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" ARSTRACT
This project presents automat

microcontroiler is used as control and central processing unit. As a result, automatic
people conversation. This project is also developed for automatic PBX to

ic private branch exchange 2 to 8's operation, where MCS - 51

PBX can be used for line

fransferring, line holding, and three-
display unit can be shown on LCb

be able to record telephone number for call back, and the work result of
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2.5.2 mnudnlonug
= b 9/ o v o 4 o .

' - msdoudeyalifuumaiaama wwutaiu 2 dnvusfe Ay ualIugu (Instraction)
t ° [ o (" 1 ¥
uaz 1’1'914?1 (Data) TavszAmuadlsuidygyia RS =0 nsnmuﬁdﬁaﬁmﬂgmmuau n3vB U
)l o J \u
uwan (Flag) anmnsieTivasusiaaana uazd RS=1 wwmneis mylouniesudeyn duse
AAIN
' ™ a ) b a A4 A a a 9/ o

- ndnnsumadoudeyaliunuiawail Aodielinsdoudeya lunsdrveuanima o
4 9 o o P 1 o daan o a 4 v
Foaldnalumemhoudvaznils  ( awsmmaeedgant lumseh 23 ) aaszuululay
asuTnsamesaunsonsivaeaviann  I%uwan ( Busy FlagBF) uazdiFvufesudrSeamnsndon

ar ] 1 t =1 a o [} v o
Heoyasusellg  unsdifimssersnthuuudunmiewiymmenfie hinunsnd mdeyadoundyld
gd Y Yy '

szuvluTasaauInsamesnewzansléasnsnuiwamu
: - ;4 Yo 4” o U slq‘: o =Y =3 a

- msloudeyafuumuaaswa I annsom laviauuy 8 in uaz 4 inlaonsdl 4 Un
Enuhmuammmwna o 4 1du A9 DB4 -DB7 (Tmmsmzuu"lﬂﬂsﬂauimamai HUY 4 V3
,mamﬁﬁswuwmu) msdvudeyaszaszyiuniioudy 8 n WowdWidou 2 a¥1 o DB4-DB7
fAlou 13 WAIw DBO -DB3 lazizAesfmuanuananiua DL TusdafmuanifnIsiney
(Functlon Set) Ay

- missauiuaaadeyn ( Display Data Ram , DDRAM ) Aomiasaimiiniludaums

§
Euﬂmwaﬁtﬂu‘nﬁn ( BUFFER ) vastoyn Tasdufousvauedils sl lumidonawdnl Aes
i o o d’ L4 ~

L dsinguilusisnusussiraaiug

b

{ - miaidBeehYs ( CHARACTER GENERATER RAM = CGRAM ) Asnuae

'3 o ° @ o Y 4 o
AN lua R ANa mmmﬂumwmaﬂmﬁé"’l‘%’muﬁﬂﬁéﬁavlﬁm (8¢7) Taoazas

v
womasa lavianua 64 luvi fe 8 ndnAaBnNYT QAL 8§ 107

3
b
¥

Signal /0 Device Function
Interface with
RS I MPU Selects registers.

0:Instruction register(for write) Busy flag:address
counter(for read)
1:Data register(for write and read)

R/W I MPU Selects read or write.
0:Write
1:Read

E I MPU Starts data read/write.




a
e Wy P

: Signal I/0 Device Function

. Interface with

. DB41DB7 | 1O MPU Four high order bidirectional tristate data bus pins. Used

: for data transfer and receive between the MPUand the

HD447380 .DB7 can be used as a busy flag.

, DBOtoDB3 /O MPU Four low order bidirectional tristate data bus pins.

! Used for data transfer and receive between the MPU

: and the HD44780 .These pins are not used during

% ‘ 4-bits operation.

E COM1 to 0] LCD Common signals that are not used are changed to

5 COM16 non-selection waveforms.,COM9 to COM16 are

i non-selection waveforms at 1/8 duty factor and

COM12 to COM16 are non-selection waveform

{ at 1/11 duty factor.

. SEGI to SEG40 LCD Segment signals.

! CL1 0] Extention Clock to latch serial data D sent to the extention

E driver driver.

£ CL2 0 Extention Clock to Shift serial data D

; driver

i L 0] Extention Character pattern data corresponding to each segment

é driver signal

‘. VitoV5 - Power Power supply for ECD &rive

. supply Ve V5 = 11V(max)

Ve, GND - Power Vee:2.7V to 5.5V, GND:0V

. supply

| 0SC1,08C2 - Oscillation ‘When crystal oscillation is performed,a resister must
resister clock | be connected externally.When the pin input is an

external clock,it musy be input to OSC1

AITNN 2.3 UaRsdRasIas Yee aBuanINa LCD

15
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»
2.5.3 Swazdsnveanns ndygna AT
IRS (Register Selection) zifuvudenitmasi nwludludinealnsamesiisimans
] . so o . . .
ogjaaatlszinnfio S3mavsMids (Command Register N30 Instruction Register :IR) LAz
S3mnoidoya ( Data Register :DR) 1A
o o A 3y o &
dyanw RS = 0 minubuden 19 gafida
doyaas RS =1mneiudoniddoya
. o o A a A Y
2. R/W( Read/Write) 1iudayanuiidennsiiouniosudeynnin LcMlay
Foane RW =0 nuwdaneamsieudeyann LcM
Fuana R/W =1 nnuddesmseudeyaldis LoM
3. E (Enable Signal) s muaanmmssudivusudeya Invazbuaduaaslu

AN 2.4

RS |R/W OPERATION

Write instruction code

Read busy flag and address
counter

Write data

Read data

SIPRE

A191N 2.4 1EAINIININUYBITYA N Enable
a L) o =
4. DBO-DB7 iHuvisudadoyaninds lod
>
5. vDD Wuwsiolviduarsesvuna 5 Taad

6.VSS HuvIGND

v é o 1
gl 2.7 Fufhuwuduaailunsas9wou Busy Flag uazonaiseseiuy ldhlums
v } 4
@ousrinmidannsa
-RS uazR/W Aeaiinuiiu quitazdadoyaliluvasidyenoEnable niasusin udh olums
o v 2
@oudeyannnss
- RS =1uaz R/W=0 tazdadoyal luvaizfidaqaiEnable nidousin 1ifu olunssuBusy
o
Flag 1ag Adress Counter Y}ﬂﬂ{l
] ¥
-RS =0 uaz RW=1 uazSudeyardhnluvusfidyaia Enable i 1Tuntsgmdoyannns

[
o’

-Rs=1 1z R/W=1 tazsudeyadunluvsisiidyger Ensble ful
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R

RS
AW / ~
E Mh /TNy

intemal "
operation Functoning 1

.-

1] Nt

i owr 22X om X ey UL Ry 2R 7K e X
! Instructon Busy flag Busy flag Busy flag Instructon

E write check check chack writes

-~

51t 2.7 nanausanailunsAarefuLCM
; 2.5.4 'qm‘i1&"4muquuaznmmm%’aﬂ'zm
f ms@runiosudeyafuumuaaina fdemsimuanuanidan q lumslfauvecse
araena mmgﬂﬁ1'c?aﬂ'mf]uuazs'Juﬁ'anm%uu%'ﬂgaﬁﬁ‘lm’famm e s 1nguusBieraINg
SUnoalnsaiand HD44780 Smsinauldnaivedetuegiviidenisudnn msduduldou Lom e
Ivhanldgn Foviufudosdnsisanuifoafudylu Tns TdsaedmsTion HDa4780 T35eil
E L Suguldamlaoasinmihisaanoludlnealnsames HD44780 ansesiyalaesniulu
"151'10q‘1u11mvx‘i;ué’{u°l‘x’f'ﬂuTﬂuﬁuwénmnuﬁ'wﬁﬁq diefimsTian dyaudFuvan Busy Flag) 920y
Tufrmuv"lmn (Busy) sunszuIunssiantsluadidygruidudan gzantiu 1 Whunar 10 Jud
tmunam"lﬂmm-nﬂuﬂn‘flu45 ot frdatvinems il nielugasdiniidene Ui
! Display Clear  Yim3audoyauuseaImLCD
| -Function Set Tananinioiu

DL =1 1flumsaliimsaadsuuy 8 da
! N=0 : iwauiiu 1 ussRamMIUAAIHa
i F=0 :5*8 Dot ADWIIAISYS
E -Display On /Off
k D=0 :Display Off
4 C=0 :Cursor Off

B=0 :Blink Off
-Entry Mode Set /D=1  :+1 (1ﬁnthountex‘T;u 1)
S=0 :No Shift

nimngnitiuldmuldould  desdudanderhmdafezdesdidanunuldicy

aImEA151aR 2.5 1A Rise Time ypaumay i@ nmfiussdunlfounn 0.2Thad W 4.5Tad)

st

. ¥ ] ’
umaguamm 0.1-10 Hadhuinieidie IWidesfiswld LeM fimanaundindio2Tadlesnd 1 Tad:

—

Sufacesiimihiten Tassa TuiAnoludee limnnsamanld lunsdifimsSaveainsnlu
'ﬁmuﬁﬁwmmﬁmumnmmﬂﬂﬂmuﬁﬁ]uﬁaqwmuuamzmmv‘hmﬁmm LcM tielims Il

3 y ¥ [
feveRanmanai lavasdasida ldaruquLcm

{

k

¥
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[ 2. sisudulFa Tasdeirda lmuguLcMisuitetearu bildifamsTigafanaranoate 14

"niled LoM i Idgndeamineu 2esmeuenalsimsTiaon LCM 183

o mir —

Code Execﬁﬁon time
Instruction (f,,.is 270kHz)
E RS | YW | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
% Clear display 0 0 0 0 0 0 0 0 0 1 -
, Cursor home 0 0 0 0 0 0 0 0 1 * 1.52ms
E Entry mode set 0 0 0 0 0 0 0 I'D S 37us
E Display on/off 0 0 0 0 0 0 1 C B 37us
. control
| Cursor/display | 0 | 0| 0 [0 [0 | 1 [SCpRL s o 378
E shift
Function set 0 0 0 0 1 DL | N B * % 37us
+ Set CGRAM 0 0 0 1 CGRAM adress 37us
'f adress
1 Set DDRAM 0 0 1 DDRAM address 37us
! address
TRt:ad busy flag 0 1 BF ous
and address DDRAM address
¥ counter .
; write CGRAM 1 0 write data 37ps
E or DDRAM
E read from 1 1 37ps
CGRAM or read data
, DDRAM
i * =Don’t care

"Execution time changes when frequency changes

{
Example: When f__ is 250 kHz , 37ps x 270/ 250 =40 uS

MINA 2.5 HEAITIU0zIBIAYAMIGN HD44780




TuazPanveayAf1a HD44780 %

1. ArdsauesuaasnNa (CLEAR DISPLAY

; RS R/W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DBl | DBO

0 0 0 0 0 0 0 0 0 1

! Adaautouaadng ( CLEAR DISPLAY ) vhlaumsifounasnnsane (Space : ASCII 20H ) a4
b 4
Tumisarnsuaasradeyaimuaiazimuamdumismizsamiwidawadeyn (DDRAM
9 9 u’: o o o {0 v o 1
Address) Wiy 0 ndouviunesivesszndulundumisdnouugavestenm Wnp=1,8 hill

, msnfasu

a ¢

E 2. didalvinesives lJegfigaisudu (RETURN HOME)

RS {R/W [DB7 |DB6 | DB5S | DB4 | DB3 | DB2 | DB1 | DBO

b 0 | O 0 0 0 0 0 0 1 *

* ynede lulika (NO EFFECT)

° @ o P a 9 o @ o L ] 1
fdalinefiged liloghgmsuau ( Cursor At Home) dmiudmuasisduimuvemuagnIm
o Vg vy o o P 'd o ) a9 '
Suanma iy 0 nYoutunesiaes e lisghidumisdsuugavessenin Tasnveyalumiioni
'3 n 1 t:;
$waasna luiinmsfasundag

i 3. fdesmuagduuunsladeya ( ENTRY MODE SET)
1

s
; 0 o |0 0 0 0 0 o |1D | S

RS R/W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DB0

g o o [y ' 5
- BITID : Tevszdhudadmualiiuiedsuniesudeyaudiszsild DD RAM ADDRESS
a 4 4 4 4 a
iuduniindenanmiiilay 1= (i, 0= an

-y
o o o v ar Vo A
- BITS : fusadmuanmisuaanalast S =1 1flunsladeyaudada CURSOR egfivn

L ] ]

o 9 a ! v Y o
Joyaszgndulinude (szgrideu i lufirmenms1 1D) §1 S=0 deyaszegiuit 7 CURSOR
a2 lumeyandle (ezgriiiou Ty luniemeae D)

o & ave : a g ' o 4

asfmua D wag S 1 Mimuansums@suteyalumitsanuiuiaana uaziiie
o v v 9o & s da
frmuauda wwane hilddwdaaunesises an

4. fiduand nis luuaasmiiee (DISPLAY ON/OFF)

RS R/W | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO

0 0 0 0 0 0 1 D Cc B

BIT D : it BIT WillaYamivenmlasth
t D=1 wzluaasnamiiee (On Display)

' D=0 fmualfhiuaaswaniiee (OfF Display)

; 0339076
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Cwwr— v oy n g Y A e

Ll I T T e

— SesarE

20

° Y a ¢ o
BIT C: vimihiniununesises
9 o o o o
BIT C =1 wifuaaunesiwed Taunediresd withudulaldnonys

BIT C= 0 winhidssmsuaaunadiges Tasds CURSOR szogh lmiv 8 lunuy
5+7 DOT uazezay lmif 11 Tuuyy 5%10 DOT
g a -
BIT B : it fiaigm mansenuveuneiives  Tav
o Yt a d, ' o o a a A
B=1 dmualiinsnssniufidumianesizes (aszwiuihugidmae)
° 124 a a o ] o 4 a1 o
B=0 fmuahilifinsnsenSuiduomiusesives Taslszeziaimansgniy

dsguiat 379.2 ms
5. frdamsiAsuAonys (Display shift)
RS |R/W |DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO

0 0 0 0 0 1 SIC {RL | * *

gl o @ o Yo ' ¢ s v A ' o &
Shugdsdmualfdumicnesises niadoyallifamedronfernlahidecldsds

Wounsoeu lay

S/IC R/L Description

0 0 ymsihe wesises Tusndumiaaulddneide 1 dumis
0 1 fmsthoeesizes lUnndumiadnldvande 1 dwmus
1 0 Shumssussnysfiaalunedhe

1 | Shumssumisnysinalimawn

6. SR MuUANYIINNIIYINeIY ( FUNCTION SET)
rs [|"R/w | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DBI | DBO
0 0 0 0 1 oL | N F . .

+ wyiede hilinanssny (No Effect )

- BIT DL : (Humsidivn msaaseirssiiihuuuy 8 BIT wie 4 BIT Tav
fréoen1sAndAe 4 BIT DL=0
d1dpemIfinde 8 BIT DL=1

- N : (Jumsigmussianisuanaska
N =0 uaad 1 ussma
N =1 uaas 2 ussva

tupsdlnad 2 usINARIY SET N=1.
- F: flumsignvuia DOT msuaaing 1Ay

F =0 Hhuuuy 5%7

F = 1 uuwy 5*10



gy e

L

. D

e

e - oy

B

2

N F NO. of Character Duty Remarks
Display line Font Facter : [
0 0 1 5%7 Dots 1/8
0 1 1 5*10 Dots /11
1+ 2 5%7 Dots 1/16 hiamnsauans 2 layd
AUBNYTYUIA 5*10 ADN

<2 0 e
* one lRanseny

° ‘o o o [] 1] e VY a @ w
7. AT IMUAR UNUIYBINUANINIID NBIAIBNYT (Set CGRAM Address )

RS R/W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
0 0 0 1 A A A A A A

< IndAugs fndwudn —
Tu HD44780 seiimiausuiieg 2 ya #v DISPLAY DATA RAM (DD RAM) $1uau
80*8 i 1Az CHARACTER GENERATOR ROM CG RAM f1uau 512 1w uag 7200 in M

v &4 g d o o ' )
ﬁdﬁ%%lﬂUﬂ15l°ﬂﬂLtﬂﬂlﬂiﬁ1u CG RAM Tﬂﬂﬁsl‘ﬂﬁ%’lﬂ'lﬂ%‘ml@ﬂlﬁiﬂ nauﬂuun?amu%’ayamn

CG RAM @7

8. fdefmusdumisvoamizvanuiuaawadoyn (Set DDRAM Address)

RS R/W | DB7 | DB6 | DB5 | DB4 { DB3 | PB2 [ DBI'| DBO
0 0 1 A A A A A A A

<~ indrAuge Inddusi—>
fludads SET sueaiasaty DD RAM lumsifouniogusion DD RAM (DD RAM fe.,

* 3 [ { o é’ -~ 1 Qs J
ﬁ?ﬂﬁ%:llﬁﬂ@ﬂﬁﬂﬁT%ﬂ LCD) TﬂUi]'\U’Jllllﬂﬁlﬂﬁﬁ;\ﬂzlﬂﬂﬂlu'ﬁu%ﬂ LCD ‘Ozﬂgﬂﬂﬂﬁl‘%’ﬂ A1 N

A .

N = 0(1 US3#A) ADDRESS 1£54% 00H - 4FH

N =1 (2 v37%in ) ADDRESS azagjﬁ 00H - 27H dmfuussiiafl 1 uag 40H - 67H dmiy
yrsvad 2

HULNT5A ADDRESS ¥8d4 DD RAM mi1ae LCD

HUY 16 @29nYT 1 UTTHA

UUY 16 A9AYT 2 UTINA

LY 16 AI9NYT 4 UTINA

- HUY 20 AI9NYT 1 UTINA
- {UY 20 FI9NHT 2 UTIYVIA

- UUY 40 AI9AYT 2 VSTV
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.

e ——

16 #790Y5 1 USINA

00 { 01|02 03|04 | 05| 06|07 08|09 |0A|OB]|OC]|OD]}OE]| OF

16 A99NYT 2 UTINA

00 | o1 { 0203|041} 050607 08|09 ;{0A|O0B]|OC|OD]|OE]| OF

40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 4A | 4B | 4C | 4D | 4E | 4F

16 AI9NYT 4 UTINA

00 |01 |02 {03 |04 {05 [06 [07 |08 {09 [OA |OB |OC |OD | OE | OF

40 |41 |42 43 |44 |45 |46 |47 |48 |49 |4A |4B |4C |4D |4E | 4F

10 {11 {12 |13 |14 |15 |16 {17 |18 [19 |1A |1B |1C |1D | 1E |IF

E

I

] 50 51 52 53 54 55 56 57 58 59 SA | 5B | 5C | 5D {5E | 5F

}

{

! 20 A29NYT 1 UITNA

t00 | 01| 02| 03| 04|05 06| 07|08|09}0A | OB | OCJ OD | OE |OF |10 |11 | 12| 13
[

¥

¢ 20 ADNYET 2 UITHA

001011021031041{05[{061]07 |08 ]09]|0A]0B 0C 0D 0E OF 10111112113
40141142143 144145 |46 | 47 |48 | 49 | 4A | 4B 4C 4D | 4E 4F 50 5»1 52153

e s

o

o T oy e -

. e Aty

o

9. fvuerasanuznden /linon unzeuAwnMie¢Bisy Flag and Address)

'3 q'l N ¥ ‘é s 1 o Y 1 o 1
ﬁJummmum BUSY FLAG %Qﬂ%l'ﬂﬂﬂ’)‘ﬂ@ﬂ’)’lﬂ? HD44780 ﬁag‘luumummwmmuiuag

) { ¥ o Y
noagluanmwisnszivteya lav

BF=0 wniousziudeyaniedidala

RS |R/W |DB7 | DB6 | DB5[DB4 | DB3 | DB2 | DBI | DBO
0 o | BF| A | A | Al AL A]A]|A
—iNndrAuge Indwuir—>

BF=1 ayluvmumsmsmunelulinfonszivdoyaniedids

Yo g o & 1 '
uazusnnniisuiiufideeusdeyausainsaves CGRAM n39 DD RAM Rl

9/ ' o b4 v o A o o
10. Madoudeyaaslumitoanuiwaanatoya nionuatA 19198 RIBNYS (WRITE

DATA TO DD RAM OR CGRAM)




e e ow W

3
4
i
»

¥

3

4

v mmowen W

o RO — — T M W oy e g

W o e o om

RS R/W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO

1 0 D D D D D D D D c .

—inirAuge fndrdud—

dmiumsdoudeyanoniuanuiueawwadeya (DD RAM) wiemilsanuiid1ededa

8nes (CG RAM) TauievmsSoundn uaﬂmﬁnzqmﬁw?aaﬁaﬂmé’ﬂiuﬁa afsmuann

#1 1D luddsdmuagtuuyumsilddeya (ENTRY MODE SET)  uazmadeusmfiumizsaai

uamInatoyn iemirnamidisdedeyafitusui reunthindell Timsfmua uemasaRilam
Y4 TaumsiSnueninsa ¥84 CG RAM 130 DD RAM Hrundeuszidoudoya

11. mysrudeyaviamisarmiwaaadeya nieniaenImii81984W 8N (READ DATA
FROM DD RAM OR CG RAM)
RS R/W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO

1 0 D D D D D D D D

—indrhuge indeudi—
o o ¥ 1 9 ] § ' ' =) g 4
fhusdssmdeyasin CG RAM n3e DD RAM Tauneugius1 CG RAM 138 DD RAM 131y

v k3 v kd
Srdasnueana nowieliiideyanenldiuty CG n¥e DD RAM minmsHmshLaziud
1519471 LCD MODULE 410 fROSHA A 1d 15 uis NUaIBARIINABINIT YUIAAI8AYT,CURSOR a3
k4 '

nmiufamnsa@oussnendildiu Db RAM awesudsnusilhnfefedisnus lusenm

o s o Y i a ¥ 5
LCD  unsdsamnsafivuadumisiasnysioziinuuseninlalaunisism DD RAM ADDRESS A1

S99
A3 RN TN
annsnidoudeyalasimuaieansaues DD RAM feuTaudeuld 64 duonis dno-ins uag

4 o ¥ oo 3y dj @ a 1 a @ o

oA muaueansa udamnmsidoudeyaniiu ¢G RaM Taufudnuniziasedn vuteldSnyshe
o a o 1 7 & @ o yv (4 4 )

sx7 DOTHu wlddeyadn 0 fa 1n 4 do 1ludivintu 1@38nus1deya 81ud unziliaioudeyanslu

-1 i o 1
CG RAM uddsemslfenuuanswaniifoudeyaaslu DD RAM Misiuimud 00H-07H



- W e —

] — e w e o

-

T v —ym v ww o e -

'y

B

I — r— =

24

2.6 a3 dyg1ennWn1mse RTC (Real Time Clock)

Tasaansiios1¥leFiued MasTos FuiuteduszinnueuTm Indusy wie NV RAM
(Nonvolatile RAM) Fuflunisuuing 8 kbyte ez ames i lumsifusnaide q s u
Aou $aTue d uagh?t mensomhmsdinn lnilg tas Tnansmitmsd o 14

2.6.1 M3OUTYYINIRM

AITTIMINGAMIBIAN (Update) A lu5SmaesiiuA1a1 (Timekeeper) foufiesiamseiudh
Mﬂq%qmﬁa'ﬂmﬁumiﬂ'mﬁwmzﬁ;ﬁﬂmnﬂ?;uufmmz‘ueqnmms1z'i1wai'¢|ﬁvaﬁ'ﬁﬁmaﬁﬁudma1
(Timekeeper) Tum128AMISUVYOIISE (Amray) FhiZdameidoyalilddiudniunmedaiaia ms
w5 SmaesAumilspiuannsaildngaldlassannmssumudygnannin @yananin

AVUAUTINIATTHINN)
o ' ° & a A 7 Vet v
mMytan (Update) Aamesngamsimaniilomaiiah (D6) huisimassniuguliiasuiiv 1

¥
a

4 {1 @ o o J o 4 o a
delaniswesdntidenailu 1 mMsswan (Update) Mmezngandinigadalingauds Sdamesnes
Al v A o o s =] v Y = ' o A '
Ausweanm Tufi Yu gy Semmesitudnamadssilaeummisuiumsnyaios ua1veana

u’;’ 'Y Ly ' A 1 o a ; - o
Tuvasiu i I3 umssunaunszuiumsvesmsowananamsausna g iussiaiuluiuh
y 1]
Tundasniida Dé fifuilu o

2.6.2 MSIBATYYIRMIT

] v 2 13 1 J
fiaft 8 TWisSmaednaugu (D7) Aeliniildienmsdousdeyadiedaiifiduiiul msdwand
Y ]
nasngaminumiioumss s nnimlus samesinvmnmniudidmunsadousiu Juh
v 1 9 ¥ [ 4 ]
nmmelu 24 $lusfignfesudimgndundmmiudomueiaiignmaliiiu o miidouadll
v Aota dd 1 o ’ v a

szgna s amedinuAmatazihmIuaaInInIAIRY

2.6.3 MIGunzgAMNMIUveREEFRIAINGS

d'dly

@ o o { A 3 v ;
poaFammeiisngamammiuiiinar laqdionszud IWhonuuamesiisnioonhrdige

4 o

A - 9y A o v a o A e ' 9 a . A 4
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3.3 duATIsdudyaandeazoeasiadaya1a DTMF ( TONE DETECTOR AND DTMF

DECODER CIRCUIT SECTION)
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3.4 aufutindqeoudies (TONE GENERATOR CIRCUIT SECTION)

HannININK
1 d’o L3 d' [ ot J ar 4’
e Tudauinimihfiefudyanondoann q fdl

- dyonuldnameving (DIAL TONE)
- dyana i (BUSY TONE)
- dyanuGonndy (RING BACK TONE)
- dygnuiGn (RINGING  SIGNAL )
mn;ﬂﬁ 3.7 29959z1lszneudan IC 555 ﬁmu"luTwuﬂazmmﬁya ( ASTABLE MODE ) ¥a
3 &1 Szimrhisufianuiuasinusmunaiveumazdyg uTnumezaimda vue1iym
(w1 3 ) sxflszdudaanoniiy «high” e T, = 0.693%(R, + R, )*C unvazfiszdudegoudiu

“low” Turl T,,=0.693 *R;*C

v [ L4
msadnduanalingu
# IC 555 @2 1 R, = 820 ,R, =180k , C=0.01 uF

grafiorinmiu « high” T, =0.693*(R, +R,)*C
= 0.693*( 820 + 180*10° )* 0.01*10°

= 1.2531 ms
grafoniumiihe “low*  T,.=0693*R,*C
=0.693* 180*10°*0.01*10°
=1.2474 ms
mizaziuaEves = Ty + Tore) = 400 Hz
msadudaanaling
fsen IC 555 #afi 3

granmewimndiu “high” T, =0.693%(R, +R;)*C
=0.693*(200 + 24*10°)*33*10°

=0.5534 s

granafie iy “low* Ty, = 0.693*R,*C
0.693%24*10°*33*10°

0.5488 s
ENiNUesw 3 ¥ee IC 555 dan 3 HeuduiluBuymues AND GATE 7408 uas

-~ o d é ar d' 1] -
Suwndndgygnamils NN Y8 3 Yes IC s55AIM 2 uasH dulinsiaes 7404 00N
lddyanalidn fif 0.55s vga 0.55 s uazlinnmdilszuna 400 Hz

mIadudyananSanndy

fiorsan IC 555 @it
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ganmiemiyndu “high” = 0.693*(R, + Ry )*C
= 0.693*( 40*10° + 42*10° }*22*10°

=125 s

Farmenimmilu “low = 0.693*R,* C
=0.693*42*10° *22*10°
=0.64 s
o o o v o a ¢ t a o P
(©YINNYDS 555 @3t 1 Az @I 2 weiloudludunnueseudinn uaziiuduneines oz

adyanuiFunndusenmn Tav0.64 s MyA 1.25 s AN TEUIN 400 Hz

msadudyanansshs

a v A & [ o o o o e 1 e

F9san IC 555 @afimile: aanmfieniyn 3 ewiszdudggnoudlu ©low ¢ vy
0.64 s fudunednes 7404 exldsvAudyanaudu <nigh”  uazezinldesylalasuen

( OPTOTRIAC ) MOC 3021 ¥aminldnssia’l 100 v wmsnlasueamiddyanu 100 v dndluda

woinildiludyanansshauiedwitrsdudumesiadugaonioly
Tunaasatudiy mineniym 11 3 dh “high wihldesylalasuen livinuuasih

) L 4
IWlasuenlimantsmin dyanady 100 v oxhiduludmesndygnunszacld meiznziuez il

ar = ar

ﬁ'iuunpmns:ﬁaaanuﬁqﬁﬂﬁ"lﬁﬁuﬁqnﬁmﬂszﬁaﬁ’uﬁuﬁamzmﬁaumymumﬁUﬂﬂa

RS

IC4A
3 2k 1cs TRIACH
N S I s

7404 TLC256B
= MOC3021
L WG RINGINGSIGNAL

100V 108 VAC

R3 - |
520 ez | 1o IC48
8 33 £y TO CROSS POINT CIRCUIT
? iois RN 2 TRET>
R4
130k 555 7408 7404

1C4C

Q 0.01uF
) S ‘>:6I TO CROSS POINT CIRCUIT

7404

. 1CsB IC4D
9 3 TO CROSS POINT CIRCUIT

7408 7404

TONE GENERATOR CIRCUIT

< . m u -
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3.5 dudumednlaiiugmelnsfiniaeluy (SUBSCRIBER LINE INTERFACE CIRCUIT
SECTION)

nanmsMaNu

] a” ﬂ 1 a ) o A w & = <] @ o
dautliudiufidesgiunios Insdwigmenislunazeslimsasusamsony Insdnv
@ wa 3 S o v P 1 b o a4 v o d v o

Tausaludddis  uonenil dugiuan q NeskudindunisdInsdn fozunrmumaiineu
Faszaoudogunsaiane q degUd 3.8

Tunsdivesms Insdunnngaionouen  sziuldh dygrusinduniuguiiiin i
1 e weuding 7408 mthiiastaeudisnisomjvesgmuniwly  dgmenielusay Insdwd
doyanafidhfin 1 vesususing 7408 eziflumladn «0v  vhidhildudygnunszhnngmonio
wen uatgmoawiungy iR dSudyganszaudunidTasmsaiuguuinduniuquszuy
o 4 LY ) d 4 i ° 3
Faygruemiynvowouding oz liduvivaves nswdmand 2scisls efivsimihiinuguimd
P o W A4 " ot Y S a4 1A P v s
#i dhmihAdeudedugruiidudunnaninaseaneniadad nanfevasi mulunsmoInsdwi

@ o a uy A <4 fal 1w a v a 9 o
uarrmnsosudyanunszald  degmonulueny Sedvdedyaunszisey szadadllidyanu
a <1 b4 2 v 3y v ' Ya 1
Foayaninmanseaneoidnud i foumndugaieniluamsaldduiosmanagmoniy
uen'ld

———————— R3] RINGING SIGNAL

v NV m

" 22 ciyy
“TO CROSS POINT SWITCH (S O——AN——AN
50

t o'
. ¥ o [ 4
m 10v -~ e W A e
AWOILF m f s
=g [-g : QP f
00 ™

TELEPHONE LINES (EXT)

SUBSCRIBER LINE INTERFACE CIRCUIT

511 3.8 nmasnesEmdunesmaiugmainsdminaly -
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s 3.6 dauasuuIngdwidaluid (AUTOMATIC ANSWER CIRCUIT SECTION )

a3

nanmMsau
' o P o & - o
duflez1¥loFiues ISD1420 Faeslinding 128,000 A  MIAIMUALBAIATAYDINTT
t )
Sufinuasmsdundutiu anunsodmualalasy A0-A5  ov1 A7 deuiluasin "0  uazezld
o o J a a =} o - o
W1 A6 s muadiaziiu 10 Jufiusanse 10 Iufinds
® iiiov1 A6 iluandn " 0" szdmumiiu 10 Jwrdusn
& a ° a a o
o 10w A6 Huasdn " 1" sedmuaiiu 10 Juinda
nnglfize  dievn  PLAYL lé5uaedn "on v iddygaufesignimuaduniaean
salaout AO-AS 989NN 14 ¥9a10F ISD1420 uAutwsvouFean 14 lo® LM386 11Mmiudevend
o P} u’: 9/ o < o &2 o v A o o . o t 4
Tna nazdoyanaudoaiuszdh livuuavemsudmaes  Seimihidiuddy (Driven hld
v
Siadvina duadsesn llfsgawinsdwildlasiundondasdudas . nifmuaueaasa (A0-AS),

¥IA6UATYT PLAYL szaonfuwesnues 8255 e ldlumsatugumsaundy Az 3.8

+Hv +5V

= IC1 +5V
>
X _prave  veep |2
12| mic  veca |18
c
J}—Z micrer vssp |12
ozF, vssa |31 =
cs
14 R6 ’
P+
27 reC ¥ AN
[PLAY B pxvL o
. ANAIN __.2_"_{
CAT>—— 40 o
2 .
AT Al R7
3 ANAOUT |2
CE2 a2 e
4
3 XLk L2
AT D—— A4 =
-5 2 as AGC 12,
D2 46 B* -
10 4, # g70¢ I-mr
= 1SD1420 e

- v v Yoy wm
539 umaroIneuiuInIAwnsnluiR
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3.7 daussiaara S famsnafdusfauasdumunuAIsIaAING (DOT MATRIX LCD
MODULE , KEYBOARD ENCODER AND CONTROL CIRCUIT SEETION #2)
#ANMAINU

daulaeldidhidnmanmwamsfnuvouniesTavlfeeuans LD Tavansauaamwald 4
ussia unzszdAduesavina 3 ndn 4 uaa lumsdanu fu dnudsiamsnafdlavez 1 ledued
74C922 tfiaﬁﬂﬁnﬂﬁénﬁﬂﬁ’jyudaufrﬂzﬁ1msx%'wsﬁmﬂuﬁ'syngm"lum‘s’wm 4 fin munuivaviing
ﬁ'tgnunmﬁ’ixzqnd«iﬁﬁ’mn'ms-}m‘?‘iammsﬂszmawauasuﬁmnaaaﬂmmuﬁqﬁfuﬁnwmwa LCD
Aol

Tudaufios 14 8255 nitad husfuduana 4 Safldnndauthsiantsnaid Wededly
AIUAILAUMITUAAING ui’lzlfjaﬁmiﬂﬂﬂultdﬂ:ﬂ$Qﬂziﬁﬂﬁﬁffq4 (high) SRV data available Favy
Tdunsusmaes BCs47 Ieglumamuzoou Flfseramibanaudadoeuiszne 1

\ oo & o Yya Y1 a a 2 9
khz daoen luidrine Fuilumsaouauesiilddniimanadintunds

TELEPHONE KEYS

Teale3 l
W14 2] J ot ]
2 row? L

443048 i
1 $ i CTO0TaF, :‘: z:_l:m
=1 0ol b n |5 debouncent cusble 13 ;

= OMET o4 datasvei N —L
4?7 4T8 4?9 % M?"’w:: wl‘:'_zz__":m_—_ﬂijj— “/-m
gad [ == 7
f b i N

4 o [
51U 3.10 290stsanIsnang
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U =|y [} o a 4 ¢ a1 b o o
Tudawilwedludfidlubuymiazeniynwesnitdauaiugussuues 1 lumsdenuuaziy

¥

1 ' A o ° I ° o v & 9 3 Ao
A191n2905a 1 9 e ldszunanamsviau seldled 8255 $1au 7 @2 Tasudazdnihmindede

11/
- 8255 ﬁ’]ﬁ 1 (PORTA = OUT, PORTB = IN, PORTC =1IN)
PORTA : 11 A0-A.5 MUAUMIEIRUONTHNIINAINTI9FY DTMF 114 6 42
17 A.6- A7 AILAUMITIAYUBITIWUBATILN 1 1Az 2 MUGIAY
PORTB : 1in B.0-B.3 Suswaluuis 4 dnv1ndinsi99u DTMF ¥saaieuen
{in B4-B.7 Jusia'luuis 4 iavndins198u DTMF voamulu
PORTC : 1 C.0-C.5 SUFQenILaaINIsnTI9WY (STD) DTMF 14 6 A3
PORT AT A6 A5 A4 | A3 A2 Al A0
NAME HK2 | BK1 | TOE6 | TOE5 | TOE4 | TOE3 | TOE2 | TOE1
PORT B.7 B.6 BS B4 B.3 B.2 B.1 B.0
NAME Q4 Q3 Q2 Q1 Q4 Q3 Q2 Q1
PORT C.7 C.6 C5 Cc4 Cc3 Cc2 c1 C.0
NAME - - STD6 | STD5 | STD4 | STD3 | STD2 | STD1
- 8255 #7712 (PORTA = QUT, PORTB = OUT, PORTC = OUT)
PORTA : 1 A.0-A.6 a3Qyey1 STROBE 483 CROSS POINT SW
PORTB : 1nB.0-B.6 dadgyg 1t DATA IN Y84 CROSS POINT SW
PORTC : 1 C.0-C3 efueansaaIng 4 iin ¥89 CROSS POINT SW Fafi 1
finC4-C7 deueARTAAINY 4 110 Y89 CROSS POINT SW P
PORT A7 A.6 AS A4 A3 A2 Al A0
NAME - SB7 SB6 SBS SB4 SB3 SB2 SB1
PORT B.7 B.6 BS B.4 B3 B2 B.1 B.0
NAME - DI7 DI6 DI5 DI4 pI3 DI2 pI1




e

-

PORT C7T C.6 Cs cs | Cc3 C2 C.1

c.o

e mem e rmamme fie i

o e e TR

-t R w o

e Svmeen e R BT W M T R—

—— ETTE -

-

NAME A2 B2 C2 D2 Al B1 C1

D1

-8255 N3 (PORTA = OUT, PORTB = OUT, PORTC = OUT)

PORTA : LA A0-A3 GINUBAATATING 4 1in 493 CROSS POINT SW 613

P

P

2

finAd-A7 FUENBAATIAING 4 T 499 CROSS POINT SW 2t 4

PORTB : 1aB.0-B3 adfBAASTTAINT 4 Ua v89 CROSS POINT SW Fan s

§aB4-B.7 dAUBAATAAINT 4 1A U89 CROSS POINT SW FW 6

PORTA : §inC0-C3 dumuennsaaing 4 in v CROSS POINT SW #afi 7

PORT A7 A6 A5 Ad A3 A2 Al A0
NAME a4 | B4 | c4 | pa | a3 | B | 3 | D3
PORT B.7 B.6 B.5 B.4 B3 B.2 B.1 B.0
NAME A6 B6 C6 D6 AS BS Cs D5
PORT C.7 C.6 cs | cd4 C3 C2 o | C.0
NAME - - - - A7 B7 c7 D7
- 8255 ¢l 4 ((PORTA =IN, PORTB = OUT, PORTC = OUT) ,
PORTA : TnA0-A7 Susauzmseny-a13yveseioluaioh 1-8
PORTB : i@ B.0-B.7 siugumsdadygrunszaslbmeluaioi 1-8
PORTC : 1 C.0-C.6 fnupamsanugumsauismsyiuda Iula
da c.7 damugumsiauionouiuon Iuba
rd
PORT AT A6 AS A47 AT AZ |- AT A0
NAME | SEHKS | SEHK7 | SEHK6 | SEHKS | SEHK4 | SEHK3 | SEHK2 | SEHKI1
PORT" | B.7 B.6 B.S B4 B3 B.2 B.1 B.0
NAME | CRGS | CRG7 | CRG6 | CRG5 | CRG4 | CRG3 | CRG2 | CRGl
PORT c.7 C6 C5 C4 C3 C2 C.1 c.o
NAME | PLAY A6 AS A4 A3 Al A0

44
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-8255 ff1 5 (PORTA = OUT, PORTB = OUT, PORTC =IN)
PORTA : 1 A0-A7 tdganuaugumsdaiudoyn Tildmniuqus
PORTB : iia B.0-B7 defoyamsldauareg lldumungus

PORTC : iia C.0-C7 Sudnyanu ACK nmsiudeyaninaiuniungus

PORT AT A6 AS A4 A3 A2 Al A0

NAME S1-LK | S1-LK | S1-LK | S1-LK | S1-LK | SI-LK | SI1-LK | SI1-LK

PORT B.7 B.6 B.S B4 B3 B.2 B.1 B.0

NAME D-LK D-LK D-LK D-LK D-LK D-LK D-LK D-LK

PORT C.7 C.6 C.5 C4 C3 C2 C.1 C.0

NAME S2-AK | S2-AK | S2-AK | S2-AK | S2-AK | S2-AK | S2-AK | S2-AK

-8255 ¢ 6 (PORTA =IN, PORTB =IN, PORTC = OUT)

PORTA : 1A A0-A7 Suduanuniugumstsiudayanndiuniugusvuusl

PORTB : i B.0-B.7 Sudeyamsldaueien sndiuniuqussunst

o

PORTC : iin CO0-C7 ddyann ACK msiudeyalidiuniuquszuus

PORT. A7 A6 A5 A4 AJZ A2 Al A0
NAME s1-LK | s1-LkK | S1-LK | S1-LK | S1-LK | S1-LK | SI1-LK | SI-LK
PORT B.7 B.6 B.S B4 B3 B.2 B.1 B.0

NAME D-LK D-LK D-LK D-LK D-LK D-LK

poRE- |* .er |..Ce |ies T|.Sew| ez | cxz PG

NAME S2-AK | S2-AK | S2-AK | S2-AK | S2-AK | S2-AK | S2-AK
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-8255 N7 (PORTA =IN)

PORTA : TnA.0-A3 Sumeniymsialuu 4 ia sndudisiais

o

fin A4 fudaa siuaaimsasnumsnafdaing (Data Available)
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PORT A7 ' A6 AS A4 A3 A2 Al ‘ A0

NAME - -

- D-AVA D3 D2 D1 DO

TIP32C IdiAady

3.9 dauunssgwnides (POWER SUPPLY CIRCUIT SECTION)

t 4
vsemsieiidos widlddlu 4 dou
: P!
1. dauadrnszualiase 24 Taavi uag s Toavl dae g sguames lumsadrelase 24 v
Wungamenoly uazlvase 5 v 1gdmsuledlunesdng
13 o ﬁ' ~ L A
2. daadnd%e A% 4 A% AouesiAY (Switching DC to DC convertor ) (Hudmilzurlad
useru 24 v Wi 5 v Taoldlediues MC34063 szlimsfmusai
ussueIivm | Vout| = 1.25*(1+R10/R11)
= 1.25%(1+15k /5K)
= 1.25%(1+3)
=5V
3. daumnsauuamessa TuiaTaves s oudouussdu  lusanzdndfodwiud
v ] vy
1 SuuameItusadudind 24 v ssihliadadadiliiiansnisuuameidusy
o & ] 4 g o q ¥ a o '
nseia  idisuuamesgandeowdn sz viavveseetiend]  Tussduanand
° 94 1 o o A a o A t 4 o T 1
6 v MmlfTadhilimsaing viednnsmis Folusnsgniuminisesdiudn 9
o ' Q‘l A = o
yosTassnmfdandld Innioueney  sunseiuiioma lnihey

ATLUAAUVAIRDT
i1 d
TavzawnsalBveresdauann q 14

' o o A :: A ° a
4. daadadaaaiiady 9o Traditn 90 Vp) A2wd 25 Hz ivori I diiludygo
nszas gt lod 555 sxadwdygraiiinamd

f

1.44/(1 k +2*27 k)*1*10E -6
26.18 Hz

o/

Fedoyanainfhnszuaaduil whidy (DRIVE) nsmudmaes 2 §1 fle TIP3IC uag

1 1 - &
aed 12 V anmididlszana 25 Hz aseunsieutasiiudumn ( primary ) daes

iy Wiadoyanuied dueniyn (secondary Jyeumipuladismlszinm 100V aandidszue
25 Hz @zl 1dlumsadedyananszaa

P e
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TosunalumsastofufFuanaliin Gusy tone) noxdyanou3snndy (ring back tone)

Tusunsuaslu PIC12C509

DETECT RBT&BT.ASM

; FILENAME .
; HARDWARE PIC12C509 (CRYSTAL 32.768 kHz)
; PROGRAMER MR. DECHC INTARARUJIKUL
+ ; DATE 10 FEBRUARY 1998
'GPIO EQU 06H ; PORT OF PIC12C509
W EQU  OOH
GCUNT1 EQU OCH
YCOUNT2 EQU ODH
;******************************************
, ORG 00H
+ START
‘ MOVLW  04H
. TRIS GPIO ;GPIO='0000 0100"
BCF GPIO,0 ;OUT GPIO.0='0' INITIAL RBT DETECTION OUTPUT.
BCF GPIO, 1 ;OUT GPIO.1='0' INITIAL BT DETECTION OUTPUT.
;********* SUB DETECT RING BACK TONE e d de He ke Je d Fe Fe v Fe e
CHECK
BTFSC GPIO, 2 ;loop for checking tone from trunk lines
GOTO CHECK
: GOTO FD_TONE
;************* SUB TRUNKl P e de de ke de e de de T v ke ke e de e
FD_TONE G
BTFESC GPIO, 2 ; found tone
GOTO CHECK
' C_BT CALL DELAYO. 8
_ BTESS GPIO, 2
GOTO D_RBT
GOTO D_BT
;************ SUB DETECT BUSY TONE s J e e de v ok ek ke kK ek ke ke ke
D_BT CALL DELAYO0.5
“BTEFSC GPIO, 2
GOTO CHECK
E CALL DELAYO0.5
BTFSS GPIO,2
. GOTO CHECK
ON_BT BSF GPIO, 1 ; found busy tone
CALL DELAYO0.5
CHK_BT BTFSC GPIO,?2
GOTO OFF” BT
. CALL DELAY0.5
BTFESS GPIO, 2
GOTO OFF_BT
CALL DELAYO0.5
- GOTO CHK_BT
OFF_BT BCF GPIO, 1 ;busy tone disappear
GOTO CHECK
b ;************ SUB DETECT RING BACK TONE % de d ke ke I e ke de ke ok ok ok ok ok
D_RBT CALL DELAYO0.5
’ BTFSS  GPIO,2
GOTO CHECK
t CALL DELAY3.4
E BTFSS GPIO, 2
GOTO CHECK
CALL DELAY1.1
BTFSC GPIO, 2
I GOTO CHECK



CALL
BTFSS
GOTO

}ON_RBT BSF
CALL
CHK RBT BTFSS
GOTO
v CALL
BTFSC
GOTO
CALL
BTFESS
GOTO
CALL
GOTO
} OFF_RBT BCF
" GOTO

[

DELAY3.4
MOVLW
MOVWF
L31 MOVLW
. MOVWF
Lz22 DECFSZ
GOTO
DECFS2
GOTO
. RETLW

L
,********* SUB

DELAY1.1

MOVLW

MOVWE
v L1l MOVLW

MOVWE
, L12 DECFSZ
GOTO
DECFSZ
GOTO
RETLW

;********* SUB

s DELAYO.8
MOVLW
' MOVWE
L8l MOVLW
MOVWF
» 182 DECFSZ
GOTO
DECFSZ
GOTO
RETLW
pRkkxxx*A*  SUB
DELAYO.5 o
d MOVLW
E MOVWF
LP51 MOVLW
‘ MOVWE
LP52 DECFSZ
GOTO
DECFSZ
GOTO
RETLW

e

+ END

DELAYO.
GPIO, 2
CHECK

GPIO, 0
DELAY3.
GPIO, 2
OFF_RBT
DELAY1.
GPIO, 2
OFF_RBT
DELAYO.
GPIO, 2
OFF_RBT
DELAY3.
CHK_RBT
GPIO, 0
CHECK

.83
COUNT1
.108
COUNT2
COUNTZ, 1
L32
COUNT1,1
L31

00

DELAY 1.1

.71
COUNT1
.40
COUNT2
COUNT2, 1
L12
COUNT1,1
L1l

00

DELAY 0.8

.20
COUNT1
.105
COUNT2
COUNT2, 1
182
COUNTZ, 1
181
00 -

DELAY 0.5

.13
COUNT1
.101
COUNT2
COUNTZ2,1
LPS2
COUNT1, 1
LP51

00

;found ring back tone
4

1

5

4 -

;ring back tone disappear

;******* SUB DELAY 3_4 SEC e de ¥ Y Kk Kk ke

: 125usec * {4+83(108(3)+4)+2}

SEC * % de ke e Kk ke

; 125usec * (4+71(40(3)+4)+2}

SEC de de d ¥k d ok Kk

; 125usec * {4+20(105(3)+4)+2}

SEC & de e e de g K ek

; 125usec * {4+13(101(3)+4)+2}



3
k

_.Tsunsulumsnsredudyaanseis (Ringing Signal)

Tusunsuaslu PIC12C509

; FILENAME DETECT_RING.ASM
¢ ; HARDWARE PIC12C509 (CRYSTAL 32.768 kHz)
; PROGRAMER MR. DECHO INTARARUJIKUL

' ; DATE 19 OCTOBER 1997

GPIO EQU 06H ; PORT OF PIC12C509
W EQU  OOH

COUNT1 EQU OCH

EQOUNTZ EQU ODH

DINT EQU  10H
é;******************************************

ORG 00H
START

MOVLW O6H
TRIS GPIO ;GPIO='0000 0110'
BSF GPIO,0 ;SET GPLO.0='1' FOR PIN INTERRUPT

e

et ]

;********* LOOP DETECT RINGING J d de de de de de Kk d Kk ke
CHECK
BTFSC GPIO,2
GOTO CHECK1
N GOTO SUB_TRUNK1
, CHECK1 BTFSC  GPIO, 1l
GOTO CHECK
. GOTO SUB TRUNK2
;************* SUB—TRUNKI *******f********
SUB_TRUNK1
BTFSC  GPIO,2
' GOTO CHECK
CALL DELAY2.6
BTFSS  GPIO,2
GOTO CHECK
CALL DELAY2.6 \
BTFSC  GPIOQ,2 ;ENSURE IT IS REAL RINGING SIGNAL (CHECK 2"
¥ GOTO CHECK
CALL SUB_INT1
GOTO CHECK
;************ SUB INTl e e de de T de ke ok Fe ke Kk ke ok ok ok ke
SUB_INT1 -
. BCF GPIO, 0
MOVLW  .100
MOVWF  DINT1

¥

SUB1  DECFSZ DINT,1 ;DELAY FOR INT PULSE 40 msec FOR TRUNK 1
GOTO  SUBL
BSF GPIO, 0 -
RETLW 00 .
;************* SUB TRUNKZ e de e g de e de o K de de ke e ke ke e
_ SUB_TRUNK2

BTFSC GPIO,1

GOTO CHECK

b s2 CALL DELAY2.6
BTFSS GPIO, 1
GOTO CHECK

| CALL DELAY2.6
BTFSC GPIO,1 ;ENSURE IT IS REAL RINGING SIGNAL (CHECK 2°%)

i GOTO CHECK

" DECFSZ N_RING1,1
GOTO s2
CALL SUB_INT2
GOTO CHECK

o~



;************
SUB_INT2
BCF
MOVLW
MOVWF
SUB2  DECFSZ
GOTO
BSF
RETLW
;*******
DELAY2.6
MOVLW
MOVWE
L21  MOVLW
MOVWE
L22  DECFSZ
GOTO
DECFSZ
GOTO
RETLW
END

SUB_INT2

GPIO, 0
.10
DINT
DINT, 1
SUB2
GPIO, 0
00

SUB DELAY 2.6 SEC

.69
COUNT1
.100
COUNT2
COUNTZ, 1
L22

COUNT1, 1

L21
00

Je Je de de de g de de gk de Kk hdek ke k

; DELAY FOR INT PULSE 4 msec FOR TRUNK 2

de e e de g e Ok
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,EChMCAL DATA

MC145100
F 3
4 x 4 CROSSPOINT SWITCH WITH CONTROL MEMORY | ™
The MC142100 and MC125100 consist of 18 crosspoint switches I
{analog transmission gates) organized in 4 rows and & columns. Soth
cevices have 16 latches, each of which controls the staie of a parucular
switch. Any of the 16 switches can be selected by applying its address C_MOS rﬂ_ S_ 1 .
t0 the device and a pulse 10 the strobe input, The selected crosspoint (LOW.POW/ER COMPLEMENTARY MOS)
will turn on if during strobe, Data In was a one and will turr off if during
strobe. Data In was a zero. In addition the MC125100 will reset ali non- 4 x 4 CROSSPOINT SWITCH
selected switches in the same row as the seiected switch. Other WITH CONTROL MEMORY
switches are unafrected in the MC145100, an nterral power-on reset
wens off all switcnes as power 1s applied.
® Internal Latches Control State of Switches
® Power-On Reser {IMC145100 Only)
® Low On Resistance — Typically on 110 Q @ 10 Vdz
¢ Large Analog Range (Vpp - Vss)
® All Pins Are Diode Protected
® Matched Switch Charactenstics
® High CMOS3 Nois2 Immunity
® MCia2100 Pin-for-Pin Reolacement for CD22100 L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PRCKAGE
CASE 620 CASE 648
ORDERING INFORMATIQN
Dara 3
°"°°7°‘ n : A MCI4XXXX __. __ Suftw Denotes
i . i At —E L Ceramic Pacsage
E_- Iﬁ_ P Plasuc Packaga
— 4 Z 7 A  Extenced Ogeralng
50— — e =7 Temoerature Range
A ?2!-' C  Lumited Operating
= Temperature Range
2 E%H LI}—« ﬁ}*
2 7 7 7
¢ 4 = £ J
504 2 87 e 2y
3| £ = * %10 PIN ASSIGNMENTS
2 3 Ji)—«» b @—4 @—4» 3
S ] B
s Pl 7 7 4 2
o+ 5
e Q1 3
b I ! A4 .
4 b |15 e
— 7 7 5
— 7 7 = 5
40— S ——
L o - L Qs o1 Jm 013 ;
c1 2 3 C4
8
VAXIMUM RATINGS (Vonages referenced to Vsg, Pin 81 This cewice contains circustry (o protect the
Rating Symbol Value Unit inputs against damage due to high static
“C Suoply Vortage Voo ~0St0 +18 Vde vplvag:aor elgctric fields: hwe;:r ukis ad-
- vised that normal precautions taken to
cu - Vi -0. Vi Q. Vde A
- t Voltage, Alf lnputs in 0.5 0 Vpp+0.5 g avoid application of any voltage hi than
_Tough Current ! = méde maximum ratec voltages to this high im-
-#raung Temperature Range TA °c pecance circuit. For proper operation it is
AL Device ~55 10 +125 recommenced that Vin and Yoy be con-
~ CL/CP Device -0 10 +85 strained o0 the range Vgg<IVi, or
$3ge Temperature Range Tsig ~65 10 + 150 3C Vout S/pD.
Unused centrol inputs must aiways be tied to
anaonmon:taioqtcvoﬂageleveuog either
Vss or Vppl.

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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MC142103, MC145100

ANALOG TRANSMISSION GATE
{CROSSPOINT) SCHEMATIC

L 1n/Cut Out/in
A
VOD% L voo VooVool AVDDI * Control
In/Qut Ar T ' g ~i~w1-o
5 11 ] ] [Y}— 0 Outin
— 3 -
, '
Vgg
—=t
Contral — in/ Qut Qut/In
by Cantrel
ELECTRICAL CHARACTERISTICS (vgg=0 V!
Voo Tiow® ] 5°C Thigh*
Characteristic Symbol Vde Min Max Min Typ Max Min Max Unit
Ooerating Voltage MC125100 | YpD - 125 18 425 = 8 135 18 Vdz
MC1e2100 3 8 3 = 13 3 18
«rout Veitage (Legich 0 Lave Ky vee
Control inout 3 - B - 2.28 '8 - 13
*C - 30 - <350 30 - 3.0
i3 - 49 - 6.75 40 - 20
17 vevet Vit vee
3 33 Vi 3.5 .S - 33 -
‘c 70 - it 5.530 - 70 -
See Figure | 5 1.3 - na 8.25 - 1o -
1nput Current AL Y g - =01 - +0.000011 =01 - =1 BA

Pins2.3,4.5.8.7 CL, CP hn 15 - =23 = +0.00001} =03 - =10
Input Capacitance (Vin =0} Cin of

Digital Inputs 10 - - - 7 15 - -

Switch Inouts; Outouts W0 - - - 50 75 - -
Feedthrough Cagacitance Cins out - - - - 0¢ - - - of
Quiescent Current LALI - MC 128100 3 - %0 - 23 e - K

[[sY9} 0 - 200 - 115 230 - i A
1 - 600 - 170 320 - €00
MC142100 5 - 5 - 0.003 5 - 180
100 10 - 10 - 0.004 i0 - 300 uA
15 - 0 - 0.005 20 - 600
Quiescent Current MCI25100 35 - 30 - 35 130 - S0
(CL. C? Device} 100 10 - 50 - 15 X0 - 150 gA
15 - 80 — 170 &00 — 00 ]
MC1421C0 5 - 5 - 0.0 3 - 150
50 10 - i0 - 0.004 10 - 30 #A
15 - 20 - 0.005 20 - 600
On-State See Figures&-10 | Rgn 5 - 270 - 250 300 - 37 Q
Resistance 10 - 120 - 10 170 - 20
Vin=VpD-Vs$ 5 - 0 - 85 115 - 145
2 IR
On-State Resistance Ditference ARon 5 - - - Y1 0 - - Q
Between Any Two Switches 10 - - - 15 25 - -
Vin*Vpp—Vss  Seefigured 15 - - - 18 20 - -
2 .
Input/ Quiput Leakage AL | linfout 15 - +100 - +0.4 - 100 - = 1000 nA |
Current, Switen Off cL.cp 15 - =X0 - +04 +300 - = 1000 .

* Tiow=55°C for AL Devica, —40°C for CL/CP Device.
Thigh= + 125°C for AL Device, *85°C for CL/CP Dewice.

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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MC142100,

MC145100

SWITCHING CHARACTERISTICS (V55=0. T4=25C. C =30 &F)

Voo
Charactaristics Symbot Vdc Min Typ Max Unit
[Propagation Delay Times Vgg=0Vde
1nput to Outout 2L PEL 5 - ky] 60 ns
10 - 15 Kj
15 - 10 20
Srrote to Qutput
Qutput “1" to High Impedance MCIA2I00 | tp 2, tPHZ 5 - 350 70 ns
Qutput “0” to High impedance 10 - 175 30
15 - 125 250
Qutput "1 to High Impedance MC145100{ P12, tPHZ g - 520 100 NS
Qutput 0" to Hign Imoedance 10 - 25 430
15 - 120 80
High Impedance to Outout "1 MC122100 t ey, te2L = - e &0 [
High Impecarce to Outout “'0” 10 - 10 230
15 - 80 160
High Impedance to Cutput "1 MC125100 | tpzM. tPZL 3 - 530 1o ns
Hhgh Impedance to Quiput 0™ i - 200 400
15 - 130 260
0ata in to Output MC142100 | tpzH, PHZ 5 - 300 800 ns
tpZL. tPLZ 10 - kL] 20
15 - 5 150
Data In to Output MC145100 | tpzH. PHZ 5 = 500 1000 ns
1pZL. tPLZ 10 - 200 @0
15 - 120 240
Aaaress to Qutput MC142100 | tpzH. tPHZ 5 - 350 700 ns
tpzL. PPLZ 10 - 135 270
15 - «Q 180
Adaress 10 Output MCI$5100 | oz, tPLZ S - 00 1000 ns
PzH. thaz | 10 = 180 360
See Fiqure 2 15 - 3 220
“wmmum Setuo Time
Datain to Stroce MC122100 tsy H - 0 %0 ns
10 - 30 30
5 - [1} 30
Data in to Strope MC145i00 tey 5 - 100 A0 ns
19 - a9 &0
15 - 23 20
Lhimum Hold Tume °
Patain 1o Strove MC142100 try 3 - 50 50 ns
10 - 20 150
15 - 10 Bl
Datain to Strobe MC145100 th 5 - 0 200 ns
10 - 10 200
15 - Q 20
Mirimurm Set Up Time MC122100 sy 5 - (v} a0 as
Address to Strobe MC145100 10 - 0 50
1% - Q 0 ns
Mivmurm Hatd Time MC142100 th 3 - Q 110 ns
Address to Stroce MC145100 10 - o] 45
S 15 - Q 0
Minimum Strobe Fuise Width MC142100 MWH E] - 150 320 < ns
MC145100 10 - 50 160
L 15 - 40 80

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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MC142100, MC145100

SWITCHING CHARACTERISTICS (continued! ' 55=9. Ta=22°C, € =50 07

Voo
Characteristics Symbdol Vde Min *Typ Max Unit
Sne Wave Distortion . See Fgurel - 10 - 0% - %
(Ru=1%0, t=1 M2 )
Frequency Response (Switcn Cor Searigure 3 - 10 - 5 - MH:
R = k@2, 22 L0g10 Vout! Vin= - 3.0 08}
Feeathrough Attenuation { Svatch Off) See Figura3 - 10 - -30 - a3
WVin=10 Vpp, F= 1 6kHz, A =1 kD, CL= 1507
Freguency tor Signas Crasstalc -20c8 - 10 - 1500 - kHz
Vin= 10 N@gp. Switch A
On. Swatch 3 Off, -110a3 - - - [l - ‘Hz
Ry=1kQ. Cy=1507 SeaFigured
Crosstalk Controis 10 Qutout See Fgure 3 - 0 - 7 - my
IRy = 10 k@
MC145100 MC145100
Only Cniy
Address Switch Switches Address Switch Switches
A 8 C o Selected leared A 8 C 0 Selected Cleared
0 0 3 3 C1R! 2 1 2 3 9 Q o 1 C1R3 3, 9 ‘ 0 1"
! 0 3 2 C2R1 1 9, p 3 1 0 9 1 C2R2 E 8 10 11
0 1 P 3 CaRt 2 0 1 k! 0 i 1} H C3R3 16 3 I 3 "
: ! 3 3 C2R1 3 1Q 1 2 ! 1 0 ! CsR3 11} 8 1 e 10
0 9 % b CIR2 4 3 o) 7 1] o] i 1 CiR4 12 130012 15
1 o 3h CER2pASL L2 50 7 P 3] 1 v caes |33 i 2 ) 12 ]S
¢ i ¥ bl C3R2 3 < 3 Y 0 1 1 1 2Pz 14 12 |12 15
1 1 y 3 ca02 7 4 S SN ! y 1 2R 83 12 } '3 14

TIMING DIAGRAM
MC145100/MC142100

«tn

—l
%u“""
Strobe r_.‘

B = et
]'i'"‘h

Address .Dor;‘{Care l Addr 1 1 Don't Care Agor2 ] Con'tCare
On
Switch 1 l
ot
On
Switch 2 I I | I l
oftf

A r—

e

e
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4C142100, MC145160

TEST CIRCUITS
FIGURE 1 — INPUT VOLTAGE FIGURE 2 — PROPAGATION DELAY TIME
v,
vss e ¢ Veut qut
C =%00oF
Strote
Is Puls
V\n—Data In Contro! Gen:r:xor — Data =
Strobe ! Accress
T T
Vop ~8C 0O Voo . e mmmm e '7 .
Voo o Vss vss VoD
vss vss
i L

FIGURE 3 — BANOWIDTH AND
FEEDTHROUGH ATTENUATION

Switch on for Barcwidth Test
Switch off for Feeathrougn Test

Vin=Vop-Vss Y
2 N

FIGURE 4 — CROSSTALK BETWEEN
ANY TWO SWITCHES

Vm‘VDD‘VSS_> 4R
2

Vin

Contral

D o Vout
+ e ><] %
3 AL i '['CL

FIGURE § — CROSSTALK
CONTROL TO QUTPUT

Vin >4 _Yout

VoD o> |
< 2 cL

AN = T

. Catz in Centrol— = =
vss )“?oe ™ 1 vgs
Vvpop A3C0O xn

7]
£+ i

Yin «‘ Data In Control
i

Strone

vpp ABCO

Vi
w2 UL
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MC142100, MC145100

RQN. “ON" RESISTANCE {OHMS}

AQN. "ON" RESISTANCE (OHMS)

FIGURE 5 — CHANNEL RESISTANCE (Ron) TEST CIRCUIT

A 3C D
b
Control Keithley 160
Voo Digitat
Multimeter
10 Y
N Switch
On XY
vss Ploter
X

||}—~

TYPICAL RESISTANCE CHARACTERISTICS

FIGURE 7 — COMPARISON AT 25°C

350 T
HTa=+25C ,[ [[ I' !:
300 : ‘ ;
[ i\ D i/
sy RN\ TA R
200t : \[& ——
5 u i
V4 \VOD'VSS'F V———‘;———
150 ——
7 ' IVQ{)-Vss-IU Vo
A___—/‘—-‘f%_yss- 15 ¥l
50 : : |
3 L
. ; (Y N[ 1
.10 -80 -60 -43 -20 0 20 40 66 &0 10
in, INPUT YOLTAGE (VOLTS!
FIGURES — Vpp=5.0V, Vgg=-50V
350 lﬁ I T
a0 b =
i |
250 7 :
200 f f
; T
150 L L M s
100 e M 1 CY 10"
b T3 - - 35°0
50

]
-10 -88 -60 -40 -20 0 20 40 60 30 10
¥in, INPUT YOLTAGE (YOLTS!

RON. ~ON" RESISTANCE (0HMS)

RON, “ON" RESISTANCE 10HMS)

FIGURES — Vpp=2.5V, Vgg=~-2.5V

350[ {7 ; ! l'—ﬂ[ X %
300 l ] \
250 -t T WA ! ¢
1 17 £ N N SO S
200 Y F NN
a : //;\\\r 5o
' i . | TA=25°C ] }
150 { ; 7 T
P [ ) i 1 Ta=--53"G
100 = T T -
2 1 T I
50 3 7 T "
NT i i i
S16 -80 -60 -40 -20 0 20 40 60 35
Yin, INPUT YCLTAGE (YOLTS)
FIGURE 10 — Vpp=7.5V, Vgg= =75V
50 ]
300 :
250
200 . 1 —
150 { Ta=125°C7)
100 — - Tae25°C_|
50 TA-:? C__|
8 |
.10 -80 -68 -40_-20 0 20 46 68 88 If

Vi, INPUT YOLTAGE (VOLTS)
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NNational Semiconductor

MM54C922/MM74C922 16-Key Encoder
MM54C923/NMM74C923 20-Key Encoder

General Description

These CMOS key encoders provide all the necessary logic
to fully encode an array of SPST switches. The keyboard
scan can be implemented by either an- extemal clock or
extemal capacitor. These encoders also have on-chip pull-
up devices which permit switches with up to 50 k€2 on resist-
ance to be used. No diodes in the switch array are needed
to eliminate ghost switches. The intemal debounce circuit
néeds only a single extemnal capacitor and can be defeated
by omitting the capacitor. A Data Available output goes to a
high level when a valid keyboard entry has been made. The
Data Available output returns to a low level when the en-
tered key is released, even if another key is depressed. The
Data Available will return high to indicate acceptance of the
new key after a normal debounce period; this two-key roli-
over is provided between any two switches.

July 1993

An internal register remembers the last key pressed even
atter the key is released. The TRI-STATE® outputs provide
for easy expansion and bus operation and are LPTTL com-
patible.

Features

50 k€l maximum switch on resistance

On or off chip clock

On-chip row puil-up devices:,

2 kay rofl-over

Keybounce elimination with single capacitor
Last key register at outputs

TRI-STATE outpust LPTTL compatible
Wide supply range

Low power consumption

3V to 15V

Connection Diagrams

Pin Assignment for

Pin Assignment

Pin Assignment for

Dual-In-Line Package for SOIC DIP and SOIC Package
Pt
Jip—1 U 18 Vee 0N Y141 20 b= Vee ron U 'ﬂvu
. " MW Y11 19 |~ bara out 3 B ]
nowvz -4 HL oaraoura eovbid s e ot b buras rowvz [ oara gura
Rawys <4 L% sarasere wow a4 17— 0aTa ut ¢ —] 112 cataours
oW Y4 = M cataourc MO i ey Nl anwve L oaracur e
. “ cscnzatch — & 13t
OSCILLATOR ~= = saTAsuTO KerBoUCE vask —4 7 14 = SUTPUT (HabE nowvs 44 HL oataguta
KevaouncE sasx L sovrrrTERCe CRMNETT? 131 DATA avaRARE osentaton -4 FLoatagur e
oo xa 'L oataavanane . 438 12y g KErouNCe WSS | L4, srreTTRIECE
% anp 10 13 |- covumm x2
coLonm X3 o2 AL cotummns 24 112 oara avaase
oo -4 HY covumen 22 TU/F/6037-14 cotwanxy 2 corumn x1
Top View cun 14 . covoun xz
TUF/6037-1 Order Number MM74C922
Top View TL/F/6037-2
Order Number MM54C822 or Top View
MM74C922 Order Number MM54C923 or
MM74C923
TRLSTATE® b a d of Natonat
1985 Natonet TUF/6037 RRD-B30M105/Printed in U. 5. A.

dspoaul éa)l'OZ £260V.LININ/E26DVSININ “1apoau3 Aa)-9L 2260V .LININ/ZZ6DVSININ
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Absolute Maximum Ratings (Note 1)

If Miitary/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Voltage at Any Pin Voo — 0.3Vio Vg + 0.3V
Operating Temperature Range
MM54C822, MM54C923 —-55°Cto +125°C

MM74C922, MM74C923 —40°Cto +85°C

Storage Temperature Range
Power Dissipation (Pp)
Duak-in-Line
Small Qutline

Operating Vo Range

Vee

Lead Temperature
(Soldering, 10 seconds)

—65'Cto +150°C

700 mwW
500 mwW

3Vto 15V
18V

- 260°C

DC Electrical Characteristics Mmin/Max limits apply across temperature range unless otherwise spedified

operasion.

Symbol ] Parameter I Conditions Min l Typ I Max I Units
CMOS TO CMOS
Vr+ Positive-Going Threshold Voltage Voo = 5V, in 2 0.7mA 3.0 3.6 43 v
i at Osc and KBM Inputs Vee = 10V, iy = 1.4 mA 6.0 6.8 8.6 v
N Veg = 15V, iy = 2.1 mA 9.0 10 12.9 v
Vr— Negative-Going Threshold Voltage Veg = 5V, iy 2 0.7 mA 0.7 1.4 20 \
at Osc and KBM Inputs Veg = 10V, iy 2 1.4 mA 1.4 3.2 4.0 v
Voo = 15V, Iin 2 2.1 mA 2.1 5 6.0 \'
Ving) Logical “1” Input Voitage, Voo = 5V 3.5 4.5 \
Except Osc and KBM Inputs Vg = 10V 8.0 9 A
Ve = 15V 125 13.56 v
Vine Logical “0” Input Voltage, Vee =5V 0.5 1.5 v
Except Osc and KBM Inputs Ve = 10V 1 2 \
Voo = 15V 1.5 25 v
lm Row Pull-Up Current at Y1, Y2, Voo = 5V, Vin = 0.1 Veo -2 -5 pA
Y3, Y4 and Y§5 Inputs Veg = 10V -10 -20 pA
Veg = 15V —22s —45 pA
VouT) Logical “1" Output Voltage Veg = 5V, lg = —10 pA 45 \
Voo = 10V, 1g = —10 pA 9 '
Voo = 15V, lg = —10 pA 13.5 v
VouTo) Logical 0" Output Voltage Ve = 5V.lp = 10 pA 0.5 A
Vcg = 10V, lp = 10 pA 1 Vv
Voo = 15V, lg = 10 pA 1.5 \
Ron Column “ON" Resistance at Vee = 5V, Vg = 0.5V 500 1400 1)
X1, X2, X3 and X4 Outputs Veg = 10V, Vg = 1V 300 700 n
Veg = 15V, Vg = 1.5V 200 500 0
Ice Supply Current Ve = 5V 0.55 1.1 mA
- Osc at 0V, (one Y low) Veo = 10V 1.1 1.9 mA
Veg = 18V 1.7 26 mA
ling1) Logical *1" Input Current Vg = 15V, iy = 15V
at Output Enable 8g9s 10 BA
’IN(O) Logical “0" Input Current Veo = 15V, Vin = ov _ v
at Output Enabie 1.0 0.005 BA
CMOS/LPTTL INTERFACE
VINGT) Logical “1” Input Voltage, 54C, Ve = 4.5V Voo — 1.5 \
Except Osc and KBM Inputs 74C, Vo = 4.75V Veg — 1.5 v
ViNeD Logica! “0" Input Voltage, 54C, Vg = 4.5V 0.8 \
Except Osc and KBM Inputs 74C,Vog = 4.75V bl o 0.8 \'4
Vourin Logical *“1" Output Voltage 54C, Voo = 4.5V 24 v
lo = —360 pA
74C,Vco = 4.75V
lo = —360 pA 24 V'
VouTmo) Logical *‘0" Output Voltage 54C, Voo = 45V 0.4 v
lg = —360 pA )
74C,Vog'= 4.75V
lo = —360 pA 0.4 v
Note & “Absolute Maximum Ratings” mtwmvduesqudwhunmsahwoﬂmmiucmm!begmm&oemm *Operating Temperalre Range™
mnmmwmmmmmmmmmmmtamot "Bl conditions for actual device

¥

2




DC Electrical Characteristics
Min/Max limits apply across temperature range unless otherwise specified (Continued)

Symboi l Parameter ] Conditions R l Min I Typ Max Units
OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current)
ISOURCE Qutput Source Current Vee = 5V, Vout = 0V, - _
(P-Channel) Ta = 25°C 1.75 33 mA
le oURCE Output Source Current Ve = 10V, Voyt = 0V, _8 ~15 A
(P-Channel) Ta = 25°C m
IsINK Output Sink Current Vee = 5V, Vout = Vee,
(N-Channel) Ta = 25°C 175 3.6 mA
ISINK Qutput Sink Current Ve = 10V, Vout = Vo, s 16 A
(N-Channel) Ta = 25°C m

AC Electrical Characteristics® Ta = 25°C, C_ = 50 pF. unless otherwise noted

Symbol Parameter Conditions Min Typ Max Units
tod0s tpdi Propagation Delay Time to Cy = 50 pF (Figure 1)
Logical “0" or Logical 1" Voo = 5V 60 150 ns
from D.A. Vee = 10V 35 80 ns
Voo = 15V 25 60 ns
tors tiH Propagation Delay Time from Ry = 10k, C = 10 pF (Figure 2) ’
Logical “0" or Logical *“1" Ve = 5V, R = 10k 80 200 ns
into High impedance State Veo = 10V, CL = 10pF 65 150 ns
Veog = 15V 50 110 ns
tHo, tH1 Propagation Delay Time from R = 10k, C = &0 pF (Figure 2)
High Impedance State toa Veg = 5V. Ry = 10k 100 250 ns
Logical “0" or Logical *“1” Veg = 10V, Cp = S0 pF 55 125 ns
Veog = 15V 40 90 ns
Cin Input Capacitance Any input (Note 2) 5 7.5 pF
Cout TRI-STATE Output Capacitance Any Output (Note 2) 10 pF
*AC Parameters are guaranteed by DC correlated testing. A
Note 1: “Absolute Maximum Ratings” are those values beyond which the safaty of the device cannot te g d. Except for “Operating Temp Range”
they are not meant to imply that the devices should be operated at these fimits. The table of “Electrical Char ' Ades conditions for actual device
operation.
Note 2: C itance is gt d by periodi 13%:\9.

Switching Time Waveforms
Vee

vee
ANY KEY % esvee
o — o

= toH

Vee ————

D — DATA OUT ( | TRISTATE
ANY OTHER MM w Vo o] 10%
KEY

pa—— Tz
—d T ‘—- -
v
DATA * 85vgp s Ve Yee
AVAILABLE \ DUTPUT 25V
0 waE | #Vee
tn
Vo

tpd tod1
0%
vee DATA OUT — . JRISTATE
v
nu‘;:vr . 0.5 Veg 8SVee R
TUFrRST-3 FIGURE 2
T1 = T2 = RC, T3 = 0.7 RC, where R = 10k and C i3 extemal capaciior at KBM input.

FIGURE 1
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Block Diagram

__A’Au“
BATA AVATLATLE DATA
osc?xT:: p O avanass
oA CLOCK
— TRISTATE
s . KEY QUACE CONTROL
cuzullrm €t 1"‘ gureur
I_Exrc ENABLE
3 Dc
I__. 0 P e
—) q
v v &K
27D 4 GECODER
ACTIVE LOW OUTPUTS S
£
x 3 g: +x| Vee ::;:tr —Eﬂ—o )
s 1 I INTERNAL ? ==
~ So. o Se 4 I o 4
' QR S N [ & c
o— [Yo— [o— b —OC }oUTPUTS
~ ~ol—e ~e—0 L —cx
e 6 RS N Po- S EncoDING
s el ol e I A B ., :
*~5 ‘\S_ "\3— b‘3— 3 natt OVER —O0
~d el Se S8 ! —ex
W el el e 4
~ ot > SO { ] | : :
KeY e)
ARRAY L ox -
TUFI8037-5
Truth Table 3
Switch 0 1 2 3 4 5 6 7 8 9 10 11 12 13 .14 15 16 17 18 19
Position | Y1.X1 Y1.X2 Y1X3 Y1.X4 Y2X1 Y2X2 ¥2.X3 Y2X4 Y3X1 Y3.X2 Y3X3 YaX4 V4X1 Y4 X2 Y4X3 Y4X4 V5" /X1 Y5°,X2 Y5°,X3 Y5°X4
D
A A [0} 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
T B 0 0 1 1 0 o] 1 1 0 0 1 1 0 0 1 1 (o} 0 1 1
A ct o 0 0 0 1 1 1 1 0 1] o] 0 1 1 1 1 0 (4] 0 0
(o] [o ] 0 0 0] 0 0 [1] 0 1 1 1 1 1 1 1 0 0 0 0
U E*l O o} 0 0 0 0 0 0 0 0 0 0 0 (v} 0 ¢] 1 1 1 1
T
*Ormet for MM54C922/MM74C922
-
4
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Typical Performance Characteristics
Typical Irp vs Viy at

Any Y Input
% »
Y Ta=25"C
= 15V
N 3 vee®
. [ e
2
g )4
S 5
5 /
-t
FRRL // Vep = 10V
g
Vec=SV
[]
] 5 18 15
Ve = Vin

TL/F/6037-8

Typical Fscan ve Cosc
18%

>

o

-
”

Fsgan (B1)

==t

0.0t 81 1 1
Cosg (uF)
TL/F/6037-8

Typical Applications
Synchronous Handshake (MM74C922)

—-l_ 16c

T

Typical Rgp v8 Vour at
Any X Output
] Veg=3v Ta=25C

/

[
/

COLUMN QUTPUT IMPEDANCE {kn)

15 i
‘7
1ov
us L= N
]
s 5 10 15
Vout (V}
TU/F/6037-7
Typical Debounce Period
vs Cxpm
1
@
= 7
=3
-
g 01
i=3 I
=3
g
& -
£ o === == i
=2
<
o
2
Q2
0.001
(1] 1 10 180
Cxess )
TUF/6037-9

Synchronous Data Entry Onto Bus (MM74C922)

_lwc
I

- M2
™ X4 Kem
X3
° X3
X2 [ X2 0 f=——tp
I X1 . TO DATA BUS '——— ¢l

LEESLE L v i g |—p TOOATASUS

T16]5]¢ v A 3218 v
OA MCT4 A b
siajs]e 3 1|e{sis v2
° oA OATA AVAILABLE
PEle = DATA AVAILASLE LALIRAL M
8
) ose a {UNVITATION) FIE|DfC v
CLOCK P X 5 ast £33
seeworen 1 u
S i ¢ ENABLE OUTPUT CLOCK P
I (RESPONSE) {SEENOTE D i -
TUF/8037-10 _I
TU/F/6037-11
Outputs are enebled when vaiid entry is made and
go into TRISTATE when key is released.
3 The keyooard may be &y iy d by omiting the capacitor &t osc. and driving osc. directly i the system clock rats is lower than 10 kHz.

5



Tl

Typical Applications (Continued)

4 Asynchronous Data Entry Onto Bus (MM74C922)

ML,

E3

» MM
t x4 KoM
i x1
Ap————p
f x2 s
—
I —{x c___’ruunuu:
; 3[2]1]s ) o
7ls]s|¢ 2
DATA AVAILASLE
s{als]s ¥i
] Flelofc Vl
.
1/874C04 TUFI6037-12
L OutpubminTRISTATEunﬁlk-ylspresscd,thendataisplacedonbus.
When key is released, outputs retum to TRI-STATE.
Expansion to 32 Key Encoder (MM74C922)
o5V
, | MM74co22
v,
: X, 5 Ksu‘——l
% % Le ko
¥ x3 Lz I
r, x4 0A | DATA AVALABLE
of1]2]3 Y Namd']
' 41541617 Y2 s> 01
; s [9]10fn 3 ot 02
1O DATA
12 )13 {14 ]15 Y4 o> BUS
GND
YY ¥ Yo
16 |17 [18 |19 - -
20212223 :Hj o
t 24 [25 {26 |27 = i
28 29 |30 |31 — MM74C20
} 2 2 2 ok
Vee TL/F/6037-13
Theory of Operation

e MM74C922/MM74C3823 Keyboard Encoders imple-
ment all the logic necessary to interface a 16 or 20 SPST
key switch marix to a digital system. The encoder will con-
vén a key switch closer to a 4(MM74C922) or

5(MM74C923) bit nibble. The designer can control both the
kéyboard scan rate and the key debounce period by altering
the oscillator capacitor, Cose, and the key bounce mask
capacitor, Cysk. Thus, the MM74C922/MM74C923's per-
fgrmance can be optimized for many keyboards.

The keyboard encoders connect to a switch matrix that is 4
rows by 4 columns (MM74C922) or 5 rows by 4 columns
(MM74C923). When no keys are depressed, the row inputs
are puited high by intemal pull-ups and the column cutputs
sequentially output a logic “0”. These outputs are open
drein and are therefore low for 25% of the time and other-
wise off. The column scan rate is controtied by the oscillator
input, which consists of a Schmitt trigger oscillator, a 2-bit
counter, and a 2-4-bit decoder.

When a key is depressed, key 0, for example, nothing will
happen when the X1 input is off, since Y1 will remain high.
When the X1 column is scanned, X1 goes low and Y1 will go
jow. This disables the courtter and keeps X1 low. Y1 going

low also initiates the key bounce circuit timing and locks out
the other Y inputs. The key cods tobe output is a combina-
tion of the frozen counter value and the decoded Y inputs.
Once the key bounce circuit times out, the data is latched,
and the Data Available (DAV) output goes high.

If, during the key closure the switch bounces, Y1 input will
go high™again, restarting the scan and resetting the key
bounce circuitry. The key may bounce several times, but as
soon as the switch stays low for a debounce period, the
closure is assumed valid and the data is latched.

A key may also bounce when it is released. To ensure that
the encoder does not recognize this bounce as another key
closure, the debounce circuit must time out before another
closure is recognized.

The two-key roll-over feature can be illustrated by assuming
a key is depressed, and then a second key is depressed.
Since all scanning has stopped, and alt other Y inputs are
disabled, the second key is not recognized until the first key
is lifted and the key bounce circuitry has reset.

The output latches feed TRISSTATE, which is enabled when
the Output Enable (OF) input is taken low.

orran




" MICROCHIP
8-Pin, 8-Bit CMOS Microcontroller

PIC12C5XX

Devices included in this Data Sheet:

PIC12C508 and PIC12C509 are 8-bit microcontrollers

packaged in 8-lead packages. They are based on the

Enhanced PIC16C5X famity.

High-Performance RISC CPU:

« Only 33 single word instructions to team

« Allinstructions are single cycle (1us) except for
program branches which are two-cycle

« Operating speed: DC - 4 MHz clock input
DC - 1 ps instruction cycle

Device EPROM RAM
PIC12C508 512x12 25
PIC12C509 1024 x 12 41

* 12-bit wide instructions

+ 8-bit wide data path

« Seven special function hardware registers

« Two-level deep hardware stack

« Direct, indirect and refative addressing rmodes for
data and instructions

« Intemal 4 MHz RC oscillator with programmable
calibration

« In-circuit serial programming

Peripheral Features:

» 8-bit real time clock/counter (TMRO) with 8-bit
programmable prescaler

¢ Power-On Reset (POR)

« Device Reset Timer (DRT)

= Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

* Programmable code-protection

« Power saving SLEEP mode

» Wake-up from SLEEP on pin change

Internal pull-ups on /O pins

Selectable oscillator options:

- INTRC: Intemal 4 MHz RC oscillator

- EXTRC: Extemal low-cost RC oscillator

- XT: Standard crystal/resonator

- LP: Power saving, low frequency crystal

Intemal pull-up on MCLH pin

© 1996 Microchip Technology Inc.

Advance Information

CMOS Technology:

 Low power, high speed CMOS EPROM
technology
e Fully static design
+ Wide operating voltage range:
- Commercial: 2.5V to 5.5V
- Industrial: 2.5V to 5.5V
* Low power consumption
-<2mA @ 5V, 4 MHz
- 15 pAtypical @ 3V, 32 KHz
- < 1 pA typical standby current

Pin Diagram
PDIP, SOIC
—
VoD —={]1 T 8 Vss
GP5/OSC1/CLKIN 4—-.{: 2 9 9 7 D-Q——— GPO
GP4/OSC2 =——s{]3 BB 6 [Je—GP1
GPIMTITFWVee —{]4 § § 5 [J=— GP2/TOCKI
DS40139A -,
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- PIC12C5XX

1.0 GENERAL DESCRIPTION

The PIC12C5XX from Microchip Technology is a family
of low-cost, high performance, 8-bit, fully static,
EPROM/ROM-based CMOS microcontrollers. It
employs a RISC architecture with only 33 single word/
single cycle instructions. All instructions are single
scycls (1 us) except for program branches which take
“two cycles. The PIC12C5XX delivers performance an
order of magnitude higher than its competitors in the
same price category. The 12-bit wids instructions are
highly symmetrical resulting in 2:1 code compression
over other 8-bit microcontroflers in its class. The easy
to use and easy to remember instruction set reduces
development time, significantly.

The PIC12C5XX products are equipped with special
features that reduce system cost and power require-
ments. The Power-On Reset (POR) and Device Reset
Timer (DRT) eliminate the need for extemal reset cir-
cuitry. There are four oscillator configurations to
choose from, including INTRC internal oscillator mode
and the power-saving LP (Low Power) -oscillator.
Power saving SLEEP mode, Watchdog Timer and code
protection features improve system cost, power and
reliability.

The PIC12C5XX are available in the cost-effective
One-Time-Programmable (OTP) versions which are
suitable for production in any volume. The customer
can take full advantage of Microchip's price leadership
in OTP microcontrollers while benefiting from the
OTP's flexibility.

The PIC12C5XX products are supported by a fuil-fea-
tured macro assembler, a software simulator, an in-cir-
cuit emulator, a ‘C’ compiler, fuzzy logic support tools,
a low-cost development programmer, and a full fea-
tured programmer. All the tools are supported on iBM®
PC and compatible machines.

1.1 Applications

The PIC12C5XX series fits perfectly in applications
ranging from personal care appliances and security
systems to low-power remote transmitters/receivers.
The EPROM technology makes customizing applica-
tion programs (transmitter codes, appliance settings,
receiver frequencies, etc.) extremely fast and conve-
nient. The small footprint packages, for through hole or
surface mounting, make this microcontroller series per-
fect for applications with space limitations. Low-cost;
low-power, high performance, ease of use and /O flex-
ibility make the PIC12C5XX series very versatile even
in areas where no microcontroller use has been
considered before (e.g., timer functions, replacement
of “glue” logic and PLD's in larger systems, coproces-
sor applications).

© 1996 Microchip Technology Inc.
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2.0 PIC12C5XX DEVICE VARIETIES

A variety of packaging options are available.
Depending on applicaton and  production
requirements, the proper device option can be
selected using the information in this section. When
placing orders, please use the PIC12C5XX Product
Identification System at the back of this data sheet to

specify the comect past number.

21 One-Time-Programmable (OTP)
Devices

The availability of OTP devices is especially useful for

customers expecting frequent code changes and

updates. :

The OTP devices, packaged in plastic packages,
permit the user to program them once. In addition to
the program memory, the configuration bits must be

programmed.

© 1996 Microchip Technology Inc.
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3.0 ARCHITECTURAL OVERVIEW

The high performance of the PIC12C5XX family can
be attributed to a number of architectural features
« commonly found in RISC microprocessors. To begin
with, the PIC12C5XX uses a Harvard architecture in
which program and data are accessed on separate
buses. This improves bandwidth over traditional von
Neumann architecture where program and data are
fetched on the same bus. Separating program and
data memory further allows instructions to be sized
differently than the 8-bit wide data word. Instruction
opcodes are 12-bits wide making it possible to have all
single word instructions. A 12-bit wide program
memory access bus fetches a 12-bit instruction in a
single cycle. A two-stage pipeline overlaps fetch and
execution of instructions. Consequently, all
instructions (33) execute in a single cycle (1ps Q@
4MHz) except for program branches.

The PIC12C508 address 512x 12 of program
memory, the PIC12C509 addresses 1Kx12 of
program memory. All program memory is intemnal.

The PIC12C5XX can directly or indirectly address its
register files and data memory. All special function
registers including the program counter are mapped in
the data memory. The PIC12C5XX has a highly
orthogonal (symmetrical) instruction set that makes it
possible to carry out any operation on any register
using any addressing mode. This symmetrical nature
and lack of ‘special optimal situations’ make
programming with the PIC12C5XX simple yet efficient.
In addition, the leaming curve is reduced significantly.

The PIC12CS5XX device contains an 8-bit ALU and
working register. The ALU is a general purpose
arithmetic unit. It performs arithmetic and Boolean
functions between data in the working register and any
register file.

The ALU is 8-bits wide and capable of addition,
subtraction, shift and logical operations. Unless
otherwise mentioned, arithmetic operations are two's
complement in nature. In two-operand instructions,
typically one operand is the W (working) register. The
other operand is either a file register or an immediate
constant. In single operand instructions, the operand
is either the W register or a file register.

The W register is an 8-bit working register used for
ALU operations. It is not an addressable register.

Depending on the instruction executed, the ALU may
affect the values of the Carry (C), Digit Carry (DC),
and Zero (Z) bits in the STATUS register. The C and
DC bits operate as a borrow and digit borrow out bit,
respectively, in suttraction. See the SUBWF and ADDWF
instructions for examples.

A simplified block diagram is shown in Figure 3-1, with
the corresponding device pins described in Table 3-1.

@ 19396 Microchip Technology Inc.
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FIGURE 3-1: PIC12C5XX BLOCK DIAGRAM
§
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: TABLE 3-1:

PIC12C5XX PINOUT DESCRIPTION

Name

DIP
Pin#

SOIC
Pin#

vo/pP
Type

Buffer
Type

Description

GPO

7

7

Vo

TTUST

Bi-directional /O port/ serial programming clock. Can
be software programmed for intemal weak pufl-up and
wake-up from SLEEP on pin change. This buffer is a
Schmitt Trigger input when used in serial programming
mode.

GP1

¥o

TTUST

Bi-directional /O port/ serial programming data. Can
be software programmed for internal weak pull-up and
wake-up from SLEEP on pin change. This bufferis a
Schmitt Trigger input when used in serial programming
mode.

GP2/TOCKI

o

ST

Bi-directional /O port. Can be configured as TOCKI.

b T GPaMCIRVer

Input port/master clear {reset) input/programming volt-
age input. When configured as MCLR, this pin is an
active low reset to the device. Voltage on MCLR/VepP
must not exceed Vob during normal device operation.
Can be software programmed for intemal weak pull-up
and wake-up from SLEEP on pin change. Weak pull-
up always on if configured as MCLR

t |GP4/0OSC2

1o

Bi-directional I/O port/oscillator crystal output. Con-
nections to crystal or resonator in crystal oscillator
mode (XT and LP modes only, GPIO in other modes).

1 | GPS/OSC1/CLKIN

o

TTLUST

Bidirectional 10 port oscillator crystal input/extemal
clock source input (GPIO in Intemal RC mode only,
OSC1 in all other oscillator modes).

VoD

1

1

P

Positive supply for logic and I/O pins

Vss

8

8

P

Ground reference for logic and /O pins

Legend: | = input, O = output, IO = input/output, P = power, — = not used, TTL = TTL input,

ST = Schmitt Triggsr input

© 1996 Microchip Technology Inc.
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3.1 Clocking SchemefInstruction Cycle
3

The clock input (OSC1/CLKIN pin) is internally divided
by four to generate four non-overlapping quadrature
clocks namely Q1, Q2, Q3 and Q4. Internally, the’
program counter is incremented every Q1, and the
insfruction is fetched from program memory and
latched into instruction register in Q4. It is decoded
and executed during the following Q1 through Q4. The
clocks and instruction execution flow is shown in
Figure 3-2 and Example 3-1.

Instruction Flow/Pipelining

An Instruction Cycle consists of four Q cycles (Q1, Q2,
Q3 and Q4). The instruction fetch and execute are
pipelined such that fetch takes one instruction cycle
while decode and execute takes another instruction
cycle. However, due to the pipelining, each instruction
effectively executes in one cycle. If an instruction
causes the program counter to change (e.g., GOTO)
then two cycles are required to complete the
instruction' (Example 3-1).

A fetch cycle begins with the program countér (PC)
incrementing in Q1.

In the execution cycle, the fetched instruction is
latched into the Instruction Register (1R) in cycle Q1.
This instruction is then decoded and executed during
the Q2, Q3, and Q4 cycles. Data memory is read
during Q2 (operand read) and written during Q4
(destination write).

3.2

FIGURE 3-2: CLOCK/INSTRUCTION CYCLE

' IQ1{QZ|Q3|Q4'O1|QZ|QS|Q4IQl|Q2|03;O4|
' osct
Ql y—\ A YA Pl 1% k|
Q2 ! / \ ] L OXTER || Intemal
3 Q3 / \ i Vo'aaaal i 4/——\__‘ g::,zs(e
Q4 \ J_‘—‘j\ ASAT N\ J"—‘l
i PC ( PC )4 PCH VI G PC2
‘ osc2 L___4———\___-—/—'——‘k————/—___1
(RC mode) | ey ———1 l !
U 1 Execute INST (PC-1) Felch INST (PC+1)______ |
o L Execute INST (PC) Fetch INST (PC+2)
3 | ! Execute IN PC+1}
]
EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW
1. MOVLW O03H liFetch 1 Execute 1
{4 2. MOVWF GPIO Fetch 2 Execute 2
3. CALL SUB_1 Fetch 3 Execute 3
4. BSF GPIO, BITL Fetch 4 Flush
Fetch SUB_1| Execute SUB _ﬂ
Al instructions are single cycle, except for amy program branches. These take two cycles since the fetch
instruction is “flushed” from the pipeline while the new instruction is being fetched and then executed.

'DS40139A
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4.0 MEMORY ORGANIZATION FIGURE 4-1: PROGRAM MEMORY MAP
PIC12C5XX memory is organized into program mem- :"‘g: S(':l' ACK FOR THE
ory and data memory. For devices with more than 512 2C5XX
bytes of program memory, a paging scheme is used. [ PC<11:0> ]
Program memory pages are accessed using one STA- CALL. RETH - 2,
TUS register bit. For the PIC12C509 with a data mem- " =
ory register file of more than 32 registers, a banking Stack Level 1
scheme is used. Data memory banks are accessed Stack Level 2
using the File Select Register (FSR).
4.1 Program Memory Organization T Feset Vector (note 1) 0000h
The PIC12C508 and PIC12C509 each have a 12-bit
Program Counter (PC) capable of addressing a 2K x On-chip Program
12 program memory space. Memory
Only the first 512 x 12 (0000h-01FFh) for the z (—
PIC12C508 and 1K x 12 (0000h-03FFh) for the 3] '
PIC12C509 are physically implemented. Refer to =811 512 Word (PIC12C508) | oqppm
Figure 4-1. Accessing a location above  these 3 0200n
boundaries will cause a wrap-around within the first On-chip Program
512 x 12 space (PIC12C508) or 1K x 12 space Memoq?
(PIC12C509). The reset vector is at 0000h. Lccation
01FFh (PIC12C508) or location 03FFh (P1C12C509)
contains the internal clock oscillator calibration value. v 1024 Word (PIC12C509) | o3FFh
This value should never be overwritten. va 0400h
—
7FFn
Note 1: Address 0000h becomes the effec-
tive reset vector. Location 01FFh
(PIC12C508) or location 03FFh
(PIC12C509) contains the MOVLW
XX clock calibration value.
Advance Information DSA40139A
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4.2 Data Memory Organization

Da#ta memory is composed of registers, or bytes of
RAM. Therefore, data memory for a device is specified
by its register file. The register file is divided into two
functional groups: special function registers and
general purpose registers.

THe special function registers include the TMRO
register, the Program Counter (PC), the Status
Register, the /O registers (ports), and the File Select
Register (FSR). In addition, special purpose registers
are used to control the /O port configuration and
prescaler options.

The general purpose registers are used for data and
ccintrol information under command of the instructions..
For the PIC12C508, the register file is composed of 7
special function registers and 25 general purpose
registers (Figure 4-2).

Fc[Jr the PIC12C509, the register file is composed of 7
special function registers, 25 general purpose
registers, and 16 general purpose registers that may
be addressed using a banking scheme (Figure 4-3).

421 GENERAL PURPOSE REGISTER FILE

The general purpose register file is accessed either
directly or indirectly through the file select register
FSR (Section 4.7).

3
FIGURE 4-3: PIC12C509 REGISTER FILE MAP

FIGURE 4-2:

PIC12C508 REGISTER FILE

MAP

Note 1:

File Address

0oh
01h
02h
03h
04h
0sh
06h
07h

1Fh

“INDF™

TMRO

PCL

STATUS

FSR

OSCCAL

GPIO

General
Purpose
Registers

Not a physical register. See Section 4.7

-

FSR<6:5>—= 00
File Address

01

i l 00h INDF®
oth TMRO

b 02h PCL

03h STATUS

Bl

04h FSR

05h OSCCAL

06h GPIO

07h
General
Purpose
Registers

CHET e L

OFh

20h

Addresses map
back to
addresses

.in Bank 0.

2Fh

: 10h

General

Purpose

Registers

1Fh

30h
General
Purpose
Registers

3Fh

Bank O

Bank 1

Note 1: Nota physical regisier. See Section 4.7

DS40139A- Advance Information
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422 SPECIAL FUNCTION REGISTERS

The Special Function Registers are registers used by
*the CPU and peripheral functions to control the
, operation of the device (Table 4-1).

The special registers can be classified into two sets.
The special function registers associated with the
“core” functions are described in this section. Those
related to the operation of the peripheral features are
described in the section for each peripheral feature.

TABLE 4-1: SPECIAL FUNCTION REGISTER SUMMARY
Value on Value on Value on
Power-On | MCLR and | Wake-up on
Address | Name Bit7 Bit6 | Bit5 |Bit4 |Bit3 {Bit2 |Bit1 [BitO Reset WDT Reset | Pin Change
¥ INA TRIS 1/0 control registers --11 1111 | --11 1111 | --11 1111
Contains control bits to configure Timer0, TimerQ/WDT
N/A OPTION |prescaler, interrupt on change, and weak pull-ups 1111 1111 | 1111 1111 } 1111 1111
Uses contents of FSR to address data memory (net a physical
00h INDF register) OOk X00C¢ | UUUU Uuuu | Uuuu uuuud
01h TMRO 8-bit real-time clock/counter oK 200K | UUUUL UuuUU | Uuuu uuau
ozn(M  1PCL Low arder 8 bits of PC 1111 1111 | 1111 1111 | 1111 1111
03h sTATUS |GPWUF | — | Pa0 || 2 [oc | ¢ [ o001 oo | 0009 quuu | 1009 quuu
FSR
04h (12C508) {ndirect data memory address pointer 111x xocec | 11lu uuuu | 11lu uuuue
FSR
04h (12C509) |Indirect data memory address pointer 110x sococ | 1luw uwuuu | 1luu uuuu
04h FSR Indirect data memory address pointer 1ok soo0c | luuu uuuu | luuu uuuu
05h OSCCAL CAL7 |CAL6 {CALS |CAL4 — — —_ — | 01211 ---- | wumu ---- | uuuu ----
06h GPIO — — GP5 | GP4 | GP3 | GP2 | GPY GPO | ~-xx 00 | --uu uuuu | --uu uuuu
Legend: Shaded boxes = unimplemented or unused, — = unimpiemented, read as ‘0' (if applicabie)
x = unknown, u = unchanged, q = see the tables in Secgon 7.7 for possible values.
Note 1: The upper byte of the Program Counter is not directty accessible. See Section 4.5
for an explanation of how to atcess these bits.
© 1936 Microchip Technology Inc. Advance information DS40139A;



So2.CMos MT8870D/MT8870D-1
® Integrated DTMF Receiver
VIITEL

Features ) ISSUE 4 August 1996
* Complete DTMF Receiver Ordering Information

* Low power consumption MT8870DE/DE-1 18 Pin Plastic DIP

» Internal gain setting amplifier MT8870DC/DC-1 18 Pin Ceramic DIP

MT8870DS/DS-1 18 Pin SOIC

¢ djustable guard time
Adjus .gu l MT8870DN/DN-1 20 Pin SSOP
» Central office quality -40 °C to +85 °C

e Power-down mode
+ inhibit mode

» Backward compatible with Description
MT8870C/MT8870C-1

The MT8870D/MT8870D-1 is a complete DTM

Applications receiver integrating both the bandsplit filter an:
» Receiver system for British Telecom (BT) or digital decoder functions. The filter section use:
CEPT Spec (MT8870D-1) switched capacitor techniques for high and lov

group filters; the decoder uses digital countin

* Paging systems b
techniques to detect and decode all 16 DTMF tone

* Repeater systems/mobile radio pairs into a 4-bit code. External component count i

» Credit card systems minimized by on chip provision of a differential inpt

+ Remote control amplifier, clock oscillator and latched three-state bu
interface.

e Personal computers
+ Telephone answering machine

Bias \
.PWDN Circuit
Buffer
RN = . o
p%'J&‘ér ggg High Group _D- Digital Code
Filter Detection Converter }J/\ e A
Algorithm and Latch Q:
IN+ -‘%iﬁle Zero Crossing
IN - Filter Detectors e QL
Low Group =

as Filter _D— ‘ g—-’ Q

—{>0——- gh?g St Steering x

Clocks GT Logic *
~/ VN
OE



MT8870D/MT8870D-1 1S0°-CMOS

OCO~NOY L W~
I I | | I | |
0QEOQMm
SRR

(]
—
Q
m

SOOND Oh WP

20 PIN SSOP

in Connections

Pin Description

Pin#

18 | 20 Name Description

1] 1 IN+ |Non-lnverting Op-Amp (Inpuit).

IN- Inverting Op-Amp (Input).

313 GS |Gain Select. Gives access to output of front end differential amplifier for connection of
feedback resistor.

41 4 Vpes |Reference Voltage (Output). Nominally Vpp/2 is used to bias inputs at mid-rail (see Fig. 6
and Fig. 10).

5|5 INH |Inhibit (input). Logic high inhibits the detection of tones representing characters A, B, C
and D. This pin input is internally pulled down.

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

7|1 8| 0SCi |Clock (Input).

9 | 0OSC2 |Clock (Output). A 3.579545 MHz crystal connected between pins 0SC1 and OSC2
completes the internal oscillator circuit.

9 |10 Vgg |Ground (Input). OV typical.

10| 11 TOE |Three State Output Enable (Input). Logic high enables the outputs Q1-Q4. This pin is
pulled up internally.

11-|12-| Q1-Q4 |Three State Data (Output). When enabled by TOE, provide the code corresponding to the
141 15 last valid tone-pair received (see Table 1). When TOE is logic low, the data outputs are high
impedance.

15| 17 Stb Delayed Steering (Output).Presents a logic high when a received tone-pair has been
] registered and the output latch updated; returns to logic low when the voltage on St/GT falls
E below Vrg;-

16| 18 ESt Early Steering (Output). Presents a logic high once the digital algorithm has detected a
valid tone pair (signal condition). Any momentary loss of signal condition will cause ESt to
return to a logic low.

171 19| SUGT |Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vg detected at
St causes the device to register the detected tone pair and update the output latch. A
voltage less than Vg frees the device to accept a new tone pair. The GT output acts to
reset the external steering time-constant; its state is a function of ESt and the voltage on St

J18120 Vpp |Positive power supply (Input). +5V typical.

7, NC No Connection.
16
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Functional Description

The MT8870D/MT8870D-1 monolithic DTMF
receiver offers small size, low power consumption
and high performance. 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.

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 correspond 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 3). 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-level signals. The
outputs of the comparators provide full rail logic
swings at the frequencies of the incoming DTMF
signals.

Decoder Section

Following the filter section is a decoder employing
digital counting techniques to 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

. performed by an external RC time constant driven by ...

Iso2-cMos MT8870D/MT8870D-1

i -y

T

R

MT8870D/

MT8870D-1 lera=(RC)in(

V,
(A A

providing tolerance to small frequency deviations
and variations. This averaging 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 ESt to
assume an inactive state (see “Steering Circuit”).

Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signal duration (referred to
as character recognition condition). This check is

2

ESt. A logic high on ESt causes v, (see Figure 4) to
rise as the capacitor discharges. Provided signal

DIAL TONES

X=350 Hz

Y=440 Hz

DTMF TONES

A=697 Hz

ATTENUATION
(dB)

B=770 Hz
C=852 Hz

D=941 Hz
E=1209 Hz

F=1336 Hz
G=1477 Hz

H=1633 Hz
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condition is maintained (ESt remains high) for the
validation period (tgyp), Ve reaches the threshold
(V1gy) 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 to Vpp. GT continues to drive
high as long as ESt remains high. Finally, after a
short delay to allow the output latch to settle, the
delayed steering output flag (StD) goes high,
signalling that 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 (TOE) to a logic high. The
steering circuit works in' reverse to validate the
interdigit 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 constants 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 4 is applicable. Component
values are chosen according to the formula:

trec=lortiGTP
tio=tpa*tGma
The value of tpp is a device parameter (see Figure
11) and tgec is the minimum signal duration to be

tarP=(ReCIn Yoo/ Voo-Vrsd!

Voo o | tera=(R1Cy)in(Vpp/Vrsy

G Rp=(R AR +A2)

a) decreasing tap: (tatp<taTa)

terp=(R1CInfVpr/(Vop-Vrsd]

Voo Q T 1 fone (Ao

1 Rp=(RAA+R)
staTC)

b) decreasing tgTa: (taTp>taTa)

recognized by the receiver. A value for C of 0.1 uF is

Digit | TOE | INH £St Q4 Qs Qs Qq

ANY L X H Z Z Z Z
1 H X H 0 0 0 1
2 H X H o o] 1 0
3 H X H [ 0 1 1
4 H X H 0 1 0 0
5 H X H 0 1 0 1
6 H X H 0 1 1 0
7 H X H 0 1 1 1
8 H X H 1 (o] 0 0
g9 H X H 1 0 0 1
0 H X H 1 0 1 0
. H X H 1 0 1 1
# H X H 1 1 (o] 0
A H L H 1 1 0 1
B H L H 1 1 1 0
C H L H 1 1 1 1
b H L H 0 0 0 0
A H H L

B H H L undetected, the output code

will remain the same as the

c H H L [previous detected code

D H H L

Table 1. Functional Decode Table

L=LOGIC LOW, H=LOGIC HIGH, Z=HIGH IMPEDANCE
X = DON‘T CARE

recommended for most applications, leaving R to be
selected by the designer.

Different steering arrangements may be used to
select independently the guard times for tone
present (tgTp) and tone absent (tgra). This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
alilows the designer to tailor system parameters
such as talk off and noise immunity. Increasing tpec
improves talk-off performance since it reduces the
probability that tones simulated by speech will
maintain signal condition long enough to be
registered. Alternatively, a relatively short tgec Wwith
a long tpo would be appropriate for extremely noisy
environments where fast acquisiton time and
immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure 5.
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Power-down and Inhibit Mode

A logic high applied to pin 6 (PWDN) will power down
the device to minimize the power consumption in a
standby mode. It stops the oscillator and the
functions of the filters.

Inhibit mode is enabled by a logic high input to the
pin 5 (INH). It inhibits the detection of tones
representing characters A, B, C, and D. The output
code will remain the same as the previous detected
code (see Table 1).

Differential Input Configuration

The input arrangement of the MT8870D/MT8870D-1
provides a differential-input operational amplifier as
well as a bias source (Vges) Which is used to bias the
inputs at mid-rail. Provision is made for connection of
a feedback resistor to the op-amp output (GS) for
adjustment of gain. In a single-ended configuration,
the input pins are connected as shown in Figure 10
with the op-amp connected for unity gain and Vget
biasing the input at '/;Vpp. Figure 6 shows the
differential  configuration, ~which permits the
adjustment of gain with the feedback resistor Rs.

Crystal Oscillator

The internal clock circuit is completed with the
addition of an external 3.579545 MHz crystal and is
normally connected as shown in Figure 10 (Singie-
Ended Input Configuration). However, it is possible to
configure several MT8870D/MT8870D-1 devices
employing only a single- oscillator crystal. The
oscillator output of the first device in the chain is
coupled through a 30 pF capacitor to the oscillator
input (OSC1) of the next device. Subsequent devices
are connected in a similar fashion. Refer to Figure 7
for details. The problems associated with
unbalanced loading are not a concern with the
arrangement shown, i.e., precision balancing
capacitors are not required.

MT8870D/
MT8870D-1

Ditferential Input Amplitier
Cy4=Co=10nf
R,:R =R5=100 kﬂ
R1=60kQ R4=37.5 kQ
.~ Bs
VOLTAGE GAIN (A, diff)= %
1

INPUT IMPEDANCE

(Zinorrr) = 2

—

~.

1 2
R‘2+ (uc)

All resistors are 1% tolerance.
All capacitors are £5% tolerance. §

To OSC1 of next .
8870D/MT8870D-1 §

B T -

C=30pF
X-tak=3.579545 MHz

Parameter Unit Resonator
R1 Ohms 10.752
L1 mH .432
C1 pF 4.984
Co pF 37.915
Qm - 896.37
Af %o +0.2%

Table 2. Recommended Resonator Specifications
Note: Qm=quality factor of RLC model, i.e., 1/211fR1C1.
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Applications

RECEIVER SYSTEM FOR BRITISH TELECOM
SPEC POR 1151

The circuit shown in Fig. 9 illustrates the use of
MT8870D-1 device in a typical receiver system. BT
Spec defines the input signals less than -34 dBm as
the non-operate level. This condition can be attained
by choosing a suitable values of Ry and R, to
provide 3 dB attenuation, such that -34 dBm input
signal will correspond to -37 dBm at the gain setting
pin GS of MT8870D-1. As shown in the diagram, the
component values of Ry and C, are the guard time
requirements when the total component tolerance is
6%. For better performance, it is recommended to
use the non-symmetric guard time circuit in Fig. 8.

MT8870D-1

IN+ g Vop
IN- SYGT
GS ESt
Vget StD
Q4

Qs

Q2

Q1

TOE

terP=(RpC)In{Vo/Voo-Vrsd]

teTa=(R1C1)InVopVrs)

Ap=(A AR r+F2)

Notes:

R,=368K Q + 1%
R=2.2M Q£ 1%
C4=100nF £ 5%

NOTES:

Ry =102KQ 1 1%
Ry=71.5KQ+ 1%

R4 = 390KQ 1 %

Cy,Cp = 100 nF £5%

X1 = 3.579545 MHz £ 0.1%
VDD =5.0V£5%

Pehiy-
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Absolute Maximum Ratings?

Parameter Symbol Min Max Units
1 | DC Power Supply Voltage Vop 7 \
2 | Voltage on any pin Vi Vgg-0.3 Vpp+0.3 \
3 | Current at any pin (other than supply) ly 10 mA
4 | Storage temperature Tsta -65 +150 °C
5 | Package power dissipation Po 500 mw

1 Exceeding these values may ca
Derate above 75 °C at 16 mW/

use permanent damage. Functional operation under these conditions is not implied.
°C. All leads soldered to board.

Recommended Operating Conditions - Vottages are with respect to ground (Vgg) unless otherwise stated.

Parameter Sym | Min Typ# Max | Units Test Conditions
1 | DC Power Supply Voltage Vpp | 4.75 5.0 5.25 Vv
2 | Operating Temperature To -40 +85 °C
3 | Crystal/Clock Frequency fc 3579545 MHz
4 | Crystal/Clock Freg.Tolerance Afc +0.1 %
1 Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.

DC Electrical Characteristics - vpp=5.0v+ 5%, Vgs=0V, -40°C < To < +85°C, unless otherwise stated.

Characteristics Sym | Min | Typ* | Max | Units Test Conditions

1 a Standby supply current lopa 10 25 pA  [PWDN=Vpg
2 | p |Operating supply current oo 3.0 9.0 mA
3 t Power consumption Po 15 mW  |fc=3.579545 MHz

Y
4 High leve! input ViH 3.5 V. |Vpp=5.0V
5 Low level input voltage Vi 1.5 V' |Vpp=5.0V
61, Input leakage current I/l 0.1 pA  |Vin=Vssor Vpp
7 g Pull up (source) current lso 7.5 20 HA I/OE (pin 10)=0,

U pp=5.0V
8 ; Pull down (sink) current Ig) 15 45 pA  |INH=5.0V, PWDN=5.0V,

| Vpp=5.0V

9 Input impedance (IN+, IN-) Rin 10 MQ | @ 1kHz
10 Steering threshold voltage V1st 22 24 25 V  |Vpp=5.0V
11 Low level output voltage VoL Vgg+0.03{ V |Noload
12 8 High level output voltage Vou |Vpp-0-03 V  |No load
13 ‘; [ Qutput low (sink) current loL 1.0 2.5 mA |Voytr=0.4V
14 | y |Output high (source) current | loy 0.4 0.8 mA |[Voyr=4.6V
15 ; VRet OUtpuUt voltage VRet 23 25 27 V  {Noload, Vpp =5.0V
16 Vet Output resistance Ror 1 kQ

t Typical figures are at 25°C and are for design aid only: not guaranteed and not subject:to production testing.
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Operating Characteristics - vpp=5.0v£5%, Vss=0V, 40°C < To < +85°C ,unless othefwise stated.

Gain Setting Amplifier

Characteristics Sym Min Typ* Max | Units Test Conditions
1 | Input leakage current IIN 100 nA | Vss<Vin<Vop
2 | Input resistance Rin 10 MQ
3 | Input offset voltage Vos 25 mv
4 | Power supply rejection PSRR | 50 dB 1 kHz
5 | Common mode rejection CMRR | 40 dB 0.75 V< V|y<4.25V biased
at Vpet=2.5V
6 | DC open loop voltage gain AyoL 32 dB
7 | Unity gain bandwidth fc | 0.30 . MHz |
8 | Output voltage swing Vo | 40 Vgp | Load > 100 kQ to Vgs @ GS
9 | Maximum capacitive load (GS) Cy 100 pF
10 | Resistive load (GS) R 50 kQ
11 | Common mode range Vem 2.5 Voo | No Load

MT8870D AC Electrical Characteristics - vpp=5.0V £5%, Vgg=0V, -40°C < To < +85°C, using Test Circuit shown in

. Figure 10.
Characteristics Sym Min Typt | Max | Units Notes*
; Valid input signat levels (each -29 +1 dBm 1,2,3,5,6,9
tone of composite signal
posite{sioril) 27.5 869 | mVrys | 1:23.5.6.9
2 | Negative twist accept 8 dB 2,3,6,9,12
3 | Positive twist accept 8 dB 2,3,6,9,12
4 | Frequency deviation accept +1.56% + 2 Hz 7 2,3,5,9
5 | Frequency deviation reject +3.5% 2,3,59
6 | Third tone tolerance -16 dB 2,3,4,5,9,10
7 | Noise tolerance -12 dB 2,3,4,5,7,9,10
8 | Dial tone tolerance +22 dB 2,3,4,5,8,9,11
$ Typical figures are at 25 SC and are for design aid only: not guaranteed and not subject to production testing.
*NOTES
1. dBm= decibels above or below a reference power of 1 mW into a 600 ohm load.
2. Digit sequence consists of all DTMF tones.
3. Tone duration= 40 ms, tone pauses 40 ms.
4. Signal condition consists of nominal DTMF frequencies.
5. Both tones in composite signal have an equal amplitude.
6. Tone pair is deviated by +1.5 %L 2 Hz.
7. Bandwidth limited (3 kHz ) Gaussian noise.
8. The precisé dial tone frequencies are (350 Hz and 440 Hz) £2 %.

9. For ah error rate of better than 1 in 10,000.

10. Referenced to lowest level frequency component in DTMF signal.
11. Referenced to the minimum valid accept level.

12. Guaranteed by design and characterization.
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MT8870D-1 AC Electrical Characteristics - vpp=5.0v45%, Vgg=0V, -40°C < To < +85°C, using Test Circuit shown

in Figure 10.
Characteristics Sym Min Typ* | Max | Units Notes*

Jpetiioniirint el T 1asees

21.8 869 | mMVpys !

. -37 dBm | Tested atVpp=5.0V

2 | Input Signal Level Reject 123569

10.9 mVeus |
3 | Negative twist accept dB 2,3,6,9,13
4 Posjtive twist accept dB 2,3,6,9,13
5 | Frequency deviation accept +1.5%+ 2 Hz 2,3,5,9
6 | Frequency deviation reject +3.5% 2,3,59-
7 | Third zone tolerance -18.5 dB 2,3,4,5,9,12
8 | Noise tolerance -12 dB 2,3,4,5,7,9,10
9 | Dial tone tolerance +22 dB 2,3,4,5,8,9,11

+ Typical figures are at 25 “C and are for design aid only: not guaranteed and not subject to production testing.

*NOTES
dBm= decibels above or below a reference power of 1 mW into a 600 ohm load.

. Digit sequence consists of all DTMF tones.
Tone duration= 40 ms, tone pause= 40 ms.

Signal condition consists of nominal DTMF frequencies.

Both tones in composite signal have an equal amplitude.

Tone pair is deviated by +1.5 %+ 2 Hz.

Bandwidth limited (3 kHz )} Gaussian noise.

The precise dial tone frequencies are (350 Hz and 440 Hz) 2 %.

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

10. Referenced to lowest level frequency component in DTMF signal.

11. Referenced to the minimum valid accept level.

12. Referenced to Fig. 10 input DTMF tone level at -25dBm (-28dBm at GS Pin) interference frequency range between 480-3400Hz.
13. Guaranteed by design and characterization.

eENansLN S




MT8870D/MT8870D-1 1SO%CMOS

AC Electrical Characteristics - vpp=5.0v45%, Vgg=0V, -40°CsTo < +85°C , using Test Circuit shown in Figure 10.

Characteristics Sym | Min Typ:t Max | Units Conditions
1 Tone present detect time top 5 11 14 ms |Note 1
2 | 1 {Tone absent detect time toa 0.5 4 8.5 ms |Note 1
3 f h',, Tone duration accept trec 40 ms |Note 2
4 ’L Tone duration reject tnec 20 ‘ ms |Note 2
5 | G |Interdigit pause accept to 40 ms |Note2
6 Interdigit pause reject tho 20 ms |Note 2
7 Propagation delay (St to Q) teq 8 11 us |TOE=Vpp .
8 | o |Propagation delay (St to StD) testo 12 16 us |TOE=Vpp
u
9 | T |Output data set up (Q to StD) lastd 3.4 us |TOE=Vpp
10 8 Propagation defay (TOE to Q ENABLE) | terg 50 ns |load of 10 kQ,
T 50 pF
S
i1 Propagation delay (TOE to Q DISABLE) | tptp 300 ns [load of 10 k&
50 pF
12 g Power-up time tey 30 ms (Note 3
13 | w |Power-down time tep 20 ms
N
14 Crystal/clock frequency fc |3.5759 | 3.5795 | 3.5831 MHz
15 E Clock input rise time t HCL 110 ns |Ext. clock
16 | 0 |Clock input fall time thioL 110 ns |Ext. clock
c
17 | k |Clock input duty cycle DCcL 40 50 60 %  |Ext. clock
18 Capacitive load (0SC2) CLo 30 pF
 Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to producton testing.
*NOTES:
1. Used for guard-time calculation purposes only.
2. These, user adjustable parameters, are not device specifications. The adjustable settings of these minimums and maximums
are recommendations based upon network requirements.
3. With valid tone present at input, tpy equals time from PDWN going low until ESt going high.

MT8870D/MT8870D-1

NOTES:

Ry,Ro=100KQ + 1%
Ry=300KQ £ 1%
Cy.C2=100 nF £ 5%
X-tal=3.579545 MHz £ 0.1%
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ESt

SYGT

StD

A)
B)
R C)

D)
E)

"
G)

Vin
ESt
SYGT
Q,-Qq
StD

j TOE

e
trec
tp
oo
top
toa
tate

EVENTS A i B I o] l E I F l G

Lo 'y ! ot | [ 1
tec-e, @ - lrec @ @ fo-w - loo @

| TONE TONE
TOI?E #n #in+1 #in+1

- | "’..'tDA

Q"Q‘

| EXPLANATION OF EVENTS

EXPLANATION OF SYMBOLS

1
|
M T1 l L L
a1 o = wlg7a
; | —_— | l S 4
A 7 L~ |
tra—ml '@
he, la— tasio
HIGH IMPEDANCE
DECODED TONE # (n-1) | X #n )]._—_@:
toso—el | @= : !
So 2y L '
'l - o trre
- o
1 et L

TONE BURSTS DETECTED, TONE DURATION INVALID, OUTPUTS NOT UPDATED.
TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN QUTPUTS

END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMIAN LATCHED UNTIL NEXT VALID
TONE.

OUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.

TONE #n + 1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS (CURRENTLY
HIGH IMPEDANCE).

ACCEPTABLE DROPOUT OF TONE #n + 1, TONE ABSENT DURATION INVALID, OUTPUTS REMAIN LATCHED.

END OF TONE #n + 1 DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT |
VALID TONE.

DTMF COMPOSITE INPUT SIGNAL.

EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.
STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.
4-BIT DECODED TONE OUTPUT.

DELAYED STEERING OUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL.

TONE OUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q4-Q, TO ITS HIGH IMPEDANCE STATE.
MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID

MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION

MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.

MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.

TIME TO DETECT THE PRESENCE OF VALID DTMF SIGNALS.

TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.

GUARD TIME, TONE PRESENT.

GUARD TIME, TONE ABSENT.
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ISD1400 Series

Single-Chip Voice Record/Playback Devices

16-

and ZO-Second Durations

FEATURES

Easy-to-use single-chip voice Record/
Piayback sotution

ngh-quality, natural veice/audio
reproduction

Pusnh-button interface

- Piayback can be edge- or levei-

activated
Single-chip durations of 16 ana 20
seconds

Automatic power-down mode

- Enters standby mode immediately
following a Record or Playback
cycle

-~ Standby current 0.5 pA (typical)

Zero-power message storage
-~ Eliminates battery backup circuits

Fully addressable to handle multipie
messages

100-year message retention (typical)
100K record cycles (typicat)
On-chip clock source

No programmer or development system

needed
Single +5 volt power supply -

Available 1n die form, DIP, ana SOIC _@_
packaging

Industrial temperature (-40°C to +85°C)

versions available

ISD1400 SERIES SUMMARY

W:%”’En@&wi: : B’aé;mfe‘“:;%

F&zNumber mmmﬁ&(xnz)
R e e ) 3

ISD1416 16 8.0 3.3

1ISD1420 20 6.4 2.6

IsD
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GENERAL DESCRIPTION

Information Storage Devices’ 1ISD1400 ChipCorder®
Series provides high-quality, single-chip record/
playback solutions to short-duration messaging
applications. The CMOS devices include an on-
chip oscillator, microphone preamplifier, auto-
matic gain control, antialiasing filter, smoothing
filter, and speaker amplifier. A minimum record/
playback subsystem can be configured with a
microphone, a speaker, several passives, two

push-buttons, and a power source.

Recordings are stored in on-chip nonvoiatile
‘memory celis, providing zero-power message
storage. This unique, single-chip solution is made
possible through ISD's patented muitilevel stor-
age technology. Voice and audio signals are
stored directly into memory in their natural form,

providing high-quality, solid-state voice reproduction.

DETAILED DESCRIPTION

Speect/Sound Quality

The ISD1400 Series includes devices offered at
6.4 and 8.0 KHz sampling frequencies, allowing
the user a choice of speech quality options. The
speech samples are stored directly into on-chip
nonvolatile memory without the digitization and
compression associated with other solutions.
Direct analog storage provides a very true, natural
sounding reproduction of voice, music, tones, and
sound effects not availabl,e with most solid-state

digital solutions.

Duration

To meet end system requiremeryts, the 1SD1400
Series offers single-chip solutions at 16 ana 20

seconds.

EEPROM Storage

One of the benefits of ISD’s ChipCorder technalogy
is the use of on-chip nonvolatile memory, providing
zero-power message storage. The message is
retained for up to 100 years typically without
power, In addition, the device can be re-recorded

typically over 100,000 times.

ISD1400 SERIES BLOCK DIAGRAM

Voice Solutions in Silicon™

sle
@
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{SD1400 Series

ISD1400 SERIES PINOUTS

NOTE: NC means Must Not Connect.

Basic Operation

The ISD1400 ChipCorder Series devices are con-
trolled by a single Record signal, Wf, and either
of two push-button control playback signals,
EL—AY—E (edge-activated playbaCk), and P_L7\—Y_L-
(tevet-activated playback). The ISD1400 parts are
configured for simplicity of design in a single-mes-
sage application. Using the address lines will
allow multiple message applications. Device

operation is explained on page 2-75.

Automatic Power-Down Mode

At the end of a Playback or Record cycle, the
ISD1400 Series devices automatically return to a
low-power standby mode, consuming typically
0.5 pA. During a Playback cycle, the device pow-
ers down automatically at the end of the message.
During a Record cycle, the device powers down

immediately after REC is released HIGH.

Addressing (optional)
In addition to providing simple message playback,
the 1SD1400 Series provides a full addressing

capability.

The ISD1400 Series storage array has 160 distinct
addressable segments, providing the following
resolutions. See Chapter 5, Agplication Information

for ISD1400 address tables.

o
g,

Mintmum Duraﬁorr% ERE

econde i
1ISD1416 100 ms
1SD1420 125 ms

PIN DESCRIPTION
NOTE

The REC signal is debounced for 50 ms on
the rising edge to prevent a false retriggering

from a push-button switch.

Voltage |nputs (V CCA v CCD)

Analog and digital circults internal to the ISD1400
Series use separate power buses to minimize
noise on the chip. These power buses are brought
out to separate pins on the package and should
be tied together as close to the supply as possible.
ltis important that the power supply be decoupled

as close as possible to the package.

Ground Inputs (V ssa . Vssp)

Similar to Veea and Vegep: the analog and digital
circuits internal to the [SD1400 Series use separate
ground buses to minimize noise. These pins should

be tied together as close as possible to the device.

Record (RE_C—)

The REC input is an active-LOW Record signal.
The device records whenever REC is LOW. This
signal must remain LOW for the duration of the
Recording. REC tekes precedence over either
Piayback (PLAYE or PLAYL) signat. Ir REC is
pulled LOW during a Playback cycle, the Play-
back immediately ceases and Recording begins.

IsD

oo
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A Record cycle is completed when REC is putied
HIGH or the memory space is filled.

An end-of-message marker (EOM) is internally
recorded, enabling a subsequent Playback cycle
to terminate appropriately. The device automati-

cally powers down to standby mode when RE

‘goes HIGH.

YE)

When a LOW-going transition is detected on this

Playback, Edge-Activated (PLA

ginput signal, a Playback cycle begins. Playback
‘tcontinues until an end-of-message (EOM) is
encountered or the end of the memory space is
reached. Upon completion of the Playback cycle,
the device automatically powers down into
standby mode. Taking PLAYE HIGH during a
Playback cycle will not terminate the current

cycle.

YU)

When this input signal transitions from HIGH to

Playback, Level-Activated (PLA

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

cycle.

NOTE

In Playback, if either PLAVYE or PLAYL is
hetd LOW during EOM or OVERFLOW, the
device will still enter standby and the
internal oscillator and timing generator will
stop. However, the rising edge ofm
and m are not debounced and any
subsequent falling edge (paru’cularly
switch bounce) present on the input pins

_will initiate ancther Playback.

Record LED Qutput (RECLED )
The output RECLED is LOW during a Record

cycle. It can be used to drive an LED to provide
feedback that a Record cycle is in progress. In
addition, RECLED puises LOW momentarity when
an EOMis encountered in a Playback cycle.

Microphone Input (MIC)

The microphone input transfers its signal to the
on-chip preamplifier. An on-chip Automatic Gain
Controi (AGC) circuit controls the gain of this
preampilifier from -15 ta 24 aB. An externat micro-
phone should be AC coupled to this pin via a
series capacitor. The capacitor value, together
with the internal 10 K Ohm resistance on this pin,
determine the low-frequency cutoff for the
1SD1400 Series passband. See Chapter 5, Applica-
tion Information for additional information on low-

frequency cutoff calculations.

Microphone Reference (MIC REF)

The MIC REF input js the inverting input to the
microphone preamplifier. This provides a noise-
canceling or common-mode rejection input to the

device when connected differentially to a microphone.

Automatic Gain Controf (AGC) -

The AGC dynamically adjusts the gain of the
preamplifier to compensate for the wide range of
microphone input leveis. The. AGC atiows the full
range of sound, from whispers to loud sounds, to
pe recorded with minimal distortion. The “attack”
time is determined by the time constant of a 5 KQ
internal resistance and an external capacitor (CG
on the schematic on page 2-15) connected from
the AGC pin to Vggp anatog ground. The "release”
time is determined by the time constant of an
external resistor (R5) and an external capacitor
(C6) connected in parallel between the AGC Pin
and Vggp analog ground. Nominal values of
470 KQ and 4.7 UF give satisfactory resuits in

most cases.

Analog Output (ANA OUT)
This pin-provides the preamplifier output to the
user. The voltage gain of the preamplifier is deter-

mined by the voltage level at the AGC pin.

Voice Solutions in Silicon™

sle
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1SD1400 Series

Analog Input (ANA IN)

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

Externat Clock Input (XCLK)

The external clock input for the 15SD1400 devices
has an internal pult-down device. The ISD1 400 s
configured at the factory with an internal sampling
clock frequency that guarantees its mintmum
nominal record/playback time. For instance, an
ISD1420 operating within specification will be
observed to always have a minimum of 20 sec-
onds of recording time. The sampling frequency is
then maintained to a variation of +2.25% over the
commercial temperature and operating voltage
ranges, while still maintaining the minimum spci-
fied recording duration. This will resuit in some
devices having a few percent more than nominal

recording time.

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

as follows:

These recommended clock rates should not be
varied because the antialiasing and smocthing filters
are fixed, and aliasing problems can occur if the
sample rate differs from the one recommended.
The duty cycle on the input clock is not critical, as
the clock is immediately divided by two internaily.
IF THE XCLK IS NOT USED, THIS INPUT SHOULD BE
CONNECTED TO GROUND.

Speaker Qutputs (SP+, SP-)

The SP+ and SP- pins provide direct drive for

loudspeakers with impedances as low as
16 ohms. A single output may be used, but, for
direct-drive loudspeakers, the two opposite-polarity
outputs provide an improvement in output power
of up to four times over a single-ended connec-
tion. Furthermore, when SP+ and SP- are used, a
speaker-coupling capacitor is not required. A sin-
gle-ended connection will require an AC-coupling
capacitor between the SP pin and the speaker.
The speaker outputs are in a high-impedance
state during a record cycle, and held at VSSA during

Power Down.

Address Inputs (AO-AT7)

The Address Inputs have two functions, depending
upon the level of the two Most Significant Bits
(MSB) of the address.

Ir eitherof the two MSBs is LOW, the inputs are ALL
interpreted as address bits and are used as the
start address for the current Record or Playback
cycile. The address pins are inputs only and do not
output internal address information as the opera-

tion progresses. Address inputs are latched by

the falling edge of PLAYE, PLAYL, or REC.

OPERATIONAL MODES

The ISD1400 Series is designed with several buik-

in operational modes provided to allow maximum

functionality with a minimum of additional compo-
nents, described in detail below. The operational
modes use the address pins on the ISD1400
devices, but are mapped outside the valid

address range. When the two Most Significant Bits

ﬁn-! c&% s B T i
ISD1416 8.0 KHz 1024 KHz
1SD1420 6.4 KHz 819.2 KHz

ISD
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(MSBs) are HIGH (A6 ana A7), the remaining
;qdress signals are interpreted as mode bits and
pot as address bits. Therefore, operational modes
and direct addressing are NOT compatible and

cannot be used simultaneously.

.
There are two important considerations for using
operational modes. First, all operations begin ini-

Jtially at address 0, which is the beginning of the

ISD1400 address space. Later operations can
begin at other address locations, depending on
the operational mode(s) chosen. n aadition, the
address pointer is reset to 0 when the device is
changed from Record o Playback but not from
Playback to Record when Ad is HIGH in Opera-
tional Mode.

Second, an Operational Mode is executed when
any of the control inputs, PLAYE, PLAYL, or REC,
go LOW and the two MSBs are HIGH. This Opera-
tional Mode remains in effect until the next LOW-
going control input signal, at which point the current

address/mode levels are sampled and executed.

NOTE

The two MSBs are on pins 3 and 10 for
each 1SD1400 Series device.

OPERATIONAL MODES DESCRIPTION

The Operational Modes can be used in conjunc-
tion with a microcontroller, or they can be hard-

wired to provide the desired system operation.

AQ — Message Cueing
Message Cueing allows the user to skip through
, messages, without knowing the actual physical
addresses of each message. Each controi input
LOW pulse causes the internal address pointer to
skip to the next message. This mode should be
used for Playback only, and is typically used with
the A4 Operationat Mode.

A1 — Detete EOM Markers.

The A1 Operationali Mode allows sequentiaily
recorded messages to be combined into a single
message with only one EOM marker set atthe end
of the final message. When this operatdonal mode
is configured, messages recorded sequentially

are played back as‘one continuous message.

OPERATIONAL MODES TABLE

i iy e
“Address:Cril.
EEmenEE |
" oy * *
AO Message cueing Fast-forward through messages*
Al Detete EOM markers Position EOM marker at the end of the tast
message
A2 Unused : -
A3 Looping Continucus playback from Address 0 Al
Ad ‘ Consecutive addressing Record/Play muttipte consecuitve - A0, AT
messages
AS Unused
NOTE: An (*) ic 1 \al operationat modes which can be used simuitaneocusly with the given mode.

Voice Solutions in Silicon™
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A2 — Unused

A3 — Message Looping

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

space.

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

will end the Playback.

A4 — Consecutive Addressing

During normal operations, the address pointer will
reset when a message is played through to an
EOM marker. The A4 Operational Mode inhibits
the address pointer reset, allowing messages to
be recorded or played back consecutively. When
the device is in a static state; i.e,, not recording or
playing back, momentarily taking this pin LOW wili

reset the address counter to zero.

A5 — Unused

+le

IS0
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TIMING DIAGRAMS

Record

. Playback

k
]
NOTES: 1. REC must be HIGH for the entire duration of a Playback cycte.
2. RECLED functons as an EOM during Playback.
F
3
N o Volce Solutions In Silicon™;
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ABSOLUTE MAXIMUM RATINGS

(PACKAGED PARTS)

: S5 Condition S5

e
AR SRR | S

Eﬂﬁ‘:——Value ﬁs—.&

o I il

OPERATING CONDITIONS
(PACKAGED PARTYS)

R %”:&gp.dmon' Tt

W.:..WM-"J

Junction temperature

150°C

Storage temperature range

~-65°C to +150°C

Voltage applied to any pin

{(Vgg-0.3 V) to

(Vee +0.3V)
Votage applied to any pin (Vgg ~1.0V) to
(Input current limited to £20 mA) | (Ve + 1.0V)
Lead temperature (sotdering — 300°C
10 seconds)
VCC - VSS <03Vt +7.0V
NOTE: Stresses above those listed may cause permanent

damage to the dewice. Exposure to the absolute
maximum ratngs may atfect device reliability.
Funcuona! operation is not implied at these

conditions.

Commercial operating

M

temperature range

0°Cto +70°C

Industrial operating

M

~40°C o0 +85°C

temperature
Supply voltage (Vee)@ +45Vwo +5.5V
Ground voitage (VSS)(g) ov

NOTES: 1.
2. Vee = Veea = Veeo-
3. Vss =Vssa = Vssp.

Case temperature.

DC PARAMETERS (PACKAGED PARTS)

RS T RS
> Min®: =Ty
ViL Input Low Voltage
ViH Input High Voitage 2.4 \Y
VoL Output Low Voitage 0.4 Vv lgr = 4.0mA
VoH Output High Votage 2.4 Vv loy==1.6mA
lce Vcc Current (Operating) 15 30 mA Ve =55V @), RExT = =
s Vee Current (Standby) 0.5 10 HA (3) (4)
Iy Input Leakage Current 1 HA — .
litpo :r)'lput Current HIGH w/Puit 130 HA Force Ve 5
own
Rext Output Load Impedance 16 Q Speaker Load
Rmic Preamp In Input Resistance 4 9 17 KQ Pins 17, 18
IsD
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