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ABSTRACT

Digital Charger give facilities for people who necessary touse packet
source . Sometimes herry to use battery charger therefore ditital charger must
be charge with maximum current . in the case we don't use cell , ditital
charger enables charge full cell all the time . the target of project use
microcontroller cause easy to use and have several rang , many cell to charge

too .
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vad 1 2) ; siolWidEes +sv
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NeaLRanveNmTs HD44780

1. CLEAR DISPLAY

Clear display
RS RW DB7 DBO
0 0 0 0 0 0 0 0 0 1
Code

1 4 '
Ardailomiiunmadoudesinanse sPACR (ascr 200 W lUly DD RAM

E 4
Y

fianuAuaziims SET DD RAM ADDRESSER (ifufud #1 CURSOR szndulileg

° ' a e =
dumisuugadiefiovessenin SET 1D = 1,5 lulimsnfenudas

2. RETURN HOME

Return home
RS RW DB?7 DBO
0 0 0 0 0] 0 0 0 1 0
Code No effect

firdallonilums SET DD RAM ADDRESSER ifufud #2 CURSOR wendu

1 & 1 A
Togdmmisungadrodiovsssonmdoynlusenimlundon

3. ENTRY MODE SET

Eniry mode set
RS R/wW DB7 DBO
0 0 0 0 0 0 0 1 I/D 0
Code
ar 1 A ~ L]
BITID : Tavsmiludrdmualdiuiiedounieswdoyaudansih ¥ oo RAM
a4 4 4
ADDRESS Nusunivanadniialas
1 = INY
&
2 = AR
o v -
BITS : Wusidmusuaaina lae

13 b I ar d Qs
1 s =1 sutlumslddeyaudadin cursor egiuil Foyaszgadulumida




o o

$ s=0 foyneseyiufid cursor segnanlnende

\
S

4. DISPLAY ON/OFF CONTROL

Return hotme
RS R/W DB7 DBO
0 0 0 0 0 0 1 D c B
Code No effect
BIT D : (dlu BT Wdallamtoeninlasdy
D =19 ON ias
D =0 9 OFF
BIT C : 9oxlueras cURSOR 1 BIT ¢ = 1 uazthlidesmsians CURSOR BT
C= 0 lnuda CURSOR 9zagil LINE 7 8 Tuuuy 5X7 DOT Lasozey
LINE 71 11 huans sx7 por
BIT B : iU BIT SET msnizniuvoq CURSOR Tt B =1msnssniy B=o Ty

4 mnsensulaeise IMINTENTUUTEIIN 3792 ms

5. CURSOR OR DISPLAY SHIFT

Cursor or display shift
RS RW DB7 DBO
0 0 0 0 0 1 s/Ic | RL x x
Code No effect

Wuddammualdiumia  cursor niedoyaluifemedionsoun Tan lideq

1¥hdudounsosiu Jay

S/C R/

0 0 st cursor lvndumindludheis 1 Auniy
0 1 ¥m5ée CURSOR hnndumiadulivmie 1 dumis
Lo umsfudsnusiifalumedae

zﬂumiﬁuﬁﬁnuiﬁtﬁﬂ'lﬂm«m




6. FUNCTION SET

30

Function set
RS RW DB? DRO
0 0 0 0 1 DL N F * *
Code No effect
BIT DL: iflums SET msfindedosidiihuuuy s oa ude 4 Oa
Tagdrdoamsdade 4 G DL = 0 1oz 8 1in DL = 1
N : Hums SET ussiamsuaana N = 0 uams 1 U35
N =1 uered 2 usssia luns@iunna 2 ussvia AW SET N =1
F: iflums SET 911m DOT msuaaang 5X7 ne sx10 Ty
F = 0 Wuuuy 5X7 was F = 1 dhan 5x10
NF No.of display lines Character font Duty factor Remarkers
00 1 5X7 dots 18
01 1 5X10 dots 711
13* 2 5X7 dots 1/16 Cannot display 2
lines with 5X10 dot
character font
* No effect
7. SET CG RAM ADDRESS
Set CG RAM address
RS RW DB7 DBO
0 0 0 1 A A A A A | A
Code Commememannnnnn Higher Order bits Lower Order bits--------- >

N z ' )
1w HD44780 uvziimisanudiag 2 4@ Ap DISPLAY DATA RAM

(DDRAM)1UIU 80X8 BIT uay CHARACTER GENERATOR RAMSINIYU 512 BIT ltay

7200 BIT

ADDRESS fiaudsuniegudayann cG RaM &

fideiloztlums SET ADDRESS 1w cG RaM Tagdesms SET
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8. SET DD RAM ADDRESS

Set DD RAM address

RS RW DB7 DBO
0 0 1 A A A A A A A
Code Kommmcmmceaens Higher Order bits Lower Order bits-=-=----- >

ifhisnds SET 1 ADDRESS 1 DD RAM lumsilsunsesiusn DD

RAM (DD RAM s dauflosuannantios LcD) Tausmau ADDRESS fisufiatuunes
LCD 98¢l SET 1N g

N =0 (1 U591in) ADDRESS 958§ 00-4FH

N =0 (2 U5519) ADDRESS 928y 00-27H dMSULSINAN 1 Uz 40H-67H

d sy usTiiad 2

ULUNMIYA ADDRESS 984 DD RAM n1198 LCD WUl 16 AIBNNT 2 UTTHA 16
MIENNT 4 UTTHA 20 MIBDNT 1 usINe , 20 BNMT 2 UTTHA UAT 40 ShNT 2

UsIne

8. READ BUSY FLAG AND ADDRESS

READ BUSY FLAG AND ADDRESS

RS RW DB7 DBO
0 1 BF A A A A A A A
Code Lommmemeinccnan Higher Order bits Lower Order bits--------- >

duddesui BUSY FLAG Faazfumuonia HDa7s0 ffaeflunmums
Maumelusganmndenszfudeya Ta
BF = 1 agluvuaumainuntelulindousssudayaniodds
BF = 0 wionszfudoyaniamdsld
ua:uanmnf‘f&?«ﬂuﬁw‘fhmuf]’ﬂ?ﬂqa ADDRESS 484 CG RAM %30 DD RAM @77




10. WRITE DATA TO CG #¥e DD RAM.

WRITE DATA TO CG 139 DD RAM

32

RS RW DB7 DBO
0 1 BF A A A A A A A
Code Coomocmncononan Higher Order bits Lower Order bits------=-- >

.y 4
Whuddadoudeyadillu cc wfe Db RaM Tawidiodeudoyauas

a Q. v s & A o
ADDRESS vzifiunioanlaoda Tud@muddadl SBT Tu ENTRY MODE fatmuatiih

Wumsidoudeyaves cG RaM wie DD RaAM h1&Taoms SET ADDRESS w84 CG

»
RAM Jumnoussidioudoya

11. READ DATA FROM CG %39 DD RAM

READ DATA FROM CG %38 DD RAM

RS RIW DB7 DBO
1 1 D D D D D D D D
Code Lommmmmemennann Higher Order bits Lower Order bitg--------- >

duddadeutoyatihllu cc wfe DD RAM Tesdeugwwsin DD

4 o ¥ P4 ‘ '
RAM 38 CG RAM Hnas9eldada SET ADDRESS w84 G RAM Aouifia1nihdayadi

J 5 < d 9 : 3 =Y
mu‘lﬁumﬂu DD RAM 91nmINmMstiiussiiunms 1su LCD MODULE UUuINeN

uAnEIIdUTINTANAS, SET  AMNAsImMIINvIAdI8NYT, CURSOR  HaAwIniuis

musndoumsnundi ity DD RaM  mumsndsnusilduniufesfasnuslues

QU (] i U L C‘ = J
MW LCD mdausomrussmusasnusiinaduuues ldlaonts  SET DD RAM

o v
ADDRESS mumsnfilvuilusads SET DD RAM ADDRESS

20

21

P2|03|04{05|06{0T {0809 |0A|0B|OC|{OD|CE

oF

1a

11

12

13

40

42143|44|45|46{47|48]49{4A[4B{4C|4D|4E

4F

50

51

52

53

=y o ) '
ANTNIN 4 LUAMNSIUINUIYDY LCD iu DMC202




FONT TABLE & i5xnbets:

Wl—bit Wm 0000 | 0010 ) 0011 [ 0100 | G101 | 0110 | O111 } 1010 | 1010 | 1700 | 1301 | 110 ¢ 1102 110 1111
[+l . a0
s
x % x x0000 Ras Pl
. H
N % x x000) §2 :
MR
X x X \N0010 3
X % X X011 4] eiete
X X X X0100 G| e
X X X %0101 16
X X X X010 g
: (8 B
XXX X011
m 2"
X X X X 1000 LA
X X X X 1001 (2
o0 | ause
X X X X1010 (3 3l esdes
B
{a: :-: sees
X X % X 1011 Uat
S
X X X X1100 8
( o T y =T.
61 | coes H H O T
XX X X110t — .t o coade | &%
. ..l L) ..." . 0 .I -~ .
X x % %1110 it Ik A Pl e e
[
. LN e 3 e o—e o' 3 3 ""i
Xxx X111 e s i_} N LA IS

3CS RAM : Character pattem: area Can e rewritten by program.

J g a
MINN 5 MTNAONYST
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DMC161C

 Display Format(16character X lline) e Display Fonts(5X8dots) e Driving Method(%4D)

ABSOLUTE MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS
o gg,.,l'hst Sanderd Vake | ftem Sy Tost Standard Vahe| |
mm Vool — f o= 7|V |{;mewtHeh voltage | v | — z.z[ - |vea| v
[
Power Supply Vee~ - — - — a1l .
Voitage for LCO Drive | Vee! 0 3.5, V | [loput "Low” Voltage | Vi 0.3; !“-5 v
} 3
Input Voltage vt — |Vss| — |Vec| V [|Output THigh™ Voltage | Vou | —toretanim 2.4 ~ ' -lv
Tc,m"“m‘ﬁ“’m,,' Ta —_ 0 | — {+50; T ||Output Low™ Voitage | vo | lgw=t.204a | — ' - 0.4V
oredl | —
Temporature Tsz;i ~— |-20} — |+70] T | |Power Supply Current | icc | VoemS.ov | - 10.5]2.0fmA
{ : :
- BVecmS5.0V = 5%, Ta=25'C
Block diagram \
pieenas ~ £
car 7
2 @: Tt LCOP (FROTAZ) ! =
oas 3 f =
Ly .5 | =
Rw X ___”&._} ,Fseme | =
Aas noune : =
ver = ZouENT OArvER | ! i‘
Vi3 : < : 4
| s 2 %
External dimensions/ Display pattern .
) SEL TYPE L0
hl'. i-uti.-.
"™ W
ent | e T I
T = .ww"wwwdiﬁ—f S T ! |
3 o® _h__.::JL' __-,...J: —t] A[r_ 5 i )
\ 1] g
E ENIRNRNRNRRRERNR 1[ g
2 : i
: : 4
F o c—r=> [} "
! A(-\ =l r—2 ) L
= | [®] v
==
| : - i ~las —n1——y
l gl - 1
i
-
b
(P\ ,_JLJL_. . ; ﬁl z
L_J ~ ol U Ay —

3U7 20 uaasdnuusjUsn Tnovia lves Display 4199 16 character, 1 1107



2.8 InsardnveslalnsnenTnsamedaszga MCS-51

TuTnsnouTnsamedaszga Mcs-s1 fimndnluasspanmeueidiodtu udazundes
Tnaeuiafmanaedy Wy SmianusdineludmiuiuTlsunsuasdoydante
Suiuin Saesleuridygaensdeniiufitaoalud ansesudygutunessnd
T&nawwila 052094 DMA (Direct Memory Access) 141usa 133mofdmsuldiiy
Tnifimosniaimlinodifiuiiy

'l11'Iﬂsﬂﬂuimmams’mas’ﬁﬁwﬂuma's’ﬁ'ugmffm%'um:qa Mcs-s1 i \duried
8051,8031,8751 Taenwes 8051 SailummBnsusnvesaszga Filmieanudidmiuiy
Tsunsumeludihilu Rom e 4 Alalud uesmizrennudhidmsududayaialune
Tu Mcs-51 (RAM) 103$1mu3u 128 lud Twedavuiu 8 fa 4 neda fi3SimetdwmsnIng
wesnaimimefuna 16 nsaw 2 d Sudygudunsdindanmeuen 16 2 wia
aunsnfunazdieyanuueynsurumaneaffemsdayauuueynsy finvesoeadaa
ma§1ﬁﬂﬁ%’1aﬁ'ngmu1mu1ﬁn1ﬂ'mﬂunﬁvhnu"luéh_m

dauved 8751 eriiquauiAmdewued s0s1 ynetn anfuassrianizennuh
dwsuiuTlsunsuneludlveausd 8751 vwidlu BPROM unuiloziily ROM dnuved
8031 azimilowduiwes sos1 enfwiedlumed o031 lWiwmeanudhdmuiy
Tdsunsumelusnl

lulnsnouTnsamedaszga Mcs-s1 Naweflfusedulvifiss 5 Taavilumsrau
drunszua It Iozuanaefu dmusitavsama Tu Tad i1 lumsndn wes luTasneu
Tnsaiandnsvgaiindsnys C egasenanmedisy s0c31800s1 sfhuwndvesiulitnin
Tegordy malulad cHMOS %’ﬂ%’w'544m'iumsvh»nuﬁ'ﬂanﬁma:mminﬂmf]umﬂ%’
wiuvesdlldnn Tdsunsmiemsyssndandeaulussu

MCS-51 Li‘lumzqa'luTﬂiﬂauTmmaas'ﬁgnﬁmmﬁ‘i’ummnﬂizqn MCS-48 farfids

Tanuansamilenimaiusen

MUNYIvIves MCS-51

o ' 1 o v o
lTuTasnouInsamedassga Mcs-s1 yawefaziidumisnfiugmimieudu fig

¥
¥

1 21 wiiimsldouudazvvesduluTasneuTnsame s uaszga Mcs-51 il
- U7 Vss (V1 20) dMTuABaInI g

- 7 Vee (11 40) hrTUADIMAITIUTIAINTZUAATIVUIA S 1284 (DC 5 volt)
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PO JT\_/ ®Wh Ve
P11 42 39 1 PO
P2 43 38 b POt
P13 J4 37 P02
PL4 ]S 36 5 PO.3
P15 6 35 3 P04 ,
P16 g7 34 5 POS
P78 33 b P06
RST 49 g 32 Po7
PRORXD 10 € 31 [EA
PRITD 11§ 30QALE
PI2MNTO 412 § 29 PSEN
PIAINTT J13 7 28hP27
P340 14 27 P26
P35M1 J15 26 5 P25
P3.6/WR 16 25 0 P2.4
PI.TIRD 17 24 1y P23
XTAL2 ] 18 235 P22
XTAL1 19 22 | P2.1
VSS 20 21 5 P20

d 03 1 J
'j‘lj'ﬂ 21 UFANMUN HNYIANG YBIMCS-51

- vmeda 0 (v1 32-39) § 8 w1 Willuindwmiuneda 0 vma s Ta0.0- PO.7)
UUY Open Drain Bidirectional waa‘mﬁ”mm'm’l%ﬁwmﬂu‘a‘uummﬁunwafﬂﬁq‘lﬂ'lé’ Tay
minldouilusunnnesn delvandr 1 'lﬂé'quﬁinzﬂmaqwas’wf‘fxﬁaﬁﬁu’lﬁmag"lu
aouzgnidey (limn1us high impedance ) uenvnldanufusunnaniynuds wedn o
dalFlumsdasemissanusidmiuduTusunsuuasdoyanonendids Todesmuese
sa'luddr a0-a7 wasiiafimandiumsdadeya (0o-D7) Mamieanudhaousn lu
senamadsuniomssmdoya Taviisesnasuniely

- vmeTa 1 (¥ 1-8) 3 8 91 WTuvidmsuneda 1 (P10 - P1.7) annsoldam
Wudunandeeinanedaiall1e mindesmsaudlubunanada doaTnans 1 TS
wrasilaveanadat e ianiue high impedance lnsiiaeesyaswaiwluv Lo , P11

4 1 A - <
Twwe{ s0s2 exldanlumbitegraduuenimifanniifusunmorinanalude
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Py

4 -1 s 4 -
- 1mesa 2 (11 21-28 ) 3 8 v1 WitluudwmSuneda 2 ( P2.0-27 ) vum 8 T
$ 4 ]

MUY Open Drain Bidirectional #ofafiaunsoldamuiudunaewinanedaialu1dlaemin
- g v 1 om ! 4 o » '
HomuthiBunanedn dsTnandr 1 Tfwsdasinveanedail tetsduliviegluaniue
. ) 9 af . ¢ & 4 as “ ] ]
high impedance uoNMINIE IR MTUB UMD INT1Jud? wotm 2 Sl lumsAndeniae
anuddminiullsunsuiazdoyanouende  Taelddmiudeiueansatialudgs

(A8-A15) uazlinesyadwuaiely
- vmeda 3 (11 10-17) § 8 11 Widundmiunesn 3 (£s.0-p3.7) museldy
4

Whdunnneiaialuld mndeamsidamuilunedatunmneda doslnan 1 Mifwsas
- {4 v o
finvoanadnil e l¥iian1uy high impedance Tavlraasyasnaiely uennniideldam

Yy da " a fowod
Tumihiifiruang Snnawegideil

11 P3.0 195udeyaninnisusnuuueynsy

u

1 P3.1 M¥dafoyasanliinwusnuuueynsy

Yot - A o o - s ¢ A o
41 P3.2 IntlusunaesudygrasumesSndxiiaf o
Y d - A v o - Jo ¢ o o
91 P3.3 Iudunaieudyapadune fndviian 1
[V o 9 r'd o ¥ U8 4
1 P34 dyguduynidinuiinedvesIntdived o
¥ L= Y s ¢ U3 L4
1 P3.5 dyanudunnidianiaesuse Indued 1 _
11p3.s ihudgganuqumadoudeyamsdondeya ldmienmsidmsududeya
muusndl
v p37  Mludyaanuqumsendayamsifoudaya lufomisamuhdmiuiy
y -
Ya3aneuand
&ﬁ o Y U e U L4 ] - C‘ U
msldounedn lunhifirudsiindniiesdesInanm 1 Wfurasdnideinmsdneuyn
1353
9 o S 1 Py A 4 9 o ]
- ¥1RST (91 9) TydmiumsTiwanosyasanneluy meisudumananlngns
4 4 o A - - 4 A
SwaldidesusendmIode Tsunsuhafanatn ledasmsiiwedl Mcss1 il
@ o [] 9 o 9§ 4 - I's A ° y.:{ ¢ 2 U
wedainuey  Tasdessieddumu 82 ATaTeduieshmibiiyaaand Fnmeuse
@ =t 4 Q - A a J o ' L
Al iTaomndunnid) wanfeltifiomouloFunondnuldresufiulszy
e 10 luTaswsandeussnisn RST Ay vee
o ' 4
- 91 ALEPROG (11 30) Hundmivlddsdygrussnlineuen eaiuquas

tal l'd ; P4 ] Py v ] a d
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UNH 4

ATINAAN HasHaAMINAdg

MINnaes IaNadeimINmInaanfi 4.1

dumiseing | Suouduiind (LED 1#1)
s1 G vz varlndifiy | LED Aanaea | (LED uav)
finm
B 1 ARNSYNTU AARQDA 30 min AANTTHIY
2 AANTENSY fanasa 30 min AANTENTY
3 AANTTHTY fanaon 30 min AANTENTY
4 AANTENSY ARADBA 30 min AANTEATY
5 AANTYHIY AARDDA 30 min ARNTENTY
6 AANTENGL. ARADOA | 30 min ARNTT NI
7 AANTTNTY Annaon 30 min AanNTTNsy
8 AANTINGY Annaoa 30 min |, ARATENSU
9 AansEnsy AnAAoA 30 min AANsENsY
10 AanszHTy fanaoa 30 min AansTnsy
11 AANTENSY ArnnoA 30 min AANTENIY
12 AANTTNSY fiannon 30 min ARNTTNTY
c 1 AANTENTY ARANDA 1hr AANTINSU
6 ARNTTHTY Aannoa 1hr AANTINTY
12 AANTTHTL Aenaoa 1hr AANTENIY
D 1 ARATTNTY AAnaBA 2 hr AANTTHTY
12 AansTniy Aanaoa 2 hr ARNTYNSU
E 1 AANTTNTY Annaoa 4 hr AansenTy
12 AANTEHTU ARARRDA 4 hr Aansensy
F 1 AANTLATY AAnDDA 8 hr AANTENSU
6 AanTENTU ARADDA 8 hr AANTENTY
G 8 AANTENTU AANADA 16 hr AANTENTY
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Encode fauu (dow)
o1 1
02 2
03 3
04 4
05 5
06 6
07 7
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09 9
10 10
1 11
12 12
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Uning

JunounTiaen

A &3 -3 *
Welaaing Power 98 LCD 9zuaaedoanyh

* . F1, # - ENTER

% A o A, ' LY
iG] IHBTIMIIABNVIUIUNUY 931.'51!71;]‘“3?’!3111

K1 SELECT (1 - 12)

Y/N (1/0) N =??

) 4 < o
wudundesmsiosiumnieh 2 doufihmsnao] [2] udamudad 1] v

* - K1, # - ENTER

na [# ssuussvia Towauyssinuy

SYSTEM WORKING...

RUN AT NUMBER = 02
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SET 8255

Y

SYSTEM

INTIALIZE

.

PROCESS(FI) | o= iy

SELECT (1-12)

RUN SYSTEM

RETURNE




DISPLAY (MENU t8t)

INPUT #anau (0-1)

¥ 8255

"y,
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1 ; FILENAME BO_BG.AZH
2 ; DESCRIPTION U24008
3 ; HARDWARE V3135 & LCD (8255 BUS)
4 ; ASSEMBLER SXAS1
3 ; START-DATE 03/04/98
B ; SOFTWARE ENG KITTIPAT JAK.
7 ; COMPANY PAT RESEARCH CO.,LTD.
8
g 3 KKEkRkkkkkK VARIABLE sxckkorckskokkk
0050= 10 BO EQU S0H
00s51= 11 YAM EQU S1H
0052= 12 SEK EQU 524
0053= 3 L_SOUND EQU 53H
C00A= 14 DELAY_BUF EQU OAH
0025= i5 INPUT_BUF EQU 23H
£031= 16 FUNC_BUF1 EQU 31H
0032= 17 FUNC_BUFZ2Z EQU 32H
0033= 18 FUNC_BUF3 EQU 33H
0034= 13 FUNC_BUF4 EQU 34H
00338= 20 NUMBERB EQU 38H
0038= 21 NUMBERT EQU 38H
7C00= 22 PORTA EQU 07C00H ;LCD DATA (PAQO-7)
7C01= 23 PORTB EQU 07C01H ;LCD CONTROL (PBQO-2)
7C02= 24 PORTC EQU 07CO2H ;CUT POCRT
7C03= 25 PORTP EQU 807C03H ;8255 CONTRCL PORT
286
gooo 27 ORG OCO0O0H
0080 020070 23 LIMP MAIN
29
0070 30 ORG 0070H
31 5 OKKEKKKKKKKK MATN REEKKEKKKKK
32
Q070 7A02 33 MAIN: MOV R2,#2
G072 1201F8 34 LCALL DELAY ~
§075 807C03 35 MOV DPTR,#PORTP ;SET 8255 PORT
0078 7480 38 MOV A, #80H
G07A FO 37 MOVX @DPTR,A
Q07B 7A04 38 MOV R2,#4 ;FIRST DELAY
007D 1201Fs6 33 LCALL DELAY
0080 755301 40 MOV L_SQUND, #01
0083 758108 41 MOV SP,#08H
42
43 ;KKK INITIALIZE skkkx
0088 7438 44 MOV A,#00111000B ;FUNCTICN SET
0088 120247 45 LCALL LCDWI
008B 740C 46 MOV A,#00001100B ;DISPLAY CONTRC
008D 120247 47 LCALL LCDWI
0080 7408 48 MOV A,#00000110B ;MODE SET
0082 120247 49 LCALL LCDWI
0095 7401 30 MOV A,#01H ;CLEAR
0097 120247 51 LCALL LCDWI
52
00SA 900186 53 MAINZ: MOV DPTR, #MAINT1
009D 120201 54 LCALL LCDLD
COAQ0 7AQA 55 MOV R2,4DELAY_BUF
0CA2 1201F8 56 LCALL DELAY
57

C0AS 800178 38 MOV DPTR, #MAINT2



00A8
00AB
00AD

GO0BO
00B3
00B6
00B8

00BB
OO0BE
0dc1
00C3

00C6
00C3
00CC
GOCF

goD2
00D5
o0D8
00DB

OO0DE

0CE1
00E4
OQE7
0O0ES

00EC
OCEF
00F2
00F4

GOF7
00FA
00FC
OQFE

0101
g103
0105
01086

g108
010B
g1aD
C10F
0112
0114
01186
g118

011A
011D
0120

120201
7A0A
1201F6

900186
120201
7ACA

1201F86

800186
120201
7A02

1201F6

120284
B40AOSB
1200E1
0200C6

B40CO0S8
12013F
12033D
020156

0200BB

9001As8
120201
7ACC

1201F8

9001B8
120201
7A02

1201F6

12028A
5401
F550
12022A

F531
E350
C4

F551

12028A
540F
F332
12022A
F332
E5581
4552
F538

120134
120284
B401086

LCALL
MOV
LCALL

MOV
LCALL
MOV
LCALL

LCDLD
R2,4#DELAY_BUF
DELAY

DPTR, #MAINT3
LCDLD
RZ, #DELAY_BUF
DELAY

5 KA KKK K K KK K KKK KK KKK KK KKK K K KK K K KKK KKK K K Kk

MAINS: MGV
LCALL
MOV
LCALL

MEM : LCALL

FUNCT1: CJNE
LCALL
LIMP

DPTR, #MAINT3A
LCDLD
RZ,#02
DELAY

INPUTSYS

A,#0AH,ENTER A = X

F1 ; SELCTER BATTERY
MEM

3 KKK K K K KK SKOK KKK KKK KKK K KKK KKK K K KKK KKK KoK

ENTER: CJNE
LCALL
LCALL
LIMP

RESMAIN: LJMP

A,#OCH, RESHAIN ;#
WORK

QUTSEL

CHECK

MAINS3

SRR SUB F 1 KRKKKKKKKKKK

Fl: MOV
LCALL
MOV
LCALL

MOV
LCALL
HOV
LCALL

LCALL
ANL
MOV
LCALL

MOV
MOV
SWAP
MOV

LCALL
ANL
MOV
LCALL
MoV
MOV
ORL
MOV

LCALL
LCALL
OK: CJINE

DPTR, #MAINT4 ;F1 SELECT (1-12)
LCDLD
R2,#12
DELAY

DPTR,#MAINTS
LCDLD

RZ2,#02
DELAY

INPUTSYS ; SELECT NUMBER BA.
A,#01H ;1 - 12

BO,A ;% OUT

HTOA

FUNC_BUF1,A ;% LCD
A,BO

A

YAM,A

INPUTSYS

A, #0OFH

SEK,A

HTOA

FUNC_BUFZ,A 1k LCD

A,YAHM

A,SEK

NUMBERB, A ;¥ CUT_FORTB-C

BEGIN
INPUTSYS
A,#01,E3



0123
0128
0128
g12c
012F
0130
0133

0134
0138
0138
013B
013E

013F
0142
0145
0147
014A
014D
0150
0152
0155

0158
0158
015C
015E
gis1
0164

0168
g16A
016E
0172
0178
017A
017E
o182
01886
018A
C18E
g182
01886
018A
O18E
01A2

01A8
C1lAA
O1lAE
01BZ
01B8
C1BA
O1BE
01C2

12033D
0200BB
B40004
0200E1
22

0200C6
22

7831
120319
7A02
1201Fs8
22

8001Cs
120201
7ACA
1201F8
8001D8
120201
7A0A
1201F8
22

S001EB
120201
7A05
1201F6
120134
80F0

55323430
30422020
52454348
41524745
434F4E54
524F4C4C
45522038
30433331
42582048
49544950
41542C53
48414D20
2A202D20
46312C23
202D2045
4E544552

48312053
454C4543
54202831
2D313228
582F4E20
28312F30
28204E20
3D203F3F

118

119 .

120
121
122
123
124
125
126
127
128
1283
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
1486
147
148
148
150
151
152

133

154

158
1587

158

€3]
w

E4.

3 JOKIOKKK K
BEGIN:

LCALL OQUTSEL

LJ¥P HAINZ ; OK
CJINE A,#00,E4

LJMP F1

RET

LJMP MENM

RET

SUB BEGIN oKk KKKHKHKKKKKXK
MOV RO, #FUNC_BUF1
LCALL BLCDLD

MOV RZ,#02

LCALL DELAY

RET

3 SRR KKK KK HH KK KK KKK KKK KKK 3K 3K K 3K KK

WORK :

MOV DPTR, #MAINTS

LCALL LCDLD

MOV RZ2,#DELAY_BUF
LCALL DELAY

MOV DPTR, #MAINTA

LCALL LCDLD

MOV RZ,#DELAY_BUF
LCALL DELAY

RET

5 KKKOKAK AR KKK KK KK KK KKK KR OR KKK K K K

CHECK:

MAINT1:

MAINTZ2:

MAINT3:

MAINT3A:

MAINT4:

MAINTS:

MOV DPTR, #MAINTZ

LCALL = LCDLD

MOV RZ2,#08H

LCALL DELAY

LCALL BEGIN

SJIMP CHECK

DB "U2400B RECHARGE"
DB “CONTROLLER 80C31”
DB "BY KITIPAT,SIAM "
DB "k - F1,8% - ENTER"
DB F1 SEBECT (1-12)
DB Y/N (1/0) N = 27



g1C8
01CA
O01CE
g1b2
01D86
01DA
O1DE
01E2
O1E8
01EA
O1EE
Q1F2

01F8
01F8
01FA
01FC
01FE
0200

0201
0203
0208
0208
020B

020C
020E
0210
0213
0215
0217
0219
0214

021B
021D
021F
0222
0224
0228
0227
0229

4D4F4445
20454E54
45522053
585354 2E
53595354
454D20357
4F524B43
4E472E2E
52554E20
4154204E
554D4245
523D2020

7B00
7C00
DCFE
DBFA
DAFB
22

7480
12020C
74CO0
12020C
22

C083
C082
120247
posz2
D083
7408
E4

93

cges
C082
120282
D082
D083
A3
DAFO
22

138
160

161

162

163
164
185
166
167
168
168
170
171
172
173
174
173
178
177
178
179
180
181
182
183
184
185
186
187
188
188
130
191
192
183
184
195
186
187
188
1388
200
201
202
203
204
205
206
207

208

MAINT3: DB “"MODE ENTER 3YST.”
MAINTA: DB "SYSTEM WORKING.."
MAINTZ: DB "RUN AT NUMBER=

5 KKKkEkkKRKkK DELAY SUB KKKAKKNKKKK
; DELAY SUBROUTINE
; IN R2

; REG R2,R3,R4

DELAY: MOV R3, #0
DELAY1: MOV R4, #0
DJNZ R4,3
DJNZ R3,DELAY1
DJINZ RZ2,DELAY
RET

KKKKKKKKERK LCDDIS HAKCKKKEKANCKKK

LOAD DATA TO LCD-MODULE

IN = DPTR START BLOCK (8684 BYTE)
REG = A,RZ2,DPTR

Ma we N v

LCDLD: MOV A,#80H ;SET ADDR LINE 1
LCALL LCDLDS
MOV A,#0CCOH ;SET ADDR LINE 2
LCALL LCDLDS

RET

LCDLDS: PUSH DPH ;LOAD SUB.
PUSH DFL :
LCALL LCDWI ;WRITE ADDRESS
POP DPL
POP DPH

MOV RZ2,#08 ;8 CHAR.
LCDLDS1: CLR A
MQove A,@A+DPTR ;MOVC FCR CCDE
;/ MOVX FOR DATA

PUSH DPH

PUSH DPL

LCALL LCDWD ;WRITE DATA
pPoP DPL

POP DPH

INC DPTR

DJNZ RZ,LCDLDS1
RET

fmmmm e HTOA SUB —=-=m-mmmmmmm

;CONVERT HEX TO ASCII
JIN G = A
00T = RZ2,RS3



0224
022C
022D
0230
0231
0233
0238
0237

0238
023A
023D
023F
0241
0242
0244
0248

0247
024A
024B

024E
024F
0251
0233
0255
0256
0258
0258
0258
025C
025E
0258F
02681

Q2.2
0285
0268

0288
026A
028C
02BE
0270
0271
0273

COEQ
C4
120238
FA
DGOEQ
120238
FB

22

S540F
B40AQO
5003
4430
22
94089
4440
22

907C00
FO
807C01

EQ

C2EO
C2E1
C2E2

go7coaQ
FO
807C01

EO
DZEQ
C2E1l
CZ2E2
FO
DZE2
FO

208
210
211
212
213
214
215
218
217
218
218
220
221
222
223
224
2235
228
227
228
228
230
231
232
233
234
235
236
237
238
2359
240
241
242
243
244
245
248
247
248
248
250
251
252
283
254
235
256
257
258
258
260
261
262
263
264
2835
268
267

;REG = A,R2,R3

HTCA: PUSH
SWAP
LCALL
MOV
pPoP
LCALL
MOV
RET

HTOAS: ANL
CJINE
JNC
ORL
RET

HTOAS1: SUBB
ORL
RET

ACC

A
HTOAS
R2,A
ACC
HTOAS
R3,A

A,#0FH
A,#0AH,$+3
HTOAS1
A,#30H

A,#3
A, #40H

5 OKKKKKKokkokk LCDWI %okokokkk Kk 3k ok
; LCD WRITE INSTRUCTION (RS=0)

; IN
; REG

A
A,DPTR

it

LCDWI: MOV
MOVX
MOV

MOVX
CLR
CLR
CLR
MOVX
SETB
MOVX
CLR
MOVX
MOV
LCDWI1: DEC
JNZ
RET

DPTR,#PORTA ;DATA TO PORTA

@DPTR, A

DPTR, #PORTB ;PORTB READ
;MODIFY WRITE

A,@DPTR
ACC. GO ;RS=0
ACC.1 ;R/W=0
ACC. 2 ;ENABLE=0
@DPTR, A

ACC, 2 ;ENABLE=1
@DPTR, A

ACC.2 ;ENABLE=0
@DPTR, A

A,$0 ;DELAY

A

LCDWI1

RXKKKKKKKK LCDUD  Xokkokskoskkskoksk

IN
REG

A
A,DPTR

LCDWD: MOV
MOVX
MOV

MOVX
SETB
CLR

CLR

MOVX
SETB
HOVX

; LCD WRITE DATA (RS=1)

DPTR,#PORTA ;DATA TO PORTA

@DPTR, A

DPTR, #PORTB ;FPORTB REZAD
;MODIFY WRITE

A,@DPTR

ACC.Q ;RS=1
ACC.1 ;R/W=0
ACC.2 ; ENABLE=0
@DPTR, A

ACC.2 ; ENABLE=1
@DPTR, A



0274
02786
0277
0273
027A
027C

027D
027D
0280
0282
0284
0287
0288

0284
0284
028B
028E
0291
0293
0296
0298
0294
029D
0240
0242
0244
0247
02AA
02AC
02AE
02B1
02B4
02B7
02BA
02BD
02C0
02C3
02C8
02C7
02C8
02CC
02CF
02D0
02D2
02D5
02D8
02D9
02DB
02DE
02E1
02E3
02E8
02E9
02EB

C2E2
FO
7400
14
70FD.
22

3084FD
E580
S540F
2084FD
F525
22

00
12027D
1202F7
E525
B40007
2401
S540F
0202Fs8
B40107
2401
540F
0202F6
B40207
2401
540F
0202F6
B40403
0202F6
B40503
0202F6
B40803
0202F6
B408086
14
540F
0202F8
B40808
14
540F
0202F8
B40AGS
14
540F
0202F8
B40CO05
740A
0202F6
B40D0S
5400
0202F8

263
263
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
288
287
288
288
2390
291
282
293
294
295
2396
287
298
283
300
301
302
303
304
305
3086
307
308
308
310
311
312
313
314
315
316
317
318
318
320
321
322
32

324
325
328

LCDWD1:

CLR
MOVX
MOV
DEC
JNZ
RET

ACC.2 ENAELE=0
@DPTR, A

A,%#0 +DELAY

A

LCDWD1

; *******>K**********************ﬂ'****‘k*‘k

INPUTP1:

JNB
MOV
ANL
JB

MOV
RET

P1.4,8

A,P1

A,#0FH
P1.4,¢
INPUT_BUF, A

3 RARKAAKAKAA K K KKK A KK KKK KKK KKK KKK KK KKK K
INPUTSYS:

NUN :

NUMBER1:
NUMBER2Z:
NUMBERS3:
NUMBER4 :
NUMBERS:
NUMBERG :
NUMBER7:
NUMBERS:

NUMBERS:

NUMBERC:

NUMBERO:

NOP
LCALL
LCALL
MOV
CJINE
ADD
ANL
LIMP
CJINE
ADD
ANL
LJIMP
CJINE
ADD
ANL
LJIMP
CJNE
LJMP
CJINE
LJMP
CJNE
LJIMP
CJINE
DEC
ANL
LJIMP
CJINE
DEC
ANL
LJMP
CJINE
DEC
ANL
LJNMP
CJINE
MOV
LJMP
CJINE
ANL
LJIMP

INPUTP1

UBEEP
A,INPUT_BUF
A,¥#00H,NUMBER2
A,#01H

A, #0FH
PASSTEST
A,#01H,NUMBERS
A,#01H

A, #0FH :
PASSTEST o
A,#02H,NUMBER4

A,H#01H

A, #OFH

PASSTEST

A,#04H,NUMBERS

PASSTEST

A,#05H,NUMBERS

PASSTEST

A,#08H,NUMBER7

PASSTEST

A,#08H,NUMBERS

A

A, #0FH
PASSTEST
A,#08H,NUMBERS
A

A, #0FH
PASSTEST

A, #0AH,NUMBERC
A

A,#0FH
PASSTEST
A,#0CH,NUMB
A, #0AH
PASSTEST
A,#0DH,NUMBERE
A, #0CH
PASSTEST

t

RO



OZEE
02F1
02F3
02F8
02F86

Q2F7
02FA

02FB
02ZFD
02FF
0301
0303
0305
0307
0308
030B
030D
030F

0310
0312
0314
0318
0318

0318
031B
031E

031F
0321
0323
03286
0328
032A
g32C
032D

032E
0330
0332
0335
4337
0338
0334
033C

033D

B40ESA
740C
0202F6

22

1202FB
22

ADS3
7EFF
7FFF
D2B4
DFFE
7FFF
C2B4
DFFE
DEF2
DDEE
22

7EB1
7FFF
DFFE
DEFA
22

74C8
12031F
22

C083
C082
120247
D082
D083
7A02
E4

EB

co83
c082
1202862
D082
D083
08
DAFO
22

ES538

327
328
329
330
331
332
333
334
335
336
337
338
338
340
341
342
343
344
345
346
347
348
349
350
331
352
353
354
398
336
357
358
338
360
361
362
363
364
365
3686
367
363
369
370
371
372
373
374
375
3786
377
378
378
380
381
382
383
384
385

NUMBERE: CJNE

A, #0EH,NUM

MOV A, #0CH

LIMP PASSTEST
PASSTEST:

RET
;RKKKK SUB UBEEP 2 KKKKICKKKAKKKKKKAK KKK
UBEEP: LCALL SOUND

RET

;XRXKKK SUB SOUND KKK K KAKKK KKK KKK KKK KKK

SOUND: MOV

R5,L_SOUND

SOUND_1: MOV R6, #0FFH
SOUND_2: MOV R7,#0FFH
SETB P3.4
DIJNZ R7,3
HOV R7,#0FFH
CLR P3.4
DJNZ R7,3
DINZ RB,SOUND_2
DJNZ RS5,SOUND_1
RET

¥RKRKK SUB DELAYB  KKKKKKKKKKK AN KK KKK

DELAYB: MOV R6, #0B1H
DELAYB_1: MQV R7,#0FFH
DIJNZ R7,$%
DJNZ R6,DELAYB_1
RET

3 RRKRRKKR R KKK KO KAK KKK KK K

2

; LOAD DATA TO LCD-MODULE -

; IN DPTR START BLOCK (84 BYTE)
; REG

BLCDLD: MOV

A,R2,DPTR

A,#0C8H ;SET ADDR LINE 2

LCALL BCDLDS
RET
BCDLDS: PUSH DPH ; LOAD SUB.
PUSH DPL
LCALL LCDWI ;WRITE ADDRESS
PQoP DPL
pPOP DPH
MOV R2,#02 ;8 CHAR.
BCDLDS1: CLR A
MOV A,@RO ; MOVC FCR CODE
;/ MOVX FGR DATA
PUSH DPH
PUSH PPL
LCALL LCD¥D ;WRITE DATA
POP DFL
PCP DPH
IHC R0
DJINZ RZ,BCDLDS1
RET

3 HRKORKCKK KKK KKK KO HOK KKK KKK KSR K KKK Kk kok &%}

OUTSEL: MOV

A,NUMBERB ;¥ OUT_PORTB-C



033F

0342
0345
03486
0348

0343
034B
034E
0351
0353
0354
03586
0358

035C
Q035F
0362
0383
0385
03686
0368
036B
038E
0370
0371
0373
0378

0373
037C
Q37F
0380
0382
0383
0385
0388
038B
038D
G38E
0390
0383

0386
0388
038cC
039D
038F
03A0
03A2
0345
0348
034A
03AB
03AD
03BO

B4011A

807C01
EC
540F
FO

7A02
1201F6
907CQo2
7401
FO
7A04
1201Fs6
020448

B4021A
907Cco1
EC
540F
FO
7A02
1201Fs8
807C02
7402
FO
7A04
1201Fs8
0204A8

B4031A
807Co1
EQ .
S540F
FO
7A02

1201F6

807C02
7404
FO
7A02
1201F8
0204A8

B4041A
807C01
EO
340F
FO
7A02
1201Fs8
807CQ2
7408
FO
7A04
1201F6
0204A3

386
387
388
388
380
391
382
383
394
385
386
387
388
399
400
401
402
403
404
4035
4086
407
408
409
410
411
412
413
414
415
418
417
418
418
420
421
422
423
424
425
4286
427
428
429
430
431
432
433
434
435
438
437
438
438
440
441
442
443

444

S1:

S$2:

S3:

S4:

CJINE

MOV
MOVX
ANL
MOVX

MOV
LCALL
MOV
MOV
MOVX
MOV
LCALL
LINP

CJINE
MOV
MOVX
ANL
MOVX
MOV
LCALL
MOV
MOV
MOVX
MOV

LCALL

LJNMP

CJINE
MOV
MOVX
ANL
MOVX
MOV
LCALL
MOV
MOV
MOVX
MOV
LCALL
LIMP

CJINE
MOV
MOVX
ANL
MOVX
MOV
LCALL
MOV
MOV
MOVX
MOV
LCALL
LJIMP

A,#01,32

DPTR, #PORTB
A,@DPTR
A,#0OFH
@DPTR, A

RZ,#02
DELAY

DPTR, #PORTC
A,#01H
@DPTR, A
R2,#04
DELAY

S0

A,#02,83
DPTR, #PORTB
A,@DPTR
A,#0FH
@DPTR, A
R2,#02
DELAY

DPTR, #PORTC
A,#02H
@DPTR, A
R2,#04
DELAY

S0

A,#03,54
DPTR, #PORTB
A,@DPTR
A,#0FH
@DPTR, A

R2, #02
DELAY |
DPTR, #PORTC
A, $04H
@DPTR, A
R2,#02
DELAY

S0

A,#04,85
DPTR, #PORTB
A,@DPTR

A, #0FH
@DPTR, A
R2,#02
DELAY

DPTR, #PORTC
A,#08H
@DPTR, A
RZ,#04
DELAY

S0



03B3
03B8
0389
03BA
03BC
03BD
03BF
03C2
03C5s
03C7
03Cs8
03CA
03CD

03D0
03D3
03D8
03D7
03D
03DA
03DC
03DF
03E2
03E4
03ES5
03E7
03EA

O03ED
O3F0
03F3
03F4
03F86
03F7
O3F8
03FC
O3FF
0401
g402
0404
0407

0404
040D
0410
0411
0413
0414
0416
0419
041C
041E
J41F
0421
0424

0427
042A
042D

B4051A
807C01
EO
S540F
FO
7A02
1201F8
907C02
7410
FO
7A04
1201Fs8
0204A8

B4081A
807C01
EQ
540F
FO
7A02
1201F6
807C02
7420
FO
7404
1201F8
0204A8

B4071A
907C01
EO
540F
FO
7A02
1201F86
8907C02
7440
FO
7A04
1201F8
0204A8

B4081A
307C01
EC
940F
FO
7A02
1201F86
307C0z2
7480
FO
7404
1201Fs
CZ204A8

B4081E
807C02
E4

445
446
447
448
449
450
451
432
453
454
455
4585
4357
458
4583
480
481
462
483
484
485
4566
487
488
489
470
471
472
473
474
475
478
477
478
473
480
481
482
483
484
435
488
487
488
4883
430
431
492
433
484
4385
436
437
483
439
S00
501
502
503

S3:

SB:

S7:

CJINE
MOV
MOVX
ANL
MOVX
MOV
LCALL
MOV
MOV
MOVX
MOV
LCALL
LJKP

CJINE
MOV
MOVX
ANL
MOVX
MOV
LCALL
MOV
MOV
MOVX
MOV
LCALL
LJMP

CJINE
MOV
MOVX
ANL
MOVX
MOV
LCALL
MOV
MOV
HOVX
MOV
LCALL
LJINMP

CJNE
MOV
MOVX
ANL
MOVX
MOV
LCALL
MOV
MOV
HOVX
MOV
LCALL
LJMP

CJINE
MOV
CLR

A,#05,38
DPTR, #PORTB
A,@DPTR
A,#0FH
@DPTR, A
R2,#02
DELAY

DPTR, #PORTC
A,#10H
@DPTR, A
R2,#04
DELAY

S0

A,#06,87
DPTR, #PORTB
A,@DPTR
A,#OFH
@DPTR, A
RZ,#02
DELAY

DPTR, #PORTC
A,#2CH
@DPTR, A
RZ,#04
DELAY

S0

A,#07,538
DPTR, #PCRTB
A,@DPTR
A,#0FH
@DPTR, A
R2,#02
DELAY

DPTR, #PCRTC
A, #40H
@DPTR, A
R2,#04
DELAY

SC

A,#C8,38
DPTR, #PCRTB
A,®@DPTR
A,#0FH
@CPTR, A
RZ,#02
DELAY

DPTR, #FCRTC

A,%S0H



FO

7402
1201F6
807C01
C2ES
C2EB
C2E7
D2E4
FO
7A04
1201F6
0204A8

B4101E
807C02
E4

FO
7A02
1201F6

807C01
C2E4
C2E6
CZ2E7
D2E5
FO
7A04
1201F6
0204A8

B4111E
807C02
E4

FO
7A02
1201F6
807C01
C2E4
C2ES
C2E7
D2E6
FO
7A04
1201F6
0204A8

B4121B
907C02
E4

FO
7AC2
12C1F6
907C01
C2E4
C2ES
C2E6
D2E7
FO

504
505
508
507
508
509
510
511
512
513
514
515
516
517
518
519
520
921
522
523
524
525
5286
527
528
529
530
631
532
533
534
5395
536
537
538
538
540
541
542
543
544
545
546
547
5438
543
550
3581
552
553
554
555
5586
587
558
558
560
561
582

S10:

2 108

w2

)

MOVX

MOV
LCALL
MOV
CLR
CLR
CLR
SETB
MOVX
MOV
LCALL
LJIMP

CJINE
MOV
CLR
MOVX
MOV
LCALL

MOV
CLR
CLR
CLR
SETB
MOVX
MOV
LCALL
LJIMP

CJNE
MOV
CLR
MOVX
MOV
LCALL
MOV
CLR
CLR
CLR
SETB
MOVX
MOV
LCALL
LIMP

CJINE
MOV
CLR
MOVX
MOV
LCALL
MOV
CLR
CL
CLR
SETB
MOVX

@DPTR,A

RZ2,#02
DELAY
DPTR, #PORTB
ACC.5
ACC.56
ACC.7
ACC.4
@DPTR, A
R2,#04
DELAY
S0

A,#10H,S511
DPTR, #PCRTC
A

@DPTR, A
RZ2,#02
DELAY

DPTR, #FORTB
ACC.4

ACC.6

ACC.7

ACC.5
@DPTR, A
R2,#04
DELAY

S0

A,811H,512
DPTR, #PORTC
A

@DPTR, A
RZ,#02
DELAY

DPTR, #PORTB
ACC .4

ACC.5

ACC.7

ACC.6
@DPTR, A
R2,#04
DELAY

S0

A,#12H,50
DPTR, #PORTC
A .
@DPTR, A
R2,4#02
DELAY

DPTR, #FPCRTB
ACC.4

ACC.5

ACC.8

ACC.7
@DPTR, A



04A3 7A04 563 MOV R2, %04

04A5 1201F8 gg% LCALL DELAY
04A8 22 3868 30: R
0000= 567 Egg
bedlds = 031F bedldsl = 032C begin
bledld = 0318 bo = 0050
check = 0156 delay = O1F86 delayl
delay_buf = 000A delayb = 0310
delayb_1 = 0312 e3 = 0129 ed
enter = 00Dz f1 = 0QE1l
func_bufl = 0031 func_buf2 = 0032 func_buf3
func_bufd4 = 0034 functl = 00CY
. htoa = (0ZZA htoas = 0238 htoasl
input_buf = 0025 inputpl = 027
inputsys = 028A 1_sound = 0033 ledid
ledlds = 020C ledldsl = 0219
ledwd = 0282 ledwdl = 0278 ledwi
ledwil = 023E main = 0070
mainZ2 = 0O0SA main3 = OOBB maintl
maint2 = 01786 maint3 = 0186
maint3a = 0188 maintd4 = 01AG maintd
maint8 = 01C8 mainta = 01D6
maintz = O1EB mem = 00CB num
number0 = 02EB numberl = 0283
number2 = 022D number3 = 0ZAY7 number4
numberd = 02B7 number8 = 02ZBD
number?7 = 02C3 number8 = 02CC numberd
numberb = 0038 numberc = 0ZDE
numbere = 0ZEE numbert = 0038 ok
outsel = 033D passtest = 02F6
porta = 7CQ0 portb = 7C01 portc
portp = 7C03 resmain = OO0DE
s0 = (0448 sl = 033F s10
sl1l = 0469 s12 = 048A '
s2 = (033C s3 = 0378 sd
s5 = 03B3 s6 = 03D0
s7 = QO3ED 58 = 0404 s9
sek = 0052 sound = 02FB
sound_1 = 02FD sound_2 = Q2ZFF ubeep

work = 013F yvam = 0051
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80C51-L/ 80C31-L

CMOS SINGLE-CHIP 8 BIT 3V-MICROCONTROLLER

® 80C51-L~ CMOS SINGLE-SHIP 8-BIT MICROCONTROLLER with factory mask-programmabie ROM
* 80C31-L- CMOS SINGLE-CHIP 8-BIT CONTROL-ORIENTED CPU with RAM and 1/0
©80C51-L/C31-L: 0TO 6 MHz, VCC =2.7VTO 6V

FEATURES
° POWER CONTROL MODES * BOOLEAN PROCESSOR
© 128 x 8 BIT RAM * 5 INTERRUPT SOURCES
® 32 PROGRAMMABLE 1/0 LINES * PROGRAMMABLE SERIAL PORT
* TWO 16-BIT TIMER/COUNTERS ® 64K DATA MEMORY SPACE
* 84K PROGRAM MEMORY SPACE * TEMPERATURE RANGE: 0 TO 70°C
® FULLY STATIC DESIGN

* HIGH PERFORMANCE SAJI VI CMOS
PROCESS

DESCRIPTION

i |4

osT7/Ot/RT™

-

1 MHS's 80C51 and 80C31 are high

perfformance CMOS versions of
the 8051/8031 NMOS singie chip
8bityCandis manufactured usinga
seff-aligned silicon gate CMOS
pracess (SAJIVY).

The fully static design of the MHS
80C51/80C31 allows to reduce
system power consumption by
bringing the clock frequency down
to any value, even DC, without loss
of data.

The 80CS51 retains alf the features
of ihe 8051: 4K bytes of ROM:
128 bytes of RAM; 32 I/0 lines: two
16 bit timers; a S-source 2-level
interruptstructure:afullduplexserial
port; and on-chip oscillator and
clock circuits.

in addition, the 80C51 has two
software-selectable modes of
reduced activity for further reduction
in power consumption. In the Idle
Mode the CPU is frozen while the
RAM, the timers, the serial port, and
the interrupt system continue to
function. In the Power Down Mode
the RAM is saved and all cther
functions are inoperative.

The 80C31is identical to the 80CS1
except that it has no on-chip ROM.

+a MHIS



80C51-L./80C31-L

Figure 2, Configurations
P10 {1 40 vCC
P11 E 2 U 39 g POO
P2 d3 38 1 PO.Y
P1.3 a4 371 P02
P14 d5 36 g P03
P1.5 d 6 35 g PO4
P1.8 d 7 34 1 PO.S
P17 s 8 ® 337 POS
RST d 9 8 32 P07
P3.0/RXD 4 10 ‘é‘ 31 g EA
P3.1/TXD ai g 30 mALE
P3.2/INTO O 12 9 29 1 PSEN
P3.3/NTH = 13 7 28 n P27
P3.4M10 14 271 P26
P3.5M1 d1s 26 P25
P3.EMR d 16 25 P24
P3.7/IRD gl7 24 1 P23
XTAL2 c 18 23 /7y P22
XTAL1A d 19 22 1 P21
VSS d 20 21 g P20
Pin
Diagrams are for pin reference only.
Package sizes are not to scale.

WAy 430 42, a1 400

bed Bad Led Lad bas

80C31LU80CSIL

vl il fef ini gl fel gl iw} ial s} e

Pe% €% PN N FU £ PN £V PSP W F°9

P23 seN per o=y pey Peq pey Py pay seq

H8p 18l 120] 12 220 1231 T2a! f2s) [26) 7wl 1%

P36
P37
XIAL2
XIAL )
VSsSs
NC
P20
P2
P22
P2.
P24

IDLE AND POWER DOWN
OPERATION

Figure 3 shows the internal Idle and Power Down clock
configuration. As illustrated, Power Down operation
stops the oscillator. Idle mode operation allows the
interrupt, serial port, and timer blocks to continue to
function while the clock to the CPU is gated off.

These special modes are activated by software via the

Special Function Register,its hardware address is 87H.

PCON is not bit addressabie.

Figure 3. |dle and Power Down Hardware

PCON: Power Control Register
(MSB) (LSB)

sMoo - | - | - JoFt]ero] po [ oL ]

Symbol Position Name and Function

SMOD  PCON.7 Double Baud rate bit. When set

to a 1,the baud rate is doubled
when the serial port is being
used in either modes 1,2 or 3.

- PCON.6 (Reserved)
- PCON.5 (Reserved)
- PCON.4 (Reserved)
GFt PCON.3 General-purpose flag bit.
GFO  PCON.2 General-purpose flag bit

PD PCON.1 Power Down bit. Setting this
bit activates power down
operation.

oL PCON.O ide mode bit.Setting this bit
activates idle mode operation.

if 1's are written to PD and IDL at the same time.
PD takes srecedence. The reset value of PCON is
(OXXX0000).




80C51-L./80C31-L

Tabile 1. Status of the extemal pins during Idle and Power Down modes

Mode | ProgramMemory | ALE | PSEN | PORTO PORT PORT2 PORT3
Idle internat 1 1 Port Data Port Data Port Data Port Data
Idle External 1 1 Floating Port Data Address Port Data

Power internal 0 0 | PotData | PotData | FotData | PorttData

g%ww? External 0 0 Floating | PortData | PortData | Port Data

IDLE MODE STOP CLOCK MODE

The instruction that sets PCON.Q is the last instruction
executed before the idle mode is activated. Once in
the Idle mode the CPU status is preserved in its
entirety: the Stack Pointer, Program Counter, Program
Status Word, Accumulator,RAM,and all other registers:
maintain their data during Idle. Table 1 describes the
status of the external pins during Idle mode.

There are two ways to terminate the ldle mode.
Activation of any enabled interrupt will cause PCON.O
to be cleared by hardware, terminating ldle mode.
The interrupt is serviced, and following RETI, the next
instruction to be executed will be the one following
theinstruction that wrote a 1to PCON.C.

The flag bits GFO and GF1 may be used to determine
whether the interrupt was received during normal
execution or during the idle mode. For example, the
instruction that writes to PCON.0 can also set orclear
one or both flag bits. When Idle mode is terminated by
an enabled interrupt, the service routine can examine
the status of the flag bits.

The second way of terminating the Idle mode is witha
hardware reset. Since the oscillator is still running, the
hardware reset needs to be active for only 2 machine
cycles (24 oscillator periods) to complete the reset
operation.

POWER DOWN MODE

The instruction that sets PCON.11s the last executed
priorto entering powerdown:;Once in powerdown,the
oscillator is stopped. The contents of the onchip RAM
and the Special Function Register is saved during
power down mode. A hardware reset is the only way of
exiting the power down mode. The hardware reset
initiates the Special Function Register (see Table 1).

In the Power Down mode. VCC may be lowered to
minimize circuit power consumption. Care must be
taken to ensure the voltage is not reduced until the
power down mode is entered, and that the voltage is
restored before the hardware reset is applied which
frees the oscillator. Reset shoukd not be released untit
the oscillator has restarted and stabilized.

Table 1describes the status ofthe extemal pins while in
the power down mode. it should be noted that if the
power down mode is activated while in extemal
program memory, the port data that is held in the
Special Function Register P2 is restored to Port 2. lfthe
data is a 1, the port pin is held high during the power
down mode by the strong puliup, T1.shown in Figure 4.

Due to'static design,the MHS 80C31/CS1clock speed
can be reduced until 0 MHz without any data loss in
memory or registers. This mode allows step by step
utilization, and permits to reduce system power
consumption by bringing the clock frequency down to
any value. At 0 MHz, the power tonsumption is the
same as in the Power Down Mode.

80C511/0 PORTS

The I/O port drive of the 8QC51 is similar to the 8051.
The /O buffers forPorts 1,2,and 3 are implemented as
shown in figure 4.

When the port latch contains a 0,alt pFETS in figure 4
are off while the nFET s turned on.When the portiatch
makes a 0-to-1transition, the nFET turns off. The strong
pullup PFET, T1, tums on for two oscillator periods,
pulling the output high very rapidly. As the outputline is
drawn high, pFET T3 turns on through the inverter to
supply the 10K source current. This inverter and T%
form a latch which holds the 1 and is supported by T2
When Port 2 is used as an address port, for access to
external program of data memory, any address bit
that contains a 1 will have his strong pullup turned on
for the entire duration of the external memory access.

When an /O pin on Ports 1,2,0r 3 is used as an input,
the user should be aware that the external circuit must
sink current during the logical 1-to-0 transition.
The maximum sink current is specified as ITL under
the D.C.Specifications. When the input goes below
approximatety 2V, T3 turns off to save ICC current. Note,
when returning to a logical 1, T2 is the only internal
pullup that is on. This will result in a slow rise time if
the user's circuit does not force the input line high.

b

Fig. 4.1/0 Butfers In the 80CS1 (Ports 1,2, 3)

== VHS




80CS1 PIN DESCRIPTIONS
vVss
Circuit ground potential

vce

Supply voltage during normal, Idle, and Power Down
operation.

Port 0

Port 0 is an 8-bit open drain bi-directional /O port.

Port O pins thathave 1's written to them float and in that
state can be used as high-impedance inputs.

Port 0 is also the multiplexed low-order address and
data bus during accesses to external Program and
Data Mermory.In this application it uses strong internal
pullups when emitting 1's. Port 0 aiso cutputs the

code bytes during program venfication in the 80C51.

Bxernal pullups are required dunng  program
verification. Port O can sink eight LS TTL inputs.

Port1

Port 1is an 8-bit bi-directional O port with internal
pullups. Port 1 pins that have 1's wntten to them are
pulled high bythe internal pullups,andinthat state can
be used as inputs. As inputs, Port 1 pins that are

externally being pulied low will source current (ilL,

on the dala sheet) because of the internal puliups.

Port 1also receives the low-order address bytes during
program verification. In the 80CS1, Port 1 can sink/
source three LS TTL inputs. it can drive CMOS inputs
without external pultups.

Port 2

Port 2 is an 8-bit bi-directional I/O port with internal
pullups. Port 2 pins that have 1's written to them are
pulled high bythe internal pullups,andinthat state can
be used as inputs. As inputs. Port 2 pins that are
externally being pulled low will source current (liL.on
the data sheet) because of the internal pullups. Port 2
emits the high-order address byte durning fetches from
external Program Memory and dunng accesses to
external Data- Memory that use 16-bit addresses
(MOVX @ DPTR). In this appfication, it uses strong
internal pullups when emitting 1's. During accesses to
external Data Memory that uses 8-bit addresses
(MOVX @ Ri), Port 2 emits the contents of the P2
Special Function Register.

1t also receives the high-order address bits and control
signals during progam verification in the 80CS1.
Port 2 can sink/source three LS TTLinputs. !t can drive
CMOS inputs without external pullups.

Port 3

Port 3 is an 8-bit bi-directional /0 por with intemnal
pultups. Port 3 pins that have 1's written to them are
pulled high by the internal pullups.andin that state can
be used as inputs. As inputs, Port 3 pins that are
externally being puiled fow will source current (IL.on
the data sheet) because of the pullups. !t also serves
the functions of various special features ofthe MCS-51
Family, as listed below.

80CS51-L/80C31-L
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Port Pin
P3.0

Altemate Function
RXD (serial input port)

P31 TXD (serial output port)

P3.2 INTO (extemal interrupt 0)

P3.3 INT1 (external interrupt 1)

P34 TO (Timer O extemal input)

P3.5 Ti(Timer 1 external input)

P3.8  WR (extemal Data Memory write strobe)
P3.7 RO (external Data Memory read strabe)

Port 3 can sink/source three LS TTLinputs. It can drive
CMOS inputs without external puliups.

RST

A high level on this for two machine cycles while the
oscillator is running resets the device. An internal puli-
down resistor permits Power-On reset using only a
capacitor connected to VGG,

AlLE

Address Latch Enable output for latching the low byte
of the address during accesses to external memory.
ALE is activated as though for this purpose at a
constant rate of 1/6 the oscillator frequency except
dunng an external data memory access at which time
one ALE pulse is skipped. ALE can sink/source 8 LS
TTL inputs. |t can drive CMOS inputs without an
externa!l pullup.

PSEN

Program Store Enable output is the read strobe~to
external Program Memory. PSEN is activated twice
each machine cycle during fetches from external
Program Memory. (However, when executing out of
external Program Memory, two activations of PSEN are
skipped during each access to external Data
Memory). PSEN is not activated during fetches from
internal Program Memory. PSEN can sink/source 8 LS
TTL inputs. it can drive CMOS inputs without an
external pullup.

EA

When EA s held high,the CPU executes out ofinternal
Program Memory (uniess the Program Counter
exceeds OFFFH). When EA is held low, the CPU
executes only out of external Program Memory.
EA must not ke floated.

XTALY

Input to the inverting amplifier that forms the oscillator.
Receives the extemal oscillator signai when an
extemal oscillator is used.

XTAL2

Output of the inverting amplifier that forms the
oscillator, and input to the internal clock generator.
This pin should be floated when an external osciltator
is used.




OSCILLATOR CHARACTERISTICS

XTAL1and XTAL2 are the input and output respectively,
of an inverting amplifier which is configured foruse as
an on-chip oscillator, as shown in figure 5. Either a
quartz crystal or ceramic resonator may be used.

To drive the device from an extemal-clock source,
XTAL1 should be driven while XTAL? is left

80C51-L./80C31-L

unconnected as shown in figure 6. There are no
requirements on the duty cycle of the external clock
signal,since theinputtothe internal clocking circuitryis
through a divide-by-two flip-flop, but munimum and
maximum high and low times specified on the Data
Sheet must be observed.

L]
'[ I a4 XTALL

1
2

Figure 5. Crystal Oscillator

NC XTALZ
EXTERNAL
OSCLLATOR XTALL
SIGNAL
L Vvss

Figure 6. External Drive Configuration
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ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias:
Commercial .................. 0°Cto70°C
Industrial ................. ~40°Ct0 85°C
Storage Temperature ............ -65°Cto+150°C
Voltage onVCC tOVSS oeevvveeeentn -05vto+7V
Voltage on Any PintoVSS..... -0.5V toVeo +0.5v
Power Dissipation ...........ccoveiiiin el 1we

* This value is based on the maximum allowable die
temperature and the thermal resistance of the
package.

80C51-L/80C31-L

*NOTICE:

Stresses at orabove those listed under ‘Absolute Maxi-
mum Ratings™ may cause permanent damage (o the
device. This is a stress rating only and functional opera-
tion ofthe device atthese orany other conditions above
those indicated in the operational sections of this spe-
cification is not implied. Exposure (0 absolute maxi-
mum rating conditions may affect device reliability.

DC CHARACTERISTICS
TA=-40°Ct0 85°C;:VCc=2.7Vto 6V:VSS=CQV; F=0t0 6 MHz
Symbol Parameter Min | Max Unit Test Conditions
VIL Input Low Voltage - -05 | O.2c\)/cc N,
: -0.1
VIH Input High Voltage 0.2Vce vee Vv
(Except XTALs and RST) +09 +0.5
VIH1 input High Voltage to RST for Reset 0.7vVee Vg(g3 \'%
VIH2 Input High Voitage To XTAL 1 0.7vVee vee v
+0.5
VPD Power Down Voltage To Ve G in PO Mode| 2.0 6.0 v
VOL Output Low Voitage (Ports 1,2, 3) 0.45 v I0L=1.6mA (note 1)
VOL1 QOutput Low Voltage Port 0, ALE, PSEN 0.45 Vv IOL=3.2mA (note 1)
VOH Output High Voltage Ports 1,2.3 0.9vee \Y ICH=-10pa
2.4 \" IOH=~60pA
Vee=V£10%
VOH1 Output High Voltage (Port 0 in External | 0.9Vce Y IOH=-40yA
in External Bus Mode), ALE, PSEN
24 V IOH == 400pA
Vee=5VE£10%
1N Logical O Input Current Ports 1,2,3 -30 wA Vin=0.45V
ILl Input Leakage Current =230 pA 0.45 <Vin <V¢cC
ITL Logical 1to 0 Transition Current -500 uA Vin=2.0V
(Ports 1,2, 3)
ICCPD | Power Supply Current 50 10 pA Voo =2.0Vio 5.5v
(Power Down Mode) (note 2)
RRST RST Pulldown Resistor 50 150 kQ
CiO Capacitance of /O Buffer 10 pF fc=1MHz, TA=25°C
Note 1:

Capacitive loading on Ports 0 and 2 may cause
Spunious noise puises to be superimposed on the
VoLs of ALE and Ports 1 and 3. The noise is due to
external bus capacitance discharging into the Port 0
and Port 2 pins when these pins make 1-t0-0

transitions during bus operations. in the worst cases
(capacitive loading 100 pF),the noise pulse onthe ALE
line may exceed 0.45V with maxi VoL peak 0.6V.
A Schmitt Trigger use is not necessary.
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EXTERNAL CLOCK DRIVE CHARACTERISTICS (XTAL 1)

Variable Clock
freq=0 to 6 MHz
Symbol Parameter Min Max Unit
TCLCL Oscillator Period 166 ns
TCHCX High Time 20 ns
TCLCX Low Time 20 ns
TCLCH Rise Time 20 ns
TCHCL Fall Time 20 ns
VeC-05VL . . =% — y TCUCH et ToHCL
ﬂ\wvcc
’ 02vCC-0.1 ]
048v
TOLEX -]
reLeL o=
AC CHARACTERISTICS

(TA=-40°Cto 85°C,VCC=2.7Vto SAVSS
(Load Capacitance for Port 0, ALE, and PSEN

=0V)

EXTERNAL PROGRAM MEMORY CHARACTERISTICS

=100pf; Load Capacitance for All Other Outputs =80pf).

Symboal Parameter Min Max Units
TLHLL ALE Pulse Width 2ICLCL-40 ns
TAVLL Address Valid to ALE TCLCL-55 ns
TLLAX Address Hold After ALE TCLCL-35 ns
TLLIV ALE to Valid instr In 4TCLCL - 170 ns
TLLPL ALE to PSEN TCLCL- 25 ns
TPLPH PSEN Pulse Wigth 3TCLCL-35 ns
TPLIV PSEN to Valid InstrIn 3TCLCL-220 ns
TPXIX input Instr Hold After PSEN 0 ns
TPXIZ Input Instr Float After PSEN TCLCL-~-20 ns
TPXAV 'PSEN to Address Vaiid TCLCL-8 ns
TAVV Address to Valid Instr in STCLCL-220 ns
TPLAZ PSEN Low to Address Fioat 0 ns

See next page for _Extemal Data Memory Characteristics.
. = VHS




EXTERNAL DATA MEMORY CHARACTERISTICS

80C51-L/80C31-L

Symbol Parameter Min Max Units
TALRH RO Puise Width 8TCLCL- 100 ns
TWLWH WR Pulse Width 8TCLCL-100 ns
TLLAX Data Agdress Hold After ALE TCLCL-35 ns
TRLDV RD to Valid Data In STCLCL-185 ns
TRHOX Data Hold Aiter RD 0 ns
TRHDZ Data Float After RD ZTCLCL-70 ns
TLLOV ALE to Valid Data in gTCLCL-150 ns
TAVDV Address toVelid Data in gTCLCL - 165 ns
TLLWL ALEto WR or RD 3TCLCL- 30 3TCLCL+50 ns
TAVWL Address to WR o RD £TCLCL - 130 ns
TQVWX Data Valid to \WR Transiion { TCLCL-30 ns
TQVWH Data Setuo to WHR Hign 7TCLCL-130 ns
TWHQX Data Hoid After WR_ TCLCL-30 ns
TRLAZ RD Low to Address Float - Q ns
TWHLH RD or WR High o ALE High TCLCL-40 TCLCL-40 ns
MAXIMUM IccC (mA)
Operating (Note 3) ldle (Note 4)
Freq.VcC 2.7V 5V &V 2.7V 5V 6V
1 MHz 0.8 mA 1.5 mA 1.8 mA <00 uA 800 uA 1 mA
6 MHz 4 mA 8 mA 10 mA 1.2mA | 35mA 3.8 mA
Note 2: Note 4:
Power Down ICcC is measured wili all output oINS lale lcc s measured with all output pins

disconnected; EA=Port 0 =V XTAL2 N.C. RST=
Vss
Note 3:

icc is measured with all output pins disconnected:
XTAL1 driven with TCLCH, TCHCL =5 ns, VIL=Vsg =
0.5V:ViH Ve -0.5V; XTAL2 N.C.; EA=RST=Port 0=
vee. lee would be slightly higher if a crystal oscillator
used.

EXPLANATION OF THE AC SYMBOLS

Each timing symbol has 5 characters. The first
character is always a 'T" (stands for time). The other
characters, depending on their positions, stand for the
name of a signal or the logical status of that signal.
The following is a list all the characters and what they
stand for.

disconnected: XTAL1 driven TCLCH, TCHCL=5 ns,ViL
=Vgg +0.5V: Vi4 =VgC ~0.5V; XTAL2 N.C; Port 0=
Ve EA=RST=Vss.

EXAMPLE:

JAVLL =Time fcr Address Valid to ALE low.
TLLPL =Time for ALE low to PSEN low.

A: Address.

C: Clock.

D: Input data.

H: Logic level HIGH.

I Instruction (program memory centents).
L: Logic level LOW. or ALE.

P: PSEN

Q: Qutout data.

R: REAC signal.

T: Time.

V:Valid.

W: WRITE signal

X: No lenger & valid logic level.
Z: Fioat.




80Cs1-L/80C31-L

AC TIMING DIAGRAMS

EXTERNAL PROGRAM MEMORY READ CYCLE ‘
| 12 TOLCL ]

UL Ly
e e TUPL __/r_ \
et TPLPH

= /7 T N Vo N

PSEN
TULAX 3o = ={
TALL ot | -:TPUV-WX’X ™XIZ
ro INSTRIN | 0w INSTRIN AD-AT
TV

orsmm )X ADORESS AB-AIS A ADORESS AB-A1S e
PORT 2 - N ,

EXTERNAL DATA MEMORY READ CYCLE
TWHLH ’!
LoV -
AE _-—/ \ /‘

B Np TRLRH -
TAVWL-a A e
T et TLLAX et e TRLOV et TRHOX
PORTO § 20-47 i DATA IN >ﬁ)<
TRAZ
rorTz  ARESS A ADORESS A8-A1S OR SFR-P2 )
EXTERNAL DATA MEMORY WRITE CYCLE Aol i
%o AT NPT
wH ! TWULWH L
ey
et TLLAX oy TOVWX TCVWH TWHQX
PORTO AO-AT P DATA OUT
e ( ADORESS A-A1S OR SRR-P2 P
PORT2
AC TESTING INPUT/OUTPUT, FLOAT WAVEFORMS
FLOAT

INPUT/OQUTPUT
e FLOAT
vec-0sv
azvec-09 | _‘J\vou-mv /mmv
TESTPOINTS l ROAD
aasv __,(voumv \‘vmm-o.w

Q2vec-ot |
AC inputs during testing are driven at VCC —0.5 fora logic *1° and 0.45V for a logic *0°. Timing measurements are
made at VIH min for a logic *1* and VIL max for a logic "0°. For timing purposes a port pin is no longer floating when
a 100 mV change from load voltage occurs and begins to fioat when a 100 mV change from the loaded VOH/MOL

level occurs. lol/ioH = + 20 Ma.
6
ne zs MHS
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SERIAL PORT TIMING - SHIFT REGISTER MODE
A.C.CHARACTERISTICS:
(TA=0°Cto70°C: Vg =0V: VCC=2.7V o 6V; Load Capacitance =80 pF)

Symbol Parameter Min Max Units

TXLXL Serial Port Clock Cycle Time 12ICLCL us

TQVXH Output Data Setup to Clock 10TCLCL-133 ns
Rising Edge

TXHQX Output Data Hold After Clock 2ZICLCL-117 ns
Rising Edge

TXHDX Input Data Hold After Clock Rising Edge 0 ns

TXHDV Clock Rising Edge to Input Data Valid 10TLCL-133 ns

SHIFT REGISTER TIMING WAVEFORMS

Ly~ IR < Loy i\ SRR A e IN | e

pu O O O
e =]

2 ARy (70 NB Y g i s T | | e

o e v

- h D G ¢ Dy e D G /

AT W 1 e laie
i
Ly ml——+ —ja-m -
S 00 C0 68 0 9 00 0 5 @ C0 6 0 68 CD
i

LTJ SETA
QEMA

=a VHS
n-10 =
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CLOCK WAVEFORMS
STATE 4 SUIES SIATE S STATE 1 STATE 2 STATE 3 STATE 4 SWTE § I
aocx ol oo . P N S N o | e P - mln
XTAL 2
ALE
THESE SIGNALS ARE NOT
EXTERNAL PROGRAM MEMORY FETCH ACTVATED OURING THE
EXECUTION OF A MOVX INSTRUCTION
- i
o —doaml [ eoour *SJDA;L_J oo e Jom [ Poodm |
™ ! SLOAT ! FLOAT I
P2 (EXD NOKCATES ADCRESS TARSTIONS | [
BEAD CYQLE i
2io]
N [
0OH 1S EMITTED PCL OUT (IF PROGRAM
DURNG THIS PERO0 s
CP P prr-o\\ [ |
our [t ! FLOAT S AMPLES !
p2f LA L A0 4 INCICATES DPM OR P2 SR TO PCH TRANSITIONS Jj S
WHRITE CYCLE
o i W\ [ PCL OUT (Even ¥ PROGRAM
MEMORY 1S INTERNAL}
"1 S N AN ST
Sell 5 aikulh t PCL OUT (IF PROGRAM
] Al SN INOICATES OPH OR P2 SFR TO PCH TRANSITIONS _____MENORY'SEXTERNAL)
PORT OPERATION
MOV PORT SRC OUD 04T | NEW QAT PO PNS SAMPLED
- iw: i
MOV DEST. PORT (P1 P2P3) A pons saiEs
(INCQLUOES INTQ NT.1.TQ.T1)
SSRIAL PORT SHET Q.00 Prrarares swmen ( lgr'ri's’?sﬁw
B0e 0 ;_[ o i r_
1RXD SAMPLED

This diagram indicates when signals are clocked internalty. The time it takes the signals to propagate to the pins,
however, ranges from 25 to 125 ns.This propagation delay is dependent on variables such as temperature and pin
loading. Propagation aiso varies from output to output and component. Typically though (Ta =25°C fully loaded)
RD and WR propagation delays are approximately 50 ns. The other signals are typically 85 ns. Propagation delays
are incorporated in the AC specifications.

ba
n-11 5
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Table 1. MCS®-51 Instruction Set Description

ARITHMETIC OPERATIONS

Mnemonic i

ADD ARn Add register to Accumulator

ADD A.direct Add direct byte to Accumulator

ADD A@Ri Add indirect RAM to Accumulator

ADD A.fdata Add immediate data to Accumulator
ADDC ARn Add register to Accumulator with Carry
ADDC A direct Add direct byte to A with Camry flag
ADOC A@Ri Add indirect RAM to A with Carry flag
ADDC A.#data Add immediate data to A with Carry flag
sues ARn Subtract register from A with Borrow
suss A direct Subtract direct byte from A with Borrow
sues AGRI Subtract indirect RAM from A with Borrow
sSugs A #data Subtract immed. data from A with Borrow
INC A Increment Accumulator

INC fn Increment register

INC direct Increment direct byte

INC DRI Incriment indirect RAM

INC OPTR Incriment Data Pointer

DeEC A Decrement Accumulator

DEC Rn Decrement register

OEC direct Decrement direct byte

DEC BRI Decrement indirect RAM

MUL AB Multiply A& B

oV AB Divide Aby B

DA A Decimal Adjust Accumulator
LOGICAL OPERATIONS

Mnemonic Destination

ANL ARn AND register to Accumulator

ANL Adirect AND direct byte to Accumulator

ANL A@Ri AND indirect RAM to Accumulator

ANL A#data AND immediate data to Accumulator
ANL direct.A AND Accumulator to direct byte

ANL direct#data  AND immediate data to direct byte
ORL ARn OR register to Accumulator

ORL A.direct OR direct byte to Accumulator

ORL ABRi OR indirect RAM to Accumulator

ORL A#data OR immediate data to Accumulator
ORL direct A OR Accumulator to direct byte

ORL direct #data OR immediate data to direct byte

XAL ARn Exclusive-OR register to Accumulator
XRL A direct Exclusive-OR direct byte to Accumulator
XRL A@Ri Exclusive-OR indirect RAM to A

XRL A.ftdata Exclusive-OR immediate data to A
XRL direct A Exclusive-OR Accumulator to direct byte
XAL direct#data  Exclusive-OR immediate data to uirect
CLR A Clear Accumulator

CPL A Complement Accumulator

RL A Rotate Accumulator Left

RLC A Rotate A Left through the Carry flag

RR A Rotate Accumulator Right

RRC A Rotate A Right through Cary flag
SWAP A Swap nibbles within the Accurmuiator

A A S S S WSS WORR RS WRR =N =

-—‘—‘—‘—‘N—‘—‘—‘—‘N—‘—‘M—‘N—‘M—‘M—‘N—‘N—‘g
[

“.(;;;_._._...‘M..._;_._._._._._‘._._._._4_....‘_;%

-A—‘_A—h.—h—‘—.N—.‘—‘-—A—-‘—AN—‘_‘-—Q—-‘-‘N—.__‘—‘_&—Og
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Table 1. (Cont.)

DATATRANSFER
Mnemonic Byte Cyc
MOV ARn Move register to Accumuiator 1 1
MOV Adirect Move direct byte to Accumulator 2 1
MOV AGRI Move indirect RAM to Accurnulator 1 1
MOV A #data Move immediate data to Accumuiator 2 1
MOV RnA Maove Accumulator to register 1 1
MOV Rn.direct Move direct byte to register 2 2
MOV Rn.#data Move immediate data to register 2 1
MOV directA Move Accumulator to direct byte 2 1
MOV direct,Rn Move register to direct byte 2 2
MOV directdirect Move direct byte to direct 3 2
MOV direct,@Ri Move indirect RAM to direct byte 2 2
MOV direct #data Move immediate data to direct byte 3 2
MOV @RIA Move Accumulator to indirect RAM 1 1
MOV @Ri direct Mave direct byte to indirect RAM 2 2
MQV @R, #data Move immediate data to indirect RAM 2 1
MOV DPTR#data 16 Load Data Pointer with a 16-bit constant 3 2
MOVC A@A+DPTR  Move Code byte relative to DPTR to A 1 2
MOVC A@A+PC Move Code byte reiative to PCto A 1 2
MOVX A@Ri Move External RAM (8-bit addr) to A 1 2
MOVX A@DPTR Move External RAM (16-bit addr) to A 1 2
MOVX @RIA Move A to External RAM (8-bit addr) 1 2
MOVX BOPTRA Move A to External RAM (16-bit addr) i 2
PUSH direct Push direct byte onto stack 2 2
POP direct Pop direct byte form stack 2 2
XCH ARn Exchange register with Accumulator 1 1
XCH A direct Exchange direct byte with Accumuiator 2 1
XCH ACRi Exchange indirect RAM with A 1 1
XCHD A@Ri Exchange low-order nibble ind RAM with A 1 1
BOOLEAN VARIABLE MANIPULATION
Mnemonic Description Byte Cyc
CLR C Clear Cany flag 1 1
CLR bit Clear direct bit 2 1
SETB Cc Set Carry flag i 1
SET8 bit Set direct Bit 2 1
CPL Cc Complement Carry flag 1 1
CPL bit Complement direct bit 2 1
ANL Chit AND direct bit to Carry flag 2 2
ANL C1bit AND complement of direct bit to Carry 2 2
ORL C/oit OR direct bit to Carry flag 2 2
ORL C1bit OR complement of direct bit to Carry 2 2
MOV Crbit Move direct bit to Carry flag 2 1
MOV bit.C Move Carry flag to direct bit 2 2
PROGRAM AND MACHINE CONTROL
Mnemonic Description Byte Cyc
ACALL addr 11 Absolute Subroutine Call 2 2
LCALL addr16 Long Subroutine Call 3 2
RET Retum from subroutine 1 2
RETI Return from interrupt 1 2
AJMP addr 11 Absolute Jump 2 2
LIMP addr 16 Long Jump 3 2
SIMP rel Short Jump (rélative addr) 2 2
JMP @A+OPTR Jump indirect relative to the DPTR 1 2
JZ rel Jump if Accumulator ts Zero 2 2
INZ rel Jump if Accumulator is Not Zero 2 2
JC rel Jump if Carry flag is set 2 2
JNC rel Jump if No Carry flag 2 2
&g

n-13
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Table 1. (Cont.)
PROGRAM AND MACHINE CONTROL (cont.)
Mnemonic Description Byte Cyec
J8 bit,rel Jump if direct Bit set 3 2
JNB bit,rel Jump if direct 8it Not set 3 2
JBC bit.rel Jump if direct Bit is set & Clear bit 3 2
CJINE A.direct.ret Compare direct to A&Jump if Not Equal 3 2
CJINE A #data.rel Comp.immed.to A&Jump if Not Equal 3 2
CINE Rn.#tdatarel  Comp.immed.to reg &Jump if Not Equai 3 2
CJNE @Ri#data.rel Comp.immed.to ind.&Jump if Not Equal 3 2
OINZ Rn,rel Decrement register &Jump if Not Zero 2 .2
DINZ direct. rel Decrement direct &Jump if Not Zero 3 2
NOP No operation 1 1
Notes on data addressing modes:
Rn - Working register R0-R7
direct - 128 internal RAM locations, any I/O port, control or status register
@Ri - Indirect internal RAM location addressed by register RO or R1
#data - 8-bit constant included in instruction
#data 16 - 16-bit constant included as bytes 2 & 3 of instruction
bit ~ 128 software flags. any I/Q pin, control or status bit
Notes on program addressing modes:
addr 16 ~ Destination address for LCALL & LJMP may te anywhere withun the 64-k program memory
address space
Addr 11 ~ Destination address for ACALL& AJMP will be within the same 2-k page of program
memory as the first byte of the following instruction
rel - SJMP and all condttional jumps include an 8-bit offset byte. Range is +127-128 bytes
relative to first byte of the following instruction.
All mnemonics copyrighted ¢ intel Corporation 1979
R

g
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Tabile 2. Instruction Opcodes in Hexadecimal Order

Hex Number Hex Number
Code ofBﬁesMnemonlcOperanda Code ofot”MnemonlcOperands
00 1 NOP 33 1 RLC A
o1 2  AMP code addr 34 2 ADOC A #data
02 3 LIMP code addr 35 2 ADDC A data addr
03 1 RR A 386 1 ADOC A@RO
04 1 INC A 37 1 ADOC A@R1
05 2 INC data addr 38 1 ADDC ARO
06 1 INC @Ro 39 1 ADDC AR1
07 1 INC @Rt 3A 1 ADDC AR2
08 1 INC RO 38 1 ADDC AR3
09 1 INC R1 3C 1 ADOC AR4
0A 1 INC R2 30 1 ADDC ARS
08 1 INC R3 3E 1 ADDC AR6
oC 1 INC R4 3F 1 ADDC AR7
0D 1 INC RS 40 2 JC code addr
OE 1 INC R6 4 2 AJMP code addr
oF 1 INC R7 42 © 2 ORL data addrA
10 3 JBC bit addr,code addr 43 3 ORL data addr.#data
1 2  ACALL code addr 44 2 ORL A #data
12 3 LCALL code addr 45 2 ORL A.data addr
13 1 RRC A 46 1 ORL A@RO
14 1 DeC A 47 1 ORL AGR1
15 2 DEC data addr 48 1 ORL ARO
16 1 DEC @RO 49 1 ORL AR1
17 1 DEC @R1 4A 1 ORL AR2
18 1 DEC RO 48 1 ORL AR3
19 1 DEC R1 4C 1 ORL AR4
1A 1 DEC R2 4D 1 ORL AR5
18 1 DEC R3 4E 1 ORL AR6
1C 1 DEC R4 4F 1 ORL AR7
1D 1 DEC RS 50 2 UNC code addr
1€ 1 DEC R6 51 2 ACALL code addr
1F 1 DEC R7 52 2 ANL data addrA
20 3 J8 bit addr,code addr 53 3  ANL data addr.#data
21 2 AJMP code addr 54 2  ANL Afdata ~
22 1 RET - 55 2 ANL A.data addr ~
23 1 RL A 56 1 ANL A@RO
24 2 ADO Adata 57 1 ANL A@R1
25 2 ADD A data addr 58 i ANL ARO
26 1 ADO A@RO 59 i ANL AR1
27 1 ADD A@R1 5A 1 ANL AR2
28 1 ADD ARO 58 1 ANL AR3
29 1 ADD AR1 5C 1 ANL AR4
2A 1 ADD AR2 50 1 ANL ARS
28 1 ADD AR3 5E 1 ANL ARSB
2C 1 ADD AR4 5F i ANL AR7
20 1 ADD ARS 60 2 JZ code addr
2€ 1 ADD AR6 &1 2 AJMP code addr
2F 1 ADD AR7 62 2 XRL data addr A
30 3 JUNB bit addr,code addr 63 3 XRL data addr#data
31 2 ACALL code addr 64 2 XRAL A #data
32 1 RETI 65 2 XRAL A.data addr
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Table 2. (Cont.)
Hex Number Hex Number
Code of Byt%Mnemonic Operands Code of Bytes Mnemonic Operands
66 1 XRL A@RO 99 1 SUBB AR1
87 1 XAL A@R1 9A 1 sues AR2
68 1 XRL ARO 98 1 suss AR3
69 1 XRL AR1 9C 1 sugss AR4
BA 1 XRL AR2 90 1 sSuBs A.RS
68 1 XRL AR3 g€ 1 SuBs ARS6
6C 1 XRL AR4 9F 1 sugss AR7
8D 1 XRL AR5 AQ 2 ORL C.bit addr
BE 1 XRL ARS Al 2 AJMP code addr
6F 1 XRL AR7 A2 2 MOV Cbit addr
70 2 UNZ code addr A3 1 INC DPTR
I3 2  ACALL code addr Ad 1 MUL AB
72 2 ORL C, bit addr AS reserved
73 1 JMP @A+DPTR AB 2 MOV @RO0.data addr
74 2 MOV A.%data A7 2 MQV ‘DR1.data addr
75 3 MOV data addr.#cata A8 2 MOV R0.data addr
76 2 MQv @R0,#data A9 2 - MOV R1.data adar
77 2 MOV @R1,#data AA 2 MOV R2.data addr
78 2 MoV RO.#data AB 2 MoV R3,data addr
79 2 MOV R1 #data AC 2 MOV R4,data addr
7A 2 MOV R2 #data AD 2 MQV RS,data addr
78 2 MOV R3,#data AE 2 MOV R6.data addr
7C 2 MOV R4 #data AF 2 MQV R7.data addr
7D 2 MoV RS, #data 80 2  ANL Cbit adar
7€ 2 MOV R6,#data B1 2  ACALL code addr
7F 2 MOV R7#data B2 2 CPL bit addr
80 2 SIMP code addr 83 1 CPL C
81 2 AJMP code addr B4 3 CJNE A #data,code addr
82 2 ANL Cbut adar 85 3 CINE A.data addr.code addr
83 1 MOVC A@A+PC 86 3 CINE @RO0.#data,code addr
84 1 Div AB B7 3 CJNE @R1,#data,code addr
85 3 MOV data addrdata addr 88 3 CINE R0, #data.code addr
86 2 MOV data addr@R0 B89 3 CINE R1,#data,code addr
87 2 MOV data addr@R1 BA 3 CINE R2 #data,code addr
88 2 MOV data addr.RO B8 3 CJNE R3,#data,code addr
89 2 MOV data addr.R1 B8C 3 CJNE R4, #data.code addr
8A 2 MOV data addrR2 B0 3 CINE RS, #data,code addr
88 2 MOV data addrR3 BE 3 CJNE R6.#data.code addr
8C 2 MOV data addrR4 8F 3  CINE R7#data,code addr
8D 2 MOV data addr.RS Co 2 PUSH data addr
8€ 2 MoV data addr.R6 Ci 2 AIMP code addr
8F 2 MOV data addrR7 C2 2 CLR bit addr
30 3 MOV DPTR #data C3 1 CLR C
N 2 ACALL code addr C4 1 SWAP A
Q2 2 MOV bit addr.C C5 2 XCH Adata addr
93 1 MOVC A@A+DPTR Cs 1 XCH A@RO
94 2 suss A#data c7 1 XCH A @Rt
95 2 SuBs A.data adcr c8 1 XCH ARO
96 1 sugs ABRO C9 1 XCH AR1
97 1 sugs A@R1 CA 1 XCH AR2
98 1 SuBs AROQ cB 1 XCH AR3
]
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Table 2. (Cont.)
Hex Number Hex Number
Code MW”MnemonlcOpermds Code ofByt&"Mrnemonlt:Os:m"ands
CcC 1 XCH AR4 E6 1 MOV A@RO
CD 1 XCH ARS E7 1 MOV A @R1
ce 1 XCH ARS £8 1 MOV ARO
CF 1 XCH AR7 E9 1 MOV AR1
Do 2 POP data addr EA 1 MOV AR2
D1 2 ACALL code addr £8 1 MOV AR3
D2 2 SETB bit addr £C 1 MoV AR4
D3 1 SET8 C ED 1 MOV ARS
D4 1 DA A EE 1 MOV AR6
D5 3 DINZ data addr,code addr EF 1 MOV AR7
D6 1 XCHD A@RO FO 1 MOVX @OPTRA
D7 1 XCHD A@R1 F1 2  ACALL code addr
D8 2 DINZ RO,code addr F2 1 MOVX @ROA
D9 2  DINZ R1,code addr F3 1 MOVX @R1A
DA 2 DINZ R2,code addr Fa 1 CPL A
DB 2 DINZ R3.code addr F5 2 MOV data addrA
bC 2  DUNZ R4.code addr F6 1 MOV @R0A
0o 2 DINZ ‘RS,code addr F7 1 MoV @R1.A
De 2  DINZ R6.code addr F8 1 MOV ROA
DF 2  DINZ R7.code addr F9 1 MOV R1.A
E0 1 MOVX A@DPTR FA 1 MOV R2A
El 2 AIMP code addr FB8 1 MOV R3A
E2 1 MOVX A@RO FC 1 MOV R4.A
£3 1 MOVX A@R1 FD 1 MOV RSA
g4 1 CLR A FE 1 MOV RB6.A
E5 2 MOV A.data addr FF 1 MOV R7A
R
P
S
D 80C31
i Jd 80C51 XXX L
Temperature Range Part Number Customer Rom Code Low Power
blank: Commercial 80C51Rom 4K x 8 (80C51 only) Supply Version
12 Industrial 80C31 External Rom
Package Type
P: Piastic
S. PLCC
0: Cerdip
R:LCC
J:Jleaded LCC
]
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PROGRAMMABLE PERIPHERAL INTERFACE

a MCS-85™ Compatible 8255A-5 a Direct Bit Set/Reset Capability Easing
a 24 Programmable /O Pins Control Application Intertace

»- Reduces System Package Count

u improved DC Driving Capability

® Available in EXPRESS
—Standard Temperature Range
= improved Timing Characteristics —Extended Temperature Range

a Completely TTL Compatible

m Fully Compatible with Intel® Micro-
processor Familles

The Intal® 8255A is a general purpose programmable /O device designed for use with Intel® microprocessors. It has
24 1O pins which may be individually programmed in 2 groups of 12 and used in 3 major modaes of operation. In the tirst
mode (MODE 0), each group of 12 /O pins may be programmaed in sets of 4 to be input or output. in MODE 1, the second
mode, each group may be programmed to have 8 iines of input or output. Of the remaining 4 pins, 3 are used for hand-
shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, tor handshaking.

T\ 2}
e .o g “h=
(] Mal)
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~d whm
L= D) »{Je=
B aQqs Y
= =9 “Bs
.—-::-(--— - I ds =0
——— o= =r ] (el
= - o= =g~ e
= ) Al s (Yo e
d ea(]® ofln
-] we
- = B Hal™
- - — — == [lal 4
— 7--_ — 5 L - y v a2 el
-~— L 2 - s )
- - iy
s B
Figure 1. 8255A Block Diagram Figure 2. Pin Configuration

SWTEL CORPORATION, 1982,
31 Order Number: 231308-001



8255A/8255A-5

8255A FUNCTIONAL DESCRIPTION

General

The 8255A is a programmable periphera! interface (PPI)
device designea for use in Intel® microcomputer
systems. its functign is that of a general purpose /O
component to interface peripheral equipment to the
microcomputer system bus. The fuactional configura-
tion ot the'8255A is programmed by the system software
s0 that normally no externat logic is necessary to inter-
face peripheral devices or structures.

Data Bus Buffer

This 3-state bidirectional 8-bit bufferis used to interface
the 8255A to the system data bus. Data is transmitted or
received by the butfer upon execution of input or output
instructions by the CPU. Control words and status infor-
mation are aiso transferred through the data bus bdutfer.

(RO)

Read. A “low” on this input pin enables the 8255A to
send the data or status information to the CPU on the
data bus. In essencs, it allows the CPU to “read from"
the 8255A.

(WR)
Write. A ""low" on this inputpin enables the CPU to write
data or control words into the 8255A.

(Ag and Ay)

Port Select 0 and Port Select 1. These input signals, in
conjunction with the RD and WR inputs, control the
selection of one of the three ports or the controt word
registers. They are normally connected to the least
significant bits of the aadress bus (Ag and A,).

8255A BASIC OPERATION

Ay 1 Ag | AD | WA ; &S | INPUT OPERATION (READ)
Read/Write and Control Logic 0i oi ol ¢ 0_| PORT A= DATA BUS
. : 0 it O NA 1 0 ; PORT B~ OATA BUS
The. function of this block is to manage all of the internal T 0 ' 0 ' 1 ' 0 PORTC=DATABUS
and external transfers of both Data and Control or Status i | ] . OUTPUT OPERATION
words. It accepts inputs from the CPU Address and Con- i ! ! 1 {WRITE)
trol busses and in turn, issues commands 10 bath of the 0 o 110 0 ! OATABUS=POAT A
Control Groups. [} ! 't 1 0 i 01 DATABUS=PORTS
11 0] 11 ol o, DATABUS=~PORTC
Tt ibi, {9 \0 0 , DATABUS = CONTROL
Y i A ! DISABLE FUNCTION
(Cs) Xt X | x : x 1 DATA BUS = 3-STATE
Chip Select. A “low" on this input pin enables the com- TPENY 04 v i EGAL CONDITION
muniction between the 8255A and the CPU, X X i vt 0 | OATA8US~3-STATE
owga “v L —] Py
b aa i) a
o~ 3 arous k;_—__) Ll Gnaman) AN
s = | :
: ™
- i
CA
= E—-v__\-cnx.
™ RECTIONA, 08 7A BB
0,0, “'—‘—"‘—g
Lo
Sateea -
— = Lo s
- oo
t
-t
A3
L] e
Voo <
- e N = K
N .
Al T L4 o
!
-3

Figure 3. 8255A Block Diagram Showing Data Bus Buifer and Read/Write Control Logic Fupctions
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(RESET

Reset. A “high” on this input clears the control register
and all ports (A, 8, C) are set to the input mode.

Group A and Group B Controis

The functional conliguration of each port is program-
mad by the systems software. In essence, the CPU “out-
puts” a control word to the 8255A. The contral word con-
tains information such as “mode”, “dit set”, “bit reset",
etc., that initializes the tunctional configuration of the
8255A.

Each of the Control blocks (Group A and Group B) accepts
“commands” from the Read/Write Contral Logic, receives
“control words” from the internal data bus and issues the
proper commands to its associated ports,

Control Group A = Port A and Port C upper (C7-C4)
Control Group B — Port B and Port C lower (C3-CO)
The Control Word Register can Only be written into. No
Read operation of the Control Word Register is allowed.

Ports A, B, and C

The 8255A contalns thrae 8-bit ports (A, 8, and C). All
can be configured in 2 wide variety of tunctional charac.
teristics by the system software but each has its own
special features or “personality” to further enhance the
power and tlexibility of the 8255A.

Port A, One 8-bit data output latctubutfer and one 8-bit
data input latch.

Port B. One 8-bit data input/output latch/butter and one
8-bit data input butfer.

Port C. One 8-bit data outpul latchvbutfer and cne 8-bit
data input bufter (no latch for input), This port can be
divided into two 4-bit ports under the mode control.
Each 4-bit port contains a 4-bit latch and it can be used
for the controt signal outputs and status signal inputs in
conjunction with ports A and B.

PIN CONFIGURATION

[7X7u k] NS “yras
ra2(2 » D red
[Zi s }} »]res
] e (e 1] rar
(1af} »{]m
PR I e =1n [} nl seser
" »
Py T — -~ k= Ta “Be
cmra ] & a(]e 2o
D scrlie n{Jo,
[ 1 =Ya{ll L T o 'Y
=Yt ni3o,
-ce L m i} n 0,
Cz‘ ::"; 'C:: e e Tlre no,
B0E P, Bats S B ,c,:,. “_.r'c‘
""'(_—'54 3‘:" (_—-—a’ ez e nlirr
e o rea(Jer 27 res.
:"'::: o, o e niIre
® Pis: Cz L ot 72{7 "
‘}‘ o ln nres
( -
L
.——d e o s PIN NAMES
——] e A e R TN
. S Y = Cﬁ By~ DATA PUR IB1-OIAECTIONAL)
.t ] o rdt RESET REIET Pt
I L T =] P SALECT
t iy READ Ut
L) WAITE HePUT
A2 At PORT ADOATSS
a PAIZA0_ | PORT A (miT1
PRI r%6 | PORT B (MIT
FCIPCI | PORTC(MT)
Veg -4 VR TS
GNO voLTY
Figure 4. 8225A Block Dlagram Showing Group A and
Group 8 Controtl Functions
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(RESET) Ports A, B,and C
Reset. A “high~ on this input clears the control register The 8255A contains three B-bit ports (A, B, and C). All
and ali ports {A. B. C) are set to the input mode. can be conligured in a wide variety of functional charac-

teristics by the system software but each has its own
special features or “personality” to further enhance the

Group A and Group B Controls power and flexibility of the 8255A.

The functional configuration ot each port is program-
med by the systems software. in essence, the CPU “out-
puts™ a control word to the B255A. The control word con-
tains information such as “mods", "bit set”, "bit reset",
etc., that initializes the functional contiguration of the Port B. One 8-bit data input/output latch/butter and one
8255A. 8-bit data input buffer.

Each of the Control blocks {Group A and Group B) accepts

Port A, One 8-bit data output latch/buffer and one 8-bit
data input latch.

Port C. One 8-bit data output latchvbuftfer and one 8-dit

:wmmms" from the Read/Write Control Logic, receives data input butfer (no latch for input). This port can be

control words* from the internal data bus and issues the divided Into two 4-bit ports under the mode control.

proper commands to its associated posts. Each 4-bit port contains a 4-bit latch and it can be used
Control Group A — Port A and Port € upper (C7-CA) for the control signal outputs and status signal inputs in
Control Group 8 — Port B and Port C lower (C3-CO) conjunction with ports A and B.

The Control Word Register can Only be written into. No
Read operation of the Control Word Register is aliowed.

PIN CONFIGURATION

'[
o 2110 e
fomvty %
T A Sana g e N
(] eamren g
\ |
- 2]
s
K— il s L Ts "o
SEEC T ot SV b lald
-
<
wa T C_."_:> s
et
- ——
il " & e
T e KT D -
. e A ez
L |
B et ::“ ..?, | - PIN NAMES
o ———ef T o C—:> - R
UpE——— - By -0y OATA 4% (3 DIRECTIONAL |
[ ——— WESET RESET PUT 1
l | & O siLICT :
L] READ WoPUIT 1
W WRITE U1 H
v 5 AV FOAT ACOREER
- ! PAIFAD | PORT A MBTI
”8)-red PORT 8 iBLTH
PCIPCH | PORT C 1 T)
| veg B VOLIS
GNO 1 IVOLTY

Figure 4, 8225A Block Disgram Showing Group A and
Group B Control Functions
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8255A OPERATIONAL DESCRIPTION

Mode Selection

There are three basic modes of operation that can be select-
ed by the system software:

Mode 0 ~ Basic tnput/Qutput
Mode 1 — Strobed tnput/Qutput
Mode 2 — Bi-Directional Bus

When the reset input goes “high” all ports will be set to
the input mode (i.e., all 24 lines will be in the high im.
pedance state). After the reset is removed the 8255A can
remain in the input mogde with no agdttional initialization
required. Dunng tne execution of the system program
any of the other modes may be selected using a single
oulput instruction. This allows a single 8255A to service
a variety of peripheral devices with a simple software
maintenance routine,

The modes for Port A and Port B can be separately defined,
while Port C is divided into two portions as required by the
Port A and Port B defiritions. All of the output registers, in-
cluding the status flip-flops, will be reset whenever the
maode is changed. Modes may be combined so that their
functional definition can be "tailored” to almost any 1/0
structure, For instance; Group B can be programmed in
Mode 0 to monitor simple switch closings or display compu-
tational results, Group A could be programmed in Mode 1
to monitor a keyboard or tape reader on an interrupt-driven
basis.

{ ADDAESS BUS 2
/L
( CONTROL BUS ]
] K [
C CATA 8US g
NN s, L
: <z
AQ. w D,-O, al' -\'
[ &)
82854
uoou—I s — A I
liuo afwo 4o lilo
8y 18, PCyiC, #ey P, Ay PA,
wmooe 1 —J 8 < A T
{ P ) 4 +
!m/o z}ul[ éo'[“io[ ; I’IIO
A
el Sl S
c
“ODE 2 ——L L] Sovrr———————— A T
At t : r | I t i i 3| BI-DIRECTIONAL
A dERR) vy ,3'
et B CONTROL “rth

Figure 5. Basic Mode Definitions
and Bus iInterface

3-a

CONTROL WORD

GROUF 8

PORT C {LOWER)
1o INPUT
‘ Q= 0UTIYT

PORT B
teINPyT
Qe 0oUTPUT

MODE SELECTION
0 « MODE 0
3 « MOOE 1

GROUP &

PORT C (UPPER)
+ - b= iNPUT
0= QUTPUT

PORT A
10 INPUT
0= QUTAYT

MOOE SELECTION
00 = MOOE 0
0t =« MOOE V-
1X « MOOE 2

MOOE S&T FLAG
1% ACTIVE

Figure 6. Mode Definition Format

The mode celinitions and possible mode combinations
may seem confusing at first but atter a cursory review of
the complete device, operation a simple, logical /10 ap-
proach will surtace. The design of the 8255A has taken
into account things such as efficient PC board layout,
control signal cefinition vs PC layout and complete
functional flexibility to support almost any perioheral
cevice with no external logic. Such design represents
the maximum use of the available pins.

Singie Bit Set/Reset Feature

Any of the eight bits of Port C can be Set or Reset using 3
single OUTout instruction. This feature reduces software
requirements in Control-based applications.

231308-001
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CONTAOL woRD
L] bc!"s Oy 10y | O °|l°e
1
| [ T
§
i BIT SETMESET
E x x 1= 8ET
I 0 MESET
coNT
caRe
®ITsELECT
fotvZ 3iaislers]
'u:llOlllﬂHIo)"h
10 0' 1310104 3! 118,

:" Olomll‘ll‘lllll

BIT SET/RESET FLAG
0+ ACTIVE

Figure 7. Bit Set/Reset Format

When Port C is being used as status/control for Port A or B,
these bits can be set or reset by using the Bit Set/Reset op-
eration just as if they were data output ports.

Interrupt Control Functions

When the 8255A is programmed {0 operate in mode 1 or
mode 2, control signals are provided that can be used as
interrupt request inputs to the CPU. The interrupt re-
quest signals, generated from port C, can be inhibited or
enabled by setting or resetting the associated {NTE flip-
fiop, using the bit set/reset function of port C. ’

This function allows the Programmer to disallow or altow a
specific 1/0 device to interrupt the CPU without affecting
any other device in the interrupt structure.
INTE flip-flop definition: ’

{BIT-SET) — INTE is SET — Interrupt enable
{BIT-RESET) — INTE is RESET - Interrupt disable
Note: All Mask flip-flops are automaticeily reset during
mode selection and device Reset.

Operating Modes

Mode 0 Basic Functional Definitions:
® Two 8-bit ports and two 4-bit ports.

® Any port can be input or output,
MODE"0 (Basic Input/Output). This functional configura- ¢ Outputs are latched.
tion provides simple input and output operations for ¢ Inputs are not latched.
each of the three ports. No “handshaking” is required, ® 16 ditferent Input/Output contigurations are possible
data is simply written to or read from a specitied port, in this Mode,
tan ;
[ N
N
F—‘m—— tym ——y
INPUT l K
?..__ o ] ‘.‘.—— 1...—.!
€3, a1 ao x . X
| - ;
ooy e — e L 7 ) Sam—
1 i T |
- Yo 1
MODE 0 (Basic tnput)
e 4
= N 74
N ]
— Sty —en
X — X
Taer -t . ea 4

.a1,00 X

MODE 0 (Basic Output)
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MODE 0 Port Detinition
A 8 GROUP A ! GROUP 8
PORT C PORT C
Dy | O3] D R # T8
41 03] 01 0oy PORTA |\ oem POR (LOWER)
010 1lo] ol ourrur { ourrur | o | outpPuT | ouTPUT
0 [0 10! 1 | outpuT | OUTPUT | 1 | OUTPUT | INPUT
0 {0 | t } 0o | OUTPUT | OUTPUT ; 2 | INPUT | OUTPUT
0|0 | 1 1 | OUTPUT | OUTPUT | 3 | INPUT INPUT
0 11 0 | 0 | OUTPUT | INPUT 4 | outPutT | outrut
0 K ERE QUTPUT | INPUT 5 | OUTPUT | INPUT
0 1 1 1 | 0 ) OUTPUT | INPUT 6 | InPUT OUTPUT
0 11 1 | OUTPUT | INPUT 7 | INPUT INPUT
1 6 , 0 | 0 : INPUT OUTPUT | 8 1t OUTPUT | OUTPUT
1 0 ., 0 ! 1 | INPUT OUTPUT | 9 | OUTPUT | INPUT
1 {0 . 1 o }INPUT OUTPUT ; 10 _INPUT | OUTPUT
1 0 . 1V 1 INPUT OUTPUT | 11 ' (NPUT | INPUT
1 1 ' 0 : G | INPUT INPUT 12 OUTPUT | QUTPUT
1 ) 0 | 1 | INPUT INPUT 13 | OUTPUT | INPUT
1 1 1 0 | INPUT INPUT 14 | INPUT ouUTPUT
1 1 1 t | INPUT INPUT 1S | INPUT | INPUT
MODE 0 Configurations
CONTROL WOAD 50 CONTROL WORD #2
S Oy Oy O, 0, 0, 0, 0, 9 0, Oy O, 0, 0, 0, O,
Il o[o’o[o[o[o{o] h[“l°'°i°[°i'|[°—l
A -—,L. PALPA, A _—_’(L_. PayPAy
8256A 2584
i rcy r s pyere,
0,0, c-[ 0,0, c-]
__r‘.f_. #C,PC, w —,L...c,.oc’
8 e rey e, ot ruy0e,
CONTAROL WOARD »t CONTROL WORD 23
O 0O O 0, 0, 0, 0, D, G 9% 3 0, 95 Dy 0, 0,
|| o[ega]o[nlo[|] {||o§alofo[oivjt]
| | A !
Ap—— U rA,PA, A ——,l—-——' PAL LA,
825854, s255a
e, —
00—t c-i 0,0, C{
v L ey, i ey,
e, st

-6
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CONTAOL WORD 84
O, 0 O O, 9, 0O, O, 0,

(LT LT

A ._._'('—-. A, PA,

82554
4

e,

0,0, ==} c

-

e pe, 5,

CONTROL WORD 8
% 0 0 O, 0, 0, O, O

CLl-DTelereTe]

Aot pa, 0,

8255A
S S, [
[ 3 R — | [ {
_4‘_. #Cy#C,

sty

COMTAQL WORO 8
O) Og O Oy Oy 0, 0O O,

DOGOGON

82554

0,04 =} c

3
&

CONTAOL WORD %
Oy O Oy O, Oy 0; O,

EnoRonnn

A .___.,L.__—. [

82%3A
_/‘__. "0, 2,
0,0, c {
et ey,
8 [ oy,

CONTROL WORD =€
0, O Oy O, Oy 0, 0O, D,

nononann

\ & /S,

82554
4— -—_.,L‘—.. ’, PC,
[ e | ¢4
i , 4
L

st re,,

CONTROL WORD =10
8, O, By O, O, ©, D, O

CLTL LT L]

'y ._.,l'_ rA, A,

8238A

e a0,
ey,

ST SR

CONTROL WORD =7

9 O Oy 0, 0; 0 0, 0

(L]

S ST B

e ey,
L T —— | ¢ 1'

L Y

Y L W Y

3-7

CONTROL WOAO #11
% 9 O O, O O, 0, 0,

(LT LLL T

A —__—.d.— ", ra,
82854
.4
[ PGy G,
0,0, c
4

—r— e,

e
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CONTAOL WORD 12 CONTROL WORD =14
0 0 0 O 0, 0, D, 0, % 9 o © 0, 0, 0, O,

[TTT T

10K

noonnonn

Ap—r A, PA, a o—-;‘-.—- ra ra,
02354 02584
r =~ G, ¢y ™ s 2 - MyC,
0,0, =y C-{l L — c{
- p— ey 7 : jas Rat
ot s, S ey,
CONTROL WORD #13 CONTROL WORO #18
0, Oy Oy O, Oy 0, 0, O, 0, O 05 D, Dy O, 0, O,
ki v 1
ll'ﬁio‘lll'ﬂvﬂill I:[e}a[vlv!ugxlnl
A ———r'.—-— PA,PA, A .-—_,‘L PA,PA,
32554 82554
ML M1 () 6) #e, PG, L.—,LL-_.. ’c, P,
0y0q < -I‘ 0,0, c {
L o PCy?C | - e
) el S st re, e,

Operating Modes

MODE 1 (Strobed Input/Quiput). This functional con-
figuration provides.a means for transferring /O data to
or trom a specitied port in conjunction with strobes or
“handshaking" signals. In mode 1, port A and Port B use
the lines on port C to generate or accept these “hand-.
shaking” signais.

Mode 1 Basic Functional Definitions:

® Two Groups (Group A ang Group B)

® Each group contains one 8-bit data port and one 4-bit
control/data port.

® The 8-bit data port can be either input or outout.
Both inputs and outputs are latched.

® The d-bit port is used for control and status of the
8-bit data port.

231308001
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Input Control Signal Detinition

STB (Strobe input), A “low” on this input loads data into
the input lateh.

CONTROL WORO
0y Oy Og Dy Oy O; Oy Dy
iBF (Input Bufter Full FIF) m0v <
AN AVAN
A “high” on this output indicates that the data has been ey
loaded into the input latch: in essence, an acknowledgement Lo vt
3= OUTRUT

IBF is set by STB input being low and is reset by the rising
edge of the RO input,

MOOE t (POAT A}

A, PA,

fe— TS,

fmmee 185,

l—-l—-c,_-— INTR,
NTR (1 T
nterru ?
INTR (Interrupt Request) s o
A "high” on this output can be used to interrupt the cPuU
when an input device is requesting service, INTR is set by MQOE 1 (POAT 81
the ST8 is a ""one™, IBF isa “one” and INTE is a "one” .
it is reset by the falling edge of RD. This procedure allows CONTROL WORD i CE
an input device to request service from the CPU by simply 0, 0, O, O, O3 Oy Oy O p——a
strobing its data into the port. VA i PNTE ] e e
(OB | e L ™
e U
PC,, pormm
Controlied by bit set/reset of PC,. L__, "
| ( ——-1
INTEB

Controlfed by bit sevreset of PC.

Figure 8. MODE 1 Input

PERWHERAL

-

wr ’ e N\ |
| . -— gy — ! /
f 5 S /
- ! |
S
INPUT FROM

Figure 3. MODE 1 (Strobed Input)




lntel B255A/8255A-5

Qutput Control Signal Definition

MOOE 1{PORT A)
OBF (Output Butfer Full F/F). The OBF output will go . ayaa, I>
"low™ to indicate that the CPU has wntten data out to the CONTROL WORD
specifieg port. The OBF F/F will be set by the nising edge % 9 0% 9 9,0, 0 0,
of the WR input and reset by ACK input being low. mﬁm
ACK (Acknowledge Input). A."low" on this inputinforms - :c‘":m

the 8255A that the aata from port A or port 8 has been @ ouTRUT
accepted. In essence. a response from the penpheral
device indicating that it hds recteved the data output by

the CPU . WA~y .
PCa g fugie
INTR (Interrupt Request). A “hign” on this output can be
used to interrupt the CPU wnen an output device has MOOE 1 IPORT 8}
accepted gata transmitted by the CPU. INTR is set when oy ==
ACK tbs a honfe”‘OBFdzs a :)nwe_g. and INTE is a "one” Itis Shohmann .._g>
reset by the falling edge o . % 04 0 , 0y 0y 0, 0,
WV &3,
(BT :
INTR (Interrupt Request). A “high™ on this output can be =,
used to interrupt the CPU wnen an outpui Zevice nas
accepted data transmitted by the CPU. INTR 15 set wnen
ACKisa“one”, OBF1sa~one”. and INTE is a “one". Itis et
reset by the falling edge of WR. "
WR ————ac

INTE A

Coatrolled by bit sevreset of PC.

INTE 8

Controllea by bit set/reset ot PC,, Figure 10. MODE 1 Output

WA o ) i B/
e ¥ g ]

Figure 11, Mode 1 (Strobed Qutput)
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Combinations of MODE 1

Port A and Port B can be individually defined as input or
output in Mode 1 10 support a wide variety of strobed 1/0
applications.

PA,PA, @

[y R—— <y fo—— &TH,

Py p—— 185,

CONTROL WORD
0, D, Oy O, O, O; D, O, [ ST N
Fgonia}'{n{ﬂom 'c.,,-—/z-uo
L:C:'I’N'UT p‘,ngﬁ
0-ouTRUT
PR ———c c— OBF,
’C, fo—— ATR,

Py = INTA,

PORT A - {STROBED INPUTY
PORT 8 - (STROBED OUTPUT)

PA,PAGL B >
W ——=0O "‘l—‘mA
o I
CONTROL WORD
0, O, Oy O, Oy O3 Oy Oy ey f—= TR,
1 (ofriotwels s 2
Clefelelr i+ X "ysforie w0
PCus
- eyt
s e
5 —= #Cy fo— TTH,
ey wr,
”©y INTR,

PORT A - (STROSED OUTAUTY
POAT 8 - ISTROSED INPUT)

Figure 12. Combinations of MODE 1

Operating Modes

MODE 2 (Strobed Bidirectiona! Bus VO). This functional
contiguration provides a means for communicating with
a peripheral device or structure on a singie 8-bit bus for
both transmitting and receiving data (bidirectional bus
110). *Handshaking™ signals are provided to maintain
proper bus flow discipline in a similar manner to MODE
1. Interrupt generation and enable/disable tunctions are
also available.

MODE 2 Basic Functional Definitions:

® Used in Group A only.

e One 8bit, bi-directional bus Port {Port A) and a 5-bit
control Port {Port C).

o Both inputs and outputs are latched.

® The 5-bit control port (Port C) is used for control
and status for the 8-bit, bi-directional bus port {Port
A).

Bidirectiona! Bus /O Control Signal Deflnition

INTR (interrupt Request). A high on this output can be
used to interrupt the CPU for both input or output opera-
tions.

3-11

Output Operatllc'ms

OBF (Output Butfer Fuil). The OBF output wiligo "low" to
indicate that the CPU has wnitten data out to port A.

ACK (Acknowiedge). A “low” on this input enables the
tri-state output butter of port A to send out the data.
Otherwise, the output butfer wili be in the high im-
pedance state.

INTE 1 (The INTE Flip-Flop Associated with OBF). Con-
trolied by bit setreset of PCq.

Input Operations

STB (Strobe nput). A “low” on this input loads data into
the input tatch.,

IBF (input Buffer Full FIF). A “high” on this output in-
dicates that data has been loaded into the input latch.

INTE 2 (The INTE Flip-Flop Assoclated with {BF). Con-
trolted by bit setreset of PC,.

231308-001
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CONTAOL WORD
Oy Oy Oy 0O 8 0, O

[T X L]

h——‘m‘

G~ OUTHUT

———r———e= PORT &
1« INPUT
@« QUTIT

————— -
0+ MOOE 0
t o MOOE |

Figure 13. MODE Control Word Figure 14, MODE 2

OATA FROM

—\#}“ .

ar L..,\ £
\ ‘\ /T\ e \/ '
- =7

- AN,

we
.._.{ tnig
[ / /
0ATA FROM DATA FROM
/

PERIPHERAL TO 82564 2884 TO PERIPHERAL

Figure 15. MOOE 2 (Bidirectional)

NOTE: Anv squence wners ¥ Wﬁ oceurs betore ACK and moccunb-'ou RO is permissdle.

12 231308-001
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MODE 2 AND MODE 0 {INPUT)

CONTRQL WORD
O; Oy D5 O, Oy 0; Oy O,

[ XXX [

Cre
1 = iNPUT
02 OUTPUT

56 ——=q

MOODE 2 AND MODE 0 (OUTPUT)

’0y = INTR,

e, frmmme G,

’Cy [ ALK, CONTROL WORD
Oy Og O Oy Oy 0; Oy O

. i, I 1 li!i:iiiloiuiml

oy 2, 'c,.—l
1 - iNPUT
3 9= OUTIT

rpy [—rF— w0

[ J—."

o K 3]

N

N o

MODE 2 AND MOOE 1 (QUTPUT)

MOOE 2 AND MODE t (INPUT)

CONTROL wORD

O; Oy O3 O, O3 Oy O, O

[ L IXEXP 2 Te X

e

CONTROL WORGC

By O Oy By % O, O, O

o, LI XXX [+ X

mmi}

oy e TR,

A, P, @

<, fo———— T,

] G|

< TRy

’°, ————is8,

Figure 16. MODE Y% Combinations

4-13
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Mode Detinition Summary
MODE 0 MODE 1 MODE 2
IN ouT IN out GROUP A ONLY

PAg IN our N out -—
PAY IN out IN ouT -~
PA, IN our IN out B
PA3 IN ouTt IN out Lz
PAy IN out N out <=
PAg IN out ] ouTt —
PAg IN our N ouT —
PA7 IN ouT IN ouTt —
P8y IN f out N ouT —_ 1
P8y IN ouT IN our e
P8y N | our N ouT _
83 IN out N out —_— MOOE 0
P8y IN ouT N out — -~ OR MODE 1
PBg IN our N our _ ONLY
P8g IN out IN ouT e
PBy IN ouTt IN ouT —
PCy IN ouT INTRg INTRg 10
PCy IN ouT 18Fg GBFp 10
PCy N ouT §T8g ACKg 10
PCy IN out TN INTRA INTRA
PCq IN ouT §TE, 10 STBa
PCg IN our 1BF A 1o IBF A
PCg N ouT 1o ACK, ACRA
PCy IN ouT 1O OBF 4 O8Fp .

Specilal Mode Combination Considerations

There are several combinations of modes when not all of the
bits in Port C are used for controi or status, The remaining
bits can be used as follows:

if Programmed as Inputs —
All input lines can be accessed during a normal Port C
read.

If Programmed as Outputs —
8its in C upper_(PC7-PCq) must be individually accessad
using the bit set/reset function.

Bits in C lower (PC3-PCg) can be accessed using the bit
set/reset function or accessed as 3 threesome by writing
into Port C.

Source Current Capability on Port B and Port C

Any set of eight output buffers, selected randomly from
Ports B and C can source TmA at 1.5 voits. This feature
allows the 8255 to directly drive Darlington type drivers
and high-voltage displays that require such source current.

Reading Port C Status

In Mode 0, Port C transfers data to or from the peripheral
device. When the 8256 is programmed to function in Modes
1 or 2, Port C generates or accepts "hand-shaking™ signals
with the peripheral device. Reading the contents.of Port C

allows the programmer to test or verify the “'status’” of each
peripheral device and change the program flow accordingly.

There is no special instruction to read the status informa-
tion from Port C. A normal read operation of Port C is
executed to perform this function.

INPUT CONFIGURATION

Oy Oy O O, D, 0 0 D
F/o [ o ! 188, ]mn{lwu‘[lun. n#, [mrll,l
GROUP A GROw S
OUTPUT CONFIGURATION

Op O O 0y 0 0 0O

(@ = [ o o]

GROUP A

r
GROUP B

Figure 17. MODE 1 Status Word Format

Oy By By O, 05 O, 0, O,

Bl e X

SAOUR A

GrROWP 9
sCEFINED §Y WMOOE 0 OR MOOE t SELECTION)

Figure 18. MODE 2 Status Word Format

231303-001
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APPLICATIONS OF THE 8255A

The 8255A is a very powerful tool for dnterfacing
peripheral equipment to the microcomputer system. it
represents the optimum use of available pins and is flex-
ible enough to interface almost any I/O device without
the need for additional external logic.

Each peripheral device in a microcomputer system
usually has a “'service routine” associated with it. The
routine manages the software interface between the
device and the CPU. The functional definition of the
8255A is programmed by the I/Q service routine and
becomes an extension of the system software. By ex-
amining the /O devices interface characteristics for
both data transter and timing, and matching this infor-
mation to the examples and tables in the detailed opera-
tional description, a control word can easily be devel-
oped to initialize the 8255A to exactly “fit'”" the applica-
tion. Figures 19 through 25 present a few examples of
typical applications of the 8255A,

NTIRAUPT

REQUEST :]
" ) eay | —
A, fr——dt ] i
o YIRY il
Pa, perre ’-——- PRINTER
A, ] e
I~ .- =y b
MO0 1 »
(outUT Ay foad ——
PA, et —— HAMMER
— een AELAYS
»¢, —— DAt A€AOY ——olf
#Cq fommrd acx -
2Cy frmmer] PAPEA FEEO  f—er]
| #C, fomned
LA S
oy f— ra
"8, —— _—
) ——e
L e }——=i OATA AgADY
9, pond pa—i AGK
MOOE t D“ e | ptand PAPER FEED
VTN 1 py e e FORWARDIAEY
[ S — el R oaON
ptrne] CAARIAGE SEN.
2C, esad DATA REAOY
ey [ Acx
<y
. ! CONTROL LOGIC ANO ORIVEAS
WTEARLST
acouesT

MOOE 1
unsun) | P

MOOE § |
ouTPUT)

<,

<
2%,

A, fuLLY

n OEcoden
3 KEYBOARO

SHIFT
COMTROL

STRORE

8y

.|
a, BURAOUGHS
2

SELF SCAN

8,  DISMLAY

8

BACKSPACE

CLEAR

DATA READY
ACK

BLANKING

INTERRUPT
REQUEST

CANCEL WORD

Figure 20. Keyboard and Display Interface

Figure 19. Printer Intertace

=15

INTERALPT
AEOUEST

~

b e e e e 0 e

. FULLY
¥ 0eco0tD
", KEYEOARD

ACXNOWLEOGE
SUSY LT
TESTLT

' TERanMmAL

w0t 9
T

3333333

apd-dd L

Figure 21. Keyboard and Terminai Address

Interface
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mray
A,
"
.
"y
wote | N
toumum ] e,
oay
o]
ey
”©,
|
[,
,

ur

SET/AESET
”©,
/s
[
re,
~,
moog |
temm T} e,
re,
",
re,

2867
0-A
COMYENTER
1DADY

ST OATA
CUTIUT BN

3AMME B
sTe

AD
CONVIATER e ANALOG tNPUT
10

wTIRAWT
reouest l
s [rag o,
’y o,
PAy L]
ay o, FLOPPY DU
" -
Ve
». o
“o0E 2| Paq 0,
ray o,
”, DATA ST
"y Acx w0
”, CATA READY
*, acx toum
A
<, TRACK v~ SENICA
<, $YNG AEADY
- waoex
LY ENCAGE NEAD
", X
", ALAD EnASLE
woee | ™ WATTE tHaBLE
toutrun | M oHC SELECT
. easLs cae
"y TasT
"y susvY LT

Figure 22, Digital to Analog, Analog to Digital

Figure 23. Basic Floppy Disk Interface

INTERAT

e

e "
A, L CHT CONTROLLER
(7 " o CRARACTEA GEN.
’ny " o RETRATM BUESER
", " * CLRIoR CONTROK
Ay ]
woo€ 1 | My 0T
[ ra, COMTAOL
"<, DATA AEADY
", R
”y LARKED
L= SLACRADHTE
(e, nOw TS
", coLwe S8
~, CURSOR WV ST
e,
wooe e | M
o LN -
" ADOAESS
re, “av
e
.y
.

INTERAULPT
REQUEST

< "
A, »,
BLEVEL
P d rareR
»ay ay Tare
ra, », oD
ray A
=00
anoyn ] A Re
", ”,
<, m
< =R
L $TOMGO
2iA MACHME TOOL
R L) STAAT/STOP
l"°°‘ <, USHT SENSON (M)
L 0F SLno
e, CHAMGE TOOL
., LEFTRIGHT
e,
wook 8 | MY »OR, STYP STROSE
TN e, YORT. STEP TTRCEE
-y wewrsTer
e, FLUNO ENABLE,
", sTOr
s

Figure 24. Basic CRT Controller Interface

316

Figure 25. Machine Toot Controiler Interface
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. ... ... ..
Storage Temperature

Voltage on Any Pin

With Respect to Ground
Power Dissipation

1 Wart

*NOTICE: Stresses above those listed under “Absoluts
Maximum Ratings'* may cause permanent damage (o the
device. This is a stress rating only and lunctional opers-
tion of the device at thess or any other conditions above
those indicated in the operationsl sections of this specifi
cation is not implied. Exposure to absolute meximum
rating conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS (Ta=07Tt070°C, Vg = +5V = 10%, GND = 0V) *

Symbol Parameter Min, | Max. | Unit Test Conditions
ViL Input Low Voitage B -0.5 | 0.8 Vv
Vin Input High Voltage 20 | Vee v
Vo (D8} | Output Low Voltage {Oata Bus) 0.45°1 Vv loL = 2.5mA
Vo (PER) Output Low Voltage (Peripherat Port) 0.45°f V log =1.7mA
Vor (DB} | Output High Voitage {Data Bus) 24 v lon = -400uA
Vo {PER)| Output High Volitage (Peripheral Port) | 2.4 \ loy = =200uA
loar!tl | Darlington Orive Current -1.0 | -4.0 | mA RexT = 75082 Vexr= 1.5V
lee Power Supply Current 120 mA
T8 Input Load Current £10 | aA Vin = Vg to OV
logL Output Float Leakage =10 | »A VYout = Vgce to .45V
NOTE:
1. Avsilable on any 8 pins from Port B and C.
CAPACITANCE (T, = 25°C, Ve = GND = 0V)
Symbol . Parameter Min. “Typ. Max. Unit Test Conditions
' Cin Input Capacitance 10 oF fc = IMHz
Cuwo 170 Capacitance 20 pF Unmeasured pins returned to GND

A.C. CHARACTERISTICS (Ta=0°Cta70°C, Vg = ~5V =10%, GND = 0V) *
Bus Parameters

READ
8§2558A 8255A-5
Symboi Parameter Min. Max. Min. Max. Unit
: taR Address Stabte Before READ 0 v} ns
tRA Address Stable After READ 0 o] ns
tRA READ Puise Width 300 300 ns
R0 Data Valid From READ! 250 200 ns
toF Data Float After READ 10 150 10 100 ns
tav Time Between READs and/or WRITEs 850 850 ns

=17
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A.C. CHARACTERISTICS (Continued)

WRITE
8255A 8255A-5
Symbol Parametsr Min. Max. Min. Max. Unit

taw Address Stable 8efore WRITE 0 0 ns
twa Address Stabie After WRITE 20 20 ns
ww WRITE Pulse Width 400 300 ns
tow Data Valid to WRITE (T.E.) 100 100 ns
two Data Valid After WRITE 30 30 ns

OTHER TIMINGS

- - _ 8255A 8255A5
Symbol | Parameter Min, Max. Min. Max. Unit

ws WR = 1 tg OQutput 1! 350 350 ns
tR Peripheral Data Before RD Q ns
tRR Peripheral Data After RO ns
tAK ACK Pulse Width 300 300 s
tsT ST8 Pulse Width 500 500 ns
tpg Per. Data Before T.E. of ST8 0 0 ns
tpH Per. Data After T.E, of STB 180 180 ns
taD ACK = 0 to Qutput! '} 300 300 ns
txo ACK = 1 to Outpdt Float 20 250 20 250 ns
‘twos WR =1 to OBF = 0!} 650 650 ns
ta08 ACK =0 to OBF = 11l 350 350 as
tsig STB =0 1o IBF = 1! 300 300 ns
tais RO =1 to I8F = 0!} 300 300 as
tRIT RD =0to INTR = Ol 400 400 ns
tgr | STB=1to INTR =11l 300 300 ns
AT ACK = 1 to INTR = 11l 350 350 ns
twiT WR = 0 to INTR = 0131 450 450 ns

NOTES:

1. Test Conditions: C = 150 pF.

2. Pariod of Reset puise must ba at least SOus during or after power on. Subsequent Resat pulse can be 500 ns min.

3. INTRf may occur zs earty as WH].

* For Extended Temperature EXPRESS, use M8255A electrical paramaeters.

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

INPUTIOUTIUT
ggoqj AVAVAV. O Vexr
o = 15098

24
L2e 20
>r!srrom‘rs< - 15058
o os
048 -/

AC TESTING INPUTS AAE ORIVEN AT Z 4V FOR A LOGIC 1 ANG G 45V FOR
ALOGIC ) TIMING MEASUAEMENTS ARE MAQE AT 20V FOR A LOGIC *
AND S 8V FCR A LOGIC 3

N

“Veyr 15 SET AT VARIOUS VOLTAGES QURING TESTING TO GUARANTEE THE
SPECIFICATION. T, INGLUGES JIG CAPACITANCE.




il‘l‘l’ef 8255A/8255A-5
WAVEFORMS
MODE 0 (BASIC INPUT)
" N 7*
'r-—lm——ﬂ =t
INPUT X K
[P P—— "‘_‘—(QA‘_——‘i
€3. A1, 40 J l X
i
(4 _0 G- N (

tao 4 ‘or

MODE 0 (BASIC OUTPUT)

e tow

00,

&3, a1, 40 x

><_.!L

ouTPUT

J-19
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WAVEFORMS (Continued)

MODE 1 (STROBED INPUT)

-
ot —ud ol e — e e
PERIPHERAL "'4\

MODE 1 (STROBED OUTPUT)

™ N ’I

3-20
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WAVEFORMS (Continued)

MOODE 2 (BIDIRECTIONAL)

a8

/ / ] e tug
]
3 /
DATA FROM DATA FROM
PERIPHERAL TO 8256 238 TO PEAIPHERAL
DATA FROM
€238 T0 som0

NOTE:  Any mquence where Wﬁ occurs befor
(INTR = IBF . MASK + §TB » ‘6‘

o ACK and §T8occurs  before RD is permisaibie,
O8F .« MASK + ACK « WR)

WRITE TIMING READ TIMING

A1 3 L L o &8 T X

—— lAl—'——‘ -—1&# ‘ - tan .1: —— e tey

CATA B x X‘ . W
i

T *tlaore wolgpme—

5

L] o, gy 4
l ; OATA 818 - //// MIGH IMPEDANCE A VALID (mICM WFEDANCE

é i

o
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LM555/LM555C

National
Semiconductor
Corporation

L M555/LM555C Timer

General Description

The LM555 is a highly stable device for generating accurate
time delays or oscillation. Additional terminals are provided
for triggering or resetting if desired. In the time delay mode
of operation, the time is precisely controlled by one external
resistor and capacitor. For astable operation as an oscilla-
tor, the free running frequency and duty cycle are accurately
controlled with two external resistors and one capacitor.
The circuit may be triggered and reset op falling waveforms,
and the output circuit can source or sink up to 200 mA or
drive TTL circuits.

Features ‘

m Direct replacement for SE555/NESSS

m Timing frommicroseconds through hours

m Operates in-both astabie and monostable modes

® Adjustable duty cycle

m Output can source or sink 200 mA

= Output and supply TTL compatible

® Temperature stability better than 0.005% per °C
m Normelly on and normally off output

Applications

B Precision timing

& Pulse generation

B Seguential timing

m Time delay generation

m Pulse width modulation

m Puise position modulation
® Linear ramp generator

. 4
Schematic Diagram -
'
Vee O > 1
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bsolute Maximum Ratings
1t Miitary/Aerospace specified devices are required,
¥ ntact the Natlonal Semiconductor Sales Office/
E Distributors for avallability and specifications.
ooty voitage +18V
EPower Dissipation (Note 1) LMS55H, LMS55CH 760 mW
Operating Temperature Ranges
- LMS55N, LMS555CN 1180 mw
LM555C 0*Cto +70°C
LM555 -, -55°Cto + 125°C

torage Tempsrature Range —65°Cto +150°C

Soldering Information
Dual-in-Line Package

face mount devices.

Soldering (10 Seconds)

Small Outline Package
Vapor Phase (60 Seconds)

Infrared (15 Seconds)

See AN-450 “Surface Mounting Methods and Their Effect
on Product Relfiability” for other methods of soldering sur-

Electrical Characteristics s = 25, vec = +5V to + 15V, unless othewise specified)

260°C

215°C
220°C

Limits
Parameter Conditions LMS55 | LM555C Units
Min Typ Max Min Typ Max
% Supply Voltage 45 18 | 45 16 v
Supply Current Veo = 5V, AL = 3 5 3 6 " mA
Vec =5V,R = = 10 12 10 15 mA
(Low State) (Note 2)
'{j iming Error, Monostable
£ Initial Accuracy 0.5 1 %
e Drift with Temperature Ra,Rg = tkto 100k, 30 50 ppm/°C
A C = 0.1 pF, (Note 3)
g Accuracy over Temperature 1.5 1.5 %
¥ Drift with Supply 0.05 0.1 %/V
i Tuning Error, Astable
¥ Initial Accuracy 1.5 225 %
Dxift with Temperature 90 150 ppm/°C
B Accuracy over Temperature 25 3.0 %
: Dritt with Supply 0.15 0.30 %/V
# [hreshoid Voltage 0.667 0.667 xVeo
Bk Trigger Voitage Vee = 15V 4.8 5 5.2 5 v
; Vee = 5V 1.45 1.67 1.9 1.67 v
ngger Currant 0.01 0.5 0.5 0.9 RA
ot Voltage: 0.4 0.5 1 0.4 0.5 T .V
Current 0.1 0.4 0.1 0.4 mA
eshold Current (Note 4) 0.1 0.25 0.1 0.25 pA
ontrot Voltage Level Veg = 15V 9.6 10 10.4 9 10 11 v
: Veg = 5V 2.9 3.33 3.8 26 3.33 4 \4
st 7 Leakage Output High 1 100 1 100 nA
B4 7 Sat (Note 5) ‘
& Output Low Ve = 15V, 17 = 15mA 150 180 mv
@ Output Low Voo = 4.5V, 17 = 45mA 70 100 80 200 mv

5-39
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rical Characteristics Ta = 25°C, Voo = +5V 1o + 15V, (unless othewise specified) (Continued)

b Limlits
’ Parameter Conditions LM555 LM555C Units §
Min Typ Max Min Typ Max

Output Voltage Drop (Low) Ve = 15V
Ising = 10 mA 0.1 0.15 0.1 0.25 Vv
Isink = 50 mA 0.4 0.5 0.4 0.75 Y,
Isink = 100 mA 2 22 2 25 v
Isink = 200 mA 25 | 2.5 Vv
Voo = 5V
Ising = 8 mA 0.1 0.25 \
Ising = S5 mA 0.25 0.35 v

Output Voitage Drop (High) Isource = 200 mA, Ve = 15V 12.5 12.5 \%

) IsouRce = 100 mA, Ve = 15V 13 13.3 12.75 13.3 \Y

Vee = 5V 3 3.3 2.75 3.3 \

Rise Time of Qutput 100 100 ns >3

Fall Time of Output 100 100 ns

Note 1: For operatng at elevated temperanres the device must be derated above 25°C based on a +150°C maximum junction temperature and 8 thermal 3

reststance of 164°c/w (T0-5), 106°c/w {DIP) and 170°c/w (S0-8) juncbon to ambient.
Note 2 Supply current when output high typically 1 mA less at Voo = 5V.
Note 2 Tested at Vo = 5V.and Veg = 15V,

Nots 4: This will determune the maximum value of Ry + Rg for 15V operation. The maximum total (Ro + Rg) is 20 MQ.
Note 5 No protection against excessive pin 7 cument is necessary providing the package tsspabon ratng will not be exceeded.
Note 6: Reler to RETS555X drawing of military LMS55H and LMS555J versions for specifications.

Connection Diagrams
Metal Can Package

TL/H/7851-2

Top View

Order Number LM555H or LM555CH
See NS Package Number H08C

Duakin-Line and Smal! Outline Packages
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Top View

Order Number LM555J, LM555CJ,
LM555CM or LM555CN .
See NS Package Number JOSA, MOSA or NQ8B
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s ypical Performance Characteristics
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ation Information

g STABLE OPERATION
 Ahis mode of operation, the timer functions as a one-shot

7 /(Figure 1). The external capacitor is initially held discharged
" by a transistor inside the timer. Upon application of a nega-
tive trigger pulse of less than 1/3 Vgc to pin 2, the fiip-flop is
set which both releases the short circuit across the capaci-

tor and drives the output high.

*8V 7O <18V

r Ve
l NESET_ _
v L

4 H

TRIGGER
KORMALLY f O—q?
N

) DISCHARGE
“ON" LOAD

THRESHOLD
LM555 $ _.__$

|
| CONTROL

ouTPut VOLTAGE
S 5 —
Lo 3 LT
. & Ti.u..r
TUHIT851-5
FIGURE 1. Monostable

The voltage across the capacitor then increases exponen-
tially for a period of t = 1.1 Ra C, at the end of which tme
the voltage equals 2/3 Vcg. The comparator then resets
the flip-flop which in tumn discharges the capacitor and
drives the output to its low state. Figure 2 shows the wave-
forms generated in this mode of operation. Since the charge
and the threshold level of the comparator are both directly
proportional to supply voltage, the timing intemal is inde-
pendent of supply.
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i

Vi

| A /

LY

seenfrsrtiontafeatnRenedtireeieent

/AN

/l
Vee = 5V
TIME = 0.1 ms/DIV,
Ra = 9.1k
C = 0.01 pF

Top Trace: Input 5V/Div.
Middie Trace: Output 5V/Div.
Bottom Trace: Capacitor Voltage 2V/Div.

FIGURE 2. Monostable Waveforms

TL/H/TE51-6

During the timing cycle when the output is high, the further
application of a trigger puise will not effect the circuit. How-
ever the circuit can be reset during this time by the applica-
tion of a negative pulse to the reset terminal (pin 4). The
output will then remain in the low state untii a trigger pulse is
again applied.

When the reset function is not in use, it is recommended 'Q":_:'
that it be connected to Vg to avoid any possibility of fajse 38
triggering. »
Figure 3 is a nomograph for easy determination of R, C ¥
values for various time delays. ;&

NOTE: In monostable operation. the tngger should be driven hegh before the 28 :‘
end of timing cycle. ¥

ASTABLE OPERATION

100

.01 . .

8.001

Mus1Ds Lovs 10ms188m1s 103 100
te - TIME DELAY

C - CAPACITANCE (uf)

FIGURE 3. Time Delay

H
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A, i

TL/R/7851-8
FIGURE 4. Astable -

In this mode of operation, the capacitor charges and dis-
charges between 1/3 Vg and 2/3 Veg. As in the triggered
mode, the charge and discharge times, and therefore the
frequency are independent of the supply voltage.
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FIGURE 5. Astable Waveforms

The charge time (output high) is given by:

ty = 0.693(Rp + RR)C
d the discharge time (output low) by:

t2 = 0.693 (Rg)C
us the total period is:
T =1ty +1=0693(Rs +2Rg) C

. The frequency of oscillation is:

g,

ﬂ-»wms%w

=

P

1 1.44
T (Ra +2Rg)C

f=

e

ivalues.

{:Thed le i Re

: e is: = —

g o ouyoyclels Ra + 2Rg

3 NN T
10 L D, N

‘ NN
A N N O N

NN
MRS

€ - CAPACITANCE (pf)

z 0.1 1 10 100 1% 10x 100k
I~ FREE-RUNNING FREQUENCY (Hx)
TUH/7851-10
FIGURE 6. Free Running Frequency

; FREQUENCY DIVIDER

The monostable circuit of Figure 1 can be used as a fre-
Quency divider by adjusting the fength of the timing cycle.

Figure 7 shows the waveforms generated in a divide by
three circyit,
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Bagure 5 shows the waveforms generated in this mode of

= Figure 6 may be used for quick determination of these RC
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TU/HIT8S1-11
Veg = SV Top Trace: input 4V/Div.
TIME = 20 us/DiV. Middls Trace: Qutput 2V/Div.
Ra = 9.1 kN2 Bottom Trace: Capacitor 2V/Div.
C = 0.01 uF
FIGURE 7. Frequency Divider

PULSE WIDTH MODULATOR

When the timer is connected in the monostable mode and
triggered with a continuous puise train, the output pulse
width can be modulated by a signal applied to pin 5. Frgure
8 shows the circuit, and in Figure 9 are some waveform

examples.
=T "
¢ [} .
BISCHAAGE
TRIGGER O~——{2 ?
LMsss ¢ LTHRESHOLD
MODULATION
b INPUT
QUTPUT Omemd 3 § 0O ¢
1 '
TUH/T8S1-12
FIGURE 8. Puise Width Modulator
%
/’/K \\
T 4
: Ny
> \g
o
EE
— — E r-' 5
| i :
TU/H/7BS1-13
Veg = SV Top Trace: Modulation 1V/Oiv.

TIME = 0.2 ms/DIV. Bottom Trace: Capacitor Voltage 2v/Civ.
RA = 9.1k}
C™ 0.0 uF

FIGURE 9. Puise Width Modulator

PULSE POSITION MODULATOR

This application uses the timer connected for astable opera-
tion, as in Figure 10, with a modulating signal again applied
to the contral voltage terminal. The puise position varies
with the modulating signal, sincs the threshold voltage and
hence the time delay is varied. Figure 17 shows the wave-
forms generated for a triangle wave moduiation signal.
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TL/H/7851-1¢

FIGURE 10. Pulse Position Modulator
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FIGURE 12
Figure 13 shows waveforms generated by the linear ramp.
The time interval is given by:
= 2/3VecRe(Ry + Ry C
Ry Vee =~ Vee (R + Ry)
Vge = 0.6V

TL/H/7851-16

T ncIx

TL/H/7851-15 ! | B
Vg = 5V Top Trace: Modulation Input 1V/Div. - =0, M
TIME = 0.1 ms/DiV. Bottom Trace: Output 2V/Div. ] 148 N, L
Ra = 3.9k0 ! S ]
Ap = k0 A ] .
B : = —
C = 001 pF i ; il L7
FIGURE 11. Pulse Position Modulator N AF / i
i § b ! i
LINEAR RAMP

When the pullup resistor, Rp, in the monostable circuit is
replaced by a constant current source, a linear ramp is gen-

TL/H/7851-17
Vee = 5v Top Trace: input 3V/Div.
TIME = 20 us/DIV. Middie Trace: Output 5V/Div.

erated. Figure 12 shows a circuit configuration that will per- :’ /| :;okfn Boniogpgrecy Joecor Voliags 1v/On.
form this function. n: =27k
C = 0.01 uF

FIGURE 13. Linear Ramp

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle, the resistors Ry and Rg may be
connected as in Figure 14. The time period for the out-

5-44



F;pplications Information (continued)

put high is the same as previous, t; = 0.693 Ra C. For the .

output low it is tp =

[(RA Ra)/(Ra + Rg)] Cln [H"—"@}

2R, — Rg

Thus the frequency ot oscillation is f = -
ty + 4

*Vee

Sk

LMsSS § —k—-q

QUTPUT O——d 3 $

s 0

=r— 0.0WF

TU/H/T851~18
FIGURE 14. 50% Duty Cycle Oscillator

Note that this circuit will not oscillate if Rg is greater than
1/2 Ry, because the junction of Rp and Rg cannot bring pin
2 down to 1/3 Vg and trigger the lower comparator.

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary to protect
associated circuitry. Minimum recommended is 0.1 rF in
parallel with 1 uF electrolytic.

Lowser comparator storage time can be as long as 10 ps
when pin 2 is driven fully to ground for triggering. This limits
the monostable pulse width to 10 &S minimum.

Delay time reset to output is 0.47 us typical. Minimum reset
pulse width must be 0.3 us, typical.

Pin 7 curmrent switches within 30 ns of the output (pin 3)
voltage.

$-45
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LINEAR : TYPES SE555, NE555
INTEGRATED : PRECISION TIMERS

: - CIRCUITS . BULLETIN NO. OL-S 12053, SEPTEMBER 1973—AEVISED OCTOBER 1979

+ Timing from Microseconds to Hours
Astable or Monostable Operation

e Adjustable Duty Cycle JG QR P DUAL-IN-LINE PACKAGE
(TP VIEW)

e TTL-Compatible Output Can Sink or
CONTROL

Source up to 200 mA oI5 THAES GO
. . Ve CHARGEROLD  AGE
e Designed to be Interchangeable with £

Signetics SES55/NES55 . $|l7 5

description h

The SESS55 and NES55 are monolithic timing circuits
capable of producing accurate time delays or oscilla-
tion. in the time-delay or monostable mods of opera-
tion, thy timed interval is controlled by a single ex- 1 2 3 {
ternal resistor and capacitor network. In the astable GNO TRIG- QUT- RESET
mode of operation, the frequency and duty cycle GER FUT

may be independently controlied with two external
resistors and a single external capacitor, 1

The threshold and trigger levels are normally two- .
thirds and one-third, respectively, of Vce. Thesa
levels cosr ‘terzd by use of the control voitage
terminai. Wna.. the - -“ager input falls below the
trigger level, the iii-i0p is set and the output goes
high. When the threshnid- input rises above the
threshold level, the flip-flop is reset and the output functional block diagrans
goes low, The reset input can override alt other inputs
and can be used to initiate 2 new timing cycle. When
the reset input goes low, the flip-fiop is reset and the
output goes low. Whenr the output is low, a low-
itmpedance path is provided between the discharge 1.

'? 30 st

CONTROL
Veg VORLIAGE nesey

(1] 150 1

VA

terminal and ground. : i coue

" [}

L SLOP
s

The output circuit is capable of sinking or sourcing
current up to 200 milliamperes. Operation is specitied

for supplies uf 5 to 15 volts. With a Swvoit supply,
output levetls are compatible with TTL inputs. p
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»

m
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schematic

vee 8o _ _ _ _
1474 830 4rx 1%
(P
5h 2.
1 1sx
! L |
THAESHOLD —2 N Siok 2 ourrur
L
CONTROL (5} i :
VOLTAGE
<
fsn ¥ ATk
2 L VWA—@
TAIGGEN
RESETL(J 20
. 7
DISCHARGE ;
>
m:}“ 310k jiDOb is 4Tk
n .
GROUND ,J, & + &
100
Rasittor values thawn are nominel and In ohms,
absolute-maximum ratings over operating free-air temperature range {unless otherwise noted)
Supply voltage, Vg (seeNote 1), . . . . . . % r AN | A B 1 A4
Input voltage (control voitage, reset, threshold, trigger} W% 1 LML it i e we .. Ve
Outputeurrent . . . _ ., ., ., . . ... .. e e e e .. 2225mA
Continuous total dissipation at {or below) 25°C tree-air temperature (see Note 27 c e i e . . . . E0O0mMmW
Operating frec-air temperature range: ~ SES5§ . _ . . . 15/ £ . e v . . . =55°Cre12s°c
NESSS |, | .\ G 0°Cwe 70°C
Storage-temperaturerange . . . ..., .. . . . ... =65'Cto150°C.
Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: JG package . . ry. . . ... J0°c
Lead temperature 1/16 inch {1,6 mm) from casa for 10 seconds: P package- o 260°C

NOTES: 1,

All voltage values sre with respect 1o network ground terminel,

2. Far noaratlon shove 25°C free-elr temoarature, reler to Olssipstion Dersting Tadle. In the JG pechage, SESSS chips ave siloy-

mounted, NESSS chios are glass-mounted.

recommended operating conditions

SESSS NESSS uNIT
,. MIN NOM MAX |MIN NOM MAX
Supply voltage, Voo i 4.5 181 45 18] Vv
Input voltage, Vy (control voltage, reset, threshald, trigger) ° T Vee Veel V
Qutput Current, ig 200 t200] mA
Operating Iree-air temperature, Ta -55 125 ] 70{ °‘C




TYPES SEB55, NEB5E
PRECISION TIMERS

electrical characteristizs at 25° C free-air temperature, VG = 5 V to 15 V {unless otherwise notad)

SES5S NESSS
PARAMETER TEST CONDITIONS uNIT
MIN  TYP MAX [MIN TYP MAX
Threshold voltage jevel as a
. 68.7 66.7 %
percentage of supoly voltage
Threshoid current {see Note J) 0.t 025 0.1 025 A
v =i5Vv 4, 5 .
Trigger voltage level cc 8 52 3 v
Veg=5V 145 167 1.9 1.67
Trigger current . 0.5 0.5 aA
Reset voltage level 0.4 0.7 1 0.4 0.7 1 \'
Reset current 0.1 0.1 mA
Control voltage Vec= 15V 9.6 10 104 9 10 1" v
{open<ircuit) Vee=SV 2.9 33 l8 2.6 3.3 4 -
toL = 10mA 0.1 0.5 0.t 0.2s
lgg » SO mA 0.4 Q. 0.4 15
Vee= 15V oL = S0m 5 o
ot = 100 mA 2 22 2 2.5
Low-ltevel output voliage V.
loL = 200mA 2.8 2.5
oL = SmA N 0.
Veo=5V oL 0.25 3s
oL * 8mA 0.1 0.2s
Ign = —100 mA 13 133 12.75 133
. Vee=15V OH 2
Higlrluvel output voltage 10K = =200 mA 12.8 12.5 v
Vg5V ioH = ~100 mA 3 3.3 275 133
Quitput low, Veg= I8V 10 12 10 15
. | Notoad Veg 5V 3 5 3 3
Supply current mA
Qutput higly, Veg =15V 9 11 9 14
No load Veg =5V 2 4 2 5

NOTE J: This pacamerse Influences the maximum value of the timing reslstors Ry snd Rg In the cireuit of Figure 13. For sxamole when
Veg = § Vthe maximum velue is A = Ry +*Rg ™ 20 ML

operating characteristics, Vg =5 Vand 15V

SESSS NESSS
PARAMETER TEST CONDITIONS ! vt
MIN- TYP MAX |MIN TYP MAX
[P
aitial error of Ra =1 k2 to 100 k1, Ta® 25°C 0.5 2 1 4 =
timing {nterval
Temperature coefticiant Ta = MIN- .‘
Ag « 100 50 pomd*C
ot timing intesval L\ to: MAX y
Supoty valuge REAREY C=0.1,4F Ta-28C 005 02 0.t v
of timning interval-
Outout pulse rise time - 100 100- ns
Cy = 1SpF, Ta=25'C
Qutput puise fail time t s A 100 100 ns

'For conaitiani ihown as MIN or MAX, use the sppropsiata value speciiied under recommended coerating canditiom

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
JG [Alloy-Mounted Chip} 600 mwW 8.4 mw/'C 79°C
IG [Glsss-Mounted Chip) GO0 W 6.6 mwW/°C 59°C
[ 600 mwW su=w”C 15°C

Al10 tue Oinsipation Ourating Curves, Suctron 2.



TYPICAL CHARACTERISTICS' .
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TYPES SE555, NE555
PRECISION TIMERS

TYPICAL APPLICATION DATA

. Agsiwn
monostable operation cramas
F\:‘Mn
veeilS Vo 1S VY
L . H | |
{4 l 18) Ay Aa 5 T vOLTA
RESET vee - §
QuUTPUT ouTPUT — — L - -
weur = raiccen 1 ] [
SESSS/NESSS | s
DISCHARGE | S
oUINIT vOr TAGE
1S} |CONTROL
v 3]
l OLTAGE  rimresHoLD /1 / i %
0.014F GNO L & / /
!
I i" I CAZAQITON vOLTAGE
|

Time—0.1 ms/div
FIGURE 10-CIRCUT FOR MONOSTABLE OPERATION FIGURE 11~-TYPICAL MONOSTABLE WAVEFORMS

For monastabie operation, the SES55/NES55 may be connected as shown in Figure 10. If the outout is low, applica-
tion of a negative-going pulse 1o the trigger input sets the flip-flop {Q goes low), drives the cutput high, and tums off
Q1. Capacitor C is then charged thrcugh R until the voltage across the capacitor reaches the threshold voltage of the
threshold input. If the trigger input has returned to a high level, the output of the threshold comparator will reset the
ftip-flop @ goes high}, drive the output tow, and discharge C through Q1.

4
Monostable operation is initiated when the trigger input voltage falls betow the trigger threshold. Once initiated, the se-
quence will complete only if the trigger input is high at the end of the timing interval. Because of the threshoid level and

saturation voitage ol Q1t, the output pulse width is

approximately ty, = 1.1 RAC. Figure 12 is 2 plot of 10
the timme constant for various values of R and C.The
threshold levels and- charge rates are both directly o
proportional 1o the supply voitage, Vce. The timing - i \Q‘I\
interval is thercfore independent of the supply _": /
voltage, so long as the supply voltage is constant ,§ 10-"
thuring the time interval, E ) //

3
Applying a negative-going trigger puise simul- & 1072
taneousty to the reset and trigger termiinals during the é ‘49'
timing interval will discharge C and re-initiate the 3 10-3
sycle, conunencing on the positive edge of the reset ';
puise. The output is held low as long as the reset -
pulse is low, When the reset input is not used, it 10—4
should ue connected to Ve to prevent false
trigyering. .

103
0.001 0.01 0.1 i 10 100

C—Capacitance—uf

FIGURE 12—-0OUTPUT PULSE WIDTH v3 CAPACITANCE



TYPICAL APPLICATION DATA

pulse-width modulatian . .
Veg IS Ve tsv)
Ty
\ L~ \\
ml 18) i L7 O // =
NESET vee ISR AT werf v e
(31
eLack _rniggen ourryr outPUT 2
INPUT * S H-+
SES55/NES55 ~
oisciance 22 é‘ o st mab st
MOOULATION 151 |conTROL §
INPUT —_‘VOLTAGE (6] =+ 4L 2L LL S L b Heg-
(S20 Note Al THRESHOLD
GND = LyUyu iy u
QUTIIE vl T ang
lm
d < 14 /‘ ]m .

NOTE A: The modulating signel mevy be direct or cngaci- ,l M dl{ 11 y ]
tivelv counled 10 the cantrot voltage terminatl. For L [ wou taas l L
direct couoling, the eftects of modulstion tource !

Time—0.5 me/div-

voltage and Impadence on the bias of ihe
SES55/NESS5S should ba considersd,

FIGURE 19~CIRCUIT FOR PULSEWIDTH MOOULATION FIGURE 20—-PULSE-WIDTH-MODULATION WAVEFORMS
The ngeration of the timer may be modified by modulating the internal threshold and trigger volitages. This is
accomplished by aoplying an external voltage {or current) to the control voltage pin. Figure 19 is a cireuit for
pulse-width modulation. The monostable circuit is triggered by 3 continuous input puise train and the threshold voitoge
is modulated by 3 control signal. The resultant effect is 2 modulation of the output pulse width, as shown in Figure 20,
A sine-wave modulation signal is illustrated, but any wave-shape could be used. "

pulse-position modulation

Mg =Ine
Vec {5V 15 V) dr den
-"_ . teg r~
oo Frams 17
] im PLy iRa ) L1 AN
RESET  veo n vai ™~ pa
(21 oUTPUT |- ouTPUT > N
TRIGGER 2 808’
>
SESSS/NESSS | PN
DISCHARGE 4
g .
MODULATION (5] CONTROL . ne >5
INPUT voLTaGe \ M
See Note Al REgoLo .
GNO 3] UTIY YR TAGE
(N
NOTE A: The moduinting signsi maev be direct or caoack y ym 1 V
tively coucied to the cantrob voitage teemingl, For .
utnolo?‘-eu:al

direct couoiing, the effects of medulstion source

voltasge snd Impedance on the bles of the Time—0.1 me/div
SES55/NE S5 thould be considered.
FIGURE 21-CIRCUIT FOR PULSEPOSITION MODULATION FIGURE 22-PULSE POSITION-MOOULATION WAVEFQORMS

The SES55/NES55 may be ussd as a puise-position modulstor as shown in Figure 21. In this application, the threshoid
voitage, and thereby the time delay, of a free-running oscillator is modulated. Figure 22 shows such 3 circuit, with a
triangular-wave modulation signal, however, any modulating wave-shape couid be used.



TYPES SE555, NEBSS
PRECISION TIMERS

TYPICAL APPLICATION DATA

missing-pulse detector I
l:cﬁllll
Fe-a1.0
fon Prporn 3

VeelsVio 5y

(U! {8) Ry Ra

INPUT RESET  vec | Z |
(2 oUTPUT ouTPUT N Ut vOLTAGE
TAIGGER 2
)
SES555/NES55 - &
oIsCHARGE M =
>

(S} ICONTROL ouiruT YoLTAGL

VOLTAGE  tHagsHoLo 8L l

GND

O.OIuFI ‘B“ ﬁ jEC 4 i l {

- : caraciioh veu face

Time—0.1 ms/div
FIGURE 16—CIRCUIT FOR MISSING-PULSE DETECTOR FIGURE 17-MISSINGPULSE DETECTOR WAVEFQRMS
The circuit shown in Figure 16 may be utilized to detect a missing pulse or sbnarmally long spacing between consacutive
pulses in a train of puises. The timing interval of the monostable circuit is continuously retriggered by the input pulse

train as long as the pulse spacing is less than the timing interval. A longer pulse spacing, missing pulse, or terminated
pulse train will permit the timing interval to be completed, thereby generating an output pulse as illustrated in Figure 17.

frequency divider

8y adjusting the length of the timing cycle, the basic circuit of Figure 10 can be made to operate as a frequency divider.
Figure 18 illustrates a divide-by-3 circuit that makes use of the fact that retriggering cannot occur during the timing

cycle,

vee oSV
Bgorpsd

2 4y
3 ud VUL Fanek

>

o~

|

-

-d

2

3

— JEIS O R TR W € | S D _

VPV YL lact

LA e L
v ] -

CAPRCINA v {aGE

Tine—0.1 ms/div

AN

FIGURE 18-DIVIDE.0Y-THREE CIARCUIT WAVEFORMS



TYPICAL APPLICATION DATA

astable operation

QUTPUT

Veg(SY s o
(ul el Ay Ra
RESET vee
outpyr !
121 T
TRIGGER
SES55/NESSS
oiscHange HL
Ag
QPEM IS} lcONTROL '
(See Nots A) VOLTAGE  TyRgsugLp RO
GND. =

T

NOTE A: Decoupling tha control veltege input {pin 5} to
ground w~ith a csoecitar mey imorove operstion,
Thivshculd ba avalueted for indivigust sopllcations,

FIGURE 13-CIACUIT FOR ASTABLE OPERATION

Addition of a second resistor, Rpg,

;l
!
--"l b QuIrUr yevlang
ZAAAVWAL
L

FIGURE 14—TYPICAL ASTABLE WAVEFORMS

to the circuit of Figure 10, as shown in Figure 13, and connection of the trigger

input to the threshald input will cause the SES55/NESS5 to selt-trigger and run as a multivibrator, The capacitor C will
charge through Ra and Ry then discharge through Rg only. The duty cycle may be controiled, therefore, by the vaiues

of Ra and Ag.

This astable connection results in capacitor C charging and discharging between the threshold-voitage levef
(=0.67-V¢c} and the trigger-voltage level {=0.33- V). Asin the monostable circuit, charge and discharge times {and
therelore the Irequency and duty dycle) are independent of the supply voltage.

Figure 14 shows typical waveforms generated during astable operation. The output high-level duration ti4 and low-evel

duration t{ may be found by:
tH = 0.693 (Ra + Rg) C
t =0.693 (Rg) C
Other useful relationships are shown below.

perind =ty + t_= 0.693 (R + 2Rg) C

i frequency == 1.44
T e
= WarzAgIC
t A
Qutput driver duty cycle = m & T = - +82R3

fig

Output waveform duty cycle =

t Rg

Low-to-high ratio = —
w ight rati H RAT g

tH )
tH*t. = Ra+2Rg

100 k

-
o
=

—
x

8

A

l—Free'ﬂunning. Frequency—Hz
=]

0.1
0.001

0.
C~Capacitance—uf

0.01

FIGURE 15—FREE-RUNNING FREQUENCY



TYPES. SE555, NE555
PRECISION TIMERS

TYPICAL APPLICATION DATA
sequential timer

vce
14 lin 14) lin {4) 18y
R Ben R & R
RESET Voo A E REET Ve | & B RESET vee | ¢
3 | ] !
] 2] QuTPUT
0\(1 TRIGGER outeur ] TRIGGER ourruT 2 TRIGGER
s SES555/NESSS 0.001 SES55/NESS5 0.001 SES55/NESSS (i
OISCHAAGE »E DISCHARGE uf OISCHAAGE
(5] ICONTROL {5) CONTROL {S} |[CONTROL
VOLTAGE  Trgs. (10 VOLTAGE THRES |18 VOLTAGE  THRES-|I6)
oo O HOLD HOLD
N GNO GND
9.0y ” T Ca | 0.0t Ca {0.01 [~
T [ T LT n To T Tin T
Ca=10,F | Ceo s - -
Ra = 100400 = RAg e 10002
ouTPUTA Cg=iluf ouTruT 8 . outryTC
Rg < 100 k02

S closes momantanity st t = a.

FIGURE 23-SEQUENTIAL TIMER CIACNT

such sequential control. The timers may be used in various combinations of astable or monostable circuit connections,
with or without modulation, for extremely flexible waveform control, Figure 23 illustrates a sequencer circuit with
possible applications in many systems and Figure 24 shows the output waveforms,

T
See Figure 24
OUTPUT A Letya <l fwa =1.1RACA
“':’wu

2 .

N OUTPUT B . tw@ = 1.1 RgCy

wy

I

-3

2

3

>

QUTPUTC ot tc =+ twC = 1.1 RcCe
be——t =0 [

t=Time—1 s/div

FIGURE 24-SEQUENTIAL TIMER WAVEFORMS
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MC14023B -
See Page 6-5

l.‘

—ar

® Diode Protection on All Inputs
® QOutput Transitions Qccur on the Falling Edge of the Clock Pulse
® Supply Voltage Range = 3,0 Vdc to 18 Vdc

® Capable of Driving Two Low-power TTL Loads or One Low-power
Schottky TTL Load Over the Rated Temperature Range

o Pin-for-Pin Replacement for CD40248

7-STAGE RIPPLE COUNTER

[}

The MC140248 is a 7-stage ripple counter with short propagation delays
and high maximum clock rates. The Reset input has standard noise immu-
nity, however the Clock input has increased noise immunity due to Hys-
teresis. The output of each counter stage is buffered. .

MC14023UB
* . See Page 6-14

MC14024B

MAXIMUM RATINGS*® (Voltages Relerencad lo Vgg)

Symbol Parameter Yaiue Unit
Vpp {DC Supply Voltage -05to +18.0 v
Vin. Vout |Input or Output Voltage (OC or Transient) ~-051toVpp +0.5 v
Yin. lout ['mPut or Quipul Current (DC or Transient), per Pin =10 mA
Pp Powes Dissipation, per Package?t 500 mw
Tslg Storage Temperature -851t0 - 150 ‘C
Ty Lead Temperature {B8-Second Soldering) 260 *C

“Maximum Ratings are those values bayond which damage 10 the davice may occut
tTemperaturs Derating: Plastic "P and O/OW™ Packages: ~ 7 0 mW/"C From 65°C To 125°C
Ceramic “L" Packages: - 12 mWrC From 100°C To 125°C

LOGIC DIAGRAM

t
Cloch

(2]

P

[=]

QF----4Cc o ¢ Q

Nt

o
| T
E)
[+]]
]
.\
2
ol

.

12
at

1" a 3
Qz2 Qs Qr
Q3 «Pin9
Q4 = Pin6
Q5 # Pin§

- L SUFFIX
lli / CERAMIC
FRANY | ' CASE 632

1
P SUFFIX
PLASTIC
v HH“ CASE 646

D SUFFIX
SoiC
- CASE 751A

ORDERING INFORMATION

MC14XXXBCP Plastic
MC14XXXBCL Ceramic
MC14XXXBD  SOIC

Ta = -55to 125°C for all packages.

PIN ASSIGNMENT

1 Clock VD°:ll
23 Rewr NC D13

aic— ar <1} e R
A as azf=an
sC—] as NC 10
6] a4 Qi 9
1= vss NCETT 8

Vpp =Pfin14
Vgs =Pin 7

NC = No Connection
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ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss)
- Vpp -55°C 25°C 125°C
. Characteristic Symbol | yge Unit
—— , Min Max Min Typ # Max Min Max
I Output Voltage "0" Level 5.0 - 0.0 - 0 0.05 —_ 0.05
A Vin = Vpp or 0 VoL 10 - 0.05 — 0 0.05 — 005 | vde
15 —_ 0.05 — 0 0.05 — 0.05
“1" Level S.0 4.95 — 4.95 5.0 —_ 4.95 -
Vin = 0or Vpp Vor 10 9.95 - 9.95 10 — 9.95 - Vde
15 14.95 —_ 14.95 15 - 14.95 _
Input Voltage “0” Level 5
(Vo = 4.5 0r 0.5 Vdc) 5.0 — 1.5 _ 225 15 — 1.5
(VO = 9.0 or 1.0 Vdc) it 10 - 30 - 450 | 30 | — | 30 | V&€
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 40 — 4.0
« "1" Levet
(VO = 0.5 or, 4.5 Vdc) v 50 35 — 35 275 - 3.5 —_ vde
(VO = 1.0 0r 9.0 Vdc) H 10 7.0 — 70 5.50 - 7.0 — .
“FIX (Vo = 1.50r 135 Vdc} 15 1 e 1 825 —_ 1 _
MIC Output Drive Current
632 (Vo = 2.5 Vdc) Source 50 | ~30{ — 24 42 — | -7} =
{(VOoH = 4.6 Vdc) le¥] 5.0 -0.64 " = ~0.51 -0.88 — ~0.36 —_ MAdc
{Vor = 9.5 Vdc) 10 18 |7 — ~1.3 | -225 - -09 | —
(VOR = 13.5 Vdc) 15 ~4.2 - 3.4 ~-88 — -2.4 —
© (VoL = 0.4 vdc) Sink 5.0 064 — 0.51 0.88 — 0.36 - 1
FIX (VoL = 0.5 vdc) oL, 10 18 - 1.3 225 - 0.9 — | mjde
ne (VoL = 1.5 vdc) 15 42 - 3.4 8.8 — 2.4 —
846 tnput Current lin 15 — =0.1 — | x0.00001] =01 - =1.0 | pAdc
Input Capacitance Cin — - — — 5.0 7.5 - - pF
Vin = 0)
N Quiescent Current lop 5.0 -— 5.0 — 0.005 5.0 — 150 | uAdc
FIX (Per Package) 10 —_ 10 ~ 0.010 10 = 300
- 15 — 20 - 0.015 20 - 600
'S1A Total Supply Current**t T 5.0 It = (0.31 pAKHZ) | + Ipp uAdc
(Dynamic plus Quiescent, 10 IT = (0.60 pA/KHZ) [ + Ipp
Per Package) 15 T = (1.89 pAKHZ) | + Ipg
i (CL = 50 pF on al outputs, all
buffers swilching)
#Data iabelled “Typ” is not 1o be used lor design purposes but is
intended as an indication of the IC's potential performance.
s “"The formulas given are for the typical characteristics only at 25°C.
’ 1Yo calculate total supply current at loads other than 50 pF:
F(CL) = IT{50 pF) + (G - 50} VIk
where: IT is in uA (per package), CyinpF, V = (Vpp — Vgg) in volts,
tin kHz s input irequency, and k - 0.001.
This device contains protection circunlry o guard against damage due 1o high static voltages or electric fieids. However,
precautions must be taken (0 avoid apphcations of any voltage higher than maximum rated voltages to this high-imped-
ance cuircuit. For proper operation, Vi, and Vout should be constrained 1o the range VSS = (Vin of Vo) = Vpp
Unused mpuls must always be lied 10 an appropriate logic voltage level (e.g.. aither Vsg or Vpp). Unused outputs must
be lelt open.
i
.
-
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MC14024B

-
SWITCHING CHARACTERISTICS® {C)_= 50 pF, T = 25%C)
] Charscteristic Symbol Vpo Min Typ # Max Unit
A
Output Rise and Fall Time TLH. ns
ITLH: ITHL = (1.5 ns/pF) C + 25 ns tTHL 5.0 - 100 200
'TLH: 'THL = (0.75 ns/pF) C_ + 12.5 ns 10 - 50 100
LM ITHL ™ (0.55 ns/pF) Cy_ + 9.5 ns 15 - 40 80
Propagetion Defey Time PLN, . ns
Clock to O1 - PHL
tPLH, PPHL = (1.7 ns/pF)} C + 295 ns 5.0 - 380 €00
tPLH, tPHL = (0.68 ns/pF) Cy + 117 ns 10 - 150 230
PLH, tPHL = (0.5 ns/oF) C_ + 85 ns . 15 - 10 178
Clock to Q7 .
tPLH, tPHL ™ (1,7 ns/pF) C_ + 915 ns 5.0 - 1000 2000
tPLH, IPHL = (0.66 ns/pF) Cy_ + 367 ns 10 - 400 750
LM, 1PHL = {0.5 ns/pFI C + 275 ns 15 - 300 565
Reset 1o G,
tPLH, tPHL = (1.7 ns/oF) C + 415 s 5.0 - 500 800
PLH, 1PHL = {0.66 ns/pF) €+ 217 s 10 - 250 400
'PLH, PHL = 10.5 ns/pF) C_ + 155 ns 15 - 180 300
Clock Pulse Width wH 5.0 5§00 200 - ng
10 165 60 -
15 128 40 -
Feset Pulsa Width WH 5.0 600 3715 - ns
10 350 200 -
15 260 150 -
Aeset Removal Time Krentt 5.0 625 250 - ns
10 190 75 -
15 145 50 —
Clock input Riss and Fall Times TTLH, ITHL 50 - - 1.0 s
10 . - 8.0 ms
16 -~ - 200 us
Input Pulse Frequency t 5.0 -— 25 1.0 MMz
10 - 8.0 3.0
15 - 12 40
“The tormulas given ara for the typical characteristics only at 25°C.
#0812 labelled “Typ™ is not 1o be used for design purposes but iy
intended as an indication of the IC’s potentlal performance
TRUTH TASLE 5
ctLock RESET STATE
[+ -} No Change

All Outputs Low

No Change

All Outputs Low
No Chenge
All Qutputs Low

Qlujo|as|lo{w

Advence One Caunt

All Outputs Low

ANt
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MC14024B

FIGURE 1 — TYPICAL OUTPUT SOURCE
CHARACTERISTICS TEST CIRCUIT
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FIGURE 2 ~ TYPICAL OUTPUT SINK
CHARACTERISTICS TEST CIRCUST
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C Q,
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Vss Power
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FIGURE 3 - POWER DISSIPATION TEST CIRCUIY
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