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ABSTRACT

This special project is studying about construction of liquid level measurement device for water
saving application in sanitary ware by using ultrasonic technique. The studying is divided in 2 steps ,
first step is a set up device in ranges of 5 — 50 ¢cm and measure the traveling time of ultrasonic wave
between ultrasonic transmitter - reciever and liquid surface. Microcontroller is used to calculate the
level of water and display its on LCD module. Last step, device is installed in sanitary ware by divide
the testing level in 3 levels. First level at 10 cm is general cleaning level, second level at 15 cm is
cleaning of urine and final level at 25 cm is cleaning after stool. Microcontroller is used to detect

selected level when selected level is reached , LED which join with microcontroller are bright.




2

anssudszms

y d 1 ‘ ar 1
TnssnufiriiduieganTu1ddaed isennns18Sunnueynsizvnnynaanaiwshy

or :rp?I 4 T o 1 ol = Y :l":i e -] -
AatifTsmannnsdomse dnvegy  e19138NYSnp Tnssufiesiin IvnSaununth

1 »
uuamsteriumstne luswazdeavesInssnuiim doyad1eq TufinuTnssamuimy v

[ = o - :i o« a Sl [
muﬁﬂﬂmumaunuﬂ‘mmsmmﬂu'ﬁ'aqmm'[ﬂ '.m1umﬁy'nmmiuuuzmuazlﬂuu nu

pr0siynviuilinseusudinouaneaszornm 4 Uamdsesdwll aedeRdndlssynd
- « a -t - =, P t d, 2
nazInomaad darumaTuloinizsomndudgammsaanszis andndivdoices auzi
[] » »
waovaey amvudunsufusdflovdy  weumawisudriildiimneiedniyinsuaznis
g L o’ o A |
aisadin vl inngiileluifesd duduludndeiunzsadninfnemudoasiumaly fin
A ¥ &a o« o 3 . - ﬁ o ﬂ -
Woun Yo yanau Adeduitiamedluiuanmsnarwdlunmdtuiiuanueinaon
szuzafikIL

J ¥ J ' 1
gamoilvenstuvsunszgayns v ldnaumuaz lldnauudaeleess

& oo U4
HIHTMIUTIIO WINHAIL

- - U4
wegagal Insd




713Uy

unfagonyiny
UNAALDNHIBING N
findnTsuszme
sy
MIURYAITN
gy
wni 1 umih
1.1 anuihunves Insanuiien
1.2 Saqlszaan
1.3 YBUWAYDINITINY
1.4 YumsumyIoung3insduiiuamny

1.5 wanmaes 14y

unil 2 nquHuazudnms
2.1 HARMITATEAL
2.1.1 35n13dasedu
- [ o .
2.1.1.1 n3dasean Iaunse (Direct)
=, o w o -~ o
2.1.1.2 Fimiaszau Tasvdnmimamemans
» | 4 »
2.2 msaadeyagilnsalfainiuiazmisdads Toguins
2.3 nénmsveanisdareduveayaginsaidasydy

2.3.1 goad1 Tariin (Ultrasonic Wave)

wnfl 3 TR uiuanise
3.1 msthenweansesdloTasedudrogand il
3.2 ManMIMINIUUDINT
3.2.1 HaNNIIRIIVBI NI IRy
3.2.2 ¥ANATINIIUVDINVIVOINATUT YR

31.2.3 HanmsThauvesan luInineu Insamefuazd nmuaama

2 P» I® & D

[ ST S R S

O O N

8!
11

18
18
18
19
21




131ity (Ae)

3.3 msmiagves Tudsunsu

YN 4 Mnaasuezeisiona
4.1 m3naaoa | uaINveeI99s
4.1.1 gamvesnesnndidygaw
4.1.2 A0 MR TU A yg
4.2 manaaosludmeams set gunsal

4.3 namaanludwmni i audunisiaseaunw ulogqudadt

un 5 apluasdoiauouus
5.1 ajUranImAang

5.2 uumi lunswann Inseny

10AT13 01909

NAHUIN

21

25

26
32
36

38
38




MIUYAITN

J + ar J v L

M5N 4.1 paasnusdu i mannseudfudyga

oA v 4 .
HAZNR I TV IUA R R IR NTSHEN TR

J y d.l ‘ ] ar -

@137 4.2 uaasmszzn i in 1ddued ellonSoufsudurzuzeds
o d A aya

A13199 4.3 uemanedu dAunInnmIfu

O Y A - -9
WisuReudunanaaulfiaunieesa

4 : lo i . -
A9 4.4 umAsTz oz N Ta WdAunTeslanSvumsutussuz e

34
35

K13
38




Mgy

:! 9 1 [ 4
UM 2.1 nermanisedumisveslogdust
] »
11l% 2.2 uamsmsAadandves logquias
4 o H >
71lh 2.3 ugmsmsAadaneszmiwes loquiaat
A - : ] b -
114 2.4 urmsnsAndamenu Toguias
= a o : o o
117 2.5 uamanisiindamaszinodiudives loguiug
l:! o~ Uv o
71/ 2.6 n1sdads ladawduniunaulodaw
] o [
U 2.7 AedsgagUnselfaimin
P - u‘: o o a“ w e a [ 4
UM 2.8 uamans@adsdanniiudrivda loguiam
P - o e o o
117 2.9 nsdadsenuiAdugandallaila

[ d
L d L]

4 v w o o
3% 2.10 m3dFudsszmniludaimi
= o A -
319 2.11 urrmsuan@nisazfouvesntuiiio
& A .
1N 2.12 yerasmsunsnIzIsYBIRtULEYe

o Y - -
31l 2.13 () Tassadanieludagaai Tstianswad nwed

o d a
nuuile TediAansanldmymsiia

.'- d o L LJ L] : 1
51l 2.13 () Wiefounssruldfuduszdh Iisumsivsiinlnse Tl

s qua A -
mivifandudviganiiledenssne i luen

IJ e L] L4 Qr =y =
7171 2.14 urasiaetumsdioudydnualvesgand Tetians wnd uzed

HUUAS A

317 2.15 ummamniiansdaszAuvesvsamnidrsgansilasdin

;ﬂﬁ 3.1 venlaszunsuuanimhou lnvsmeuniaaiiotasedy
317 3.2 2esmndevasgandi Taiin

314 3.3 nesmaTuvosgandlaiin

71/ 3.4 Flow chart urasmsianves Tlunsu

11f 3.5 mmuanergesildlunsdnm

zﬂﬁ 4.1 yaAsdnumen 13 TadayqInen NESSSP Ay Digital Oscilloscope
714 4.2 uernadgygnanaud 40 kaz #18vnToFies NESssP

317 43 umasdnuazms fadygraiianaseuidganii Tsiinday

J o L4 d. 1 s 1 = &u
11l 4.4 nansdnumzdygianas oudadgani Tatinh iade

Digital Oscilloscope

14

14

15
16
17
18
19
21
23
24
24
25
25




U3y (o)

11Jﬁ 4.5 ugasdnuurmsiadygnafianaioudafy
unziruasesvnedaygy i
11Tt 4.6 uaRsdgygufianni o iuunzaessvedygafiszos 5 cm
;ﬂﬁ 4.7 watasdyguiinnnseudiuung e sunedygadiszes 10 em
11Jﬁ 48 usadggaiianalsuiaduuns s vnedygaiisses 15 cm
U7 4.9 unmedygaiianalsudaiuunsatesvedygyiaiiseos 20 em
it 410 uerasdggafianaioudafunnzises v dyguiisees 25 em
71 2.1 uarmedygufianaioudaiuun e sveodyauiisees 30 cm
717 4.12 usrasdygminnas oudafuuar s svs e U sEes 35 om
zﬂﬁ 4.13 uﬁmﬁ’tutumﬁnnm’auﬁ'ﬁuun:wnwuwﬁmtymﬁszuz 40 cm
1 4.14 uresdygaiiannieudafuuaz s vedygaifisey 45 om
717 4.5 ueasdygafinnassudiuunasesvnedyguisses 50 em
st 4.16 ammﬁnymxms'ﬁ'n'mqﬂﬂm"lumsd'mzﬁm.{1
51U 417 nsmluamsnuduiuiseninszsemeiia 18T efy

o o o Y ar
WO UARNMUNARAINYDINIT IR

26
26
27
27
28
28
29
29
30
30
31
31

4




1.1 anuuinuesinsanu
o 1 i o & w o o

Tagusaaividiuglnseldupiinafidigdnisanmuialudlogiuildsunnution
o 1 1 4' = ‘:; o 3 o = 3 A
fustisunsnay wssnndnig lFauiigngudnuuzuazldiwazain nmondinsdads s

»

vamsAnsMuMszuunsmeumeluveslnguduailuilepiuiuseinnududou
1 é - : 1 1 ﬂ'

Aoutinfos datildnisesnuuuuazfadslddn  uasnnisiiszuunisinuneluvesls
Y o= -~ t -’ v [ [ » = :
quinatiarududsussudinioni Tédwwansznudenslseundaniweinsssnma dud
o : - J ' - : = 1 o’
Aaminensti lusedumils ndnfie nahauvesszuyloguinshiuesiinsddenioon

- u" LY : o -~ o« [ Y] ] -:'b :
nndaihmuadignaiiniinsnalagudusimendamsIdouinlduds  Fwnnimsld
g iy L] -] 4 'y QF .’ ar : 1 (=]
s Torquiaait b dTnnuiudunsedea i ludnilu ToquAnsiiomn miulunsdive
msinaeen lngududidouns aunsoudinszismshnwazenlogquinet
[l »
mondsnsoy @aang) dudu uadullunsdivesnmswminideheunisfiszidn
aoludsveslogusiusiviuads
= - o’év - - ™ o I
Fanndodovveslagudusi Talinsfinwuazesnuuvszvunsiayves loguius
v A e 1 3 w w : - < J 14
uuy v etezdroldeusadlszndaninnnaiuazmunanuazananainiiude Tny
o Y [s v - 3¢ !
msfinyuazesnuuuszLuMITINuves loguiusinuy intszfins Mdnguinmedu
sdnnsefindiduniduniu Taslimsldadaddwdu 3 sedu Wedlumsi@enszduvesns
) w1 d’ a o n; J - 1 L
wanvesszuy feelilil fle sedufnitadiumsinueeszuyiudauvemsiany
azoaloguiusinoumildon  szdufideadumademvesszuniudmueimina
azera lnguinsinondsnsaoandeansuasssdufimdunshouvesszuuiudn
ar - 3 ar A A o - o’ o
voamshmnurzen loguiusinendamsaiomin daluusasszduesina1dinioluds
at ) Y ar ot o Jel o
vosloquinainandy  Taomondeannfonszdunmislfouiluinineu Inninednvins
¥
-4 b w 1 J iy - o -
ponuuuly  exdimssunaudntugani lalineonaindiduasaziounduidhunds
ar ot 9 o - A - o ar o 1 A o oo
Mfuuaziimisnunainiugand ledslflunmndaumdindunnddsdsdiuun:

HERINDTZOZNA RTINS A T INOBNHIULTAINARILES LCD A ldoenuuuls




1.2 nguszaad

4 4 .
L e msAnnszuuveusiealiofassRuunrmsilsegnd Wrnso1dnutaszdu

saufuszauduld

& o -4 ar o
2. l'ﬂBﬂ'lﬂ'Iiﬁﬂﬂ'IﬂQTSUUﬂ'ITJﬂizﬂ‘UMOQ‘UBQLHﬁTI

A o A » L
3, I.W?J'V'I'Iﬂ'liﬁﬂ‘hl'lﬂ'lSﬂﬂﬂllUUT:‘,UUﬂBﬁmiﬂﬂﬁﬂiﬂia‘iﬂﬂﬂjﬂiﬂtNl‘Hﬁ'J

¢'| ™ o o J. ‘i ol [T
4. mamm:ﬁnmunzimswwHnn'ld"ammmammummmams:au'um'ummm

1.3 YDMUNVDINII IO

1. Anynguiunzrdnnisussnamaniveslnn

ol o : A. - o [
2, AntnqufuasndnnIfuguueunindiodasedy

3. ﬁﬂ'ﬂ'IYIt']H!?]lLﬂ:Hﬂﬂﬂ'IilﬂU'Jﬂ'lJﬂ'I’EIOﬂlI.‘U'U'.iz'UUIMﬂ'Jﬂ Sxﬂ'l]‘llﬂﬂlﬂd‘lﬂﬁ

a. aynan1sfinm

:J [¥] -1 | o,
1.4 YuneuN13otuas I BN 31U

%$79781

VUADUATTAUT U

WYL - QU

W.A. 2549

- o & oM a &
- Anumauiunzvdnnisvsunissilefasedu namaad
voalun

- ﬁﬂlﬂ'Izﬂﬂﬂ’]i}]‘ﬁ'izé’ﬂ‘llﬂﬂmd‘lﬂﬁ

AINgINN — TanAn

W.H, 2549

- Arumguuasndnnsesnuuuszuuns aaasmsada
HUUEINBINUNITUBITEUDVBITEILNTT RS ERLIVOIVEY

na

fuou - gainy
WA, 2549

»
- MMsARR s UL Tasduvesel Inauazdims

NATDLITUL

WOASAMOMU - FUIAY

W.H. 2549

- ARYIATIETHAN 1T OO ML TS UL

UNTIN — QUATHUE
W.H. 2549

- fmsapluanisfnui Tns sy




1.5 nafimahez1ddy
1 inudnrudilufnsuszyunis faszduvesvss na Tnumildiniesledaszdy
2. finmudnnudfurumaliggndnudagvun imngdunis$audssam
-+
ou'ld
Q Vil - - - - A - o o 7
3. MldTinnudiiudn lunsfnsdundmoufineadunisde inszduszianseg na

Ff'lﬂ'ﬂ{'UBQ 'l‘Hﬁ ATsEBNULUISUUTITINGG flnun




uni 2

(¥ dni 4=; k4
Hannnunznqngmnﬂwm

2.1 napmsinsziu
4
Tunuganmnssufisuynlszinniinuiassduunsnagdooue wu msiaszAuiniy
o’ - - - a" ar 1 : & v a [ H
itudadn msdassdminiundeduvsanissoud TaverfunisTad0is Tnonse Hldganes
-y -, . . A = b 1 T o or A 9
wIeAnTAn (Dipsticks) Fuiluiimstauvndien widuiiunisdaszdulunisuzniinudu
- ﬂ.ﬂ » » A 1 A L
Q9 gungiige Wumaniifiduasie nTedeanisdygraszduine 114 uaisd 9oy vy
4 or v oo o ar ' ¢ o 4
Womsauu Tuiina1 dall esldn1sin Inonsa 18 sxfoalssgnandnnisinemansd
& [ - » o [ '
puqnsae el numsiaszsuusigraniunujanung
2.1.1 FEmsinszduniaiiuvdnnisIngie 1esalszian fie
Al - . -d.-.' - 3 A ﬂ.- L1
2.1.1.1 3m33nlaunsa (Direct) WuTTMsendn $10 uazidfedold nilldeglu
PogtiulAud Anedin, nuunszenusassAuuazinugnoey
ay, -
n. fing@n
J L J » ' b -
Anaan JufuTavendidavenseduiluszezq druivguadlinsezquves
- : * ' .' w Y (4 o .' ar -
veamaneylunivusiiug vy sr1niniuniesvessosud msusiuiidudisesdiniy
v oM & » 1 i o Yy - w 4 -l oy
waefumieadninaden su iy veanarfidesnisTaszduezdedinnunilaunzssined

t » 4 ¥ ] t » 1 ot o L J
fszdunuendiulnges livenflufunvudssveniiuszfy gaga uaz drge drszdy

.’ o o ' t JA + = w A [ Y y LY A r -
dnuneglusniitednn@msimtegdninsifiniundeduveuniosdninauasminso
- P4 - P ¢ ) - & o | - w
Jrsednisialna anmdessud $rnnma@uniniunasdunias l denasszisfe
vazroad liSaszduesdesnaad T I gauasnorsmdsesnuingeg edltiduadiy

vauhl

v, n3zenttd 218932 (Glass Gauge)
- A-IJ [ o
nszgenuasszduiiuiInannsogrzduveanarldlasass 1nnduneus

fungadn unufisvamnialfauiddumesifinnudunazguugiq iou lunleudss

] 4 o
o ]

[ 4
(Drum) voaniie 10101 (Boiter) A1s8MTzAVLz0 M TAIRN 1L gaRARAsNTZORUBI ST A LM T
Hhosmigizaulugafiviseen Tend2da wiu Tuearauqu 01018 Tae1d Insimizees
A ] ] -~ o‘:l w1 [ - 8
fa o Iddwdemsfiadnaziasadvdeonis v nrvenuesszduszgadadainieuen

» »
ayuz Indrlatimednuunsd i edadmiisenva Rosnsdoniga nssen




uduesszduiniwonmudnuoe Tnseerd 180y 3 wuvfe wuuviouda (Tubular  Glass),
uuuurudS sy (Flat Glass), uasuuuatabugos Multiport)
a. uwunuailuyes (Multiport)
ﬂ o [ -l a ) Y
MuuyviminsdmivvsanaaniinnuauissgungligeTaseniz nolu
[ 1) » [3
YosgszAufinsadugdy ywidesmigrzdusdnduriuud Bidusen szdufiegsenin
] : v o A wi ] [ ar s Y o -l 1 -
veesezued limu meldhvasmdunaizduldlidfadmuafiveswounniuazaun
»
Wuvorinlfuandaduesaganu Tnoldvdnnisiniuoueralunimaz luenisly
) ) »
mioufudszaeutusesnshudugdtutminmilewnlisy dnlnglindmualil i

»
wiovoanantufiBoroinimio o ududuas

3. gnoew
o [v - - - o ma 4 da o o
MITAIZSAVVBVBUN AN HONYINAGABNITH A AL MTTassiuves
- A - - " w
veunaa lavidgnassianinndsuf lunuiRavesgnany (Float) nTesiauuugnase (Float
J » 1 3 o i
Type Meter) (Jwinsestafill Inssadadiog awnseldldduouluanimiliguugiigs uas
moldenmaudugas Hoaemsls azaanaon131uuAs (Calibrate) i1 Muifivansags
msinszdvlaugnace lunisiaszdvvesveanailavedonisasedavesgnase msfign
A ' - 4 da4 ¥ e
aoutnsanes 1Aiefuuvsamral weasiussfinaaandifodminuesgnasedagn
o &t A e e da & t e o
nszidaoussfagaunalon ezdesliniiidiniminvesveanaffilFumanihfuduiign
4 » o 4 44
apgauluveamad WeszAuvssvsanafountiassz i Idgnasuniounitu-asanly
- 14 J : A -' + - - Y]
A0 Teeusareunuin lunwanaieuendiszdu 14 Taumsusnizdusinuendisiing
v 3 Y [ - ] ' wr
a1aq u m3 Mdimbdszaeunisssedu mslduimandaotunsemszdy uazmsdnu
saulumsermszdu Sludy
[ [ - ] P ' .
2.1.1.2 Fmsdalaslananminiaineimaniodradudgao dnferential) Tugnm
o ey ¢ o w . - ' w » H o .
nuiiilgwm wu asdaszamnlddulumayamziouian madaszduvesiiluniis 1
i o a o il -' e [ H [ [
fflanudusaz guvalitenugqumistewindesludasimuzeay niomsinszduvewms
» L]
o ey luduiu marflesdosorfundnmamainnenaadiden Wilegiuiiidegiu
NMIGATINATIY TAUA
- MANNITVOUSIALATAY (Force and Pressure)
-nwanmIna1vdh (Resistance, Capacitance and Conductance)
- HANNTIMIIAUNNVBUT YA (Ultrasonic)

- nAnN 15U (Radiation) IALRAFUWA 1 IUVBINT



- ".r for wr : - :.r [¥] d

2.2 mifafgngunsaidainihuasmsdnfsloguinm

:; J L - -

Vumesun 1 MIdRRTENITVUTNIALIR

oA vum Ri5 (@ % 17) dmfudszian Idainmi uazuuim R25 @1 17) sy
Usztnvrdenda

[] y : : - =T .’J - ] o ] [ -t T

NN YUIA 4 17 (MORIT 1 8.5 NTe Momanvas) TAUNRIB0E 2 %.1. Ao
417 100 .1,

> | .
vioszuwenie vua hivosndl @ 112 17 uazalsssusnseninvisinvesToday

Truasa

117 2.1 urmansnadumisvesTogdaat

by 1 o 4 .
Juneu 2 Aadsndanintinii

. o L Y-

|
Usznsugandadlailadudrdurieh@iimIon 19 (nrsdravieiamie ladamnalsn

moluvensulsenau)

d o 9
117 2.2 umnansAndandlves Togudnet

» *

dunsun 3 maRadannudawladu

1 1 : o 14dA & - :; -l
futasueanetma sedes lutufuinhwesung s Uszneuniiudau ladhu

o 4 ¥ y 2 y 4
dhiuvimba Taemistaganng waslunsdivehatiuvieRnddns 16w udeniiis nso




v ¥
nidivemannde a1s14da InuTasssuvimhisdeumsisenow) Tasligans luniualou
—_ 4 4 .
Tofawegasannmindumls aoatteaifivdouiudud W useamiiuouTodaw unsia

Wegluuavuudumis

P -~ oy 4 w
zll“ 2.3 uﬂﬁﬂﬂ’“ﬂﬁ‘YQ“ﬂﬁ:‘»U'\Uu“.lﬂq.[ﬂq\lﬂmdﬁ

g . vd & a
Juneut 4 AN antevenienatimduuiud

L) ] 1 » ] ] 4

i Tadwanan Taolddwmtggulofuassfudwmisusationnionld

. F . '

ﬂsznauuﬂauﬁmm'Juun:ﬁaﬂﬁﬂé"wmwuﬁduﬁﬂ N UATDIMUILASIA TN UININGD
- L v d A r - - o - ] - ]

lﬂﬁU?UB\IHﬂH‘H’Jﬂ&‘HnUHHuﬁ'Iﬂﬂ"l’JlﬂuuﬂﬂUﬂ nmﬂuowun:uﬂuuaoonmﬂunTnﬁ’moon

-] o J d‘ ‘ gl J ‘ L] )
unniwisaiambuiuinga assgairinioaus Bunzysenoud Iy assdumiaudy




- - 3 L ar s
!ﬂﬂ 2.4 liﬂﬂiﬂ'l'lﬁﬂﬂﬁﬂﬂﬂﬂIﬂfI'Uﬂﬂlm

: 4 o doa D
Yunoun 5§ SamToulodnunsfans

 J
drznsumiutududiusoursuusanatesnves Indw

1 » »
1 2.5 umasnsdadamaszieindhves Toqudust

Yunsun 6 midadsloduiumihnloulod
»
UsznsuTodwdumdulaulodn Tneldgudnatamaiisenveslodiuasafuga
| I
] =y o L) ‘ =) -
quinmavenaime nauTnaluduuuveslodumagae g uvesTodmuuuaiindy

& o 2 ' =
#u dsznpuufluiaunuunziionta Taonstudrullonsrssgasuuiu 1l zusduiagn




¥

» J 1 L} b
aisieesge Do Toduhilonnoow Usenswhasoundiuta 1958 Tnusuuaassyu
Todau

711 26 ndadaladudumiuanToday

¥
donsse Y Tnsduieadasuumiutuly sem i Todauuanuaznas Hssdinh

A & : & v
asvaey ol TodwgndAadsldszdy

o) ul'l :.u a_ o LYY, f
YHABHTA 7 wﬂauﬁﬂm‘ﬂqﬂnsmumnm

] ¥ »
1191 2.7 Aadayaginsoifaind

RN U
1. Uszneuganiaingr fugiudrfaimi

L4 ¥ » [ 4
2. dsznouyamuieen fugmaheendsinii Tasliuuvehdudu Tdamnm

»
3. Usznougaduunzgnase hiugathasouveyamaiudh



10

N o' ~ W o’ - -_ e’ o A e’
4. Usznauyailanmi difudaimin dhmedagamaioenlssneudhfuyaiionai
t »
Taonsdfuszezmonaimuzaviicwsodalle gamaieenidetagndes
1 d » [ d b4
sahmoviotudes dszneuddreiuszningamaivduasganaioen @ndute
o ¢ aily 1 ' : g
faunlszianlesyarini Lilaoviotiude)
t 4 » | d ]
6.alszneugameid hdugamaindh unsthyatioatadaininlsznoumdr lifizta
»
VBTN

»
& s aF a

v
7ahfainminliznouidh u Aumiagardaimines Todaniuv uuaziatud

»
[ 8B e v W

d 1] [ o :
Mteataaduiunimoid e Ifutuasvreudaini 1 14 duuasedu

I ]

-

e

- 1 4
o o W e ¥ oo o 4

$1% 2.8 uaamsAndsdaint i iud? Taguine

:1 4 - :; : f at 4 g
Tuneui 8 miRadsmehadiiugandaitlatla

L d » L 4
Uszasumnihdadisundatiaila uazqinsalgaaidniuguindivesdain

y & o & a Y . A o P o & [ w -
ADINUU 'lJUUﬂa'JUHEl.lﬁUNU liﬂﬂ'ltﬂﬂ’ﬂﬂﬁﬂ'ﬂﬂ'li‘!? ATUNLNITINIBY 1‘]51.]5311911‘140?!510

| d »
o .

» 3 » T
arwIziase s sutlmgan1siadin divszdmhludiimh i idaszdmihwlinTomue

ld' ﬂ'- 1 ¥ L :
Az Pdumisd i luvesdain

< a & Sy o
11l% 2.9 andadimanhadhiuganduiiatla



11

z < v T o e a1
Yumoun 9 midfudsszdmiludainii

[] » L 4 L 4
119 2.10 m3diudsszduiludadini

Lot .' -~ o .’ ar Q’ Ll Qy A 1 ar
Lyageuszauhudaini Tnsmadlagandsnar i uoasg lodaw ihidhgds
1 4
imi eedoaldrzduninluna 30 - 60 Tuh
ol ot .’ ol :l o A a'
2. nifRelSusyauih 1 lvmathaumalsudiga (1) myunudunsdideafiuaui
a ooy o : 1 - o o q’ o
myuatdiy nsdindesanizdurh aamsiumunmd snsofussduhuuunen 180ge
a A P
71N uazaziduagenii
¥ »
3.n3@iAnInnlSuSaTIns Inavenhiidhgdsinh (WG mTed) 1Wnashnuuu
o A A W o’ 4!11
YSuings ) nyusmudunsdideens W Inadhd simivddwyumaudy nsindesns I
o n’ -] :
Tnarhdaiminiaiu
| 4
avnszauiih ldmasgm uanadise lifidsentam orvnaein lavdounuly veld

W UURW AN (10 A)

2.3 ninmiveamadasziulszneudioyngunial Aasiels
231 Qnﬂ{ﬂ"ﬂﬁﬂ {(Ultrasonic)

f. ﬁguqnﬂi’ﬂwiin (Ultrasenic)



12

4
n. ndugandlafin (Uitrasonic)
A ] - 4 U J 1 4 []
afugant Triia laglnAezlinudigandt 20 KHz Sudludniiyuyudhildduunssi
ar g o e s - o v F ] F iy -
szauAn i lifliad Tndiniu anudlunisundnszeisvesnduduilivegiveiaves
P ' T ' - v - ad 4 a4 o '
ntufgneaeony arumunniu unznulanguussdanmanniufoaudun ik
aduiitos fe Usingniselvesnisdu msiadusazfeuszifvafesduniuduves
@uaszszdunmduvsafios Jareandosfunnudunzsedunudumboveaiuan 14
fuinfigafinaiuh 1000 Hz
& & a a a d v o 1o a & =
dienduiivalinismdoud udiluannsznufudanans iwu fme wie Hufaves
4 - A ' 3 v
vaaval eziinfuidsaRsadudndoomniufinzgrudi ) ludsfavanTedanarauies

v o & ' ¢ ' F o i
TnuusdmIngazazRoundueennauiunit ieals (Echo) uaddu@viyusudnash

ogfudi susurunzessfiogedianaaun nﬁw&uqﬁ:qnqﬁnﬁmﬁouﬁmuﬂ Taviinnrzioy
Feadndouriniy fulszdninsganduifvevesaguilfansasidiussning i
vsandudseiigniagganiy fuftufimafnduideannnszny uensiniidulsz@ninig
qnnﬁunzq‘fua{iﬁ'vmmﬁmamﬁuaﬁueunzqmﬁuﬁvmﬁﬂfm wu Anvairfiuia Amamun
uaznudavesiog msazeuvemiudsiifnyaswuResunsasfeuveua fie
YuANNTENL ~ yuashou
fnvazniasfeuveindudailofosnnsenveudifidnuasdunsinoy  An
'nNnwﬁsﬁau'i'fuadﬁ'uyumns:nu Yildifoansynween U lunimmiedneg ueiﬁmi’n"a’nqﬁ
ffumBoundudsdiinannsznuduingerasfousennanssuuediedisudion Kagl

#a2.11

Ay I 7
:::“/A"‘”

1 - o e =0,

o

transminted sound

r

\ z

raflacied
sound

particle size >1MA . . . 18A ) particte size >14A . . . 18A

- o 4
119 2.11 usmagumnidmaazRouvsanaudos




13

anuduvsaduafisonsinunasduila sziifiaansnszezneii@sadunisdin
Wesnndleszermelnatuiuiiudedfeziinnnty vingUlfl 2,12 fssezmar fusy
Foafifoify 1 vaefzoema 3 Auiudsarududh o v Fafu anuduvsadoss
annaduddensseszosnie (19 oails@umsiudanmagu funzons Torhiu

ermeszgngandy Tiha ﬂmﬁ'«‘md’mﬁ’vzqt:glﬁ‘u'lﬂ'lu;ﬂvnmﬁ'aqmmm‘}bu

s 3
| ]

o
(=1
1

Refative Suund Pressure, %
3
1

N
=
]

4
Y

1 & T
2r 4 6r Br 10r
Distance

A
Y

k]

o : 4
UM 2.12 ummamsuns I veInduidos

v. Mrwazdrfuganiiyiia
o . A . : 4
gunssifmwamamaiaulupltutdudhmdnunuenalasmaduldin ¥

MiAenfudoidiugoadr lninnsens il luemelduoulamdsamana iy
ﬂﬁ'um'lu;ﬂﬁu‘lﬁlfu fiteidunin andladianauedwed (Ultesonic Transducer) 1u
i]nqﬁ'uqnni’ﬂmﬁnmmuﬁuwa{ﬁnnwuuu{uag}ﬁuuﬁnm:m% wuufitenl$iumn
¥un

ysuaaurefuiiadlelafinanin  (Piezo-electric Transducer) Fautlnglthn
szrandanu Ilfhuasndaauniena Tnofinnuis Tnuudnefiegrimils

nsuraIvesyiauuni lnonTafin (Magnetostrictive Transducer) FaurlasTthin
'szn'hmﬁ‘um'l*rlﬂﬂu-uﬂmﬂﬁ'uﬁmmim'numwmunum%nﬁmwama'ﬁguaﬂ

nswranveriiadinnlnsnninfin (Electrostrictive Transducer) Faulnelilun
gyiandsa Inthiundaaunmana

dwmfunaunfuvedyiladisTedinanin  aoludigaairlstiansuaduresy

- - L] A L 4 L4 ‘ - - - - d
il Ivdaania wuuiil it luilegiudga T unsannfuan lussfuniiadaeg




14

: - H J - . |: 1
Uszaoudwiumsanisdmdoudiiolavziunivegis 2 wiudeWsomeneenn
¥ o o & & w -
dhuv 2 1 Fumsrsdisidssroviunnmaaniin 2 $u dsznudueglasnaliiala

Twama Iddhiiviemaas sdwiuasgals 2.13

TE

(n)

"y ———

e % (S 2 ]

d L - “~
1 2.13 (n). InsaeFaneludagoatr lviianswed e suuudls Todiany

sanl¥esiardin

J LJ 1 W - -] -' - r
i 2.13 (.deflouussduliundaniuszhfBumsasiiinlnses lumh

-, d =y
Minanduitvagnai latinnszew ) luene

a 2y 2 - o 1 .

dieliFy g uussruniAnas suTINBIvBITUm T linAglf 2.13 () szl
-’ ] at ¥ | - - n’
wums lndeunniedouvseluiirmalaniuuianazimmianmsnlasuulasvnaves

3 a ¥ - o - P 4'.4 .-i - L. 3
Fygnaniu q ildAansassaeimelssssuiadunaudeminutiderdudygoniy
sonly Tnona q Tuiduemynnesnuseamlszinu 10% veadds Ivhafloud Iy ua

v 4 o - -’ v A o o o - o
fduemyndsrgaganidsznaiisadisnnudvesdygrumsaduniuds Touuudsuily
a - & - & o 4 o ’
ANUINWAARWBITUTRVBIFUM ST WAL q daunanubou 9 Mdusmynezanas
' : v v Ao d o - o [ - o
nyn luhussnfufudielintuidoshlinnufasatunsiutis Truud
o o = - - o a_ . - L] ]

nsndnwesuuudloTedianniafilémswsiiin - (TofiduinunisioSoniiganin
Triinnsua@neshuuisiiing sxiieg 2 0w fie Aadan3e Transmitter unz d35u (Fu9)
W38 Receiver

o Y - -l a

fade  Aegani ladians e ugesngnoenuuunizesn i aadygna Infhi

1 or o A -d L} - -’ et 1 -

MWurdaiu Weenniflundu@sidugand 1 lailn wiwivesdansSande q duidudgilng

o -t o o o A o T

iy fegaah lriansunduweiigneenuuumnzeanhiinlawmdufuvdugaa

Hlwiinhuwmnnsznudniuesnuuiiudygra i wihiveswfulwdw q Audu



15

ﬂ’ - - W o« - - ool o - L A
Tulns Iy Sromgiinendsudydnuaivesgaadr lelianswuaduyesSalioudousuwii
voatufofuiudinsfGoudydnueldudiing Hidumiuidoudydnudduiulns iy
Aegalh 2.14

a
A

£ 0
& 0

-l [y ' ad v o - - 4 3 a
11l 2.14 urasirogunadsudgdnueivesgaad Tetansuadaeeiuudeg iy

- -y o - ol 1 [ -t ol L]
gaai lainnrurdurefuvuarniianddimiduzlnnnuie Truudididen
¥ L] J fd o 1] -3
Asua 23 KHz Yulylouds 40 KHz uanwuiiufutoshl 23 KHz, 25 KHz, une 40 KHz lay

- v Y ot - +
711D 40 KHz ufuiifionlffuunnfiqamzinmmedn

L.

$ o ] r o e

aufis Touund @audiidaaiutinuidedslidszsdniningegqe)  wos

J @ 3 ol o d

NIUEAUTes 40 KHz NflvioiuTaoia Tesranora vy = 1 kHz uasfluounind
(Bandwidth) Y3230t 4.5 KHz twmfudama unziiounauddizuiu 5.0 KHz imsudaduy

o 3 o o W ] [ [ v of 3 & 3 ] " oW W
sziuldIuounutvesdifussnfunivesdadsegianios e lWinilendafues
r ¥ [ 1 ]
munsedunnuivIvuaiioonunndf 18 druniwadnsesniviotulaoia lesny
1 4 []

wrwuannIsuANugIgA A lunund 20 v, dnfuvinavesdygrafissiieuidiv
- T - [ L 1 ] o oy L]
nimaAnzesAnisszegnisiudiadiiaduil unsgamgildnuvesdmsmndureinlseg

A 1U23-20 °C 09+60° C

»
- & 1] L - -y o J r
Mgt sunzdaTuseinem 19 d10a R T UNINNATING NAWHUAULUVINUUANUYSY
o L i J L
dads Tdsgunm 30° anuussvsantwiioangnaiosn hlezaananinuuaunuyssuna 10 dB

) L4 4 U “ ‘. L
uhwesdurtudndufsaadunlunuafidsaun Toinuwunuvedafu T sz 30




16

or o ) - : -

s TS evunausaduiieanufanasluyszuna 10 dB Frowudy datulunisldauf
J 13 5 L - J

r'ﬂ'un11muqm:uz1nn'l'u'nTmu#ﬁqmmmum'lﬁmmmun:m'Jﬁmq"luuu'Jmiqmm‘f'l
o - T o - ] a - 1

miuliunfigqa sd1lspamlunsdinegludesersssidivauunnduiduinuios e
' . £ o o o &

ndwFuagoad lailamunseastoududuns fiu unzdaghegnisludes Mldntudtvadn

Tumdiuldvani
-~ L +Lr ]
a. matinmiasraudisgonaiintin

o d . & 4 a d o a
3N 2.15 umaaszuufieguuiug mveaftesnzfou Fanswdausoinvmim

- o -y u'r tlﬂ. ¥ lﬂ. o or -Q- -
lﬂﬂﬂ')d\!ﬂﬂéﬂﬂﬂ\!ﬂgﬂq\!ﬂ’l'lﬂ115“8“50\1!’111 INTEAVYDAUNDI WUAIVOIUDUNAEM

v ow oo

¥ o & [V > -~ [ - - ['4
nummununumﬂznamﬁumnzm mﬁmwnﬂzmwnﬁnﬂz'ﬁnu ARUWTIT NI ffﬂ'ﬁl‘]ﬂ]’

L P

1 o or L o 1 o of o o A - J
Qnmmﬁmumméasﬂumﬁuuﬂwnﬁuoaﬁqm1mttn:nonumasmﬁmunauqnmﬂqmn'n

»
o o - 1

azfoundunt Tausdidaunzdafunagonasidrtuaniimofuratszor v 1awe001 (time-

. - a0 -y ' -l - - o A
interval counter) ‘3\,“3']5\!.']51““1“11]73"']1\“']“1“fhﬂnuQﬁﬂrﬂ‘ﬂuﬂun:’u’]n“Qﬂﬂrﬂ‘ﬂ

usngzAounduw e lmusashuiduaamissauvosveunal lunivuz 18 Tay

o

& o ¢ o ¢ ¢ & . - o o ’ I
luﬂﬂurf\,“ﬁﬁﬂtum'lm IRTHIABDTOTITUHL un:lUQUﬂfolﬂmﬂzﬁauﬂﬂlﬂnﬂﬂq’Ulfnurﬂas

THyANY
readout
#tho timer
A
tranamittsr signal
esciistor lock
_Aransducer
| = | suriace

U7 215 unaamniinnis InssRuvoaveunaIdugansi Teiin

-

a0 1 [ -] &
szuufoguunugusoufoirzfouss dasstemislugiveanuGvendudn

< & - o - & - Ly
a31 lainm ety anuRanaa lunmsiarunsanavu Taomsu)asuuydnivesquugiim



GINMBIANE N NIZNNTIMANTZN 17

» ] » » 1
agmeuen AnvRanamdulinmlndezeyi 0.18% #e °C Auiu szuuiiTaeialulaussy

¥ o o 4 o a
a2t Insuiagunglitkovarsmuasui nsgungsi

76649



unn 3

NTOONLBUHAZNIFIINIHYBSIDT

. 4 v
3.1 maiaveuniesie Taszaudmganileiin

18

indosflotnsziudaganii laiinofundnmsnmisasRouvosniugaadilaiia Fuiloan

Aﬂ L 4 ‘ ay, - o t
pIENUTABIvearad udrtunanniugrai lsin 1 ¥ lunnduni lndunindadads

»
dr5uduIntdivesnelulylnsnouinsained samiussorfomenuasniolu

s ~ e ad )
T insnouInsawmsifuiaunissauvesveuvarnumsndsuutns Tunsumasmaiiums

r r o P 4= - - : J
wiee LCD Tasszuzvinszwindids-arfugaailuiindurive sinardiganainse

I 'l o o - - s o
ﬂf'ﬁlﬂu'lﬁﬂﬂ 5 IHUALUAT llnzfzﬂzﬂ'l\lq“qnnﬂ"lu17“7177“%”15’]3 50 (WURLUAT TﬂUUﬁUﬂ

E 4
Tapzunsunisiinuveesiidudagy

— 8T

nael

dryym

NN?

nafy

4 Sy

CRRLRRTLRIN ] )

P o o A o o
;U7 3.1 udenlrezuasuumasmainam lnvsauveantoiednseau

3.2 NANATSNINUYEI07

3.2.1 ninmIMaves e InAgIdoe N

Microcontroller
Unit
MCS-51

SW1

Sw2

SW3

l

SBUAMIKGKRUY LCD

Tudmvesnndsfygsiganiiletin 21 oFoendannesiues NEsssP ifluda

Aufindyguindamioaniudyszum 40 kHz wennniimeluesdalszneylideda




19

Fumunazdufudszgdagui 32 Taodygranand 40 kiz REQNENBDNINITT 3 489
lofwof NESSSP

deléfyanunnui 40 kHz  ufa FygraesgnadeluFwnuudinnued
CD4011BE Farimihifuriad Insuuudinnez1dieniynoonuiman 3 Adedeiinsds
fyguaein 1 sl Tnsnou Insamediminfin 2 vesuudinnaSouaioumaiz on
vasaInsuuusing

Fogenud 40 khz eenunnuudinnes Wy I¥addygnugaadi lailn
YranfensdanduganiTaiineen U luenimiay InfivefvesuTnsnou Insmaefezdn

- . - - . e [ 4
wuredunaniuey madgaad Tednildnyaseesdagy 3.2

+5v

RS
2.7k , b U4A

oiIs @ &K
R8 2 TRIGng%UT 3 1 .
15k 8 | rResH O 2

TX1 40KHZ1
cs L NESSSP ~| 4011 = 140
0.001uFT c7
T 0.01uF

P1.05—
Ultrasonic Transmitter Circuit

d o
110 3.2 29smindsueagnad Tain

3.2.2 ninprsmhnuseamadutioe o

o - - - 4 -l A
dmfunmshinuvesninfudyyiuganirledadegila 3.3 Fueindo

- d‘ a » A o :r
fygravesgaad Ivlinfinsdeunsindimivesveuvar Fygiannedounduniiie

(14

2. L A

vuadnuin Sefrduilezdevndygin fygrufanaseudaiuganiiTadin vz
dannsvordgyana Fadulsesveedygrauvundums 2 en Tavldledoedueniives
LM358B Taufimanisniisarmavnedygiouihy 100 1 wasmnefiaosdidaswewdy 10
wir IS wues mvessruwiiv 1000 v Sadyg eyt 1 idovaeiudygn
31l land

faueiyngatisverssvnsdygrauzaadiduviunvensuds

J - - : - ar i
mAosilues BCs49 dansudgmasidifiozgnlfifudinindygiulfun



20

.. ] L J
TulnsnouInsaiand Taef nsuddmasiozgnludmisiivinennnmo ko niyn

3 - ) d
semnlugaanedn 1 vierthzinm +4.7v unzgnaelinv pr1 vedluTnsaeuInsninei1s

» ] v
vimiudislifygrusensinnssvnodnnfiviunvemswddmaed Mldnswuddoned

U . a s XY L4 o -
BQhJﬂﬂTJS'H'Iﬂ'.iSHﬂ n'u‘monmﬂmaquonqnwﬂu'inmauTmmnam:tﬂnuumnnaun

1 luaein o unzdludygaiiillulnsseuInsmes Tuuns I Inlwsimyaiu Tas

1 4
grnInlfumusnIavesnermniu 1RA2ed il Sumié

+5V
R1
AAA
M
c2 R6
_)I'_W 2 S Ry
L 1 W
0.022uF 10k s>-—‘(-)F)22IJF 10K
LM3588
RXi =+ cs R10
0.1uF 10k
+

R3
100k

é R4
10k
—P11

o
BC549

Ultrasonic Receiver Circuit

A L L. J
U0 3.3 2993nniuvnetiansd atin

Sn3nsueovea3ns (4)= 4, x 4,

Tog R, = 1IMQ
R, =10MQ
_ _( mn)
' lL1oMQ

=-100

&={&)
R,

Tau R, =100KQ
R, =10KQ




21

- A=(-100)x(-10)
A=1000

3.2.3 ninmainanvesdwluinsaeuInsanesuasadnuaana
dauveslulnsnoulnsamedfdonlélodiues ATs9ss2 %30
TuInsnouTnsnmeinszga Mcs-51 unfudmuguasinuveaniesileazsui o
fuuszdniesedsnsdunmvesintiuedmoly Mcs-si Tauslefinmsnanindiiv p1.2
Wiuimsdedgygnugondilein mluefizdumiuunzesfusunsziyn P11 veq Mcs-

1 »
51 fdounn 13 o Inllwefesngmiy nmivedsrevbinivislunsduamssesnig

» »
LY L] =

[ » []
saszozmandnlAduszorinssnindide-fugani Tailefuini ssdunbhn 141 oz
UARIANBBNUNIILE LCD ¥R 16x2 luniomuAiuags

q'u - 1 - o Y : - o L]
wenvniidalinisaeaintifontzdumindosnis 1dau Fauuseanmiueau
-~ J - 1] -»r » J
seay Taodiolulnsnoulnsaaosassduldntersdmhindents Aesnerasoonundae
J - J L] [-] 1]
LED uaaaotue daddreiuaiuais Tao LED tunumsiner 1 1¥nuds tu msiiilide

o a & o ° - . ¢
fuSimddmiunuguasiuuesihmienda

3.3 muitnwuvedldsunsu
o . o ah A o o o o ﬂ
Thsunsuilflumsdmusmaiinuesaniesiiods sudoudonnddutiuniulu
L + ! ) y ‘ -
sdunanunshsdenafoudids Taomahaullsunsuveuniealle srfsniniuvesnd
o 'Y - = - -
wos 0 Tnua 1t lagImiweivimsduswouuuydulede Tagh 1 uusSulanhia = 12 A
nl’-'u - - - o«
vossorrdnimmes TasmahauvesTsunsudmiisunniimsdadggmgaadTadn ndl
S &S w - w - o o o
wesezdurirunseialldyguazteunduuminvnlulnsnouInsamed Indiveitznga
a A o ™ » 1
1 Tasszoznoni InfwefiluMdgmirlddnnmszoenisde
1 i - F - P o
s ldnnmatuvesInfiued Fussoznaiiyldidturzesnmngaailada 1y
msiaum Tdnduaindadandifvesveanauaz sz toundud T luddy szezma
¥ L o oty [} o o A
serIRITUsvArvnvsavaani lnufuszduvesveaunaagaganszy 13fe so

»
wudaniuns saiumisnnussduveveanami 1dnneuns

D= 0.5vt
Tat D = szAUUBIUBUNDD
A o -
v =713 venfiudans Taln (340 m/s)

¢ = segzaa1n Imiweiiu 1



22

dnsaizmisfiaves Idsunsuyneau

- {4 A&
anananinviaen

waY

vl
I_NINATINEN

P1.2

No

1 P1.0 wamuThanin

= -.' * -: .
Tominaxini 1 yaz timer 0 Sy

P1.2

No

41 P1.0 olamnaTuasin 1

unt timer 0 Swiv RRCT TR YO

asReundinnfitt

Foyaumiela

aseTouildgga

refounduniidiiu

v P1.1 wiéewan 1 Ju 0
vieudv timer 0 wyaviu

l

dygramielsy No




|

n P11 nldsuen 1§ 0

vioufiu timer O wyaviu

l

v timer 0 gty

s vesniugoaniadinluenia fis

340|m/s

L} : ]
AIBETBUNITANITY

23

1

e timer 0 duldmnguiy
- - - ]
nImaiIveandugansileiinluenin fio

340 m/s

HaRIsSHUMILNCS

LCD

No

szaunidonusel

LED ugaaszdnh
Fifenain

uERssEAIMe HEAISEEIUWGD
LCD LCD

317 3.4 utA4 Flow Chart mM3hamuved Tusunsu




24

o5
5
o R4
o] RS 10k
H_, o d - V__ VA
o8 m&: . \ 0.0220F 10k +—KpP1.1
R8 )
. HRESS S [v-ﬂﬂ UHH i
cs NES56P % 41 = TX1 40KHZ1 Rt 40KHZ: i 03]
g BC54%
0.0 Cc? e
0.0
P1.0% =
Uhirasonic Transmitier Circuit Wkrasonic Receiver Circuit

o : R12
R 3¢ mm“ﬁw mme”m | o rac
SEND & e i PO P2VAY am
LM7B05CTO v X PO 4AD4 PLAAZ RIX R1& R15 = - 3
, it

]
1
PONADS  PL&ALS Iy
3 r
e qrg n e Ri6 Bt me ety 10K 10 10k R
3 b 10k om 5 -E H
<} - m.h" i W“__www“M“ mW_d.Q mmpu“_!% & "
ON - OFF 5w R ’ MI_ S RI7 Lt bt
Baktery & l il PSS P34TD 20 2
1 T MSMOS  PIgTL 1
= ~1 @ﬂm Pouo b P 3
PLIACK PA7RD L 15
SWa __ C1g 8
Power Supply Circuit RESET O s il oy g N
PP R A L LCD Module 16x2
R20 GND m m 20
10k _1 [ =

Microcontoler Circuit (MCS-51)

- =
1119 3.5 nmueaates i 19 lumafinn




25

uni 4

WanInateMaze Al Na

4.1 MINABLIINTINYEI2303
4.1.1 EIMYB IR IMAT ST
» ] ]
Tutuveresdadgguil deatimsafadygyiaidfniinubdssua 40
o AJ [ < « L - oo
kHz ¥anrwdliszasstunnudis lenuudvosdadagand i ladin Taonnudnldgnadaen
™ ] - ] - o [] P
Toueos NESssP Tauviinisdenses it ulszneuvasdadummunsduiualssy daglh

3.2 §1UW 4.1 uermadnuaen1s Jafggno unz iR 4.2 utraadggun 1den NESSSP

uvnaatnin M
Fuan - Digital
W Oscilloscope
NES555P I
Trvsuindygm
a710f 40 kHz

o Y [Y) . s .
71/ 4.1 uasdnuen1s Tady e n NESSSP 20 Digital Oscilloscope

kS

—— G Y Y]

- T e,

1
3
i
|
|

911 4.2 uamadyeyonud 40 kHz A ldnnTediues NESssP
o : VoltDiv =1V
Time/Div = 20 uS




26

A ] 28 ] - » 1 -
diedd fgyonugand Tedin 18 udgoru 40 kiz 910 NESSSP uda doanSaing

Fadayana fhiianasoudaddygrugandileiin fdidygrusyadniugoad: Tailn

1 d' o [ .4 -4 4 d' = o ar d'
sanugeIni (Ui 4.3 unmsdnsuzmsindyyiu Sadgonai Beelisnyaigln 4.4

unaaduiin

fygw
NES555P

LR LELLTLIRLN
qonfiludln
Sensorl

CH1

Digital
Osctilloscope

o L » W i 1 ar_ ! = I .
11N 4.3 umasdnuaizasTadggnuiannsoudadegand1 Teiind e Digital Oscilloscope

117 4.4 uaasfnvaisdygnefianaioudtagoad Talinhiiadau Digial Oscilloscope

4.1.2 gamveeamaiudgena

Lﬁm‘h : Volt/Div =500 mV

Time/Div = 20 uS

o - ] i @ o aa -] - o P
ﬁmﬂﬂﬂl'ﬂﬂﬂﬂiﬂl.lﬁﬂ']uﬂlEN'N97ﬂ']ﬂ’UﬂSlﬁuﬂmqj’lﬂl‘ﬂﬂ'l.lu'lﬂlﬁﬂﬂ'lﬂ‘] 'lNﬁ'llﬂ'H'l"l

wdnsiinIvewdygud s vnedygranadiaeinleFeotuonihived LM3seB Tay

[ ] 1 14 o - W A -
dundeidinsssvnefygauuundurariia 2 mas Az 3.3 Taoldhimismanssia




27

foygnananns eudaiugand 1 Tuiin (Chanell) uarfggafiniulteivudyguunznsss

¥ o
-l

& 3 ¥ ! ) LY a ] - J
iy 04 (Chanel2) Nszeev sz hemideadygraduinimszuzangnail

h 4

Adudyyw NIvowiy g I?igital
goallailn LM358B Oscilloscope

3 I 3

CH2

CH1

JUM 4.5 assdnvaemisdadggunnneisudiuuasiiniuniesveadygia

CH1

CH2

JUUbUUUUJWnnnnnn

eyt i

;
'

517 4.6 uﬂmﬁmmmﬁﬂﬂﬂiuuﬁ’ﬁuuamwwmuﬁmmmﬁszua 5em
lof1 : VoluDiv - 10 mV (CHI)
VolDiv =1V (CH2)
Time/Div = 50 pS



38

unn s

asiwanazdeiausuus

5.1 aplwanisnanas
o ﬁ - or A - [y A wr
VINNIINARDIADU 4.1 FUTUNIINANBAUNLINUIIITVBANTDINDIATSAY LLBAIT
) o o [ . £
Jogrugand lvin MATudgyeunnud 0 kHz mimssrduiiadgygadlledives

1 o

o & - o (] - A - o
NESSsP  wuddudladyy s drdadygrueedidyanailunduganii lainoon s

¥ oy
- o

pmet adugand1 Teiatisziunia ldesdousuinimdssnsiasedy uazndunedsy
- A ] 1 = y w w1 e r J ar o’ «
INAIIIN 4.1 WU UNDITUE T sAnh AL d dygnadianniunieszauil
1 d - 4 - [ " ) o % J 4
faane mudusintugnad Teilanasfounfundadiveziimanasll Gafiseus 5 om
[ -~ n:i o W - - J -l 1 J A =M
auduvesdggpugand ladandFudygaiisngange niemgegaiiniesdonuiso
o 1 L 3 ‘ L]
5218 Taofimwsedudfhanntoudrfudu 2219 mv  dieriunssveodgg e
o o '
usssu Ifgnuee 18u 2.189 v Tuvaisfissozviiatiu 50 em Anuduvesdygugand
= i:i v o ] W o % 1
Taiineziinniosiiqa Tasnuasiulifhanniondr3udu 205 pv unsifierduasesvnouds
' LY P 1 - Y - o A
amgedu i niiiu 033 v Flunefezlunsnviuaveansudmaes 14 1ilesein
- (,={ - [ ] - 9 [ :
nrudmmeinlddotiur s Infhosalon 0.58 v umIntaestinszue1d daiu s
9 0 1 [} [ i -
4.1 $mualai 1aamsdaveuniosdlefo 5 - 30 cm
- v dA a o - [ [ = =
DI 42 wudullesnhginsalTaszdunidlunifaszdueieg seifiannu
- - J L. % - - » ﬂ. J
Aanatalunistauuluinu 1% TasuurTuvesmsinannuAanaalunis Jaesmuduay

o o U

1 ] or ) : ' = ' o Ar o
TTUSHIITENINAITUAITINUAHTIU Lﬁ'mmnuqs:uzmamumﬂ'ﬂummrﬁ'mmﬂmmm
»

ﬂ' or 1 = .. L i =y
asReuszdsanne saunannm iGouvesAnivh insasfouvesniugandlTaiiniiszos

- o & ' S o
“']Qlﬂﬂﬂullﬂa\‘l‘ﬂla nﬁ‘ﬂﬂ ‘.U‘u!ﬂﬂ‘aﬂﬂﬂu'ﬂu zﬂﬂ]BQﬂ]ﬂ']‘]UHﬂwﬁ]nuulﬂq

5.2 YBIaUBIUHE

nnmsfny Inssaufieni gusoszyuuamstunsiann1ddail

1. ewseigUnialSasedunha Wimumndadturruundauaiivien deo
WszuusevgminiuTaguimei feamsofi U 18em 145

2. mmsnmqﬂmaﬁm:ﬁ'mi’ﬁ‘lﬁﬁmun‘fu Thbszgadlfaufuszuununuszdy
youradlunigaannssuld Taoinsiudidansdedyanugand Tadaldamusods
1¥1nniu Taversrensiudmaeinieledivinesined o lunsdunssualfunda

daenaganilsiald




Na136139049

¢ AW oL

1. wenund A3 Fudadugnd udnmsinissleTangaamnssunininisanssunisia
qu:amgdmnssumand aonfuma Tuletnszsoundudgunmsmanszila

2. aufind Asiydimsng ndnnauozms¥iundeadeTagnaimns sufinde 17,
mnaudaaiumn TuTas (Ine-giw) 2545

3. Alan § Morris. Measurement & Instrumentation Principles:Reed Educational and
Professional Publishing Ltd,2001

4. http://www.amertcanstandrad.co.th

5. htip://www.rmutphysics.com

6. http://hyperphysics.phy-astr.edu

7. http:/f'www.wikipedia.org.

e ——— . —— e .

—— e — e o ——



MARUIN N,

msMnuveddsunsy



#include<reg52.h>

#include<stdio.h>

sbit IN=P172;
sbit QUT=P1°0;
shit STOP=Pi~1;
sbit E =P115;
sbit RW=P116;
sbit RS§=P1"7;
sbit ch1=P2"0;
shit ch2=P2"1;
shit ch3=P2"2;
sbit led1=P2"3;
sbit led2=P2/4;
shit led3=P245;

char buffer20];

char cputick,limit;

float total;

o d s af
Tlsunsumsmauvesginsaiiaszay

void timerQint (void) interrupt 1 using 1

{

THO |= 0xDC;

TLO |= 0x00;




cputick++;

}
pause(int j)
{
int 1;
for (i=0;i<j;i++)
continue;
}
void pulesE(void)
{
E=I;
E=0;
}
void delay(int m)
{
int j;
for(j=0;j<=m;j++)
continue;
}
LCDWI (char n)
{
RW =0;
R&-0;

E =0,




PO=n;
E-=1;
E =0

pausc(50);

LCDWD(char n)

{

RW={;
RS=1;
E=0;
PO=n;
E=1;
E=0;

pause(S0);

print_LCD(char a.char *s)

{
LCDWKa);
while(*s 1= Q)
LCDWD(*s++);
3
i LCD{)
{
RS=0;
E=0;

P0=0x30;pulesE();delay(10);pulesE();delay(1);pulesE();delay(1);
PO=0x20;pulesE();pulesE();pulesE();



LCDWI(0x38);

LCDWI({0x0c);
LCDWI1(0x06);
LCDWI(1);
delay(50);
}
void Check(void)
{
if{lcht==0) limit = 1;
if{ch2==0) }imit = 2;
if{ch3==0) limit = 3;
}
void Run(void})
{
if(IN==0)
{
TRO=1;
OuUT=1;
¥
if(STOP==0)
{
TRO=0;
total=(cputick/100)* 1 7000;
sprintf{buffer,"= %1.2{" total);
print_LCD(0x82 buffer);
}
¥
void Alert(void)
{
iflimit=1)




if(total>=9.5&&total<=10.5) led] = I;

}
if{limit==2)
{
if(total>=14.5& &total<=15.5) led2=1;
}
if{limit=13)
t
if(total>=24,5& &total<=25.5) ledd = |;
}
}
void main()
{
EA=1;
ETO=1;
TMOD |= 0x01;
i LCD(;
while(i)
{
Check();
delay(10000);
Run();
Alert();
}
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Features

+ Compatible with MCS-51% Products

+ 8K Bytes of In-System Programmable (ISP) Flash Memory
- Endurance: 1000 Write/Erase Cycles

4,0V to 5.5V Operating Range

Fully Static Operation: 0 Hz to 33 MHz

Three-level Program Memory Lock

256 x 8-bit Internal RAM

32 Programmable ¥O Lines

Three 16-bit Timer/iCounters

Eight Interrupt Scurces

Full Duplex UART Serial Channel

Low-power |die and Power-down Modes

interrupt Recovery from Power-down Mode

Watchdog Timer

Dual Data Pointer

Power-off Fiag

# B 3 8 & & ® ® & & @

Description

The AT89552 is a low-power, high-performance CMOS 8-bit microcontrolier with 8K
bytes of in-system programmable Flash memory. The device is manufactured using
Atme¥'s high-density nonvolatile memory technology and is compatible with the indus-
try-standard BOCS1 instruction set and pinout. The on-chip Flesh allows the program
memory to be reprogrammed in-sysiem or by a conventicnal nonvolatile memory pro-
grammer. By combining a versatile B-bit CPU with in-system programmable Flash on
a monolithic chip, the Atmel ATB3S52 is a powerful microcontroller which provides a
highly-flexible and cost-effective solution to many embedded control applications.

The AT89552 provides the following standard features: BK bytes of Flash, 256 bytes
of RAM, 32 I/O tines, Watchdog timer, two data pointers, three 16-bit imer/counters, a
six-vector two-lave! interrupt architecture, a full duptex serial port, on-chip oscillator,
and clock circuitry. in addition, the ATB9S52 is designed with static logic for operation
down to zero frequency and supports two software selectable power saving modes.
The ldle Mode stops the CPU while allowing the RAM, timer/counters, serial port, and
interrupt system to continue functioning. The Power-down mode saves the RAM con-
tents but freezes the oscillator, disabling all other chip functions until the next interrupt
or hardware reset.

L G

8-bit
Microcontroller
with 8K Bytes
In-System
Programmable
Flash

AT89S552

Rev. 1810A-07/01
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ATEL

Pin Description

vee
Supply voltage.

GND
Ground.

Port 0

Port 0 is an B8-bit open drain bidirectionat /O port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 can also be configured to be the multiplexed low-
order address/data bus during accesses to externat
program and data memory. In this mode, PO has internal
pullups.

Port 0 also receives the code bytes during Flash program-
ming and outputs the code bytes during program verifica-
tion. External pullups are required during program
verification.

Port 1

Port 1 is an 8-bit bidirectional 1/O port with internal puilups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written o Port 1 pins, they are pulied high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (I, ) because of the internal puliups.

in addition, P1.0 and P1.1 can be configured to be the
timerfcounter 2 external count input (P1.0/T2) and the
timer/counter 2 trigger input (P1.1/T2EX), respectively, as
shown in the following table.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port Pin Alternate Functions

P1.0 T2 (external count input to Timer/Counter 2),
clock-out

P1.1 T2EX (TimeriCounter 2 capture/reload trigg;l: ]
and direction control)

P1.5 MOS! (used for In-System Programming) i

P1.6 MISC (used for In-System Programming)

P17 SCK (used for In-System Programming)

Port 2

Port 2 is an 8-bit bidirectional /O port with internal puliups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins, they are pulled high by
the internal pullups and can be used as inpuls. As inputs,
Port 2 pins that are externally being pulled low will source
current (}, ) because of the intemai pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to

a AT89852

external data memnory that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strong internal pul-
lups when emitting 1s. During accesses to external data
memory that use 8-bit addresses (MOVX @ RI), Port 2
emits the contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bidirectional I/O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins, they are puiled high by
the intermal pullups and can be used as inputs. As inputs,
Port 3 pins that are extarnally being pulted tow will source
current (1, ) because of the pultups.

Port 3 also serves the funclions of various special features
of the AT89S552, as shown in the following table.

Port 3 also receives some control signais for Flash pro-
gramming and verification,

Port Pin Alternate Functions
P3.0 RXD (serial input port)
;3—1 TXD (serial output port)
P32 INTO {external interrupt 0)
P33 INT1 (external interrupt 1)
;;4 TO (timer O external input)
4 ;3:5 - T1 {timer 1 external inp;?)“_ )
P36 WR (external data memory write strobe)
P37 | RD (exiernal data memory read strobe)
RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device. This pin drives
High for 96 oscillator periods after the Watchdog times out.
The DISRTO bit in SFR AUXR (address 8EH) can be used
to disable this feature. in the default state of bit DISRTO,
the RESET HIGH out feature is enabled.

ALE/PROG

Address Latch Enable (ALE) is an output pulse for latching
the low byte of the address during accesses to external
memory. This pin is also the program pulse input (PROG)
during Flash programming.

in normal operation, ALE is emitted at a constant rate of
1/6 the oscitlator frequency and may be used for external
timing or clocking purposes. Note, however, that one
ALE pulse is skipped during each access to external data
memory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR jocation BEH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is




weakly puiled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN

Program Store Enable (PSEN) is the read strobe to exter-
nal program memory.

When the AT89352 is executing code from exiernatl pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

EANPP -
External Access Enable. EA must be strapped to GND in

order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.

Table 1. AT89552 SFR Map and Reset Vailues

AT89S552

Note, however, that if lock bit 1 is programmed, EA wii! be
internally latched on reset.

EA should be strapped to Ve for internal program execu-
tions.

This pin also receives the 12-volt programming enable volt-
ege (Vpp) during Flash programming.

XTAL1

Input to the inverting oscillator amplifier and input to the
internat clock operating circuit.

XTAL2
Qutput from the inverting oscillator amplifier.

OF8H OFFH
; o
8 ! f OFTH
OFOH | 50000000 N B
OEBH WIL 0EFH
ACC
: DE7H
OEOH | 50000000 L ~
0D8H ‘ ODFH
PSW i 0D7H
OO0 1 50000000 L ;
00000000 | S | n
ocan | T2CON TZMOD RCAP2L RCAP2H T2 T2 oCFH
00000000 | XXXXXX00 | 00000000 00000000 _ 00000000 | 00000000
i
0COH i 0CTH
- + - r——
P OBFH
0B8H | xx000000 | .
P3 : ' 0B7H
OBOH & 44111111
IE OAFH
OABH | 0x000000 )
P2 AUXR1 ; WOTRST 0A7H
OADH 1 41111111 XOOOOKXD : XXX
oan | SCON SBUF i oFH
00000000 | XXXXXXXX s 4
] et
P
; 897H
80H 1 1 iqq111 o
aay | TCON TMOD TLO W | THO TH1 AUXR oFH
00000000 | 00000000 00000000 00000000 ‘L 00000000 | 000000OC |  XXXOOXXQ
soH PO P DPOL DPOH | DPiL DPH PCON | oo
11111111 | 00000111 00000000 00000000 ¢ 00000000 | 00000000 0XXX0000

AIMEL
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Special Function Registers

A map of the on-chip memory area cailted the Special Func-
tion Register {(SFR) space is shown in Table 1.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may nhot be implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have an indetermi-
nate eftect.

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke

new features. In that case, the reset or inactive values of
the new bits will always be 0.

Timer 2 Registers: Control and status bits are contained in
registers T2CON (shown in Table 2) and T2MOD {shown in
Table 3} for Timer 2. The register pair (RCAP2H, RCAP2L)
are the Capture/Reload registers for Timer 2 in 16-bit cap-
ture mods or 16-bit auto-reload mode.

Interrupt Registers: The individual interrupt enable bits

are in the IE register. Two priorities can be set for each of
the six interrupt sources in the IP register.

Table 2. T2CON - Timer/Counter 2 Control Register

T2CON Address = 0C8H

Reset Valua = 0000 0000B

Bit Addressable
Bit TF2 EXF2 RCLK TCLK EXEN2 TR2 cim2 CP/RLZ2
7 6 5 4 3 2 1 o

Symbot | Function

TF2 Timer 2 overllow flag set by a Timer 2 overllow and must be cleared by software. TF2 will not be set when eilher RCLK = 1
or TCLK = 1.

EXF2 Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and EXEN2 = 1.
When Timer 2 intarrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt routine, EXF2 must be
cleared by software. EXF2 does not cause an interrupt in up/down counter mode (DCEN = 1).

RCLK Receive clock enable. When set, causes the serial port to use Timer 2 overflow pulsas for its receive clock in serial port
Modes 1 and 3. RCLK = 0 causes Timer 1 overflow to be used for the receive clock.

TCLK Transmit clock enable. When set, causes the serial porl to use Timer 2 overflow pulses for its transmit clock in serial port
Modes 1 and 3. TCLK = 0 causes Timer 1 overflows 1o be used for the transmit clock.

EXEN? | Timer 2 external enable. When set, allows a capture or reload fo occur as a result of a negative transition on T2EX if Timer
2 is not being used to cdlock the serial port. EXEN2 = 0 causes Timer 2 1o ignore events al T2EX.

TR2 Start/Stop controf for Timer 2. TR2 = 1 slaris the timer.

citz Timer or counter select for Timer 2. C/T2 = 0 for timer function. C/T2 = 1 for external event counter {faliing edge triggered).

CP/RLZ | Capture/Reload select. CP/RLZ = 1 causes captures to 00Cur on negative transitions at T2EX if EXEN2 = 1. CPRLZ=0
causes automalic retoads to occur when Timer 2 overflows or negative transitions occur at T2EX when EXEN2 = 1. When
either RCLK or TCLK = 1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overflow.




Table 3a. AUXR: Auxiliary Register

 AT89552

AUXR Address = BEH

Not Bit Addressable

Reset Value = XXX00XX0B

WDIDLE

DISRTC - - DISALE

Bit 7 6 5

3 2 1 0

- Reserved for future expansion
DISALE Disable/Enable ALE

DISALE Operating Mode

DISRTC Disable/Enable Reset out

DISRTO

1 Reset pin is input only
Disable/Enable WDT in IDLE mode
WDIDLE

WDIDLE

1 WODT hafts counting in IDLE mode

0 ALE is emitted at a constant rate of 1/6 the oscillator frequency
1 ALE Is active only during a MOVX or MOVC instruction

4] Reset pin is driven High after WDT times out

0 WODT continues to count in IDLE moda

Duat Data Pointer Registers: To facilitate accessing both
internal and external data memory, two banks of 16-bit
Data Pointer Registers are provided: DP0 at SFR address
locations 82H-83H and DP1 at 84H-85H. Bit DPS = 0
in SFR AUXR1 selects OP0 and DPS = 1 selects DP1.
The user should always initialize the DPS bit to the

Table 3b. AUXR1: Auxiliary Register 1

appropriate vatue before accessing the respective Data
Pointer Register.

Power Off Flag: The Power Off Flag (POF} is located at bit
4 (PCON.4) in the PCON SFR. POF is set to "1".during
power up. It can be set and rest under software control and
is not affected by reset. .

AUXR1 Address = AZH Reset Value = X00000X0B
Not Bit Addressable
- - - - - - DPS
Bit 7 6 5 3 2 1 0

- Reserved for future expansion
DPS Data Pointer Register Select

oPS

4] Selects DPTR Registers DPOL, DPOH

1 Selects DPTR Registers DP1L, DP1H
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Memory Organization

MCS-51 devices have a separate address space for Pro-
gram and Data Memory. Up to 64K bytes each of extemnal
Program and Data Memory can be addressed.

Program Memory

If the EA pin Is connected to GND, all program fetches are
directed to external memory.

On the AT89852, if EA is connected to V¢, program
fetches to addresses 0000H through 1FFFH are directed to
internal memory and fetches to addresses 2000H through
FFFFH are to external memory.

Data Memory

The ATBOS52 implements 256 bytes of on-chip RAM. The
upper 128 bytes occupy a parallel address space to the
Special Function Registers. This means that the upper 128
bytes have the same addresses as the SFR space but are
physicaily separate from SFR space.

8 AT89S52

When an instruction accesses an internal location above
address 7FH, the address mode used in the instruction
specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions which use direct
addressing access of the SFR space.

For example, the following direct addressing instruction
accesses the SFR at location 0AOH (which is P2).

MOV OMAOH, ddata

Instryctions that use indirect addressing access the uppsar
128 bytes of RAM. For example, the following indirect
addressing instruction, where RO contains 0AOH, accesses
the data byte at address 0AQH, rather than P2 (whose
address is 0AQH).

MOV QRO, fidata

Note that stack operations are exampies of indirect
addressing, so the upper 128 byles of data RAM are avail-
able as stack space. -




Watchdog Timer
(One-time Enabled with Reset-out)

The WDT is intended as a recovery method in situations
where the CPU may be subjected to software upsets. The
WODT consists of a 13-bit counter and the Watchdog Timer
Reset (WDTRST) SFR. The WDT is defaulted to disable
from exiting resetl. To enable the WDT, a user must write
01EH and OE1H in sequence to the WDTRST register
{SFR location DAGH). When the WDT is enabled, it will
increment every machine cycle while the osciltator is run-
ning. The WDT timeout period is dependent on the external
clock frequency. There is no way to disable the WDT
except through reset (either hardware reset or WDT over-
flow reset), When WDT overflows, it will drive an output
RESET HIGH puise at the RST pin.

Using the WDT

To enable the WDT, a user must write D1EH and QE1H in
sequence to the WDTRST register {SFR location 0AGH).
When the WDT is enabled, the user needs to service it by
writing 01EH and DE1H to WDTRST to aveid a WDT over-
flow. The 13-bit counter overflows when it reaches 8191
{1FFFH), and this will reset the device. When the WDT is
enabled, it will increment every machine cycle while the
oscillator is running. This means the user must reset the
WDT at {east every 8191 machine cycles. To reset the
WDT the user must write 01EH and OE1H to WDTRST.
WODTRST is a write-only register. The WDT counter cannot
be read or written. When WDT overfiows, it will generate an
output RESET puise at the RST pin. The RESET pulse
duration is 96xTOSC, where TOSC=1/FOSC. To make the
best use of the WDT, it should be serviced in those sec-
tions of code that will periodically be executed within the
time required to prevent a WDT reset.

WDT During Power-down and idle

In Power-down mode the oscillator stops, which means the
WDT also stops. While in Power-down mode, the user
does not need to service the WDT. There are two methods
of exiting Power-down mode: by a hardware reset or via a
level-activated external interrupt which is enabled prior to
entering Power-down mode. When Power-down is exited
with hardware reset, servicing the WDT should occur as it
normally does whenever the ATB9SS52 is reset. Exiting
Power-down with an interrupt is significantly ditterent. The
interrupt Is held low long enough for the oscillator to stabi-
fize. When the interrupt is brought high, the interrupt is
serviced. To prevent the WDT from resetting the device
while the interrupt pin is held low, the WDT is not started
until the interrupt is pulled high. it is suggested that the
WODT be reset during the interrupt service for the interrupt
used to exit Powar-down mode.

AT89S52

To ensure that the WDT does not overflow within a few
states of exiting Power-clown, it is bast to reset the WDT
just before entering Power-down mode.

Before going into the IDLE mode, the WDIDLE bit in SFR
AUXR is used to determine whether the WDT continues to
count if enabled. The WDT keeps counting during IDLE
{WDIDLE bit = 0) as the defauit state, To prevent the WDT
from rasetting the AT89S52 while in IDLE mode, the user
should always set up a timer that will periodically exit IDLE,
service the WDT, and reenter IDLE mode.

With WDIDLE bit enabled, the WDT will stop to count in
IDLE mode and resumes the count upon exit from {DLE,

UART

The UART in the AT89S52 operates the same way as the
UART in the ATBICS51 and AT89C52. For further informa-
tion on the UART operation, refer to the ATMEL Web site
{http:/Awww.atmel.com). From the home page, select ‘Prod-
ucts’, then 'B051-Architecture Flash Microcontroller’, then
‘Product Overview'.

Timer 0 and 1

Timer 0 and Timer 1 in the AT89S52 operate the same way
as Timer 0 and Timer 1 in the AT89C51 and ATB9C52. For
further information on the timers' operation, refer to the
ATMEL Web site (hitp://www.atmel.com). From the home
page, select ‘Products’, then '8051-Architecture Flash
Microcontrolier’, then ‘Product Overview'.

Timer 2

Timer 2 is a 16-bit Timet/Counter that can operate as either
a timer or an event counter. The type of operation is
selected by bit C/T2 in the SFR T2CON (shown in Table 2).
Timer 2 has three operating modes: capture, auto-reload
{up or down counting}, and baud rate generator. The
modes are selected by bits in T2CON, as shown in Table 3.
Timer 2 consists of two 8-bit registers, TH2 and TL2. In the
Timer function, the TL2 register is incremented every
machine cycle. Since a machine cycle consists of 12 oscil-
iator periods, the count rate is 1/12 of the oscillator
frequency.

Table 3. Timer 2 Operating Modes

RCLK +TCLK | CP/RLZ | TR2 | MODE
0 0 1 16-bit Auto-reload
0 1 1 16-bit Capture
[ 71 X 1 Baud Rate Generator
] X X 0 (Of)
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in the Counter function, the register is incremented in
response to a 1-to-0 transition at its corresponding external
input pin, T2. In this function, the extemnal input is sampled
during S5P2 of every machine cycie. When the samples
show a high in one cycle and a fow in the next cycle, the
count is incremented. The new count value appears in the
register during S3P1 of the cycle following the one in which
the transition was detected. Since two machine cycles (24
oscillator periods) are required to recognize a 1-to-0 transi-
tion, the maximum count rate is 1/24 of the oscillator fre-
quency. To ensure that a given level is sampled at least
once before it changes, the level should be heid for at least
one full machine cycle.

Capture Mode

In the capture mode, two options are selected by bit
EXEN2Z in T2CON. if EXENZ = Q, Timer 2 is a 16-bit timer
or counter which upon overflow sets bit TF2 in T2CON.

Figure 5. Timer in Capture Mode

This bit can then be used to generate an interrupt. If
EXEN2 = 1, Timer 2 performs the same operation, but a 1-
to-0 transition at external input T2EX also causes the
current value in TH2 and TL2 to be captured into RCAP2H
and RCAPZL, respectively. in addition, the transition at
T2EX causes bit EXF2 in T2CON to be set. The EXF2 bit,
like TF2, can generate an interrupt. The capture mode is
illustrated in Figure 5.

Auto-reload (Up or Down Counter)

Timer 2 can be programmed to count up or down when'
configured in its 16-bit auto-reload mode. This feature is
invoked by the DCEN (Down Counter Enable) bit located in
the SFR T2MOD (see Table 4). Upon reset, the DCEN bit
is set to 0 so that timer 2 will defauit to count up. When
DCEN is set, Timer 2 can count up or down, depending on -
the value of the T2EX pin.

0sC +12 _
2 =
—o/o— o TH 2 TF2
i CONTROL OVERFLOW
oz = 1 — F— 7
1 T ‘ Y M
T2 PIN CAPTURE{
! RCAPZH | RCAPZL
TRANSITION
TIMER 2
DETECTOR INTERRUPT
TZEX PN [ J— 2 o/o *l—w EXF2
|  conTROL
EXEN2

Figure 6 shows Timer 2 automatically counting up when
DCEN=0. In this mode, two options are selected by bit
EXENZ2 in T2CON, If EXENZ2 = 0, Timer 2 counts up to
OFFFFH and then sets the TF2 bit upon overflow. The
overflow also causes the timer registers to be reloaded with
the 16-bit value in RCAP2H and RCAPZL. The values in
Timer in Capture ModeRCAP2H and RCAP2L are preset
by software. If EXEN2 = 1, a 16-bit reload can be triggered
either by an overflow or by a 1:to-0 transition at external
input T2EX. This transition also sets the EXF2 bit. Both the
TF2 and EXF2 bits can generate an interrupt if enabled.

Setting the DCEN bit enables Timer 2 to count up or down,
as shown in Figure 6. In this mode, the T2EX pin conirols

10 AT89S552

the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the
TF2 bit. This overflow also causes the 16-bit value in
RCAP2H and RCAP2L to be reloaded into the timer regis-
ters, TH2 and TL2, respectively.

A logic 0 at T2EX makes Timer 2 count down. The timer
underflows when TH2 and TL2 equal the values stored in
RCAP2H and RCAP2L. The underflow sets the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.
The EXF2 bit toggles whenever Timer 2 overflows or
underflows and can be used as a 17th bit of resolution. In
this operating mode, EXF2 does not flag an interrupt.




Figure 6. Timer 2 Auto Reload Mode (DCEN = 0)

AT89S852
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Gz =0
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Table 4. T2MOD - Timer 2 Mode Controt Register
T2MOD Address = 0C9H Reset Value = XXXXX XX00B
Not Bit Addressable

—_ -
- - - - i - - T20E DCEN
Bit 7 8 5 s | s 2 1
Symbol Function

- Not implemented, reserved for future

T20E Timer 2 Output £nable bit

DCEN

When set, this bit allows Timer 2 to be configured as an up/down counter

AL
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Figure 7. Timer 2 Auto Reload Mode (DCEN = 1)
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Figure 8. Timer 2 in Baud Rate Generator Mode
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Baud Rate Generator

Timer 2 is selected as the baud rate generator by setting
TCLK andfor RCLK in T2CON (Table 2). Note that the
baud rates for transmit and receive can be different if Timer
2 is used for the receiver or transmitter and Timer 1 is used
for the other function. Setting RCLK and/or TCLK puts
Timer 2 into its baud rate generator mode, as shown in Fig-
ure 8.

The baud rate generator mode is similar to the auto-retoad
mode, in that a rollover in TH2 causes the Timer 2 registers
to be reloaded with the 16-bit value in registers RCAP2H
and RCAP2L, which are preset by software.

The baud rates in Modes 1 and 3 are determined by Timer
2's overflow rate according to the following equation.

Modes 1 and 3 Baud Rates = Timer 2 O\;grﬂow Rate

The Timer can be configured for either timer or counter
operation. in most applications, it is configured for timer
operation (CP/T2 = 0). The timer operation is different for
Timer 2 when it is used as a baud rate generator. Normalily,
as a timer, it increments every machine cycle (at 1/12 the
oscillator frequency). As a baud rate generator, however, it

Figure 9. Timer 2 in Clock-Out Mode

AT89852

increments every state time (at 1/2 the oscillator fre-
quency). The baud rate formula is given below.

Modes 1 and 3 _
Baud Rate

Oscillator Frequency
32 x [65536-RCAP2H,RCAP2L})

where (RCAP2H, RCAP2L) is the content of RCAP2H and
RCAP2L taken as a 16-bit unsigned integer.

Timer 2 as a baud rate generator is shown in Figure 8. This
figure is valid only if RCLK or TCLK = 1 in T2CON. Note
that a rollover in TH2 does not set TF2 and will not gener-
ate an interrupt, Note too, that if EXEN2 is set, a 1-to-0
transition in T2EX will set EXF2 but will not cause a reload
from (RCAP2H, RCAP2L) to (TH2, TL2). Thus, when Timer
2 is in use as a baud rate generator, T2EX can be used as
an exira external interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timer in
the baud rate generator mode, TH2 or TL2 should not be
read from or written to. Under these conditions, the Timer is
incremented every state time, and the results of a read or
write may not be accurate. The RCAP2 registers may be
read but should not be written to, because a write might
overlap a reload and cause write end/or reload errors. The
timer should be turned off {clear TR2) before accessing the
Timer 2 or RCAP2 registersa.

l fale) |—a| +2 ——1- -O,/G
I
TRz
ciz BT
P1.0 [ \
T2} \ y, ~J
T20E (T2MCD1)
TRANSITION
L_ DETECTOR
pral” N

o/o— TIMER 2
(T2EX} ] : - INTERRUPT

EXEN2

AlME] 1
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Programmable Clock Out

A 50% duty cycle clock can be programmed to come out on
P1.0, as shown in Figure 9. This pin, besides being a regu-
far 1/0 pin, has two aiternate functions. It can be pro-
grammed to input the external clock for Timer/Counter 2 or
to output a 50% duty cycle clock ranging from 61 Hz to 4
MHz at a 16 MHz operating frequency.

To configure the Timer/Counter 2 as a clock generator, bit
C/T2 (T2CON.1) must be cleared and bit T20E (T2MOD.1)
must be set. Bit TR2 (T2CON.2) starts and stops the timer.

The clock-out frequency depends on the oscillator fre-
quency and the reload value of Timer 2 capture registers
(RCAP2H, RCAP2L), as shown In the following equation.

Qscillator Frequency

Clock-Out F =
ock-Out Frequency = & [65536-(RCAP2H,RCAPZL)]

in the clock-out mode, Timer 2 roll-overs will not generate
an interrupt. This behavior is similar to when Timer 2 is
used as a baud-rate generator. It is possible to use Timer 2
as a baud-rate generator and a clock generator simulta-
neously. Note, however, that the baud-rate and clock-out
frequencies cannot be determined independently from one
another since they both use RCAP2H and RCAP2L.

Interrupts

The AT89552 has a total of six interrupt vectors: two exter-
nal interrupts (INTO and INTT), three timer interrupts (Tim-
ers 0, 1, and 2), and the serial port interrupt. These
interrupts are all shown in Figure 10,

Each of these interrupt sources ¢an be individually enabled
or disabled by setting or clearing a bit in Special Function
Register {E. IE also contains a global disable bit, EA, which
disables all interrupts at once.

Note that Table 5 shows that bit position IE.6 is unimple-
mented. in the AT89552, bit position IE.5S is also unimple-
mented. User software shouid not write 1s to these bit
positions, since they may be used in future AT8% products.

Timer 2 interrupt is generated by the logical OR of bits TF2
and EXF2 in register T2CON. Neither of these flags is
cleared by hardware when the service routine is vectored
to. In fact, the service routine may have to determine
whether it was TF2 or EXF2 that generated the interrupt,
and that bit will have to be cleared in software.

The Timer 0 and Timer 1 flags, TFO and TF1, are set at
S5P2 of the cycle in which the timers overflow. The values
are then polied by the circuitry in the next cycle. However,
the Timer 2 flag, TF2, is set at S2P2 and is polled in the
same cycle in which the timer overflows.

14

Table 5. interrupt Enable ({IE) Register

{MSB) _ {LSB)
rEA ]., _]ET2]ES ll—.‘l“llEmIETOJEXOI
Ensbie Bit = 1 enables the interrupt.
Enabie Bit = J disables the interrupt.

Symbo! Position Function

EA IE.7 Disables all interrupts. if EA =0,
no interrupt is acknowledged. if
EA = 1, each interrupt source is
individually enabled or disabted
by setting or clearing its enable
bit.

~ IE6 Reserved.

ET2 IE.5 Timer 2 interrupt enable bit,

ES IE.4 Serial Port interrupt enabie bit.

ET1 IE.3 Timer 1 interrupt enable bit.

EX1 IE.2 External interrupt 1 enabla bit.

ETO {E.1 Timer 0 interrupt enable bit.

EX0 {ED Extemal interrupt 0 enable bit.

Usar software should never write 18 to unimplemented bits,

. because they may be used in future AT89 products.

Figure 10. Interrupt Sources
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Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier that can be configured for use as
an on-chip oscillater, as shown in Figure 11. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an extemai clock source, XTALZ should be left
uncennecied while XTAL1 is driven, as shown in Figure 12.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

idle Mode

In idfe mode, the CPU puts itself to sleep while all the on-
chip peripherais remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mede can be terminated by any enabled
interrupt or by a hardware reset.

Note that when idle mode is terminated by a hardware
reset, the device normally resumes program execution
from where it left off, up to two machine cycles before the
internal reset algorithm takes controi. Gn-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when idie mode is termi-
nated by a reset, the instruction following the ane that
invokes idle mode should not write to a port pin or to exter-
nal memory,

Power-down Mode

In the Power-down mode, the osciliator is stopped and the
instruction that invokes Power-down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the Power-down mode is termi-
nated. Exit from Power-down mode can be initiated either
by a hardware reset or by an enabled external interrupt.
Reset redefines the SFRs but does not change the on-chip
RAM. The reset shoutd not be activated before Vg is
restored to its normal operating level and must be held

active lang enough to allow the osciltator to restart
and stabilize.

Figure 11. Oscilator Connections

cz
3 1 XTAL2
¢ I
o—J} XTAL1
_T— GND

Note:  ©1.C2 =30 pF 210 pF for Crystais

= 40 pF £10 pF for Ceramic Resonators
Figure 12, Externai Clock Drive Configuration
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Table 6. Status of Extemal Pins During ldie and Poﬁerdown Modes

Mode Program Memory ALE

PSEN

PORTO

PORT1

PORT2

PORT3

Idle internal 1

Idle External 1

1
1

Power-down Internal

Data

Data

Data

Data

Float

Data

Address

Data

Data

Data

Data

Data

Power-down ‘External

Float

Data

Data
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Program Memory Lock Bits

The AT89S52 has three iock bits that can be left unpro-
grammed (U) or can be programmed (P) to obtain the addi-
tional features listed in the following table,

Table 7. Lock Bit Protection Modes

Program Lock Bits
LB1 LB2 LB3 | Protection Type
1 u U u No program lock features
2 P u u MOVC instructions exer:meci~ i

from external program

memory are disabled from

1 fetching code bytes from
-intermnal memory, EA is

sampled and fatched on reset,

snd further programming of

the Fiash memaory is disabled

Same as mode 2, but verify is
aiso disabled

Seme as mode 3, but external

execution is also disabled

When lock bit 1 is programmed, the logic tevel at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value and holds that value until reset is activated. The
latched value of EA must agree with the current logic level
at that pin in order for the device to function property.

Programming the Flash — Parallel Mode

The ATB9SS52 is shipped with the on-chip Flash memory
array ready to be programmed. The programming interface
needs a high-voltage {12-voit) program enable signal and
is compatible with conventional third-party Flash or
EPROM programmers.

The ATB9S552 code memory array is pregrammed byte-by-
byte.

Programming Algorithm: Before programming the
ATBSS52, the address, data, and control signals should be
set up according to the Flash programming mode table and
Figures 13 and 14. To program the ATB9S52, take the fol-
lowing steps: '

1. Input the desired memory location on the address
lines.

input the appropriate data byte on the data lines.
Activate the commect combination of control signals.
Raise EA/V, to 12V.

Pulse ALE/FROG once to program a byte in the

Flash amray or the lock bits. The byte-write cycle is
salf-timed and typically takes no mare than 50 ps.

oW

Repeat steps 1 through 5§, changing the address
and data for the entire array or until the end of the
object file is reached.

Data Poling: The ATB9S52 features Data Polling to indi-
cate the end of a byte write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written data on P0.7. Once the write cycle
has been completed, true data is valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming ¢an also
be monitored by the RDY/BSY output signial. P3.0 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.0 is pulled high again when programming is
done o indicate READY.

Program Verify: If iock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The status of
the individual iock bits can be verified directly by reading
them back.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normat verification of
locations QOQH, 100H, and 200H, except that P3.6 and
P3.7 must be pulled to a logic low. The values retumed are
as follows.

{000H) = 1EH indicates manufactured by Atmel

{100H) = 52H indicates 89552

{200H) = 06H
Chip Erase: In the paraltel programming mede, a chip
erase operation s initiated by using the proper combination
of control signals and by pulsing ALE/PROG low for a dura-
tion of 200 ns - 500 ns,

in the serial programming mode, a chip erase operation is
initiated by issuing the Chip Erase instruction. in this mode,
chip erase is self-timed and takes about 500 ms.

During chip erase, a serial read from any address location
will returm O0H at the data output.

Programming the Flash — Serial Mode

The Code memory array can be programmed using the
serial ISP interface while RST is pulled to V.. The serial
interface consists of pins SCK, MOS! (input) and MISO
{output). After RST is set high, the Programming Enable
instruction needs to be executed first before other opera-
tions can be executed. Before a reprogramming sequence
can occur, a Chip Erase operation is required.

The Chip Erase operation turns the content of every mem-
ory location in the Code array into FFH.

Either an external system clock can be supplied at pin
XTAL1 or a crystal needs to be connected across pins
XTAL1 and XTAL2. The maximum serial clock {SCK)




frequancy should be less than 1/16 of the crystal fre-
quency. With a 33 MHz oscillator clock, the maximum SCK
frequency is 2 MHz.

Serial Programming Algorithm
To program and verify the AT83552 in the serial program-
ming mode, the following sequence is recommended:
1. Power-up sequence:
Apply pawer between VCC and GND pins,
Set RST pin to “H™.
If a crystal is not connected across pins XTAL1 and

XTAL2, apply a 3 MHz to 33 MHz clock to XTAL1 pin
and wait for at least 10 milliseconds.

2. Enable serial programming by sending the Pro-
gramming Enable serial instruction to pin
MOSI/P1.5. The frequency of the shift clock sup-
plied at pin SCK/P1.7 needs to ba less than the
CPU clock at XTAL1 divided by 16.

3. The Code array is programmed one byte at a time
by supplying the address and data together with the

AT89S52

appropriate Write instruction. The write cycle is self-
timed and typically takes less than 1 ms at 5V.

4. Any memory location can be verified by using the
Read inslruction which returns the content at the
selected address at serial output MISO/P1.6.

5. Atthe end of a programming session, RST can be
set low to commence normal device operation.

Power-off sequence {if needed):
Set XTAL1 to “L." (if a crystal is not used).
Set RST to “L".
Tum V¢ power off.

Data Polling: The Data Polling feature is also available in
the serial mode. In this mode, during a write cycle an
attempted read of the last byte written will result in the com-
plement of the MSB of the serial output byle on MISO.

Serial Programming Instruction Set

The instruction Set for Serial Programming fallows a 4-byte
protocol and is shown in Table 10,

AMEL 1




Programming Interface - Parallel Mode

Every code byte in the Flash array ¢an be programmed by  All major programming vendors offer worldwide support for
using the appropriate combination of control signais. The  the Atmel microcontroller series. Please contact your locat
write operation cycle is self-timed and once initiated, will  programming vendor for the appropriate software revision.
automatically time itself to complstion.

Table 8. Flash Programming Modes

ALE | R pozo | P40 | PLT4
Mode V. | RST | PSEN | PROG Voo | P26 P27 | P33 | P36 | P37 | Dats Address
i
2
Write Code Date | 5V H R 12v L H H H H D A12-8 A7-D
. f A r—
Read Code Data | 5V H L H H L L L H H Dour A12-8 A7-D
B
™
Write Lock Bit 1 5v H L —~ 12v WOt H H H X X X
i @ H j L L X X X
Write Lack Bit 2 B H L - 12y : H H
@) T !
Write Lock Bit 3 5v H Lo o oW L H H L x x X
. PO.2,
ReadLack Bts | oy 1 1 L H H HoooH | vl owl o P0.3 X X
1,23 ! PO.4
) T ) l X X
Chip Erase SV H L - 12v H oL H L L X
Read Atmel iD sV H L H H L L L L L 1EH X 0000 00H
Read Device 1D 5V H L H H Lt L L L 52H X 0001 00H
Reed Device ID 5V H L H H L L L L L 06H X 0040 00H

Notas: 1. Each PROG puiss is 200 ns - 500 ns for Chip Erase.
2. Each PROG puise is 200 ns - 500 ns for Write Code Data.
3. Each PROG puise is 200 ns - 500 ns for Write Lock Bits.
4. ROY/BSY signat is output on P3.0 during programming.
5. X=dontcare.

Figure 13. Programming the Flash Memory Figure 14. Verifying the Flash Memory (Paraliel Mode)
{Parallel Mode) Veo
Voo ATEOS52 T
AT88552 l aoor, A pipprz Ve o oA
A - A7 v OUODH/tFFFH
ADDR. P1.0-P1.7 e A[B-Mz P20 - P24 PO b e ok
Q0DOHMFFFH - PGM PULLUPS)
AgEAsY| P20 - P24 —— DaTA -
| P26 SEE FLASH | —% P27 ALE le
— PROG P33
SEE FLASH F2.7 ALE l—— PROG PROGRAMMING— —]
PROGRAMMING— -—#| P3.3 MODES TABLE | ——» P3.6 oV,
MODES TABLE | — i P3G — - P37
—» P37 a2 &=
» XTAL2 EA fe—— v
]_ 3.33 MHz
3.33 MHz 2
= RDY/
— P30 Bev
XTALT RST le—— v,
& XTALA RST [—— Vy GND ﬁ _—L.
f GND PSEN __L = =
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s AT89S552

Flash Programming and Verification Characteristics (Parallel Mode)
T4 =20°C 10 30°C, Voo =4.5t0 5.6V

Symboi Parameter Min Max Units
Vep Programming Suppiy Voitage 11.5 12.5 A
top Programming Supply Curren{-i R 10 mA
lee Ve Supply Current 30 mA
o Oscillator Frequency ' 3 33 MHz
Lavest Address Setup o PROG Low 48te ot

tapax " | Address Hold After PROG 48t oy

tovsL Data Setup to PROG Low 4Bl oy

oo Data Hold After PROG - 881,

tes P2.7 (ENABLE) High to Vep 4Btey o)

tence Ve Setup to PROG Low 10 s
tonet Ve Hold After BROG o 10 ps
teren PROG width 0.2 1 ps
Lvay Address to Data Valid 48tcicy

Yeray ENABLE Low to Data Valid ] Bl

tenaz Data Fioat Afler ENABLE 0 48le oy

tamme PROG High to BUSY Low 1.0 NS
tore Byle Write Cycle Time ) 50 ps

Figure 15. Flash Programming and Verification Waveforms ~ Parallel Mode

P10 - P1.7 PROGRAMMING VERIFICATION
) . N
I Y D— ADDRESS ’ﬁ ADDRESS »>———
P3.4 *— tavav
PORT 0 14 DATA, IN N DATA QUT p—m—
) L_: tover  teHox :-:l
tave [* tohax
ALE/PROG N /1
Yoo * PR tohst
_._———._—_—.——--—...ZJ'_-‘ —-V-E-P ——————————————— _\LOG‘C 1
ANV el osic o | D
P2.7 _‘I s teay — " lenaz
{ENABLE) /l
teuaL —*
P3.0
(RDY/BSY) BUSY READY
bwe
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Figure 16. Flash Memory Serial Downloading

VCC
ATB9S52 j’
Vee |- -
INSTRUCTION
INPUT ~— ™ P1.5MOSI
DATA OUTPUT +— ~ - P1.6MISO
CLOCK IN — P1.7/5CK
—-- - - XTAL2
3-33 MHZJ -
7] e
-[ul -— | xTALY RST fje— Vv,
GND

Flash Programming and Verification Waveforms — Serial Mode

Figure 17. Serial Programming Waveforms

SERIAL DATA INPUT
P1.5 (MOSH)

LD G G, G X X X8\

SERIAL DATA QUTPUT
P1.6 (MISO)

LSB

/ M%‘;Bi)(

SERIAL CLOCK INFUT

P1.7 (SCK)

AT89552
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Table 9. Seriat Programming Instruction Set

AT89S52

Instruction
Format
Instruction Byte 1 Byte 2 Byte 3 Byte 4 Operation
Progremming Enable 1010 1100 0101 0011 X0 30000 X000 3000 Enable Serial Programming
0110 1001 while RST is high
L (Output)
Chip Erase 1010 1100 100x  xo0xx MAXX KKK XEXX XXX Chip Erase Flash memory
array
R
Read Program Memory | 0010 G000 oK N Doe®R | rmge ooto EEng acn-c | Read data from Program
(Byte Mode) < < et 83 8853 memory in the byte mode
Write Program Memory | 0100 G000 WX N oo ~© —o rowe ooco | Wrile dala to Program
- £,
{Byte Mods) z ¢<"§ ER VR | 5883 838 memory in the byte mode
Write Lock Bits™ 1010 1100 1110 00 Z& | oxx x00m O 000K Write Lock bits. See Note (2).
Read Lock Bits 0010 0100 0000 000K XXX 200K o o X Read back current status of
~4 = the lock bits (a programmed
lock bit reads back as a '1")
Read Signature Bytes'® | 0010 1000 X009 IOYTR | 000 00K Signature Byte | Read Signature Byte
Read Program Memory | 0011 0000 XX N oD i Byte 0 Byte 1... Read data from Program
{Page Mode) < << Byte 255 memory in the Page Mode
(256 bytes)
Write Program Memory | 0101 0000 o o Toomm —i' Byte O Byte 1... Write data to Progrem
{Page Mode) < <L Byte 255 memorty in the Page Mode
(256 bytes)
Notes: 1. The signature bytes are not readable in Lock Bit Modes 3 and 4.

2. B1=0,82=0-->Mode 1, no lock protection

B1=0, B2 = 1 —> Moda 2, lock bit 1 activated

B1 = 1, B2 = 0 —> Mode 3, lock bit 2 activated
B1=1,81=1—>Mode 4, lock bit 3 activated

After Reset signal is high, SCK shou!d be low for at least 64
system clocks before it goes high to clock in the enable
data byles. No pulsing of Reset signal is necessary. SCK
should be no faster than 1/16 of the system clock at

XTALL.

Each of the lock bits needs to be activated seguentially before
Mode 4 can be executed,

For Page Read/Write, the data always starts from byte 0 to
255. After the command byte and upper address byte are
laiched, each byte thereafter is treated as data until alt 256
bytes are shifted infout. Then the next Instruction will be
ready to be decoded.

AMEL
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Serial Programming Characteristics

Figure 18. Serial Programming Timing

most X

3

¥

tovsh

NS
tshsL

» tsHox

mso X

Table 10. Serial Programming Characteristics, T, = -40°C to 85°C, V¢ = 4.0 - 5.5V (Unless otherwise noted)

* Eitsuv

Symbol Parameter Min Typ Max Unlts
ooy " | Osciltator Frequency ' 0 33 © MHz
toeL Osciltator Petiod 30 ns
tsus. | SCK Pulse Width High 2teicr ns
teLsn SCK Pulse Width Low 2 terer ns
tovsh MOS! Setup to SCK High tCLCL— | ns
toux | MOSIHold ater SCKHigh 2t e e
gy SCK Low to MISO Valid 10 16 32 ns
terase Chip Erase instruction Cycle Time T 500 ms
tswe Ser.ia!_é);te;vme Cycle Time o i -..f T 64 to o + 400 ps
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Absolute Maximum Ratings”

Operating Temperature .............ccccooooooveeee.n. -55°C to +125°C *NOTICE:
Storage Temperature .....c..coooeveeeeernreeeeenen -65°C to +150°C

Voltage on Any Pin

with Respect 10 Ground .........ccccovcvevevervesvvrneene. - 1.OV 10 7.0V

Maximum Operating Voltage ... 6.6V

DC Cutpit CUITENt ... .o rerereceeraesrnensvasserees 15.0 mA

DC Characteristics

The values shown in this table are valid for T, = -40°C to 85°C and V¢ = 4.0V to 5.5V, unless otherwise noted.

Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating onty and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational seclions of this specification is not
implied. Exposure to absolute maximum rating
canditions for extended perfods may affect

device reliability.

Symbol Parameter Condition Min Max Units
Vi Input Low Vollage (Except EA) 0.5 0.2 V0.1
Vi Input Low Voltage (EA} S 0.5 0.2Vc-03 v
Vin input High Voltage (Except XTALY, RST) 0.2V +0.9 VE+0.5 \'
Vi tnput High Voltage B 7 (xTAL.1, RST) a 0.7 Vo Vect0.5 v
Voo Output Low Voltage!'! (F'or_t;s 71273; 1 Iy, = 18ma 0.45 v
Vous 3,’;‘3“;;"&‘_’%?’ o = 3.2 mA 0.45 v
T IO“ = 60 pA, V,GC =5\7; ;(-)% 24 A
Vo (Pors 1.2, ALE PSET) o= 2590 075 Veg v
b = -10 PA 0.9 Ve v
1 io,.,‘=-_ :B—D(’) pA Vcc = SV 1 10% 24 v
Vaui 3::3‘3”0‘ ilh:'ni?é;:::::?gus Mode) {low=-300pA 0.75 Vee v
lops = 80 PA 0.9 Ve v
hy Logical Oitrnput Current (Ports 1,2,3} | Vi = 0.46V B -6Q HA
b t;og::!l "12 t'g)o Teansition Current Vi = 2V, Voo = 5V £ 10% -850 WA
by tnput Leakage Currant (Port 0, EA} 0.45 < Vi € Vee I #0 BA
RRST Reset Pulidown Resistor 10 30 KD
Cio Pin Capacitance Tost Freq. = 1 MHz, T, = 25°C 10 pF
Ac;rve Mode, 12 MHz - ) 25 mA
Power Supply Current :
lec idle Mode, 12 MHz 6.5 mA
Power-dawn Moda(" Vee = 5.5V T 50 uA
Notes: 1. Under steady state (non-transient) conditions, 1, must be externally limited as follows:

Maximum iy, per port pin: 10 mA
Maximurm g per 8-bit port:
Fort 0: 26 mA

Ports 1, 2, 3: 15 mA

Maximum total L, for all output pins: 71 mA
If iq, exceeds the test condition, Vg, may exceed the related specification. Pins are not guaranteed lo sink cumrent greater

than the listed test conditions.

2. Minimum V. for Power-down is 2V.

AIMEL
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AC Characteristics

Under operating conditions, ioad capacitance for Port 0, ALE/PFROG, and PSEN = 100 pF; load capacitance for all other

outputs = 8D

pF.

AIEL

External Program and Data Memory Characteristics

12 MHz Oscillator Variable Osciliator
Symbol Parameter B Min Bl Max Min Max Unlts
Moo Oscillator Frequency 0 33 MHz
L ALE Pulse Width 127 21, 40 ns
ﬂ s fddress Valid to ALE Low 43 ; loro=25 ns
toiax Addrass Hold After ALE Low 48 f toc-25 ns
L ALE Low to Valid instruction In 233 Mgy 65 ns
tue ALE Low to PSEN Low 43 loic 25 ns
teLpH PSEN Pulse Width 205 3 45 ns
torry PSEN Low to Valid Instruction In o 145 ey 60 ns
toxix Input Instruction Hold After PSEN 0 "; 0 ns
texiz Input Instruction Float After PSEN R tecL-25 ns
Yo PSEN to Address Valid s e, 8 ns
taviy Address to Valid Instruction In o 312 Sty -80 ns
toiaz PSEN Low to Address Fioat 10 10 ns
trron RD Pulse Width w00 | Bl 1 -100 ns
vt WR Pulse Width 400 6l -100 ns
tar ov RD Low to Valid Data in ) 252 Stoye-90 ns
tanox Data Hold After RD o ] ns
Yooz Data Float Mfler RO~ 1l I 2 N P ns
Yiow ALE Low to Vaiid Data In o 517 Blgy ¢ -150 ns
twow | Addressto Valid Datalm | 585 O, 0,165 ns
B ALE Low to RD or WR Low 200 300 3t o150 3t o +50 ns
tavwe Address to RD or WR Low 203 Ao 0 75 ns
tovwx Data Valid to WR Transition o3 terer-30 ns
tovem Data Vaiid to WR High 433 Tteie-130 ns
T T T e e n:;
we | Ploworamssren | 1 o T : -
tnin RD or WR High to ALE High 43 ; 123 teLcL-25 oL +25 ns
24 AT89S852




External Program Memory Read Cycle

2 AT89S852

Y —*
ALE \ ST
N e
tAVI.L [ b t tu_w
e —* e e
PSEN /S oy \
e—tpxa
- toLnz
tuax texiz
tosax—»  fe—
PORT 0 S—  AD- A7 ¢ INSTRIN b > Ab-a7_ >
+ Ly
PORT 2 X AB - A15 W AB-A15
External Data Memory Read Cycle
te—»
ALE L
—* LY
PSEN /
o —* N
e — trirH —
e b ]
A5 N
e L N taov trupz
izt —] trDX
PORT 0 __»>~f{AD - A7 FROM RI OR DPUY) K DATA IN A0 - A7 FROM PCLY—C INSTR IN
N tavw >
el 0, ¥}
PORT 2 ) ¢ P20 - P27 OR A8 - A15 FROM DPH > AB - A15 FROM PCH

25




AIEL

External Data Memory Write Cycle

Y p—
ALE N
=¥ L

PSEN _ / N

e— b —ple—tpg iy =

J— N e
WR Y — N
f— lAVLL'_" tQ‘\{W)( e i T A —® t\M'IQX

PORT 0 > A0 - AT FROM RI OR DPLM T DaTA OUT I (A0 - A7 FROM PCLO~CINSTR IN

tavn

PORT 2 ). 4 P2.0 - P27 OR AB - A15 FROM DPH > AB - A15 FROM PCH

External Clock Drive Waveforms

Lenex _
foron — — oo
oasy 02 V- 0.1V N 7 <
[ loex —
tae >
External Clock Drive _
Symboi i Parameter Min Max Unhs
Moo Oscillator Frequency 0 33 MHz
forel Clock Period 3 ns
tencx High Time ;2 o ns
trex Low Time 12 ‘ ns
toen Rise Time o 5 ns
toneL Fali Time o 5 ns
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Serial Port Timing: Shift Register Mode Test Conditions
The values in this table are valid for V.. = 4.0V to 5.5V and Load Capacitance = 80 pF.

12 MHz Osc Variable Osciliator
Symbeol Parameter i _Hin_ T Max Min Max Unlte
- Serial Port Clock Cycle Time 1.0 120 ps
Yavxn Output Data Setup to Clock Rising Edge 700 101, -133 ns
| tymox ( Output Data Hold After Clock Rising Edge _50*7 20080 ns
tyHox Input Data Hold After Clock Rising Edge 0 0 ns
teow | Clock Rising Edge to Input Data Valid T 00 10l ~133 ns
Shift Register Mode Timing Waveforms
INSTRUCTION 0 1 1 | 2 | 3 I 4 | 5 | 6 | T i 8 |
ALE UL L L e e ey
* " bax .
CLOCK 1 L LJd L1 L_ [T
tavx fe —* l‘— txuqu _
WRITE TO SBUF, S0 1 X T X2 X3 X a2 X s X &8 X 1 7
OUTPUT DATA Lo <—T [ boox SETTH
L CLEARRI |
INPU# DATA

AC Testing input/Output Waveforms("

Ve- 0.5V

02 Voo * 0.9V

TEST POINTS
02 Ve - 0V

0.45v

Note: 1.

AC Inputs during lesting are driven at V. - 0.5V
for a logic 1 and 0.45V for a logic 0. Timing mea-
surements are made at Vy, min. for a fogic 1 and v,
max. for a logic 0.

Timing Reference
Points

V. 0ty

For timing purposes, a port pin is no longar floating
when a 100 mV change from load voltage occurs. A
port pin beging to float when a 100 mV change from
the loaded V,/Vg, level occurs.
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Ordering Information

Speed Power i
{MHz) Supply Ordering Code Package Operation Range
24 4.0V ta 5.5V ATB9S52-24AC 444 Commercial

AT89552-24JC 44J {0°C ta 70°C)
ATB9552-24PC 40P8
ATB9S52-24A T aap industrial
ATB9S52-24.} 443 {(-40°C 10 85°C)
ATBOS52-24P} 40P6 '

- 83 4.5V 10 5.5V AT89S52-33AC T Commertial
ATBIS52-334C Y {0°C to 707 C)

] ATBIS52-33PC - _ A0PE :

= Preliminary Avaiiability

Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44 44.lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-pin, 0.600" Wide, Plastic Dual Inline Package (PDIP)
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Packaging Information

44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad
Flat Package (TQFP)
Dimensions in Millimeters and (Inches)*

12.21{0.478) sa

PIN1ID 11.75(0.458)

0.45(0.018)

o.an(o_oanascL = _J__ ©.30{0.012)
T & o

r 1.20{0.047) MAX

0.20( ooa)

SOmIIEN, |

% ___”_075(0030! 0.15(0.006) '

0450018 0.050.002)

*Controlling dimension: millimeters

44J, 44-lead, Plastic J-leaded Chip Carrier {(PLCC)
Dimensions in Inches and (Millimeters}

045{1. \a)xw PIN NO, t 045{1.94) X 307+ 45" 510 apey
DEN“F\’ } “0OB{.203)
) _i !
L 656(13 7)50 630{16.0)
650(15 5) 590(15.0}
Bs(17.7)
385(11 4)

oae 1 021.533)

02 B60) i “073(330)
T

o&uu 21 TYP | .043{1.09)

2 7) REF S0 020{ 508)
120{3.05)
050(Z.29}
g %ﬂ%% L1B{4.57)
654,10}
%WME ~ Q22(,559) X 45° MAX (3X}

40P6, 40-pin, 0.600" Wide, Plastic Dual Intine
Package (PDIP)

Dimensions in Inches and (Miliimeters)
JEDEC STANDARD MS-011 AC

2.07(52.8)
2.04(57.9)

_r
(| =ons

29
1900(4820)REF :—| = R

220(559) 121)
MIN
SEATING
151 '4.09
12 3. 18 _”__ 015{“1’
065(1 ss)
2 19 o6 'm‘ 355)
mu{z 28) 18.0)
500(15.0)
& mer
.012(.305) 15
OO 23}

o -00017.5)
610{15.5)

29
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BC549; BC550
NPN general purpose transistors

Product specification ' 1999 Apr 22
Supersedes data of 1997 Jun 20
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Philips Semiconductors Product specification

NPN general purpose transistors BC549; BC550
FEATURES PINNING
+ Low current (max. 100 mA) PIN - DESéRIPﬂON
= Low voltage (max. 45 V). 1 emitter
2 base
APPLICATIONS 3 collector

» Low noise stages in audio frequency equipment.

DESCRIPTION ) 1 ) 3
NFN transistor in a TO-92; SOT54 plastic package. 3 = 2
PNP complements: BC559 and BCS60. : =

MAMIED K

Fig.1 Simpiffied outline (TO-92; SOT54)

and symbol.
LIMITING VALUES .
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MiIN. MAX. UNIT
Veso collector-base voltage open emitter
BC549 - 30 A
BC550 - - 50 v
Veeo collector-emitter voltage open base
BC549 | - 30 v
BC550 - - 45 v
Vera emitter-base voltage open collector - 5 Vv
lc collector current {DC) - 100 mA
lew peak collector current - 200 mA
lam peak base current - 200 mA
Prot total power dissipation Tamb £ 25 “C; note 1 - 500 mvY
Tsg storage temperature -85 +150 °C
T junction temperature - 150 °C
Tamb operating ambient temperature —65 +150 °C
Note

1. Transistor mounted on an FR4 printed-circuit board.

1999 Apr 22 2




Philips Semiconductors Product specification

NPN general purpose transistors BC549; BC550

THERMAL CHARACTERISTICS
SYMBOL © PARAMETER CONDITIONS VALUE UNIT
Rih j-a thermal resistance from junction to ambient note 1 250 KW
Note
1. Transistor mounted on an FR4 printed-circuit board.
CHARACTERISTICS
T; = 25 °C unless otherwise spedified.
SYMBOL . PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Iceo collector cul-off current e=0;Veg =30V - - 15  |nA
lg=0; Vg =30V; Tj=150°C - - 5 nA
igpo emitter cut-off current lc=0;Vep =5V - - 100 nA
hee DC current gain '
.BC549C; BC550C lc =10 pA Vg =5V, see Fig.2 - 270 -
Ic=2 mA; Vce =5V, see Fig.2 420 1520 1800
Viesat collector-emitter saturation voltage |lec = 10 mA,; Ig = 0.5 mA - 90 250 mv
Ic =100 mA; Iz = 5 mA - 200 (600 imV
VBEsat base-emitter saturation voltage ic =10 rnA; g = 6.5 mA; note 1 - 700 - mv
ic = 100 mA; I = 5 mA; note 1 - 00 |- mv
Vag base-emitter voitage ic=2 rnA_ Vee =5V, nole 2 580 (660 700 |mV
=10 mA; Vee = 5 V; note 2 - - 770 |mV
C. coilector capacitance g=ig=0;Veg =10 V; f=1MHz |- 15 - pF
Ce emitter capacitance ic=ie=0;Veg =05V, f=1MHz |~ 11 - pF
fr ‘t transition frequency ic=10mA; Ve =5V, 100 |- - MHz
=100 MHz
F neise figure I =200 pA; Ve =5V, - - 4 dB
Rg = 2 k), f = 10 Hz to 15.7 kHz
Ic = 200 pA: Veg =5 V¢ - - 4 dB
Rs=2Kk&; f=1kHz; B=200 Hz
Notes

1. Vpesa decreases by about 1.7 mV/K with increasing temperature,
2. Vgg decreases by about 2 mV/K with increasing temperature.
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MEHTIS
- 1T [ ]
i Vep=5V
i N
400 : LA I Ay
: \\
Ll \
F
'
" |
|
T | \
0 -l J_ 1L
10°2 1! 1 10 102 e (mA) 103
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Fig.2 DC current gain; typical values.
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PACKAGE OUTLINE
Plastic single-ended leaded (through hole) package; 3 leads SOT54
{
- ) e— 3=«
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E
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i ! b
1 ST | t t
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T i ‘f
L
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o—-—f~-—1- s } == -— (o]
' ! l
. == -—--
i ]
L :
b4 L1 _bi
0 2.5 5 mm
| IR S T N R B
scale
DIMENSIONS {mm are the original dimensions)
UNIT[ A b by c D d E e "y L Ly
52 | 048 056 | 045 | 48 | 17 | 42 | - 1. T7as
M0 50 [ 040 [ 056 | 040 | 44 | 14 | 38 | 23|17 | 407 | 25
Note
1. Terminal dimansions within this zone are unconirolied to allow for flow of pastic and termmal megutarities.
OUTLINE REFERENCES L EUROPEAN
VERSION IEC JEDEC Bay ) PROJECTION | I'SSUEDATE
SOTS4 TO-92 sC43 £33 97-02-28
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DEFINITIONS
Data Sheet Status
Objective specification This data sheet contains target or goal specifications for product development,
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (JEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure (o limiting values for extended periods may affect device reliability.

Application information

Where application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT AFPLICATIONS

These products are not designed for use in {ife support appliances, devices, or systems where malfunction of these
products can reaschably be expected to result in personal injury. Philips customers using or selling these products for

use in such applications do so at their own fisk and agree to fully indemnify Philips for any damages resulting from such
improper use or sale.
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NOTES
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