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Vo=V, = I X (2.157)
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5 I.=1,+jI -+ ; +jv,B

(2.158)

Wy (2.158) lu (2.157)
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N 2 . 2 2
v, ——\/R (1~13,\ S) + X, (2.161)
v 2
Fa1U
R
po= o (2.162)
P
2
mgﬁmﬁ( Differential ) UD24N17 (2.162)
dR d|z]
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dV dv
1= : - £ (2.163)
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dlzl 1 dR ) dB
=—2RU—x B} — -2 x \1-Xx B )— (2.164)
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4. M5 NI ZHYayn

o 4 o 4
1. munususndeya ldveougamiosaanszua IWide 5 ua1ud Inaa
o A ' 4 @ A Y ~ A a v dg"
Mmsnanesirhenesysesamandanssy e itluanwinadeuiniesnai ey lag
[ v . @ ) v Q1A
mynaaoulylnandou Il (Hot air oven) nanse 7 Tu q 0z 6 ¥21us unnan ldasmnsa
v &R
17N
aadq Y = o Y
2. adanlylumsdnaiznioya
- aa a . . .. d‘c] Y - d Y I[LQ} ]
2.1 6OMIUTIO (Descriptive Statistion)N i UATIENUDYD baILD
2.1.1 AUNGY (Mean)
2.1.2 MANUsUYUNIATIT I (Standard Deviation)
aa Yy PN 3 . ) dl 9 a « 9 Y [
2.2 Af@013984 (Inferential Statistic) 1 1% 1uns 1A 1Y 1ALA T-test
: Y ! b4 . \ n
e ldmamauanuenmelumslgnszua ldhves Tvnaadon Tl (Hot air oveny w119 9

Aladag 380 Than nldnsosaanszud WihIaedsuratus lvaadu luldinTosaanszua lul

W laed5uraud Iaa
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aoud 1 ugaenszua i daddnih sinTnanvaatanwdeuluden (Hot air oven)
° @ ¥ 4 a, 4
Y1119 9 kW. 380 Volt §1191 10§ Tuszeziiar 7 Ju dielfinseenanszua Ivdh It unaud
1 4 ad J
Tnaa uaz luldinsesaanszualnoituraiug Ivaa
) ~ ~ 1 a Y .
apuh 2 WSsunsuawndsnszua Iihon Inasvaaiannufouludou (Hot air oven)
Ao A o adt o 149 A
Y141 9 kW. 380 Volt Aifn lasinmilfiniesaanszua I InodTinatud lnans uazlildiaTes

aanszua Wi laesuiaus Ivan

= L4
HAMIIATIZH oY
aoudl 1 wansnszua Wi s1daIvidh an Tnamvaaianaufouludeu (Hot air oven)

YUIA 9 kW. 380 Volt §1um 10 § illoldniesannszua Wi Iasisuraud Ivan uay i1y

A ) o
Lﬂi@ﬁﬁﬂﬂi3&Lﬁ1ﬂﬂ’)‘ﬁﬂ1ﬁ1u°‘ﬁiﬁﬁﬂ
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Azl frag lnih
Sudi #1Tuadl LIk e

1 1 227.0111 86264.2180
2 226.8990 86221.6200

3 226.9980 86259.2400

4 226.4441 86048.7580

5 226.4421 86047.9980

6 226.5421 86085.9980

2 1 226.1622 85941.6360
2 225.0011 85500.4180

3 225.0001 85500.0380

4 225.0122 85504.6360

5 225.0022 85500.8360

6 225.0063 85502.3940

3 1 225.0228 85508.6640
2 224.8810 85454.7800

3 224.8889 85457.7820

4 225.1200 85545.6000

5 225.0812 85530.8560

6 225.0042 85501.5960

4 1 225.0820 85531.1600
2 225.0663 85525.1940

3 224.3120 85238.5600

4 225.0240 85509.1200

5 225.0240 85509.1200

6 225.0246 85509.3480
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A1519 1 (90)
Aszua Ivlvh fda i
Jun 5 T poun3 a8
5 1 225.0242 85509.1960
2 225.0242 85509.1960
3 225.0248 85509.4240
4 225.1130 85542.9400
75 225.0011 85500.4180
6 225.0041 85301.5580
6 1 225.0046 85501.7480
2 2249899 85496.1620
3 724.8864 85456.8320
4 2245138 85315.2440
5 2245122 85314.6360
6 224.5002 85310.0760
7 | 224.3555 85255.0900
2 224.5150 85315.7000
3 224.4412 85287.6560
4 224.1610 85181.1800
5 224.0110 85124.1800
6 224.0861 85152.7180
x 225.1243 85547.2268
S.D. 0.7596 288.6327

1319 1 uananszud Wi naedds i dulnasuaatannudeuluden (Hot air

: 3 L4 9 A ad o v 1w
oven) Y119 9 kW. 380 Volt $1uan 10¢ 1Himsesannszue Wi lasifuraiws Inan Jaaiuay

9 v il
6 759 $1u 7 Su Saunaunseua I 225.1243 wowudls AumAssae v 85547.2268 Sad
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a1319 2 uaasnszua i narhda Wi delildaTesannszua WA laed5uraus lnan

asia Tl waau T
Sudi 2 Tus towuls Fad

I 1 236.0191 89687.2580
2 236.1282 89728.7160

3 236.2661 89781.1180

4 236.5021 89870.7980

5 236.8101 89987.8380

"6 2369912 90056.6560

2 1 236.9981 90059.2780
2 236.0002 89680.0760

3 236.0019 89680.7220

4 236.0188 89687.1440

5 236.0089 89683.3820

6 236.0812 89710.8560

3 I 236.1120 89722.5600
2 236.0066 89682.5080

3 236.0188 89687.1440

4 236.4412 89847.6560

5 236.5260 89879.8800

6 236.5560 89891.2800

4 1 236.6810 89938.7800
2 236.6660 89933.0800

3 236.0188 89687.1440

4 236.7420 89961.9600

5 236.7420 89961.9600

6 236.7442 89962.7960




f115149 2 (A1D)

Aszua v

waeau Il
Sud T ol o6
5 1 236.7441 89962.7580
2 236.7444 89962.8720
3 236.7624 89969.7120
4 236.8830 90015.5400
5 236.8101 89987.8380
6 236.8450 90001.1000
6 1 236.8464 90001.6320
2 236.9911 90056.6180
3 236.9138 90027.2440
4 236.6581 89930.0780
5 236.6787 89937.9060
6 236.6766 89937.1080
7 1 236.6211 89916.0180
2 236.8712 90011.0560
3 236.9834 90053.6920
4 236.8100 89987.8000
5 236.6662 89933.1560
6 236.9888 90055.7440
X 236.5613 89893.2967
S.D. 0.3499 132.9498




102

1519 2 uaaanszua Wi uazdias i Aulnaavealsnnnudumuludon (ot

air oven) Y119 9 kW. 380 Volt §1un 10 ¢ dielildinTesannssualiihlagisunaius Tnan

@ Y z o @ o ~ '3 o  a
Jaa1iuaz 6 A9 911U 7 u Daundonszua il 236.5613 tewuals uaziigeInih

89893.2967 Ta¢

a1519 3 nazud ihnns 1 Tvaavaaiaanudouludou (Hot air oven) ¥11a 9 kW. 380

volt 312w 10 4 1#luszezinar 7 Tuiia ldsnmis1dmiesaanszua i Taoi5 uraud

Tnan uaz luly wIseannszua Wi laedsuiaud Inaa

$uf MinSosaanszuaa  lildinTesannsziad HAR1Y Spea
weuuls o3 nouul3
I 2267227 236.4528 -9.7301 42916
2 2251974 236.1849 -10.9875 48791
3 224.9997 2362768 11.2771 5.0121
4 2249222 236.5990 -11.6768 51915
5 2250319 236.7982 -11.7663 52287
6 224.7345 236.7941 -12.0596 5.3662
7 2242616 236.8235 -12.5619 5.6014
mie 225.1243 236.5613 -11.4370 5.0815

v I k2 ¥ g ¥ .
1InM5e 3 waaehnszua Wihonmsldlnaavantannuienlugdey (Hot air oven)

YA 9kW. 380 Voit $19w 104 1dluszezina 7 5u

dinldnsosaanszua Wi Ias3s

4 =0y ' q Y A as o4 oY 1 oa./j 1
vIa1us Inaaiiaisenit i ldadosaanszua i lasduausivan  Teofiadoonngaus

= d a g [ 1 kY 2 = o’/’ a
9.7301 09 12.5619 upuuls AntiuonI1TIUAAAY S0UAT 4.2916 D9 5.6014 Taamasng 7 M Wy

Nnszud IWihh Tnanvaarannudouludou (Hot air oven) ¥11a 9 kW. 380 Volt  $117u 10 §

1Hluszezina 7 Judslfniesaanszua i laediuiaws ivaa 1nszualiianasdovas

5.0815



aoufl 2 nlisuivudunaenszud WihonTnasvaasannuiouluden (Hot air oven)
= o 4 ac o 1 4
YUIA 9 kW. 380 Volt 17a laaanisldiaTesaanszua Wi TaedTuta1ud vaa uaz 1y 1dasag

aanszua Wi Tae 5 uraus Inan aauaadly 519 4

@1519 4 seumeuaundensyue Iinda ldanmslniesannszua i Iae3 T uraus
Tnaauaz lWlsnsosannszue Wi laedsuiaiud Ivan 1y Inasvealeninuiouly

£
o1 (Hot air oven) Y11A 9 kW. 380 Volt $1121 10 4 19uszozinan 7 5u Sariiuas 6 as

B wuia < S.D. T szaTdidny
(ﬂ%&)
1#nSosannszua 42 225.1243 0.7600
88.6300 .01

vI- £ d'
lsilHnSesannszue

o

0.3500

S
[N
(5]
o
i
N
—
(U8

1109131 4 uaaananRasnszue Wihvedlnanvaadannudenluden (Hot air oven)
kY 1
YUIA 9 kW. 380 Volt $1uu 10 ¢ T luszezine 7 5u dasriuag 6 nse ariidalduwSouien
4 any o ' 4 a
s lnsesannszua i Taeifinaud Inaa uashilfinsesannszualnilag3s

o 1 s 1 ~A @ o w aad Y
mamcﬂwaﬂ UANATNNUDYWHUITINUNNANANTEAL .01
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WUDIWIUNN
2. AnvswayBoasiie 4 WlFlunmsesnuuunazaiuniesannszud I Tas3su
o o 'y a’ d‘ @ I
a1 Inaa Taemsanyauaanmnas f191 tazdndTeiiNeteanaiunTdsendanda
nu
° T T Y d‘ ac o
3. 81715 99NLUDI905 LUEIUA1E 9 voamsaunTeannszua W 1aeds uianuss
Tviaa
3.1 98UV Input / CT-V
3.2 99NLUUNT Controller and Program
3.3 98NUUUIT Output Power Electronics-Capacitor
oo A oA ! ) o Y 7 A v
4. gilnsaliaquazinsesiioludiums q Alglumsesnuuuuazadruniosaanszie I
A o = o 4 { =
W1 Teo3Surmud Inan g3901didende Alivtelulszmelng
o ~ g 4 A
5. dmuaszeznmaoiunldlumsoonuuuiazadranissaanszua Wi lag3s
o
1A% 11 an
H 4 a o
5.1 szozanlFiunseenuuutazaunissaanszua i Taesuiaiuds Ivan
ADUNATIAY W.F. 2543
Hq 9 A act o o
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a Y
agnamiesizvvoya
1. aszua lhuazids i snTnasuaaaannuioulu dou (Hot air oven) v11a 9
o (Y d 4 ’ ad o '
KW. 380 Volt 1171 10 § Tuszezna 7w iisldinTesannszua I lagisuarud lvaa i
o ) A o o o d1
maonszua il 2251243 wenutls Aundothiaslvih 85547.2268 Tnaroda Tus
2. nszua i uazdidalidh anTvanvaniaanuienlu dou (Hot air oven) ¥11@ 9
° ! 14 2 < s 4 o {
kW. 380 Volt $112u 10 4 e lildinTesaanszua il IasdTuiarus Tvaa sidundonszua i
ad A o w o
1 236.5613 nounl3 Aunduiiaelvldlh 89893.2967 Ind
3. nszua lihoinmld Inanvaniannusoulugon (Hot air oven) Y118 9 kW. 380
° @ 4 4 st o J=
voit §1u7u 10 § Wluszoznm 7 2w diolfinsesaanszud lih las3Bunamd Tnaniinnios
1 1 { Ay 4 dl Jd a g @ 1
a1l ldaseeannszua ildh laedsurarud lvaa Tawmae 11.4370 uowuis antudadu
anauNY fouay 5.0815
: = ¥ ¥ .
4. anndonszud Mihnn Tvanuaadannuseuludon (Hot air oven) ¥H1A 9 kW. 380
y ad " v 4 e
volt m3ldiasesannszualiiilaeifuauad Inan uaglildinsosnanszua ldlae3s

o @ o

o’ 1 o U o ad Qs
CuIuy lvaa UANAIINUDINUHSTIAYNNAANISAL .01

an1lsana

'
A Yo @

o 9 A as o o
namsiditsoenuuuiazaiiamslfiaiesaanszua ihlagi5uad Tvaa uazi
msnanasianszue Wi uazamdanu i lasdeny Inasvaatannuiouludou (Hot air
v
oven) YLIA 9 kW. 380 Volt 31um 10 4 15 luszezing 73 Jasriuaz 6 a3e wulnssua
Ao /) ' ;/ ot I3 o \ =S = o g S|
Wi laluneazafaialndifosnu ua bidluauReasunnasuthunse Tnanvaainnim
Y ¥ . Y s 2 o Y  a =
$oulugoy (Hot air oven) Usznoudavgunssiniugugamgil msniugulnasivingamgi
A @ a1 Ay v 3 ¥ v 9 ° ° Y a ¥
wioanumuiamnimuall vaimesszuiseimaiounsludidoonseinnu mlviaams 1y
° a o 4 us: { o a 4 1 ~
aszua Idhdmsumshauveswamesiiu nszualWihiialatunuin uanszue Inidhn
7q 9 0 @ I o =]
woIAos 1Fuez nninmszdluyewesvinamn
A a 4 a o a ' { Y W
UsgAntamvauniesaantzua i lasifuiaud InaannsananAundomslands
nuvesInanvaalaanuiouluden (Hot air oven) $1u9u 2 40 udazgaiiguaniRiruRsIIY

) 1 £4
wennuiule ld s dnszue Iiies biduogfuTnanmszie 1 Inaadeanmshids Trih

1 = L d! C; [+] s s [-] (73 Le73 G’I’
WnRousy Fawanisnaasaniilunat 7 3 Janszua I uazdda I Juag 6 ase wany
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Neundovoanszud Wi wazddd Wi lunquinasvaalsaanudeuluden (Hot air oven) 7
T inTesaanszua i laodfuraud lnan TandosninguIvanililfinsosannszualih
Tao3511a1ud Inan edalidvdfgmsadanszdy 01 YszAntamveunsesaanszuelnih
Tagdsuraud Inan v lvonsimsldnszue IWihanasts fovay 5.0815 Fegnui1 119 uTs 991w
gaarnssuua Ty ndsems lgwdenu Iilsmamnn wswldlssudanmnszualifvos
o o @ T T Y al o ¥ n 4 < 1
Tseuld vazduilunisdszudanldnrelinums i dhendauvalsemene Fudunioe
Y 19 Y a A dgl 3 w o s
Nuweesy lidesnmulumsadelsanundnnszuatvidhiudiy sauwsdaiiunsysendanis

b2 v Y Y Y
Tdomasminlnaa Wi Teoromaananiudoainduasivesdszmea lddomn

YolaUBUUE
Forauouuzia i
A A o a o = s o v
1. wSesennszud Ivh lagd5unaud Ivan adsil weniliwes Tavdinos Tad-a17
a 2 ) L Ia Yo yy 4 vy Yy g 0 va
Uiw07 tagiinnosinamosimed anas 1) weminsa g ldasnaendiaia  1aly
¥
AP GARIE
o ! as o
2. arsdunsesaanszud i lae s uiaud vaa lu 19w Tssnugaamnisuuuig
Ing i Tnaanie 9 woy
' 1 o 4 as o
3. aseenuuundedldglnsoinavsuouniosaanssua Wi Taed5uiausd lnaa 14

¥
azadn uMsdsznol Aads aziigesne

Forruouuz lumsise
1. asfnelasiunsosannszua i lne s vaud van  luneassldiuivanlu
& ] P o P [y o 9 1 i d
sduuy B 9 wu vaasaienh gilnseiflsznoudsuemes WA we « gunsal
szinnndoulad Wil (Transformer)
4 o o r Ry
2. aasdne laenaansldiasesaanszua i laedsuiatug Ivaa  lusianaining
Tndsam ihgaga nSolusrwiamnfins ldwdsnuldihdr wemnuiinszdns

Anveunsesaanszud Wi laedsuaius Inaa szinmsnlasuuasliusely
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1.2 agenaunsiulasaaulnsaians ( Microcontroller 1Cs )

e Fdnldiinedalnlasaaunsamaiuateascnasooin - Jaluusacnsznaisi
— . ' o 4‘ 1 - 1 ‘-; € b 3 . s i
nsadsmanmanei Amlduanliluanmed 1.1 dh hilespeuinsawes aszgadie 7 weq

- . S \ . . oo
viindmauar lusnseit 1.2 W hilasasulvsamad aszgadiag ) seariimmldalan

Tilaraaulnsamaiarzgasine g vonfuvnduma ( Intel Single Chip Microcontroller |

Funstion
unetion ROM Type ROM | RAM |Address 110 Inter-
\ Range rupt
- internal | Intarnal | External Timer /|Parallel] Serial A/D
“amil
amilY 1 eprom | ROM | EPROM Counter| 1/0 | 1/0
8020 1KB| 648 | 1KB 1x8 | 1x8
8021 2KB| 648 | 2KB 1x8 | 1x8
8022 2KB| 648 | 2KB 1x8 | 1x8 2 x 8 2
MCS-48
8748 8048 8035 1KB{ 64B1 4KB | 1x8 | 2x8 2
8749 8049 8039 | 2kB|128B| akB | 1x8 | 2x8 2
8760 8060 8040 4KB|266B] 4KB | 1x8 | 2x8 2
8741 8041 1kKB| 648! 4axB | 1x8 | 4x8 2
UpPi-a1
8742 8042 2KB|1288] aKE | 1x8 ] 4ax8 2
8751 8061 8031 4KB|128B) 64KB | 2x16| 2x8 1 5
MCS-61 8062 8032 8KB|266B| 64 KB | 3x16| 2x8 1 6
87C262 | 83C262 BKB|[266B| 64KB | 3x16| 4x8 1 7
UPI- 44 8744 8044 8344 4KB| 192B] 64KB|2x16| 4x8 | SOLC 5
8796 | 8396 | 8096 | 8KB| 232B| 64KB|2x16|3x8 1 s
8394 8094 8KB | 2328] 64KB | 2x16|3x8 1 8
MCS-96 8397 8097 g8KB | 2328| 64KB | 2x16| 3x8 1 gx 10| 8
8396 | 8096 | 8KB| 2328 64KB | 2x16| 3x8 1 4x10| 8
87C196 | 83C196|80C196 | 8 KB | 232 B] 64 KB | 2% 16 3x8 1 8x10) 8




bilrrmoulnsamaiasegasiig 4 saaunivnininlian  (Motorola Single Chip Miciocontrotien)

(lat SCI AB Serial Comrmunication Interface uas SPLAn Senal Penpheral Interface )

Function -
.y ROM  Type ROM | RAM |Addrass AS Inter-
~ Model
- Renge Ti P | ) rupt
Internal {Internal [External o imer /\Parallel|Serial| A/D
Famil ocuntery 1/0 1/0
Y EPROM| ROM . /
(bits) | {pins)
. 68701 6801 6803 2 KB 1280 64 KB 16 29 SCl ;
MC 6801 88701 U, 8801 U, | 0803 U, 4 KB 1928 64 K13 ] 29 s !
68701 Ug 192 84 KB 18 29 SCt 7
MC68HCN Intepmaly KB - 12 KB ROM 1925612 8 64 KB 16 38722 o i 1 8x8l 18
BRIV ¢ 4
and 512 B EEPROM A B e
6804 0.5-2KW 321288 2-8KB 8 16 /20 3.4
88HCo4 17K 1288 2-8KB 8 20 1
MC6805 | 6805 14kl 6417681 2-8 KB 8 16 /32 KIS
6g8HCos5 2-7.7KEB| 96176 B | 2 -8 KD 8 32 ?
148804 0-2 KB} 64-112 8 8 16 /32 4
13 Aaanld MCS-51
e VIVIW N YIbON Bl 6 L VI T

lilmsaaulnsasasnizgs MCS61 11 fiqaiaulauaitatne
i3 @ o« - e . o 1 o . 3 J P -
1 WhindssTousiraauidy Inel Gadhugudn chip IC lulahlngawes ilasasuinsaaad
v ' ey (ORI | “  as a4 o« [ W
olunjsouibeeslsn uszdathmosnduiumnung Asiiaodaiauaslionalale
2. fineWaARNA LRl
8080 -> 8085 -> 8048 -> 8051 -> 809G -
8086 -> 80186 -> 80286 -> 80386 -> 80486 -> Pentium
3. wunrodszgnaldandlaing uazdaildeayanianvsiedlunidsegnaldinmn
a. inareaiadalunaimnnssug ndtouacbiduiou
5. ihlsz@ninwimineanun I s R EATIANTT UL NMENUATINANANY  Udl

nagauan iWislsnsain | n1sAUAN Stepping Motor “1a*




1.4 NINgIHUBRY MCS-51

. t e — . -.x‘ . | . " . i . o
Clup Microcontroller 1433 (700N DEI19WMI07T Computer in clhup 69 MCS-51 mi"li’ml’%’nf\; e

4zt HIUANNITARIEIAY Computer psia il

1. CPU : 'l MCS51 il U agjludnmsuasdailgaArdadmiudali CPu vl

(9
d o

UEIANBY TGAAIFINAITRIN 147 Assembly LRENHY Basic

2. dﬁumfﬁ’mfmﬁuﬁﬂﬁ'}ﬁﬁ . T1¢ Microcontroller - MCS-61 uuafazidnun s

Le

v
P

P S T
dmiuidugeandaiiaglsmeadn Epom  uazuiawedarhiiidnadl  dwiuluwmldaes

o

i o o~ .-».lll ‘ G i g4 :
A1 10 MCS-51 wadnhidl Eprom naelu udazldsin Eprom senunuieanazaantuni,

WHITIIMIIA Soltware

v » s (=1 [ %4 . . . 4 J’ - N u - a
3. dounlddmsudiudays -l Microcontroller MCS51 im5iT mineanydndmi
didiayasgnaa e nnn 128 Byte wia 256 Byte Livinluwiaziwasdmanhive 14

AR LN AN

4. @9y Input/Output : lu Microcontroller MCS-51 31 Port dwmiuRasaiugnsal e
wanila 4 Port Aw Port 0, Port 1, Porl 2, Port 3, Was@ 11508 9n i aiaseild tnolden

daanumlusrauiln ( Bit Addiessable )

5. uaNAIMi Microcontroller  MCS-51  flaiiaainianinsnlubaanisiiasadaaisu
BUNTIL NN Interrupt, N3N Tirmer / Counter &% THUN1183 MCS-51 AN Iing 2
1 A-l‘ g DR . - ~ -4 «d -1‘ " ) . o~ o . s
wiin lnotiedtygananeeingg 5 MCS-61 Ly Dip 40 973N i unsng T e

AN



Port 1 BitO{ 1 Pio Vee 40 | 48V
Ponn i Bitt | 2 Py 1ADOW0O0 32 | Pon 0 Bu O
(Addreas/Dau O)
Port | Bit2| 3 P12 (ADWPOL 28 | Pon 0 Bt 1
(Addron/Daia 1)
Port | Bird | 4 P13 (ADUP02 37 | Port 0 Bit 2
(Addreer/Daa 2)
Portl Bita { 5  PLA (ADWPO3 36 | Port 0 Bit )
(Addreae/Dam 3)
Port t Bit 5486 P15 (ADVI04 35 ] Pon O Bit 4
{AddreesMaiz 1)
Port t Bitd | 7 P16 (AD3POS 34 | Port 0 Bit S
(AddrceaMDan 5)
Post | Bit7 {8 P1.2 (ADSIN06 33 | Pon O Bit 6
(Addroee/Dam 6)
Reset lnpur | 9 RST ADHPO? 32 | Port 0 Bit?
(Addrede/Dua 1Y
Porn y B0 { 10 PYORAD; (VppiEa 31§ Eareron) Easble
(Recoive Daiad (EPROM Progeamming Voliaged
Por ) Bt AR} P TaD FROGIALE 30 | Addrest Laich Enabie
(XMIT Da (EPROM Program Pules)
Pori 3 Bit 21 12 T3 H(ANTO) MSEN 79 | Program Store Enable
(intermupt 0)
Port 3 Bit 3 | 13 PI MANTH (A1SHP2? 28 | PORT 2 Bit 7
(Inorrupt 1) (Addresa 15)
Port 3 Rit4 § 14 PIACTQ) T o(A142.6 27 { PORT 2 Bit 6
tTimer O Input) {Addrcas |4)
Port 3 Bu s | 15 PISCT) (AVHMs 26 | PORT 2 Bit S
(Tier | Input} {Addmis {3)
Port3 Buu6 | 16 PI &Aven (AIIPT 4 75 ) PORT 2 Bit 4
{Wne Strobo) (Addreas 12)
Port ) Bu? | V7 PI UMD CALIT Y 24 | PORT T Gt )
(Read Suobe) {Addicss | 1)
Crvsad Input 2 | 18 XTAL2 (A10W22 23 ) PORT 2 Bit 2
(Addrowe |0)
Crvsml lnpur 1§ 19 XTALD (AMP2 1 22 | PORT 2 Bit
(Addrear 93
Ground | 200 Vs (ABr20 21 | PORT 2 RitO
{Addreas 3)

SUN 1.1 Auwianasing 189 MCS51 W DIP 40 11

v
ol o

Hﬁ’]ﬁﬂ'\?ﬁ'\\)’lu'ﬂﬂdLW'I’NZ'IJ'\)JVNU

- % 1-8 il tnpuyOutput Port 1

]
v o«

-9 9 i Fudtyyng Reset annouen wambilasasuineaiasfGusinng

v
naulwinavum

-1 10-17 Wi dlu InpuyOutput 194 Port 3 WAXLBNSINTILAR L1989 0M

wihnauldanmne Ul



47 10 Fudeyauuusyntaingnininiomesn

S 11 dadayaunnanyn bifusUnsainaeoan

412 Fudoyoyrnd Interupt 0 nmoeaninad gy mxempl fasvinan
Lﬁ’dﬁ‘ﬂgm’u‘mﬂu Logic Low

13 Fudeyoynou Interupt 1 annaauanlnadoyeying interupt farineg

Wiadiyoyrnaihs Logic Low il 12

i 14 Fudeyoyrouannniouan A iiaafens Timer 0

W16 fudayeyramannisuaniimayiiaaiag Timer 1

~1nii 16 dedryyrnluegunsniiadu dlafesnisdivudayrldigunsaiing,

e . . v o e o o [ N L PRV
-9 17 dadyandhldagunsaiindu diasiaenisdnedeyaann gunsnif

- i 18-19 whapndamiuFudyanesan CRYSTAL Waniudindoyuaonniny 1 my

Microcontroller tannel1i6ia Microcontroller taaa=ii79a9 Oscilator @fﬂléﬁf}fr“ﬁﬁ@fguﬁﬁ

- 1% 20 Ve ground 0 Volt #1835

- 999 2128 Nwtiafidhe Input / Output 184 Port 2 MianunindaAndativ High Byte

Address Bus twasiawminaamuatnauend miuiiudsya wWiaiugednds viasie

siafugUnsaiuazladibu q nrewan Microcontrollor

-9 29 MwiiidedyyrnaiadalimiaarnndinieenildaiugeAdaliina

- 30 YT Rdedty cyrtuAdLANNTg Latch A1 Low Byte Address Bus AN Port 0

Tunsdnsafudaunlddmiufugaddaniauen

-9 31 gliamnsaidanTy Microcontroller fiinauanngadtdanislumfaniouen

Microcontroller Al Tasitasauniliiu Logic High (+5 Volt) Microcontroller AREM1471L

aantusuntanieli Microcontroller 189 uatiilasiaddinil Logic Low (0 Volt, ground)

Microcontroller AAsNIIRINILsuNTIINNLUANED Microcontroller -

- ¥ 32-39 viauviadhe tnput/Output 44 Port 0 Wianwtimiihe Low Byte Address

Bus gaduAunminiu Data Bus Anw .

- 479 40 15a +5 Volt. itnasnana iy Microcontroller



1.5 AaNBHUEZLAUUDY MCS-51

anvnden 1.3 waniadieoh 1.4 Sanamdaunuai@aanld MCS51 waznwinusminna -

. . . . o X
MCS-51 Amtiudn AnuUzeUEes MCS-51 Tiaarallil

1.5.1 wuaaaua1nglu ( Internal Memory )

lumeninmesia 1 Tty a”mqﬁmiqtmmwiw’}w%’uLﬁUT\JijwLﬁ.m’;'w'nﬂﬁ cPy
WA NI OAIANA M Gy A *‘?{Qﬂ'mmﬂu ROM (Read Only memory) Winagla RAM
(Random Access Memory) il @113 MCS-51 axii wirnanuatnioludminiullauno uas

. o s e & n o« ~
HU’)?JF’\’)'\1I’W\ﬂ’\\/\ﬂnﬂlﬁmli}ﬂ Aananalimigan 1.3

@159 1.3 miboarAainuuanuasiuhaeshilasaeuiniaasiana MCS51

INTERNAL
Device ROM less Eprom
Version Version ROM RAM
Bytes Bytes
80561 8031 4 K 128
8051AH 8031AH 8751H 4 K 128
87518H
8052AH 80C32AH 875213H 4 K 2566
80C518BH 80C518H 87C5H1 4 K 128
83C5H1FA 80CH1FA 87CB1FA 8K 256
83C51FB BOC51FA 87CH1FB 16 K 256
83CH1GA 80CH1GA B1CH1GA 4 K 128
83C152JA 83C152JA 8 K 2566
83C152J8B 258
83C152JC 80C152JC 8 K 256
80C152JD 256
83C451 80C451 4 K 128
83C452 80C452 87C4a52P 8 K 256




o alifinn Swnnmisacnd gl binilbiva l glituanmiosaniseg o,

Smaengenein iy MCS51 3R farurnsodiesialfuniigaia 64 kByie

wilasauandwmiuiudnanio s gnuiaiiu 3 doudagui 12

FFH

80H
7FH

OO0H

M

re—————— SFR

— Accessible by indirect only

<——— Accessible by direct or.indirect

510 1.2 dmwing q yaamiruainamulbilssaauiniaaad

‘ «f , ° ‘ X y 3 . -x . § o e -
JAUYT T MUHATNIRINNE L‘H (internal RAM) mawnl Address 00H 0 7FH l‘m’-«’lm'u

dayanali&nmnn 128 byte 7431 Memory Mapping oﬁ'q‘“nlﬁ 1.3

Fene

Banr 2

gane !

Banx O

N
MH'K R7
wl T we
w | Tas
ic{___ Ra
el S
1A T
TR T
18] RO
TR
el e
s ws
R LT
13 R3
wel| e T |
1! [1}1
10 RO
oF w®1 a{ 78
ot | 6 |y 70
ou RS | 0 |eF o8 T~
oc R4 w157 60 S~ e
08 73 20 |5F 58 \\
DA R2 2A [ 57 50 '
09 1 29 1 arF 48
o8 R0 8 [a7 40
07 n7 27 |3F 38
06 16 26 |37 30
05 s 25 | 2f 28
va|  Ra | 2|27 20
03 ®3 23 [1f 18
02 R2 2 17 10
ol R\ 21 [of 08
00 ) 20 o7 00 10 B
Yiorking Bit Addressable General Purpose
Registers

!
L

(5

{

3
1

1

sUN 1.3 wananisoardiniulu (ntemal RAM) flaw Address 0011 G139 7FH (Courtesy of INTEL Corp)

{
J



N

: 4w :
war ludautuiadlu 3 ngupe

| Working Register Address 00H 04 1FH tfludunn 32 byte  gnudialiitungiany
register Miamall 4 ga gaaz 8 FaRe RORY register Yia 4 ga n13ldiamzgnidan Tnunis

Aruunlu Register Program Status Word @aiiguuunsail

CY | AC| FO |RS1|RSO| OV | - P
- 1t e aoad
0 0 wenlasasimefngni |
A as oo
0 | Wanli13mmaingun 2
- d oA
1 0 wanlf13smaingni 3
] ! donliiaameingnn 4

y Can ;
RSt Menngi A fo - 17
RS0 Vidanngiitdamad no - 1y
Cy Cairy Flag
AC Auxitary Carry Flag
, - s . . .
Fo Flag 0 Whulnuanantuz il danson muanis i li
OV HARan N nAin Overllow
~ A
tangliniianidaaald
P Parity Flag (\]nvnm\?mﬂﬁuﬁmu'N':tm'm'lu 1CS-51 TuniazlonnenaArd wRas
A VduduenbinmuiWfaamed AcC Mayaadh 1 dludnumug
WinA

] . .
:i‘ﬂY\ 1.4 uama Register Program Status Word

2. wintARnan ot lursautivile ( Bit Addressable ) ¥ Address 20H D 2

FiEWhuR s 16 byte WiaziaaemingaA R ILUSn0 2iin1enIuus Address 4BURAY

'
pr'}

inliwiven welddwmiuniminaumesgaddaiusnnanauuuyduls

3. wiroAMIAAMILNTIE I o I wihoandndautiazatn Address 6

wst 30H D4 7FH Whadnunu 80 byte Taevia - Tdudaazinuus Address (31s1a83 Data 11 Address
3011 13



—dw

s Address 8OHCFH wludavioaninnea s Fia o udies

tis

\ <4
daun 2 TR

Ruegist Liamaamwizdandy Register NhE@ T RO A ( SER sSpecial funcuon Register

J gaan s Olnsat inamsarinting

Addiess #1948 SFR T1Aa31N 15

8 Bytes
e .
Fe Fr
FQ a8 i F?
- - | e
£8 i EF
€0 ACC I g7
o8 | OF
Do | Psw ] 07
~ i
cs T2CON RCAP2L RCAP2H TL2 ) THe CF
e L ey
co | N I o c
88 P I ar
80 P32 87
A S AF
AQ P2 ) a7
98 SCON SBUF 9F
90 T P1 1! g7
86 TCON THAOD TLO T TH0 Tin (Y
80 PO sp oPL oPH N P(,ON‘i a7
T
8a
Audiessable

gﬂﬁ 1.5 uana Address #ina 1 183 SFR (Special funcuon Register) (Countesy of INTEL Corp))

A 2 :’/ L { <3 . ‘; -~ 9] . 1 N L
d2u¥ 3 16us Address 80K D3 FFH Tasziiwingniudn @ 2 winisdintadiaya «vld

1%
e

Filnuyn1aetuyini 13 MCS-51 aznsuaadiiazgtadena lusinumilawasia 1495 n

v
aat -

A ludamiasaudinigluees MCS51 it dMidahifaanaduanusainig

W glifdannsadausiadimnioarudinionentiiia 64 kBytes lidnsine



1.6.2 n’l‘iamﬁi’aLLﬂ:ﬂ'}‘uQ;J’Qﬂﬂﬁ‘ﬂiﬂﬁﬂi&’aﬂ ( 1/O Interface Driving Power )
O OC. CHARACTERISTICS 981 MCS-H1 1161601971171 1.4
A1519% 1.4 wam YO D.C. CHARACTERISTICS 489 MCS-51 {Courtesy of INTEL Coup )

D.C. CHARACTERISTICS T, = 0°Clo 70'(. Ve = SV £10%; Vgg = OV

rSymbol Paramater Min | Max Units | Tast Congltions i
bvy Input Law Voltage {Except EA Pin of I ~0s} 08 Vo i
| 87518887151H.8) o r» \
Vit input Low Voltage to EA Pin of I o V07 v
8751H 4 B751H-8 1
Vi Inpul High Voltage (Excapt XTAL2, 20 |VYee v 05 Vo
AST) |
- v Input High Yollage to XTAL2, AST 25 |vee r05] v [ XTALI = veg
VoL Qutput Low Vollage (Ports 1, 2, 3)° 0.45 Vo lln = 16 mA
Youi Outpul Low Voltage (Part 0, ALE, PSEH) L
’ 8751H,8751H-8 0.60 v gL = 3.2ma
po0ds 1 v iy =24mA
All Othors | ] o0ss v lig = 32ma
Vor Output High Voitage (Pons 1. 2, 3, ALE, PSEN) 24 Vool = ~80 pA
Yo Quiput High Voltage (Port 0 in 2.4 v lopg = =400 A
External Bus Moda) I
i Logical O Input Currant (Ports 1, 2, 3.
RST) 8032AH. 8052AH - 800 WA | Vi = 045V
AllOthers - -500 uA | Vi = 045V
iy Logical 0 Input Current to EA Pin of —15 | mA |V, = 045V
8751H & B751H-8 Only
pu Logical 0 Input Current (XTAL2) o 1o -3 mA | Yy = 0.45Y ‘1
lu Input Leakagq Current (Por 0)
B751H & 8751H.8 £100 sA 1045 € Vi € Voo
All Othors ) I D L) pA 10,45 & Vi < Voo
[ Logical 1 Input Currant to EA Pin of 500 wA LV = 2.8V
8751H & 875114-8 | N
s Input Current ta AST 10 Aclivate Resal _ 500 | pA v € Mes - 1 5Y)
Ilce Powar Supply Current
8031/8051 160 MmA
8031AH/B05 1 AH 125 mA | Al Outputs
| 8032AH/8052AH 175 mA | Disconnectad; ;
'; B751H/8751H-8 ‘. | 250 | mA IEA = vec U
LC_LQ ] Pin Capacitance o 17 _41_‘ 10 _..L pF l Testireq = | MH1 |

v

AL IAINATINAINNTONIIA O Interface 199 MCS-51 11 anunsaun iy ganuldas

ih

wittiThiwoawaiumsldnuisnsusegdnsaliunnuasievinnifials

1.5.3 n19UnRA9InIE (Interrupt)
T MCS-51 Tinnawmsunsasfudoyaunal Interrupt 10a 5 Ayeyreuia
- External Interrupt 0
- External Interrupt 1
- Timmer Flag Interrupt O

- Timmer Hag Interrupt 1

- Senial Pott Interrupl



1.6 noyuanildguaAideras MCS-51

odadaney MCS51 thy Tianmaoad@iiugeAtd e Micropocessor v ) Tl A
. . 4 - § v “ . e -y “ . [ ,
anladioniumsligedndases MCS51 A nsiAr el insiuction Addressing Mo
winnasiar el luGaannsweaeudedageicudin Accumulator,  Register,  MUAEA 1317

el wiasaausmgen, winaaoAndmiidiullsunsunieuen degun 1.8

(
0
©
©
x =
o z
= o
=) =
< g
- @
o =
< RSSO S N 5
< } T
1
/‘/ =
/ |
/ S D
/ a }“* G
(SR N | @ =
! 910 . ®
| @ SRR @ i
NP IS [ORN®) 2 il —
7 < § ~ Q ol "
, P = 2 - 'S :
7 YN Ko R \ o < g
N A ol = P 3 s
® T T 2 £ -in o
hel . T ¢ S o9 &
33 : . A Y @ 3
o : NS 2 £ g b
: : 09 oo s
Q > > } } ‘G 4§ o <
> . 2 OO ey e i3 aho .S
== peg 3 s - a:z S - © :
w| ol B== FO | wl B £ S e
5 = = s oS | = 1iE G . e
c3 e R P <7 s (L L o (2] = s g z
3 5L S ‘ O 3 WV oE &
o - el =
AR S £ SO | & g 2 E
= =& < - eed =S l =S 2
¢ N 15 e g E
‘é > > CE oan g o 2
! 3538 : =T &
Eon 5 E &
> & == g »ig & - 39 =
) § B 6.l 2 OE @
L1 : 3 285 Tt 09
: s il ]
(o oo I T % ................................ (=l = . @ 1
@ : + L ¢ 2 3
-'. < R &
> 1l i< e S ERC A
O H IS < 2 0 @ O
e = -8 g
=\« © 2 & 8
= - 3 N 2
RN S A — 100 Q @ R
- n 123 = 2 6 g
P — : 1w -
O @ ' X o R
s — /| g 6 £
~= %2} . 3]
5 SR RS
D o s
(o o
ac
— E.
© 3
e b~
o a
= %
.............. " =




Tilmsasulasaoimsna COPA00 uar COPBOO ( Farmily of Nalional Semiconductor |

{_ function | nternal Memory | paraliel | Timer/ | Serial inter-
A/ D]|PWM|DMA

Model ROM RAM 1/ 0O Counterj /0O rupt

COP413C 0.5 KB 32 x4 16

COP413CH 0.5 KB 32x 4 16

COP410C 0.5 KB 32x 4 19

COP4anC 0.5 KB 32 x4 16

COP424C 1 K8 64 x 4 23 1

COP425C 1 KB 64 x 4 20

COP426C 1 KB 64 x 4 16

COP44aaC 2 KB 128 x 4 23 Y 1

COPa44asC 2KB 128 x 4 20 Y

CQOPazC 1 KB 64 B 3x8 1x 16 3

COPgnC 1 KB 64 B 5x 4 1x 186 3

COPsg22C 1 KB 64 B 2x8 1x 16 3

COPagas20C 1 KB 64 B 3x8 1x 16 3

COPsgr21C 1 KB 64 B 5x 4 1x 16 3.

COPsgr22C 1 KB 64 B 2x8 1x 16 3




wasshilasanulpsa@asnscna  COPBOD, HIPCIE040 |

Farnity  of Mauonal
Semiconductor )
Function | yniernal Memory Parallel ] Timer/ | Serial Inter-
A/ D) PWM|DMA
Madel ROM RAM {/0O |Counter}i t/Q rupt
CQOPsg40C 2 KB 128 B 3x8 1x 16 3
COPs41C 2 KB 128 B BEx 4 1x 16 3
COPsssCF 4 KB 128 B 36/40 | 2x 16 8 2 10
COPs88sCG 4 KB 192 B8 36740} 2x 18 i 2 12
COPyssCK 4 KB 1928 | 36740 | 2x 16 1 8 2 13
COPsrssCKMH 4 K8 192 B | 36/40 1 2 x 16 1 8 2 13
COPsor13 2.5 KB 64 B 36/ 40 1
HPC 165003 256 B 52 8 x 16 Y 8
HPC 16083 8 KB 256 B 52 8x 16 Y 8
HPC 16084 8 KB 263 B 52 8x 16 8x8 Y 8
HPC 16400 266 B | 52 | 4x16 [12ximic v | 4 8
HPC 16900 256 B 52 e
HPC vso83MIH skErnom) 256 B 82 8 x 16 8
HPCs084 MH skBepnom| 256 B 52 8 x 16 8x8 8




wandlulmsnaulpralaainsiga Zilog ( Single Chip Microcontroller )

Package Memory 1/ 0O
Inter-
Serial Modoel
1/O | Serial | Timer/ rupt
- DIP PGA ROM RAM ) DMA
(pins}| /0O [Counter
Z2860x 28601 | 28602 2 KB 128 B 32 1 2x8 / 6
28 2861x 28611 | 28612 4 KB 128 B 32 1 2x8 / 6
’ z867x | 28671 Burnin | 1288 | 32 1 2x8 | 7 | s
BASIC
Z809x 28090 2 KB 266 B | - 32 | By 2x8 /
Z-UPC
Z2859x Z8590 2 KB 256 B 32 |Software] 2 x 28 /
Super 8 | Super 8 8-16 KB} 256 B 32 1 2x 16 ) Yes 7

715790 1.3 wasabiiasaaulasalapiniznga NEC ( Single Chip Microcontroller )




Function Internal Memory ) Fully
/O 1 Timer/ Inter- Watch
A/D duplex
{pins) | Counter rupt dog
Family ROM RAM » Serial
HPD7800 128 B 32 1x 12 5 Yes
HMPD7801 4 KB 128 B 48 1x 12 5 Yes
Frec 1 pp7802 | 6KB | 648 | 48 | 1x10 5 | VYes
limitary
HPD78CO5 128 B 46 1x 12 3 Yes
HPD78CO06 4 KB 128 B 46 1x12 3 Yes
8 Bit
1PD7807 256 36 2x8 " Yes Y
En- HPD7809 8 KB 256 48 1x 16 1 Yes Y
hanced| ,,pp7810 256 321 1x16 [ 8x8] 11 | Yes
HPDT811 4 KB 256 44 1x16 | 8x8 11 Yes
16 Bit 783 x x 8 KB 256 48 2x16 | 4x8 15 Yes Y

wamabilarpaulnsanasorzga TMS7000




R\\ Function Internal Memory . _
Timer/ Parallel Serial
interrupt
Counter I/0 1/0
' ROM RAM
Company Model
7000 128 B 1x 16 4x8 4
. 7001 128 B 2x 16 4x8 1 2
7020 2 KB 128 B 1x 16 4 x8 4
7040 4 KB 128 B 1x 16 4x8 4
- 7041 4 KB 128 B 2x16 4x8 1 6
70P161 16 KB EPROM 128 B 2x16 4x8 1 6
o 70C00 1x16 4 x8 4
70C20 2 KB 128 B 1x 16 4x8 4
70C40 4 KB 256 B 2x 16 4x8 4
70C02 128 B 1x 16 4x8 1 6
07C42 4 KB 128 B 2x 16 4x8 1 6
70C82 8 KB EPROM 256 B 2x 16 4 x8 1 6
Sceg 72720 2 KB EZPROM | 256 B 2% 16 4x8 4
7060 6 KB 256 B 2x 16 4x8 4
7080 8 KB 256 B 2x 16 4x8 4
©! 70100 10 KB 256 B 2x 16 4 x8 4
70122 12 KB 256 B 2x 16 4x8 4

wasabitrtapulasaasinsuna 6500 / )




Internal- Memory 1/ 0O
Company] Model Interrupt
i Pa Seria
ROM RAM Timer / arallel serial AJD
Counter 1/ 0 1/ 0

6500/ 1 2 KB 64 B 1x 16 4x8 4
6500/ 11 3 KB 192 B 2x16 4x8 1 8
6500/ 12 3 KB 192 B 2x 16 7 x8 1 8
6500/ 13] 256 B 192 B 2x16 4% 8 1 8
Rockwall] R66F11 3 KB 192 B 2x 16 4x8 1 9
R65F12 3 KB 192 B 2x16 / x8 1 9

2x8
6500/41] 1.5 KB 64 B 1x 16 6

1x7

5x8
6500/42F 1.5KB 64 B 1x 16 6

Tx7

2x8
6500/ 43 266 B 64 B 1x 16 7

1 x 7
Mitsu- 50700 8 KB 5128 2x 16 7x%x8 1 8 hit 8
bishi 37740 16 KB 512 B 8x 16 7x8 2 7 x 8 hit 8

65C124 token-
wbDC 65C134 passing
65C254
-

udandhilasaaulasaianfasega 3870 (F8) ( Family of Fairchild and Mostek )




Function Internal Memory Timer/ } Parallel Serial
Interrupt
Mod ol ROM  |EPROM RAM Counter I/ 0 170
3870 1K/ 4K 64 B 1x8 4x8 1
38E70 2 K 64 B 1x8 4x8 1
38P70 64 B +648B 1x8 4x8 1
3870/ 42 4 K 64 B + 64 B 1x8 4x8 1
3871 1x8 2x8
3x8 Half
3873 1K/ 2K 64 B 1x8 1x5 Duplex 1
3875/ 42 2K / 4K 648 +648B 1x8 4x8 1
2870 1K 64B+64B| 1x8 x 8 1
- 1x4
uanslilasnoulasataainsina PIC1600 ( Family of General Instrument )
Int I M o
nterna emery I/0 Package
Model
(pins) (pins)
ROM RAM
1650 512 x 12 328 8x 4 40
16565 512 x 12 328 20 28
1670 1024 x 12 398 8x 4 40
1645 256 x 12 16 B 3x4 18
16C52 266 x 12 328 3x 4 18
16C5H4 512 x 12 328 3x4 18
16CH3 256 x 12 32 B 20 28
16CHL 512 x 12 328 20 28




in MCS®.-51 PROGRAMMER'S GUIDE AND INSTRUCTION SET

MCS®.51 INSTRUCTION SET

Table 10.8051 Instructlon Set Summary

Interrupt Response Tune Refer to Hardware De-
scoiption Chaprer

Instructions that Affect Flag Setiingst?’)

Instruction Flag inatruction Flag
¢ Cv AC C 0Ov AC

ADD A § X CLRC o
ADDC x X X CcPLC X
suBe XX X ANLC.bil X

MU coXx ANLC./bit X

Div o X ORL C.bnt X

QA X ORL C.bit X

Rizie » *A0V C.but X

LG AN CJHE X
SEVRC i

ONate that aperations on SER hyvie addrass 208 or
braddiesses 2092218 (e, the PSW or bus in the
PSWY b also aifect Nag settings

Nate on instruction set and addressing modes:

R -— Register. R7-RO of the currenily se-
lected Register Bank.
direct s 2= -t internal data location’s address.

This could be an [nternal Data RAM
location (0-127) or a SFR [i.e. 10
poOrL. control register, status register,
cte. (128-259)).

— R-bitanternal data RAM location (O -
255) addressed indirectly through reg-
ister R1 or RO,

SN

‘< Aana .- N0 constant included inomstruction,
= data 10 -~ teebit constant included tninstruction
Wb to - Th it desnnation address Lised by

LCALL & LIMP. A branch can be
anywhere within the 64K byte I'ro-
gram Memory address space.
addr 11 - 11 bit desunation address. Used by
ACALL & AJMP. The branch will be
within the same 2K-byte page of pro-
gram memory as the first byte of the
following instruciion.
Signed (two's complement) 8-bit offset
byte. Used by SJIMP and all condition-
al jumps, Range is —128 to 1127
bytes relative to first byte of the fol-
jowing insiruction.
bt — Direct Addressed it in Internal Data
RAM or Special Function Register.

rel —

Couilesy of INTEL Corp.

Mnemonic Description Byle Oscitiator
~. o Parlod ;
ARITHIETIC OVERATIONS |
ADD ~.An Add regisier Lo ! te
Accumulator
ADO A diract  Add dirgct byte o 2 12
Accumulalor
ADD A DR Add indirect RAM 1 12
to Accumulator
ADD A.rdata  Addimmediale ? 12
datato
N Accumutalor
ADDC  ARN Add ragistar lo 1 12
Accumulalor
with Carry
ADCC A duoct Add duecibyla o 2 12
Accumutalor
t with Carry
ALDC A TH Add indirect ' 12
RAM to
Accumulator
with Carry
ADDC A rdata  Addimmediale 2 12
dala to Acc
with Carry
sSuBB  ARAn Sublract Register ! 12
from Acc wilth
borrow
SUB8  Adwect  Sublract direct 2 12

byle from Acc
with boriow

SUBB A ifu Subtractingrect ! 12
AAM trom ACC
wih bortow

SuBB A rdata Sublract 2 12
immediate dala

ftom Acc with
boriow

INC A increment t 12
Accumulator

INC An Incrament ragisier 1 12

INC diracl Incramant diract 2 12
byle

INC @R Increment gwoc! i 12
RAM

DEC A Qecrement ! 12
Accumuialor

OEC fAn Dacrement 1 1
Register

DEC direct Decrement dwect 2 -2
byte

DEC @Ry Docrement f i2
indiract RAM

All mnomonics copynghtod &intel Corporation 1980
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MCS%-51 PROGRAMMER'S GUIDE A-HD INSTRUCTION SET

Table 10. 8051 Instructlon Set Summary {Conunued)

Mneinonic

Description

Byta

Oasclilator

Perioa

21N A

ALC A

RA A

SWAP A

DATA TRAKNSFER
OV AAN

MOV A direct

MOV

OV A ¢ date

MOV Rn A

MOV Rn.diact
MOV

Rn. 4 gata

MOV diracl A

MOV direct.An
MOV

MOV  diret GRI

MOV

MOV @RiA

Osclitator
Mioemonlc Description Byle Poriod
AHITHMETIC OPERATIONS (Continuod)
INC  DPTR Incremant Data | 24
Pointer
AMUL AB Muluply A & B ' 48
O Ay Divida A by 8 1 48
LA A Dacunal Adjust 1 12
Accumulator
LOGICAL OPERATIONS
ANL A HMn AND Register to 1 12
Accurnulalor
ANL A ditact AND direct byte 2 12
to Accumulalor
ANL ARy ANOD indirect ! 12
RAM 0
Accurnulator
AN AL dals AND wnmedigla 2 12
data to
Accumtudator
ANL  dirucl A AND Accumulator 2 12
to diroct byls
ANL  diruct. 2 sata . AND immediate 3 24
data to direct byta
ORL AFn OR ragister 10 ! 12
Accumulalor
ORL  Adiruct OH direcl byta lo 2 12
Accumulator
ORL A wh OR indirect RAM ! 12
10 Accumulator
ORL A #du'a OR immediate 2 12
dala to
Accurnulator
Ol JocLA OR Accumulater 2 12
to direct byle
(oAl direct = aata ORwmmediate 3 24
l‘ data to direcl byle
XHU A Hn Exctusive-OR 1 12
tugister 10
Accumulalor
XHL A dieoct Exclusive-OR 2 12
duact byte 10
Accumulator
XAL A el Exctusive-OR 1 12
indirect RAM to
Accumulator
XRL A ¢yala Exclusive-OR 2 12
immaediala dala 1o
Accumulator
XARL  direct.A Exclusive-OR 2 12
Accurnulator 10
dicacl byte
XRL dwect, #uvata Exclusive-OR 3 24
immadiale data
10 diract byte
CLR A Clear 1 12
Accumulator
CPL A Complemant 1 12
Accurnulator
Courtesy of INTEL Corp

L

dgirect,diract

dir yt, # dala

LOGICAL OPERATIONS (Continued)

Rotate
Accumulalor Lafl
Rotata
Accumulator Left
througn the Carry
Rolate
Accumulator
Right

Rolate
Accumulator
Right through
the Carry

Swap nibblas
veithin the
Accumulator

tdove

register 1o
Accurnulalo:
tAove tirect
byia (O
Accurnulator
Mova indirect
RAM 1o
Accumutatar
Mcva
immediats
data 1o
Accurnulator
Movea
Accumulator
lo reg:star
hMove arecl
byte 10
tagister

Mova
unmeodiaty data
to regisier
Move
Accumulator
1o direct byte
Move register
lo direct byle
Mova diract
byta o direct
Move indirect
RAM 10
diract byte
Move
immaediata data
to direct byle
Move
Accumulator 10
indirect RAM

n

24

24

24

24

245

12

|

All mnamonics copynghtad ®lnial Corporation 1980
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MCS®.51 PROGRAMMER'S GUIDE AND INSTRUCTION SET

Table 10. 8051 Instruction Set Summary (Continued)

Oaclliatlor

Courtesy of INTEL Comp.

Mnemonlc Deascription Byle Pertod Mnemonic Descriplion Byte O;:Ir(ilgldor
OATA TRANSFER (Continuad) BOOLEAN YARIABLE MANIPULATION
MOV ZRidiract Move direct 2 24 CLR C Clear Carry 1 12
1 byte o CLR bit Cisar direct bit 2 2
indirect RAM SETB o} Sat Carmry ! i2
MOV @R 7 dala NMove 2 12 SET8 ‘O Sel direct bit 2 12
immodiale cPL C Complement 1 12
data 1o Carry
indirect RAM CPL bt Complament 2 12
_|MOv  DPTR #gatat6 LoadData 3 24 diract bil
Pointar with a ANL C .bit AND direct bit 2 24
16-bit constaat to CARRY
tAQVE A RA + DPTR Move Cods i 24 AML C./bit AND complement 2 24
byte refalive to of direc! bit
OPTA to Acc to Carry
MOVC A ZA Y PC Move Code 1 24 ORL C.bit OR direct bit 2 24
byia rolative lo lo Carry
PC 1o Acc ORL C. /it OR complarment 2 24
MOVX A TR Move 1 24 of dirgct bit
External lo Carry
RAM (8-bil MOV C bit Move direcl bil 2 12
addr) to Acc 1o Carry
MOVX A PQPTR Move | 24 MOV bit.C Movae Carry lo 2 24
Extarnal diract bit
RAM (16.bil JC rel Jump il Carry 2 24
addr) lo Acc 15 sel
MOV &RA Move Acc lo 1 24 JNC rol Jump o Carry 2 24
Externat RAM not sat
(8-bit addr) J8 bitrel Jump if direc! 3 24
MOVX 2DOPTR A Move Acc to 1 24 Bit1s set
Extarnal RAM JNB bil,rat Jump f direct ] 24
(16-bit addr} Bitis Nol sot
PUSH dhtect Push diract 2 24 J8G bit.ral Jump if diract 3 24
byto onlo Bitis sat &
! stack clear bt
POP duact Pop direct 2 24 PROGRAM BRANCHING
byte from ACALL addeii Absolule 2 24
slack Subroutine
xXCH¢ ARfAn Exchange 1 12 Call
rogisiar witle LCALL  addr16 Long 3 24
Accumulalor Subrouline
XCH A guecl Exchange 2 12 Calt
direct byto RET Return from 1 24
wilh Subrouline
Accumulalor RETI Raturn lrom 1 24
XCH AERI Exchanga 1 12 interrupt
indiroct RAM AJMP  addri1l  Absoluts 2 24
wilth Jump
Accumutalor LIMP addri6  Long Jump 3 24
ACHD A.@Ri Exchange low- 1 12 SUMP  rel Short Jump 2 24
oraar Digit (relative addr)
indirect RAM All mnamonics copyrighled Dlntel Corporation 1980
- _ with Acc _ J




'nter MCS%-51 PROGRAMMER'S GUIDE AND INSTRUCTION SET

Table 10. 8051 Inatruction Set Summary (Conunued)

-
Mnemaalc Descriplion Byte O;(:lrl::(dor Mnamonlc Description Byte O;i'rl::;m
PROGRAM BRANCHING (Conlinuad) PROGRAM BRANCHING (Continuaa)
JNMP @A+ DPTR  Jump indiract 1 24 CJUNE An, #datasal Compare 3 24
relative lo the immadiala 1o
DOP7R raqistar ang
J2 (ol Jump it 2 24 Jump it Mot
Accumulalor Equal
is Z810 CUNE  ®RN fduta vt Compars 3 24
JNZ 1al Jump il 2 24 immaaiats Lo
Accumulalor Ingirect and
1s Not Zero Jump ot Not
CUME Adguactiol Caompara 3 24 Equal
dwaCl byle lo DJNZ  Rarel Ducramuni 2 24
Acc and Jump reqistar and
it Not Equul Jump d MNot
CJINE A, edvatersl  Compare 3 24 Zuro
immudiate to DJHZ  duectret Dacrumont 3 24
Acc and Jump a6t byio
if Not Equal and Jump d
T Not Zaro
_NOP No Operation 1 12 |

Coutesy of INTEL Corp

All mnemonics copynghted ©lntel Comparaton 1980



I PRELIMINEEY

MCS®-51
8-BIT CONTROL-ORIENTED MICROCOMPUTERS
8031/8051
8031AH/8051AH
8032AH/8052AH
8751H/8751H-8

High Performance HMOS Process

Internal Timers/Event Counters

2-Level Interrupt Priority Structure

32 1/0 Uines (Four 8-Bit Paorts)

64K Program Memoary Space o

Security Feature Protects EPROM Parts E
Agalnst Software Plracy

Boolean Processor
Blt-Addressable RAM

Programmable Full Duplex Serial
Channel

111 Instructions (64 Single-Cycle)

64K Data Memory Space

I'he MCS¥.51 products are oplimized for control apphcations. Bylte-processing and numarncat oparalcns on
small gala steuctures are laciated by a vanaty of lasl addressing modes (or accessing the mntarnal RAM The
instruction sel providas a convenient menu of 8-bit anthmetc instructions, including multliply ana divide nslrsc-
wons. Extensiva on-chip support is providoed for one-bil vanables as a separate gata typa. allowing direlt Lit
mamipulation and tasting 1n control and logic systams that require Boolegan processing.

The 805115 the origina! member of the MCS-51 family. The 8051AH is identical 1o the 8051, but it 1s faoncatsd
with HMOS Il technology.

The 8751 1s an ZPROM varsion of the BOS1AH, hat :s, (g on-cip Program Memory can ba electncaliy
prograrmmed. and can be erased by exposure 16 ullravialut kghit s fully compatiple vath s predacessor. the
87518, bul incorporatos two new features  a Program tdcmory Sacunly bil thal can be usad 10 Prolect the
CPROM aganst unauthonzed read-oul, and a prograrmmable baud rate rnoahcaton bit (SMOD). The 87318
15 idenhcal to thae 82511 but only operales up 1o 8 MHz

The 8052AH is an enhanced version ol lha 8051AH H s bachwards compatble with the 8051AH and s

labncatsd with HMOS 1l tachnolegy. The 8052A1 1 unhancomants are istod in tho tablo below Also rslar 10 tus
table for tha ROM, ROMIoss, and EPROM vursions of each product.

Device Internal Memory — Timers/ ! interrupts ‘l
Program Data Event Counters i
8052AH 8K x 8 AOM 256 x 8 RAM 3% 16-8Bu : 5 ‘
8051AH 4K x 8 ROM 126 x 8 RAM 2 x 168l ! 5
8051 4K x 8 AOM 128 x 8 RAM 2x 1681l { 5
8032AH nong 256 x 8 RAM 3x 16-8i i 6
B031AH none 120 x8 RAM | 2 x168-But : 5
80N none 128 x 8 RAM 2x 1884 ! 5
B751H 4K x 8 EPROM 128 x 8 AAM 2x16-8il | 5 7
B751H-8 4K x 8 EPROM 128 x 8 RAM 2 x 16-8il | 5
Courlesy of INTEL Corp Ccrobar 1922

Craer Hurnber 27004¢8-00¢
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Flgure 1. MCS®-51 Block Diagram

PACKAGES

{ o ,,P'_’_, ) _{> APJ}I]} ] Package Type
BOS 1AM/ P 40-Pin Plastic DIP
BO31AH 0 40-Pin CERDIP

77777 N 44.Pin PLCC
BU52AH/ P 40-Pin Plastic DIP
BOJ2AN 0 40-Pin CERDIP

R - . N 44-Pin PLCC

87514/ 0 40-Pin CERDIP

~_B8751H.3 R |__44-PinLCC

PIN DESCRIPTIONS

Ve Supply vollage.

Vgsg: Citcuil ground.

Courtesy of INTEL Comp.

Port 0: Port 0 is an 8-tul open drain bidirectional /0
port. As an output port sach pin can sink 8 LS TTL
inputs.

Port 0 pins that have 1s wrilten lo tham float, and in
that state can be used as high-impedance inpuls.

Port 0 is also the mulliplexad low-order addrass and
dala bus during accasses lo external Program and
Data Memory. in this application it uses strong inter-
nal pullups when emitting s and can soufce and
sink 8 LS TTL inputs.

Port 0 also receives the cods bytaes during program-
ming ol the EPROM parts, and oulputs the cods
bytes during program varilication of the ROM and
EPROM parts. Extarnal pullups ars required during
program varification.



PRELIMINARY

MCS¥®-51
!
$032/8037 ONLY } !
. . ) T30 .
e [ 1z Mo \—/ 017 vee ¢ = 8588
J2ex P2 19{7} PO 0 406 INCE X cE <L <L ]
P2 CH 38{7 P01 a0 COAMER T2 59 5 2
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INTa P32 C a2 29 3 PSEN (TX0) P21 i | aLes se0G -
INTY P23 CJ 12 28[2 P27 M8 (IMTa) P12 i | FAER
10 P34 CT 4 7 (D paeare ONT PR3 |40 il marans
T PYs s 26[20 P25 AY) (ro ot [aie Sl s are
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xTaLr Clas 22{0 P21 A9 3R3% 283572 <
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— . ggx% y¥&csE
L ST ixs
Pin (DIP) 270315 -3
Pad
(LCC, PLCC)
ERPROM only
L ——— p— — _— J— |

Flgure 2. MCS*-51 Connections

Port 1: Port 1 is an 8-bit bidirectional 1/0 port with
wuernal pullups. The Port v outputl butiers can sink/
sourca 4 LS TTL inputs. Port 1 pins that have 1s
wiittan to tham are pulled high by the internal pull-
ups, and in thal stale can be used as inpuls. As
mputs, Port 1 ping that aro oxlornalty being nulted
low wih zource current (g on the data shoet) be-
Cause ot thgantarnal pullups.

Port 1 also recaives the low-ordor adadress bytes
Juring programmung ol the EPROM parts and durning
program venhcaton ol tha ROM and EPAROM paris

in tho 8C32AH and 8052AH, Port 1 pins P1.0 and
P1.1 also serve the T2 and T2EX {unctions, respec-
livaly.

Port 2: Pon 2 is an 8-bit bidirectional 170 port with
intarnal pulleps. The Port 2 output butfers can sink/
source 4+ 4.5 TTL inputs. Port 2 pins that have 1s
wiltan 1o trem are pulled high by the internal puli-
ups, and i thal stala can be used as inputs. As
nputs, Poirt 2 pins that are externally being pulled
low wil! sourca currant (i on tha dala sheet) be-
cause uf the intarnal puilups.

Port 2 graits the high-order adaress byle during
fslches from external Program Mamory and during
accasses 1o oxternal Data Mamory thal use 16-bit
addrussos (MOVX @DPTR). In this applicaton it
usus strong mtamal pullups when smitting 1s. Dur-

Courtesy of INTEL Corp.

ing accesses o axtarnal Data Memory thal uss 8-bit
addrosses (MOVX @Ry), Port 2 ernils the contants cif
tha P2 Spacial Funcuon Register.

Port 2 also roceives tha high-order address Lils duf-
ng programmng of the EPROM pans and dunng
program venhicanon of the ROM and EPROM parts

Port 3: Port 3 is an 8-tit bidirecuonal 1/O port with
intarnal pullups. The Por 3 outpul buttérs can sink/
source 4 LS TTL inputs. Port 3 pins that havg 1s
wilton 10 thum arv pulled high by the intarnal pull-
ups, and in that siato can be usad as inpuls. As
inputs. Port 3 pins that are externally being pullsd
low will source currant (ij. on the data sheel) be-
cause ol the puliups.

Port 3 also serves tha funclions of vanous spacial
features of the MCS-51 Family, as listed balow:

gort Alternatlve Function !
Pln : ‘
P30 | RXD (sonialinput pon) {
P3N TXD (serial output pon) L
P32 INTO (external interrupt 0) |
3.3 | INT1 (exiernalintarrupt 1) ]
P3.4 TO (Timer O axtarnal input)

P35 T1 (Timer Y exisrnal input)

P36 | WHR (extarnal dala memory write strobe)
P3.7 | AD (oxtarnal data memory read strobe)
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RST: Resat input. A high on this pin for two machine
cycltas while the oscillator is running rasets the de-
vICB.

ALE/PROG: Addrass Lalch Enable output pulsa for
latching the low bylta of the addrass during accosses
1o external memory. This pin is also the program
pulse input (PROG) during programming of the
EPROM parts.

‘n normal operation ALE is emitled at a conslant

rale ol Y/ the oscillalor frequency, and may be used

for extarnal liming of clocking purposss. Nole, how-

aver, that one ALE pulse is skipped during each ac-
“cess to external Data Mémory.

PSEN: Program Store Enable is (he read strobs to
extarnal Program Memory.

When tha devica is axaculing code lrom axtarnal
Prngram Memory, PSEMN is aclivaled twice sach ma-
ching cycle. excopt that two PSEN activalions are
skipped dunng sach access to external Data Memo-
ry

EA/Vpp: External Access enabla EA must be
strapped to Vsg in order to enable any MCS-51 de-
vica 1o fetch code trom external Program memory
locations slaniing al 0000H up to FFFFH. EA must
be strapped to Ve for inlernal program exgcution.

Mota, howaever, that if the Sacurity 8it in the EPROM
devices 1s programmad, the davice will not felch
code lrom any localion in external Program Memory.

This pin also recaivas the 21V prograrmmming supply
voltage (VPP during programming ol thg EPROM
parls :

J
———Z)‘»——L‘ XTALY

vSS

270048 -4
Y. C2 = 30 0F 210 pF lor Cryslals
= 40 pF * 10 pF lor Caramic Rasonalnrs

‘l L

Flgure 3. Osclilator Connectlons

Courtesy of INTEL Corp.

XTAL1: Inpul to the inverting oscilalor amplifier,

XTAL2: Output from the inverting oscillalor amplifi-
er.

OSCILLATOR CHARACTERISTICS

XTAL1 and XTAL2 are the inpul and oulput, respec-
lively, ol an inverting amplifier which can be conlig-
ured lor use as an on-chip oscillator, as shown in
Figure 3. Either a quartz cryslal or ceramic resonator
may ba used, Mora delailed information concerning
ihe use of the on-chip oscillator is availabla in Appli-
cation Note AP-155, "Oscillators for Microcentrol-
lars."”

To drive the device lrom an external clock sourcs,
XTAUL1 should be grounded, while XTAL2 i1s dnven.
as shown in Figure 4. There are no raqQuiromonts on
the duly cycle of the axtarnal clock signal. since the
inpul to the internal clocking circuitry is through a
divide-by-two flip-llop, but minimum and maximum
high and low times spaocified on the Data Shesl must
be observed.

EXTERANAL

OSCILLATOA ———————f 112
SIGNAL

[*1 XTALY

v¥SS

il

Lw 270048-5

Flgure 4. External Drlve Configuralion

DESIGN CONSIDERATIONS

an B7518H or 8752BH may replaca an 8751H in a
fulure dasign, the user should carelfully compare
Loth dala sheats for OC or AC Characlerislic ditier-
encgs. Note that the Vyy and iy specifications {or
the EA pin differ significantly tetween the devices.

Exposurse lo light whan the EPROM davice is in op-
aration may cause logic errors. For this reason, it is
suggaslad hal an opaque !abel be placed over the
window when the die is exposed to ambient light.
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ABSOLUTE MAXIMUM RATINGS® ‘Notice. Strassas 3oove (hosa hstad ungar "A050-
lute AMaxumum Raungs’ may causa parmansnt gam.

Ambisnt Ternperatuce Under Bias a4Qu 10 (Ne davice. This 1s a strass rating only and

,,,,,, 0*C1o 76°C

Storage Temperalure .. ...... .. ~65°C 1o + 150°C lunctional operation of the davice &t Ihase or any
— ‘ ™ NN - . i
Voltage on EA/Vep Pin to Vgs ... ~0.5V 10 i 21,5V other conditions abova /nosg indicated in the opara
. ) lional sactions of tths spacification 1s not unpled. Ex-

Voltage on Any Other Pinto Vgg ... ~ 0.5V 1o + 7V

posurag (o abisolute maxunum ranng conaitions for

"Power Dissipation. ............... ..., Lo 1AW axtondod periods may affect davice rahabiicy

D.C. CHARACTERISTICS T, = 0°C10 70°C, V¢ = 5V 1 10% Vgs = OV

_§ymbol Parameter ) Min 1 Max | Unlls Tesl Conditions
ViL Inpul Low Voltaga (Except EA Pin ol 05 08 %
N 8751H & B751H-8) N
Vit Input Low Vollags to EA Pin of 0 0.7 v
B8751H 8 875tH-8 B
Vin Input High Voltage (Except XTAL2, 20 jVee t+ 05 %
RST)
A ]
Vir1 Input High Voltage to XTAL2, RST 25 | Voo + 05| v | XTAL! = vsg ]
Voo Qutput Low Vollage (Ports 1,2, 3)° N 0.45 _' v Ilor = 1.6 mA ]
VoLi | Output Low Vollage (Port 0, ALE, PSEN)* R | R
187511, 875148 0.60 v lio = 3.2ma
L - Oii»_ \ lor = 2.4 mA
o All Othars . ]_ 045 Y lop = 3.2mA
Vo | Output High Voltage (Ports 1, 2, 3. ALE. PSEN) 24 SV |lon = —B0 kA !
Vo Qutput High Voltage (Port 0 in 2.4 oy lon = —400 uA {
N External Bus Mada) |
b Logical O Input Current (Ports 1, 2, 3, \
RST) 8032AH, 8052AH --800 pA ]V = 0.45V ‘
All Others ~500 | pA |V = 045V ,
pai— — T B}
hiLs Logicat 0 tnput Current to EA Pin of -15 | mA [V = 045V l
B751H 8 8751H-8 Only | G !
- ; - Bamant i
L2 Logical @ Input Curient (XTAL2) \ ~32 | mA vy =045V i
" W 1
I Input Leakage Current (Pon 0) | |
8751H & B751H-8 £100 | pwA {045 € Vy, £ Ve |
__________ _AllOtherss b 10 | pA 045 SV € Vee |
e Logical 1 Inpul Current to EA Pinol { 500 A PV = 2.4V
B8751H & 8751H-8 & '
Lk I Input Current to RST to Activate Resal 500 wA Vi < (Voo = 1.5V)
lec Power Supply Current:
8031/8051 160 mA
B8031AH/B051AH | 125 mA | All Qulpuls
B8032AH/3052AH l 175 mA | Disconnacled;
8751H/8751H-8 . ) 250 mA | EA = Ve J
Cio Pin Capacitance i j 10 ___1__;35 Testfreq = 1 MHZJ
"NOTE: -

Lo . -

Capacilive toading on Porls 0 and 2 may cause spurnous noi1se pulsos 10 he suPanMPosed on tha Vo s ot ALE ang Pornis
and 3. Tho noise is duo to extarnal bus capaciance discharging into thae Port 0 and Port 2 pins wnen these ping make 1:t0-0
ransitions during bus opacations. In the worsl cases (capacitive lowaing > 10Q pF). tha noise pulsa on 1nd ALE lng May

uxceed 0.8V, In such cases it Mmay be dusivable (0 qualty ALE with & Schmitt Trgger, or use an agdrass latch with a Scnmin
Tnggur STROBE input.

Courtesy ol INTEL Corp.
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A.C. CHARACTERISTICS T4 =0'Clo +70°C; Ve = 5V £ 10%; Vgs = 0V;

Load Capacitance for Port 0, ALE, and PSEN = 100 pf;
Load Capacitance for All Other Outputs = 80 pF
Symbol Parameter 12 MHz Osciliator Varlable Oscliliator Units
] e MIin B Max Min Max
1/TCLCL | Oscillator Frequency 3.5 12.0 MHz
leL | ALE Pulse Widih o 127 4 1 2TCLCL~40 ns
l/\\'l L | Address V;_xl:d o ALE_L&L_ - 'fll B TCLCL - 40 ns
] Tli.»AX Address Held attar ALE Low 48 TCLCL-35 ns
TLLIV ALE Low to Valia Instr In
' 875114 183 4TCLCL - 150 ns
o ) All O(he_r_.i _____ ) 233 4TCLCL~ 100 __ns
) rLLPL ALE Low to PSEN Low 58 TCLCL-25 ns
TPLPH PSEN Pulse Width
8751H 190 3TCLCL ~60 ns
e All Others 215 3TCLCL 35 ns
TPLIV PSEN Low to Valid tnstr In
B751H 100 3TCLCL - 150 ns
b AN Others B N FLLS TN I _|oTelelZ 125 | ns
'f i (IX n Input Instr Hold aller PSEN o 0 ns
| iPX1Z_ | Input Instr Float after PSEN | ) 83 __TCLCL-20 ns
| P { PSEN 10 Addrass Valid | 75 TCLCL -8 ns
[ Addrass tc Valid Instr In
| 8751H 267 STCLCL—150 ns
\ All Others I 302 B 5TCLCL~ 115 ns
I r’LA? PSEN Low lo Address Floal 20 20 ns
_[‘B__L“RH AD Pulse Widlh 400 I;TCLCL ~100 ns
TWLWH | W Pulse Width 400 BTCLCL - 100 ns
TALDV | RD Low lo Valid Dala In _es? STCLCL—-165 | ns
]H J Dala Hold alter RD . 0 0 ns
| 1AH0Z_ | DataFloatalter RO 1 a7 2TCLCL=70 | ns |
| TLLov  [ALE Lowio vatig Datatn | | 517 BTCLCL-150 | ns |
i TAVDV ' Addross 10 Valid Data In 585 9TCLCL - 165 ns
AN, 01053 [0 yano Jala . 222 | > A
!_ HRA | ALE Low 1o RO or WH Low 200 | 300 | 3TCLCL-S0 3TCLCL + 50 ns
, Z’\,\,’_,'f_’f__,_ _L\udress to AD or WR Low_ i 203 L 4TCLCL-- 130 ns
P rovwx Dala Valid lo WR Transition
875111 13 TCLCL~-70 ns
____________ . L\H Otheis 23 TCLCL--60 ns
Tow! .w _|_Data Valid 10 WA High 433 7TCLCL - 150 ns |
TWHQY. | Data Hotd atter WR 33 TCLCL-50 ns
TRLAZ 1 RD Low lo Addrass Float 20 20 ns
L rwidiit 1 AD or WA High to ALE High
’ 875114 33 133 TCLCL ~ 50 TCLCL + 50 ns
- m}_ All Othars 43 __\33 TCLCL - 10 TCLCL + 40 ns
NOTE:

“Tlus

Courtesy of INTEL

tatrle coes nolnclude tha 8751 8 AC

Corp,

charactnnshes (sna naxt pago)
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This Table is only for the 8751H-8

A.C. CHARACTERISTICS T4 = 0'Cto + 70°C, Ve = 5V 110%. Vgg = 0V

Load Capacitance lor Port 0, ALE, ano PSEN = 100 pF;
Load Capacitance for Alt Other Quiputs = 80 pfF

Symbol Param:ter _BA’_".'JEES,I’,I?:@L‘: _______ _\./;r:a.t)le Oscm—alor ' Units ]
) Min Max Min _ Max
. 1/TCLCL | Oscillator Frequency N S 3.5 B 8.0 tHz
AILHLL | ALE Puise widin 210 | ercieL-q0 T ns |
_T;\VLL Address Valid to ALE Low 85 - TCLCL - 40 ns
Tl:_Li\HX - Address Hold after ALE Low 30 TCLCL ~ 35 ns
T (e twovadisen | | | e | w |
TLLPL ALE Low 10 PSEN Low 100 TCLCL - 25 as |
rpupH | PSEN Puisowion | ais || arcleL —so s |
TPUV | PSEN Low to Vand Inst in s o 3TCLCL - |5ﬂ ns
TExIX | oputimst Holdanec PSEN | o | | o | as
Ti";IZ_ ) E)u‘l instr Float after PSEN I TOMS‘— T TCLCL - 20ﬂ-‘ ns
IPXAV | PSEN 0 Adaress valis | 17| | tceei-e | | s
- TAVIV - Address to Valid Instr In 4 75_Q STCLCL ~150 ns
“TTDIE—- ?S—EN Low o Address Float N ""é'(‘)‘—‘ T 20 ns
TALRH | AD Pulse width 650 ©leTCiCl - 100 | ns |
IA TWLWH | WH Pulse Width 650 sTCLCL 100 | ns
rﬂimov A Low lo alid Data In T .uaci; _A_; I STCLCL-163 | ns |
TRHDX | Oala Hold atter BD 0 N ) o “—] T as
! TRHDZ Data Float after BD B Wxﬁavoﬁ; B\Y A 27CLCL-70 ns 7
TLLDV ALE L.ow 10 Valid Data In 550 _mwm_"wﬁ 8TCLCL~ 150 ns |
‘-R::\VDV ) Addrass to Valid Data In 1 Db‘()h Ny \ 9TCLCL ~ 385 ns ﬂ
TLLWL ALE Low to RD or WR Low 325 425 | 3TCLCL—50 | 3TCLCL + 50 ns
TAVWL Addrass to RD or WR Low 370 .1 4TCLCL ~130 na
TQVWX | Data Valid to WR Transition 55 iCLCL-70 ns .
TQVWH Data Valid to WE High 725 —, 7TCLCL- 150 ns
TWHQX | Dala Hold after WR 5 TCLCL - 50 ns
TRLAZ RD Low to Addrass Floal ' 20 20 ns
| TwHUH | AT or WR High to ALE Hign 75 175 | TCLiL-50 | TClcLrso | ns o

Courtesy of INTEL Corp.
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EXTERNAL PAOGRAM MEMORY READ CYCLE

——— TLHLL —o

S .

-—— TLLPL

TAV(L [=—r—— — TPLPH — -

- TLLIY e

- 1P LY

- TP X7

<*>1 IPLAY

TPLAL ~—» -

fLLAx \4———> Teaix
i

PORT o A0 -AT AQ-AT

PORT 2 AR -AYS X AB At

270048-6

Courtesy of INTEL Corp.
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MCS¥.51
EXTERNAL DATA MEMORY READ CYCLE
e —
‘~.———-——* LINTIN Y —**—1 F:L
t /
AL L
FIER ——/ \ ;
e e I DY e
e LWL e e -~ TALHI 4
\
o —— (R QY -—— TAND1
fAYLL ~» —-~——— —| [—— VALAZ
s ALY T Y THOL
PORT 4 AQ-A? "’"
P ROW Ki OR OFL “..
1AVOY ~—— -
PORY 2 PIO-#17 0R AV-213 1 HOM 0P —X b ALY FRON PO
27G46 -7
EXTERNAL DATA MEMORY WRITE CYCLE
- Tl TWHLA — e —-—
ALE
N
i PSEN / \ /
- LWL e | e [WL W e S e
i
!
wh
; — b—— 10vwx — —~—— fwHQx -
i TLLAX 1
H IAVLL‘ FQywh
FOKI ¢ :>“<mouA3|-$:1 ont 0ATa OUT
- TAYWL N
-
N/ c
PURT & £20-P22 OR A8-AVS FROM DPIL ; Ab-415 FROM PCH
VAN
!
270048-8

Courtesy of INTEL Corp.
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SERIAL PORT TIMING-—SHIFT REGISTER MODE
Toslr(’?_ond:lions: T4 = 0°Clo 70°C, VCC = 5V 1 10%; VSS = 0V, Load Capacilance = 80 pF

i oS e -
i Variabl Hat o
Symbol paramelter 12 MHz Osclllator arfable Osclliator Units
Min Max Min Max
IXLXL | Serial Port Clock Cycle Tirne 1.0 12TCLCL us
Ta@VXH | Outpul Data Sotup to Clock Rising 700 10TCLCL -- 133 ns
Edge
TXHQOX | Cutpul Data Hold after Clock 50 2TCLCL - 117 ns
Rising Edge
TXHDX | Inpul Data Hold after Clock Rising 0 0 ns
Edge
TxHOV | Clock Rising £dge to Input Dala 700 10TCLCL ~ 123 ns
L Valid

SHIFT REGISTER TIMING WAVEFORMS

e e =]

SN gt U s U o O s U W o W g N

| = rneim ] e oo |

s N X XX X XX
i N !
. , !
WL
t 270048 -9

Courtesy of INTEL Corp.
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EXTERNAL CLOCK DRIVE

Symbol Parameter Min Max Unlits
1/TCLCL Oscillator Froquancy (excapt 87511H-8) 35 12 MH2
8751H-8 3.5 8 MHz

TCHCX High Time 20 ns

TCLCX Low Time 20 ns

TCLCH Risa Time | 20 ns

. B .

____LCHLL ___q,,__Fa” Time ; 20 ns

EXTERANAL CLOCXK DRIVE WAVEFORM

{ 270048 -

A.C. TESTING INPUT, QUTPUT WAVEFCRM

/l°> 1EST POWRITY <1°
o _/ LR} LN

270048--11
AC. Tesung: Inputs aru daven at 2.4V loc a Loge 17 and 0.45V
tor & Logre 0. Tuning measuraments wuo made at 2.0V 100 8
Logic 1" and Q.8Y lor a Logic “0".

Courtesy of INTEL Corp.
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EPROM CHARACTERISTICS

Table 3. EPROM

Programming Modes

 Mode

P  RST PSEN | ALE EA p2.7 pas | _P2s | P24 |
| Program i 0 0* VPP 1 o | X X
| inbbit 7 0 1 S o {ox_ o loxo
[ Venly l ) 1 1 L T T S
i Secunly Set | | 0 0 vPP P 1 1 f X X
NOTE

17 = regic high for (hat pn CVPPT = b 21V L0 SV

07 = rogic fow for that pin *ALE is pulsod low lar 50 ms.
X7 = Tgon't care”

Programming the EPROM

Fo be programmed, the part must be sunning with a
4 1o 6 MHz oscilator. {The reason the oscillator
naeds to be running is that Ihe internal bus is being
used lo lransler address and program data lo appro-
pniale internal registers ) The address of an EPROM
location 1o be programmed is applied to Port 1 and
rins P2 0-P2.3 of Port 2, while the code byle lo be
programmed te 1hal focation is applied to Port 9.
The other Port 2 pins, and RST, PSEN, and EA
stauld be held at ihe “Program’” fevels indicated in
Tabie 3 ALE is pulsed low for 50 ms to prograim the
code byle into the addressed ERPROM tocation The
setup s shown in Fgure 5

Hormally EA is held at a logic high untif jusl belore
ALE 15 to be pulsed.. Then EA is raised to | 21V,
ALE 15 pulsed, and then EA s relurned to a logic
tugh Wavelorms and detailed liming specifications
ate shown n laler seclions of this data sheel.

PR - —

| | . ]

sy
| }
vee |
»s
U oy orire) o (‘75‘ Oals
| 210 N
. Py
i LEATLY)
- P
1T 2 OO TAARE .
L —e1r2s ALL F=— ALE PROG
YR —e p14 30 ms PULSE 1O GNO
YAt e P2 2
O TAL (A pe— (A ver
Mg ()
T 4]
TTALY RST }—— viHy
}4 ¥sy PSEN L—l

270048 -12

Nole that the EA/VPP pin must nol be allowad 1o go
above the maximum specilied VPP levet of 21.5V for
any amount of time. Even a narrow glitch above thal
vollage lavel can cause permanent damage (o tho
device. The VPP scurce should be well requiated
and freo of glitlches.

Program Verification

It tha Security Bt nas not been programmed, the on-
chip Piogram Memory can be read oul for venlica-
tion purposes, H deswed, either during or aller the
programming operalion. The address of the Program
Memory localion to be read is apphed o Port 1 andg
pins P2.0-P2.3. The other pins should be hald at the
“Verily” ievels indicated in Table 3. The contenls of
the addressed location will coma out on Port 0. Ex-
lernal pullups are requirod on Port O lor this opera-
tion.

The setup, which is shown in Figure 6, is the same
as for programming the EPROM gxcept that pin P2.7
15 held al a logic low, or may be used as an active.
low raad strobe

Figure 5. Programmling Contlguration

Courtesy of INTEL Corp.
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B
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] vss -"{iih
270048 -13

Flgure 6. Program Verificatlon
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EPROM Securlty

The sacunty leaturs consists ol a “locking’’ bit which
when programmed denies eloctrical access by any
axtornal means to the on-chip Program Mermory.
The bit is programmad as shown in Figure 7. The
setup and procedure are the same as lor normal
EPROM prograrmnming, except that P2.6 1s held al a
logic hugh. Port 0, Port 1, and pins P2.0-P2.3 may be
i any state. The other pins should bg hely al the
“Sacunty” lgvels indicated in Table J.

Once the Security Bit has been programmed, it can
be cleated only by {ull erasure of the Program Mem-
ory. While it is programmed, the intarnal Program
Memory can not be read out, the device can nal be
further programmaed, and il can not execute out of
external program memory. Erasing the EPROM,
thus clearing the Security Bit, restores the devico's
tull funcuonality. It can then be reprograrnmed.

Erasure Characterlstics

Erasure of lhe EPROM begins to occur when tha
clup s 8xposed 1o light with wavolengths shonaor
than approximalaly 4,000 Angstroms. Since sunlight
and Huorescont lighting hava wavelungths i s
tanyu, axposuru to thaese light souicus Ovui afy Uk:
londed time (aboul 1. week in sunlight, or 3 years in
room-leval tivorescent lighting) could cause inadveor-
lent erasure. If an application subjects the device (0
this type of exposure; il is suggested that an opaque
tubel La placed over lhe window.

R
_> 3
la'] ) I
N s10. N
LI -_ﬁ)‘ k1)
\ 12s5in
el p1e ALE t=— ALE.FROG
| 50 mas PULSE 1O GHO
1 rae
{7 N
P21 EA e EAYPP
1TAL2
L 4
] AST pme— YA
3
—E XTALY
}-1 ¥ss PSEN 1

270048 14

1
§
|
4 i+ |
|
/

Flgure 7. Programming the Securlty Bit

Tha recommended argsura procedura 1S 8xposSure
10 ultraviolet light {at 2537 Angstroms) o anintegrat-
od doso of al leasl 15 wW.sec/cm?2. Exposing he
EPROM 1o an ullraviolel lamp of 12,000 uwW/sem?
rating fur 2010 30 minugs, at a distanco of atout |
inch, shoutd by suthciunt,

Erasuro tvaves tho array in an all s stata

EPROM PROGRAMMING AND VYERIFICATION CHARACTERISTICS

Ta = 21°Cto 27°C; VCC = 5V £10%; VSS = OV
_Symbol Parameter | M} "L“L_,_m‘__ui‘.“i “
VPP ) Programming Supply Vollagg_: - >,_£9,5 . _ —'"2\ 5 _\_/: -ﬁi]‘
PP Programming Supply Current S 30 mA |
1/TCLCL Oscillator Frequency 4 8 Midz 3
__TAvGL Address Setup to PROG Low __48TCLCL ] ____‘
TGHAX Address Hold atter PROG 48TCLCL .
TDVGL Data Setup to PROG Low 48TCLCL
__TGHDX Data Hold atter PROG 48TCLCL B
TEHSH P2.7 (ENABLE) High 10 VPP 48TCLCL
___TSHGL VPP Setup lo PROG Low 10 r us 2
TGHSL VPP Hold attor PROG 10 | s
__TGLGH PROG width 45 55 | ms
' ~_TAvav Addruss lo Dala Valid L 48TCLCL 1
TELQV ENABLE Low 1o Data Valid 48TCLCL |
TEHQZ Data Float atter ENABLE 0 sgTCLCL |

Cowmtesy ol INTEL Corp.
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EPROM PROGRAMMING AND VERIFICATION WAVEFORMS

PROGRAMMING YERIFICATION
P1O-PY T
ADONESS
r20.£73 ADOAESS _>——————
A
e ~-—— TAYQY
FORT 0 OATA OUT
TOVGL ———f ~-f—0t TGHDX
TAVGL ! TGHAX
- \LE/ PROS \
THHGL } { T@HsL
TalLaK
MY 2 3V
— TIL HIGH TTL HIGH TIL HGH TTL HWQH
i/ ver
i
TENSH
-—— ~~—— TEHQZ
7
(ENABLE)
270048 -15
! Foc programawng conditions seo Figura S For vonhcahon condimany see Fiqure &
| —

DATA SHEET REVISION SUMMARY

The following are the key dilferences batween this and the -003 version of this-dala shast:
1 Introduction was expanded to inciude product descriptions.

2. Packagse table was added.

. Design Considarations added.

=

. Test Conditions for iy and lyy specilications added to the DC Characleristics.
Data Sheet Revision Summary addod.

v

Couttesy  of INTEL Corp.



(A} Eprom Pin Configuration

e r

[ R RIS ek s
I it Hi st s
[ Yor 12 Yor J 28 b ye¢ oo Yoo MY
n e | oo | a2 30 contE STUNN IS WL 1 I AP
u a1 Y] Al —41 Pﬂ——Au e ) i
I &b n Al —{ 25— a2 Al At v
u I} A3 A —{ s 2 a9 13} 3] iy
1 xe m AL~ 6 ?31—*1)1 i aa %0l
oo R Y = "";‘Ji?\ilc:;‘ 22 b~ 6t a | e &
[T it M L7 =it M p— 410 e 118 g I
" " " s s 20— ¢i 1% ¢ a ‘
a0 | 10 40 AQ -—{ ¥0 19 }— 0y ay 0 e
|
[ o o 0 —iq 11 o 0, 0, % o |
0. '} 0, 0, —i1 i 0y 0, 0y 5 i
(B 01 o 0, —{n 8 b g, ¢ o, a0 ]
o | oo oo Dono—{u ofo Lo | o | n J
(B) 74LS373 Pin Configuration
EMADLE
vee 80 a0 1o 10 60 an S0 5Q G
120 |\9 ‘18 \u lls [ \\4 ll] \lZ "
H
0 o) Q Q 4] o} Q \
G }o——<{C G G
oc ocC ocC ocC §
{ 1 1
o o] Q [¢] 9] G
ocC oc oc oc
1 1 1 !
r,J | ] 1 [_]
) ]: 4 5 6 7 'e ]9 110
ouTPUT 10 10 20 20 3aQ° 10 40 1Q GHD
CONTROL,

54ALS373 (J)

Courtesy of National Senuconductor Corp.

74ALS373 (L N)




(C) Common Cathode 7 Segment Pin Configuration
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This study was experimental research of method to design
and construction of electric current reduce device by Load
balance method. The purposes of this study were to : 1) Design
and construction of electric current reduce device by Load
balnace method and, 2) Determine the competence of electric
current reduce device by Load balance method.

The Instrumental used of study were electric current
reduce by Load balance method which conducted by researcher,
and the 10 of load Heaters in Hot air oven : 9 kilowatt, 380
Volt. An experiment of this study were operated for gathering
data in 7 days under 6 hrs./day.

The statistical treatment of data were the use of both

descriptive and Inferential statistics, Such as the Mean (¥X)

nd Standar Deviation (S.D.) to describe the level of
electric currences, electric power in the Periodically of used
on 10 of load heaters in Hot air oven 9 kilowatt. 380 volt.
The t-test also testing the different between electric current
of wused and non-used the electric current reduce device by
Load balance method

The finding indicated that

1. There were averages of electric current 225.1243 Anmp.,
and electirc power 85547.2268 watts of the 10 of lcad
heaters in Hot air oven 9 kilowatt 380 wvolt with
controled by electric current reduce device by Load
balnace method.

2. There were averages of electric current at 236.5613
Amp., and electric power 89883.2967 watts of the 10 of
Load heaters 1in Hot air oven 9 kilowatt 380 Volt
without controlled by electric current reduce device
by Load balnace method.

3. The electric current of the 10 of load heaters in Hot
air oven 9 kilowatt 380 wvolt with controlled by
electric current reduce device by Load balance method,
less than the electric current of the 10 of load
heaters in Hot air oven 9 kilowatt 380 volt. without
controlled by electric current reduce device by Load
balnace method, in average of electric current 11.4370
Amp. or reduced 5.0815 Percentage.

4. There was significant defferent between the electric
current used of the 10 of load heaters in Hot air oven
9 kilowatt 380 wvolt. with controlled, and without
controlied by the electric current reduce device by
Load balance method at .01 level
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