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ABSTRACT

Control load by timer and telephone is a convenience machinist for people. When you
arestay in somewhere and would like to control by switch off the electric machine in your house.
You could do that just call a phone to your house or residential by place the command to the
machine.

Herein this equipments are assembled and carry out by mean of Microprocessor
Z-84C11 which in the central processing unit of control load by timer and telephone.
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nsinan TIME CONSTANT

- - & v & ' ' v

iin D2 (TIME CONSTANT) finiiiflud2sueniit WORD ssleziflus TIME CONSTANT

P I -~ v o X a ’

munulsintliaedinilu “1” uaddniilasindu «0” Wi

- - : - e J o IJ - :4 - “qn

un D1 (SOFTWARE RESET) iinlis:iisanmismianuvemosnuifiietiniiassnitlu “1

J o 1 4 o v - : d L} - 1 J
Faibimnib msuamgunamgaas Simiidu “0” mahauihilednlnddedles
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TIME CONSTANT WORD
fioufl CHANNAL @9 esiudunivesdesiinislvansi TIME CONSTANT #fofeslsf

v 5 ' L -~ o “ ° J J
1Aue 1 D1 256 dmnindu “0” nuasahlimsifuwes COUNTER vhail 256 (3Un 8)

[o7]0s] o8 [ o+ [ea Joz] o1 oo}

TC3
TC4
cs
TCS
TC?

71l 8 CTC TIME CONSTANT WORD

PIA REGISTER
MIAMMUAM I NINYBINEN
09 . Woin PIA mansol¥mitenuitenissiuiy vesiinduynuazieninm womugulasnadon
PORT DIRECTION REGISTER (PADR, PBDR, PCDR, PDDR, PEDR) d1fu “1” dlunisiim
Midhuoniyn dullu “0” dumssalidiuduwn (Uil 10)

U wo—— -

Addrese S50

s

2

B IX XX
B L

:Seln BN X ol
"4 : Set ﬂ:‘o.m..'"a,.r. .

3Ufl 10 PORT DIRECTION REGISTER

PORT DATA PORT

o A 9 ma ¢ ; v - ¢ ale ¢ o & v &

veyafiivhidimmesinzgnadlidiinvesneiniiimun Tnseniymiussifudoyn sunsais
- - A4 a doe v . o waa Y .4 va o o
fimnfasunlalasCPUeinit mualiithue nfymanuh @ immesisaihbilnszuasmik g

(gﬂﬁ 11)
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PADP (Ador

PBOP (Addk

PCOP (Add:

PODP :

PEDP (C11 only:Addrass:4th) .

|mlnlrs'94[n|mlm]ﬂ

l“_ m :

PEDP (C11 only:Address:40h)

l |nlpslr4[mlpz]mm

I —
When Waichdog Timer s Dk '3,
When Walchdog Timer is Enabled: WDTOUT

TReed Only)

7Ul 11 PORT DATA PORT

m3tiou PORT DATA PORT
J -~ J - L 4 - L4 g 1 - 4 . > -
Weiiniimmualiifuduyn  msdisudeynasdeumisiniidmualyifiudunn  dums
4 ° o -t 3 * A * . - J
wavuainnudhAgyues PORT DATA PORT s:iimademaviniumouen dedumisvesinl
o - g v e " ol 3 & AR
Amuadu eniyn masdisudoyaasgdumisiitmualidhueninn Yoyaszqnifueg PORT DATA
PORT mse1u PORT DATA PORT
Fd P ’v o | ° 9 - J (3 T, | o s ¢
iy Mdwmisinfignimualfitluduyn  mssnveyagimfidhduymezsrumnnemlavas

o o : Ly J » g . -~ J J > J »
ﬂ'numﬂtyumwa{nuﬁa‘luumsxﬂnuuuﬂmmmunuwnnmmm'l'nLi'lmmﬁv!mzmwagmm PORT

DATA PORT

WATCH DOG TIMER CONTROL REGISTER (WDTCR)

WDTCR szgnmiufulasidaines 2 42 ie WDT MASTER REGISTER (WDTMR) uas
WDT COMMAND REGISTER (WDTCR) aoinuas WDT szituuyy DOUBLE KEY xﬁm‘]mﬁ'u
ms ERROR usne1nmiy WDT 3n7uAuMs POWER-DOWN #18 DOUBLE KEY wusifludea
Willo#eamsila WDT _

ENABLING THE WDT laua WDT ENABLE, iim D7 (fhu “1” uaz WDT PERIODIC
FIELD (D5,D6:WDIP) 1ﬂumunmﬁc‘n’mmsmn’nfuag'\u WDT

DISABLING THE WDT lagmisiadie§ WDTE flu “O” uaziousioya B1H aslu WDTCR

CLEARING THE WDT lasmiifivutieya 4EH aslu WDTCR WDT MASTER REGISTER
(WDTMR)

- > * LJ » J A 4
Reamofil¥mugumaiuves WDT uasyhmifidna g vesszuy (JUn 12)
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Read'Write
7 0
Iolllnlclo]o]v]ll (Value on Power-on Resel)

| T e
Control Regloter Inialize Option

1 inkislize only on Power-on Reset
0: inkislize on Resat Also

Resst Output Disable
1: Resel Output Is Disabled
0: Reset Output is Enabled

Clock -One
1:0?1;6:3&0-&7-0"

0: Clock is Divide-by-Two

Wi 9 Timer Period (WDTP)

TeCx2 ::
TeCx2 20
TeCx2 P>
TeCx2

Wi 9 Timer Enable

11 Enables WOT

0 : Disable WDT (Followed by 81h
o WDTCM)

~=00%
-o-0f

7Ufl 12 WDT MASTER REGISTER

iim D7 (WDT ENABLE) ﬁnﬁmuqumiuaﬂﬁwvm WDT las WDT sz ENABLE dlei)
nilifhi “1” uarez DISABLE ilefinilifiu “0”
iin Dé-Ds (WDT PERIODIC FIELD) wesiinilflusammuaniudesnsszoznalaos
il
00 PERIOD IS (TcC x 216)
01 PERIOD IS (TcC x 218)
10 PERIOD IS (TcC x 220)
11 PERIOD IS (TcC x 222)
iin D4 (CLOCK DIVIDE-BY-ONE-OPTION) 61y “O” ENABLE ifhy “17 DISABLE
iin D3 (RESET OUTPUT DISABLE) fhiiniiths “0” T¥aewiynith ENABLE ddlu
“1” i¥mniynidlu DISABLE imilezmuqudaane /RESET
im D2 (CONTROL REQISTER INITIALIZE OPTION)
iin D2 (CONTROL REQISTER INITIALIZE OPTION) duilu “O” INITIALIZE ON
RESET ALSO diilu“1” INITIALIZE ONLY POWER RESET
iin D1-Do (RESERVDE) aesiiniiitiu RESERVE uazhsunsuliishs «117

szwmuquwas‘ni’au‘,a (SYSTEM CONTROL DATA PORT)
FRawmefilithumath WCR waz MWBR (gﬂﬁ 13)

— —— .

;?PM) 00
EEEERENE

I the Reglster -
Poinied by SCPR

7l 13 SYSTEM CONTROL DATA PORT



15

WAIT STATE CONTROL REGISTER (WCR)
Tawmofilifhuneri SCDP #sda OOH lu SCDP (gﬂﬁ 14) Fufvl3duiy ZsaC11

fumnuiavgagaues WAIT STATE fie 16/M1 CYCLE wdinn3i¥a POWER ussshdidy
o o |- :
anudAyvesiIaaeil
WCR (Read/Write)
14 Do
K 0 I KR KR KR
16 - M1 Cycles After Power-on Reset Uniess Programmed

Lelefofofofefe]e]
T

7l 14 WAIT STATE CONTROL REGISTER

iinfl D7-De (INTERRUPT DAISY CHAIN WAIT) tsfinflezszyinmu WAIT STATES
AADIUTYNAN

INTERRUPT  ACKNOWLEDGE FETI CYCLE

00 NO WAIT STATES NO WAIT STATES

01 2  WAITSTATES NO WAIT STATES

10 4 WAIT STATES ¢ WAIT STATES

11 6  WAITSTATES 4  WAIT STATES

iim D5 (INTERRUPT VECTOR) tuflu “O” s2hifl WAIT STATE éuflu “17 § 1 WAIT
STATE

iin D4 (OPCODE FETCH EXTENSION) ﬁ'1ﬁm'fﬁ'lu “1” ‘JSU’Jﬂl'W'll‘B'ﬂ 1 WAIT STATE
uy OP CODE it duflu “0” hifinsuanifiy

iin D3-D2 (MEMORY WAIT STATE) ﬁnaﬁnﬁvzs:uiwmu WAIT STATES ¥8amidy
A Ao TuzdIIan

00 NO WAIT STATES

01 1 WAIT STATES

10 2 WAIT STATES

11 3 WAIT STATES

im D1-Do (I/0 WAIT STATE) amﬁmf%:szui'lmu WAIT STATES w09 I/0 M
AOUSYNAN

-



16

00 NO WAIT STATES
o1 2 WAIT STATES
10 4 WAIT STATES
11 6 WAIT STATES

MEMORY WAIT BOUNDARY REGISTER (MWBR)

Tmmeiiinzimun ADDRESS Wui MEMORY WAIT STATE o ADDRESS v
mironnudilagluiiedingn undeduiin WAIT STATE v:1ds WAIT ffaslumizsaaius (Uit
15) TBmmeitlesmunuinmzdmiuniseumiedion uazmsving OP CODE

o 00
LT L o] veemromeenrios

L———— Memory Wak Low Soundery

Bpecifiss Lower Boundary
Address (A18-A12) lor
Mamory Wak Insertion

Memory Walt High Boundary
Specifies High Boundery
Address (A16-A12) for
Memory Wakt insertion

7Ufl 15 MEMORY WAIT BOUNDARY REGISTER

“Tuamana

Truanishanudl s Tnua ieidoude PIC fuunasiuiia CLOCK 11 4 Tua fis RUN MODE,
IDEL MODE]1, IDEL MODE 2 uaz STOP MODE

mahaueusazimasziinadlongaddmely MPU Suhandmisiniingameld IDEL
MODE 1,2 vi3s STOP MODE lat3i¥aduym videmsveduireiini (NMI, INI) msiBenlnuail
Mdsnzias tazaansadenlmualdlavy MS uaz MS2

RUN MODE (MS1 = 1, MS2 = 1) msi1uves PIC szdsiloany e CLK Shueni
wnunaasw CLOCK gnisuenadndeiiios

IDEL MODE1 (MS1 = 0,MS2 = 0) mamasziinisesasanmelusdeiilouaznissis CLOCK
fansuenaeiiles CLOCK 1NN (CLK) wnyafiszay “0” Inuaithiznnsnsesiu ZasCi1 dloly
CLOCK ninmsuenldefivi CLK

IDEL MODE2 (MS1 = 0,MS2 = 1) msaoadiannuluuasn1sniiuvey CTC ﬂ'mﬂm tﬁam
CLK gnifonlviifluieniymite CLOCK gmuuenatndeiiies us CLOCK nelufilf CPU uaz WDT
unzvgAfissAy “O” woa Ta STATE msﬁmu’lnuﬂﬁaztﬁm{uﬁ’uﬁnti’qmnfhé’qﬁﬁwg' Tnumitm
wsmh CLOCK ninmsusnun@edivi CLK &

STOP MODE (MS1 = 1,MS2 = 0) msiiiuanq Wun nisesadanmoly, CLOCK
OUTPUT (CLK), CLOCK mulu uay WDT szyafiszay Ta STATE fhu “O” msmgansviail
szlﬁﬁ{uﬁuﬁnﬁwm§uqﬂﬁ1t‘§(zﬁ10g’
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m13197 2 DEVICE STAUS IN HALT STATE

MODE CGC CPU CTE WDT CLK
IDEL1 O X X X X
IDEL2 0 X @) X 0O
STOP X X X X X
RUN (0] (0] O o) O

mNgme

0 = MM

X = wgmevinm

2.2 DTMF Decoder

Insdwirtianauuuy DTMF dszneudofunasnu 12 u imsvinuihswy Dual
Multi Frequency uilunaszimiaiiu Row 4 un3 Column 4 un2 Uszneunuudhuzy) Matrix luudas Row
- P o o ' W o
uaz Column sziifmanudlszirdmumisey Az 1

Cl Cc2 C3

1209Hz 1336Hz 1447THz
1 2 3

1 2 3 8697THz
4 5 6

4 5] 6 TTOHzZ
7 8 9

7 8 9 852Hz
# 0 #

L

* o it 9414z

4 i J o
3UN 1 manuddssiiminony Tussuulnsdwd
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o J 4 L A » W -
msiaw denejuminuavlamnoawii wlszneullde Tone 1foa 2 Anuddoduie
- dd 4 3 o A w '
AMNduazANIM dudarmnoiavezlimanudgansi sinfunaeswuivaneias 1, 4, 7 uaz *
J -J o + o el Lo -‘
olu Column 1 1 laovanuiay 1, 2, 3 aglu Row 7l 1 Mavudazaafunmwusiuveanuane Row
E R o - E] ) ' T |
(Aunem) NuANNONNR Column (ANUDYI) unmomatwmanm]ma'u “5” azag‘lu Column vy
v U @ a o 4 - 1]
1336 Hz uaz Row 770 Hz Asuumnaauay “5” sswdadyygs Output 2 aAnudesny Skunh
DTMF
v U v o v o w . - . A
Ay lumsaiaeesneasfa DTMF Alasmsainsssmieneasiamanudmarinfues
“ U oo - o v a8 - - P o o o
halapiuldfgunsalivimhiitlasmw: Aadhu IC wef MTss7o veewdiin INTEL desvimihil
w o v 1, o - &L u ! i 4 L4 x
udygru DTMF nuaslviiflusmdaiavguasaning 4 on sntdulasnuiiscddideny IC we il
umiufhueesnensia DTMF

2.2.1 MTs8870 DTMF Decoder
o A’ o v ale o [ ar -
IC 193 MTss70 1 ssvhmihisudygr DTMF dailudtygno Analog 2 A2
v U -~ LUl “ > & L2 - 1 J . J v -
TWednddunidygamldnnmsnauvosinswituumyinus:Ssnunshidhindy Sine fuiede
AN 2 IC westifdiamiinseniuuaznensvresnunld

(Voo !
100

0.8

0.6+

™M (\’p)

a'
=l
)

5 0L
iz
3
e

0.2

va

Ui 2 dhunizdygo DTMF fldnnTnsdwd

N+ 1] I 0] vOD
N-[2] [37] s1/6T

65 3] 6] EST

VREF [ ] 5] Sto.
ic+s] mres7o ot
1c*[s] 3] 03
osct (7] 2] 02
0sc2 [ nj 0

vss [3] 0] ToE

* Aol VSS

MTEST0BE 10 FIN PLASTIC
MTBR70AC 18 PIN CERDIP

71 3 urmITIpazIBuANIYEY MT8870
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2.2.2 AM@NIAYEs MTss70
- dudrsbuazoonasiaaud DTMF
- Aulvivios WiW@eassdudeady TTL
- mnsaasanvnemeluaaled s
- musnsuniiang (Guard time) 1o
- duledqunmga
2.2.3 Ianadumeluves MTss70
MTss70 vsznevlidionesnsosanudl uazrevsoeasiafadsimuaiaea Tudu
489239305090 A 19 inAfinvesding Capacitor Filter dmfunsesnnuigeuazm dwn
snoanialfinaiiamniimudinea easisduuazoeaniana 16 A1ud ponthunuguasIving 4
fin wazanegBUYNNATdYa AN dumaduynidiuesdusuilfiannsodiusannsveeld

TagAegunsaimousnieniymithiesuand s o

Q 9 v
VDO —~ 'S REF
b
BIAS
CIRCUIT VREF
BUFFER
1 1 cHiP.
CHIP DIAS :] o
POWER HIGH GROUP s
FILTER
N ] o2
o e A B TR Y [

TONE
N- E / FILTER DETECTORS, ALGORITHM | | AND LATCH 'J o
Low Grour -
FILTER
csE A ]0‘

_{>°__. TO ALL
CHIP ST STEERING 1
CLOCKS GT  L0CIC
A 1 I
J - u— J J T
0sC1 osQ2 S/GT ES sTD TOE

- v,
JUN 4 Iﬂﬂﬁﬂiﬂ‘lﬂlu‘ﬁﬂi MTss70

2.2.4  Wadsumamammelu
mulu MTss70 Uszneusvdiudhey s daufte
1. manIsannua (Filter section) 'lud‘mife:uunﬂ'tgmm DTMF fidnnseniiu
2 nquaNudReTAAgLatnLdm Tnolessnseanunuisudy 6 wiaaindamhned

: . . P ol o . . - ' a4 3
(six-order switched capacitor band pass filter) danudnuun18® 2 FRADYNANUOTILASFNANVDAT

2. HNNBAING (Decoder section)
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Frow | Furaw | NO | TOE | @, | @, | @, | q,
697 1209 1 H o| of o 1
697 1336 2 t o| of 1] o
697 1447 3 H o of 1| 1
770 1209 | 4 H o| 1| o] o
770 1336 5 H o | 1] o] 1
770 1447 ' 6 H 0 1 1 0
852 1209 7 I o 1| 1| 1
852 1336 8 H 11 o] of o
852 1447 9 i TR SR\
941 1336 0 H PR D15 \§
941 1209 * i g frera o1 42 |
941 1447 # H PR30 ¢ g
697 1633 A H ro o [
770 1633 B H 1| 1| 1] o
852 1633 C H’ 1 1 1 1
941 1633 D I o| of of o

- - ANY | L ANV 2| 2

o d v wy a
N 5 wrmsmnesaialannauddng

AW DTMF fignniosdouiosud ssimdassneantanudesnifhidaimy
Taglimafiamaiuuwudiaea tazimiasvasuanudiiundh duanudinasgpu DTMF wioh
etloarunudduunnam 1ﬁans'nﬂaui1mw51?ugnﬁm Fyanauiinn EST (early steering) f)
szuoniivl dnfusilosanialdainauia g i uaadugldl s

3. MmAATABUTYN I (Steering circuit) nouflvziimsnensiaanudeenuil
Ny sziimsassaeusnudinhillizsznmanitmuaniohi Taedunasnszuznm
manalulnsdid Fedsenaubifinnudssnnifiuiinmehlamunsos1dlagl¥ RC Aonouen
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v ] . v o -t P v - 4

doyoounvn ESt sziilu “high” wlndifsatuszoznaifinnud DTMF whin nngUn 6 e ESt
. o & o & v o & o v X ‘

Wu “high” ¥ld Ve godu dufuszy C ssmioszy diliusedu Ve geiusudesmsyled

NsneaMrinzosaniesniiudiavuing 4 in noazBuamsinmmningl¥ein Timing dia-

gram Tzl 7

Yoo
SIGT

ESt A
S0}

MT8870,
———————

1GTA = (XChin (Voo /¥y, )
1GTP = (RC)in [VDO/(VDD-VTSe))

vmoﬁ

sxer—r—i
<+

3R

< ﬂz
£S5t O—m—rd

1GTP = (R C1)in (VDO /(M DO-\ TSi1]

C

IGTA = "pc""‘"‘on'\'w'
l’ - (RIR,1R] & RY)

i onssadatng 1GTF 1oiR (1GTA)
.

AAAA

£st O~——st

WITP o (R CH i (VDD /(VDD-VTSH)
IGTA = (RICH in (Voo /¥, )
R, = (RIR/IRE & &N

v Ansenrialnd 1GTAINGTP ) 1ICTA)

Ui 6 uamaeesATNERLRY YN uarmItmuanmnaTn!

]
WuURSUNIN AT l

} A P

el « 4 | ¢
PR an Y ! I '
E - Hrove = - ~i toa |~
Vn ._m‘.' ‘e lnui u1|ui
raen tael
e =i = ATAYALAY o
o T OINT > VA
! o™i T=t
i™ lava
' S /CT /| \' Y
—_—t A Y
IR L I T
. i1 owe Toduiuend
0,.9, saerdemiul sa. 1) m e \‘—‘@
o =1 1= i !
50 | VA% PR .
e, o ‘ e
ToE j a P—

J -~ - . -
N 7 UAMIUNUNNIAT (timing diagram) Y831 MT8870

B8EUIHVUABUM TN

ol o . ] [y I 4 ] -
A - anmuanuiiun uwimunathigndes wiynhin/aou
4 - - v o v val
B - Ml #n gnanlwwutazimunaigndes anudgnosaniauazuany1in
[
1N
4 L] * L o L} i | el JJ [
C - WANND #n PIningndns ITMdInandegauniiezldiunnudiigndes
i
o - -
D - eviynudvuihiledufiuand
- » - o v
E - AN #n+1 QAATIIND MUNMIgNAB ANNDgNoBATaUazUMY]S
- v v [] (g 14 (4 o v
F - mawd #n+1 Mol ravinligndvuemiyndinuadeg
- ' ' v o Y s A 41 v ol v
G - WA #n+1 FvngnAsaeiyndinsuanyegeutannudlmingndes
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dyanwval

Vin - dygiuanud DTMF fidan

ESt - Early steering output Wuansnudiigndes

St/GT - Steering input/Guard time output dm3iudeny RC muuen

Qi-Q¢ - 1@Wiym BCD ving 4 iin

StD - Delayed Steering output Fummesinuddldsuriomoll fawnaraud
Anua w‘v'aufrmmmqné’awmﬁ'tytym

TOE - Tone output enable (input) 1¥mugy Q1-Q4 Wiihilsduuaud

tREC - munannuilga fiasawunud DTMF ud25aligndes

tREC - munmrf’uqﬂﬁﬁmn1stﬁmmﬂ~rhﬁ'q;tg1mgnﬁm

tp - nn'uf"r"uqmzwinﬁ'tytmm DTMF ﬁgnﬁ’m 2 Ao

DO - nanmiga Avsulidygnamel/IE lumunmawidigndes
DP - nailflunsanewudygnuniui DTMF figndes

DA - nmildlunsansmamely vesdygmnud DTMF figndes
tGTP - mialmivesmalnnganud DTMF

tGTA - minlmivesamsmehlvesnnud DTMF

dmiumimialng (Guard time) Wuvmined ¥munavesn AN
Fuzdonnuidivionnnhdnmilinml Saesldsunsveuiuh dygnuanuiiugnies v
waldhnmilmadlilas RC e mialmhiues dedyarammdwmmaunimennnnhnmi
ml Saeramnsowlaadudaiey1s ddgaruauiunduniifsshiinseeasirdiudiavosnh
mImnaazinnunagIdngli 6
4. MAvewdyauANuuANHR (Differrential Input) 29958 uBUYMYEI MT8870
Hunnvorwsarluenditansoliusanvee TavAenssmousniimi @il 8 Fmanso
fMnusanYIuANUKANANTaBUYMIR B RIAUT IR

G Ry
0—4*—%1 . MT 2870 MevTTuNNUNADANA TUuA
IN+ Py C = C, = 10nF
- R, = R, = R, = 100KQ Mifianain 1%
N R, = 60KQ, R, = J7.5KQ sidenma £5%
& -
ek N R R
L R, -t
> R,+R,
Ry G5 T e,
3 ] O . SATINMNNIAY (A, diff) = -
i:RJ v R
e Bunadiminaus
3™ '
VRet
L O~ Znors) = 24!"4-(&)'

- ' '
gll'n 8 uammsmmwsmuuanwwﬁ'tyqnmmmnnnmq
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Ay (Ay diff) = Ro/R;
duwmBNAUAUT (Zin diff) = 2 Ry2 + (1/we)2
5. mafufiand (Oscillator) 1ummfmu'lu'la°‘iﬁmmmagmtﬂu INBAUARD X-
TAL w19 3.58 MHz fignnsaldandaviuil dnwuznsdessduaadlugudi o

Tuls 03¢t woo
C . ity

osct osc2

o xtal

0sC? —-—I—‘}——- 0sCt
4

C=XpF Xiol =) Stie4

J ’ - -~
§'L|Yl 9 HARINMTADNIINANNIINGD

2.2.5 23931%U

+5'\l’
C2 8. 1uF
e
Al & ) MTBS7a *
- |24
o R3 a
Q.1 UF oon 1x 120k 13 12
A4 9 00 Wl B ToE L0 2 L T53
""{(““VV t Ry Sect [0 '
OTME I/P TIIN+ =R 5
[ ajRer EsT 1g_ "3 9o 24,514
08, _ ) osCt [ V'¥
DLY SloL
o= [ 3l02 osc2 g
03* ey e S:0 (15 ’[“ STE DTMF
I Ic wes " o

114
)

v
3
GRS
40
Vs —4
z
d

.|l‘

J L4
i 10 uaAveslFuues MTss7o

-

nnpuaniAuaslnsaiinves MTas7o findn feldiunlssnouthnessaguil 10 dee:
fimaiadail

Fyanunud DTMF seitunman non-inverting input (¥1 2) lavwu C, dhuda coupling
dygrauazesll Ry,Re Judniudanmsvershimnzay dw Rs,Co szfludamnuamialng
iy Tuiilléi Ry = 300 kohm, Cz = 0.1 uF deezldmmialmissana 20 ms

Tuwnuzil MT8870 ¥11m3 Decode #ya o DTME senumiu Pusrdadgyg STD ssnufin
15 (e luenl¥ CPU Fwnilll DATA fiszdali CPU ufa e CPU Rszdadygno CS3 wihiian
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J v W J 4’ v - o 4
TOE w03 MTs870 (Waillu output enable il MT8870 iv1 TOE min1d3u logic “0” asilv Q; -
-t . . Y v v oo [Y)
Q. Naotuziilu high impedance fzuumin CPU 5u3113im3s Decode dygist DTMF tazdoanms
DATA fiszda CS; i dqyaiaiiiléa1nnns Decode szoenunifhusimavgruaes Tnoithi Data Do-Ds
v v J L4 ° '
Wiy CPU el CPU lihszunanadely
o o + X d ° - . . « P

nANITIAMHIRURNAINT dninlizneunemanes ieidensigunsal RC fimansay
) v ° & e . v ]
Unngiiwes Ry taz Ce wulianudngun mnzszfiumsimuasinavesdygna DTMF #i

v 4 4] o v oal . - (-ﬁ v ° ot v - ' v ad
20813 49 Co uimauiinfindaloFwefilduuniilee o.1 uF udufend1 Rs mudsanis S
Y o - o o~ v 2 < P ‘e & w
300 kohm wuihisiiminzaniiga dwmsunisléauinsdmivesnnialufsenalunsdoiuasvinlv

lod MTss70 Susvadaavldnndauazgndes

-~
2.3 293 laludiaiiia
aa J1 Y ) (R v e o o & . 14 v
nesAdReafiliuiiegn Thlszgresnuuuliinumusimenaueimahmaiugnde
& 5 A J ' 1 ! A [J - /) 4 v - . fd J ~ 3
AnduBasinandelliSuluduiidiadygnuieiioulinsatroaaumusimznaiiGundun
“n95lulumaiiia”
Tulhaniiafsdaniaie
-~ W a) . . u ’
Nuslulumada dadliusiaed (monostable multivibrator) WsuAte1sFonI12993
J ° ¥V & ] . L4 * » W L
“one-shot” iThnsssnansmihllfaonddnaedszon endretharu Withnasdsdsadygio
< -~ v o ool v > - v
sunnilusuudygnadinen visdhnasahedyapaiadidanunfemudeins wisdhnn
J A
nAAN 9 uazduq nun- .
° J -~ t’l 1 & ' z A A v J
M “Wlumada” yvumneiieh 2eniussivouzveueviynidnniniufiaiosogld
-t - 3 ' . - U
pwwsliannzasindu “p” vis “@m” udwdnzeenuurieg mahauweanesuumadionty
-~ [ |J J b L A - o o L » - L »
TandnAuduonfynezegianuziatoniues uddeldyanamadinunnszgumaduym sailiien
- - % P 14 ' o .
rymiinswasuuasaounfuasdn Sezaameuniuegludunamibiieunsadimualéen
v - P ~ -~ a - - v P
n15BNUULNYT udRdsundumnasusiduiiaiednasinin
- L] . - o » y .
uilvlumadomisesndu 2 wlvgjq fe wnsumsnszqush (retriggerable) uazuuy
L4 L y . J 5 -4 L * Lo . . o J o
hifumanszquan (non-retriggerable) Fmampauuuiindnmsinundiony uadwduRngiu
nsnszduvesduymanvishi TasszndndmdnmainuasdssTonflunsldaunonas
] 1% o - U P XK
Tupt 1 waz 2 wamdedamazmsiauvesesiulumadanideauuy Faesilwiiiy
v v 3 ~ (YA ol [ (X4 v ¥ - I 4
vounndnsznindulddany Taslugdn 1 dubiinsnssdusn sonzduveseniynsziu
- : A - v - P P - o~ - -
a03n “A1” WeliWadinnszdumaduniinm t, eniynezndougonnn@uluidduacin “g”
TR 7 ' ol o v A v
tazezpsanzlelutnm T Nrunsadimualdeinies liewutinm T Wufy wniyni

o ' - o B & - v a v . -
wadnnganuzduuazeramsgiiuuide lwnssislivadinnssdumedunmasideld Gilenar )



25

) ] 1
F— ﬂ [’L drytgrandn —I ﬂ
Funp- BUNO s 1

: Teitp-ty)
m&n:_-l___ L._L_J___ # T;
g q_' ihnye i ' |
| |
Y 2 B Y%
J v o - J “ ° -
A 1 dmemahawvesnlylumada Ui 2 Smsmaihnuvesnsslulumada
wuuhisumsnszduan HULFUNINTTRUTN

ﬂmauu"ﬁﬁﬁwﬁ'tyvm'[u'iummﬁauuu'lﬂ%’umsm suahil fazguingil 1 mmu‘lmmmmv
na1 t2 dinaduinssfuneduymadifiaes uoﬂwmvumamwnmau‘luﬁmu,amn qa” oy tiioann
dehinsunm T wavesmsnszguluadiftased %.'1uuwaama'lsnmwsmﬁu udiloWuTenm T
Tud mnuwaffmmanne.iumsns,quuu Wu e T4 vumneanuimsnszsiwes
'[u'[umnumuuuue.'luuamumsnsmum fmnmahauvesnilesninmsnszguasiusndily
auqﬂm

nsl¥nuetanihvesluimadanuilaae msuntfymyesmaia “an1iznszlan” (bounce)
vouring diesnnhaind@inaiahfll (aindnantolun) wilifymvesnmsduimveamhdudy
vouring dalumuidmiag WezAadimananielunaindnimilsiinseibimhdudavosding
wanmsdaratufisensaidies udthezuoshidnachud 1Is1ngi1fiauf'mﬁ1f?uci’m-'ﬁ'mi'aﬁ'ua’unuu
nvmnmsm.,iﬂmammaunamamaﬂmmemaumu1 A3 idaduiawe amgmmmmm)-'
natlaaveaadndinnes amrﬂrﬂ"mag"luﬂmanlsvmm 2-5 faanni FidnheindiiNg
nussum wu da/Aanasalivionioih Aerhinademiy mm’lvmnm’ﬁumimuquma
nmundygnabiunesilaeaudausu Aduesavesnouiaumesizdatlymimiud downiadves
msnizlanveadindiiuies lunuilssfawadifissanifes ndufawadae 2-3 gn ael
manveIszuuAanaaly

nfnmnﬂmmmnanmmmm"lsﬁﬂum's'l'nmﬂufuﬂmmau'uu'lmumms"ﬂum'n
senuuuhiisna T fidunnnii s faddui indeeynsusatuaing muummwmaﬂﬂuamma
wiiluasin “g” mamﬂminsvTﬂmmm'mmsqusnuam.mmaﬁm?"agnmuuvuﬂsunm T qn
gnmznanszlaavesdingldduganauda Wi dadifvagnidnimndeants Fwendsmidl
musedamanh S lunsiinadygresumulusdyonanineald

Vwemahuenesiilumadauiimsnssguaifmadilunf 2 fsudeduuuy
usn Frnmillmadansensilindoegfiudhenm T mq'lnmminquumnwnffnnm t
Tnmlfmumm1nvmum1lnuuﬁnn~nauu1wumu WeRusnnm T ﬁ‘lﬂua’mannm ts usitlionan t
nuwnrfqmn 2 Wunnsfudnatimil Fesfundudumahousfiini Sanisanm T iy
fnafmily muumanmmnunﬁhﬂummn‘Jafﬁqﬁnnsmjazimfmztﬂmhmm T + (tz-t,) 1utoe

madszgndl¥nuetmiavensesuunil IdussuueussvesmsanAadndveszuudi
voudhuganm gireriisiiumetususdeurtveimsansasunmelsvesmdddulswemna
cfnmimuhuvia:ﬂg'n:'lﬁ'ﬁ'atﬂﬂns:é’unﬁﬁ-mwaﬂu'[uamu‘]auuu%’umsns:é’wﬁﬁ' fioonuunly



26

YRnm T nnnidimzvesmimelswesauind mnaulifmamelslusimasln@ssiliionfyn

voslulumaanaannziiuaedn “ge” Wanea wadimnaulifnmmelssraininind Tulumada
J - ‘ J o L' s -~ v & -

szfdsuannzuiihuasin “a1” Fasiliidadndygradoulinnnansldhniuf

fmed110TluTumaiiia
L4 + - oo o [ - - ad - ' <
wyssnmoineslulumadaniionldnuunaiaes wu lupi 3 uaadeaesfioni sd-
- - - . . -] -
Tlumaidia (half-monostable w3a3un3 quasi-monostable) lash A; Wudunesiaesuuy CMOS
- o - v - v d o - . v a
(ieonldinauuuduq wnadaiudunesineslidivudy) dedygnaminviedygunszquniu
- &~ o 1 4 J - - A - ; o =

ae¥n “ga” thnezviliieniyn Saududuasin “ga” nasuiluaedn “m” hiudl uazszneannie
[RTR ' o o v . d -

sgiuuusuATUY NNMAMMUa deawes Ry uaz C; duflandssann T = RixC;

[}
Bunn
wggantn G 101dyn 3 ‘ :
Bunn ; O
( ) * 0w
f A poe T el T R1 X C1
) 5

4 -~ e, ¥ a o
U0 3 2vsmdd-Tulumadafilédu-nofinesuassimzmnha

vay J o v o o 14 Xl v v ) - g - l » & > L]
uamndiagigassilinesivhouldgndeniude dygraminfiduniussdosd
Y v e al o - Y - v ow v
anuniuveniadinanianaiidmualila R, uaz C; desnndtyanomindudasalszyhing
» v s ol o 14 3 ol 4 v U 4’ [ v v o v a v
Ci mueanmMumMMMUmLmInszuaisg R, aninasisaihnuldgndesiidedie C, gnda
° 8 v V) - o a g S - ¢ ¢ 4 a4 - . ST
Uszgouihiussdunion R, dmiduaedn “n” vesdunofiroimgiliosdedonassiii “sdw-
- - s - W & ve n ) v W w
Tulumadia” Afumsmindeveundiu (positive-edge trfiggering) umendudummunsonamnlag
ﬁ Lt - v . . . L SR Lo J L 4
NITUMTIMININAIWUOUNA (negative-edge triggering) Toiguny Tasmsudsumlasassl¥ R,
v v - ' aln o v owoa - - é )
Wderu +v unuiszdiunind udeniiniléizndudufie vanlndszdunein “sh” wdided
g - > J -
dygraminunszgu wnlasuiiuasin “M”
- o ~ 4]., v 4 v - - )
weshuglit 4 dhweslulumadioily NAND-ina 2 @1 Feaziiduynilveunasveadiy
yiain Tnodl A, du NAND-inafisuBumnluannzlndviduymiranikues A, Aidnegs R, uaz
-4 - - -4 L J - . o A 1ad & -~
C, wilimouziuaein “ge” woznduyndndrmiadhuaein “ge” wudu (Ghiddygnomin)
v U a ) A - ° 4 o - o a o
Anenfymues A, suflunedn “a1” Galinmihbiteniynves A, Muasin “g” ¥ilw C, oglu
. g A - - v, [J (4 [ 4 Fl
annzmolizgesn unsssmamwisulisgaudieddygnamindnenihliioniynues A, wavudh
-~ v ot ° 8 v o - 3 1) v '
a0dn “go” hiliil dalinarialiionfynves A, nffsuithiaedin “fr” C, szgndalszydonszuaitariog
A’ o v =3 - v (4 t’; o - : v oA
R, hwvaizitiesfiesvildinduynves A, fidndoagit C, oz R, sudouihiaoin “sh» davhaiu
fidahhiteniynuas A, seenmuaedn “ga” agwudi sunssitusaduanasey C, Trufhuasin “g”
P ' <
Faezlumuenne T = R, x C; wuins



27

. f fygnunInbuvn . funn
g ¥ " *
() ,
R1 Q ' [ ' Ty
1 Aq indinn LT
s p——ik e

m )

al - v Y °
i anaslulumadalagld NAND-1na uazg v.8am3zmaiu

lﬂ“‘tv

mﬁwmonwsﬁ’wﬁ Q uaz Q Fmsanudwsy ududazFonly uﬂammﬂmu'um'nmﬁ'
femnunfavesdygnaminiidunesdentsuniianunivessaina T finmualae R, uaz C,
nesiisaenhaldgndes

Tulumaiianinled CMOS naz TTL

U 5n. uamsfemainer D-WatWaethnadhnesTulumadalagly CMOS wef 4013
Famuhuszneudan D Wivvasy 2 # v D vosldinaerszdesgiy +V ibinilfunedn “ge”
unzAeyn SET aansnd diuvt CLR deidhny C; Taofl R, deegdun Q wniyn dnfilumady
¥uvernesi assnfivr CLR sz “0” (lesnin Ve usaaunson C,) sxlinuiiu O Thad voldt
gimzmmhanluglil sv. delidygnamindunmun CLK Fwsdeadhotaduanenihli Q
nasuronzduasin “q” il uavsrasiegini wihdygrominsznualiud de Q i
aedn “ga” Avzrhbiifamssadseging C; Munszueiirou R, Ay Ve weiisgeiiu udde Ve @
fiszabaein “ge” Aezflunis CLEAR wWauWaed iesninen CLR dhuasin “qa” vili Q
wasuannzannidluasin “h” fudy

y
14
I S 13 G syamunin
s} o] —o0 ] I
fygnmnin owinn Bume

1

tuneo—— e 1g, :

() r_§. e 1,3213 ;E "y ana___J: T .....q
L ono ] L e

CLR v | :

B ml————-—-ﬂ/vc t '.i

C e (8] ’

m

4 -~ Tt L g L4 - o *
M sn. Neslulumadasuuhifumanssduanlauld D-WavWaey uasgl v.samzmaihanu



28

Sufiuldh Q wzaaidluasin “ge” lussnmiignimuadasdwes R, uas C; uddlosnnide
Q hiaedn “f” ufaniu C, wxmwilszqeensii R, renduganislng rnmlunsmedsegil
s lumssalssgudniny =fmmnﬁt?’tyty1mn?nn’f‘nm'luahqﬁﬂ1uﬂszq'lﬂnuﬂ fezvily
MINNUYeINesAah ﬁmhqnmﬁmzmn:mwfvmu"Juaﬁ%n “ga” W zduaeniudy

mIaatnaveanmolszyil mnsohldlasmsdelalea D, il Mnees Tasason R, 1
dauaaalilugi 6 ﬁ'nfumimmls:wm C, zr1u Dy inu iilsenindianudnmunioonda R, 1n
wmsizdumsasuuvluueanss (forward bias) Wurnlalea luvaidl Q dhiassn “f” uaz Ve daannnd
0.6 Taad ﬁqdawn'lﬁahmawaqmsmuﬂsxm‘fmmn‘hlﬁumn

- ' P ' -
70 & midelaloaeantranalumsmolszyuoneeshuglil s n.

W

13
Lo e

v
P
pary

-
AAAA

) v
= B
-

I
7

il
-0,
orlf

. ‘-,,...A-

- R
%
~ e -
s e e
) §
-
T ewchruen i

»
»

- -
S T

-

2
S5
X
i

£
e
b
=
:

N 7 ndandansestuglin sn. WiluTulusadauiumsnszdusn

2wvslulumadafindruudalunil 3, ¢ waz s Thnssslulusabanuuhifunnszdu
gmadu daneshuglil 7 dunisdaunlaneslugiil 5 Wihuwseusunsnssduan munnuw
vonmsszildnvazadesins sivnauslinsfmaudaneiiudn 1 @ Tavdonien C; vmift
adwduaindlumsmnlszques €, dedidygnominundunesiliieninn Q faedn “” u



29

vaz@oMniy @nnuninvesdygiunin) nnudmas? Q, wnhnszug Fuadlouduiwmi
apaiaves C; gndaduny «ff@l‘ﬂuﬂmnmimuﬂi:fq ﬁ’qﬁ"u'lmhu‘fﬂ:'hiﬁnﬁé'ﬂﬂszqn‘hﬁ C: ud
Wedyanaminiuhiudr Q, wngamnnIsud ﬁwzl'i'nnﬁé'nﬂs:ﬂmi amhaulusnilssmilon
fnaendy anfiudensutianm T iy Q sdvundinniduaein “m” dudy C, fAezme
tizqiu D,

uddalinsutianm T dndn Ralidygnaninsundnadmilesyiy Q: Wnszua Fa
¥ C; modszqeensiu Q; uaziflowadriny fezBumsdmlazylmisnafinile vilianaves
mIfnanzaein “ge” Nuenniwanm T menodadidnuasvelilumadauyiims
nazduamiuieg

aohlazvendnfmisliledfignesnuunliimhilduliusadalasmm:  Saibuuy
CMOS uaz TTL g 8 uaasislofuuy CMOS wef 4047 fansosiBuwnldtauuveunniu
uazvIma ﬁq%tﬂu‘\ﬁﬁ’euuui'uminszsi’wfw11a=uuu1u'%’u 'luﬁifez‘uauam6\1mmzuun§'umsns:é'u§1
nazSuBuynuuuvervidunind Tnusmwesiaanm T annsomldainaums

T=2.48XR1XC1

s fan Farm e

e

o v X - o v ¥
7t 8 319 CMOS wef s047 AulnTumadianuusumsnszduan

y - v o e 17
dntuzii o uaz 10 uameflantsld TTL wef 74121 uax 74122 ey Tasmaaesdsss
» rar o~ '.’ -3 J 1,
gneenuuulithunuhisumsnszduanuazsuduymuuuvenins #ilisrenar T = 0.69 x R, x C;
o t L [} - -t -ig r Ar 8 . Aoy
snAeENABIMITNNauDU 10 Tulasinfl uazifensn C, = 0.001 uF Anfumves R, M¥7e

R1 = Tro.88 C1

- 10x 10

(0.69) 1 x 10°
= 14493 Q

w 5 id » & > J { *
anttiudsalidadumuiiiaisiamamuianasgpuie 15k



30

i +5V ‘
b ‘Cl R
Fo—w- ;
LI :

90l o1 o u 5 )
Wygunin 1® L o %
Bunn O] ! ’ b

o) %121 b 0%

.
l\}
¥

dyyrmnin o aff—o0
BUNA O 721212 DWinn
(L) a .§_...._.° Qo

J L4 -~
U 10 msle TTL wes 74122 dululumaida

Tuluanidiaoinled 555

Ted8nwesnnilvifioulifiannde wef sss Fagneenuuulil¥muldhidulyumada
nazdalianuiviessadamans Aiauuuiidhluwamsndamefuaziuiidhy CMOS doitves
Todwedil Aomunsalussdudnnmelddoud +4.5 Tene +18 Tad deazmandemsliniudines
Almoanauwy TTL uaz CMOS TaoUndudrloFwedilminsalinszumeniynlads 200 ma snfy
SrnsmhWl§¥idiad, LED visgunseffilénszuahinminlé Tashisufudoeimndmasiine

Tugthil 11 wansdemisléleFwed sss nahadulilumadannhifunsnssdus Tannd
udn 2 (dygnamin) ssdeailuasin “ga” aasanat sunhezldygruninivinbiusedudin 2 i
fimdni +V/3 Fanhbin s (oniwn) wdoulifuaein “ge” UazAIINIZDGITAINE
nandifivua 100 T = 1.1 x R, x C; u 11F R, = 47 uaz C; = 0.1 uF 914 T = 5.2 x 103 1}

uenunil 555 drmmsaiiulvimadanuiunsaseduanld duaaBlugil 12
#29AIF D - WaWasdiinarludy Flimmdmasiaamiauidclunsmnlizgues ¢

o “ o o : - & . > “ J a“ & -
Tuvieufivanu AIN3IY 555 u'nﬂwmmafmaammﬂumau'1 ny maﬁwmfmnmmmmuwn



31

[

dedunafimuvesdyanaminlugln 11 uar 12 srasedhuny Taodnduasssauusaduiin 2
& -y v ' v v v - v - o ° 4 v °

i sefieuthu +V e Sadesdie Re i1l +V uddlefdyapaminuanian fesily Q. whnszua
finavihbin 2 fiussdiufoudunmd ufeszdudyanam3nldy sss thues uva@ndu Q, A

° [ v U [J [ Jl 4 - [ (Y4 . |
wihnszuade auueihmbinlunsninlszgeenves C; ainsnd uazezdudumssaszylmilo
o 4’ L} v - . -~ ' v
wadwniiiulludd weiiyneznsanmediuasin “g” mwtanaudufie T = 1.1 x Ry x C; uddh
J e . . :- -l W s . o v 1 5 14 v
Tvasndhinsusnnmifeinadundunimifeihl Q vandnaft vili C, anmulszy

g & v I ' Xd P d - % v ¥
ﬂﬂnllﬁ:ﬂﬂ:liuaﬂﬂi:QT"Uﬂﬂlljunfuuﬁﬂﬂ 1 QQUﬁnﬂm:lﬂuIUTufﬂﬂl'UﬁlﬂJUTUﬂ'ﬁﬂizquqn

R

1

it

Cy ' | ,
2 5 ‘e
. B " l ls ) ’
) ey 7 XC,
.0 555
' i -

dyyinnin
L)

Oy Qa
2N2222 » '2N2222

)

J A » -~ & *
aUn 130, nsldfenl-uenihnafadhosesiuluanda uazpl 4. Simazmisviom

Tulamidiaoinesduail

weslmadanugahoiszndniduiifie msldesy-uoull duaailuni 13n. Fadl
L e J L d > J w L W
Simzmainuudaslilugi 13v. Taveey -uenilssimibildudanSoufivuszausidi (compara-



32

tor) MnBuymiaaes Fermualinduniamiledsduuaduneiitor: s dunBoudfioudy
usasuvednumiliiiimsnldouunas mniimganimiemnunaunaiiy wvilvteniynvessnl-
wouiliimsnldeumas

annzinddelifidygamnnszfuiiu sxdionfynihi +Vo luvaizfl Ve frmlszanas 0.7 had
dlesnnlalon D1 uAdeildygnomindun eniyneznldnudh -Vo haiid $a Voestidanas ilsssn
C, gnBaszgriiu Ry Maoussdiueniyn -Vo ina Ty musady -Ve seffmidy -Ve ailusi
ussdui i ililunsnBoudioy anfussilmoniynuldsusilfuasin “w” Audy Tavesll
yunmitidhiaein “dr”

T =  (RCylnlt(VD/V0)

Taod fisiu Re/(R1+Rs) udth Vo SAnnnn Vb1 910 uaz R1 = R2 dniuvanaiisadhy
T = 0.69 RaCz drudiunilalon D2 uaz D3 imvhiisidaszateniyn Taofl + VO sxiimidiu VD2 +0.7
Thad uax -vO fifdlu VD3 +0.7 Taad Salasunduds VD2 = VD3 anfussviliswes +VO uas -
VO fiswniny uadnduiinieaming

[V ] [ [
2.4 ‘531]‘]]5(”[]!10!9“@ ‘] ﬂﬂi\i‘"ﬁﬁ‘"ﬂ
s i A o I (74 L At & J 174
anyazvodyauAn g molussnuniosdnde InsAwisaluldll dygainsdmindiny
v
ail
o ) Y, - e ol 4 v ey :
1. doygnaldvyu (Dial Tone) Aedygraninisagumuinifmiudal il nsdmmnudh
J v v J v 7 J > -~ 4+ 1
wIsagumonionudnezigldinsdminaminuonyinsdmindoamsaadede
Y o - - [V | o - s v
anvuzvasdgygin dudygpaniianutlszum 400 Hz Mdeiilestunase (viafiGundu
Ml dygnamnnsy)
L. e - &r J J » v
2. dygrahiig (Busy Tone) fedyanuninsosgumunsaniuda ¥ Insdwineuy
L J J » -~ 1] » > U t - \J . ” >
nRnnTnamnuviideIndadedis imnuithisnnsoAedegmouuls
ar o - & - v o - -t
anwuazveadyan Audygnuilanudilszne 400 Hz it uaz & 9nq 0.5 Judl
o P o~ . - W o o v a4 e
3. Aygnuiennay (Ringback Tone) AodtygnaiiniosgpmuinsimiusabiglsInsdnt
o J [ - + 'Y ) - [ 1 (J v
nanInnamingiavideInsdadedis nnwhmunsofadegmensfnindeansla
dnvmzveadyane fhudyonamiianuiiuszine 400 Hzéwlszunn 1 5unfl uassinkszana
3 3w
o - . . - o o o o 3 v o
4. dygouasn (Ringing Tone) Aedyanmuminissgumulnsind dalddunioslnsdvd
o Q o - o o - R ' - W
molu lvinszAsTnsAdadiu endabinnuiiiddosnmsandeday
v -l
anwarvesdgyann Wudygm AC 50 Hz il Voltage vinelszana 80°Vp-p i1 100
Vp-p A uaz Au it q mileusuuaswiounusudygruGunndy

L . * v 4
ANYIUBZY NNMYBITYYINAN 7 yoalnsdminanifigli 2.1



oKz
RnTIRR
1 [1F I' IS RERE] ,"l | N
g “g!g:!g%} !lllh,;zz!ill.ﬂ!sh
o iil.lﬂlfh Bty ditine gl
_'“L‘— 400 Hi
— 0. f =
) —
R T it
']] i!‘m qﬂ I:in‘
G ,ml Hit
c
61 ‘s';—: 3 jll-'_co_h-z
C lz”n‘ I
il il
& ,
e § - 3 -+ E0 Y
A8 =0 A B!
)
y R T
i
-0 1 " i}
f !
» ’ %
-48 y i
LEVEL
(voLt) TiMe ( SECOND)

J v U o *
UM 2.1 waasdnumzuazsNNMveIFYYINAN 9 voansANY

] A o hd o ]
wuumsdsvsanIsgumaInsAminazdyanaigmainidwi

- szuudedmgiion

33

4 o X d ° - ° 9 v a . <
WedBununyvuieszyiinsunezyi i DC VOLTAGE figmuInsdwiiasusin 48 Taad

4 A | A -' v ol . o » o
du 10 Tad il 2.2 inSespumelnsawivsihdunsdudunsGonissdadygnabimplss

o -l i 4 0 L a* L) W Vet o x4 .. LJ o L) J L' .
#Gun (Shiiafesddygnotidn WodGumiWiBennay uasGiniinaiunlng) dediFunlatu

g “ [J v o J . ‘
dygnalivyu feviinsnamnonwes@lmemaiiudygraaiiBued 2vsgmovounissgume

ar [J “ - aAn v v b o LA & [ 4 o oo
Insdfofszviimsulsiauasitos  wieudniusieagumelnidmiszdadygriahimpiudas

o dJ J & J o LA g o
dygradneued Anaminuievdusn  nTeagumulnsdniiimnsovusainhimanlidaausy



34

© J J | 283 . L Pl v ‘ - “ " . L4
NNINTFUTUNNANVVEVININDIA UMY H3ulan lﬂiﬂ\i‘l{llﬂ"ltﬂﬂiﬂwvl( VIR NAIUITHING

) L |

SunuazdGonuidadygruniadunndulldigGen nazluwasdnnnssgmoddgygin n3adon

& W A Ve o -4 w el ° * o J e g L A.
Wy dediumnaeuiunisiton dygruasuitssgndallduniospmolnsdmizdadyanunia
Gundudiy wazsnidndygrudonnaumudBenuasihlimaeruszning RBT wazdfFonin vue

WonufszafmaudugEY mssunmnfimnsoGuduld

"VOLYAGE

<4€

@ -

® ® . )y &\) o
wo ®© WA A NLAT AN W N N WA U S A i
i h :
o : : « ¢
1 B (a) TIFE (S=
— _,z.z,._
4 o =t ° - ver 1o o
AN 2.2 fBsmhmsFondivhidide
VOLTAGE
48 @ - ——
@ ® ® . L - @
w0 @ Nl fer A YN iy -
H "
: b Lo) TIME (Se)

b e

J W -d [ J -4 Ve 8
3UN 2.3 gEomhmsGendSudiEe



35

-

YOLTAGE

*20

. TIME (See)

ta)

-1______J

YOLTAGE
P .

+4

+10 i @ T

© ) TIME (Sec)

] o ) ver o -t
i 2.4 uamsdnvasvesdygnamugiullegniSun
(n) MMMIAdYUNNAIM AC
(@) inmadadygmnudu DC

= [ Ud

VD NITONAASY

a4 vo -4 o e 0 v 1 & - - g

WekiugnBunangGun iesgumelnsdiszdadygruniadennina 100 VAC o
L sl J . e v 4 J Lt b * L 4 J
Hiuieriinsdundiu agii 2.4 (n) Weduaoumsunszyili DC VOLTAGE nfavusin 48 V iflu

o q o ' U e o - ¢ v v v - - v Wy -

10 VvihinegmodadygunisdunsnindGonduffumsmumnieszannioGuduld digli 2.e
() @ouyvaFsnszdnmudndyaiunasi i yannegmeszansiiutunts
@naumnfnse



-
inn 3

‘ﬁé’ﬂﬂ’liﬂﬂﬂll‘]]‘l]l»tﬂgﬂ’li‘li’l\‘l’lu?lﬁ]\‘l'lx‘lﬁli

u » e 1 d ° -
lunseenuuuuy szdeeiligaszmdanyg ethanfinsanlumsesnuuunees Taw
sa o - -
Wwlmzadndoanis fe
y o d e v AL ve Y o
1. dui¥n Ringing thevhnmsanudndyenn Ringing Wldsnnunfiaudesnimaisn
& .. o a o v ;s o o ol a o
1¥A Ringing Ay S1nuidesmsudssdadygrunwhi Port B iinfl 7
ad oo val a o o D) o 14 .
2. Weildygaiil Port B inil 7 udh wesimhilundanm (Ennuatives Ring-
ing) vlamunhanludusesnsuiunsdwilasmigudrelsunsy GaluRTC danainnuegrehl
3. dwsulnsAmioalnid
4. dudadygroaudeawatugainsstnsdw
5. dwudidygnandsamauaaanuzlvanifegiu (ON wie OFF)
° [ . . b QA
manamdiuia Ringing tazmsonyenluia
o o - v . v J
ManmMaiuesielaad Block Diagram AN 1

. PC3
ame (Ao vadt 3
QYyIunin)
O O
fuAsTINsY waAwada Iy
L —P < |—P| COUNTER [—) pBq
dygnunszay (fania
l TRESET
RESET lunsdi :
unysuneu
o i N vnlulasaeulnsaany
DAluNA
(Foawasay
neadygn ‘
y'oy :




37

910 Block lnezinsu uaznssaunsneinelane luannzmoinesiussasulssnn 48 hag

L

J N L4 J -t -l L . o A' LA
Whwnnngumelnadwd wazdledlfGunmvmnosumugamosssodyganisianduusidy
nazurauiiusallsznm 100 Vp-p Whunm 2 Junfl uasngaduna « Sundt fusinae Fausedty
4’ 1 J > A' & o O *“ J -
finziinszdameluTnsdwivhau taznegumeeziimniunssnyyesinsfwriiliefinisuny  adnd

L Aol [J 1 J v 4 > ;
meludinsdinfanhmsdegmonhitnssmelufiiaudnmmumanszuasd fesfansamn
P g o [ v I 4 - 14 [ 4 s - v ob -
L by 48 hadl anasmBerszinm s5-10 Tl ufussfiavednsdwiiuq wazdle
gasiuudnzdsgmoirudBomihlaadenuld
nnnanmsieduhmnesnurudussdyg Al sAMVOIRIRTIN LAY Y IUNTEAY
fio Q1 waznvsdumhlasll C1,C2 uaz Di,De Asdsznsunuiiunssmemeadygruniza
v o 1] » 3 A -. ) » -
Tavonlnszuaadvlmaruminiu deddygnanszaskim C1 C2 wnld fszgnisndvhe Tau D3-De
ol o - a o -
ndaihniadiandvhe dygrunszis 16 Hz & 100 V nesgnuasihudyonaifad 32 Hz + 100 V
v ‘ d a4 |
UMk R1 A1 820 K€ ielvilusedunivminzay
o “ > v » | 4 L4 v w J
Aufulizy C3,C4 uazdadiumu Rz dehdassufiunsesiamed Wusiduitviwe-
- - ' -~ 4 4 P 4 4 -t [ o - 4 o [ 14
BUAIADI VBMIUTMADS Q1 fisurudu uazlemudszauniimiudmaed Q1 snhnszumily
- A J L - o L] e J
inanadivouvias (weilowliees MONOSTABLE wiawad Taskmuanuuy NOT 2 A7 (WD
o L 4 J Lol o ol -~ 1 4 J 1
vimhimineiuazinmanuzlaintiidhu “0” uas “1” Amiveu
P ~lw o » v o v o
Wewvivmitldain MONOSTABLE szqnilowihWiflunfioniy ICs s017 fyhmfail
o . J L o 3 " .
flu CONTER uazdygnan{addumiliezgn FEED BACK ndildtsesdumilaosin Re,Rs
J “v - o ¥ 4 - J
Walimnudaimes Q2,Q3 andaomrivivavemnudnaes Q1 Naowzdlugud (Hese
[ - | - [ v - o E’:Ju
dygrunianide il welildnmivdygpunszRimusnnunianasins
ada v LA J ¢ 1 » [ & L4
unsanddsulndminewidugans dauves ICs sxdoniinis RESET daosliifly “0”
J w ’ a J o J v v
Wonisuulni laudygnafiesinn RESET 4 1d9in MONOSTABLE IC1 sss WIHINIT
4 > r 4 -y 1 » 4
MONOSTABEL HULIUNIINIERUIN AN IC3 Q4,Q5,R16,R17 viwmthndlu MONOSTABLE
o v %’ » [ . - -4 J val -J A
wwviumanszdua Taedeathinnamlizna 4 3wl Welilinamedessudygna
- Y. a4 & ° v v ' |
nizhensiel dedruariignimualay Ris,R19.C10,C11 minvfuenfynitldezsiu 1C4 A Op-
J o L J L4 L4 ’
Amp Comparotor ehdgygamlahlifludoyera RESET Mud I1Cs
ad o ° 14 ol o ' o ’
10 ICs WauuATUTIIUARMUNABIMIudINzi M IC 7474 (RolWroaotuzidly “1”
a - - ol
MAIAaBANe inini PB7 A
v ° ) ) - s e ] ad . o~ - '
nnuullsunsussiimsiuysaluldlasmsdedygnasniivein  erhmsiidad s
- A L) o] L
nuSmees BC 549 iorhinszpaiZiadviieu
~l’ “ -y LJ * - v * o 4 .
varimineuuavesiiad sshmisdovalwinives T1 WhdugmoInsdwiuazidende
. ol v_ & * -4 o i J * ¢ z LJ » »
wwdwnenifvamasiitugmehlunaudieany dau Rs fdeynauegdrniuiunanhinnudn

MnNvag i InsAiwiimnzay



38

Tasduvearufiaifoamaaii UMes it IC dnfiaidsamag (IC2,IC3) Foyaaildnn UMes
W1 2 szH VR1, VR2 1 10kQ uaz C3,Ca fh 2.2 uF 183 ICs, IC6 1waf LM3soN viwmihil
vowivesenludimiaulaanmis Tnurw Cs.C6,C7,Cs s 220 UF uaz 0.1 uF Ad 1Al ATNI3
Azl

dumsneaa DTMF iy MT8870 nuwm:nmmuuouﬂawnma ummmvmv‘hnﬂa
STD,Q1,Q2,Q3,Q4 s:Aahds Port B findl o Saiindl « Tnuind « dosdoriu T WarWaeriviwn D
Waoswesd 7474

dumsiuInanszdedunnainwedn A infl o-Infl 7 i R 1 15kQ Wemiudmpofusf
BCs49 oduinditeniuguinandell

luduves RTC 111 IC wof 6242 Aony CPU Zs4Cl11 mau}upuvnaﬂnnu CPU (e
wldludweansdanm #1242 mﬂuﬁmtymwusum1ﬂuwasnagnuaﬂumzr unzAo
dygnadumeiiwiidinu CPU Tavan dhunvaziduave IC s242 ug'lmmmﬂnmn fl.




{6T ETH

= Z1 = =3
AST
N zzzzuz S
I ) Sh #h
€ =3
z + = nta-
K H_H o T dnre-e
—7100 TFEHT | |l T 60 A
= ‘o $O1 ,._:“.ml_vmo 3 itonn g
Toe e rw 722" P fd 5 10928 ?NNH m=ﬁ|_|
NS+ il — 28 ﬁmm bTY STY < ¥HL[5— BT 8¥0 T PO
ABT |@TY - ——
£94%0T 64 L -4 ¢ -0 mﬁT eLo R B1aIY 1087
.l_.ll._ o 5 ] %0 N3 Pey NG+ ns+ SSS o Hv 614
s|¥ o —Z]}® . €01 A
1ot 108 213953 < +
w OTE 2100 s+
2l © gt SOI =
P vor 0 %
— AN
bive “H e xS T = NN
¥:901 8T o4 94 sy 65529
TTH ED
S+ _ Pa) .
= = = =) MST 6¥599q
..:;s.mH »Y zb
S0 = = =
gnzz |anzz b A AEA [ L
== 93 = WA oa T | ez T |emzz
ﬁ o o Th AN €2
g OGN9I A LA $0 AT
~ 8131
7510 < F YV g ' 19z8 *z1
3 AHL © & 1 41 A yove TH
,ﬁ g:201  ¥:201
w E-N
oY 1" sss e
ABTT . 188HUT L&
€Y 1ol 14
NS+

[43:1

L86FUT cLBBPUT

za T4



1
£ee O : 13 MM 350 FHg——y\ m
18 G ' It ¢ ; ; ot -
bis e ALER =
¢ - i 01s 13§09 b
—_— : [t ::mm_tu[, " .
: i i 1Y i
t . ﬂ'l/\/\.(\llm'ﬂ.lnhmu .l.rn JIL :ﬁ
: 1— | X8BE ! i 4300 i
- ‘ | ew | af DL = ane S
si0 : o b 7/ ! S I =3i;
dra-1 iny e ¢ T 1841 BEEETE 1, 0 O
. ¢ s L (D] NN ’ i
Vil 2 g oon  onp v AN
: —r 7 7 s 14
1le-03¢ 01 PY 8.881u 2y e W
101 i
v, m«mum\_#/_.
xg1 1w \/ : m
= Yy N >-— . i
: ‘e isern | .
~ n.n« / : o [ |
22 W AN L &V s
. i ] ' T e
: s Xg1l W.!‘ =
A L L ST O P | ety e —
~ TA\_ | ey bo o= 61 4n1-g
99un 9P Y
= 221 = . :
aI_l = = NeBLUKY “..v- wq.l
; : Po—r22l Cosie22 .
” n.n* P . dn1-g et 9o
1§4 T e Ny Z12 P
i i z i 1683 Py —— e .
_ i . ° Zun f e fei N———]
F N Ponne 0= 81 4m g
99.N
€a1 = waggwt v




03> 143

CEPTIIINED

CTYTHIINED

3;
£
v
£Iv
fiv
1%
=
-_ o
t— N 20 29
0
N N 80 44
N N o )
<) N £o 1
~ zo ™
N 30 ™
N 00 ow
HOT WY ——
?QJ tv
T
esrTy

fpeete B

pateatit &e

~
e

Bafetit

o
W
]

R
i

i
0

[
L]
~

4
:

MNt°o

9




TO 228BVAC

I

pro—————

TO LOAD1

TO 220VvaAC
— L.

S —-

/S

J HHJ

J

TOo LoAaDS8

UcC= +12VhC
D1-D8=1N4004

PAB
PAl
PAZ
PA3
PRad
PARS
FPA6
FA7



unn 4

a €
dgluaziansa

1. lumsoonuuudiumada Ringing Wi Tubwandygnamldninmsndaned Q1 swiu
1nniwesld NOT GATE 2 &3 ieW1# LIGIC fnineuiu Tasfizoiuzns ON uaz OFF mileudy

2. dwumsneaia DTMF dygaa STD fidnuuzdhuwad Swndenms@oulisunsy 5
wivuerdynnninei T wawaed Webivomsadhiladn HI uazladn LOW Wemsiwdens
Woullsunsy

- ! 9 ° L L) - ¥ 4 1 .
nnfigapiinusiadwmnsni Wlsnuldeduivszaniom vasldwaduiiwels hih
. 8 4 “ ’ » LJ . v 4 o
wiluduveamsainmduesnsinsimd dudounsnilumniihlsTonfldnuee g vieil
) oA @ ya v v v
Uszgndlusunsulmi thelWifadszlomigegaiu Anwldninmanuan illdniauaslusunmy



A
NN 5

A8mM5 ldau

4 £ & a
msldnuaismaanazdanumainsdwd
&

m3idnudinyainmsanm

& 11
vuasumsasanila-ila

1. Un@venmaezugaenagldnaa

TIME : 00:00:00

J L 24 > !
2. Wenan | MENU | senmezuaanagildradn

CHANNAL SELECT
(1-8):

EXIT :




J > v Ld .
3. namnuiay CHANNAL firsamssenmuszuaaiadjidnean

CHANNAL 1

ON 00:00
OFF 00:00
EXIT :_

4. Mnamingiay CHANNAL fAa annsanaiy

o U [ LR - o
5. yauzfiAInal fmnldmdanvin mensolijy

- ¢+ ar -t v v
6. Weldm@navisvuiooudnajy

EXIT

EXIT

(oion CHANNAL i

DEL

- v W U we
(WaaunIal lﬂ\luullﬁ

v v
2 ANsENWIzUTAIRIg

v P o
Tude 2 Funaansoszien CHANNAL 8u 9 visosansin MENU g

& &
FuAUNMIMILIA

L1 Un@vemnezuaasdagiean

TIME : 00:00:00
MENU :_

2. NNl sanIssuaAIAIgiaE
TIME : 00:00:00
Enter new time
SET : 00:00:00

L) A w
3. lafnmndesms udaneju | ENT

A 8 -
4. WeldeAe nsonadu | DEL

J . . - W ,
onuaunvildAnldiaiavini

45



-

46

s I8 nudiuvasInsdne

1. dieTnsfmiith W dundessy dildygn RINGING tszinm o a31 uihifimsuny e:d
M3onyealuia uieztidvananlszana 5 Sund

2. ndannidamasy szsemsivAdilizine s hudl Mhilnnaddeihmeysabali

3. ManaRdaciiqluuudiil *(CH)#(N/F)

A e ' vy - a4 o }
4. 1l1oY11n3 SET siuafaudlvinafid o' therhmyyny

nnumg (CH) fio munviay CHANNAL ﬁﬁ'mms ON,OFF
(N/F) fis ON v38 OFF



-
NN 6

TarduanuzazuIMINsaanuuuda 1

saldusuuzuasLINMIMIaanuuda b

1. Wiliszuumsdanimuguinaniigndeanioh

2. dudygranuguivaallmudyga AC 220V (JanTW) Tauiiéasuildnves
uAnzInan Asgduan

3. 13zuy WATCH DOG lumisniugu CPU uazmununmisiaiuyes Hardware wssuy
Lifinugndeanndeiu

&
‘ an
1ﬂ AC 3
A 3> ifg «<«——|iun 1| €—| nan 1
O & J
A > | U§h | €——|Miui 2| €——|Tnan 2
© v o -
A~ » | 1an | €—[M5un 3| €——| van 3
5 LA J
1t ﬂ“n1vl+_)“““('_— 1T 4| €——] Tvan ¢
INTOIAY </ a
W & J
naua 220 VACL 44— | iin |<€—— |3l 5| €——| Tnan 5
Tnssiwyi = ——
fau A » | an | €——|A23uN 6| €——| Inan o
7 o o af
A » | Jan | €—[Aiun 7| €——| van 7
o o a
AH—— 3 | Jdn | €——|A25uN 8| €—|Tnan 8
tRuamveInsaatoya
lJaw Line AC

o~ W o

IRUEIUYDIAISY 8 A9



MANANIN 0.

Teamsandasguaaumstiguladsunsa



(  START )

SYSTEM
INITIALIZE

SHOW CURRENT

@

<

Y

Y PROCESS DECODE
ON-OFF CHANNAL 1-8

Y PROCESS SET TIME
RTC
Y PROCESS SET TIME

ON-OFF CHANNAL 1-8




PROCESS DECODE
ON-OFF CHANNAL1-8

|cHECK RiveNG |

N
RINGING @

KEEP DATA
FROM DTMF

CONTROL\ ON\OFF
SWITCH LOAD

DATA
-2

HANG UP TELEPHONE




Q’ROCESS SET TIME RTC.)

DISABLE INT.

SET REGISTER RTC
FOR SET TIME

SCAN KEY

SET REGISTER RTC
| FOR RECORD TIME

ENABLE
INTERRURT




(

PROCESS SET TIME
ON-OFF CH1-8

)

| ON-OFF TO

BUFFER CHANNAL 1

l ON-OFF 10

BUFFER CHANNAL 2

RECODE TIME
ON-OFF TO
BUFFER CHANNAL 8

RECODE TIME
OR-OFF TO
BUFFER CHANNAL 4

| ON-OFF TO

BUFFEIR CHANNALS

RECODE TIME
ON-OFF TO
BUFFER CHANNALG

! ON—OFF TO

BUFFER CHANNAL 7

RECODE TIME
ON-OFF TO
BUFFER CHANNALS




(IN'IT SERVICE ROUTINE >

PUSH REGISTER

DELAY 1 SEC.

RECORD TIME
FROM RTC. TO BUFFER RITC.

CHANGE
= ?

CMP & CTRL

POP REGISTER

SHOW DISPLAY

ENABLE INT.




< CMP & CTRL >

COMPARE TIME AND
CONTROL ON-OFF SWITCH
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0000
0000

0000
0000

00AO
00A0
ooal
00A2
00A3
00A4
00A5
00AD
O0AE
O0AF
0008
0050
0051
0052
0030
0054
0055
0056
0034
0080
0082
0084

0038
0038

003B
003¢C
003E

0041

C33B00

L | | T N (| N T { O O O [ R 3 S 1O VO '

C31007

F3
ED56
31FFFF

CD290B

0044 AF

0045
0047
0049

3EFF
D354
D356

004B AF

004C
004E
0050
0052
0054
0056

D355
3EQF
D334
3E00
D350
CDF20E

RTC:
SEC1:
SEC10:
MINI1:
MIN10:
HOUR1:
HOUR10:
CREG_D:
CREG E:
CREG _F':

PORT A:
PORT B:
PCRT C:
PORT D:

PORT Al:
PORT BI:
PORT CI:
PORT DI:

PSIGN:
PDATA:
PREAD:

CPU '64180.TBL"
HOF "INT8"

ORG 00OQH
JP START

EQU OAOH
EQU RTC
EQU RTC+1
EQU RTC+2
EQU RTC+3
EQU RTC+4
EQU RTC+5
EQU RTC+ODH
EQU RTC+0EH
EQU RTC+QFH
EQU 8H

EQU 50H
BEQU 51H
EQU 52H
EQU 30H
EQU 54H

. EQU 55H

EQU 56H

EQU 34H

EQU 80H ;WRITE INSTRUCTION CODE
EQU 82H ;WRITE DATA

EQU 84H ;READ BUSY FLAG AND ADDRESS

ORG 38H
JP INT

s KEERIRARKIRKIKEAEKARkE R kAR hEEhhkdkkhkkkhdkkkhkk

» %

r

START:

INITIAL ALL x
B e R s e T e
DI
AV @ ; INTERRUPT MODE 1

LD sP,OFFFFH

; KkXKKKkk*INITIAL KEYBORD AND LCD *kkskkkkkkkkkkx

CALL INITICD

XCR A

LD A,0FFH

OUT (PORT_AI),A ; PORT_A,OUTPUT
OUT (PORT CI),A ; PORT_C,OUTPUT
XOR A

OUT (PORT_BI),A ; PORT_B, INPUT
LD A,OFH

OUT (PORT_DI),A ;PORT_D,INPUT & OUTPUT
LD A,0

OUT (PORT_A),A ;CLEAR RELAY

CALL LDTAELE ;LOAD TAB TO MEM



IR KRRKKKEIEKRKKIKX SET RTC *xkdkkakkkkhikkkik

0059 3E01 1D A,01H :SET 24H OR 12H
0058 D3AF OUT (CREG F),A
005D 3E04 LD A,04H :SET 24H
00SF D3AF OUT (CREG F).A
0061 D3AE OUT (CREG E),A ;SET INT 1sec
;******************* SH(],I T]ME OLD AEkkEkEEEKEREEXKEK KK LA k&)
0063 DD214082 TIME_OLD: LD IX,8240H
0067 CD720A CALL SHOW2
006A FB EI
;********************* MA_’[N PR%RAM %ok gk o d Kk sk ok k ok ok ok ok k ok ok kk
006B AF XOR A
006C D352 OUT (PORT C),A
006E 3E08 LD A,08H
0070 D352 OUT (PORT C),A ;WAIT FOR RINGING
0072 DB51 MAIN: IN A, (PORT_B) ;CHECK RINGING SIGNAL
0074 CB7F BIT 7,A
0076 TA7F00 JP  Z,CHK _KEYBOARD
0079 CD660B CALL MAIN 1
007C €37200 JP  MAIN
007F CD8604 CHK_KEYBOARD:  CALL SWITCH_
0082 3AC382 1D A, (KEYF)
0085 FEFF CP OFFH
0087 CA7200 Jp  Z,MAIN
008A CD6704 CALL KBD
008D CD230A CALL CHK SET TIME ;SET NEW TIME
0090 €29900 JP NZ,CHK KEY MENU
0093 CDA600 CALL TIME
0096 37200 JP MAIN
0099 CD290A CHK KEY MENU: CALL CHK MENU ;CHECK MENU
009C €27200 JP NZ,MAIN
009F CDABOO CALL MENU
00A2 FB EI
00A3 €37200 JP  MAIN
;***************** ENTER NEW TIME P Rt 2 2. 2.2.2.8.2.0.8.8.2.1
00A6 CDA405 TIME: CALL SET
OOA9 FB EI
OORA C9 RET
;********************* MENU *EKKARAEAE KKKk KKk kLkk
O0AB F3 MENU: DI
00AC CD7FOA LOOP_NEW: CALL SHOW3
OOAF 3E46 LD A,46H
00B1 CD490B CALL GOTO
00B4 CD6704 CALL KBD
O0B7 3AC282 ID A, (SWITCH)



OORA
00BC
00BF
00cC2

00C5
00C7
00Ca
00CD
00D0
00D2
00D5
00D8

00DB
00DD
00EO
00E3

OOE6
OOE8
O00EB
OOEE

O00F1
00F3
00F6
00F9

00FC
OOFE
0101
0104

0107
0109
010C
010F

0112
0114
0117
011A

011D

011E
011F

FE31

C2C500
CD2001
C3AC00

FE32

C2D000
CD3501
C3AC00
FE33

C2DB00
CD4A01
C3AC00

FE34

C2E&00
CD5F01
C3AC00

FE35

C2F100
CD7401
C3AC00

FE36

C2FC00
CD8901
C3AC00

FE37
C20701
CDSEO1
C3AC00
FE38
C21201

CDB301
C3AC00

FE3E

C2AC00
CD1EO1
C37200

Cc9

‘FB

CHAN 1: CP 31H

JP NZ,CHAN 2 ;CHANNAL 1
CALL ON_OFF 1
JP  LOOP_NEW
CHAN 2: CP  32H
JP NZ,CHAN 3 ;CHANNAL 2
CALL ON OFF 2
JP  LOOP NEW
CHAN 3: CP 33H
JP NZ,CHAN 4 ;CHANNAL 3
CALL ON OFF 3
JP  LOOP NEW
CHAN 4: CP 34H
JP NZ,CHAN 5 ; CHANNAL 4
CALL ON OFF 4
JP  LOOP_NEW
CHAN 5: CP 35H
JP NZ,CHAN 6 ;CHANNAL 5
CALL ON OFF 5
JP  LOOP_NEW
CHAN_6: CP 36H
JP NZ,CHAN 7 ;CHANNAL 6
CALL ON OFF 6
JP  LOOP NEW
CHAN 7: CP 37H
JP NZ,CHAN 8 ;CHANNAL 7
CALL ON OFF 7
JP  LOOP NEW -
CHAN_8: CP 38H
JP  NZ,NO_CHANNAL ;CHANNAL 8
CALL ON OFF 8
JP  LOOP_NEW
NO_CHANNAL: CP 3EH 4
JP  NZ,LOOP NEW ;EXIT TO SHOW TIME
CALL EXT
JP  MAIN
RET

; KXKKKKKKKKKRK Kk Kkkk%x EXIT ROUTINE **¥kkkkskkkkkksk

EXT: EI
RET

; RRKKKKK KKKk Kkkk*%%x SET ON_OFF (1-8) *kkkkkkkkkkk



0120 DDE5

0122 DD210080

0126 CDSOOA
0129 CDCFO1
12C CD2F03
012F CD8103
0132 DDE1
0134 C9
0135 DDE5

0137 DD214080

013B CD990A
013E CDCFO1
0141 CD2F03
0144 CD9A03
0147 DDE1
0149 C9
014A DDE5

014C DD218080

0150 CDA20A
0153 CDCF01
0156 CD2FO03
0159 CDB303
015C DDE1

O15E €9
015F DDES

0161 DD21C080

0165 CDABOA
0168 CDCFO1
016B CD2FO03
016E CDCCO3
0171 DDE1

0173 C9
0174 DDE5

0176 DD210081

017A CDB40A
017D CDCFO1
0180 CD2FO03
0183 CDE503
0186 DDE1

0188 C9

0189
0189 DDE5

018B DD214081

018F CDBDOA
0192 CDCFO1
0195 CD2F03
0198 CDFEO3
019B DDE1

019D C9

ON_OFF 1:

ON_OFF 2:

ON_OFF_3:

ON_OFF 4:

ON_OFF_5:

ON_OFF _6:

PUSH
D
CALL
CALL
CALL
CALL
POP
RET
PUSH
LD
CALL
CALL
CALL
CALL
POP
RET
PUSH
LD
CALL
CALL
CALL
CALL
POP

RET
PUSH
LD
CALL
CALL
CALL
CALL
POP

PUSH
LD

CALL
POP

IX
IX,8000H
SHOW 1

KEY ON_OFF
KEEP_ BUF
KEEP_CHAN1
IX

IX
IX,8040H
SHOW_2
KEY_ON_OFF
KEEP_BUF
KEEP_CHAN2
IX

IX
IX,8080H
SHOW_3
KEY_ON_OFF
KEEP_BUF
KEEP_CHAN3
IX

IX
IX,80C0H
SHOW_4
KEY_ON_OFF
KEEP_BUF
KEEP_ CHAN4
IX

IX
IX,8100H
SHOW_5
KEY_ON_OFF
KEEP_BUF
KEEP_CHANS
IX

IX
IX,8140H
SHOW_6
KEY_ON_OFF
KEEP_BUF
KEEP_CHANG6
IX

;KEEP TIME ON_OFF

;KEEP TIME ON_OFF

;KEEP TIME ON_OFF

;KEEP TIME ON_OFF

;KEEP TIME ON_OFF

;KEEP TIME ON_OFF



019E DDES

01A0 DD218081

01A4 CDC60A
01A7 CDCFO1
O1AA CD2F03
01AD CD1704
01B0O DDE1

01B2 C9

01B3 DDE5S

01BS DD21C081

01BS CDCFOA
01BC CDCFO1
01BF CD2FO03
01C2 CD3004
01C5 DDE1

01C7 C9

01C8 CD6704
01CB 3AC282
01CE C9

01CF 3E45
01D1 CD490B

01D4 CDC801
01D? CD2FOA
O1DA C2DEQO1
01DD C9
O1DE FE33
01EQ D2D401
O1E3 32C782
O1E6 DD7715

O1E9 CD4904

O1EC 3E46
O1EE CD490B

01F1 CDC801
01F4 CD170A
01F7 C20002
O1FA CDCFO09
01FD C3CF01

0200 3AC782
0203 FE32

0205 CA5104
0208 CD110A
020B D2F101

ON_OFF_7:

ON_OFF_8:

PUSH IX
ID IX,8180H
CALL SHOW 7
CALL KEY ON_OFF
CALL KEEP BUF
CALL KEEP CHAN7
POP IX

RET

PUSH IX

1D IX,81COH
CALL SHOW_8
CALL KEY_ON_OFF
CALL KEEP_BUF
CALL KEEP_CHANS
POP IX

RET

;KEEP TIME ON_OFF

;KEEP TIME ON_OFF

; KRKKEKKKKKKK**X KEYING ON_OFF (1-8) *Xkkskkskkkkx

RX:

KEY_ON_OFF:

MORE_2:

CONT1:

REC_ON_2:

MORE_3:

WRITEL:

CALL KBD _
LD A, (SWITCH)

33H

NC,MORE_2
(BUF_HOUR10+1) ,A
(IX+15H),A

CALL WR_DATA

LD A,46H
CALL GOTO

CALL RX

CALL CHK_DEL

JP  NZ,WRITE1l

CALL CLR_HH10
KEY_ON_OFF

JP
LD A, (BUF_HOUR10+1)
CP 32H

JP

;SET POSITION LOAD DATA

;SET TIME ON

;JP EXT
;LESS=3

;HOUR10

;SET POSITION LOAD DATA



020E 3AC282
0211 32CB82
0214 DD7716

0217 CD4904

021A 3E48
021C CD49CB

021F CDC801
0222 CD170A
0225 C22E02
0228 CDD409
022B C3ECO1

022E CDOBOA
0231 D21F02

0234 3AC282
0237 32CF82
023A DD7718
023D CD4904

0240 3E49
0242 CD490B

0245 CDC801
0248 CD170A
024B C25402
024E CDD909
0251 C31A02

0254 CD110A
0257 D24502
0257 3AC282
025D 32D382
0260 DD7719
0263 CD4904

0266 CDC801
0269 CD170A
026C C27502
026F CDDE09
0272 C34002

0275 CD1DOA
0278 €26602

027B 3E15
027D CD490B

0280 CDC801
0283 FE33

LOWER 4:

REC ON_3:

MORE_5_ON:

WRITEZ:

REC ON 4:

MORE_S ON:

WRITE3:

WAITIL:

ON CK:

REC_OFF_1:

UPPER_2:
CONT2:

LD A, (SWITCH)
LD  (BUF_HOUR1+1l).A
LD  (IX+16H).A

CALL WR_DATA

LD A,48H
CALL GOTO

CALL RX

CALL CHK_DEL
JP  NZ,WRITE2
CALL CIR HH1
JP REC_ON 2

CALL CHK_5
JP NC,MORE 5 ON

LD A, (SWITCH)

LD (BUF_MIN10+1),A
LD (IX+18H),A
CALL WR_DATA

LD A,49H
CALL GOTO

CALL RX

CALL CHK_DEL
JP  NZ,WRITE3
CALL CLR_MM10
JP REC ON_3

CALL CHK 9

JP NC,MORE_9 ON
LD A, (SWITCH)

LD (BUF_MIN1+1),A
LD (IX+19H),A
CALL WR_DATA

LD A,15H

CALL RX
CP 33H

;SET POSITION LOAD DATA MIN

;SET POSITION LOAD DATA MI

;WAIT KEY ENTER

;START SET TIME OFF



0285
0288
028B

028E

0291
0293

0296
0299
029C
029F
02A2

02A5
02A8
02A7
02AD
02B0

02B3
02B6
02B9

02BC

02BF
02C1

02C4
02C7
02CA
02Cp
02D0

02D3
02D6

02D9
02DC
02DF

02E2

02E5
02E7

02EA
02ED
02F0
02F3
02F6

02F9

D28002
32C882
DD7725

CD4904

3E16
CD490B

CDC801
CD170A
C2A502
CDE309
C37B02

3AC882
FE32

CA5C04
CD110A
D29602

3AC282
32CC82
DD7726

CD4904

3E18
CD490B

CDC801
CD170A
C2D302
CDE809
€39102

CDOBOA
D2C402

3AC282
320082
DD7728

CD4904

3E19
CD490B

CDC8o1
CD170A
C2F902
CDED09
C3BFC2

CD110A

REC_OFF_2:

UPPER_3:

WRITE4:

LOWER_OFF _4:

REC_OFF_3:

UPPER_5:

WRITES:

REC_OFF_4:

UPPER_9:

WRITE6:

JP  NC,UPPER_Z
LD  (BUF_HOUR10+2),A
LD  (IZ+25H),A

CALL WR_DATA ;HOUR10

LD A,l6H ;SET POSITION LOAD DATA
CALL GOTO

CALL RX

CALL CHK_DEL

JP  NZ,WRITE4
CALL CLR HHF10
JP REC OFF_1

LD A, (BUF_HOUR10+2)

CP 32H
JPp  Z,LESS OFF_4
CALL CHK_S

NC,UPPER_3

JP

LD A, (SWITCH)

LD (BUF_HOUR1+2),A
LD (IX+26H),A

CALL WR_DATA ;HOURL

LD A,18H ;SET POSITION LOAD DATA
CALL GOTO

CALL RX

CALL CHK_DEL
JP  NZ,WRITES
CALL CLR_HHF1
JP  REC_OFF_2

CALL CHK 5 ;CHECK < 5
JP  NC,UPPER_5

LD A, (SWITCH)
LD (BUF_MIN10+2),A
LD (IX+28H),A

CALL WR_DATA ;MIN10

ID A,19H ;SET POSITION LOAD DATA
CALL GOTO

CALL RX

CALL CHK _DEL

JP  NZ,WRITE6
CALL CLR_MMF10
JP REC OFF_3

CALL CHK 9 ;CHECK < 9



02FC D2EAQ2 JP  NC,UPPER_9

02FF 3AC282 LD A, (SWITCH)
0302 32p482 LD  {BUF MIN1+2),A
0305 DD7729 LD  (IX+29H),A
0308 CD4904 CALL WR_DATA ;MIN1
030B CDC801 WAITZ: CALL RX

030E CD170A CALL CHK DEL

0311 C21A03 JP NZ,OFF_OK

0314 CDF209 CALL CLR MfF1

0317 C3E502 JP REC CFF_4

031A CD1DOA OFF_OK: CALL CHK_ENT

031D C20BO03 JP  NZ,WAIT2

0320 3E55 LD A,55H

0322 CD490B CALL GOTO

0325 CpC8o1 WAIT_EXT: CALL RX

0328 CD2FOA CALL CHK _EXIT

032B C22503 JP  NZ,WAIT EXT
032E C9 RET

;kkxkKKKk KKKk *kk** KEEP VALUE BINARY TO BUFFER **%kkkkkx

032F F5 KEEP BUF: PUSH AF
0330 D5 PUSH DE

0331 3AC782 LD A, (BUF_HOUR10+1)

0334 E6OF AND OFH

0336 CD7C03 CALL SHIFT ;SHIFT LEFT
0339 57 ID D,A

033A 3ACBS2 LD A, (BUF _HOUR1+1)

033D E60F AND OFH

033F B2 OR D

0340 32DES2 LD (HOUR ON),A

0343 3ACF82 LD A, (BUF MIN10+1) ™
0346 E60F AND OFH

0348 CD7C03 CALL SHIFT ;SHIFT LEFT
034B 57 LD D,A

034C 3AD382 LD A, (BUF MIN1+1)

034F E60F AND OFH

0351 B2 OR D

0352 32F082 LD (MIN ON),A

0355 3AC882 LD A, (BUF_HOUR10+2)

0358 E60F AND OFH

035A CD7C03 CALL SHIFT ;SHIFT LEFT
035D 57 LD D,A

035E 3ACCS2 LD A, (BUF_HOUR1+2)

0361 ESOF AND OFH

0363 B2 OR D

0364 32E782 LD (HOUR_OFF) ,A

0367 3AD082 LD A, (BUF_MIN10+2)



036A E60F AND OFH

036C CD7C03 CALL SHIFT ;SHIFT LEFT
036F 57 b DA

0370 3AD482 LD A, (BUF_MIN1+2)

0373 E60F AND OFH

0375 B2 OR D

0376 32F982 LD (MIN_COFF),A

0379 D1 POP DE

037A F1 POP AF

037B C9 RET

s KKKKERKRKKKKKX %% SHIFT LEFT DATA 4 BIT *kkxkickkkkkkkik

037C 07 SHIFT: RICA
037D 07 RLCA
037E 07 RICA
037F 07 RICA
0380 C9 RET

s kkkkERKRKKKRKX*X KEEP DATA INTO CHANNAL *¥¥kxkxkikkkkk

0381 3ADES2  KEEP CHANL: LD A, (HOUR ON)
0384 32DF82 LD  (HOUR_ON+1),A
0387 3AF082 ID A, (MIN ON)
038A 32F182 LD (MIN_ON+1),A
038D 3AE782 LD A, (HOUR_OFF)
0390 32E882 LD (HOUR OFF+1),A
0393 3AF982 LD A, (MIN OFF)
0396 32FAS2 LD  (MIN OFF+1),A
0399 €9 , RET

039A 3ADES2  KEEP CHANZ: ID A, (HOUR_ON)
039D 32E082 LD  (HOUR ON+2),A
03A0 3AF082 LD A, (MIN ON)
03A3 32F282 LD  (MIN ON+2),A
03A6 3AE782 LD A, (HOUR OFF)
03A9 32E982 LD  (HOUR OFF+2) A
03AC 3AF982 LD A, (MIN_OFF)
03AF 32FBS2 LD  (MIN OFF+2),A
03B2 C9 RET

03B3 3ADES2  KEEP_CHANS: LD A, (HOUR ON)
03B6 32E182 LD  (HOUR ON+3),A
03B9 3AF082 LD A, (MIN ON)
03BC 32F382 LD  (MIN ON+3),A



O3BF
03C2

03C5
03C8
03CB

03ccC
O3CF

03D2
03D5

03D8
03DB

O3DE
03E1l
03E4

O3ES
O3E8

03EB
O3EE

03F1
03F4

03F7
O3FA
03FD

O3FE
0401

0404

0407

040A
040D

0410
0413
0416

0417
041A

041D
0420

0423
0426

3AET782
32EA82

3AF982
32FC82
C9

3ADE82
32E282

3AF082
32F482

3AE782
32EB82

3AFS82
32FD82
C9

3ADES2
32E382

3AF082
32F582

3AE782
32EC82

‘3AF982

32FE82
C9

3ADES2
32g482

3AF082
32F682

3AE782
32ED82

3AF982
32FF82
Cc9

3ADES2
32E582

3AF082
32F782

3AE782
32EE82

KEEP_CHAN4:

KEEP_CHANS:

KEEP_CHANG:

KEEP_CHAN7:

LD
LD

LD

D

LD

LD

LD

55 EE EE FEE EE

A, (HOUR_OFF)
(HOUR_OFF+3) ,A

A, (MIN_OFF)
(MIN_OFF+3),A
A, (HOUR_ON)
(HOUR_ON+4) ,A

A, (MIN_ON)
(MIN_ON+4) ,A

A, (HOUR_OFF)
(HOUR OFF+4) ,A

A, (MIN_OFF)
(MIN_OFF+4) ,A
A, (HOUR_ON)
(HOUR_ON+5) ,A

A, (MIN_ON)
(MIN_ON+5) ,A

A, (HOUR_OFF)
(HOUR_OFF+5) ,A

A, (MIN_OFF)
(MIN_OFF+5),A
A, (HOUR ON)
(HOUR_ON+6) ,A

A, (MIN ON)
(MIN_ON+6) ,A

A, (HOUR_OFF)
(HOUR_OFF+6) ,A

A, (MIN_OFF)
(MIN_OFF+6) ,A
A, (HOUR_ON)
(HOUR_ON+7) ,A

A, (MIN_ON)
(MIN_ON+7) ,A

A, (HOUR_OFF)
(HOUR_OFF+7) ,A



0429
042C
042F

0430
0433

0436
0439

043C
043F

0442
0445
0448

0449
044C
044D
0450

0451
0454
0456
0459

045C
045F
0461
0464

0467
0467
046D
046F
0472
0475
0478
047A
047D
0480
0482
0485

0486
0488

3AF982
320083
c9

3ADESZ2
32E682

3AF082
32r882

3AE782
32EF82

3AF982
320183
C9

3AC282
57
CD580B
C9

3AC282
FE34

D2F101
C30E02

3AC282
FE34

D29602
C3B302

CD8604
3AC382
FEOO
C26704
CD8604
3AC382
FEFF
C27204
3AC282
C62F
32C282
C9

3EFE
D330

LD A, (MIN_CFF)
LD  (MIN COFF+7),A
RET

KEEP_CHANS: LD A, (HOUR_ON)
LD  (HOUR_ON+8),A

LD A,(MIN_ON)
LD  (MIN_ON+8),A

LD A, (HOUR_OFF)
+ LD  (HOUR_OFF+8),A

LD A,(MIN_OFF)
LD  (MIN_OFF+8),A
RET

JXXXKLKKAKKKK k%% DATA WRITE BYTE *%kkkkkdkkkkkkkikhkikkk

WR_DATA: LD A,(SWITCH)
LD DA
CALL WRBYTE
RET

jREKKIKKKKKAK*A%% TOWER 4 MODE ON *kkkkkkkkdkkkkdkkkkkkkk

LESS N4: 1D A, (SWITCH)
CP 34H
JP NC,MORE_3
JP  LOWER 4

REEKEK KK X A k)% [OWER 4 MODE OFF X% kkkkkkkdkskkkkiokkkksk ik

LESS_OFF 4: LD A, (SWITCH)
CP 34H

FRAKKKKKKX KAk XKk kk*k DEBOUND **kkkkkkkkkkkkkkkk

KBD_: CALL SWITCH
LD A, (KEYF)
CP OCH
JP NZ,KBD_
Pl: CALL SWITCH
LD A, (KEYF)
CP OFFH
JP NZ,P1
LD A,(SWITCH)
ADD A,2FH

LD  (SWITCH),A
RET

JRKIKAKKKKKKKk), SCAN KEY K**KAkkkkAkkk k%
SWITCH : LD A,11111110B ;ROW1
ouT (PORT_D),A



048A
048C
048D
048F
0492
0493
0435
0498
0499
049B
049E
049F
04a1

04A4
04A6
04A8
04AA
04AB
04AD
04B0
04B1
04B3
04B6
04B7
04B9
04BC
04BD
04BF

04c2
04C4
04C6
04C8
04C9
04CB
04CE
04CF
0401
04D4
04D5
04D7
04DA
04DB
04DD

04E0
04E2
04E4
04E6
04E7
04E9
04EC
04ED
O4EF

DB30
SF
ES10
CA0405
7B
E620
CAQEO0S
7B
E640
CA1805
7B
E680
CA2205

3EFD
D330
DB30
5F
E610
CA2C05
7B
E620
CA3605
7B
E640
CA4005
7B
E680
CA4A05

3EFB
D330
DB30
5F
E610
CA5405
B
E620
CASE05
7B
E640
CA6805
7B
E680
CA7205

3EF7
D330
DB30
S5F
E610
CA7C05
7B
E620
CA8605

KEYIN1:

AND 10000000B
JP Z,5W4_

g KEKk KKK I h Kk Ik H KKK KKKk kk kK gk Kk K kk Kk

1D A,11111101B
OUT (PORT_D),A
IN A, (PORT_D)

LD E,A

AND 00010000B

JP Z,SW5_

LD AE

AND 00100000B

JP Z,8W6__

LD A,E

AND 01000000B
JP Z,SW7__

LD AE

AND 10000000B
JP Z,SW8

;***********************;*************

LD A,11111011B
OUT (PORT_D),A
IN A, (PORT_D)
LD E,A

AND 00010000B
JP Z,SW9_

ID AE

AND 00100000B
JP Z,SW10_

LD A,E

AND 01000000B
JP Z,SWl11_

LD AE

AND 10000000B
JP Z,SW12_

S ERIIKEKIIAIIKIKIKAK KK AR IR AK AR KK IR KK kK

LD A,11110111B
OUT (PORT_D),A
IN A, (PORT_D)
LD E,A

AND 000100008
JP Z,SW13_

ID AE

AND 00100000B
JP Z,5W14_

;ROW2

;ROW3

;ROW4



04F2
04F3
04F5
04F8
04F9
04FB
O4FE
0500
0503

0504
0506
0509
050A
050D
050E
0510
0513
0514
0517
0518
051A
051D
051K
0521
0522
0524
0527
0528
052B
052C
052E
0531
0532
0535
0536
0538
053B
053C
053F
0540
0542
0545
0546
0549
054A
054C
054F
0550
0553
0554
0556
0559
055A

78
E640
CA9005
7B
E680
CA9A05
3EFF
32C382
C9

3EOB
32C282
AF
32C382
C9
3EOA
32C282
AF
32C382
C9
3E09
32C282
AF
32C382
C9
3E08
32C282
AF
32C382
Cc9
3E01
32C282
AF
32C382
CS
3E07
32C282
AF
32C382
C9
3E06
32C282
AF
32C382
C9
3E05
32C282
AF
32C382
Cc9
3EO0C
32C282
AF
32C382

LD AE

AND 010000CCB
JP Z.8v15_

LD AE

AND 100000003
JP 7,SW16
LD A,OFFH

LD (KEYF),A
RET

; Pt R et L eI eI TR SR L TS LI

SwWl .

SW2_:

Sw4 .

SW5_

SW6_:

SW8__:

LD A,OBH

LD (SWITCH),A
XCR A

LD (KEYF),A
RET

LD A,OAH

LD (SWITCH),A
XOR A

LD (KEYF),A
RET

LD A,0%H

LD (SWITCH),A
XOR A

LD (KEYF),A
RET

LD A,08H

LD (SWITCH),A
XOR A

LD (KEYF),A
RET

LD A,01H

LD (SWITCH),A
XOR A -

LD (KEYF),A
RET

LD A,07H

LD (SWITCH),A
XOR A

LD (KEYF),A
RET

LD A,06H

LD (SWITCH),A
XOR A

LD (KEYF),A
RET

LD A,05H

LD (SWITCH),A
XOR A

LD (KEYF),A
RET

LD A,O0CH

LD (SWITCH),A
XOR A

LD (KEYF),A



055D €9 RET
055E 3E04 SW10 : LD A,04H
0560 32¢282 LD (SWITCH),A
0563 AF XOR A
0564 32C382 LD (KEYF),A
0567 C9 RET
0568 3EO3 Swil_: LD A,03H
056A 32C282 LD (SWITCH),A
056D AF XCR A
056E 32C382 LD (KEYF),A
0571 €9 RET
0572 3E02 Swi2 LD A,02H
0574 32C282 LD (SWITCH) A
0577 AF XOR A
0578 32C382 LD (KEYF),A
057B C9 RET
057C 3ECD SW13 : LD A,ODH
057E 32C282 LD (SWITCH),A
0581 AF XOR A
0582 32C382 LD (KEYF),A
0585 C9 RET
0586 3EOE SwWi4 _: LD A,OEH
0588 32C282 LD (SWITCH),A
058B AF XOR A
058C 32C382 LD (KEYF),A
038F C9 RET
0590 3EOF SW15_: LD A,OFH
0592 32C282 LD (SWITCH),A
0595 AF XOR A
0596 32C382 LD (KEYF),A
0599 C9 RET
059A 3E10 SW16_: LD A,10H
059C 32C282 LD (SWITCH),A
059F AF XOR A
05A0 32C382 LD (KEYF),A
05A3 €9 RET
JRARKKIRKKKKXRKK kK% SHOW LAST HOUR *rkkkkkkkkkkkxk

05A4 F3 SET: DI
05A5 F5 PUSH AF
05A6 3EQ7 LD A,07 ;SET TIME
05A8 D3AF OUT (CREG_F),A
05RA F1 POP AF
05AB DD210082 LD IX,8200H
05AF CD9307 CALL OLD TIME
05B2 CD650A CALL SHOW1

; kxkkkkkkkkkkk INKEY FOR RECORD TIME -*kXkk¥kkkkikkkkkkkkkkkX
05B5 3E55 REC: LD A,55H
05B7 CD490B CALL GOTO
05BA CD6704 CALL KBD_ ;HOUR10
05BD CD1DOA CALL CHK_ENT
05C0 CAQ0007 Jp Z ,SETEND
05C3 3AC282 LD A, (SWITCH)
05C6 FE33 Cp 33H



05C8

05CB
05CE
05D1
05D4

05D7
05D9
05DC
O5DF
05E2
05E5
05E8
05EB
O5EE

05F1
05F2
05F5
05F7
O5FA
05FD

0600
0603
0606
0609

060C
060E
0611
0614
0617
061A
061D
0620
0623
0626

0629
062C
062F
0632
0635
0638

063B
063D
0640
0643
0646
0649
064C
064F

D2B505

3AC282
32C682
DD7735
CD650A

3E56

CD490B
CD6704
CD170A
CA8DO9
CD1DOA
C2F105
CD350A
C30007

AF
3AC682
FE32
CAQOCA
CD110A
D2D705

3AC282
32CA82
DD7736
CD650A

3E58

CD490B
CD6704
CD170A
CA9809
CD1DOA
C22906
CD350A
CD3DOA
C30007

CDOBOA
D20C06
DD7738
CD650A
3AC282
32CE82

3E59

CD490B
CD6704
CD170A
CAA309
CD1DOA
C25B06
CD350A

REC_SHOW:

INKEY1:

RECHL:

RECH1_SHOW:

INKEYZ2:

RECM10:

INKEY3:

LD

LD
CALL

LD

CALL
CALL

CALL

XOR

NC,REC

A, (SWITCH)
(BUF_HOUR1C),A
(IX+35H) ,A
SHOW1

A,56H

GOTO

KBD_
CHK_DEL
z,CLR_HOUR10
CHK_ENT

NZ ,RECH1
LOAD_HOUR10
SETEND

A

A, (BUF_HOUR10)
32H

Z,CHK_3

CHK_9

NC, INKEY1

A, (SWITCH)
(BUF_HOUR1) ,A
(IX+36H),A
SHOW1

A,58H

GOTO

KBD _

CHK _DEL
Z2,CLR_HOUR1
CHK_ENT

NZ ,RECM10
LOAD_HOUR10
LOAD_HOUR1
SETEND

CHK_5

NC, INKEYZ
(IX+38H),A
SHOW1

A, (SWITCH)
(BUF_MIN10),A

A,5%H

GOTO

KBD_
CHK_DEL
Z,CLR_MIN10
CHK_ENT

NZ ,RECM1
LOAD_HOUR10

;KEEP DATA TO HOUR10
; SHOW HOUR10

;HOUR1

;RETURN TO DISPLAY

;CHECK < 3
;CHECK < 9

;CHECK < 5
; SHOW MIN10



0652 CD3DOA
0655 CD450A
0658 C30007

065B CD110A
065E D23B06
0661 DD7739
0664 CD650A
0667 3AC282
066A 32D282

066D 3ES5B

066F CD490B
0672 CD6704
0675 CD170A
0678 CAAEQ9

067B CD1DOA
067E C29006
0681 CD350A
0684 CD3DOA
0687 CD450A
068A CD4DOA
068D C30007

0690 CDOBOA
0693 D26D06
0696 DD773B
0699 CD650A
069C 3AC282
069F 32D682

06A2 3ESC

06A4 CD490B
06A7 CDQ{704
06AA CD170A
06AD CAB909
06B0 CD1DOA
06B3 C2C806
06B6 CD350A
06B9 CD3DOA
06BC CD450A
06BF CD4DOA
06C2 CD550A
06C5 C30007
06C8 CD110A
06CB D2A206
06CE DD773C
06D1 CD650A
06D4 3AC282
06D7 32DA82
06DA 3E5D

06DC CD490B
O6DF CD6704
O06E2 CD170A

RECM1:

INKEY4:

RECS10:

INKEY5:

RECS1:

REC_FINAL:

CALL
CALL
JP

CALL

LD
CALL
LD
LD

PYEVCEEEETETEEES SEEUUE ¢

CALL

EEEESE

LOAD HOUR1
LOAD_MIN10
SETEND

CHK_9

NC, INKEY3
(IX+39%H) ,A
SHOW1

A, (SWITCH)
(BUF_MIN1) ,A

A,5BH
GOTO

KBD_
CHK_DEL
Zz,CLR_MIN1

CHK_ENT
NZ ,RECS10
LOAD_HOUR10
LOAD_HOUR1
LOAD MIN10
LOAD_MIN1
SETEND

CHK_5
NC,INKEY4
(IX+3BH) ,A
SHOWL

A, (SWITCH)
(BUF_SEC10) ,A

A,5CH

GOTO

KBD_
CHK_DEL
Z,CLR_SEC10
CHK_ENT

NZ ,RECS1
LOAD_HOUR10
LOAD_HOUR1
LOAD_MIN10
LOAD_MIN1
LOAD_SEC10
SETEND
CHK_9

NC, INKEY5
(IX+3CH),A
SHOW1

A, (SWITCH)
(BUF_SEC1),A
A,5DH

GOTO

KBD _
CHK_DEL

;CHECK < 9

; SHOW MIN1

;SEC10

;SHOW SEC10

;SECl

;SHOW SEC1

;TIME OK PRESS KEY ENTER



06E5 CAC409 Jp Z,CLR_SECL

06E8 CD1DOA CALL CHK_ENT
O6EB C2DA06 Jp NZ ,REC_FINAL
O6EE CD350A CALL ILOAD_HOUR10
06F1 CD3DOA CALL LOAD HOUR1
06F4 CD450A CALL LOAD_MIN10
06F7 CD4DOA CALL IOAD_MIN1
O6FA CD550A CALL LOAD SEC10
O6FD CD5DOA CALL .LOAD SEC1

pRRkkkkkkkkhkkkkk QETEND *¥kkkkkkskkkkkkkkkkikkkk

0700 F5 SETEND: PUSH AF

0701 AF XOR A

0702 D3AD ouT  (CREG.D),A
0704 3E04 LD A,04H
0706 D3AF OUT (CREG_F),A
0708 F1 POP AF

0709 CD720A CALL SHOWZ

070C CD6E09 CALL CLR SHOW1
070F C9 RET

;hKXKAKAkXX% RTC INTERRUPT SERVICE *%%%kkkkk

0710 F3 INT: DI

0711 F5 PUSH AF

0712 C5 PUSH BC

0713 D5 PUSH DE

0714 E5 PUSH HL

0715 21C082 LD HL,COUNT _15
0718 34 INC  (HL)

0719 06Q8 LD B,8

071B C5 BSLOOP: PUSH BC

071C 1608 LD D,BS

071E CD580B CALL WRBYTE
0721 3E00 LD A,00H
0723 3D LOOP: DEC A

0724 060A LD B,10

0726 10FE LOOP1: DINZ LOOP1

0728 20F9 JR NZ ,LOOP
072A C1 POP BC

072B 10EE DINZ BSLOOP
072D DBA4 IN A, (HOUR1)
072F E60F AND OFH

0731 32CD82 LD (BUF_HOUR1+3),A
0734 €630 ADD A,30H

0736 DD7706 LD (IX+06H) ,A
0739 DBAS . IN A, (HOUR10)
073B E60F AND OFH

073D 32C982 LD (BUF_HOUR10+3) ,A



0740
0742

0745
0747
0749
074C
074D
0750
0751
0754
0756
0758
075A
075D
Q75F
0761
0764
0766

0769
076B
076D
0770
0772

0775
0777
0779
077¢C
077E
0781

0784
0787
0789

078C
078D
078E
078F
0790
0791

0793
0756
0798

079B
079E
07A0

€630
DD7705

DBAZ
E6OF
32D582
EB
CA5807
SF
CDE107
DBAZ
E60F
€630
DD7709
DBA3
E60F
32D182
C630
DD7708

DBAO
E6OF
32DD82
C630
DD770C

DBA1
E60F
32D982
C630
DD77CB
CDC407

CD720A
3E55
CD490B

El
D1
Ci
F1
FB
ED4D

3AC982
€630
DD7705

3ACD82
€630
DD7706

SUM_30H:

ADD
LD

IN
AND
LD
Cp

LD
CALL
IN

ADD
LD
IN

LD
ADD
LD

IN

ADD
LD

POP
POP
POP
POP
EI
RETI

A, 30H
(IX+05H) A

A, IMIN1)

OFH

(BUF _MIN1+3),A
E

Z.SUM 30H

E,A

COMP_ON OFF1
A(MIN1)

OFH

A,30H
(IX+09H),A

A, (MIN10)

OFH
(BUF_MIN10+3),A
A,30H
(IX+08H) ,A

A, (SEC1)

OFH
(BUF_SEC1+3) ,A
A,30H
(IX+0CH),A

A, (SEC10)

OFH
(BUF_SEC10+3),A
A,30H
(IX+OBH) ,A

;COMPARE 8_CHANNAL

jRKIIIS KKK Kkkkkxk SHOW OLD TIME FOR SET NEW TIMEX%*kkx%

OLD_TIME:

LD
ADD
LD

LD
ADD
LD

A, (BUF_HOUR10+3)
A,30H
(IX+05H),A

A, (BUF_HOUR1+3)
A,30H
(IX+06H) ,A



07A3
07A6
07a8

O7AB
07AE
0780

07B3
07B6
07B8

07BB
07BE
07C0

07C3

07C4
07C7
07cA
07CB
07CE
07CF

07D2
07D5
07D8
07D9
07DC
070D
07EQ

07EL
07E2
07E3
07E6
07ES
07ED
O7EE

07F1
07F4
07F8
07F9

07FC
O7FE

0801
0805

3AD182
Cé63C
DD7708

3AD582
€630
DD7709

3AD982
C630
DD770B

3ADD82
C630
DD770C

Co

LD A, {BUF MIN1C+3)
ADD  A.30H
LD (IX+O8H) A

LD A, (BUF_MIN1+3)
ADD A,30H
LD (IX+0%H) ,A

LD A, (BUF_SEC10+3)
ADD A,30H
LD (IX+0BH),A

LD A, (BUF_SEC1+3)
A,30H
LD (IX+0CH) ,A

 KKIKKREKAKIAKKARX GUM 10,1 FFkkkkkkhkkkkkkxkkkkk

3AC982
CD7C03
57
3ACD82
B2
32C482

SUM _:

3AD182
CD7C03
57
3AD582
B2
32C582
(0]

'

LD A, (BUF_HOUR10+3)

CALL SHIFT

ID D,A

LD A, (BUF_HOUR1+3)
OR D

LD (HOUR_RTC),A ;KEEP HOUR RTC

LD A, (BUF_MIN10+3)

CALL SHIFT

LD D,A

LD A, (BUF_MIN1+3)

OR D

LD (MIN RIC),A ; KEEP MINUTE RTC
RET

;Xkxkxk%% COMPARE RTC WITH ON _OFF TIME *%Xkkkskkkxx

D5 COMP_ON _OFF1:
ES

21C182

3AC482

EDSBDF82

BB

C2FEQ7

3AC582
ED5BF182
BB
C2FEQ7

CBC6
3AC482

ED5BE882
BB

COMP_OFF1:

PUSH DE

PUSH HL

LD HL,STATUS

LD A, (HOUR_RTC)
LD DE,(HOUR_ON+1)
CP E

JP NZ,COMP_OFF1

;COMPARE RTC,ON_CHAN1
;NOT EQUAL CHANNALL

LD A, (MIN_RIC)
LD DE,(MIN_ON+1)
CP E

JP NZ,COMP_CFF1

;COMPARE RTC,ON_CHAN1
;NOT EQUAL CHANNAL1
SET _ 0, (HL) ;L=0000 0001
LD A,(HOUR _RTC)

LD DE, (HOUR_OFF+1)

CP E ;COMPARE RTC,OFF_CHAN1



0806

0809
080C
0810
0811

0814

0816
0819
081D
081E

0821
0824
0828
0829

082C

082E
0831
0835
0836

0839
083C
0840
0841

0844

0846
0849
084D
084E

0851
0854
0858
0859

085¢C

O85E
0861
0865
0866

0869
086C
0870
0871

C21608

3AC582
EDSBFA82
BB
C21608

CB86

3AC482
ED5BE082
BB
C22EQ8

3AC582
ED5BF282
BB
C22EQ8

CBCE

3AC482
ED5BES82
BB
C24608

3AC582
ED5BFB82
BB
C24608

CB8E

3AC482
EDSBE182
BB
C25E08

3AC582
ED5BF382
BB
C25E08

CBD6

3AC482
ED5SBEA82
BB
C27608

3AC582
ED5BFC82
BB
C27608

COMP_ON_OFF2:

COMP_OFF2:

COMP_ON_OFF3:

COMP_OFF3:

LD
LD
Cp

RES

LD
Cp

LD
LD
CP

SET _

LD
Cp

LD

Cp

Q
v}

NZ ,COMP ON_OFF2

A, (MIN RTC)

DE, (MIN_OFF+1)
E

Nz ,COMP_ON OFF2

0, (HL)

A, (HOUR RTC)
DE, (HOUR_ON+2)
E
NZ,COMP_OFF2

A, (MIN _RTC)
DE, (MIN_ON+2)
E
NZ,COMP_OFF2

1,(HL)

A, (HOUR_RTC)
DE, (HOUR OFF+2)
E

NZ ,COMP_ON_OFF3

A, (MIN _RTC)

DE, (MIN_OFF+2)
E

NZ ,COMP_ON_OFF3

1,(HL)

A, (HOUR_RTC)
DE, (HOUR_ON+3)
E
NZ,COMP_OFF3

A, (MIN_RTC)
DE, (MIN ON+3)
E

NZ ,COMP .OFF3

" 2,(HL)

A, (HOUR_RTC)
DE, (HOUR_OFF+3)
E

NZ ,COMP_ON_OFF4

A, (MIN_RTC)
DE, (MIN_OFF+3)
E

NZ,COMP_ON_OFF4

;NOT EQUAL CHANNAL1

;COMPARE RTC,OFF_CHAN1
;NOT EQUAL CHANNAL1

;L=0000 0000

;NOT EQUAL CHANNAL?2

;COMPARE RTC,ON_CHAN2
;NOT EQUAL CHANNAL2

;L=0000 0010

;COMPARE RTC,OFF_CHAN2
;NOT EQUAL CHANNALZ2

;COMPARE RTC,OFF_CHAN2
;NOT EQUAL CHANNAL2

;L=0000 0000

;NOT EQUAL CHANNAL3

;COMPARE RTC,ON_CHAN3
;NOT EQUAL CHANNAL3

;L=0000 0100

;COMPARE RTC,OFF_CHAN3
;NOT EQUAL CHANNAL3

;COMPARE RTC,OFF_CHAN3
;NOT EQUAL CHANNAL3



0876
0879
087D
087E

0831
0884
0888
0889

088C

088E
0891
0895
0896

0899
085C
08A0
08A1

08A4

08a6
08A9%
08AD
O8AE

08B1
08B4
08B8
08B9

08BC

08BE
08C1
08C5
08C6

08C9
08CcC
08D0
08D1

08D4

08D6
08D9%
08DD
O8DE

CB96

3AC482
EDSBEZ32
BB
C2Z8EQ8

3ACS82
ED5BF482
BB
C28E08

CBDE

3AC482
EDSBEB82
BB
C2A608

3AC582
EDSBFD82
BB
C2R608

CBSE

3AC482
EDSBE382
BB
C2BEOg

3AC582
EDSBF582
BB
C2BEQ8

CBE6

3AC482
ED5BEC82
BB
C2D608

3AC582
ED5BFE82
BB
C2D608

CBA6

3AC482
ED5BE482
BB
C2EEQ8

COMP ON CFF4:

COMP_OFF4:

COMP_ON_OFF5:

COMP_OFF5:

COMP_ON_OFF6:

RES

T
14

LD
CP
JP

LD
LD
Cp

2, (HL)

A, (HOUR RTC)
DE, (HOUR_ON+4)
E
NZ,COMP_OFF4

A, (MIN _RTC)
DE, (MIN_ON+4)
E

Nz ,COMP_OFF4

3, (HL)

A, (HOUR_RTC)

DE, (HOUR_OFF+4)
E
NZ,COMP_ON_OFF5

A, (MIN_RTC)

DE, (MIN_OFF+4)
E

NZ ,COMP_ON_OFF5

3, (HL)

A, (HOUR_RTC)
DE, (HOUR_ON+5)
E

NZ ,COMP_OFFS

A, (MIN_RTC)
DE, (MIN_ON+5)
E

NZ ,COMP_OFF5

' 4,(HL)

A, (HOUR_RTC)
DE, (HOUR_OFF+5)
E

NZ ,COMP_ON_OFF6

A, (MIN RTC)
DE, (MIN_OFF+5)
E

NZ,COMP_ON_OFF6
4, (HL)

A, (HOUR RIC)
DE, (HOUR_ON+6)
E

NZ ,COMP_OFF6

;L=0000 0000

;NOT EQUAL CHANNAL4

;COMPARE RTC,ON_CHAN4
;NOT EQUAL CHANNAL4

;L=0000 1000

;COMPARE RTC,OFF_CHAN4
;NOT EQUAL CHANNAL4

;COMPARE RTC,OFF_CHAN4
;NOT EQUAL CHANNAL4

;L=0000 0000

;NOT EQUAL CHANNALS

;COMPARE RTC,ON_CHANS
;NOT EQUAL CHANNALS

;L=0001 0000

;COMPARE RTC,OFF_CHAN5
;NOT EQUAL CHANNALS

;COMPARE RTC,OFF_CHANS
;NOT EQUAL CHANNALS

;L=0000 0000

;NOT EQUAL CHANNAL6



08E1
08E4
O8E8
0889

08EC

O8EE
08F1
08F5
08F6

08F9
08FC
0900
0901

0904

0906
0909
090D
090E

0911
0914
0918
0919

091C

091E
0921
0925
0926

0929
092¢C
0930
0931

0934

0936
0939
093D
0S3E

0941
0944
0948
0949

094C

3AC582
EDSBF682
BB
CZEEQ08

CBEE

3AC482
EDSBED82
BB
C20609

3AC582
ED5BFF82
BB
C20609

CBAE

3AC482
EDSBES82
BB
C21EQ9

3AC582
ED5BF782
BB
C21E09

CBF6

3AC482
EDSBEE82
BB
C23609

3AC582
ED5B0083
BB
C23609

CBB6

3AC482
ED5BE682
BB
C24EQ9

3AC582
ED5BF882
BB
C24E09

CBFE

COMP_OFF6:

COMP_ON_OFF7:

COMP_OFF7:

COMP_ON_OFF8:

LD
LD
CcP

SET

SEE

§ 9R8EE 98EE § N"8EE H

E6 Y%EE JF WSEE HYEE

CP
JP

SET_

ET_

A, (MIN RTC)
DE, (MIN ON+6)
E

NZ ,COMP OFF6

5, (HL)

A, (HOUR_RTC)
DE, (HOUR_OFF+6 )
E
NZ,COMP_ON_OFF7

A, (MIN_RTC)
DE, (MIN_OFF+6)
E
NZ,COMP_ON_OFF7
5, (HL)

A, (HOUR_RTC)
DE, (HOUR_ON+7)
E

NZ ,COMP_OFF7

A, (MIN_RTC)

DE, (MIN_ON+7)
E
NZ ,COMP_OFF7

6, (HL)

A, (HOUR_RTC)
DE, (HOUR_OFF+7)
E
NZ,COMP_ON_OFF8

A, (MIN RIC)

DE, (MIN_OFF+7)
E

NZ ,CCMP_ON_OFF8

6, (HL)

A, (HOUR_RTC)
DE, (HOUR_ON+8)
E

Nz ,COMP_OFF8

A, (MIN_RTC)
DE, (MIN_ON+8)
E

NZ ,COMP_OFF38

7, (HL)

:COMPARE RTC,ON_CHAN®
;NOT EQUAL CHANNAL6

;L=0010 0000

;COMPARE RTC,OFF CHANG6
;NOT EQUAL CHANNAL6

;COMPARE RTC,OFF CHANG
;NOT EQUAL CHANNAL6

;L=0000 0000

;NOT EQUAL CHANNAL7

;COMPARE RTC,ON_CHAN7
;NOT EQUAL CHANNAL7

;L=0100 0000

;COMPARE RTC,OFF_CHAN7
;NOT EQUAL CHANNAL7

;COMPARE RTC,OFF_CHAN7
;NOT EQUAL CHANNAL7

;L=0000 0000

;NOT EQUAL CHANNALS

;COMPARE RTC,ON_CHANS
;NOT EQUAL CHANNALS

;L=1000 0000



094E 3AC482 COMP OFF&: LD A, (HOUR RTC)

0951 ED5BEF82 LD  DE,(HOUR OFF+8)

0955 BB CPb E :COMPARE RTC,OFF_CHANS
0956 C2€609 JP  NZ,8ET PCRT ;NOT EQUAL CHANNALS
0959 3AC582 LD A,(MIN RTC)

095C ED5B0183 LD DE, (MIN OFF+8)

0960 BB CP E ;COMPARE RTC,OFF _CHANS
0961 C26609 JP  NZ,SET_PORT ;NOT EQUAL CHANNALS
0964 CBEBE RES 7,(HL) ;L=0000 0000

0966 3AC182 SET_PORT: LD A, (STATUS)

0969 D350 OUT (PORT_A),A

096B E1 POP HL

096C D1 POP DE

096D C9 RET

; Kkxxkkkkkkkkkkkkx CLEAR DATA SET SHOWL X%kkkkkkkkk

0S6E F5 CLR_SHOWL: PUSH AF

096F DDE5 PUSH IX

0971 DD210082 LD IX,8200H
0975 3E2D ID A,2DH
0977 DD7735 LD (IX+35H),A
097A DD7736 LD (IX+36H),A
097D DD7738 LD (IX+38H),A
0980 DD7739 LD  (IX+39H),A
0983 DD773B LD (IX+3BH),A
0986 DD773C LD  (IX+3cH),A
0989 DDE1 POP IX

098B F1 POP AF

098C C9 RET

;XkXkkkkkkkkkkkx% CLEAR DATA AND KEY NEW DATA ***kkkkk

098D 3E2D CLR_HOUR10: LD A,2DH

098F DD7735 LD  (IX+35H),A ;CLEAR DISPLAY HOUR10
0992 CD650A CALL SHOW1

0995 C3B505 JP REC

0998 3E2D CLR_HOUR1: LD A,2DH

099A DD7736 D (IX+36H) ,A ;CLEAR DISPLAY HOUR1
099D CD650A CALL SHOW1

09A0 C3D705 JP INKEY1

0%A3 3E2D CLR_MIN10: LD A,2DH

09A5 DD7738 LD (IX+38H),A ;CLEAR DISPLAY MIN10
09A8 CD650A CALL SHOW1

09AB C30C06 JP INKEY2

O9AE 3E2D CLR_MIN1: LD A,2DH

09BO DD7739 LD (IX+39H) ,A ;CLEAR DISPLAY MIN1

09B3 CD650A CALL SHOW1



09B6

09B9
09BB
O9BE
09cC1

09C4
09C6
09C9
09cc

09CF
09D1

09D4
09D6

09D9
0SDB

O9DE
09EO

0SE3
09E5

09E8
O9EA

O9ED
O9EF

0SF2
09F4

09F7
OSFA
0SFC
O9FF

0A00
OA03
OAO05
OA08

C33BR06

3E2D

DD773B
CD650A
C36D06

3E2D

DD773C
CD650A
C3A206

3E45
C3F709

3E46
C3F709

3E48
C3F709

3E49
C3F709

3E15
C3F709

3E16
C3F709

3E18
C3F709

3E19
C3F709

CD490B
162D
CD580B
Cc9

3AC282
FE34

D2D705
C30006

Jp INKEY3

CLR SEC10: LD A, 2DH
LD (IX+3BH),A ;CLEAR DISPLAY SEC10
CALL SHOW1
Jp INKEY4

CLR_SEC1: LD A,2DH
LD (IX+3CH),A ;CLEAR DISPLAY SEC1
CALL SHOW1
JP INKEYS

; XXEIAXKK LK KX KK % %% POSITION CLEAR DATA ON X¥kAkkkskkkkkkk

CLR_HH10: LD A,45H
JP CLEAN
CLR _HHI1: LD A,46H
JP CLEAN
CLR_MM10: LD A,48H
JP CLEAN
CLR MM1: LD A,49H
JP CLEAN

FRFERXKE KR I* KKK k** POSITION CLEAR DATA OFF *kkkskkskkkkskkkk

CLR_HHF10: LD A,15H
JP CLEAN
CLR HHF1: LD A,16H
JP CLEAN
CLR _MMF10: LD A,18H
JP  .CLEAN
CLR MMF1: LD A,1%H
JP CLEAN

;XEIKXK*K KKK X%*X DELETE DATA ON *kskkskkokkskskokkkkokk sk kokkkkskk

CLEAN: CALL GOTO

FREXKLKKK XK KKAKX CHECK < 3 *kkkkkkkkkkkhdkhikkkskkskk

CHK_3: LD A, (SWITCH)
Cp 34H ;NO.'3!
JP NC, INKEY1 ;MORE 3

Jp RECH1_SHOW

s XXkKkkXkAK k)% CHECK < B kkkkkkkdkkdkkkkkkk ik kkkkk



OAOB
CACE
OA10

0Al11l
OAl14
OAl6

OA17
OA1A
OAl1C

OA1D
0A20
OA22

0A23
OA26
OA28

0A29
OA2C
OAZE

OAZF
OA32
OA34

OA35
OA38
OA3A
OA3C

OA3D
OA40
OA42
OA44

OA45
OA48

3ACZ282
FE36
C9

3AC282
FE3A
C9

3AC282
FE3C
C9

3AC282
FE3D
Cc9

3AC282
FE3B
C9

3AC282
FE3F
C9

14

3AC282
FE3E
C9

3AC682
E60F
D3A5
C9

3ACA82
E60F
D3A4
C9

3ACE82
E60F

CHK 5: D A, (SWITCE)

Cp 36H
RET

SREKIKKKKKKAKKE CHECK < G *XXRIRARKKKKIKK KKKk KKk %

CHK 9: LD A, (SWITCH)
Cp 3AH ;NO.'9!
RET

XKk KKK kKKK kxk% CHECK KEY DELETE **kkkkkkkkkkkkk

CHK_DEL: LD A, (SWITCH)
CP 3CH
RET

s *KRRIKKK K XKk k% CHECK KEY ENTER *kkkkkokksekskkkkkk

CHK_ENT: LD A, (SWITCH)
CP 3DH
RET

;XRXKKKKKK Kk kX% CHECK KEY SET TIME **kkkkkkkkkkkkk

CHK_SET TIME: LD A, (SWITCH)

Ccp 3BH
RET

;RKXXKKKKXKR*K%% CHECK KEY MENU *¥kkkkkkkkkkkkkkkkk

CHK_MENU: LD A, (SWITCH)
CP 3FH
RET

pREkKkkEkkkk k% CHECK KEY EXIT *A%kkkkkkkkkkxkkkkkk

CHK_EXIT: LD A, (SWITCH)
CP 3EH
RET

JREKkERERKk**%k% TOAD DATA TO RTC *kkkkkkkkkkkkkkkk

LOAD_HOUR10: LD A, (BUF_HOUR10)

AND OFH
OUT (HOUR10) ,A
RET

LOAD_HOUR1: LD A, (BUF_HOUR1)

AND OFH
OUT (HOURL),A
RET

LOAD_MIN10: LD A, (BUF_MIN10)

AND OFH



OA4A D3A3 OUT (MIN10),A

OR4C C9 RET

OA4D 3AD282 LOAD _MIN1: LD A, (BUF_MIN1)
OA50 E60F AND OFH

OA52 D3A2 OUT (MIN1),A
OA54 C9 RET

OA55 3AD682 LOAD_SEC10: LD A, (BUF_SEC10)
OA58 E60F AND OFH

OASA D3A1 OUT (SEC10),A
OA5C C9 RET

OASD 3ADAS82 LOAD_SEC1: LD A, (BUF_SEC1)
OA60 E60F AND OFH

OA62 D3A0 OUT (SEC1),A
OA64 C9 RET

;XEKKIKKKK K Ekkkk SHOW DISPLAY *kkkkkkkkkkkkkkkkkkk

0R65 E5 SHOWL : PUSH HL
OA66 DD210082 ID  IX,8200H
OAGA 210082 ID  HL,8200H
OA6D CDDSOA CALL DISP
OA70 E1 POP HL

0A71 C9 RET

OA72 E5 SHOW2: PUSH HL

OA73 DD214082 ID  IX,8240H
0A77 214082 LD  HL,8240H
OA7A CDDS0A CALL DISP
0A7D E1 POP HL

OATE €9 RET

OA7F E5, SHOW3 : PUSH HL

OASO DDES PUSH IX

OAS2 DD218082 ID  IX,8280H
O0AS6 218082 ID  HL,8280H
OAS9 CDDSOA CALL DISP
OASC DDEL POP IX

OASE E1 POP HL

OASF C9 RET

;Rkkkkkkkkkkkkkx SHOW CHANNAL 1-8 *kskikkkkkk

OA90 E5 SHOW_1: PUSH HL

OA91 210080 LD HIL,,800CH
OAS4 CDDSOA CALL DISp
OAS7 E1 POP HL

OA98 €9 RET

0A99 E5 SHOW_2: PUSH HL

OA9A 214080 LD HL,8040H
OASD CDDS8OA CALL DISp

ORAO E1 POP HL



0AA1 C9 RET

OAA2 E5 SHOW_ 3: PUSH ML
CAA3 218080 LD HL,8080H
CAA6 CDDSOA CALL DISP
0AAS E1 POP  HL

OAAA C9 RET

OAAB E5 SHOW_4: PUSH HL

ORAAC 21C080 LD  HL.80COH
OAAF CDDSOA CALL DISP
OAB2 E1 POP HL

OAB3 C9 RET

OAB4 E5 SHOW_5: PUSH HL

OABS 210081 ‘ LD  HL,8100H
OABS CDDSOA CALL DISP
OARB E1 POP  HL

OABC C9 RET

OABD E5 SHOW_6: PUSH HL

OABE 214081 LD  HL,8140H
OAC1 CDDS0A CALL DISP
OAC4 E1 POP HL

0AC5 C9 RET

OAC6 ES5 SHOW_7: PUSH HL

0AC7 218081 LD  HL,8180H
OACA CDDSOA CALL DISP
OACD E1 POP HL

OACE C9 RET

OACF E5 SHOW_8: PUSH HL.

OADO 21C081 LD  HL,81CO0H
OAD3 CDPSOA CALL DISP
OAD6 E1 POP  HL

0AD7 C9 RET

S EHRKKAREAKRIKAKKRKKRRK A KK IR LK KK KKK KK KKK kK kkkkKk

OAD8 F5 DISP: PUSH AF
OADS CD290B CALL INITLCD
OADC 3E01 LD A,1

OADE CDF20A CALL WRLINE
OAE1l 3E02 LD A,2

OAE3 CDF20A CALL WRLINE
OAE6 3EO03 LD A,3

OAES CDF20A CALL WRLINE
OAEB 3E04 LD A,4

OAED CDF20A CALL WRLINE
OAFQ F1 POP AF

OAF1 C9 RET

jR%kxkkk%%  WRITE LINE 16 CHAR *¥%kkkkkkkk



OAF2 FEOL WRLINE: ce 1

0AF4 280D JR  Z,WRL1

OAF6 FEO2 cp 2

OAF8 2810 JR Z.WRL2

OAFA FEO3 cCp 3

OAFC 2813 JR  Z,WRL3

OAFE FEO4 CP 4

0BOO 2816 JR  Z,WRL4

0B02 C€9 RET ;NO WRITE LINE
0BO3 3EQ0 WRL1: LD A,0CH

OBO5 CD490B CALL GOTO

OBO8 1813 JR WRIM

OBOA 3E40 WRLZ: LD A,4CH

0BOC CD490B CALL GOTO

OBOF 180C JR WRIM

0B11 3E10 WRL3: - LD A,10H

OB13 CD490B CALL GOTO

0B16 1805 JR WRIM

OB18 3ES50 WRL4: LD A,50H

OB1A CD490B CALL GOTO

OB1D 0610 WRIM: LD B,16 ;16 CHR
OB1F 56 WRL: LD D, (HL)

0B20 C5 PUSH BC

OB21 CD580B CALL WRBYTE

OB24 C1 POP BC

0B25 23 INC HL

O0B26 10F7 DINZ WRL

0B28 C9 RET ;RETURN OF WRITE LINE

jRRk&kkkkkkk  INITIAL LCD DISPLAY Xkkkkkkkkkkkkkkkkkk

0B29 3E?38 INITLCD: LD A,00111000B ;function set 38H
;DL=1 8 bit ,N=1 1/16 duty,F=0 5*7

0BZB D380 oUT (PSIGN),A
OB2D CD5FOB CALL DELAY
0B30 CD5FOB CALL DELAY ;DELAY > 4.1 ms
OB33 3EOF LD A,00001111B ;display on/off control
;D=1 off,C=1 cursor on,B=1 blink
0B35 D380 OUT (PSIGN),A
0B37 CD5FOB CALL DELAY
0B3A 3E06 LD A,00000110B ;entry mode set
;I/D=1 increment,S=0 rig
0B3C D380 OUT (PSIGN),A
OB3E CD5F0OB CALL DELAY
0B41 3E01 LD A,00000001B ;clear all display
0OB43 D380 OUT (PSIGN),A
0B45 CD510B CALL, READ
0OB48 C9 RET

s RRRRkkkkkkkkkkkkkk Rt R N RS Sttt



JRRXKERK Rk GOTO POSITION  Kkkkkkkkix

0B49 CBFF GOTO: SET 7.,A ;set DD RAM
0B4B D380 OUT (PSIGN),A

OB4D CD510B CALL READ

OB50 C9 RET

;Xkkkkkkkxkx%x READ BESY FLAG *%kkkkkkk

OB51 DB84 READ: IN A, (PREAD) ;WAIT UNTIL BESY
OB53 CB7F BIT 7,A .

OB55 20FA JR NZ,READ

OB57 C9 RET

;AXKkXkkkkkkkx WRITE DATA SUB *kkkkkkks

OB58 7A WRBYTE: LD A,D ;write data
OB59 D382 OUT (PDATA),A

OB5B CD510B CALL READ

OB5SE €9 RET

jhhkkkkkkkk DETAY kkkkkkkkk

OB5F 0600 DEIAY: LD B,00H

OB61 00 DEL1: NOP
0B62 00 NOP
O0B63 10FC DINZ DEL1
0B65 C9 RET

§ RhEKIKEARKIK IR KR KK IR KA K KKK Rk KKK KRk Kk ke sk e ko s e ok ok ok

;X MAIN TELEPHONE *

;*****************************************************

0B66 3EQ1 MAIN 1: LD A,01H ;AUTO HANG ON

0B68 D352 OUT (PORT C),A

OB6A CD960B CALL LINE MUSIC1

0B6D CDC20B CALL STOBE ;CHECK STOBE 10SEC
OB70 3AC082 LD A,(COUNT_15)

OB73 FEO05 CE 25

OB75 CA7200 JP  Z,MAIN

0B78 CDE40B CALL CHK_STAR ;CHECK KEY FOR CONTROL
OB7B CDEEOB AGAIN: CALL CHK_CH ;CHECK AND CONTROL CHANN
OB7E CDAEOB NEW: CALL CHK_DTMF9

OB81 CA8COB JP  Z,HANG_UP

0B84 FEOD CP ODH

0B86 C27EOB JP  NZ,NEW

0B89 C37BOB JP  AGAIN

OBSC AF HANG_UP: XOR A

0B8D D352 OUT (PORT_C),A ;HANG UP

OBSF 3E08 LD A,08H



0B91 D352
OB93 C37200

CBY96 3E03
OBS8 D352

OB9A CDB50B

OBSD 3E01
OBSF D352
OBAl C9

OBA2 3E05
OBA4 D352

OBA6 CDB50B

OBA9 3E01
OBAB D352
OBAD C9

OBAE DB51
OBBO E60F
OBB2 FE09
OBB4 C9

OBBS AF
OBB6 32C082
OBB9 3AC082
OBBC FEO05
OBBE C2B90B
OBC1 €9

OBC2 DB51
OBC4 E610
OBC6 4F

OBC7 AF
OBC8 32C082
OBCB 3AC082
OBCE FEO05
OBDO C2DBOB

OBD3 AF
OBD4 D352

OQUT (PORT C),A ;CLEAR D F/F
JP  MAIN

JEXXKFKR AKX Kk Kk xx%% ON LINE AND MUSIC *kx%kxkkxkx
LINE MUSIC1: LD A,000000113

OUT (PORT C),A ; ON LINE AND MUSIC
CALL DELIAY 5 ; MUSIC 5 SECOND
LD A,01H

OUT (PORT C),A
RET

; XrTRIK LK XA X KKK X% ON LINE AND MUSIC **xkkkkkkxkk
LINE_MUSIC2: LD A,00000101B

OUT (PORT C),A ; ON LINE AND MUSIC
CALL DELAY 5 ; MUSIC 5 SECOND
LD A,01H

OUT (PORT C),A
RET

;Rhdkk KKk xkk kKK kK% CHECK KEY 9 (HANG UP) kkkkkkx

CHK_DTMF9: IN A, (PORT B)
AND OFH
CP OSH
RET

FRIEKLR*K KKKk kK k%% DELAY FOR MUSIC 5 SECOND**%kk%k%%

DELAY_5: XOR A

LD (COUNT_15),A ;CLEAR BUFFER COUNT
INC_COUNT: LD A, (COUNT_15)

CP 5

JP NZ,INC_COUNT

RET

; ***************************‘k***********************

i* STOBE CHECK x
;***************************************************

STOBE: IN A, (PORT B)
AND 10H
Ibc,A ;STOBE FIRST STATUS

XOR A

LD (COUNT_15),A ;CLEAR COUNTER TIME
CHK_TIME: LD A, (COUNT_15)

CP 5 ;CHECK TIME 5 SEC

JP NZ,STOBE_IN

XOR A
OUT (PORT C),A ;HANG UP



OBD6
0BD8
OBDA

OBDB
OBDD
OBDF
OBEO
OBE3

OBE4
OBE6
OBES
OBEA
OBED

OBEE
OBF0

OBF2
OBF4
OBF7
OBFA
OBFD
0Co0
0C03

0C04
0C06
0C09
0coc
OCOF
0C12
0C15

0C16
0C18
0C1B
OC1E
0Cc21
0C24
0C27

0C28
0C2A
0C2D
0c30
0C33
0C36

3EC8
D352
C9

DBS1
E610
BS
CACBOB
Co

DB51
E60F
FEQOD
C2E40B
C9

DB51
E60F

FEO8
C2040C
CD820C
CD910C
CDF90D
CD710E
Cc9

FE04
€2160C
CD820C
CDA60C
CDOSOE
CD7DOE
9

FEOC
2280
CD820C
CDBBOC
CD170E
CD8IOE
¢9

FEO02

C23A0C
CD820C
CDDOOC
CD260E
CDS5CE

LD A,G8H
OUT (PORT C),A ;CLEAR D F/F
RET ;RETURN TO MAIN TELEPHON

JRXEILIK KK KKk Kk k%kk CHECK STOBE STATUS KKk Kk k% ks sk sk o &k k ok

STOBE_IN: IN A, (PORT_B) ;STROBE CHECK
AND 10H
CP C ;CHECK STOBE IN
JP Z,CHK_TIME
RET ;RETURN TO MAIN

;REFKk Rk kkkkkkkkkxk CHECK DATA STAR DTMF *kkkkkkkkkskskkskdkokkkk k%

CHK_STAR: IN A,(PORT_B)
AND OFH
CP  ODH ;'%'=13
JP  NZ,CHK_STAR
RET

jXFFKXKKKRK KKK KKKk %% CHECK CHANNAL (1-8) DTMF *AXXKAXKKAKAKKK KKK

CHK_CH: IN A, (PORT_B)
AND OFH

CH1: GE: O08H A
JP NZ ,CHZ
CALL CHK_SHARP
CALL CONT _CH1
CALL CLR _HH ON1
CALL CLR SCR1
RET ;RETURN TO MAIN

CH2: Ccp 04H ;12!
JP NZ,CH3
CALL CHK SHARP
CALL CONT CH2 N
CALL CLR HH ON2
CALL CIR SCR2

RET ;RETURN TO MAIN
CH3: Cp OCH ;'3
JP NZ ,CH4

CALL CHK_SHARP
CALL CONT _CH3
CALL CLR HH ON3
CALL CLR_SCR3

RET sRETURN TO MAIN
CH4 . cp 0ZH ;14!
JP NZ,CH5

CALL CHK_SHARP
CALL CONT_CH4
CALL CLR HH ON4
CALL CLR SCR4



0C39 €9 RET ;RETURN TO MAIN

CC3A FEOA CHb5: C 0AH ;'8!

0C3C C24¢0C JP NZ,CH6

0C3F CD820C CALL CHK_SHARP

0C42 CDES0C CALL CONT CHS

0C45 CD350E CALL CLR_HH ON5

0C48 CDA10E CALL CLR _SCRS

0C4B C9 RET ;RETURN TO MAIN
0C4C FEO6 CH6: CP 06H ;'6!

OC4E C25E0C JP Nz ,CH7

0C51 ¢D820C CALL CHK SHARP

0C54 CDFAQC CALL CONT _CH6

0C57 CD440E CALL, CLR_HH ON6

0C5A CDADOE CALL CLR_SCR6

0C5D C9 RET JRETURN TO MAIN
OC5E FECE CH7: CPp OEH VA

0C60 C2700C JP NzZ,CH8

0C63 CD820C CALL CHK SHARP

0C66 CDOFOD CALL CONT CH7

0C69 CD530E CALL CLR HH ON7

0C6C CDBIOE CALL CLR_SCR7 .

0Cé6F C9 RET ;RETURN TO MAIN
0C70 FEO1 CHS: CP 01H ; '8’

0C72 C2EEOB JP NZ ,CHK_CH

0C75 CD820C CALL CHK SHARP

0C78 CD240D CALL CONT CHS

0C7B CD620E CALL CLR HH ONS

OC7E CDCS50E CALL CLR SCR8

0Cc81 C9 RET ;RETURN TO MAIN

shEkEXkXkkkkkkkkkx CHECK '#! KEY *%kkkkkskskkskkskkkk

»

0C82 DB51 CHK_SHARP: IN A, (PORT_B) ~

0C84 E60F AND OFH

0C86 FEO03 Cp O03H ;8

0C88 €2820C JpP NZ ,CHK_SHARP

0C8B C9 RET ;RETURN TO CALL CHK_SHARI

FRXIIK KKK KKK )k kX% CONTROL ON_OFF CH (1-8) *kkkxskx

0C8C DB51 IN _ON_OFF: 1IN A, (PORT_B)

OC8E E60F AND OFH

0C90 €9 RET

0C91 Cp8coc CONT_CH1: CALL IN_ON OFF

0C94 FEO5 OPEN1: Cp O05H ;OFF KEY
0C3%6 C29D0C JP NZ,CLOSEL

0C99 CD990D CALL OFF_CH1

0CoC C9 RET



e

0C9D FEO8
0C9F C2910C
0CA2 CD390D
0CAS C¢©

OCA6 CD8COC

OCA9 FEO5
OCAB C2B20C
OCAE CDA50D
0CB1 C9

OCB2 FE08
OCB4 C2A60C
OCB7 CD450D
OCBA C9

OCBB CDSCOC

OCBE FE05
0CCO c2c70c
0CC3 CDB10D
0CCé6 C9

0CC7 FE08
0CC9 C2BBOC
0CCC CD510D
OCCF €9

0CDO €D8COC

0CD3 FEO5
0CD5 C2DCOC
0CD8 CDBDOD
0CDB C9,

0CDC FEO08
OCDE C2DO0C
OCE1 CD5DOD
0CE4 C9

OCES5 CD8COC

OCE8 FEO05
OCEA C2F10C
OCED CDC90D
OCFO C9

OCF1 FEO8
OCF3 C2E50C
OCF6 CD690D
O0CF9 C9

OCFA CD8COC

CLOSEL:

CONT CH2:

OPENZ2:

CLOSE2:

CONT_CH3:

OPEN3:

CLOSE3:

CONT_CH4:

OPEN4 :

CLOSE4:

CONT _CH5:

OPEN5:

CLOSES:

CONT_CH6:

cp

CALL
RET

CALL
CP

CALL

CP

CALL

CALL

§898 HE9S £ §E9s §g9s

CALL

CALL

cP

CALL

CALL

08H
NZ,CONT CH1
ON CH1

IN ON_OFF

O5H
NZ ,CLOSE2
OFF_CH2

08H
NZ,CONT_CH2
ON_CH2

IN_ON_OFF

05H
NZ,CLOSE3
OFF_CH3

O8H
NZ ,CONT_CH3
ON_CH3

IN_ON _OFF

O5H
Nz ,CLOSE4
OFF_CH4

O8H
NZ ,CONT_CH4
ON_CH4

IN_ON OFF
O5H

NZ,CLOSES
OFF_CH5

O8H
NZ ,CONT_CH5
ON_CH5

IN_ON_OFF

;ON KEY

:OFF KEY

;ON KEY

;OFF KEY

;ON KEY

;OFF KEY

;ON KEY

;OFF KEY

;ON KEY



OCFD
OCFF
0D02
0D05

0D06
oDoe
ODOB
ODOE

ODOF

oD12
OD14
oD17
OD1A

OD1B
0D1D
0D20
0D23

0D24

0D27
0D29
oD2C
OD2F

0D30
0D32
0D35
0D38

0D39
0bD3C
OD3E
0D41
0D44

0D45
0D48
0D4A
0D4D
0D50

0D51
0D54
0D56
0D59
0D5C

OD5D

FEQO5
C2060D
CDD30D
C9

FEOS
C2FAQC
CD750D
C9

CD8COC

FEO5
C21BOD
CDE10D
C9

FEO8
C20F0D
CD810D
C9

CD8COC

FEOS
C2300D
CDEDOD
C9

FEO8
C2240D
CD8DOD
C9

»

21C182
CBC6
CDECOE
CD960B
C9

21C182
CBCE
CDECOE
CD960B
Cc9

21C182
CBD6
CDECOE
CDS60B
co

21C182

OPENG6:

CLOSEE:

CONT CH7:

OPEN7 :

CLOSE7:

CONT_CHS8:

OPENS:

CLOSES:

Cp O5H ;OFF KEY
JSP NZ ,CLOSE6
CALL OFF CH6

RET

Cp 08H ;ON KEY
JP NZ ,CONT_CH6

CALL ON_CH6

RET

CALL IN_ON_COFF

Ccp O5H ;OFF KEY
JP NZ ,CLOSE7

CALL OFF_CH7

RET

CP O8H ;ON KEY
JP NZ,CONT_CH7

CALL ON_CH7

RET

CALL IN_ON_OFF

P O5H ;OFF KEY
JP NZ ,CLOSES8

CALL OFF _CHS8

RET

Cp O8H ;ON KEY
Jp NZ ,CONT_CH8

CALL ON_CH8

RET

JRRKKkkkkxkkkkkkkkx ON SWITCH **%kkkkkkkhkkkkkkkkkkk

ON_CH1:

ON _CH2:

ON_CH3:

ON_CH4:

LD HL,STATUS
SET_ 0, (HL)

CALL CONT_sW
CALL LINE MUSIC1
RET

LD HL,STATUS
SET_ 1,(HL)
CALL CONT_SW
CALL LINE _MUSIC1
RET

LD HL,STATUS
SET__ 2,(HL)

CALL CONT_SW
CALL LINE MUSIC1
RET

LD HL,STATUS



OD60 CBDE SET 3, (HL)

0D62 CDECOE, CALL CONT SW

D65 CDIBOB CALL LINE MUSICI

0D68 €9 RET

CD69 21C182  ON_CHS: LD  HL,STATUS

OD6C CBE6 SET_ 4, (ML)

OD6E CDECOE. CALL CONT_SW

0D71 CD960B CALL LINE_MUSIC1

0D74 C9 RET

0D75 21C182  ON_CHS: LD  HL,STATUS

0D78 CREE SET_ 5, (HL)

OD7A CDECOE CALL CONT_SW

OD7D CD960B CALL LINE_MUSIC1

0D80 €9 RET

0D81 21C182  ON_CHT: LD  HL,STATUS

0D84 CBF6 SET _ 6, (HL)

0D86 CDECOE CALL CONT_SW

0D89 CD960B CALL LINE MUSIC1

0D8C C9 RET

0DSD 21C182  ON_CHS: LD HL,STATUS

0D90 CBFE SET_ 7, (HL)

0D92 CDECOE CALL CONT SW

0D95 CD960B CALL LINE MUSIC1

0D98 C9 RET
;***************** OFF SWITCH **kkkkkkkkkkkkkkhkkkk

0D99 21C182  OFF CHI: LD  HL,STATUS

ODIC CB86 RES 0, (HL)

ODYE CDECOE CALL CONT_SW

ODAL CDA20B CALL LINE_MUSIC2

ODA4 C9, RET

ODA5 21C182  OFF_CH2: LD  HL,STATUS

ODAS CBSE RES 1,(HL)

ODAA CDECOE CALL CONT_SW

ODAD CDA20B CALL LINE MUSIC2

ODBO C9 RET

ODB1 21C182  OFF_CH3: LD  HL,STATUS

ODB4 CB96 RES 2, (HL)

ODB6 CDECOE CALL CONT_SW

ODBY CDA20B CALL LINE MUSIC2

ODBC C9 RET

ODBD 21C182  OFF _CH4: LD  HL,STATUS

0DCO CBIE RES 3, (HL)

0DC2 CDECOE CALL CONT_SW

ODC5 CDA20B CALL LINE_MUSIC2

0DC8 C9 RET

0DC9 21C182 OFF_CH5: LD HL,STATUS



ODCC CRA6
ODCE CDECOE
ODD1 CDA20B
0DD4 C9

0DD5 21C182
ODD8 CRAE
ODDA CDECOE
ODDD CDA20B
ODEO C9

ODE1 21C182
ODE4 CBB6
ODE6 CDECOE
ODE9 CDA20B
ODEC C9

ODED 21C182
ODFQO CBBE
ODF2 CDECOE
ODF5 CDA20B
ODF8 C9

ODF9 3E2D
ODFB 32DF82
ODFE 32F182
OEO1 32E882
OEO4 32FA82
OEQ7 C9

OEO8 3E2D
OEOA 32E082
OEOD 32F282
OE10 32ES82
0E13 32FB82
OE16 C9

0OE17 3E2D
OE19 32E182
OE1C 32F382
OE1F 32EA82
OE22 32FC82
0E25 C9

OE26 3E2D
OE28 32E282
OE2B 32F482
OE2E 32EBS2
OE31 32FD82
OE34 C9

OE35 3E2D
OE37 32E382
OE3A 32F582

OFF_CH6:

OFF_CH7:

OFF _CHS:

RES 4, (HL)

CALL CONT SW
CALL LINE MUSIC2
RET

LD HL,STATUS
RES 5,(HL)
CALL CONT_Sw
CALL LINE MUSIC2

ID HL,STATUS
RES 6, (HL)
CALL CONT_SW
CALL LINE MUSIC2

LD  HL,STATUS
RES 7,(HL)

CALL CONT_SW
CALL LINE MUSIC2
RET

FXRXIXKKK KK XKk %%k CLEAR DATA BUFFER CH(1-8) *¥kk%k%

CLR HH ON1:

CLR_HH _ON2:

CLR_HH ON3:

CLR_HH_ON4:

CLR_HH ONS5:

LD A,2DH

LD  (HOUR_ON+1),A
LD  (MIN ON+1),A
LD (HOUR_OFF+l1),A
LD  (MIN OFF+1),A

RET

LD A,2DH

LD  (HOUR_ON+2),A
LD (MIN ON+2),A
LD  (HOUR_OFF+2),A
LD  (MIN_OFF+2),A
RET

LD A,2DH

LD  (HOUR_ON+3),A
LD (MIN_ON+3),A
LD  (HOUR_OFF+3),A
LD- (MIN OFF+3),A
RET

LD A,2DH

LD  (HOUR ON+4),A
LD (MIN ON+4),A
LD (HOUR_OFF+4),A
LD (MIN OFF+4),A

LD A,2DH
ID (HOUR_ON+5),A
LD (MIN ON+5),A



OE3D 32ECE2 ID  (HOUR OFF+5),A
CE40 32FE82 LD (MIN OFF+5),A
QK43 C9 RET

OE44 3E2D CLR HH_ON6: LD A,2DH

CE46 32E482 LD (HOUR_ON+6),A
OE49 32F682 LD  (MIN_ON+6),A
OE4C 32ED82 LD  (HOUR OFF+6),A
OE4F 32FF82 LD  (MIN OFF+6),A
OE52 €9 RET

OES3 3E2D CLR_HH_ON7: ID A,2DH

OE55 32ES582 LD  (HOUR_ON+7),A
OES8 32F782 LD  (MIN_ON+7),A
OESB 32EES82 LD  (HOUR OFF+7),A
OESE 320083 LD  (MIN_OFF+7),A
OE61 C9 RET

OE62 3E2D CLR_HH ON8: LD A,2DH

OE64 32E682 LD  (HOUR_ON+8),A
OE67 32F882 LD  (MIN_ON+8),A
OE6A 32EF82 LD  (HOUR_OFF+8),A
OE6D 320183 " LD (MIN_OFF+8),A
OE70 C9 RET

FRIEKXKXK KRk Kk k%% CLEAR DISPLAY ON OFF *%kkkiskkkkssk

OE71 DDE5
OE73 DD210080
OE77 CDD10E
OE7A DDE1
OE7C C9

OE7D DDE5
OE7F DD214080
OE83 CDD10E
OE86 DDE1
OE88 €9

OE89 DDE5
OES8B DD218080
OESF CDD10E
OE92 DDE1
OES4 C9

OE95 DDES
OES7 DD21C080
OESB CDD10E
OESE DDE1
OEAO C9

OEA1l DDE5S
OEA3 DD210081
OEA7 CDD10OE
OEAA DDE1

CLR_SCR1:

CLR_SCR2:

CLR_SCR3:

CLR _SCR4:

CLR_SCRS:

PUSH IX

LD IX,8000H
CALL MID_LINE
POP IX

RET

PUSH IX

LD IX,8040H
CALL MID LINE
POP 1IX

RET

PUSH IX

LD IX,8080H
CALL MID _LINE
POP IX

RET

PUSH IX

LD  IX,80COH
CALL MID_LINE
POP IX

RET

PUSH IX
ID IX,8100H
CALL MID LINE
POP IX



JEAC C9 RET

OEAD DDES CLR SCR6: PUSH IX

CEAF DD2140€1 D IX,8140H
OEB3 CDDiQE CALL MID LINE
OEB6 DDE1 POP IX

OEB3 C9 RET

OEBS DDES CLR SCR7: PUSH IX

OEBB DD218081 1D IX,818CH
OEBF CDD10OE CALL MID_LINE
OECZ DDE1 POP IX

OEC4 C9S RET

OEC5 DDES CLR_SCR8: PUSH IX

OEC7 DD21C081 1D IX,81COH
OECB CDD10E CALL MID LINE
OECE DDE1 POP IX

OEDO C9 RET

s kkkkkkkkkkx [OAD MID LINE FOR DISPLAY *¥kkikkskkskkskk

OED1 3E2D MID LINE: LD A,2DH
OED3 DD7715 LD  (IX+15H),A
OED6 DD7716 LD  (IX+16H),A
OED9 DD7718 LD  (IX+18H),A
OEDC DD7719 LD (IX+19H),A
OEDF DD7725 ID  (IX+25H),A
OEE2 DD7726 LD (IX+26H),A
OEE5 DD7728 LD  (IX+28H),A
OEES DD7729 LD  (IX+29H),A
OEEB C9 RET
;*******‘k******‘k* CONTROL LQAD ON_OF'F *kkkkkkkkkkkkx
OEEC 3AC182  CONT SW: ID A, (STATUS)
OEEF D350 OUT (PORT A),A
OEF1 C9 RET
Xk KKK Xk Ak kxx LOAD TABLE TO MEMORY skckikkkkkkkk
OEF2 21FEOE  LDTABLE: LD HL,TAB 1
OEF5 110080 LD DE,8000H
OEF8 01C002 ID BC,2COH
OEFB EDBO LDIR
OEFD C9 RET
;*********** TABLE CHANNAL 1—8 *hkkkkkkkkkkkk
OEFE 4348414F4E TAB 1: DFB "CHANNAL 1 "
OFOE 4F4E3A2020 DFB "ON: -—:—- "
OFLE 4F46463A20 DFB "OFF: ——:-- L
OF2E 455849543A DFB "EXIT: "

OF3E 4348414E4E TAB 2;: DFB "CHANNAL 2 "



OP4E
OF3E
OF6E

OF7E
OF8E
OF9E
OFAE

OFBE
OFCE
OFDE
OFEE

OFFE
100E
101E
10ZE

103E
104E
105E
106E

107E
108E
109E
10AE

10BE
10CE
10DE
10EE

10FE
110E
111E
112E

113E
114E
115E
116E

117k
118E
1198
11AE

82C0

4F4E3A2020
4F'16453220
4558495437

434841424E
4F4E3A2020
4F46463A20

-455849543A

4348414E4E
4F4E3A2020
4F46463A20
455849543A

4348414E4E
4F4E3A2020
4F46463A20
455849543A

4348414E4E
4F4E3A2020
4F46463A20
455849543A

4348414E4E
4F4E3A2020
4F46463R20
455849543A

4348414E4E
4F4E3A2020
4F46463A20
455849543A

a

54494D4520
2020202020
456E746572
5345542020

54494D4520
2020202020
2020202020
4D454E553A

4348414E4E
28312D3829
2020202020
455849543A

DFB
DFB
OFB

TAB 3: DEB
DFB
DFB
DFB

TAB 4: DFB
DFB
DFB
DFB

TAB 5: DFB
DFB
DFB
DFB

TAB 6: DFB
DFB
DFB
DFB

TAB_7: DFB
DFB
DFB
DFB

TAB_8: DFB
DFB
DFB
DFB

;XXKk¥kkhkkkx GENERAL TABLE *¥k%kkkkkkkkkkskksk

TABL: DFB
DFB
DFB
DFB

TABZ: DFB
DFB
DFB
DFB

TAB3: DFB
DFB
DFB
DFB

ORG

o P
"OFF: --:--

"EXIT:

"CHANNAL 3
"ON: —-:1--
"OFF: —~:--

"EXIT:

"CHANNAL 4
"ON: --:--
"OFF: —-:-—-

"EXIT:

"CHANNAL

"ON: ——:~-
"OFF: —-:—-

"EXIT:

"CHANNAL 6
"ON:  —~:—-
"OFF: —-:—-

"EXIT:
"CHANNAL

"ON: ——:--
"OFF: ——:—-

"EXIT;

"CHANNAL 8
"ON: —-:—-

"OFF: ——;
"EXIT:

"TIME
"

"Enter new time

"SET

"TIME

"MENU:

"CHANNAL SELECT

"(1-8):_
"

"EXIT:
82COH

—— i
. .

;**************************************************

;*

VARIABLE

*

;**************************************************



82C0
8zC1
82C2
82C3

g2C4 -

82C5

82C6
82CA
82CE
82D2
82D6
82DA

82DE
82E7
82F0
82F9

0000

COUNT 15:
STATUS
SWITCH:
KEYF:

HOUR_RTC:
MIN RTC:

BUF_HOUR10:

BUF_HOUR1:
BUF_MIN10:
BUF_MIN1:
BUF_SEC10:
BUF SEC1:

HOUR ON:
HOUR_OFF:
MIN ON:

MIN OFF:

DFs
DFS
Drs
DFS

DFS
DFS

DFs
DFS
DFS
DFs
DFS
DFS

DFS
DFS
DFS
DFS

el o S S S PRI
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0007
0008
82C6
8202
0BF2
0C28
OC3E
00C5
00E6
0107
OA11
OBAE
007F
0A23
OBCB
0CB2
0CF1
0D30
09E8
OE08
OE35
OE62
09AE
09D9
OE71
OE95
OEB9
09B9
082E
O8BE
094E
0846
08D6
01DE
0CA6
OCE5
0D24
00AD
0002
OBB5
011E
0B8C
82E7
OBB9
060C
06A2
0467
039A
03E5
0430
01CF
0451
OBA2
OA4D
OA55
00AC

A

BS

BUT HOUP10
BUF SEC1
CH1

CH4

CH7

CHAN 2
CHAN 5
CHAN 8
CHK_9
CHK_DTMF9
CHK_KEYBOARD
CHK_SET TIME
CHK_TIME
CLOSE2
CLOSES
CLOSES
CLR_HHF1
CLR HH ON2
CLR_HH ON5
CLR_HH ONS8
CLR_MIN1
CLR_MM10
CLR_SCR1
CLR _SCR4
CLR_SCR7
CLR SEC10
COMP_OFF2
COMP_OFF5
COMP_OFFS8
COMP_ON_OFF3
COMP_ON_OFF6
CONT1

CONT _CH2
COfT_cH5
CONT CHS
CREG D

D

DELAY 5
EXT
HANG_UP
HOUR_OFF
INC_COUNT
INKEY2
INKEYS
KBD_

KEEP CHAN2
KEEP_CHANS
KEEP CHANS
KEY_ON OFF
LESS N4
LINE MUSIC2
LOAD MIN1
LOAD_SEC10
IOOP_NEW

OB7B
071B
82D2
8206
0Co4
0C3A
0c70
00D0
00F1
OR00
OBEE
OA1D
0099
0C82
09F7
0ccy
0D06
09D4
0%E3
OE17
OE44
0998
09A3
09F2
OE7D
OEA1
OECS
096E
085E
O8EE
07E1
0876
0906
0283
OCBB
OCFA
OEEC
00AE
0B61
OAD8
0B49
00A4
82DE
0B29
063B
0710
032F
03B3
O3FE
82C3
0005
045C
OA3D
OA45
0723
020E

AGAIN
BSLOCF

BUF MINi
BUF SEC10
CH2

CHS

CH8

CHAN 3
CHAN 6
CHK_3
CHK_CH
CHK_ENT
CHK_KEY MENU
CHK_SHARP
CLEAN
CLOSE3
CLOSES6
CIR_HH1
CLR_HHF10
CLR_HH_ON3
CLR_HH_ON6
CLR_HOURL
CLR _MIN10
CLR MMF1
CLR_SCR2
CLR_SCR5
CLR_SCR8
CLR_SHOW1
COMP_OFF3
COMP_OFF6
COMP_ON_OFF1
COMP_ON_OFF4
COMP_ON_OFF7
CONT2
CONT_CH3
CONT_CH6
CONT_SW
CREG_E
DEL1

DISP

GOTO
HOURL
HOUR_ON
INITLCD
INKEY3

INT
KEEP_BUF
KEEP_CHAN3
KEEP_CHAN6
KEYF

L
LESS_OFF 4
LOAD_HOUR1
LOAD_MIN10
LOOP
LOWER_4

3000
82CA
32CE
0001
0C1e
0c4c
00BA
0CDB
00FC
0AOB
OA17
OAZF
0A29
0BE4
0C9D
0CpC
OD1B
09CF
ODF9
0E26
OE53
038D
O9DE
0SED
OE89
OEAD
09C4
07FE
088E
031E
0816
08a6
03936
0co1

ODOF
82C0
OOAF
OBSF
0003
0004
OOR5
82¢4
05D7
066D
ocsc
0381
03cc
0417
048a
OEF2
0B96
OA35
OASD
0726
02B3

B

BUF HOUR1
BUF_MIN10
CH3

CH6

CHAN_ 1
CHAN_4
CHAN_7
CHK_5
CHK_DEL
CHK_EXIT
CHK_MENU
CHK_STAR
CLOSE1
CLOSE4
CLOSE7
CLR_HH10
CLR_HH ON1
CLR_HH_ON4
CLR_HH_ON7
CLR_HOUR10
CLR_MM1
CLR_MMF10
CLR_SCR3
CLR_SCR6
CLR_SEC1
COMP_OFF1
COMP_OFF4
COMP_OFF7
COMP_ON_OFF2
COMP_ON_OFF5
COMP_ON_OFF8
CONT_CH1
CONT_CH4
CONT_CH7
COUNT_15
CREG_F
DELAY

E

H

HOUR10
HOUR_RTC
INKEY1
INKEY4
IN_ON_OFF
KEEP_CHAN1
KEEP_CHAN4
KEEP_CHAN7
KEYIN1
LDTABLE
LINE_MUSIC1
LOAD_HOUR10
LOAD_SEC1
LOOP1
LOWER_OFF 4



6072
OEDL
82F9S
01D4
0245
0DS9
ODBD
ODE1
0793
0D51
0D75
0120
O15F
019E
0C94
0CD3
0D12
0082
0051
0056
0084
05B5
065B
0690
0291
01EC
05CB
OOAO
0700
0A65
OASO
OAAB
OAC6
82C1
07C4
0568
0586
0504
0522
0540
82C2
113E
OF3E
OFFE
10BE
0280
02EA
0325
022E
02D3
0BO3
OB18
0449

MAIN

MID LINE
MIN OFF
MORE, 2
MORE_9 ON
OFF CH1
OFF CH4
OFF CHY7
OLD_TIME
ON_CH3
ON_CH6
ON_OFF 1
ON_OFF 4
ON_OFF 7
OPEN1
OPEN4
OPEN7
PDATA
PORT_B
PORT CI
PREAD
REC
RECML
RECS10
REC_OFF_2
REC_ON 2
REC_SHOW
SEC1
SETEND
SHOW1
SHOW_1
SHOW 4
SHOW 7
STATUS
SuM
SW1l_
SWid4_
SW1_
SW4_
SW7_
SWITCH
TAB2
TAB 2
TAB 5
TAB 8
UPPER_2
UPPER_9
WAIT EXT
WRITE2
WRITES
WRL1
WRL4
WR_DATA

0B66
00AZ

32F0

01F1
OB7E
ODAS
0DC9
ODED
0D39
OD5D
0D81
0135
0174
01B3
OCA9
OCE8
oD27
0050
0055
0030
0080
05F1
0629
06DA
02BF
021A
00RO
00A1
0966
OA72
0A99
OAB4
OACF
OBC2
0758
0572
0590
050E
052C
054A
0486
1178
OF7E
103E
00A6
0296
0266
0B58
0254
02F9
OBOA
OAF2

MAIN 1
MIN1
MIN ON
MORE_3
NEW

OFF _CHZ
CFF_CH5
OFF _CH8
ON CH1
ON_CH4
ON_CH7
ON_OFF_2
ON_OFF_5
ON OFF 8
OPENZ
OPEN5
OPEN8
PORT_A
PORT_BI
PORT_D
PSIGN
RECH1
RECM10
REC_FINAL
REC_OFF_3
REC ON_3
RTC
SEC10
SET_PORT
SHOW2
SHOW_2
SHOW_5
SHOW_8
STOBE
SUM_30H
SW12_
SW15_

00AB
O0A3
82C5
021F
0112
0DB1
0DD5
0312
0D45
0D69
0D8D
014A
0189
0275
OCBE
OCFD
0472
0054
0052
0034
OB51
0600
06C8
027B
02E5
0240
01ce
05A4
037¢C
OATF
OAA2
OABD
003B
OBDB
055E
057C
059A
0518
0536
0554
10FE
OEFE
OFBE
107E
0063
02C4
030B
0200
02A5
OB1F
0B11
OB1D

MENU
MIN10O
MIN_RTC
MORE 5 ON
NC_CHANNAL
OFF CH3
OFF CH6
OFF_OK
ON CHZ2
ON_CH5
ON_CH8
ON_OFF_3
ON_OFF_6
ON_OK
OPEN3
OPEN6

Pl
PORT_AI
PORT_C
PORT_DI
READ
RECH1_SHOW
RECS1
REC_OFF_1
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Features

¢ Complete DIMF Receiver
Low Power Consumption
Internal Gain Setting Amplifier
Adjustable Guard time
Central Office Quality
Power-down Mode
Inhibit Mode

EEEEXE

Applications .

® Receiver System for British Telecom (8N or -
CEPT Spec (MT8870C-1)

® Paging Systems

¢ Repeater Systems/Mobile Radio

¢ Credit Card Systems

@ . Remote Control

¢ Personal Computers

® Telephone Answering Machine

Description

The MT8870C/MT8870C-1 is o comple!e OTMF
receiver integrating both the bandsplit filter and
digital decoder functions, fabricated In Mitel's
double poly 1SO2.CMOS technology. The filter
section uses switched capacitor techniques for

Iso.cmos MT8870C/MT8870C-1

Integrated DTMF Receiver
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Pin Connections

wWe ([ |Uu voo
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Gs (]9 " u m
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rwon [ ¢ 12

osat [J7 wnlaq
osQ2 s 1 %
vss (]9 10}]rot

Prdering Intorniation

MT8870CE/MTBBI0CE-1  Plaftic DIP

MT8870CC/MT8B70CC-1 Cerdip

MT8870C$/MT8870CS-1 - SOIC
-40°Cto 4-85 °C

high and. low group filters; the decoder uses
digital 5unting techniques to detect and decode
all 16 DTMF tone-pairs into 8 4-bit code. External
component count is minimized by on chip provision
of a ditferential input amplifier, clock oscillator and
latched three-state bus interface.

vOD  VS$ VRe! INH
o
pwon B-—>  BIAS 7
CImEuT VRef
p susreR
CHIP " CHIP o| HIGHGROUP
POWER  BIAS FILTER DIGITAL Coo¢
oetection| | convenvir
e l - DIAL 28RO CROSSING AlGOIITHﬁ_- AND LATCH
m- ToNe DETECTORS s
fILTER
s § LOW GROUF —
fLTER
—-—{>0—- o ~[se  steeamc
coeKs «~——J et ‘wocic
0sC1 osCe SuGt tst 11

fFigure 1 - Functional 8lock Diagram



1502.cMOS MT8870C/MT8870C-1

AC Electrical Characteristics . voo=5.0v#5%. v, =0v,.40°C = 16 5 + 85°C, uting Test Clrcult sthownIn Figure 2.

Characterlstics Sym | Min | Typt | Max | Units Conditions
1 Tone present detect time tor S 1t 14 ms jNote 12 *
2], |Tone absent detect time toa | 05 4 | 85 | ms [Note12
3 '|‘ Tone duration accept taec 40 ms | User adjustable
4 'l‘ Tone duration reject "] 20 | ms | User adjustable
S| © }Interdigit pause accept tio 40 |- ms |Useradjustable
6 Interdigit pause reject too 20 ms | User adjustable
7 Propagation delay (St to Q) trq 8 " 1 |TOE=Vpp
8 o |Propagation delay (St to StD) trsi0 12 16 M |TOE=Vpp
v
9 ; Outputdata setup ( Q to StD) tqsio 34 ¥ |TOE=Vpp
10} ¥ | Propagation delay (TOE to Q ENABLE) | tore 50 ns [loadoftokn,
s o f-, 0. 2]50pF
11|  {Propagation delay (TOE to Q DISABLE) | tP1O { 300 ns ,'s‘:;;,’:' 10%q,
12 Crystal /clock frequency fc |3.5759|3.5795|3.5831] MHY’
13 : Clock input rise time tHeL 110 ns | Ext.clock
141 0 |Clock input fall time tuect ) ] 110 | ns [eExt.clock
15] € [Clockinput duty cycle DCc | 40 [ S0 | 60 | % [Ext clock
16 Capacitive load {OSC2) Co:l - 30 | pf

¢ Typical figures sre at 25°C and are for design aid only: not guaranteed snd not suBject to production testing,

Voo —
MT8870C/MT8870C-1 <
e U Voo B
—Cf ™ - suGr J—1— .
—(] Gs s P— '
R ] Ve w0 Pp———O
(@) él €] i ¢ p—4——O
O——f—t—-—t POWN Qs J—4—Q “
: [] 0s¢ o Pp—1———C NOTES:
x-qale—C 0sc? 9t p———O R Ry= 10040 £1 %
* . - i

‘7——‘—l. tive © ot p— #,=300k0 $ 1%
) . c..(,‘uoonr £S%
X-tal=3 $79S4S MH2 £ 0.4 %

figure 2 - Single-Ended Input Configuration
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MT8870C/MT8870C-1 1502-cMOS

MT8870C-1 AC Electrical Characteristics'

shown In Figure 2.

- Vop=8.0VE S, Vyy = OV, 40°C = To % 4 85°C, uting Test Circuht

Characteristics Sym Min Typ* | Max | Units Notes*
Valid input signai levels -3 +1 dBm |Vpp=5.0v
1 ('each tone of composite 218 869 | mVeums 1.23.56.9
—] [ signal)
- 37 d8m | Vpp=5.0v
2 Input Signal Level Reject 109 mVams 1.2.3.5.6.9
3] Negative twist accept 6 g8 ]2,3,6,9
4 Positive twist accept ) 6 d8 [2,3,6,9
1 Frequency deviation accept +15% % 2 H: 2,3,8,9
6| frequency deviation reject 135% 2,3,59
7| [Third tone tolerance -18.5 d8 [2,3,4,5 9,13
8 Noise tolerance | =] ~ [s-d8 [2,3,4,5,7.9,10
9] [Dial tone tolerance T +22 d8_ [2.3.4.5,8,9, 11

*Typicat figures are a1 25 °C and are for desi

*notes

1.dRm = decibels sbove or below 2 reference power of 1 mwW into 8 600 ohm load.
2 Digit sequence consists of alt DTMF tones,
3. Tone duration = 40 ms, tone paute = 40 mq¢.

4 Signalcondition consists of nominsl DTMF frequencies,
$ Both tones in compotite signat have an equal amplitude,

€ Tone paitis deviated by $1.5% ¢ 2 Ha.

7 Bandwidth fimited (3 kM2 ) Gaustian noise. X
8 The precise dial tone frequencies are (350 Hz and 440 Hz). 4 3 %.
9 Foranereor ate of better than 1in 10,000,
10 Referenced to lowest fevel lrequency component in DTME signal.
11. Referenced to the minimum vald sccept fevel,
12 For guard time catculation purposes,

13. Referenced to fug 10

ign aid only: not guaranteed and not subject 10 production tegting.

input DTMF tone fevel 81.2Sd8m (.28d8m at G$ Pin) Imirﬂvmcg frequency range between 480-3400Ms.




MT8870C/MT8870C-1 150%:cMOS

* Pin Description

Pin ¢ Name Description

1 IN 4 Non-Inverting Op-Amp (Input).

2 IN- Inverting Op- Amp (Input). g .

3 GS Gain Select. Gives access to output of (ront end d-"evenml amplifier for connection
of feedback resistor.

4 Veet | Reference Voltage (Output), Nominally Vpp/2 is used to bias inputs at mid-rail (see
Fig.2).

s INH Inhibit (Input). Logic high inhibits the detection of tones representing characters A, B,

. Cand O. This pin input is internally pulted down. ..

6 FWON |Power Down (Input). Active high. Powers down the device and inhibits the oscillator.
This pin input is internally pulled down.

05Ct | Clock (Input).

8 0SC2 | Clock (Output). A 3.579545 MHz crystal connected between pins OSCY and OSC2

. completes the internaloscillator circuit.

9 Vgs Negative Power Supply (Input).

10 TOE | Three State Output Enable (Input). Logic high enables the putputs Q1-Q4. This pin is
pulled up internally,

1114 Q1-Q4 | Three State Data (Output) When ensbled by TOE, provide the fode corresponding to

: the fast valid tone-pair received (see Table 1). WhenTOE is ngtllow. the data outputs

-] are high impedance.

15 StD  {Delayed Steering (Output).Presents s logic high when s reuived tone-pair has been
registered and the output latch updued- rélurns to logic low when the voltage on
SU/GT falls below Vyse

16 ESt Early Steering (Oulput) Presents a logic high once the digits! algorithm has detected
a valid tone pair (signal condition). Any momentary loss ofngml condition will cause
ESt to return to a logic low.

17 SUGT | Steering Input/Guard time (Qutput) Bidirectional. A voltage greater than Vqg,
detected at St causes the device to register the detected tone pair and update the
output [atch. A voltage less than Vyg frees the device to accept 8 new tone pair. The
GT output acts to reset the external steering time-Constant; its state Is a function of
£St and the voltage on St.

18 Vpp | Positive power supply (Input).




MT8870C/MT8870C-1 1502-cMos

Absolute Maximum Ratings'

Parameter Symbol Min Max Units
1} DCPower Supply Voltage Voo 6 v
2 Voltage on any pin Vi Vgs— 0.3 Vpp+0.3 v
“3] currentat any pin (other than supply) ! 10 mA
“a Storage temperature Tag -65 4 150 ‘C
5] Package power dissipation Po 1000 mw

“Exceeding these values may cause permanent damage Funclional operation under these conditions is not implied.
Derate above 75 “Cat 16 mW 7 °C  Altleads soldered to board

Recommended Operating Conditions - votsges sre with respect 160 ground (Vyg) unless otherwise ttated.

Parameter Sym | Min | Typ' | Max | Units:}] +*'Test Conditions
) DC Podver Supply Voltage Vop | 475 | 50 | 5.25 v R
2 Operating Temperature To - 40 +8S °C
3 Crystal/Clock Frequency fc i 3579545 MH2 )
4 Crystal/Clock Freq.Tolerance Afe to0.1 RER

! Typicatfigures are 51 25 'C and are for design aid only: not guaranteed #nd ¥t subject to production testing
34

o ISV [ .
DC Electrical Characteristics - voo=50v4 5% vy, 0V, -40°C = T = 4 85°C, unless otherwise ttated
; L

Characteristics Sym| Min Typ' | Max |Units Test Conditions
1] $ [Standby supply current oog 100 #A | PWDN=Vpp
2] !,’ Opersting supply current oo 30 9.0 .| mA
3 : Power consumption Po. 15 S0 MW | ¢ =13.579545 MHz
¥ { .
4] [Highlevelinput v | 3 v |Vpp=Sov
S Low level inpyt voltage Ve .5 v lvpgp=S0ov
6 ,', input leakdge current fally 0.1 1A | Vin=Vgs0tVpp —1
7| ' jPultup(source) current so 15 20 pA | TOE (pin 10)=0,
Y Y Vop=5.0V
81 s |Pull down (sink) current It 15 45 pA | INH=5.0V, PWDN=50V,
VDD= s.ov
9 Inputimpedance (IN+,IN-)1 Ry 10 MO | @ Y kH2
10 Steering threshold voltage | Vg | 2.2 ) 2.8 V |Vpp=S.0V
" Low leve! output voltage Vou Vss40.03] V |Noload.
12 z High level output voltage [ Vou |vpp-0.03 VvV |Noload -
13 : Output low (sink) current o 1.0 25 mA |Voyr=04V
14 v [Output high (soutce) current lon 0.4 0.8 mA |Voyr=46V o
15| ¢ [Vaetoutput voltage Veet| 24 2.7 v [Noload, Vpp = 5.0V -
16 Vpet OUtput resistance Ron 10 L]

* Typicalligures are 81 25°C and a1e for design aid only: not guarantéed end not subject to production testing




1soZ.cmos MT8870C/MT8870C-1

Operating Characteristics Voo =5.0VESK, V=0V, -40°C € Tq 5 4 85°C unless otherwise stated.

Gain Setting Amplifier

Characteristics ‘Sym Min Typ' | Max | Units fm Conditions
1| Inputleskage current hn 100 | nA [V¢s Vin SVpo
2| Input resistance fin 10 | M
_3]Inputoffset voltage Vos ) 25 mv
4 Power supply rejection PSRR S0 d8 | tkH2
S | Common mode rejection CMRR 40 d8 | ~30Vs vy siov
6 |OC openloop voltage gain Avot 1 d8
7 | Unity gain bandwidth fc 0.30 MHz
8 | Output voltage swing Vo 40 ' | Vep {load 2100k to Vs
9 { Maximum capacitive load (GS) Co 100 pF
10 { Maximum resistive load (GS) R, ) so k2
11 {Common mode range Vem 25 Vpp | Noload

MT18870C AC Electrical Chacacteristics’

. [
* Voo =35.0V 3%, Vy =0V, .40°C € Ty 5 4 8S°C, using Test Cigevit shown in

Figure 2.
Characteristics Sym Min Typ' | Max | Units < Notes®
] iy ™ - 29 4 1 o8m 123559
' 2,:; l: i';‘i,‘i'éf‘l?;l.flﬁl‘. -21.5 o mMVaws | 1,2,3,5,6,9
signal) } +1 dBm |1,2,3,5.6,9
1869 | mVaus |1,2,3,5.6,9
2 Negative twist accept 6 d8 12,3,6,9
E Positive twist accept 6 dd 2,369
] Frequency devistion sccept $1.5% % 2H: 12,389
5| Frequency deviation reject $3.5% <~ 12,38,9
6| [Third tone tolerance —16 d8 [2.3.4,5,9,10
7] [Noise tolerance = -1 d8 [2,3,4,5,7,9, 10
8] Dial tone tolerance , +22 d8 23,458,911

'Typical figures sre at 25 °C and are for design aid only: not guaranteed and not tubject to production testing.

*noTes

1.dBm = decibels above or helow a reference power of 1 mW into s 600 ohim foad.

", Digitsequence consists of all DIME toned,

. Tone duration = 40 ms, tone pause = 40 ms.
4 Signal condition consists of nominal DTMS frequencies.
§ Gothtonesincompatite tignal have 3n equal amplitude.
6. Tone pairis deviated by +13% ¢ 2 My
7 8andwidth limited (3 kHz ) Gaussian noite,

8 The precise diat tone frequencies are (350 Hz and 440 Hz} £ 2%,

9.70r an erroc rate of better than 1 in 10,000,

10 Referenced to lowest level frequency component in DTMF signal.

11, Referenced to the minimum valid sccept level.
12 for @hd i%e caltulation purposet.
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events | A | ' | ¢ | ¢ | ¢ [ o
b cd -.4: 54— 3 tare 54— |4-"° _..: _’.sfog -
v tont |- tont
n TONE #n enst st
L A - 4

£st m_nn ) | I
SuG ] = J',_ = =~ i >— Vs

s 2 - toke HIGH IMPEDANCE
Q4.Qq DECODEO TONE # (n.f) . X’ i #n )—_—-m
, too ) ' )
Sto - . N | _J _.: L‘.'"l
M - <
10t
EXPLANATION OF EVENTS

A) TONE BURSTS DETECTED. TONE DURATION INVALID, ouvurs‘gpv UPDATED.

1] TONE ¢nDETECTED, TONE DURATION VALID, TONE OECODLD AND LATCHED N OUTPUTS.

Q ERD OF TONE ¢ DETECTED, TONE ARSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT VALID TONE.

o) OUTPUTS SWITCHED 1O HIGH IMPEDANCE STATE, - ’

4] TONE #n 4 1 DETECTED, TONE OURATION VALID, TONE DECODED AND LATCHED 1N OUTPUTS (CURRENTLY HIGH
IMPEDANCE).

) ACCEPTASLE DROFOUT OF TONE 80 ¢ 1, TONE ASSENT DURATION INVALID, QUIPUTS REMAIN LATCHED.,

G) END OF TONE #a 4 § DETECTED, TONE ASSENT DURATION VALID, OUTPUTS REMAINLATCHED UNTIL NEXT VALIO TONE.

EXPLANATION OF $YMSOLS

Vie  DIMFCOMPOSITE INPUT SIGNAL . )

£S5t BARLY STEERING OUTPUT. INDICAN DETECTION OF VALID TONE FREQUENCEES.

$UGT  STEERING INPUT/GUARD TIME OUTPUL. DRIVES EXTERNAL RC TIMING CIRCUIT,

Q-Q, 4017 DECODED TONE OUTPUT.

$tID  DELAYED STEERING OUTPUT, INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE REQUIRED
GUARD TtME THUS (QNS!I!U"NG A VALID $IGMAL,

10¢  TOME QUTPUL mnc_: jimun, ALOW LEVEL SHIFTS Q,-Q4 TO IS HIGH IMPEDANCE STATE.

te  MAXIMUM DTMF SIGNAL DURATIGN NOT DETECTED AS VALID

tage  MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION,
te MINIMUM TIME 0ETWEEN VALID DTMF SIGNALS,

too  MAXIMUM ALLOWASLE DROP OUT DURING VALID DTME SIGNAL.

tor TIME TODETECT THE PRESENCE OF VALIDO DTMF SIGNALS.

toa  TIME TODETECT THE ABSENCE OF VALID DIME SIGNALS.

ta1s  GUARD 1HME, TONE PRESENT,

Leede-'s GUARD TIME, TONE ABSENT

figure 3- Timing Disgram



MT8870C/MT8870C-1 1502-CMOS

Functional Description

The MT8870C/MT8870C-1 monolithict DTMF receiver
offers small size, low power consumption and high
performance. Its architecture consists of 3 bandsplit
filter section, which separates the high and low
group tones, followed by 8 digital counting section
which vetifies the frequency and duration of the
received tones before passing the corresponding
tode to the output bus.

Filter Section

Separation of the low-group and high group tones is
achieved by applying the DTMF signal to the Inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which coriespond to the
low and high group frequencies. The filter section
also incorporates notches at 350 and 440 Hz for
exceptional dial tone rejection (see Figure 4). Each
filter output is followed by a single order switched
capacitor filter section which smooths the signals
prior to limiting. Limiting is performed by high-gain
comparators which are provided with hysteresis to
prevent detection of unwanted low-leve! signals.
The outputs of the comparstors provide full rail
logic swings st the frequencies of the incoming
DTME signals.

Decoder Section

following the fiter section is 8 decoder employing
digital counting techniques to determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
tomplex averaging algorithm protects against tone

simulstion by extraneous signals such 8s voice while-
providing tolerance to small frequency devistions
snd variations. This sveraging algorithm has been
developed to ensure an optimum combination of
Immunity to talk-off and tolerance to the presence
of interfering frequencies (third tones) and noise.
When the detector recognizes the presence of two
valid tones (this is referred to as the “signal
condition” In some industry specifications) the
“Early Steering” (ESt) output will go to an active
state. Any subsequent loss of signal condition will
cause £51 to assume an Inactive state (see “Steering

Gireurt”).
Steering Circuit

Before registration of a decoded tone pair, the
teceiver checks for 8 valid signal duration (referred
to as character recognition condition). This check is
perfosmed by sn externs! RC time constant driven by
ESt. Alogic high on ESt causegn, (see Figure 5) to rise
et the tapacitor discharges. Provided signal
condition is maintsined.(ESt remains high) for the
vatidation period (tgre). v reaches the threshold
(Vig:) of the steering logic to register the tone pasir,
I3%hing it§ corresponding 4-bit code (see Table 1)
nfo the output latch. At this point the GT output is
sctivated and drives v, to Vpp. GT continues to drive
high as long as €St remains high. Finally, after a
short'delay to allow the output latch to settle, the
delayed steering butput flag (StD) goes high,
signalling that 8 received tone pair has been
registered. The contents bf the output fatch are
made avsilable en the 4.bit output bus by raising
the three state tontro! input (TOE) to & logic high.
The steering circuit works in réverse to validate

A —T— pRECISE
/ 2 . ~ DIAL TONES
10 I 'y N o] X=350H:
R l ] Ys=4a0H:
o
- l X OTM? TONES
20
A=697 He
ATTENUATION l I 0=770 K2
“" / g,
20 = 1209 He
l P 1336 He
Ge 1477 He
a W . [ H= 1633 Hz
- \ /N
ol TN ] Y N\
TN I
f X v ABCO t ¢ G "
FREQUENCY (M)

figure &. Filter Response
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MTB870C/MTBB70C-1 1502-CMOs™= 8 . BiTeiviting b rdgans
— - i
Voo o —AAA~ ey
G A N+ M18870C-1
= ¢
Voo
$1/G1 v,
St ———AAA—
L]
0 J—— o
M18870C/ tora ™ (RO In (Vo TV}
MI8870C-1

Lore = (RC) In (Vg 1 {Vpg-Veg )]

figure 5- Basic Steering Circuit

tove = (ReCy) In (Voo 7 (Voo Vg, ]
tora= (R G} In vyt Vi

R, = (RyR,) 7 (R, 4R}

a) decressing teyy: (torr Stayal

'G” = (R|( |, In lvbo ! (VDO V‘h“

Gra = (ReCy) In (Vo T Vi)
Ry = (RyR,)) 1 (R, 4 Ry}

SHGY

R, L bl decressing 'eu:.(k;,}(‘")

€St

t .= . Figure 6 Guard Time Adjustment
Crystal Oscillator

The internal clock circuit Is completed with the
addition of aAn external 3.579545 MHz crystal and is
normally connected as shown in Figure 2 (Single
tnded Input Configuration). However, it is possible
to configure several MTB870C/MTBBY0C-1 devices

OIFFERENTIAL INPUT AMPLIFIER
(| 3(, = 10nf
RymRy=Ry= 100 k0 Altregittors are £ 1% tolersnce. \
R, =60Kh. R, =32.540 ¢ Altcapuchtors sre $ 3 % tolerance.
fy= ..'l_"._

Ry R

VOLTAGE GAIN (A, diff) = %1 ’
]

mpUT IMPEOKNCE

A ?
(Zwowt) =2 |/ ",‘(t._:c"

Figure 7- Differentialinput Configuration

employing only a single oscillator crystal. The
oscillator output of the first device in the chain is
coupled through 3 30 pf capscitor to the oscillator
input (0SC1) bf the-next device. Subséquent devices
are connected in 8 similar fashion. Refer to Figure 8 °
for detsils. The problems sssociated with
unbalanced loading 8re not 8 concern with the

arrangement shown, {e; precision balancing
capacitors are not required.

To 0SC1 of next
MT8870C/ MTB870C-1

e

\ @ 4 x-tal
osct [—) osc2
[ =]
osa2 _'L"___L osct
c
Ce30pf

X-tal =3 $79545 MH2

Figure 8- Oscillator Connection
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APPLICATION
:«:g:tvm SYSTEM FOR BRITISH TELECOM SPEC POR terr (€)1 1Voo (Voo Verl
The circuit shown in 'rig. 10 illustrates the use of . Lra = (R CiHin (Voo ! Vi

MT8870C-1 device in a typical receiver system. BT
Spec defines the input signals less than -34 d8m as
the non-operate level: This condition can be Ay O—__l Re=(RR,1 1R, ¢ Ry)
attained by choosing a suitable values of Ry and R, °°

to provide 3 dB attenuation, such that .34 dBm input
signal will cortespond to -37 dBm at the gain setting $1GT

pin GS of MT8870C-1. As shown in the diagram, the

component values of Ry and Cy are the guard time

tequirements when the total component tolerance Rr, Ry
i56%. Forbetter performance, itis récommended to £t Ry=22M0$1%
use the non-symmetric guard time circuit in Fig. 9. X

<
Notes:

R, =268K0 $1%

Cy = 100nF £$%

figure 9 - Non-Symmetric Guard Time Circuit

Voo
Gy
ormr O—f I
2 o=
Input L1 MT8870C-1 1. 2
ymng
o 8 KUY “Voo b—4
Tgw . swer {3 n -~
—({ o5 s p—f—
b v s p———O
% —{wn . p—1—O
O———(*rwon . g3 p——o0
[4—1:. osct g p——oO NoTES:
X L osc2 a p——70 R, =102%0 £ 1%
Vi voe p— . MaTeskn N
s fy=390k0 £1%
’ €. Cy 100 0F £5%

Xy =3.57948 MMz £0.1%
Vo = SOV £3%

L ’

Figure 10 - $ingle-Ended Input Configuration for BT or CEPT Spec



LINEAR TYPES SE555, NE555
INTEGRATED - PRECISION TIMERS

C IRCU ITS BULLETIN Né. DL-5 12053, SEPTEMBER 1973—REVISED OCTOBER 1979

Timing from Microseconds to Hours
Astable or Monostable Operation

e Adjustable Duty Cycle JG OR P DUAL-IN-LINE PACKAGE
(TOP VIEW)

e TTL-Compatible Output Can Sink or
CONTROL

Source up to 200 mA DIS- THRES- VOLT-

. \ . £HOLD
e Designed to be Interchangeable with HECCHARGEWOLD ACE

Signetics SE555/NES5E5 ) j 8[]71}64]15 .

description P

The SES55 and NESS5 are monolithic timing circuits
capable of producing accurata time delays or oscilla-
tion. In the time-delay or monostable mode of opera-
tion, the timed interval is controlled by a single ex- 1 2 3 4
ternal resistor and capacitor network. In the astable GND TRIG- OUT. RESET
mode of operation, the frequency and duty cycle Gen Pyt

may be independently controlled with two external
resistors and a single external capacitor, >

The threshold and trigger levels are normally two-
thirds and one-third, respectively, of V. These
levels care terz? by use of the control voltage
terminal. Wne., the ‘*ager input falls below the
trigger level, the {iip-nop is set and the output goes
high. When the threshold input rises above the
threshold level, the flip-flop is reset and the output functional 'block diagram
gous low, The reset input can override all other inputs

and can be used to initiate a new timing cycle. When congnot

Vee VOUTAGE RESET
the reset input goes low, the flip-flop is reset and the - - A
output goes low. When the output is low, a low- :’.
irmpedance path is provided between the discharge ®
. o
terminal and ground. k come -® 2 outrur
The output circuit is capable of sinking or sourcing / ol
current up to 200 milliamperes. Operation is specified gn FLIP FLOP
for supplies of 5 to 15 volts. With a 5-volt supply, s
. . . L
output fevels are compatible with TTL inputs.
N TRIGGER ] Q
b
:»l
4 at
in [t}

GND DISCHARGE



schematic

]
1
]

é—‘ 330 aTh 31
5k <.
s 39k
! ' {
>
THRESHOLD ! Sk 2 outeur
CONTROL ¢ "
VOLTAGE g
<
$su § Farx
(2} L b
TRIGGEN J
4 .
neser 2! ) ?}3,{
. n l}
DISCHARGE { { {
o1 '—o 210k 2 100% is:‘l sS4k
crounp ! ,J7 . d—4& :
i
100 -

YW

RAasistor values shown are nominal nnd In ohms,

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Ve {seeNote 1) . . . . . ., . D, WAIE . N Yy - > 4. ... 1BV
Input voltage (control voltage, reset, threshold, tngger) D) Ok v Q0 . . . Y. . .. VT
Qutputcurrent ., . , . . . . Wom: - Moo ¥ . . e e e e e e e . 2225mA
Continuous total dissipation at (or below) 25 C 1ree -air temperature {see Note 2) e e e e e e .. . BOOMW
Operating frec air temperature range: SESS5.9/. . . . S\ B AL ST . & SS ~55°C to 125°C

NES55 . . . . . . . v v v v v e eeuwweoeuo... 0°Cr70C
Storage temperature range . . . s e e e e e e i e ... .... =—65°Clo150°C
Lead temperature 1/16 inch (1,6 mm) {rom case for 60 seconds: JG package \ N 47 AN .. JQO°C
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package W o AU 260°C

NOTES: 1, All voltage values sre with respect to network ground terminal.
2. For oparation shove 25°C free-sir temparature, refer to Dissipation Derating Table. in the JG p-cknm,'s"ESSS chips are siloy-

mounted, NESSS chips are glass-mounted,

recommended operating conditions

St ey

ree T S SESSS NESSS UNIT

i mee . MIN NOM MAX |MIN _NOM _MAX
Supply valtage, Voo [ 4.5 18| 45 18] v
Input voltage, V; {control voltage, raset, lhmhold hlﬁqer) R Vee ) Veel] V
Qutput Current, Ig ' $200 $200] mA
Operating free-air temperature, T ~55 125 0 701 °C




TYPES SE555, NEBSS
PRECISION TIMERS

electrical characteristics at 25°C free-air temperature, Vo =5 V to 15 V (unless otherwise noted)

TEST CONDITIONS Sesss NESSS UNITY
PARAMETER MIN TYP MAX |MIN TYP MAX
Thrashoid voltage level as a . 66.7 66.7 %
percentage ol supply voltage
Threshold current {1ee Nots 3} 0.1 025 0.1 025 A
Vee= 16V 4.8 5 5.2 5
Tri ! | A\
rigger voltage level Vec =5V 145 167 19 167
Trigger current . 0.5 05 pA
Reset voltage level 04 0.7 1 0.4 0.7 1 v
Reset current 0.1 0.1 mA
Control voltage Vec=15V 9.6 10 104 9 10 11 v
(open<lecuit} Vee=5V 29 3.3 3.8 2.6 3.3 4 -
oL ™ 10mA 0.1 015 0.1 0.25
o = 50 mA 0.4 b .4 .7
Vee= 15V oL =50m 0.5 0, 0.78
oL = 100 mA 2 2.2 2 2.5
Low-fevel output voltage V.
1oL * 200 mA 2.5 2.5
loL " A
Vec=5V oL=5m 0.2 0.35
oL = 8mA 0.1 0.25
t - A 13.3 12,75 13,
. Veg=15V OH 100 m 13 3.3
High-luvel output voltage IoH = —200 mA 125 12.5 v
Vee=5V oy = —~100 mA 3 133 275 33
Output low, Vee= 15V 10 12 10 15
No toad Vee=5V 3 5 3
Supply current 208 cc 6 mA
Output high, Vee= 16V 9 11 9 14
No Ioad Vec =85V 2 4 2 5

NOTE 3: This paramater Influences the maxlmum value of the timing resistors R4 snd Rg In the clreult of Figure 13, For example when
Vee = § V the maximum value ls R = RA+Rg » 20 MQL.

operating characteristics, Vgc =5 Vand 15 V

SE556 NE555
PARAMETER TEST CONDITIONS ! UNIT
MIN TYP MAX IMIN TYP MAX
ial
Initial ecror of Ra = 1 kil 10 100 k62| T = 25°C 0.5 2 1 %
timing interval i .
Temperature coeflicient Ta = MIN
Rg = 100
of timing inteival g =010 100 ka2, to MAX 29 50 pom/"C
S | It tivi
upply voltage sensitivity C=0.14F Ta* 25°C 0.0% 0.2 0.1 wV
ol thiming interval
Quitput pulse rise time - 100 100 ns
Cg = 15pF, TaA=25C
Output pulse fall time L 2 A 100 100 ns

tFor conditions shown ss MIN or MAX, use the sppropriste value specified under recommendsd opersting conditions

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
JG {Alloy-Mounted Chip) 600 mW 8.4 mW/ C 79°C
JG (Glass-Mounted Chip) GOO W 6.6 mW/°C 59"C
P 600 mwW sumw”/ e 75°C

Also see Dissipation Derating Curves, Section 2.



TYPICAL CHARACTERISTICSt

LOW-LEVEL OUTPUT VOLTAGE LUWLEVEL QUIPUT vOLTAGE LOW-LEVEL OUIPUT VOLTAGE

v "

LOW-LEVEL OUIPUT CUARNENT

"
LOW LEVEL QUTPUT CURRENT LOW-LEVEL QUTPUT CURRENT

" [ 9 PESE e a0i pd @ 8.4 ) ‘9 = 5
vee ~ 8 v
> 7 . > 4 T
i H ;
3
Ed H [ g
2 2 3
- . >
< 3 a- T
3 H : : i
3 E o
35 3 3
3 i 3
H 3 H
3 01 t H 7 o
3 007 H 2 oo 1] :
', 004 e o2 opo [ 7 ey
3 1 2 a3 =
> 002 I nm > 002f —I—4. L f-1-1.
0.0t 0.01 L 0.0t L
2 4 110 20 4« 70100 4 110 20 40 70100 ' 2 4 710 22 4w 010
1oL ~Low-Level Qutput Current—mA 1oL, - Low-Level Quiput Current ~mA 101 ~Low-Level Output Current-mA
FIGURE 1 FIGURE 2 FIGURE 3
MINIMUM PULSE WIDTH REQUIRED
FOR TRIGGERING
DROP BETWEEN SUPPLY VOLTAGE AND QUTPUT SUPPLY CURnemt “
“ " LOWEST VOLTAGE LEVEL OF
HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE TRIGGEN PULSE
0 TTTT7 o e I 180 [
1o fTa~ -55'C_ 11 " l'r:: low, o lo.
(R manl atf . fis —
b i =] P R W i
& 4_.n- L $ ;
},Z_JJI H] S . }’ gt TA-58°C
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z 3 ” 1 251
oos ER - o) — - - |
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3 |
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¥ g Ta=195°C i ]
0.4 2 P - —{— e
Vec=SViaisy 3 =1
B I A 1 e 1 A
o [ (]
[ 2 4 710 20 40 70100 S 6 7 8 9 10 11 12 1314 18 0 0.1aVee 0.23Vge 0.3«Vee O.4xvee
101 —Hiyh-Level Output Current—-mA Vee~Sveply Voltsqe-V Lowest Voltage Level of Trigger Putse
FIGURE 4 FIGURE 5 FIGURE &
NORMAUIZED QUTPUT PULSE WIDTH NONMALIZED QUTPUT PULSE WIDTH PROPAGATION DELAY TIME
IMONOSTABLE OPERA TION) IMONOSTABLE OPENATION) "
) n LOWEST VOLTAGE LEVEL
SUPPLY VOLTAGE FREE AIR TEMPEAATURE OF TRIGGER PULSE
5 1a1s to1s T %0
a o veg=10v
"
.
3 1.010 f——i T 100 $ %0
$ < £ Y
- - H g
: 1005 3 toos ) Jacgc
H \ = i T~ H Tas-ss'c
2 1000 -— 2 1000 e oy TR § 150 ///7
H
H z _—
K] 3 ; // \.rA «35°C
s oms ) . c o) - -l-of of. .. ¢ 100 — \
£ § P === G { AV AR
i 0.990 —_ : 0.990 f ~— o b fom chanen £ %0 L\ !
2 Ta = 126"
2 d ol
0.988 0.985 °
[ s 10 1S 20 -5 %0 -3 0 2 so 5 100 128 O OmavVec 02avee O0.3wvee O4xvee

tData tor tamperatures boiow 0°C and atiove 70°C are

Vee -Supply Voliage-v

FIGURE 7

Ta~Free-Air Temparsture="C

FIGURE 8

appiicable for SESSS circults only,

Lowest Voltsge Levet of Trigger Pulse

FIGURE9



TYPES SEb55, NEbSS
PRECISION TIMERS

TYPICAL APPLICATION DATA

monostable operation

Vee 8V t5 V)

i | 8 AL Ra
RESET  vce -
2 OUTPUT ouUTPUT
INPUT ——4 TRIGGER
SES55/NES55 .
DISCHARGE
15) JconTROL
6
| VOLTAGE oy pesnoLo |
0.01,F GND L.
I lm
= ¥

FIGURE 10--CIRCUIT FOR MONOSTABLE OPERATION

Ras i
Cosai,r
L Ay = tan
Sa0 Frqura th
\ U
INFUT VOLTAGE
(SRR L 4 — -

Voltage—2 V/div

OUTPUT VOLTACE

/ / A /]

\ /

CAPACITOR VOLTAGE

Time-0.1 ms/div
FIGURE 11-TYPICAL MONOSTABLE WAVEFORMS

For monostable operation, the SE555/NE5S55 may be connected as shown in Figure 10. it the output is low, applica-
tion of a negative-going pulse to the trigger input sets the flip-flop (@ goes low), drives the output high, and turns off
Q1. Capacitor C is then charged thrcugh R until the voltage across the capacitor reaches the threshold voltage of the
threshold input. 1f the trigger input has returned to a high level, the output of the threshold comparator will reset the
flip-flop a goes high), drive the output low, and discharge C through Qt.

LS

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

saturation voltage of Q1, the output pulse width is
approximately ty, = 1.1 RAC. Figure 12 is a piot of
the time constant for various values of Ra and C. The
threshold levels and charge rates are both directly
proportional to the supply voltage, Vce. The timing
interval is theiefore independent of the supply
voltage, so lonyg as the supply voltage is constant
(luril;q the time interval,

Applying a negative-going trigger pulse simul-
tancously to the reset and trigger terminals during the
timing interval will discharge C and re-initiate the
cycle, conunencing on the positive edge of the reset
pulse, The output is held low as long as the reset
pulse is low. When the reset input is not used, it
should be connected to Voo to prevent false
triggering. .

tw—0Output Pulse Width—s

10

10~}

/

10™2

1073 /
/
/

104

10~%

0.001 100

0.01 0.1 1 10
C—Capacitance—ufF

FIGURE 12—OUTPUT PULSE WIDTH va CAPACITANCE



. TYPICAL APPLICATION DATA
astable operation

r——"r
Rg=dtn)
Agelhil
Ve 5V a1 0 [-c- 01,7
LIRRT
——— e Flgure 14

wf ®__ ad ina

RESET Vee .
(21 ourtPut QuUTPUT
TRIGGER

SES55/NES55
piscHarge [

Volnge— | Viiee

OPEN _(5) [conTROL fe N
{Sae Note A} VOLTAGE  1HREsHOLD (6} R ouTrUT VOLTAGE

GND J"c
I T /’XV/\V/\ AN\

NOTE A: Decoupling the control voltege Input {pln 5) to L -lvoulmt

ground with a cepacitor maey Improve operation,
This should be evalusted for individual spplications. .
FIGURE 13-CIACUIT FOR ASTABLE OPERATION FIGURE 14-TYPICAL ASTABLE WAVEFORMS

Tiwe—08 ma/ity

Addition of a second resistor, Rp, to the circuit of Figure 10, as shown in Figure 13, and connection of the trigger
input to the threshold input will cause the SESS5/NES55 to self-trigger and run as a multivibrator. The capacitor C will
charge through R and Rp then discharge through Rg only. The duty cycle may be controlled, therefore, by the valuas
of Ra and Rg.

This astable connection results in capacitor C charging and discharging between the threshold-voltage level -
{=0.67-Vcc) and the trigger-voltage level (=0.33-Vcc). As in the monostable circuit, charge and discharge times (and
therefore the frequency and duty cycle} are independent of the supply voltage.

Figure 14 shows typical waveforms generated during astable operation. The output high-level duration tH and low-level
duration t{_ may be found by:

100 k

t4 = 0.693 (Ra + Rg) C

tL =0.693 (Rg) C

Other useful relationships are shown below.

-
=

T

period = t4 + t|_= 0.693 (Rp + 2Rg) C

f—Free-Running Frequency—Hz
3

i frequency = ~—-——__.._"d4
WeNY ™ Ra+2Rg1 C
. = 10
. L 8
Output driver duty cycle Ty = RAT g
1
tH Rg
tput f dut E] =1 -
Output waveform duty cycle e 1 R+ 2fg o
Rg 0.001 0.01 0.

. . t
Low-to-high ratio “Tm  "Ra+Rp C—Capacitance—pF

FIGURE 15—FREE-RUNNING FREQUENCY
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TYPES SE555, NE5b5
PRECISION TIMERS

TYPICAL APPLICATION DATA

missing-pulse detector oo
L PERIT)
FC=01eF
Veg {5V te 15 V) feorours
ml 18) AL Ra
INPUT RESET vee | @ § i
12) oUTPUT OUTPUT S INPUT VOLTAGE
TRAIGGER o'c
SE555/NESS55 - &
oiscHARGE [ 3
>
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FIGURE 16-CIRCUIT FOR MISSING-PULSE DETECTOR FIGURE 17—-MISSING-PULSE DETECTOR WAVEFORMS

The circuit shown in Figure 16 may be utilized to detect a missing pulse or abnormatly long spacing between consecutive
pulses in a train of pulses. The timing interval of the monostable circuit is continuously retriggered by the input pulse
train as long as the pulse spacing is less than the timing interval. A longer pulse spacing, missing pulse, or terminated
puise train will permit the timing interval to be completed, thereby generating an output pulse as illustrated in Figure 17.

frequency divider

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

cycle.
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FIGURE 18-DIVIDE-BY-THREE CIRCUIT WAVEFORMS
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TYPICAL APPLICATION DATA
pulse-width modulation
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NOTE A: The modulating signal may be direct or capaci. ‘ A 1XA
tively couplad to the control voltage terminal. For [ 'M'Eﬂl

direct coupling, the sffects of modulation source - 2
voltape and Impadsnce on the blas of the Time—0.5 me/div
SES55/NESS5S should ba considered.

FIGURE 19-CIRCUIT FOR PULSE-WIDTH MODULATION FIGURE 20—~-PULSE-WIDTH-MODULATION WAVEFORMS

The nperation of the timer may be modified by modulating the internal threshold and trigger voltages. This is
accomplished by applying an external voltage (or current) to the control voltage pin. Figure 19 is a circuit for
pulse-width modulation. The monostable circuit is triggered by a continuous input pulse train and the threshold voltage
is modulated by a control signal. The resuitant effect is a modulation of the output pulse width, as shown in F»gure 20.
A sine-wave modulation signal is illustrated, but any wave-shape could be used.

pulse-position modulation

Vee (5 Vo 15 V)
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l_ 4 A 4/1 J A A
Fvy a&wm
NOTE A: The modutiating signal mav be direct or cepaci- |
tivaly coupled to the controt voitage teeminsl. For ‘I " race ]
cabacioh vou re

direct coupling, the effects of modulation source
voltage and Impedance on the blas of the
SEB55/NESSS should be considered,

FIGURE 21~-CIRCUIT FOR PULSE-POSITION MODULATION FIGURE 22—-PULSE POSITION-MODULATION WAVEFORMS

Time~0.1 ms/div

The SES55/NES55 may be used as a pulse-position modulator as shown in Figure 21. [n this application, the threshold
voltage, and thereby the time delay, of a free-running oscillator is modulated. Figure 22 shows such a circuit, with a
. triangulor-wave modulation signal, however, sny modulating wave-shape could be used,



TYPES SE555, NE555
PRECISION TIMERS

TYPICAL APPLICATION DATA
sequential timer .

vee
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ouTPUTA Co-47uF ouTrUTS outruT €
fip = 100 kN

S closes momentarily att = 0,

FIGURE 23-SEQUENTIAL TIMER CIRCUIT

Many applications, such as computers, require signals for initializing conditions during start-up. Other applications such
as test equipment require activation of test signals in sequence. SES55/NESSS circuits may be connected to provide
such sequential control, The timers may be used in various combinations of astable or monostable circuit connections,
with or without modulation, for extremely flexible waveform control. Figure 23 illustrates a saquencer circuit with
possible applications in many systems and Figure 24 shows the output waveforms.
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See Figure 24
OUTPUTA  |e-tya-dl twA=1.1RACA
"'"1"wu

2 S
3 OUTPUT 8 w8 = 1.1 RgCg
tn
|
v
e
K]
) .

OUTPUTC et-twc —H twe = 11 RcCe

yo—1t=0

t=Time--1 s/div

FIGURE 24-SEQUENTIAL TIMER WAVEFORMS



General Description

The LM311 is a voltage comparator that has input
currents more than a hundred times lower than (le-
vices like the LM306 or LM?710C. It is also de-
signed to operate over a wider range of supply
voltages from standard $15V op amp supplies
down to the single SV supply used for IC logic. Its
output is compatible with RTL, DTL and TTL a¢
well as MOS circuits. Further, it can drive lamps or
relays, switching voltages up to 40V at currents as
high as 50 mA.

Features

® Creraves from single SV supply -
® “Caximum input current’ 250 nA
& Viumum oflset current” 50 nA

® Diflerential input voltage range: £30V
® Power consumption: 135 mW at 15V

Both the nput and the output of the LM311 can
be isofated from system ground, and the output
can drive loads referred to ground, the positive
supply or the negative supply. Offset batancing
and strobe capability are provided and outputs can
be wire OR’ed Although stower than the LM306
and LM710C {200 ns response time vs 40 ns) the
device is also much less prone to spurious osclfa-
tions. The LM311 has the same pin configuration
as the LM3J06 and LM710C. See the "application
hints” of the LM311 fpr application help.

Auxiliary Circuits**

ny
n

WAGRETIC
neayy

Detoctoe for Magnetic Transducer

eurs *Abrarty oty Mckbach

of cloy and ateen IC Ham
voliage Newmanm on

Relay Driver with Strobe

can

m
s1ea

*e . "
Note: Pin connections shown on schematic diagram
and typical applications sre tor TO-5 package.

Mot O¢ Mot Brownd
Sushe Ma,

“tacrerwm ~vpecsl twoaoe
@ede dow iom 7 IYn
LAY

Increasing Input Stage Current®

]

s &y .
et [
N .34

(17594 "
’ 1
* J
" ! m
"1 e ovrryr
Y f d
AA~—O -
WV
L LT
nS 5] Su
wmS umT Sim
=

Digital Transmission Isolator

PROE 04 N{TRORR

*Typetet agut sursont 4 1
09 wnh aputs miohed off

Rore. Bo Rot Sronnd Jwobe P =
Strobing off Both Input®
and Output Stages



Absolute Maximum Ratings

Total Supply Voltage (V) 36V
Output to Negative Supply Voltage (V,¢) 40V
Ground to Negative Supply Voltage (V, .} 3ov
Differential Input Voltage 30V
input Voltage (Note 1) 115V
Povser Dissipation (Note 2} 500 mW
Output Short Circuit Duration 10 sec
Operating Temperature Range 0°C fo 70°C
Storage Temperature Range ~65°C to 150°C
Lead Temperature {soldering, 10 sec) 300°C
Voltage at Strobe Pin vi-_sv
Electrical Characteristics ote 3)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Input O'fset Voltage (Note 4} Ta = 25°C. Rg < 50k 2.0 75 mv
tnput Offset Current {Note 4) Ta*25C 6.0 50 nA
Input Brz¢ Current Ta=25C 100 250 nA
Voltage Gain Ta=25C 40 200 V/mvV
Response Time (Note 5) Ta=25C 200 ns
Satu-ation Vo'tage Vin € -10mV, lgyy = 50 mA 0.75 1.5 v
Ta=25C
St-obe ON Current Ta =25°C 3.0 mA
Output Leakage Current Vin 2 10mV, Vg = 35V 0.2 50 nA
Ta * 25°C. Isrpope = 3mA
Input Offset Voltage (Note 4) Rg < 50k 10 mV
Input Of*set Current (Note 4) 70 nA
{nput Bias Current 300 nA
Input Voltage Range -145 13.8-14.7 13.0 v
Saturation Voltage V> 485V, V-s0 0.23 0.4 v
Vin £ -10mV, lgine <8 mA
Positive Supply Current Ta = 25°C 5.1 75 mA
Negative Supply Current T = 25°C 4.1 6.0 mA -

Note 1: This rating spplies for 115V supplies. The positive input voltege limit is 30V sbove the negetive supply. The negetive
input vo'tage limit is equal to the negative supply voltqu’of 30V below the positive supply, whichever is less.

Note 2: The maximum junction temperature of the LM311 is 110°C. For opsrating st eleveted temperstures, devices in the YO8
package must be dersted based on a thermsl reshtincs bfi160°CW, lune;ilon 1o smbient, or 48°C/W, junction 10 case, The thermsl
resistance of the dual-in.line package Is ‘IOO°C/W,, ]mM to ir\‘bi&u. -

Note 3: These specificetions apply for Vg = 318V thé Ground pin #t ground, snd 0°C < TA < +70°C, unless otherwise
specified. The offset voltage, offset current and biss Sureint specifications apply for sny supply voltege from & vingle BV supply
up to 15V supplies, i ';‘f-;’f{%‘ ' LR

Note 4: The offset voltages and offset currenti glven ar the maxitnum Veluly required to drive the output within 8 volt of sither
supply with 1 mA loed. Thus, these parametert defing & error band Ad take into sccount the worst<ase stscts of voltsge guin
and input impedance. N

Note 5: The response time specified {see definitions) is for a 100 mV input step with § mV overdrive.

Note 6: Do not short the strobe pin to ground: it should be current driven at 3 10 5 mA.



Typical Performance Characteristics
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Typical Performance Characteristics (continued)

SUPPLY CURARERT (ma)
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Typical Applications continuea
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Schematic Diagram
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Application Hints

CIRCUIT TECHNIQUES FOR AVOIDING
OSCILLATIONS IN COMPARATOR APPLICATIONS

When 2 high-speed comparator such as the LM111 ig
used with fast input signals and low source impedances,
the output response will normally be fast and stable,
assuming that the power supplies have been bypassed
{with 0.1 uF dise capacitors), and that the output signal
is routed well away from the inputs {pins 2 and 3} and
also away from pins 5 and 6. .

However, when the input signal is a voltage ramp or a
slow sine wave, or if the signal source impedance is high
{1 k2 to 100 k), the comparator may burst into
oscillation near the crossing-point. This is due to the
high gain and wide bandwidth of comparators like the
LM111. To avoid oscillation or instability in such a
usage, several precautions are recommended, as shown
in Figure 1 below.

1.

The trim pins {pins 5 and 6} act as unwanted auxil-
iary inputs, 1f these pins are not connected to a trim-
pot, thay should be shorted together, If they are
connected to a3 trim-pot, a 0.0% uA capacitor Ct
between pins 5 and 8 will minimize the susceptibility
to AC coupling. A smaller capacitor is used if pin 5 is
used for positive feedback as in Figure 1.

. Certain sources will produce a cleaner comparator

output waveform if a 100 pF to 1000 pF capacitor
C2 15 connected directly across the input pins.

. When the signal source is applied through a resistuve

network, Rg, it is usually advantageous to choose an
Rg’ of substantially the same value, both for DC and
for dynamic (AC} considerations. Carbon, tin-oxice,
and metal-film resistors have all been used successfully
in comparator input circuitry. Inductive wirewounrd
resistors are not suitable.

4,

When comparator circuits use input resistors (eqg.
summing resistors), their value and placement are
particularly important. In all cases the body of the
resistor should be close to the device or socket. In
other words there should be very little lead length or
printed-circuit foil run between comparator and
resistor to radiate or pick up signals. The same applies
to capacitors, pots, etc. For example, if Rg = 10 k2, as
little as § inches of lead between the resistors and the
input pins can result in oscillations that are very hard
to damp. Twisting these input leads tightly is the
only (second best} sliternative to placing resistors
close to the comparator.

Since feedback to almost any pin of a comparator
can result in oscillation, the printed circuit layout
should be engineered thoughtfully. Preferably there
should be a groundplane under the LM111 circuitry,
for example, one side of a2 double-layer circuit card.
Ground foil {or, positive supply or negative supply
foil) should extend between the output and ths
inputs, to act as a guard. The foil connections for the
inputs should be as small and compact as possible,
and should be essentially surrounded by ground foil
on all sides, to quard against capacitive coupling from
any high-level signals {such as the output). If pins 6
and 6 are not used, they should be shorted together.
If they are connected to a trim-pot, the trim-pot
should be located, st most, a few inches away from the
LM111, and the 0.01 uF capacitor should be installed.
I1f this capacitor cannot be used, a shielding printed-
circuit foil may be advisable between pins 6 and 7.
The power supply bypass capacitors should be located
within a couple inches of the LM111, {(Some other
comparators require the power-supply bypass to be
located immediately adjacent to the comparator.)

Q 15V
s
w =
_L') )
‘& n
NPUT o—lvn\'/\,—?-—l- 1
H ouTPyT

Pin connections shown are for LM111H in 8.1ead TO-5 hermaetic package

FIGURE 1. Improved Positive Feedback



Application Hints (continueq)

6. 1t is a standard procedure 10 use hysteresis (positive
feedback) around a comparator, 1o prevent oscillstion,
and to avoid excessive noise on the output because
the comparator is 3 good amplifier for its own noise.
In the circuit of Figure 2, the 'leedback from the
output to the positive input will cause sbout 3 mV of
hysteresis. However, it Ry is larger than 10012, such
as 50 k{1, it would not be reasonable to simply
increase the value of the positive feedback resistor
2hove 510 kf2. The circuit of Figure 2 could be used,
but it is rather awkward. See the notes in paragraph
7 below,

7. When both inputs of the LM111 are connected to
active signals, or if a high-impedance signal is driving
the positive input of the LM111 so that positive feed-
back would be disruptive, the circuit of Figure 1 is

e

ideal. The positive feedback is to pin § (one of the
offset adjustment pins). 1t is sufficient to cause 1 to
2 mV hysteresis and ¢ fp transitions with input
trisngle waves from a few Hz to hundreds of kHa,
The positive-feedback signal scross the 8261 resistor
swings 240 mV br'ow the positive supply. This signal
is centered sround the nominal voltage at pin 5, to
this feedback does not add to the Vos of the com-
parstor. As much as 8 mV of Vos can be trimmed
out, using the & k2 pot and 3 kS resistor as shown.

. These application notes apply specifically to the

LM111, LM211, LM311, and LF111 families of
comparators, and are applicable to all high-speed
comparators in general, {with the exception that not
all comparators have trim pins).

o

p-—O ouTrut

\AAS
na

Fin connections shown are for LM111H in 84esd TO-5 hermetic package

FIGURE 2. Conventional Positive Feedback

-O 1V

FIGURE 3. Positive Feedback With High Source Resistance
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SCL4017AB

CMOS DECADE

COUNTER,/DIVIDER

FEATURES

10 Decoded Decimal Qutputs

Direct Resat

Trigger from either Edge of Clock Input

Carry Output for Cascading Stages

Fully Static Opaeration - DC to SMH2 @ 10Vde

LA 2 2 & J

DESCRIPTION

The SCL4017AB consists of a 5-stage Johnson
Decade Counter and an Output Decoder, Inputs
include Clock, Reset, and Clock Enable signals.

The countsr -has interchangesble Clock and
Clock Enable lines for incrementing on sither a
positive-going or negative-going transition, respec-
tively. A high Reset.signal clears the counter to its
zero count.

Use of the Johnson decade counter configur-
ation permits high-speed operation, 2-input decode
gating, and spike-free decoded outputs. Anti-lock
gating is provided, thus assuring proper counting
sequence. The 10 decoded outputs ars normally
low and go high only at their respective decoded
time stot. Each decoded output remains high for
one full clock cycle. A Carry-out (CoyT) signal
completes one cycle every 10 clock input cycles
and is used to directly clock the succeeding counter
in multi-stage applications.

This part can be used in frequency division
circuits as well as decade counter or decimal decode
display applications.

FUNCTIONAL TRUTH TABLE
{Positive Logic)

Clock Decode

Clock Enable Reset Output = n

o] x 0 n

X 1 0 n

X X "1 “o"
— o} Q n+t
“~— X 4] n

X —— 0 n

1 ~—— 0 n+

x = Don’t Care
It n<{5 Carry = **1'*, Otherwise = **0"’

CONNECTION DIAGRAM
(all packages)

VDD R CL CcE COUT [ LRLY T 1

| T N S A N

16 15 14 13" 12 11 10 9
’ SCL4017AB

1 2 3 4 5 6 7 8

1 || | | [ [
S T E e S-CO S RV

Add sutfix for package:

C  16-pin Cerdip
D 16-pin Ceramic
E 16-pin Epoxy
F  16-pin Flat

H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage Vpp-Vss 3to15 Vde

Operating Temperature Ta
C, D, F, H Device 65 to +125 ©C
E Device 40 to +85 ©C

BLOCK DIAGRAM

Clock 14 Ol b—o 3
——0C 2
a0 4
p——0 7
—<0 10
1
—a0 3
—a0 e
—0 e
P 11
Rewt 18 O—f Cout [0 12

Clock
Ensble

-
o
O ® v RB A WUN = O

Vpp = Pin 16
Vgg = Ping




SCL4017AB

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS !

— — .
PARAMETER (‘\’130) CONDITIONS | _Tiow’ 15 C LTV [T
- ¢ Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE oo 5 [Vin=VggorVpp - [ - | 0.05 5 — | 150 | pAdc
CURRENT 10 |All valid input - 10 - |01 10 - 300
16 kombinations - 20 -~ 102 20 ~ | 600
OUTPUT HIGH (SOURCE) -
CURRENT
C. D, F, Hdevice ~ lon :
Decoded Qutputs | 5 [Vou= 4.6V -0.05 - [-0.04 |-0.3 ~ [-0.028f -~ |mAdc
10 Vou= 9.5V -0.1249 - |-0.1 |-0.75 - |1-0.07 -
156 Vou= 13.5V -0379 - (-03 [-258 - 1-0.21
VIN -VSS or VDO b
Carry Output . ) 5 [Vou=4.6V -025{ - |-0.2 [-0.76| -~ |-0.14| - |mAde
10 Mou= 9.5V -0.62 - |05 [-1.1 - |-0.35 -
16 [Vou= 13.5V -19 - |-1.5 |-35 - |-1.1 -
VIN-VSS or VDD
E device fon
Decoded Outputs 5 Mon=4.8V -0044 - [-0.04 [-0.3 - |-0.032] - |mAdc
10 Mon=9.5v -0.12 - |-0.1 |-0.75 - |-0.08 - N
16 Mou= 13.5V -0.36 -~ 1-03 ¢|-25 - |-0.24 -
V|~ 'ng or VDD .
Carry Qutput 5 Nou= 4.6V -0.24 - 102 1-0.7% -~ |-0.18 - [mAdc
. 10 Mon= 9.5V -0.8 - |05 [-1.1 - |-0.4 -
15 Nou= 13.5v -1.8 - |-1:5 |-38 - |-1.2 -
V|N -VS or VDQ
OUTPUT LOW (SINK)
CURRENT
C. D, F, H device ot '
Decoded Outputs 5 Vo =04V 0.05 — |004 |04 — 10028 - |mAdc
10 [Vo_=0.5v 0.128 - |01 1.0 - | 0.07 -
16 Vo= 1.5V 0374 - |03 3.0 - | 0.21 -
. [Vin=Vgs of Voo !
Carry Qutput 5 VoL=04V 0.25 - |02 0.75 - | 014 |- '~ |mAdec
| 10 Vo =05V 062| - |05 |13 - 1035 ] -
15 Vo= 1.5V 1.9 - |15 a0 - | | -
VIN 'Vss or VDO
E device loy
Decoded Qutputs 5 [VorL= 0.4V 0048 = |0.04 | 0.4 - 10032 - ImAde
10 Vo= 0.5V 0.12 - 101 1.0 - (008 -
15 [VoL= 1.5V 0.36 - (03 |30 - 1024 -
VIN’VSS or Vw -
Carry Output 6 [VoL=04V 0.24 - |02 |075 - {018 ~ |mAdc
10 Mo =05V 0.6 -~ |05 13 - {04 -
15 Vo =15v . 1.8 - }15 4.0 - 1.2 -
y V|~ -Vss or VDD . -

NOTES: ' Remaining Static Electrical Characteristics are listed under “SCL4000B Series Family Specifications”.
? TLow = -55°C for C, D, F, H davice.
= -40°C for E device.
Trian = +125°C for C, D, F, H davice,
=+ 85°C for E device.



SCL4017AB -

ELECTRICAL CHARACTERISTICS (Continued)

DYNAMIC CHARACTERISTICS (C, =50pF, T, = 25°C)

Vop

PARAMETER (vde) Min, Typ. Max. Units
CLOCKED OPERATION
PROPAGATION PSLAY TIME
‘To Decoded Outputs toLm. toyg 5 - 600 ' 1200 ns
10 - 240 ' 480
15 - 180 360
To Carry Qutput toLH, tPHL 5 - 500 1000 ns
10 - 200 400
. 15 - 150 300
OUTPUT TRANSITION TIME
Decoded Qutputs trom. tyHL 5 - 250 500 ns
. 10 - 125 250
15 - 90 180
Carry Qutput tyuHs tTHL 5 - 180 360 ns
10 - a0 180
15 - 65 130
MINIMUM CLOCK PULSE WIDTH PWeL 5 - 200 400 ns”
10 - 100 200
15 - 80 160
MAXIMUM CLOCK FREQUENCY feu 5 1.25 25 - MHz
10 25 5.0 . -
15 3.0 6.0 -
MAXIMUM CLOCK OR ENABLE RISE AND teeL. e
FALL TIME 5\ 15 - - us
10 15 - -
15 ] — -
MINIMUM ENABLE SETUP TIME tostup 5 - 175 350 ns
10 - 75 150
15 - 55 110
MINIMUM ENABLE REMOVAL TIME . tem 5 - 250 500 ns
10 - 100 200
15 - 75 160
RESET OPERATION
PROPAGATION DELAY TIME ’
To Decoded Outputs teLH, tPHL L} - . 500 1000 ns
. 10 - 200 400
15 - 140 280
To Carry Output teLH 5 - 400 800 ns
10 - 150 300
15 - 110 220
MINIMUM RESET PULSE WIOTH PWn 5 - 150 300 . ns’
10 - - 75 150
15 - 60 120
RESET REMOVAL TIME trem 5 - 250 500 ns
10 - 100 200
15 - 80 160
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SCL4017AB

APPLICATIONS INFORMATION

COUNTER EXPANSION

to stage, with no dead time {except propagation delay).

This figure shows a technique for extending the number of decoded output states
for the SCL4017AB, Decoded outputs are sequential within esch stage and from stage

Clock

R
cL

._ SCL4017AB
CE

cL
SCL4017AB
CE

SCL4017A8B
CE

0 1e ¢+ 8 9 0 1eee 8 9 1eocs 8 O
i Tt —"
\.—_\,—J _v——l 8 Decoded

9 Decaded 8 Decoded Oumpun

Quwuts Qutpuv

First Stage Intsrmediate Stages Last Stage

DIVIDE-BY-N COUNTER

When the Nth decoded output is reached {Nth clock puise), the S-R flip-flop
{constructed from the SCL4001B) ganerates a reset pulse which clears the SCLA017A8
to its zero count. At this time, if the Nth decoded output is greater than or equal to 6,
the CoyT line goes high to clock the next counter section. The “Q" decoded Sutput
also goes high at this time, Coincidence of the clock “low’ and decoded O’ output
“high” resets tha S-R flip-flop to enable the SCL4017AB

If the Nth decoded output is less than 6, the CoyT line will not go high, and,

therefore, cannot be used. In this case, the ’O’’ decoded output may be used to perform
the clock function for the next counter. .

CLOCK

€LoCK
DIASL

[niutn Dttt iags |

] scL4017AB

Resey
Jol T
N pECnDED
ouTeyts 9 0RCODED RITPYT.
—mebm——————- R L.
SCL40010

ALTEMNATE Coyy




5404 /7404

Hex Inverter : A .
Schottky TTL High-Speed TTL Low-Power Schattky TTL ; Standard TTL Low-Power TTL
Package Package , R Package . Package N Package
Device Type Device Type Device Type Device Type Device Type
YPe [CTRIMICF YPe ETPIMIcF YPe CTPIMCF PO TR TMECF c[P[MF,
T SHS4 338 g Wi f SHsamge J G w | Shiat S04 3 ~3] SNS4ot R Wi SNSILOL P iInTiTS
D SNTISH [t 3HTIH0E g SNIL Soé JTN SN I N SNTILO4 Ji|nEfT2
FASAECH FO9508 01 FASaCE £ MINOL L, o F oo vt fense [33 P [Fusa0e,Fvanos |0 F 2
FAIRCHILD = v 1% FCIIR0E FCYrod [ 7 (o] ECCMEETIE O G0 I ) G G
RIS L § M C34D4 L F
MOTOROLA 08 NI SHTLSN Pl MG (3
NS.C M34H04 INEn OMS4L S04 OMEW4 JTINL] [waf chsaLed JINE] JFE
< D504 Pl oML s OM7¢L S04 OM 1408 3L {N OM 1L 04 3TN T F 1
PHILIPS NISCE ] *114H04 ) NI4L S04 ] F IH2¢1/140¢ 'L
534504 CUjai Wil 35408 F L&l W ¢ $5404 F{lAl W
SIGNETICS e Fijail Jw|emon FT{ag) NTLSH a T 1804 FOIAT)
SIEMENS oAt T
FUJTSU TR vy uBin T
HITACH ML ST [N HOTIL S04 P I H“OTe08 HCIS22 | WfPT
MITSUBISHI i=eomy ] ML S04 P M51204 Pl
NecC 14500 cn TaL 504 cT »PB 23S oD
TOSHIBA T R
Elactrical Craracteristics SNS4LSO4.SNT4LS04 q
BB3iLie B 1mum calUngs 3ves cperating freecaw lamperature range
3 tew vvar oz 1 v € wrorrag mee v SNSILS ~58C e 1T T
TS T s <ov 0 oy ewries oy~ ' Schematics (each gate)
- ¥ $ age e e itue wg -UT w we
reccmvended s0eraling conditions . .
SNS4LSCH SNT4LS04
N NN MA R N NOW MAL b .
Soev . @ oocC X3 < EX) o 3 s n v
™ “ie ~ w0 at K
R : il !
T o8y ey emampes g oy 18 ] » . ',
electrical craracteristics over recommended oparating !
free-air ‘ercersture range . !
PARAME TER TEST CONDITIONS f [ MIN TYP § Max ] umiT
Viy MR gem Ll 49t v 2 v
iy Low eval rgut « 1.2 3 9.9] v
_Vi lgue ~yep RN X 3Bl L) L ) Wriv vV
SR . VL (MIN. /) m vy man,
YO MR ssme oottt v, tyge I MAK L2 N v
art e eve YeC MIN, Vg2V, . Irput clamp diodes not en
e L S I ] tng * AmA ot v INTAL /INTAL " circutts. $04 CIRCUIT
W ingut currest i Ve FVAX, vy= IV W\ [ ‘04. ‘LO4 CIACUITS .
LR L E- T . Y
Hiy  Hgh evel rpot surrent VOQ 2MAX  Vim=2.IV 20| ud .
[ Y Lo evnl vt et Ve TMAX. Y. 0 &V -0.4] mA ] ) . N
“Srortvwoat [ saus Fame | 20 - 160
[ -
oS ou'sut current ¢ Vee =Max [ LS Famity | ~20 =10 oA
ICCH  Sunty cuwrent . 131, outputs hgh .2 2al ma . v
»MA .
1gL _ Sun.y cuvrent e T G D
Avera)a pw Jate . .
1 Suorey current veg =8¢ 0. mA :
¢ . CC =37 | 50% cuty cyeted
Propagatior dalay tnra, .
s s ) C
M towtomgrieet ot fveo sy,  Thezsc. il B :
Progagation delay ima, Cp =I15PF, AL =2KQ N
10
s i
Pin Assignments (Top View)
® )
VG $A &Y $A Sr aA 4y |v 4 &Y oNO §Y sA nv . i haadd
il n).01 uL[v] o [0 n L[t A E A
Ld ' :
R W 1.
P’I le ﬂ>—l | P1 c by . 104 cineurt 1%
[ GO 1 1 [ o . N
tA 4 74 fv 1A Y GND A IV 1A vge n :v u 2B T O .l i
. (O A . N N
positive logic : . . K o . . oot . L
LY ' . “ T  Resistor values shown are nominal and in ohma
" 1For conditans shown 23 MIN or MAK, use the 80proonate vale specitad under uuum. : L . ‘,

" BAU tymeat vatues are 3t Voom SV, T4 m25°C,

*No1 mora 1030 e outPut shauld Se shorted at a hime, Ind 'u SNSIM' /SNTIH" and suscs‘/suns anm ot mavwmd shauid not naul 1 sennd.

o . . .
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" PERIPHERALS *MSMB242BRS/GS-VYK/JS

PIN CONFIGURATION

ot

-

-STOP
o,
ALE
A,
ta,
< ‘.AI.
Ay
"..a'b,,[z
“ona 5]

[ R EELRLELR

N

18 pin Plastic DIP Packege ™

B VYoo

ki
1 XT.‘
ch
o,
[0y
o3

: —jm;

.REGISTER TAB{TE

T Address input

et . . -

Osta Inputfoutpur - <=
CHIP SELECTS 0, 1

- READ enable - R

WRITE enebie

© Aodress Iatch ensble

Standesrd pulse cuput B
XTAL oscilistor input/output

CEA5V supply s
© ground-

PN Taer Jin

Adaress (nput *,

- Register . |.

Tons CHDHC'

Note 3) —

384

BUSY bit is read only. The IRO FLAG bit can only bc s-e' t0 & "O" Setting the IRO FLAG1o 8“1 is
dom by hardwara

Figurc 1. R.gin.rnb;. '

Addrass 1 ;. Name., g Va'J! T as
tnouz | A A A A, “{ Dy :| 'O, o} e, ] T
. 1 i
0 ¢ 0 0 S, S, T~ 9 | t.second digit registzr |
1 o oo Sie S Q~5. i.'.O—second Slgit register ;
2 oo |1 ]o- iy mi; 0" ~"9 *| 1.minute digit registes i
3 0,i 0 figln miys L {mite | 0 ~ 5| 10-minuie digit reaister I
4 0j1]o. e ey 0.~2. } s 1-hour digit reaister.
- : o~z l m/AM 10-hour digiz-
5 R U SLTHSY LTI “or0A 1 e registero o
C 6 o l1].1410 & e, 0 g | g ey digit register-
: -7 E I S B I -1 Gie 7| 0.~ 3:H1 10-cay digit register l
. = « | PRI EY L AN -~ -
I A - 1 ]o.1:0000 MOy - MOy, 0™ ~"9 .| 1-month digit registe- !
. e 1o 0 i1 T o 10 =1, 10-month digit resisser ;
) A 1 16-7.1: (.0 Ys Y1 0~20 1-year Gigit register
, g 1o IFer = Yie Yia 0 ~.9.| 10.year digit replster *
- ¢ tfsvfoto Wt w056 ] week register
o | e BUSY. " Control Register D
- JrAREN ot
o T fTReT e semel oo
E Tty '0 4 wl /STND MASK| . o | -. COnUol Register E
F SRR IV IR S TEST | 24112 | STOP | REST|%L. =t ||« Control Register F 1}
. REST » RESET ! T e ) )
- ITRPT/STND = INTERRUPT/STANDARD -.|._ ... . - e e
Nots 1) — Bit * does nat exist lunreco,‘mzcd durlna s write snd held 21" Q" durmg ) rud}
Note 2} — Be sure 10 mask the AM/PM bit when processing 10°s of hour's data.
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"OSCILLATOR FREQUENCY DEVIATIONS . -: o

e

TFigure 2, Frequency Devistion (PPM) v3 Temperature

Figure 3. Frequency Deviation {(PPI) vs Voitage -
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Note: - - 1. The graph: sbove showing {requency devistion vi temperature/voliage are primari!y.cha}enerisxi: of the
- MSMB2425 with the oscillation circuit deseribed betow, « -y, 70 Vv - ST 2N

Crystat: Type N, Py by kinsexi (32,768 KHzf”
U i 3 Qusl FRS
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x PERIPHERALS - MéM62428RS/GS-VK/JS o

ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS

Parameter Symbo! Condition Rating Unie ﬁ:
Power Supply Voliage Von ~0.3~ 7 v ;
Input Voliage 2 Ta=25°C GND - C.3~vpp + 0.3 v i
Output Voltage Vo GND - 0.3~Vpp +0.3
Storage Temperature . TsTG —~55~ +150 iC
P e L - t
OPERATING CONDITIONS .
- Parameter . Symbo! .|} Condition * Rating. . - Uni j
Fower Supply Voliage Vbb - 4~8 i
Standby Supply Volizge Vaak - “2~6 - v . '
Crystal Frequency  AxTy - 32.768 RN kHz2 i
Operating Temapersture | Top - —30~+85 ‘c ‘i
D.C. CHARACTERISTICS ;
VDD = 5V 2 10%, T4, =.~30 ~ 485 '
Parameter Symbot - Condition * Min. Tyo. Max “Uniz Appliczble
. A Termins!
“H" Input Voliage VI-H1 - 2.2 - - A, , A% mput terming !
“L” Input Voltage " |. vy 1 - 0 - - | o8 | 3ls except CS,
" G b R T TYN R Input terminats,
*trout Leak Current ¥ 121 k1 3 “INFe - et [ s - other than
| Yol L\l St~ Vet L AfTHA D, ~ Dy
faput Leak Current™ | = I g2 ; |- AN Lk 10/=30 -+ V- D, ~p, |
T L Output Voltage s Vorti: loL = 2.5mA N ~ 0477 T
“"H" Output Voltage [~Voy - | loy = —200LA - 2.4 L - -y ‘Be~By .
“L" Output Voltage [% VoL2:- | loL = 25mA.- - ~ .04 - \Y

"OFF Lesk Current

[Fioreie

V= Vpplov o

< - STD.pAI‘.:'.'....A

I LU TS

Inout Capacitancs - |, ¢ ,.I"?‘m frequency. W S PE . - Al ir.mu:
- ) L T IMHz - terminals
. Current Con- "N fixa) = . vVpp - Y 4 -
sumption [E'00" 133368 ey | - R y N :
Current Con- . ;'.,3"'-1'2 KHz .. IVop~ & HA : VDD'”
sumption s oD Tp=25°C 2v. - | T vy Lo ’
“H” Input Voltage |+ V42 S, i | 4/5vpDp - - T
“L" Input Voltage ° oDV T T sven |V -
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u PERIPHERALS - MSMB242BRS/GS-VK/JIS =

SWITCHING CHARACTERISTICS .
“{1) WRITE mode (ALE = Vyp)

(VDD =5V 2 10% = Ta = —30 ~ +85'C}

: Parameter - Symbol ~ Conditlon .Min _:N;ax Uni:
"] ~.cS, SetupTime s - iem o 2 TRirY000 2en —
Cs, Hold Time \CiH - - 1000 - :
- Address Stable Before . c
CIWRITE il - e AW ¢ - . 2 T n
Address Stable After G
A WRITE -+ - :'A’\W} - : .llc .- e
“I” WRITE Pulse Wigth CAWW e =T L 2120 b
* Dats Set up Time " 1ps - - s e 2100 0 R
) Data Hold Time DK — 10 O
cs, Vinz :__]-ﬁ E X \T\__
A=Ay Ving o -J f— bt - _—1 N
S Vi "—uw-"i terw U :u::f:fs‘\;
e W A e oo
Bo=Dy vy la\s;—l-.——.-1 -!,,/ 4
ONPUT) - Vit AN T
.. h 4 !
Figure &, Write Cyctle — (ALé « VDD) = @
(2):WRITE mode (With use of ALE] :
U Wogesviigs Tes-30
_ Parameter ) Symbol Conditign Min, +Max T Uni
" €Sy Setup Time teis” T - - 1000 - 3
Address Set up Time tAS - 25 i —
‘Address Hold Time 1AH - .25 y .
ALE Pulse Yidth AW ot 40 -
ALE Before WRITE tALW - 10 - ns
WRITE Pulse Width -~ tww = 120
ALE After.WRITE WAL - 20
DATA Set up Time ps - 100 -
DATA Hold Time 1DH - 10 -
CS, Hold Time » \CIH - 1000 -

b ]
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- 1
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-
X
i S A LR

i l—tau

. ViR = 2.2V

T T U . ViLy = 0.8
ALE : 4 \
vity.—=— ' —

(I Vixa = 4SVpy
L"AW“'“"""ALW | war—

Virs = USV
! ViKY tay |Y =2 oc
wWR A . . L
Vity— [ _1;...,,, “ : .
. tos |5 | >
D.-D, V|H‘._. ., — - J—w—————_- -—-——-. .
UNPUT) Vi q-=— ., - ——— (| T T
R PR - . T L .
. Y- . - -
. . K N T HE .. .
Figure 5, Write Cycle — (With Uss of ALE)

(3) READ mode (ALE =Vppl- L
Wop-svaten, To g sesrel T

. [
* Paremeter- Symbc’  ; °  Cendition b Min, T Max, Univ

CS; Set Ly Time 'S wec1s | N 22 T 1000

. CS; Hold Time ST vk \ - 1000

Adaoress Stebie Before " .,.¢ . 2 . [ R \ .
READ weembe VAR L)L i, . .20 . B S Lns..

A 5 1
ey 1
= v Address Siable After . 2 . 3 ' ‘o 8 .
: 5 REAC H RA .. r N e Ca N N
§ -

' G 10 Dats '. -_‘_:AT.I. 1RD = .“Cv_'1500?“” SE=Ey v ‘ T R

Oata Hold vl RCE U PR 0. .} = |
. | Y ; ' e

o '

B A . .
D - PR L) - .
. s A - Vil = 2.2V
3 S acd P e 1 ViKg = 2. '
- A~ A, | : L : = ViLy v 0.8V -
. N W X A\l T ceere o ViMg = 415VDD!
: s g ! VL2 T Vsvop
“-—-“’.‘_‘VOH'ZJ\’.: .
RO L VoL - 0BV,
. - D.~0,
:. . IOUTPUTI - L Wi
Figure 6, Read Cycle — (ALE = VDD) e T -
388
}
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“-ALE Pulse Vfidih -

AW

.. 7| ~ALE Belore READ |, .

tALR

LALE sfter READ™T

tRAL.

“ | ‘RDtoDeu -7

AD

| iDATA Hole Hni we

~- DR

: - CS; -Hold Time -aiv Linviee

a0

S £

1CHH

LV

IR

“Figure 7. Read Cyclo — (With Uss of ALE) .

L Vi s za2v
ViLs = 0BV
Visz = 45VpD
Vil = WiVpo
NYou = 2.2v

VoL = 0.8V

o

Deesnael ot
A
-

A

N

3. 4
3.
'
" i
[
i

» .

.

Ve
ry

e e emeees v FCAIFACAALD "M3IMDZLAZBHD/US-YR/JS &
(4) READ mode (With use of ALE) A
(VDD =SV 210%, Ts =~ —30~+85°Ci
. T .o P
Parameter- | Symbo! Condition M, * Unlt
'CS,; Setus Time - 1c1s - 1000 -
B SAddress Setup Time * Tias - CREeNl o _ \
. | Adgres: Hote Time - CAAH ~ Nehn 25~ 1 . i
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PIN DESCRIPTION

No. o
Name R:In] OGS Description
D. 14 18" .
. D, 13 ~1E - Dats Input/Output Dir{s to be directly connrcx.ed t0 3 microcontrolier bus for
D 12 s " reading and writing of the clock/czlendar’s registers and control registers, DO = LSE
i . ang D2 = MSB, !
‘D, 1 1“4 i
. A 4 5’ i . RN
A 5 5 |7 Address input pin for use by & microcomputer 10 select Internal ciock/esiendar’s -
! - .. repisters and contro! registers for Read/Virits operstions (See Funcxion Table
. <A 6 91 + Figure 1}, Address lnput pms AQ-A3 are used in combination with'ALE for -»* <4 7¢
. A 7 10.|  Bddressing registers. . .
3 Address Latch Enable pin. This pin enables writing of address dstz when ALS = 1
“3nd TS0 = 0; address dats s latched when ALE = 0 Microcontroller/Micro- - v
""" processors having an ALE outpux should ccnnect 1o this pin; otherwise it shoule
be connected 8t Vpp.
.WR 10 13 .17 Writing of data is performed by this pin.
. \When CS; = 18and¢ C5¢ =0, D. ~ D, data is written lmo the register 3t the rising
.t edae of WK,
RU - 8 -11---1-  Reading of register dat3 is accomplished uslng this pin Wien o, = ' Sl =0
- - Coeen snd RD = 0, the data of the register is output 10 Bo ~ D,. i boih KD and WH 2re . |,
set 21 O simaltanuousty, RD is to be mhlbued :
Cs. z 2 Chip Select Pins, Thess pins enable/dicable ALE, KD and WR operation, T3,
cs 15 20...] .. #nd ALE work in combination with one.another, while CS, work inpepencent
e -1 with ALE, CS, must be connecxed to power .a;lu'a detection as shown in Figure
. i 18, .-.....,.'. .-...'.--.-.---» I
< "STD.P 1 ol ompm ~Nn ol N-CH OPEN DRAIN type.. The output data Ix comrolled b/ the
% . D, data conte..* »! Cg register, This pin has 8 priority to TS, and C5;. ° e
- 4 Refer to Flgure S ang i TUMCTIONAL DESCRIPTION OF REGISTERSE " ™"
tXT 16 22 : 32.758 kHz crysta! is 10 be connected 10 thess ping .
y YT 17 7. Yhen an externsi clock of 32,768 kHz iz 10 be usea 107 1.'ShE242's osclitation ..
A3 : ‘ ! source, elther CMOS output or pullup TTL output Is 1o be input ireT XT, whlle
. XTshould be leftopen, ,, " . e e WL L
- AR VDD'.: RN 24;_::' Power supply pin, +2 ~ +6V poweris 10 be applied to thispin, =«
1. GND 9 12°¢f.  Groundplni . o - N T
- ).
e R F oo
| .,
. GNDOR Vs
. . ' €, *Cy = 18 ~J0pF ’ . "
e impedence of the crvmal shouid be bem then 30k (2
Flgvre &, Omiticrer Cirow® . Figurs §,
3380 .

-

J
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FUNCTIONAL DESCRIPTION OF REGISTERS

»n -
S, 8,0 Ml ML H,, Hyg: D, Dy, MO, MO, ¥y, Y, Wi
NERTI SR v V) : - . .
' N Tnne ere abbrwwuom for SCCONDI SECONDIO, MINUTE‘I, MINUTE10, HOURT,

back.

LR

..d !

A eaees tonma am,

Py
.

[ S
-~

| N

oa ot

LIRSS

e

1{) “*‘The ﬁeb»slerw data Hm: 1 are 0-6 (T;ble 1 «hovw.

sl eee emuaes

E g ebpee———ye

Fldeead ST Q40

(SZ, 54, 82, St = 1031 which means 8 seconds,

)

HOUR10, DAYH,
: .DAY10, MONTHI, MONTHI10, YEARY, YEARID, snd WEEK. These vaiues ore In BCD nciation,

b) 7 Al registers are logically positive. For example,
c) welf data h wrmen whkh Is out of the clock regmgr dste hmlu l' can result In erronaous clock data being reac

“in 1he mode unlnp of 24hour rnodc PM/AM bit Is lgnoreu while In lh! xe.nng of 12-hour mede by h 1o be
* set. Otherwise it csuses a discrepancy.In rseding out ths PM/AM blt In the 24hour rnode it Is continuously read
: out &3 0, In reading out hy,-blt in the 12-hour mode, 0 Is wrltten Into this blt {irst ,'xhen e ls con.lnuouxly read
ou( asOunless 1 s bemg writien Inlo this bit, 7
Regmer: Yi, Y10, ‘and Lesp Yeor,
‘of identifying » leap yesr sutomatically,

CFENIFIUMNALYD " MOMODLYLDNO/IQO" YN/ JO K

The MSN‘62423 ks de:»gned excluswely 1or the Chmhan Era and is cap&ble . B

The result ol the setting of 3 non—cmtam day of .he month s shewn in 1

'..". .1.". herl

3 posslble dau de.mmon)

" the following exsmple: - H the date Ftbruary 29 or November 31 198: voai wrmen It would be chan;ed?
automaucallv 0] Match 1, or December'1, 1985 8t the’ exact time 8t which- ® carry .pulse oceurs for th-

: ...A,.,_h_,-“'.‘:..._w...........,'..‘....,.... e

lerieowg .o . "
T © 0 | ; :
¢’ c- i 3 “Mondey T ¢
-0 ] i et i Tuesday foee
e ¢ 1 ! Fof 1o v wecnesday L s
A ’ . \ 0 Tttt Thursday -
y S il ¢ ! o b S - Friday .-
“. S )N i 1 ‘ : + Saturcay 7%

Dnoreea nn

et
IR B SRR

YES

| eepisten §, ~W"

N Weite gstalnto _,
) or Revd Sats lrom

HOLD 8 =0

.+, bot Using KOLD Bnt

e i
K ', Den of
onn ~ 5~
-‘_ Y * Pagpltter

.
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Fassing Method 2 wven Not Using HOLD 8 . Reoding bethod 3 wian ot Luung HOLD B

!

Ineilsliz s1ron only 1 ooww ON [ SRR IrOn vy ot powrr ON

f, —— . €1 png 2 erpresent ne mlnlm.,muoulnd %1 1 T2 tepresent e Mo reeuites
- ) —— "3 . el ° . e s 4 —— 1 (e wait, -
STRPISTNT m~ t : , Fotexerou: . A 1, e— 2 . For evomome-
MASK 0 7Tt = 0endy, -\..«.....wme-e- o ITRPTISTNG= g {777 2 0ency, -\wnwh—clou
— 1 unlt of moane: A WASE, ey | wnlt of scond;
- s 4 LT iensy 'O-Mnr'wlrwie-:, . SNt gy, = O v rvoulec 108
' unl of minute: snc . wnlt of menvte; ¢

1, *1en05, * L smenieouind 1o CPU smntt the ¢t = 1anC 1, = | when rsauired 101
wnll of hour . | Mlerneton.  ynh of hour

PRSI . est o0
Rarrag 1he reading, pnce s

L2y LCTUTTRG OUring 1N
cosration.

s 'Irq other IC caner
<1 ehenienvavoe, .‘~
l B
e T imervouon it et by - H
thiz 1T ove 10 11 ccturmenee
©f o carry,

iNored. De thit procets swithin the {oloming

Time FrcuImenll Dy tobinstion «

between i, ancy,

—-—— - ,TN tRT FLAG i enevo e
se= - FEAG Ihe rexi AbTe Cats,

“Cendt, =1, Lens mm 1 lrch
1, ~isna3y, - C. . Lest thin § minuce
L lendy, s Lot than t hour

o MTHODALOOE - 2 ceeim o eaen ans
. 14 ROUR JD0E At

1a.

] CD F{‘:G!STER (Comrol D Regls‘e )

a) HOLD (DO} —

P ?
-

b) BUSY (01) o

) 230 ADJ (D3] —

1]
+

382

c) IRO FLAG (D2) = |hu slatul bn cS?responds 12 the output ievzl ot the STD P output, When STD. P - b th&rx

. 10 the microcomputer if IRQ = 1 When DO of register Ce {MASK).» 0, then the STD.P outpy
‘changes according to the timing ‘set by D3 (t;)'snd DZ (1,) of register E. When D1 ¢f replster

. I

C Gt
Setting 1hxs ‘w 1o a “4** Inhibits the 1Hz ciock to the Si coumer 8t which time the Busy steiuy

bit can be rca:‘._Wnen Busy = 0, register's S, ~ W can be read or written: Curing this
procedure M & curry occurs the St counter will be Incremented by 1 seconc efter HOLD = C
{this condition is guaranteed as ‘long as HOLD =. 1 coes not exceed 1 secono m durstion}. !
CS‘I o 0 (hen_HQLD 0 n.resavuve c! lny condition,

S1axur blt which shows® the’ interfecs’ condmon thh rnuoaon:roller/m» ooro\.exsors A tor
“the method- of writing into and readmg 1rom S, ~ F‘ (bddress ¢ C:, refe 1o the flow chen
descnbed |n anure 10. - \\i

oY r\‘\r Sppet 74"?‘{:/?

i

IRQ =~ 1 when STD.P =1, then {RQ = C, The IRQ FLAG indicates tha: an interrupt has oceurred,

(ITRPT/STND) w1 {interrupt r'\ode) .the STD P. outout remsiny Jow: untll the {RO FLAv (Epe

.wrmen lo ] “0" When IRQ =i1 anc ummg for & new interrupt occurs, the new interrupt

lgnored When. ITRPT/STND = O [Standard Pulse Output mode} the STD.P output remains low
until sither "0" T wrluen to ‘Lha {RG FLAG oxhemue 1he IRQ FLAG auvtomsticelly goes xc -~

"'0" nlxer78125 msto L

Vihen wmmg the HOLD or 30 second adjust buu of regmer D it it necensry to wmt lhe IRQ
FLAG bn tor 'y’ . i ) . g
When ’Q—second ad;u:tment h necesury, is wrmen to bir 03’ dunnc which ume th-
lmernal clock r-giners should not be read {rom or written to.12501s. after biy D3I = 1 it w:l.'
eutomaucauy return to 3 "O" and m that ume readmg or wrltlnq of r&gmen can occur; X

v . R X
. e EERECIS B b e

e e e o

e



# PERIPHERALS - MSM6242BRS/GS-VK/JS &

T = { START . sTaRT }-
b -
s “30-SECOND __ -~ 30-SECOND \
o : ADJBIT =1~ =t ADIBIT 1 e . 1
i . L. . \
0 : RSN O 1 It
o ~-READ 30-SECOND "
ADJ BIT .
."
B!
. . . i
9" . ‘. ’ E
‘e S P e j - .
T xl CE R::GISTER (Control E Remster) B .
TS o ’X)o -
s}, MASK ( Trns bh controls the STD. P outpus, When MASK = 1, then’ STD P e 1 (open) when MASK = 0,
: ) y 1hen STD. P - oulpu. mod: Tne relauonsh:p betwee'\ the M ASK bh and STO.P ou'pu. Isshown ™=
4 : Figur:iZ ¢ . ' 2N LR -t
) INTRPTISTND (D1} - The lNTP\PT.’SnND inpu. Is L;s,ed__x_o_:_v_vl‘h xhe STD F’ outpux b'tw“en fts two modes
i ‘0! operation, mierru:n and Standerd ummg waveforms When lNTRP: IaTNu Oe hxec cycie
i

hﬁowm
.. the MASK bit must equal 0 wh-le the penod in either mode 15, de\ermlned by TO(Dz) and T1 (03)

.of Repister E,

S ..-‘ ...'... - o .

c) “TO lDZ) T1 (D3} — Thess two bits deurrmne the period of xhe STD P oulpu‘. In bolh Imerrum ard Fixed timing
wavelorm modes. The tables below show the timing assocnued whh\he 70, Tt inpuls as well et
menr relationship to 1N .

TRPT/STND and STD P Lo

MASK BIT ¢ ﬂ

“1" “INTERRUPT- DOES
) ( uo: OCCUR BECAUSE

HaSK BIT t5 "1

. k-ﬂ'«'lll'l( SO INTO IR0 FLAG 817 |
- «INTAT/STHD 8iTe*1"-4 . - 4

=) K3 LOW LEVEL BECAUSE
CMASK BT © l Lron. I l“‘“‘-"' L

T STD.P e

" sT04 OUTPUT & é 3 X orew Ly
1 St
\ E"—— Low LtVEL ]
e MINTEARUPT= TIMING

*+ 1 TV OUTPUT DOES HOTOCCUR

ﬁ*v N

TrU-». : F 4 ¢
.

o2 ves

LOW LEVEL
2 OUTPUT TIKING
AUTOMATIC RETURN .

-
S

INTRT/STND BIT ~~0~

.t

Duty CYCLE of “C™ level when ',';

-
elog ITRPT/STND bit s “0". v . t30r
1/54 second A ¥ 7 S
1iecond -+ 0T L1128 ¢
.1 minute a5 7 ean17680 i
. 1 hour 1/460800 ...

" .TABLE2 - %

kS

-



The timing of the STD.P output designated by T1 and TO occurs the moment that s carry occurs to s clock digit.

P .

{EXAMPLE) WHEN 1, = 1,1, =1 and MASK = 0,

£

s | w20 [, PMio0 oo

S et I .o a |

C i open
WHEN xmp'r/smo =
BIT is 1~ /—l_....._ . l_

- -~ —— LOW LEVEL
“§TDP OUTPUT e . l ;
WHEN nin/smo\

BITIS'(.) —U : — U—- —opEN""T

LOW LEVEL

d} The fowleve! pulse \Nldlh o{ the f)x:d cycle wavelform (lTRPTISTND Ol s 7 81 25 ms mdependeru of TO,’TI
inputs, . \.... -

R, PO . .t -~ P
I .

€) The fixed-cycle w—ave!orrn mode can be used for adjustment of the osculla!or frequencv nme base {See Fioure 14)..

{) During £30 second ao’;unmem 2 carry can otcur that will cause the STD.P oumut 10 00 low when TO/TY = 1,0

or 1,1. However, 'when T1ITO 0,0 and ITRPT/STND = 0, carry does not occur and the STD.P output resumes’
normal operation,

g) The STD.P output is heid ((rozen) at the point a2 which STOP = 1 while ITRPT/STND = O

h) No STD.P output chanqo occurx as aresult of writing data 1o registers S1 ~ H1,

{0 -a). RES: (DO) s 'used to clear 1he clockx ln(emal dmder/coumer of Iess 1han 2 ‘seconé, When
e “RESET" "REST ~ 1 the counter It Reset for the duration of REST. In order o release this counter from
R’-set a "0" mun bs written 10 1he REST bn I{ CSt = D then R:ST 0 auiomaticaily,

b) STOP (D1) ~ Tne STOP FLAG Only mhubm carries into the 8192H2 divider nage There may be up 10 12?J.s

.. r delay be!oru ummg starts or stops atter changing 1hu ﬂag, ‘l - STOP
. el t o " \ .
. i LYY &4 ~ STOF\B!T~--.:~._0"~ A W ].l g - l l o
TIM.'!NG'O'F x e :
SCARRYZ yudfow o 4 1 1 ) ,‘ l . S
T0.8192H P i IR A
‘CARRY ExECUT‘D’
* Fioure 13 ! "CAhR_Y'.' NOT Exscu*reof i
— g ) et he . 4 t
‘, -'."l K :1 1 .‘:..-.'_... BT CoEe Ny e - . . [
- Vi .

€} 24/12(02) — _.Thu bn lx {or selection of 24n2 hour time modei. 1f D2 - 1-—-24 hour mode is selrted and the "

I PMIAM blt is Invahd If D2 0-12 hour mode is seiecled and the PMIAM bit is vahd

L 24 HOUR/ - Setting'of the 24/12 hour bitis o follom wpusto
2 32 HOUR” 1)1 REST bit w1757 1 1l

S ©2).24/12 hou! bu-Oor R

- 3) RESTbit =0 .

* REST bit must = 1 to write to the 24/12 hour bn e

d} TEST {43} ~ When the TEST ﬂag Is 2 *1°, the input 10 the SECONDS counter comes from xhe coumsrldxvlder
“ stage instead of the 15th divider stage. This makes the SECONDS countar count at 5.4163KHz
instead of 1Hz, When TEST = 1 {Test Model the STOP & REST (Reset) {isgs do not inhlbit
internal counting, When Hold ~ 1 during Test {Test = 1) internal counting 1i Inhibited: however,
when the HOLD FLAG goes Inactive {Hold ~ 0] counter updating is not guaranteed.

T
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TYPICAL APPLICATION INTERFACE
ROCONTROLLERS

WITH MSM8242B AND * -

| MSME2428

—:

; DECODEN

P
H

D,

D:

DASA

D,

RZASEN

i

*DECODER,

g

HES
o
. I' t

MSMB2428

. A -

“r

MSMS242§

| ]

C,
C,
O,
Ce

Ay
Ay
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I IVAAL

o ot

.- —;L LITHIUM
~ BATIERY

4.7 P lian1alum)
— :

==
—
=

+ TMSM
BOC4SRS

r. DB,

Vee oLz 08,

Ll ps,
08,

T, < D8,

*IVEWD - co3vi ,
ia. GERMANIUN

) LE“ DIoTE

LYAR)

SNn3

6112

—=4 /D,
F7AR]

AlT,

T

NSk R

R

V_SS

9
L

J
. i p
c=e- | ITD32.763 kima
. s A BT L I
<7 [18 e

TRI=2n2207 "
TR? = 2N2¢Q). . °
TR2 - 2N2222
I‘ * . incre,, T

. - “RS232 e : !
- ... Oezs \, TRl SRR s =R
. CONNECTOR. 7. ?—_L ]
kN = \
) - . Flgurs 18, % ' "
. PR .- . i ‘
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.1‘.‘Power'Su'pp~I'y b R S

APPLICATION NOTE

x PERIPHERALS - MSM62428RS/GS-V)§/JS x

Vep =5V

T DL et

“-TsTOP’
U

“irPower On - = " Quiout = unde{med

! :T'jTéST'Bit:—*-O.}:: L
Al UREST Binre-t Y| - -

24112 Bi <1
TISTOP Bitv ey i) e

HOLD 8it ~0
STO? Biy = : . )
- N NTT77.7; R
1] !
- o ’ ’ U .
) ' Swart Operation e

2. Aojustment o’f Frequen'"y

. Voo

Co.Cr = 10.0,0,0
£+ {,.1,.0,0)
S10¢

Frequency

‘Cp~ CF 8re 10 be set 8t es described in the E
~figure end the capaclior is 10 be adjusted e
to meet the settie {requency of 1, and 1. ' R ST
H the nght osclllatlon cean not be obtamed, oy
‘l Check the waveform of XT

2. Check’ Cp ~ Cr content
3 Check the nolse,

£, 2 0.3 INCH
2 0.2 INCH
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e

R L O ] PN

Frow

3. CH‘I (Chip Select)

ViH #nd Vi of CH; has 3 functions.

s} To sccomplish the interface with a microcontrolier/microprocessor.

b] To inhibit the control bus, cats bus and address bus and to reduce inDU1 gate pass current in me stand-by mode.
¢} To protect internal data when the mode is moved to and from standoy mode.

Yo realize the above functions:

2] More than 4/5 Vpp should be apolied 10 the MSME2428 for the interface with 2 microcor.

trolier/microprocessor in SV operation, .
b) in moving to the standby mode, 1/5 Vpp shoul* be applied so xhat all data buses should be

disabled. In the standby mode, approx. OV should be appliec.
¢) To and from the standby mode, obey following Timing chart.

To Standby Mooe . . " . . 4. From Stnguy Mocs

A
T

or

4. Set STD.P atarlarm moce

. R . > ¢ o Y ‘e . '
gy . R R et Ser stasm 3t 9:05 .. ‘o weer o
N. C MAsSK BIT <0 T T L '
' ol ITAPT/STNG BIT + 1
e ot =8 . tea fna et ‘e
Stsrt interruption -
«  CPU Activation ~—
-~ R ve s v e’
1
at B

. ‘Rn:!- Hie e’
H, Content

Al LI
L .
] YES CPU HALT * ?
'l or —J .
! . CPUSTAND BY ' SRR
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TYPICAL APPLICATION — POWER SUPPLY CIRCUIT

SRIPPLE L L. -
S OPERATING! 20 mv pop .o .
= "ABATTERY BACKUF:

Ve AT .0y -

-

E . -
15X 2.2V
DRYCELLS "=

< 4.7 pF:tantalum

SUPPLEh NTARY DESCRIPnlON
O When ""C" is written 10 the' IRQ FLAG bit, the. IRD FLAG bll is cleared However if "0 is essigned to the
IRQ FLAG bit when written 10 the other bits, the 30 -s6c ADJ bit snd the HOLD bh, the IRQ FLAG = } &nd
was genereted before the writing ang IRQ FLG = 1 genereted in & moment then will be clearsd. To 8void
"..1his, slweys 56t '’ 1’ 10 the IRQ FLAG unless ¥ “sIs witten (o h in:entionelly. By writing **1** 1o it, the IAQ

. "FLAG bﬂ does not bocome S y : A :

o" Smce the IRQ FL.AG bn becomes i A ln BOME cases when rewriting either of the \., ¢, of ITRPT/STND bi
.of register Cg, be sure 1o write w0 10 the IRQ FLAG bit after wrmng to make valid the IRO FLAG = 110
"be generated after 2,77 - : .

. 0 Tne remion:hlp betmen SDT P OUT and IRQ FLAG bh ls shown below

A .' . - open
STD. P OUT . U- . e

‘RQ FLAG bit “y .
¢ . .

""‘H*‘ spprox. 1.85 ms
. . - 3992
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