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TECHNICAL DATA

® < MC68661
Advance Information MC2661

Enhanced Programmable
‘Communications Interface (EPCI)

- The MC68661/MC2661 enhanced programmable communications interface (EPCI) Is a
'y universal synchronous/asynchronous data communications controller chip that is an
"anhanced version of the Signetics 2661, The EPCI directly interfaces to most 8-bit MPUs
and esaslly to the MC6B000 MPU and other 18-bit MPUs, it may be usad in either a polied
or Interrupt driven system. Programmed Instructions can be accepted from the host MPU

while supporting many synchronpue or asynchronous sarial-data communication protocols L SUFFIX
in a full- or hali-duplex mode. Special support for BISYNC Is provided. CASE 719
The EPCI converts parallal data characters, accepted from the microprocessor data bus, CERAMIC

into transmit-serial data. Simultaneousty, the EPC) can convert receive-seriel data to
paraliel data characters for input to the microprocessor.

A baud-rate generator in the EPCI can ba programmed elther to accept an axtemal clock
or to generate transmit or racelve clocks. Sixtean different baud rates can be selected
under program control when operating In the intemal clock mode. Each version of the
EPCI {A, B, C) has a differunt set of baud rates.

Synchronous Operation

@ Single or Double SYN Operation P SUFFIX
. ® Internal or External Character Synchronization CASE 710
\_}; @ Transparent or Non-Transparent Mode PLASTIC
@ Transparent Mode DLE Stuffing (Tx) and Detection {Rx}
® Automatic SYN or DLE-SYN Inssrtion
® §YN, DLE, and DLE-SYN Stripping
® Baud Rate: dc to 1 Mbps (1X Clock]) PIN ASSIGNMENT
" Asynchronous Operation o2 1 .—\_J 28001
¢ 1, 11/2, or 2 Stop Bits Tranamitted 03l 2 27000
@ Parity, Overrun, and Framing Error Detection
~ @ Line Break Detection and Generation ROQ 3 28 P ¥ec
). @ False Start Bit Detection cnodl 4 25 J@m
¢ Automatic Serial Echo Mode {Echoplex) o s 2¢ hiTh
® Baud Rate: dc to 1 Mbps {1X Clock)
" de to 62.6 kbps (16X Clock) s s 1Y
dc to 15.626 kbps (64X Clock} s}’ 2 PSR
Common Features o7(]8 21 [J RESET
@ internal or Exisrnal Baud Rate Clock; No System Clock Required i 9 20 Praneik
® Throe Baud Rate Sets {A, B, C); 16 Internal Rates for Each Set : arie 19T
@ B~ to 8-Bit Characters Plus Parity; Odd, Even, or No Parity Edn 1 JI"E‘_T
® Double Bufferad Transmitter and Receiver DSCHG
® Dynamic Charactsr Length Switching a2 17 e
_ @ Full- or Helf-Duplex Operation w3 18 [I5C0
® Local or Remote Maintenance Loopback Mode N
g ® TTL-Compatible Inputs and Outputs RafoT {14 15 [ TaRDY
;g @ RxC and TXC Pins and Short Clrouit Protection :
3 @ Three Open-Draln MOS Dutputs Can Be Wire ORed

8§ ® Single 6-Voit Power Supply
?g This documaent contalne informetion on a new product. Spacifications snd Information harein are subject to change withaut notice,
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Applications

@ intelligent Terminels
® Network Processors
@ Front-End Processors

* @ Remote Data Concentrators

® Computer-to-Computer Links

@ Serial Peripherals
@ BISYNC Adaptors

N

ORDERING INFORMATION

Commorcial Ranges
Voe=5V £6%, TA=0°to 70°C

Ceramic Dual-in-Line Package
MC2661A/MCB8E61LA
MC2681B/MCE8661LB  See Table 1 for Baud Rates
MC2661C/MCB8661LC

Plastic Dual-in-Lina Packags

"MC2061A/MC68681FA
MC26618/MCG8661PB  See Table 1 for Baud Rates
MC2081C/MCEB81RC

INTRODUCTION

The EPC| consists of six major sections (see Figure 1).
These gre the transmitter, recelver, timing, operation control,
modem control, and SYN/DLE control. These sections com-

municate with sach other via an intemal data bus and an inter-

nel control bus. The Internal data bus Interfaces to the
microprocessor data bus via a data bus buffer.

‘OPERATION CONTROL

*This functional block stores configuration end operation
commandsa from the CPU and generates appropriate signals to
various Intemal sections to control the overall device opera-
tion. It contains read and write circuits to permit communica-
tions with the microprocessar via the data bus and contains
mode registers 1 and 2, the command register, and the status
register. Detalls of register addressing and protocol are
preaentsd in the EPCt programming section of this data sheat.

TIMING

The EPCI conteins @ beud-rate generator (BRG} which is
programmable to accapt extarnat tranamit or racaive clocks or
to divide an external clock to perform data communications.
The unit can generate 18 cornmonly used beud rotes, any one
of which can be selected for fuil-duplex operation (see
Table 1).
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RECEIVER
The recsiver accepts serial data on the RxD pin, convearts
this &erial input to parallel format, chacks for bits or characters

that are unique to the communication technique, and sends
an “assembled” character to the CPU.

TRANSMITTER

The transmitter accepts parallel data from the CPU, con-
verts it to a serial bit stream, inserts the appropriate characters
or bits (based on the communication techniqus) and outputs a
composite serial stream of data on the TxD output pin.

MODEM CONTROL

The madem control section provides interfacing for thres in-
put signals and three output signals used for “handshaking'*
and status indicetion betwaeen the CPU and a madem.

SYN/DLE CONTROL

This ssction contains control circuitty and three 8-bit
registers storing the SYN1, SYN2, and DLE characters pro-
vided by the CPU. These registers are usad in the synchronous
mode of operation to provide the characters required for syn-
chronization, idle fill, and data transparency.

SIGNAL DESCRIPTION

CPU-RELATED SIGNALS

The following paragraphs describe the CPU-ralated signals
for the EPCL.

Vcce and GND

Vee is the +5 volt power supply input and GND is the
ground connection.

Reset (RESET)

When high, this Input performa a master reset on the EPCI.
This signal asynchronously tarminatas any device activity and
clears the made, commend, and atatua registers. The device
assumes the Idle state and remalns there until Initlalized with
the appropriate control words.

Address Lines (A0 - A1)
The address iines are used to select the Internal EPCI
registers.
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BUFFER [ SYN | REGISTER |
T ' $YN 2 REGISTER
e DLE REGISTER
- | OPERATION CoNTROL <“:
A —»| [ MODE REGISTER 1 |
Al — MODE REGISTER 2 TRANSMITT! -
AW »| | COMMAND REGISTER TRANSHIT ::TA T
TE —-of | STATUS REBISTER R > HOLDING REGISTER
TRANSMIT I
- SHIFT REGISTER
Y. BROLK BAUD RATE -
THENE +——— ] CENERATOR ' !
s RECEIVER N -
TRC/GKDET - — CLOCK CONTAOL T
HOLDING REGISTER
oy —q o RECEIVE ———— )
B —— wq SHIFT REGISTER
B e KO
Ry _ CONTROL
TR ~————d
T ~——— - -— Ve

-~ GND

*0Open-Drain Output Pin , g2
Figure 1. Block Diagram
Resd/Write (R/W) Transmitter Ready {TXRDY)
"When low, this input eignal designates the read command This output signal Is the complement of status ragiater bit
and when high, the write command. " SRO. When low, it Indicates that the tranamit data holding
register (THR) Is ready to accept a data cheracter from the
~ Chip Enable (CE) CPU. It goss high when the data character ls loaded. This out-

" This input is the chip enable command. When low, it indi- put Is valid only when the tranamitter is enabled. It is an open-
cates thet contro! and data lines to the EPCI are valid and that drain output which can be used as an interrupt to the CPU.
the operation spacified by the R/W, AD, and At inputs should
be performad. When high, chip enable places tha DO through

D7 data bus lines In tha three-atate condition. Receiver Ready (RxRDY)
This cutput is the complement of status register bit SR1.
Dats Bus (DO - D7} Whan low, it indicates that the receive data holding register

This 8-bit three-state bidirectional data bus e used to {RHR} has a character ready for Input to the CPU. it goes high
transfer commands, dats, snd status between the EPC! and when the RHR is read by the CPU, and also when the recelver
the CPU. The DO bit is the least significant bit; D7 the most is dissbiad. It I8 an open-drain output which can be used ss an
significant bit. interrupt to the CPU.
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Table 1. Baud-Rate Generator Characteristics
Actusl
Baud Fragquency Percent
MR23-20 Rate 16X Clock Ersor Divisor
Set A (BRCLK =4.9162 MHz)
0000 80 0.B kHz - 6144
0001 76 1.2 - 4008
0010 110 1.7698 -0.01 2793
0011 134.6 2.162 - 2284
0100 180 2.4 - 2048
010 200 az - 16536
0110 300 4.8 - 1024
0111 800 9.6 - 612
1000 1080 18.8328 0.188 292
1001 1200 18.2 - 256
1010 1800 28.7438 -0.18 17
1011 2000 31.9168 -0.26 164
1100 2400 38.4 - 128
1101 4800 788 - 64
1110 9600 153.6 - R
114 19200 307.2 - 14
~
Y Sot B (BRCLK =4.9162 MHz)
0000 45.6 0.7279 kHz 0.006 8782
‘ ) 0001 80 08 - 6144
0010 7 1.2 -~ 40096
2011 - 110 1.7608 -0.01 2783
9100 134.6 2.162 - 2284
0ot 160 24 - 2048
0110 300 4.8 - 1024
) 0111 600 8.6 - 512
1000 1200 18.2 - 258
1001 1800 28,7438 -0.19 171
1010 2000 31.9168 -0.28 154
o1 2400 384 - 128
1100 4800 78.8 — 64
1101 600 153.8 - 2
110 18200 07.2 - 16
1111 38400 614.4 - 3
Set C (BRCLK =5.0888 MHz)
(000 80 0.8 kHz - 68336
o1 76 1.2 - 4224
o 110 .28 - 2880
0011 134.6 2.1623 0.016 2365
0100 160 2.4 - 2112
0101 300 48 — 1066
o110 600 8.8 - 528
- ong 1200 19.2 - 284
Y 1000 1800 28 - 176
' 1001 2000 32.081 0.283 168
, 1010 2400 384 - 132
o1 3600 67.6 - 88
1100 4800 76.8 - €6
1101 - 7200 116.2 - 44
1110 98600 183.8 - a3
1mn 18200 3168 3.126 18
NOTE:
18X clack is used In ssynchrongus mods. in synchronous mods, ciock multiplier la 1X
and BRG can be used only for TxC. -
R L A R AR R e b D B S A R e R T T AT R
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Transmitter Empty (TXEM1/DSCHO)

This output s the complement of status reglster bit 8R2.
When low, It Indicates that the transmitter has complstad
sarlalization of the lsst character loaded by the CPU, or thet a
changs of stats of the DSR or DCD inputa has occumed. This
output goes high when the status register is read by the CPU,
if the TXEMT condition doss not exist. Otherwise, the THR
must be loaded by the CPU for this line to go high. It Is an
open-drain output which can be used as an Intarrupt to the
CPU.

DEVICE-RELATED SIGNALS

The following paragraphs dascribe the device-related
signale for the EPCI.

Baud-Rate Clock (BRCLK)

This s tha clock Input tc the Internel beud-rate generator
(see Table 1), This Input Is not required if external raceiver and
trangmitter clocks are uwd

Recaiver Clack {RxT/BKDET]

If an axternal recaiver clock is programmed, this input con-
trols the rate at which the character Is to be recaived. its fre-
quency Is 1X, 16X, or 64X the baud rste as programmed by
moda register 1. Data are sampled on the rising edge of the

y clock. If an Internal racelver clock is pragrammed, this pin can
be a 1X/16X clock or a break detact output pin.

T‘nmmltter Clock {TxC/X8YNC)

if an externel transmitter clock Is programmed, this input
controls the rate at which the character Is tranamittad. Its fre-
quency Is 1X, 18X, or 84X the baud rate, as programmed by
mode registar 1. The transmitted data changes on the falling
adge of the clack, if an Internal tranemitter clock is pro-
grammed, this pin can be a 1X/ 18X clock output or an extarnal
Jam synchronization input.

NOTE

The AxC and TxC outputs have short circuit pro-
tection {C_ = 100 pF maximum). Qutputs bscoms
open clrcuited upon datection of a zera pulled
high or a one pulied low.

Reoceive Data (RxD)
This signal is the serlal data input to the receiver. “Merk” is

high, “spsce’ is low.

Transmit Data (TxD)

This signal Is the serlal data output to the transmitter.
“Mark" Is high, “space” is low. Tha signal will be held in mark

‘y condition when the transmitter is disabled.

Data Set Ready (DSR)

This general-purpose input can be used for data set ready or
ring Indicator condition. Its complement appears as atatus
istor bit SR7. The DSR input causes a low output on
%mflmwhmmmmd\nm It CR2 or CRO equals

T N T D 7 e P ke T T8 BRSO ) S e B Y N h
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Data Carrler Detect {DCD) D

This input must bs low in order for the recelver to operate.
Its complement appears as status register bit SR6. The DCD
Input causes a low output on TXEMT/DSCHG when [ts state
changes if CR2 or CRO squals one. if DCD goes high while
receiving, the RxC Is Intemally Inhibited.

Clear to Send {CT8)

This Input must be low in order for the transmitter to
operate. f it goes high during transmisslon, the character
in the transmit shift registar will ba transritted before
termination.

Data Terminal Ready (BTR)

This general-purpose output Is the complament of com-
mend reglister bit CR1. It is normally used to Indicate that the
data terminal is ready,

Request to 8end (RTS)

This general-purposs output Is the complement of com-
mand register bit CRE. Normally RTS is usad to Indicate re-
quest to send. If the transmit shift register Is not empty when
CRS is reset {1 or 0), then RTS will go high one TxC time after
the {ast serial bit Is tranamitted.

OPERATION

The functional operation of the EPCI is programmed by a
sot of control words supplied by the CPU. These controal
words spacify items such as synchronous or asynchronous
mods, baud rate, number of bits per character, etc. The pro-
gramming procedurs is described In the EPCI programming
aection of this data sheet.

After programming, the EPCI is ready to perform the
desired communications functions. The recelver performs
sarlal-to-parallel conversion of data received from a madem or
equivalent devica. The transmitter converts paraliel data re--
ceived from the CPU to a serlal bit stream. These actions are
accomplished within the framework speclfiad by the contro}
words.

RECEIVER

The EPC! Is conditloned to recelive data when the DCD input
Is tow and the RxEN bit In the command register Is true. The
asynchronous and synchronous modes of receiver operation
are deecribed below.

Asynchronous Mode

in the asynchronous mods, the recelver locks for a high-to-
low {mark-to-space) transition of the start bit on the RxD input
line. If a transition Is detected, the state of the RxD iine Is
sampled agein after a delay of one-half of a bit tima. if RxD le
now high, the search for a valid atart bit ia bagun agein. if RxD
In still low, a valld start bit is assumed and the recelver con-
tinues to sample the input line at one bit ime Intervels untll the
proper number of data bits, the parity bit, and one stop bit
have been assembled.

The data are then transferred to the recelve data holding
rogister, the RxRDY bit in the status register Is set, and the

MOTOROLA
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RxRDY output Is asserted. If the character length ls less than
eight bits, the high order unused bits in the holding regieter are
eet 1o zero. The parity error, framing error, and overrun error
status bits are atrobed into the status register on the positive
going edge of RxC corresponding to the racelved character
houndary.

it the stop bit is present, the recelver will Immadiataly begin
its search for the next start bit, If the stop bit is absent (fram-
Ing error}, the recelver wifl interpret a space as a start bit if it
persists Into the next bit time interval.

if a bresk condition Is detectad (RxD Ia low for the entire
character as well as the stop bit), only one character con-
sisting of all zercs (with the FE status bit BRE5 set) will be
transferred to the holding regleter. The RxD Input must retum
to a high condition before a search for the next stert bit
begins,
Pin 256 (RxC/BKDET) can be programmed to be a bresk
detact output by appropriata satting of MR24 through MR27.
Ji 80, a detected break will cauas that pin to go high. When
D returns ta mark for one FxC tims, pin 26 will go low.
Refer to the bresk-detection timing diagram (Figure 10}

Synchronous Made

When the EPCI is Inltialized into the synchronous mode, the
racelver first enters the hunt mode on a zero-to-one transition
of RXEN (CR2). in thic mode, as dats are ehifted into the
receiver shift register » bit at a time, the contents of the
ragister are compared to the contents of the SYN1 register. If
the two are not aqual, the naxt bit is shifted In and the com-
parison Is repeated. When the two registers match, the hunt
mode Is tefminated and character asssmbly mode begins.

if single SYN operation is programmed, the SYN DETECT
status bit le set. i double SYN operetion Is programmad, the
first character assembied after SYN1 must be SYN2 In order
for tha SYN DETECT bit to be set. Otherwlse, the EPCI
_returns to the hunt mode. (Mote thet the sequence SYNI1-
SYN1-SYN2 will not achieve synchronlzation.)
When synchronization has been achieved, the EPCI con-
tinues to assemble characters and transfer them to the holding
ister, setting the RxRDY status bit and aseerting the
gﬁw output sach time & character is transferred. The PE
and OE status bits are sat as appropriats. Further recelpt of the

yappmpmm SYN sequence sets the SYN DETECT status bit.

N if the SYN stripping mode I8 commanded, SYN characters
are not transferred to the holding regleter. Note that the SYN
characters used to estabiish Initlal synchronization are not
transferred to the hoiding reglster in any case.

External Jam synchronlzation can be achieved via pin B by
appropriate setting of MR27 through MR24. When pin € is an
XBYNC input, the intarnal 6YN1, SYN1-SYN2, and DLE-
SYN1 detaction s disabled. Each positive golng signal on

" XSYNC will causs the recelver to establish synchronization on

the rising edge of the next RxC pulse, Character assembly will

start with the RxD Input at this edge. The XSYNC signai may
be lowered on the next rising adge of RxC. This extarnal syn-
chronization will cause the SYN DETECT status bit to be st
until the status register is read. Refer to XSYNC timing
diagram (Figure 9).

MOTOROLA
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TRANSMITTER

The EPCI is conditioned tc transmit data when the CTS in-
put ls low and the TxEN command register bit is set. The EPCl
indicates to the CPU that it can accept a character for
transmisslon by setting the TxRDY status bit and asserting the
TXRDY output. When the CPU writes a character Into the
transmit data holding register, these conditions are negated.
Date are transferred from the holding register to the transmit
shift register when It Is kile or has completed transmissalon of
the previous charactar. The conditions are then as-
serted again. Thus, one full character time of buffering is pro-
vided. The fallowing paragraphs describe the asynchronous
and synchronous mades of operating the transmitter.

Asynchronous Mode

In the asynchronous mods, the transmitter automatically
sands a start bit followed by the programmed number of data
bits, the least significant bit baing eant first. It then appends
an optioneal odd or even parity bit and the programmed num-
ber of stop bita. If following tranamission of the data bits, &
new character is not avaliable in the tranamit hoiding register,
the TxD output remains in the marking [high) condition and
the TXEMT/DSCHG output snd Its cosresponding status bit
are asserted. Transmission resumes when the CPU loads a
new character into the holding register, The transmitter can be
forced to output a continuous low {(BREAK) condition by sat-
ting the send break command bit (CR3) high.

Synchronous Mode

When the EPCl is Initlally conditioned to transmit in the syn-
chronous made, the TxD output remains high and the TxRDY
oondition le asserted until the firet character to be transmitted
{usually a SYN character) ls loadad by the CPU. Subsequent
to this, a continuous stream of characters ls transmitted. No
extra hits (other than parity if commanded) are generated by
the EPCI! unless the CPU falls to send a new character to the
EPCI by the tims the transmitter has completed sending the
pravicus character.

Since synchronous communicetion does not allow gaps
betwaan characters, the EPCI asserts TXEM1 and automatl-
cally “fiis” the gap by tranamitting SYN1s, SYN1-SYN2
doublets, or DLE-6YN1 doublets depending on the state of
MR16 and MR17. Normal transmission of the message re-
sumas when a new character is avaligble in the transmit data
holding vegister. If the SEND DLE bit in the command register
is true, the DLE character is automatically transmitted prior to
tranamigsion of the message chacacter in the THR.

EPC! PROGRAMMING

Prior to Initlating data communications, the EPCI operating
mode must be programmed by performing write operations to
the modes gnd command registers, In addition, if synchronous
operation is progremmed, the appropriate SYN/DLE registers
must be loaded. The EPCl can be raconfigured at any time
during program exacution. A fiowchart of the initialization
process Ia shown In Figure 2.

The intarmnal registers of the EPCI are accessad by appiying
spacific signals to the CE, R/W, A1, and A0 Inputs. The condt-
tions necessary to address each register are shown in Table 2.
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Tabla 2. Register Addressing

7-75-37-07

D

2

A0

l

R/W

Funotion

“s w000 OX
N - EX-X-D'

X
0
1
¢
1
0
1
0
1

[-N-N-N-N-N- RN

Three-State Data Bus

Read Recelve Holding Register
Write Transmit Holding Regiater
Resd Status Register

Wirite SYN1/SYN2/DLE Reglaters
Read Mode Registers ¥%

Write Mode Registers %

Read Command Reglster

Write Command Fegister

NOTE:

See AC charactaristics saction for timing requiraments.

The SYN1, SYN2, and DLE registers are accessed by per-
forming writa operations with the conditions A1=0, AD=1,
and R/W =1. The first operation loads the SYN1 register, the
next loads the SYN2 registar, and the third loads the DLE
register. Reading or loading the mode registars ls done in 8
simiiar manner.

The first write {or read) oparation addresses mode register 1
and a subsequent operation addrasses mode register 2. If
mare than the required number of accesses are made, the in-
ternal sequencer recycles to point at the first register. The
pointers ars resst to SYN1 register and mode reglster 1 by a
RESET input or by performing a read commend register opera-
tion. The pointers are unsffected by any other read or write
oparation. . ’

The EPCI reglster formats are summarized in Tables 3, 4, 6,

SHAAT S LT
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1-154

and 8. Mode registers 1 and 2 define the general operational
characteristics of the EPC! while the command register con-
trols the operation within this basic framework. The EPCI in-
dicates its status in the status register. These registars are
cleared when 8 RESET Input Ig applied.

MODE REGISTER 1 (MR1}

Table 3 Hlustrates mode register 1. Bits MR10 and MR11
select the communication format and baud-rate multiplier.
The synchronous mode and 1X multiplier is specified by 00.
The 1X, 16X, and 64X multipliers are programmable for asyn-
chronous format. Howeaver, the muiltiplier In asynchronous
format applies only If the external clock input option I8
golected by bits MR24 and MR25.

MOTOROLA
7
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INITIAL RESET
> NOTE:
Mode register 1 must be written
> before 2 can be written, Mode register 2
A% need not be programmed i external
clocks are used.
LOAD
NOTE:
SYN1 REGISTER SYN1 regiater must be written
before SYNZ can be wiitten, and
SYN2 before DLE can be written.
DOUBLE N.
WV //
Al Y TAANSPARENT
L0AD MODE?
SYN2 REGISTER
]
A
Y
A -
1-186
Figurs 2. Initialization Flowchart
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Table 3. Moda Register 1 {MR1)

MR1? MF18 MR18 MR14 MR13 MR12 MR MR10
' Character Mods and Baud
8ync/Async Parity Type Parity Control Length Rate Factor
Asyno: Stop Bit Length
00 = Invalid O=QOdd O= Disabled 00="56 Blts 00 = Synchronous 1X Rate
01=1 Stop Bit 1=Even 1=Ensbled 01=@ Bita 01 = Asynchronous 1X Rate
10=1% Stop Blts 10=7 Bits 10= Asynchronous 16X Rate
11w=2 Stop Bits 11=8 Bits 11=Asynchronous 84X Rate
8ync: Bync:
Number of Transparency
N 8YN Char Control
0=Double 0= Normiai
SYN 1= Transparent
‘ 1=Singla
8YN
NOTE:
Baud rate factor in asynchronous applies only If external clock is selected. Factor Is 18X i Internal ciack is seiscted. Mode must be selected
{MR11, MR10) in-any case.
1166
Table 4. Mlode Register 2 {MR2)
MR27-MR24 MRA23-MR20
TxC RxC Pin$ Pin28 TG RxC Pin8 Pin28 Baud Rate Selection
0000 €E E TxC RxClAsync or Syncl |-1000 E E  XSYNC!  RxC/TxC (Syne)
0001 E 1  TxC 1X {Async or Sync) | 1001 E i TxC BKDET (Async)
0010 I E 11X  FRxC(Async or Sync) | 1010 | E  XSYNC! AxT {Sync)
0011t - 1 I 1X 1X (Async or Sync} | 1011 | ] 1X BKDEY (Async) | See Baud Rates in Table 1
0100 E E TxC T (Asyncor Synol | 1100 € E XSYNC!  RxC/TxC (8ync)
0101 E I TxC 18X (Async oraync) | 1101 E I T>C BKDETY {Async)
0110 i E 18X  FxC (Async orsyncl | 1110 { E  BCYNC! FxC {Sync)
0111 | i 16X 16X (Async or 8ync) | 1111 | { 18X BKDET (Async}
_NOTES:
1. When pin 9 is programmed as XSYNC Input, SYN1-SYN2, and DLE-SYN1 detection Is disabiad.
E= External clock
| = Inteme! clock {BRG)
~ 1X and 18X are clock outputs
Y 1167
) Table 6. Command Ragister (CR)
CR?7 CRé CR6 Che CR3 CR2 CR1 CRO
Reoelve Transmit
Request Cantrol Data Terminal Control
Operating Mode To Send Reset Error Sync/Async (RxEN) Ready {TxEN)
00=Normal Operation | G=Forca RTS 0= Normal Asyne:
01 =Agyno: . Qutput High 1 = Rewat Foros Bresk
Automatic Ons Clock Time Error Flags 0w Nomal O=Disable | 0=Foroe DTR 0= Dieable
. Eoho Mode -After TXSR in Status Regiater | 1= Force Broak | 1 =Enable Output High | 1=Enable
Sync: SYN and/or Serialization (FE, OE, PE/DLE 1=Force
DLE Stripping Mode | 1 =Force RTS Detect) Qutput Low
10= Locsl Loopback Output Low
11 = Remote Loopbeck .
Syno:
Send DLE
0=Normsl
1=8end DLE

=5
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Table 8. Status Regleter {(8R)
8R7 8Ré " 8RB 8R4 SR3 BR2 SA1 SRO
Data Set | Data Carrler | FE/SYN PE/DLE
* Ready Deteot Detect Qverrun Dateot TXEMT/DSCHQ RxRDY TXRDY
O=DSR input { 0=DCD Input | Async: O=Normal | Asyno: )
is High is HI 0= Normai 0=0verrun| 0= Normal 0=Normal 0= Raceive 0=Transmit !
~|1= D8R Input 1-Télnpm 1=Framing Eror | 1=Parity Error | 1~Change in Holding Halding
y, lslow is Low Error DSR, or DCD, Raglater Empty Ragister Bugy
or Transmit Shift | 1 = Recalve 1=Transmit
Rogister s Holding Register]  Holding Regiater
Empty Hes Data Empty
8yne: . Synce:
0= Normal 0= Normal
b 1=SYN 1= Parity Error
: Detected or DLE
Recefved

-

e

Bits MR12 and MR13 select a character length of 5, 6, 7, or
8 bits. The character length doss not Include the parity bit, if
programmed, and does not include the start and etop bite in
asynchronous made.

Bit MR 14 controls parity generation. If enabled, a parity bit
is added to the transmitted character and the recelver per-
forma a parity check on Incoming data. Bit MR16 selscts odd
or even parity when parity is enabled by MR14.

In asynchronous moda, MR18 and MR17 select character
framing of 1, 1.5, or 2 atop bits. If 1X baud rete is pro-
grammed, 1.5 stop blts defuult to 1 stop bit on transmit. in
synchronous mode, MR17 controls the number of SYN char-
acters used to establish synchronization end for character fill
when the transmitter Is ldle. The SYN1 register alone ls ussd if
‘MR17 equals one, and SYN1-SYN2 are used when MR17
equals zero.

i# the transparent mode is specified by MR18, the DLE-
SYN1 ragietars are used to establish character fili and SYN
detect, but the normal synchronization sequence Is ussd to
establish character synchronization. When transmitting, &
DLE character In the transmk holding reglster will cause a seo-
ond DLE character to be transmitted. The DLE stuffing elimi-
nates the softwars DLE compere and stuff on each trans-
parent mode data character. if the send DLE command (CR3)
is active when a DLE s [oaded into THR, only one additional
DLE will be transmitted. Also DLE stripping and DLE detect
{with MR14=0} are enabled.

The blts In the mode regiater affecting character assembly
and disassembly (MR12 through MR18} can be changed dy-
namically (during the active receive/trensmit operation). The
character mode register affects both the transmitter and
recelver; thersfore in synchronous mode, changes should be
made only In half-dupiex mode (when either RXEN or TxEN
equals ons but not when both simuitaneously equat one}. In
asynchronous mods, character changes should be made when
R/XEN and TXEN equal zero or when TxEN equais one and the
transmitter Ia marking In half-duplex mode (RxEN equals 0).

To effect assembly/dissssembly of the next received/
transmittad character, MR12 through MR165 must be changed

N

MOTOROLA
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within n bit times of the active going state of AxRDY/TxRDY.
Tranaparent and non-transparent mode changes {MR18) must
ocour within n—1 bit timea of the character to be affected
when the receiver or transmitter is active (n=smaller of the
new and old character fengths).

MODE REGISTER 2 (MR2)

Table 4 llustratas mode register 2. Bita MR20, MR21,
MR22, and MR23 control the frequency of the internal baud-
rate generator (BRG). Shaeen rates are selectable for each
EPCl version (A, B, C}. Versions A and B specify 2 4.9162 MHz
TTL Input at BRCLK (pin 20}; version C epecifies a 6.0688 MHz
input.

Bis MR20 through MR23 are “don't cares” i external
clooks are selacted (MR24 and MR26 equal zero). The individ-
ual rates are given in Table 1. Bits MR24 through MR27 select
the receive and transmit clock source {either the BRG or an
external Input) and the function st tha TxC/XSYNC and
RxC/BKDET ping {see Table 4),

COMMAND REGISTER

Tabla 6 lfustrates the command register. Bits CRO (TxEN)
and CR2 (RxEN) enable or dissbie the tranamitter and receiver

_ respectively. A zero-to-one transition of CR2 forces start bit

search (asynchronous) or hunt mode (aynchronous} on the
second RxC rising edge.

Disabling the recaiver causes RXRDY to go high (Inactive). If
the transmitter is disabled, it will complete the transmission of
the character in the tranemit shift register (if any) prior to ter-
minating operation. The TXD output will then remain in the
marking stats (high) while TXRDY and TKEMT wilt go high {in-
active), [f the receiver ia disabled, it will terminate opsration
immediately. Any character being assembled will be
neglected. A zero to one transition of CR2 will initlate start bit
search ( nous} or hunt moda (synchronous).

Bits CR1 (DTR) and CRE (RTS) control the DTR and RTS
outputs. Data at the outputs are the logicel complement of the
register data. In esynchronous mods, setting CR3 will force

S TR M WK S e R T
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and hold the TxD output low {spacing condition) at the end of
the cuirent transmitted character. Normal operation resumas
whan CR3 is cleared. The TxD line will go high for at least one
bit time before beginning transmission of the next character In
the tranasmit data holding register.

In synchronous mode, setting CR3 causes the transmission
of the DLE register contents prior to sending the character In
the tranamit data holding rogistar. Since this is a one time
command, CR3 does not have to be reset by software. The
CRS3 bit should be sst when entering and exiting transparsnt
mode and for all DLE/non-CILE character sequencea.

Setting CR4 causes the omor flags in the status register
{SR3, SR4, and SRE) to be cleared. This is a one time com-
mand. There Is no Internal letch for this bit.

When CRE (RTS) ls set, tha RTS pin s forced low end the
transmit sorinl loglc is enabled. A one-to-zero transition of CRE
will cause RTS to go high {Inactive) ane TxC time after the last
sarial bit has been tranamitied (If the transmit shift register
was not empty).

The EPCI can operats in one of the four submodes de-
scribed below with each mejor mode {synchronous or asyn-
chronous}. The operational submode Is determined by CR7
and CR8. if CR7 and CR6 equal 00, the normal mode (s opera-
tional with the tranamitter end recefver operating Independ-
ently In accordance with the maode and status register Instruo-
tons.

Automatic-Echo Submodos

In asynchronous made with CR7 and CR6 equal to 01, the
EPCI la placed In the automatic-acho mode. Clocked, regen-
wrated received data Is automatically directed to the TxD line
while normal recelver aperation continues. The recelver must
bs enabled (CR2 equals one], but the transmitter nead not be
onabled. The CPU-to-receiver communication continuee nor-
mally, but the CPU-to-tranamitter link is disabled. Oniy the
first character of e break condition is echoad. The TxD output
will go high untii the next valld start Is detected. The following
conditons are trus while in automatic-echo mode:

1. Deata assembied by the receiver are automatically placed
in the transmit holding register and retransmitted by the
transmitter on the TxD output.

2. The transmitter is clocked by the recalve clock.

3. The TXRDY output equals one.

4, The TXEMT/DSCHG pin will reflect only the data set
change condition.

5. Tha TXEN command (CRO) is ignored.

Automatic SYN/DLE Stripping S8ubmode

In-synchronous mode with CR? and CR6 equal to 01, the
EPCI ls piaced In the automatic SYN/DLE stripping mode. The
exact action taken depends on the setting of the MR16 and
‘MR17 bits. .

1. In the nontranspareni single SYN mode {MR17 and
MR16 aqual 10}, characters in the data stream matching
SYN1 are not transferred to the recelve data holding
register (RHR).

* 2. In the nontransperent doubls SYN mode (MR17 and
MR16 equal 00), charactsrs in the data streem matching
SYN1 or SYN2 {if immedlately preceded by SNY1) are
not transferred to the RHR.

MCB8661 & MC2581
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3. In transparent mods {(Mii18 equals one), characters in
the data stream matching DLE or SYN1 (if Immediately
preceded by DLE) are not transfarred to RHR. However,

- only the first DLE of a DLE-DLE pair is stripped.
Note that the sutomatic stripping mode does not affect the
settliig of the DLE detect and SYN detect status bits (SR3 and
SRE).

Diagnostic Submaodes

Two diagnostic sub-modes (local foopback and remote
loopback}) can also he configured. These submodes are
described balow.

LOCAL LOOPBACK MODE — in local loopback mode
{CR7 and CRS equal 10}, the following loops are connected
internally:

1. The transmitter output Is connected to the receiver in-

put.

2. The DTR output is connected to DCD input and R1S

output is connected to CTS Input.

3. The receiver is clocked by ths transmit clock.

4. The DTR, RT3, and TxD outputs are held high.

B. The CTS, DCD, DSR, and RxD Inputs are ignored.

Additional requirements to operate in the local loopback
mode are that CRO {TxEN), CR1 {DRT), and CR5 (RTS) must
be set to one. The CR2 {(RxEN) bit is ignored by the EPCI.

REMOTE LOOPBACK SUBMODE — The second diag-
nostic mode Is the remote loopback mode {CRE end CR7 equal
11). In this mode:

1. Data assemblad by the recelver are eutomatically placed
in the transmit hoiding register and retransmitted by the
tranemitter on the TxD output.

2. The transmitter is clocked by the recelve clock.

3. No data are sent to the local CPU, but the error status
condttions (PE, OE, FE) are sst.

4, Tha RxADY, TxRDY, and TXEMT/DSCHG outpute are
held high.

5. The CR1 {TxEN) bit Is ignored.

8. All other aignala operate normaily,

STATUS REQISTER

The data contained In the status registsr (see Table 6) Indl-
cate receiver and transmitter conditions and modem/data set
ntatus.

The SRO bit Is the tranamitter ready (TxRDY) status bit. It,
and its carreeponding output, are valid only when the trans-
mitter Is ensbled. i equal to zero, it indicates that the tranemit
data holding register has been loaded by the CPU and the data
hes not been transferred to the tranamit shift register. if sat
equal to ons, 1t indicates that the holding register Is ready to
accept data from the CPU.

The SRO bit is initially set when the transmitter ie enabled by
CRO, unless & character hae previously been loaded Into the
holding register. It Is not eet when the automatic-echo or
remots loopback modas are programmed. When this bit is set,
the TxRDY output pin is low. in the automatic-echo and
remote loopback modes, the output is held high.

The recelver ready (RXRDY) status bit, SR1, Indicates the
condition of the receive deta holding register. If set, it indi-
catea that a character has heen loaded into the holding register

MOTOROLA
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from the recsive shift register and is ready to be read by the
CPU. If equal to zero, there is no new character in the holding

“~ragister. This bit ia cleared when the CPU reads the racelve
duta holding register or when the recelver Is dissbled by CR2.
When set, the RxRDY output is low.

The TXEMT/DSCHQG bit, SR2, when set, indlcates either a
ohange of state of the DSR or DCD Inputs {whan CR2 or CRO
equals ong) or that the transmit shift register has completed
transmission of a character and no new character has been
loaded Into the transmit data holding reglstsr. Note that in
synchronous mode, this bit wili be set even though the ap-
propriate “fill" character la trensmitted.

The TXEMT input will not go active untll at least one char-
actor has been transmitted. it Ig cleerad by loading the trans-
mit data holding register. The DSCHG condition Is enabled
whaen either TXEN or RXEN equals one. it is cleared when the
status register is read by the CPU. If the status reglster ls read
twice and BR2 equals one, whan SR8 and SR7 remain un-
changed, then a TXEMT condition exists. When SR2 Is ast,
the TKEMT/DSCHG output ie low.

The SR3 bit, when set, indicates a recelved parity eror
when parity Is enabled by MR14. in synchronous transparent
mode (MR16 aquals one) with parity disebled, SR3 Indicates
that a character matching DLY register was recelved and the
present character Is neither SYN1 nor DLE. This bit s cleared

b ]
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when the next cheracter foliowing the above sequence Is
loaded Into RHR, when the receiver I8 disabled, or when &
raset error command (CR4) la received.

The overrun error atatus bit, SR4, indicates that the previ-
ous character loaded into the receive halding reglster was not
read by the CPU at the time & new recelved character was
twransfarred Into it. This bit is cleared when the recelvar is
disabled or by the reset error command, CR4.

In asynchwonous mode, the SRE bit signifies that the re-
celved character was not framad by a stop bit, L.e., only the
firat stop bit is checked. If RHR equals zero when SR6 equais
one, a break condition ls present. In synchronous nontrans-
parent mode (MR18 equals zero), SRS Indicates receipt of the
SYN1 character In single SYN mode or the SYN1-SYN2 palr In
double 8YN rnode. In synchronous transparent mode (MR16
aquais ana), this bit ia aet upon detection of the initial synchro-
nizing characters (SYN1 or SYN1-SYNZ2) and, after eynchronl-
zation has been achleved, when a DLE-SYN1 palr Is received.
The SRS hit Is reset when the receiver Is disabled, when the
resat error command is given In asynchronous mode, or when
the atatus register Is read by the CPU in the synchronous
mode.

The SR6 and SR7 bits reflect the conditions of the DCD and
DSR inputs respectively. A low Input ssts the corresponding
status bit and a high input clears k.

Y. ELECTRICAL SPECIFICATIONS

MAXIMUN RATINGS (Voitages Reterenced to GND)

T Tha device contains clirouitry to protect the
Ratings : 8ymbol Value Unit inputs ageinst damage due to high :
Operating Amblent Temperature Range TA Oto +70 oC voltages or slectric fields; however, it is advia-
~ ed that normal precautions be taken to avold
Storsge Temperature Range Totg Bt +160 x spplication of any voltage higher than max-
All Input Voltages Vin -031w0 +7.0 v imum rated volteges to this high-impedance
clreuit. For proper operatdon it iz recom-
mended that Vi, and Vgt be constrained to
THERMAL CHARACTERISTICS the range GND = (Vi or Vo) <Vee.
Charaoteristics Symbol| Valus | Symbol| Valus Unit
Thermat Reslstance A 64c °C/W
Coramic 60 3o*
Piastio, Aoy 42 110 0%
Piasstic, Copper 72 36%*
*Eatimated

R
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‘POWER CONSIDERATIONS D
The average chip-junction temperature, T, in °C can be obtained from:
Ty=TA+(Pp-4)a) 1]
Where:

TA =Ambient Temperature, °C
83 =Package Thermal Resistance, Junction-to-Ambient, °C/W
Pp=PINT + PPORT
PiINT=lcC X Vee, Watte — Chip Internal Power

. PpORT =Port Power Dissipation, Watts — User Determinad

Y. For moat applications PPORT <PINT and can be neglected. PpoRT may becoms signitficant If the devica is configured to drive

Darlington bases or sink LED loads.
‘An approximate relationship bstween Pp and T (if FpQRT is neglected) ia:

Pp=K+{Tj+273°C) {2)
Solving equations 1 and 2 for K gives:
K= Pps(Ta +273°C} +8jA+Pp2 (3)

Where K is a constant pertaining to tha particular part. K can be determined from equation (3) by meeasuring Pp (at equiitbrium)
for a known TA. Using this value of K, the values of Pp and T can be obteined by solving equations (1) and (2) iteratively for any
value of Ta.

The total thermal resietance of a package (9 A} can be sapsarated into two components, 8¢ and 6CA, representing the barrier to
heat flow from the semiconductor junction to the package (casel surface (6)C) and from the case to the outside amblent {Ca).
These terms are releted by the equation:

Sya=0)c+6CA 4

" 8¢ la device related and cennot be influenced by the user. However, §cA Is user dependent and can be minimized by such ther-

mal management techniquee as heat sinks, ambient air cooling, and thermal convention. Thus, good thermal management on the

part of the user can significantly reduce dCA sc that 6 approximately equals ¢)¢. Substitution of 8¢ for 634 in equation (1) will
result In a lower asmiconductor junction tampaerature. ’

Values ‘for thermal resistence presented In this data sheet, unless esimated, were derlved using the procedure desacribed in
Motorola Rellabliity Report 7843, “Thermal Resistance Measurement Method for MCB8XX Microcomponent Devices,” and ere pro-
vided for design purposes only. Thermal measursments are complex and dependent on procedure and setup. User derived values
for thermal resistance may differ.

DC ELECTRICAL CHARACTERISTICS (Voc=5.0 V $5%, T =0° to 70°C unless otherwise noted)

Characteristic Symbol Min Max Unlit
input High Voltage ViIK 2.0 Vvee v
Input Low Voitage ViL -0.3 0.8 v
N Output High Voltage {IgH = - 400 uA} {see Note} Vo 24 — Vv
Output Low Voltage (loL=2.2 mA) VoL - 0.4 v
Input Leakage Currant {Vin=0 to 6.5 V} e — (1] aA
Output Leskags Current, 3-State {(Vgy=0 10 6.26 V) [T
Data Bus Low Wy - 10
Data Bus High ILH - 10
Power Bupply Current Tcc = 150 mA
Power Dissipstion Pp - 800 mw
Copacitance (T4 =26°C, Ve =0W) pF
Input (Vi = Vout=0 Vi Cin - 20
Output (fo=1 MHz) Cout - 20
Input/Qutput (Unmessurad Ping Tiad to Ground) Cyo - 20
NOTE: ~
TXRDY, RXADY, and TXEMT/BSCHG outputs are open drain,
.
A AT R T T P T RN TR R ST R LR JECE e Pt e M et
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AC ELECTRICAL CHARACTERISTICS (voc=b5.0 V £5%, Ta=0° 10 70°C unless otharwise noted) {see Figures 3-11}

Characoteristio 8ymbol Min Typ Max Unit
- Pulss Width, Resat tRes 1000 - — ns
Pulss Width, Chip Enable ‘ tce 250 - - ns ) )
Address Setup Time tAS 10 - - ns
Address Hold Time TAH 10 - - ng
/W Contro! Setup Time . 108 10 - - ns
R/W Control Hold Time toH 10 - —- ns
Data Setup Time for Write tps 160 - - ns
Data Hold Time for Wrke ) inDH 0 - - ns
~ | Racelve Data Setup Time tRg 300 - - ns
Y-Rocalve Data Hold Time tRH 360 - - na
Data Delay Time for Read {C =160 pF) DD —_ - 200 ns
Data Bus Floating Time for Read (CL- 160 pF) InF - - 100 ns
CE to CE Delay Time tcED 600 — - ns
input Clock Frequency, Beud-Rate Generator BRG MHz
MCB8E61A,B/MC2661A.B 1.0 49162 | 4.9202
MC88681C/MC2681C 1.0 6.0698 | 5.0738
Input Clock Frequancy, TxC or RXC (see Note 1} fR/T de - 1.0 MHz
Clock Width, Baud Rate High (ses Note 2) tBRY ns
MC68661A,B/MC2681A,8 7 - -
MC68661C/MC2661C 70 - -
Clock WAdth, Baud Rato Low {see Note 2) BRL ns
MCE8661A,B/MC2681A,B ) 76 - -
- M(C88661C/MC2681C 70 = -
Clock Width, TxG or RxC High tR/TH 480 - - na
Clock Width, TxC or FxC Low (sea Nowe 1) tR/TL 480 - - ns )
TxD Delay from Falling Edge of TxC {C|_= 160 pF} tTXD - - 8650 ne
Skew Betwesn TxD Changing and Faliing Edge of TxC Output tres — 0 - ng
{C_ = 180 pF} (ace Note 3)
NOTES:
1. In ssynchronous jocal loopback rnode. using the X1 clock, the following parameters apply: fR/T=0.83 MHz maximum; tgr;TL =700 ns
A minfmum.

_ "\ 2. Under test conditions of 60888 MHz fgpg (MC88861C/MC2861C) and 4.162 MHz fgpg (MCB8661A,B/MC2661A, B, fgRH and taRL

are measured at Vi and Vi respectively.
3. Parameter appliss when internsl tranamitter clock is used.

e R s R T
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Figure 3. RESET Timing Diagram
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Figure 4. Clock Timing Diagram
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Figure B. Transmit Timing Diagram
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Figure 6. Receive Timing Diagram
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