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Rp = R1/R2 Rp = R1/R2

U 2.7 tamIpsnasudyg e mfruanainda ingd
1] e rd 3 ) s; { a‘
dmfuiriinmialng (Guard Time ) hminsie $11una1vennuiidunfeesdoany
' e a t Syy o ’ ¢ w 4 o d v )
mifu nIsmannynnaa i Tas RC Afle nifamikiues dedygnaniuddhannuriidunis
' a : o o i : ' teg -
winaTnaias 1 ezemnsaunlasduiiey I8 ddgapanau@dundundifie: biffnsosasia
¥ ]
thraveen I mansnauazmsanosnay Wongli 2.7
4. PINYUIUTYYIUATNANNANR ( Difference Input) 1995TIUBUNNUBL MT 8870 Slunin

vngsetueniltaunsalfudanmsvnennuuandnuedunnuas Sumuaud Wil

10



TG W T Vi W

7 ™

ntes7e
c1 R1
c2 R4 L +
— g
RS IN=
R3 ~ A
L. Gs
% R2
Uref

JUA 2.8 1EAINISAD1NI ANV BAYINHANULANAI

MAVBIAIUUANANAIUDUYN
Cl=C2=10nF
R1=R4=R5=100K
R2=60K,R3=375K
R3=R2//RS5
8991980 (Av diff ) =RS /R1

BUNNBURUAS ( Zin diff)=2/R1 +(1/Wo)

] y . h
5. MAMIEIANE ( Oscillator ) Tunniimslulediinsuaiegnielu Tnonisasnse

ABAYHIN 3.579 MHz fiannse dendidnun

2.5 daumsaemsanyInasn

» [] o |q" R *
vninnuiuudIn Insdndudadu twuauduazstuuwad Taslufisiizvena1ideszuy

~ { 1 A o
Tnsfinduuunnudiessdndier dis Insdwiiinisldau femseny

1 . ~ @ . &4 - 2
luTnsenudididimsfedyaeningau Hook Swith vesnise Inadmriut g #ailu Hook

b
' - t -~ . 1 1 4 .
Swith iunaanilaesil asstuenyuaz 113y Tnsdwd I Hook Swith & Asdndiuves CPU erdn

=) o/ o 7/ aQ
VIDUADITHNIINGIN 3 UN 2

2.6 thuntaemoudgyns Ringing

4 Py, . ,
wiovin Tnsdwinteadisugy 5 vindt 18 Iilse gnd 1900 Insdwriaui ez deedinng

- dy v 9 2 ¢ N
Tnseh Taedygnauin s use dudygia Ringing Tone F4lud 11l i Opto Coupler wod 4N36 1.

sz gndld n15¥11991uv84 Opto Coupler s Iinag1f 2.9
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100K

AAA
YVv

G% 4N§

UM 2.9 uRINI3111WY8Y Opto Couples
AHANNITHIUY Opto Counler nf Opto Coupler 3119134 Tnaniswdon I 1T
1 | . Y - A Y 3 -~
wazpuumadiutafh opto Coupler ik ldiveviluanne « Low« Salnfidie bifidayaoim:
. 5 ’ ] e A e ) w R
UERATTA1I: “ High “ dnust iy duWadveun i uas disfidyaadned capacitor 1wgn
4 Q‘! - “' 1] 4 3 =1 § 1 - v < . 1y -~ 1
Usey W00 sunseAausniuinnndon capacitor Wulin NN aTug 198y I bif ueredn ity

o . o ¢ 4 a a o a
tiq transistor ﬁﬂjig’lmlﬂ'm':}ﬂﬂﬂﬂﬂljﬁ\lu’ﬁﬂﬂ: nJu “Low* mxﬂmaumm
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fortuiaz Ingamudanziadas s umswf, nsdwindeuRansan 15 uman# uaz Tnsdny
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manafifuiudan o uasuenmALTRNSAI1 20 UIMANT Wonsentuidanaanlalanieides
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MIvzanas Modamiiumsnaiimrunin
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Tannsimerinissunaieiufuosmdwmunarniins Insdwi dletuanasits 0 v

a A ar O 4 . o vea & g, /4 Lu a
n‘IS‘HUaﬂmmq;muumwﬂmw:mmmﬂﬁwﬂun Nﬂﬁun'lﬂlﬂ?ﬂ"‘m’]"n‘inTﬂ?ﬁﬂnﬁ@ﬁﬂ&u

Yy aa a 2 . a -~ a - “ ' aa -
- IDYU ( DWNUNBY ) 1uﬂ1ﬁﬂﬂulqmzn1ﬂ13“81&[‘11{1\499‘31“ S TNITANAY UNAIDYTINITU NIUNUKAD

y
71 3zneuRu S um semninImiu LoD wxvinisTanthes Tnsiijtudentaez unsumisvite

- ’ -~ a
veanos Insdnimuenmiogyagulii 3.1

g P LCD
LCD umasiuit oo, HueANIoY 5 U v o
ony " D, NAYIIMAY » Iylueiiinuaz
MU0 U MuRBINIT .. o
Tyismaudunnoea
— y
. - TINIWIN 0 UM Tunn < -
Fuiunsy . o~ 1 . A distlmennivme
- MylevuMITUMN [ neeATueRY IMUuoAaIMIY [ .
(&%) ; nAtjueuny
fhdesmanunuine womaing

: a I3 A
319 3.1 imsuwuiimaieuveanes Insdmi

nMITRIEUAGUR 3.1 v ifinndouduudenuanimsindevesd g thiu

4 ~ 4 . . 1d
CPU e Iimummmisdrenmemohuiaguii 3.2
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5
» 34STD
» 1.7
DTMF » 1.6
» 15
> 1.4
, 2 13 3.0 Tx
SENSOR '
> 1.2
6 3.1 Rx
HOOK » 32(INTO)
AT89C205]
11
LAMP 3.7
3.1 (INT1)
3
>
RING

NIT0ONTHY DTMF

TX

6(11)
- LCD
3
N RTC
2
ATS9C2051 g
TIME SET

~ o a 1 ' ] 4 v 4
g]_lYl 3.2 HEMILANNITIANABNIUATN 8181uﬂ80lﬂ§ﬂiTﬂﬁﬂWﬂ

19sduaensia DIMF Tnulflefwed MTS870 tmasstagUi 3.3

MT8870 +Sv
001 100K 18
0.01 4001 2 10
. . 0.1UF
s 100K 3
56K 16 300K
4
f———
N A‘—J—ﬁ—-— a/p
e B 12 o
35795 MHz p
8 ¢ 12 o/p
D
olp

|§'_

~

3

711 3.3 usReNABATHE DTMF
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ATSVNTHVBINISVONIHTNN D@ Y ﬁaﬁﬁmapmﬁuﬂw $111/§42995 DTMF decoder Faia119
odwns MT 8870 huinensvimilunn TamindwtunSaneaniudaun 3.579 MEz dlefinsnn
mingay Insdwiterdimidungm Taamnd e niyvssnnzosamianumnsesnduayiumg
4{n poAMIVT Q1-Q4 ttazTian STD axdad'lléa CPU wodnit 3 inft 4 tﬁa‘lﬁfuﬁ'v'wmnfu'lﬁﬁms
demnvauunds Tofun STD sxfasindhu “1” 9109hu CPU 1211113 scan i1 1d2umasanmans
Lcpae'ly
#74 LCD MODULE

91AMaNN13YNTNYes LCD MODULE inniszgnd anilumiwemanadoyanisenin
To LeD Alihawy 16 ddus 2 ussin Fadhu LoD wwuiisnus Tnohinndeusdedy
AT89C2051 Failuinlszuranatazddoyassnuiumninanie LCD aunsauaninsdousde LCD

U AT89C2051 lidaguli 3.4 +ee

LCD MODULE

D7 DBD504 03020100 E RW RS

19 14 [13 12 11 4 =

e 100B7 ¢ &

12FT i

AT89C2051 14112 \ ;

9

a5
8

34

§UA 3.4 usren1s dearteves LCD AU AT8IC2051
uriau LoD el ludnuenravosmvmanoiing Tnolfimo 14 moiniu Fasuninduy
DTMF decoder erd0a1 fufi fidaatnngau RTC e taRet Lty Senvndudumed Tay
P1¥19T1Y8Y LCD vhinxdl IC e HD44780 vinvuatalusia LCD Tnodeduiln Iilewdst HD44780

~

8
- . - - L4 . -~ -~ 4’
U MxviimsSdndniue s Tnsldaar 10 ms wévnn Tl vDD & 4.5 Toad 1d1vin 19 T nd s um e s

1. DISPLAY CLEAR wrimsaudeyasenin
2. FUNCTION SET Taovydmainotu
- DL =1 : dunisein iy g iin

N =0: iindu 1 ysninvsanIsienIna
F = 0:1Hn CLR = 5x7 DOT
3. DISPLAY ON/OFF D =0:DISPLAY OFF
C =0:CURSOR OFF
B =0:BLINK OFF
4, ENTRY MODE SET  UO =1: (Wufi1 counter 3 1
S =0:NO SHIFT
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* llm)lﬁulﬁﬂlﬂi8\171N'l‘l!ﬂ:ﬂﬂﬂﬁ@ﬂ']ﬂQﬂ')Uf}Nsl‘ﬂ IFUNTNIH DRI NN 5.1
3
k
f Code Execution Time
(max)
Instruction r Description
(whea kp or
RW | DB: | DB« | DBs | DB« | DBy DB:M DB: | DB fosc s 250 kHY)
i )
{ ] Cexr : Clears entire display and sets DD
Display 0 0 0 0 0 0 0 0 ! RAM address 0 in address counter, 1.64 ms
f Sets DD RAM address 0 in address
Return counter. Also returns display being
| Home 0 porf o o b0 0 0 b f *  hifted to original position. DD 164 ms
} RAM contents remain unchanged.
¥
Sets cursor move direction and
» | Entry specifies shift of display. These :
. | Mode Set 0 0 0 N 0 0 ! /D S operations are performed during 40ps
’ data write-and read.
Display Sets ON/OFF of entire display (D),
OwOft 0 0 0 0 0 | D [ B cursor ON/OFF (C), and blink of 40us
Costrof cursor position character (B).
‘ «|
. | Corsor or | Moves cursor and shifts display
Display 0 0 0 0 1 S/C | R/L * #* | without changing DD RAM 40us
5 | Shift contents.
E 4 ; X
Sets interface dats length (DL),
g:cﬂon 0 0 0 1 DL N F * * I number of display lines (L)} and 40ns
character font (F).
4 Sets CG RAM address. CG RAM
Set CG RAM 0 0 ! ACG data is sent and received after this 40ns
¥ Address setti
ing.
-Sets DD RAM address. DD RAM
Sd' “DD RAM 0 ] . ADD data is sent and received after this 40ps
setting.
K
' Resd Reads IlBusy.ﬂl; (BF) bi:dicuing_ .
' internal operation is being ’
:"" ,""l T\J\ BF Ac petformed and reads address Onxs
counter contents.
Write Data .
i | wCGor 0 Write Data m data into DD RAM or CG 4us
. | DDRAM . _ '
.i :
Read Dats
from CG or 1 Read Data :e:::‘d." from DD RAM or CG . 40us
{ | DD RAM .
D =1: Increment DD RAM: Display dats RAM Execution time
. I/D=0: Decrement CG RAM: Chiaracter generator changes whew
S _=1: Accomparles display shift RAM frequency changes
[ S/C=1: Display shift Acc: CG RAM adédress Example:
S/IC=0: Carsor move Aoo: DD RAM Address: When.fcp or fose
RiL~1: Shift to the right Corresponds to cursor address | Is 270 kHz:
R/L=0: Shik to the lek AC: Address comnter esed for both 250
DL~1:8 bits, DL—: 48 * DD 1ad CG RAM address. X 0o
4 N =1:2lnes, N=0: [ Bne
f F =1:5x10 dots, F=0: X7 dots
. BF =1: Internally operating
BF =0: Can accept Instrction
¥ -
j ¢ No effect

M319f 3.1 yaridue HD 44780
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1. CLEAR DISPLAY

RS.R/W DB, : DB,

CCODE 0 0 0 0 0 0 0 G 0 1

srafiar Sluns@ruyeeiande SPACE ( Ascr20H ) wn'llu DD RAM
Famunieeyiini§n DD RAM ADDRESSER lugud @7 CURSOR w:nauWegiumisungady
floysanin SET D=1, hinfGou

2. RETURN HOME

RS R/W DB, DE,,

ado® U oW i @ (V00 77 kb ¥ 1\ *

- % No effect

A\ P 4 .
firdfadinzriinisiindoya DD RAM ADDRESSER dugud @ CURSOR ezndu'll
. ' o - et Y ' ga
gAML LS 103D NN Joyaluveainlundou

3. ENTRY MODE SET

RS R/W DB, DB, f
“GODE 0 0 0 0 ¥ 0 0 1 jI/D} 8 i
BIT 10 : Taowdhuiaimmiiidedo nfesrudeyaudinerild DD RAM

] y ] [} ]
ADDRESS minduniiinisanamililng 1= mu, 0= an
BIT § : Ghshdmunumaawalash s=1 exilunmslddeyaudadn curRsorR
agfufideyagniulidudiadr s=0 deyarzofduli #2 CURSOR wzgn

meluneuniie



oy e —mm . W A

A

N

o er oA

B

i

BIT D :
BIT C :

BIT B :

4. DISPLAY ON/OFF CONTROL

CODE oclojojojlojod1|loplcly

Huinl¥da-tantheeamlnod: D=1 9z ON uazd1 D=0% OFF

a:1iuns CURSOR $m C=0 Tauda CURSOR vzegii LINE 8 iy 5x7DOT uay
azegii LINE 11 luuuy 5x10 DOT

ShutimEnnsnssnIuves CURSOR Tng B=1 iimnszniy TszvznsenTutlszus

379.2 ms

[y

“Cursor
S x 7 dat charzcter
Sont

~er=mzz Alternating display
S x 10 Jot character
font

{a} Cursor Display Example {b) Blink Display Example

5. CURSOR OR DISPLAY SHIFT

KS R/W DB, DD

CODE 0 v 0 O 0 1 |S/CIR/L| # ¥ :

Fhuridarimusidgunmia ¥ CURSOR niadoyallinmedianienisvnTnglides

lrida@nmIsenuTay

S/IC  RIL

0 0 yiimsihe CURSOR wndnenimy lidhs

0 1 Yiip1sds CURSOR windnmuamy lniean
1 0 Hunrsmuiisnusfiianisdheile

1 Funsaudrsnusinn hnwen
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6. FUNCTION SET

RS R/W DB, — DD

CODE y) 0(001DL/NF‘*-¥

- Q o l e S D

o

BIT DL : dlua1s SET misdagetinsdlumy 8 innse 4 in Tnsdeanisdande 4 1in

DL=0
BIT N : SUNISENUISHAUTAIHE N=0 Ueae 1 USINA 91 N=1 9suaad 2 Ussne
(n3oMInA71)

BITF : Sumsdvoms DOT msugniwa Tavd1 F=0 dhawy 5x7 uaz F=1

uyy 5x10
No. of
S . 2 9]
S ] Wil o |
lines l
100 i - 15x 7dow 1/8
01 1 5 x 10 dots iFAR
& Cannot display 2 lines
1 2 5x 7dots 1/16 with & x 10 dot charac:
\ 1er foni.
‘Noefian
7. SET CG RAM ADDRESS
RS R/W DB — DB,
CODE 0 0 0 1 A A A A A A
— high order bit low order bit—

11 HD44780 shnziivinsnnudiey 2 gafie DISPLAY DATA RAM (DD RAM)

91471 80x8 1M 1@y CHARACTER GENERATOR RAM (CG RAM ) #1%3% 512 in tax 7500 in.
¥ y

finfadivz dlumsdm ADDRESS 4 CG RAM Tnedpwriinisiiin ADDRESS neudsuniesiudeya

911 CG RAM

033040
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8. SET DD RAM ADDRESS

RS R/W DB, — DE,,
¢cobE ol ol 11 Al Aa]alAa]ala)a 1
|

— high order bit low order bit—

dunisinar ADDRESS lu DD RAM lumisid@izumSesiunnin DD RAM (DD
RAM flodaufivruananantine LCD) Tnssinu ADDRESS fifinuwessegiumsdnd N 1o

#1N=0(1us35%n ) ADDRESS 3z8y 00-4FH

#1N=1(2u339n ) ADDRESS 9287 00-27H timiuuTaiafl 1 uaz 40H-67H
fmiuussviadi 2

1981901597 ADDRESS %94 DD RAM %1139 LCD uuu 16 #7190%3 4 uIsna

! 2 3 4 S 6 7 & 9 10 M w2 13 14 15 6 --dieplay pusition

I-tine | 60 {01 {02} 03| 0| 0505 07 ]08f0e3jurloB|oC|oD}|uE]|OF | --DDRAM address.

'

2line | g0 ] 41 | 42 ] x| a4 f 45|46 a7 ] 48] <3 {sA] B 4C 4D E | 4F

Sdine 1o} it p 1201311516017 {1819 (1A IB|ICIIDIIE}IF

4line | 50 | ST | 52} S3| 54|85 ) 56|57} 56]59|SA|SB|5C]|5D]|SE|SF

HDH4-16416H

9. READ BUSY FLAG AND ADD ADDRESS

RS R/W DB DB,
CODE 0 1 |BF A | A A A A A A
— High order bit Tow order bit—'

~
~ ~

Sufitdasum BUSY FLAG é’;aq:}ﬂuﬁ"maﬂ'iﬁd HD44780 5s§1uﬂnuun1sﬁ1q1u
awlusy nivegluanmnionssfudoya Tnv

BF= 1 sglunmumainiumelu linfeusziudeya

BF=0 wiouftvzsudeyandonideld

wenviniifadiudidio1udoya ADDRESS 984 CG RAM, DD RAM
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10. WRITE DATA TO CG or DD RAM

RS R/W DB, DB,
|
CODE 1 0 D D D D D D D D
— high order bit low order bit—

s »

o & sa » » -~ -
dushddsudeyadinlUlu CG n3e DD RAM Tnudlaioudoyaiias ADDRESS
wiiunioan Tnosa TuiAnuddafidnlu ENTRY MODE dofmuniifie: duns@sudeyaves
¥
CG RAM w38 DD RAM sy DD RAM lumneuusWoudeya

11. READ DATA FROM CG or DD RAM

RS R/W DB, DB,
CODE 1 1 1-D D D D D D D D
— high order bit iow order bit—

durrdadisudeyadinlilu cG wie DD RAM Taufeusiusmin DD wie CG

RAM finase: 19idadn ADDRESS neuite Wi ideyafisnidauiiu DD wis cG RAM

&34 REAL TIME CLOCK (RTC)

RTC # MM58167 ﬁtﬂ?ﬂumﬁauﬁuwﬂ - 1inein Faunsasnuay Fov'lUAne v
& vnudennezunaxluglil 3.5 Sennlaznouiidiiy q fite
REAL TIME COUNTER —

v o - . ) a .
Fudriuuazdamsfvdudesnar gruiviluninas 4 in Fanisdhds REAL TIME

¥ s N
COUNTER 9:n32¥i1nsaf 2 awn (uvaiz READ uaz WRITE) saumasaans: 19n1 BCD sAaueag

Tumrs1ait 3.2 Inii Wigeegn HOLD davastn 0 daslidesmulsluvasivinis@oudoyasiuu
3 1 'y [N - - 1 '
DATA BUS mgiunimhiléfidieswwindt hisudhweslddeyauuy BCD vesuiwan desn wu

0 y 14 1
Tumanduassr Tuee: limy 2 van aetianes i 2 inmna bideqdsluini 6 waz 7

21
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RAM

STATUS | Ae
BIT Do ﬁl _ ADDRESS :;:1
| : <F B3y DECODER -—ig
37765 REAL TIME COUNTER |6 4
48 BITS
— —
¥Rz} J\ F —
Rz =
oSt —3" 32 KHz COMPARATOR 45 BIT ] IKTSTATUS
0521 .  OSC APA } 45 BIT | REG & BITS
oS - T TNTERUET
cs N 1 KBz 1051IC
RD 4 . -
WR — Rah IHT CONTROI
RDY «— 56 BIT — Rgé?i-r\fsff)s“ ,--\| f
B == ‘w0 suFFER Y . INTERUET
B —1"" A CUTPUT |
= —  1o6ic
e & BIT BI-DIEECTIONAL BUS . ]
T — i STANDBY
— i INTERUPT
D7 +— WR ADDRESS LOGIC
INPUT 1
STAMDEY
INTERUPT
CUTPUT

§UM 3.5 BLOCK DIAGRAM OF MM58167

- 2 A .)” ) .
MM58167 Hu1a 56 In $3lunsinudeyaiie lanvis iudeyansdulgadioiee

w/Ssuifisudy REAL TIME COUNTER doyalu RAM szawisowSouiivudy REAL TIME

COUNTER taziinann bilsfie wanwuuisves 1/10,000 183917 nanduvesiuludiaed -

waIT HAX TENS Hax | .

COUNTER ADDRESS Uo.Di- D2 D3 | BCD | D4 D5 Ds DT | BCR | .
CODE copE

1/10,000 OF SEC. ohs | - - - - D4 D5 D§ D7 | 9 \

HUNDREDTHS & TENS SEC (01h) | Do D1 Dz D3| © | D4 D5 Ds DT | © “t

SECO: D G2k | Do DL Dz D3| o | D& D5 D - | 5 j

HIKUTE (G3h) | D0 D1 D2 P3| 9 | D4 D5 DE - 5 '

HOURS (04h) { D0 DI D2 D3| 9 |.p4 D5 - - | 2

DAY OF THE WEEK @ W |po p1 12 - | T |- - - - | o0

DAY OF THE MONTH sl) | Do D1 D2 B3| 9 |Dpa D5 - - | 3

HONTH' 7h) {10 D1 D2 D3| 9 | D4 - - - 1

AN 3.2 AINEAIAIAINTINAT BCD
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RAM szgaivunldiipdinumileusy REAL TIME COUNTER usndnelsfintudedt

it ilfog#ating i l#1u REAL TIME COUNTER fheiints COMPARE f 0 T RAM

DO . DL - D2 D3 D4 D5 DS D7
| ] | | 1 | | f TNTERUPT |
_ WRITE | IN | m | IN N {1 CONTROL
¥
ONLY Q Q Q Q Q Q Q Q REGISTER
ADD. 11ih
1/MIN : - — 1/EOUR
1/sEC - REE RS ' 1/DAY
10/SEC ’ 1/WEEK {
COMEARE ] 1/HONTH
. IKTERUPT
READ cC pjcp fc pic D lec b |c C D |C D | STaTUS
OILY QR | Q Q Q 'l Q9 |:q Q | REGISTER
‘ .‘. 4 ‘ —— e . - T . - . .
/AR S e e\ N
a INTERUPT.LOGIC &~ TN -y
A .
‘gﬂ‘ﬁ 3.6 INTERUPT CONTROL REGISTER & STATUS
INTERUPT and COMPARE

e U

fidyaaBumaiinieg 2 0619 adauznfie INTERUPT OUTPUT (ACTIVE HIGH) OUTPUT

- L

b4 vy y »
Hmuzes: Tdsunsuiiifindgyanueen 1981 s s fle 1082 1 Hz, 1 W0imss, 1 wu.msq, 1 Jwmse, 1
> ¥y - o 4
dilnvinga, 1| Mewasy ez RAM A1 REAL TIME COUNTER fian1swSoudion iy
18319 ENABLE dgygyot INTERUPT fiel#aedn 1 i INTERUPT CONTROL REGISTER
a a o A4 ) va a ‘o o a i ' v v
lutinfinsedunring f 157198939z I adyaueumesind aglfi 3.6 Uszneuwu deentsly
dyaatumoiininng 1 Tinfl A% b2 dhut Sowlf INTERUPT CONTROL REGISTER
v »
571306 INTERUPT CONTROL REGISTER 15902 1 i n3oa1nnd1hui’d drod1emy

" . o ] 'y ¥
weesms I dygmSumesiminedn uazynwd fdniini 3 futind 2 1uidie o ca oGy

7l ADDRESS ¥84 INTERUPT REGISTER (ga13%4f13.3)

A ~ t 1 . . b ~
wenaludanigegavesudarninesitlfifn cLock WAL INTERUPT CONTROL

REGISTER %49: %119 INTERUPT OUTPUT lu HIGH n1581% INTERUPT CONTROL REGISTER i1

vy
MWnnydwyeetunediniduiye awesinle Safideadunsfen INTERUPT CONTROL

REGISTER 8n#178 n13811 INTERUPT CONTROL REGISTER fivz 14¥8yaus DATA BUS $utszney
Aodnii ¥ finnisfumed fwiTame Wedlu 1 Admbmdnn ovols wanIsA T vi 1
INTERUPT CONTROL REGISTER gn3iin
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fumaiswidnadnwilife STANDBY INTERUPT { OPEN DRAIN ACTIVE LOW ) duwmed

b4
=<

y 4 g o~
Twidtlve fadudem vinis ENABLE Wioe@amswSouiioulu RAM U REAL TIME

COUNTER 13 ENABLE ¥1'@laaifion 01H 1A ADDRESS 16H Tummsafudidil oo #
ADDRESS 16H 9z{lun13 DISABLE
POWER DOWN MODE
11 POWER DOWN (1 CHIP SELECT fisifiaiafisros sfunz DisaBLE dygiawensionunnn
dhu 9910 STANDBY INTERUPT tio4n POWER DOWN '#uaetn o, MMSs167 9 lineumuss
dndyg amsuenunRnt: fufmund arexdilidyn o STANDBY INTERUPT d1d5in1s
Tsunsu Rniiianinowid
diad san1suld suvinTnuamsvinundundy STANDBY MODE aiseslyfan POWER
DOWN dluasin 0 d19vod 1 1 Tnsud davfise vinisanszsuaanidiu STANDBY MODE
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Wait for 15ms or more
aftes Veae 1leea o 45V

i
BF cannot be checked at
this time

RS R/W DB7 DB6 0BS5S DB4 DB3 DB2 Pt 08O
g o 2 "] 1 i X X X X

D!
Initlolzation.

- o o v ot = e e S o = of

1
[Wcll for 4.1 ms or mori]
3

BF connol be checked at
this time

RS R/W DB7 D86 085 DB4 DB3 DB2Z DBt DBO
g 8 -0 %] 1 1 X X X X

Function set : DL=1, B bit interface data.
" DL must set at H during this
initiolzation.

3
[ Wait for 100us or move |

| I
RS R/W 0DB7 DB6 DB5 DB4 DB3 0DB2 b8l DBO
29 B 2 2 1 1 X X X X

Initiaization.

e o o i i it o o e i o R . o o B O e o e e e = =

O |
BF con be checked ot this
time, check for not busy

RS R/W D87 DB6 DBS5 DB4 DBS‘ DB2 DBt DBO
g 0 ] 2 1 1 N F X X

= no.of line
= character, font

check for noi busy

check for not busy
1

e @ ) "] e ] 2 ) 2 1

Clears ail display and return cursor to
home positlon

~check !orlnot busy

RS R/W DB7 DB6 085 DB4 DB3 0B2 0B1 DBO
¢ 82 ¢ @ © e 6 1 i/ S

“Set the shift mode

End of Initiglization

jU# 3.7 FLOWCHART OF INITIALIZATION
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’

; FILE : DIGITAL COIN TELEPHONE

; HARJ?WARB : AT89C2051*2,LCD 16*2
; ASSEMBLER :SXAS1

; LAST UPDATE : 28/5/98 03:04

;00.‘#“0“““‘“‘#““##‘#“4#OQ#“’O#“‘##O“

ORG 00H

REGS: DS32 ;INTERNAL REGISTER 4 BANKS
FUNCTION: DS1 ;FUNCTION BUFFER

FLAG2: DS1
LCD_BUF: DS32 ;16*2 CHARACTERS
RTCCMD: DS1 ;RTC COMMAND BYTE
RTCDAT: DS1 ;RTCDATA BYTE
DAY: DS 1

DATE: DS1

MONTH: DS 1

YEAR: DS1

HH: DS1 ;HOUR

MM: DS1 ;MINUTE

ss: DS1 ;SECOND

SS_X: DS1

RXBUF: DS

TXBUF: DS 1

COIN_BUF:  DS1
DTMF BUF:  DS9
DTMF DGT:  DSI

~

RATE: DS 1
PULSE_.CMP:  DS1 -

TEMP: DS1

END_INT_USE:

;

CLOCK_F EQU FUNCTION.7  ; 1=RUN 0=PAUSE
TSET_F EQU FUNCTION.6

TINC_F EQU FUNCTION.S

NEWRX_F EQU FUNCTION.4

HOOK_F EQU FUNCTION.3  ; 1=UP 0~DOWN
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PTT_F EQU FUNCTION.2
RING_F EQU FUNCTION.1
PULSE_F EQU FUNCTION.0
RATE CNT_F  EQUFLAG2.7
WAIT_HKDN  EQU FLAG2.6
DTMF_1 EQU 0A1H

DTMF _2 EQU 0A2H

DTMF 3 EQU 0A3H

DTMF_4 EQU 0A4H

DTMF_5 EQU 0ASH

DTMF 6 EQU 0A6H

DTMF _7 EQU 0A7H

DTMF_8 EQU 0ASH

DTMF_9 EQU 0A9H

DTMF_0 EQU 0AAH
DTMF_STAR  EQU 0ABH
DTMF_POUND  EQU 0ACH
COIN_DOWN  EQU OBOH

PTT EQU 0B1H
HOOK_DOWN  EQUOCOH
HOOK_UP EQU 0C1H
COIN_CNTDWN  EQU O0DOH
TIME_ OVER  EQU ODIH

RING EQU OEOH
T_SET_SW EQUP3.2 ;INTO
T_INC_SW BEQUP33 ;INT1
TM_OVER EQU P1.1
HK_DOWN EQU P1.0

.
H

.
’
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10 EQU P13
SCLK. EQU P3.7
RST. EQU P1.2
SECWR EQU 80H
SECRD EQU 81H
MINWR EQU 82H
MINRD EQU 83H
HRWR EQU 84H
HRRD EQU 85H
DATEWR EQU 86H
DATERD EQU 87H
MONTHWR EQU 88H
MONTHRD EQU 89H
DAYWR EQU 8AH
DAYRD EQU 8BH
YEARWR EQU 8CH
YEARRD EQU SDH
WRPTWR EQU SEH
WRPTRD EQU 8FH
E EQU P3.5
RS EQU P3.4
ROWO EQU 80H
_ ROWI1 BQU 0COH
CR EQU 0DH
LF EQU 0AH
EOT EQU 00H
ORG 0000H
LIMP POWER_UP
ORG 0003H
LIMP EXTO_SERV
ORG 000BH

LIMP TIMERO_SERV
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ORG 0013H

LIMP EXT1_SERV
ORG 001BH

LIMP TIMERI_SERV
ORG 0023H

LIMP SERIAL_SERV

.
3

POWER_UP:  MOVR7#0
POWER_UP_1: MOV R6#0

STACK:

LCD:

SERIAL:

DINZ R6,$
DINZ R7,POWER_UP 1

MOV SP,#128-32

;s CLRRS

s MOV A#33H
; LCALL WR_CMD
; MOV A#32H
; LCALL WR_CMD
MOV A#8H ;4 BITS;5*7 DOT
{CALL WR_CMD

S~ o 4
MOV A#0CH
LCALL WR_CMD
MOV A6
LCALL WR_CMD
MOV A#1
LCALL WR_CMD

MOV R740
LCALL ME_DELAY

MOV SCON #50H
MOV TMOD#20H
MOV A#OESH ;1200
MOV TH1,A
MOV TL1,A
SETB TRI
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SETB EA
SETBES

SETB T_SET_SW
SETB T_INC_SW

MOV DTMF_DGT,#40H
MOV PULSE_CMP#0
MOV RATE,#0

MOV COIN_BUF #0
MOV FUNCTION #0
MOV FLAG2,#0

SETB TM_OVER
SETB HK_DOWN

SETB CLOCK_F ; CLOCK RUN

; MAIN PROCESS

.
’

MAIN 1.

MAIN_2:

MAIN_21:

MOV DPTR #TABO
LCALL PRINT
LCALL SET_ROW1
MOV DPTR#TABI1
LCALL PRINT

CLR RST
SETB SCLK
LCALL DELAY
MOV DATE#31H
MOV MONTH,#12H
MOV YEAR#98H
MOV HH #23H
MOV MM #59H
MOV SS#55H
; LCALL SETTIME
LCALL READTIME

; FORMING DISPLAY

; DISPLAY TIME
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LCALL PUTTIME
LCALL PUTCOIN

JNB T_SET_SW,TIME_SET ;TO SET TIME
JBNEWRX_F,NEW _RECV ;NEW RECEIVE
; LCALL DSP_RATE_PULSE

MAIN_LOOP: SIMP MAIN_21

TIME_SET:  LCALL TSET
SIMP MAIN_LOOP

NEW RECV:  LCALL RECV
SIMP MAIN_LOOP

TABO: DB "DD/MM/YY HH:MM".EOT
TABI: DB* “EOT

’

; SUB ROUTINE

.
’

PUTCOIN: JNB PTT_F,PUTCOIN_RET

MOV A,DTMF_BUF
CINE A#00H,PUTCOIN_1
MOV A,DTMF_BUF+1
CINE A#01H,PUTCOIN- LD

PUTCOIN_MB:  LCALL RATE_CHK
MOV ARATE
CINE A #4,5+3
JC PUTCOIN_RET
LCALL DEC_COIN
MOV RATE#0
SIMP PUTCOIN_RET

PUTCOIN_LD:  LCALL RATE CHK
MOV A,RATE
CINE A#3,8+3
JC PUTCOIN_RET
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LCALL DEC_COIN
MOV RATE#0
SIMP PUTCOIN_RET

PUTCOIN_1:  LCALL RATE_CHK
MOV A RATE
CINE A #36,3+3
JE PUTCOIN_RET
LCALL DEC_COIN
MOV RATE#0
PUTCOIN_RET:  RET

DEC_COIN:  JB WAIT_HKDN,DEC_COIN_1
DEC COIN_BUF

DEC_COIN_1: MOV A,COIN_BUF
CINE A#1,DEC_COIN_CUT
CLR TM_OVER
LCALL DSP_COIN
RET

DEC_COIN_CUT: = CINE A#0,DSP_COIN
CLR HK_DOWN
SETB WAIT_HKDN
LCALL DSP_COIN
RET

DSP_COIN: MOV A#4BH
LCALL SET_ADD
MOV A,COIN_BUF
LCALL HTOD_1DGT
LCALL PUT_HEX
RET

RECV: CLRNEWRX F

; CLR CLOCK_F
; LCALL CLR_ROWO
; LCALL SET_ROWO
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; MOV A RXBUF ; DSP RECEIVED DATA
3 LCALL PUT_HEX

MOV A,RXBUF
CINE A#RING $+6
LIMP RECV_RING

CINE A#HOOK_UP,$+6
LIMP RECV_HOOKUP

CINE A#COIN_DOWN,$+6
LIMP RECV_COINDOWN

ANL A#OFOH
CINE A #0AOH,$+6
LIMP RECV_DTMF

MOV A, RXBUF
CINE A#PTT,$+6
LIMP RECV_PTT

CINE A #HOOK_DOWN, $+6
LIMP RECV_HOOKDOWN
RET

RECV RING:  SETBRING F
LCALL SET_ROW1
MOV DPTR#RING_TAB
LCALL PRINT
RET

RING TAB:  DB'RINGING  “EOT

RECV_HOOKUP:  SETB HOOK_F
JB RING_F,RECV_HOOKUP _RET
MOV COIN_BUF #0
MOV A#4BH
LCALL SET_ADD
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MOV A,COIN_BUF
LCALL PUT HEX
MOV A #4EH
LCALL SET_ADD
MOV A#B'
LCALL PUTCH
RECV_HOOKUP_RET: RET

RECV_COINDOWN: JB RING_F,RECV_COINDOWN_RET
MOV A,COIN_BUF
ADD A#5
MOV COIN_BUF,A
MOV A#4BH
LCALL SET_ADD
MOV A,COIN_BUF
LCALL HTOD_1DGT
LCALL PUT_HEX
RECV_COINDOWN_RET: RET

RECV_DTMF: MOV A,DTMF_DGT
ANL A #0FH
MOV RO#DTMF._BUF
ADD A,RO
MOV RO,A

MOV A,RO
CINE A#DTMF_BUF+3,RECV_DTMF 1

; CLR CLOCK: F s DISPLAY.DATA IN BUF
s MOV A#45H

; LCALL SET_ADD

; MOV A,DTMF_BUF

; LCALL PUT_HEX

; MOV A,DTMF_BUF+1

; LCALL PUT_HEX

s MOV A,DTMF_BUF+2

; LCALL PUT_HEX
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SIMP RECV_DTMF 2

RECV DTMF_1: MOV A,RXBUF
ANL A #OFH
CINE A #OAH,$+7
MOV A#00H
SIMP RECV_DTMF_11
CINE A#OBH,$+7
MOV A#0BH
SIMP RECV_DTMF_11
CINE A #0CH,$+5
MOV A#0CH
RECY_DTMF_11: MOV @RO,A

RECV DTMF_2: MOV ADTMF_DGT
LCALL SET_ADD
MOV A,RXBUF
ANL A#OFH
CINE AH#OAH,$+7
MOV A#0'
SIMP RECV_DTMF_PUT
CINE A #0BH,$+7
MOV A @™
SIMP RECV_DTMF_PUT
CINE AH#OCH,$+7
MOV A #%'
SIMP RECV_DTMF_PUT
LCALL HTOA
MOV AR3
RECV_DTMF_PUT: LCALL PUTCH
INC DTMF_DGT
MOV A,DTMF_DGT
CINE A#4AH,RECY_DTMF_RET
MOV DTMF_DGT #40H
LCALL CLR_DTMF
SIMP RECV_DTMF
RECV_DTMF _RET: RET
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RECV_PTT:  SETBPTT F
RET

RECV_HOOKDOWN: CLR HOOK F
CLRPTT F
CLR WAIT_HKDN
CLR RING_F
SETB TM_OVER
SETB HK_DOWN
MOV DTMF_DGT #40H
LCALL CLR_ROW1
RET

CLR_DTMEF: LCALL SET_ROW1
MOV DPTR#CLR_DTMF_TAB

s

LCALL PRINT
RET
CLR_ DTMF_TAB: DB*" “JEOT

CLR_ROWO: LCALL SET_ROWO
MOV DPTR#CLR_ROWO_TAB

LCALL PRINT
RET
CLR_ROWO TAB: DB" “BOT

CLR_ROWT1: LCALL SET_ROW1
MOV DPTR#CLR_ROW1_TAB
LCALL PRINT
RET

CLR_ROWI_TAB: . DB*" “EOT

;
PUT_HEX: LCALL HTOA
MOV A,R2
LCALL PUTCH
MOV AR3
LCALL PUTCH
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RET
TSET: MOV R7#80H ; DEBOUNCE
LCALL ME_DELAY
INBT_SET SW,TSET_1 ;TILL PRESS
RET
TSET_i: LCALL SET_ROW1
LCALL CUR_ON
TSET DATE: MOV A#01

LCALL SET _ADD
LCALL INC_CHK

JB TINC_F,TSET_DATE_INC ;+

LCALL SET _CHK

JB TSET_F,TSET_MONTH ;NEXT

SIMP TSET_DATE

TSET_DATE_INC: INC DATE

TSET_DATE_OK:

MOV A,DATE
CINE A#OAH,$+8
MOV DATE#10H
SIMP TSET_DATE_OK
CINE A#1AHS$+8
MOV DATE#20H

SIMP TSET_DATE_OK-

CINE A#2AH$+8
MOV DATE#30H
SIMP TSET_DATE_OK
C}NE A#32H,316
MOV DATE #01

LCALL READTIME
LCALL PUTTIME
SIMP TSET_DATE

TSET_MONTH: MOV A#04

LCALL SET_ADD
LCALL INC_CHK

LCALL SETTIME
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JB TINC_F,TSET_MONTH_INC
LCALL SET_CHK
JB TSET_F,TSET YEAR
SIMP TSET MONTH
TSET: MONTH_INC: INC MONTH
MOV A,MONTH
CINE A#0AH $+8
MOV MONTH#10H
SIMP TSET_MONTH_OK
CINE A#13H,$+6
MOV MONTH #01
TSET_MONTH_OK: LCALL SETTIME
LCALL READTIME
LCALL PUTTIME
SIMP TSET_MONTH

TSET_YEAR: MOV A#07

LCALL SET_ADD

LCALL INC_CHK

JB TINC_F,TSET_YEAR_INC

LCALL SET CHK

JB TSET_F,TSET_HH

SIMP TSET_YEAR
TSET_YEAR_INC: INC YEAR

MOV A,YEAR

CINE A#9AH,$+8

MOV YEAR#00

STMP TSET- YEAR_OK

CINE A#0AH,$+8

MOV YEAR#10H

SIMP TSET_YEAR_OK

CINE A#1AH,$+8

MOV YEAR#20H

SIMP TSET_YEAR_OK

CINE A#2AH,$+6

MOV YEAR#96H
TSET_YEAR OK: LCALL SETTIME
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LCALL READTIME
LCALL PUTTIME
SIMP TSET_YEAR

TSET_HH: MOV A#0CH
LCALL SET_ADD
LCALL INC_CHK
IB TINC_F,TSET_HH_INC
LCALL SET_CHK
JB TSET_F,TSET_MM
SIMP TSET_HH
TSET_HH_INC: INC HH
MOV A,HH
CINE AH0AH,$+8
MOV HH,#10H
SIMP TSET_HH_OK
CINE A#1AH,$+8
MOV HH#20H
SIMP TSET_HH_OK
CINE A#24H,3+6
MOV HH,#00
TSET_HH OK:  LCALL SETTIME
LCALL READTIME
LCALL PUTTIME
SIMP TSET HH

TSET_MM: MOV A #0FH
LCALL SET. ADD
LCALL INC_CHK
JB TINC_F,TSET_MM_INC
LCALL SET_CHK
JB TSET_F,TSET_RET
SIMP TSET_MM
TSET_MM_INC:  INC MM
MOV AMM
CINE A#0AH,$+8
MOV MM #10H
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TSET_MM_OK:

TSET_RET:

SET_CHK:

INC_CHK:

SIMP TSET_MM_OK
CINE A#1AH,$+8
MOV MM #20H
SIMP TSET_MM _OK.
CINE A #2AH,$+8
MOV MM,#30H
SIMP TSET_MM_OK
CINE A#3AH,$+8
MOV MM #40H
SIMP TSET MM_OK
CINE A#4AH,$+8
MOV MM #50H
SIMP TSET_MM_OK
CINE A#5AH,$+6
MOV MM,#00

LCALL READTIME
LCALL PUTTIME
SIMP TSET MM

LCALL CUR- OFF

LCALL SETTIME

RET s EXOT

MOV R7 #80H
LCALL ME_DELAY

JBT_SET_SW,SET_CHK_RET

JB T_SET_SW,SET_CHK_RET

SETB TSET_F

RET ; SET WAS PRESSED
SET_CHK RET: CLRTSET F

RET

JB T_INC_SW,INC_CHK_RET

MOV R7 #80H
LCALL ME_DELAY

JBT_INC_SW,INC_CHK, RET

SETB TINC_F
RET

; INC WAS PRESSED
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INC_CHK_RET:

RET

CLR TINC_F

WR_DAT:

WR_CMD:

SETB RS
MOV B,A

CLRA
MOV C,I0
RLC A
MOV C,RST
RLCA

MOV C,TM_OVER

RLCA

MOV C,HK_DOWN

RLCA
MOV TEMP,A

MOV A,B
MOV B,A
ANL A#OFOH
ORL A,TEMP
MOV P1,A
LCALL PYLSE
MOV A,B
SWAP A

ANL A #0FOH
ORL A,TEMP
MOV PLA .
LCALL PULSE
RET

CLRRS
MOV B,A

CLRA
MOV C,IO
RLCA

: DATA

; COMMAND
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MOV C,RST

RLCA

MOV C,TM_OVER

RLCA

MOV C,HK_DOWN

RLCA

MOV TEMP,A

MOV A,B
MOV B,A
ANL A #0FOH
ORL A,TEMP

MOV PLA

LCALL PULSE

MOV A,B
SWAP A

ANL A #0FOH
ORL A,TEMP
MOV P1L,A
LCALL PULSE

RET

OUT_SWAP:

ANL A #0FH

MOV TEMP,A
MOV A,B
SWAP A

ANL A #0FOH
ORL A#TEMP
MOV P1,A

MOV AB
SWAP A

RET

PULSE: CLRE
LCALL WAIT
LCALL WAIT

SETB E
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WAIT: MOV R7#0FFH
DINZ R7,$
RET

)

PUTTIME: IJB CLOCK_F.$+4
RET

LCALL SET_ROWO

MOV A,DATE
LCALL HTOA
MOV A,R2
LCALL PUTCH
MOV AR3
LCALL PUTCH
MOV A#"
LCALL PUTCH

MOV A,MONTH
'LCALL HTOA
MOV AR2
LCALL PUTCH
MOV AR3
LCALL PUTCH
.I\éOV A
LCALL PUTCH

MOV A,YEAR
LCALL HTOA
MOV A,R2
LCALL PUTCH
MOV AR3
LCALL PUTCH

MOV A#!
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LCALL PUTCH
MOV A#
LCALL PUTCH
MOV A"
LCALL PUTCH

MOV AHH
LCALL HTOA
MOV AR2
LCALL PUTCH-
MOV A,R3
LCALL PUTCH
MOV A#Y
LCALL PUTCH

MOV A,MM
LCALL HTOA
MOV A,R2
LCALL PUTCH
MOV A,R3
LCALL PUTCH
; MOV A

; LCALL PUTCH

; MOV A,SS -
; LCALL HTOA

; MOV A,R2

s LCALL PUTCH

; MOV A,R3

s LCALL PUTCH

MOV A,SS
JNB ACC.0,PUTTIME 2

PUTTIME_I: MOV A#0DH
LCALL SET_ADD
MOV A#'



LCALL PUTCH
RET

PUTTIME_2: MOV A #0DH
LCALL SET_ADD
MOV A a4
LCALL PUTCH
RET

’
READTIME: MOV RTCCMD#SECRD
LCALL RDRTC
MOV SS,RTCDAT

MOV A,SS
JB ACC.0,PULSE_SET

PULSE CLR:  CLRPULSE F
SIMP READTIME 1

PULSE_SET: SETB PULSE_F

READTIME_I: MOV RTCCMD #MINRD
LCALL RDRTC
MOV MM, RTCDAT

MOV RTCCMD #HRRD
LCALL RDRTC

MOV HH,RTCDAT

MOV RTCCMD#DATERD
LCALL RDRTC

MOV DATE,RTCDAT

MOV RTCCMD#MONTHRD
LCALL RDRTC

MOV MONTH,RTCDAT

MOV RTCCMD#YEARRD .
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LCALL RDRTC
MOV YEAR,RTCDAT
RET

SETTIME:

MOV RTCCMD #WRPTWR
MOV RTCDAT#0
LCALL WRRTC

MOV RTCCMD #SECWR
MOV RTCDAT,SS
LCALL WRRTC

MOV RTCCMD #MINWR
MOV RTCDAT,MM
LCALL WRRTC

MOV RTCCMD #HRWR
MOV RTCDAT,HH
LCALL WRRTC

MOV RTCCMD#DATEWR
MOV RTCDAT,DATE
LCALL WRRTC

MOV RTCCMD#MONTHWR
MOV RTCDAT MONTH
LCALL WRRTC

MOV RTCCMD,#YEARWR
MOV RTCDAT,YEAR
LCALL WRRTC

MOV RTCCMD #WRPTWR
MOV RTCDAT #80H
LCALL WRRTC

RET
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WRRTC:

WRRTC_

WRRTC_2:

CLRIO
LCALL DELAY
SETB RST
LCALL DELAY
MOV B#8
CLRC

1: MOV A,RTCCMD
RRC A
MOV RTCCMD,A
MOV IO,C
LCALL SCLKRW
DINZ B,WRRTC _I

MOV B8
CLRC

MOV A,RTCDAT
RRC A
MOV RTCDAT,A
MOV IO,C
LCALL SCLKRW
DINZ B,WRRTC_2
CLR RST
LCALL DELAY
RET

RDRTC:

RDRTC_1:

SETB IO
LCALL DELAY
SETBRST ..
LCALL DELAY
MOV B#8
CLRC

MOV A,RTCCMD
RRC A
MOV RTCCMD,A
MOV 10,C
LCALL SCLKCOM
DINZ B,RDRTC_1
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MOV B#8
MOV RTCDAT #0
RDRTC_2: LCALL SCLKRW
MOV A,RTCDAT
MOV C,I0
RRCA
MOV RTCDAT,A
DINZ B,RDRTC_2
CLR RST
LCALL DELAY
RET

SCLKCOM: CLR SCLK
LCALL DELAY
SETB SCLK
LCALL DELAY
RET

SCLKRW: SETB SCLK
LCALL DELAY
CLR SCLK
LCALL DELAY
RET

DELAY: MOV R7#5
DINZ R7,$
RET

PRINT: PUSH ACC

PRINT I: CLR A

MOVC A,@A+DPTR
CINE A#EOT,PRINT 2
SIMP PRINT_RET

PRINT 2: LCALL PUTCH
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INC DPTR

SIMPPRINT 1 .

PRINT RET:  POP ACC
RET

PUTCH: LCALL WR_DAT
RET

SET_ADD: ORL A#80H
LCALL WR_CMD
RET

SET_ROWO: MOV A#ROWO
LCALL WR_CMD
RET

SET_ROWI: MOV A#ROW1
LCALL WR_CMD
RET

CLRLCD: MOV A#l
LCALL WR_CMD
RET

CUR_ON: MOV A#0EH

LCALL WR_CMD

RET . -
CUR_OFF: MOV A#0CH

LCALL WR_CMD

RET

HTOA: PUSH ACC
SWAP A
LCALL HTOAS
MOV R2,A
POP ACC



LCALL HTOAS
MOV R3,A
RET

HTOAS: ANL AHOFH
CINE A#OAH,$+3
JNC HTOASI
ORL A#30H
RET

HTOASI: SUBB A#9
ORL A,#40H
RET

ATOH: MOV AR2
LCALL ATOHS
SWAP A
MOV R2,A
MOV AR3
LCALL ATOHS
ORL AR2
RET

ATOHS: CINE A#A'S$+3
JC ATOHS1
ADD A#9
ATOHSI: ANL A#OFH
RET

S~

HTOD_IDGT: MOV DPH#0
MOV DPL,A
LCALL HTOD
MOV AR3
RET

s HEX TO DECIMAL
;IN =DPTR
; OUT =R1,R2,R3
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; RBG = A,RO,R1,R2,R3. R4 R5,DPTR

HTOD: CLR A :CLEAR OUTPUT
MOV RLA
MOV RZA
MOV R3,A

MOV R4#16 ;SHIFT 16 BIT
HTOD1: MOV A,DPL

RLC A

MOV DPLA

MOV A,DPH

RLC A

MOV DPHA

MOV RS#3 ;ADD DECIMAL

MOV RO#3 4;INDEX TO R3
HTOD2: MOV A,@RO

ADDC A,ACC

DA A

MOV @RO,A

DEC RO

DINZ RS,HTOD2

DINZ R4,HTODI

RET

; DECIMAL TO HEX

;IN =R1 ,R2,R:‘5

; OUT =DPTR

; REG = A,RO,R1,R2,R3,R4,R5,DPTR

DTOH: MOV R4#16

DTOHI: MOV R543 ;SHIFT & SUB
MOV  RO#1 ;INDEX TO R1
CLR C

DTOHZ: MOV  A,@RO

RRC A
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PUSH PSW il

JNB ACC.7,DTOH3

CLR C

SUBB A#30H
DTOH3: JNB ACC.3,DTOH4

CLR C

SUBB A#03H
DTOH4: MOV @RO,A

INC RO

POP PSW 7]

DINZ RS,DTOH2

MOV A,DPH
RRC A

MOV DPHA
MOV ADPL,
RRC A

MOV DPLA
DINZ R4,DTOHI
RET

ME_DELAY: MOV R6,#0
DINZ R6,5
DINZ R7,ME_DELAY
RET

HI_DELAY: MOV R6#0

HI_ DELAY I: MOV RS5#0
DINZ R5,$
DINZ R6,HI_DELAY _1
DINZ R7,HI_DELAY
RET

TX_CHR: CLRES
CLRTI
MOV SBUF,A
JINBTLS
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RATE_CHK_RET:

CLRA
SETB ES
RET

.
)

RATE_CHK:

MOV C,PULSE_F
CLR A

RLCA

MOV TEMP,A
MOV A,B

ANL A#01H
MOV B,A

MOV A,TEMP
CINE A,B,RATE_CHK_ RET
INC RATE

INC PULSE_CMP

; CLRCLOCK_F
; LCALL SET_ROWO
s MOV AJRATE

; LCALL PUT_HEX ;DISPLAY RATE COUNT

MOV A

; LCALL PUTCH

; MOV A,PULSE_CMP
; LCALL PUT_HEX

RET

~

)

DSP_RATE_PULSE: MOV C,PULSE_F

CLR A

RLC A

MOV TEMP,A
LCALL SET_ROW1
MOV A, TEMP
LCALL PUT_HEX
RET

MOV B,PULSE_CMP

(S 13
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EXTO_SERV: RETI

.
1

TIMEROC_SERV:  RETI

.
)

EXT1_SERV: RETI

H

TIMER1_SERV:  RETI

»
SERIAL_SERV: JNBRI$
MOV RXBUF,SBUF
SETB NEWRX F
CLRRI
RETI

; SEEREENEPLERP BB EEER SRR EEBRE RO PPk kSR bR PR SR

END[]

; NEW RX FLAG
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: 1502-cMo0s MT8870B/MT8870B-1
IVIITEL. - - Integrated DTMF Receiver

9161-002-051-NA

Features -
. Pin Connections
s Complete DTMF Receiver n
¢ Low Power Consumption . sl Liys 13 voo
o Internal Gain Setting Amplifier | iN- [} 2 17 O svGr
e Adjustable Guard Time szl g3 wsQd §S(
. . Re 4 15 D
e Central Office Quality c* Ei p b SQ‘
L. o (Je 130dq
Applications osci (] npa
osaz (Is 1 [J
o vss 10 e]3
e Receiver System for British Telecom (BT) or EAN P 7
CEPT Spec (MT88708-1) * Connectto V33 )
® Paging Systems :
® Repeater Systems/Mobile Radio Ordering Infarmation -40°C to +85°C
® Credit Card Systems
: §°m°"~'lcc°""°' MTBE8708E/MTB8708E-1 Plastic DIP
ersonal Lamputers MT88708C/MT88708C-1 Cerdip
Description - : 1

counting techniques to detect and decode ail 16
The MT88708/MT88708-1 is a complete DTMF DTMF tone pairs into.a 4-bit code. External
receiver integrating both the bandsplit filter and component count is minimized by on chip provision
digital decoder functions, fabricated in Mitel’s of a ditferential input amplifier, clock oscillator and
double poly 1SO2-CMOS technalogy. The filter latched three-state bus interfade.
section uses switched capacitor techniques for high
and low group filters; the decoder uses digital

VDO  Vs$S 3 VRel

BIAS
QRCUIT VRel
BUFFER .
. CHIP CHIP HIGH GROUP
POWER  BIAS FILTER = _ﬂ— DIGITAL CooeE | |
DETECTION CONVERTER
N+ DIAL 2ER0 CROSSING ALGORITHM | | AND LATCH
- TONE DETECTORS . o
; FILTER| L
GS towGrRouP | | L]
FLTER Ir
TO ALL s :
b1} STEERING ‘
{>° cHIP. : RUAN
cLaCKS GT oG o a .
W . ANN LI -
: t K
- R ]
051 0sC2 SUGT ESt STO

figure 1 - Functional Block Diagram
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Is02-cM0os MT8870B/MT8870B-1-

AC Electrical Characteristics .. voltages are with respect to ground (Vyy) unless atherwise stated

Characteristics Sym | Min | Typ* | Max | Units Conditions
1 Tone present detect time top | © 5 1" 14 ms {Note 12
2 : Tone absent detect time toa 0.5 - 4 *8.5 ms | Note 12
3 ’; Tone duration accept trgc i 40 ms | User adjustable
4l ! |Tone duration reject wee | 20 ms- -{ User adjustable
5| G linterdigit pause accept to - 40 ms | User adjustable
|
6 Interdigitl pause reject too 20 ms | User adjustable
7 Propagation delay (St to Q) teq 8 1" ns | TOE=Vpo
_i 3 :_rfpagation delay (St to S0} - Lps510 12 ns - TOE=Vpo
v ,r’ Output data setup (Q to StD) st 34 ns | TOE=Voo
10 li-' Propagation delay {TOE to Q ENABLE) | tere -{ S0 ns | R =10kQ
s C =50 pF
1" Propagation delay (TOE to Q DISABLE) | '#r0 | _ 300 ns | Ry =10k(
CL =50 pF
12| - | Crystal/clock frequency fc 13.575943.5795{3.5831] MHz
13 ﬁ Clock input rise time toner 110 ns | Ext, dock
14} o |Clock input fall time thiel 110 ns | Ext. clock
1S g Clock input dutycycle DCcr | 40 S0 60 % | Ext.clock
116 Capacitive foad (O5C2) Co 30 pF

* Voo 5.0V, Vyg = OV, T, = 25°C and f, = 3379545 MHz, uting testcircuit shown inFigure 2.
* Typical figuies ate at 25°Cand are for detign aid only: not guaranteed and not subject to production testing.

Voo
Ce
pimr O—i} L
Input MTB8708/MT88708-1 2
— IN¢ U Voo _J-—<
1L - suGt | —r—*
x
—{}as est | t—fr—mannd B )
L} Vaur s | J—+—0O
—— {1 0a | ——0O )
t————}ic as [ 5
4 osct a |{F—T—"0 NOTES: .
xal il osc2 . a1 {F——0 Ry Ry =100KQ 1% &
BEEm— 2T toe | — . C S Ry=d00kni ERE
‘ " . Y€ Cy®1000FS % - -
7 . X1 = 3379545 MHZ %0 1% - -

Figure 2 - Single-Ended Input Configuration
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EVENTS A | 8 | < L

ESt

st/G:

Q1.Qa

StD

TOE

gt i R T - b '*5'°° ,4_

l [ | tome TONE
| l TONE #a o FPYS I e

e b - At

__}_L_ﬂ___-—r e Lajj - IS
- J_—___bi\.' ) o~ N Vist

A A NN / [;I ’ l
N U Tne
: J;" e e HIGH IMPEDANCE
DECODED [ONE # (n-1) . X :' v ¢ ¢ (ar 1)
toyio -# ¢ : h
t i
ERVIT

:

.
100

Won RABAN

EXPLANATION OF EVENTS

A)
8)
Qa
[o]
€)

L3}
G}

TOMF BURSTS DETECTEN, TONE DURATION INVALID, OUTPUTS HOT UPDATED.

TONE #n O€ LECTED, TOMT DURATION VALID, TONE DECONED AND LATCHED IN OUTPUTS.

EMD OF TONE #n DEIECTED, TONE ABSINT DURATION VAUIO, QUTPUTS REMAIN LATCHED UNTILNEXT VALIO TONE.
OUTPUTS SWITCHED TO HIGH IMPEDANCE STATE, .
TONE #n + 3 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN QUTPUTS (CURRENTLY HIGH

IMPENANCE) :

ACCEPTASLE DROPOUT OF TONE #n ¢ 1, TOHE ABSENT DURATION INVALID, OUTPUTS REMAIN LATCHED.- -
£ND OF TONE #n ¢ ) DETECTED, TONE ABSENT OURATION VALIO, QUTPUTS REMAIN LATCHED UNTIL NEXT VALIO TONE.

EXPLANATION OF SYMBOLS

Va
131
StGY
Q4-Q¢
$to

T0¢€

DIAIF COMPOSITE INPUT SIGNAL .
EARLY SVEFRING QUIPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.
STEERING 14PUT/GUARD TIME OUTPUT, DRIVES EXTERNAL RC HIMING CIRCUIT,

4.81T DECODED TONE QUTPUT,
DELAYED STEERING OUTPUT. INOICATES THAT VALID FREQUENCIES HAVE SEEN PRESENT/ABSENT FOR THE REQUIRED

GUARD TIME THUS CONSTITUTING A VALID SIGNAL,
TONE OUTPUT ENABLE (INPUT), A LOW LEVEL SHIFTS Q-Q, TO ITS HIGH IMPEDANCE STATE.

MAXIMUM DTMF SIGNAL DURATION NOT DETECTED AS VALID.
MINIMUM DTME SIGNAL DURA TION REQUIRED FOR VALID RECOGNITION
MINIMUM TIME BETWEEN VALID OTMF SIGNALS.

MAXIMUM ALLOWABLE DROPOUT DURING VALID OTMF SIGNAL. ..
TIME TO DETECT THE PRESENCE OF VALID DTMF SIGNALS.

TIME TO OF TECT THE ABSENCT OF VALIO DTMF SIGNALS. . :

GUARD TIME, TONE PRESENT. : o T
GIARD TIME, TONE ARSENT. a

Figure 3- Timing Diagram
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1S0%-CMOS MT887OB/MT887OB-1 ,

Cperating Characteristics' - Voltages are with respect to ground (Vs) unless otherwise stated
Gain Setting Amplifier -

Characteristics ‘Sym | Min | Typt | Max Units Test Conditions

1 | Input leakage curcent ™ 100 nA | VYssS Vin =Voo

2 | Input resistance Rin 10 : MQ

3| Input offset voltage Vos 25 mV
"4 | Power supply rejection PSRR 60 “dB | 1kHz

5 | Common mode rejection CMRR 60 dg [-3.0vs Viy=3.0V

6 | DC open loup voltage gain Avor \ 65 d8

7 ] Open loop unity gain

bandwidth ) fc 1.5. MHz

8 | Output voltage swing Vo 45 Vpp | Ry 100K12 ta Vss
g [ Maximum capacitive l0ad (GS) | Gt 100 pF

10 | Maximum resistive load (G5) Ry 50 -] KQ

{1 | Common mode range Vem 3.0 Vpp | Noload

“Vaa =5V, Vg m 0V, T,=257C

Typical figures are 2t 25°C and are for design aid only: not guaranteed and not subject to production testing.

V188708 AC Electrical Characteristics - voltages are with respect 1o ground (Vgy) uniess otherwise stated

) Characteristics Sym Hiin Typ | Max { Units Notes
s | validinputsignal levels -29 ) 12,3563
‘ é (.each tone of composite 215 mVams | 1,2.3.56,9
& |signal) +1 d8m |1.2356.9
N 369 | mVams | 1,2.3.5.6,9
_? c Positive twist accept , 10 |- d8 2,3.6,9
3| 0 | Negative twist accept 10 ds 2,3,69
(4| g freq. deviation accept +1.5%* 2Hz Nom. {2359
51 ! [Freq. deviation reject +£3.5% Nom. |2.3.5.9
6 é Third tone tolerance -16 ds 2,3,4,5,9
7 's‘ Noise tolerance 12 dB~ 2,3,45,7.9.10
8 Dial tone tolerance +22 : . d8 2,3,45.8.9,11
‘S Voo *SV, v,,- 0,7,=25°Cand f¢=3.579545 MH2 uting test circuit shown in Figure 2. ) .
NOTES ) :

d8m = decibels above or below a reference’power of 1 mW into a 600 ohm load.

Digst sequenice consists of all OTMF tones

Tone dutation= 40 ms, tone pausers 40 ms.

Signal condition cansiuts of nominal DTMF lrequencies )
8oth tones in camposute signal have an equal amplitude.

Tone pair isdeviated by £15% & 214z,

sandwidth limited (3XH2 } Gaussian noise.

The precise dial tane frequencies ate (350 Hz and 440 HTY) £ 2%,

¢ For an error tate of better than 1in 10,000 .

10 Referenced to lowest level frequency component in DTMF signal °
11 Relerenced to the minimum valid accent level.

12 For quard time caiculation purposes

B N RN S W N -
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APPLICATION

RECEIVER SYSTEM FOR BRITISH TELECOM SPECPOR
1151 .

The circuit shown in Fig. 10 illustrates the use of
MT88708-1 device in 3 typical receiver system.. 8T
Spec defines the input signals less than -34 d8m 3s
the non-operate level. This condition can be
attained by choosing a suitable values of Ry and Ry
to provide 3dB attenuation, such that-34 dBminput
signal will correspond to -37 48m at the gain setting
pin GS of MT88708-1. As shown in the diagram, the
component values of Ry and Cy.are the quard time
requirements when the total component tolerance
is 6%. Forbetter performance, itis recommended to
use the non-symmetric quard time circuit in Fig. 9.

tare=(ReCe) 10 Voo ! Yoo Vil

tora ™ (R,Ci}tn (Voo I Vs

Rpm (RyR7) /(Ry 4 R)
Voo R .

StoT

o—1
() 8 'c'
' Ry L3
1313

Notes:

Ry=368K0 £1%
Rym22MQ £1%

Cy = 100nF £5%

‘Figure 9+ Non—Symme(ricGuard Time Circuit

Pl Voo Yol
oimg O-—ll-
hout 3 MT88708-1 TG»
N+ U Voo [ 3—
IN- StGT J—-:::j x
s st L] —
Vaet St [ —4—0
i e qe P——0
IC . Q3 0
osc Q1 0 NOTES:
03C2 Q1 }_____.O K.-\OZKntH‘
Vi Rolg A Ry 71.5K0 1%
Ry 390KA'E 1%
<..c,-1oom*zsk )
Xy = 3.579545 MHZ £0.1%

Figure 10 - Single-Ended Input Conliguration for BT or CEPT Spec
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recommended for most applications, leaving R to be

i & LOGIC LOW, He LOGIC HIGH, Z = 1NGHIMPEDANCE
Table 1. Functional Decode Table

pause between signals. Thus, as well. as rejecting

signals too short to be considered valid, the receiver
will tolerate signal interruptions (dropout) too short
to be considered a valid pause. This facility, together
with the capability of selecting the steering time
canstants externally, allows the designer to tailor
performance to meet’'a wide variety of system
requirements.

Guard Time Adjustment

In many situations not requiring selection of tone

. duration and interdigital pause, the simple steering

circuit shown in Figure S is applicable. Component
values are chosen according to the formula:

trec=toen FlGTP
tio=toa+tGTA

The value of tpp is 3 device parameter (see -Figure-3)
and tagc is the minimum signal duration to be
recognized by the receiver. A value for C of 0.1 ;iF is

Fuow | Fugn | MO. L TOE | Qi | Oy | Q2 | O selected by the designer.
697 | 1209 | 1 ol ool
Voo
697 | 1336 | 2 H 0 0 ! 0
697 1477 3 H 0 hj 1 1 e C
770 {1200 | a [ H | o | vt | 0o |0 < Yoo
StLGT v
770 | 1336 { s } H ] o | 1 | 6] 1 ‘
ESt
770 {1477 6 | H Lo | V] 1 ]O §
10
852 | 1209 7 H 0 i 1 1 -
\iiraea tera = (RCHA Vg ! Vig)
852 | 1336 8 H 1 0 0 Q M788708-1
8S2 | 1477 9 H 1 0 0 1 torr =(RQYIN Voo / (Vpo-Visd]
94t 1336 { o | w | v O [ v |0
- Figure S- Basic Steering Circuit
941 { 1209 1 H i 0 1 1
941 —;477 ¥y 1\ 1 1 0 0 Different steering arrdingements may be used to
, select independently the guard times for tone
697 | 1633 ) A H ! 1 0 1 present (tgrp) and tone absent (tgra). This may be
necessary to meet system specifications which place
770 __1633 8 H ‘ ] ! X both accept and reject limits on both tone duration
gs2 { 1633} ¢ H 1 1 1 } and interdigital pause. Guard time adjustment also
B B & : allows the designer to'tailor system parameters such
941 | 1633 | O H 0 0 0} 0 as talk off and noise immunity. Increasing tagc
'—:""""_'"“ R T "‘z"'“ z z Z improves talk-off performance since it reduces the
meg t probability that tones simulated by speech will

maintain signal condition long enough to be
registered. Alternatively, a refatively short tgec with
along tgo would be apprapriate for extremely noisy
environments where fast acquisition time and
immunity to tone dropouts are required. Design
information for guard time adjustment is shown in
figure 6 :

Differential Input Configuration

The input arrangement of the MT88708/MT88708-1’ )

provides a differential-input operational amplifier
as well as a bias source{Vg(} which is used to bias the
inputs at mid-rail, Provision is made for connection
of a feedback resistor to the ap-amp output (GS) for
adjustment of gain. In a single-ended configuration,
the input pins are connected as shown in Figure 2
with the op-amp cannected for unity gain and Vres
biasing the input at jVgp. Figure 7 shows the.
differential configuration; which permi :
adjustment of gain with the feedback resistor Rs-

L

ts the~. iig™

RIS



e we

MT88708/MT8870B-1 1s02-CMOS

MT88708-1 AC Electrical Characteristics' - Voltages are with respect 10 ground (V) unless otherwise stated

Characteristics Sym * Min Typ | Max Units Notes
Valid input signal lavels -3 d8m 1.2,35.6.9
il s (each tane of composite 218 mVams | 1,2,3,5.6,9
L | signal) #1 dém [1,2,3,56.9
G .
N 8639 mVlMs 1,2.3,5,6,9
51 A . .
2| U [InputSmgnal Level Reject -37 d8m 1,2,3,5,6,9
¢ 109 mVams | 1.2.3.5.6,9
3| O |Positive twist accept 6 ds 2,3,6,9
— N
4| p [Negative twistaccept : 6 d8 2,3,6,9
S| 1 [Freq. deviation accept £ 1.5%* 2Hz , 23,59
6| & |Freq.deviation reject +3.5% 2.3,5.9
7 ';' Third tone tolerance -18.5 ds 2,3.4,59,13
8 Noise tolerance -12 ds 2,3,4,57,9,10
9 Dial tone tolerance +22 - ds 2,3,4,58.9,11
*Vpo =SV, Vyym 0, T, 225°Cand fc33.579545 MH2 using test ciceuit shown in Fiquie 2
ROTES
t d8m = decibelt above o bd?w atefleience power of 1 mW into a 600 ohm load.
2. Digit sequence consists of all DTMF tones
] Tone duration= 40 ms, tone pause = 40 ms,
4. Signal condition consists of nominal DTMF frequencies
S. Bath tones in composite signal have an equal amplitude.
6. Tone paicitdeviated by 1.5% £ 2Hz.
7. 8andwidth limitad (3 kHz ) Gautsian noise,
8. The precise dialtone frequencies are (350 Hz and 440 H2) £ 24, X

9. For an ercor rate of better than 1in 10,000,

10. Referenced to lawest level frequency component in OTMF signal.

11. Referenced to the minimum valid acceptievel.

12. for guard time calculation pucpases.

13 Relerenced to fig. 10 Input DIMF Tone Level at-25dBm (-28 dBm at G$ Pin} lncerlerente Frequency Range betwewen 480-1400 2
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tome = (ReCy) 0 Voo / Voo Vrs! o [ wareaross
P N #T28708-1
+
tera={R:Ce) In (Voo ! Visd) .
Ro= (R Ry) £ (Ry+ Ry} o F~Ar A

DIFFERENTIAL INPUT AMPLIFIER

tor =Ryl In Voo ! Veo Vil . SEGH YT
) Ry=R,=Rg=100%1 Aftsenstons are L1 % tolerance,
Ry=60%Q,Ry=37.5k12 ANl dipacitors are L5 % tolerance
=(R,C) 10 (Voo ! Vs
"«A. oG oo/ Vs N Ry R,
Rp¢Rs
v O Rp=(R Ry} (Ry +Ry) ! VOLTAGE GAIN (Ay diffia 24
°° =D R

INPUT IMPEDANCE

SU/GT 7T\2
) Zworre) =2/ R &;—z)

r, Ry b) decteasing toras (tare > teva) 3
: £st Figure 7- Differential Input Configuration

Figure 6- Guard Time Adjustment :

To OSC1 of next
Crystal Oscillator MT88708/ MT88708-1
The internal clock circuit is completed with the C ”
addition of an external 3.579545 MHz rystal and is
. . . A x-tal \
normaily connected as shown in Figure 2 (Single
(e}14] o5

Ended Input Configuration). However, it is possible
to configure several MT88708/MY88708-1 devices ’

D.
employing only a single oscillator crystal. The 0sc2 I “ osct

oscillator autput of the first device in the chain is

coupled through a 30 pf capacitor ta the osciilator c
input (0SC1) of the next device. Subsequent devices

are connected in a similar fashion. Refer to Figure 8 '

foc details. The problems associated with Ca30pF :
unbalanced loading are not a concern with the CoL XuledsTOMSMIE T
arrangement shown, 1&; precision balancing Figure 8- Gecillator Connection

_capacitors are not required.



MT8870B/MT8870B-1 150%-CMOS

Absolute Maximum Ratings'

- Parameter ) . Symbol Min Max Units
1| Power supply voltage Vpo-Vss 6 v
2| Voltage on any pin Vgg—0.3 Voo +0.3 \Y
3| Current at any pin (other thansupply) N 10 mA
4| Operating temperature : Ta -40 +85 °C
51 'Storage temperature -65 +150 *C
6 | Package power dissipation . 1000 mw

'Exceeding these values may cause permanent damage. Functional operation under these conditions i not implied.
Decate shove 75 “Cat 16 mw / °C. Al leads soldered to board.

Recommended 0O perating Conditions - voitages are with cespect to ground Vo) uﬂle‘ﬂ otherwise stated.

Characteristics Sym | Min Typ* Max | Units Test Conditions
1|  |Positive Supply Voltages Voo 3 v |vgg=ov
Kl Oscillator Clock Frequency fc 3.579545 MHz
3 Oscillator Frequency Tolerance | Afc 0.1 %

1 Typical figures are at 25:C and are {or design aid only: not guaranteed and nat tubject 1o production testing.

DC Electrical Characteristics- Voo =5.0VE5%, Vig =0V, Voltages are with respect 18 ground (Vsg) unless otherwise stated.

Characteristics Sym| Min Typ't| Max- {Units Test Conditions
s |Operating supply voltage Voo 4.75 5.0 5.25 \'2
2 ‘,’ Operating supply cucrent loo 3.0 9.0 mA
N t Power consumption Po y 1S 1 45 mw | $=3.58 MHz; Vgp = 5V |
-1y
41, High level input Vin 3.s _V
5| N [Low level input voltage Vi 1.5 v
6 G input leakage current hae/M 0.1 uA {Vin=VssorVoo
7 ‘s' Pull-up (source) current ko 7.5 1s pA | TOE (pin 10)=0V
8 Input impedance (IN+, IN=) Rin 10 MQ | @1kHz
9 Steering threshold voltage Vrst 22 2.5 v
10 Low level outp.ut voltage Vot Vi +0.03] V |No load
1" 3 High level output voltage VoH | Vpe-0.03 Vv |MNoload
12 I Output low (sink) current ot 1 2.5 mA {Vour=0.4V
13 | u |Output high (source) current| lon | . 04 0.8 mA | Vour=4.6V
14 : Vgei OUtput voltage Veet | 24 2.7 VvV |Noload
15 Vpef OUtpUL resistance Ror 10 kQ

t Typical ligures ace 2¢ 25°C and ace for design aid only: notguaranteed and not subject to production testing.
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Functiopal Description

The MT88708/MT88708-1 monolithic DTMF receiver
offers small size, low power consumption and high
performanca. Its architecture consists of a bandsplit
filter section, which separates the high and low
group tones, followed by.a digital counting section
which verifies the frequency and duration of the
received tones before passing the corresponding
code to the output bus. ’ »

fFilter Section

Separation of the low group and high group tones is
achieved by applying the DTMF signal ta the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspontd to the
low and high group frequencies. The filter section
also incorporates notches at 350 and 445 Hz for
exceptional dial tone rejéction (see Figure 4). Each
tilter 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-level signals.
The outputs of the comparators provide full rail
logic swings at the frequeéncies of the incoming
DTMF signals.

Decoder Section

following the filter section is a decoder employing
digital counting techaniques 1o determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
complex averaging algorithm protects against tone

simulation by extraneous signals such as voice while
providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
developed 10 ensure an optimum combination of
immunity to talk-off and tolerance lo the presence
of wnerfering -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) dutput will go to an active
state. Any subsequent loss of signal condition will
cause ES 1o assume an inactive state {see “Steering
Ciequit”). 3

Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signal duration (referred

to ascharacter recagnition condition), This check is

performed by an external RCtima coastant driven by
£St. A logic high on £St causes v, (see Figure 5) to rise
as the capacitor discharges.Provided signal condition
is maintained (ESt remains high) for the validation
period (tgre), v feaches the threshold (Vi) of the
steering logic to register the tone pair, latching its
corresponding 4-bit code (see Table 1) into the
output latch. At this point the GT output is activated

. and drives v¢ 1o Vpp. GT continues to drive high as

long as ESt remains high. Finally, alter a short delay
“ryota oke zotzut lateh to setile.-the delayed
steering output Tiag WDy oea " 5 L1 3
a received tone pair has been registered. The
contents of the output latch are made available on
the 4-bit output bus by raising the three state
control input (TO?) to a logic high. The steering

circuit warks in reverse to validate the interdigit

[ vt
/— At ,1‘ ~ g’::flrsgnes
" ¥ AN
— -
IA I\ : DTMF TONES
2 { { \ . A=697 Mz
ATTENUATION g . :;2 :x
(@) [ ’ \ D=941 Hzx
3 I \ £=1209 Hx
e
40 I rA_-; ‘ N;M]! He
/ 1\ ya A >\
S0 -\/ L \ Iy / ' —
| (R VI N L O O
X Y A B CO €. F G._ H___.
FREQUENCY (Hz) -

Figure 4- Filter Response



MT88708/MT8870B-1 150%-CMOS
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MT88708B-1 AC Electrical Characteristics' - valtagss are with rescect to ground (Vi) unless otherwise stated

Characteristics Sym * Min Typ | Max Units Notes
Valid input signal levels 31 dém  }1.2,3.5.6.9
s (gach tone of compaosite | 218 mVams | 1,2.3,5.6.9
1 | signal) : +1 d8m |1,2,3,569
N 869 | mVams |1.2.3.5.6.9
2| » [inputSignal Level Reject 37 d8m | 1,2.3,5.6.9
. 109 mVams | 1.2.3,5.6,9
3| o [ Positive twist accept 6 ds 2,3,6.9
4 S Negative twist accept - 6 - d8 23,69
5] + |Freq. deviation accept £1.5% £ 2Hz , 2,3,5.9
| 6] é Freq.deviation reject +3.5% o 22388
71 N {Third tone tolerance -18.5 d8 2,3.4,5,9.13
p——y{ T
8 Noise tolerance -12 ds 2,3.4,5,7,9,10
9 Dial tone tolerance +22 - d8 2,3,4,58,9.11

" Voo m SV, V= 0,T,=25"Cand fc=3.579545 MHz using test circuit shown in Figure 2
NOTES
| d8m = decibels above or below a refesence power of 1 mW into a 600 ohm load.
2. Digit sequence consists of allDTMF 1ones
3 Tone duration= 40 ms, tone pause + 40 ms.
4. Signal condition consists of nominal DTMF frequencies
$. Bath tonet in compotite signal have an equal amplitude.
§. Tone pair isdeviated by 1 1.5% 1 2Hz.
7. Bandwidth limited (3 kHz ) Gaussian noise.
8. The precise dial tone frequencies are (350 Hz and 440 Hi) £ 2%. 1P "
9. For an error rate of better than tin 10.000. ;
10. Referenced 1o lowest level frequency component in DTMF signal.
11. Relerenced to the minimum valid 2ccept level.

12. For guard time calculation purposes.
13 Relerenced to fig. 10 lnput DIMF Tone Level 3t-25dBm (-28 dem at G$ Pin} Interlerente Frequenty Ranye between $80-330012
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FEATURES

o WIDE FREQUENCY RANGE (01H2 TO S00kHz)

« HIGH STABILITY OFCENTER FREQUENCY

o INDEPENDENTLY CONTROLLABLE BANOWIDTH (0 TO 14 PER-
CENT) e

o HIGH OUT-BAND SIGNAL AND NOISE REJECTION

« LOGIC-COMPATIBLE OUTPUT WITH 100mA CURRENT SINKING
CAPABIUTY

« INHERENT IMMUNITY TO FALSE SIGNALS

« FREQUENCY ADJUSTMENT OVER A 20 TO 1 RANGE WITH AN
EXTERNAL RESISTOR

APPLICATIONS

cen e

TOUCH TONE* DECODING

CARRAIER CURRENT REMOTE CONTROLS
ULTRASONIC CONTROLS (REMOTE TV, ETC.}
COMMUNICATIONS PAGING

FHEQUENCY MONITORING ANO CONTROUL
WIRELESS INTERCOM

PRECISION OSCILLATOR

ABSOLUTE MAXIMUM RATINGS
Operanng Temperature 0°C to 70°C NES67

~55'C 10 125°C SES67

Operaling Voltage oV
Posittive Vottage at Input | 0.5V above Suoply Vottage
{Pin )

~10 VCC

Negative Voltage at Inout

Outout Voitage (collecior of outout transustor) is vOC
Slorage Temperature -65"C t0 150°C
Power Dissipaton 300mwW
BLOCK DIAGRAM
9
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OPERATING INSTRUCTIONS

Figure 1 snows a iypical connecson ciagram lor e 587, For most
acobcauons, the fofiowng iree-sien srocecure will be sulficent for
choosing ihe extemal companentd Ry.Cj. Ca ana C3.

1. Select Rq anaCy for ihe cesued c_z_mg_frequamy.__i:or best tempera-
.ure stapiity, Ry shouid bs Zemween 2K and 20K orvm, and the R1Cy
procuct should have’ Sicem oy, over the projecied lemperature
range 10 meel he necessary requrements.

2. Seleciine owpasscapacior. C2.5y retemng 10 the Banawicth versus
input Signal Ampiiuce graon. e nout amplitude vanaon is known,
the aoprocnate vawe of 16C2
may be found. Conversely, an zrea of operation may be selecied ont this
graoh ang ihe input level anc Cp may De adjusted accoraingGly. For
example, constant candwsath coeration requires that mpul amplitude be
3Dove 200m Vrns. The bangwicn. 35 noted on the grapn. is then convol-
laq solely by the 5Cp produc :Fn LP};J._C_U;(G). ).

3. The value of C3 s generatly non-antical, C4 sets the band edge ofa
iow pass fiter wrsch aftenuates sequencies oulside the getection band 10
elrmnate spunous outouts. It C1 8100 smal, lreguenes just outsioe the
detechon band wi swich the =:20ut stage on and off at the beat fre-
quency. or the outout may puse cn ana off cunng the fum-on transiem. i
C415100 arge. tukm-on and (LM< Ot Ine CuLDUT Stage will be celayed unul
ihe vonage on Cj passes ire -~resnoid voitage. {Suen celay may be
desiradle {0 avod Spunous CuISuls cue 10 transsent lrequencies.) A
typrcatl minmum vaie lor C3's Ca.
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FIGURE 1

AVAILABLE OUTPUTS tFigure 2),

“The primary outout is the uncommeied Gitoul NSl cofiector, pin 8.
When an n-bana nput signal 3 oresert, Inrs vanssior sawrates, its
coitecior voitage beng less than 1.0 vort {typrcaiy 0.6V) at full output
cucrent (100mAL The vottags atopn2isthepnass detecior cutout. a linear
tuncuon of frequency, over ne range of 0.95 to 1.C3 10, with a slope of
aoout 20mMV/™% frequency cevnaton, The average votage al pin 1 is,
dunng loox. 2 funcoon of the moana nout amokluce in accordance with
he transfer characlenstic given. Pin 5 is the controtiea osaitator squase
wave outout of magnitude (V+ —2Vbe)=(V+—1.4V1having a oC average
of Y+i2 A iXflload may be cven om pin 5. Pin6 is an exponenual
traingle ot 1 voit peak-to-peak with an average dc levei ot V=12 Only hign
inoedamebsmmbomnecedwpmﬁwcmaﬂedmg e CCO
duty cycie of temperabure stapxiity.

recessary to give the desired tangwwath
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OPERATING PRECAUTIONS :

A briaf review of ihe tollowing precautions will helo the user attain the high

level of periormance of weuch the 387 is capapie.

1. Oparation mne highinput level mode (above 200mV) wil fres the user

lrom DANAWITh Yanations gue 10 changesin
The input S1age is

thein-band signal
now hmitng, howaver, so that out-band sign

ampiitude.
als o high

nowss lavels can cause sn appasent bandwiaih fequcton as the in

signal is suporessed. Also, the limiting action will create

hents from suo-narmonic s)gnals, sothe 567 becomes sensitive

at /3. ly5. 2te.
2. TheS57 willlock onto signals neas (2n+1)o.
signats near (4n-1) Ig where n=0. 1,2, etc. Thus,
can cause
snould be anenuated before reacning the 567 input.

3. Maxsnum mmunity from noise and out-band signals is
ow inout levet (Below 200mVms) and reduced b o
moce. However. cecreaseds 1000 oamping causes the
up bme 10 incease, as shown by the Greatest Number
L vs. Bancwiain graoh. )

4. Due 10 the mgn Swilching spoeeds {20ns)

WOorse-case
of Cycies Befor®
associated with 567

in-band compo-
o signais
and will give an output for
signals at5 foand3d fo
an unwanted outgut. H such signais are anticipated, Y

tiorded inthe
operating

ke

operr

tion. care shouxd 04 takenin lead routing. Lead tengths should bekeptiod
ciose lothe

mirernum. The sower supply should be adequatety Oyp

667 with an 0.01uF or greater capacitor groundiclg p
carefulty chosen 10 avod ground
Another facior whseh must be considered is the etfect of load
on the power sugpry. For example. an incandescant lamp

10 times rated current at turn-on. This can cause SUpply
nhons which cauid. ‘or exampie, snHt the detection band of
sysiems suthcently lo cause rmomentary
low-irequency 2sciiapon nto and out of lock. Such effects

loss of lock. The

can

aths should be
loops and unwanied volt2ge variatos-

drxws

voitage flocas
narrow-bsnd
resut 8 8

bo P
o

vented by sucoting heavy load currents trom a separate SUPPYe

increasing the Suoply tilter capaator.
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DESIGN FORMULAS

_ 1
9= AiCy
Vi . -
—O—-—I‘I%OHO.V;N\‘ZQOMVI

8w = 107!
1gC2

.. Where -
Vi=Input Voltage
Cp~tow-Pass Fi

(Votts BMS)
Rer Capacor (ui)

PHASE LOCKED LOOP TERMINOLOGY
CENTER FREQUENCY (fg)
The tree-unmwng frequency of the
the atsance of an input sgnal.
DETECTION BANDWIDTH (BW)
The requency range. cent
above the threshold voltage
Sate on the outout.
Cagtre nge.
LARGEST DETECTION BAND
i The targest
Tresnoid votage will i zero
. Maxrnum delecion Danowdth corresoanas
' BETECTION BAND SKEW
wed the largest cetect:ol
Center requency. [g. The skew 13 cefin
“here frnax and fmm are the lrequencies
e catection band. The sxew can Se feCuc
means of an opuional cemenng aciustment.

WIDTH

current controtied oscillator (CCO) in

ered about fg. within which an input signal

(typically 20mV mms
The cetection danawiath cofres|

thin waen an «nput S|
10 the loop iock range.
n 0and is centered apout the

ed 3s (tmax =
corresponaing 0 the eages ol

RMS)

Response 1o 100mV AMS tone burst.
Ry = 100 ohms.

) wit cause a logical zer0
ponas to the loop

ignal apove (he

state on 1ha outout. The

trun —2i0V10

ed to zero il necessary by

t tone burst with wideband noise.

Response 10 same inpu
S

N
Noise Bancwidth = 140 Hz

¢
-6uo Ry = 100 ohms

-
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ELECTRICAL CHARACTERISTICS (v+=5.0 Vons, Ty =25°C unless noted)

i TEST SES67 NESS7 UNITS
S—
1 PARAMETER CONDITIONS T Tvr | MAX | MIN | TYP | MAX
. I CENTER FREQUENCY (NOTE 1)
: Highest Cemter Frequency (o) 1C0 500 1c0 £00 kHz
Certer Frequency Stability (Note 2) -55to 125°C 35=140 35<140 pprv*C
Qo 70°C 3560 35260 peav*C
Center Frequency Shift with Sucply Voitage | [,=100KHZ 0.5 1 0.7 i 2 LAY
DETECTION BANDWIOTH ’
Largest Detection BandwCth {y= 100KHZ 12 14 16 10 14 18 “%oflo
Detection Bandwoth Skew 1 2 2 3 * of fo
Largest Detection Bandwicth— Vj=300mVrms =0.1 =01 wC
¥ Vananon with Temoerature
Largest Detection Bandwaih— V;=300mVms =2 =2 “v
Vanzion wih Supply Vorage
INPUT
Input Reaistance 1 20 i 20 ., K0
Smaitest Detectatie Input Votage(Vi) IL-IOOmA. Lmlg 20 25 20 25 mV ms
Largest No-Outout Input Voiage I =100mA, =I5 | 10 15 10 15 mV rms
Greatest Simutaneous Outband ~6 , =6 o8
Signal 10 Inband Signal Rano
Mirsmum Input Signal 10 Wideband Bn= 140KHZ -6 -6 a8
Nose Ratio .
ouTPUT i
Fastest On-Off Cycting Rate 10720 1o/20
=1~ Qutput Leaxage Current 0.01 25 0.01 25 pA
“0" Output Voitage 1 =30mA 0.2 0.4 02 0.4 A\
£ I_=100mA 1 0.6 1.0 0.6 1.0 v
Outout Fait Time {Note 3 A =500 ! 30 30 ns
T Output Rise Time {Note J) aca RL-son | 150 150 ns
1 .
GENERAL 75/ v
Operating Vot Rangé 4, 9.0 475 9.0
Suopiymanem rescent 6 8 7 10 mA
Supply Current—Activated Ry =20KN 1" 13 12 15 mA
Qusescant Power Dissipstion 30 s mwW
; WOTES:
B Mmmﬁg mumw_:pm
L 2 Acoscacrs ewer 475 1 575 voRs. Ses graons ks more Setaed mTTRIDA :
S Mlnm\m(&mwnmwmwww
S YYPICAL CHARACTERISTIC CURVES .
E BANDOWIDTH VERSUS INPUT LARGEST DETECTION DETECTION BANOWIOTH AS A
SIGNAL AMPLITUDE BANOWIOTH-VERSUS FUNCTION OF C2 AND C3
° OPERATING FREQUENCY
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TYPICAL CHARACTERISTIC CURVES (CONTD)

COEFFICIENT TEMPERATURE
(MEAN AND S.D.)
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DESIGN FORMULAS

-
1
0= R1Cy 3
Vi -
BwW =1 9‘—’—- n g Vv {RM!
a7 oC2 in%ollp, VIN<S 200mV {RMS)
Where .

" Viminput Voltage (Vors RMS)

Ca=low-Pass Filter Capactor (uf)

PHASE LOCKED LOOP TERMINOLOGY

CENTER FREQUENCY (fg)

The tree-running frequency of the current controtted oscillator (CCO) in
the apssnce of an input sgnal.

DETECTION BANDWIOTH (BW) )
The requency range. centered anout fo. wnthin which an input signat
above the threshoid voltage (typicatly 20mV ms) will cause 3 logical zero
state on the outout. The getection banowwath correspands to ihe loop
Qpure range.

LARGEST DETECTION BANDWIOTH

The targest frequency range wathin which an input signal aoove the
Tresnod voltage will cause 3 logrcat zero state on the outouL The
Maxmum delection Sanawwith comesoonas 10 the loon lock range.

‘ DETECTIONBAND SKEW

A measure of how weil the largest cetect:on pand is centered aoout the
Corter. Irequency. lg- The skew 1S cefined as (tmax — 'mn =200V )
Where fmax and frmn are the lrequencies corresponaing to tne eoges of
The cetection band. The sxew can Se recuced 10 zer if necessary by
Means of an optronal cemenng aciustment.

! Response to 100mV RMS tone burst.
: Ry = 100 ohms.

Input

Response t0 same input tone burst with wideband naise.

-S—---G{.o
N

Noise Bandwdth = 140 Hz

R( " 100 ohms
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" operating speed. Oz and Cg are.mad

- spEED OF OPERATION

Minimum lock-up time is related ‘0 the natural frequency of the loop. The
lower il is. tha longer becomes :he rum-on transient. Thus, maximum
operating speed is ontained wnen Cgpis ata minsmum. When the signalis
first aophed, the ghase may be such as 1o intially dnve the conuoiled
INComing Tequency rather than towara iL Uncer
is of course unoreaiclaoie, the lock-up 1S transent1s
*at its worst and the theoretcal mimmum locx-up time is not achievaole.
,Wa must simply war fof the ransient 1o die out.
The loliowing exoressions grve the values of C2 and C3 which allow
highest operating speeds lor various band center frequencies. The
mimmunm rate at which digral information may be detected without infor-
maton loss cue 10 the um-ca “ansient of output chatter is about 10
cycles per dit, comresponaing 10 an intormation rranster rate of { /10
+ baud.

Cp =22 uF
to
260 oF

Cg-’
o]

in cases where trn-off time can be saaficed to achieve fast urm-on. the
optional sensitivity adjustment creut can de used to move the auiescent
C4 vonage lower (cleser 10 the thresnotd votage). However, sensitivity 10
beat trequencies, noise and extranecus signats will be increased.

OPTIONAL CONTROLS

The 567 has been designed so that, for most applications. no external
adjustments are required. Centam applications, hawever, will be greatly
lagilitated if full agvantage is taken of the added conuol possitrihes
avallaple through the use ol acctonal extemal components. In the cia-
. vakses are suggested where applicaple. For best
resulls resistors used, excapt where noted. snould have the same temo-
erature coefticent. Ideatty, sificon gioges would be low-resistivity types.
such as torward-biased transsiX base-emitter junctions. However, orci-
nary low-vorage diodes shoulkl be acequate for most appilications.

SENSITIVITY ADJUSTMENT

When operated as a very naTow band detector (lessthan 8 percent), both
Cg and C3 are magde quite large n oroer 10 #mprove noise and outband
signal rejection. This il inevitadly Siow INe (esponss time. lf, however,
the output stage is biased ¢ioser 0 the threshold level, the tum-on tme
can be improved. This is accomonshed by crawing additional current 10
terminal 1. Under this conadion. ihe 567 will also give an output for
lower-tevel signats (10m or lowerl.
By adding cusTert to tenminal 1. the

from the threshoid voltage.

e

output stags is biased further away
This 1 most userui when, tc obtain maximum-
e very small. Normally, frequencies

just outside the detection bana couid cause false outputs under this

condition. By cesensitizing the cuDUt stage. the outband beat notes do

nt feed through 10 the oumput s@Ge. Since the input level must be
, Somewmat greater wnenthe outzut stage is made less sensitive, rejection
: of third harmonscs of in-band harmenics (of lower frequency signais) is
. aisg improved.

!
CHATTER PREVENTION )

| Chatter occurs in the output stage wnen Cyis refatively small, so that the
; lock transient and the AC components at e quadrature phase detector
, fock detecior) outout cause e oUWt stage lo move Uwough its
! treshoid more than once. Many loacs. ‘or examote lamps and relays. will
: Mot respond to the charter. However. logic may recognize thechartteras a
; Series of outputs. 8y teeding the outsut stage output back to it input. (pin

%7 57 |__T——
: A
| a3
i
. = = =
H
H OECREASE INCABASE
; SENSITIVITY SERSITIVITY
i
i
DECAUASE
N JsEnsTviTY
L L] sal
IHCREASE
Y S(NSITIV"’Y
1.0R
l ‘ N osiucom
<z { Dwooes ron
1 TEMPERATURE
B J COMPENTATION
1QPTIONAL)
§
;
H o .V v
{
()
', m
" LN L 203 10 1K
.
i wr v
! | =
] .
gt 70 3
. 10K 1 10¢

ER l'.

. [ . .
—OPTIONAL — PERWITS
LOWER VALUE OF Cy

1) the charter can oe elminated. Threa schemes for doing this are given
above. All operate by feeding the first output step {either on of off) backto-
e input, pushing the 1oout cast the threshoid unti the transient condi-
sons are over. It s only 1o assure that the feeaback tme
eanstant is not so large 2s to prevent operation at the highest anticioated
soeed. Althougn caaer cant always be eliminated by making Cg largs,
ine feechack circunt wil enable faster operation of the 567 by atlowing Ca

10 be kept smatfl. Note that i the {eedback time constant is made quite
targe. a short burst arihe inout ‘requency can be stretche into a long
cuttnt pulse. This may be usefui 1o arive. lor example. stecping relays.
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OPERATING INSTRUCTIONS

Figure 1 snows a typical connecon ciagram loc me £§7. For most
apphcasons. the foliowing reesiep Srocecure wil e sutficent fof
cnoosing the extermnal cComponents Ry.Cj. C2 ana C3.

1, Select Ry and Cy forthe g:es:t_eqqep:e_r_hquan;y._F« best tempera-

wure statwty, Ry should b cetween 2K and 20K orvn. and the R1Cy

procuct snould have $UTiGem saoity, over the proeced temperature

range l0 meet the necessary regtatements.
2. Selectthe 1OW pasSCapacior. Ca. by reieningtothe Banowicth versus
Input Signal Ampwiuce graon. 4 te nout amphiude vanaon is known,

1he approcnate vawe of 15C2 "eoessar‘v 10 give the desired Langwiatn "

may be found. Conversely, an area of coeration May be selecied on this
graph ana the input lavel ana Cp may be adjusted acsoraingly, For
example. constar tandwiath coeraton requires that mput amplitude be
above 200m Vrmns. The bangwic:n. as noted on the grapn. is hen convol-
leg sotely by the oCp producs :Fq gz_x._(_:umm. ).

3. The vatua of C3 s generatly . Cq sets the band edge of a
10w pass fitter whech antenuales ‘requencies cutside the getection bana to
elimINate SOUTIOUS DULDULS. 1C213100 small, requenaes just outsioe the

delection band wi switch the =:0ut stage on ang oft at the beal fre-

quency. or the Qutput may puse cn 200 off Gunng the turm-on transient. ff

C11s1001arge. lum-on and (Lr-22 Ot Ihe CUtDUt stage wall De celayed untit ¢

:he vonage on Cj passes ire —~resnoid vorage. {Sucn celay may be
desianie 0 avod SDUNOUS cumuts gue 10 irans:ent trequencies.) A
t/picat mansmum value for Ca s Ca.
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FIGURE 1

AVAILABLE OUTPUTS (Figure 21,

: mMmBmemnwwﬂm.pina.

. Whea an m-bang nout

s oresent, tis ransestol sawrates; s
cotlector voftage beng less than $.0 vot (Typrcafty 0.6V) at full output
cu:mm(mOmALTMvonaqcameismepnasaOelmoumm.alinear
tuncaon of frequency, oves the range of 0.85 to 1.05 10, wnth a slope of
aoout 20mV/%% requency ceviagon. The average vorage at pin 1 is,
dunng locx. a funcon of the N02NA INCUL ZMOttUGE N ACCOMCANCS with
{ne transier characienstic Given. Pin 3 is the controtieq osailiator square
wave outout of magritucs (V+ —2Vba)=(V+—1.4Vihaving 3 OC 3verage
olVJ-IZAmnbadmaybcmtmmpins.Phsisanexponenual
traingle of 1 voﬂpeak-m—pc:kwnnmavenqtoclmow—lz Oniy hign
immloacsm:ybom«cedwpnswmnaﬂequmoc (o]

: duty cycis of temperatixe staDity.
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FIGURE 2 ¢
OPERATING PRECAUTIONS .

1

A priaf review 01 the following precautions will help the user attain the high
Javel of periormance of winch the 367 Is capaole. !
1, Operation mna highnput lavelmode (aDove 200mV) will fres the usar -
Irom DANGWwATEN vanatons due to changesining in-band signal ampiitude.
The mput stage ts now hmiting, however, SO {hat out-band signals or high |
notss levets can cause an apparent bandwath regucuon as the H
signal is suporessed. Also, the limting action will creata in-band comp ¢
hents from SUO-NAMMONIC SIgNais, 5o the 567 becomes sensitive lo signais. !
at {3 1y 5. ot :
2. TheSE7 wiltlock onto signals near (2n+1) fo. and will give anoutputior
signats near (4n— 1) lo where n=0. 1, 2. etc. Thus. signats atsfoandslo
can cause an unwanted output. 1 such signals are anticipated, ey
snould be attenuated before reacning the S67 input.

3. Maxenum mmmunity from noise and out-band signats i3 atforded In the
tow inout tevel (Below 200mVims) and reguced 3

mode. However, cecreased loop damping causes the worse-case lodke
up time 10 increase, as shown by the Greatest Number of Cycles Befo®
Output vs. Bancwicin graoh. . .
4. Dua 10 the RGN SwilChung speeds (20ns) associated with 587 opere |
tion, care showd Da taken n iead routing. Laaa langths shouldbekeptiod .

rmmemum. The cower supply should be adequatety pypassed close 10 Clod
567 wiith an 0.01uF or greater capacitor: grounding should be .

carefuily chosen 1o avad ground loops and unwanted 2 .
Anothes facior which must be considered is the éflect of Joad energizssl
on the power suopty. For examole. an wncandescant lamp :
70 times rated current atturn-on. This c2a cause supply voltage e ;
tions which could, ‘or example, snift the detection band of nmow-O: ": 1l
systems syticently 1o cause momentary loss of lock. The result H
Yo irequency ssciianon o and out of lock. Such eftects can b0 "';

venied by sucaving heavy load cuments from 2 separate supplYe & -
ncreasing te suoply filler capacitor. . .
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