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Abstract

Nowadays, in a period of advanced technology, it gives many technical
methods for gaining more efficient technique in transmitting and receiving infor-
mation. This thesis describes a study and development of a digital communication
between 2 computer and between 2 telephoone that uses Pulse Code Modulation
technique to encode voice signal to be an 8-bit digital signal and then transmits
and receives this signal with a time sharing method, Time Division Multiplex,

that yeild only 2 lin€ for transmitting and receiving between two point.
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ISDN ( INTEGRATED SERVICES DIGITAL NETWORK )

Hulasahonswmsiiuinsdang ludnsuzvesdyamuatasalilulassedon
fu weliuSasnudlduims Tassadreves ISDN amwdwuziives CCITT uaad

AIA15199 2.1

A5 9% 2.1 uaee lasiadNUeIssuy ISDN MuRuueives CCITT

GENERAL STRUCTURE OF 'm}; I SERIES RECOMMENDATIONS

PART I: GENERAL STRUCTURE -~ THE I.100-SERIES
Section | : Frame of ] Series Recommendations; Terminology

1.110 Preamble and general structure of the I Series Recommendations

1111 Relationship with other Recommendations relevant to ISDNs

1112 Vocabulary of terms for ISDN

L113 Vocabulary of terms for broadhand aspects of ISDNs

Section 2 : Description of ISDNs

1.120 Integrated Services Digital Networks (ISDNs)

1.121 Broadhand aspects of ISDNs

1.122 Framework for providing additional packet made services

Section 3 : General Modeling Methods .
"1.130 The method for the characterization of telecommunication services supported by an ISDN

an ISDN and network capabilities of an ISDN
Section 4 : Telecommunication Network and Science Attributes

1140 Auributes for the characterization of telecommunication services supported by an ISDN
and network capabilities of an ISDN

1.141 ISDN charging capability attributes

PART II : SERVICE CAPABILITIES — THE 1.200 SERIES

L200 Guidance to the 1.200 Series

Section 1 : General Aspects of Services in ISDN .

1.210 Principles of telecommunication services supported by an ISDN and network capabilites
of an ISDN —— .

1.211 Bearer services supported by an ISDN

1.212 Teleservices supported by an ISDN

Section 2 : Common Aspects of Services in ISDN

1.220 Common dynamic description of basic telecommunication services

1.221 Common specific characteristics of services

Section 3 : Bearer Services Supported by an ISDN

1.230 Definition of bearer services

1.231 Circuit mode bearer services categories

1.232 Packet mode bearer services categories

Section 4 : Teleservices Supported by an ISDN

1.240 Definition of teleservices

1241 Teleservices supported by an ISDN



Continued
Section 5 : Supplementary Services in ISDN o
1.250 Definition of supplementary services
1.251 Number identification services
1.252 Call offering services
1.253 Call completion services
1.254 Multiparty services
1.255 “Community of Interest” services
. 1.256 Charging services
1.257 Additional information transfer services

PART III : OVERALL NETWORK ASPECTS AND FUNCTIONS — THE 1.300 SERIES
Section 1 : Network Functional Principles '

1.310 ISDN - network functional principles

Section 2 : Referenc Models -

1.320 ISDN Protocol reference model

1.324 ISDN network architecture %

1.325 Reference configurations for ISDN connection types

1.326 Reference configurations for relative network resource requirements

1.32x ISDN hypothetical reference connections ¥

Section 3 ; Numbering, Addressing and Routing

1.330 ISDN numbering and addressing principles

1.331 (E.164) Numbering plan for the ISDN era

1.332 Numbering principles for interwork between ISDNs and dedicated networks with
different numbering plans

1.333 Terminal selection in ISDN

1.334 Principles relating ISDN numbers/subaddress to the OSI reference model network
layer addresses

1.335 ISDN routing principles

Section 4 : Connection Types

1.340 ISDN connection types

Section 5 : Performance Objectives - .

1.350 General aspects of Quality of Service and network performance in digital networks,
including ISDNs

1.351 Recommendations in other Series including network performance objectives that apply

’ at T reference points of an ISDN
1352 . Network performance objectives for call processing delays

PART IV : ISDN USER-NETWORK INTERFACES-THE I.400-SERIES
Section 1 : ISDN User-Network Interfaces

1.410 * General aspects and principles relating to Recommendations on ISDN user-nerwork
interfaces

1.411 ISDN user-network interfaces—Reference configurations

1.412 .. 1SDN user-network interfaces—Interface structures and access capabilities

Section 2 : Application of I Series Recommendations to ISDN User-Network Interfaces

1.420 Basic user-network interface

1421 Primary rate user-network interface .

Section 3 : ISDN User-Network Interfaces: Layer 1 Recommendations

1.430 Basic user-network interface—Layer 1 specification

1.431 Primary rate user-network interface-Layer 1 specification

1.43x Higher rate user-network interfaces

Section 4 : ISDN User-Network Interfaces: Layer 2 Recommendations

1.440 (Q.920) ISDN user-network interface data link layer~general éspects

1.441 (Q.921) ISDN user-network interface data link layer specificaticn

Section 5 : ISDN User-Network Interfaces: Layer 3 Recommendations

1.450 (Q.930) ISDN user-network interface layer 3—general aspects

1.451 (Q.931) ISDN user-network interface layer 3 specification for basic call contol

1.452 (Q.932) ISDN user-network interface layer 3 specification~generic proceduxe; for Lhe control
of ISDN supplementary services

Section 6 : Multiplexing Rate Adaptation and Support of Existing Interfaces

1.460 Multiplexing, rate adaptation. and support of existing interfaces




Continued

1.451 (X.30) Support of X.21 and X21bis and X.20bis based Data Terminal Equipments (DTEs) by an
Integrated Services Digital Network ISDN)

1.462 (X.31) Support of packet mode terminal equipment by an ISDN

1.463 (V.110) Support of Data Terminal Equipments (DTEs) with V Series type interfaces by an Integrated

Services Digital Network (ISDN) -

1.464 Multiplexing, rate adaptation, and support ot‘ existing interfaces for restricted 64 kbit/s
transfer capability

1.485 Support by an ISDN of data terminal equipment with V Series type interfaces with provision

for statistical multiplexing
Section 7 : Aspects of ISDN Affecting Terminal Requirements

1.470 Relationship of terminal functions to ISDN
PART V : INTERNETWORK INTERFACES—THE 1.500 SERIES
1.500 General structure of ISDN interworking Recommendations -
..1810 ... . Definitions and general principles for ISDN mterworkmg
"T1811 7~ ISDN-to-ISDN Layer | interrietwork.interface N O . . i
1515 Parameter exchange for ISDN interworking LS. .
1.520 General arrangements for network interworking between ISDNs T - i
1.530 Network interworking between an ISDN and a public switched telephone network
(PSTN) ¢

1.540 CL.321) General arrangements for interworking between Circuit-Switched Public Data Network
(CSPDNS) and Integrated Serviges Digital Network (ISDNs) for the provision of data
transmission services

1850 (X.325) ‘General arrangements for interworking between Packet Switched Public Data Network
(PSPDN5s) and Integrated Services Digital Network (ISDNs) for the provision of data
services

I 560 (V 202) Reqmrements to be met in providing the telex service within the ISDN

PART VI: MAIN'I'ENANCE PRINCLPLES-— THE I 600 SERIES N Nl -
1601~ " " General maintenance pnncxples of ISDN subscriber access and subseriber msta.llanon
1.602 Application of maintenance principles to ISDN subscriber installation -

1.603 Application of maintenance principles to ISDN basic accesses

1.604 * Application of maintenance principles to ISDN primary rate accesses

1.605 Application of maintenance principles to static multiplexed ISDN basic accesses

034886
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2.2.2 msieunsserielasatiy ISDN fugl¥uTns
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8 1n509 @MU Basic Access Interface (BAI) qﬂnsnfﬂawma (Terminal Equipment
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1.1 gunsaliarenailseinnii 1 (Terminal Equipment Type 1 38 TE 1)
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- ISDN (Group 4)



12

< P ] . 4
12 Qﬂnimﬁmumaﬂssmm 2 (Terminal Equipment Type 2 159 TE 2)
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2. qﬂnmﬁ%amibiﬂsuhu (Network Termination %38 NT)
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2.1 punsaliyeuas A0l ssiani 1 (Nerwork Termination 1 ¥39 NT 1)
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Taerta luaziaowes 26 gunsal NT 1 1 sziffuduniweonseningunseivesd 14y
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ginsalTased1o ISDN Tavfigunsal NT 1 szdeeliuinsnseunguTusianoatui 1
¥4 OSI Az MINBTUA (Terminate) FAIWAIY
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2.2 ginsalivoune InsIvwlsziani 2 (Network Termination 2 ¥38 NT 2)
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- waz T TashigUasal NT 2 sxiinthinlduSnsaseunqulsTnasadui 1,2 uas 3 ves
OSI (Physical Layer, Data Link Layer (i3> Network Layer) Fallnueus olunisaing
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wasdiafming ldaunsodegunsailmomadinulasevie IsDN  TAuntiudietn
voagUnsel NT 2 1Aun Intercom PABX Wz LAN
s A 1 sela : 1
3. gUnsal¥oUABAY (Line Terminal w3e LT) Huginsaindadseglugume
ISDN dmunsasesunsd I9nuguay
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4. gUnsaliFOUADYNAY (Exchange Terminal #58 ET) duginssinaanseglu
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Q [ Y 1 ' . [y C4
dmiumasoudsszninginsaltaiona (Terminal Equipment) fiugunsal
3 v
iounnlAsavs (Network Termination) Wuannsamld 3 jluuudasnude
4 _ , 4 .4 a4 wye
1) MIYOUABLUY Point to Point ugtuuumasoudsiundonlidmiums
a 1 4 da A o A 1 4 y a < y
Aadofomsniting oefuiazinFesdemmemavssmudaduaz 11n50e Tasiszosr
s¥nd1e TE waz NT dszanm 1 Alawas uazliniaanou(Atenuation) YBITYRIUTI
qa 6 dB Annud 96 Aladsad
A ' . A ) da U4
4.) MIFOUABLLY Short Passive Bus (Hugdiiuyvesnisieudeniiglnsal
tar-mananeda wdesgivasde Falinnuerdssuna 100-200 was Tudnyush
fumiwesmsiyeusegiassiaematiumeduiiuiuugy Random)
A ' . 4 ' Cs
fl.) MII¥BUABIUY Extended Passive Bus iiugimsifendognsaitarons
naedanaesgiumuddilinuelszum 500 was Tudnyashdumisvents
4 1 Us Y o 1 7 [ <
wouaegUnsailmemudifumedarnadulszans 25 83 50 A3

s

51 2.3 uermansiFoudnsznang TE iy NT

d1 (=1km)

A
R N

TE TR ' TR - NT

TR = terminating resistor

(a) Point to point

. NT .
e———d2. (=100~200m) x

TR TR [~ NT

TR = terminating resistor

TE TE TE

* In principle, the NT may be located at any point along the passive bus

(b) Short passive bus
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31t 23 @)
) d4 (=500m) X
) d3(=20~50m)
TR : 5 : TR |—— NT
TE TE

TR = terminating resistor

(c) Extended passive bus
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»
ISDN 1&dail
] as [} LY o Yo oot oo L4
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(] as ] LY Z o s T 9 aa
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3 =1 as [} [ 1o s [} ]
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o = a ' a Py} a & & o <
doqnw B ivaneytia iu 1@, doya, nmiis uaz Tnses Rluvunidasisalu

[ Y]

msdedeyaninaioonii 64 Kbps 18 ud lamnsofiosdedayga Sigoalling 14 39
doytyat Signalling i’:azgndﬂwﬁmﬁmunﬁm D unu

3. voedqyanu D Huvesdyanuiilflunsdidyn a Signalling 1
dnuuzadrofuimsuvetims luTnuams FeamsuuuINARATING (Packet Switching)

2 o o ar ' [] s °
wozdeyanamuiadm dasui lumsiudidoyavesvesdannu D gndwmuaenly
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» ] »
usmsTus Tanoadu® 2 ¥ed OSI (Data Link Layer) 4z 194u1n1U19d 4109 HDLC
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Switching) e 15 lumsiFeuds PABX fluszuu ISDN Tasrutesdyanuniisnsusa
lunsSudedoya 2 Mbps
5. voadyan B iWuvesdynuillunssudedoyadodasisige
nndaiinnusuiiudeslfduloudniuaaEiver Optic) 1Haw Mlitamnsofudedoya
anwiEage, nedeulua uay Tnsasaawaige duSudhlugyaveslaseiio ISDN
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v Y
Woauaiinmisa o e 64 Kbps TR muaiiuanasgnliudadail
- fosdyana Ho HdasuSalumsiudadeyn 384 Kbps
- yosdoana H1 utesnilu 2 wiiafe Yosdyaia H11 Udas
FrlunsFudadoya 1536 Kbps uazyesdamna Hi2 Sanmid lunsfudadoya 1920
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snsuTalumssudedoya 30 Mbps

ar IS
1 Y
) o - o < LY
- ¥osdygnr H3 Udasuialumssudedeya 70 Mbps
LY <
] Y

a

asui2lunrsfudadoyn 140 Mbps
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luszoziSuusnuadlnsate ISDN latimsdmuanasguveslasadn
) [ Y 1) d' A d! 9 [}
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o aa o &
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1 e/ ] & {mt o =4 Qs t
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2.3.1 fismensasiudeyn

fisrmavesmsdaiudeyall 3 uude

1. uuufiemadied e Fuwdnd (SIMPLEX)
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a 4 a d o
AsoUImB INAUUUNINANTE
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4 d o
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2.3.2 Tsunsumugumsaeiiudeya
sdq ¥ 4 b o ad oA
ypWiFnlFmugumsaemnsdeya i 2 35 Av M1 Iwa /O (POLLED 1/O)
a [V 4
UAZAIBUINBS S MY /O (INTERRUPT 1/O)
a 2 d aa o Y sa
1. M3 Iwads (POLLING) lumsInadall awgazaesiuvoyannimesiuea
e - -
anoanm  Tashidngozgadonar liuszunm 90 wesigud veemunm T.luns
y & o i 4 o 1 o 4
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©
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LA 4 a s o ' a
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Ufismsvedunes swi 14
04 Y 1 o a dar o a
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[ a s < [ -
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L4 T W 9/ o ot st
1. gUnsalnwuendsdganr INT Wundidhy
2. aiiguen s SuaesSniilanesdds EI (ENABLE INTERRUPT)
»
FRygRazaouiuaensdumes swiiuday INTERRUPT ACKNOWLEDGE CYCLE
& o o 1 Sa Yt a o ar =1 1 a o o
' 3. iWeginsalmeneniuih FhyvonIfiinmsBumesswildfssdeBunes inm
o 9 o ey
nameIIGITNY
P -] ° a do o Jz ar dyo ] o v 9/
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»
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5. afigeznse Iaa ihlfiaawmids u dundinylasdumes minnines
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] » v
iy Buauanaduun udnse Taa lufduminiundaiddlulsunsundnae T

Main routine

Interrupt Service

Save state reempt [

Process

Restore state |

esume

Enable interrupt
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2.3.3 missdoyauuuszdenlnsiia uay Fenlnsila
2.3.3.1 mafudsdeyauunerFenlngiia
o T 9 a o Y] :: 9/ 9/ o i 4 o

Tumssudsdeyauuuesded Ianfaiu  Tnssadavesdeyanezdeasiidnume

HuvdonqFurazudentlszneudloinSudu (START BIT) druvesdoya uay
i d 3 v

Tngahodeindfugadoya sToP BIT)  Tasfimduduszuaastamsifuduveendgy
¥ Y, 'Y ' 18 o o a a ad & aw
foya udmwdisduvesngudeya uazunsdionneslimaiuinmsa woly

v ¥ - £ v o ﬂ vy ﬂ o g
ﬂi')“ﬁﬂUﬂ'J']uf‘]ﬂﬂﬂQ‘Uﬂﬁﬂaga lla:ﬁunﬂuqﬂﬂlﬂ%aﬂﬂzl un‘]iuaﬂ']‘n‘ﬂual Hydaong U

” e
NUATIUWYILAY
Asynchronous format
Marking line /)
Vi
Start | DO D1 DN Parity] Stop | Marking line
i
77 /
All transactions occur N=35,6,7 or8 1, 1.5, or 2 bits
on a falling edge of TXC May be present or not, even or odd

Message flow

N

U7 27 wamsgluuuvesmsdadoyauuy Asynchronous

fnFudu (START BIT)

TuTds Taneavesnsasdoyauuuerdn Insifa Amualdaomuznnsn (MARKING
STATE) Wudayanuasin 1 donedudsssimmsdadoya AezdesdeiinSudu Tag
unudoanuzada (SPACE STATE) nio danaasin 0 $1uau 1 dnlideu e
o 9 9 v g o U J .’1 1 o & A9 ] ° o
mlimsdnsudmadanuzveosmodd1dh vazfumedididelideyadan dmivy
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VU q
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2332 mafudideyamundedi lnala
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Tumsdedoyauuudad Inswaiuszdesdimsdadygnanin iwiouq Ay
o 1 3 s a =& ar a o
Fyanudoya tumsdadeyaszordug dyansnimddifiudygruddes
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¥y 9/ 3 1da a g = & 19 a o ar
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Beginning Il End
Opening | Address | Control Data }'ul,ld CRC1 CRC2 | Closing
flag 8 bits 8 bits or flag
01111110 I- field 15 817 0 {01111110

]|
1

Message flow

<
<«

’

U7 2.8 uaasguuumsdadeyauuy Synchronous

fethaveTus Ianoaldun
BISYNC (IBM) : BINARY SYNCHRONOUS COMMUNICATION
SDLC (IBM) : SYNCHRONOUS DATA - LINK CONTROL
HDLC (ISO)  : HIGH - LEVEL DATA - LINK CONTROL
ADCCP (ANSI) : ADVANCE DIGITAL-COMMUNICATION-CONTROL PROTOCAL
X.25 (CCITT) : RECOMMENDATION FROM THE X.25 COMMITTEE
DDCMP (DEC) : DIGITAL - DATA - COMMUNICATION MESSAGE PROTOCOL
UDLC (UNIVAC) : UNIVAC DATA - LINK CONTROL
BDLC (BURROUGHS) : BURROUGH DATA - LINK CONTROL



26

& o o ' dyd 1et 4 o a & v a a
Taonandngues s Inneamartinegnansusnines Ny nIsnquusLng
° - ] é =i J -
vimhiindeyaey deduilu BIT-ORIENTED PROTOCOL zi3uni1 SYNC
CHARACTER uaéiifu CHARACTOR-ORIENTED PROTOCOL2{36171 BEGINNING
4! a o [ 3 c: ’
FLAG Faillanyuzazih 2.9

5ptCisa bnl oviented, full full duplex. serial by bit ¥ansmission.
centralizeo comtrol, synchronous data communications message protocol

-~

Flag Address Control info CRC Flag
i Frameé Check Scquence

Flag is always 01111110 (If a sequence of 5 °°1* bits occurs in the middie of a transmission,
the transmitter stuHs a 0" bit and the receiver removes R.)

Addvess is the Station Address on a particular lina,

7 6 5 4 3 2 1 0 Bit="s
Control J | prE A N ! o |!nformation Transter
Character Ne . s Format
Formats { { 1 4
7 6 5 4 3 2 1 0 —~———Bit='s
! 1 1 T
Nr P/F Mode 0 1 Supervisory Formag
1 1 1 1
7 6 3 4 3 2 ) 0 —Bit=s
T T k- 1
CR PIF C/R ] 1 Naonsequenced Farmat
| ! I ]

21]"?1 29 uamﬂa%{uﬁmm Character-Oriented Protocol
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2.3.4 MsasIvdudenanain

FRAMING ERRORS
} 4 } 4 [
113757991 FRAMING ERRORS (fadudsii isguasaidmiuseyimsiudygyu
» ]
meiindugavesdoya (STOP BIT) uslsinghdyarui I8 uiludygiuasin o unu
é U o/ 1 o o H .4 ¥ 4 = Q'
FalumsdedoyamednsueFhdyapudusniisy 1dneusudeaduindudu
a v & aa ad & e g
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R ¢
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DO DI D2 D3 D4 lD5 D6 Parity

Start bit Framing error :
receive expected stop bit

and found logic O instead
31 2.10 UAAIN1575299Y Framing error

PARITY ERRORS
ANFATIITY PARITY ERRORS MIduiudpiaoandoiiudiuas Aedua aduilu

Ad’t!’ v M = Ady a o 9 J o P}
wisan/ g 5o lilimia medwiunssdesassaeuldawil TasimanlSou

¥
y

P 1 Adyn d'tv ﬁlu Qd’a 9 a [ q’/l 9/ P =t 1 =1
muum‘ummmunmu"l AUWITAUNYOIVBYAWII muumtﬂsuumuumﬂuuad

hll v =1 ﬁlu S0 a Y a 4?' o 9 o 1
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OVERRUN ERRORS
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4 (Y ; 1 1 9/ Y A& Y L
HBUALYA ( HAND - SHAKE ) fudu szuinedudd tesdmiy mieflesdumsdedoya

Taiviu wazidlumsilesfu EVERRUN ERRORS lundazausniapsidue Aodminifia

Y a 2 an g o o < = a a J -
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[ Y 4 o A

udoyadrduse ldegli 2.11
»
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STARY

READ DATA REGISTER CHANNE( A —
GET CHARACTER
STORE DATA FOR LATERUSE

.
¥

. WRITE WRQ POINT 10O RAY

READ AR

L 4

STORE ERAOR WORD FOA
LATER PROCESSING

RETURN

WRITE WRO RESET
ERROA COMMAND

1
RETURN

o <] a
§1J'YI 2.11 (aaINIIATIYANIIINA Overrun error
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( PULSE CODE MODULATION )

Wad 1Ra weagiatu  AedthlFfuwi llumsunudygnunewden Weglu
Qs an o [y @ o § 4 4 ar
suuudgygnunataea  dmiugalaquudygranseundenidediosduszgnunuld
) aa J & A d' ! = @ g o
fudeyameddasanmilalussuuaugiuass fielsiinmilimudyguewnden gadh
} 4 [
ns¥adg Wu ssianalFouiioy Nezdeaunudisldaes lstuszuuavguaes FuSun
4 ]
A Wad Ida Sminhaminegsznivassmlussuniavgiuedes sziioh Auavg o
¥ P c’; o s a : o o o a kJ
sglndunfigaiuiiulda dmduunudynnugmivvesdygrasudenihnsdunmd
1 4 3 v
FasuuuignFoni adulaedu (QUANTIZATION) msmisndueoniiutides
1 [} ° Y 1 o 9 v @2 @ e 1 o o
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SOURCE ANALYSIS
AUOI0 . B ( EEGJ Tc“éoe
wavEFORM n . :
. . ) \ ANALOG-TO- .
T el S I B g S T
. Tt . HOLD CONVERTER
. 000---
SYNTHESIS REPRODUCED
PCM COODES AUDIO
OIGITAL - WAVE FORM
103--- —] T0- LOW-PASS /\Af\
100--- ANALGG FILTER  amm——
001--- CONVERTER .
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SIGN = 1 [ POSITIVE ]
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Increment Step Size and Breakpoints for the
Lenkurt 9002B Channel Bank

Segment Step Increment (mV) Breakpoint (mV)
0 0.475 16x0.475= 7.6
1 0.963 7.6 +16x 0963 = 230
2 1.93 23+16x193= 539
3 3.88 539+ 16x 388 = 116
4 7.69 116 + 16 x 7.69 = 239
5 154 239 + 16 x 154 = 486
6 309 486 + 16 x 30.9 = 981.0

7 63.7 981 + 16 x 63.7 = 2000
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/*

CEEEREEREEEERREECEECECEEEECEECCCREPRECAEAE
KING MONGKUT'S INSTITUTE OF TECHNOLOGY LADKRABANG

¥ .

Program : UDLT2.C

COMPUTER ENGINEERING

By . Mr. Thanawut Tiraoram 85.1032286

Purpose : This program use for transmit and receive data

between two computer. In transmit case, by sending

data to 8251A's serial port which this data is in

formal of character, that is it can be send one

character per time. By usage asynchronous mode.

In receive case, by interrupt and set flag.

daclaadadaedaaadadedaeaelddaadaaldadadaalc

#include <bios.h>

#include <dos.h>

#include <stdio.h>

#include <conio.h>

#tdefine
#define
#define

#define

DataPort
CtriPort
ResetPort

ModeWord

0x3800
0x301

0x00

Oxfe /* 11111110 ; 10 : async mode 16x baud rate,

11
1
11

. 8 bits per char,
: even parity,

. 2 stop bit */



#define

#define
#define
f#tdefine

#define

#define
#define

#define

CommandW 0x35 /¥ 00110101 : TxD enable,

TxRDY
RxRDY
TxEMPTY
ESC

EI
DI
EOI

RxD enable,

reset error flag

RTS force to zero */
0x01 -
0x02
0x04

Ox1b

outportb (0x21, inportb (0x21) & Oxdf)
outportb (0x21, inportb (0x21) | 0x20)

outportb (0x20, 0x20)

typedef enum {FALSE, TRUE} BOOLEAN;

void InitCom (void);

BOOLEAN Send (void),

void Comm (void);

void interrupt Rx (void),

void interrupt (*oldfunc)(void);

void Receive (void),

void Draw_border(),

char buff,

BOOLEAN int_flag = FALSE;



void main (void)

{

cirscr (),

EL /* enable interrupt */

InitCom ();

Comm ();

setvect (0x0d, oldfunc);

DI

void InitCom (void)

{

inti, j

oldfunc = getvect (0x0d);

setvect (0x0d, Rx);

for (i = 0;i<8; i++) {

outportb (CtrlPort, ResetPort);

for (j=0; j<100; j++);
}
outportb (CtrlPort, 0x40),

for (j=0; j<100; j++),

outportb (CtrlPort, ModeWord),
for (j=0; j<100; j++);

/* clear internal register */

[* delay */

/* send mode word to confrol port */



outportb {CtrlPort, CommandW); /* send command instr to control port */

for (j=0; j<100; j++),

textmode(C80),
textcolor(YELLOW):
Draw_border(1, 1, 79, 12),
gotoxy(85, 1),
cprintf("SEND DATA");

textcolor(YELLOW),
Draw_border(1, 18, 79, 24),
gotoxy(85,18);
cprintf("RECEIVE DATA");,
textcolor(WHITE),

void Comm (void)
{
while (TRUE) {
if (Send () == FALSE)
return;

Receive();



void Receive (void)

{

staticintx=1,y =1,

window (2, 14, 78, 23),
gotoxy (X, y):
if (int_flag == TRUE) {
if (buff == "\r'")
cprintf ("\r\n"),

cprintf (" %c", buff);

int_flag = FALSE;

x = wherex ();

y = wherey (),

BOOLEAN Send ()
{

int ch;
int j;

staticint x =1,y = 1]

window (2, 2, 78, 11),
gotoxy (%, y);
ch = bioskey (1);



if (ch != 0) {

bioskey (0),
while ((inportb (CtrlPort) & TxRDY) != TxRDY),

outportb (DataPort, (char) ch);
if ((char)ch == "\r')
cprintf ("\r\n");

else cprintf (" %c", (char) ch);

x = wherex (),

y = wherey (),

return (FALSE?TRUE : (ch != 0x11b));

}

[
subroutine ; interrupt Rx()
input . interrupt from 8251A (from BRKDET pin)
output . save data to buffer

¥/

void interrupt Rx (void)

{

int_flag = TRUE;

buff = inportb (DataPort),

EOL



/*$$$$$$ This subroutine use to create border for display character. $$$$$$*/
void Draw_border(startx, starty, endx, endy)

int startx, starty,

int endx, endy,

{

register int i,
for (i=startx+1; i<endx; i++) {

gotoxy(i, starty), putchar(196);

gotoxy(i, endy), putchar(198);

for (i=starty+1; i<endy. i++) {

gotoxy(startx, I); putchar(179),
gotoxy(endx, I); putchar(179);
}
gotoxy(startx, starty), putchar(218),
gotoxy(startx, endy), putchar(182),
gotoxy(endx, starty); putchar(191);
gotoxy(endx, endy), putchar(217);
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MOTOROLA
s SEMICONDUCTOR
TECHNICAL DATA

Advance Information , 145425
- ISDN Universal Digital Loop
Transceivers Il
! The MC145421 and MC145425 UOLTs are high-spe;d data transceivers capable of . j PLASTIC
providing 160 kbps full duplex data communication over 26 awg and larger twisted- ’ 1 cns 709
' pair cable up to 1 km in length. These devices are primarily used in digital subscriber
voice and data telephone systems. In addition, the devices meet and exceed the
CCITTs recommendations for data transfer rates of ISDNs on a single twisted pair.
The devices utilize a 512 kilobaud MDPSK burst modulation technique to supply the
160 kbps full duplex data transier rates. The 160 kbps rate is provided through four PIN ASSIGNMENTS
channels. There are two B channels, which are 64 kbps each. In addition, there are MC145421
two D channels which are 16 kbps each.

The MC145421 and MC145425 UDLTs are designed for upward compatibility with vgsl1 e 24 v
the existing MC145422 and MC145426 80 kbps UDLTs, as well as compatibility with Y 12 21 b
existing and evolving telephone switching hardware and software architectures. At '

/*‘ The MC145421 (MASTER) UDLT is designed for use at the telephone switch line uls 22 Jhuo2
card while the MC145425 [SLAVE) UDLT is designed for use at the remote digital g 2 {In
telset or data terminal. wils . hae2
® Employs CMOS Technology, in Order to Take Advantage of Its Proven Capability for 0"5 s 2wl

Complex Analog and Digital LSI Functions, f 2 b
® Provides Synchronous Full Duplex 160 kbps Voice and Data Communication in a oal 7 s 12 L IBCROC
28 + 2D Format For 1ISON Compatibility. ocx(] 8 17 flca
® Provides the CCITT's Basic Access Data Transfer Rate {28 + D} for ISDNs on a Single pi0ll s 16 Jusi
Twisted Pair up to 1 km. 200 10 15 0m
® Compatible with Existing and Evolving Telephane Switch Architectures and Call -
Signalling Schemes. st 1 " g Te2
@ Protoco! Independent P00 12 M0
® Single +5 V Power Supply
MC145425
’ ol vssl1 e 2 gy
Vet [ 2 23 1ot
i
TWISTED PAIR uga 2 fluz
WIRE . (eI 21 e
1tm

16 togs D1 = 16 kbps D1 wis , 0fsix

16 kbps 02—+—>~1  MASTER Stavg  (e—>—161bp1 02 onls g 19 feuxout

54 Abps BY ~—1  SON UDLT > 1SON UOLT  [—>- B4 kbps BI < i

§4 hps §2 ~—] | 64 1853 B2 a7 & wpm

ocuxfie nfico
160 kbps FULLOUPLEX oi0s 16 [I1onE
DATA TRANSMISSION p20[] 10 15 JENt
Mekfl 11 14 {Jen2

Po( 12 13N

Han

This document contains informatlon on 3 new product Specifications and informnation hevein are subjuct 1o change without notice.

MOTOROLA TELECOMMUNICATIONS DEVICE DATA



MC145421, MC145425

01 23

[+,

MC145421 MASTER ISDN BLOCK DIAGRAM

PR vy

i

CTHANNEL BUFFERS
zz MODULATOR Y2 'y -
102 <——Q—'
IR T St
20
2 kL
s 4 ﬁ Rz
" [ 19
st % SEQUENCE Rl
ust AND § CHANNEL BUFFERS
o —Y CONTROL o
o 02 > 020
[
" D CHANNEL BUFFERS oeLx
01 — LIPS
18
u TDCROC
%
L) Bl 3
T
Yool 4, —_— 82 [
B CHANNEL BUFFERS LB
DEMODULATOR "
e 2
MC145425 SLAVE 1SON BLOCK DIAGRAM
m——"——@——f <—ra| I » lm LuzJ
O CHANNEL BUFFERS
2 MODULATOR sy 'AV t® 4 2 o
102
]
ot — ] o
XTL«—“—— 2 "j
— 4 2
18 SEQUENCE N f
M —L1 AND 1 -
NTRO!
TONE —18 U B CHANNEL BUFFERS
cue oyt -2 ﬂ‘- .
:
75 2 0o,
L ]
O CHANNEL BUFFEAS — DCIK
” I o =
7
1z o1 LI
LU
11
8, L1 1
7 NS Tt
Ly B2
7 -
15

DEMODULATOR

8 CHANNEL BUFFERS

b= N

—— N2

MOTOROLA TELECOMMUNICATIONS DEVICE DATA



MC145421, MC145425

ABSOLUTE MAXIMUM RATINGS (Voltage Referenced to Vgs)

Rating Symbol Value Unit This device containg circuitry 1o protect the
DC Supply Voltage Vpp-Vss -05106.5 v inputs against damage due to high static voltages
Voltage Any Pin to Vgg v ~0.510 Vpp + 0.5 v or electric ﬁ.elds; however, itis .advised that not-
DCC Ary Pin (Excluding V 1 0 A mal precautions be taken to avoid applications of
v ,U"‘m' Y Fin [Txclucing Yoo. 2 any voliage higher *han maximurh rated voltages
SS - 3 - 10 this high impedance circuit. For proper oper-
Operating Temperature Ta =401 ¢ ¢ ation it is recommended that Vi and Vg, be
Storage Temperature Tsig -85t -150 °C constained 1o the range VggsiViy or
. Vout! S VpD. Reliability of operation is enhanced
if unused inputs are tYied to an appropriate logic

voitage level (e.g., either Vg or Vpp).
RECOMMENDED OPERATING CONDITIONS (To= —4010 +85°C) .

Parameter Pins Min - Typ ¢ Max Unit

DC Supply Voltage Vbo 4.5 50 | 58 v
Frame Rate MC145421 {See Note 1} MSI - 8.0 - kHz

MC145421/25 Frame Slip" Rate {See Note 1) - - - 0.2% %
CCI Clock Frequency -— - 8.192 8.29 MH2
TOC/RDC Data Clocks (for Master} - 0.128 , - 4.1 MH2
DCLK - 0.016 - 4. MH2
Modutation Baud Rate (CCI/16} LOY, LO2 - 512 - kHz

NOTE:

1. The slave’s crysial frequency divided by 1024 must equal the master’s MSI frequency $.0.25% for optimum aperation. Also, the 8.192 MH2
input a1t the masier divided by 1024 must be within 0.048% of the masier’s B kHz MS! clock frequency.

D!GITAL CHARACTERISTICS (Vpp=5V, To= -~40 10 +85°C) g
Parameter Min T Mex Unit
Input High Level 35 - v
tnput Low Level - 1.5 v
input Current, Vpp - 15 mA
Input Current (Digital Pins) - 5 pA
Input Capacitance - 10 pF
Output High Current (Except Tx on Master and Stave, and FD on the Slave} VoH=25 -1.7 - mA
Vox =4.6 -0.36 -
Tx Output High Current Vou=25 -34 - mA
VoH=4.6 -0.7 -
TD (Siave Output High Curient ISee Note 2) Vou=2.5 - ) »A
Output Low Current (Except Tx on Master and Stave, and BB on Stave) Vor =0.4 0.36 - mA
VorL=0.8 0.8 -
Tx Output Low Current Vor=0.4 17 - mA
VoL =0.8 a5 -
PD (Stavel Output Low Current (See Note 2) Vo =0.4 30 60 | kA
Tx Three-State Impedance 100 - k0
XTL Qutput High Cutrent VoH=4.6 - - 450 wA
XTL Output Low Current Vo =0.4 450 - A
NOTE:
2. To overdrive PO from a low level 10 3.5 V, or a high level to 1.5 V requires @ minimum of 1 800 yA drive capability.
ANALOG CHARACTERISTICS (vpp=5V, TA=0t0 70°C}
Parameter Min Max Unit
Modutation Ditferential Amplitude RL = 880 1) {LO1-L02) 4.6 - Vpeak
Modulation Ditterential OC Otfset - 40 mv
Vet Voltage (Typicatly 9:20-{Vpp - Vgs) 2.0 25 \4
PCM Tone Level - -22 -18 d8m
Demodulator Input Amplitud: . 50 ~ ] mvpesk
Demodulator input Imped 1t 10 Vyep) 75 300 k0

.
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MC145421 MASTER PIN DESCRIPTIONS

Vpp—POSITIVE SUPPLY (PIN 24)
The most positive power supply pin, normally + 6 volts with
respect to Vgs.
Vss—~NEGATIVE SUPPLY (PIN 1) ’
The most negative supply pin and logic ground, normaily
0 volts. :

V;ef—~REFERENCE OUTPUT {ANALOG GROUND)
{PIN 2)

This pin Is the output of the internal reference supply and
should be bypassed to Vpp 8nd Vgg with 0.1 sF capacitors.
This pin usually serves as an snalog ground reference for
transformer coupling of the device’s incoming bursts from the
fine. No external d¢ load should be placed on this pin.

LI—-LINE INPUT (PIN 3)

This pin Is an input to the demodulator for the incoming
bursts. The input has an internal 240 kQ resistor tied to the
Vief pin, 50 an external capacitor or line transformer may be
used to couple the input signal to the device with no dc offset.

LO1, LO2—LINE DRIVER OUTPUTS (PINS 23, 22)

These push-pull outputs drive the twisted pair transmission
line with a 512 kHz modified DPSK (MDPSK) burst each
125 ps, in other words at an 8 kHz rate. When not modulating
the line, these pins are driven 1o the active high state—being
the same potential, they creste an ac short. When used in
conjunction with feed resistors, proper fine termination is
maintained.

SE-SIGNAL ENABLE INPUT (PIN 11}

At the time of a negative transition on this pin, an internal
tatch stores the states of LB and PD for as long as SE is held
low. During this time, the VD, DO1, and DO2 outputs are
driven to the high impedance state. When SE is high, all pins
function notmally. -

TB-—-LOOP BACK CONTROL (PiN 4)

A low level on this pin ties the internal modulator output to
the internal demodulator input which loops the entire burst
for testing purposes. During the loopback operation, the Li
input is ignored and the LO1 and LO2 drivers are driven to the
active high level. The state of this pin is internally latched if
the SE pin is held low. This feature is only active when ths
PD input is high.

PD—POWER DOWN INPUT (PIN 12)

When held low the ISDN UDLT powers down, except the
circuitry that is necessary to demodulate an incoming burst
and to output VD, B channel and D channel data bits. When
PD is brought high, the ISON UDLT powers up. Then, it begins
transmitting every MSI period 1o the slave device, shortly after
the rising edge of MSL. The state of this pin is latched if the
SE pin is held low.

VD - VALID DATA OUTPUT (PIN 5)

A high level on this pinindicates that a valid line transmission
has been demodulsted. A valid transmigsion burst is

determined by proper synchronization and the absence of de-
tected bit errors. VD changes state on the rising edge of MSI
when PD is high. When PD is low, VD changes state at the
end of demodulation of 3 transmission burst and does not
change again until three MSI rising edges have occurred, at
which time it goes low, or until the next demodulation of a
burst. VD is a standard B-series CMOS output and is high-
impedance when SE is low.

MSI—MASTER SYNC INPUT (PIN 16)

This pin is the master, 8 kHz, frame reference input. The
rising edge of MSI loads B and D channel data which had
been input during the previous frame into the modulator sec-
tion of the device and initiates the out-bound burst onto the
twisted-pair cable. The rising edge of MSI also initiates.the
butfering of the B and D channel data demodulated during
the previous frame. MSI should be approximately lsading edge
aligned with the TDC/RDC data clock input pin.

CCI—HIGH-SPEED CLOCK INPUT (PIN 17}

An 8,192 MHz clock should be supplied to this input. The
8.182 MHz input should be 50% duty cycle, however it may
free-run with respect to aX othsr clocks without performance
degradation. .

D1l, D2I~-D CHANNEL SIGNALING BIT INPUTS
{PINS 6. 7)

These inputs sre 16 kbps serial datas inputs. Two bits should
be clocked into sach of these inputs between the fising edges
of the MS! frame reference clock. The first bit of each D
channaelis clocked into an intermediate buffer on the first falling
edge of the DCLK following the rising edge of MS1. The second
bit of each D channel is clocked in on the néxt negative tran-
sition of the DCLK. If further DCLK negstive edges occur,
new information is serially clocked into the bufter replpcing
the previous data one bit at a time. Buffered D channel data
bits are burst to the slave device on the next rising edge of
the MS! frame reference clock.

D10, D20-D CHANNEL SIGNAL OUTPUTS (PINS 8, 10)

Thase serial outputs provide the 16 kbps D channel si,";'ni;mg
information from the incoming burst. Two data bits shouldbe
clocked out of each of these outputs between the rising edges
of the MSI frarne reference clock. The rising edge of MS!
produces the first bit of sach D channal on its respective pin.
Circuitry then searches for 8 negative D cloc edge. This tells
the D channel data shift register to pvodﬁce the second
D channel bit on the néxt rising edge of the DCLK, Further
positive edges of the DCLK recirculate the D channel output
bufier information.

DCLK—~D CHANNEL CLOCK INPUT (PIN 8) -

This input is the transmit and receive data clock for both
D channels. D channel input and output operation is described
in the D10, D20 pin description.

Tx~TRANSMIT DATA OUTPUT (PIN 13)
This pin is high impedance when both TE1 and TE2 are low.,
This pin serves as an output for B channel information received

from the slave device. The B channel data is under the control
of TEY, TE2, and TDC/RDC. (See TE), TE2Z description.)

N
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Ax—RECEIVE DATA INPUT (PIN 21}

B channel data is input on this pin and is controlled by the
REY, RE2, and TDC/RDC pins. (See RE), RE2 description.)

TE1, TE2—- TRANSMIT DATA ENABLE INPUT
{PINS 14, 15)

These two pins control the output of data for their respective
B channel on the Tx output pin, When both TE1 and TE2 are
low, the Tx pin is high impedance. The rising edge of the
respective enable produces the first bit of the selected B chan-
nel data on the Tx pin. Internal circuitry then scans for the
next negative transition of the TDC/RDC clock. Following this
event the next seven bits of the selected 8 channel data are
outpul on the next seven rising edges of the TDC/RDC data
clock. When TE1 and TE2 are high simultaneousty, data on
the Tx pin is undefined. TE1 and TE2 should be approximately
leading-edge aligned with the TDC/RDC daa clock signal. In
order to keep the Tx pin out of the high-impedance state,
™ these enable fines should be high while the respective B chan-
nel data is being output.

RE1, RE2— RECEIVE DATA ENABLE INPUTS
(PINS 19, 20} .

These inputs control the input of B channel data on the Rx
pin of the device. The rising edge of the respective enable
signal causes the device 10 load the selected receive data butfer
with data from the Rx pin on the next eight falling edges of
the TDC/RDC clock input. The RE1 and RE2 enables should
be roughly leading-edge aligned with the TDC/RDC data clock
input. These enables are rising edge sensitive and need not
be high for the entire B-channel input period.

TDC/RDC—TRANSMIT/RECEIVE DATA CLOCK INPUT
{PIN 18)

This input is the transmit and receive data clock for the
B channel data. As described in the TE1/TE2 and the RE1/
RE2 sections, output data changes state on the rising edge of
this signal, and input data is read on the falling edges of this
signal. TDC/ROC should be rougnly leading-edge atigned with
the TE1, TE2, RE1, and RE2 enables, as well as the MSI frame
reference signal.

MC145425 SLAVE PIN DESCRIPTIONS

Vpp—POSITIVE SUPPLY (PIN 24}

The most positive power supply pin, normally + 5 volts with
respect to Vgg.

Vgs— NEGATIVE SUPPLY (PIN 1)

The most negative supply pin and logic ground. normally
0 vohis.

V,ef— REFERENCE OUTPUT [ANALOG GROUND)
{PIN 2)

This pin is the output of the internal 1eference supply and
should be bypassed 10 Vpp and Vgg with 0.1 uF capacitors.
This pin usually serves as an analog ground reference for
transformer coupling of the device's incoming butsts from the
line. No external de load should be placed on this pin.

Rall

LI—LINE INPUT {PIN 3}

This pin is an input 10 the demodulator for the incoming
bursts. The input has an internal 240 k2 resistor tied to the
V;ef pin, so an external capacitor or line transformer may be
used to couple the input signal to the device with no dc offset.

LO1, LO2—LINE DRIVER OUTPUTS (PINS 23, 22)

These push-pull outputs drive the twisted pair transmission
line with a2 512 kHz modified DPSK (MDPSK) burst each
125 ps; in other words at an 8 kHz frame rate. When not
modutating the fine, these pins are driven to the active high
state —being the same potential, they create an ac short. So
when used in con}uncﬁorf with feed resistors, proper line ter-
mination is maintained. .
CLK OUT--CLOCK OUTPUT (PIN 19)

This pin serves as a butfered output of the crystal frequency
divided by two. This clock is provided for systems using the
MC 145428 Data Set Interface asynchronous/synchronous ter-
minal adaptor device.

TE—LOOPBACK CONTROL INPUT (PIN 4)

When this pin is low, the incoming B channels from the
master are burst back to the master—iristead of the Rx
B channel input data. The B channel data from the master
continues to be output at the slave’s Tx pin during loopback.
11 the TONE and the loopback function are active simuliane-
ously, the loopback function overrides the TONE function.
D channel data is not atfected by L8.

VD - VALID DATA OUTPUT (PIN 5)

A high on this pin indicates that a valid wransmission burst
has been demodulated. A valid burst is determined by proper
synchronization and the absence of detected bit errors. i no
transmissions from the master have been received in the last

250 us, as determined by an internal oscittator, VD will go low. 2. B

Mu/A - TONE FORMAT INPUT (PIN 11)

This pin determines the PCM code for the 500 Hz square
wave lone generated when the TgNE input is high—~ Mu law
{Mu/A =1} or CCITT A law {Mu ‘A = 0) format.

TONE--TONE ENABLE INPUT (PIN 16)

A high on this pin causes 3 500 Hz square wave PCM tone
1o be inserted in place of the demodulated B channel data on
B channe! 1. This feature allows the designer 10 provide audio
feedback for telset keyboard operations.

PD—-POWER DOWN INPUT/OUTPUT (PIN 12)

This is a bidirectional pin with a weak output driver so that
it can be externally overdriven. When held low, the ISON UDLT
is powered down, and the only active circuitry is that which
is necessary for _demodulalion, generation of EN1, EN2, BCLK,
and DCLK, and outputting of the data bits and VD. When
heid high, the ISDN UDLT is powered up and transmits nor-
mally in response to received bursts from the master. I the
1SON UDLT is powered up for 250 ps—which is derived from
an internal oscillator and no bursts from the master have oc-
curred, the ISDN slave UDLT genela!ega free-running set of

MOTOROLA TELECOMMUNICATIONS DEVICE DATA



i

i

¥

MC145421;-MC145425

EN1, EN2, BCLK, and DCLK signals and sends & burst 10 the
master device every other 125 us frame. This is a wake-up
signal to the master.

When PD is floating and a burst from the master is de-
modulated, the weak output drivers will try to force PD high,
It will try to force PD low it 250 us have elapsed without 3
burst from the master being successfully demodulated. This
allows the slave deyice to self power up and down in demand-
powered loop systems.

CCI—CRYSTAL INPUT {PIN 17)

Normally,'an 8.192 MHz crystal is tied between this pin and
the XTL pin. A 10 M@} resistor betwgen CCl and XTL and
25 pF capacitors from CCl and XTL to Vgg are required to
ensure stability and start-up. CCl may also be driven with an
external 8.192 MHz signal if a crystal is not desired.

XTL—CRYSTAL OUTPUT (PIN 18}
This pin is capable of driving one external CMOS input and

" 15 pF of additional load capacitance.

P

D11, D21-D CHANNEL INPUTS (PINS 6, 7)

These two pins are inputs for the 16 kbps D data channels.
The D channel data bits are clocked in serially on the negative
edge of the 16 kbps DCLK output pin.

D10, D20~-D CHANNEL OUTPUTS {PINS 9, 10

These two pins are outputs for the 16 kbps D data channels.
These pins are updated on the rising edges of the slave DCLK
output pin,

Tx~TRANSMIT DATA OUTPUT {PIN 13}

This line is an output for the B channel data received from
the master. B channel 1 data is output on the first eight cycles
of the BCLK output when EN1 is high. B channel 2 data is
output on the next eight cycles of the BCLK, when EN2 is
high. B channel data bits are clocked out on the rising edge
of the BCLK output pin.

DCLK—D CHANNEL CLOCK OUTPUT (PIN 8)

This output is the transmit and receive data clock for both
D channels. It starts upon demodulation of a burst from the
master device. This signal is rising edge sligned with the EN1
and BCLK signals. After the demodulation of 8 burst, the DCLK
line completes two cycles and then remains low until another
burst from the master is demodulated. In this manner syn-
chronization with the master is established and any clock slip
between master and slave is absorbed each frame.

Rx-— RECEIVE DATA INPUT (PIN 21)

This pin is an input for the B channe! data. B channel 1 data
is clocked in on the first eight falling edges of the BCLK output
tollowing the rising edge of the EN1 output. B channel 2 data
is clocked in on the next eight falling edges of the BCLK
following the rising edge of the EN2 output.

EN1—-B CHANNEL 1 ENABLE OUTPUT (PIN 15}

This line is an 8 kHz enable signal for the input and output
of the B channel 1 data. While EN1 is high, B channel 1 data

is clocked out on the Tx pin on the first eight rising edges of
the BCLK. During this same time B channel 1 input data is
clocked in on the Rx pin on the first eight fglling edges of the
BCLK. The VD pin is also updated on lhe%ising edge of the
EN1 signal. EN1 serves as the slave device’s 8 kHz frame
reference signal.

N
EN2-—B CHANNEL 2 ENABLE OUTPUT (PIN 14)

This pin is the logical inverse of the EN1 output and is used
to signal the time slot for the input and output of data for the
B channel 2 data.

BCLK—B CHANNEL DATA CLOCK OUTPUT (PIN 20}

This is 8 standard B series output which provides the data
clock for the B channel data. This clock signal is 128 kHz and
begins operating upon the successful dempdulation of a burst
from the master. At this time, EN1 goes high and BCLK starts
toggling. BCLK remains active for 16 periods, at the end of
which time it remains low until another burst is received from
the master. In this manner synchronization between the master
and slave is established and any clock slippage is absorbed
each frame.

BACKGROUND .

- The MC145421 and the MC145425 ISDN UDLTgorovide an
economical means of sending and receiving tw: ;j.channels
(64 kbps each) of voice/data and two D channils (16 kbps
each) of signal data in a8 two wire configuration at distances
up to one kilometer, There are two ISDN UDLTs, master and
siave. The master UDLT is compatible with existing and evolv-
ing PABX architectures. This device transmits 2B + 2D chan-
nels of data to the remote slave. At the remote end, the slave
device presents a replica of the PBX backplane 1o the terminal
devices, .

These devices permit existing digital PBX architeciures to
remain unchanged and provide enhanced voice/data com-
munication services throughout the PBX sarvice area by simply
replacing a subscriber’s line card and telset.

All operations occur within the boundaries of an 8 kHz frame
(125 ps). In the master, the frame sequence begins on the
rising edge of MSL. In the slave, the frame begins after the
demodulation of a burst from the master. The slave initializes
its timing controls at this point 10 stay synchronized with the

master.

During one 125 us frame four main activities are p'erforrned:

1. Previously buffered 2B + 2D channel data is burst 1o the

other end.

2. New 2B + 2D channel data is accepted for the next

frame’s transmission.

3. An incoming burst is demodulated and stored.

4. 2B + 2D channel data from the previous demodulated

frame is output.

The bursts are 20 bits long, composed of two 8-bit B chan-
nels and two 2-bit D channels. Bursts are encoded using a
modified DPSK method at 512 kHz. Since a single wire pair
is used, half duplex operation is used. A 512 kHz burst is sent
from end to end in a ping-pong fashion. This method provides
apparent full duplex 160 kbps transmission of data at distances
up to one kilometer.

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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_GENERAL

The ISDON UDLT consists of a modulator, a demodulator,
intermediate data registers, receive and transmit data registers,
and sequencing and control logic. The Rx and Tx buffers
interface digitally to the line card backplane signals, while the
modulator and demodulator interface to the twisted pair trans-
mission media. Intermediate data registers buffer data between
these main compcenents. The ISDN UDLT is intended to
operate with & 5 volt power supply and can be driven by CMOS
or TTL logic.

MASTER OPERATJON

In the master, the rising edge of MS! initiates the 125 ps

frame. B channel data is clocked into the Rx registers under
control of TDC/RDC, REY, and RE2. This data is combined
with the D channe! data clocked in on pins D1l and D2! by
the DCLK. The resulting 20 bit packet is stored for the nexi
frame transmission to the slave UDLT.

The burst output t0 the slave consists of the 2B + 2D data
loaded during the previous framne. The burst received from the
slave is demodulated and stored for outputting in the following
frame.

B channel bits demodulated in the previous frame are output
on the Tx pin under conwol of TDC/RDC, TE1, and TE2.
Demodulated D channe! bits are output on the D10 and D20
output pins. The indication of a valid burst demodulation is
the VD output, which is updated at the start of every frame.

SLAVE OPERATION

In normal slave operation, the main synchronizing event is
completion of demodulating 8 burst from the master UDLT.
This action initializes the 125 ps frame boundary of the slave.
During the slave frame, B channel data is loaded and stored
under control of the BCLK, EN1, and EN2 outputs. D channel
dataisloaded at D1l and D21 under control of the DCLK output.

The demodulated burst from the master is separated into
its D channe! and B channel components and output on the
D10, D20, and Tx pins. The retum burst to the mastet con-
sisting of previously loaded 2B-+ 20 data is transmitted eight
bauds after the completion of demodulation of the master's
burst, This provides a period for line transients to diminish.

The start of the slave frame initiates two cycles of the
16 kHz DCLK, and one cycle each of the 8 kHz EN1 and EN2
erables. Atier completing their cycles, these outputs remain
low until another dermnodulation signals the start of & new slave
frame, In this manner, clock slip between the master and slave
UDLTs is absorbed each frame.

POWER-DOWN OPERATION

When PD is low in the master, the ISDN UDLT is powered
down and only that circuitry necessary to demodulate incom-
ing bursts is active. No transmissions to the slave occur during
power down. If the master is receiving bursts from the slave,
the VD pin will change state upon completion of the
demodulation.

When the PD input pin is driven high, the master ISDN
UOLT is powered up. In this mode, the master bursts to the
slave every frame. B and D channel data can be loaded and
unloaded and VD is updated on the MS! rising edge.

If no bursts are received by the master, whether powered
up of not, the B channel data is unknown and the D channel
bits will remain at their fast known values.

The PD pin on the slave UDLT is bidirectional with a weak
output driver that can be overdriven externally. When low—
either externally or internally derived, the sfave is powered
down. No bursts 10 the master can be transmitted. ENJ, EN2,
BCLK, and DCLK outputs are inactive during power down
except when TONE is high or a burst has been received from
the master. B and D channel data can be loaded and unloaded,
and VD is updated upon completion of demodulation of an
incoming burst from the master. Input B and D channel data
is not transmitted until the slave is powered up, in which case
the first burst contains the most recently loaded data.

When the PD pin is high, the slave is powered up and
transmits every frame. The data enables and clocks are output
and data can be loaded and unloaded. 2

TIMEOUT OPERATION

Timeout is an operating state in both the UDLT master and
slave devices. This siate indicates that no incoming bursis
have been demodulated, forcing the VD pin low. An internal
counter is incremented for each frame that does not contain
an incoming burst. The counter is reset upon demodulating a
burst from the far end. Timeout can occur whether the device
is powered up or down.

In the master, timeout begins on the rising edge of the third

+MSiI following the last received burst. This is equivalent to two
MSI frames. The VD output is forced low guring timeout. The
B channel output data will be unknown, but the D channel
bits will remain at their last values. Successful demodulation
of @ burst from the slave will result in leaving the timeout state
on the next rising MSf:edge

Timeout in the slave‘Gngms during the third frame without
an incoming burst. Thd VD pin is forced low and the last
D channel bits are saved. Normally, the slave timing is syn-
chronized 1o the incoming master bursts, but in timeout, the
slave operates from a free-running internal frame clock
accompanied by BCLK, EN1, and EN2. These clocks are not
generated during the two frames prior to entering timeout. If
powered up during timeout, the slave will burst to the master
on every other frame. This mode allows lheéevminal equjpmenl
to transmit its status to the master even though it is not re-
ceiving data. Demodulation of 2 burst from the master will
cause the slave to exit the timeout mode.

When the PO pin is used as an output on the slave UDLT,
timeout controls the pin, Timeout forces the PD output low
to indicate that the device has powered itsetf down. In this
case, the slave will not transmit 1o the master. However, when
a valid burst is received, timeout ends and the PD pin is driven
high to indicate power up. This feature allows the slave UOLT
1o self-power-up and down in demand-powered loop systems.

NOTE
The slave uses a free running clock during timeout,
After a long petiod without a burst from the mas-
ter, the timing between master and slave could
be such that more than one burst will be needed
10 resync the two devices.
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Top Trace: MSI

Trace: Outgoing burst

Figure 3. Master Burst
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LSWITCHING CHARACTERISTICS (Vpp =5V, TA=0 10 70°C)

[No.'[ Parameter ’ [ Min I Max [Um
Mastsr Timing

1 TDC/ROC Pulse Width High 110 ns
2 TDC/ROC Pulse Width Low 106 ns
3 | MSl Rising Edge 10 TOC/ROC Falling Edge 90 ¥ ns
4 MSI Pulse Width . 200 ns
5 MSI Rising Edge 1o First DCLK Falling Edge ] ns
6 MS! Rising Edge to First 010, D20 Bit Valid . - ns
7 TE1, TE2 Rising Edge to TDC/ROC Faking Edge 110 ‘s
8 TDC/RDC Falling Edge 10 TE1, TE2 Rising Edge 20 ns
9 TE1, TE2 Rising Edge to First Tx Dats Bit Valid 50 ns
10 TDC/RDC Rising Edge to Tx Data Bits 2 Through 8 Valid 0 ns
1" TEV, TE2 Fafling Edge to Tx High-Impedance L y 70 ns
12 RE1, RE2 Rising Edge to TOC/RDC Fafling Edge 10 ns
13 TDC/RDC Falling Edge to RE1, RE2 Rising Edge 20 ns
14 Rx Data Setup {Data Valid Before TDC/RDC Falling Edge) 80 ns
15 Rx Data Hold (Data Valid After TDC/ROC Fatling Edge} 20 ns
16 REt, RE2 Pulse Width 220 ns

17 DCLK Rising Edge to D10, D20 Bh Valid - ns
18 011,02t Data Setup {Data Valid Before DCLK Falling Edge)

50 ns

19 D11, D2 Data Hold (Data Valid Ater DCLK Falling Edge) 20 ns
20 DCLK Pulse Width Low 110 ns
21 | DCLK Pulse Width High : 110 “ns
22 MS! Rising Edge to VD Valid - ns
23 PO, LB Setup (PD, TB Vvalid Before MSI Rising Edge) 50 ns
24 PO, L8 Hold {PD, LB Vatid Aher MS! Rising Edge) 20 ns

Steve Timing
25 BCLX Pulse Width High {CCl = 8.192 MHa) 3.66 4.15 us
26 BCLK Pulse Width Low (CCl = 8,192 MHz) 3.66 4.15 »s
27 EN1 or EN2 Rising Edge to BCLK Rising Edge 75 175 ns
28 | EN1 or EN2 Rising Edge to DCLK Rising Edge B 450 ns
23 EN1 or EN2 Rising Edge to First Tx Data Bit Valid ’ 50 ns
30 BCLK Rising Edge to Tx Data Bits 2 Through 8 Valid -75 ns
k)] DCLK Puise Width High (CCl= 8.192 MH2) 31.0 s #S
. 32 DCLK Pulse Width Low (CCi = 8.192 MHz) no ns »$
33 DCLK Rising Edge to D10, D20 Bits Valid 50 ns
n Rx Setup {Rx Data Valid Before BCLK Falling Edge) 175 ns
35 Rx Hold (Rx Data Valid Aher BCLK Falling Edgel 20 ns
36 D1l, D2t Setup (D11, D21 Valid Before DCLK Falling Edge) <0 ns
37 D11, D21 Hold (D1, D21 valid Akier DCLK Falling Edge} 20 ns
38 EN1 Rising Edge to VD Valid 50 ns
SE Pin Timing

39 | UB, PD Hold (LB, PD Valid Atier SE Falling Edge) 20 ns
40 D10, D20, VD High-impedance Atier SE Fatiing Edge 70 ns

4 D10, D20, VD Valid After SE Rising Edge)
42 | UB, PD Setup (UB, PD Valid Betore SE Rising Edge)

* See Switching Characteristics waveforms

ns

518

ns

-
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TECHNICAL DATA

CODEC-FILTER PCM-MONO-CIRCUIT

The MC14400, MC14401, MC14402, MC14403, and MC14405 are all per
channel codec-filter PCM mono-circuits. These devices perform the voige
digitizing and recovery, as well as the band limiting and signal restoration
necessary in PCM systems. The MC14400 and MC14403 are general purpose
devices that are offered in a 16-pin package. They are designed to operate in
both synchronous and asynchronous application$ and contain an on-chip
precision voltage reference. The MC14401 is the same device, but offered in
an 18-pin package. In addition, it offers the user the capability of selecting
from three peak overload voltages (2.5, 3.15 and 3.78 V). The MC14405is a
synchronous device in a 16-pin package intended for instrument use. The
MC14402 is the full feature device which presents all of the options available
on the chip. This device is packaged in a 22-pin DIP and 28-pin chip carrier
package, and contains all the features of the MC14400 and MC14401 plus
several more. Most of these features can be made available in a lower pin
count package tailored 10 a specific user’s application. Contact the factory for
further details.

The devices were designed to be upward compatible with the
MC14404/06/07 codecs and other industry standard codecs. They also main-
tain compatibility with Motorola’s family of TSACs (MC14416/
MC14417/MC14418) as well as the MC3419 SLIC,

.

<% ]
The,PCM codec-filter mono-circuits utilize CMOS QUg"t_d‘.jt;s‘:eliabgedéf\?f-}i %

power performance and proven capability for complexy anafég/ digit@LLSl'

functians. % P g

M(C 14400 RN
® 16-Pin Package L
»® On-Chip Precision Voltage Reference {3.15 V}“*_ ey
® Power Dissipation — 45 mW a1 2.048'MHz'at 10 Y. .~

1,

0.1 mW Potefed Down 8t 0.V " ~ .. %b 5%

® Compatibility with Various Supply Configurations: % , 46 $0,
+12 Volis (5%) o ST
® Pin Selectable TTL and CMOS Digital Levels .
® Automatic Prescale Divide of Any One of 6 Clock Frequencies
(128 kHz, 1.536 MHz, 1.544 MHz, 2.048 MHz, or 256 MHz) to
Generate the Internal Sequencing Clock
Pin Selection of Both A-LAW/Mu-LAW Companding and D3/D4
or CCITT Digita! Formats
Qutput Drive Capability for 600 and 800 Ohm Loads of +12 dBm
Synchronous and Asynchronous Operation
On-Chip Attendent Interrupt Conferencing
Transmit Bandpass and Receive Low-Pass Filters on Chip
MC14401 — Ali of the Above Plus:
® 18-Pin Package
® Selectable Peak Overload Voliages (2.5, 3.15 and 3.78 Volts)
® Access to the “Minus” Input of the Tx Input Op Amp
MC14402 — All of the Above Plus:
@ 22-Pin Package
@ Variable Data Clocks (64 kHz to 3.088 MH2)
® Access to Transmit Input Amplifier
® An External Precision Reference May Be Used
® External Gain Adjust for Complex SLIC Configurations
MC124403
® 16-Pin Package
® Same Device as MC14400 with Access to Transmit Input
Amplifier with Singte Ended Receive Output
® MSI Tied Internally to TDE
MC14405
® 16-Pin Package
® Same Device as MC 14403 with Common 64 kHz 10 3.088 MHz Data Clocks

MC14400
MC14401
MC14402
MC14403
MC14405

CMOS LSI

(LOW-POWER COMPLEMENTARY MOS}

CODEC-FILTER
PCM MONO-CIRCUIT

vy

a“g

\
o
X MC14402
22 L SUFFIX
1

MC14400/03/05
L SUFFIX
CERAMIC PACKAGE
CASE €20

MC14401

L SUFFIX
CERAMIC PACKAGE

CASE 726

CERAMIC PACKAGE
CASE 736

MC14402

Z SUFFIX
28-PIN CHIP CasriE@

 CASE 763

o

ORDERING INFORMATION

MCI4XXXXX

E'I CCITT G712
2 D3. D4 (PUB 43801

L Ceramuc Packhage

Z Leadless Ceramic Package
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C14400, MC14401, MC14402, MC14403, MC14405

PCM MONO-CIRCUIT BLOCK DIAGRAM
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DEVICE DESCRIPTIONS

There are Jive distinct versions of the Motorota PCM
mono-circuit.

MC 14400

The MC14400 PCM mono-circuit is 8 PCM codec-filter in-
1ended for standard word interleaved synchronous or asyn-
chronous applications. The TDC pin on this device is the in-
put tc both the TDC and CCl! functions in the pin description.
Consegquently, for MSI=8 kHz, TDC can be one of five
discrete frequencies. These are 128 kHz (40 to 60% duty)
1.536, 1.544, 2 048 or 2.56 MHz. (For other data clock fre-
quencies see MC14402 or MC14405.) The internal reference
is set for 3 15 volts peak full scale, and the full scale input
level at Txl and output level at Rx0O is 6.3 volts peak-10-peak.
This is the + 3 dBmO level of the PCM mono-circuit. All other
functions are described in the pin description.

MC14401

The MC14401 PCM mono-circuit offers the same features
and 1s for the same application as the MC14400, but otfers
two additional pins and features. The reference select input
allows the full scale levei of the device to be set at 2.5 Vp,
315 Vp or 3.78 Vp. The — Tx pin allows for external transmit
gan adjust and simphfies interface to the MC3419 SLIC.
Otherwise, 1t is identical 1o MC14400. .

MC14402

The MC14402 PCM mono-circuit 1s the full featured 22-pin
dewvice. 1t 15 intended for use in apphcations requiring max-
imum flesibiity. The MC 14402 contains all the features of the

MC14400 and MC14401. The M(C14402 is intended for bit
interleaved or word interleaved operation with data clock fre-
quencies which are non standard or time varying. One of the
five standard frequencies (listed above) is applied to the CCl
input and the data clock inputs can be any frequency be-
tween 64 kHz and 3.088 MHz. The Vef pin allows for use of
an external shared reference or selection of the internal
reference and RxG anc - Tx provide maximum flexibility for
analog interface.

mMC14403 .. ¢

The MC14403 PCM mono-circuit is intended for standard
word interieaved asynchronous or synchronous applications.
TDC can be one of five discrete frequencies. These are 128
xHz {40 10 60% duty) 1 536, 1.544, 2.048 or 2.56 MHz. {For
other data clock frequencies see MC14402 or MC14405.) The
internal reference is set of 3.15 volts peak full scale, and the
full scale input level at Tx! and output level at RxO is 6.3 volts
peak-to-peak. This is tne +3 dBmoO level of the PCM mono-
circuit. The + Tx and ~ Tx inputs provide maximum flexi-
bility for analog interface. All other functions are described in
the pin description.

MC14405 .

The MC14405 PCM mono-circuit is intended for word
interleaved synchronows applications. The MC14405 has all
the features of the MC14403 but internally connects TDC
and RDC (see pin deszption) to the DC pin. One of five
standard {requencies insied above) should be applied 1o CCl
and the DC input can be any frequency between 64 kHz and
3.088 MHaz.
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VDD
RDD
RCE
RDC Txl
TDC
TOD
TDE

PO

Vis Vis

vbD
RDOD

T0C
T0D

1C14400, MC14401, MC14402, MC14403, MC14405

W MO ~w T U & W N

Mu/A NTDE
PDi [IMSI|
Vss fvis
MC14402L
MAXIMUM RATINGS (Voltage Referenced 1o Vgg)
Rating, Symbol _ Value Unit
DC Supply Voltage Vpp-Vss ~0.51013 \
Voliage, Any Pin to Vgg \J -05t0 Vpp+0S5] V
DC Current Drain per Pin (Excluding VpD. Vss! | 10 mAdc
Opersting Temperature Range TA -40 10 +85 °C
Storage Temperature Range Tsig -8510 +150 °C
RECOMMENDED OPERATING CONDITIONS
0to70°C | 25°C |0 to70°C
Parameter Pins Min Typ Max Unit
DC Supply Voltage Vee to Vss 6 101012 13 \
Power Dissipation
CMOS Mode 10V Vpp to Vss - 45 70 mwW
TTL Mode 10V - 75 110
Power Down Dissipation 10V VDD to Vss - 0.1 10 mwW
Frame Rate Transmit and Receive MSH 75 8.0 8.5 kHz
Data Rate - 128 -
MC14400, MC14401, and MC14403 -_ 1536 -
{Must Use One of These Frequencies} TDC. RDC - 1544 - kH2
+2% - 2048 -
- 2560 -
Data Rate MC14402, MC14405 64 - 3088 kHz
Full Scale Output and Input Levels MC14400, MC14403 MC14405 - 3.15 -
MC14401 and MC14402, Vet = VSS RSi=Vpp RxO, Tx! - 3.78 - Vp
RSt=Vgg - 3.15 -
RSI=Vag - 250 -
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DIGITAL LEVELS (Ta=010 70°C)

Parameter Symbot  |VDD 10 VSS Min Typ Max Unit l
CMOS Mode
TDE, RCE, RDD. FDI, RDC, TDC. DC. CCt, MSt 0 - 12 - 525 36 v
. "1 - 12 84 675 -
TTL Mode
7DE, RCE, RDD, POI. RDC, TDC, DC. CC1, MS! 0" - 10 - vis+10 | vis=08 |
- - 10 vig+20 | Vig+18B -
TDD Output Current
(TTL Mode} VoH=24V oH 10 150 = - #h
VoL=08V 1oL - 1.6 - - ma

ANALOG TRANSMISSION PERFORMANCE
(Vpp= 45 V £5%, Vgg= =5V +5%, 0 dBm0= +6 dBM@EI0 0. V5= Vag=0. Ta=0 10 70°C, TOC= ADC; TDE= RCE =8 khz)

. EwéE A/D D/A
Characteristic Min Max Min Max Min Max unt
Absolute Gain (0 0Bm0 @ 1 02 kHz) -0.3 +03 -03 +0.3 -03 +03 d8
Gain vs Level Tone {Relative 10 = 10 ¢BmO, 1.02 kHz!
+310 - 40 dBm0 -Gé +0.4 -0.2 ~0.2 -02 +0.2 oB
22010 ~ 50 9BmO 95 | tos | -oa | -0a | -0a ) 404 J
- 55 dBm0 -16 +1.6 -1.0 +1.0 -08 +08
Gain vs Level — Pseudo Noise (A-Law Only, MCI144XXLY Onlyl
(Retative 10 — 10 dBmO! [-1:]
- 1010 - 55 dBmO -045 | <045 - - - -
- 60 0Bm0 -9 | <0 - - - -
Toral Dtoron ~ 1.02 kHz Tone 1C Message! .
0 to - 30 ¢Bmd k3 - 35 - 36 - o8
- 40 ¢Bm0 2 - 2 - 30 -
- 45 gBm0 | a4 - 24 - 25 -
Tota! Distortion with Noise (A-Law Only, MC184XXL1 Only)
~3dBm0 . 215 - = - = -
-610 - 27 3Bmd B - = i 3 - g3
- 34 d8m0 351 - - - b -
- 40 dBmO 265 = = 7 3 -
- 55 dBm0 15 - 5 - =
idle Noise
{Mu Law, C Message] - 18 gBrnCo
{A Law, Psophometnc — MC14£XXL1T Only - - 68 dBmOp
Frequency Response (Relative 10 - 10 dBm0, 1 02 kH2)
15 10 60 Hz - -23 - ~-23
300 10 3000 H2 -z3% | -030 |-01 +0.15
3400 Hz -3 [+] -08 ]
4000 Hz - -28 - -4
4600 Hz - - 60 - -32
Inband Spunous 11 02 WHz@0 dBmO} ¢Bm0
300 10 3400 H? - - 43 - -43 - -43
Out-of-Band Spunous (0 10 12 kHz i, @0 dBm0}
0 10 3400 Hz - -30 r -30 - - $BmO
3400 10 4600 Hz - -28 - - - -
4500 Hz to 12 kHz L. -30 - - - -
idie Nome Selective
@ B \Hz with Vg = Txl Measure a1 Rx0, 30 Hz Bandwidin - -5 - - - - 980
Group Delay Diiterence
0 d8m0, TDC, RDC = 2.048 MH2
500 10 600 Hz 80 - - - -
620 1o 1000 H; - 0 - - - - usec
1000 to 2600 H2 140 - - - -
2600 10 2800 Hz - 80 - - - -
Go to Return Crosstal. @0 dBm0
Ixi 10 10D @ RxO - - -5 - _65 | aBmd
RDD 10 RaO @ 10D
Atratute Gioup Delay @ 10D M,
DG RDC = 2 048 MH2 360 - - - s
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ANALOG ELECTRICAL CHARACTERISTICS (Vpp=110-12 VI +5%. 0 10 70°C)

Characteristic Symbol | Min | Typ | Max Unit
Input Current —Tx, + Tx, (Txl for MC14400! lin +0.01] £30] nA
AC Input impedance (1 kH2) Txl (for MC14800} 1o Vag Zin 100 1200 | - L34
AC Input Impedance {1 kHz) ~Tx, + Tx10VAG Zin 1.5 | 5.0 - MQ
Input Common Mode Voltage Range Vpp = 0.0V ~Tx, +Tx| VicR |+1.5 +80| V
Output Voltage Range
RL=20k 10 VAG Rx0, FxO | Vorto |~4.0 +40
RL=600toVAG fach | Vag |-32 +32| V
RL=90010VAG Output -39 +3.9
Output Current RxO, RxO Von=VpD-08| -— -5.0 - | ma
Vo =08 - +5.0 -
Power Supply Rejection Ratio AxDtoVag | PSAR 30 40 - dB
Vpp=12V £0.05V peak @ 1kHz Rx010Vag 30 |40 | -
Shared External Reference Vet 10 VAG 2.0 38 \
Vret Input Current fin - 103 ] — [mA
Vag Output Current Source | WWAG 200 pA
Sink VAG 8.0 mA
MODE CONTROL LOGIC (Vgg=0V, 010 70°C}
Characteristics \\//%E Min | Typ | Max | Unit
Vi_s Voltage for TTL Mode :g g - gg v
€
Vs Vottage for CMOS Mode 1k TV
Mu/A Select Voltsge
Mu-Law Mode 10 9.5 -
12 1151 - -
Sign Magnitude Mode 10 40 6.0
12 5.0 7.0 v
A-Law Mode 10 - 0.5
12 - 0.5
Reference Select Voliage 3.78 V Mode 10 9.5 - v
12 11.5 -
2.5 V Mode 10 4.0 6.0 v
12 5.0 7.0
3.15 V Mode 10 - 0.5 A
12 - 0.5
Vgt Mode Voltage Exiernal Reference Mode 10 ;g - \Y
12 3 =
Internal Reference Mode 10 - 05
) 12 - 05
Znalog Test Mode Selection Frequency. MSi= cct 10 - 128t - |
See Pin Description: Test Modes 12 - |28 -
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SWITCHING CHARACTERISTICS tvpp=1101012 V1, Ta=010 70°C, €y = 50 pf CMOS or TTL Mode)

Characteristic Symbol | Min | Typ | Max Unit
Quiput Rise Time TLH
Output Fall Time TOD | tTHL - » & ns
input huse Twne LK _ _ R s
Input Fali Time DC, TDE. CC!, RCE, RDC, TDC, MSH | tTH| #
Pulse Width DC. TDE Low, CCl, RCE. RDC, TDC. MS1 | wH 100 | — - ns
Clock Pulse Frequency DC,TDC,RDC | f¢L 64 | — 13088 | kHz
Clock Pulse Frequency (MSI =8 kH2) [ofel} 1] feur - (1281 -
Thus Pin Will Accept One of These § Discrete Clock Frequencies and Compensate 2| fcu2 — |36 | -
10 Produce Internal Sequencing. 3] fcus - M| - |kH2
41 fcue - j2s8 ] -
. .. 51 fcis - 2560 | ~
Propagation Delay Time  TTL TDE 10 TDD Low Impedance |  1P1 85 1130 |80
- CcMO0S - . TDE 1o TDD Low Impedance | 1P1 50 | 100 {160
TIL TDE 1o TOD High Impedance | P2 — {50 |7 |ns
CMOS TDE to TDD High tmpedance | P2 - 20 | 40
T 1DC* 10 TDD | w3 | — |120 {80
- CMOS - TDC* 10 TDD | P3 - 18 {180
TDE Rising Edge 1o TOC Falling Edge Setup Time Wt (20 - b 1™
512 100 | ~ - ns
RCE Rising Edge to RDC Ealling Edge Setup Time t5u3 20 - - ns
15,4 100 | = -~ ns
MS! Rising Edge 10 CC! Faliing Edge Setup Time tsub 20 |- - ns
5u7 W00 | - - ns
RDD Vahid to RDC Falling Edge Setup Time 195 51 60 140 | ~ ns
RDD Hold Time from RDC Falling Edge th 00 | 60 | ~ ns

+ For the sign bit, tp3 is measured from TOE or TDC, whichever is last.

PIN DESCRIPTION
DIGITAL

Vi g selects CMOS or TTL compatibility for all digital 1/0s.
vis=Vpp: al /0 is CMOS, (Vpp 10 VsS swingl.
V{g<Vpp—4 volis; alt /O is TTL with switchpoint 1.4 V
above V1 s. The pins controlied by VIS are inputs MSI, CCI,
TDC; RDC, TDE, RCE, ROD, PDI and output TDD. In TTL
applications V| g is Digital GND.

MS! is a continuous B kHz (for sampling rate} signal which
is used as a time base for internally selecting a prescale
divider for CC!input. MSI should be tied 10 the {frame sync Or
system sync signal, but has no relation 10 transmit or receive
data uming, except as described under TDE. MSI should be
derived from the transmit timing in asynchronous applica-
tions. In many applications MSI can be ued 1o TDE. (MSlis
tied to TDE n MC14403/05.}

CClinput is designed 1o accept five discrete clock frequen-
cies. These are 128 kHz 40 10 60% duty cycle, 1.536 MHz,
1.544 MHz, 2.048 MHz or 2.56 MHz. The frequency at this
input is compared with MS! and prescaie divided 10 produce
the internal sequencing clock at 128 kHz {or 16 times the
sampling rate). The four clocks in the MHz frequency range
have only minimum pulse width duty cycle requirements. In
the asynchronous applications, CC! should be derived from
transmit timing. {CCl is tied 1o TDC in M{C14400/01/03).

TDC is the transmit data bn rate input. it can be any ire-
quency from 64 kHz 10 3.088 MHz, and is ofien tied in com-
mon 10 CCl if the data rate is equal to one of the five discrete
freque~-ies. This clock is the shift clock for the transmit shift
seqistéh and leading edges produce successive data bits at
1DD In asynchtonous applicauons, TDE should be derived
fiom this clock (TDC and RDC are tied together in MC14405
and are called DC.}

TDE serves two functions for the iransmit data timing. It
establishes the tansmit sync in conjunction with MS1. 1] the
leading edges ol TDE occur at 8 kHz and both MSI and TDE

are derived from TDC, then the MSI relationship is trans-
parent and TDE is simply transmit sync. The leading edge of
TDE produces the sign bit at TDD during the current TDC
period. The TDC shifts out the remaining bits at the TDC
rate. The TDD pin is active 2s long as TDE is high. W there is
more than one TDE leading edge per frame, then the first
TDE after MS! is the Tx sync. Thus, TDE may be taken low
10 three state TDD after the first leading edge. The additional
TDE high periods before the next MS| merely un-three-siates
TDD. This can be used for bit interleaved systems. In asyn-
chronous applications, TDE is derived from T0C.

TDD is the digital data outpul. It operates in sync with
IDC and TDE. ft is a three-state output. TDC, TDE, and
TDD independently control transmit data timing. The data
format (Mu-Law, A-Law or sign magnitude) is controtied by
Mu/A. This output may be made high-speed CMOS comr
patible using a pullup resistor.

RDC is the receive data clock and works in conjunction
with RCE and RDD to produce all receive data timing. These
three signals must be synchronous, but can be asyn-
chronous with all other digital pins. RDC provides the receive
register clock. The RDC elock may be any frequency from 64
kHz 10 3.088 MHz.

RCE — The rising edge of RCE should identify the sign bit
of & receive word on RDD. The next talling edge of RDC,
after a rising RCE, loads the first bit of the PCM word into
the receive register. The next seven falling edges enter the
remainder of the PCM word. On the ninth rising edge, the
receive word is transferred 10 the receive bufler register and
the A/D sequence is interrupied 1o commence the decode
process. In the asynchronous mode and with an 8 kHz
transmit sample rate, the receive sample rate should be
between 7.5 and 8.5 kHz. Two receive words may be decod-
ed each transmit frame 10 aflow on chip conferencing.

RDD 1s the digna! data input. It operates synchronously
with RDC and RCE. The data format is determined by the
Mu/A pin.
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Code Sign/ Mu-Law A-Law
Magnhtude (ccim

+ full scale 1 nn 1000 0000 1010 1010
+ 2810 1000 0000 o 1o 01
- 2er0 0000 0000 0111 1 0101 0101
~ full scale 0 nn 0000 0010 0010 1010

Sign

Bit Chord Select Step Select

/—J;ﬂ'
KN KN N EN EN ER NN

Note: Starting from sign magnitude, 1o change format:

To Mu-Law ~
MSB is unchanged (sign)
invert remaining seven bits
if code is 0000 0000, change to 0000 0010 tfor zero code

suppression}

To A-Law —
MSB is unchanged (sign)
invert odd numbered bits
ignore 2ero code suppression

Mu/A Select — This pin selects the companding law and
the data format a1 TDD and RDD. .

Mu/A=Vpp: Mu255 Companding D3 Data Format with
Zero Code Supress

Mu/A=VaG: Mu255 Companding with Sign Magnitude
Data Format

Mu/A=Vgg: A-law Companding with CCITT Data For-
mat Bit Inversions

PDI —~ The power down input disables the bias circuitry
and gates off all clock inputs. This puts the Tx!, RxO, Rx0O,
ghd Tpp outputs into a high impedance e state. The power
dissipation is reduced to 0.1 mW when PDI= V| g or Vgg.
The circuit operates normally with PDi = Vpp or with 8 logic
high as defined by connection at V| . Tpp will not come
out of high impedance for two MSI cycles after PDI goes
high.

DC — In the MC14405, TDC and RDC are internally con-
nected to this pin.

ANALOG

VAG Analog Ground

Each version of the PCM mono-circuit produces its own
analog ground internally. The DC voltage is approximately
(VDD - Vs81/2 All analog functions within the device use
this as a reference point for signal processing. In symetric
dual supply systems (£ 5, +6, etc.), VAG may externally be
tied 10 the system analog ground supply. The VAG output
will sink more than 8 mA of current, but can source only 200
#A. When RxO or RxO are output drives for 600 or 900 loads
ned 10 VAG. 3 pullup resistor 1o Vpp will be required to
boost the source current capabibity if Vag is not tied to the
supply ground.

Vret Positive Voltage Reference Input {MC14402 Only)

The V,ef pin provides for the supply of an external voltage
reference or for the selection of an internal reference within
the PCM mono-circuit. If Veef is tied 10 VSS, the internal
reference 1s selected. It Vygf > VAG, then the external mode

MC14400, MC14401, MC14402, MC14403, MC14405

is selected. In each case, the overload or full scale gains of
the codec are selected by the reference select pin (RSH).
Both the internal and external references are inverted within
the PCM. mono-circuit for negative input voltage such that
only one reference is required.

External Mode — In the external reference mode (Vief >
Vag). a 2.5 volt reference like the MC1403 is connected
from Vief 10 VAG. A single external reference may be shared
by tying together a number of Viefs and VAGS from ditferent
PCM mono-circuits. In special applications, the reference
voltage may be between 2 and 4 volts. However, the gain
selection logic associated with RSI must be considered to ar-
rive a1 the desired PCM mono-circuit gain.

Internal Mode -~ In the internal reference mode
(Viet=Vssg), an internal reference supplies the reference
voltage for the PCM mono-circuit.

RS Reference Select Input (MC14401/02 Only)

The RS input allows the selection of three different
overload or full scale voltages independent of the internal or
external reference mode. The selection of maximum signed
level is made by connecting RSI 1o Vpp, VAG or Vss. The
various modes of operation are summarized in the table
below. The internal reference is designed 1o give internal
geins equal to those obtained with an external 2.5 volt
reference.

AxO and RxO Receive Analog Outputs

These two complimentary outputs are generated from the
output of the receive filter. They are equal in magnitude and
out of phase. The maximum signal cutput of each is equal to
the maximum peak-to-peak signal described with the
reference, 1f a 2.5 V reference is used with RS! tied to Vag
and a +3 dBmoO sine wave is decoded, the RxO output will
be a & V peak-10-peak signal, RxO will also have a signal out-
put of 6 V peak-10-peak. External loads may be connected
from RxO to RxD for a 6 dB push-pull signal gain or from
either RxO or RxD to VAG. With RSI tied 1o Vs 5, each out-
put will drive 600 @ 1o + 9 dBm. With RS tied to VDD. each
output wili drive 900  t6 + 9 dBm.

ADDITIONAL PIN DESCRIPTIONS
RxG Receive Output Gain Adjust (MC14402 Only)

If RxG is left open, then the output signal at Rx0 will be in-
verted and output at Rx0. Thus the push-pull gain 10 a load
from RxO to RxO is two times the output level at RxO. If
external resistors are applied from RxO 10 RaG (R and from
RxG to RxO (RG), the gain of Rx0 can be set ditferently from
~ 1. These resistors should be in the range of 10 k2. The
RxO output level is unchanged by the res:stors and the BxO
gain is equal 10 minus RG/RIIVRxXO). The purpese of RxG is
10 allow external receive gain adjustment. The circuit for RxG
and Rx0 is shown in the block diagram.

+ Tx Positive Tx Amplifier Input (MC14402/03/05 Only}
- Tx Negative Tx Amplifier Input (MC14401/02/03/05 Only)
The TxI pin is the input to the transmit Sandpass filter. 1f
+Tx or = Tx are available, then there 1s an internai amplifier
preceding the tilter whose pins are +Tx, - Tx and Txl.
These pins allow access 1o the amphtier terminals to talor
the input gain wath external resistors. The resistors should be
in the range of 10 k. If + Tx is not available, it1s internally tied
1o VAG. It — Tx and + Tx are not avarlable, the Txl is 3 unity
gain high impedance input,
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Txi Analog Input For single-supply systems, these are the only power pins.

Txl is the input 1o the transmit filter. It is also the output of Vi g will be tied to VS§ of Vpp and VAG is an output. In
the transmit gain amplifiers of the MC14401/02/0%/053The dual-supply systems, Vi § may be digital ground and VAG
input impedance is greater than 100 k to VA3 in the may be analog ground.

MC14400. The Txl input has an internal gain of 1.0, such that
a +3 dBmO signal at Txl corresponds 10 the pesk-10-peak
swing of RxO described above. For +2.5 V shared
references and RSt=VAgG. the +3 dBmoO input shouid be
5.0 volt peak-to-peak.

Testing Considerations {MC14400/01/02 Only}

An analog test mode is activated by connecting MS! and
CCl 10 128 kHz. In this mode, the input of the codec (the out-
put of the Tx filter) is available on the PDI pin. This inputis 8
OC suto zeroed access to the A/D side of the codec. If

Power Supplies monitored with a high-impedance butfer, the output of the
_ et . . Tx low-pass filter can also be measured at the PD! pin. This
\I(?D Most Positive Supply. VDD is typically 10 to 12 test mode allows independent evaluation of the transmit
vov N Most N . tv. This is th . low-pass filter and A/D side of the codec. The receive chan-
s§ — Most Negative Supply. This is the most negative nel of the mono-circuit is tested with the codec and filer
supply pin. together.
TEST CIRCUIT
— 5V
VAG & o $4C14203 *51k0 _]_0 ) of
60 r‘ vag VDD I
ooer X <3 —AANS RxO RDD -
ig
HP3TT9 5k 10K +Tx RCE @ Enable
0dBr Tx Txd RDC 1 Ciock
-Tx T0C
e8 Mu/A DD
— 7D TDE Yo Define RDD
=S A When TDD is hugn 2
= f vss  Vis a
01 4F I
o T =
-5V
OPTIONS AVAILABLE BY PIN SELECTION
RSI® Vief®
Pin Level Pin Level Peak-to-Pesk Overoad Voitage {Txi, Rx0)
VDD Vss 7.56 Vpp
vVobo VAG* VEXT {3.02 x VexT! VPP
VaG vss 5 Vpp
VaG Vag + VEXT 12 x Vexth Vpp
vss ] Vss 6.3 Vpp
Vss VAG + VEXT 1252 x VexT! Vpp

*On MC14400/03/05, RS! and Vief tied mternally 10 VSs.
On MC14401, Vgt tied internally 1o Vss.

SUMMARY OF OPERATION CONDITIONS USER PROGRAMMED
THROUGH PINS Vpp. VAG. AND Vss

ocame RS
Logic ogrammed Mu/A Peak Overload vis
Voltage
Lovel
v Mu-Law Companding Curve and D3/D4 278 CMOS
0D Digital Formats with Zero Code Suppress ) Logic Levels
v Mu-Law Companding Curve and Sign 250 TTL Levels
AG Magritude Data Format Vag Up .
A-Law Companding Curve and TTL Levels
vss CCITT Dignal Format 315 Vss Uo
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THE BASIC VOICE CHANNEL USING THE MC14400 PCM CODEC/FILTER MONO-CIRCUIT

+5V
Tip
]
0.1 4f
N=1
TTL Leved
. vag Voo *
R -
540 RxO 0D p————= Digital In
S § 7
N=4 R0 RCE Receive Sync
Txl RDC p——< Receive Clock
—{ Mu/A 10C b Transmit Clock

0.1 gf

POI 70D }—————> Digitat Output

. . ] Vss TOE Transmit Sync
o - —3vis MSt -
. Digital Gnd
——a Powsr Down
-5V .

MC14401 PCM MONO-CIRCUIT WITH MC14417 TSAC

s )| 1%
0.1 pF
- ! 0.1 pF
VAG ‘ll
M(C14401 r__._———————( +12V
RSt Vi —
| - l S o))
VAX VaG RDO — RxData
Zou= 6000 600 - > TxDsua
RxO RCE
w —a
={ RxO ROC —« Data Clock
10k
Txi T0C e Tx Sync
vTX 10k
'y Ll el
Zine 5000 Tx 100 Rx Sync
< Mu/A  TOE -—-‘ Power Down
—{F01  MS! (TTL Levels)
pqVss V1S
e, +5V
MC18417
vee Voo
D5 38
Hard-Wired 04 TE T
Time Slot  p— 03 Rak
»— 02 oC
— o LE |[—¢
P 0o /R v
—{ NOC FSRb——"1
lk— vss FST l—_—,

—— Digital GND
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HYBRID INTERFACES TO MC14401 PCM CODEC FILTER MONO-CIRCUIT

Ro=60 Ro=800
vss

7 Q RS} VoD

N=1 VaG ROD

RCE

Ro ROC

TOC

00

TDE

MSI

Vss Vis

MC14401
Simpiified Transformer Hybrid Using MC14401
Rg = 600 Ro= 900
* 1 3 Vss
e el RS Voo
RDD
Ro RCE
RDC
TDC
00
2;‘:{’0‘}? Mu/A  TDE
gf,‘ 4 ] Ms!
vss Vis
MC14401

<1 Paddad Transformer Hybrd Using MC14401
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HYBRID INTERFACES TO THE MC14402 PCM CODEC/FILTER MONO-CIRCUIT

Rg =600 Ro =900
aad N
+Viet RSI
vss
N=1 vag Voo
y Ax0 ROD
RS R4
Ro N=2 AxG RCE
R3
R& —
RxO RDC
—AAMVN—
+T TDC
Ro x ol
——AAA— Tl [o{e]]
R2 R1
-Tx 100
Mu/A TDE
Batance by RS and R6 to equate the Tx! gains through the jnverting  Tx Gain=R1/ R2
and non-inverting input signal paths, respectively, is given by:" Rx Gain=1+R3/R4 B01 MSt
RS, R6=10 k
Adjust Rx Gain with R3 vss vis
A1 R6 ) Adjust Tx Gain with R1 L
2xR2 (’ )'(“ﬁi [:F5+ A6 ~ RE+ A6
MC14402
Universal Transformer Hybrid Using MC14402
Ro = 600 Ro= 900
Q 4
T
3
N=1
+Vret RS1
o]
vss
W = Vag Voo
Ro N=2
Ax0 RDD
10k
RxG RCE
Ro —_
Ax0 ROC
+-Tx TDC
Tal cCi
20 k@)
e AAA— -Tx 100
10 k@
Mu/A MDE
FOi MSI
vss Vis
Single-Ended Hybrid Using MC14402 MC12402

-
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The Intel® 8251A Is the enhanced ve
Asynchronous Receiver/Transmilt
families such as MCS-48, 80, 85.an
by the CPU to operate using virt
"bi-sync”). The USARTaccepts d
continuous serial data stream for tran
them into parallel data characters for the
character for transmission or w
complete status of the USART
SYNDET, TXEMPTY. T

[ X

intels

8251A

PROGRAMMABLE COMMUNICATION INTERFACE

Synchronous and Asynchronous
Operatlon.

Synchronous 5-8 Bit Characlers;
internal or External Character
Synchronization; Automatic Sync
insertion ...

Asynchronous 5-8 Bit Characters;
Clock Rate—1, 16 or 64 Times Baud
Rate; Break Character Generatlon;
1, 1V2, or 2 Stop Bits; False Start Bit
Detection; Automatic Break Detect
and Handling

Synchronous Baud Rate—DCto
64K Baud

ually any serial data
ata characters from the CPU in parallet format and
smission. Simultaneously, it cad receive seria
CPU. The USART will signal the CPU whenever it can accept a new
n read the

er (USART),designed fordatac
diAPX-86,88. The 8251Aisuse
transmission technique presen

henever it has received a character for the CPU. The CPU ca
at any time. These include data \ransmission errors and control signals such as
is fabricated using N-channel silicon gate technology.

Asynchronous Baud Rate—DC to
19.2K Baud ’

Full-Duplex, Double-Buffered
Transmitter and Recelver

Error Detection—Parlity, Overrun and
Framing

Compalible with an Extended Range
of Intel Microprocessors

28-Pin DIP Package

All inputs and Qulpuls are TTL
Compatlible

Available In EXPRESS

—Standard Temperature Range
—Extended Temperature Range

rsion of the industry standard, Intel 8251 Universal Synchronous/
ommunications with intel’s microprocessor
d as aperipheral deviceand is programmed
lly in use (including 1BM
then converts themintoa
| data streams and convert

he chip
e, [
Q DAtA l__'\\ TRANSMIT 140
s BuUrfFtR  |-—T*
D, 05 BUFFER C:: —/| s
RESEY 2, S 1 l 5
e £ ~e TaRDY
——{ neaprnine
e .| contAoL TRANSMIT | q.¢
AD ] roae . CONTADL oy
M —
aJ
.14}
OTh e —f 00! || micewe
by <_ sursgn M0
o CONTROL — 5-h
AT o
L4
1 —eR:ADY
L -
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FEATURES AND ENHANCEMENTS

The.B251A is an advanced design of the industry
standard USART, the Intel® 8251. The B8251A
operates with an extended range of intel
microprocessors and maintains compatibility with
the 8251. Familiarizalion time is minimal because of
comipalibility and involves only knowing the addi-
tional features and enhancements, and reviewing
the AC and DC specitications of. the 8251A,

The-8251A incorporates all the key features of the
8251 and has the following additional features and
enhancements;

* 8251A has double-bulfered data paths with sepa-
rate /O registers for control, status, Data In, and
Data Qut, which constderably simplifies contro!
programming and minimizes CPU overhead.

¢ In asynchronous operations, the Receiver detects
and handies "break” automaltically, relieving the
CPU of this task.

A refined Rx initialization prevents the Receiver
from starting when in "break” state, preventing
unwanted interrupts from a disconnected USART.

At the conclusion of a transmission, TxD line will
. always return to the marking state unless SBRK is
programmed.

Tx Enable logic enhancement prevents a Tx Dis-
able command from halling transmission until ali
data previously wrilten has been transmitted. The
logic also prevents the transmitter from turning
off in the midble of a word.

nal Sync Detect is disabled, and an External Sync
Detect status is provided via a flip-flop which
clears itsell upon a status read.

¢ Possibility of false sync detec! is minimized by
ensuring that if double characler syncis program-
med, the characters be contiguously detected and
also by clearing the Rx register to all ones
whenever Enter Hunt command is issued in Sync
mode.

* As long as the 8251A is not selecled, the RD and

WR do not affect the internal operation of the
device.

The 8251A Status can be read at any time but the
status update will be inhibited during status read.

The -8251A is free from extraneous glitches and
has enhanced AC and DC charac!leristics, provid-
ing higher speed and better operating margins.

¢ Synchronous Baud rale from DC to 64K.

When External Sync Detect is programmed, Inter-.

FUNCTIONAL DESCRIPTION

General

The 8251A is a Universal Synchronous/Asynchro-
nous Receiver/Transmitter designed for a wide
range of Intel microcompulers such as 8048, 8080,
8085, 8086 and 8088. Like other VO dsvices in a
microcomputer system, its functional configuration
is programmed by the system’s sollware for maxi-
mum [lexibilily. The 8251A can support most serial
dala techniques In uss, inciuding IBM "bl-syne.” -

In a communication environment an interface
device must convert parallel format system data into
serial format for transmission and convert incoming
serial format datainto parallel system data lor recep-
tion. The interface device must also delete or insert
bits or characters ihat are functionally unique to-the

"communication technique. In essence, the interface

should appear “transparent” to the CPU, a simple
input or output of byte-oriented system data.

Data Bus Buffer

This 3-state, bidirectional, 8-bit buffer is used to in-
terface the 8251A to the system Data Bus. Data is
trartsmitted or received by the butfer upon execution
of INput or OUTput instructions of the CPU. ContrHl
words, Command words and Status Informatior are
also transferred through the Data Bus Butfer. The
Corhmand Status, Data-in and Data-Out registers
are separate, 8-bil registers communicating with the
system bus through the Data Bus Buffer..

This functional block accepls inéuts’ from *he system
Control bus and generates control signais for overall
device operation. It contains the Conlrol Word Reg-

ister and Command Word Register that store the

various conlrol formats for the device funclional
definition.

RESET (Reset).

A "high” on this input forces the B251A into an "ldle”
mode. The device will remain at "Idle” until a new set
of control words is written into the 8251A to program
its "funclional definition. Minimum RESET pulse
width is 6 tcy (clock must be running).

- Acommand reset operalion also puts the device into
the "idle” state.
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CLK (Clock) i

The CLK input is used lo generate internal device
timing and ‘is normally connected to the Phase 2
(TTL) output of the Clock Generator. No exlernal
inputs or outpuls are relerenced to CLK but the
frequency of CLK must be greater than 30 times the
Beceiver or Transmitter data-bit rates.

Wﬁ (VJrlte)

A "low" on this Input informs the 8251A that the CPU
Is writing data or control words to the 8251A.

RD (Read)

A “low" on this Input informs the 8251A that the CPU
Is reading dataor status information fromthe 8251A,
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C/D (Control/Data)

This input, In conjunction with the WR and RD In-
puts, informs the 8251A that the word on the Data
Bus is either a data character, control word or slatus
information.

= CONTROL/STATUS; 0 = DATA.
CS (Chip Select)

A"low"”on thisinput selects the 8251A. No reading or
wriling will occur unless the device iIs selected.
When CSis high, the Data Bus s in the float state and
RD and WA have no elfect on the chip.

Modem Control

The 8251A has a set of control induts and outputs
that can be used to simplify the interface to almost
any modem. The modem control signais are general
purpose In nature and can be used for furictions
other than modem control, if necessary.

DSR (Data Set Ready)

The DSR inqut signal Is a general-purpose, 1-bit In-
verting inpul port. its condition can be tested by the
CPU using a Stalus Read operation. The D3R input
is normally used to test modem conditions such as
Data Set Ready.

DTR (Data Terminal Ready)

The DTR output signal is a general-purpose, 1-bit
invérting output port. it can be set "low" by pro-’
gramming the appropriate bit in the Commarid In-
struction word. The DTR output signal is normally
used for modem control such as Data Te@ninal
Ready.

RTS (Request to Send)

The RTS output signal is a general-purpose, 1-bit
inverting output port. It can be set “low" by pro-
gramming the appropriate bit in the Command In-
struction word. The RTS output signal Is normally
uséd for modem . control such as Request to Send.

CTS (Clear to Send)

A “low" on this input enables the 8251A to transmit
serial data if the Tx Enable bit in the Command byte
Is set to a “one.” If either a Tx Enable off or CTS off
condition occurs while the Tx is in operation, the Tx
will transmit all the data in the USART, written prior
to Tx Disable command before shutting down.
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SYNDET (SYNC Detect/
BRKDET Break Detect)

This pin Is used in Synchronous Mode for SYN-

OET and may be used as either input or oulput,
programmable through the Control Word. It is reset
to oulput mode low upon RESET. When used as an
output (internal Sync mode), the SYNDET pin will go
“high"” to indicate that the 8251A has localed the
SYNC character in the Receive mode. Il the 8251A is
programmed to use double Sync characters (bi-
sync), then SYNDET wifl go “high” in the middle of
the last bit of the second Sync character. SYNDET is
aulomalically reset upon a Status Read operalion.

When used as an input (external SYNC detect mode),
a positive going-signal will cause the 8251A to start
assembling data characters on the rising edge of the
next AxC. Once in SYNC, the “high” input signal can
be removed. When External SYNC Detect is pro-
grammed, Internal SYNC Detect is disabled.

BREAK (Async Mode Only)

This output will go high whenever the receiver
ramains low through two consecutive stop bit se-
quences (including the start bits, data bits, and
parity bits). Break Detect may also be read as a
Status bit. It is reset only upon a mastet chip Resel or
Rx Data returning to a "one’ state.

C [ ADDALSS BUS 1
{ coMTAOL BUS \
‘ l A ml W7o w[ usu[ l"n[

GATA 8US

< 0,-0, L1 WA RESET QX

751A

Figure 6. 8251A Interface to 8080 Standard
System Bus

DETAILED OPERATION DESCRIPTION

General

The complete functional definition of the 8251A is
programmed by the system's Software. A set of con-
trol words must be sent out by the CPU to initialize
the 8251A to support the desired communlications
format. These control words will program the: BAUD
RATE, CHARACTER LENGTH, NUMBER -OF STOP -
BITS, SYNCHRONOUS or ASYNCHRONOUS OPER-
ATION, EVEN/ODD/OFF PARITY, etc. In the
Synchronous Mode, options are also provided to
select either internal or external character
synchronization. :

Once programmed, the 8251A is ready to perform its
communication functions. The TxRDY output is
raised "high” to signal the CPU that the 8251A is
ready to receive a data character from the CPU. This
output (TxRDY) is reset automatically when the CPU
writes a character into the 8251A. On the other hand,
the 8251A receives serial data from the MODEM or
1/0 device. Upon receiving an entire character, the
RxRDYoutputisraised “high" to slgnal the CPU that
the B251A has a complete character ready for the
CPU to fetch. RxRDY is reset automatically upon the
CPU data read operation.

The 8251A cannot begin transmission until the Tx
Enable (Transmitter Enable) bit is set in the Com- -
mand Insteuction and it has recelved a ClearTo Send
(CTS) input. The TxD output will be held in the mark:
ing state upon Resel.

o -y MODE INSTAUCTION -
(3 %R SYNC CHARACTER 1
$YNC MOOL
Bt SYNC CHARACTEA 2 OnLy
€ -1 | COMMAND INSTRUCTION
co -0 DATA <
[ RN] COMMAND INSTRUCTION
cB.0 DATA 4
CO -t | COMMAND INSTAUCTION

* THE S2COND STYHC CHARACTER I3 SXIPPLD W MOOT INSTAUCTION HAR PRO-
CRAMMED THE $251A TO SINGLE CHARACTER SYNC MODE. BOTH GYNC
CHMARACTERS ARK SKIPFED I BOOE INETAUCTION NAS PROGRAMEEO THE
2514 YO ABYNC MOOL.

Figure 7. Typical Data Block
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Recelver Control
This functional block manages all recelvar-related
activities which conslsls of the following features.

The RxD lnltlalizatlon circuit prevents the 8251A
from mistaking an unused input line for an aclive
low data line In the “break condition.” Before
starting to receive serial characters on the RxD
line, a valid “1" must first be detected after a chip
master Reset. Once, this has been determined, a
search for a valid low (Start bit) Is enabled. This
feature Is only active in the asynthronous mode,
and Is only done once for each masler Reset.

The Halse Start bit detection circuit prevents false
starts due to atransient nolse spike by {irst detsct-
ing the faliing edge and then strobing the nominal
center of the Start bit (RxD = low).

Parity error detection 5ets the corresponding
status bit.

The Framing Error status bit is set if the Stop bit is
absent at the end of the data'byte (asynchronous
mode).’

RxRDY (Recelver Ready)

This output indicates that the 8251A contains a char-
acler that is ready to beinput to the CPU. RxRDY can

be connecied 1o the interrupt structure of the CPU *

or, for polled operation, the CPU can check the con-
dition of RxRDY using.a Status Read operation.

RxEnable, when off, holds RxRDY In the Reset Con-
ditlon. For Asynchronous mode, to set RxRDY. the
Receiver must be enabled to sense a Start Bitand a
complete character must be assembled and trans-
ferred to the Data Output Register. For Synchronous
mode, to set AxRDY, the Receiver must be enabled
and a character must finish assembly and be trans-
ferred to the Data Qutput Register.

Failure to read the received character from the Rx
Data Output Register prior to the assembly of the
next Rx Data characte? "will set overrun condition

error and the previous characler will be written over*

and lost. {f the ‘AX - Data is being read by the CPU
when the Intarnal trans'er is occurring, overrun er-
ror wlill be set and the old character will be lost.

RxC (Receiver Clock)

The Recelver Clock controls the rate at which the

character is to be received. In Synchronous Mode,
the Baud Rate (1x) is equal to the actual frequency of
RxC. In Asynchronous Mode, the Baud Rate Is a
fraction of the actual AxC frequency. A portion of
the mode instruction selects this factor: 1, 1/16 or
1/64 the RxC.

For example:

Baud Rate equals 300 Baud, If

AxC equals 300 Hz in the 1x mode;
RxC equals 4800 Hz In the 16x mode;
RAxC equals 19.2 kHz in the 64x mode.

Baud Rate equals 2400 Baud, It

AxC equals 2400 Hz In the 1x mole:
RxC equals 38.4 kHz in the 16x mode;
RxC equals 153.6 kHz in the 64x mode.

Data is sampled into the B251A on the rising edge ol
RxC.

NOTE: In most communications systems, the 8251A
will be handling both the transmission and reception
operations of a single link. Consequently, the
Receive and Transmit Baud Rales will be the same.
Both TxC and RxC will require identical frequencles
for this operation and can be tied logether and con-
necled to a single frequency source {Baud Rate
Geqeralor) to simplify the interface.
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Transmitter Buffer

The Transmitler Bulfer accepts paraliel datafrom the
Data Bus Bulfer, converts it to a serial bit stream,
Inserts the appropriate characters or bits (based on
the communication technique) and outputs a com-
" posile serial stream of data on the TxD outpul pin on
the falling edge of TxC. The transmitter will begin
transmission upon being enabled it CTTS = 0. The
TxD line will be held in the marking state immedi-
ately upon a master Reset or when Tx Enable or CTS
is off ‘or the transmitter is empty.

Transmitter Control

The Transmitter.Control manages all activities asso-
clated with the transmission of serial data. It accepls
and issues signais both externally and internally to
accomplish this function.

TXRDY (Transmitter Ready)

This output signals the CPU that the transmitter is
ready 1o accept a data charactor. The TxRDY output
pin canbe used as an interrupt to the system, since it
Is masked by TxEnable; or, for Polled operation, the
CPU can check TxRDY using a Status Read opera-
tion."TxRDY is automatically reset by the leading
edge of WR when a datlacharacter is loaded from
the CPU.

Note that when using the Polled operation, the
TxRDY status bit is not masked by TxEnable, but will
only indicate the Empty/Full Status of the Tx Data
Input Register.

TxE (Transmitter Empty)

When the 8251A has no characters to send, the
TxEMPTY output will go "high.” R resetls upon receiv-
Ing & charactor from CPU if the transmilter is en-
abled. TXEMPTY remains high when the transmitter
is disabled. TXEMPTY can be used to indicate the

- end of a transimission mode, so that the CPU “knows"
when to “turn the line around” in the hall-duplex
operational mode.

in the Synchronous mods, a “high” on this output
indicates that a character-has not been loaded and
the SYNC characte? or characters are about to be or
are being transmitted automatically as “lillers.”
TxEMPTY does not go low when the SYNC charac-
ters are being shifted out.
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Figure 4. 8251A Block Dlagram Showing Modem
and Transmitter Buffer and Control
Functions

TxC (Transmitter Clock)

The Transmitter Clock controls the rate at which the
character is to be transrhitted. In the Synchror .us -
transmission mode, the Baud Rate (1x) is equal to
the TxC frequency. In Asynchronous transmission
mode, the baud rate is a fraction of the actual TxC
frequency. A portion of the mode Instruction selects
this factor; it can be 1, 1/16 or 1/64 the TxC.

For Example:

|f Baud Rate equals 110 Baud,

TxC equals 110 Hz in the' 1x mode.
TxG equals 1.72 kHz in the 16x mode.
TxC equals 7.04 kHz in the 64x mode.

The falling édge of TxC shifts the serlal data out of
the 8251A.

Recelver Buffer

The Receiver accepts serial data, converts this serial’
input to parallel format, checks for bits or characters
that are unique to the communication-technique
and. sends an “assembled” character to the CPU.
Serial data is input to RxD pin, and is clocked in on
the rising edge of RxC. . .
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Programming the 8251A

Prior to starting data transmission or recoplion, the
8251A must be ioaded with a sel of control words
generated by this CPU. These control signals define
the complete functional definition of the 8251A and
must immediately follow a Resetl operation (internal
or external).

The contro! words are split into two formats:

1. Mode Instruction
- 2. Command Instruction

s

Mode Instruction

This Instruction deflnes the general operational
charactaristics of the B251A. It mus! {ollow a Reset
operation (internal or exlernal). Once the Mode In-
struction has been writlen into the 8251A by the
CPU, SYNC charactlers or Command lnstruchons
may be written.

Command Instruction

Thisinstructiondefines a word that is used to control
the actual operation of the 8251A.

Both the Mode and Command Instructions must
conform to a specified sequence for proper device
operatlon (see Figure7). The Mode Instruction must
be written Immediately. following a Reset
operation, prior to using the 8251A for data
communlcation.

All control words wrllten Into the 8251A after the \

Mode instruction will load the Command tnstruc-
tion. Command Instructions can be written into the

8251A atany time in the data block during the opera-

tlon of the 8251A. To return to the Mode Instruction
format, the master Reset bit in the Command In-
struction word can be setto Initlate aninternal Resel
operatlon which automalically places the 8251A
back Into the Mode Instruction format. Command
instructions must follow the Mode lnslrucnons or
Sync characlers

Mode Instruction Definltion

The 8251A can be used for elther Asynchronous or
Synchronous data communicatian. To understand
how the Mode Instruction defines the {functional
operation of the 8251A, the designer can bes!view
the device as two'separate components, one
Asynchronous and the other Synchronous, sharing

the same package. The\lormal definition can be
changed only-after a master chip Resel. For explana-
tion purposes the two formats will be Isolated.

NOTE: When parity Is enabled it Is not considered
as one of the dala bits for the purpose of program-
ming the word length. The actual parity bit received
on the Rx Dala line cannot be read on the Data Bus.
In the case of a programmed character length of less
than 8 bits, the least signilicant Dala Bus bils will
hold the data; unused bits are “don’t care” when
wriling dala to the 8251A, and will be “zeros™ when
reading the data from the 8251A.

Asynchronous Mode (Transmission)

Whenever a dala character Is sent by the CPU the
8251A automatically adds a Start bi} (low level) fol-
lowed by the dala bils (least significant bit first), and
the programmed number of Stop bils to each char-
acler. Also, an even or odd Parity bit is inserted prior
lo the Slop bil(s), as defined by the Mode Instruc-
tion. The characler Is then transmlitled as a seotrlal
dala slream on the TxD outpul. The serial data Is
shifted out on the falling edge of TxC at a rate equal
10 1, 1/16, or 1/64 that of the TxC, as defined by the
Mode Instruction. BREAK characlers can be conlin-
uously sent to the TxD il commanded to do so.

When no data characters have been loaded into the
8251A the TxD oulput reamins "high” (marking) un-
less a Break (continuously low) has been
proérammed. !

o, b, o, DO, O, DO, DO,
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" Asynchronous Mode
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Asynchronous Mode (Recelve)

The RxD line is normally high. A falling edge on this
line triggers the beginning ot a START bil. The
validity of this START bit is checked by again s!rob-
ing this bit at its nominal center (16X or 64X mode
only). I a low is detected again, itis a valid START bit,
and the bit counter will start counting. The bit coun-
ter thus locates the center ol the dala bilts, the parity
bit (if it exists) and the stop bits. If parity error oc-
curs, the parity error flag is set. Data and parity bits
are sampled on the RxD pin with the rising edge of
RxC. If a low level is detected as the STOP bit, the
Framing Error flag will be sel. The STOP bit signals
the end of a character. Note that the receiver re-
quires only one stop bit, regardless of the number of
stop bits programmed. This character is then loaded
Into the parailel YO buffer of the 8251A. The RxRDY
pin is raised to signal the CPU tha! a character is
ready o be felched. I a previous character has not
been fetched by the CPU, the present character
replaces it in the VO buffer, and the OVERRUN Error
flag Is raised (thus the previous character is lost). All
of the error flags can be reset by an Error Reosel
Instruction. The occurrence of any of these errors
will not affect the operation of the 8251A.

CIML{RATLO

OpDy---~Ds SYBHIA

TRANSITTIR QOUTPUT

N EELLOU] A))
l sTany PARITY stor
Te0  MAAKING ofr l OATA 8178 l o ] Yo
44
DOLS NOT APPEAR
o.o;----o. o«m: OATA BUS

1,
"o —_1 e [ oatAmITS I ",",',"I ,,:,_L

PROGRAMMED
CHARACTER
LINaTH

ALCLIVIR WrUT

TAANPMIESION FORMAT
CPUBYTE (3 0 BITS/THAR]

-
[ DATA CHARACTER ]
.

n
{h—

ASSTMBLED STRIAL DATA OUTPUT ITaO}
sTART y PARITY s1oe
[ ot l DATA CHARACTER l ot l w1s I
» 1

RECTIVE FORMAT

SERIAL DATA IMUT 1RO}

-~ } 4
STARY PARITY sTOP
[ P l DATA CHARACTER l ot ] " l
)

s
~4 F

CPUBYTE (S0 BITS/CHAR]®

4
[ OATA CHARACTER ]

PR

*NOTE 1F CHARACTE(R LENGTHISOLFINID AT S SOR?
SIS THT UNUSED 8113 ARL SET 10 "1ERO™

Figure 8. Asynchronous Mode

Synchronous Mode (Transmission)

The TxD output is continuously high until the CPU
sends ils first character to the'8251Awhich'usually is
a SYNC characler. When the-CTS line goes low, the
first.characler is serially transmitted out. All charac-
ters are shilled oul on the fallingedge of TxC. Data is
shilted out at the same rate as the TxC.

Once lransmission has started, the data stream at
the TxD output must continue at the TxC rate. If the .
CPU does not provide the 8251A with a data charac<:
ter before the 8251A Transmitler Bulfers become;.
empty, the SYNC characters (or characterifin singla_‘\{
SYNC character mdde) will be automatically ‘if<
serted in the TxD data stream. In this case, the -
TxEMPTY pin is raised high to signal that the 8251A
is empty and SYNC characters are being sent out.
TxEMPTY does not go low when the SYNC Is being
shifted out {see ligure below). The TXEMPTY pin is
internally reset by a data character being written
into the 825tA.

AUTOMATICALLY INSEATED 8Y USART

1.0 [ OATA l OATA Isvncu] sYNC 2 ] OATA 1 ————— ]

[ /X S f F f § j ? FALLE UrON CPU WRITING A
TolMmPly CHARACTIR TO THE URART

A

WOMIMAL CENTEA OF LAST 817

Synchronous Mode (Recelve)

In this mode, characler synchronization can be inter-
nally or externally achieved. I the SYNC mode has
been programmed, ENTER HUNT command should
be included in the lirst command Instruction word:
written.. Data on the RxD pin is then sampled on
the rising edge of RxC. The content of the Rx buffer
is compared at every bil boundary with the first-
SYNC character unlil a match éccurs. If the 8251A
has been programmaed for two SYNC characters, the
subsequent received character is also compared;
when both SYNC characters have been detected,
the USARTends the HUNT mode and Is in character
synchronization. The SYNDET pin Is then set high,
and is resel automaltically by a STATUS READ. I
parity is programmed, SYNDET will not be set until
the' middle of the parity bit instead of the middle of
the last dala bil. \

in the external SYNC mode, synchronization Is
achieved by applying a high level on the SYNDET
pin, thus forcing the 8251A out.of the HUNT moda.
The high level can be removed afler one RxC cycle.
An ENTER HUNT command has no effect in the
asynchronous mode of operation.

~
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Parlty error and overrun error are both checked in
the same way as In the Asynchronous Rx mode.
Parlty Is checked when not In Hunt, regardless of
whether the Receiver is enabled or not.

o, o, D, b, D, D, D, D,

CHARACTER LENGTH
L ' [ 1

o ° 1 '
[ ) '
sits | wivs | ests | witrs

PARITY ENABLE
11« ENABLE)
10 = DISABLE}

TVEINPARITY OENERATION/CHECK
Yo lven
9-000

L C{XTURNAL SYNC OLTICT
1= SYNDET IS AN INFUT
€~ SYNDLT IS AN OQUTPUT

~

SINGLE CHARACTER SYNC
¥ ° SINGLE SYNC CHARACTER
@ = DOUBLE SYNC CHARACTEAR

NOTE: (N EXTEANAL SYNC MODE, PROCAAMMING DOUSLE CHARACTER
SYNC WIlL AFFECT ONLY THE Ta

Figure 10. Mode Instruction Format,
Synchronous Mode

The CPU can command the receiver to enter the
HUNT mode i synchronization is lost. This wlil also

set all the used character bits in the bulfer to a

“one,” thus preventing a possible false SYNDET
caused by data that happens to be in the Rx Bulfer at
ENTER HUNT time. Note that the SYNDET F/F Is
reset at each Status Read, regardless of whether
Intarnal or external SYNC has been programmmed.
This does not cause the 8251A to return to the HUNT
mode. When in SYNC mode, but not In HUNT, Sync
Detection 1s still functional, but only occurs at the
“Known" word boundarles. Thus, If one Status Read
Indicates SYNDET and a second Status Read also
Indicates SYNDET, then the programmed SYNDET
characters have been received since the pravious
Status Read, (If -double’characler sync has been
programmed, then both sync characters have been
contiguously recelved lo gate a SYNDET indication.)
When external SYNDET mode Is selected, Internal
Sync Detect is disabled, and the SYNDET F/F may be-
set at any bit boundary.

s T ant e

CPUBYTESIS B BIVS/CHAR)

[ DATA CHARACTIAS ]

ASSEMBLEID SERIAL DATA QUTPUT (TaD)
SYNC SYNC
CHAR Y CHAR 2

AECLIVE FORMAT

OATA CHARACTERS ]

SCAIAL DATA INPUT (RaD)
LSYNC - SYNC
CHAR CHAR 2

CPUBYTES ISR SITS/CHMAR)

DATA CHARACTENS 1

l DATA CHARACTERS ]
}
1

Figure 11. Data Format, Synchronous Mode

COMMAND INSTRUCTION DEFINITION

Once the functional definition of the B251A has been
programmed by the Modse Instruction and the sync
characters are loaded (it in Sync Mode) then the
device s ready to be used for data communlication.
The Command Instruction controls the actual opera-
tion of the selected format. Functions such as;
Enable Transmit/Recelve, Error Reset and Modem
Controls are provided by the Command Instruction.

Once the Mode Instruction has been written into the
8251A and Sync characters inserted, If necessary,
then all further "control writes” (C/D = 1) will load a
Command Instructlon. A Resel Operation (Internal
or external) will return the 8251A to the Mode In-
struction format.

Note: Internal Reset on Power-up

When power Is first applied, the 8251A may come up
in the Mode, Sync character or Command format. To
guarantee that the device is In the Command In-
struction {ormat before the Reset command Is Is-
sued, it Is safest to execute the worst-case
Initialization sequence (sync mode with two_sync
characters). LoadIng three 0OHs consecutivsly into
the device with C/D = 1 configures sync operation
and writes two dummy 00H sync characters. An In-
ternal Reset command (40H) may then be issued to
returh the device to the “Idle" state. !
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o, o, O, O, O, O, D, O,

(L] " nig (R |S8AK] AL | OTA [ Tol N

L TRANSMIT (NABLTE
I enside

0+ d:uadle

UATA T{RMINAYL
*R1AQY

‘hegh well laeee DTR
\ Sviput 10 1018

NECTIVE ENABLE

] 1 enahie

0 dushie

SUND BREAK
CHARACIEA
1t towces 140 “tom™”
0 noemal operation

(RAQR R{SLT
1 rnstercor Meg
JE 0t Pt

REQULST TO SEND
Chigh wdl lorge RIS
Sviput t9 rero

INTERNAL RESET
Thagh” returns 02514 10
More 1nytrugtion Fosmat

ENTER MUNT MODE
1 * ensbote seorch tue Syne
Choraateny

CIMAS NORFFLCT
N ASYNC MO0()

Note: Error Retet must be performed whenever RxEnsble
snd Enter Hunt sre programmad,

Figure 12, Command Instruction Format

STATUS READ DEFINITION

In data communication systems it is oflen necessary
to examine the "status” of the aclive device to ascer-
tain If errors have occurred or other conditions that
require the processor’s attention. The 8251A has
facilities that allow the programmer to “read” the
status of the device at any time during the func-
lional operation. (Stalus update is inhibited during
slatlug read.)

Anormai “read” command is Issued by the CPU with
C/D = 1 to accomplish this function.

Some of the blits In the Status Read Format have
ldentical meanings 1o external oulput pins so (hat
the 8251A can be used In a complelely polled or
Interrupt-driven environment. TxRDY is an
exception.

Note that status update can have a maximum delay
ol 28 clock periods from the actual event alfacting
the slatus. .

o, [ 0, 0, 0, * 0, 0, 0,
D .
osn | SAXV] n ot rt 1 1aawerv] RoROY | TonOY
[ . ] -
Hote )

SAML OCFINITIONS AS 17O PINS

PARLITY ERAROR

The PL Mog u 1ot when o parity
otean 4 dotoctod. H w renet by
the EA b of the Command
tnatructeon PL does et whdnt
eperstien ol he BIS1A

OVERAUN [RAOA

Tha OF€ 1tag @t set when the CPU
Soos not 1o8d o characier before
the neet 0ne hetomn dvadsble

¥ 00 et by the ER It of the
Cormmond Instractron Of dour
Aal wheel sperstean ol the $281A
however the prevsovily Sverrun
chasactee n Jony

FRAMING ERROA [Aryag only)
The F € Nog 1t vet wihon o ooied
S10w Bt 0 nat detecind 1 1he
S SN ond of sotry thordgtor 11 vt rnad
by the TR et of the Cammond
trsrvenon FE doer net bt
e sperstren of the 02514

OATA SLT ALADY laduconin
ot the DER w0t 8 rers tovel

Note 1:  TxRODY status bit has ditferent meanings {rom the

TxRDY output pir. The former 13 not conditioned

by €TS8 and TxEN; the latter is conditioned by both

CTS and TxEN.

i.e. TxRDY status bit = DB Bufler Empty '
TxRDY pin out DB Butler Empty (TS

: {T=EN-1

Figure 13. Statuz Read Format

APPLICATIONS OF THE 8251A

{ AODRESS SUS ' {

| |

CONTROL BUS (

DATA BUS i

SAUD RATE cAr

' GENERATOR "TERMINAL

Flgure 14. Asynchronous Serial Interface to CRT
Terminal, DC—8600 Baud
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Figure 16. /\synchrnnous Interface to Telephone
Lines
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ABSOLUTE MAXIMUM RATINGS*

Amblent Temperature Under Blas .......... 0°C to 70°C
Storasge Temperature ................ -65°C to +150°C
Voltige On Any Pin

With Respect To Ground  ............. ~0.5V to +7V
Power Dissipation ......... [ 1 Watt

*NOTICE: Stresses sabove those listed under "Absolute
Maximum Ratings” may cause permanent damage (o the
device.Thisis a stress rating only and lunttional operstion
of the device at these or any other gonditlons above those
Indicated In the operational sections ol this specitication
is notimplied. Exposure to absolute meximum rating con-
ditions for extended periods may affect device reliabllity.

D.C. CHARACTERISTICS (To=0"C 10 70°C. Ve = 5.0V £ 5%, GND = 0V)*

Symbol Parameter Min. Max. Unit Test Condltions
Vi Input Low Voltage -05 08 | Vv ’
Vin Input High Voltage 20 Vece v
VoL Output Low Voltage 0.45 V Jlor=22mA
Vou Output High Voltage 2.4 V  |lop = —400 A
lorL Output Float Leakage +10 -#xA Vouyrt = Vcc TO 0.45V
e Input Leakage =10 pA |ViNy =V TO 0.45V
Icc Power Supply Current 100 mA |All Outputs = High

CAPACITANCE (7, = 25°C, V¢ = GND = 0V)

fost Conditions

Symbol Parameter Min. Max. Unit
Cin input Capacilance 10 pF  |[{c = 1MHz
Ciho 1/0 Capacitance 20 pF |Unmeasured pins returned
to GND

v

A.C. CHARACTERISTICS (T = 0°Cto 70°C, Vcc = sov +10% GND = 0V) *

Bus Parameters (Note 1)

READ CYCLE
Symbol Parameter Min. Max. | Unit Test Condltions
R Address Stable Before READ (CS, C/D) 0 ns [Note2.
taa Address Hold Time for READ (CS, C/D) 0 ns |Note 2
"R READ Pulse Width "250 ns
ao Dala Delay from READ 200 ns |3,Cy = 150 pF
toF READ to Data Floating 10 100 ns
WRITE CYCLE
8ymbol B Parameter Min. Max. Unlt Test Condtlons
taw Address Stable Before WRITE 0 ns
twa ) Address Hold Time for WRITE o ns
ww WRITE Pulse Width 250 ns
tow Data Set-Up Time for WRITE 150 ns
two "] Data Ha1d Time tor WRITE 2 ns
tay | Recovery Time Belween WRITES 6 [ . tcy |Nole 4
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A.C. CHARACTERISTICS (Continued) NI
OTHER TIMINGS sared
,_Symbol Parameter Min. | Max. | Unit Test Conditlonis!ok1 5
tey Clock Period 320 1350 ns |Notes5,6 . abriEisY
Y Clock High Pulse Width 120 | tcy-9%0 | ns dastre,
"1 Clock Low Pulse Width 90 ns T I
tr, ¥ Clock Rise and Fall Time 20 ns NAPOVERN
toTx TxD Delay from Falling Edge ot TXC 1 us vey N
f" . Transmitter input Clock Frequency
1x Baud Rate DC 64 kHz
16x Baud Rate DC 310 kHz
* 64x Baud Rale oC 615 kHz
trew Transmitter Input Clock Pulse Width ;
1x Baud Rate 12 toy I
16x and 64x Baud Rate . 1 tcy
ttpD Transmitter input Clock.Pulse Delay 2
1x Baud Rate 15 ey .
16x and 64x Baud Rate 3 lcy
fax Recelver Input Clock Frequency
1x Baud Rate bC 64 kHz
16x Baud Rate DC 310 kHz
64x Baud Rate DC 615 kHz
trpw Recelver Input Clock Pulse Width
1x Baud Rate 12 tey
16x and 64x Baud Rate 1 lcy
trPD Receiver Input Clock Pulse Delay
1x Baud Rate 15 oy
16x and 64x Baud Rate 3 tey
1TxROY TxRDY Pin Delay from Center of Last Bit ’ 14 icy |Note?
\rxRDY CLEAR |TXRDY | from Leading Edge of WR 400 ns |Note7
tRxROY RxRDY Pin Delay from Center of Last Bit 26 lcy |Note7
tRxROY CLEAR |RXRDY | from Leading Edge of RD 400 ns [Note7 -
tis Internal SYNDET Delay from Rising
Edge of RxC 26 tcy (Note7
tes External SYNDET Set-Up Time After :
Rising Edge of RxC 18 tcy |Note?7
tTXEMPTY TXEMPTY Delay from Center of Last Bt 20 lcy {Note?7
twe Control Delay {from Rising Edge of
WRITE (TxEn, DTR, RTS) 8 tcy {Note7
tcR Control 1o READ Sei-Up Time (D3R, CT5) | 20 tcy |Note 7
-
sNOTE: .

1. For Extended Temperature EXPRESS, use M8251A electrical parameters.

cnerd
aid " b
:
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A.C. CHARACTERISTICS (Continued)
NOTES:

1.

AC timings measured Vo = 2.0 Vo = 2.0, Vg = 0.8, and with load circuit of Figure 1.

2. Chip Select (CS) and Command/Data (C/D) are consldered as Addresses.
3.
4. This recovery time Is for Mode Initialization only. Write Data Is allowed only when TxRDY = 1. Recovery Time between

Assumes that Address is valid before Rpl.

Writes for Asynchronous Mode is 8 tcy and for Synchronous Mode is 16 Icy.

. The TxC and RxC frequencies have the following limitations with respect to CLK: For 1x Baud Rate, f1, or gy < 1/{30

loy):
For 16x and 64x Baud Rate, fyy or Iy <1/(4.5 tcy).

. Resel Pulse Width = 6 toy minimum; System Clock must be running during Resel.
. Status update can have a maximum delay of 28 clock periods from the event allecling the status.

TYPICAL A OUTPUT DELAY VS. A CAPACITANCE (pF)

°20
, = +10 7/
i
:
S o :
IS Nsrec,
5
°
1
10
/ f | |
| e 80 o r +50 +100
3 CAPACITANCE IpF)
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

WPYUTIOVTIUT

X s

AC TESTWG wWPUIS ARE DRIVEN AT 24VFORALOGIC t AND D 4SVFOR
ALOGYC 0 TIMING MEASUREMENTS ARE MADE AT 20V FOR A LOGIC 1 €y = 1809F
ANO 0 0V FOR A LOGIC 0 . .
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WAVEFORMS (Continued)

WRITE CONTROL OR OUTPUT PORT CYCLE (CPU — USART)

——_—— T _ X_
: o e
e
I-—-'low - —-—1 two
OATA IO B {

D

B
<o 7 ¥

READ CONTROL OR INPUT PORT (CPU « USART)

bin €it

X

NOTE o2, To, INCLUOCS THLEFF{CT OF CTS ON THE TaENBL CIRCUITAY,

[}

10T 41 1
[T (4.} __.l
A -n ___.l .
" |
- -l ]-- RO —={ |=or
DAata OUT =\ P
o P AL A ]
..-l AR fo— — ] Il.t.—
_.I AR p—r —] ma
& DD
NOTE o1: T . INCLUDIS 15T REIFOMEL TIMING OF A CONTROL Y TE.

TRANSMITTER CONTROL AND FLAG TIMING (ASYNC MODE)
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WAVEFORMS (Continued)

wecaa miter

RECEIVER CONTROL AND FLAG TIMING (ASYNC MODE)
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TRANSMITTER CONTROL AND FLAG TIMING (SYNC MODE)
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