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Wireless temperature and humidity controller
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ABSTRACT

This project presents 2 wireless temperature and humidity controller which makes planting
more convenience. When the measured temperature and humidity in the air is lower than the threshold
value the wireless controller will send the signal to automatically start cooler and humidity device. Unti}
the measured temperature and humidity reaches to the threshold valuethe automatic cooler and

humidity device process then stops.
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2.2 Yulnineulnsamed PICI6F628

piC16F628 11y luTnsnoulnsnoesilii CPU , RAM , EEPROM , TIMER ,
COMPARATOR, LOPORT, USART,CCP lu#adacru mwludaiufuuwy RisC swse
thzanaxadeyaldnieas 8 bit miwanuiritawmaTisunsy 1 2K WORD(1 WORD = 14 BIT)
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MCLRE (RAS/ MCLR pin function select - A 5) 1ilufimiisnmshanivesni RAS/
MCLR
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- Z (Zerobit - i 2) ihufinguétuaamansnszididmndamens
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lu pici6rezs ifimeinlil§imoganimoinde Port A wnz Pot B Sefsroimedail
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o
Y1 RB4 - RB7

[] » » »
msfiseimsdumeiud 1&iudesiiniseiounts 3 Sunsudail
»

1. iDuwedinn1sdweeiTURsw laonsiwaiia GIE WiSmans INTCON windiafi lufims

1] - - ' J
wave 1 InsinadwnessuAvu 14

o - ] - - Lo g o
2. Duediaunsatuiasumessa
< Y Y o | S o 1l
3. WounSnsdumes TUAYaTiA1 Address Interrupt vector 8 0x0004
» »

i dumes 14 iideserumdaniitmaed 3 AaAe

- $%mans INTCON

FhifiameimugunninadunesTudsuves PICIGF628 ouldud mafadumes Tl

' L] - ‘l [ J o
nnglniaidenis,nminiialenef Idivedlnwed 0 | vinaslasuudasszduaeinyes



RBO/INT 9 1ndyeanisuen fusanaa agi 0xoB Tuuuad 0, 0xe8 Tuuuard 1,0x108 Tuuuar 2,
0x188 Tuuuaert 3 Aediflogynuusdiitos: 185180 18ed e liideadtunm

- $8enmed PIEI

fhidtmaes uanarnnzidoulvvesnmdasune S dvsumdeduiindunei iy
weanvinginsalderahaninminmed piel Taudedenlvvomnissumesitdidusis s
danmaaiinaes W3smaes PIR1 nimiuszassreuhfinsduedonssuned flmi 9%
3omed PIEI wiols Milexnaremorrd fin PIET uns GIE WiSmaed INTCON a1 3WaguTe i
SrnanViiinamssuned nidTuetvmuy el Timaed PIEI Tmausauase effl oxoc muve
vamsenuazdou lénniiasnduiia 4 1y 5 (@a TXIF uag RCIF) fimnnsoen18ifseetafins

2.2.6 quinvainNyel PICI6F628

U PIC16F628 f:ﬁqmﬁm‘i’ﬁﬁuﬁﬁﬁuh\umﬂ%mn1nmuﬁ'«ﬁv

- OSC selection- Reset

1w PICI6F628 TamunseWimtediiianiniinsli 18 1aslidesmennmouon Taedily
deney 2 AatudiAe 4MHz uaz 37KHz BnfisdeeausayiummdinudenddasTaslEdmmn
annsadimuania ¥ 1878 meed PCON

- SLEEP

fhusanz# PICI6R628 Tauaorlszniandanuiilfidusgaiu Taslddds sLEEp
amnsooensinInuail 1d&emaasuinns fild

- Timer / Counter

T PICI6F628 1 Inred W 3 #2 Timer 1 1iluuun 8 fn , Timer 2 ity 16 §A , Timer 3
thatu 8 in

- Module Analog

fhaenfeudisunsadusundenld 2 yadmuaindimasi cMOON

- Voliage Referance Module

wsaRuduBaiiszdeoonfiumesa RA2 musaidenld 2 dwdeo - 0.625VDD,
0-0.71875VDD Ts VDD Ao IiAua1293

- Code protection

Hudnpuauinihielamswqaautadawnsoflesfunie i Code AruSon’ld
Tavawradeninedlosfuiouavie dud e

- In-circuit serial programming

duguauianidandedeasimszuueynsy A lugo USART milewufy RS232



23 Buwmedia Rs232

dumpia RS232 WudumediMera1u ATy MYBA Eloctronics Industry  Association
E14) Turlszmeemionim (Aammueves RS uMed Recommend Standard) UMIgN
RS232 1‘ftﬂummj1u1uﬂ1ﬁmh%qa Data Terminal Equipment (DTE) Woe Data Circuit
Terminating Equipment (DCE) Iﬁu'l'i’maﬁnﬂam:'ﬁ'aun Binary LIOYNTY (Serial Binary Data
Interchange) Sadotudanfusnlulmommisy 1960 e nsveein G uinudeimsluns
fiey access [HWNGY mainframe computers 1NTzEyN 1 InadATevw Insfny

sumediner Rs232¢ Mhunasywitl¥amegluilgin Wudumedinafil¥muvmils
uluudoy cicuit Tunidgeien terminal TU6s MODEM w0910 MODEM  aniia
terminal 102N circuit 93 1§mwsmiumituduiiu circuit common 7o remm pah Tnsdl
circuit common TifABYATII absolute voltage reference ATusvsHaMuANToNS TAUT WY o
la niemudulalulees s:ﬁ'm’imﬁuuﬁ’uqm‘f

leanindesiinsaasaouuozmunu DTE  way DCE  Yhamduiuiiu fufu
N3YUIUNIT handshaking Sagminnlflunizniuqunismavesdoyn Amdumeida unzms
mauguduq

Sumeie RS232C uez RS232D #ieenTAw Electronics Industry Association fiee
1n8#oady ITU-T V2.4/V28 INTERFACE 1A6#i V2.4 A0 functional description d2u V2.8 Al
electrical specification

Suimefider RS232 B maximum load capacitance fiwou3u1&Ae Ay 2500pf 1ae
UnfAudam capacitance 1uau cable u12 1tuas szantlszunat 130pf Fofudumefia rRs2320
$eamniold cable maiigalfiiostszina 50 Wa Taoinrundagefiqalinandiu 20kbps ud
ol luszormadituniilduai lunsdu 30 was Taudenmufidy tow capacitance cable
3913 1¥ emor correction mechanism 'Timmzﬁu

EIA 'lﬁuﬂqﬂqﬁiu'lumsﬂumaamﬂuntjudauﬁ’qﬁ'u 50y el

1. A -Ground circuit

2. B - Data circuit

3. C - Control circuit

4. D - Timing circuit

5. 8§ - Secondary channel circuit

GROUND CIRCUIT

lipafiaufle Protective ground (pin-1,circuit AA) 4wanﬁaadﬁu protective ground Y84
terminal 10Z modem 93ngRYTNIFNuRenImlasafuve ity hisadanadi
common return umﬁtuqnm'luuvinzwfuﬂuﬂﬁ'ﬁ«nm signal ground (pin-7circuit AB) Fuilu

ground reference vedfgygMBUABIINEN
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DATA CIRCUIT
finesdusufufie Transmit data (pin-leircuit BA) Wi lunsdedmdoya
terminal 1184 modem 1At terminal A2sdadoyalufy modem Rosvandedyyiu RTS
(request tosend), CTS (clear 10 send), DSR (data set ready) 1tne DTR (data terminal ready) 8{
tumnuz High w3 “ON" unziile terminal Lifidoyafissduiunases hold 2983 TD (cireuit
BA) Wiflu “MARK” wTeegluaniuz logical “1”
drufreadudiuiléiudoyadwien modem Taoi modem 9zdudrumisna
(pin-3circuit  BB) lunsdiilifimsiudeyoud modem §3 online Tumasergn hoid 157
“MARK” A3 data carrier detect : DCD (pin-8.circuit CF) &in3 on 0
TIMING CIRCUIT
tunsaifislumIduuy synchronous  transmission, transmit  data  (pin-jcircuit  BA)
gusagn clocked Tauds wienesitfuand iy TaoiSuinfle terminal sunsodmun clock
signal ifeflouldun modem WIUMI DTE (pin-24circuit DA) wiefufyga clock %10
modem HIUNW transmitter signal element timing (DEC source 'll‘l'f’IlS circuit DB)
CONTROL CIRCUIT
Circuit CD [DTR] (data terminal ready,pin-20): iflufdafgygrauniuguein
terminal T modem SoygiesIn ciccuit 3TQN asserted (330 terminal WouFszdadoyn nie
WB5un3 setup wassnRdlanszua i (powered up) Fovdeouda
Circuit CC [DSR] (data set ready,pin-6): 1Judggiauniunugnaasin modem
1184 terminal MenenszfumTovenun termiel Sweied] modem wlemhiimuuda
Circuit CE [R1] (ring indicator,pin-22): tﬂuﬁmqnmmn modem 104 terminal
Weventy terminat  T1vaiLii In RN 1AD modem AIMTID detects doygeuion (ringing
signal) TumoTnsdmild
Circuit CA [RTS] (request to send,pin-4): terminal lﬂuéﬁiﬁﬂ;ﬂﬂmﬁ"lﬂﬁi
modem (ABUBNAY modem 11 Fukeamsiterdefoyalffu modem
Circuit CB [CTS] (clear to send,pin-5): tﬂuﬁ‘mqwnaunﬁum modem ﬁa
venfu terminal Smfeutiordefoyouliniol
Circuit CF [DCD] (data carrier detect also know as recive line singal detector :
RLSD,pin-8): 1Sufiyaaufigneia9in modem 118 torminal ieveniwasd modem Fudgygnau
(carrier) 910 modem Henradw1d drdgygnaifneliiuszAndeny modem Henssfulilk Ao
e Winnmeiwddoyaiulfanalnd
Circuit CG (signal quality detector,pin-21): 1ilufeygiuALANIIN modem 11
#1 terminal tWeuBAI ﬂmsi‘fﬁqﬂpmﬁi’u‘lﬁmammﬁﬂ error (high probability of error) Forfu

- -t ar e R
“1"'&‘0‘04“11“ on 'l'm‘IUFl’J'IlltN’J‘If]mm'ﬂ'llﬂﬂﬂﬂjquﬂl‘mu'lmuﬂmmun
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Circuit CH [DTE Source] (data signal rate selector,pin-23): lﬂﬂﬂtyt‘g‘lﬂl%ﬂﬂﬁa
910 terminal 1181 modem TAuf circuit {':qn'li‘f'lﬁaﬁnnﬁﬂwfa dual rate modems FGYGIUNIN
circuit TTMATIUOAIT indicaters seiinsnldousanmadadyaun eminal Td modem
e on Wi sxdedausaniigenilunesdas Mo mohanld
Circuit CI [DCE Source] (data signal rate selector,pin-23): ﬁmmmi‘ff\nﬁmu

adway cH udithunsdi modem dalunauny terminal (ouenIwesil modem szAndofy
terminal #30 rate 1Alue0 rate # modem ot lunrdsdoyal ¥ty erminal

Secondary channel circuit

11 modem 119U 194 modem AWNIASY Bell 202, CCITT V2.6 a4 awrnld
low speed secondary channel lﬁﬂﬂ1§1u§ﬂ1:’,i‘lﬂ primary channel Inuﬁﬁumaﬁﬂﬂﬁdaaﬁﬁu
modem Usztnnilezuen scparate dIUYEY datn unzdygnunruguiduiiulunsinuesnsn
primary channel TA# secondary circuit 9214BomTousufléI primary channel HusuAiAY
wgr (iutd T e iy vifitmihitddeynan eminal (TD) 106t modem 1 primary
channel 148971 BA un:mﬂﬁmﬁ'ﬁfﬂaqa (RD) ﬂqnﬂmmn modem W primary channel
14385 BB uddlehunsdves sccondary chanel udaeznmeilu SBA uoz SBB awdivy

23.1 RS132C

AMMIT M RS-232C qunval DTE Ada1iakedad uazqilnael DCE aaslfideddly
Soirdefiindiusgezdusia D-Type ¥iia 9 41 unz 25 M1 (UndaiFon DB-25unz DB-9)

guutiania Infhvea Serial Port AMusaTy M RS232C ﬂaﬁ'{ﬂ‘lﬁﬁqﬁr

1. Logic ‘0’ #7® “Space” if1 +3 Volt 11 +25 Volt

2. Logic ‘1’ ¥3® “Mark” 1if -3 Volt 3 -25 Volt

3. 92943 Volt 833 Volt Au%$39 Undefined

4. Open Circuit Voltage oifauiy ground dealalifin 25 Volt

5. Short Circuit Current #8a13/1fi 500 mA #4 Driver Ao tininaiy1d

M 21 Sofimuaveanasyu RS232C

Specifications RS§-232C
Mode of Operation Single-Ended
Total Number of Drivers and Receivers on One Line 1 Driver and 1 Receiver
Maximum Cable Length 50 FT.
Maximum Data Rate 20 KBPS
Maximum Driver Output Voltage +-25V
Driver Output Signal Level (Loaded Min.) +-5Vio+/-15V
Driver Output Signal Level (Unloaded Max) +-25V
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Driver Load Impedance (£2) 3kto 7k
Max, Driver Current in High Z State (Power On) N/A

Max. Driver Current in High Z State (Power Off) +H-6mA @ +-2v
Slew Rate (Max.) 30V/ 18
Receiver Input Veltage Range +/-15V
Receiver Input Sensitivity +/-3V
Receiver Input Resistance (Ohms) kto7k

ANUUSYHINIRBN WY IAII N RS232C (DB-25 & DB-9)
» »
Serial Port 42#© 2 iU ufie WUV D-Type 25 Pin u8zULY D-Type 9 Pin Fafa 2wz
“- W ar : J L] 1 o "f 1 - e
yiind 241981904 Computer Aniugunsaifieinndedy Computer TaRpal¥inAeyiinduil

P A ]
AN 2.2 Lag 2.3 AW ”9&043]1&“84‘“1”1‘3 9
5 1

(Male at a computer side)

(Female at a cable side)

g 23 dnwaizveaakeiuy DB-9

A17197 22 DB-9 A2f nsduneufianed

Pin Signal Description

1 CD Carrier Detect

2 RxD Receive Data

3 TxD Transmit Data

4 DTR Data Terminal Ready
5 GND System Groun

6 DSR Data Set Ready

7 RTS Request to Send

B CTS Clear to Send

9 RI Ring Indicator




M9 23 wihfveadagunieg

Signal Full Name Originator Function
TxD Transmit Data DTE dadeyafiaziinen DTE 118 DCE
RxD Receive Data DCE Sufeyatiazdinnin DCE T DTE
CTS Clear to Send DCE asesudyuen DCE imisusyiu
ey n DTE
cD Carrier Detect DCE elsfasedyanauseflmenses
medganuesi iiaedygiu Active
DSR Data Set Ready DCE ven DTE 41 DCE neuftesriamuda
DTR Data Terminal Ready DTE #ynen DTE veni¥ DCE
wioundoy
RTS Request to Send DTE dqgeIn DTE veni¥ DCE
wTmieufivssudeyn
RI Ring Indicator DCE asviudyanaivesmoInidng
mreasmaden

Fygrandnilfdmiunsdeaniiegasdyanuifun

- swdganudmivdeyasin DTE —DCE

o b d oy r . n’d’
- modgeud ML Signal Ground (SG) Fuilugadudeimdmiuiues

a &
ussdufwemviy

DTE

Data (TxD)

DCE

Signal Ground (SG)

4 4 1 A
U 2.4 mudeuseiemsdemsmudion

ﬂ'l‘iéﬂ?f'liﬂENﬂ'N

ad LI < 4 - o - # a
lunsdindeyagndariiluaesiirma Taommzdionouiauneiaesdidemsiu

innumeidesfiqalumsdemsaamisdio 3 @ 18ud medeyatuudneiioma uaz

Signal Ground A931/# 2.5
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Data (TxD)

DTE . Data (RxD} DCE

~ Signal Ground (SG)
H 4 1 4
s maideudsienIdemsaamn

Aggramaldih
wnsg i Rs-232¢ 1 muadnuawvestygaminhiign1$lunadeudewyy
auﬂmﬁ'ﬁ 2 dnUaizAe Space NU1WD4 logic *0’ AL Mark MUEEN fogic 17 Taw
space zifhuusaduian  Output aglugas +5 &a +15 Vol
Input 84 111929 +3 §ia +15 Volt
Mark szifhuussfulfion Output agludae —s fa-15 Vout
Input 8§ 14423 -3 fa-15 Valt
13317119 -3 Volt §14 3 Voit 92111 undefined
ATMUANAIUBY Output L Input 5 iensdifius sdu Ifhqymailesninaiueives
nedyaa wazsenuiuilelmedygasaiuly sefuussiuIdthezananfuveuunad
vousv1& uenvnfinug Idhifatussinodugunmuesdegenh Tan iz vnusadu T4
winuasaulidanu mlinsdadelilfszer Inavin uaddniudealdsuiludestigyasitu

IWLIAY 19U Line driver

2.4 wMsuaRwaveya (LCD MODULE )
flagiiu Lep  duiiflsufusdiann dmdunsuanralunieafondesldmeqieil
isavindmnumnzaudaelszaisielae Meludwmsdunsziad annsouansraidugasous
azwany wisuaaaiiuna el ame{u) sednilyuaineluduaces Falszuumahoud
Fudeu unzmgUnsallAreudhann unvasilgndn Lep ssihjufifhu LCD MODULE somin
feifu MODULE AfdaLeD  unzdanrugubindon S ld§lfmmsadeidifussun
TulnsnouTnsamedliuazazaandmivnadon sy sl dmirefustnnihanm
wazilsimtmanzay il ouned ity Tasneu Insaaedun 14unaasdao Lep
MODULE #utn¥% LCD MODULE flogumnenaioiy uazilqomunidunnsafiulyl Sunield
dhu 2 nqumédnde
1. DOT MATRIX szuasnmilugdnysyuia 5%8 DOT uazismoudnusuas

ussvausnataiu i luudazu
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2. GRAPHIC szamniouaaaiviuy BIT-MAP Aeszaiufiunmlagdléaw

AD3ns

o 13
wamaluns Wanve e uuy eefifnuazindifisaiu mildoulaei lildnes1d

1] ‘ 1] ] 1 1 A,
VY DOT MATRIX maniuiiessiniifisingn uasifvemeseanuiiudiulng queaniaves

DOT MATRIX amsoaqihiiufen 1Adsil

L.
2
3.

7.

fidennmeunumi o Taaliinaudmisnusuasusmiafimndiadulal
#16nYIUaAIAI DOT MATRIX YU1A 5*8 DOT
wunnaetdituzuy Tulasaou Insaaed 14 2 Anvae Asuuy MEMORY
MAP (20 PIN LCD BUS ) URSUUUKIM 8255 PORT (26 PIN 8255 BUS lay
nadi 26 PIN 8255 BUS w141t PCP (DMCAD) ifhud2 ADAPTER vilifiu
8255 BUS 8nfl

amslfamdounzazan  ssuululnsneu Insawedimuwusdsdoyaldiu
LCD MODULE winiu femmfiszilsnguuisuans uazszfiaBanea i
WudeadonmdnveszuulularneuInimaed

iR d MTUd IR INTTAINUINGIY (91 CLEAR DISPLAY,HOME
RSOR,ON OFF CURSOR,BLINK CHARACTER lmzﬁuq‘én
mumouaamaliuddausnmndingquuazduay1d 160 & uazdoyfnouel
fumdn 3281 1w Tadmuasnysiieentauesldin 8 i

a Jo - o o o4 - e
ﬂuﬂizllﬂﬁﬂﬂ uaziiminmn 11“11»1111\!1115’]011‘1&!1“5#1] 5 Vimuu

‘ H L J
nuaaanamainuveunIsanrunuilsz1teunasra LCD  wuia 16 MIdnus a4

- W » o 1] ‘ 1
annsouaaidennudisnus iededanuunsmbigléammhaudnlvldhe msi¥ende

veuaawa LCD rvumaveslulrsasulnsameiuaaaiagy 2.6
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LCD MODULE
16 Character
D7 D6 05 D4 D3 D2 DI DO EN RW RS VIC VCC GND
__O
+5V
D7 D6 DS D4 D3 D2 D1 D0 S0 RD loA3
10K

1‘I.|'ﬂ 2.6 UTAINNININAIDUNRING LCD

veuAwa LCD dviel¥amitomua 14 vi uansmsthauudaznlumnafl 24 &
Fnumuau 1€idefiv 3 vessenaawna LoD Mmiilfuamedilunsuaasmkauazeinaess
fiBourev110A3 1HfuYI RS ( Register Select ) Faimihi lumndeniiawmei il uddas
FiameiA ¥ Tudoyamaanmn uaz EN Hifeudadifundygia LD EN Sahiliduwonis
HBAATNYBISBINAIHA LCD A1nuileg 2 iy Ao diuvis CO01H uns CoogH Fafrdielu
fumianedn cootH snflunsandeieunTedeoyasdafusounaa Lep uagidhaly
Aumimedn Coool suithunsdnsaeiuniedsdeynfusenaaska LCD

dmivmaieudetesumiodedeynlnqfuseumama LD sz¥vi DO-D? (1 7-14)

‘ ] L J
iyaxdefudayavesninlulninen Insamed
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AN 2.4 HOMMIRINUYBLARZ VI8 39DUAAIHALCD
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Ammian dydnuel wiinsiau
1 Vss dunind
2 vad Ao lda3q +5 Toad
3 Vo Wuramwerin (Taeliudl vri)
4 RS vudenitoined firefv 10A3
0 = douait 185 wudda
1= Yoyt t&Tudiudoyn
5 RIW dhumzdenmssumTontsdiou
0= msiioudoya
1 =nssdloyn
6 E @duedinneuuiedon LCD
7 DBO A BuAIeVINADAT 1
8 DBI adBunateinadad 2
9 DB2 A Bunaieipdad 3
10 DB3 atBunmeinaiing 4
1 DB4 ABunAeINADAT 5
12 DBS5 AR BunaeATaT 6
13 DB6 AU ninadaf 7
14 DB7 mdBunmiewiaDinf 8

24.1 yagnuSuudoymaznamaatenin

nadounissmdoyn LCD MODULE Afie nsdmuagainutiisneg lumsldauveyn

. -t - o
ve3 LCD awgadidinuquuassuiantsfoudeynidudeany mehilinguuumunniy

-1 L 13 J
Tavilswnsidoadne T

DATA BIT EXE.
INSTRUCTION | RS | R/'W TIME
7 6 4 3 2 1 0 O
CLEARDISPLAY | 0 0 0 g 0 0 0 g 1 1640
CURSOR AT 0 0 0 0 0 0 0 1 . 1640
HOME

72124




18

ENTRY MODE 0 0 0 0 0 0 0 1 D S 40
SET

DISPLAY ON/OFF | O 0 0 0 0 5 1 D C B 40

DISPLAY SHIFT 0 0 0 0 0 1 S/C | RL . . 40

FUNCTION SET | © 0 0 0 1 DL N F . " 40

SET CGRAM 0 0 0 1 CGRAM ADDRESS 40
ADD

SET DDRAM 0 0 1 DDRAM ADDRESS 40
ADD

BUSY ADD,READ | 0 1 BF ADDRESS ¢

CGRAM,DDRAM | 1 0 WRITE DATA 40
WR

CGRAM.DDRAM | 1 1 READ DATA 40
RD

242 mmli’ﬂu'ﬁuim

1. mydoudiaynbify LCD MODULE  szmiudlu 2 ey fio INSTRUCTION ung
DATA Tasszdmusdondgona RS Asdh RS=0 senueisdafiyeuaiufu( INSTRUCTION )
HIDETUAIFLAG 60 MA13¥11914089 LCD MODULE

2. winmylums@eouteynl¥ Lop MODULE i Aedlefinsidoudeynidrhiud: &1 Lep
MODULE sxfesMamlunviaudavaznils #aszunlulnsneunsnmefmunsonsavaeuy
%10 BUSY FLAG (BF) unxé3oufesudrdsanim ofoudeynsudeild lunsdifinisdeses
Juwwuvo  PorT Aelimsesdeyaliouniu1f szvululrsneuInsameifszAesl33
MiWB U

3. muiBoudeynl¥fu LCD MODULE  sumrev & 8 BIT unz 4 BIT Taonséi
a BIT ez1¥aufgyn 1o DATA (Roe 4 ifufie DB4DB7 (¢ mivszuyluTnineulnsnined
L 4 BIT wiementstssniame) madoudeynsznssiunioudy 8 BIT oeudldidow 2
#¥aA0 DB4-DB7 fiew udamuéas DBO-DB3 unzssdesdimusqaauidnuai DL Tudida
FUNCTION SET 2t
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4. DDRAM (DISPLAY DATA RAM) fowiasanudimeluda LCD MODULE  fiilu
a a ] .f = w o -

BUFFER voadoyn TaufuSousia ascli laqasllumiunwdnil fezdning dud8oush
HAUAAITUA

5. CGRAM(CHARACTER GENERATOR RAM) fisntiauanudnwludl LCD MODULE
dmiufunmwidnuingl¥anunsoad e a1) Taszdra ADDRESS Tévanun 64 BYTE
fle § A28NWT Gy 8 ROW

2.4.3 TwazIBuAYeUAASAIE

1. CLEAR DISPLAY

RS R/W DB7 DB6 DBS DB4 DB3 DB2 DBl DB

dmiun1s CLEAR DISPLAY latszfinmislousa8nys SPACE nilu DDRAM Wanuaunz
a1 DDRAM ADDRESS Wiiluo wiewia CURSOR sxnduluffidumisdoravessenm

2. CURSOR AT HOME

RS R/W DB7 DB6 DBS DB4 DB3 DB2 DBI DBO

»
o r L d IJ [} L]
dmiumsdmuas DDRAM ADDRESS i 0 weuniacursor szluagiidumiadhsuuga

A n :
vosvenm lavhdeynlu DDRAM hifimaufasuuas
1. ENTRY MODE SET

RS R/W DB7 DB6 DB35 DB4 DB3 DB2 DBI DBO

D=0 fmuafismives CURSOR unz DDRAM hifluuuy DECREMENT
D=1 Amunafign1aved CURSOR DDRAM INCREMENT

‘ o - - 1]
s=0 dedoudoymida @1 CURSOR segnauTufimmanius 1D

‘ -l - 1o 4 - @ - T
s=1 edsudoyaudi A1 CURSOR sregiufiunsfrdnusezgnanlufimnwmnd 1D
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N 4 a4 ve ' I
aistmus 1D uaz S 1 Wamuadeunisiloudeyalu DDRAM  uazdiedmusudy

s:A9410 148 1% CLEAR DISPLAY 8n
4. DISPLAY ON/OFF

RS RW DB? DB6 DB5 DB4 DB} DB2 DBl  DBO
0 0 0 0 0 0 0 1 C B
D=0 Amuald OFF DISPLAY
D=1 fimuald ON DISPLAY
Cc=0 fimual OFF CURSOR
Cc=1 AmualioN CURSOR Tas CURSOR suifluiduiialéidnws
B=0 Amualdifinsnszwiufidumia CURSOR
B=1 Amualdfimsnszwiufidumia CURSOR
5. DISPLAY SHIFT
RS RW DB? DB6 DBS DB4 DB} DB2 DBl  DBO
0 0 0 0 0 0 S/C R/L . .
$/C=0 Amunlfilow CURSOR muiina RIL T 1 A
s/c=1 Amualidoudonmumaeasmudions R 11 1 COLUMN
RL=0 dmualiinemaldmede
RL=1 fvualiinimmelinnem
6. FUNCTION SET
RS RW DB? DB6 DB5 DB4 DB’ DB2 DBl  DBO
0 0 0 0 1 DL N F . *

DL=0 fAmual¥daAedy LCD MODULE luuuu4 BIT
DL=1 fimual¥idadefy LCD MODULE iy 8 BIT

- ' ' 4 " d P o
sefunnd msfmuan DL i annsanszyih 187 DB4-DB7 dadhiinisdmua Ty

» ’
4 BIT faudusn ndwinseTidos fesh ¥ Lep MODULE finsfudeyauu 4 BIT fiun

N =0 fwmuatmuussiauuy 1/8 DUTY uag 1/11 DUTY
N=1 AmMuasuanusInauuy 1/6 DUTY
F=0 fMuuaimmuuzinauul 5+7 DOTS
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a -] A ﬂé r roh
F=1 Amuainnuusmiauuy 5410 DOTS (n3iA LCD MODULE Whuwun 5+7 agudn feeluis
naez'ly )

7. SET CGRAM ADDRESS

RS R'W DB7 DB6 DBS5 DB4 DB3 DB2 DBl DBO

0 0 0 1 CGRAM ADDRESS

o A ° 1 o
ﬁ'l"iﬂn'ﬁﬁmuﬂ ADDRESS %81 CGRAM ll.lﬂ'lﬁ'ﬁ‘ln‘linmuﬁ'l{uﬁ‘] MIBTHUDSNTIIVEU
v e w e
DATA ﬁﬂag‘]ﬂ{f ‘zlﬂuTﬂﬂ‘lu ADDRESS fifYUANUN
8. SET DDRAM ADDRESS

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 1 DDRAM ADDRESS

o o A '
dmiumsimua ADDRESS vod DDRAM i ldhimsdmuatiudy nwdmuazi@ou DATA
. »
firoutnitey (ulimm ADDRESS ez {usslinnuuandiasining  msz§nudnuse
9 1] 1) o J -» 1 d.'
u1Tvia Ty Fuersfsdeli

WUMTA ADDRESS 484 DDRAM H1N9BLAULANE

16 A70NYT 1 UTINA

00 | Ol |02 |03 | 04|05 (06| 04|40 ) 41| 42 )43 | 44| 45| 46 | 47

16 AIONYT 2 LTINA

00 | 01 | 02 {03 | 04| 05|05 )07 | 08|09 |0CA)OB|OC|OD]| OE | OF

8

40 | 41 [ 42 | 43 | 44 | 45 | 46 1 47 | 48 | 49 | 4A | 4B 4D | 4E | 4F

16 A10NYT 4 VITA

0 {01 0203|0410 {06 |07 |08 |09 [0A|O0B]OC|OD]|OE]| OF

40 | 41 | 42 | 43 {44 | 45 | 46 | 47 | 4B | 49 [ 4A | 4B | 4C | 4D | 4E | 4F

011213114 (15|16 |17 18119 (1A} 1B ]| IC}|IDj 1E | IF

50 | 51 | 52 | 53 {54 | 55|56 | 57| 5859|5458 |5 |S5D| SE| SF

20 A10NNT 1 UTTVIA
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20 A20NY3 2 UTINA

00(01102|03 ][04 (05([06{07|08|09|0A|OB|OC|OD|OE|OF|10{11}12]13

40 {41 (42 |43 |44 [ 45|46 |47 |48 (49 |4A [ 4B [ 4C 4D | 4E 1 4F | 50 | 51 {5253

9. BUS FLAG AND ADDRES READ

RS R/'W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB¢

0 1 BF ADDRESS

AmFun1381uA1 BF ( BUSY FLAGE ) Fsuenilaniumdeuves LcD MODULE lumsiudeyn
&1 BF = 0 munedsimdoudtezsudoynse 14 uidh BF = 1 muneBedidehinden wenvinilta
iiluns8 ADDRESS 983 CGRAM #ie ADDRAM 42y

24.4 mienuazivudeyail DDRAM/CGRAM

1. WRITE DATA TO DDRAM OR CGRAM

RS RW DB7 DB6 DBS DB4 DB3 DB2 DBl DBO

1 1 DATA

dmfumsdoudeyanamiasnnus) DDrRAM wie cGRAM Tauideimsiiewuda ADDRESS
szgriumonnnilasaTuiid awdidmuatind D ludids ENTRY MODE SET uagms
fowszihy DDRAM nie CGRAM ftufiud1 deuniidai] finsfmun ADDRESS #ila

2. READ DATA FROM DDRAM OR CGRAM

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

1 1 DATA

dmiunnsudeyasioniaonimés DDRAM nie CGRAM Taudlevimsifeuuds ADDRESS
sgnifumTenalandnTuli® muAidmurenm 1D luhida ENTRY MODE SET uazmise
stiflu DDRAM 3B CGRAM ﬁﬁua;jﬁuﬁ feunthidst finsdmun ADDRESS #ln

24.5 wwommaSonlthunymiugu

. e Widusifu  LeD MODULE afusn mulusefims RESET szuula
Saluia eoxldinar 10ms wivwmiszdusaAudeas v ufa Wellszuu RESET dandn

] »
znshdwmiaaie il
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- M7 CLEAR 9BnTAYavuA

- AmuaguautAdishids FUNCTION SET  AsDL = 1 (Asdefuszuy
WuinrnouInsmaeilwimy 8BIT ), N=0 (uaann 1 ussia), 1y 0 (Mmuadidnusuu 57
DOT)

- fmusguniadaefida DISPLAY ONOFF fe D = 0 (liuamedeys), C = 0
(CURSOR OFF ) B = 0 (BLANK OFF)

- ﬁmunqmﬂuﬁﬁﬁqumr‘t’a ENTRY MODE SET fi8 D =1 (INCREMENT)S = 0 (NO
SHIFT)

n1%1 LeD MODULE &parel¥vuounts RESET  mwlwhanifoufesrou dese
asavaou18%30 BF (BUSY FLAGE) wieonszidnmimizanailé

2.m1¥am LCD MODULE szfitndestumiedm libsunsudiudaulng yafddneg
sfimssnmiedoudeyniy segnimundandggranivusiiieq dsndlilunsuszdes
dmunnuau i ideints Bidudu unznmfuilsailunienmiedoudeynnaly

4 d a o
DDRAM #anAedeaunss Muaaniues

2.5 nqufjverszunivleaunad

TaleaumF(’C) GoumI InterIC Communication wuiwdinsAaReszninledlay
Wsunswanndulaousinidld  miineudnnes ( Phillip Semiconductor) #2ugaxjimnuite
doamsiiledvie lugneunsodanedenuldfomodganauios 2.8y

251 faieuimihveala 'c

a0 SDA uax SCL humodgg e 2 i ( Bi-Directional line } Aeafinisdea
Fnmuyedniueadu +sv VBaneanm  ielWenelironizaeingeluvusihifinndnde 4
o mdohmsilesiudygnurunadeniidunlumedggnatiaes  eseninaves
gilnsaifnsaguutiv I'c Aesfidmuaizihuaesinsudln ( Open Drain ) 3o Aonifmnesitia ( Open
Collector )

Sasimiitnwneadoyauuiageda 100 AlediadeIuiiluInuaynd (Standard Mode ) uns
qafia 400 ATadindedunilu Tnuanamisaqs ( Fast Mode ) gainsaifiesaueguuiinezdeatinauy
H'ﬂwqui‘uﬁm{yszﬂiumu SDA oz SCL Taiifiu 400 W lnsisa nsdhdgqunsciunie W
JoyathmIun1dnia 2 wun Aie 7 Gm( 7-bit addressing ) 140 10 1A 10-bit addressing )

aunsodeuseqUniniIvdes i Wannsedsdedemiuld Tnogunssiuuiia
dmitiors WniAos +sv Wvafsndmils WInde +12v nadeswinnivausohd
Wdnumzvewns@ngUnid 2 M1 @i narAslidenie sDA unz sCL veegunsel

uanzAudidaofu uazdosdeddmuyadn Rp) dhfunssdu +sv e
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2.52 wanmivenia I'C

vn'leaumidlizneudiniadeg e 2 &u Ao SDA (Serial Data Line), SCL( Serial Clock

N ”~ v | o~ & - - o
Line) guntaifiaunsasevuiaiinniedaiuiiudufeeiimidmuagiiniveinsaadeuulio

. i ‘ + ' A -, L] L]
ni3un31T1ls Tanea (Protocol ) telGlfaumauihwasiiigunsallaieiivhnisindesy uaz

gUmelladiudivids qunsaffdtudadradeyaniedsfoyadonit ( Transmiter) qunaalfidiy
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J - ar L] L] - J - +
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o a4 o -~ o . H
iAo UnssivmihinsuquimaznuAsseuuicduni nimeed (Master ) giinsaifignaaugy

niegqunaainenadr W luieTondiaian  Stave )

dofdmun 21lizndiguesnadadeuua leaunad fe

' ] - -’ A o ] c.:
1. putwmesdeyneziiatulAiiotaariniy

+ i ‘ H - - -
2. luszmiunudwneadeya delafawiiais scL finomzasings medeyndesinu
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arumnoiiudag unuguuny

4 - J hrd 1 L 4 o J
aavznfuvwintiogdoiu 3 ey Al

1§71374 ( Bus not busy ) anmziifnul¥dononzasimmeme spa uae scL iy
aeingaiig Thamnenmrinudmeadeyammmoduduiul
dudunacioneadeyn ( Start Data Transfer ) Andudieme SDA nlAouulneszdy
sinnedngaiiuneind Wvuziiow scL faonezaeings Funaamziifeduiii
anmzisudu (Start )

ngamImeneadeyn ( Stop Data Transfer ) dndwidomo sDA finsuiouung
szfuneindiligs huvaizfimo scL fromuzaedngs Funmnnzidatuilinmas
HyA ( Stop)

deynd1sanguniier ( Daw Valid) anazfifasennanzdudu Tacsonwasint
Antuaume SDA fisdoynfiminizdwnen derw scL dhuneinga monisfian
sDA Reanai Heliquniefufdeyntudmaniuh dhonie 1 foynersidnnis
aldeulna 8 lusagiime scr dunefnd1 udilelafinwidesnisidan
diemeadoynetiamuyaal anuzaeinfiel SDA  Aesnsiinneagrannifios scL
faomzaeings mnRansnldounlasaoiuzasinluvasimuscL  faowms
apdnge mindanldeuulnimoiuzasinlusmzfiais scL ﬁnainqmdtfu
qunaal Masier himamuguatstieneadeynszslanumnaduanizmganie

< 2 i ' & - 4
anmyFudud 14 middeyafihindomeniufanmeuiniu
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5. mymeuiudeya (Acknowledge ) iinvundssinficdieneadoynnindadandiaiy
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1.6 MIBOIITABABAUILLUNAMI (Bandpass digital communication)

mmaqmnﬁqqmﬁ‘s‘nanéaﬁwmﬁuﬁuw -’l'aszﬁuﬁq;ﬁnmﬂmzn:qmﬂ%‘wwmn
amidvTertaduszfuiiniveutuFonduiiums sin TaudenfounnandvTomaldam
ﬁﬂiayni‘l:ﬁ1u1ﬁi=ﬁ0ﬂi1 Amplitnde-shift Keying; ASK, Frequency-shift Keying; FSK, Phase-shift
Keying; PSK muﬁﬁunmﬁanﬁimmaqmn;ﬂtmmhamfun:immﬁ'qmﬁn‘f

- AT lumsdefoyagaga (Maximum data rate)

-A7 m1.hizlﬂu«lam’nuﬁaﬂmﬂﬁ'ﬁqn {Minimum probability of symbol error)

- ﬁﬁq'lunmha’hﬂqﬂ (Minimum transmitted power)

- nuudIndeadyg oot ga (Minimum channel bandwidth)

- MIINUAB A ITUNILINTIA (Maximum resistance to interfering signal)

- ﬂ’nmjw'ln'uarnwﬁauﬁqﬂ (Minimum circuit complexity)

2.6.1 mmaqmnmqmmt"l {Frequency-shift Keying:FSK)

fumsnldounnudvemme manfsundnenmd  ilesinnisueguadivdyg
Atneaseih WwmevesdgygnaudouTdusndfuive ludmuuzvemsidouninidded
ifumsuegianuuy binary FSK Aetinsuiiuduvesiinfoyn o du 1 AeshWdygaumms
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voadndoyafuindusziianudve mmzan ldwaronud1iunsuegoauy
M-array FSK ﬁa;ﬂﬁ 27 (v) ¥uflunmd 4amay FSK izm'hﬂﬁ’é'nnﬁni‘lqﬁfu uwamsldvan
anudlumsununeniiusuvesdindeynnid] seihluuudiaivesdyenuivegianidan
Fuenfitmigaufunidives Mamy ASK 7 fwnaiumwdiduied mlfiuudanves
ti’tuﬁnmi'mﬂmnuﬁa'l:jni'umnfumhaﬁﬁuﬂﬁm mavegianL FSK Taaindonl$iulums
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Set Temp
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LIST P=16F628
#INCLUDE <P16F628.INC>
__CONFIG 0X3F41

CBLOCK
DUMMYO
DUMMY 1
DUMMY 2
COUNT
COUNTS
CHK_SUM
T_MSB
T_LSB
H_MSB
H_LSB
BITS

L
o}

(R
=R B )

T HEadagamnxTimad
g:!zfl
IH H g

£ 4
L]

HU
TEMP_MIN
TEMP_MAX
HU_MIN
HU_MAX
FLAG
ENDC
#DEFINE
#DEFINE
#DEFINE
$DEFINE
$DEFINE
$DEFINE
$DEFINE
#DEFINE
QORG
GOTO
ORG
GOTO
TABLE ADDWE
DT
INIT MOVIW
MOVWF
BSF
MOVLW
MOVWFE
MOVLW
MOVWF

0X20

E
RS

RX
T_OP
H_OP
SW_MOD
SW_SEL
SW_CLR
0%000
INIT
0X004
INT
PCL,F

lol,lll'\21,13I"4|"51,

T
CMCON
STATUS
B'0001
TRISA
B*0000
TRISB

TsnnmstiunSusuecianisa

PORTB, 0

PORTH, 3

PORTB, 1

PORTA, 0

PORTA, 1

| PORTA, 2
PORTA, 3
PORTA, 4

. RPO
1100

0010"

‘6‘,

l?l’|8|"l9'



READ EEPROM

MAIN

DELAY

BSF  PIE1,RCIE
BSF  INTCON,PEIE
MOVLW .25

MOVWE SPBRG

BSF  TXSTA, BRGH
BSF  TXSTA, TXEN
BCF  STATUS,RPO
BSF  RCSTA,CREN
BSF  RCSTA, SPEN
BSF  INTCON,GIE
CALL INIT 232
CALL INIT_LCD
CLRF T H

CLRF T L

CLRF T P

CLRF H_H

CLRF H L

CLRF H_P

CLRF TMI H

CLRF TMI L
CLRF TMA H

CLRF TMA L

CLRF HMI H

CLRF HMI L

CLRF HMA H

CLRF HMA L

CLRF FLAG

BSF T _OP

BSF H OP
MOVLW 0X00

CALL EEREAD
MOVWF TMI H
MOVLW 0X01

CALL EEREAD
MOVWE TMI L
MOVLW 0X02

CALL EEREAD
MOVWF TMA_H
MOVLW 0X03

CALL EEREAD
MOVWF TMA L
MOVLW 0X04

CALL EEREAD
MOVWF HMI H
MOVLW 0X05

CALL EEREAD
MOVWF HMI L
MOVLW 0X06

CALL EEREAD
MOVWF HMA_H
MOVLW 0X07

CALL EEREAD
MOVWE HMA L
CALL SHOW_TH
CALL CHK_SW
CALL COMPARE
GOTO MAIN

CLRF  DUMMYO
CLRF  DUMMY1
DECFS2

: udmmadmminuusare 9600, 85,N,12

.
r

READ DATA FROM EEPROM SECTION

DUMMY1,F




GOTO  $-1
DECFSZ DUMMYO, F
GOTO $-4
RETURN
jrawedsssssns SUBPROGRAM COMPARE VALUE FOR OPEN/CLOSE LOAD
drk kb kb ok kW ok ok
COMPARE
MOVF TEMP, W ; TEST TEMP = TEMP_ MAX
SUBWF TEMP MAX,W B
BTFSS STATUS, Z

GOTO COM1
BCF T OP ; ON LOAD
GOTO TEST_HU

COM1 MOVF TEMP_MIN,W ; TEST TEMP < TEMP_MIN

SUBWF TEMP,W
BTFSC STATUS,C

GOTO COM2
BSF T OP ; OFF LOAD
GOTO TEST_HU
COMZ MOVF TEMP,W ; TEST TEMP > TEMP_MAX

SUBWF TEMP_MAX, W
BTFSC STATUS,C
GOTO TEST_HU
BCF T OP
TEST_HU
MOVF HU,W ; TEST HU
SUBWF HU MAX,W
BTFSS STATUS, Z
GOTO COMA4
BSF H OP ; OFF LOAD
RETURN
COM4 MOVF HU_MIN,W ; TEST HU < HU_MIN
SUBWF HU,W
BTFSC STATUS,C
GOTO COM5
BCF H_OP ; ON LOAD
RETURN
COM5 MOVF HU,W ; TEST HU > HU_MAX
SUBWF HU_MAX,W
BTFSC STATUS,C
RETURN
BSE H OP ; OFF LOAD
RETURN
;e¥kksk+x% SUBPROGRAM CHECK PRESS SWITCH **##kskka s aicniow
CHK_SW BTFSC SW_MODE
RETURN
LOQPO CALL SHOW_SET TMI
CALL ILOCK M
CALL DELAYS
LOOP1 BTFSS SW_MODE
GOTO SET_TMAX
BTFSS SW_SEL

ON LOAD

-

HU_MAX

GOTO INC
BTFSS SW_CLR
GOTO CLR1

GOTO LOCP1
CLR1 CLRF TMI_H
CLRF TMI L
GOTO LOOPO
INC INCF TMI_L,F
MOVF TMI_L,W



SUBLW
BTFSS
GOTO
CLRF
INCF
MOVF
SUBLW
BTFSS
GOTO
CLRF
CLRF
GOTO
SET_TMAX
MOVF
MOVWE
SWAPF
MOVE
IORWF
CALL
CALL
CALL
BTFSS
GOTO
BTFSS
GOTO
BTFSS
GOTO
GOTO
CLRF
CLRF
GOTO
INCF
MOVF
SUBLW
BTFSS
GOTO
CLRF
INCF
MOVF
SUBLW
BTFSS
GOTO
CLRF
CLRF
GOTO
SET_HMIN
MOVF
MOVWF
SWAPF
MOVF
IORWF
CALL
CALL
CALL
BTFSS
GOTO
BTFSS
GOTO
BTFSS
GOTO
GOTO

LOOP2

CLR2Z

INC1

LOOP3

0XO0A
STATUS, Z
LOOPQ
TMI_L
TMI_H,F
TMI_H,W
0x0A
STATUS, Z
LOOPO
TMI_L
TMI_H
LOOPO

TMI_H,W
TEMP_MIN
TEMP_MIN, F
™I L, W
TEMP_MIN, F
SHOW_SET_TMA
LOCK_M
DELAYS
SW_MODE
SET_HMIN
SW_SEL
INC1
SW_CLR
CLR2

LOOP2
TMA_H
TMA_L
SET_TMAX
TMA L, F
TMA_L,W
0X0A
STATUS, Z
SET_TMAX
TMA L
TMA_H,F
TMA_H,W
OXOR
STATUS, Z
SET TMAX
TMA L
TMA_H
SET_TMAX

TMA_H, W
TEMP MAX
TEMP_MAX, F
TMA L,W
TEMP_MAX,F
SHOW_SET HMI
LOCK_M
DELAYS
SW_MODE
SET HMAX
SW_SEL
INC2
SW_CLR
CLR3

LOOP3



CLR3 CLRF HMI_H
CLRF HMI L
GOTO SET_HMIN
INCZ INCF HMI_L,F
MOVF HMI_L,W
SUBLW OXOA
BTFSS STATUS,Z
GOTO SET HMIN
CLRF HMI_L
INCF HMI_H,F
MOVF HMI_H,W
SUBLW OXOA
BTFSS STATUS, Z
GOTO SET HMIN
CLRF HMI_L
CLRF HMI _H
GOTO SET_HMIN
SET_HMAX
MOVF HMI_H,W
MOVWF HU MIN
SWAPF HU MIN,F
MOVF HMI_L,W
IORWF HU MIN,F
CALL SHOW_SET_HMA
CALL LOCK M
CALL DELAYS
LOOP4 BTFSS SW_MODE
GOTO BAl
BTFSS SW_SEL
GOTO INC3
BTFSS SW_CLR
GOTO CLR4
GOTO LOOP4
CLR4 CLRF HMA_H
CLRF HMA_L
GOTO SET_HMAX
INC3 INCF HMA L,F
MOVF HMA L,W
SUBLW 0XOA
BTFSS STATUS,Z
GOTO SET HMAX
CLRF HMA L
INCF HMA_H,F
MOVF HMA H,W
SUBLW O0XOA
BTFSS STATUS, Z
GOTO SET HMAX
CLRF HMA L
CLRF HMA H
GOTO SET HMAX
BAl MOVF HMA H,W
MOVWE HU_MAX
SWAPF HU MAX,F
MOVF HMA_L,W
IORWF HU_MAX,F
CALL WR_EEPROM
CALL SHOW_TH
CALL LOCK M
RETURN

LOCK M

CALL DELAYS



BTFSS SW_MODE

GOTO $-1
CALL DELAYS
RETURN

LOCK_S CALL DELAY5
BTFSS SW_SEL
GOTO  $-1
CALL DELAYS
RETURN

DELAYS MOVLW OXFF

MOVWE DUMMYO
CLRF DUMMY1

DECFSZ DUMMY1, F
GOTO $-1

DECFSZ DUMMYO, F
GOTO $-4

RETURN

;***i************** SUBPROGRAM LCD SHOW % % v ke ot e ke g ol vk s ok A e ok vk ok
SHOW_TH
CALL FLINE

MOVLW 0x20
CALL SEND
MOVLW 'T!
CALL SEND
MOVIW ‘e!
CALL SEND
MOVLW 'm'
CALL SEND
MOVIW 'p'
CALL SEND
MOVLW 0X20
CALL SEND
MOVLW '="
CALL SEND
MOVLW 0x20
CALL SEND
MOVE T H,W
CALL TABLE
CALL SEND

MOVF T_L,W
CALL TABLE

CALL SEND
MOVIW *.'
CALL SEND
MOVF T _P,W
CALL TABLE
CALL SEND
MOVLW 0X20
CALL SEND
MOVLW 'C’
CALL SEND
MOVLW 0X20
CALL SEND
MOVLW 0X20
CALL SEND
CALL SLINE
MOVLW 0x20
CALL SEND
MOVLW 'H'
CALL SEND

MOVLW 'u’



CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLR
CALL
MOVF
CALL
CALL
MOVF
CALL
CALL
MOVLW
CALL
MOVF
CALL
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
RETURN

SHOW_SET_TMI
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLH
CALL
MOVLW
CALL
MOVLW
MOVWF
MOVLW
CALL
DECFSZ
GOTO
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW

SEND
lml
SEND
'il
SEND
0X20
SEND
t—
SEND
0X20
SEND
H H,W
TABLE
SEND
H LW
TABLE
SEND
l-l
SEND
H_P,W
TABLE
SERD
0x20
SEND
l%l
SEND
0X20
SEND
0X20
SEND

FLINE
ISI
SEND
let
SEND
ltl
SEND
0x20
SEND
!T|
SEND
le‘
SEND
Iml‘
SEND
lpl
SEND
-8
COUNT
0%X20
SEND

$-3
SLINE
0x20
SEND
!Mt
SEND
Ii'




CALL SEND
MOVLW 'n'
CALL SEND
MOVLW 0X20
CALL SEND
MOVLW *=°
CALL SEND
MOVLW 0X20
CALL SEND
MOVF TMI_H,W
CALL TABLE
CALL SEND
MOVF TMI L,W
CALL TABLE
CALL SEND
MOVLW 0X20
CALL SEND
MOVLW 'C°
CALL SEND
MOVLW .5
MOVWF COUNT
MOVLW 0xX20
CBLL SEND
DECFSZ COUNT, F
GOTQ $-3
RETURN
SHOW_SET TMA
CALL FLINE
MOVLW 'S?
CALL SEND
MOVLW 'e’
CALL SEND
MOVLW 't!'
CALL SEND
MOVLW 0XZ20
CALL SEND
MOVLW 'T'
CALL SEND
MOVLW 'e'
CALL SEND
MOVIW 'm'
CALL SEND
MOVLW 'p’'
CALL SEND
MOVLW .8
MOVRF COUNT
MOVLW 0X20
CALL SEND
DECFSZ COUNT, F
GOTO $-3
CALL SLINE
MOVLW 0X20
CALL SEND
MOVLW 'M'
CALL SEND
MOVIW 'a’
CALL SEND
MOVLW "x'
CALL SEND
MOVL® 0X20
CALL SEND




MOVLH '='
CALL SEND
MOVLW 0X20
CALL SEND
MOVE TMA_H,W
CALL TABLE
CALL SEND
MOVF TMA L, W
CALL TABLE
CALL SEND
MOVLW 0X20
CALL SEND
MOVLW 'C'
CALL SEND
MOVLW .5
MOVWF COUNT
MOVLW 0X20
CALL SEND
DECFSZ COUNT, F
GOTO  $-3
RETURN
SHOW_SET_HMI
CALL FLINE
MOVLW 'S’
CALL SEND
MOVLW ‘e’
CALL SEND
MOVLW 't'
CALL SEND
MOVLW 0X20
CALL SEND
MOVLW 'H'
CALL SEND
MOVLW 'u'
CALL SEND
MOVLW 'm’
CALL SEND
MOVLW 'i'
CALL SEND
MOVLW 'd’
CALL SEND
MOVLW 'i’
CALL SEND
MOVLW 't’
CALL SEND
MOVLH 'y*
CALL SEND
MOVLH .4
MOYWE COUNT
MOVLW 0X20
CALL SEND
DECFSZ COUNT, F
GOTO $~3
CALL SLINE
MOVLW 0X20
CALL SEND
MOVLW 'M’
CALL SEND
MOVLW '1i'
CALL SEND
MOVLW 'n'




CALL SEND
MOVLW 0X20
CALL SEND
MOVLW '="
CALL SEND
MOVLK 0X20
CALL SEND
MOVF HMT H,W
CALL TABLE
CALL SEND
MOVF HMI L,W
CALL TABLE
CALL SEND
MOVLW 0X20
CALL SEND
MOVLW '8’
CALL SEND
MOVLW .5
MOVWF COUNT
MOVLW 0X20
CALL SEND
DECFSZ COUNT, F
GOTO $-3
RETURN
SHOW_SET_HMA
CALL FLINE
MOVLW 'S’
CALL SEND
MOVLW 'e’
CALL SEND
MOVLW 't'
CALL SEND
MOVLW 0X20
CALL SEND
MOVLW 'H'
CALL SEND
MOVLW ‘u'
CALL SEND
MOVLW "m'
CALL SEND
MOVLW 'i'
CALL SEND
MOVLW 'd’
CALL SEND
MOVLW 'i'
CALL SEND
MOVLW 't'
CALL SEND
MOVLW 'y
CALL SEND
MOVLW .4
MOVWF COUNT
MOVLW 0X20
CALL SEND
DECFSZ COUNT, F
GOTO $-3
CALL SLINE
MOVLW 0X20
CALL SEND
MOVLW 'M'
CALL SEND



MOVLW ‘a'

CALL SEND
MOVIW 'x’
CALL SEND
MOVLW 0X20
CALL SEND
MOVIW '='
CALL SEND
MOVLW 0X20
CALL SEND
MOVF HMA H,W
CALL TABLE
CALL SEND

MOVF HMA L,W
CALL TABLE
CALL SEND
MOVLW 0X20
CBLL SEND
MOVLW '%°'
CALL SEND
MOVLW .5
MOVWF COUNT
MOVLW 0X20
CALL SEND
DECFS2 COUNT, F
GOTO $-3
RETURN

;**ii*i*******i*i**** LCD SUBR PROGRAM e de e ok e e de s g g Aok g e e e ok ok ek
;****i***************k****i*i***i****i****i*i************i*****

CLR_LCD BCF RS
CALL DELAY125
MOVLW 0XO01
CALL SEND
BSF RS
CALL DELAY125
RETURN
RESET_LCD MACRO
MOVLW 0X38
MOVWF BITS
CALL FLIP
CALL PULSE
CALL DELAY125
ENDM
INIT_LCD BCF E
BCF RS
CALL DELAY125
RESET_LCD
RESET LCD
RESET_LCD
RESET_LCD
MOVLW 0X28 ; SEND 4 BIT MODE TO LCD
MOVWE BITS
CALL FLIP
CALL PULSE
CALL DELAY125
MOVLW 0X28 ; SEND 4 BIT MODE , 2 LINE TO LCD
CALL SEND
MOVLW 0XOC ; SET LCD ON,CURSER OFF,CURSER NOT BLINK MODE TO
LCD
CALL SEND
MOVLW 0X01 ; CLEAR DISPLAY



CALL SEND

CALL DELAYS

RETURN
pRA Kk Hkkkkk ko kkkhkk ik wkx SEND DATA
SEND MOVWE BITS

CALL FLIP

CALL PULSE

SWAPF BITS,F

CALL FLIP
CALL PULSE
CALL DELAY1Z25
RETURN

FLIP BCF  PORTB, 4
BTFSC BITS, 4
BSF  PORTB, 4
BCF  PORTB, 5
BTFSC BITS,5
BSF  PORTB,5
BCF  PORTB, 6
BTFSC BITS, 6
BSF  PORTB, 6
BCF  PORTB,7
BTFSC BITS,?
BSF  PORTB, 7
RETURN

PULSE BSF E
NOP
BCF E
CALL DELAY125
RETURN

DELAY125 MOVLW .42
MOVWEF DUMMY1
DECFSZ DUMMY1, F
GOTO $-1
RETURN

DELAYS MOVLW .41
MOVWE DUMMY2

D1 CALL DELAY125
DECFSZ DUMMYZ2, F
GOTO D1
RETURN

FLINE BCF RS

CALL DELAY125
MOVIW 0X80
CALL SEND
RSF RS
CALL DELAY125
RETURN

SLINE BCF RS

CALL DELAY125
MOVLW 0XCO
CALL SEND
BSF RS

CALL DELAY125
RETURN

Wk A ke e de de oo de de g e de v v o o ok e e e ke

; s usmafwsnussiadl 1

1 s usssfiamurrind 2

;********t initial Rszaz W e e v ke ke e i Tk e e v oo i e e e ok

INIT_232 BSF STATUS, RPO
MOVLW .25
MOVWF SPBRG
BCF TX5TA,SYNC
BSF TX5TA, BRGH



BSF
BCF
BSF

TXSTA, TXEN
STATUS,RPO
RCSTA, SPEN

RETURN
'.iriririr** TEST EMPTY 232 FEETEEEFEEETEEEEREESSETEEE NS L]
TEST EMP BSF STATUS, RPO

BTFSS TXSTA, TRMT

GOTO $-1

BCF  STATUS,RPO

RETURN

;******ti****** tﬂmmlnterrupt Je dr e g e de A de ok e v e ke e de gk e ok d de ok e ok e e e ek ke

INT MOVF RCREG,W
MOVWF T H
READD BTFSS PIR1,RCIF  ;éwAwinUSART

GOTO §-1

MOVF RCREG, W

MOVWF T L

BTFSS PIR1,RCIF

GOTO S$-1

MOVF RCREG, W

MOVWE T P

BTFSS PIR1,RCIF

GOTO $-1

MOVF RCREG, W

MOVWF H_H

BTFSS PIR1,RCIF

GOTO $-1

MOVF RCREG, W

MOVWF H_L

BTFSS PIR1,RCIF

GOTO $-1

MOVF RCREG, W

MOVHE H_P

MOVF T _H,W

MOVWF TEMP

SWAPF TEMP,F

MOVF T L,W

IORWF TEMP,F

MOVF H H,W

MOVWE HU

SWAPF HU,F

MOVF H L,W

IORWF HU,F

RETFIE
'-***i***&******tiii*i*i**i****iii*****ti*i********i******i***i**
WR_EEPROM

BCF  INTCON,GIE

MOVF TMI_H,W

BSF  STATUS,RPO

MOVWF EEDATA

MOVLW 0X00

MOVWF EEADR

CALL EEWRITE

MOVF TMI L,W

BSF  STATUS,RPO

MOVWF EEDATA

MOVLW 0X01

MOVWF EEADR

CALL EEWRITE

MOVF TMA H,W

BSF  STATUS,RPO



MOVWEF EEDATA
MOVLW 0X02
MOVWE EEADR
CALL EEWRITE
MOVF TMA_L,W
BSF  STATUS,RPO
MOVWEF EEDATA
MOVLW 0XO03
MOVWF EEADR
CALL EEWRITE
MOVF HMI_H,W
BSF  STATUS,RPO
MOVWF EEDATA
MOVLW 0X04
MOVWF EEADR
CALL EEWRITE
MOVF HMI L,W
BSF  STATUS,RPO
MOVWF EEDATA
MOVLW 0X05
MOVWE EEADR
CALL EEWRITE
MOVF HMA H,W
BSF  STATUS,RPO
MOVWEF EEDATA
MOVLW 0X06
MOVWF EEADR
CALL EEWRITE
MOVF HMA L,W
BSF  STATUS,RPO
MOVWF EEDATA
MOVLW 0X07
MOVWF EEADR
CALL EEWRITE
BSF  INTCON,GIE
RETURN
;t******i**i*** EEPROM SUBPROGRAM e de de ek kok ok kR e ok ke e g ok gk ok ok W dr e
;i’t**i**** READ WRITE EEPROM e e g A de e de de e e Kk ok
EEWRITE BSF  EECON1,WREN
MOVLW O0XS5
MOVWE EECON2
MOVLW OXAA
MOVWF EECON2
BSF  EECON1,WR
BCF  EECON1,WREN
BTFSC EECON1,WR

GOoTO $-1
BCF STATUS,RPO
RETURN

EEREAD BSF STATUS,RPO

MOVRF EEADR

BSF EECON1,RD

MOVE EEDATA,W

BCF STATUS, RPO

RETURN

ORG 0X2100

DE 0X00,0%00, 0X00, 0x00, 0X00, 0X00, 0X00, 0X00
END



. 3
Tsunnmsdmmsianiqamgienznimiu

LIST P=16F628
#INCLUDE <P16F628.INC>
__CONFIG 0X3F4l
CBLOCK 0%20
DUMMY 0

DUMMY1

DUMMY2

COUNT

COUNT2
WRITE_BUFFER
READ_BUFFER
COUNTS

CHK_SUM

T_MSB

T_LSB

H_MSB

H_LSB

T_P2

=]
o
[

]
m A clroirul::: Hicl
Ll oV

faoitecligac e o i B B B

FLAG
TEMP1
TEMP2
TEMP3
ENDC

#DEFINE S5DA PORTB, 0
#DEFINE 5CL PORTB, 3
#DEFINE TX PORTB, 2

ORG  0X000

INIT MOVLW .7
MOVWF CMCON
BSF  STATUS,RPO
CLRF TRISA
CLRF TRISB
MOVLW .25
MOVWF SPBRG
BSF  TXSTA,BRGH
BSF  TXSTA, TXEN
BCF  STATUS,RPO
BSF  RCSTA,CREN
BSF  RCSTA, SPEN
BSF  SCL
BSF  SDA
CALL DELAYS
CALL INIT_I2C
CALL INIT_232
CALL DELAY9

MAIN CALL READ_T
CALL DELAY5MS
CALL READ H

; tudmumimdivuusart 9600,8,N,1



CALL CONVERT
CALL SEND_232
CLRF DUMMY{
CLRF DUMMY1

;
; DECFSZ DUMMY1,F
i GOTO $-1
; DECFSZ DUMMYO, F
; GOTO $~4

GOTO MAIN

j¥***uxaw v+ SUBPROGRAM CONVERT TO DECIMAL 4 DIGIT
A2 RS EERER AR R R R SRS
CONVERT CLRF T_P2 ; TEMP CONVERT
CLRF T P1
CLRF T U
CLRF T T
CLRF T_H
CLRF FLAG
NEXT1 INCF T_P2,F
MOVF T P2,¥
SUBLW 0X0A
BTFSS STATUS, Z
GOTO NEXT2
CLRF T_P2
INCF T _Pl,F
MOVF T P1,W
SUBLW 0X0A
BTFSS STATUS, Z
GOTO NEXT2
CLRF T_P1
INCF T_U,F
MOVF T U,W
SUBLW O0X0A
BTFSS STATUS, %
GOTO NEXT2
CLRF T_U
INCF T T,F
MOVF T T,W
SUBLW 0X0A
BTFSS STATUS, 2
GOTO NEXT2
CLRF T_T
INCF T H,F
MOVF T H,W
SUBLW 0X0A
BTFSS STATUS,Z
GOTO NEXT2
CLRF T_P2
CLRF T_Pl
CLRF T_U
CLRF
CLRF T_|
NEXT2 DECFSZ T _LSB,F
GOTO NEXT3
BTFSC FLAG,2
GOTO MINUT
BSF  FLAG,1
GOTO NEXT1
NEXT3 BTFSS FLAG,1
GOTO NEXT1
BCF  FLAG,1

T T
T |



DECFSZ T_MSB,F

GOTO NEXT1
BSF FLAG, 2
GOTO NEXT1

jrwRFkkkwkkkkhd CATCULATE TEMP FROM FORMULR * %%k dodkok b sk bk bk ok ke ke
MINUT MOVLW .4 ; 4 DIGIT VALUE -40

NEXT4

NEXTS

MOVWF COUNT
DECF T T,F
MOVF T T,W
SUBLW OXFF
BTFSS STATUS, Z
GOTO NEXT5
MOVLW 0X09
MOVWF T T

DECF T H,F
DECFSZ COUNT, F
GOTO NEXT4

;*****ii*iii HUMIDITY CALCUIATE ko kkh ok ko kkodr ok ko kW w

HU

CLRF TEMP1
MOVLW .3
MOVWF COUNT
MOVF H_LSB,W
ADDWF H_LSB,F
BTFSC STATUS,C
INCF TEMP1,F
DECFSZ COUNT, F

GOTO $-4

MOVLW .3 ; MSB * 4

MOVWF COUNT

MOVF H_MSB,W

ADDWF H_MSB,F

DECFSZ COUNT, F

GOTO $-2

MOVF TEMP1,W ; MSB + TEMP1
ADDWF H_MSB, F

LSB * 4

-

INCREMENT TEMP1

-

CONV_HU CLRF H_P2 ; HUMIDITY CONVERT

HU1

CLRF H_P1
CLRF H_U
CIRF H_T
CLRF H_H
CLRF FLAG
CLRF TEMP1
CLRF TEMP2
CLRF TEMP3
INCF H_P2,F
MOVF H_P2,W
SUBL® OXOA
BTFSS STATUS,Z
GOTO HU2
CLRF H_P2
INCF H_P1,F
MOVF H P1,W
SUBLW 0XOA
BTFSS STATUS,Z
GOTO HU2
CLRF H_P1
INCF H_U,F
MOVF H_U,W
SUBLW OXOA



BTFSS STATUS,Z
GOTO HU2
CLRF H_U
INCF H_T,F
MOVF H_T,W
SUBLW OXOA
BTFSS STATUS,Z
GOTO HU2
CLRF H_T
INCF H_H,F
MOVF H H,W
SUBLW OXOA
BTFSS STATUS,Z
GOTO HUZ
CLRF H_H

HU2  DECFSZ H_LSB,F
GOTO  HU3
BTFSC FLAG, 2
GOTO H_MINUT
BSF  FLAG,1

GOTQO HU1
HU3  BTFSS FLAG, 1
GOTO HU1
BCF  FLAG,1
DECFSZ H MSBE,F
GOTO HU1 -
BSF  FLAG,2
GOTO HU1
;t****t***it CALCULATE HUMIDITY FROM FORMULA IS 22T Z2 L FEREREERE S E R B4
H_MINUT MOVLW .4 ; HUMIDITY VALUE - 4
SUBWF H_U,F
BTFSC STATUS,C
GOTO BACKZ

DECF H_T,F
MOVF H U,W
SUBLW OXFF
BTFSS STATUS,Z
GOTO L5
MOVLW .9
MOVWF H_U
GOTO BACK2

LS  MOVF H U,W
SUBLW OXFE
BTFSS STATUS, 2
GOTO L6
MOVLW .8
MOVWF H_U
GOTO BACK2

L6  MOVF H U,W
SUBLW OXFD
BTFSS STATUS,Z
GOTO L7
MOVLW .7
MOVWF H_U
GOTO BACK2

L7  MOVF H U,W
SUBLW OXFC
BTFSS STATUS, Z
RETURN
MOVLW .6



MOVWFE
GOTO
BACEZ MOVFE
899.9
SUBLW
BTFSS
RETURN
MOVLW
MOVWE
MOVWE
MOVWE
RETURN

H U
BACK2
H H,W ;

0x01
STATUS, 2

0X09
H_P1
H_U
H_T

CHECK HUMIDITY VALUE 100 THEN SEND VALUE

;*iiiii*i* SUBPROGRAM READ VALUE F’ROM SHTll LA R R R R R ER RS LR R E R R RS RS S

READ_T
CALL START I2C
MOVLW 0X03 :
CALL WRITE DATA
BTFSC SDA
GOTO $-1
CALL READ_DATA
CALL SEND_ACK
MOVF READ_BUFFER, W
MOVWE T_MSB
CALL READ DATA
CALL SEND_ACK
MOVE READ_BUFFER, W
MOVWF T_LSB
CALL READ DATA
CALL SEND_NACK
MOVF READ BUFFER,W
MOVWF CHEK_SUM
RETURN

READ_H
CALL START I2C
MOVLW 0X05 ;
CALL WRITE_ DATA
BTFSC SDA
GOTO $-1
CALL READ DATA
CALL SEND_ACK
MOVF READ BUFFER, W
MOVWE H_MSB
CALL READ_DATA
CALL SEND_ACK
MOVF READ_BUFFER,W
MOVWF H_LSB
CALL READ DATA
CALL SEND NACK
MOVF READ_BUFFER, W
MOVWE CHK_SUM
RETURN

COMMAND TO READ TEMP

COMMAND TO READ HUMIDITY

;****k**** initial R8232 vk deode de ke gk ek ok e e e kb ke e ko o

STATUS, RPO

INIT_232 BSF
MOVLW
MOVWF
BCF
BSF
BSF

.25

SPBRG
TXSTA, SYNC
TXSTA, BRGH
TXSTA, TKEN



BCF
BSF
RETURN

STATUS, RFO
RCSTA, SPEN

;***i** TEST EMPTY 232 ok ko kdddrdrddk ko dkk ok ok dok bR

STATUS,RPO

TEST_EMP BSF
BTFSS
GOTO
BCF
RETURN

TXSTA, TRMT
5-1
STATUS, RPO

;******** ﬁ?udil’lﬂ1!ﬂﬂusart dr gk de o W ke e e ek e e ke b ok

SEND 232
CALL
MOVF
MOVWF
CALL
MOVF
MOVWF
CALL
MOVF
MOVWF
CALL
MOVF
MOVWF
CALL
MOVF
MOVWF
CALL
MOVF
MOVHF
CALL
RETURN

TEST_EMP
T_T,W
TXREG
TEST_EMP
T _U,W
TXREG
TEST_EMP
T_P1,W
TXREG
TEST_EMP
H_T,W
TXREG
TEST_EMP
H_U,W
TXREG
TEST_EMP
H_P1,W
TXREG
TEST_EMP

;*i*i*t****t* INITIAL 12C

INIT I2C
CALL
MOVLW
CALL
CALL
CALL
CALL
MOVLW
CALL
MOVLW
CALL
RETURN

START I2C
0X1E
WRITE_DATA
DELAYSMS
DELAYSMS
DELAYS5MS
0X06

WRITE DATA
0X00

WRITE DATA

~

;/////1 ** SUBPROGRAM I2C

START_I2C CALL SDA_HIGH

CALL
BTFSS
GOTO
BTFSS
GOTO
CALL
; CALL
CALL
H CALL
CALL

SCL_HIGH
SCL

-1

SDA

$-1
SDA_LOW
DELAYS55
SCL_LOW
DELAYS55
SCL_HIGH

ok ok ket g ke e ek e e vk ok ok A e A e e ok e e ok e

COMMAND RESET

COMMAND WRITE STATUS REGISTER

VALUE OF STATUS REGISTER

Wl SLLIEITENIEN Y



COUNTS, F

BTFSS SCL
GOTO  $-1

; CALL DELAY555
CALL SDA_HIGH
BTFSS SDA
GOTO $-1
RETURN

WRITE DATA
CALL WRITE
CALL READ_ACK
RETURN

WRITE MOVWF WRITE BUFFER
MOVLW .8
MOVWF COUNTS
CALL SCL_LOW

WRITE_LOOP
RLF  WRITE BUFFER,F
BC  SEND 1

SEND_0 CALL SDA_LOW
CALL SCL_PULSE
GOTO CHECKEE

SEND_1 CALL SDA_HIGH
CALL SCL_PULSE

CHECKER DECFSZ
GOTC WRITE_LOOP
CALL SDA_HIGH
RETURN

READ_ACK
CALL SDA_HIGH
CALL SCL_LOW
CALL SCL_HIGH
BTFSC SDA
GOTO STOP
BTFSS SCL
GOTO $-1
CALL SCL_LOW
RETURN

STOP CALL SCL_LOW
CALL SDA_LOW
CALL SCL_HIGH
CALL SDA_HIGH
CALL DELAYS55
RETURN

SCL_HIGH
BANKSEL TRISB
BSF  TRISB,3
BANKSEL PORTB
RETURN

SCL_LOW
BANKSEL TRISB
BCF  TRISB,3
BANKSEL PORTB
BCF  PORTB, 3
RETURN

SDA_HIGH
BANKSEL TRISB
BSF  TRISB,0
BANKSEL PORTH
RETURN

SDA_LOW

BANKSE

L TRISB



BCF  TRISB,0
BANKSEL PORTB
BCF  PORTB, 0
RETURN
DELAYSSS
NOP
GOTO $+1
RETURN
DELAYSMS
MOVLW .20
MOVWF DUMMY1
MOVLW .255
MOVWF DUMMYO
DECFSZ DUMMYO, 1
GOTO $~1
DECFSZ DUMMY1, 1
GOTC  $-5
RETURN
SCL_PULSE
CALL SCL_LOW
CALL SCL_HIGH
CALL SCL_LOW
RETURN
SEND_NACK
CALL SCL_LOW
CALL SDA_HIGH
CALL SCL HIGH
CALL SCL_LOW
CALL SDA_HIGH
RETURN
SEND_ACK
CALL SCL_LOW
CALL SDA_LOW
CALL SCL_HIGH
CALL SCL_LOW
CALL SDA_HIGH
RETURN
READ_DATA
MOVLW .8
MOVWF COUNTS
CALL SCL_LOW
CALL SDA_HIGH
READ_LOOP
CALL SCL_HIGH
BTFSC SDA
GOTO RECEIVE 1
RECEIVE_0
CLRC
GOTO ROTATE_DATA
RECEIVE_1
SETC
ROTATE_DATA
RLF  READ BUFFER,F
CALL SCL_LOW
DECFSZ COUNTS, F
GOTO READ_LOOP
RETURN
DELAYY CLRF DUMMY1
CLRF DUMMYQ
DECFSZ DUMMYO, F
GOTO $-1



DECFS2 DUMMY1, F
GOTO $-4

RETURN

END
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Sensirion SHT11 Sensor Module (#28018)
Precision Temperature and Humidity Measurement

Introduction

When it comes to predision temperature and humidity measurement, Sensirion (www.sensirion.com) has
simplified the process their SHT1x sensor series. Through a two-wire serial interface, both temperature
and humidity can be read with excellent response time and accuracy. Parallax has simplified the use of
the SHT11 by mounting it In 2 user-friendly 8-pin DIP module. The module indudes a data-line pull-up
and sesies limiter making it possible to connect directly to the BASIC or Javelin Stamp.

Features

Temperature range: -40 °F (-40 °C) to +254.9 °F (+123.8 °C)
Temp. accuracy: +/-0.5°C @ 25 °C

Humidity range: 0 to 100% RH

Absolute RH accuracy: +/- 3.5% RH

Low power consumption (typically 30 uw)

Connections
The SHT11 is interfaced to the Stamp over two 1/O pins. The 4.7 kQ pull-down resistor on the dock is
optional but may be required if your application experlences sensor lock-up.

Vdd
SHT11 Sensor Module

Data O————1

Clock D-—¢

o

el
——
-

Vss Vss

Parallax, Inc. = Sensirion SHT 11 Sensor Module (#28018) « 07/2003 1



SHT1x / SHT7x
Humidity & Temperature Sensor

Evaluation Kit
~ Avallable

- Relative humidity and temperature sensors

- Dew point

- Fully calibrated, digital output

- Excellent long-term stability

- No external components required

- Ultra low power consumption

- Surface mountabie or 4-pin fully interchangeable
- Small size

- Automatic power down

SENSIRION

THE SENSOR COMPANY

SHTTx

SHT1x / SHT7x Product Summary

The SHTxx is a single chip relative humidity and
temperature multi sensor module comprising a calibrated
digital output. Application of industrial CMOS processes with
patented micro-machining (CMOSens® technology) ensures
highest refiability and excellent long term stability. The
device includes a capacitive polymer sensing elemant for
relative humidity and a bandgap temperature sensor. Both
are seamlessly coupled 1o a 14bit analog to digital converter
and a serial interface circuil 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 SHTxx is individually calibrated in a precision humidity
chamber. The calitvation coefficients are programmed into

the OTP memory. These coefficients are used infemally
during measurements to calibrate the signals from the
SENSOrs.

The 2-wire serial interface and intemal voltage regulation
alows easy and fast system integration. lts tiny size and low
power consumption makes it the ullimate choice for even
the most demanding applications.

The device is supplied in either a surface-mountable LCC
(Leadiess Chip Carrier) or as a pluggable 4-pin single-inine
type package. Customer specific packaging options may be
available on request.

Applications

_HVAC _ Test & Measurement

— Automotive _ Data Logging

_ Consumer Goods _ Automation

_ Weather Stations _ White Goods

_ Humidifiers _ Medical

. Dehumidfiers

Ordering Information
Part Humidity |Temperaturo |
Number | 2CCUracY | accuracy [Kl | Package

[%RH | @25°C

SHT10 4.5 H).5 SMD (LCC)
SHT11 +3.0 H.4 SMD (LCC)
SHT15 2.0 .3 SMD (LCC)
SHT71 13.0 04 4-pin single-in-line
SHT7S +1.8 +.3 4-pin single-inline

Block Diagram
WRH ] cmwum 1 scK

Sensor $

www.sensirion.com Sensirion AG, Laublsruetistr. 50, CH-8712 Staefa ZH, Switzerland, Phone: +41 44 306 40 00, Fax: +41 1 306 40 30 v2.05



SHT1x/ SHT7x Relative Humidity & Temperature Sensor System

SENSIRION

THE SENSOR COMPANY

1 Sensor Performance Specifications

[Parameter | Conditions | Min. | Typ. | Max. | Units
{Humidtty |
Resolution 9 0.5]003 003} %RH
8 12| 12 bit
[Repeatability 0.1 %RH
Accuracy O linearized see figure 1
Uncertainty
[interchangeability Fully interchangeable
lNonIinearity raw data 13 %RH
linearized << %RH
[Range 0 100 | %RH
|Response tme | 1/e(63%) 4 5
slowly moving air
[Hysteresis 1 %RH
|Long term stabiity| typical <05 %RHIT
emperature : ‘ :
|Resoiution @ 0. 04 001|001 °C
007,002 002 °F
121 14 | 14 bit
[Repeatability 0.1 °C
H).2 °F
Accuracy see figure 1
Range 40 1238] °C
40 2549 °F
Response Time 110(63%) | & 30 §
Table1  Sensor Performance Specifications

2 Interface Specifications

Vdd
GND
DATA 7 SHT1x
> (slave)
SCK —
Vdd 2.4 - 5.5V

Flguro 2 Typlcal application arcuit

21 Power Pins

The SHTxx requires a voltage supply between 2.4 and 5.5 V.
Afer 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
11C interfaces, see FAQ for details.

Relative Humidity lbsolute accuracy

HY1O

HT11/79
SHT15
EHT75

O 50 60 70 80 90 1

Temperature accuracy

PV Lo Simtvhidshbuiiomiviuimitr . ntin.n.L S S .+9.0°
+4°C " s fL A P
+3°C ‘}\ 0 15.4°
s2°c $H 1}’\ b PHT11/71 43,61
+0°C —1—1* %R}

D 10 20 3040 50 60 70 80 90 100
Figure 1 Rel. Humidity, Tempetature and Dewpoint accuracies

2.2.1 Senal clock input {SCK}

The SCK is used to synchronize the communication between
a 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 o transfer data in and out of
the device. DATA changes after the falling edge and is
valid on the rising edge of the senal clock SCK. During
transmission the DATA line must remain stable while SCK is
high. To avoid signal contention the microcontrolier should
only drive DATA low. An external pull-up resistor (e.g. 10 kQ )
is required to pull the signal high. {See Figure 2) Pulkup
resistors are often included in YO circuits of microcontroliers.
See Table 5 for detailed 10 characteristics.

) Each SHTxx is tested o be fully within RH accuracy specifications at 25 °C (77 *F)end 48 °C (118.4 °F)
 The default measurement resolution of 14bit (emperature) and 12bit (humidity) can be reduced to 12 and 8 bit through the status regisier.

v2.05 March 2006 210



SHT1x / SHT7x Relative Humidity & Temperature Sensor System

SENSIRION

THE SENSOR COMPANY

2.2.3 Sending a command

To initiate 2 transmission, a “Transmission Start” sequence
has o 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.

pata T\ N
sk _/ /" \__

Figure 3 "Transmission Start® sequence

The subsequent command consists of three address bits
{only “000" is cumently supported) and five command bits.
The SHTxx indicates the proper reception of a command by
pulling the DATA pin low (ACK bit) afler 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
Moasure Temperature 00011
Measure Humidity 0011
Read Status Register 00111
Write Statis Register 00110
Reserved 0101x-1110x
Soft resat, resets the interface, clears the | 11110
status register to default values
wait minimum 11 ms before next command

Table2  SHTxx list of commands

2.2.4 Moasurement sequence (RH and T)
After issuing a measurement command (00000101’ for RH,
‘00000011’ for Temperature) the controller has to wait for the
measurement to complete. This takes approximately
11/55/210 ms for a 8/12/14bit measurement. The exact time
varies by up to £15% with the speed of the intsmal osciltator.
To signal the completion of a measurement, the SHTxx pulls
down the data line and enters idle mode. The controlier must
wait for this “data ready” signal before restarting SCK to
readout the data. Measurement data is stored until readout,
Transmission Star ; Address=000" .

Command="00101'

Meaturement i finishad when the
. _SHTxx pulls down tha DATA line

DATA,

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 fansmited. The uC must
acknowledge each byte by puling the DATA line low. All
values are MSB first, right justified. (e.g. the 5 SCK is MSB
for a 12bit value, for a Bbil 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 controlier may
terminate the communication after the measurement data
LSB by keeping ack high.

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

Waming: To keep seif heating below 0.1 °C the SHTxx
should not be active for more than 10% of the ftime
{e.9. max. 2 measurements / second for 12bit accuracy).

2.2.5 Connection reset sequence

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

While leaving DATA high, toggle SCK 9 or more times. This
must be foliowed by a ‘Transmission Start® sequence
preceding the next command. This sequence resets the
interface oniy. The status register preserves its content.

: !
\__/_
t
A
'

Tranfsmission‘; Start

DATA

Figure 4 Conneclion reset sequence

2.2.6 CRC-8 Checksum calculation

The whole digital transmission is secured by a 8 bit
checksum. It ensures that any wrong data can be detected
and eliminated.

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

/Bo!d=SIﬂxanUdsDATAline

Meaasurement
~55ms for 12 bit
~11ms for B bil

7 a 5 4 3 z 1 [

CRC-8 cna?;um_' — | wait for nex{measurement _ _ _Transmission Stan______
J——— ' e ‘.}‘\. ...... 7

ek Skip acknowledge to

3 o = =
sek _______ VAVAVAVAVAVAVAVAVANIL.L.....l v NP N

LBA

Figure 5 Exampis RH measurement sequence for value 00001001 * 0011°00017= 2353 = 75.70 %RH (without temperature compensation)

www.sensirion.com

¥2.05 March 2006 o



SHT1x/ SHT7x Relative Humidity & Tempevrature Sensor System
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wait for data ready

Ao

T
M$8,

[ To

40k, 1 A% ) precem

Command

Figure & Overview of Measurement Sequence (TS = Transmission Start)

23 Status Register

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

after switching on the heater, proper functionality of both

sensors can be verified.

e In high (>85 %RH) RH environments heating the sensor
element will prevent condensation, improve response
time and accuracy

Waming: While heated the SHTxx will show higher

ERERE g temperatures and a lower relative humidity than with no
XU Hﬁ Reg ) | | # reating
(1)
24 Electrical Characteristics
Command VDD=5V, Temperature 25 °C uniess otherwise noted
Figure 7  Status Register Write [Parametar Conditions - [Mia. {Typ. [Max |Units
RRRAR! T TTTTT] Power supply DC . 24 [ 5 [55 |V
A00000 111 :r'SHUE ‘ﬂ%’ F"ﬁc} s'min {Supply current moasuring 550 A
L1114 é@&g!ii mlxse 2“’%3;"1%
A —— [l i
Command |Cow level output vottage 0 20% |Vad
Figure 8 Stalus Register Read [High level output vottage 75% 100% |Vad
[Low tevel input vottage [ Negative going| 0 20% [Vad
£ Tips { Sepcrpton ool [Figh tevel inpit vofiage |Posive going | 60% | [100%]Vad
5 |k |Endof defecion X [Nodefivas,]  |inputcument on pads 1 A
wmf?"”m ’ bt ks only IOumnpeakcunent on 4 |mA
1" for Vd < 2.47 updated after a Tristated (off) 10 lua
3 — o e Tablad  SHTwxDC Characteristics
4 raserved 0 -
- | [Parametes . . [Conditions. Mia | Typ. | Max. | Unk.
3 W mmmmmm 3 o [Fsox [SCKirequency |VDD>4.5V 10 |MHz
1_JRAW_I no reload from OTP 0 [ reload VDD <4.5V 1 |MHz
T |RW | = S0HRH/12bt Temparature resokution | 0 | 126t RHL Trro [DATAfGme |Quipil'oad SpF 3.5 10 | 20 ins
' = 120#t RH { 14bit Temperature resolution 14bit Temp. Output load 100 pF | 30 | 40 | 200 |ns
Table 3  Status Register Bits [ |SCK hilow fime 100 ns
i Tv | DATA valid fime 500 ns
2.3.1 Measurement resolution Tsu  |DATA set up ime 100 ns
The default measurement resolution of 14bit {temperature)  {Tro  [DATA hod time 0|10 ns
and 12bit (humidity) can be reduced to 12 and Bbit Thisis  [T9TF |SCK risefl tma |_[20]
ospecially useful in high speed or extreme low power  Table5  SHTxx VO Signals Charactesistics
applications.
2.3.2 End of Battery -1F
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 swilched on. It will
increase the temperature of the sensor by 5-15 °C {9-27 °F).
Power consumption will increase by ~ mA @ 5 V.
Applications:

By comparing temperature and humidity values before and
Y Parameters am perodically sampled and not 100% iastad

@ With one measurement of 8 bit accuracy without OTP reload per sacond
& With one measurement of 12bit accuracy per sacond

DATA

Flpure 8  Timing Diagram

wWww.sensirion.com
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3 Converting Output to Physical Values

3.1 Relative Humidity

To compensate for the noninearity of the humidity sensor
and fo obtain the full accuracy it is recommended to convert
the readout with the following formula;

RHgoear = €1 +C5 #S0g; +C4 ¢SO0,

8O0ru cr i g
12 bit -4 0.0405 -2.8* 0%
8 bit -4 0.648 1.2 104

Tabled  Humidity conversion coefficients

For simplified, less computation intense conversion formulas

see application note "RH and Temperaturs Non-Linearity

Values higher than 99% RH indicate fully saturated air and

must be processed and displayed as 100% RH.

The humidity sensor has no significant voltage dependency.
100% v . .

1 L] ] ¥ ) )
) ] ' 1 '

] ] L} 1 1 L}

1 ¢ L ! 1
80%} - - A el W e e

i ] ' 1 ' 1

i 1 1 [ 1 t

1 i 1 1 |
:m%---——r—-~—r——--r - tm - - — = - =

1 1 1 ' ' '

o 1 1 1 ] I

F' 3 ' [ 1 ' ‘ 1
0% ---- | PR R~ S W N (U N

' [ 1 ' [ )

L} 1 ] 1 ]

' ' 1 ' ) 1

1 1 [] 1 1 L
20%}F---- |7 gt diadalialil tiallh el dhih i e e Bl

1 1 ! 1 1

' ' | 1 1 1

1 ' L ] 1 1 i

0% M L L

1000 1560 2000 2500
® ™ gOm sensor readout (1261)

Figure 10 Conversion from SOry to relative humidity

3.1.1 Humidity Sensor RH/Temperature compensation
For temperatures significantly different from 25 °C (~77 °F)
the temperature coefficient of the RH sensor should be
considered:

RHpye = (Tog - 25)e(t; +t; @S0py) +RMear

12 bit 0.01 0.00008
abit 0.01 0.00128

Table7 Temperature compensation coefficients
This equals <0.12 %RH/°C @ 50 %RH

1 Where SOrw is the sensor output for refative humidity

32 Temperature

The bandgap PTAT (Proportional To Absolute Temperature)
temperature sensor is very linear by design. Use the
following formula to convert from digital readout to
temperature:

Temperature = d; +d, ¢SOy

VDD di[*C) | &['F] 807 - | d:[°C] | d[°F)
5v | 4000 | 4000 t4oit | 001 | 0018
| 3875 | 3050 12bit_[ 004 | 0072
35v] -3066 | -39.35
V| 3060 [ -30.28
25V] 3055 | 3.3

Table8 Temperature conversion coefficients

For improved accuracies in extreme temperatures with more
computation intense conversion formulas see application
note ‘RH and Temperature Non-Linearity Compensation”,

33 Dewpoint

Since humidity and temperature are both measured on the
same monolithic chip, the SHTxx allows superb dewpoint
measurements. See application note “Dewpoint calculation”
for more.
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4 Applications Information

4.1 Operating and Storage Conditions

100-i£"‘5H' .

SR U

40..Ja
20_1
04t i N
40 -20 0 20 40 60 30 100 120
Figure 11 Recommended operating conditicns

Conditions outside the recommended range may tempocarily
offset the RH signal up to £3 %RH. After retum to normal
conditions it will slowly retum towards calibration state by
itseff. See 4.3 "Recondifioning Procedure” to accalerate this
process. Prolonged exposure fo 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
info the polymer may cause a shit in both offset and
sensitivity. In a clean environment the contaminants will
slowly oulgas. The reconditioning procedure described
below will accelerate this process. High levels of pollutants
may cause permanent damage to the sensing polymer.

4.3 Reconditioning Procedure

The following reconditioning procedure will bring the sensor
back to calibration state after exposure to extreme condifions
or chemical vapors.

80-90 °C pre-1sa-ry at < 5 %RH for 24h (baking) followed by
20-30 °C oseep) &t > 74 %RH for 48h (re-hydration)

4.4 Temperature Effects

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

To reduce heat conduction copper layers between the
SHT1x and the rest of the PCB shouid be minimized and a
slit may be milled in between (see figure 13}.

45 Membranes

A membrane may be used fo prevent dirt from entering the
housing and to protect the sensor. It will also reduce peak
concentrations of chemical vapors. For oplima! response
times air volume behind the membrane must be kept to a
minimum. For the SHT1x 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 fimes 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 fited epoxy for
electronic packaging {e.g. glob fop, underfill}, and Silicone.
Outgassing of these materials may also contaminate the
SHTx (cf. 4.2). Store well ventilated after manufacturing or
bake at 50°C for 24h fo oulgas contaminants before
packing.

4.8 Wiring Considerations and Signal integrity
Carrying the SCK and DATA signal parallel and in close
proximity (e.g. in wires) for mare than 10¢m 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.

Power supply pins (VDD, GND) should be decoupled with a
100 nF capacitor if wires are used.

49 Qualifications

Extensive tests were performed In various environments.
Please contact SENSIRION for detailed information.

{Envionment -~ [Norm Resultst!)
amperature (JESD22-A104-B Within
Cycles -40 °C 1 125 °C, 1000 cy Specifications
IHAST WESD22-A110-B Reversible shift
Pressure Cooker [2.3bar 125°C 85 %RH by +2 %RH
High Temperature |JESD22-A101-B Reversible shift
and Humidity 85°CB5%RH 1250h by +2%RH
Salt Atmosphere  |DIN-50021ss Within Spec.
[Condensing Alr - Within Spec.
Freezing cycles -20 1 +90 °C, 100 cy Reversible shift
fully submerged  |30min dwedl time by +2 %RH
'arlous Automotive | DIN 72300-5 Within
Chemicals Specifications

Table 8 Qualification tests (excespt)

4.10 ESD (Electrostatic Discharge)

ESD immunity Is qualified according to MIL STD 883E,
method 3015 (Human Body Modeal at 12 kV)).

Latch-up immunity is provided at a force curent of +100 mA
with Temy = 80 °C according to JEDEC 17. See application
note "ESD, Latchup and EMC” for more information.

M The temperature sensor passad af tests withoul any detectable drifl. Package and electronica also passed 100%
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5 Package Information
51 SHT1x (surface mountable)

Pin {Name | Comment
1 |GND Ground
2 |DATA | Serial data, bidirectional
3 ISCK Serial clock, input
4 (VDD Supply 24-55V
NC Remaining pins must be eft unconnected

Table 40 SHT1x Pin Description

5.1.1 Package type

The SHT1x is supplied in a surface-mountable LCC
{Leadless Chip Carrier) type package. The sensors housing
conslsts of a Liquid Crystal Polymer (LCP) cap with epoxy
glob top on a standard (.8 mm FR4 substrate. The device is
free of Pb, Cd and Hg. (Fully ROHS, WEEE compliant)
Device size is 7.42 x 4.88 x 2.5 mm (0.29 x 0.19 x 0.1 inch)
Waight 100 mg

The production date Is printed onto the cap in white numbers
in the form wwy. e.9. "351" = week 35, 2001,

5.1.2 Delivery Conditions
The SHT1x are shipped in 12mm tape at 100pcs or 400pcs.
{SHT10 at 2000pcs only). Resls are individually labelled with

barcode and human readable labels. The lot numbers allow
full iraceability through pr_odu0tion, cafibraion and test.

ST =TT
ST T R
Figure 12 Tape configuration and unit crientation

5.1.3 Soldering Information

Standard refiow soldering ovens may be used. For details

AT

e Tt

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

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

Please consuit the application note *Soldering procedure® for
more information.

5.1.4 Mounting Exampies

Slit to minimize heat
transfer from the PCB

ANV

Figure 13 SHT1x PCB Mounting example

The SF1 membrana filter cap is available for oplimal iIP67
protection. When mounted through a housing the interior can
be protected from the environment while stil allowing high
quality humidity measurements (see exampie below).

eata st

Figure 14 SF1 |PG7 fitter cap mounting example

please see application note “soldering procedure”.
Top View Side View Recommended PCB Footprint
ol - o bl
2 sensor opening
. 3
§ N E
g" % o/_.-’”"; 8
g g o
~8g e . U .
No -
~g =1 a
= o 8
i @ 3
& - £
0
acial sz | 1.8 .| 3.48(0.137)
| 4.88 (0.16) 0.07) " 708 (.28 O-O7

Figure 15 SHT1x drawling and footprint dimensions in mm (inchj

WWW.sensinion.com
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5.2 SHT7x {4-pin single-in-line)

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-fine 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 tmes. The gold
plated back side of the sensor head is connected fo the GND
pin.

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

Al pins are gold plated to avoid corrosion. They can be
soldered or mate with most 1.27 mm (0.05") sockets

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

Total weight: 168 mg, weight of sensor head: 73 mg

The production date is printed onto the cap in white numbers
in the form wwy. 6.9. "3517 = week 35, 2001,

5.2.2 Delivery Conditions
The SHT7x are shipped in 32 mm tape. These reeled parls
in standard option are shipped with 500 units per 13 inch
diameter reel. Reels are individually labelled with barcode
and human readable iabels.

Figure 16 Tape configuration and unit ofientation

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 keast 24 h to allow the polymer to rehydrate.
Please consult the application note “Soldering procedure” for
more information.

1 Other packaging opfions may be avallable on request,
2 For maximum accuracy do not solder SHT75!

- N B
012y i
2.2

(0.09)

/

0.6
T 0024

Lo

13.5
{0.53}
|

0.15)

l

(0.13)

~6
(~0.28)

0.46 1.27 0.2
}9013) 5.08 0.05) (0.01)

2
(02) ~o.0af"
Figure 17 SHT7x dimensions in mm (inch)
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6 Revision history

Date Version | Page(s) | Changes
February 2002 Preliminary § 1-9 First public release
June 2002 Preliminary Added SHT7x information
March 2003 Finalv2.0 |1-9 Major remake, added application information etc.
Various small modificaions
V2.0 1-9 Typos, Graph iabeling
July 2004 V202 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
March 2006 V205 1-10 Changed disclaimer

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

www.sensirion.com/humidity

7 Important Notices

7.1  Waming, personal injury

Do not use this product as safety or emergency stop
devices or in any other application where failure of the
product could result in personal Injury. Do not use this
product for applications other than Its intended and
authorized use. Before installing, handiing, using or
servicing this product, ploase consult the data sheet
and application notes. Fallure to comply with these
instructions could result in death or serious Injury.

if the Buyer shall purchase or use SENSIRION products for any
unintended or unauthorized application, Buyer shall defend,
indemnify and hold hammiess SENSIRION and its officers,
employees, subsidiaries, affliates and distributors against all
claims, costs, damages and expenses, and reasonable atiorney
fees arising out of, directly or indirectly, any claim of personat
injury or death associated with such unintended or unauthorized
use, even if SENSIRION shall be allegedly negligent with respect
fo the design or the manufacture of the product

7.2 ESD Precautions

Tha inhenent design of this component causes it to be sensitve b
elactrostatic discharge (ESD). To prevent ESD-induced damage
andfor degradation, take customary and statutory ESD
precautions when handling this product.

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

7.3 Warranty

SENSIRION wamants solely to the onginal purchaser of this
product for a period of 12 months {one year) from the dale of
delivery that this pmdudshaﬂbec!ﬂ\equaﬁty material and
workmanship defined in SENSIRION's published specifications of
the product. thmsumpemd if proven to be defective,
SENSIRION shall repair and/or replace this product, in
SENSIRION's discretion, free of charge to the Buyer, provided
that

» such defecls shall be found, to SENSIRION's reasonable
satisfaction, 1o have arisen from SENSIRION's faulty design,
material, or workmanship;

o the defective product shall be refumed o SENSIRION's
factory at the Buyer's expense; and

« the waranty period for any repaired or replaced product shall
be limited to the unexpired portion of the original period.

This warranty does not apply to any equipment which has not
been instatied and used within the specifications recommended by
SENSIRION for the intended and proper use of the equipment.
EXCEPT FOR THE WARRANTIES EXPRESSLY SET FORTH
HEREIN, SENSIRION MAKES NQ WARRANTIES, EITHER
EXPRESS OR IMPLIED, WITH RESPECT TO THE PRODUCT.
ANY AND ALL WARRANTIES, INCLUDING WITHOUT
LIMITATION, WARRANTIES OF MERCHANTABILLITY OR
FITNESS FOR A PARTICULAR PURPOSE, ARE EXPRESSLY
EXCLUDED AND DECLINED.

SENSIRION is only liable for defects of this product arising under
the conditions of operation provided for in the data sheet and
proper use of the goods. SENSIRION explicitty disclaims all
wamanties, express or implied, for any period during which the
goods are operated or stored not in accordance with the tachnical

specifications.

SENSIRION does not assume any Nabifity arising out of any
application or use of any product or circult and specifically
disclaims any and el Nabllity, including without Emitation
consequential or incidental damages. All operating parameters,
including without limitation recommended parameters, must be
validated for each customer’s applications by customer's fechnical
experts. Recommended parameters can and do vary In different
applications.

SENSIRION reserves the right, without further notice, i) to change
the product specifications andfor the information In this document
and (ji} to improve refiabllity, functions and design of this product.

Copyright® 2001-2005, SENSIRION.
CMOSens® is a frademark of Sensirion

his resarved.
+ nofice in writing describing the defects shall be given to Allrg
SENSIRION within fourteen (14) days after their appearance;
WWw.sensirion.com v2.05 March 2006 ang
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WENSHING

TRW-2.4GHz Radio Transeceiver
Conditions: VDD = +3V, VSS = 0V, Ty = « 40°C to + ¥5°C
Symbol [Parameter (condition) | Notes | Min. | Typ. | Max. | Units
Operating conditions
VDD Jsupply voltage 1.9 3.0 3.6 V
TEMP  |Operaung Temperature -411 iy +R]E ag
Digital input pin
Vig HIGH fevel input voltage VD- 0.3 vDD v
Vi LOW level input volage Vs 0.3 V
Digital output pin
Vo {HIGH level output voltage (hoyy=-0.3maA} VDD- 6.3 YD v
Vol LOW level output voltage {14 -0.5m.A} Vis 0.3 v
General RF conditions
foe__ |Uperating [tequency 1) 2400 2524 MHz
Al Frequency deviation =156 kilz
L__Rase Data rate Shock Bursi™ 0 1000 Kbps
Fopaous Channe! spaciny ] MHz
Transmitter operation
P Maxmmaum Quiput Power 4 0 +4 dBm
Puyi: RE Pawer Contral Range io 20 JdB
Pgx  IRF Power Control Range Resolution =1 dB
| Pup |2048 Bandwidih for Modulated Carnier 1000 ki{z
Prys 2 Adjacent Channel Transmit Power 2MHz =20 dBm
| Pygs 3 Adjacent Channel Transmit Power 3MHz -40 dBm
hpp Supply current . GdBm outpul power 5i 13 mA
hon Supply current (@ - 20dBm autput power 5 88 mA
Lpn  JAverage Supply current ‘o -5dBm output 6] 0R mA
power, Shock Bursi™
[ Average Supply current w sand-by mode T 12 uA
Lo Average Supply current in power down i uA
Receiver operation
lygn  ISupply curnent one channel 250kbps 8 mA
hop Supply current one channel 1000kbps 19 m.A
Iy Supply current two channels 250kbps 23 mA
[ Supply current two channels 1000kbps 25 mA
RXgins  |Sensnivity at 0.1%BER (@ 250kbps) -90 dBm
R X Sensitgs ity at 0. 1BER (G 1000kbps) -80 dBm
Clie €T Co-channel 6 dB
Cilygy IV Adjacent Channe! Selectivity €1 IMHz - FE)
Clag 2% Adjacent Channel Selectivity C/12MHz -16 dB
Clgp 13" Adiocent Channel Selectivity C:1 iMHz -26 4B
Rf;, Blocking Data € haewsel 2 -4l dB
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TRW -2.4GHz Radio Transeceiver

ShockBurs(™

The ShockBurst™ technology usex on-chip FIFO o clock i data ar a low data rate
and transonnt it a very high rate thas enabling extremely power reduction.

When operating the TRw-2.46 tn ShockBurst™, vou gain access to the high data rates
(1} Mbps) offered by the 2.4 GHz band without the need of a costly, high-speed micro
controller (MCU) for data processing.

By putting all high speed signal processing related to RF protocol an-chip, the
TRW-2.46 offers the following benetits:

Highly reduced current consumption
o Lowersystem coast {facilitates use of less expensive micro controller)
o Greatly reduced risk of "on-air” collisions due to short transmisston ime

The TrRw-246 can be programmed using a simple 3-wire iterface where the data rate
is decided by the speed of the miera controller.

By allowg the digital part of the application to run at low speed while maxinuzing
the data rate on the RF hink. the nRF Shock Burst™ mode reduces the average current
consuniption in applications considerably.

ShockBurst™ principle

When the TRW-2.46 s canfigured in ShockBurst™. TX or RX operation is conducted
in the following way {10 kbps for the example only).

T

. 0K 2

8-bit Continuous 1kbps TRW-2.4G _l:L _[L
MCU

EIFO
(T ShockBurst™  1Mbps

Figure 4 Clocking in data with MCL and sending with Shack Burst™ technology

without ShockBurst™, running at speed dictated by 10Kbs MCU

< 10mA perode >

‘TT— 10mA period  10Kbs MCU with ShockBurst™

a u 30 ol 0 1S 120 146 160 180 204 230 240
Time mS

Figure 4 Current consunmption with & without Shock Burst™ technology
2
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Data content of registers:

uConirctier
Loading ADDR
anil PAYLOAD ADDR PAYLOAD
data

l l'.-laxinmn 2546 bits

TRW-2.4G
Caladating CRC ADOR PAYLOAD CRC

YES

TRW-2.4G

Adding Preambia a':r;'a ADDR PAYLOAD CRC

TRW-2.4G
Sanding
ShockBurst™
Packaga
(250 ar 1000kbps)

Input FIFO nol Emply

Figure 2 Flow Chart Shock Burst™ Transmit of TRW-2.46

nRF2401 ShockBurst™ Transmit:
MCU interface pins: CE, CLK 1, DATA
. When the application MCU has data to send. set CE high. This activates
TRW-246 on-board dar processing.

2. The address of the receiving node (RX address) and payload data is
clocked into the TRW-2.46 . The application protocol or MCLU sets the speed
<IMbps (ex: 10khps).

3. MCU sets CE low, this activates a trwizag  ShockBurst™ transmission.

4. w246 ShockBurst™:

» RF front end is powered up

e RF package 1s completed (preambic added. CRC caleulated)

o Data 1s transmutted at hrgh speed (250 kbps or | Mbps configured
by user).

*  TRW-24G return ta stand-by when Tinished

3
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w2 |
ShoackBurst™
RX7?

TRW-2 4G

Detects
PREAMELE and
Incoming Data

i

NO
Corredt
ADLOR?

YES

TRW-2.4G
Reaceives Data
and
Checking CRC

TRW-2.4G
Set Dala Ready
{DR1:2) high

l

uController
Clocks out
-.l Payload

Sals Data Ready
iDRA21 o

Figure 3 Flow Chart Shock Burst!™ Receive of TRW-2.4G

Data content of registers:

Pra- .
ambis ADDR PAYL.OAD CR(C
ADDR PAYLOAD CRGC
ADDR PAYLOAD CRC
ADDR PAYLOAD CRC
PAYLOAD
PAYLOAD

Outpul Register Empdy




WENSHING

TRW-2.4GHz Radio Transeceiver

TRW-2.4G ShockBurst™™ Receive:
MCU interface pins: CE, DRI, CLK I and DATA (one RX channel receive}
I. Carrect address and size of payload of incoming RF packages are set whea

TRW-2.4G 1> configured o Shock Burst™ RX,

Toactivate RX. set CI= high.

After 200 pis setthng, Trwez.4 15 monttoring the air for mcoming

commucation.

4. When a valid package has been recerved (correct address and CRC found),

TRW-2.4G removes the preamble, address and CRC bits,

5. TrRw24a then notifies {intecrupts) the MCU by setting the DRI pin high.

6. MCU may (or may not) set the CE low to disable the RF front end (low
current mode).

7. The MCU will clock out just the pavload data at a suitable rate {ex. 1)
kbps).

8. When all payload data 1s retricved  TRW-246 sets DRI low agaimn, and 15
ready for new incoming data package tf CE 15 kept hagh during data
download. i the CE was sct low, a new start up sequence can begin, see
Figure 12

[V
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DuoCeiver™ Simultaneous Two Channel Receive Mode

In both ShockBurst'™ __ __ modes the trwzag <an tactlitate simultancous
reception of two parallel independent frequency channels at the maximum data rate.
This means:
®  TRW-24G can receive data From two 1 Mbps transmitters (¢X: TRW-24G or
TRW-24G_) X NHz (¥ frequency channels) apart through one antenna

interface.
o The output from the twa data channels 1s fed to two separate MCU
interfaces.

s  Datachannel CLK L, DATA, and DRI

o Data channe! 2: CLK2, DOUT2, and DR2

e DRI and DR2 are available only in ShockBurst™,
The TRW-24G . DuoCeiver™ technology provides 2 separate dedicated data channels
for RX and replaces the need for two, stand alone receiver systems.

TRW-2.4G
Tx/Rx
TRW-2.4G L—_—: >
Tx/Rx
C:’ TRW-2.4G
Tx/Rx

Figure 4 Sunultancous 2 channei TCCEIVE QN TRW-2.4G

There is one absolute requirement for using the second data channel. For the TRW-246
to be able to receive at the sceond data channel the frequency channel must be SMHz
higher than the frequency of data channel 1. The TRw.246 must be programmed to
receive at the frequency of data channel 1. No time multiplexing is used - rw2.46
ta fulfil this tunction. In direct mode the MCU must be able to handle two
sinwltancousty incoming data packets if 1t is not multiplexing between the two data
channels. In ShockBurst™ it is possible for the MCU to clock out onc data channel at
a time while data on the other data channel waits for MCU availability, without any
lost data packets, and by doing so reduce the needed performance of the MCU.

Clock ADDR. ¥ DRI -
Foer [ Recovery. s CRC —d» CLK1 Data(Fpey)
DataSlicer Chack DATA
Clock ADDR, |—# DRZ
Forg=Fap(*8MHZ |~ Recovery,  CRC |l CLK2 Data(Fgey)
DataSlicer Check DOUTZ

Figure 8 DuoCeiver ™ with two simultaneously independent receive channels,
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DEVICE CONFIGURATION

All configuration of the Trwez.ag 18 done via a 3-wure interface to a single
configuration regester. The configuration word can be up to 15 bytes long tor
Shock Burst™

Configuration for ShockBurst™ operation

The configuration word 1n ShockBurst™ cnables the TRW-246 to handle the RF
protocol. Once the protocol 1s completed and loaded into TRW-2.4G anly one byte,
bt 7:0]. needs 1o be updated durning actual operation.

The configuration bocks dedicated ta ShockBurst™ is as follows:

o Pavload section width: Specifies the number of payload bits tn a RF package.
This enables the TRW-246 to distinguish between payload data and the CRC
bytes i a received package,

o Address width: Sets the number of bits used for address in the RF package.
This chables the TRW246 (o distinguish between address and payload data.

o Address (RX Channel 1 and 2): Destination address for received data.

s CRC: Enables nRF2401 on-chip CRC generation and de-coding.

NOTE:

These configuration blocks. with the exception of the CRC, are dedicated for the
packages that & TRW-2.4G IS to receive.

In TX mode. the MCL! must generate an addeess and a payload section that fies the
configuration of the TRW-24G that is ta receive the data.

When using the TRW246 on-chip CRC teature ensure that CRC is enabled and uses
the same length for bath the TX and RX devices.

PRE-AMBLE | ADDRESS PAYLOAD CRC

Figure 10 Data packet sct-up
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Configuration Word overview

Bit Number Name Function
position} of bits

= 143120 4 TEST Reserved for testing
'g bio:1]2 5 DATA2_W Length of data payload secuon RX vhannel 2
; P04 3 DATAI_W Length of data peytoad section RX channel |
I'g' 103:04 40 ADDR?2 Up to § byte address for RX channel 2
;’ 63:24 40 ADDRI Up 1o 5 byte addeess for RX channe] |
= m——
‘E 2318 o ADDR_W Number of address bits (both RX channels).
a 17 | CRC_L 8 ar 16 it CRC
@

1o | CRU_EN Enable on-chip CRC generationchecking,

15 | RXY EN Enable two channel reaeive made
E 14 | M Communication mode (Direct or ShockBurst™)
—
5
g 13 I RIFDR_SB RE data rate ¢ IMbps reguires |6MHz crystal )
=
]
¥ 12:10 3 XOF Crysta] fraquency
3
&
-
'E 98 2 RF_PWR R oulpul power
1]
e
[T}
o 7:4 7 RE_CHs Frequency channel

U I RXEN RX or TX operation

Table 1 Table of configuration words.

The configuration word is shifted in MSB first on positive CLK 1 edges. New
canfiguration 15 enabled an the falling cdge of CS.

NOTE.

On the falling edge of CS, the TRW-246 updates the number of bits actually shifted in
during the last configuration.

Ex:

If the TRW246 15 to be configured for 2 channel RX in ShockBurst'™, a total of 1 20
bits must be shifted in during the first configuration after VDD is applicd.

Once the wanted protocol, modus and RF channel are set. only one bit (RXEN) is
shifted in to switch berween RX and TX.
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Configuration Word Detailed Description

The following deseribes the function of the 144 bits (bit 143 = MSB) that is used o

configure the TRw2.46

General Device Configuratton: bit135:0]
Shock Burst™ Configuration: bit[ 1 19:0]
Test Configueation: bit 143:120]

M5B ~TEST
DI | D42 | D4l [ oo Jowtmw [DI3s | D37 | DI
Reserved for lesting
Ll o F oo T o T i T 1T 7 T o | nawd ]
MsB TEST
[313% M | sz sz Foisr | eow ln!sg | RNIE IEEaNED | INETFERN IZTENSE BTSN EETES [ETE] ([T
Reserved ltor lestin e 111 i 13
0 1o _Je To Ti Jo To TJe 0 Jo Jo Ji1 T1 [ 1 0 {0 Dk ]
] DATA? W
DII9 T DS T DU? Fotis [ pi1s T Dil4 | o113 [ DII2
Data width channel#2 in £ of bits excluding addricre
0 0 l 0 [ 0 9 | @ Dobmb
DATAL W
DIl { phoe | piee { pies | D107 [ Dios | D165 | Diod
Data width channel#1 in & of bits excluding addricn:
0 J o | v o J o o0 o T o (| ndar |
ADDR2 _
Dlos [ Diex ot [ |D7I D0 {pee | Des [De7 [ D6 [ D65 | Dot
Channal#2 Address RX (up 1o 40bit)
o | o { o [ .11 [ 1 o § o | U} v [ 1 Ddak |}
ADDR1
Do | D2 | Dol | iDil D3 |px o o3 o [p2s [Dad |
Channal2l Address RX (up 1o 40bit)
o [ o | o T 7T v T v T 7 T o J o T v T 1 T 1 v
ADDR W
D23 | b2 Ip2t [p2o o [pis
Address width in & of bits (both channels)
o0 ] a ] 17T o] o7 T
CRC
D7 Di6
CRC Mode | — 16bit, 0 ~ 8bit CRC 1 —enabke, 0 = disable
0 1 Dl |
RF-Programming 134
DIs Did IDI3y FDI2 [oit fpio oo Jps Jo7 e fos [pd [p3 [ b2 [Di e
Two Ch, BLUF [4]0] X0 RF Pouer Channel selechion RXIN
g g 0 o Jt T [ 1 o Jo Jo o Jo [t Jo o Delmb ]

Table 2Configuration data word

The MSB bitshould be loaded first inta the configuration register.

Delxult configuration word: hS1O% 1020 2000 00060001 T G006.0000 721 4Fo4.
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ShockBurst™ configuration:

The section Bl 1 19:16] contams the segments of the configuration register dedicated to
ShockBurst™ aperational protocol. Atter VDD 1s turned on Shock Burst™
configuration 15 done once and remains set whilst VDD 1s present. During operation
only the tirst byte tor frequency channel and RX:TX switching necd to be changed.

PLL_CTRL
PLL CTRL
DI | DI PLL
Q 0 Qpen TX/Closed RX

1 Open TX/Open RX 1
0 Closed TX, Closed RX
! Closed TX/Open RX

Table 10 PLL setting.
Bar 121-120:
PLL_CTRL: Controls the setting of the PLL for test purposes. With closed
PLL i TX no deviation will be presem.

DATAx_W

DATA2 W
1 s oz Loes Joes g Jrx i

DATAI W
il [rte Jues Jios Fior J1os f1os {104

Table 4 Numbert of bits in payload.
Bit 119 - 112:
DATA2_W: Length of RF package payload sectian for receive-channel 2.

B i) - 104
DATA I_W: Length of RF package payload section for receive-channel 1.

NOTE:
The total number of bits i a ShockBurst™ RF package may not exceed 256!
Maximum kength of payload section 1s hence gaven by:

DATAx _Wbitsy=250-ADDR_W —CRC
Where:
ADDR_W: length of RX address set in contiguration word B[23:1%]
CRC: cheek sum. X or 16 bigs set n configuration word B[ 17]
PRE: preamble, 4 or ¥ bits are automanically included
Shorter address and CRC leaves more room for payload data in each package.

10



WENSHING

TRW -2.4GHz Radio Transeceiver

ADDRx
ADDR2
iox o2 Jror T o] 7 f ol e | e | 67 I a6 | es | ad
ADDR
63 ] o2 1 el 1 .| Al o ] 2 ] 2w ] 3] 26 ] 2] M4

Table 5 Address of receiver #2 and receiver #1.

Bit 103 - 04:
ADDR2: Receiver address channel 2, up to 40 bit.

Bit 63 — 24: ADDRI
ADDRI: Receiver address channel 1. up to 40 bit.

NOTE!
Bits in ADDRX exceeding the address width set in ADDR_W are redundant
and can be set to logic 0.

ADDR_W & CRC

ADDR W CRC L. | CRC_EN
| 22 1T 2 1 20 T 19 T 18 (7 16

(]
]

Table & Number of bits reserved for RX address + CRC setting.

Bit 23 — I8:
ADDR_W: Number of bits reserved for RX address in Shock Burst™
packages.

NOTE:
Maximum number of address bits 1s 40 (5 bytes). Values over 40 in
ADDR_W arc not valid.

Bit 17:
CRC_L: CRC length to be calculated by TRW-246 (0 ShockBurst™,
Logic 0: ¥ bit CRC
Logic 1: 10 bit CRC
Bit: 16

CRC_EN: Enables on-chip CRC generation (TX) and verification {(RX}.
Logic : On-chip CRC generaton checking disabled
Logic 1: On-chip CRC generation checking enabled

NOTE:
An R bit CRC will increase the number of payload bits possible in cach
ShoackBurst™ data pucket. bur will also reduce the systeny integrity.

11
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General device configuration:

This section of the configuration word handles RF and device related parameters.

Mades:
RX2 EN CM RFDR SB X0 F RF PWR
15 i4 i3 12 _p 1 0 y | 8
Tabte 7 RF operational settings.
Bit 15:
RX2_EN:
Logic € One channel receive
Logte 1: Two channels receive
NOTE:
In two channels receive. the TRW-24G receives on two, separate
frequency channels simultancously. The frequency of receive channel
I 1s set in the configuration word B{7-1]. recetve channcel 2 is always 8
channels (8 MHz) above recerve channel 1.
Bit 14

Communtication Mode:

Logic I: nRF2401 aperates in ShockBurst™ mode

Bt 13:
RF Data Rate:
Logic u: 2. JR¥246

Logie 1: 1 Mbps
NOTE:
Utihzing 250 kbps nstead of 1Mbps will improve the receiver

sensitivity by 10 dB. IMbps requires 16MHz crystal.

Bit 12-10:

D12 D11 D10
0 1 1

Table 8

12
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Bit 9-X:
RF_PWR: Sctx trw2.4a RF output power m transmit mode:

RF OUTPUT POWER
D9 D8 P |[dBm]
0 0 -20
U | 10
| 0 -3
I | 0

Table 9 RF output pawer setting.

RF channel & direction

RF CH# RXEN
i I I R I I

Tabl 10 Frequency channel + RX 7 TX setunyg.

Bit 7 — I:
RF_CH=: Sets the frequency channel the nRF2401 operates on.

The channel frequency i frassmit 1s given by:
Channel,, = 2300 MHz + RF _CH = - 1.0 MH:
RF_CH #: between 2400MHz and 2527MHz may be set.
The channel frequency in data channel 1 15 given by:
Channel,,- = 2400 MHz + RF _CH# - 1.0 MHz {Receive at PIN#Y)
RF_CH =: between 24000MHZ and 25324MHz may be set.

NOTE:
The channels above 83 can only be utilized i certaun territories (ex: Japan)

The channel frequency n data chhannel 2 1= given by:
Channel,,- = 2400 MAz + RF _CH#= 1.0 MHz +8MHz (Receive at PIN=d )

RF_CH #: between 2408MHz and 2524MHz may be set.
Bit 0
Set active mode:
Logic 0: transmit mode
Logic {:reccive mode

13
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DATA PACKAGE DESCRIPTION

PRE-AMBLE | ADDRESS PAYLOAD CRC

Figure 7 Data Package Diagram

The data packet for both ShockBuest™ mode and direct mode communication 13
divided mro 4 sections. These are:

1. PREAMBELE - The preamble field is required in ShockBurst.
- The address field is required in ShockBurst, mode.

2. ADDRESS + 8 to 40 bits length.
- Address automatically removed from received packet in

ShockBurst.mode

- The data to be transmitted
3. PAYLOAD - In Shock-Burst mode payload size is 256 bits minus the
following:(Address: 8 to 40 bits. + CRC 8 or 16 bits),

4. CRC - 8 or 16 bits length
’ - The CRC is stripped from the received output data.

14



ECHE W S240 HEAH SUd it = BHRG -
SR : {FShockBurthiI R G#8, - DL {3 iE7E2410MHz F LA1Mbps Ratef#i% o

Bitl43 | Bitl42 { Bitl41 | Bitl40 | Bitl39 | Bitl38 | Bitl37 | Bit136
1 0 0 0 1 1 1 0
Bit135 | Bit134 | Bitl133 | Bit132 | Bitl31 | Bit130 [ Bitl29 | Bitl28
0 0 0 0 1 0 0 0
Bit127 | Bitl26 | Bitl25 | Bitl24 [ Bit123 | Bitl22 | Bitl2]1 | Bitl20
0 0 0 1 1 1 0 0
Bitl19 | Bitll8 | Bitl17 | Bitll6 | Bitl115 | Bitl14 | Bitl13 | Bitll2
1 1 0 0 | 0 0 0
Bitl1l | Bit110 | Bit109 | Bit108 | Bit107 | Bitl06 | Bit105 | Bitl04
1 1 0 0 1 0 0 0
Bit103 | Bitl02 | Bitl01 | Bitl00 | Bit99 Bit98 Bit97 Bit96
1 1 0 0 0 0 0 0
Bit95 Bit94 Bit93 Bit92 Bit91 Bit90 Bit89 Bit88
1 0 1 0 1 0 | 0
Bit87 Bit86 Bit85 Bit84 Bit83 Bit82 Bit81 Bit80
0 1 0 1 0 1 0 1
Bit79 Bit78 Bit77 Bit76 Bit75 Bit74 Bit73 Bit72
1 0 1 0 1 0 I 0
Bit71 Bit70 Bit69 Bit68 Bit67 Bit66 Bit65 Bit64
0 1 0 ] 0 1 0 1
Bit63 Bit62 Bit61 Bit60 Bit59 Bit58 Bit57 Bit56
1 0 1 0 1 0 1 0
Bit55 Bit54 Bit53 Bit52 Bit51 Bit50 Bit49 Bit48
0 1 0 1 0 1 0 1
Bit47 Bit46 Bit45 Bit44 Bit43 Bit42 Bit41 Bit40
1 0 1 0 1 0 1 0
Bit39 Bit38 Bit37 Bit36 Bit35 Bit34 Bit33 Bit32
0 1 0 1 0 | 0 1
Bit31 Bit30 Bit29 Bit28 Bit27 Bit26 Bif25 Bit24
1 0 1 0 1 0 1 0
Bit23 Bit22 Bit2| Bit20 Bit19 Bit18 Bitl 7 Bitl6
1 0 1 0 0 0 1 1
Bitl5 Bitl4 Bitl3 Bitl12 Bitl1 Bit1 0 Bit9 Bit8

0 1 1 1 1
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
0 0 0 1 0 1 0
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Bitl43 | Bitl42 | Bitl4l | Bit140 | Bit139 | Bit138 | Bitl37 | Bitl36
1 0 0 0 1 1 1 0
Bit135 | Bit134 | Bit133 | Biti32 | Bit131 | Bit130 | Bit129 | Bitl28
0 0 0 0 1 0 0 0
Bit!27 | Bit126 | Bit125 | Bit124 | Bit123 | Bit122 | Bitl2l | Bit120
0 0 0 I 1 1 0 0
Bit!19 | Bitl18 | Bitl17 | Bitli6 | Bitlls | Bitll4 | Bitl13 | Bitl12
1 ] 0 0 1 0 0 0
Bitl11 | Bit110 | Bit109 | Bitl08 | Bit107 | Bit106 | Bitl05 | Bit104
1 1 0 0 1 0 0 0
Bit103 | Bit102 | Bitl01 | Bit100 | Bit99 | Bit9s | Bit97 | Bit96
1 1 0 0 0 0 0 0
Bit95 | Bit94 | Bi93 | Bit92 | Bit9l | Bit90 | Bit89 | Bitss
1 0 1 0 1 0 1 0
Bit87 | Bit86 | Bit85 | Bits4 | Bit83 | Bits2 | Bits] | Bits0
0 1 0 1 0 1 0 1
Bit79 | Bit’8 | Bit77 | Biti6 | Bit75 | Bit74 | Bit73 | Bit72
) 0 1 0 1 0 1 0
Bit7l | Bit70 | Bit69 | Bit68 | Bit67 | Bit66 | Bit65 | Bited
0 1 0 1 0 1 0 1
Bit63 | Bit62 | Bit6l | Bit60 | Bit59 | Bits8 | Bit57 | Bit56
1 0 1 0 1 0 1 0
Bit55 | Bit54 | Bits3 | Bit52 | Bit5! | Bits0 | Bitd9 | Bitd8
0 1 0 1 0 1 0 1
Bit47 | Bitd6 | Bitd5 | Bitdd | Bitd3 | Bitd2 | Bitdl | Bitd0
1 0 1 0 1 0 1 0
Bit39 | Bi38 | Bit37 | Bit36 | Bit35 | Bidd | Bit33 | Bit32
0 i 0 i 0 1 0 1
Bit3] | Bit30 | Bi29 | Bi28 | Bi27 | Bié | Bizs | Bit2
1 0 1 0 1 0 1 0
Bi23 | Biz2 | Bi2l | Bi20 | Bit19 | Bitl8 | Bitl7 | Bitl6
1 0 1 0 0 0 1 1
Bitls | Bitl4 | Bit13 | Bitl2 | Bitll | Bitlo | Bit9 | Bitg

0 L L 1 1
Bit7 | Bitt | Bits | Bitd | Bid | Biz | Bitl | Bit0
0 0 0 1 0 1 0 _
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