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ABSTRACT

This is the project to build up an automatic
telephone patching circuit. It 1is wused for connecting
voice signals to/from 2 telephone lines for certain purpose.
The controls are accomplished by using fundamental of auto-
matic telephone signalling such as ringing signal, and DTMF
signal, remotely. The components using in this project are
8048 series Single chip Microcomputer and MI8870 DIMF
Receiver. It is designed to prevent unauthorized by password
establishment. The password can be changed or cancelled from
remote via calling. The connection time are limitted for 3
minutes. The warning tone are issued by itself before
disconnection. The connection can be extended or immediately

stoped by push button dialer at the user telephone.




nAnssalsenId

[] E
P - |
AN599A999 U Automatic Telephone Patcher il Useannadii 519
[ 4 14 1
Aaudiiu  nvnuzdiann veveunstaAnpYIgIAeinuiivnany ﬂnjmﬂﬂﬁﬂaﬂu
¢ o
BYLATIEN ANTINTD  ANATRUTUNRAEANUS AN WAt BN UIUARNNEEAIN
Ve
ANENIANTTATIITUVDVDUNT L AN
29ANTInTsmiuadss ineliny, daufilaunyanaing,  donduinaiuiad
: o I Y a:v Y] t -4
WIEIDULNATLINAUNNIT AANTEUN Vi LdUDUNULAL LYAUTINLDTUTATY
NTHAMNYARAINT YD NFT. suLdunan ﬂmz@%ﬂwhiﬂsooﬁuﬁianﬁﬁﬂunﬁﬁ

un L dUeTAT 99T 9 L Hudrunilevesnnsfinun

R

d v [
21158 99, InFa UIANNAIY wiﬂnqmﬁﬂﬁﬂhu%nnﬁiunﬁsaﬂnﬁiﬂﬁqoﬁu
- = ) 4
WAL lunNTg L ABUUT YU I UNUD
¢ 1 = Y [ ] i o 1
219TUNANIULUATIATEI L NAUAGATIUNTTY unﬁnUﬁquﬁuazunﬁnvﬁsqu
1 : i - : Pl
Ju ﬁﬁianﬁaiﬁ@ﬂquuanLuﬁuuﬂQﬁNﬂﬂLﬁu o1 fuyseTusiaeinsavnu

daninuveveunuivfivligsn  ATmenunnniu wazaseunianduvengiin

-0
=

[] ] o 1
Lrandruniledenis i dut2andrusaud mS uL vn L vantiu Lﬁaﬁiaﬂﬂaﬁutwﬂﬁﬁu

h o
TATINIU AUNTEHIENLSAAUA




.

.

F s ity

unuh

1.1 aauLdunnveing U

1.2 %ﬂgﬂszaoﬁmaqiﬂﬁqaﬂu

1.3 dunouvesniseniiivenu

naeiuarvadnnng

2.1 nﬁnnﬁiﬁﬂﬁﬂut%auiuoﬁmmﬁminsﬁwﬁ
"2.2  sruudgyasi avMNNuR L $IkuY DTMF

2.3 MTI8870 DIMF Receiver

2.4 1”7ﬂ7ﬂ9ﬂﬂ1lﬂﬂ§%ﬂléﬂ?ﬂzqa 8048

AN, NN1TBDNUULRAE NITES Y

3.1

3.2

A1TNIIU
AN 9eNLLULALN1Td51Y Hardware
3.2.1 ‘lwinsnoufiineg

3.2.2 299T00nTvddyy e DIMF

1
s

3.2.3 21995099 udngnung e dv
3.2.4 Qdﬂﬁﬂ?UﬂuﬂqﬁL%ﬂuiﬂduﬁtuﬁﬂdwa
ANT9anuUYy Software

3.3.1 dugauLlan

[ |

) I v,
3-.3.2 ﬁ?ﬂ?U%ﬂNﬁﬂﬁ?ﬂﬂquﬂﬂﬂULﬂ%iﬂ?ﬁﬂﬂ

3.3.3 ﬁduﬁuﬁmmﬁmnﬁzéo
3.3.4 druniiledognt fou
3.3.5 d@unmunTidnu
3.3.6 dUAS1Id0UTRANU
3.3.7 ﬁﬁuﬂQUQuﬂﬁitéﬂuTUO

3.3.8 SyUsunsuvnan



unh 4
ANANUIN

HATANUIIN

ANANUIN
ANANUIN

ANNUIN

1 4 -
19Nd1591399

f

U

J

K

N19959U, NNTNAABILAL ATUNA

Lﬂéaotéauiuoﬁmmﬁmiﬂsﬁwﬁéﬂiuﬁﬁ
8748H/8035H/8749H/8039H

HMOS-E SINGLE-COMPONENT 8-BIT MICROCOMPUTER
MCS-48 INSTRUCTION SET

MT8870 Integrated DIMF Reciever

5% Microcomputer UNUNITADIA



U 1

1117374
1.1  a21u tiun1veaiaT991u

- ‘: - o o o, [ o
LUIAIUAATUNTITNATATIIIUU Lﬂﬂﬂﬁﬂ@%ﬂﬂﬁiﬂ?dﬁqulUuWUﬂOqu

v, ¢ : ava [} o [ o
Wp989ANISTINTHWEY  fifevesnuflifviuiudieionda  Taanuanidudesd
o

'
¢ o

ANSHENN L AONITAAABUTLEIUIIU NITURALUDNLIAIMINNT  LREAINFL AN

[} 1
] = =

a o o, o -
Un1siene inhouideiiiaununuinafivy "NON CHARGE" fiaiaynunuiign

t ] Y - ] v, ¢
AruatAi it dunusnag i iotunidn  nuAEARININONLSINTANNE BT

= [ 4' dl <4 =)
LIUNLYN  LUDEUNUNIY LasIy  LATENITAULUITUL

A A o’ v dao ey
insouvonToadyn i InsAwnon Tula

UM 1.1 LEAINITADL AT DI L FonTuFuy ainTfinm
fiununuLay NON CHARGE

1-1



1 4
pranfeueniaaaninis  fiannuetdudesfiadefiufiivfudigsanie

v - (ll . v [T ] .
ATOURASY  FeReddvounsansiut Jeuiuenicudaiuild Taudeiniovildou

L]

:4’ Y o ] . v ¢ dl °
'Tuoul.‘lﬂﬂuqﬁ'w‘ua\‘lLaﬂmW\U‘Tﬂ’fﬂ'wwﬂlaqul’]\ﬁu‘lun‘i‘oI.‘InW”) %Okﬁula"ﬂ“u’]ﬂ

d 1 A

"NON CHARGE" wazfiugdiuvediawmuiudusn 1 gd SIS T IR

LaunNNY  "NON CHARGE" wilounsi$inssfinisssuan QUnsﬁﬁdu1%auTuq

1
¢

[] t ] 1 4
AN udnu, UﬂuiﬂsﬁWﬂmaqﬁntamwuﬂunﬁq%u wat L FouTuIdIuUNIAD Y

j 4

t91daufiu A1%9:1A5Y Dial tone uazﬁﬁuqsnnﬂQNnnﬂuLamUaﬁuwﬁe%ﬁ

wonn1dUs £ ustiondnadnedundatioaunsauun g s mluns iy
1Adnfie

1 ¥$aui%  PABX  fuinnflanudaunso dunisaetdnaulu

Toudniuld ( Direct Inward Dialer w3e DID ) 1AUnn5 L FouTuanuny

1 ]
LauANUUBANINY L avnila L InfiuRdiunulu( Extension Line ) fdtunily

CoO.
Line

w5

~

A 4 o @’ 7 o sy
inToudonToadyn o InsAnnida ludn

SUN 2 wdnansneldenuiauiy PABX

1-2



= g © ] o ¢ v
2 Quu19fIniT  HvauFuniseatInsfAnnmiglnavoIninanu W
t 1 ] t 4
nﬂsﬁﬂﬁaﬁuqnﬁﬁﬁﬁuﬂinﬁﬂﬁoLﬂ%aotﬁauTUQﬁﬂuaﬁﬁnOﬂu WUNITUAINSTD

v, U4 i o o W 1 [ U4
VEINTHNNEI51THE NS 0PDIUINT L VUG IFINIIU wasADINTANNINI9Inasen

' ' v 14
1 v v [ v o [y J o @
At andanuiaFesitFoutueilld tuileufivniineugiividTnsfinnuaiinenu

& & o o do are
inIeureu loadygu Insimion Tulda

H ] P vl 4 o ] [ L4
;Uﬁ 3 wdnINITAIEINULUAINITNITUTLBNT UANT s AN INTFANINNS NG

o <
1.2 qnquszaaavaaﬁﬁsqqﬁu

1.2.1 Lﬁat§uu§nﬁ3nﬁoﬂumao Single Chip Microcomputer
ua:nﬂﬁuﬁuﬁﬂﬁﬂuoﬁuﬂduquuwuaoai Digital ﬁ%u%au

1.2.2 L?Uuﬁizuuﬁmmﬁmk%unmaoﬁlﬁﬁ (Subscriber’s address
signal) uuuﬁmmﬁmwaﬂUﬂdﬂné (Multi-Frequency Signal system)
’uaznﬁsﬂﬁ IC U9 MT8870 DIMF Receiver ﬁqnwﬁwiutﬁaﬂﬁahw%unaﬂ

v v ‘ [ e T
5 HddggramuiuLavved L AT e Tnafniuuunaly

1-3



1.2.3 fins1inafiaAnis  Interface 9S:w379 Microcompoter Ay
4 YR 7} ) o, (Y 4
PUNTUATIVIVAYYININNATUUDN warnTavdyyIwlUuIgUnIunIuUen
1 s ]
- o o
1.2.4 13vudifnaanenu LRelitlandaiaivd oBusuiidunsouniy

| 4

¢ a
w¥Us TusrinTuAlIufBINIT A5 9
4 -
1.3 YUuABUYBINITAN LUUIY

[N . 1 (|
finynAudniiAves Microprocessor ATEaAINY wazidonisiuedd
) [ v :

LMUNEEUNUAINNADINITTUTATIITUU

8/ 1 ~ 1

DONUUUATIVLATNAADIINITANIG Natdu
[] » o

] o 1 [ } 4 [ i 4 <d o
UNIIATANIE AIRUNITNATDIVUAUNITINNY d¥193ut duduuuy
NAUNTUTUNTUAILANT £ U

1 [ 9 Ud:
nadoy un%mﬂsuﬂquU$unﬁuua:aeasinnﬁeﬂuiﬂﬂmu

J )

g9193uvuld 9

ﬂﬂﬂﬂd‘l%d’]u’ﬂ%d naday Llﬂ::ﬁiﬂwﬂ




unNn =2

ngsjuarnannis

2.1 wann1s 1FeuivaFyyroinsfnd

L]
L o

fanna Fueiideruganuingfini Dudggrafifeuiivfiunasuainase n1s
LFenTuediggaingdind 2 darutdndoviuenanhednadtueg TaunisiFeniue

) 1 o 1
Touasanuguil 2.1.1 unagiFenTusisuilezAeganilafic DC Voltage #

c’:‘ 3 <t [V a ql v ¢ c: < a:
UT’]ﬂ{]U‘uﬁﬁU'ﬂ\‘lﬁ’i)\lﬂﬂ’\?ﬂﬂﬂ‘i’\lﬂuuﬂ::)JLﬂ‘i’t)\]ﬁﬂ‘iﬂ'WYllﬂ‘iﬂ\)"] NUIUNVBDYU LND
d

joy
v o+ o e o
Minn DC Loop Yuv Line Circuit nﬁuﬂqunsmyuﬁﬁumaqtamuuﬂUﬂo GRN
2937 L FouTuaiunnagenu Wﬁuﬂaﬂnﬁoaiﬂuﬁﬁﬁuﬂﬂuiﬂiﬁwﬁ RULUNININUAD
n:l ludv ¥ d'
uuuuuwLnaiiqu%ququﬂmQﬁutﬂu@aﬁmﬂnﬁuﬂu (PABX) (UBI3INTIANOANIN

i Y 1 1 ]
ua:ﬁﬂﬂ%éﬂUiﬁuﬁoﬁﬂuﬁqo%nUﬁﬁﬁ Ui 2.1.2 fisnvaTideutusiinanaiiv

\ \

{ 4 q’ [y d 1
Ui 2.1.1 mugeuTeadyaaInsiwissnng



A-Plag C-ting

[ e — {} o—0

e R SR i

N Rirging Saerce

800 N

s,
1200 N

Uil 2.1.2 29vsgaduduinsfwissuuuuniaeiday

4 o ] 1 H [V [
abUE Y e LU A3 Laeddeviadeny i fieldlesfiuntssuniufiuves DC
] oV 1
Voltage aﬁnqeﬂsﬂﬁnwﬂgﬁqmaqLﬂ%aoiﬂsﬁwﬁﬁQHao NT5UNUNINNUE 9
! 1 ¢ v _ w
ANTTUNIUVDIADIUE NITININUNY o011 A U B 1 aeT L DudaAuus W DC

| 4 '

W WdNIT0MUN IAINE LS amT suny ﬁqmﬁmLﬁquﬂ%otﬁu AC

-

1 4

a:ﬁﬁNﬁsnﬁﬁuﬂﬁUﬁ%LmaﬁiﬂiﬂuLﬁﬂﬂdwuqu§ULﬁuot%nﬁau

Ri R2

. A 1
sl 2.1.3 urarnesiyonToan ¥ lulnseny



] ] i 4 v
NANAINATUANNIEAVUL AT 09 L FouTuvluTAT Uil Tau L Avul9as Iunl

Y] . I’ ] .

foguUft 2.1.3 33d1Aed R1 uat R2 LEUNUATAITNATUNIUATULUUDI L AS DY
[ o T

Wnsfmilugud 2.1.1  daunnun3ieediedeeniuiinilcui duafivaunBined

Wgun 2.1.2

2.2 sruudgyrc Lavnmaul (594U DTMF

DIMF (Dual Tone Multi Frequency) qnﬁmuﬂéuiﬂuﬁaowﬂaaomaq
BELL 1 flussuuy Dialing ﬁt?duaztéaﬁaiﬁuﬁnniﬁszuunﬁsﬂ%wﬁﬁﬂﬂﬁwqu
wuuinn  ssuufgyae DTMF 1Uus:uu Tone Dialing w3® TOUCH-TONE
( TOUCH-TONE (L Ad panununNTSve AT&T) wazgnuindtSiuingsing

[ (q:
wWuuNAYNLAL QUNTIDUS

HIGH TONES (Hz)
LOW C1 c2 C3 C4
TONES (1209) (1336) (1477) (1633)
s (cN
R1 ' ' ' |
(697) -+

R2 ||
(770) 4

R3
(852) -

R4
(941) -

J L3 i
7UN 2.2.1 wdaIN1319AIUNRKS uilung DTMF ATz

v & S ] U
wsaummwnnaauma:ﬂu

2-3



duna  DIMF unasnguylseneunduggiat dueguniladegnidenunann
) ) [} o
NAUAUBNIATIFIU 8 AN ANudunasguivudagnuie L Budeangu fle

]
@,

nguAlaNddn 4 adnud wasednudige 4 eonwdl doygow DIMF figndieg

UsLNBUAIY WATINVDIHN ﬁmﬂﬁﬂuﬂaﬁnnauﬂﬁquﬁﬁﬁua:néuﬂQﬁuﬁQJadﬂoaz
[ Y

1 ) ]
vitapa il stﬁzazﬁuﬁaﬁﬁmmﬁm DIMF #ifiuléfionun 16 s#d naud

[}
[ 4 ]

¥z ulunguauianlaun 697, 770, 852,uar 941 Hz Warisniiun
L 4

ﬂﬁﬁuéﬂunéuﬁdﬂﬂQﬁuéunﬁ R1,R2,R3,udt R4 @ ua U ﬂﬁﬂﬂéﬂﬁﬂ?ﬁﬁﬁu
ﬂunauﬂwﬁuéqqﬂﬁuﬁ 12009, 1336, 1477, uat 1633 Hz uarliundinlu
éﬂaﬁnu ci, C2, C3, uar C4 #ua"nu dyuiu DIMF ‘a9 nﬁtﬁﬂ%uWﬁ
Tavenfivutiunauuaninuunn 4 X 4 ﬁouﬁﬂoﬂujuﬁ 2.2.1
nwsqqojﬂmaquﬂunﬂﬁaguﬁ 2.2.1 gnnhmualiit duninsigiuununsnd
ﬂdﬁnéﬁtﬁﬂaﬁnﬁqnhtﬂﬂﬁmmﬁm DTMF uauﬂﬁtﬂuqLuuWUaﬁnuﬁﬂSﬁﬁﬁu 1.5%
a:ﬁoLnq%ﬁiﬂﬂaﬂué%onuﬂSQﬂudﬁuﬂQﬁnétﬁuomaqszuuiﬂsﬁwﬁ
ﬂﬁ?LﬁanﬂﬁﬁNéuﬁﬂiﬁiﬁu 111191 FonANTIBBUTAUUIIHINAAINUNNAY
Ropnuuustuy DIMF AsvifarnusciinssIoevnsniniunislunisiden amnu
ééu%aﬁauﬁﬁnnﬂuﬁﬁuiﬂﬁﬁwﬁLﬁu Dial tone &uNTUNIUIINNTE U IHAN
rfov N IRt uve Iy DIMF éeiﬂnﬁﬂgu Harmonic 499iu3rdaq

t 4 1 )
Wsunaufiu feliu Audigeda (1633 Hz) AevAnnin Harmonic # 3 w89

)
a1,

pINOAgA (697 Hz)

Insfniid  DIMF Teunivaciutiuneavune 3 X 4 Uy unuvunuLas

(w7 3%

0 - 9 uas wLnaaan 2 Uuﬂa *x Uds # %oaﬁuﬁsnuﬁWUW u7 WQU? R

188nuanuetne uwdunavunn 3 X 4 WhuANNERen R1-R4 warmiudnedu

(A [

ia . a'
qUIzaIARL AL L ATeE C4 Ay uax L Rudgdnud

v

C1-C3 Ansfwiiasifes

%uﬁn 4 $afle A, B, C,uas D (foudnolusuit 2.2.1) (Refdunsaidn
[

svddqgy e DTMF 1a%he 16 s%d



14

a v v, U4 v, [
Lsndunsoifdudagin DIMF 1aTeutfivsunyInsfiwnduiiaudanauie

Yunile Ldunaunuiuiay 8 s iinAING 852 Hz(R3) was 1336 Hz(C2)
1 4 o ]
Junfoudiu  dygradiazgnoeesiid AdudaFudyyn DIMF figuauingsin

v [}
8 oo =

4 [V v o
nquunUﬂimﬁuaqUTﬂﬁﬂWﬁ lauvuy 3 ﬂ?u?ﬂ?:lﬂuﬂquaﬂﬂowuﬂﬂq7

| |

Wuinng wﬁoaﬂﬂnﬁnﬁﬁL%auiuoszuiﬁqwLﬁUﬂuazﬁgnt?unuﬁd f5udgN

2

» '

&
[] v
DTMF nﬂuﬂuquaﬂuﬁa:nuﬂwﬁﬂﬁuazﬂﬁ%uﬁﬁmmﬁm DIMF 8n99'lY ALBINIH0

dunsotfdutiunafeonn fadayyrawuudonil-do-donil 1aTeudds:

o a [ U4 : '
MWoAAN1T L ¥19%d DTMF WuAIn1TIngfnni$i9as LC Hlwuneivguas

) 4 v v v o ) :
niuddined wallatiuiifantiia DIMF Meuluguvey IC

L}

[}
LY |

LUt AN linnAaoIfodsuliefiu n1snansnaNlinsuutiueuianudg IC
Phase lock loop L$u 567 Taulda93snanugaifie Detect wparnud

4 [ ' . R 4 < [ 1 ° v o P ql
AovlTuLay  Timing ﬂﬂUQUﬂ?WﬂﬁUﬂﬂﬂﬂUWdunuUﬁ, ADVTBIVNITADIALND

| 4

LWdvu  Output Afedlusunuuiifieanns wardanevldi9asfaitaesn Input

L4
-

489 Tone detect uaarfin F9ninavessuteudedu

1 ] o
Yaaull  IC aems¥d DIMF %oﬁaaqu&%aﬁaﬂﬁ@ouﬂn wﬁﬂ%uuﬁiﬂuﬁ

L}

HAANATUUSEN

04

v (]
geuldnszuy DIMF Qnaanuuu%uuﬂtﬁanﬂsdotamwuﬁuinsHWW wAdu

-

Y ¢ [
ﬁueuﬂﬁz1Uﬁuuﬁnﬂuszuuqﬂuﬂduquuazaaunﬁuiagaizuzina #10U19N1TNE

Jmluilaaliiv 1 $u TELEBANKING ua: PAGING



2.3 MT8870 DTMF Receiver

1ed¥nensiigaruinsdnisianay (DIMF Receiver)iiiiufiniay

BCD wund 4 bits Teuldeusaufiunidnea 3.579 MHz
qllq v € 1 o a [} K t 9/ -4
Lot ouflaledniainsfinn  s19ndedminTduivgunasdrunuidn L vgn

' -t

q' o/ o t 4 ] [ [ |
LUDINANNUIULTO Wuﬂauu@uﬁtmquﬁaﬁnuﬁu »u1n Quaﬂuu YIANT

1 | v

1.4 [}
[} o o, Y w, U4 a o [}
twoung Heqituilvaiuinsfiwndduanfgivdiayss ahiuves L s1eu19uinuny

L 4
2 ~

vuds:d ua' o v ¢
AT UUAUNE TINIAINEIAY L ANNINUVUNAN qﬂﬁﬁunsiuﬂﬁaﬂﬁuiwsﬁwn was
lid u-::,l dvgl -a = ] - 3N
NS 30d1TNUVUIUAITUDENINTIALS Y AIUUFIINTDIAINTDUIINWINLTINUIILUN
#7113 Lo 1au N s ulaluTenadnsly
Id' [ 1 v d. v ¢ o ap
ADUAUYDIVAINUNNILUDIANIN DDATHNEAINUOINTFANN DUNNIUDY NS
[
[ o [ v € o ' ~
uﬂaoammﬁmﬂdﬂuﬁ%oLnﬂaqnnﬁanQuﬂqLammaoiﬂ7HWﬂmuﬂnﬂQN (BUn Tone
d LA [ o a . o dl
w59 DIMF) W Huseuufa taunivfalInea T91e3 MI8870 BuvavAl ud
v
IngAwiUL Dyl avgudegvuna 4 bit
ﬂuqﬂﬁau nﬁﬁaanuUUQqasnaﬂsﬁaﬂﬁﬁuﬁmaoiwﬁﬁwﬁ 10151989 man

) 1 [ ) ]
widdenaudedinadyundnsiie 19115 evvevnuifit Udvuutasily  nsusy

' J 1 o ) o
KWAYIIDT VUNAVDIITRING LnTE A9 s 1adahuuNn

qmauﬁﬁvaq MT8870
1 Hudr¥unaznensidnaud (DTMF8870 Receiver)
- o kA4 :i' [ % - o
-Aulvuoy AsIviavvTeauilauany TTL
o
—dunT0fednTvununului2 e
—dunTovSundaind(Guard time)

—LﬁuiaiqmnWWQJ



IN+[1] ~ 18] VDD
‘IN-[Z] 7] St/6T
6s 3] 6] EST
'VREF [Z] " Eswo
c+[5] mreszo - [ %
1cx[5] {33 @3
osct [7] 12] Q2
0sC2 (8] [11] O1
vss [9] 0] TOE

* finfiu VSS

MTB8870BE 18 PIN PLASTIC
MT8870BC 18 PIN CERDIP

JUN 2.3.1 udAvstvaz 1dunvivay MTS8870

N15un MT8870 M1%91u
—uMYIB9IUAIUT TURADUINS &
ql v o ¢
—1aS vt uinsfnnniaina
“ABMUINUL AUINVLATAANIT A
~1¥9uUTWAVUADNRY L ABT
—ﬂ%ﬂunﬂ%aoﬁuaﬁumuﬁﬂdau w39 PABX
[ v (t:
~IBAVITUNTIIAWUINS FnN
4
- 1A59INUYTYY
4 v, s
-nﬂﬁﬂduqqunsmnﬁan3HWﬂ

0. ™ “a v, ¢
—UBNT L AT DIFDUDUNIITNT HN)



1ATId519989 MT8870

TATIEI 19N U TUYDY MT8870 U5 noulUfIuI939NToIANNDLAL 19T

v v (v Aaa A;IJ o S 2 [
nonTandfun1edinea (DuledNds19TauldinaTuiad ISO°_CMOS Audau
da ¥ - - ¢ ¢ ¢ . w -
UDI2935n599AND L L natinveesddnsa1U B LaoTNa L ADT dIMTUNTDININNG

Qouazdh d7u1v9500aTHaIS L nalinnTiunI9AInea L Heas1vdunat nonsnd

v
v

$i9 16 Aanudeentdulavgudedvunn 4 bit waziiadaviranidugyw
L¥7u1 d2unn Input Lﬁuaaﬂuauﬂ%eﬁﬂuﬁsnU%UEWSﬁMUﬁUWﬁTﬂUﬁaqUnsé
nvuen Output tflungasuand 3 donus U 2.3.1 udavvnvey MI8870

wargufl 2.3.2 udA9TATIAII9NUIUYEY MT8870

vDD —/ — vss VREF
y
BIAS
CIRCUIT VREF
BUFFER
l CHIP
CHIP BIAS
POWER ; HIGH GROUP = ] Q!
FILTER
IN4 \ DIAL ]
[ TONE ZERO CROSSING . | praiTaL CODE $—] o
IN FILTER DETECTORS DETECTION CONVERTER § ¢
- ALGORITHM AND LATCH | | :I .
LOW GROUP
FILTER ] 9 .
os]] E i
| 4
——-DO——<—> TOALL
CHIP »{ st sTEERING
CLOCKS GT  LOGIC
AAAA
WY ‘
o) o T - | T -
osc1 osc2 St/GT ESt STD TOE

gﬂﬁ 2.3.2 udadiaseds1antuiluves MT8870

2-8



faf$unnsnatunulu MT8870
AMulu MT8870 UTtnaudluduanfg 5 dufe
ﬂﬁﬂﬂ?ﬂdﬂﬁﬂué(Filter section)
anoonsid(Decoder section)
AanTrIdoudgyn(Steering circuit)
ﬂﬂﬂMUﬁUﬁmmﬁmﬂ?ﬁuuﬂnﬁﬁe(Differential input)

aanntiianlnuii(Oscillator)

0 \ O PRECISE
/ \ f i< DIAL TONES
10 ]
\ : X = 350 Hz
l ,\ Y = 440Hz
ATTENUATION ] ™\
(dB) Y. ] i\ DTMF TONES
{ : A = 697 Hz
40 / > l B = 770 Hz
I N el S C = 825 Hz
N D = 941 Hz
50 £ " E = 1209Hz
Rhage. e ¢! N ¢
? Xy AB CD EF G H G = 1477Hz .
H = 1633 Hz

14

1] [ 3 § L]
sUfl 2.3.3 LEAYAIININIANNIANTBIAIND
N1ANTBITYYINAINT
::4’ o -s'll [} nll <
wdruilvsuundguw DIMF idnuneentdu 2 nauadud Aeda
ﬂdﬁuﬁqeuaziaoﬂaﬂuﬁﬁﬁ 1rui$1995n50900UAINNT BURLY 6 Biie dd3ndAn-
4 . . . :

YnBinos (Six-order Switched capacitor band pass filter) 9

ANDTLUAIAT 2 $929 Aedavmrnuiigenaraduian

2-9

U3332¢



NIADDRASHE

d‘ d’ = 1 v [} [ o ql
ANING DTMF ﬂqnﬂ760L7UU79Uua133unlMWQO?Tﬂﬂﬂﬁﬂﬁﬂquﬂﬂﬂﬂ

udatay Tavdinalinn1sn1sliveuuaInea

1t
« L A

«f -
LAt UNITATIVTDUAITINANL AN

F(low) |F(high)| No | ToE | oa | 03| Q2 | ot
697 1200 | 1 H 0 0 0 1
697 1336 | 2 H 0 0 1 0
697 1477 | 3 H 0 0 1 1
770 1200 | 4 H 0 1 0 0
770 1336 | 5 H 0 1 0 1
770 1477 | o H 0 1 1 0
852 1200 | 7 H 0 1 1 1
852 1336 | 8 H 1 0 0 0
852 1477 | o H 1 0 0 1
941 1336 | o0 H 1 0 1 0
041 1200 | « H 1 0 1 1
041 1477 | # H 1 1 0 0
697 1633 | A H 1 1 0 1
770 1633 | B H 1 1 1 0
852 1633 | C H 1 1 1 1
941 1633 D H 0] 0] 0 0
- _ fany | L 7 z z Z

1 L] [}
5Ufl 2.3.4 udnsArfioeasialAsinaliutinngg

2-10



1 1 [ ] )
3 funauunnsgau DIMF wield  ifetlesfiuanudiduidnuandn  1le
'I’l’ [% : N -3
asadeuinaluiiiugndies dygouiivn ESt (early steering) Aatuoniin
4

[} v )
dmFusaTioensiaifanaluinneg fiu udaeluguil 2.3.4

Aoufieeiinnsnonsiidannud  eenlufl  Output arfinnsasaadousag

=

e ¥ RS o o - ' v,
ANUONLUYTINIINUTEYL trannuNn IuUans9ly TaudaitnaaInNTeue LI87N1T

] 1 4
b4 t

]
ﬂﬂﬂﬁﬂsﬁwﬁ Fedoenaluifiininudoonunt dudagiranedunlTiaziiuigas

L)

-

4 ' [ 2

L 4 ° v
ez ify  Taudednfiggraiivtigndies  dauBagiaanuiainiediungn

te -

F919iauds RC  @Apnuuen ﬁmmﬁmﬁmﬂ ESt azitiu "High" unuinaifug
ﬁu7zuthaﬁﬁﬁﬂQﬁué DIMF 1917u1 aﬂnjuﬁ 5 Lﬁamﬁ ESt tfu "High"
"MW v qq%u AtAuUsEy C  arAnudszannliuTodiu v go%uau
9RLNTIIBad  29vTnenshadvaznonsideantufiniay BCD wuna 4 bit
37Uat L dUANITNNIINU Qaﬁnuwuqﬁtdaﬂ n%aﬂwﬁo1ﬂa:un7n (timing

diagram) Aujuil 9 2z191191AdundN

g oD voo( )————] VoD Q__———J
<

- T 516TO— 5161 O——4
vDD
s
StGT n Ve :ER‘ E:R‘
ESt —- ) Ry Ry
StD > gst O——4 gst O—
(GTP = (R,C1 1n [VDD/(VDD-VTSU] (GTP = (R,Chin {VDD/({VDD-VTSt)}
MTB870 | 16TA = (ROYin (Vyp/Veg) 1GTA = (R C1Yin (Vpp/ Viy) (GTA = (RICH In (Vp5/ Vrg)
1GTP = (RC)in [VDD/(VDD-VTS1}} Rp = (RIR2)/(R} + R2) M Rp = (RIRD/{RI + R2}

m nuaandaind (GTP ; 0GTP QIGTAY ) aunamialnd 1GTAGGTP ) 1IGTA)

jﬂﬁ 2.3.5 UAAI2395ATIABUTQYINBUIIINY
4 (3
gatudnIn1snivumA tnann1sa’lni(Gard time)
o - o
HSDUIBAUIN

2-11



[ 4
'y o ' 4 . o \
dmfunnianasaingd (guard time) HunNufy  $IIAVLIA1VDY

[ &4

a;d' [ 4 H [ ] [ <2 ] [ 4; : o
AITUONL YU %dﬁtﬂax‘llﬂuL‘fﬂﬂ']JWii)!J’]ﬂﬂ’)’]‘]i’Nl’)ﬁ']ﬂl‘i’lﬂdvl’l Ivet'lagy

-

[ 1 o
nrvenfuindagrundiuitiugniey  wieynladnilanisnfelileu RC Ade

4 (:’ c: [ dl v I < ' -;c’:’ Y
N9 TNNUUL DY LUBEQUIMNAITND L UTUIUIULNINT BNINNITLIANAITLY 992

[} [ 4
v v, [v | - [} o
drursowtagidudniavta  dndagrmnrud L dunFunda Aasliiinnsoensid

'
-4

[
Lﬂué‘l’]lﬂ'lli)i)ﬂvlﬂ AN9AY L2480 uazﬂ'ﬁmmma'\g}"tﬁmnjﬂn 5

G Ry
2w MT 8870 MR NEIADAIA BN

N+ o + . C,=C, = 10nF

N —O — R, =R, =R = 100KQ sdanain t1%
c|2 R R, = 60KQ, R, = 37.5KQ  miAnmma * 5%
{ vy RIRS

Rs s P
3 L—M—C~ R

ANV (A, dif) =

AAA,
Wy
a
-

R,

AAAA
W
e
~

dunmdurinavd

VRet
—O— o) = 2 ‘/R: + (w—IC )?
gﬂﬁ 2.3.6 UAAINISABINNSANA INPUT T

NIAVUIUTYYIUAITNUUANAN

21TEUBUNAYBY  MT8870 Liuanvvrvestusuifdunsausudagn

| 3

L3

t
MUWU‘iﬂUV‘lB'J\'l'QTﬂ’]U‘u?)ﬂLﬁut‘illﬁvlﬁiﬂﬂ 6 WHAINITADINITANUUBN LUTAY

2 -

de

v

- - v 1 a a ¢
au‘)"!ﬂ%\’ﬂ"\ﬂ"]‘70ﬂHU’)NBW‘T’\'UU’]Uﬂ’J'W!JLLﬂﬂﬂ’\\1‘(!0\1’t)u'l/‘jﬂu.ﬂz auﬁuﬂu'n“lﬁmu

RN (A diff) = R/R,

dunmdufiuaud (z, diff) = ZAIIEZ + (1/wC)?

q

2-12



[}
naann tlinAl1ud

19397118 0Un Uy

-t (O] )
LAUILANBUST AT ENDRVYUNR

dunTaldutdiuil  nasaelvaTntuliandnuiindalugun 2.3.7

1u6s osC1 202
C s370 kafiely

C =30pF

B X tal

—I—"-— 05CH

c

0sC2

Xtal = 3.58MHz

1 ]
JuUn 2.3.7 UEAINISABIIVINAAAINUD

5
0.IuF 5%
DTMF k
Bunn O_Il—
b Rl
3 100k W
3 2 —{ N VDD
N StGT
‘.‘.‘E‘v {}6s EST
100k 1%, L VREF Sto
—————1c Q4
MT8870
— ] a3
r—[ osct Q2
J—{Josc2 at
1 % (] vss TOE
3579545
':.L- MHz

Voo

C2

we O.1pF

5%

R3
300k 1%
-O

BCD to1inn

wn ¢ On

0000

I I U I O N LJL[I

[] o
§ﬂﬁ 2.3.8 ud@n429351%3uiflesAuvey MT8870

2-13

0

3.58 MHz



»
JuAsuN1ISNIIU

I A | B | c| E | F l G
‘i > |- =i trec | I+ o =i = lpo j =

: anwl b
Vin anull In —— . f—
fasl fn+l

' = .- -

I Wy — Bl e une

VTSl
St/GT A 7
¢ ﬁ | | . T
lodununud
0,.0, ooarfEnag 1 (n-1) ra Fin+

'esto ~*

> tpre

:

|__
i

PID

TOE

U# 2.3.9 udnaunupiiiaan (timing diagram) Va4 MT8870

[ 4

95U UYUABUNISNIIU

A

B

"= J o 1 1 v ’s ' J
As1AINVAITUD LUTUN uﬂﬂﬁUanﬁﬂuqnﬂaq Laﬁﬂﬁnﬂutﬂauu

a: s d' |4 dl (Y]
ANIND # n Qﬂﬂ??%ﬂﬂ“ﬂzﬂﬂﬂﬂlQﬂﬁﬂgﬂﬂad ﬂ?ﬂﬂﬂgﬂﬂﬂﬂﬁﬂﬁ

e L4
wazuansiifiiendne
1
t [y ¢ o
AUAINNE  # n FIIN19aNABY LaﬁﬂwﬂuoﬂouammaQ%uniﬁaziﬁsu

|4

P )
ﬂdﬁunwgnwaQQnu
1 - ¢
LaﬁﬁﬁﬂLuﬁuuLﬂuiaauﬁuﬂuﬁ
ANl # n o+ 1 ONATIINY ﬂﬁntaaﬁgnﬁaq A uiignneaTid

4
wazuansia

1
t 1 [ ['4 v
AN # n + 1 wuly %qqnﬁoﬂuqnﬁaq Leﬁnﬂﬂuoﬂouawiau

d' ) t v ¢ [V e
AUANULD # n + 1 ﬁQOHﬁQQﬂﬂad lﬂﬁﬂﬂﬂUGRGﬂﬁBU

=9 d‘ lﬂ; 1 4
AUNIANUGINUNYNADY



afutuandnn lusy 2.3.9

StD

TOE

rf

REC

(.f

REC

ot

DO

d

DP

(.f

DA

(f

GTP

(.f

GTA

- Hougwpaaud DIMF fiidnun

|

Early Sterring output A¥udnsnruiifigndes

Steering input/Guard Time output & wmiunefu
RC nnuusn
Lenfiya BCD wuna 4 I
- Delayed Steering output ﬂ%uﬁﬂdﬁﬁﬂdﬁuéﬁiﬁ%Uﬂ%a
nu'ly ﬁﬂﬁUanﬁmﬁuﬁnﬁnuﬂ Lﬁauﬁﬂqﬂaﬂugnﬁaomao
Hoyyon
- Tone Output Enable (input)ﬂ%ﬂduqu Q,-Q,
i Sueduiiuaud
ﬂﬂUanﬂuﬁuqﬂﬁﬂ7QQWUﬂdﬂué DIMF uat9ignae
v | ;
AUt randugaiifieanns tieudaaindgyiugndiod
tdaﬁgquﬁznéﬁeﬁmmﬂm DTMF %gnﬁao 2 Houw
LqaﬁuﬂuqﬂﬁuauﬂﬁﬁmmﬁmnﬂUWUWﬁﬂuﬂﬂuLdaﬁﬂqﬁuéﬁgﬂﬁao
Lqaﬂﬁﬂﬁﬂuﬂﬁﬁnsdawuﬁmmﬁmﬂdﬂué DIMF ﬁgnﬁao
tﬁaﬂﬁﬂ%ﬂunﬁsﬂidanﬁﬁnﬁUWUmaoﬁmmﬁmﬂaﬂué DTMF ﬁqnﬁao
nn4aindueannsUsngAINE DIMF

ﬂ’l‘%’ﬂ‘lﬂﬁ‘vﬂQﬂﬁTMWUVLU‘UO\'Jﬂ’)’HJﬁ DTMF

2-15



2.4 "a1A3ABNA2 (ABS3N1AYY 8048 Single Chip Microcomputer

- (
ANTILAN %ﬁgtuas 8050/8749H/8049/8748/8048/8022 /8021
q o v ' 4 ] a4 Ao Y o
39 8020 NaN¥UzuaNATIIIININIATTUTLBALE9T  nadfelanyuslnalAvg
L4
- 4 v [
Trurlninsaouiataed Indss tanill Lsunatus isdises 29v3d519dqgw
a4 [ ° a U4 ' [ 4 - [
QBN MUAUAININ UAE DURN/ LN aYAUTUATUOIU I3 LMNNEdnSy
-1 u:a d«'-; 9 o [] 1 [l (] vV
VIUATUANUTUIAL AN AIUUI L UUNUUNTINUDUIIU NI A uUA L 91 luAouaL Aty
[} '

YWINUN LTI FUANY azuﬁﬂﬂﬂ%ﬂuoﬁuﬂduqu L3u LA 0EnAn 1AT0Y

' ) v ¢ o,
0L ENANT war INSHAwN LHuau

b =y
anwoz o9 3iy

anwuz ¥e93iyINnTIasedinaidudns NMOS anvuentiuteFvune 40 an

v

fviuesnelull  8048/8049/8748/8749/8050/8022 dauivet 8021 iu

4 o v e ' :
YU 28 Y1 LAz Lluss 8020 UMW 20 WN AYATBUTIIUERIIUTUN 2.4.1

To L]+ ~ 20 [IVee P2e Ch il 40 v
XTAL 1032 » AN P21 ]2 39 [ p2s
XTAL 2] 3 38 FIp27 weed 3 38 {7 P2s
P22 ]+ ~ 28 {IVee RESETC] 4 37 [2.P26 Varer T 4 37 {7 PROG
P23} 2 adpa ssCy s 3s {1p2s ANI1C] s 36 [T P23 U
sroG O 3 26 P20 = K 3 P24 ANoCq & P2 pisCa 20 P1e
poo ] 4 e 23 et Ave 3 7 P pis]e2 whira
Pt s afome _RHe . BPIP =1 adro  prC]s 18 [ RESET
P2} o alams PSENC] 9 oo 32{3Pis vin 0 e v 17 xe
po3] 7 =120 WREJ10  green 31 P14 oo sfAme progys o wpx
eds 2 sBHes ALECY1  araon 30 [1P13 po1 O 11 ofars  poor]e 15 3 Vg
rosC) o 20 P12 DBo {12 8050AH 29 [JP12 po2 (] 12 29 {3 e ror ] 7 1w T
Pos CF 10 1903 P11 DBIC] 3 28 LA Poa (] 13 20 [J P13 po2 ] s 13 roy
por ] 18P0 DB2CH 14 27 Fpto. Po4 Cf 14 apar2 pade 12 [3.pos
aLE ] 12 17 §7J RESET pBa{ 115 26 £ 1Vpp Pos ] 15 26 [ piv P = 18 ros
I sPxTaL 2 DBaCF 18 25 §JPROG  Pos ] 16 25 |3 P10
v, " 1s|IXTALY DB W7 24 F3P23 po7 ] 17 24 |3 RESET
cs pBs] 18 23 P22 ALE] 18 23 [ XTAL 2
pBIC] 19 2 e T 22 [ XTAL 1
ves T 20 21.f P20 Ve [T 20 21 [ sussT




8050H 8749H 8049H 8748 ' 8048H -8022 8021H 8020H

8-Bit CPU v v v v v v v v
Program Mémory 4K x8 2K x8 2K %8 1Kx8 1Kx8 2K x8 1Kx8 1Kx8
ROM EPROM EPROM EPROM ROM ROM ROM ROM
Data Memory 256 X8 128 X8 128 X8 64 X8 64 X8 64 X8 64X8 64 X8
RAM RAM RAM RAM RAM RAM RAM RAM

1/O Lines 27 27 27 27 27 28 21 13

8-Bit Timer/Counter v v v v v v v v

Reset e V. v v v v v v

Interrupt v v v/ v v v v 4

Oscillator and Clock v v v v/ v v v. K4

d‘ [ [T = d
ATIIN 1 ﬂﬂBﬂlZﬁNUﬂ'ﬂﬂO%WgtUﬂ‘iﬂ’]\) 4
expansion to 3
& more 1O and
memory
b‘:x”;ui?fcr L . bus buffer
- bus Iatch
A por 2 progeam :> EPROM ROM | 3 Pc.,,'z, "!’;im >
oo | migh @ D gecode ] -
LD . 4 TT TE::
osc freq (inc::‘:c‘c‘v;m iﬁécir: P':gl’:;“
test ) (8) (8} word
1K Vs Lz
bus
buffer

J

!
[ lccur(na\ilnwj [_Emé)res J [ Nags J

i

-
accumulator instruction
ister
Jatch logic nm;e sescodcr test 0
unit foo—test 1
® L———> po— INT
8
Vec conditionat |+ 18 ©
power | G program supply . branch  La——flag 1
supply | ~22u- +5V (low power standby) de; mal ] logic imer flag
adjust
= GND e carry
i -~ control and timing ja—ACC
— — T — . ACC
INT RESET PROG EA XTALIXTAL2 ALE PSEN 55 RD WR bit test
interrupt PROM/ CPU/  oscillator  address program single read
expander memory XTAL latch memory  step  write
strobe  separate nro?e enable strobes
L cycle
initialize clock

U 2.4.2 dollaunsTuveadiy
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and
latch
multiplexer

register 0
register 1
register 2
register 3
register 4
- register 5
register 6
register 7
8 level stack
(variable length)

optional second
register bank

data store

resident
RAM array
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R, Far iR LA ANTUAD Nt dEminuAd NN L BUL Auafy HL u

Z2-80

Lo

63
(127)

((255))

user RAM
32X8
(96x8)

% ((224x8)) Y

31 bank 1 .
working: registers directly

addressable
b~ S A when bank 1

| _ . & _RimWp ‘o i
04 RO is selec]ted

23

8 level stack addressed

or indirectly
user RAM through
e R1 or RO
1 Y (RO’ or RY)

7 bank 0
working registers
8X8

1
directly

addressable

when bank 0
T R0 T is sele;cted

0

in addition Ra or R1 (RO’ or R1")
_may be used to address 256 ( ) 8049AH, 8749H
words of external RAM (( )) 8050AH

SUR 2.4.3 #amiauANevangn

2-18



< ¢ '3
UHanUasrFUANHBYU LADS
o [ [ 1 : '4 ¢
aﬁnsuuwgnmao%ﬁg floy 4 WWAN  druiivdeds duenwouriimed

v
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KasdUMNNOBUULADT Faunardauninanuarnignhenunail

uHanuasdupnnauil ipes (flag & stack pointer)

MSB LSB

uwan —— | L dupnwautit nod—

carry flag (C) LilefinnanaannnaTuannsennTauennnisinf MSB
(In 7) urdndveiiandniiu "1

auxiliary carry (AC) (fuuvdnauwvuiniloufiv carry flag
LALEAINAYDINITANLIUNTIUATIN 4 Dadh Aenandd (Half carry) 370

P 3 1uie 4

v
o o Aaa

3 - 4 d [
bank select (BS) azuaﬂqdﬁmm:utaanﬂiqﬁﬁaatﬂasﬂuuuanﬂﬂag
d1%uuen 0 Aergniise uAd1duued 1 Rexiga
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fieiUsunsu wind  (program memory map)

aﬁnﬂﬁsﬁoqmauﬁﬁua:5nvmzuﬁqazwuﬁﬁ FMyiued 8748/8749/8049
FauNTUswnTeadiduiuy  EPROM  dauilued 8050/8048/8022/8021/8020

Tusunsuiuinia 1 ROM Audnaluguil 2.4.4

r 4095

2048 SEL MB1
SEL MBo

—er”” N
1024
023

ON CHIP 8050AH

ON CHIP 8049AH
ON CHIP 8048AH

location 7 ~
=1 timer interrupt
vectors
program here

=}—interrupt vectors
program here

8

7

6

5 5 =

4 focation 3 external
3

2

1

0

7161514 [3[2]1]0fe-reset vectors
program here

L L

address

JUf 2.4.4 foTdTunsuining

o«

A: 4 <j = [ = (]
uanmnuum%wguqmmsuu HAETTIULIATYUNN 8 uaausan 1 19

unvastiveargautranfunisuandianil ATl eufd el funss
- v -4 e 3 ¢ -1 J [
gruLranvsundggrundendediuingaz iy 6 tunzidand dygnandeaidoun
o
’nJ::QﬂWYiﬁ’)U 15 Ll.a::W'ﬁﬁ’)U 32 Lﬁuﬁau'ﬂ'\nﬁuﬁoﬁoI.{H’N’ﬂiﬁ‘umu’m 8 U

] 1 ] 1 t
F99t LRUNITIAN UL ua:azﬁu%ﬂuﬁnﬁqﬂ f9 256 AAUL3ININN O uUarIe

2-20



L4
d Y a ‘o U4 = s aan
dutnessundiy 1 afsuazazduiaeiinimn 80 1TWinsAuqiite 20 Raddud
ldl ° o o o 4‘ Vo v, =3
AIUATNLTININUA Quagastivnant 51951 Hurvastivaie  Aneedugunaen
Yy e ) !ldlq (% [ 2
AUUDALUYINUUN Tl GRYS T0 war T MU LAY avlanann

i Y [
ywadn N T, ann1sfisndaidnea 6 tuntidsets deutdnluludiy

o
I's
warvrgnus 3 av'lldn (6 w1s 3) iwde 2 LunzidIad fluaniniloannil

dunsoldandeindasennieen T, 10

prescaler

XTAL+15— +32
load or read

cleared on start timer

jump on

sk timer flag
timer

d : < 8 bit timer/

ecge counter it timer.

Ta detector o event counter
overflow flag
stop T

\ ::)__—mr
enable

jﬂﬁ 2.4.5 timer/event counter

-y -~ e d
NI199 LEAUALBULADIINN

n153 L BnveIBAyaL LTud 000H  udd v nfioanisduinesSwniun
INT we9dfly d:nszinguaiy 003H wAd mInisnld  TCNT aznsriam
v : a o
1Uuoﬁuiﬂ3unsnﬁmauauaoﬂﬁﬁauLwaﬁswﬁ O07H

(single step) F9011571%aedn "1"

v
wenaniludafydellun  ss
1 :i, W o d' ava .,c: d'l’ ) o |q' o
whvndaznhindfiynuafoufidaunndeifveduaunaz Ju uateLsan

] [} ]
as3n  "0" Jiude 1918119030299 M F R uiarandald Fotuuse

s t
TuBiot1ININIUNISTATIVEULNTUTUNTY

2-21



-

power on reset

41p.FI

10V

T
-«

external reset

Uf 2.4.6 n153 138

Vec
TTL RESET
80 KQ
. active
pullup

+5V
+ single step T <3
momentary >
pushbutton 10K run
[ ] PRESET _
+5V—D T QH———SS
- =
+5V
, clock
10K
+ - clear
debounce

| s3|sa|ss|si|s2)s3]...

e 1

latch L—QET }
1/2 7474
. 1/2 7400 . ALE

single step circuit

| s3] s4]ss|

SS—————‘

| s2 |

—

1
4L

BUS

i
F

1 PCo-7

- A

S

—
L

P20-23 1/0

I PCs-11 :, :ﬁ I 10

single step timing

jﬂﬁ 2.4.7 single step operation

2-22



Fvar

SsS

\

DD

cc

PROG

P -P
17

10

pP_-P
27

20

To

INT

RD

RESET

WR

ALE

1dua 1iuIfiuvIAIg 9

Aounf 20 vhntafTung A iun995
<4 dl ° lld| ‘o 4
AU 26 NIMUINTUSUNTHLIRTLIDTENNANY +25 T1aa
t 1 ( ,
fovnfl 40 vawmiiaddeutn +5 TlaanunviiunINan (CPU)

: o v & L4
ﬁﬂmqﬁ 25 LﬁuguﬂﬂiﬂsuﬂTNWﬁﬁ +23 1174ae

14
= 4

(wosm 1) fevndl 27-34 ywiinfitdunedainhsBunauaz Lendwm

L]

(wodm 2) fovd 21-24 war 35-38 nwinAlgL Junedaid

o
-

o ¢
ﬂoauﬂﬂuazlaﬁWWﬂ

1
& <4 =

(fdt) Aoand 12-19 vl Judunauaz Lendna'ld Tavazda
j LA n‘:’u o [
Yoyatdnuazoen wonantutivatuasani dunent asaiid
(address bus) Aud?la Aunsifildmiiunlnuanhnivuen
[} (13 1
Ao 1 tuundunm drungalduriiant dul Jeutun1s@aduiala
(35U JTO w3e JNTO ua:ﬁeaﬁuﬂsﬂaanuuunﬁﬂﬁLﬂumﬂt0wﬁﬂnﬂﬁ
q' L4 q 4 P ° lldluu

(fl99%  ENTO CLK T1 fevf 29 Huvnduwan wamiiniifudigy

L
AaonL Y1 UL ReN19TluguL2a11e 1eud STRT CNT  uasluwns
tavafu m dul Jautunnsfedulatle tdu JT1 vwie JNTI
Aoy 6 LﬂuMﬁEuwmuanﬁWTa{ fodovilouanin "0" Aride
- v fv o
UL AT THNNuR

o

: ¢ PN : ]
fovd 8 LﬁumﬁtaﬁﬂﬂﬂuaﬂﬁW1a? 1¥unsiiidesnisersudoya

), o

o
ANNMLILAIININNBUDN UNUT IV dvdgyneon Y

'
v -y o

Aovnit 4 tﬁumﬁ%uwﬂuanﬁwia{ nsiifidevni3WIRud LsadiaL e
Aot 10 tﬂuMﬁtaﬂﬁﬂﬂuanﬁWTa{ ﬂ%nﬁﬁﬁﬁaqnﬁﬁmztiuu%aga
ANNMUIVAINUINUUDN

Aovnd 11 tHuvn i endnaneniiniad ﬂ%wﬁnﬁsnszﬁutﬁaaqmﬁﬂﬂﬁ
d9nuonLaTdUd (address bus)

2-23



PSEN

Ss

EA

XTAL1

XTALZ2

expander ORLD XRL XEHD MOVX cxlergal
/O ports (4) H accumulator m :\%m B

o 9 duvniendwaueniiniad  1¥lunns program store

ot

: d' o [ vl t
nable S9nsanidA gﬂaanﬁ7sunﬁaoaﬁnanUﬂdﬁuaﬁnﬂuuan
5

favn¥ LﬁumwauWﬂuanwWTad ﬂﬁWﬁnuﬁnmﬁdaaanTUsunsu

ﬂuguusn

dound 7 tfurndunaneniiniad nsdifiesnisTusunauiiundiy
lued  8748/8749 destlowln  +18  Taad wadnidudfyived
8048/8049/8035/8039/8040  fevleu  interal PULLUP
Ussuw 10

< ﬁ: - o 4: - -
ADYIN 2 |.flu'mauv‘mmwuwaqwaﬂﬂ?ﬁﬂaa

< a: Py <t o 4I -p L
AU 3 Lflumauvmanmwuq'uaowaﬂﬂ*saﬂaa

program data
memory MOV memory

|
( # data) ——J\: working reg |
|

PO =NV Y, )]
|
|
|

ADD MOV MOV
MOV ADD ADD
MOVP ANL ANL
MOVP3 ORL ORL
MOVD ANL XRL XRL
ANLD ORL XCH XCH

peripherals
IN
MoV OuUTL MOV

timer program
counter status word

ANL 8048AH
ORL on chip /O 8049AH

ns 1,2 b
po us 8035AHL* | *no program

AHL* memol
-




A1919ANEY

MCS -48 INSTRUCTION SET

Symbols and Abbreviations Used

A accumulator

AC auxiliary carry

addr 12-bit program memory address
Bb bit designator (b=0-7)

BS bank switch

BUS BUS port

C carry

CLK clock

CNT event counter

CRR conversion result register

D mnemonic for 4-bit digit (nibble)
data 8-bit number or expression
DBF memory bank flip-flop

FO,F1 flag 0, flag 1

1 interrupt

P mnemonic for "in-page" operation

PC program counter

P port designator (p=1, 2 or 4-7)
~ PSW program status word

Ri data memory pointer (i=0, or 1)

Rr register designator (r=0-7)

SP stack pointer

T timer



TF time flag

TO,T1 test 0, test 1

X mnemonic for external RAM

# immediate data prefix

@ indirect address prefix

$ current value of program counter
(X) contents of X

( (X) ) contents of location addressed by X

is replaced by

Mnemonic Description | Bytes | Cycle

Accumulator

ADD A, R Add register to A 1 1
ADD A, @R Add data memory to A 1 1
ADD ‘A, # data| Add immediate to A 2 2
ADDC A, R Add register with carry 1 1
ADDC A, Add data memory 1 1
@R with carry

Mnemonic | - Description <7y - %;d
B S e 2

Registers

INCR Increment register 1 1

INC @R | Increment data memory 1 1

DECR Decrement register I 1

Branch

JMP addr | Jump unconditional. 2 2

JMPP @A | Jump indirect 1 I 2




Mnemonic Description Bytes Cycle Mnemonic Description Bytes C).'cl.c
ADDC A, Add immediate 2 2 DINZ R, addr |Decrement register 2 2
# data with carry and jump
ANL A, R And register to A 1 1 JC addr Jump on carry = 1 2 2
ANL A, @R Add data memory to A 1 1 JNC addr Jump on carry = 0 2 2
ANL A, # data] And immediate to A 2 2 JZ addr Jump on A Zero 2 2
ORL A, R Or register to A 1 1 JNZ addr Jump on A not Zero 2 2
ORL A @R Or data memory to A 1 | JTO addr Jump on TO=1 2 2
ORL A, # data| Or immediate to A 2 2 JNTO addr Jump on TO=0 2 2
XRL A, R Exclusive Or register 1 1} JT1 addr Jump on Tl=1 2 2

] to A JNTI addr Jump on T1=0 2 2
XRL A, @R Exclusive or data 1 1 JFO addr Jump on FO=1 2 2
memory to A | JF1 addr Jump on F1=1 2 2
XRL, A, # data] Exclusive or 2 2 JTF addr Jump on timer flag = 1| 2 2
immediate to A JNI addr Jump on INT = 0 2 2
INC A Increment A 1 1 JBb addr Jump on Accumulator 2 2
DEC A Decrement A H 1 Bit
CLR A Clear A 1 1
CPL A - Complement A 1 1 Subroutine
DA A Decimal adjust A 1 1 CALL addr Jump to subroutine 2 2
SWAP A Swap nibbles of A 1 1 BES ZEfbci L2
RL A Rotate A left 1 1 RETR Return and restore 1 2
RLC A Rotate A left 1 1 status
' through carry Bl
RR A Rotate A right 1 I
RRC A Rotate A right 1 1 N 3\ ! !
gl CPL C Complement Carry 1 1
CLR FO Clear Flag 0 1 1
Input/Output | 2 CPL FO Complement Flag 0 1 1
INA, P Input port to A 1 2 =R Clear Flag 1 ! !
OUTL P, A Output A to port 2 2 CPL F1 Complement Flag |- 1 1
ANL P, # data | And immediate to port 2 2
ORL P, # data | Or immediate to port 1] 2 L eTes /
*INS A, BUS | Input BUS (0 A 1 2 MOV A, R Move register to A 1 1
*OUTL BUS, A|Output A to BUS 28] 9.8 N6 "BOR ¥~ dala memory byt
*ANL BUS, And immediate to BUS to A .
¥ data 2 ) MOV A, # dataf Move immediate to A 2 2
*ORL BUS, | Or immediate to BUS MOVR, A Move A to register o
¥ data 1 2 MOV @R, A Move A to data 1 1
MOVD A, P |Input Expander port memory
© A | 2 MOV R, # data] Move immediate 2 2
MOVD P, A Output A to Expander © reglrﬂer .
port 1 2 MOV @R, Move immediate to 2 2
ANLD P, A |And A to Expanderport| 1 | 2 # data | data memory
ORLD P, A Or A to Expander port MOV A, PSW | Move PSW to A . .
MOV PSW, A | Move A to PSW 1 1




Mnemonic Description Bytes | Cycle
AY
Data Moves
(Cont’ d)
XCH A, R Exchange A and 1 1
: register
XCH A, @R Exchange A and 1 1
data memory
XCHD A, @R | Exchange nibble of A 1 1
and register
MOVX A, @R |Move external data 1 2
memory to A
MOVX @R, A | Move A to external- 1 2
data memory
MOVP A, @A | Move to A from 1 2
current page
'MOVP3 A, @A | Move to A from Page 3| 1 2
Timer/Counter
MOV A, T Read Timer/Counter 1 1
MOV T, A Load Timer/Counter 1 1
STRT T Start Timer 1 1
STRT CNT Start Counter 1 1
STOP TCNT Stop Timer/Counter 1 1
EN TCNTI Enable Timer/Counter 1 1
Interrupt
DIS TCNTI Disable Timer/Counter 1 1
Interrupt
Mnemonic Description Bytes | Cycle
Control
EN I Enable external 1 1
. Interrupt ’
DIS I Disable external i 1
Interrupt
SEL RBO Select register bank 0 | 1 1
SEL RBI Select register bank 1 1 i
SEL MBO Select memory bank 0 1 1
SEL MBIl Select memory bank 1 1 1
ENTO CLK | Enable clock output 1 1
on TO
NOP No Operation 1 1
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DESIGNATOR

C1
c2
C3
C4
C5
cé6 '
Cc7
c8
C9
Cio0

Cci1i
Clz2
D1

D2
D3

J1
LED1
LED2
LED3
-LED4
01
R1
R2
R3 -
R4
R5
R6
R7
RS
RO
R10
R11
R12
R13
R14
RL1

RL2

SwW2
TR1
TR2
TR3

PATTERN

RB.2/.4
RADO. 2
RADO. 2
RADO. 2
RADO. 2
RB.2/.4
RB.2/.4
AXIAL1.O
AXIAL1.0
RB.4/.8

RB.2/.4
RADO. 1
DIODEO. 4

DIODEO. 4
DIODEO.4

SIP4
RADO.1
RADO.1
RADO.1
RADO.1
DIP6
AXTIALO.4
AXIALO.4
AXTALO.4
AXTALO.4
AXTALO.4
AXTALO. 4
AXIALO.4
AXIALO.4
AXIALO. 4
AXTALO.4
AXTIALO.4
AXIALO.4
AXTALO.4
AXIALO.4
DIP16

DIP16

SIP2

TO-92B
TO-92B
TO-92B

COMMENT

1UF
0.1UF
0.1UF
0.1UF
0.1UF
20UF
2.2UF
2UF
2UF
1000UF

2UF
20P
1N4001

1N4001

1N4001

4N25
300K
100K
100K
1K
1K
1K
1K
10K
10K
1K
1K
1K
1K
1K
DPDT 5 VDC

DPDT 5 VDC

BC557

BC557
BC547



TR4 TO-220 7805

U1l DIP40 8748

U2 DIP18 8870

U3 DIP14 74LS04
X1 XTALL 3.58MHZ

Total Components = 46



0000
olelele;

0020
0021
0022
0025

0000
0001

Q003
0004
0005

007
0008
0009
000B
ofole]®:
000k
Q0OF
0011
0013
0015
0016
0017
Q19
0C1A
001C
OOCLlE
00Z0
0021
ooz2
0024
0025
0027
0028
Q029
CCZA
002B
oozc
Qo2D

LI A T

2400

AR
09
042E

D5
AF
BE22
FO
0302
210)
D364
FE25
BOOO
18
FO
0301
~O
D33C
625
BOOQ
13
FO
0301
RO
2358

&2

FF
cs

[l =4
o

55
05
23

. 3K 3K K K K KKK K K K KK SR K KK K 2R K KK KKK KKK KK

;* AUTOMATIC TELEPHONE PATCHER *
2 HOK KKK SKOCK KKK KK KOK K KKK KK KHOKKOKK

CPRU
MOF

:KEY FUNCTION

"8048.TBL"
"INTS"

* DISCONNECT

. #  CONTINUE

KBDBUF : Eau
ERRBUF : EQU
TMEBUF : EqQu
WORD1 : EQU

START : EN
JMP

INT: MOV
IN
IMP

CLOCK: St
MOV
MOV
MOV
ADD
MoV
XR 1.
JINZ
MOV
INC
MOV
ARD
MOV
XRL
JNZ
MOV
INC
MOV
ADD
MQy

CLKE: MOV
MOV
MOV
SEL
ENM
STRT
EM
RETR

20H :DTMF RECEIVER BUFFER
21H ; FOR PASSWORD CHECK
22H ;3 BYTES TIME BUFFER
TMEBUF +3 ;3 BTYES PASSWORD

I
INIT SET VALUE TO MAIN

R2.,A ; INTERUPT ENTRY
A,PL ;DTMF RECEIVER
KBD ;SKIP OVER TIMER INT.

RB1 :SAVE REGISTER
R7,A ;A TO R7
RO, HTMEBUF s HUNDRED
A, BRO

ALH#2

BRO,A

A,#100

CLKE

@RO, #0

RO s SECOND
a,BRO

A, HDL

@RO,A

A, #60

CLKE

QRO , #0

RO

A, 8RO sMINUTE
AN 3 )

@RO,A

A, H58H ; COUNT
T.A

a,R7 :RESTORE A
RBO

TCNTI

T

I



+ KKK KKK KKK KKK KK KK K KKK KKK KKK KK KKK KKK KK
; INTERUPT ROUTINE FOR DTMF DETECTOR
;STORE KEY VALUE IN KBDBUF

;F1 IS CLEARED
3 KKK KKK KKK KKK KKK KKK KKK KRR KR KKK KKK K KKK

O02E 530F KBD: ANL A,#OFH
0030 B920 MOV  R1,#KBDBUF
0032 Al MOV  @R1,A

0033 FA MOV  A,R2

0034 A5 CLR F1

0035 25 EN TCNTI

0036 55 STRT T

0037 05 EN I

0038 93 RETR

?
;**************************************

; TONE GENERATOR
3 KKK KSR K KKK KR SRR KK KKK KKK KK oK K KKK KK KoK

0039 BDOZ BEEPR: MOV RS, #2H

003B BEAA BEEPL: MOV Ré, #0AAH
003D EA40 BEEP2: ORL Pz, #40H
O03F BF40 MOV R7,#40H
0041 EF41 ON 2 DINZ R7.0N
0043 9ABO ANL 2, #0BOH -
0045 BF40 MOY R7, #40H
0047 EF47 OFF: DINZ R7,0FF
c04% EE3D DINZ Ré6,BEEPZ2
004B ED3B DINZ R5,BEEP]
004D BDOZ2 DELAY: MOV  R5,#Z
004F BFAR DL1: MOV R7, #0AAH
0051 BEOO DLZ: MOV R&, #00
0053 EES3 DL3: DINZ Ré,DL3
Q0055 EF51 : pINZ R7,DLZ2
0057 ED4F DINZ RS5,DL1
0059 83 RET

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

; FLASH ROUTINE
;HOOK ON 1 SEC. THEN HOOK OFF
2 SRR SRR K ORI KAHOK KKK KKK KKK KKK KRR K KKK KK

005A 9A7F FLASH: ANL P2, 8#7FH

Q05C 144D CAlLL DELAY
O05E 8ABO ORL  PZ,#80R

0080 83 ET



0061
0062
0063
0065
0067
0069
0068
006D
O06&F
0071
0073
0074
0075
0076
0077
0078
O07A
007C
007D
O07E
007F
o080
0082

o83
0084
0086
0088
0089
o08s
008D
O0O8F
0091
0093
G095
0097
c099

AS
BS
BCOA
BBO3
B920
B825
1439
EC7A
B825
2308
AO
18
AO
18
AO
0482
7668
BS
F1
AO
18
EB&B
83

85

B825
2300
DO

céBs
BCOA
BBO3
B721
8100
B920
1439
ECB
0484

2 KKK KK KKK KKK KKK KKK KKK KKK KKK Kok KKK
: PASSWORD ENTER ROUTINE
;RECEIVE 3 PASSWORDS
;IF FAILED TO RECEIVE
;STORE "*x x x"
+ KKK AKK KKK AR KA KKK AR AKKK AR AR A A K

INITWORD:

INITWL :

INITW2:

INITWE:

CLR
CPL
MoV
MOV
MOV
MOV
CAaLL
DINZ
MOV
MOV
MOV
INC
MoV
INC
MOV
JMP
JF1
CPL
MOV
MOV
INC
DINZ
RET

AS DEFAULT

Fl

Fi

R4,#10
R3,#3
R1,#KXBDBUF
RO, #WORD1
BEEP

R4, INITW2
RO, #WORD1
AL, #11
@RO, A

RO

@RO, A

RO

@RO, A
INITWE
INITWI1

Fl

A,@R1
@RO, A

RO

R3, INITWL

; PREPARE KBD FLAG
;10 BEEPS
;3 PASSWORD

" u*n

;DEFAULT 1
;DEFAULT 2

:DEFAULT 3

3
;***************x******~**x************
: PASSWORD CHECK ROUTINE

:FO SET IF FAILED
3K SKOKK KR KKK K KKK SR KKK KK KKK KKK ARk

:
PASSWORD:

PASEWL -

CLR
MoV
MQV
XRL
JZ
MOV
MOY
MOV
MOV
MOV
CALL
DINZ
JMP

SRR

FO

RO, #WORD1
A, #O

A, @RO
PASSEXIT
R4, #10
R3,#3
R1,#ERRBUF
@R1,#0
R1,#KBDBUF
BEEP

R4, PASSW2
ERREXIT

; PREPARE FLAG
;CHECK PASSWORD
; IF PASSWORD
sWERE NOT SET

; JUMP EXIT

;10 BEEPS

;3 PASSWORD
;CLEAR ERROR



0098
00%0
O0%E
00A0
00Al
O0A3
oon4
OO0AD
00A7
00A9
00AA
00AB
GOAD
O0AF
0081
ooB2
ooB4
o0BS

Q0B&
Q0BS8
QOBA
Q0BB
00BD
QOBF
oOoCl
QoCc2
QOC4
00Cé
QOC7
Q0C9
Q0CB
QOCD
QOCF
Q0DOo
QoD2
o0oD4
QobDe
Q0oDS8
ololni>
QODB
QoDD
QODE
O0EO

7693
BS
230D
D1
C6BS
F1
DO
CEAA
B921
11
18
EB93
B921
2300
D1
CéB5S

=
P

83

B824
BOOO
FO

D303
CHEZ
76BA
BS

B920
230E
D1

S6CD
145A
0486
230D
D1

96D6&
1461
04B6
230C
D1

CéB6
2308
DL

C6F9
048A

PASSWZ:

PASSW3:

ERREXIT:
PASSEXIT:

Jrl
CPL
MOV
XRL
JZ
MOV
XRL
JZ
MOV
INC
INC
DINZ
MOV
MOV
XRL
JZ
CPL
RET

PASSWL

F1

A,HL3
A,E@R1
PASSEXIT
A,GR1
A,@RO
PASSW3
R1,#ERRBUF
@Rr1

RO

RS, PASSHK]
R1,#ERRBUF
ALH#HO

A,E8R1
PASSEXIT
FO

;*******************m*******m**********
; LINK ROUTINE
;RETURN IF KEY

;OR TIMEOUT
3 KKK KKK K KKK KRR KKK KK KK K KK KGRSO K KK KK KK KoK

LINK:

HERE :

CHK:

CHKL:

CHKZ2:

MOV
MoV
MOv
XRL
JZ
JF1
CPIL
MQayV
MOV
XRL
JNZ
CALL
JMP
May
XRL
JINZ
CALL
JMP
MoV
XRL
JZ
MOV
XRL
JZ
JMP

* " IS PRESSED

RO, #TMEBUF+2
@RO, #0

A,GRO

AL,HES

TONE

HERE

Fl

R1, #KBDBUF
ALHL4 ; FLASH
A,ER1

CHKL

Fl.ASH

LINK

ALHLS ; PASSWORD SET

ALERIL

CHKZ2

INITWORD

LINK

a, 812 ;CONTINUE
A,CR1

LINK

ALRLL :DISCONNECT
A,@R1
LINKEXIT
HERE



O0EZ
O0E4
00E6
O0ES
O0OEA
00EC
O0ED
OOEF
O0F1
Q0F2
O0OF4
O0Fé&
O0F7
Q0F9

0100
0100
0102
0104
0106
0108
0104
010C
010k
010F
0111
0113
0114
0115

0116
Qll8
0119
0118
0L1D
Ol1lF
0121
0123
0125
0127
0128
012A
0lzcC
0l2E
Ol2F
o131

BCOA
1439
ECEA
O4F9
76E4
B5

BI20
230C
D1

CceBo6
2308
b1

P5E4
83

BF&64
BEOQO
EEQ4
EFOZ2
BS20
BFOF
BOOO
18

EFOC
2300

-
/

25
55

2310
3A

1461
9A00
462C
261D
3433
B61B
2310
3A

1483
B&61B
2320
3A

14B6
2418B

TONE: MOV
TONEL: CALL
DINZ
JMP
CHKE: JF1
CPL
MOV
MOV
XRL
JZ
MOV
XRL
JNZ
LINKEXIT: RET

R4,#10 ;10 BEEPS
BEER

R4 ,CHKE

LINKEXIT

TONEL

Fi

R1,#KBDBUF

ALHLZ ;CONTINUE
A,eR1

LINK

AHLL ; DISCONNECT
A,EQR1

TONEL

5 SRR SKR KKK KK 3K KR SR R K KK KR KKK KOK KOK KKK KKK R KKK

ORG
INIT: MOV
IT1: MOV
ITT: DINZ
DINZ
MOV
MOV
IT2: MOy
INC
DINZ
MOV
MOV
EN
STRT

MOV
OUTL
CALL
MAIN: ANL
CHKMNL : JNT1
JINTO
CALL
JFO
MOV
OUTL
CcAaLL
JFC
CONNECT: MOV
OUTL
CALL
JMP

10CH

R7,#64H ; POWER ON DELAY
R&, #O0OH ;ABOUT 200 MSEC.
R&,ITT

R7,IT1

RO, #20H ;CLEAR BUFFER
R7,#0FH ;15 BYTES

@RQ, #00H

RO

R7,IT2 .

A, #00 =
PSW, A

TCONTI

T

A, #10H

Pz,A

INITWORD

P2, #00H ; IDLE

CONNECT ;JUMP IF TO = O
CHKMNL (LOOP IF NOT RINGING
RGCHK

MAIN

AL #HLOH JANSWER A CALL
PZ,A .
PASSWORD

MAIN

A, #30H ; CONNECT

P2,A

LINK

MAIN



= 3KOKKOK KK 3K 3K KKK K 3K KK KKK KK KK K KK 3K KKK KK KK KKK
;CHECK RINGIMG ROUTINE

;FO SET IF FAILED
2 HOKRSKK KKK KKK KK KK KRR SRR KOK SR OK KR KR KKK KKK oK

0133 85 RGCHK : CLR FO

0134 BBOA MOV  R3,#10 ;SET COUNTER

0136 2360 RING: MOV A, #&0H ;

0138 3A QUTL P2,A ; SHOW RINGING ON
0139 3639 RING1: JTO RING1 ;WAIT FOR STOP
013B 2340 MOV A, #40H ;

013D ZA OUTL P2.,A ;SHOW RINGING OFF
013E B8ZZ MOV RO,#TMEBUF ;CLEAR TIME BUFFER
0140 BOOO MOV  @RO,#O ; HUNDRED

0142 18 INC RO

0143 BOOO MOV  @RO, #0 ;SECOND

0145 EB49 DINZ R3S, TOUT

0147 2451 JMP  RGEXIT

0149 34636 TOUT: JTO RING

0148 FO MOV A,@RC

014C D30A XRL  A,#10 ; TIME OUT 10 SEC.
014E 9649 JNZ  TOUT

0150 95 CRPL -FO

0151 83 RGEXIT: RET

Q000 END
0039 BEEP 0038 BEEP1 003D BEEPZ
Q0C1 CHK 00CD  CHKI1 00D6&  CHKZ2
OOEA CHKE 011D CHKMNL 0025 CLKE
0007 CLOCK 012C CONNECT 004D DELAY
004F DL1 0051 DLZ2 C053 DL3
0021 ERRBUF COB4  ERREXIT 0058 FLASH
00BA HERE 0100 INIT 00868  INITWL
007A INITWZ2 ocg2 INITWE 0061 INITWORD
0003 INT 0102 ITlL 0loCc ITZ2
o104 ITT 002E KBD 0020 KBDBUF
00B& LINK Q0F9  LINKEXIT 011B MAIN
0047 OFF oC41  ON COBS  PASSEXIT
0093 PASSKWI VOB PASSWZ 00AA PASSW3
008Z PASSWORD 013% RGCHK 0151 RGEXIT
0136 RING 0139 RING1 0000 START
0022 TMEBUF 00EZ  TONE QOE4  TONEL

GlL49  TOUT 0025 WORD1



] . . w, @, (&% o o
gilen191%91u 1A 1BeuTu iy ins AN oA TuilA

INSTRUCTION MANUAL

ansz 2 (General)
LAS 09 L FauTuedggnuinTfinndaiulid
fruwiin fid3nd POWER ON-OFF eagnnvinuile

MANUAL SWITCH ahn%UﬂﬁuqunﬁﬁL%auiuoﬁduﬁa

=t}

LED 4 8129 (L1 - L4) ifAaudavdniusn1snInu

X

v v 4
Arunde g MW AC wazndniag

d [

i
fidaneduinsfinn 2 g fie LINE 1 uaz LINE 2

E ' -
n15AnAa (Installation)
o LINE 1 ﬁuﬁaﬁumaoLamwuﬂuﬁﬁiﬁazﬁaqL?Uﬂt%ﬁ

n391U09 NON CHARGE

do LINE 2 fudnganuniledliduiasnunusiia DIMF
|4
qj

(-4
d0 LAuuudn AC tdfuLANL Byl

n15 1a5vun15 (Preparation)

T
@
pA
22
o)
*
s )
c
&

(Ho1dadnd POWER in o e dodannnt feu
(

v ) ]
LarseSuniTfesHan Ty (LED fidnuninvuevindovasudnvdanus

v v [ 4 ll-;a c’/’ v v L4 dl d|l ] 1

N19997UTVANTIUNIY) @ﬂﬂﬂﬂqa:ﬂaqungiwsﬂwntﬂﬁaqwﬂaWQoag
o

fu LINE 1 Ju uﬁdnﬂQNnuﬁuLam 3 nuAvLavAudu 10 Jund

4
FO9A

o)
-

E Y
Lunnsfesianiu 0neltaTy 3 wunuilaandelinal

e

Ysunu (Default) tdu = = = ToudaTudid dqfiedieanns

W
fesna ndadinduant Daing



n151%97u (Operation)

1 v 1

o 1 Y -t a @ v o o v o - :
LHDWNIUUULOTUUNNT LATDIINNTDUNIENIITUY f'j‘L‘]j\"‘luLﬂ?adl%BN‘iU\l

[ o
Hyanw naudunouneluil
15159 udnTuiifA

o e v, d 1 vl [y
1 ﬂ%iﬂ?ﬂwwﬁﬁﬁﬁsmzﬂ%aiﬂiﬂﬂﬂuunnaﬁﬂﬂdiuL?UnL%ﬂuq

vauvnaviinesyfiv LINE 1
o

2 HedamiIunasy 10 A5

14

] [ 1
3 (Hela¥uliggnw doulnnesidnuatuiiell 3 uunuLay

1
4 fnshaR ugnAesaz’lniy Dial Tone ndnadunilaiines

e

Ay LINE 2

5 nﬂﬂutamwuﬁuﬂaﬁUﬂﬁoﬁ 29n138nR0 L nTloun151EInT ANty

-

6 41 Lavnuiviatuniefifiesnisfiadeniulidneiinety =

t
9 [ a [ A 13

dﬂogaouaanaUWULﬁuma 1 N

' v

LEI9nTAUINIANG =~

9€

2. ale

A:fo9T01L781 3 Uit Ao A 099 naUﬂuWUagﬂuﬁnﬁazw¥au

14

7 a1719uat

bad )
e
ohe

vauf A3z dununla 3 undl
Yy 9 = [ o LY o
8 01A8INITLANAUNUINBUATY 3 U INNALN > UAa239Y
9 iilensy 3 unfliafevededagnuidou 10 FuNneufaniy
. |:uv 1 IJu I
L%auiuos:wdﬁauqﬂﬁﬁﬁuﬁsnﬂatﬁaﬁwﬂiﬂﬂﬁeaz 3 UM ev

nﬂQu +F
n159%¥91unuuAeAIY MANUAL SWITCH

-
LUo

e e

151 Funidnantavenviavaesyfiv LINE 1 wasd

aZe

uny
L]

] ] 1 1 £}
InTHNTLAToeNiRenI9etfy LINE 1 nouiinssdvacmansy 10 A%



ANYD 2 VBINTTABIUDNTUNR
v

Und fotiugidannnsauening

eSe
)
e
26
-
paed
2
(Y]
o
a),
=
=
b
2
De
e

>
=2
[aud
o

=
.
De
S
2
b =g

Bee 8A_
(g
o

e
2D
]
=
>
z
a
=
-
1)1
=
—
—
Q
o sy
)
=e
-
De
o)
ee

ce

[} [ 1)
3z 1iana51 Boutuedutavdnuiunsuvenisdousianuiy gida
1$ Dial Tone uarUivAnelunude 5 v99n15%audaiulid

ﬁunuﬂQ$ﬁﬁagTﬂ7ﬁwﬁaoLﬁaiﬁﬂﬁtﬁﬂﬂmnﬂﬂunﬁsL?untamﬁuﬂu

e

Januna




DOAANUEIN U

S748H/SO35S5H/S8749H,/S039H
HMOS —E SINGLE-—-COMPONENT

S—BIT MICROCOMPUTER



|nté ‘ PRELIMINARY

. 8748H/8035H/B7A9H/B039H
'HMOS-E SINGLE-COMPONENT 8-BIT MICROCOMPUTER

» High Performance HMOS-E “w Compatible with 8080/8085

‘s Interval Timer/Event Counter - " . _Peripherals

‘s Two Single Level Interrupts ' — : e

‘s Single 5-Volt Supply . _ - m Easlly Expandable Memory and /O
‘m Over 96 Instructions; . .+ -: mUpto 1.35 uSec Instruction Cycle
‘: 90% Single Byte y A\ All Instructions 1 or 2 cycles

.The Intel 8749H/8039H/8748H/8035H are totally self-sufticlent, 8-bit parallel computers fabricated on singie )
silicon chips using Intel's advanced N-channel sllicon gate HMOS-E process. .
_The family contains 27 1/O lines, an 8-bit timer/counter, on-chip RAM and on-board oscillator/clock circuits. For

~systems that require extra capability, the family can be expanded using MCS2-80/MCS®-85 peripherals.

These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have
extensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficlent use of program
memory results from an Instruction set consisting mostly of single byte instructions and no instructions over 2
bytes in length. Y 3 Y. - .

Device - ; . Internal Memory

8039H none - ' - 128 x 8 RAM
" 803sH : . none . : - 64 x 8 RAM
8749H 2K x 8 EPROM 128 x 8 RAM
8748H 1K x 8 EPROM . 64 x 8 RAM +

I @ PORT To gt vce
) arl e xTAL +O2 Tt
cLock J PROGRAM DATA ©OXTAL s o
MEMORY MEMORY = . p2e
8748H RESETY
g . <_-_;> PORT Ssds P25
RESET —~{ 8035H. 2 ssOe
INT p2s.
SINGLE _| 8740H ealr o
STEP 0039 L. READ A e P18
smIT EXTEANAL _,| PSEN P1s
cPU _ MEM WA P14
: . = WRITE | ALE P13
_ D8
TEST { PROGRAM Dao P12
: 1 [3]]
- | STORE 08
- TERRUPT ENABLE 08: :w
INTERRUPT —
8 BIT TIMER ADDRESS  gg. ngc
EVENT n . JetatcH o A
COUNTER /0 LINES ENABLE D95 P
BuUS CE_J‘> PORY D8¢ P22
.. . . EXPANDER  0°7 P21
STROBE vss PP
.‘ .
Figure 1. . Figure2. Figure 3.

Block Dlagram Logic Symbol Pin Configuration



PRELIMINARY

.
lﬂter 8748H/8035H/8749H/8039H
Table 1. Pin Description
Pin Pin
Symbol { No. Function Device Symbol | No. Function Device
Vss 20 | Circuit GND All - (Con't) Contains the 8
potential low order pro-
- gram counter bits
VDD 26 | +5V during P Al during an external
normal operation. program memory
Programming 8748H fetch, and
power supply 8749H receives the
(+21V). addressed in-
v 4 Mai struction under
cc 0 sua:&g.o rgi/r dur- Al the control of
ing operation and PSEN. Also con-
programming. tangsdmte zdd.ress
and data durin
PROG 25 Output strobe All an external RA%A
for 8243 data store in-
1/0 expander. struction, under
Program pulse 8748H control of ALE, -
(+18V) input pin | 8748H AD. and WA.
during (See Note) T0 1 | input pin testable | All
programming. using the con-
P10-P17|27-34] 8-bit quasi- All -ditional transfer
Port 1 " | bidirectional port. instructions JTO
P20-P23|21-24| 8-bit quasi- Al ﬁ:‘f,:gggé:;%?s"
P24-P27}35-38] bidirectional port. a clock. outDUt——
Port 2 o using ENTO CLK
-order program mstructlo.n
counter bits dur~ Used during 8748H
ing an external programming. 8749H
program memory RR| 39 | Input pin testable |[All
fetch and serve using the JT1,
as a 4-bit 1/0 and JNT1 instruc:
expander bus tions. Can be des-
for 8243. ignated the timer/
DB80- |12-19| True bidirectional | All counter input -
DB7 port which can be using the STRT
BUS written or read CNT instruction.
synchronousty iNT 6 | Interruptinput. All

using the AD. WR
strobes. The port
can also be

statically latched.

Initiates an inter-
rupt if interrupt is
enabled. Interrupt
is disabled after a
reset. Also testable
with conditional
jump instruction.
(Active low) inter-
rupt must remain
low for at least 3
machine cycles
for proper *
operation.




8748H/8035H/8749H/8039H

PRELIMINARY

* l r
Table 1. Pin Description (Continued)
Pin Pin )
Symbol | No. Functlion Device Symbol | No. Functlon Device
D 8 | Output strobe All PSEN 9 | Program store ALL
activated during enable. This out-
a BUS read. Can put occurs only
be used to enable during a fetch to
data onto the bus external pro-
from an externai gram meraory.
device. (Active low) -
Used as a read SS 5 Single step input | All
strobe to external can be used in
data memory. - conjunction with
(Active low) ALE"lo "single
AESET | 4 | putwhichis  [All M o S
used to initialize instructio%
the processor. .
- (Active low) EA 7 External access All
(Non TTL ViH) i{nput wr;lich
- orces all pro-
Used during 8748H MAY men‘,’ory
.| programming. 8749H fetches to refer-
WA 10 | Output strobe All ence external
during a bus memory. Useful
.write, (Active low) for emulation
Used as write (a;:gt:\j/ zbr:Jig}\)
strobe to external
data memory. Used during 8748H
o
ALE 11 | Address latch All L‘g‘é’ram s GrasH .
enable. This sig- -
nal occurs once XTAL1 2 One side of All
during each cycle * | crystal input for
and is useful as internal oscillator.
a clock output. Also input for
The negative edge ?r)\(l?r:n?'ll'to\;]‘::)e'
of ALE strobes
XTAL2 3 Other side of All

address into
external data and
program memory.

crystal input.

NOTE: On the 8749H/8039H, PROG must be clamped to
Vg when not programming. A diode should be used when
using an 8243: otherwise, a direct connection is permissible.
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Table 2. Instruction Set
Accumulstor Registers
Mnemonic Description Bytes Cycles Mnemonic Description Bytes Cycis
ADD AR Add register to A — 1 INCR Increment register 1 1
ADD A, @R Add data memory to A 1 1 INC @R increment data memory 1 1
ADD A, #data  Add immediate to A 2 2 DECR Decrement register 1 1
ADDC A, R Add register with carry 1 1 -
ADDC A, @R  Add data memory 1 1
with carry Branch
ADDC A, # data Qﬁg g:;r:;dlate 2 2 Mnemonic Dascription Bytes Cycis
ANL A, R And register to A 1 1 JMP addr Jump unconditional 2 2
ANL A, @R And datamemory to A 1 1 JMPP @A Jump indirect 1 2
ANL A, #data  And immediate to A 2 2 DJNZ R, addr  Decrement register 2 2
ORLA.R Or register to A 1 1 JC addr 3::‘;"::‘ s . 2 2
ORLA @R Or data memory to A 1 1 NG addr Slgi ok carry 2 0 2 2
ORL A, ¥ data  Or immediate to A 2 2
XRLA,R Exclusive or register 1 1 ¥ 379 SUIp QA 2880 2 2
' to A JNZ addr Jump on A not zero 2 2
XRL A, @R Exclusive or data 1 1 JT0 addr Jump on 70 = 1 2 2
memory to A JNTO addr JumponT0=0 2 2
XRL, A, # data  Exclusive or 2 2 JT1 addr JumponTi=1 2 2
immediate to A JNT1 addr JumponT1:=0 2 2
INC A Increment A 1 1 JFO addr Jumpon FO = 1 2 2
DEC A Decrement A 1 1 JF1 addr JumponFi=1 2 2
CLR A Clear A ! 1 JTF adar Jump on timer flag 2 2
CPLA Complement A 1 1 JNI adar Jump on INT=0 2 2
DA A Decimal adjust A " 1 JBb addr Jump on accumutator 2 2
SWAD A Swap nibbles of A 1 1 bit .
AL A Rotate A left 1 1 s
RLC A Rotate A feft 1 1
through carry Subroutine
RR A Rotate A right 1 1
RRC A Rotate A right 1 1 Mnemonic Description Bytes Cycles
through carry CALL addr Jump to subroutine 2 2
RET Return 1 2
RETR Return and restore 1 2
Input/Output status
Mnemonic Descripticn Bytes Cycles
INA, P Input port to A 1 2 Flags
QUTLP, A Qutput A to port 1 2
ANLP,#data And immediate toport 2 2 Mnemonic Description Bytes Cycles
ORL P, #data  Orimmediate to port 2 2 CLAC Clear carry ! !
INSA BUS  Input BUSto A 1 2 CPL.C Comptement carry ! !
OUTLBUS.A  Output A to BUS 1 2 C;R £° Clear flag 0 ! !
ANL BUS, # data And immediate to BUS 2 2 CPL FO Complement flag 0 ! !
ORL BUS, # data Or immediate to BUS * 2 2 CLRF1 Clear flag 1 ! !
MOVD A, P In;:n expander port 1 2 CPLF1 Complement flag 1 1 !
to
MOVDP, A Output A to expander 1 2
port
ANLD P, A And A o expander port 1 2
ORLDP. A Or A to expanciar port 1 2
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Table 2. Instruction Set (Continued)
Dats Moves Timer/Counter
Mnemonic Description Bytes Tycles Mnemonic Description Bytes Cycles
MOV AR Move register to A 1 1 MOVA,T Read timer/counter 1 1
MOV A, @R Move data memory 1 1 MOVT A Load timer/counter 1 1
to A STRTT Start timer 1 1
MOV A, # data Move immediate o A 2 2 STRT CNT Start counter 1 1
MOV R, A Move A lo register 1 1 STOP TCNT  Stop timer/counter 1 1
MOV @R, A Move A to data i 1 EN TCNTI Enable timer/counter 1 1
memory interrupt
MOVR, # data Move immediate 2 2 DIS TCNTI Disable timer/counter 1 |
to register interrupt
MOV @R, # data Move immediate to 2 2
data memory
MOV A, PSW Move PSW to A 1 1 Control
MOV PSW, A Move A to PSW 1 1
XCHA,R Exchange A and 1 1 Mnemonlc Description Bytes Cycles
register ENI Enable external 1 !
XCHA, @R Exchange A and - 1 1 interrupt
data memory DIS1 Disable external 1 1
XCHD A, @R Exchange ribble of A 1 1 interrupt
MOVX and register SEL RBO Select register bank 0 1 1
A.@R  Move external data 4 @ SEL RB1 Select register bank 1 1 1
memory to A MBO Sel 0 1 1
MOVX @R, A  Move A to external 1 2 SELME BERt mi{inory kapk
data memory SEL MB1 Select memory bank 1 1 1
MOVP A.@A  Move to A from 1 2 ENTO CLK Enable clock output 1 1
current page on T0
MOVP3 A, @A Moveto A frompage3 1 2 = i
Mnemonic Description Bytes Cycles
NOP No operation 1 1

0.C. CHARACTERISTICS: (T = 0°C to 70°C; VoG = VpD = 5V * 10%; Vss = 0V) (Continued)

_ Limits
Symbol Parameter Min | Typ Max | Unit Test Conditions Device
LK} Leakage Current
(T1, INT) £10 | pA | VsssVINSVCC All
u Input Leakage Current
(P10-P17, P20-P27,
EA, 55) -500 | pwA | Vgs+.45=ViNsVeo All
LYP) Input Leakage Current
: RESEI -10 -300 | pA | VgssV|N=3.8V All
| o Leakage Current
(BUS, T0) (High
Impedance State) =10 pA | VsssVINSVCC . Al
Ipp + Total Supply Current* 80 100 mA 8035H
lcc
95 110 mA 8038H
80 | 100 { mA 8748H
95 110 mA 87439H

‘Icc + Ipp is measured with all outputs disconnected; SS, RESET, and INT equal to Ve EA equal to Vgg.
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ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias ...0°Cto 70°C

*‘NOTICE: Stresses above those listed under "Abso-’,
lute Maximum Ratings " may cause permanent dam-!

H

Storage Temperature .......... -65°C to +150°C age lo the davice. This is a stress rating only andi
Voltage On Any Pin With Respect functional operation of device at these or any other
toGround .......ioiiiiiniiennn -0.5V to +7V conditions above those indicated in the operational
Power Dissipation........coevevvenns - 1.0 Watt sections ol this specification is not implied.
D.C. CHARACTERISTICS: {TA = 0°C to 70°C; Vi = VDD = 5V * 10%: Vgg = 0V)
Limits
Symbol Parameter Min | Typ | Max Unit Test Conditions Device
ViL Input Low Yoltage (All
Except RESET, X1, X2) | -5 .8 v All
Vi1 Input Low Voitage
( . X1, X2) -5 .6 \' All
VIH Input High Voltage
(Al Except XTAL1,
XTAL2, RESET) 2.0 Vee \ All
ViH1 | Input High Voltage
(X1, X2, RESET) 3.8 Ve v All
VoL OQutput Low Voltage
(BUS) 45 vV |loL=20mA Al
Vour1 [Output Low Voltage
(RD. WR, PSEN, ALE) 45 A loi.= 1.8 mA All
VoL2 .- | Output Low Voltage .
(PROG) .45 vV {loL=10mA All
VoL3 |Output Low Voltage .
(All Other Outputs) .45 V. |loL=16mA Al
VoH |OQutput High Vbllage
(BUS) 2.4 Vv 1oH = -400 pA All
VoH1 |Qutput High Voltage
(RD. WR. PSEN, ALE) 2.4 VvV  |lloH =-100 sA All
VoH2 |[Output High Voltage
(All Other Outputs) 2.4 \ IoH = -40 A All
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A.C. CHARACTERISTICS: (TA = 0°C to 70°C; VG = VpD =5V * 10%; Vss = 0V)

. 1) 11 MHz ~ | conditions
Symbol Parameter {Note 3) Min Max Unit {Note 1)
t Clock Period . 1/xtal freq 90.9 1000 ns {Note 3)
L ALE Pulse Width 3.5t-170 | 150 ns
taL Addr Setup to ALE 2t-110 70 ns (Note 2)
LA Addr Hold from ALE t-40 50 ns
tcc Control Puise Width (RD, WR) 7.5t-200 480 _ ns
tcc2 Control Pulse Width (PSEN) 6t-200 350 ns
tow Data Setup before WR 6.5t-200 390 ns
wo Data Hold after WR t-50 40 ns
DR Data Hold (RD. PSEN) 1.5t-30 0 110 ns
tRD1 RO to Data in 6t-170 375 ns
tRD2 PSEN to Data in 4.5t-170 240 ns
tAW . Addr Setup to WR 5t-150, 300 ns ]
tAD Addr Setup to Datg (RD) 10.5t-220 730 ns |
tAD2 Addr Setup to Data (PSEN) 7.51-200 460 ns o
LAFCH Addr Fioat to RD. WR 2t-40 140 ns (Note 2) |
IAFC2 Addr Float to PSEN .5t-40 10 ns (Note 2) |
tLAFC1 | ALE to Control (RD. WR) 3t-75 200 ns ]
WAFG2 | ALE to Control (PSEN) 15-75 | 60 | TThs ]
1ICA1 Control to ALE (RD, WR, PROG) t-65 25 ns |
tcA2 Control to ALE (PSEN) 4t-70 290 ns ]
tcp Port Control Setup to PROG 1.5t-80 50 ns ]
tpc Port Control Hold to PROG 41-260 100 ns ]
tpR PROG to P2 Input Valid 8.5t-120 650 ns ]
tPE Input Data Hold irom PROG 1.5 0 140 ns ]
1op Qutput Data Setup 61-290 250 ns ]
{{=1s) Qutput Data Hold 1.5t-90 40 ns -
tpp PROG Pulse Width 10.5t-250 | 700 ns -
tpL Port 2 1/0 Setup to ALE 4t-200 160 ns
e Port 2 1/0 Hold to ALE 5130 15 ns -
tpy Port Qutput from ALE 4.5t+100 510 ns ]
toPRR TO Rep Rate 3t 270 ns ]
tcy Cycle Time 15t 1.36 15.0 us
Notes:
1. Control Qutputs CL = 80pF 2. BUS High Impedance 3. I{t} assumes 50% duly cycle on X1, X2. Max

8US Outputs CL = 150pF Load 20pF clock period is for a 1 MHz crystal input.
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WAVEFORMS

} tcy I

b1 —~rare2
ae | |
|

PSEN

i ——l toR \ :
FLOATING X )l(.rlomnc:)<

IADDRESS l=-tRD2 -+ INSTRUCTION
[ lAD2 -
Instruction Fetch From Program Memory

—={tLarci l‘—
ALE _[_-L > [ X
fo—tcc1—tcar '._-

BUS FLOATING

WA
ADDRESS I low -wo
BUS FLOATIN@( X X DATA X FLOATING
FLOATING
taw

Write To External Data Memory

_4_.;%}_ J_—"l
j—tccr—] tear |-

I:L_OATIN_G" rlon

8us FLOAT)NGX )(l FLOATING
IADDHESS "—_:l tRD1
tAD1 K

Read From External Data Memory

tAFCH

2.4V

2.0«

-2.0
0.8 TESTPOINTS T0

A.C. testing inputs are driven at 2.4V tor a logic “1" and
0.45V for a logic “0.” Output timing measurements are
made at 2.0V lor a logtc 1" and 0.8V for a logic "0.”

0.45V

Input And Output For A.C. Tests

PORT 1/PORT 2 TIMING

1ST CYCLE

2ND
CYCLE |o—tpV —1

l——lpL—o{ l !
ALE A \ / \ /1
]
PSEN | | | ! I : !
NN e T e
— e | ! ;
| : X
£20-23 ]
ouTeuT _>< [ pcu )( PORT 20-23 DATA X NEW R20-23 DATA | PCH
p24-27 ! l J ! L
P10-17 | POAT24-27. PORT 10-17 DATA | >< NEW PORT c:wm
ouTPUT I !
I I ' }olcm
Wwp —
! | i e trp
EXPANDER | re— AL LA pL . r—!DP——~r——1
PORT ' | ) | '
ouUTPUT ! X PCH [Xponr 20-22 DAEN PORT comnm.)Q OUTPUT DATA| e
y | | | | |
. I R ) PF
EXPANDER I l l
POAT l [ l

PCH

INPUT M

' I><PORT 20-23 DAM PORT cz:)m'no:. 1X

INPUT
DATA

I I

I l [

Ferve]
-

pp

|

PROG

L1
7

N
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CRYSTAL OSCILLATOR MODE

c1
7 2| xTALY
10 [
} 1-11
| MHz
P
] c2 Z3=I 3
= |
It | XTAL2
1A} 3
c3

C1 = 5pF  1/2pF + (STRAY < 5pF)
C2 = (CRYSTAL + STRAY) < 8pF
C3 = 20pF * 1pF - (STRAY < SpF)"

Crystal series resistance should be lessithan 30(} at 11 MHz;

less than 7541 at{6 MHz; less than 18011 at 3.6 MHz.

DRIVING FROM EXTERNAL SOURCE

+5V

TTL OPEN
COLLECTOR
GATES

For XTAL1and XTALZ2 define "hig!."as voliages ab~ve . 6V
and "low" as voltages below 1.6V. The duty cycle require-
ments for externally driving XTAL1 and XTALZ2 using the

" CERAMIC RESONATOR MODE

¢
I 21 xTALt
LY

1-11
MHz

C1=C2=33pF £ 5% ——J

17 ==

XTAL2

0L
(%1

XTAL1

XTAL2 - i

circuit shown above are as foilows: XTAL1 must be high 35-
65% of the period and XTAL2 must be high 36-65% of the
period. Rise and fall times must be faster than 20 nS.

PROGRAMMING, VERIFYING, AND
_ERASING THE 8749H (8748H) EPROM

Programming Verification

In brief, the programming process consists of: acti-
vating the program mode, applying an address,
latching the address, applying data, and applying a
programming pulse. Each word is programmed
completely berore moving on to the next and is
followed by a verification step. The following is a
list of the pins used for programming and a descrip-
tion of their functions:

Pin Function
XTAL 1 Clock Input (3 to 4.0 MHz)
XTAL 2 ’
Reset Initialization and Address Latching
Test 0 Selection of Program or Verity Mode
EA Activation of Program:Venly Modes
BUS Address and Data Input

Data Output During Verify

P20-P22 Address Input
Vop Programming Power Supply
PRCG Frograin Futse Input

WARNING:

An attempt to program a missocketed 8749H (B748H) will
resuit in severe darhage to the part. An indication of a
properly socketed partis the appearance of the ALE clock
output. The lack of this clock may be used to disable the
programmer. '

The Program/Venfy sequence is:

1. Vpp = 5V. Clock applied orinternal oscillator operat-
ing. RESET = 0V, TEST 0 = 5V, EA = 5V, BUS and
PROG fioating. P10 and P11 must be tied to ground.

. Insert 8749H {8748H) in programming socket.
. TEST 0 = 0V (select program mode)

. EA =18V (activate program mode)

. Address applied to BUS and P20-22

. RESET = 5V (latch address)

. Data applied to BUS

. Vpp = 21V (programming power)

. PROG = Vg or float followed by one 50ms pulse
1o 18V

. Vpp = SV
11. TEST 0 = 5V (venly mode)

O O ~NOWL s LN

12. Read and venly data on BUS

13. TESTO =0V :

14, RESET = OV and repeat from step 5

15. Programmer should be'at conditions of step 1 when

8749H (8748H) is removed from socket.
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A.C. TIMING SPECIFICATION FOR PROGRAMMING 8748H/8749H ONLY:

(Ta = 25°C + 5°C; Vo = 5V % 5%; Vpp = 21 £.5V)

Symbol Parameter Min Max Unit Test Conditions
AW Address Setup Time to RESET! acy

WA Address Hold Time After RESET! Moy

low Data in Setup Time to PROG! Atcy

twD Data in Hold Time After PROGI! dtcy

tPH RESET Hold Time to Verify atcy

'VODW Vpp Hold Time Before PROG! 0 1.0 ms
WYDDH Vpp Hold Time Atter PROG! 0 1.0 ms

tPw Program Pulse Width 50 60 ms

ttw Test 0 Setup Time for Program Mode ey

Wt Test 0 Hold Time After Program Mode dtoy

too Test 0 to Data Out Delay Atcy

tww RESET Pulse Width to Latch Address ey

. Y Vpp and PROG Rise and Fall Times 0.5 100 us

Icy CPU Operation Cycle Time 3.75 5 us

RE fESCT Satup Time before EA! atcy )

NOTE: If Test 01s high, tpg can be triggered by RESET!.

D.C. TIMING SPECIFICATION FOR PROGRAMMING 8748H/8749H ONLY:

(TA = 25°C +5°C: VoG = 5V £ 5%: Vpp = 21 £ .5V)

Symbol Parameter Min Max Unit Test Condilions
VDOOH Vpp Program Voltage High Level 20.5 215 \Y

Vbou Vpp Voltage Low Level 475 5.25 \'

VpH PROG Program Voltage High Level 17.5 18.5 v

VoL PROG Vollage Low Level 40 Vce \Y

VEAH £A Program or Verify Voltage High Level 17.5 18.5 v

Inp Vpp High Voltage Supply Current 20.0 mA

IPROG PROG High Voltage Supply Current 1.0 mA

lea EA High Voltage Supply Current 1.0 mA
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WAVEFORMS

COMBINATION PROGRAM/VERIFY MODE (EPROM’S ONLY)

Vean - tne ] <
A / .
- vece . .
' PROGRAM VERIFY i PROGRAM ——
Tw
VCC ———
T0 \ // \
viLe ww
vee — — .
RESET N\ ), . \ /
s AW f— WA v
s - 00—y

DBo-D8 ADOHESS DATA TO BE P _. _ _{NExT ADOR
0-087 {0-7) VALID Puocammso VALID, VALID
LAST NEXT
P20-P22  soomess X ADDRESS (8-10) VALID )(imm T o

tvoow VODH
1 -~ . -
Yo PwW wr—-!
Voo
Voou :
tow et b
VpH 5 '—.1 I‘ o
PROG D RERAY
"PL _-__—- e gty e il o —— . — — — e N om ot crst e e ot vt v S e G e e —— WD S e e S e o o
VERIFY MODE

TO AESET . ’
(1]
080-08 o ADDRESS DATA OU _ NEXT NEXT DATA
0-0B7 (0-7) VALID VALID ADDRESS  /\ OUT VALID
P20-P1 X ADORESS (8-9) VALID 4)( NEXT ADDRESS VALID
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ALE
(NOTE 1)

INITIAL EPROM DUMP CYCLE

SUGGESTED EPROM VERIFICATION ALGORITHM FOR HMOS-E DEVICE ONLY

SUBSEQUENT EPROM DUMP CYCLES

i (OUTPUT)

-12v

EA———-I

o8 l ADDRESS AOM DATA ADDRESS AOM |
DATA

(INPUT)

NOTE: ALE is function of X1, X2 inputs.

(INPUT) (OUTPUT) ., (INPUT) {OUTPUT}!
]
To, RESET _____-——-r
' 1 (INPUT) ]
- ) ¥
‘ X
20-P23 ___{ ADORESS i | ADDRESS lr
| {INPUT) '
]
Vi :Vpp * * SV
_48H | 4asH ce
A10 | 0 [ADDR o
- Vereev
Aan | o0 | o SSEL
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CHAPTER 3
‘MCS®-48 INSTRUCTION SET

3.0 INTRODUCTION

™ M(S“‘é instruction set is extensive for a machine
of s size and has been tailored to be straightforw_ard and

cfficient in its usc of program memory. All instruc-
ey are cither one or two bytes in length and over 80%
:(:”onh' one byte long. Also, all instructions execute in
exther one of two cycles and over 50% of all instructions
cxecute in 3 single cycle. Double cycle instructions in-
ctode all immediate instructions, and all VO instructions.

The MCS-48 microcomputers have been designed to han-
&) arithmetic operations efficiently in both binary and
BCD as well as handie the single-bit operations required
s control applications. Special instructions have also been

3.0.1 Data Transfers

As can be seen in Figure 14.1, the 8-bit accumulator is
the central point for all data transfers within the 8048.
Data can be transferred between the 8 registers of each
working register bank and the accumulator directly, i.c.,
the source or destination register is specified by the in-
struction. The remaining locations of the internal RAM
array are referred to as Data Memory and are addressed
indirectly via an address stored in either RO or R1 of the
active register bank. RO and R1 are also used to indirecly
address external data memory when it is present. Transfers
to and from internal RAM require one cycle, while trans-
fers to external RAM require two. Constants stored in
Program Memory can be loaded directly to the accumu-
lator and to the 8 working registers. Data can also be

mcluded to simplify loop counters, table look-up routines,

and N-way branch routines. transferred directly between the accumulator and the on-

PROGRAM DATA < 'r‘“
MEMORY " MEMORY
(¥DATA) MO
:> WORKING REG
ADD MOV MOV
MOV ADD ADD
MOVP ANL ANL
MOVP3 ORL ORL
ANL XRL XRL
MOvD ORL XCH XCH
ANLD XRL XCHD v
expanpER AL_ORLD | | MOVX EXTERNAL
0 PORTSS @) —v> ACCUMULATOR 505 () r'.‘.:onv
“r 7N PERIPHERALS
IN
MOV OUTL MOV
TIMER PROGRAM
COUNTER STATUS WORD
ANL v 8749H
ORL 8048AH
‘ ON CHIP VO 8049AH
: PORTS 12 BUS 8748H .
B035AHL® | *NO PROGRAM

MEMORY

@E’.@ﬂ@.‘i L aossmi_]

Figure 14-1. Data Transter Instructions
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board timer counter or the accumulator and the Program
Status word (PSW). Writing to the PSW alters machine
status accordingly and provides a means of restoring status

after an interrupt or of altering the stack pomter if

necessary.

3.0.2 Accumulator Cperations

Immediate data, data memory, or the working registers -

can be added with or without carry to the accumulator.
These sources can also be ANDed, ORed, or Exclusive
ORed to the accumulator. Data may be moved to or from
the accumulator and working registers or data memory.
The two values can also be exchanged in a single
operation.

In addition, the lower 4 bits of the accumuldtor can be
exchanged with the lower 4-bits of any of the internal
RAM locations. This instruction, along with an instruction
which swaps the upper and lower 4-bit halves of the ac-
cumulator, provides for easy handling of 4-bit quantities,
including BCD numbers. To facilitate BCD arithmetic, a
Decimal Adjust instruction is included. This instruction
is used to correct the resulit. of the binary addition of two
2-digit BCD numbers. Performing a decimal adjust on the
result in the accumulator produces the requxred BCD
result.

Finally, the accumulator can be incremented, decre-
mented, cleared, or complemented and can be rotated left
or right 1 bit at a time with or without carry.

Although there is no subtract instruction in the 8048AH,
this operation can be easily implemented with three single-
byte single-cycle instructions.

A value may be subtracted from the accumulator with the
result in the accumulator by:

® Complementing the accumulator
® Adding the value to the accumulator

® Complementing the accumulator ~
3.0.3 Register Operations

The working registers can be accessed via the accumulator
as explained above, or can be loaded immediate with
constants from program memory. In addition, they can be
incremented or decremented or used as loop counters using
the decrement and jump, if not zero instruction, as ex-
plained under branch instructions.. -

All Data Memory including working registers can be ac-
cessed with indirect instructions via RO and R1 and can
be incremented.

3.0.4 Flags

There are four user-accessible flags in the 8048 AH: Carry,
Auxiliary Carry, FO and F1. Carry indicates overflow of
the accumulator, and Auxiliary Carry is used to indiate
overflow between BCD digits and is used during decimal-
adjust operation. Both Carry and Auxiliary Carry are ac-
cessible as part of the program status word and are stored
on the stack during subroutines. FO and F1 are undedicated
general-purpose flags to be used as the programmer de-
sires. Both flags can be cleared or complemented and

tested by conditional jump instructions. FO is also acces-

sible via the Program Status word and is stored on the
stack with the carry flags.

3.0.5 Branch lnstructlons

The unconditional jump instruction is two bytes and allows
jumps anywhere in the first 2K words of program memory.
Jumps to the second 2K of memory (4K words are directly
addressable) are made first by executing a select memory
bank instruction, then executing the jump instruction. The
2K boundary can only be crossed via a jump or subroutine

.call instruction, i.e., the bank switch does not occur until

a jump is executed. Once a memory bank has been selected
all subsequent jumps will be to the selected bank until
another select memory bank instruction is executed. A
subroutine in the opposite bank can be accessed by a select
memory bank instruction followed by a call instruction.
Upon completion of the subroutine, execution will auto-
matically return to the original bank; however, unless the

~original bank is reselected, the next jump instruction en-

countered will agam transfer execution to the opposite
bank.

Conditional jumps can test the following mputs and ma-
chine status:

® TO Input Pin
© T1 Input Pin
® INT Input Pin
® Accumulator Zero
® Any bit of Accumulator
L4 Ca.rr)" Fiag -
- ® FO Flag
® Fl Flag

Conditional jumps allow a branch to any address withia
the current page (256 words) of execution. The conditions
tested are the instantaneous values at the time the cof-
ditional jump is executed. For instance, the jump on &~
cumulator zero instruction tests the accumnulator itself, 0ot
an intermediate zero flag.
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Thc‘ decrement register and jump if not zero instruction
combines a decrement and a branch instruction to create
an instruction very useful in implementing a loop counter.
This instruction can designate any one of the 8 working
registers as a counter and can effect a branch to any address
within the current-page of execution.

A single-byte indirect jump instruction allows the program
to be vectored to any one of several different locations
based on the contents of the accumulator. The contents
of the accumulator points to a location in program memory
which contains the jump address. The 8-bit jump address
refers to the current page of execution. This instruction
could be used, for instance, to vector to any one of several
routines based on an ASCII character which has been
loaded in the accumulator. In this way ASCII key inputs
can be used to initiate various routines.

3.0.6 Subroutines

Subroutines are entered by executing ‘a call instruction.
Calls can be made like unconditional jumps to any address
in 2 2K word bank, and jumps across the 2K boundary
are executed in the same manner. Two separate return
instructions determine whether or not status (upper 4-bits
of PSW) is restored upon return from the subroutine.

The return and restore status instruction also signals the
end of an interrupt service routine if one has been in

progress. _
3.0.7 Timer Insfructions

The 8-bit on board timer/counter can be loaded or read -

-via the accumulator while the counter is stopped or while
counting. The counter can be started as a timer with an
internal clock source or an event counter or timer with an
external clock applied to the T1 input pin. The instruction
executed determines which clock source is used. A single
instruction stops the counter whether it is operating with
an internal or an external clock source. In addition, two
instructions allow the timer interrupt to be enabled or
disabled.

3.0.8 Control Instructions

Two instructions allow the external interrupt source to be
enabled or disabled. Interrupts are initially disabled and
are automatically disabled while an interrupt service rou-
tines is in progress and re-enabled afterward.

There are four memory bank select instructions, two to
designate the active working register bank and two to
control program memory banks. The operation of the pro-
gram memory bank switch is explained in section 13.1.2.

The working register bank switch instructions allow the

programmer to immediately substitute a second 8-register
working register bank for the one in use. This effectively
provides 16 working registers or it can be used as 2 means
of quickly saving the contents of the registers in response
to an interrupt. The user has the option to switch or not
to switch banks on interrupt. However, if the banks are
switched, the original bank will be automatically restored
upon execution of a return and restore status instruction
at the end of the interrupt service routine.

A special instruction enables an internal clock, which is
the XTAL frequency divided by three to be output on pin
TO. This clock can be used as a general-purpose clock in
the user’s system. This instruction should be used only to
initialize the system since the clock output can be disabled
only by application of system reset.

- 3.0.9 Input/Output Iﬁstructions

Ports 1 and 2 are 8-bit static I/O ports which ¢an be loaded
to and from the accumulator. Outputs are statically latched
but inputs are not latched and must be read while inputs
are present. In addition, immediate data from program
memory can be ANDed or ORed directly to Port 1 and
Port 2 with the result remaining on the port. This allows
‘‘masks’’ stored in program memory to selectively set or
reset individual bits of the I/O ports. Ports 1 and 2 are
configured to allow input on a given pin by first writing
a ‘1"’ out to the pin.

An 8-bit port called BUS can also be accessed via the
accumulator and can have statically latched outputs as
well. It too can have immediate data ANDed or ORed
directly to its outputs, however, unlike ports 1 and 2, all
eight lines of BUS must be treated as either input or output
at any one time. In addition to being a static port, BUS
can be used as a true synchronous bi-directional port using
the Move External instructions used to access external
data memory. When these instructions are executed, a
corresponding READ or WRITE pulse is generated and
data is valid only at that time. When data is not being
transferred, BUS is in a high impedance state. Note that
the OUTL, ANL, and the ORL instructions for the BUS
are for use with internal program memory only.

The basic three on-board I/O ports can be expanded via
a 4-bit expander bus using half of port 2. /O expander
devices on this bus consist of four 4-bit ports which are
addressed as ports'4 through 7. These ports have their
own AND and OR instructions like the on-board ports as
well as move instructions to transfer data in or out. The
expander AND and OR instructions, however, combine
the contents of accumulator with the selected port rather
than immediate data as is done with the on-board ports.
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I/O devices can also be added externally using the BUS
port as the expansion bus. In this case the /O ports become
"**‘memory mapped’’, i.e., they are addressed in the same
way as external data memory and exist in the external
data memory address space addressed by pointer register
RO or R1. .

3.1 INSTRUC,TION SET DESCRIPTION

The following pages describe the MCS®-48 instruction set
in detail. The instruction set is first summarized with in-
structions grouped functionally. This summary page is
followed by a detailed description listed alphabetically by
mnemonic opcode. ‘ _

The alphabetical listing includes the following
information.

® Mnemonic

® Machine Code

® Verbal Description

® Symbolic Description

o Assembly Language Example

The machine tode is represented with the most significant
bit (7) to the left and two byte instructions are represented
with the first byte on the left. The assembly language
examples are formulated as follows:
/

Arbitrary '

Label: Mnemonic, Operand;

Descriptive Comment
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Symbols and Abbreviations Used

A Accumulator
AC Auxiliary Carry
addr 12-Bit Program Memory Address
Bb Bit Designator (b = 0-7)
BS Bank Switch
BUS BUS Port
C Carry
CLK Clock
CNT Event Counter
CRR Gonversion Result Reglster
D " Mnemonic for 4-Bit Digit (Nibble)
data - 8-Bit Number or Expression

DBF Memory Bank Flip-Flop
FO, F1 Flag 0, Flag 1 -

] Interrupt

P Mnemonic for “in- page Operatlon
PC - Program Counter

Pp Port Designator (p = 1, 2 or 4-7)

PSW Program Status Word

Ri Data memory Pointer (i =0, or 1)

Rr Register Designator (r = 0- 7)

SP . Stack Pointer

T Timer

TF Timer Flag

TO, T1 Test 0, Test 1 _

X . Mnemonic for External RAM

# Immediate Data Prefix

@ - . Indirect Address Prefix

$ _Current Value of Program Counter
(X) Contents of X .
((X)) Contents of Location Addressed by X
-— Is Replaced by .

Mnemonics copyright Intel Corporation 1983.
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ADD A,R, Add Register Contents to Accumulator

Encoding: [0 110/ 1rrr| - 68H-6FH
Description: The contents of reg>ister ‘r' are added to the accumulator. Carry is

affected.
Operation: (A) — (A) + (Rr) r=0-7 .
Example: ACDREG: ADD A,R6 \ ;ADD REG 6 CONTENTS

JTOACC

ADD A,@R, Add Data Memory Conténis to Accumulator

Encoding; [0110/000i | 60H-61H -

Description: The contents of the resident data memory location addressed by register ‘i’ bits
.0-5"" are added to the accumulator. Carry is affected.

Operation: . (A) — (A) + ((Ri)) | A i =0-1
Example: ‘ADDM: MOV RO, #01FH :MOVE ‘1F' HEX TO REG 0
: ADD A, @RO - :ADD VALUE OF LOCATION
:31 TO ACC

~ ADD A j#data Add Immediate Data to Accumulator

Encoding: [0 000/00 11 d; dg dg dg [dg dy dy dg|  O03H

Description: This is a 2-cycle instruction. The specified data is added to the accumulator.
Carry is affected. ¢ -

Operation: (A) «— (A) + data

Example: ADDID: ADD A,#ADDER: :ADD VALUE OF SYMBOL
: ' ' ’ ;ADDER"TO ACC

ADDC AR, Add Carr'y and Register Contents to Accumulator

Encoding: Fo 111)1rr r] 78H-7FH .

Description: The content of the.carry bit is added to accumulator location 0 and the carry
bit cleared. The contents of register ‘r’ are then added to the accumulator.
Carry is affected. .
Operation: (A) «—— (A) + (Rr) + (C) - r=0-7 -

Example: ADDRGC: ADDC A,R4 ;ADD CARRY AND REG 4
;CONTENTS TO ACC

** 0-5 in BO48AH/8748H
0-6 in B049AH/8749H
. 0-7 in 8050AH
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ADDC A,@R;

Add Carry and Data Memory Contents to Accumulator

et

Encoding:
Description:

Operation:
Example:

0111{000 70H-71H

The content of the carry bit is added-to accumulator location 0 and the carry bit
cleared. Then the contents-of the resident data memory location addressed by
register ‘i’ bits. 0-5"* are added to the accumuiator. Carry is affected.

i =0-1
:MOVE '40' DEC TO REG 1

;ADD CARRY AND LOCATION 4(5
:CONTENTS TO ACC

(A) — (A) + ((Ri)) +(C)

ADDMC: MOV R1,#40
ADDC A,@R1

ADDC A,@data Add Carry and Immediate Data to Accumulator

Encoding:

Description:

Operation:

Exampie:

0001{0011 d7d6d5.d4 d3 do dq dg 13H
‘This is a 2-cycle instruction. The content of the carry bit is added to

accumulator location 0 and the carry bit cleared. Then the specified data is
added to the accumulator. Carry is affected. : :

(A) — (A) + data + (C)
ADDC A #225

;ADD CARRY AND ‘225’ DEC
:TO ACC

ANL AR, Logical AND Accumulator with Register Mask

Encoding: |01 01j{1err 58H-5FH

Description: Data in the accumulator is logically ANDed with the mask contained in
working register ‘r'.
Operation: (A) «— (A) AND (Rr) r=0-7
Exampie: ANDREG: ANL AR3 . VAND'ACC CONTENTS WITH MASK
JINREG 3

ANL A,@R; Logical AND Accumuiator with memory Mask

Encoding: (0101|000 i 50H-51H

Description:

Operation:
Exampie:

** 0-5 in 8048AH/8748H

Data in the accumulator is logically ANDed with the mask contained in the
data memory-location referenced by register ‘i’ bits 0-5° B

(A) — (A) AND ((Ri)) i =0-1
ANDDM: MOV RO,#03FH ;MOVE ‘3F' HEX TO REG 0

ANL A, @RO AND’ ACC CONTENTS WITH.
' :MASK IN LOCATION 63

06 1n BO49AH/B749H
0-7 in BOSOAH



MCS®-48 INSTRUCTION SET

ANL A,#data Logical ANQ Accumulator with immediate Mask

Encoding: [0 101[001 1| [dy dg dg d4 | dg do dy. dg 53H

Description: This is a 2-cycle instruction. Data in the accumulator is logically ANDed
with an immediately-specified mask.

Cperation: - (A) — (A) AND data
Examples: AN DID: ANL A,#0AFH

ANL A #3 + X/Y

'AND' ACC CONTENTS
iWITH MASK 10101111
'AND*ACC CONTENTS
\WITH VALUE OF EXP
73+ XYY

ANL BUS,#data* Logical AND BUS with Immediate Mask

Encoding: [1001[1000]| [dy dg d5 dg [d3 dg dy dg 98H

Description: This is a 2-cycle instruction. Data on the BUS port is logically ANDed
" with an immediately-specified mask. This instruction assumes prior
specification of an ‘OUTL BUS, A' instruction.

" Operation: (BUS) «— (BUS) AND data

Exampie: ANDBUS: ANL BUS,#MASK

“AND’ BUS CONTENTS
WITH MASK EQUAL VALUE
;OF SYMBOL ‘MASK'’

ANL Pp,#data Loéical AND Port 1-2 with Immediate Mask

Encodlng'[1001]10pp] d7 dg dg d4 | dg dy dy dg| . 99H-9AH

Description: Thisisa 2-cycle instruction. Data on port p' is logically ANDed with an

lmmedxately-specmed mask.

Operation: (Pp) «— (Pp) AND DATA
Example: ANDP2: ANL P2,#0F0H

* For use with internal program memory ONLY.

p=1-2

“AND’' PORT 2 CONTENTS
‘WITH MASK ‘FO' HEX
:(CLEAR P20-23)
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ANLD Pp,A Logical AND Port 4-7 with Accumulator Mask -

Encoding: (100 1|1 1pop 9CH-9FH

Description: This is a 2-cycle instruction. Data on pori ‘p' is logically ANDed with the
digit mask contained in accumulator bits 0-3. .

Operation: (Pp) «— (Pp) AND (A0-3) p=4-7
Note: The mapping of port ‘p’ to opcode bits 0-1 is as follows:
1__0_ Port Co

00 4
01t 5§
10 6
10.-0¢

Example: ANDP4: ANLD P4,A AND’ PORT 4 CONTENTS
: sWITH.ACC BITS 0-3

CALL address Subroutine Call

Encoding: |ajgagag 1|0100 |ay ag ag a4 | az ax aq ag
Page Hex Op Code

0 14
34 . . 4
54 - ” /
74
94
B4
D4
F4

Description: This is a 2-cycle instruction. The program counter and PSW bits 4-7 are
saved in the stack. The stack pointer (PSW bits 0-2) is updated. Program’
control is then passed to the location specified by ‘address’. PC bit 11 is
determined by the most recent SEL MB instruction.

A CALL cannot begin in locations 2046-2047 or 4094-4095. Execution
continues at the instruction following the CALL upon return from the
subroutine.

Operation: ((SP)) «— (PC), (PSW4_7)
(SP) +— (SP) + 1
(PCS_10) -— (addrs_-l 0)
(pCO_7) -— (addl’o_7)
(PC44) «— DBF

~NO A WN
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/

Example: Add three groups of two numbers. Put subtotals in locations 50, 51 and
total in location 52. . '

MOV R0,#50- 'MOVE '50' DEC TO ADDRESS

. -;REG 0
BEGADD: MOV AR1 ' ;MOVE CONTENTS OF REG 1
;TO ACC :
ADD A,R2 . - ;ADDREG 2TO ACC
CALL SUBTOT ;CALL SUBROUTINE ‘SUBTOT'
ADDC AR3 ;ADD REG 3TO ACC
ADDC A,R4 ;ADDREG 4 TO ACC ,
CALL SUBTOT ;CALL SUBROUTINE 'SUBTOT’
B ADDC AR5 ;ADD REG 5 TO ACC
ADDC-AR6 . ;ADD REG6 TOACC
CALL SUBTOT :CALL SUBROUTINE ‘SUBTOT’
SUBTOT: MOV @RO,A " ;MOVE CONTENTS OF ACC TO
: ' ;LOCATION ADDRESSED BY
:REG O
INC RO :INCREMENT REG 0

RET ;RETURN TO MAIN PROGRAM

‘CLR A Clear Aci:umulator

Encoding: (001 0[01 1 1 27H
Descrlpﬂ?n:_ The contents of the accumulator are cleared to zero.

Operatlon:-' A— 0-

CLR C Clear Carry Bit

Encoding: [1 00 1]0 1 1 1 97H

Description: During normal program execution, the carry bit can be set to one by the
ADD, ADDC, RLC, CPL C, RRC, and DAA insructions. This instruction
resets the carry bit to zero.

Operation: C+— 0 -

CLRF1 Clear Flag 1

Encoding:- [1010[{0101]  AsH
Description: Flag 1 is cleared to zero.
Operation: (F1) — 0
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CLR FO Clear Flag 0

Encoding: (1000010 1 85H
pescription: Flag 0 is cleared to zero.
Operation: (F0) «— 0

cPL A Complement Accumulator

Encoding: |0 0110111 37H

Description: The contents of the accumulator are compliemented. This is strictly a one's
complement. Each one is changed to zero and vice-versa.

Operation: (A) «— NOT (A) \
Example: Assume accumulator contains 01101010.

CPLA: CPLA ' ;ACC CONTENTS ARE COMPLE-
‘ ;MENTED TO 10010101 .

CPL C Complement Carry Bit

Encoding: [1010[/0111]  A7H

Description: The setting of the carry bit is complemented; one is changed.to zero, and
- zero is changed to one.

Operation: (C) «— NOT (C) \

Example: Set C to one; current setting is unknown.
CTO1: CLRC ;CIS CLEARED TO ZERO
cpLC :CISSET TO ONE

CPLF0 Complement Flag 0

Encoding: [1001/0101]  95H
Descrlption The setting of flag 0 is complemented; one is changed to zero, and zero is
changed to one.

Operation: FO «— NOT (FO)

CPLF1 Complement Flag 1

Encoding: ({1 011|010 1 BSH

Description: The setting of flag 1 is complemented; one is changed to zero, and zero is
changed to one.

Operation: (F1) — NOT (F1)
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DA A Decimal Adjust Accumulator

Encoding: (0101|0111 - 57TH

Description: The 8-bit accumulator value is adjusted to form two 4-bit Binary Coded
Decimal (BCD) digits following the binary addition of BCD numbers.
The carry bit C is affected. If the contents of bits 0-3-are greater than nine,
or if AC is one, the accumulator is incremented by six.

The four high-order bits are then checked. If bits 4-7 exceed nine, or if
C is one, these bits are increased by six. If an overflow occurs, C‘is set

to one. ~~
Example: Assume accumulator contains 10011011.
DA A ' ;ACC Adjusted to 00000001 - -

WITH C SET
C AC '

8\ 0
WA _

0110 ADD SIX 7O BITS 0-7
0001 ‘ :

27 5 ADD SIXTO BITS 4-7
0001 - . OVERFLOWTOC

DECA -Decre.ment Accumulator

a

. Encoding: {0000[0111]|  07H

Description: The contents of the actumulator are decremented by one. The carry flag
is not affected.

Operation: (A) — (A) -1
Example: Decrement contents of external data memory location 63.

MOV RO,#3FH - . : ‘MOVE ‘3F' HEX TO REG 0
MOVX A, @R0O i ‘MOVE CONTENTS OF
4 ;LOCATION 63 TO ACC
DECA . ' :DECREMENT ACC
MOVX @R0,A 'MOVE CONTENTS OF ACC TO
' " ;LOCATION 63 IN EXPANDED -
;MEMORY

DEC Rr 'Decrement Register

Encoding: {11001 rrr| C8H-CFH
Description: The contents of working regisfer ‘r' are decremented by one.
- Operation: (Rr) — (Rr) -1 r=0-7

Example: DECR1: DEC R1 ;DECREMENT CONTENTS OF REG 1
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piS | External Interrupt

Encoding: | 0001|010 1 15H _
Description: External interrupts are disabled. A low signal on the interrupt input pin has
no effect.

DIS TCNTI Disable Timer/Counter Interrupt

Encoding: |00 11]0101 35H

Description: Tlmer/counter interrupts are disabled. Any pending timer interrupt request
is cleared. The interrupt sequence is not initiated by an overflow, but the -
timer flag is set and time accumulation contmues

' . -

DJNZ R, address Decrement ﬁeglster and Test

Encoding: (1110 [1rrr| ay g a5 a4 | ag ap aq ag E8H-EFH

Description: This is a 2-cycle instruction. Register ‘r' is decremented, then'testeg for
zero. If the register contains all zeros, program contro| falls through to the
next instruction. If the register contents are not zero, control jumps to the -
specified ‘address’.

. The address‘in this case must evaluate to 8-bits, that is, the j jump must be
to a location within the current 256-location page.

Example: (Rr) — (Rr) -1 - r=0-7
" IfRrnot 0 '
(PCp-7) «— addr
Note: A 12-bit address specification does not cause an error if the |
DJNZ instruction and the jump target are on the same page. If the DIJNZ
instruction begins in location 255 of a page, it must jump to a target
address on the followmg page.

Eximple: Increment values in data memory locations 50-54.

MOV RO0,#50 . ;sMOVE ‘50' DEC TO ADDRESS
JREG O
MOV R3,#5 .- ‘ :MOVE 5’ DEC TO COUNTER
'REG 3
INCRT: INC @RO ;INCREMENT CONTENTS OF
;LOCATION ADDRESSED BY
‘REG O
INC RO ;INCREMENT ADDRESS IN REG 0
DJNZ RS, INCRT ;DECREMENT REG 3 — JUMP TO
o YINCRT' IF REG 3 NONZERO
NEXT — VNEXT' ROUTINE EXECUTED

AF RS IS ZERO
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EN1 Enable External Interrupt

Encoding: (00000101 05H

Description: External interrupts are enabled. A low signal on the interrupt input pin
initiates the interrupt sequence.

EN TCNT! Enable Timer/Counter Interrupt

Encoding: (00100101 25H

Description Tlmer/counter interrupts are enabled An overflow of the tumer/counter
initiates the interrupt sequence.

ENTO CLK ' Enable Clock Output

Encoding: (01 11[{0101 75H

Desérlptlon: The test 0 pin is enabled to act as the clock output. This function is
disabled by a system.reset.

Example: EMTSTO: ENTO CLK .;ENABLE TO AS CLOCK OUTPUT

2
-

IN A,Pp Input Port or Data to Accumulator

Encoding: (0000 |1 Opp 09H-0AH

Descriptlon This is a 2-cycle instruction. Data present on port ‘p’ |s
transferred (read) to the accumulator.

Operation: (A) — (Pp) ’ p=1-2

INP12: IN A,P1 INPUT PORT 1.CONTENTS TO ACC
MOV R6.A 'MOVE ACC CONTENTS TO REG 6
INAP2 ;JINPUT PORT 2 CONTENTS TO ACC
MOV R7,A iMOVE ACC CONTENTS TO REG 7

INC A Increment Actumulator

Encoding: (0001(0111 "17H
Description: The contents of the accumulator are incremented by one. Carry is not
affected.

Operation: (A) — (A) +1
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Example: Increment contents of. location 100 in external data memory.

INCA: MOV RO0,#100 MOVE ‘100’ DEC TO ADDRESS REG 0
MOVX A,@R0 . :MOVE CONTENTS OF LOCATION
. 100 TOACC '
INC A :INCREMENT A
MOVX @R0,A - ;MOVE ACC CONTENTS TO

;LOCATION 101

INC R, Increment Register

Encoding: (000 1|1 rrr 18H-1FH

Description: The contents of working register 'r’ are incremented by one.
Operation: (Rr) «— (Rr) +1 T or=0-7 .
Example: INCRO: INC RO ;INCREMENT CONTENTS OF REG 0

INC @R, Increment Data Memory Location

_ Encoding: [0001[/000i]  10H-11H

Description: The contents of the resident data memory location addressed by register i’ bits
0-5°* are incremented by one. .

Operation: ((Ri)) «— ((Ri)) +1 i = 0-1 4 .
Example: INCDM: MOV R1,#03FH ;MOVE ONES TO REG 1 '
- INC @R1 ;INCREMENT LOCATION 63

INS A,BUS* Strobed Input of BUS Data to Accumulator

Encoding: ld 000/1000] 08H

Description: This is a 2-cycle instruction. Data present on the BUS port is transferred
(read) to the accumulator when the RD pulse is dropped. (Refer to section
on programming memory expansion for details.) .

Operation: (A) — (BUS) .
Example: INPBUS: INS ABUS . /INPUT BUS CONTENTS TO ACC

* For use with internal program memory ONLY.
* 0-5 in 8048AH/8748H
06 in 8049AH/8749H
0-7 in BOSOAH o
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JBb address Jump If Accumulator Bit Is Set

Encoding:

Description:

b2 b1.b0 1

0010

a7 ag 35'84

83 82 a1 ao

Accumulator Bit

Hex Op Code

~NO O SO =

0

12
32
52
72
92
B2
D2
F2

Thié is a 2-cycle instruction. Control passes to the specified address if
accumulator bit ‘b’ is set to one.

Example:

JFOIS1: JFOTOTAL

Operation: b= d-7
(PCq- ) «— addr If Bb =1
(PC) = (PC) +2 1fBb=0
Example JB4IS1: JB4 NEXT ;JUMP TO ‘NEXT' ROUTINE
: JFACCBIT4=1
JC address Jump If Carry Is Set
Encoding: |1 11110110 ay ag ag a4 a3z as a4 ag F6H
Description: This is a 2-cycle lnstructlon Control passes to the specmed address if the
carry bit is set to one. .
-Operatlon: (PCq_7) «— addr ¥C=1
(PC)=(PC)+2 fC=0
Example: JC1: JC OVFLOW WJUMP TO 'OVFLOW' ROUTINE
JFC=1
JF0 address Jump it Flag Ols Set
Encoding: [1 01101 10| [a7 ag a5 a4 [ag ap ag ag B6H
Description: This is a 2-cycle instruction. Control passes to the specified4address if
' flag O is set to one.
Operation: (PCq_7) «— addr IfFO=1
(PC) =(PC) +2 IfFO=0

-JUMP TO ‘TOTAL’ ROUTINE IF FO = 1
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JF1 address

Jump If Flag 11s Set

Encoding:
Description:

0111({0110 a7 ag ag a4 | az ap aq ay 76H

This is a 2-cycle instruction. Control passes to the specified address if
flag 1 is set to.one.

Operation: (PCq_7) ~— addr - IfF1=1
(PC)=(PC +2) ' : IfF1=0
Example: JF11S1: JF1 FILBUF 7JUMP TO ‘FILBUF'
) : ;ROUTINE IF F1 =1
JMP address Direct Jump within 2K Block
Encoding: (219 ag ag 0| 0100| - |ay ag a5 a4| az ap aq ag
Page HexOp Code
PV IN AR
1 24
! 2 44 - .
3 64
4 84
5 A4
6 C4
Ao E4
Description: This is a 2-cycle instruction. Bits 0-10 of the program counter are replaced
with the directly-specified address. The setting of PC bit 11 is
. determined by the most recent SELECT MB instruction.
Operation: (PCg_q0) «— addr 8-10
(PCq.7) «—— addr 0-7
' (PCq4) ~— DBF :
Example: ‘JMP SUBTOT 7JUMP TO SUBROUTINE ‘SUBTOT'
JMP $-6 WJUMP TO INSTRUCTION SIX
;LOCATIONS BEFORE CURRENT
' ;LOCATION
JMP 2FH +JUMP TO ADDRESS ‘2F' HEX

JMPP @A Indirect Jump within Page .

Encoding: (1011{0011] PB3H
Description: This is a 2-cycie insruction. The contents of the program memory location

pointed to by the accumulator are substituted for the ‘page’ portion of the
program counter (PC bits 0-7). i
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Operagioﬁ: (PCo-7) — ((A)

Example: Assume accumulator contains OFH.
JMPPAG: JMPP @A . WUMP TO ADDRESS STORED IN
: ;LOCATION 15 IN CURRENT PAGE

JNC address 'Jump If Carry Is Not Set

Encoding: {1110(0110 ay ag as a4 | ag ap a4 ag E6H

Description: This is a 2-cycle instruction. Contro! passes to the specmed address if
the carry bit is not set, that is, equals zero.

Operation: (PCq_7) «— addr ifC=0
' (PC)= (PC)+2 fC=1
Example: JCO: JNC NOVFLO WJUMP TO 'NOVFLO’ ROUTINE
) X, FC=0

¢ . . i :
JN! address . Jump If Interrupt Input Is Low

.. Encoding: (1000{01 10 ay ag ag a4 | a3 ap a4 ag 86H

Description: This is a 2-cycle instruction. Control passes to the specified address if the
interrupt input signal is low (= 0), that is, an external interrupt has been
signaled. (This signal initiates an interrupt service sequence if the external
interrupt is enabled.) .

Operation: (PCq_7) «—— addr : 1f I =0
(PC) = (PC) +2 =" :
Example: LOC 3: JNI EXTINT - JUMP TO EXTlNT' ROUTINE
' ' ' dAF1=0

~

. JNTO address Jump If Test 0 is Low

Encoding 0010|0110 | |ay ag a5 as | ag ap aq ag 26H

Description: This is a 2-cycle instruction. Control passes to the specified address, if the
test 0 signal is low.

Operation: (PCq_7) «— addr 1fT0=0
(PC)=(PC) +2 fT0=1
Example: JTOLOW: JNTO 60 o WJUMP TO LOCATION 60 DEC

JFTO=0
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JNT1 address Jump If Test 1 Is Low
N .

Encoding:

Description:

Operation:

JNZ Address

10100

0110

|a7. ag ag a4’

83 82 a4 ao

- 46H

This is a 2-cycle instruction. Control passes to the specified address, if
the test 1 signal is low. .
(PCq-7) «— addr IfT1=0
(PC) = (PC) +2 IfT1=1

Jump If Accumulator Is Not Zero’

———

Encoding: {(1001(0110 ay ag ag a4 |ag ap aq a 96H .
Description: This is a 2-cycle instruction. Control passes to the specified address if the
accumulator contents are nonzero at the time this instruction is executed.
Operation: (PCg_7) «— addr CIfA#0
(PC)=(PC) +2 _ IfA=0
Example: JACCNO: JNZ OABH JUMP TO LOCATION '‘AB' HEX
) ;IF ACC VALUE IS NONZERO
JTF sddress Jump If Timer Flag Is Set

iEncoding:
Description:

[0oo01[0110] a7 ag a5 a4 | a3 ap ay ap| 16H
This is a 2-cycle instruction. Control passes to the specified address if the

timer flag is set to one, that is, the timer/counter register has overfiowed.
Testing the timer flag resets it to zero. (This overflow initiates an interrupt

service sequence if the timer-overflow interruptis enabled.) -

Operation: (PCq_7) «— addr =liPE S
(PC)=(PC) +2 fTF=0
Example: JTF1: JTF TIMER WUMP TO ‘TIMER' ROUTINE .
' JAFTF =1
JT70 address Jump If Test 0 Is High .
Encoding: |0011{0110 ay ag ag a4 | ag ap aq ag 36H 4
Description: This is a 2-cycle instruction. Control passes to the specified address if
the test O signal is high (= 1).
Operation: (PCg_7) «— addr 1fT0=1
(PC)=(PC)+2 1fT0O=0
Example: JTOHI: JTO 53 7JUMP TO LOCATION 53 DEC

JIF 7O = 1
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JT1 address Jump if Test 1 Is High

Encoding: [0 101]0 110 a7 @g a5 a4 | a3 ag aq Qg S6H

‘Description: This is a 2-cycle instruction. Control passes to the specified address if the
" test 1signal is-high (= 1). :

Operation: (PCq_7) «— addr fT1=1 )
(PC) = (PC) +2 fT1=0 -
Example: JT1HI: JT1 COUNT WJUMP TO ‘COUNT’ ROUTINE
i dFT1=1 ‘

JZ address Jump If Accumulator Is Zero

Encoding: |1 100[{0110 a7 ag ag a4 |ag as aq ag Cé6H

' Description: This is a 2-cycle instruction. Control passes to the specified address if
the accumulator contains all zeros at the time this instruction is executed.

Operation: (PCq_7) «— addr - IfA=0
(PC) = (PC) +2 If A1
Example: JACCO: JZ 0A3H - : +JUMP TO LOCATION ‘A3’ HEX

IF ACC VALUE IS ZERO

MOV A #data Move Immediate Data to Accumulator

Encoding: ([0 010,00 11 a7 ag ag a4 | ag ap aq ag 23H

Description: This is a 2-cycle instruction. The 8-bit value specified by ‘data’ is loaded
in the accumulator. ‘ \ .

AN

Operation: (Aj «— data i
Example: MOV A #0A3H ;MOVE ‘A3' HEX TO ACC

MOV A,PSW Move PSW Contents to Accumulator

Encoding: [1100[/0111] C7H .
bescription: The contents of the program status word are moved to the accumulator.
Operation: (A) — (PSW)

Example: Jump to 'RB1SET routine if PSW bank switch, bit 4, is set.
BSCHK: MOV A PSW 'MOVE PSW CONTENTS TO ACC
JB4 RB1SET WUMP TO ‘RB1SET' IF ACC BIT 4 =1
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MOV A,R, Move Register Contents to Accumulator

Encodlf;gi
Description:
Operation:

Example:

1111{1rrr F8H-FFH
8-bits of data are removed from working register ‘r’ into the accumulator.
(A) = (Rr) ‘ r=0-7

MAR: MOV A ,R3 . +MOVE CONTENTS OF REG 3 TO ACC

MOV A@R; Move Data Memory Contents to Accumulator

Encoding
Description:

Operation:
Example:

1111/000 FOH-F1H

The contents of the resident data memory location addressed by bits 0—5** of
register I' are moved to the accumulator. Register ‘i' contents are unaffected.

(A) — ((Ri)) i=0-1
Assume R1 contains 00110110.

MADM: MOV A,@R1 ;MOVE CONTENTS OF DATA MEM
;LOCATION 54 TO ACC: .

MOV A,T Move Timer/Counter Contents to Accumulator

Enco&ing:
Description:

0100]0010 42H

The contents of the timer/event-counter register are moved to the
accumulator.

Operation: (A) «— (T) ' '
Example: Jump to “EXIT” routine when timer reaches ‘64', that is, when bit 6 set—
assuming initialization 64, :
TIMCHK: MOV AT ‘MOVE TIMER CONTENTS TO ACC.
JB6 EXIT WUMP TO 'EXIT' IF ACCBIT6 =1
MOV PSW,A Move Accumulator Lontents to PSW
Encoding: [1101/0111]|  D7H _
Description: The contents of the accumulator are moved into the progam status word.
All condition bits and the stack pointer are atfected by this move.
Operation: (PSW) «— (A)’
Example: Move up stack pointer by two memory locations, that is, increment the

pointer by one.

INCPTR: MOV A,PSW ;MOVE PSW CONTENTS TO ACC
INCA ;INCREMENT ACC BY ONE
MOV PSW.A 'MOVE ACC CONTENTS TO PSW

™ 0-5 in BO48AH/B748H
0-6 in BO49AH/8749H
0-7 in BOS0AH
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- MOV R,,A Move Accumulator Contents to Register -

Encoding:
Description:
Operation:
Example:

[1010|1rrr|  A8H-AFH ‘

The contents of the accumulator are moved to register ‘r’.

(Rr) «— (A) r=0-7 4
MRA: MOV RO,A ;MOVE CONTENTS OF ACC TO REG 0

MOV R,,#data Move Immediate Data to Register

Encoding: (1011|1574 19 A d7 dg dg dgq | d3 dp dq dg B8H-BFH
Description: This is a 2-cycle instruction. The 8-bit value specified by ‘data’ is moved to
register ‘r'.
Operation: (Rr) «— data r=0-7 .
Examples: MIR4: MOV R4,#HEXTEN ;THE VALUE OF THE SYMBOL
: YHEXTEN' IS MOVED INTO REG 4
MIR 5: MOV R5,#PI"(R*R) ;THE VALUE OF THE EXPRESSION
- /PI"(R*R)’ IS MOVED INTO REG 5
MIR 6:.MOV R6, #0ADH AD' HEX IS MOVED'INTO REG 6
MOV @ R;,A Move Accumulator Contenté to Data Memory
Encoding: (1 010[{00 0 AOH-A1H

Description:

Operation:

- Example:

The contents of the accumulator are moved to the resident data memory
location whose address is specified by bits 0-5* of register ‘i'. Register ‘i’
contents are unaffected.

((Ri)) «— (A)

Assume RO contains 00000111,
MDMA: MOV @RO0,A

.i=0-1

'MOVE CONTENTS OF ACC TO
;LOCATION 7 (REG 7)

N_IOV @ Rj,#data - Move Immediate Data to Data memory

Encoding:
Description:

Operation:
Examples:

1011(000i d7 dg d5 d4 | d3 dp dq dg BOH-B1H

This is a 2-cycle instruction. The 8-bit value specified by ‘data’ is moved
to the resident data memory location addressed by register ‘', bits 0-5**

((Ri)) «— data i=0-1

Move the hexadecimal value AC3F to locations 62-63.

MIDM: MOV R0,#62 :MOVE ‘62' DEC TO ADDR REG 0
MOV @RO,#0ACH :MOVE ‘AC' HEX TO LOCATION 62
INCRO :INCREMENT REG 0 to '63'-

~ MOV @RO0,#3FH ‘MOVE ‘3F' HEX TO LOCATION 63

“* 0-5 in 8048AH/8748H
0-6 in B049AH/8749H

0-7 in 8050AH
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MOV T,A Move Accumulator Contents to Timer/Counter
MYy

Encoding: {01 10(00 1 0 62H
Description: The contents of the accumulator are moved to the timer/eYent-counter
register. )

operation: (T) «— (A)
Example: Initialize and start event counter.

INITEC: CLR A ;CLEAR ACC TO ZEROS
MOV T,A :MOVE ZEROS TO EVENT COUNTER

- START CNT ;START COUNTER

MOVD A,Pp Move Port 4-7 Data to Accumulator ) .

PR

Encoding: (0000 [11pp| . OCH-OFH

Description: This is a 2-cycle instruction. Data on 8243 port ‘p’ is moved (read) to-
accumulator bits 0-3. Accumulator bits 4-7 are zeroed.

Operation: (0-3) «— (Pp) - p= 4_7
(4-7)—0

Note: Bits 0-7 of the opcode are used to represent ports 4-7. If you are
coding in binary rather than assembly language the mapping is as

follows:
Bits10 - Port
00 4
01 5
10 6
11 7
Example: INPPT5: MOVD A,PS ) ‘MOVE PORT 5 DATATO ACC

:BITS 0-3, ZERO ACC BITS 4-7

MOVD Pp,A Move Accumulator Data to Port 4-7

Encoding: [0 01 1]11pp| * 3CH-3FH .

Description: This is a 2-cycle instruction. Data in accumulator bits 0-3 is moved
(written) to 8243 port ‘p'. Accumulator bits 4-7 are unaffected. (See NOTE
above regardmg port mapping.)

Operation: (Pp) «— (A0_3) P=4-7
Example: Move data in accumulator to ports 4 and 5.
OUTP45: MOVD P4,A iMOVE ACC BITS 0-3 TO PORT 4
SWAP A :EXCHANGE ACC BITS 0-3 and 4-7 -

MOVD P5,A ;MOVE ACC BITS 0-3 TO PORT §
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MOVP A,@A

Move Current Page Data to Accumulator

Encoding:
Description:

Operation:

Example:

1010(0011 A3H

The contents of the program memory location addressed by the
accumulator are moved to the accumulator. Only bits 0-7 of the program
counter are affected, limiting the program memory reference to the
current page. The program counter is restored following this operation.

(PCp-7) — (A)

(A) — ((PC))

Note: This is a 1-byte, 2-cyc|e instruction. if it appears in location 255 of a
program memory page, @A addresses a location in the following page.

MOV128: MOV A,#128 ;MOVE '128' DEC TO ACC

MOVP.A,@A ;CONTENTS OF 129th LOCATION IN
;CURRENT PAGE ARE MOVED TO ACC

MOVP3 A,@A Move Page 3 Data to Accumulator

.. Encoding:
Description:

Operation:

Example:

1110{0011 E3H

This is a 2-cycle instruction. The contents of the brogram memory location
(within page 3) addressed by the accumulator are moved to the
accumulator. The program counter is restored followmg this operanon

(PCq-7) = (A)

(PCg-11) — 0011

(A) = ((PC))

Look up ASCII equivalent of hexadecimal code in table contained at the

beginning of page 3. Note that ASCI characters are designated by a
7-bit code, the eighth bit is always reset.

TABSCH: MOV A #0B8H :MOVE 'B8 HEX TO ACC (1011 1000)
ANL A#7FH ;LOGICAL AND ACC TO MASK BIT
;7 (00111000)
‘MOVP3 A,@A ;MOVE CONTENTS OF LOCATION ‘38

;HEX IN PAGE 3 TO ACC (ASCH ‘8")
Access contents of location in page 3 labelled TAB1.
Assume current program location is not in page 3.
TABSCH: MOV A#LOWTAB 1 ;ISOLATE BITS 0-7 OF LABEL
;ADDRESS VALUE
MOVP3 A,@A iMOVE CONTENTS OF PAGE 3
;LOCATION LABELED 'TAB1' TO ACC
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MOVX A,@R;

Move External-Data-Memory Contents to Accumulator .

Encoding:

Description:

Operation:
Example:

MOVX @R;,A

1000[{000i 80H-81H

This is a 2-cycle instruction. The contents of the external data mermory
location addressed by register ‘i’ are moved to the accumulator. Register ‘i’
contents are unaffected. A read pulse is generated.

(A) — ((Ri)) - i=0-1
Assume R1 contains 01110110.

MAXDM: MOVX A,@R1 ‘MOVE CONTENTS OF LOCATION

;118 TO ACC

Move Accumuiator Contents to External Data Memory

Encoding:
Description:

¢

*. Operation:
Example:

l1001[000i 90H-91H |
This is a 2-cycle instruction. The contents of the accumulator are moved to

-the external data memory location addressed by register ‘i". Register ‘i’

contents are unaffected. A write pulse is generated.
((Ri)) — A i=0-1

Assume RO contains 11000111,

MXDMA: MOVX @RO0,A {MOVE CONTENTS OF ACCTO
;LOCATION 199 IN EXPANDED
;:DATA MEMORY

NOP The NOP Instruction

Encoding:

0000|0000 O0H

‘Description: No operation'is performed. EXGCUUOI’\ continues with the following

instruction.

ORL AR, Logical OR Accumulator With Register Mask -

Encoding:

Description:

Operation:
Example:

0100|1rrr 48H-4FH

Data in the accumulator is logically ORed wnth the mask contained in
working reglster r.

(A) — (A) OR (Rr) r=0-7

ORREG: ORL'A,R4 'OR" ACC CONTENTS WITH
;MASK IN REG 4
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ORL A,@R; Logical OR Accumulator With Memory Mask

Encoding:
Description:

0100(000i

40H-41H

3

Data in the accumulator is logically ORed with the mask contained in the
resident data memory location referenced by register “i”, bits 0-5"*.

Cperation: (A) — (A) OR ((Ri)) i=0~1
Example: ORDM: MOV RO,#3FH :MOVE '3F HEX TO REG 0
’ ORL A,@RO ;'OR’ AC CONTENTS WITH MASK
;IN LOCATION 63 .
ORL A,#data Logical OR Accumulator With Immediate Mask
Encoding: (01 00{00 11 d7 dg dg dgq | dg dp dq dg 43H
Description: This is a 2-cycle instruction. Data in the accumulator is logically ORed with

Oberatlon;
Example:

an immediately-specified mask.

(A) — (A) OR data .
ORID: ORL A #X

'OR’ ACC CONTENTS WITH MASK
;01011000 (ASCII VALUE OF ‘X’)

ORL BUS,#data* Logical OR BUS With Immediate Mask

“  Encoding:

- Description:

Operation:
Exémple:

1000[1000

|d7 dg ds dg

dg do dy dg|-

88H

This is a 2-cycle instru'cti‘on. Data on the BUS port is logically ORed with an
immediately-specified mask. This instruction assumes prior specification
on an ‘OUTL BUS,A' instruction. '

(BUS) < (BUS) OR data

ORBUS: ORL BUS,#HEXMSK

*OR'BUS CONTENTS WITH MASK

;EQUAL VALUE OF SYMBOL ‘HEXMSK’

OhL Pp, #d.ata. Logical OR Port 1 or 2 With Immediate Mask

Encoding:
Description:

Operation:
Example:

1000

10pp

d7 ds d5 dg

d3 d2 d1 do

89H-8AH -

This is a 2-cycle instruction. Data on port ‘p’ is logically. ORed with an
immediately-specified mask.

(Pp) — (Pp) OR data
ORP1: ORL P1, #OFFH

p=1-2

'OR' PORT 1 CONTENTS WITH MASK -
'FF' HEX (SET PORT 1 TO ALL ONES)

-* For use with internal program memory ONLY. )

** 0-5 in BO4BAH/B748H
0-6 in B049AH/8749H
0-7 in B0O50AH



MCS®-48 INSTRUCTION SET

RET Return Without PSW Restore

Encoding: (1000{00 1 1 83H

Description: This is a 2-cycle instruction. The stack pointer (PSW bits 0-2) is
decremented. The program counter is then restored from the stack. PSW
bits 4-7 are not restored.

Operation: (SP) «— (SP)-1
(PC) — ((SP))

RETR Return with PSW Restore

Encoding: (1001001 1] ~93H

Description: This is a 2-cycle instruction. The stack pointer is decremented. The
program counter and bits 4-7 of the PSW are then restored from the stack.
Note that RETR should be used to return from an interrupt, but should
not be used within the interrupt service routine as it signals the end of.an
interrupt routine by resetting the Interrupt in Progress flip-flop:

Operation: (SP) «— (SP)-1
(PC) «— ((SP))
(PSW 4-7) «— ((SP))
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/——_——

aLA Rotate Left without Carry
/ T

Encoding: |1 110(0111 E7H

pescription: The contents of the accumulator are rotated left one bit. Bit 7 is rotated
into the bit 0 position.

operation: (An +1) <— (An)

(A0) — (A7) . n=0-6
gxample: Assume accumulator contains 10110001.
RLNC,/ L A ;NEW ACC CONTENTS ARE 01100011

RLC A Rotate Left through Carry

"E-,,:;dmgzﬁ111|o111| " F7H

Description: The contents of the accumulator are rotated left one bit. Bit 7 replaces the
carry bit; the carry bit is rotatd into the bit 0 position.

Operation: (An + 1) «— (An
n=0-6 - -
(A0) «— (C)
(C)— (AT)
- Example: Assume accumulator contains a ‘signed’ number; isolate sign without
) changing value. z

RLTC: CLRC :CLEAR CARRY TO ZERO
RLC A :ROTATE ACC LEFT, SIGN
:BIT (7) IS PLACED IN CARRY
RRA - :ROTATE ACC RIGHT — VALUE

;(BITS 0-6) IS RESTORED,
:CARRY UNCHANGED, BIT 7
;IS ZERO

RR A Rotate Right without Carry

Encoding: {01 1110111 77H

Description: The contents of the accumulator are rotated right one bit. Bit 0 is rotated
into the bit 7 position.
Operation: (An) — (An +1) n=0-6
(A7) = (A0) |
Example: Assume accumulator contains 10110001. .
RRNC: RRA . ;NEW ACC CONTENTS ARE 11011000
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RRC A Rotate Right through Carry

Encoding:

Description:

- Operation:

Example:

0110|0111 67H

The contents of the accumulator are rotated right one bit. Bit 0 replaces the
carry bit; the carry bit is rotated into the bit 7 position.

(An) «— (An + 1) / . nh=0-6

(A7) — (C) '

(C) — (Ag) :

Assume carry is not set and accumulator contains 10110001.
RRTC: RRCA ;CARRY IS SET AND ACC

;CONTAINS 01011000

SEL'MBO Select Memory Bank 0 <

"~ Encoding:
‘ Description:

Operation:
Example:

[1116[0101] ESH

PC bit 11 is set to zero on next JMP or CALL instruction. All references to
program memory addresses fall within the range 0-2047 .

(DBF) «— 0"

Assume program counter contains 834 Hex. -

SEL MBO - ;SELECT MEMORY BANK 0
JMP $+20 . +JUMP TO LOCATION 58 HEX

SEL MB1 Select Memory Bank 1

Encoding: (1111[/0101 F5H

" Description: PC bit 11 is set to one on' next JMP or CALL instruction. All references to

Operation:

program memory addresses fall within.the» range 2048-4095.
(DBF) «— 1
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SEL RBO Select Register Bank 0

Encoding: [1100/0101]  C5H

Description: PSW bit 4 is set to zero. References to working registérs 0-7 address data
memory locations 0-7. This is the recommended setting for normal
program executlon

Operation: (BS) «— 0

SEL RB1 Select Register Bank 1

“Encoding: (1101]/010 1 D5H

Description: PSW bit 4 is set to ‘one. References to working registers 0-7 address data
memory locations 24-31. This is the recommended setting for mterrupt service
routines, since locations 0-7 are left intact. The setting of PSW bit 4 in
effect at the time of an interrupt is restored by the RETR mstructlon when
the mterrupt service routine is completed.

“. Operation: (BS) «— 1

Example: Assume an external interrupt has occurred, control has passed to program
memory location 3, and PSW bit 4 was zero before the interrupt.

Operation: LOC3: JNI INIT . ;JUMP TO ROUTINE ‘INIT' IF
) 1 Q1. ;INTERRUPT INPUT IS ZERO
INIT: MOV R7,A 'MOVE ACC CONTENTS TO
) JLOCATION 7 -
SELRBt1 . 'SELECT REG BANK 1

MOV R7,#0FAH ‘MOVE ‘FA' HEX TO LOCATION 31

SEL RBO :SELECT REG BANK 0

MOV A R7 ' RESTORE ACC FROM LOCATION 7

RETR ‘RETURN — RESTORE PC AND PSW

! - .
STOP TCNT Stop Timer/Event-Counter

Encoding: {01 10[01 0 1 65H
Description: This instruction is used to stop both time accumulation and event counting.
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Example: Disable interrupt, but jump to interrupt routine after eight overflows and
" stop timer. Count overflows in register 7..

START: DIS TCNTI ;DISABLE TIMER INTERRUPT
CLRA ;CLEAR ACC TO ZEROS
MOV T,A ;MOVE ZEROS TO TIMER
‘MOV R7,A ;MOVE ZEROS TO REG 7
STRTT - 1START TIMER
MAIN: JTF COUNT ;JUMP TO ROUTINE 'COUNT’
IF TF = 1 AND CLEAR TIMER FLAG
JMP MAIN - ;CLOSE LOOP
COUNT: INCR7 INCREMENT REG 7 :
MOV A,R7 ‘MOVE REG 7 CONTENTS TO ACC
~JB3INT - WJUMP TO ROUTINE ‘INT’ IF ACC
;BIT 31S SET (REG 7= 8)
JMP MAIN ;OTHERWISE RETURN TO ROUTINE
Ac ;MAIN
INT: STOP TCNT . ;STOP TIMER -
JMP 7H ;JUMP TO LOCATION 7 (TIMER)

JINTERRUPT ROUTINE

STRT CNT Start Event Conter

Encoding: |01 000101 45H

Descﬂptlon The test 1 (T1) pin is enabled as the event-counter input and the counter
is started. The event-counter register is incremented with each high-to-low
transition on the T1 pin.

Example: Initialize and start event counter. Assume overflow is desired with first T1

input.

STARTC: EN TCNTI ;ENABLE COUNTER INTERRUPT
MOV A #0FFH +sMOVE 'FF'HEX (ONES) TO ACC
MOV T,A MOVES ONES TO COUNTER

STRT CNT ‘ENABLE T1 AS COUNTER
- JINPUT AND START
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STRT T Start Timer

Encoding: (0101|0101 55H

Description: Timer accumulation is initiated in the timer register. The register is
incremented every 32 instruction cycles. The prescaler which counts the
32 cycles is cleared but the timer register is not.

Example: Initialize and start timer.

STARTT: CLRA ) :CLEAR ACC TO ZEROS
MOV TA :MOVE ZEROS TO TIMER
EN TCNTI ;ENABLE TIMER INTERRUPT
STRTT ;START TIMER

SWAP A Swap Nibbles within Accumuiator

Encoding: [0 100[0111]  47H
Description: Bits 0-3 of the accumulator are swapped with bits 4-7 of the accumulator.
Operation: (A4_7) = (Ag_3) :
Example: Pack bits 0-3 of locations 50-51 into location 50.

PCKDIG: MOV RO, #50 ;MOVE '50' DEC TO REG 0
) MOV R1, #51 :MOVE ‘51’ DEC TO REG 1
XCHD A,@R0 :EXCHANGE BITS 0-3 OF ACC
‘ :AND LOCATION 50
SWAP A :SWAP BITS 0-3 AND 4-7 OF ACC
XCHD A,@R1 ;EXCHANGE BITS 0-3 OF ACC AND
: ' :LOCATION 51 '
MOV @R0,A ;MOVE CONTENTS OF ACC TO

;LOCATION 50

XCH A,R, Exchange Accumulator-Register Contents

Encoding: [0010[1rrr | 28H-2FH

Description: The contents of the accumulator and the contents of working register 'r’
are exchanged.

Operation: (A) == (Rr) r=0-7
Example: Move PSW contents to Reg 7 without losing accumulator ¢ontents. -
XCHAR7: XCH A,R7 ;EXCHANGE CONTENTS OF REG 7
' JAND ACC
MOV A, PSW 'MOVE PSW CONTENTS TQ ACC
‘XCH A,R7 JEXCHANGE CONTENTS OF REG 7

'AND ACC-AGAIN
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XCH A,@R; Exchange Accumulator and Data Memory Contents:

Encoding: 0010/000]i 20H-21H

. Description:  The contents of the accumulator and the contents of the resident data
N memory location addressed by bits 0-5** of register ‘i’ are exchanged
Register ‘i contents are unaffected.

Operation: (A) =< ((Ri)y . i=0-1
‘Example: Decrement contents of location 52.
DEC52: MOV RO,#52 ;MOVE '52' DEC TO ADDRESS REGO
XCHA,@RO ;EXCHANGE CONTENTS OF ACC
: ' ;AND LOCATION 52
DECA ;DECREMENT ACC CONTENTS
XCH A,@R0 ;EXCHANGE CONTENTS OF ACC

;AND LOCATION 52 AGAIN

'

XC!;ID A,@R; Exchange Accumulator and Data Memory 4-8it Data

Encoding: [0011[000i|  30H-31H

{Q > - X . b
Des’g’rlptlon: This instruction exchanges bits 0-3 of the accumulator with bits 0-3 of ’
~  the data memory location addressed by bits 0-5** of register ‘i". Bits 4-7 of

N ~ the accumulator, bits 4-7 of the-data memory Iocatlon and the contents of
) o register ‘i’ are unaffected. .
Operation: (Ag_3) == ((Ri0-3)) i=0-1
Example: Assume program counter contents have been stacked in locations 22-23.
" XCHNIB: MOV RO,#23 - sMOVE ‘23’ DECTO REG O
CLRA ;CLEAR ACC TO ZEROS

XCHD A,@R0 ~ ;EXCHANGE BITS 0-3 OF ACC AND
' : ;LOCATION 23 (BTS 8-T1 OF PC ARE
;ZEROED, ADDRESS REFERS i
:TO PAGE Q) |

XRL A,R, Logical XOR Accumulator With Reglster Mask

Encoding: (110 1[1rrr|  D8H-DFH

Description: Datain the accumulator is EXCLUSIVE ORed with the mask contéined'in
i working register ‘r'.

- Operation: (A) — (A) XOR (Rr) r=0-7 . ‘ :

Example: XORREG: XRL A,RS *XOR' ACC CONTENTS WITH {
iMASK IN REG 5

** 0-5 in 8048AH/8748H
0-6 in 8049AH/B749H
0~7 in 8050AH
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" XRL A,@R;j

Logical XOR Accumulator With Memory Mask

Encoding:
Description:

Operation:
Example:

£¢
~

A
XRL A,#data

1101(000i DOH-D1H . d

Data in the accumulator is EXCLUSIVE ORed with the, mask contained in the
data memory location addressed by register ‘i', bits 0-5.**

"(A) «— (A) XOR ((Ri)) . i=0-1

XORDM: MOV R1,#20H :MOVE *20' HEX TO REG 1
XRL A,@R1 'XOR' AGC CONTENTS WITH MASK
: : JIN LOCATION 32

Logical XOR Accumulator With Immediate Mask

L o

pucrlptlon:

g opc(atlor{:‘
Example:

\
Encoding:

1101|0011 d7d5d5d4 d3 dp dq dg| . D3H

This is a 2-cycle instruction. Data in the accumulator i is EXCLUSIVE ORed

“with an mmednately-spec:fled mask.

(A) — (A) XOR data

XORID: XOR A#HEXTEN "~ XOR: CONTENT‘S OF ACC WITH MASK
' . ' ;EQUAL-VALU'E OF SYMBOL ‘HEXTEN'

= 05 m BO4BAH/B748H -
0—6 ;n BO49AH/B749H
-7 m BO50AH
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1so’.cvmos MT8870B/MT88708-1
" Integrated DTMF Receiver

|
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‘9161-002-051-NA

Features

) Pi nnection:
e Complete DTMF Receiver in Connections

® Low Power Consumption me LI Uis 1 voo
o Internal Gain Setting Amplifier w- ]2 17 0] sver
¢ Adjustable Guard Time . / CG6S (13 16 (] Est
e Central Office-Quality : V'I‘é,’ [L ; :: r}é‘i’ :
. : T [l 13 a3 '
Applications B e npe |
® Receiver System for British Telecom (BT) or. vss [ ¢ 10 f3 Toe

¢ Connect to VSS

CEP1 Spec (MT88708B-1)

® Paging Systems A
® Repeater Systems/Moblle Radio Ordering Information -40°C to + 85°C
¢ Credit Card Systems y 3
S ge'“O"-"m""‘-" 25 Y/ A MT8870BE/MT8B70BE-1  Plastic DIP
B I B VA FRRnnn A/ MT88708C/MT8870BC-1 Cerdip
Description ' W X

T_ﬁe MT88708/MT88708-1 i;-a‘ complete DTMF
receiver integrating both the bandsplit filter and
digital decoder functions, fabricated in Mitel’s

caunting techniques to detect and decode all 16
DTMF tone pairs into a 4-bit code. External
component count is minimized by an chip provision

_of a differential input amplifier, clock oscll(atot and

double poly 1502-CMOS technslogy. The filter latched three-state bus interface.
section uses switched capacitor techniques for high

and low group filters; the decoder uses digital |
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Figure 1 - Functional Block Diagram



MT8870B/MT8870B-1 1s02-CMOS

Absolute Maximum Ratings’

Parameter Symbal Min Max Units
1| Power supply voltage Vo3-Vss 6 Vv
2| Voltage on any pin YT Vi;6—0.3 Vpp+03 Vv
3| Current at any pin (other than supply) T 10 mA
41 Operating temperature 2 -WT: -40 r8s | °C
S| Storage temperature 77 " 65 k1 ‘0‘_— °C
6| Package power dissipation (17 } N 1000 | mw

'Elceedlng these values may cause permanent Jamage Funchongl ojwreian undar these conditions is not wnplied.

Derate above 75 °C at 16 m\W 1 °C. All l2ads soldered to boa:d.

Recommended Operating Conditions - voltages.are with 1espect to ground (V) unless otherwise stated.

Characteristics Sym | M:n Typ. Max | Units Test Conditions
P_L Positive Supply Voltages Voo | DI\ 2 V. |Vss=0v o o
2 Oscillatdr Clack Frequency fc 31.579545 MHz .
3 Oscillator Frequency Tolerdnce | Afc T T doa %

* Typical figures are at 25"C and are for design aid only: not guaranteed and not subject to prnduction leslilg.

DC Electrical Characteristics- Voo =5 0VE5%, Ve = 0¢. Voltages are with respect to ground (Vo) unless othenwise stated.

Characteristics Sym| Min Typ: Max | Units Test Corditions
t| S |Operating supply voltage Voo | 4.75 5071 525 \Y
2| :,‘ Operating supply current Ivo 30 9.0 mA
T : Power consumption Po 15 45 mW | f=3.58 MHz; Vpp = 5V
Y
__Aﬂ , |High levelinput Vi 35 v
S| N {Low level input voltage Vi 1.5 v
6 3 Input leakage current i/l 0.1 1A | Vin=Vssor Vpp
z ‘s' Pull-up (source) current ko 7.5 . 15 uA | TOE (pin 10) =0V
8 Iiput impedance (IN-+, IN—-)! Ry 10 MQ 1@ 1kHz
—; Steering thteshold voltage | Vys; 2.2 T 2.5 \'
10 Low level output voltage Vou Vi +0.03] V |Noload
kXl 8 High level output voltage Vou | v-0.03 V | Noload
12 ] Output low {sink) current oL 1 25 mA Voyr=04V
(13 ] u |Output high (source) current] loy 0.4 0.8 mA | Voyr=4.6VY
E ! [Vaeroutput voltage Veer | 24 27 V |Noload
15 Vief OuUtput resistance Ror 10 k2

t fypical figures are at 25°C and are for design .nd only. not guasanteed and not subject to production testing.




Iso%-cvios MT8870B/MT88708-1

Operating Characteristics’ - valtages are with respect to ground (/g9 unless otherwise stated '
Gain Setting Amplifier
Characteristics Sym | Min | Ty | Max | Units Test Conditions
1 | input leakage current in 100 . NA | Vses Vin =Vpp
2 | input resistance Ring 10 1 MQ .
3| Input offset voltage Vos ¥ | mv
4 | Power supply rejection PSRR 60 | ] Td8 [1kHz
5 | Common mode reje:tion CM3aR 59 | |8 |30vs v s30v
6 | DC open loop voltage gain Ayvin 55 | | dB L
7 | Open loop unity gam oY=, [ vy, ) -
bandwidth f i
8 | Outputvoltage sw-‘;la-——m“ “\J‘J—w ._...-_Wh_." 5 »
9| Maximum capaciiv=load (68) |y | | e |
10 | Maximum resistive load (GS) Ry 50
11 { Common mode r—a—;;}:;e -MVHL-,;, ”-_i‘(l p=A Vo [ No Lo;dm

TWop =SV, Vg OV, Ty = 25%¢
$Typical figures are at 25°'C and aré for design aid only: not gquaranteed and r ot subject to preduction testing.

MT88708B AC Electrical Characteristics' - voltages are with ‘eypect ta ground Vg unless otherwise statd

- Characteristics Sym Min Typ | Max Units Notes
s |valid inputsignal levels A dBm 12,3569
! (each tone of composite 275 mVgms | 1,2,3,5,6,9
G |signal) 1 dBm | 1,2.3,56.9
. 869 | mVams | 1,2.3.5.6.9
2 ¢ Positive twist accept ds8 2,369
3|9 Negative twist accept. : : d8 2369
Al D [Fren, . 1.5% & f.
5| 7 {Fegdnisten s o FLERE Y B AT O EE
2] s | JFRATI L
6 "3 Third toridXolerance dB
7| N | Noise talerance ' dB
by S -
8 Dial tone toferance da

*Van =SV, Vgg= 0, To=25"Cand ¢ >3.579545 Miiz using test circurt showninfigure 2.
NOTES’ .

1 dBm = decibels abave or below a reference power of 1 mW into 3 500 ohin ‘oad.

2 Digit sequence consistsof all DTMF tones

3 Tone duration= 40 s, mrtblpauseﬁ 40 rns.

4 Signal condition consists of nominal DTMF frequencing

S. Both tones in composite signal have an equal amplitude.

6. Tone pair is deviated by +15% t 24z,

7. Bandwidth limited (IXHz ) Gaussian notse. -
8. The precise dial tone frequencies are (350 Mz and 440 Hz) + 2 %,

9 For an errot rate of hatter than 1in 10,000

10 Refarenced to towest level Irequency componant in DTMF signal

11, Referenced tn the minimuin valid accept level

12. For guard time calculation nurposes.



Is02-cvos MT88708/MT8870B-1

AC Electrical Charactaristics .. Yoltages are with ragpact ta graead (Vo) unless otheraise stated

Chavacter‘istit:s o Sym | Wi~ | Typt | Max | Units Contlitions
)_I Tone presentdetect time - top s 11 14 ms | Note 12
2 Tone absent datect time toa , 05 4 8.5 [“ms |Mote?12
pq T A ey — =
L ’:4 Tone duration zccept trec 40 ms | Jser adjustablie
41 | |Toneduration reject tRee | 2D ms | User adjustable
S| G !interdigit pause accept tio 40 ms | User adjustable
6 Interdigit pause reject tpo 20~ ms { User adjustable
7 Propagation delay (St to Q) tq 8 " 1 | TOE=Vpo
8 8 Propagation detay (St to StD) testo | 12 ps | TOE=V¥pp
9 ; Output data setup ( Q to $tD) tosto 3'4_ ps | TOE=Vop
10| ¥ |Propagation delay (TOE to Q ENABLE) | tpre 50 ns | Ru=10kd
5 ) Cy =50 pF
" Propagation delay (TOE to Q DISABLE) | ‘P10 R ns Ry =10k0
CL =50 pf
12 Crystal /clock frequency fc 13.5759}3.5795(3.5831) MHz
13 ‘f Clock input rise time R 110 ns | Ext. clack
114 | 0 | Clock input fall time thect 110 ns | Ext. clock
15| ¢ [Clockinput duty cycle ’ DCL | 40 | 50 | 60 | % |Ext.clock
16 Capacitive load (0SC2) Co 30 pF

¢ Von =5.0V, V¢s = OV, T, =25°C and f, = 3 579545 MHz, using test circut shown in Figure 2.
¥ Typical figures are 4t 25°Cand are for design aid only: not guaranteed and not subject to production testing.

Viu D A
.
MT88708/MTBB708B-1 !
] IN+ L‘ Voo $-1
= ~- suGr | 1— R
L"L GS. ESt l‘—"——N\/\r 3
v s [l——0O
——————{] 1c gs | ——-0O
et 03 |30 :
[-——-t: 0sC1 Q | F—t—OC NOTES:
X-tal ..{ut——[ 0sc2 Q1 ' ]..__.___O R, Ry=100kQ21%
S— Toe | — Ry=300 k82 1%
€y, C, =100 nF 5%
nr-r X1 = 3.579545 Miiz£N 1%

Figure 2 - Single-Ended Input Configuration



MT8870B/MT8870B-1 1502-CMOS

MT8870B-1 AC Electrical Characteristics' - Voltages are with respact to ground (Vgg) unless otherwise stated

Characteristics Sym Min Typ | Max Units Notes
Valid input signal levels 3 dBm 1.2.3,56,9
s (gach tone of composite 21.8 mVams 11,2,3,5,6,9
¢ |signal) +1 dBm  [1,.2.3,56,9
. N . 7869 | mVams |1.2.3.5.6.9
2] 4 [input Signal Level Reject 37 dBm | 1,2,3,5,6.9
e 10.9 MVams | 1,2.3,5.6.9
| 3 3 Pos’ifive twist accept d8 213,6,9
4| p | Negative twist accept 6 dB 2,369
B ; Freq. deviation accept +15%+ 2Hz . 2,359
z (') Freq. deviation reiecti +3.5% 12359
_l ;‘ Third tone tolerance -18.5 dB. 2,3,4,5,9,5'
P : Noise tolerance 12 dB 2,3,4,5,79,10
9| [Dial tone tolerance 422 d8 (23458911 -

' V=SV, Vegm 0,742 25" C and £ =3.579545 MHz using test circuit shown in Figure 2
Sa

NOTES

1.dBm = decibels above or helow a reference power of 1 mW into a 600 ohim lcad
2. Digit sequence consists of all DTIF tones

3. Tone duration = 40 ms, tone pause = 40 rns.

4, Signal condition consists of norminal DTME frequericies

S. Both tones in composite signal have an equal ampl-tude.

6. Tone pair isdeviated by +1.5% t 2Kz,

7. 8andwidth lhmited (3 kHz ) Gaussian noise.

8. The precise dial tone frequencics are (350 Hz and 440 H2) + 2 %.

9. for an error rate of better than 1in 13,000

10. Referenced to lowest level frequency component in DTMF signal,
11. Referenced 10 the minimum vahd accept level,
12. For guard tirne calculation pusposes. ’
13. Referenced to Fig. 10 Input DIMF Tone Level at -25dBm (-28 dBm at 13 Fi~)in et ference Frequency Range between 480- 1400 Hz,




MT8870B/MT8870B-1 1502-CMOS

Pin Description

Pin# Name >escription

1 IN+ [ Non-Inverting Op-Amp (Input).

2 IN- Inverting Op-Amp (Input).

3 GS Gain Select. Gives access to output of frort end differential amplifier for connection

’ of feedback resistor.

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

"5 IC internal Connection. Must betu-d w \,',e, "

6 IC Internal Connection. Must be tie:d to vy 55

7 0SC1 | Clock {Input). . .

8 0SC2 | Clock (Output). 8 3.573545 MEE: .!af connected between pins OSCI and 05C2

caompletes the m!ernal os<illator ot

9 Vss Megative Power Supply(lnput)

! .10 TOE Tiiree State Output Enable (lnput) I g hlgh enables the outputs Q1-Q4 Thus pinis
pulled up internally.
11-14 QI-Q4 Three State Data (Qutput). Wher enab'wi by TOE, provide the code corresnanding to
.the last val'd tone pair received (ee Tabla 1). When TOE is logic iow, the data outputs
are high impedaice. .
15 StD Delayed Steering (Qutput).Presents a quu: high when a received tone- panr has been
rugistered and the output latch updated; returns to Iog|c low when the voltage on
'IGT falls belovs Vg
16 ESt alrly Steering (Ctutput). Presents a qu’i( high once the digital algorithm has detected
. avalid tone pair (signal condition). Any mmomentary loss of signal condition will cause
" ESt to return to a logiclow. .

17 St/GT | Steering . Input/Guard time (Output) Bidirectional. A voltage greater than Vg
detected at St causes the device 1o register the detected tone pair and update the
output latch, A voltage less than Vs, 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
£S5t and the voltage on St.

18 Voo Positive power supply (Input).




1IS0°-CMOs MT8870B/MT8870B-1

APPLICATION . .

RECEIVER SYSTEM FOR BRITISH TELECOM SPECPOR taso=(ReCad In IVop / (Voo Vrs!]

1151
The circuit shown in Fig. 10 illustrates the use of tara={(RC)In (Vo / Vigd
MTB8708-1 device irf a typical receiver system. BT -

Spec defines tha input signals less than -34 dBm as
Ry =(R,R,) 7 (Ry +Ry)

the non-operate level. This condition can be

attained by choosing a suitable values of Ry and R; 20 S l )

to provide 3 dB attenuation, such that -34 dBm input 1 ) c

signal will correspond to -37 dBm at the gain setting sig1 (O . 9

pin GS of MT8870B-1. As shown in the diagram, the

component values of Ry and C; are the guard time R, = 168KQ £1%
requirements when the total component. tolerance R, Ry .

is 6%. For better performance, itis recommended to gt L) R;,, 22MQ +1%

use the non-symmetric guard time circuit in Fig. 9.
Cy= 100nF 5%

fiyure 9 - Non-Symmetric Guard Time Circuit

Vi
M L AL Rt 1 o A0 -
Cy
oM O—1t—
. . - ==
Input ék' MT887CB-1 2
N+ L Viey 319
J - s Pl
WAAS Tes - e 1Al
Ry Vet sn §) —3—-0
| Y (e I
o e 1 03 Ll pe—Q)
e 0 NOTES:
Xy L. 1 0sc2 oy |} —teee—O Ry:2102KQ 1%
NN XV wor 1 b Rz 71'5KQ £1%
Ry:r 390KQ 4 19
7 - D . &= 1000F £3%
X, r 3.579545 M2 £0.9%

Figure 10 - Single-Ended Input Contiguration for BT or CEPT Spec



MT8870B/MT8870B-1 1so2-cMos

tare = (ReCy) I (Vg !/ (Visn-Virsoll

tara ™ (RyCo} N (Viyg 7 Viry)

Ro R3] 78R 0 Ryl

a) dacreasing t s (tgre <tgra)

tore ={MCy)In Voo / (Vop-Vis)l

1514 = (RpCy) 11 (Vg [ Vigy)

9 Rp =(RiRy) 7 {Ry FRy)
Voo O I R

G

St/GT

R,

.

R, b} decreasing toya: (tiip > tgra)

Wil

-

- T AAA— e . [ mrsazon
¢ R, N+ {88708 1
—O—F1+ \>
. e o
LA /
T
¥ !l TV P g i e
. e
Ry
GS
A= s e
RS 0y
<; Ry .
1 Vet
. <)_—

DIFFERENTIAL INPUT AMPLIFIER
Cy =t, = 10nF
Ry=Ry=2Rq =100 k2 All resistors are 1 % tolerance,
Rp=6DkQ,Ry=237.5kN All capacitors are 15 % tolerance,
Ry= ..BJ:EL. ’

Ry Rs

VOLTAGE GAIN (A, ditf):=  Bs
Rl

INPUT IMPEDANCE

2
(Zivgare) = 2 \/n,’+ ..L)

wC

Figure 6- Guard Time Adjustment

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 2 (Single
Ended Input Configuration). Howevar, it is possible
to configure several MT5870B/MT8870B-1 devices
employing only a single oscillator ¢rystal. The
oscillator output of the first device in the chain is
coupled through a 30 pF zapacitor to the oscillator
input (0SC1) of the next device. Subsequent devices
are connected in a similar fashion. Refer to Figure 8
for details. The problems associated with
unbalanced foading are not a concern with the
arrangement shown, 12; precision balancing

capacitors are not required.

Figure 7- Differential Input Configuration.

To OSC1 of next
MTB88708/ MT8870B-1

i

N X tal A4

0sCl —J_ - 05C2
1
0sC2 ._I”...__ 051

C

C=30pF
X-tal = 3,579545 Miiz

Figure 8- Oscillator Connection
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L= LOGIC LOW, H = LOGIC HIGH, T:= HIGH :MPEDANCE
Table 1. Functional Decode Table

pause between signals. Thus, as well as rejecting
signals too short to be considered valid, the receivér
will tolerate signal {nterruptions (dropout) too short
to be ¢onsidered a valid pause. This {acility, together
with the capability of selecting the steering time
constants externally, atlows the designer to tailor
performance to meet a wide variety of system
requirements.

Guard Time Adjustment

Sre

In many situations nnt requiring selaction of tone
duration and interdigital pause, the simple steering

circuit shown in Figure 5 ic applicable Component |

values aré chosen according to the formula:

trec=tup+tgre
tip=tpat+lgra

- The value of tpp is a device parameter (see Figute 3)
and tpee is the minimum signal duration to be
recognized by the receiver. A value for Cof 0.1 uf is

'r.ew—nmended for most applications, leaving R to be
Flow | Fugn | NO. | TOE | Q4 J Qy | Q@ | Q4 selected by the designer.
697 | 1209 1 H 0 0 0 1 7
on
697 11336 | 2 { H | o | O 1 0
697 { 1477 1 3 H 0 0 1 i -~ L c
: - Von
770 | 1209 | 4 H 0 1 0 0
SUGT v
7701336 5 | H| o f 1|0 |1 ~| i
770 {14770 6 | H | O | 1 } v |0 R
: StO -
1 1
852 | 1209 | 7 H O 1 A tara =(RQ N (Vo / Vis)
852 | 1336 | 8 H 1 0 0 0 MY88708-1
852 | 1477 | 9 H 1 0 0 1 B tare =(RQIA Vop / (Vp-Vrel
941 {1336 o | w | 1 o | 1] o .
Figure 5- Basic Steering Circuit
941 | 1209 . H 1 0 1 1
941 | 1477 # H 1 1 0 0 Differant steering arrangements may be used to
select independently the guard tirmes for tone
697 | 1633 | A H 1 1 0 1 present: (tgrp) and tone absent (tgra). This may be
nacessary to meet system specifications which place
770 | 1633 = H g A YiLe both accept and reject limits on both tone duration
852 | 16331 C H 1 1 1 1 and interdigital pause. Guard time adjustment alsg
allows the designer to tailor system parameters such
941 | 1633 1 O | H 0 0| 0O 0 as talk off and noise immunity. Increasing tgec
z 7 7 z improves talk-off performance since it reduces the
- ) b probability that tones simulated by speech will

maintain signal condition long enough to be
registered. Alternatively, a relatively short tpec with
along tpo would be appropriate for extremely noisy
environments where fast acquisition time and
immunity to tone dropouts are required. Design
information for guard time adjustment is shown in
Figure 6.

Differantial Input Configuration

Tha input arrangement of the MT8870R/M 1887081
pnewides a differential-input operatioral amplifier
11 well as a bias source(Vaer) which is used to bias the
it at mid-rail, Provision ‘s made for connection
of 1 feadback resistor to the ap-armp output (GS) for
sd ustment of gain. In a single-ended zanfiguration,
the nput pins are connacted as showrn in Figure 2
with the op-amp connected for unity gain and Vgt
tias ng the input at §Vpo Figure 7 shows the
ditferential configuration. which permits the
adiustment of gain with the fredback resistor Rg.

3-49
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Functional Description

The MT8870B/MT88718-1 monolithic DTMF receives
offers small size, low power consumption and high
performance. Its architecture consists of a bandsplit
filter section, which separatas the high and low
group tones, followed by a digital caunting section
which verifies the fiequency and duration of the
received tones hefore 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 4), Each
filter output is followed by a single order switched
capacitor filter segtion 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 firequencies of the incoming
DTMF signals.

Decoder Section

Following the filter section is a decoder employing
digital counting techniques to datermine the
frequencies of the incoming tones and to verfy that
they correspond to standard DTMF frequencies. A
complex averaging algorithm protects against tone

wteilation by extraneous signals such as vaice while
pinviding toleranice to small frequen-y deviations
aw? sariations. This averag-ng algotithm has been
dvveioped to ensure an optimum combination of
meminity to talk-off and talerance 1o the presence
oi interfering frequencies (third tores) and noisa.
Vehien the detector recognizes the presence of two
valid tones (this is refer-ed to as the “signal
cundition” in some indusiry specifications) the
“Farly Steering” (ESt) output will gn to an active
state. Any subsequent loss of signal condition will
cause ESt to assume an indttive state (see “Steering
Crecunt”), .

Steering Circuit

Belfote registration of a decoded tone pair, the
re:ever checks for a valid signal duration (referred

to as charactédr recognition condition) This check is

patformed by an external RC time constant’driven by
E5t. A logic high on ESt causes v (see Figure 5) to rise
as the capacitordischarges.Proyided signal condition
is mantained (ESt remains high) for the validation
pertad (tgrp), ve reaches the threshold (V(sy) of the
steering logic to register the tone pair, latching its
coriesponding 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 ta drive high as
fong 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 dn
the 4-bit output bus by raising the three state
control input (TOE) to a logic high. The steering

creuit works in reverse to validate the interdigit

[

PRECISE
DIAL TONES

"X = 150 He

Y =440 Hz

ATTENUATION

DTAF TONES

A =697 Hz.
B:==770 He

(d8)

C-=852He
D =941 Hz

E=1209 Hr
F=:1336 Hz

G=1477 Hz

7 g

H =1633 Hz

\ -

4

A 8 C
FREQUENCY (H2)

W

Figure 4- Filter Response
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| o |
EVENTS A B | ¢ | ¢ | F | &
*RET ..);l | 4 _;: taec 1op- ;-qu-' —>: -9t 00w 14

1 PeC ) o 1 00=

v TONE TONE
in | I TONE #n 1 #n+1 ok [T
tor ~B0 - Tr e,

Est M__I1 N2 ZS I\ | __

Y -m: 54- -ta1a

1
St/GT —— J S e Vg
) ' %
R ._7, R = T
‘[E‘ ok HIGH IMPEDANCE

Q1.Qa DECODZD TONE # {n-1) T\ C S #(ni 1)

teno >y ij ] ‘, :
asee . ¢ K ‘) |

et Rl o TS
TOE I
EXPLANATION OF EVENTS
A)  TONE BURSTS DETECTED, TONE DURATION INVALID, OUTPUTS NOT UPDATED.
N} TONE #nDETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS.
©)  END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTAUTS REMAIN LATCHED UNTIL NEXT VALID TONE.
D)  OUTPUTS SWITCHED TO HIGH IMPEDANCE STATE. .
E)  TONE #n+1DETECTED, TONE DURATION VALID, TONE DE CODED AND LATCHED IN QUTPUTS (CURRENTLY HIGH
. IMPEDANCE).

F)  ACCEPTABLE DROFOUT OF TONE #n-+1, TONE ABSENT DURATION INVALID, QUTPUTS REMAIN LATCHED, .
G)  END OF TONE #n + 1 DETECTED, TONE ABSENT DURATION VAUD, OUTPUTS REMAIN LATCHED UNTIL NEXT VALID TONE,

o P .

EXPLANATION OF SYMBO!. S

vh
ESt
St/GT
Q-Qq
St

TOE
e
thec
tio

DTME COMPOSITE INPUT SICNAL

EARLY STEERING DUTPUT. INDICATES OETECTION OF VAL'D TONE FREQUENCIES,
STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT,
4-81T 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 QUTPUT EQX_\B[E (INPUT). ALOW LEVEL SHIFTS Q, -}y TO 1T HIGH IMPEDANCE STATE,

MAXIMUM DTMF SIGNAL DURATION NOT DETECTED AS VALID
MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION
MINIMUM TIME BF TWEEN VALID DTMF SIGNALS.

MAXIMUM ALLOWABLE DROPOUT DURING VALID DTMF HIGNAL

TIME TQ DETECT THE PRESENCE OF VALID DTMF SIGNALS.

TIME TO DETECT THE ARSENCE OF VALID DTMF SIGNALS

GUARD TIME, TOMNE PRESENT.

GUARD TIME, TOME ABSENT,

Figure 3- Timing Uiagram
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