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TEMPERATURE AND HUMIDITY CONTROL SYSTEM

Mr. Teeradetch Chavanavash 48015290
Mr. Wasin  Nirantranon 48015305
Mr. Wattana Wongbuppa 48015306

Abstract

This project has an objectiveto control temperature and-humidity in greenhouse for
making environment that suitable for kinds of plant. /Appropriate temperature and humidity are
the control variables that are brought to'microcontroller in order to contro! condition of this
greenhouse. Exhaust fan-and dry-ice are used to decrease temperature and fan-in is use to
increase raltive humidity in the greenhouse. LCD module display temperature and humidity value
in the greenhouse continually.

The greenhouse is 40 Cm. Long, 40 Cm. wide and 40 Cm. High and covered by aclilik

which can prevent the greenhouse from heat and ultraviolet.
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2.1 Microcontroller (PIC16F877A)

PIC #© microcontroller 8N ania §83191nM 11 Peripheral Interface Controller 33
concept Y8341 microcontroller msqaﬁﬁﬁa weuswnnese 3 ludvesdulidiee
ifhu PROGRAM MEMROY, RAM, EEPROM, SERIAL, I'C, PWM, A/D a4 Tnghiduiludes
asguinsaliaSunnmeusnlugives PIC sfiiladduiildlummlszanana I
wieanu Seih iumiousu cPU failunsiifiva

2.1.1 Tnssadeveslulnsnevinsames PIC16F877(4)

dailsgneumdnde dfg, missarwideys, diudndoneda, doudansdyg
WRMYBsITLIY, WTTvandn, diunlugumIneuaedwas Tlduazdudansd
o udozd lugnRiemitududaminmwenas esawld  PICT6FS77 TAoweaunsn
qaundu 1B 2esnTiiiend iR (srown-ont reset); daniud v doyndaiessvisentinined
(In-circuit debuggér), 2495 1lsunsudbyadanusedus(iow-voltage programming), Wi
winta 3 #, 2eesifasdean uswmendhmdasanna 10 fia, 7'c, Tugadosseyns
(USART : Universal Synchronous Asynchronous Receiver Transmittenitaz Jugaufsuiou
ﬁ’tyﬂpm-ﬂsn%’uﬁ'ﬁymmmilsm@,m‘i"s'umqﬂ'nuﬂ"ﬁwmﬁaﬁw?a PWM(CCP: Compare
Capture Pulse-width modulation) uanmnifu‘luaumu PIC16F877 9zilnavsnfSsumiovunssnu
wowaenuaz Tugaddussdudndnduidandndan

2.1.2 EiiANIIMANAYDI PIC16F877A
fuauAndn

o Sfigfunu RISC (Reduced Instriction-Set Conpiiter) ITas 1§ uiins 35 f1df

o aunsansziidalaelddyanaiemilagn snumdamsnse Tan

o amuiidygmuin Faud Tz aite 20MHz

e wmirsanudililsunsu 8 Aladsa

o wmiranuidoyausunioivames 368 lua

o yuambennuifeyndonson 256 lud

o moumuBMAT RS uIRETIdgegade 15 unasTuRueTes
TuTnsneulnsamey

o foufingszau



finvesmnesenuSa(POR)

fimnessi lnwes (PWRT) uozesadammas aainsy Inwes (0ST)
finassreadaennwes (WDT) fiflesseeadammedlud lddamunhdedelu
MSIUG
Lﬁaﬂ{laaﬁuﬂﬂgaﬁgﬂumi'wmm%’nTﬂsu,nsnuaznﬁwmm&‘iﬁagammmﬂaya
aunsadenszaumstionu’ld

W Inuadsendiandaau

awsa lsunsuTneldussnu+sv 14
udledoynlumieanud i lsunsudiensz uaums ICD.(In-circuit Debugger) WM
NoTAfes 2 1

Fhgamnsos uuazoumizonawi lksunsuld

INGe2 8e 5.5V

ATLUAEIALAL DS AUDINDTA 25 mA

mslagmdenu i lunsdl ity Tvan

Hoonir2ma i IHifea +5 v way YRIRIUIANY 4MHz 20pA iAo +3v une

doanauniin 32kHz Weoni1 1 pA luTnusilseviandssunse uaauauie

AuUaUTANAHIN AL

nwes 3 #rde nwes 0 vua s a Iilianamefvung 8 Taluda, Intes 1
yu1n 16 Ja AFovlSawnames uag lnwes 2 vuia 8 dn Hil5awmawes, Tnadmna
@07 uayItaimp AN (period register) ¥4 8 fia Tuda

i Tuga ccp 2 ya.Ing

daunsisdudyn unTounthees (Capture) Tvuin16 16 A2 uazBoagaga 12.5 W1
Tuvndi daunlS suifisudyg s (Compare) vu1a 16 Ua ANUBTREATIYA 20017
Tundi 2995 PWM SianuaziBoagega 10 1
fhavsulasdgyanuueaenduftnea 10 8n (5 vosdmiuu 28 v1 uas 8 vo9
dmiuiuaou)

qqmaﬁaudaqﬂnmﬁ’aunsui‘?« SPI waglia I'C

2esdeasdeyneynsu (USART) wioumsasieduueanse 9 In
fheesareduszauuseduMBos usiedafindu : Brown-out detection) toAT3

iwadfig n3e Fond1 13120193 1wA (Brown-out reset : BOR)
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v [ 1) ot ar d” d' o Ay
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y y
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g { 1] o @ 0'4
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16 lud
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80 Tud
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ueARIT 0x1F0-0x IFF Ussqdoyamilousulusonnsd 0x70-0x7F Tuuuer
0 titetael¥aunsoldeyavinuennse 0x70-0x7F 18wt Tnehides
alfeuued
2.1.4 ANN57984 PIC
mavesn i dygannin Pegiuamnsovhdyganniin 147 20 MEz S9h iy
nitesrdaves PIC 19onidfies 0.25 pSec udngelsiann18TiuSsndy ¥ deRvaANT PIC 910
microchip wag 1Aa514 chip Afanud WRinaniiduiullsn
2.1.5 enu$1904 PIC
Tuefamiieaauived PIC vzAoud19ios Aong5ende.s12 words 019 4K words U
Tuilogtiu 1S5 microctipAailuidrvos PIC  14WAI91A 1Y memory vo4 PIC Tluuaiiiu
wawdun Ta lud uazﬁﬁvhdwzmﬂw‘lmmgifuﬁam Tudeswesmaivuaves
mizenuiived PIC siirbitilonnlnd Taefl nilifdeved PIC exiianna 14bits fau
157925609 1 word Y8 PIC 95591719 14 bits 1BU PIC 16F84A s2ap41ivniasnw 1K (s
MU 1 K word s iy 1 byte = 8 bit 921891 1 X 1,004 X 14 =14,336 bits
satuitdo 14336/(8 X 1,024) = 1.75K bytes 114103
2.1.6 aorilnen3suues PIC
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qunseiilFez Taiun 1emierese 1906 PIC dessaifiod Taolsideald chip Suzifuiduing
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1117 program memory 1 data memory liicunsavens Tne 14 memory nteuonld
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1. OTP (One Time Programmable) OTP 114 chip ﬁﬁﬂﬂgﬂﬁt{ﬂ Tuanlszinaumeg
#1799 chip wuy OTP szansavinms Tusunsu 1dusasadeaminiu ninen chip 1Agn
Tusunsuludee liemnse Tsunsudn T 1680 Sy chip Uszimiieeiionld
s IdWann Tsunsusunszisgaunnsosen luTdsunsy Tifdouds msweed
Aunudiloiouds memory Uszimdu szi#8nus C uanauud chip 15U 16C84, 16C74

2. EPROM (Erasable Programmable ROM) EPROM 13y chip #111 program memory #i
dedon Tusunsudh ludremnsa Tsunsulmidaomsau Tusunsudu Tasliuas uv

a o

(Ultra Violet) doaruidn 118 chip 15zu1005s S LYo chip 923n30U

i 2.1 JUIC SHT 15

Tulassauiisudonld SHT 15 Fagedl i quiasail
LONAN T LLENATNANIL IENYSUNS LTI DN AN ST ldousalvihlulduselevinunise

lainsdilagiisau Snsteiadlidaulaniom uasdosdsdaiaudwenenamnadeitnsiluly
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- 11 Packgage UL LCC (Leadless Chip Carrier)
- mmmi’a'lﬁquqmnqﬁuazmmgu
- mmm’iﬂqmﬂqﬁ‘lﬁgaud 0-125 °C AnwaziBealumiin 0.1 °C
- amnsadnandudining 18 1-99.9%RH aamaziBualumsia 0.1%RH
- Wundaswlvl +5 v Aunszuadh
- ¥dgyanalumsniugu 2 1du fie DATA uag CLOCK mulAwinsgu I'c
- Sl lumsTagangdifi 0.5 °c dauanmuil 3.5 %RHE

Vdd
ND _ .
ATA ‘%‘:\ ) gﬁﬁr
s MZ — [—
Vi e BTN I~
4 4 By J b )
RN B R
)]
y R
i
i cr
AT g
i input| >~
A\ u A ®
Ni inIRY Pirs mu ficonn
N1 2. T 15 o
Para < {Conditions  [Min.
Power supply T nﬁii 3
Supply current ' uA
aver 288 pA
sleep 03] 1 [uA
Low level output voltage 0 20% |Vdd
High level output voltage 5% 100%|Vdd
Low level input votage [Negative going| 0 20% |Vdd
High level input voltage |Positive gong | 80% 100%|Vdd
Input current on pads 1 |uhA
Output peak current on 4 |mA
Tristated (off) 10 pA

A13197 2.2 ueradRuaNLA DC ¥04 SHT 15

&z = Y o [ £ - =2 & 1 ¥ o v ¢ v 1%
wnansiiiluenansianulidmsunisidanunenisfinwvingy ldeygalnihlulddssleviaunisn

Lidnsallagmdu dnvivhudilvidaudasilon uavdessdedadivaaenarsynasaninisiluly
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\"AYS
A"

B pzidag i larSTeep lumsde Vee i GND

7757192 C 100 nF ATONIZNINYIVee 1 GND

- M3ADYTIDATA Haz¥1 SCK 92 ABIUY Serial Interface (Bidirectional 2 wire)
Fevzdumsde ludnuariindeiy o udimilou Fe W'l
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SHT1x | SHTTx

Humidity & Temperature Sensor

- Relative humidity and temperature sensors

- Dew point

- Fully calibrated, digital output

- Excellent long-term stability

- No external components required

- Ultra low power consumption

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

- Automatic power down

SENSIRION

THE SENSOR COMPANTY

SHT7x

SHT1x / SHT7x Product Summary

The SHTxx is a single chip relative- humidity, and
temperature multi sensor module comprising-a calibratéd
digital output. Application of industrial CMOS processes with
patented micro-machining (CMQ Sens@® iechnology) ensures
highest reliability and excellent long’ term - stability. The
device includes a capacitive polymes. Sensing. @lement for
relative humidity and a bandgap temperature sensor. Both
are seamlessly coupled 0 @ 14bitanalog 1o digilal Converter
and a serial interface circuit on#he samechip. This results'in
superior signal quality, a fast response time.and insensitivity
to external disturbances (EMC) ata very competitive price.

Each SHTxx is individually calibrated in a precision humidity
chamber. The calibration coefficieats are programmed into

the. CTP memory, These.coefficients are used internally
dunpa. measuremehts..to calibrate'\the signals from the
SeNSoS]

The\ 2-wire-serial- interface’ and_interneal voltage regulation
allows easy and fast systerp integration . Its tiny size and low
powen consummplion makes. it the” ultimate choice for even
the-most/démending applications.

J0E pevice is Supplied n either a-surface-mountable LCC
{Laadisss Chip Carrier) or as a pluggable 4-pin single-in-line
type package. Customenspecific packaging options may be
available.on request,

Applications

_HVAC _ Test & Measurement

_ Automotive _ Data Logging

_ Consumer Goods _ Automation

_ Weather Stations _ White Goods

_ Humidifiers _ Medical

_ Dehumidifiers

Ordering Information

TR [%RH] | @25°C Lok e
SHT10 +4.5 +0.5 SMD (LCC)
SHT11 | 30 +04 | SMD (LCC)
SHT15 +2.0 +0.3 SMD (LCC)
SHT71 +3.0 +0.4 4-pin single-in-line
SHT75 +1.8 +0.3 | 4-pin single-in-line

Block-Diagram

k -« Calibration
' , Memorv

g "0':

i Digital 2
g p ¥ ﬂ.:‘ A wire

@_r A N\ ?émr:

i GND
e —
Sensor : s voe

CMOSens

o e e O N

=
DATA

. 9,

www.sensirion.com Sensirion AG, Laubisritistr. 50, CH-8712 Stafa ZH, Switzerlznd, Tel: +41 44 306 40 00, Fax: +41 1 306 40 30 v2.04



SHT1x / SHT7x Relative Humidity & Temperature Sensor System

SENSIRION

THE SENSOR COMPANY

1 Sensor Performance Specifications

[Parameter | Conditions | Min. | Typ. | Max. | Units
Humidity
Resolution @ 0.5|0.03]003| %RH
8 | 12 | 12 bit
|Repeatability +0.1 %RH
Accuracy (") linearized see figure 1
|Uncertainty
|Interchangeability Fully interchangeable
[Nonlinearity raw data +3 %RH
linearized <<1 %RH
|Range 0 100 | _%RH
’Response time 1/e (63%) 4 s
slowly moving air )
Hysteresis V31 - RN
Long term stability |  typical <05 Y%RA/yr
Temperature J A i
Resolution @ {0.04-0:01 50.01})°C
10.07 00240021 _°F
“12 |5 14940\ ot
Repeatability H07717%) v
| h270 261 \ 7K
Accuracy | [seafigure 1
Range 40 /12383 *C
Response Time | 1/e (83%)<[ 5. . [ 30.] |8
Table1 Sensor Performange SpeCifications
2 Interface Specifications
Vdd
GND
* pata —1 @ SHTAY
: slave,
sk — ) ey
Vdd 2.4 - 5.5V

Figure2 Typical application circuit

2.1 Power Pins

The SHTxx requires a voltage supply between 24 and 55 V.
After powerup the device needs 11ms to reach its “sleep”
state. No commands should be sent before that time.

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

2.2 Serial Interface (Bidirectional 2-wire)

The serial interface of the SHTxx is optimized for sensor
readout and power consumption and is not compatible with
12C interfaces, see FAQ for details.

Relative Humidity absolute accuracy

%RH | ! apent :
5 :\
14—‘ '
33 N S‘F'r T .:v*-
1 | butss 4
S W =t
+0 ; > %RH
D 10 20 30 40 i 70 80 90 100
396 ] . Temparature acguzacy B
SHTA
£ : 17"
A 2% / i £3.6°
W AR
.“. . :l;:-’ S
A +1.8°
SHT15/75
T T 0t
AL'C 40°C 80°C 120°C
40°F aF 104°F 176°F 248°F
£ 4 Duvpﬂntaecuracygﬁ"c (typlcal) 400
§ 5Nl B\

% Jo A2 /4 = > : :7 2°l
oA &, o= Wn f :
3¢ FEWA 1§ I . i $5.4°1
SRR L MME L L 36

A K —
e O - s +1.8°1
.o )3 ==l - P
P01 : ‘ > %RF
16 30 40 70 80 90 100

Figuré't Rel- Hu'mdily Temperature and Dewpoint accuracies

2271 Serial clack input{SCK)

The’SCK is‘used to.synehronize the communication between
a! Mmicrocontroiet afid the SHTxx. Since the interface
consis®s” of fufly static logic there is no minimum SCK
frequency.

2.2.2 Serial data (DATA)

The DATA ftristate pin is used to transfer data in and out of
the device. DATA changes after the falling edge and is
valid on the rising edge of the serial clock SCK. During
transmission the DATA line must remain stable while SCK is
high. To avoid signal contention the microcontroller should
only drive DATA low. An external pull-up resistor (e.g. 10 kQ )
is required to pull the signal high. (See Figure 2) Pull-up
resistors are often included in I/O circuits of microcontrollers.
See Table 5 for detailed |0 characteristics.

(" Each SHTxx is tested 1o be fully within RH accuracy specifications al 25 °C (77 °F) anc 48 *C (116.4 °F)
@ The default measurement resolution of 14bit (temperature) and 1M{humnity)w b reduced ¢ 72 and 8 bit through the statis register|

www.sensirion.com

v2.04 May 2005 29
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2.2.3 Sending a command therefore the controller can continue with other tasks and

To initiate a transmission, a “Transmission Start" sequence POOIGUL 45 Convinmnt

has to be issued. It consists of a 'Omnng of the DATA line Two by‘tes of measurement data and one byte of CRC
while SCK is high, followed by a low pulse on SCK and  checksum will then be transmitted. The uC must

raising DATA again while SCK is still high. acknowledge each byte by pulling the DATA line low. Al
values are MSB first, right justified. (e.g. the 5" SCK is MSB

DATA \ / for a 12bit value, for a 8bit result the first byte is not used).

SCK _/_—‘\_/—\_ Communication terminates after the acknowledge bit of the
CRC data. If CRC-8 checksum is not used the controller may

Figure3 “Transmission Start" sequence terminate the communication after the measurement data
LSB by keeping ack high.

The subsequent command consists of three address bits
(only “000" is currently supported) and five command bits.
The SHTxx indicates the proper reception of a command by,

pulling the DATA pin low (ACK b.") aﬂer the falling-edge-of Warning™¥eo Keep self heating below 0.1 °C the SHTxx
the 8th SCK clock. The DATA line is released-(and goes . ghouid not be “aetivewfor more than 10% of the time

high) after the falling edge of the Sth SCK'Clock. (8 4 mMa%.2 measurermients, second for 12bit accuracy).

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

77 Tosie ~ 2.75 Connection Teset seqlience
0000x if corminication with the deviee s lost the following signal
Measure Temperature 00011 7/ | sequence. will feset s Sertatinterface:
Measure Humidity 00101 15') “Whi€é ®aving BATA high, toggle SCK 9 or more times. This
Read Status Register 00111 mus! e followed by a’ “Transmission Start" sequence
Write Status Register , 00110 : preceding the | next-command. ofhis. sequence resets the
Reserved 0101x-1110x interface only. The-slalus register-preserves its content.
Soft reset, resets the interface, clears the 11110 ; |
status register to default values ] :
wait minimum 11 ms before next commang i N \—/_
Table2 SHTxx ist of commands f fansmission; Start

2.2.4 Measurement sequence(RH apg-T) ; |
After issuing a measurement corimand (‘0000010 forRH: __giguré 4 CoRflectsn reset seqdience

‘00000011' for Temperature) the céntroller has-towait:for the /

measurement to complete. '\ This? tekes _approximately 226 -ORC<8 Checksum calculation

11/55/210 ms for a 8/12/14bit measurement.. The exgct time_“»The ~whole digifal transmission is secured by a 8 bit
varies by up to +15% with the speed, of the'internal oscitator. checksum Tt ensures that.any wrong data can be detected
To signal the completion of a measurament, the SHTxx pulls and elimindteds

down the data line and enters idle mode. The'cantroliérmilist, ; , Please ) tonisult_.application note “CRC-8 Checksum
wait for this “data ready" signal before restarting~8CK to Calculation™fef infefmation on how to calculate the CRC.
readout the data. Measurement data is stored until feadeut,

Trgnsmission Start | Address=000' , Command='00101' | a Bold = SHTxx controls DATA line
Measurement
~55ms for 12 bit
i ~1imsfor8bt
Measurement is finished when the Skip acknowledge o end trens

_ _SHTxx pulls down the DATA line 12 bit humidity data 5 f;r?f mj’_ .
DATA / \ I \ ’ \ /

low low  low

_f\f\f\f\af\f\f\f\/X AVAVA J\f\f\/\f\f\

CRC-8 ' ! wail for next measurement _ _ _Transmission Stag ______
DATA ‘V - ‘;\_ ¥

a 3 2 1 0 ack Skip acknowledge to

7 8 5 H
reb= i ik
8CK NJ\N\N\A /\ end transmission SN N
_______ : A FYER S+ H B R 3E Sl g ULn M RISTAF -

MsB se

Figure § . Example RH medsurement sequence for value "0000'1001.' 0011'8001'= 2353 = 75.79 %RH (without temperature corhpensation)

www.sensirion.com v2.04 May 2005 39
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wail for data ready

P

9, J[“?BIL

I T | o |
Fo,0,0, 3[ I

|
|

LR

ﬁ::f-sﬁll

A9 | precretm | |

Figure6 Overview of Measurement Sequence (TS = Transmission Start)

2.3 Status Register

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

after switching on the heater, proper functionality of both

sensors can be verified.

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

Warning: While heated the SHTxx will show higher

[TTTT] T BllET] temperatures and a lower relative humidity than with no
°1°1°1°|°|1|1° A Reg | | | -
24 Electrical.Characteristics'"
ommand VDOSEV, Temperaturé's 26 °C unless otherwise noted
Figure 7 StaquRegister Write M‘ n. [Typ. |Max. [Units
- 1Power supply BC 24| 5 [ 55|V
ARARRARAREARC =R/ ﬂ&f I l_i R ey T AN T
L1111 o Re¢/l4 | ]C“ l ﬂ"f average 24 | 280 pA
| S— sleep 03] 1 |pA
Command v [avet oulput vollage A0 20% |Vdd
Figure 8 Status Register Read havel outputvoliage 7 100% | Vdd
¥ Ie¥et inpul v gﬁe_%laﬁagom 0 20% |Vdd
7 " leyetinput volfage: {Rositive going 4-80% 100% |Vdd
5 |R|Endof foliage detection) . |1 (| X || No dafaul vaibe, J01,CUTA O eV Y: 1 fuA
‘O‘hrvm.fr m s: isu only DAk current g 1) | 4 |mA
1" for Vad < 247 | updated afte 2 istated(oh) | 1110 {uA
T reserved , 0 : Tabled' >SHTxx OC m&ﬁsﬁcﬁ-
‘ T T o Pardmeter iitfons -~ J [Min [Typ. | Max.[Unit
RW_| Heater Joff 80 freqlencyLOIVDD > 4.5, 10 |MHz
1_|RW | no reload from OTP reigad - | VDD < 45 1 [MHz
0 |RW |'1"= 8bit RH/12bit Temparatuce rsotution |0 | 1264 RH ey (DATAfaN tepe  |Outputfoed 5pF/ [35] 10 | 20 [ns
0= 126k RH 145k Temperaypgesation |~ yetarpi; \2 Guigbtloag08 pF | 30 | 40 | 200 [ns
Table3  Status Register Bits h&n " RCK hiflow time 100 ns
, [Te="|DATA valiid tipe, 1 250 |ns
2.3.1 Measurement resolution Tsu o |DATA 88i GpUime 100 ns
The default measurement resolution of 14bit (tamperatme). Too 3 CATA hold time- 0[10 ns
and 12bit (humidity) can be reduced to 12 and“8bit“This.is R/T- | SCK sisefE ume 200] _ Jns
especially useful in high speed or extreme low POWer-...lables="SHTxx /O Signals Characteristics
applications.
TCLH |- -
2.3.2 End of Battery FscK =y
The “End of Battery” function detects VDD voltages below SCK
247 V. Accuracy is £0.05V v
T
2.3.3 Heater -={Tsy
An on chip heating element can be switched on. It will DATA X
increase the temperature of the sensor by 5-15 °C (9-27 °F).

Power consumption will increase by ~8 mA @ 5 V.
Applications:
By comparing temperature and humidity values before and

' Parameters are periodically sampled and not 100% lested
@ With one measurement of & bit accuracy without OTF reload per secord
@ With one measurement of 12bit accuracy per second

Figure 9  Timing Diagram

WWw.sensirion.com

v2.04 May 2005
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3 Converting Output to Physical Values

3.1 Relative Humidity

To compensate for the non-linearity of the humidity sensor
and to obtain the full accuracy it is recommended to convert
the readout with the following formula':

Rl"li“ea = Cq+Cy .SORH +Cj3 .SORHZ

SOry I c1 2 €

12 bit 4 00405 | -28*10%

8 bit -4 0.648 -7.2* 104
Table6 Humidity conversion coefficients

For simplified, less computation intense conversion formulas

see application note “RH and Temperature Non-kin@arity

Compensation”.

Values higher than 99% RH indicate fully’satlrated air and

must be processed and displayed as 300% RH.

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

80%| - - - -}~ --- -
0%} 1 2
Taof b Ao .
) " ) .
0%} -2 1) 5Ty 3
" \\ = G E
0 ‘ 0
swmmuﬂ

Figure 10 Conversion from SOry to refative humidity

3.1.1 Humidity Sensor RH/Temperatiire compensation
For temperatures significantly differentfrom.25,°C (~77"°F)
the temperature coefficient of the RH ‘senéof Should be
considered:

RH,m (T°c 25)e(t) +1t; #SOgy) +RHjnear
SO0 | & t2

12 blt 0.01 0.00008

8 bit 0.01 0.00128

Table7 Temperature compensation coefficients

This equals ~0.12 %RH /°C @ 50 %RH

' Where SOgi+ s the sensor output for relative humidity

3.2 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, SO,

VDD | d[°C] [ di[°F] [__[erci|arn
5V | -40.00 | -40.00 14bit 0.01 | 0.018
| 4V | -39.75 | -39.50 12bit 0.04 | 0.072

(3.5V] -39.66 | -39.36
IV} 239.60 | -39.28
2.5V ==30.55, -39.23

Table 8, Temperaturé«conversion coefficients

For mproved aceuracies in Bxtreme temperatures with more
compufation  intense conversion formulas see application
note"RHand Temperatire NorkLinearity Compensation”.
3.3 'Dewpoint

Sinte.humidity and temperature.aré both measured on the

same smondlithic chip, the SHTxx allows superb dewpoint

Measuiements, See application_ note *Dewpoint calculation”
fmovey
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4 Applications Information

41 Operating and Storage Conditions
1004 EY _
VYOO 5 W 5 I ) O O 5.
60 -
40
20

0 i
40 -20 0

.
20 40 60 80
Figure 11 Recommended operating conditions

100 120

Conditions outside the recommended range may-témporarily
offset the RH signal up to +3 %RH. Aftes-returm to normal
conditions it will slowly return towards” cafibration ‘state. by
itself. See 4.3 “Reconditioning Progedure” to_accelerate this
process. Prolonged exposure to gxireme. conditions “may
accelerate ageing.

4.2 Exposure to Chemicals

Chemical vapors may interfere with the palymer layers used
for capacitive humidity sansors,, The diffusion of chemicals
into the polymer may cause _a shift in-belh offsét, and
sensitivity. In a clean eénvironment-the: contaminants. wil
slowly outgas. The raconditianing rprocedure deseribed
below will accelerate this process! High levels of pollutants
may cause permanent damagé lo the Sensing palymer,

4.3 Reconditioning Procedure

The following reconditioning procedure will'bring the sensor
back to calibration state after.expostire to extrenie conditions
or chemical vapors.

80-90 °C (176-194°F) at < 5 %RH:for 24h {haking)followsd by
20-30 °C (r0-00°F) at > 74 %RH for 48h (rechydration)

44 Temperature Effects

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

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

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

45 Membranes

A membrane may be used to prevent dirt from entering the
housing and to protect the sensor. It will also reduce peak
concentrations of chemical vapors. For optimal response
times air volume behind the membrane must be 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 times and hysteresis. Materials in the
vicinity of the sensor must therefore be carefully chosen.
Recommended materials are: All Metals, LCP, POM (Delrin),
PTFE (Teflon), PE, PEEK, PP, PB, PPS, PSU, PVDF, PVF
For sealing and gluing (use sparingly): High filled epoxy for
electionic_packaging (e.g. glob top, underfill), and Silicone.
Oulgassing..of“these materials may also contaminate the
SHTxx (cf. 4.2)."Storewwell ventilated after manufacturing or
bake,/at_60°C for 24hto outgas contaminants before
pagking,

4.8 - Wiring Congiderations and Signal Integrity

Canrying. fhe/SCK /afd~DATA signal parallel and in close
proximity(e.g-in_wires) for more than 10cm may result in
cross ek and loss-of communication. This may be resolved
by rodting VOD andfor GND between the two data signals.
Please see the application note 'ESD, Latchup and EMC” for
moce nformatioh:

Pawer supply pins (VDD, GND) should be decoupled with a
1000F capacitor it Wites aré used:

49 Qualifications
Extansive tests were performed in various environments.

ed information.
4 Results!
JESDZZ«A104 B Within
-40-°C./ 125 2C, 1000 cy |Specifications
(JESD22-A110-B Reversible shift
Pressure CGooker(c\|2.3 bar 425 °C 85 %RH |by +2 %RH
igh Temperature _{JESD22-A101-8 Reversible shift
ang Humil:l'g B85°C85%RH 1250h |by +2 %RH
{SaAtmosphere | DIN-50021ss Within Spec.
Condensing Air . Within Spec.
Freezing cycles =20/ +90 °C, 100 cy Reversible shift
fully submerged  |{30min dwell time by +2 %RH
Various Automotive|DIN 72300-5 Within
Chemicals Specifications
Table 9  Qualification tests (excerpt)

4.10 ESD (Electrostatic Discharge)

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

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

(" The temperature sensor passed-all tests withoat any detectable drift, Package and slectronics afso passed 100%

WWW.sensirion.com
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5 Package Information
5.1 SHT1x (surface mountable)

GND Ground

DATA Serial data, bidirectional

SCK Serial clock, input

BlPO|—

VDD Supply24-55V

NC Remaining pins must be left unconnected

Table 10 SHT1x Pin Description

5.1.1 Package type

The SHT1x is supplied in a surface-mountable LCG
(Leadless Chip Carrier) type package. The sensors housing
consists of a Liquid Crystal Polymer (LCP)-€ap*With epoxy
glob top on a standard 0.8 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 mm0.29 x 0.19 x 0.1 inch)
Weight 100 mg

The production date is printed onto the.capin white-aumbers
in the form wwy. e.g. "351" # week 35, 2001.

5.1.2 Delivery Conditions

The SHT1x are shipped in 12mm tape-at-100pes or 400pcs;
(SHT10 at 2000pcs only). Reels are individually labelled with
barcode and human readable labeis. The lot numbers allow
full traceability through praduction, calibration and test.

TR e g e 2R

»

M‘ M‘mi

Com

Figure 12 Tape configuration and,unit onamatlon

5.1.3 Soldering Information

Standard reflow soldering ovens may, be used/ For details
please see application note “soldering proceture”.

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

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

Please consult the application note “Soldering procedure” for
more information.

5.1.4 Mounting Examples

Slit to minimize heat
transfer from the PCB

Figure"13 SHT{x PCB Mounting example

The\ SF1 membcane filter ¢ap ig-available for optimal IP67
protection. Whan mounted throughra housing the interior can
be protected. from-the-environment while still allowing high
uiality humidity mments (see,example below).

Figure 14 SF1 |RE¥ flter c@pMounting example

Top View Side View Recommended PCB Footprint
1.15 1.49
hﬁdl (oon Tooe”
sensor opening !
// :
= :
S = e 3[‘3 ; (f'n,.e % W '='~3§
|Gee s TEr i 1 <% y BB
o S & i 8 e
}§ o ! = S
L1 I- |
| ] i 1.8 _|_3.48(0.137) _1___3__1
| 488 (019) e [1?'_?_7 ) 7108 (0.278) (0.07 |

Figure 15, SHT1x drawing:and footprint dimensions in mm (lnch)

Www.sensirion.com
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5.2 SHT7x (4-pin single-in-line) 3.1

-
0,
i |

-

VDD Supply 2.4-55V
GND Ground
4 | DATA Sernial data bidirectional

Table 11 SHT7x Pin Description

5.2.1 Package type’

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

The sensor head is connected to the pins by a-smali-bridge
to minimize heat conduction and response fimés. The gold
plated back side of the sensor head is.conriected to the GND.
pin.

A 100nF capacitor is mounted on'the back side-betwsan
VDD and GND.

All pins are gold plated to @void corrosion:-They can ba
soldered or mate with most 1.27 mm(@;06") sackets,

e.g.. Preci-dip / Mill-Max 85163-004-20-001 or gimilar

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

Pin | Name | G« i

1 |SCK Serial clock input
2

3

(0.53)
I

.06
| (0024

(0.15)

(0.13)

The production date is printed onto the cap i white numbars
in the form wwy. e.g. "351" = week 35, 200+

5.2.2 Delivery Conditions

The SHT7x are shipped in 32 mm tape . Thase raeléd parts
in standard option are shipped -with 500 ‘White per 13-inch ‘
diameter reel. Reels are individdally: labelled with barcode __Flguré 17 SHT7x dimensions in mm (inch)
and human readable labels.

Figure 16 Tape configuration and unit orientation

5.2.3 Soldering Information?

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

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

After wave soldering the devices should be stored at
>74 %RH for at least 24 h to allow the polymer to rehydrate.
Please consult the application note “Soldering procedure” for
more information.

' Other packaging options may be availablé on request.
? For maximum accuracy do not solder. SHT75! , 18 |
www.sensirion.com v2.04 May 2005 819
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6 Revision history

February 2002 Preliminary | 1-9 First public release
June 2002 Preliminary Added SHT7x information
March 2003 Final v20 |1-9 Major remake, added application information etc.
Various small modifications

V2.01 1-9 Typos, Graph labeling
July 2004 V2.02 1-9 Improved specifications, added SF1 information, improved wording
April 2005 V2.03 1-2 Added SHT10 information
May 2005 V2.04 1-9 Changed company address

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

www.sensirion.com/humidity
7 Important Notices

7.1 Warning, personal injury

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

Should buyer purchase or uge SENSIRION AG-products for any
such unintended or unauthorized application,  Buyar’ shal
indemnify and hold SENSIRION AG and.ifs.officers, smployeas;
subsidiaries, affiliates and distribuiors harmiess againstall claims,
costs, damages and expenSes|_and. raasoneblg attomey fees
arising out of, directly or indirectiy,cany claim.of parsonat njury)or
death associated with such unintsnded or unauthorized use; even
if such claim alleges that SENSIRION AGwas negligentregarding
the design or manufacture of tha past

7.2 ESD Precautions

The inherent design of this comperent tatises it to be sensitive to
electrostatic discharge (ESD). To prayertt ESD-induced damage
and/or degradation, take normal ESD, precautions when handiing
this product.
See application note “ESD, Latchup “apd“EMCY for—more
information.

703/ Warranty

SENSIRIONACG makes no wamanty, representation or guarantee
fegarding -tha isuitabilify of its produet for any particular purpose,
narvioés SENSIRION AG-assumegny liability arising out of the
appicaiion of .use of .any product\or circuit and specifically
disclaimsany’ ahd_all “liability,_including without limitation

‘eonseguantiahor incidertal damages. *Typical’ parameters can

and 40. vary in difiefent applications. All operating parameters,
including “Typical"" mitist be . velidated | for each customer
annlications by cusiomer's ie€hinical experts.

SENSIRION AG résenves dhe’ Tight,” without further notice, to
change ‘the produét | spetificationg—and/or information in this
dacument andto.improve reliability, finctions and design.

Copyniti@ 20012005, SENSIRION AG!
All righits reserved

Headquarters and Sales Office

SENSIRION AG Phone: +41(0)44 306 40 00 _ _ )
Laubisriitistr. 50  Fax: + 41 (0)44 306 40 30 Sensirion humidity sensors are available from:
CH-8712 StéfaZH  e-mail: info@sensirion.com
Switzerland http://www_.sensirion.com/
find your local representative at:
www sensirion.com/reps
WWw.sensirion.com v2.04 Méy 2005 99



ULN2001A-ULN2002A
K’L ULN2003A-ULN2004A
SEVEN DARLINGTON ARRAYS
s SEVEN DARLINGTONS PER PACKAGE i
» OUTPUT CURRENT S500mA PER DRIVER
(600mA PEAK)
» OUTPUT VOLTAGE 50V
= INTEGRATED SUPPRESSION DIODES FOR
INDUCTIVE LOADS
s« OUTPUTS CAN BE PARALLEEED~FOR
HIGHER CURRENT DIP16
s TTLU/CMOS/PMOS/DTL COMBATIBLE INPUTS X
s INPUTS PINNED OPPOSITE OUTPUTS-TO | ORDERING NUMBERS:; ULN2001A/2A/3A/4A
SIMPLIFY LAYOUT
S018
DESCRIPTION ORDERING NUMBERS: ULN20010/2D/3D/4D
The ULN2001A, | ULN20024; (ULN2003: “and

ULN2004A are high voltage  high current darlington
arrays each containing seven open collector-dar:. PIN CONNECTION

lington pairs with cammon emitters,.Each. echanne)
rated at 500mA and ean withstand peak-curréntzof
600mA. Suppression diodes argincluded-for induc-
tive load driving and theinputs are pinned-opposite N {6 out 1
the outputs to simplify board\layout.
;:':se fourversions interface to:@lhcommion logic fami- 2 8 15 OUT 2
) y
ULN2001A g&%egal Purpose, DTENLTERPMOS; IN°e 3 1% Out 3
ULN2002A 14-25V PMOS N & & 13 OUT &
ULN2003A 5V TTL, CMOS !
ULN2004A | 6-15V CMOS, PMOS N5 B 12 0UT §
These versatile devices are useful for driving a wide '
range of loads including solenoids, relays DC mo- me & WL S
tors, LED displays filament iamps, thermal print-
heads and high power buffers. N7 7 10 ouT 7
The ULN2001A/2002A/2003A and 2004A are sup- COMMON FREE
plied in 16 pin plastic DIP packages with a copper GND 8 9 WHEELING DIODES
leadframe to reduce thermal resistance. They are
available also in small outline package (SO-16) as 5-19770)
ULN2001D/2002D/2003D/2004D. L

February 2002 1/8




ULN2001A - ULN2002A - ULN2003A - ULN2004A

SCHEMATIC DIAGRAM

i—-ﬂ—Ocou
10.5k T—Ooout
IN 1
| t
|
] 7.2 0 f
' |
EACH DRIVER R -4
EACH DRIVER 5-196¢
Series ULN-2001A Series ULN-2002A
(each driver) (each driver)
[—-N—OCOM [—HCOM
27%0 oot 0.5k0 +—OouT
IN | INO- '
i ! f J
I }
i 722 1Y ? | %2 akn *l
' )
] |
't. - — -4 :_ " P3N 2 By TR N -4
EACH DRIVER S~ 1909 EACH DRIVER 5-25%
Series ULN-2003A Series ULN-2004A
{each driver) (each driver)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vo Output Voltage 50 A
Vin Input Voltage (for ULN2002A/D - 2003A/D - 2004A/D) 30 \'
le Continuous Collector Current 500 mA
b Continuous Base Current 25 mA
Tamb Operating Ambient Temperature. Range -20t0 85 °C
Tag Storage Temperature Range —551%0 150 °C
Tj Junction Temperature 150 °C
THERMAL DATA
Symbol Parameter DiIP16 8016 Unit
Rhjeme | Thermal Resistance Junction-ambient Max. 70 120 °CIW
2/8
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. | Max. | Unit | Fig.
Icex Output Leakage Curment Vee = 50V 50 pA | 1a
Tamb = 70°C, Vce = 50V 100 pA 1a
Tamp = 70°C
for ULN2002A
Vce = 50V, V; = 6V 500 pA | 1b
for ULN2004A
Vce = 50V, Vi = 1V 500 pA 1b
Vee(sat) Collector-emitter Saturation Ic = 100mA, ig = 250pA 0.9 1.1 Vv 2
Voltage Ic = 200 mA, Ig = 350pA 1.1 1.3 \ 2
Ic = 350mA, Iz = S500pA 13 1.6 \Y 2
litan) Input Current for ULN2002A, V, = 17V 0.82 125 | mA | 3
for ULN2003A, V, = 3.85V 0.93 135 | mA | 3
for ULN2004A, V, = 5V 0.35 0.5 mA | 3
Vi=12v 1 145 | mA | 3
lioth Input Current Tamb-="70°C, Ic =/500uA 50 65 pA 4
Viion) Input Voltage Vee.= 2V ' 5
for ULN2002A
le = 300mA 13
for ULN2003A
lc = 200mA 24
lc = 250mA 27
lc = 300mA 3
for ULN2004A
lc= 125mA 5
lc'= 200mA 6
le = 275mA 7
Ic'= 350mA 8
hre DC Forward Current Gain for ULN2001A
Vce = 2V, Ic = 350mA | 1000 2
C Input Capacitance 15 25 pF
teLn Turn-on Delay Time 0.5Vito 0.5V, 0.25 1 us
tPHL Turn-off Delay Time 0.5 Vito 0.5V, 0.25 1 s
Ir Clamp Diode Leakage Current || Vg = 50V 50 pA 6
Tamb'® 70°C, Vg =50V 100 nA 6
Ve Clamp Diode Forward Voltage . | fz = 350mA 1.7 2 Y 7
‘7[ 3/8




ULN2001A - ULN2002A - ULN2003A - ULN2004A

TEST CIRCUITS

Figure 1a. Figure 1b.
OPEN  VcE OPEN V¢
leex lcex
5-572% $-5726
Figure 2. Figure 3.
OPEN
$- 1980 S -1986
Figure 4.
l $-8718 3 -1987
Figure 6. Figure 7.
Va
Ir
OPEN
$-5727
4/8 ‘71




ULN2001A - ULN2002A - ULN2003A - ULN2004A

Figure 8: Collector Current versus Input Current
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Figure 10: Peak Collector Current versus Duty
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Figure 9: Collector Current versus Saturation
Voltage
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Figure 11: Peak Collector Current versus Duty
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

DM, il ineh OUTLINE AND

MIN. | TYP. [ MAX. | MIN. | TYP. [ MAX MECHANICAL DATA
a1 | 051 0020 |
B | o7 165 | 0,030 0.065
b 05 0.020
b1 0.25 0.010
D 20 0.787
E 8.5 0.335
0 2.54 0.100
o3 17.78 0.700
F 7A 0.280
| 5.1 0.204
L 353 0.130

DiIP16

z 1.27 0.050

i =7 ma

s |-
- bi
R\>>))) -
4 ~H‘ b B 3 l_ii !V E
D -
A 1] 1 m :
*® ]
u
1 8
I [ U N DN O (VUND B O B NN B NS B )

6/8
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

DIM. mm neh OUTLINE AND
MIN. TYP. | MAX. | MIN. TYP. | MAX, MECHAN'CAL DATA
A 1.75 0.069
at 01 0.25 {0.004 0.009
a2 1.6 0.063
b 0.35 0.46 | 0.014 0.018
b1 0.19 0.25 | 0.007 0.010
C 0.5 0.020
c1 45 (typ.)
pMy| 98 10 |0.386 0.394
E 58 6.2 |0.228 0.244
e 1.27 0.050
e3 8.89 0.350
F{1) 3.8 4 0.150 0.157
G 46 53 |0.181 0.209
L 0.4 127 1 0.016 0.050
M 2p2 A/ S016 Narrow
S 8’(max.)

(1) D and F do not include mold flash or protrusions. Mold flash or potrusions shail not exceed 0 15mm (.006inch).
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

information furnished s believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the conse-
quences of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No
license is granted by implication or otherwise under any patent or patent nghts of STMicroelectronics. Specification mentioned in this
publication are subject to change without notice. This publication supersedes and replaces ali information previously supplied. STMi-
croelectronics products are not authorized for use as critical components ' Wfe support devices or systems without express written
approval of STMicroelectronics.
The ST logo is a registered trademark of STMicroelectronics
© 2002 STMicroelectronics — Printed in italy - All Rights Reserved
STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - Canada - China - Finland - France - Germany - Hong Kong - india - Israel - italy - Japan - Malaysia - Malta - Morocco -
Singapore - Spain - Sweden - Switzerland - United Kingdom - United States.
hittp:/iwww.st.com
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This datasheet has been download from:
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MOC3030, MOC3031, MOC3032, MOC3033

OPTICALLY COUPLED BILATERAL
SWITCH LIGHT ACTIVATED ZERO
VOLTAGE CROSSING TRIAC

DESCRIPTION

The MOC303 _ Series are optically coupled
isolators consisting of a Gallium Arsenide
infrared emitting diode coupled with a mono-
lithic silicon detector performing the funetions
of a zero crossing bilateral triac moufited-ini a
standard 6 pin dual-in-line packager

FEATURES

e Options :-

10mm lead sprefd - add G after-part no.
Surface moynt'- add SM afier partno:
Tape&reel/- add SMT&R afler, part ne.
High Isolation Voltagel(5.3kVig. ,7.5KV )
Zero Voltage Crossing

250V Peak BtockingNoliage

All electricalparametefs 7100%  tested
Custom electrival selections available

APPLICATIONS

. CRTs

Power Triac Dfiver
Motors

Consumer, apphiances
Printers

Dimensions in mm

| 1 56
9
68 2c3*ﬁz 5
1® ] 30 ) 4

ABSOLUTE, MAXIMUM RATINGS
(25 PCfinless otherwise noted)

Storage \ Témperahire, 5o, L -40°C = #150°C
Opeyating Temperaiire — -40°C = $100°C
bead Soldering Femperatufe— | . 1260°C
(U6t from case for 10 seconds)
Input-ig-ontput lsolatiet Veltage (Pk)_ 7500 Vac
(60 Hi -ksec. dusatiomm)

INPUT BDIODE

ForwaxdOnrtedt 7~ "% 4 4 50mA
R¢verse Voltage 6V
Pawcer Dissipation 120mW
(derate linezrly~l "§ ym W/Cabove 25°C)

OUPPUT PHOTO-TRIAC

OPTION SM OPTION G
SURFACEMOUNT . 162

0.6
T - B | 026

Off=Stafe Output Terminal Voltage __ 250V

RMS Forward Current 100mA
Forward Current (Peak) 1.2A
Power Dissipation 150mW

(derate linearly 1.76mW/°C above 25°C)

POWER DISSIPATION

Unit 25B, Park View Road West,
Park View Industrial Estate, Brenda Road
Hartlepool, Cleveland;, TS25 1YD
Tel: (01429) 863609 Fax :(01429) 863581

YT 0.75 = Total Power Dissipation — 250mW
9.86 Y16 (derate linearly 2.94mW/°C above 25°C)
,,,,, =
ISOCOM COMPONENTS LTD NOEREERN SL

1024 S. Greenville Ave, Suite 240,
Allen, TX 75002 USA
Tel:(214)495-0755 Fax: (214)495-0901
e+mail linfo@isocom.com

http://www.isocom.com

19/12/01
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ELECTRICAL CHARACTERISTICS ( T, = 25°C Unless otherwise noted )

PARAMETER MIN |TYP | MAX|UNITS | TEST CONDITION
Input Forward Voitage (V,) P12 1S v I, = 30mA
Reverse Current (1) j 100 ' pA V=6V
I
I
Output | Peak Off-state Current (1,,,) | 300 | nA Vior =250V (note 1)
Peak Blocking Voltage (V.. ) 250 v Lam = 300nA
On-state Voltage ( V,,) [ 18 {30 |V I, = 100mA ( peak )
|
Critical rate of rise of ;
off-state Voltage ( dv/dt) 100 V/us
Coupled | Input Current to Trigger (1 )(note 2 )
MOC3030 30 | mA V=3V (note2)
MOC3031 15 mA
MOC3032 10 “L.mA
MOC3033 5 mA
Holding Curent | either direction (1) 100 MA
Input to Output Isolation Voltage V . |~ 5300 Vims See note 3
7500 VL See note 3
Zero Inhibit Voltage-('V,, ) - 350 |V I=Rated I
Crossing MT1-MT2 Voitage
Charact- above which device
-eristic will not trigger
Leakage in [nhibited State ( I;) ; 500 | pA I=Rated I
i Vigry = 250V off-state
i

19112701

Note 1. Test voltage must be applied within dv/dt rating.

Note 2. Guaranteed to trigger at an I value less than or equal to max: I, , recommended I, lies

between Rated I and absolute max. SN\

Note 3. Measured with input leads shorted together and output leads shorted together.

DB92006m-AAS/A4
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MICROCHIP

TC1320

8-Bit Digital-to-Analog Converter with Two-Wire Interface

Features

« 8-bit Digital-to-Analog Converter

+2 LSB INL
+0.8 LSB DNL

2.7-5.5V Single Supply Operation

+ Simple SMBus/I2C™ Serial Interface
+ Low Power: 350uA Operation, 0.54A Shutdown
* 8-Pin SOIC and 8-Pin MSOP Packages

Applications

+ Programmable Voitage Sources

+ Digital Controlled Amplifiers/Attenuators

+ Process Monitoring and Control

General Description

The TC1320 is a serially accessible 8-bit voltage output
digital-to-analog converter (DAC). The DAC produces
an output voltage that ranges from ground to an exter-
nally supplied reference voltage. It operates from a sin-
gle power supply that can range from 2.7V to 5.5V,
making it-ideal.for a wide range of applications. Built
into the part is'a Power-on Reset function that ensures
that the device starts at.a known condition.

Communication with the TC1320 is accomplished via a
simple 2-wire SMBus/I2C™ compatible serial port with
the TC1320 acting as a slave only device. The host can
enable the SHDN bitinthe CONFIG register to activate
the Low Power Standby mode.

Device Selection Table Package Type
Part Temperature 8 %{;‘%g'%o(n ar':dw)
= arro'
Number Package Range
TC1320EOA | 6-Pin SOIC (Narrow) |  -40°C to +85°C Vrer[1] Voo
TC1320EUA 8-Pin MSOP -40°C to +85°C SDA[Z]] TC1320 % DAC-OUT
sculd] 8 |NC
GND(Z 5 ] Vour
Typical Application
Vin
(8) | Voo .
TC1320 ”
() N\ N~ _| Vour i —VADJUST
v DAC )
Serial Port
(34  (2) N
SCLK ¢ SDAT
Microcontroller

© 2002 Microchip Technology inc.
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TC1320

Functional Block Diagram

Vpp —
Configuration Registern—l TC1320
SDA -t Serial Port
SOL—1p| Interface [ Control » DAC-OUT
A
Data Register [ »| DAC \H< > VouT
A ?
4
VREF  GND

T R S S A —————————
DS21386B-page. 2
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TC1320

1.0 ELECTRICAL
CHARACTERISTICS

Absolute Maximum Ratings*

Supply Voltage (Vpp) .o +6V

Voltage on any Pin.. (GND - 0.3V) to (Vpp + 0.3V)
Currenton @ny Pin...........cceevveieicrecrecreeeeees +50mA
Package Thermal Resistance (84)............ 330°C Cw
Operating Temperature (Ta)........cccccovvercrnnas Seo Below
Storage Temperature (Tgrg) .-..cvocrvener -65°C to +150°C

TC1320 ELECTRICAL SPECIFICATIONS

*Stresses above those listed under "Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress ratings only and functional operation of the device
at these or any other conditions above those indicated in the
operation sections of the specifications is not implied.
Exposure to Absolute Maximum Rating conditions for
extended penods may affect device reliability.

Electrical Characteristics: Vpp = 2.7V t0 5.5V,-40°C < Tp < +85°C, Vrer = 1.2V uniess otherwise noted.

Symbol Parameter Min Typ Max Unit Test Conditions
Power Supply
Voo Supply Voitage 2.7 350 500 pA
Iop Operating Current — 0.35 0.5 mA | Vpp= 5.5V, Vg = 1.2V
Serial Port Inactive (Note 1)
lpp.stanpay | Standby Supply Current - 01 1 BA-. |Vpp=3.3V
Serial Port Inactive (Note 1)
Static Performance - Analog Section
Resolution — - 8 Bits
INL Integral Non-Lineerity at FS, T, = +25°C - -— +2 LSB |(Note 2)
FSE Full Scale Error —_ — +3 %FS
DNL Differential Non-Linearity, Ty = +25°C - - +0.8 LSB; | All Codes (Note 2)
Vos Offset Error at Vot — 0.3 +8 mV | (Note 2)
TCVos Offset Error Tempco at'Vout i 10 — uv/°C
PSRR Power Supply Rejection Ratio —_ 80 — dB |[VppatDC
Vree Voltage Reference Range 0 — Vpp — 1.2 \'
_I_:,EF Reference Input.Leakage Current - +1.0 pA
Vaw Voltage Swing 0 S VREE Vv Vrer € (Vpp — 1.2V)
Rout Qutput Resistance @ Vour — 5 - Q Rout (©)
lout Qutput Current (Source or Sink) — — mA
Ise Output Short-Circuit Current - 30 50 mA | Source
Vpp = 5.5V : — 20 50 mA | Sink
Dynamic Performance
SR Voitage Output Slew Rate —_ 0.8 — Vius
tseTTie Qutput Voitage Full Scale Settliing Time — 10 - psec
twu Wake-up Time — 20 — us
Digital Feed Through and Crosstalk — 5 — nv-s SDA = Vpp, SCL = 100kHz
Serial Port Interface
Vig Logic Input High 24 — Voo v
ViL Logic Input Low — — 0.6 —_
VoL SDA Output Low - — 0.4 \ loL = 3mA (Sinking Current)
— — 0.6 v lig =6mA
Cin Input Capacitance SDA, SCL —_ 5 04 pF
_'LEAK /0 Leakage —_ — +1.0 KA

Note 1: SDA and SCL must be connected to Vg or GND.

2: Measured at Vot 2 50mV referred to GND to avoid output buffer clipping.

et A G et RSP ST BT e e ——
o S A — S ——————————

© 2002 Microchip Technology Inc.
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TC1320

TC1320 ELECTRICAL SPECIFICATIONS (CONTINUED)

Electrical Characteristics: Vpp = 2.7V to 5.5V, -40°C < T, < +85°C, Vger = 1.2V unless otherwise noted.
Symbol Parameter Min Typ Max Unit Test Conditions
Serial Port AC Timing
fsmp SMBus Clock Frequency 10 — 100 kHz
toLE Bus Free Time Prior to New Transition 47 — — usec
tH(START) START Condition Hoid Time 4.0 — —_ usec
tsusTarr) | START Condition Setup Time 47 _ —_ usec |90% SCL to 10% SDA
(for Repeated START
Condition)
tsu(sToR) STOP Condition Setup Time 4.0 — - usec
tH.DATA Data In Hold Time 100 — —_ nsec
tsyu-DATA Data In Setup Time 100 - . nsec
tLow Low Clock Period 47 - — usec | 10%to 10%
ﬁ High Clock Period 4 — - psec_ |80% to 90%
te SMBus Fall Time — — 300 nsec {90% to 10%
tr SMBus Rise Time — - 1000 nse¢ | 10% to 80%
tror Power-on Reset Delay — 500 - usec |Vpp 2Veor (Rising Edge)

Note 1: SDA and SCL must be connected to Vpp or GND,
2: Measured at Vo1 2 50mV referred to GND to avoid output buffer ciipping.

i A M40 BB A M PR SRR A AL e e R R P

W
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2.0 PIN DESCRIPTIONS

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

TABLE 2-1:  PIN FUNCTION TABLE

Pin Number Symbol Type Description

1 VRer Input Input. Voltage Reference Input can range from 0V to 1.2V below Vpp.

2 SDA Bi-Directional | Bi-directional. Serial data is transferred on the SMBus in both directions
using this pin.

3 SCL Input input. SMBus senal clock. Clocks data into and out of the TC1320.

GND Power Ground.

5 Vout Output Output. Buffered DAC output voltage. This voltage is a function of the

reference voltage and the contents of the DATA register.
NC None No connection.

7 DAC-OUT Qutput Output. Unbuffered DAC output voltage. This voltage is a function of the
reference voltage and the contents of the DATA register. This output is
unbuffered and care must be-taken that the pin is connected only to a
high-impedance node.

8 Vop Power Positive power supply input. See electrical specifications.

m
© 2002 Microchip Technology Inc. DS21386B-page 5
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3.0 DETAILED DESCRIPTION

The TC1320 is a monolithic 8-bit digital-to-analog con-
verter, that is designed to operate from a single supply
that can range from 2.7V to 5.5V. The DAC consists of
a data register (DATA), a configuration register
(CONF), and a current output amplifier. The TC1320
uses an external reference, which also determines the
maximum output voltage.

The TC1320 uses a current steering DAC, based on an
array of matched current sources. This current, along a
precision resistor, converts the contents of the Data
Register and Vger into an output voitage, Vgyr given
by:

Vout = Vrer (DATA/256)

3.1

The reference pin, Vg is a buffered high-impedance
input and because of this, the load regulation of the ref-
erence source needs only to be able to tolerate leakage
levels of current (less than 1uA). Vper accepts a voit-
age range from 0 to (Vpp ~ 1.2V). Input capacitance is
typically 10pF.

Reference Input

FIGURE 3-1: SMBus PROTOCOLS

3.2 Output Amplifier

The TC1320 DAC output is buffered with an internal
unity gain rail-to-rail input/output amplifier, with a typical
slew rate of 0.8V/usec. Maximum full scale transition
settiing time is 10psec to within £1/2LSB when loaded
with 1kQ in parallel with 100pF.

] Standby Mode

The TC 1320 allows the host to put it into a Low Power
(lop = 0.5nA, typical) Standby mode. In this mode, the
D/A conversion is halted. The SMBus port operates
normally. Standby mode is enabled by setting the
SHDN bit in the CONFIG register. The table below
summarizes this operation.

TABLE 3-1: STANDBY MODE OPERATION
SHDN Bit Operating Mode
0 Normal
1 Standby
3.4 SMBus Slave Address

The TC1320.is intemally programmed to have a default
SMBus -address value of 1001 000b. Seven other
addresses are available by custom order (contact fac-
tory). See Figure 3-1 for locating address bits in SMBus
protocol.

Write 1-Byte Format

Receive 1-Byte Format

S | Address | AW |VARK:] Commend | RGK | Data SR P
7-Bits 0 8-Bits 8-Bits | |
Slave Address Command Byte: selects Data Byte: data goes
which register ycu are into the register set
writing to. by the command byte.
Read 1-Byte Format
S| Address |RAW|#ER{ Command |8l S | Address|R/W} AGK Plas NACK | P
7-Bits | O 8-Bits | 7-Bits | 1 8-Bits
Slave Address Command Byte: selects  Slave Address: repeated  Data Byte: reads from
which register you are due to change in data the register set by the
reading from. flow duection. command byte.

P = STOP Condition
Shaded = Slave Transmission
Byte transmission.

S | Address |RAN| AOKT DRlb| NACK | P
7-Bits 1 8-Bits
S = START Condition Data Byte: reads data from

the register commanded by
the last Read Byte or Write

DS21386B-page 6

© 2002 Microchip Technology Inc.



TC1320

4.0 SERIAL PORT OPERATION

The Serial Clock input (SCL) and bi-directional data
port (SDA) form a 2-wire bi-directional serial port for
programming and interrogating the TC1320. The
following conventions are used in this bus architecture:

TABLE 4-1: TC1320 SERIAL BUS
CONVENTIONS
Term Explanaﬂﬂ

Transmitter | The device sending data to the bus.
Receiver The device receiving data from the bus.
Master The device which controls the bus: initiating

transfers (START), generating the clock, and
terminating transfers (STOP).

Slave The device addressed by the master.

START A unigue condition signaling the beginning of
a transfer indicated by SDA falling

(High - Low) while SCL is high.

sTOP A unique condition signaling the-end of a
transfer indicated by SDA rising (Low - High)
while SCL is high.

ACK A Receiver Acknowledpes the receipt of each
byte with this unique condition. The Receiver
drives SDA low during SCL high of the ACK
clock pulse. The Master provides the clock

pulse for the ACK cycle.

Busy Communication is not possible because the
bus is in use:

Not Busy | When the bus is IDLE, both SDA and SCL will
remain high.

Data Valid | The state of SDA must remain stable during
the High period of SCL in order for a data bit
to be considered valid. SDA only changes
state while SCL is low during-normal data
transfers. (See START and STOP conditions.)

All transfers take place under control of a host, usually
a CPU or microcontroller, acting as the, Master, which
provides the clock signai for all transfers. The TC1320
always operates as a Slave. The serial protocol is illus-
trated in Figure 3-1. All data transfers have two phases;
all bytes are transferred MSB first. Accesses are initl-
ated by a START condition (START), followed by a
device address byte and one or more data bytes. The
device address byte includes a Read/Write selection
bit. Each access must be terminated by a STOP Con-
diton (STOP). A convention called Acknowledge
(ACK) confirms receipt of each byte. Note that SDA can
change only during periods when SCL is LOW (SDA
changes while SCL is HIGH is reserved for START and
STOP Conditions).

4.1 START Condition (START)

The TC1320 continuously monitors the SDA and SCL
lines for a START condition (a HIGH to LOW transition
of SDA while SCL is HIGH), and will not respond until
this condition 1s met.

4.2  Address Byte

immediately foliowing the START Condition, the host
must transmit the address byte to the TC1320. The
7-bit SMBus address for the TC1320 is 1001000. The
7-bit address transmitted in the serial bit stream must
match for the TC1320 to respond with an Acknowledge
(indicating the TC1320 is on the bus and ready to
accept data). The eighth bit in the Address Byte is a
Read/Write bit..This bit is a 1 for a read operation, or 0
for .a write operation. During the first phase of any
transfer, this bit will be set = 0 to indicate that the
command-byte is being written.

4.3~ ‘Acknowledge (ACK)

Acknowledge (ACK) provides a positive handshake
between the host and the TC1320. The host releases
SDA after transmitting eight bits, then generates a ninth
clock cycle to allow the TC1320 to pull the SDA line
LOW to Acknowledge that it successfully received the
previous eight bits of data or address.

4.4 ~ Data Byte

After a successful ACK of the address byte, the host
must transmit the data byte to be written, or clock out
the data to be read. (See the appropriate timing dia-
grams.) ACK willi be generated after a successful write
of a data byte into the TC1320.

4.5 ' STOP Condition (STOP)

Communications must be terminated by a STOP con-
diton-(a LOW to HIGH transition of SDA while SCL is
HIGH).-The. STOP Condition must be communicated
by the transmitter to the TC1320. Refer to Figure 4-1,
Timing Diagrams for serial bus timing.

L T T ————————————————————————————————

© 2002 Microchip Technology Inc,
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FIGURE 4-1: TIMING DIAGRAMS

SMBus Write Timing Diagram
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B = MBB of Addross Clocked into Slave F = Acknowledge Bit Clocked into Master J = STOP Condition
C = LSB of Address Clocked into Slave G = MSB of Data Clocked into Master K = New START Condition
D = R/W Bit Clocked into Slave H = LSB of Data Clocked into Master

SMBUS Read Timing Diagram
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4.6 Register Set and Programmer’s TABLE 4-3: - CONFIGURATION REGISTER
Model {CONFIG), 8-BIT, READ/WRITE
TABLE 4-2:  TC1320 COMMAND SET o N Regl P )
(SMBus READ_BYTE AND D[7]T D[G]lD[.')] ] D[4) L D3] ] D[2] ] D[] | Do)
WR"E—BYTE) Reserved SHDN
Command Byte Description Bit POR Function Type | Operation
— D{0] 0 . {'Standby Switch | Read/ | 1 = Standby
Command Code Function Write | 0 = Normal
RWD 00h | Read/Write Data-(DATA) BI7HOM] | 0.+ Reserved; N/A NA
z - Always returns
RWCR 01h Read/Write Configuration Zero when Read
(CONFIG) —

e e e e A e e Attt et e et A e et ittt Sttt

m
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TABLE 4-4: DATA REGISTER (DATA),

8-BIT, READ/WRITE

Data Register (DATA)

D[7] | D[6] | D[5] | D[4} | D3] | D{2] | D[1] | D(O]

MsB| X X X X X X |LsB

The DAC output voitage is a function of reference volt-
age and the binary value of the contents of the Data reg-
ister. The transfer function is given by the expression:

EQUATION 4-1:

Vout © VREF"[%%A]

4.7 Register Set Summary

The TC1320's register set is summarized in Table 4-5
below. All registers are 8-bits wide.

TABLE 4-5: TC1320 REGISTER SET
SUMMARY

Name Description POR State | Read | Write

Data | Data Register 0000 0000b] X X

Config | CONFIG Register | 0000 0000b| X X

L R ————————————————————————————
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5.0 PACKAGING INFORMATION

5.1 Package Marking Information

m———

Package marking data not available at this time.

5.2 Taping Forms

Component Taping Orientation for 8-Pin MSOP Devices

User Direction of Feed

PIN 1

(] w
P
Standard Ree! Component Orientation
for TR Suffix Device
Carriar Tape, Number of Components Per Res! and Reel Size
Package Carrier Width (W) Pitch (P) Part Per Full Reel Aeel Size
8-Pin MSOP 12 mm 8-mm 2500 131in

Component Taping Orientation for 8-Pin SOIC (Narrow) Devices

User Direction of Feed >

PIN'1

w
—
Standard Reel Component Orientation
for TR Suffix Device
Carrier Tape, Number of Components Per Reel and Reel Size
Package Carrier Width (W) Piteh (P) Part Per Full Reel Reel Size
8-Pin SOIC (N) 12 mm 8gmm | 2500 13in

DS21386B-page-10 ® 2002 Microchip Technology Inc.
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53 Package Dimensions
8-Pin MSOP

22 (3.10) .197 (5.00)
14 (2.90) .189 (4.80)

- .

122 (3.10)
114 (2.90)

727 -3

IR VA e/ _F=—==~__\{ 008 (020)
Ay

_.“__ —"‘—‘T ‘T.005(o.13)
016 (0.40) ,006/(0.15) 028 (0.70)
.010 {0.25)-.002 (0.05) .016(0.40)
Dimenslons: inches (mm)
8-Pin SOIC
PiN 1

.157,(3.99) ' (244 (6.20)
150 (3.81) 228 (5.79)

.050 (1.27) TYP.

197 (5.00)
1189 (4.80) "
‘.. .068 (1.75)
| joss(as) S _1.010(0.25)

—~{ |— _T_ Y _4 L‘ 7.007 (0.18)
.020 (0.51) .010 (0.25)
013(0.33) .004 (0.10) 950127

Dimenslons: inches {mm)

© 2002 Microchip Technology Inc. D$21386B-page 11
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SALES AND SUPPORT

Data Sheets
Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom-
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:

1. Your local Microchip sales office
2. The Microchip Corporate Literature Center U.S. FAX: (480) 792-7277
3. The Microchip Worldwide Site (www.microchip.com)

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.

New Customer Notification System
Register on our web site (www.microchip.com/cn) to receive the most current information on our products.

b e e —————————————
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Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No repragentation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other inteflectual property rights arising from such
use or otherwise. Use of Microchip's products as critical com-
ponents in life support systems. is not authorized except with
express written approval by Microchip. No licenses are con-
veyed, implicitly or otherwise, under any intellectual property
rights.
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The Microchip-name and logo, the Microchip logo, FilterLab,
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Solutions Company are registered trademarks of Microchip Tech-
nology Incorporated in the U.S.A. and other countries.
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Migratable Memory, MPASM, MPLIB, MPLINK, MPSIM,
MXDEV, PICC, PICDEM, PICDEM.net, rfPIC, Select Mode
and Total Endurance are trademarks of Microchip Technology
Incorporated in the U.S.A.

Serialized Quick Turn Programming (SQTP) is a service mark
of Microchip Technology Incorporated in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.
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U.S.A., All Rights Reserved.
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#include <16£877.h>

#include <string.h>
#include <stdlib.h>
#include <math.h>

#fuses HS,NOWDT, NOPROTECT, NOLVP
#define clock sp 4000000
#use delay(clock=4000000)

//SHT15

#define DATA PIN_C5
#define SCK PIN Cé6
#define noACK 0

#define ACK 1

//LCD

#define rs PIN C7
#define en PIN_D4
#define BL PIN D5
#byte port b = 0x06

//TC1320 1

#define SDA2 PIN CO
#define  SCL2 PIN/C1
//TC1320_2

#define SDA3 PIN C2
#define SCL3 PIN C3
//0Output

#define heatl PIN D1
#define out?2 PIN D2
#define outl PIN-D3
//Keypad

#define ci PIN E1
#define c2 PIN E2
#define Cc3 PIN A5
#define  C4 PIN (EO
#define R1 PIN A2
#define R2 PIN, Al
#define R3 PIN A4
#define R4 PIN.A3

#include <SHT15.c>
#include <TC1320.c>
#include <TC1320 1.c>

char str{20];

intl16 msecl=0,msec2=0;
int8 Buf hum,Buf temp;
int8 set_temp,set hum;

intl F _key;
char keyl;
short F_heatl=0;
short F _cpl;

void delayl (int8 time);

#INT TIMER1

void IntTMR1l isr(void)

{ Flcpl=~F.cpl;
if (msecl>0)msecl--;
if (mseec2>0)msec2-~;
//if(F_fan2==1){time~1++;}if(time~1>=8){time_1=0;c_time++;}
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if ((F_heatl==1)&& (F_cpl==1)) {output_low(heatl);}
if ((F_heatl==1) &&(F_cpl==0)) {output_high (heatl);}
}

/*****************************************/

/*****************************************/

//lcd routine
void delayl (int8 time)

{
while (time!=0) {delay us(1l); time--;}

void lcd command(char xx)

{
//xs=0;
output_low(rs);
set tris_b(0x00);
port_b=xx ;
//en=1;
output_high(en);
delayl (50);
//en=0;
cutput_low(en);
delayl (100) ;

void clear lcd()

{

lcd_command (0x01) ;

void movc (char x,vy)
{
if (x<0x0F)
{
if (y==1) lecd _command(0x80 + x) ;
else lcd_command (0xCO -+ x) ;

void init_lcd()

{

lcd_command (0x038) ;

lcd_command (0x010) ;

clear lcd() ;

lcd_command (0x06) ;

lcd_command (0x0C) ; //displayon cur off
movec (0,1);

void lecdout (char pos,char com)//lcd char 1

{
lcd_command (pos) ;
//xrs=1;
output_high(rs);
set_tris b(0x00);
pert_b=com ;
//en=1;
output_high{en);
delayl(10);
//en=0;
output  low(en)s
delayl{(100);
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void lcdline(char com)
{
//rs=1;
output_high(rs);
set_tris b (0x00);
port_b=com ;
//en=1;
output high (en};
delayl (10);
//en=0;
output_low(en);
delayl(100);

void lcdtext (char pos) //lcd string
{ char i=0;
lcd_command (pos) ;
while(str([i]t= "\0'){lcdline(str[il);i++:}
}
void show_LCD({()
{
ocutput_low (BL);
strcpy(str,” Humidity and Temp™);
lcdtext (0x80) ;
strepy (str, "Humi= % HSet= %7 ;
lcdtext (0x94) ;

//Buf _hum=100;

lcdout (0x99,Buf hum/100+'0%);
lcdout (0x9%a, (Buf_hum%100) /10+'0");
lcdout (0x9b, (Buf hum%10)+"0');

//set_hum=89;

lcdout (0xA4, set _hum/100+'0");
lcdout (0xa5, (set _hum$100)/10+'0")
lcdout (0xa6, (set_hum%10)+'0") ;

strcpy (str, "Temp= C TSet= C")s
lcdtext (0xD4) ;

//Buf_temp=125;

//measure_temp();

lcdout (0xD9,Buf temp/100+'0');
lcdout (0xDa, (Buf temp$%100)/10+'0")7;
lcdout (0xDb, (Buf_ temp%10)+"0");

//set_temp=123;
lcdout (0xE4, set_temp/100+'0');
lcdout (0xE5, (set_temp%100)/10+'0');
lcdout (0xE6, (set_temp%10)+'0');
//delay ms(10);

}

void chk_key ()

{
output_low (R4) ;
if (input (Cl)==false) {keyl="A";F key=1;}
if (input (C2)==false) {keyl="3";F key=1;}
if (input (C3)==false) {keyl="2";F key=1;}
if (input (C4)==false) {keyl='1";F _key=1;}
output_high (R4);
output_low(R3);
if (input (Cl)==false) {keyl="B';F_key=1;
if (input (C2)==false) {keyl='6";F key=1;}
if (input (C3)==false) {keyl='5";F key=1;
if (input (C4)==false){keyl="4";F key=1;
output_high(R3);
output | low (R2);
if (input (Cl)==false) {keyl="C'; F key=1;}
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if (input (C2)==false) {keyl='9";F key=1;}
if {(input (C3)==false) {keyl='8";F _key=1;}
if (input (C4)==false) {keyl="7";F_key=1;}
output_high(R2);

output_low (R1);

if (input (Cl)==false) {keyl='D";F key=1;}
if (input (C2)==false) {keyl="#"';F _key=1;}
if (input (C3)==false) {keyl='0";F_key=1;}
if (input (C4)==false) {keyl="*";F_key=1;}
output_high(R1);

if (F_key==1) {delay ms(300);}

}

void set_menul ()
{ char i_count=0;
char numl, num2, num3;
if (keyl=='A")
{F_key=0;clear_lcd();output_high (heatl);
while (true)

{chk_key();

strcpy(str,” Humidity Setup”);
lcdtext (0x80);

strcpy(str, "Humidity Value= ")

lcdtext (0x94) ;
strcepy(str, " Key number (10-100%)");
lcdtext (0xD4);

//set_hum=0;
lcdout (0xA4, set _hum/100+70"');
lcdout (0xA5, (set _hum%100)/10+'0") ;
lcdout (0xA6, (set_hum10)+'0"');
if (keyl=="F'){break;}
while (true)
{F_key=0;
chk_key():
if ((F_key==1)&8&(keyl!="A")&& (keyl!="B") && (keylt='C'Ys&(keyl!="D"')&s (keyl!="*") g& (key

if (i_count==1)}{lcdout{0xA4,keyl);numl=keyi="0";}
if (i _count==2){lcdout(0xA5,keyl);num2=keyl-"'0";}
if (i_count==3) {lcdout (0xA6,keyl) ; num3=keyl-'0';i count=0;}

}
if (keyl=="#") {keyl="F';F_key=0;clear led();break; }

if (keyl=="*'"){F_key=0;i count=0;set hum=0;
lcdout (0xa4,'0');

lcdout (0xA5,'0');

lcdout (OxA6,'0");

}

if (keyl=='D")
{F_key=0;set_hum=(numl1*100)+ (num2*10)+ (num3) ;

if ((set_hum>=10) && (set_hum<=100))
{clear_lcd():

strepy (str, " Humidity Setup");
lcdtext (0x8B0) ;
strcpy (str, "[--Success Value--1");
lcdtext (0x94);

delay ms(2000);keyl="F';break;

}

if ((set_hum<10) || (set _hum>100))
{clear lcd();

strcpy(str, "™ Humidity Setup™):
lcdtext (0x80)3;
strcepy (str, "[--Invalid Value~-}");
lcdtext (0x94);
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delay_ms (2000) ; keyl="F';set hum=40;break; (
}} -

}
void set_menul ()
{ char i_count=0;
char numl, num2, num3;
if (keyl=='B")
{F_key=0;clear lcd();output high (heatl);

while (true) ~
{chk_key () ;

strcpy(str," Tempperature Setup");

lcdtext (0x80); -
strcpy (str, " Temp Value= c");

lcdtext (0x94) ;
strcpy(str," Key number (0-125C).");
lcdtext (0xDA4) ;

//set_hum=0;
lcdout (0xAl, set temp/100+%0Y) ;
lcdout (0xA2, (set temp%$100)/10+'0");
lcdout (0xA3, (set temp%l0)+'Q');
if (keyl=="F') {break;}
while (true)
{F_key=0;
chk_key();
if ((F_key==1)&& (keyl!="A')&& (keyl!=1B")&& (keyl!="C") && (keyl!="D')&& (keyli="*") && (key

if (i_count==1) {lcdout (0xAl, keyl) ;numi=keyl-"0";}
if (i_count==2) {lcdout {0xA2, keyl) ;num2=keyl~"0";}
if (i_count==3) {lcdout (0xA3, keyl) jnum3=keyl-'0"; i count=0;}

}

if (keyl=="*"){F_key=0;i_ count=0;set temp=0;

lcdout (0xAl, '0") ;

lcdout (0xA2,'0%);

lcdout (0xA3,70");

}

if (keyl=="#") {keyl="F'"; F key=0;clear lecd();break; }

; if (keyl=='D")
{F_key=0;set_temp=(numl*100)+ (num2*10) + (num3);

if ((set_temp>=1) && (set_temp<=125))
fcleaxr_lcd();

strcpy(str, " Tempperature Setup");

lcdtext (0x80);

strcpy(str, "[-~-Success Value--]");

lcdtext (0x94);

delay ms(2000) ;keyl="F'; clear_lcd();break;
}

if ((set_temp<l) || (set_temp>125))
{clear_lcd();

strepy(str, " Tempperature Setup");

lcdtext (0x80);

strcpy(str,"[--Invalid Value--]1");

lcdtext (0x94);

delay ms(2000);keyl="F’;set temp=25; clear lcd():;break;
18



c:\documents and settings\administrator\desktop\humidityl edit\main.c Pag@3¥%- jafi.7-08 04:57 pn

void run pro()
{ intl F bitl=0;
intl F _bit2=0;
if (Buf_ temp==(set_temp-1)){F _heatl=1;output high(outl);}
else if (Buf_ temp<set_ temp) {output_low(heatl);F _heatl=0;}
if (Buf_temp>=set_temp) {output_high (heatl);F_heatl=0;output_low(outl);}

if (Buf_ hum<set_ hum) {output_ high(out2);}
if (Buf_hum>=set_hum) {output_low{out2);}

if ((Buf_hum< (set_hum+10)) && (Buf_hum>=(set_hum+7))) {set DAC2(192);F bit2=1;}
if ((Buf_hum<(set_hum+7)) && (Buf_hum>=(set_hum+4))) {set_DAC2(128);F bit2=1;}
if ((Buf_hum<{set_humt+4)) && (Buf hum>=(set_hum+2))) {set_DAC2(66);F bit2=1;}
if (Buf_hum>set hum) {set_DAC2(0);F bit2=0;}

if ((Buf_hum<=set_hum) && (F_bit2==0)) {set_DAC2(255);}

if ((Buf_temp>=(set_temp-10)) && (Buf temp<=(set temp-7))) {set_DAC1(66);F bitl=1l;}
if ((Buf_temp>(set_temp-7))&& (Buf_temp<=(set temp=4))) {set_DAC1(128);F bitl=l;}
if ((Buf_temp>(set_ temp-4))&&(Buf temp<=(set temp=2))){set DAC1(192);F bitl=1;}
if (Buf_ temp>set temp) {set DACI (255);F bitl=0;}

if ((Buf_ temp<=set temp)&&(F bitl==0)){set DAC1(0);}

}

void readHumi ()
{
float fRh_lin;
float fRh_true;
float fTemp true;
float fDewpoint;

//long 1Value 1lin;
long 1lValue_rh;
long 1lValue temp;
// delay >1lms before next, command
delay ms({12) ;

// start transmission
shtlx_xmission start() 7

// measure temperature

shtlx command mode (MEASURE TEMP). ;

lvalue temp = shtlx read_data() ;

//printf ("\nValue_temp: %lu ",1Value temp) ;

fTemp_true = (D1+(D2*1Value_temp)) ;

// delay 1lms before next command
delay ms(l12) ;

// start transmission
shtlx_xmission start() ;

// measure linear
shtlx_command_mode (MEASURE HUMI) ;
lvalue_rh = shtlx read data{() ;

//printf ("\nValue lin: %lu ",1Value 1lin) ;

fRh_lin = (Cl1+(Cl2*1Value_ rh)+(Cl3*1Value rh*1Value_rh)) ;

fRh_true = {((fTemp_true-25)* (T1l+(T2*1Value_rh)))+fRh_1lin) ;

fDewpoint=shtlx calc_dewpoint (fRh_true, fTemp true) ;

Buf hum=fRh_true*l;

Buf temp=(fTemp true-3)*1;

// o printf(lcd putc,"t%2.1f -rH%2.1f%% dp%2.1f ", fTemp_true,fRh_true;fDewpoint) ;
}
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void main{() \

{

enable_interrupts (GLOBAL) ; // enable interrupt global
enable_interrupts (INT_TIMERI); // enable interrupt timerl

setup_timer 1(T1 INTERNAL | Tl DIV BY 1); // setup timerl 50mS

shtlx connection reset() ;
delay ms(6) ;

output low(outl);
output_low(out2);

output_low(rs);
output low(en);

delay ms(500);
init_lcd{);
delay ms (500);
IC1 _Init();
IC2_Init();
set DAC1(0);
set_DAC2(0);
delay ms(2) ;

/*
while (TRUE)

{

F_fan2=1;

if (c_time==1){set DACI (192);}

if (c_time==2) {set DAC1 (129);}

if (c_time==3) {set DAC1(66);}

if(c_time==4) {set DAC1(0);}

}
*/

if (set_temp>125){set temp=50;}

if ((set_hum>100) || (set_hum<100)) {set hum=50;}
while (TRUE)

{

show LCD() ;
chk_key();
set_menul ()
set_menu2 () ;
readHumi () ;
run_pro();
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// SHT1x address=000 is currently supported
// SHT1x command code

//adr command xr/w

#define STATUS REG W 0x06 //000 0011 O
#define STATUS_REG_R 0x07 //000 0011 1
#define MEASURE_TEMP 0x03 //000 0001 1
#define MEASURE_HUMI 0x05 //000 0010 1
#define RESET Ox1E //000 1111 ©

// constant use for SHT1lx Humidity Measurement
#define Cl1 ~4.0

#define C12 0.0405

#define C13 -0.0000028

// constant use for SHT1x Temperature Measurement
#define D1 -40.0
#define D2 0.01

// constant use for SHT1x True Humidity Measurement
#define T1 0.01
#define T2 0.00008

// SHT1x Transmission Start Sequence
void shtlx xmission_start ()

{

output_high (DATA) ;

output_low (SCK) ;
delay us(2) ;
output_high (SCK)
delay us(2) ;
output_low (DATA)
delay us(2) ;
output_low (SCK) ;
delay us(2) ;
delay us(2) ;
delay_us(2) ;
output_high (5CK) ;
delay us(2) ;
output_high (DATA) ;
delay us(2) ;
output_ low(SCK) ;
delay us(2) ;

}

~e

~

// SHT1x Connection Reset Sequence
void shtlx connection_reset ()

{

int i;
output_high (DATA) ;

for (i=0; i<9; i++)

{

output_high (SCK) ;

delay us(2) ;

output_low (SCK) ;

delay us(2) ;

}

shtlx_xmission_start() ;
}

// SHT1x Address & Command Mode with! address=000
void shtlx command mode (int iMode)

{

int i;
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for (i=128; i>0; i/=2)

{

if (i & iMode) output_high (DATA) ;
else output low(DATA) ;

delay us(2) ;
output_high {SCK) ;
delay us(2) :
output low (SCK) ;
}

output float (DATA) ;
delay us(2) ;

output high(SCK) ;
delay us(2) ;

output low(SCK) ;

// delay >1lms for 8-bit measurement
// delay >55ms for 12-bit measurement
// delay >210ms for 14-bit measurement
// before data read from SHT1x
delay ms (250) ;

}

// SHT1x Soft Reset

// resets the interface, clears.the status register to default values
// wait minimum 1lms before next cormmand

void shtlx_soft reset ()

{

shtlx connection_reset() ;

shtlx_command mode(RESET) 7

}

// read data from SHT1lx and store
long shtlx_read_data()

{

int i;

long 1Tmp;

long 1Vall=0;

long 1Val2=0;

long lValue;

// get MSB from SHT1x
for (i=0; i<8; i++)

{

1vall<<=1;
output_high(SCK) ;
1Tmp = input (DATA) ;
delay us(2) ;
output_low (SCK)
delay us(2) ;

if (1Tmp) 1Vall)=1;
}

// acknowledge routine
output high(SCK) ;
output_low(DATA) ;
delay us(2) ;
output_float (DATA) ;
output_low(SCK) ;
delay us(2) ;

// get LSB, from SHT1x
for (i=0; i<8; 1i++)

{
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lval2<<=1;
output_high(SCK) ;
1Tmp = input (DATA) ;
delay us(2) ;
output_low (SCK) ;
delay us(2) ;

if (1Tmp) 1Val2|=1;
}

1lvalue = makelé6(1lVall,1lvVal2) ;
return (lValue) ;

}

// calculate dewpoint

float shtlx_calc_dewpoint (float fRh, float fTemp) {

float fDewpoint, fLogEW;

fLOgEW = (loglO(fRh)-2)/0.4343 + (17.62*fTemp)/(243.12+£fTemp) ;

fDewpoint = 243.12*fLogEW/(17.62-fLogEW} -3~ // this is the dew point in Celsius
return (fDewpoint) ;

}
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void ICl_Tx Byte(int8 bytel) {

int8 i ;

for (i=0;i<8;i++) |
if ((bytel & 0x80)==0x80) output high(SDA2) ;
else output low(SDA2) ;
output_high(SCL2) ;delay us{10) ;
output low (SCL2) ; delay us(10)
bytel=bytel<<l ;

~

}

}

void set DAC1(int8 datasetl)

{
output_low(SDA2) ; delay us(10)
output_low(SCL2) ; delay_us(10) ;
output_high (SDA2) ;delay us(10) ;

~e

IC1 _Tx Byte (0x90);
output_high(SDA2) ;delay us(10) ;
output _high(SCL2) ;delay_us(10) ;

output_low (SCL2) ; delay us(10) ;
IC1l_Tx_Byte (0x00);

output high (SDA2) ;delay us(10), ;
output high (SCL2) ;delay_us(10)

~e

“~

output_low (SCL2).; delay us(10)
IC1l_Tx_Byte(datasetl);

output_high (SDA2) ;delay us(10) ;
output_high (SCL2) ;delay us(10)

e

output_low (SDA2) ; delay us (10)
output_high (SCL2) -; delay us(10)
output_high (SDAZ). ; delay us (10)

N me we

}

/*

int8 IC1_Rx Byte() ({
int8 i,bytel=0x00 ;

for (i=0;i<8;i++) {
output_high (SCL2) ;
delay us(10) ;
bytel= input (SDA2) ;
output_low (SCL2) ;
delay us(10) ;

}

return bytel ;

}

*/

void IC1 Init() {
output_high(SCL2) :
output_high (SDA2) ;

}

//  ICl Init();
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void IC2_Tx Byte(int8 bytel) {
int8 i ;
for (i=0;i<8;i++) {
if ((bytel & 0x80)==0x80) output high(SDA3) ;
else output_ low(SDA3) ;
output_high (SCL3) ;delay us(10) ;
output_ low(SCL3) ; delay us(10) ;
bytel=bytel<<l ;
}
}
void set DAC2(int8 datasetl)
{
output_low(SDA3) ; delay us(10)
output _low(SCL3) ; delay us(10) ;
output_high(SDA3) ;delay us(10)

-

~

IC2_Tx_Byte (0x90);
output_high (SDA3) ;delay_us(10) ;:
output_high (SCL3) ;delay us(10)

~e

-,

output_low (SCL3) ; delay us(10)
IC2_Tx_ Byte(0x00);

output high (SDA3) ;delay us(10)
output_high (SCL3) ;delay us (10)

~e e

output_low (SCL3) + delay us(10) ;
IC2_Tx Byte(datasetl):

output_high (SDA3) ;delay_us(10)
output high (SCL3) ' ;delay us(10)

~e

output_low (SDA3) ; delay us(l0) ;
output high (SCL3); delay us(10)<;
output_high (SDA3) ; delay us(10)

}

/*

int® IC2_Rx Byte() {
int8 i,bytel=0x00

~

for (i=0;1i<8;i++) {
output_high (SCL3) ;
delay us(10) ;
bytel= input (SDA3) ;
output_low (SCL3) ;
delay us(10) ;

}

return bytel ;

}

*/

void IC2_Init() {
output_high (SCL3)
output_high (SDA3)

~e N

}
//  IC2_Init();





