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Abstract

This report concems about the design and construction of infant incubator, which is the
essential medical device for a newborn where the controlled atmosphere is needed, which is used for a
newborn whose frail health is caused by premature birth. 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 graphic display
and the proportionally controlled signal for the heating clement. The sensing temperaturc and the
sensing humidity are detected by SHT15 Chip, which is eapable of communicating with the
microcontroller via a series protocol. The keypad is used to set up the controlled temperature. The LCD

graphic display shows the setting temperature, the sensing temperature and the humidity obvious.
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1501-2500
i 2500 (iaz=> 36 d1lm1H)
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33.5-344
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33.3-343
31.8-33.8
31.0-33.7

34.0-35.0
33.1-34.2
31.6-33.6
30.7-33.5

34.0-35.0
33.0-34.1
31.4-33.5
30.5-333

34.0-35.0
33.0-34.0
31.2-334
30.1-33.2
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1200-1500
1501-2500
(iU 2500 (Uaz> 36 Tlan)
412
dn 1500
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iU 2500 (Uaz> 36 FUAM)
4-5Tu
5-6
68 U
810 Tu
10-12 3
12-14 u
#1nh 1500
1501-2500
1fin 2500 (uaz> 36 Fla)
23 et
#1051 1500
1501-2500
3-4 fhlai
gn1 1500
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4-s tilam
& 1500
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A1 1500
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33.1-33.2
29.8-32.8

33.0-34.0
31.0-33.2

29.5-326
29.4-32.3
29.0-32.2
290318

29.0-314

32.6-34.0
31.0-33.2
29.0-30.8

32.2-34.0
30.5-33.0

31.6-33.6
30.0-32.7

31.2-33.0

29.5-32.2

30.6-32.3

29.0-31.8




msAnsaimaannsoeensindeuidmneg luguugiivesld Aosannms
Funnaungiigouiimsndesmsiesmngampimoliung minans caagungigevasu
Indfoafugumpiitesimanezegudioanaingdey uazmsnisdquugimelng Whimsn
2anInfou aamAeRuazud n'im1m'i"u1ﬁﬁﬁﬁwqmngﬁmaadw‘lnﬁ%ﬂ TavTagungil

& ;1 T 1 ar = = o=y =
maynnTata e sunilvimisnanseinngamplimeldies Sadamugungimeawina

2.2 SEUUANIANYOIGOUIAIMITANINIAR

»
Yo A

w o o » d a
FINTTNTIHHANYOIRIVANNIINLTNIOA ltﬁﬂ~11ﬂﬂ~lu

o IHNAR D

17

1 -
anwinlsznana

[::} NIV E_t)

Microprocessor

1)

173090 I

o0 Tagauvin i aINN IV

HazNUFY ganindiuazn A

51l 2.1 vienlaezunsuvesszan

demanmisnusmia Uszneudae
- thudnlszuionanugu
dudniimihinuqumsimmndnwesgeudamsausnifia Awmsiy
foyanndnidunnmvasiadiundinlsznana uasins dedayaiimsszuana

uaddsoon didmuaaing



k4
- ddiaguvgiinazanudu
o 4 = d’ ;] o & ar v: -
Asnvufguugiinasn i lnsldrures SHTIS Faansodaldnigungil uay
- @ a ar ) o aa o @ o A
anuauludufordiu  Taslfiemiymiludfygruatasadiininddilisuianarie
1l5zuama
- AUAIUARY
ar S ad o ] Yo Y o - A w o
Sumsdemgangiindmuanmisviaulddudoudanms nusadia tihodaTiliwm
YrzuIannnIuguMINNNUYBIdo
- AUUARIND

s ldnnaulszuianasonlUuaaanis LCD Module

ar = x
2.2.1 iyuse i Tngaumgiinazanuu
L o = b r = é
dmdanamsgungiieziamguugiilasldiswaes SHT1S %1 SHTIS mansald
< o s/ : = d’ A as a o Aoy
Humuesialdnquugivazanudu  Tduladygraeunenliiludyaiudtaen
o ] o & a4 o ] ]
(ammeluia Taldrueninndudoyadiaa i lddonihwmumsfnnamueauns

o = S o A ¥ oa 1 = A
HTNE&TH‘UE’NQ'}JﬂiﬂJ iN‘ﬂz1@1‘]11611]1]1’]'“11“'“5Q!ﬂﬂﬂ"l‘l]ﬁ]ﬂqmﬂqmlﬁ$ﬂ]1ﬂ1fu

i1 2.2 71} IC SHT1X uaz SHT7X

TuTnsanuiisidonls sHT1S ﬁqmﬂnﬁﬁﬁai{
- 1) Package #UY LCC (Leadless Chip Carrier)
- aunsnialdimunpiinazanud
- annsotagumniAdaus 0-125°C Aawaz@oatumsia 0.1°C

I3
5] @ o

»
- AT D IAANIUFUTURNT 19 A IUA 1-99. 9%RH ANvaziBoalunsine. 1%RH



-lamaate™ +5 v funszuad

- ¥ dygalunsnsugu 2180 fie DATA uaz CLOCK

- Iinnunuuilunsiaguuniin 0.5°C uazanuFun 2.0%RH

Vdd

T

—

DAT

D

510123 uasdnumzund SHT1S

SCK )

Vdd 24 -55 V.

A1919% 2.2 KARIRUAUIIA DC Y99 SHTIS

Parameter Conditions Min, | Type Max. Units.
Power supply DC 24 5 5.5 A%
Measuring 550 pA
Supply current Average 22 28 pA
Sleep 03 l BA
Low level ontput voltage 0 20% vdd
High level output voltage 75% 100% Vdd
L.ow level input voltage Negative going 0 20% Ydd
High tevel input voltage Positive going B0% 100% Vdd
Input current on pads 1 pA
On 4 mA
Input peak current Tristated {off ) 10 A

10
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A Nd 2.3 uzAa Ty ves SHTIS

Pin Name Comment

t GND Ground

2 DATA Serial data , bi-directional
3 SCK Senal clock , input
4 VDD Supply 24 -55V
NC Remaining pins must be left unconnected

ANHULNITINILYBS SHTIS szumasAdag i 2.4

Block Diagram

o Caldwaton O
*RH Memorv
Serscr f e naTa
* Digital Z-
§ » D wire
interfa
HERNHS e
E CRC
A generator
e | — e
Sersor — "} oD

119 2.4 u7A3 Block Diagram Vo3 SHTI15

- M3Rev Vee i GND desdeTiaveegszning 2.4 5.5 v udamdsnn AnwTnidh
i SHT1S ¥ SHT1S sz Wnanlszana 1ims Ao Tnun Siecp Aniudesdetoua
Apu IC 921975 THua Sleep TuN3AB Vee U GND A23719240 C 100 nF AsBUTZN
11 Vee U GND

- M3ABYI DATA 4AZY1 SCK I£ABUIIY Serial Interface (Bi-directional 2 ~wire) #492
umsdeludovusiindiodu o uahimfou r'c Tasiald amilllnuszdeasss

anumzdsgil 2.5
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GND
!

'ﬁc ‘_1 DATA ~

master

SCK

Vdd 24-55 V.

714 2.5 uamamsne SHT1S My TuTnineuTnsiaed

- MIA0Y1 SCK seilumsanuuuas 1szninlulasneuInames AuSHTIS
L) =1 L) d'l ar d'd r A 1
- M3AY1 DATA vziin3Ao Pull-up tWo I 14T yg i niid1ga an15ae Pull-up 93
astuveeqlunisld Tulnsneulnames uastudreiiimsds DATASuuRezReIN

i 4 o
DATA fianuafins luusizii SCK high #aeas Timing Diagram 14833112.6

DATA

SCK _/ | v \

311 2.6 uA3 Timing Diagram Tugamydadoyaves SHTIS
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13

X

Farameters Conditions Min. Type. Max. Units.
Fsck SCK frequency VDD>4.5V 10 MH:=
VDD< 4.5V 0 MH=z
Trro DATA fall time Output load 5 pF 3.5 {1 20 ns
Output load 100 pF 30 40 200 ns
Tewx SCK hAl time 100 ns
Tv DATA valid time 250 ns
Tsu | DATA setup time 100 ns
Tro | DATA hold time 0 10 ns
Te/Tr | SCK rise/fall time 200 ns
TLC TF
DATA
MoI e THo
Sl
sCK K
|

31 2.7 ueA T UTAYOI Timing Diagram YDA Qe 182 DATA Uaz SCK Y84SHTIS
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2.2.2 MITAIAIAAINABBANI LCD Graphic Module

LCD Graphic
128 = 64

NORITHB I3 TR 3 1 1—1

| EEj]

o S5v

&

g
.
oo
xq

I PORT 2 I

11 2.8 LCD Graphic Module
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2. BTAI2 600B
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BTAIZ 600B
fdq 5 o Ly
dugdnsainlgaruquasilamsiawesnesaszuaady  lumsaiuguidanis

a ] ' vow
ﬂ?ﬂ'l-l‘llﬂxi‘llﬂﬁ’!ﬂﬂ’l'lij':!ﬂﬂ m'l%'nmi‘lu’m‘ﬁ‘mﬂu MOC 3021 Zero crossing

TO-220AB Insulated
(BTA12)

31/#2.10 namagalnsal BTA12 600B

T o ’ A d a o
2.2.4 MU HHTHAST AT

1 2 3

4 3 6

7 8 9

* 0 #
"_1' } ! 1149t

R4R3IRIRICIC2CI

710 2.11 uAAIN131¥BUAB Keypad fit) Micro controller

2.2.5 szuumunuuuusaluiAvia PID

sruunuquinuda lufRiihasuunguiuoioundu fildfuseuwmsna 3
Li‘lusznnﬂ'mﬂmfut;m:uufrﬂﬂﬁmmgm’fmﬁqaﬂ'iﬂunszmumsﬁm‘u VNITUVY
a11150%11 14 TnmAnal¥ Proportional ( P ) #3® Proportional Integral ( P1) fuuamwadmiusz

- 4 3 a o = e ;
udwaRe I R surawund lndifvsfunnudiussannhige Taoszuudaumnezdaa
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& - ' a 2
famuansalumsmanIsausIonIMUsITSUL  FIZVUAINAIIN TN 1R 1aaRy
Derivative ( D #9111/ uss11 Derivative ( D Yzt T luszvileundn exfloundu

1 -dl ar o H A i = 1
mmﬁwwnaummﬁuop pi ¥aeznanouudiuszuunsund Proportional Intcgrate Derivative

( PID ) szuviiey A mazaugnAssgemnziuszuumsenssuiunsiia

a9 1 s
FuFougelugnilegiiv
Limiter
K %e, max-=100
Error detector
n
.~y error Limater Limiter
R +—"f\) - K]Z €; max=100 max=100 " To aciualor
~ =1
Lirmiter
///' K406, — ) max- 100
-
(Pvn)
e e e
- i
Measuring 7 From plan
elemenl r

317 2.12 naAszLYAIIAUIUY PID

Proportional (P}
o A 9 F ] 1 a ar owr o & o
SS‘U‘LI'J'Uﬂﬂluiu1ﬂll'll'llﬂllﬂzllli‘lﬂ"l‘lﬁﬁ'ﬂ‘ﬂﬂﬁzgﬂ‘ﬂﬂuﬂﬁﬂﬂ1ﬂﬂ‘ﬂ’]ﬂﬂui‘niﬁlﬁﬂi PIENM

IiRaniAanaa (Eror) AonadszuNueMMMAUga Set point 910055 udgygwen

mousnimnluszuwiiliifa Displacement error 188 Proportional filter 3zl NannA 1
»

Aananaiidasui‘lumsdigye Set point fludadiuFudusuaidanara aisysua

o \ T Y ; . oA a £ o M o 9/

da310uil1i1 14 TaoalSua1 Proportional gain ABAT Kp Tuioa $30161 Kp A1oas 131 lumsidn

419 Set pointazd1 i Misamsuauswasszuud uata Kp gesanlunisdigyn Set point

o = 3
4 HANDLAUBIVBIT2K iR Overshoot L@z Undershoot 14
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B3] —

/ Proportional control

Time —p

510 2.13 uernan 1514139 Set point Y84 Proportional (P)

Integration (I)

M317199 Tracking error M Integrat 91iudad1u1AuAINIA1 Tracking error Az
staduFaduiunm maliumauninlsudTaomssu f1 Interal gian fom Ki 9
/1 Ki 1109iAR R 135080195 18157 #AezALOvershoot 1AM Ringing nAm Ki Asdaln

= 1 A o arey, O,J Eb ot o
imasandoanam Mguanidueans 3 szuuveedaiuuas i

|
[intagrat of Ervor Proportional band
N
QU U | VY- I Y P B SEEEE CETRY POTY o SRR
T Setpoint | / b \\,/e/ r"‘“‘\\
LI ----%-_-- AT Nt A A
e | \\_//* \%,../
m /
P md;fm:-
V Proportional + Integral control
/
/
!

Time —»
5117 2.14 nemamsiigya Set point Y09 Integration (1)

72898
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Derivative (D)

N15A19A Oscillation YBI5TVVLATAR Overshoot ALl Ringing oansolsum 14 Taunms
1§ufh Derivative gain oM Kd Fa Kd aziludadulavassiusasimsalfounlaves
Tracking error A1 Kd s WiRaEisnmyssisssuuRs fadur s lumsniams
HAanDUAUBIYEITTIY  uazdienunsni fiianaugndoanouieziin Tracking crrorld
avmrunselunsnanstieziiaiu Idnnnanouaes Jufnnnmsnsziivesszinly

¥
¥A1UY

Inhg;algfm
MﬂMdM ] Proportional band
bo---l---- - - - * o v alr ssowduew b - --\ LN N ) -z‘- - - o
T | Setpoint | )Q,,k "~ /7 S, /7
T LA B IO B A v-r-"\-.' 4 --—:’:-d—xv--\—-/- - - - -
e ) g .
m 7 -
p Actual Temperature
Proportional + Integral control
//
7
Time —»
'iﬂ?l 2.15 ur@IN1IIgYA Set point YB3 Derivative (D)
Proportional band
---—J--.—---------4--------- ----- LRI R L - -
T _Setpoint
T - o oamwm a oar o o - - LR B L . I R A L A ) F - -
e
m /
P Actus! Tempersture
/r Proportional + Integral +Derivative control
[

Time —»

5119 2.16 uarman519gYA Set point Y84 Proportional + Integration + Derivative (PID)



& " saseasssns Propriionst - integral
Proportions! - iInmtegral - Dervative

Figure 2 - Control Comparison

319 2.7 uraaminFsufsunisasumussesssuuniuguiia
Proportional (P), Proportional + Integration (PI),

Proportional + Integration + Derivative (PID)

g1l 2.17 uﬁﬂams11|'§'tmLﬁﬂnﬂwnaﬂﬁuawmixuumm]uﬁnﬁﬂfu
- $211AURYIIA Proportional (P) => 3siinaneumiesiidiqa
- IZULNIVFUFUR Proportional + Integration (PI) => risc time Ad sz IViRa
M3 Oscillation fovE YA Set point
- T2UILAIURUIA Proportional + Integration + Derivative (PID) => 93 1 rise time ¥
Fatiqa arwarnsalumsdhgya set point Sauazlndifvaiy i1 Set point 9590

=
nga

PID Controller M1 UTyQ ARG

Aun1snIRUAYYIRILLY PID hudadi

M (e (1)) =Kp * elt) + Ki I e(t)dt + Kd - (de(t)/dt)

Taon  e(t) = SP- PV(0) = error
A .
(i12) SP = set point

PV (1) = MATa 19 luvaiziiu
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o Voot w ) o i o
wiruldiiidnwazdudayganrueuiaon (Analog) uatiasnniyauin
»
TulasnouTnsmesrinnd o dudygnaiiaea dnfuaunms lumsdom P @y 5414
»
annimiunidldTaoass aunsofinizan i 3 dou dsil

M(t) =Mp(t) +Md(t}+ Mi(t)

e (1)

o

\\§

/

AN

r—t

i

-T-
T = Sampling

-

-4
-

i 2.18 Anwduiuisznig e ) fiut

A = d v ] . -
dreWvInnagl 2.18 vzfudin luduues Proportion Controticr 9:Rufy fa

Mp (1 )=Kp*e(t,)
» "
71104 Integral Controller TavA915a 1Mzl szriualuduves Jetodt ARoRuA1S
» .
- =1

nsiiuey diedmua T dunlunsdudyenu dnnfeomnnquda wfafufiiduimaoy
=)

A ¥ Y e
Audnld vude

Mi(c, ) = Ki Je() =T~ Ki - e(t ) +Mide(t, )

A4 Derivative Controller 91051 A1 a9 de(tyd(t) fiRBAUTU (Slope) 1B
v »
AT TIWBY NTIERsu
Md(t )= Kdle(t) - e(t_, )IT

[}
o o~

4 o T oy o ¥
ey e 12183 dyepanuguindudiaea sunsednnaldniaaums

o

M(t)=Kp- e(t,)+T "Ki= e(t, )+ Kdle(t ) -e(t ) /T 1+ Mit )
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2.2.6 U 52308HAN RN ( Microcontrolier)
dminlulasanudoudamseiis 1 14u Iasneu Tnsamesiudhanalssuann

& o i . o H
anqu Fazdmihilumsaugurzuomimauvesdeudinmsaiaszuy

Tnsaadhaveslulnsnevlniamed Mcs 51

3K | BIC154D
AOM
18K | Bac154 BOCS2BIC15483GC1540
INTG  INTH ROM T2T2EX
| 80C52
l l BK ROM | 80Cs2 ﬁgmos 830154  [TWMER 1]
' ‘—4—11':; 8C184D 80C51
STERRLPT §
CONRO.. TR0  H | 4K FOM|BOCS 1| | 128 BYI05| gy y """‘E"“k: T
by i TIMER 0 Yo
E
¥ J o >
[_cpu ks — -
I
7 £ X
0sC BUS 4 140 POATS SERIAL| -» TXD
CON“I'Ri}L H H PORT RXD
v v FO P2 Pt P3
e —

ADDRESSDATA

11l% 2.19 TassadwvealuTnsneulnsamey

amﬁuﬂ'ﬁaﬁmﬁ'mm Micro controller TuATZHA MCS-51 axiiail

-1 Core CPU #titu 8-Bit uazﬂgﬂﬁ1§aﬁzwu1xluqmmuqu uazenusalszuanania
Logiciiufayalusdu BIT 14

- Inveanud 1dsunsy 4K molu nazsesiums e amiasnnuii Tlsunsu

14 64K
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- Timiunnus doya (RAM) 128 Bytes Moty nazsaasums anuveamionué

foyala e 64K

]
< ~

» »
- 1 Port At 1A 1/ 0 Manua 4 port vazannse o 18lused BiT

i

- 121 Timer / Counter Y49 16 Bit aa3yn d1v3u 19 unissunar niefusmau

h

- 1l Full duplex UART dhniul¥ Sa/ds doyaurioynsy 51 Intermupt 19910 6 unaasi
ialay I 5 dwniawed ISR uazms Interupt Taoauisadaszauanud iy 14 2 szdy

W p A

- IAfuien 118 Clock niolu

Inseadvesnisnnudilu MCs-s1
Logical separation of program and data memory
»
@151 Micro  controller MCS-51 tugnasnuuvinldliniaonnusr dmiuin

Tdsunsu0p-code) nazmizwanui idmiufudoyaiuonesnniniudagl

PROGRAM MEMORY DATA MEMORY
o (READ QNLY) [READPARITE)
FREmR, FFFFH;

# EXTERNAL )
EXTERNAL \

T 1
I }
NTERNAL
::HA
EA=0 EA=1
EXTEANAL INTERNAL
2000 0 0I0C

|

FSEN Ry WR

3UN 2.20 Tnsaadraveamiaoanudrlu Mcs-s1

AT08NILUBY Data memory Nuwnoanuil v i aunsedon 1A Tasld
1 e o ' 4 L o
Address 1He4 8 Bit (viniu ¥z 1detesimiau cru Aidlu 8 Bit udm3 19 Address 1fioe 8
? L3 o r r a o 1] 1 : &
Bit { azh1 13 1adadwmniaveaniaon s 1Afva 256 Aumiaminmiy ( 00h — FFh) ¥4
(Hvaned miumsdadedumiiaved Intemal Data Memory 86191357180 15819894 1M14 Data
] . o o » ¥ ¥

memory [Au14 Address 11111 16 Bit 113 External data memory Nenun30i1 14 Tnol¥ DPTR:

Datapointer (Data memory address register)



23

d2Uv84 Program memory suiumizoanudinonuldinesedao uazannsoila

»
NINUA 64K AN

™~ ™~
FFFF FFFF FFFF FFFF
60K 56K
BYTES BYTES
EXTERNAL EXTERNAL
64K 61K
1000 P‘ BYTES 2000 > BYTES
EXTERNAL EXTERNAL
OFFH 1FFF
1K BYTES 8K BYTES
oooo | INTERNALE ] ooog | NTERNAL| ) (o

11 2.21 T1l50n53 memory 493 MCS 51

» [
- |

#1350 MCS-51 Junuufidi Program memory miolu fezdidud tumsidiuTulsunsuy
mulu IC 104 4K, 8K, 16K M0 32K Address (AT105904 IC 719) d1m$21 Address Aiu1n
mﬁf': Aeziily Program memory NUUBDA AU MCS-51 ﬁ.lljlql internal program memory AMUY0S
Program memory ﬁqrsuﬂimm_imuuan

#1M5UN1591U External program memory v MCs-51 vz 19d g9 PSEN (Program
Store Enable)

d MU Data memory Aemmnsnfiszdumiodoudoyoadlild fusi Address fiuon
881970 Program memory Uz AWMU External data memory 15’!{111 uA 64K Address 1u

»
MIAaAeil External data memory 11 MCS-51 93 19w g1 RD tiag WR Program memory

Rt
Jh‘_-r'h.._

L= OO0
- w02UH

IMTERRISST ,
LICATION: —H w2
- e iBH

) gy L3 BYIES

renmne wouEI |
e AN
RFS=T— ] U

Eﬂﬁ 2.22 N15A9 External program memory 122 External data memory 32U
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1uﬂ‘iﬁﬁﬁﬂﬂﬂ‘l? 71494 Extemnal program memory U2 External data memory SR PTIT
i wii1lA Tasnsidyanu PSEN naz RD w5 uiu Taold AND gate Aoz 1 Adyapu
ﬁﬁﬂuﬂ‘li'ﬁm External Program/Data memory

51uaAIE M8 Program memory Tudumuiaiudu Fuile CPU Sumsiiaumdann
A3 Reset Az umsM1aa i A ai Address 0000h Hazd M3 Address Rildag
Aoy aw‘immiaﬁﬂrjum ISR: Interrupt Service Routine 1001151191994 Interrupt 1u MCS-

51 ileadyg i itemipt 0 Mufeznss Taamsiiaungs Tbsunsy ludwmi shdmua

¥
o

Ci’ Q‘J O L 1 or A ot ar
U HUeIA100 10U §M5Y Interrupt 0 910A1WUBA (i0 MCS-51 T@5udygyias Interrupt 1 U

['S

'S

vz laanisiiauingalylsunsulu Address 0003h uazEINSY Interrupt A9A Timer 0 A
903z TaamsiaunsaTalsunsuly Address 000Bh t1a2 Interrupt 0 910A0UAN floznsz Tan
s Tadsunsulu Address 0043h . lunday Address Avualidms ISR e
fiuTunsfuTasunsuld 8 Address 3981 ISR Adoems Lﬂuiﬂmﬂsuﬁ'guq fozansolad

11118 uaduddu 1SR fieraunudifesin1d Taoms 195184 Jump TG Tdsunsufideamsani

External Program Memory

§115u MCS-51 ‘ﬁﬁ Internal program memory 1.%1..! Eﬁ%ﬁWﬁﬂﬁﬂzlﬁﬂﬂ‘lﬁ’j] wldau
U84 Internal program memory Yiu wiol TAun13@BYe 1Aty Q) IUEA : External access {91
VCC 30 GNDISUR1 MCS-51 i Intemal program memory 4K (0000h-0FFFh) uﬁ'm'ﬂmﬁtgﬂpm
EA T4/ VCC M5 Fetch A1a#t Address oon11 0FFFh ez 18910 Inernal program memory
unzduity Address #aud 10008 7 92153814910 External program memory 1UIBY LASIA
291 EA WAL GND 115 Fetch ﬁ‘lﬁiﬁdﬂﬂﬂﬂzﬂisﬁ’lﬁﬂ External program memory @1H31
MCs-51 #1111 intemal program memory 183 11 EA 9z#8ad8 GND 1ue dgyyiu PSEN Sl
udeyay i 151ums Feteh #1d3010 Extemat program memory vfu sz hivnanuiladiuns Fetch

14970 internal program memory
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115¢0 External program memory

MCS-51 EPROM

F,
C:':. P1 PO INSTR.

-
- £

EA 1
INTERNAL = ; ™
ROM

ALEL— o

LATCH > ADDR
— »
P3 p2 s P
PSEN 1 OE

gﬂﬁ 2.23 M3#D External program memory

MCS-51 92 [ idyyn i 483 VO port 16 bit (Port 0 tag Port 2) MW miiily Bus 104
szt Tavezldauves Port 0 il Address tias Data bus @@y ABAIAIYDY Low

byte84 Program counter (PCL) 880117 Port 0 5 w&wmdenes PCL ponuuAiuezdg
ANz Float [ese3 A M9z 1u 14910 External program memory 1uszn3139fiA1 v8q PCL
0BMNT PO T dfygy I ALE: Address Latch Enable 93 Tt ldr1wea pCL gaitud il LATCH
unzlunaniy A1wes POH Agadeonind port 2 fentruiu Address vuia 16 bir 12

dyoa PSEN Hazidludriaudoyanin Memory idoanis

Data memory
»
Data memory U84 MSC-51 1iu9z11iveeniiiu Internal data memory 1Az External data
9 - ' a A = o 9
memory ]ﬂUﬂ"I'ii".lﬁﬂUﬂEN Data memory THE0ITIUUITY Address NIUNT1AAUAIY
MCS-51 with 128 bytes Internal Data memory (‘i’i"ltl)

MCS-51 with 256 bytes Internal Data memory (U71)
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INDIRECT
ADDRESSING ONLY
FFFF BOH TO FFH FFFF
FF
- SFRs ™ FF{SFRs
DIRECT DIRECT
ADDRESSING 64K ADDRESSING 64K
ao MY > | extER S0 JONLY ” | exreRiAL
7¢| DIRECT& F IDIRECTS '
INDIRECT INDIRECT
ADDRESSING ADDRESSING
a0 _/0000 00 _/ 0000
71/ 2.24 Data memory Y83 MSC-51
Internal Data Memory

o o r A4 4 o A o ' '
Fam s St 9RU VD4 Intemnal data memory vziilusazl Fafuszgauisoondiy awd
[] >
AWMU A0 Lower 128, Upper 128 LDz SFRIAZ91AMI5N Internal data memory Uil 256
» 3
Aundam iU 11905919 Address @san11a Taoldios 8 Bit 4az9100157 Internal data

¥ »
memorytuTiifeg 256 Awmamnin limsdna Address aansoi 1@ TaoldiHoa 8 Bit

FFH FFH
JPPER ACCESSIBLE ACCESS!BLE
BY INCIRECT
124 ADDRESSING BY DIRECT
OHLY ADDRESSING
80
7 acH Lot
- STATUS AND
ACCESSIBLE SFECIAL CONTROL BITS
LOWER BY DIRECT FUNCTION TIMER
128 ANTD INDIRECT REGISTERS REGISTERS
ADDRESSING STRACK POINTER
ACCUMULATOR
r (ST
854 ¢ :

1 11 2.25 Intemat Data Memory

'y ~ ¥ A o 1 ¥ . a ¥ o 1
uRgImAiinvoImIdadadmmisdoya (Addressing mode) Tl 1Ad W ves
»
internal data memory Y4M A 384 bytes
E 4 [ »
Taudmiudoyadsus Address 80h — FFh §181atadoy0i Address 1iuq #2035ve4
i L od a3t o ' o Y oy o A w e
Direct addressing ﬂﬂzllﬂ‘llal,'lﬂﬂMMﬂﬂuﬂ::ﬁ’m AUMTONNIVDYAN Address IADINUUU AW
] ] o
37904 indirect addressing 1131z U111 Memory T4 1mv8a Upper 128 N9zl Address
o w ' ' fre) 3 2 3 E 1w e
@42/ Memory Tudawves SFR uhazlFismshiadoyanuanmaiutiues

External Data Memory
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1 F3 a Yo a0 v A ] 3
n7aolFaYee External data memory v¢¥i1lddadaetin Fuilunisdeldiuves
»
RAMYMA 2K Taul# MCS-51 11 1914970 intemal program memory

MCS51 RAM
C::) 2 PO Kﬁ Y DAt
r
= |vce l"ﬁ
=l o
0000+ A
INTETNAL ,
ROM
1
5 | ATCH
> ADDR
2 :
(P3 P24 T PAGE
ﬁj o B=S

31% 226 n1390199UYDS Extemal data memory Tau T MCS-51 1 11914910 Internal

Program memory



Tnsaatamaluvea Micro controller MCS-51

PI0-M7 PFR0-P2Y

* 83184 ard KIC154D vy

317 2.27Tasaadamuluved Micro controller MCS-51
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ol ' o [ ] - 1 o VoA
vy Id T umiedeg T skr azlildgnldtanua msdmdoyanindumiaida
¥ o dv ° (L] [] ] 1 a2
114 fmuail sz Id IRenquesnin dumsRoudeyad lilvz hitinalaq udetnalsia o
[] l 2 .
Ninandsudoya ‘ dhhluduwmi il 8 s muail desnniuongal¥amlunsaivgy

Hadvumamaunezmudunluowina

Accumulator
& s ] ] a "o =y
ACC 9210 accumulator Fa9zliduma lunveanusinieluyi v oEOH Jvue 8§ Bit

iU Register 7 19unn luswWaddarosies 196nus A

B Register
widumualumisanuiinelusihiiy oFor fivuna 8 Bit v 1¥lumsquuazms

»
LY

: - 4 4 A LT,
mismniu nieonnlflumsinudeyadug fidoansila

Program status word (PSW)

sztidwdslumiboanuse iy DOH fvuia 8 Bitieaz Bit :xvendaning
14 TuAIH9UY89 CPU (Flag) $adin Bitved pSW annsafmualiiiiu 1 nie 0 1Tau
#1d3 SETB w50 CLRB mudwWus1dumia Bit Address 0 84 Bit 7 489 PSW (1fD DOh 89

B7h

Stack Pointer

aziid nu e lumdoanudinieluming 0818 livua 8 Bit Register S aunnia
Tumiaonnudinielu sost fezl¥adrai sack Tunisiieves Mcs-s1 Arvaa sp i)
AR roufivedinmfudeyad Tdrosds PUSH we cALL

MR M UARUMI YD Memory Avzadiadlu Stack Tuansodmualiituiladle
W Internal data memory taztiia s Resct AUTuAUUD SP azaAuiiu 07h Feesh Wmndy

H0yalud 1M auINves Stack 1Tl Internal data memory A1LM1IN 08h

Data Pointer Register

»
Datz Pointer (DPTR) vzog ludwmiaiizonnudinioluiifi 82b oz 83h DPTR 4

14
o T

¥ o A & a =
1lszapu 11170 Register ¥u1a 8 Bit 2 @2f0 DPH uaz DPL %9 DPTR # w215 umsydwm
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Y0399y av09 External data memory 111111 16 Bit Tunisuf lvdoyalu Register DPTR 921137

as 16 Bit H3anszMas & Bit 7 19 (DPH, DPL)

PORT 0§43
sz@umualumizennudimeluiridy 8oh, 90h, 0ACh, 0BO 111U Registervi1a 8 Bit
= Y ar " o ’ o ] 1 W [ o r:
mydoudoyalilfamisanuswdazdwmvaiiumsdadoyalufmesmiuqg vea Mcs-si

Y o vy wad i o v i v 9 oa
doynfiousen lifozgn Lach A1137 Register 1l uazlsIngueag Bit vos Port Ut Givy

au

Yoya 18h Tlfimissanuiidwmis 8oh flaz1lsing Logic 0001 1000 fiv1 713 0 w04 Port 0 1u

£

Ms8mdoyaan Register uAazdnziilunsemaning Logic Nills1ngogudazv1una Port

>

Huq

Serial Data Buffer (SBUF)

sz@unarulen M e Tum iy 99H Tvuia 8 Bit uann Tassaamolundaiu
=) . o AaA a oo oo P ) a d W o 1 A a & o
fla Register 2 Mili¥omvIiu dmisdmiunudoyaierdawvuoynsy uazdndmilsdmsy

o

¥ a g = Y] W o a o w oo a o 8
‘i‘].]‘l]'ﬁ]gf\l.uﬂlﬂuﬂ'illﬂl‘ll’llﬂ 1uﬂ'l§l1luu'1]ﬂllqﬁﬁﬂ'ﬂ SBUF HU'ilzgﬂl\lUUTﬂUQﬂﬁTﬂiﬂlﬂﬂﬂlﬂy‘ﬁ

dmiuda uaziSudumsdadoya daumsewdeyanin SBUF fezilumssiudvesdoyad

Sudnan'la

TIMER Register

79D4 Register (THO, TLO) (THI, TLI) uaz (TH2, TL2) ¥angludumisnioo
A21u§1010lu (8Ch, 8Ah) (8Dh, 8Bh) uaz (0CDh, 0CCh) mwddy Favzldlumadudves
msWuuuw 16 Bit Tums Idsnuihi Timer n30 Counter Tu 80C51 921 Timer 8y 2 yARD Timer
0 142z Timer | T Timer udazyAvzil Register Y11A 8 Bit 8 2 &2 t0EIMINITTDI Timer
1Agargaila 16 Bit

MIH1TUAMsM191UY912995 Timer TuTHUA Timer W38 Counter 1114 Tagms
fmunalu Register TMOD (Timer/Counter Mode Control Register) mM3191uilu Timer 9319
Register W Timer 0 #3081 Mimstius i lafavesdyaiaing lums1iiees Timer
#enufiu Counter oM 14 Register THx taz TLx fimsiudinau ladavesdoyanafinhn

#1991 TO ¥i50 T1
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Control Register

SFR %0 P, IE Ui mMuagjduuun1sninug uazanI1uzv0Ims Interrupt
TMOD, TCON, T2CON miuMmruazduuumsninauves Timer/Counter 11az SCON 92
dwmiufimuazdurumsiiamues Seral port uaz PCON axdmiutmuaztuuunmisly

HAITUVDIAI CPU 103

CPU Timing
SR o = T [ | ar
TuMcs-51 wzfidauvesasesiuiia Clock ognioluuds Fmunsoldiludyau

w1 Iify cPU 18 Tuprs1§uues On-Chip Oscillator 11U fARB4AD Crystal H39 Ceramic

resonator 191 XTALI i1 XTAL2 wazduiulszy dwaaatuyalii 2.11

XTALZ
—q XTALZ
QUARTZ CRYSTAL o MHS C51 e
OR CERAMIC
RESONATOR FAMILY
2 EXTERNAL
g XTAL1
I XTAL+ s?'é?chlL(
— V55 ‘-;lvss

MHS C51

711 2.28 M3ke CPU Timing

atna157@ dhdesms 1¥dya 1w Clock 9nmousn fiezvir 14 TaonsAodaaal Ext

Clock 1979191 XTAL1 #3431

Machine Cycles

M UNARE Machine cycle 483 MCS-51 92152n9UA0AISRI9U 6 States (ST — S6)
Filuneiaz Sute voan1399 92191901 2 Clocks Fniufr 14 Clock 12 MHz fiag1arluns
A1UYDY 1 Machine cycle fio 1 S

Aauaaslugal sziihudretnsveans Fetch / Execute v Feezluudaz Machine
cycle 9¢1IA3 Fetch sWafda 2 afe Sudhddaiug swilufmdunn 1 Bye faw Tunsd@h
ﬁw‘f”ufuq TiReanmsdoya Byte o3 CPU ﬁuﬁmud"llinulm’iaqﬁﬁ Fetch 191AML1 1AZA

o 1 oa J
¥4 PC Aoz TUmuau
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Si|s2] s3] s4]ssf e

(A) 1-byts,

]
1-cycle instruction, e.g., INC A.

I
I
reooroe |
]
I

I

[

| READ

i l_zﬂo BYTE.

Si|[sz[Sa[se]ss5]se

(B) 2-byte,

]
1-cycle instruction, e.g., ADD A, O+ml

READ OPCODE I
OPCODE (DISCARD).

|

| READ NEXT READ NEXT OPCODE AGAIJ
|

|

‘Y

S1|s2]s3|s4|ss|sels1]s2]sass[sS5]s6

(C) 1-byte,

! |
2-cycle instruction, e.g., INC DPTR.

b

}st Is2|sa]ss4[ssIse] s1] s2[ sa

(D) MOVX (1-byte 2-cycie) ADDA | DATA

o

ACCESS EXTERMNAL MEMORY

S_‘l]ﬁ 2.29 Machine Cycles

4 o w A a B ] 1
iﬂﬂ;ﬂ alnz b msi‘lummﬂ%msmam 1 Machine cycle 1S1 CPU ﬁwam Op-code

iy a . . o a & o a 4 4
wﬁmm‘iﬁ‘lmm Instruction register U@ S4 921UN1T Feich ATaNdo AR m"lu;ﬂ a N3

E ] » 1 1 ]
Fetch A3ahaoalt CPU 9z limuledoyain 1A daulugil v doyanldmnioziiu Byte Haes

voImdaiuied
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A o ° ';' d‘- b4 1]
ningtl ¢ Fudlumamauvesiidafildnatien 2 Machine cycles CPU azliierulo

]
r=1

o - ] 9 s 4
Foyaii 1da1m1s Feten 3 asadofuunzlugil ¢ ¥ullumsihnuseshids Movx Fuitums

- 1 o d:l, fa=q ~ J 5
AAABM External data memory Tunsditi 92 15ifms Fetch iia%u iiesn1n CPU szdes1dszay

EJ
BUS @o19ui lumsaaaeiunueanudinmeusn

OME MACHINE CYCLE OME MACHINE CYCLE
K1_szlss|sc]m]u silseim|sa|ss|ss

_]_

[ WL SRS PUSEE
-4

]
-
il
B
e |
t—{g]
a9
fo— o]
s
)

3
0 (8
-y
3
™
3
8
n
3
g
-
13
g

——
i -
——

B
P2 pcHoUT ) FG-IGJ'I’_X_: DPHOUTORPROUT ) | PoWOUT X IPcHOUT
P {TH T P (3 —{TH
b f

317 2.30 YUIUMS Fetch / Execute
gl a szdumsuaasiimazmsdhinuveadyonadis ¥sans Fewch diasda
&uﬂdiu External program memory ‘Aﬁqﬁiyqnm ‘nztﬁﬂi'f’u 2 ﬂ‘?ﬁﬂlﬂ Machine cycle 1u§1| bz
HaeF g ua19 FirasuilonserididafiinmsAareil Extemal data memory 13 Fetch 9%
gl 2 ¥4 azagifiudmznaesmseudoyasn Extermal data memory Tuaxld

(AAINNAIIN58TUYOYAIIN Program memory
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3.1.2 uaIdugunglifly SHT15

vdd
GND

DAT

master -
: SCK F —

Vdd 2.4.-55V.

v

717 3.2 §amcapsap i SHT1S

- M13HEN Voo 1 GND Resdeius¥agsznine 24- 5.5 v udmdswniiswd
@hild SHT15 uda sHT15 9 1¥nantszinu 11ms Mer1d Inun Sieep atfudesdatoya
fouit IC 9214719 THua Steep TuA13AD Ve A GND A73Ti9zdD C 100 oF ATOUSZHI YT Veo
i1 GND

- A15#D1 DATA 4azV1 SCK 9ZADIIL Serial Interface(Bidiroctional 2 —wire) #99%
i asaetudnuasfindedu 2 ualimilon 12¢ Tavia

- M3#9Y1 SCK suilumsaanuussasznielylasneuInames AUSHTIS

- M3ABY1 DATA vziimsde Pull-up e W& Ty auificgs F9nsdo Pull-up 9
dofuiosg lums 19u Insaeu Inamn naz lusefininisde DATASuTuRszdoah 1y

- a 4 4
DATA finauadus lwvazR SCK high 1@ Timing Diagram 19

3.1.3 29an3nuaszsanive
Fudufuomas High voitage 9919102995AIURUA1LT 1HDTIDIMILS 6 220 Vac

Tnadigravsdaug

MOC3021
338 ohm 330 ohm 33¢ chm
v A
] !"4, 19 chm
BTA 12 C)
e (‘\J 220 Vae
— ) a.0tuF
330 onmif

LOAD

51I71 3.3 uama99snInuazusn Tnaa
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ﬁ’ﬂgigmﬁﬁﬂﬂmm]u Heater 92MaANMI 111U PWM(Pulse Width Modulation) Taa
a¥radyeunnnd 1 Hz uaznfiounas duy cyce a3z 10 mS (172 Cycle yo3Thu 50
HZ)A1W# PID control AnnuAnnld dalu 1 Hz szunia 18 100 dumed vl iwluns
A1u2A1U84 PID control

HENNIITIUYIDINGS Zero-Cross ABNITILMTUIBII9I8R3A Low Hluna
1nndaar 12 Tadaved Wi (10 mS) 39921192995 Zero-Cross molula® Moc3021
wmanuazldes1dTinszuaInaku Trise neTulod fv1 gate 03 BTAIZ-600B ¥
BTA12-600B 1intzua Tuaadaiaiu fsdeamsinszua lvad i Ivaannndi 1 lada
@oa W) AdB1918009n Low 1A 20 mS usrmmmitvesnar 1 lafia(uea T

Auwaaslugili 3.9

b
/ A iﬁ\ / ATEA RN f‘r““. i{k“
| \ Py \ \ VIRV IRY \ IERVARY:
!
Control Signal for 10% [~ - - - - R e e
{100mS)
& e e
A N AL T A S S A
o L P
T e ; T 11( 1 alj"\ ; -t
4 \\__r sy \ F L
|
Control Signal for 19% e » t
{190mS)
& P U A AU NI AAT A
{ AT )/! Py iy fy i
or . {XFfJ(,IL b \ .‘! B N L Gl o e g
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Control Signal for 1% - e coeae t
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&
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* 1 cycle of control signal equal 1 second {1000mS)

{ o = o o o
717 3.4 ArsFunIadansagausudadugud



3.1.4 1VTAINSUAAINABOANT LCD Graphic Module

LCD Graphic
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4I0Hx

5111 3.5 M3A0 LCD Graphic
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3.2 hlsupsumamauvesgousin

3.2.1 Flow chart naaintssiauuealilsunsy
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A .
Load R 1suav1ad Timerl

Counter 10 ms

|
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Main program

#include <AT89x52 h>

#include <string, h>

#include <stdio.h>

#include <intrins h>

ifinclude <math.h>

#include "D:\knot_BackuP'projectsiprojectinote Projectiscankev4x3.h"

#include "D:\knot BackuP\projectsiproject\note_Project\LCD3.h"

void display data{void};

void display_Setternp(void);

void Detay2uS{unsigned int d);

void delay(unsigned char tick);

void LCD_Send_Ins(unsigned char My _Ins ,unsigned char My CS)

void LCD Send_Data(unsigned char My_Data, unsigned char My CS);

void LCD_Reset(void);

void LCD_ClrScr(unsigned char My_Start_Page, unsigned char My Total_Page, unsigned char
My Color);

void LCD_Plot_Char Big(unsigned char My Start_Page, unsigned char My_Start Col, unsigned
char My Alp[24]);

void LCD_Plot Text Big(unsigned char My_Start Page, unsigned char My Start Col, const
char My Text[]);

void LCD_Plot Char(unsigned char My_Start_Page,unsigned char My _Start_Col.unsigned char
My_Alp[5]).

void LCD_Plot_Text(unsigned char My Start Page,unsigned char My_Start Col, const char
My Text[]);

//void inttoled{unsigned char col,unsigned char row,int value):

void inttoled number_big(unsigned char col,unsigned char row,int value);

void ultoa(unsigned long value,char*string, unsigned char radix);

void _ltoallong value I,char*string_Lunsigned char radix 1);



shit IPH = 0xB7;
sbit alarml = P1~7;

sbit senser = PO~0;

idata unsigned char temp_buf[5];

idata unsigned char serial[9];

idata float pid_control, setTm, error_0, T_value, Inte 0. Inte,error,check_pid;
idata unsigned int piddelay, piddelayT, round;

idata unsigned char page = 0;

idata int T,R,i,set;

#define OnloadT P3 4

#define FM24C16 ID 0xAD

A—— S — 2777

LCD Reset();

LCD ClIrScr(0,8,Black);

LCD Plot_Text{0,10,"...Temp And Humi..."};

LCD Plot_Text(3,4,"Temp ="}; LCD_Plot_Text(3,76,"."); LCD_Plot_Text(3,113,"+c");

LCD_Plot_Text(6,4,"Humi ="}; LCD_Plot_Text(6,76,"."); LCD Plot_Text(6,115,"%");

inttoled_number_big(2,52, serial[1]); inttoled number big(2,64,serial{2]);



inttoled_number_bip(2,81,serial[3]); inttoled number big(2,93 serial[4]);
inttoled number_big(5,52,serial[5]); inttolcd_number_big(3,64,serialf6]);

inttoled number_big(5,81,seriall7]); inttoled number_big(5,93 serial[8]);

L]

LCD Reset();
LCD _ClrScr(0,8,Black);
LCD_Plot Text Big(1,3,"S"); LCD Plot Text(2,15,"etting"); LCD Plot Text(6,64,".");
LCD Plot_Text Big(1,52,"T"); 1CD_Plot Text(2,64,"emperaturc");

LCD _Plot Text(6,100,"+c");
LCD_Plot_Text Big(5,40," "); LCD Plot Text Big(5,52," "):
LCD_Plot_Text_Big(5,69," "; LCD Plot Text Big(5,81," ");

unsigned char x_key,push_key, pop_key[5};
push_key =0;

x_key =0

while(x_key<35})

§

*

push_key = scankey();



ifl push_key == 0x0A) //push *= cancel
|
LCD Reset();
LCD_ClrSer(0.8,Black);
page = 0,
break;
;
clsc iflx_key == 4 && push_key == 0x0B) // push # = enter
3

LCD_Reset();
LCD CirScr{0,8,Black);
page =0
break;
i
else iflx_key < 4 && push_key != 0x0A && push_key = 0x0B )
!
x_key+-;
temp_butlx_key] = push_key;
pop_key[x_key] = push_key;
iflx_key == 1)
{
LCD ClrScr(4,4,Black);
inttoled_number_big(5,40,pop_key[1]):
[LCD_Plot_Text Big(5,52," ");

LCD_Plot Text Big(5,69," ") LCD_Plot_Text Big(5,81," ")
LCD Plot Text(6,64,"."); LCD_Plot Text{6,100,"¢");

i

iflx_key ==2)

1
1

LCD ClrScr(4,4,Black);



inttoled _number big(5,40,pop_key[11);
inttoled number hig(5,52.pop_key[2};

LCD Plot Text Big(5,69," "), LCD Plot Text Big(5.81," ");
LCD_Plot_Text(6,64,"."); LCD Plot Text(6,100,"—¢");

;

itlx_key == 3)

i

LCD ClrScr(4,4,Black);
inttoled_number_big(5.40,pop _key[1]);
mttoled number big(5,52,pop key[2]):
inttoled number big(5,69,pop key[3]); LCD Plot Text Big{5,81," ");
LCD Plot Text(6,64."."); LCD Plot Text(6,100,"+¢");
t
ifilx_key ==4)
i
LCD_ClrSer(4,4,Black);
inttoled _number_big(5,40,pop key[1]);
inttoled_number_big(5,52,pop_key[2]);
inttoled _number_big(5,69,pop_key[3]); inttoled number big(5,81.pop key[4]);
LCD Plot Text(6,64,"."); LCD Plot Text(6,100,"+c");
}

void chk_setting()

s

S

i

unsigned char key = 0,
while(1)
:



key = scankey();

if ((key == 0x0A)||(key == 0x0R))

break;
;
iflkey == 0x0A) //push * = sctting temp
{

LCD Reset();

LCD_ClrScr((,8,Black);

display_settemp(};

pushkey();
i
else iflkey == (x0B)
i

LCD Reset();
LCD Cir3er(0,3,Black);

page =0;

f SR ———

void display sctting()

unsigned char 1, value[4];

for(i=0;1 <4 i++)
{

value[i] = temp_buflit+1];

inttoled_number_big(5,40,value[0]); inttoled number big(3,52,value[1]);

inttoled_number_big(5,69,valuc{2]}; inttoled number big(5.81,value[3]};



LCD Plot Text(6,64,"."); LCD_Plot Text(6,100,"+c");

chk_setting();

const float kp e ()R R ek s ok sk ok K ok sk e sk ok ok ok ok ok ok ok o o
const float ki = 0 A AOK 3k SRR HROR ORI AR Ak ko o Kok
1

comst Tloat kd = (1 F/F#%ssski sk ok sk dok ok soR ok o ok kot ok ok

error = {sctTm - T_value);
Inte = ki*(1*error) +Inte_0;
pid_control = (kp*error)+{ki*(1 *crror)+Inte ) +(kd*(error-error_0));
iflpid_control>[00)//*#xksnkioksmkon s ack ok
pid control = 100;
iflpid_control<0)
Pid_control = Qy//F**Emkkkkskorikdokork ko sk
crror_{) = error;
Inte 0 = Inte;

return pid_control;

________________________ - —————-



EA=0;
THO = 0xDB;//65536-56319=9217//921 7% 1 085= | DO0QUS*+¥* ks sk ckokohok ok ok ko
TLO = OXETF; //Aoktonsor ko stk kodotok ok oKk & ok

TFQ = 0; /iclear over flag 0

check pid++;

if(piddelay > 0)
{
OnloadT = [;
piddelay--;

clse //if(piddelay == 0)

OnloadT = 0,

ificheck_pid==100)
{
check_pid=0;
T value =(((serial[11)*10) + ((serial{2])* 1) + ((serial[3])*0.1) + (seriall4]y*0.01));

setTm =({temp_buf[1])*10) ~ (temp_bufl2]) + ({temp_buf[31)*0.1)+ {{temp_bufl4])*0.01);
pid_control = pid{setTm);

piddelay =100-(int)pid_control;
}

EA =1,



serial[1] = SBUF;

while(~RI);
RI=0;

serial[2] = SBUF;

while(~RI);
Ri=0;

serial[3] = SBUF;

while(~Rl});
RI=0;

serial[4] = SBUF;

while(~RI);
RI=10;

serial[5] = SBUF;

while(~RI);
RI=0;

serial[6] = SBUF;

whilc{~RI);

RI=(;



serial[7] = SBUF;

while(~RI);

RI=10;

serial[8] = SBUF:

EA=1;

}v' "f _____________________________________________________________

o MAIN PROGRAM

void main{void)
|
R=1;
check pid=0;//4%## sk dox
Inte 0=0;
error_(0 = 0;
pid_control = 0;

piddelay = 0;

setTm = 0;
alarml = (0
senser= |;

SCON = 0x50; // set serial port RX and TX

TMOD = 0x21; // umer0 16 bit and timer] & bit auto reload

THI = 0xFD;

TI.l = OxFD;



TF1 = Q; //clear over flag 1

TRI1 = 1; #start timer]

THO = 0xDB;//65536-56319=9217//9217*1,085=10000uS
TLO = 0xFF,

TFO =0; /fclear over flag 0

ET0 =1; /interrup] timerQ

TRO = ]/ %30k ok odoh ko ek ok o o oK o

P5=1;

IPH = 0x10;

EX0 = 1; /finterrup0 out P3.2
EA =1, //enable interrup all

ES =1; /interrup senal

while(1)
{
switchipage)
{
case O: display_data(};
ifl T_value >= setTm + 2) { alarm! = 1;
LCD _Plot_Text(7,39."Over Temperature..!"): !
(T valuc <=setTm - 2) { alarm] = |;
LCD_Plot Text(7,44,"Low Temperature..!"):}
ifisenser == 0) {alarml = 1; LCD Plot Text(7.44,"Low
Water..!"):}
else alarml = 0;

break;

casc 1: display_scttempi();



display setting();
break;



#include<intrins. h>
#include=string. h>
#define NUMBER OF DIGITS 16

const White=0,Black=1;

code unsigned char Alp_II_B[5]={128,247,247,247,128} ;
code unsigned char Alp_r[5]=1{131,247,251,251,255};
code unsigned char Alp_t[5]=1251,251,192,187,187};
code unsigned char Alp_e[5]={199,171,171,171,231}:
code unsigned char Alp a[5]={223.171,171,171,135};
codc unsigned char Alp_T B[5]=1254,254,128,254,254};
code unsigned char Alp_A_B[5]=1129,238,238,238.129}:
code unsigned char Alp u[5]=1195,191,191,223,131};
code unsigned char Alp_m[35]={131,251,131,251,135}:
code unsigned char Alp d[5]={199,187,187,187,128}:
codc unsigned char Alp_g[5]=1247,171,171,171,195}:
code unsigned char Alp p[5]=4131,235,235,235,247}:
code unsigned char Alp_c[5]={193,190,190,190,221}:
code unsigned char Alp n[5]={131,247,251,251,135};
code unsigned char Alp_i[5]={255,187,130,191,255};
code unsigned char Alp o[5]={199,187,187,187,199}:
code unsigned char Alp_v[5]={227,223,191,223,227}:
code unsigned char Alp_w[5]={195,191,207,191,195}:
code unsigned char Alp L_B([5]={199,187,187,187,199};
code unsigned char Alp O B[5]=4227,223,191,223 227};
code unsigned char Alp_W_B[5]={195,191,207,191,195}:
code unsigned char same[5]={235,235,235,235 235!,
code unsigned char exclamation{5]=1255,255,160,255,255}

code unsigned char dotrop[3]=1{255,255,249.249 255} :



code unsigned char dot[5]={255,255,159,159,255}
code unsigned char space[5]=1255,255,255,255,255};

code unsigned char percen[5]=1{124,156,231,57,62};

code unsigned char Num_0[5]=1193,174,182,186,193};
cade unsigned char Num_1[5]=1255,189,128,191,255 b
code unsigned char Num_2[5]={189,158,174,182.185}:
code unsigned ehar Num_3[5]={222,190,186,180,206}:
code unsigned char Num_4[5]={231,235,237,128,239};
code unsigned char Num_5[5]={216,186,186,186,198}:
code unsigned char Num_6[5]={195,182,182,182,207}
code unsigned char Num_7[5]=1{254,142,246,250,252}:
code unsigned char Num_8[5]={201,182,182,182,201};
code unsigned char Num_9[5]=1249,182,182,182,225};

code unsigned char Num_0_big[24]=1255,7,3,193,241,249,249 241,193 3,7,255,

255,224,192,131,143,159,159,143,131,192,224,255};
code unsigned char Numilibig[24]:{255,255,255,]99,227,1,1.255,255.255,255,255.

255,255,255,159,159,128,128,159,1 59,255,255,255}:
code unsigned char Num_2_big[24]=1255,231,227,241,249,249,121 ,57,17,131,199,255,

255,143,135,13 1,145,152,156,158,159,159,159,255}:
code unsigned char Num_3 hig[24]={255,249,249,249,57,25,9,65,225,241 249,255,

255,227,195,143,159,158,158,140,1 92,192,225,255},
code unsigned char Num_4 big[24]={255,1, 1,255,255,255,255,127,127,255,255,255,

255,224,224,231,231,231,231,128,128,231,231,255};
code unsigned char Num_5_big|24]={255,1,1,57,57,57,57,57,57,121,249 255,



255,227,195,143,159,159,159,159,142,192,224 255 ;

code unsigned char Num_6_big[24]=1{255.7.3,241,121,121,121,121,113,227,231 255,

255,224,192,140,158,158,158,158,140,192,225.255};

cade unsigned char Num_7_big[24]=1255,241,241,249,249,249,249,57,9,129,225 255,

255,255,255,255255,131,128,248,254,255,255 255} ;
code unsigned char Num_8_big[24]={255,199,131,17.57,121,121,57,17,131 199255,

255,227,193,136,156,158,158,156,136,193,227,255¢;

code unsigned char Num 9 big[24]=1255,131,3,49,121,121,121,121,49,3.7,255,

255,231,199,142,158,158,158,158,143,192,224,255};
code unsigned char Alp_S big[24]={255,199,131,3,49,121,121,241,243,227,23 1,255,

255,231,199,207,143,158,156,140,192,193,227.255};

code unsigned char Alp_T_big[24]=1255,249,249,249,249 11,249 249 249,249,255,

255,255,255,255,255,128,128,255,255,255,255,2551;

code unsigned char Bring[24]={255,255,255,255,255,255,255,255,255,255,255.,255,

255,191,191,191,191,191,191,191,191,191,191,255};
cade unsigned char space_big[24]=1255,255,255.255,255,255,255,255,255,255,255,255,

255,255,255,255,255,255,255,255,255,255,255,255};

void Delay2uS(unsigned int d)
i
unsigned int t;
for(t=0;t<=d;t+-)

{



_nop ()

nop_{);

void L.CD_Send_Ins(unsigned char My_Tns, unsigned char My CS)

{
#PORT 0 << RW=0.1, D/I=0.2, E=0.3, CS1=0.4, CS2=0.5 RST=0.6 Input Analog=0.0

PO=0x40 | My _CS; // RST=1, E=0, D/I=0, R/'W=0 , Input Analog=0
Delay2uS(1),

P0=0x48 | My CS;# RST=1, E=1, D/I-0, R/'W=0 , Input Analog=0)
Delay2uS{1);

P2=My Ins; / send instruction

Delay2uS(1);

PO=0x40 | My _CS; // RST=1, E=0, D/I=0, R/W=0, Input Analog =0

Delay2uS(1});

void 1.CD_Send Data(unsigned char My Data, unsigned char My CS)
3
3

//PORT 0 << RW=0.1, D/1=0.2, E=0.3, CS1=0.4, CS$2=0.5 RST=0.6 Input Analog=0.0

P0=0x44 | My CS;// RST=1, E=0, D/I=|, R“'W=0,Input Analog =0
Delay2uS(1),
PO=0x4C | My_CS; // RST=1, E=1, D/I=1, R/W=0,Input Analog =0

Delay2uS(1);

P2=My_Data; / send data

Delay2uS(1);

PO=0x44 | My CS; /# RST=I, E=0, I/I=], R/'W=0 JInput Analog =0



Delay2uS(1),

void LCD _Resci(void)
{

P0O=0x00;

PO=0x40;

void LCD_ClrSer(unsigned char My _Start Page, unsigned char My_Total Page, unsigned char
My Color)
§

1

unsigned char Page,Col.CS,My Data;

CS=0x30; /7 CSt=1, C82=|

L.CD_Send_Ins(0x3F,CS); // display on

ifitMy Color==1) My Data=0xFF;
clse My_Data=0x00;

for(Page=My_Start_Page; Page<My_Start Page-My Total Page; Page++)
{
LCD _Send_Ins(0xB8 | Page,CS); // set page
for{Col=0;Col<=63;Cal++)
{
LCD_Send_Data(My Data,CS);
i
Delay2uS(1);



void LCD _Plot_Char{unsigned char My_Start_Page, unsigned char My_Start_Col, unsigned
char My Alp[5])

{

unsigned char Index,CS,My Data,Coll, My Ins Col;

/f My_Data=0xFF;
Coll=My_Start Col;
ifiMy_Start_Col<=63) C8=0x10; // C5=]

else

CS=0x20; // CS=2
Coll=Coll-64;

LCD_Send Ins(0x3F,C8); // display on

LCD_Send_ Ins(0xB8 | My_Start Page ,CS); // set page

for(Index=0; Index<=4;Index-+)
d
My Data= My Alp[Index];
My _Ins Col=0%x40 | Coli;
LCD Send Tns(My_Ins Col,CS); /set column
LCD Send_Data(My Data,CS);
Coll++;

}



void LCD_Plot_Char_Big(unsigned char My_Start_Page, unsigned char My _Start Col,
unsigned char My Aip[24]})

¢

unsigned char Index,CS,My_Data,Coll,My Tns_Col,My Ins Page Pagc;

Coll=My Start Col;

Page=My Start Page;

iflColl<=63) CS=0x10; // CS=1
else § CS=0x20; /7 CS=2
Coll=Coll-64; }
LCD_Send Ins(0x3F,CS); // display on
My_Ins Page=0xB8 | Page;

LCD_Send_Ins(My Ins Page,CS)y/ set page

for(Index=0; Index<11;Index+-)
i
My Data= My Alp{Index];
My Ins Col=0x40|Coll;
LCD Send_Ins(My Ins Col,C8); //setcolumn
LCD Send Data(My Data,CS);

Coll++;

'

Coll=My_Start_Col;

Page++;

My_Ins_Page=0xB8& | Page;

LCD Send_Ins(My_Ins Page,CS)./ set page



for{Index=12; Index<=23;Index++)
{
My Data= My Alp[Index];
My [ns Col=0x40 | Coll;
LCD_Send_Ins{My Ins Col,CS); //setcolumn
LCD_Send Data(My Data,C8);
Coll++;

}

void LCD_Plot_Text Big(unsigned char My_Start_Page, unsigned char My Start_Col, const
char My Texi[])
i

unsigned char *My Char Temp,Coll,i,Page;

Coll=My Start Col;

Page=My Start Page;

for(i=0; i<=(strlen(My_Text)-1); i+-)

switch(My Text[i])

{
case '0' : My Char Temp=Num_0_big; break;
casc'l': My Char Temp=Num_ | big; break;
case '2' : My Char Temp=Num 2 big; break;
case '3 : My Char Temp=Num_3 big; break;
case '4': My_Char_Temp=Num 4 big; break;
case '5': My Char Temp=Num_5 big; break;
case '6' : My Char Temp=Num_6 big; break;

casc'7": My Char Temp=Num_ 7 big; break;



casc '8 : My Char Temp=Num 8§ big; break;
case 9" : My_Char Temp=Num 9 big; break;
case 'S’ : My Char Temp=Alp S big; break;
case 'T': My Char Temp=Alp T big; break;
cast' ' My Char Temp=Bring; break;

case -': My Char Temp=spacc big: break;
j

LCD_Plot Char Big(Page,Coll My Char Temp);

Coll=Coll+13;

void LCD_Plot_Text(unsigned char My Start_Page, unsigned char My _Start Col, const char

My Text[])

1
1

unsigned char *My Char Temp,Coll,i;

Coll=My _Start Col,

for(1=0; t<=(strlen(My _Text)-1); i++)

switch(My Textfi])

|
case 'H' : My_Char Temp=Alp H B; break:
case 'e' : My_Char Temp=Alp e, break;

casc'a': My_Char Temp=Alp a. break;



case "T': My_Char_Temp=Alp T B; break:
case 't' : My _Char Temp=Alp _t; break;
casc'u' : My Char_Temp=Alp u; break;
case 'A': My Char_Temp=Alp A B; break;
casc 'm' : My_Char Temp=Alp_m; break;
casc'p': My_Char Temp=Alp_p; break;
case'd' . My_Char Temp=Alp_ d; break;
case 't : My Char_Temp=Alp_r; break;
case 'g': My _Char Temp=Alp_g; break;
case "' : My Char_Temp=space; break;

case '~ : My_Char_Temp=dottop; break;
case '%" : My _Char Temp=percen; break;
case '=": My Char_Temp=same; break;
case " : My Char Temp=dot; break;

case 'c' : My_Char_Temp=Alp_c; break;,
casc 'n’ : My Char_Temp=Alp n; break;
case 'i' : My_Char_Temp=Alp_i; break:
case'0' : My Char Temp=Alp_ o; break;
case'v' : My Char_Temp=Alp v; break;
case 'w' - My_Char_Temp=Alp_w; break;
case 'L : My_Chat_Temp=Alp 1. B; break;
casc '0" : My _Char_Temp=Alp O B; break;
case 'W': My Char Temp=Alp W B; break;

case "' : My Char Temp=exclamation; break;

case '0' : My_Char_ Temp=Num 0; break;
casc'l': My_Char_Temp=Num_t; break;
case '2': My_Char Temp=Num_2; break;
case '3': My Char Temp=Num 3; break;
casc '4': My Char Temp=Num_4; break;
case '5': My_Chat_Temp=Num_3; break;

case '6': My_Char Temp=Num_6; break;



case'7' : My Char Temp-=Num 7; break;
case '8 : My Char Temp=Num_8§; break;

casc'9": My Char Temp=Num_9; break;

f

LCD Plot Char(My Start Page,CoilMy Char Temp);
Coll=Collt+6;

—_

void _ultoa(unsigned long value,char*string,unsigned char radix)
{

unsigned char index;

char buffer[NUMBER_OF_DIGITS];

index=NUMBER_OF DIGITS,;

do

i
buffer{--index]="0"' + (value%radix):
iflbufferindex}>'9") buffer[index]+="A"' -'9' -1;
value/=radix;

¢ while{value '=0);

do

|
*string -~ =buffer{index++];

{ while {index<NUMBER_OF DIGITS} ;

*string=0;

void ltoa(long value l.char*string lunsigned char radix_1)

!

iflvalue 1<0&&radix_|==10)



*string I+F ="',
_ultoa(-value lstring_l,radix_1);
}

else

_ultoa(value l,string_Lradix I);

void inttoled _number big(unsigned char col,unsigned char row,int value)
|

char buff{12];

_lroalvalue,&buffl0],10);

LCD Plot Text Big{col,row,&buff{0]);
i



shitel = P16
sbitc2 = P1"5;
sbitc3 = P174;
sbitr] = P10,
shitr2 = PI1~1;
shitr3 =P1°2;

shit 4 = P1°3;

i
e o

void delay_db(int time)

S —
i
do //do-while loop for delay
i
time--; //Decrease counter
1 while{time>0),
'

__________________________________________

____________________________________________________________

unsigned char ret=0xFF;
do{ cl1=0;
iflr1==0)
3
delay_db(30000);

ret=0x01;




if{r2==0)

delay_db(30000);

ret=0x04;

if{r3==0)

delay_db(30000);

ret=0x07;

if{rd==0)

delay_db(30000);

ret=0x0A;

ifir1==0)

delay_db(30000);

ret=0x02;

ifir2==0)

delay_db{30000);

ret=0x03;

if{r3==0)}

s

delay_db(30000);

ret=0x08;



iflr4—=0)

delay_db(30000);

ret=0x00;

t

c2=1;
¢3=0;

ifir1==0}

{
delay _dh(30000);
ret=0x03;

i

if{r2==0)

{
delay db{30000};
ret=0x06;

i

if{r3==0}

{
delay_db(30000);
ret=0x09;

f

iflr4==0)

{
delay_db(30000);
ret=0x0B;

}

c3=1;

t white(ret==0xFF);

return(ret);
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NAN YA PLASTICS CORP

SPEC. NO. : LMOO053-0

ELEC. MATERIALS DIV. SPECIFICATION DATE : JUL. 8, 1997

LCD DEPARTMENT

SHEET NO. : 2/18

1. MECHANICAL DATA

(1) Part Name
(2) Module Size

(3) Dot Size

(4) Dot Pitch

(5} Number of Dots
(6) Duty

(7) LCD Display Mode STN:
FSTN:

Rear Polarizer:

(8) Viewing Direction
(9) Backlight
(10) Wweight

LM_987 _005_

93.0(W)mm X 70.0(H)mm X MAX8.5(D)mm
(W/0,EL B/L)

93.0(W)mm X 70.0(H)mm X MAX14.0(D)mm
(5.2mm LED B/L)

0.48 (W)mm x 0.48 (H)mm

0.52 (W)mm x  0.52 (H)mm

128 (W) x 64  (H)Dots

1/64

O Gray Mode 0O Yellow Mode 0O Blue Mode

O Black and White(Normal White/Positive Image)
O Black and White(Normal Black/Negative Image)
O Reflective O Transflective O Transmissive
06 Oclock [112 Qclock O O'clock
Oow/0 DELB/L OLED B/L

wW/0 B/L: 530 g

EL  B/L: 575

LED B/L: 785 g

IM_97_005________

Backlight Type
A : None

B : CCFT

C : LED

D : EL

Polarizer Type |
R : Reflective

S : Transflective
T : Transmissive
P : Transflective(High Transmissive)

'——4 Option

C : Anti—Glare
D : Wide Temperature
1
2

: Version

L——— Mode /View Angle
: Gray , 6 Clock
Gray ., 12 Clock
Yellow , 6 Clock
Yellow , 12 Clock
. Blue , 6 Clock
: Blue , 12 Clock
: Normally Black , 6 Clock
: Normally Black , 12 Ciock
Normally White , 6 Clock
: Normally White , 12 Clock

A-TIToMMOOme

REV/DATE RO/
07.08.97'

APP CHK BY




NAN YA PLASTICS CORP. SPEC. NG. : LM005-0

ELEC. MATERIALS DiV. SPECIFICATION DATE :  JUL. B, 1997
LCD DEPARTMENT SHEET NO. : 3/18

2. ABSOLUTE MAXIMUM RATINGS

(1) ELECTRICAL ABSOLUTE RATINGS
VSS=0V Standard

ITEM SYMBOL | MIN | MAX UNIT COMMENT
Power Supply for Logic VDD-VSS| ~0.3 7.0 v
Input Valtage Y -0.3 | vDD v
Static Electricity - - — — Note 1

Note 1 LCM should be grounded during handting LCM.

(2) ENVIRONMENTAL ABSOLUTE MAXIMUM RATINGS

NORMAL TEMP. WIDE TEMP.

ITEM OPERATING STORAGE OPERATING STORAGE

MIN. | MAX MIN. | MAX. MIN. | MAX. MIN, | MAX.

Ambient Temperature 0 50 =20 70 -20 70 —30 80

Humidity (Without

) Note 1,3 Note 2,3 Note 3.4 Note 3,5
Condensation)

Note 1 To=507T : B5%RH max
Ta>50°C : Absolute humidity must be lower
than the humidity of B5%ZRH at 50°C

Note 2 Ta at —20°C will be < 48hrs, at 70°C will be < 120hrs

Note 3 Background color changes slightly depending on ambient temperature.
This phenomenon is reversible.

Note 4 To=70C : 75%RH mox
Ta >70°C : Absolute humidity must be lower
than the humidity of 73%RH at 70°C

Note 5 Ta at —30°C will be < 48hrs, ot 80°C will be < 120hrs

REV/DATE| R0/ APP CHK BY
07.08.97'




NAN YA PLASTICS CORP.
ELEC. MATERIALS DIV,
LCD DEPARTMENT

SPECIFICATION

SPEC. NO. : LMOO5-0
DATE : JUL. 8, 1997
SHEET NO. : 4/18

3. ELECTRICAT, CHARACTERISTICS

( VDD = 5V+10% )

07.08.97

ITEM SYMBOL CONDITION MIN. | TYP. | MAX. | UNIT
VIH H level 0.7vDD} - VDD v
Input Voltage
vio L level 0 - 0.3vDD vV
Duty=| OC - 13.3 13.8
Recommended 1/64
LC Driving Voltege
(Normal Temp. LCM) VoD-VO ¢ 25C | 1.7 | 125 | 134 v
Bias=
/9 |soc | 108 | 1.4 | -
Duty= [—10°C - 1.7 | 12.8
Recommended 1/64
LC Driving Voltage
(Wide Temp, LCM) vbb-vo | 25°C | 11.2 | 12.0 | 13.0 %
Bigs=
179 | 70c | 104 | 111 -
FLM=79 Hz
VDD=5.0 V
VDD-V0=12.5 V
Fower Supply Current IDD - 10.0 - mA
PATTERN :
OsDEOE
BEORDOED
VBL= 110 Vrms
EL Poawer Supply Current el 400 Hz - - 5.0 mA <
(Rg = 0
LED Power Suppty Current b LD Vp,= S0V _ 200 — mA
(Rg =5 a)
REV/DATE| R0/ APP CHK BY




NAN YA PLASTICS CORP.
ELEC. MATERIALS DIV.
LCD DEPARTMENT

SPECIFICATION

SPEC. NO. : LMO05-0
DATE : JUL. 8, 1997
SHEET NO. : 5/18

4.0PTICAL, CHARACTERISTICS
4-1 Optical Char. of Normal Temp. Mode

AT Vop
ITEM Cr{Contrast Ratio) 6(Viewing Angle) #(Viewing Angle)
25C 25C 257C
MODE MIN. TYP. MIN. TYP. MIN. TYP.
A 3.5 4.5 50 75 20 30
R C 6.0 9.0 60 85 20 35
J 4.5 7.5 55 80 20 35
A 3.0 4.2 50 75 20 30
S C 5.0 8.0 55 85 20 35
J 4.0 7.0 50 75 20 35
E
T
G
note NOTES NOTES
AT  o=0" e=0
ITEM SYMBOL | CONDITION MIN. TYP. MAX, UNIT NOTE
ocC — 600 1200
Response Time (rise) Tr
25°C - 110 220 ms NOTE 2
50°C - 50 100
0C - 900 1500
Response Time (fall) Tf
25°C - 250 360 ms NOTE 2
50°C - 100 150
note:
R: REFLECTIVE
S TRANSFLECTIVE
T: TRANSMISSIVE
A: GRAY
C: YELLOW
E: BLUE
G: NORMALLY BLACK
J: NORMALLY WHITE
REV/DATE| RO/ APP CHK BY

07.08.97




NAN YA PLASTICS CORP. SPEC. NO. = LMOOS-0
ELEC. MATERIALS DIV. SPECIFICATION DATE : JUL. B, 1997
LCD DEPARTMENT SHEET NO. : 6,18
4—2 Optical Char. of Wide Temp. Mode
AT Voe
ITEM Cr{Contrast Ratia) & Viewing Angle) #(Viewing Angle)
25°C 25C 25°C
MODE MIN. TYP. MIN. TYP. MIN, TYP.
A 3.5 4.2 50 68 20 30
R c 5.0 50 30 35
J 6.0 8.0 50 70 20 38
A 3.5 4.0 50 65 20 30
S C 5.0 50 25 35
J 50 7.0 50 25 35
E
T
G
note NOTEB NOTES
AT  8=0" 6=0"
ITEM SYMBOL | CONDITION MIN. | TYP. | MAX. | UNIT NOTE
-10°C - 800 1200
Response Time (rise) Tr
25C - 90 | 200 | Ms | NOTE 2
70°C — 40 100
-10°C — 1200 | 2400
Response Time (fall) Tf
25C - | 180 | 360 | ms | NOTE 2
70°C - 60 120
note:
R: REFLECTIVE
S TRANSFLECTIVE
T: TRANSMISSIVE
A: GRAY
C: YELLOW
E: BLUE
G: NORMALLY BLACK
J: NORMALLY WHITE
REV/DATE[ Rro/ APP CHK 8Y

07.08.97'




NAN YA PLASTICS CORP. SPEC. NO. : LMO0S—-0
ELEC. MATERIALS DIV, SPECIFICATION DATE : JUL. 8, 1997
LCD DEPARTMENT SHEET NO. © 7/18

(NOTE 1)
initio i b/ ¥
SELECTED WAVE

NON-SELECTED WAVE

{poaitive type)

Yop APPLIED VOLTAGE Yop APPLIED VOLTAGE
{positive type) (negative type)
*Conditions
Viawing Angle : ©
Frame Frequency : 70Hz
Applied Waveform : 1/N duty, 1/a bias
{NOTE 2)
Definiti ! R Time(Tr. T
NON-SELECTED SELECTED RON-SELECTED NON-SELECTED SELRCTED RON—SELECTED
CONDITION CONDITIOR CONDITION CONDITION CONDITION i CONDITION
i
P i i
E a | !
1
] o [} '
| wi |
E g | 3 E g | . E
2 gl | ;
m \ m ! ! a
1 1
E T I T | Tr T ‘
Rise time Fall time Risze time Fall iime

(negative type)

*Conditicns
Operating Yoltage : Yop
Viewing Angle (9.2} : (0.0)
Frame Frequency : 70Hz
Applied Waveform : 1/N duty,

1/a bias

ol s suomiss | cown i g (0 0. 10 i
(Transflectance) CHAMBER
&
-~ - 1
- U S (1/a)Vop
’, g o 1CD R (1/8)¥op
/ 2
_________ e SELECTED
WAVE
\ /e |
180* Sample Stage 1-2 /a0 T
\“-..\_. (1-2/a)vop _l‘—— —l——'(l/n)\’op
(1—2/a)Vop J {1/a)Vop
TUNGSTEN LAMP
i e i

REV/DATE RO/
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NAN YA PLASTICS CORP. SPEC. NO. = tMOOS=0
FLEC. MATERIALS DIV. SPECIFICATION DATE :  JUL. 8, 1997
LCD DEPARTMENT SHEET NO. - 8/18

{NOTE 4)
Definiti f Viewing Direcli
12: 00
2:00 3:00
8. 00
{(NOTE 5)
Definiti t Viewi Ang)
R—L Directicn F-R Direction
8
# ¢ PS
F ] FL[_ T IR 8= al+’!
*Conditicns
Operating Voltage : Yop
Freme Frequency : 70Hz
Applied Waveform : 1/N duly, 1/a bias
Contrasl Ratio : larger than 2
(NOTE 6)
Definiti { Contrast_Ratio (Cr)
SELECTED WAVE SELECTED WAVE
1o0% 2 A NON-SELECTED WAVE
E E NON-SELECTED WAVE
[£]
E Cr ‘ E
VOLTAGE Vop VOLTAGE
{positive type) (negative type)
Contrast Ratio : Cr=A/D
*Conditions
Yiewing Angle : O
Frame Frequency : 7CHz
Applied Waveform : 1/N duty. 1/a bias
REV/DATE RO/ APP CHK BY
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NAN YA PLASTICS CORP. SPEC. NO. : LM00S-0
ELEC. MATERIALS DIV. SPECIFICATION DATE - JUL. 8, 1997
LCD DEPARTMENT SHEET NO. = 9/18

0.BLOCK DIAGRAM

1 VSS — = COM
2 VDD —f= :64> | 128X64 LCD PANFL
3 VO —f—— U1 e
4 DA —fm SEG1 SEG128
5 R/W —= /64\ /64N
& E —t-—
7
.DBC'@ U2 U3
14 DB7 7
15 CS1 —fu ﬁ ‘ jr
16 CS2 | e
17 RES e l
18 VEE —=et— I Y
DC TO DC BIAS
CIRCUIT CIRCUIT CSt DBO-DB7 Ccs2
D /1,R/W,E,RES.E
19 K FL/LED BACKLIGHT
20 A /
REV/DATE| RO/ APP CHK BY
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NAN YA PLASTICS CORP. SPEC. NO. : LMO05-0
ELEC. MATERIALS DIV. SPECIFICATION DATE :  JUL. B, 1997
HCD DEPARTMENT SHEET NO. : 10/18

6. INTERNAL PIN CONNECTION
PinNo.| Symbol{ [evel Function
1 — oV
5 Y/SDE — 5y Power Supply
5 VO . ISFF:FVFIZ;&’ING VOLTAGE FOR LCD
4’ D/| H /L ?I?Jg¥gulgﬁgg CODE INPUT
5 R/W | H/L | C0ATa wate (upe 10 rows
65 F H JH=—>|| enasLe siena
7/ DBO | H/L
8 | DB | A/
9 |bB2| H/L
10 | DB3 | H/L
DATA BUS LINE
11| DB4 | H/L
12 DBS | H/L
13 | DB6 | H/L
14 DB/ H/L
15 | 91 H CHIP SELECT FOR IC1
16 CS2 H CHIP SELECT FOR IC2
17 RES | RESET ACTIVE "L”
18 VEE — NEGATIVE VOLTAGE QUTPUT
19 K _ CATHODE FOR EL/LED BACKLIGHT
20 A — ANQODE FOR EL/LED BACKLIGHT
REV/DATE| Ro/ APP CHK BY
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NAN YA PLASTICS CORP. SPEC. NO. : LM005-0
ELEC. MATERIALS DIV. SPECIFICATION DATE @ JUL. 8, 1997
LCD DEPARTMENT SHEET NO. : 11,18

LCM

7. POWER SUPPLY

VR=20K 0
VDD-VO
_ | POWER SUPPLY
VO - VR - (+5V)
PCB
VSS a
RaL
A Wy
Va
K —
l I
EL/LED
BACKLIGHT
Recommended Value for ReLand Vg,
e Ro Vo
Light
Interface EL LED EL LED
19,20 PN | 06 | 50 | 10m :)c;:” 5Voc |10Voe
z
REV/DATE APP CHK BY
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NAN YA PLASTICS CORP, SPEC. NO. = LMOD5-0
ELEC. MATERIALS DIV. SPECIFICATION DATE @ JUL. 8, 1997
LCD PAR
DEPARTMENT SHEET NO. : 12/18
Item Symbol [ Test condition | Min. Typ. { Max. | Unit
Enable cycle time Leye Fige , Fig.b |[1000]| - - ns
E high level width Pwen Fig.a , Fig.b | 450 - - ns
E low level width Pwm Figa , Figb | 450 | ~ - ns
E rise/fall lime tr tr | Figa , Fig.b - - 25 | ns
Address sel up time Las Fig.a , Fig.b 140 - - ns
Address hold time Lan Fig.a , Fig.b 10 - - ns
Data delay time toor Fig.b - - 320 | ns
Data set up lime tpaw Fig.a 200 - - ns
Data hold time (WR)| touw Fig.a 10 - - ns
Data hold time (RD}| tom Fig.b 20 - - ns
D/l [¥3]
C5t~C52 ney
R/W oo
]
br it
[N PEL yeey ey
E w nev PWEH \ oev
105w o
22y L ¥ 8
DBO~DB7T
ey o :<
e
Fig . a Interface timing (data write)
D/1 3]
C31~C52 .87
EEY
R/W
——, )
L.g u
Y PwEL 22y a2y
g Yoer it s ooy
\oor DHR
IV
DBO~DBT X
o.87 [
ke
Fig . b Interface timing (data read)
Fig. b Interface timing (data read)
REV/DATE RO/ APP CHK BY
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NAN YA PLASTICS CORP. SPEC. NO. = LMOO5-0
ELEC. MATERIALS DIV. SPECIFICATION DATE : JUL. 8, 1997
HCD DEPARTMENT SHEET NO. : 13/18

8—2 DISPLAY PATTERN
UZ Display Area E U3 Display Area
CQM1
PAGE1 PAGE1 :
64X8 Bits E4XB Bits
PAGES PAGES
64X8 Bits 64X8 Bits :
COME4
SEGT ... SEG64 SEGES ... SEG128
128 X 64 Dots Matrix
o[ ][] [J[0vo  Starting dot for the starting
D1 DD DDm address of display RAM.
oz2[ J[] ez
00 0%
o4[][] ([ Jo4
os[][] [J[Jos
os[][] (] (o
0700 00
Each segment driver hos 8 pages RAM , and each poge haos 64 x 8 bits RAM .
DD~D7 are B bils tronsritted dota , where DO is LSB and D7 is MSB .
comn
) MOOS LCD PANEL
KS0107 :
Comes BEGT - o e e -SEG1ZB
% &
U2 u3
K50108 KS0108
REV/DATE RO/ APP CHK BY
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NAN YA PLASTICS CORP. SPEC. NO. : LM005-0
ELEC. MATERIALS Div. SPECIFICATION DATE : JUL. B, 1997
LCD DEPARTMENT SHEET NO. : 14,18

8—3 DISPLAY CONTROL INSTRUCTION

The display control instructions control the internal state of the KSO10BB.
Instructions are received from MPU to KS0108B for the display control.

instruction D/1|R/W [DB7|DB6|DBS|DB4|DB3{DB2|{DBL IDB0 FUNCTION

Contreis the display on
. or off. Internal status
Display ONJOFF |oiojo|of1 |11}t ]1 0/1lend display RAM data

are not affected.

0:0FF ., 1:ON
Sels the Y address in
Set Address 0Ojoio |1 Y eddress(0~63) the Y address counter.
Set Page |Sets the X address at
(X ﬂddrESS) 0 Y] 1 o] 1 1 1 Page(0~7) the X address register.

Indicates the display data

Display Start Line| 0 | 0|1 |1 [Display start line(0~63)RAM displayed at the top
of the the screen

Read staius.
BUSY 0: Ready

1:In operation

o
o]
o =z 3 "
Status Read ol1|{Gtolsl@|lolo|lolo ON/OFF 0:Display ON
3 = r.;" 1: Displey OFF
= RESET  O:Normal
1: Reget

Writes data {DBO~DE7)
into display dats RAM.
Write Display Datal 1 | 0 Write Data After writing instruclion,
Y address iz increased
by 1 mutomalically.

Reads dats {DBO~DBY)

Read Display Data| 1 | 1 Read Data from display data RAM
to the data bus.

REV/DATE RO/ APP CHK BY
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NAN YA PLASTICS CORP. SPEC. NO. & LM005-0
ELEC. MATERIALS DIV. SPECIFICATION DATE :  JUL. B, 1997
LCD DEPARTMENT SHEET NO. : 15/18
NO FTEM CONDITION STANDARD NOTE

High Temp. . Appearance
! Storage 70T | 120HR without defect
Low Temp. 90 Appearance
2 Storage P 20°C | 120HR without defect
High Temp, & | 45 Appearance
3| High Humidity |ggggy | 120HR without defect
Storage
Thermal —20%C,30min — 25°C,5min|  aAppearance 5
4 Shock — 60°C,30min —25°C,5minl yithaut defect cycles
(= 1 cycle)
APP CHK BY
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NAN YA PLASTICS CORP,
ELEC. MATERIALS DIV.

LCD DEPARTMENT

SPECIFICATION

SPEC. NO. : LM005-0
DATE :  JUL. 8, 1987
SHEET NO. : 16/18

10. LCD PRODUCT QUALITY STANDARD

(1) DISPLAY APPEARANCE

NO ITEM CRITERIA
1. |INCLUSI— | (1) ROUND TYPE
ONS " "
(BLACK DIAMETER mm (o ) NO. OF DEFECT
SPOT , o =020 NEGLECT
WHITE 0.20 < a = 0.35 5 MAX
SPOT , 0.35 < q NONE
DUST)
(2) UNEAR TYPE
LENGTH mmi{L) WIDTH mm(W) NO. OF DEFECT
N A W = 0.03 NEGLECT
L=3 0.03 < W = 0.08 6
3 <L 0.08 < W NONE
2. | SCRATCH |1.SCRATCH ON PROTECTIVE FILM IS PERMITTED .
2.SCRATCH ON POLARIZER SHALL BE AS FOLLOW:
(1) ROUND TYPE
DIAMETER mm (a*) NO. OF DEFECT'
o = 015 NEGLECT
015 <a =020 2 MAX
020 <a NONE
(2) LUNEAR TYPE
BE JUDGED BY 1.—(2) LINEAR TYPE
DENT DIAMETER < 1.5mm
BUBBLE |NOT EXCEEDING 0.5mm AVERAGE DIAMETER IS ACCEPTABLE
BETWEEN GLASS AND POLARIZING FILM.
5. |PIN HOLE |(o0+B)/2 = 0.15 mm
MAXIMUM NUMBER: IGNORED
0.15 < (a+b)/2 = 0.20
MAXIMUM NUMBER: 10
6. |DOT {o+b)/2 = 0.20 mm
DEFECT  |MAXIMUM NUMBER: IGNORED
0.20 < {0+b)/2 = 0.30
MAXIMUM NUMBER: 5
x = WIDTH
7. | CONTRAST | DIAMETER SPEC. NO. OF DEFECT
IRREGUL— a = 0.50 mm NEGLECT
ARITY 0.50 < a = 0.75 5
(SPOT) 0.75 < a = 1.00 3
1.00 < a NONE
8. |DOT DESIGN WIDTH+15%
WIDTH
9. [COLOR OBVIOUS UNEVEN COLOR IS NOT PERMITTED
TONE AND
UNIFOR—
MITY
REV/DATE| RO/ APP CHK BY
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NAN YA PLASTICS CORP. SPEC. NO.: LMOO5-0
ELEC. MATERIALS DIV. SPECIFICATION DATE : JUL. 8, 1997
LCD DEPARTMENT SHEET NO. : 17/18
(2) NOTE:

* SAFETY

1.1f the LCD panel breacks, be careful not to allow the liquid crystal to
touch your skin.

2.f the liquid crystal touches your skin or clothes, please wash it off
immediately by using soap and water.

* HANDLING

1.Prevent oll contact with stotic electricity, which can damage the CMOS
ICs. The module is packaged in o static~shielding bag to prevent damage
during shipment, warehousing and removal from the shipping carton.

2.00 not remove the panel or frame from the module.

3.The polarizing plate on the front surface of the display is very fragile
and easily scratched. The module is shipped with a protective liner

which must be removed from the polarizing plate prior to assembly.

4.Do nol wipe the polarizing plate with a dry cloth, as it may easily
scratch the surface of polarizing plate.

5.D0o not use ketonics salvent or aromatic solvent on the polarizing piote.
Use a soft cloth soaked with plastic—lens cleaning solution.

s STORAGE
1.Store the panel or module in a dark place where the temperature
is 25°C+5°C and the humidity is below 65% RH.
2.D0 not place the module near organics solvents or corrosive gases.
3.00 not crush, shake, or joit the module,

* TERMS OF WARRANTY
1.Acceptance inspection period
The inspection period is within one month after the arrival of the contracted
goods at the buyer's factory site.
2.Applicable warranty period
The warranty period is within twelve months from the date of invoice under
normai usage and storage conditions.

* TYPICAL OPERATING LIFETIME OF BACKLIGHT
LtED : 50,000HR
EL  : 5,000HR
CCFT : 10,000HR

REV/DATE| RO/ APP CHK BY
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0.5 B7.00.5

9.3 70.740.3
- o3 1.3 86.52 4—92.5 PTH B.5 MAX 14.0 MAX
m m MHI / 4105 _ 9.3+0.5
m n
o ]
A | |
0,48, .0.04 aldle R !
P[P b I Y
3 alsr 39 e EARTS A |\ e
S . K m
1
3 L= Rl . IE
7 L |l Lt
1 ]
DOT AREA(128 X 64) o Osg?l- ! | i
T | P2.54x(20~1)=48.26 | 0 _ 1.2 1.2
25 |40 88,0403 ™ 25 -
93.040.5
W/0,EL BA. LEO B/L{5.2mm)
INTERNAL PIN CONNECTION
PinNe.l Symbol} Levet Funetion % W
] Vss - ov Power .%I-”_ll_ A T . _IL.I—IJ .._H.. m.
2 | voo ~ | +5v | supply @ X
3 Vo — CPERATNG WLTA FOR LED PARTS AREA =
4 DAL | H/L | ERenr e weur
5 [R/W! H/L |hdsrmatymey
B E H,H— > ounr s .
7 DBO | H/ NOTE :
B DB1 H /L _ a 1. RESCLUTION : 12B X 64 DOTS
9 IDB2 | H/L 5
% . :
101083 T HA ] DaTA 8US LNE _||f _ g 5 2. CONTROLLER : WITHOUT
- E
m wwm nmm - =1 - =l *E 3. DC/DC CONVERTER : BUKT~IN
'y}
13 [ DB6 | H/L PAAT o 4, GENERAL TOLERANCE : +0.5 mm
14 |DB7 | H/AL
ﬁw CS1 | H | ow suctromicr ERAR | M_07_oos | ML EREAMRAE
Cs2 H 4P SELECT FOR IC2 NAME | DATE NAN YA PLASTICS CORPORATION
17 RES L RESET ACTIVE "L” TME P £ ]
APPROVE
15 <ﬂm = | wewame e vt CHECK ows—No | MX—X005X [Rev.A
- CATHODE FOR ELAED BACKLIGHT] DESIGN
20 A — AMCBE O ELAD BACKLIGHT . Ty P pe—




SHT1x / SHT7x

Humidity & Temperature Sensor

Evaluation Kit
Available

_ Relative humidity and temperature sensors
__Dew point

_ Fully calibrated, digital output

_ Excellent long-term stability

_ No external components required

_ Ultra low power consumption

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

_ Automatic power down

SHT1x/ SHT7x Product Summary

The SHTxx is a single chip relative humidity and
temperature multi sensor module comprising a calibrated
digital output. Application of industrial CMOS processes with
patented micro-machining {CMOSens® technology) ensures
highest reliability and excellent long term stability. The
device includes a capacitive polymer sensing element for
relative humidity and a bandgap temperature sensor, Both
are seamlessly coupled to a 14bit analog to digitaf converter
and a serial interface circuit on the same chip. This results in
superior signal quality, a fast response fime and insensitivity
to external disturbances (EMC) at a very competitive price.

Each SHTxx is individually calibrated in a precision humidity
chamber with a chilled mirror hygrometer as reference. The

calibration coefficients are programmed into the OTP
memory. These coefficients are used internally during
measurements 1o calibrate the signals from the sensors.

The 2-wire senal interface and internal voltage regulation
allows easy and fast system integration. Its tiny size and fow
power consumpticn makes it the ultimate choice for even
the most demanding applications,

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

Applications

_HVAC _ Test & Measurement
_ Automotive _ Data Logging

_ Consumer Goods _ Automation

_ Weather Stations _ White Goods

_ Humidifiers _ Medical

_ Dehumidifiers

Ordering Information

Part Humidity | Temperature

Number | 25CUracy accuracy | Package
[%RH] [°C)

(SHT11 | 435 |+05@ 25°C | SMD(LCC)

SHT15 120 [+04@s40°c |SMD(LCC)

(SHT71 | 435 |+05@ 25°C | 4-pin single-in-ine

SHT7S | 2.0 404 @ 540°C |4-pin single-in-line

Block Diagram

Calibration 5CK
%RH . Memary

Sensor l _C:r DATA
Drgital 2-
5 D wire
W 3 Interface
& > ™
E A CRC
generatar
GND
< ]
emp VDD
Sensor — |

WWW.SEensirion.cem
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SHT1x/ SHT7x Relative Humidity & Temperature Sensor System

1 Sensor Performance Specifications

Parameter | Conditions | Min.|Typ.] Max. | Units

Humidity

Resolution @ (.5 10.03| 0.03 | %RH
8§ 12| 12 bit !

Repeatability 10.1 %RH

Accuracy (0 linearized see figure 1 :

Uncertainty

Interchangeability Fully interchangeable

Nonlinearity raw data +3 %RH

linearized << %RH
Range ' 0 100 | %RH
Response time e (63%) 4 s
slowfy moving air

Hysteresis +1 %RH

Long term stability|  typicat <1 %RHfyr

Temperature

Resolution 1004700170017 °C

1007[0.02[ 002 °F
: 12 14| 14 bit |
Repeatability 401 °C
+0.2 °F

Accuracy see figure 1

Range -40 1238 °C
-40 2549| °F

Response Time 11e(63%) | 5 30 S

Table1  Sensor Performance Specifications

2 Interface Specifications

vdd
r] GND
uC | DATA L"';; SHT1x
(master) ) {slave)
SCK L g
—
Vdd 2.4 - 5.5V

Figure 2  Typical application circuit

2.1 Power Pins

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

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

2.2 Serial Interface (Bidirectional 2-wire)

The senal interface of the SHTxx is optimized for sensor
readout and power consumption and is not compatible with
F2C interfaces, see FAQ for details.

'Relative Humidity absolute accuracy

%RH
+5 . J
PN sHTIUTY. T
+3 - \“ ;
v | oo . SHTASZS . /
1 -
0 T T T T T 717 %RH
0 10 20 30 40 50 60 70 80 90 100
1 Temperature accuracy
+*3°C —+ +54°F
t
+2°C +3.6°F
+1°C o +18°F
] s SHT15/75
0Cr+—rTrrr T T T T T T T T 7T T 0°F
40°C g°c q40°C £80°C 120°C
40°F 32°F 104°F 176°F 248°F
i 25°C (typical
+5oc Dewpoint accuracy @ (typical} +9.0°F
+4°C +72°F
+3°C +54°F
12°C R SHT11/71 +36°F
e e TTT————— = +18°F
SHT15/76 ~—~—-~--—7m~-
$0°C T T T T T 71T 71 %RH
¢ 10 20 30 40 50 60 70 80 90 100
Figure1 Rel. Humidity, Temperature and Dewpoint accuracies

2.21  Senal clock input (SCK)

The SCK is used to synchronize the communication between
a microcontroller and the SHTxx. Since the interface
consists of fully static logic there is no minimum SCK
frequency.

2.2.2 Serial data (DATA)

The DATA tristate pin is used fo 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. 10kQ2)
is required to pull the signal high. (See Figure 2) Pull-up
resisfors are often included in /O circuits of microcontrollers.
See Table 5 for detailed 1Q charactenistics,

I"Each SHTxx is tested to be fully within RH accuracy specificalions at 25 °C (77 °F) and 48 °C (118.4 °F)
¥ The default measurement resolution of 14bit {temperature) and 12bit {(humidity} can be reduced to 12 and 8 bit through the status register,

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

2.2.3  Sending a command

To initiate a transmission, a “Transmission Start" sequence
has to be issued. It consists of a lowering of the DATA line
while SCK is high, foflowed by a low pulse on SCK and

raising DATA again while SCKis still high.
DATA \ /

Figure 3

"Transmission Start” sequence

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

Command Code
Reserved 0000x
Measure Temperature 00011
Measure Humidity 00101

Read Status Register 00111

Write Status Register 00110
Reserved 0101x-1110x
Soft reset, resels the interface, clears the| 11110
stalus register to default values

wait minimum 11 ms before next command

Table2  SHTxxlist of commands

2.24  Measurement sequence (RH and T)

After issuing a measurement command (‘00000101" for RH,
"00000011" for Temperature) the controller has to wait for the
measurement {o complete. This takes approximately
11/65/210 ms for a 8/12/14bit measurement. The exact time
varies by up 10 £15% with the speed of the internal oscillator,
To signal the completion of a measurement, the SHTxx pulls
down the data tine. The controller must wait for this "data
ready” signal before starting 1o toggle SCK again.

Transmission Start Address="000"

oata N/ \
sk /N /N

Measurement is finished when the
_ SHTux pulls down Lhe DATA line

DATA

sok ij \NAVAVASAVAVAY:

rASE2

CRC-8 Checksum

DATA —/_\_/_\_/:

acl\

sck AfL’ Y / \_ Kf\/ \\j1

M3B

Command='00101"

//_ L—/—\-/
FAVAVAVAVAVAVA

.‘\‘ _/’f,‘ \ ’,“[ \\ f' \ J“ .\\7 - j” _\

wait fnr next measurement

Skip ackncwledge 1o _
end fransmission A

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

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

Warning: To keep self heating below 0.1 °C the SHTxx
should not be active for more than 15% of the time
{e.g. max. 3 measurements / second for 12bit accuracy).

2.2.5 Connection reset sequence

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

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

e

Transmission Start

DATA

Figure 4 Connection reset sequence

2.2.6 CRC-8 Checksum calculation

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

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

. Bold = SHT 1xx controls DATA fine
& Plain = uC controls DATA line

Measurement
cv c? aci\ ~55ms for 12 bit
AN ~41ms for 8 bit
(AR o N
Skip acknowledge to end transmission
f na CRC js used
12 bit humidity data {fna N '

ﬂx

L58

Transmission Start

’ N ¢

Figure 5 Example RH measurement sequence for va!ue '0000 1001 ' 0011°0001"= 2353 = 75.79 %RH (without lemperaure compensation)

WWW.SEnsirion.com
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SHT1x/ SHT7x Relative Humidity & Temperature Sensor System

[
s i

wait for data ready

f——j\ﬁ
A T T TTTTT | T T %|HHH%§PH|1|:6
AMMEEEEREEL 0, | MSB 8 | | 8B g9 Fhecksym | [ e
;_Y
Command

Figure 6 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 detaited description
is available in the applicalion note “Status Register”

N @[aTusT r o

RERREERE
m00000110

SEEEN '“\cn Reg .
Command
Figure 7 Status Register Write
\ I [ | :
,‘ﬂo 0001 L { MS e ch cﬁ&sum'%
0 L EE P
COmmand
Figure 8 Status Register Read
Bit | Type | Description Default
7 reserved 0
6 [R End of Baltery (low voltage detection) % | No default value,
0 for Vdd > 2.47 bt s only
1" for vdd < 2.47 updated afer a
measuremenl
5 reserved 0
4 reserved 0
3 For Testing only, do not use 0
12 ) RMW | Healer 0 |off
{1 [RW |[noreload iom QTP 0 | reload
¢ |RW | 1'= Bbit RH/ 12bit Temperature resolution | 0 | 12bit RH
‘0" = 12bit RH / 14bit Temperature resclution 14bit Temp.
Table3  Status Register Bits
231 Measurement resolution

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

2.3.2  End of Battery

The "End of Battery” function detects VDD voltages below
247 V. Accuracy is 2005V

2.33 Heater

An on chip heating element can be switched on. It will
increase the temperature of the sensor by approximately 5°C
{9 °F). Power consumption will increase by ~6 mA @ 5 V.
Applications:

By comparing temperature and humidity values before and

' Parameters are periodically sampled and not 100% tested
@ With one measurement of 8 bil accuracy without OTP reload per second
B With one measurement of 1Zbit accuracy per second

after switching on the heater, proper functionality of both

sensors can be verified.

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

Warning: While heated the SHTxx will show higher

temperatures and a lower relative humidity than with no

heating.

2.4 Electrical Characteristics'"
VDD=5V, Temperature = 25 °C unless otherwise noted

Parameter Conditions  [Min. |Typ. {Max. Units
Power supply DC 24 5 | 65V
Supply current measuring 550 pA
average 22 | 288 JA
sleep 031 1 |pA
Low level output voltage 0 . 20% |Vdd
High level output voliage 75% £100%|Vdd
Low fevel input voltage  [Negative gaing: 0 | 20% |Vdd
High leve! input vollage |Positive going | 80% 1 100% Vdd
input current on pads , L1 A
Output peak curent  |on ! P4 mA
Tristated (off) P10 pA
Table4  SHTxx DC Characteristics
Parameter iConditions Min |Typ.|Max. Unit
Fsck [SCK frequency |VDD>45V 10 {MHz
VDD <45V 1 '‘MHz
Trro |DATAfalltme  |Cutputload5pF [35( 10 | 20 ins
Qutput load 100 pF | 30 ¢ 40 | 200 |ns
Tew  |SCK hiflow lime 100 ns
Ty  |DATA valid time 250 ns
Tsu |DATA set uptime 100 ns
Two DATA hold time 010 ns
TrTr |SCK riseffal time i 200 ns

Table5  SHTxx /O Signals Characteristics
TCLH |- TR e
— FscK -—
i \{ TN a
SCK ,,,J ‘\ S T’ B
— | Tyt .
- THO
- TSU -— -
DATA ) ( A
Figure 9  Timing Diagram
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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:

2
RHI‘mear =Gy +C; 'SORH +Cs5 .SORH

' SO C1 cz 3
12 hit -4 0.0405 -2.87 106
8 bit -4 0.648 -7.27 104
Table §  Humidity conversion coefficients

For simplified, less computation intense conversion formulas

see application note "RH and Temperature Non-Linearity

Compensation”.

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

T
i ' i H
' 1 i ! i
: 1 t i : l
] R e S S N
1 : : ‘ \’
BO% e e e ]
= = b ' 1 [
o t 1 1 [
= L 1 1 ' '
A40%F - -k e T o b i ]
| : | ' :
! L 1 1 1
20%F -~ e e e — el L
1 1 | r i
1 1 il | b
1 i 1 { | t
0% " H N i M L
0 500 1000 1500 2000 2500 000

SORH sensor readout (12bit)
Figure 10 Conversion from SO« to relative humidity

3.1.1 Compensation of RH/Temperature dependency

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

RHie = (Teg - 25)e{t +t, *SOgy) + RHjes

SOrH t t2
12 bit 0.01 0.00008
8 hit 0.01 0.00128
Table7  Temperature compensation coefficients

This equals ~0.12 %RH/ °C @ 50 %RH

' Where SOrx iis he sensar output for relative humidily

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
femperature;

Temperature = d,; +d, «SO;

VOD| di[°C] | di[°f] SOr dz[°C] | dz2[°f]
5V | -40.00 | -40.00 14bit 001 [ 0.018
4V | -39.75 | -39.50 12bit 0.04 | 0.072
3.5v| -3966 1 -39.35

3V | -3960 | -39.28

2.5V{ -39.55 | -39.23

Table 8  Temgperature conversion coefficients

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

3.3 Dewpoint

Since humidity and temperature are both measured on the
same monelithic chip, the SHTxx allows superb dewpoint
measurements. See application note "Dewpoint calculation”
for more.
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4 Applications Information
4.1 Operating and Storage Conditions

(%R
100- -\ . .
\Maximum operating
80 \\ conditions
60~ Normal operating \\
40 canditions \‘
20- Y
! $[°C}
04 T T T T T 1 'TL’
40 20 0 20 40 60 80 100 120

Figure 11 Recommended cperating conditions

Conditions outside the recommended range may temporarily
offset the RH signal up to £3 %RH. After return to normal
conditions it will slowly return towards calibration state by
itself. See 4.3 “Reconditioning Procedure” to accelerate this
process. Prolonged exposure to extreme conditions may
accelerate ageing.

4.2 Exposure to Chemicals

Vapors may interfere with the polymer layers used for
capacitive humidity sensors. The diffusion of chemicais into
the pofymer may cause a shift in both offset and sensitivity.
In a clean environment the contaminants will slowly outgas.
The reconditioning procedure  described helow  will
accelerate this process.

High levels of pollutants may cause permanent damage to
the sensing polymer,

4.3 Reconditioning Procedure

The folfowing reconditiocning procedure will bring the sensor
back to calibration state after exposure to extreme conditions
or chemical vapors.

80-90 °C (176-19a°Fy at < 5 %RH for 24h {baking) followed by
20-30 °C ro-50°r) &t > 74 %RH for 48h (re-hydration)

4.4 Qualifications

Extensive tests were performed in various environments.
Please contact SENSIRION for additional information.

;Ehvironment Norm Resultst!)
Temperature JESD22-A104-B -40 °C|Within
Cycles £125°C, 1000cy Specifications
{HAST JESD22-A110-B Reversible shift
‘Pressure Cooker  [2.3bar 125°C B5%RH |by +2 %RH
Salt Atmosphere  |DIN-50021ss Within Spec.
Condensing Air Within Spec.
Freezing cycles -20/+90°C, 100cy Reversible shift
fully submerged  |30min dwell time ‘by +2 %RH
Various Automotive DIN 72300-5 Within
Chemicals Specifications
Cigarette smoke  Equivalent to 15years |Within

in a mid-size car Specifications

Table®  Qualification tests (éxcerpt)

4.5 ESD (Electrostatic Discharge)

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

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

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

4.6 Temperature Effects

The relative humidity of a gas strongly depends on its
temperature, It is therefore essential to keep humidity
sensors at the same temperature as the air of which the
relative humidity is 10 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 14 )

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 filed epoxy for electronic packaging (e.g. glob fop,
underfill), and Silicone are recommended.

4.8 Membranes

A membrane can be used to prevent dirt from entering the
housing and to protect the sensor. 1t will also reduce peak
concentrations of chemical vapors. For optimal response
times air volume behind the membrane must be kept 1o a
minirmum.

4.9 Light

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

4.10 Wiring Considerations and Signal Integrity

Carrying the SCK and DATA signal parallel and in close
proximity (e.g. in wires) for more than 10cm may result in
cross lalk and loss of communication. This may be resolved
by routing VOD and/or GND between the two dala signals.
Please see the application note “ESD, Latchup and EMC” for
more information.

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

( The lemperature sensor passed all tests without any detectable drift. Package and elecironics also passed 100%
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5 Package Information
5.1 SHT1x (surface mountable)

Table 10 SHT1x Pin Description

5.1.1  Package type

The SHT1x is supplied in a surface-mountable LCC
(Leadless Chip Carrier) type package. The sensors housing
consists of a Liguid Crystal Polymer (LCP) cap with epoxy
glob top on a standard 0.8 mm FR4 substrate. The device is
free of lead, Cd and Hg.

Device size is 7.42 x 4.88 x 2.5 mm (0.29 x 0.19 x 0.1 inch)
Weight 100 mg

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

5.1.2  Delivery Conditions

The SHT*x are shipped in standard IC tubes by 80 units per
tube or in 12mm tape. Reels are individually labelled with
barcode and human readable labels,

-

—
Laader Tape

Components
S00mm minimum

1raiu 1_qx
300mm minimum

Cune Tope

Cove Taps

Figure 12 Tape configuration and unit orientation

Top View Side View
{0.07)

o

Pin |Name | Comment Ty 8.1.3  Mounting Examples
1 |GND Ground membrane
.2 |DATA | Serial data, bidirectional J housing N, housing S
3 [SCK___ | Serial clock, input ir SHThx T‘\
4 VDD Supply 24 -55V
NC Remnaining pins must be left unconnected

Figure 13 SHT1x housing mounting example

-
1
- -

\ Slit o minimize heat

m-.f.-all_‘ R i
2 transfer from the PCB

P

[l
=
=
=
z
=
=
]
-
3
£

Figure 14 SHTtx PCB Mounting example

5.1.4  Soldering Information

Standard reflow soldeting ovens may be used at maximum
235 °C for 2C seconds.

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 o rehydrate.

Please consuit the application note "Soldering procedure” for
mote information.

Recommended PCB Footprint

: : o
I - 5 7
iy Y W 2 W
ol o 1 £ : =
ol S iz s vz
32 538 £ b -
- 2%, B %
L NG 1 ) o H !
Pleg i a e
| "‘—F: 1 55% § %
‘ | ma ] '
b S I
243 .
Lo aclval size ; ((‘;1%3?') "3"484@@'"(; 687'
... A88i019) Tl T0s @2igy T
Figure 15 SHT1x drawing and footprint dimensions in mm {inch)
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5.2 SHT7x (4-pin single-in-line)

‘Pin Name | Comment
1 1SCK Serial clock input
2 VDD Supply 2.4-55V
3 |GND Ground
4 |DATA | Serial data bidirectional

Table ‘H SHT7x Pin Description

5.2.1 Package type!

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

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

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

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

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

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

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

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

sD?

Figure 16 Tape configuration and unit arientation

-l

Traid Tops
300men minimum

Laader T
Components o

5.23 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 24h to allow the polymer to rehydrate.
Please consult the applfication note "Soldering procedure” for
more information.

' Other packaging options may be available on request.
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Figure 17 SHT7x dimensions in mm {inch)
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6 Revision history

! Date Version Page(s) | Changes
i February 2002 Preliminary | 1-9 First public release
- June 2002 Preliminary Added SHT7x information
March 2003 Finalv20 (19 Major remake, added application information elc.
Various small modifications
: V2,01 1-9 Typos, Graph labeling

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

www sensirion.com/en/download/humiditysensor/SHT11.htm

7 Ilmportant 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 personal injury. Failure to
comply with these instructions could result in death or
serious injury.

Should buyer purchase or use SENSIRION AG products for any
such unintended or unauthorized application, Buyer shall
indemnify and hold SENSIRION AG and its officers, employees,
subsidiaries, affiliates and distributors harmless against all claims,
costs, damages and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claim of personal injury or
death associated with such unintended or unauthorized use, even
if such ctaim alieges that SENSIRION AG was negligent regarding
the design or manufacture of the part.

7.2 ESD Precautions

The inherent design of this component causes it to be sensitive to
electrostatic discharge (ESD). To prevent ESD-induced damage
and/or degradation, take normal ESD precautions when handling
this product.
See application note °‘ESD, Latchup and EMC" for more
information.

7.3 Warranty

SENSIRION AG makes no waranty, representation or guarantee
regarding the suilability of its product for any particular purpose,
nar does SENSIRION AG assume any liability arising out of the
application or use of any product or circuit and specifically
disciaims any and all lYability, including without limitation
consequential ar incidental damages. "Typical” parameters can
and do vary in different applications. Al operating parameters,
including “Typical” must be validated for each customer
applications by customer's technical experts.

SENSIRION AG reserves the right, without further notice, to
change the product specifications andfor information in this
document and to improve reliability, functions and design.

Copyright® 2001-2003, SENSIRION AG.
All rights reserved.

Headquarters and Sales Office

SENSIRICN AG Phone: +41(0)1 306 40 00
Eggbduhlstr. 14 Fax: +41 (0)1 306 40 30
P.O. Box e-mail: info@sensirion.com
CH-8052 Ziirich http:f/www.sensirion.com/
Switzerland

Sensirion humidity sensors are available from:

find your local representative at:
WWW,Sensirion.comifeps
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