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Abstract .

The' real-time controller with wireless link employing infrared
communication has been designed and built. The controller can be used to
control electrical appliances at a specified time. Main circuit consists of 1) a
single chip microcomputer, 89C2051 emulating real-time clock with 8 channels
control output 2) an infrared transmitter, MC145026 and 3) an infrared receiver,
MC145027. The output control bit from 89C2051 enables the encoder chip to
convert the input settings to a serial pulse data. The serial data is then
modulated by a 50 kHz carrier frequency. This signal was used to drive an
infrared LED sending the data to receivers. The infrared receiver decodes serial
data to recejvers. The infrared receiver decodes serial data and provides 4-Bits
output used to control solid-state relays. The wireless link via infrared

communication makes the controller installation easy and low-cost
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w1 Tumas 4asas Gaas Faneu'laTead Wuasnawemndu 940 wlumas seiuaaislu
3114 2 AensmanlnasufilSsufiounamenedufunsn/duaswes LED W2 wiia
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adueni] LED fiviiutn AlGaas sxldfdeanudiu 2 mudeinszuaassmidsasudefian
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LED Budsusammisoiilidszgndausdiiniieuas HeluTseem

ar Ld Qs 1 \ el é
gamnAssy uazsruuaseduaielmistuihususe S adanils

223 LED masgs nlduasgulndoursusa

s0ud0 PN ¥83 LED Sluumdssuiialvasuseabomnn adousn o 1dinsdum
Tvesaevenadonerdislud  Falfumdmindsursusa MidiAaldasu s8 #2 de
Sidnaseu 100 82 Shilszdndnmemesuduiniie hitesfiden

ugtilesnin Iaeufignildesineinsesde ﬁaunfi’qgnﬁﬁ’ﬂﬁguiﬂﬂﬂsemmé’ums

J ) N o
pIIMMe3s 9 Serleandi 88 nlesidud



10

* é 1o 1 o g '
sndaunilevssnsudsdinsesds fgnganaulilasdslaTeaewazdelinsus
Sefundauninsenuialaleadaoaiinnndnmingd (critical angle) degnazfeundy’ly
felaTomhIMifansgaudaruiu
4' - o o é é - a’ ‘dy
HgmiFeagings duilgmdngiszmsnils deefnalddsil
o/ A Y v - & A [ ) s
pmalidyiivesnsdnmeiify 1 (n3s 1.0003defsunuggannia) AvinsHMYsunys
A L 4 L4 1 @ o
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2.3 AN INULLY Real-time

NOBHUATHANNITNINUYDI 89C2051

AT 892051 @Wudwlulnsneufaumeiuinady winlas ATMEL yafidauas
L o, é ) -~
aoilasnssunmieluszviiouduluTnsneufameiaszga MCS - 51 dwdalagdumail
mizearmsnieluiiu PROM 50558031 Flash memory ¥U18 2 KB aansolsuuazau
¥ 13 r :a' 3 L - = é
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L awsolfunululasneuiianes aszga MCS-51
2. wizgamsTlsunsuiiu Flash memory vu1a 2 KB
Py s
3. 1% IWinse1ddawme 27-6V
= o ‘3 1
4. eeagaamesmunsodloul@dwd 0-24 MHz
5. aunsodealisunsyldaesssuy
6. fidumnuazeminnwen 15 ia
7. wihganusoyal2s fia
A o ar 3 = ar
8. fanfuunrdwrnvig 16 90 2 72
9. UMDIBUMBINI 5 UNae
10. weneynsuuLY UART [lsunsunamidalunsdedoyn’ld
4 LY .
11. 1 MyMNena w150ty LED 14 Taense #28n5eud sink 20 mA
12. fI8U10BNABUNITUNDS
13. 311y Idea a2 Power

¥N 89c2051 w¥ndremalulad Atmel’s High Density Nonvolalatile Memory
Technology 1A 1usunsunialu vt 2kB Asnarufuuuy Elash Progrsmmable
And Erasable Read Only Memory (PEROM) 91nA2 M@ usouazyaAy nanfe denlfey
o v o a <o . H o S
Moufuswlulnsnoufi uneiIves Philips 1$1weis7c750 i Insunsumeludiu
UUUEPROM luudmssenuuuaziann lsunsuvinadmiunusauguunaing
oo l¥d1 89¢2051 - IdazmInniunsizvasRan Insunsusiawsod e Tlsunsudae
doygna Idhsefunarlifu 5 Sud Tuvazil 51 87¢750 iflu EPROM naaidelalsunsy

, 32140010031 5 Tundl iashdwanswannnsei 18dwan
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. 89c2051 89cS1  89¢52  Vumeumiswaui lilsunsudasdil 89¢2051 UAssa 1l
t 4
1. WeulUsunasunmuuemania text file Aaveditor Janaiilu . ASM i¥U mono.asm
2. ldusmaniuassilas source file 1iSun1A3 197U intel hex file@)a. HEX 15Umono.hex

3. Power on PRO-100 188n%1) 89c2051 a3sd1de TYPE AsuFi) 89c2051 asluzirFadu

UU

4. Download Hex file ad1uunuignusnivivesvesPRO-100 A8 1d9LOAD Wi1A

721157 9600bps 8N1
5. suTUsunsuasyuFsoc2051 draf 1 awrite
6. 11%1l89n91n ZIF (Zero Insertion Force) iFgUU199T Lo NNAIATY

winTusunsuliigndes desnis@suTilsunsudouTilsunsulmilihinmsdnllsunsudan

o

#1194 Erase nauveviimy 1dsunsuinad'ld

1002535274

1. ZIFU84PRO-100 1Hunuy 40 1% 89¢2051 RiH e 20 ¥1 1A UTEUAIVUPRO-100 Ao udoy

FAmuy
v -~ - 9 ] 1 é -1 3 3
2. AewdsuFilatwuziFdewniled nzAesdendsy
o Y & o [
3 dumissilvininedesegsaduulasdunasesjunay
H [ L) ) v 1] [] H 4 I~
asftoniladmmisnewdsugndesdedesldosluziF socket uaznanszifesauivedon

Funvz Tlsunsulduiunun
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UNN 3
= LY F%
MIAncany USER lagly GUI
3.1 msauldsunsufaceiu USER lagld GUI ununisly DOS

MODE

a a 't o . 2 v
Tasinaudaneafiamesannsadhleludswaluui3 (binary code) Fsfiustavgud
<2 t o’: o S Yo o a & 2 o A . & o 1

sazimynilaminiu svaluu3isnduludneniledn sWmades (machine code) Fednoglu
amdmiud@oulysunsuseaudl (low - level programming language) uan1s@oulilsunsu
; 5 2 ; ; . X
MlsznoudsnvguinazinunilaiuduSewnnuazdonm eldidisulilsunsaldiwiu
S P 4 5 = =4 Al
dninnmanasselszAvgnytudumyueasuud (Assembly language) uaziideidode
o ] 9/ 2 Yt v 1 Q’l’ P .Y 3 T d', d'
aeufiaaey Wawnsahlsnwwemesuud1dlug user mniung  duiuneudilulsunsuy

2 " o & 2
Boutudronwueamndvzawioiuld  Asuufizdewaldsunsutudiulysunsy

] F 4 b A 9
simaseudonsu  mszmsulaluduasuil 18 lsydnSawldasuisdeanlesidud

Tsunsudsrsuiidsudrenmwwemsuuderdini uazlugnilidsunsuuuu@eadun

a4 @ P

ar o T J L)
Woulagldaianiesdisanummeamesinins@ouTsunsu e findnnmand
2 a J [ g a Y oA & :/l :sy o ]
e ldlszaugnwlmi q Yuan Suein A, B, ¢ uaziheganfie C++ Fevanuailgninaeg

9 s

TunM¥I52AUND1 (mid - level language) AMWISTAUNANTITUSIOIR lUN W IBINqUAY
dydnvalididreiusy o+ Dudmdefidhloldluam e+ msiiouTilsunsudaonimn

> ' ' - a ' o A o
CH tudwnnnimsdsudenywesaynudnin  ed lsinw ldsunsufid@sudaoni

d Y 3 ¥ v 1 o 4 a 3
c+ faswtlaldlusiaaSesney mazdnw CH uandRIATTaIRTEY ANius
wlaliifusaasesdeildsedniamanasldsunsund@oudis ¢+  wwsulddai
TilsunsuRoanunifiouTaoldsfimnTesegiintes

sunszeiinis 19n1152Age (high - level language) 8819%U COBAL , PASCAL

[ 4 u L] 'Y t T 3 é

uag BASIC 1¥flunmidingy uazdde shlfisawisosuuazioulddovy  Felu

[ 4
Tassnudieniigean 1didens Talsunsu Visual Basic 4.0

216827
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3.2 anudlunves GUI (Graphical User Interface)

Tugausnreuiunesiisviualfidmsdiu Ms pos  fawsaldminenslded
fifa tiesnindesiiavans q 41 i nirsasmdnlunstszinana anusalums
Uszaanaved CPU 8088, 2 MHz uas wiiwedluddeadissdifesr i ldmsdeuldsunsu

a v o L I - Ad 1 1 o a L T @
Tumisneuduiludesiilsdminonsifiogediesriia  luhintlniifanisiannmedu
a a J ° 9 a A a ot o as ' L
doansetad  shldlszaninmussasuiaaes ludlegiiulimswannanalumisnou
:’, b4 1 Ao A ° 9/ . o Y
naduausa uaznsuaawalugivesdduniadsay il operating @aluiie) senin
J 3 1 . . P 4
gfoemnIAuIndu 19U Windows 3.11 , Window 95 FufluTilsunsuiteenuuuunlifldid

3 a1 o . 4 2 L% 1
91840 wazdadesufldlugiuuuvesginm  (Graphic) fimassw  Faluilegiiudiud

1ou8d1989 158091 GUI (Graphical User Interface)

321 sawilszneviiugiuves GUI
uiilsunsuilfezuandreiu uddnuaizyes GUI Adegmidou q fu mszld
1 1 A <2 o
dauilsznsud o Aedeadaiuy
GUI szuaasdoyansevnmslunseuiiFonin nihdn (window) Inswiiaiedian
t 4
flowdsingiiumnsdiud 18 Tuvmz@eadu widhawmusouaasuusenmidvats q 1
Y @ o A ¥ o Aa 4o . . a ¥ 1 4
wiouiu wazernlimsmiendeunu wieSosrenunld Tu visual Basic sziSonuiheasil
31 Wosu (form)
R . P = -; n’/‘ d 1 o & & 9} 9 [
Visual Basic Ngnisonvuanaiausn sewuvesudng q sunilededlddessarneon
d ; 4 o
0@ (object) asuurleSuApadvassAdsial dszToml dveow DA aul uldvsgrnm
9/
58U n301fuA19 9 Visual Basic iFoneeuindimaiiian aeulnsa (control)
d o 9 o a o 1 [} & 9/ A o ° 9/
pauldnavsliesuannsosumsnseiednlaedenienndld  merdwhid
< v é U
sz Tenfedranilsediala
y oA &d o Al A s 7o & g o
judmdendm J¥eondn aeunudsianeu (command button) Fufluseudng
v 9 a as o a;’,' [ o 9 9
s3sum q uaranseadraiufedg mnue dvesesudnaiulimunsekes 1518 414
vranaoulan BASIC Meveniniiezdeies lsths
» 9 3
Visual Basic fidauilszasuves cur fllugiluuuiiugiuvesiuladng q'lal1314

o programmer 9xA0IA3 1 GUI Az ldyanana llawisadhleldiediga
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33 mswaanldsunsulumsdanuuesauuy Real-time Na3139u

T TassnuitaY

¥ o ) a . . . o .
nefdaiudonldgulnseliannTysunsy Visual Basic 4.0 Enterprise Edition (32bits)
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Meawmsnunazarwazanlumsidau  dldnsdemsszndnglddvuesall

a a 4 3
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a o J
341 slavivesmsindenuuesalnalisunsauein GUI
4 y y 5 4 a 1w J o
iisaninTulsunsudidenlsfe Visual Basic iignilioutuitelsfadeduvesa il
4 Y o W 1 a o d °
myesnuUURgIRUANNEAenddIszniaeniamesfuvesa  aunsofimualden

v [] ¥
AouTdsunsulaoaselasflfezsinfivsesndideiisany  uazvesaaunsathle ldwiniu

midnsdadeszuisuesasudldifiulledwazainame  sasiadedanarnninnmisesn

fdalesasninmsiflfesndidslaoassiunesa

342 Shwasmsiudadoyaiilénugu
MIARABIZNINYBT AN UABNRAUADTHIUNN serial port (com2) Tagldgaluunmisds
11A3§ UM 183100 Visual Basic (custom control) 148@310135109 9600 bps Fuslumsds
U nAHIUNN RS 232
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4.1 Real-time Controller
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sl Eludiiy (Counter)
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A151tUassvia ( The Code conversion function)
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42.1 MR (The Encoding Function)
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Basic shift Register function
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43 AASUDUNTUTA
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43.1 MINBATHE (The Decoding function)
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4.4 3108 (Relay)
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5.1 2497 Real - time controller .
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Miniature Realtime Controller V2.0

ws

25 July 1

994

1st modified 3 December 1995
for a miniature 89C2051 SCM
2KB code memory

specifications:
89c2051 @3.579545MHz + MAX232C + 74LS07
programmed via serial port using on-chip data memory for savin

control code.
e R R Rt R R Rt R R R R R R R R R R R RS EE RS EE LSS S SRS S S SRS SRR SRR R R RS S S S &S S S

CPU
HOF

"8051.TBL
"INT8"

;MCS-51 INTERNAL REGISTERS

45
ACC:
PSW:
IPC:

P3:
ITEC ;
P2:
SBUF:
SCON :
Pl:
TH1 :
THO :
L
TLO :
TMOD :
TCON :
PCON :
DPH:
DPL:
SP:
PO:

sMCS-51
CrYos
AC:
FO:
RS1:
RSO:
oVv:
P:
PS:
BT .
PX1:
B0
PXO0:
EA:
ES:
ET1:
X1 .
ETO :
EXO:

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

OFOH
OEOH
ODOH
0B8H
O0BOH
OA8H
OAOH
99H
98H
90H
8DH
8CH
8BH
8AH
89H
88H
87H
83H
82H
81H
80H

;B REGI

STER

; ACCUMULATOR
; PROGRAM STATUS WORD
; INTERRUPT PRIORITY

;PORT 3

; INTERRUPT ENABLE

~PORT 2
;SEND B
; SERIAL
;PORT 1
; TIMER
; TIMER
; TIMER
; TIMER
; TIMER
; TIMER
; POWER
;DATA P
;DATA P
; STACK
; PORT O

INTERNAL BIT ADDRESSES

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

OD7H
0D6H
OD5H
0D4H
OD3H
0D2H
ODOH
0BCH
OBBH
0BAH
0B9H
OB8H
OAFH
OACH
OABH
OAAH
OA9H
OA8H

; CARRY

UFFER
CONTROL

1 HIGH

0 HIGH

1 LOW

0 LOW

MODE

CONTROL

CONTROL REGISTER
OINTER HIGH
OINTER LOW
POINTER

FLAG

;AUXILIARY-CARRY FLAG

;USER F

LAG 0

;REGISTER SELECT MSB
;REGISTER SELECT LSB

i OVERFL
; PARITY
; PRIORI
; PRIORI
;PRIORI
; PRIORI
;PRIORI
; ENABLE
; ENABLE
; ENABLE
; ENABLE
; ENABLE
; ENABLE

OW FLAG

FLAG

TY SERIAL PORT

TY TIMER 1

TY EXTERNAL 1

TY TIMER O

TY EXTERNAL O

ALL INTERRUPT
SERIAL INTERRUPT
TIMER 1 INTERRUPT
EXTERNAL 1 INTERR
TIMER 0 INTERRUPT
EXTERNAL O INTERR
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Miniature Realtime Controller V2.0

ws 25 July 1

994

1st modified 3 December 1995
for a miniature 89C2051 SCM

specifications:
89c2051 @3.579545MHz + MAX232C + 74LS07
programmed via serial port using on-chip data memory for savin

control code.
khkkhkhkhkkkkhkdkdhhhkhkhkkhkdhhkkhkhkhkhkhkhkhhkkrhrhrhrhkdthdhkrtrrhhrkdhhkdrirhkhkkhkkkhkkkkkx

CPU
HOF

2KB code me

"8051.TBL
"INT8"

i
;MCS-51 INTERNAL REGISTERS

B:
ACC:
PSW:
IPC:

P3:
IEC:
P2:
SBUF:
SCON':
Pl:
TH1:
THO :
TL1:
TLO:
TMOD :
TCON:
PCON:
DPH:
DPL:
SP:
PO:

;MCS-51
CY:.
AC:
FO:

RS1:
RSO:
ov:
b
bS:
PT1:
PX1:
PTO:
PXO0:

EA:

ES:
ET1:
EX1:
ETO:
EXO:

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

OFOH
OEOH
ODOH
OB8H
OBOH
OA8H
OAOH
99H
98H
90H
8DH
8CH
8BH
8AH
89H
88H
87H
83H
82H
81H
80H

;B REGI

mory

STER

; ACCUMULATOR
; PROGRAM STATUS WORD
; INTERRUPT PRIORITY

; PORT 3

; INTERRUPT ENABLE

; PORT 2
;SEND B
; SERIAL
;PORT 1
; TIMER
; TIMER
; TIMER
; TIMER
; TIMER
; TIMER
; POWER
;DATA P
;DATA P
; STACK
;PORT 0O

INTERNAL BIT ADDRESSES

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

O0D7H
0D6H
OD5H
0D4H
OD3H
OD2H
O0DOH
0BCH
OBBH
OBAH
OBS9H
OB8H
OAFH
OACH
0ABH
0AAH
0ASH
OA8H

; CARRY

UFFER
CONTROL

1 HIGH

0 HIGH

1 LOW

0 LOW

MODE

CONTROL

CONTROL REGISTER
OINTER HIGH
OINTER LOW
POINTER

FLAG

;AUXILIARY-CARRY FLAG

;USER F

LAG O

;REGISTER SELECT MSB
;REGISTER SELECT LSB

; OVERFL

OW FLAG

; PARITY FLAG

; PRIORI
; PRIORT
; PRIORT
; PRIORI
; PRIORI
; ENABLE
; ENABLE
; ENABLE
; ENABLE
; ENABLE
; ENABLE

TY SERIAL PORT

TY TIMER 1

TY EXTERNAL 1

TY TIMER O

TY EXTERNAL O

ALL INTERRUPT
SERIAL INTERRUPT
TIMER 1 INTERRUPT
EXTERNAL 1 INTERR
TIMER O INTERRUPT
EXTERNAL 0 INTERR



e
N
N

SAVE_L:
SAVE H:
STATE :

serial:
sim:
blink:
output:

KEY :
LED:
XOFF_FLAG:
ZEROING :
VALVE :
CYCLE_COUNT:

13
'_l
NSOk WD RO

48]
w
Noudk wNh RO

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

equ
equ
equ

equ
equ
equ
equ
equ
equ
equ
equ

EQU
EQU
EQU

i

equ
equ
equ
equ

EQU
EQU
EQU
EQU
EQU
EQU

09FH
09EH
09DH
09CH
09BH
09AH
099H
098H
08FH
08EH
08DH
08CH
08BH
08AH
089H
088H

090H
091H
092H
093H
094H
095H
096H
097H

0alOh
ODalh
0az2h

0bOh
Oblh
Ob2h
Ob3h
Ob4h
Ob5h
Obéh
0b7h

048H
049H
038H

RAM BIT ADDRESS

18h
19h
1Ah
21h

OBH
08H
OAH
0DH
OEH

OFH

;current time storage

secl00:
Sec:

equ
equ

25h
26h

; SERIAL MODE O
; SERIAL MODE 1
; SERIAL MODE 2
; SERIAL RECEPTION ENABLE
; TRANSMITT BIT 8
;RECEIVE BIT 8

; TRANSMIT INTERRUPT FLAG
;RECEIVE INTERRUPT FLAG
;TIMER 1 OVERFLOW FLAG
;TIMER 1 RUN CONTROL BIT
;TIMER 0 OVERFLOW FLAG

; TIMER 0 RUN CONTROL BIT

;EXT INTERR. 1 EDGE FLAG
;EXT INTERR. 1 TYPE FLAG
;EXT INTERR. 0 EDGE FLAG
;EXT INTERR. 0 TYPE FLAG

output
output
output
output

We me we Ne Ne Ne N o~

START COMMAND
select A-B only or A-B-C-D

soleniod #4
solenoid #3
solenoid #2
solenoid #1

; time base indicator
; clock out 50.000 Hz
; tone output

on/off send data
simulate mode (speed-up test)

INTERRUPT BLINK

option
option
---> A-C
---> A-B

for calibration

SAVE POINTER USE IN INTERRUPT SERVI
; ROUTINE
STATE BYTE 1 = TIME

16 bit output cuntrol 21h 22h
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N
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w
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SAVE L:
SAVE_H:
STATE :

serial:
sim:
blink:
output:

KEY:

LED:
XOFF_FLAG:
ZEROING:
VALVE:
CYCLE_COUNT:

dJ
[
NonUldk WNER O

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

equ
equ
equ

equ
equ
equ
equ
equ
equ
equ
equ

EQU
EQU
EQU

i

equ
equ
equ
equ

EQU
EQU
BEQU
EQU
EQU
EQU

09FH
09EH
09DH
09CH
09BH
09AH
099H
098H
08FH
08EH
08DH
08CH
08BH
08AH
089H
088H

090H
091H
092H
093H
094H
095H
096H
097H

0alOh
0alh
0azh

0bOh
Oblh
0b2h
O0b3h
Ob4h
Ob5h
Obéh
0b7h

048H
049H
038H

RAM BIT ADDRESS

18h
19h
1Ah
21h

0BH
08H
OAH
ODH
OEH

OFH

;current time storage

secl00:
sec:

equ
equ

25h
26h

.
I
']

‘

7

’
.
7
.
7
.
!
.
7
.
1
.
I
.
I
.
’
.
!
.
[
.
[
.
!
.
1

I

e e e e e e M w

SERIAL MODE O

SERIAL MODE 1

SERIAL MODE 2

SERIAL RECEPTION ENABLE
TRANSMITT BIT 8

RECEIVE BIT 8

TRANSMIT INTERRUPT FLAG
RECEIVE INTERRUPT FLAG
TIMER 1 OVERFLOW FLAG
TIMER 1 RUN CONTROL BIT
TIMER 0 OVERFLOW FLAG
TIMER 0 RUN CONTROL BIT
EXT INTERR. 1 EDGE FLAG
EXT INTERR. 1 TYPE FLAG
EXT INTERR. 0 EDGE FLAG
EXT INTERR. 0 TYPE FLAG

START COMMAND
select A-B only or A-B-C-D

output soleniod #4 option
output solenoid #3 option
output solenoid #2 ---> A-C
output solenoid #1 ---> A-B

time base indicator

clock out 50.000 Hz for calibration
tone output

SAVE POINTER USE IN INTERRUPT SERVI
ROUTINE
STATE BYTE 1 = TIME

on/off send data
simulate mode (speed-up test)

16 bit output cuntrol 21h 22h

INTERRUPT BLINK



min: equ 27h

hour: equ 28h
day: equ 290
MONTH : EQU 2AH
YEAR: EQU 2BH
warm_code: equ 2Eh
light: equ 2dh
econo: equ 2ch
tloadj: equ 2fh
pgm _buffer: equ 30h ; start from 30h
CEIVE_BUFFER: EQU 4AH
TOP_FIFO: EQU 1000H ; TOP OF FIFO BUFFER
GR EQU ODH
LF: EQU OAH
EOS: EQU 10H
BELL: EQU 07H

I.******************************************************

I

ORG 000H
LJMP MAIN_ TIMER
org 003h
1jmp service_int0 ; for airconditioner start manually
ORG 00BH
LJMP SERVICE _TO ; TIMER COUNTER O INTERRUPT
ORG 0100H

; INIT RS232C INITIALIZED 89C2051 SERIAL PORT
; BAUD RATE: 9600

; DATA LENGTH: 8 BIT

; STOP BIT: 1 BIT

; PARITY: NO

; X-TAL: 3.579545 MHz

INIT: MOV TMOD, #00100001B
MOV SCON, #01010010B
MOV PCON, #10000000B ; smod = 1
MOV TH1, #OFEH ; TIMER1 LOAD VALUE
SETB TR1 ; START TIMER1
RET
; SEND SEND A TO SERIAL PORT
- CHECK TRANSMITTER BUFFER BEFORE SEND
3 ENTRY: A
: EXIT: NO
SEND : JNB TI, SEND
CLR TE
MOV SBUF, A ;OK BUFFER EMPTY SEND OUT...

RET




min:

hour:

day:

MONTH :
YEAR:
warm_code:
light:
econo:
tloadj:

pgm _buffer:

CEIVE_BUFFER:
TOP_FIFO:

CR:
LF:
EOS:
BELL:

equ 27h

equ 28h

equ 2%h

EQU 2AH

EQU 2BH

equ 2Eh

equ gdﬁ

equ c

equ 2fh

equ 30h ; start from 30h
EQU 4AH

EQU 1000H ; TOP OF FIFO BUFFER

EQU ODH

EQU OAH

EQU 10H
EQU 07H

'-******************************************************

1

ORG

org
1jmp

ORG

000H

LJMP MAIN_ TIMER
003h
service_int0 ; for airconditioner start manually
00BH
LJMP SERVICE TO ; TIMER COUNTER O INTERRUPT
ORG 0100H

; INIT RS232C INITIALIZED 89C2051 SERIAL PORT

i
i
.
i
i
.
i

INIT:

SEND

e e e N we w

SEND:

BAUD RATE: 9600
DATA LENGTH: 8 BIT
STOP BIT: 1 BIT
PARITY: NO

X~-TAL: 3.579545 MHz

MOV TMOD, #00100001B

MOV SCON, #01010010B

MOV PCON, #10000000B ; smod = 1

MOV TH1, #OFEH ; TIMER1 LOAD VALUE
SETB TR1 ; START TIMER1

RET

SEND A TO SERIAL PORT
CHECK TRANSMITTER BUFFER BEFORE SEND
ENTRY: A
EXIT: NO
JNB TI,SEND
CLR TI
MOV SBUF, A ;OK BUFFER EMPTY SEND OUT...

RET




RECIVES:
AGAIN:
GET RI:

READY :

RECIVE:

SEND_PROMPT:

CR_LF:

XOFF:
XON :
BREAK :
EOF :

RECIVES RECIVE BYTE FROM SERIAL PORT WITH TIME-OUT FUNCTION
ENTRY: NO
EXIT: A = ASCII NUMBER OR STRING COMMAND

MOV
MOV
JB

CLR

;RECIVE

JNB
CLR
MOV
LCALL
RET

; SEND_PRO

I

!

.
!

LCALL
MOV
LCALL
RET

A = FF TIME-OUT

R7, #05H
R6, #00H ; TIME-OUT DELAY
RI,READY
DJNZ R6,GET_RI
DJNZ R7,AGAIN
MOV A, #OFFH ; TIME-OUT NO DATA RECEPTE
RET
RI
MOV A, SBUF
RET

RECIVE BYTE PUT TO A FROM SERIAL PORT

WAIT UNTIL RECIVER BUFFER READY

ENTRY: NO
EXIT: A

RI,RECIVE

R

A, SBUF j GET LT

SEND ; ECHO TO TERMINAL
MPT

CR_LF

DPTR, #PROMPT
SEND STRING

CR SEND SEND CR TO RS232
ENTRY: NO

MOV
LCALL
MOV
LCALL
RET

EQU
EQU
EQU
equ

EXIT: NO

A #

CR

SEND
A, #LF
SEND

13H
13H
00H
OFH

; SEND XOFF SEND XOFF TO RS232
ENTRY: NO

SEND XOFF: MOV

LCALL
RET

; SEND XON

!

EXIT: NO

A, #XOFF
SEND

;GET XOFF CHARACTER



RECIVES RECIVE BYTE FROM SERIAL PORT WITH TIME-OUT FUNCTION
; ENTRY: NO

; EXIT: A = ASCII NUMBER OR STRING COMMAND

A = FF TIME-OUT

RECIVES: MOV R7,#05H
AGAIN: MOV R6,#00H ; TIME-OUT DELAY
GET RI: JB RI,READY

DJINZ R6,GET RI
DJNZ R7,AGAIN

MOV A, #0OFFH ; TIME-OUT NO DATA RECEPTE
RET
READY: CLR RI
MOV A, SBUF
RET

;RECIVE RECIVE BYTE PUT TO A FROM SERIAL PORT
; WAIT UNTIL RECIVER BUFFER READY

; ENTRY: NO
; EXIT: A
RECIVE: JNB RI,RECIVE
CLR RI
MOV A, SBUF ; GET IT
LCALL SEND ; ECHO TO TERMINAL

RET
; SEND_PROMPT

SEND_ PROMPT: LCALL CR_LF

MOV DPTR, #PROMPT
LCALL  SEND_STRING
RET

;CR_SEND SEND CR TO RS232

; ENTRY: NO
; EXIT: NO
CR_LF: MOV A, #CR
LCALL SEND
MOV A, #LF
LCALL SEND
RET
XOFF : EQU 13H
XON: EQU 11H
BREAK : EQU 00H
EOF : equ OFH

; SEND_XOFF SEND XOFF TO RS232

; ENTRY: NO
; EXIT: NO
SEND_XOFF: MOV A, #XOFF ;GET XOFF CHARACTER
LCALL SEND

RET

; SEND_XON

i



.
I

SEND_XON: MOV A, #XON
LCALL SEND

RET
; SPACE
SPACE: MOV A, #20H
LCALL SEND
RET
;ASCII_BIN CONVERTS SINGLE ASCII CHARACTER TO SINGLE NIBBLE
; BINARY
; ENTRY: A ( 30-39 for 0-9, 41-46 for A-F, 61-66 for a-f
; EXIT: A
; ignor lower case clr bit 5 before
ASCII BIN: CLR C
MOV R6,A
SUBB A,#41H
JNC ASCII_AF
MOV A,R6
CLR &
SUBB A, #30H
RET
ASCII F: CLR C
MOV A,R6
SUBB A, #37H
RET

; COMBINE DATA 2 BYTE TO SINGLE BYTE
: ENTRY: R4= LOW NIBBLE
i R5= HIGH NIBBLE

EXIT: A

COMBINE MOV A,R5
SWAP A

ADD A,R4

RET

GET BYTE GET DATA FROM SERIAL PORT TWO BYTE SAVE TO
R5 AS A HIGH NIBBLE AND R4 AS A LOW NIBBLE
ENTRY: NO, serial port must be initialzed before callin

; EXIT: A
GET BYTE: LCALL RECIVE ; FIRST READING MUST GO TO R5 !!

LCALL ASCII BIN

MOV R5,A

ECALL RECIVE

ECALL ASCII BIN

MOV R4, A >

LCALL COMBINE

RET

;BIN ASCII CONVERT BIN TO ASCII CODE

: ENTRY: A
7 EXIT : A
BIN ASCII:
ANL A, #0FH
MOV R2,A
CLR €

SUBB A, #0AH



I

SEND_XON: MOV A, #XON
LCALL SEND

RET
; SPACE
SPACE: MOV A, #20H
LCALL SEND -
RET
;ASCII BIN CONVERTS SINGLE ASCII CHARACTER TO SINGLE NIBBLE
; BINARY
; ENTRY: A ( 30-39 for 0-9, 41-46 for A-F, 61-66 for a-f
; EXIT: A
; ignor lower case clr bit 5 before
ASCII BIN: CLR C
MOV R6,A
SUBB A,#41H
JNC ASCII_AF
MOV A,R6
CLR Cc
SUBB A, #30H
RET
ASCII F: CLR C
MOV A,R6
SUBB A,#37H
RET

; COMBINE DATA 2 BYTE TO SINGLE BYTE
; ENTRY: R4= LOW NIBBLE

; R5= HIGH NIBBLE
; EXIT: A

COMBINE MOV A,R5
SWAP A
ADD A,R4

RET

GET BYTE GET DATA FROM SERIAL PORT TWO BYTE SAVE TO
R5 AS A HIGH NIBBLE AND R4 AS A LOW NIBBLE
ENTRY: NO, serial port must be initialzed before callin

H EXIT: A
GET_BYTE: LCALL RECIVE ; FIRST READING MUST GO TO R5 !!

LCALL ASCII BIN

MOV R5,A

LCALL RECIVE

LCALL ASCII BIN

MOV R4,A

LCALL COMBINE

RET

;BIN ASCII CONVERT BIN TO ASCII CODE

; ENTRY: A
; EXIT : A
BIN ASCII:
ANL A, #0FH
MOV R2,A
CLR c

SUBB A, #0AH



ASCII AF2:

BYTE ASCII:

SEND ASCII:

JNC ASCII_AF2
MOV A, R2
ADD A, #30H
RET
MOV A,R2
ADD A, #37H
RET
;BYTE ASCII CONVERT A TO ASCII
MOV B,A
LCALL BIN ASCII
MOV R4,A
MOV A,B
SWAP A
LCALL BIN ASCII
MOV R5,A
RET
;SEND ASCII SEND ASCII IN RS5 (HI
; INPUT : A
OUTPUT : NONE
LCALL BYTE ASCII
MOV A,R5
LCALL SEND
MOV A, R4
LCALL  SEND
RET

;NIBBLE _SHIFT SHIFT FOUR DIGIT
ENTRY RO POINTED
EXIT NO

I

.
!

INC
MOV
SWAP
ANL
MOV
DEC
MOV
SWAP
MOV
ANL
ADD
INC
MOV
MOV
ANL
DEC
MOV
RET

NIBBLE SHIFT:

IN R4, R5

BYTE TO MONITOR

) R4 (LO)

BCD NUMBER LEFT A NIBBLE
TO LSD

RO

A, @RO

A

A, #0FOH
R1,A

RO

A, @RO

A

R2,A

A, #0FH
A,R1

RO
@RO,A
A,R2

A, #0FOH
RO
@RO, A

;SHIFT 16BIT SHIFT LEFT 1 BIT ADDRESS $3D, $3E

$3D LO BYTE

S3E - HI BYTE
ENTRY: NO

EXIT: Carry Flag

#
’
.
I
I

SHIFT 16BIT: CLR C
MOV A, 3DH
ADD A, 3DH

{($3E,$3D)} X 2



JNC ASCII_AF2

MOV A,R2
ADD A, #30H
RET

ASCII_AF2: MOV A,R2
ADD A,#37H
RET

;BYTE_ASCII CONVERT A TO ASCII IN R4, R5

BYTE ASCII: MOV B,A
LCALL BIN ASCII

MOV R4,A

MOV A,B

SWAP A

LCALL BIN_ASCII
MOV R5,A

RET
;SEND ASCII SEND ASCIT IN R5(HI) R4 (LO) BYTE TO MONITOR
; INPUT : A
; OUTPUT : NONE
SEND_ASCII: LCALL BYTE_ASCII
MOV  A,R5

LCALL SEND

MOV A,R4

LCALL SEND
RET

;NIBBLE SHIFT SHIFT FOUR DIGIT BCD NUMBER LEFT A NIBBLE
; ENTRY : RO POINTED TO LSD
; EXIT : NO

NIBBLE SHIFT: INC RO
MOV A, @RO
SWAP A
ANL A, #O0FOH
MOV R1,A
DEC RO
MOV A, @RO
SWAP A
MOV R2,A
ANL. A, #OFH
ADD A,R1
INC RO
MOV @RO,A
MOV A,R2
ANL A, #0F0H
DEC RO
MOV @RO,A
RET

;SHIFT 16BIT SHIFT LEFT 1 BIT ADDRESS $3D, $3E
; $3D LO BYTE

; $3E HI BYTE

; ENTRY: NO

; EXIT: Carry Flag

SHIFT 16BIT-: CLR C ; {($3E,$3D)} X 2
MOV A, 3DH
ADD A, 3DH



MOV 3DH,A
MOV A, 3EH
ADDC A,3EH
MOV 3EH,A
RET ; CARRY GONE

;BIN BCD CONVERT 16 BIT BINARY TO BCD
SHIFT LEFT 1 BIT FROM MOST SIGNIFICANT BIT TO LEAST SIG
BIT , IF CARRY = 1 THEN BCD= (2°N + BCD)

ENTRY: 16 BIT DATA
$30 ="LO BYTR
$3E = HI BYTE
EXIT: 6 DIGIT BCD

e Ne Mo Ne M. N N N N N we N N

$36L = 0
$36H = 10
$37L = 100
$37H = 1000
$38L = 10000
$38H = 100000
BIN BCD: MOV 36H, #00 ; CLEAR BCD BEFORE
MOV 37H, #00
MOV 38H, #00
MOV R1, #00H
MOV R7,#16D
BIN 1: LCALL  SHIFT 16BIT
JNC NEXT BIT
; OK CARRY = 1 ADD BCD TO 2°N CONSTANT IN TABLE2
MOV DPTR, # TABLE2
CLR C
MOV RO, #36H
MOV R6, #03H
BIN 2: MOV A,R1
MOVC A, @A+DPTR
ADDC A, @RO
DAA
MOV @RO,A
INC DPTR
INC RO
DJINZ R6,BIN 2
NEXT BIT: INC R1
INC R1
INC R1
DJINZ R7,BIN 1
RET
TABLE2: DFB 68H,27H, 03H
DFB 84H, 63H, 01H
DFB 92H, 81H, 00H
DFB 96H, 40H, 00H
DFB 48H, 20H, 00H
DFB 24H, 10H, 00H
DFB 12H, 05H, 00H
DFB 56H, 02H, 00H
DFB 28H, 01H, 00H
DFB 64H, 00H, 00H
DFB 32H, 00H, 00H
DFB 16H, 00H, 00H
DFB 08H, 00H, 00H

DFB 04H, 00H, 00H



MOV 3DH,A
MOV A, 3EH
ADDC A, 3EH
MOV 3EH,A
RET ; CARRY GONE

;BIN _BCD CONVERT 16 BIT BINARY TO BCD
SHIFT LEFT 1 BIT FROM MOST SIGNIFICANT BIT TO LEAST SIG
BIT , IF CARRY = 1 THEN BCD= (2°N + BCD)

ENTRY: 16 BIT DATA
$3D = LO BYTE
$3E = HI BYTE
EXIT: 6 DIGIT BCD

e e Ne Mo e me My e my my me wme wy

$36L = 0
$36H = 10
$37L = 100
$37H = 1000
$38L = 10000
$38H = 100000
BIN BCD: MOV 36H, #00 ; CLEAR BCD BEFORE
MOV 37H, #00
MOV 38H, #00
MOV R1,#00H
MOV R7,#16D
BIN 1: LCALL  SHIFT 16BIT
JNC NEXT BIT
; OK CARRY = 1 ADD BCD TO 2"N CONSTANT IN TABLE2
MOV DPTR, #TABLE2
CLR C
MOV RO, #36H
MOV R6,#03H
BIN 2: MOV A,R1
MOVC A, @A+DPTR
ADDC A, @RO
DAA
MOV @RO, A
INC DPTR
INC RO
DJINZ R6,BIN 2
NEXT BIT:  INC R1
INC R1
INC R1
DJINZ R7,BIN 1
RET
TABLE2: DFB 68H, 27H, 03H
DFB 84H, 63H, 01H
DFB 92H, 81H, 00H
DFB 96H, 40H, 00H
DFB 48H, 20H, 00H
DFB 24H, 10H, 00H
DFB 12H, 05H, 00H
DFB 56H, 02H, 00H
DFB 28H, 01H, 00H
DFB 64H, 00H, 00H
DFB 32H, 00H, 00H
DFB 16H, 00H, 00H
DFB 08H, 00H, 00H

DFB 04H, 00H, 00H



DFB 02H, 00H, 00H
DFB 01H, 00H, OOH

P HEHHEH A A A R
TIMER 0 INTERRUPT SERVICE ROUTINE
enter to this routine every 1/10 Hz

update current time and date

check current day and time every 1 sec

if current time = set time the activates 8 output

.

P R

Ny we Wy Wy e we W,

SERVICE_TO: PUSH PSW
PUSH ACC
PUSH B
PUSH DPL
PUSH DPH

MOV PSW, #00001000B ; SELEC

; TIMER 0 SERVICE BODY

; cpl p3i.5 ; check time base should be

MOV THO, #COUNT_H

MOV TLO, t10adj ; get low byte adjustable
lcall light on

inc secl00 i

mov a,secl00

cjne a, #0AH, CHECK_SEC ; update second every 10 cou
inc econo

mov a,econo

cjne a,#05h, skip_econo

mov econo, #00h

setb blink

el p3.7 ; turn on light every 5 seco

; since inc secl00 as binary
skip econo:

lcall io_out
jnb serial,no_send

LCALL SEND_TIME

no_send: mov secl00, #00h
mov a, sec
add a,#01d
daa
mov sec,a
CHECK_SEC:
mov a, sec
cjne a, #60H, CHECK MIN
jnb sim,min_send

lcall send _time

min_send:
mov sec, #00d
mov a,min
add a,#01d
daa

mov min, a




DFB 02H, 00H, 00H
DFB 01H, 00H, 00H

; R S S R R R
; TIMER 0 INTERRUPT SERVICE ROUTINE

; enter to this routine every 1/10 Hz

; update current time and date

; check current day and time every 1 sec

; if current time = set time the activates 8 output

.

SR A S R R R

SERVICE_TO: PUSH PSW
PUSH ACC
PUSH B
PUSH DPL
PUSH DPH

MOV PSW, #00001000B ; SELEC

; TIMER 0 SERVICE BODY

; cpl p3.5 ; check time base should be

MOV THO, #COUNT_H

MOV TLO, t10adj ; get low byte adjustable
lcall light _on

inc secl00 ;

mov a,secl0o0

cjne a, #0AH, CHECK_SEC ; update second every 10 cou
inc econo

mov a,econo

cjne a,#05h, skip_ econo

mov econo, #00h

setb blink

clr p3.7 ; turn on light every 5 seco

; since inc secl00 as binary
skip econo:

lcall io_out
jnb serial,no_send

LCALL SEND_TIME

no_send: mov secl00, #00h
mov a, sec
add a,#01d
daa
mov sec,a
CHECK_SEC:
mov a, sec
cjne a,#60H, CHECK MIN
jnb sim,min_send

lcall send_time

min_ send:
mov sec, #00d
mov a,min
add a, #01d
daa

mov min, a




CHECK_MIN:
mov
cjne
mov
mov
add
daa
mov

CHECK_HOUR:
mov
cjne
mov
mov
add
daa
mov

check day:
oail
mov
cjne
mov
mov
add
daa
mov

check _month:
mov
cjne
mov
mov
add
daa
mov

check_year:

a,min

a, #60H, CHECK_HOUR

min, #00d
a,hour
a,#01d

hour, a

a, hour

a, #24h, check day

hour, #00d
a,day
a,#01d

day, a

get _month_day

a,day

a,b,check month

day, #01d
a,month
a,#01d

month, a

a,month

a,#13h, check_year
month, #01d

a,year
a,#01d

year, a

POP
POP
POP
POP
POP
RETI

;jsend output send output

send outputs:

OUEer :

inner:

lcall
lcall
mov
mov
lcall
mov
mov
mov
cpl
MOV
cpil
mov
mov

DPH
DPL

ACC
PSW

(display) to terminal for simulate test

space
space
r6,#01d

dptr, #output prompt
send string

r0, #output
r7,#08d

a, @r0

B

P1,A

QoW

ra
, b

; tiny timer

; sink curren
; send curren



CHECK_MIN:
mov
cjne
mov
mov
add
daa
mov

CHECK_HOUR:
mov
cjne
mov
mov
add
daa
mov

check _day:
lcall
mov
cjne
mov
mov
add
daa
mov

check month:
mov
cjne
mov
mov
add
daa
mov

check_year:

a,min

a, #60H, CHECK_HOUR

min, #00d
a,hour
a,#01d

hour, a

a,hour

a,#24h, check_day

hour, #00d4
a,day
a,#01d

day, a

get_month_day

a,day
a, b, check

month

day, #01d

a,month
a,#01d

month, a

a,month

a,#13h, check _year
month, #01d

a,year
a,#01d

year, a

POP
POP
POP
POP
POP
RETI

;send output send output

send outputs:

outer:

inner:

lcall
lcall
mov
mov
lcall
mov
mov
mov
cpl
MOV
cpl
mov
mov

DPH
DPL

ACC
PSW

(display) to terminal for

space
space

r6,#014

dptr, #output_ prompt
send_string

r0, #output

r7,#08d

a,ero0

a

P1,A

O ow

ra
b

gsimulate test

; tiny timer

; sink curren
; send curren



rlc a

mov b,a

3 {o on_contact
mov a,#"-
lcall send

lcall space

sjmp next bits

on_contact:
mov a,#"o"
lcall send
lcall space

next bits: djnz r7,inner
inc r0
djnz r6,outer
rer

;light on blink led shows time base is run

light on: jnb blink,led on ; if blink not set do not cou
mov a,light
inc a

mov light,a
cjne a,#01h,led_on
mov light, #00h

setb p3.7 ; 'OfF 1light
clr blink ; finished blink
led_on: ret

;send tone send tone like beep beep to p2.2

send tone: mov r7,#00h

tonel: elr p2..2
mov r6, #50h
tonel: djnz 1r6,tonel
setb p2.2
mov r6, #50h
tone2: djnz r6,tone2
djnz r7,tonel
ret

;BCD ASCII CONVERT BCD NUMBER TO ASCII CODE
; ENTRY: A {LOW NIBBLE ONLY}

i EXIT: A

BCD ASCII: ANL A, #0FH ;GET ONLY LOW NIBBLE
ADD A, #30H ; CONVERT TO ASCII CODE
RET

;8end current time
send time:

LCALL CR_LF

MOV  A,DAY
LCALL SEND ASCII
MOV A, #"-
LCALL SEND

MOV A, MONTH
LCALL SEND ASCII
MOV A, #"-



rlc a

mov b,a

jec on_contact

mov a,#"-

lcall send

lcall space

sjmp next bits
on_contact:

mov a,#"on

lcall send

lcall space
next_bits: djnz r7,inner

inc r0

djnz 1r6,outer

ret

;light on blink led

jnb
mov
inc
mov
cjne
mov
setb
clr
ret

light on:

led_on:

shows time base is run

blink,led_on ;
a,light

a

light,a
a,#01h,led on
light, #00h
p3.7

blink

.
7

.
7

if blink not set do not cou

off light
finished blink

;send_tone send tone like beep beep to p2.2

send tone: mov r7,

tone0l: clr p2
mov r6,

tonel: djnz r6,

setb p2.2

mov r6,#50h

tone2: djnz r6,
djnz x7
ret

#00h
.2
#50h
tonel

tone2
, tone0l

;BCD_ASCII CONVERT BCD NUMBER TO ASCII CODE

l

; EXIT: A

ANL
ADD
RET

BCD_ASCII:

;send current time
send_time:
LCALL CR LF

MOV  A,DAY
LCALL SEND ASCII

MOV A, #v-
LCALIL SEND
MOV A,MONTH

LCALL SEND ASCII
MOV A, #"-

A, #0FH
A, #30H

ENTRY: A {LOW NIBBLE ONLY)}

;GET ONLY LOW NIBBLE
; CONVERT TO ASCII CODE



LCALL
MOV
LCALL
MOV
LCALL
LCALL

MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL
lcall

RET

;1o out send output o0l-08 when current time =

I
.
r

.
[

io_out:

i00:

< Na i B

skip_day:

io4:
io2:
io3:

;GET_MONTH_DAY get day-end of each month,
A

SEND
A, #25H
SEND ASCII
A, YEAR
SEND ASCII
SPACE

A, HOUR
SEND_ASCII
A H": "
SEND
A,MIN
SEND ASCII
I #uTn
SEND

A, SEC
SEND ASCII

send_outputs

setting time

scan setting time and compare current time
= set time then activate i/o
els next set time till eof found

if current time

mov
mov
cjne
reg

jb
cjne

inc
mov
cjne
inc
mov
cjne
inc
mov
mov
cpl
mov
ret

inc
inc
inc
inc
sjmp

entry:
exit:

r0, #pgm buffer

a,@r0
a, #eof,iol

p3.5,skip_day 1

a,day, io4

r0

a,@r0

a, hour, 102
r0

a, @ro0
a,min, io3
r0

a, @r0
output, a
a

pl,a

r0
r0
r0
r0
io0

= day-end

Ne e W we Wy W

IE py .7 =
check day

0 then skip da

check hour

check min
current time =
get output

put to output byte

i.e., sink current is us
activate port 1 also

set time

e.g. Jan=31, Feb=28,"M

current month 01,02,03,...,12



LCALL

SEND

MOV A, #25H

LCALL

SEND ASCII

MOV A,YEAR

LCALL
LCALL

SEND ASCII
SPACE

MOV A, HOUR

LCALL

SEND_ASCII

MOV A, #v.n

LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL
lcall

RET

SEND

A,MIN

SEND ASCIT
A, #n?n

SEND

A, SEC
SEND_ASCII
send_outputs

;io_out send output 0l1-08 when current time = setting time
scan setting time and compare current time
if current time = set time then activate i/o
els next set time till eof found

I
.
1

i

io_out:

io0:

iol:

skip_day:

io4:
i02:
jio3:

;GET_MONTH_DAY get day-end of each month,
,etc.

mov
mov
cjne
ret

jb
cjne

inc
mov
cjne
inc
mov
cjne
inc
mov
mov
cpl
mov
ret

inc
inc
inc
inc
sjmp

entry:
exit:

r0, #pgm_buffer
a,@r0
a, #eof,iol

p3.5,skip_day
a,day, io4

r0

a,ero0
a,hour, io2
r0

a,@ro0
a,min, io3
r0

a,ero0
output, a
a

pl,a

r0
r0
ro
r0
io0

e we e e wy we

if p3.7 = 0 then skip da
check day

check hour

check min

current time = set time
get output

put to output byte

i.e., sink current is us
activate port 1 also

e.g. Jan=31, Feb=28, M

current month 01,02,03,...,12

B = day-end




get month day: mov a,month ; get current month
ciyrr o
subb a, #10h
jc  bed_is_binary
mov a,month
Gir g
subb a, #06h
sjmp convert to binary
bcd is _binary: mov a,month
convert to binary: dec a
mov dptr, #day_end table
movc a,@a+dptr
mov b,a
ing b ; to compensate increment
ret
day end table: dfb 31h ; Jan
dfb 28h ; Feb
dfb 31h ; Mar
dfb 30h ; Apr
dfb 31h ; May
dfb: 30h - ;7 Jun
dftb- -3k =~ Jul
AaEp 3 1h o R
dfb 30h - Sep
gt -31h- ;. Of%
dfb: 30h  ; Now
gfp - 31hE o -DEp

;BUFFER ASCII CONVERT BCD IN BUFFER START $30

- $35

i ~ ENTRY: BCD NUMBER IN TRANSMIT BUFFER
; EXIT: ASCII CODE IN TRANSMIT BUFFER

BUFFER _ASCII:

NEXT ASCII:

MOV
MOV
MOV
LCALL
MOV
INC
DJINZ
RET

R7,#06H
RO, #30H
A, @RO
BCD ASCII
@RO,A

RO

R7,NEXT_ ASCII

; SEND_BUFFER SEND ASCII CODE IN TRANSMIT BUFFER TO SERIAL PORT
s THEN DATA SEPERATOR /32/32
. ENTRY: ASCII CODE IN TRANSMIT BUFFER

; EXIT: NO
SEND BUFFER:

NEXT BYTE:

MOV
MOV
MOV
LCALL
DEC
DJINZ
lcall

RET

R7,#06H
RO, #35H
A, @RO

SEND

RO

;SEND OUT TO SERIAL PORT

R7,NEXT_ BYTE
=i 8

;service int0 activates three output port manually

service_intO0:

push acc



get_month _day: mov a,month ; get current month
clr c
subb a,#10h
jc  bed_is_binary
mov a,month
clr c
subb a,#06h
sjmp convert_to_binary
bcd is_binary: mov a,month
convert to_binary: dec a
mov dptr,#day_end_table
movce a,@a+dptr
mov b,a
inc b ; to compensate increment
ret
day_end_table: dfb 31h ; Jan
dfb 28h ; Feb
dfb 31h ; Mar
dfb 30h ; Apr
dfb 31h ; May
dfb 30h ; Jun
dfb 31h ; Jul
dfb 31h ; Aug
dfb 30h ; Sep
dfb 31h ; Oct
dfb 30h ; Nov
dfb 31h ; Dec

;BUFFER_ASCII CONVERT BCD IN BUFFER START $30 - $35
; ENTRY: BCD NUMBER IN TRANSMIT BUFFER
; EXIT: ASCII CODE IN TRANSMIT BUFFER

BUFFER_ASCII:

NEXT ASCII:

MOV
MOV
MOV
LCALL
MOV
INC
DJINZ
RET

R7,#06H
RO, #30H
A, @RO
BCD_ASCIT
@RO, A

RO

R7,NEXT ASCII

;SEND BUFFER SEND ASCII CODE IN TRANSMIT BUFFER TO SERIAL PORT
; THEN DATA SEPERATOR /32/32
; ENTRY: ASCII CODE IN TRANSMIT BUFFER

; EXIT: NO
SEND_BUFFER :

NEXT BYTE:

MOV
MOV
MOV
LCALL
DEC
DJINZ
lcall

RET

R7,#06H
RO, #35H
A, @RO

SEND

RO

;SEND OUT TO SERIAL PORT

R7,NEXT BYTE
cr_1f

;jservice_int0 activates three output port manually

service_ intO0:

push acc



setb 0fh

mov a,output
epl “a

mov pl,a
pop acc

reti

;COMPARE TWO 16 BIT BINARY NUMBER
ENTRY: RO FIRST OPERAND

I
U
.
¥
I

COMPARE :

R

CLR
MOV
SUBB
INC
INC
MOV
SUBB
RET

1 SECOND OPERAND

C

A, @RO
A, @R1
RO

R1
A,@RO
A, @R1

EXIT: C=1 FIRST OPERAND < SECOND OPERAND

C=0 FIRST OPERAND >= SECOND OPERAND

###############################################################
MAIN PROGRAM

P R R R R

i #

CURRENT TIME L:
CURRENT TIME H:
CURRENT PROG L:
CURRENT PROG H:
COUNT _L:

COUNT_H:

MAIN TIMER:

cold boot:

warm boot:

EQU
EQU
EQU
EQU

EQU

EQU

MOV
mov
mov
cle
clr
mov
mov
mov
mov
cjne
sjmp

mov
mov

MOV
MOV
MOV
MOV
MOV
MOV
mov

40H
41H
42H
43H

92h ; 7AH

1o =100 HE

SP, #60H
light, #00h
pl, #111111311b
serial
blink
secl00, #00h
econo, #00h
tl0adj, #92h
a,warm_code
a, #"/",cold_boot
warm boot

warm_code, #"%"
pgm _buffer, #eof

SEC, #00D
MIN, #30H
HOUR, #12H
DAY, #29H
MONTH, #04H
YEAR, #37H
output, #00h

; <--- find adjust in case of
; frequency is not a 3.579545 MHz
8BH ; interrupt every 3.579545 MHz/12* (65536

!

.
!

stack area start $60-S

off output

for adjustment later vi

; blank pgm at power up



setb 0fh

mov a,output
cpl a

mov pl,a
pop acc

reti

;COMPARE TWO 16 BIT BINARY NUMBER
ENTRY: RO FIRST OPERAND
R1 SECOND OPERAND

4
4
I
)

COMPARE :

CLR
MOV
SUBB
INC
INC
MOV
SUBB
RET

C
A,@RO
A,@R1
RO

R1
A,@RO
A,@R1

EXIT: C=1 FIRST OPERAND < SECOND OPERAND

C=0 FIRST OPERAND >= SECOND OPERAND

###############################################################
MAIN PROGRAM

P HEEHHHEER SRR R R R R e R

i #

CURRENT TIME L:
CURRENT TIME_H:
CURRENT PROG_L:
CURRENT PROG_H:

COUNT_L:

COUNT _H:

MAIN TIMER:

cold boot:

warm_boot:

EQU
EQU
EQU
EQU

EQU

EQU

MOV
mov
mov
clr
clr
mov
mov
mov
mov
cjne
sjmp

mov
mov

MOV
MOV
MOV
MOV
MOV
MOV
mov

40H
41H
42H
43H

92h ; 7AH

= 10 Hz

7

SP, #60H
light, #00h
pl,#11111111b
serial
blink
secl00, #00h
econo, #00h
tl0adj, #92h
a,warm_code
a,#"%", cold boot
warm_ boot

warm_code, #"$"
pgm_buffer, #eof

SEC, #00D
MIN, #30H
HOUR, #12H
DAY, #29H
MONTH, #04H
YEAR, #37H
output, #00h

; <--- find adjust in case of
; frequency is not a 3.579545 MHz
8BH ; interrupt every 3.579545 MHz/12* (65536

-
7

7

.
r

7

stack area start $60-$

off output

for adjustment later vi

; blank pgm at power up



SETB EA ; ENABLE ALL INTERRUPT

SETB ETO ; ENABLE TIMER 0 INTERRUPT
setb ex0 ; enable external interrup
MOV TMOD, #00000001B ; SET MODE 1 TO (16 BIT DI
LCALL INIT

SETB PTO ; TIMER 0 HIGHEST PIORITY

MOV DPTR, #TITLE
LCALL SEND_STRING

mov thO, #count_h ;start timer
mov tl1l0,#count 1
setb tro0 ;start timer
TEST10: jnb ri,testl0 ; polls receive buffer and
clr T

mov a, sbuf

cjne a,#"A",skip modem init ; SKIP MODEM INITIA
lcall recive ; SEARCH "AT" STRING
cjne a,#"T",skip _modem_ init

dummy init: lcall recive
cjne a,#icr,dummy_init ; UNTIL END OF STRIN
sjmp testl0

skip modem init:

orl a,#20h ; accept upper & lower
cjne a,#"o",coml0
sjmp off serial

comlO: cjne a,#"t",comll
sjmp transmit time

comil: cjne -a#rz",.coml2
sjmp adjust_clock

coml2: cjne a,#"e",coml3l
sjmp set_time

coml3: cjne a,#"d",coml4
sjmp set_date

coml4: cjne a,#"?",coml5
1jmp print_com

coml5: cjne a,#"s",comlé
1jmp speed up

coml6é: cjne a,#"p",coml?
1jmp program_time

coml7: cjne a,#"r",coml8
1jmp read pgm

coml8: cjne a;#%e, coml9
1jmp clear io

coml9: cjne a,#"/",com20
1jmp once

com20 :
lcall send_ prompt
LJMP TEST10



TEST10:

dummy init:

skip_modem init:

comlO:

comll:

coml2:

coml3:

coml4:

coml5:

comlé:

coml?7:

coml8:

coml9:

com20:

SETB
SETB
setb
MOV
LCALL
SETB
MOV
LCALL
mov
mov
setb

jnb
clr
mov

cjne
lcall
cjne

lcall
cjne
sjmp

orl
cjne
sjmp

cjne
sjmp
cjne
sjmp
cjne
sJjmp
cjne
sjmp
cjne
1jmp
cjne
1jmp
cjne
1jmp

cjne
1jmp
cjne
1jmp

cjne
1jmp

lcall
LJMP

EA ; ENABLE ALL INTERRUPT

ETO ; ENABLE TIMER O INTERRUPT
ex0 ; enable external interrup
TMOD, #00000001B ; SET MODE 1 TO (16 BIT DI
INIT

PTO ; TIMER 0 HIGHEST PIORITY

DPTR, #TITLE
SEND STRING
tho, #count_h
tl0, #count_1

;start timer

tro ;start timer

ri,testl0 ; polls receive buffer and
ri

a, sbuf

a,#"A",skip_modem_init ; SKIP MODEM INITIA

recive ; SEARCH "AT" STRING
a,#"T",skip modem init

recive

a,#cr,dummy init ; UNTIL END OF STRIN
testl0

a,#20h ; accept upper & lower

a,##"o", comlo0
off_ serial

a,#"t",comll
transmit_time

a,#"z",coml?2
adjust_clock

a,#"e",coml3
set _time

a,#"d",coml4
set_date

a,#"?",comls
print_com

a,#"s",comlée
speed_up

a,#"p",coml?7
program_time

a,#"r*,comls8
read_ pgm

a,#"c", coml9
clear_io

a,#"/", com20

once

send_prompt
TEST10



RUN2 : MOV TLO, #COUNT L
MOV THO, #COUNT H
SETB TRO ; START TIMER
RET

;off serial stop transmit current date and time to terminal
off serial:
clr serial
LCALL SEND_PROMPT
sjmp testl0

;transmit time start send current date and time to terminal
transmit time: setb serial
sjmp testl0

;adjust_clock change low byte of timer 0

adijust clock: lcall cr 1f
mov a,tlO0adj
lcall send ascii
lcall cf f
moyv.  a; el
lcall send
lcall get byte
mov tlOadj,a
lcall send_prompt
ljmp testlO

;set_time enter current time
set time: mov dptr, #time_set

lcall send string
lcall get_byte

mov hour, a ; save hour
lcall get_byte

mov min,a ; save min

lcall get _byte

mov sec,a ; save sec

lcall send_time
lcall send prompt
1jmp testl0

;8et _date enter current date
set_date: mov dptr, #date_set

lcall send_string
lcall get byte

mov day, a
lcall get byte
mov month, a
l1call /Get Dbyte
mov year,a

lcall send_time
lcall send_prompt
ljmp testlO0

;print _com shows command listing
print com: mov dptr, #command

lcall send_string
lcall send_prompt



RUN2 : MOV TLO, #COUNT_L
MOV THO, #COUNT_H
SETB TRO ; START TIMER
RET :

;off serial stop transmit current date and time to terminal
off serial:
clr serial
LCALL SEND_PROMPT
sjmp testlO

;transmit time start send current date and time to terminal
transmit time: setb serial
sjmp testlO

;adjust _clock change low byte of timer 0

adjust_clock: lcall cr_ 1f
mov a,tlO0adj
lcall send_ascii
lcall cr_1f
mov a,#"?"
lcall send
lcall get_byte
mov tlO0adj,a
lcall send_prompt
ljmp testlO

;set_time enter current time
set_time: mov dptr, #time_set

lcall send_string
lcall get_byte

mov hour,a ; save hour
lcall get_byte

mov min,a ; save min

lcall get_byte

mov sec,a ; save sec

lcall send_time
lcall send_prompt
1ljmp testl0

;set_date enter current date
set_date: mov dptr, #date_set

lcall send string
lcall get byte

mov day, a
lcall get_byte
mov month, a
lcall get byte
mov year,a

lcall send_time
lcall send_prompt
ljmp testlo

;print com shows command listing
print_com: mov dptr, #command

lcall send_string
lcall send_prompt



1jmp testl0
;speed up simulate output at high speed

speed up: cpl sim
1jmp testl10

;jprogram time wait file from terminal write to on chip ram
start $30-$63 60 bytes or 20 line accepted
program format:

: 01 7@5-203051 10k 0 @sle Lorl &
:02 06-2120 1 000 1789 Jcrlf
:00crlf
where
initiate start of line
Ol <record. L;2 3:
05 date
2030 time
110 10610 1 digita)k output
crlf end of line flag
00 end of record flag

maximum program storage provides 7 days, i.e. each day req
byte, thus total byte is 28 bytes from $30 - $50

TR TR PR P T D T TR TURE PR TIE T TR P

program time: clr tro ; stop timer before so after pr
mov dptr, #program ; loading is finished actual ti
lcall send string ; to be adjusted again.

lcall exr 1f
mov r0, #pgm_buffer

pgml: lcall recive
cjne a,#":",pgml

lcall get byte ; skip line

cjne a, #00h, pgm2 ; end of file detected

sjmp stop_pgm
pgm2 : 3 ;

lcall recive ; skip space

lcall get byte ; .get .date byte

mov @r0, a ; save date

lcall recive ; skip space

inc r0

lcall get byte ; get hour byte

mov @r0, a ; save hour

inc r0

lcall get_byte

mov @r0,a ; save min

inc r0

mov r7,#08d ; get control I/O bit
pgm3 : lcall recive ; skip space

lcall recive



1jmp testl0
;speed up simulate output at high speed

speed_up: cpl sim
1jmp testlo0

;program_time wait file from terminal write to on chip ram
start $30-$63 60 bytes or 20 line accepted
program format:

:01 05 2030 11021 001 1lcrlf
:02 06 21201 0 0 0 1 1 0 1lcrlf
:00crlf
where
initiate start of line
01 record 1,2,3,...
05 date
2030 time
11010011 digital output
crlf end of line flag
00 end of record flag

maximum program storage provides 7 days, i.e. each day req
byte, thus total byte is 28 bytes from $30 - $50

e e M. me Me s e N e e e e Wy W Ne

program time: clr tro ; stop timer before so after pr
mov  dptr, #program ; loading is finished actual ti
lcall send_ string ; to be adjusted again.

lcall cr_1f
mov r0, #pgm_buffer

pgmil: lcall recive
cjne a,#":",pgml

lcall get_byte ; skip line

cjne a, #00h, pgm2 ; end of file detected

sjmp  stop_pgm
pgm2 : ) )

lcall recive ; skip space

lcall get_byte ; get date byte

mov @r0, a ; save date

lcall recive ; skip space

inc r0

lcall get_byte ; get hour byte

mov @r0, a ; sSave hour

inc r0

lcall get _byte

mov @r0,a ; save min

inc r0

mov r7,#08d4 ; get control I/0 bit
pgm3: lcall recive ; skip space

lcall recive



pgm4 :
pgm> :

pgms :

stop_pgm:

read pgm:

read2:

read3:

read_io:

mov
lcall
mov
cjne
clr
sjmp

setb
mov
rlc
mov
lcall
djnz

lcall
cjne

I
sjmp

mov
lcall
cjne
mov
Teall
lcall

setb
1jmp

b,a
SEND_XOFF
a,b
a,#IIO",pgm4
e

pgm5

¢
a,@r0

a

@r0,a
SEND_XON

r7,pgm3

recive
a,#1f,pgme

120
pgml

@r0, #eof
recive

a,#1f,stop pgm

; pause string sending from t

; ready to receive again
; loop 8 times

; read next line

; end of file

dptr, #finish pgm

send string
send prompt

tro0
testl10

; resume timer interrupt again

read pgm read internal program for checking
reteive internal program send to terminal for checking
or changing current settings

lcall
mov
mov
cjne
mov
lcall

sjmp

lcall
lcall
inc
mov
lcall
mov
lcall
inc
mov
lcall
lcall

mov
lcall
e
mov

mov
154 W)
mov
ijc

ek o L

r0, #pgm buffer

a,@r0
a, #eof, read3

I

until eos (0FH) found

dptr, #end of file

send string
read4

send ascii
space

r0

a,@r0

send ascii
a,#" .
send

r0

a,@r0
send_ascii
space

.
!

send day

get hour
send hour

send min

dptr, #output prompt

send string
r0
a,@r0

r7,#08h
a

b,a
send_on



; mov b,a

; lcall SEND XOFF ; pause string sending from t
; mov a,b
cjne a,#"o", pgmé
clr C
sjmp  pgm5
pgm4 : setb c
pgm5 : mov a,er0
rlc a
mov @ro, a
; lcall SEND_XON ; ready to receive again
djnz r7,pgm3 ; loop 8 times
pgme : lcall recive
cjne a,#1f,pgmée
inc r0
sjmp pgml ; read next line
stop_pgm: mov @r0, feof ; end of file

lcall recive

cjne a,#1f,stop_pgm
mov dptr, #finish pgm
lcall send string
lcall send prompt

setb tro ; resume timer interrupt again
1ljmp testl10

; read pgm read internal program for checking
; reteive internal program send to terminal for checking
; or changing current settings

read_pgm: lcall cr_1f
mov r0, #pgm_buffer
read?2: mov a,@ro
cjne a,#eof,read3 ; until eos (0FH) found

mov dptr, #end of file
lcall send string
sjmp read4

read3: lcall send ascii ; send day
lcall space
inc r0
mov a,er) ; get hour
lcall send_ascii ; send hour
mov a,f":"
lcall send
inc r0
mov a,@ro
lcall send ascii ; send min

lcall space

mov dptr, #output_ prompt
lcall send_string
inc r0
mov a,@r0
mov r7,#08h
read_io: rlc a
mov b,a

jc send on



mov a,#n_u
lcall send
sjmp next_io _bit

send_on: mov a,#"o"
lcall send

next io bit:
icall - :space
mov a,b
djnz r7,read_io
dcall . c® if
inc r0
sjmp read2
read4:
lcall send prompt
1jmp testl0
;jclear io clear all 8 bit pl.0-pl.7

clear_io: mov output, #00000000b
mov pl,#11111111b ; Cclear portl also
lcall send time ; display results
lcall send_prompt
1jmp testl0

;once read current time

once

once: lcall send time
lcall send_prompt
1jmp testl0

;SEND STRING SEND STRING
; ENTRY: DPTR
; EXIT: FOUND

CLR
MOVC
CJINE
RET

SEND_STRING:

SEND STRING1: PUSH
PUSH
LCALL
POP
POP
INC

SJMP

CONSTANT TO TERMINAL
EOS

A
A, @A+DPTR
A, #EOS, SEND_STRING1

DPL
DPH
SEND
DPH
DPL
DPTR
SEND STRING

’-***************************************************************

: STRING CONSTANT AREA

,-***************************************************************

cr,lf,"Miniature Realtime Controller RTC-3707",CR,LF
"Designed by Wichit Sirichote"

TITLE: DFB
DFB
DFB CR,LF
PROMPT : DFB "& ",bEOS
command: dfb cr,1f
dfb "o return prompt",cr,1f



mov a,#"-
lcall send
sjmp next_io_bit

send_on: mov a,#"o"
lcall send

next_io_bit:
lcall space
mov a,b
djnz r7,read_io

lcall cr 1f
inc r0
sjmp read2

read4:
lcall send prompt
1ljmp testl10

;clear_io clear all 8 bit pl.0-pl.7

clear_io: mov output, #00000000b
mov pl,#11111111b ; clear portl also
lcall send time ; display results

lcall send_prompt
1jmp testl0

;once read current time once

once: lcall send_time
lcall send_prompt
1jmp testl0

; SEND_STRING SEND STRING CONSTANT TO TERMINAL
; ENTRY: DPTR
; EXIT: FOUND EOS

SEND_STRING: CLR A
MOVC A, @A+DPTR
CIJNE A, #EOS, SEND_STRING1

RET
SEND_STRING1: PUSH DPL
PUSH DPH
LCALIL SEND
POP DPH
POP DPL
INC DPTR

SJMP SEND_STRING

-***************************************************************

STRING CONSTANT AREA

****'k**********************************************************

TITLE: DFB cr,1lf,"Miniature Realtime Controller RTC-3707",CR,LF
DFB "Designed by Wichit Sirichote"
DFB CR,LF

PROMPT : DFB "& ",EOS

command: dfb cr,lf
dfb "o return prompt",cr,lf



finish pgm:

program:

output prompt :

time_set:
date_set:
end of file:
WHAT? :

dfb
dfb
dfb
dfb
dfb
dfb
dfb
dfb
dfb
dfb
dfb

dfb
dfb

dfb
dfb
dfb
dfb
DFB

"t
"o
na
ndg
ng
||p
"y
U]
" /
no
eos

send time",cr,1lf

adj. time base",cr,1f
enter current time",cr,1lf
enter current date",cr,1lf
stroke setting",cr,1lf
program timer",cr,lf

read program",cr,1lf

clear I/0",cr,1lf

send time once",cr,1lf
help command",cr,1lf

"Program stored",cr,lf,eos

cr,lf,"Ready to receive program'", eos

HOWTPUT.  [1.&8) " .e0s

cr,lf,"Enter current time > ", eos
cr,lf,"Enter current date >

"EQOF", eos
"WHAT?",CR, LF, EOS

END

", eos



finish_pgm:

program:

output prompt :

time_set:
date_set:
end of file:
WHAT? :

dfb
dfb
dfb
dfb
dfb
dfb
dfb
dfb
dfb
dfb
dfb

dfb
dfb

dfb
dfb
dfb
dfb
DFB

"
"
na
ng
ng
np
"y
L¥e]
u/
uo
eos

send time",cr,lf

adj. time base",cr,1lf
enter current time",cr,lf
enter current date",cr,1lf
stroke setting",cr,1lf
program timer",cr,lf

read program",cr,1lf

clear I/0",cr,1lf

send time once",cr,lf
help command",cr,lf

"Program stored",cr,lf,eos

cr,lf, "Ready to receive program", eos

"OUTPUT ([1..8] ",eos

cr,lf,"Enter current time > ",eos
cr,1lf,"Enter current date >

"EOF" , eos
"WHAT?",CR, LF, EOS

END

", eos
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

—

Encoder and Decoder Pairs
cMOS

These devices are designed to be used as encoder/decoder pairs in remote
control applications.

The MC145026 encodes nine lines of information and serially sends this
information upon receipt of a transmit enable (TE) signal. The nine lines may be
encoded with trinary data (low, high, or open) or binary data (low or high). The
words are transmitted twice per encoding sequence to increase security.

The MC145027 decoder receives the serial stream and interprets five of the
trinary digits as an address code. Thus, 243 addresses are possible. If binary
data is used at the encoder, 32 addresses are possible. The remaining serial
information is interpreted as four bits of binary data. The valid transmission (VT)
output goes high on the MC145027 .when.twe conditions are met. First, two
addresses must be consecutively received (in one encoding sequence) which
both match the local address. Second, the 4 bits of data must match the last
valid data received. The active VT indicates that the information at the Data
output pins has been updated.

The MC145028 decoder treats all nine trinary digits as an address which
allows 19,683 codes. If binary data is encoded, 512 codes are possible. The VT
output goes high on the MC145028 when two addresses are consecutively
received (in one encoding sequence) which both match the local address.

« Operating Temperature Range: — 40 to + 85°C
« Very-Low Standby Current for the Encoder: 300 nA Maximum @ 25°C
« Interfaces with RF, Ultrasonic, or Infrared Modulators and Demodulators
« RC Oscillator, No Crystal Required
« High External Component Tolerance; Can Use + 5% Components
Internal Power—On Reset Forces All Decoder Outputs Low
For Infrared Applications, See Applications Notes AN1016 and AN1126
« Operating Voltage Range: MC145026 = 2.5t0 18 V"
MC145027, MC145028 =4.5t0 18 V

Low-Voltage Versions Available:

SC41343 = 2.8 to 10 V Version of the MC145027

SC41344 = 2.8 to 10 V Version of the MC145028

.

PIN ASSIGNMENTS

MC145026

MC145027

MC145028
SC41343
SC41344

) P SUFFIX
PLASTIC DIP
CASE 648
16
1 :
D SUFFIX
o SOG PACKAGE
CASE 751B
S
* DW SUFFIX
1S SOG PACKAGE
CASE 751G
1
ORDERING INFORMATION
MC145026P Plastic DIP
MC145026D SOG Package
MC145027P, SC41343P Plastic DIP
MC145027DW, SC41343DW  SOG Package
MC145028P, SC41344P Plastic DIP

MC145028DW, SC41344DW  SOG Package

MC145026 MC145027/SC41343 MC145028/SC41344
ENCODER DECODERS DECODERS
Al 1e 16 [J Vpp ALl 1e 16 1 Vpp Al 1e 15 1 Vpp
2 15 [1 Doyt A2 2 15 [] D6 Rzl 2 15 [] A6
a3 141 TE A3l] 3 14 [1 07 Al 3 14 ] A7
Al 4 13 [] Rre A4 (] 4 13 (] D8 Al 4 13(] A8
Asl s 121 c1¢ As(l s 12 [ De a5l s 12 ] A9
A6 [] 6 11 ] Rg Ryl 6 v Rl 6 npvr
a7 [ 7 10 [] A9/D9 ¢ Q7 10 1 Ro/Cy 7 10 [ Ro/Cy
vss [ 8 9 ) AsiDs vss 8 9 [ b, vgs (8 91 oy

* All MC145026 devices manufactured after date code 9314 or 314 are guaranteed over this wider voltage range. All previous designs using the
low-voltage SC41342 should convert to the MC145026, which is a drop—in replacement. The SC41342 part number will be discontinued.

—

MOTOROLA MC1450264MC145027«MC145028+SC41343.SC41344
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

i ——

MC145026

Encoder and Decoder Pairs MC145027
cMOS MC145028

These devices are designed to be used as encoder/decoder pairs in remote SC4 1 343
control applications.

The MC145026 encodes nine lines of information and serially sends this SC4 1 344
information upon receipt of a transmit enable (TE) signal. The nine lines may be
encoded with trinary data (low, high, or open) or binary data (low ot high). The
words are transmitted twice per encoding sequence to increase security.

The MC145027 decoder receives the serial stream ‘and interprets five of the
wrinary digits as an address code. Thus, 243 addresses are possible. If binary
data is used at the encoder, 32 addresses are possible. The remaining serial
information is interpreted as four bits of binary data. The valid transmission (VT) 16

1
1

output goes high on the MC145027 .when.two conditions are met. First, two 1 A
D SUFFIX
6 SOG PACKAGE
CASE 7518
A |
6 @5!
1

P SUFFIX
PLASTIC DIP
CASE 648

output pins has been updated.

The MC145028 decoder treats all nine trinary digits as an address which
allows 19,683 codes. if binary data is encoded, 512 codes are possible. The VT
output goes high on the MC145028 when two addresses are consecutively

valid data received. The active VT indicates that the information at the Data
received (in one encoding sequence) which both match the local address.
CASE 751G

addresses must be consecutively received (in one encoding sequence) which
both match the local address. Second, the 4 bits of data must match the last .
DW SUFFIX
\ SOG PACKAGE
ORDERING INFORMATION

« Operating Temperature Range: — 40 to + 85°C

« Very-Low Standby Current for the Encoder: 300 nA Maximum @ 25°C
« Interfaces with RF, Ultrasonic, or Infrared Modulators and Demodulators
« RC Oscillator, No Crystal Required

« High External Component Tolerance; Can Use + 5% Components xg::xgg ;ggigg;age
¢ Internal Power-Qn R‘eset Forces A!I Dc.ecoder Outputs Low MC145027P, SC41343P Plastic DIP
« For Infrared Applications, See Applications Notes AN1016 and AN1126 MC1450270W, SC413430W  SOG Package
« Operating Voltage Range: MC145026 =2.5to 18 V" MC145028P, SC41344P Plastic DIP
. MC145027, MC145028 =4.5t0 18 V MC145028DW, SC41344DW  SOG Package
« Low-Voltage Versions Available:
SC41343 = 2.8 to 10 V Version of the MC145027
SC41344 = 2.8 to 10 V Version of the MC145028
PIN ASSIGNMENTS
MC145026 MC145027/SC41343 MC145028/SC41344
ENCODER DECODERS DECODERS
Al e 16 P vpo arlre 16 ) vop atf] 1e 16 1 vpp
a2 15 J Doyt a2 15 [J D6 wzf] 2 15[ s
i3 14 ] TE a3ll 3 14 o7 a0 3 14 ) a7
a4 130 Rre M4 13 08 acfl 4 13[) a8
A5l s 121 cr¢ a5 s 12 09 as0s 121 A9
A5 [ 6 11l Rg Ri [ 6 npvr Ris npvr
a7 7 10 [ Ao a7 10 [} Ro/Cy a7 10 I Ry,
ves [l 8 9 ) asms vgs( 8 90 O vssll 8 9 [ oy

* Alt MC145026 devices manufactured after date code 9314 or 314 are guaranteed over this wider voltage range. All previous designs using the
low-voltage SC41342 should convert to the MC145026, which is a drop—in replacement. The SC41342 part number will be discontinued.

MOTOROLA MC145026eMC145027«MC145028+5C41343+SC41344
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Rs Rrc

Crc
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3-PIN o DATASELECT [
OSCILLATOR OVIGER AND  [—= Doy
AND BUFFER
ENABLE

A1
A2
A3
Ad
AS

A6/D6
A7D7
A8/D8

9
Agmsﬁég

T

RING COUNTER AND 1-OF-9 DECODER
7 S 4

2:-9
1
: |
3 b
: a1
5 TRINARY
22 DETECTOR
6 R
7
>d
‘ég; Vpp=PIN 16
Vsg=PIN8

Figure 1. MC145026 Encoder Block Diagram

SEQUENCER CIRCUIT

£, 4 w8
Al’
T L
3
A3 K3
4
Mad b
pr

II}—:L ks

| 4-BIT SHIFT REGISTER
1

v

l g
CONTROL s

[] vosic | 14
- 07

LATCH

DATA
EXTRACTOR
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Figure 3. MC145028 Decoder Block Diagram

MAXIMUM RATINGS* (Voltages Referenced to Vgg)

This device contains protection circuitry to

i Symbol Value Unit
Rating Lk .guard against damage due to high static
Voo DC Supply Voltage (except SC41343, -05t0+18 v voltages or electric fields. However, precau-
SC41344) tions must be taken to avoid applications of any
voltage higher than maximum rated voltages
VpD DCl Supply Voltage (SC41343, SC41344 -0.5t0+10 " o this high-impedance circuit. For proper
onty) operation, Vin and Vot should be constrained
Vin DC Input Voltage -0.5t0Vpp +0.5 v to the range Vg < (Vin or Vout) < Vpp.
Vout DC Output Voltage -05toVpp +0.5 A
lin DC Input Current, per Pin +10 mA
lout DC Output Current, per Pin +10 mA r
Pp Power Dissipation, per Package 500 mw
Tstg Storage Temperature —-65to + 150 °C
T Lead Temperature, 1 mm from Case for 260 °C
10 Seconds

* Maximum Ratings are those values beyond which damage to the device may occur. Func-
tional operation should be restricted to the limits in the Electrical Characteristics tabies or
Pin Descriptions section.

—
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MAXIMUM RATINGS* (Voltages Referenced to Vgg)

This device contains protection circuitry to

i Symbol Value Unit
Rating ym .guard against damage due to high static
VoD DC Supply Voltage (except SC41343, -05to+18 v voltages or electric fields. However, precau-
SC41344) tions must be taken to avoid applications of any
voltage higher than maximum rated voltages
Vob DC| Supply Voltage (SC41343, SC41344 ~05t+ 10 A to this high-impedance circuil. For proper
only) operation, Viq and Vo1 should be constrained
Vin DC Input Voltage -05toVpp +0.5 v to the range Vg < (Vin or Vout) € Vpp.
Vout DC Output Voitage -05toVpp + 0.5
fin DC input Current, per Pin +10 mA
lout DC Output Current, per Pin +10 mA :
Pp Power Dissipation, per Package 500 mw
Tstg Storage Temperature ~65to+ 150 °C
T Lead Temperature, 1 mm from Case for 260 °C
10 Seconds

* Maximum Ratings are those values beyond which damage to the device may occur. Func-
tiona! operation should be restricted to the limits in the Etectrical Characteristics tabies or
Pin Descriptions section.

——
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ELECTRICAL CHARACTERISTICS — MC145026, MC145027, and MC145028 (Voltage Referenced to Vss)

Guaranteed Limit F R
-40°C 25°C 85°C
Voo
Symbol Characteristic v Min Max Min Max Min Max | ynj
VoL | Low-Level Output Voltage (Vin=Vppor0) | 50 [ — 0.05 — | oo0s — 005 | v ]
10 — 0.05 —_— 0.05 = 0.05
15 -— 0.05 - 0.05 ~— 0.05
VOH | High-Level Output Voltage (Vin=0orVpp) | 50 | 495 - 4.95 - 495 — v ]
10 9.95 - 9.95 - 9.95 —
15 14.95 - 14.95 - 14.95 —
ViL Low-Level Input Voltage v
(Vout=4.50r0.5V) 5.0 —_ 1.5 = S g 15
(Vout=9.00r1.0V) | 10 — 3.0 - 3.0 — 3.0
(Vout=1350r1.5V) | 15 - 4.0 — 4.0 - 4.0
[ —
ViH High-Level Input Voltage '
(Vout=050r45V)| 50 35 — 3.5 -— 3.5 —
(Vout=1.00r9.0V) | 10 7.0 - 7.0 — 7.0 —
(Vout=1.50r135V) [ 15 1 —_ 1 — 1 —
loH High-Level Output Current mA
(Vout=25V)| 50 | -25 - -21 — -17 -
(Vout=46V)| 50 | -052| — | -044 — |-036 | —
(Vout=9.5V) 10 -13 —_ -1.1 - -09 — <
(Vout=135V) | 15 -3.6 - -3.0 — -24 —
loL Low-Level Output Current mA
(Vout=04V)| 50 0.52 - 0.44 —_ 0.36 —_ .-
(Vout=05V) | 10 13 — 1.1 — 0.9 —
(Vour=1.5V)| 15 36 - 3.0 - 24 s
lin Input Current — TE 5.0 — — | 30 1 —_ — HA
(MC145026, Pull-Up Device) 10 — — 16 60 — —
15 - - 35 120 - —_
lin Input Current 15 — +03 - +03 - +1.0 pA
Rg (MC145026), D;, (MC145027, MC145028)
lin Input Current pA
A1 - A5, A6/D6 — A9/D9 (MC145026), 5.0 - -_ o +110 -— —
A1 - A5 (MC145027), 10 —_ - - +500 —_ —_
A1 - A9 (MC145028) 15 - —_ — +1000 -— -
Cin Input Capacitance (Vi = 0) — — - la=s 75 -_— —_ pF
Ipp Quiescent Current — MC145026 5.0 == = o 0.1 - — HA
10 — —_ -— 0.2 — -
15 - — — 0.3 — —
Ibp Quiescent Current — MC145027, MC145028 5.0 - — —-_ 50 — — pA
10 — - — 100 — —
15 - -— - 150 —_ -
ldd Dynamic Supply Current — MC145026 5.0 - — — 200 - - HA i
(fc = 20 kHz) 10 - - - 400 — -
15 - - - 600 —_ -
ldd Dynamic Supply Current — MC145027, MC145028 | 5.0 -— - — 400 - — pA
(fc = 20 kHz) 10 — — - 800 — —
15 - - — 1200 — —
* Also see next Electrical Characteristics table for 2.5 V specifications.
MC145026+MC145027+MC145028+SC41343.SC41344 MOTOROLA
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ELECTRICAL CHARACTERISTICS — MC145026", MC145027, and MC145028 (Voltage Referenced to Vgs)

Guaranteed Limit T
-40°C 25°C 85°C
Vbo
Symbol Characteristic v Min Max Min Max Min Max | upj
VoL Low-Level Output Voltage (Vin=Vppor0)| 50 —_ 0.05 —_ 0.05 —_ 0.05 T
10 - 0.05 —_ 0.05 —_ 0.05
15 —_ 0.05 - 0.05 — 0.05
Vou High~Level Output Voltage (Vin=0orVpp)| 5.0 4.95 —_ 4.95 —_ 4.95 — T
10 9.95 — 9.95 —_ 9.95 —
15 14.95 — 14.95 —_ 14.95 —_
Vi Low-Level Input Voltage v
(Vout=4.50r0.5V) | 5.0 — 1.5 — 15 - 15
(Vout=8.0or10v)| 10 — 3.0 — 3.0 —_ 3.0
(Vout=1350r1.5V) | 15 — 4.0 — 4.0 — 4.0
VIH High-Level Input Voltage -v\
(Vout=0.50r45V){ 5.0 35 — 3.5 — 35 —
(Vout=1.00r9.0V) | 10 7.0 — 7.0 — 7.0 —
(Vout=150r13.5V){ 15 1 — i - 1 —
loH High-Level Output Current mA
(Vout=25V){ 5.0 -25 —_ ~-21 — -17 —
(Vout=46V)| 50 | ~052 — | -04a —_ -0.36 —
(Vout=95Vv)| 10 | -1.3 —_ -1.1 —_ -0.9 —
(Vout=135V) | 15 ~3.6 —_ -3.0 —_ ~-24 —
—
loL Low-Level Qutput Current mA
(Vout=04V)| 50 | 052 — 0.44 — 0.36 — .-
Mout=05V)| 10 1.3 — 1.1 — 0.9 —
(Vout=15V)| 15 3.6 — 3.0 —_ 2.4 —
lin Input Current — TE 5.0 — —_ 3.0 1 — — rA
(MC145026, Pull-Up Device) 10 — — 16 60 — —
15 - — 35 120 — —
lin Input Current 15 — +0.3 - +03 — +1.0 pA
Rg (MC145026), Dj, (MC145027, MC145028)
lin Input Current A
A1 - A5, A6/D6 — AS/D9 (MC145026), 5.0 —_— _ —_— +110 _ —
A1 - A5 (MC145027), 10 —_ et - +500 - —_
Al - A9 (MC145028) 15 —_ — -_ + 1000 — —
Cin Input Capacitance (Vi = 0) — — — — 7.5 - — pF
oD Quiescent Current — MC145026 5.0 —_ - _— 0.1 —_ — pA
10 —_ — — 0.2 —_ —_
15 —_ — — 0.3 — —
Ipp Quiescent Current — MC145027, MC145028 5.0 — — - 50 — — nA
10 —_ —_ —_ 100 —_ —
15 — —_ — 150 — —
ldd Dynamic Supply Current — MC 145026 5.0 — — —_— 200 —_— - A
(fc = 20 kHz) 10 — —_ —_ 400 —_ -
15 —_— —_ — 600 — -
ldd Dynamic Supply Current — MC145027, MC145028 | 5.0 —_ —_ _ 400 -_ — A
(fc = 20 kHz) 10 - — — 800 — —_
i5 —_ —_ —_ 1200 —_ —
* Also see next Electrical Characteristics table for 2.5 V specifications.
MC1450264MC145027«MC145028+SC41343+SC41344
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ELECTRICAL CHARACTERISTICS — MC145026 (Voltage Referenced to Vss)

F’k Guaranteed Limit
' - 40°C 25°C 85°C
Voo
symbol Characteristic v Min Max Min Max Min Max Unit
VoL [ Low-Level Output Voltage (Vin=0VorVpp) | 25 — 0.05 — 0.05 — 0.05 v
VoH | High-Level Output Voltage (Vin=0VorVpp) | 25 | 245 - 2.45 — 2.45 — %
ViL Low-Level Input Voltage (Vout=0.5Vor20Vv)| 25 - 0.3 - 0.3 - 0.3 v
VIH High-Level Input Voltage ~ (Vout=0.5Vor2.0V) [ 25 22 - 22 - 22 - v
IoH High-Level Output Current (Vout=1.25V) | 25 0.28 - 0.25 -_ 0.2 - mA
loL Low-Level Output Current (Vout=04V) | 25 0.22 - 0.2 - 0.16 - mA
lin Input Current (TE — Pull-Up Device) 25 — - 0.09 1.8 - —_ A
lin Input Current (A1-AS5, A6/D6-A9/D9) 25 —_ - —_ +25 - —_ KA
[15)5) Quiescent Current 25 - —_ —_— 0.05 - —_ A
ldd Dynamic Supply Current (fo = 20 kHz) 25 - - -— 40 -_— —_ HA
ELECTRICAL CHARACTERISTICS — SC41343 and SC41344 (Voltage Referenced to Vss)
Guaranteed Limit
v - 40°C 25°C 85°C
DD
Symbol Characteristic v Min Max Min Max Min Max Unit
VoL Low-Level Output Voltage (Vin=0VorVpp)| 28 - 0.05 - 0.05 - 0.05 A
5.0 - 0.05 —_ 0.05 o 0.05
10 — 0.05 — 0.05 — 0.05
VoH High—Level Output Voltage (Vin=0VorVpp) | 28 275 - 2.75 — 2.75 - Vv
5.0 495 — 4.95 - 4.95 —
10 9.95 - 9.95 - 9.95 —_
ViL Low-Level Input Voltage Vv
(Vout=23Vor0.5V)| 28 — 0.84 — 0.84 — 0.84
(Vout=45Vor05V)| 5.0 - 15 — 1.5 — 1.5
(Vout=9.0Vor1.0Vv)| 10 - 3.0 — 3.0 — 3.0
ViH High-Level Input Voltage v
(Vout=05Vor23V)| 28 | 196 - 1.96 — 1.96 —
(Vout=05Vord4sv)| 50 3.5 —_— 3.5 - 3.5 —_—
(Vout=1.0Vor8.0V) 10 7.0 - 7.0 — 7.0 -
loH High-Level Output Current mA
(Vout=14V)| 28 | -0.73 — -0.7 — -0.55 —
(Vout=45V)| 50 | -058 | — -05 — | -041 —
(Vout=9.0V) | 10 -13 — -1.1 — -0.9 —
loL Low- Level Output Current mA
(Vout=04V)| 28 | 035 - 0.3 — 0.24 -
(Vout=05V) | 5.0 0.8 - 0.6 — 0.4 —
Vout=10V) [ 10 35 - 29 — 23 -
lin Input Current — Dj, 10 - +03 —- +03 - +1.0 HA
lin Input Current 28 - - — +30 - — pA
A1 - A5 (SC41343) 5.0 — - - + 140 — -
A1 - A9 (SC41344) 10 — — - + 600 - -
Cin Input Capacitance (Vi = 0) - — - -- 7.5 — — pF
Ipp Quiescent Current 28 — — - 60 — — pA
5.0 — — - 75 = n
10 — - — 150 - —
ldd Dynamic Supply Current (fc = 20 kHz) 28 — — — 300 —_ — A
5.0 —_ - - 500 - -
10 —_ - -_ 1000 — —_
i "
| MOTOROLA MC145026+MC145027«MC145028+SC41343.SC41344
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ELECTRICAL CHARACTERISTICS — MC145026 (Voltage Referenced to Vss)

r’i Guaranteed Limit
-40°C 25°C 85°C
Voo
symbol Characteristic v Min Max Min Max Min Max | Unit
VoL |Low-Level Output Voltage (Vin=0VorVpp)| 25 —_ 0.05 —_ 0.05 — 0.05 v
VoH High-L.eve! Output Vottage (Vin=0VorVpp}|{ 25 245 — 245 — 2.45 — v
viL Low—Level Input Voltage (Vout=0.5Vor2ovy| 25 — 0.3 — 0.3 — 0.3 v
VIH High-Level Input Voltage ~ (Vo1=0.5Vor2.0V)| 25 22 — 2.2 — 2.2 —_ v
IoH High-Level Output Current (Vout=125V) | 25 0.28 — 0.25 —_ 0.2 — mA
loL Low-Level Output Current (Vout=04V)| 25 0.22 — 0.2 —_ 0.16 - mA
lin Input Current (TE — Pull-Up Device) 2.5 — — 0.09 1.8 - —_ A
Iin Input Current (A1-AS5, A6/D6-A9/D9) 25 — — — +25 — -_— pA
lop Quiescent Current 25 - — — 0.05 —_ — RA
Idd Dynamic Supply Current (fo = 20 kHz) 25 — — -— 40 - -— HA
ELECTRICAL CHARACTERISTICS — SC41343 and SC41344 (Voltage Referenced to Vgg)
Guaranteed Limit
v, -40°C 25°C 85°C
DD
Symbol Characteristic v Min Max Min Max Min Max Unit
VoL Low-Level Qutput Voltage (Vin=0VorVpp)| 28 - 0.05 — 0.05 —_ 0.05 v
8.0 — 0.05 —_ 0.05 —_ 0.05
10 — 0.05 — 0.05 - 0.05
VoH High~Level Qutput Voltage (Vin=0VorVpp)| 28 2.75 —_ 2.75 — 275 —_ \
5.0 4.95 — 4,95 — 4.95 —_
10 9.95 — ' 995 - 9.95 —_
ViL Low-Level Input Voltage v
(Vout=23Vor0s5vy| 2.8 — 0.84 _ 0.84 — 0.84
(Vout=45Vor05v)| 50 — 1.5 - 15 - 15
(Vout=9.0Vori0v)| 10 - 3.0 _ 3.0 - 3.0
ViH High-Level input Voltage v
(Vout=05Voer23v)| 28 | 196 — 1.96 — 1.96 —
(Vout=0.5Vorasvy| so 35 — 35 — 35 —
Vout=1.0Vor9.0v)|{ 10 7.0 — 7.0 — 7.0 —_
loH High-Level Output Current mA
(Vout=14V)| 28 | -073 | — -07 — | -055] —
(Vout=45V)| 50 | -0s58 | — ~0.5 —_ -0.41 —
(Vout=9.0V)}| 10 -13 — -1.1 — -09 —
loL Low- Level Output Current mA
(Vout=04V)| 28 0.35 - 0.3 — 0.24 —
(Vout=05V) | s0 0.8 - 0.6 — 0.4 —_
Vout=10V)| 10 35 — 2.9 — 2.3 —_
tin Input Current — Djn 10 —_ +03 - +03 — +1.0 HA
fin Input Current 2.8 — — — +30 — — A
A1 - AS (SC41343) 5.0 - —_ - +140 —_ —
Al — A9 (SC41344) 10 - — — +600 - —_
Cin Input Capacitance (Vi = 0) — — — — 7.5 — — pF
Ibp Quiescent Current 28 — — — 60 - — pA
5.0 — — — 75 — —_
. 10 — - — 150 — —
Idd Dynamic Supply Current (fe = 20 kHz) 28 — —_ — 300 — — pA
5.0 _ - —_ 500 —_ —_
10 —_ — — 1000 —_ —_
N -
I}
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SWITCHING CHARACTERISTICS — MC145026*, MC145027, and MC145028 (C|_= 50 pF, Ta =25°C)

3 Guaranteed Limit | )
Figure ;
Symbol Characteristic No. Voo Min Max Unit ||
tTLH. tTHL | Output Transition Time 48 50 <k 200 | pezld
10 — 100 s
15 - 80 3
t Djn Rise Time — Decoders 5 5.0 - O
10 — 15 o
15 - 15
t Din, Fall Time — Decoders s 5.0 - 15 - e
10 - 5.0 )
15 — 4.0 g
fosc Encoder Clock Frequency 6 5.0 0.001 20 | ]
10 0.001 5.0
15 0.001 10 ‘
f Decoder Frequency — Referenced to Encoder Clock 12 5.0 1.0 240 kHz
10 1.0 410 )
15 1.0 450
tw TE Pulse Width — Encoders 7 5.0 65 - ns
10 30 — : 4
15 20 — i
* Also see next Switching Characteristics table for 2.5 V specifications. !
SWITCHING CHARACTERISTICS — MC145026 (C(_ = 50 pF, Tp = 25°C) “"‘:
Figure Guaranteed Limit
Symbol Characteristic No. Voo Min Max Unit
tTLH. tTHL | Output Transition Time 4,8 2.5 - 450 ns
fosc Encoder Clock Frequency 6 25 1.0 250 kHz
tw TE Pulse Width 7 25 1.5 — us
SWITCHING CHARACTERISTICS — SC41343 and SC41344 (CL = 50 pF, Tp = 25°C) :
Figure Guaranteed Limit
Symbol Characteristic No. Voo Min Max Unit
tTLH. tTHL | Output Transition Time 4,8 28 - 320 ns
5.0 - 200
10 - 100
t Djn Rise Time 5 28 - 15 us
5.0 - 15
10 —_ 15
tf Djn, Fall Time 5 28 — 15 us
5.0 —_ 15
10 -_ 5.0
f Decoder Frequency — Referenced to Encoder Clock 12 28 1.0 100 kHz
5.0 1.0 240
10 1.0 410
MC145026MC145027+MC145028¢SC41343+SC41344 MOTOROLA
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SWITCHING CHARACTERISTICS — MC145026*, MC145027, and MC145028 (Cy_ = 50 pF, Tp = 25°C) Ty :
N . \
Figure Guaranteed Limit R
Symbol Charatteristic No. Voo Min Max Unit |4
tTLH. {THL | Output Transition Time 438 50 — 200 | w7l
10 - 100 s
15 — 80 _
% Di, Rise Time — Decoders 5 5.0 - 15| s
10 —_ 15 -
15 — 15 L.
% Din Fall Time — Decoders 5 5.0 - 15 | ]
10 — 5.0 :
15 — 4.0 -
fosc Encoder Clock Frequency 6 5.0 0.001 20 MH:
10 0.001 5.0 -
185 0.001 10 .
f Decoder Frequency — Referenced to Encoder Clock 12 5.0 1.0 240 KHz
10 1.0 410 i
15 1.0 450
tw TE Pulse Width — Encoders 7 5.0 65 - .ns |
10 30 —_ RS
15 20 —_
* Also see next Switching Characteristics table for 2.5 V specifications. '
}
SWITCHING CHARACTERISTICS — MC145026 (C(_ = 50 pF, Ta =25°C) ““!
Figure Guaranteed Limit
Symbol Characteristic No. Vbp Min Max Unit
tTLH. tTHL | Output Transition Time 4,8 25 — 450 ns
fosc Encoder Clock Frequency 6 25 1.0 250 kHz
tw TE Pulse Width 7 25 1.5 —_ us
SWITCHING CHARACTERISTICS — SC41343 and SC41344 (CL = 50 pF, Tp = 25°C) '
Figure Guaranteed Limit
Symbol Characteristic No. Vop Min Max Unit
tTLH. tTHL | Output Transition Time 4,8 2.8 —_ 320 . ns
5.0 — 200
10 — 100
tr Djn Rise Time 5 28 —_ 15 us
5.0 — 15
10 — 15
t Din Fall Time 5 28 — 15 us
5.0 —_ 15
10 — 5.0
f Decoder Frequency — Referenced to Encoder Clock 12 2.8 1.0 100 kHz
5.0 1.0 240
10 1.0 410
MC145026eMC145027«MC145028¢SC41343+SC41344 MOTOROLA
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* Includes all probe and fixture capacitance.
Figure 8. Test Circuit
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OPERATING CHARACTERISTICS

MC145026

The encoder serially transmits trinary data as defined by
the state of the A1 — A5 and A6/D6 — A9/D9 input pins. These
pins may be in either of three states (low, high, or open)
allowing 19,683 possible codes. The transmit sequence is
initiated by a low level on the TE input pin. Upon power—up,
the MC145026 can continuously transmit as long as TE
remains low (also, the device can transmit two—word
sequences by pulsing TE low). However, no MC 145026
application should be designed to rely upon the first data
word transmitted immediately after power—up because this
word may be invalid. Between the two data words, no signal
is sent for three data periods (see Figure 10).

Each transmitted trinary digit is encoded into pulses (see
Figure 11). A logic O (low) is encoded as two consecutive
short pulses, a logic 1 (high) as two consecutive long pulses,
and an open (high impedance) as a long pulse followed by a
short pulse. The input state is determined by using a weak
“output” device to try to force each input high then low. If only
a high state results from the two tests, the input is assumed
to be hardwired to Vpp. If only a low state is obtained, the
input is assumed to be hardwired to Vss. If both a high and a
low can be forced at an input, an open is assumed and is
encoded as such. The “high” and “low” levels are 70% and
30% of the supply voltage as shown in the Electrical Charac-
teristics table. The weak “output” device sinks/sources up to
110 pA at a 5 V supply level, 500 HA at 10 V, and 1 mA at
15 V.

The TE input has an internal pull-up device so that a sim-
ple switch may be used to force the input low. While TE is
high, the encoder is completely disabled, the oscillator is in-
hibited, and the current drain is reduced to quiescent current.
When TE is brought low, the oscillator is started and the
transmit sequence begins. The inputs are then sequentially
selected, and determinations are made as to the input logic
states. This information is serially transmitted via the Dout

pin.

MC145027

This decoder recsives the serial data from the encoder
and outputs the data, if it is valid. The transmitted data, con-
sisting of two identical words, is examined bit by bit during
reception. The first five trinary digits are assumed to be the
address. If the received address matches the local address,
the next four (data) bits are internally stored, but are not
transferred to the output data latch. As the second encoded
word is received, the address must again match. If a match
occurs, the new data bits are checked against the previously
stored data bits. If the two nibbles of data (four bits each)
match, the data is transferred to the output data latch by VT
and remains until new data replaces it. At the same time, the
VT output pin is brought high and remains high until an error
is received or until no input signal is received for four data
periods (see Figure 10).

Although the address information may be encoded in tri-
nary, the data information must be either a 1 or 0. A trinary
(open) data line is decoded as a logic 1.

MC145028

This decoder operates in the same manner ag the
MC145027 except that nine address lines are used ang no
data output is available. The VT output is used to indk:a[e
that a valid address has been received. For transmissiop,
security, two identical transmitted words must be con
secutively received before a VT output signal is issued.

The MC145028 allows 19,683 addresses when trinary lgy.
els are used. 512 addresses are possible when binary levels
are used.

PIN DESCRIPTIONS
MC145026 ENCODER

A1 - AS, A6/D6 — A9/D9
Address, Address/Data Inputs (Pins 1-7,9, and 10)

These address/data inputs are encoded and the data js
sent serially from the encoder via the Doyt pin.

Rs, Crc, Rre
(Pins 11, 12, and 13)

These pins are part of the oscillator section of the encoder
(see Figure 9).

If an external signal source is used instead of the intemal
oscillator, it should be connected to the Rg input and the Rre
and C1c pins should be left open.

TE
Transmit Enable (Pin 14)

This active-low transmit enable input initiates transmis-
sion when forced low. An internal pull-up device keeps this
input normally high. The pull-up current is specified in the
Electrical Characteristics table.

Dout
Data Out (Pin 15)

This is the output of the encoder that serially presents the
encoded data word.

Vss
Negative Power Supply (Pin 8)

The most-negative supply potential. This pin is usually
ground.

Voo
Positive Power Supply (Pin 16)

The most-positive power supply pin.
MC145027 AND MC145028 DECODERS

A1- A5, A1-A9

Address Inputs (Pins 1 — 5) — MC145027,

Address Inputs (Pins 1 -5, 15, 14, 13, 12) — MC145028
These are the local address inputs. The states of these

pins must match the appropriate encoder inputs for the VT

pin to go high. The local address may be encoded with tr-

nary or binary data.

D6 - D9
Data Outputs (Pins 15, 14, 13, 12) — MC145027 Only

These outputs present the binary information that is on
encoder inputs A6/D6 through A9/D9. Only binary data is
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OPERATING CHARACTERISTICS

MC145026

The encoder serially transmits trinary data as defined by
the state of the A1 — AS and A6/D6 - A9/D9 input pins. These
pins may be in either of three states (low, high, or open)
allowing 19,683 possible codes. The transmit sequence is
initiated by a low level on the TE input pin. Upon power—up,
the MC145026 can continuously transmit as long as TE
remains low (also, the device can transmit two-word
sequences by pulsing TE low). However, no MC145026
application should be designed to rely upon the first data
word transmitted immediately after power—up because this
word may be invalid. Between the two data words, no signal
is sent for three data periods (see Figure 10).

Each transmitted trinary digit is encoded into pulses (see
Figure 11). A logic O (low) is encoded as two consecutive
short pulses, a logic 1 (high) as two consecutive long pulses,
and an open (high impedance) as a long pulse followed by a
short pulse. The input state is determined by using a weak
“output” device to try to force each input high then low. If only
a high state results from the two tests, the input is assumed
to be hardwired to Vpp. If only a low state is obtained, the
input is assumed to be hardwired to Vss. lfboth a highand a
low can be forced at an input, an open is assumed and is
encoded as such. The "high™ and “low” levels are 70% and
30% of the supply voltage as shown in the Electrical Charac-
teristics table. The weak “output” device sinks/sources up to
110 A at a 5 V supply level, 500 gtA at 10 V, and 1 mA at
15 V.

The TE input has an internal pull-up device so that a sim-
ple swilch may be used to force the input low. While TE is
high, the encoder is compietely disabled, the oscillator is in-
hibited, and the current drain is reduced to quiescent current.
When TE is brought low, the oscillator is started and the
transmit sequence begins. The inputs are then sequentially
selected, and determinations are made as to the input logic
stales. This information is serially transmitted via the Dout
pin.

MC145027

This decoder recsives the serial data from the encoder
and ou'puts the data, if it is valid. The transmitted data, con-
sisting of two identical words, is examined bit by bit during
reception. The first five trinary digits are assumed to be the
address. If the received address matches the local address,
the next four (data) bits are internally stored, but are not
transferred 1o the output data latch. As the second encoded
word is received, the address must again match. If a match
occurs, the new data bits are checked against the previously
stored data bits. If the two nibbles of data (four bits each)
match, the data is transferred to the output data latch by VT
and remains until new data replaces it. At the same time, the
VT output pin is brought high and remains high until an error
is received or until no input signal is received for four data
periods (see Figure 10).

Although the address information may be encoded in tri-
nary, the data information must be either a 1 or 0. A trinary
(open) data line is decoded as a logic 1.

MC145028

This decoder operates in the same manner as thg
MC145027 except that nine address lines are used ang p,
data output is available. The VT output is used to indicatg
that a valid address has been received. For transmiss.'on
security, two identical transmitted words must be co.
secutively received before a VT output signal is issued,

The MC145028 allows 19,683 addresses when trinary ley.
els are used. 512 addresses are possible when binary levels
are used.

PIN DESCRIPTIONS
MC145026 ENCODER

A1 - A5, A6/D6 ~ A9/D9

Address, Address/Data Inputs (Pins 17, 9, and 10)
These address/data inputs are encoded and the data js

sent seriaily from the encoder via the Dout pin.

Rs, Crc, Rre
(Pins 11, 12, and 13)

These pins are part of the oscillator section of the encoder
(see Figure 9). -

I an external signal source is used instead of the intemal
oscillator, it should be connected to the Rginput and the Rre
and C1¢ pins should be left open.

TE
Transmit Enable (Pin 14)

This active~low transmit enable input initiates transmis.
sion when forced low. An internal pull-up device keeps this
input normally high. The pull-up current is specified in the
Electrical Characteristics table.

Dout
Data Out (Pin 15)

This is the output of the encoder that serially presents the
encoded data word.

Vss
Negative Power Supply (Pin 8)

The most-negative supply potential. This pin is usually
ground.

Voo
Positive Power Supply (Pin 16)

The most-positive power supply pin.
MC145027 AND MC145028 DECODERS

Al1-AS5,A1-A9

Address Inputs (Pins 1~ §) — MC145027,

Addréss Inputs (Pins 1§, 15, 14, 13, 12) — MC145028
These are the local address inputs. The states of these

pins must match the appropriate encoder inputs for the VT

pin 1o go high. The local address may be encoded with tri-

nary or binary data.

D6 - DS
Data Outputs (Pins 15, 14, 13, 12) — MC145027 Only

These outputs present the binary information that is on
encoder inputs A6/D6 through AS/D9. Only binary data ts

e
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acknowledged; a trinary open at the MC145026 encoder is
decoded as @ high level (logic 1).

Din ;
pata In (Pin 9)

This pin is the serial data input to the decoder. The input
voltage must be at CMOS logic levels. The signal source
driving this pin must be dc coupled.

R, C1 : :
Resistor 1, Capacitor 1(Pins 6, 7)
As shown in Figures 2 and 3, these pins accept a resistor
and capacitor that are used to determine whether a narrow
ulse or wide pulse has been received. The time constant
R1xC1 should be set to 1.72 encoder clock periods:

Ry C1=38.95RTCc CTC

Ro/C2
Resistor 2/Capacitor 2 (Pin 10)

As shown in Figures 2 and 3, this pin accepts a resistor
and capacitor that are used to detect both the end of a
received word and the end of a transmission. The time
constant R2 x C2 should be 33.5 encoder clock periods (four
data periods per Figure 11): Rp C2 =77 Rtc C1C. This time

constant is used to determine whether the Djn pin has
remained low for four data periods (end of transmission). A
separate on—chip comparator looks at the voltage—equiva-
lent two data periods (0.4 R Cp) to detect the dead time be-
tween received words within a transmission.

vT
Valid Transmission Output (Pin 11)

This valid transmission output goes high after the second
word of an encoding sequence when the following conditions
are satisfied:

1. the received addresses of both words match the local de-
coder address, and
2.the received data bits of both words match.

VT remains high until either a mismatch is received or no

input signal is received for four data periods.

Vss
Negative Power Supply (Pin 8)

The most-negative supply potential. This pin is usually
ground.

Voo
Positive Power Supply (Pin 16)

The most—positive power supply pin.
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acknowledged; a trinary open at the MC145026 encoder is
decoded as 2 high level (logic 1).

0;
pata In (Pin 9)

This pin is the serial data input to the decoder. The input
yoltage must be at CMOS logic levels. The signal source
griving this pin must be dc coupled.

R1,Ct
Resistor 1, Capacitor 1 (Pins 6, 7)

As shown in Figures 2 and 3, these pins accept a resistor
and capacitor that are used to determine whether a narrow
pulse of wide pulse has been received. The lime constant
Rq x C1 should be set to 1.72 encoder clock periods:

Ry C1=3.95RTCc CTC

Ro/C2
Resistor 2/Capacitor 2 (Pin 10)

As shown in Figures 2 and 3, this pin accepts a resistor
and capacitor that are used to detect both the end of a
recelved word and the end of a transmission. The time
constant R2 x C2 should be 33.5 encoder clock periods (four
data periods per Figure 11): Rp Ca =77 RTc CTC. This time

—

constant is used to determine whether the Djq pin has
remained low for four data periods (end of transmission). A
separate on—chip comparator looks at the voltage—equiva-
lent two data periods (0.4 R C2) to detect the dead time be-
tween received words within a transmission.

vT
Vatid Transmission Output (Pin 11)

This valid transmission output goes high after the second
word of an encoding sequence when the following conditions
are satisfied:

1. the received addresses of both words match the local de-
coder address, and
2. the received data bits of both words match.

VT remains high until either a mismatch is received or no

input signal is received for four data periods.

Vss
Negative Power Supply (Pin 8)

The most-negative supply potential. This pin is usually
ground.

Voo
Positive Power Supply (Pin 16)

The most-positive power supply pin.
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INTERNAL fipnk
ENABLE +

This oscillator operates at a frequency determined by the p
external RC network; i.e., o

1 . Luiue
f= m (Hz) The value for Rg should be chosen to be > 2 times RtC. Thisrange ensures
< HTC LTC that current through Rg is insignificant compared to current through Rre. The

upperlimitfor Rg must ensure that Rg x 5 pF (input capacitance) is small com-

for 1 kHz < f < 400 kHz
pared to Rrc xCrc.

where: Ct¢’ = C1C + Clayout + 12 pF For frequencies outside the indicated range, the formula is less accurate
Rg=2RrC The minimum recommended oscillation frequency of this circuitis 1 kHz. Sus-}
Rg 220k ceptibility to externally induced noise signals may occur for frequencies beiow
Rrc210k 1 kHz and/or when resistors utilized are greater than 1 MQ.

400 pF < Ctc < 15 pF

Figure 9. Encoder Oscillator Information
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INTERNAL R
ENABLE

This osclllator operates at a frequency determined by the

external RC network; i.e., ,
Lhg

LY ERLIY!
f= ———-1—, (Hz) The value for Rg shouldbe chosentobe 22 times Ryc. This range ensu,;?
23RrcCre thatcurrent through Rgis insignificant compared to current through Krc. The
for 1 kHz < f < 400 kHz upperlimitfor Rg must ensure that Rg x 5 pF (input capacitance)is small com.
pared to RTc x Cyc.
where: CT¢” = C1C + Clayout + 12 pF For frequencies outside the indicated range, the formula is less accurate 3
Rs=2RTC The minimum recommended oscillation frequency of this circuitis 1 kHz, Sus}
Rg 220k ceptibility to externally induced noise signals may occur forfrequencies below
Ryc 210k 1 kHz and/or when resistors utilized are greater than 1 MQL
400 pF < CTC < 15 pF

Figure 9. Encoder Oscillator Information
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Figure 11. Encoder Data Waveforms
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é

ENCODED
"ONE™

Dout { ENCODED
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LG

LI
11
v LI

I<—————— DATA PERIOD -———-—l

Figure 11. Encoder Data Waveforms
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Figure 13. MC145027 Flowchart
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MC145027 AND MC145028 TIMING

To verify the MC145027 or MC 145028 timing, check the
waveforms on C1 (Pin 7) and R2/C2 (Pin 10) as compared to
the incoming data waveform on Djp, (Pin 9).

The R-C decay seen on C1 discharges down to 1/3 VDD
before being reset to Vpp. This point of reset (labelled “DOS"
in Figure 15) is the point in time where the decision is made
whether the data seen on Djy is a 1 or 0. DOS should not be
too close to the Djp, data edges or intermittent operation may
occur.

The other timing to be checked on the MC145027 and
MC145028 is on R2/C2 (see Figure 16). The R~C decay is
continually reset to Vpp as data is being transmitted. Only
between words and after the end—of—transmission (EOT)
does R2/C2 decay significantly from Vpp. R2/C2 can be
used to identify the internal end—of-word (EOW) timing edge
which is generated when R2/C2 decays to 2/3 Vpp. The in-
ternal EOT timing edge occurs when R2/C2 decays to 1/3
VDD. When the waveform is being observed, the R—C decay
should go down between the 2/3 and 1/3 Vpp levels, but not
too close to either level before data transmission on Djn re-
sumes.

Verification of the timing described above should ensure a
good match between the MC145026 transmitter and the
MC145027 and MC145028 receivers.

| F e B ¢ e
Din | [
[ |
ov
Voo
ot &85 W
mn -
ov — ' !
DOS DOS
Figure 15. R-C Decay on Pin 7 (C1)
EC')W
Voo - |
o I’\r\r\m
R2/C2 "n-
ov |
|
EOT

Figure 16. R—-C Decay on Pin 10 (R2/C2)
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MC145027 AND MC145028 TIMING

To verify the MC145027 or MC 145028 timing, check the
waveforms on C1 (Pin 7) and R2/C2 (Pin 10) as compared to
the incoming data waveform on Dj, (Pin 9).

The R~C decay seen on C1 discharges down to 1/3 VoD
before being reset to Vpp. This point of reset (labelled “DOS”
in Figure 15) is the point in time where the decision is made
whether the data seen on Djp is a 1 or 0. DOS should not be
too close to the Dj, data edges or intermittent operation may
oceur.

The other timing to be checked on the MC145027 and
MC145028 is on R2/C2 (see Figure 16). The R-C decay is
continually reset to Vpp as data is being transmitted. Only
between words and after the end-of—transmission (EOT)
does R2/C2 decay significantly from Vpp. R2/C2 can be
used to identify the internal end—of-word (EOW) timing edge
which is generated when R2/C2 decays to 2/3 VpD. The in-
ternal EOT timing edge occurs when R2/C2 decays to 1/3
VDD- When the waveform is being observed, the R—C decay
should go down between the 2/3 and 1/3 VppD levels, but not
too close to either level before data transmission on Djn, re-
sumes.

Verification of the timing described above should ensure a
good match between the MC145026 transmitter and the
MC145027 and MC145028 receivers.
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I
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Figure 15. R-C Decay on Pin 7 (C1)
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TE
V,
r kgl 4 DD
I 01uF 0.1 F
- LI '] x a1
=14 6= = 16
? p A2 1 15 Dout Din 9 1 2 §
TRINARY b 1731 N 5 2| A3 5
ADDRESSES 3 p TRINARY
p A4 L
: 7 = WOGIRE, At ADDRESSES
L ® A5 5 7 OR 5 AS® t
s Sotamd® IR, Cr | sestsas [is
( __l_7 12_11Crc :I—: H4 o7 =
4-BIT P D7 9 ———4 o 13
BINARY 10 11 10 15 28
DATA p 08 —= D9
Rg 1 VT
L p D9 _Lg R2 g C2
- b 8
C1c’ = CrC + Clayout + 12 pF
. 1 100 pF < Cyc < 15 uF < REPEAT OF ABOVE
fosc = 3 RreCTe RTC 2 10 kQ; Rg =2 Ry
Ry 210kQ
R1C1 =3.95 RtcCrc Cq 2400 pF REPEAT OF ABOVE
Rz 2 100 kQ
RoC2 =77 RrcCre C2 2700 pF
Example R/C Values (All Resistors and Capacitors are + 5%)
(Ctc’ =Ctc + 20 pF)
fosc (kHz) | Ryc Crc Rs Ry Cq R2 C2 .
362 10k 120 pF 20k 10k | 470pF | 100k | 910pF
181 10k 240 pF 20k 10k | 910pF | 100k | 1800 pF
88.7 10k 490 pF 20k 10k | 2000pF | 100k | 3900 pF
426 10k 1020 pF 20k 10k | 3900pF | 100k | 7500 pF
215 10k 2020 pF 20k 10k | 8200pF | 100k | 0.015uF
8.53 10k 5100 pF 20k 10k | 0.02uF | 200k | 0.02uF
1.71 50 k 5100 pF 100 k 50k | 0.02puF | 200k 0.1 uF
Figure 17. Typical Application
Sl
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C1C’ = C1C + Clayout + 12 pF

1 100 pF SCTC S 15 F

N t——{ e
fosc 23 RrcCrc’ RTc210kQ; Rg =2 RTc
Ry 210kQ
R1C1=3.95 RTCcCTC C1 2400 pF
R2 2100 kQ
RpCa =77 RTcC1C Cg 2700 pF

Example R/C Values (All Resistors and Capacitors are + §%)
(Crc’=CrCc + 20 0F)

fosc (kHz) | Rrc Crer Rg ] Cq Ra C2 .

362 10k 120 pF 20k 10k | 470pF | 100k | 910pF
181 10k 240 pF 20k 10k | S10pF | 100k | 1800 pF
88.7 10k 490 pF 20k 10k | 2000pF | 100k | 3900pF
426 10k 1020 pF 20k 10k | 3%00pF | 100k | 7500pF
215 10k 2020 pF 20k 10k | B200pF | 100k | 0.015uF
8.53 10k 5100 pF 20k 10k | 0.02pF | 200k | 0.02pF
1.71 50k S100pF | 100k 50k | 0.02pF | 200k | o0.1pF

Figure 17. Typical Application
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APPLICATIONS INFORMATION

INFRARED TRANSMITTER

In Figure 18, the MC145026 encoder is set to run at an os-
cillator frequency of about 4 to 9 kHz. Thus, the time required
for a complete two-word encoding sequence is about 20 to
40 ms. The ata output from the encoder gates an RC oscil-
lator running at 50 kHz; the oscillator shown starts rapidly
enough to be used in this application. When the “send” but-
ton is not depressed, both the MC145026 and oscillator are
in a low—power standby state. The RC oscillator has to be
trimmed for 50 kHz and has some drawbacks for frequency
stability. A superior system uses a ceramic resonator oscilla-
tor running at 400 kHz. This oscillator feeds a divider as
shown in Figure 19. The unused inputs of the MC14011UB
must be grounded.

The MLED81 IRED is driven with the 50 kHz square wave
atabout 200 to 300 mA to generate the carrier. If desired, two
IREDs wired in series can be used (see Application Note
AN1016 for more information). The bipolar IRED switch,
shown in Figure 18, offers two advantages over a FET. First,
a logic FET has too much gate capacitance for the
MC14011UB to drive without waveform distortion. Second,
the bipolar drive permits lower supply voltages, which are an
advantage in portable battery-powered applications.

The configuration shown in Figure 18 operates over a
supply range of 4.5 to 18 V. A low-voltage system which
operates down to 2.5 V could be realized if the oscillator sec-
tion of a MC74HC4060 is used in place of the MC14011UB.
The data output of the MC145026 is inverted and fed to the
RESET pin of the MC74HC4060. Alternately, the
MC74HCUO04 could be used for the oscillator.

Information on the MC14011UB is in book number
DL131/D. The MC74HCUO04 and MC74HC4060 are found in
book number DL129/D.

INFRARED RECEIVER

The receiver in Figure 20 couples an IR-sensitive diode to
input preamp A1, followed by band-pass amplifier A2 with a
gain of about 10. Limiting stage A3 follows, with an output of
about 800 mV p-p. The limited 50 kHz burst is detected by
comparator A4 that passes only positive pulses, and peak-
detected and filtered by a diode/RC network to extract the
data envelope from the burst. Comparator A5 boosts the sig-

nal to logic levels compatible with the MC145027/28 data
input. The Djy pin of these decoders is a standard CMOS
high-impedance input which must not be allowed to float,
Therefore, direct coupling from A5 to the decoder input is
utilized.

Shielding should be used on at least A1 and A2, with goog
ground and high-sensitivity circuit layout techniques applied.

For operation with supplies higher than + 5 V, limiter Ad's
positive output swing needs to be limited to 310 5 V. This is
accomplished via adding a zener diode in the negative feeg-
back path, thus avoiding excessive system noise. The bias.
ing resistor stack should be adjusted such that V3 is 1.25 to
1.5V.

This system works up to a range of about 10 meters. The
gains of the system may be adjusted to suit the individual
design needs. The 100 Q resistor in the emitter of the first
2N5088 and the 1 kQQ resistor feeding A2 may be altereq jf
different gain is required. In general, more gain does not nec-
essarily result in increased range. This is due to noise floor
limitations. The designer should increase transmitter power
and/or increase receiver aperature with Fresnal lensing to
greatly improve range. See Application Note AN1016 for
additional information.

Information on the MC34074 is in data book DL128/D.

TRINARY SWITCH MANUFACTURERS

Midland Ross-Electronic Connector Div.
617/491-5400
Greyhill
312/354-1040
Augat/Alcoswitch
617/685-4371
Aries Electronics
201/996-6841

The above companies may not have the switches in a DIP.
For more information, call them or consult eem Electronic
Engineers Master Catalog or the Gold Book. Ask for SPDT
with center OFF.

Alternative: An SPST can be placed in series between a
SPDT and the Encoder or Decoder to achieve trinary action.

Motorola cannot recommend one supplier over another
and in no way suggests that this is a complete listing of tri-
nary switch manufacturers.

MC145026+MC145027+MC145028+SC41 343+SC41344
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APPLICATIONS INFORMATION

INFRARED TRANSMITTER

In Figure 18, the MC145026 encoder is set to run at an os-
cillator frequency of about 4 to 9 kHz. Thus, the time required
for a complete two-word encoding sequence is about 20 to
40 ms. The ~ata output from the encoder gates an RC oscil-
lator running at 50 kHz; the oscillator shown starts rapidly
enough to be used in this application. When the “send” but-
ton is not depressed, both the MC145026 and oscillator are
in a low—power standby state. The RC oscillator has to be
trimmed for 50 kHz and has some drawbacks for frequency
stability. A superior system uses a ceramic resonator oscilla-
lor running at 400 kHz. This oscillator feeds a divider as
shown in Figure 19. The unused inputs of the MC14011UB
must be grounded.

The MLEDS81 [RED is driven with the 50 kHz square wave
at about 200 to 300 mA to generate the carrier. If desired, two
IREDs wired in series can be used (see Application Note
AN1016 for more information). The bipolar IRED switch,
shown in Figure 18, offers two advantages over a FET. First,
a logic FET has too much gate capacitance for the
MC14011UB to drive without waveform distortion. Second,
the bipolar drive permits lower supply voltages, which are an
advantage in portable battery—powered applications.

The configuration shown in Figure 18 operates over a
supply range of 4.5t0 18 V. A low—voltage system which
operates down t0 2.5 V could be realized if the oscillator sec-
tion of a MC74HC4060 is used in place of the MC14011U8.
The data output of the MC145026 is inverted and fed to the
RESET pin of the MC74HC4060. Alternately, the
MC74HCUO04 could be used for the oscillator.

Information on the MC14011UB is in book number
DL131/D. The MC74HCU04 and MC74HC4060 are found in
book number DL129/D.

INFRARED RECEIVER

The receiver in Figure 20 couples an IR-sensitive diode to
input preamp A1, followed by band-pass amplifier A2 with a
gain of about 10. Limiting stage A3 foliows, with an output of
about 800 mV p—p. The limited 50 kHz burst is detected by
comparator A4 that passes only positive pulses, and peak-
detected and filtered by a diode/RC network 1o extract the
data envelope from the burst. Comparator AS boosts the sig-

nal to logic levels compatible with the MC145027/28 data
input. The Djn pin of these decoders is a standard CMOS
high—impedance input which must not be allowed to float,
Therefore, direct coupling from A5 to the decoder input is
utilized.

Shielding should be used on at least At and A2, with good
ground and high-sensitivity circuit layout techniques applied,

For operation with supplies higher than + 5 V, limiter Ad's
positive output swing needs to be limited to 310 5 V. This is
accomplished via adding a zener diode in the negative feed.
back path, thus avoiding excessive system noise. The biag.
ing resistor stack should be adjusted such that V3 is 1.25 to
1.5V

This system works up 1o a range of about 10 meters. The
gains of the system may be adjusted to suit the individuaj
design needs. The 100 Q resistor in the emitter of the first
2N5088 and the 1 k2 resistor feeding A2 may be altered if
different gain is required. In general, more gain does not nec.
essarily resull in increased range. This is due to noise figor
limitations. The designer shoulq increase transmitter power
and/or increase receiver aperature with Fresnal lensing to
greally improve range. See Application Note AN1016 for
additional information.

Information on the MC34074 is in data book DL128/D.

TRINARY SWITCH MANUFACTURERS

Midland Ross—Electronic Connector Div.
617/491-5400
Greyhilt
312/354-1040
Augat/Alcoswitch
617/685-4371
Aries Electronics
201/996-6841

The above companies may not have the switches in aDIP.
For more information, call them or consult eem Electronic
Engineers Master Calalog or the Gold Book. Ask for SPOT
with center OFF,

Alternative: An SPST can be placed in series between a
SPOT and the Encoder or Decoder to achieve trinary action.

Motorola cannot recommend one supplier over another
and in no way suggests that this is a complete listing of tr-
nary switch manufacturers.
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V+

SELECT FOR
200 mA TO 300 mA

USE OF 2 MLEDB1s

MLEDS1 1S OPTIONAL
MC14011UB
SEND MPSA13
el OR
; MPSW13
& MC14011UB
MC145026
Rs Crc Rrc
T 0.01 uF
s 220kQ
of 1000 pF '__
ADJUST/SELECT FOR -
SWITCHES 20kQ 100 kQ FOR APPROX. 4 kHz f= 50 kHz (APPROX. 100 kQ2)
47 kQ FOR APPROX. 9 kHz
Figure 18. IRED Transmitter Using RC Oscillator to Generate Carrier Frequency
V+
MC14011UB
MC14024 50kHZ TO
:D>—o—@——— CIK 03) DRIVER
RESET TRANSISTOR
1MQ
pAA————
q X1 = 400 kHz CERAMIC RESONATOR
PANASONIC EFD-A400K048 v
X1 OR EQUIVALENT X MC14011UB
+— D f——oe
Dout
470 pF j:— 470 pF T FROM MC145026
Figure 19. Using a Ceramic Resonator to Generate Carrier Frequency
MOTOROLA
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V¢

é SELECT FOR
< 200 mA TO 300 mA

USE OF 2 MLED81s
MLED81 ¥ 1S OPTIONAL

MC14011UB
10kQ
SEND MPSA13
1 OR
: . MPSW13
= MC14011UB
TE Dout )
MC145026
Rs Crc Rrc
0.01 yF
T 20kQ
9 1000 pF l__
ADJUST/SELECT FOR -
SWITCHES 220kQ 100 k€2 FOR APPROX. 4 kHz 1= 50 kiHz (APPROX. 100 kQ)
47 kC FOR APPROX. 9 kHz

Figure 18, {RED Transmitter Using RC Oscillator to Generate Carrier Frequency

V+
MC14011UB
14C14024 §0kHZ TO
:DD—o—E!:})—-—— CLK 03}——> DRIVER
RESET TRANSISTOR

1MQ

—A—4
b xi. 400 kHz CERAMIC RESONATOR
PANASONIC EFD-A400K04B v
Xi OR EQUIVALENT + MC14011UB
tH0——1
Dout
470pF == 470 pF ==

FROM MC145026

Figure 19. Using a Ceramic Resonator to Generate Carrier Frequency
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10kQ

At 1 mH —TOKO TYPE 7PA OR ‘op,; :
3 OR EQUIVALENT o
I 10 pF ~ .
Ak = 0.01 uF -
2N5086 ) 1| {
0.(')1 uF 1kQ
A 1 |_4M_‘
MRD821 he i
S e &
3 68k 22kQ
OPTICAL 3 1/4 MC34074
FILTER
= I 1puF
1N914 = = = =
» 47kQ 001 i
A 1
1N914 VWA | !
i 5
- 4
100kQ Ly :
A i1
[ 3 W 1MQ
——AAM—
10kQ el
b AAM— h N9l 1kQ 2kQ |
Vi A4 s + i
v2 —
1/4 MC34074 & }
1/4 MC34074 1000 pF 4a7kQ
:[ 1/4 MC34074
1000pF 390K FOR APPROX. 4 kHz +5V
P 180 k2 FOR APPROX. 9 kHz bty 750 kQ FOR APPROX. 4 kHz
L—| — I ol 360 kQ FOR APPROX. 9 kHz
— " 47kQ
V2=27V
c1 A1 R2/C2
Din MC145027/28 o Vi=25V
DATA OUT
Voo Vss 4 MC145027 ONLY
_l_ L 9 FOR MC145027
+5V a-— -

5 FOR MC145028

ADDRESS
SWITCHES

Figure 20. Infrared Receiver

V3=13V

—
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3

5
*-
%
. ‘;
+5V i,
v
IR
RN - B R ! .
_I_ _.L 10 PF ——— .gé
104F S o I " —— 3
I o 001 uF i
1 1 2N5086 . I | { oy
o.?u wF 1kQ
v I -
MRD821
b R
E 4’ > Vi o
3 68 22460 ,
OPTICAL 3 14 MC34074 -~ | -
FILTER -
= I 1uF )
1N914 = = = -y
g 47kQ 0.91&
1N914 Wv 11
v .
i¢ '
100kQ vy
Bl
——AM—
10kQ Syt
—ANNY + 1N914  1kQ 2%Q { B
vi M v \ R
1/4 MC34074 v2 s vo— | y
114 MC34074 1000 pF 47kQ
I 114 MC34074
to0pF 390K FORAPPROX. 4 kHz +5V
P 180 k§2 FOR APPROX. 9 kHz 001 uF 750 kQ FOR APPROX. 4 kHz
L_| — I T 360 k2 FOR APPROX. 9 kHz .
A 1 1 47kQ T
V227V
c1 Rt R2/C2
J“SS—L 300
VT
Dy MC145027128 Via25Y
DATA OUT 22kQ
v v MC145027 ONLY
DD 5 4 RLTLY PP V313V
_l_ I 9 FOR MC145027 T 10 uF
+5V - = 5 FOR MC145028 27k
ADDRESS
SWITCHES 4L L L 1
Figure 20. Infrared Receiver
——
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@ MOTOROLA

B-SUFFIX SERIES CMOS GATES

The B Series logic gates are constructed with P and N channel enhance-

ment mode devices in a single monolithic structure (Complementary MOS).

Their primary use is where low power dissipation and/or high noise immu-

nity is desired.

e Supply Voltage Range = 3.0 Vdc to 18 Vdc

e All Outputs Buffered

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

e Double Diode Protection on All Inputs Except: Triple Diode Protection
on MC14011B and MC140818

e Pin-for-Pin Replacements for Corresponding CD4000 Series B Suffix
Devices (Exceptions: MC140688 and MC140788)

e
\

w ‘
uﬁ' pe l I l l l I '
L SUFFIX P SUFFIX D SUFFIX
CERAMIC PLASTIC SoIC
CASE 632 CASE 646 CASE 751A
ORDERING INFORMATION
MC14XXXBCP Plastic
MC14XXXBCL Ceramic
MC14XXXBD SOIC
Ta 55 10 125 C ‘or all packages
MAXIMUM RATINGS* (voltages Refererced 1o Vgg)
Symbol Parameter Value Unit
Yoo DC Supply Voltage -05t0 =180 \
Vin. Vout | Ineut or Output Voltage (DC or Tra~sent) -05t0Vpp =08 v
tin- lout | 'nput or Output Current (DC or Trans.ent). per Pin =10 ma
Pp Power Dissipation, per Packaget 500 mw
Tsig |Storage Temperature -6510 - 150 'C
T Lead Temperature (8-Second Solde’ ~g) 260 <

*Maximum Ratings are those values beyond wiwch damage 1o the device may occur
{Temperature Derating: Plastic “P and D/DW" Packages -70 mwW “C From 65°C To 125°C
Ceramic “L" Packages - 12 mW “C From 100°C To 125°C

MC14001B

Quad 2-Input NOR Gate

MC14002B

Dual 4-Input Nor Gate

MC14011B

Quad 2-Input NAND Gate

MC140128B

Dual 4-Input NAND Gate

MC140238B

Triple 3-Input NAND Gate

MC140258B

Triple 3-Input NOR Gate

MC14068B

8-Input NAND Gate

MC140718B

Quad 2-Input OR Gate

MC14072B

Dual 4-Input OR Gate

MC140738B

Triple 3-Input AND Gate

MC140758B

Triple 3-Input OR Gate

MC14078B

8-Input NOR Gate

MC14081B

Quad 2-Input AND Gate

MC140828

Dual 4-Input AND Gate

This device contains protection circuitry to guard against damage due to
high static voltages or electric fields. However, precautions must be
taken to avoid applications of any voltage higher than maximum rated
voltages to this high-impedance circuit. For proper operation. Vin and
Vout should be constrained to the range Vgg < (Vi of Vout) = VDD-
Unused inputs must always be tied to an appropriate logic voltage level
(e.g., either Vgg or Vpp). Unused outputs must be left open

6-5




@ MOTOROLA

B-SUFFIX SERIES CMOS GATES

The B Series logic gates are constructed with P and N channel enhance-
ment mode devices in a single monolithic structure (Complementary MOS).
Their primary use is where low power dissipation and/or high noise immu-
nity is desired.

Supply Voltage Range = 3.0 Vdc to 18 Vdc

All Outputs Butfered

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

Double Diode Protection on Al Inputs Except: Triple Diode Protection
on MC140118 and MC140818

Pin-for-Pin Replacements for Corresponding CD4000 Series B Suffix
Devices (Exceptions: MC140688 and MC140788)

A,
l‘i l l v
ol < | '
1 t
L SUFFIX P SUFFIX D SUFFIX
CERAMIC PLASTIC SOiC
CASE 632 CASE 646 CASE 751A
ORDERING INFORMATION
MC14XXXBCP Plastic
MC14XXXBCL Ceramic
MC14XXXBD SOIC
Ta 55 to 125 C for all packages
MAXIMUM RATINGS*® (voltages Retere~ced to Vgg)
Symbol Paramaeter Vaiue Unit
Yop |OC Supply Voltage ~-051t0 - 180 v
Vin. Vout | 1nBut or Output Voitage (DC o Tra-sie~t) -0S5tovpp ~05 v
tin- lout | Input or Output Current (DC or Trans.ent) per Pia =10 mA
fp Power Dessipation, per Packaget 500 mw
Tsig Storage Temperature ~6510 - 150 C
L Lead Temperature (8-Second Solde’~g) 260 C

*Maximum Ratings are thosa values beyond whuch damage 10 the Gevice may occur
{Temperature Derating: Plastic “P and O/OW" Packages -7 0 mW=C From 65°C To 125C

Ceramic “L” Packages: - 12 mw “C From 100°C To 125°C

MC14001B

Quad 2-Input NOR Gate

MC14002B

Dual 4-Input Nor Gate

MC14011B

Quad 2-Input NAND Gate

MC140128B

Dual 4-input NAND Gate

MC140238

Triple 3-Input NAND Gate

MC140258B

Triple 3-input NOR Gate

MC14068B

8-fnput NAND Gate

MC140718B

Quad 2-input OR Gate

MC140728B

Dual 4-Input OR Gate

MC14073B

Triple 3-Input AND Gate

MC140758

Triple 3-Input OR Gate

MC140788

8-lnput NOR Gate

MC14081B

Quad 2-input AND Gate

MC140828

Dual 4-Input AND Gate

This device contains protection circuitry to guard against damage due to
high static voltages or electric fields. However, precautions must be
taken to avoid applications of any voltage higher than maximum rated
voltages to this high-impedance circuit For proper operation, Vi and
Vout should be constrained to the range Vgg < (Vi of Vou1) < VpD-

Unused Inputs must always be tied to an appropriate logic voitage level
(e.g.. either Vgg or Vpp). Unused outputs must be left open.
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for All Devices
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MC140018B
Quad 2-Input NOR Gate

e
1c]in 1, Voo o 14
2Cin 2, In 213
33 Outy In1pgf—12
4T outg Outp = 11
sCin1g Outc =10
6 in2g n2c 49
1 vgs Inicf—8
MC140238B

Triple 3-Input NAND Gate

U
St in V5 Voo o 14
2] In2, n3c k13
3cging n2¢c 412
4:".23 nlcp—n
5C]in3g Outc 10
6 C] Outg Outy 9
703 vgs In3a 08
MC140728B

Dual 4-Input OR Gate

—
1 Outpy Vpp o 14
2c]in1, Outg o 13
IcgIn2, In 4g 12
4T3 In3, In3g 31
SCina, In2g 310
6 T nC n1gf39
7 Cq vgg NC T8

CMOS B-SERIES GATES

PIN ASSIGNMENTS

MC140028
Dual 4-Input NOR Gate

2%

1 Outy Vpp o 14
2c]in1, Outg D13
3 in 2, In4g 12
4T3 in3, In3g a1
SCInd, in2g 3310
6 T NC In1gf39
7 ] vgg N =1}

MC140258

Triple 3-Input NOR Gate

U
1e{in1a Vop o 14
2cIn2,4 in3ckmo 13
3cinlg In2¢cp— 12
4C]In2g Inlec—n
sC—]In3g Outc /M 10
6 T Outg Outa 39
7 T} Vss IAJAEG
MC140738

Triple 3-Input AND Gate

U
T in1a Voo o 4
2] 1n 2, n3cpko 13
3 ing n2c kD12
4:”‘28 LR of wase [ Bt
S n3g OQutc 10
6 T Outg Outy 9
7:\155 In3a 8
MC140818B

Quad 2-Input AND Gate

U

1cdin1, Voo = 14
2] in 2, n2pFo13
33 Outy n1p 312
4C ] Outg Outpf— 1
5Cqin g Outc =2 10
6 in2g n2cf39
1] vgg nicf—28

MC140118B
Quad 2-Input NAND Gate

———
B === [, T v°°:|4
2C3in 2, lnzob“!
3 C30out, in IDD‘I
4 C3outg Outg =11
sCin1g Outc = 10
6 in2g n2cF39
7 T vgs a8
MC140688

8-Input NAND Gate

\J
1 NC Voo = 4
2c]iIn Out 5 13
3c]tn2 in8 12
R s L m7E N
SC]ina In6 310
6 CInNcC Ins 9
7 ] vgg NC D8
MC140758

Triple 3-Input OR Gate

T
V-=in tE Voo > 14
2C]In2, n3ckEo 13
3[:ln|a In2¢c 12
aC]in2g milcEan
SC in 3g OQutc 10
6 C—] Outg Outy 9
7:V55 n3a 08
MC140828

Dual 4-Input AND Gate

1] Outps Voo 4
2c]in 14 Outg D13
3] in2, In 4g 12
4aC]in3, in3g 211
SC]Indy n 2g D10
6 T NC In1g 39
7 3 vgs NC D8

6-7

MC140128
Dual 4-Input NAND Gate

1 %4

1 ] Outy Voo o 14
2cdin 1, Outg 513
3cin 2, In4g 12
4CTin 3, In3g M
SCind, in2g 10
6CINC tn1g 9
7 Vss NC D8

MC140718

Quad 2-Input OR Gate

A4

1cgin 1, Voo =14
2 1n 24 n2pf—213
33 Outys n1pf—12
4CT3O0utg Outp = 11
sCin g Outc =10
6C—in2g n2c 29
1] vgs nicf—8

MC140788B

8-Input NOR Gate

\J
1 NC Voo = 4
2c=3in Out > 13
3cdin2 InB8 [ 12
4C3Jin3 (LR ==}
sC]ina tn6 10
6 CINC Ins 9
7:\/55 NCFB

NC = No Connection



MC140018B
Quad 2-input NOR Gate

A\
1 1, Voo o 14
2CT0in 2, ln2gf—13
3 Outa tn1p 12
4T3 Outg Outpf— 1
6C]in 1g Oute 4210
6T in2g n2c 9
7 vgs Intcf=8
MC14023B

Triple 3-lnput NAND Gate

~—
T inta Voo o 14
2] In 2, n3cpm 13
3cing n2c k12
4CT]in2g ntci/—m 1l
$C3tn 3 Outc [ 10
6 ] Outg Outy D9
1 g vgs in3afF08
MC140728B

Dual 4-Input OR Gate

———
1| Outy Voo =14
2c]In 1, Outg o 13
3CTtn2, In 4g D12
4 in 3, tn3g 11
s C]ind, in2g 10
6 =3I NC tn1gf9
13 vgs NC[Ts8

CMOS B-SERIES GATES

PIN ASSIGNMENTS

MC140028
Dual 4-lnput NOR Gate

\ %
1 3 Outy Voo o 14
2cftn 1,4 Outg 513
3CT]1n 2, tn 4g 12
4CJin3, In3g o1
SCind, tn 2g 310
6 T nC In1gf39
7 ] vgs NC |8
MC140258

Triple 3-Input NOR Gate

U
Tcdinta Voo b 4
2cin2, n3cka 13
3c=ginlg In2c 12
4CT—]in 2g tn1ctd 1
sC—jin3g Oute M 10
6 ] Outg Outa 39
73 Vss In3,f— 8
MC140738

Triple 3-lnput AND Gate

\J
L == ELI PN Voo o 4
2C]1n 2, N3cEs 13
I ing in2¢c 12
4:'”28 Inickon
S tn g Quic 310
6 T4 Outg Outy D9
1 vgs 1n3a 8
MC140818B

Quad 2-Input AND Gate

A2

1 n 1, Vop = 14
2C]n 2, tn 20013
33 0uty In1pfF=12
4] Outg Outgf—= 11
5CHing Outc 310
6] 1n2g n2cf—9
1T vgg I Py ==X

MC140118B
Quad 2-lnput NAND Gate

V)
1T in 1, Vpo [ 14
2 2, n2pF13
3 Cqout, In'lo:iiz
4 :Ou(a Outg |3 "
sCin1g Outc 10
6§Tin2g In2cf3a9
7:Vss in ‘lc:e
MC14068B

8-Input NAND Gate

\ s

1 NC Voo o 4
2cHtn1 Out 5 13
I3 n2 inB D 12
4C](n3 m72p/Don
SCina in6 3 10
6 TNC tins 39
1 Cvgg NC D8

MC140758

Triple 3-lnput OR Gate

U
A\l RLIR UY Voo b= 14
2y in 2, In3c =513
ITHin 1g n2ec 12
4aCJin2g tnlctMn
ST in 3g Ouic [T 10
6 T Outg Outy 9
1] vss [LE PN e X:}
MC140828

Dual 4-input AND Gate

-
1 Outy Voo 14
2 n 1y Outapﬂ!
I in 2, Ind4g D112
4C31n3, In3g o n
sCiIna, in2g 10
6 =} NC in1g{ 9
7 5 vgg o) =X ]

6-7

MC140128
Dual 4-laput NAND Gate

A4
1 C}Outy Voo o 14
2cint, Outg P53 13
3CHIn 2, In4g £312
4T in 35 tn3g 3V
s]ina, in2g 10
sC—{nC n1g 9
14 vss NC D8
MC14071B

Quad 2-Input OR Gate

\J
T in 1, Y —AL
2c1n 2, In 2013
3] Outy n1p 12
4T Outg Outg 11
[==FT. R Outc f—= 10
6 ]tn2g n2cf9
1T vgg In ¢ 8
MC140788

8-input NOR Gate

S

1 NC Voo = 14
2c]n1 Outf—> 13
3cdin2 tn8 =012
4Cltn3 w2/ wn
SCJina tn6 10
6 TINC Ins {39
1 T3 vgg NC 8

NC = No Connection



CMOS B-SERIES GATES

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

e Voo -55°C 25°C 125°C
Characteristic Symbol | ygc > - Unit
Min Max Min Typ # Max Min Max
Output Voltage “0" Level 5.0 — 0.05 - 0 0.05 —_ 0.05
Vin = Vpp or 0 VoL 10 - 0.05 - 0 005 [ — 0.05 | vdc
15 — 0.05 _ 0 0.05 - 0.05
“1” Level 5.0 4.95 -_ 4.95 50 - 495 -
Vin = 0 or Vpp VOH 10 9.95 - 9.95 10 - 9.95 — Vdc
15 14.95 - 14.95 15 - 14.95 -_
Input Voltage “0" Level
(Vo = 4.5 0r 0.5 Vdc) v 50 - 1.5 — 225 15 — 1.5 Vde
(VO = 9.0 or 1.0 Vdc) L 10 =3 30 = 450 30 = 30
(Vo = 13.5 or 1.5 Vdc) 15 - 4.0 - 6.75 40 s 40
“1" Level
(Vo = 0.50r 4.5 Vdc) v 50 35 = 35 275 - 35 - Vde
(VO = 1.0 or 9.0 Vdc) 2 10 | 70 25 7.0 550 I e g
(Vo = 1.50r 13.5 Vdc) 15 1 -— 1 8.25 —_ 11 -
Output Drive Current
(VOH = 2.5 Vdc) Source 50 -30 —_— -24 -42 - -1.7 —_—
(VOH = 4.6 Vdc) IoH 5.0 -064 - -0.51 -0.88 —_ -0.36 -— mAdc
(VOH = 9.5 Vdc) 10 -16 — -13 -225 - -09 -
(VOH = 13.5 Vdc) 15 -42 - -34 -88 —_ —-24 -_
(VoL = 0.4 vdc) Sink 5.0 0.64 -_— 0.51 088 - 0.36 —
(VoL = 0.5 Vdc) oL 10 16 — 13 225 — 09 — | mAdc
(VoL = 1.5 Vdc) 15 42 —_— 34 8.8 — 24 -
Input Current lin 15 - 0.1 —_ =0.00001| =0.1 —_ +1.0 | uAdc
Input Capacitance Cin - — —_ — 5.0 718 - — pF
(Vin = 0)
Quiescent Current Ipp 5.0 - 0.25 - 0.0005 0.25 - 75 | pAdc
(Per Package) 10 - 05 — 0.0010 05 — 15
15 _— 1.0 - 0.0015 1.0 &= 30
Total Supply Current™"t I 5.0 IT = (0.3 uAKH2) f - Ipp'N uAdc
(Dynamic plus Quiescent, 10 IT = (0.6 uAkH2) f - Ipp/N
Per Gate, C|_ = 50 pF) 15 IT = (0.9 uAkH2) f - Ipp/N

#Data labelled “Typ™ is not to be used for design purposes but is

intended as an indication of the IC’s potential performance

“"The formulas given are for the typical characteristics only at 25°C.

1To calculate total supply current at loads other than 50 pF:

IT(CL) = I7(50 pF) + (C - 50) Vik

where: IT is in uA (per package), CLinpF. V = (Vpp - Vgg) in volts,
fin kHz is input frequency. and k = G.001 ~ the number of exercised

gates per package.




CMOS B-SERIES GATES

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgs)

Characteristi Symbol Voo -55°C 25°C 125°C Unit
aracteristic m ni
4 Vvdc Min Max Min Typ # Max Min Max
Output Voltage “0" Level 5.0 — 0.05 — 0 0.05 ol 0.05
Vin = Vpp o¢ 0 VoL 10 — | oo0s — 0 005 { — | 005 | vdc
15 —_ 0.05 - [ 0.05 -_ 0.05
“1" Level 5.0 4.95 — 4.95 5.0 — 495
Vin = 0or Vpp VOH 10 | 995 | — 9.95 10 ~ 1995} — | vde
15 14.95 — 14.95 15 — 14.95
Input Voltage “0” Level
(Vo = 4.5 0r 0.5 Vdc} v 5.0 —_ 1.5 - 2.25 1.5 —_ 1.5 Vde
(VO = 9.0 or 1.0 Vdc) iL 10 - 3.0 - 450 30 [ — | 30
(Vo = 13.5 or 1.5 Vdc) 15 —_ 4.0 — 6.75 40 —_ 4.0
“1" Level
(Vo = 0.5 or 4.5 Vdc) v 5.0 35 - 3.5 275 —_— 35 —_ Vde
(VO = 1.0 0r 9.0 Vdg) H 10 | 70 | — 7.0 5.50 - ] 70| -~
(Vo = 1.5 0r 13.5 Vdc) 15 11 —_ 11 8.25 —_ 11 —
Qutput Drive Current
(VoK = 2.5 Vdc) Source 5.0 -3.0 — -24 -42 — -1.7 —
(VOH = 4.6 Vdc) 10H 50 | -064| — -051 | -o0.88 — | -036] — |mAde
(VoK = 9.5 Vdc) 10 -1.6 - -13 -225 —_ ~09 -
(VOH = 13.5 Vde) 15 ~4.2 — -34 -88 — 2.4 —
(VoL = 0.4 Vde) Sink 5.0 0.64 -— 0.51 0.88 - 0.36 —
(VoL = 0.5 Vdc) oL 10 16 - i3 225 — 0.9 — | mAde
(VoL = 1.5 Vdc) 15 42 — 34 8.8 - 24 —
Input Current lin 15 — =0.1 — =0.00001] =0. — +1.0 | pAdec
Input Capacitance Cin — — — — 5.0 75 — - oF
(Vin = 0)
Quiescent Current Ibb 5.0 - 0.25 — 0.0005 0.25 — 7.5 | uAdc
{Per Package) 10 — 05 - 0.0010 0.5 — 15
15 _ 10 — 0.0015 1.0 — 30
Totat Supply Current™*t i d 5.0 IT = (0.3 pAkHZ) I - Ipp'N nAdc
(Dynamic plus Quiescent, 10 IT = (0.6 pAKHZ) 1 - Ipp/N
Per Gate, Ci = 50 pF) 15 It = (0.9 uAkHZ) ! - Ipp/N

#Data labelled "Typ™ is not to be used for design purposes but is

intended as an indication of the IC's potential performance

“"The formutas given are for the typical characteristics only at 25°C.

17To calculate total supply current at loads other than 50 pF:

IT(CL) = IT{50 pF) + (Cp - S0) VIk

where. IT 15 in uA {per package), Cy_in pF, V = (Vpp - Vgg) in volts,

{ir kHz 15 input frequency. and k = G.001 \ the number of exercised

gates per package.




CMOS B-SERIES GATES

B-SERIES GATE SWITCHING TIMES

SWITCHING CHARACTERISTICS® (C|_ =50 pF, T4 =25"C)

Voo
Characteristic Symbol Vdc Min Typ # Max Unit
Output Rise Time, All B-Series Gates ITLH ns
'TLH = (1.35 as/pF) C_ + 33 ns 50 - 100 200
TLH = (0.60 ns/pF) Cy + 20 ns 10 — 50 100
TTLH = (040 ns/pF) C + 20 ns 15 —_ 40 80
Output Fall Time, All B-Series Gates ITHL ns
'THL = (135 ns/pF) C + 33 s 50 - 100 200
TTHL = (0.60 ns/pF) C(_ + 20 ns 10 - S0 100
TTHL = (040 ns/pF) C_ + 20 ns 15 - 40 80
Propagation Delay Time PLH. TPHL ns
MC140018, MC 140118 only
tPLH. PHL = (0.90 ns/pF) Cy_ + 8O ns 50 a 125 250
PLH. PHL = (036 ns/pF) C_ + 32ns 10 - 50 100
PLH. tPHL = (0.26 ns/pF) C + 27 ns 15 27 40 80
All Other 2, 3, and 4 Input Gates
tPLH- PHL = (090 ns/pF) C + 115 ns 50 - 160 300
PLH. PHL = (036 ns/pFICy + 47 ns 10 - 65 130
PLH. 1PHL = (026 ns/pF) C_ + 37 ns 15 - 50 100
8-Input Gates (MC 140688, MC140788)
PLH. PHL = (090 ns/pF) Cy + 155 ns 50 = 200 350
PLH. PHL = (0.36 ns/pF) C + 62 ns 10 e 80 150
PLH. PHL = (0.26 ns/pF) C_ + 47 ns 15 o 60 110

*The formulas given are for the typical characteristics only at 25°C.

#Data labelled "Typ" is not 10 be used for design purposes but is
intended as an indication of the IC’s potential performance

FIGURE 1 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

mmp e

Input 0% [oY5)
S0%
3 %
O — 0% oV
P~ — tPLH
Vv
L y— Vow
Pulse N Pytous Output :g:
Generator Inverting i
Cu = — Vou
.
TTHL TN
P — tpHL
i S0 Vou
10Vvss Ouiput 50%,
*Atl unused «nputs of AND. NAND gates must be Nen Inverting 16%

connected 1o Vpp ¢
All unused inputs of OR, NOR gates must be TLH
connected 1o Vgg.

6-9
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CMOS B-SERIES GATES

B-SERIES GATE SWITCHING TIMES

SWITCHING CHARACTERISTICS® (C_ =50 pF, T4~ 25"C}

Voo
Characteristic Symbol Vde Min Typ # Max Unit
Qutput Rise Time, All B-Series Gates tTTLH ng
TLH = (1.35 as/pFI C + 33 ns 50 - 100 200
TTLH = (0,60 ns/oF 1 C(_ + 20 ns 10 — 50 100
TLH = 10,40 ns/pFI C_ + 20 ns 15 — 40 80
Output Fall Time, All B-Series Gates TTHL ns
fTHL = (135 ns/pF) C(_ + 33 ns 50 — 100 200
TTHL = (0.60 ns/pF) € +20ns 10 —_ 50 100
TTHL = (0.40 ns/pFI CL * 20 ns 15 - 40 80
Propagation Delay Time TPLH. IPHL ns
MC140018, MC140118 only
tpLH. PHL * (0.90 nt/pF) Cy_ + BOns s0 - 125 250
PLH. PHL = (0.36 ns/pF) C_ ¢ 32 ns 10 - 50 100
PLH. tPHL = (0.26 ns/pF) C + 27 ns 15 - 40 80
All Other 2, 3, and 4 Input Gates
L H. IPHL = (090 ns/pFI C ¢+ 115 ns 50 — 160 300
PLH. PHL = (0.36 ns/pFI C( + 47 ns 10 - 65 130
tPLH. PHL " (0 26 ns/pFICy + 37 ns 15 - 50 100
8 Input Gates {MC 140688, MC140788)
PLH. tPHL = (090 ns/pF) Cy_ + 155 ns 50 - 200 3so
WK, WPHL = (036 ns/pFICL + 62 ns 10 i 80 150
WPLH. 1PHL " (0.26 nt/pF) C_ + 47 ns 15 - 60 110

"The totmulas given are for the typical characteristics only at 25°C.

¢ Data labelled "Typ™ is not 10 be used for design purposes but is
intendad as an indication of the IC's potential performance

FIGURE 1 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

AU A

1npur 30+ [a]e)
50%
v
1a 00 | 10- ov
1P ] - tPLH
N Input Outout 90% ¥ Vou
ulse Qutout 50%
Generator inverting
S 1o Vot
- RGN tTLH
I oL — b’ tPHL
= Vou
70 vgg Ouiput

*ANl unused inputs o AND, NAND gates must be Nea 1nverting

connecied t> Vpp t
Al unused 'nputt of OR, NOR gates must be TLH
connected to Vgs.

THL

6-9



CMOS B-SERIES GATES

CIRCUIT SCHEMATIC
NOR, OR Gates

MC140018
MC140718
One of Four
Gates Shown
v
0o 149Vpo
1.6.8.|3°—~r—l
2.59.12 :} s &
| ; !
L .
___[_ : : 3—43_!,10,”
f f ; ! MC140258
Bl X MC140758
One of Three
7 Gates Shown
7
Vss " Yoo
*taverter Omitted in MC140018
1.3.1 o—-—-j .
2412 :] l
1 149Vpp
= N2 M=o =
< =7 [I= -
MC140028 b3 i :2_”'6"0
MC140728 73 Lo 1E =
One of Two 3 ]
Voo Gates Shown 8.5.13 l 3________1
3901 1
79V
2,10 o— i &,
“Inverter Omitted in MC140258
5.110
4,120
*Inverter Omitted in MC140028
Voo
5 MC140788
H’——] Eight Input
:] Gate
2 1
|
14 1\/00

4 Same as J
5 above

904 Same as J
10 above [
LR} Same as )

12 above




CMOS B-SERIES GATES

CIRCUIT SCHEMATIC
NOR, OR Gates

MC140018
MC140718
One of Four
Gates Shown

v
co 149Vpp

1.s.a.|3o—v————]
2.5.9.12 ]j

A
'
'
1

:}-o 3.4,10,11

cvofleacad

[L
v

Vss

*tnverter Omutiad in MC140018
3.1

2,412

MC140258
MC140758
One of Three
Gates Shown

Voo

MC140028
MC140728

One of Two
Gates Shown 8.5.13 l :
3,9&—————-——‘

2.‘00———T1 49Voo
=S —

=
3—01,13
pome

UL s

| sy

Vss

el

*Invertar Omitted in MC140028

]

7 Ovgs

=
3o9s0
=

Vss

*Inverter Omitted in MC140258

MC140788
Eight Input
Gate

149Vpp
m‘p . . i

—

Yl

33

L.TuLl_t_l_
jZTE

vss

4 Sema as
5 above
8o Same ss
10 above

" Same as
2 above

B



CMOS B-SERIES GATES

CIRCUIT SCHEMATICS
NAND, AND Gates

MC140118
MC140818
One of Four

Gi.c3s Shown
149Vpp

3 :J r“‘-“' |
. 111 i:j;_{]%_ﬂ%_oa,qno.n
weranzse J; E
Voo Onect e 15_1] j :] j

168,13 - ® . l
=8 i 5
*lnverter Omitted in MC14C118
2412

J
Il |
1.3.11 o——b————-j; 14 ¢ Vpp

s S
4 S L S
g

=

Vss 74 Vse MC140128
*lnverter Omitted in MC140238 Vpo :'(‘:14;“}28
e O wo
J’d Gates Shown
) Satios
2,10 :]
39 u;_._J
Voo MC 140688 vee | | o

s

P 0 (E;::' b ‘51'21 - }_{é Fora3
%\L B 3
£ ] ’_lﬁ s

3 = *laverter Omitted for MC140128
<
=E=aic

i el A

l_)

1

iy = =
=E
Vss



CMOS B-SERIES GATES

CIRCUIT SCHEMATICS
NAND, AND Gates

MC140118
MC140818
One of Four
Gi.es Shown
149Vo0

= 2 :Zl‘ :l :J
1 :}—03,4_10,11
mooze |
voo  guettwe T Ji] :1
:J—j 16,813 = !
1= N

"l “Inverter Omitted In MC14C118

1

r-

L
U
|1

7oy

ss

2,412 J
1.3.11 0—‘—-"3
vss, ] -t
8.6,13 ___E:}—J _]I
3 =3

14 Voo

’—b::‘%
UIIJU

~

Vss Vss

MC140128
“tnverter Omitted 1n MC140238 Voo z‘c"??rze
ne O wOo
Gates Shown
T;J.] "I._lj
r—] 14 Voo
2,10 :
v MC140638 38 ]
[+]+} Vss . .
Eight lnput 12 g r J
= n . D
)

ﬁ

an Voo ] ; '
) Jﬁ Jﬁ it
P

“inverter Omitted tor MC140128

:Jaf;
[ ]

i —— 1_3_{:}_{}?43
1 Ssme as Ij : 7
12 sbove B |
)
315
?7%vss
vss
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10. ORAIN CURRENT (mA)

10. ORAIN CURRENT (mA)

10, DRAIN CURRENT (mA)

CMOS B-SERIES GATES

TYPICAL BSERIES GATE CHARACTERISTICS

N-CHANNEL DRAIN CURRENT
(SINK)

FIGURE 2 - Vgg = 5.0 Vdc

P-CHANNEL DRAIN CURRENT
(SOURCE)

FIGURE 3 — Vgg = -5.0 Vdc

50 -10
-9.0
40 _ -80 T = -55°C+——
el
Ta = -55°C - L — 4o'c
30 Z -s0 <]
P 0C g A
// sasc)> ] 228 ? w5°C
20 o 1 Z o 4 - +85°C —
+125°C = < // A 1 TR
g & -
10 e Z] ///
fa 10
0 0
0 10 20 30 0 50 0 10 -20 -30 —0 -50
Vps. DRAIN TO SOURCE VOLTAGE (Vac) Vps. DRAIN.TO SOURCE VOLTAGE (Vdc)
FIGURE 4 — Vgg = 10 Vdc FIGURE § — Vgg = -10 Vdc
2 -0
18 + 45
% ALt 40
—40°C o
" < T -3
‘o
s // -sz'c & ¥ TAs e
" & i S -5 —
<o
80 . +125°C = Ja Lerter] 25°C
* = o
2 = ] 8¢ |
60 S s < - :
a0 //// =] % //1//‘/-——-“ +125°C
7 # B e
20 o 50 //%/
o 20 3e 40 50 60 10 80 S0 10 % o -20 -30 -40 -50 -60 -10 -80 -90 -10
Vps. ORAIN TO SOURCE VOLTAGE (Vdc) Vps. ORAIN.TO SOURCE VOLTAGE (Vde)
FIGURE 6 — Vgg = 15 Vdc FIGURE 7 — Vgg = -15 Vdc
50 -100
4 —L—:} 50
40 _ -8
3% A= -55°C o
i e =
30 = a0c g 0 .
5 Y, - - & Ta=-55"C
+25° D o
. o
2 /,.f +85°C % . 7// st C
e 125°C 5
15 //’ e : S w ,/A o
=] +125°C
10 /,/ -2 / F el =zaa
50 -10 e
0
0 20 40 60 80 10 2 " 16 1L 20 no -20 40 60 -80 -10 -12 -M4 -1 -1§ -20

Vps. DRAIN.TO SOURCE VOLTAGE (Vdc)

Vps. ORAIN-TOSOURCE VOLTAGE (Vée)

These typical curves are not guarantees, but are design aids.

Caution: The maximum rating for output current is 10 mA per pin.



1D, DRAIN CURRENT (mA)

10, DRAIN CUBRENT {mA)

10, ORAIN CURAENT {mA)

CMOS B-SERIES GATES

TYPICAL BSERIES GATE CHARACTERISTICS

N-CHANNEL DRAIN CURRENT
(SINK}

FIGURE 2 ~ Vgg = 5.0 Vdc

50
@
Ta=-55°C
30
s -40°C
.0 A/ 'GS’C?S C
’ y/ A= 125°C
// ”
1.0 %V/
% 10 20 30 0 50
vDS. DAAIN TO SOURCE VOLTAGE (Vo)
FIGURE 4 — Vg = 10 Vdc
0 I
2 i
. TA =-$5°C
6 /-7 -40°C
1"
L~ +25°C
2 /é
+85°C
10 - 3
L0 / // ] €125°C
@0 £
y
20}-AA
Yo 0 2630 40 se w075 ET a0
Vps. ORAIN TOSOURCE VOLTAGE (vdq
FIGURE 6 — Vgg = 15 Vdc
50
«©
40
35 A" -55°C
Pran' L
(] 7 —~0°C
2 4 +25°C
i +85°C
's / 7% “125°C
N/ 74
/
s0
T T B 7 T R B 1§ 20

Vos. ORAIN.TO-SOURCE VOLTAGE (Vdc)

PCHANNEL DRAIN CURRENT
(SOURCE}

FIGURE 3 - Vg = -5.0 Vde

-10
-90
_ 80 T~ -55°C +——
L) —— e
- L] -40°C
S -60 i
o«
S se ]
L= g vy
— "5 C
Z. ! s / o [ +85°C
S 30 v < i
% b
20 // =
0 i
0
[ 10 C20 -30, s Y
Vps. DRAIN-TOSOURCE VOLTAGE (Vdc)
FIGURE § — Vgg = -10 Vde
-50
«
-a0
-
'5‘ -3 Ta = -55°C
« s "
S8 —40°c—]
: e
< _— 5°
a -1 //7 "] "?
€ ) e s 1 e v *15°C
- s e =
<o //‘4/
% 16 28 =30 %8 6 6o s 80 5.0 -10
V0. DRAIN-TO SOURCE VOLTAGE (Vde)
FIGURE 7 — Vgg = -15 Vdc
-100
K
_ 0
o
=
g« Ta=-85C
£ s
e | — T c
z -4 +25°|
s 30 A// 85"
8 > = g
£ 42// +135°C
ol ]
- -
% 28 9 =0 =0 W oo o STEETEE ]

V0. ORAIN-TOSOURCE VOLTAGE (Vée)

These typical curves are not guarantees, but are design aids.
Caution The maximum rating for output current is 10 mA per pin.



Vout. OUTPUT VOLTAGE (Vde)

Vout. OUTPUT VOLTAGE (Vde)

CMOS B-SERIES GATES

TYPICAL B-SERIES GATE CHARACTERISTICS (cont'd)

VOLTAGE TRANSFER CHARACTERISTICS

FIGURE 8 — Vpp = 6.0 Vde

FIGURE 9 — Vpp = 10 Vde

Single Input NAND, AND
Multiple lnput NOR, OR

Single Input NAND_ AND
Multiphe Input NOR_OR

3
2
w
50 <0
2 ]|
=
: 1| £ ’
o L~ | Single Input NOR, OR =% L] |Sinste loput NOR. OR
= ] | Multiple Input NAND, AND 3 Multiple Input NAND. AND
= 6
3 ¥
20 = 340 =
>
1.0 28
0 0
0 10 20 30 40 50 20 an 60 80 10
Vin. INPUT VOLTAGE (Vdc) Via. INPUT VOLTAGE (Vac)
FIGURE 10 - Vpp = 16 Vdc
* DC NOISE MARGIN
" < g
The DC noise margin is defined as the input
Single Input NAND, AND Soa s o ed
12 Muttiple Input NOR, OR —] voltage range from an ideal “1" or 0" input level
/ J which does not produce output state change(s)
10 { i A
14 ] l The typical and guaranteed limit values of the in-
0 ] Single Input NOR, O n put values Vi and Vyy for the output(s) to be at
Witiols oot HAND-AND a fixed voltage V@ are given in the Electrical
60 Characteristics table. Vy_and V,y are presented
graphically in Figure 11
S Guaranteed minimum noise margins for both
20 the “1” and "0 levels =
1.0 Vwitha 5.0V supply
0 h 20 0 0 3.0 0 W T} % 2.0 V with 2 10.0 V supply
2.5 V with a 15.0 V supply
Vin. INPUT VOLTAGE (Vdc)
FIGURE 11 — DC NOISE IMMUNITY
(8) tiverting Funcuion (b} Nan.inverting Function
vV,
Lo Voo Vit Voo
Vo Vo //
Vo Vo
\\,‘ Voo Voo
o Via Via
Vie Vin ViL ViH

Vgs = 0 volts dc
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CMOS B-SERIES GATES

TYPICAL B-SERIES GATE CHARACTERISTICS (cont'd)

VOLTAGE TRANSFER CHARACTERISTICS

FIGURE 8 — Vpp = 6.0 Vde

-
>

-~

w

~

Vout. OUTPUT VOLTAGE (Vde}

‘FIGURE § — Vpp = 10 Vde

s

s
Single tnout NAND, AND 2 Single Input NAND, AND
Multiple Input NOR OR b 0 WMuktiple Input NOR, OR
-
/l J g' ’/ ] I
0 Singh Input HOR, OR z e [ A" [ Siogh togut N0 OB
o Muitepie inpul NAND, AND 2 60 Mutuple tnput NAND, AND
/ g /
o
0 7 >§ 0 =
20
&l .
[ 10 0 0 40 0 20 an 6.0 0 10
Vin. INPUT VOLTAGE (Vda) Vin INPUT VOLTAGE (Veac)
FIGURE 10 - Vpp = 16 Vde
DC NOISE MARGIN
The DC noise margin is defined as the input
z’:r:; L"?:;::A':‘oz AD':‘O —_— voltage range from an ideal "1~ or 0" input level
/‘t/ l ’ which does not produce output state change(s)
L4 | The typical and guaranteed limit values of the in-

] Sigle Input NOR, O put values V| and Vi lor the outpul(s) to be at

Muttiph Input NAND. AND a fixed voltage Vo are given n the Electrical

Characteristics table. Vy_and Vj are presented
graphically in Figure 11.

Vout, OUTPUT VOLTAGE (Ve

Guaranteed minimum noise margins for both
the “1” and "0 levels =

1.0 Vwitha 5.0V suoply

is 2.0 V with a 10.0 V supply
2.5V with a 15.0 V supply

20 40 60 L1 0 12 "
Vin. INPUT VOLTAGE (Vdc)

FIGURE 11 — DC NOISE IMMUNITY

(s} tiverting Funcuon {b) Nan-dnverting Function

Vo t v
“ oo Vout Voo
Vo vo //
Vo Vo
\\.,‘ Voo Voo
[} Vin 0 Via
ViL ViH viL Vin

Vgs = 0 voits de
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@ MOTOROLA

UB-SUFFIX SERIES CMOS GATES

The UB Series logic gates are constructed with P and N channel
enhancement mode devices in a single monolithic structure (Com-
plementary MOS). Their primary use is where low power dissipation
and/or high noise immunity is desired. The UB set of CMOS gates
are inverting non-buffered functions.

® Supply Voltage Range = 3.0 Vdc to 18 Vdc

® Linear and Oscillator Applications

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

® Double Diode Protection on All tnputs

Pin-for-Pin Replacements for Corresponding CD4000
Series UB Suffix Devices

MC14001UB

Quad 2-Input NOR Gate

MC14002UB

Dual 4-Input NOR Gate

MC14011UB

Quad 2-Input NAND Gate

MC14012UB

Dual 4-Input NAND Gate

MC14023UB

Triple 3-Input NAND Gate

MC14025UB

Triple 3-Input NOR Gate

LOGIC DIAGRAMS

MC14001UB
Quad 2-1nput NOR Gate

IS w

© O NN -

~

P

-
w

MC14002UB
Dual 4-Input NOR Gate

© v A wN

13
m

o NC - 6.8

MC14011UB
Quad 2-Input NAND Gate

MC14012UB
Dual 4-1nput NAND Gate

-
-]

© VA WwN
%

3

-
-
w

-
N

MC14023uB
Triple 3-Input NAND Gate

MC14025U8
Triple 3-Input NOR Gate

1

8

3

4@—6

s
n
n%Ds—‘O
13

L SUFFIX
CERAMIC
CASE 632

P SUFFIX
¢ PLASTIC
CASE 646

D SUFFIX
2 SoIic
CASE 751A

ORDERING INFORMATION

MC14XXXUBCP Plastic
MC14XXXUBCL Ceramic
MC14XXXUBD  SOIC

TA = -55 10 125°C for all packages

Vpp = Pin 14
Vss = Pin 7
for All Devices

This device contains protection circuitry to
guard against damage due to high static
voltages or electric fields. However, precau-
tions must be taken to avoid applications of
any voltage higher than maximum rated
voltages to this high-impedance circuit. For
proper operation, Vi, and Vg4 should be
constrained to the range Vgg = (Vjq or
Vout) = Vpp

Unused inputs must always be tied to an ap-
propriate logic voltage level (e.g., either Vgg
or Vpp). Unused outputs must be left open.




@ MOTOROLA

UB-SUFFIX SERIES CMOS GATES

The UB Series logic gates are constructed with P and N channel
enhancement mode devices in a single monolithic structure {Com-
plementary MOS). Their primary use is where low power dissipation
and/or high noise immunity is desired. The UB set of CMOS gates
are inverting non-buffered functions.

® Supply Voltage Range = 3.0 Vdc to 18 Vde
® Linear and Oscillator Applications

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

® Double Diode Protection on All tnputs
Pin-for-Pin Replacements for Corresponding CD4000
Series UB Suffix Devices

MC14001UB

Quad 2-Input NOR Gate

MC14002UB

Dual 4-Input NOR Gate

MC14011UB

Quad 2-Input NAND Gate

MC14012UB

Dual 4-Input NAND Gate

MC14023UB

Triple 3-Input NAND Gate

MC14025UB

Triple 3-Input NOR Gate

LOGIC DIAGRAMS

MCi14001UB
Quad 2-1nput NOR Gate

MC14002U8
Duast 4-Input NOR Gate

© a AW N

vy

13
1n

2 NC - 6.8

MCi4011UB
Quad 2-Input NAND Gate

MC14012U8
Oual 4.1nput NAND Gate

-

3
n

vy

NC = 6.8

MC14023U8
Triple 3-lnput NAND Gate

]

'k

VoA w N e

n
Ak

MC14025U8
Triple 3-tnput NOR Gate

L SUFFIX
CERAMIC
CASE 632

P SUFFIX
PLASTIC
CASE 646

D SUFFIX
1 Soic
CASE 751A

ORDERING INFORMATION

MC14XXXU'BCP Plastic
MC14XXXUBCL Ceramic
MC14XXXuBD SOIC

Ta = -55 10 125°C for alt packages.

Vpp = Pin 14
Vgs * Pin 7
for All Devices

This device contains protection circuitry to
guard against damage due to high static
voltages or electric fields. However, precau-
tions must be taken to avoid applications of
any voltage higher than maximum rated
voltages to this high-impedance circuit. For
proper operation, Vin and Vgout should be
constrained to the range Vgg = (Vjq or
Vout) = Vpp-

Unused inputs must always be tied to an ap-
propriate logic voltage lavel (e.q., either Vss
or Vpp). Unused outputs must be left open,




Quad 2-Input NOR Gate

CMOS UB-SERIES GATES

PIN ASSIGNMENTS

MC14001UB MC14002uB

Dual 4-Input NOR Gate

MC14011UB
Quad 2-Input NAND Gate

— L 1® g U
1 in 1y Vpp = 14 14 Outy Vpp o 14 1 In 1 Vpo = 14
2 In 2, in2pF>13 2cin 1, Outg D13 2cin 2, in2pfo13
3cqouty  In1pf212 3cdin2,  Indgf12 3 coutys In1pf—212
4Coutg Ou(D:|'| 4CIn3, In3g 31 4 C3outg 0"“0:"
5§Cin1g Outc =10 §CJind, In2g 310 sCin1g Outc f— 10
6] n2g In2cf39 6 C3NC in1gf39 6 in2g n2cf39
1] vgg In1cf—=8 7 T3 vgs NC D8 71 T vgs In1cf—8
MC14012UB MC14023UB MC14025UB
Dual 4-Input NAND Gate Triple 3-Input NAND Gate Triple 3-Input NOR Gate
o sl . ] N : & e
1 ] Outy VDDI:" 1 inta Vpo o 14 1c{inla Vool 14
2c]In 14 Outg 513 2 in 24 in3c ko3 2" 25 In3ck— 13
3ciIn 2, In 4g 12 3c]ing In2c k412 3c!n1g n2cko 12
4C]In 3, tn3g oM 4aC in2g nlcpEon aC—]In2g InlcF/mn
SC{in 4, In2g 10 $C]In3g Outc 10 sc—]n3g Outc 1 10
6 CINC In1g D9 6 C— Outg Outys 19 6 C—] Outg Outpa 9
7] vss NC 8 13 vgs In3a 8 7 3 Vss n3aF3s8
NC = No Connection
MAXIMUM RATINGS*® (voltages =e‘ererced to Vgg)
Symbol Parameter Value Unit
VoD DC Supply Voltage -051c +180 Vv
Vin. Vout | 1nput or Output Voltage (DC ¢ Transient) -05toVpp +05 \
in- lout | !nput or Output Turrent (2C c- Transent). per Pin =10 mA
Pp Power Dissipation, per Pac-acge* 500 mw
Tsig Storage Temperature - 6510 + 150 C
T Lead Temperature (8-Secc~2 Sogen~g) 260 ©
“Maximum Ratings are those values beyond whch damage 10 the device may occur.
tTemperature Derating: Plastic “P and D'DOW Packages 70 mW"C From 65°C To 125'C

Ceramic "L Packages 12 mW C From 100°C To

6-15

125°C



Quad 2-Input NOR Gate

CMOS UB-SERIES GATES

MC14001UB

PIN ASSIGNMENTS

MC14002U8B

Dual 4-lnput NOR Gate

MC14011UB

Quad 2-tnput NAND Gate

\ 4 S "_—\f_—
1C]inty Voo 2 14 1 ] Outpy Vpp £ 14 ‘:AlnlA Voo = 14
2CIn 2,4 n 20 =13 2c]in1,  OutgfO13 2 Cn 24 n2pfo 13
3C Outy In1g 12 3cin2, tnd4g 12 3 cout, In 112
4T outg Outp = 11 4C3 a3, tn3g O N 4 C3outg outg/m M
6CJIn ig Outc = 10 ST lind, tin2g 310 5Cing Outef— 10
6CJ1n2g m2cf9 6 C3INC in1gs 6 Cin 2g In2c—9
1T vgg micf—s8 7 C vgg (T ==1] T T vgg n1cf—8
MC14012UB MCc14023UB MC14025U8B
Dual 4-Input NAND Gate Triple 3-input NAND Gate Triple 3-lnput NOR Gate
\oa \ A%
1 ={Outy Voo [ 14 1T ini, Vpo o 14 Tegin i, Voo 14
2C{in 14 Outg [ 13 2Cc]n 2,4 n3cko13 2c]in 2,4 Indcko 13
3cin 24 in4g (512 3cing tn2c o112 3c]iIn g tn2cl> 12
4C"1in 3,4 ndg 1 40 in2g tnickont 4C—]In2g Inlcfon
SC]In4, In2g £ 10 $C] tn 3g Outc | 10 s ] in 3g Oute =3 10
6 CINC In1g =39 sq Outg Outg 9 6 CJOutg Outa b9
7 Vss NC D8 7 T3 vgg in3a 08 7 € vss In3afF=8
NC = No Connection
MAXIMUM RATINGS* (vollages Re‘ererced to Vgg)
Symbo! Parameter Vailue Unlt
vpp [DOC Supply Vollage -051c +1€0 v
Vin. Vout | Input o Qutput Vottage 1DC ¢ Transie~t) -05tovpp +05 v
tin. lout | Input of Qutput Turrent (2C ¢° Transient) per Pin =210 mA
Pp Power Dissipation, per Pacage* 500 mw
Tslg Storage Temperalure -65to + 150 “C
T Lead Temperature {8-Secc~c Soigen~g) 260 °C

“Maximum Ratings are those values bayond wrsch damage to the device may occur.

tTemperature Derating* Plastic “P and D DW™ Packages
Ceramk “L"” Packages

6-15
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CMOS UB-SERIES GATES

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgs)

ch it Syl Voo -55°C 25°C 125°C Unit
aracteristic mi n
i Y Voc Min Max Min Typ # Max Min Max
Qutput Voltage “0" Level 50 —_ 0.05 - 0 0.05 - 0.05
Vin = Vpp or 0 VoL 10 - 0.05 - 0 0.05 - 0.05 | Vdc
15 —_ 0.05 - 0 0.05 -— 0.05
“17 Level 50 4.95 —_— 495 50 — 495 =
Vin = 0or Vpp VOH 10 9.95 e 9.95 10 - 9.95 — Vde
15 1495 —_ 1495 15 — 14.95 =
Input Voltage “0" Level
(Vo = 4.5 Vdc) v 5.0 -— 1.0 - 225 1.0 —_ 1.0
(VO = 9.0 Vdc) i 10 = 20 P 4.50 20 2 2g | °
(Vo = 13.5 Vde) 15 - 25 - 6.75 29 — 25
“1" Level
(Vo = 0.5 Vdc) v 5.0 4.0 — 40 275 — 40 -_ Vi
(VO = 1.0 Vdc) H 10 8.0 — 80 550 — 80 e dc
(Vo = 1.5 Vdc) 15 125 — 125 8.25 - 125 —_
Output Drive Current
(VOH = 2.5 Vdc) Source 5.0 =12 — -10 %7 - -0.7 —
(VOH = 4.6 Vdc) IoH 50 -0.25 — -0.2 -0.36 — -0.14| — | mAdc
(VOH = 9.5 Vdc) 10 -0.62 - -0.5 -09 - -035| —
(VoH = 13.5 Vdc) 15 -18 -_ =15 =35 -_ = 1.1 -_
(VoL = 0.4 Vdc) Sink 5.0 0.64 —_ 0.51 088 —_ 0.36 —
(VoL = 0.5 Vdc) oL 10 16 — 13 225 — 0.9 — | mAdc
(VoL = 1.5 Vdc) 15 42 - 34 8.8 — 2.4 —
Input Current lin 15 -_ +0.1 —_ +0.00001{ =0.1 — +1.0 | pAdc
Input Capacitance Cin - — - — 50 5 - — pF
(Vin = 0)
Quiescent Current o]} 50 - 0.25 ~— 0.0005 0.25 S 75 | uAdc
(Per Package) 10 —_ 0.5 - 0.0010 05 - 15
15 — 1.0 — 0.0015 1.0 — 30
Total Supply Current**t IT 50 It = (0.3 pA’kH2) f + Ipp/N pAdc
(Dynamic plus Quiescent, 10 It = (0.6 puAKH2) f + Ipp/N
Per Gate. C_ = 50 pF) 15 IT = (0.8 pAKH2) f + Ipp/N

#Data labelled “Typ™ is not to be used for design purposes but is

intended as an indication of the IC’s potential performance.

**The formulas given are for the typical characteristics only at 25°C

1To calculate total supply current at loads other than 50 pF:
IT(C) = I7(50 pF) - (C - S0) Vik

where: IT is in uH (per package). C|_in pF. V = (Vpp - Vgg) in volts,
f in kHz is input frequency, and k = 0.001 x the number of exercised

oates per package.



CMOS UB-SERIES GATES

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

ch rersti Symbol Vop ~55°C 25°C 125°C Unit
eristic m n
aracter y Ve Min Max Min Typ # Max Min Max
Qutput Voltage “0" Level 50 — 0.05 — 0 0.05 — 0.05
Vin = Vppor 0 Vor 10 —_ 0.05 —_ 0 0.05 — 005 | Vde
15 — 0.05 — 0 0.05 —_ 0.05
1" Level 5.0 4.95 — 495 5.0 —_ 485 —
Vin = 0 or Vpp VOH 10 9.95 —_ 895 10 - 9.95 - Vde
15 14.95 —_ 14.95 15 — 14,95 —
Input Voltage “0" Level
(Vo = 4.5 Vdc) v 5.0 _— 1.0 - 225 1.0 —_ 1.0 v
(VO = 9.0 Vde) I w0 | — | 20 — @50 | 20 | — | 20 | V€
(Vo = 13.5 vde) 15 —_ 25 — 6.75 2.5 — 25
“1" Level
(Vo = 0.5 Vde) 5.0 4.0 - 40 2.75 — 4.0 —_ v
(VO = 1.0 Vdc) ViH 0 | 80 | — 8.0 5.50 — | 80 | - de
(VO = 1.5 Vdc) 15 125 — 125 8.25 —_ 12,5 —_
Output Drive Current
(VOH = 2.5 Vdc) Source 5.0 -12 - -1.0 ~-17 — -0.7 -
(VOH = 4.6 Vdc) 1OH 50 | -025] — -02 -0.36 — -0.14| — | mAdc
(VOoH = 9.5 Vdc) 10 -062| — -0.5 -09 —_ ~035( —
(Vor = 13.5 Vdc) 15 -1.8 —_ -1.5 -3.5 — -1.1 -—
(VoL = 0.4 Vdc) Sink 5.0 0.64 - 0.51 0.88 — 0.36 —
(VoL = 0.5 Vdc) oL 10 16 - 1.3 2.25 — 0.9 — | mAde
(Vo = 1.5 vde) 15 4.2 — 3.4 8.8 24 —
Input Current fin 15 —_ =0.1 — +0.00001} =0.1 - +1.0 | pAde
input Capacitance Cin — — —_ — 5.0 75 — — pF
(Vin = 0)
Quiescent Current oD 5.0 - 0.25 —_ 0.0005 | 0.25 - 75 | uAdc
(Per Package) 10 - 0.5 - 0.0010 0.5 —_ 15
15 — 1.0 - 0.0015 1.0 —_ 30
Total Supply Current**t IT 5.0 IT = (0.3 pA’%kHz) | + Ipp/N pAde
(Dynamic plus Quiescent, 10 It = (0.6 pAKHZ) f + IDpN
Per Gate, Ci_ = 50 pF) 15 IT = (08 uAKHZ)} [ + Ipp/N

#Data labelled "Typ" is not to be used for design purposes but is

intended as an indication of the IC's potentiai performance.

**The formulas given are for the typical characteristics only at 25°C

1To calculate total supply current at loads other than 50 pF-
IT(Cy) = 17{50 pF) - (C - 50) Vik

where: IT ts in pH (per package), C n pF, V = (Vpp ~ V§g) in volts,
f in kHz is mnput frequency, and k = 0.001 x the number of exercised

oates per package.




CMOS UB-SERIES GATES

SWITCHING CHARACTERISTICS® (C|_ = 50 pF, Ta =25°C)

Voo
Charscteristic Symbol Vdec Min Typ # Max
Output Rise Time tTLH
tTLH = (3.0 ne/pF) C +30 na 5.0 - 180 360
TLH = (1.5 0s/pF) C + 15 s 10 - 90 180
TLH= (1.1 n/pF)CL + 10 s 15 - 65 130
Output Fall Time TTHL
THL = (1.5 m/pF) C + 25 s 50 - 100 200
TTHL = (0.75 ns/oF) C + 125 ns 10 - 50 100
TTHL = (0.55 ns/pF) C_ + 9.5 s 15 - 40 80
Propagation Delay Time PPLH-PHL
PLH. tPHL = (1.7 ns/pF) C + 30 ns 50 - 90 180
PLH. tPHL = (066 nt/pF) C_ + 22 ns 10 - 50 100
tPLH. tPHL = (0.50 ns/pF) C_+ 15 ns 15 - 40 80

“The formulas given are for the typical characteristics only at 25°C.

#Data labelled “Typ" is not 10 be used for design purposes but is
i ded as an of the IC's ial performance.

FIGURE 1 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

20 ns
Yoo
L input Voo
vl Input Output B
Generator tPHL PLH
Cy y—V
g Output g: e
I Inverting
- Vo
70 vgg [——
*All unused inputs of AND, NAND gates must be TTHL LK
connected to V
All unused inputs of OR, NOR gates must be
connected to Vgg
MCT14001UB CIRCUIT SCHEMATIC MC14002UB CIRCUIT SCHEMATIC
(1/2 of Device Shown)
voo
o
L= I Voo Q14
2 IJ E[ ) e 0 s e e
= e J
e & L.d e 1
e P S0 OO e o o 3
s 12 l:]
1:] EI 5 Tttt 3ere
) - r U= U5 U U
= ) 1= LJ
i e T Lk veds
. II "
vss
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CMOS UB-SERIES GATES

SWITCHING CHARACTERISTICS® (C|_ - 50 pF, Ta ~25°C)

Voo
Characteristic Symbol Vde Min Typ # Max Unit
Outout Rise Time tTLH ns
TTLH =~ 3.0 ne/pF) C +30 s 5.0 - 180 380
TH=(16ns/pFICL+ 15 s 10 - 90 180
TLH = (1.1 m/oF) Cp + 10 0 15 — 65 130
Qutput Fafl Time tTTHL n
THL ~ {15 nt/pFIC + 25 s 5.0 - 100 200
TTHL = (0.7S ma/pF) CL + 125 g 10 - 50 100
THL = 055 ns/pFI C_ +95 s 15 - 40 80
Propegation Delsy Time tPLH.PHL ng
tPLH. tPHL = (1.7 nt/oF} CL + 30 as 50 - 90 180
tPLH, tPHL = (066 n/pF) C + 22 s 10 - S0 100
tPLH. 1PHL = (0.50 at/pF} C( + 15 ns 15 - 40 80

“The formulas given are for the typical characteristics only at 25°C.

#Data labetled “Typ™ is not to be used for design purposes but is
1 ded as an indk of the IC's perfi

FIGURE 1 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

1n,
Puise out

Genarstor

70vgs
Al unused (nputs of ANO, NAND gates drust be
connected to V.
ANl unused inputs of OR, NOR gates must be
connectes to Vgg

Output

ICL

Output
tnverting

20 ns --I r-—zom
v,

lnput 90% 00
50%
10% ov
L LK

trHL T

MC14001UB CIRCUIT SCHEMATIC

voo
oW

L
98]

bl

i s

-

LJ
[

=

o
Yy

._l:~_~1 _J:q

= T["
C
_H
C

MC14002U8 CIRCUIT SCHEMATIC
{1/2 of Davice Shown)




CMOS UB-SERIES GATES

MC14011UB CIRCUIT SCHEMATIC MC14012UB CIRCUIT SCHEMATIC MC14023UB CIRCUIT SCHEMATIC
(1/4 of Device Shown) (1/2 of Device Shown) (1/3 of Device Shown)
14 Vpp 14 Vpp
14 Vpp
M= 12 N M= M
Ty alle
i © 6,9, 1
&=L 3,410, 11 | i
| 2.9 J s.1.11 I
1.6.8,13 :] | % :'
3.10
2,59.12 o——-l ]:] 42,12 ,:]
41
J |
5.12 l 3.8.13 o4
7Vss 7Vss
MC14025UB CIRCUIT SCHEMATIC FIGURE 2 — TYPICAL VOLTAGE AND FIGURE 3 — TYPICAL VOLTAGE
(1/3 of Device Shown) [CURRENT TRANSFER CHARACTERISTICS| TRANSFER CHARACTERISTICS versus
TEMPERATURE
s Vpp = 15Vdc T4 = +25°C 16
14 Vpp SEY Unused input Vpp = 15 Voc Unused input
g NN R e e o
1.3, 11 0 - > Vss.
e ] L N Vss. £l = 4 ss
o 10 Vdc i = W L
2,412 ]:] £ 10 e BRI Bl a Ta= +125C
o] i < L — b Ty = -55C
8.5 13 =] Z 80 80 5 g
S, ].1 5 1 b [|a 3 5 80 e
a -3 z a
9.6,10 & 60rsova @ 60 £ i
3 50 Vo !
J'_J J'_I JJ £2 20 ba‘ b w05 3 = |
o g & / b o = 40
> 20 A s 410vee_{5q 3 " bl
AR 301 20
./ 4 80 10 IZ\ 4 160 0
7Vss s ol :OTVOLTAGE Vdc‘ 0 20 40 60 80 10 12 14 16
Vi (L (e} Vi INPUT VOLTAGE (Vdc)
FIGURE 4 — TYPICAL OUTPUT SOURCE FIGURE § — TYPICAL OUTPUT SINK
CHARACTERISTICS CHARACTERISTICS
0 Ww
i [ale | affoc/F vsvec | | ]
25 T + 1 b T A T 1 1
g -20f—tVo§ = ;50Vee 4T, — 3 80 2 Vs = 10 Vo
£ N radd, € b | | !
o X/ e ]
Z_aofb Ta= +25C ,/ V. Z 60 < {
g ¢ Tp = +125C i g Jiy 4 a Ta= -s5C |
3 1 [ Y/ 3 b Ta = -25C
~ 4 2
z 60— N7 z 40 € Ta = +125C
- 16 vac 0 4 t
8 50 : <b D15 Ve & 50 =13 I
o [T ;I F = : 50 Vac
T LYl 5 RN
-10 -80 ~60  -40 ~20 [ 0 20 40 60 80 10
Vps. DRAIN VOLTAGE (Vdc) Vps. DRAIN VOLTAGE (Vdc)
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CMOS UB-SERIES GATES

MC14011UB CIRCUIT SCHEMATIC
(1/4 of Device Shown)

14 Vpp

1,6,8,13 JJ
2.5.9.12 o——-l
7TVgg

MC14012U8B CIRCUIT SCHEMATIC
{1/2 of Device Shown)

14 Vpg

i nE g
YA ..,

2.9 lJ_O
v 'j
K]
4n ,:l
0 |J
5, 12

7Vgsg

MC14023UB CIRCUIT SCHEMATIC
(1/3 of Device Shown)

4 Vpg

IS

s.un

4,212

3813 o———-——_l

7Vss

MC14025UB CIRCUIT SCHEMATIC

FIGURE 2 — TYPICAL VOLTAGE AND

FIGURE 3 — TYPICAL VOLTAGE

(173 of Devics Shown) CURRENT TRANSFER CHARACTERISTICS| TRANSFER CHARACTERISTICS versus
TEMPERATURE
16 VDD = 15Vdc T4 = +25°C 13
14Vpp - N Unused input = @-mvucunseuw
$ N connected to g u : 4 10
13 “F—‘ﬁ > N Vss. z D l Vss-
Q 10 Vde ' e | & N Tt
2,412 ]:' s 0 ~ : mwnﬂsm E g o 10 Ve a Tp = +125°C
. g N R b Tp = ~S5C
8,513 1 5 80 1 NN °-°,3 Z v N
| & eol 3 z 2 a\b
9.6, 10 5 © 5.0 Vde 7t 6.0 ES a sok
J'_J J’-J _J._J < 4.07 a‘ - ‘lﬁ\dc w8 g. w0 el
S el Y Novae o €1 3 Ao
29 [ ". S < l -1 > a0 11
7V, %20 460 :o o 12 T [}
ss
0 20 40 60 80 10 12 14 16
v
Vi INPUT VOLTAGE {Vde) Vi INPUT VOLTAGE (Vdc)
FIGURE 4 — TYPICAL OUTPUT SOURCE FIGURE § — TYPICAL OUTPUT SINK
CHARACTERISTICS CHARACTERISTICS
TT T T T /002 A4S I
" +—t—415 = —T 1
g_zo_ | vas - Ssovee gt g 80 b2 Vgs = 10 Voe
b Il
£ laTa--sc - 4 E
E_olb Ta= v ./ £ o < ]
g € Tp = +125C A 4 g /i 4 a Ta= -55C _]
350 1] V' / 3 ol b Tax -25C |
z 80— 77 z 40 € Ta = -125C
2 16 e T{0 =P z t
S_go . b Y - 15 v & 20 2 !
- < 2
5 =7 T & = 5} 50 Ve
o VLI , 1
-10 ~80 “60  -40 <20 ° 0 20 20 60 80 10
Vps. DRAIN VOLTAGE (Vdc) Vps. DRAIN VOLTAGE (Vde)
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