizy

//measure temperature



£35:
436
437
438;
430:
440
447

Lflinpuc (t26})
rcd_showZe(rh,te);
if{irput {t25))
led show2b (rh, tc);
*/

}

}

442
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/* TEMPERATURE SIGNAL */

#include <léFB4a.h>
#cdefine clock sp 4000000
$fuses hs

#fuses noprotect, nowdt, ouc
fdefine over pin bO

#use delay(clock = clock so)
$define xxx pin a3 //28
#define yyy pin a2 /727
#define zzz pin al //26
#define @aa pin al //25
#defirne bbbk pir ad //24
int k,xr; B

int 1,s ;

int high;

for (1=0; 1<131; 1++}1{
cutput high{over);
delay as(9};

cutput lcwiover);
deiay us{2):}

cutput low{over);
delay us{1650};

}

f-——-J-F -S4 N Ll \8/ Ny R Se N/ Sl N D RN
veid dataiint J)

S e
!

int i, x;

For{i=0;i<i;i++) ¢
for(x=0;x<27x++) ]
cutput highiover);
delay us{9};
output low(over);
delay usi{3);}
output lowlover);
delay us{395);

h

output low{cver);
celay us {790} ;

int £28[28%] = {1,%,4,3,1,2,3,1,2,.,3,3,18,3,2,1,7,1,47,1,2,.,1,1,3}:
k=0;

megin{);

for(r=0;r<25;r+4+) {

high = t28[k];

daza{high);

k=+;}

it £27[019] = {1,1,4,3,1,2,3,%,2,1,3,3,18,3,3,%,9,52,2};



63; k=0;

64: begin{);

65: Tor(r=0;r<19;r++){

66: high = L27[k];

67: datalhigh);

6B K++;}

FEF

A0 S e e
Tl vold temp?é()

2 S mm e e
T30

74 int tZefz2l; = {1,1,4,3,1,2,3,1,2,.,3,3,18,3,3,1,7,2,46,6,21};

75: k=0;

76: beginl);

T for{r=0;r<Zl:;r+-)1

J8: nigh = tZ6é[k]:

79: data{high);

80: k++;1}

81: 1}

B2 e~
B3: veld tempZ25()

B S e
85: |

86: int <T23[21] = {1,3,4,3,1,2,3,.,2,%,3,3,18,3,3,1,8,1,47,5,2}:

87: k=0;

88: begint);

89: for({r=0;r<2l;r++){

20: nigh = t23[k];

91: data{high);

92: k++;)

93:

84 e
95: void opztion{int pic)

96 e e
97: |

98: ifipic == 25)

99: temp23();
iC0: ifipic == 286)
101: tempZal():

2
b

102 fipic == 27
133: temp27();
194: if{plc == 28;
135: templZB8{);

136: }

107t e e e
108: woid main(){

109

11C: int pik:

111: while{true){
112: pik = 0;

113:

Ll4s if(input (xxx))
115: pik = 28;

116:

117: iZ(inpat(yyy))
118: oik = 27;

129

120: if{input{zzz))
121: oik = 26;

122

123: if {input{aaz}))
124 pilk = 25;



: opTioni{piky;

b
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SHT1x / SHT7x

Humidity & Temperature
Sensmitter

_ Relative humidity and temperature sensors

_ Dew point

_ Fully calibrated, digital output

_ No external components required

_ Ultra low power consumption

_ Surface mountable or 4-pin fully interchangeable
_ Excellent long-term stability

_ Small size

_ Automatic power down

SHT1x Product Summary

The SHT1x / SHT7x is a single chip relative humidity and
temperature multi sensor module comprising a calibrated
digital output. Application of industrial CMOS processes with
customized post processing (CMOSens®  technology)
ensures highest reliability and excellent long term stability,
The device includes two calibrated microsensors for relative
humidity and temperature which are seamlessly coupled to
a 14bit analog to digital converter and a serial interface
circuit on the same chip. This' results in superior signal
quality, a fast response time and insensitivity to external
disturbances (EMC) at a very competitive price.

Each sensor is calibrated in a precision humidity chamber
and the calibration coefficients are programmed into the

Preliminary-Information June 2002

OTP-memory. These coefficients are used internally during
measurements to calibrate the signals from the sensors.

The 2-wire serial interface and..intemal voltage regulation
allows easy and fast system integration. Its tiny size and low
power consumption makes it the ultimate choice for even
the most demanding applications including automotive,
instrumentation, medical equipment, heating, ventilation and
air - conditioning - systems - (HVAC), “portable consumer
electronics and battery-operated controllers.

The device is supplied in either a surface-mountable LCC
(SHT1x) or as a 4-pin single-in-line-type package (SHT7x).
Customer specific packaging options may be available on
request.

Applications

_ Consumer Appliances

_ Automotive

_HVAC

_ Weather stations

_ Test & Measurement

_ Data Logging

_ Automation

_ White Goods
Ordering information
Part Number | Humidity | Temperature | Package
accuracy | accuracy

Schematic Diagram

: Calibration —<_] sck
%RH Memorv
Sensor : —C—3 pata
Gete®
¥
5 Digital
& ’7-6’_]) ——p  2-wire
s £ Interface
< A
— GND
Temp.
Sensor 1 voo

| SHT11 13.5%RH | £0.5°C@25°C | SMT
|SHT15 +2.0%RH | +0.5°C SMT
SHTT +3.5%RH | +0.5°C@25°C | 4-pin single-in-ling | Available Q3 2002
SHT75 +2,0%RH | £0.5°C 4-pin single-in-line | Available Q3 2002

ondc

NWW.Sensirion.com

Sensirion, Eggbuhlstr. 14, 8052 Ziirich, Switzerland, Tel: +41 1 306 40 00, Fax: +41 1 306 40 30



SHT1x / SHT7x Relative Humidity & Temperature Sensor System

1 Sensor Performance Specifications("

Parameter -Conditions Min. |Typ.|Max. {Units
‘Humidity
Resolution 0.510.03; 0.03 |% RH

8 112 | 12 |hit
Repeatability 4+0.1 % RH
Accuracy@ & f 1
Interchangeability See igure
‘Nonlinearity 10 - 90 %RH|<1® +305 1% RH
Range 0 100 % RH
Response time | 1/e (63%) 4 S

slowly maving air

Hysteresis +1 %RH
Long term stability | Typical <1 % RH/yr -
Temperature ‘ ‘ ‘
Resolution 0.04:0.01] 0.01 |°C

0.07:0.02] 0.02 i°F

12 | 14 | 14 (bit
Repeatability 101 °C

0.2 d e

Accuracy see figure 1
Range -40 123.8:°C

-40 254.9|°F
Response Time |1/ (63%) | 5§ -— AN

Table 1 Sensor Perfcrmance Spemfca ions

1.1 Converting the digital output to physical values

111 Humidity
To compensate for the non-linearity of the humidity sensor
and to obtain the fuil accuracy it is recommended to convert
the readout with the following formuia;

RH,,.. =c +c,»S0,, +c, #S0,,,°

c1=-4  ¢;=0.0405 c3=-2.8 *10¢

ci=-4 ¢;=0.648 C3=-7.2*104

for 12bit SOr-
for 8hit SOxyy

For simplified, less computation intense conversion farmulas
see application note “RH Non-Linearity Compensation”.

[Relative Humidity absolute accuracy

+ 5% —

£A4% CSHT1TA_ T

+ 3% — ;

+ 294 ] \\HffffShH_-_r_l‘f‘ijzs___.__/f

+ 1% —

+ 0% 1T 71 T T T 71— 71 1 %RH
ity A0 2070 20 405 80w BDPL AN 80% QD% 100w

, Temperature accuracy )

v 3°C - L £54°F
— .//’ -

£2°CH T 2 3EF
ug SHT11 /7 17 - -

+ 1°C —

= + 1.8°F
E \/ - BHT1S/75

0°C T 11 l T T 1T rr1rr¥ i o°F

AL -"-\J"C LI IL) =
-ANE 32"‘F' 4} 17EE g7

Dewpoint accuracy @25°C (typical)

+ 5°C] +9.0°F
+ 4°C — + 7.2°F
+ 3°C + 5.4°F
+ pees SHT11/71 £ 3.6°F
+1°C . P T —= + 1.8°F
. SHT15/758 ~~— == --
+0°C T T T T T T T T T T %RH
G%  10%.  20% 304 WG4, Wl GO 70N B S0 1005,

Figure 1 Rel. Humidity, Temperature and Dewpoint accuracies

For temperatures significantly different from 25°C (~77°F)
the temperature coefficient of the RH sensor should be
considered'

H,,. =T, -25)e(t, +1,»SO,, ) +RH, ..
WIth t1 = 0.01; t= 0.00008 tor 1261508 ; £ = 0.00128 <or atit 50
This equals ~0.12%RH /°C @ 50%RH

1.1.2  Temperature

The temperature sensor is very linear by design. Use the
following formula to convert from digital readout to
temperature: Temperature = di+ d,*SOr

Use the appropriate table entries for 5V or 3V.

100%
: : : Celsius Fahrenheit
80% ¢ - - - L ' E 5 : R SOT d1 dz d1 dz
! ; : : ‘ ' 14bit 5V -40 0.01 -40 0.018
:1:60% . N . S A R 12bit 5V 40 0.04 40 0.072
% : [ ; : ‘ 14bit 3V -38.4 0.0098 -37.1 0.0176
4% - - Y ol 12bit 3V -38.4 0.0392 -37.1 0.0704 |
20% b Ry ] This equals a voltage dependency of ~ -0.2°C/V @ 25°C
; ; 1.1.3  Dewpoint
0% 00 1000 8002000 200 3000 See application note “Dewpoint calculation” for more

SOgy sensor readout (12bit)

infarmation.

"TFor cperation within normal operation range as described in Chapter 3, RH accuracy al 25°C

A Not including non-linearity

I The default measurement resolution of 14bit {femperature) and 12bit (humidity) can be reduced to 12 and 8 bit through the status register.

“N'Where SOrn is the sensor output for refative humidity

% Min. value after compensation with formula in chapter 1.1.1, Max. value without any compensation

MWW SENSIrion.com
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SHT1x/ SHT7x Relative Humidity & Temperature Sensor System

2 Serial Interface

Vde
- GND [ ——
» L -
UG | ¢ - pata > (= SHT 1x
(master) - (slave)
SCK [_g lg
Vdd 2.4 - 5.5V

Figure 2 Typical application circuit

2.1 Power Pins

The device requires a voltage supply between 2.4V and
5.5V, After powerup the device requires 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 /O Pins (Bidirectional 2-wire Interface)
See Table 5 for a detailed 10 characteristics.

2.21  Serial clock input (SCK)

The SCK is used to synchronize the cammunication
between a master and the SHT1x/SHT7x. Since the device
contains 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 at the falling edge and is valid
on the rising edge of the serial clock SCK. An external pull-
up resistor is required to pull the signal high. {See Figure 2}.
Pull-up resistors are often included in /O circuits of
microcantrollers.

2.2.3  Command sequence

To initiate a transmission a “Transmission Start" sequence
has fo be issued. It consists of a lowering of the DATA line

while SCK is high, followed by a tow pulse on SCK and

raising DATA again while SCK is still high.
DATA \ /

Figure 3 "Transmission Start" sequence

The subsequent command sequence consists of three
address bits (only “000" is currently supported) and five
command bits. The SHT1x/SHT7x indicales the proper
reception of a command by pulling the DATA pin low (ACK
bit) after the falling edge of the 8th SCK clock and the DATA
line is released (and goes high) after the falling edge of the
9th SCK clock.

See 2.2.5 *Measurement Sequence” for an application of the
command seguence

2.24  Connection reset sequence

If communication with the device is lost the following signal
sequence will reset its serial interface:

While leaving DATA high teggle SCK 9 or more times. This
must be followed by a "Transmission Start” sequence
preceding the next command. This sequence resets the
interface only. The status register preserves its contend.

DATA \ /

Transmission Start

SCK_f1\ f2\/3\/4-8\ /9

Figure 4  Connection reset sequence

Command Code Description

Reserved 0000x Reserved

Measure Temperature 00011 Temperature measurement
Measure Humidity 00101 Humidity measurement

Status Register Read 00111

Read access to the status register (see application note) :

Status Register Write 00110

Write access to the status register (see application note)

Reserved 0101x-1110x | Reserved

Soft reset 11110

Table2  SHT1WSHT7x ist of commands

wait for data ready

—

resets the chip, clears the status register to default values
wait 11ms before nextcommand

TS

o
o

o

4
9 0 MSB
© II!?IIJ

ack
ack

rT T T T 7]
| Checksym |

—

Yy

m
'LSB
ack

Adr Command

NWW.Sensirion.com
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SHT1x/ SHT7x Relative Humidity & Temperature Sensor System

225  Measurement sequence (T and RH)

After issuing a measurement command (‘00000101' for RH,
‘00000011 for Temperature) the controller has to wait for the
measurement to complete. This takes approximately
11/55/210ms 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 SHT 1x putls
down the data line (2) and the controller must restart SCK.
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 50 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

Transmission Start Address="000"

DATA

Command="00101"

C4 C3

After the sensor pul:s down the DATA
pin, measurement is ready for readout

¢z ©C1  Co  ack

: . az al al

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 finished.

Warning: To keep heat up of the SHT1x/SHT7x below 0.1°C
it should not be active for more than 15% of the time (e.g.
max. 3 measurements / second for 12bit accuracy).

2.2.6  CRC-8 Checksum Calculation

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

Measurement
= 55ms for 12 bit
=11ms for 8 bit

Normal = uC controls DATA line

Skip acknowledge to end cormunicatior
{ifno CRC is neaded)
12 bit humidity data S

CRC-8 Checksum

Wait for next measurement

== (083 2 &7 4 § S
: ) i
W o N 4
_____ Skip acknowledge to I & .

and comraunication.
SHT 1xreturns to ——— ———-
slees avtoma: cally / 5 ! ‘\

Figure5 Example RH measurement sequence for value *0000'1001 * 0011°0001"= 2353 = 75.79%RH

2.3 Status Register

Some of the advanced functions of the SHT1x/SHT7x are
available through the status register. The following section
gives a brief overview of these features. Piease consult
application note "Status Register” for more information.

2.3.1  Measurement resolution

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

2.3.2  End of Battery

The “End of Battery” function detects VDD voltages below
247V, Accuracy is +0.05V

2.3.3 Heater

An on chip heating element can be switched on. It will
increase the temperature of the sensor by approximately
5°C. Power consumption will increase by 8mA @ 5V.
Appiications;

* By companng temperature and humidity values
before and after switching on the heater, proper
functionality of both sensors can be verified.

* In high RH environments heating the sensor
element will avoid condensation.

Warning: The built-in calibration is not correct while the
sensmitter is heated!

Please consult application note “Status Register” for more
information on how to access and use these features.

AWwW sensirion.com
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SHT1x / SHT7x Relative Humidity & Temperature Sensor System

3 Specifications SHT1X/SHT7x

3.1 Absolute Maximum Ratings
Ambient Storage Temperature:  -40°C to 120°C

3.2 Operating Conditions

! ; \Maximum operating

80% : \\ conditions
oo%d Y
et o N

, S \
20%-4 = )

, i

0 - 3
0 /0 J_.__.,.]----;,_;;: i e ;:;-.ri.—.;_—._.:.;.“...i.. e g '—T—b
A 0°C 40°C 80°C 105°C 1:0°C

Figure 8 Recommendec operating conditions

Conditions outside the recommended range may
temporarily offset the RH signal up to £3%RH. After retum
to normal conditions it will slowly return close to calibration
state by itself.

To accelerate this process we recommend the following
reconditioning procedure:

90°C at <5%RH for 24h fellowed by

20-30°C at >74%RH for 48h

Prolonged exposure to extreme conditions may accelerate
ageing.

3.3 Special Conditions

Extensive tests were performed in various enviranments.

Environment  Norm Results®
Temperature  JESD22-A104-A  |Within

Cycles 40 +125°C, 1000cy | Specifications
Pressure Cooker JESD22-A110-B  |Reversible  shift;
' 2.3bar 125°C 85%RH | by +2% RH
-Salt Atmosphere DIN-50021ss |Within
_- Specifications
‘Freezing cycles |-20 +30°C, 100cy Reversible  shift
fully submerged 30min dwell time by +2% RH

Table 3 Quaiification tests

Please contact SENSIRION for additional qualification
information,

A Parameters are periodically sampled and not 100% tested
A With one measurement of 8 bit accuracy without OTP reload per secend
3 With one measurement of 12bit accuracy per second

3.4 Electrical Specifications”’

34.1  ESD (Efectrostatic Discharge)

ESD immunity is qualified according to MIL STD 883E,
method 3015 {Human Bedy Model at £2kV}).

Latch-up immunity is provided at a force current of +100 mA
with Tane=80°C according to JEDEC 17.

See application note “ESD, Latchup and EMC® for more
information.

34.2  DC Characteristics
VDD=5V, Temperature= 25°C uniess otherwise noted

‘Parameter Conditions  Min. _Typ. |Max. |Units
-Power supply DC L 24 5 B85V
‘Supply current measuring 550 UA

: average Lo | 2em uh
sleep : 03 1 uA
Low level output vollage | I 20% vdd ¢
High level oulput voltage 75% 100% Vdd |
Low level input voltage | Negative going 0 20% |vdd ¢
High fevel input voltage  |Positive going  80% 1100% | vVdd
‘Japut current on pads R
‘Qutput peak current—-on } S 4 ‘mA
bl Tigded) | 10
Tahle 4  SHT1x/SHT7x DC Characteristics

34.3 /O Characteristics

Parameter Conditions  |Min|Typ. Max.|Unit
Fscw SCK frequengy |VDD> 45V oot 110 MHz
: VDD <45 1 VWA

‘Outputipad 5pF 135 10 20 |ns
[Outputioad 100 pF 30 40 200 'ns

Taro |CATA fall time

Tt | SCK high time 100 ns
Te.  SCK low time 100- ns
Tuv  DATA validtime ' 1250 ns
Tsu |DATA setup fime! 100 ns
Tro | DATA hold time IEREG ns
TRT: [SCK fiseffalitme — |20

Table5  SHT1N/SHT7x IO Signals Characteristics

SCK

=T
DATA )(

Figure 7 Timing Diagram

' The temperature sensor passec all tests without any drift Package and electronics also passed 100%

AWW.Sensirion.com
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SHT1x / SHT7x Relative Humidity & Temperature Sensor System

4 Physical Dimensions and Mounting Information

4.1 SHT1x (surface mountable)

Pin | Name Comment

1 GND Ground

2 DATA Serial data bidirectional

3 SCK Serial clock input

4 VDD Supply 2.4 - 5.5V

58 |nc__|Do not connect pins on right side
Table6  SHT1x Pin Description

4.1.1  Package type

The SHT1x is supplied in a surface-mountable LCC type
package. The sensors housing consists of a Liquid Crystal
Polymer (LCP) cap with epoxy glob top on a standard
0.8mm FR4 substrate.

Device size is 7.62 x 5.08 x 2.5 mm. Weight 100mg

i
i
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-

Figure 8 SHT1x Mounting example
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igure9 SHT1xdrawing and footprint dimensions in mm

4.1.2  Soldering Information

The SHT1x can be soldered using standard reflow ovens at
maximum 225°C for 20 seconds. For manual soldering
contact time must be limited to 5 seconds at up to 350°C.
After soldering the devices must be stored at >74%RH for at
least 24h to allow the polymer to recover.

Please consult the application note “Soldering procedure’
for detailed instructions.

4.1.3 - Delivery Conditions

The SHT1x will_be-delivered in standard IC tubes by 80
pieces per tube. Other delivery options may be available on
request.

Side View

1 actual size

Recommended PCB Footprint
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SHT1x / SHT7x Relative Humidity & Temperature Sensor System

4.2 SHT7x (4-pin single-in-line)
SHT7x are available starting Q3 2002

{Pin | Name | Comment ;
1 |SCK [ Serial clock input ‘
2 |vbD Supply 2.4- 5.5V

3 |GAND Ground
4 |DATA | Serial data bidirectional

Table?  SHT7x Pin Description

4.2.1  Package type

The device is supplied in a single-in-line pin type package.
The sensors housing consists of a Liquid Crystal Polymer
(LCP) cap with epoxy giob top on a standard 0.6mm FR4
substrate.

The sensor head is connected to the pins by a small bridge
to minimize heat conduction and response times.

A 100nF capacitor is mounted on the back side between
VDD and GND.

Weight 168mg, Weight of sensor head 73mg

All pins are gold plated to avoid corrasion.

Pins mate with most 1.27mm (0.05") sockets

e.g.: Preci-dip / Mill-Max 851-93-004-20-001 or similar

4.2.2  Soldering Information (Preliminary)

The SHT7x may be soldered using standard wave
soidering systems at maximum 225°C for 20 seconds.

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

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

Please consult the application note “Soldering procedure”
for detailed instructions.

4.2.3  Delivery Conditions

The SHT7x will be delivered in trays by xx pieces per tray.
Other delivery options may be available on request.

™ 1)
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(0.09)
i TR
<5
=
| o ]
o) 8 | ]
=} 0.6
=3 L [T 0.024)
T o
wl g
P
i 5 .!— ! ---- L —-——-—-—
0.46 1.27 0.2
{0.018) (0.08) (0.01)
X I
5.08 2
(c.2) (0.08)

Figure 10 SHT7x dimensions in mm {inch), preliminary

4.3 Other Packages
Other packaging options may be available on request.

4.4 Production date

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

4.5 Mounting Recommendations

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

It the sensmitter shares a PCB with heating electronic
somponents it should be mounted below the heat source
and the housing must remain well ventilated. To reduce

heat conduction copper layers between the SHT 1x and the
rest of the PCB should be minimized and a slit may be
milled in between.

Prolonged direct exposure of the SHTIX/SHT7x fo
sunshine or UV radiation should be avoided.

4.6 Wiring considerations and signal integrity

Carrying the SCK and DATA signal parallel and in close
proximity (e.9. in wires) for more than 10cm may result in
cross talk and loss of communication. This may be
resolved by routing VDD and/or GND between the two data
signals.

Please see the application note “ESD, Latchup and EMC”
for more information.
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SHT1x / SHT7x Relative Humidity & Temperature Sensor System

5 Revision history

‘Date Page Changes

i February 2002 1-9 First public release

‘February (2) 2002 4

Corrected CRC information to match application note ;

“March 2002

Extended SHT11 3.5 accuracy range to 20%-80%

Added image of mounting example

i

N Qo | o

Changed coefficients of temperature conversion formula

Various small modifications

“June 2002

Extended “no copper” area in figure 9

Corrected timing diagram and table 5 with setup times for DATA

Added qualification data table

Added SHT7x information

|| o

Renamed “End of Life" function to “End of Battery”

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

www.sensirion.com/en/download/humiditysensor/SHT 11.htm

6 Important Notices

The warranty for each SENSIRION AG product comes in the
form of a written warranty which governs sale and use of
such product. Such warranty is contained in the printed
terms and conditions under which such product is sold, or in
a separate written warranty supplied with the product
Please refer to such written warranty with respect to its
applicability to certain applications of such product.

These products may be subject to restrictions on use.
Please contact SENSIRION AG for a list of the current
additional restrictions on these products. By purchasing
these products, the purchaser of these products agrees to
comply with such restrictions. Please contact SENSIRION
AG for clarification of any restrictions described herein.
SENSIRION AG reserves the right, without further notice, to
change the SENSIRION SHT1x/SHT7x Relative Humidity
and Temperature Sensor product specifications and/or
information in this document and to improve reliability,
functions and design.

SENSIRION AG assumes no responsibility or liability for any
use of SENSIRION SHT1x/SHT7x product. Application
examples and alternative uses of the SENSIRION

SHT1x/SHT7x are for ilustration purposes only and
SENSIRION AG makes no representation or warranty that
such applications shall be suitable for the use specified.

Copyright© 2001-2002, SENSIRION AG.
All rights reserved.

7 Caution

The inherent design of this component causes it to be
sensitive to electrostatic discharge (ESD). To prevent ESD-
induced damage andfor degradation, take normal ESD
precautions when handling this product.

See application note *ESD, Latchup and EMC" for more
information.

8 Warning, personal injury

Do not use this product as safety or emergency stop devices
or in any other application where failure of the product couid
result in personal injury. Failure to comply with these
instructions could result in death or serious injury.

Headquarters and Sales Office

SENSIRION AG Phone; +41(0)1 306 4000
Eggbiihistr. 14 Fax: +41{0)1306 40 30
P.0. Box e-mail: info@sensirion.com
CH-8052 Zirich http://www.sensirion.com/
Switzerland
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