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Special Project Title Chewing Simulator for Dental Wear Test

Name Mr. Prommat suprapat
Mr. Tosspon Tanrumluek

Mr. Pongsatorn Lertcharoen

Department Apply Physics
Program Apply Physics — science and Industry Instrumentation
Academic 2006
Special Project Advisor — Assoc.Prof Anupong Srongprapa
ABSTRACT

The cavity problem which can be cured by using the tooth filling and tooth crown has
tead to the great economic loss caused by the high cost of the dental materials which have to
be imported from the abroad. Moreover, the Thai’s standard of living could get worse due to
the inferior quality of the dental materials. Furthermore, there are also a few research of the
substitute material since the controlling and examining of the material’s quality is still
inefficient. Therefore, it's very necessary for the Thai to invent and develop the material
which has a lower cost than the imported material. This paper presents the chewing simulator
machine to examine the dental wear. The invention of this chewing simulator machine based
on the function and the quality standard of the foreign equipment. The simulation of the
chewing has done in 2 dimensions which is the most similar to the real chewing process in
human being. This paper use cams as the determinant of the motion combining with axle and
AC motor which is controlled by the controller system. In addition, we also explain and
analvze the test resuli of the tear shape motion of the dental material and compare the result to

the related theories.
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R 4 , 3 A, e 4 '
DIVLIAYDILTI TDATUTEH TN UMAY) FIFNTZLIA VDU DAV UDYITZ NI 0.25 —
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SHAPE OF FORCE CURVE

FORCE CURVE
——e~ 2 SINE FUNCTION

FORCE

TIME
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o )
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2.2 Taghldyswsiuy
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agmi1 I 1gaslauaudafioumimie IndiRvanuguaudvoiiluaus s sura wu
‘ 4 e A4 w T oA : A o'l g
nuAdBLIIUAALY Fivleuiu Tudludy tazaiuisoeglunitzdanindeon td las T
= 1 o1 :’ 3 = g ¥
aldvwnlag e liazaretutiiae szdssmusondanazaivauyduuala ldawn
¥ s/ £ =oeen =] ) & ar T myl- Yoo
A3 Taonis lsanuiou Ugasenal uasismsaus Jaqumaiil laun
Qe o 3/ = d‘ 3 [
2.2.1 0¥ ( amalgam ) n30lanztlson vuwds largwaun laommnayszning

4 » 7 = =Y
UsoniuTanzdus Tanziiuonidulanz uSandviamemSonawsia (Tanzuaw) 1ld

=

Tumeiuans suTanzilddly Yaaysuefuneunmuiulsomihu Tavenanvoaduduiynia

k)

1 ' <3 = . . A dy ar n e
BN laneHaudy - AYN (silver - tin alloy) e lavzrauiinaunulsen laaislsznou

TnsliFond1 Ty - Ayn o3aml (silver - tin amalgam) HanmsysusAud 10 S - Ayn alfary I
¥ 3

[ = = Y ¥ Y 1 n ¥ .. = o
Aei vana langrarn Gu - fynduilsenldiandueneglun1izilu1a (plasticity) Sdnymzy

fond

=l W

l ¥ 4
by ¥ s r= 9 L= o w (=%
uaiailudluden1dudnirlugaluInsaflueSon'ld d1isPBaeudad udidu - fyn odan
Inuauiandvainlszns Mdwnulassge Heauazaindie 51mgn A uuUduIa
Vo = = EY = @ 1 =) @ & 4 =
Tasuanudemndsilagiusuoniunlanzsaudyiivuves ofady Tanzdug Awauilu
Hosr W B aauiidnalssmsmudvamisdounaulsenousie 2 dau Ao
2.2.1.1 dum Usznoudy
o o [} ’ kg 1
- Builussiiiznoumulvgiveslavenau sz 2 Tu 3 dow
- dienauiulson Tdaistu - Uson
E=1 1)
- ayn Yszmm 1 w3 an
= = 2 1 P o o
- nowad wanlulanznaululSinandnios o mny Mdnny
=
LA 9
@ =) =] 3 A ar q ¥ =] = o
- dangd wawamioowetloadululdRu Ayn  uasnewmagneondlas
YL HADY
1 ye g a & -4
2.2.1.2 druveanal laun dson Usenildmaunisuigns 99.99 wosidua
222 15%unouInda ( Resin Composites } d1ulvgazon llinsindoungqusesdlu
13
a ] 1 a o
2.23 wosmau(Porcelain)  daunaideznaweiman hildiudhwilefwateufuun:
: -~ 9 o =3 A d' T Fy =4 d' =y 1 :!y:s'
Uwundeudonaindaian (dye) tionza1olinsiuiannun Wownddeumaingnis
h‘l Y ra d:‘ o
Iy ludamenosman
F=Y U o 4
2.2.4 Awdouilul 2 via lAundgeo lsauazarsmasusoaily

y_ o 3y =
2.2.4.1 vigeo lsauisean 19an 2 viia fe



gwinnpayanal nizabuAdawATLY) 17

4 ,:; 4 ]
2.2.4.1.1 vlgos lrammza ldun
SRGEAY
A
-shenianhn
5 o
-vgeelinma
LA
2.2.4.12 vigen lsawtiafauszniu
¥
o o
-hegen lia
o v o
- yuliangeo lsq
¥ o A
Yof voavigoslsa fo
o L ~ = ] 3
- ldndoviuutas § nunuAensALINAY
r = A a Py N
- wanllsumniainaINgaums o
- P IOBRUUTNT DUK TUTZULITUUIN
=t LAY = =y 4
Joid0 vourlgenlsa dnazidavinivaeivigonlsa fe
= =1 o =] i b = v
Avwpuoundy  lasezliomsaauld ouleu hades 010
¥
£ AaAs q o
JHsa0 Fiadmung lusfadon
= ay « & Yo ot A A ] o 3
WuUEes1 wewnnnldsudgos lsdnaitoaawil wiedhld
wipvuRmlng Senumnnse
' = o = ar o o
2242 mundonseddy (Sealant) Humiswialwisweiau ddnvanladiu
o 1 1 ¥ 1 & ] as
veurarnwnatilalusesilu ldooazainuagszutaa lunm iumninTaoms 19
a e 1 - = & ¥ o ow 9
asnilnaunI U I intm rloudwdnzlianuuilndinady Jaagaiumings
=) 1 csg = ‘:; 1= c.{ ar ] “a - g oo
wdoussefluiiiarian lifidnnlsneuiidludnhotlosiunsongatinisma lsaiusy

=1 =

=y .:id o [ oy @ A Y] o Y= 1
nazruaiiiges lsatestuiluniiguauiadafanufioifnidassildiinnuneguazila
o ¢ PEY = PO AP [PEpr A o N s a o e ¥ oo
Huseaduldun Fawauiiiewiialiild v wiofmbdes wilanldezlidnvmsadiod
& ' a 0y ' o e M A 1 ¥ =5 Vo
wapUAUMsMITeIs ooz 1dnn dmwiianildvimiedmdonzaelusanulddany
= ' =] < J r £ = = 4
varzaInAens lasauauaslus oy LR EIIDNTIITBITOUMIVARAVEITFAUAUN
\ 3

mawa lumsindouiesitudo  wdosiuilugldfdieldmas hluuduaRvivestunds
= Ky " a o civ = = ' ar T 3/

aAn Aunsmisouarfunswivngiwes Taviaguiiatie: ldadaediungn uazsotuuam

=

;’ A a v ) =1 ar g Y =1 @ w e
vaRtwssinoi mihmdluaiiomnizdeiy WWlvndovAuduiaiunia uazaiugd
o d ~ o 1 o ° 3 v ¢ o
unsorues wafildnio wieufusz ligniaolaonsa Mlddulin mswlsilusuiy

7 Q a ) o w e s e & o = o’
13 15 Tnudafuaudnd szvauiiensuomisuazas ugdunidusnuiifsus tuuugd

et 1) C?: d' ] 1 1] A 1]
A laa naluuanswdsitvnelng sz laysewenseudhidaludniiodangs

76644



wnanstuenansianubidmiunislsnuiionsfnwiniu lweygslnilulydssloguaiunisen

lunsdllag Medu Bnnsudludauadiion uaznaendidsaiveseonalsynasiniinisuiluly



wnanstuenansianubidmiunislsnuiionsfnwiniu lweygslnilulydssloguaiunisen

lunsdllag Medu Bnnsudludauadiion uaznaendidsaiveseonalsynasiniinisuiluly



wnanstiuenansianubidmiunslsnuiionsfnwiniu lweygslnilulydsslosuaiunisen

lunsdllag Medu Bnnsnudludauadiion uaznaendidsaveseonalsynasiniinisuiluly



wnanstuenansianubidmiunislsnuiionsfnwiniu lweygslnilulydssloguaiunisen

lunsdllag Medu Bnnsudludauadiion uaznaendidsaiveseonalsynasiniinisuiluly



wnanstuenansianubidmiunislsnuiionsfnwiniu lweygslnilulydssloguaiunisen

lunsdllag Medu Bnnsudludauadiion uaznaendidsaiveseonalsynasiniinisuiluly



23

]
=3

r e ¥ »
Joiriaveanivailofmanilfe nadevldlumadminduSaaminiu Tuvuzh
dy =3 q’j 5 oG 1 = 3 . o 3
wmspgveaduiine tuuuvuueazAmnduiaaam Inaiaald servo hydrolic 2 @ w1l
o 9 3 arw i o 3 o o o cf
malwnneanin sazvwmduiraininsnarou Yatienaunnedunuusaanne
] ¥ a oo =) ¥ W ¥ s oy 1 o 3
vz lndRsauuauss sur@neziido Iauh adwa dugilveah sreailuduss s
A d T W @ 9/ 3 r.dy =] o
yanvzlszanunindimvanuld msizh jUuvuvsrnmsipeiivinadoun

; = o d.v ¥ 24 = a o
1uﬂ1'§‘iﬂﬂﬂ®'ﬂﬂ’rﬁHﬂlﬂﬂ?ﬂjﬂd‘ﬁuﬂﬁulﬁﬂmﬁﬂflﬂﬁUﬂlﬂﬂ’)wlﬂ!ﬁﬂ'ﬂui}iﬁﬂ']ﬂﬂﬁﬂﬂ

o4 = . 1 2= a 9 o 3
ﬁ@ IFIVYUIBNTNATDUVDI  Minnesota 'f]UNll'iﬂ'ﬂ ﬂ')'i"u’iﬁll‘l—ﬂﬁﬁi‘l]‘]]]ﬁﬁﬂymﬁﬂl'ﬁ]ﬂﬂﬁj‘ﬁ

e

d Jd o ar g 9 at ) ] Ld o
amiluamesdmsumsnadeunasiunundouiuazdailymniafigaewemes ¥l
9 ¥ A aa ' oA [ Ay & = A 3 '3 4
Idszuuesesiiisim lugnmnnas - avelassdivifanez]s Ac  wawesuuud

q o < o & g =3
amwsenwavIilSuanusseu Ao 1 @ Uszneudumagndioy (camshaft)

o r 3 o '
@Bniilﬁ.ﬂﬁu11%ﬁyl'ﬂﬂuﬂi]fgﬂ~|ﬂ<1ﬂa_n

a 1 A o4 A o =
2.4 NYUHNAIGNULY %30 (38NBNBYIIN gRitled (Camshaft Theory )
c'.'.” = ;:iyd. a = L] o r:'i d'
anidion (€aMs ) Tularsise s nudidaie dudidmusdnumzmsmiouh
! o A a dy 4 =5 L P Y ar
drunesilnveunissnaimsuanoaienagounsdnmaiuans syt lddnuazns
: - S 4 o o o G o o =t =
waoun 2 Hananans FilumabwndszynaldduthuiesdesianmdlauasAnunings
NOURNAIQNIIYT (Camshaft Theory ) 1uney
g A2 & w LA o q ¥ = a4
amition (CaMS) dunalafitaAadumamy (Shaft) Womamyui liamieunioun
Q £y & & e A o w d” A = = = 5
w1 linszioansod 1w (Follower) NduAdiugnidoliavasundounlunmmaniimua

3 ¥
gmidea CAMS)azlsznou ldrsdaunian dsgildat

FOLLOWER

ROLLER

CAM

[ 3
s1#1 2:18 dnnlsznoudiy q apagniied



24

o 5 4 P 4 = ' !'uxj g Vo oo
n. Follower : tludmiond Fadnvuzmanienivesdmiiivezduegiuinvug

] = woow o [ § o E @ w oo
sUnwudm IRsves cAM Taeil Roller iludrdudacoadluuuudud 14w Wrdudauny

=
sou iudu)
1 ¥ o oo = o 1 L 9
9, CAM : iilud IRsduiaves CAM Hanuuzginswanaaiu ldaunislda
2 [ 4 {4 o e o o
T iua Tavnanyazmamasuhitndsants vie NaRdumnendamans
T = 1
A. Shaft : TWRAUYD CAM (U MBDUNA
o 5
2.4.1 ¥HAvaInalNgnIly)
3 ¥ il
drulngna lnvoagndes sx)iznonldne 3 Fumdndagilaeil Ao
¥y
1) amily)
2) A9

o A
3) WUUY

I3

Follower

1

¥
7117 2. 1991 nvosgmiiin?

13 b4
mawisaiiavesgmilvivomii 2 drutngdwolalil

o+
2.1) MinenauriinvewmileImiogtsig

b I 1 ]
2.1.1) gnidlvany 1 da Ao gnideaniifinmismaon lusuunn X

3

¥ 3 '
2.1.2) gniboanuy 2 @ Ao gnidvaniinamsmasu luuuiuny X uag unuy

ey

3 w :: ar 3 .-::‘
Wi BUIUNG 2 unu agalan i



25

] ¥
51U 2. 200amegniliv sy 2 9

22) MItgRA NS IREDu I R UM eI IA I Followertitinen 3 sialne
et
221} D1 Roller follower 7D ANBMETYBIAIATL( follower )ﬁJmmugﬂﬂg&
wihAudaumudmn Redudadon1ds Sideilumsdudaton msndouiineudruiiuly

1 d‘ 1 A =
U951 U TAua a

Cam

LS PR e

719 2.21 Roller follower

N



26

2.2.2) WV Knife-Edee follower 78 @013 (follower) pzitluuny Uaonvay i
d’l :g. =1 = s:; q % e ﬂ‘ =1 En [ :i
wasudvalziiusudeniugy manzaui lEnunudiun 5 nazdinsgies 9 (Al

2.22)

317 2.22 Knife-Edge follower

@t s o J
2.2.3) 1 Flat — faced follower AR (follower) %Li‘lmmu Hﬂmuwmmu VYU

a9R I follower (#1314 2.23)

]
PV,

; foltower

Fallower ——

Spring .

Cam

‘gﬂﬁ 2.23 Flat - faced follower



27

¥

¥ '
2.3) mauiawiinvosgnidurnmdsnzmswdauniuasvasimuiseenily 2
= |
N3 Ao
prge] E v a
NN 1 4UD DRD {dwell - rise — dwell} WuAnyuENIIAR0 UV follower
r ¥ ¥ " ¥ r r
SUNNANUVDL follower ATl IMiuTadouduonidiuudnsiinounvendvanng
Aunuan (Aegai 21)
- 1 ql @ I L= d‘
Dwell Ain H1INYAI (rest, repos) YVOIIATY ( Follower ) ( Biiamsnfasuuilas
MIvIA)
Rise A0 ¥ 1NTIAT0UN0DNVDIAIAY  Follower ) (T205MTVIATEININ
4 Yoo o P 1
fuina1veIgmlonny AT HLAY)

= 1 - « k1 ar
Fall 7D #3019 00 UMY 1U03A8 71U { Follower )

D-R-D {(Dwell Rise Dwell) %144@5”;51&“15&’%75’ §E
dwell
. [}
o ~
, P
{F N
dwe \.\ =

v

31W 2.24 dwell - rise — dwell

== o3 ar 4 - a e
NIH 2 WU DRF {dwell - rise- Fall} WUANY Y MTNROUNUDS follower NI
“ ¥ d! k' d' o [] g 9 d' o 1 T = @ o d'

asi lAaamiladadfoud umiauangagaud wldsunduaangdumuafuiui@Eglh
22)

Dwell A0 B391gA1IA (rest, repos) ¥R ( Follower ) (hufianisnfdouuilas
N5v28)

Rise fiD 1M TAIOURBONYOIAIATY ( Follower ) (328EN1TVIATLHIN

’ a w w a4
ﬂuﬂﬂﬂﬁ‘ﬂ'ﬂﬁgﬂ!ﬂﬂ')ﬂﬂ ANTHNL YY)

I ' - A oy ar
Fall A0 9130151 aDUNA IV 1823004 (Follower. )



28

VAL SIA
AN

D-R-F (Dwell Rise Fall) $uudranial

™
-~ f)
// x Ry f’/
i
Y.

gﬂ‘ﬁ 2.25 dwell — nise-return- dwell

ANYUZNIMARDUNGVVA 19D Follower 1HANHMENAINTI 10099100 TIH CAM T

3 g & oo d . : i ,
. MISINAOUTNRAIBA NI IR (A1317 2.26) (Uniform velocity or Uniform motion)

51/% 2.26 Uniform velocity or Uniform motion

b



24

U, MSAADUALDY Simple Harmonic (Ae31/7 2.27)

gﬂﬁ 2.27 Simple Harmonic

. MINADUTIAILAIINE NN (Aegdf 2.28) ( Uniform acceleration motion )

g“lhfdl 2.28 Uniform acceleration motion



30

] 1 1 ¥
TeinasaemimsHarzan lumsiaonmsindouRvosamiey ( CAM )usg §19
{ Follower )

4 =1 w  oa o 21 o I & :
[) BHIAYSIA THEIIIS HA TN AU N L DAL TINUTIRIS NMIADAIRTY I?}U!A‘i 3!5’68}
1 ¥

== .:§ 4 = ar L =1 1 L]
(Inertia force, Force d’inertie) Ainaiy FINNAEIUALANNIT a9z UINNTILT

= oA =

] @ c; ¥ 3 ar
A0A8 39NITLAONVHIAVDIANLLS WBId 1y IR T on waiamuuIAe iduldenisvsanases
3 ) 9 M - (= = w 1 v oa ' 1o
Wuduldsmivaue Ao lulimsnaounlasnnuduesnanz nuinveansaausa (i
N Cusp)
@ C!I 1 e 0 L= A =] -7

2) ormsilasunlaininng s Jerk) sz liiRansnszgndaTonailoudy
= o 1 Y o = = q‘ v cs' k1 =] r.:
HusnIzMegangiuiu Benasiinadounnlasa nus siton 9 wSominaun

3) A5 1V898I7Y ( Follower ) Fa9zlnanamdanaz 14 lumsduuosdaniy
7] A at 4 Ay 3 a @ o Y a g & o ¥ a
WINIsBNIIRENNNAANI MTes AT gIri IMAan nwsa loaun Faezilding
MIANNTD (Wear. Usure) {TBI5UNIM (Noise, Bruit) Haznsduaziiou

NITHIHLAINTIYTANS 0N 15R80UTN (Contour) 1A3T Pointed follower cam

1 ) 1 v r
SududosdinsadunSonSfeundaanmsmdeniivasiude  Tastagnidor Iogiuiinda1d

-1}

G : E; dy ﬁ! 1= ¥ A ai.n) ar 1 y G wr i
Amnnafeuisougniy ¥ lulinanonisdouiiduinisezngnifoniudiny uaed

1 ¥ 1 :; ' ﬂj”
NIZBIMATIMILHLAINM TN ADUYDIgNLin ( CAMOR il Tlawgalaa 11

2
=

5
3191 2.29 namanisvenuyugiien



31

& 4
o ' = =] =1 ar ar o (¥
D wyuimuTlson 4 gudnmevemies Taofignidluazdmnimedudaiu
¥
anoaa Tuiinntenssiudnusunsnyuvesgnidion
:3'1 - o g ] d’ T ) n s dy

2) mdoudaty ladumianusadu ougnde

} i c:‘ o P ] ¥oow o o
3) madunmisimdoufivesgmitivrnnd i sduiaas 9 v idudaven I

4 P ; ) ' Y ar =
TINNINMISITeunTes gy (CAM) dnaegdiun gndisxcam) Tddegdi

A o Y r:y . =S &
2.29 masﬂuaﬂumms A1 A 19NVE MDY Flat follower Cam or Pointed follower cam JDHH4

"-4.42-&?

"'r‘” Fr kool o

Ang%e M.
R.uwm-cuomon) 0-180 20
Owell 130 0 o
Fa!l(Unifcdeuuty} 210330 20
Dwell 330380 0

3 1) 2.30 Flat follower Cam or Pointed follower cam
a ‘: .
2.4.2 hiulsznovlumseenuuugniiierd (Cam Design Facter)

¥ = a4 el S s oy o g
umsidnusessyruuinnusnhunmmSogaiu $uiludsaiinsigrinig
o ¥ a v T o & & - -

wamaasvesszuuIduduouduneu Jadede 4 AdesdiiisdTumavonuuugmidion fio
5

LT [ F=1 o A ]

2.4.2.15fu31)5190949M111)0 (Cam contour, Contour de Came) AI3ILHRNITUUNY T3]

1m3 wlasuulannu Tdnunzviusiy

2422 ywnvesnrnsaiiuay gndouiing gegavesdimu arrezliaiooiiga

a

] o a A w A : = o =1 o a
as i I8 mszddaiunann Sadinnyidwesgnidonsnmiuazianadn szi i

1 v
AR MUAN NS T

= a v a o vy 4 v
2.4.2.3 YNNATITA (Max. pressure angle) A3z UAlaegavithezii 1A Fadyuna

L]

gaga Yaimnnei Idinaus sdsamuniesdinwann Mlimansd@nusosnaium laed

UUNAGIAANITBOU 531N 25°-30°



3e

o = d = 1A c :
2.4.2.4 yavesgnitiod Aastvnadniigaminaz i 1a woldn nugasnm
=t ¥ o do at
(Balance) 484 SEUVATU UUTINTUNT AN IO 0D
o @ = 3 ] o w =g g Yas =2
2.4.2.5 A5 MDA AT NVIATBE tHoaan1dei T 1T s s vl uasntsdnus e
[ = 1 = A © ¥
2.4.2.6 fnaunisianuuns s uaznigamivsi lauuamlunisesauuugn
4 3
11169 (Cams design) AU ILVD 1ATITTUHIAY
¥ s ' o 9 w W
wonmInMsAvInualin  vnauazegheshundsynaouduiluauuny e
¥ 1 1
W [SY 9/ 1 [ o = =3 o
Tuasnlndvesnisaduniosloudidudayngavoess uFananems M uALINg
4 £ ay dy 4 c!ycl @ 1
mteuvesfuunadeytaemsvaureaniled  (cam)  dalulnsanuiindnyae;ilig
dy a o o 2 c‘i‘: [ [ dy e ) a o 3
Auguiludsgi 230 manvosmsadatuezdsaigaidie IMannduiusiusEn
A a o 3 a ] 28 qq‘g +
msndouilunyauny X uazuounu Y flfidamsimdeuiinu 2 fidduifugdsiamn
A A v & Ay - ' E 1 9
MandouNveIfua1INMIALINGEINS 1HBIINIAALYEUA5D3T00EANT 1Y AC motor

= L) a A ay ¥ A = 3/ ar 5
iod Ao lumadumdeugmiioadindonw ) luiameanuuny X vaz ¥ wionduanes

ar 3 = = H v w  d e o
LNy ﬂﬂuuaﬂﬂﬂﬂ’]ﬁﬂl“‘lﬂﬂﬂTiHuum’ﬂﬂgﬂtﬁﬂ’lﬂlﬁﬁﬂ’ﬂﬂﬁmwuﬁﬂuﬂ?ﬂ‘igﬂ$ﬂ"ﬂ'ﬂﬂﬁlﬁuﬂ

1 ¥ ¥
31N 231 dnpaznuguvesgnidealnlaseu

¥ ¥ ] b4
Nugumsesnuuvaiigndes  ledmuauadunamsfivivesiiunizilag
b » 3
nmsnadunImsiAgvesdunnIuhinsuisEImdumansRuesly  dimuagania
S w by 3 W su A Y [ = ] ¥ [ ; -4
Guan  udrianduasannganiasudu hldganuisdnnduninsfeivesiy  dle
= o w aw A ¥ 3 1
anduisvudosuda ldimsiaszes lunwanny X uazunu Y 9ngadidasududagauae
] o g b 3 - ~ Y @ o dy 4 -
azge Wohimsiaudr ldnaniwmsmasuivesiiduragndoluw@azuny fo unu X
¥ L + 1
uazuny Y mwdwy naduiins nagnidivavewaazuny laotigasuanegha o vauud
P A _ ¥ [ dq ' N 4 s P
czoau weasamsamiudigan 14 ldsnsy AueCAD 19w DTunesuniaaadzln

2.31



33

~
e
-
o
=2
s
<]
03
rJ:
o
3
@.
a3

KNGO EEC BB

BRI A EE

BREE

) "gunnand
Forrang

s

o ; g 2 iy
giJ‘ﬂ 2.32 Lﬂuﬂauﬂuwawuﬂaums@aﬂlm‘ugﬂmm {cam)

. 5 ,
2.5 ngugninedesivlulasaeninsames Mcs-s1
4
2.5.1 uliliﬂﬁﬂﬂuiﬂimﬁﬂi { Microcontroller }
4 o o 4
TuTnsaeuTnsaaos Wuginsoiiniierlulns nsmsmaos ( Microprocessor ) 111
L 1 o ' 3 o A a o ¥ A A
swfumiea i wazgnsal laleaeqer i ludadordn aunsavo ldduiiie
) ,
9 ar o Y o
Houvhdos s v i lluaz dgananimlud lulasaeuInsamoinozieu
&2 w a 3 I
2.5.2 YONDRANEAUZNITHINNY0INIA1I9 Ve I Tasaou Insawmes MCS-51

TulnsnouInsamos wes AT89Ss2 iinavua 40 91 uanenazal 71233



34

PDIP
o
T23P1.00 " 401 vCC
ez 301 PC.C (AD0)
F120]3 38 1 PC.1 (ADT)
P13004 37 [1PC.2 (AD2)
F1a5 38 {0 FO 2 {ADE)
MOSHE P15 8 3571 PG.4 (AD4)
MISOY P16 7 34 [1PC 2 (ADS)
(SCKIP1.7O 3 331 PC.6 {ADB}
RSTL]2 32 [APCT (ADT)
{(RxoyP30L] 10 3 [ EAVPR
(T¥D) P31 !:“ 9 30 [0 ALEPRTG
fMTT P32 0] 12 2211 PEEN
{IFTT; P33 00 13 281 P2.7 (A15}
(T P34 ] 34 37 FIPZ 8 (A4}
(T1:F35L]15 28] P28 (13
R PAA ] 38 251 P24 (A1
o PAT 17 241 P2 AT
XTAL2 (7] 18 23a{ P22 (AT}
XTaLi O 10 22[1PZ.1 (AD}
GrD O] 20 213 P2.C (AS}

1 2.33 namavweslu Tasnou Insaans MCS-51

s ¥
¥ o tar A

ToouAnznivtNael
¥
- VCC aa 1H1au4 ( Supply Voltage )
3 o
-  GND #8n37179 { Ground )
4 o o a 3

- Port 0 ( PO.0-PO.7T ) ifluwesanuuanaiieniaviuia 8 in ausoiauldaes
Y el =] o o ¥ o d o o [
nihfide  dunesedunmedymiall  waldifunesadmudadedu

1 a o 1 a d';

misanuiineuenfesu/dsioyanaz A muauoamIa 1A

- Port 1 ( P1.0-P17 ) luwesauuudosiiAniauuia 8 Ua Hntsdoai
3 ar } I ° ¥ A ¢ o I3 E o
Aunadn ( pull-up resister ) Fimolu 11mumlflmmsﬂﬂuwmmﬂﬂﬂm laf wenvindid
q 3 = 8 ¢
Tdanuilundunaeidvauealnmes 2 ( Timer )

o o = =N =1 ]

- Port 2 ( P20-P2.7 ) iTluwesauuvaesfismavuia 8 da dnisdeniy
¥ w ° = 7 e ' o ¥
FruMUWasH ( pull-up resister ) Tinolu mdhindunesaduwmerdwaily ozl

¢ g o a 1 ar ' a o o
wosadmivAasenuMLIsANuHINBUBNABMMUALDALATE TUAT
=5 a = = = » @
- Port3 dlunasaunum@esiAnIuUIA 8 ia Tnsdennudumunacy
M » I d
. o A o L o w A 3
( pull-up resister ) TAmeTu Fmihiidlunesadunmeordnaia1y uonviniidaly

w = ) ™ 1] a = oy o
aulusdganeRinsRARBAUIMUWANNTING D1A03 51K ( Intermpt )



35

=) = = ar ar a o A ~ 24 =
- RST  luvidunan 135 udynudmivsamdfy ( CPU ) FHgazgnseme
A ci’ = = = . = = = =
dioviiiluaedn “1” w2 unFulafia ( Machine Cycle ) w30 24 lafia e 24 Tmdaves
GEIETRINTRI TN

o - o 4 e = o ] o
- ALE/PROG  imthiufiuvuednadiedfigfoanisAadetumioniui

N
3

@ 1w ar o - g a :{o'
Mouan fossiinsdadyaIuiad ( Pulse ) opnuniniitiesiinisuaauenmsaluddive
3 [}
nienusIouen nazviisuilusunmilengsznia lusunsuuvias ( Fiash)
o g/ = ' oo t o :!y
- PSEN iuwuorsva 14 lumsdasetuniennuildsensumouen il
= g 1 = =Y
oA 2 afaluuanzuun@u lmda
=] o - 4
- EA/VPP Wuwndunauazdonsaedn 07 egoulidRgawisn
¥ = ! o ¥y 4 4. 1 ) e e
wDaren i Tdsunsumenonld Faegndmnie 0000H A4 FFFFH wonaniiudiuii
s s A ' o
041459 12 Taad e lFusznhohins T sunsuuday
= = a = o ,
- XTAL | ihandumavearssesadiamesuoutla lwimos ( Oscillator
. ar = e = w =y 3|
Amplifier ) nazfuiludumavesnassuiindyapuuiininely XTAL 2 UILTE
o o o Al o
101ANAYD I TERITAWDSHaNA Iinos
s o
2.6.2 AuautAveslulnsneuinsamos MCS-51
' o e a
- Tilsunsushuwospeynsuunas g1uuuuuwes ( Flash Memory ) 9u1a 8 flalug
] o - r?
Tilsunsuriumesnoynsuuasg I SPI ( SPI Serial Interface Yawsolisunsunazavan 1
¥
1V 1,000 A5
=t ' o = \ o :L ¥ oo
- UIMuwAnuduy EEPROM ving 2 dlatudmiuise Wsunsunazavs iy

1,000 A59

] 1 a’ o Fu t o
IumasnieIvnszuanssvina 5 1aad (han1d1use 4-6 1ad)
¥
- s lddwdynuuiRnswa 0-24 MHz
- usottesumioauild 3 szen
=] 1 o o d
- Tvusanudidoya ( RAM ) vu1n 256 1ud
=1 o ¢ «a 3 & a o 3/
- Unein 32 wosnoasTausoInnd lusgauiinla
=1 o o : N
- Wlnwes 7 1InnaasunIa 16- bit NIKUA 3 72
ar 2y LA Y v
- 5B UMSDUADTSUA 1A & uvas
4 ¥ ¥
- gnsodeasdoyauineynsy 141t UART Channel
- U THPAMSHIULLL Low Idle 1a2 Power Down d 13 umslsevimng e

- 1l Watchdog Timer IRDINILATOINMNATHIOUVDITZUY



36

- 9 1 ] - = = A o a
2.6 nfSauiauvauanmaszian58oNATRUNSAN 2 UUI Uaz 1ATBIDIABINITUMIRET
HONATDUNSENMINTHANTTY
A =] 3 u’a‘ aq 9 @ Y roe 2 3/ = e R
wIpallensneniunlImaaouimaneiuaniTuguRuiny 19352100075 Minnesota
é’! 3 ] o " d'l o dy d'l = @
yniudon ludomusunaing os a0 UAMEUNeNATOUM T FANITTUANTT U
W
aeiive IS vudadl
£ ° = A 2
2.6.1 19 AC motor ﬁ]uﬂa"lﬂmmumsmqm ANI1 step motor ¥YBI ATDATONAADY
@ - v ,
N8N 2 17 Asanlszudasudssununnn

2.6.2 Tiganadounnn sz lilszuianarlumsneaoy



37

UNA 3

ABAUHUNITIVY

¥
= ar ) =1 o
ﬂ]ﬂﬂ?ﬁﬁﬂ‘ﬂ’]ﬁﬁ fn'ilaUuilUUﬂﬂng‘ﬁ'j'ﬂJ‘]ﬂﬂmﬂﬁﬂTﬁ‘UﬂlﬂU'JﬂTﬂTj"‘Uﬂ\ﬂﬂuuiéyfl
a ¥ o Er Al Yo ¥ o ~ v 1
e ’Jﬂﬂ'}11\1ﬂ1uﬂuﬂﬂ'§ﬁuﬂ'§$ﬂ'ﬂj c]f\ﬁ]ﬁuﬂqﬂﬂﬂilﬂzﬂl@lﬁﬂllﬂﬁﬂﬁy‘ﬁ’]'ﬂ“ﬂﬂﬂ%ﬂﬂu@@ﬂ l‘lJ

= 3 o s = 5’ - gt 1 P -~ g
ilﬂulﬂ'ﬂ'Iﬂ'ISW‘#JI'LJHm'Jﬂ’J"IiJﬂﬂHIui.l'l(luﬂﬁﬂﬂﬂim‘ljﬂﬁ3'?1}:@'CT'J“LMN"']%I’EN%WJEN‘JJ@G’IHELU‘U

3.1 shutszneumdnvesszuuiFanaveunieaiiannin uyweniiudiuaien dail
n30edtaeanisuaRsailenameun1s dnmisiuanssuduuuniiiunts oy

ﬁ'nym:ﬁﬁsuﬁmﬁmmmmm?‘;mmmﬁmaaﬂunqyﬁﬁ Fnliims dnnseuiRnTunasaan

Tavifiunasgufouiduaadszng fdmsznovudnmunanspaie

¥ 1 " v
3.1.1 daunalnmsieuvesgmiion i@ ualinnudnguinhgalunsmaeud

) 14
Y9N 15910 VARYI gnidierezilsznoudae 2 dau fe

» ' 1
I)gmﬂmunu X szmheunaiunuinny X szoztlssuim 3 — 5 Uaawag

(n) ()

[ ¥
314 3.1 (0) waz (WuanEnYUZNIINIv0IgNITILIMNL X



38

Ed ' r ¥
2) gnidloutny Y 9znaounyuamiuunauny Y sseziazinm 15 - 16

Yoawas

(M)

] ¥
gﬂﬁ 3.2(M U (1) HAAIANHUZNITINVOIGNIVOUINU Y

] 3 ] ¥ 1
312 dnmdoundeosiuuy sehmhaimihminfesgnnaaandismsnisdu

¥

° w T o ' =)
wmtinuazgaanszlsznoudifuimanandmesduuy



39

(n) (V)

|
°

51l 3.3 (0) uaz (1) uARIdNBEZNI INTBITImAGUN eI

3.1.3 dnupdeundanailuan whmifndlusnoiuinImanheuves unu

(n) (v}

U 3.4 (M) unz (1) uamednvazNINWBIA AR UHT1ABIHUAN

3.1.4 Hunmitaniddumsnieunvesadeiuweanina uda)



rramudunvmnndge
PR TR TR BITTUGNAE

AUTRITR R AU

71 3.5 nmaaauaesdAuMIA e
andada_

\

N
AMEENEAUANIMAARDLN N\
P0IFAUANEDINIFTIALAL

LAUATNISIARD L

anunpaaunl

- A & iy ' 2w
57 3.6 () PsuAUYELIMS AL gnidelzoy lussuzTuaY
3 E1

tuszoziigmiivisz faliswndeunduszozidunuuaziudisiiiuges

40



H
=1

. ¥ 1 T ]
114 3.6 () gnidloundouifiyu 12009 Sugszus UARADIHS

] ¥ 1 ] ¥
11 3.6 () gnilteanfiounmegluszosi AuuuiesHuanauiumed

41



42

1 ] ¥ ' T b
= = a = [ U a3 &
1173.6 ( vy idluszezfgnidivaSunaudngluszoziSudusnnss

' ' o Hq 1 w A4 o 4
3.15 mu“qﬂalﬂﬁu e la iy uarasodSuheudiornuazlsuruaald

oRzimsayafuaaldassnugaiuou’la



43

(M) AU |

(V) d7UN 2

() IR 3

317 3.7 (n) (¥) wae (A) uanwAazd LD yA Taihy



aolld

44

31 3.8 uaaednyaemsnevesa Ay

3.15 @ lnseadnuaunsodile

' - A v ' Y ¥ o aw @ o
ﬂ']ujﬂiﬁ‘llENLﬂ'iEN?JE]!ﬂuﬁ?uﬂ'5$ﬂﬂﬂﬂ‘lqw1ﬂﬂﬂﬂu uﬁﬂym:m‘i’mmmgﬂ

-
=, 2o - "“-; - 5

Cr ot kot i e -

H Y EE & :

«H i q: o

" H
Bl L j

. ¥ ¥

K w1 ) i

Wi ] { ggf._ 5

N: EE

M i

s ;

o

.

.

"
L

=% 1
-t .
- et st
=

=




45

(1)

3191 3.9 (N) uag (V) waRdRBNE NI NIMIVOITIUTATINTOY

3.2 aavdiznoundnmsdidansedindniuguiniesie
o =g = ¢ o 9 o A =] = b
PsHINuvesszUUBENnspind NFlumsdimsnuguiniole lashdssnoudio
¥
A9 5A 1AL
[ o o
1) @IUITNIDIFWWAY (Power Supply)

o o a ¥ o a o -
lﬂu']\jﬂﬁﬂinﬂvlwﬂﬁzllﬁﬂﬁq (DC ) 5 I?ﬁﬂiﬁﬂﬂ?@ﬂﬁﬂlaﬂ“ﬁﬂuﬂﬁﬂ':ﬁuﬂ TﬂUTI

'
oA o

¥ o Qs [ =9 o 1 as o
wosHuziudlad Inszuaasalftus sdu by s Twaausomidy s Tad TagRDdusn
< o - '3 A o o @  w
U3NDS ( Regulator ) TaeldloFives LM 7805C/TO mmwng;smmsﬂum& N

e I ldn e uaasdaglfi 3.10

D1 +3Y
us
AMIBOSCAO
$.1 ' L our [Ey
K DB D4 a D2
=
Trantorme) Z 1\ LED
- -~ . c14 cl15 -~ .
c1z C13 o 10 uF
01uF E200 uFF1B Y P00 UFFI6 Y
RS
330

‘gjﬂ‘ﬁ 3,10 HARIITA I IR EHHAY (power supply)



46

i o
2) @996 ( Keypad)

o o =4 " Il o a4
Fhinseshiudyannuiufsunanng axa dadnys dosinspactiufsuna
o » o = < A o [} o =
vz ladnyge Iddwdevgndaliisledwes 740922 otiszimsndasdyanuvue 4 4

= o 4 [ o & o 3
anaemnwa medsdga s ldio tylaseeuInsamedir ldszuiananasuanmanely

UEA32993A93101 3.11

KEYPAD

1 1 2 2
3 |- 4
3 4
5 B
s B
T GLB
§34 4 (a8 By
icB
. _Lavw
! ®f us =
740577
! flv o oA RE——s
fv: 5 oog e
1 13 poc [
v oD F-t——Ad
I
A
w2
——-'——j*“}{ii
— I iva
—————2{ 5
5] Kem
o L12 CC irdern:
15 | o = 1) Cirterrupt Y
OF &

g ST on

1w pAITS

L

R
=

=1 1 =
317 3.11 ugreaglaavsaaundumnn

3 dmluinsaouiniaand ( Microcontroller )
L 4 a el ¥
TulnsaouInsameifild Ao Mcs-s1 Fudludngunsotouldsunsuliaunsa
o ¥ ¥ ] o ¥ = w Ve
A 18 uamsaeaes lulasaeuInsmansdsznendinled aATsoss2 . areedyaim
= = =1 ar -
WINN ( Crystal , XTAL ) THA208 11,0592 MHz 482399331 ( Reset ) 1AR92993a93107 12
fA w w o w
TulasnoulnsmanitiezSudynIneIni99sAoUna, 1995 Sensor 3995 EEPROM 1@

HAAIHAT 1ADDNNIINI 12D LCD



+5:¢'
L3 [=1p%
ategssz ST
- ig PROACO SR 02
7 PRADT hanzEx
3] PO.2ADD P2
%5 ] PO IADT 3
3 1 P dsany P1g
5] POSIADS P15
——%5] PO BIADE P1E
— ) 74pDT Pi7
2l ) pn
& 1bin e
) 21 31 s
C6  30pF > 23 PR2iA0 PR 20 1% L Fensc
Aor ] P2 3t p3 BT {:14 WXRErGE ]
—{ _E oo asar2 P3ATO
R G PSS P3 AT byg—
A Lok P3EMR s —
B LCD 5SS po TS P3YRD
CF 30eF T : 8 yare
= T FSEN 2R
g [
i Sama—— | 30
—_ D ALERROG £
& . z
+5Y =
mi .

510 312 vamsgaesdn lutasaen insawmas

4) ANUARINABOANTI LCD
) 1 Ao ] T o [ ] A
dhuduiiuamnngiu lulasaou Insawmoinas w1 oRzumaang

< o g ¥ 0 1y v S oo &
P0ANIMINBLCD i1 mIsafmuam1ada 99,999 ads Antasluglil

RESISTOR vaR1

506 ’.:}—-E—NVL—«':<__5¢_:CQ

{

U 313 hinethassanuaawaoenmiaee LD

47



48

5) #717393 EEPROM

r — =] 0w Y a
ihduinsamudoya gafidande Tl sunsy 1 ld5y

Woyan1ndIu
_ p
lulnsaou Insamos
5y
¥ —
2 F1
10K
et | O 5
&
_M_J U2 EFEPROM
g SCL WCC B j
5 Sha WP 7 3
" I{m WF
S -
24am18 [ T > =
-— N‘i =)

1% 3.14 wermaglainiaes EEPROM

6) @IUIIT RAM

[t = o ¥ EVE Y
dludunnanny swdeya uaz daasnen 1113130 1A LY

Sudoyauinng 1y
1] ¥
Tulnsnoulniames Iaonszdostd Iiides iaue

£

jUh s namglamans RAM



A+

%C@@wcrcmdm;;nmba?c\miwpnm.__.:.ﬂ@w@.ﬁj 91°¢ w.r_.rm

e
T
oee
M
A I n0EE AE N OO
s " 1
. sde b ke B i
PR : -
" g |
P | 1 FEN
— 5] s 7] S - L L
T
un
A

ey ,h,.l. , m w
w S Ll
W g e avdAI0
i
3
5
“ zhfieas av ;_HJU _la._.._r _.,zc.w_ e
rryryxx
+ ST
g FLELULILE ML Pﬁnﬁﬁm;ﬂ;CRHw@EwFCFFGRFOFWGﬂﬂ
e AL O AT * "




50

I3 2
3.3 danenAus ( Software )
1 d‘ g o ) o A o ] s ]
Aamaes Idsunsuilananue Yszneudioauuna lilsunsurans 190e arusua
MNAGUNA FUT VR INAYR I Sensor AIWSEUIUMA ( Microconiroller ) iy T2u

UEANHB NN LCD

g &
3.3.1 WaT19a (Flowehar) M3sniarives 1usunsy
A ¥ A o o ¥
BUNsAIYTHATUITUAAIHANIAINIDD LCD  tRaN9sULzIN1s 191Ul
ni: d e to =2 d = ) P oA A a [
Tdsunsy niuninisldiausen Adunaniinissuauiehes lud sz uy Controller
¥ N ]

o o . o 3 A w @ N @ ar g )
MIHUAN I Photomicrosensor ilzmﬁumumnmumﬂﬂuaz%uamfgwmﬂﬂﬂwwugsazaz
] - A o @ @ =] o
asvaya 117 Controller 110 Photomicrosensor #1013 11IUTOVIUATY Controller N9z ¥

[

ar o 2 o . '
ATITVHWUTUDIN Relay 1]y Switch 1y Normally close @IU Controller 98 3Dy

o o

high ( 1) Td) tRemgaM31H11971993 Ac Motor



Flow chart HEAINIIINNIHIBIIZVY

[ 13310159471 ]

fuaa ﬂmus'amqﬂﬁﬁt.m ]

v
ar

AINBLABINITY

A

1R RIUTELTAL

1A8Photomicrosensor

[k r
liasw

WEANITNNUIBINDIADT

Tnenda controller THiTh 1

Y

LAPINADANNIIRIIRS LCD

h

r

1ATINI91S

v

51 317 uaasTladssanis wemvos lilsinsy

51



HHHETIM SN T HUB N B9 1009M SUAIRE NI NATOUM I TIMINUANT T

52

WHATLIAM ] gUnsnipsiadnsey
A7ulTEIIaNA ALAAT WA
AAUAPILA P R
NAM NFILEAAL
o dn v AINATLANAINLTITEY
AMFUIAY
YDA S

= o o d o o
:.i.'Ll‘ﬂ 318 HAAINIINTNTUYDIT T UUDIAN NI UNT

=; = :!'c;
34 paaundsyavguan
3.4.1 @UTTUUMINAaUNYEIRY

» 1 1
Fudrumanluszuumsndounvesitu tlszneu Tudw
3.4.1 (W

dS-'
3.4.2 gl
T ‘ﬁ' dl -4

3.4.3 arumasunIIaesiuuy

3.4.4 anunnouniaoslua



d” ~ v ) o v =~ = ' gj i v ) v o N
wnansiiduenarsianubidmsunslsnuiensnyiniiu lweygislmilulsdsslosuaunisan

lunsalla viedu Bnnsnudludnuadilon uaenedendideaivesonalsynasaniinisuiluly



wnanstiuenansianubidmiunslsnuiionsfnwiniu lweygslnilulydsslosuaiunisen

lunsdllag Medu Bnnsnudludauadiion uaznaendidsaveseonalsynasiniinisuiluly



wnanstiuenansianubidmiunslsnuiionsfnwimiu lueygslniluldsslosuaiunisen

lunsdllag Medu Bnnsnudludauadiion uazneendidsaivesonalsynasiniinisuiluly



d” ~ v ) o v =~ = ' gj i v ) v o N
wnansiiduenarsianubidmsunslsnuiensnyiniiu lweygislmilulsdsslosuaunisan

lunsalla viedu Bnnsnudludnuadilon uaenedendideaivesonalsynasaniinisuiluly



d” ~ v ) o v =~ = ' gj i v ) v o N
wnansiiduenarsianubidmsunslsnuiensnyiniiu lweygislmilulsdsslosuaunisan

lunsalla viedu Bnnsnudludnuadilon uaenedendideaivesonalsynasaniinisuiluly



d” ~ v ) o v =~ = ' gj i v ) v o N
wnansiiduenarsianubidmsunslsnuiensnyiniiu lweygislmilulsdsslosuaunisan

lunsalla viedu Bnnsnudludnuadilon uaenedendideaivesonalsynasaniinisuiluly



d” ~ v ) o v =~ = ' gj i v ) v o N
wnansiiduenarsianubidmsunslsnuiensnyiniiu lweygislmilulsdsslosuaunisan

lunsalla viedu Bnnsnudludnuadilon uaenedendideaivesonalsynasaniinisuiluly



d” ~ v ) o v =~ = ' gj i v ) v o N
wnansiiduenarsianubidmsunslsnuiensnyiniiu lweygislmilulsdsslosuaunisan

lunsalla viedu Bnnsnudludnuadilon uaenedendideaivesonalsynasaniinisuiluly



d” ~ v ) o v =~ = ' gj i v ) v o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

lunsalla vy Bnnanuiludnuadilon uaznedendideaivesonalsnasaniinisuiluly



wnanstiuenansianubidmiunslsnuiionsfnwimiu lueygslniluldsslosuaiunisen

lunsdllag Medu Bnnsnudludauadiion uazneendidsaivesonalsynasiniinisuiluly



wnanstuenansianubidmiunislsnuiionsfnwiniu lweygslnilulydssloguaiunisen

lunsdllag Medu Bnnsudludauadiion uaznaendidsaiveseonalsynasiniinisuiluly



wnanstuenansianubidmiunislsnuiionsfnwiniu lweygslnilulydssloguaiunisen

lunsdllag Medu Bnnsudludauadiion uaznaendidsaiveseonalsynasiniinisuiluly



wnanstiuenansianubidmiunslsnuiionsfnwiniu lweygslnilulydsslosuaiunisen

lunsdllag Medu Bnnsnudludauadiion uaznaendidsaveseonalsynasiniinisuiluly



wnanstuenansianubidmiunislsnuiionsfnwiniu lweygslnilulydssloguaiunisen

lunsdllag Medu Bnnsudludauadiion uaznaendidsaiveseonalsynasiniinisuiluly



67

L

=4
U 5
3/
agiuazvataruaniz

5. 1a5Ums 30

o o = Y4 o ¢ = o
AINOUTE AeAY0 1ASINIUNIAY TN OANYIANEUEN TSALIANHITUBTAVD YD
4 v g P 4 !
Faszlidnvazadtegvoad el car -shaped) Awhnannludrluuni 2 aswdeulaa
d? [ IS -] A [ dv - o [~
AUDGAUANHUZUDIVINGS WS MIATOU 11 1INTT TV BARBID M NanpMzY
¥

LY b1 :;.‘ o A o ‘; 1 g Au ¥ =]
HWHI ﬂﬁ%ﬂ@uqﬂﬂﬂﬂ'\]ﬂlﬂﬂﬁ HAMWATY  FIANHUS UL WUIATIATI ﬂ’ll]?’lulﬂﬂﬂﬁﬂﬁlgiij

=i

anyzAg5R 71

a9

4 T SUWHAUFUR NS

16 mm

a a4 dyw
Elh"l 5.1 'Nﬂ']ﬁ!.ﬂﬂ')‘ﬂllﬁﬁﬂﬂﬂﬁlﬁﬂﬂaﬂq

¥ ¥
PINNITNARDINUITANEHENISHAB AT UM IB 1NN IWTINAWHIITDTLHIT Ty
paTasulaedutuuera et usseenalssuim 16 Yadwes uazszosh 2 Huae
=1 = e 3 cf 3 A [ as 1 = :
Wealdedalsz 5 Gadwes nimin Audssdeu lndumauduneonass

dnvmzgiuuudana suiuliamszitiondE minnesota



68

5.2 WUINgLlunswmunlaTeanu

A & R Iy A @ o X
LB INIATO39100INITUALAUIWNONATIUNTS ﬁﬂmwuﬁmmumtﬂu

@
o s A D v o=

=4 & =5 o is ' = [ = L
wspamunuy Aamlidszavigunluvantdoued aviuassniiudesdinsimudali
WIPRANLTTANS WL Teaziin e dudon el

1 1 ar : ¥
- dyald ity wansoonuuuIiasolivdeudis - v 14 uaz
¥ @ A ¥ y ¥ 1 Y
A9 Musadiudoua - son'la uaziliuan - asld
¥ ¥ w3 ¥ VoY =g ¥ ;
uazaentiulanndnmindnndeans iz nlanegs lailu

INAUDZ VLA DINUADIS INTLLNTD

- daunsauTaALgNuNY X avwdsiundnTagnifiudliuiniige SagRufiasinund
Masiemusenm@nInige
o . © o d ey a o . o
- dauindeuiAuuuaran  dagRuiiarliaciesiiaoumusiausnszunsnunniiga

1 -4

W 1 |2 E 2
- @uumn AzEBININA UM IR LA RwE 5 - 20 Alansy



69

PNE1591993

- Mechanics and Design of Cam Mechanims Fan Y . Chen , Perpamon Press ,
(1982)
o ar o o @ = =y
- Fluorides and teeth #7% NAUUITITIAMSNTUALNWNBATAY MWTJT]EHEHJMH‘F’]EL“IJ
W.A.2528
o s o Y Y = o @ A
- ‘numaaﬁmm IS1RR muvlwma,'lmmmwmm iJ'IﬂﬂJJ W.f1.2533
[] o d'l /1 o @
- guawgoathinvoalszans Tng msdtoiound luilyriveadszme dninnaeu

auayunside (@n2)1 et 2540

¥
o =) = S

o ar o o« o a 4 o 4
N ﬂuﬂﬂTU?ﬂ?ﬂﬁ1ﬂﬂﬁﬂ‘j$Qﬂﬂ PHT T IR INIA, LUNH ﬂ]‘l“ﬂu.cﬂ .. 2535

3 L]
¥
o

onasdaoudor iz nssuumsuane dmiuidaiummmenii 3 |
MALNY. WUUNG 1NN MATIRUANT ALY AU IALHIETaRT
MIAINI UM INNAL

PRSI D MIUARYNEENIAY ( Mastication and Deglutition } 11131
SaavaMAI 3 AR, WUINT NS IR

- Technical Specification ISO/TS 14569 — 2 ,Thai Industrial Standards Institute

- Bruxing — type Dental Wear Simulator for Rankinh of Dental Restorative i
Materials , S.H. Teoh , ct.al , j. BiomedMater Res 43(2) pp. 175 ~ 83 (1998)

- Development of an Artificial Oral Environment for the testing of Dental Restoratives

: Bi-axial Force and Movement Conirol R.DeLong and W.H. Douglas 62(1) :
32-36( 1983)



MANUIN

70



Source code program

#include <REGS52 H>

#include <stdio.h>

#include <intrins.h>

#include "LCD8bit.C"

#include "keypad.C"

#include "DS1307 1.C"

unsigned char number,buffer{4],num(4];

unsigned int datav,c0,cl,c2,c3,c4,count;// count,temp;

sbit bitLED =PI”*4; //LED indicator active high
sbit startbit = P1"6; / Motor Control

shit bitLCD =P177;  // Backlight LCD active low

bit MOTOR_STOP;
bit Finished;

bit complete;

// address to save data in RAM(DS1307)
#define addcheck 0x09

#define addmode Ox0A

#defime addsetcycleS  0x10
#define addsetcycled 0x11
#define addsetcycle3 0x12
#define addsetcycle? Ox13
#define addsetcyclel 0x14
#define addsetcycled  0x15
#dcfine addcycles 0x20

#define addcycled 0x21



Fdefine addcycle3 0x22

#define addcycle2 0x23
#define addcyclel 0x24
#define addeycle( 0x25

#define addposition 0x30

#define addTimeD3 0x31

#define addTimeD2 0x32

#define addTimeD} 0x33

#define addTimeDO 0x34

#define addTimeS3 0x3A

#define addTimeS2 0x3B

#define addTimeS1 0x3C

#define addTimeSO0 0x3D

static unsipned int TimeD, TimeS, tock;

static unsigned char p, check, mode, position, setcycle|6],
cycle[6], Dtime[3], Stime[3];

static unsigned long actualsetcycle,actualcycle;

JE T T T e

static char code *Linel =" Chewing Tester ";

static char code *Line2 =" MERLLab ";

static char code *Line3 =" Applied Physics ";

static char code *Lined =" ==>> KMITL <<= ":

f‘f‘ AEEEXXEEREEFFXXNI AR SRR RN RER SRR R R RN R R R R R R AR

static char code *LineS =" Pls Enter Round ";
static char code *Linet =" For
static char code *Line7 =" Chewing Tester ";

// LR R R 2 R RS LRSS P2 RS TR ES RS2 s 2 2 2 )
Hstatic char code *LineR = "*tErreiitrerses R

static char code *Line? ="!! Running !";

static char code *LineA ="!! Pls Wait ",

. . _ * .
//StatIC Char COde *LmeB — "EkkkkkrEEErEXEEkE ***"’

JIEIERERRRERRRRERXRRL LR RERRELRRTERRRRR AR R R LR



iSfatiC Char C()di: *Linec - "********************“:
static char code *LineD ="!!  Mijssion "

static char code *LineE ="!"! Completed !!";

/fstatic char code *LineF = "t*&rrdeikkidrbrtirn.

1 *kkkokkkkkrdkkkkdkkkrdhkkrkkkkkkrkkrdorkk kR kR

void timerQ{void) interrupt 1 using 1

{
THO = 0xDC; /1101 1100
TLO = 0x00; /f 0000 0000
tock++;

)

ffremmm e Initialize

void initialize(void)

{
msec(3000);

T e
SCON =0x50; //serial port
TMOD = 0x25; //of the 8051

TH! =0xFD; /9600
TRI=1;
T1=1;

T

EA=1; // Enable global intarrupt.
EXG=0; /{ Enable external intermpt0.
ITO=1; // Detect at falling edge.

EX1=0; // Enable external interrupt1.
ITt=1; /{ Detect at falling edge.

ETO =1; /{ Enable timer( interrupt
TRO =1; JJ Start timner 0

tock = 0;

[ FREEEE R R AR R F R AR R R AR AR F TR R ERE LR RS
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void externall (void) interrupt 2 using 2

d
EX0 =0;
_nop (); _nop_(}_nop_():_nop ();
_nop_();_nop_(};_nop_();_nop_0);
keyflag = 1;

}

JEFEREER AR R R R RN R RN F KRR TN RN E T NEF

void Show_Houy(void)

{
1LCD CLR();
print LCD(0x80,Linel);
print_LCD(0xCO,Line2);
print_LCD(0x94,Line3),
print_LCD{0xD4,Lined);

msec(500);

LCD CLR();
print_LCD(0x80.Line5);
print_LCD{0xC0,Line6);
print_L.CD{0x94,Line7);
msec(100);

'

B T LTI R L L PR R

void getdata(void)

{
set=0;
keydata=0;
clearkeybuffer();
count = 0 ;
while(!set) // Link to case 15 in KEYPAD programming
{

o) = keybufler[0]://ioe



¢l = kevbuffer{13;//joe
¢2 = keybuffer[2];//joe
¢3 = keybuffer{3);//joe
c4 = keybuffer{4];//joe
count =

(keybuffer[4]* 10000+ keybuffer{3]*1000)+(keybuffer|2]* 100} +(keybuffer[ 1 *10+keybuffer[0] ;
LCDWI(0xD4); /fjoe
LCDWD('"); /fjoe 1
LCDWD('"); /fjoe 2
LCDWD(''); /fjoe 3
LCDWD('"); /fjoe 4
LCDWD("); /fjoe S
LCDWD(' '); /fjoe 6
LCDWD('"); /fjoe 7
LCDWD(c4+48);//joe 8 Number to LCD decoder
LCDWD(c3+48)://joe 9 Number to LCD decoder
LCDWD{(c2+48);//joe 10 Number to LCD decoder
LCDWD{el+48).//joe 11 Number to LCD decoder
LCDWD(c0+48);//joe 12 Number to LCD decoder
setkey();

findbutton();

}

/f ANEREEFRERE RPN EF R RNk Rk kR kR kK kg

void convertdata(void)

{
numf0] = keybuffer{0] ;
num(1] = keybuffer{1] ;
num|2] = keybuffer{2] ;
num| 3] = keybuffer{3] ;
num[4] = keybuffer{4] ;



datav = (num[4]*10000)+(num|3}* 1000H(num|2]*100)+(num| 1 1* 1 OHnumf0]; /5
digit
}

// ¥kkkkkhAkkkkkkohkkkkhhkkkkkkkrrkkkrrkkkkkkkrkkkrkk

void mode1{void)
{
msec(10); /f joe
LCD_CLR(); // joe
i print LCD(0x80,Line8); //joe
print LCD(0xCO,Line9); // joe

print LCD(0x94 LineA); //joe

i print 1LCD(OxD4,LineB); // joe
startbit = 0 ; /! Start Motor
count = 0;

while{count<=({datav-1))

{
while(!INT0)

msec(10); /f joe
}

while(INTO);
count++ ;
LCD_CLR();
LCDWI(0xD4); /fjoe
LCDWD('C"; /fjoe
LCDWD{('O'); /foe
LCDWD(); /fjoe
LCDWD(NY); /fjoe
LCDWDX'T); /joe
LCDWD(' '), //joe
LCDWD('"); //joe

LCDWD((count/10000}148).//joe



i

i

count = (count%10000);
LCDWIX{count/1000)+48)//joe
count = (count%1000);
LCDWD((count/100}+48);//joe
count = (count%100) ;
LCDWD((count/10)+48);//joe
LCDWD{(count%10)+48)://joe
msec(10);
startbit =1 ; /f Start Motor
msec(20); 1f yoe
LCD _CLR() i/ joe
print LCD{0x80,LineC); //joe
print_LCD(0xCO,LineD); // joe
print 1.CD(0x94,LineE); // joe

prnt LCD(0xD4 LineF); //joe

void main(void)

{

while(1)

{

msec(100);

count=90;



msect 100);
bitl.CD = 0
initialize();
i LCPO),
Show Houy();
getdata();
convertdata();

model();



Source coae LUD and Keypaa

#include <Atmel/t89c51ac2 H>

#include <intrins.h>

#include <stdio.h>

{feode const float siepsize = 0.001220703125;
void  msec(unsigned int};

void i LCD{void);

void LCDWI(charc);

void  LCDWD(char c);

void  pulseE(void);

void LCD CLR(void});

void  print LCD{char line, char *str);
void  Qutput_Comirol(char TempChar);
unsigned int  Input_Data(void);

void  CSLow(void);

void  CSHigh(void),

float Vol

fioat  Consentration;

unsigned int offset;

unsigned int 1ock;

int ringtime;

bit mode;

bit btml;

bit btn2;

bit enable,

shita = P1~T;

sbit E = PA"G;
shit RS = Par1;

sbit ADCS = P174;
shit DIN =~ P17



sbit DOUT

P176:
sbi{ CLK = Pin5;
sbit Buzzer = P370;
shit Buttonl= P371;
sbit Butfon2= P3"2;

void timer({void) interrupt 1 using 1

!
THO = 0xDC;
TLO == 0x00;
H#l--ringtime <= 0)
Buzzer=0;
tock++;
¥

void main(void)

{
unsigned int Value;
char str{9];

msec(100);

TMOD = 0x01;

EA =1; {// Enable global interrupt
ETO = 1; /! Enable fimer( interrupt
TRO =1; /f Start timer 0

tock = O

Buzzer =,

mode = 1;

ringtime = 0;

offset = 0;

enable = 0;

i LCD{(};

print LCD{0x80, "Alco 50%");



high

while(1)4
ifltock >= 20){

tock = 0;

btnl = Button|;

btn2 = Button2;

if('btn1}{
ringlime = ;
Buzzer = 1;
mode = ~mode;
iflmode)

print LCD(0x80, "Alco 50%"),

else
print L.CD(0x80, "Alco 70%");

)
if('"btn2){

ringtime = 1,

Buzzer=1;

offset = Consentration;

enable = 1;
b
CSLow();
DOUT = 1; // Don't forget to pull input port to

QOutput_Control{0x0D);

Value = Input Data();

CSHigh();

Volt = (float)Value;

Consentration = (Volt-1300)/25;

sprintflstr,"%3d mg%%",(int)Consentration-offset);
print LCD(0xCO,str);

if!mode && (Consentration > 70) && cnable)$

ringtime. = 100;



Buzzer = |-

b
iflmode && (Consentration > 50) && enable){
ringtime = 10{);
Buzzer=1;
}
}
}
}
/* */

void msec{unsigned int x){
unsigned char j;
while(x-- > ()

for(j=0,j<255:j++);//for 89¢51 11.0592MHz = 109

void LCDWI{(char ¢){
char i;
E =0
RS =0;

_nop ()

i=c;
c &= 0xF0;
P2=e:

c=(i<<4),
¢ &= 0xFO;

P2=g¢;



puiseE();
msec(5);

}

/t

void LCDWD({(char c)$

char i;
E =0
RS =1;

_nop_();

i=c¢;
¢ &= OxF(;

P2=c;

c=1i;
c=(i<<4)
¢ &= OxFO;
P2=c¢;
pulseE();

msec(5);

/*

void LCD CLR({void){

LCDWI(1);

msec(50);

*/

*/

/*
void i_LCD(void}{
E =0

RS =0;

*/



msec{500);

P2=0x03; /00000011

pulseE();

msec(50);

pulseE();

msee(50);

pulseE();

msec(50);

P2=0x02; // 00000010

pulscEQ);

pulseE();

pulseE();

mscc(50);

LCDWI{0x28); // set b-bit bus, more than 2 line, 5*7 dots // 0010 1000
LCDWI(0x0c); // on display,off cursor, no blink /0000 1100
LCDWI(0x06); // mode DDRAM auto address increment /0000 0110
LCD _CLR();

mscc(100);

/* */
void pulseE(void){
E=1;
_nop_{);
_nop_();
_nop_();
_nop_(};
_nop_{);
_nop_();
_nop ()
_nop_{);
E.=0;



_nop_();
_nop ()
_nop_{};
_nop_();
_nop_{):
_nop_();
_nop_(};

_nop_{);

/*

void CSLow(void)
d

ADCS =10
}
r*

*/

void CSHigh(void)
{
ADCS =1;
; ,
S
void Output_Control(char TempChar){
unsigned char Count;
unsigned char Mask = 0x08; // 0000 1000
for(Count = (;Count < 4;Count++)
{
ifl TempChar&Mask)
DIN=1;
else
DIN =0,
_nop_();
CIK =1;

*



_nop ()
Mask >>= 0x01,

CLK = 0;

}

i e

unsigned int Input_Data(void){
unsigned char Count;

" unsigned int Mask = 0x8000; // 1000 0000 0000 0000
unsigned int Result = 0x0000;
for{Count = 0;Count < 13;Count++)
{

f(DOUT){
Result |= Mask;
}
_nop ();
CLK =1;
_nop_();
Mask >>= (1x01;
CLK =0;
_nop ();
!
Resuit >>= 0x03;
Result &= O0x0FFF;
return{Result);

}
/#

void print_ LCD(char a, char *s){
LCDWI(a};
while(*s 1= Q)

LCDWD{*s++};

___*/



Hfrmmm - Set Keypad---
i

// for keypad 4*4 16 key
i

# use 74hc922 for encode key
W

/pin 7T A--->P20
f/pin16 B -—->P2.1
Hpin15C-——>P22

# pin 14 D --—>P2.3

i

/ pin 12 DA ---> P3.3 interrupt 1

bit set;

bit keyflag;

static unsigned char keydata, keybuffer[6];

void shiftkeylefi(void);
void shifikeyright(void);
void findbutton(void);
void clearkeybuffer(void);

void setkey(void);

if-

void shiflkeyleft(void){
inti;
for(i=5;1>0; 1)
keybuffer{i] = keybuffer{i-1];
keybuffer{i] = keydata;



1
J

I
void shiftkeyright{void){
int i;
for(i=0; 1< 5;i++)
keybuffer[i] = keybuffer{i+1];
}
It

void findbutton(void) {
unsigned char temp;
temp = keydata;
switch{temp){
/* case 0:{ keydata = 1; shifikeylefi(); } break;
case 1:{ keydata = 2; shiftkeylefi(); } break;
case 2:{ keydata = 3; shifikeylefi(); } break;
case 3:{} break;
case 4:1 shiftkeyleft(); } break;
case 5:1 shiftkeyleft(); } break;
case 6:{ shiftkeylefi(); } break;
case 7:{ } break;
case 8:{ keydata = 7; shiftkeylefi(); } break;
case 9:{ keydata = g; shiftkeyleft(); } break;
case 10:{ keydata = 9; shiftkeylefi(); } break;
case 11:{ } break;
case 12:{ shiftkeyright();} break;
case 13:{ keydata = 0; shiftkeylefi(); } break;
case 14:{ } break;
case 15:{ set= 1;} break; /! Enter
*/
case 0:{ keydata = 1; shifikeylefi(); } break;
case 1:{ keydata = 2; shiftkeyleft(); } break;

case 2:{ keydata'= 3: shifikeylefi();-} break;



case 3:{ } break;

case 4:{ keydata = 4; shifikeyleft(); } break;

case 5:{ keydata = 5; shiftkeylefi(); } break;

case 6:1 keydata = 6; shiftkeyleft(); } break;

case 7:{ } break;

case 8:{ keydata = 7, shiftkeylefi(}; } break;

case 9:{ keydata = 8; shiftkeylefi(); } break;

case 10:{ keydata = 9; shiftkeyleft(); } break;

case 11:{ } break;

case 12:4 shiftkeyright();} break;

case 13:{ keydata = 0; shifikeylefi(); } break;
/lcase 14:{ LC _CLR(}; print LC (0xB0,help); msec(1500),} break;

case 15:1 set = 1:} break;

i
/-

void clearkeybuffer(void}{
inti;
for(i = 01 < 6; i++)
keybuffer{i] = 0;
¥
i -

void setkey(void}H

keyflag = ¢;
EX1=1; // Enable external imerruptl.
_nop_();_nep_(};_nop_();_nop_();_nop_();

_nop_(};_nop_();_nop_(};_nop_();_nop_();

while('keyflag){
{INTY ==0)
{

msec(100);



wvdata =FPh: i xxxx DCBA

kevdata &= Ox0F: #0000 1111
}
clse
{
EX1=1;
keyflag = 0;
ki
}

EX1=0; /f Disable external interrupt1.



- DALLAS DS1307

B SEMICONDUCTOR 64 X 8 Serial Real Time Clock
fwww dalsemicom ]
FEATURES PIN ASSIGNMENT

Real time clock counts seconds, minutes,
hours, date of the month, month, day of the
week, and year with leap year compensation
valid up to 2100

ol i i e R
X2[]2 7 5awiouT
Vear 1 2 & J1scL
GND 1 4 s £1SDA

» 56 byte nonvolatile RAM for data storage DS1307 8-Pin DIP (300 mif)

»  2-wire senal interface

" Programmable squarewave output signal x1mdl ® g Vee

‘®  Automatic power-fail detect and switch xeamllz 7 msawout
circuitry Vear | 3 6 [ sCL

®»  Consumes less than 500 nA in battery backup oo mla s MmspA

mode with oscillator running

* Optional industrial temperature range
-40°C to +85°C

DS1307Z 8-Pin SOIC (150 mil}

* Available in 8-pin DIP or SOIC PIN DESCRIPTION

*  Recognized by Underwriters Laboratory Vee - Primary Power Supply
X1 X2 - 32.768 kHz Crystal Connection
Vear - +3V Battery lnput

51307 8-Pin DIP S5DA - Serial Data

813077 8-Pin SOIC {150 mil) SCL - Seral Clock

JS1307N 8-Pin DIP (Industrial) SQW/OUT - Square wave/Qutput Driver

IS1307ZN 8-Pin SOIC (Industrial)

JESCRIPTION

"he DS1307 Serial Real Time Clock is a low power, full BCD clock/calendar plus 56 bytes of
onvolatile SRAM. Address and data are transferred serially via a 2-wire bi-directional bus. The
lock/calendar provides seconds, minutes, hours, day, date, month, and year information. The end of the
nonth date is antomatically adjusted for months with less than 31 days, including corrections for leap
ear. The clock operates in either the 24-hour or 12-hour format with AM/PM indicator. The DS1307
sas a built-in power sense circuit which detects power failures and automatically switches to the battery
upply.

1off bl 081800



DSi307

OPERATION

The DS1307 operates as a stave device on the serial bus. Access is obtained by implementing a START
condition and providing a device identification code followed by a register address. Subsequent registers
can be accessed sequentially until a STOP condition is executed. When V¢ falls below 1.25 x Vyar the
device terminates an access in progress and resets the device address counter. Inputs to the device will
not be recognized at this time to prevent erroneous data from being written to the device from an out of
tolerance system. When Ve falls below Vpar the device switches into a low current battery backup
mode. Upon power up, the device switches from battery to Vee when Ve is greater than Vyar+0.2V and
-ecognizes inputs when Ve is greater than 1.25 x Vgar. The block diagram in Figure 1 shows the main
zlements of the Senal Real Time Clock.

081307 BLOCK DIAGRAM Figure 1

(i,

(OSCILLATOR AFC
AND DIVIDER
SOUARE WAVE
SOWAUT ~——] "‘——L
> S
—_ CONTROL
LOGKC
Vee j: :
Viws ]
GND

SCL

SER(AL BUS
INTERFACE

ADDRESS
REGISTEAR

it 7

JIGNAL DESCRIPTIONS

‘ccy GND - DC power is provided to the device on these pins. Ve is the +5 volt input. When 5 volts is
aplied within normal limits, the device is fully accessible and data can be written and read. When a
-volt battery is connected to the device and Ve is below 1.25 x Vgar, reads and writes are inhibited.
owever, the Timekeeping function continues unaffected by the lower input voltage. As V¢ falls below
paT the RAM and timekeeper are switched over to the external power supply (nominal 3.0V DC} at
BAT- -

gat - Battery input for any standard 3-volt lithium cell or other energy source. Baitery voltage must be
:1d between 2.0 and 3.5 volts for proper operation. The nominal write protect trip point voltage at which
scess to the real time clock and user RAM is denied is sct by the internal circuitry as 1.25 x Vpar
ominal. A lithium battery with 48 mAhr or greater will back up the DS1307 for more than 10 years in
€ absence of power at 25 degrees C.

2lofal



DS1307

SCL (Serial Clock Input) - SCL is used to synchronize data movement on the serial interface.

SDA (Serial Data Input/Output) - SDA is the input/output pin for the 2-wire serial interface. The SDA
pin ts open drain which requires an external pullup resistor.

SQW/OUT (Square Wave/ Output Driver) - When enabled, the SQWE bit set to 1, the SQW/OUT pin
‘outputs one of four square wave frequencies (1 Hz, 4 kHz, 8 kHz, 32 kHz). The SQW/OUT pin is open
drain which requires an external pullup resistor. SQW/OQUT will operate with either Vee or Vbat applied.

XL, X2 - Connections for a standard 32.768 kHz quartz crystal. The internal oscillator circuitry is
designed for operation with a crystal having a specified load capacitance (CL} of 12.5 pF.

For more information on crystal selection and crystal layout considerations, please consult Application
Note 38, “Crystal Considerations with Dallas Real Time Clocks.” The DS1307 can also be driven by an

zxternal 32.768 kHz oscillator. In this configuration, the X1 pin is connected to the external oscillator
signal and the X2 pin is tloated.

’lease review Application Note 95, “Interfacing the DS1307 with a 8051-Compatible Microcontrolier”
‘or additional information.

TC AND RAM ADDRESS MAP

The address map for the RTC and RAM registers of the DSI307 is shown in Figure 2. The real time
Jock registers are located in address locations 0Ch to 07h. The RAM registers are located in address
.ocations 08h to 3Fh. During a multi-byte access, when the address pointer reaches 3Fh, the end of RAM
pace, it wraps around to location 00h, the beginning of the clock space.

J51307 ADDRESS MAP Figure 2

00H

SECONDS
MINUTES
HOURS
DAY
DATE
MONTH
YEAR
O7H CONTROL

08H RAM
56x B
3FH

‘LOCK AND CALENDAR

he time and calendar mformation is obtained by reading the appropriate register bytes. The real time
ock registers are illustrated in Figure 3. The time and calendar are set or initialized by wrting the
spropriate register bytes. The contents of the time and calendar registers are in the Binary-Coded
ecimal (BCD) format. Bit 7 of Register 0 is the Clock Halt (CH) bit. When this bit 15 set to a 1, the
icillator is disabled. When cleared to a 0, the oscillator is enabled.

‘ease note that the initial power on state of all registers is not defined. Therefore it is important to
wable the oscillator {CH bit=0) during initial configuration.

Bofdl



DS1307
The DS1307 can be run in either 12-hour or 24-hour mode. Bit 6 of the hours register is defined as the
12- or 24-hour mode select bit. When high, the 12-hour mode is selected. In the 12-hour mode, bit 5 is
the AM/PM bit with logic high being PM. In the 24-hour mode, bit 5 15 the second 10 hour bit (20-
23 hours).

On a 2-wire START, the current time is transferred to a second set of registers. The time information is
read from these secondary registers, while the clock may continue to run. This eliminates the need to re-
read the registers in case of an update of the main registers during a read.

DS1307 TIMEKEEPER REGISTERS Figure 3

L N N N R
otH [ CH 10 SECONDS -l SECGHDS 00-53
X 1G MINUTES MINUTES 00-54
2 1o HA 01-12
X A BT HOURS oz
X X ¥ x X DAY -7
o-gaze
01
x x 10 DATE OATE o
X x X 1 MONTH 01-12
MONTH
10 YEAR YEAR 00-93
1
o7H | oUT ‘ X x | sowe| «x xJ RSY nsoj

SONTROL REGISTER

‘he DS1307 Control Register is used to control the operation of the SQW/OUT pin.
BIT 7 BIT 6 BIT § BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
OUT X X SQWE X X RS1 RS0

WT {Output control): This bit controls the output level of the SQW/OUT pin when the square wave
utput is disabled. If SQWE=0, the logic level on the SQW/OUT pin is 1 if OUT=1 and is 0 1{ OUT=0.

QWE (Square Wave Enable): This bit, when set to a logic 1, will enable the oscillator output. The
equency of the square wave output depends upon the value of the RS0 and RST bits.

S (Rate Select): These bits control the frequency of the square wave output when the square wave
atput has been enabled. Table 1 lists the square wave frequencies that can be selected with the RS bus.

QUAREWAVE OUTPUT FREQUENCY Table 1

RS1 RSO SQW OUTPUT
FREQUENCY
I 0 0 1 Hz
i 0 i 4.09 kHz
1 0 8.192 kHz
i 1 32768 kHz
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D51307

2-WIRE SERIAL DATA BUS

The DS1307 supports a bi-directional 2-wire bus and data transmission protocol. A device that sends
‘data onto the bus is defined as a transmitter and a device receiving data as a receiver. The device that
controls the message is called a master. The devices that are controlled by the master are referred to as
‘staves. The bus must be controlled by a master device which generates the serial clock (SCL), controls
the bus access, and generates the START and STOP conditions. The DS1307 operates as a slave on the
2-wire bus. A typical bus configuration using this 2-wire protocol is show i Figure 4.

TYPICAL 2-WIRE BUS CONFIGURATION Figure 4

Yor

SDA b
2-WIRE
SERIAL DATA
8us
SCL

051307

DEVICE

OTHER
MICRC-
PROCE SSOR ! REC?.LOL1?E PERIPHERAL

“igures 5, 6, and 7 detail how data is transferred on the 2-wire bus.

+  Data transfer may be initiated only when the bus is not busy.

' During data transfer, the data line must remain stable whenever the clock line is HIGH. Changes in
the data line while the clock line is high will be interpreted as control signals.

\ccordingly, the following bus conditions have been defined:

Jus not busy: Both data and clock lines remain HIGH.

itart data transfer: A change in the state of the data line, from HIGH to LOW, while the clock is HIGH,
efines @ START condition.

top data transfer: A change in the state of the data line, from LOW to HIGH, while the clock line is
[IGH, defines the STOP condition.

)ata valid: The state of the data line represents valid data when, after a START condition, the data ling
i siable for the duration of the HIGH period of the clock signal. The data on the line must be changed
uring the LOW period of the clock signal. There is one clock pulse per bit of data.

ach data transfer is initiated with a START condition and terminated with a STOP condition. The
umber of data bytes transferred between START and STOP condiiions is not limited, and is deterrnined
y the master device. The information is transferred byte-wise and each receiver acknowledges with a
inth bit. Within the 2-wire bus specifications a regular mode (100 kHz clock rate) and a fast mode
:00 kHz clock rate) are defined. The DS1307 operates in the regular mode (100 kHz) only.
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PS81307
Acknowledge: Each receiving device, when addressed, is obliged to generate an acknowledge after the

reception of each byte. The master device must generate an extra clock pulse which is associated with
this acknowledge bit,

A device that acknowledges must pull down the SDA line during the acknowledge clock pulse in such a
way that the SDA line is stable LOW during the HIGH period of the acknowledge related clock pulse. Of
course, setup and hold times must be taken into account. A master must signal an end of data to the slave
by not generating an acknowledge bit on the last byte that has been clocked out of the slave. In this case,

the slave must leave the data line HIGH to enable the master to generate the STOP condition.

DATA TRANSFER ON 2-WIRE SERIAL BUS Figure 5

. R
' -t
w T\ O OO OO O N
. [ U
oo SLAVE .o
[ ADDRESS - — !
. AW
. DIRECTION ACKNOWLEDGEMENT
BT SIGHAL FROM
RECEIVER
Lo ACKNOWLEDGEMENT v
SIGMAL FROM .
RECE 'VER Co
wﬂ_MME\ [
— Lo
ACK -
STOP CONDITION
ON T - REPEATED IF OR REPEATED
¢ D o MORE BYTES ARE *| sTART conpiTioN
TRANSFERRED

Jepending upon the state of the R/ w bit, two types of data transfer are possible:

Data transfer from a master transmitter to a slave receiver. The first byte transmitted by the
master is the slave address. Next follows a number of data bytes. The slave retums an acknowledge
bit after each received byte. Data is transferred with the most significant bit (MSB) first.

Data transfer from a slave transmitter to a master receiver. The first byte (the slave address) is
transtmitted by the master. The slave then returns an acknowledge bit. This is followed by the slave
transinitting a number of data bytes. The master returns an acknowledge bit after all received bytes
other than the last byte. At the end of the last received byte, a "not acknowledge’ is returned.

he master device generates all of the serial clock pulses and the START and STOP conditions. A
ansfer is ended with a STOP condition or with a repeated START condition. Since a repeated START

ndition is also the beginning of the next serial transfer, the bus will not be released. Data is transferred
<ith the most significant bit (MSB) first.
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The DS1307 may operate in the following two modes:

1. Slave receiver mode (DS1307 write mode): Serial data and clock are received through SDA and
SCL. After each byte is received an acknowledge bit is transmitted. START and STOP conditions
are recognized as the beginning and end of a serial transfer. Address recognition is performed by
hardware after reception of the slave address and *direction bit (See Figure 6). The address byte is
the first byte received after the start condition is generated by the master. The address byte contains

the 7 bit DS1307 address, which is 1101000, followed by the *direction bit {R/ W ) which, for a write,
is a 0. After receiving and decoding the address byte the device outputs an acknowledge on the SDA
line. After the DS1307 acknowledges the slave address + write bit, the master transmits a register
address to the DS1307 This will set the register pointer on the DS1307. The master will then begin
transmitting each byte of data with the DS1307 acknowledging each byte received. The master will
generate a stop condition to terminate the data write.

DATA WRITE - SLAVE RECE!IVER MODE Figure 6

A
<Slave Addresss l% «Wozd Address (n)> <Dalain)> <Date (n+ ) <Dala (n-X)>
['s 1101000 [0 | & [xoooxxxxx [ a [xoooooooc] a [xoooooox | A [ oooooox [ a [P

§ -~ START )i' Jf

A = ACKNOWAEDGE DATA TRANSFERRED

P - §TOP {X+1 BYTES + ACKNOWLEDGE)
“RAW — READYWRITE OR DIRECTION BIT. ADDRESS = DOh

1. Slave transmitter mode (DS1307 read mode): The first byte is received and handled as in the slave
receiver mode. However, in this mode, the *direction bit will indicate that the transfer direction 1s
reversed. Serial data is transmitted on SDA by the DS1307 while the serial clock is input on SCL.
START and STOP conditions are recognized as the beginning and end of a serial transfer (See
Figure 7). The address byte is the first byte received after the start condition is generated by the
master. The address byte contains the 7-bit DS1307 address, which is 1101000, followed by the

*direction bit (R/ W) which, for a read, is a 1. After receiving and decoding the address byte the
device inputs an acknowledge on the SDA line. The DS1307 then begins to transmit data starting
with the register address pointed to by the register pointer. If the register pointer is not written to
before the initiation of a read mode the first address that is read is the last one stored in the register
pointer. The DS1307 must receive a Not Acknowledge to end a read.

JATA READ - SLAVE TRANSMITTER MODE Figure 7

A
1
«<Slave Address> % <Datairy> <Dalain+ i <Drta (D2} <Dala (n+X}r

['s [ +101000 |1 ] a [oooooox [ A [oooooox | a Txoooooooc ] a [oooooxx [& TP |

START

s -
DATA TRANSFERHED

A - ACKNOWLEDGE (X+1 BYTES + ACKNCWLEDGE): NOTE: LAST DATABYTE IS

P - STOP FOLLOWED BY A WOT ACKNOWLEDGE { 7 ) SIGHAL)

A -~ NOT ACKNOWLEDGE

“RAW - REALVWAITE OR DIRECTION BIT ADDHESS = Mh
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DS1307

ABSOLUTE MAXIMUM RATINGS* |

Voltage on Any Pin Relative to Ground 0.5V to +7.0V

‘Operating Temperature 0°C to 70°C (-40°C to 85°C for industrial)
-Storage Temperature -33°C to +125°C

Soldering Temperature 260°C for 10 seconds DIP

See JPC/JEDEC Standard J-STD-020A for
Surface Mount Devices

* This is a stress rating only and functional operation of the device at these or any other conditions above
those indicated in the operation sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS
(0°C to 70°C or -40°C to +85°C)

PARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES
. Supply Voltage Vee 4.5 5.0 3.5 v 1
Logic | Vin 22 Veet0.3 v 1
‘ LOgiC ] V[]_ 0.3 +).8 V 1
Vpat Battery Voltage Vaat 2.0 3.5 V 1

DC ELECTRICAL CHARACTERISTICS
(0°C to 70°C or -40°C to +85°C; Ve =4.5V to 5.5V)

‘PARAMETER SYMBOL | MIN | TYP MAX | UNITS | NOTES

- Input Leakage I 1 pA 10
VO Leakage Iio 1 HA Pl
Logic 0 Output VoL 0.4 V 2

- Active Supply Current leca 1.5 mA 9
Standby Current Iecs 200 LA 3
Battery Current (OSC ON), IgaTi 300 500 nA 4
SQW/OUT OFF

‘Battery Current (OSC ON); Igats 480 500 nA 4
SQW/OUT ON (32 kHz)

Sof 11
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AC ELECTRICAL CHARACTERISTICS
(0°C to 70°C or -40°C to +85°C; Vcc=4.5V 1o 5.5V)

PARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES
SCL Clock Frequency fscL 0 100 kHz

Bus Free Time Between a STOP and tgur 4.7 Lis

START Condition

Hold Time (Repeated) START Condition IHD-STA 4.0 Ls 5
LOW Period of SCL Clock tiow 4.7 s

HIGH Penod of SCL Clock thich 4.0 Lis

-'Set-up Time for a Repeated START t50.STA 4.7 Lis

Condition

Data Hold Time thD:DAT 0 Us 6,7
Jata Set—up Time SUDAT 250 ns

Rise Time of Both SDA and SCL Signals [ 1000 ns

“all Time of Both SDA and SCL Signals ty 300 ns

set-up Time for STOP Condition tsusTO 4.7 Ls

—apacitive Load for each Bus Line Cg 400 pF g
/O Capacitance Cro 10 pF

-rystal Specified Load Capacitance 12.5 pF

NOTES:

All voltages are referenced to ground.

i

loads.

Iccs specified with Vee=5.0V and SDA, SCL=5.0V.

V(‘CZOV, VBAT=3V-

After this period, the first clock pulse is generated.

Logic zero voltages are specified at a sink current of 5 mA at Vee=4.5V, Vo =GND for capacitive

A device must intemally provide a hold time of at least 300 ns for the SDA signal (referred to the
Vinmin of the SCL signal) in order to bridge the undefined region of the falling edge of SCL.

The maximum tup pat has only to be met if the device does not stretch the LOW period (i ow) of the

SCL signal.

Cg - total capacitance of one bus line in pF.

Ieca - SCL clocking at max frequency = 100 kHz.

0. SCL only.
1. SDA and SQW/OUT

G ol Hl
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TIMING DIAGRAM Figure 8

y oo
( Xt L 4
'
' ' Low
. ™ I
v 3 I
SCLy '
» N o -
'
= " tpsta
g — —am-e
Lo . Ho:0AT bigH t50-0AT T,
STOP  START REFPEATED
START

JS51307 64 X 8 SERIAL REAL TIME CLOCK
3-PIN DIP MECHANICAL DIMENSIONS

s R Sl e PKG 3PN
T DIM MIN MAX
y . AIN. | 0360 | 0.400
MM 914 | 10.16
_L BN | 0240 | 0.260
S MM 6.10 6.60
A C N | 0120 | 0.140

MM 3.05 3.56
DN 0.300 0.325
MM 7.62 8.26

,_{C EIN | 0015 | 0040

R MM 0.38 1.02

£y FIN. | 0120 | 0.140

Al I MM 304 | 356

G IN. 0.090 0.110
MM 2.29 278

HIN. | 0320 | 0370

r © H’ Mm | 813 | 940
JIN. | 0008 | 0012

ﬁ MM 0.20 0.30

J K iN. 0.0135 0.021
MI 038 | 053
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‘DS1307Z 64 X 8 SERIAL REAL TIME CLOCK
-8-PIN SOIC (150-MIL) MECHANICAL DIMENSIONS

-t G K 3-PIN
| I‘ .“-‘ PKG {150 MIL)
B DM | MIN | MAX
T AN} 0188 | 0.196
MM 4.78 4.98
& n B IN. | 0.150 | 0.158
) _L MM 3.84 4.01
CIN. | o048 | 0062
dEH 9__¢ WM | 122 | 157
3

E IN. 0.004 0.010
MM 0.10 0.25

A FIN. | 0.053 | 0089
: MM 1.35 175
e G N 0.050 BSC
i 1 0 MM .27 BSC
) HIN. | 0230 | 0.244
+E MM 5.84 £.20
JIN. | 0.007 | 0011
TR | MM 0.18 0.28
e F KIN. | 0012 | 0020

L IN. 0.016 0.950
* MM 0.41 1.27

phi Q° Be
56-G2008-001

{"D‘T ' L@E MM 0.30 0.51
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‘eatures

“ Compatibie with MCS-51" Products
BK Bytes of In-System Reprogrammable Flash Memory

. Endurance: 1,000 Write/Erase Cycles
Fully Static Operation: 0 Hz to 24 MHz

- Three-leve! Program Memory Lock

. 256 x 8-bit Internal RAM

' 32 Programmable 1O Lines
Three 16-bit Timer/Counters

.Eight Interrupt Sources

.Programmable Serial Channel
Low-power ldle and Power-down Modes

lescription

1e AT83CS2 is a low-power, high-performance CMOS 8-bit microcomputer with 8K
wtes of Flash programmable and erasable read only memory (PEROM). The device
-manufactured using Atmel's high-density nonvoiatile memory technology and is
impatible with the industry-standard 80C51 and 80C52 instruction set and pinout.
1e on-chip Flash allows the program memory to be reprogrammed in-system or by a
nventional nonvolatile memory programmer. By combining a versatile B-bit CPU
th Flash on a monolithic chip, the Atmel AT89C52 is a powerful microcomputer
ich provides a highly-flexible and cost-effective solution to many embedded control
plications.

in Configurations PDIP
e
pQFPﬂ'QFP Gye1o] A0 EIVCC
- mzexypiadz 29 [P0 01400}
5 _ scaa P12z 38[3F0 11AD1)
g 233% Pe334 37 D Po 2 1aDz}
Tem e e N Prar]s 35 [1P0.3 (AD3)
IhaRazSEEER P15 15 F1P0 4 {AD4)
Ry P160)7 34 (AP0.51AD5)
A P1.708 33P0 B (ADE}
r1501 1ahiPa4a0a RSTO whpe o7
P12 12f1FD 6 (ADS) (RXD) PO 10 ST EAVPP
PL7OE 21 [1PO.6 (ADE) (XDIP3IIGN 30 0 ALEPRGG
RST (T4 2041 90T LADT) NTO P32 02 BYIPSER

XD P35 23 LI EANVER (INTH P30 13 28 [1P2.7 tA15)
ne e 281N {TOP34{]14 2T P2 BiA14)
xoyerilly O ALEPADG TPISGS 26[IP25 ALY
TG P32 ()8 26 D) PEER 1WR) P3.6 ] 16 25[1P24 1012
Fhirage 261P2.7 iA15) REye3 T Ch17 24 pr2aan
HimFano 2431926 (A1) xTaLz ] 18 ez

TIPS LN Z32P251410) xTaLr]18 22 OP2.1{A9)

GND ] 20 2+ {1P2 0 (A8)

AIMEL

Y )

8-bit
Microcontroller
with 8K Bytes
Flash

AT89C52

Not Recommended
for New Designs.
Use AT89S52.

Rev. 0313H-02/00



3lock Diagram
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It esssssseenemmen A T 89C 52

1e ATBICHZ provides the following standard features: 8K
+tes of Flash, 256 bytes of RAM, 32 I/O lines, three 16-bit
ner/counters, a six-vector two-level interrupt architecture,
“full-duplex serial port, on-chip oscillator, and clock cir-
sitry. In addition, the AT89C52 is designed with static logic
r operation down to zero frequency and supports two
»ftware selectable power saving modes. The Ildle Mode
ops the CPU while aliowing the RAM, timer/counters,
arial port, and interrupt system to continue functioning.
e Power-down mode saves the RAM contents but
yezes the oscillator, disabling ail other chip functions until
e next hardware reset.

in Description
:C
1pply voltage.

ND
_'Dund.

irtQ

ort 0 is an 8-bit open drain bi-directional I/O port. As an
tput port, each pin can sink eight TTL inputs. When 1s
2 written to port 0 pins, the pins can be used as high-
pedance inputs.

irt 0 can also be configured to be the multiplexed fow-
der address/data bus during accesses to externai pro-
am and data memary. In this mode, PO has internal
Hups.

Tt ¢ also receives the code bytes during Flash program-
ng and outputs the code bytes during program
“ification, External pullups are required during program
“ification.

rt1

rt 1 is an 8-bit bi-directional /O port with internal puliups.
2 Port 1 output buffers can sink/source four TTL inputs.
1en 1s are written to Port 1 pins, they are pulled high by
- internal pullups and can be used as inputs. As inputs,
1t 1 pins that are externally being pulled low will source
“rent {1, ) because of the internal pullups.

“addition, P1.0 and P1.1 can be configured to be the
‘erfcounter 2 external count input {P1.0/T2) and the
erfcounter 2 trigger input {P1.1/T2EX), respectively, as
awn in the following table.
1t 1 also receives the low-order address bytes during
sh programming and verification.

> Pin | Alternate Functions
1.0 T2 {external count input to Timer/Counter 2},
: clock-out
A T2EX {Timer/Counter 2 capturefreload trigger and
direction control)

Port 2

Port 2 is an 8-bit bi-directional VO port with internal pullups.
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 internai pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (i, ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strong internal pul-
lups when emitting 1s. During.accesses to externai 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 bi-directional I/O port with intemnal 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 internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I, ) because of the pultups.

Port 3 also serves the functions of various special features
of the ATBICS1, as shown in the following table.

Port 3 also receives some control signals for Flash pro-
gramming and verification.

Port Pin Afternate Functions

P3.0 RXD (serial input port)
_31“_—" TXD-W(serial output 7;‘)‘;rt} iiiiiiiii o |
_P.’;2‘ INTO (external in!ém;—iﬁ - )
P33 | INTH (external interrupt 1)
?3.4 TO {timer 0 e;f;-_rnai in;;ﬁt) -
—-P:} 5 .T1 {timer 1 exiernal iant){ N
P36 | wR (extarnal data mer%ié:y:fiie strobe) N
Pa7 1RO {external data mem“onry read sirobe) ]
RST

Reset input. A high an this pin for twa machine cycles while
the osciliator is running resets the device.

ALE/PROG

Address Latch Enable is an output pulse for laiching the
low byte of the address during accesses to external mem-
ory. 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 oscillator frequency and may be used for externa!
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‘ming of clocking purposes. Note, however, that one ALE EA/VPP

ulse is skipped during each access to external data External Access Enable. EA must be strapped to GND in
)emory. order to enable the device to fetch code from external pro-
desired, ALE operation can be disabled by setting bit 0 of ~ gram memory locations starting at 0000H up to FFFFH.
FR location 8EH. With the bit set, ALE is active only dur- Note, however, that if iock bit 1 is programmed, EA will be
.g @ MOVX or MOVC instruction. Otherwise, the pin is  internally latched on reset.

eakly pulled high. Selting the ALE-disabie bit has no  EA should be strapped to V. for internal program

fect if the microcontrolier is in external execution mode. execulions.

i This pin also receives the 12-volt programming enabte volt-
SEN age (Vpp) during Flash programming when 12-volt
-ogram Store Enable is the read strobe to external pro-  programming is selected.

‘am memory.

hen the ATB9CH2 is executing code from external pro- XTALA ) . . . .

am memory, PSEN is activated twice each machine Input to the inverting oscillator amplifier and input to the
‘cle, except that two PSEN activalions are skipped during internal clock operating circuit.

sch access to external data memory. XTAL2

Cutput from the inverting oscillator amplifier.
‘ble 1. AT89C52 SFR Map and Reset Values

B
OFaH ! OFFH
I
| B 1 | |
i i 1 OF?H
GFOR 1 00006000 | i
e S P S SR I —
0E8H 0EFH
SR S R S E R }JI [ R
ACC !
OE7H
OEOH & vaon000e !
— —— ‘<r—_ﬁ.,.._ I S
oD8H ODFH
] SR RSV S I R U S
PSW
i 0D7H
O0DOH | 40000000
S R S ] "’_ﬁ SN S N S
ocaH T2CON T2MOD RCAP2L RCAP2H TL2 TH2 - oG
0000000 |  XX00(X00 | 00000000 | 00000000 00000000 | 00BCO0OD
S S RN VA S U S U S ‘___|ﬁ__7,, —
© 0COH 0CTH
P B e Y
0BFH
0BBH |y 000000
S NNy R RN U S S _— ——
Fa 0BTH
0BOH L 4111111
e b OAFH
0A8H | oxog0000 |
[hatisel A [ SN SO SN SR R
P2 ? ; OATH
QAR 11119 | ‘
- SCON SBUF | f 9FH
00000000 |  XXXXXXXX
Pl | _ 97H
9OH 1 it
IR S N o S R I
8aH TCON ! TMOD TLO TL1 TH1 i 8EH
00000000 00090000 0000000 | OOOOBOOD | ©ODODDODO ;  0BODOOOD J
Aol PO sp OPL DPH PCON a7
I 11111111 00000111 00000000 | 00000COQ 0XXX0000
b - S — vy —— | P
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special Function Registers

_map of the on-chip memory area called the Speciat Func-
an Register (SFR) space is shown in Table 1.

ote that not all of the addresses are occupied, and unoc-
tpied addresses may not be implemented on the chip.
-‘ead accesses to these addresses will in general return
‘ndom data, and write accesses will have an indetermi-
ate effect.

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

ible 2. T2CON - Timer/Counter 2 Control Registe

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
Tabie 4) for Timer 2. The register pair (RCAP2H, RCAP2L)
are the Capture/Reload registers for Timer 2 in 16-bit cap-
ture mode or 16-bit auto-reload mode.

Interrupt Registers The individuat interrupt enable bits are
in the |IE register. Two priorities can be set for each of the
six interrupt sources in the IP register.r

T2CON Address = 0C8H Reset Value = 0000 QOG0B
Bit Addressable
Bit lj TF2 i EXF2 RCLK TCLK EXEN2 TR2 ; CfT2 CP!RLZ
S W - | A . _ ! —
L 7 ]L 6 ! 5 ' 4 3 2 1 ! 0
‘ymbol Function
F2 Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by sofiware, TF2 will not be set when either
RCLK =1or TCLK =1.
'XF2 Tlmer 2 external flag set when either a capture ar reload is caused by a negative transition on T2EX and
EXENZ = 1. When Timer Z inferrupt is enabled, EXF2 = 1 will cause the CPU 1o vector to the Timer 2 interrupt
routine. EXFZ must be cleared by software. EXF2 does not cause an interrupt in up/down counter made
_ (DCEN = 1)
CLK Receive c!ock enable, When set, causes the serial port 10 use Timer 2 overﬂow puises for |ts receive clock in senai
porl Modes 1 and 3. RCLK = 0 causes Timer 1 overﬂow to be used for the receive clock
SLK Transmit clock enable. When set, causes the serial pori 10 use Timer 2 overflow pulses for its transmil clock in senal
port Modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the fransmit ClOCk
KEMN2Z Timer 2 external enable. When set, allows a capture or reload to occur as a result of a negative transition on T2Ex
if Timer 2 is not being used to clock the seral porf. EXEN2 = 0 causes Tlmer 2 2 to ignore events at T2EX,
V) Starl/Stop contral for Timer 2, TR2 = 1 staris the timer.
T2 Timer or counter select for Timer 2. C/T2 = 0 for timer function. C/T2 = 1 for external event counter (falling edge
: tr|ggered)
3R2 CaptureiReload select CP/RLZ = 1 causes captures to occur on negative trans;trons at T2EX if EXENZ = 1. CPIRLz
= 0 causes automatic refoads to occur when Timer 2 overflows or negative lransitions occur at T2EX when EXENZ
= 1. When either RCLK or TCLK = 1, this bit is ignored and the timer is forced o auto-reload on Timer 2 overflow.
ita Memory

: ATBICSH2 implements 256 byles of on-chip RAM. The
ser 128 bytes occupy a parallel address space to the
:cial Funclion Registers. That means the upper 128
s have the same addresses as the SFR space but are
sically separate from SFR space.

2n an instruction accesses an internal location above
7ess 7FH, the address mode used in the instruction

specifies whether the CPU accesses the upper 128 byles
of RAM or the SFR space. instructions that use direct
addressing access SFR space.

For example, the following direct addressing instruction
accesses the SFR at location DADH (which is P2).
MOV 0ACH, #data

AMMNEL s
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structions that use indirect addressing access the upper
28 bytes of RAM. For example, the following indirect
idressing instruction, where RO contains 0AOH, accesses
e data byte at address 0DAQH, rather than P2 (whose
idress is OAQH).
MOV R0, #data

ole that stack operations are examples of indirect
idressing, so the upper 128 bytes of data RAM are avail-
lle as stack space.

imer 0 and 1

mer 0 and Timer 1 in the AT89C52 operate the same way
: Timer O and Timer 1 in the AT89C51.

imer 2

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

ble 3. Timer 2 Operating Modes

ICLK +TCLK | CPfRLZ | TR2 | MODE
0 ¢ t 16-bit Auto-reload
;ug_ ;j-‘l—‘;ﬁ 1_—77 16-bif Ca_!pture
- L L X ' 1 Baud Rate Generator
X X 0 (Off)

the Counter function, the register is incremented in
ponse to a 1-to-0 transition at its corresponding external

input pin, T2. It this function, the external input is sampled
during $S5P2 of every machine cycle. When the samples
show a high in one cycle and a low 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
osciltator periods} are required o recognize a 1-to-0 transi-
tion, the maximum count rate is 1/24 of the osciilator
frequency. To ensure that a given level is sampled at least
once before it changes, the level should be held for at least
one full machine cycle.

Capture Mode

In the capture mode, two options are selected by bit
EXENZ in T2CON. If EXENZ = Q, Timer 2 is a 16-bit timer
or counter which upon overflow sets bit TF2 in T2CON.
This bit can then be used to generate an interrupt. If
EXENZ2 = 1, Timer 2 performs the same operation, but a 1-
to-0 transition at external input T2EX also causes the cur-
rent value in TH2 and TL2 to be capiured into RCAP2H and
RCAP2L, 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 illus-
trated in Figure 1.

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 default to count up. When
DCERN is set, Timer 2 can count up or down, depending on
the value of the T2EX pin.

AT 89C 52 st s S ———



igure 1. Timer in Capture Made

OSC 4—4—”“. 9
{:—7—71 P CM2 =0
”!wm

AT89C52

—»  TH2 —» TF2
|
! CONTROL OVERFLOW
D T C“:I;‘ =1 TR2 l e
T2 PN CAPTURE DW
TRANSITION
DETECTOR TIMER 2
‘ INTERRUPT

CONTROL

EXEN2

gure 2 shows Timer 2 autamatitally counting up when
ZEN = 0. In this mode, two options are selected by bit
XENZ in T2CON. If EXENZ = @, Timer 2 counts up to
‘FFFH and then sets the TF2 bit upon overflow. The
erflow alsa causes the timer registers 1o be reloaded with
2 16-bit value in RCAP2H and RCAP2L. The vailues in
ner in Capture ModeRCAP2H and RCAP2L. are presel
- software. If EXENZ2 = 1, a 16-bit reload can be iriggered
her by an overilow or by a 1-10-D transition at externai
wut TZEX. This transition also sets the EXF2 bit. Both the
2 and EXF2 hits can generate an interrupt if enabled.

tting the DCEN bit enables Timer 2 to count up or down,
shown in Figure 3. In this mode, the T2EX pin controls

the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the
TFZ2 bit. This overflow also causes lhe 16-bit value in
RCAPZH and RCAPZL to be refoaded into the timer regis-
ters, TH2 and TLZ2, respectively.

A logic O at TZEX makes Timer 2 count down. The timer
underflows when THZ 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 mede, EXF2 does not flag an interrupt.

ATNEL ’



igure 2. Timer 2 Auto Reload Mode (DCEN =0)

Lo Je ey

crrz =0
| CONTROL
T C2 = 1 B I !
[ e — . RELOAD| t M
T2 FIN =} P!
IRCAP2H RCAPZL‘
TRANSITION I
DETECTOR
T26X PIN [ | -{ _“ . S
CONTROL

EXENZ

ble 4. T2MOD - Timer 2 Mode Control Register

--» EXF2 -

OVERFLOW

TIMER 2
INTERRUPT

4
TF2

L

TZMOD Address = 0COH

Reset Value = XXXX XX00B

Not Bit Addressable
. — I _
- - - T20E DCEN
Bit 7 6 5 3 I 0
ymbol ]_Funciion

Not implemenied, reserved for future

20E

Timer 2 Output Enable bit.

ZEN When set, this bit allows Timer 2 to be configured as an upfdown counter.
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igure 3. Timer 2 Auto Relcad Mode (DCEN = 1)

(DOWN COUNTING RELOAD VALUE) TOGGLE

OFFH | OFFEH J

o | o N
— wvz l

( 0sC j— 12 b o OVERFLOW ’

L) eme=o
X -
T T THz | TL2 L—»-—_ <{ T2 \
H H i I
| ConTROL N Z -4
Tcrrz =1 ‘ TIMER 2
= ‘ o INTERRUPT
T2 PIN : i
RCAP2H RCAPZq 4
} COUNT
(UP COUNTING RELOAD VALUE) I ?lT,ECT'ON
0=DOWN
T2EX PIN

Jure 4. Timer 2 in Baud Rate Generator Mode

TIMER 1 OVERFLOW

0" "
- NOTE: OSC. FREQ. IS DIVIDED BY 2, NOT 12 I », -
i \/ SMOD‘!
QSsC e +2 "‘*‘|
} jci2 =0
X g

CONTROL M | gCLOC_L(
2 TR2 o . f
D ;CF?Z =1 T |
[ "1 "0
T2 PIN \‘ Ly o

X . )
TRANSITION Lo | +4 \ ........ >
DETECTOR
—
. — TIMER 2
“2EXCPIN D“—"'} — ——"* INTERRUPT
| CONTROL

EXEN2
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jaud Rate Generator

imer 2 is selected as the baud rate generator by setting
CLK and/or RCLK in T2CON (Table 2). Note that the
aud rates for ransmit and receive can be different it Timer
is used for the receiver ar transmitter and Timer 1 is used
ir the other function. Setting RCLK and/or TCLK puts
imer 2 into its baud rate generator mode, as shown in Fig-
ed.

1e baud rate generator mode is similar to the auto-refcad
-0de, in tha! a rollover in TH2 causes the Timer 2 registers

be reloaded with the 16-bit value in registers RCAP2ZH
1d RCAP2L, which are preset by software.

1e baud rales in Modes 1 and 3 are determined by Timer
s overflow rate according to the following eguation.

Modes 1 and 3 Baud Rates = 1Me 2 O\;eaarflow Rate

e Timer can be configured for either timer or counter
seration. In most applications, it is configured for timer
seration {CP/T2 = Q). The timer operation is different for
mer 2 when it is used as a baud rate generator. Normally,

a timer, it increments every machine cycle (at 1/12 the
cillator frequency). As a baud rate generator, however, it

gure 5. Timer 2 in Clock-out Mode

.~ TRANSITION
¥ _ DETECTOR

P11 E 1
(T2EXY

AT89C52

l o7 o

EXENZ

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

Modes 1and 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 4, This
figure is valid only if RCLK or TCLK = 1 in T2ZCON. Note
that a rollover in TH2 does not set TF2 and will not gener-
ate an interrupi. Note too, that if EXENZ2 is set, a 1-i0-0
transition in T2ZEX will set EXF2 but will not cause a reload
from {RCAFPZ2H, RCAF2L) to (THZ2, TL2). Thus when Timer
2 is in use as a baud rale genetator, T2EX can be used as
an extra external interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timerin
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 regislers may be
read but should not be written to, because a write might
overlap a reload and cause write and/or reload errors. The
timer should be tumed off {clear TR2) before accessing the
Timer 2 of RCAP2 registers.

l RCAP2L | RCAPZH

- ¢z BIT
— 2 } ey T _._,i
|
T20E (T2MO0 1)
» TIMER 2
:
noB2 INTERRUPT
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'rogrammable Clock Out

-30% duty cycle clock can be programmed to come out on
1.0, as shown in Figure 5. This pin, besides being a regu-
o 11O pin, has two alternate functions. it can be
‘ogrammed to input the external clock for Timer/Counter 2
- to output a 50% duty cycle clock ranging from 61 Hz to 4
‘Hz at a 16 MHz operating frequency.

3 configure the Timer/Counter 2 as a clock generator, bit
T2 {T2CON.1} must be cleared and bit T20E (T2MQOD. 1}
ust be set. Bit TR2 {T2CON.2) starts and stops the timer.

e clock-out frequency depends on the oscillator fre-
lency and the relead value of Timer 2 capture registers
JCAPZH, RCAP2L), as shown in the following eguation.

QOscillator Fequency
4 x {65536 — (RCAPZH,RCAP2ZL)]

the clock-out mode, Timer 2 roll-overs will not generate
v interrupt. This behavior is simitar to when Timer 2 is
‘ed as a baud-rate generator. It is possible to use Timer 2

a baud-rate generator and a clock generator simulta-
ously. Note, however, that the baud-rate and clock-out
quencies cannot be determined independently from one
‘other since they both use RCAPZH and RCAP2ZL.

ART

2 UART in the ATBIC52 operates the same way as the
\RT in the AT89C51.

Clock-Out Freguency=

terrupts

e AT89C52 has a total of six interrupt vectors: two exter-
I interrupts (INTO and INT1}, three timer interrupts
mers O, 1, and 2}, and the serial port interrupt, These
arrupts are all shown in Figure 6.

ch of these interrupt sources can be individually enabled
‘disabled by setting or clearing a hit in Special Function
gister IE. IE also cantains a global disable bit, EA, which
ables all interrupts at once.

te that Table shows that bit position IE.€ is unimple-
_-nted. In the ATBSC51, bit position IE.5 is alsa
mplemented. User software should not write 1s to these

_positions, since they may be used in future AT89
ducts.

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

: Timer 0 and Timer 1 flags, TFO and TF1, are set at
22 of the cycie in which the timers overflow. The values
‘then polied by the circuitry in the next cycle. However,

the Timer 2 flag, TF2, is set at $2P2 and is polled in the
same cycle in which the timer overflows.

Table 5. Interrupt Enable (IE) Register

{MSE) (LS8)

[ea [~ Jere Jes [er Jex [ero en |

Enable Bit = 1 enabtes the interrupt.

Enable Bit = 0 disables the interrupt.

Symbol Position Function

EA IE.7 Disables alt intesrupts. HEA =0,
no interrupt is acknowiedged. If
EA = 1, each interrupt source is
individually enabled or disabled
by setling or clearing its enable
bit,

- IE.6 Reserved.

I — U Y (S — JR—

ET2 IE.5 Timer 2 interrupt enable bit.

ES IE.4 Serial Port interrupt enable bit.

ET IE.3 Timer 1 interrupt enable bit.

EX1 IE2 | External interrupt t enable bit.

ETQ i 1EA Timer O interrupt enable bit.

EX0 IE.C External interrupt O enabte bit.

User software should never write 1s to unimplernented bits,
because they may be used in future ATBY products.

Figure 6. Interrupt Sources

AIMEL "
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Yscillator Characteristics is restored to its normal operating level and must be held
) . active long enough to allow the oscillator to restart and
TAL1 and XTALZ2 are the input and output, respectively,  ahilize.

*an inverting amplifier that can be configured for use as
1 on-chip oscillator, as shown in Figure 7. Either a quanz
ystal or ceramic resonator may be used. To drive the
avice from an external clock source, XTALZ should be left c2
yconnected while XTAL1 is driven, as shown in Figure 8. ] I———e—— XIAL2

Figure 7. Oscillator Connections

1ere are ho requirements on the duty cycle of the external
ock signal, since the input to the internal clacking circuitry

‘through a divide-by-two flip-flop, but minimum and maxi- e :]

um voltage high and low ti ifications must be :

1userved, ge high and low time specifications mus 4 TALY
lle Mode

“idie mode, the CPU puts itself to sleep while all the on-
ip peripherals remain active. The mode is invoked by
ftware. The content of the on-chip RAM and all the spe-
1l functions registers remaip unchanged during this
>de. The idle mode can be terminated by any enabled
errupt or by a hardware reset.

ate that when idle mode is terminated by a hardware
set, the device normally resumes program execution
m where it left off, up to two machine cycles before the  Figure 8. External Clock Drive Configuration
ernal reset algorithm takes control. On-chip hardware
1ibits access to internal RAM in this event, but access to
1 port pins is not inhibited. To eliminate the possibility of NC XTALZ
unexpected write to a port pin when idle mode is termi-
ted by a reset, the instruction foliowing the one that
okes idie mode should not write to a port pin or to exter-
Cmemory.

GND

..,.|_..T_m_
|

Note: C1, C2 = 30 pF £10 pF for Crystals
= 40 pF +10 pF for Ceramic Resonators

EXTERNAL
QSCILLATOR ——— XTAL1
wer-down Node SIGNAL
‘he power-down mode, the oscillator is stopped, and the
‘truction that invokes power-down is the iast instruction ———— GND

:cuted. The on-chip RAM and Special Function Regis-
5 retain their values until the power-down mode is
minated. The only exit from power-down is a hardware
et. Reset redefines the SFRs but does not change the
chip RAM. The reset should not be activated before V.

étus of External Pins During Idle and Powe-down Modes

sde Program Memory ALE —( FSEN . PORTO | PORT1 PORT2 PORT3 |
2 Internal 1 1 Dala Data Data Data
;—_7‘7-k“§ernal - 44? g|——~1 Float [»m[)ata Add:'ess Dat; o
'wer-dowr; Internal - 7 0 | 0] ) Datam t)ata 1 Data Data
;eao;vTﬁ _Extern;ai - l 0 \_ 0] "g’—”l‘:&loat B VDat;“ DaE D-atai j

AT SO C 52 s
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‘rogram Memory Lock Bits

he AT89C52 has three lock bits that can be left unpro-
rammed {U) or can be programmed {P} to obtain the
Jditional features listed in the following table.

.ock Bit Protection Modes

Program Lock Bits

LBt LB2 LB3 | Protection Type

1 U U u No program lock features.

2 P u u MOVC instructions executed
from external program
memory are disabled from
fetching code bytes from
internal memory, EA is
sampled and latched on reset,
and further programming of
the Plash memory is disabled.

3 P P U Same as made 2, bul verify is
f also disabled.
4 P P P Same as mode 3, but external

execution is also disabled,

1en lock bit 1 is programmed, the logic fevel al the EA pin
sampled and latched during reset. |f the device is pow-
:d up without a reset, the latch initializes to a random
ue and holds that value until reset is activated. The
:hed value of EA must agree with the current logic level
-hat pin in order for the device to function property.

;ogramming the Flash

-2 AT89C52 is normally shipped with the on-chip Flash
mory array in the erased state {that is, contents = FFH)
1 ready to be programmed. The programming interface
:epts either a high-voltage (12-volt) or a low-voltage
) program enable signal. The Low-voltage program-
_'ag mode provides a convenient way to program the
39C52 inside the user's system, while the high-voltage
aramming mode is compatible with conventional third-
y Flash or EPROM programmers.

1 AT89C52 is shipped with either the high-voltage or
~voiage programming mode enabled. The respective

side marking and device signature codes are listed in
following tabie.

Vpp =12V Vpp = 5V
1-side Mark ATBICSH2 AT89C52

XXXX XXXX - B

¥yww yyww

Vop = 12V Vpp =5V
Signature {030H) = 1EH {030H} = 1EH
{031H} = 52H (031H) = 52H
{032H) = FFH (032H} = 05H

The AT83C52 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.

Programming Aigorithm Before programming the
AT89C52, the address, dala and controf signais shouid be
set up according to the Flash programming mode table and
Figure 9 and Figure 10. To program the AT89C52, take the
following steps.

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

2. Input the appropriate data byte on the data lines.
Activate the correct combination of control signals.

4. Raise EA/V;p to 12V for the high-voltage program-
ming mode.

5. Pulse ALE/PROG once to program a byte in the
Flash array or the lock bits. The byte-write cycle is
self-timed and typically takes no more than 1.5 ms.
Repeat steps 1 through 5, changing the address
and data for the entire array or untif the end of the
object file is reached.

Data Polling The ATB9C52 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the fast byte writien will result in the com-
plement of the written data on PO.7. Once the write cycle
has been completed, true data is valid on ali cutputs, and
the next cycle may begin. Data Poliing may begin any time
after a write cycle has been initiated.

w

Ready/Busy The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulied high again when programming is
done to indicate READY.

Program Verify ¥ lock bits LB1 and LBZ have not been
programmed. the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase The enlire Flash array is erased electrically by
using the proper combination of contro! signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all 1s. The chip erase operation must be executed
before the code memory can be reprogrammed.

AIMEL 1
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eading the Signature Bytes The signature bytes are Programming Interface
‘ad by the same procedure as a normal verification of ) )
cations 030H, 031H, and 032H, except that P3.6 and Every code byte in the Flash array can be written, and the

3.7 must be pulled to a logic low. The values returned are ~ ©Mire array can be erased, by using the appropriate combi-

: follows, nation of control signals. The write operatian cycls is self-
(030H) = 1EH indicates manufactured by Atmel timed and once initiated, will automaticaily time itself to
{031H) = 52H indicates 89C52 compietion.

{032H) = FFH indicates 12V programming All major programming vendors offer worldwide support for
{032H) = 05H indicates 5V programming the Atmel microcontroller series. Please contact your local

programming vendor for the appropriate software revision.

lash Programming Modes

flode RST | PSEN ALE/PROG EAV,, P2.6 P2.7 | P36 | P37
Vrite Code Data H L H/12V L H H H
—~__/
ead Code Data H L H H L
Jrite Lock Bit - 1 H L : H12v H H
—~_
Bit - 2 H L H/12v H H L L
~_
Bit - 3 H L H/12v H L H L
—~__/
hip Erase H L {1) H/12V H L L { L
ead Signature Byle H L H H L L L | L

e 1. Chip Erase requires a 10 ms PROG pulse.

AT89C52 mss——————————



‘gure 9. Prograrnming the Flash Memory

AT89C52

Figure 10. Verfying the Flash Memory

+5V +5V
ATE7F52 T ATBTF52 0
aDDR. 20 - ATyl g Vee appr, A0 AT ) g Ve :
OOOOH/1FFFH PGM OCOCHAFFFH | PGM DATA
AS - A;; P20 - P24 PO -—— oo A8 L-E; P2.0 - P24 PO {» Ll{JSLEU“F?g)
T——-# P2B i —m» P26
SEE FLASH | ———w P27 ME l&—— PROG SEE FLASH -—» P27 ALE 1o o
PROGRAMMING - PROGRAMMING -/ !
MODES TABLE : — P P36 MODES TABLE : —®f P36
o ipay Pz TV'“
. XTAL2 EA |l&—— V.V . XTAL2 EA [ |
124 MHz © o +
77 o
o
L. P ji}—— XTAL1 RST 44— V,, i XTAL* RST 4——— Vy,
o lono SN o] on =
ash Programming and Verification Characteristics
=0°Cto70°C, Vo = 5.0 £10%
ymbol Parameter Min Max Units
apt! - Programming Enabte Voltage 11.5 125 v
-p“) - Pragramming Enabfe Current ) o 1.0 7 mA
;LCL COscillator Frequency h B 3 o 24 ;\/'IHz
.,GL Address Setup to PROG Low I 4Bl oy
HAX Address Hold after PROG i 4Bl o
;; Data Setup to PRGG Low o 48t o,
:D: Data Hold After PROG 4Ble o o
15H P27 (ENABLE) High to Vpap 48t o
'{QL Vepe Setup to PROG Low 0 ps
45;(” Vpp Hold afler PROG 10 B s
;T PROG Width - ﬁ 1 _ 110 s
;v—j ------- “?gd;ess to {ata Valid ) 48400
: ) ENABLE Low to Data Valid - R ) 4Bto o ]
; Data Float after ENABLE o - B Uﬁ_: ABloo ]
;EL ] PROG High 10 BUSY Low o A 1.0 ps
R - Byte Write Cycl::rime L - 2.0 ms

2 1.

Only used in 12-volt programming mode.
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lash Programming and Verification Waveforms - High-voltage Mode (Vpp=12V)

P1.0 - P17
P20 - P24

PORT 0

ALE/PROG

EAN,
P27
(ENABLE)

P34
(RDY/BSY)

PROGRAMMING ‘ VERIFICATION
__. ADDRESS —  » j\k&QQB_ESS_ e
i — — tavay
S «tlomm“"“i} ..... e DATA BOT e
“Hiover  lenox [t | :
taveL ™ A % iaHax
t +i e
SHGL g lanst
A Ve “hwoeic 1
R SR SR ocic o b
@) i
— -t B -—
EHSH tELQVt ‘ EHQZ
T tara ™ :“ '
‘"" GoBusy ey
- twe — %

:ash Programming and Verification Waveforms - Low-voltage Mode (Vpp=5V)

P10 - P17 PROGRAMMING | __ VERIFICATION
P20 - P2.4 T aDDRESS ) {____ADDRESS _ , -
‘ N o Layay
PORT 0 - - ~ DAAIN b ——{DATA OUT
tovat  forox [ * I
Lol [* <> lgnax
ALE/PROG LA o
fsrat "E"*tGLGH *
— b b BOGIC T
EANG, i A WoGIC 0% L
o] 1 R PR
P27 T gy > < Fraz
(ENABLE) A N
I torel ™ |L' ‘
P34 - e - S
(RDY/BSY) t rrrrrrr BUSY . READY

AT89C52 mssssessssss————
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\bsolute Maximum Ratings*

Operating Temperature
Storage Temperatiure

Voltage an Any Pin
with Respect to Ground

Maximum Operating Voltage ... 6.6V

23C Output Current

-55°C to +125°C

-65°C to +150°C

1C Characteristics

e values shown in this table are valid for T,

=-40°C to B5°C and V.. = 5.0V +20%, unless otherwise noled.

*NOTICE:

Stresses beyond those listed under "Absolute
Maximum Ratings" may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operabional sections of this specification is not
imptied. Exposure to absolute maximum rating
conditions for extended periods may affect

device reliability.

jymbol Parameter Condition Min Max Units
L tnput Low-voltage (Except EA} -0.5 0.2 V0.1 v
.L,' input Low-voltage (EA) ) 05 0.2 V0.3 v
1 input High-voitage o (Except XTAL1. RST) 0.2V.t0.9 Veet0.8 v
’.m ‘lnput High-voltage ‘ -(XTAL1. R3T) 0.7 Vee Vect0.5 vV
‘oL Cutput Low-voitage'"! (Ports 1,2,3) loy = 1.6 MA 0.45 v
ot Output Low-voltage!"! ) --IDL =3.2 mA 0.45 v
{Port 0, ALE, PSEN)
‘o Output High-voltags lon = -B0 YA, Ve = 5V £ 10% 3 2.4 v
(Ports 1,2,3, ALE, PSEN} low = -25 WA 0.75 Vec v
lon = -10 HA 0.9Vee .
oK1 Output High-veltage lgy = -B00 pA, Voo = 5V £10% 2.4 L v
(Port @ in External Bus Made) lon = -300 pA 0.75 Ve - v
lon = -80 pA 0.9 V¢ 5 v
Logical 0 Input Current (Ports 1,2,3) Vi =045V ) -50 YA i
. Logical 1 to 0 Transition Current 7 Vin= 2V, Vo =5V 10% -650 pA
{Ports 1,2,3} -
Input Leakage Current (Port 0, EA) | 0.45 < Vi, < Ve +10 pA
RST Reset Pulldown Resistor S0 300 KQ,,, ‘. .
o Pin Capacitance ) Test Freq. = 1 MHz, T, = 25°C Lo P
? Power Supply Current Y;‘éive Mode, 12 MHz 25 mA ]
idle Mode, 12 MHz , 65 mA -
| Powsr-cown Mode!! Vee = BV o . - 100 vA
7VCC =3V 40 pA

s

1. Under steady state (non-transient) conditions, |, must be externally limiled as follows:

Maximum |, per port pin: 10 mA
Maximum |, per 8-bit port:
Port 0: 26 mA

Poris 1, 2, 3: 15 mA

Maximum total I, for all output pins: 71 mA
it 1o, exceeds the test condition, Vo, may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
2. Minimum V¢, for Power-down is 2V.

AlmEL
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C Characteristics

nder operating conditions, load capacitance for Port G, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
Mtputs = 80 pF.

xternal Program and Data Memory Characteristics

AIMEL

12 MRz Oscillator Variable Oscillator

Jymbol . Parameter - Min T Max R M;n N Mai Units
j"!CLCL Oscillator Frequency I i 0_ 24 MHz
HLL ALE Puise Width 127 24 o 40 ns
i Address Valid to ALE Low 43 i i tcu;i 3 B ns
;x Addres‘s—l—lic%;\ﬂer ALE Low ) ! ‘48 I tctc,;;él] ns N
W ALE Low o Valid Instruction In 233 | Atg o -65 s |
:; | ALE Low to PSEN Low 43 leo-13 7 B ns

. | BSEN Pulse Width 206 3te 0 -20 ns

i,‘\:, __JE,S?NIOW__tOVéIid Instruction in L o " 115 i b 3tCLCL:45 ns
X Input Instruction Hold after PSEN 0 0 ns

Iz Input Instruction F]oal after PSEN i 59 " i teLg-10 ns )
;W | PSEN to Address Vald ] 75 o tCL;L-B s

Iy wH‘;Eiziress to Valid lﬁstruction n h 312 o ; . ) SteL o -55 ns

.L:Z | PSEN Low to Address Float 10 10 T hs
“LRH RD Pulse Width 400 Bloyc -100 ns

,Tw; WR Putse Width 400 N Btg o -100 ns

;;, —WH_R:D Low to Valid Data In | 252 N ] S(CLCL-QQ_ ns

;;- . Data i—!otd After RD o k 0 7 ? N ns

HDZ Data Float After RD - N 97 N oo, 28 ns

ov ; ALE Low to Valid Data In ) 517 . 7_?'Vtucv150 ns

o | Address to Valid Data In 585 | Ote o 165 ns
:.,L ALE Low to RD or WR Low 200 T 00 Beyy50 | 315 +50 os |
L Address to RD or WR Low 203 Mo 75 ns

W Data Valid 16 WR Transition - "_"23 torc 20 ns

o EIala Valid to WR High 433 Thoro 120 I s
ﬁr ‘——E)ata Hold After WR o 5337 - to o -20 - o ns
« | FDlowto Address Float | 0 0 ns

A RD or WR High to ALE High ) 43 123 tepe -20 tor o, +25 ns

AT 89C 52 1500000000



xternal Program Memory Read Cycle

AT89C52

D T T I
ALE 7 N N
; e e gy
tavir '—»—J—.-t ------ * tw 7
o S N * MPL | b
PSEN d T ‘{“"l tury f N
J 1 tF‘)(;"\\""’I
1 t‘ s texiz
tiax jdf—) 4 } >!
- j thX**i e ;
PORTO _ = " A0-A7  Pr——-—{INSTRIN }° D~ A0-AT
‘ ! i J
D P 4
PORT2 _ ',,','/\lxi'{.‘ _ M-As S AMe-Al
xternal Data Memory Read Cycle
A g '
ALE J I N N
3 e
PSEN T T - /
- Lipv - _’\ SR
1FllLRH I
o L ‘3
i" . ‘1' : - rigw e ’tR.HDZ
; RLAZ T """ N trHox
PORT 0 )r-‘( AD - A7 FROM Rf OR DPL {/ X K DATA de}'gfm A7 FROM PCL>< INSTR IN
¥ i |
e o gy e ***"J ‘
t‘)_ T T tAVUV o .'l
PORT 2 Y. P20 -P2TORAB-AI5FROMDPH X AB-AI5FROM PCH

AIMEL
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AINEL

xternal Data Memory Write Cycle

]

—— by e — twwn —»

- tag > tovwx — *— Yyhox

PORT 0 >+ AQ - A7 FROM RI OR DM DATA OUT A - A7 FROM PCL>~(INSTR IN

PORT 2 K P20-P27 ORAB-AISFROMDPH _ »  AB- AT5 FROM PCH

kternal Clock Drive Waveforms

§ R : “7 tonex
o lonex toron —> +— tencL
Voo - 05V hop o e S

/ \ T \#
£ 0TV Mo -
S = N\ -

02 Ve 04V >
| A o M S N
045V — - - < N i -

tCLl:L d

iternal Clock Drive

ymbo} Parameter Min Max Units

lete Oscillator Frequency 0 24 MHz

oL Clock Period 416 ! ns

iex High Time 15 ns

ox Low Time 15 ns

ch Rise Time 20 ns

L ! Fall Time 20 ns

AT89C52 e ——————



s A TS89 C 52

-erial Port Timing: Shift Register Mode Test Conditions

ae values in this table are valid for V¢ = 5.0V +20% and Load Capacitance = 80 pF.

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
AL Serial Pc?rt Clock Cycle Time 1.0 ! - 12'04.;1 N ps
- Output Data Setup 1o Clock Rising Edge 700 | ) 0133 ns
XHOX Qutput Data Hold After Clock Rising Edge 50 ) 2teLe-117 ns
XHDX Input Data Hold After Clock Rising Edge 0 0 ) ns
- Clock Rising Edge to Input Data Valid 700 L 10tg o133 ns
hift Register Mode Timing Waveforms
INSTRUCTION | — 0 _ 1 N R 2 R [ S S B 5 6 1 7 j 8 _
T T T e e I O I A O B Y
+ ’l txixt
...... e S Coe . i - -
CLOCK N [ S S S S Y B (N
tavan k— |
. ] e o
WRITE TO SBUF, S T 2 T X Ta s KT T S
v —- r— L
OUTPUT DATA oy [+ %] XHDX serml
CCOLEARRY - e DAmigd s e s K g D
\d
INPUT DATA SET RIT
= Testing Input/Output Waveforms'!"”  Float Waveforms!"
s AV . S R S — i
cC / 0.2 Vg + 0.8V N, Vi gap* 0V \_\*_\VDL 0.1V
P TEST POINTS V| gap ———— Timing Referem:e > o
Vs oy Points ,
0.45V —— 02 Vo - OV . Vioap™ % 2 , 7 Vot 0
e; 1. AC Inputs during lesting are driven at Vo - 0.5V Note: 1. For timing purposes, a port pin is no tonger floating
for a logic 1 and 0.45V for a logic 0. Timing measure- when a 1060 mV change from load vollage occurs. A
ments are made al V,,, min. for alogic 1 and V,, max. port pin begins to float when a 100 mV change from
for a logic 0. the loaded Vo /Vg, levet ocours.

ATMEL 2




AIMEL

irdering Information

. Speed Power
{MHz) Supply Ordering Code Package Operation Range
12 5V 120% ATB9CS52-12AC 444 Commercial
AT89C52-12JC 44) (0°C to 70°C)
ATBOC52-12PC 40P5
ATB9C52-12QC 440
ATB9C52-12A1 447 B Industrial ]
ATB9C52-12J1 44) {-40°C to 85°C)
ATB9C52-12P! 40P6
ATB9C52-120Q 44Q
16 5V £ 20% AT89C52-16AC o 44A Commercial
ATB9C52-16JC 44) (0°C 10 70°C)
ATB9C52-16PC 40P6
ATBIC52-16QC 44Q
 ATBYC52-16Al 44A 1 industrial
ATB9C52-16JI 444 (-40°C to 85°C)
ATB9C52-16P] 40P6
ATBIC52-16Q 44Q
20 | 5v:20% ATBC52-20AC aa | Commercial
" ATB9C52-20JC 44J (0° C to 70°C)
ATB9C52-20PC 40P6
ATB9C52-20QC 44Q
ATBIC52-20A1 247 i Industrial
ATBACS52-20J1 44) (-40°C to 85°C)
ATB9C52-20P 40P6
ATBIC52-20Qi 440
24 | 5Vi20% ATBIC52-24AC | asa Commercial |
; ATBYC52-24C 44) (0°C to 70°C)
ATB9C52-24PC 40P6
ATBIC52-24QC 44Q)
ATB9C52-24At 44 A Industrial
ATBOC52-24.1 44 (-40°C to 85°C)
ATBOC52-24P} 40P8
ATBECH2-24Q) 44Q
Package Type
1A 444ead, Thin Plastic Gull Wing Quad Flatpack (TQFP}
4J 44-ead, Plastic J-leaded Chip Carrier (PLCC}
IP6 40-ead, 0.600” Wide, Plastic Dual inline Package (PDIP)
1Q 44-fead, Plastic Gull Wing Quad Flatpack (PQFP}

AT89C52 mss e ——————



EEEEESEEEEEeesssessenemes A T89C 52

‘ackaging Information

44A, 44-tead, Thin (1.0 mm) Plastic Gul Wing Quad
Flatpack (TQFP)

Dimensions in Miflimeters and (Inches)*

JEDEC STANDARD MS-026 ACB

| 12.21(0.478)

=197 7510 458)

0.450.018)
360072

1
1

10.10(0.394)

9.500.386)
— 1.20(0.047) MAX

? |
i A ﬂl!ﬂlmlll }
I oo

__I [ 0.75(0.030) 0.15(0.006}

0.45(0.078) 0.08{0.002}

S

Controlling dimension: millimelers

40P6, 40-lead, 0.600" Wide, Plastic Dual Injfine
Package [PDIP},_.
Dimensions in Inches and (Millimeters)

v oo, 2OT(S2E)
i 72.04(51 8] mﬂ
1
L1 L MDD TL i W My e,
Fo ) |
ff }«’ Y 5B6(14.4)
/7] w3
]

|

li il
T T T TR YT —

] —=] = poniz.29)
l— 1904826 REF — MAK

220(5.5%} — e J[05(127)
AX | MIN
167"{4691’ K sngss_)
614 ‘07538
256 mjf - .072(558)
.065(1.65) m
.110[2,?9) 041104}
690(2.29) 6301160}
.012{.305) ___‘j:f -
KT R
{__. 6OD(17.5} ,_{
BI0(EE)

44, 44-lead, Plastic J-leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)
JEDEC STANDARD M5-D18 A

.0A5(1.14) X 45" PIN NO. 1

uasn,mxsu- 45 012308
DENTIFY -
A meggpnaeTem —* ! J]":' 084203}
Tq/ﬁkﬁ 77L é E ( BI0{16.0
" 656(16.7) B 0
Li ﬁ é's_oﬁs_saso l 50150}
olzesy | F T 1 eesrn ?) o u sa
0ZE 'F
‘02E( 660) l 1 s0 IS 330) |
D51 27y TYR * LIRATENY u_r_'_.'_ _!. %.,,f’ 043(1 09)
— .=t 50§12 7) REF SQ ’ 020(.508}
-120(3.05)
— - ™ 9nz29)
Etﬂmtﬁ;&fum ,\? E__ 160{4.57)
. E | 165(4 19)
I ek

- R . 022(55%) X 45" MAX (3X)
I

44Q, 44-lead, Plastic Quad Flat Package (PQFP)
Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-022 AB

e 1345 (0525} oy
1295 (0.506}
FINTID - [ j

Tl

0,50 (€.020)
035 (0.414)

0.80 [0.031) BSC - j

10.10 (0 394) 5Q

9. 90 (0.386}
N
: i — 2.45 (0.096) MaX
0 1
2.17 (0.007) 7 ‘
313(0°005 !
’7 S b
KR
1.03 (0.041) P
L ¢.78'{0.030} 0.25 (0.010) MAX

Controlling dimension: millimeters

AImEL
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OMmRON

Photomicrosensor

] EE-SX670(

Aﬂ

] 470

—

Photomicrosensor with 100-mA
Switching Capacity that can be Built
into Equipment

- M Standard, L-shaped, T-shaped, and close mount-
ing: 5-series models available.

B Select from filteen output variations, including
Light-ON or Light-OFF/ON models.

- M@ Response frequency as high as 1 kHz.

.M Easy aoperation monitoring with  bright
indicator.

tight

| Wide operating voltage range {5 to 24 VDC} makes
smooth connection of the photomicrosensor with
TTLs, relays, and programmable conuollers (PC)
possible.

B Dust-proof shit.

- W EE-SXB70A/GT1ABT 2 ABT3AI6T4A models come
with a Light-OFF indicator, which lights when an
object is detected.

'Ordering Information

Appearance Sensing method Sensing distance OCutput configuration Maodel Weight
-} Standard Fransmissive type | 5 mm {channel width) | Light-OFF/ON (see note 1) | "EE-SX670 Approx. 3.1 g
(channel-type) “FE-SXG70A (see
note 2}
o Light-ON *EE-SX470
L-shaped Light-OFF/ON (see nate 1) | *EE-SX671 Approx. 30 g
gl "EE-SX671A (see
note 2)
Light-ON *EE-SX471
T-shaped Light-CFF/ON (see note 1} | *EE-SXB72 Approx. 2.4 g
‘EE-SXET2A {see
i nate 2)
f & Light-ON “EE-5X472
Close-mounting Light-CFF/ON {see note 1} | "EE-SX673 Approx. 2.3 g
*EE-SX673A (see
nate 2}
g Light-ON *EE-SX473
Light-OFF/ON (see note 1) | EE-SX674 Approx. 3.0g

Close-mounti

nate 2)

EE-5X674A (see

Light-ON

EE-SX474

—

dote:

terminal and positive (+} terminal short circuit Connector (EE-1001-1) is avalable.
2. These models are fitted with a LIGHT OFF indicator light.

1. The Light-OFF/ON models can be used as Light-ON maodels when the L terminal and positive {+) terminal are shornt-circuited. AL




EE-SX670(A)/470

OMmROoN

EE-SX670(A)/470

Specifications
m Ratings

ltem

Standard L-shaped T-shaped Close-mounting
EE-5X670{A), EE-SX671{A), EE-SX672(A). EE-SX673(A),
EE-SX470 EE-5X471 EE-5X472 EE-5X473,
EE-SX674(A),
EE-5X474

Supply voltage

5w 24 VDC =10%, ripple {p-p): 10% max.

Current consumplion

35 mA max.

Standard reference object

Opaque: 2 x 0,8 mm

Sensing distance 5 mm

Differentialdistance 0.025 mm

Controf cutput At 5to 24 VDC: 100-mA load current (fc) with a residual voltage of 0.8 ¥ max. —
40-mA load current {l¢) with a residual voltage of 0.4 V max.

indicator (see note 1) Light indicator {red)

Response frequency {see note 2) 1 kHz max. (3 kHz average}

Connecting method Dedicated connectors: EE-1009/1006{A)/1070/1001-01/1007; direct soldenng |

Light source

GaAs infrared LED with a peak wavelength of 940 nm

Recelver

Si phototransistor with a sensing wavelength of 850 nm max.

Note:

1. The indicator is GaP red LED {peak emission wavelength: 630 nm).

2. The response frequency was measured by detecting the following retating disks.

21 mm

T mm
L=0.2mm

m Characteristics

Disk

Ambient ilumination (see note)

Fluorescent light: 1,000 ¢x max.

Enclosure ratings IEC IP50
Ambient temperature Operating: -25° to 55°C
Storage:  -30° 1o BO°C
Ambient humidity Operating: 5% 1o 85%
Storage: 5% o 95% .

Vibration resistance’

Destruction: 20 10 2,000 Hz, {with a peak acceleration of 10G}), 1.5-mm double amplitude for
2 hrs {with 4-minute cycies) eachin X, Y, and 2 directions

Shock resjstance

Destruction: 500 m/s? (appiox. 506} for 3 imes each in X, Y, and Z directions

Soldering heat resistance

260=5°C when the portion between the tip of the terminals and the position 1.5 mm from the
terminal base is dipped into the solder for 10=1 seconds

Material Case: Polybutylene phthatate (PBT), Cover: Polycarbonate (PC), Emitter/receiver:
Polycarbonate (PC)
Note:

The ambient iluminance is measured on the surface of the receiver.

45
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omRron

EE-SX670(A)/470

- Engineering Data

L 20

Sensing Position Characteristics {Typical)

Tr ON

Tr OFF

Repeated Sensing Position

T

T

'

H |
LIGHT-OFF mode
1

EX]

4.0 ES) B

Distance d (mm)

Characteristics (Typical}

T
1

-
=}
"]
B OFF
=
©
s
= o
g t
D Ad3) ?G!
=1 A
i3 4
3 —+H Ads
@]
0N -
Tam — BT} Ta=a5C! Tam BT
L
3pe 302 304 i0E 308

Distance d {mm}

S S .

bl
i LIGHT-OFF ruede
Tr ON : T

Ly
I’
|
1
i

Vo= 12V

F13 0 [X)

Distance d {mm}

No. of repetitions: 20

ndT = 0.002 mm
nd2 = 0.004 mm

rnd3 = 0.005 mm
ndd = 0.02 mm
rndS = 0.04 mm
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Operation

® Output Circuit Diagrams
EE-SX670, -5X671, -SX672, -SX673, -SX674
Light ONJOFF

S _ ———— = . ,_‘.,_,,_@

T bght
=7 indica-

510 24 VDC

; Load 3
— . I | lrelay

Main
circuit

!
I
1
I
i
i
i
{

— fLoad 2
i {see note}

Note: When using on voltage output, always insert a
resistor in RL and use toad 2.

EE-SXETOA, -SXET1A, SK6T2h, -SN673A, -SHE74A
Light ON/OFF

S 24 VDC

Load 1
{relay}

Note:
load 2.

® Timing Chart
EE-SX670, -SX671, -SX672, -SX673, -SX674

Light ON Light OFF
fWhen erminals L and €D are short-circuited}
Incident
Inernypied
LIGHT indicasor ON LIGHT indicator
fred) OFF fred)
Qutgul N Ouput
ransistar OFF Iransistor
Load 1 irefay}  Operates Load 1 {relay}
Reteases

Lead 2 H Load 2

A . o

EE-SX670A, -SX671A, -5X672A, -SX673A, -SX674A
Light ON Light OFF

Incident
Irterrupted

Operaies —my E

Releases

A

EE-SXATO, -SX471, -SXK472, -SXAT3, -SX474

{

|

i

I

|

‘ Main
cirguit

H

1

e

(see note)

@

Note:
sistor circui).

When using on voltage output, always insert aresisior in RL and use

Valtage output {when the sensor is connecled to a tran-

EE-SX470, -5X471, -SX472, -5X473, -5X474

Light ON

{When terminals L and & are apen)

B s
I e e

Qutput
ransistar

LIGHT indicator

Load 7 {relay}

Load 2

Incident
Intercupted __[::j_,

ON

ok 1.
ON

OFF

Operates

Refeases Q_
i .
S R

EE-SX670(A)/470

{When terminais L and (0 ate shart-circuiled)

Incident
Interrupted
UIGHT OFF indi- el —
cator {red) OFF
Cuiput ON
wansisior I s
Load 1 [relay} Opetates
Releases

Load 2

fWhen terminals L and€) are open}

incident
[ntersupted ‘...,E 1. -
LIGHT OFF indi- oN

cator (rad) OFF __. i

Ourpul oN

Tansisior OFF __ ..

Laad 1 {relay) Operaes —
Releases : l e

Load 2 H

A S
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Dimensions

Note:

EE-SX670
EE-SX670A
EE-SX470

EE-SA671
EE-SX671A
EE-SX471

Al units are in millimeters unless othenvise indicated.

p——

Two, 3.2 dia. noles

T .
a,}gs e - et
\Four, R1
54
0.
QOptical — L~'- - 2
axis *

Two. 3.8 dia.

(1) (21 {3)14)

o hiodes
Indicator window

s
AL

Four, RZ

254

™™ Fowr, RLO

indicator window

b—l_- Oplical axis

Terminal Arrangement

ik

{2)iL L (see note)
(3OUT | OUT PUT

@oe l GND (¢ V)

Note: EE-SX470 is a vacant

terminal

Terminal Arrangement

Mi®  rvee |

2L L (see note)

(ZB{OUT | ouT PUT

(@)l | GND OV}

Note: EE-S5%471 s a vacant
terminal

LS

1

55

90 853 ggo 1..:0, 3.2 dia. holes N
; 21 03 -
7f3 E’_L{ : 6'02_9, sz {
f:ts.n 06 iy
13.4

EE-SX670(A)}/470



EE-SX670(A)/470 _ OMRON EE-SX670(A)/470

EE-SX672 ‘ ‘
EE-SX672A Ge_
EE-SX472

Terminal Arrangement

| 4 n|d Vee
2550 126 6{4 —é—}— (2} |L L {see note)
I (3)[OUT | OUT PUT
' 1 Aic GND (0 V)

9

. Note: EE-SX472 is a vacant
13 terminal
R :% 0.8
m—
I T Oplical axs {
9.0 ) . !
J Indicatos window 2
{back) kl | 13
222 __/ Four, R1 E‘\ f} f '
o + + 6.2
;| o & i, ! N J\ i
- t Four, R1.0
6.2 38 ‘ml ; 2.5
{413 {1}
) 0.7=H H= 0.3
EE-SX673 256l 190
EE-SXE73A b—13.0—=f
EE-SX473
L
63 B+ 1
(6.65)
)
AN '
Two, 1.2 dia. holes
13, o]
[aatiee! 0.9 Terminal Arrangement
1 ] S
- Optical axis —3=
g : : E Vee
i 1 2)1L 1 {see note)
222 14.4 ! (jouT | out PUT
28 ron NS GND (0 V}
49 ) Note: EE-S5X473 is a vacant
I Indicasor window terminal
6238
{2) ({34} D3l He0.7
254

49



EE-SX670(A)/470 OMRON —— EE-SX670(A)/470

EE-SX674 R, 1w, 3.5 dia. hales
EE-SX674A 7/ g indicator
EE-SX474 ! 2%
i Terminal Arrangement
= T
7S5 a.fs = _{’q; () |@® Ve
3
- _(2_)‘ L N L {see note}
[ : {3}|OUT | OUT PUT
g 3B (1o GND (0 V)

SACR AT Note: EE-SX474isavacant
254 i terminal
b 120—ef

LER] Pplncal axis mark

——t g —id

- i~ Optical axis —3 —

21 03 i

/
.

L———l!.ﬁ-—- hT)

" Applicable Conneclors
EE-1009, EE-1010, EE-1001-1, EE-1001, EE-1006, EE-1006A
Refer to page 70 for detaiis.

‘Precautions

Refer to page NO TAG, Precautions in Technical Information, for
. general precattions.

When direct soldering te the terminal, use the following guide-
lines.

' Soldering Conditions

item Temprature | Permissible Remarks
time

Soldering | 350°C max. | 3 sec max. | The portion between the
Jliron base of the terminals
and the position 1.5 mm
from the lerminal hase
must not be soidered.

The terminal base uses a polycarbonate resin, which could be de-
formed by excessive soldering heat.



EE-SX670(A)/470 OMRON EE-SX670(A)/470

ALL DIMENSIONS SHOWN ARE IN MILLIMETERS.
To convert millimeters into inches, muktiply by 0.03937, To convert grams into ounces, multiply by 0.03527,

31
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tiine Dimension

MAX 95

62103

= el

'.-“L— L6

L or
sut BKL

ature

98.040.5

417102
€0.0:05

5X8 dots wilh cursor
Jufit-in controfler (KSOQ66U or Equivalent)

+5V power supply(Also available for +3.0V)
/16 duty cycle

KL to be driven by pini,pin2,or pin15,pin16,0or A K

{.V.optional

arface pin connections

Mechanic.-;l Data

Module dimension

160 ot - 2
PIICHRSAMS=18Y-—=y  cu 1825
r16-8L0 }
O L] O | O O
] 30138 1 ) W 31
w !
z =
‘ T . I
~ L
oo
g : ol =
SR ol ¥
- o
1 LB X
1 I
70.50
T6KV.A2
B7.3¢02
93001

GDM2004D

- LED BKL

98.0x60.0

255 06
raln
i
[T
b g
oo
b=t e qes
|
4
—d 160

mm
Viewing area 78.0x25.2 mm
Dot size 0.55x0.55 mm
Character size 2.95x4.75 mm

Absolute Maximum Rating

; ) .03 55
1 VSS GND Power supply VDOD-VSS { y
- Input voftage 1% -0.3 e VDD
2 VDD | +5v -
. Electronical characteristics
3 VO Contrast adjustment T T T y
3 RS HiL Register select signal e = Flax.
50 | 55
] R/W H/L Read/Write signal Y
g Input voltage OO I™3av | 27 | 30 |53 | v -
3 E H/L Enabie signal Supply current ino VOD=EV| - 3 5 mA
. ; 200¢ | RN [
DBO H/L Data bus line Recommended s = =
, : LCD driving voltage K - . ‘
! D81 HIL Data bus line for normal temp VDBVO[™ e 43 | 45 | a7 Y
i DB2 H/L Data bus iine version modufe s | 41 | 43 | as
o ] . m—em N
3} DB3 H/L Data bus line 70
LED forward volt VF 25°C —-1 4.2 46 A\
] DBa HA. Data bus line $LED forward cumrent|  IF 25°C | - 240 | —— | mA
] DB5 H/L Data bus line i‘; rf;:ef supply 1EL \fcljja (oL SRR (DU PN mA
3 DB6 H/L Data bus line Display character address code:
H 7 i Display position
DB H/L Data bus line s 23— 19 20
; A DORAM address 00 01 02 — — — — — i2H 13H
+4.2V for BKL DDRAM address 40 41 42 — —~ — — — ggz ggz
P K DDRAM address 14 15 16 ~ — — — —
K ower supply forB L(OV) DDRAM address 54 55 56 — -~ — — - GEH 67H

11
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