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Special Project Title Drip Watcher

Name Miss Nareemol Thongsrikum

Miss Yupawan Thumrongsilapa

Special Project Advisor Dr. Ratchapak Chitaree
Department Applied Physics
Academic Year 1997

Abstract

A drip watcher is one of useful medical equipment widely used in hospitals. Its basic
functions are to count saline drops and give a warming signal to a nearly nurse when the
solution bottle is nearly empty. The fundamental operation of the drip watcher built in this

project relies on an infrared sensor head which provides signals for a further processing by a

Microcontroller 89C2051.
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#9104 diaphram 3:a Tauda Tudd e luihiilu burette continuous 119 1NY I
-
indo Tavasa
1. U slide clamp
2. 1@ fill clamp
14
o o [ ] A L]
3. 5udas1n13 Inaveninnn cair clamp 1o 19 diaphragm Wanasa M1y
burette 96191100 35 adans
-refill burette
1. Wa slide clamp

R - -
2. cair clamp IMUDUIAY
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3. D9 fill clamp 1411104 burette AnlTINaAdMUAND
4. Un fill clamp G'u'lﬁxfnm‘i'a'(ﬁuﬁu drip chamber W‘eﬂ'ﬁ diaphragm da drip chamber
yiwiau (fudy ) Wa clamp Yndu 1&an burene 1a T drip chamber 1o Tari¥dau
(AUNTVBY burette 1dmvuIng U clamp imilouidy
M3lnn
1. W luwaiunde Wiauoasluvaaneufiszumady set
2. ﬁﬂﬁ"lu burette
la slide clamp 1 fill clamp
WIANALOIA injection site AN ALY syringe 38 LV. set Aty
3. hlu Y-Injection
manuason
#ne11A0 syringe 1A LV. set AUIYY
funou
1. fhawAansedoaseyi v clamp UszAninwanas
2. hildiuideanse plasma
3. Waounn 24 $2Ta

Yy & a
4. 1¥nsunn) ]

2.3 ¥iiavesnruzusipihundeuaznaliau
Q’ ) ] [ 4 dy & -
myuzusIniuniemiseen 1anil Ao
1. ¥iavIa
v
nmwuzlaifindesiiall Udnwaziiuviaudy flSuasfosnuna@en fis 1000

~ -, 1 1] [ ] J J L] o L 1 )
faddas  nouldReviumsauyelsaneu drunsldnusinanudrvduludiuees

g & a
gatninndo

2. ¥HAY

t 4
a m

myusldBindeyilaill fuTwasldanldun 1000 faddasuaz 500 Haddas Tu
.‘1 a4 - o - Yo ¥ at . (] ' <
ms1Famniu nsdl 1000 Taddasiion1Fiudihendniluiumomnn yimssoumdsnn
E 4 [}
Tsndu19Rudng dou 500 fiaddaniu fonldtufiheidesmugnifineniiindeun
»
duimey 1wy Tsawmaw deude dudu dawumsitisdeTimulieglugaiiiivues

unndne'l
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a 4 S
2.4 Hidndwoniundo
-t -
USRI
° .y ] o o’ : a
msvihlhiunde naknuduiundeasuuiiunoaq Ty aunsestulden
[ A 4 3 L] Al 1] 1
wanmanuidnd luFewnamaaivedlva Fweslnaluaisi hillijhaniveuntaou
. ; o ' 4 4
Tamwanmuaadon vedlnaimuTasiahliaily veanauasfe duiundefiiuves
¥y » [ d
4 o o * L - - ® 4
madegsmiuiu oz lvadudvaandunealéin dannnauddveniunde &
moluveanadudas Tuanassgnusadaian ( cohesive force ) Assvinmiunualuynia
A a 3 S . -
me desnnTuangadafios  udTuanafifiaveveunalusnsinszganssidousan
é 1 (3 e
1o ( adhesive force ) ifiBaRINMPUETUsTY uIo exmaR M dAveIvBINaITon
"4 1o o - v v A
wriouihunuodanguiignasdionsann 2 d1du Taolifadannduuiube dusead
+ ot ’ < -‘: LY o - - ]
judisunnaniwssdwenveananiunbiflon wiemsAanisusiiussy 15u vealsen
™ a o ] - R v at 3 o P}
vupszawmiafonud  uadmssdismfiantosnimnfaien  veunaniudezilonnde
[ y
imeAnnrusiugsy 1wy vemhuunszaumideRu
4 - Pl A ¥ Vv W » [ 4 v A4 -
dietinsamouenAuruivemunuiduiaiuuiube Wewn uudsiinam
k4 ] ]
tanguiufaussdiuusameusmiudsvinaiivhiunaianaasedudy Soauseiinaly
. & 3 &S A o
HHUIGDUBANQINUITIAIN ( surface tension force )
[3 o & L] - t A i
dmualinwRadiudasndiuvewsiimvariubegnine Aennu

1 4’ d' [ 3
mwmunuwaﬁmngnusmizm

B=r,2L

- . 4
F, UNUUSIRiviziiugena (N)
L umuanuenamuiignusanssii (m)

B ununnu@aia (N/m ) .

2.5 aunlsusa ( Infrared )
Tunsimndessssumnaveas uaduludl 1801 Gudnudausefiueadiu
18 ( visible light ) uazwuiuileniiouine FaGonuealusruiun  “InfraRed” 910
335i037N184 Infrared Fnarwnds
"Heinrich Rubens" sannnsdidamimodueidudugnileii 1835 udu

aF e Infrared Taufi3EAnuTaonm luasuunfinunBansuifsg Infrared 9umgandu
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oy MydeEIEs Infrared AMAINEN  unel@UszAugindesioTaquaniidn q ves
e Infrared 420

T 1900 "Coblentz® ( ¥138enqy )  HudfulamiA Transmittance YoM
Infrared HRMEIAINANAN  tozihuddmuamanioniuvouse  Infrared ¥30
ATNETIAAUVEMNTA Infrared

- Infrared Sources

undaduiiAue Infrared Taoa'ldl sxfifanudouniithegusyana 1800 °C
1¥U

“ Nernst glower ~ 138 “ Nemnst filament ” ( w1 lusitueenladen zr Th, Ce, Y
, Er)

“ Globar ” ( silicon carbide )

niotaafnnnssian 9

TAOIES Infrared ApomnInUMAsiiagenanivzldsonnudunas Infrared

L] ) 3 - A ; e o o e )
o 1us1AIND 5000 - 7000 cm” Fa¥UBYHUFUAVBIRINUTANN

2.6 sovlndidAnsedind (Optoelectronics)
wraduatuaimdnifuwunils fanwds 3 x 100 ms umsfiveudin'd
( visible light ) ri'lut'mems"wdwmﬁuuﬁmﬁnﬁﬂﬂﬂUﬁmmunﬂéuag'szm'u 0.4 pm
(ueradhiae ) Tuauda 0.8 pm (uaedins ) 'nu'm,ﬂnspfﬁlﬁﬂmaﬁnﬁﬁﬁmmﬁmﬁuumn’s’a
59n71 “optoelectronics Yhusgiitwmsldmannnd onusefiusaiiu - msizdumnse
sanl@ludnumilonas wde saan'leda oz Wuamioduriusa Tuguil 27 uane

o A ’ o L) o
anlnasuvesnduiman i wezanlnaiuduns1¥nuvesginsaleey ddidnnsetind

0.4 pm 0.8 ym
X rays ultraviolet | visible lightg infrared radio wave
N ua
1 J
N
ool Iadidnnyoiind

3 o A ] 1] -~
91fi 2.7 anlnasuvesnduniman T uazuaasdimslfnuvessel 1dsmnmiotind
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< v - id

ginssiser Iddidnnseiindfssndnfiluniindseenilu qunsainsaesuuas
winwued uarqinsaiduilauds nio slmaod

gunsaiATIsd G

AT uuE ( Receiver)

1@ Tem ( Photodiode )

HulaTesfesimutlefusanannseny  luamzimah i 1dlaTenldold
adearsludnuaz ludandude deusTuadaiy oy uaTnahiuiuan swideiiues
wwnnsznusszannsmhnszuald  udsglsiamluvasihifnaanannszny el

nszuaianaegmszina 10 pA Welnaunannsznunszuass nadtuiulssina 100
RA

WiRlaTomilugunsalfifide 'hjﬂw'h Bufuaudqe  uazilodmsiunldih
Dudeedimsssnuuunesiidudounh LDR  uanhimsaovausslumsimves IWIA
Talomthududu uazfinamhlumsiniugendl LDR 1n - msldnamouaussluns

1 4
Wanuios 200 ns miniu ImihinIdlaTea U 19 ludsmminnmusge uazlueed14le
Taainnd

aatuianes ( Transmitter )
-LED (light emitting diode)
LED (hlaTeafirmnsontdmasRluvasiimnhnizue ieswnidulalon
wuumil daiumsiiininssua iEidea W luemuidersylaleadio aoliuanidhil

i 1 1 o v A 9 « L]
weTun TaudhiunTna udszdvsdedrdumueynsuiy LED Muivesnanszuahild
Inari LED innifinTdagl 2.8

>
>
>

<
<
<

]

Vb Yy v

N

317 2.8 2951400 LED

31643
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N

: A » o o>
91 29 Wel¥ LED duuseduady
. 4 o ' v v o 4 '
LED szannsmhnszug 1Aleilusafuannsoudaniusaud 2-5 v aszuan luariu

1 4
9ogszIN 530 mA Timsfunhil mswerwihld LED @oww 1dmsifensniw
[ i 4
dumiimnzanliun LED duldawgrsdail

R = (V,-V)/],

] 1 4
Taofi v, fie ussdulvides imiudluTiad

v, fin mussdu luueaass finansen LED udnih liiihauimbuiiv
Tand

1, fis Wswnmnszualvase
LED minsfies19iuaeesinase usdmndeansti i 1$hneses ady faanse
18 Tassaaesfloeiu LED Tildidowe tiie LED 185vusedulusandy dwmsde’la
Teandudanunufy LED gl 2.9
LED fMidenidimmaouesd A luilogiu1Run Bunemdes,u,du uas u

t 4
Wusa uenvimiu LED firmnsaldamswiugunsalasaestuues wu T idiea 148ndae

2.7 MI¥ouABNY LED 7 ou

ao'lleznantemsifoudeody  LED  fuanswanuuduavld  fidonh
LED 7 tu ( 7 - segment display ) M3  WQanmma FeifumumInaga
( Common - cathode )  t1aguyUo11uAs ( Common - anode ) LED 7 dauilsniu
M3 LED 7  wasssznouiuldansouaauiuduaeld  drflunumienm
Tna w0 LED ypdnndwsuBniuuumInasn nuuerTuasuiiuesdvany
uRaznmiesiondaglii 2.10
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711 2.10 namsdgdnyeiveuAnziENIUA

SusuFeunoudacfy Daa Bus voslulnsnoulnsinodTaousiaz bit
arwduiusfuvdemned 21 Swandeansld LED 7 dau  ummeduavunsd
Snusang izdesdedeya  MurazwnuuaaimSesulissnouilusnusdig
sufudoyaiidalfinesnszdusimuaisnysfissuanay LED 7 dau #asnws

HaTMAN 9 NaeenuianuduRustudaasluarsen 22

Aumalin FuLATAIIUA
7 -
6 g
5 f
4 3
3 d
2 c
1 b
0 a

P ° ] - 'S W 4
AITNN 2-1 UAAIAWUNUIVINICADNUNDIA

19
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ugawn | orTundan | minadaw HEAIND orluns | minasay
0 co 3F L El IE
1 F9 06 o c7 38
2 A4 SB P o 3F
3 BO 4F U gC 73
4 99 66 Y cl 3E
5 92 6D b 99 66
6 82 7D c 83 7C
7 F8 07 d A7 58
8 80 7F h Al SE
9 98 6F n 88 74
A 88 7 0 AB 54
c cé 39 r A3 5C
E 86 79 u AF 50
F SE 7 - E3 Te
G 82 70 ? BF 40
H 89 76 BLANK AC 53
I F9 06 FF 00
msafl 22 uemadoyadiidald LED 7 dauudauiluavang o

v

v A 1 13 o A
Wsaneesmugi 2.11dmnde LED 7 dau Aunesa A vea 8255 doea

sia'l3fivuomy  OFCOOH - OFCO3H Taudoyafissdald LED 7 dau  svdananein

1 L] ] LAY A s H \J
A dwnmInaswezdesudia Pco  FallinaiWimesiewnailuiuy oc deegdin

aaaaalugli 2.11
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10
11
12

a
b
[
3 7415244 g ! l Ib
WA g
e
{

P80

@ o fa N
-
&
-
o

14 17 Oriver 3 7

15 15 3 2

rar |7 1kl 9 9 5082-

31U 2.11 uganisAs LED 7 A2y 141U MCS-51

Fainanuwdansfissld LED 7 dw uaauiludavan q sdesds
YoyaoenuiIv LED winzdnehadueniy  lufidsafudeyafiesuansdauny
0 9 Wmm  uesldmadouTdsunsuuudamsn Suusnezdums
Tsunsuld Mes-stihauiiuduymyanesa mnifu DPTR fusdumiaves
mnaeld snfudnzuaasives lsififusnin i omes A udauiou
Tsunmulivifiogludumisii DPTR Seguanfumlu A Faerlddeyafisssin
W ueaadudaaviioglu A udadmesnlli LED 7 dau Serunsadou

I 4
<3

##x4% | ED 7 SEGMENT SHOW #*##**

e 4 3 e o 2 s i e e o e 3 ke o 3 3 o 3o e 2 ok o o abe e e o o o o e o e e e ofe ok ol ok

PORT_A EQU OFCOOH
PORT_B EQU OFCOIH
PORT_C EQU OFCO2H

PORT_CON EQU 0OFCO3H
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MAIN: MOV  A#30H

MOV DPTR#PORT_CON
s s I8
MOVX @DPTR.A ;Tsunsuliyaweimihueninm

SHOW :
MOV  DPTR#SEG_CODE ; 1 DPTR ¥ lifimmafusuanwa
MOV  A#03 s ldhaw 3 Tlu A
MOVC A,@A+DPTR . g lumsevedd 4 nldlu A
MOV  DPTR#PORT_A
MOVX @DPTR,A . daseen’lUfi LED 7 dau
MOV A#00H ;i pcoly “o0”
MOV  DPTR#PORT_C
MOVX @DPIR, ; LED 7 #uaIn

SEG_CODE:
DB 3FH,06H,58H,4FH,66H ; mawduglnuunsuEAWD
DB 6DH,7DH,07H,7FH,6FH ; FUIMMANAV 0 DN 9

- MsuAANafy LED 7 @7u 11w q M
ssuvlulnsnouInsameimndosmsuaanaiiudununas q udn
L] o 3 \ L A [}
Hudeald LED 7 dau waw q a2 andfinannndedu LED 7 . wiladaee

4 ¢ .
Aoaldwnsavuna 8 bit MilaNeTA  MINABINISUAAIANAY 3 an  wAnsldneda

- P Py < > ) ¢ a aeot A& A
a3 nedn  Fwzmundesuaasnaendneeldnesanaos TN ssuaay
nanaenan g Tagezilsendasnunefauaaduisnlein  Taoia 'l
=1 ’ . . ' ' sy g o o sy
5un31 Multiplexed displays lag@ovuaag nmuaidawny niniuse 1§33 aunu
a o t o o ] Y
19 LED Aafiazudn laomsaunuusasudn  szdeudrsum liansaueamsau

¥e4 LED 7 dauldiu  sugmileudn LED 7 daunndadianiounu

s
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wasm A 470 8255 \

PCO___ 15 1
-

PCI 14) 74 b

PC2 13] LS B

GND 12| 125 [

317 2.12 teAIMsAD LED 7 6y 4 2

vingi 2.12 dumsee LED 7 dau 4 Fudriumedaitefiozunasmauuy
multiplexed Tun1sABNTITABNEIA A WD MCS-51  idhunnIsniuuAYes LED 7
e} nniuezldnosa ¢ dudraunumndn Taoldleded 745145 usinon
sWa daloFwosiansareLED 7 dau 1881 10 %2 uaziewinmvesleFwedieiiy
WUV open collector dearmnsaiunszumdhlduindle LED nmwnundarhandoniy
91n993hedudmn Mcs-51 aeasianeial¥iivinuiay OFCOOH-0FCO3H 15 ezifou
Tsunsuliuansmalundnusnuasuanfiaodldde Tsunsudheandl  Feszumneiaian

] ] 9
0 uaz 1 Ianhehdmvnssuaamalalu R2 HazawdadouTusunsu vy simiu

WlsunsuugluaamaWimannsoueauld
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assnTusunsun 1

PORT_A EQU OFCOOH
PORT_B EQU O0FCOIH
PORT_C EQU OFCO2H

s 3o e e e e o s s s e e e e e e e s o S e e e e e o s o ofe s s sk ok e e

sxrer Tolsunsulit MCS-51 vy seees
e s ofe 3¢ 2 3k 3 2 sfe she 2 e e s e e s s e e sk e e e e 3¢ o e e o ok e e sk ke e
MAIN: MOV  A#88H
MOV DPTR#PORT_CON
MOVX @DPTR,A
DISPLAY: MOV R3,#09H

e ¢ ' & d
SHOW1: MOV  R2#00H - 1111 0 la'lu R2 (WoReziaaay 0

MOV DPTR#SEG_CODE

MOV  AR2
MOVC A@A+DPTR ;1m0 lddamin

MOV DPTR,#PORT_A

MOVX @DPIRA ; dedoyasenTifinesa A

MOV  A#00H
MOV  DPTR#PORT_C

: o 4 s
MOVX @DPTR,A ; dadoyasenlifinesn C eliudndi 1 adn

CALL DELA - FunTdsunsumiaanm

e s e s she e e she e e ae s ke ok o o ke sk sfe e sk s s e o ok e e she e se o e e e 3 s e s S She e e o sk e e e she e e ok e e ke sk ke

Mk ?f“yuqﬂmmﬂmwanﬁ'nﬁ ] *wdk
e 3 s e e e e e e 3 e s 3 e S s o e e e e e e 3o e e e s e e e e e e e e e o o o s e o e o e ok o e s e ok e sk sk ok ok
SHOW: MOV  R2#0IH
MOV  DPTRM#SEG_CODE
MOV  AR2
MOVC A,@A+DPTR
MOV  DPTR#PORT_A
MOVX @DPTR,A

K™

24

- y A
ey 1 19190 R2 essuanana
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MOV DPTR#PORT_C

MOVX @DPTR,A
CALL DELAY - SunTsunsudon

e e e o e e s ofe e el e e e e ofe e o oo e e ok e e ol e e ke ko ok ok ke kokokoke ok e e ke e e ek ok ko ok

L d ]
*xsss JUAANISUAAINANANT 2 *ewrs

s e e e e 2 e e s 2 ofe e e ok 20 28 e ok e a3 e o e e a e e o e e de e o e e o e e e e s sl o o e e o ek ok e ok ok

SIMP  DISPLAY ; qusoviniftehiusaiv
SEG_CODE:

DB 3FH,06H,5BH 4FH,66H

DB 6DH,7DH,07H,7FH,6FH

o e e e 2 2 e 3k o ofe e e e o e e ofe e e i s oo o ofe e e e e e e sk sfeoke o e ok sk sl ke e ek ek ke ek e e ke ok

wrker [1SUNTUTBINUNIIGY *rxx
afe 3k sk 3 ke ke e e e afe ol 2 3 e 3¢ 34c e s 2 2 2 36 e 2 24 3 3 3 e e ke ok 3hc o ok She e 3 ak e afe e ofe e 2 dfe o e o e e e e ke dle sk
DELAY: MOV  RI#0FFH
DELAYl: DINZ RI1,DELAY!
RET
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uni 8

" MU MIA NN

L4 i d
Junsumsariuau Inssnuiiesigmsouaas iiudumunm

Anundunh > | dhmananes > | vrzuona > | vszyndld

3R 3.1 uaAHUMEMISANTUNY

» I 4
NnuRUNNIRa TunBuliswaiBuadene 1T
1. Ainn Auad nazden¥limnzay simsfinu Ausdimdeyaifeadu
. 1 4
gunssiminn 1¥lumaiIasswienil 14 un
- m3denldfiansaefumana ( sensor ) Itminanauidoans Tufid
#onl¥ LED uag photodiode ¥ii# Infrared
- o A Y w : &
Fangwamaenlgiiaail Ao
y
1. M%edw tazdwasmslFau
' » o P
2. ludeamsiiiuaudnasasanuineusniviieu LED Taong Ty daene
° Y o Y ay y
midifamsinmsun NS TTNIRE 19 -
° »
-mudenlflulnsnouInsames iminzay Tmauadail
- t P " A A o )y o e q 3
1 uzﬂmmuuanmﬂmzﬂu pafe Hvnaan ualifeansusnine Mild
slszudaiio Tumsasgnsal
’ o = ’ [
2. annsodszananaldodsias) maell RAM uaz ROM sgnwluda
- o A - 1 R
3. Tiflardufivedios 19U Port interrupt (Hudu
y
Y] d e ¢ o .
wioudiiu  Mimsdnw dosna  easasumaihldaw lums

naned ldedntidssAninm
A o : ﬂ’ od = 1 I . 3
Worhmsanu ludunoutiaiuSoudovuda aslufsedunsuminansa
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2, MINABBY
weidenldgunsafimmnzauiduds neuiihimsnanesezefiodudieg

: - 4” [ 4 ) J qu
‘UDQ’N%SIVIUS’JN mnumaﬂmoamwmnu mnuazmuam’lﬂu fio

1. g heading sensor

Infrared recelver

711 3.2 1AAI99IRIATINTUNMNTA (sensor)
1 3 9 1 o 9 9
Tud i1l LED ¢y Infrared uddauaauasld infrared receiver (Du
o o ‘l' o U -\ o L] o \d dy
Frfuua 9ngUil 3.2 1nesdananiindnmsinudwe i

‘é < v o o o d. \d
1. iilefiitaenin LED annsenudsy Aexild ussduoniyniild Seaszana o

4 .
Tran Fziduaniuzasdn "o

Sdd o

3 ] Y . ' a 4
2. uad luN A InnnNsENUN infrared receiver U AIMNUMIAALAANAYY
o A .’ - - 9 g Y t o I'd - Ve ¥
Suiiloanein nemiunie niemsldnszamiiing dauea senudmsssuemynilatia
A ol =
dssum 426 12ad FaSoulatuanuzanin "1
A - o 1 ) o« - 1] o
3. Welimsaduiulumseninasin 1" A a98n "0" sdnIATs suAmily
. }
vod #7145 auquluTnsneu Tnsameine
» y
nnnanmsgu lunisnaassdsamiiatdane Uil Ao
o e [] v o w1 s/ ] (3 ' - - P 4
1. m3samumiaesditudads desegludumisiiasadu wniigainess1dwna
$ ) ] o d 4
msnaaesfignduniugy nanfe ussmueniynii ldsziiauiu 0 Taad nie 5 Taod §a
Fugormzasinfitniuou

winamg Tumal§iduda useduiildegludan 05-4.26 Tod
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P : ' @ A o v
Faneasudvumadmmulisesq Taomsldidmummdsuald suwy

ariimnzay e TIL Sudinduannzasin 0 wie 1 (usedui 74Ls14 Fudiuilu

- 2z
0" fie 0-0.8 Thaduas as%n "1" Ain 3.5 Toan vu'll)

A o» o
3. iennwazaInluns 19insedumum

» » [}
fupsasaesiundofineasin  Jnihmsesnuuunsounaraani ldaisu

[ d ]
uazdrch Ieganiniutunszsnhaiunde uazegasinanveanssnhzunniiga

A ° 4 o " -«
dehminassadudunaduds Tasfussdueniynild  dudyopaiad

0 »
aufidesnsud fsihdygudenan ihgiusoumsdszuianano 1y

2. dszananamnun

W

1N4002 \"/
) )} T 7805 T AN e
: L ©
100uF A 7 4
T 1N4001 1J I;-“‘F \
v w \
!
vn *5v N
1 =
RST N
10uF
I b/ T P10 12
; i P11 13
SW
Al “"“§ L pas 7 ; ]
i L—- o g e 12 14
) Vee +5V S P13 15
‘ \ Pi4 16
P1.§
: Vee +5V g
i P16 18 |
41
2
g _Zj 12k
z
‘ Z 13
; 740514 ucon
' 89C2051
i 18
| T
19
| N
, - Tt -
|

JUN 3.3 uaaanesdnlszuionn

A
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nngleentuldd

+
ol b )

- 2993 Regulator 1$vimihiinlawussdudiiisminnh 5 Toad Widhuuseiu s

Thad Fasuiludmiy 892051 Taold Regulator 7805 fidnume 3 ¥1 91 input Ao ¥1
Loutput A8 %1 3 uaznsAun? 2 Fevift 3 1 Mnhiduidowweneesiann

- 741514 il NOT GATE 1lszinn open collector Mmhiindudygraiad #
dantdiduradeiu

- Crystal Oscillator '?iﬁ'e'u?ntum 4 11aT ¥1 5 ¥v93 89C2051 ﬁmﬁ'ﬁi'ﬂoumm
fWududszutanalde 11,0502 MHz

- of3n RESET ogilv1 1 ¥09 89C2051 unzainddumesindezdumesnanm
7 483 89C2051

Vee  +5V

3. AIMUTAIND -

K ég A

‘I RST
18092
e LA
v v [T ] T
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oon unzfuveyathizninlulasseuInsmasifuginseiniouen msﬁma:i’u%gmfu
sufumsthomdeyaszniniimasifudumisvemedn ( mirsanmiwemedmfu )
InMsAnITes MCs-51 nuididalunstwdoyaiiog 3 ya Ao

-Mov  dlunitedeyassnhamizsanusimely

- move dlumstedoyaszninmiwaruillsunsuiuMcs-51

- MOVX ilumsiedeyaszuinutiasniusiniousniy MCS-51

uBANNAMIMINYBY MCS-51 oniimslssuaanadeyadaeirdald Mcs-s1 1
uszdesdiyamdaveuiy tasmdounasyafdamarildidusiadidendiussgadly
Tumisnawii ldsunsy Mcs-51 Sohawld SwedrdasazdidainnSoatues18h
mymedauyd mamasmuemswudliiiusiaddiesidnediife Busnl93ida
Mdagamsmidaveamcs-51 8ndinileez$noufinneilumsulag

szuvlulasaouInsames dmindeamsdanenuginse ssusnewiBouiu
Taozunsy1dagual 1 Tavvaizdi Mcs-51 dhanasdesiifmdaniunylas Mcs-51 sxstu
sHamdaRientt Fewch cycle Taogmendumiiaii pC "?;ag' mnfiitud PC 3udn 1 uaz
ns:Y'nmuﬁ1':?41?114‘1?«%11ﬁ]u'lﬂazunwﬁ'qgﬂ

dmniSousidat MOV, R1 01 MOV R2 , #02 02 R2 MCS-51

-Rn metainnefuisaany 8 @21 bank #l active oglau n fifuniiy 0

- direct Mnudadumiadoyaves RAM muluvuia 8 fin

-@Ri mnwdimsddunisiifiveglu Roude R

- #data Muwdadoyaviia 8 iin

- #datal6 WINuDITBNAVIIA 16 Tn

- addr16 wneBensradumisTavdrauuy 16 Sn S 1amum 64 K

- addr11 winude madhasdumiaiuy 1 Sa Fazdnld 2 k

- rel MINOTIMIDNNULY relative Taoldiuaviuy 2's complement Taodraludranda 1

[] [ 4
-128 sumia uazd1alidrandvld 127 dumda mindumiadi pC Foy
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MICROCONTROLLER

Data Processing

Instructions

Program Flow Control

Instructions

Data Transfer Instruction

r' S

v

ENVIRONMENT e

51l 1 msfaseszninlulnsneuInsamsinugunsainouen

° U y v
yamdlumsinadoeya
1. o y ¥ Vo a
nqumidalumsdodoyaves Mcs-51 uaatlddamisn Tag byte winwiams
] ]  d
fmundiog ( addressing mode ) wyuAng  mdalums Teudrwdoyaiuszidlunanizin

v atey /o et 4 & et ¢ o * ° = . N
ICVINIITADTAUITININDT NIDITAIADINUNUIIAIINR ugﬂtmmﬂu destination ,sourc

YER) source,destination

#7087 (YU MOV R3,32H

Humsthedoyavosmizanuidoyamoluduonisii 328 iy B3h3mnof
#i 3 #avzitutn source sziudmumisvsamivanuirTaonss

O The immediate Constant Addressing Mode

. y ' ' 4
msdndumisiiums$radoyai source Wumnailavnse TaossldinToanine #
. v A ' o - - ' a
vimihiievenidnaviisnmaaniiusinii wu



Lo

o T T ™

MOV R4,#3
MOV RS5,#2
MOV Ré6,#1
MOV R7#0
LIMP 0

dmndlunistredoyauuy 16 findaw 19u msdoudda MOV DPTR #1234H
1 4
msudoyauuuiiszinuda 12H W3Smaed DPH uaz 34H Tu DPL
O The direct Addressing Mode

[ 3 1 A A ] o~ ® '
Humsdudumisiioguosdoyalaoass Fasdwdoyassnheismanituduimia

t 4
. wd RAM mulusaniadnmiaves Special Function Register ( SFR ) Aauipudiminifion

1 [ ] 4 [3 1 » : : (3 1
foyalufidumia 90H Fadludumiaveaneda 1 Antumsifoudeyalufidunmis  ooH
wilumsdedeyasenliiinesa 1 19u

MOV A #70H sudoyavninduviia 70H v RAM vufinlu A
MOV A #0 clear M3 imans A
MOV 90H,A il A delilfinesn 1

dmnszeonuuuszuulasAe LED AuWeia 1 uasnesn 4 asnuaing uasdes
»
@ouTusunsuldsmumeinaing uduaawania LED sei@eulilsunsuld aadl

ORG 8000H

MOV A,0ESH BIMMAINAMNUL OESH wudulu A
MOV 90H,A e A daliineda 1

LIMP 8000H nszTanlufigaiudy

O The Register Addressing Mode

mssnawvdauidy 05l vameslumsdadumia Tae source uay
. e PR T, o o Vo ad |

destination weiiu3vmaes wu aeonas i suidumsAanetussaaes Tuuwed 2 Faee
1ieyalu A Tifulu Ro waziiie B idulu r1

ORG 8000H

MOV PSW#I0H  (AonfluiTemnos bank 2

MOV RO,A dimlua Tidulu Ro

MOV RI1B ity B Tifulu ri

LIMP 0
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ORG 8000H

MOV PSW.#18H AaRefuIcnof bank 3

MOV ARO 1 Ro TiduTusimaes A
MOV RIA Wi luisaaed A Thidulu R
LIMP 0

O The Register-Specific Addressing Mode
Hunsl$5Smmoifimlumsdredumisc wu Smndsudoyandliliuidmnes A

] ’ 3 »
swohfumsdoudoyansluiidwmia 0EOH finsandids MOV deeidane luil

MOV A #01 wim 1 Tidolu A

MOV  OEOH,#01 i 1 TPudumads 0EoH

3 1 4 ° [] »
finda MOV vageafmdd wafi ldmhifumssiimass A segiidumia 0EOH uath
A 4 ' Y v
minuastlunuaseadwaiides himiloutu fedida Moy A#01 sziivua 2 und
: A 4
fio 74 uavo1 uaduilu MOV OEOH,#01E0 veiivuna 3 ludl fie 75 E0 uaz o1 Faezlvnw
svessiamids by
(3 The Register Indirect Addressing Mode
° 1 4:' bS] - 1 e 1 4 a " y - 1 1
msddumtnuiise 45 immefitumdumiciszisdom 13 uiesienanlan

[ + d $ o

SMAMNUNYDY source M3D destination iy 13 113 Saimes Tau3Smansnldtianadfe RO
i 4

wae R1 Ansanadiednas Uil

ORG 8000H

MOV PSW,#0 1Hon391ADT bank 0

MOV RO#78H um 78H aslu3ienes o
MOV @RO# fus 1 avluduoniadt RO Fog
LIMP 0

vinTdsunsuazifusm 78 aalu Ro ussiasesziumsldan asludwmiai RO
y (] A .’: y l'u ] ] 1 o ] i i L
Fog Fwwaiziiu RO sxFogiidumia 78H S lvdwumieit 78H iy 1 finsanla
t 4
Tusunsuse Tl
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e = TRTEmR m

ORG 8000H

MOV PSW,#0 ifenTecaed bank 0

MOV RO,90H 1da1 90 aalu RO

MOV @RO0,#01 1d o1 asluduemisii Ro ii’ag'
LIMP 0

asiouTsunsudaeuu RO szifus ooH nmfuszifivdeya o1 acludumisi
RO ga;j Faezuifni o1 Tl ld s ood Fuilumumisoanedn 1 1uies
O The Register Indexed Addressing Mode
msthaduminiedudnsarmansTneiiimned DPTRuTeTIan0T
pC dudddumisdudureansn detuaelussidiunsdonTusunsnhgliuuvesms

' ueAINAYDY LED 7 dau Alanuduiuiiuagudu 0 8a 9

ORG  8000H fumiaiduduTisunsy
MOV DPTR #8100H HUMANNUIBINTNMN DPTR
MOV  A#0 Muddaviiezuanamn
MOVC A@A+DPTR iy A Tddamsns
LIMP 0

ORG 8100H msngluuumsyszulana
DB OCOH 0

DB  OF9H 1

DB 0A4H 2

DB OBOH 3

DB 99H 4

DB 92H 5

DB  82H 6

DB  OFOH 7

DB  80H 8

DB 90H 9



O Stack-Oriented Data Transfer

230med Stack Pointer ¢ SP ) se1flunsifumveaTlsunsmanfined (P ) daii
AMUANTUTA UM push 1z pop TemApT SP ﬁazlﬁuagjﬁmtmﬁa 8$1H ¥0amiwANN
molu mindoamsimiasnnuit stack ogitla szfealisunsulisimaei sp rou

1 4 1 4 ]
Ansandindaae il sedmuald sp Fegiinaganuds 4FH

ORG 8000H

MOV SP#4FH AmuamAumiusuAUYBastack pointer
MOV  A#45H fum 458 saluSimaes A

PUSH A PUSH mlu3emiaei A

MOV B#0 clear MU B

POP B Aumsnstack 1 ld3ImAes B

LIMP 0

yamdamalszaanadsyn ( Data Processing Instructions )
0 yafmdmuadinmans

[ ] C‘l - o ° Q‘I ‘* ]
gamdanendamaaiyes Mcs-51 namaliiiulddimnagadrdadeiulédn
#1508 addressing 1anag Tuua

0 yamdin-ay
fdauand 2 Mde fie add ( ADD ) tae add with carry ( ADDC ) laufiida
ADDCx Y carry flag inuanlagradninnmsuansunulusiames A msuan

[auaeIs U SmadnIAURY FFH ¢ OV flag 92130 AIAI861

ORG 8000H

MOV A#l i 1 ifuhiSimania

ADD A#2 uInm 2 fuA tazifiumlua

MOV 78H#3 1 3 (Hulu7sH vea RAM mwlu
ADD A,78H wimludumia 78H vandumlu A
MOV 79H#4 v 4 Buludguonisi 798

MOV RO#79H 1w 79H Wulu RO

r ¥
ADD A@RO MmN unuan®Iao RO UINHY A



MOV RS #5 e s mulu RS
ADD ARS v lu RS NU A

dAmdumdimiamavnng 16 9a 1 10 X uaz Y s 18 Taofuduidaze
Bumisonrs g 2 lud Taoudatly XH ez XL uaziniean Y dus YH uae YL
ninfuliunludiwan luideyaremar Thuan Tudgavesdeyahnes

Sunnrsuanluddddmanadusnilhniuludgedaedds ADDC Faet
so'luflszuanmy 12344 fu 128FH

ORG  8000H fmuam X ,Y
MOV  78H#34H X=1234H,XL=34H
MOV  79H#12H XH=12H

MOV  7AH#0EFH Y=12EH,YL=EFH
MOV 7BH#I2H YH=12H

MOV A,78H

ADD A7AH

MOV 79H.A

MOV A, 79H humludgalilu A
ADDC A,7BH

MOV 79H,A vwauni &y 13l x8

o % o o -~ o o [] 1] []
vinTsunsinhdoyanadns 16 Ua oy XH uaz XL dredndslezous Y
uae X Taosunds X uay Y Wludiay 16 1

ORG  8000H

MOV 78H,#34H X=1234H XL=34H
MOV 79H#12H XH=12H

MOV 7AH#35H Y=1135H,YL=35H
MOV 7BH#11H YH=11H

CLR C 10805 carry flag

MOV  A,79H i xH Blu A
SUB A8H

MOV 79H,A Hufwadns Alu XH

&



° - v o
dmindeamsnszimundamaainudeyanatss ludersdesuiouTsunsuaugy
diniuanduiios lud wu Sidaus X ez Y hudeyavuia 4 Tud Sesinnuanduidou

b 4
Tusunsu'lddail

ORG 8000H

MOV 7T0H#67H X=01234567H
MOV  71H,#45H

MOV  72H,#23H

MOV  73H#0IH

MOV  78H#0EFH Y=89ABCDEFG
MOV 79H,#0CDH

MOV  7AH#0AH

MOV  7BH,#89H

MOV  R3#4 fiMuAM pointers RO LAY R1
MOV  R0,70H W RO Fdumiiawes X
MOV  R1,78H W R1 Fuomisves Y
CLR C
LOOP: MOV A@RO o ludvee X
ADDC A@RI winfuifialas R1 M Y
MOV  @RO,A Wuswadnilu x
INC RO
b
INC Rl

DINZ R3,LOOP

0 mdansgauezaIms

Tumsgauinsms3vamnedildiea uavs fullumsganay 8 SaluiSmany A uaz
B wadniildezinng 16 I Taoluddwomadniesiiulua uozluddeniviu B

MUL AB
dmsumsmisiay wwmismuStames B osnsnTdcmeiA wadwinlanuly A

-] . o o ¥
uaIveinnd B sziusty widouyamdalAdadl

DIV AB
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ORG 3000H
MOV A #9
MOV B#5
MUL AB
MOV A #99
MOV B#5
MUL AB
MOV A#l10
MOV B#5
DIV AB
MOV A#99
MOV B.#5
DIV AB
MOV A#99
MOV B#0
DIV AB

m qnﬁu‘}’q AND ,OR, Exclusive OR

ﬂgﬂf’l1f?amﬁ15ﬁ1mmé’w’mmﬂwuuﬁm wiouuluinld  duumsnsziiuuy
Tufenifiumsnsziasinfuiiade ludiitdsdanesy

MOV  A#I8H

ORL PSW,A

o qﬂm&"amzﬁmaﬁnﬁuﬁﬂ

mﬁﬁaﬁé’w%gasxﬁuﬁﬂ Giowuedldnia camy flag ( ¢ ) dhuailou bit-
accumulator 18 vt sunsuse i

ORG  8000H

CLR A

SETB ACCO

ORL C,ACC.O

SETB C

ORL C,ACC.0



mw

—um

nquianszTan

nquirdall  exlflumstrwTusunsuamined dedumisiidesmsdalsznoul
é'omﬂ'wf?aﬁwia‘lﬂﬁy

- qamdanszTaauuylifidouly

- qamdanszTaauuuiidenly

- yafdaSonTsunsutos

yafmdansy laanpuidonly u’fohlsunwv’:154‘§ﬂﬁ1f"(¢f:eznszTm‘lﬂt?aﬁnmu’qﬁ
Amuanui ‘lzﬂmr';'qﬁv 18un

SIMP<rel add> ilusadansz Inafidredumisisrnsz Tanuuy 2's complement Tau
znszTanludhamihld 127 Ala'lun uasnszTanldhanda 128 i

ATMP<add 11> flusindanss Tnafigredumiald 11 Ga Faeilinsz Taaldluda
2 Alalusd

LIMP<addi6> fusdafigradumiald 16 0 Fsennsonszlanludadmmialan
IRnneafintiesnnuiiog

JMP @A+DPTR %zn'sz'lﬂﬂ'lﬂﬁamumiqﬁog"lu data pointer u3nfu luIdmnos A

Fr08190 Tetszgna WardanszTaauuy i deouly  WedouTsunsuly
Sowazidonin TavluTdsunsueemsmagavesiilugunls A fudinng Tasdrludunls
A i 0 szqueh A Aumiign1dsn Po drelu A fu 1 szquilu A fusifisunn
weda P1Tlaomsmauves Isunsulao@ouTisunsuludnuue Tusunsudes 4 Tusunsy
Taousior Tlsunsuuing 4 Tud defum A wqudas 4 yinifulsdanss Taauuuida
man Taori3smaed DPTR Fadumisduveamsn metusudh A i 2 sznszTaa

Tdsunsugesd 3 Ao routine 2 (Judu

ORG 8000H
MOV  A#2
RL A

RL A

MOV  DPTR#TABLE

JMP @A+DPTR
TABLE:

MOV BP0
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SIMP RUN

MOV  B/,Pi
SIMP RUN
MOV  B,P2
SIMP RUN
MOV B,P3
SIMP RUN
RUN:

MOV APl
MUL AB
LIMP 0

o 4 o & o A v
gamdansz Tnauuuiitouly yamdsiissasrvaouitouludounssTaalaunszTan

» } 4
HUY relative 1aun fdene 1

O nszlanlaonaasutia
JZ<rel add>
INZ<rel add>
JC<rel add>
JNCcrel add>
JB<bit>,<rel add>
INB<bit> ,<rel add>
JBC<bit>,<rel add>

O nszlaalasilSouiivuar S livheensslan
CINE A direct,<rel add>

CINE Rn,#data,<rel add>
CINE @Ri,#data,<rel add>



O asmnindumiaiidmua M lidlugudsinszan

DINZ Rn,<rel add>
DINZ direct,<rel add>

+ [ 4

O yamdaSunTusunsuses lugaddaiissilsznonlidredda CALL uaz RETURN
Taufiddadnn it

ACALL<address 11> ifufirdaiionTsunsudooiigndwmisusaTusunsudeonuy
11 fin FagnnsodonTlsunsudesiiogrnnn pc 18hiAu 2 Ala'lud

LCALL<address 16> iuddaSon lsunsudesfidwdumiisves Isunsudesuun
16 §in Feamnsodenlsunsudesiogiidumialag # Mcs-s1 fegld

RET v 1$vheTilsunsudes inendugTalsunsumndn

RETI 82 19 e Tsunsudosfuilulusunsunsuausinisdunessan
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SW EQU 2IH
COUNT_TEN EQU 23H
LS1 EQU 24H
MSI1 EQU 25H
LS EQU 26H
MS EQU 27H
DISPLAY_POINTER EQU  20H
DISPLAY_BUFFER EQU  30H
SEC14 EQU 34H
DBUFF EQU 35H
SEC EQU 36H
P2 EQU  40H
BUFFI EQU 41H
BUFF2 EQU 42H
CHK EQU 43H
DISPLAY_BUF EQU  44H
SNDCON EQU  0AOH
ORG 000H

LIMP MAIN

ORG 03H

LIMP SERVICE_INTO
ORG OBH

LIMP SERVICE_TO
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ORG O13H
LIMP SERVICE_INTI

ORG 100H

3 **dkxkikkd SOUND SUB dkkkkkkhkk IO

; SOUND GENERATOR
; IN  =R2 FREQUENCY

; = R3 LENGTH

; REG = A,R2,R3,R4,R5,DPTR

SOUND: MOV R5#0
MOV R4, #SNDCON
SOUND1: LCALL SOUNDS
CINE R5,#1,SOUNDI1
RET

SOUNDS:

SETB P1.7

LCALL SOUNDX

CLR P1.7

LCALL SOUNDX

RET

SOUNDX: MOV AR2
SOUNDXT: LCALL SOUNDY

DEC A
INZ SOUNDXI1
RET

SOUNDY: DINZ R4,SOUNDYI

; END FLAG
; DELAY CONSTANT

; OUT 1 (P3.4) pin out put

; OUT 0

; FREQUENCY DELAY

; LENGTH COUNT DOWN
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P e

MOV R4 #SNDCON
DINZ R3,SOUNDY1
MOV R5,#1
SOUNDY!:  RET

; *kxkknkksk nBEEP SUB Heokok g e de ok o ok

; ANY BEEP SUBROUTINE
; REG = A,R2,R3,R4,R5,DPTR

UBEEP: MOV R2#0DH ;USER BEEP (37)
MOV R3,#60H
LCALL SOUND
RET

SCAN_DISP:

CLR P3.7
SETB P3.1
SETB P3.0
MOV A@RO
MOV PLA
INC RO
LCALL DELAY
SETB P3.7
CLR P3.1
SETB P3.0
MOV A,@R0

MOV PL,A
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INC
LCALL

SETB
SETB
CLR
MOV
MOV
INC
LCALL

RET

TRANSFER:
MOV

TRANI:
MOV
MOV
ANL

LCALL
MOV
INC
MOV
SWAP
ANL
LCALL
MOV
INC
INC

RO
DELAY

P3.7
P3.1
P3.0
A,@RO
PLA
RO
DELAY

R1#DISPLAY_BUFFER

A@RO
R6,A
A#OFH

NIBBLE_7SEG
@RLA

R1

AR6

A

A #0FH
NIBBLE_7SEG
@RI1,A

RO

Ri

; MASK 4 BIT LOW



MOV
ANL
LCALL
MOV
RET

NIBBLE_7SEG:

DELAY:

TABLEL:

MOV
MOVC
RET

MOV
DINZ

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

40H
79H
24H
30H
19H
12H
02H
78H
00H
10H
08H
03H
46H
21H
06H
OEH

A@RO
A#OFH
NIBBLE_7SEG
@R1,A

DPTR#TABLELI
A@A+DPTR

R1,#0FFH
RLS$
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SCANSEG:
SCANSEG!:

MOV
LCALL
MOV
LCALL
RET

LOUND_SPERKER:

PROG_CAL:

LCALL
RET

MOV
MOV
DIV

MOV
MOV
MOV
MUL
MOV
MOV
MOV
MUL
ADD
MOV
MOV
CLR
CALL
RET

RO,DISPLAY_POINTER
TRANSFER

RO,#30H

SCAN_DISP

UBEEP

A#14D
B,T__2
AB

BUFF1,A
AB
B,#6D
AB
BUFF2,A
A,BUFF1
B,#60D
AB
A,BUFF2
DPL,A
DPH #00H
C

HTOD



: e 26 s ade ae e e e e 3 HTOD SUB e e 3 e e e ofe o e o 62
; HEX TO DECIMAL

; IN =DPIR

; OUT = R1,R2,R3

; REG = A,RO,R1.R2,R3,R4,R5,DPTR

- e omm

HTOD:

CLR A ;CLEAR OUTPUT

MOV RLA

MOV R2,A

MOV R3,A

MOV R4,#16 ;SHIFT 16 BIT
HTODI:

MOV A,DPL

RLC A

MOV DPL,A

MOV A DPH

RLC A

MOV DPH,A

MOV R5,#3 ;ADD DECIMAL

MoV RO,#3 ;INDEX TO R3
HTOD2:

MOV A,@RO

ADDC AACC

DA A

MOV @RO,A

DEC RO

DINZ R5,HTOD2

DINZ R4, HTODI
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MAIN_COUNTI:

CKl1:

CK2:

BACK_MAINI:

CHK_TEN:

; INC
; MOV
; CINE

MOV
JNZ
INC
SETB
SIMP
CLR
MOV

MOV
LCALL
SETB
MOV
RET

INC

MOV
CINE
MOV
CINE

COUNT_TEN

A,COUNT_TEN
A #0AH,PASS

BACK_MAIN!
TRO
T__2,SEC14

CHK,#00H
PROG_CAL
TRO
SEC14,#00H

DPTR

A,DPH

A #49H,PASS
ADPL

A #1CH,PASS
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PASS:

LCALL LOUND_SPERKER

: MOV

COUNT_TEN,#00H

RET

SERVICE_INTO:

SWi:

SW2:

SERVICE_TO:

PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH

CALL
MOV

; MOV
SIMP
LCALL

POP
POP
POP
POP
POP
POP
POP
RETI

PUSH
PUSH

PSW
ACC
DPH
DPL
00H
Ol1H
02H

SW,SW1
MAIN_COUNT!1
DPTR #0000H
COUNT_TEN #00H
SW2

CHK_TEN

02H
OIH
00H
DPL
DPL
ACC
PSW

PSW
ACC



PUSH DPH
PUSH DPL
MOV PSW ,#00011000B

i SERVICE_BODY:

: INC SEC14
4
POP DPL
POP DPH
; POP ACC
' POP PSW
i ' RETI '
:
' SERVICE_INTI:
PUSH PSW
: PUSH ACC
PUSH DPH
; PUSH DPL
; SETB SW
: MOV C.SW
' JC STOP_INTI
. JB P3.5,SW3
. ; JNB SW,SW3
; CLR SW
; SIMP STOP_INT!I
SW3:
; SETB SW
STOP_INTI:
POP DPL

POP DPH
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POP
POP
RETI

ACC
PSW

;%% % %% %0 % %o To %o %o % %o % Yo% % %o %% %% PROGRAM MAIN

%% %0 % %o Fo Fo Fo T Fo %o Yo Fo Fo Yo To To Fo o Fo %o Fo %o %o

MAIN:

HEAR:

MOV
MOV
MOV
; MOV
: MOV
MOV
MOV
SETB
SETB
SETB
SETB
SETB
SETB
MOV

MOV
MOV
MOV
SETB

CLR

JNB

LCALL
LCALL

SP,#60H
LS,#00H
MS, #00H
LS1,#00H
MS1,#00H

COUNT_TEN,#00H

DISPLAY_POINTER #LS

PTO

EA

ETO

ITO

EX0

EX1

CHK, #00H

TMOD,#00000001B
TLO,#00H
THO,#00H

P3.5

SW
SW,HEAR

SCANSEG
SERVICE_INTI

; SET BIT FOR BUZZER ON
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HEAR

SIMP

END
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! Light

Table 1.1 Electromagnetic spectrum

I'ype of radiation Wavelength Frequency (Hz) Quantum cnergy (eV)
___—— 100km Ix10? L2x10-1 o

Radio mvc> 300 mm 10° 4x10-¢

\ﬁcrowab 0.3mm 10" 4x10°?

‘nfrarcd
e—— 0.7 um 4.3x 10" 1.8
. NN

Visible

> 0.4 um 7.5% 104 3.1
'iltraviolet
T um 10' 40
I ———

T TTTTT—— 0.1 nm 3x 108 1.2x 10
——“"———-——-———-——

. 'S

1ay — 1.0pm 3 x 10® 1.2 x 10

Vore: “The divisions into the various regions are for illustration only; there is no firm dividing line between
'ne region and the next. The numerical values are only approximate; the upper and lower limits are some-
+hat arbitrary.

peedcof 3 x 108 ms™!, 5 frequency of some 5 x 101 Hz and a wavelength of about
0 nm. Maxwell's theory suggested the possibility of producing electromagnetic waves
vith a wide range of frequencies (or wavelengths). In 1887 Hertz succeeded in generat-
1L non-visible clectromagnetic waves, with a Wavelength of the order of 10 m, by
hischarging an induction coijl across a spark gap thereby setting up oscillating electric
nd magncetic ficlds. Visible light and Hertzian waves are part of the electromagnetic
prectrum which, as we can see from Table 1.1, extends approximately over the wave-
ngth range.of 1.0 pm to 100 km. The wave theory thus became the accepted theory of
‘*ht. However, while the wave theory, as we shal] see below, provides an explanation

1 hght and the photoclectric effect, The photoelectric effect, which is the emission of
lectrons from the surfaces of solids when irradiated, was explained by Einstein in 190s.

Lmvten was led 1o the concept of photons by the work of Planck on the emission of
ekt trom hot bodies, Planck found that the observations indicated that light energy is
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1 Light

rable 1.1 Electromagnetic spectrum

———

rype of radiation Wavelength Frequency (Hz) - Quantum cnergy (eV)
Al ‘-_‘—____-’——
100 km Ix 10 12x107"
Qadiowaves = __
300 mm 10° 4x10°°
\ficrowaves=——_____
0.3mm 101 4x10°?
infrarcd
/ 0.7 pm 4.3 x 10" 1.8
\isible
0.4 pm 7.5%x 10" 3.1
Vliraviolet ==/
0.03 pm 10%¢ 40
\f1a
: )"/ 0.1 nm 3Ix 10" 1.2x 10
-gays
1.0pm 3% 10%° 1.2 x 10

Vote: The divisions into the various regions are for illustration only; there is no firm dividing line between
wne region and the ncxt. The numerical values are only approximate; the upper and lower limits arc some-
vhat arbitrary.

peed c of 3 X 10° m's™?, a frequency of some 5 X 10" Hz and a wavelength of about
0 nm. Maxwell's theory suggested the possibility of producing electromagnetic waves
«ith a wide range of frequencies (or wavelengths). In 1887 Hertz succeeded in generat-
ag non-visible clectromagnetic waves, with a wavelength of the order of 10 m, by
ischarging an induction coil across a spark gap thereby setting up oscillating electric
nd magnetic ficlds. Visible light and Hertzian waves are part of the electromagnetic
pectrum which, as we can see from Table 1.1, extends approximately over the wave-
‘ngth range of 1.0 pm to 100 km. The wave theory thus became the accepted theory of
.¢ht. However, while the wave theory, as we shall see below, provides an explanation
vt optical phenomena such as interference and diffraction, it fails completely when
pplied to situations where energy is exchanged, such as in the emission and absorption
 hight and the photoclectric effect. The photoelectric effect, which is the emission of
lectrons from the surfaces of solids when irradiated, was explained by Einstein in 1905.
Ic suggested that the energy of a light beam is not spread evenly but is concentrated in
cttain segions, which propagate like particles. He called these ‘particles’ photons.
Fanuten was led to the concept of photons by the work of Planck on the emission of
¢ht from hot bodies. Planck found that the observations indicated that light energy is
mitted in multiples of a certain minimum energy unit. The size of the unit, which is
lcd o guantum, depends on the wavelength A of the radiation and is given by
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dial Dopant  Peak emission Color External quantum clficicncics

Mate (typical valucs) (nm) (commercial diodes) (%)
/"f .

- As Si 910— 1020 Infrarcd 10

'y N 570 Green 0.1

o N,N 590 Yellow 0.1

cap Zn.0 70 Red 4

‘aAsaaPa. 650 . Red 0.2

o sPoes N 632 Orange 0.2

(oA I A N 589 Ycllow 0.05

G oAl 1V Zn 650 Red 3
Cahl, A <x<07) i 870 - 890 Infrared 1S

hand transitions The indirect bandgap material car also be made to emit visible radia-
jion by doping with N; for example, orange and yellow emission may be obtained from
Jiodes of composition GaAsy 1sPo.os : N and GaAsg 1sPo.ss: N respectively.

Galliwm aluminum arsenide (Ga,Al;_,As). A fairly receat ncwcomer to the LED
«ene is Ga,Aly. (As. which is used in highly efficient red and near-infrared LEDs.
In the former, a heterojunction is formed between n-type GagsAly7As and p-type
GaneAln.aAs. The # layer is the surface layer and, in operation, clectrons are injected
into the p matcerial with efficiencies that approach 100%. Radiative recombination (via
acceptor levels) gives rise to radiation with a wavelength of 650 nm. This radiation
passes through the surface n-type layer with little attcnuation, because its bandgap is
larger than that of the p-layer. The high efficiencies of such ‘super-bright’ red LEDs
may well cause them to replace the ‘standard’ types based on GaAsP. As far as near-
infrared diodes based on GaAlAs are concerned, the basic structure is again a p-n
junction with the n layer uppermost. As with GaAs. doping with Si is used to form both
donor and acceptor states. The bandgap is varied through the device by varying the Al
concentration from 30% at the surface to 0% some way beyond the junction into the
p material. Peak cmission occurs between 870 and 890 nm. Again. the efficiencies of
these LEDs are better than thosc made from the ‘standard’ material, GaAs. However,
the GaAs diodes do have the advantage that they can withstand higher peak currents.

Table 4.2 summarizes the characteristics of the most commonly used LED materials.

4.6.4 LED construction

A typical LED construction is shown in Fig. 4.16. It is obviously advantageous if most
of the radiative recombinations take place from the side of the junction nearest the
surface, since then the chances of re-absorption are lessened. We may ensure this by
arranging that most of the current flowing across the diode is carricd by those carriers
that arc injected into the surface layer. We assume that, as in Fig. 4.16, the surface
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dal Dopant  Peak emission Color External guantum cfticicncics
Mateft (typical valucs) (nm) (commercial diodes) (%)
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e St 910 — 1020 tnfrared 10
('“;,' N S0 Green 0.1
‘3",, N.N 590 Yellow 0.1
P Zn.0 T Red 4
T AceePu. 650 . Red 0.2
:';?\:::‘p',,‘ o N 632 Orange 0.2
Gt 15Pns N S89 Yellow — 0.05
el sAS Zn 650 Red 3
CaAly WAs(<x<0.7) Si 870 — 890 Infrared 15
f

pand trapsitions The indirect bandgap material car also be made to emit visible radia-
jjon by doping with N: for cxample, orange and yellow emission may be obtained from
Jdiodes of composition GaAsy asPo.es: N and GaAsg isPo.ss: N respectively.

Gallium aluminum arsenide (Ga,Al,_;As). A fairly reccat ncwcomer to the LED
ccene is GacAly  As. which is uscd in highly efficient red and near-infrared LEDs.
in the former, a heterojunction is formed between z-lype GagaAly2As and p-type
GansAlosAs. The n layer is the surface layer and, in operation, electrons are injected
into thie p matcrial with efficiencies that approach 100%. Radiative recombination (via
acceptor levels) gives rise to radiation with a wavelength of 650 nm. This radiation
asses through the surface n-type layer with littlc attcnuation, because its bandgap is
farger than that of the p-layer. The high efficiencies of such ‘super-bright’ red LEDs
may well cause them to replace the ‘standard’ types based on GaAsP. As far as near-
infrared diodes based on GaAlAs are concerned, the basic structure is again a p—n
junction with the » layer uppermost. As with GaAs. doping with Si is used to form both
donor and acceptor states. The bandgap is varied through the device by varying the Al
concentration from 30% at the surface to 0% some way beyond the junction into the
p material. Peak cmission occurs between 870 and 890 nm. Again, the efficiencies of
these LEDs are belter than those made from the ‘standard’ material, GaAs. However,
the GaAs diodes do have the advantage that they can withstand higher peak currents.
Table 4.2 summarizes the characteristics of the most commonly used LED materials.

4.6.4 LED construction

A typical LED construction is shown in Fig. 4.16. It is obviously advantageous if most
of the radiative recombinations take place from the side of the junction nearest the
surface, since then the chances of re-absorption are lessened. We may ensure this by
arranging that most of the current flowing across the diode is carricd by those carriers
that are injected into the surface layer. We assume that, as in Fig. 4.16, the surface
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/
rial Dopant  Pcak cmission Color External quantum clficiencies

Mate (typical values) (nm) (commercial diodes) (")
/

S AS Si 910— 1020 Infrared 10

("1[.' N 70 Green o1

:::l’ N.N 5%0 Yellow 0.1

(.:;r. Zn. O 700 Red 4

- AsaeP: 650 . Red 0.2

::;:i\\::“’t: o N 632 Orange 0.2

ta A 1578 N 589 Ycllow .05

(oAl s Zn 650 Red 3

CaAly AS(1<x<0T)Si 870 — 890 Infrared 15
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pand transitions The indirect bandgap material can also be made to emit visible radia-
jion by doping with N; for cxample, orange and yellow emission may be obtained from
Jiodes of composition GaAsy 1sPoss: N and GaAsy 1sPo.ss: N respectively.

Galtium aluminum arsenide (Ga,Al,_,As). A fairly reccat ncweomer to the LED
ccene is Ga Aly. (As. which is used in highly efficient red and near-infrared LEDs.
In the former. a heterojunction is formed between n-type GagaAly2As and p-type
GaoeAln.sAs. The n layer is the surface layer and, in operation, clectrons are injected
into the p material with efficiencies that approach 100%. Radiative recombination (via
acceptor levels) gives rise to radiation with a wavelength of 650 nm. This radiation
passes through the surface n-type layer with littlc attenuation, because its bandgap is
farger than that of the p-layer. The high efficiencies of such ‘super-bright’ red LEDs
may well cause them to replace the ‘standard’ types based on GaAsP. As far as near-
infrared diodes based on GaAlAs are concerned, the basic structure is again a p-n
junction with the # layer uppermost. As with GaAs, doping with Si is uscd to form both
donor and acceptor states. The bandgap is varied through the device by varying the Al
concentration from 30% at the surface to 0% some way beyond the junction into the
p material. Peak emission occurs between 870 and 890 nm. Again. the cfficiencies of
these LEDs arc belter than those made from the ‘standard’ material, GaAs. However,
the GaAs diodes do have the advantage that they can withstand higher peak currents.
Table 4.2 summarizes the characteristics of the most commonly used LED materials.

4.6.4 LED construction

A typical LED construction is shown in Fig. 4.16. It is obviously advantageous if most
of the radiative recombinations take place from the side of the junction nearest the
surface. since then the chances of re-absorption are lessened. We may ensure this by
arranging that most of the current flowing across the diode is carricd by those carriers
that arc injected into the surface layer. We assume that, as in Fig. 4.16, the surface
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Injection luminescence and the LED 139

population density Ap gives rise to Aplt. recombinations per second per unit volume,
we must have ' '

Ap = %‘- ’ (4.17)

Eliminating Ap from cgs. (4.16) and (4.17), we obtain
! .
of ) (4.18)

T =\JG
We sce that in this case 7. may be reduced by reducing ¢ and increasing J. However,
since the lifetime is now current dependent. this approach can lead to signal distortion.

4.6.6 LEDdrivecircuitry

As we have seen, the clectrical characteristics of LEDs are esscntially thosc of ordinary
rectifying diodes. Typical operating currents arc betwecen 20 mA and 100 mA, whilst
the forward voltages vary from 1.2 V for GaAs to 2 V for GaP. (The operating voltage
is approximately equal to the built-in diode potential, which in turn is slightly less than
the encrgy gap expressed in cV.) Simple drive circuits for d.c. and a.c. voltage opera-
tion are shown in Figs. 4.19(a) and (b) respectively. The current through the diede s
limited by a series resistance R, whosc value may be cricnlated irom

R, = YoV (4.19)
iy

R, LED
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population density Ap gives rise to Aplr, recombinations per sccond per unit volume,
we must have

1. . )
Ap = —"-’- (4.17)

Eli'minating Ap from cgs. (4.16) and (4.17), we obtain

|
v = %) (4.18)
We sce that in this case 7. may be reduced by reducing 7 and increasing J. However,
since the lifctime is now current dependent., this approach can lead to signal distortion.

4.6.6 LED drive circuilry

As we have seen, the clectrical characteristics of LEDs are essentially those of ordinary
rectifying diodes. Typical operating currents arc between 20 mA and 100 mA, whilst
the forward voltages vary from 1.2 V for GaAs to 2 V for GaP. (The operating voltage
is approximately cqual to the built-in diode potential, which in turn is slightly less than
the encrgy gap expressed in ¢V.) Simple drive circuits for d.c. and a.c. voltage opera-
tion arc shown in Figs. 4.19(a) and (b) respectively. The current through the dno'ic
limited by a serics resistance R, whosc value may be calenlated srom

R.=Ye— Y (.19
iy
R, LED
_L WV
a4\
7 (a)
Light output
R,
- Tm:
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Features

e Compatible with MCS-51™ Products

e 2 Kbytes of Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles

2,7 V to 6 V Operating Range

Futly.Static Operation: 0 Hz to 24 MHz

Two-Level Program Memory Lock

128 x 8-Bit Internal RAM

15 Programimable VO Lines

Two 16-Bit Timer/Counters

Five Interrupt Sources

Programmable Serial UART Channel

Direct LED Drive Outputs

On-Chip Analog Comparator

Low Power Idie and Power Down Modes

Déscription

The ATRIC2051 is a low-voliage, high-performance CMOS 8-bjt microcomputer with 2 Kby-
s of Flash programmable and erpsable rend only memory (PEROM). The.devjee is manufac-
" . . o s ki WYY «D\J . .

tureq using Atmel's high density Ronvolatile memory technology and 1s compatible with the
industry standard MCS-51™ instruction sct and pinout. By combining a versatile 8-bit CPU
with Flash on a monolithic chip, the Atmel AT89C2051 is a powerful microcomputer which
provides a highly fiexible and cost effective solution to many cmbedded control applications.

The AT89C2051 provides the following standard features: 2 Kbytes of Flash, 128 bytes of
RAM, 15 VO lincs, two 16-bit timer/counters, a five source two-level interrupt architecture, a
full duplex serial pont, a precision analog comparator, on-chip oscillator and clock circuitry.
In addition, the AT8YC2051 is designed with static logic for operation down to zero frequency
and supports two software sclectable power saving modes. The Idle Mode stops the CPU while
allowing the RAM, timer/counters, serial port and interrupt system to continue functioning.
The Power Down Mode saves the RAM contents but freezes the oscillator disabling all other
chip functions until the next hardware reset.

Pin Configuration

PDIP/SOIC
N

RST ] 1 20 {1 vCC

{RXD) P3.0 ] 2 19 [ P17

(TXD) P3.1 ] 3 18D P16

XTAL2 O] 4 173 P15

XTAL1 ] § 16 O P1.4

(iNTo)y P3.2 & 1513 P1.3

(INTY) P3.3 | 7 1413 P12
(To)yPa.a]s 13 P P1.1 (AINY)
(TIPS} 9. 12 |23 P1.0 (AINO)

GND O 10 11 Pr3y

‘ . — ANMEL

8-Bit
Microcontroller
with 2 Kbytes
Flash

AT89C2051
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Pin Description

Vee

Supply, voltage.
GND '
Ground.

Port 1

Port 1 is an 8-bit bidirectional I/O port. Port pins P1.2 to P1.7
provide intcrnal pullups. P1.0 and P1.1 require external pullups.
P1.0 and P1.1 also serve as the positive input (AINO) and the
negative input (AIN1), respectively, of the on-chip precision
analog comparator. The Port 1 output buffers can sink 20 mA
and can drive LED displays dircctly. When 1s are writien 1o Port
1 pins; they can be used as ipputs. When pins P1.2 to P1.7 are
used as inputs and arc externally pulled low, they will source
current (1IL) because of the internal pullups.

Port I' also reccives code data during Flash programming and
program verification. '

Pon 3 -

Port 3 pins P3.0 to P3.5, P3.7 arc seven bidircctional 1/O pins
with internal pullups. P3.6 is hard-wircd as an input to the output
of the on-chip comparator and is not accessible as a genceral pur-
posc 1/0 pin. The.Port 3 output buffers can sink 20 mA. When
I's are written 1o Port 3 pins they are pulted high by the internal
pullups and can be used as inputs. As inputs; Port 3 pins thatare
cxl,gmzilly being pulled low will source current (1iL) because of
he’pullups.

Port 3 also serves the functions of various special features of the
AT89C2051 as listed below:

b Port Pin | Alternate Functions

. P3.0 RXD (serial input port)
P3.1 TXD (serial output port)
P3.2 INTO (external interrupt 0)
P33 _ | INT1 (external interrupt 1)
P3,4 TO (timer 0 external input)
P3.5 T1 (timer 1 extemal input)

Port 3 also reccives some control signals for Flash programming
and programming verification.

RST

Reset input. All I/O pins are reset (o Is as soon as RST gocs
high. Holding the RST pin high for two machinc cycles while
the oscillator is running rescts the device.

Each machinc cycle takes 12 oscillator or clock cycles.

XTAL1 '

Input to the inverting oscillator amplificr and input 10 the inter-
nal clock operating circuit,

XTAL2

Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTALI1 and XTAL2 are the input and output, respectively, of
an inverting amplifier which can be configured for use as an
on-chip oscillator, as shown in Figure 1. Either a quanz crystal
or ceramic resonator may be used. To drive the device from an
cxternal clock source, XTAL2 should be left unconnceted
while XTALLI is driven as shown in Figure 2. There are no re-
quirements on the duty cycle of the externdl clock signal, since
the input o the internal clocking circuitry is through a divide-
by-two {lip-flop, but minimwin and maximum voltage high and
low time specifications must be obscrved.

Figure 1. Oscillator Conncctions

c2
....-.)l.._,..._..I_... XTAL2
C1 .
*—) — xTAu1

_I_ GND

Notes: Cl, C2 = 30 pF £ 10 pF for Crystals
=40 pF % 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

NC ———— XTAL2

EXTERNAL
OSCILLATOR XTAL1
SIGNAL
GND

-

AmEf g



Speéial Function Registers

A map of the on-chip memory arca called the Special Function
Register (SFR) space is shown in the table below.

Note that not all of the addresses are oceupied, and unoccupicd
addresses may not be implemented on the chip. Read accesses
to these addresses will in gencral return random data, and write
accesses will have an indeterminate effect.

‘m S

User software should not write Is to these unlisted local
since they may be used in future products to invoke new
turcs. In that case, the resct or inactive values of the new bit
always be (.

Table 1. AT89C2051 SFR Map and Reset Values
OFsH of
2\ ’
OFOH B i \ of
00000000 1
OE8H Y
ACC
OBOH | 50000000 ot
0D8H of
3
PSW
0DOH | 56000000 of
0G8H 0
0COH 0
P
0B8H | v0000000 of
P3
0BOH | 11111111 ol
IE
0A8H | 16000000 0
0AOH 0
, SCON SBUF
98H | 50000000 | XXXXXXXX of
P1 :
90H | 41111111 9
gar| TCON TMOD TLO TL1 THO - TH "
00000000 | 00000000 | 00000000 |-00000000 | 00000000 | 00000000
80H ) DPL DPH PCON | &
00000111 | 00000000 | 00000000 00000000 | &
98

A‘f89C2051 e ———
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Restrictions on Certain Instructions

'he AT89C2051 and AT89C1051 are cconomical and cost-ef-
ective members of Atmel's growing family of microcontrol-
ors. Thcy contain 2 Kbytes and 1 Kbyte of flash program mem-
wy, respectively. Both are fully compatible with the MCS-51
wehilccture, and can be programmed using the MCS-51 instruc-
ion set. However, there are a few considerations one must keep
n mind when wtilizing certain instructions to program these de-
rices.

\ll th¢ instructions related to jumping or branching should be
estricied such that the destination address falls within the
shysical program memory space of the device, which is 2K for
he AT89C2051. This should be the responsibility of the soft-
varc programmer. For cxample, LCALL 7EOH would be valid
or th¢ AT89C2051 (with 2K of memory), but LCALL 900H
vould;not.

. Br:}nching instructions:
.CALL, LIMP, ACALL, AJMP, SIMP, IMP @A+DPTR _

hese unconditional branching instructions will exccute cor-
sctly as long as the programmer keeps in mind that the destina-
10n branching address must fall within the physical boundaries
{ the program memory size (locations 00H to 7FFH for the
9C2051). Violating the physical space limits may cause un-
now? program behavior.

JNE [...J, DINZ [...}, JB, INB, JC, INC, IBC, JZ, INZ With
acse conditional branching instructions the same rule above ap-

3

-

‘\f“-w,t

plies. Again, violating the memory boundaries may cause er-
ratic execution.

For applications involving interrupts the normal interrupt scrv-
ice routine address locations of the 80CS1 family architecture
have been preserved.

2. MOVX-related instructions, Data Memory:

The ATB9C2051 contains 128 bytes of internal data memory,
while the ATBICI051 has 64 bytes. Thus, in the AT89C1051
the stack depth is limited to 64 bytes, the amount of available
RAM. Exiernal DATA memory access is not supported in
either device, nor is external PROGRAM memory execution.
Therclore, no MOVX[...] i mslruulons should be included in the
program.

A typical 80C5 1 assembler will still assemble instructions, even
if they are written in violation of the restrictions mentioned
above. It is the responsibility of the controller user to know the
physical featurcs and limitations of the device being used and
adjust the instructions uscd correspondingly.

-  AINEL %
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Program Memory Lock Bits

On the chip are two lock bits which can be left unprogrammed
(U) or can be programmed (P) to obtain the additional features
listed in the table below:

Lack Bit Protection Modes!"

Program Lock Bits
LB1 LB2 | Protection Type
1 U U No program lock features.
2 P U Further programming of the
Flash is disabled.
3 P P Same as mode 2, also verify
is disabled.
Nc;tc: 1. The Lock Bits can only be erased with the Chip Erasc
operation
Idle Mode

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

P1.0 and P1.1 should be set to *0" if no external pullups are used,
or set to ' 1" if external pullups are used.

It should be noted that when idle is terminated by a hardware
reset, the device normally resumes program execution, from
where it left off, up to two machine cycles before the internal
reset algorithm takes control. On-chip hardware inhibils access
to internal RAM in this event, but access to the port pins is not
inhibited. To eliminate the possibility of an unexpected write to
a port pin when Idle is terminated by reset, the instruction fol-
fowing the one that invokes Idle should not be one that writes to
a port pin or to external memory. X

Power Down Mode :

In the power down mode the oscillator is stopped, and the in-
struction that invokes power down is the last instruction exe-
cuted. The on-chip RAM and Special Function Registers retain
their values until the power down mode is terminated. The only
exit from power down is a hardware reset. Reset redefines the
SFRs but does not change the on-chip RAM. The reset should
not be activated before Vcc is restored to its normal operating
level and must be held active long enough to allow the oscillator
to restart and stabilize.

P1.0 and P1.1 should be sct to *0" if no external pullups arc used,
or set to ' 1" if external pullups arc used.

100

Programming The Flash

The ATB9C2051 is shipped with the 2 Kbytes of on-chip
PEROM code memory array in the crased state (i.c., contents =
FFH) and ready to be programmed. The code memory array is
programmed one byte at a time. Once the array is programmed,
to re-program any non-blank byte, the entire memaory array
needs to be erased electrically.

Internal Address Counter: The AT89C2051 contains an in-
ternal PEROM address counter which is always reset to 000H on
the rising edge of RST and is advanced by applying a positive
going pulse to pin XTALI.

Programming Algorithm: To program the AT89C2051, the
following scquence is reccommended.

»

1. Power-up scquence:

Apply power between Voc and GND pins
Set RST and-XTAL! to GND

Witﬁ.all other pins foating, wail for greater than 10
milliscconds

2. Sevpin RSTwo'H’

Sct pin P3.2to 'H'

3. Apply the appropriate combination of "H' or 'L’ logic
fevels to pins P3.3, P3.4, P3.5, P3.7 to sclect onc of the pro-
gramming operations shown in the PEROM Programming
Modes table. ’

To Program and Verify the Array:
Apply data for Code byte at location 000H to P1.Oto P1.7.
Raisc RST to 12V to enable programming.

(gl

Pulse P3.2 once to program a bytc in the PEROM array or
the lock bits. The byte-write cycle is sclf-timed and typi-
cally takes 1.2 ms.

7. To verify the programmed data, lower RST from 12V to
logic "H' level and sct pins P3.3 1o P3.7 10 the appropiate
levels. Output data can be rcad at the port Pl pins.

8. To program a byte at the next address location, puise
XTALTI pin once to advance the internal address counter.
Apply new data to the port P1 pins.

9. Repeat steps 5 through 8, changing data and advancing the
address counter for the entire 2 Kbytes array or until the
end of the object filc is reached.

10. Power-off sequence:
set XTALI to’L’
set RSTto 'L’
Float ali other 1/O pins
Turi. Vee power ofl

AT890205.1 IINNNNNR—————
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Data Polling: The AT89C2051 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an attempted
read of the last byte written will result in the complement of the
written data on P1.7. Once the write cycle has been compleicd,
trug'data is valid on all outputs, and the next cycle may begin.
Data Polling may begin any time afier a write cycle has been
initiated. .
Ready/Busy: The Progress of byte programming can also he
monitored by the RDY/BSY output signal, Pin P3.1 is pulled
low after P3.2 gocs High during programming to indicate
BUSY. P3.1 is pulled High again when programming is done to
indicatc READY.
Program Verify: If lock bits LB1 and LB2 have not been pro-
grammed code data can be read back via the data lines for veri-
fication:
{. Reset the internal address counter to 000H by bringing RST
from L' 10 °H".
2. Apply the appropriate control signals for Read Code data
"and read the output data at the port P1 pins.

3. Pulse pin XTAL! once to advance the internal address
counter.

4. Read the next code data byte at the port Pl pins.
S. Repeat steps 3 and 4 until the entire array is read.

Flash Programming Modes

Fa 8 W WU 8

The lock bits cannot be verilied directly. Verification of the Jock
bits is achieved by observing that their features are cnabled,

Chip Erase: The cntirc PEROM array (2 Kbytes) and the two
Lock Bits are crased clectrically by using the proper combina-
tion of control signals and by holding P3.2 low for 10 ms. The
caode array is written with all *1%s in the Chip Erasc operation
and must be exceuted before any non-blank memory byte can be
re-programmed.

Reading the Signature Bytes: The signaturc bytes are read by
the same procedure as a aormal verification of locations 0CH,
001H, and 002H, except that P3.S and P3.7 must be pulled to a
logic low. The values returned are as follows.

(O00H) = 1EH indicates manulacturcd by Atmel
(001H) = 21H indicates 89C2051

Programming Interface

Every code byie in the Flash array can be written and the entire
array can be crased by using the appropriate combination of con-
trol signals. The write operation cycle is self-timed and once in-
itiated, will automatically time itself to completion.

All major programming vendors offer worldwide support for the
Aumel microcontroller serics. Please contact your local pro-
gramming vendor for the appropriate software revision.

g L)
Mode . RST PROG P3.3 P3.4 P3.5 P3.7
Write Code Data''-% 12v ava L H H H
Read Code Datal" H H L L H H
Wirite Lock Bit - 1 12V e, H H H H
Bit-2 12V S H H L L
Chip Erase 12V \_/12) H L L L
Read Signature Byte H H L L | L L

Notes: 1. The intcrnal PEROM address counter is reset 1o 000H onthe 2. Chip Erase requires a 10 ms PROG pulse.

rising edge of RST and is advanced by a positive pulse at
XTAL! pin.

3. P31 is pulled Low during programming 1o indicate RDY/BSY\.
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Figure 3, Programming the Flash Memory Figure 4. Verifying the Flash Memory

sv v
AT89C2051 AT89C2051 T
ROY/BSY <«—— P31 Vec —I Ves
PROG  —» P32 Pt fa-— PCM Vo —H P32 P> DA
—»] P3.3 —{ P33
, —» P34 SEEFLASH ——»{ P3.4
SEE FLASH PROGRAMMING
PROGRAMMING —¥{ P3.5 MODES TABLE ¥ F3.5
MODESTABLE | o, — P37
Ly XTAL Y. RST [¢—— Vy/Vpp ] ¥ xTAL RST je—— Vi
TO INCREMENT GND . GND
ADDRESS COUNTER —[_—
Flash Programming and Verification Characteristics
Ta =21°C t0 27°C, Vcc = 5.0+ 10%
Symbol Parameter Min Max Units
Vep Programming Enable Voltage 11.5 12.5 \")
PR Programming Enable Current 250 pa
toveL Data Setup to PROG Low 1.0 ps
tGHDX Data Hold After PROG 1.0 us
terisH P3.4 (ENABLE) High to Vep 1.0 us
tSHGL Vpp Setup to PROG Low 10 us
tGHSL Vpp Hold After PROG 10 us
1GLGH PROG Width 1 110 us
teLav ENABLE Low to Data Valid 1.0 us
teHQz Data Fioat After ENABLE 0 1.0 us
{GHBL PROG High to BUSY Low : 50 ns
twe Byte Write Cycle Time 2.0 ms
tBHiH RDY/BSY\ to Increment Clock Delay 1.0 us
tiHIL Increment Clock High . 200 ns

—
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AT59C2001

lash Programming and Verification Waveforms
i

3

| —
PORT 1 ¢ DATA N ) DATAOUT p— - ——
bva  toHox [+
P3.2
(PROG) /
1
+—toLeh— I@
RST A TV T LOGIC 1
Mep) T 3 DSOS SU Yo cTToY - A I
_P34 _
ENABLE )
( ) loHeL — Zmn
P31
(RDY/BSY) B8USY READY
, twe I"“’l L
INCREMENT —
ADDRESS)
]
bsolute Maximum Ratings*
) = B *NOTICE: Stresses beyond those listed under “Absolute Maximum
Operating Temperature................... -55°C to +125°C Ratings” may causc permancnt damage to the device, This is a
stress rating only and functional operation of the device at these
Storage Temperature...................... -65°C to +150°C or any other conditions beyond those indicated in the operational
Voltdge on Any Pin sections of this specification is not implied. Exposure to absolute
with Respect to Ground 40Vio+7.0V maximum rating conditions for extended periods may affect de-
pect to Ground ................... . - vice reliability.
Maximum Operating Voltage ...........ccoceveuvenenee 6.6V
DC Output Current.. SO S W 25.0 mA
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D.C. Characteristics
Ta= -«.10°C to 85°C, Vce = 2.7 V to 6.0 V (unless otherwise noted)

Symbol Parameter Condition Min Max Units
Vi Input Low Voltage -0.5 0.2 Vcc-0.1 v
ViH input High Voltage . {Except XTAL1, RST) 0.2 Vcc+0.9 Vcc+0.5 -V
ViH1 input High Voltage (XTAL1, RST) 0.7 Vce Vce+0.5 Vv
Vv Output Low Voltage(') loL=20mA, Vcc=5V 0.5 Vv
OL | (Ports 1,3) loL=10mA, Vcc=27V :
lon=-80pA,Vcc=5V+10% 24 v
Output High Voltage
Vo (Ports 1, 3) loH = -30 pA 0.75 Vec v
, lon=-12 pA 0.9 Vce \
|_ogical 0 Input Current _ i
h (Ports 1, 2, 3) ViN=0.45V 50 pA
Logical 1 to O Transition,, _ .
n Current (Ports 1, 2, 3) ViN=2V 750 HA
Input Leakage Current
L (Port P1.0, P1.1) 0<Vin<Vce +10 pA
Comparator Input Offset - ‘
Vos Voltage Vee=5V 20 mv
Comparator Input
VeM | Common Mode Voltage ' 0 Vee v
RRST | Reset Pulidown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, Ta = 25°C 10 .pF
Active Mode, 12 MHz, Vcc =6 VI3V 15/5.5 mA
Power Supply Current  |dle Mode, 12 MHz, Vcc =6 VI3 V i mA
lcc P1.0& P1.1=0VorVcc
' =6VP1.0&P1.1=0VorV
Power Down Mode(z) VCC 6VPLO & P1.1 or vcc . 100 [,IA
Vec=3VP1.0&P1.1=0VorVcc 20 RA
Notes: 1. Under steady state (non-transient) conditions, foL must If IOL exceeds the test condition, VOL may exceed the
be externally limited as follows: related specification. Pins are not guaranteed to sink
Maximum loL per port pin:20 mA current greater than the listed test conditions.
Maximum total IOL for all output pins:80 mA 2. Minimum Vcc for Power Downis2 V.
(.
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ixterr}al Clock Drive Waveforms

+— lewex —

MAT10JLVaVUI |

Ve 05 W e—— tonex ——*| teren — — — — tenct
cC =YD Vo,
,_/10,7 VIR / \
: 0.2 Vge- 0.1V \ / \
45V L—J L
+— toox —
g teel >
t
¥
¥
Xxterpal Clock Drive
Symb.bl Parameter Min Max Units
1tcLcL Oscillator Frequency 0 24 MHz
toLeL Clock Period 41.6 ns
toHCX ¢ High Time 15 ns
toLex : Low Time 15 ns
1GLCH Rise Time 20 ns
teucL | Fall Time 20 ns
¥
3
] -
E
k
i
4
j
§
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srial Port Timing: Shift Register Mode Test Conditions
s = 5.0 V & 20%; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator
symbol Parameter , Min Max Min Max Units
xxt | | Serial Port Clock Cycle Time 1.0 12tcicL ps
QvXH Output Data Setup to Clock Rising Edge 700 10tcLeoL-133 ns
XHQAX Output Data Hold After Clock Rising Edge | 50 2teLcl-33 ns
XHDX Input Data Hold After Clock Rising Edge 0 0 ns
IXHOV Clock Rising Edge to Input Data Valid 700 10tCLCL-133 | ns

;hift Register Mode Timing Waveforhs

INSTRUCTION | =01 1 04— -\ I1_J, 4.8 | 5 1 —86—1 7 _ | |

CLOCK

WRITE TO SBUF

\___T__J

OUTPUT DATA
l CLE&\R Al

INPUT DATA

AC Testing Input/Output Waveforms”  Float Waveforms "’

Vae-05V
o 02 Vg + 09V Vo o1V
TEST POINTS \'/ Timing Reference
02 V- 0.1V LOAD Points
0.45V T e Vg 01V
Note: 1. AC Inputs during testing are drivenat Vcc-0.5 V fora Note: 1. For timing purposes, a port pin is no longer floating whe

100 mV change from load voltage oceurs. A port pin b
gins to float when a 100 mV change from the loaded
Vo Vol level occurs.

logic 1 and 0.45 V fora Jogic 0. Timing measurcments
are made at Vi min. for a logic | and Vi1, max. for a

logic 0.
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AT89C2051

TYPICAL ICC - ACTIVE (85°C)
20 ___,_,_.__.__ . e "
Vce=6.0V |
15 i | 4‘/

A8 U WhaUw )

|
; Vee=5.0V

10/ !

Vce=3.0V
5 4—/ )—4—-__1-"
| |
0 A i
0 6 12 18 24
FREQUENCY (MHz)
AT89C2051
TYPICAL ICC - IDLE (85°C) -
3 , .
; Vee=6.0V
’ !
| i
2 :7-—? e ;
i ) Vce=5.0V e
! |
{ §
? : !
! } Vee=3.0V |
0= é -
0 3 6 9 12
FREQUENCY (MHz)
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- AT89C2051
TYPICAL ICC vs. VOLTAGE - POWER DOWN (85°C)

: | 15 ‘ /
C -

C 10 ' /

“ /
A S

3.0V 4.0V
Vcc VOLTAGE

5.0V 6.0V

N XTALI tied to GND for Icc (power down).
2. P.1.0and P1.1 = Vccor GND.
3: Lock bits programmed.

-
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leririg Information

S TR IS U S S EOSESOS S —S—————s NV TN a2

seed Power
Mz) Supply Ordering Code Package Operation Range
12 27Vto6.0V AT89C2051-12PC 20P3 Commercial
AT89C2051-12SC 20S (0°C to 70°C)
AT89C2051-12P| 20P3 Industrial
‘ AT89C2051-12SI 20S (-40°C to 85°C)
24 '|40Vto6.0V AT89C2051-24PC 20P3 Commercial
AT89C2051-24SC 208 (0°C to 70°C)
AT89C2051-24PI 20P3 Industrial
AT89C2051-24SI 20S (-40°C to 85°C)
]
]
!
i
i
E
2
;
Package Type
3 . 20 Lead, 0.300" Wide, Plastic Dual In-line Package (PDIP)
i 20 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC)
"ml.'.'l N0 .
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:aging Information

3. 20 Lewd. 0.300" Wide,
<tie Dual Inline Package (PDIP)

- 1.060 (26.9
|"“"" 0(49)L HN

llr ; *m%'—r
LU"CTK uu_(\"D“’J‘"i

—— — ..090 (2.29)
r‘ MAX,

280 (7.11)
240(6\0)

X . r__ 000 {22 88) _._g

210(533 _ —

w‘\’x ) —-”- 005(127)
i ] -

NG | R A R =
oTee T T T T L 015(381)MIN

150(3.8Y . I
15(292) | o il 022(559)
,»-; - k *T 014356
070 (1.78)
110(2.79) Lorop
o529 045 (1.13)
: ;325 (8.26)
' ~ T 300(7.62)
. ':_i', 0
..‘ ~.x ISREF
0141356, . t e
{008(.203] §

i 430 (10.92) MAX

20S. 20 Lead, 0.300" Wide,
Plastic Gull Wing Small Outline (SOIC)

.020(.508) _
013(330) ~
.-, TR o
kY ..--ar\\-' ‘—!':l.:z-.-.;\\.; . - i .
N 299 (7.60;
3 . K 291 (7.39)
PINITID O 1 . '
A RN S s A} \\\* P, “n
— —  .050(1.27}8SC

513 (13.0)
497012.6)

.012(.305}

003 (.07¢]
o f ’
\ . .
.035{3.8€65; i
REF 015, 387

420 (10.7)

.393 (9.58)

!

165 ,2.67)
092 (2 34)

0131.330)
Co ‘:.29)

‘ontrofling dimension: mithmeters




LAY

UIINYNIN

¢

1 o3s¥anl Uszneura  “ muivoudeluTasnenTnsames ” | fuasd 1, with 1-29,

aonfumaluladnszeoundudrgunmsmansei, w.a. 2539,

o

2. dulnml Buidy, wndid $0380 “ Aandiall 17 madninomand auzajmand

I'd

AT IMNTIUIATINGINAAS WzoNINAY NWizunTINTle.
a ¢ b4 ¢ N a 7 a’: 4 £y
3. quns Iggannd “ msldauluTnsneuInsamesaszga 8051 7 Munindadi 1, nith 63-
72, USEM %15ﬂgm‘ff'u 1108 (UMIBY ), NTUNNUMIUAT, W.A. 2537.
4. ounndgied ermyam “dmaasninmnTsahl 2 : 20 Tinuazmsguainm”,
¥y .
Muniniad 2,mh 755756, dAninfimtuuasathu,ngammumins we. 2532.
5. Pidrotti,F.L.,and L.S. Pedrotti. Introduction to optics,Prentice-Hall, 1st ed. 1987,2nd ed.

1993.





