39}

INTERFACE REMOTE CONTROL

—

Ll

Wi 3nd 3 1aviud
wy diglid Junguns

[ o
Wi pAANR  Tmuiug

ugquﬂnudﬁlﬁud1und¢naqnﬁsﬂnvwnﬁuaﬁngns Udgongeaninisudtand ke
#1137 asnRrimadgmaIunssu
p gordutnatuiabnszanuindr ($rqemuisaranseiiv

<&
flnsfinwy 2535 ‘.

U326bb



uingfinug 2 (PROJECT 2)

tnadfawn 2/2535

aeidn Lmﬂ1u1a§n11¥mﬂuw1qqmaﬁnnﬁﬂu
#1294 Lmmﬁuﬁaﬁmnuﬁﬁlmn%ﬁmaﬂnﬂﬁﬁu
Tl e FAINTINFA TS

FOM A TUTRENT 8 AGA tﬁﬁamnwwﬁaﬁhnﬁ:ﬁq

{ Snv 1ﬁ%ﬂ0ﬂ1uququn1&1ﬂﬂ51%§1ﬂ

Q%mmﬁ
1. w1y 0% arus
2. Wiy figliuv Tunguns
£
3. uy ofidng 3muﬁu§
M e
m\’.

M 34162146
MH 34162153

WA 34162179

--------------

<
(13717 | nves ASFUATuavE)

o oo
DIANHMLITAYN

03266¢C



L ATaNAIuANaLINTE W 15

INTERFACE REMOTE CONTROL

Wiy ng Mawus TMH 34162146

WE Aigiuv IUNAUNT T 34162153

<
wIL nRdng %muﬁué “NH 24162179
¢an o ) -
DA TE LT e

<
21117 | neas @STudTuans

fn=edne 2535

VS iwas i Lﬁuﬁmﬁuqnu?QUﬁ:qnﬁﬂu#duﬂaqnﬁﬁﬂﬁuqunﬂﬂ:MWq

WWY (LOAD) ﬂﬁmﬁqﬁutﬁuﬂumﬁuﬁQWﬁnﬂnuﬂ IneRvFyaaaIuaNA 1T NN T
REMQTE CONTROL 1uﬁﬁum1ﬁu3 VHF “aunvmue Binary Code 4 Bit wasdvdFu
mﬂmmdgﬁﬁﬁﬁﬁﬁﬁ%mﬁmmwmuaznnmﬁﬁﬁtﬁu 4 Bit TN 16 davaluan N
1m100ﬂuﬁmzsﬂud7uﬁ%u1ﬁﬁ-Binary 4 Bit BdwxneA REMOTE W&avn =t #ads
Binary : hﬂﬂﬁﬁjﬁﬂ?ﬁ“dﬁﬂ?ﬁﬂgwﬁﬂﬂﬁuﬂﬂﬂqw (AC-LINE) | #pavlusediady
qﬂﬁﬁnvnﬁﬁﬂﬁuqunﬂﬁzﬂwﬁﬁ e aFuSguarsnTeAaNATRWASY Ac-
LINEQ‘ﬁﬁﬁﬁﬁﬂﬂanﬂﬂﬁﬁﬂﬂ1UQulﬁﬂguﬂﬂﬁqﬁ RELAY v muazaiuanie-1 da avas
-MWuﬂwﬂﬁmﬂuﬁavﬁ REMOTE  dwduanann  IudmuTaTvmuiiél fuaenau gnegmag

nﬁﬁmﬁqﬁuﬂaqnﬁﬂzﬂwtﬁﬂﬂﬁ%ﬂduquﬂﬁ?nﬁi1n11:1wﬁﬁﬂﬁwﬁ0ﬁuqnﬁnqmﬁuﬁﬁqvﬁu

M8 ﬁuazwﬁﬂﬁnﬂﬁmﬂuquuﬂu tﬁuﬂuﬂﬁﬁﬁuﬁmquﬂsauﬁﬂnQQWKQﬂu

LY



THESIS TITLE INTERFACE REMOTE CONTROL

STUDENT NAME CHAKRI WILAIPHAN
NATTANAN CHANTASOONTORN
ADISAK WATTANAPHAN

LEVEL OF STUDY BACHELOR’S DEGREE OF INDUSTIAL

COMPUTER TECHNOLOGY

ADVISOR KASET SIRISANTISAMRID

ABSTACT

THIS THESIS IS THE APPLICATION PROJECT IN SECTION OF LOAD
CONTROL FOR WORKING ACCORDING TO DIFINED. THE CONTROL SIGNAL
SINDING FROM REMOTE CONTROL IN BAND VHF AND FIXED 4 BIT BINARY
SEND TO ENCODER ON TRANSMITTER SECTION AND TRANSLATE BINARY CODE
FOR 16 CHANNEL CONTROL TO SERIES PULSE FOR MODULATION WITH
CARRIER SIGNAL IN IC # 555 WHICH GOES THROUGH RECIVED SECTION
. W1£Hu\QPEPL?TE QC:LINE\ WHEN RECIVED AC-LINE SIGNAL BY RECIVE
SECTION,IG:IZSOZZ DECODE $SIGNAL CONTROL TO 4 BIT BINARY AND
THROUGH SIGNAL CONTROL FROM IC 145027 FOR RELAY CONTROL AND END
OF WORK AT LOAD \ON“OEF. THIS THESIS INCRESSING SECTION OF FEED

BACK SIGNAL AT WORKING STATE FOR USER SEE LED WHILE ON LOAD WHICH

TO OPJECTIVE.



ATUN

vl tmm1u1a§1un11ﬂﬂuququnﬁ&WNﬁﬁiﬁﬁﬁdnﬁﬁua:ﬁwuﬂiu
1na %1unﬁtﬂuqunvdﬁﬁﬂnﬁﬁﬁﬁﬁxﬂuﬁdaﬁudﬂﬂ11ua:m1nﬂunn1n1uquqﬂn1dﬂzu:
e Tepfi T Lidew Auy Da-c Da qun1ﬁ1wﬁﬂﬁﬁuﬁdtau TaTeHUIg inug 2
atiuf t JuaadasuasiauTsuuI uveaunaauuy 16 daviaga TrenFdogaeu
ANHIUNINF I TN UBT AT tﬁaﬁoqwuﬂﬂuququn1duaﬂuw1uﬁqwdﬁq o fiTAEae
ﬁﬁiﬁﬁmmﬂmaduqu tﬁamﬁﬂﬁ@ﬂnﬂdﬁwﬂﬁnﬁqﬁu fa-1 da @i 1davnnT Fetaa
qﬂuﬁiﬁuﬂumqu%mquvzaqﬁﬂnc1ﬂﬂoqwu USqarinug 2 M@t naTuTatTneu

N INBAFIMATTIN aﬂnwﬁﬁﬂtMﬂ1uWa§ﬂauﬁ1Lma%qﬂaﬂnnﬁﬂm ARSI NTINANTAT

00U A WIad waswa A& Lﬁﬁ@mnnﬂﬂaﬂmn1:ﬁq

B/ Sr
- ‘F]ﬂl:t;ll'ﬂﬂﬂ"l

“ o - w” 4

HIEY w09 TIIWUS
I P L S

HWI" AZUUN . AUNIUNT

<
uIE DREnR 5muﬁué

. ~ - <
- o= o -~ AN EIFINTINETAY

.« . A0 A TUTREWT =DM NAARATELY



!
O
pa
—
<
m
P

H
-t
c
z
m
Py

--------------------------------------

---------------------------------------

i 2. A WTURYNGEA IS TN, L

- unFGN TN, G N A\ B, . [Sael 5= e A

=
-

umh 3. maSuasdulbuniugnmasa N, L L

- AT, L e

- #1uﬂ1uqu ....................................

- AU EUATLRIAIIEN NI, e e

- \\"‘* -
»UYN 4. aquua1ﬂ10v1n:?x\%<: ...........................

-

] eow

= AT AR L e

Y Tl (L R

TR LR R

10

11

12

13

15

17

20

21

25

25

25

28

30

30

33



Ui

1ﬂ100ﬂuﬁiﬁuuauwuunqnﬂﬁﬁﬁﬂtﬁﬂ1ﬁh1:uuw1uququn1dﬁwﬁﬁﬂzu:ina ]
15n1uﬂua1n11w§aa:U1:qnﬁﬂiﬁ1ﬂ o AUARREIWHN AC-LINE pd lewd
wﬁnnﬂﬂﬂnqnﬁvuanﬁmmﬁmnﬂqﬂﬁwuﬁﬂun11dqﬁmmﬂmﬂ1uqu Forz Tuvr=tumisa
MIAILANATIVMIN NN DA IMATIN gy nﬁﬂﬂﬁuqu01u1uﬁtﬂuﬁum1ﬂu winl
qITHY 1nﬂﬁ§h1uqu1ﬁﬁb0ﬂ1uaunéu511mqunﬂﬁiwﬁﬁfu ) ua:ﬁvaﬂuﬁﬁnU1:qnﬁ
MNIWIEB AN ANYA AL AT EU T T ?uﬂunﬂﬁnﬁuﬁuﬂnodﬂuﬂduquﬂ:ﬁ IC 145026,
IC 145027,IC 145028 t dudFudwanuaibuniuindygaideiainnaau
@ugﬂn1&1wﬁﬂtﬁaﬁﬁlﬁuiumﬂuﬁ§ﬂ1uau REMOTE @ovAIM NN TuauIAeL T8

aﬂu11nﬁn:ﬁmuﬁﬂauﬁmmﬁmﬂﬁuquﬂﬁhﬂnniﬁ 16 ﬁaqn1uauﬂﬁﬁn AUATENN IC

145026 "IN ANUT=ANS AN



eI ERRTL LR Uy RRRIRTL L gt L A

tﬁanﬁnﬁiﬁnﬁwﬁon11ﬂ1uquuﬂu1:u:1naﬂﬂu151ﬁa DIGITAL
tﬁnﬂﬁﬂ1ﬁﬁnuﬂn11uan§mmﬂmmﬁuquﬁuaﬂﬂﬂwﬁﬂnﬁuﬂuﬂ1m11
tﬁnnﬁn11ﬁnuﬁﬁunﬁ§onﬂ1dquaqﬁmm1mw1u@n1:ﬂ=1na { FaTnna e TE
1na 1muﬁduqﬁmm1mﬁ1uqu1ﬁtuguuuUEq
tﬁaﬁnuﬁﬁqnﬁﬂmnu§uuauﬁmmﬂmﬂduqnvm:ﬁnqﬂznﬁqﬂwﬁﬁmﬁuwunﬁqﬂﬁnﬁﬂﬁ?uwﬁ
ﬁqaﬁnﬁmmﬂmnnuqu (REMOTE)
Lﬁaﬂﬁ%ﬂiqunﬂdiwﬁ1a1u11nﬂ1uququnﬂﬁiwﬁﬁﬂﬁaﬁﬂ011ﬂt?1

Lﬁaaﬁunuﬂ1ﬂna=m1nﬁa%ﬂﬁqnuﬁaéinaawnnﬂﬁzwﬂqTNﬁﬂ



O BABD N IO LYY HNUD

L unadnsTieTe e Auafu madsFygamunuLtdaie - (Remote

Control) &vldFuSygannd ufvmoauuavenfl 9 Tu Binary Code 4

o

Bit muiifuavTiiativcuavidaus 0000-1111 93 16 #BNAILAN | Wody
Code i WHLLA Interface i Tudmenvtarevufiade » uFuuavFuyadnad
| Hpd o ua g W A e e A (AC-LINE) ﬂuﬁvﬁ1ﬂﬂm7ﬁﬂtﬁﬂﬂ1uauﬂﬁhﬂﬁzwﬁu
Wi (Load) #v 16 " TﬁﬂﬁﬂﬂumﬂuﬁQﬁﬂﬁwmﬂmﬁﬂﬁﬂﬂ?ﬂﬁﬂ@“ﬁﬁﬁﬂﬁﬁﬂﬂﬂﬂﬁ

Teuivenadugia (LED) WEANEANIESMSVTNAY 6 AU WHeTine s IR An v

thuquﬁﬂuﬁﬁnwﬁﬂuﬁoﬁﬂﬁnznﬂﬁwﬁuﬂuﬂavquﬂﬁﬁﬂwﬁﬁﬂuuﬁasqm

g

T A e

—=



i 1

meaduasdw dAvdmMIzm ey

SERIES QUT
\
AC LINE
4 BIT ] ENCODE N moouLarte N\ POQUER RF
BINARY ] TINE CONSTAND [ COUPPING
DATA 616 HZ ¢ an)
tNPUT
osg
taek PART 1
AC LINE
DECGDER DETECTOR RF ‘f?“
anp
4 BIT
DATA OUT
4 BLT
TO
P PART 2

OUTrPUT 5-15
3uﬁ 1 BLOCK DIAGRAM

aﬂnguﬁ L UFANNIAF U A @I IAIFNII S AT NN ﬁuqnudotﬁu 2 #u

oA - N,
213} - - i -
S —

ez L. d@wdSyana coONTROL

2. dwTufggadgntsnanaeAy

1. drwudvFgya cONTROL

2

dmilvsFuSygan Tu cooe BINARY 4 BIT ngauuavTuga Remote | i
Binary WREMMIATT TV (Encode) Binary | WanmimT Modulate Jy o
ASIFNE TN E A aavnaill Wandadyyamsddw 51 ac LINE sinlusy

aaFudago Lﬁamﬁnﬂﬂnamﬁﬁaﬁmmﬂmﬂdﬁuﬁuﬁﬁ#uiuﬁvdﬂuﬂﬂuauﬁu 7 aatuy



ENCODER

INPUT  apvmadviiulegv=Sudgyg e Binaryd bit ¢ #1lusivna ENCODER

F9 vzt T dd Taa=Tl MC 145026 t Duiaadyenvnnan

8.1 UF
DATA OUT
CT— A
a2 o i5 7/
Lk >
A d
As
a6
A7 RS Rt 30K
)Y
—_9ins cTe iz_____1 C2 0.047
_141TE RTC R2 15K

MF___gano

3uﬁ 2 NIIMA  ENCODER

Wi MC145026 = T afauuy 4 Oy 289877917 wazvsdvnnaEnTE 1
WULUAUATNTANEIIRNT  AEF@ TN AVannIWVMIR  99vd TRANSMITENABLE (TE)
aliae Faisrznavuiiante “low" YN AL TINMUAFA NS INPUT | ilu
AG/D6 = AS/D9 Funa ENCODER fiasmanvmmm s 1ﬁuﬁn1mﬂ§un%ﬁum1

N
INPUT ¥ 9 im ﬁdﬁggﬁﬁazﬂﬁnumanﬁu:ﬂﬂ INPUT 289 Al/D1 - A9/D9 20
Lnﬁﬁﬁéﬁuﬂﬁnlﬁuﬂu1ﬁﬁu 3 §AuE A Trinary 3va73Rs O (0,1, open)
ﬁnﬁu:ﬂmanﬂu:nﬁqﬁjﬁTQﬂ codes BEsavaAL et TulEEeSanan
ANAUTIEAfY 39 = 19683  FuatduuniTdeiuns 3udul “low level” waw
#7 input TE ulzx VoD deE it Oy “pPositive Supply” URE V g

dnnedl e "Negative Supply”(GND) UWRINIM ENCODER uUHvi Rg »



RicsCte 2 waiiaz duduzay

dygranpuaniiunu OSCILLATOR mulu duvsealuzn Ry, Ry,

Az "leftopen”

network aAHUAR

dvaz Aulan

RS

3

OSCILLATOR

OSCILLATOR UMW IuAaIuaAmua

INTERNAL ENABLE

_ZUﬁ 3 ENCODER OSCILLATOR INFORMATION

RC network aidgubpn 1ﬂaa1u11nﬂﬁu7u1ﬁawn§m1

———c, f =

s
FOR ™ 4

AT th ’ =

pe
»
n

1/(2.3%Ry*Cpe )

KHZ <=

2R¢e

20 K.

10 K

th

<

f <=

15uF

400 KHZ

l\”"-\ P "
Ctc ¥ Cirayout~t 12pF

(HZ)

AL D1THRE OUNENTY

’ th
e RC



4
s

MC 145026 ENCODER

]
<>|pw 2 word transmission
TE
continuous transaminsion
ENCODER
0SC
(PIN 12)
1bit |9 bit
DATA i
. _[—l{l_ _{1_{1_ __J—l{—lJl_ 1J1_J\__
(PIN 15) ——| }— b | I
One |Trinary |Zero
< 1g¢ word > < 2nd word——"

Jé

e

g1f 4 ENCODER TIMING DIAGRAM

Sotu paTA ouT fun 15 vae MC 145026 Mdvaanluvzdeiuluinves
punsupiutusuia 9 Dn BeluudszDnude DATA fdepanivasfanmaziiu o , 1,

open #m1z1aft¥  Bea:ldggron Buinsaz Pulse Ads v Bunuuayns w6



5
e

JU uazdvlUENA1A MODULATOR ud IC #555 ‘
foymAy 0 ?:léuﬁhﬁﬂdﬂaﬂﬂ1uﬁﬂlﬁadﬁuﬂu AREL TRduRR SWITCH TE
anne (ﬁuﬂ TE “1@9U ACTIVE LOW ) ﬁoﬁbgaﬁqnéﬂﬁazqnﬁuaanﬂuﬁﬁnﬁmztﬂu
WORD TAnvznndvaani fuwman 2 DATA WORDS fsfindumianiedu = paTa
WORDS  Vindaviifist vinfiuuanvinmadaaznau iﬁﬁatﬂuﬂuaﬂﬂqqnﬁaoﬁugﬁﬁﬁ
R ITVIWINAATY 9 adadgyie VT (VALID TRANSMISSION) ABnMn
lumadwdazade DATA BIT vz F1TdELLL 2 DATA PULSE TAfita
3n "o" wciinvan fu Sadau o 2 faddn faeimy uaztain "1t =Ndnsaz Tu
GLutiadinn o 2 Haddo Bpefu swmFusaazs “open” EldEAsasnm v 1w

puuiiadutn 1 ade udeeduiaddu 0 8a 1 Had dwwaava IddeaAnNE

A1y " @vaan (0,1,0pen) ANIU

4
{



6

ENCODER DATA WAVEFORMS (MC 145026)

ENCODER

0sC
(PIN 12)

DATA OUT (PIN 15)

continuous transaminsion

goluz "1" a

#g0uz "o"

#0704z "open"

Data” Pulse

< Period ,

-

i

N =—{«=Bata Bit Period ,

-

suil 5 udmdnwazn1si15Wdvay Data Bit




7
GutU DATA OUT #izn 1S 789 MC 145026 2una 9 im dvluudazin
209 DATA #idvaanlzldgniziiiu 0 , 1 , open d@n=aAd Fva=lfgya du

dnsaz Pulse WMANIUHYAIA MODULATOR Tewd IC t uad 555

MODULATOR

wiNADINTA  MODULATOR  @BIsvNAT MOD  Sggramidannna
ENCODER fiu  &ygiaw ¥  (CARRIER) Taua éfe IC tuad 555 Fen fuaves

ASTABLE MULTIVIBRATOR

vCC

R9

4 OUTPUT |
3 .

R6 F:::::g 565
ct
| a A
1] wl,
A 8. 01UF=F

EUﬁ 6 ASTABLE MULTIVIBRATOR CIRCUIT

M N UZENINET
AIMINIT  ASTABLE MULTIVIBRATOR 14  RESISTOR (Ry , Rp) "1
Mﬁﬂﬁtﬁutiming resistor | 4979 TIHIL bias voltage TIAULUANTILANEIF U
CAPACUTOR (Cy) wﬁmﬁﬁﬁlﬂu timing capacitor TQHLﬁBﬁdtﬁuU1zq Cy
Wﬁﬁuu1zqﬁuﬂa1nnﬁzuﬁﬁﬂmadﬂuﬁdﬂﬁﬂuﬁﬁunwu " Ry .Rp AUATULTIAU
mﬁauﬁqﬁugﬁﬁ 2/3 " Vee 1uaﬁnﬁuﬂuaznﬁﬂﬁﬁum31HUﬁzqnun1:ﬁqu1qﬁuﬂﬁauﬁ;\
JUL WEIN 1/3 Vee  WEMIARILUIzIHIM Ry L 37U NI e ML § s

L%M%UUﬁ:qﬂnﬂ ﬁuﬁauﬂuﬁumiauﬁntHUUﬁ:qaaaﬁatawaéﬁznﬁﬂuﬁduu1qﬁua1n 1

<2

/3 Vee Ay 2/3 Voo  nmrpaddal antdl Dusan diiseeiu ouTPUT 1 AR

- £ r- -~ .~
AN IvdadNTsAURaNTIERL ARV

] cc WRE GND

[ Pd

1@&Unﬁd1017a1ﬁm7tnuﬂﬁ:q M%ﬂtaﬁﬁﬁmaéﬂuanﬁdz +Veoe L TIENEN



AUIUIAIAN

s £17= 0.69 (Ry + Rp)*Cy

[ -

1uwﬁunqzﬁﬂ1ﬁuﬁ1011awﬁmvlnUUﬁ:q n%ataﬁﬁﬁnaéﬂuanﬁdz GND {90
ANTOAUIN AN
to = 0.69 (Rp)*C;
AU 1R 7IUUES T Aan1aenn
T:tl+t2

AHU ANNufIaNANTARE3AL AN fa

f = 1/7

1.44/[(R,; + Rp)*C,]

Fa 11z FudEn 7937 ASTABLE  MULTIVIBRATOR @B 1439
OSCILLATOR #fiauiiy ue paAEa anidduyna oUTPUT Squdaw U square wave
ﬂﬁﬁuﬁﬂauﬁmmﬁmaaﬂﬁatatmafuuuﬁmﬁuquﬂﬁdﬁuﬂmﬂﬂﬁﬁ1ﬁﬁunnuua:ﬁdtﬁuU1:qLﬁﬁ
fiu ﬂdﬂugﬁﬂﬁaﬂuﬁﬁnnﬁﬂuﬂﬂﬁﬁdﬁiﬁﬁﬁuﬂn 2 uas AmTldviivITanddal an wad
11@ ASTABLE MULTIVIBRATOR a:ﬂﬁﬁuﬁua1a§wuﬁmm1mzuélwﬁun JuaauRnn

FygranmuazuL 1an



FRONM {86

N
<
HC 148026

(3

[ 3:3

€3 0.91

T

=
L

UM 7 UFHAYMA MODULATOR

qnﬂnﬂ1nﬁu1u INIT ASIABLE

WINITAMUA R, = Ry, Rp =

T(high) = O.69*(Ra + Rf)*Cl
T(1ow) = 0.69%(Ry, + Rg)*C,
T = T(nigh) * T(low)

F = 1/T

Rp » Cy = Cg

T = 1/200 KH, = S * 1076 = 5 us

1 c1 = 0.01 uf , Rt = 100
{1} = {2} = 5 us/2 = 2.5 us
AT %
. 2.5 us =

2.5 us/Q.01 uf 0.69(Ra+100)

250/0.69 = Ra+100
Ra = 362.31-100 (150)
= 262.31 (200)

0.69 x (Ra+100) * 0.01 uf

U3266¢



10

DRIVER

IIAANA  CODER  #uATT MOD U carrier Av1637027 QUTPUT

]
o -5

Nt Ud

pDATA
(27 3 20vIC #555) udIvzpnda #7#z7 base v TRANSISTOR (Ql)

Mm@ DRIVER Lﬁaﬂﬁﬂﬁ1ﬂﬂ1ﬂﬂﬁ§01ﬁ§0§u1ﬂﬂﬂﬁﬂﬁﬁuUﬂﬂ IFTgutnﬂﬂdﬁuﬁﬁmuﬁu

WSIMU  copling HAW Gy, MUENEWIN 220 V. (ACLINE) TAHIAIMLTNZON

Juananun collector 289 TRANSISTOR (Ql) uUv=ua 30-40 V.

S
o

1N48091

FROM(PINJ)

IFT Gt2 u
g 8. 0‘4? y
[] T 258y J_:g:
o
.-.

NE-B56

VR1
198K




11

. ¥ ln‘; ‘
P2 i 111l
Bk il i
it [‘ “Iz H
»!.' b Fi _’g ” i i |
TR
i 1N il X

jul 9 daonefusingiu ac LINE

INITIU (TUNE)

Wwdnn1s  LC  RESONANT 1unistdan auddimunsandiudaiin 29358
UNBi3un193suned  (TANK CIRCUIT) feaduiid (duitdsafy RC FILTER nd118s
#rdiuas L BunuudmaRataad  (BaND  PAss FILTER) Qzﬂauﬂﬁﬂajuﬁﬁﬁaqnﬁsw1u
Lﬂ1§u WITUNIATINIsoasdp B Idvatudnsaz e udaenis

duffauvas 1F 1 IF vaelng aM sssummdandettiundaz15f18ua Ao

Warudunuvasey 4 Au 5 fiasndadrurn 3 fuvn 4

NMsYTuLdg

A udvasudazuranuaisanuuu1¥da 100 uas 200 2131asetasiidan
UFuiiaseiussudreddafusi fufiadg n13u§nﬁ1dqﬁau3uaﬂ1;ﬁqﬁatawﬁunvaq
To Hfiudisin 220 v hiersaadatedteuiedunnafval vuan s wyuding s,
viuaruditidaaudiaanas W¥134 Tranformer (IF) 1awilvAlauyuunuiuun
ﬂﬁiﬁﬁmqwmusqﬂqn d1uﬁﬁ1§uﬂﬁ1qasw1u§u mMuundiapiddavvanasisaan AN
tﬁuuu%nﬁ1aquazﬁ1¥uxﬁ1ﬁu1w 220 V u#atﬁﬂtﬂéaqﬂﬁnﬁQ1u7ﬂ5mm1mﬁuw 3

vav IF udrguiiididygnagege Sudusaunisuiumintamasy



unn 2

f$Fudggadnmiisnmanied

FutirsFudgaarnaeTun asduiipunSuan e aNaud B AC LINE

Sugnafesua W 220 T (AC  LINE) ¥ coupling HM C4 L #7IUEN
3 dut’ € s o~ .~ ~t

NATIU iR c; wzt IwiAwiW 220 Tan L Fanuaves wiEvandggnan
W& IFT mswﬁnﬂﬁgulnﬂﬂdﬁuﬁﬁ”bvnﬁﬁannuﬁﬁom:ﬁmﬁﬂuﬁ Resonhance WaNA1A
guﬂdﬁuﬁwﬂﬁﬁbqnﬂﬁnanuﬂuﬁﬁﬂﬁﬁuﬁﬁqnﬁﬁﬁﬁmzqﬂﬂhutﬁﬁﬂuﬁunﬂmﬂuﬂﬂ Fvaenn
iz sy uHEe iU DRIVE ﬁmmwmﬂﬁﬁnﬁﬁuqnﬁuﬁnuﬁmzﬂhuﬂﬁuﬁdﬂﬂﬂﬂ%Uﬁ:
L= dll S S 1 L] s 3
AuzBIFYgNa | WasATERudygnadW duaunnnauast 417999 DETECTOR FvluveT
Peak detector INATHV WY wunFyyaafuw vooninduy e Pulse code | WB
| o dyna Pulse code W #MNRY Schmitt  trigger Comparator Hduy
gramiuwiizan  BYPASS Wil L ladagne Pulse code | #7117 Schmitt

trigger comparator | USHUL ALUAUL9iub e InTuaae Pulse code WETHN

AT MENTR output AFnuazt e "high" Avnadanna Pulse code MR

AloygnIn AMTW output HEnsmzt Tu "low” | WERIEVvMANT USHW ViEy RSN
wavenuFyga @i in  wmSufazuniluiian WA IC MC145027 (DECODER) #an 9
ﬁdﬂ:ﬁﬂﬁﬁﬁuﬁuaﬁUﬁﬁﬁﬁﬂdlﬂ%ﬂﬁ%uﬁﬁﬂﬁﬁﬂ%uﬂzﬂ:#ﬁuﬁlﬁu DATA 4 BIT MUy

IC 4067 |\ WANRAIAH TudN INsravdngtin = 31 DuEmEe 9

INITUFUSEAUnnSTgg e (CLAMPER)

799% TLAMPER | Tuavaaii Rusin DC-Voltage Wiiudag e AC (Pulse)
U’T\?ﬂ%{\ll Fundn N9 de restorer (MR ﬁun‘:zuﬁﬂ‘m) win 939 de
Insertercircuit (99 AunTzudnay) Sogna Ac fasdvsiuduya pe L i
Wiy eas i sine wWave win Pulse @ o A FeFagraiiquavas
CLAMPER Huti USsuasiiu DC-Voltage ﬂaqﬁmmﬂmﬁﬁﬁutﬁﬂWULﬁﬂﬁu dugune

AR FYQns UREULLRY
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+E
+E el LT
— —_— 2999 I 0 t
0 t ejn eo win
USUs Ay (o} t
-E
-E

§uﬁ 10 usnspuiNTRUAzANYE BT YOI BUTIAUFY square

# input UR% output ¥BIINITUSUS=AY

DEMODULATOR

7  DEMODULATOR Harilwiihiluen (detects) ggnaudue (A.F) 2Bn
ndgnaing  (R.F Carrier) (Rato¥yma A.F wadeiu nsdilisiatidona
Pulse unudgas A.F datiui #ann1s Detects Jogappnuudri s ias iy

8% Pulse code fifiaen15panu1L Uiy #9118 DEMODULATOR #3:1#2935 Peak
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detector®iusa detects Sy awponun ﬁouamuﬁqgu

o

1€ in {4 r - Audio out

N
gl

R

(a)
to 4
) |
it i Venas
iy ] " -
i |
l:i

{b)

_.._......__._.._..._...._
—_—-——_.——_—.'_—. -
—-—.—-—————.—-——.—'—__._ o
- e s N [T

W s G e 4 B G i e s’ o e 34 6

Loy Y Y S B by e

E

O ——— . e e e > s G
—— . iy 21t e e S e o e 6

— - - o ——- —
> o G . ot o e s B o

- s ton et e e
- e s ot —
——— o G o - v

o S e e o A s T B e
o ——— e ——— g -
- s e Yo s Gt e o e e e 2 &

| 'I I | i
d) bl L) ot A

2Uﬁ 11 1937 Peak detector

TOUANFINIENIIY AM  modulator WAx AM demodulator M8 output
209 modulator m:gutﬁaﬂﬁmnnuﬁuaunndﬁu 77U output 28V demodulator =
gutﬁaﬂﬁﬂdﬁuﬁuaﬁﬁoaan A9 demodulator uﬂmvﬁozu F9 1w Fynd1 Diode

detector w3 Peak detector ! WI1z11 iWur detects A1 peak 2nvTayym
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input %IBL Sund71  Shape(envelope) detector | WIN=iiM detects 20LZDN
Jugna input
VIATUEIYLUN TU b udANFuge input 2BY AM mod Tu c 1 fudagrants

Ud2AY Dilde uazju d i dudag e output WHIUANT detector wWan
WAVE SHAPE

Lﬁunwvu%uudqﬂﬁjuﬁmmﬁmﬁdﬁun11 Detects anmNWiau I sSquare
- & . o <
wave HNINENIW e 91d 2939 Schmitt trigger comparator ﬁdUﬁ:qnﬂ

IININTT ABNWITN AT (Comparator) BntiMile
ANIT Schmitt trigger comparator

L 374997 Comparator N Tu999  Schmitt trigger fagu Eed
WINAUAINAN TNAUNEINTY  input AT INTNZAY  OP-AMP (WIu\da1 non-

inverting)t KavusaTrvTaasiiudugai Ju  input AafdwnnniwIatlonndn vz

- A

AL TFUAINA WA U 1AV output  BanNAL T Vo  WAN

ot ]

input  NAMBHATWMANEUAINANIENTH output DEANTLIIM +V Fauremu

ccC

5ﬁuﬁva1u11nM1ﬂﬁﬁ1n§nﬂ

Veet = [R2/(R2 + R3)] * (+Vgo)
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s -3
R3
22K
r~
V-IN IR 741
+g‘\\,6 . v-0uT
VREF 2} °
1
R1
18K _f—nz i
16K RL tOK
= = =z =
+9v
UIN+2.9J|__ P 2 Pl N/ NI \& Den§ po= VREF
| |
} |
H 1
} |
{ |
| |
| |
J |
+8Y
VOUT ov
-8V

guﬁ 12 Y Schmitt trigger comparator
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CRNRED ﬁﬂﬁa%qﬁquamqﬁuzuﬁﬂqéﬁq FandnmTadnfn @efui 9 an
WINGMHA 9B TN inverting M input Ubul 7127 non-inverting | wWINz
azitu output FERANI=LIANLL WAL input ¥4 input # #anf Ty square
wave aéuﬁﬁlﬁuuuﬁiﬁtﬁﬂﬁhunﬂvﬂdﬁuxﬁu Square wave yndeim fat #1799

DECODER URIIUA 1z LifiAwan

IN

PUT

R?

UM 13 3TN

DECODER

me DECODER ﬁﬂzmﬁwﬁﬂﬁﬁuﬁmmﬁmﬁdutﬁﬁuﬂuﬁ1mﬁnﬂﬂnam1ﬁﬂqi1
ATVASUAT  ADDRESS % Set 1Mol ud a1 T9AE M output BOANN L WAUIU

Control load An#A WinTAUNl IC MC145027 t DUAINIAYAYIUANT Decode
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ﬂ MC—-145827
DATA IN .

/1

vce
>
N

R1

IR1 R4

AbG

Ct D6

' 0?

Cct b8

T

]
o
o

z
R2/C2 o vT

R2 c2

T

_—

UM 14 MC-145027

[
-

07U UFANIZEY IC MC145027 Fagey 9 JTmam duediei

%71 Al - AS
- auwdnth W Address input L Set WWlWmasiu N
Address ﬂaqﬁnxﬁa ﬁaziﬁ output annuﬂﬁﬂﬂ vT
1 D6 - D9
- aflam T DATA  Fezdvdpannun L8021 Address  maNfU
Address ﬁﬁouﬁ
77 Ry , Cy
- g viednvidDiLu  Resistor Waz Capacitor L #a# Tudaan
MUAAR ML ALMSDAIINATINEAY  Pulse i TWTME @1 time constant R1*C|
1zqn§q15 1.72u89 transmit clock periode ﬁﬂﬁu Ry*¥Cq = 3.95 Ryc-Crc
27 Ry / Cp

~

-9zl Resistor WA Capacitor #azuluiuaal IHAVEN Ve

e Tunmauen padvaTegadiefiuaTeimd  FeAn time constant Rp¥Cp IE

viuw 33.5  zovewm aaAady (4 data bit  periods) WAd Ro¥Co = 77

Rrc Crc
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"
QWﬁHWTDaﬂuUU
INFAT fcee = 1/(2.3 Rye Crg)
Ryy1 Cg = 3.95 Ryc Crc
Ri2 Co = 77 Ryc Crc
Faen Ryc >= 10K
100pF <= Cy¢ >z  15ufF
Ry >= 10K
* Cg >z 400pF
Ryo >= 100K
Co >=  700pF

21 Valid Transmission , VT
- 1 1uz" Output a:tﬂu1:ﬁu§0(High) L 5ia
1. ATdN Address AU Address 2BNANTU
2. ANTdY Data Word WIALASEDY ADV NUBUIU
1 vr
-tiu "High" AT MAS AT 3oty wia LiiFygwm i
1 LW 181 4 Data Bit
27 Vg
- 1UnRNINEIWLIN

i) ] VEE

- punavingWau(Fuvg i e ATae)

ANTAAALUL DECODER AYMIawIfn F1l,Cl,R2,C2

INFAT Fosc = 1/(2%3*Rtc*Ctc)
R1*Cl = 3.95%Rtc*Ctc
R2*¥C2 = 77*Rtc*Ctc



20
Fadn Rtc >= 10 K
100pf <= Ctc >= 15 uf
R1 >= 10 K
Cl >= 400 pf
R2 >= 100 K

C2 >= 700 pf

1AM TN Fosc = 616 H, uazd Ctc = 0.047 uf #AvHU

Rtc = 1/(616%2.3%0.047%x1076)
¢ = 15 K
‘Rs = 2Rtc
= 30 K

3.95%RtckxCtc 4 Cl = 0.12 uf @Avlu

1A R1CL =
RLI = (3.95%15%107°%0.047%10°6)/(0.12%107%)
= 23.2 K 14 24 K
270 R2C2 = (77*Rtc*Ctc) 4 C2 = 0.12 uf AvNY

R2 (77%1.5%105%0.047%10°6)/(0.12*%10~6)

n

452_.4 K 4 470 K

n

AMUUFAITMISMININIU  (CHANNAL SHOW)

A uisTu Data AIUWRNA IC 145027 | Hwniiv IC 4067 TAuIEnDATi

4 Bit M 16 da9 TAuin D6,D7,D8,D9 mAW MC 14027 WsgAEDiuA

Input A,B,C,D 2084 IC 4067 Waziua=# Output @al Saatiaiinau Fanudau
Judgyragn A INUandaYy TAeeT VT a9 IC 145027 3= dudiiauFyga
ENABLE 721 X 289 IC 4067 | Wodw OUTPUT wenzdIvAIuANUTY LED i

MGG ﬁqguéﬂq
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o
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=
o |w [l

R2 1

L1

K

L OUY
Y ") ,ﬁwb

158 4926
R4 j—

L16

(s

M 15 IIUAANHATBNAIUAY

N

UnMANIIEIN (Power Suppy)
Ay IR adavAviazt aTaeTuuueiat O 2 du fn
1. WUy REGULATOR

2. WUy UNREGULATOR
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\

‘UUL REGULATOR wIAULLUIASA

WTIGUM  Output =ANAL D Load | URHUUUANTIU 1 AU TIHW TIGUA

] ~

funt®  Oscillator ISNTWGIANINARANA  duuvavingiwwuuasnil .17 IC

REGULATED t UB9 7812 FuMT9iu output 3= ¥infiu 5 Tian uasimaialenadieil

. 3 1
< 7812 <
~o Q0
.f,r_" 8.3 8.1 <n
<> 2 oD

TUN 16 NITMAT I THL LA

UL UNREGULATOR winuimrliagn

.

WT9AUR Output =LAWL JD Load | USHUULUANIYU | AU T9AUA

flunm® Oscillator =T IRIAAINANINAIA
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TZ

AC
INPUT

)
oy
.||
i1
1r°

o
»n
ﬂf‘ VOLT bC

I

TUA 17 WITmaT e lmuubiash 13a FULL WAVE

Vi |
fe— t '—"'" .
Al
1
) T +— (Ot
]
: ‘ ! M
X 1 '
i i 1 !
Vo | | I I H
| I i !
] ] ! ! {
V" - ‘7 - ‘7 :‘ T '—:-L-T '
. ; : 1 : IVJC
O = 'l ’ ‘ .
=} !
#ﬁh—fa*:
1
t; = #7394 c-Charge t, = d79h C-Discharge

guﬁ 18 WAVE FORM INTTMAT I IMLULLLAYA  0HA  FULL WAVE
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N Vge WTWIIN Vg = -Igo/4fc
Vny : Peak Rectifier Voltage | Siadie Wil c-Filter
I4c - ATmLERIMANY Load

f o A IWadL
d7U RIPPLE VOLTAGE (V,) wiliain
Vet Ige / (4%3%f.)

vt output Voltage Uax Ripple Voltage | TN TOWT Percent

Ripple (%r) “lasd

3

% r =V, / (Vge * 100)

a
“

- - . o -~ [ a ' <

Avliu @1 Ripple Factor Wazuuaiw fudwundy Ay éreundt mad Aeiu
fin ADnN1919R TN REGULATION  #fuasdiaw Sandn ¢ WNndu wazdviunsgiu
Waa (R ) WuwndADAY

#7161 PEAK INVERSE VOLTAGE OF DIODE (PIV) @a@uavauiinundunas

REVERSE BIOS 2avia laanmuls ﬁqqﬂﬁaﬁnﬁagaaﬁtwﬁ:unuﬂﬂﬁaﬂtuaéuu

PIV = 2V
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maiuasdutdsundudmismInieu

SERIES IN
AC LINE
> RF \} oeTecTer \] cecooe
ANP / AMD 616HZ
CONPARATOR
! CONTROL
onta v
ATA
SELECTOR PART1
AC LINE
POVER MODULATER ENCODE
RF 926HZ
N
0sc
200K

PART 2

UM 19 BLGBCK DIAGRAM

AUl asA T UAIUENI I ZA TN INU 1un1ﬂﬁqnuuqanntﬁu 3 dufn
L. dwmTudgya CONTROL
2. &7y .CONTROL

3. dudbunsudgniisAianieu

1. @ wduFyym CONTROL

QERFNLAZATIMINU WlBUAY  uTudgyradainsmEarieuenennAdy uas
Amuanvdn Iz TN Jdduanaav@a 314 IC MC 145028 uwu MC 145027
1UATT  DECODER A" SCT #1 A6,A7,A8,A9 BAN IC MC 145028 HMATIAUINAH
ANNTTAY MEANEHAU AC LINE L isuasdanzuaeeas, A7, A8, Astiasgndl u

CODE WA aunFuanIzmManteu - L Wadvaan i Tudagna WEuFudy
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-~
gradgnA IS TNV WANAF U FANHATUAT TR FAVT NI ML AR =D 8 I ATV IN U

UWAZ=M OUT ¥ 71 11 (VT) A lUHvAIU CONTROL

ﬂ MC-145028
DATA IN

FE—] Y

IR1 A4
AS

IC1 A6
A7l 4
A

l

vee (.
3
»

ND
>
v

R2/C2 a vT

7JUN 20 MC-145028

OUTPUT 289 MC—145028 iU ADDRESS ¥iuvwi@ 9 21 &7u MC-145027

5 auan 4 ADDRESS d7u 4 2mdw iu pATA

a~r
'l

DECODER U1 ~mﬁnuﬂm1uammﬂmmaqtﬂﬂuﬁuadwﬁnwﬂnam1wa IR TIAUAN
ADDRESS #1 SET Vin¥aiusn  dmaefazf oUTPUT Bamuni W9l CONTROL
LOAD AN

- ®1 6 uaz 7 @afdu R1,C1 L et Tusnamuama aundanivan
PULSE 7 TuMdein. TIME CONSTANT F1%Cl a:qn5017 1.72 u8Y TRANSMIT
CLOCK PERIODE @iuiiu

R1*¥Cl1 = 3.95%Rtcl*Ctc

- 1 410, aiFn R2,C2 WUUZUIUAWAY  Ground L e TuanTusn
nﬂﬁﬁQﬂgqqmﬁﬂuﬁumgqﬂmﬂ f9fn  Time Constant R2*C2 Az fu 33.5 wavAIu
{38 mIde ey

R2*%C2 = 77*%Rtc*Ctc

VALID (LW OUTPUT "HIGH" |\ JnA9d8y  ADDRESS ®<viil ADDRESS

ADIAITULRZANSAN DATA WORD LInlasdnvéiadl niinuiu



27

s

qaﬁﬂﬁuﬂmﬂ11uﬁ

ALAT 2 .Fosc = 925 H, uazlf Cctc = 0.047 uf Fovin
Rtc = 1/(925%23%0.047*1076) = 10 K
Rs = 2Rtc = 20 K
1A RICL = 3.9S5*Rtc*Ctc " C1z0.12 uf i
R1 = (3.95%10%103%0.047%10°%)/(0.12%1076)
= 15.4708 K W 15 K
9N R2C2 = (77*Rtc*Ctc) & €2 = 0.12 uf G
R2 = (77%10%103%0.047%1076)/(0.12*107%)

301.58 K 14 300 K

2. #@7u CONTROL

MaAdI=UT=ABUAIY 99T Toggle 1917HU Relay AN AU TY

-O’:(-O-

R16

(=4
o
'’

LED

RELAY

guﬁ 21 7937 CONTROL ON/OFF
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AN IUBTANTINNT

L S Funeu Cio WAz Ryz 3IzVIANT Reset I Toggle
WiHar 1 (z7@) Wi iu "o” (low) uasl SadiFagna v da A Fa u pulse
Mﬂugnliﬁuﬂﬁnﬂ CK 2847977 Toggle 1= output fan 1 (z7Q) (idu "1
(high) Ao Tudutii Ryst #1277 Base  uBY  Transistor NI#H
Transistor WNAUVTE Relay nwwmdamaind O (TURN ON) Load d3130W0
W uam il Sygnw VT snAnafvrsiffian 1 (17Q) nav IC MC 145028
fanuz  "0"  (low) v IWLNWTNAWIUTULN Base 28V Transistor EREty
Transistor livmvau uaz Relay AMMTvML Ui St 7andAes L Da (TURN
QFF) LOAD ﬁazwqmnﬂﬂwﬁQWuﬁuﬁﬁl1ﬂawuﬁﬁnm1uqunﬂv ON/OFF uayN LOAD 1@
TaumTdvdnyga A1 Address AT oN aSeaneif OFF Tvluusazfinzag
| a¥pednsdl Address ALiEnAuALu

3. duthbundudmazmaneu

A utiaz ninufududedgyna  CONTROL uaAdulasdIMLEAIdn1IZA1INN
9 wAesYu CODE v ndwFudyyna CONTROL # SET “VIWun A6,A7,A8,A9 2N
IC MC 145028 ua:a:tnﬁﬁmmﬁm VT #7111 289 MC 145028 LW Not Gate
fHouldanr TE 209 IC MC 145026 | moivaanienu TasavaTesd du code #
Lwﬁnuﬁuﬁuﬁaéﬂunﬁﬂﬁuiu WFANIA EHAAR Y IUA UL EANEATII ZANT TN INU

TunIaun

AMUAAAINEANIN = 100 KH, W8t 200 KH,

T = 1/100 KH, = 1¥107° = 10 us

AMuUAm Duty cycle 50 %

n

H

T(high) = T(low) 10 us/2 = 5 us
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1 Cc1 = 0.01 uf, Rf = 300 (330)

1A T(high) 0.69 x (Ra+Rt) * Cl1
5us = 0.69 * (Ra+300) * 0.0 uf
0.69(Ra+300) = 5 us/0.01 uf
Ra*300 = 500/0.69
Ra = 724.6-300 (330)

424.6 (390)

¢7 Rb=Ra = 424.6
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dUna 1AT 9910403 g Aimud

Han1SNASDUTAT I I1UYS g Dwud 2 MUIIRTDIAIAIVRUN TENIN TN
WEiIUT Y BAUAUNINEIEINRN  (AC-LINE) i srwrsofasiusis Binary 4
Bit ﬁgnuugquwawnﬁmwwmﬂqwuﬁ VHF 9709789 (Remote) ‘émufidnt muns
vaamseugutida §u 4 Bit 16  DRL PRGN uaza1n17naq§mmwmﬂuanu1Qﬂn
Binary 4 Bit 1A8YN15 Modulate AU Ac-line wazuUssA NIy GAIY
gufl  Mod WU AC-LINE @b Ic # 145027 1#9 Control Relay 1% On-Off
Mse I LE uazﬁqdqﬁmmﬁmﬁuﬂﬂqanwuznﬁq1uuﬂqnwsz1wﬁ1n§u1uﬁﬁqﬂﬁ¥u§m
831N  Remote Lﬁauﬂﬂqwﬁf11n1531wﬁ1nﬁqwu s 1c #4067 1Hudeiu

-
AUNITUTANNAIYAN LED UDNIBNAIUANNN 16 Bavdgnin
gllanisfeu

FrRIuRNgUSAINIIMIe INS@miiousty  Ac  LINE vsznaudapdauusznay

4 #1udp

1. TELEPHONE

1 2 3
4 5 6
7 8 9 ~
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2. RF REMOTE CONTROL

POWER PASSWORD TE STROBE AC 220 Vv Q3 Q2 Ql
!
N\ v

Q4 © T TE []

BCD OUTPUT D/0 D/I

3. TRANSMITTER

TX 1 2 3 4 65 6 7 8 [] AC 220 V
9 10 11 12 13 14 15 16 TEST S.W D/1
4. RECIVER
. LED SHOW
~ PLUG TO LOAD
NO. 1 NUMBER 1-10




32

LINE TEL IN
Transmitter 3 1
—-’l_—-_' AC 220 V
TELEPHONE
TEST S.W D/I
AC 220 V 2
a3 P a1 —
AN - )
—~ Q4 - T TE D
N
D/0O D/I
2
Reciver .
LOAD #inau,Ing 989
NO. 1
4

NISUNTATINIWIYIE TN I1UIRS



33
amdviuiaseullisnss  set W awengunsdinin Wi ise 10 aﬂtﬂﬁﬁu
A 1Y Pass Word A wmBaiuad 1 4 5 6 BudriiradduasFe9IUAIN Nunber
vosqunsdiuadiiu 2 @ 1,2,3,4,5,6,7,8,9,0 fefinagu o azdeerugunsd
twad 10 1eufine Tone 1 A4 UASENTNIWIN LED SHOW #91usn1SNNIUMAE
(fanedndn 1 efe (BunisencBnnisnnauvesgunsduszdEaenisenin pass

2 - v .
word WNWNANNAYN # uazn s IuAsIA UKL FsHad 1wl wllaul fu
Jem1 N 1SN INI INAEBLTATINIY

UguINI1SNAEaUAI SN INIUIUSIUANS 9 uadIasvautdagnfivud 2 flastl
ﬂmnn%us?aqvaqnwsu§uu&q5wm1mw1uz (Carrier) uudazdiuypelvas dgurau
(291D AT UNIY (Noise)  angunsdiniaiwiuthundadavine i 1su
vadpempaRa L mad  Insiad 1 Budi ﬂmuwuaqaﬁnﬂﬂu&aszuuiwﬁﬂﬁﬁﬁ Modulate
ﬁuﬁmmﬁmﬂquauawanaqunﬁﬂﬁﬁqmwmﬁawuﬁﬂﬂtﬁﬂu1ﬁ1uu1qm§q Fatiulun1 s nAsay
TATINT U NHA Fefipeseivtui faviignaene a9 #ndraundedu ukpg915Adly
AN 9 §ansoufftd esuSuuds T s as IR U 9 UREATUIBNIAN
gunsd R wls cC zﬁaﬂauauﬁmmwmﬁﬁiﬁnwuﬁaqnﬁs%q 16 Channel UAZHINITD

Y Load Wmuvastyavaeumuingussdadiediu

UUINTIINAUD

wuanesim g miutasesull  @e aﬂuwankuﬂaqnauQunﬁuﬁuu%aawa1ﬁu
#ama7u8 10150701550 Data Input ®INu# Code H1HiBu Signal Input w3p
B19sUsEyndunIsSuso U output WAFNIHAINAINL RN RN iqﬁaqﬁuag
fuTaguszdeduneaiuals 41889015  Control wwyla awiviaseviul (fu
nsarfnismugamieednd  uszguasdsauine  $eas 1 Bunuanielun siiaun

uazuf1ude L Aulutunoudn 9



qunﬁi

R1,R29
R2,R30
R3,R31
R4,R32
R5,R33
R6,R34
R7,R35
R8,R36
R9,R37
R10,R38
R11,R39
R12,R10
R13

R14

R1S

R16
R17,R28
R18,R27
R19,R26
R20,R25
R21,R24

R22,R23

1]

It

1

"

50

100

10

820

100

100

24

470

10

100

220

200

330

C1,C21,C24,C33

c2,C34
c3,C35
C4,C36
C5,C37

C6,C38

C7,C39,C23

C8,C40
C9,c41
C10,C47
C11,C43
c12
C13,C32
C14,C31
C15,C30
C16,C29
c17,c28
c18,c27
C19,C26
€20,C25
c42

c44

C45

C46

n

0.047

0.12
0.12

1000

uF/250V

pF
uf
ufF
ufF
ufF/16v
ufF.
uf
ufF/16v
ufF
ufF/ 16V
uF
uF
uF
uF/16v
ufF

ufF

ufF
ufF
uf

uf



ICL

IC2

IC3

IC4

ICS

MC1

MC2

MC3

MC4

NE1

NE2

CD1

LM315

4027

4049

LM7812

LM7824

145028

145026

145026

145028

555

555

4067

01,02,D012,D13
03,04,D05,D014,D15
D8,D9

b6,D07,D010,D11

N3
N5,Né6
L1,L2,L3

IF1,IF2,IF3,1F4

iIN4148
1IN400O1
1N4148

1N4148

TR 25C458
TR Cl1984
LED

(BACK)
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Tares decosers are sresetthy a.a.ade, al' yse e sa—e tracgmister
= the MC145026. The decode-s recewe the 9-bit worc and interpres
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a33-ess coZes 1mat march that of e recever A \vad 1a1STHSSION Qul-
£yt wi ge high on the decode:s wher they recogn.ze a~ address that
~atznes tnat of tne decoder Ciner recewvars 30 be produced win Git-
ferent adz-ess ‘Tai2 rauds
@ “ay be Adgress2o in echer Smany or Trmary
Trnary Addressiag Manmizes Numde: of Codes
inie-faces with RF, U'iresonuc, or Inf:ared Transmiss.or Med.as
Or-Chip R/7C Oscilizsor, No Crysta Requred
High Externai Component Towranze, Can Use = 5% Components
Siandarc 3-Serias Input ano Cutput Craractenscs
&5 18 vV Cpe-ation
23V Low-Voltage Versicr Alsn Avacadie Dy Speciai Order

CMOS MSI

ILOW-POWER COMP_EMENTARY MOS)

REMOTE CONTROL
ENCODER/DECODER PAIRS

L SUFFIX
CERAMIC PACKAGE
CASE €29

P SUFFIX
PLASTIC PACKAGE
CASE 648

MIEXXXX Suttiz Denotes

L Ceamc Package
P Puasic Package

PIN ASSIGNMENTS

M 185026
Encoger

V145077
Decoder

MC343028
Decoder

TR 321.747 0 SDNIASE IRISITANDT 00 b “ew 2MOCLT SOeldances g o=
1D et Bt SUDRCT 1 LRIt wAhDL ALz




MC145026, MC145027, MC145028, MC145029

MAXIMUM RATINGS 'Votages Relerencec to Vgs)

Asting : Symbot Vahue Una
OZ Suoory Voitage Voo ~C% -8 v
1Dt Voiiage, & npus Vo “T51vno-C 5
DC 1oy Curren: pe- P v P Py
Ovecarg Te—pea'rt Favge va °C
Seorage Yemoeaise Range Voo C
ELECTRICAL CHARACTERISTICS
. ‘I Voo ~ &% 5C -~ 85°C
Charactevistic U
Symbot V 1 Mn  Mas | Min Tvo Mar | M | Max o
Ot vaiage “C Leve: 3 - x| - [} cXE] -~ |Gos
Vin= VDo or 0 voL L] - sl - 0 COEf - [S08; v
15 - (6% - 0 COE) - 2%
"V Levet | | 50]¢9%| - |¢9%5.] 50 - (&% | -
Vin=0 o VDD VoM ¢ faos| —- |89s 10 - lzee | - v
15 li2ee) - 1ol 1% - (RE] -
inpyt Vo'iage "0 Leve
Vg=850C5W v 50 - {18 - 2 -2 I R 2
VG=900r 10w i ol - ol - 5 3] - |39
Vg»1350e15 Vs 151 - {«0| ~ €25 40§ - |40
=1 Level
Vo=CS50:85W v 50| 35§ - 35 27 - | 3¢ - v
IVg=100r20 Ve I, w|r0f - |70 555 ER IR
tVo=1So 25w 1510 - [nof b2 - Jrel -
Gutont Dove Curret Source
Von=25W 50 |-25] - |-2v[ -a2 - 1-17] -
Vou=46W) 101 50|-05% - {-ca} -0B3 - =I3] - | mA
Wou=95 Vi W {-13] - |{-11} -225 - |-c%| -
[ Voue=135W1 18 |-36f - |-30 -88 -~ |-s4] -
Vo =04v) Sk 50 ]082{ - |04z < - | ¥ -
Vo =05Ww oL w13 - {1 225 ~ ]~ | ma
Wo =15V 15 | 3ef - a0 88 - {z¢ | -
Input Current — Y& IMC145026, Puliup Device) S0 - | - | 30 40 €l - | -
hn wl -] -1 20 kv R B )
15 | - - | 3 5 45 3§ - -
Input Current
Rg iMC1450261- hn 18 - =03} - =C00031 ) =C3] = [=210] pa
Dazs b IMCIASCIT, MTTA5028, MC 145020
inp. Cusrent
&3701-42 D IMI14505) sol - | -} - =55 lzvef - | -1 ua
2-A5 1M 145027 lin 0] - - - =3¢ {=s50] - -
T-AQ IMC 1457251 15 ( - e B =60 (=00 -~ -
382 (MTI4502%
inp.r Cazacianze N\ .= 0i G - - - - 3 ~e - - oF
Qurescent Curresi- MT1A502E 50| -— - - GO0 [ o]~ - -
DD wl -f-1]- COo | x| - = | kA
., 15 - - - €015 cX ] -~ -
Quescent Cument ~ WTWECIT MTI45026, MC °45020 $0f - - | - 3’ x| -}~
[[s]>) Wi - - - & w| - - | »A
15 - - - 2 ¢) H-. - -
T2 Supply Curre~t= M 45028 e e 20 kHD) 53| - - - 100 W} - -
17 wlp-]-1- 200 ool - | -] ua
18 - - - c 6 - -
T Supon Curren = MOIZACIT, MCIEB02E, MC 125020 50 | - - - 200 X - -
o= 20 arp [ Wi - - - a0 B | - - | ua
1] - | - - 600 2l - -

Vhas Dsvice €371 SCwatry 10 Srovec: the iz uts aGa.nS: CaMaJ8 O IC WGF 513°2 v2 15765 Of £C1C heics. howeve® 11 15 aTviSEC 1Al
OMMP D*eCAULONS DE 1AREN IC BvINE 3DDHL10 21 3%y vD'1aDE NGHE! 1man AR U™ 3127 vONaZet 1C TN QN IMDesIn e 2rcut Forpros
DE! DOSTALON 1t 13 rECTTIMEN0eD N3t Vi, INC Vy 1 be SONSI3MES I Ine 1Ak VEE S (Vin Of Vo' S VDD




-

MC145026, MC145027, MC145028, MC145029 . _

I

SWITCHING CHARACTERISTICS IC =50 oF, Taw25%Cs

Charscreristic Symbet Vo | Mn | Typ | Mas Unit
Ouu: Rise anc Fak Time . 5G| - [ 1]
e d o~
L P s |- | s s
Saa Ase gog Fp —mp I e R SRR ) & - 15
Tim
™ ic - 15 »s
. ML g - §s
Ecove Craee Fresuemey $9 - 2
fa 0 -1s Mig

R

Decoowr Frequency

- § 2

w
(=]

A8 Rl-~~looalr
]
]

{Reterencec 10 Encode Ciocat 1See Fugure Y1 o 10 = ] 410 KMz
. 1 - | a0
-€ Puse Woain
: Wi 0 - - ns
15 -1 -
Svsie= Prozazane= Ceay - - - lwfl - Ciocx
(7T 15 Va-g Transmeesiont Crcies

Toie"a1ze o8 Trming Coraoments

B3rc-ACTc- 2R -acy

8272~ 4C)) i No, Rl i
OPERATING CHARACTERISTICS

MC145C26 b8 37¢ mus: Se encooes 1o maick the adaress nput at the

Tne encode se-a'y °3rsTg fune b of 1nary Saa as
822G 9y the sate of <ne &3 D1.AS DS ingas pns Trese
Pins M3y be i ether of 1rroe sisies 10, 1. ope=l aliowing
3%=1¢ 883 possizie codes Tre tratsmm sejuence s -
1131622 210w eve' cnine TEmput pin Eac time she TE i
out s forced low the encoder cutouts IWC iTernca dats
s sent for
thres 2313 Dat times, i the ﬁnpu: 18 kest low, she encoder

worss. Se'weed the two 23t wores ne sign,

CC’I:"‘U‘.‘.‘.‘S‘\ transmus the £tz word.

Eazn s-ansmiited cata bit 15 encoded M0 WO daa pulses
ISee Figure 71 A logic 2erz £ encoded as two consesylive
S997 puises. 3 logic ane 25 1o Consecutive long pulses, ang
87 €Z2% 23 3 long puise licwed by & shor: pulse The irput
S 'S oriermined by using 2 wesk Cutput gewice 10 i 10
force eas™ mput first law, *ne= gh M o™y @ nigh siate
resue from the two tests, g TLJ s assumred ic be hare
WIeI W VDD, i onh 5 mw siate s obiamed, the inpur 1s
4s5572C iC De Na'd wrren 1o VSS Hf bath a hig 370 3 low

Can b¢ {27223 51 ar anput. 1 S 3550 meS 1€ be o5er and 1S e

€2z as such

Thz T2 mput kas armnernd palug device s¢ tra: & siple
SWiCT may De vse 1o foce e mput low, Whie TE tgh
the e~200e" 1s complerety Jisad-ad, the csaillazor s nhidied,
322 ine curent drawn :s reduced 1c Quiescent current When
TE s 972.9M1 low, the osciliate- is sta-ted, anc the trans=it
S23uenCe beging. The inpus ave then seguertialy selected,
37C cateTiwatons are made as 1o ihe input I0g:c siares
Thes -~ tsrmation 18 se@ty ransmutiet via the Data Out

QUITu i,

Frams—ssion must be muiated by using the T P ratner
tha= by Raiting TE tow #~g apd'ying power 10 the device
Decaus? an intenal reser occurs ahier the first ira~srg

secuence

MC143027

This decoder rece-ves the ser.3 daza from tne encode’ ano
QUIDUE e Cata. of 11 is vahg The trans~uite¢ daia. com-
$51ng 9 w2 WJznhiza’ 23ta words, s esaruned bet by by as
K15 recevec The frst frve bas a-e assumed 10 be acoress

rezeiver I ine adoress bus maich, the next foeur idatal bns
3°¢ S1reC 31S compered 1o tng last va'id cata stored Asihe
second encoded word 1S recerved, the address must again
M3ICr. a~d £ it does. the Ca:a Os ave checked against the
previossly s10ed Sata bas If the twe words of data (four
buts gacrt maton. the data s tans‘a-red 10 the outpu: data
iaiches Dy VT ano wi rema unni new 2aa replaces it. At
the s3e tme. the Vahd Transmussion Output pin s brought
hig1 anc wl. reman tugh umit an error is received of until no
INDJ SiIQ~& 1S receved for four daza bit times

Atnogugn e aadiess informaton s encoded n inary,
the €515 1~fem3aton mus: be ether a one crazerc Altnnary
loper! wa be decoded 2s a iogc one

MC145028

T Osczdes oDerales & the same manner as tne
MC 385077 exzest that mine aZc-ess Dils ave uses and n¢ caa
Oouidutt 2va o, The Vans Transwussion 0Ouiput 1§ used 10
mdicae =21 3 vaie address has been receved
™ 2c2-ees iz maion s Acrmally encoded in

e Gesigner should be aviare that, for tne
3022, 108 rurtn 203ress O LAT) mus: be enne- aoneor
3 2e'c Tous oam, there'ore can accep: oy 2x B = 13,122
aiff2rent Cazer A tinary iopen) A9 will pe mtereied as a
15912 1 Howece, Jf the encode: sencs a inan for logic 1)
ant the deI2de: aCress s aingc 1 (o7 trmary) respectively,
ME VaNC T3 STIESON DT le~gt" wiil e snortened 1S the
R1xCiyme so-stam

MC145029

Trus 9es33e- Soe-ates ke the MC145027, bus assumes
he frs: f24- receved das 10 De ade-ess brs ang the remain-
ng five rece-vez bas 10 be cata .

DOUBLE TRANSMISSION DECODING

thoug™ the e~code: sends twa words 1or e-ror gl;hgck.ng.
8 decoder doee nol necessatly wai for “twe tansmitted
words 1o be rece-ver before BSUG 8 varle transmiss.on out-
put.
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MC145026, MC145027, MC145028, MC14~5029

PIN DESCRIPTIONS

MCIaS25 ENCODER

A1/D1-A9:09, ADDRESS/DATA INPUTS (PINS 1,2, 3,
4.5,5.7.9.10) - Tnese inputs a e encoded and tne 2ai21s
sand’ly putou: from the encoder

Rg, CTC. RTC. OSCILLATOR COMPONENTS (PINS 11,
12. 13} - Tnese pins ave pan of tne CsTiiator seco”. ¢t e
e~coder If 37 eaterd s9nd SCurCe is used i~sisac ¢f e
7013 OSINST0%, 1t SNSUIC be connectec 10 tne Rg wrous
27C e ATC anc CTC pine shouid De ie's apen.

TE. TRANSMIT-ENABLE INPUT (PIN 14) Tris a=2 ve low
mDUt Wiles ransTussor when forces Iow An mierna
pJliuD dewice keecs hus input NormMally hign,

Daza Out, DATA OUTPUT (PIN 18] — T-us 18 tne ouidet
¢’ the encoder 1hat senally prese~is ine enzodec wo'd

Vpp. POSITIVE SUPPLY (PIN 16! — Tne mes: pasive
cower supply

Vgs. NEGATIVE SUPPLY (PIN 8] = The mes: negatve
ssD2'y lusuadily groundl.

MC145027, MC145028, MC145028 DECODERS

A1-A5 (MC145027), A1-A9 (M(C145028), A1l-A4
(ML145029), ADDRESS INPUTS — These acdress »ouis
MJyst matcr the corresoonding encoder nputs an proer 1or
1€ oecoder 1c Quiput Gata

D08 aCeI?, SE00 MTIRESSE, SATA OUT-
PUTS = These outouis present tne informanon that s or
the corresponding encoder npuis. Note only biary Saia
wil be ackaowiesged: a tmmacy open wiki be gecoded as @
Q< ane

R1, €3, PULSE DISCRIMINATOR (PINS 6, 7) ~ These
©1S JCTeD: B 1eS:SI0T ANC TATITHI! INZ a'e L5eC 0 Jeter-
rng wheing” 3 fzeICW DUISE 07 @ wede Du-ss =2t bea~ en.
€082 Thevme consian: Py x Crsnoucpesesint 77 en-
coder drmansmilien: o 0eni02s AsCy = 29 RTclTC

A2 C2. DEAD TIME DISCRIMINATOR (PIN 10) - Tnsg
P aCTeCis 3 res$0r ANC 8 Ja03C 10T 12 Ve S nat are wsed I
deiec: DI 1ne e Of 37 e~I33el wird 372 1ng #02 of
ransTssion The ime consia=iFz » Czsncu.20e 33 Sen-
ccder lransm.iter! coock penads (four Zata D penocs!
R2C2 = 77 R7CCTC Trs time consia=t s sses o dJeter
mung 1r:2: Caia Ir hes rema ~es Izw {97 fo- 2313 Tt umes
fe~g of rarsmuss.or! A sepa‘ate CoTise” iDoks 81 3
vohiage-2quvaent two Saia bl vmes (L& 3307 10 detect
the C2ad LMe Detwesn 1°ansT.I1ed wares

v

VT, VALID TRANSMISSION (PIN 11} — Trus sutpus g‘ses
fgr when e foiowng £ond 10"s ae sans’ies
1. the mansmiitec 20d7ess miaines the rece. e° azress, ang
+2. 1he transrutted Za12 MAICNES the 1ast va . T Sals recered
ME1A3027 =g MC143028. cniyd
VT wit: remain migh uny' § Mos™aichn i¢ reze ve2 Of A N-
pul 5:1373% 18 recenvec for four catz Dt ures

VDD. POSITIVE SUPPLY (PIN 16) -~ Tre —os: pasive
Power sudpty

Vgs. NEGATIVE SUPPLY (PIN B) — Tre m2s* regatve
SuDL'Y WwsJally ground: R

FIGURE 1 — MC145025 ENCODER BLOCK DIAGRAM
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MC145026, MC145027, MC145028, MC145029

FIGURE 2 — MCYWS27 DECODER BLOCK DIAGRAM
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FIGURE & — M(145C29 DECODER BLOCK DiaGRAM
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MC145026, MC145027, MC145028, MC145029

FIGURE § — ENCODER/DECODER TIMING DIAGRAM
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FIGURE 8 — MC145027. MCYASCZS FLOWCHART
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FIGURE § ~ MCVASC2R FLOWCHART
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@ MOTOROLA . MC14027B

—
DUAL J-K FLIP-FLOP )
The MC140278 duat J-K flip-flap has indepnandent J, K, Clock CMOS SS'
(C), Set {S) and Reset {R} inputs for each Hip-flop, These dovices {LOW POWER COMPLEMENTARY MOS)

may be used in control, register, or togyle functions,
Quiecscent Current = 2.0 nA/package typical @ 5 Vdc
Noise Immunity = 45% of Vg typical

Diode Protection on All Inputs

DUAL J-K FLIP-FLOP

Supply Voltage Range = 3.0 Vidc to 18 Vdc

Single Supply Operation — Positive or Negative

Toygle Rate = 3.0 MH7 typical @ 5 Ve

Logic Swing tardependent of Fanout

Logic Edge-Clocked Flip-Flop Dasign

Logic state is retained indafinitely with clock level either high or
low; information is transferred to the output only on the positive-’
going edge of. the clock pulss L SUFFIX P SUFFIX

® Capable of Driving Two Low-power TTL Loads, Qne Low-power CERAMIC PACKAGE  PLASTIC PACKAGH
Schottky TTL Load or Two HTL Loads Over the Rated Temper- CASE 620 CASE 648
ature Range

® Pin-for-Pin Replaceiment for CDAO278

ORDERING INFORMATION

MCl1axxxB Sulfin Oenotes
MAXIMUM RATINGS (Voltages referenced to Vgg)

L Ceramic Package

Rating Symbal Value Unit P Riaste Package t
DC Sunpty Volitage van 0510 ¢18 Vdc A Extendad Operating
tnput Voltage, All Inputs Vin 0SwVpp* 05 Vde Temasraiure Range

- - C Limitad Operating
OC Current Drain per Pin ] 10 mAde Temparature Range
Oparating Tempasature Range -- AL Device A -85 10 +125 °c
CL/CP Device -40 to *85

Storage Temperature Range sy -65 10 +150 °c .

BLOCK DIAGRAM

TRUTH TABLE

INPUTS QUFPUTS* ;
ct ] K H R [0t {Qaer|Qnet ]
iVl B X o [ ) [ o_] . o A .
_/ 1 x 0 o [ ' 1 ]
/10 x o ] o [ 1 3—iC
/i x 1 0 0 1 [} _'_ 5 » s 2
| ox x o ] 3 0, | 0, | NacChange n
X x X 1 [) x [ [ ‘__I
3 x x ] 1 x [} 1
x x x 1 ] x |" 1

X = Dan’t Care s
1 = Level Change 10 =14 ap—1s
$ » Present State
® + NextState 13 —c
1 —x Gp—14
a
This device contains circuitry to protect the inputs sgsinst damage due to high l
static voltages or electric fields; however, it it advited that normal precautions be 12
taken to avoid application o’ any voltage higher than masimum rated voltsges to v . Pin 16
this high impedance circuit, For proper operation it is recommended that Vin and VOD . PinB
Vout be constrained 1o the range Vgs < (Vi, or Vo) < Vpp. ss "

Unused inputs must always be tied t0 an appropriate togic voltage level leg..
either Vgg or Vppl.




MC14027B

ELECTRICAL CHARACTERISTICS

. Voo Tiow® 25°C Thip®
Charscteristic Symbol Vde Min Msgx Min Typ Man Min Maxz Unit
Qutput Voltage "0 Level Voo 5.0 - acs - 1] 6.05 - 0.08 Vg
Vin Vppor0 10 o 0.05 - 0 0.05 - 005
15 - 005 - 0 0.05 o 0.05
1 Leved Von 50 495 - 495 5.0 - 496 - Vde
Vin 0QorVpp 10 995 - 9.95 10 - 9.94 -
.15 14 95 - 1495 15 -~ 1495 -
Input Voitage " “0” Level Vi : Vde
Vo = 4.50r 0.5 Vsc} $0 - 15 - 225 15 - 15
Vg 90 0r 1.0 Vua) 10 . 30 P 4.50 30 | s 3.0
(Vg * 13.5 or 1.5 Vet 15 — 40 - 6.15 40 - 4.0
* '.'.- Levet v"' .
Vo < 0.5 or 4.5 vdc) 50 35 . 35 2.75 = s - Vde
(Vo = 1.0 or 9.0 Vdc) 10 10 -1 7.0 550 - 7.0 -
Vo = 1 50r 13.5 Ve 15 11.0 o 11.0 8.25 5 1.0 -
Output Drive Cusrent (AL Device) on T mAde
(Vo ~ 2.5 Vde) Source 50 -1.2 - ~1.0 -1.7 - -0.7 -
(Vou 46 Vue) 50 -02%5 - -0.2 -0.36 - -0.14 -
Vot = 9.5 Vde) 10 't -0.62 - -0.5 -09 - -0.35 o
VO = 13.5 Vele) 15 -1.0 - -1.5 -3.5 - -1.1 -
(VoL ¥ 0.4 Vde) Sink oL 5.0 0.64 - 0.51 0.88 - 0.36 = mAde
VoL = 05 vde) 10 16 - 1.3 225 = 0.9 =
(Vop = 1.5 Vdel 15 4.2 - 34 88 = 24 =
Output Drive Currant {CL/CP Device) on mAdc
Vor = 2.5 vde) Source 5.0 -1.0 - -0.8 -7 - -Q6 =
(Vo = 4.6 Vde) 5.0 -0.2 - -0.16 -0.36 - -0.12 =
(Vo * 9.5 Vue) 10 -0.5 - -0.4 -09 - -0.3 -
(Vois = 13.5 Vde) 15 -1.4 - ~1.2 -35 - -1.0 -
(Vo = 0.4 Vdel Sink oL 5.0 0.52 - 0.44 0.88 S 036 - mAde
Vo * 0.5 Vdel 10 1.3 - ] 2.25 - 03 - o
(Vor = 1.5 Ve 1S 36 - 30 88 - 24 -
Input Current [AL Device) Yin 15 - +0.1 - 000001 | 209 - 1.0 uAde
Input Current (CL,CP Device) [ 15 - 103 - 1000001 ]| :03 - t1.0 uAdc
Input Capacitance Cin - - - 5.0 75 > d nF
(Vin "0}
Quiescent Current {AL Devicel lop 50 1.0 = 0.002 1.0 - 30 uAdc
{Pee Packaqe) 10 -~ 2.0 = 0.004 2.0 - 60
15 - 40 - 0006 | 40 - 120
Quiescent Curient [CL/CP Devsenl ‘b0 50 - 4.0 - 0.002 40 - 30 uAde
{Per Packagel 10 - 8.0 - 0.004 8.0 - 60
15 - 16 - 0.006 16 -~ 120
Totat Supply Curtent®*t i 50 17 = {0.80 uA/&H2) 1 + [ pAdc
(Dynamic plus Duiescen, 10 IT (160 uAfRHA | + 3
Per Package) 15 by 7(2.40 uA/kH2} 1 ¢ Igg
{Cy, = 50 pF on all ourputs, ait
hullers switching)

*Tiow * -55°C for AL Device. -40°C for CL/CP Device. -
Thigh * +125°C tor AL Device, 1859C for CLICP Device.
aNosse immunity specified for worst case mput combinatinn,
Norse Margin for both “17 and “0" levet - 1 0 Ve min @ V@D * 5.0 Vdc
20 Vdcmin @ Vpp + 10 Ve
25 Vde min @ Vpp < 15 Ve
1To calculate toral supply current at foads other than 50 pF:
ITICLY 110 pFI 2« 10°3(Cy -50) V! .
where Iy isin un [per packaqel, Cy wmpF, Vpp in Vde, and 1 in kHz2 is input frequency,
**The farmulas given are for the typical characteristics only at 259C.



SWITCHING CHARACTERISTICS® (C|_ - S0pF, Ty ~ 25°C!

Characteristie Symbaol Vpo Min Typ Max Unit
Output Rise Time tTLH o
T = (3.0 ne/pF) C L +30ns 5.0 - t8a 360
trLH = (1.5ns/pF) C + 15 ns 10 - 920 180
tyLH = (1.1 ns/oF) CL + 10 ns 15 - 65 130
Output Fall Time tTHL ns
TrML* (L5 ns/pFY CL + 28 ns 5.0 - 100 200
tyHe = (0.75 ns/pF) Cy + 12.5 ns 10 - 50 100
tTHL * (0.55 ne/pF) C_ + 125 ns 15 - 40 80
Propagation Delay Time PLH, ns
Clack ta Q tpHL
tpLH, 1PHL " {1.7 nt/pF) C ¢ 90 ns 5.0 - 176 350
tpLH, tPHL = {0.66 ns/pF) Cy_ +42ns 10 - 75 150
tPLH, tPHL = (0.5 ns/pF) C_ ¢ 25 ns 15 - S0 100
Set10Q .
tpLH, tPHL = (1.7 ns/pF) Cy_ + 90 ns 5.0 - 175 350
tPLH, tPHL ™ (0.60 ns/pF) C_ + 42 ns 10 - 75 150 n
tPLH, 1PHL = (0.5 nt/pF) Cy + 25 ns 15 - 0] 100
Resetto Q
tpLH, tPHL * (1.7 ns/pF) Cy + 265 ns 5.0 - 3s0 450
tpLH, tPHL = (0.88 ns/pF) C +67 ns 10 - 100 200 ne
tPLH, tPHL * (0.5 ns/pF)} Cy + 50 ns 15 - 7% 150
Setup Times teu 6.0 140 70 - ns
10 50 25 -
° 15 35 17 -~
Minimum Hold Times th 5.0 140 70 - ns
10 S0 25 -
15 35 17 =
Clock Pulse Widtn W, Wi 5.0 330 165 - ns
10 110 55 &
15 75 38 -
Clock Pulse Frequency fel 5.0 - 3.0 1.5 MHz
10 - 9.0 45
15 - 13 6.5
Clock Putse Rise snd Fall Time L, ITHL 5.0 - - 15 [}
10 - - 5.0
15 - - 4.0
Set and Reset Pulse Widih W 5.0 250 125 - nt
10 100 50 -
15 70 35 -

. . . . ey
The formula given is for the typical characterisiics only.




Mo 140278

FIGURE 1 = DYNAMIC SIGNAL WAVEFORMS
(4, K. Clock, and Output) -

20 ns '————1 - 20 0y

FIGURE 2 — DYNAMIC SIGNAL WAVEFC RMS
{Se1, Reset, and Output)

[3
c
wH l twe,
1
et T e
]
e ——d '__ PHL
Vou
a 90%
50%
e VoL
A {¥7] - —— triqe

Inputs Al ard S tow.
Far the meesurement of twy, |/fcy, snd Pp
the lnputs J end K are kept high.

20 ny —f |-—j }=—20ns
-V
90%- oo
f s
10% -vss
e
wH 20 ne ~—20m
20% -‘oo
s0%
10% 4 vss
wH
L] | ,_—IPNL
Vou
so%
Vou

lnputs § end K low,

LOGIC DIAGRAM
(172 of Device Shown)




@ MOTOROLA

MC14049UB
MC140508

HEX BUFFERS

The'MCI4049UR Fax inverter Mufle: and MC140508 noninverting
hex buffer are consuucted with MOS Pchannel and N-channel
enhancement mode davices in 3 single monolithic structure, These
complementary MOS deavices find peunary use where low power
dissipation and/or high noise immuui(’y is desiredd. These devices
provide logiclevel corversion using only one supply voltage, VCC.
The input-signal high | el {Vy} can exceed the Ve supply voltage
for logic-level conversions. Two TTL/DTL Loads can he driven when
the devices are used as CMOS-to-TTL/DTL converters (Ve = 5.0 V,
VoL % 0.4 V, gL & 3.2 mA). Nate that pin 16 is nat connected
internally on these devic es; conserquently connections to this terminal
will not affect circuit operation,

® High Sourée and Sink Currents
High-to-Low Level Converter

Quirscent Current ~ 2.0 nA/prackaqe typical @ 5 Vel
® Supply Voliage Range = 3.0 Vde to 18 Vde

Meets JEDEC UR Sperifications -MC14049U8
Mects JEDEC 0 Spec-fication  MC 140500

CMOS SSi

{LOW POWER COMPLEMENTARY MOS)

HEX BUFFERS

tnverting — MC14049U8B
Noninverting - MC140508

MAXIMUM RATINGS {Voltaws relerenced 1o Vgg, Pin B)

L SUFFIX P SUFFLC
CERAMIC PACKAGE  PLASTIC PACKAGE
CASE 620 CASE 64¢

ORDERING INFORMATION

MC1axxxun Sulfix Denotes
MCI4XXXY t
L Ceramic Packa e
P Plastic fackage
A Extendnd Qoerating
Tamens she o -
C  Limitag Operating
Temperature Ringe

Nating Symhol Value Unit
0OC Supply Voltaye T Voo 0510 +18 Vdc
Input Voltage, All Inputs Vin -0.5 10 +18 \'dc
DC Current Urain per Input Pin 1 10 mAdc
DC Current Drain per Qutput Pin ' 45 5 mAdc,
Onerating Terperature Range AL Device Ta 5510 +125 “c

CL/CP Device 40 to +85
Storage Temperature Range k Tllq G5 o 1150 .c

CIRCUIT SCHEMATIC
(3/6 OF CIRCUIT SHOWN])

MC11043UB MC140508

Vee

Vee

—
} t

. S
i +°

. = Vss

T Vss

LOGIC DIAGRAMS

MC14049UB MC140508

NC = Pin 13 16
Vss Pin 8§
vee* Pes 1

NC = Pin 13, U
Vgg ~ P 8
Vee “Pint




MC14049UB e MC140508B

ELECTRICAL CHARACTERISTICS °

Voo Tiow® 25°C Thigh”
Characteristic Symbei] Vdc Min Max Min Typ Max Min Max Unit
Qutout Voltaye 0" lewl | VoL | 50 - {o0o0s - 0 00s | - 0057 v
Vin=Vpp ™0 10 ons - o 005 aas
15 - 0.05 - O 00% 0.05
“1"tawt | von | 50 | 495 - a95| s.0 - 495 - Vac
10 995 - 9.95 1a - 995 -
15 14.95 - 1495 15 ~ 14.95 -
tnput Vaohiage sMC14040UB 0" Lewl | vy Vde
(Vg =45 vdc) 5.0 - 10 - 225 10 - 10
Vg = 9.0 Vdcl} 1w - 20 - 450 20 - 20
Vg = 13.5 vdcl 15 - 25 - 6.75 25 - 2.5
1" Level | Vi L Vde
vg =0.5 Vdel 50 | 40 - 40 | 275 - a0 -
(Vg = 1.0 Vde) i 10 | 80 - 80 | ss50 - 80 -
{vg =15 Vvde 15 | 1as ] - | 125| 825 ~ | w2s| -
Input Vottage sMC140508 0" Lewal | Vi Ve
(Vg =05 Viir) 5.0 - 15 - 2.25 15 - 15
(Vg = 1.0 vda) 10 - 3o - 450 30 - 30
(Vo=15 Vdc) 15 - 4.0 - 6.75 4.0 - 40
1T lewet] Vi Ve
{Vg =45 Vdc) 50 35 - 35 2,75 - 35 -
(Vg 9.0 Vde) 10 ¥ - 70 5.50 - 10 -
(Vo = 13.5 vde). 15 1" 11 b.45 T -
Qutput Drive Current (AL Device) o1 mAdc
{(Vou * 2.5 Vdc) Source 50 -156 - -1.25 -25 - -09 -
(Vo = 9.5 Vdcl 10 -16 - -13 -25 - -09 -
(Vo = 13.5 Vdel 15 | -42 - |-35] -0 - 2| -
tVaL = 0.4 Vde) sk | 1oL | 50 | 375 - 3.2 6.0 - 2.2 — | mAde
(VoL = 0.5 vdcl 10 10 - 80 16 - 56 -
(Vor * 1.5 Vdc) 15 30 - 24 10 - | 10 -
Output Drive Current (CLICP Device) o mAde
{VoH = 2.5 Vdc} Saurce 5.0 -15 - -1.25% -2.5 = -10 -
Vou * 9.5 Vdc) 10 -15 - -1.2% -25 - -10 -
{VQyi = 135 Vdal 15 -4.5 - -3.75 -10 -30 F
(VoL = 0.4 Vde) _ sink | 1oL | 50 36 Y 32 6.0 - 26 - | mAgc
VoL = 0.5 Vde) B L 2.6 - 8.0 16 - 66 -
(Vg = 15 Vda 15 8 | - 24 40 - 19 -
Input Cursent (AL Devier) fin 15 — 1 0.1 -~ |+0.00001} +0.1 - *10 | wAdc
Input Current {CL/CP Device) . tin 15 - +0.3 - {+0.0000t] 03 - <10 | pAdc
input Capacitance Cin = - = r 10 20 — - nF
{Vin =01
Quiescent Current (AL Device) o 50 - 10 - 0.002 10 - 30 nAde
{Per Package) 10 - 20 - 0004 20 - 60
15 = 40 - 0.006 4.0 - 120
Quiescent Current ICLICP Davicr) o 50 40 0002 40 - 30 BiAde
(Per Package) 10 - 8.0 - 0.004 80 - 60
: 15 - 16 - | o006 | 16 - 120
Tota! Supply Current®*t ir 5.0 It = (18 uA/kHZIl + Ipp nidc
{Dynamic plus Quiescent, Per Package) 10 It = (3.5 uA/kHzI ¢ Ipp
(Cy_ 50 pF on alt , all bulters switching) 15 17 = (53 uA/kHzH + Ipg

*Tiow = 55°C lor AL Device, -40°C for CL/CP Device.
Thigh = +125°C for AL Device, +85"C for CLICP Device.
tTo Calculate total supply current at loads other than S0 pF-

I7(CL) = 17150 pF) + 6 X 10-3(Cy_ - 501 vy
where: I7isinuA {per package), Cy in pF, Vpg in Ve, and | H
kHzisinput frequency.

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

aMoise immunity specihied for worst case input combination
8 Suthix Nnise Margin tor both 1 and “0" tevel =

10 Vde min @ Vg 5.0 Vde
2.0 Vde min @ vyp 7 10 Ve
2.5 Vde min @ Vpp ~ 15 Vde

UB Suflix Noise Margin for hoth 17" and 0" tovei =

0.5 Vde min @ Vpp = 5.0 Vde
10 Vde min @ Vpp = 10 Ve
1.0 Vde min @ Vpp = 15 Vile




MC14049UB e MC 140508

FIGURE 2 — TYPICAL QUTPUT SOURCE CHARACTERISTICS FIGURE 3 — TYPICAL OUTPUT SINK CHARACTERILTICS

MC14049U0 TV Vee MC 140508

mcaosgua | Vee MC 140508

Ves * Vou ~ Voo

[]
3 7 l 50 vla —y T ‘vlz- |s{1«
3 GS ~80Vde ™ | // E L2 ]
.z. -10 " 2 4/
= A/ = o —1 v
£ A b e
S .2 4 H <0 e I
8 ey 3 vgs 10 Vde
s L~ - 8 —
2 .39} Vs - 10vee a / A L
E E y ¢ " Caution: Max Pachage dissipation
;5’ / § «© »:——/ -+ =t wn o ——mutt B QOWIVEd, = = o= {o e —
x -4 -
k3 Marinium Carrent tevel | e . vGs 5@ Vde
Vgs * 13 Vee I r T b—
59 L / 0 ‘ I
-19 an -8 40 -20 ] ) 20 “w 60 sa 10
Vps BRAIN 10 SQURCE VOLTAGE (Vde) Vps ORAIN T0 SOURCE VOLTAGE (Vdd)
|
FIGURE & - AMBIENT TEMPERATURE FIGURE 5 — SWITCHING TIME TEST CIRCUIT
POWER DERATING AND WAVEFORMS
l [ Vee
t T !
\ ___| puastic oR ceRAMIC Patse

»

\ JALRAGE Genarstor & o VWI
"I W, s V"‘
[+
\ 0 89 Vss I i
\ 20 s r— —1 = 20"ns
—t - BT - tnput 53% ,S Vo
. - 50% q
— 10%

{Per Pachage}

$ 5§58 5882
y.

PD. MAXIMUM POWER DISSIPATION (mw)

290}-—— —~
e Vvg
100 - - e 2 L —= ] oM
0 ML
90% IH
25 E 5. 100 125 150 175 Output by
TA. AMBIENT TEMPERATURE (°C) MC14049U8 10% v
ftrng [ Fotpin
e,
. PLH e
This dewce containg circuitry to protect bl Vou
the inputs against damage due to high static Output
> e o MC 140508

voltages or electric fields; however, it is
advised that normal precsutions be taken
to svoid application ol any voltags higher
than maximum cated voltages to this high
impedsoce circuit. For proper operation it
is cecommended that Vi, and Vg, be
conmreined to the range Vgg < {Viy or
Voud € VpD-

Unused inputs must Jlways be tied to an
appropiiate logic voltage level (a.g.. either
Vggor Vpp.

t'— Voo
tTHY

#1nvert on MC14049UB only




MC14049UB @ MC14050B

SWITCHING CHARACTERISTICS® (C( =50 pF, T4 = 25°C)

Voo
Characteri tic . Symb3l Vde Min Typ Max Unit
MC14a043U8B
Qutput fise Time | ttun ns
ITLH = (0.B ns/pF) C|_ + 60 ns 50 - 100 160
TLH = (03 ne/pF) C_ + 35 ns 10 - S 100
tTUH = (0.27 ns/pF) € * 265 s 15 - 4 60
Output Fall Time ITHL ns
tTHL = (0.3 0s/pF) Cy 4+ 25 ns 50 - 40 60
tTHE = (012 as/pF) C ¢+ 14 ns 10 - 20 40
tTHL = {0.Y ng/pFI C_ + 10 ns 15 - 15 30
Propagation Delay Time 1PLH 9 ns
tpLH = (0.38 ng/pF) C_ + Gl ns 5.0 - 80 120
tppis = 10.20 ns/pF) C + 30 ns 10 - 40 1 65
tpLH 7 {011 ns/pF} Cp + 245 ns 15 - 30 50
Propagation Delay Time PHL ns
tpyl = {0.38 na/pFI Cy_ ¢ 1 0 50 - 30 60
topye * (0.1203/pF) Cy # 9 ns 10 - 15 30
tppg = 10.11 ne/oF) C_+ 45 ns 15 - 10 20°
MC140508
Output Rise Time s ng
'TLH = (0.7 ns/oF) C_ +GS ns 50 - 100 160
tTLH = 0.25 as/pF) C| ¢ 375 ns 10 - 50 80
ITLH = (0.2 ns/pF} C + 30 ns 15 - 40 60
Qutput Fali Time (11N ne
tTHL * (0.2 0s/pFI Cy + 30 ns 50 - 40 GO
tri * (0.06 ns/pFIC *17 s 10 - 20 40
trHe = (0.04 ns/pF) C_ + 13 ns = 15 - 15 30
Propagation Delay Time PLH ng
tpLH = {0.33 ns/pF} C + 635 ns 50 - 80 140
tpis = {0.19 ns/oF) Cy ¢ 305 s 10 - 40 80
tpLH = (0.06 ns/pF) C_ + 27 ns 15 - 30 60"
Propagation Delay Time tPHL ns
tpHL = (0.2 ns/pFI C +30 n 50 - 40 80
tpigy, = (0.1 ns/pF) Cy + 15 ns 10 - 20 40
tpuy, = (0.05 ns/pFI | + 125 ns 15 - 15 0
*The formula given is for the typical characteristics only,
FIGURE 1 —~ TYPICAL VOLTAGE TRANSFER CHARACTER‘IS TICS versus TEMPERATURE
MC14049UB MC140508
18 l l l L]
K vEe = 15V 8 s veg c 15 vde
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w w
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LM555/LM555C

o™

= h—
National
/oA Semiconductor
Corporation .
LM555/LM555C Timer
General Description !
The LM55S is a highly stabla device for generaling accurate & Adjustable duty cycle
time delays or oscillation. Additional terminals are provided @ Output can source of sink 200 mA
for triggering or resetting if desired. In the lime delay mode & Output and supply TTL compaliblo
of operation, the time is precisely controlled by one external g Temperature stabifity better than 0.005% per C
resistor and capacitor, For astable operation as an oscilla- g Normally on and normally off outgut .
tor, the free running frequency and duty cycle are accurately
controlled with two external resislors and one capacitor. H H
The circuil may be triggered and reset on falling waveforms, Apphcahons
and the output circuil can source or sink up to 200 mA or ¥ Precision timing
drive TTL circuits. 8 Pulse generation
u Sequential timing
Features s Time delay generation
® Direct roplacement for SE555/NE555 B Pulse width modulation
& Timing from microseconds through hours ® Pulse position modulation
= Operates in both astable and monostable modes a Linear ramp generator
Schematic Diagram
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Absolute Maximum Ratings

It Military/Aerospace speclfied davices are required,
contact the Nationat Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage
Power Dissipation (Note 1)

LM555C
LM555

Storage Temperature Range

+18V

LMSS5H, LM555CH 760 mW

Operating Temperature Ranges
LM555N, LMS55CN 1180 mW

0°Cto +70°C
—55°Cto + 125°C

~65°Cto +150°C

Soldering Information
Dual-In-Line Package T
Soldesing {10 Seconds) % re0Cy
Small Qutline Package i W
Vapor Phase (60 Seconds) L215C
Infrared (15 Seconds) ‘220°C

See AN-450 “Surface Mounting Melhods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.

/

LN

Electrical Characteristics (ma = 25°C, Ve = +5Vto + 15V, unless othewise specifieq)

Limits - .
Parameter Condiltions LMS55 LM555C ‘ Units
Min Typ Max | Min Typ Max
" Supply Voitagn 45 ! 18 | 45 16 v
Supply Current Ve ™= 5V,Ry = 3 5 3 8 mA
Veg = 5V,Ry = = . 10 12 10 15 WA
. {Low State) (Note 2) ?
" Timing Error, Monostable . .
Initial Accuracy ¢ 05 1 . %
Drift with Temperature Rp. Rg = k10 100k, 30 50 ppm/°C
. C = 0.1 pF, (Note 3) A 8 .
Accuracy over Temperature 15 1.5 ©o% s
Drift with Supply 0.05 0.1 WV
Timing Error, Astable s
initial Accuracy 1.5 0 225 % v
Drift with Temperature 90 150 ppm/*C
Accuracy over Temperature 2.5 : 3.0 % o5
Drift with Supply 0.15 0.30 %/V :
Threshold Voltage . 0.687 0.667 xVee
Trigger Voltage Veg= 15V - 48 5 52 5 eV
Vee = 5V 1.45 1.67 1.9 1.67 V.
Trigger Current 001 | 05 0.5 0.9 A
Reset Voltage ’ 0.4 0.5 1 0.4 0.5 1 v
Reset Curront 0.1 0.4 0.1 0.4 mA
Threshold Current (Note 4) 0.1 0.25 0.1 0.25 LA
Control Voitags Level Ve = 15V 9.6 10 104 9 10 1 v
Vee = 5V 2.9 3.33 3.8 2.6 333 4 v
Pin 7 Leakage Output High 1 100 1 100 nd
Pin 7 Sat (Note 5) 1
Output Low Veg = 15V, Iy = 15mA 150 180 Comv
Output Low Voo = 4.5V, 17 = 4.5mA 70 100 ) 80 200 mv




Electrical Characteristics 14 = 25:C. Ve = +5Vto + 15V, (unless othewise specified) (Cantinuec)

!
|
!
!

Limits
Parameter Condiltions LM555 LM555C Units
Min T'yp Max Min Typ Max
Output Volitage Drop (Low) Voo = 15V .
) Isink == 10 mA 0.1 0.15% 0.1 0.25 \'4
" lgink = 50 mA 0.4 0.5 04 0.75 v
Isini = 100 mA 2 22 2 25 \
ISINK = 200 mA 2.5 25 \
Vee = 5V .
Ising = 8 mA 0.1 0.25 v
. ISINK = 5mA 0.25 0.35 v
Output Voitage Drop (High) Isouace = 200 mA, Voo = 15V 125 125 v
Isource = 100 mA, Ve = 15V 13 13.3 1275 | 133 v
Vee = 5V 3 3.3 275 33 v
1 Rise Time of Qutput 100 ] 100 ns
! Falt Time of Output i 100 100 ns
Nete §: For op g at ek d D the device must be derated sbove 25°C based on a HSO’Q 8k . P 8% 8 thermal
sesistance of 164°c/w (T0-5), 106°c/w (DIP) and 170"c/w (S0-8} junction to ambient. T
Note 2: Supply current when output high typically t mA less st Ve = SV.
Nots 3; Tested at Voo = 5V and Vg = 15V.
Note 4: This wilt defermine the maximum value of Ra + Rg for 15V operation. The maximum totsl (R, + Rg) ls 20 MN.
Note 5: No protection sgainst axcessive pin 7 curreni is necessary providing the package dissipation rafing will not be exceeded.
Note 6: Refer to RETSS55X drawing of military LMSSSH and LM555J versions for shacifications. /
- Connection Diagrams
Metal Can Package Dual-in-Line and Small Outline Packages
e ' U t
snD 1 e $Vee
cug (1) (1) oiscuance
hIGEER — L) oiscrancs
useen (7) THRESHOLD
3 [}
owr () ot gy "5y
RESET §__ coxntaoy
RESEY
TL/H/7851-2 voLTact
Top View
TULHI7ES1-2
Order Number LM555H or LM555CH Top View
See NS Packiage Number H08
S PackugeRirhger HIgE, Order Number LMS55J, LMS55CJ,
LM555CM or LMSSSCN

See NS Package Number JOBA, MOBA or N0SB



Typical Performance Characteristics
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Absolute Maximum Ratings

Supply Voltage

Power Dissipation {Note 1)
Operating Temperature Range

Ti(MAX)

Ditferential Input Voltage
Input Voltage Range (Note 2)
Output Short Circuit Duration

Storage Temperature Range

=18V
500 mwW

0°Cto +70°C

115°C
=30V
=15V

Continuous
-65°Cto +150°C

Lead Temperature {Soldering. 10 seconds) 300°C
DC Electrical Characteristics note 3
LF351 U;J
SYMBOL PARAMETER CONDITIONS MIN Tvp MAX TS
Vos Input Offset Voltage Rg=10kQ. T4 =25°C 5 10 my
, Over Temperature 13 my .
aVog/aT Average TC of Input Offset Rg =10kQ 10 wiI*C
Voltage
los Input Otfset Current Tj=25°C, (Notes 3. 4) 25 100 pA
Ti < 70°C 4 nA
Ig Input Bias Current T, =25°C. (Notes 3. ¢ 50 200 PA
T‘ < 70°C ] nA
Ry Input Resistance Ti=25'C 1012 Q
AvoL Large Signat Voltage Gain Vg= 215V, Tp=25°C 25 100 - Vimy
Vo= =10V, Ry =2KkQ
Over Temperature 15 vimv
Vo Output Votiage Swing Vg = =15V, R = 10kQ =12 2135 v
Vem Input Common-Mode Voltage = +15 v .
Range SnatY ¥ -12 vi
CMRR Common-Mode Rejeclion Ratio Rg € 10kQ 70 100 dB8
PSRR Supply Voltage Pejection Ratio (Note 5) 70 100 d8
Is Supply Curtent 1.8 3.4 mA
AC Electrical Characteristics (ote 3
LF351 NITS
SYMBOL PARAMETER CONDITIONS MIN TYP MAX u s
- .
SR Slew Rate Vg= =15V, Tp =25°C 13 Viys
Gaw Gain Bandwidth Product Vg= =15V. T = 25°C 4 MHz
en Equivalent Input Noise Voltage | Tp=25°C. Rg= 1002, 16 avIViz
= 1000H2 .
in Equivalent tnput Noise Current Ty =25°C. 1= 1000Hz ()] pAVHZ

Note 1: For operating at elevates

or 45°C'W junction to case.

Note 2. Unless otherwise specitied the adsolute m
Note 3: These specifications apoly for Vga =15v
Note 4: The input bias cur:ents are junction leaka
perature. T;. Due to the imited product:on test tim
operafion the junction temperature nses above the amb,
where Oja is the therma'

minimum.

Nole 5.: Suoply voliag

wilth common prachice

e. the inpul b

temperature. the device must be derated based on a thermal resistance ol 150°C/W jurction to amblet

azimum Aegative input voltage is equal 1o the negative power supply veltage.

and 0°C« Tp & 470°C Vps. Ig and log are measured at Vem =0.

Qe currents which approximately double for every 10°C increase in tae junction temr.
a5 cyurrents measurec are correlated to junction temperatu-e. In

201 1emperature as a result of internat power dissipation. Pp Ty= Tao +6ja el

resistance o junction to ambient Use of a hea! sink is recommended input bias current i3 tc be kept 503-.

€ rejection ratio 1s measured 1o both supply magnitudes increasing or decreasing simylianeous!, ir accordancs



Applications Information (Continued)

Figute 5 shows the waveforms generated in this mode of
opetation.

!
|
JAENVZEAD 4

TUH/T0S1 -0
Vee = 5V Top Trace: Output SV/Okv.
TIME = 20 us/DIV.  Botiom Trace: Capacitor Voltage 1V/Div.
Aa = 39k
Rg = 3kN
C = 0.01 pF
FIGURE 5. Astable Waveforms

The charge time (output high} is given by:

1y = 0.693 (Rs + AR} C
And the discharge time (output low) by:

t; = 0.683 (Rg) C
Thus the total period is:
T =1t + ty = 0.693 (R4 +2Rg)C

The frequency of oscillation is:
1 1.44
T (Ra+2Rp)C
Figure 6 may be used for quick determination of these RC
values,

. RB
The duty cycleis: D = =P
100 g
o ‘\‘ ™
3 1N \<‘\4\\
§ " Y‘?\t’%:\l‘kl" !
Fo R
.00 (hi’m K\X\\\\

[ 8] \ 19 100 16 0r 1008
¢ - FREE-RUNNING FAEQUENCY (Hi)
TL/HIT851-10
FIGURE 6. Free Running Frequency

FREQUENCY DIVIDER

The monostable circuit of Figure 1 can be used as a fre-
quency divider by adjusting the length of the timing cycle.
Figure 7 shows the waveforms generated in a divide by
three circuit.

| S e—

TLM/7881- 1

Vee = 5V Top Trace: Inprd 4V/Die,

TIME = 20 us/OIV. Mddie Trace: Outpndt 2V/Diw
Ay = 8.1k Botiom Teace: Capsciior 2¥7 Jiv.
C = 001 uF

FIGURE 7. Frequency Diider

PULSE WIDTH MODULATOR

When the timer is connected in the morostable mode and!
triggered with a continuous pulse train the output pulst
width can be modulated by a signzl appl ed to pin 5. Figun
8 shows the circuit, and in Figure § ara some wavelor

examples,
Sr-u g v
<
> R
) s b i
DISCHARKE
TNSCER O—r1 ?
TR AL S
Y MpOLLATION
nrt
QUTPUT Omemd ) ‘r.() —t
1

TUWTES1-12
FIGURE 8. Pulse Width Mo(?u'alor

HIER

TLM/7881-13
Veo = SV Top Trace Modulation 1V/Div,
TIME = 0.2 ms/OtV. Batom Trace: Capacitor Vcitage: 2V/Div.
Ra = 8.1 kM1
C = 001 uF
FIGURE 8. Pulse Width Modula'or

PULSE POSITION MODULATOR

This application uses tha timer connected for astable opera-
tion, as in Figure 10, with a modulating signal again applied
to the control voltage terminal. The pulse position varies
with the modulating signal, since the thresho.d voltage and
hence the time delay is varied. Figure 11 shows the wave-
forms generated for a triangle wave medutation signal.



Applications Information (continued)

. -0 “Vee
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sutru1 0—rd s tf—o
1
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TL/MIT8S1-14
FIGURE 10. Pulse Position Modulator

T _!. . \\
N7
! +

‘ 2 ~ nan =
v TUHIT8S1-18
Veg =SV Too Trace Modulation Input 1V/Div. -
TIME = 0.9 ms/Div. Bsttom Trace: Output 2V/Div.,
Ra = 3940
Ry = 3kl
C = 001 4F

B FIGURE 11. Pulse Position Modulator
LINEAR RAMP

When the pullup resistor, Ra, in the monostable circuit is
replaced by a constant current source, a linear ramp is gen-
eratad. Figure 12 shows a circuit configuration that will per-
form this function.

TRIGCEAO—A2

ouTPUT O 3

TLN1/7851-18

FIGURE 12
Figure 13 shows waveforms gencrated by the linea " ramp.
The time interval is given by:
_ 2/3VcRe (il + Ry C

T

Ry Veg = Ver (Ry + Ry)
Vgg = 0.3V

A1
1L
T

7
[ '

TL 47788117

W

Veg = SV Top Tiace knpu* 3V "'Div.
TIME = 20 us/DIV. Midde Tracac Culprt SV/0w.
Ry = 47101 Bottorn Trace: Capecitor Voltage 1V/Div.
Ry = 100 kN .
Rg = 27k0
C = 001 4F

FIGURE 13.Incar Ramp

50% DUTY CYCLEOSCILLATOR

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

2
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Applications Information (continued .
st high is the same as previous, {; = 0.693 R, C. Forthe  Note that this circuit will not oscillate if Ry is greater than

Jutput low it is 1y = 1/2 Ra because the junction of R and Fig cannot bring pin
Rs — 2R 2 down 1o 1/3 Vg and trigger the lowetr comparator.
[(RA Rgl/(Ra + Ra)] CLn [—A a]
2R, ~ Rg ADDITIONAL INFORMATION'

__dequale power supply bypassing Is necessary to proleci
t + 13 -~ associated circuitry. Minimum recommended is 0.1 uF ir
parallel with 1 uF electrolytic.

. Lower comparalor storage time can be 1s fong as 10 us

Thus the requincy of oscillationis{ =

I

‘when pin 2 is driven fully to ground for tri¢ gering. This limitg
a su the monostable pulse width 10 10 us minmum,
! ' zz'x Delay time reset to output is 0.47 us typical. Minimum reset
1 ! pulse width must be 0.3 ps, typical.
Pin 7 current switches within 30 ns of the output (pin 3)
LMsss ‘ voltage.
oUTPUT Qi 3 s

i T""’T
8

TLHI7851-18
FIGURE 14. 50% Duty Cycle Oscliiator



National
Semiconductor |

LF351 Wide Bandwidth JFET
Input Operational Amplifier

General Description -

The LF351 ic & low cost high speed JFET input opera-
tional amplifier with an internally trimmed Input offset
voltage (BI-FET II'¥ technology). The device requires a
Jow supply current and yet maintains 3 large gain band-
width product and a fast slew rate. In addition, well
matched high voltage JFET input devices provide very
jow input biu:s and offset currents. The LF351 is pin
compatible with the standard LM741 and uses the same
cfiset voltage adjustment circuitry. This (e2*ure aliows
designers to immediately upgrade the overall peilor-
mance of existing LM741 designs.

The LLF351 may be used in applications such as high
speed integrators. fast D/A converiers, sample-and-hold
circults and many other circuils requiring low input
otfset voltage, low Input bias current, high input imped-
ance, high siew rate and wide bandwidth. The device
has low noise and olfset voltage drift, but for applica-

Operational Amplifiers/Buffers
e’ a2,

BLFET 7™ Technology

tions where these requirements are critical, the LF356 s
recommended 1! maximum supply currentis impmap:.
however, the LF351 is the better choice.

Features

8 Iniernally trimmed offset voltage 0mY
® Lowinput bias current S0pA |
® Low input nolse voltage Wiz |
8 Low Input noise current 0.01pANH?
% W:0e gain bandwidth 4z
8 High slewrate . 13V
B Low supply current 1.8mA
® High Input impedance w0120
® Lowtotal harmonic distortion Ay =10, <02%
AL = 10k, Vg = 20Vp-p, BW = 20H2-2)kHz
8 Low 1/f noise corner S0z
& Fast sattling time to 0.01% 2u8

Typical Connection

.

Connection Diagrams (Top Views)

Metat Can Package

Note Pir 4 connected to cose

Order Number LF351H
See NS Package HO8C

Vee O @ 4

INTEANALLY

-Veg O

Simplified Schematic

INTEANALLY
TFIMMED
TRIMMEC

Dual-In-Line Package

~ ) \
s .
eyt —4 i
wryt —f — ourerr |
. 3
V- — | satasce
‘.
Y0P vigw ;

Order Number LFISIN
See NS Rackage NDBA

1S€4T



Application Infcrmation

MONOSTABLE OPERATION

in this mode of operation, the timer tunctions as a one-shot
(Figure 1 ). The external capacitor is initially held discharged
by & transistor inside the timer. Upon apgplication of s nega-
tive triggér pulse of lass than 1/3 Veg to pin 2, the tlip-flop is

sat which both releasas the short circuit across the capaci-*

tor and drives the cutput high,

3V 10 «t4v

¥,
i RESTT «
<
1 $h
<
TAIGCLR ' ' DISTMARGE
NOAMALLY a O—? ?
“ow (0a0 § M
THRESHOL
l (L3311} [ g
i coNTREL
cuTrYY vOLTAGE
s s -t
——
noRustLY § 1
“eff-toan .
"N
— I
=
TUHIT851-8

FIGURE 1. Monostable

The voltage across the capacitor then increases exponen-
lially tor a period of t = 1.1 R, C, af the end of which time
the voltage equals 2/3 Vee. The comparator then resets
the flip-fiop which in turn discharges the capacitor and
drives the output 1o Its low state. Figure 2 shows the wave-
Torms generated in this mode of operation. Since the charge
and the thrashold level of the comparator are both dirgctly
proportional to supply voltage, the timing internal Is inde-
pendent of supply,

/] / / /

y
*
TL/H/TES1-8
Vee = 5V Top Trace: Input SV/Dév.*
TIME « 0.1 ms/DIV. Middle Trace: Output SV/Div,
Ra = 81k Botiomn Tracs: Capacior Voliage 2V/Div.
C = 001 uF

FIGURE 2. Monostable Waveforms

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

When the reset funcfion is not in use, 1t is recommended

that it be connected to V¢ to avoid any possibility of fals 3

triggering. .

Figure 3 1s a nomograph for easy de-ermination of R, 3

values for various time delays. 4

NOTE: In monostable operation, the trigger should be driven high before t

ond of timing cycle.

ASTABLE OPERATION

if the circuit Is connected as shown in Fgure 4 {pins 2 and 8

connected) It will trigger ltself ani free run as o
100

€« CAPACITANCE {uF)

MWei00s T IEmu 190w ) 1o 1088
to& TIME DELAY
- TUH/IT88Y -7
FIGURE 3. Time Delay
multivibrator. The extemnal capacitor charges through Ry +
Rg and discharges through Rg. Thus t.@ duty cycle may be
procisely set by the ratio of these two resistors.

r —OQ *Yec
i
| 4 e
l >
¢ 0 W

e I
i %
{ Lusss § —4¢
!
r— ) j c

1 - ,

’\

% I [ LIN]

o TL/H/T8S1-0

FIGURE 4. Astable

In this mode of operation, the capacilor charges and cis-
charges between 1/3 Vg and 2/3 Vge. As in the triggered
mode, the charge and discharge times, and therelore 1he
frequency are independent of the supply voitags.



ypical Performance Characteristics
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Typical Performance Characteristics (continuea)
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Pulse Response

Small Signal Inverting

QUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 _s°DIV)

Large Signal Inverting

OQUTPUT VOLTAGE SWING (SV/DIV]

TIME (2 s/DIV)

Small Signal Non-Inverting

NUTPUT VOLTAGE SWING (50 mV/DIV)

" TIME (0.2 :4/D1V)

Large Signal Non-Inverting .

OUTPUT VDLTAGE SWING (SV/DIV)

TIME (2 2s/DIV)

Current Limit (Ry = 10092)

QUTPUT VOLTAGE SWING (1V/DIV)

TIME (5 :5/D1V)

Application Hints

The LF35t is an op amp with an internally trimmed
input offset vo'tage and JFET input devices (BI-FET 1™,
These JFETs have large reverse breakdown voltages from
gate to source and drain eliminating the need for clamps
across the inputs. Therefore, large differential input
vo'tages can easily be accommocated without a large
increase in input current. The maximum differential
input voltage is independent of the supply voltages
However, neither of the input voltages should be

allowed to exceed the negative supply as this will cause
large currents to flow which can result in a destroyed
unit

Exceeding the negative common-mode limit on either
input will cause a reversal of the phas? to tie output
and force the amplifier output to th» corresponding
high or low state. Exceeding the negative: comron-mode
limit on both inputs will force the amplifier output to a
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high state. In neither :
raising the inpuf.back
again puts th‘:q 81
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thus the amplifier in a
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the output, however,
¢ output of the ampli-
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fier will be forced to Y

Bmmon-made input
i3 however, the gain
eased in this condi-

The amplifier will oper:
voliage equal to the pogh
bandwidth and-slew ratét
tion. When the negativi) ode voltage swings
to within 3V of the negaly] ¥, an increase in input
otfset voltage may occur. I;

The LF351 is biased by 2 zener reference which allows
normat circuit operation on 24V power. supplies. Supoly
voltages less than these may result in lower gain band-
width and slew rate,

The LF351 will drive 3 2 k€ load resistance to 210V
over the full temperature range of 0°C to +70°C. If the
amplifier is forced 10 drive hegvier load currents, how
ever, an increase in input offset voltage may occur on
the nagative voltage swing and finally reach an active
current limit on both positive and negative swings.

Precautions should be taken to ensure that the power
supply for the integrated circuit never becomes reversed

in polarity or that the unit is not inadvertently installed

Detailed Schematic

backwards in 2 socket as an unlimited curre st slirgs)
through the resulunq forward diode within the 1C coul!
cause fusing of the interaa! conductors snd re:ult in .
destroyed unit.

Because these amplifiers are JFET rather than NOSFET
input op amps they do not require speciat handling

As with most amplifigrs, care should be taken with leag
dress, component placement and supply detroudling in
order to ensure stability. For example, resisto-s f om the
output to an input should be placed with the body closa
to the inpyt to minimize “pick-up’’ and maximize the
frequency of the feedback pole by minimizing the
capacitance from the input to ground.

A feedback pole is created when the feedback 3round
any amplifier is resistive. The parallel resittanze and
capacitance from the input of the device' {Usually the
inverting input) to AC ground set the frequecy of the
pole. In many instances the frequency of this pole is
much greater than the expected 3 dB frequency of the
closed loop gain and consequently there is ne)ligible
effect on stability margin. However, if the fe:dback
pole is fess than approximately 6 times the expected
3 dB frequency 3 lead capacitor should be placed from
the output to the input of the op amp. The value of the
added capacitor should be such that the RC time con- .
stant of this capacitor and the resistance it parallels
is greater than or equal to the original feedhac¢ pole
time constant.
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Typical Applications

Supply Current indicator/Limiter
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Paresitic input capscitance C1 & (3 pF for LF351
plus sny sdditionsl lsyout espacitanen) it terscts
with feedback elements and crestes undesirable
high frequency pole. To compensate, »id CZ such
that: A2C2 » RICY. -

Long Time Integrator

* Low leskage capacitor
e 50k pot used for less semitive Vog adjust
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