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Abstract

This report concerns about the design and construction of infant incubator, which is the
essential medical device for a newborn where the controlled atmosphere is needed. The operation
of the incubator is based on using the microcontroller. The input of the microcontroller includes
the sensing temperature, the sensing humidity and the keypad; where the output of the
microcontroller is the LCD display and the proportionally controlled signal for the heating
element. The sensing temperature and the sensing humidity are detected by SHT15 Chip, which is
capable of communicating with the microcontroller via a series protocol. The keypad is used to
set up the controlled temperature, the alarmed temperature and the other alarm setting including,
for example, the power-failure alarm. The LCID} display shows the setting temperature, the

sensing temperature and the humidity.
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SCK F>
Vdd 2455 V.

311912.3 uanadnuas e SHTI1S

A13799 2.2 HAAIAMANIIA DC Y84 SHT1S

Parameter Conditions Min, | Type | Max. | Units.

Power supply DC 24 5 5.5 A%
Measuring 550 nA

Supply current Average 22 28* uA
Sleep 0.3 1 A

Low level output voltage ‘ 0 20% Vdd

High level output voltage 75% 100% Vdd

Low level input voltage Negative going 0 20% Vdd

High level input voltage Positive going 80% 100% Vdd
Input current on pads 1 RA
On 4 mA

Input peak current Tristated (off ) 10 A
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A15799 2.3 uae 10409 SHT15

Pin Name Comment
1 GND Ground
2 DATA | Serial data , bi-directional
3 SCK Serial clock , input
4 vDD Supply2.4-55V
NC Remaining pins must be left unconnected

ANPaENIMNNLYed SHTIS ssuana ladagili 2.4
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A131902.4 uanuauTaveIdayn SCK iaz DATA

Parameters Conditions Min. Type. Max, Units.

Fsck SCK frequency VDD> 45V 10 MHz

VDD< 4.5V 0 MHz
Trro DATA fall time Output load 5 pF 35 10 20 ns
Output load100 pF 30 40 200 ns
Tcwx SCK h/l time 100 ns
Tv DATA valid time 250 ns
Tsu DATA setup time 100 ns
Tuo DATA hold time 0 10 ns
Tw/Tr | SCK rise/fall time 200 ns

DATA

SCK x

JUM2.7 narasnuaufAveI Timing Diagram vosdayaioe DATA uag SCK ¥04SHT1S
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2. Gudadoyn Tae a1o SCL 9ziia logic 9 uAay SDA 120A1 logic ulfousingalild
{WluanziSond anziSudu (start)
: : 4 g
3. @nMENYA (stop) Taoee SCL 9z1lu logic 739 uA @ SDA sz11/founn logic é1l1)
9
L)
a. Wuaazilimsfuds doya Tasdoyauu SDA dvsnsh Tuvae® scL i logic g

uae bit 1w SDA seulavuntlasl@neiia SCL # logic 11 0

ar e 4 [ ¥ o
- ANIZABUTL lﬂuﬂﬂT’]gﬂQﬂﬂim Mater ﬁﬂﬂ]ﬂyﬁﬂﬂﬂllﬂﬂi‘u 1 byte L3 #7 master

[ . Y w Yo ¥ o Y . 19 1 9 ]
e logic g9 BBANT A1A1 slave A5 utpyansy 923119 logic 13w 0 urd 1 lignde szsetnig

¥
vieyalvu

whg

Lol |
DATA OUTPUT 'Y
pymansurrrer T\L__ /XX X7
|
I : not scknowledge \
DATA QUTPUT ] 1 R
BY RECEIVER
I
I
I I acknowledg
SCL FROM 1 N
MASTER ! \_/'—\ r_\ ,_\
I I \—, 1 2 e 8 9
1.5
START clock plase for
condition acknowledgement

U7 2.20 nanadryae Acknowledge U943 I'C
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lumsshs §uia slave Aisrwzdadoyallhiu 1dre Tay 19 address $107m 8-10 bit
i 1C usazd Tﬂu%yaﬁwumzﬁ 3 byte A1
1. Byte address
2. Byte control

3. Byte Data

227 @nlszinoNanuAw ( Microcontroller)
0 a e ¢ o g
dmsululnssnudeudnmintinlflyTnsnou Insamefidludiannlssuanna
<4 o i o o o

gy aeshmhnlumsauauszuumsihauvesdendnmsnnszuy

TnssrfraveslnulnsasulnTanes Mcs 51

32K 83C1540
ROM
’ 16K BaC154 BOCS2/83C1 545301 54D
INTD IKT1 ROM T212 EX
80c52
l l K FIOM 256 1
— e || Bocs2 R 8301840
ITERRLPT e TF2 128 bytos
[y R — 4K ROMI80C51 RA ]BOC51
* RITI
L4
CPU —
] e Y
5 A
~ ) -~ hY.d
BUS i SERIAL| —» TXD
055G CONTROL 4 0 PORTS FORT le RxD

w1 ITT0

—
ADDRESS/OATA

71l 2.21 TassardraveslulnsnouInsamos

& o
ArantiatiieInuusd Micro controller TuATZYE MCS-51 v:iiAil
4i Core CPU #idlu 3-Bit nazgamdsimunz lununugu uazenunsnilszuranama Logic
fudeyaluszav BIT 14

divuesanusi Talsunsu 4k nelu uazsesfumsldnuvesnuaeniudi Tasinsu 14 s4K
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fimioanud Joya (RAM) 128 Bytes molu nazsossumsldnuvsanmiiennui doya

1% 9 64K

£ Port M1 170 Wanun 4 port LazmusH 199U 1A lusedu BIT

-§149% Timer / Counter 4118 16 Bit #03ya d w3015 lunsdunar nSouduau

-ii Full duplex UART dw501% Swds doyauuveynsy 51 Interrupt 18910 6 unasiuiia
Taw i 5 AMUIYD9 ISR 1Az 3 Interrupt Tnsansodaszauarudng a2 seau

Addunian1ud Clock maly

Tnsshaveamieanuéilu Mcs-51
Logical separation of program and data memery
>
& M3 Micro controller MCS-51 tiugnesnuuuin TdfimirennusrdmiwduTlsunsy

| o_ o a 1 o a
(Op-code) nazmiirsaNudmimnudoyaiusnaanvindudsgll

PROGRAM MEMORY DATA MEMORY
(READ ONLY) (READMWRITE)
FFFFH: FEFEH:

N\ N
EXTERNAL |:>

EXTERNAL X \

INTERNAL
{FFH:
EA=0 E7-‘\:1
EXTERNAL INTERNAL
0000 § 00 0000
PSEN RD WR

511 2.22 Tassaavemsanudilu MCs-51

U
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" ¥
A1300AILIUBY Data memory MNuoNoRnINil awmivanuisoSonlvanlalaoly
= ] : & o v o o '

Address 104 8 Bit lmtin Favei11demssamialu cpu iy 8 Bit  uan131d Address o4 8
J o o ] 3 o a 1 ¥ 3 & g
Bit 11 sz lddedemunusvasniennui ldmes 256 dwmuamniy ( 00h — FFh) $a

o o o 1 ] S @ [}
Ao d M T UnI91909f U109 Intenal Data Memory 8¢19150ANIA19DIAMNUL Data

. 8 o o o
memory Iﬂtﬂ% Address UV 16 Bit U510 External data memory ﬂfT'IiﬂﬁEmﬂﬁ Tﬂﬂi‘i’f DPTR:
Data pointer (Data memory address register)

\ t s A Y o P an Y
#9UvD9 Program memory 9ziilumvasanuiwion 1dfesoiaufey uazanninilld

»
NIHUA 64K ANHUS

FFFF FFFF FFFF FFFF
60K 56K
BYTES BYTES
EXTERNAL EXTERNAL
64K 64K
1000 > BYTES 2000 > BYTES
EXTERNAL EXTERNAL

OFFH 1FFF

4K BYTES 8K BYTES

INTERNAL INTERNAL
0000 _/ 0000 0000 0000

317 2.23 T1)5un 33 memory ¥4 MCS 51

& MCs-51 Iunuuiis Program memory mely Aaetuflunsdiu Tsunsumoly
IC 194 4K, 8K, 16K %39 32K Address (ATM11185484 IC ‘?'l“l%’) MIHTU Address ﬁmﬂﬂ'hfffdnmi'lu
Program memory H18UBN a7 MCS-51 ﬁ"lliﬁ internal program memory AUV Program
memory ﬁaﬂumzﬂgjmuuan

FIMTUMTBIU External program memory 1:‘!’:14 MCS-51 %31%‘!11’3@'5911;1! PSEN (Program
Store Enable)

§1M31 Data memory Feamninfinssumodoudoyoas il fuedl Address fionoen
21N Program memory nazlfnuIuee External data memory ‘lﬁ’ﬁ:ﬁ‘}ﬂm 64K Address 1ums

¥
ARADNU External data memory 1 MCS-51 %31%‘!115‘59@13& RD u6Z WR Program memory
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\\\\
T
e p— {O033H)
- ODZBH
INTERRUPT
LOCATIONS — 0023H
—h oDiBH
oo13n LB BYTES
- 0ODEH
S e DO03H
RESET — n 0o000H

g‘ﬂ“ﬁ 2.24 M5A9 External program memory L2 External data memory 52U

Tuns@ifideans @auuDe External program memory Ua¥ External data memory 321
iy sz 18 Taunsvidaye PSEN waz RD msamfu Tagl AND gate R W lddaoi
115814 External Program/Data memory

511aAsdILU83 Program memory Tudumissudu dufle cPU Gumshnundann
M3 Reset AI23UMITMATURISAT Address 0000h uALdMIU Address WAL 12

o T

mmuaﬁmjmm ISR: Interrupt Service Routine IAN5#191M¥09 Tnterrupt Tu MCS-51 fioiia
dyana Interrupt 19727 uftaznsz Taamaiangailsunsuludumisiidmued s
Froghaay A3y Interrupt 0 91nM0WEN Lije MCS-51 185Ud g Interrupt i sufenszlan
msyaungalilsunsuly Address 0003h 1azd M5y Interrupt AR Timer 0 Avznsz Taa
mshamandallsunsuly Address 000Bh 4ag Interrupt 0 AU A9znss TaAnIzau
wtalsunsulu Address 0013h . Tuusaz Address Amualdd My 1SR e fimulums
FuTalsunsu'ld 8 Address 4987 ISR a3 Lﬂuiﬂsunsnﬁffuq fazersoladnli1d uad
il 1SR fonmaudafiezyinld Taoms19mde Jump W Tisunsuiidasmssndt
External Program Memory

#m3U MCS-51 i} Internal program memory fu Aldansofianifenldh seldam
994 Internal program memory tu wioly Taun1sApu0NTYYIUEA : External access Wi

VCC #30 GNDwud1 MCS-51 i Internal program memory 4K (0000h-OFFFh) ndaaoudeyeo

i y 1
EA T1fiu VCC M3 Fetch Mafl Address 1i0on 31 OFFFh A9z 14970 Internal program memory
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unzduily Address Aaui@ 1000n 3 928l1m3814910 External program memory ffues uafdet
EA 14701 GND 715 Fetch ﬁW#ﬁ‘fFﬂ‘r‘mﬂi}Sﬂizﬁ1ﬁU External program memory

AMIY MCS-51 ﬁuliiﬁ internal program memory ud U1 EA 93A09A0 GND 1ouD
f?'fgwm PSEN éqnﬂuﬁ’ﬂgmgmﬁiﬂu M5 Fetch ﬁTﬁ:}\i‘iﬂﬂ External program memory 1?1! vzl

1918101115 Fetch MF2910 internal program memory

71590 External program memory

MCS-51 EPROM
C::) P1 PO <“ INSTR.
EA 1l
1 —A™
INTERNAL I
ROM
ALE |
LATCH > ADDR
(:___ P3 P2 > D
PSEN OE

3 1/ 2.25 M5AO External Program memory

MCs-51 9z 1901dRyey188 493 O port 16 bit (Port 0 L8z Port 2) uimihiidlu Bus ves

11 Taeez 1991904 Port 0 vty Address i1y Data bus A&URH A0deA1YBS Low byte
84 Program counter (PCL) 90311 Port 0 il w9 ndasves PCL ponuudmiuszdganIz
Float 1{B505 UM 1d 1192811 14910 External program memory  lusgn31afi sues PCL aonuii
PO i} a1 ALE: Address Latch Enable 92 i I¥eans PCL grifuudi LATCH uazlunan
fu Muss PCH fgndsesnind Port 2 Wordhaiiu Address 1A 16 bit 182 Fayana PSEN

@ | 9 a S
ﬂxlﬂu@l')@‘luﬂ]ﬂy)ﬁﬁnﬂ Memeory 18NN35



28

Data memory

Data memory 1839 MSC-51 ﬁu%:uﬂmamﬂu Internal data memory H0i¥ External data
memory 1A8N13 1¥411V04 Data memory Faroadniiosi Address onnduda
MCS-51 with 128 bytes Internal Data memory (18)
MCS-51 with 256 bytes Internal Data memory (Y1)

Jwazdeagaaziln 2.26

INDIRECT
ADDRESSING ONLY
FFFF 80H TO FFH FFFF
FF
eg |SFRs N FF(SFRs
DIRECT DIRECT
ADDRESSING stlrlés ADDRESSING o 531'23
ONLY 80 |ONLY
80
EXTERNAL EXTERN
7F| DIRECT& - FIDIRECTS TERNAL
INDIRECT INDIRECT
ADDRESSING ADDRESSING
00 _/ 0000 00 _/ 0000
511#1 2.26 Data memory 483 MSC-51
Internal Data Memory

HaM3 AL UNYDY Internal data memory iiiuAezal Fafuszgrutiseamilu mudu
AuAU AD Lower 128, Upper 128 ling SFRUAZIINNIIN Internal data memory WNNeS 256
» ]
Aumdamniu flinsons Address anansontd Tnoldifes 8 Bit uaz91nnsf Internal data

» »
memory HuSlifies 256 Awrraniy M 1insda Address ansorinld Tasldiies 8 Bit
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FFH FFH
UPPER | ACCESSIBLE ACCESSIBLE
128 BY INDIRECT BY DIRECT
ADDRESSING
ADDRESSING
BOH ONLY
70H 80H PORTS
STATUS AND
ACCESSIBLE K SPECIAL CONTROL BITS
LOWER BY DIRECT FUNCTION TIMER
128 AND INDIRECT REGISTERS REGISTERS
ADDRESSING STRACK POINTER
ACCUMULATOR
80H (ECT)

3 1/# 2.27 Internal Data Memory

19 =y ¥ A g t 9 . o ¥ o 1
HARIUNAUAVDINTTDNOIAUHUIVDUD (Addressmg meode) mslﬁ"l.ﬂmzmuwm

¥
internal data memory YI4¥1LU® 384 bytes

] b

fatoyan Address WU, AwiTUB9
] ¥

dpyaf Address Roafuy Ao

»
Tnedmiudoyanaun Address 80h — FFh 919138
. . o ¥ A ' o =
Direct addressing ﬂi]zulﬂ‘ﬂﬂﬂallﬁ‘nll’ﬁnﬂﬂuﬂﬂﬁ']u NUNTIDNNN
ad B . . o ' i < o
15Y0Y indirect addressing mﬂgﬂ%mu"lﬁ”n Memory Tugtiveg Upper 128 NIzl Address
a o« ; ' oy ¥ 23 = A
1A8201 Memory lugve SFR Llﬁﬂgi‘ﬁﬂﬁﬂ15L‘!J1ﬂ\11lf]1q{'ﬂ°ﬂ1&ﬂﬂﬁ“ﬂuuulﬁﬂ
External Data Memory
1 g9 a ylya; ok & ﬂ 1 g9
n1ma1m1umm External data memory 93911 I9ANAIDE1Y 5L umsan 1¥9uv09 RAM

»
yu1a 2K Tagl MCS-51 1 11974910 internal program memory

MCS-51 RAM
(") P PO ( 3 DATA
EA LvC
00OOH
INTERNAL :D
ROM ALE LATCH
ADDR

P3 P2 LI PAGE
= BITES
RD -
R (——)vo WR OF

C ¥ T

»

5119 2.28 M370 159109 External data memory Tag1¥ MCS-51 11 19114970 Internal program

memory
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Tassadamieluves Micro controller MCS-51

P20-P27

AAAAADLA

51/ 2.29 Tas9a319m01uuB3 Micro controller MCS-51



31

SFR

¥
wazdaveIRwmtIdeyan1e u SFR andudsil

B Bytes
F8 | IOCON | f FF
FO B f F7
EB ? EF
E0O | ACC : f E7
D0 | PSW - ! o7
C8 | T2CON RCAP2L | RCAP2H | T2 TH2 : CF
o c7
B8 iP BF
B0 P { : 87
AB IE ; : AF
Al P2 | A7
88 | SCON SBUF _ gF
80 Pt ; 97
B8 ; TCON TMOD TLO _ TL1 THO TH1 BF
B0 PO Sp CPL DPH _ . PCON |87

.-

... bitaddressable

317 2.30 Twanduavesiwmisdoyanen lu SFR

vaiinIdndumisne Ty srr a2 lil8gn 19 enun mseudoyanindumiadids

1K et sx W lfmiquoenu dumadoudoyadh liiez ludnalan uaoeielsid 5
Tinasdeudeyn 1 il Tudumdsii 1 188 mundl itoanniuerognldaulumsaaugy
Harumsmanieindhunluewan

Accumulator

ACC 920 accumulator Favzfidumislumizonam$inieTuniiy oEoH fvwn 8 Bi
i3I Register #19/uan lusiamdadesioz148nys A

B Register

wiidwmishuiibemwdimeluniiy oroH fvwa 8 Bit sldlumsgmuazmsms
»

oW - o ¥ A Y 3y w
MmUY Hﬁﬂfl'l‘iﬂ%'ﬁluﬂ'lilmj“llmgﬂﬂU‘] ‘l’lﬂﬂﬁﬂ"lﬁﬂllﬂ
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Program status word (PSW)
veddwmudlumieanusimeluwiiiy DOH fvwia 8 Bit udaz Bit szusndIan1Iza199
Tun15¥19TuUBs CPU (Flag) Faudaz Bit vee PSW aunsofimualidy 1 wie o 18Tausmds
SETB %30 CLRB @U@ 1A Us 1A U119 Bit Address 0 69 Bit 7 499 PSW 1411111 DOh 84 D7h
Stack Pointer
velisunud Tunuamusinielumny 081H Jvuin 8 Bit Register fgaaumialy
wiaonus el s0st oy ldadruiiy Stack Tumsdouues MCS-51 A1ves SP faeiiend
diniu Aeufivziinsfudeyadiludef ds PUSH vl CALL
MISMHUARLIMEIUDY Memory Tozatrafiy Stack summsatmualiiduilad 18y
internal data memory HaziBYIN Reset ASuANUDY SP 9z Ty 070 Feazirlimafudeya
Tudumiausnvea Stack 1507 Internal data memory & WHUST 08h

Data Pointer Register

le

Data Pointer (DPTR) 9zodludumiiavtaoanuiimelumniy 82h uag 83h DPTR i}
B . . & A :l.y S :n T
sznou11Jde Register ¥u1a 8 Bit 2 Aafle DPH oz DPL %3 DPTR i 9315 lunis@dmmiia
499903004 External data memory 11111 16 Bit Tumsudladeyalu Register DPTR vz9i114%ay
16 Bit 3onszhifiaz 8 Bit A4 (DPH, DPL)
PORT 0 {14 3
giumualumitsanuiinielumidu 8oh, 90h, 0AOh, 0BOh 11 Registertt1a 8 Bit M3
= 9 o [] o 1 8 ' [ at o n’/‘ Y -
woutoya ludsmissanuswmazdwmiaiiumsdedoyalusmesmiug vos Mcs-s1 Joyad
] b4
\Weuoon liezgn Latch a3 Register 9 uazilsnguenaz Bit ¥09 Port 1wud 1dsudoya 18h
Tfimiseanusidumais 80h MvzalsIng Logic 0001 1000 Hiv1 7 63 0 wBS Port 0 TuAITeN
] »
{oyann Register nanzA9zilunse a1 Logic Alhlsngoguaazvives Port 1iuq
Serial Data Buffer (SBUF)

ar &

A wvuanusanudmeluminy 99 Sivue & Bit uanInssadanmelundiude

o dad a ar ar 4 o o o = 1 S w 4 o o ar
Register 2 m‘nu%ama’mu m‘n‘mmwSmnnﬂifagamzmamuaunm HAZONAIHUITIH T

(Y] Y = 3 ¥ A as = @ o wooa ¢

Joyanvveynsufidut  lumaveudeyadhyl SBUF  suszgnienlddsndmiunudeya
o o ¥ - T ¥ ' o ] ¥ |
dwsuds uazudumsasdoya dwumseudoyann SBUF neziflumseiusivesdayan

w ¥ b
Furnld
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TIMER Register
) & L] a ] 1 [y
fJ994 Register (THO, TLO) (TH1, TL1) uag (TH2, TL2) ¥90g ludumusnuisanudiniely
-3 2 é " [-*3
(8Ch, 8Ah} (8Dh, 8Bh) Ltz (0CDh, 0CCh) enuaiail vz 14 unmsiuaaeanmsiuni 16 Bit
Tumslawilu Timer n5o Counter 1w 80C51 921 Timer o4 2 §Af® Timer 0 1A Timer 1 Tu
Timer WAnzyAvz1l Register 41413 8 Bit 0 2 A1 tWo1NUAINI511109 Timer dqeqaila 16 Bit
MIAHUANTAINIUYDI2995 Timer 1ul¥uA Timer 30 Counter M11A laamistmualuy
Register TMOD (Timer/Counter Mode Control Register) 113 Moy Timer 21 Register Tu
Timer 0 w38 1 Ymstuswulmfavesdygranidm lumsliims Timer Hhanady
Counter #9M319 Register THx uaz TLx Himsiudwlmfavesdyanafidnuinian 1o
= |
n3e Tl
Control Register
SFR #%e IP, IE sedhmiudmuagluvumaiiey uazaouzyednts Interrupt TMOD,
TCON, T2CON wdniuMmnuagiliunmsinauued Timer/Counter 49% SCON vzfiHil
fvuagluuumsiiauves Serial port naz PCON szdmiuimuagduuunisldwdanuvas
A7 CPU 184
CPU Timing
= o =y L] 9 A 9 Q =
Tu Mcs-s1 szildureanssduin Clock agmoluudy Firwsolfifiudyanauiin
¥ o Y ¥ . . > d A - . J
Ty cPU 1A Tums 1491999 On-Chip Oscillator 114 MIRYIAD Crystal ¥30 Ceramic resonator 7

1 XTAL] A1l XTAL2 uazanfuilszy Auans



34

XTAL2
— xTAL2
QUARTZ CRYSTAL MHS C51 (NC)
OR CERAMIC
RESONATOR FAMILY
X DK —] XTAL1
XTAL1 SIGNAL
+vss - vSS
-~ MHS C51

31/#1 2.31 M3#9 CPU Timing

] -1 o a ¢ g
o81315n7 Sdeams I Fdyas Clock 91nnounn 114 laumsaedansy Ext. Clock
3
WY XTALL
Machine Cycles
) o 3 . o & '
#mSuuAng Machine cycle 499 MCS-51 9¢1/52n0UAMTH19MM 6 States (S1 — $6) Faluna
- )
° a W a N
az State Y959 92191701 2 Clocks AN 1% Clock 12 MHz Hag Tanalumsiues
1 Machine cycle An 1 us

¥ e r -] Q‘f lé 1 N
auraaalugil 921l A719619999M15 Fetch / Execute 4998189 $992TuAag Machine cycle 12
N »

- v o & M e v o o & d :

1713 Fetch IHaMIAs 2 959 dainmdaiug sniufdauy 1 Byte fmu lunsdindidaiiug
] ol g M v v P = ' -1 T

hideamsdaya Byte Neps CPU Nifioana lieuladoyad Fetch TAu uazdves pC vz hi

R
INTEILTET]
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51 82,83 S4 S5, S8 S1,8 53,54, 85, S8, 51
osc P1 P2{P1 F2|P P2iP1 P2|P1 P2IP1 P2|F1 P2|PT P2lP1 PR{P1 PalP1 P2{P1 P2iPY
(XTAL2)

s1lsz|sa[s-t]ss]sei

ME | 1 —
: READ OPCODE ;
i NE)(T] AEAD NEXT OPCODE AGAIN
f (DISCARD)E
~1]

(A} 1-byts, 1-Cycle instruction, e.g., iNC A.
|
I

I READ NEXT OPCODE
ZNDBYTE
____i Isz!sais-zlsslss'

(B} 2-byte, 1-wde instruction, e.g., ADD A. Q+ta

—_—————

i
I
I
I
t
|
|
|
1
I
|
|
|
|
|
i
|

READ OPCODE |
NEXT READ NEXT OPGODE AGAI
OPCODE {DISCARD). |

|
I
l I
I I
— 1 % 1 Y ¢ ]
_ !sﬂselss[sﬂsalss[m EAEINEIEIER

t i |
(C) 1-byte, 2-cycle instruction, e.p., INC DPTR. |
READ OPCODE ! |
HOVX), I READ NEXT OPCODE AGAIN

OPCODE (DISCARD).

l ¢ l| l::non_s¢
B A A A I BRI R EE
(D) MOVX (1-byte.2-cycla) Aoon | DATA

\I————_'_'—‘Y-—‘——__J
ACCESS EXTERMAL MEMORY

!
] READ NEXT
|

[ R N

51/% 2.32 Machine Cycles

] ] L]
qr o P!

] @ e . o ’ a
‘iﬂﬂgﬂ allfx b mnflummﬂ%msmam 1 Machine cycle 1 S1 CPU fiag®1U Op-code W
y o L d - 24 a2 g
ABINIIUTUIYN Instruction register UAZN S4 32UN1I Fetch ATINADUNAUY ’-'Nclu‘;.ﬂ a 117 Fetch
2a 2 . - . oy g ; -
asanaesi cpu oz luauladoyan1dwn dwlugl b Jeyafilauifezilu Byte fianavossda
HUe4
P o o w A o . 1 H
1031 ¢ FuumsihauvessdsilEnsiinu 2 Machine cycles CPU v liauladoyai 14
s o 2 . o & 2 s 1w
1M5 Feteh 3 afadaoiumazlugl d Fauilumshouvesids Movx Fauflumsaaded
q; et = J A - ¥ ¥
External data memory Tunssid ee'lilinis Feteh Wiy loson CPU wzdvaldszuu BUS

¥
@enun lumsassenuvuwaYTIA18UaN
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b4 ]
YLIUMNIS Fetch / Execute Hazmiauiu Titnzdlumsiaueslilsunsuiioglu Intemal

E 4 ]
%38 External program memory Aatiundaiusz 1dnalumsimauvesiidanie mifu

’::sz]sﬂs:;sslsa S1 |52 |53 | 84| 5] ss
we 1] [] [ ] L
SOSU o Y N o Y e B

: )
|
I

) WITHOUT A
¢ MOVYX.
FeHouT X IPCHOUT

I
HEHMHWMX
P —te{ S — e G 5 e 5

R I S S

CYCLE 1 g CYCLE 2
|31|sa|sa|s‘[55|su 31[aa|aa]s4|ss[sal

we | | [] 1 —T1

514 2.33 W12 Fetch / Execute
13y a wilumsuandelaiznsiinuassdyaiua1ag ¥eIms Fetch zﬁaﬁﬁ’ufuagﬂu
External program memory f"ﬁaﬁ'tytym 1RAT4 2 A58 Machine cycle Tugil b sznansdynin
A9 firatudonssididefiinsAadef External data memory M3 Fetch zgnduil 2 2
UAZIZM I IzIM U058 1udoyavIn Extemal data memory vz daarfnanins

¥ ¥
97UY0Y 01N Program memory
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uni 3

YUABUNMIANHUNIY

Fd
Yo AN

¥
FusauaunaumIatiiuu 18§ iine
1 =3

3.1 MIvENUULINEIAINY Meludouan

3.1.1 nesurane IWvesszunaung

3.1.2 AT I VQUUQNN 1F SHT15

3.1.3 1995N3NLazZLEN 1A

3.1.4 Nmmw%'uﬁ'mmummﬂﬁ

3.1.5 1995 AIUUTAIND

3.1.6 WITAIUANNITNINIUHEN

o k4 d

3.2 lihsunsumsimauvesgouan

3.2.1 Flow chart HaaimsHa1uves 1dsunsy

= e Yy o

3.2.2 851Ny lsunsunsiauvesdewan

3.3 mseonuuudIulsznouniauen
9 w o ] -

3.3.1 AATOUANANIDTHAUTBIANAN

3.3.2 Chamber

333 ﬁgmsm

3.3.4 AYULLARINA

3.1 N1IBONINNINNTEIUAIN Maludeuidn
T 7

3.1.1 23euvnasw InnIznonsa

nsw nszuanse ImsSnwiseAuusidunsn mseenuuuee s loBuuy 3 0

9! = 3 ¢ A @ 4 = d
Usznaudiovndunn 10Wun wazinsus  Fuavivenwes ledwiludsenuuiaues

ar o & { ar o ar o
ussawme MmN wosn Iduswau luanfewes 78xx uazIdussdin Inaufomes 79xx
o s d
(1035 7815 WIIAUBINHN + 15V

¢ o P4
1Wes 7812 UTIAUIINHN + 12V
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o Y &
1UD5 7915 UIIRUDINHY - 15V
o o ks
DY 7912 UTIRWDINHY - 12V
1Wes 7809 USIAUBINHN + OV
[Wes 7909 UsIRULIINY - 9V
1wes 7805 USIRBINHN + SV
B3 7905 UTIRMDINNN - 5V
\3 d'i 9 ar =1 -g
Tuusnueamseenuuume l¥lumsiamgungiiuazanudy szuvilaile (ON |, OFF)

[} ] r o I g
Tudmunaane Ivnszuans st lnnoelodiues 7805 iy

+5V
T 7805 *
DS L I
l/ 100 uF

°

GND

519 3.1 2esundeneWussszuunIugu

3.1.2 thuaT0dugamgiinly SHT15

vdd
GND
1

DAT

[
»

[
™

SCK l_

Vdd 24-55 V.

9191 3.2 dedruamsanlday SHT15
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void delay(int tick)

{

unsigned int i;
for(i=0;i<tick;i++)
for(j=0j<250;j++);
}

void led_command(unsigned char com)

PO = com;
delay(5);
e=10;
delay(5);
3

void lcd_text(unsigned char text)
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void lcd_clear()

{

led command(0x01);

}

void led jumporigin()

{
led_command{0x02);

}

void led_init(}

{

delay(250);
delay(250);
led_command(0x38);
led_command(0x0c);

led_command(0x01);

}
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sbit ¢l = P2°6; // Bit Column
shit ¢c2 = P2"5; // Bit Column2
shit ¢3 = P274; // Bit Column3
shit rl1 = P27Q; // Bit Rowl
sbit r2 = P2"1; // Bit Row2
shit r3 = P242; // Bit Row3
shit r4 = P2°3; // Bit Row4
void delay_db(int time)
{
do // do-while loop for delay
{
time--; // Decrease counter
}while(time>0); / If time>0 work in block
}
unsigned char scankey(void)
{

unsigned char ret = OxFF; /{ Initial value ret = OxFF

do{
cl=20; /f Scan columnl
iflr1==0) // Check push key 1
d
delay_db(30000); // Delay debounce
ret = 0x01; // Return value = 0x01
¥
if(r2==0) {/f Check push key 4

{



delay db{30000);
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/! Delay debounce

ret = Ox04; // Return value = 0x04
}
if{r3==0) // Check push key 7
{

delay- db{30000}; /! Delay debounce

ret = x07; /{ Return value = 0x07
}
if{rd==0)
{

delay db(30000);

ret = 0x0A;
}
cl=1; // Stop check Columnl
c2=0; /f Scan Column2
if{r1==0) /{ Check push key 2
{

delay_db(30000); /i Delay debounce

ret = 0x02; // Return value = Ox02
}
if{r2==0) // Check push key 5
{

delay db(30000); // Delay debounce

ret = 0x05; // Return value = 0x05
}
if{r3==0) // Check push key 8
{

delay_db(30000); // Delay debounce

ret = 0x08; // Return value = (0x08
}
iflr4==0) /f Check push key 0
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{
delay_db(30000); // Delay debounce
ret = 0x00; // Return value = 0x00
}
c2=1; /f Stop check Column2
c3=0; / Scan Column3
iflr1==0) /{ Check push key 3
{
delay db(30000); /{ Delay debounce
ret = 0x03; // Return value = 0x03
3
if{r2==0) // Check push key 6
{
delay_db(30000); // Delay debounce
ret = 0x06; // Return value = 0x06
; :
if{r3==0) // Check push key 9
{
delay_db(30000); // Delay debounce
ret = 0x09; // Return value = 0x09
}
iflrd==0)
{
delay_db(30000);
ret = 0x0B,;
}
c3=1, // Stop check Column3

}while(ret==0xFF);

return(ret);

// Return key value
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#include<AT89x52 h>
#include <intrins.h> //Keil library (is used for nop() operation)
#include <math.h> //Keil library
#include <stdio.h> //Keil library
sbit control 1 = P2/(;
sbit control 4 =P2"1;
typedef union
{ unsigned int i;

float f;
} value;
value humi_val,temp_val;
float Humi, Temp;

unsigned char round,count;

it

/f modul-var

I

enum {TEMP HUMI};

#define DATA Pl 6
#define SCK. P17

#define noACK 0
#define ACK 1

/fadr command r/w
#define STATUS REG W 0x06 /000 0011 0O
#define STATUS _REG R 0x07 //000 0011 1
#define MEASURE TEMP 0x03 //000 0001 1
#define MEASURE_HUMI 0x05 /000 0010 1
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#define RESET Oxle /000 1111 O

/

char s write byte(unsigned char value)

i
{
unsigned char 1,error=0;
for (i=0x80;i>0;i/=2) /fshift bit for masking
{ if (i & value) DATA=1; //masking value with i , write to SENSI-BUS
else DATA=0,
SCK=1; etk for SENSI-BUS

_nop_();_nop_();_nop_(}; {fpulswith approx. 5 us

SCK=0;
}
DATA=1; //release DATA-line
SCK=1; /elk #9 for ack
error=DATA; f/check ack (DATA will be pulled down by SHT11)
SCK=0;
return error; /ferror=1 in case of no acknowledge

/

chars read byte(unsigned char ack)

i

{
unsigned char i,val=0;
DATA=1; /release DATA-line
for (i=0x80;i>0;i/=2) /#shift bit for masking
{ SCK=1; //clk for SENSI-BUS

if (DATA) val=(val | i); /fread bit
SCK=0;
1
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DATA=!ack; //in case of "ack==1" pull down DATA-Line
SCK=1; /clk #9 for ack
_nop_();_nop_();_nop_(); /fpulswith approx. 5 us
SCK=0;
DATA=1; /irelease DATA-line
return val;
i
i

void s_transstart(void)
J

{
DATA=1; SCK=0; /{Initial state

_nop_();
SCK=1;
_nop_();
DATA=0;
_nop_();
SCK=0;
_nop_(); nop_();_nop ();
SCK=1;
_nop_();
DATA=1;
_nop_();
SCK=0;

1

void s_connectionreset(void)

//
{

unsigned char i;
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DATA=1; SCK=0; /fTnitial state

for(i=0;1<9;1++) //9 SCK cycles

{ SCK=1;

SCK=0;

}

s_transstart(); /ftransmission start
h
1t

char s_measure(unsigned char *p_value, unsigned char *p_checksum, unsigned char mode)

W

// makes a measurement (humidity/temperature) with checksum
{
unsigned error=0;

unsigned int 1;

s transstart(); /Mtransmission start

switch(mode) { /fsend command to sensor
case TEMP  :error+=s_write_byte(MEASURE _TEMP); break;
case HUMI : errort+=s_write_byte(MEASURE HUMI); break;
default : break;

}

for (i=0;i<65535;i++) if{ DATA==0) break; //waitt until sensor has finished the measurement

if(DATA) error+=1; /f or timeout (~2 sec.) is reached

*(p_value) =s read byte(ACK); //read the first byte (MSB)

*(p valuetl)=s read byte(ACK); //read the second byte (LSB)

*n checksum =s read byte(noACK); //read checksum

return error;

}

i

void calc_sth15(float *p_humidity ,float *p_temperature)
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It
// calculates temperature [?C] and humidity [%RH]
// input : humi [Ticks] (12 bit)
i temp [Ticks] (14 bit)
// output: humi [%RH]
/ temp [?C]
{ const float C1=-4.0; /f for 12 Bit
const float C2=+0.0405; // for 12 Bit
const float C3=-0.0000028; // for 12 Bit
const float T1=+0.01; / for 14 Bit @ 5V
const float T2=+0.00008; / for 14 Bit @ 5V

float th=*p_humidity; //th:  Humidity [Ticks] 12 Bit

float t=*p_temperature; /1. Temperature [Ticks] 14 Bit

float rh_lin; //th_lin: Humidity linear

float rh_true; // rth_true: Temperature compensated humidity
floatt C; /#t C : Temperature [?C])

t C=t*0.01 - 40; //calc. temperature from ticks to [7C]

rh_lin=C3*rh*rh + C2*rh + C1; //calc. humidity from ticks to [%RH]}
rh_true=(1_C-25)%(T1+T2*rh)}+rh_lin; //calc. temperature compensated humidity [%RH]
iflrth_true>100)rh_true=100;  //cut if the value is outside of

if{frh_true<0.1)rh_true=0.1;  //the physical possible range

*p_temperature=t (; /freturn temperature [?C]

*p_humidity=th_true; //return humidity{%RH]

i

void service_timerO(void) interrupt 1
I
{
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unsigned char bufl7];

unsigned int i,a,b;

THO = 0X48;
TLO =0xFDy,

round++;

if (round >= 40)

{

/

control 1=1;

round = 0;

buf[1} = (((int)Humi)/10);
buff2] = (((intyHumi)%10);
a=Humi*10;

buff3] = a%10;

buff4]= (((int) Temp)/10);
buff5] = (((int) Temp)%10);
b = Temp*10;

buf[6] = b%10;

for(i=1;i<7;1++)

{
SBUF = bufli};
while(~TI);
TI=10;

1

control 1 =0;

void main(void)

/



76

unsigned char error,checksum;

round=0;

count = 0;

control 1=0;

control 4 =0;

s connectionreset();

SCON = 0x40; // Mode serial port
TMOD = 0x21;

THI = 0xFD,

TL1 = O0xFD;

TF1 = 0;

T1=0;

TR1=1;

THO = 0X4B,

TLO = 0XFD;

EA=1; // Enable Interupt
ET0=1; // Enable Interupt timer0
TRO =1,

while(1)

error=0;
error+=s_measure({(unsigned char*) &humi_val.i,&checksum, HUMI); //measure
humidity
error+=s_measure({unsigned char*) &temp_val.i,&checksum, TEMP); //measure
temperature
iflerror!’=0) s_connectionreset(); //in case of an error: connection reset
else

{

humi_val.f=(float)humi_val.i; //converts integer to float
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temp_val.f=(floatltemp val.i;

calc sth15(&humi val.f,&temp val.f),

temperature
}
Temp = temp_val.f;
Hurmni = humi_val.f;
}
}

*kkkkdkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkhkkhkkkkkkkkkk

kkkkkkkkkk ki kR kR k R kk Rk kkkkkk kR k kR h kR Rk kkk ki k ke ik ko kkk

#include<ATB9x52.h>

RX

{/fconverts integer to float

/icalculate humidity,

#include <intrins.h> //Keil library (is used for _nop()_operation)

#include <math.h> //Keil library
#include <stdio.h> //Keil library
#include <led.h>
#include <i2c.h>

#include <scankey4x3.h>

#define AT24C16 1D OxAD
sbit IPH = 0xB7;

sbit alarm1 = P142;

sbit alarm2 = P13;

sbit alarm3 = P1°4;

sbit sensor = P17°0;

code unsigned char ptr1[13] = "HUMI:
code unsigned char ptr2[11] = "TEMP:

%RH";
C";

code unsigned char *settemp = "Setting Temp";

Temp"

code unsigned char *temp ="__. ";

text" .

// Store in program memory

// Store in program memory

// Pointer for screen text "Setting

// Pointer for screen
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unsigned char temp bufl4]; // For keep Date value from push key
unsigned char serial[7];

unsigned char eep _value[3];

float pid_control,setTm,error 0,T value,Inte 0,Inte;

unsigned int piddelay,piddelayT,round;

unsigned char page=0 ;

unsigned char eep_valuel,eep value2,eep value3;

int counter;

#define OnloadT P3 4
#define AT24C16_ID 0xA0
/!

void EEPROM_WRITE(unsigned char dat],unsigned char dat2,unsigned char dat3)

It -
{

EA=0;

i2c_start(};

i2c_wrdata(AT24C16 ID);
i2¢_wrdata(0x00);
i2c_wrdata(dat1);
i2c wrdata(dat2);
i2c_wrdata(dat3);

i2c_stop();
EA=1,;

}

1

char EEPROM_READ(unsigned char addr}
i
{

unsigned char ret;

EA=0;

i2¢ start();
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i2c wrdata{AT24C16 ID);

i2¢_wrdata(addr);

i2c_start();
i2¢c_wrdata(AT24C16_1D+1);
ret = i2¢_rddata();

i2¢_stop();

FA=1,

return(ret};

}

i

float pid(float setTm)

i
{

const float kp=+110;

const float ki =0.5; |

const float kd =0.1;

float error,Inte;

error = (setTm - T_value);

Inte = ki*((0.1*error) + Inte_0);

pid_control = (kp*error) + (ki*{(0.1*error) + Inte)) + (kd*(error - error_0)/0.1);

iflpid_control > 95)
pid_control = 95;
ifipid control < 5)
pid control = 5;
error_0 = error;
Inte_0 = Inte;

return pid_control;
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i

void display _data(void)

/=
{

unsigned char buffer{15];

unsigned char i,j;

for(i=0;i<13;i++)
buffer[i] =*(ptr1+i);
buffer[5] = serial[1]+'0;
buffer[6] = serial[2]+'0';
buffer{7]=".";

buffer{8] = serial[3]+'0;
led_jumporigin();
led_command(0x80);
for(i=0;i<13;i++)
Ied_text(buffer[i]);

for(j=0;j<11;j++)
buffer(j] = *(ptr2+j);
buffer[5] = serial{4]+'0";
buffer[6] = serial[5]+'0';
buffer{7]=".;

buffer{8] = serjal[6]+0";
led_jumporigin():
led_command(0xCO},
for(j=0;j<11;j++)

led text(buffer(jl);

I

void display_settemp(void)

i
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/f Keep for couter loop

unsigned char i;

Ied clear(); /f Clear LCD display
led_jumporiging); // Go to origin address

led _command(0x82); // Set LCD address 02H
for(i=0;i<12;i++) /{ Loop for show screen "Setting

Time" by pointer settime
led_text(*(settemp+i));
led_jumporigin();
led command(0xC7);
led_text{(OxDF);
led_text('C"),

I/
F Show text screen on LCD
led_jumporigin(); // Go to origin address

led command(0xC3);
for(i=0;i<4;1++)

led text(*(temp+i));

/
Hmmmmmmm e Retumn to set curcer bring for insert value -----------
led_jumporigin(); // Go to origin address
led command(0x0C); // Display ON and OFF curcer bring
lcd command(0xC3); // Set LCD address 43H
H

}

i

void pushkey()

/
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{
unsigned char x_key,push_key ;
push_key=0;
x_key =0;
while(x_key < 4) // Check for end insert setting Temp
{

push_key=scankey();

iflpush key == O0x0A) // Check cacel
{

led clear();

page = 0;

break;
}

else if{x_key == 3 && push_key==0x0B) // Check enter for keep value
{
led clear();
EEPROM_WRITE(temp buf{1].temp buf[2],temp buf[3]);
page = 0;
break;

}
else ifl x_key <3 && push_key != 0x0A && push_key != 0x0B ) // Check for

insert setting temp value

to EEPROM

{
x_key++; // increase counter 1 time
temp_buf[x_key] = push_key; // Keep temp setting for write
push key = push key | 0x30; / convert to ascii code

led_text(push_key);

iflx_key=2) / IF push key 2 time shift curcer 1 time
{
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led_jumpeorigin();

led_command(0xC6);

i

void chk_setting()

i

{

unsigned char key=(0;
while(1}
{

key = scankey();
ifl(key == 0x0A))||(key == 0x0B))

break;

}

iflkey == 0x0A) /{---—-1st condition---------

{ // Check cacel
led_clear();
display settemp();
pushkey();

}

else iftkey == 0x0B) fferermmn 2nd condition-----

{ /f Check enter for keep value
led clear();
page =0;
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I

void display_setting()
I

{
from EEPROM

unsigned char i,eep_value;
led jumporigin();
led command(0xC3);

for(i=0;1<3;1++)
{
eep value=EEPROM READ(i};

eep value=eep_value|0x30;

if(i==2)
{
led jumporigin(};
led_command(0xC6);
}

led text(eep value);

chk setting();

I

void sevice intO(void) interrupt 0

%
{

// Show temp value



page = 1;

&5

/{ Interrupt service of switch checking

//

void service _timerO(void) interrupt 1

/"
{

countert++;
if (counter = piddelayT)
{
TRO=0;
OnloadT = 0;
_nop_(};
_nop_0);
_nop_();
_nop_();
_nop_{};
OnloadT =1;
counter =-1;
}
}

//

void service int1{void) interrupt 2

i

{

TRO=1;

piddelayT = piddelay;
}

i



void sevice serial(void) interrupt 4

H
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{

i

void service_timer2(void) interrupt 5

EA=0:
while(~RI);
Ri=0;

serial{1] = SBUF ;

while(~RI);
RI=0;
serial[2] = SBUF ;

while(~RI);
Ri=0;

serial[3] = SBUF ;

while(~RI);
RI =0;

serial{4] = SBUF ;

while(~RI);
RIi=0;
serial[5] = SBUF ;

while(~RI);
Ri=0;

serial[6] = SBUF ;
EA=];
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f
{
EA=0;
TF2 =0
round-++;
if (round >= 1000) /0.1 s
{
round = 0;
T value = (serial{4]*10) + serial[5] + (serial[6]*0.1);
eep valuel= EEPROM READ{(0x00);
eep_value2= EEPROM READ(0x01);
eep value3= EEPROM READ{0x02);
setTm = (eep_valuel*10) + eep value2 + (eep value3*0.1);
pid_control = pid(setTm);
piddelay = 100 -(int)pid_control;
}
EA=1;
}
i
i Main program
I -

void main(void)

{ Inte 0=0;
error (=0

pid_control = 0;

piddelay = 0;
counter = -1;
round = 0;

setTm = 0;
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alarmi = 0;

alarm? = 0;

alarm3 =0;

sensor = 1;

led_init();

SCON = 0x50; // Mode serial port
TMOD = (0x22; / Timer( 16 bit Timerl 8 bit auto reload

TH1 = 0xFD;

TL1 = OxFD;

TI=0; // Clear bit over flag TX

Ri=0;

TF1=10;

TR1=1;

THO = 0X A4,

TFO =0;

ETO=1; // Enable Interupt timerQ

T2MOD &=0xFC;

T2MOD |= 0x01;

T2CON = 0x00;

TH2 = 0X954;

TL2 = 0x00;

RCAP2H =0x94;

RCAP2L =0x00;
TF2=0;

ET2=1; // Enable Interupt timer0

TR2 = 1;

PS=1;

IPH =0x10;

ITo=1;

ITI =1,

EX0=1;

EXI = 1;
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EA=1;

ES=1;

while(1) /f Infinite loop

// Enable Interupt

switch(page)

// Check display page

{
case 0 : display_ data(),

if (T_value >= setTm+2)
alarml = 1;

else alarml = Q;

if (T_value <= setTm-2)
alarm2 = 1;

else alarm?2 = 0;

if (sensor = 0)
alarm3 =1,
else alarm3 = 0;
break;
case 1 : display settemp(); // Show text "setting Temp"
display setting(); // Setting Temp
break;

} /lend switch
f/end while

//end main program
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SENSIRION
SHT1x/ SHT7x T EneR Sowem
Humidity & Temperature
Sensmitter

_ Helative hum:gity and emperaturs senscre

_ Dew goint

_ Fully calibrated. gigita: sutu:

_ Xo extemat components required

_ ultza low power corsurmption

_ Surface mcuntadie or 4-pin fully interchangeanie
_ Excelient ‘org-term stabilty

_ Smak: size

_ Adtomatic power down

SHT1x Product Summary

The SHTAx / SHTTx is a single chip relative humidity and
emperatore malti sensor module compdising a caktrated
digitai cutput. Apphication of indugirial CMOS processes with
customized posl processng {CMOSens®  lechnoiogy)
ensures highest refiability and excellent ong lenn stabiity,
The device includes teo calibrated micresensers for relgive
hureedity and lemperatuce wheeh are seamiessly ccupled I
a 14bit analog to digial converter and a eerigh interface
citeuit on ‘he same chip. This resulls v supedicr signal
quality. a fasl response time and ingensibvily 1o extemal
disturbances (EMG) al a very competitve orige.

Each sensor is calibrated in a2 precision humidity chamber
and the calibraiion coeflicents are programmed into the

Prefiminary ixformaticn June 2362

OTP memcry. These coeffioen’s are wsed ntemally during
easurements t caibrale the sgnals flom he senscrs.
The Z-wire serial interface and intemal woilage requialicn
allows easy and fast system integration. s tiny size and kv
power consumplben makes 4 the uliimale choice for even
e mest demanding applicalions includng aulomobive.
instrumeniaton, medical equiprient, haating, veniiaticn and
air condficning systems (HNAC) ponable consumer
ejecironics and battery-operated caninollers.

Tre dovice is supplied in eifer a suface-moundable LCC
(SHT Ix} or a5 a 4pin singe-nine type package {SHT7x).
Customer specific packaging options may be available on
request

Applications

_ Consumer Appiances
_ Adlomolive

_HVAC

_Weather stations

_ Test & Measurement
_Data Legging

_ Adtomation

_White Goods
Ordering information

Part Nunber Huniﬁ!g Temperakite | Package

SHTH! 23.5%RH | 20.5%Cgzec | SNT

SHT15 2 %RH | =0.5°C SNT

Schematic Diagram

SHTT1 +3.5%RH | +0.5°Cazs+¢ | 4-pin single-inine

Avaiable 03 2002

SHT7S +2 D%RH | +D5°C 4-pan sir:gle-in-line

Ayeiabie G 20002

WivW . ZGNSITIoN.Com

Semsiion, Epgbiikvsir. 14, BDZ2 Ziitich, Swikzerand. Tel: +41 1 105 40G). Fae +41 1 308 40 35

il 5o

B JalAY

| che

R



1 Sensor Performance Specificationsi"

{Parameter Conditions {Min. |Typ.|Max. |Units
‘Humidity
Reschwtion 0.5 1003 0.03 1% RH
B 1121 12 b
Repeglabiliy i PR
Aocuracy & -
clschangeabil _prefgwet |
Nondinearly 10 - &0 %RHf <1 234 % RH
[Range ] 100 I%RH
Hesponsetme  [1e (63%) 4 Is
HiTTAfE TROAR a1
Hysienesis +1 [ RH
Long termn staniity [Typical < [% Rrdyr
[Temperature
Resolton Ce[EMf 0o °C
G0 {0 02] 502 I°F
2112 12 |t
Repealatility X °G
g2l IF
Acturacy see figure 1
Range -4 1238]°C
40 [zmaslF
Respense Time 1 (B3%) | 5 30k
Tablet  Sensor Ferkemance Spechcations
1.1 Converting the digital output to physical values
111 Humidty

To compensate far the noninearily of the humidily sensor
and to obtain the hdl accuracy it is recommended fo corert

the readout with the fofowing formula;

Ri,,,,, =0, + 6080, 40,080,

ci=-4  C;=00408  €:=-2B°10%  for 12bit SOpx
Ci=-4  &:=0648 g5=-7.2710¢  for 8bit S0k

For simplified, less compuiation inlense converdion formulas
see application note "RH Mon-Linearity Compensation”.
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figure 1 Hel Humiddy, Tempermature and Dewpairt acouraces

For ternperalures signficanty different fom 25°C (~77°F)
the tamperabure cosffcient of the RH sensor should be
considered:

REL=iF, 2300 #1980 s+ R

with ;= 0.01; & = 0.00008 e spazce ) 1 = 000128 weseso-
This equals ~0.12%RH / °C @ S07RH

112 Temperaiurs

The temparatuse senscr it very inear by design. Use the
ldlowing fomula to convert kom digtal readoud fo
Iﬁnperahxf& Temperamre <y 05"8 0

14hit 5V 40 .01 -40 2018

12bit 5V 49 0.4 -4) $072
[ 14bit3V] 384 {0088 374 ] Q.017

123y ]  -384 0032 37t | 5.0704
This equals a voltage dependancy of ~ -0.2°CN @ 5°C
113 Dewpoint

See application nole *Dewpont calculalion” For more
information.

:For pparehon wilbe TOrmEd 0peration fenge as descnbeda n Chapter 3. RH aocuracy & 25°C

¥ ol inchuding nen-drearty

P The defat measrement resakaon of 1408 [eepsrabure} and {2bit Mumity) con b= reduced to 12 end & Bt brough e s53us register.

iiirere S0 i& e Sensor oulput Yor ratabve humsdity

FMn welue slter compansabon aith formula e chapter ¥ 11 Max. vaue without eny compensation
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2 Serial Interface

é B0 X
uC DATA SHT 1x
fmaster) - j IsavE)
SCK b K38
VdE24-55y

Figure 2 Typicer epplicalion ciroud

2.1 Power Pins

The device requires 2 vollage supply betwoan 2.4V and
5.5¢. After powerup the device requires 11ms 1o reach its
"sleep” slate. o commands should be serd before that tme.
Power supply pins V0D, GND) may be deccupled with a
100 nF capacior.

22 10 Pins [Bitrectonal 2-wire Inerface)

See Table 5 for a detaled 10 characteristes.

221 Serial clock npuf (SCK}

The SCK is used fo synchromize the communication
between a master and the SHT1XSHTTx. Since the devie
conlains fully stalic ioge there is no minimum SCK
frequency.

222  Serisl data (DATA)

The CATA fmistale pan is usad o Tanster data in and oul of
the dewice. DATA changess at the falling edge and i3 valid
on the rising adge of tha senal cleck SCK. An external pull-
up resistor is requited 10 pull the signd high. {See Figure 2).
Pullup resisicrs are oflen included i O ciromts of
micnoconircllers.

223 Command sequence

To initiate a transmigsion a “Transmission Start sequence
has I be issued. It consists of a lowening of the DATA line

whie SCK is fugn, feliewes by & low pulse cn SCK and

raising DATA againwhile SCK 15 sbit high.
DATA * ’

5CK , ’ \ ’ l \

FigureJ “Transmission Star!’ seguence

Tre subsequent command sequence oonsisls of lhree
addrese it fonly 00T is cumently supporied) and fve
comimand bits. The SHTIWSHT?x indicales the proper
receplicn of 3 command by puliing the DATA par fow [ACK
bit} aler the falling edoe of the &h SCK clock and the CATA
line is releasad [and goes Migh} after tre faling edge cof the
th SCK clock.

Gee 2.2.5 "Measurement Sequence” for an application of the
comImarnd Seyuence

224 Connection resef sequerce

i communication with the device is los! the following signal
sequence will reset is senaf inledacs:

YWhile igaving DATA high toggle SCX 2 or mare times. This
must e followed by 3 Transmission Start sequence
preceding the next command. This seguence resets the
interface coly. The stabus register preserves it contend.

Tranpmission| Stan

Figure 4 Conneclion seset sequence

Command Code Description

Resarvad Q000x Reservod

Measurs Temberature 000114 Temparature measuremant
Measure Humidity Q0404 Hum|dity measursment

Stalus Register Read___[00111

Read access lo the status register (see application aotg)

_§Eatus Register Write 11D Wiile acoess 1 the status register {see agplication nole]
Reserved 9101x-1110x | Resarved
Soft resst 1110 risots the chip, clears the stahus register to default values
wat 11ms before nexd sommand
Table2 SHT1WEHTTx it of commands
walt for gt ready
FiTTHriEr | | L™ Pl i P11 11
Iﬁﬂlﬁt[’l Ll B % MBI L)L ]® HBI W=k '\“‘5\"’1 L8
'_Y_He



93

225 Measurement sequence 1T and RH)
After issuing a measuremeni command {00301 for RH. RO data. § CRCA Checsim it not used the controller
"0GOCCC1 1" for Temperature) the controller has towal for the  may taminate the communicztion afler the measurement
measurement o complere. This takes apeeoximalely  dala LSB v keeping ack high

1155:210ms for 2 B12/14bit measurement The éxact ime  The dewice automaticaly relms to sleep mode aher the
sares by ap 1 £ 15% with the speed f the inlernd oseiliator.  Mmeasurenent and communication) have finished.

To signal the comphetion of 2 messurerent. the SHT4x pulls

down the data line @ ahd e ooireller must restart STK. Warning: To xeep heat up of the SHT10EHTTx below 0.1°C
Twe byies of measurement data and one byle of CRC 2 should not be achve for more than 15% of Ihe time fe.g.
checksum will then be bansmided. The o0 must  max. Imeasurements / second for 12bit accuracy).
acknowledge eaczh byte by pulling the DATA fine low. Al i y Pale i

saloes are MSE frst. right justfied fe.q the 5" SCK is MSB ii:m ﬁj{mmgﬁﬁf’ RCS Chesteun
for 3 12bit value, for a 8bit result the first byte is not used:, ralotaiont for : o .
Communication teminaies afier the acknowledge b of the Calculalion” for information on how o 2alculale the CRG.

Bisasureman:
Trarsi-isaind S e 137 Semmarsr 35158 = 2N fur 17 e

TR ke
DATA_\

SCK f
S @ROCHDIIE I B LUTRGTCtn

Hix e v pEs Coen tte DETR O RO 45 pe i)
PR TTEIARETI & 00 %o toizal

DATA \

@‘ ipw oW I7é ow
3CK

CR3-8 Checksum R VF ot TeEner TATAMBLLT T

A Bold = SHT1X conmoie DATA signal
Kermed = uC controks DATA e

i 58

. S koW I \_______

K o ST TR

HI cpties o P -
S askorarads f \ f

— —

WSS LsB

Figura 5 Example RH measwemenl saguerce for value 30001031 * 001 100017 2353 = 15.7¥%RH

2.3 Status Regigter 233 Hester

Some of the advanced functions of e SHT1USHT7x are A <o chip heating elemeni can be switchad on. it wil
available through the status regisier. The fcllowing section  inctease the ‘emperature of the seasor by approsimately
gives a brief cuerview of these featwes. Please consult  3°C. Power consumption willincrease by BmA @ 5V,
application note "Staius Regater’ for more inforation. Applmabeé'm: —

' . « By comparing tempesature and humidily values
231 Measurement resolution before and after switching on the hester, proper

Tha ga"m "*ewmﬂtlm fﬁuu;:; of 1'2 4bit j*gf;pﬁ;?ﬂ funclionality of both sensors can be verified.

d {hurmidity} can fe 12 and 8 b1, Thigis ; ; i
gecid:;[uieiultﬁ high speed or extreme low power * gﬁm “g* wggwr mfhh'@ng e senser
applications. Waming: The buifiin calbralion is 7ot comect while the
232  Endof Balery sensmitier 5 healed!

The "Enc of Batiery” function detects YOI vollages below o _
247V, Accuracy is D05V Please consult application note “Stalus Register’ for more

informaticn o how to access and usa these festures.



3 Specifications SHT1SHT7x

3.1 Absolute Maximum Ratings
Ambiert Sorage Temperature:.  40°Co 120°C

3.2 Operating Conditions
1m ]

e
Figure 5 Recommanded aparatng conditicns

Condicns culude the recommended range may
temperardy cffset the RH signal up to +3%RH. Afier retum
ta nomal conditions it wil slcady selum close to calibralion
slate by iteelf.

To accelerate this process we recommend the folioming
recondiicning procedure.

80°C at <B%RH for 24h foliowed by

20-30°C at »T4%KH for 45h

Prol_mgei EXpISUre 10 extreme condtions may accelersie
ageing.

3.3 Special Conditions

Exlansive tests were perdotmed in VANOUS environments.
[Enironment__[Norm |Results™

Temperature  [JESC22.AG4A  [Within
[Cycles -3 A25°C 0y (Specifcanons
{Pressure Cooker |JESDZ2A110R  [Reversible  chift

2 o 1 CEH by +2% RH
Salt Amosphers |DIN-50021ss Within

Specifications
Freezing cycles |20 +80°C, 100cy |Reversible  chi
ully submerged  [30mn okl tme by «2%RH
Table3 Cualification lesls

Please contact SERSHFION For additional suaficalion
informaton,

I Paamelers are pencdcally sempied and not 100%1ested

I With ene measurement of B bit accuregcy wioul OTP refead par second

¥ {hilh cne reasuremeve of 1200 accraty par sebond

34 Electrical Specifications”

241 ESDiElectrosiaiic Dischame;

ESD immurnty is qualifed aoserding o MIL 3TD 563E,
method 3015 {Human Bedy Madal at - 2045,

Lateh-up immunity is peovided 2t a force curent of 100 mé
with T =B0C accerding o JEDES 17

See application node ESD, Lakchup and EMC for more
informaticn.

342 DO Characteristics

VOD=8Y, Temperabure= 25°C unless ctherwise noted
Emm Condticns  [Min |Typ. [Max. fUnits
Power sugply 0X A5 |RE Y
MEassIng E5i} 114
Hograge 2% | kgt m
deep B3] ¢ A
Law level output soliage ] 205 pidd
Figh tevar ovpul vokage T Ty ad
Low fevel Fpul witsge  [Hegative gomg| 0 20% Jidd
High hevalmput wollzge [Posithe gorg | 8% e
Input current oo pads 1 h
Duputpesk cumenl oo i Jma
Tnstateg jo; 0 [&_
Jabled  SHYIWSBHITX DT Chamaclarsics

241 10 Charsctensiics
[ Jparameter ™ [Conditions Win]Typ JMax [uni
o [SCKTRueney (VDD =45V 1Dz
VDD <45V
CupALalsgF | 35] 10| 28 Irs
Cutpeticad 160 oF | 3| 40 F 200
LK hgh tme ]
SCK low e 193
BATA vl e pis]
DATA set up bme 10

T 1OATA hod ke KD
TiTs |3CK risedfsl ima 200

Table 5  SHT1xEHTT: Y0 Sigrals Chamdenstics

TotH |- Tr
Faoi - Ly
SCK
i [
Tym, Tho e
-stu

DATA X

Supply currens

Tees [OATA fall tme

FIEIED I EE) B

Figura7 Timing Diagram

W The lemperniurn sancor passad a8 hests upthaut avy o Package and elacTonics &5 passed ¥Mi%



4 Physical Dimensions and Mounting Information

4.1 SHT1x {surface mountable)

| Pin | Nams | Comment
| {GNE [ Grouns
2 |DATA | Seral databidirectiond
J  FECK Serial clock inpa
4 |VOD  |Supply 24 = 55¢
58 | DX not conpect pas on right side

Table 6  SHT1x Pin Descrplion

41t Package fype

The SHT1x & supplied in a surface-mouniable LCC type
package. The sensars housing consists of a Liguid Crystal
Pelymer ILCE} cap with epoxy gleb top on & slandard
C.8mm FR4 subsirate.

Device size is 762 x 5,08 1 25 mm. Wesght 10mg

SERVIRINBTREEN Y

Figure 8 5MT1x Mounting example

127

782

412 Soldening infarmaticn

Tre SHT1x can be soidered using standard reflow ovens at
mesmum 220°C for 20 seconds. For manwal soldening
corilact ime mast be imited 9 5 seconds at up 1o 350°C.
Afler soldenng 1he devices must be stored at >7T4%RH for al
least 24F: 12 allow the potymer ko recover.

Please consult he appbcaton note “Sckefing procedure”
for detalad instructions.

413 Deiiwery Condititns

The EAT1x will be delvered in standard 10 tubes by 80
pieces per tube. Cther delivery options may be svailable en
request

1.9 127

5.08

Figure 8  SHT1x drawing and foolprini drmersons in mre

Side View
ki ere
2%
Recommerded PGB Foolpring
3
s T
£ N
L] -
b ]
0 -
£ o
g -
B N
%] ™ j
2 1

1.8 348 1.8
7.08




4.2 SHTTx {4-pin single-in-line}
SHTTx are avatlable starting Q3 2002

Pin [Name | Comment

3CK Seral tlock gt
Yoo Supply 24 - 5.5¢

GND Giound

DATA | Sedal dsta bidieciional

Table7  SHF7x Fin Descrption

421  Patkage fype

The device i supplied in 8 Snge-inding pifs Iyoe package,
The sensors housing consists of a Liquid Crystal Folymer
ILCP) cap wdh epoxy gob top on & standard 2.6mm R4
substrate

The sengr head is oomected to the ping by a smal brdze
o wmize heat conduction 2ad resnorse fimes.

A 100nF capacilor is meunted on the back sade belween
VOD and GND.

Weight 158mg, Weight of sensor head 73mg

Al pns are geid plated 1o avod corrasich.

Fins mate with most $.27mm {0.05%) sockels

2.0 Preca.dip / Mil-Ma 251-83.004-20-001 or eimilar
4.2.2  Sciderng information {Frelminary}

The SHTT: may be soldered umng standard wave
sokdering systems al maximum Z25°C for 20 seconds.

For manual scidesng contact time must be limted %0 &
seconds atup bo 350°C.

After solderning the devices must be stored at »74%RH for
at least 24h 1o Allow the pofymer 1o recover.

Pleasa consult the application note ~Soidering procadure’
for detaded instructions.

423  Deivery Conditions

The SHTTx will be delivesed in frays by xx pieces per ray.
Qther delivery opticens may be available on request.

Y P 1
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Figura 10 BHT7x gmensionsin mm {inch), preliminary

4.3 Other Packages

Cither packaging options may be available on request

4.4 Production date

The production date is printed onta the cap in white
numbers in e farm wwy, e.9. "351" = week 35, 2001,

4.5 Mounting Recommendations

The relative humadily of a gas strongly depends on ds
emperatwe. It is therefore essential lo keep the sensor at
ihe same lemperature as the air of which the hurmdity & 1o
be measured.

if the sensmitier shares a PCE with healing elecironic
components it sheuld be mounded below the heat source
and the housing must reman well venlilated. To reduce

heat corduction copper layers betveen the SHTix and the
rest of the PCB should be minimized and a st may be
milled in between,

Prolonged dirext exposwre of the SHTHOEHTTY 1o
sunshine or UV radiabion shoukd be avoided.

4.6 Wiring considerations and signal integrity
Carrying the SCK and CATA sondd paraliel and in cose
proximity {e.q. in wires for more than 10em may regult in
cross talk and toss of communicaton. This may be
rescived by routing YOO andior GND between the two data

Plaage see the application riote "ESD, Lalchup and EMC”
for more information.



5 Revision history
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Date Page Changes
February 2002 1-8 First public release
Febiuary (2} 2002 4 Camecied SRC infonmation io match applicsiion note
March 2002 Z Extended SHT 1 3.5 accuracy range to 20%-50%
[] Added image of maunting exampie
2 Changed coefinents of lemperatuse corversion ol
Yaricas sroak modifications
June 2002 3 Extended “no copper” areain figure 8
5 Carrecied timing diagram and table b wilh setup times for SATA
5 Added qualifcator: data table
i Adied SHTTx infarmatian
4 Raramed 'End of Liia" funclion te "End of Battery”

The: lateat version of this docurrser and 2l apdication nces tan be found at
Wi SEnsinon. somes downinsdhurd tisensonSH 1§ nim

& Important Notices

The warranty {or &ath SENSIRION AG groduct comes in the
form of a writien warranly which govems sale and wse of
such product. Sach warmanty is contained i the prinled
terms and condibions under which such product is scld. arin
a separze wiillsn wamanty supphed with the product
Please refer o such wiben waranly with resoect 1o is
applicabifty 1o carlain applications of sich product.

Theze products may be subest 1o restictons cn use.
Please conlact SENSIRICH AG for a list of the current
additional fesmicions on these grodicts By purchasing
these products, the purchaser of these producss agrees o
oomply with such restrictions. Please contact SENSIRION
AG for dlarification of any resirctions descrbed herein.
SENSIRION AG reserves the fight without further noties, o
change the SENSIRICHN SHT1SHT?x Relative Humidity
and Temperature Sensor product spacifcations andior
information in this document and fo improve refiabity,
functions and design.

SENBIRION AG assumes no reapons bity of liability fer any
usg of SENSIRION SHTiw/SHTTx praduct Applicalion
examples and aliernative uses of the SENSIRION

SHTIWSHT T e for illustration purposes only and
SENSIRION AG maksas no represantation or warranty that
guch applications shall be suitatie for the usa specified,

Copyright= 2001-2002, SENSIRION AG.
All zighls reserved.

7 Caution

The inherent desion of (ks compinent causes i to be
sansitve 1o electrostatic discharge [ESD). To prevent £50-
induced damage andior cegradation, take normal ESD
precauticns when handing this peoduct.

See application neds "ESD, Latehup and EMC” for mere
informatn,

8 Warning, personal injury

Co not use this product 2s safety or emergency shop devices
of in any ckher appicalion where fadune of the product could
resufl in personal injury. Failure b comply with these
instructons couid result in death or sarious injury.
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