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ABSTRACT R

This thesis is a design and construction of the “Telephone Answering Unit”, which can be used
for many purposes and can increase the efficiency of the telephone performance so as to make facility
for telephone users. Therefore, this thesis is the degelopment of the “Telephone Answering Unit”.
Besides, the telephone user can record voice for answering by himself. He still can set the time in order
to ;e_c‘ord the voice or message of someone, cailing him, for any period of time he wants to set. For this

function it has Alarm System of-eutomatic telephone. When nobody is at home and somebody breaks in

this device will automatically call to the set destination.
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dygnaaodn 0 vzdhluden 6 vealed 2 Fuflu s vidnaey ldi 3 vesled 2 faosaiu o
nwdines Q, Teliviam LED, Tedu uasfivt 4 sxfineiniiy 1 itz c, whmsnsassdy
aa%nnghmmfﬂu C mmls.,qmuuauwﬂwﬂiwmu R,azlalen D, il dmsugames Q,
mﬂuunn‘mqﬁuq dlenswFanes Q, hansziinami W lufnssualnarulaTon D,, taz D, Mld
fivr AcL fissduaodnidiu Low 105 Tesss srdedygoudndituiinlu RaM  serwvi lod
KA212  Fwimdhiifhuenddvees ( Ampliﬁer ) ﬁﬂﬁ"’lﬂf‘fmmmxﬁmﬁﬁﬁﬁ'wﬁ'Waanmvhu
d1Inaunzdunilenziu R, A1 IPT A C,, 199781 Collector w04 Q, UazBnTivT Emitter 984 Q, 1
dagareTnssing muumwﬂmummv"lﬁuummmeusuTmﬁww"lﬂnuwﬂ"la Tummwmmﬂuﬂmqﬁm
20311 11 vzid Tuldenn 1 vealed 3 vinldwn 2 flaeSnidiu 1 dudufinn s voled 3 exfinedmiiu 1
dudnlulds D, voaled Tesss tiongamstunnlined ( counter) dmsumsdundy dededeniud
Tuiin 13 RAM wFeuds o Tes6s vdedynnanintighoonimiaw EOS ua~ﬁmn;1mi’:a~phu
laTen D, uaz R, i ldmsuGmaed Q, i ldnsudmaes Q, v funarm 1o 1 vesled 2
Taodndu Low fiv1 3 Fesaedndlu High ldnsdmaos Q, ham LED, 9fn danaaein
High vzgnaialuSiFaled o Iinem vl Q Taednihy High uaefidyaradin Q fzdhlalia

NsadRdya U ( Clock ) Fatieaadeyalii 3.5
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U935 waasesadedyanannim

] Ed [N
dygyradiiianin High sz luUdin 4 veelod NE 556 lodivzadndynraniniaiui
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1iNAvedled NE 556 szdalufinnesms 10 H140d 4017 dygnaueninadildained 4017 QN
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dieled 4017 Fudhureesns 10 uda 9 Aezdedyygnaueninaiivg o Tinsssesadamnnd 1
fygrouasuad 800 Hz deeenilfvisesdrunsuqumsdia-daml Willa-Sambinldiminga
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nymdanes Q, szvhami i LED, An drynnaiaedn High 921U 1 veeled 3 dw'led 31 une
o3 32 Fuflusing n3nines (Schmitt trigger) HLUBUIDT MBS (nverter)Tian 4 vos'led 3 Taodniiu
High €hludaur WR vedled  Teses vilWemisatuiindeanuasluled Tesss 1dlavmunia
Tusiovic) lod Te668 sxviimsulasdyanandeddidudyanudsaen idnhluify3uled 7 Fudly
RAM iazdygoiaedn High 1101 4ves'lod 3 Sndaumilessadn llfmswSmaed Q, il Q, o
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suasfiv) EOS vzetandn High senun wildnsmdmasd Q, e uasnsmudmned Q, sxTonszdy
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WA 37 uamaneImrugumsenyuaz ey Insdwd
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3.6) WesNyUNLLIAY INsFwy ( DTMF GENERATOR )

200519 eS1wes TCM 5087 Suthilo% Tnui Tanines ( tone decoder) nanafaguliia.

pr—— NPT

Do D4
Rl [~}

D!

D2 1C8

R3  TCMS087

R4

OSCl
CRYSTAL

D3

7
L

ases [
T

517 3.9 uanledues TCM 5087

y

v ] 1 4
Tod TCM 5087 szvhwihifivyuminemy Insdwiuyldanudy Taoledizadadyge

DTMF 2 A7 RT0ARRBUIDT INTAMYia199 fanisiefi 3.1

~ 1 ddy v o o
AT NN 3.1 ﬂ'lﬂ')'lllﬂ‘l/lvlﬂil"lﬂﬂ'liﬂﬂﬂiJ’lfJLf‘l‘UT'ﬂiﬂW'Vl

1209 Hz 1336 Hz 1447 Hz
697 Hz 1 2 3
770Hz 4 5 6
852 Hz 7 8 9
941 Hz * 0 #
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msdaues Insemi1d lodvin 18 Taonisddansn “ 0 ” n3e « 1 » favandeatuvanomy Insgwy
Wi R - R, uas C,- €, voxled Tasw1 R, - R, szviaiudinedn « 07 dau ¢, - C, szviufiaein « 17

TagA1 R, - R, Aimeandostununoay nssmasdhu lawasadi 5.2
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A15197 3.2 MR nNaoAndBItUIUDS INTANT

wes | RI R2 R3 R4 | Cl | C2 | €3 | C4 |mugwudunn
1 0 1 1 1 1 0 o | o 78H
2 0 1 1 1 0 1 0 0 74H
3 0 1 1 1 0 0 1 0 72H
4 1 0 1o 1 0 0 0 BSH
5 1 0 1 1 0 1 0 0 B4H
6 1 0 1 1 0 0 1 0 B2H
7 1 1 0 1 1 0 0 0 D8H
8 1 1 0 1 0 1 0 0 D4H
9 ] 0 1 | o 0 1 0 D2H
0 1 1 1 0 0 1 0 0 E4H
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3.7) 399393 290y g @18 INsAN ( tone detector )

g a a ' al o =
3esfidsznaudanlad NE 567 uaz Tod NE 555 derfluasesdag i 3.10

+§V r—'—OUTPUT
1cr C3
NES67 [uf
R vCC Q . ouT OF _._Il }_—
470K c:
TRIG pts
R LF h
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CVOLT THR] -LC1 c "N _{ L_“lNPUT
GND 0.1uF {
C1
IC6 = 0.1uf
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'Nwfi"l‘x’f"lumimswﬁ'uﬁm"m"mﬂmmuTmﬁwv‘finﬂuﬁ"wmm‘lﬁwu ( Dial tone ) dayayia’lai
719 ( Busy tone ) n3ofyanauZunndy ( Ring back tone ) xﬁamﬂﬁ’qmuﬁ’mymfﬂﬂuﬁmmmﬁﬁmmﬁ
400 Hz s ngegniniu $e15leF1ued NE s67 FuTuToFladong ( Phase lock loop ) TauAanand
gudnaalila 400 Hz §~1i‘fumjﬁnnmfaﬁ1 c uaz R Taofimsfinamm C uaz R feil
1) ¥1810 C, R, 9ngas
f,= LUR,C, Tavfi £, = 400 Hz
2) W1 C, NNYAT
C,=130/f,
3) MA1C, ngAs
C,>2C,>260/f,

4 o 4 1

o 4 a a 4 o - P!

hvuomyavesled NE 567 Undseiiaodnidy “1” uddd Y uduNARTnLgUInaII
(% d" g a a o A o & o i . e e a o
N 400 Hz Wmnymesiimednitu “0” iiedyanuiasfunnudiinua ) wiiweeeliaednnduidiu
Auduiinmndyaufioenninvuenina-vealed NE 567 fimsnsuiteuiiosnineiimssuniumely

s 3 )
moTnsfinn dnindeldled NE s55 flaesnifiu «o” udideddyaaanin «o» Wnfividunaezinld
¢ = a d @19 o P ' 2 P v é’ Te 0 o
wwiyalasdndu 17 dunannuauimiaie1ld swaifimireziuegfva R taz ¢ Tasduaa
raniae (1) 1dengas
T= LIR,C, W
& ] o o wad Yo P 9y

wesnTeuRBUAYSA TudAtiaunsouanalddsgUil 3.8 (A) 2eszilsznoudaursesnyuming

wyInsfmi 2esasndygnauninmoTnsimt 2esauguas sy uos oy Inssimd uaziilulas
4 o ° a o [ d” & s o a ad v
neulnsames 8031 udanaunumsihalaelindnmsdedl oumosaseiulimaRnyndfezds
¥

dygnoludenn INT1 vea 8031 miniu'lulnsneuInsamed 8031 veiimsaey-ony Insdwyt Taovi
midadin P14, PL6 tazindoilia PL4 nudidy liSmdeihmsdiuaiadTadaite 1 v, donseu
o 1 o a v ' o a LY 4 4
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o ' o o 1 é
imsaswaeuidygaiuudumiel Tavasnaounnvienivaveslod NEsss  Fudiule
a 2, Ve a 4 3 o ' =
FluTumadavhausudulodiadengy lod NE 555 Fadannudguénarseindr R uaz ¢ ‘137 400
Hz

diidygy 1ol Dial tone manuiayInsdmififu13lu RaM HegmoluluTasnouTnsames 8031

szgndeesnmienesa 1 TldvssnyunnomyInsdwd $e14eFwes ToM s087 Mmihiidedyana
DTMF ufdedyguoenty) d1hi185udyann Dial tone CPU 8031 szdhmsdadyane lufiees

o ¢ T 1 LYY o & % @ & A o &
AILRUMsNaYuazeny Insinn swunidz Iasudygaldmyumes Insdnd empuminuas Tnsdwd
1§ 8031 95M1M5AII9AOUNA] Busy tone $1umse i Tngasnmeudyarue1iyavesled NE 555
iidryg o1 Busy tone muaaangenoling 8031 whmsaidygiueeniivl RXD uaz TXD T &

NIMURUMTY s vny Insdwiliviimsnay Tnsdwed uds 8031 ssvhmsmyumnopu@uug
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nyunmslav@uudmeda g 8031 fezhnsdamnoevinasesmpminony Tnsdwyivines
nyu nmmm"lmjﬁnﬂizq

dhifidayey o1 Busy tone huuansiiganeing 8031 ﬂ~ﬁ1n1smmﬁauﬁmm1m Ring back tone
TulnsnouTnsaines 8031 fezmsmypminuavduudd S dyaedifzsodunm 15 Md ALty
Sufsemhmsnlfoumneavidaim nsduntn mnfiFume 8031 sxvmsdedyguanin Low
T AcL wea'led Te668 aziidoniudousmndu1ly rRam deoen lmegmelugagsniane
nm mavammmaunuwm To% T6668 sxdadtygnuanin High oonNMNT EOS 1daawie
INTI w3 8031 93m7u 8031 nﬂ~14Qﬂmsmmanuwsuua.,mammm"lﬂummsmuaums'mmmvtmn
Thhmsnay Taosa Tusa

dmsumsiiumnoay Insinsd m"lﬂTﬂumsﬂﬂﬂuuunmi‘]nuimﬂwvmmmavTmﬁwmvnﬂ
dundanesa C vos 8255 uda 8255 sxrhmnuiavdseonmaiadeyaluse 031 uaz 8031 i ming

my 13y RAM uazmineiavdiand1iesgn uaas. uu LED 7 segment
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* Software For Automatic Warning Unit *
v % By Sittipong jarunyakorn *
ok Program sit7.asm *
Fox use CPU 8031 port 8255 #0EOEOH-#0EOE3H *

kEkkhhkbdhhrhdhdrddhdrkdkhrdhhdddhdbrrhhhrdikitdtrx

ORG 0000H
Dispbuff EQU 30H
Keybuff EQU 60H
Portl EQU 90H
PortA EQU OEOEOH
PortB EQU OEOE1lH
PortC EQU OEOE2H
Control EQU OEOE3H
LIJMP START
*k*k*%* Interrupt Service for Timer(Q ***%x%
ORG 000BH
PUSH ACC
CLR TRO
DEC R2
MOV THO, #0FFH
MOV TLO, #0FFH
POP ACC
RETI
*%%%%%* Interrupt Service for Timerl **%%*%x*%
ORG 001BH
PUSH ACC
PUSH PSW
CLR P1.4 ;on hook
LCALL DELAY1 ;delay 0.8s
SETB Pl1.6
LCALL DELAY1 ;delay 0.8s
SETB P1l.4 ;0ff hook
POP PSW
POP ACC
RETI1
*kk%kx%x Set 8255 and Port *xkwx
START :ORG 0030H
MOV A, #89H
MOV PSW, #00H
MOV DPTR, #Control
MOVX @DPTR,A

MOV P1,#00H ;Portl = Output Port
MOV 1E, #8AH ;set Register IE
MOV IP,#OAH ;set Register IP
MOV TMOD, #99H ;s8et Timer mode
SETB TR1
**%% Scan Keyboard and Display #%*%%
MOV R1, #Dispbuff ;Clear Display buffer
MOV R2Z, #06H ;at 30H-35H

MOV RO, #40H
INCLED: MOV @R1,#00H

INC R1

DJINZ R2,INCLED

MOV R1, #Dispbuff ;R1=Point to dispbuff
INITIAL: MOV R2,#10H ;R2=Point to Coll

MOV R3,#03H ;R3=Scan Coll-Col3



SHOWLED: MOV DPTR, #PortA

MOV A,@R1

MOVX @DPTR,A
LCALL DELAY3
MOV DPTR, #PortB
MOV A,R2

MOVX @DPTR,A
LCALL DELAY1
MOV DPTR, #PortA
MOV A, #00H
MOVX @DPTR,A

;Send display Code
;to 7 Segment Display

;send Column Code
;to 7 segment Display

*%*%* Read Key Board Port C *%%%
READKEY :MOV DPTR, #PortC

*%%% Key Down or Up *#*%%

MOVX A, @DPTR
ANL A, #0FOH

CJINE A, #0FOH, KEYDOWN

LJMP INCRE

KEYDOWN:MOV 60H,A

*%%% Check Key Release *%#%%

MOVX A,@DPTR

ANL A, #0FOH

CJNE A, 60H, READKEY
INC R1

BACK: MOVX A,@DPTR

ANL A, #0FOH
CJINE A, #0FOH,BACK

SAVE: MOV A,60H

LCALL CHKVALUE
LCALL DELAY3

CJINE R1,#38H, INCRE
MOV R7,#00H

LJMP DISPLAY

INCRE: INC R2

SEGMENT :

DJNZ R3,SHOWLED
LJMP INITIAL

DB 06H,5BH, 4FH

DB 66H,6DH, 7DH

DB 07H,7FH, 6FH

DB 79H,3FH,71H

CHKVALUE: NOP
ROW1:CJINE A, #0EOH,ROW2

MOV DPTR, #SEGMENT
AJMP COL1

ROW2:CJINE A, #0DOH, ROW3

MOV DPTR, #SEGMENT+3
AJMP COL1

ROW3:CJINE A, #0BOH, ROW4

MOV DPTR, #SEGMENT+6
AJMP COL1

ROW4:CJINE A, #70H,TURN

MOV DPTR, #SEGMENT+9
AJMP COL1

TURN: RET

*%%% Check Column #*%*%

COL1l: MOV A,R2

CJINE A, #10H,COL2-
CLR A

MOVC A, @A+DPTR
MOV @R1,A

LCALL DELAY3

MOV A, 60H

ANL A, #0FOH

;Mask Low Nibble

;Inc Display Buffer

;Check Row and Column

;Inc Column

;If not last Col
;Display Key Code
;Display Code 1 2 3
; 4 56
- 789
; * 0N,
;If not Rowl-Row2

;If Rowl get Key Code
;and check Coll-Col3
;If not Row2-Row3

;If Row2 get Key Code
;and check Coll-Col3
;If not Row3-Row4

;If Row3 get Key Code
;and check Coll-Col3
;If not Row4 Return
;If Row4 get Key Code
;and check Coll-Col3

;Read Col Code
;Not Coll-Col2
;If Coll read key Code
;Save key Code



-

WRITE1:CJINE A, #OEOH,WRITE2

MOV A, #78H
MOV @RO,A
INC RO

RET

WRITE2:CJINE A, #0DOH,WRITE3

MOV A, #0BSH
MOV @RO,A
INC RO

RET

WRITE3:CJINE A,#0BOH,WRITE4

MOV A, #0D8H
MOV @RO,A
INC RO

RET

WRITE4:CJINE A, #70H, TURN

MOV A, #00H
MOV @RO,A
INC RO

RET

COL2:MOV A,R2

CJINE A, #11H,COL3
INC DPTR

CLR A
MOVC A, @A+DPTR
MOV @R1,A

LCALL DELAY3
MOV A, 60H

ANL A, #0FOH

WRITES5:CINE A,#O0OEOH,WRITE6

MOV A,#74H
MOV @RO,A
INC RO

RET

WRITE6:CINE A, #0DOH,WRITE7

MOV A, #0B4H
MOV @RO,A
INC RO

RET

WRITE7:CJNE A, #0BOH,WRITES

MOV A, #0D4H
MOV @RO,A
INC RO

RET

WRITE8:CJINE A, #70H, TURN

MOV A, #0E4H
MOV @RO,A
INC RO

RET

COL3: MOV A,R2

CJINE A,#12H,TURN
INC DPTR

INC DPTR

CLR A

MOVC A,QA+DPTR
MOV @R1,A

LCALL DELAY3
MOV A, 60H

ANL A, #0FOH

+If not Rowl-Row2
;save data in RAM

;If not Row2-~Row3
;save data in RAM

;If not Row3-Row4
;save data in RAM

;If not Rowd4 return
;save data in RAM

;Read Col Code
;Not Col2-Col3
;Shift Col2

:If Col2 Read Key Code
;save Key Code

;If not Rowl-Row2
;save data in RAM

sIf not Row2-Row3
;save data in RAM

;If not Row3-Row4
;save data in RAM

;If not Row4 return
;save data in RAM

;Read Col Code
;Not Col2-Col3
;Shift Col3

;If Col2 Read Key Code
;save Key Code



WRITE9:

WRITE1O0:

WRITE1ll:

MOV A, #72H
MOV @RO,A
INC RO

RET

MOV A, #0B2H
MOV @RO,A
INC RO

RET

MOV A, #OD2H
MOV @RO,A
INC RO

TU: RET

WRITE12: CJNE A, #70H,TU

MOV A, #01H
MOV @RO,A
INC RO

RET

CJINE A, #O0EOH,WRITE10

CJINE A, #0DOH,WRITE1ll

CJINE A, #0BOH,WRITE12

;If not Rowl-Row2
;save data in RAM

;If not Row2~Row3
;save data in RAM

;If not Row3-Row4
;save data in RAM

;If not Rowd4 return

;save data in RAM

*¥%k%%%% Display on 7 Segment **%%%&%
DISPLAY: MOV R1,#Dispbuff

DIS:

*k*%%% initial program ***x*%

INC R1

MOV R2,#10H
MOV R3,#06H
MOV DPTR, #PortA
MOV A,@R1

MOVX @DPTR,A
MOV DPTR, #PortB
MOV A,R2

MOVX @DPTR,A
LCALL DELAY3
DEC DPL

MOV A, #00H
MOVX @DPTR,A
LCALL DELAY3
INC R1

INC R2

DJNZ R3,DIS
DJINZ R7,DISPLAY

MOV THI1, #0FFH
MOV TL1,#0FFH

LOOP1:JNB TF1,LOOP1

CLR TF1

**%% Check Dial Tone #*#*%%*

TONE: MOV RZ,#01H

MOV THO, #0FFH
MOV TLO, #0FFH
SETB TRO

LOOP2: JNB TFO,LOOP2

CLR TFO
CINE R2,#00H, SE
LCALL DELAY1
SJMP TE

SE:CLR Pl.4
LCALL DELAY1
SETB Pl.4
LCALL DELAY1l
SETB P1.6
SJMP TONE

;Initial TH1=0FFH
;Initial TL1=0FFH
;If TF1=0 Loopl

;Initial THO=0FFH
;Initial TLO=0FFH

;If TFO=0 Loop2

;1f R2=00H jump to TE
;on hook

;delay 0.8s

;0ff hook



*%%% Send telephone number to TCM 5087 **%*%
TE: MOV R3,#03H
TEL:MOV R1,#07H
MOV RO, #40H

DIALLING: MOV A,@RO ;send telephone number
MOV P1,A ;to port 1
INC RO

MOV R7,#01H
RT: LCALL DELAY2
DJINZ R7,RT
MOV P1, #0FOH
CLR P1.6
LCALL DELAY1l
SETB P1.6
LCALL DELAY1l
DJINZ R1,DIALLING
*%k%k%* Check Busy Tone dekkdkk
MOV R2, #01H
SETB TRO
LOOP3: JINB TF0,LOOP3 ;If TFO0=0 Loop3
CLR TFO
LCALL DELAY2
MOV R2,#01H
SETB TRO
CINE R2,#00H,CHECKRING
CLR TFO
CLR Pl1.4
LCALL DELAY1
SETB P1.4
DJINZ R3,TEL ;If R3<>0 jump to TEL
*%%%%%* Change Telephone Number *#%%%%
CHANGE:MOV R1,#07H
MOV RO, #56H
LIMP DIALLING
*%%%%%* Check Ring Back Tone #*%*%%%%
CHECKRING:MOV RO, #04H
MOV R2,#01H
SETB TRO
LOOP4: JNB TFO,LOOP4 ;if TFO0=0 Loop4
CLR TFO
MOV R7,#05H
LOOP5: LCALL DELAY1
DJNZ R7,LOOP5
MOV R2,#01H
SETB TRO
LCALL DELAY3
CJINE R2,#00H,TE
CLR TFO
*k%kk%* Check handset ****%x¥%
LOOP6: MOV R7,#05H
LOOP7: LCALL DELAY1
MOV R2,#01H
SETB TRO
LOOP8: JNB TFO,LOOPS8
CLR TFO
LCALL DELAY1



MOV R2, #01H
SETB TRO
LCALL DELAY3
CINE R2,#00H, SEND
CLR TFO
DJINZ R7,LOOP7
DJINZ RO, LOOP6
CLR Pl1.4
LCALL DELAY1
SETB P1.4
LJMP CHANGE
**x*%%% Send Message khkkhk
SEND: MOV TH1,#0FFH ;Initial TH1=0FFH
MOV TL1,#0FFH ;Initial TL1=0FFH
SETB P1.0
LCALL DELAY2
CLR P1.0
LOOP9: JNB TF1,LOOP9 ;If TF1=0 Loop8
CLR TF1
LCALL DELAY1
CLR P1l.4
SJMP $
*%%% Delay Time %*%%
DELAY3: MOV R5, #02H
DEL20: MOV R6,#00H
DEL10: DJNZ R6,DEL10O
DJNZ R5,DEL20
RET
*%%% Delay 0.88 *%%*
DELAY1 :MOV R4, #06H
DELZ2:MOV R5,#00H
DEL1:MOV R6,#00H
DELO:DJNZ R6,DELO
DJINZ R5,DEL1
DJINZ R4,DEL2
RET
**%% Delay 0.5s #%*%%%
DELAY2 :MOV R4, #04H
DEL21:MOV R5, #00H
DEL11:MOV R6, #00H
DELO1:DJNZ R6,DELO1
DJNZ R5,DEL11
DJNZ R4,DEL21
RET
END
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General Description Features ™
The CO4017BM/CD40178C is a 5-stage divide-by-10 John-  ® Wide supply voltage range 3.0V to 15V 2
son counter with 10 decoded outputs and a carry out bit. R High noise immunity 0.45 Vpp (typ.) B
The CD4022BM/CD40228C is a 4-stage divide-by-8 John- R Low power Fan out of 2 driving 74L. | ©O
son counter with 8 decoded outputs and a carry-out bit. TTL compatibility or 1driving 74LS | &
These counters are clpared to their zero count by a fogicat ~ ® Medium speed operation 5.0 MHz (typ) | I3
“1" on their reset line. These counters are advanced on the with 10VVpo | m
positive edge of the clock signal when the clock enable sig-  ® Low power .10 W (typ) | ©
nal is in the logical *0" state. m Fully static operation
The configuration of the CD40178M/CD40178C and q .
. CD40228M/CD40228C permits medium speed operation Appllcatlons
and assures a hazard free counting sequence. The 10/8  um Automotive
decoded outputs ara normally in the logical “0” state and g0 w Instrumentation
to the logical “1" state only at their respective time slot. g Madical electronics
Each decoded output remains high for 1 full clock cycle. w Alarm systems
the carry-out signal completes a fult cycte for every 10/8 s ;
s . - . x Industrial electronics
clock input cycles and is used as a ripple carry signal to any 23¢9
succeeding stages. » Remote metering
Connection Diagrams
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OECO0ED OUTPUT 77° -'- LY. gecooeo ouTPUT F° ne - L pecooen ourrut e
DECOOED OUTPUT T° <. oecaoeo ouTPuT ¢ DECODED OUTPUT T° L . becooeo outrut 7
Veg Rl 3. gecopeo ouTIUT T ves Rl 19 ke
TUFI5950-1 UR/5850-2
Top View i TopView -
Order Number CD4017B° or CI_D«COZ‘ZB'
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Absolute Maximum Ratings (otes 12 2) Recommended Operating Y ¢
It Military/Aerospace specified devices are required, Conditions (Note 2) i;";k
contact the National Semiconductor Sales Office/ p
Distributors tor avallability and specltications. Fc S.l:/pﬁly Voltage (Vop) +3Voclo +15y,
DC Supply Voltage (Vpo) ~0.5Vpcto +18 Ve C’)‘p“‘ t_° ‘a$° Vi tre Ranga (T 010 Vo0 Ve
_ perating Temperature Range
Input Voltage (Vin) 0.5Vpg to Vpp +0.5 Ve CD40178M, CD40228M ~55C10 + 125¢
Storage Temperature (Tg) -65'Cto +150°C CD40178C, CD40228C ~40"Cto + g3
Power Dissipation (Pp) B
Dual-In-Line 700 mwW
Small Outline 500 mwW
Lead Temperature (TQ)
(Soldering, 10 seconds) 260°C
DC Electrical Characteristics co4o17am, co4o22am (Note 2) *
~55° . [
Symbol Parameter Conditions > +25 rise Uty
Min Max | Min Typ Max Min Max
oo Quiescent Device | Vgg = 5V, Vi = Vpg or Vss 5 0.3 5 150 |
Current Voo = 10V, Viy = Vgp or Vgs 10 0.5 10 300 | ua
Vpp = 15V, ViNy = Vpp or Vss 20 1.0 20 600 | ua -
Vou Low Level llol < 1.0 pA ot
Qutput Voltage Vop = 5V 0.05 0 0.05 0051 ¥y .
Vpo = 10V 0.05 0 0.05 005 ¥
Vpp = 15V 0.05 0 |oos 005 v
Vo High Level fiol < 1.0 xA N
Output Voltage Voo = SV 4,95 4.95 5 4,95 v
Voo = 10V 9.95 9.95 | 10 9.95 v’
Vop = 15V 14.95 1495 15 14.95 v
ViL Low Level liol < 1.0pA ad
Input Voitage Vpo = 5V, Vg = 0.5V or 4.5V 15 15 151 vy
Vop = 10V, Vg = 1.0V or 9.0V 3.0 3.0 0] v
Vpp = 15V, Vg = 1.5V or 13.5V 4.0 4.0 a0l v
Vir High Level liol < 1.0 kA Ng
Input Voitage Vop = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 v.d
Voo = 10V, Vo = 1.0Vor9.0V | 7.0 7.0 70 vil]
Vpp = 15V, Vo = 1.5Vor 13.5V | 11.0 11.0 11.0 vl
loL Low Levei Output | Vpg = 5V, Vg = 0.4V 0.64 0.51 0.88 0.36 mAi g
Current (Note 3) | Vpp = 10V, Vg = 0.5V 1.6 1.3 225 0.9 LoH P
Vpp = 15V, Vg = 1.5V 4.2 3.4 8.8 2.4 Mf'*ﬁ;
lo High Level Output | Vpp = 5V, Vg = 4.6V ~0.25 -0.2| -036 -0.14 [ A, £
Current (Note 3) | Vpp = 10V, Vg = 9.5V -0.62 -05| -08 -0.35 oA o
Voo = 15V, Vg = 13.5V -1.8 ~15] -35 -1.1 aadt &
™ Input Current Voo = 15V, Vjy = OV —t — ] -01 ~-10-5] —0.1 -10] pAsid
Vpp = 15V, Viy = 15V 0.1 10-5 | 0.1 1.0 | pAYHA
- i}
DC Electrical Characteristics co4o178c, cos0228¢ (Note 2) g
Symbol Parameter Conditions =400 +2s +85°C %
Min Max Min Typ Max Min Max "
lpo Quiescent Device Vop = 5V 20 0.5 20 150 .
Current Voo = 10V 40 .1.0 40 300 | -pA
Vpo = 15V 80 5.0 -80 600 Y s
VoL Low Level llol < 1.0 pA i i
Output Voltage Voo = 5V 0.0 o [ oo0s 005 | 4
Voo = 10V 0.05 0 0.05 0.05
Voo = 15V 0.05 . 0 0.05 0.05
VoH High Level flol < 1.0pA . 1. .
Output Voltage Vpo,= 5V 4.95 T 7495 | s 4.95 B £
Voo = 10V 9.95 9.95 10 9.95
Voo =15V 14.95 14.95 15 14.95 o
Note 1:"Amux*mﬂlhgs'nmmmmmwwamcmmmgwmmqmmmmmmmﬂ
should ba cperated at Mess Emits. The tadle of “R Orp g C andEhctrlalG- K bucui
operation, f .
Nouzvss-ovwesmwm . - i - - ,,;;,nv

Note 3: I, and loy are tested ong ot &t a Sme.
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LM555/LM555C Timer

General Description

The LMS55 is a highly stable device for generating accurate
time delays or oscillation. Additional terminals are provided
for triggering o 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 oscilta-
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 on falling waveforms,
and the output circuit can source or sink up to 200 mA or
drive TTL circuits.

Features -

® Direct replacement for SE555/NESSS

m Timing from microseconds through hours

® Operates in both astable and monostable modes

u Adjustable duty cycle
® Output can source or sink 200 mA
® Output and supply TTL compatible

x Temperature stability betier than 0.005% per *C

m Normally on and normally off output

Applications

R Precision timing

u Pulse generation

® Sequential timing

u Time delay generation

n Pulse width modulation

m Pulse position modulation
n Linear ramp generator

Schematic Diagram
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Hpsolute Maximum Ratings
f”mury/Aerospace specified devices are required,
e contact the National Semiconductor Sales

#glolstrlbutors for availability and specitications.

ol Voltage

reut Dissipation (Note 1)
purating Temperature Ranges

LMS555N, LM555CN 1180 mW
0°Cto +70°C
-55'Cto + 125°C

—65°Cto +150°C

% K ws55C
14555
yrage Temperature Range

+18V
LM555H, LMS55CH 760 mW

Soldering Information
Dual-In-Line Package
Soldering (10 Seconds}
Small Outline Package
Vapor Phase (60 Seconds)
infrared (15 Seconds)

260°C

215C

220°C

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

face mount devices.

gectrical Characteristics (x = 25'C. Ve = +5V to + 15V, unless othewise specified)

p—
Limits
parameter Conditions LM555 LMS55C Units
Min Typ Max Min Typ Max
—
1oty Voltage ) 4.5 18 4.5 16 \]
e Iub
woty Current Voo = SV,R = = 3 5 3 6 mA
Vee = 15V, Ry = oo 10 12 10 15 mA
(Low State) (Note 2)
nrg Error, Monostable
asal Accuracy 0.5 1 %
rhwith Temperature 1" Ra = 1k o 100 k1, 30 50 ppm/*C
C = 0.1 uF, (Note 3)
uaracy over Temperature 1.5 1.5 %
tiwith Supply 0.05 0.1 %IV
"neq Error, Astable
w3l Accuracy 1.5 225 %
nwith Temperature Ra, Rg = 1kto 100 kN, 90 150 ppm/°C
C = 0.1 pF, (Note 3)
woracy over Temperature 2.5 3.0 %o
2 vith Supply 0.15 0.30 %IV
Mwold Voltage 0.867 0.667 xVee
Voitage Vee = 15V 4.8 5 5.2 9 v
Voo = 5V 1.45 1.67 1.8 1.67 \'
Current 0.01 0.5 0.5 0.9 pA
Voltage 0.4 0.5 1 0.4 0.5 4 \'4
:Cunent 0.1 0.4 0.1 0.4 mA
Sweld Current (Note 4) 0.1 0.25 0.1 0.25 rA
FiVotage Level - Voo = 15V 9.6 10 | 104 9 10 1 v
Vee = SV 29 3.33 3.8 26 3.33 4 v
! uakage Output High 1 100 1 100 nA
.h *Sat {Note 5)
®utow Veg = 18V, 17 = 15mA 150 180 mv
=ulow Veg = 45V, 17 = 4.5mA 70 | 100 80 | 200 | mv
~
5-53 -
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Note 5: No protection against excessive pin 7 current is Y p g the packag
Note 5: Refer to RETS555X drawing of military LMSSSH and LM555. versions for spacifications.

resistance of 164°c/w (T0-5), 106°¢/w (OIP) and 170%¢/w (S0-8) junction to ambient,
Note 2: Supply current when output high typically 1 mA less at Veg = SV.

Note 3: Tested at Vo = 5V and Veg = 15V,
Mote 4: This will determine the maximum vaiue of Aa + Rg for 15V operation. The maximum total (R + Rg) is 20 MO,
ion rating will not be exceeded.

At

Limits N
Ty P
Parameter Conditlons LM555 LMSSSC “;J
Min | Typ | Max Min Typ | Max | =
Output Voltage Drop (Low) | Vec = 15V |~
lonk = 10 mA 04 | 015 0.1 | 025 ‘;'
IINK = 50 mA 0.4 0.5 04 | ors| ,
Igink = 100 mA 2 2.2 2 2.5 N
Ising = 200 mA 25 25 N
Ve = SV
Ising = 8 mA 01 | 025 -t
Isink = 5 mA 0.25 | 035 |
Output Voitage Drop (High) Isource = 200 mA, Vo = 15V 125 12.5 5
Isource = 100 mA, Voo = 15V 13 7 133 12.75 13.3 1
Vee = 5V 3 33 275 | 33 \
Rise Time of Qutput 100 ) 100 "=
Fali Time of Qutput 100 100 ™
Note 1: For ing at el d D the device must be derated above 25°C based on a +150°C junclion p 247G  Poea

Connection Diagrams

Metal Can Package

DISCHARGE

TRIGGER ﬁ THRESHOLD

CORTROL
TPUT
ourrd o VOLTAGE

TUL/H/7851-2

Top View

. Order Number LM555H or LM555CH

See NS Package Number H08C

FRER

Dual-In-Line and Small Qutline Packages

1 3
680 — —— Ve

! 7 >
TAIGGER = L_<-—— DISCHARGL .
E“—T T + -3

ouTPuT -—’-—@[ »@—i— THRESHOLS 3,

4 ' Al S contRot "
RESET VOLTAGE

Order Number LM555J, LM555CY,
LM555CM or LMS55CN
See NS Package Number JO8A, MOSA of

ru:w“
—Top View ﬁ
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Semiconductor

CD4013BM/CD4013BC Dual

General Description

The CD40138 dual D flip-flop is a monolithic complementa-
ry MOS (CMOS) integrated circuit constructed with N- and
P.channel enhancement mode transistors. Each flip-flop
has independent data, set, reset, and clock inputs and “Q"
and “Q" outputs. These devices can be used for shift regis-
ter applications, and by connecting “Q" output to the data
input, for_counter and toggle applications. The logic level
present at the “D" input is transferred to the Q output during
the positive-going transition of the clock pulse. Setting or
resetting is independent of the clock and is accomplished
by a high level on the set or reset line respectively.

D Flip-Flop

Features

» Wide supply voitage range

= High noise immunity

u Low power TTL
compatibility

Applications

u Automotive

n Data terminals

® [nstrumentation

» Medical electronics

3.0V 1o 15V

0.45 Vo (ty=2

fan out of 2 driving 7a
or 1 driving 74L3

m Alarm system

® Industrial electronics
® Remote metering

x Computers

Connection Diagram

Dual-in-Line Package

Voo @ 73 CLOCK2 RESETZ  DBATA2 SET2
I 14 13 12 1 10 9 3
Order Number CD4013B"°
i ] ' Pleass see Section 8, Appendix O
for avallabifity of various package types
FIF 743
1 2
,
1 2 3 4 H § ?
[1§] &1 CLOCK 1 RESET1 DATA L SET1 Vss
—_— _ TUF/5348-1
Top View
Truth Table
\ cLf D R s Q Q
e 0 0 0 0 1
e 1 0 0 1 0
~ x 0 Q Q Q
X X 1 0 Q 1 .
X X 0 1 1 0
X X 1 1 1 1
No change
t = Level change
x = Don't care case .
, -
5-36 .- -
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Absolut : Maximum Ratings (Notes 18 2) Recommended Operating 3
it Military/ Aerospace specified devices are required, Conditions (Note 2) »
contact the National Semiconductor Sales Office/ fo:]
pistributors for availability and speciflcations. :‘)C Stl;llppl:y Voitags (Voo) +3Vpclo +15Vog 5
pC Supply Voltage (Vgp) —0.5Vpcto +18 Vpe gpu t'o a$e Vi) wre R T 0Voc o Voo Voo O
_ perating Temperature Range o
Input Voltage (Vi) 0.5Vpglo V.DD +0.5Vpg CD40138M —55Clo +125°C g
siorage Temp. Range (Tg) —-65°Cto +150°C CD40138C —~40°Cto +85'C hurd
pewer Dissipation (Pp) ‘c’ﬁ
Dual-in-Line 700 mW O
Small Outline 500 mW
Lead Temperature (Ty)
(Soldering, 10 seconds) 260°C
DC Electrical Characteristics qpso13eM (Note 2)
symbol Parameter Conditions T456 TRRs +125°C Units
Min | Max | Min Typ Max | Min | Max
100 Quiescent Device | Vpp = 5V, V|y = Vpp or Vss 1.0 1.0 30 nA
Current Voo = 10V, VN = Vpp or Vss 2.0 20 60 rA
Voo = 15V, Vin = Vpp or Vg™ 4.0 4.0 1200 | pA
VoL Low Level flol < 1.0 pA )
Output Voltage Vpo = 5V 0.05 0.05 0.05 v
Vpp = 10V 0.05 0.05 005 | Vv
Vpp = 15V 0.05 0.05 005 | V
Vo High Level llol < 1.0 pA
Output Voltage Vpp = SV & 4.95 4,95 485 v
Vpo = 10V 9.95 9.95 9.95 \
Vpp = 15V 14,95 14.95 14.95 \ 4
‘I Low Level fiol < 1.0 pA i
Input Voltage Vpo = 5V, Vg = 0.5V or 4.5V 1.5 1.5 1.5 \ 4
Vpp = 10V, Vg = 1.0V or 9.0V 3.0 3.0 30 | V /
Vop = 15V, Vo = 1.5V or 13.5V 4.0 40 4.0 \'
H High Level liol < 1.0 pA .
Input Voltage Vpp = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 Vv
Vpo = 10V,Vg = 1.0Vor9.0v | 7.0 7.0 70 v
Vpp = 15V, Vo = 1.5Vor13.5V | 11.0 11.0 11.0 v
‘o Low Level Output | Vpp = 5V, Vg = 0.4V 0.64 0.51 0.88 0.36 mA
Current (Note 3) | Vpp = 10V, Vg = 0.5V 1.6 1.3 2.25 0.9 mA
Vgp = 15V, Vg = 1.5V 4.2 34 8.8 24 : mA
oH High Level Output | Vpp = 5V, Vg = 4.6V -0.64 ~0.51| ~0.88 | —0.36 mA
Current (Note 3) | Vpp = 10V, Vg = 9.5V -1.6 -13 | -2.25 -09 mA
Vop = 15V, Vo = 13.5V ~4.2 -34 | —-88 —24 mA
W Input Current Vpp = 15V, Viy E0V™ —— ~0.1 -10-5| -0.1 —-1.0| pA
Vps = 15V, Vi = 15V 0.1 10-5 | 0.1 =1 10| pA
DC Electrical Characteristics co4o13sc (Note 2) -
Symbol Parameter Conditions =L +25°C +eve Units
Min | Max | Min | Typ | Max | Min | Max
%0 Quiescent Device | Voo = 5V, Vin = Vpp or Vss 4.0 4.0 30 | pA
Current Voo = 10V, V|y = Vpp or Vss 8.0 8.0 60 pA
Voo = 15V, Viy = Vpp or Vsg 16.0 16.0 120 pA
Vo Low Leve! llol < 1.0 pA -
Output Voltage Vog = 5V° 0.05 0.05 1005 \
Vgo = 10V 0.05 0.05 005 | V
Vag = 15V 0.05 0.05 005 | Vv
Vou High Level llo] < 1.0 pA
Output Voltage Vpo = 5V 495 4.95 4.95 v
- R . Vpo =.10Y R 9.95 9.95, 985 | . _]. V.
Voo = 15V 14.95 14.95 14.95 \J
Yoo [ Low Level Il < 1.0 A N ; ;
Input Voltage Vpo = 5V, Vo = 0.5V or 4.5V 1.5 1.5 “1.5 \4
Voo = 10V, Vg = 1.0V 0or 8.0V 3.0 3.0 307 Vv
Yoo = 15V, Vo = 1.5V or 13.5V 4.0 4.0 40 v 7
i 5-37
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CD4001M/CD4001C Quadruple 2-Input NOR Gate
CD4011M/CD4011C Quadruple 2-Input NAND Gate

General Description Features

The CD4001M/CD4001C, CD4011M/CD4011C are mono- W Wide supply voltage range
lithic complementary MOS (CMOS) quadruple two-input  m Low power

NOR and NAND gate integrated circuits. N- and P-channel  m High noise immunity
enhancement mode transistors provide a symmetrical cir-

cuit with output swings essentially equal to the supply volt-

age. This results in high noise immunity over a wide supply

voltage range. No OC power other than that caused by leak-

age current is consumed during static conditions. Alt inputs

are protected against static discharge and latching condi-

3.0V to 15v
10 nW {typ.)
0.45 Vo (typ.)

Connection Diagrams

Dual-in-Line Package

Voo
ll‘ 13 12 1" 10 L} 1}

~
-
-
w

3 Il

TUF/5938-1
Top View
CD4011M/CD4011C

Dual-In-Line Package
Voo

lll 13 12 11 {10 $ 3

1 Iz IJ ¢ [ s [1

Top View
CD4001M/CD4001C

TLF75858-2

~
- Order Number CD4001* or CO4011°

*Please look into Saction 8, Appendx D fov availability of various package types.
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. Absolute Maximum Ratirigs ote 1 5
; If Military/Aerospace specified devices are required, Storage Temperature Range —-65°Cto +150°C hd
, contact the National Semiconductor Sales Office/ Power Dissipation (Pp) =z
§ pistributors for availabllity and specitications. Dual-in-Line 700 mW 8
i Voitage on any Pin Vss—0.3Vto Vo +0.3V Small Qutline 500 mw E
' Operating Temperature Rangs Operating Vgp Range Vss+3.0Vio Vgg+ 15V o
CD4001M, CD4011M —55'Cto +126°C Lead Temp.(Soldering, 10 sec.) w0c | 2
CD4001C, CD4011C =40°Cto +85°C Q
O
DC Electrical Characteristics cosootm, coo1m 2
o
by
Limits E
symbol Parameter Conditions —=55'C +25°C +125°C Units B
Min | Max| Min | Typ | Max| Min | Max E
L Quiescent Device | Vpp = 5.0V 0.05 0.001 | 0.0 30| pA |2
Current Voo = 10V 0.1 0.001 | 0.1 60| pA | &
20 Quiescent Davice Vpo = 5.0V 0.25 0.005 | 0.25 15 uW
Dissipation/ Packhge Vop = 10V 1.0 001 | 1.0 60 | pW
Vo Output Voltage low | Vpp=5.0V, V= Vop. lo=0A 0.05 0 0.05 005 V
‘| Level VYoo =10V, V|=Vpp, lo=0A 0.05 0 0.05 005] Vv
VoH Output Voltage High | Vpp=5.0V, V;=Vgg, lo=0A 4.95 4.95 5.0 485 v
Level Voo =10V, Vi=Vgg, lo=0A 9.95 9.95 10 8.95 A
VaL Noise Immunity Voo =5.0V, Vg =36V, In=0A 1.5 1.5 2.25 1.4 v
(Al Inputs) Voo =10V, Vg=7.2V, Ig=0A 3.0 30 | 45 2.9 v
YK Noise immunity Vop=5.0V, Vo =0.95V, Ig =0A 1.4 1.5 2.25 1.5 v
(All Inputs) Vpo=10V,Vg=2.9V, ln=0A 2.9 3.0 4.5 3.0 v
o Output Drive Current | Vpp=5.0V, Vo =0.4V, Vi=Vpp{ 05 0.40 1.0 0.28 mA
N-Channel (4001) | Vop=10V, Vo=0.5V,Vj=Vpp | 1.1 0.9 25 0.65 mA
(Note 2)
ipP Output Drive Current | Vpg=5.0V, Vg=2.5V, Vi=Vgg | —0.62 =05 | —20 -0.35 mA
P-Channel (4001) Vpp=10V,Vo=9.5V,V|=Vgg | ~0.62 ~-05 | —-1.0 ~0.35 mA
(Note 2)
oN Output Drive Current | Vpp=15.0V, Vg =0.4V, Vi=Vpp{ 0.31 0.25 0.5 0.175 mA
N-Channel {4011) Voo =10V, Vp=0.5V,Vj=Vpy | 0.63 0.5 0.6 0.35 mA
(Note 2)
P Qutput Drive Current | Voo =5.0V, Vo=2.5V,Vi=Vss | —0.31 —0.25 ~0.5 0175 | mA
P-Channef (4011) Voo =10V,Vo=9.5V,V)=Vgg | —0.75 -06 | —1.2 —-0.4 mA 1
(Note 2) :
] Input Current - 10 pA :
Note 1: “Absotute Maximum Ratings™ are those values beyond which the salety of the device cannot ba guarantaed. Except tor “Oparaing Temperature Range™ ;
ey are not meant to knply that the devices should be Operated at these limits. The table of “Electrical Ch istics” provic itk for actual device

Operation.
Note 2: IgN and IpP are tested one output at a time.
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=1 LM567/LM567C Tone Decoder A
General Description n Bandwidth adjustable from 0 to 14%
w High fejection of out of band signals and noi
The LM567 and LMS67C are general purpose tone decod- . In:gmu i] tc; f:xlc"s o s‘.j nals 'gnais anc noise
ers designed to provide a saturated transistor switch to N ity 9
ground when an input signal is present within the passband. B Highly stable center .frequency b
The circuit consists of an | and Q detector driven by a volt. % Center frequency adjustable from 0.01 H2 to S00 kHz | j
age controlled oscillator which determines the center fre- . . §
quency of the decader. External components are used to Appllcatlons
independently set center frequency, bandwidth and output  m Touch tone decoding
delay. & Precision oscillator
w Frequency monitoring and contro!
Features ® Wide band FSK demodulation
m 20 to 1 frequency rangs with an external resistor m Ultrasonic controls
u Logic fompatible output with 100 mA current sinking  w Carrier current remote controls
capability m Communications paging decoders
. . .'i
Connection Diagrams .
E
Metal Can Package Dual-In-Line and Small Qutline Packages k
ouTPUT K
outeyr _! | 8 -1
OO () avo FILTER ~ | "“"‘*l S>——ourut 1
Loop 2 7
Loop TIMING FILTER [— Gao
FILTER CAPACITOR L .
3 e [ “{s
NPUY o rean 12 nMiNG
INPUT o ;‘EA?I:?OR INPY piTiCTon CAPACITOR .
. 5 nMING S+
b vt — ™ RESIS(OR ;4"
TUH/B975-1 (&
Top View et §5
Order Number LMS67H or LM567CH Top View by
See NS P.:cliage Number H08C Order Number LM567CM
See NS Package Number MOSA
Order Number LM567CN
See NS Package Number NOSE
i
% : “ )
i LU
H .. - 4
i
l
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?Psolute‘Maximum Ratings

wiitary/Aerospace specified devices are required,
1‘ contact the National Semiconductor Sales
fﬁ/oistrlbutors tor availability and specifications.

|, o Voltage Pin

g Dissipation (Note 1)

4
ol

4,

| orage Temperature Range
Poaraing Temperature Range
M367H

{ Ws67CH, LMS67CM, LMS67CN

oV
1100 mW

15V

—10v

Vg4 + 0.5V
~65°C to +150°C

Soldering Information
Dual-In-Line Package
Soldering (10 sec.}
Small Qutline Package

Vapor Phase (60 sec.)
Infrared (15 sec.)

260°C

215°C
220°C

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

-

face mount devices. .

—55'Clo +125°C

0°Cto +70°C.

OL9SWT/L9SNT

pectrical Characteristics ACTest Circuit, Ta = 25°C, v+ = 5V
prom—— 2 "
Parameters Conditions ENSEZ LME67C/LMSE7CM Units
. Min Typ |[Max| Min Typ Max
S
we Supply Voltage Range 4,75 50 {90, 475 5.0 9.0 \
ye Supoly Current Ry = 20k s i e' 7 10 mA
acent
pa Supply Current Ry = 20k i p
1 13 12 15 mA
pexd
M Sesistance 18 20 15 20 kQ
haust Oetectable Input Voltage I = 100mA, f = fo 20 25 20 25 | mVeims
et No Output Input Voltage | Ic=100mA, fi = f, 10 15 10 15 mvrms
s Simultaneous Outband Signal to
o . 6 6 ds
bre Signal Ratio A
un input Signal to Wideband B = 140kHz ~8 -6 a8
M 2300
Jwx Detection Bandwidth ./ 12 14 16| 10 14 18 | % offy
[ Oetection Bandwidth Skew 1 2 ) 3 % of {y
o D;:ction Bandwidth Variation with £0.4 +0.4 %rrC
Detection Bandwidth Variation with |4.75 — 6,75V +1 +2 1 4 s oy
oy Vottage
P Center Frequency 100| 500 100 4 500 kHz
M Frequency Stability (4.75-5.75V) 0<Ta<70 35 £ 60 35 +60 ppm/*C
~55<Ta < +125 35+ 140{ ____ 35 £ 140 ppm/*C
Pw Frequency Shift with Supply Voitage | 4.75V ~ 6.75V 0.5 1.0 04 2.0 %IV
. : 4.75V — 9V 2.0 2.0 %IV
P ON-OFF Cycling Rate fo/20 1o/20
P Leakage Current Vg = 15V 001 | 25 0.01 25 pA
M Satration Voltage e = 25mV,lg = 30mA 0.2 0.4 0.2 0.4 v
e & = 25 mV, lg = 100 mA 06 |10 0.5 1.0
NFal Time 30 30 ns
P se Time 150 150 ns
‘"" xf juncdon e of the LMS57 and LMS87C is 150°C. For operaling at elevated temperatres, devices in the TO-5 package must be
~‘hitlonammmlnshtam:ecfISO’CIW.: ction to ambient or 45'C/W, junct 1o casa. For the DIP the device must be derated based on a thermal
o 110°C/W, junction to ambient. For the Small Outline package, the cavica must be darated based on a thermal resistance of 160°C/W, junction to
."“-r 1o RETS567X drawing for specifications of miitary LMSE7H version.
, -
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Wcal Applications (Continued) 5
v 4 Oscillator with Quadrature Output Oscillator with Double Frequency Output S
+ + =z
o
<7}
~
(@]

4&»

b
i : nL > 10000
&

L._

TL/H/E975-8
Connect Pin 3 to 2.8V to Invert Output -

§ (+6%)

Test Circuit
sV

R

o

o ol

T
| TTIMS

SIGNAL +5V
INPUY  —
e TUH/6975-9
= 100kHz + 5V o~

*Note: Adjustlor £, = 100 kHz.

TU/H/E975-7

Precision Oscillator Drive 100 mA Loads

+

Co
TERMINAL Ot :>—L——o

TL/H/E975-8

Applications Information

The center frequency of the tone decoder is equal to the
free running frequency of the VCO. This is given by

— r - 9
014 RyCy
The bandwidth of the filter may be found from the approxi-
mation
BW = 1°7°J§c'—2 in % of
Where:

V; = Input voltage (volts rms), Vj < 200 mV
C, = Capacitance at Pin 2 (uF)

5-81
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80CS51-L/80C31-L

Table 1. Status of the external pins during Idle and Power Down modes

Mode | Program Memory | ALE | PSEN PORTO PORTY PORT2 | POCRT3
Idie Internal R PcriData | PortData | PoriData | FortData
Idle External | 1 1 Fioating PotData | Adcress Port Data
E‘c’;&‘;" Internal 0 0 Pert Data Port Data Port Data Fert Data
g%wer External 0 0 Fioating | PortData | FomData | PortData
wn
IDLE MODE STOP CLOCK MCDE

The instruction that sets PCON.Q is the last instruction
executed befcre the Idle mode is activated. Once in
the idle moce the CPU staws is preserved in its
entirety: the Stack Pointer, Program Counter, Srogram
Status Word, Accumulator, RAM, and ail ctherregistars
maintain their data during Idle. &Eble 1 describes the
status ¢f the extemal pins.during Idie moce.

There are wo ways (0 terminate the 'dle mece.
Aciivation of any enaoled interrupt will czuse FCCN.O
to be clezred by hardware, terminating Idle moce.
The interrupt is servicad, 2nd following RET1. the next
insTuctian o Se execuiad will be the one iollowing
themnsiucion that wrote a 110 FCCN.Q..

The {lag cits GFO ang GF! may te usad to determine
whether the interruot was recsiveg curng normal
execution or curing the igle meoga. ~or axamcle. (he
insuucdon that writes (0 FCGNL.C can also st or ciear
cne orooth fiag bits.'When idle meceis isrminateg by
an e1acled interruot the service rouling C2n examing
the siawus of the flag bus. .

he second way cf terminating the !dle mode is with a
harGware reset. Since ihe oscilator s still running, the
hardware reset nesgs {o ce acuve icronly 2 mecnmne
cyces (24 oscilator pertocs) ©© comcieie the resar
wperation. 1 4

PCWER DCWN MCDE

The instruciion that sets CCN.1 is the last executed
priceto entering power cown.Oncz in cowercown. the
oscillator is stooped. The contents ¢f e cnchip RAM
anad the Sececial Functicn Register is savea gunng
Power down mode. A harcware resat is the onfy way of
exiting the power gown mcce. Tne haroware ragsat
intiztes the Spedial Funcicn Regisizr (see &bie 1).
In the Power Cown moce. VO may te lowersa ¢
minimize creuit power consumcden. Care must te
taken to ensure the voitzge is nct reguced unti the
power cown moae is entered. and that the vaitzge is
restored tefore the harcware fesat is accieq wnicn
frees the csciflator Reset should nct Se reieasas unal
the osciilator has resiarea ana sizGiizea.

able 1descrites the siatus of the extanat cing watie 1n
the oower cown macs. it shoula o2 notea that i the
power qown mege 1S zcavaisq wnile 1 2xtEmal
Jrecram memory, the £Cnt cata fhzt is held . e
Scecial Funcuon Segsizr S2isresiarad o Font 2. e
Jal21s 2 Lhe conoinis nee
cownmca oyine sueng suilic. T sncwnin Soure 4

Custostatic design.the MHS 80C31/C31cicck spead
can be reduced until O MKz without 2ny data loss in
memoery or registers. This mode allcws sten by sten
utilization. and pemmits to reduce sysiem power
censumption by bringing the clock frequencydown o
eny vaiue. At O MMz, the power consumgtion is the
same as in the Power Down Made.

80CS511/0 PCRTS

Tne I/O port drive of the 80CS1 is similar to the §051.
The /O buffers for Ponts 1.2.and 3 are implemented as
shown in figure 4.

When the port latch contains a .2il oFETS in figure 4
are off wiile the nF=Tis wrnea cn.When the conlaich
maxes 2 0-io-1ransition,the nFzr turns ofi The sucng
culluo ofzt, T1, Wuns on for two oscillatcr perices.
culling the cutout hign very ranialy. As ine outoutfine :s
drawn ign, 251 T3 tWurns ¢n threugh ihe inverer 1o,
sugcry e QM source current. Tnis invener and T3
fcrm a latch wnicn holds the 1 anais sucecrad by 72.
When Port 2 is used as an accrass port. icraccess o
sxtermnal program of data memory, 2ny accress oit
‘natconizins a 1 wiil have his strong gullus wmeda on
fcrine enure duraten cf the externzal memory accass.

‘Whenen /O oin cn Ports 1,2, or 3is usag s an incut.
ihe usarshould be aware thai the extarmat circuit must
sinK current gqunng” the logical 1-:0-Q iransition.
The maximum sk current is soeciiied zs {TL uncer
he D.CSeecrficatons. When the incut goes beiow
accroximately 2V.T3 funs offto save ICT current. Note.,
when returning o a logical 1,72 is the caly intemal
cutius that is on. This wiil resuit 10 2 sicw rise dme if
N2 user's crcult coes not icrea the ingut line hicn.

= = =
[
RELT T I }
T =N 2 'E}
P iilainle
i
=000 =
R Ly .
=0 51 |
! L o—
| Fq.L.1/0 Euiters in the 30C31 (Pers 1,2, 3)
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80CS1 PIN DESCRIPTIONS

Vss
Circuit ground potential

- Veo

Sucply voltage during normal, Icte. and Pawer Oown
operation.

Port 0

Port 0 is an 8-bit cpen drain hi-directional YO gort.
ort 0 pinsthat have 1's writtento them float.and inthat
state can be used as hign-impedance inputs.

Fort 0 is also the muttiplexed low-order adcress and
data bus during accesses tc external Pregram and
Data Memcry.In this zogticztion it uses strong internal
puliups when emitting 1's. font 0 also dutcuts the
coae bytes during program venfication in the 80C31.
Exemal pullups are required during  gregram
veniication. Port O can sink eignt LS TTL inguts.

Pott 1

Port 11is an 8-bit Li-directional 1O cort with internal
pullucs. Pert 1 oins iat have 1's waten 0 them ara
pulled tugn by the nternal puiluos.anain that siate c2n
be used as inouts. As noUts. Font | pins that are
externaily being puiled low will source current (UL
on the cata sneest) cecause of the nternal cuiluss.
Pomt1aisoreceives ine low-order zccress tvtes cunng
program venfication. in the 80C3i. font | can sink/
sourca three LS TTl:ncuts. it can arve CMCS inputs
without external cutlucs.

Port2

Port 2 is an 8-bit bi-gireczional YO cor with intema!
cuiluos. Fert 2 cins that have 1's warnien ¢ tiem are
pullea high by the intamai cuiluss.zncinihat siztacan
De used as inouts. As inputs. fent 2 gins tat a2
axternaty teing putleg low will scurce current (I cn
the catg snesr) beczuse of the inzrnal puilucs. Port 2
amits the high-crgeradarass oyte qunng farcnes frem
external Program Memory ana cunng zccesses 0
external:Data Memory that usz i6-oit zacresses
(MCVX'@ DOPTR). in thus apoticaton, it uses streng
‘ntémal cuiluos 'when emitting 1's.Dunng accesses ©
external Cata Memcry that usss 8-Dit accressas
(MOVX @ RN, Pont 2 amuts the contents of the £2
Special Funciicn Register.

ttalso recaives the hign-crder accrass Sits and conval
signals during prcczm vernficzsicn :n the 80C31.
Port 2 can sink/sourca three LS TTLincuts. L c2n anve
CMOS incuts withcur axeernal cuilugs.

Port 3

Fert 3 is an 8-oit ti-awectionai YO cor with interfas
guucs. Port 3 cins N2t nave Vs watzn o em 22
cutlec higneytie: @tcuilucs.encinasiziacan
22 ussg as NCULS. AS INCWts, Fon 3 ons at 2
axeemalty ceng swiza low wil scurcs current L -

meczie snesn) o g cfthe cuius

80CS51-L/80C31-L

Port Pin Altemats Function

P3.0 . RXD (senal input port)

P3.1  TXD (serial outout port)

P3.2  INTO (extemal interrupt 0)

P3.3  INT1 (extemal interrupt 1)

P3.4 70 (Timer O extemal incut)

P35 Ti(Timer1extemnal input)

P3.6  WR (extemal Data Memory write strobe)
P3.7  RD (extarmnal Data Memcry read sircbe)

Pert 3 can sink/source three LS TTLinputs. k can drive
CMOCS inputs without external puliups.

RST

A high leve! on this fcr two machine cycles while the
oscillater is running resets the evice. An intemal puli-
cown resistor oermits Power-On resst using enly a

. -Capacitor connectad to Ve,

ALE

Accress Latcn Enaple output for latching the low byte
of the zcdress duning accessas 0 extamal memory.
ALE is acivated as though for this purose at a
ccastant rate of 1/6 the cscillatcr requency excent
dunng an external data memary access at wnich time
o ALE cuisa is skiccad. ALS can.sink/scurca S LS
TTL incuts. it can drive CMOS inguts without an
extemal ouliug.

PSEN

Fregram Stcre Znacle output is ihe read strcoe to
2xterngl Pregram Memory. PSEN is activated twica
22cn macnine ¢yce dunng fetcnes from external
Frogram Memary. (However, wnen execyting out of
exernal Pregram Memory. two activations ci PSEN are
skioped cunng escn access {0 extemnal Cata
Memory). PSEN is nat activated curing fetches from-
‘nternzl Program Memcry. PSEN can sink/scurce 8 LS
Til incuts. i can crive CMOS inouts without an
external zullup. Y 4

A

When EAis held high, the CPU executgs'out cfintemal
Program Msmory (unless the Frogram Couniter
exceeds CFmrH). When £4 is heid low. the CFU
xecuies ony cut of external Pregram Memory.
ZA musi net Se floatsd.

XTAL1

Incut to the inverting amgiifier that forms the osciilator.
Aeceives the  axtemal oscilatcr signal wnen an
axernal csculater 1s used.

XTAl2
Cutcut of ihe inveming amclifier et ‘cams the
cscilater ena input 0 the intemal cicck ganerator.
s oin snews te Acateq wnen en sxamat cscilater
'S usec.

T
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CSCILLATCR CHARACTERISTICS

XTAL1and XTAL2 zre the input and cutput respectively,
of an inverting ampififier which is configured foruse as
an on-chip oscillator, as shown in figure 5. Ether a
quarnz crystal or ceramic resonator may be usead.-

To drive the device from an extemal clock soufce,
XTAL1 shouid be driven while XTAL2 is leit

«
80C51-L./80C31-L

unconnected as shown in figure . There are na
requirements on the duty cyc'e of the extemnal clock

. .Signal,since the input to the intemal clocking circuitry s
through a divide-by-two flio-flop, but munimurtt and
maximum high and low times specified on the Data
Sheet must be observed.

I . —IXTA2

Il

S
T XTALY

|

VES

Figure 5. Crystal Oscillator

i —— XTALZ
EXTERNAL
OSGILLATGA { XTAL
_SIGNAL
—VsS

Figure 6. External Drive Configuration
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80CS51-L/80C31-L h

ABSOLUTE MAXIMUM RATINGS® ~ *NOTICE: .
Ambient Temperature Unaer Bias: Stresses at oratbove thaose fistad uncderAtsclute Maxi-

Commercial ..........covveeee 0°Ct 70°C mum Raungs " rmay cause permanent camage (o the

Inqustrial ................. -40°Ct085°C device. Thisis a siress rating only and lunciional opera-
Storage Temperature ............. -63°Clo+150°C ~  lionoitheceviceatthese oranyctherconditions above

thase indicated in the cperational sections of this sge-
=05 - - . N N Y . .

Voltage on Ve tQ Vss CRRRRRALAA ; o/ ‘? j 7=V cfication is.not impiied. Exposure [0 aDsclute maxi-
Voltage on Any Pin to V SS..... -0.8V toVee +0.5V mum rating conditions may afisct device reiability.
Power DissiDation ......ovviviieriiieieaeiaannns wr

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

DC CHARACTERISTICS

TA=-20°C1085°C{VCc=27Vlc o\/ YS3=0V:F=01c 6 MHz -
Symbol | Parameter | Min | Max | Unit Test Conditions
Vil } Ingut Low Voitage , -0.5 g2vec i vV
) -0.1
Vid inout Hign Voltage 02 ‘/CC vee v
(Excaot XTALS ana 8ST) | +0.9 +03
VIH1 ‘ 'nout High Voltage 10 RST for Resat 0.7vee | veg \ ]
) -0.5 ]
ViH2 i input High Voltaga 1o XTAL ! I Q7ves i vee Voo
-053 |
VPD | Power Down Voltage ToVCs n B0 Mioge! 2.0 3.0 v oo
VoL | Cutout Lowvoitage 1Pons 1,2.3) | .43 v | ICL=18mAnc2 1)
YCLY " | Quiout Low Vettage o Q. ALZ. 2Sai | 0.43 U/ | iICL=3.2mA (ncte 1}
VCH | Outcut Hign Voitage #ons 12,3 C.8vce YV 1iCH=-10ua |
| 2.5 v | ICH=~30uA
Vee =5V =10%

|
!
|
i
!
i
[
|
] v ICH =~ 40uyA
|
!
|
|
)
|

oo | e e | e f et | e | e e f oo [ | =} o | | — | ——
H

VCH1 Qutcut Hign Vetage (Port 0:n Extermal | 0.8VCC
in Extarnal Bus Moae). ALS, 55N
2.4 N OH ==~ 4C0uA i
| : : Vec==i0% |
o | Logical O Inout Current Ponts 7237 .77 - T77-30 A | Vin=0.4g i
i ! incut Leakage Current I =10 uA | 0ds<Min<Vee |
iTL Logiea! 1to O iransioon Current " =330 pA Vin=2.0V !
(Ports 1,2.3) - |
ICCPD Power Succly Currant l 20 0 uA Vee=20Vio £.5¢ l
{Power Down Mcce) ! (ncte 2) -
ARST | RST Puilcown FPesistor j— 120 x| i
CO | Capaaitance of ¥O Bufier ] o oF | ic=IMHZTA=25°C |
Note 1:
Capacitive loacing on Pens 0 ang 2 may czuse trensitions curing bus oceratens. n Ine worst casas
SpUNouUs noise suisas 0 2g sucenmoesed It ne (czca_.meeoac:ng 100 0F) the noisa cuisechthe ALS
VoLS of ALE zna Perts 1 end 3. The noise is cue 10 line may axc2ed Q.45 with -maxt YO seak Q.84
axternal tus czpaciance aiscnarging 1o the =2 0 AScnmia T iQGEr use IS NOt Necassary.

and Port 2 oins wnen thase oins make -0

R
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EXTERNAL CLCCX DRIVE CHARACTERISTICS (XTAL 1)

80Cs1-L/80C31-L__~

YCC-A5VL .o - e

Q4SYV J

arves
!
a2veS -at

T

,-r-ﬂc-oc_
N

' Variable Clock
freq=0to 6§ MHz
Symbol Parameter Min Max Unit
TCLCL Qscillator Perica 166 ns
TCHCX High Time 20 | ns
TCLCX Low Time | 20 | ns
TCLCH Rise Time } | 20 ! ns
TCHCL Fail Time l i 20 [ ns
TCHEX

X
g fivled
AC CHARACTERISTICS
(Ta=-40°Ct0 85°CVcc=27Yto gV Vss=4V)
(Load Capacitanca for Pert 0. ALE. 2na PSEM = 1000f; L2ad Cacacitance or All Cther Curzuts = 30ah.
EXTERNAL PROGRAM MEMCORY CHARACTERISTICS
Symbol | * Parameter | Min | Max | Units |
TLHLL | ALE Puise Wiath | ZIclci-+0 | | s |
TAVLL | Acdress Valid to ALZ | TCweL-3z | i ns
TLLAX | Adaress Hold Aftsr ALS ) Qe CUET A5/ oyl | ns
TLLV | ALE toValid insir tm N\ ! | 4LICCL-70 | ns
TLLPL | ALE to PSEN ] TCLCL-133 i H ns
TPLPH PSeN Pulse Wiath | 3JCLCL-3 | | ns
TPV FSEN to Valid Insirin ] | JiCcL-220 | ns
TPXIX [ inout Inst Hold After SSEN ! 9 | ions |
TPXIZ | inout Instr Foat Afier PSEN | | WCCL-2 ! as
TPXAVY | ESEN to Acdress Vaud |  TC.LL-3 | | ns
TAVIV | Address to Valid Inst tn ! | 5CiCL-220 | as |
TFLAZ | SEN Low to Adaress Foat | | 3 | as ]
Ses next page for Extarnal Data Memory Chargcianses.
= T TR

pliyvi
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EXTERNAL DATA MEMORY CHARACTERISTICS

80Cs51-L/80C31-L

Symboi | Parameter | Min Max | Units
TRLAH | RD Puise Wiath | &CLCL-i00 | ns
TWLWH WR Pulse Width | &ICLCL-i00 | ns
TLLAX Data Adcress Held Aftar ALE | TCWCL-35 | ns
TRLOV RD to Valid Dara In | | SICLCL-165 ns
TRHDX | Data Hola Aftar RO | ] I ns
TRHDZ Data Float After RO | | - 2ZTCLCL-70 ns
TLLOV ALE to Valid Daia in ) 8TCLCL-150 ns
TAVDV Address to Vatid Datz In 9ICLLCL-165 ns
TLLAL | ALEto WR or 3D | 3CCL-3 | JICCL+30 | ns
TAVWL | Accress e WR er R0 | ATCLCL-:30 | | ns
TQVWX Data valid to WR Transiucn | TQCL-30 | | s
TQVWH Dara Sswo 1o WR Hign | TTCLCL-:i50 | | ns
TWHQX Data Hold After WR | TCCL-:0 | } ns
TRLAZ ! AD Low to Address Fioat ] ! 0 I ns
TWHLH | RD or'WR Hign to ALE Hicn | TC.CL- i 1CLC | ns
MAXIMUM Icc (mA)
| Coperating (Note 3) | Idle (Note 4)
Freq.Vce ! P AY ! 5V | 6V i 2.7V | v 1 &Y
1 MHz | 03mA l PSmA | 18mA | 200uA | 8C0uA | TmA
r B MEzZ Pk gmA 1 0ma | 1zma | 3ima | 38mA
Naote 2: Note 4:
Power Cown ICC 1s measurea wiil sl outcut oins lale Icc s messured, it el ourcut  gins
giscenneciag: ea=ron 0=YCC: XTAL2 N.C.. 3ST= Gisconnecisc: XAl driven TCLCH, TCHCL =5 ns, ViL
¥ss3 =453 ~0.3V: e =Yg -2.5Y: XTAL2 N, C;PonQ=

Note 3:

ICC is mezsurad wath all Quioyt cins cisconneciza:
ATAL1 anven wath TCLCH. TCHE==5 ns, Yk =V33 -
0.5V:VIHVCC ~0.5V XTAL2 N.C.. EA=RST=rFor G =
VCC.ICC weuid te siightly higrerif a 2 Crysial osaillato
used.

. EXPLANATICN CF THE AC SYMBOLS

Sach timing symcol has 5 characiers. The first
craracier 1s always a ‘T’ (sianas icr ime). The other
charecters, cepenaing on the cositicns. siana forthe
name of a signat or the icgical siatus of inat signal.
The foflowing is a list all the cnaracers ang wnat they
siand for.

)
VO ZA=AST “‘/C‘

EXAMPLE:
TAVLL =Tims *zr Accrass Valid 'o ALS low.
TLLA =Tims o5 ALZ low (0 P32 iow.

A: Aggrass.

C. Clsek.

J:'nout cata,

m: Logic level HIGH.

i; INSrUCIcn (Fregram memery SIatenis,
I I ﬁcc lqva| i ("\Iv or _L_

’::‘\|

b
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AC TIMING DIAGRAMS

EXTERNAL PROGRAM MEMCRY READ CYCLE
| 12 oL

TPLAZ = !
AOCRESS — ; N
: ® ACDRESS A8-A1S ACCRZSS Ag-Al 5
D X 28215 P

EXTERNAL DATA MEMCHY READ CYCLE N

=

|

= — e 2D |

o "’_ | |
. i \ | /(.‘AHOZ

TP
! AW - :
—vov !_. L ee 7T A e e TR OV PHOX ;
E N
s > o X }____C N K
| b el e RAZ ! L :
|
2 ACRESS o >
PCAT2 A SFR-2 ! AZCRESS A8-A15 CR §7R-72 AP
EXTERNAL DATA MEMCRY WRITE CYCLE p - Mol S TN |

k

\L TowH
i
— . . A,
| e IAX - T TWha -t
scRTo > AO-N ) sanour 3
| - '
ADORESS . e N
pras= . ADCRESS A3-A1S OR §R-72 P

PORT2

AC TESTING INPUT/OUTPUT, FLOAT WAVEFORMS

FLOAT

INPUT/QUTPUT

ves-asv : ;
3zvcc-0s \/—- L VOH-A:V Loy

fESTrONTS ;\ A0 \:

; | :
0.48Vi rves-er J\ £ voreav Y onca0-av

AC ncuts cunng tesang are criven at Voo - .3 foralegic "1Tand Q.48 cra legic 0%, Timing mezasurements are
mace 2t ViH min fer a rogic 1" and viLmaxicra logc 'S ol Ff‘r HmINgG SLCSSES 2 SO oI iS NS IChger icaung when
& iC0 mvcnange fiem icad verage occuwss ana begins o floatwnen 2 iCO my/'cnange fricm ne wecea VCHAVCL

:evei ccours..cvicr = = 20 Ma.
hArS
275

=
V

£
L
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‘ 80CS1-L/80C31-L

SERIAL PORT TIMING - SHIFT REGISTER MODE .

A.C. CHARACTERISTICS: .
(TA=0°Cto70°C; Vss =QV:VCC=2.7Vto 6V; Load Capacitance =20 pf)

Symbol Parameter I Win Max Units

TXILXL Serial Port Clock Cycle Time | 12ZICCL us

TQVXH Qutout Data Setup to Clock 10TCLCL~133 ns
Rising Edge

TXHQX Qutout Data Hoid Aftar Clock ZICLC-117 ns
Rising Edge -

TXHDX input Data Hold After Clock Rising Ecge 0 ns

TXHDV Clock Rising Edge 0 Inout Data Valid | 10TLCL-133 ns

SHIFT REGISTER TIMING WAVEFORMS \ :
ASTRICTION
| off —T QAP NG T~ O |\ |

— et d Mt bk bd
i—‘—-"lUL-—-:

coon hdl—— R PR AN A e —— hdEG A
L..:aoh—a’m

— \ LLLLLCLI Y] e W KBl Ip( /

mrsl:.)saf e A has

SETR
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CLOCKX WAVEFORMS
m}aw STATE 4 STATE S STATES l SWE ! | STATE 2 | STTED l STATE 4 STATE S l
4] I P2 ” i ” il I P2 ~M l ” ~M l 2 b l 72 4] ‘ P2 o} I m
XTAL2 [
Al . -
— S G e
= = TneAlZD) CU v
EXTERNAL PROGAAM MEMORY FETOH EXEIICN CF A MOVX INSTRUGTION
TR !
0 __.I;’»‘_l [ ocon L - Toaow L loan sa.our
SAMPLED | SAMPLES. SAMPLED i
FLOAT 3t —
i FOAT BOAT )
P2(EXT __—————[ INOICATES AQCRESS TRANSITIONS l l
FEAD CIQS <
3
{ [
OGH 1S SMTED FCL OUT (1F PROGAAM
CURING TriS PERICO MEMCRY 1S EXTERNALY
4 ,
w Ll [ ecan L4 [oal ]
L R CAT 2 ; !
L P — | INOICATES CPH OR P2 SFR TO PCH [PANSTICNS 0 e 8
WRITE YRS
(-]
[T5CL CUT [EVEN £ POGGRAM

—d  MEMORY 1S INTERNALY

1

il o

SPLCR R i

SCL CUT IIF PO0GRAM

] MEMCRY 1S EXTERNALY
[URIOIVISRRES MY

] ——— P
cut TATA CUT:
” NCICATES CFH CAR P2 SFR TO POH IFANSTONS
PORT CPCRA
o
MOV o CL0 CATA | NEW OATA

MOV OEST PO

PQ PG SAMPED

s

MOV CEST, APORTIPY PLPTY

-
1 poPins SAMPLES
gcl

(NGLUCES INTGNTLTOTY
| ! P29 3 PNS SAMPLED Ao prpa
SERUL PCRT SET OCK PLPZPIPNS SAM l NS SampLe
pdt
™ i
{MCCE ) — ! i ‘j
| AXO SAMPLED

This diagram inciczies when signals are clocked internally. The time it 1zxss
however, ranges irom 25 to 125 ns. This propagation celayis desengentcava
loading. Prooagation &lso vanes
RD ana WR prooagation celays are accroximaiely 20 ns.The cthersig
are incorporatea in the AC scecificadons.

irom outcut to outout nd ccmponant Tl

tre signals to orcoagate t¢ the cins.
nacies sucn as iemeerature ena cin

Toicatly thougn (TA =25 °C ully loaced)
ne:s are typically 85 ns. Procagaton Cetays




80Cs1-L/80C31-L

Table 1. MCS®-51 Instruction Set Description

ARITHMETIC OPERATICNS .
Mnemonic Description : Byte Cyc
ADD ARn Add register to Accumulator 1 1
ADD Adirect Add direct byte ta Accumuiator 2 1
ACD A @RI Add indirect RAM to Accumutater i 1
ADD A#data Acd immediate data to Accumulator 2 1
ACCC ARn Add register to Accumulator with Camy 1 1
ADDC Adirect Add direct byte to Awith Canry flag 2 1
ACOC A@RI Add indirect RAM to A with Carry ilag 1 1
ADOC Ajtdata Add immediate data to A with Cany ilag 2 1
sSugs ARn Subtract register from A with Barrow 1 1
Sues Adirect Subtract direct byte from A with. Bcriow 2 1
SUg8 AGRI Subtract indirect RAM from A with crow 1 1
Suss Adfdata Sudtract immed. data from A with cmow 2 S
INC A A Increrment Accumulater - 1 1
INC fn ° Increment register 1 1
INC direct increment direct byte 2 1
INC 2RI Incriment indirec RAM 1 1
INC OPTR incriment Data Pointer 1 2
CeC A . Decrement Accumulator 1 1
DEC An Cecrement reqister 1 1
DEC cirect Cecrament girec: byte 2 1
gec 2Ri Cecrement incirect RAM 1 1
MUL- AB Muitipy A& & 1 4
o AB Divice Aby 8 1 4
DA A Cecmal Adjust Accumulater 1 1
LOGICAL CPERATICNS
Mnemonic Destination Byte Cyc
ANL AN AND ragister to Accumulator 1 1
ANL A.direct AND direct byte to Accumulatcr 2 1
ANL A@RI - AND indirect RAM to Accumulater 1 1
ANL Af#daia ANO immediate data to Accumuiaicr 2 1
ANL direct A AND Accumuletor to airect byte 2 1
ANL dgirect$aata  AND immediate data to direct tviz 3 2
CRL ARn OR registar to Accumuiator f 1
ORL Adirect CR direct byte to Accumuiator 2 1
CAL A2RI -.. CRincirect RAM 1o Accurmulater 1 1
CRL A#data CR immediate data to Accumuta:cr 2 1
CRL direct.A CR Accumutaicr to direct byte 2 1
CRL —direct#data  GRimmediate data to direc byte 3 2
XKL A.Rn Exclusive-CR rzaister to Accumuzor 1 1
XRL A.qirect Exclusive-CR Giret byte to Accumusator 2 1
XRL AZRi Exclusive-OR indirect RAM to A 1 1
XRL Afdaa Exclusive-CR immeaiate dzta to A 2 1
XRL direct A Exclusive-OR Accumulator to direz ~yte 2 1
XRL direct#data  Excusive-CR immediata data lo vires 3 2
CLR A Ciear Accumulater 1 1
(oo A Complement Accumulator 1 1
AL A Rotate Accumulater Leit 1 1
RLC A Rotate A Lett through e Carnryiizg 1 1
AR A Rotate Accumutaror Rignt 1 1
RRC A Rotate A Right Tirougn Cany flag 1 1
A Swan nmictles within e Accumuzizs 1 1

SWAP
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Table 1. (Cont.)

DATATRANSFER B
Mnemonic - Description Byte Cyc
MOV ARn Move register to Accumuiater - 1 1
¢ MOV, Adirect +  Move direct byte to Accurnulator -2 1
MOV AEGRi Move indirect RAM to Accumulator 1 1
MCV A.#data Move immediate gata to Accumulator 2 1
MOV Rn.A Move Accumulator to register 1 1
MOV Rn.direct Mave direct byte to register 2 2
MOV Rn.#data Move immediate data to register 2 1
* MoV direct A Move Accumuiator to direct byte 2 1
MOV direct,Rn Move register to direct byte 2 2
MoV . direct.direct  Move direct byte to direct 3 2
’ MOV direct. @Ri Move indirect RAM to direct byte 2 2
MQV direct#data  Move immediate data to direct byte 3 2
MOV RRIA Move Accumulator to indirect RAM 1 1
MoV LRi.direct Move direct byte to indirect RAM 2 2
MQV @Ri.#data Move immediate data to ingirect RAM 2 1
MOV CPTR#data 16 Load Data Peinter with a 16-5it constant 3 2
MOVC ABA+CPTR  Move Code byte relative to OPTR to A 1 2
MOVC ABA+PC Mave Code byte relative to FClo A ot 2
\ MOVX ABRI Move External RAM (8-bit addr) to A 1 2
MOVX ABDPTR Move External RAM (16-bit addr) to A 1 2
MOVX BRIA Move A to External RAM (8-hit addr) 1 2
MOVX BOPTRA Maove A to External RAM (16-bit 2ddr) ! 2
' FUSH direct Push direcs byte onto stack b 2
POP direct Pep ciract byte form stack 2 2
XCH ARn Excnange ragistar with Accurmulator i 1
XCH " Agirect Exchange direct avte with Accumulatcr 2 i
y ACrH ~ZRi IXxcnenge incirect RAM with A 1 H
ACHD AR =xcnange low-orGer nittle ing RAM with A H ki

t BCCLEAN VARIABLE MANIPULATICN

Mnemonic Description Byte Cyc
CLR o} Clezr Canry flzg 1 !
C.R it Cezr cirac ot 2 1
Sei3 C Set Carry flag : 1
3=i3 Sit Set cirect Sit 2 !
ceL C Comptement Catry flag 2 1
o cit Cemptement girect oit 2 i
ANL coit AND direct it t0 Carry flag 2 2
ANL © Cibit AND comctement of cirect Tit to Carry 2 2
CAaL Croit CR direct &it to Carry flag 2 2
ORL Cioit OR complement of girect =it 1o Carry 2 2
MCV Crit Move direct tut to Carry flzg 2 1
MOV 5it.C Move Czrry flag o cirzct ot 2 2
PRCGRAM AND MACHINE CCNTROL
Mnemonic Description Byte Cyc
ACALL aacrt Absoclute Sutreutine Call 2 2
LCALL ecer 16 Long Sucrcutine Cail 3 2
SET Aerurn from susroutne i 2
Retl Rerurn from intasruct $ 2
AJMP acgr it Absclute Jump 2 2
LivP 2cor 16 Lenglume 3 2
SomP re Shertdumo (raiagve zcCn) 2 2
JMP BA-DFTR Jumo incirect raiztive 10 e CFTR i 2
L el Z 2 2
JNZ et 2 2
C el flag s s=¢ 2 2
1M 2t .ums if Mo Carryiiag 2 2

3
©
o
i
i
L,
&
b
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Table 1. (Cont.). -

PROGRAM AND MACHINE CONTROL (cont.)

Mnemonic - Description Byte Cye

JB bit.ret Jump if direct Bit sat™ _"T” . 3 2

JNB bit.rel Jumop if direc: Sit Not sat ) 3 2

JBC bit.rel Jump if direct Bit is set & Clezr bit 3 2

CJNE Adirect.rel Camgare direct to A&Jump if Not Eqvat 3 2

CINE A #dztarel Como. immed. to A&Jump if Not Sovat 3 2

CINE Bn.#datarel  Comp.immed.to reg &Jump if Not Ecual 3 2

CINE @Ri.#data.rel  Comp.immed. to ind.&Jump if Not Exual 3 2

DJNZ Rn.rel Decrement register &Jump if Not Zero 2 2

OUNZ direct. rel Decrement cirect &Jump if Not Zzro 3 2

NCP No operation 1 1

Notes on data addressing modes:

Rn - Working register R0-27

direct ~ 128 internal RAM lccztions. 2ny /O port. control or si=ws register

@Ri - Indirect internal RAM location addressad by registzr R0 or 81

#data - 8-bit consiant included in instrucsicnr -

#daia 16 - i6-bit constant inclucea as bvtes 2 & 3 of instructicn

ait - 128 softwere flags, any i/O gin, contrci or staius cit

Notes on program addressing modes:

aacr i6 - Desunauon address for LCALL& LIMP may te anywnare within the 84-X pregram memory
aadress spaca :

Adcr 11 - Cesunation aacress ior ACALL & AJMP wiii te within ‘he same 2-k oage of crogram
memory as the firsi tyie of ihe following nsiruciion

rei - SJMP ana 2l cenatticnal umes inciuce zn 8-aif ofisa: tyte. Rangeis ~127 -128 bytas

reiaive 16 fiest Syte of e icllowing nstruczon,

All mnemonics cogyrightad * intel Corceration 1879
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Table 2. Instruction Opcodes in Hexadecimal Order

Hex Number . Hex Number .
Code of Bytes Mnemonic Operands Code of Bytes Mnemonic Operands
00 1 NOP - - 33 1 RLC A T i
- 01 2 AJMP ccde eddr 34 2  ADCC A#data )
02 3  LIMP cde acddr 35 2  ADCC A.czata aecdr
03 1 fR A 36 1 ADCC A.ZRO
04 1 INC A 37 1 ADDC A@R1
05 2 INC data addr 38 1 ADDC ARO
06 1 INC @RO 39 1 ADCC ARt
07 1+ INC @R1 3A 1 ADOC AR2 -
08 1 INC . RO 38 1 ADDC AR3
09 1 INC . R1 3C 1 ADCC AR4
0A 1 INC R2 3D 1 ACDC AR5
08 1 iNC R3 ac 1 ADCC AHS
oC 1 INC R4 3F 1 .ADCC AR7
(o]®) 1 INC RS 40 2 JC code adcr
CE 1 INC R6 41 2 AJMP coce acdr
oF 1 INC A7 42 2 CRL data adcrA
10 3 JEC bit addrcede eddr 43 3 CRL data ecdr.#data
i 2  ACALE  ccdeaddr 24 2 CRL A#data .
12 3 LCALL coage addr 45 2 QRL A.cata aadr
13 1 ARC A 46. 1 CRL - A2R0
14 1 DEC A a7 1 CRL AZR1
15 2 0Oec data adar 48 1 CRL ARO
16 1 cec 2R0 &g i CRL AR
7 1 DEC BR1 44’ 1 CAL AR2
18 1 Cec R0 43 1 CRL AR3
19 1 DEC R1 <C 1 ORL ARe
1A 1 DEC "2 40 3 CAL ARES
18 1 geC 33 G i CR AR3
1C 1 DET Rd R i or=t ART
1D 1 Dec R5 = 2 UNC ccee 2acr
1€ 1 oeC 6 S 2  ACALL coce zder
1F 1 oeC R7 5} 2 ANL czta 200MA
20 3} s it eddrecce adar 2 3 ANL care 2¢ccrEcata .
21 2 AIMP csee ecer 3 2 ANL A.Zdat
22 1 Rer 35 2 ANL Agatz acdr
23 1 aL A 36 i ANL AZRC
24 2 . ADD Adata 3 i ANL ABR1
25 2 ADD A data addr 3 1 ANL A.RC
26 1 ACD A:@R0 Gk i ANL AR
27 1 ACD ABR1 A i ANL AAR2 .
28 1 ACD ARQ 33 1 ANL AA3
29 1 ACD AR1 zC 1 ANL AR<
2A 1 ACD AR2 S i ANL ARS
28 1 ACD AR3 iz i ANL AR3S
2C 1 ADD AR4 3F 1 ANL ART7
20 1 ACD ARS 30 2 ccce aqar
2E 1 ACD AFB 51 2 AJMP ceGe edcr
2F 1 AGD AR7 52 2 XRL caiz 2aCrA
30 3 UNB tit ecdncoce =ddr 3 3 XAL dzia eccrFdera
31 2  ACALL ccee 2ccer éd 2 ARL A.2caia
32 1 AET 33 2 KEL A.cziz eccr
== -~
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Table 2. (Cont.)

Hex Number

Code of Bytes Mnemoanic Operands

Hex Number M

Code of Sytes’ nemonic Operands

66 1 XRL
87 - XRL

63 1 XRL
69 1 XRL
6A i XRL
63 1 XRL
8C 1 XRL
80 1 XRL
1S 1 ARL
&F 1 XRL
70 2 UNZ
71 2 ACALL
72 2 _CRL
73 1 JMP
7e 2 MOV
75 3 MCV
8 2 MCV
77 2 MQV
738 2 MQV
9 2 MQvV
A 2 MGV
3 2 MOV
C 2 MCV
0 2 MCV
g 2 MOV
TF 2 MOV
30 2 SUMP
EX 2 ASMIP
32 2 -ANL
a3 i MOVC
8 1 D/\"
33 3 MQV
23 2 MOV
37 2 MQV
a3 2 MOV
39 2 MOV
3A 2 MOV
38 2 MOV
3C. 2 MOV
3D 2 MOV
8E 2 MCV
3F 2 MQVY
20 3 MOV
21 2 ACALL
a2 2 MOV
23 i MOVC
24 2 SUEB
1) 2 SUES
95 1 SUES
27 1 SUES
c8 1 SUE3

ABR0O

AZR1

AROQ

AR1

AR2

AR3

AR4

ARS3

AR6

AR7

code 2ddr

ceee acdr

C.bit addr
BA+OPTR

A Fdata

data eddr.scala
BR0.2gata
BR1.$czta
RQ.#gatz
R1.2data
A2.#daia
R3.%data
R4,2data
RS.2data
[R8.#data
R72qaia

csee acer

COGe 2Gar

C.oit acer
A2A-PC

AB

cata accr.ozata acar
gata accrdro
Qate.eccr @R
cate ecers0
cate agarRl
Gala acdrk2
data zccrR3
caiz adarle
Jaia ageris
data aGdrAs
gate 2C¢crAT
CPTR #caiz
coce 2CTr
bt zcerC
ARA-CPTR
A.fdata
Agala zcor
AZRO
A2RY

AAC

Qg g SUEB
SA i SUB3
23 1 SUES
ec 1 Sues
eD i SUES
e 1 SUER
gF 1 SUEBB
AQ 2 ORL
Al 2 AIMP
A2 2 MQv
A3 1 INC
Al 1 MUL
AS reserved
AG 2 Mov
AT 2 MoV
A8 2 MOV
A9 2 Mov
AA L MOV
~8 2 MOV
~C 2 MCQV
AD 2 MOV
- 2 MOV
AR 2 MOV
20 2 ANL
3t 2 ACALL
El 2 CAL
53] . C2L
c< SN [IGeNE
S35 2 CuNg
20 3 CUNE
B3 3 CUNE
23 3 CONE
32 3 CUNE
A 3 CUNE
= 3 CUNE
3C 3 C.Ne
D 3 CUNE
= 3 GuNE
3F 3 CUNE
o] 2 PUSH
oN 2 AIMP
Z2 2 L3
Z3 : CLR
cs ’ SWAF
23 2 XCH
5 : XCH
cT : ACH
3 . XCH
232 : KCH

A : XCH

s ) ACH

ARl

AR2

AR3

ARd

ARS

ARB

AR7

Clit adcr

ccode addr
tit agdr

GPTR

AB -

2R0,data addr

BR1.data 2cdr

R0.data adcr -

Ri.data addr

- R2.data adar

R3.data addr
A4.gata ader
RS.cata addr
Ad.cata addr
R7.catz zcar

=it zadr
ccee zdar
it aadr
C
A #data.ccee zger
A.care ecer.csoe acdr
@R0.#data.coge zaar
@R1.4data.cecae acdr
~0.#dzta.ccce addr
.2gata.cede aaar
A2.2cata.coce aadr
Zdata.ccae adar
ata.coce edar
arz.ccge eadr
#cata.coce aadr
R7.2qata coqe acar
cata ecor
ccee sddr
it zcdr

Agata acgar

bd
’

L
s ol
1, 4

i
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- Table 2. (Cant)
Hex Number . Hex Number i
Code of Bytes Mnemonic Operands Code of Bytes Mnemonic Operands
cC 1 XCH AR4 £3 1 MOV A@RO
CcD 1 XCr: AR5 7 1 MGV A@R1
cs 1 XCH ARRB 1 €3 1 MOV ARC
CF 1 XCH AR7 g3 1 MOV AR1
00 2 POP data adcr . EA 1 MQV AR2
D1 2  ACALL code addr €3 1 MCV AR3
02 2 SeiB bit addr £C 1 MOV AR4
D03 1 SETB C. =5 1 MOV ARS
D4 1 DA A €= 1 MOV ARS
05 3 DJNZ = data addrcede sdar = 1 MoV AR7
D6 1 . XCHD AGRO 0 1 MOVX @DPTRA
07 1 XCHD AER1 Fi 2  ACALL code z¢dr
08 2 DINZ RQ.ccde addr £2 1 MOVX BRO.A
D% 2 OJINZ R1.ccde addr F3 1 MCVX BR1.A
DA 2 DUNZ R2.code addr = 1 cPL A
08 2 DINZ R3.code accr { 3 2 MoV data acdrA
cC 2 DUNZ R4.coce acer 3 1 MOV @ROA
o 2 OGJNZ _RS.code adcr T 1 MOV, @R1A
Ce 2 DINZ R6.ccde adcr 3 1 MQV RO.A
CF 2 INZ R7.coce scar I3 1 MOV - [1.A
z0 1 MCVX ABCPTR A 1 MCV R2A
cl 2 AIMP ccce zaar 73 i MCV R3.A
g2 1 MOVX ABRO cC i MCV RLA
z3 1 MGOVX ABR1 =) 1 MOV RSA
Ed 1 CLR A = 1 MoV R5.A
<3 2 Mov Adaia adde == 1 MOV ]7A
A
P
S
D 80C31
] J 80Cs1 XXX L
- =3 NRTA - -
| | | i
Terncerature Range Pan Numoer Cusicrmar Rem Cede Low Power
blank: Commerc:al < 30C318cm dKx 3 (E2C31 only) Succy Version
I:industrial . 80C31 =xtemat Rem i
Packegce Tvpe
7 Blasiic
S: FLCC
D: Czrdio
R: LCC
J:Jleaded LCT
S=ET\Vo=
o= S Bmn
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8255A/8255A-5
PROGRAMMABLE PERIPHERAL INTERFACE

x MCS-85™ Compatible 8255A.5 = Direct Bit Set/Reset Capabillity Easing
Control Application Interface

x Reduces System Package Count

& 24 Programmable /O Pins

I L ibl
= Completely TT Compatible = Improved DC Driving Capability
B Availabie in EXPRESS

~—Standard Temperature Range
a Improved Timing Characteristics —Extended Temperature Range

= Fully Compatlible with Intel® Mizcro-
processor Familigs

- The Intei®.8255A is a general purpose pregrammable /0 device designed for use with Intei® microprocessors. It has

24 1O pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation, In the first
mode (MODE 0), each group of 12 /0 pins may be programmed in sets of 4 to be input or output. In MODE 1, the second
modge, each group,may be programmed to have 8 lines of input or Sutput. Of the remaining 4 pins, 3 are used for hand-
shaking and interrupt controt signals. The third mode of aperation (MODE 2) is a bidirectional bus mode which uses 8
lines for a bidirectional bus, and § lines, borrowing one from the other group, for handshaking.

1L
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nunaan
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Figure 1. 8255A Block Diagram Figure 2. Pin Configuration.
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8255A/8255A-5 ’

2y

!’_E;ﬁ‘e.gzssA-is a programmable peripheral interface (PPI)

D)
13

A device designed. lor use in Intel®* microcomputer

S5 stems. its-functian is that of a general purpose /O

3

“

Pag P1]

component to interface peripheral equipment to the
microcompuler system bus. The functional configura-
tion of the 8255A is programmed by the system software

r+ 4o that normally no external logic is necessary to inter-

face peripheral devices or structures.

; Data Bus Buffer

" This 3-state bidirectional 8-bit buffer is used to interface

the 8255A to the system data bus. Data is transmitted or
received by the bufter upon execution of input or output
Instructions by the CPU. Controi words and status intor-
mation are also transferred through the data bus buifer.

(RD) .
Read. A “low" on this input pi}\ enables the 8255A to
send the data or status information to the CPU on the
data bus. In essence, it allows the CPU to “read from"
the 8255A. )

(WR)
Write. A “low" on this input pin enables the CPU to write
data or control words into the 825SA.

(Ag and A,)

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

8255A BASIC OPERATION

Ay | A9 | AD | WR | &5 | INPUT OPERATION {READI
Read/Write and Control Logic 9 0 Q 1 0 | PORT A~ OATA BUS
. X [} [ 0 ! 0 | PORT 8 — DATA BUS
The function of this block is to manage all of the internal 1 0 ) T 0 | PORT C= DATA 8US
and external transfers of both Data and Coatrol or Status ! ! QUTPUT OPERATION
words. It accepts inouts frem the CPU Address and Con- \ ; : . {WRITE)
trol busses and in turn, issues commands to both of the o !l 9 LIS 0 7 DATA BUS = PORT A
G = [ 110 9 DATA 8US = PORT 8
Contzal frolios. 11 01 11 0 0l DATABUS=PORTGC
1 1 ) 0 | DATABUS — CONTROL
_ ] DISABLE FUNCTION
(CS) X X X i X 1 OATA 8US ~ 3-STATE
Chip Select. A “low™ on this input pin anables the com- A : i A 0 | ILLEGAL CONOITION
\ ! I3
muniction between the 8255A and the CPU. X i x| Pt 0 | DATA BUS = 3-STATE
4 11 them
= [ { e
BTV coe | SE=DEI D,
— Comiogy [V .
L
:.=,<‘—'\1 __—tj
3 0 '
i
r i
[ P Sy
A e cagne
- th:-q
—
st L
o 3

Figure 3. 8255A Block Diagram Showing Date Sus Buffer and Rez2c"¥rite Control Logic Fuactions
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(RESET)

Reset. A “high™ an this ir]put clears the ¢ontrol register
and all ports (A, 8, C) are set to the input mode.

Group A and Group B Controls

The functional configuration of each port is program.
Med Dy the systems software, In essence, the CPU “gyl.
PUts™ a control word to the 8255A. The control worg con.
tains infQrmation such as “mode”, “bit set", “bit reset”,
etc., that initiatizes the fuactional configuration of the
8255A.

Each of the Control blocks (Group A and Group 8) accepts
“ecommands” from the Read/Wri;e Contro_l Logic, receives
“control words” from the internal data bus and issues the
Proper commands to its associated ports.
Controt Group A - Port A and Port C upper (C7-C4) ..
Controt Group 8 ~ Port 8 and Port C lower (C3-CO)

The Control Word Register can Qnly be written into, No
Read operation of the Control Word Register is allowed.

+ ' f% 8255A/8255A.5

Ports A, B, and C

The 82554 contains three 8-bit ports (A, B, and C), AR
can be confiqured in a wide variely of functionat charae. 4
teristics by the System software but each has its own 2
special features or “personality” to further enhance the g
power and flexibility of the 8255A. |
Port A. One 8-bit data output latchvbufter ang one 8.bit *
data input latch. .

Port B. One 8-bit data inputioutpyt latchfbufter ang one
8-bit data input buffer.

Port-C. One 8-bit data output latchibufter ang one 8.hjt :
data input buffer (no fatch for input). This port can be
divided into two 4-bit ports under the mode controf,
Each 4-bit POt contains a 4-bit latch ang it can be useq !
for the control signal outputs and status signal inpyts in
conjunction with ports A ang 8.

PIN CONFIGURATION

f——.

4 —ay ‘L'_"'

Ot Y qute mn

; FE

0] Szl | E L

- e -5

¢ I 5 2
| |

-

—— e e .

PIN NAMES
v
sy
30 Y asra e 104 SragCTiomaLr
i SESET T RCST gt
{ = i CresgLecy
l 10 [IRIT T B
e § WALCE tmsgr '
bz At ! e@xaT ipgwess
: ralrno | bt LA N T 1
NIP | mar gieen) i
=i | oAt C a7 ]
1 Vec VoS +
{eno ._fvours

ngure 4. B225A Block Diagram Showing Geoup A and

Group B Controt Functions
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“4255A OPERATIONAL DESCRIPTION

- Mode Selection

There are three basic modes of operation that can be select:

" od by the system software:

Mode 0 — Basic Input/Output
Mode 1 — Stroved lnput/Qutput
Mode 2 — 8i-Directional Bus

when the reset input goes “high™ all ports will be set to
the input mode (i.e., ail 24 lines will be in the high im-
pedance state). Alter the reset is removed the 8255A can
remain in the input mode with no additional initiatization
required. During the execution of the system program
any of the other modes may be selected using a single
output instruction. This allows a single 8255A to service

variety of peripheral devices with a simople software
maintenance routine.

The modes for Port A and Port 8 can be separately defined,
while Port C is divided into two portions as required by the
Port A and Port B definitions, All of the output registers, in-
cluding the status flip-flops, will be reset whenevae the
mode is changed. Modes may be combined so thai their
functional definition can be “tailared” to almast any /O
structure. For instance; Groub 8 can be programmed in
sode O to monitor simple switch closings or display compu-
rational results, Group A could be programmed in Mode !
to monitor a keyboard or tace reader on an interruot-driven

basis.
( ADDRESS BUS )
1T
T CONTROL 8US 1
1 it
v DATA 8US ]
T I
| 8 i} 4 >
AD, WA 0y:04 A 4y
=1
82354 3

878, resRc, LNCH e,
) <
H wo0E 1 — _ 8 s T
z s 7 R EEEAES
suo||li Vi &40
[ t v ey
8,78, CONTAQL  COSTROL  Pa,23
QR 110 v o
[
woogr —{ 8 2 T
~ 9] T . b ﬁ ~
a0 || “ I [ 3 {3LOIRECTIONAL
botrs P -
", Pe, [ SR PP

CONTROL WORO

o, 0| oo, ]0)0, 0|0

GROUP 8

POAT C (LOWER]
1 e 8IyT
Q= QUTPUT

POAT S
10 NPQT
o+ ouTPUT

MOOE SELECTION
4 - 8« MQOE€ 0
1+ MOOE 1

; GrOUP & \

i POAT C tuppe sy
——————e——ta- eyt -
3 0+ QuituT

POAT A
1. IKPYTY
9~ ourPyT

MODE SELECTION
00 « »Q0E &

M ewnCET ©

1X = ¥OOE 2

A

MQODE SET FL2G
10 2CTIVE

&

—

4

Figure 5. Basic Mode Definitions
and Bus interface

¥
)
—

Figure 6. Mode Oefinitlon Format

-

may seem confusing at first dut atter 2 cursery
the complele nzvice operation 3 sImpie, i021C2: > ez
proach will surface. The design of th2 525354 nas 3uen
110 account thengs such as afficient #C boers z.o0l

" control signal dstinttion vs PC layout ang cc:—;xe:s

tunctional ttes:c ¢ {0 sSypport aimest an, ZE
gevice wiln no exiarnai logic. Such design reorssenis
the maximum use of the available pras.

Single Bit SetyReset Feature

Anv of the eight bits of Port C can be Set or Resei using 2
sinjle QUTput instruction. This feature reauzas ¢2iowers
requirements in Control-based applicaons.

’
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. :
BIT SET/AESET
t=SET

X x x
. @~ RESET
OONT
CaRE
BIT SELECT

~—i9 tioltig' nal1lg

=007 110,07 11118,
lo.a1010i1.1:10 48

sl LAk RN R T

SIT SET/RESET FLAG
Q= aCTIvVE

Figure 7. Bit Set/Reset Format

A,

When Port C is being used as status/control for Por:'A' org
these bits can be set or reset by using the Bit Set/Resez.op_'
eration just 2s if they were data output ports. AT

Interrupt Con(rgl Functions B
When the 8255A is programmed to operate in mode 1'0.-\.
mode 2, control signals are provided that can be used ag’
interrupt request inputs to the CPU. The interrupt ra. ~
quest signals, generated from port C, can be inhibited or
enabled by setting or resetting the associated INTE ftip.
flop, using the bil setreset function of port C.

This function allows the Programmer 1o disailow or allow a
specific 1/O device to interrupt the CPU without affec(ing
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: Ail Mask flip-floos are automnatically reset during
mode selection and device Reset.

Operating Modes

MOODE 0 (2asic Input/OQutput). This functional configura.
tion provides simple input and output Operations for
each of the three ports. No “hancshaking™ is required,
data is simply written to or read from a specified port,

Mode Q Basic Fur.ctional Definitions:

® Two 8-bit ports and two 4-bit ports.

¢ Aay port can be input or outout.

Qutputs are latched.

Inputs are not latched.

16 ditferent lnput/Qutput configurations are possible
in this Mode.

e —
INPUT X li

L PPy —
Goar a0 x 2

teg h tos

MOOE 0 (8asic Input)

— e

A X

CE AL, A0 K

H
1
- -
i

ouTrUT

MCOE & {Tzsic Cut;u:)
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A 8- GROUP A GROUP 8
PORT C PORT C
O4 | P3| 04| Do | PORTA weeery | ¥ | PORTE | em
0 0 0 0 | outeut | ouTPUT | 0 | outeut | ouTPuT
0 0 0 1 OuTPUT | ouTpuT | 1 QUTPUT | INPUT
0 o ! 0 | outeut | outeut | 2 INPUT OUTPUT
0o 1 OUTPUT | OuTPUT 3 INPUT INPUT
o |1 {0 0 | outeuT | inPUT 4 | OUTPUT | ouTPuT
o jJ1 .0 1 OUTPUT | INPUT | 5 | QUTPUT | INPUT
0 LR R 0 | QUTPUT | InPUT 6 INPUT QUTPUT
0 1] 1 QUTPUT | INPUT 7 INPUT INPUT
[ o | o 0 INPUT OUTPUT | 8 | outpuT | ouTPuT
1 ) 1 INPUT QUTPUT | 9 | ouTPUT | INPUT
1 o | 1 0 | INPUT QUTPUT | 10 | INPUT OUTPUT
1 o i1 1 INPUT OUTPUT | 11 | INPUT | INPUT
1 1 o lo INPUT INPUT 12 | QUTPUT | oQuTPUT
1 U INPUT INRUT | 13 | ouTPUT | INPUT
1 [R— [} INPUT INPUT 14 | iNPUT QUTPUT
| 1 1 1 INPUT INPUT 15 | INPUT INPUT
MODE 0 Configurations
CONTROL WORO 0 CONTROL WORD 7
S 9 o o 0o, o, 0, o, % o 0o o 0 o, o o,
uu'alolo!ﬂ.l.ﬂlq (‘ILnlolﬂlﬂld!lm
a e rayoa, a L payra,
2554 =)
\ e, ey,
0y 0y c - 0y-0p ————e——ery <
id S L P e, ¢,
[} - 2 r, e, 2 -——r'— e, 8,
CONTROL mORO 11 COMTACL WORT 23
O 9 9 3, 0, o, o o, S 9% 9 5 9 9, 2 0,
t}:;a'o!a;ofuiq uafqguéofagum
o ———
A Al (2T a L———-,"' (222
K7y 22554
r — <, e e,
L e e — c= 0;Cy e <
L e reyre, i ey,
o S S s
S
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CONTROL WORO s«
O O, Oy O 0y

0, 0,

Oy

[T

TTLL]

0,0y =

42554

A —F.—a A, LA,

X
bt #C, 2C,

CONTROL WORO #¢

o, 0, O O, 0y 0, O O
|| elol\]o!o‘alo
1

22584

0,0y > c

) PRSI TS

___'_"———uc'_-(‘

.4

] e

CONTROL WORO =%

o, 9, 0, O,

O
] ]
Iolo'

o, 0
[T

K
* A ,____,"_- PA, PR, A | P8, POy
82554 82554
L4 K
ot s, e, f p—t—
i
0,0y =————1 c 0; 0 e [
4 Ll s
g 2] o <; X
1] 5 .8
3 = [ RN s . 0e,
CONTROL WORQ 6 CONTROL w00 10 L
D, O Oy D, O3 0, O, 0O 0, 6 3 0. 0y O O O
. I :
. |l°]°]° l!ﬂgllLl |iﬂ(l!|1°!ﬂll'0
I i | Lt !
i
a ___"——- a8, l a ~ 02,28,
i
02554 i 82554
X i . -
 p— <, H r— x,
, :
0y 0y ! c_;. . 0, 0, =——————1 c«f
- . i 4
- ___’_l_—- oo, t L. 2,
- g o, l 3 e b5 2e,
H
!
H
CONTAQL WORD 27 | ZONTACL ~2RO £11
0, O, O O, 3 9 O i 5, S T3 % 9% 0p 9 %

By0y =1

£2S5A
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A
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82554
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bl CONTROL WORD «12 CONTROL WORD =14
O%. 0 0, 0; 0, B, O B 9 & 0o, 0 0o, o o,

0,

mnnT

[ ]e] '

[LTTLE

[
A __._‘.{'__. ra oa, Aj—— A, Pa,
12554 82854

24 , 4
e #C, 8C, e #c, 2,
0,0y = ¢ 0y Dy e ] c )
4 4
P o7, ey,
.
J2. s (]
e, e ey,
CONTAOL WORO =13 CONTROL WORO #15
% 0 0 D, O, B 0, 0, 9, 0 0 0, 0, 0, 0, O,
|!q!o]|,l’o[o'|1 "l"l"!’!"“:','}
l i ] ! ey, !
af—tt g ey Y
42554 12554
. 4 )
[~ G, %,

I e —

0,0, =y

et rcyec,

Sy oy

Operating Modes

MODE 1 (Strobed lnput/Qutout). This ‘uantional can.
:igur:"ion proviges a meaans ior transieiring ¥O aata to
or from a specifieg port in conqunction «ith strobes or
“handshaking™ sigrals. In mcce 1, port A anc Port 8 use
the lines on port C to generate or accent these “hang-. .

shaking™ signals.

Mode 1 Basic Functiona! Definitions:

* Two Groups {(Group A and Group B}

controlicats port.

8-bit data port.

® The &bit data port can be either ingut or =u:
8oth inouts and outouts are fatched.
The 4.bit port is usad for control and status of na

¢ Each grouo contains one 8-bit data port and g~z <.o -




Intel

8255A/8255A-5

Input Control Signai Definition

STB (Strobe input). A "low" on this input loads data into
the input latch.

IBF (Input Bufer Full FIF)

A “high™ on this output indicates that the data has been
loaded into the input latch;in essence, an acknowiedgement
IBF is set by ST8 input being low and is reset by the rising
edge of the RD input. '

INTR (Interrupt Request)

A "high” on this output can be used to interrupt the CPU
when an input device is requesting service. INTR is set by
the STB is a “one", IBF is a “one” and INTE is a “one”
It is reset by the falling edge of RO. This procedure aliows
an input device to request service from the CPU by simply
strobing its data into the port. T

INTE A
Conztrolled by bit set/reset of PC .
INTE 8
Controtlled by bit set/reset of PCo.

1M00€ 1 (PORT.AY
A28,
CONTAOL wWORO
0, 0y Og O, Oy Oy O, Dy ===
1 —
CLLLRXKK | {5 ™
PAN AN AN l.l_- 4
- <1 0‘“{ < 16F,
ve oyt —
0= ouTPUT
'C, i&'l‘
[y, pra—
2
<y [T 10
P
“OOE 1 (FORT 81

CONTROL WORD

[

A
D' DI o‘ 0‘ D’ D’ o‘ o. Te
N L

(OO | [H [

Yy oo LT
1
G, NTR)

0 —

Figure 8. MODE 1 Input

|

INPUT FROSM __
PERIPHEAAL

h Sr i
:
B ——— T 1=
(S S
ot 1 i ¢
bt m—‘l '
8¢ /- — | =
t . ;
tpp—
. !
I
SNTR f
i
RO i

B e D

Figure 9. MODE 1 (Strobed laput)
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& ompuf Controt Signal Definition

OBF (Output Butfer Full F/F). The OBF output will go
-1ow" to indicate that the CPU has written data out 1o the

specified port. The OBF F/F will /ill be set by the rising edge
of the WR input and reset by ACK input being low.

ACK (Acknowliedge Input). A “low" on this input informs
the 8253A that the data from port A or pont 8 has been
accepted. In essence, a response from the peripheral
device indicating that it hds recieved the data output by
the CPU.

INTR (Interrupt Request). A “high” on this output can be
used to interrupt the CPU when an output device has
accepted data lransmmed by the CPU. INTR is set when
ACK isa~one”, OBF is a “one”. and INTE is a “one” Itis
reset by the falling edge of WR.

INTR (Interrupt Request). A “high™ on this output can be
used to interrupt the CPU when an outpul device has
acceptea data transmitted by the CPU. INTR is set when
ACK isa“one”, OBF is a “one”, and INTE ¢ xs a‘“one” Itis
reset by the falling edge of WR.

INTE A
Controlled by bit set/reset of PCq.
INTE B

Controtied by oit set'reset of PC,.

PCus prmphem
MQOE 1 (PORT BY
[r——— e
R
- CONTAOL woRD -
% 04 0y 0, 0, 0, 0, O, — .
NN NN N t PGy OB,
(OB ([
—
INTR,
WA ey

MOOE t (POAT A}

BT

Figure 10. MODE 1 Output

MTA w
) [ ———— iwﬂ—f«a{

]

—_— g

Figure 11. Mode 1 (Strobed Outpu?)
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.Comblinations of MODE 1

Port A and Port B can be individually defined as input or
output in Mode 1 to support a wide variety of strobed I/Q

applications.
PALPA, @ (7 7 )
-7, po—— T &, WA ——=d 7€y b GaF,
. e, or, ", ATK,
CONTAOL WORO CONTROL WORD
0y 0, 0, 0, 0, 0, 0O, 0, Lo — 1NTR, O, O, Oy O, 03 D, O, O, "~ INTR,
viofuffmjr} z Pvlohap | 11X 2
: A 1 S i X <, s f—F— o
L ’C“, . [T
Ve ineuT e 1Nt
0= ouTruT ""“.A> 0« QuTrUT """<E
for p— e — 583, RO+t 2y —— ITE,
<y |——e .fi‘ <y po—— 185,
Py f———nTR, PCy ——— NTR,

POAT A - (STROBED tNPUT)
PORY 8 = (STAQBED OUTHUT)

PORT A - (STRQUED OUTPUT)
FOAT B - (STROMED INFUT)

"}‘Ilf&m‘%

Figure 12. Combinations of MODE 1

Operating Modes

MODE 2 (Strobed Bldirectional Bus l/0). This functional
configuration provides a means for commuanicating with
a peripheral device or structure on a single 8-bit bus for
both transmitting and recewving data (bidirectional bus
VO). “Handshaking” signais are provided o maintain
proper bus f{low discipline in a similar manner to MODE
1. Interrupt generation and enable/disable funciions are
also available.

MOODE 2 Basic Functional Definitions:

* Used in Group A onty.

¢ One 8-bit, bi-directionai bus Port (Port A} and a 5-bit
control Port (Port C).

® Both inputs and oututs are latched.

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

Bidlrectional Bus YO Contral Signal Definition
INTR (interrupt Requestl. A high on this output can be

used 10 interrupt the CPU for both input or output operz-
tions.

Output Operations

OBF (Output Bufter Full). The OBF output wili g “low 10
indicate that the CPU has wniten cata out 10 port A

ACK {Acknowiedge). A “low™ on this inpul enadies tne
tri-state oulput buffer of port A'io send out the cata.
Otherwise, the output buller will be in the high im-
pedance stats. -

INTE 1 (Ths INTE Filp-Flop Associated with OEF). Con-
trotlec Sv bit set/reset of PCq,
input Operations

STB (Strobe input). A “low™ on this input loads data into
the input laten.

IBF (lnput Bulter Fuil FIF), A “high” on this output in-
dicates that cata has been loaded into the input latch.

INTE 2 (The INTE Filip-Flop Associated with (BF). Con-
trolied by bil setreset of PC,.

¢
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o © 0 0 0, 8, 9 o,

[T XXKT]

— ’cfﬂ
1 = INPUT
0 = OUTPUT
] -1 .
—— PQAT 8 INTE
e . 1o INeUT L‘ P e, j———— §T3, .
0= QUTPUT L nd .
ey 18F,
WA ————o
——————— GROUP 8 MOOE
Q= MOQEQ
1+ MO0E 1 1
AG ——— ’Cy g pr——rt—— 10
Figure 13. MODE Control Word Figure 14, MODE 2
JATA FROM
CPU TQ 82554
= //./ T
wR o ’
< \/‘ !
1 1 " g ; '
— / T e
o o \ | / ! /
¢ bi f /
Y e ge = ! e
INTR ".‘ /T | 1 '
| \ 1 i :
. i (BnErE
N i >
iex \ \ /
m \ / P
: g i o — i 3
‘s-uz_‘{ fn) i : , 1
/ ' ] | \/
¢ i ! H H
. i — \
f‘ ~ i E'—“:'Ao-‘— — o _— !
e o
[ - i B
7 T — R —
s C s \—/_
- OATA FAOM OATA FuOnd
:' PERIPHERAL TO £255A S255A 1O PER™MERAL /
' OATA FROM
': 12554 TO s030
. Figure 1S. MODE 2 (Bidirectional)"

<

3
NOTE:  Any sequence waere WA occurs before ACK and STB occurs belore RO is permissible.
(NTR « I5F - WWASK + 576 + R0 - OBF - MASK - ACK - w& ¢
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MODE 2 AND MOOE 0 (INPUT)

CONTROL WORD
S Oy 85 0, 0y 0, Oy D,

[ XXX ] o}

E’l
1= INFUT
Q- QuTPUT

L

ragoa, /:>

g | ————— i,

MOQDE 2 AND MODE 0 (OUTPUT)

CONTROL wOa0
% 0, & 0, 0; 0,-0, o,

L[ XXX

e
teineuT
v - ouTPUT

3

e, T,
G &%,
L Y

MODE 2 AND MGOE 1 (QUTPUT)

CONTROL woRO

9, 0y 05 0, 0, 6, 0, O,

L XX T4

<

e——— 21
KT

FR '.‘A
N
Ps, ", I3
"<, &7,

] S

MOODE 2 AND MOOE 1 (INPUT)

CONTROL ~ORO

S 9 % ¢, 0 0; 0, 0,

L L XXX

H]

<y INTR,
S |
L
#C, e 3T, i
ey L 8,
t
]
S N i
1
<, PIT U
Y L LY !
< p— LAl

Figure 16. MODE Y Combinations
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MODE 0 . MODE1 MODE 2 -
IN_ | out IN ouT GROUP A ONLY )
PAg IN out IN out -
Paq IN out IN .out ———p . -
PAg IN out IN ouT -
PAg IN out IN out -~
PA4 IN out IN our —-———
PAg IN ouT IN our —~—
PAg IN our IN our —-—
PAY IN ouT IN ouTt -
P8g IN ouT IN T our —_—
P8y N ouT N ouT —_—
P8, N ouT IN out _
8, IN out IN our —_— MOOE 0
P8y IN ouT IN . out — ~ OR MOOE 1
PBg IN out IN ouT _— ONLY
P8g IN ouT IN ouT —_—
P8y IN ouT N ouT —_—
PCo IN out INTRg INTRg 110
PCy N our 18Fg 0B8Fg 1o
PCy N out STBg ACKg 110
PCy IN out INTR, | INTRA INTRA
PCq IN ouT §T84 110 ST8A
PCs IN ouT 18F o 1o 1BF 5
PCg IN out 1o ACK A ACK
PCy IN out 110 GBF o OBF 5

Special Mode Combination Considerations

There are several combinations of modes when not ail of the
bits in Port C are used for control 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.

it Programmed as Qutputs —
Sits =0 T uoper (PC;-PCq) must be ingividually accessed
using the bit set/reset function.

8its in C lower (PC3-PCq) can be accessed using the bit
set/reset function or accessed as a threesome by writing
into Port C,

Source Current Capability on Port 8 and Port C

Any set of eight output buffers, seiected randomiy from
Ports 8 anad C can source ImA at 1.5 volts. This feature
aiows the B255 to directly drive Dadington type drivers
and high-voltage disoiays that require such source current.

Reading Port C Status

In Mode 0. Port C transfers data to or from the oeripheral
device. When the 8255 is programmed to function in Modes
1 or 2, Port C generates or accepts “hana-shaking” signais
with the peripherat device. Reading the conrents 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 1o perform this function,

T CONFIGURA TION e

o © % 0 € 0, 0 0

1] p BT
[uo i w ! 18, ;mu.;mrn‘imu,; ¢, 1muq
b -~

Py

GAOW” A GROUP &
OUTPUT CONFIGUAATION
6, O & o 0 o O o
[f;‘ imz" [£-] ' ) ?““"‘A:i"‘”!s G57, !mn.]
GROL A& GROUP 8

‘

Figure 17. MODE 1 Status Word Format

s, ©o & 9 ©° 0, 0 D0,
— ' ™ i
O8F, | WMTE, , mE, JINTE, ,mtlAl ! ‘
GAOU A GROUF 8

{OEFINED BY MONE O OA MOOE | SELECTION?

Figure 18. MODE 2 Status Word Format
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‘ . INTERRUFT .
APPLICATIONS OF THE 8255A RECURST ‘_‘I
. The 8255A" is a very powerful tool for dnterfacing ~ 1 ra, Ry
peripheral equipment to the microcomputer system. It . -~ SRl Ry
represents the optimum use of available pins and is flex- - L] Ry ogg;:cro
ible enough ta interface aimost any HO device without 4 P3 xevsoaro
the need for additional external logic. :; :‘
e
Each peripheral device in a microcompuler system :gf\fr;- rag | ] ey
usually has a “service routine™ associated with it. The A, CONTROL
routine manages the software interface between the
device and the CPU, The functional. definition of the <, STROBE
8255A is programmed by the /O service routine and ) acx
becomes an extension of the system software. By ex-
amining the /O devices interface characteristics for
both data transfer and timing, and matching this infor- e .
mation to the examples and tables in the detailed opera- ,g: a’
n . . Al
tional description, a control word can easily be devei. re, s, BUAROUGHS
oped 1o initialize the 8255A to exactly “(it” the applica- n, e, Corar
tion. Figures 19 through 25 present a tew examples of r8, e,
typical applications of the §255A. ok [ [N
N 1
outeuns | T8 BACKSPACE
ra, CLEAR
”<, DATA READY
pcx ACK
LPC‘ BLANKING
TEARUFY
b} ._) ) re, L2, CANCEL WORO
<y ), T INTERFLPT
~ : REQUEST
ray f—-vi —
[ T P i
g L1 (10 e g Figure 20. Keyboard and Display Interface
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Figure 19. Printer interface ! ~ -
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" Ficure 21. Keyboard and Terminal Address
interface
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Figure 22. Digital to Analog, Analog to Digital

Figure 23. Basic Floppy Disk Inlerface
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Figure 24, Basic CRT Controlier {nterface

Figure 25. Machine Tool Controller Interface
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. , . ...... 0°C 10 70°C
Storage Temperature . . ... .... .. —65°C 10 +150°C
Voltage on Any Pin

With Respect to Ground. . . . . e —0.5V to +7V
Power Dissipation . . ..................... 1 Watt

“NOTICE: Stresses above those listed undar “Absolute

‘Maximum Ratings" may cause permanent demage to the

device. This is & stress rating only and functional opera- .

tion of the davice at these or any other conditions above
those indicdted in the operational sections of this specifi-
cation is not implied. Expasure to absolute maximum
rating conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS (Ta=10°Ct070°C,Vcc = +5V = 10%, GND = 0V) *

Symbol Parameter Min. | Max. | Unit Test Conditions
Vi Input Low Voitage 0.5 0.8 v
Vin Input High Voltage 20 | Vee v
Vor, (DB) | Output Low Voitage {Data Bus) 0457 V lor, = 2.5mA
Vot (PER)| Output Low Voltage {Peripheral Port) -0.45°} V loL = 1.7mA
Von(D8) | Qutput High Voitage {Data Bus! 24 \% fon = -40CuA
Vor{PER} Outout High Voltage (Peripheral Port) | 2.4 Y lox = ~200uA
loanlll | Darlington Drive Current -1.0 | -4.0 | mA RexTt = 750Q2; Vgxr= 1.5V
lec Power Supply Current 120 | mA ~
e Input Load Current £10 | pA Vin = Ve to OV
loFL Output Float Leakage =10 | wA Vour =Veg to .45V
HOTX: .
1. Atkitable on any 8 pins from Port 8 and C.
CAPACITANCE (1, = 25°C, Vec = GND = OV)
Symbod . Parzmeter Mlin. Typ. Max. Unit Test Conditions
Cin Input Capacitance 10 pF fe = IMHZ
Cuo 170 Capacitance B I F=e - 20 pF Unmeasured pinsreturned 1o GNO

A.C. CHARACTERISTICS (Ta = 0°Cto 70°C. Ve = =5V = 10%, GNO = 0V) -

Bus Parameters

READ
8255A i 8255A-5
Symbol Parameler Min. Max. :  Min. Max. Unit
AR Address Stable Before READ 0 ] 0 ns
(=9 Address Stabie After READ 0 ‘ 0 ns
tRA READ Puise Width 300 300 ns
(RO Data Valid From READ! ! = B 200 ns
toF Data Flozt After READ 0 ] 10 i g0 100 ne
1RV Time Between READSs 2na/er WRITEs 850 1 250 i s

¢
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£4.C. CHARACTERISTICS (Continued)

. . 8255A 8255A.5
(o7 Symbol Parameter .Min, Max. Min. Max. Unit
,: — taw Address Stable Before WRITE 0 0 ns
) WA Address Stable After WRITE 2 . ’ 20 ns
.; e tww WRITE Pulse Width 400 300 ns
. tow Data Vaiid 1o WRITE (T.E.} 100 100 as
' f: two Data Valid After WRITE 30 30 as
. OTHERTIMINGS
o : . 82554 8255A.5
, ‘ Symbol Parameter Min. Max. Min, Max. Unit
we WR = 1 to Outpud 1! 350 350 s
Y uR Peripheral Data Before RD Q 0 as
. tHR Peripheral Data After RD [¢] 0 as
tak ACK Puise Width 300 | 300 ns
tst ST8 Putse Width 500 | so0 ns
tps Per. Data Before T.E. of ST8S 8/ 0 | o ns
[ Per, Data After T.E. of STB 180 180 as
, taD ACK = 0 to Outputl ! 300 300 ns
ko ACK = 1 to0 Output Float 20 250 20 250 as
“twos WR =1 t0 08F = 0!l | 650 650 ns
! taos | ACK=01008F = 111l ] 350 350 ns
: tsig STB=0to IBF = 111 [ 300 1 300 ns
taig RD = 1 to IBF = 0!} i 300 300 as
tair RD =010 INTR =01 | 400 400 | s
, ST STE = 1o INTR = 11l | 30 | 300 as
tarT ACK = 1 to INTR = 111 ; ] 3s0 350 as
) Wit WA = Qo INTR = 0131 '\ ¢ as0 | 450 fs
NOTES: -
1. Test Conditions: C_ = 150 pf
2. Period of Reset pulse must be at least SOus during o after powsr on. Subsequent Rese: culse can be 500 ns min.
3. INTR} may occur as earty as WA, R
* For Extended Temperaiure SXPRESS, use M82S5A electrical carameters.
} A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAC CIRCUIT
INPUTIOUTPUT t
% e 1e 0 3;:{; L DA e
>rtsfwlnrs< C 159 of Tq-‘““
e.48 ot a7 =
o e P Sy e 14S ST AT A0S VOLTAGES QU TESTING TO GUALINTEE THE
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WAVEFORMS

MODE 0 (BASIC INPUT)

-

f— an

e ——| ._e,,._.{
iNPUT i 1 ¥
E.a1,0 4" :

tag 4 tos

MODE 0 (BASIC OUTPUT)

v SOl SXGE
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WAVEFORMS (Contlnued)

MODE 1 (STROBED INPUT)

T \
=y Y

INeUT FROM ___;___ ______________
PERIPHERAL
{

MODE 1 (STROBED OUTPUT)

] \I k/

- R 3\ A //’ A
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- .. WAVEFORMS (Contiriued)

2R

—_" W
MODE 2 (BIDIRECTIONAL) AP e B
' DATA FROM . =S
2080 10 2255 o
= [
! =
2
- \/
e — .
INTR \ \ S
R
e P
+ i8F
“ 1
rERIPWERAL __ - — i 22 «{
8us
7 '
A
DATA FROM OATA FACs
PERIPWERAL 70 2256 235 TO FERPWERAL /
DATA FAOM
. 35 TO w080
NOTE:  Any sequencs where WR oocucs before ACK and 518 ocours bnloa‘ﬁ is permissible
(INTR = 18F « MASK « 5T8 - RO + OBF - MASK « ACK » WR ) -
. WRITE TIMING . READ TIMING :
[i Py . i
Aoy &3 K q X At G5 X X . ’
s e o= N g
: { ot .8
X ]
!— "v-'——' o * Mo~ =ippe——
H I
¢ m u OATA BUSI VT7 % wiGn mrCOLNCE - 1 VALID IMGI er€OANCE
p—dtm ‘ ‘ )
- 3

N~
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