wnansiiduenarsianubidwiunislynuiiensfnwimntiu lueygalnillsdsslosununisen

1% v ¥ v

[ v
v] dsi v a a Y Qsi L | = a = v aa o '1 ﬁ
Qi CAIllmAey anaal maaanaaaomalatltlaormiilaldm Q1 1IAmQoOMIIAMOIMA QAN Q7 QM Ql MR Ql N anN NN  Qana laanmnca il | a F~74



& a Yo [ N A =2 'Y ' ¥ o N o N
wnansiiduenasianubidusunislanuiionsdnwimntu lueygntnilulsysslesuaunisan

lunsdlla visdu Bnnanuilndnudaaliemuaznese1sdaiaarvetenaisynasaminisinltuly



dy a N o o N A = . gj ' N o N o N
wnansiiduenarsianubidnsunislynuiionsfnwimtu lueygslnilulsdsslosuaunisan

lunsdlla visdu Bnnanuilndaudadliemuasnesedaiaaivesenarsynasaminisinluly



dy a N o [ N A = ' gj . N o - o N
wnansiidwenarsianubidnsunislynuiionsfnwimiu lueugalnilulsdsslosuaunisan

lunsdllas visdu Bnnamuilndaudadlienuasnese1adaiuarvesenarsynasaminisintuly



A5ty

A9ty

anfitygnan

uniin

1.1 anutluniuazanudrdyaesiiogmn
1.2 dngusrasAreslasnnu

1.3 raumelasaau

1.4 Aansantiulazanu

1.5 dsrlemildsuantaseu

1.6 dnwrusinliluesszuy

seunnsAny
2.1 szuuinsdnwn
2.2 nMnauaeainsdnwg

2.3 frynubiugiu

2.4 NIRRRRNUTENINNATEIEN uaziATasfuinsdne

25 ?:nuTm‘ﬁvauuudqm’mﬁ@(DTMF)

2.6 fonraamslitnsdnwviuuunaly

2.7 madnisuaznisoenianannedinsdnyiszuy DTMF

:nl-lI al k4 o
nounineafesiulanenu

3.1 seuulnsdwyiuuy DTMF

3.2 antinanssuresiulasaeuinsaaes MCS 51

3.3 TCM 5089 ( DTMF GENERATOR)
3.4 MT 8870 (DTMF DECODER)

3.5 1SD 1420 VOICE RECORD /PLAY DEVICE
3.6 PAL (PROGRAMMABLE ARRAY LOGIC)

n1saenuUL uaraialasanu
4.1 KEYPAD ENCODER (USED PAL)
4.2 1A DTMF DECODER ( MT 8870)

O O W N

10
12
13

15
15
16
33
35
41
46

53
56
60



o
unn 5

uni 6

4.3 n1A DTMF GENERATOR ( TCM 5089 )
4.4 nathuini@es VOICE UNIT (1SD 1420)
4.5 AC LINE INTERFACE

NATNAADY URTHANITNAADS

aTUnanN1IMAaeY

NARUIN
nAKEIN n. MONITOR PROGRAM

napuan 1. HARDWARE CIRCUIT
nANUan A. DATA SHEET
namnssNUsENA

mhdadneda

T e e iy A " ——y, oot it

PN Mg toid et

-

gy e e .

o ———— e ot o

m  are ehma  — i suri—

61

62

64

84

100



fstygnn

U 1
77 1.1 BLOCK DIAGRAM 184suLi BASE STATION

v

gﬂﬁ' 1.3 uamin1s CONTROL 989 MPU tinu AC LINE lJfa SUPPORT CONTROL

U7 1.4 uamin1s TRANSFER fayaann SUB CONTROL Wi MPU
717l 1.5 SUB CONTROL

unii 2
U 2.1 wasuRenlaazunsnaasinsdny

. ¥
n22  uwsnedyryiuiugu

1 ' L d
U 2.3 ugmsutunaunieae uarAAINRTELLILAY LAZULIAIIBIUNIELR

9Uf 2.4  uamAIINDTENTILUL DTMF

717 3.1 mmmﬂu?mmu?mamfai'uuu%mﬁm'lum:qﬂ MCS - 51
32 leesunmulaseaiazes MCS - 51

U7 3.3 nmadieuseamisganus

37 3.4 UNUQRIMUEAINAITRY MCS - 51 lwaf 8051
1A 3.5 anifnenssunnglutes MCS - 51

U7 3.6 lnezunsuanves MCS-51 wuy DIP

U7 3.7 Tana¥ianes PORTO

17 3.8 Aseatanes PORT 1

1A 39 lAnea¥ures PORT 2

70 3.10 Taseafreray PORT 3

2107 3.11 AvedTRamefidiadianiiin MCS - 51

7U7 3.12 MCS - 51 ﬁ'ﬁﬁmuTmﬂﬁrgry'xcuiilu'mnmﬂuﬂn
717 3.13 drfuanmzniminely MCS - 51

U7 3.14 sWadnderas MCS - 51

717 3.15 ufenlnezunsy

717 3.16 uaminsdneldauras TCM - 5089

sUR 3.17 uameeasldaruiiiassiu

qUf 1.2 uamanns CONTROL 184414 tiu LINE TELEPHONE ‘Ll MPU |

.
A e s i, oy et s s, ety ngaan o o P

ge

=

=
e
s}

(@ B € R Y )

11
12
13

16
18
19
21

22
22
23
25
25
26
28
30
31

32
33
34
35



uanalaseasranialy

LAMIANTNBATHAIINANTIAN ]

WAAINATATIRABUATYIUILAEINE uaznIiuUANITA TN UAsAE

WAAINTTHABINATNIABUNN

LAMIANTT IFAINNIANTBIATAG

WAAUELNRAT ( TIMING DIAGRAM ) 189 MT 8870
ALANTFN W INHI289 1SD 12XX/ 14XX
ufeanlaazuntumalusnled

wanazUn199men 1auees 1SD 12XX/ 14XX
larea¥unieluzes PLL uaz PLA edelildTsunss
TIMING OF PROGRAMMING PROCEDURE

LOGIC DIAGRAM OF TIBPAL 16L8 nasmaluaas PAL

FLOW CHART

TELEPHONE INTERFACE BLOCK DIAGRAM
uianlaezunsuaessindsdyoyIuAILAN
NATITNG

16 4 204 lediuef MC 145026
ufanlaazunsunindsiares MC 145026
avareasiaameifiidlu 103 MC 145026
Foynnadmificlaasunsuzes MC 145026
anwuznindrmiaresiindeya

watmelureegn U - d9 nrzuaiAduwau

uRenlaezunsugaiudynmruaunis e - e qunsallnii

dtyoyeuring 4 799 LM 1893N

1easlafiuef MC 145026
ufanlassunsunITnanTiaeey MC 145027
FLOWCHART U@AINITNNIUTEY MC 145027
NAsneATVRd UYL

NATUYRARNHULAN

ANWUTNNIAUTBY YMC 6649
UAAIAMUANMUTIBY BAND PASS FILTER

e A

M0

‘v@o—— i isogpriop ot i

— g -

A gl Wy Sk it B s i i, e e am o

.
e s i i gt s sty Sy enn 1%, s it s s o o i,

36
37
38
38
39
39
42
43
43
46
51
52

53
54
64
64
65
66
66
68
69
70
73
74
74
75
76
77
80
81
82



o
UnNn 5

5.1.1 uAMATYEYU Sine Wave ANl 1 kHz #ildvaasu VOX
5.1.2 UAMNARALAUBITEY VOX sedtyny unadaay
5.2.1 uaAuieapdul 1 kHz Aneaedniuinnia Voice Unit

5.2.2 doyaynd WWniwn HasundlnIA Voice Unit

-

5.3.1 &tyyans Wimm 989 MC 145026 (Hesswain ( A1-A9 ) (u

| 5.3.2 dryryans idvivm 289 MC 145026 Hefen¥a 100100000
| 5.3.3 dryoyins Emin 189 MC 145026 iedaria 110111011
| 5.3.4 Ay Clock 189 MC 145026 ATNG 925 Hz

| 5.5.1 Ay \iWn 989 LM 1893 e Data=0

| 5.5.2 Ay 1B1YWM 289 LM 1893 e Data =1

5.5.3 dnyryrufiem Secondary 184 IFT snufufiscar 20 wAs

- %M*WWM . i gt i Mg b inde et

84
85
86
87

89
90
91

93
94
95

—

A o s g

e e

g

o —



uni 1

uni

[~ [
1.1 anuiuniuasanndinyadym
anmdayng lulaiuinliuysdfasinmunniuieiaziisg lunnty, n1snaudounin

P e — —

v ' 1 1]
deadundeanantinuaslatunaddlaglifiaud fadumnilalenaliingmgnisaiilinnda
y c , t
Tudn ufad Il Taanssu uazun nsthgunsainsdidinnsaiindinldeuietieaiuliliing

i ] i «
wanTaif iiRssrasAiduntseannamila ssuuatuaN 8 usuuusiautnsdwyiuaneInia uas
. }
(WALAa7 (8 CHANNEL CONTROL SYSTEM BASED-TELEPHONE VIA ACILINE AND PAGER)
d. ° o dv b ey ﬂ; - “’ a v E « “'
minaueluaiufilifnsnniywiasfistuwasinudugamuaussundasfunnuazie wiwni
(i wunlagWiauwnidusansuaneninn iligldarursonmuaniminnyaesssunindnetu

o H o H , 1
uaz faannsodmunlidurmivineu Tudasauy  Pager Assyminawdiflussuudiunig

L]

AaeInsdnsile
fadu nisldssuumuan 8 wruuuamMatnedwd duanaiiiuazinaieaf azauisnan

ANIBEveaziinanman ol lifa sz aad o |

1.2 TnuszasAvaslasinu
1.2.1 eafngaruanssuuiiamnsn ldnuldnimuanusiaeinisacd 14
1.2.2 WeafnrsuumeumaeiatnsaieuedlnadnluiBinssauniia g

1.2.3 eafnsruuFauugirefsunsouda g iiuvaiilaatiny. PAGER

1.2.4 Walszgnsi lilasreulnawefunliussundanns ‘

1.3 ARULUAURILASINU i
1.3.1 a¥197zuy Aumafing

£

1.3.1.1 szuu Aumeafinarzuivlulasrsuinamas AussuunsAwyy
. |
1.3.1.2 t2uy dumasaszuinlulasaaulnawmas fu ?:UUTWWﬂuﬁ"m

1.3.2 a¥nganauandatlulasaaulnawef !
}

1.3.2.1 af9AAIUANATA BASED STATION
1.3.2.2 a¥W1AAIUANATA SUPPORT CONTROL (LOGIC CON}I’ROL)

|

1.4 98n1sAaiulasenu
1.4.2 aualasaany ; Jf

{

i

{

1.4.1 Anmuuanuaranuitiulyldreelaseanu



1.4.3 ANTUNTNARBIUALAT19 HARDWARE }
1.4.4 guiiunndoy SOFTWARE

1.4.5 naaaauazaUnalaranu |

1.4.6 "Mmisdadrenaulaseanu {

1.5 dstlaminazlasuainiaseu

:

! v A '
1.5.1 g rzuunsumgnisaifisamaduiulfldadaauuasmneidaunsaudiloyun 14

o : ] L e - v
Frun e udaniotanag

i

14

1.5.2 afwanuiulalididssuy vnliganwasniu |

v

-: 1 v _ v B v o Vv < [ - }
1.5.3 anssuui deula ﬂ’JNW}‘lWJ‘ZUUWT\ﬂu‘lﬂYNﬂ’]‘i‘lﬁl’ﬂuﬂﬂI.I.ﬂ:ﬂ’l’z“l_l‘i‘ﬂ’]‘i‘

1.5.4 naipdeudessuuiinldlagdnamazainsadaga SUPPORT CQNTROL Tdvangud

~ o~ 1 i i L 13 o '
AamraaduvzangugUnsallwinldnind AC LINE Tuszesfianunsafasariulfreudng

BASED STATION AU SUPPORT CONTROL
1.5.5 au1708ausRuluN1IRTagauANLaeasie

1.5.6 a1u1Tae MICROPROCESSOR snssgnsildany

a s 1 9 s ¢ i L4
1.6 anwuznalieas TTUURIUAN 8 LL‘H‘IJLL'U‘Rﬂ?ﬂi%iﬁﬂﬂﬂq‘l‘lﬂ'}ﬂ‘lﬂﬁﬁLL?SLWQLQ@?

sruvsenausag

1.6.1
1.6.2
1.6.3
1.6.4
1.6.5
1.6.6
1.6.7
1.6.8
1.6.9

1

g4

SWITCH‘ CONTROL SIGNAL

TELEPHONE INTERFACE
MICROPROCESSOR UNIT (MPU) AND PORT CONT

=

oL
DISPLAY UNIT
DTMF DECODER
DTMF GENERATOR
VOICE UNIT

bl e

AC INTERFACE
POWER SUPPLY

Mg

e

meadle i



TELEPHONE
LINE TEL. IP INTERFACE

VOICE UNIT

MPU

§
AC INTERFACE AC LINE

SUPPLY

o

o g

f

31 1.1 BLOCK DIAGRAM 294suL7i BASE STATION
L]

agsuran1syinulae syl

#i BASE STATION aii MPU fusssifiunandneasssuuingson dntsvaaueanitly

¢

nanedaumail
U1

vty

&

%)

TELEPHONE INTERFACE msumuisunsy

UUAMIANIUENIN mmszunma‘l‘mﬁwvﬁﬁ@s‘l’mﬁu'l@'lum?quﬁnvj:rmmmuau 1

- fadewlrandtyyoy TELEPHONE INTERFACE 3:nanu MPU azdqlyf TELEPHONE

INTERFACE sasciiuanainsdwyiliiu DTMF DECODER Lﬁmm“mﬁaaﬁm@mn DTMF GEN

dusaMindulanisdnssuuaesdIngidn

waea i grruuudadldanaiunsae CONTROL fae sxuudtyyng DT|\/§F ruanaedwy

{nan1sna DTMF KEY m1uAuLetil i MPU %ian1s CONTROL VOICE UN!iT tinuaaingdwe

Tuefad 14

}
i
|
|
g
|
%
|
i
|
{
r
|

f



Tudaunsauantasrsuuasld DTMF SIGNAL , dyantudanes Hudtynydnupauguiiny

L
A1ENITAANAIT

DTMF SIGNAL

< TELEPHONE }‘ TELEPHONE INTERFACE

VOICE
. MPU
VOICE UNIT |
!
i
U 1.2 u@manas CONTROL 12914 s LINE TELEPHONE ”LiJ 19 MPU
i
i
MPU AC INTERFACE e AC INTE 3 LOGIC
RFACE 1491 conTROL
i
{
BASE STATION SUB CONTROL

. . ]
7U 1.3 uaman1s CONTROL 789 MPU tinu AC LINE léa SUPPORT CONTROL

-

Tnefl MPU ¥ian1sde DATA 4nuau 8 BIT T¥ga AC INTERFACE ﬁ;qq:v‘h:m?m DATA Tnaifu
uuuTuIE AN MPU wdrsinndhsvialaeld 1IC NO. MC 145026 udad DATA fudnsviauda
aanlu/luglaynsullfansasagames 14 IC NO.LM 1893N Sy “sfudanssus
ARUNW dedtyannuting AC LINE famafudadssnaudas IC NO.LM 1393N Visimﬂwqm"u
Hayavimindiduas DATA Adhmietuntain AC LINE udagalufuganansiald IC
NO.MC145027 1§ OUTPUT eanuuilu DATA 8 BIT mmmuﬁmqmﬂﬁ\fﬁwﬂﬁ dquly
neiiniania )
SUB CONTROL #aan1sde DATA mndlania BASE STATION fléniada LEﬂ%%UT’]N%Qﬂ'\TL‘iJ"\Tﬁﬂ

-l ~ d‘ -~ 1 14
UWULAEINUND UM

st

-

. e g g i———



MPU

— i s Ahonnl i et RARBn (Ygpagp

e m gengeiesapg w0 Agube

AC INTERFACE

[———CONTROL SIGNAL——p

AcnTEReack

MPU

- g e

-

LOGIC
CONTROL

AC INTERFACE

\g———STATUS SIGNAL

AC INTERFA

et ) anims fennd it gy anf mapmt

m

7U 1.4 uaman1s TRANSFER dayaain SUB CONTROL

O A o A

——

.
W e Wm0 ChudPasis st e matl e e gy Al St odl .

3

MPU




N
iy s wa

7 ACLINE | AC INTERFACE v > CONT;ROL OIP 4 CH
~ i
H I
i
|
}

|

CHECK TRUE STATUS
LOGIC O/P 4 CH
CONTROL (hiGH voLn

e —— sl s

71#l 1.5 SUB - CONTROL

1

]I ‘—_——
RECEIVE UP SENSOR [¢

l 4CH ¢

5 —

i

i

|

i

f

o T e (v
angl 1.5 azuame BLOCK DIAGRAM #nia Sub Control "jN'luﬂﬂﬂum'ﬂn'nu*if'aumqnuw
Base Station wszfiuiuanAanisfuAdIaInnna Base Station uaminAviniu

-ga CONTROL OUTPUT 4 CH. (HIGH VOLTAGE) finthiflugadiuauninda-ia

72318 (unAuings )
- A CHECK TRUE STATUS OUTPUT 4 CH. i‘mﬁqﬁuammmu:mfmmmﬁuw@a 1

watuuaniusninaiinasungnsallwia

L .

-4 RECEIVE INPUT 4 CH. fiwihidlugaiuaniznmwaasdunningrlneldeuly

AITNABINITAN 7|

W i o 5, Vgl i i e

T e G 4 e e

[RRRSEIN ey



Pe]
uni 2
a 4
seuulnsAng

i
H
d
i
2.1 szuulnsAng {
|
Fruuinedny Ae szuuﬂ@ma“nui'ﬂs'qma'numammmmmnu,av Faanunaandni

mm?nﬁ"ﬂnﬂﬁuﬁﬂuwmmq y Thtaanisiunneiltidnuacld

Tmﬂwwl‘n@ﬂluﬂ%uuu 2 fTUU AB Fruu Cross bar umﬂmunwuu) Auseuy
DTMF (wiiilauuunayy) Dual Tone Multu Frequency Fadusruuduildususn dau DTMF
Y a (o vy . a0 o v oa o \ | v
duidursuulvdniru M unundmsudanninssinguasald  wazluniasiuianiyszuy

DTMF Faiilussuuiilannnlutiaquiu

G i L s

TuszuuinsAnyiazdsenaudas
1. n1sEunn e Ingdny (TELEPHONE CALL) Aa mﬂ?zmdﬂ??zuuiw?ﬁwﬁ?wdqq

auningFunuazeiu |
2. Asaainsdwyl (TELEPHONE SET) Aa qﬂnmﬁw?uﬂu{ﬁnl‘i’mmm:ﬂﬂums

aunneulasaiaaingduy Lﬁa&l’mmfﬁﬂnﬁwuvﬁfanmummamé’i"uﬁﬂlﬁﬁﬂm

'
a < L e

3. §{Fun (CALLING SUBSCRIBER) wsaan1dngFen ﬁaqmeuh'ms‘ﬂnqvmalnqﬂm

Wninaugaest El'r)ﬂ‘LJNi‘U %Nu%i"ﬂﬂﬂ'mJ’lE!Lﬂ'ﬂ'ﬂ’d\iNT‘ULJJ’GLﬂi‘ﬂﬂtﬂ?ﬁ’W'&?UULﬂUﬂﬂ’]ﬂﬂﬂd Lﬂi“a\'l

gt LRI {

4. fffu (CALLED SUBSCRIBER) viaan1dnggnizun ﬁﬂf;{ﬁl@U%Uﬂ’)i‘G‘ﬂﬂﬂNtﬂ‘;‘ﬁWﬁ
WalAudtyiunia@en (RINGING SIGNAL) !

5. fa1eaNndn (STBSCRIBERLINE) Aagdsniinszualnirfilasusnainideayauan
¥

U u

RLBBNNIAINADRN A mmm?fawumwmnu‘lﬂmuﬂu‘nmuLfnwshamfnnummmu@mq

dasy

6. 1Agaaguant ingdns (§nTuelR) (AUTOMATICTELEPHONE SWIT CHING) A8 1ATad

al o v o , , a vd o Ve o —a
mmmiisesdaugateseninaningFunnugiulaednlus

o i, S g ik

e & N e



2.2 NSV UARIINTANA

Insdwyiazil Block Diagram n1sMinanusagy 2.1 %aummdouﬁmiq neduluiases
nednyt (nuaiTenmasnaane T (tip) wazdny R (ring) fma*u?nﬁL%:Jﬁié?vudﬁmw?mﬂ'lu

4‘ a o a« L) [ -
wisansdnsinugunsniaasguansfine 2wsiuliadygrnGun (ringer) m,m:zdm’ryrmmwﬂn

Halnshasantandgau va]uaﬂ?:m?ﬁﬁﬁmwmmmam‘rmuumL'nmm'anu

| -]

4

AN (switch riook) azgnitlaneas

saudneaidilia

(ringing signal)
muanelaansede ey ingdwilifufiaeulng gng

aania Wl usaduanguarudwllieasdaunagudsgnaind s

.u-_) -—- -.......,,-

o -l ] o = Lg-] ' v = $re
&ryyruGunaguatangnaindnazliaunsaafndygyruGunlalunanidiasedun
i
!
= i
WITMHYe M
amud jf
1
¥
, i
|| 2953 FLunennmT fy
SAQUIUNHILEY |
S
St - - ¢t v
AERIEENIST gnaies {
;-
NyvEauaNududs ||
JMATILHTIEBIH WA
I
1
T
[ WITUTY I
watlzuia | AMuFuas ]
( Yotaet ! L oy
| lulasivh 7 [ |

|
}
!
}
i
I
$
|

s1.|°n 2.1 wansuaantaezunsnaasing ”vt

|
i
!

t
1



- s ke i

] GJ a Cy-3 a ° 1

Wafinsunyinsdwiiau  gnadpdnacinnsasinlifinszuaanguanginansuagastiny

d’ o« ¥ al o’ 1 Ll o zc t G .—3 v (-3 o
wradlneAnwiild luanisideafunszuadndeaiuiifarnadusnaosiiadnguanadoy fazyin

LA Ly i a d d « 0 L i 4 - '
Wnhdudasedadiguarugnlass tanarligunsaising q luguanenfaniazinnisiinsie
AT insANTLEY antiuguanafiazds yayrnuvau (dial tone) TdagfgnyInsAnyiine e
tudangasinsdmivesdideanisiiadestsndequany udnfiguatelifimnaasiign

- dveanNuda guatafasidngedyyrmnuiainssuaunisaauiani Al st NsIAF
|
. |
'
|
!

a o al « v . ) o ‘L - v
AedoyayruiiveFasguansnsdwiazudaaniozsing 4 mmsmauth FaUsenausiae
1. deyeyraulvivygu (Dial Tone) Mivauamslasn@ndGunldununuieinudiunnléta
[} 1 1 I} ’
dwdsenlsguiianarany Wudyorondesiifiaonud 350 fu 440 @end naguansani

2. deyrunauliiang (Busy Tone) MiiaidauanndndGandn d5uldnaasaneunauses
o @ U QU ‘ v

a ]

wilinauudadaFusielud udyeyios 480 My 620 Eend nagiani 4§ 0.5 AunH Jeu 0.5

|

a i
i

3. dryeytunaeiFan (Ringing Tone Signal) 'L‘ﬁ’Lﬁ'an']wiﬂv‘m'iuémumumﬂm_lfzmﬁ
109 FenundgFuduia ﬁuﬁmﬂ?@mumﬂm‘ﬁwﬁﬁqLﬁunqa‘ﬁi@ﬁumwt’ﬂucﬁuéqL‘a"fa TR

o o

TatunteGanitludtyoyine 16 Hz Ay 400Hz WUy AM &4 0.67-1.5 3u1¥ Ry 2-4 Sun¥

¥

~

4. foyoyrnulFanndy (Ring Back Tone) Mudinnsrianndumeudda unisudale
GunfdanisGandnda Wludnyoaiaiud 440 fu 480 \Fead NAQAANUNT AR

ReudwreaiudyyiuniaEan ‘r
1
i
L EORGR }
- anugilaldfinsenyIngdnyd fqzﬁﬁnmmnﬂéfaumdmﬁwwiﬂu“cycyﬂmnmmmq

2.4 NMIARABNUITENINAUATAIFIALIATRISUINS AW

48V

- delldGunanyinsdAwidnanazanaanie 8 v weaaieidgyunlimguiadly

v u

Fuyrunssudaduauia 250 mvV AND 400HzZ n“ummﬁﬂ?zmzr 50Hz Tadlanaswa

|
|

] L
dryeyreuanutiuda deyeynoulinguilasmnelyl



10

O it it i

[

- nasWa (Code) wafinsdnwyivanna 7 udn sudauindeasifudygiunanass

andluAnlgeuassiuaniy uiasuuneeasil DTMF egwileg |

d’ L < o L 4 ] U A ' 4 .S
- yagfiseduisiifynanounduasauy essusnaieimse ufedyaausen

ndunTedygraaie liin awday f
4 = v s J L4 .4 -
- diefinsfumonds dyanueziutuanudweudomaniuay

¥ s = = 1 v o d‘ L4 = ‘ 4 L
- Wiy InsAnsiidnnisAade vwiadnaisznayliy 48 v dudunieesy

i |

- YU NINYBYITIANAINTTUAANATONT DY 48 V N !
y o o Q’ = = a a a <t a <t &
- Welidgyganiausonszlvadsyuia 100 V §anzas 1 Junivha 4 U1 aazase
¥

[y
H

e = L d‘ é 1
VA IUSUNNAVNUATOIAS {
n’: ] [ [V 4 1Y -t
- nimiuiledsvuny InsAwn vuiednaInszuansazmie 8 v HAZUNINTY

o a N
YUIALASANIUDVDUTUINA !
4 ny o .Y Y = pd a
- ofugamsaunul 1y Insdnm vwednainzndu i 48 v afudy

|

&
INDURY

2.5 s:uuimﬁ‘wﬁzmudammﬁfj (Dual Tone Multi Ferquancy Type)

| Sr——"

s2UUHTIEMsdamusnvveIRidesmssrAnnedls Insamsdsdaaaniud 2 anu

o o P & o 1 {, 1 [ 2 a
udumunmnoneing  Fannudfignasesn lusgeyludmnnudides

QYU

- ™ PP

9 voataaduly Feaz
a a P Aad o ' o a4 € P ' 4 o o

Wa (0-4 Aladsad) Fannnudfdinztuanudnuaasluiuiuou Uazdnsmilenaniy

o z & 1 o t ' 8 o ] - o
ANUD IHIUIAY Faaae q szuaes B3lugl 2.3 dedusu Lﬁ@ilﬂ‘l‘iﬂﬂﬁr‘wm‘u 5 Aagdlinud

770 1830 Az 1336 185A% VogE@ANUDENIN

Dot s Pt o, ia, conim i, T

—




11

-t
]
L“M == lﬂi L
~{Z i
J=— =1
=z L\!
e -
'ﬂl ~ < e e———
— S T ]
P ~c=—}~ .
Bt Yo ———
| —= e —
| = = ————E e ——————— .
Iﬂ.l.h; Hl o o lﬂl - H'llxlll\
1y .\.'\..U‘ lﬂl. - lﬂ.mxn ) ——t e
e | ~==|TT — | .l. “Il‘“d.l,\l'l.t
e L ) n.hnnhl.\....?.urk\fullliillliﬂil\\Uli!c! - — m———— o
=== - == p—— N
Hl -
B g
HA -
~e—==Z|7 )
2z oz
- e g
-l -y™
_ g
Iﬂlﬁ‘ ,A”.M('
. XV:-\IH| ”\Ilpnljl
~e==={"
e f
I
[ e— ')
l.lv..:.“ . ] o
b1 === N B Q
> 0] ~cz (9] o
e = Ve o [~ o
===g| c i
JOS b (®] g - [} o -
P -+ ~=a| T - s
] .- 8] on
™ i u . «d m
S ——— A" A
i o & m .
——- . ] [aY)]
~ = |
) bl onn m
_— D - .) .
- al .ﬂ“ b B M R
] =1
lA»l\f > N T
lnul\, — lA“l\ -
o = —=|T
~Tm=
o [l
lno'\uU\
Ve
—— —— g
il S
...A.»|I|»..NH -l
\(\.alv\ ln"\./A hv.
oy " —~
=i ] e
~—— - e ——4 -
- ted T"JI'.II
= | T —— ———— T
2 = [————————
lallnhn”\' ralcl.“ﬁ.WAUI - Il'lﬂ“rl'fllln\“vl'nl‘l
e - — — — T
===\~ . - lﬂlﬂm - e
lﬁh - | lp'h.w,.‘lvunvl ﬂ T A —
< = == 'l'nlfll)l.lj‘lUllﬂvlllll
== ===, s
) 3= |~ e T
pre—— g — T e
o= =T ==l S e

T e ——— iy TN A — s

] 13
U7 2.2 uaaedoyanoaiugay



4

12

e van ey —

T—— na}um‘udge (Larie) 1]::1'\'1&‘7’\:?111
A 1300 1336 1477 1633 o]
I
gg7—p—I 1 (—1 2 |—| 3 —-—g A §—§—CR1) '
- | I
3 | Lo X
£ 7110~— ¢ |— 5 [—| 6 |-} B {—i~@D
: | T T 1|1
b
E8s2m—I 7 |—| 8 |—| 9 |71 C I—i—®R) |
s C T T I
ss1——| % |—| 0 |—| # | D i—=@o |
S ’
l l l : !
I | | 1
€1y (€ (€ (CL)

v e

i‘ﬂﬂ 2.3 LmmuﬂunmvxmaLMLLﬂvmmmnluumuau uﬂ:uuqm’umwmmmuu 1

2.6 TahuaINITIdnsANYiuLLnALlN (DTMF)

l

)
i

1) ﬂ"lu"lﬁ‘ﬂﬂﬂLQﬂﬁluﬂ’]i‘MNuMNWﬂLﬂﬂlﬂ\i‘lﬂ Yl’ﬂMllNﬂﬂﬂL’Jﬂ’]LQﬂﬂV}l‘ﬁTV]TﬁW‘MLWﬂ"ﬂN

X
ANA mm'twnumﬂmﬁwwmmsm‘u traffic louANT

!,

2) @awnsaldaaame solid state electronic wnuatnsainedny hechanic Al

ANTIAELATRNREN UNN PRIV NERININ T

3) awnsoiinunatulédn 4 Ju (Column @ 4) Waldlunnsg

Uszinnau )

4) fimuwmanzadifacldivguanusyuy Stored Program Control

- i g o LD W

g T

2

QUIUNNTUTNNS



13

*

1

|

{

{

i

¥

2 @ v o w

2.7 n'li“’n'l?“ﬂuﬂzn‘ﬂﬂﬁ‘“ﬂﬂqqun'ﬂ'ﬂ\'ﬁﬂiﬁww'ﬂ’ﬂﬁﬁﬂu DTMF z
{

2.7.1 ﬂ’lﬁ‘L‘n’li‘uﬂm’mm‘“UU DTMF (Dual Tone Multi Frequency Fncoder)
sruinsdwyiuuy DTMF uqz'l'ii’m?dqaﬁtgrmm‘lﬂuumam'nmszuuTw?ﬁwﬁ Tneiqsd
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1. d’tyrmrutﬁ"aLﬂ‘?‘@aTw?ﬁwﬁﬁmmnw?ﬂmm@gi Fenrmnransaaaevld fandnussiunnaden
Aane dardensimiTlAdnuasiusaiutlszinm 48 vdc Ltﬂztﬂﬂ'l'ﬁmu@fxmnmmﬁm_l?:mtu
12 Vdc .

2. dtyeyrnumyu (DIAL TONE ) iludtyeyred 350 Hz waguamiy 440 bz

3. druyaundu (RING BACK) Lﬁfaf_jmaﬁﬁmﬁiﬂdw @:ﬁqﬁmmﬁmﬁﬂn{ié’u RINGING TONE )

(
440 Hz nequam U 480 Hz Tnaazds 2 3unfl udaRey 4 Junfl lunsdldaneiidelidng

-

(BUSY TONE ) A2l 480 Hz naguan My 620 Hz

4.y DTMF dmiutnadwinldnauniy duntsdedynuniiiiiaudiiuandieiu
Y4 - v s -
aanldinenisnaaiiuils asiidyyrandesfivegaaudagnasesniy 2 aad nuanalunsed 3 .1

'3

UNNERY nau f g9 (Hz) nau f i (l-zz)
1 1209 697 }
2 1336 697 i
3 1477 697
4 1209 770 Z
5 1336 770 4§
6 1477 770 |
7 1209 852 ;
8 1336 852
9 1477 ' gs2 |
0 1336 941 ;
. 1209 941 ‘
# 1477 941
A 1633 697 §
B 1633 770~}
C 1633 gs2 i
D 1633 941 E

MTWA3.1 wassanuDNeqeniy Hanaunieae
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5. dtyynuiFen (RINGING SIGNAL ) defimsnamunaiaasialnsdwi npmuanadielafudeys

e L o d.

nngFanud azuladyyuiifunddbigunaniadng JoineuiReiniesgaeiiudGen &

Uanaanglide Aesdedtyoyrniliidne (Busy TONE) lldagGun daudalisudnliamnsasie
\ ¥

Al wsifdreguane fazds dyunuBen (RINGING SIGNAL ) dafludpuayrndlnady 20 Hz

o -

Uszanns 120 Vv lddlaneane wazdedtyyiuFanndl (RINGING TONE )¢ lUdedFan iauda

ese——

Tinsudraunsosanasidmusianis
6. Taudtyryrudenm ( VOICE CHANNAL ) BANDWIDTH waedityqyituifaaieazagiutag

300 Hz - 3.4 KHz '

anvilnanssuradlulasaaulnsanasuuudmiaeanszna MCS-51 i

( SINGLE CHIP MICROCONTROLLER SYSTEM MCS-51 FAMILY ARCHITI;:CTURAL)
Inlnzraulnsanefuundwden (SINGLE CHIP MICROCONTROLLER)iﬁﬂ‘lﬂ?ﬂiﬂ@uﬁqmﬂﬁmu

Afnnadninsussaliluueensassau (INTEGRATED CIRCUIT) RendwAndumnzdminuauau

qUnTofy 7 wuunlug wzgifannrndisullzunsuasuaunimicau ;ilﬁmnﬁﬁmm?

Intasreulnsamefuundndeanszne MCS-51 sulfunwef 8031 8032 8051 uax 8052 Fafflaratra

wazgaAdeunnseiuiaadnfeaimisnlugli 3.1

ROMiess | EPROM | AOM | RAM | S8R | 168 |70 ter Expanaion | Sertal | OMA ArD | lntemuBt | o er Oown
UART Sources/ | .\ 4 icte Mades

Devic Version | Version | Bytes | Bytes Timer/ Amay Port Channel | Channels | Channeis Vectors

I
o

Ports|Counters|  (pca) se? | (esc)
8051 8091 - K | 128 | 4 2 v f 6/5
B0S1AH | 8031AH | 8751H | 4 | 128 | 4 2 - 1 €5
. 87518H '
8052AH | 8032aH | 87e28m | ex | 256 JI a/6
/5

80CS518H | BOC31BH | 87CS1 4K 128

80C52 80C32 - 8K 256
83CS1FA | BOCSIFA { 87CS1FA{| 8K 256
83CS1FB | BOCS1FA | 87CSIFB| 16K | 256

8/8
14/7
1417
19711

23 B I78 EV £V8 PSS P'SL PSS PSR PN

I N I I R N )
A}

AN AN AN ANANASASANAWAY

AN ASARANARATANANAY

83C1520A | soCisama|  — K | 256 v 2
F - s0Cis2B| — — | 258 - 2 19/11
8aC1s2iC | soctsac] — 8K | 256 - 2 19/11

— [socisamm| — — | 258 - 2
9/8

83C452 80C452 | 87C452P ! 8K 258

<
+

.

i

4

{ 19/11
7

M

1

'

|
o e a W
# 3.1 mreredlulasaeuinrawefuuudwmsnlunsens MCS-51

}
' i
nAsnlugil 3.1 u.ﬁia:ﬂ'aﬁuﬁ@:u’anmamﬂuuﬁmﬂmmiqwaﬂ.z{“lmﬂ'aui‘wmtﬂmumﬂ:
wefluarzga MCS-51 ufl ROM wia RAM maluwinla dudusunlidl ROM agnialusnilu
wafazls vie ddujuifimisanudardmiullsunsuduwun EPROM asdluwesarls wu lu
H
usniaurnazuendt 8051 i ROM egnizlurun 4 Alalud widuiuwed $031 azhifl ROM mm
4 ilaluviegnialu u'anfqﬂnﬁ'lumﬂmlzﬂ’qfizu'andw'luTmmuTmamm'mfa?'ﬂl’uﬁw'afwa’w%’udﬁuu‘m
duuteyauurn 8 Tvagiign (8Bit 1O Port) § Timer/Counters 3w fi6 Tmfiqn ( 16 Bit

3

. H
Timer/Counters ) uazdeuanfeqmanifiau q@niniglfamnsadenlfluipraeuintaneiusiaziues
i
i
]
&
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- - e o - ] d‘ 4 d' o
MCS-51 uanlaeniisn Intel fnasinemuduuuy 8 Iin winganudadauinamiilunisduac

( Arithmetic Logic Unit, ALU) aziinnugegadias 8 fin {

——

-~y -

MCS-51 Ndannail
° ° v P - 1 -

- aunsntierdeyann AND, OR v7en1 Complement viduuLfias 8in uaz 11in

- aquntoldiumdsgacudndauiulusunsy ( Program Memory ) %tﬂum{fmﬂfmuﬁ'\ﬁ'l'ﬁ’éqm"u

ugesdaRiasli MCS-51 vinau hgean 64 Alalui ( Kiobyle ) (64X1024' byte ) Minliamnsn
i

- ° ;7
deullsunsuaauaunisinamlsnnn

- gnunsosiaiumitsanudndmiudeya (Data Memory ) Tudumitgarindndmiuiiudeya
; !

Tuszwdnniminausasisunsuligegn 64 Alaluy b
-4 8051 uar 8751 fwasanndndwmiullsunsudauwau 4 Alaluyl (U 8052 uar 8752
fmisgarndndwmiuitsunsuduan 8 Alalu) agniglussassaumibidiadsamisaniud

v
dwfulsunsuniauen ssuuvamuedsiauiadnuasdyyrusuniuainanayanasin iy MCS-51

nuianaaldenn !
« o [ o - t J 1 -
- Anafuuutuiu (Parallel Port) dwiudayariuszeandiuiu 32 din, idaysusariniu

paTLAaanu t

i
- flngas Timer/Xounter 2w 16 fin 24n (8032,8052 #{ 37M) ﬁm{m’lu‘fwumme 71 1ot
i

4 Tuum ,

- Universal Asynchonous Receiver Transmitter ( UART ) éwufu?u-z‘ai@uuﬂl,tuumn?u ( Seriaf )
WUL Full duplex ﬁmmimﬁﬂnLLuun'm"u-dﬁaua‘la'f 4 wuy i

-umemLumﬁryry'lm'ua'umqw).,m?mmumﬂqfﬂmnm ( Interrupt Rec;uest Signal ) 6 unuad
Faannsanselnaluvinusesaueantsindamay ( Interrupt Service Routine ) g5 77U 5 Aunde

- andnrnidanniinny Maglulunaees idle usy Power Down mm%ﬂw:uumnwhmm‘lﬂ
Tun1minanu : {

Feandaddanane 3l MCs-51 Lﬂuwuﬂumm'l'nﬂfmﬂm.,uu'amTuummnﬂmauummnmq
U579 1lunaasquiAen ( Single Chip ) 1UNA 40 91 muummmmﬂﬂnuuu'lﬁruumuumwmman
ua-'mmmuum'aama'lum?mmmmmm'lumm?f)%ﬂummumwmm'luuuu‘lmw‘luaau-nu‘mu 79
mamﬂrymwmm?ﬁﬁﬁrymﬁmmmului"uu qum'lum?mmunmwmm‘lﬂ, usnsfaztiten
MCS-51 anMauldduiuiias mmﬂnmua.,mm'mun'lquﬂmmwu'avmﬂLﬂs “NALTAN

MCS-51 \Rerieu udrdsazdeullsunmuiieauaunisiiautes Mcs-51 diilulunudasns
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Taseasneras MCS-51
maly MCs-51 aztsznausat Gate f19 u AND, OR, NOT T Ga&e wantazgnuen

mraanuuu I inIsaee iU 1y 2eesnenmiaAds (Instrution Pecoder) Asain
b

&yayrnuunAnn  ( Clock Signal Generator) Tassa¥anialuses MCS-51 'a:,;ﬂ?:nfauo'f'mmuti'aﬂ']

Aalaazunsnlugf 3.2 i
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t
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acacu | 35954 f
T T (83C154) k ‘
80Cs2! 80CS2/BIC154
‘ ‘ (80Cs2) 1| expom | eocs2 e | sacise E‘—mna
[e—— TF1 1
NPT [~et—— TF2 128bytes TMER! |31
ConTROL [ TR0 “KROM 1 B0Cst Ram | 90CS! L mao [
PFeN t
l 1. <7 b4
v J‘ £ Py 1q
1
A <V hod t
8US seaL [ X0
osc 4vOPORTS ¢
lconTROL PORT_|—JaxD
T 7 K & n b
ADORESS/DATA {

i 3.2 lnezunsulasaa¥eges MCS-51

%
|

laazunsnluglii 3.2 ularea¥alugd 4289 MCS-51 (flasandnunuzaes MCS-51 1y
- e v o < 1
paufamefLszneusag 3 doundn q Ae :
) o . ‘ v + ° +
daufl 1 sitlszuaananany WiFe CPU (Central Processing Unit) dayiiaziiasasfiiantinfia¥
drynyrumauanlunisiiasiaiudoudu q Gandt wwasaquan ( Control Unit)kryryﬁmﬁm“ﬂmmm?
1 o [ - ] o~ . o «©o [ L
AuAnldun doynyrudmiunisiinseiumisnaniudn aunsaidwiudeyagvitedsdayasanann
A2 MCS-51 Tedauaruannsdiadavaz (Interrupt Control ) ua:doumum{ﬂa (Bus Control ) fiu
dauuiivrednasauan  sanisaiedyguauan andadszutana (CPU) Hasiinis a¥
dryeyreu Inanasnaasiaanndnds (Instruction) mudfinnsimwuall  uaddyyruiia¥etiuunas
v - [ % ‘: v - f‘. 1 ' h L4 o~
awasiudyyauunfing . fafnainasasesadaames eliirdawamn q fawinamdszatuiu
{
( Synchronize ) Hﬂdﬂagnﬁm
Tudausilszunananans (CPU) HfnlsznaudisdautiesdndauiFandn dautlsznnanan1a
adlamans (Arithmetic Logic Unit) daufiasinuirfilszunanadeyn Wl mewan , au , ganie
v ) 13 ° -~ < ol - 1 A ] (3 d' v
nmuer deyaudnirnadnsldiulihiddameiviamicaanudnisiaenis
[l 1
dauf 2 witeAnd (Memory) WA wiuandndays drazliiiuhnwaraesmisaany
o Venl o3l . ° -2 1 o a .i o 1 L o~ ] t el
NlARfAe  witsarudaFeumiaunaadivieanansatuiunin MinwseFeanuly uwiasnaesii

] v
nans 1 wiudegUf 2.3 Jienarsiauun 15 naes disesninienenaisatnnaedla viaieienans

1
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Wiiufindasln azfesfmnsasaednaesdayairenan 'NmLﬂuuuqaﬂfnumuéwmﬂmwmnﬂm

ﬂﬂ’f]ﬁl’]LlMu\Iﬂ’]’]NQ’Mi‘ﬂuﬂﬂlﬂi‘ﬂ ( Address ) uum ﬂ’]i‘ﬂu’]l'ﬂ’]?l'auﬂ‘lﬂlﬂulluyu%!ﬂ’]’mqq {7an91

“Meden ( Write ) 'MJJJ’E‘!" Lmzm?u’]me'auafa'anq’muu'wmﬁum AzFundn “n1seu (Read)

v
faya” Seluusiaziumivsemisgaaudas WudeyaldifseAfeamin

o I
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77 3.3 nwafiaugeanizanlusd

e e i [ -

lhilasllsiaagesilumune MCs-51 udayaluurasAnumis sesiingandnasiala

g vanreuargin 2 (8 vy 11wd) dni udazdronissamniaandnaiudayaiialy

35919 0 T4255 (00000000 T4 11111111 Ty 2) widwausunbisiaziiudayaliiuiu
[ < ] < - [P 1 ° v <l 1 .|
agiuinlasTusigagefusiaziued m?mmmnuuuwmwqummuﬁ’mm'\m,3 nquAn

1. uBAATA (Address) WTeAAMisaInTsiadaiumitaa ity MCS-51 axfinsiaiy

wdagANAIsEin Program Memory 43 Data Memory ‘lé’@mmﬁm& 65536 munialuiae

3 2 e 16 1du (2" wiriy 64X1024 = 65536 )

-

2. fayafiavgruviedouiumisaarusfidaumislude 1

[

3. AyrurnumuAniazdelldaninaanndn %\mfanﬁuuﬂwmméqﬁlﬁmmﬁmu‘%‘*’aﬁﬂuﬁfaga

ﬁmmmmdqﬁ%nnmumuma'lu MCS-51 @§1aN1a1n29as0enTia 'umﬁﬂﬁ"qﬁ' MCS-51 611
RINNUILAINAN Program Memory W lusrenuiuies 'lunlw 3.3 uuquﬁfnmﬂmm 4K ROM
Usr 128 Byte RAM 'nwmmmmumﬂﬂfrmmummmmq1 nummwm;um'lu‘fmmufmﬂmﬂ'z‘

duf 3 fUnsnfEunnuasiaiwn  (Input/Output Device ) Lﬂudauwszm'ﬂwﬂmmﬂﬂﬂnmn

MCs-51 il MCS-51 Amsariunisuents mlulassunsulugi 3.3 m}'_]n?m"éuww WAL [

dbd

dur 4 VO Port, Timer 0, Timer 1, Serial Port nwﬁwqummumavmuu?qu

1.4 1/0 Port Arimeimuinaivqaiiaciinsediuiagniauan 4 1/0 Port 189 MCS-51

i l‘ﬂ \ )
dunlfdwiniu-dedayald 8 v fiwein o, P1, P2 uaz P3 uanafmazlfineumannda 1 edna
Alfitu wai PO uar P2 azlddmiunisdedn Aumds (Address ) Teattitgmndnfifesnisin

] 1 v 1 3 [
Aauazwaim PO arlifudetayaflefinsaiumitaarninlddae um‘ﬁqmﬁiﬁ‘lu‘lﬁmmﬁuﬁmmtﬁm
; .

fu wiasliaainumndiulagauanandyiAIuAN (Control ) inansiaNIAINUAATANE
dl v - « o t'l :’I 12 = o
nipenfiame fMwiugs uazdryqaimmrdeBaiudyainaniin

037299

- e
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2. Timer 0 waz Timer 1 dlunaniviamisaimualiiinsnivduonlejAssedyyiniise

#
MNMEuen MCS-51 wiaduulnAaresdygyinuininaly MCS-51 flgAranniniugnenn

wiamAFNmrean iU lilaadsteananany (CPU) i

3. Serial Port viawaiaynsu fussunananany (CPU) 'axfd'muﬂz@ﬁuﬁ@uﬂﬁu Serial Port
Wuwuy 8din widayaazgnds eanain MCs-51 Fenlufiazrinainn TXD’lLﬂ., Tunrsiudaya
azfuidunfiarinn e RXD uddaFeelunly 8 1in LW@'lum'nJT"mﬂuanmq (CPU) 811

Wlfewsiely

MCs-51 TwaimFlildeulduatsuuy nazaanuinininlddausing '] NINNY mﬂnqzm
}

{
{

wmwmmu1ﬂ't'mu1m~mmqufﬂmmumummmu

NARNITUUILANNINURY MCS-51
' o t v v i ‘
WiaeAIHA1T8d MCS-51 utieanliifu 2 uuuresdnuauznisldeuie

1. Program Memory Lﬂuuufmmﬂm'm'l‘nmmuLnumﬂ"ﬂu?ﬂwzﬂmmL%?faq

(Machine Language) ngeanslf MCS-51 i dla MCS-51 mmunmmu'ﬁ@uﬂﬁtﬁulu

1
uuoﬂquﬁﬂa‘vmwuvn'\‘lﬂn@muaumamﬁ’mmwmmummﬂmu 1 munELTRIAazAN Y

| ) <l k4 1
) uarglyeadeudayaluusies

ATUNUITAIMIILANANTUIHAN 1 1ATEIT8Y MCS-51 ATNAIALNITRINLAREINIT ( wiaeAN
i

[3 . ] ‘ - 3 1o ’
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t
DATXTRANSFER ,
. MOV ARn Move register to Accumutator
MOV Acgec Move crect byte to Accumutator
MOV ABRI Move ingirect RAM to Accumutator
MOV Agcata Move mmmeaate gata to Accumuiator
MoV RnA Move Accumulator to reg:ster
MCV Rn.grect Move cirect byte to regster
MOV Rn.scata Move immeqiate data o reg:ster
MOV crectA Move Accumulator to cirect tyte
MOV directAn Move regigter to direct byte
T MOV cwectowect Mcve girect byte to direct
MOV drect@Ri Move indirect RAM to cirect byte
ARTHMETIC MOV arect#cata  Move immedate data to direct byte
Mrernonks MoV SRIA Move Accumutator to indirect RAM
g gmmﬁmwa MOV ggucnc: Movedivec:uytetoindmww
Acamuial MoV i.fcata Move immeaiate data to navect
e A T A Aty MOV CPTR#cata 18 Load Data’Ponier with a 16-be constant
ADCC AGG fester 10 ACCITUaLEr vath Camry MOvVC ABA+DPTR  Move Code byte relative to CPTRto A
AQOC AQQ areC Cyie 13 A wen Cany fiag MOVC A@A+PC Move Code Cyte relative to PCl0 A
ADCC m narect Pl-:l:;a :a ':ﬂ mw MOVX AYRI Move Extemat RAM (8-tit aacr) t0 A
ADCC mmaca MOVX ASBOPTR Move Extemal RAM (16-bt acar) to A
S e By MOVX SRIA Mave A ta Extemal RAM (B-Git adcr)
sues ASRI SUDAC NOFRCt RAM oM A witn Bonow MOVX B0PTRA Mave Ato Extemal RAM (16-bit ader)
sue8 Agvata Suotract immed. caza Irom A wan Bormow PUSH diret Push girect byte onto stack
NC A Increment Accurmustor FOP dvect Poo direct byte form stack
e A pishiorindo XCH ARn Exchange reguster with Accumutator
) Incrament H Adwect Excnange direct byte with Accumulator
NC A
% DPTR Incment Cata Forcer go A.@gl Exchange indwect RAM wath A
A " iduring ah A
% ﬁ‘"m mmm’ AQRI Exchange low-order nibble ing RAM with
tarect BOOLEAN
hx ey et i ARSI,
Mnemonic Description
& . Becvna ?a:a Accumuior an ¢ Clear Canry flag
C.R bit Clear direct bit
LOGICAL OPERATIONS SET8 c Set Canry flag
Mnernceis ’ Destination SeT8 bit Set direct B
AN ARn AND recester 1o Accumusiator CcPL c Complement Carry flag
P G O N - U b
h i arect bt to Nag
ey Adoma e ioririeteiatd ANL Ciot AND comoh;en( of drect bit to Carry
ANL grecLfdata  AND immecuate cata to avect byte ORL Cnott OR avect bt to Cany flag
oRL Afn OR reguster 1 ACCuImURIOr ORL Ciot OR complement of direct bit to Casry
8:'. tq.-;q OR dret ma:b" gz_:mmun MOV Cholt Move direct bit to Canry flag
% Apdaa g:vmmwmmﬁa;:mm MoV bt.C Mave Carry fiag to direct ba
g i A to crect e
S fxfes mimmechioe PROGRAM AND MACHINE CONTROL
. ARn et e Mnemonic Description
oy A e e T e muaics ACALL addrtt Absoiute Subroutine Cat
XRL Afdsta Exchsve-OR immecate data to A LCALL addr 16 Long Subroltine Calt
XRL arectA Exchssne-OR Acoumuslior to Crect byte RET Retum from subrouting
XA drectfdata  Exclusme-OR immecsate data 1o area RETY FRetumn from intemupt
an A Soas caumumiy  or AIMP addr 11 Absohute Jurnp
RL A Rorate Acoumutater Lert Lmp aadr 18 Long Jump
gc : Mﬂam :ctgtmm throuon ﬁ; Cany fag JSJMAAP g‘A TR JShon Jump {relative addr)
1@ AccuTuater + ump indireQ relative to the OPTR
RRC : gawzuﬂmmwwm JZ rel Jump if Accumulator is Zam
P fsies Accurmusstor JINZ rel Jump if Accumutator is Not Zaro
Jc ret Jump if Canry flag is set
- - JNC ret Jump if No Canry flag
PROGRAM AND MACHINE CONTROL (cont.)
Mnemonic Deectiption !
) bitrel Jump if awedt Bit set
JINB bitrel Jump if direct 8it Not set
Jac bitred Jump i direct Bit Is set & Clear bit
CINE Acirect.ret Comoare girect to A&Jumo if Not Equal
C.NE Afdataret Comp. i to A&Jump it Not Equal
CINE Ansdatasel  Comp.i to reg &Jump f Not Equal
CINE GRigdatarel Comp.i to ind.&Jump if Not Equal
QUNZ Rnsel Decrement register &Jump ff Not Zero
DINZ direct.rel Decrement direct & Jurmp if Not Zero
NOP No operation_
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l\;ﬂN NOM | UNIT
i MAX
Ve VERIFY-LEVEL SUPPLY VOLTAGE 45 50 v
. 5.5,
V,, HIGH-LEVEL INPUT VOLTAGE 2, 55| Vv
V,. LOW-LEVEL INPUT VOLTAGE : 08| Vv
Vi PROGRAM-PULSE INPUT VOLTAGE 1025 105 v
10.75
PO . 20 50
tuw PROGRAM-PULSE INPUT PGM ENABLE LR Y10 25| mA
CURRENT
PI, PA t 15 5
Vee " 250
. 400 .
tw» PROGRAM-PULSE DURATION AT PO PINS 10 50| s
.. PULES DURATION AT PGM VERIFY 1005 ns
PROGRAM-PULSE DUTY CYCLE AT PO PINS : 25 | %
t,, SETUP TIME 100} ns
t, HOLD TIME 100, ns
tyy DELAY TIME FROM VCC TO 5V TO PGM VERIFY 1 100 s
t DELAY TIME FROM PGM VERIFY 1 TO VALID OUTPUT 200, ns
INPUT VOLTAGE AT PINS 1 AND 11 TO OPEN VERIFY-PROTECT 20" 21 v
(SECURITY) FUSE 22,
INPUT CURRENT TO OPEN VERIFY-PROTECT (SECURITY) FUSE 400 | mA
s PULSE DURATION TO OPEN VERIFY-PROTECT (SECURITY) FUSE 20 , 50| s

AT PROGRAMMING PARAMETERS (T = 24C ) ’
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{neld PROGRAMMABLE ARRAY LOGIC iuaf 16L8

A519A1 1901 7M91Y

INPUT OUTPUT KEY
D C B A R, R, R, R, C, C, C, C, | NUMBER
0 0 0 1 0 1 1 1 0 1 1 1 1
0 0 1 0 0 1 1 1 1 0 1 1 2
0 0 1 1 0 1 1 1 1 1 0 1 3
0 1 0] 0 1 0] 1 1 0 1 1 1 4
0 1 0 1 1 0 1 1 1 0 1 1 5
0] 1 1 0 A 0 1 1 1 1 0 1 6
0 1 | 1 1 1 1 0 1 0 1 1 1 7
1 0 0 0] 1 1 0 1 1 0 1 1 8
1 0 0 1 1 1 0 1 1 1 0 1 9
1 0 1 0 1 1 1 0 1 0 1 1 0
1 0 1 1 1 1 1 0 0 1 1 1 *
1 1 0 0 1 1 1 0 1 1 0 1 4
1 1 0 1 0 1 1 1 1 1 1 i 0 A
1 1 1 0 1 0 1 1 1 1 1 0 B
1 1 1 1 1 1 0] 1 1 1 1 0 C
0 0 0 0 1 1 1 0 1 1 1 0 D

a$198a1un17Uu0y MAX_TERM

R, = (A+B+C+D ).(A+B+C+D ).(A+B+C+D ).( A+B+C+D).

R, = (A+B+C+D ).(A+B+C+D ).( A+B+C+D ).{ A+B+C+D )

R, = (A+B+C+D ).(A+B+C+D ).(A+B+C+D ).(A+B+C+D)

R, = (A+B+C+D ).(A+B+C+D ).( A+B+C+D ).( A+B+C+D )

C,= (A+B+C+D ).(A+B+C+D ).(A+B+C+D ).(A+B+C+D )
C,= (A+B+C+D ).(A+B+C+D ).( A+B+C+D ). A+B+C+D )
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waunsninlutleaudiateslusunsy PAL

4

PAL 16L8 i
IC4 KEYENCODER

MMI '
ABCDX1 X2 X3 X4 X5 GND X6 C4 C3 C2 C1 R4 R3 R2 R1 VCC
R, = (A+B+C+D ).(A+B+C+D ).( A+B+C+D ).( A+B+C+D) i
Ez= (A+B+C+D ).( A+B+C+D ).( A+B+C+D ).(A+B+C+D) ]
R, = (A+B+C+D ).(X+§+E+D ).( A+B+C+D ).( A+B+C+D)

‘R—; = (A+B+C+D ).( A+B+C+D ).( A+B+C+D ).( A+B+C+D)

C,= (A+B+C+D).(A+B+C+D ).( A+B+C+D ). A+B+C+D)

C,= (A+B+C+D ).(A+B+C+D ).(A+B+C+D ).(A+B+C+D ) !
C,= (A+B+C+D ).(A+B+C+D ).( A+B+C+D ).( A+B+C+D) j
C,= (A+B+C+D).(A+B+C+D ).(A+B+C+D ).(A+B+C+D) '
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FUNCTION TABLE
INPUT OUTPUT KEY
p|lc|B|A|R|R|RI|RI|c]|c|c |c |nNumser
0 d 0 1 0 1 1 1 0 1 1 1 1
ojo |l 1foflol 1|11l 1o 1] 1 2
olo | 11 lo|l v |1 11| 1] 0] 1 3
ol 1 ]o ot {ot 11 |o] 1] 1] 4
ol 1 |lofttr | v ]lo 1] 110 ] 1] 5
o | 1 1o |1 |lo | 1+ |1 1] 1] 0] 1 6
o | 1 1 1| 1 Tt Lo 1o 1| 1] 1 7
1 oo ] o] 1 1o |1 1o | 1|1 8
1 0 0o | 1 1 1 0 1 1 1 0 1 9
1 1o 1] 0] 1 1t 1o 1o 1] 1 0
1] 0 | 1 1| 1 11100 1 1 | .
1 110 0| 1 11 lo | 11|01 #
t 1ol 1ol 1l 1]+l 1]1 7o A
1 1 1ol 1ol v+ 1 1 1] 1]o0 B
1 1 1 1| 1 1ol 10111 |+o c
ol oflolol 1t 1l 1lol1] 1110 D

NOTE : angulngld MAX TERM
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nA DTMF GENERATER
o lfindrdagliues TCM 5089 Tawnsaduiiaanad DTMF 1K 16 drewd A

nangutestnsimiiahlngsduwniluaednain 2 doufle LEY PAD udy KEY ENCODER
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237 RC mauan Tngaursaduanldaingns
f=1/(23RC,) (Hz)
for 1 kHz < =f< =400 kHz
6l Cpo = G + C, . + 120F
R, = 2R,
R,> =20 Kohms

layout

R > = 10 Kohms
400pF < C,, < 15uF

- e

o d e oae

i = -
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ENCODER DATA WAVEFORMS ( MC 145026 )
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anaz dlu 0, 1 uaz OPEN ﬂmo:’lmﬁ‘loﬁﬂ:ﬁﬁnwmzé@nvnmﬁuﬁadﬁmwﬁmwruﬂQmLm'as'

nmMIuIaINATIenEewes way lasned
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lunsaifianeinfnindeidnfuaudsn Aedflufiasfasfiunszuaiiianving tﬁ@ﬁﬂﬁ‘lﬁmmm
PRAUDNHARALEIFTYOYIUANGIBINTS muummLﬂuwmmmawmummmm 1 mauavmmumwan
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. . p . t
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2.Ca uar Ra lusaiiuuadiudting (Pole ) wazdls (Zero) T84NATAILANTEALNITUA
At (ALC) Taelddn 0.1 uF uazA1 10 k mINGIFL :

3.Cf uar Rf MHlunisufuTnauasdlrresnsrdiumiadangy (Phase lo;;k loop : PLL)
281 LM1893N mseanuuuliimaslifidn Cf innuazan Rf Seadilufitli Cf uaz Rf
WinALU 0.047 uF AT 3.3 k RINAYIL ' '

4.CL 'l'ﬁ'ﬂi"uﬁﬁwamﬁ';ﬁ (Lower pole) T89MAasULUNIARNInGT (Bandpa%ss Limiter ) et

qrpdnAND e IWNHARAAY (50 Hz ) Tmen@anAn 0.047 uF !



5.CM fuasiaina1i LM1893N Mifeuann TX hu Rx nmﬁﬂnmﬁﬁlﬁnm?wmﬂm Tuf

-{IdenA1 0.047 uF g

6. Cl mﬂqumd’mmqmmmuﬂuwad (Impulse noise) @anA1 0.047 UF .
7. Re luanusiuniunadw (Pull up) 1461 10

8. Rz Wludalalenlusm LM1893N 14d1 12 k \

9. Cb MandtyyrnusuniuludousnglnGe (Supply bypass) 14@1 100 uF

L4 "
10. 2t (hunsudeuuaand ( Transient clamp ) lAusaanilaiimafinnnnin 44 Taayi

uaznuNauLAlaAYine ( Feedback Voltage ) Witiasndn 66 Taavr |

12. Dt ey Over-drive Clamp 4AnusAm mNaayimaivnndn 44 Tﬂfa'n' (IRF 11DQ05
wia 1N5819)

v
1. Rt WWidanmudsuldan 4.7 Tavy

1
- 1 dl v W - [ l £/ I 4
13. Za AWMUgANT? charge 1990993ALANUNALSRTWR  Wuliuafu, W Zener 5.1 Toav

14. Rb dansludareansnd@awmas 11 180 Taru ;

15. Qb twuﬂmﬂm?-uﬂ'mﬁrymﬁm'lmmmu linmudamesaiin NPN Fy > 200 MHz Tun
asfilfiuef 2N3053 !

16. Rg Wusasunuildidnnszua aef 1o =701 ( 10+Rg )/Rg] mAmp e 1.2 lavu
1



73

NANNTYINNUVBINATTARITUA Y Y

[ d‘ v A‘ 1 L o
Tubmndudynramunamnaeiiivuiu feeglugddygin Fsk Tagle§ LM1893N amin

- v - o v - - ] “ o <
nsanagandryryrny FSK Winduniludznasudadaliladiued MC145027 (sanamswa ) (e

¥

daniansaiugunsaiiu q vieli udadedtyarunsuanlidouanuanginsaliatesliinihdes

Fudadryyrnuasuananradswiiuudeninezunsy Tivaali 4.11 i

a
1

A A B Y
TUNE CIRCUIT DRIVER DEMODDULATOCR / WAVE SHAPE
)

» -

) DECODER CONTROL ON/OFF LOAD

!

1R 4.1 uRenlaezunsugasnfudtyyiniacugunis Wada gunsaimnalnia

1

¥

msfutenaradladiued LM1893N

nnaennsiuluiunaiy WliTaeinlf TXRX (11 5) Judaedn olé’ryrmmﬁ'mutiﬁ
smaagiiinings azdmdhumaedUdsesduuFeaiuilddannzasiinis@ennisinn
sedlediuef LM1893N Aedaafinns@entmnlatuaaniiainiy lupd 4.10 Hedynnudhunde
Urznaudasdaya uas dooynnusunausin g ﬂ:dﬁun’hu'mwms*n?ﬂqmmﬁ'qqmu (High Pass

Filter ) FaUsznaudae CT uaza9asuymad ( Tank Circuit) fnuﬁﬂﬁLﬂmm?nmﬁhumw&ﬁﬂaﬂ

o~ v

Fyryrtusunauusaadly smiudyguesgndawndineasdineed ( Limitef ) o8 cL iy

1o . v ' 4 .‘,’ S - o o
Fafivun AudiatduaNfigeazgnaalii - 300 kHz Aryan Rriudaulinrmtrediniings

0 &

( 50 Hz ) azgnindneaniy wdsantiu dynnastiunaaiinmefifrganjnadangy 50l

14

' | y I4
cCO urenau agdnalnunandaul Lﬂudqummm?ﬁuﬂ:;}Lmud’mryﬁmmﬂLﬂimﬂ innTe
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wadanqUisszneudnednygoued Aryeyoudd , dtyeyrtusunaueanidn ( offset) wazAIME
2 whrasmuiRaun Az dlafinailamafuuumiain 3 Ta (Paésive 3 Pole Low
Pass Filter) ifiansaqandtyryrnuanadiadunn 2 winialy uﬁqmn&uﬁﬂgaﬁ‘lﬁq:gnﬁ']'lﬁu"]u
drycynou U mAEn (Square wave )lagnaasndaladisraumisimas (Data dicing conparator )
wazindneaviiniie Tnefneumsuaesiinnisldideanidn (DC offset) th’fi«ifﬂﬂﬁm’mmﬁm
frudan Wewndafueanianiiinudnun uaxmytmru‘ii"lﬁfax;hmw*nﬂum?ﬁLm'ﬂfﬁﬁﬁmmﬁﬁa
( Hysterisys ) uarnasanwaiiainas uﬂ:mﬁww‘f{‘lﬁq:gnmN"]umnuﬁmmm'uuu AaaLaAAaTln
( Open Collector) ‘1';\1Lmvf‘vgwﬁ‘lﬁqzmm?nﬁmwmfﬂﬁn‘/";qzﬁﬂm&iﬂ'lumwﬁq'

;

3

(1)%:3&‘/1"74\1

(2) fynnufifuainAilsneag

(1) 10 V/Div :

(2) J10ovoiv.  (3) dynunnsieinnannidadengusaiu

) g 7 400 mv/Div.  (4) dryqytuann RC LOW-PASS

(4) 8 : L= 2y 700 ny/Diy. |

(s) : =~ . (5) €oyeyruann IMPULSE NOISE FILTER
(6) 10 voiv.  (6) dynndeysiieninneedled LM1893N

7Rt 4.12 Aryoyanusiag 4 289 LM1893N

N1ININILTDINATOAATUR

| 4 R4
arnaaniatiasimihiudyginiiudinn  udvinmsnansiagiesiuaiuennsafisng
t v
1§ vie war dwnnesaiufaslidyyiuaninmasnuinaialuauauinasdsn ludouiiltled

wef MC145027 wWlwidlaudnlunisoeasadtyyins JegUh 4.13 uamﬁ'nwn{:mmq‘lﬂ%maf

MC145027 .
;
—Liqy vpp 45
i
2l a2 D6 L8
3 a3 p? 2 :
lag pg il
——5—1 AS . Dg;_lz__
éll R1 u-TLJJ___.
— 2y . 118 !
i :\-/'Czn
H

—S8lyss bATA IN-2

37 4.13 1wesleFief MC145027
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1 A1-A4 11'1mmﬁtﬂuuﬂmtm?ﬂﬁuwnﬁtﬂ'lﬁﬁ'?ﬂﬂﬁmwﬁ'umuammmaéﬁhmv?'v'fa-?'ff-wz'lﬁtmvf
HNEaNNI -

71 D6 - D7 mmmutﬂumuamwww -nqq.,’lmﬂ'mwwnmmuauﬂmtmﬂmﬁqua"mmmqnu

7 R,,C, mmamumnuﬂ'num'mmuua"mfnnuﬂnq Lw'a'l‘mﬂumn'mumﬂfrmuﬁumﬂ
AN rasRadTiunia Alnineuauas (RC,) azgnaal¥ 1.72 1asdaq
a1raedtyyuunAnasiags ( Transmit clock period ) '
Tt RC,=3.95R,.C,. |

1 R,.C, mifasdiaudumuiazadne ey soaniiium Vss
v?'v"aLﬂum?uﬂnmfmn%mmﬁwﬁuag’qluﬁqm'lwﬁﬂﬂuaumu‘n' RC,)
sy 33.5 2@9AL9aINTgda
Tt R,C,=77 R Cpo

71 VALID TRANSMISSION (VT) dumnewimaziiluszigs de

APy W e me ae w

1. MrdauanATaRNALLAAIATATRINITY
2. medegnraddeyaurnuazansiesmieudu 11 VT azifluaedn 1 unf.,mmsm‘lu
‘. alk 1od 2/ } 73 -
anmnReulnvTelifidyonaudwdiunan 4 dayadin ,
77 VDD Wumuunasansinuan
P 1
11 VSS lumuvasaneivan ( dauluailfifunsad)
i
1
i
1 vT
C s
‘,SD&

e =
B

=7 |
R 1

Le 7727

1 0T SHIFT REGISTEN

! l gg
Al

2 ey
" > nm A

3 ~4 | s
X PaY EXTRACTR o

: 5=
M ] G, & Vop=PIN1E
“s_éﬁ l ,,,] }':L Vog=PINS

i

- .k W

f 4.14 ufenlaezunumnensiasas MC145027

Taefinannminauradlediues MC145027 uutﬂu‘lﬂmu‘fwm'm?w ( FLQWCHART) AUARS

'l&ﬂmﬂ-n 4,15
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LATCH OATA
ONTOQUTAUT
oINS AND
ACTVATE YT

DISASLE VT
CN THE 15T
ADORESS MISMATCA

CISAZLE VT
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™
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N1799NUIINATNATUA LRSI YA

IANT0BANULLNITNENTHE IRauandlugLif 4.16 TasnisAruaumiAnzed R,, C, R, ., C,
!

q7NgA3

foe=1/(23RCp) ‘
RC, =3.95 Ri.Cre :
R,C,= 77 RyeCye (8 R, Y Crc ﬁﬂdwmﬁ’qﬁﬂumuua:ﬁoLﬁuﬂ?:'{fmm?ﬂﬂﬂiaLalmm'
34s1 R, > =10 Kohms :

100 pF <= Cio <= 15uF

R, >= 10 Kohms 1

C, >= 400 pF '

R, >= 100 Kohms .

C, >= 700 pf-;

I TR R

(—] Vop
:JuFf n':. ¢
= 16 e b l
3 * l =
7 | 13 5 1
EEy o
L ADORESSES
a uC 45327 _1_1—5'
7 oR s sd 1s ¢
;.“ 5C033 Tj' 0% _é_ 1
= s o7 :
3 TZ- cs
i o
2 ’-‘z—l-—' n'

717 4.16 29arnanmiadugou

Tunandiniaridendidayamiiiy 360 vaavernudlunisdedayawindu 180 Hz uaziilasann
Tumsdefayaradled MC 145026 wiaspfiazdedniuimuou 2 afufatlastunsianain fau

v i 1 - ) - N L1
AvpawANeesiamefaandinin Aeled MC 145026 winfu 72Q Hz wazlunasiild

@enldAn C.. = 0.047 uF 1
#
I
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&
TUARUNITRBNULY .

1. dmusanAwaudrasasda iidsbidudmgaminiy zin 44nd1 Zin @
H

1

1

i

UseunuAY TURN RATIO 194 T1 Wilngdruainnmanuduwuslusndngm
2. WIA1 L1 angms
L1 = (Ra/fZLLn)/+2.fo.OL

WaL RallZl.n = (VCC-VALC)2/lo
e Zin fie FuRuauFasfeutasaadlnfinrngs (Reffécted Zin)

i

Ql A2 A1 Q 1949 T1 reuiiiuan
Rg A2 A1 Q 184 T1 Rauiliuan
VCC #Aa IWi@e LM1893N iy 18 Taay .

10 A nrzuaEINNTes LM1893N Winri 60 mA

Wae

R

_ Q1 = 1/(BW(%of FO)
WNUATFTN il .
Zin =7 Tavin
AnfuazlfAT N (TURN RATIO) = 10
W BW (% 124 FO) = 8.7 %
Q1 = 1/(8.7*100)

B e T T

=115 1
FattuunuAnly L1 = 49 +H
d1U L1 A1 49+H Aneidunu 80 tau :
Anfuasldduausat L2 = 80/10

=8 78U

WU L2 sntmunsivininudadnsn L2 Idwiafy 1.2+H

3. w1A1 Cq 1éa1n

Cq = 1/(+2F0) &1

wnuAnld Cq = 1/(+2*125khz) 249+H

4. 188N Cc = 0.22 +F

-
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N15YNUTR9999Y '
i
1
dd

warquraaaTesdiidiu LC Hudnnz RESONANT Tumin@enanutiiiunzantnnnlu

attiUnfiazfandn waTuned (TANK CIRCUIT) Rauanimidufamefiduidshiy RC FILTER

L]
[]
~ad L

neneReRTuazTy LLuAwaRMADF (BAND PASS FILTER) azsanltiautngaenistumingu-
I

NArumAdINsnazaalfuliuaidnusaNANReInT
waﬂummmsamm'l‘nuuauﬂm 12 v uimmmnuﬂm’luu'luum'a'luthm.,aunum'mn s

Wau Fanauwlasiianeinll Sefnurnanutistouu 455 Khz uwsunfiauramiuislawy
10.7 Mhz 74 hAng e @ i Wuetesdediazlinlauas le.en Alnujnan el

455 Khz neetiasdmrmeia lndidseiunld B ygatnug siinisdaulas
1

]
?
1
1

-
~
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L
n) 1)
1
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& | bfjl !l c:.L)Eg =
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3C- [1:! ! 01
3 el
3a&a s AC}* = .
00 o l) ¢

50 O L

7M1 4.18 dnwuzn1siiees YMC 6649

1 - :’/ - - (% [ ] -l - - 1 4 ‘. -~ [ 4

wiewladle. v Bniuarfisnaanidnsesivinetuasiinndmefanun fiedenndines

& o cd 4 v, K g

HazfiAiauquszunng 280 PF uasislauuuy Ainoqnd 455 Khz inssanid anudistouuuy 7
1

AYND 455 Khz (f°) agld

WL =1/W'*C)

L = 1/(W"¥C)

1

favs imanansoduan Amileein 1 e mnudmauseuiivurspdreda 13
AR IMTREARTAY = 1/(W HC*N)

iia N = dmuseutenaada 3-5

* 1

Fasamuefiin axdasmanlAauduausay Aandnes uazi’muﬁtﬁnuuuﬁ 17198
anT0ALIdld U A wEseselid 1710~-5 H wazAn ANdhef(C) = 820 pF uaz

Faan1raaNDislouuLyR 166.7 Khz #fasuidanuausan s

1*10°-5 = 1/(W°HC*N)
N = 1/(W°*820 pF * 107-5)
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N = 1/(W %8.2*10"-15)
W f=243.14*LC
Ty

w2 = 1c = @202
W "% = (2/3.14*166.7°103) 2= 1.097*10~12 fad
N = 1/(1.097*1012*8.2*10~-5) :

N = 1/(9*10-3)

N=111.2 81
4

damlrAnilaBnatianiliie AwunninefAMN (QUALITY FACTOR) ATATHANIAGY 7

o

v 1 l'd' " t f-‘l’ v
uazsiavagluintuaiinemunz eAunninafiuldsgy

+

-

Vo

0.707Vo  |eoveeeoeeeannnn. - S

v

f1 f2 f3

L
3

1
1

d‘ -~ i
' JUR4.19 usmANANHZIY Band Pass Filter
i

q1ngUazuiuléin Band Width (BW) Aataeszudng FL &1 BW LAyl Q A

11704141 QUALITY FACTOR (Q ) #anngms ;

Q =f7BW

i
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L) L QL A’
N1FRBNLULINSS Tank AUANNITANL .
- P1TABNAN Q 1BINAT Tank

- N91ABNAIAMNA94 Capacitor ;
- N7@8aNnA1 Henry 124 Coil )

1. NM7AANAY Q T8NNAT Tank -
n1eainasenady funenannaziuun class mqw-mq'mLw'a'lﬁlmﬂnawﬁmw

reanasiat IntEiaudnda 1 Q 184997 Tank fAntat ﬂ‘a‘:ﬁwﬁmwmmoﬂﬂmm:m WAL output
=1 Harmonic aanuun Wit Q 489043 Tank fiFnga fasinbifinszualwanialuaeas Tank g
[]

S , Y oad T
1N n1rgay@anislunias Tank fAmNALUAE Band Width uauas adudinamunsiiteanldi
1

12 q lReA" Q 2899947 Tank azldilszinny 10 fla 20 .

v i
1ua9as Tank 14 tu Resonant Frequency A1 Xl AZin1nu Xc Las I;npedance 1BINAIRE]

¥

mqam daudn Q 1eenaraziidvingy Xixs @ewiugnsldnl
t

fu Resonant Frequency

wes

Q=X/Rs (lifiwidan)
Xl = 2*3.14*F*L (Ohm)

Ll o ™

Xc = 1/2*3.14*F*C (Ohm)
Z=X"Q (Ohm) I

.1
N9 Q = Quality Fector

X! = Reactance of Tank Coii in Ohms .

Xs = Series Resestance in Ohms. .

2. N131A8NA1A2INA T84 Capacitor

MIABNAIAIINATEY Capacitor 1849947 Tank ﬁ'l‘i’ﬁmqummg’u Tunaljun azligms
MERII89UTENINN Collector Voltage fiu Collector Current udainAf L Tlaundn Capacetor
a1n Cahrt Ansautiafall !

Ratio 484 Collector Voltage / Collector Current :
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al
uvvnt 5
NISYNIARDY UAY HNANISYIARDY

51 mMA msRSUAQIN W@8s ( Voice Operate Switch , ( VOX ) NJM 2072 )
- anazdn@f O auilu logic High
- noasatlaudyyin Sine Wave 1kHz #agili 5.1.1

- dodyyrun O/P azld logic low Mpi 5.1.2

[ﬂ_i mYOC 1601 B 2YOFFig:z1
SBEps OIY. Trig:al -201 f
PORE/DLY Tristaloadly | ﬁ,m

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

Frequency Yeeakspeak

1.00 uu= 202wy [
=MIGAMETER © M EXTmV

JuUn 5.1.1 WAMAYINL Sine Wave A9uE 1 kHz fdnaaty VOX

-
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B 1vDC10:1 B =2YO0FFi@:1 ' HOLD

‘UJ.J?.".E.' I‘sl', T r?l. gt ."-‘!1. r'.i“.DI“f’ .............. '.‘U—"*.H'—."?".—
e e E S
S U T T TS R R
E-':ﬂ.": .................................. Wleccr oo

Cur’or Peadings on waveflorm A
F requency Vpeak-peak
-—= Hz 496 REMUTE

WIS METER € ¥ EXTmV

|

UM 5.1.2 ugsananauduedlad VOX sadtyyiunaaau
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5.2 aA duin / @Wunau dygandes Voice Unit ( ISD 1420 )
- Faluuariogdin ( Sampling 7 64 KHz )
- taudtynyitu Sine Wave 1 kHz ﬁ'agﬂﬁ 5.2.1 {
- wasuiuTmaeuiy

- dndtyrynui 1B Nqesiednine Al 5.2.2

[ SOmYDC1@:1 B 2V0FFig:1 ' [Eine
5maus,fnw ng m —*:-Dw 3 r-hanLlﬁL

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

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

Curcor readings on waveForm ﬁ

F requency Vpeakspeak

1.D 0 khz - D.D b’ ;
EZIMETER & M EXTmVY

¥

A 5.2.1 uanuduaanud 1 kHz AIneaeniufinnia Voice Unit

- - - - +
]

1
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[ ivocig:l EH 2Y0FFi0:1 | R
.fa'i.“:?U.-'F.f.DIV T.r.'l..ﬂ. .ﬁ.l. .-F:DI':" ............ a .'.W.HUF?'.—
NER T : LA

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

Frequency Vpeak speak

1.00 khz 236 v ]
=Ml S METER € EXTmY

st 5.2.2 dyryrou Enivn WaWunduniA Voice Unit  «
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5.3 n1snARaTNewd aanwuu Wluaynsy ( Coder MC 145026 )
Foyquaunnes MC 145026 #1991 utinilu Address 5 1in, Data 4 iim,
( ATA2A3A4A5 D6ED7D8DI ) 3
--yeaaRania 111011110 '
- Andtyryrnueyinm 11 15 'lﬁﬁngrquﬁqgﬂﬁ 5.3.1
nasesdnusiady 100100000 figi 5.3.2

naaaaRausiadlu 110111011 AU 5.3.3

B 2vDcim:d B 2vOFFig:i HOLD
18ms/DIY Trig:Al-201v ... MANUAL

SN T VIV N NN N I N I N S TN NEE UNE N N N S R S T T Y

53
I
'5
In
u)
-2
-
i
[
L
=
3
in
0]
[m]
3
<
w
-
T
Ly
a
-
=
I

Freguency . Vpeakspeak

227 Hz 212 v REMUTE
=ML METER @ H EXTmY

- 3
ﬂJ*n 531 ﬁ’:y:y'\m RV MC145026 asarviad ( A1-A9 ) dlu 111011110
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{
M 2vocio:l ‘B 2YOFF1@:1 HOLD
llilmstI'l." Tr"J.g ﬁ'L EDI'-.-' Ml‘-‘iHUﬁL

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

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

-----------

Frequency Vpeakspeak

B33 Hz 220 v : REMOTE
=ML SMETER @ 43 iEHTmU

2 5.32 doyaos dinin 181 MC 145026 diessmia 100100000




= zuncmi B _2YOFF10:1 " HOLD
MHHUQL

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

TR S W R SEE SR N W N Y ksl nde etk el eledeomedrfrmlmbsat et et k. X X 2 2 2 2 _E &8 2 % 2

Cursar readings on waveForm A

Frequency VEeeakspeak

227 uz a2y
=MUSSMETER @ ¥ EXTmV

U7 5.3.3 dryans dnfgn 189 MC 145026 (ledania 110111011
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[ 2vDCiE:1 B 2zvOFFin:1 HOLD

.5’3’?#?.{13.'15’. T r.'% gi Hl.. .?-:E.'Iﬁf ............ ' RUTO
. |

“ernenanas L L e .,.._-rnr _l_.-n-mrq' ............. _J_..".-vm-'Fl ..............

:... ........... j....:....: ................

Ea'l_ ) ’

:-...,._ ........ T N IR+~ ST O I ..:...—.'!-___‘I‘_:—u.-._.,..

Cursor readings on waveForm A5
Freguency VYpeakspeak |

925 u: 488 v - [REMDTE
- KIS METER & M EXTHY

!

sUft 5.3.4 fyos Clock 784 MC 145026 Al 925 Hz

1
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5.4 NISNARBINIANBATEUA (DECODER mc 145027)
naqaatleudtyyiuidyinn 189 MC 145026 (uduwnaas MC 145027 Tnamss

NARBIAIUBAATE 11111 A6 1111
Aanamarasafulunseaiusicde  dhiudeyalagnses ¢ vy High

Jadtyoyru VT ( Valid transmission ) lu High uassddula o

X

Jadtyyns Data 199 Decoder 14 1111

55 NMA NBAQIAIARY / ANAAAIAAEs WUy FSK ( AC line transciever LM 1893 )
Aeunads UJau Data fu 0 Tidyqyanu 127 kHz dagd 5.5.1
waen Data 1y 1 Tdtyyns 123 kHz gyl 5.5.2

- naavAaunia U - 49 iy
Tadtyty1uam Secondary 124 IFT sy Idyyausagyl 5513

{



[ 2vDcin:l B 2YoFFi@:i
EpchIb Trlq nl 251» MHHUﬁL

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

b i 2 2 X 3 2 2 .5 2 2.2 K. 3 3 3.3 .3 .3 3 & 3 2 3 2 _:_ 32 2 2 N E S . T T T T TS Y S

Cur o readings on waveform A&

F requency Yepeakspeak

127wz 360 v - [EEmOTE
=IMEGAMETER €2 EXTmY

i
:
i
.

SUR 5.5.1 dryryany 1BYiwn 189 LM 1893 Lile Data=(
i
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[ 2vDcie:1 EH 2VYOFF10:1l | HOLD
2p=xnxv Trlq ml znxv * MﬁHUﬁL

N R . S
L-L.II""=DI"' Peadings on waveFarm I:'l-

Frequency Vpeakspeak

123 = 3f6 v ' [FEmiE
=IMUYSMETER M EXTmY

- v - - . i
2 5.5.2 doyoyney 1€1vivm 189 LM 1893 1ila Data = 1




F1o0mvDC 10 F evoFFio:l . R
ﬁDp’fDIV TPlQ ﬁl EDIV ; MﬁHUﬁL

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

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

Cur:ur Peadings on waveForm B

Frequancy Vpeak--paak

113 = S , [EEROTE
=MI YIS METER <2 » EXTmY

1

17 553 dyryrcuiize Secondary w94 IFT FufLfiszes 20 ws
1
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‘ : uni 6 .

ayUramInanes ,

o~

1. nMA TELEPHONE INTERFACE .
1.1 A ON/OFF HOOK SWITCH
CPU am130dalil Relay vims anmne winsdwild

—_— e s o

1.2 n1A Ring Detect
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initial system

load input
(all data)
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%t o/p controled
jby i/p active

|

o/p turn on

No «

F

set 01/p want to turn on

b

have
o/p turn off

No «

clear ¢/p want to turn off

|

o/p status = o/p bufier

No

. 4

out o/p status to
control load

~
y

have

l———No .
i/p call pager
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caii page and sent
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START INTERRUPT

SW. INTO
SW. MANUAL
AT BASE
ACTIVE

Yes

BASE CONTROL

- COMMAND FORM

* XX #
*00# *CODING#
*01# *PRECALL#
*02# *PAGENUMBER#
*03# = RUN (OUT,IN)
*04# = SHOW STATUS
*05# = END CONTROL
*06#=0ON O/P 1
*07#=0ON O/P 2
*08#=0ON O/P 3
*09# = ON O/P 4
*10# = OFF O/P 1
*11# = OFF O/P 2
*12# = OFF O/P 3
*13# = OFF O/P 4

-USER FOR
- LOAD
CALLPAGE NUMBER
- SHOW STATUS
/P, OIP
- CONTROL O/P

RESET SYSTEM

No—» TEL. INTERFACE

CHK RINGING
AND COUNT

Yes

10 RINGING

Yes
A 4

NO

NO

TEL . CONTROL

- COMMAND FORM

* XX #
*00# = RUN (OUT,IN)
*01# = SHOW I/P,O/P 1
AND CONTROL O/P 1
*02#=SHOW I/P,O/P 2

*03# = SHOW I/P,O/P 3
AND CONTROL O/P3
*04# = SHOW I/P,O/P 4
AND CONTROL O/P 4
*05# = END CONTROL

- USE FOR
- PRESENT STATUS
1IP,O/IP
- CONTROL O/P

AND CONTROL O/P 2

RETURN
INTERRUPT

INTERRUPT FLOWCHAT




X
;DEFINE CHARACTER USED FOR DTMF ¢
ZERO EQU 0AH }
ONE EQU 01H ;
TWO EQU 02H ‘
TREE EQU 03H 1
FOUR EQU 04H }
FIVE EQU 05H {
SIX EQU 06H
SEVEN EQU 07H }
EIGHT EQU 08H
NINE EQU 09H ’
STAR EQU 0BH {
, SQUARE EQU OCH
;DEFINE P1.X FOR EEPROM
EEPCSS EQU P1.0 ;
-~ EEPCLK EQU P1.1
EEPINP EQU P1.2 1
EEPOUT EQU P1.3
BASEINT EQU P1.4 ;USED FQR INT
LO1SHIO EQU P1.5 }
SERCLK EQU P1.6 i
SERIN EQU P1.7
;DEFINE P3.X FOR INT [
. INTOBIT EQU P3.2
; DEFINE REGISTER_B t
REGISTER B EQU OFOH
;DEFINE FOR PORT -
PORT1 EQU 06000H ;0-3=DTMFGEN, 4=DTMFCON, 5-6=RELAY A-B
; 7=TRIG TIMER(INT] 0)
PORT2 EQU 06001H ;0-3=SEL SUB,4-7iDATA TO SUB
PORT3 EQU 06002H ;0-3=PE-PL-A0-Al}4=SENT DATA TO AC
‘CONTROLP123 EQU 06003H ;ALL O/P = #80H
PORT4 EQU OEO0OOH ;0-3=DTMFDECODE
PORTS EQU O0E001H ;0=VOX,1=INTOMAN{2=10RINGCHK, 4=HOOKSW
;4-7=SUB ENABLE
PORT6 EQU OE002H ;0-3=DATA FROM SUB, 4=DATA’SUB READY
CONTROLP456 EQU OE003H ;ALL INPUT =#9BH]|
;DEFINE FOR LCD
LCDWRC EQU 0CO000H ;LCD WRiéE CONTROL
LCDRDC EQU 0CO01H ;LCD READ CONTROL
LCDWRD EQU 0C002H ;LCD WRITE DATA
LCDRDD EQU 0CO003H ;LCD RE DATA
UPPER EQU 80H
LOWER  EQU 0COH
;DEFINE FOR BLANK REGISTER
XRO EQU 00H
XR1 EQU 01lH
XR2 EQU 02H

XR3 EQU - 03H

L



XR4 EQU
XR5 EQU
XR6 EQU
XR7 EQU
;USED FOR CONTROL SUB
CONOUT1
CONFEED1

;BIT ADDREASSABLE
ORG 20H

;20H
NO USED:
NOU_SED:
NOUS_ED:
NOUSE_D:
OPSTAll:
OPSTAl12:
OPSTA13:
OPSTAl4:

;21H
NOT_USE:
NOTU SE:
NOTUS _E:
NOTUSE _
IPSTAll:
IPSTAl2:
IPSTAl3:
IPSTAl4:

;22H
CALLED:
CALLERROR1:
CALLERROR2:
CALLERROR3:
CALLERROR4 :
CALLERRORS :
CALLERRORSG :
CALLFAIL:

;DEFINE BYTE IN BITADDRESSABLE
OUTPUT_STATUS
INPUT_ BUF
CALLSTATUS
SUB21IN
SUB43IN

;BYTE ADDRESSABLE
ORG 30H
PRECALL:
CALLNUM:
OUTPUT_BUF:
WANT TO_ON- BUF:
WANT TO_OFF_BUF:
STA_TO_DTMF:
ALL STAR:

;DEFINE CODE (5 NUMBERS)
CODE :

;USED FOR SUMMING IN COMMAND

04H
05H
06H
07H

EQU
EQU

DS
DS
DS
DS
DS
DS
DS
DS

DS
DS
DS
DS
DS
DS
DS
DS

DS
DS
DS
DS
DS
DS
DS
DS

EQU
EQU
EQU
EQU
EQU

DS
DS
DS
DS
DS
DS
DS

DS
JMP

OFH
1FH

FRPEPRERHRBERRE PRPREPPPP

PHRHERPREEPP

20H
21H
26H
24H
25H

NOHRPRK WO

5
@A+DPTR

bk L Y

;IN CONVERT

F ; IN

SENTSTATUS



SUMJUMP : DS 1 ; A

PRECHANGE : DS 16 ;Eonvert for show num
i ,

; PARAMETER FOR DELAY

TX1 EQU  0A8H !

TX2 EQU  OFFH

TX3 EQU  OFFH

RX1 EQU  02AH fl/lo OF TIMEOUT ER

RX2 EQU OFFH . TIMEOUT ERROR = S S
3

RX3 EQU OFFH

T2SEC1L EQU OA8H
T2SEC2 EQU OFFH
T2SEC3 EQU OFFH

T1SEC1 EQU 54H
T1SEC2 EQU OFFH
T1SEC3 EQU OFFH

S s dmigiagy ol

;USED FOR VOICE_CONTROL

VOICE1l EQU 01H
VOICE2 EQU 02H !
VOICE3 EQU 03H y
VOICE4 EQU 04H
VOICES EQU 05H
VOICE6 EQU 06H
VOICE7 EQU 07H
VOICE8 EQU 08H

;*********************************************** khkkkhkdkhkdhhhdhkhhkhdkdkkdxk

L ] el m—*w-—l@-—*,ﬂ‘ —— et e

ORG 0000H
ORIGIN: SJIMP START
ORG 0003H
LJIMP INTERRUPT
ORG 0040H
START: MOV IE, #00H
MOV P1,#00H
MOV OUTPUT STATUS, #00H
MOV CALLSTATUS, #00H #CLEAR BYTE
LCALL  EEPEN
MOV DPTR, #CONTROLP123 ]
MOV A, #80H ) |
MOVX @DPTR,A #iSET PORT123 =0/P
MOV DPTR, #CONTROLP456

MOV a, #9BH

[T R W v

N s



CLRRAM:

CLRPORT1:

MAIN:

MOVX
MOV
LCALL
MOV
LCALL
MOV
LCALL
CLR
MOV
MOV
MOV
INC
DJINZ

MOV
MOV
CLR
MOVX
INC
DJNZ
MOV
MOV
LCALL
LCALL
LCALL
LCALL
SJMP

@DPTR, A
A,#00111000B
LCDWI
A,#00001110B
LCDWT
A,#00000001B
LCDWI

A

R2, OFH

RO, 20H
@RO,A

RO

R2, CLRRAM

DPTR, #PORT1
R2,#3

A

@DPTR, A
DPTR

R2, CLRPORT1

DPTR, #INITIAL_ OK_

RS, #UPPER
SHOWLCD
SUBIN
PROCESS
I_CALLPAGE
MAIN

|

}SET PORT456 =I/P
FUNCTION SET

?8 BIT, 2 LINE ,5*7
t DISPLAY ON/OFF

ON, SHOW CURSOR, CURS
lCLEAR

|
.iCLR BIT ADDRESSABLE

Y
}FIRST OUT=0 TO 8255

\

fCLEAR O/P PORT

:

JIn aLL DaTa
#PROCESS DATA AND CO
J]CHK INPUT CALLPAGER

,-***********************SHOWLCD************************

SHOWLCD:

CDLDPS:

CDLDPS1:

PUSH
PUSH
MOV
LCALL
POP
POP
RET
LCALL
MOV
CLR
MOVC
LCALL
INC
DJINZ
RET

ACC
XR2
A,R5
CDLDPS
XR2
ACC

LCDWI

R2, #16

A
A,@A+DPTR
LCDWD
DPTR
R2,CDLDPS1

3

'
;36 IS DEC

;**********************LCDWD********************* k& % % %

LCDWD:

LCDWD1:

PUSH
PUSH
MOV
MOVX
MOV
MOVX

DPH
DPL ‘
DPTR, #LCDWRD
@DPTR, A
DPTR, #LCDRDC
A,@DPTR




proeas

JB ACC.7,LCDWD1

POP DPL
POP DPH
RET
,-******{**’**************LCDWI********************l*’*******
LCDWI : PUSH DPH
PUSH DPL
MOV DPTR, $LCDWRC ,
MOVX @DPTR, A {
MOV DPTR, #LCDRDC f
LCDWI1:  MOVX A, @DPTR
: JB ACC.7,LCDWI1 {
POP DPL |
POP DPH
RET |
}

sREEKK kKK kkk Ik kkhhhkkhhkkkkx*GUB IN *hhhhhhhhhddkhprrddkdkhhhrhhhdhdddr
; LOAD DATA FROM SUB CONSIS OFF I/P,0/P,WANT TO dN,WANT TO OFF

;IN = NOT
;REG = ACC,R2,R3,R4
SUBIN: PUSH PSW
PUSH ACC
PUSH XR2 ;
PUSH XR3
MOV R2, #CONFEED1 .
MOV R3, #0F1H ;
LCALL  SUBINLOOP
MOV R3, #0F2H
LCALL  SUBINLOOP [
MOV R3, #0F4H
LCALL  SUBINLOOP i
MOV R3, #0F8H t
LCALL  SUBINLOOP
POP XR3
POP XR2
POP ACC
POP PSW b
RET
SUBINLOOP: LCALL  TXACRX 1
LCALL  CHKERROR
MOV A,R4
JB ACC.7, SUBLOOP2 1;ACC.7=1 ERROR OCCUR
LCALL  LOGDATA
SUBLOOP2 : RET

ckdhkhkhkhkhkhkhkkhkhkhkhhkhkhkhhhhhhkhkhkhktkhkkkix*xTX AC RX*******’********************
[ — —

;SENT DATA FROM MAIN TO SUB

.IN = R2 (ADDRESS SUB CONT. LOGIC),R3 (DATA TO SELECT BUFFER FEEDBACK)

;:REG = ACC,R2,R3,R4,R5,DPTR !

:OUT = R4 (DATA RECEIVED (BRIT7 = O DATA OK ,= 1 ERROR )

TXACRX : PUSH PSW
PUSH ACC

vy



TXACRX2:

RXOK:

TXACRXEND:

. *k ok kkx dkkkkkkdhhkhkhkkk *
jRE* dd ok ok ok * % *%x*k* CHK ERROR*** k% k%

CHKERROR :

CHKERRORZ2:

ENDCHKERROCR :

PUSH
PUSH
PUSH
MOV
ANL
MOV
MOVX
MOV
MOV
MOVX
LCALL
CLR
MOV
MOVX
MOV
JNB
MOV
MOV
MOVX
JB
LCALL
DJNZ
MOV
SJIMP
ANL
MOV
POP
POP
POP
POP
POP
RET

PUSH
PUSH
PUSH
MOV
JNB
MOV
MOV
LCALL
MOV
MOV
JB
MOV
JB
MOV
JB
MOV
MOV
LCALL
POP

XR5
DPH

DPL

A,R2

A,R3

DPTR, #PORT2
@DPTR, A

A, #10H
DPTR, #PORT3
@DPTR, A
DELAYTX

A

DPTR, #PORT3
@DPTR, A
A,R2

ACC. 4, TXACRXEND
RS, #0AH
DPTR, #PORT6
A, @DPTR
ACC.4,RXOK
DELAYRX

RS, TXACRX2
R4, #80H
TXACRXEND
A, #0FH
R4,A

DPL

DPH

XR5

ACC

PSW

PSW
ACC

XRS5

A, R4

ACC. 7, ENDCHKERROR
DPTR, #HAVE ERROR_SUB
RS, #UPPER

SHOWLCD

A,R3

DPTR, # INPUT_RESPONSE
ACC. 0, CHKERROR2

DPTR, #OUTPUT_RESPONSE
ACC.1, CHKERROR2

~

.- rem—

ey

- A

;CHK TIMEOUT ERROR
;RECEIVE FAIL SET BI

L

L ; RECEIVED BIT7=0 ,LS

3
r********************

*

ey e -y

;CHK WHAT BUFFER ERR

DPTR, #WANT TO_ON_ RESPONSE

ACC. 2, CHKERROR2

DPTR, #WANT TO_OFF_RESPONSE

R5, #LOWER
SHOWLCD
XR5




POP
POP
RET

ACC
PSW

A~

" A * * %
,*****************************LOG DATA** %k kkk* Kk khkdhkhkhkhhkhhkkkhkdk

LOGDATA :

LOGDATAZ2:

POP
POP
POP
MOV
MOV
JB

MOV
JB

MOV
JB

MOV
MOV
ANL
MOV
POP
POP
POP
RET

PSW
ACC 1
XRO i
A,R3 ,
RO, #INPUT BUF 1
ACC.0,LOGDATA2

RO, #OUTPUT_BUF
ACC.1,LOGDATA2

RO, #WANT TO_ON_BUF
ACC.2,LOGDATA2

RO, #WANT_TO_OFF_BUF
A,R4 !
A, #0FH
@RO,A
XRO
ACC
PSW

-

]

i

1
,'*****************************PROCESS******************

PROCESS:

PROCESS2:

PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
MOV
JZ
LCALL
MOV
MOV
MOV
ORL
XRL
ANL

MOV
CJINE

PSW
ACC
XRO
XR1
XR2
XR3 1
XR4
XRS
XR6 b
XR7

DPH

DPL

A, INPUT_BUF
PROCESS?Z

I_CON O

RO, #WANT_TO_ON_BUF
R1, #WANT TO OFF BUF
A, OUTPUT_STATUS

. pn o peg gy % p—

;NO I/P DON'T I/P CO

A,@RO ; SET WANT TO ON TO O
WANT TO OFF_BUF, #0FFH
A,@R1 ;CLR WANT TO OFF ON

PIORITY WANT TO OFF

; COMPARE O/P STATUS
;EQUAL = NOT CONTROL

¥

%
OUTPUT_STATUS,A ;
A, OUTPUT BUF, PROCESS3 1
|

l

|

1



PROCESS3:

PROCESS4:

ENDPROCESS:

4

SJMP
MOV
LCALL
MOV
MOV
LCALL
MOV
MOV
XRL
DJNZ
JNZ
LJIJMP
MOV
MOV
LCALL
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
RET

f NOTEQUAL = CONTROL
PROCESS4
R6, #0FH
SUBOUT ]
R2, CONFEED1
R3, #0F4H
SUBINLOOP i
A,OUTPUT STATUS {
RO, 4OUTPUT BUF

A, @RO

R6, PROCESS4

PROCESS3

ENDPROCESS

DPTR, #£ERROR_OUTPUT_CON
RS, #LOWER

SHOWLCD

DPL

DPH

XR7

XR6

XRS5

XR4

XR3

XR2

XR1

XRO

ACC

PSW 3

iy, ot S e e e

x
2

;******************************I CON o**********1*****************

I_CON O

I_CON2:

I_CON3:

I CON4:

PUSH
LCALL
MOV

MOV
ANL
ORL
MOV
JNB
MOV
SWAP
ANL
ORL
MOV
JNB
MOV
ANL
ORL
MOV
JNB

i

ACC }

LOADSER ;LOAD SERIEAL 16 BIT(I CON O
A, INPUT_BUF
ACC.0,I CON2
A,SUB21IN

A, #O0FH
OUTPUT_STATUS,A ;CONTROL O/P BY I/P 1 ACTIV
A, INPUT BUF
ACC.1,I_CON3
A,SUB21IN

A

A, #0FH .o
OUTPUT STATUS,A ;CONTROL O/P BY I/P 2 ACTIV
A, INPUT_BUF i -

ACC.2,I CON4

A, SUB43IN

A, #0FH ‘

OUTPUT_STATUS,A ;CONTROL O/P BY I/P 3 ACTIV
A, INPUT_BUF ?

ACC.3,I_CONS

e i g

L
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MOV
SWAP
ANL
ORL
I CONS: POP
RET

A,SUB43IN i

A f
A, #0FH E
OUTPUT_STATUS,A ;CONTRO, 0/P BY I/P 4 ACTIV
ACC {

sREkE K KKK KKKk Kk kkkkkkkkk* k¥ ¥ ***[ OAD SERIAL INJ&T (DIP SW.) **xkkkk*

LOADSER : PUSH
PUSH
PUSH
SETB
LCALL
LCALL
CLR
LCALL
MOV
LCALL
MOV
POP
POP
POP
RET

ONECLKSER: SETB
NOP
NOP
NOP
NOP
NOP
CLR
RET

SERSHIFT: MOV
SERSHIFT2: MOV
RLC
DJINZ
RET

PSW
ACC .
XR2
LO1SHIO ;= 1 (LOAD DATA MODE)
ONECLKSER
ONECLKSER
LO1SHIO ;= 0 (SﬁIFT DATA MODE)
SERSHIFT
SUB43IN,A
SERSHIFT
SUB21IN,A
XR2

ACC

PSW

= gl

SERCLK

SERCLK

R2,08H
C, SERIN
A

R2, SERSHIFT }

I-************************************SUﬁ OUT***’J khkkkhkkhkhkhkhkhkhkhkhkhkkhhi

SUBOUT: POP
POP
PCP
POP
MOV
MOV
LCALL
POP
POP
PCP

AcCC
XR2

XR3

R2, CONOUT1
R3,0UTPUT_STATUS
TXACRX

XR3

XR2

ACC

1
PSW i

ot e g gy Srr gy i o B e



U Zow

RET

|

,’******************************I_CALLPAGE***************************

I CALLPAGE: PUSH PSW
PUSH ACC
PUSH DPH
PUSH DPL

i S gy g

MOV DPTR, #PORT5 .
MOVX  A,@DPTR ;IN I/P ICALLPAGER ENABLE
ANL A, #0FH ,
JZ END_I_CALL ;DON’T SET TO END
ANL A, INPUT BUF ;
JZ END_I_CALL ;I/P ACTIVE DON'T ENABLE TO
LCALL  CALLPAGE t

END I CALL: POP DPL I
POP DPH
POP Acc {
POP PSW {
RET :

sRhkkkhkhkhhhkhkhhrhhhxxxxx**CAL], PAGER****kkkkhkhkhhhhhhrrhhhkhohkdn

4

CALLPAGE: PUSH PSW
. PUSH ACC

PUSH XR2 i

PUSH XR3

PUSH XR5

PUSH DPH

PUSH DPL

CALLPAGEL: LCALL  PRETEL ;CHK LINE STATUS
JZ ENDCALL ;LINE U?ING TO END
LCALL  CHKCALLSTA
JZ ENDCALL ;A=00(END CALL)
MOV A, #PRECALL ;READ PRECALL FROM EE TO RAM
ANL A, #0FH i
LCALL  EEPRD
MOV PRECALL, R2
MOV PRECALL+1,R3
MOV A, #PRECALL+2
MOV A, #0FH !
LCALL  EEPRD
MOV PRECALL+2,R2
MOV PRECALL+3,R3
MOV A, #PRECALL+4
ANL A, #O0FH
LCALL  EEPRD
MOV PRECALL+4,R2

MOV PRECALL+5,R3

A, el 8 g Mt Vo s o g it ——. oy bt



ENDCALL:

ENDCALL2 :

ENDCALL3 :

MOV
MOV
LCALL
MOV
MOV
MOV
LCALL
LCALL
JZ
MOV
LCALL
JINZ
LCALL
Jz
LCALL
INZ
LCALL
JZ
SETB
CLR
MOV
MOVX
MOV
JB
JNB
MOV
MOV
LCALL
POP
POP
POP
POP
POP
POP
POP
RET

A, #PRECALL+6
A, #0FH
EEPRD
PRECALL+6,R2
PRECALL+7,R3
RO, #PRECALL

N g Bffphagte. s i

; SENT PR?CALL TO TEL LINE

SENTDTMF

CHKVOICE ;WAIT FOR VOICE

CALLPAGE1 ;A=00 NOT VOICE TIMEOUT ERRO
RO, #CALLNUM ;SENT CALLNUMBER

SENTDTMF }

CALLPAGE1 ;HAVE VOICE DURING SENT ERRO
CHKVOICE ;WAIT FOR VOICE

CALLPAGE1 b

SENTSTATUS ;SENT STATUS TO TEL LINE
CALLPAGE1 ;A NONZERO = ERROR

CHKVOICE ;WAIT FOR VOICE

CALLPAGE1 ;NO VOICE ERROR

CALLED ;CALL PAGE OK SET CALLED BIT
A {

DPTR, #PORT1

@DPTR, A CONTROL RELAY OFF E
DPTR, #SYSTEMCALLED : SHOW LCD

CALLED, ENDCALL?2
CALLFAIL, ENDCALL3
DPTR, #CALLPAGEFAIL
‘R5, UPPER

SHOWLCD
DPL
DPH
XRS5
XR3
XR2
ACC
PSW

¥ CHK CALLED COMPLETE
7 CHK CALLFAIL(MORE F

!
;
!
z
r
|

;****************************PRE TEL*****k*kkxhkkhkkhkhkhkkhkdhhdhhhhhhhhhhkdd

;CHK TEL LINE STATUS

;IN = NOT

;REG = ACC,DPTR
;O0UT =

PRETEL:

USED:
ENDPRETEL:

PUSH
PUSH
PUSH
MOV
MOVX
JB
CLR
CPL
SJMP
CLR
POP
POP
POP

A (0=LINE USING, FF=LINE OK)

PSW

DPH

DPL

DPTR, #PORTS5
A,@DPTR
ACC.3,USED
A

A
ENDPRETEL
A

DPL

DPH

PSW

Mgy i —

st A i ot ot g o i, e e e Y i et e gy e



RET

¥
{
b

i
;****************************CHECK CALL STATUS* *k*kkkkhkhkhkkdkdhhhhkhkhk

;CHK LINE TEL

!

;IN = NOT ‘
;REG = A I
;OUT = A (00 = DON'T TRY TO CALL,FF = CALL) !
CHKCALLSTA : PUSH PSW ‘
JB CALLED, CLRA ; CALLED COMPLETE TO END
JB CALLFAIL,CLRA  ;CAN'T CALL MORE FAILED
CPL CALLERROR1 k
JB CALLERROR1, SETA ;
CPL CALLERROR2 !
JB CALLERROR2, SETA i
CPL CALLERROR3 {
JB CALLERROR3, SETA
CPL CALLFAIL
JB CALLFAIL, CLRA
SETA: CLR A
CPL A ’
SJMP ENDCALLSTA
CLRA: CLR A ]
ENDCALLSTA : POP PSW
RET

!
;************************************SENT DTMF*****xkdkkkkkkkkkhkkdkthkikx

;SENT DTMF TO TEL LINE

;IN = RO(ADDRESS ON RAM TO SENT)
;REG = A,R0,R2,R3,DPTR
;00T = A
SENTDTMF : PUSH PSW

PUSH XR2

PUSH XR3

PUSH DPH

PUSH DPL

MOV R3,#03H
SENTDTMF1: MOV R2,#08H
SENTDTMF2: MOV A,@RO

CJINE A, #SQUARE, SENTDTMF3

SJMP ENDSENTDTMF
SENTDTMF3 : ORL A, #20H

MOV DPTR, #PORT1

MOVX @DPTR, A

LCALL DELAYT2SEC

INC RO

DJNZ R3,SENTDTMF4

- LCALL CHKVOICE

Jz ENDSENTDTMF2
SENTDTMF4 : DJNZ R2, SENTDTMF2
ENDSENTDTMF : CLR A
ENDSENTDTMF2 : POP DPL

POP DPH

POP XR3

POP XR2

(8 BYTE OR DETECT SQUAR%)

:

1
;SET FIRST CHK NOT VOICE
;MAG BY?E(NUMBER) TO SENT

; IF = SQUARE TO END

; ORL FO% CONTROL RELAY A ON

|
i
!
; IF ERR?R SENT A=FF RETURN

i
r
|
f
|




POP PSW

B G i g

RET
jREK K Ik kKR dkkkk Kk kk Kk kxkkXCHECK VOICE**kkkkkhkkkkk gk hhhkkhhkhkkdhdkkkkh*
;CHK VOICE ¥
;IN = NOT '

;REG = A,R2,DPTR
;SENT = A(FF=HAVE VOICE,00=DON’T HAVE)

CHKVOICE: - PUSH PSW !
PUSH XR2 {
PUSH DPH '
PUSH DPL t
MOV R2, #06H !
MOV DPTR, #PORTS5
CHKVOICE2: MOVX A, @DPTR i
LCALL  DELAYT1SEC !
JNB ACC. 0, CHKVOICE3 ; VOC ACTIVE LOW

DJINZ R2,CHKVOICE2
SJMP CHKVOICE4

]
CHKVOICE3: CLR A i

CPL A !
_ 8JMP CHKVOICES ;HAVE VOICE A=FF
CHKVOICEA4 : CLR A |;DON'T HAVE VOICE A=
CHKVQICES : POP DPL

POP DPH j

POP XR2

POP PSW *

RET 1
I-**********;*************SENT STATUS*********i‘**************
;SENT I/P,0/P STATUS ]

;IN = NOT I
;REG = A,DPTR, RO {
;OUT = A(00=SENT OK)

SENTSTATUS : PUSH PSW !

PUSH XRO |

MOV ALL STAR, #STAR

MOV ALL STAR+1, #SQUARE }

MOV A, INPUT_BUF |

LCALL SENTSTALOOP

JINZ ENDSENTSTA

MOV A,OUTPUT_BUF |

LCALL  SENTSTALOOP 3

JINZ ENDSENTSTA )

MOV A, #SQUARE t

ORL A, #20H 1

MOV DPTR, #PORTL1 :

MOVX @DPTR, A i

CLR A
ENDSENTSTA : POP XRO t

POP PSW {

RET
SENTSTALOOP : LCALL  CONVERT

MOV RO, #STA_TO DTMF

LCALL SENTDTMF



SENTSTALOOP2 :

JNZ
MOV
LCALL
RET

SENTSTALOOP2
RO, #ALL STAR

SENTDTMF

iy st

I-*******************************CONWE:RT********1r********************

;CONVERT I/P BUF,O0/P STATUS TO SENT ON TEL LINE

;IN = A
;REG = A,R0,R2
CONVERT:

CONVERT2:

SETCNE :
CONVERT3:

PUSH
PUSH
PUSH
MOV
MOV
RLC
JC
MOV
SJMP
MOV
INC
DJINZ
POP
POP
POP
RET

PSW
XRO
XR2

¥
RO, #STA TO_DTMF ; TAKE DTMF CONVERTED BEFORE

R2, #80H
A

SETONE"
@RO, #ZERO
CONVERT3
@RO, #ONE
RO

R2, CONVERT2
XR2

XRO

PSW

;CONVER! 8 BIT

oo s, Sy iR

I-***************************EEPROM**************'********

;EEPROM READ DATA ,

;IN A (ADDRESS
;OUT = R2,R3
;REG = A,RO,R2
EEPRD:

EEPRD2 :
EEPRD3;

0-3FH)
DATA
/R3

PUSH
PUSH
SETB
ANL
ORL
LCALL
MOV
LCALL
MOV
RLC
DJINZ
MOV
MOV
LCALL
MOV
RLC
DJINZ
MOV
CLR
POP
POP
RET

bPSw

XRO
EEPCSS
A, #3FH
A, #80H
EEPAD
RO, #8
EEPCK
C,EEPOUT
A

RO, EEPRD2
R3,A

RO, #8
EEPCK

C, EEPOUT
A

RO, EEPRD3
R2,A
EEPCSS
XRO

PSW

;CHIP S%LECT

;10XXXXX§

A g




;EEPROM WRITE DATA

;IN = A ADDRESS 0-3FH

;IN = R2,R3 DATA ,

;REG = A,RO

EEPWR:

EEPWR2:

EEPWR3:

PUSH
PUSH
SETB
ANL
ORL
LCALL
MOV
MOV
RLC
MOV
LCALL
DJINZ
MOV
MOV
RLC
MOV
LCALL
DJNZ
LCALL
POP
POP
RET

PSW

XRO
EEPCSS
A, #3FH
A, #40H
EEPAD
RO, #8
A,R3

A
EEPINP,C
EEPCK
RO, EEPWR2
RO, #8
A,R2

A
EEPINP, C
EEPCK
RO, EEPWR3
EEPCH
XRO

PSW

;EEPROM ERASE DATA (2 BYTE)

;IN = A ADDRESS 0-3FH
;REG = A,RO

EEPER:

PUSH
PUSH
SETB
ANL
ORL
LCALL
LCALL
POP
POP
RET

;EEPROM ERASE ALL

;REG = A,RO

EEPEA:

PUSH
PUSH
PUSH
SETB
MOV
LCALL
MOV
LCALL

PSW

XRO
EEPCSS
A, #3FH
A, #0COH
EEPAD
EEPCH
XRO

PSW

PSW
ACC
XRO
EEPCSS
A, #20H
EEPAD
A, #0
EEPCH

Sl et g St A OISt s i

;CHIP SE

;OlXXXX&

.

-

gy

;11XXXXX§

M e e S s g o i sl s Y. A

R N

ECT

;CHIP SE%ECT



;EEPROM ENABLE
;REG = A, RO

EEPEN:

POP XRO

POP ACC
POP . DPSW
RET

(FOR WRITE/READ) -

PUSH PSwW
PUSH ACC
PUSH XRO
SETB EEPCSS

LCALL EEPAD
CLR EEPCSS
POP XRO
POP ACC
POP PSW
RET

;EEPROM WRITE OPCODE, ADDRESS

;IN = A
;REG = A,RO

EEPAD:

EEPAD1:

OPCODE, ADDRESS XXYYYYYY

PUSH PSW
PUSH XRO

SETB EEPINP
LCALL EEPCK
MOV RO, #8

RLC A

MOV EEPINP, C
LCALL EEPCK
DJINZ RO, EEPAD1
POP XRO

POP PSW

RET

s EEPROM CLOCK GENERATE

;REG = NOT

EEPCK:

SETB EEPCLK
NOP
NOP
CLR EEPCLK
RET

;i EEPROM STATUS CHECK (FOR WRITE/ERASE)

;IN = A
;REG = NOT

EEPCH:

CLR EEPCSS
NOP
NOP
SETB EEPCSS
NOP

NOP

— g o

A g . A e e by

w

A
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CLR
RET

EEPOUT, $
EEPCSS

;***‘***

gREEE R KKk KRRk kk kR Kk kkkkkkkkkx**AT], DELAY***

DELAYTX:

DTX1:
DTX2:
DTX3:

DELAYRX:

DRX1 :
DRX2:
DRX3:

DELAYT2SEC:

D2SEC1:
D2SEC2:
D2SEC3:

PUSH
PUSH
PUSH
PUSH
MOV
MOV
MOV
DJINZ
DJINZ
DJINZ
POP
POP
POP
POP
RET
PUSH
PUSH
PUSH
PUSH
MOV
MOV
MOV
DJINZ
DJINZ
DJINZ
POP
POP
POP
POP
RET
PUSH
PUSH
PUSH
PUSH
MOV
MOV
MOV
DJINZ
DJINZ
DJINZ
POP
POP
POP
POP
RET

PSW
XR5
XR6
XR7
R5, #TX1
R6, #TX2
R7, #TX3
R7,DTX3
R6,DTX2
R5,DTX1
XR7
XR6
XR5
PSW

PSW
XR5
XR6
XR7
R5, #RX1
R6, #RX2
R7, #RX3
R7,DRX3
R6,DRX2
R5,DRX1
XR7
XR6
XR5
PSW

PSW

XR5

XR6

XR7

RS, #T2SEC1
R6, #T2SEC2
R7, #T2SEC3
R7,D2SEC3

Re6,D2SEC2

R5,D2SEC1L

XR7

XR6

XR5

PSW

*i****************'_k**i
{
i
H

Ot A — na gy oo
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e wamass,

DELAYT1SEC: PUSH PSW
PUSH XR5 !

PUSH XR6 h
PUSH XR7
MOV R5, #T1SEC1 1
D1SEC1: MOV R6,#T1SEC2
D1SEC2: MOV - R7,#T1SEC3
D1SEC3: DJNZ R7,D1SEC3

DJNZ R6,D1SEC2
DJNZ R5,D1SEC1

[

POP XR7
POP XR6 -
POP XR5
POP PSW

|
RET i
|

g e s g

jRE Kk Gk k ko kk ok kkkkkkkkkkkkkinterTUDL Q% *dkkkkxkk ko kkk kk kR Rk kkk ok ok k Kk

; TO SELECT TYPE OF INTO INPUT
;IN = NOT

;REG = A,DPTR

;BASE INT=(TEL_ INT=0,BASEINT=1),TEL INT=(TEL_INﬁ=l,BASEINT=O)

- —— adm—

INTERRUPT:* PUSH PSW
PUSH ACC

PUSH DPH t
PUSH DPL '
MOV DPTR, #PORTS
MOVX A, @DPTR
JB ACC.1,TEL_INT AL ¥W. TO INT ACTIVE LO
JNB BASEINT, TORETI ;
LJMP BASECON ,
TEL_INT: JB BASEINT, TORETI ;BASEINT. SW. TO INT ACTIVE H
LCALL TELCON : !
TORETI : POP DPL
POP DPH
pPOP ACC
POP PSW

RETI

,-***************************BASE CONTROL, * * % % % % % %

; CONTROL AT BASE STATION

khkhkhkhkkhkhkhkhkkhkhkhkhkhkk

.
?

.
’

1
1
|
i
i*
BASECON: MOV DPTR, #WELCOME {
MOV R5, #UPPER
LCALL SHOWLCD
MOV DPTR, #KEYCOMMAND {
|
1
!
l
k 4
¢
4



MOV RS, #LOWER {

LCALL SUBOUT

LCALL  SHOWLCD
BASECON?2 : LCALL  CHKSTD
CJINE A, #STAR, BASECON2 f
LCALL  CLEARSHOW ; CLEAR L(D
‘ LCALL  CHKSTD
MOV RO,A :
LCALL  CHKSTD
SWAP A
MOV R1, #XRO , r
XCHD A, @R1 i
SWAP A
MOV RO,A ;A = VALﬁE FOR SUM WITH DPTR
; JUMP TO!COMMAND
WAITSQUARE: LCALL  CHKSTD ;WAIT SQUARE
CJINE A, #SQUARE, WAITSQUARE i
MOV R7,#14 ;NUMBER QF COMMAND (MAX)
LCALL  KEYCORRECT i
JZ BASECON?3 i
MOV DPTR, #XEYERROR {
MOV R5, #LOWER
LCALL  SHOWLCD §
WAITSQUARE2 : LCALL  CHKSTD
CJINE A, #SQUARE, WAITSQUARE2 {
LJMP BASECON2 l
BASECON3 : MOV A,RO
LCALL ACTIVE }
JINZ BASECON2 '
{

LCALL  RAMTOEE

MOV CALLSTATUS, #00H

LJMP ORIGIN ; NEW START
;*******************************CHECK STD********************'*****
CHKSTD: PUSH PSW 4

PUSH DPH

PUSH DPL

MOV DPTR, #PORT4 |

MOVX A,@DPTR }

JNB ACC. 4, CHKSTD

ANL A, #0FH :

POP DPL “

POP DPH i

POP PSW

RET }

FRAEKK I K Kk kkok ok kdkkkdkdh ok ok ok ok ok k kX ACTIVE® * ok ko ok e kok ke kg ko ko k% %k ko k

;OUT = A(00 = END CONTROL,FF = WAIT NEW COMMAND) }
ACTIVE: PUSH PSW i
PUSH XRO i
PUSH XR1
PUSH XR2
PUSH XR3

PUSH XR4 1

ot W




-

PUSH XR5
PUSH XR6 f
PUSH XR7

PUSH DPH
PUSH DPL

MOV DPTR, #STARTO00
MOV REGISTER_B, #03H
MUL AB
MOV SUMJUMP, A
MOV A, #SUMJUMP
JMP @A+DPTR

STARTOO : LJMP CODING

LJMP LOADPRECALL ’
LJMP LOADPAGENUMBER
LJMP RUNOUTIN

LJMP ENDINT

LJMP SUB1STATUS |
LJMP ONOP1
LJMP ONOP2
LJMP ONOP3

P

LJMP ONOP4 t
LJMP OFFOP1 |
LJMP OFFOP2 ‘
LJMP OFFOP3 ,
LJIMP OFFOP4 !
CODING: LCALL  CHKSTD ;WAIT STgR
CJINE A, #STAR, CODING ,
MOV R1, #CODE t
MOV R3,#05H '
LCALL  KEY TO RAM ; PRESS 5 CODE AND SQUARE

LCALL  SHOWINFOR ;
LJMP ENDACTIVE

[FUNRPRE PRI £ WO o § ) |

LOADPRECALL: LCALL CHKSTD WAIT STAR
CJNE A, #STAR, LOADPRECALL
MOV R1, #PRECALL
MOV R3,#08H
LCALL KEY_TO_RAM ; PRESS PRECALL AND SQUARE AF

;UNTIL SHOW INFOR (8 )
LCALL SHOWINFOR ;
LJMP ENDACTIVE

st s

LOADPAGENUMBER: CALL CHKSTD ;WAIT STAR
CIJNE A, #STAR, LOADPAGENUMBER !
MOV R1, #CALLNUM %
MOV R3, #08H
LCALL  KEY TO RAM ; PRESS PAGENUMBER AND SQUARE

;UNTIL SHOW INFOR
LCALL  SHOWINFOR {
LOMP  ENDACTIVE }

RUNOUTIN: LCALL SUBOUT 1
LCALL DELAYT2SEC
LCALL SUBIN




SUB1STATUS:

ONOP1:

ONOP2:

ONOP3:

ONOP4 :

OFFOP1:

OFFOP2 ~

OFFOP3:

OFFOP4 :

ENDINT:

ENDACTIVE:

LCALL
LJMP

MOV
SWAP
MOV
XCHD
MOV
MOV
LCALL
LCALL
MOV
LCALL
MOV
MOV
LCALL
LJMP

SETB
LJMP
SETB
LJMP
SETB
LJMP
SETB
LJMP
CLR

LJMP
CLR

LJMP
CLR

LJMP
CLR

LJMP

LCALL
LCALL
LCALL
LCALL
CLR
LJMP

POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
POP
RET

SHOWCOMPLETED

ENDACTIVE

A, INPUT_BUF

A

RO, #OUTPUT_BUF

A,@RO

DPTR, #SHOWSUB11IO

R5, #UPPER
SHOWLCD
LOADSQUARE

R1, #PRECHANGE

CONVERTBIT

DPTR, #PRECHANGE

RS, #LOWER
SHOWLCD
ENDACTIVE

OPSTAll
ENDACTIVE
OPSTAl2
ENDACTIVE
OPSTA13
ENDACTIVE
OPSTA14
ENDACTIVE
OPSTAll
ENDACTIVE
OPSTAl2
ENDACTIVE
OPSTA13
ENDACTIVE
OPSTAl4
ENDACTIVE

RAMTOEE
SUBOUT
SUBIN

SHOWCOMPLETED

A
ENDACTIVE

DPL
DPH
XR7
XR6
XR5
XR4
XR3
XR2
XR1
XRO
PSW

;A = I1

;ONLY C

e e e b

g Gkl e e ke Off i itk e

g g i s g o a
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E,PRECALL, CALLNUMBE



’-*******************************CLEAR SHOW* *k kdpek kdkkkddhkhkhkkikk

;CLEAR LCD

CLEARSHOW: MOV A,#00000001B :
LCALL LCDWI
RET

jRI KKK Ik khkkkkhkkkhkkkkhkkkhkkkkk*k*x*SHOW COMPLETED* ***kkkkk ks kk kkk

. i
SHOWCOMPLETED: PUSH DSW
PUSH XRS5 ¢
PUSH DPH !

PUSH DPL

MOV DPTR, #COMPLETED )
MOV R5, LOWER i
LCALL SHOWLCD

POP DPL

POP DPH

POP XRS5 1
POP PSW i
RET i

,-******’**************************KEY CORREQCT * * %k % % % J % % % % % % % % % % % %

;CHK NUMBER OF COMMAND WHICH USER PRESSED

{
;IN = R7,RO '
;OUT = A (00=CORRECT , FF=INCORRECT ) 1
KEYCORRECT : PUSH PSW 1
MOV A,RO !
CJINE A, XR7, CORRECT2 LA NOT= R7 JMP
_ SIMP CORRECT3 LA = R7 TO CLR A
CORRECT2 : JC CORRECT3 :A < R7 TO CLR A
MOV A, #OFFH
SJMP KEYCORRECT .
CORRECTS3 : CLR A !
ENDCORRECT : POP PSW i
RET l

1
'-***************************KEY TO RAM**********F*************8

;MOVE DATA RECEIVED FORM KEY YO RAM ( 1
; IN = R1(ADDRESS ON RAM),R3 (NUMBER OF BYTE) !

;REG = A }
KEY TO_RAM: PUSH PSW !
PUSH ACC
PUSH DPH ]
PUSH DPL ]
KEY TO_RAM2: LCALL  CHKSTD i
MOV @R1,A |
INC R1 1
DJNZ R3,KEY TO_ RAM2
KEY_TO_RAM3: LCALL  CHKSTD ‘
' CJNE A, #SQUARE,KEY_TO _RAM3  {WAIT SQUARE
MOV @R1,A
POP DPL
POP DPH
POP ACC

POP PSW

R e R e P )



RET

jREK I I KA kkkkkkhkkkkkkkkkkk*SHOW INFORMATION OF PAGE, CODE* * % % % % % & & % % %
' i

SHOWINFOR: PUSH PSW
PUSH XR1
PUSH XR2 '
PUSH XR5
PUSH DPH
PUSH DPL

LCALL  LOADSQUARE ;SET BLANK TO SQUARE
MOV R1, CODE -
MOV R2, #0S5H {

LCALL  LOADTOSHOW jCOMPILE ON TO PRECHANGE
MOV DPTR, #PRECHANGE

MOV RS, #UPPER

LCALL  SHOWLCD ; SHOW CODE ON UPPER
LCALL  LOADSQUARE

MOV R1, #PRECALL

MOV R2, #10H 1

LCALL  LOADTOSHOW :

MOV DPTR, #PRECHANGE |

MOV RS, #LOWER

LCALL  SHOWLCD ; SHOW PBECALL AND CALLNUMBER
POP DPL ]

POP DPH

POP XRS ;

POP XR2 .

POP XR1 I

POP PSW

RET

pRII I I A Ak kkkkhkhkkhkkh*k* Bk ¥ X OAD SQUARE****k*khhkkhkkkhdhhhkhkhhhhkk

;SET ALL BLANK TO SQUARE BEFORE SET NUMBER

;IN = NOT
LOADSQUARE : PUSH PSW

PUSH  ACC

PUSH  XRO !

PUSH  XR4 1

MOV A, #23H ; SOUAREFFOR SHOW ON LCD

MOV RO, #PRECHANGE y

MOV R4, #10H ;LOAD 16 BLANK
LOADSQUARE? : MOV @RO, A

INC RO 4

DINZ R4, LOADSQUARE?2 ,

POP XR4 |

POP XRO

POP ACC 1

POP PSW }

RET :

Ik kkdkkhkhhkrkhkhkhkxxxk k¥, OAD TO SHOW***kkdkkhkdkfhkdhhhrhdkhhhkkdhdhkddk k%

;COMPILE NUMBER ON RAM TO SHOW ON LCD X
;IN = R1(START BYTE),R2 (NUMBER OF BYTE) }




%

LOADTOSHOW : PUSH PSW

PUSH ACC !
PUSH XRO f
i MoV RO, #PRECHANGE

LOADTOSHOW?2 : MOV A, @R1 l
CJINE A, #ZERO, LOADTOSHOW3 :IF ZERO MUST CLR BE
CLR A .

LOADTOSHOW3 : ORL A, #30H [;CHANGE TO SHOW ON L
MOV @RO, A ;
INC . RO
INC R1 [
DJNZ R2, LOADTOSHOW2
POP XRO
POP ACC
POP PSW {
RET

{
¢
,'*******************************CONVERT BIT*k*k%xd,kkhkhhkhkhkhhkhkdkhhhdhdhhkhk

; CONVERT EACH BIT OF ACC TO SHOW ON LCD
;IN = R1(START BYTE) ,A '

CONVERTBIT: PUSH XR2

MOV R2, #08H ]
CONVERTBIT2: RRC A N

MOV @R1, #30H ;#30 = p ON LCD

JNC CONVERTBIT3

MOV @R1, #31H ;#31 = h ON LCD
CONVERTBIT3: INC R1 !

DJNZ  R2,CONVERTBIT2

POP ~  XR2

RET

,'*******************************SHOW LCD % % 4 % d J Kk de de d de d e de g J % d & K dedeododeok ok

{

!
SYSTEMCALLED: DB *  SYSTEM CALLED ' }
CALLPAGEFAIL: DB ’ CALLPAGE FAILED'’ E
WELCOME : DB 'WELCOME TO CON |
KEYCOMMAND : DB 'PRESS  *XXXX# ' i
KEYERROR : DB * COMMAND ERROR # ’ b
SHOWSUBL1IO: DB ' SHOW SUB1 STATUS’
INITIAL OK : DB *INITIALIZED OK '’
ERROR OUTPUT CON: DB 'ERROR O/P CON&RO'
HAVE ERROR SUB: DB ' HAVE ERROR SUB ' '
INPUT_RESPONSE: DB r INPUT RESPONSE ' k

LI

OUTPUT_RESPONSE: DB ' OUTPUT RESPONSE’

RO liies o i 5y 9 e i



WANT TO_ON_RESPONSE: DB 'TURN ON RESPON%E'

WANT TO_OFF_RESPONSE: DB ' 'TURN OFF RESPONS’
. t
COMPLETED: DB 'PROCESS COMPLETE'
END i

jRI IRk kkhhkkdkkhhhhkhhkkkkkkk*k**TE], CONTROL* **kkhhkhkkkhhhhkhddhdddddhdd

TELCON : PUSH PSW
PUSH ACC
PUSH XRO
PUSH XR1
PUSH XR5

— g iy, ad e i

PUSH  XR7
PUSH  DPH
PUSH  DPL
TELCON2 : JB INTOBIT,TORET  ;INTO PIN MUST = 0
JNB BASEINT, TORET  ;BASEINT SW.(P1.4) = 0 (NO
MOV DPTR, #PORTS r
MOVX A, @DPTR !
JNB ACC.2,TELCON2 ;10 RINGING WAIT
MOV A, #30H /RELAY A ACTIVE,SELECT CPU C
MOV DPTR, #PORT1 .
MOVX  @DPTR,A
MOV RS, #VOICE1 ; PLEASE |PRESS CODE (EQU 1H)

LCALL STARTTIME ;LIMIT 10 SEC

LCALL  CONVOICE H

CJINE R5, #STAR, TORET ;NOT= szR IS TIMEOUT

LCALL  CHKCODE

CJINE RS, #STAR, TORET
TELCON3 : MOV RS, #VOICE2

LCALL  STARTTIME

LCALL  CONVOICE

CJINE RS, #STAR, TORET

LCALL  CHKSTD

e T T N T SRy,

MOV RO, A
LCALL  CHKSTD
SWAP A
MOV R1, #XRO |
XCHD A,@R1 i
SWAP A !
MOV RO, A :
TELCON4 : LCALL  CHKSTD ;WAIT SQUARE
CJINE A, #SQUARE, TELCON4 {
MOV R7,#06 t
LCALL KEYCORRECT
JNZ TELCON3 }
MOV A, RO !
LCALL TELACTIVE
JINZ TELCON3
LCALL  SUBOUT
TORET : CLR A

MOV DPTR, #PORT1

B e gl ity N i dopar A st g e



. * % k&
sRK Ik Kk kkkkkkkkdkkkkkkkkkkkk*%*x CONTROL VOICE

; CONTROL VOICE
R5 (NUMBER OF VOICE)

;IN =
CONVOICE:

CONVOICEL:

CONVOICEZ2:

PLAYVOICE:
PLAYVOICEZ2:

CONVOICE3

ENDCONVOICE:

VOICERESET:

MOV
POP
POP
POP
POP
POP
POP
POP
POP
RET

@DPTR, A
DPL
DPH
XR7
XR5
XR1
XRO
ACC
PSW

PUSH PSW

PUSH ACC

PUSH XR4

PUSH XR7

PUSH DPH

PUSH DPL

LCALL VOICERESET

MOV R4 ,XR5

DJNZ R4, PLAYVOICE

LCALL SKIP

SJMP CONVOICEZ2

LCALL PLAY

LCALL CHKSTD

CJINE A, #STAR, CONVOICE3

SJIMP ENDCONVOICE

MOV DPTR, #PORT4

JNB ACC.5,CONVOICEl

JB INTOBIT, ENDCONVOICE

SJMP PLAYVOICEZ2

MOV R5,A

POP DPL

POP DPH

POP XR7

POP XR4

POP ACC

POP PSW

RET
jkhkkkkkkkhkkkkkkkkkkkxkxk*k**VOICERESET , SKIP

MOV A, #0CH

MOV DPTR, #PORT3

MOVX @DPTR, A

MOV A, #04H

MOV R7, #0FH

DJNZ R7,S

MOVX @DPTR,A

MOV R7, #0FH

DJNZ R7,8

MOV A, #0CH

MOVX @DPTR, A

14

t
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;CLR RE%}Y ,SELECT KEY CON.

f***************

* %k %k

;CHK STAR FOR START

;CHK EOM
;CHK TIME
;DON’'T EOM,DON‘'T TIM

PLAY***dkkkkkhkkkkkkkx*



SKIP:

PLAY:

FRIIK IRk kkkhkkkkkkhkkkkkkkkkk*x*START TIME®* * *

RET

MOV
MOV
MOVX
MOV
MOV
DJNZ
MOVX
MOV
DJNZ
MOV
MOVX
RET

MOV
MoV
MOVX
MoV
MOV
DJNZ
MOVX
MoV
DJNZ
MoV
MOVX
RET

A, #0FH
DPTR, #PORT3
@DPTR, A
A, #0BH
R7,#0FH
R7,$
@DPTR, A
R7, #OFH
R7,$

A, #OFH
@DPTR, A

A, #0EH
DPTR, #PORT3
@DPTR, A
A, #06H
R7, #0FH
R7,$
@DPTR, A
R7,#0FH
R7,$
A, #0EH
@DPTR,A

;PULSE HIGH TO START TIME 10 SEC

STARTTIME:

PUSH
PUSH
PUSH
PUSH
PUSH
MOV
MOV
MOVX
MOV
DJINZ
MOV
MOVX
POP
POP
POP
POP
RET

PSW

ACC

XRO

DPH

DPL

A, #0AO0H
DPTR, #PORT1
@DPTR, A
RO, OFH
RO, S

A, #20H
@DPTR, A
DPL

DPH

ACC

PSW

e ot o e

P P

-~ o

Khhdkhhkdkhdhkhkhkhkhhkhkhkhkdkhk

g g e i A P s OB A A e oy it g g

¥

pREE kK kK kkk ok kkkkkkkkkh Ak kkkkkk*k k% * CHECK CODE*&*******************

-
’

;OUT = R5 (SQUARE

CHKCODE :

= ERROR, STAR = CORRECT)

PUSH

PSW

S A e e e ey s S . i Y 3



i
PUSH ACC {
PUSH XRO i
PUSH XR2 :
MoV RO, #CODE 1 . .
MOV R2, #0SH i
CHKCODE2 : LCALL,  CHKSTD j
XRL . A,@RO :
JNZ ERRORCODE .
INC RO '
DJINZ R2, CHKCODE2 .
MOV R5, #STAR ]
SJIMP ENDCHKCODE
ERRORCODE: MOV RS, #SQUARE l
ENDCHKCODE: POP XR2
POP XRO .
POP ACC
POP PSW f
RET }'
¢

'-******************************TEL DACTIVE * % d d d d J d J J d d ok dod dk ddkkkk*

TELACTIVE: PUSH  PSW
PUSH  XRO

PUSH  XR1

PUSH  XR2

' PUSH  XR3

PUSH  XR4

PUSH  XRS

PUSH  XR6

PUSH  XR7 ,

PUSH  DPH

PUSH DPL
MOV DPTR, #COMMANDOO |
MOV REGISTER B, #03H .
MUL AB i
MOV SUMJUMP, A ;
MOV A, #SUMJUMP
JMP @A+DPTR )
COMMANDOO : LJMP SHOW1 ;CALL I/P AND O/P (O/P CAN C
LJMP SHOW2 ¥
LJMP SHOW3 .
LJMP SHOW4 b
LJIMP CONTROLED ;OUT O/P TO SUB TO CONTROL
CLR A ;END CONTROL
LJMP ENDTELACTIVE
SHOWL : MOV C, IPSTAll f
JC SHOW1l 2 ‘
LCALL  NONACTIVE ; OUT VO%CE I/P ACTIVE
SJMP SHOW1l 3 t
SHOW1l1l 2: LCALL  IPACTIVE ; OUT VoiCE I/P NONACTIVE
MOV R6, #06H ;WAIT F?R COMMAND 6 TIME OUT
SHOW1l 3: MOV C,OPSTA1l |

Jc SHOW1l 4

Mg e m— iy e SR o



LCALL TURN_OFF ;OUT VOICE O/P TURN OFF
SJMP SHOW1ll 5

SHOW1l 4: LCALL  TURN ON ;OUT VOLCE O/P TURN ON
DJINZ R6,SHOW1l 5 {
CLR A t
LJMP ENDTELACTIVE ; -TIME qu TO END

SHOW1l S: MOV ' RS, #VOICE3 ;VOICE CALL TO CHANGE O/P ?

LCALL STARTTIME

LCALL  CONVOICE

CJINE RS, #STAR, SHOW11l 3
LCALL  CHKSTD

CJINE A, #ZERO, ENDSHOW11
CJINE A, #ONE, SHOW1l 6

LCALL STARTTIME

LCALL CONVOICE

CJNE R5, #STAR, SHOW12 3
LCALL CHKSTD

CJINE A, #ZERO, ENDSHOW12
CJNE A, #ONE, SHOW12 6

t

i

{

[}

SJMP SHOW11 3 }

SHOW1l 6: CPL OPSTA1l ;

MOV A, #0FFH |

ENDSHOW11: LJMP ENDTELACTIVE '

SHOW?2 : MOV C, IPSTAL2 §

Jc SHOW12 2 !

LCALL  NONACTIVE ;

SJMP SHOW12 3 h

SHOW12_ 2: LCALL  IPACTIVE !
MOV R6, #06H

SHOW12_3: MOV C,OPSTA12 {

JC SHOW12 4 ;

LCALL  TURN OFF ‘

: SJMP SHOW12 5 }
SHOW12 4: LCALL  TURN ON

: DJNZ R6,SHOW12_ S 1

CLR A |

LJMP ENDTELACTIVE i

SHOW12_5: MOV RS, #VOICE3 i

*

i

!

i

SJMP SHOW12 3 '

SHOW12_6: CPL OPSTA12 I

MOV A, #0FFH L

ENDSHOW12 : LJMP ENDTELACTIVE i
SHOW3 : MOV C, IPSTA13
Jc SHOW13 2

LCALL NONACTIVE
SJMP SHOW13 3

SHOW13 2: LCALL  IPACTIVE
MOV R6,#06H

SHOW13 3: MOV C,OPSTA13
, Jc SHOW13 4

[P P P P T —

LCALL  TURN_OFF
SJIMP SHOW13_5
SHOW13 4: LCALL  TURN ON

e dmew e

p o o e



SHOW13_5:

SHOW13 6:
ENDSHOW13 :

SHOW4 :

SHOW14_2:

SHOW14 3:

SHOW14 4:

SHOW14_5:

SHOW14 6:
ENDSHOW14 :
CONTROLED:

ENDTELACTIVE:

ENDTELACTIVE2:

DJNZ
CLR
LJMP
MOV
LCALL
LCALL
CJINE
LCALL
CJINE
CJINE
SJMP
CPL
MOV
LJMP

MOV
Jc
LCALL
SJMP
LCALL
MOV
MOV
Jc
LCALL
SJMP
LCALL
DJNZ
CLR
LJMP
MOV
LCALL
LCALL
CJINE
LCALL
CJNE
CJNE
SJMP
CPL
MOV
LJMP

LCALL
MOV
LJMP

JNZ
LCALL
MOV
POP
POP
POP
POP
POP
POP
POP

R6,SHOW13_5

A

ENDTELACTIVE

RS, #VOICE3
STARTTIME
CONVOICE

RS, #STAR, SHOW13_3
CHKSTD

A, #ZERO, ENDSHOWL13
A, #ONE, SHOW13 6
SHOW13_3

OPSTAL3

A, #0FFH
ENDTELACTIVE

C,IPSTAl4
SHOW14 2
NONACTIVE
SHOW14 3
IPACTIVE

R6, #06H
C,OPSTAl4
SHOW14_4
TURN_OFF
SHOW14 5
TURN_ON
R6,SHOW14 5

A

ENDTELACTIVE
RS, #VOICE3
STARTTIME
CONVOICE

R5, #STAR, SHOW14 3
CHKSTD

A, #ZERO, ENDSHOW14
A, #ONE, SHOW14 6
SHOW14 3
OPSTAl4

A, #0FFH
ENDTELACTIVE

SUBOUT
A, #0FFH
ENDTELACTIVE

ENDTELACTIVE2
GOODBYE

A, #00H

DPL

DPH

XR7

XR6

XR5

XR4

XR3

rar o ma, = e ety g s bl ey el EREo
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POP XR2

POP XR1

POP XRO

POP PSW :
RET

5

;**********************NONACTIVE,IPACTIVE,TUR&_OFF,TURN_ON,GOODBYE**

NONACTIVE : MOV RS, #VOICE4 ]
LIMP  OUTVOICE !
]
IPACTIVE: MOV RS, #VOICES i
LIJMP  OUTVOICE
TURN_OFF : MOV RS, #VOICE6 )
LOMP  OUTVOICE I
TURN_ON: MOV RS, #VOICE7
LJMP  OUTVOICE
t
GOODBYE : MOV RS, #VOICES l
LIMP  OUTVOICE
-
OUTVOICE: PUSH  DPSW

PUSH ACC !

PUSH  XR4

PUSH  XR7

PUSH  DPH

PUSH  DPL

LCALL VOICERESET

MOV R4, XRS5
OUTVOICEZ : DJINZ R4, OUTVOICE3

LCALL  SKIP

SJIMP OUTVOICE2

|
OUTVOICE3: LCALL  PLAY {
OUTVOICE4 : MOV DPTR, #PORT4 ¢
MOVX A, @DPTR |
JB ACC.5,0UTVOICE4 X
POP DPL E
POP DPH
POP XR7 |
POP XR4
POP ACC i
POP PSW
RET i

END

*
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ChipCarder®

NOAICTY Y AD

ISD1400 Series

Single-Chip Voice Record/Playbdck Devices
16- and 20-Second Durations

. i S,

FEATURES {

- Easy-to-use single-chip voice Record/ + Fully addressable to hanc]le muiltiple
Playback solution messages

+ High-quality, natural voice/audio * 100-year message retenti:)n (typical)
reproduction « 100,000 record cycles (tybical)

* Push-button interface
- Playback can be edge- or level-
activated

»  On-chip clock source

« No algorithm developmeqt required

» Single-chip durations of 16 and 20 * Single +5 volt power supply

seconds - Available in die form, DIP; and SOIC
+ Automatic power-down mode packaging !
- Entets standby mode immediately *  Industrial temperature (-40°C to +85°C)
following a Record or Playback versions available 1
cycle !
- Standby current 0.5 pA (typical) }
+ Zero-power message storage .
~ Eliminates battery backup circuits l
!
]
4
b
1
. *
1SD1400 SERIES SUMMARY
. a~wPagty Minimunnlj-ﬁrat_‘rprr i , e InF 3 iylji'qa"[‘j::ﬂtep? i
" - Number - .. (Secdnds) Tru x| WL p .Pdss'Band (KHz}~i
ISD1416 16 j 8.0 33
ISD1420 20 l 6.4 2.6

e A g sl wlase

Information Storage Devices, Inc.

1-59
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1SD1400 Series . Pri)duct Data Sheets
!
GENERAL DESCRIPTION DETAILED DESCRIPTION |
Information Storage Devices' 1SD1400 Chip- Speech/Sound Quality

Corder® Series provides high-quality, single-chip
record/playback solutions to short-duration mes-
saging applications. The CMOS devices include
an on-chip oscillator, microphone preamplifier,
automatic gain control, antialiasing filter, smooth-
ing filter, and speaker amplifier. A minimum ; ) .
record/playback subsystem can be configured compression associated with [?ther solutions.

with a microphone, a speaker, several passives, Direct analog storage provides a very true, natural
two push-buttons. and a power source. sounding reproduction of voice, r'nusic, tones, and

sound effects not available with most solid-state
Recordings are stored in on-chip nonvolatile  gigital solutions.

memory cells, providing zero-power message !
storage. This unique, single-chip solution is made Duration 1

possible through ISD's patented multilevel stor-  To meet end system requirements, the 1SD1400
n age technology. Voice and audio signals are  Series offers single-chip solutiogs at 16 and 20

The ISD1400 Series includes devices offered at
6.4 and 8.0 KHz sampling frequencies, allowing
the user a choice of speech quélity options. The
speech samples are stored directly into on-chip
nonvolatite memory without the; digitization and

stored directly into memory in their natural form,  seconds.

providing high-quality, solid-state voice reproduc- i

tion. EEPROM Storage
One of the benefits of ISD's ChipCorder technol-
ogy is the use of on-chip norjvolatile memory,
providing zero-power message storage. The mes-
sage is retained for up to 10D years typically
without power. In addition, the device can be re-
recorded typically over 100,000 times.

r

i
1SD1400 SERIES BLOCK DIAGRAM .
¥
i
§
XCLK :————{ Internal Clock !-—{ Timing E ..
) . " ® -
ANA IN :——lAm\p,————o—I Ari;:ﬁalgiﬁgu%late rl— ! Analog Transcaivers * Enmc -!EE!
i ‘ i T ¢ OHOROG
l/ - 128K Cell 1
ANA OUTO— 15 Nornvotatile .
~1 8| Multilevet Storage 5-Pole Activ O 8P+
MIC & . gl Array ! Smoothing Filter | Amp >
Krfne‘ o i I O SP-
MIC REF -2 e ; ‘
L : 1
Automatic
AGC - Gain Control v
{AGC) §
k|
| Power Conditioning ] Address Buffers J Device Control 1,3
Sy 2 S bbebddbdse &5 o 5
Veca Vssa Vsso Veco A0 A1 A2 A3 A4 A5 A6 A7 AEC PLAVE PLAYL RECLED
1-60 i
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4
ISD1400 SERIES PINOUTS The ISD1400 Series storage 4rray has 160 distinct
addressable segments, proViding the following
resolutions. See the /SD Agplication Notes and
A1 ' 28 Veo Design Manual in this book f‘or ISD1400 address
Al 2T — 27 REC tables.
‘A2 3 — 26 XCLK N
A3 4 —— 25 RECLED
A4 5 — T 24 PLAYE ) 2 P
A5 6 — — 23 PLAYL Minimum Duration
nc 7— 18D1400 — 22 NC Part Number (Seconds)
NC - ™3 21 ANAOUT
A8 9 = =20 ANAIN ISD1416 1 100ms
A7 10 = S 19 AGC i
NC 11— [ 18 MIC REF 1SD1420 5 125ms
Vssp 12 — — 17 MIC }
Vssa 13 16 Vcea
SPe 14 — =1 PIN DESCRIPTION !
DIP/SOIC NOTE :

NOTE: NC means Must Not Connect.

Basic Operation

The ISD1400 ChipCorder Series devices are con-
trolled by a single Record signal, REC, and either
of two push-button control playback signals,
PLAYE (edge-activated playback), and PLAYL
(level-activated playback). The ISD1400 parts are
configured for simplicity of design in a single-mes-
sage application. Using the address lines will
allow multiple message applications. Device
operation is explained on page 1-75.

Automatic Power-Down Mode

At the end of a Playback or Record cycle, the
ISD]400 Series devices automatically return to a
low-power standby mode, consuming typically
0.5 pA. During a Playback cycle. the device pow-
ers down automatically at the end of the message.
During a Record cycle, the device powers down
immediately after REC is released HIGH.

Addressing (optional)

in addition to providing simple message play-
back, the ISD1400 Series provides a full
addressing capability.

The REC signal is debounced for 50 ms
onthe rising edge to prevent a false retrig-

gering from a push-button switch.
1

Voltage Inputs (Veca » Vech)
'

Analog and digital circuits internal to the ISD1400
Series use separate power buses to minimize
noise on the chip. These power buses are brought
out to separate pins on the backage and should
be tied together as close to}the supply as possi-
ble. It is important that the power supply be
decoupled as close as possible to the package.

1
Ground Inputs (Vssa , Vssp)

Similar to Vcea and Veep, the analog and digital
circuits internal to the ISD1400 Series use sepa-
rate ground buses to minimize noise. These pins
should be tied together as clbse as possible to the
device.

Record (REC) !

The REC input is an activejLOW Record signal.
The device records whenevér REC is LOW. This
signal must remain LOW for the duration of the
Recording. REC takes preé:edence over either
Playback (PLAYE or PLAY|) signal. If REC is
pulled LOW during a Playback cycle, the Play-
back immediately ceases arld Recording begins.

i, sl
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A Record cycle is completed when REC is pulled
HIGH or the memory space is filled.

An end-of-message marker (EOM) is internally
recorded, enabling a subsequent Playback cycle
to terminate appropriately. The device automati-
cally powers down to standby mode when REC
goes HIGH.

Playback, Edge-Activated (PLAYE)

When a LOW-going transition is detected on this
input signal, a Playback cycle begins. Playback
continues until an end-of-message (EOM) is
encountered or the end of the memory space is
reached. Upon completion of the Playback cycle,
the device automatically powers down into
standby mode. Taking PLAYE HIGH during a
Playback cycle will not terminate the current
cycle.

Playback, Level-Activated (PLAYL)

When this input signal transitions from HIGH to
LOW, a Playback cycle is initiated. Playback con-
tinues until PLAYL is pulled HIGH, an EOM marker
is detected, or the end of the memory space is
reached. The device automatically powers down
to standby mode upon completion of the Playback
cycle.

NOTE

In Playback, if either PLAYE or PLAYL is
held LOW during EOM or OVERFLOW, the
device will still enter standby and the
Internal oscillator and timing generator will
stop. However, the rising edge of PLAYE
and PLAYL are not debounced and any
subsequent falling edge (particularly
switch bounce) present on the input pins
will inftiate another Playback.

Record LED Qutput (RECLED)

The output RECLED is LOW during a Record
cycle. It can be used to drive an LED to provide
feedback that a Record cycle is in progress. In

1
addition, RECLED pulses LOW mémentarily when
an EOM is encountered in a Playb‘ack cycle.

Microphone Input (MIC) 2

The microphone input transfers fts signal to the
on-chip preamplifier. An on-chipjAutomatic Gain
Control (AGC) circuit controls tlne gain of this
preamplifier from -15 to 24 dB. An external micro-
phone should be AC coupled o this pin via a
series capacitor. The capacitor value, together
with the internal 10 K Ohm resisthnce on this pin,
determine the low-frequency !’cutoff for the
ISD1400 Series passband. See §he ISD Applica-
tion Notes and Design Manualsin this book for
additional information on low-ﬁequency cutoff
calculations. |

I
Microphone Reference (MIC REF)

The MIC REF input is the invefting input to the
microphone preamplifier. This drovides a noise-
canceling or common-mode rejg’ction input to the
device when connected differentially to a
microphone.

Automatic Gain Control (AGC) )

The AGC dynamically adjusts the gain of the
preamplifier to compensate fo}r\ge wide range of
microphone input levels. The AGC allows the full
range of sound, from whispers to loud sounds. to
be recorded with minimal distortion. The “attack”
time is determined by the time ¢onstant of a 5 KQ
internal resistance and an extefnal capacitor (C6
on the schematic on page 1-75) connected from
the AGC pin to Vgga analog gro{ind. The “release”
time is determined by the tin‘[e constant of an
external resistor (R5) and an &xternal capacitor
(CB) connected in parallel betjveen the AGC Pin
and Vsgs analog ground. N‘ominal values of
470 KQ and 4.7 pF give satisfactory results in

most cases. '

Analog Output (ANA OUT) :

This pin provides the preamplifier output to the
user. The voltage gain of the p;’eampliﬁer is deter-
mined by the voltage level at the AGC pin.

b
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ISD1400 Series

Analog input (ANA IN)

The ANA IN pin transfers the input signal to the
chip for recording. For microphone inputs, the
ANA OUT pin should be connected via an external
capacitor to the ANA IN pin. This capacitor value,
togethef with the 3.0 KQ input impedance of ANA
IN, is selected to give additional cutoff at the low-
frequency end of the voice passband. If the
desired input is derived from a source other than
a microphone, the signal can be fed, capacitively
coupled, into the ANA IN pin directly.

External Clock Input (XCLK)

The external clock input for the ISD1400 devices
has an internal pull-down device. The ISD1400 is
configured at the factory with an internal sampling
clock frequency that guarantees its minimum
nominal record/playback time. For instance, an
ISD1420 operating within specification will be
observed to always have a minimum of 20 sec-
onds of recording time. The sampling frequency is
then maintained to a variation of £2.25% over the
commercial temperature and operating voltage
ranges. while still maintaining the minimum spci-
fied recording duration. This will result in some
devices having a few percent more than nominal
recording time.

The internal clock has a £5% tolerance over the
industrial temperature and voltage range. A regu-
lated power supply is recommended for industrial
temperature parts. If greater precision is required,
the device can be clocked through the XCLK pin
as follows:

|

Part N .
Number { Sample Rate | Required Clock
ISD1416 | 80KHz 1024 KHz
1SD1420 } 6.4 KHz 819.2 KHz

These recommended clock rates should not be
varied because the antialiasing and smoothing fil-
ters are fixed, and aliasing problems can occur if
the sample rate differs from the one recom-

mended. The duty cycle on fhe input clock is not
critical, as the clock is immediately divided by two
internally. #F THE XCLK IS NPT USED, THIS INPUT
SHOULD BE CONNECTED TO a/;owvo.

Speaker Outputs (SP+, SP-)

The SP+ and SP- pins prdvide direct drive for
loudspeakers with impedances as low as
16 ohms. A single output may be used, but, for
direct-drive loudspeakers. the two opposite-polar-
ity outputs provide an imProvement in output
power of up to four times overa single-ended con-
nection. Furthermore, when SP+ and SP- are
used, a speaker-coupling capacitor is not
required. A single-ended cpnnection will reguire
an AC-coupling capacitor between the SP pin and
the speaker. The speaker dutputs are in a high-
impedance state during a record cycle, and held
at Vggp during Power Down,

Address Inputs (R0-A7) I

The Address Inputs have t\,i/o functions, depend-
ing upon the leve! of the twp Most Significant Bits
{MSB) of the address.

If either of the two MSBs is LIOW, the inputs are At
interpreted as address bit$ and are used as the
start address for the curreht Record or Playback
cycle. The address pins aref inputs only and do not
output internal address information as the opera-
tion progresses. Address jinputs are latched by
the falling edge of PLAYE, PLAYL, or REC.

OPERATIONAL MODES,

The ISD1400 Series is designed with several built-
in operational modes prov!ded to allow maximum
functionality with a minimum of additional compo-
nents, described in detail below. The operaticnal
modes use the address,pins on the ISD1400
devices, but are mapp‘bd outside the valid
address range. When the two Most Significant Bits
(MSBs) are HIGH (A6 ahd A7), the remaining
address signals are interpreted as mode bits and
not as address bits. Therefore, operational modes

1-63
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and direct addressing are sor compatible and
cannot be used simultaneously.

There are two important considerations for using
operational modes. First, all operations begin ini-
tially at address 0, which is the beginning of the
ISD1400 address space. Later operations can
begin at othér address locations, depending on
the operational mode(s) chosen. In addition. the
address pointer is reset to O when the device is
changed from Record to Playback but not from
Playback to Record when A4 is HIGH in Opera-
tional Mode.

Second, an Operationat Mode is executed when
any of the control inputs, PLAYE, PLAYL, or REC,
go LOW and the two MSBs are HIGH. This Oper-
ational Mode remains in effect until the next LOW-
going control input signal, at which point the cur-
rent address/mode levels are sampled and
executed.

3

NOTE

The two MSBs are on pins 9 and 10 for
each ISD1400 Series device.

1

OPERATIONAL MODES DESCR‘IPTION

The Operational Modes can be uged in conjunc-
tion with a microcontroller, or they can be hard-
wired to provide the desired systefn operation.

A0 — Message Cueing

Message Cueing allows the user &o skip through
messages. without knowing the factual physical
addresses of each message. Each control input
LLOW pulse causes the internal address pointer to
skip to the next message. This node should be
used for Playback only, and is typically used with
the A4 Qperational Mode. !

A1 — Delete EOM Markers

The A1 Operational Mode allc}ws sequentially
recorded messages to be combined into a single
message with only one EOM marker set at the end
of the final message. When this gperationa! mode
is configured, messages recorded sequentially
are played back as one continugus message.

|

#

b
1
¥
t
OPERATIONAL MODES TABLE !
|
Address Crtl. . , i Jointly %
(HIGH) Function Typical Use *I Compatible* ..
j b o AT Y- - - % G
A0 | Message cueing l Fast-forward through messages | A4
Al Delete EOM markers Position EOM marker at the end of the las{® , A3, A4
i | message H
A2 i Unused ; |
A3 ' Looping | Continuous playback from Address 0 Al
A4 " Consecutive addressing % Record/Play multiple consecutive AQ, A1
| messages 1
A5 ; Unused ! t
i
?

NOTE: An asterisk (*) indicates additional operational modes which can be used simullaneously with (hel given mode.

|
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1SD1400 Series

A2 — Unused

A3 — Message Looping

The A3 Operational Mode allows for the auto-
matic, continuously repeated playback of the
message located at the beginning of the address
space.

A message can completely fill the ISD1400 device
and will loop from beginning to end. Pulsnng
PLAYE will start the Playback and pulsing PLAYL
will end the Playback.

A4 — Consecutive Addressirtg

During normal operations, thé address pointer will
resef when a message is p’layed through to an
EOM marker. The A4 Operational Mode inhibits
the address pointer reset. allowing messages to
be recorded or played back ponsecutlvely When
the device is in a static state; i.e., not recording or
playing back, momentarily takmg this pin LOW will
reset the address counter to'zero.

A5 — Unused

—— e g

e e s

— ity
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TIMING DIAGRAMS
Record
Trec - ~— Trec ‘Jl l
REC L ‘ i '
— <+—Tep1 —— <+——TiED2
RECLED : ¥
Tser < THOLD Teer < JHoLo
AD-A7 — | B S—— 4

M/ [ {
ANAIN ————#&,\,1/«4\,.-.,/W\/\ rl’v\/ A,‘qv.M/Vl /T‘.'\WVMIYJM’\J.\A'AMM\ Y ‘/y'\lf‘—“—
Taroo

—> ~—Tgpup

— Bl ol e C Y PR S SP% S ._..1- L [, Sp— P

Playback
REC : toy
" TeLay ' !
PLAYL | a '
PLAYE ; o l
| \__'/_
'
Teer ‘IHOLD_’J. Teer <THOLD Tser} ! _Iuou%_{ |
AQ-A7 ———i N /‘l{———, i /}\_——k AF—‘— ‘
- T !
I i 1
SP+- ——"'—‘\"llh"l‘/%.n'.'-",,'f.’i‘nr‘.. i “,‘l‘.'»w. R ‘v""_'v.!—-_J'Vf";'w.‘\‘~‘ﬁ\‘t}‘.v‘ 4_““"—‘“.—?\!‘\,/"‘(\7/’ M/W\ I\‘MA‘I W
!
—  <+—Tppyp > 4+ TeroD = *—Tepop —> }“—Tppuo {
RECLED [ ]
Teom L.— 1 Teom -.. 4_1
—_— H
NOTES: 1. REC must be HIGH for the entire duration of 2 Playback cycle. '
2. RECLED functions as an EOM during Playback. .
I
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Product Data Sheets f 1SD1400 Series
‘ABSOLUTE MAXIMUM RATINGS OPERATING CONDITIONS'
(PACKAGED PARTS) (PACKAGED PARTS)
e o emiamiats ot poem mim e - S | S
Condition ! Value Condition -Value
F.4
Junction temperature j150°C Commercial operating 0°Cto+70°C
> 7 1
Storage temperature range i -65° Cto +150° C temperature range'!
Voltdge applied to any pin x (Vss-0.3V) to Industriat operating -40°Cto +85°C
| (Vee + 03V) temperature"
|
Voltage applied to any pin M vss-1.0V) to Supply voltage (Vcc)®@ j+43VI0+55V

e

limited to £20 mA) (v, 1.0V
. Vec +1.0V) Ground voltage (Vsg)® ov
Lead temperature (soldering - 300°C
10 seconds) NOTES: 1. Casetemperature. 4
™ - 2. Vec=VYeea = Veco
Vee - Vss i -03Vwo+70V 3 Vsg = Vogs = Vssp
NOTE: Stesses above those listed may cause permanent
damage to the device. Exposure to the absolute
maximum ratings may affect device reliability.
Functional operation is not implied at these l
condltions.
DC PARAMETERS (PACKAGED PARTS) }
Symbol Parameters Min®: | Typ® | Max® | Units. | ¥ Conditions
Vi | Input Low Voitage i | 08 | V ;
Vi Input High Voltage 2.4 v ,
VoL Output Low Voltage ‘04 v loL 2 40mA
Vou Output High Voltage 2.4 \Y IOH; -1.6mA
Iee Vec Current (Operating) 15 30 MA 1 Vecl= 5.5V 8), Reyp = oo
R ! y
Isg Ve Current (Standby) Y 0 1w o
L Input Leakage Current ! %1 pA 3
lipp Input Current HIGH w/Pull 130 A | Forde Ve ®
Down i f '
Rexr Output Load Impedance 16 Q Spe%:ker Load
Ruic Preamp In Input Resistance 4 9 17 KQ | Pins17.18
1
. 1-67
f
1
1
i




i W iy i -

ISD1400 Series Product Data Sheets

:
AN
DC PARAMETERS (PACKAGED PARTS) - CONTINUED t
Symbol Parameters % Min(2 E Typ (M | Max@ % Units Coi'ndilions
RanA IN ANA IN Input Resistance 2.5 3 ; 5 KQ
ApRe? . Preamp Gain 1 20 ; 23 { 26  d8 |AGC= o.d) v
ApRe2 ! Preamp Gain 2 | -45 i 15 98 |AGC=25V
Aagp | ANA IN 10 SP+/- Gain 20 1 22 25 a8 |
Race ' AGC Output Resistance 2.5 5 | 95 KQ 1
IpREH ; Preamp Out Source -2 ! mA e Vour =31.0 Y
IpREL | Preamp In Sink 0.5 ! | mA | @Vour =!2.0 Y

NOTES: 1. Typical values @ Ty = 25 Cand 5.0 V.,
2. All Min'Max limits are guaranteed by ISD via electrical testing or characterizatlon.
Not afl specifications are 100% tested.
3. Veea @nd Vieep connected together.
4. REC, PLAYL, and PLAYE must be at Vecp .
5. XCLK pin.

. e e i 2 A0 Wt

. i
AC PARAMETERS (PACKAGED PARTS) 1
Symbol Characteristic Min‘”} Typ M | Max®@ | .Units C!mditlons
Fs Sampling Frequency ~ —1SD1416 i 8 KHz |G |
—1iSD1420 i 6.4 KHz [ ® :
Fer Filter Pass Band —1SD1416 ' 33 KHz | 3 9B RAIOF Point (3O
1
—15D1420 26 KHz 3 4B Roll-Off Point 6
Trec Record Duration —1SD1416 | 16 sec |
| —1SD1420 ' 20 sec | y
Tetay ' Playback Duration —1ISD1416 16 sec :
—1ISD1420 20 |
TLep RECLED ON Delay | 5 msec ; H
Tiep2 RECLED OFF Delay ~ —ISD1416 | 30 ' 389 | 95 | msec | }
—ISD1420 40 48.6 110 msec {
Tser Address Setup Time . 300 \ nsec | |
ThoLp . Address Hold Time 0 r ' nsec H
Treup } Rec. Power-Up Delay —ISD1416 26 msec :
; —iSD1420 32 msec ! i
Tapoo | Rec. Power- —15D1416 26 msec ! ]
{ Down Delay — ISD1420 | 32 msec | i
i
w j
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Product Data Sheets ' ISD1400 Series
AC PARAMETERS (PACKAGED PARTS) - CONTINUED ¢
- .- - wm— LR TR TRy - e ‘,F‘:—‘ M -
Symbol ! Characteristic I Min(@ ; Typ () E Max(® | Units g ;F Conditions
Tepud Play Power-Up Delay —1SD1416 26 . msec :
. —1SD1420 2 msec
Tes00 Play Power-Down Delay — 1SD1416 6.5 msec 1
—1SD1420 | 81 | , msec |
Teom EOM Pulse Width —1SD1416 | bo12s msec |
—1SD1420 ; 15.625 msec i
THD Total Harmonic Distortion | B 3 % @Kz
Pout * Speaker Output Power | 122 | mw | Rex7 = 16 Q2
Vour Voltage Across Speaker Pins 1.25 25 $ Vp-p Regxr=600Q
Ving ; MIC Input Voltage | 20 mV  pdak-to-Peak )
1 2
Vin2 x ANA IN Input Voltage ]' 50 mV . Peak-to-Peak
i P
i

NOTES: 1. Typicalvalues @ Ty = 25 C and 5.0 V. .

2. All MirvMax limits are guaranteed by ISD via electrical testing or characterization.
Not all specifications are 1009 tested. {

3. Low-frequency cutolf depends upon value of external capacitors (see Pin Descriptions).

4. Wih 5.1 KQ series resistor at ANA IN. '

5. Sampling frequency and Playback duration will vary as much as+2.25% over the commercigl temperature
and voltage ranges. It may vary as much as+t 5% over the industrial temperature and voltage ranges. All devices
will meet the maximum sampling frequency and minimum Playback duration parameters, For Greater stability, an
external clock can be utilized (see Pin Descriptions).

6. Filter specification applies to the antialiasing filter and to the smoothing filter. !
L
H
i
i
i
1
i
i
1
$
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I1SD1400 Series Product Data Sheets
‘ . i
TYPICAL PARAMETER VARIATION WITH VOLTAGE AND TEMPERATURE '
(PACKAGED PARTS) {
)
t

RECORD MODE OPERATING CURRENT (o) STANDBY CURRENT (lgp)

14— 0.30— !

|

g
g <025 — /I
£ 10 .\\’—*‘ f ’ /// )
o s -
5 e ='0.20 —
8 8 | = ;”’_,_—a/i/. /
2 ! 2 :
£ - — s —
3 6 5015
g | s | |
(o) 4 T G i
| 010l t
2 !
¥
i
0 — 0 + —
-40 25 70 85 -40 25 ¥70 85
Temperature (C) Temperature }C)
1
[ ]
TOTAL HARMONIC DISTORTION OSCILLATOR S'l:ABlLlTY
0.5 15w {
'
\ .
\_ - - 1 0 — i
¥ 044+ - - — o . '
O L 05— !
% | & ‘ ‘\;—-/.
K4 =
po S 05 | '
£ 02+ § T«
o g
& 2 -1.0"~

1 ' \.
4 . - ]
0 T [ : 20 1
-40 25 70 85 -40 25 (70 85
Temperature (C) Temperature iC)
i
s 5.5 Volts *  4.5Volts
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Product Data Sheets 1SD1400 Series
4
ABSOLUTE MAXIMUM RATINGS (DIE) OPERATING CONDITIONS {(DIE)
Conciition o ( Value Conditibn o -l. o Value ,
Juncuon iemperature 1 150°C Commercial operating g 0°Cto+50°C
t t i
Storage temperature range -65°Cto +150° C emperature range .
M 45V 5V
Voltage applied to any pad { (Vsg ~0.3V) 10 Supply voltage (V) +43V10 +6
Ve +0.3V) Ground voltage (Vsg)@ 0V
Voltage applied to any pad | (Vss-1.0V) 1o ‘

(Input current limited to + 20 mA) (Vee +1.0V) NOTES: 1. Vec= Veca = Vieco i

Vee - Vss ~0.3Vio+ 7.0V 2. Vss=Vssa = Vssp :

i

NOTE: Stresses above those listed may cause permanent
gamage (o the device. Exposure (o the absolute
maximum ralings may affect device reliability.
Functional operationis notimplied at these conditlons.

R,

e gy et s s man

DC PARAMETERS (DIE) ;
Symbol | Parameters { Min@  Typ®) | Max® | Units: Conditioris-
ViL Input Low Voltage , 08 v o :
Vin Input High Voltage 2.4 ; v T
VoL Qutput Low Voltage ; | ¢ 0.4 Y loL 4 4.0 mA
Vou Output High Voltage 2.4 ! ' \ lon r -1.6 mA
lec V¢ Current (Operating) 15 30 MA | Veem 5.5V, Reyp = oo
Isg ) Vec Current (Standby) | 0.5 10 | pA @ (45
" Input Leakage Current ? 1 ; pA i
lypo Input Current HIGH w/Pulf | ( 130 l BA Forcia Vee ©
Down X ' )
Rexr Output Load Impedance 16 Q Speéker Load
Rmic Preamp in Input Resistance . 4 9 17 | KQ Il Pinsi17, 18
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Proijuct Data Sheets

1SD1400 Series
DC PARAMETERS (DIE) - CONTINUED i
Bt Stk B ﬂ’r LR h et ek 3 v-"""""-:.‘ bt s Clia it - SET N WL IR AN = -"‘ ’WU?C’N s O]
Symbol Parameters T Min(? I Typ M I Max(? !‘ Units Conditions
Ranam  ; ANAIN Input Resistance .25, 3 | 5 1 Ka '
. o A
Apge | Preamp Gain 1 20 , 23 | 2 ' dB |AGC=0bV
Apre2 Preamp Gain 2 , | -45 | -15 a8 |AcC- 25V
Aarp ANA IN to SP+/- Gain 20 2 ' 25 @ | .
Rage AGC Output Resistance 25 5 9.5 KQ '
} i
loReH Preamp Out Source -2 mA @ Vour Jd10v
' 1 L}
IpREL | Preamp In Sink ‘ , 05 : . mA i @Vgur 220V
NOTES: 1. Typicalvalues @ Ty =25 Cand 5.0 V.
2. All MinsMax limits are guaranteed by ISD via electrical testing or characterization. )
Not all specifications are 100% tested. .
3. Vcea and Veoep connected together. f
4. REC. PLAYL, and PLAYE must be at Vecp - 1
5. XCLK pin. :
. ;
|
AC PARAMETERS (DIE) i
T - ! -
i A
Symbol Characteristic Min® | Typ M | Max{® | Units. Conditions:
Fs | Sampling Frequency —1SD1416 8 | KHz [
i —1SD1420 | 64 | KHz |G
Fcr I Filter Pass Band —15D1416 33 i i KHz 13dB éoll-Oﬁ‘ Point (3)6)
—15D1420 ! 2.6 ¢ KHz 3dB I%O"-Off Point 3
Trec I Record Duration —1SD1416 ' 16 ! P sec {
; —15D1420 | 20 sec ;
TeLay Ptayback Duration —1SD1416 16 sec &
—ISD1420 20 sec & 1
TLeot 'I RECLED ON Delay 5 ;| msec !
Tiep2 ’ RECLED OFF Delay —ISD1416 30 38.9 95 msec b
, —ISD1420 40 486 | 110  msec i
Tser ; Address Setup Time 300 ’ nsec 1
Thoto ' Address Hold Time i 0 nsec 1
Treuo | Rec. Power-Up Delay ~ — ISD1416 | 26 i msec !
—1SD1420 2 | msec 4
i b 3
Teepo | Rec. Power- —15D1416 ! 26 i | msec
Dowh Delay —1SD1420 | 32 " msec {
‘ +
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Product Data Sheets 1SD1400 Series
AC PARAMETERS (DIE) — CONTINUED . .
4 GATSTRE T T S X [ e I bor X R ey :
Symbol ’ * Characteristic JMin@ ! Typ (M | Max{® | Units Conditions -
TerPud Play Power-Up Delay —1SD1416 26 msec
i _ -—ISD1420( 32 msec
¥ T 1
TerDD | Play Power-Down Delay —ISD1416 6.5 msec | ¢
l —1sD1420 | | 81 msec
Teom EOM Pulse Width —ISD1416 | | 125 msec |
—1SD1420 ‘ | 15.625 msec |
1 3
THD | Total Harmonic Distortion | 1103 | % ek
L
Pour Speaker Output Power 12.2 | MW  Rexr=16Q
Vourt Voltage Across Speaker Pins l 1.25 25 Vp-p ; Rext = 600Q
VIN1 ' MIC |npU[ VOItage | t i 20 myv i Peak-to-Peak (4)
l Pl
Vinz ANA IN Input Voltage ; { 50 mv i Peak-to-Peak
i
NOTES: 1. Typical values @ Ty =25 C and 5.0 V. t
2, Al Min'Max limits are guaranteed by ISD via electrical testing or characterization.
Not all specifications are 100% tested. ?
3. Low-frequency cultoff depends upon value of external capacitors (see Pin Descriptions).
4. With 5.1 KQ senes resistor at ANA IN. $
5. Sampling frequency and Playback duration will vary as much as +2.25% over the commercial temperature
and voltage ranges. All devices will meet the maximurm sampling frequency and minlmurm Playback duration
paramelers. For greater stabllity, an external clock can be utilized (see Pin Descriptions).
8. Filter specification applies (o the antialiasing filter and to the smoothing filter. g

“
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1SD1400 Series Product Data Sheets

TYPICAL PARAMETER VARIATION WITH VOLTAGE AND TEMPERATURE (DfE)

}
H

RECORD MODE OPERATING CURRENT (l¢¢) STANDBY CURRENT (lgg)
15 — 0.35 —
[ —u
- 1 ;
T —~ 0.30 == . .
3 -— <
= ; + —e 2 '
§ 10— £ 025— i
5 g
a "\\. 5 !
@ ! O 0.20— ¥
c > i e l—————¢
= ' 2 - 7t
g 2 e - —
g 59 § 0.15~ -
s T @ '
l 0.10— i
! i
0+ . 0 , —]
0 25 50 0 251 50
Temperature (C) Temperature (C)
TOTAL HARNMONIC DISTORTION OSCILLATOR &TABILITY
0.5— 25— i
20 N
T 04— r 3 | -~ —
& + — —_ !
g . 4 s 15+ i
2 e 10l :
503+ g ~ é
g — .
g 0.2+ g o0— .
g e
o [ *
o a -05 T {

o
o pry
] ..._j__ -
s
/

; 1 T T T
0 25 50 0 25 , 50
Temperature (C) Temperatu‘re (C)
1
1 | f

= 6.5Volts ¢ 5.5Volts ® 4.5\Volts l
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Product Data Sheets 1SD1400 Series
APPLICATION EXAMPLE 1
]
f Vee
1SD1400 i -
1 :
L { — a0 Veep Fo—e ' C2 |
D4 iCy 2] 16 — i Ry
—_ o— Al Veea
REC ja— 3! a2 12 0.1 uF . 1 KQ 160
LED 0.001 uF Vssp o * SPEAKER
4 o A3 V, 1 = -
S1 A . 5 SSA ye - ' L
—_" . s 3 o2 ae 5P+ 1o ~
- T o5 As sP- HN ‘
s: - Lo o%g.ogﬁog?«l e PO CE— > N
' 1 1 H
Pk S B e R == . Cilzow
Vopave Pl L1 SIBIBAL anaouT H A 01K 3 T~
b . | R 24! BTAYE 51Ka 10KQ ELECTRET
' S3_pm T | 27 oL - ; C4 MICROPHONE
—_— PR REC MIC REF » )
v | O1F
| RECORD A9 MIC <T'
1 . ' —e-———25 RECLED  AGC [ )\‘
= 1KQ o3 xck : l
B % — C6 Ra
= Rs I 4.7 pF 10KQ
Cs

3
5

£ __|
- [0.1 uF

bt

FUNCTIONAL DESCRIPTION EXAMPLE sage space, the enfire message is played.

When the device redches the EOM marker,
it automatically poers down. A subse-
quent falling edge on PLAYE initiates a new
Play cycle from the fstart address.

The following example operating sequence dem-
onstrates the functionality of the ISD1400 Series
devices.

1. Record a message filling the address
space.

Pulling the REC signal LOW initiates a
Record cycle from the beginning of the
message space. If REC is held LOW, the
Recording continues until the message
space has been filled. Once the message
space is filled, Recording ceases. The
device will automatically power down after
REC is pulled HIGH.

3. Levei-activated plgyback.

Pulling the PCAYL !signal LOW initiates a
Playback cycle from the beginning of the
message space of a selected location. If
Recording has filled the message space,
the entire message is played. When the
device reaches the EOM marker, it auto-
matically powers¢down. A subsequent
falling edge on PLAYL initiates a new Play
cycle from the starting address.

2. Edge-activated playback.

Pulling the PLAYE signal LOW initiates a
Playback cycle from the beginning of the
message space or at a selected location.
The rising edge of PLAYE has no effect on
operation. If a Recording has filled the mes-

i
4, Level-activated playback (truncated).

If PLAYL is pulled HIGH any time during the
Playback cycle. the device stops playing
and enters the power-down mode. A sub-
sequent falling edge on PLAYL initiates a
new Play cycle frdm the start address.

[
1
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1SD1400 Series

ORDERING INFORMATION

Product Number Descriptor Key

ISD14 _ _ _ _

|
ISD1400 Series ——

b e e

Duration:
16 = 16 Seconds
20 = 20 Seconds

|
l
l— Special Temperature Field:

o —

!
H

Blank = Commercial Packaged ((:)'C to +70°C)

or Commercial Die (0°C to ¥50°C)
| = Industial (-40°C to +85°C)

= 28-Lead 0.600-Inch Plastic Dual In-Line Package

= 28-Lead 0.300-Inch Small Othline Integrated Circuit

- -- Package Type:
P
(PDIP)
S
(SOIC)
X = Die

When ordering ISD1400 Series devices, please refer to the following valid part n

Part Number Part Number
ISD1416P ISD1420P
ISD1416P| ; 1SD1420PI
1SD14165 ! 1SD1420S
ISD1416SI 1SD1420S|
ISD1416X [ 1SD1420x

i
.’

]

t

_— e wea—

L]

umbers.

For the latest product information. access ISD's worldwide website at http:/fwww,isd.com.

1=77



1 JUSLIND-IBLLED £68ZINT/E68 1IN

!~ .

X |
' . _ April 1995 |
' National Semiconductor . i
i - * !

' LM1893/LM2893 Carrier-Current Transceiver |

General Description

Carrier-current systems use the power mains to transfer in-
{ormation between remote locations. This bipolar carrier-
current chip performs as a power line interface for half-du-
plex (bi-directional) comrunication of serial bit streams of Reguiated voltage to power logic
. virtually any coding. In transmission, a sinusoidal carier is Drives all conventional power lines

FSK modulated and impressed on most any power fine via a t

rugged on-chip driver. In reception, a PLL-based demodula- H H

tor and impulse noise filter combine to give maximum range. App lications

A completa system may consist of the LM1893, a COPS™ ¥ Energy management systems )

Qutput power easily boosted 10-fold
50 to 300 kHz carrier frequency choice
TTL and MOS compatible digital levels ;

I controller, and discrete components. m Home convenience control . :
; a Inter-office communication i :
. Features m Appliance control i
* m Noise resistant FSK modulation m Fire alarm systems : 5
i m User-selacted impulse noise filtering ® Securily systems !
| W Up to 4.8 kBaud data transmission rate u Telemetry ;
' m Strings of 0's or 1's in data allowed m Computer terminal interface

m Sinusoidal line drive for low RFI i '

Typical Application

250V
v 022u

i
CONTROLLER
& ™ /A% AX
Oty DATA SELECT DATA
560p s 7y
T /J 100 1

. SINE /B
ac SHAPER wao SELECT-

L— 10 +
outPut
| D¢ e >
* PHASE DET +—
4 -
; 4 S B IMPULSE
—1 >
: | 15 ! UMITER ' g::f;[ NOISE
. 1 FILTER FILTER

14 16 3 4 1 _In
4In

Ak
4In ]
TL/H/6750-1

FIGURE 1. Block diagram of carrier—current chip with a complement of discrete components making a complete
Fo =125 kHz, fpaTa =360 Baud transcelver. Use caution with this circult—dangerous iine voltage is present.

| BLUNETY ang COPS™ are wademarks of Natonal Semconductor Cona.
i tCarrierCiurent Transceivers are 2i30 called Power Line Camier (PLC) mansceivers,
———

{
: H
©1995 National Semiconductor Coporation  TL/H/8750 RRD—aioM 115/Printod In U. & A,

JoAladsuel
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Absolute Maximum Ratings . ;
1f Military/Aerospace specified devices are required, Maximum continuous dissipation, T4 =25C, }
please contact the rgallonal Semiconductor Sales plastic DIP N (Note 2): transmit mode 1.66W
Ottice/Distributors for availability and specifications. receive mode 1,33 \el
Operating ambient temp. range =40 to 85"
uppl oV
Supply voltaga 3 torage temperature range —6510 §50°C
Vottage on pin 12 v Lead te Idering, 7 second 560°C
Voitage on pin 10 (Note 1 4av ac temp., solcering, 7 seconds )
Voltage on pins 5 and 17 * a0V Note: Absolute maximum ratings indicate limits bgyond
5.6 V DC zener current 100 mA which damage to the device may occur. Electrical specifica-
Junction temperature: transmit mode 150°C tions are not ensured when operating the device §bove
receive mode 125°C guaranteed limits but below absolute maximum limits, but
Electro-Static Discharge (120 pF, 15000) 1KV there will be no device degradation. y
General Electrical Characteristics '
(No!e 3). The test condnbons are: V+ =18V and Fo=- 125 kMz, unless otherwise noled
T T e T T Test ; Deslgn i
¢ Parameter ’ Conditlons Typleal Umit f Limit ! Il;lr:'l‘::
1 (Note d) : (Note5)
- t
1 5.6 V Zener voltage, Vg« ) Pin11,iz=2mA 5.6 52 H 'V min,
: 5.9 V max.
' . . .
2 5.6 V Zaner resistance, Rz i Pin 11, Az=(Vz@10 mA—Vz@1 mA})/{10 mA ~1 mA) 5 , ! l 1l
] Carrier 1/0O peak survivable Pin 10, dischargo 1 uF cap. charged to Vo1 80 60 ' t {vmex.
trangiont voltage, Vot thru <11} ] +
4 ' Carrier 1/0 clamp voltage, Voc Pin 10, Igc = 10 mA, RX mode 7 I 41 V min.
L 2N2222 dloda pm 8 1_99_ — o y ! 50 . V max,
5 Carrier 170 clamp rosistance, R!o_ P‘n 10 Ioc - 10 mA : 20 : N
] TX/RX tow input vonnqe Vi . Pin 5 1.8 | 0.8 ' V max,
7 TX/RX high input voltage, Viu_ | Pin5(Noteg) 22 | 28 £ v min,
8 TX/BR tow input current, Iy PinSat0osv -2 -20 pA min,
e e em e e i ! - jpAmax
9 TX/HX high input current, hyy | Pinsatdov ' -1 o ;:.A min,
' ] B oot0=e | 10 j’M max,
10 | RX “TX switch- over tlme Tm- levelop 63% of full current drive thru pin 10 ¢+ 10 us
-t - H
11 1 TX RX switch-over time, Trr 1 bil uma Tp= 1/(2FDA1-A) Tlme TrRis user 2 : bit
. controlied with Cy, see Apps. Info. ‘4
12 : 1CO initial accuracy of Fg TX mode, Rg = 6.65 k1, Cg = 560 pF ., 125 ' 113 !kHz min,
. = Fn = (F, + Fz)/2 R *'__‘ 131 Lo ';kHz_‘ma-x:
13 Ico lemperature coamclenl of Fo D( or RX mode (FOM“ - FOM,N)/(T IMAX —T _MN) -100 | }PPM/'C
14 1 Temperature ddft of Fo TX or RX mode, —40% TS Tamax +2.0 +5.0 |\ %max.
Transmitter Electrical Characteristicsmote ). The test conditions are: v+ = 18 v and Fg = 125 kHz
uniess otherwise noled The transmit center frequency is Fo, FSK lowis Fy, and FSK high is Fy. {
1 - | i | :
' i | Test l Design i 1umit
[ Parameter i Conditions | Typical Limit Limit Unit
- . . . . . (Noted) . (Notss) i 3
15 Supply voltage, V+, range r Meets test 17 spec. at Ty =25°C and: ! 13 v 14 ‘ 15 ! V min.
I {(F,[14v]~F, [18VII/F, [18V]| <0.01 ' 40 § 24 |, 23 | iv max.
) i Fyl2evl-Fyf18vi)/F, (18V]] <001 i . ' '
16 Totai supply current, 1ot I Pin15.Pin 12 high. Igt is I through ! 52 f 79 ) : tnA max,
i pin 15 and the average current Igpg of the ; '
. . | Carrier /0 through pin 10 l N
17 _' Camer I'O oulpul current IQ ! 1oon load on pm 10 ! 70 45 ' ; rﬁApp min.
18 Carrter I/O tower swang Iimu Vac | Pin 10 Set In(emally be ALC. 4.7 4.0 ’ . V min,
| _2N2222diode pinBo 9 57 | b Vmax
— e e e — - e il Sl A S S, PR 2 .y - Lo.gvme
19 THO of Ig (Note 6) ! Qot 10 tank driving 100 line 06 ! 50 Yo, max.
e e l0Oflload, notank 85 a9 %emax
20 , FSKdeviation, Fa—F, (Fz - F|)/((F2 + F|]/2) 44 3.7 l 4 % min,
! e e e L B2 -_L_ o eemd o o max.
2t | Data In. low input voltage, Vy_ Pin 17 Lo ’? _Vmax.
22 __ Datain. high input voltage, Viy _Pin 17 (Nota 9) . . t ¥ Vmin
23 | Datain. low input cumrent, fy Pin 17 at0.8 V b= -10 . { yrAmin,
S B N .- —ode L 1 A max
24 Data In. high Input current, Iy Pin17 at 40V ; ~-1 . o 1.A min,
TN .. SR N L A i Ipamax.
S k1
- S e — - »
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Receiver Electrical Characteristics (vote 3). The test conditions are: V+ =18V, Fo= 125 kHz, £2.2%

deviation FSK, FpaTa = 2.4 kHz, Vi = 100 mVpp, in the receive mode, unless otherwise noted.

e e ;
¢ ! Parameter Conditlons ! Tygical
!
25 i Supply vollags, V +, range Functional receiver {Note 7) 1 12
i | a7
. —.- S U, e e b .
28 Suppvycurrenuo-.- Lot is pin 15 (V+) plus pin 10 ¥ 3]
4 (Carrier 1/0) cusrrent. 2.4 k{2 Pin 13 to GNO.
27 Carrier 1/0 input resistance, Ryg ¢ Pint0 19.5
; ,
28 Max. data rate, Fyp ! Functional receiver (Note 7), Ce = 100 pF, 10
Rg = 011, no tank,
, 24kHz=48 kagud
29 PLL capture range, F¢ ) Ce=100pF, Rp=0 0 I %40
—— a i i S ——— . -
30 PLL lock range, Fy_ ! CF-IOO pF, Re=0 01 i %45
31, Raeceiver input sensitivity, Siy | For a functional receiver {Note 8)
| Relerred to chip side (pin 10) 1.8
| of the line-coupling XFMR: Fo =50 kHz 20
, Fo =300 kHz 1.4
1 Referred to line side of XFMR: t 0.26
i (assuming a 7.07:1 XFMR) Fg =50 kHz 029
Fg =300 kHz 0.20
32 Tolerable input dc voitage offset . Pnn 10 lower than pin 15 by VWDC 2
' range, Vinpe K
33 Data Out. breakdown vollage : Pin 12, leakage | £20 pA : 70
- — - !
34 Dam Oul. Iow oulput. VOL .{’_ Pin 12, saL voltago at g =2 mA . 01§
35 ¢ Impulse noise filter current, I| i Pin 13 charge and discharge currant | +55
i
— % PO, — e e e e 4 e
36 Oftset hotd c cap. bias voltage,Vem | Pin6 I 20
I
— RSO S
37 1 Offset hold capacitor max. drive | Pn 6. V(pin 3} — V(pin 4)- 1 250 mv ! +55
current, hucum i .
38 Ofisat hold bias current, long +  Pin 6, TX modo. Bias pin 6 as it sell- ! ~0.5
biased during tost 31,
39 Phase comparator current, lpc Biaspins J and 4 at8.5V 100
lpc = l{pin 3} + i(pin 4), TX mode
40 Phase detector output resistance, Pins J and 4, 10
Rpp . Rpp=(V@100pA~V@50uA)/ (501:A)
41 Phase detector demodulated output  :  Pin 3 to 4, measured alter filtering 1 100
voltage, Vpp | outthe 2Fg component L
42 Fast offset cancal vollage "window ' me-vpm. = inmoow ¥ DGoflset | 095
~to-Vpp ratio, Vw/Vpp I Drivafor 21 pA pin 6 curront
43 Powor supply relecllon PSRR C_ = 0.1 uF. PSRAR = CMRR 120 Mz i 80
Note 1: More y. the voltage

peak voltage characteristic curve.
Nota 2: The maximum power dissipation rating should be derated for device operation above 25°C 10 insurg that the Junclion temparature remains below the

maximum rating. Use a 04 of 75°C/W for the N package using a socket in still alr (which is the worsl case), Consuil the Application Infor;

detail,

i
i
Sy

!
!

O

Tss‘t :—
Limit

Moty

13
30

S
14

14
30

4.8

+15
15

18

60
180

0.70
1.20

i
i
-
i
i
1
H
1
i
i

o —--

Deslgn
Limit
(Noto S5)
13.5

28
%

»
En i

H
-
o

e iy s S

- ——

|

]
!

Umit
Units

V min,
V max.
mA min.
mA max.

k{1 min,
kil max,

kBaud

% min.
% min,

mVams
mVaug
mVaus
mVaus
mVaus
mVaus

V max.

k{1 min,
kil max.

mVpp min.
mVpp max.

V/V min.
V/V max.

d8 min.

d on pin 10 is Voc, and Vo ranges from 41 to S0V. Also, transients may reach above 60V; see lha transient

'!nalion section for more

Note J: The boldface vaiues appty over the {ull junclion temperature range for the specified supply voitage range. All other numbers apply at To=Ty=25C. Pin
numbers refer to LM1893, LM2693 tested by shorting Carrier [n to Carrler Oul and lasting it as an LM1893,

Note 4: Guarur;laed and 100% production tested.
Note 5: Guaranteed (but not 100%% production tested) over the temperature and supply voltage ranges. These limits are not used to cpicutate outgoing quality

{eveis.

Note 6: Total rialmonic distortion is measured using THO = {In)g (all components at or above 2Fg)l/[Irus (fundamental)].
Note 7: Receiver lunction is defined as the error-free passage of 1 cycle of 50% duty-cycle 2.4 kHz square-wave data (2 sequential 208 LS bits), with the first bit
being a “1.” All of the data transitions {edges) must fall within +10% (£20.8 us) of their noise-lree positions. AX time dalay is minimized by using no impulss noise
filter cap. C; for this test.

Note 8: During the sensitivily check, note 7 req

ase foll

d with these

1

L3

1s: (1) data rate Foara= 1.2 kHz, (2) al! of the l:ata transitions must fall

within £20% (+41.6 us) of their noise-free positions. and (3), a time-domain filter capacitor {Cy) is used The time delay of C; is '(, bit, or 208 us. (Cyis
approximately 8200 pF).

Note 9:

: For TTL compalibility use a pull-up resistor to increase min. Vo 10 above 2.8 V.

S b e e
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Typlcal Performance Characteristicsv+ =18v, Fg = 125 kHz. circuit of Figure 1, pin numbers !or

LM1893)

1
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Typical Performance Characteristics (continueq)
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Application Information®

THE DATA PATH

The' BI-LINE™ chip serves as a power line interface in the
carrier-current transceiver (CCT) system of Figure 3. Figure
4 shows the interface circuit now discussed. The controller
may select either the transmit (TX) or receiva (RX) mode.
Serial data from the controller is used to generate a FSK-
modutated 50 to 300 kHz carrier on the line in the TX mode.
In the RX mods line signal passes through the coupling
wransformer into the PLL-based receiver. The recreated seri-
al bit stream drives the controller. .

With the IC in the TX mode (pin § a logic high), baseband
data to 5 kHz drive the modulator's Data in pin to generate
a switched 0.9781/1.0221 control current to drive the low TC,
triangle-wave, current-controlled oscillator to £2.2% devia-
on. The tri-wave passes through a differential attenuator
and sine shaper which deliver a curent sinusoid through an
automatic levet control (ALC) circuit to the gain of 200 cur-
rent output amplifier. Drive current from the Carrier 1/O de-
velops a voltage swing on Ty's (Figure 4) resonant tank
proportional to line impedance, then passes through the
step-down transformer and coupling capacitor C¢ onto the
line. Progressively smaller line impedances cause reduced
signal swing, but never clipping-thus avoiding potential radio
trequency interference. When large line impedances threat-
en to allow excessive output swing on pin 10, the ALC
shunts current away from the output amplifier, holding the
voltage swing constant and within the amp's compliance
limit. The amplifier is stable with a load of any magnitude or
phase angle.

In the RX mode (pin 5 a logic low), the TX sections on the
chip are disabled. Carrier signal, broad-band noise, transient
spikes, and power line component impinge of the receiver's
input highpass fiiter, made up of Cg and T4, and the tank
bandpass filter. In-band carier signal, band-flimited noise,
heavily attenuated fine frequency component, and attenuat-
ed transient energy pass; through to produce voltage swing
on the tank, swinging about the positive supply to drive the
Carrier 1/0 receiver input. The balanced Norton-input limiter
amplifier removes DC offsets, attenuates line frequency,
performs as a bandpass filter, and limits the signal to drive
the PLL phase detector differentially. The difterential de-
modulated output signal from the phase detector, contain-
ing AC and DC data signal, noise, system DC oftsets, and a
large  twice-the-carrier-frequency component, passes
through a 3-stage RC lowpass filter to drive the offset can-
cel circuit difterentially. The oflset cancelling circuit works
by insuring that the (fixed) 50 mV signal delivered to the
data squaring {"'slicing™) comparator is centered around the
0 mV comparator switch point. Whenever the comparator
signal plus DC offset and noise moves outside the carefully
matched +50 mV voltage “window” of the offset cancel
circuit, it adjusts its DC correction voltage in series with the
difterential signal to force the signal back into the window.
While the signal is within the +50 mV window, the DC offset
is stored on capacitor Cys. By grace of the highly non-linear
offset hold capacitor charging during offset cancelling, the
DC cancellation is done much mora quickly than with an AC
coupling capacitor norgally used in place of the offset can-
cel circuit. Since impulse noise spikes normally ring the sig-
nal symmetrically around 0 V, the fully bilateral offset cancel
topology affords exceilert nolse rejection. The switched cur-
rent output of the comparator drives the impulse noise filter
integrator capacitor that rejects all data pulses of less than
the integrator charge time. Noise appears as duty-cycle jitter
at the open collector serial data output.

B

6

{
1
Dual-In-Line Package [}
M
wocart —{t U 18} iC0 FREVORCY  {
~  rocarr —2 37}~ DAAIN
nLATERY — 3 18}~ UMITER FUTER :
MLRUEAZ —{¢ 15l v ]
R saeet —s S | oaouno’

CFFSET HOLD CAP —{ 6 13 }— NDISE INTEGRATUR
ALC STARUTY —{ 7 12 {— 0ATA QUT ]
BOOST EMTIER —{8 1 [ s.vIDE

BOOST BASE —{ ¢ ‘ wlommeve !
Top View TUperso-2
Order Number LM1893N H

See NS Package Number N18A

small Outline & Dual-In-Line Package

o/
O CAP 1—1 20 [0 FREQUENCY
10 CAP 2—{2 19|~ DATA IN
PLL ALTER 113 18}—LITER n.m‘
NO CONNECTION—] 4 17f=v+
PLL FRTER 2—5 16}—GROUND
— L2893
TX/RX SELECT= 6 15|~ CARRIER
OFFSCT HOLD CAP—17 14} Noise mtcn;uon
ALC STABIUTY—{8 13} DATA QUT
B0OST EMITTER~] 9 12}=5.6v ZDNER
BOOST BASE—] 10 11}—CARRIER OUT
TU/HI8750-41
Top View '

Order Number LM2893M or LM2893N
See NS Package Number M20B or N20A

FIGURE 2. Connection Diagrams i

POWER LINE .
VAR o o
—r—v.b»v—l —Ew—].
¥
1
CARMIER- CARAIER-
CURRENT IC CURRENT i€
™AL X A ™R ™ A
SEL  DATA DATA SEL  DATA OATA
T » -~ 1;
1L y
MASTER sve |
CONTAOLLER CONTAOLLER
AT ADDRESS 1 AT ADDRESS 2
] +
! 1 1}
]
SWATCHED
KEYBOARD L0AD SENSOR
rd

© runersa-a
EIGURE 3. The block diagramof a carrief-current
system using the Bi-Line chip to intertace digital
controflers vla the power line

*Unless otharwise noted, all pin relerences reler 10 1141893, but hotd true
for equivalent LM2893 pin.
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Application Information (continved)
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Appllcatlon Information (continueq)

R e o

Reco‘;nal;:::nded; Purpose Etffect of making tho component value_:‘ . _ Notes
. i L Smaller ! _ Larger .
Co1560 pF {Together, Cg and Rg Increases Fo ‘Decreases Fo ; £5% NPO ceramic. Use low TC
Rp.6.2k [set ICO Fo. Increases Fp IDecreases Fo 2 k pot and 5.6 k fixed R.
. .____!_ <5.6 k not recommended >7.6 k not recommended. Poor Fg TC with <5. 6k Ro.
Cg 0.047 puF fPLL loop filter pole  |Less noise immune, hlgher [More noise immune, lower ,Dependnng on Rg value and
foaTa, more PLL stability. ;foATA- less PLL stability. .Fq, PLL unstable with large
Re 3.3k 'PLL ioop filter zero  {PLL less stable, allows {PLL more stable, aliows Cr. See Apps. Info. C¢
) Iess Cr. Less nngmg {more Cj:. More ﬁnging. :and R values not criliFal.
Cc 0.22 uF 'Couples Fg to line, iLow TX line amplitude. | Orives lower lina Z. 2250 V non-polar. Usé 2Cc
«Cc apd Ty low-pass |Less 60 Hz T4 current. }More 60 Hz Ty current. on hot and neutral for max.
attenuates 60 Hz. :Less stored charge. |More stored charge. hne isolation, safety.
Cp 0.033 uF Tank matches fine Z, ,Tank Fg up or increase lTank Fo down or decrease 100 V nonpotar, low TC, +10%
bandpass filters, iL of Ty for constant Fg. Lof Ty forconstant Fg. . High large-signal Q nebded
Ty Use jisolates from line, ;Smaller L: higher Fg or Larger L: lower Fg or 1Optimize for low Fo line
recommended and attenuates increase C¢; decreased Fg |decrease Cg; increased Fg; pull with control of Fg (o}
XFMR _luansients. ~ jlinepull, _lline pult. sand Q.
Ca 0.1 uF 1ALC pole JNoxse spikes turn ALC oﬂ' Slower ALC response. iRa optional. ALC stable
Ra 10k02 ALC zero {Less stable ALC. More stable ALC. ifor Ca 2100 pF.
CL 0.047 uF .Limitér 50 kHz pole, 1Hagher pole F, more 60 Hz ILower pole F,less 60 Hz .Any reasonably low T¢ cap.
.60 HZ rejection. !re;ect Fo attenuation? jreject, more noise BW. 300 pF guarantees sta.bility.
Cp 0.47 pF ;Holds AX path Vog  !Less noise immune, shorter|More noise immune, longer: Low leakage +20% cgp.
}Vos hold, faster Vog aqui- {Vog hold, slower Vps aqui- - Scale with {paTa. {
. ___|sition, shorter preamble. sition, longer preamble.
C, '0.047 uF Rejects short pulses |Less impulse reject, less  |More impulse reject, more }C; charge time Y bit nbm.
) ll:ke :mpulse noise. delay. more puise j_itter. delay, less pulse jitter. iMust be <1 bit worst-é‘ase.
Rei10kn {Open-col. pull-up Less available sink I. Less available source I. iRcz 1.5kQon56V ¥
! |t pEzE : P
Rz 12k 15.6 V Zener bias Larger shunt current, Smaller shunt current, 11<12<30 mA reoommended.
_ N ] more chip dissipation. less V* current draw. ,(Chlp power-up needs 56 V)
ZTr 244VBV iTransient clamp 1Zt failure, higher series 27 costly, lower series Recommend Zener ra(ed
<60V peak R-excess peak V, Zener R gives enhanced for 2500 W for 1ms. |
and chip damage, transient clamp,
: less ruggedness. more ruggedness. ]
RT147 02 {Transient | limit Damage Zy, pullup V+, Excessive TX attenuation. *Carbon comp. recommended.
Or 244vBv _ |Over-crive Clamp Failure on Transient _ |Costly 11RF 11DQ05 or 1N581 ?
Rg 180 01 Base bieed Faster, lower THD Ig. Inadequate turn-off speed. Boost optional. Qg F(33 dB)
- Qg Power NPN 1Boost gain device Excessive Tyand Vgar. More rugged, but costly. 10f >200 MHz. Rg > 24 Ohm.
Rgit.1 0 iCurrent setting R More lp, need higher hy.  [Less g, lower min. hye. o= 70{(10 + Rg)/Agl mApp.
Cg.247 uF {Supply bypass Transients destroy chip. Less supply spike. iV+ never over abs. max,
. e T EIEESS L B A » !
Za 5.1V 1Stop ALC charge |Excess ALC ALC RX charging .Za optional - 5.1V .
'in RX mode jcurrent flow inot inhibited over T +20% low leakage type

i
FIGURE 5. A quick explanation of the external component function using the clrcuit of Figure 4. Values givenare for V+ =
18 V, Fo = 125 kHz, fpaTa = 360 Baud (180 Hz), using a 115 V 60 Hz power line

Component Selection

Assuming the circult of Figure < is used with something oth-
: o than the nominal 125 kHz carrier frequency, 180 Hz data

rate, 18V supply voltage, etcetera, the component values

ance considerations only, are: 1) the higher the Fg pe bet-
ter, 2) the lower the maximum data rate the better, pnd 3)
the more time and frequency filtering the better. 1

[

listed in Figure § will need changing. This section will help
direct the CCT designer in finding the required component
values with emphasis placed on look-up tables and charts, It
is assumed that the designer has selected values for carrier
center fraquency, Fp: data rate, fpaTa; supply voltage, V+;
power line voltage, Vi; and power line frequency, Fy. If one
or more of those parameters is not defined, one may read
the data sheet and make an educated guess.

Maxims o keep in mind. based on CCT electrical perform-

Use Frgure 5 as a quick reference to the external c:ompo-
nent function. 1

THE TRANSMITTER ]

Co

Central to chip operation is the low TC of Fp emittér-cou-
pled oscillator. With proper Cq. the Fg of the 2Vge 'ampli-
tude triangle-wave oscillator output may vary from near OC
to above 300 kHz. While Co may have any value, Co should
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Component Selection (Continued)

be made above 10 pF so that parasitic capacitance is not
dominant. Excessive or unbalanced common-mode-to-
ground capacitance should be avoided. A low temperature
coetlicient (TC) of capacitance (<100 PPM/*C), such as a
monolithic NPO ceramic multilayer type, preserves low TC
of Fo. Figure 6 finds a Cq value given Fo.

Ro

Resistor Rg is used by the IC to generate a Vgg/R related
current that is multiplied by 2 to procduce the 200 pA iCO
control current that sets Fo. The controt current TC “bucks”
the Vg related tri-wave ampiitude across Cg to effect a low
TC of Fo. Vary R to trim Fg, within limits. Raising Fo more
than 20% above its untrimmed value by means of decreas-
ing Rp more than 20% is not recommended. Low Ro, and
so high control current, risks ICO saturation and poor TC
under worst-case conditions. Raising Rg reduces the de-
modulated signal amplitude from the phase detector; raising
Ro by more than a factor of 2 (1 octave) is not recommended.
Since lower TC pots are relatively costly, it is recommended
that Rp be made up of a 5.6 k fixed (< 100 PPM/*C) resistor
with a 2 kfl (<250 PPM/*C) series pot.

Caand Ry

Components Ca and Rp, control the dynamic characteristics
of the transmitter output envelope. Their values are not crit-
ical. Use the values given in Figure 5. Cp and Rp are func-
tions of loaded Ty tank Q, R, fpaTa. and line impuise
noise. Any changes made in Ca and Ra should be made
based on empirical measurements of a CCT on the line.
Roughly, Ca acts as an.ALC pole and R an ALC zero.

g

Co—OSCILLATOR CAPACITANCE (nF)

100 1000

1 0
Fq—CARRIER CENTER FREQUENCY (kHz)

TL/H/6750-5
FIGURE 6. Find Cg’s value knowing Fo

1
T4 v
At this point, the CCT system designer may choose to use

one of the recommended transformmers or t6 design custom *

T4. Consult “The Coupling Transformer” section to help
with the design of Ty if a new or boost-capable transformer
is needed. The recommended 125 kHz lrfns_iormer func-
tions with an Ig of up to 600 mApp.

Itis recommended that CCT systems use the recommended
transformers, described in Figure 7, for T4. The 3 transform-
ers are optimized for use in the ranges of 50~ 100 kHz, 100~
200 kHz, and 200--400 kHz with unloaded O's (Qy) of about
35, and loaded Q's (Q) of about 12. Three secondary taps
are supplied with nominal 7.07, 10, and 14.4 tums ratios (N)
to drive industrial and residential power fine impedances of
3.5, 7, and 144 respectively. All are inexpensive, all have
the same pin-outs for easy exchange in a P.C board, and all
are small - on the order of 10 mm diameteg at the base.

Ca 4

Tank resonant frequency Fq must be corréct to allow pas-
sage of transmitler signal to the line. Use Figure 8 to find
Cq's value. Trimming Fq to equal Fo is done with Ty's trim-
ming slug. The inductance of Ty has a TC ot + 150 PPM/*C
which may be cancelled by using a — 150 PfM/'C cap such
as polystyrene. Since circulating current in the tank is Va
Agpms. Cq should have a low series resistance (a 1 0 series
resistance is too much). Polypropelene caps are excellent,
“orange drop” mylars are adequats, while many other my-
lars are inadequate. A 100V rating is needed for transient
protection.

50,000

£ RN |
8 5000 é fo {2nFgl Ly
2 L0 = 189
2 so0 ENNSIHE
3 e 9.0 Wi
RS
H . 108 uH
w SO
i SO
S 08

10 100 1000

Fa—CARRIER FREQUENCY (kHz)
TL/H/87%0-10
FIGURE 8. Find Co's vaiue givén Fo

gzt 3 ¢ 3 & 3
— .04 TT.0.980 M 7’,;&1 10T, 2.00 4 zu;z’; AT.0.400 40
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1 1
" 1727, 0,405 M THIT L3 21/27,0.15 4
u
1z ~os 31727, 0245 4 $1/21,0.605 aHt 11/27,0.0% 4
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Bottom View ‘ 3 4 ‘
TUHIE750-6 TUMI6TS0-7 TL/H/6750-8 } TUH/B750-9
125 WHz 50 kHz 300 KMz

Toko 707VX-AQ42YUK

Toko 707VX-A043YUK Toko ISl;(N-A207YUK

FIGURE 7. The recommended T4 transformers, available through:
Toko America, 1250 Feehanville Drive, Mount Prospect, IL, 60056, (312) 297-0070
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Component Selection (continued)

Ce

Capacitor C¢'s primary funttion is to block the power line
voltage from T1's line-side winding. Also, Cc and T4's line-
side winding comprise a LC highpass filter. The self-induc-
tance of Ty is far too low to support a direct line connection.
C¢ must have a low enough impedance at Fg to allow Ty to
drive transmitted energy onto the fine. To drive a 1402 power
line, the impedance of Cg should be below 1402,

Use Figure 9 to find the reactive impedance of Cg to check
that it is less than the line impedance. Then check Figure 10
to see that the power line current is small enough to keep
Ty well out of saturation; the recommended transtormers
can withstand a 10 Amp-tum magnetizing force (1 Amp
through the worst-case 10 turn fine-side winding).

Caution is required when choosing Cc to avoid series reso-
nance of the series combination of C¢, the transformer in-
ductance, and the reflected tank impedance. The low resist-
ance of the network under series resonance will load the
line, possibly decreasing range. For your particular line cou-
pling circuit, measure for series resonance using some ex-
pected line impedance load.

Rg

This base-bleed resistor tums Qg off quickly - important
since the amplifier output swing is about 200V/us. An Rg
beiow about 240 will conduct excessive current and over-
load the chip amplifier and is not recommended.

100
S
w
o
b=}
x
F
e 1
=
8.1 : i "
0.1 1 10
Ce—UNE COUPLING CAPACITANCE {uF)
TL/H/6750-11

FIGURE 9. C¢'s impedance should be,
as a rule-of-thumb, smalier than the lowest
expected line impedance

Ra

This resistor, in parallel with the internal 100 resistor, fixes
the current gain of the output amplifier, and so the output
current amplitude. Figure 17 gives output current and mini-
mum AC current gain his for Qg when Rg is used to boost
output current.

Qs

The boost gain transistor Qg must be fast. Double-dilfused
devices with 50 MHz F1's work, slower transistors (epi-base
types) do not preserve a sinusoidal waveform when Fg is
high or wili cause the output amp. to oscillate. Qg must have
a certain minimum hyg for given boost levels, as shown in
Figure 11. Figure 12 shows the power Qg must dissipate
continuously operating with a shorted output. BVger (R =
Rg) must be 60V or greater and Qg must have adequate
SOA for transient survival.

Zr

Unfortunately, potentially damaging transient energy passes
through transformer Ty onto the Carrier I/0 pin (instanta-

10

e udm

neous power of greater than 1 kW has been measured us-
ing the recommended transformers). For self protectjon, the
Carrier 1/Q has an internal 44V voltage clamp with a 200
series resistance. A parallel low impedance 44V éxternal

.fransient suppression diode ‘will then conduct the lion's

share of any current when transients force the Camier I/0 to
a high voltage.
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Cc—LINE COUPLING CAPACITANCE aF)  TLAY/6750-12
FIGURE 10. The AC line-induced current passed by C¢
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FIGURE 11. Output amplifler current and required min.
Qg hye versus galn-setting resistor Rg 3

3
=]

g H

= )

g u

g ; 1 C

2

= 3

w i

H '

2

(1] ; i ! ®

10 100 1000 ;
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FIGURE 12. Boost transistor power dissipation versus
amplifier output current 3

Z7 must be used unless some precaution is taken to protect
the Carrier I/0 pin from line transients or transients caused
when stored line energy in Cg is discharged by the fandom
phase of power line connection and disconnection" Worst
case, Cg may discharge a full peak-lo-peak fine voltage into
the tuned circuit. Another way to reduce the need for Zt is
by placing another magnetic circuit in the signal path that
relies on a high, but easily saturated, permeability to’couple
a primary and secondary winding - a toroidai transloriner for
example. Toroids cost more than Z1.

Use an avalanche diode designed specifically for tri!nsient
suppression — they have orders of magnitude highe‘r pulse

i
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Component Selection (continued)

power capability than standard avalanche diodes rated for
equal DC dissipation. Metal oxide varistors have not proven
useful because of their inferior clamping coefficient and are
not recommended. Specifications for an example minimum
diode are given in Figure 13.

Breakdown Voltage 44-49V @ 1 mA

Maximum Leakage 1pA @ 40V
Capacitance 300 pFF @ BV
Maximum Clamp Voltage 64.5V @ 7.8A

Peak Non-Repetitive Pulse Power 10kWior 1 ps

(REA Standard Exponential Pulse)

Surge Current 70A for 1/120s

FIGURE 13. Key specitications for a recommended
transient suppressor Zy available from General
Semiconductor, 2001 West Tenth Place, Tempe, AZ
85281, 602-968-3101, part no. SA40A

Ry

Rt acts as a voltage divider with Zr, absorbing transient
energy that attempts to pull the Carrier Input pin above 44V,
Make the resistor a carbon composition 1/4W. When exper-
iments discharging C¢ charged to the peak-to-peak 620V
AC thru a 1Q power line were carried out, film resistors blew
open-circuit.

Dt

This Schottky diode is placed in parallel with the CCT chip's
substrate diode to pass the majority of the current drawn
from ground when the Carrier Input or Carrier Output is
pulled below ground by a larger-than-twice-the supply-swing
on the tank. Note that Zt is in parallel with the substrate
diode, but is ineffective due to its high forward voltage drop
and high diffusion capacitance caused by its low forward
speed. Tests proved that a 1N5818 kept a receive-path
functional with a 20X boost transmitter with a 7:1 transform-
er attempted to swing the receiver’s Carrier I/0 to + 100V
(300 mA peak ground current in the receiver). Without Dr,
the receiver momentarily stops functioning at a 100 times
lower ground current. .
This diode is not needed if the Camier 1/0 never swings
below ground. If your CCT systems all run on the same
regulated voitage with all matched transformers and turns
ratios, it is not needed. Otherwise, it is.

THE RECEIVER

The receiver and transmitter share components Cg, Ty, Cq,
Rr, Z1. Co. Ro. and peripheral supply and bias components
that are not in need of change for RX mode operation. Val-
ues for the balance of the components are now found.

Line-Frequency Rejection

To use the uitimate sensitivity of the device, fully 110 dB of
115 V, 60 Hz attenuation is required between the line and
the limiter ampiifier output. Using the circuit topology of ~ig-
ure 4, the combined attenuation of the Cc/T; highpass, the
tuned transformer, and the bandpass filter attenuation of
the limiter ampilifier give far more line rejection than the
above-stated minimum. However, if some other CCT line
coupling circuit is used, line rejection will become important
to the system designer.

Aeceiver input power supply rejection (PSRA) and common-

mode rejection (CMRA) are one-in-the-same using the sup-
ply-referenced signal input of Figure 4. Rippie swings both

differential inputs of the Norton amp. equélly, while the sin-
gle-ended input signal swings only the posijive input. Overall
PSRR consists of the input CMRR (set by the input stage
component matching) and the ripple-frequency attenuation
of the input amplifier bandpass response that passes carrier
frequency but stops low frequencies. A typical 1% resistor
and 1 mV n-p-n mirror offsets give 26 dB d} attenuation, the
bandpass gives 54 dB 120 Hz attenuation,’for an overall 80
dB PSRR to allow tens of volts of ripple before impacting
ultimate sensitivity.

Ce

H
A value was chosen earlier. Knowing Ty's secondary induc-
tance allows a check of LC line altenuatiori using Figure 14.

Cu

The Norton input limiter amplifier has a bandpass filter for
enhanced receiver selectivity, noise immupity, and line fre-
quency rejection. The nominal response curve for Fo = 50
kHz is shown in Figure 15, The 300 kHz pole is fixed. The 50
kHz pole is set by Ci_'s value. After C_is folind, the resulting
line frequency attenuation is found for the bandpass fiiter.
Use Figure 15 to find a C_ value given for Fo. The approxi-
mate line frequency attenuation of the bandpass filter may
then be found in Figure 16. Figure 15 returns a value for Cy_
33% larger than nominal, giving a low frequency pole 33%
low to allow for component tolerances. 1§

™ 1/

YAV ard
y 4

a
3

=
3

B0 Hz ATTENUATION [08)

=

a
f

=

0.1 1 t
Ce ~CQUPLING CAPACITANCE (»F)
TL/H/6750-15

FIGURE 14. The 60 Hz line rejection of the highpass
filter made up of Cg and T4's line-side winding
(neglecting capacitive coupl%ng)
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Component Selection (continued)

Cg and Rg

These phase-locked foop (PLL) loop filler components re-
move some of the noise and most of the 2Fg components
present in the demodulated differential output voltage signal
from the phase detactor> They affect the PLL captura range,
loop bandwidth, damping, and capture time. Because the
PLL has an inherent loop pole due to the integrator action of
the ICO (via Cg). the loop pole set by Cg and the zero set by
RAe gives the locp filter a classical 2nd-order response.

g T

11 ~—

.E..‘ ~‘~n|, A
1

gu ""'. N

= N

¥ »

E

(X4) [ X 1
CL—POLE-SETTING CAPACITANCE (nF) TL/H/6750-38

FIGURE 16. The Norton-input limiter amplifier bandpass
filter line-frequency signal attenuation given Cp_
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2 f
NIRRT I
" IN' 1000
Fo —~CARRIER FREQUENCT (1t TL/HI67S0-19
FIGURE 17. Find Cg given Fg. Figure 19
gives the maximum data rate

No Cg and Rg give the most stable PLL with the fastest
response. Large Cg's with a too-small Ag cause PLL loop
instability leading to poor capture range and poor step re-
sponse or oscillation,

Calculation of Cr and Rg is quite difficult, involving not only
the 2nd-order loop steﬁ response, but also the PLL non-
dominant poles, the tuned transformer stepped-frequency
response, and the RC lowpass step response (for data rates
approaching 1 kHz). Cg and Rg vaiues are best found em-
pirically. Tolerance is not critical. Component values are se-
lected to give the best possible impulse noise rejection
while preserving a £20% capture range and wide stability
margin. Figures 17 and 18 give Cr and Rg values versus Fq,
where “fpata << MAX DATA RATE" means that fpaTa
should be less than the maximum data rate, in kHz, from
Figure 19 divided by 10.

Nota that Ce and R are a function of data rate only for high
data rates and are not plotted against data rate - as one
might expect. The reason for this is important to understand
it the CCT system designer wishes to find Cg and Rg empir-
cally. Data signat is, loosely speaking, passed through the
PLL loop and is therefore potentially attenuated if the loop
bandwidth is on the order of the 3rd harmonic of the data
rate, or less. Overall loop bandwidth is held as low as possi-
ble for maximum noise rejection while passing the data.
Loop bandwidth is roughly proportional to the geometric
mean of the unfiltered loop bandwidth and the filter pole set
by Cg. Therefore, Cg Is related to data rate. Unfortunately,
the loop capture range falls to critically low values when
large enough values of Cg are used to reduce loop band-
width down to the 100’s of Hz range, for iow data rates. The

12

i
e - .
;

obvious way out is to then reduce the unfiitered loop band-
width. That bandwidth is- approximately proportional to the
value of Cp. For a fixed Fq, unfiltered loop bandwidth reduc-
tion requires a larger Cq and larger control current. With this
chip, changing the controi current is not allowed. So one is
forced to choose a Cg/Rg combination with some minimum
capture range, say +20%, that is within some guafrdband
from the point of loop instability. Happily, impulsé. noise
tends to last only fractions of a millisecond so that the lack
of low bandwidth loop response with low data rates is not a
heavy penality. As long as there is adequate capture range,
the impulse noise filter performs admirably. Note that reduc-
ing Fo will reduce the no-filter loop bandwidth, and jndeed
the maximum data rate falls below the fimit set by the RC
lowpass filter as Fg falls below 100 kHz (Figure 19).

The tuned transformer characteristics will affect the demod-
ulated data waveform more than Cg and Rg at low data
rates. Tank Q and off-tuning will affect overshoot during the
FSK frequency steps. This is a preperty of tuned &ircuits.
The maximum data rate of Figure 19 is measured from the
receiver input to the Data Out and does not include the data
bandwidth reducing effects of T;. 1

Cu 1

Capacitor Cy stores a voltage corresponding to a cofrection
factor required to cancel the phase detector differential out-
put DC offsets. The stored voltage is % of the DG offset
plus some bias level of about 2.2 V. A large Cyy value in-
creases the time required to bias-up the receive path at the
beginning of transmission. A large Cy does filter erll and
store its bias voltage long. Because of the initial random
charge of Cy, the receiver must be given a data tranition to
charge to the proper bias voltage. Therefore, reducing Cy's
value to one that may be charged in less than 2 bit-li;‘nes will
not save biasing time and is not recommended. ,
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FIGURE 18. Find Rg given Fg with Fpata a parameter
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FIGURE 19. The maximum data rate versus Fg using
loop filter components optimized for max. nolse
performance while retaining a min. £20% capture
range (large signal) 1

Use Frgure 20 to find Cyy's value knowing IpaTa, assuming
the standard 2 bit receive charge time is desired. The cap.
value and TC are not critical, but the capacitor should have

low leakage. .
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Component Selection (continued)
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Cu~ OFFSET MEMOAY CAPACTTANCE {0F)
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foaza —BATA RATE {2

FIGURE 20. Size Cy assuming a 2 bit-time
receive bias time

10,003
TL/H/6750-22

C

The impulse noise filter integrator capacitor C, is used to
disallow the passage of any pulse shorter than the integra-
tor charge time. That charge time, set to a nominat V4 bit
time, is the time required for a +50 pA charge current to
swing C; over a 2 Vgg range. Charge time under worst case
conditions must never be greater than a bit time since no
signai could then pass. Using a 1 10% capacitor, full junc-
tion temperature range, and full specified current range, a
maximum nominal charge time of 4 bit is recommended.
Figure 21 gives Cy versus data rate under those conditions.

Re
The collector pull-up resistor is sized to supply adequate

pull-up current drive and speed while preserving adequate
output low current drive.

€4~ INTEGAATOR CAPACITANCE (aF)
H

10 100 1800
foata =OATA RATE {H7)

TL/H/6750-24
FIGURE 21. Impulse noise filter cap. C; versus FpaTa
where the charge time is 1, bit time

Za

The 5.1V silicon zener diode Z, is requiriad when a short
RX-to-TX switch-over time is needed at the same time that
the chip is operating in the RX mode wilh a pin 10 input
signal swing approaching or exceeding twice the supply
voltage. Predominant causes of these large swings imping-
ing on the RX input are: 1} a transmitter's supply voltage
higher than the receiver's supply voltage.2) a TX and RX
pair that are electrically close, or, 3) a higher RX Ty step-up
turns ratio than the TX Ty step-down ratio.

Normally, when in the RX mode with small incoming signal

on pin 10, the ALC remains off with pin 7 at a 6V

(Vz—2Vgg) bias voltage. Cp is then charged to 6V, TX

mode may then be selected with 6V on Cp allowing 100%

TX power to pump T,'s tuned circuit, and so the AC line,

quickly for fast AX-to-TX switch time. As X output swing

increases so that pin 10 swings below V(& (4.7V typically),
that ALC activates to charge Cx to about S.ZBV to reduce TX
output drive. However, if in the RX mode pip 10 ever swings
below V¢, Ca will charge to above 6.6V, Now, when the

TX mode Is selected with Cp at 6.6V, soméwhere from 0 to

100% TX output drive is available to pump t4's tuned circuit

resulting in a slower rising line signa! - effectively reducing

the RX-to-TX switch time.

Use a 5.1V Z, driven by a 0 to 0.8V logic low signal to

guarantee over-temp. operation. Ry must be in series with

Za to limit current flow and shoutd never fa;ll below 1 k. If

R is less than 1 kf2, then put a 2 kMl resisfor in series with

Zp. Logic high voltages above 10V will cayse current flow

into pin 7 that must be limited to 1 mA. (with Ra or a

serles R). ¢

. ]

Breadboarding Tips 1

During CCT system evaluation, some techniques listed be-

low will simplify certain measurements,

— Use caution when working on this circuit - dangerous
line voltages may be present.

— When evaluating PLL operation, ofiset cancel circult op-
aration, and loop filter values, use the filter of Figure 22
to view the demodulated signal minus thg 2F@ and noise
components. This filter models the RC lpwpass filter on
chip. )

¢
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TLirers0-2s

FIGURE 22. Circuit to view the differential demodulated data signal, minus the noise and 2Fg components,
convenlently with a single-ended gain-of-one output
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Breadboarding Tips (continued)

— When evaluating CCT system noise performance on a
real power line, it is desirable to vary the signal ampli-
tude to the receiver. This is not easy. An in-line line-
proof L-pad is fine except that the line impedance is un-
known and variable and so the L-pad will rarely match,
Instead, the power output of a chip transmitter may be
controlied using the circuit of Figure 23. This circuit con-
trols the ALC.

— It is sometimes desirable to place impulse noise on the
line. A simple light dimmer with a 100 W light bulb load
produces representative impulse noise.

— Do not aliow peak currents of over 1 A through the 5.6 V
Zener. In other words, don't short charged capacitors
into this low-impedance device. Take care not to mo-
mentarily short ping 10 and 11 - chip damage may result.

- Figure 24 shows some typical signals beginning with se-
rial data transmitted to received signal.

Tuning Procedure

This procedure applies to circuits similar to Figure 4 LM1893

or LM2893 circuit.

First, trim Fg by putting the chip in the TX mode, setting a

logical high data input, and measuring the TX high irequen-

¢y, 1.022 Fo, on the Carrier {/0 using these steps:

1. Take pin 17 to a logic low.

2. Take pin 5 10 a logic high.

3. Place a counter on pin 10.

4, Adjust Rgp on pin 18 for. F = 1.022F¢.

Second, the line transformer is tuned. The chip is placed in

the TX mode, a resistive line load is connected to disable

the ALC by reducing tank voltage swing below its limit. FSK

data is then passed through the tank so that the tank enve-

lope may be adjusted for equa! amplitude for high and low

data frequency.

1. Take pin 5 to a logic high.

2. Place a logic-level square wave at or below the receiver's
maximum data rate on pin 17.

3. Temporarily place & 330 (1 resistor across the tank.

4, Place a scope on pin 10.

5. Adjust the transformer siug for the least envelope modu-
lation.

In lieu of the 330 N resistive load, T1 may be coupled to the
power fine to better simulate actual load and tank pull condi-
tions during tank tuning. Alternatively, a passive network

representing an average line impcdance may be cdnnected
to the line side of T1. The circuit of Figure 23 should then be
used to defeat the leveling effect of the ALC.

vb

100k
PRT 10 TURM

0.1 4F
'ruwc‘;so 26

FIGURE 23. A means of transmitter output amelltude
control is shown

Thermal Considerations '

It is desirable to place the largest possible signal on the
power line for maximum range, limited only by the dpip pow-
er dissipation and maximum junction temperature T). The
falling output power at elevated T, allows a more optimal
power output - high power at low T and lower pow’er at high
T, for chip self-protection. However, it is still possmle to
exceed the maximum T within the specified ambient tem-
perature limit (To = 85°C) under worst case condiitions of
100% TX duty cyle, high supply, shorted load, poor PC
board layout (with small copper foil area), and an above
nominal current part. Under those conditions, a part may
dissipate 2140 mW, reachinga Ty = 170°C worst'-‘Fase (ad-
mittedly a rare occurrence). Proper system desig lincludes
the measurement or calculation of T; max. to guarantee
function under worst-case operation. Like all devices with
failure modes modeled by the Arrhenius model, ithe high
chip refiability is further enhanced by keeping the die tem-
perature mercifully below the absolute maximum rating.

A direct method of measuring operating junction ’tempera-
ture is to measure the Vgg voltage on pin 18, which is al-
ways avaitable under ail operating modes. The graph of Fig-
ure 25 may be used to find T, knowing Vgg at the bperating
point in question and Vgg at Tp = T; = 25°C. Vg¢ is found
by powering up a chip (in RX mode) that has been dissipat-
ing zero power at some T for some time and reasuring
Vge In less than 1 s (for better than 5°C accuracy).

Alternately, Ty may be calculated using: ‘

Ty =Ta + 04aPD (1)
where 035 is 75°C/W for the plastic (N) packagé using a
socket. That 04 value is for a high confidence leyel nomi-

10 v/Div.
10 mV/Div.

400 mV/Div. v
200 mV/Div.
2 V/Div.

10 V/Div. TLMH/6750-23 {

FIGURE 24. Oscillogram revealing signals at several important nodes under weak signal (0.5 mVgus) conditlo:ns with
SCR spikes on an otherwlise quiet 115 V, 60 Hz power line. The signals are: 1) transmitted data, 2) RX carrier on the
tuned transtormer, 3) demadulated signa! from the PLL after passing thru circuit of Figure 22, 4) signal afte,r RC
lowpass, 5) data at impulse noise filter integrator, and 6) received data. Horlzontal scale is 10 ms per dly.
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Thermal Considerations (Continued)

nal 8a for an N package is 60°C/W, lower with good PC
board layout. Since Pp is a relatively strong function of T,
an iterative solution process starting with an initial guess for
T, is used. With the estimated T, find the total supply cur-
rent found in the typical performance characteristics.
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T2 JUNCTION TEMPERATURE (*C) TUN/6750-27
FIGURE 25. T; may be found by using the temperature
coefficient of pin 18 Vgg if Vgg is known at 25°C

Transmit-To-Receive

Switch-Over Time

An important figure-of-merit for a half-duplex CCT fink, af-
fecting effective data rate, is the TX-to-RX switch time Typ.
Using the recommended component values gives this part a
nominal 2 bit-time (1 bit time = 1/(2fpaTAl) Over a wide
range of operating conditions, where the receiver requires 1
data transition. Tyr cannot be decreased significantly but
does increase as noise filtering, especially via Cy, is in-
creased. Impulse noise at switch, signals near the limiling
sensitivity, poor Fg match between receiver and transmitter
because of poor trim or.worst-case conditions, and the sta-
tistical nature of PLL signal acquisition may ail contribute to
increase TtR to possibly 4 bit-times.

TR is lower when a pair of LM1893's handshake rapidly.
The receiver was designed to “remember” the RAX-mode
DC operating points on Cyy and Cg while in the TX mode.
Under noisy worst case conditions, Cy will discharge to the
point of false operation after 35 bit-times in the TX mode
(1400 bit times with no noise and a nominal part. fpata =
180 Hz). TyR Is about 0.8 ms (proportional to the selected
Fo) plus V4 bit-time.

The major components of Tt are described below for a
nominal 125 kHz Fg, 180 Hz fpaTa, lightly-loaded tank with
a Q of 20, and the circuit of Figure 4. The remote CCT has
been operating in the TX mode with a 26.6 Vpp tank swing
and is now selected as a receiver. An incoming signal re-
quiring the uitimate receiver sensitivity immediately is placed
on the line.

First, the tank stored energy at the transmit frequency must
decay to a level below the 2.8 mVpp swing caused by the
0.14 mVRppug incoming line signal containing the infcrmation
to be received.

Q v
decay time = ——— ln ( 1)
arF, Vo

6 ) = 0.466 ms (2)

o ( 26.
ar X 125 000 0.0028
That is 0.47 ms ot delay (proportional to I/Fg and Q).
Second, the PLL must acquire the signal; it must tock and
settle. Acquisition time is statistical and may take any length
of time, but average acquisition time depends on the loop
filter components Cg and Rg and the difference in center
frequencies, AFg, of the TX/RX pair. Using the recom-
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mended Cg and Rg (47 nF and 6.2 k) with a £4.4% AFqg
{a £ 100 mV DC ofiset on Cg and Rg), Iock was measured
to take less than 50 cycles of Fo. That is a 0.40 ms delay
(proportional to 1/Fq).

Acquisition is incomplete until the secomf order PLL loop
setlles. For the above-mentioned Cg and R, the loop natu-
ral frequency Fy and damping factor are found to be
2.3 kHz and 1.0 respectively. Settling to within £25 mV of
the 100 mV DC offset change requires 2,7 periods of Fy,
or 1.2 ms (a function of Cg and Rg).

Third, the RC lowpass filter introduces a 0.12 ms delay.
Fourth, Cy must charge up to +(%;)100 = 83 mV depend-
ing on the polarity of Fg. Borderline data squaring with zero
noise immunity is possible with only 1(5/;) 50 mV of charg-
ing. Cy charge current is an asymptotic function approxi-
mated by assuming a 50 pA charge current and the full 83
mV charge voltage. Cy charge time is then 1.7 ms (propor-
tional to 1/fpaTa).

Fifth, the impulse noise filter adds a 3 bittime delay. Total
TR is 3.9 ms plus ¥ bit-time for a total of 1.9 bit-times at

360 Baud. {
Receive-To-Transmit
Switch-Over Time I

Assume the chip has been in the RX mode and the TX
mode is now selected. In less than 10 ps, {ult output current
is exponentially building tank swing. 50% of full swing is

achieved in less than 10 cycles - or under §0 us at 125 kHz.
In the same 10 us that the output amp went on, the phase
detector and loop filter are disconnected and the modulator
input is enabled. FSK modulation is produced in 10 us after
switching to TX mode.

Power Line Impedance

Irrespective of how wide the limits on powdr line impedance
2Z__ are placed, there are no guarantees. However, since the
CCT design requires an estimate of the loest expected line
impedance Z, N encountered for the most elhc:ent transmit-
ter-to-line coupling, line impedance shogld be measured
and Z,_limits fixed to a given confidence level. Reasonable
values for Ty turns ratio, loaded Q, and tank resonant fre-
quency pull Fq may be found to enable a CCT system de-
sign that functions with the overwhelming ma)only of power
lines. y

A limited sampling of Z| was made, during the LM1893 de-
sign, of residential and commercial 115V 60 Hz power line.
Data was also drawn from the research bt Nicholson and
Malack (reference 1), among others, to produce Figures 26
and 27. All measured impedances are cohtained within the
shaded portions of Figure 27. A nominai 3.5, 7.0 and 14 O
Z\n is used throughout the application information with a
nominal 45° phase angle (0® is sometimes used for simplici-
ty).
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FIGURE 26. Measured line impedance range for
residentlal and commercial 115V, 60 Hz lines
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Power Line Impedance (Continued)
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FIGURE 27. Complex-plane plots of measured 115V, 60 Hz line impedance where Zy = Ry + jX,

Power Line Attenuation

The wiring in most US buildings is a flat 3 conductor cable
called Amerflex, 8X, or Romex. All referenced line imped-
ances refer to hot-to-neutral impedances with a grounded
center conductor. The cable has a 100 2 characteristic im-
pedance. a 125 kHz quaner-wavelength of 600 m (250 m at
300 kHz), and a measured 7 dB attenuation for a 50 m run
with a 10 Q2 termination. Generally, line loads may be treat-
ed as lumped impedances. Instrument line cords exhibit
about 0.7 uH and 30 pF per meter.

Limited tests of CCT link range using this chip show exten-
sive coverage while remaining on one phase of a distribu-
tion transformer (100'5; of m), with fink failure often occuring
across transformer phases or through transformers unless
coupling networks are utilized. Total line attenuation allowed
from full signal to limiting sensitivity is more than 70 dB.
Typically, signal is coupled across transformer phases by
parasitic winding capacitance, typically giving 40 dB attenu-
ation between phased 115 V windings. Coupling capacitors
may be installed for improved link operation across phases.
Power factor correcting capacitor banks on industral lires
or filter capacitors across the power lines of some electronic
gear short carrier signal and should be isolated with induc-
tors. Increasing range is sometimes accomplished by elect-
ing to install the isolating inductors (Figure 28) and coupling
capacitors, as well as by electing to use the boost option.
Frequency translating or time division muitiplexed repeaters
will aiso increase range.

50 uM 56 uH
A ISOLATED
UNE 2 uf LOAD
50 uH | 50 uH
TL/H/6750-40

FIGURE 28. Anisolation network to prevent: 1) noise
from some device from polluting the AC line, and 2) to
stop some low impedance device (measured at Fy)
from shorting carrier signai. Component vatues given
as an example for Fo =125 kHz on
residentlal power lines

The Coupling Transformer

The design.arrived at for Ty is the result of an unhappy
compromise - but a workable one. The goals of 1) building

{

T, with a stable resonant frequency, Fq, that is little affect-
ed by the de-tuning etfect of the line impedance Z;, and of
2) building a tightty tine-coupled transtormer for transmitted
carrier with loose coupling for transients, are somewhat mu-
tuaily exclusive. The tradeolfs are exposed in the ¥ollowing
example for the CCT designer attempting a new boost-ca-
pable, or dilterent core, transformer design.

The compromises are eased by separating the TX output
and AX input in the LM2893. An untuned TX coupling trans-
former with only core coupling (not air-coupled solenoid
windings) would employ a high permeabillity, high magnetic
field, low loss, square saturating, toroidal core. The reso-
nant RX path would be isolated (rom line-pull problems by a
unilateral ampiifier that operates at line voltages with much
more than 110 dB of dynamic range, or by a cabacilively
coupled pulse transformer driving a unilateral amplifier and
filter, for increased seiectivity. See the LM2893-sp'ecific ap-
plications section. '
For a LM1893-style transformer application, llrsr. choose
the turns ratio N based on an estimated lowest Z,_ likely
encountered, Zy. Figure 29 shows graphically how N af-
fects line signal. N should be as large as possible to drive
Zy p with full signal. If T4 has an unloaded Q, Qy, of well less
than 35, a guess of N somewhat high should be ised and
later checked for accuracy. The recommended tragisformers
have secondary taps giving a choice of N=7.07, 10, and
14.1 (nominally) for driving Zn's of 14, 7.0, and 3.5 Q re-
spectively {at Ty = 25°C, V+ = 18V, and Qy = 35).
The resonating inductance of the tuned primary, Ly, is
sought. Note that, while standard transformer deslgn gives a
transformer seli-inductance with an impedance at operating
frequency well above load impedance, the tuned transform-
er requires a low Ly for adequate Qy and minimur line pull.
Result: relatively poor mutual coupling.
R

-, )

TFoQ
It is known that resonant frequency Fq = Fg &nd some
minimum bandwidth, or maximum Q, will be required to pass
signal under full load conditions.

- Roldlzal @

2 FoQy ;

|Zunl’ is the reflected Z ., Q_ is the loaded Q, apd parallel
resistance Rq models all transformer losses and sets Qo.

Aq I 1Zunl' is found knowing that it absorbs full rated power.

{

Ly

adhe
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The Coupling Transformer (Continued)
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FIGURE 29, impressed line voltage for agivenZ
for each ot the 3 taps available
on the recommended transformers

|0PP[2('VALC+V+)] (—47+V4lo
Pa=loVo=— =|-= =57 ~ 1T —_— 5
0='0¥07 %3 2102 4 ®)
where Ig is in amps peak-to-peak at an elevated Ty
- 18 - 4.7)0.06

Po : = 0.200W ®)
V2 _(~Vac + Va2
Rafl 1zl = b%' = ”-‘Wb 1% L a2q )

Rq is found using Zyn and the value for N found when as-
suming Qy = 35.

IZul = N2 Zyn = (7,07)213.9 = 69502 ®)
1 1
= e e = 121
Ra R ; ; ; 2100 (9
Ral 2wl 1zl 442 695
R 1210
a 2 i0 (10)

R = — =

Qs T 4 £ Qu2 1+352
Only Q remains to be found to calculate Ly. Qis related to
the —3 dB (hall-power) bandwidth by

(1)

BW (% of Fo)

An iterative solution is forced where line pull, AFq, must be
guessed to find Q and Ly. Ly is then used to check the line
pull guess; a large error requires a new guess. Try a BW of
8.7% - that is 4.4% for deviation, 1% for TG of Fo, and
3.3% for AFg - giving Qi = 11.5.

Ly = 442 49.0 uH
VR Ts00% 118
Knowing the core inductance per turn, L and L4, the num-

ber of turns is found.
Ly ‘/49.0' pH
Ty =/ = L =49
! ‘/L 20 nirT 48 Yatums
T is normally an integer, but these transformers require SO
few turns that half-turns are specitied. remembering that the
remaining 4 turn is completed on the p.C. board and is
loosely coupled. The secondary tums are calculated
T 49.5
Ta= =
N 7.07
giving an Lp ot 0.98 pH. Note that the recommended 125
kHz transformer mirrors these specifications. The resonat-
ing capacitor is

OL-

(12)

(13

= 7.00 = 7 tums (15)

- =331 % 10-9=33nF

1
Co= - =
Q= 2rFQ)? Ly (1e)

17
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Line pull AFg was calculated (reference 3) for a 2, magni-
tude of 140 and up with any phase angte from —90° to 90°.
AFgqwas 6.4% - welt above the 3.3% estiméle. Referring to
(11). an 11.8% bandwidth is required, forcing L4 to be re-
duced to reduce Q. That fix was not implemented; some
signal attenuation under worst-case drift and AFqg is al-
lowed. Ly is already so small that the 31 gauge winding
conducts a Ya ARMS circutating current.

Line Carrier Detection !

While the addition of a carier detection cirquit (for a mute or
squelch function) will only decrease receiver ultimate sensi-
tivity, there is sometimes good reason {0 gmploy it to lree
the controller from watching for RX signal when no carrier is
incoming, or to employ it to reduce the brobabimy of line
collisions (when multipie transmitters operate simultaneous-
ly to cause one or more transmissions to fail). Unless the
detector is heavily fiitered or uses a high'cam’er amplitude
threshold, there will be faise outputs that force the controlier
to have Data Out data checking capabilityjust as is required
when using no carrier detector. If faise riggering is mini-
mized, the probability of line collisions is increased due to
the inability to sense low carrier amplitudes and because of
sense delay. The property of the LM1893 to change output
state infrequently {although the polarity is undefined) when
in the RX mode, with no incoming carrier, reduces the desire
1o implement carrier detection and preserves the full ulti-
mate sensitivity. Also, many impulse-noise insensitive trans-
mission schemes, like handshaking, ard easily moditied 0
recover from line colfisions. !

Regarding this, it should be stated that for very complicated
industrial systems with long signal runs and high line noise
javels, it is probably wise to use a protochl which is inherent-
ly collision free sO that no carrer detect hardware or soft-
ware is needed. A token passing protocol is an example of
such a system. i

Figure 30 shows a low cost carrier amplitude detection cir-
cuit. 1

Audio Transmission

The LM1893 is designed 1o allow analdg data transmission
and reception. Base-band audio-barldwidth signals FM
modulate the carrier passing through the tuned transformer
(placing a limit on the usable percent "nodulation) onto the
power line to be linearly demodulated by the receiver PLL.
Because the receiver data path beyond the phase detector
will pass only digital signal, external audio filtering and am-
plification is required. Figure 31 shows a simple audio trans-
mitter and receiver circuit utitizing a Carrier detection mute
circuit. A single LM339 quad. comparator may be used to
build the carrier detect and mute. Filter bandwidth is held to
a minimum to minimize noise, especi‘ally line-related corre-
lated noise. |

Communication and System

Protocols

The development of communication and system protocols
has historically been the single most time consuming ele-
ment in design of carrier current syst’ems. The protocols are
defined as the foliowing: ¢

1. Communication protocof: a software method of encoding
and decoding data that remains coné}tant for every transmis-

|
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FIGURE 30. A simple carrier amplitude detector with output low when carrier Is detected
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FIGURE 31. A simple linear analog audio transmitter and recelver are shown.
The carrler and 1.6V Inputs are derlved from the carrier detector of Figure 30.
The remaining 2 LM339 comparators may be used to build the carrler detector circuit. ¥

Communication and System
Protocols (Continued)

sion in a system. Its first purpose is to put data in a base-
band digital form that is more easily recognized as a real
message at the receive end. Secondly, it incorporates en-
coding techniques to ensure that noise induced errors do
not easily occur; and when they do, they can aiways be
detected. Lastly, the software algorithms that are used on
the receive end to decode incoming data prevent the recep-
tion of noise induced “phantom” messages, and insure the
recovery of real messages from an incoming bit stream that
has been altered by noise.

2. System protocol: the manner in which messages are co-
ordinated between nodes in a system. Its first purpose is to

ensure message retransmission to comect errot"s (hand-
shake). Secondly it coordinates messages for maximum uti-
lization and efficiency on the network. Lastly, it endures that
messages do not collide on the network. Commgn system
protocols include master-slave, carrier detect muitiple ac-
cess, and token passing. Token passing and master slave
have been found to be the most usefui since they fre inher-
ently collision free. 1

Both protocols usually reside as software in a single micro-
controlier that is connected to the LM1893/2893 I/0. in any
case, some sort of intelligence is needed to process incom-
ing and outgoing messages. UARTs have no use!ulness in
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Communication and System

Protocols (Continued)

carrier current applications since they do not have the intetli-
gence needed to distinguish between real messages and
noise induced phantoms.

The difficulty in designing special protocols arises out of the
special nature of the AC line, an environment laden with the
worst imaginable noise conditions. The relatively low data
rates possible over the AC line (typically less than 9600
baud) make it even more imperative that systems utilize the
most sophisticated means available to.ensure network effi-
ciency.

With these facts in mind, the designer is referred to a publi-
cation intended to aid in the development of carrier current
systems. This is literature #570075 The Bi-Line Carrier Cur-
rent Networking System, a 200 pp. book that functions as
the “bible” of Bi-Line system design. It has sections on
LM1893 circuit optimization, protocol design, evaluation kit
usage, critical component selection, and the Datachecker/
DTS case study.

Basic Data Encoding please refer to the pre-
viously mentioned publications for advanced techniques)

At the beginning of a received transmission, the first 0 to 2
bits may be los{ while the chip's receiver settles to the DC
bias point required for the given transmitter/receiver pair
carrier frequency offsetr With proper data encoding,
dropped start bits can be tolerated and correct communica-
tion can take place. One simple data encoding scheme is
now discussed.

Generally, a CCT system consists of many transceivers that
normally listen to the line at all times {or during predeter-
mined time windows), waiting for a transmission that directs
one or more of the receivers to operate. If any receiver finds
its address in the transmitted data packet, further action
such as handshaking with the transmitter is initiated. The
recelver might tell the transmitter, via retransmission, that it
received this data, waiting for acknowledgement before act-
ing on the received command. Error detecting and correct-
ing codes may be employed throughout. The transmitter
must have the capability to retransmit after a time if no re-
sponse from the receiver is heard - under the assumption
that the receiver didn’t detect its address because of noise,
or that the response was missed because of noise or a line
collision. (A line collision happens when more than 1 trans-
mitter operates at one time - causing one or more of the
communications to fail). After many re-transmissions the
transmitter might choose to give up. Collision recovery is
achieved by waiting some variable amount of time before re-

transmission, using a random number of bifs delay or a de-
lay based on each transmitter’s address, since each trans-
ceiver has a unique address.

An example of a simple transmission data packet is shown
in Figure 32. The B bit 50% duty-cycle preambile is iong
enough to allow receiver biasing with enough bits left over
to allow the receiver controller to detect l‘be square-wave
that signals the start of a transmission. If there had been no
transmission for some time, the receiver would simply need
to note that a data transition had occurred and begin its
watch for a square-wave. {f the receive co&troller detected
the altemating-polarily data square-wave it would then use
the sync. bit to signal that the address and data were imme-
diately following. The address data would then be loaded,
assuming the fixed format, and tested against its own. If the
address was correct, the receiver would theh load and store
the data. If the address was not correct, either the transmis-
sion was not meant for this receiver or noise has {ooled the
receiver. In the former case, when the transhission was not
meant for the receiver, the controller should immediately
return to watching the incoming data for its address. it the
later case were true, then the receive controller would con-
tinue to detect edges, tieing itself up by lo@ding false data
and being forced to handshake. The square-wave detection
and address load and check routines should be fast to mini-
mize the time spent in loops after being faise-triggered by
noise. If the controlier detects an error (a received data bit
that does not conform to the pre-delined encoding format) it
should immediately resume watching the LM1893's Data
Out for transmissions, the next bit would be shifted in and
the process repeated.

A line-synchronous CCT system passing 3 bits per half-cy-
cle may replace the long 8 bit preamble and sync pulse with
a 2 bit start-of-transmission bias preamble. The receive con-
trolier might then assume that preamble always starts after
bit 1 (the first bit alter zero-crossing) so that any data tran-
sition at a zero crossing must be the start of the address bits
and is tested as such. The line synchronous receiver oper-
ates with a simpler controller than an asynch?onous system.

Discussion has assumed that the controller has always
known when the Data Out is high or low. The controller
must sample at the proper time to check the :Data Out state.
Since noise shows itself as pulse width jitter, symmetrically
placed about the no-noise switch-points, opimum Data Out
sampling is done in the center of the received data pulse.
The receive data path has a time delay that, at low data
rates, is dominated by the impulse noise filter integrator and
is nominally ' bit. At a 2 kHz data rate, an additional delay
of approximately Y, bit is added because of the cumulative
delay of the remainder of the receiver. Figure 33 shows that
Data Out sampling occurs conveniently at fhe transmitted

DATA PACXET

; , "
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TLHIB750-35

FIGURE 32, A simple encoded data packet, generated by the transmit controller is shown. *
The horlzontal axis Is time where 1 bit time is 1/(2tpara)
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Basic Data Encoding continued)

= avavaN
= H LT T

TL/H/6750-36
FIGURE 33. Operating waveforms of a line-
synchronized transceiver pair are shown. The diagram
shows how the transmitted data transitions may be
used as received data sampling points

data edges for the line synchronous data transmission
scheme mentioned in the previous paragraph. With the
asynchronous system suggested, the receive controller
must sample the Data Qut pin often to determine, with sev-
eral bits of accuracy, where the square-wave data tran-
sitions take place, average their positions assuming a
known data rate, and calculate where the center of the data
bits are and will continue to be as the address and data are
read. A long preamble is helpful. Software that continuously
updates the center-of-bit time estimate, as address and
data are received, works even better. Alternatively, a coding
scheme employing an embedded clock can be used.

LM2893 Application Hints

The LM2893 Is intended for advanced applications where
special circuilry is used in the transmit and receive paths.
The LM2893 makes this possible by featuring separate
transmit output and receive input nine

Examples of enhancements (p

LM1893/2893 circuit include

windings on the coupling tran

or LC filters in the receive pa

blanking circuits.

In many applications, the ag
gained outweighs the extra co
More than iikely, high perform
such as building energy manage
ry, since they require the utmos
Because of the specialized natu
plications, itis not possible to giv
all requirements for performanc
Therefore no specific applicatio
Instead the subsequent text des¢
types of circuits that can be usec
along with their advantages and ¢
ed to be a springboard for ideas.

LM2893 COUPLING NETWORKS
The main disadvantages of the *
network are that it functions as
loose coupling between primary ar
singie secondary. The LM1893 co
signed this way mainly because of t
rier input and output are tied togeth

-
o

Because the coupling transformer is used as a filter, the
LM182J circuit is susceptible to pulling of the center fre-
Guency under conditions of changing line impedances or
when several LM1B93 circuits are close in proximity on the
AC line. Because the tuned transformer has a high value of
“Q", ringing also occurs in the presence of impulsive noise.
This ringing occurs at the center frequency and increases
the error rate of transmissions, especially at relatively high
data rates (>2000 baud). Because it is the only tuned circuit
in the system, the selectivity characteristics leave a lot to be
desired.

The LM2893, having separate receive input and transmit
output pins, removes the limitations on coupling transformer
design, allowing the design of circuits devoid of the previous
limitations.

The first enhancement that can be made with the LM2893
circuit is the use of a high permeability ferrite toroid for line
coupling along with a separate filter. The transformer would
be of broadband design (untuned) with two secondaries,
one for coupling to the transmit output and one for coupling
to the receive input. This allows impedance matching of
both the transmitter and receiver, with the result of duite a
bit more receive sensitivity.

Because of the increased signal and separate receive 'signal
path, a 3 or 6 db pad can be used before the selective
stages to eliminate pulling of the center frequency due to
changes in line impedance.

Another advantage of the toroidal transformer is that it can
be designed for use at very low line impedances due to its
inherent tight coupling.

SEPARATE FILTER

Because of the separate receive path of the LM2893, a rela-
tively high quality bandpass filter can be used for selectivitv
Inexpensive ceramic fillers ara ~-- *°
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Encoder and Decoder Pairs
CMOS

Thasa cevices are designec 10 bo used 25 encocendecocar pars in remote con.
rzl agolicatons,

The MC145625 encodas mine lines of informancn and senally sends his informa.
ian uoon receipt of a transma enaste () signal, The rine lines may be encoced
~ah innary cata (low, high, or open) or binary cata (iaw or ngh), The worcs are
ransmrieq twice Der encaing sequencs 10 increase securny,

The MC145027 decoder receives the senal siream and imaets five of the trinary
igis as an accress coce. Thus, 243 adcresses are sossdle, I Binary cala s usad
~e encccer, 212 addiesses are possible. Tha remaming senal information i1s inter-
~81aC as :2ur s of binary ¢aa. The vaild lransmisson guiout (VT)goes hignon
he MC125C27 wnen two conaitions are mat. Firsi, mwo accrasses must e censecu-
‘Ively racarved (in one #NCoCING sequence) wnicn ooth maieh the local adcress.
Sacena, ne 4-bits of data must maicn e last valid €2:2 racoived. The active VT
~ticztes that e miormation at ihe 0aia ovidut pins has Soen uocated.

" N TI2EI2% cazoger tay e raty CGTs as anacy
282 e D00, 312 CT089 AT DNSS DG, TREYE A T tiimise
sion sutzut {YT) goes high on the MC 125028 when swo sccressas ar@ consacivery
received {in one encasing seqLance) wich botn maren the iocal adcress,
Coeraung Temparature Range: —:0° 10 85°C
Vary-Low Stancby Current !ar the Encoder: 200 nA Maxmum @ 25°C
Interlacas wah AF, Ulrasonic, cf Infrared Moculators snd Democulaicrs
AC Cscifator, No Crystal Required
* Higa External Camoonant Tclerance: Can Usa =S% Camoonents
internas Power-Cn Reset Forces All Decoder Outows Lzw
For Infrarsa Adofications, See Applications Nota ANI016
Cceraing Votage Range: 251018 V
Lew-Vozage Versions Availasla —

SC21342: 2.5 10 15 V Verson cf the MC 125026

5C+1343: 2.5 10 10 V Version of the MC 145027

SC21342:2.810 10 V Varsion of the MC 345023

b Shodal il BADX

uy

Hmmnry mats
S, 8 Samary cala

PIN ASSIGNMENTS
H BT 1 3y (¥ e
z P
aTACUT (2 15008
1R 3@3 07
] Rre M (4 s} ]
1Crc s gs 09
] Rs A {6 vi
Sl 4309 i gr Ray
] 4808 ves 49 ATA W
) uC125027
EPiRIL]
JECD0ERS

MC145026

MC145027
MC145028
SC41342
15C41343
'SC41344

,p‘n

? SUFFIX
FLASTIC 2IP
CASE 548

JSUFAIX
SOG

“un
Az

W SUFFIX
soG
CASE 751G

CRCERING INFCRMATION

uc::x:sat::v.u:.ﬂ
MC 1282080, 'STH1420
MC 1453277, bearaase
MC 1350270, S32:3430W

MC145C22P, SCL1302P
MC!:S.‘ZEO\?,SC—'!S‘AQW

Fasoc DIP
355G Pachage

Fasoc O1P
SCG Package

Sasac OIP
530G Facxage

t
§
G v
qz %

-




As ¢
LCre
=
O e
PN o 2l e
-'Lo'l CSCILATER -t DATASELECT| .o pura
| ° AND OIGER piud our
v
1 SNAGLE IUFTFER
[ TG SOUNTEA AND 10F-3 LECCTER
9 7 $ 4 2 ¢
1
. 2
.2 [s]
u ) gaw
2 5
s [>%]
. s , %N FIARY
s =i
AETEEISA
ascs & | L3y R
B3]
4707 - g
. | - np = FIN1E
ASTS - Ygg = PNE
ASCS =

Figure 1. MC125026 Encoder 8lock Dlagram

SENTROL s
LoGIc Ct: a
‘3
w
=
'
=
a
SSTUENCEACRCUM 5
H 4 3 2 1 A -
. 53
at
22 ) .
5
ul DATA
L o>d EXTRACICR
" 3

£

> ¢ Vpg = PN 16
H 'y 6.a I Yee o
U-—% _rﬁ)_l«/a‘?J’ _l_auj—.-: sgeFINE
2

Figurs 2. MC145027 Decodsr Block Dlagram
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MAXIMUM RATINGS' (Voluage Referenced to vsg)

)
i
i
¥
{ .
L4
CONTROL n
L0G1C . "
SESUEMCERCACAT
38 LA A R U S v 1
4
ol L 1]
‘ l #BIT
a2l b *SHFT
3313
ut ~<a
Tt _ mn 3 rana
by P EXTRACTER N
P el
.J:‘ : LI ' Yoo=PNis
— 3, $_ =  Yg3aPING
= 3=
Figure 3. MC345023 Decoder Block Diagram
{

'l Symbot | Parameter f Value Unit
Voo | OC Suspry Voltge (excoot SC41343, SC11324) ASm18 v
Vop | OC Suzoly Volmge (SC41343, SCL1344 onry) 95m .10 v
Vin OC Input Voitage ~J.£ to Vpp 0.5 v
Vout 0C Quou voitage -0 5taVnp+0.5 v

fin OC Input Current. per Pin =10 mA
lout ' 0C Ouwut Current, per Pin =10 mA
PD l Peower Dizsicason, yer Pacxage 500 mw
Targ ,' Strage Temosrature 5554150 <
T l Loaa Tenperature, | mA rom Case for 10 Swcorer 80 <

* Maximum Ratings are fhose vehues deyond which camage 13 e dewce may ocax. Funcdonal

22683000 should be restced I Cwe Emits in S8 Elecnew C.

Sons section,

haracmniies abes or Pin Cesenp-

1

This oevace conzuns pretecson cr-
JTY D quard aganst canage cue
D Agh stk veiZges ar meemc
feics, However, >recausons must
S8 2 O avod azpicavons of any
vara e Ngher San maumum rana
vorages © fis Mgh-mpecance cr-
ut For F{ooer 208ra%on, Viq and
Vout 3Mould be sonstuned D N
ange Vss X (Vin o Veug $ V.

}
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ELECTRICAL CHARACTERISTICS — MC145C28, MC125027, MC145028, 3nd SC41342° (Vatiage Reldrenced 1 Vs

e

. Guarantesd Limit
Symbol . Chanctedsic "30 —0C ] 25°C i «as5C Unit
Min | Mex | Min | Uax | Min | Max
voL Law-Level Ounut Voltage s.0 - 0.05 - 0.cs . 0.c5 v
{Vin = Vpp or 0) 10 - 005 - 005 - oos
15 — 005 - ocs - 00S
VCH High-Level Outout Volge so 495 —_ 498 — :4 95 - v
{Vin =9 or Vpp) 10 955 - 3.95 - 8B5S -
15 1495 —_ 1495 —_ 1\4 95 _
ig Lzw-Level Inout Voitage i | v
WMoy =4 50r05V) so | — [ s | = s = ) as |
Vour » 30 o0 1.0V) 10 - 30 | — 30 - | 30|
(Voyi=1350r 1 5V) 15 - 40 - 0 | - 4w |
iy Hign-Lavel lnout Voliage A
Voyr=0Sord§v) 5.0 as - 3s - s -
Noyg=1Cor90Vv) 10 70 - 70 - | 70 -
i Noyge i 5001350 18 n - " - "n-
‘CH Hign-Lavel Outzut Cumrent mA
(Vour = 2.5 V). 50 -25 — | -2 N ISR A e
Vayr =4 6V) S0 | 0S2) — | Qe — [P —~
(Vout »3.5V) 10 -1.3 —_ 11 - 0.9 -
AVout = 13.5V) 15 3.6 - 3.0 - 2.4 -
oL Law-Leovel Ousut Cument mA
* Vour =04 W) 50 052 - 2.4 - 0.26 -
(Vout = 0.5V) 3 13 - 1.1 - 09 -
MNouy = 1.5V) 1s 36 - 3.0 - 2.4 -
Y !ncut Cument — & 50 - - 30 H o — i LA
{MC 145325 ana SC41342, Pulud Jewce) 10 - - 16 30 - -
15 - - 35 120 - -
‘n Inout Cumrent 15 = o3| = |20a| % 0w
Rg (MC 125026 ana SC21312), !
Cam In (MC145027. MC145329) A !
n tnput Current l A
AL.AS, A&/CE—AF/09 (MC 145035 ana SC41342), 50 - - - 2110 -
A1-AS (MC145027), 10 - - - ! L -
A1-A9 (MC145028) 1 - - - | 30| -
~1000 | 4
i
Cin Inout Capactance (Vi « 0) — - - - s 'i' - | sF
np Quieszent Curment — MC125C25 anc SCL1342 50 - - - o1 = - |
10 - - - 22 % -
15 - - - 0.3 - -
00 Cuiescant Cument — MC 145027, MC 145328 5.0 -— -— —_ 50 —_ —_ RA
10 —_ - - 100 3 —
15 - - -— 150 - —_
lod Dynamic Susaly Current — MC 145228 and SC21342 | 5.0 - - - 0 - - A
(le » &0 AH2) 10 — -— - 200 - —_
15 - - - 500 - -
lag Dyname Suoly Current — MC 145027, MC 145028 s.0 —_ -— 200 — —_ vy
(le = 20 kHz} 10 - - - 300 - -
15 - - — Jwoo| 4| =
f

‘Also see next Elecscal Characnsucs tasle for 2.5 V soeaficatons.

—iay



- ELECTRICAL CHARACTERISTICS — SC41342 {/crase Seferancsa = Vgg)

Fl

[

i Cusranteed Umit i
Symbol Charscteristic VeO i —0C I 25C ; <35°C ; Unit
1 L
: tsin | ovar | oMin | Max | uin | uare |
VoL | Low-leve Cutpu: Vaage j 1, — foos | — rods | — ons v
(Vn=0VerVpgl - i i | . i
VOH *| Hign-Laves Ousu: Veimge | 25 J2s | — | 2es , - | zes | = v
{Vin a0 VorVop} { H 1
viL Low-Levet Input Voage i 28 l - 03 - os I - 03 | v
{Voyg = 0.5 Vor 2.0 V) i 1 !
Viyg Hign-Lavel Input Varage | s | 22 ’ - I 2.2 l ) l 22 - 1w
Moyt = 0.5Vor2,0v) ! ! { l
ICH Hign-Lavel Outoul CTent 125 {028 - , 025 5 | 02 - j ma
{(Voug = 1 25 V) i ] L
‘oL Low-Levet Quut Cument Tes oz | — | 02 - l 016 | — | =a
{(Voyp = 9.4 V) : ; | i
tin tnout Current (TE — Suituo Devwcal | 25 | - l - 2.09 3 | — - 1
tin Input Cumrent (A1-A5, A&'D6-A8.C9) s | — ] - - ] -3 , - - oA
Ino Osmscant Current | 22 | - - | =] 0cs | - -
lag Jyname Supoly Curent (fe = 20 aH2) ioas | - - | - | Q9 - | - [
1
t
t
:
1
1
’
'
¥
.
1
L




ELECTRICAL CHARACTERISTICS — SC41343 and SC41344 (Voitage Referenced

o

o ng]

Guaranteed Umit

-

Symbol Charscteristic Veo —toC ¢ a5 Unit
Min Max Min Max Win Uax

vou Low-Level Oudut Valtage 2.8 — Joos | — Jood| ~ Joes | v

(Yin =0 Veorvnp) 50 - 0.08 — a.cs —_ 0.cs
10 - 008 0.c5” —_ 0cs |

VEM | igh-Lave Oaout Yokaoe 28 | 275 | — | a7s ) s | — v

(Ve =S Vor Vo) 50 155 - 435 - 495 -
10 395 — 335 — | $55 —

viL Low-Level input Voizage " ' v
(Vour=2.3Vor0.5V) 2.8 — - o84 - 0.84 - 084
(Vout=4.5Vera.sv) 5.0 - 1.§ - 1.5 - 1.5
(Vour=2.0Vor10V) 10 - 10 - 3.0 - Jo

o . High-Lavel Input Volage ‘ V]
(Veut=0.5Vor23v 2 1.96 - 1.96, - 1.96 —_
(Voug=0.5Vor4sv) ‘5.0 1s - 35 -, 35 - !
{Vout= 1.0Vor9.0V) 10 7o - 70 - 7o -

oM Righ-Level Outout Current 3 PomA
Vour= 1.4 V) 28 (73| —~ |07 ]| — [-oss :
(Vour = 4.5V) 5.0 =0.59 - -0.5 - | =4 -
(Vour= 9.0V) 10 ~1.3 —_ -1.1 - | 29 -

oL Lsw-Level Ouut Current ¥ ‘ A
(Vout = 0.4 V) 28 0.35 0.3 —i 1 024 -
(Vout = 0.5V) 5.0 0.8 — |} o6 - 2.4 -

{Vour= 1.0V} 10 s - 2.9 — 2.3 - ’

tin inout Current — Daza In 10 = 03] = 23] = |n0]

fin ‘nput Current 28 - - -0 - - , SA
AL-A5(SC31347), 50 - —_ —_— .14 -— -—

A1-A9 (SCL1344) 10 - - - 2 ? - — ,
=500

Cn ‘Aput Cazasiance (Via o C) —_ — - - 7.5 -— - | =F

oo Quaescant Cumrent 8 —_— —_— — 30 -— _— 2A

5.0 -— - - -1 - —
10 L— — - 150 — —_

le Cyname Susply Curent 28 - —_ — 200 - —_ A

(le = 28 kH2) 5.0 - - - 530 - —
HJ —_— _— —_— 1000 _— —
1
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SWITCHING CHARACTERISTICS — MC145025, MC125027, MC145023, ang SC$1342° (Cy = S0 0F. Ty = 25°C)

Gusranteed Umit

Symbaol - Chanclariatle Vop Min Mez Uniy
TUH. Outout Transioon Time S0 200 ns
SHL (Fraures 4 anc 8) 10 - 100

15 - 30
te Dana in Rize Time (Decocars) 50 -~ 15 us
{Fowe 5) 10 -? 15
1S - iS5
Kl Qaa In Fail Time (Cecocers) 5.0 I i1 us
{Fgure 5) 10 -— 50
18 = 40
‘a3c Encooer Clacx Frequency 5.0 2.Q0t 20 MHZ
{Fgure 6) 10 0.C01 s.0
15 2.001 10
[ 4 } Secoce Tauend) (Art. s Do Cod 5.0 10 240 aHz
{Fgure 14) ' 1w 1.8 410
| s 1h 153
- TE Puisa Widn (Encooers) 5.0 3 - as
{Figura 7) 10 30 -
15 29 —
“Als3 see next Swicnung Characiansocs taske tor L5 V sdealcaaons.
!
SYITCHING CHARACTERISTICS — SC213322:Cy « 3C2F, T4 » 25°C)
Suarsnteed Umit

Symbol Charsctersiic Voo Min Max Unit
LK. Cunut Transioon Time 2.5 - 150 as
THL {Fqures 4 ana 81
lase Encover Clocn Frequency 25 1b 250 WM

{Figure §) N
w TE Pulse Wicth 25 - - a3
{Fiqure 7) .
i
SWITCHING CHARACTERISTICS — SC=1343 and S5C=$1344 {C(_ « 53 0F. Ty » 25°C)
[ Guiranteed LImit

Symbol Charazteristic ¥Ynp Min Max Unit
M. Outout Transicon Tune 2.8 - hE=} R
THL {Figures 4 and 8) s.0 - 200

i - 100

P Data In Rise Time 8 - 15 us
{Figure 5) 5.0 — 1S
10 - 15

F] Ca In Fall Time 28 — 15 ps
(Fowe 5) 5.0 - 15
10 — 50

7 ] Oocooer Freauency (Ralerenceda © Encooer Clocr) 28 1.2 100 \Hz
(Fgure 14) 5.0 1. 240
19 1.9 410
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OPERATING CHARACTERISTICS

MC145026

The encoder senaily transmns tnnary data as defined by the
state of the A1 ihrough AS anc A&D6 ihrcugn AGD9 input
mins, These pins may D6 1n esther of three states (Icw, gh, of
cpenjaliowing 19,683 pessibie codes. Thetransmit sequence
'$ ntiated by a low levelonthe TT irouton, Eachtimethe T
‘nout is forced ‘ow. the encacer outbuls iwo deatical data
worcs. Between the two caia worcs, na signaiis sentforihree
cata oenods. If the TE inout s keot kew, the encocer coaunu-
2usly 1ransmits the cata word. Saee Figuie 10,

Uoon power-ud the MC 1458 5 can continuously transmif
cata as long as TE *emains -ow The device can transmit two-
~ord saouances by puising T& ‘cw. However, no asolication
snculd e dasgnec s rely vocn tha first data word trarsmied
-3’7 2ata

LA DCwir. 0D, Semause his Drstward s

Eacn ransmeiec innary cign 1s ancoced into puises {Sdx
Figure 11), A logic Zero (fcw) is encocad as two consecutve
snortpulses, alogicone (hgn)as twoconsecutive iong puises,
and an coen (high-imoecance) as a iong puise foicweag by a
snort puise. The ndul s:ate is Celermined by using a weak
‘Jutdut” device (o iry o icrca @acn nput tirst low, then nign, If
cniy a high sia:e resuiis from the :wo tests, the inout is as-
3urmedio 0e harcwired o VDD, ¥ cnly aicw sialais ootained.
:henputis assurmeglode narcwredio Vgg. ifbothamghang
alow can ba lorced st aninaut, 2nopan 1s assumes and 1s an-
coced as such. The “Nugn”ang “tow" levels are 70%% and 30%
<f the supoiy voriage as shown in tne Elecncal Charactensics
Table. The weax "suidul” 2evice sinxs/saurces up (o 110 WA at
25V suoply level, 500p:Aat 10V, and 1 mA atisV,

The TE input has an internal pullus cevica so that a simote
$witca may ba used to force the input low. While TE is high, the
encoceris compietely disadlad, the osailalor is inhibited, and
the current drain is reducec 1o quiescent current, When TE is
brought low, the oscilaior is s:ianed, ang the transmit se-
guencebegins. Theinouts are then sequaatizily seiectad. and
Cotermnatons are mace as (o the mout bg;c states. Thisin-
{ormation is seriaily transmmed via the Data Out pin.

MC1a5027 -

This decoder receives the serial data frem the encoder and
outputs the data. if it is valid. The ransmified data. cansisting
aof two dentical words, is axamined bit by bit cunng recaotion.
The firstlive tinary Cigrs are assurediobe the acdress. |fthe
receved address matches (e iocal adcress, next four (cata)
bits are internally stored, but are not transferred 10 the outout

dataiach, As xr-s $6cSna encoded word is recaved, tho ad-,

dress must again maich. If a malch occurs, the new cata bs
are checxed against the previously sicred cata bits, H1he two
nibblesof daia (four bs eacn) match.the dataistransfented o
the autout data latch by VT and remains untl new cdata res
paces d. Atthe same time, e VT outout cin s breugnt hign
and remains hign until an etror is receved Sr until NO INPUT SIg-
nal is recerved lor four caia perods. See Frgure 10.

Althoughthe aodressimiormanon may be encodsc intnnary,
the data information must b9 either 2 one of a 2er. A Ulnary
{cpen) data iine 3 decocea as a logic one,

tarialy rom thg encce v

e

MC145028 i

This cecoger coeratas .4 jhe same manner as the
MC145C27 axceot 'na: =:ne address lines are used and na
cala output s avaladie. “he VTputout s used 10 ingicale that
avaiid accress has oeen recoved. For ransmission securay,
wo identical transmmiec worcs musdt be conseculively re-
28iveq Laiore a vand:rass sson ouldut (VT)signalisissuea.

Tho MC 125028 aricws "£.65] addresses when tnnary lav-
015 30 USSD. 512 30C @SSP arg DOSSI0!8 whaen binary levers
are used.

PIN CESCRIPTIONS
MC7 45025 ENCCCER .

A1 througn AS, A6DS '*rou-h A9/09 (Pins 1 through 7,
9,and 10)
Thesa accrass/datar~ a'e encocec angthe caiais sant

e'cata out o,

Rs, CTC. ATC (Fins 3%, 12,308 13)

These pins are pax =/ w6 cssilator seciion cf the encecer,
See Figure 9. ¥

¥anextarnatsignas sc.-tassugeainsieac clthe rternaics-
cllateritshowdtece aciae Rg:noutancihe ATg and
CTC pins sncuid Be @ 2zan,

TE(Pin 14)

This acuve-ow rans—= ‘1:::} 172Ut Intiates transmisson
~nen lorces 'ow, An -isrmar odiud cavice keeos this incut
~ormally high. The ow. .2 carrentis soecifiea in the Eactnicar
Charactaristics tade.

i

Dat Owt (Pin 15) i
This 1s 1%e outou: = =2 enczCer that sanaily frasants ihe
ancoced Cala word.

1
Y¥ss (Pin 8)
The most-negaive s.octy aclental,  This 2in s usuaiiy
ground,
Yop (Pln 16) !

The MCSt-pesane dSwer s.:op;/ pin.
MC145027 ANO MC3 25028 DECODERS

A1 through AS (Pins 1 through £) — MC145027
A1 througn A9 (Fins 1 through 5, 15, 14, 13, and 12) —
MC145028

These arethe loca 328ress inputs. The siatesolthese pins
musimatchihe aoporesnala ancscnr nputs for the VT sintogo
high, The local aodress :may be onwcoo with trinary or binary
data.

L]
06 through 09 {Pins 15, 14, 13..and 12} - MC125027
ONLY !

These ouduts presen: ine t:unaPy inlormation that is on en-
cocer nputs AG/06 (nDLgn A9n09 Only Binary gata 1s ac-
knewleaged: a trinary coon at the’MC 145026 encooer 's de-

| o0ed 2s a high leves Sgrc 1), r

§



R1.Cy(PIns 6, 7)

As sncwn in Figures 2 and 3. these pins acceol 3 resisior
and capacior that are used 10 cetermine whather 3 narrow
Juise or wkie puise has been recsived. Thetimecsasiant A x
C4 snouid be set 10 1.72 encogar Cixck perods:

A1 Cy =395 RTC CTC.

R¥C2z (Pln 10)

As shown in Figures 2 and 3, this pin accepts a rostsior and
=apacior that are used o cetect both tha end of a recaived
worc ang the end ¢f a ransmusson. The ume cortant Az x €2
snouid Be 22.5 encoder ciock penods {four cata parnocs Der
Zi-ure 1):82C2 = 77 RTC CTC. Thustime contantis used io

2313 £6713CS (8NC C: lratsTussion). A sdcarate SA-ChO
camgaralor looks at the vofage-equivalent two €aia cenocs
10.4 Rz C3) to detect tho deac Ume Letwesn received worcs

within 3 transmisson,

i 4 o matmapimE T N Lun R3S ramained ow for fcur

a-—

VT (Pin 1)
This vahd transmission ouout Goas mgn afier the second
word of an encecing sequence wnen tne loticwing coneitions

are satisfiod:
(1)iha recervec addressas of both wor&s msicatne iocaico-

cooet address, and

(2) the received data bits of both worcs maich.

VT remains high untld eahar a mismaic is receved of nC N+
put signal is recaveo for four cata penags.

H
vss (Pin 8)

L
Tha most-negative supoly dotental.: This Sin 1s usuaily
ground.

YpD (Pin 16)
The most-posttive power supply pin.

ag L !
S Crc Arc
1 12 12
’_._ R —_——
! NTERNAL 1
INAZLE

This oscillator coarates at a irequency ceterminea by the
axiarnal RC network; Le..

a——
23 Atc C1c’ )

for ¢ kxHz 515 200 kHz
whote: CTC’ = C7C + Ciayout + 12 pF
Rg=2RTC
Ag 220k
RTCc 210k
400 pF < CTC < 15 wF

Figure 9, Encoder Oscillator information

The value for Rg shouid be chosen to be 2 2 times RTC.
This range ensures that current through Rg s insigndicant
comzared ic cuentthrough RTC. The vpper hmafor A must
ensJre thai Rg x 5 pF (inout cazacianse) is smail ccrcareg
10 RTc x CTC- ’

For frequencies outside the indicated ?an;o. the lormulais
lass 2ccurate. The minimum recommenced oscilation ira-
guency of this cireutt is 1 kHZ Suscacubility := externally in-
duced noise signals may occur for frequencies Geaw 1 RH2
and/or when resistors uulizeq are greater than 1 MQ.



ENCTIER

IWCRD TRANSMISSK
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B
p— oAt — —ar — F—oSh—  F— okt —
SATA OUT L]
PN }_ﬂ_"\_.lm T
— HIGH ———OPEN w4 I ] l
: 15T WORD - | N0 WORD —;——-
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APPLICATIONS INFORMATION .

Infrared Transmittsc

In Figura 16, (he MC125C26 encoder is setiorua atanoscil-
‘ator frequency of about 4 kHz to 9 kHz. Thus, e uma fe-
quired for a camslate two-werd encoding sequence s aocut 20
ms 10 40 ms. The cata ocutput {rom the encodar gates an RC
osciilator running & S0 aHz: the oscilaier shown sians raodily
enougn to be used in this aspiicaton. When the “sang” bution
is not cepressed, Soth the MC 125025 and cscliaior are n a
low-power siandby siata. The RC osciliaior has iz cethmmeo
for 50 kHz ana has scmae crawbacks for fraguency siadriity. A
e 23n0r Svsiem USas a Ce°3Mic resonator csciiaisrruanming o
200KH2, TH.S CSCiAlSII66CS 4 C:v-COf A3 SACWA IR Fgurd 17,
The unusad inouts of tne MC12011UB must be grauncea.

The MLED81 JRED s criven with the 5CkHz square wava at
about 260 mA 1o 306 mA lo Gonerals the carner. I desired, 2
IREDs wired in saties can ba used. {See Aopucaion Noto
AN1015 lor mora infereation,) The bioclar IRED swach shown
in Figure 16 cliers iwo aovaniages over 2 FET. First, a logic
FET has too much gate capacrance for ihe MCI1TUB o
drive without wavelcrm cisiortion, Second, the didsiar Shive
Sermas lower suSoly veagas, wnich aré an acvantage in par-
ra0le barary-powered acoications.

Theconliguraticn stownin Figure 16 operaiesover asuoply
:ange of 4.5 Vo 1§ V. Alow-vcRage Sysiam wnicn coerates
2own 10 2.5 V cou'd 24 reaiizec if the SCL1242 (e icw-vor-
ageversioncithe MC145026)isusac inliey of the MC 125325,
The cscillator seci:onci aMCT<HCC80is ussdinciacaal the
MC14011UB. The caia outout oi the SCL1342isinventec ano
fad 10 the reset cin of the MCT2HCL060. ARarnately, the
MCT2HCUOZ ccuid be usaed for the csciitater.

Information on tae MC1:2011UB s in book numcer DL131/0.

‘The MCT2HCUC4 ang MC7T2HC-364 are found 1 boox num-
ter OL129/0,

infrarea Recsiver

The receivar in Figute 16 couplas an IR-sensave cioce 10
input preamp A1i, !sliawed by bancpass amplifier A2 win a
gain of about 10. Limning stage A3 follows. with an ouisut of
about 5§60 mVp-p. The limitea 50 kHz burst is cetected by
comparator A4 that passes only posaive pulses, and

seax~¢etected and hllered by a crogeRC network 10 Jatract
:ha cata enveicoe from ime burst. Comparator AS boosts the
signaito logic leveis comzauble winihe MC125027'8 cata mn-
put. The cata in oin ¢t "esa ceccCers is a siancard CcMOS
high-impecanca nout wnich mus: HOT be silzweo to !cat.
Therslore, direct covdiing from AS ip the cecager Noul s ull
lized, i

Shieiding shouid be usad on at laast A1 and A2, wrh gcod
ground ana high-sansitivaty circuit Iyout technigues asoned.

For operaton wan suopiies nigrer than -5 V, dmner AL’s
20sMive ouIoul swing neeas io ba limiteo 1o IViosV. Thusis
accomoiished wia acding a lenef cicde .n lne tegalive
106a5aCk a0, NLS 2vSICNG FICASIIVE SY$aM nose. oA
Miasing rasisior siack sACUId be acjusiad sucninai Y. 128
[CRERA

This sysiam woms ©3 10 a rangd of sdout 16 meiars. The
gains of ihe sysiam may Se acjusiac 10 suilIna ncividuat ce-
sign neeas. The 130 02 casisior ta e ammter of the tirst
2MS5G88 and the 1 (1 resisior feeding A2 may ce anereo
cHerent gainis requirec, N GeNeral, Mora Gain coes 1ot nec:
essanly result in inc:easao range. This is cue i norse ticor
fimnanons. The desigrer sacuic ?‘:\c:usa transmInar oCwer
and/or increase receiver aserature win !resnal ‘ensiag o
greatly imorcve range. See aooricitions note AN101€ for aa-
sitior:al intstmation.

intormation on the MC3407E s n cata ocex DL126.0.

Trinary Switch Manufacturers !
Midlanc Ross-Eiacroric Connecior Civ.
Groyhill
AugavAlceswilch
Aries Elecironics

The acove companies may not hava tne swucresn a DIP.
For mora nfo, cail them or consun EEM or Gorc Book. Asx for
SPDT wih center CFF.

Aterqative: A SPST can Se olaced in snes defween a
SPDT ana :“e Enczcer ¢? Decscer to aciieva irary acion.

Motorola cannotrecomimend ong suoplier over another and
in no way suggaests that tnis is a complate fisung of trinary
swilch cmanulaciurers.

201/996-6841
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