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MICROPROCESSOR DIVISION JANUARY 1982

PART NUMBER CONVERSION NOTICE

New part numbers have been assigned to products contained in this data manual. Conversion from old part
numbers to new part numbers is shown below.

NEW NUMBER OLD NUMBER NEW NUMBER OLD NUMBER
§C2621CSl14 26211 SC2653CSl116 26531
SC2621CSN14 2621N SC2653CSN16 2653N
SC2622CSl14 2622| SC2661ACSI28 2661-11
SC2622CSN14 2622N SC2661BCSI28 2661-2|

SC2661CCSI28 2661-3|
SC2636CS140 26361 SC2661ACSN28 2661-1N
SC2636CSN40 2636N SC2661BCSN28 2661-2N

SC2661CCSN28 2661-3N
SC2637CS140 26371
SC2637CSN40 2637N S$C2670+CSI28 26701

§C2670+CSN28 2670N
SC2650ACSI140 2650Al
SC2650ACSN40 2650AN SC2671ACSI40 26711
SC2650AC1140 2650A-11 SC2671ACSN40 2671N
SC2650AC1N40 2650A-1N

SC2672C4140 26721
S§C2651CS128 26511 SC2672C4N40 2672N
SC2651CSN28 2651N

SC2673BC5140 26731
S§C2652C1140 2652| SC2673BC5N40 2673N
SC2652C1N40 2652N SC2673AC5140 2673Al
$C2652C2140 2652-11 SC2673AC5N40 2673AN
SC2652C2N40 2652-1N

*See Data Sheet

PART NUMBERING SYSTEM
The following example illustrates the meaning of the various fields in the part number:
SC 2673 AC 5N 40

TT*

Microp Division Identifier
Basic Part Number

Functional Variation

Temp g

Speed Selection

Package Type and Material
Number of Pins
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DEFINITION OF TERMS
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JANUARY 1982

PROGRAMMABLE COMMUNICATIONS INTERFACE (PCI)

SC2651

DESCRIPTION

The Signetics 2651 PCl is a universal syn-
chronous/asychronous data communica-
tions controller chip designed for micro-
computer systems. It interfaces directly to
the Signetics 2650 microprocessor and may
be used in a polled or interrupt driven sys-
tem environment. The 2651 accepts pro-
grammed instructions from the microproc-
essor and supports many serial data
communication disciplines, synchronous
and asynchronous, in the full or half-duplex
mode.

The PCI serializes parallel data characters
received from the microprocessor for trans-
mission. Simultaneously, it can receive seri-
al data and convert it into parallel data
characters for input to the microcomputer.

The 2651 contains a baud rate generator
which can be programmed to either accept
an external clock or to generate internal
transmit or receive clocks. Sixteen different
baud rates can be selected under program
control when operating in the internal clock
mode.

The PCI is constructed using Signetics n-
channel silicon gate depletion load technol-
ogy and is packaged in a 28-pin DIP.

FEATURES

e Synchronous operation
5 to 8-bit characters
Single or double SYN operation
Internal ch ter synchronizati
Ti P t or no parent mode
Automatic SYN or DLE-SYN insertion
SYN or DLE stripping
0dd, even, or no parity
Local or remote maintenance loop
back mode

Baud rate: dc to 1M bps (1X clock)

e Asynchronous operation
5 to 8-bit characters
1, 1 1/2 or 2 stop bits
0Odd, even, or no parity
Parity, overrun and framing error de-
tection
Line break detection and g
False start bit detection
Automatic serial echo mode
Local or remote maintenance loop
back mode
Baud rate: dc to 1M bps (1X clock)
dc to 62.5K bps (16X clock)
dc to 15.625K bps (64X clock)

"

-
Q
N

OTHER FEATURES

® [Internal or external baud rate clock
* 16 internal rates-50 to 19,200 baud
¢ Double buffered transmitter and re-
ceiver

Full or half duplex operation

Fully compatible with 2650 CPU
TTL compatible inputs and outputs
Single 5V power supply

No system clock required

28-pin dual in-line package

APPLICATIONS
Intelligent terminals
Network processors

Front end processors
Remote data concentrators
Computer to computer links
Serial peripherals

PIN DESIGNATION

PIN CONFIGURATION

o] o,
o, [Z] [27] o,
Rxp [3] [26] vee
anp [4] [25] mxc
o[ ] o
o, 6] 23] ATs
o, [7] [22] osn
o, [2] [21] Reser
e [9] [20] BRCLK
A, [19] [19] Tx0
ce [17] 18] TxEMT/DSCHG
A [1z (7] e7s
Rw [i3] 76] bcD
RxRov [14] 5] TxADY
TOP VIEW

Sianeti

PIN NO. SYMBOL NAME AND FUNCTION TYPE
27,28,1,2, 5-8 Do-D7 8-bit data bus 1/0
21 RESET Reset |
12,10 Ao-A1 Internal register select lines |
13 R/wW Read or write command [
1 CE Chip enable input I
22 DSR Data set ready |
24 DTR Data terminal ready o
23 RTS Request to send o]
17 ’ TTS Clear to send |
16 DCD Data carrier detected 1
18 TxEMLDSCHG Transmitter empty or data set change (o]
9 TxC Transmitter clock 1/0
25 RxC Receiver clock 1/0
19 TxD Transmitter data o
3 RxD Receiver data |
15 TxRDY Transmitter ready o
14 RxRDY Receiver ready (o]
20 BRCLK Baud rate generator clock I
. 26 Vce +5V supply |
4 GND Ground ]
ORDERING CODE
PACKAGES COMMERCIAL RANGE
Vee =5V 5%, TA = 0°C to 70°C
Plastic DIP SC2651CSN28
Ceramic DIP SC2651CSl28
SEE 2661 FOR ENHANCED PART.



MICROPROCESSOR DIVISION JANUARY 1982
PROGRAMMABLE COMMUNICATIONS INTERFACE (PCI) $C2651
THEORETICAL|  ACTUAL
BAUD FREQUENCY | FREQUENCY | PERCENT
RATE 16X CLOCK | 16X CLOCK ERROR DIVISOR
50 0.8 KHz 0.8 KHz - 6336
75 12 12 - 4224
110 176 176 - 2880
1345 2.152 2.1523 0.016 2355
150 24 24 - 2112
300 48 48 - 1056
600 9.6 956 - 528
1200 192 192 - 264
1800 288 288 - 176
2000 320 32.081 0.253 158
2400 38.4 384 - 132
3600 576 57.6 -~ 88
4800 76.8 768 - 66
7200 1152 115.2 - 4
9600 153.6 153.6 - 33
19200+ 307.2 3168 3.125 16

NOTE

“Error at 19200 can be reduced to zero by using crystal frequency 4 9152MHz

16X clock 1s used in asy

mode. In sy

mode, clock 151X

Table 1 BAUD RATE GENERATOR CHARACTERISTICS
Crystal Frequency = 5.0688MHz

PIN NAME

PIN NO.

INPUT/OUTPUT

FUNCTION

Vee
GND
RESET

At1-Ao

CE

D7-Do

TxRDY

RxRDY

TxEMT/DSCHG

26

21

10,12
13
1

8,7,6,5,
2,1,28,27
15

14

18

+5V supply input

Ground

A high on this input performs a master reset on the 2651. This signal asynchronous-
ly terminates any device activity and clears the Mode, Command and Status regis-
ters. The device assumes the idle state and remains there until initialized with the
appropriate control words.

Address lines used to select internal PCI registers.

Read command when low, write command when high.

Chip enable command. When low, indicates that control and data lines to the PCI
are valid and that the operation specified by the R/W, A1 and Ao inputs should be
performed. When high, places the Do-D7 lines in the tri-state condition.

8-bit, three-state data bus used to transfer commands, data and status between PCI
and the CPU. Do is the least significant bit; D7 the most significant bit.

This output is the complement of Status Register bit SR0. When low, itindicates that
the Transmit Data Holding Register (THR) is ready to accept a data character from
the CPU. It goes high when the data character is loaded. This output is valid only
when the transmitter is enabled. It is an open drain output which can be used as an
interrupt to the CPU.

This output is the complement of Status Register bit SR1. When low, itindicates that
the Receive Data Holding Register (RHR) has a character ready for input to the CPU.
It goes high when the RHR is read by the CPU, and also when the receiver is
disabled. It is an open drain output which can be used as an interrupt to the CPU.
This output is the complement of Status Register bit SR2. When low, it indicates that
the transmitter has completed serialization of the last character loaded by the CPU,
or that a change of state of the DSR or DCD inputs has occurred. This output goes
high when the Status Register is read by the CPU, if the TXEMT condition does not
exist. Otherwise, the THR must be loaded by the CPU for this line to go high. Itisan
open drain output which can be used as an interrupt to the CPU.

Table 2 CPU-RELATED SIGNALS
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BLOCK DIAGRAM

SYN/DLE CONTROL -
DATA BUS DATA BUS
0 D, BUFFER
SYN 1 REGISTER
(27,2812,
56.7,8) f SYN 2 REGISTER
DLE REGISTER
21 OPERATION CONTROL
Reser @V
12
A I E—— MODE REGISTER 1
A (L] MODE REGISTER 2 N
" TRANSMITTER p—&-» TXROY
Aw (13)
- (1) DATA
STATUS REGISTER HOLDING REGISTER
TRANSMIT (9 ™0
SHIFT REGISTER
BRCLK 20
BAUD RATE i
E © GENERATOR
AND
CLOCK CONTROL 14 .
- (25) RECEIVER OL—> RxRDY
RECEIVE DATA
HOLDING REGISTER
RECEIVE ® RxD
-—
5% (@2 dJ HIFT ~
566 (L] q K
P 17)
crs an - MODEM
s (29) CONTROL
5 @9 B v
(18) 0]
THEMT/ PO —-TY
DSCHG
BLOCK DIAGRAM Timing Modem Control

The PCI consists of six major sections.
These are the transmitter, receiver, timing,
operation control, modem control and
SYN/DLE control. These sections commu-
nicate with each other via an internal data
bus and an internal control bus. The internal
data bus interfaces to the microprocessor
data bus via a data bus buffer.

Operation Control

This functional block stores configuration
and operation commands from the CPU and
generates appropriate signals to various in-
ternal sections to control the overall device
operation. it contains read and write circuits
to permit communications with the micro-
processor via the data bus and contains
Mode Registers 1 and 2, the Command Reg-
ister, and the Status Register. Details of reg-
ister addressing and protocol are presented
in the PCI Programming section of this data
sheet.

14

The PCI contains a Baud Rate Generator
(BRG) which is programmable to accept ex-
ternal transmit or receive clocks or to divide
an external clock to perform data communi-
cations. The unit can generate 16 common-
ly used baud rates, any one of which can be
selected for full duplex operation. See Table
1.

Receiver

The Receiver accepts serial data on the RxD
pin, converts this serial input to paralle! for-
mat, checks 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, converts it to aserial bit stream, in-
serts the appropriate characters or bits
(based on the communication technique)
and outputs a composite serial stream of
data on the TxD output pin.

Signetics

The modem control section provides inter-
facing for three input signals and three out-
put signals used for “handshaking” and sta-
tus indication between the CPU and a
modem.

SYN/DLE Control

This section contains control circuitry and
three 8-bit registers storing the SYN1,
SYN2, and DLE characters provided by the
CPU. These registers are used in the syn-
chronous mode of operation to provide the
characters required for synchronization,
idle fill and data transparency.

INTERFACE SIGNALS

The PCI interface signals can be grouped
into two types: the CPU-related signals
(shown in Table 2), which interface the 2651
to the microprocessor system, and the
device-related signals (shown in Table 3),
which are used to interface to the communi-
cations device or system.
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FUNCTION

5.0688MHz clock input to the internal baud rate generator. Not required if external
receiver and transmitter clocks are used.

Receiver clock. If external receiver clock is programmed, this input controls the rate
atwhich the character is to be received. Its frequency is 1X, 16X or 64X the baud rate,
as programmed by Mode Register 1. Data is sampled on the rising edge of the clock.
If internal receiver clock is programmed, this pin becomes an output at 1X the pro-
grammed baud rate.*

Transmitter clock. If external transmitter clock i1s programmed, this input controls
the rate at which the character is transmitted. Its frequency is 1X, 16X or 64X the
baud rate, as programmed by Mode Register 1. The transmitted data changes on the
falling edge of the clock. If internal transmitter clock is programmed, this pin be-
comes an output at 1X the programmed baud rate. *

Serial data input to the receiver. “Mark” is high, “Space” is low.

Serial data output from the transmitter. “Mark” is high, “Space” is low. Held in Mark
condition when the transmitter is disabled.

General purpose input which can be used for Data Set Ready or Ring Indicator con-
dition. Its complement appears as Status Register bit SR7. Causes a low output on
TxEMT/DSCHG when its state changes.

Data Carrier Detect input. Must be low in order for the receiver to operate. Its com-
plement appears as Status Register bit SR6. Causes a low output on
TxEMT/DSCHG when its state changes.

Clear to Send input. Must be low in order for the transmitter to operate. If it goes
high during transmission, the character in the Transmit Shift Register will be

transmitted before termination

General purpose output which is the complement of Command Register bit CR1.
Normally used to indicate Data Terminal Ready.

General purpose output which is the complement of Command Register bit CR5.
Normally used to indicate Request to Send.

PIN NAME PIN NO. INPUT/OUTPUT
BRCLK 20 1
RxC 25 110
TxC 9 /0
RxD 3 |
TxD 19 o
DSR 22 1
DCD 16 1
CTS 17 1
DTR 24 (o}
RTS 23 o

NOTE

*RXC and TxC outputs have short circuit protection max

OPERATION

The functional operation of the 2651 is pro-
grammed by a set of control words supplied
by the CPU. These control words specify
items such as synchronous or asynchro-
nous mode, baud rate, number of bits per
character, etc. The programming procedure
is described in the PCI Programming sec-
tion of this data sheet.

After programming, the PClI is ready to per-
form the desired communications func-
tions. The receiver performs serial to paral-
lel conversion of data received from a
modem or equivalent device. The transmit-
ter converts parallel data received from the
CPU to a serial bit stream. These actions are
accomplished within the framework specifi-
ed by the control words.

Receiver

The 2651_is_conditioned to receive data
when the DCD input is low and the RXEN bit
in the command register is true. In the
asynchronous mode, the receiver looks for
a high to low transition of the start biton the
RxD input line. If a transition is detected, the
state of the RxD line is sampled again aftera
delay of one-half of a bit time. If RxD is now
high, the search for a valid start bit is begun
again. If RxD is still low, a valid start bit is

Cy. 100pt
Table 3 DEVICE-RELATED SIGNALS

assumed and the receiver continues to sam-
ple the input line at one bit time intervals
until the proper number of data bits, the par-
ity bit, and the stop bit(s) have been assem-
bled. The data is then transferred to the Re-
ceive Data Holding Register, the RxRDY bit
in the status register is set, and the RxRDY
output is asserted. If the character length is
less than 8 bits, the high order unused bits in
the Holding Register are set to zero. The
Parity Error, Framing Error, and Overrun
Error status bits are strobed into the status
register on the positive going edge of RxC
corresponding to the received character
boundary. If a break condition is detected
(RxD is low for the entire character as well as
the stop bit [ s]), only one character consist-
ing of all zeros (with the FE status bit set) will
be transferred to the Holding Register. The
RxD input must return to a high condition
before a search for the next start bit begins.

When the PCl is initialized into the synchro-
nous mode, the receiver first enters the hunt
mode on a0to 1 transition of RXEN (CR2) In
this mode, as data is shifted into the Receiv-
er Shift Register a bit at a time, the contents
of the register are compared to the contents
ofthe SYN1 register. If the two are notequal,
the next bit is shifted in and the comparison
is repeated. When the two registers match,

Sanet

the hunt mode is terminated and character
assembly mode begins Ifsingle SYN opera-
tion i1s programmed, the SYN DETECT sta-
tus bit is set. If double SYN operation I1s
programmed, the first character assembled
after SYN1 must be SYN2 in order for the
SYN DETECT bit to be set. Otherwise, the
PClI returns to the hunt mode. (Note that the
sequence SYN1-SYN1-SYN2 will not
achieve synchronization). When synchroni-
zation has been achieved, the PCI continues
to assemble characters and transferthemto
the Holding Register, setting the RxRDY
status bit and asserting the RxRDY output
each time a character is transferred The PE
and OE status bits are set as appropriate.
Further receipt of the appropriate SYN se-
quence sets the SYN DETECT status bit. If
the SYN stripping mode is commanded,
SYN characters are not transferred to the
Holding Register. Note that the SYN charac-
ters used to establish initial synchronization
are not transferred to the Holding Register
In any case.

Transmitter

The PCl is_conditioned to transmit data
when the CTS input is low and the TxEN
command register bit is set. The 2651 indi-
cates to the CPU that it can accepta charac-~
ter for transmission by setting the TxRDY

1-5

j
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status bit and asserting the TxRDY output.
When the CPU writes a character into the
Transmit Data Holding Register, these
conditions are negated. Data is transferred
from the Holding Register to the Transmit
Shift Register when it is idie or has complet-
ed transmission of the previous character.
The TxRDY conditions are then asserted
again. Thus, one full character time of buf-
fering is provided.

In the asynchronous mode, the transmitter
automatically sends a start bit followed by
the programmed number of data bits, the
least significant bit being sent first. It then
appends an optional odd or even parity bit
and the programmed number of stop bits. If,
following transmission of the data bits, a
new character is not available in the Trans:
mit Holding Register, the TxD output re-
mains in the marking (high) condition and
the TXEMT/DSCHG output and its corre-
sponding status bit are asserted. Trans-
mission resumes when the CPU loads a new
character into the Holding Register. The
transmitter can be forced to outputa contin-
uous low (BREAK) condition by setting the
Send Break command bit high.

In the synchronous mode, when the 2651 is
initially conditioned to transmit, the TxD
output remains high and the TxRDY condi-
tion is asserted until the first characterto be
transmitted (usually a SYN character) is
loaded by the CPU. Subsequent to this, a
continuous stream of characters is trans-
mitted. No extra bits (other than parity, if
commanded) are generated by the PCI
unless the CPU fails to send a new character
to the PCI by the time the transmitter has
completed sending the previous character.
Since synchronous communication does
not allow gaps between characters, the PCI
asserts TXEMT and automatically “fills” the
gap by transmitting SYN1s, SYN1-SYN2
doublets, or DLE-SYN1 doublets, depend-
ing on the state of MR16 and MR17. Normal
transmission of the message resumes when
a new character is available in the Transmit
Data Holding Register. If the SEND DLE bit
in the command register is true, the DLE
character is automatically transmitted prior
to transmission of the message character in
THR.

PCI PROGRAMMING

Prior to initiating data communications, the
2651 operational mode must be pro-
grammed by performing write operations to
the mode and command registers. In addi-
tion, if synchronous operation is pro-
grammed, the appropriate SYN/DLE regis-
ters must be loaded. The PCl can be
reconfigured at any time during program
execution. However, if the change has an
effect on the reception of a character the
receiver should be disabled. Alternatively if

1-6

2651 INITIALIZATION FLOW CHART

INITIAL RESET

LOAD
MODE REGISTER 1

LOAD NOTE
Mode Register 1 must be written
before 2 can be writtenf Mode Register 2
need not be programmed if external
ks are used

SYNCHRONOUS?

NOTE

SYN1 Register must be written
before SYN2 can be written, and
SYN2 before DLE can be written

LOAD

COMMAND REGISTER

o e ————y
' OPERATE '

e o

RECONFIGURE?

DISABLE
RCVR AND XMTR

—— e ol

Figure 1

CE A1 Ao RW FUNCTION

1 X X X Tri-state data bus

0 0 0 0 Read receive holding register
0 0 0 1 Write transmit holding register
0 -0 1 0 Read status register

0 0 1 1 Write SYN1/SYN2/DLE registers
0 1 0 0 Read mode registers 1/2

0 1 0 1 Write mode registers 1/2

0 1 1 0 Read command register

0 1 1 1 Write command register

NOTE

See AC Characteristics section for timing requirements

Table 4 2651 REGISTER ADDRESSING
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the change is made 11/2 RxC periods after
RxRDY goes active it will affect the next
character assembly A flowchart of the in-
itialization process appears in Figure 1.

The internal registers of the PCI are ac-
cessed by applying specific signals to the
CE, R/W, A1 and Ag inputs. The conditions
necessary to address each register are
shown in Table 4.

The SYN1, SYN2, and DLE registers are
accessed by performing write operations
with the conditions A1=0,Ao=1,and R/W=
1. The first operation loads the SYNT regis-
ter. The next loads the SYN2 register, and
the third loads the DLE register Reading or
loading the mode registers is done in a
similar manner. The first write (or read)
operation addresses Mode Register 1,and a
subsequent operation addresses Mode Reg-
ister 2. If more than the required number of
accesses are made, the internal sequencer
recycles to point at the first register The
pointers are reset to SYN1 Register and
Mode Register 1 by a RESET input or by
performing a “Read Command Register”
operation, but are unaffected by any other
read or write operation.

The 2651 register formats are summarized
in Tables 5, 6, 7 and 8. Mode Registers 1and

2 define the general operational charac-
teristics of the PCI, while the Command
Register controls the operation within this
basic frame-work. The PCI indicates its
status in the Status Register. These regis-
ters are cleared when a RESET tnput is
applied.

Mode Register 1 (MR1)

Table 5 illustrates Mode Register 1. Bits
MR11 and MR10 select the communication
format and baud rate multiplier. 00 specifies
synchronous mode and 1X multiplier. 1X,
16X, and 64X multipliers are programmable
for asynchronous format. However, the
multiplier in asynchronous format applies
only if the external clock input option is
selected by MR24 or MR25

MR13 and MR 12 select a character length of
5, 6, 7, or 8 bits. The character length does
not include the parity bit, if programmed,
and does not include the start and stop bits
in asynchronous mode.

MR14 controls parity generation. If enabled,
a parity bit is added to the transmitted
character and the receiver performs a parity
check on incoming data. MR15 selects odd
or even parity when parity is enabled by
MR14.

In asychronous mode, MR17 and MR16
select character framing of 1, 1.5, or 2 stop
bits (If 1Xbaud rate is programmed, 1 5 stop
bits defaults to 1 stop bits on transmit). In
synchronous mode, MR17 controls the
number of SYN characters used to establish
synchronization and for character fill when
the transmitter is idle. SYN1 alone I1s used if
MR17 = 1, and SYN1-SYN2 i1s used when
MR17 = 0. If the transparent mode is speci-
fied by MR16, DLE-SYNT1 is used for char-
acter fill and SYN Detect, but the normal
synchronization sequence 1s used Also
DLE stripping and DLE Detect (with MR14=
0) are enabled

Mode Register 2 (MR2)

Table 6 illustrates Mode Register 2. MR23,
MR22, MR21, and MR20 control the fre-
quency of the internal baud rate generator
(BRG). Sixteen rates are selectable. When
driven by a 5.0688 MHz input at the BRCLK
input (pin 20), the BRG output has zero error
except at 134.5, 2000, and 19,200 baud,
which have errors of +0.016%, +0.235%, and
+3.125% respectively.

MR25 and MR24 select either the BRG or the
external inputs TxC and RxC as the clock
source for the transmitter and receiver,
respectively. If the BRG clock 1s selected,

MR17 MR16 MR15 MR14 MR13 MR12 MR11 MR10
Parity Type Parity Control Character Length Mode and Baud Rate Factor
ASYNCH: STOP BIT LENGTH
00 = INVALID 0=0DD 0 =DISABLED 00 =5 BITS 00 = SYNCHRONOUS 1X RATE
01=1STOP BIT 1=EVEN 1=ENABLED 01 =6 BITS 01 = ASYNCHRONOUS 1X RATE
10 =11/2 STOP BITS 10=7BITS 10 = ASYNCHRONOUS 16X RATE
11 =2 STOP BITS 11=8BITS 11 = ASYNCHRONOUS 64X RATE
SYNCH: NUMBER| SYNCH: TRANS-
OF SYN CHAR |PARENCY CONTROL
0= DOUBLE SYN| 0 =NORMAL
1=SINGLE SYN | 1 =TRANSPARENT
NOTE
Baud rate factor in asynchronous applies only if externai clock is selected Factoris 16X if
internal clock 1s selected Mode must be selected (MR11, MR10) in any case
Table 5 MODE REGISTER 1 (MR1)
MR27 MR26 MR25 MR24 MR23 MR22 MR21 MR20
Transmitter Receiver .
Clock Clock Baud Rate Selection
0=EXTERNAL | 0=EXTERNAL 0000 = 50 BAUD 1000 = 1800 BAUD
NOT USED 1=INTERNAL 1=INTERNAL 0001 =75 1001 = 2000
0010 =110 1010 = 2400
0011 =1345 1011 = 3600
0100 = 150 1100 = 4800
0101 = 300 1101 = 7200
0110 = 600 1110 = 9600
0111 =1200 1111 = 19,200

Table 6 MODE REGISTER 2 (MR2)

Signe

1.7



MICROPROCESSOR DIVISION

JANUARY 1982

PROGRAMMABLE COMMUNICATIONS INTERFACE (PCI)

SC2651

the baud rate factor in asynchronous mode
is 16X regardless of the factor selected by
MR11 and MR10. In addition, the corre-
sponding clock pin provides an outputat 1X
the baud rate.

Command Register (CR)

Table 7 illustrates Command Register. Bits
CRO (TxEN) and CR2 (RxEN) enable or
disable the transmitter and receiver respec-
tively. A 0 to 1 transition of CR2 forces start
bit search (async mode) or hunt mode (sync
mode) on the second RxC rising edge Dis-
abling the receiver causes RxRDY to go
high (inactive). If the transmitter is disabled,
it will complete the transmission of the
character in the Transmit Shift Register (if
any) prior to terminating operation. The TxD
output will then remain in the marking state
(high) while the TXRDY and TXxEMT will go
high (inactive). If the receiver is disabled, it
will terminate operation immediately. Any
character being assembled will be neglect-
ed.

Bits CR1 (DTR) and CR5 (RTS) control the
DTR and RTS outputs. Data at the outputs is
the logical complement of the register data.

In asynchronous mode, setting CR3 will
force and hold the TxD output low (spacing
condition) at the end of the current transmit-
ted character. Normal operation resumes
when CR3 is cleared. The TxD line will go
high for a least one bit time before begin-
ning transmission of the next character in
the Transmit Data Holding Register. In syn-
chronous mode, setting CR3 causes the
transmission of the DLE register contents
prior to sending the character in the Trans-
mit Data Holding Register. CR3 should be
reset in response to the next TxRDY.

Setting CR4 causes the error flags in the
Status Register (SR3, SR4, and SR5) to be
cleared This isaone time command There
is no internal latch for this bit.

The PCI can operate in one of four sub-
modes within each major mode (synchro-
nous or asynchronous). The operational

sub-mode is determined by CR7 and CR6.
CR7-CR6 =00 is the normal mode, with the
transmitter and receiver operating inde-
pendently in accordance with the Mode and
Status Register instructions.

In asynchronous mode, CR7-CR6 = 01
places the PCI in the Automatic Echo mode.
Clocked, regenerated received data is auto-
matically directed to the TxD line while
normal receiver operation continues. The
receiver must be enabled (CR2 = 1), but the
transmitter need not be enabled. CPU to
receiver communications continues nor-
mally, but the CPU to transmitter link is
disabled. Only the first character of a break
condition is echoed. The TxD output will go
high until the next valid start is detected.
The following conditions are true while in
Automatic Echo mode:
1 Dataassembled by the receiver is automatically
placed in the Transmit Holding Register and
retransmitted by the transmitter on the TxD

output
2 Thetransmitter is clocked by the receive clock

3. TxRDY output = 1.

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

5. The TXEN command (CRO0) is ignored

In synchronous mode, CR7-CR6 = 01
places the PCI in the Automatic SYN/DLE
Stripping mode. The exact action taken
depends on the setting of bits MR17 and
MR16:

1. In the non-transparent, single SYN mode
(MR17-MR16 = 10), characters in the data
stream matching SYN1 are not transferred to
the Receive Data Holding Register (RHR)

2. In the non-transparent, double SYN mode
(MR17-MR16 = 00), characters in the data
stream matching SYN1, or SYN2f immediately
preceded by SYN1, are not transferred to the
RHR However, only the first SYN'1 of an SYN1-
SYNT1 pair is stripped

3 In transparent mode (MR16 =1), characters in

the data stream matching DLE, or SYN1 if
immediately preceded by DLE, are not trans-
ferred to the RHR. However, only the first DLE
of a DLE-DLE pair 1s stripped

Note that Automatic Stripping mode does
not affect the setting of the DLE Detect and

SYN Detect status bits (SR3 and SR5).

Two diagnostic sub-modes can also be
configured In Local Loop Back mode
(CR7-CR6 = 10), the following loops are
connected internally:

The transmutter output is connected to the
receiver input

2 DTR is connected to DCD and RTS is connect-

edto CTS

3 The receiver is clocked by the transmit clock
The DTR, RTS and TxD outputs are held high
The CTS, DCD, DSR and RxD inputs are ig-
nored

(S0

Additional requirements to operate in the
Local Loop Back mode are that CRO(TxXEN),
CR1(DTR), and CR5 (RTS) must be set to 1.
CR2 (RXEN) 1s ignored by the PCI.

The second diagnostic mode is the Remote
Loop Back mode (CR7-CR6 = 11) In this
mode-

-

. Data assembled by the receiver Is automaticaily
placed in the Transmit Holding Register and
retransmitted by the transmitter on the TxD
output
The transmitter 1s clocked by the receive clock
No data Is sent to the local CPU, but the error
status conditions (PE, OE, FE) are set.

4 The RxRDY, TxRDY, and TXEMT/DSCHG out-

puts are held high

5. CR1 (TxEN) 1s ignored

6 All other signals operate normally

[ANN]

Status Register

The data contained in the Status Register
(as shown in Table 8) indicate receiver and
transmitter conditions and modem/data set
status.

SRO 1s the Transmitter Ready (TxRDY) sta-
tus bit It, and its corresponding output, are
valid only when the transmitter 1senabled If
equal to 0, it indicates that the Transmit
Data Holding Register has been loaded by
the CPU and the data has not been trans-
ferred to the Transmit Shift Register. If set
equal to 1, it indicates that the Holding
Register 1s ready to accept data from the
CPU. This bit is initially set when the Trans-
mitter is enabled by CRO, unless a character

CR7 CR6 CRS CR4 CR3 CR2 CR1 CRO
Request to Receive Data Terminal | Transmit
Operating Mode Send Reset Error Control (RXEN) | Ready Control (TXEN)
ASYNCH:
00 = NORMAL OPERATION ___| o=NoRMAL FORCE BREAK
01 = ASYNCH. AUTOMATIC 0 =FORCE RTS| 1 = RESET 0 = NORMAL 0 = DISABLE 0=FORCE DTR| 0= DISABLE
ECHO MODE OUTPUT HIGH | ERROR FLAG 1= FORCE 1=ENABLE | OUTPUTHIGH | 1=ENABLE
SYNCH SYN AND/OR 1=FORCE RTS | IN STATUS REG BREAK 1= FORCE DTR
10- LOGAL LoOm BAGR | O | o E peTecm | SYNCH: OUTPUT LOW
11 = REMOTE LOOP BACK SEND DLE
0= NORMAL
1=SEND DLE

1-8

Table 7 COMMAND REGISTER (CR)
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A
v
SR7 SR6 SR5 SR4 SR3 SR2 SR1 SRO
o;:ds;c D"I;::c'."" FE/SYN Detect |  Overrrun PE/DLE Detect | TxEMT/DSCHG RXRDY TXRDY
0=DSR INPUT | 0 =DCD INPUT | ASYNCH: 0= NORMAL 0=NORMAL 0 = RECEIVE 0 =TRANSMIT
1S HIGH IS HIGH 0=NORMAL | 1=OVERRUN | ASYNCH: 1= CHANGE HOLDING REG | HOLDING
1=DSR INPUT | 1=DCD INPUT | { = FRAMING ERROR 0 = NORMAL IN DSR OR EMPTY REG BUSY
IS LOW IS LOW ERROR 1= PARITY DCD, OR 1=RECEIVE 1= TRANSMIT
SYNCH: ERROR TRANSMIT HOLDING REG | HOLDING
: SHIFT REGIS- | HAS DATA REG EMPTY
0= NORMAL SYNCH: TER IS
1=SYN CHAR 0 = NORMAL EMPTY
DETECTED 1=PARITY
ERROR
OR
DLE CHAR
RECEIVED

has previously been loaded into the Holding
Register. It is not set when the Automatic
Echo or Remote Loop Back modes are
programmed. When this bit is set, the
TxRDY output pin is low. In the Automatic
Echo and Remote Loop Back modes, the
output is held high.

SR1, the Receiver Ready (RXRDY) status bit,
indicates the condition of the Receive Data
Holding Register. If set, it indicates that a
character has been loaded into the Holding
Register from the Receive Shift Register and
is ready to be read by the CPU. If equal to
zero, there is no new character in the Hold-
ing Register. This bit is cleared when the
CPU reads the Receive Data Holding Regis-
ter or when the receiver is disabled by CR2.
When set, the RXRDY output is low.

The TxEMT/DSCHG bit, SR2, when set,
indicates either a change of state of the DSR
or DCD inputs or that the Transmit Shift
Register has completed transmission of a
character and no new character has been
loaded into the Transmit Data Holding Reg-

Table 8 STATUS REGISTER (SR)

ister. Note that in synchronous mode this bit
will be set even though the appropriate “fill”
character s transmitted. TXEMT will not go
active until at least one character has been
transmitted. It is cleared by loading the
Transmit Data Holding Register. The
DSCHG condition is enabled when TXEN=1
or RXEN=1. It i1s cleared when the Status
Register is read by the CPU. When SR2 is
set, the TXEMT/DSCHG output is low.

SR3, when set, indicates a received parity
error when parity is enabled by MR14. In
synchronous transparent mode (MR16=1),
with parity disabled, it indicates thata char-
acter matching the DLE Register has been
received. However, only the first DLE of two
successive DLEs will set SR3. This bit is
cleared when the receiver is disabled and by
the Reset Error command, CR4.

The Overrun Error status bit, SR4, indicates
that the previous character loaded into the
Receive Holding Register was not read by
the CPU at the time a new received charac-
ter was transferred into it. This bit iscleared

when the receiver is disabled and by the
Reset Error command, CR4.

In asynchronous mode, bit SR5 signifies
that the received character was not framed
by the programmed number of stop bits. (If
1.5 stop bits are programmed, only the first
stop bit is checked.) f RHR=0when SR5=1
a break condition is present. In synchro-
nous non-transparent mode (MR16 = 0), it
indicates receipt of the SYN1 character is
single SYN mode or the SYN1-SYN2 pair in
double SYN mode In synchronous trans-
parent mode (MR16 = 1), this bit is set upon
detection of the initial synchronizing char-
acters (SYN1 or SYN1-SYN2) and, after
synchronization has been achieved, when a
DLE-SYN?1 pair is received. The bit is reset
when the receiver is disabled, when the
Reset Error command is given in asynchro-
nous mode, and when the Status Register is
read by the CPU in the synchronous mode.

SR6 and SR7 reflect the conditions of the
DCD and DSR inputs respectively. A low
input sets its corresponding status bitand a
high input clears it.

DC ELECTRICAL CHARACTERISTICS Ta=0°Cto+70°C, Vcc = 5.0V + 5% 458
LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max

Input voltage v
ViL Low 0.8
ViH High 2.0

Output voltage Y
VoL Low loL = 1.6mA 04
VoH High lon = -100pA 24
he Input leakage current ViN =0 to 5.25V -10 10 pA
Tristate Output leakage current uA
ILH Data bus high Vo = 4.0V -10 10
ILL Data bus low Vo = 0.45V -10 10
lcc Power supply current 150 mA

Signetics 19
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ABSOLUTE MAXIMUM RATINGS'

PARAMETER RATING UNIT
Operating ambient temperature2 0 to +70 °C
Storage temperature -65 to +150 °C
All voltages with respect to ground3 -0.5 to +6.0 Vv
AC ELECTRICAL CHARACTERISTICS Ta=0°Cto+70°C, Vcc = 5.0V £5%456
LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Pulse width ns
tReS Reset 1000
tce Chip enable 300
Setup and hold time ns
tas Address setup 20
tAH Address hold 20
tcs R/W control setup 20
tcH R/W control hold 20
tps Data setup for write 225
toH Data hold for write 0
tRxs Rx data setup 300
tRXH Rx data hold 350
too Data delay time for read CL = 100pF 250 ns
toF Data bus floating time for read CL = 100pF 150 ns
tcep CE to CE delay 700 ns
Input clock frequency MHz
fBrG Baud rate generator 1.0 5.0688 | 5.0738
fr/T 10 TxC or RxC dc 1.0
Clock width ns
terH® Baud rate high 70
tBRL® Baud rate low 70
tR/TH TxC or RxC high 500
tR/TL10 TxC or RxC low 500
trxp TxD delay from falling edge of TxC CL = 100pF 650 ns
trcs Skew between TxD changing and falling CL = 100pF 0 ns
edge of TxC output8

NOTES

1 Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the
device This is a stress rating only and functional operation of the device at these or at any other
condition above those indicated in the operation section of this specification i1s not implied

2 For at elevated the device must be derated based on +150°C maximum
Junction and thermal of 60°C/W junction to ambient (IQ ceramic package)

3 This product includes circuitry forthe p! of its internal devices from the
damaging effects of excessive static charge itis that precau-
tions be taken to avoid applying any voltages larger than the rated maxima

4. F are valid over range unless otherwise specified

§ Al voltage measurements are referenced to ground All time measurements are at the 50% level for

nputs (except terH and TerL) and at 0 8V and 2 OV for outputs Input levels for testing are 0 45V and
24v

Typical values are at +25°C, typical supply ges and typical p

TxRDY, RxRDY and TXEMT/DSCHG outputs are open drain

Parameter applies when internal transmitter clock 1s used

Under test conditions of 5 0688 MHz fsrg tsrH and trL measured at Vi and ViL respectively

fr/t and tr/TL shown for all modes except Local Loopback For Local Loopback mode

fr/T =07 MHz and tr/TL = 700ns min

© ®~N o
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CAPACITANCE Ta=25°C, Vcc =0V
PARAMETER TEST CONDITIONS LIMITS UNIT
Min Typ Max
Capacitance PF

CiN Input 20
fc = 1MHz

Cout Output Unmeasured pins tied 20
to ground

Cio Input/Output 20

TIMING DIAGRAMS

RESET CLOCK

|*=— tgpH —=|=— tgpL —]

|+— tR/TH —>|+— tg/TL —*

RESET / \ f \
| «—— tpgs —| BRCLK. TxC, RxC _._/ \—/

"8RG
RiT

TRANSMIT RECEIVE

1BIT TIME
—_—
(1,16, OR 64 CLOCK PERIODS) _ﬂ‘_\

€ \

(INPUT) _—— —_——

N N— o s \"

e e e > > — —— ———— - - —— -t
—— o 1

™ I tRxs tRXH 1

I —————— e T RxC (1X) —\___71(_——\_
=t | tTxD

tres
TxC
(OUTPUT)

N



MICROPROCESSOR DIVISION

JANUARY 1982

PROGRAMMABLE COMMUNICATIONS INTERFACE (PCI)

SC2651

TIMING DIAGRAMS

(Cont'd)

TxRDY, TXEMT

(Shown for 5-bit characters, no parity, 2 stop bits [ in asynchronous mode] )

D = TxD marking condition

TxEMT goes low at the beginning of the last data bit, or, if parity 1s enabled, at the beginning of the parity bit

TXC (1)
111213414} 5411}3243]4}1591)2)3)4)5)1)2)3)4, 51 1)213)]4]5]}
D l DATA 1 l DATA 2 I DATA 3 [ SYN1 I DATA 4 ]
| | | |
w| TEN | | | |
§ | | | |
H | | [ | 1
2/ wmov [ I |
2
I
g \
z
S
I ] —( J ) \‘
CE FOR
W 17
OF THR
DATA 1 DATA 2 DATA 3 DATA4
%—— D——» A 1 1,2,3;,4,5; 8B C A;1;,2,3,4,;,5,B C A;1,2,3;,4,5,8 C *—D—» A 1,2,
™0 I l DATA 1 T —I r DATA2 I I [ oatas | I l I DATA 4 S
3
Ly
I | I | |
wl TN I | | | ] [
o
] | | | |
: | | | |
2
& w0y | l. |
Z\ TxRDY I
-9
z
: ])
2
-
ay __
I8 / \ } )
CEFOR
WRITE W
OF THR
DATA 1 DATA 2 DATA 3 DATA 4
NOTES
A = Startbit
B =Stopbit1
C =Stopbit2

READ AND WRITE

AcAq

———
tas

) |

tes

D,-D;
(WRITE)
-

-—— — e — - —

)|
il
F\l

Do-D; BUS
(READ)  FLOATING

p——

BUS FLOATING
tor
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TIMING DIAGRAMS (Cont'd)

RxRDY (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode] )
p 123 4)sp 12,3 4 sy 123,485 1) 2,348, %v32)3;4)851,2,3)43851 1
RxD I SYN1 I DATA 1 DATA 2 J DATA 3 [ DATA 4 l DATAS l
T
¥ IGNORED e
RxEN
w ——-l
-]
o
21 svwoer j
2 | STATUS BIT r
=]
z
2 (
-4
x
$ | mxRoY
@
cEron 1T ¢ ¢ ~\¢ ~~1] 1y
READ Sd
READ READ READ READ READ READ
STATUS STATUS RHR RHR RHR RHR
(DATA 1) (DATA 2) (DATA 3) (DATA 3)
D
<> A ) 1) 2)3)4|5]8BJC A|1]2]3]4)5]BJC)—|Dj]—™ Aj 1}2)3|4)5(B|C Ay1]2)3)
RxD ] [ DATA 1 J DATA 2 DATA 3 | I I DATA4
w
Q
2| rxen I
@
2
=3
z
g '
X | RxRDY
Q >
z
2
<
OVERRUN
STATUS BIT
CE FOR
READ
READ READ
RHR RHR
(DATA 1) (DATA 3)
NOTES
A = Startbit
B =Stopbit1
C = Stophit2
D = TxD marking condition

|~
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TYPICAL APPLICATIONS
ASYNCHRONOUS INTERFACE TO CRT TERMINAL

ADDRESS BUS ,

] I CONTROL BUS [
11
\

& ,

RxD |e————— EIATO TTL [

| CONVERT |

™0 f———| (0PT)

R =)

5.0688 MHz CRT
OSCILLATOR TERMINAL

BRCLK |-

ASYNCHRONOUS INTERFACE TO TELEPHONE LINES

‘7 ADDRESS BUS S

|

DATA BUS S

17
LU

CONTROL BUS ' \

RxD

TxD -
SR j0e— LINE
- ASYNC INTER-

DTR jO———3~ MODEM FACE

CTs O

ATSO——»| l

DCD O—

BRCLK 5.0688MHz
OSCILLATOR

TELEPHONE
LINE
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TYPICAL APPLICATIONS (Contd)
SYNCHRONOUS INTERFACE TO TERMINAL OR PERIPHERAL DEVICE
C roonessaus 7
Ll &
iy

. SYNCHRONOUS
RxC

OR PERIPHERAL
DEVICE

TxC

SYNCHRONOUS INTERFACE TO TELEPHONE LINES

|

T CONTROL BUS \
1]
M DATA BUS J

ADDRESS BUS (

—

RxC LINE

T>C FACE
SYNC
566 l0< MODEM
CTs jJOo——
ATS JO——»

DSR Oe——]
DTRID——

TELEPHONE
LINE

Manufacturer reserves the right to make design and process
changes and improvements.
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DESCRIPTION

The 2652 Multi-Protocol Communications

comparison for BCP-BOP
Idle transmission of SYNC/FLAG or

JANUARY 1982

$C2652

PIN CONFIGURATION

Controller (MPCC) is a monolithic n- MARK for BCP-BOP tion of « [ (@] ww
channel MOS LSl circuit that formats, trans- ial BOP h and g i o
mits and receives synchronous serial data specia control sequences, i.e., mc [2 [39] rec
while supporting bit-oriented or byte con- o ;:ﬁﬁ:::ﬁ::’af: deletion for BOP st 3] [38] 1xsa
trol protocols. Th? chip is TTL compatible, * Short character detection for last BOP s [4] 3] e
operates from a single +5V supply, and can data character wa 5] 5] o
X x x
mfgfacg to a processor with an 8 or 16-bit o SYNC generation, detection, and strip- o =
bidirectional data bus na forBop g RxDA E3RMY
P n.g or resa [7] E TxA
FEATURES * Maintenance Mode for self-testing
o TTL compatible me [E] (53] eser
¢ DC to 1Mbps data rate, 2652-1 to 2Mbps e Single +5V | E &)
o Bit-oriented protocols (BOP): SDLC, ingle supply ano = - vee
ADCCP, HDLC pBos |10 31] psoo
e Byte-control protocols (BCP): DDCMP, oAFI’PtLI:ICA.trtISr:"faIs peos [11] [30] pBot
ntelligen i
BISYNC (external CRC) . Line gomro"ers ost0 ] 5] oace
® Programmable operation * Network & B
8 or 16-bit tri-state data bus . Fe or processor7 . D811 p8e3
Error control—CRC or VRC or none  * F'°"' len:;;.:mmun S oer2 [14] [27] osos
r
g:‘ asra;tgr;ie‘:gft;—;c? 8 bits for BOP . C(:ommunicall‘t;‘rllI test equ‘;p:nent oets 5] 26] osos
SYNC or secondary station address e Computer to computer links pata [16] [25] oBos
DB15 E Z‘] bBO7
ORDERING CODE aw (] 73] oeen
Vge = 5V £5%, Tp = 0°C to 70°C a2 [12] 2] ovre
PACKAGE
1.0MHz Clock Max 2.0MHz Clock Max w ] £ no
Ceramic DIP SC2652C1140 §C2652C2140 TOP VIEW
NOTE
Plastic DIP SC2652C1N40 SC2652C2N40 00 1s least significant bit, highest number (that 1s,
DB15, A2) 1s most significant bit
BLOCK DIAGRAM
e 16 BIT§ =t 8 BITS—> v
DATA PARAMETER CONTROL PARAMETER e
DB15- BUS C::> SYNC/ADDRESS PCSAR CONTROL | PCR <— GND
DBgE BUFFER REGISTER REGISTER
’ | I
RECEIVER TRANSMITTER
DATA/STATUS RDSR DATA/STATUS TOSR
REGISTER REGISTER
4
RESET w
MM
L wTERNAL Ab . P e
n2-ag —
READ/
BYTE — WRITE
® S m—— L1
R/W ——i AND
CONTROL
CE —= RECEIVER TRANSMITTER
LOGIC AND LOGIC AND
DBEN ——] L\ l— CONTROL CONTROL
S/F
i
RxA
R :u RxC RxSt TxC TxSO
TxE

—h
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PIN DESIGNATION
MNEMONIC | PIN NO. | TYPE NAME AND FUNCTION
DB15-DB00 | 17-10 (Vo] Data Bus: DB07-DBO00 contain bidirectional data while DB15-DB08 contain control and status
24-31 information to or from the processor. Corresponding bits of the high and low order bytes can be

WIRE OR’ed onto an 8-bit bus. The data bus is floating if either CE or DBEN are low.

A2-A0 19-21 | Address Bus: A2-A0 select internal registers. The four 16-bit registers can be addressed on a
word or byte basis. See Register Address section.

BYTE 22 | Byte: Single byte (8 bit) data bus transfers are specified when this input is high. A low level
specifies 16 bit data bus transfers.

CE 1 | Chip Enable: A high input permits a data bus operation when DBEN is activated.

R/W 18 | Read/Write: R/W controls the direction of data bus transfer. When high, the data is to be loaded

Into the addressed register A low Input causes the contents of the addressed register to be
presented on the data bus.
DBEN 23 | Data Bus Enable: After A2-A0, CE, BYTE and R/W are set up, DBEN may be strobed. During a

read, the 3-state data bus (DB) is enabled with information for the processor. During a write, the
stable data is loaded into the addressed register and TxBE will be reset if TDSR was addressed

RESET 33 | Reset: A high level initializes all internal registers (to zero) and timing.

MM 40 | Maintenance Mode: MM internally gates TxSO back to RxSI and TxC to RxC for off line diag-
nostic purposes. The RxC and RxSl inputs are disabled and TxSO is high when MM is asserted.

RxE 8 | Recelver Enable: A high level input permits the processing of RxS| data. A low level disables the
receiver logic and initializes all receiver registers and timing

RxA 5 [¢] Recelver Active: RxA is asserted when the first data character of a message is ready for the

processor In the BOP mode this character is the address. The received address must match the
secondary station address if the MPCC is a secondary station. In BCP mode, if strip-SYNC
(PCSAR13) 1s set, the first non-SYNC character is the first data character; if strip-SYNC is zero,
the character following the second SYNC is the first data character. In the BOP mode, the closing
FLAG resets RxA In the BCP mode, RxA Is reset by a low level at RxE.

RxDA* 6 (o] Receiver Data Available: RxDA s asserted when an assembled character is in RDSRL and is
ready to be presented to the processor. This output is reset when RDSRL is read.

RxC 2 | Receiver Clock: RxC(1X) provides timing for the receiver logic. The positive going edge shifts
serial data into the RxSR from RxSI.

S/F 4 [e] SYNC/FLAG: S/F is asserted for one RxC clock time when a SYNC or FLAG character is
detected

RxSA* 7 (o] Receiver Status Available: RxSA is asserted when there is a zero to one transition of any bit in
RDSRH except for RSOM. It 1s cleared when RDSRH is read.

RxSI 3 1 Receiver Serial Input: RxSI is the received serial data. Mark = ‘1’, space = ‘0’

TxE 37 | Transmitter Enable: A high level input enables the transmitter data path between TDSR. and

TxSO At the end of a message, a low level input causes TxSO = 1 (mark) and TxA = 0 after the
closing FLAG (BOP) or last character (BCP) is output on TxSO.

TxA 34 o Transmitter Active: TxA is asserted after TSOM (TDSRg) is set and TxE is raised. This output will
reset when TxE is low and the closing FLAG (BOP) or last character (BCP) has been output on
TxSO.

TxBE* 35 o Transmitter Buffer Empty: TxBE is asserted when the TDSR is ready to be loaded with new
control information or data. The processor should respond by loading the TDSR which resets
TxBE.

TxU* 36 o Transmitter Underrun: TxU is asserted during a transmit sequence when the service of TxBE has
been delayed for one character time. This indicates the processor is not keeping up with the
transmitter Line fill depends on PCSAR11. TxU is reset by RESET or setting of TSOM (TDSRg),
synchronized by the falling edge of TxC.

TxC 39 | Transmitter Clock: TxC (1X) provides timing for the transmitter logic. The positive going edge
shifts data out of the TxSR to TxSO.

TxSO 38 (0] Transmitter Serial Output. TxSO is the transmitted serial data. Mark = ‘1’, space = ‘0".

Vce 32 1 +5V: Power supply.

GND 9 | Ground: 0V reference ground.

*Indicates possible interrupt signal
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REGISTERS NO. OF BITS DESCRIPTION*
Addressable
PCSAR Parameter Control Sync/Address Register 16 PCSARH and PCR contain parameters common to
PCR Parameter Control Register 8 the receiver and transmitter. PCSARL contains a
programmable SYNC character (BCP) or secondary
station address (BOP)
RDSR Receive Data/Status Register 16 RDSRH contains receiver status information. RDSRL
= RxDB contains the received assembled character.
TDSR Transmit Data/Status Register 16 TDSRH contains transmitter command and status
information. TDSRL = TxDB contains the character to
be transmitted.
Internal
CCSR Control Character Shift Register 8 These registers are used for character assembly
HSR Holding Shift Register 16 (CCSR, HSR, RxSR), disassembly (TxSR), and CRC
RxSR Receiver Shift Register 8 accumulation/generation (RXCRC, TxCRC).
TxSR Transmitter Shift Register 8
RxCRC Receiver CRC Accumulation Register 16
TxCRC Transmitter CRC Generation Register 16
NOTE
*H = High byte - bits 15-8
L=towbyte -bis 70 Table 1 GLOSSARY
ICHARACTER| DESCRIPTION OPERATION BIT PATTERN FUNCTION
FCS Frame Check Sequence is BOP
transmitted/received as 16 FLAG 01111110 Frame message
bits following the last data ABORT 11111111 generation Terminate communication
character of a BOP message. 01111111 detection
The divisor is usually CRC- GA 01111111 Terminate loop mode repeater
CCITT (X186 + X12+ X5 + 1) with function
dividend preset to 1's but can Address (PCSARD1 Secondary station address
be otherwise determined by BCP
ECM. The inverted remainder| SYNC (PCSARL) or (TxDB)2 Character synchronization
is transmitted as the FCS. generation

BCC Block Check Character is|
transmitted/received as two|
successive characters fol-
lowing the last data character
of a BCP message. The poly-|
Inomial is CRC-16 (X16 + X15+

NOTES

1 (e<) refers to contents of o<
2 ForIDLE =0 or 1 respectively

Table 3 SPECIAL CHARACTERS

X2 + 1) or CRC-CCITT with|
dividend preset to 0's (as|
specified by ECM). The true|
remainder is transmitted as|
the BCC.

Tabie 2 ERROR CONTROL

FUNCTIONAL DESCRIPTION

The MPCC can be functionally partitioned
into receiver logic, transmitter logic, regis-
ters that can be read or loaded by the pro-
cessor, and data bus control circuitry. The
register bit formats are shown in figure 1
while the receiver and transmitter data
paths are depicted in figures 2 and 3.

SHORT FORM REGISTER BIT FORMATS

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

PCSAR l APA I PROTO I SSIGAI sml IDLE | ECM I S/AR ]
15 14 13 12 1 10 9 8

PCR L TxCL ir‘c._zia"c._si RxCL i
15 14 13 12 " 10 9 8

RDSR I RERR | ABC ] nonl "é:’ I REOM |nsom RxDB —I
15 14 13 12 1" 10 9 b

TOSR | TERR | NoT nsnuenl TGA I TABORT Ir:oul vsoul Tx0B ]

NOTE

Refer to Register Formats for mneumonics and description

Figure 1
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MPCC RECEIVER DATA PATH

BCP * CRC T0
RDSR|
BOP » CRC
BCP * CRC
CCSR (8) RxSR (8)
l OP ¢ CRC
SYNC/FLAG' ZERO (BOP) ZERO
1 DELETION  |— DELETION
COMPARATOR ELETIO prit-oy
PARITY (BCP)
Loaic
BOP

SIF M CAC-16 - 0 -~RERR
u COMPARATOR
L x RxcRe Ace RS CRC-CCITT = FoB8 '

RESET

RxA <l CONTROL

RXDA Loaic
NOTES RxSA
1 Detected in SYNC FF and 7 MS bits of CCSR t
2. In BOP mode, a minimum of two data characters RxC
must be received to turn the receiver active Figure 2
MPCC TRANSMITTER DATA PATH
FROM
TOSR, OR PCSAR, (SYNC)
RESET ———————»| T
SYNC
TxSO
TXE —————————| FF
TRANS- TxSR (8)
-— ] MTTER
A CONTROL e
TxBE «——  LO6IC DELAY
Ty ]
» BOP
v ZERO
TXCRC ACC (16) x INSERTEN ZERO
" |——— INSERTION
CRC-16 OR CRC-CCITT CONTROL
1,2 BCP
SEL L] pamiTY
GENERATION
TxC

CONTROL
CHARACTER
GENERATOR

FLAG  ABORT GA
NOTES

1 TxCRC selected if TEOM = 1 and the last data character has been shifted outof TxSR
2 In BCP, panity selected will be generated after each character is shifted out of TxSR

Figure 3
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RECEIVER OPERATION

General

After initializing the parameter control re-
gisters (PCSAR and PCR), the RxE input
must be set high to enable the receiver data
path. The serial data on the RxSI is syn-
chronized and shifted into an 8-bit Control
Character Shift Register (CCSR) on the
rising edge of RxC. A comparison between
CCSR contents and the FLAG (BOP) or
SYNC (BCP) character is made untilamatch
is found. At that time, the S/F output is
asserted for one RxC time and the 16-bit
Holding Shift Register (HSR) is enabled. The
receiver then operates as described below.

BOP Operation

A flow chart of receiver operation in BOP
mode appears in figure 4. Zero deletion
(after five ones are received) is implemented
on the received serial data so that a data
character will not be interpreted as a FLAG,
ABORT, or GA Bits following the FLAG are
shifted through the CCSR, HSR, and into
the Receiver Shift Register (RxSR). A char-
acter will be assembled in the RxSR and
transferred to the RDSR( for presentation to
the processor At that time the RxDA output
will be asserted and the processor must take
the character no later than one RxC time
after the next character is assembled in the
RxSR. If not, an overrun (RDSR11 = 1) will
occur and succeeding characters will be
lost.

The first character following the FLAG is the
secondary station address. If the MPCC is a
secondary station (PCSAR12 = 1), the con-
tents of RxSR are compared with the add-
ress stored in PCSARL. A match indicates
the forthcoming message is intended for the
station; the RxA output is asserted, the
character is loaded into RDSRL, RxDA is
asserted and the Receive Start of Message
bit (RSOM) is set. No match indicates that
another station is being addressed and the
receiver searches for the next FLAG.

If the MPCC 1sa primary station (PCSAR12=
0), no secondary address check i1s made,
RxA is asserted and RSOM 1s set once the
first non-FLAG character has been loaded
intc RDSRL and RxDA has been asserted.
Extended address field can be supported by
software if PCSAR12=0

When the 8 bits following the address char-
acter have been loaded into RDSRL and
RxDA has been asserted, RSOM will be
cleared. The processor should read this 8-
bit character and interpret it as the Control
field.

Received serial data that follows is read and
interpreted as the Information field by the
processor. It will be assembled into charac-
ter lengths as specified by PCRs-10. As
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INITIALIZE PCSAR, PCR

PROCESSOR

RXE = 1 e

BOP RECEIVE

*TEST MADE EVERY
RxC TIME

S/F =1

FOR ONE RxC
BIT TIME
ASSEMBLE CHARACTER (1) OVERRUN (ROVRN)
IN RxSR, ZERO DELETION, CAUSES LOSS
ACCUMULATE CRC IF OF SUBSEQUENT
SPECIFIED CHARACTERS
SECONDARY
STATION
ADDRESS
[
CHARACTER
= PCSAR|
?
START OF No ves
MESSAGE (PCSAR,; = 0)
RxA =1
RSOM = 1
FOR ONE
CHARACTER TIME
| RxSR -~ RxDB I
RxDA = 1
(PROCESSOR SHOULD
READ RxDB)

NO

Ricm
EXCEPT
RSOM

RxSA = 1

(P SHOULD
READ AND EXAMINE
RDSRy - REOM, RAB/GA,
ROVRN, ABC, RERR)

NO

t

S/F = 1 FOR ONE RxC YES—END OF

BIT TIME
REOM = 1,RxA = 0

Figure 4

before, RxDA is asserted each time a char-
acter has been transferred into RDSRL and
is cleared when RDSRL is read by the pro-
cessor RDSRH should only be read when
RxSA is asserted. This occurs on a zero to
one transition of any bit in RDSRH except
for RSOM. RxSA and all bits in RDSRH
except RSOM are cleared when RDSRH is
read The processor should check RDSRg-
15 each time RxSA is asserted. If RDSRg is
set, then RDSR12-15 should be examined

Receiver character length may be changed
dynamically in response to RxDA: read the
character in RxDB and write the new char-
acter length into RxCL. The character

Signetics

length will be changed on the next receiver
character boundary. A received residual
(short) character will be transferred into
RxDB after the previous character in RxDB
has been read, i.e. there will not be an over-
run. In general the last two characters are
protected from overrun.

The CRC-CCITT, if specified by PCSARs-
10, is accumulated in RXCRC on each char-
acter following the FLAG. When the closing
FLAG is detected in the CCSR, the received
CRC is in the 16-bit HSR. At that time, the
Receive End of Message bit (REOM) will be
set; RxSA and RxDA will be asserted. The
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processor should read the last data charac-
ter in RDSRL and the receiver status in
RDSRg-15. If RDSR15 = 1, there has been a
transmission error; the accumulated CRC-
CCITT is incorrect. If RDSR12-14 # 0, the
last data character is not of prescribed
length. Neither the received CRC nor clos-
ing FLAG are presented to the processor.
The processor may drop RxE or leave it
active at the end of the received message.

BCP Operation

The operation of the receiver in BCP mode
is shown in figure 5. The receiver initially
searches for two successive SYNC charac-
ters, of length specified by PCRg.1o, that
match the contents of PCSARL. The next
non-SYNC character or next SYNC charac-
ter, if stripping is not specified (PCSAR;; =
0), causes RxA to be asserted and enables
the receiver data path. Once enabled, all
characters are assembled in RxSR and
loaded into RDSRL. RXDA is active when a
character is available in RDSRL RxSA is
active on a 0 to 1 transition of any bit in
RDSRH. The signals are cleared when
RDSRL or RDSRH are read respectively

If CRC-16 error control is specified by
PCSARs-10, the processor must determine
the last character received prior to the CRC
field. When that character is loaded into
RDSRL and RxDA is asserted, the received
CRC will be in CCSR and HSRL. To check
for a transmission error, the processor must
read the receiver status (RDSRH) and exa-
mine RDSR1s. This bit will be set for one
character time if an error free message has
been received. If RDSR15=0, the CRC-16is
in error. The state of RDSR15 in BCP CRC
mode does not set RxSA. Note that this bit
should be examined only at the end of a
message. The accumulated CRC will in-
clude all characters starting with the first
non-SYNC character if PCSAR13=1, or the
character after the opening two SYNC's if
PCSAR13 = 0. This necessitates external
CRC generation/checking when supporting
IBM’s BISYNC. This can be accomplished
using the Signetics 2653 Polynomial Gen-
erator/Checker. See Typical Applications.

If VRC had been selected for error control,
parity (odd or even) is regenerated on each
character and checked when the parity bitis
received. A discrepancy causes RDSR1s5 to
be set and RxSA to be asserted. This must
be sensed by the processor. The received
parity bit is stripped before the character is
presented to the processor.

When the processor has read the last char-
acter of the message, it should drop RxE
which disables the receiver logic and initial-
izes all receiver registers and timing.

PROCESSOR

S/F= 1FOR -—
ONE RxC BIT TIME

-—

RxA= 1

BCP RECEIVE

INITIALIZE PCSAR, PCR

ASSEMBLE CHARACTER
IN RxSR, STRIP VRC IF
SPECIFIED, ACCUMULATE
CRC IF SPECIFIED

(1) SYNC'S ARE ASSEMBLED

(2) OVERRUN (ROVRN) CAUSES
LOSS OF SUBSEQUENT
CHARACTERS

RxDA = 1
SHOULD

(P
READ RxDB)

RxSA =1

(PROCESSOR SHOULD
READ AND EXAMINE
RDSR}; - ROVAN,

RERR (IF VRC SPECIFIED))

—

RxE = 0
WHEN LAST CHARACTER
HAS BEEN SERVICED

NOTES
1 Test made every RxC time
2 Test made on Rx character boundary

AN
RECEIVER
STATUS BIT

Figure 5

TRANSMITTER OPERATION
General

After the parameter control registers
(PCSAR and PCR) have been initialized,
TxSO is held at mark until TSOM (TDSRag) is
set and TxE is raised. Then, transmitter
operation depends on protocol mode.

BOP Operation

Transmitter operation for BOP is shown in
figure 6. A FLAG is sent after the processor
sets the Transmit Start of Message bit
(TSOM) and raises TxE. The FLAG is used to
synchronize the message that follows. TxA
will also be asserted. When TxBE is asserted
by the MPCC, the processor should load
TDSRL with the first character of the mes-

Signetics

sage. TSOM should be cleared at the same
time TDSRL is loaded (16-bit data bus) or
immediately thereafter (8-bit data bus).
FLAGSs are sent as long as TSOM =1 For
counting the number of FLAGS, the proces-
sor should reassert TSOM in response to
the assertion of TxBE.

All succeeding characters are loaded into
TDSRL by the processor when TxBE = 1.
Each character is serialized in TxSR and
transmitted on TxSO. Internal zero insertion
logic stuffs a “0” into the serial bit stream
after five successive “1s” are sent. This
insures a data character will not match a
FLAG, ABORT, or GA reserved control
character. As each character is transmitted,
the Frame Check Sequence (FCS) is gener-
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ated as specified by Error Control Mode

BOP TRANSMIT (PCSARB-10). The FCS should be the CRC-
. MUST CLEAR TABORT/TGA CCITT polynomial (X16+ X12+ X5+ 1) preset
[ INITIALIZE PCSAR, PCR, TD*"HJ IN RESPONSE TO TxBE = 1) to 1s. If an underrun occurs (processor is
not keeping up with the transmitter), TxU
PR ® and TERR (TDSR15) will be asserted with
ABORT or FLAG used as the TxSO line fill
depending on the state of IDLE (PCSAR11).
The processor must set TSOM to reset the
TSOM = 1 underrun condition. To retransmit the mes-
TXE=1 NO sage, the processor should proceed with the
et JES normal start of message sequence.
TXBE = 1 TRANSMIT FLAG

(Ao g o A residual character of 1 to 7 bits may be
. transmitted at the end of the Information
field. In response to TxBE, write the residual
@ character length into TxCL and load TxDB
B —— YEs with the residual character. Dynamic altera-
AS REQUIRED) ves [Trs0= ABORT = THTII W IOLE= o J’ tion of character length should be done in
@ FLAG = 01111110 IF IDLE = 1 exactly the same sequence. The character
o length will be changed on the next transmit

character boundary.
After the last data character has been
ON UNDERRUN: - " loaded into TDSRL and sent to TxSR (TxBE
(T;;‘;c'!vs’.%":;"‘oum = 1), the processor should set TEOM
SET TSOM) (TDSRg). The MPCC will finish transmitting
the last character followed by the FCS and
SERIALIZE DATA CHARACTER the closing FLAG. The processor should
T nons oo e clear TEOM and drop TxE when the next
LoAD 0B :m L T':fsmggxggg TxBE is asserted. This corresponds to the

start of closing FLAG transmission. When
TxE has been dropped, TxA will be low 11/2
o bit times after the last bit of the closing
@ FLAG has been transmitted. TxSO will be
marked after the closing FLAG has been
YES .
transmitted.

INVERTED REMAINDER. | If TXxE and TEOM are high, the transmitter

continues to send FLAGs. The processor
may initiate the next message by resetting
TEOM and setting TSOM, or by loading
TDSRL with a data character and then sim-
ply resetting TEOM (without setting TSOM).

TxBE= | *+—

TRANSMIT FLAG ON TxSO *

(PROCESSOR SHOULD RESET TEOM
AND SET TSOM OR DROP TxE)

BCP Operation

Transmitter operation for BCP mode is
shown in figure 7. TxA will be asserted after
TSOM = 1 and TxE is raised. At that time
SYNC characters are sent from PCSAR or
TDSRL (IDLE=0or 1) aslongas TSOM=1.
TxBE is asserted at the start of transmission
of the first SYNC character. For counting
the number of SYNC's, the processor should
reassert TSOM in response to the assertion
of TxBE. When TSOM = 0 transmission is
*GA will be transmitted if TGA is set together with TEOM from TDSRL, which must be loaded with
characters from the processor each time
Fi X TxBE is asserted. If this loading is delayed
gure 6 N
for more than one character time, an under-
run resuits: TxU and TERR are asserted and
the TxSO line fill depend on IDLE
(PCSAR11). The processor must set TSOM

TxA =0
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BCP TRANSMIT

I INITIALIZE PCSAR, PCR, TDSR |

TxSO = MARK

TxBE = 1—]

TRANSMIT SYNC ON TxSO
SYNC FROM PCSAR| - IDLE= 0
SYNC FROM TxDB IDLE= 1

IN TxDB AND TSOM = 0

AFTER SYNC(S), PROCESSOR TSOM N\, NO
LOADS DATA CHARACTER __..’_’

YES

TxU =1, TERR = 1

SERIALIZE DATA CHARACTER
TxBE = 1 N TxDB, E VAC
(PROCESSOR SHOULD OR ACCUMULATE CRC AS
LOAD TxDB) SPECIFIED, TRANSMIT ON TxSO

( SHOULD GET No

TEOM AT END OF Teom @

MESSAGE IF CRC =17

SPECIFIED)

YES

SHOULD

TxSO = SYNC FROM PCSAR_ IF IDLE= 0

MARK IF IDLE = 1
UNTIL TSOM = 1

(

SET TSOM = 1) TRANSMIT ACCUMULATED
CRC SPECIFIED (IF NO
CRC, TEOM SHOULD = 0)

TxBE = 1 I

(PROCESSOR SHOULD

CLEAR TEOM AND

DROP TxE) [

®
|

TxSO = SYNC or TxDB DEPENDING ON IDLE BI’T—I

Figure 7

and retransmit the message to recover This
is not compatible with IBM’s BISYNC, so
that the user must not underrun when sup-
porting that protocol.

CRC-16, if specified by PCSARs-10, Is gen-
erated on each character transmitted from
TDSRL when TSOM = 0. The processor
must set TEOM = 1 after the last data char-
acter has been sent to TxSR (TxBE=1). The
MPCC will finish transmitting the last data
character and the CRC-16 field before send-
ing SYNC characters which are transmitted
as long as TEOM = 1. If SYNCs are not
desired after CRC-16 transmission, the pro-
cessor should clear TEOM and lower TxE
when the TxBE corresponding to the start of
CRC-16 transmission is asserted. When
TEOM = 0, the line is marked and a new
message may be iniated by setting TSOM
and raising TxE.

If VRC 1s specified, 1t 1s generated on each
data character and the data ‘character
length must not exceed 7 bits For software

LRC or CRC, TEOM should be set only if
SYNC's are required at the end of the
message block.

Special Case

The capability to transmit 16 spaces I1s pro-
vided for line turnaround in half duplex
mode or for a control recovery situation.
This is achieved by setting TSOM and
TEOM, clearing TEOM when TxBE =1, and
proceeding as required.

PROGRAMMING

Prior to initiating data transmission or re-
ception, PCSAR and PCR must be loaded
with control information from the proces-
sor. The contents ot these registers (see
Register Format section) will configure the
MPCC for the user’s specific datacommuni-
cation environment. These registers should
be loaded during power-on initialization
and after a reset operation. They can be
changed at any time that the respective
transmitter or receiver is disabled.

Signetics

The default value for all registers is zero.
This corresponds to BOP, primary station
mode, 8-bit character length, FCS = CRC-
CCITT preset to 1s.

For BOP mode the character length register
(PCR) may be set to the desired values
during system initialization. The address
and control fields will automatically be 8-
bits. If a residual character Is to be transmit-
ted, TxCL should be changed to the residual
character length prior to transmission of
that character

DATA BUS CONTROL

The processor must set up the MPCC regis-
ter address (A2-A0), chip enable (CE), byte
select (BYTE), and read/write (R/W) inputs
before each data bus transfer operation.

During a read operation (R/W = 0), the
leading edge of DBEN will initiate an MPCC
read cycle. The addressed register will
place its contents on the databus. f BYTE=
1, the 8-bit byte is placed on DB15-08 or
DBO07-00 depending on the H/L status of the
register addressed. Unused bits in RDSRL
are zero. If BYTE = 0, all 16 bits (DB15-00)
contain MPCC information. The trailing
edge of DBEN will reset RxDA and/or RxSA
if RDSRL or RDSRH is addressed respec-
tively.

DBEN acts as the enable and strobe so that
the MPCC will not begin its internal read
cycle until DBEN is asserted.

During a write operation (R/W = 1), data
must be stable on DB15-08 and/or DBo7-00
prior to the leading edge of DBEN. The
stable data is strobed into the addressed
register by DBEN. TxBE will be cleared if the
addressed register was TDSRH or TDSRL.

1-23




MICROPROCESSOR DIVISION JANUARY 1982

A2 A1l A0 REGISTER
BYTE=10 16-BIT DATA BUS = DB45 - DBgg
0 0 X RDSR
0 1 X TDSR
1 0 X PCSAR
1 1 X PCR*
BYTE=1 8-BIT DATA BUS = DB7_g or DB 15.8*"
0 0 0 RDSRL
0 0 1 RDSRH
0 1 0 TDSRL
0 1 1 TDSRH
1 0 0 PCSARL
1 0 1 PCSARH
1 1 0 PCRL*
1 1 1 PCRH
NOTES
* PCR lower byte does not exist It will be all “0"s when read
** Corresponding high and low order pins must be tied together
Table 4 MPCC REGISTER ADDRESSING
BIT NAME MODE FUNCTION
00-07 Not Defined
08-10 RxCL BOP/BCP Receiver Character Length is loaded by the processor when RXCLE = 0. The
character length is valid after transmission of single byte address and control fields
have been received.
10 9 8 Char. length (bits)
0 0 8
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7
1 RxCLE BOP/BCP Receiver Character Length Enable should be zero when the processor loads RxCL. The
remaining bits of PCR are not affected during loading. Always 0 when read.
12 TxCLE BOP/BCP Transmitter Character Length Enable should be zero when the processor loads TxCL.
The remaining bits of PCR are not affected during loading. Always 0 when read.
13-15 TxCL BOP/BCP Transmitter Character Length is loaded by the processor when TxCLE =0. Character
bit length specification format is identical to RxCL It is valid after transmission of
single byte address and control fields

Table 5 PARAMETER CONTROL REGISTER (PCR)-(R/W)
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BIT NAME MODE FUNCTION

00-07 S/AR BOP SYNC/ADDRESS Register. Contains the secondary station address if the MPCC is a
secondary station. The contents of this register is compared with the first received non-
FLAG character to determine if the message is meant for this station.

BCP SYNC character is loaded into this register by the processor It is used for receive and
transmit bit synchronization with bit length specified by RxCL and TxCL
08-10 ECM BOP/BCP Error Control Mode 10 9 8 Suggested Mode  Char. length
CRC-CCITT preset to 1's 0 0 0 BOP 1-8
CRC-CCITT preset to 0's 0 0 1 BCP 8
Not used 0 1 0 ---
CRC-16 preset to 0's 0 1 1 BCP 8
VRC odd 1 [o] 0 BCP 5-7
VRC even 1 0 1 BCP 5-7
Not used 1 1 0 ---
No error control 1 1 1 BCP/BOP 5-8
ECM should be loaded by the processor during initialization or when both data paths
are idle.
1 IDLE Determines line fill character to be used if transmitter underrun occurs (TxU asserted
and TERR set) and transmission of special characters for BOP/BCP.
BOP IDLE = 0, transmit ABORT characters during underrun and when TABORT = 1
IDLE = 1, transmit FLAG characters during underrun and when TABORT = 1
BCP IDLE = 0 transmit initial SYNC characters and underrun line fill characters from the
S/AR |
IDLE = 1 transmit initial SYNC characters from TxDB and marks TxSO during under-
run.
12 SAM BOP Secondary Address Mode = 1 if the MPCC Is a secondary station This facilitates

automatic recognition of the received secondary station address When transmitting,
the processor must load the secondary address into TxDB

SAM = 0 inhibits the received secondary address comparison which serves to activate
the receiver after the first non-FLAG character has been received

13 SS/GA Strip SYNC/Go Ahead Operation depends on mode.

BOP SS/GA = 11s used for loop mode only and enables GA detection. When a GA is detected
as a closing character, REOM and RAB/GA will be set and the processor should
terminate the repeater function SS/GA =0 is the normal mode which enables ABORT
detection. It causes the receiver to terminate the frame upon detection of an ABORT or
FLAG

BCP SS/GA = 1, causes the receiver to strip SYNC's immediately following the first two
SYNC's detected SYNC's in the middle of a message will not be stripped SS/GA =0,
presents any SYNC's after the initial two SYNC's to the processor

14 PROTO Determines MPCC Protocol mode
BOP PROTO =0
BCP PROTO =1
15 APA BOP All Parties Address. If this bit is set, the receiver data path 1s enabled by an address field

of ‘11111111’ as well as the normal secondary station address

Table 6 PARAMETER CONTROL SYNC/ADDRESS REGISTER (PCSAR)-(R/W)

BIT NAME MODE FUNCTION
00-07 TxDB BOP/BCP Transmit Data Buffer. Contains processor loaded characters to be serialized in TxSR
and transmitted on TxSO.
08 TSOM Transmitter Start of Message. Set by the processor to initiate message transmission
provided TxE = 1.
BOP TSOM = 1 generates FLAGs. When TSOM = 0 transmisston is from TxDB and FCS

generation (if specified) begins. FCS, as specified by PCSARg.o, should be CRC-
CCITT preset to 1's.

BCP TSOM = 1 generates SYNCs from PCSARL or transmits from TxDB for IDLE =0 or 1
respectively When TSOM = 0 transmission ts from TxDB and CRC generation (f
specified) begins

Table 7 TRANSMIT DATA/STATUS REGISTER (TDSR) (R/W except TDSR 15)
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BIT NAME MODE FUNCTION
09 TEOM Transmit End of Message. Used to terminate a transmitted message.
BOP TEOM = 1 causes the FCS and the closing FLAG to be transmitted following the

transmission of the data character in TxSR. FLAGs are transmitted until TEOM = 0.
ABORT or GA are transmitted if TABORT or TGA are set when TEOM = 1.

BCP TEOM = 1 causes CRC-16 to be transmitted (if selected) followed by SYNCs from
PCSARL or TxDB (IDLE = 0 or 1). Clearing TEOM prior to the end of CRC-16
transmission (when TxBE = 1) causes TxSO to be marked following the CRC-16. TxE
must be dropped before a new message can be initiated. If CRC is not selected, TEOM
should not be set.

10 TABORT BOP Transmitter Abort = 1 will cause ABORT or FLAG to be sent (IDLE =0 or 1) after the
current character is transmitted. (ABORT = 11111111)
1 TGA BOP Transmit Go Ahead (GA) instead of FLAG when TEOM = 1. This facilitates repeater

termination in loop mode. (GA = 01111111)

12-14 Not Defined

Transmitter Error =1 indicates the TxDB has not been loaded in time (one character

15 TERR Read time -1/2 TxC period after TxBE I1s asserted) to maintain continuous transmission. TxU
only will be asserted to inform the processor of this condition. TERR is cleared by
setting TSOM. See timing diagram.
BOP ABORT's or FLAG's are sent as fill characters (IDLE =0 or 1)
BCP SYNC's or MARK’s are sent as fill characters (IDLE = 0 or 1). For IDLE = 1 the last

character before underrun is not valid.

Table 7 TRANSMIT DATA/STATUS REGISTER (TDSR) (R/W except TDSR 15) (Cont'd)

BIT NAME MODE FUNCTION

00-07 RxDB BOP/BCP Receiver Data Buffer. Contains assembled characters from the RxSR If VRC is
specified, the parity bit is stripped.

08 RSOM BOP Receiver Start of Message = 1 when a FLAG followed by a non-FLAG has been

received and the latter character matches the secondary station address if SAM = 1.
RxA will be asserted when RSOM = 1. RSOM resets itself after one character time and
has no effect on RxSA.

09 REOM BOP Receiver End of Message = 1 when the closing FLAG is detected and the last data
character is loaded into RxDB or when an ABORT/GA character is received. REOM is
cleared on reading RDSRH, reset operation, or dropping of RxE.

10 RAB/GA BOP Received ABORT or GA character = 1 when the receiver senses an ABORT character if
SS/GA =0 or a GA character if SS/GA=1 RAB/GA is cleared on reading RDSRH, reset
operation, or dropping of RxE. A received ABORT does not set RxDA.

11 ROR BOP/BCP Receiver Overrun = 1 indicates the processor has not read last character in the RxDB
within one character time +1/2 RxC period after RxDA is asserted.Subsequent char-
acters will be lost. RORis clearedon readingRDSRH,reset operation,or dropping of RXE.

12-14 ABC BOP Assembled Bit Count. Specifies the number of bits in the last received data character of
a message and should be examined by the processor when REOM =1 (RxDA and RxSA
asserted). ABC = 0 indicates the message was terminated (by a FLAG or GA) on a
character boundary as specified by PCRs-10. Otherwise, ABC = number of bits in the
last data character. ABC is cleared when RDSRH is read, reset operation, or dropping
RXE. The residual character is rignt justified in RDSRL.
15 RERR BOP/BCP Receiver Error indicator should be examined by the processor when REOM=1in BOP,
or when the processor determines the last data character of the message in BCP with
CRC or when RxSA is set in BCP with VRC.
CRC-CCITT preset to 1's/0’s as specified by PCSARg-10:

RERR = 1 indicates FCS error (CRC # FOB8/# 0)

RERR = 0 indicates FCS received correctly (CRC = FOB /=0)
CRC-16 preset to 0's on 8-bit data characters specified by PSCARg-10:

RERR = 1 indicates CRC-16 received correctly (CRC = 0).

RERR = 0 indicates CRC-16 error (CRC # 0)
VRC specified by PCSARsg-10:

RERR = 1 indicates VRC error

RERR = 0 indicates VRC is correct

Table 8 RECEIVER DATA/STATUS REGISTER (RDSR)-(Read Only)
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ABSOLUTE MAXIMUM RATINGS!1
PARAMETER RATING UNIT
Ta Operating ambient temperature2 0 to +70 °C
Tsta Storage temperature -85 to +150 °C
Input or output voltages
with respect to GND3 -0.3 to +15 v
Vce With respect to GND -0.3 to+7 \
DC ELECTRICAL CHARACTERISTICS Ta=0°C to +70°C, Vcc = +5V #5%*5
LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Input voltage \
ViL Low 0.8
/ ViH High 2.0
| Output voltage v
VoL Low loL = 1.6mA 0.4
VoH High loH = -100pA 24
lcc Power supply current Vce =5.25V, Ta=0°C 150 mA
Leakage current uA
e Input Vin =0 to 5.25V 10
loL Output Vout = 0 to 5.25V 10
Capacitance PF
CiN Input ViN =0V, f = 1MHz 20
Cour Output Vout =0V, f=1MHz 20
AC ELECTRICAL CHARACTERISTICS Ta =0°C to 70°C, Vcc = 5V + 5%% 5.6
2652 2652-1
PARAMETER UNIT
Min Typ Max Min Typ Max -
Setup and hold time ns
tacs Address/control setup 50 50
tacH Address/control hold 0 0
tos Data bus setup (write) 50 50
toH Data bus hold (write) 0 0
tRxs Receiver serial data setup 150 150
tRxH Receive serial data hold 150 150
Pulse width ns
tRES RESET 250 250
tosen DBEN 250 m? 200 m?
Delay time ns
tob Data bus (read) 200 170
trxp Transmit serial data 325 250
toseno DBEN to DBEN delay 200 200
toF Data bus fioat time (read) 150 150 ns
f Clock (RxC, TxC) frequency 1.0 2.0 MHz
toLkt Clock high (MM = 0) 340 165 ns
teLkt Clock high (MM = 1) 490 240
tcko  Clock low 490 240
1-27
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NOTES
1 Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This Is a stress rating only and functional operation
of the device at these or at any other condition above those indicated in the operation
sections of this specification 1s not implhied
2 For operating at elevated temperatures the device must be derated based on +150°C
junction and thermal 0f60° C/W junction to ambient
(IQ ceramic package)
3 This product includes circuitry forthe p of its internal
devices from the damaging effects of excessive static charge Nonetheless, 1t Is
that P be taken to avoid applying any voltages
larger than the rated maxima

TIMING DIAGRAMS

4 Parameters are vahd over op range unless

5 Allvoltage measurements are referenced to ground All time measurements are at 0 8V
or 2.0V. Input voltage levels for testing are 0.4V and 2.4V.

6 Output load C = 100pF.

7 m=TxC low and applies to writing to TDSRH only

m

teukt telko —

RESET READ AND WRITE DATA BUS
DBEN —
~"! 1 ‘ T
tacs—=| [+ —=| le—tacH
RESET CE, R/W, BYTE A. ), W
‘nes acs— b—tacn
ey —_FLoATiNG | X_VALID X__VALID X FLOATING
(READ) [e— tpp—l —|  |=—"toF
ware) X X
tog—el |- —| b—ton
CLOCK

TxSO

j«— TxD -—I
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TIMING DIAGRAMS (Cont'd)

TRANSMIT—START OF MESSAGE

1 (|
| 8TxC 1

4

TxSO SYNC/FLAG! T '

1ST CHAR

TxBE

LOAD 1ST CHAR RESET TSOM

LOAD 2ND CHAR

NOTES

1 SYNC may be 5 to 8 bits and wili contain parity bit as specified

2 TxA goes high relative to TxC rising edge after TSOM has been set and TxE has been
raised

TxBE goes low relative to DBEN falling edge on the first write transfer into TDSR. It1s
reasserted 1 TxC time before the first bit of the transmitted SYNC/FLAG TxBE then
goes low relative to DBEN falling edge when writing into TDSRH and/or TDSRL Itis
reasserted on the rnising edge of the TxC that corresponds to the transmission of the
last bit of each character, except in BOP mode when the CRC is to be sent as the
next character (see Transmit Timing—End of Message)

@

TRANSMIT—END OF BOP MESSAGE

4 TxBE goes low relative to the falling edge of DBEN corresponding to loading
TDSRH/L It goes high one TxC before character transmission begins and aiso when
TxA has been dropped

5 TxE can be dropped before resetting TEOM if TxBE (corresponding to the closing
FLAG) 1s high Alternatively TxE can remain high and a new message initiated

6 TxA goes low after TxE has been dropped and 1 1/2 TxC's after the last bit of the
closing FLAG has been transmitted.

TxsO NEXT TO LAST CHAR L LAST CHAR I CRC I FLAG ” MARK
TxBE4 l l 1 J
LOAD LAST CHAR SET TEOM RESET TEOM
DBEN rl l I
™ °
TxA 6
NOTES

Signetics
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TIMING DIAGRAMS (Cont'd)

TRANSMIT TIMING—END OF BCP MESSAGE

TxSO NEXT TO LAST CHAR I LAST CHAR l cRc? r MARK

e L L1 | —

LOAD LAST CHAR SET TEOM RESET TEOM

! !
oen ] 1 n

TXA  NOTES |

7 When 2652 generated CRC is not required, TEOM should only be set if SYNCs are to
follow the message block In that case, TXE should be dropped in response to TxBE
(which corresponds to the start of of the last When CRC 1s
required, TXE must be dropped before CRC transmission is complete Otherwise, the
contents of TxDB will be shifted out on TxSO Thus facilitates transmission of con-
tiguous messages

TRANSMIT UNDERRUN

[}
™u® | |
SET TSOM
DBEN ]‘l_

NOTES

8 TxU goes active relative to TxC falling edge if TXxBE has not been serviced after n-1/2
TxC times (where n = transmit character length) TxU is reset on the TxC falling edge
following assertion of the TSOM command

9 An underrun will occur at the next character boundary if TEOM is reset and the
transmitter remains enabled, unless the TSOM command is asserted or a character is
loaded into the TxDB
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TIMING DIAGRAMS (Cont'd)

RECEIVE—START OF MESSAGE

e —I_LJ—L-F

1ST CHAR READY
TO BE READ —

2ND CHAR READY
TO BE READ —
RxDA'®

1ST CHAR REAI

DBEN

2ND CHAR REAI

S/F! l I

ReE J

NOTES

8 RxA goes high relative to falling edge of RxC when RxE 1s high and
a A data character following two SYNC's i1s in RxDB (BCP mode)
b Character following FLAG 1s in RxDB (BOP primary station mode)
¢ Character following FLAG i1s in RxDB and character matches the secondary
station address or All Parties Address (BOP secondary station mode)
10 RxDA goes high on RxC falling edge when a character in RxDB 1s ready to be read It
comes up before RxSA and goes low on the falling edge of DBEN when RxDB s read
11 S/F goes high relative to rising edge of RxC anytime a SYNC (BCP) or FLAG (BOP) 1s

detected
RECEIVE END OF MESSAGE
RxC
RxDA
RxsA 12
READ READ
DBEN DATA STATUS
(8-bit)

SIF l I

Rxe™? L

Rxald 1 1

NOTES

12 At the end of a BOP message, RxSA goes high when FLAG detection (S/F = 1) forces
REOM to be set Processor should read the last data character (RDSRL) and status
(RDSRH) which resets RxDA and RxSA respectively For BCP end of message, RxSA
may not be setand S/F =0 The processor should read the last data character and
status

13 RxE must be dropped for BCP with non-contiguous messages 1t may be left on at the
end of a BOP message (see BOP Receive Operation)

14 RxA 1s reset relative to the falling edge of RxC after the closing FLAG of a BOP
message (REOM = 1 and RxSA active,) or when RxE is dropped

Signetics
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TYPICAL APPLICATIONS
2652 MPCC MICROPROCESSOR INTERFACE
1 RESET

TS BUFFER I e

e STATUS
POR DATA BUS axc

DB 0-7

8BIT MpCC SYNCHRONOUS
uP 2652 MODEM
clock ADDRESS | CONTROL A2-0, /W DBEN CE xS0
;

@-. RxS!
BYTE

PxE TXE RTS, CTS,
DTR, DSR,
MODEM oco cTs
— CONTROL
LoGIC
NOTES
1 Possible uP interrupt requests are
RxDA, RxSA, TxBE, TxU
2 Other 2652 status signals and possible uses are
S/F hine 1dle indicator, frame delimiter
RxA handshake on RxE, line turn around control
TxA handshake on TxE, line turn around control
3 Line Drivers/Receivers (LD/LR) convert EIA to TTL voltages and vice-versa
4 RTS should be dropped after the CRC (BCP) or FLAG (BOP) has been transmitted
This forces CTS low and TxE low
5 Corresponding high and low order bits of DB must be OR tied
DMA/PROCESSOR INTERFACE
DATA BUS 8 OR 16 BITS
]
y DATA BUS DATA BUS
WORD COUNT RDREQ AxDA DB 15-00
RxA
ADDRESS PTR
TO PROCESSOR RxE
R/W CONTROL RxSA
WRREQ
TxBE e
TXE P e )
[<— RxDA R/W
DMA 2 = SUPPORT MEMORY
CONTROLLER LOGIC |+— TxBE
SIF 1 INITIALIZES 2652
2 SETS/RESETS TSOM,
A2-A0 TEOM
2652 BYTE 3 RESPONDS TO
DRESS AND +> aw RESET RXSA
CONTROL ey
DBEN
RW S RXC_ TxC__RxSl_TxSO ADDRESS, R/W, CONTROL ADDRESS, CE, R/W
MODEM OR DCE
System Address and Control Bus
For non-DMA operation, TXBE and RxDA are sent to the processor which then loads or
reads data characters as required

1-32 Signetics



MICROPROCESSOR DIVISION JANUARY 1982

MULTI-PROTOCOL COMMUNICATIONS CONTROLLER (MPCC) $C2652

TYPICAL APPLICATIONS (Cont'd)

CHANNEL INTERFACE

BAUD BAUD
RATE RATE
‘GENERATOR GENERATOR
T
\V,
S

™ RxC T™*C RxC
COMPUTER MPCC MpCC COMPUTER
TERMINAL 2652 2652 TERMINAL

No Modem—DC Baseband Trar

2652/2653 INTERFACE
TYPICAL PROTOCOLS: BISYNC, DDCMP, SDLC, HDLC
INTERRUPTS TXBE, TxU, RxDA, RxSA
" DB7 - DBO .
\ M 2652 —» T
) 4 MPCC
a2 |«— rx0
A1
Ao j«— T
R/W
oBEN l«— Rxc
o CcE DB7 - DBO
D(r TEo
2653
A1 PGC
R/W
Ao
CET
L Cow |
(OPEN DRAIN)
sv
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DESCRIPTION

The Signetics 26563 Polynomial Generator
Checker (PGC) is a polynomial generator
checker/character comparator circuit that
complements a receiver/transmitter (R/T or
USART/USRT/UART) in the support of
character oriented data link controls. Table
1 defines many of the more commonly used
PGC terms and abbreviations.

Parallel data characters transferred be-
tween the CPU and R/T are monitored by
the PGC which performs block check char-
acter (BCC) and parity (VRC) genera-
tion/checking, single character detection,
and two character sequence detection.
Since the PGC operates on parallel charac-
ters, the data transmission format may be
serial (synchronous or asynchronous) or
parallel.

Communications Interface (EPCI). When
used in BISYNC modes with the 2661, soft-
ware requirements are minimized by the
2653-2661 control character comparisons,
character sequence comparisons, and auto-
matic DLE insertion/detection.

Other bus oriented R/Ts can be interfaced
to the PGC with a minimum of external cir-
cuitry. See figure 1 for a typical system con-
figuration.

This NMOS LSI circuit is TTL compatible,
operates from a single + 5V supply and is
contained in a 16 pin dual in line package.

FEATURES

® Parallel Block Check Character
accumulation/checking: CRC-16,
CRC-12, LRC-8

© BISYNC normal and transparent modes

L 1,

There are four modes of BCC acc lation
and each mode can select one of three poly-
nomials to compute the BCC. In the BISYNC
normal and transparent modes, the PGC de-
termines which characters are to be accu-
mulated and which characters are to be ex-
cluded from the accumulation. The block
terminating characters and the initiation and
termination of BISYNC transparent text can
be detected and an interrupt generated. The
single interrupt output represents the inclu-
sive OR of four maskable status conditions.

In the automatic accumulation mode, all
characters are accumulated while the single
accumulate mode requires a specific accu-
mulation command for each character to be
accumulated.

Character accumulation control and charac-
ter comparisons are facilitated by a charac-
ter class array which places each of 128
characters into one of four character
classes. The four classes are normal,
SYN/BISYNC not included, block terminat-
ing character (BTC)/search character (SC),
and secondary search character (SSC).

Additional PGC applications include off-line
R/T operation where the BCC is generated
on data not sent to the R/T, BCC multiplex-
ing by sharing the PGC among several R/Ts
and reading/writing the partial BCC accu-
mulation on a character by character basis,
VRC generation/checking on characters
appearing on a bidirectional data bus, and
programmable character comparisons or
searches.

PGC operation is half duplex (either receive
or transmit, one way or two way alternate).
Full duplex (two way simultaneous) is
achieved by using two PGCs. The device is
directly compatible with the Signetics 2651
Programmable Communications Interface
(PCI) and 2661 Enhanced Programmable

1-34

® Aut tic or single
lation modes

e Character detection - up to 128 charac-
ters

® Two ch 2 { q detection; ex-

amples: DLE-STX, ACK 0, ACK 1,

WACK, RVI, DISC, WBT

6, 7, or 8-bit characters

VRC generation/checking on data bus

Four maskable interrupt conditions

Four classes of characters

Internal power-on reset

Maximum ch 1{

of 500 kHz (4 Mbps)

e Directly compatible with Signetics
2651, 2652 and 2661

© No system clock required

® TTL compatible inputs and outputs

* Single 5V supply

® 16-pin dual in line package

lation rate
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PIN CONFIGURATION
oo [1] [16] vee
o1 [7] 15] o
oz [3] 73] cet
o3 [7] BRE
o4 [5] [12] a0
os 6] 1] At
o6 [7] 10] T
GNo [3] 9] o7

TOP VIEW
APPLICATIONS

e Character oriented data link control:
—-dedicated to one USART/USRT
-multiplexed among several

USART/USRTs

® Automated BISYNC with 2661 (minimal

software intervention)

* BCC and VRC generation/detection on

a block of memory or peripheral data

¢ Programmable ch ter array [

rator

BLOCK DIAGRAM

The PGC consists of six major sections.
These are the operation control, character
class array, DLE ROM, character register,
BCC and parity generators, and BCC regis-
ters. These sections communicate with
each other via an internal data bus and an
internal control bus. The internal data bus
interfaces to the CPU data bus via a data
bus buffer.

ORDERING CODE
COMMERCIAL RANGES
PACKAGES Ve = 5V + 5%, Ta = 0°C to 70°C
Ceramic DIP SC2653CSI116
Plastic DIP SC2653CSN16
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BLOCK DIAGRAM

DATA BUS A N N
ool e K > N —
DATA BUS
A
8 16
DLE DLE
DETECT
OPERATION CONTROL BCC AND VRC
-~
TR P UNIT
a0
MODE REGISTER 16
A §
p _>
STATUS REGISTER 2
AW ——a § B
TEG ———————O) § % BCC UPPER BCC LOWER
@

3|

T U
CHARACTER CLASS g
ARRAY S 8 I
E
PIN DESIGNATION
MNEMONIC PIN NO. TYPE NAME AND FUNCTION

VvCC 16 | +5V: Power supply

GND 8 ] Ground

A1-AO 11,12 | Address Lines: Used to select internal PGC registers or character class array

R/W 13 | Read/Write: Read command when low, write command when high

CEO 15 1 Chip Enable: Cc ted to chip enable input of a receiver/transmitter (R/T) circuit. It is used
to strobe data being transferred between the CPU and the R/T into the PGC character
register.

CE1 14 [ Chip Enable: Used in conjunction with the R/W signal to enable the transfer of data between
the PGC and the CPU or DMA controller and to initialize the PGC registers.

D7-DO 9,7-1 110 Data Bus: 8-bit three-state bidirectional bus used to transfer data to or from the PGC via CEO
or CE1. All data, mode words, command words, and status information are transferred on this
bus. DO is the least significant bit; D7 is the most significant bit.

INT 10 [0} Interrupt: Open drain active low interrupt output that signals the CPU that one or more
maskable conditions are true: BCC error, VRC error, BTC/SC detect, SSC detect. The_true
conditions can be determined by reading the status regist_er which in turn deactivates INT. A
power on, clear BCC, or ter reset ¢ d ¢ INT to be inactive (high).

Signetics 1.35
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Table 1. GLOSSARY

TERM/ABBREVIATION DEFINITION
BCC Block check character
BTC Block terminating character
SC Search character
SSC Second search character (preceded by DLE)
CRC-16 x16 + x15 + X2 + 1 divisor, dividend pre-cleared
CRC-12 X12 4+ x11 4+ x3 + X2 + X + 1 divisor, dividend
pre-cleared
LRC-8 Horizontal parity on least significant 7 bits; vertical
parity on most significant bit
VRC Vertical redundancy check (character parity)
R/T Receiver/transmitter circuit. Also known as
USART/USRT/UART/PCI/MPCC
BISYNC IBM binary synchronous communications (BSC),
ANSI X3.28, ISO 1745
MSB Most significant bit
LSB Least significant bit
Rx Receive
Tx Transmit

TYPICAL SYSTEM CONFIGURATION

TxC RxC

i

l————— ™0
USART

OR
USRT

j¢———— RxD

cPu A0

2653
PGC

iz

NOTES

1 Open drain INT may be OR tied with 2651 PCI, 2661 EPCI, or other open drain interrupt
Ouiputs

2 No external circuitry necessary If 2651 or 2661 1s the USART

Figure 1
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Operation Control Unit

This functional block stores configuration
and operation instructions from the CPU and
generates appropriate signals to control the
device operation. It also contains read and
write circuits to permit communications be-
tween the CPU and the PGC registers via
the data bus. The mode, command, and sta-
tus registers are in this logic block.

Character Register

Characters to be considered for BCC gen-
eration, parity generation and checking, or
character comparisons are loaded into this
register by either CEO or CE1. This register
serves as an input to the BCC and VRC gen-
erator, where the accumulation and parity
generation takes place. The character reg-
ister also serves as the input for character
class array and DLE comparisons.

Character Class Array

This 128 x 2 array holds the character class
associated with each of 128 possible 7-bit
characters. The array is zero after a master
reset. When the character class array is
loaded (see PGC Addressing), the charac-
ter on the data bus is placed in the class
specified by the contents of command regis-
ter bits CR2 and CR3. The PGC uses these
two command bits to represent four different
character classes. These are:

1. Normal class (included in the accumula-
tion)

2. SYN character/BISYNC not included
class

3. Block terminating character/search
class

4. Second search character class (preced-
ed by DLE)

These encoded character classes are used
by the PGC:

1. To control the BCC accumulation of as-
sociated characters in BISYNC modes
only. BCC accumulation in automatic or
single accumulation modes is carried out
independent of the character classes.

2. To detect characters and two character
sequences in all modes of accumulation
and to set the control character detect
bits in the status register.

It should be noted that any number of char-
acters (up to 128 for CRC-16 or LRC-8; up to
64 for CRC-12) can be put into any one
class.

If VRC is specified along with CRC-16 then
the least significant 7 bits of the character
are used for character array comparison. If
VRC is not enabled, but CRC- 16 is, the MSB
of the character then determines whether a
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character comparison is to take place. If the
MSB is 0, the comparison takes place; if the
MSB is 1, the comparison does not take
place and the character is processed as
though it were in the normal class. This en-
ables the PGC to detect all communication
control characters and DLE-SSC se-
quences.

Only the first 64 locations of the array are
accessed if CRC-12 is selected. The user
should right justify each six bit character
(D0-D5) to be written into the character
class array. Bit 6 must be zero.

If VRC is enabled, the generated parity be-
comes the most significant bit of the charac-
ter to be compared. VRC is not allowed in
BISYNC transparent mode.

The method in which the character register
contents is compared against the character
class array depends on the BCC polynomial
chosen. Figure 2 illustrates the comparison
process.

DLE Read Only Memory

The DLE characters are stored internally
and are selected by the error polynomial as
follows:

CRC-12: 01 1111

LCR-8 or CRC-16:
No VRC or odd VRC: 0001 0000
Even VRC 1001 0000

BCC and Parity Generator

This functional block performs all the neces-
sary computation to generate and update
the BCC accumulation on a character by
character basis. It contains the three gener-
ator polynomials (CRC-16, CRC-12, and
LRC-8) that can be selected to compute the
BCC. This block also checks and generates
odd or even parity for 7-bit (ASCII) charac-
ters.

BCC Registers

This block consists of two 8-bit registers
(BCC upper and BCC lower) which contain
the high and low order bytes of the BCC
accumulation. The result of the accumula-
tion from the BCC and parity generator is
stored in these registers. A recirculating
register address pointer is initialized by a
power on, master reset, or clear BCC com-
mand. The pointer alternately selects BCC
upper and lower on successive BCC register
accesses for CRC-16 or CRC-12. For LRC-
8, BCC upper is always selected.

BCC upper and lower are cleared by a clear
BCC or master reset command. The highest
term of the BCC polynomial is always repre-
sented by bit 0 of BCC upper; the lowest
term is always represented by bit 7 of BCC
lower (see figure 3, Orientation of BCC Poly-
nomials.)

CHARACTER CLASS ARRAY COMPARISON OPERATION
a) CRC - 16
NO DISABLE
COMPARISON
YES
ENABLE COMPARISON
ON LOWER 7 BITS
(D6 - DO)
MSB IS IGNORED
b) CRC - 12
ENABLE COMPARISON
ON LOWER 6 BITS
(D5 - DO)
MSB IS IGNORED
BIT 6 MUST BE 2ERO
) LRC-8
ENABLE COMPARISON
‘ON LOWER 7 BITS
(06 - DO)
MSB IS IGNORED
NOTE
Transparent mode always disables the SSC comparison
Figure 2

The length of the block check character de-
pends on the error checking polynomial that
is selected. If LRC-8 is chosen, the BCC
result is stored entirely in BCC upper. The
BCC lower remains unchanged from pre-
vious setting. Both BCC registers are used
when CRC-16 is specified. When CRC-12 is
selected, the block check character is 12
bits long. The six least significant bits of the
BCC are stored in the least significant bits
of the BCC lower. The remaining upper six
bits of the BCC are stored in least signifi-
cant bits of BCC upper. The two most signifi-
cant bits in each BCC register are filled with
zero.

The BCC register(s) are read by the CPU
after the last data character is transmitted.
They can then be sent to the R/T to com-
plete a transmitted block of data. These reg-
isters are read and loaded when one PGC is
time-shared by several R/ Ts. Refer to Appli-
cations Information - Multiplexed PGC.

PGC Addressing

Allinternal registers and the character class
array are selected by the unique address
codes shown in table 2.
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M) _ R(X) - - 1 o
G Q(x) +~G R WHERE R (X) = ApXP + Ap — 1XP + AgX!

M (X) - BINARY POLYNOMIAL (DATA STREAM)
G (X) FIXED DIVISOR TO GENERATE BCC
Q (X) - QUOTIENT AFTER BCC GENERATION

R(X) AFTER BCC
BCC LOWER
(8 BITS)
[ 2 —— 0o
AQX0 = e e e A7X?
CRC-16 = X16 + X15 + X2 + 1
D7 D§ D5 == —=———— 00
P Y (R — AgXS
CRC- 12 = X12 + x11
+X3+ X2+ x+1
[ S —— 00
(DON'T CARE)

LRC - 8 = HORIZONTAL PARITY ON 7 LSB
VERTICAL PARITY ON MSB

OR TRANSMITTED BITS (TO BE INCLUDED IN BCC ACCUMULATION)

ORIENTATION OF BCC POLYNOMIALS

BCC UPPER

@eiTs)
[ —— 00
AQXS —— e Arsx15
07 D D5 —===== 00

AgXE === Aqqx11

PARITY + (7-BIT LRC)

BITS (TO BE INCLUDED IN BCC ACCUMULATION)

‘OR TRANSMITTED

o} + T2 [ JoeH{ s [« [s [e [ 7 [ 2] o [ro] 11]12] 1] 1a]1s ] HoeH 16}

FEEDBACK DATA

'OPERATION OF BCC REGISTER FOR CRC - 16 BCC
ACCUMULATION (SIMPLIFIED)

Figure 3

OPERATION OF BCC REGISTER FOR LRC BCC
ACCUMULATION (SIMPLIFIED)
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Table 2. ADDRESS CODES

CEO | CE1 | A1 | AO | R/W FUNCTION
[o] o] X X X Operation not guaranteed
(o] 1 o] o] o] If MR2 = 0 load data bus into character register
If MR2 = 1 PGC not selected’
(o] 1 [o] (] 1 If MR2 = 1 load data bus into character register
If MR2 = 0 PGC not selected’
0 1 0o 1 X PGC not selected!
o] 1 1 (o] X PGC not selected'’
0 1 1 1 X PGC not selected!
1 o] o] (o} 0 Read character register
1 0 (o} [o} 1 Load data bus into character register if MR1,0
# 002; write character class array using CR3,
CR2 class code if MR1,0 = 0034
1 0 o] 1 0 Read Status register
1 (o] [o] 1 1 Write command register
1 [o] 1 (o] o] Read mode register
1 (] 1 0o 1 Write mode register
1 0 1 1 0 Read BCC upper/lower5
1 [0} 1 1 1 Write BCC upper/lower®
1 1 X X X PGC not selected’
NOTES
1 Data bus 18 3-state
2 Ci will not be unless MR3 = 1
3. C will not be even If MR3 = 1
4 The mode bits MR1 and MRO are cleared to 00 by power-on-reset, master reset, or by

loading the mode register bits MR1 and MRO

Ll

Recirculating internal pointer selects BCC Upper on first access, BCC lower on next

access for all BCCs except for LRC-8; in case of LRC-8, the pointer only selects BCC

upper.

INTERFACE SIGNALS AND TIMING
PGC data transfers are controlled by A1, AO,
and R/W which must be stable prior to the
active low going chip enable pulse. CEO is
used for PGC monitoring of data transfers
between a CPU/DMA controller and a R/T;
CE1 is used for direct CPU-to-PGC trans-
fers. MR3 must be set prior to loading the
character register in order to accumulate or
compare characters via CE1. The active low
(leading) edge of chip enable initiates a
PGC read/write cycle; the rising (trailing)
edge ends the cycle and also serves as a
write strobe.

When loading the character, mode, or com-
mand register, the data bus is strobed into
the selected register on the trailing (rising)
edge of the appropriate CE. When writing
into the character class array, the data on
the bus (the special character) is placed in
the class specified by command register
bits CR3 and CR2.

Characters are transferred into the charac-
ter register when CEO is active (low) de-
pending on the state of MR2 and the R/W
input. Characters from the R/T are loaded

into the character register when in receive
mode (MR2 = 0 and R/W = 0) while
CPU/DMA characters are loaded into the
character register when in transmit mode
(MR2 = 1 and R/W = 1). The time between
C utive chip bles is given by tcgc
or tCED-

The open drain active low interrupt signal
(INT) goes active whenever one or more of
four maskable status conditions (SRO-SR3)
are true (= 1). A status read deactivates
INT.

The same techniques used in interfacing the
2651 PCl to 8-bit microprocessors can be
used to interface the 2653 PGC (consult Ap-
plication Note M22). Note that when ad-
dressing the R/T’s holding registers, the
PGC pins must have A1,A0 = 00 and that the
address and R/W signals must be stable
(set up) prior to the active low chip enable.
When using the 2651 or 2661 as the R/T,
the PGC's A1, A0, R/W, and CEO are direct-
ly connected to comparable 2651 or 2661
signals. Schematics of a 2653 monitoring
data transfers to/from the Signetics
2651/2661 and 2652 are shown in figures 4
and 5.

An alternate interfacing technique is to treat
the PGC as an independent peripheral de-
vice. This necessitates a write character
register instruction after the CPU reads or
writes a character to or from the R/T.

2651 OR 2661/2653 INTERFACE
R
+—M/v—o +5v
NTERRUPTS TXRDY, AADY, TREMT/DSCHG 1
——» TxD
.~ DB7 — DBO N fe—— RxD
(" r) 2651/61
R/W, A1, AO pal
x> |—— TxC
T
|—— RxC
CPU
2653
TEo PGC
3]
R
L L MA—O +5v
Figure 4
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INTERRUPTS

2652/2653 INTERFACE
TYPICAL PROTOCOLS: BISYNC, DDCMP, SDLC, HDLC

TxBE, TxU, RxDA, RxSA

{

DB7 - DBO

N
) 2652 — TxD
1 4

MPCC
j«—— RxD

A2

A1

Ao
R/W

f«—— TxC

DBEN «— R

CE

crPU

DB7 - DBO

w |

Figure 5 +5v

(OPEN DRAIN)

PGC PROGRAMMING

The PGC operational mode must be initially
programmed by the CPU (see figure 6). The
mode register, command register and char-
acter class array should be written into,
after a power-on-reset or a master reset
command. The character class array should
be programmed only for the classes perti-

places all characters in the normal class
(included in the BCC accumulation).

OPERATION

The PGC should be initially configured by
the CPU (via CE1) prior to systems oper-
ation. This is done by loading the mode reg-
ister, command register and character class

register for BCC accumulation, VRC
generation/checking, BTC/SC and DLE-
SSC comparisons. See table 3 for a sum-
mary of BCC accumulation modes.

BCC accumulation depends on the mode se-
lected.

BISYNC Normal

In BISYNC normal mode, all characters load-
ed into the character register are accumu-
lated except those in the SYN/BISYNC not
included class. During receive (MR2 = 0), a
BTC/SC match will cause the BCC accumu-
lation to stop after the next one (LRC-8) or
two (CRC-12 or CRC-16) characters have
been accumulated. At that time, if the BCC
accumulation does not equai zero, the BCC
error bit (SRO) will be set and INT will go
active if the corresponding mask bit (CR4) 1s
enabled (= 1). In transmit (MR2 = 1), the
BCC accumulation is automatically stopped
once the BTC/SC character has been accu-
mulated. The CPU must read the BCC upper
and BCC lower (CRC-12 or CRC-16) regis-
ter(s) and transmit them to the R/T.

Note that the received BCCs are not subject
to VRC if CRC-16 is selected. If LRC-8 is
selected, the received BCC is subject to
VRC. An incorrect result will set the VRC
error bit (SR1). After its accumulation, the
least significant 7 bits of BCC upper are
checked and a non-zero result will set the
BCC error bit (SR0). BCCs are not checked
against the character class array nor are
they compared to the DLE ROM.

Second search character (SSC) detection
is enabled so that a DLE-STX or two charac-

nent to the application. After a master reset, array (see PGC PROGRAMMING). Charac-  ter cc ication control seq e can be
the character class array is zero which ters may then be loaded into the character  detected.
Table 3. SUMMARY OF BCC ACCUMULATION MODES
ACCUMULATION START STOP CHARACTERS EXCLUDED
MODES ACCUMULATION ACCUMULATION FROM ACCUMULATION
BISYNC normal and Clear BCC registers command After BTC has been detected | SYN/BISYNC not included
BISYNC transparent and received BCC is class in normal mode
Mode register is loaded with accumulated
BISYNC or automatic mode DLE-SYN/not included class
After transmitted BTC has been | and first DLE of a DLE non SYN
Start accumulation command accumulated pair in transparent mode
These characters are not ex-
Load BCC registers Single mode is selected cluded if preceded by an odd
number of DLEs
Automatic Same as above Single mode selected None
Single Start accumulation command After each character has been | Up to user who must generate
accumulated start accumulation command
for each character to be includ-
ed
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PGC PROGRAMMING

POWER ON

MASTER RESET COMMAND
CR1,CRO = 11

LOAD COMMAND REGISTER
WITH CR3, CR2 = 01
(SYN/NI CLASS)

WRITE SYN/BISYNC NOT
INCLUDED CHARACTERS INTO
CHARACTER CLASS ARRAY

LOAD COMMAND REGISTER
WITH CR3, CR2 = 10
(BTC/SC CLASS)

ARRAY

WRITE BTC/SC CHARACTERS
INTO CHARACTER CLASS

LOAD COMMAND REGISTER
WITH CR3, CR2 = 11
(SSC CLASS)

ARRAY

WRITE SSC CHARACTERS
INTO CHARACTER CLASS

LOAD MODE REGISTER

WITH MR1, MRO = 01, 10, or 11
(FOR SELECTED BCC
POLYNOMIAL)

Figure 6

BISYNC Transparent

BISYNC transparent mode should be used
for data blocks beginning with DLE-STX if
the DLEs are transferred between CPU and
R/T (CEO) or CPU and PGC (CE1), i.e., DLEs
are not stripped. VRC should be disabled in
this mode. Characters excluded from the
BCC accumulation are the first DLE of a
DLE-non SYN sequence pair and the DLE-
SYN sequence if not preceded by an odd
number of DLEs. For example, consider the
following transparent mode character string:

DLE DLE SYN DLE DLE
f !
exclude include exclude
both

include

In receiwve and transmit modes, the termina-
tion of BCC accumulation works exactly as
in BISYNC normal, except that the BTC/SC
must be immediately preceded by an odd
number of DLEs to be identified as a
BTC/SC.

Second search character detection is not
enabled in BISYNC transparent.

After a BTC/SC class character is detected
by the PGC when receiving in either BISYNC
mode, the following one or two characters

DLE SYN DLE ETX
f f !
exclude exclude include
both

Signetics

are accumulated (depending on LRC-8 or
CRC-12/ 16, respectively) and the PGC will
automatically stop further accumulation.
However, the PGC can continue the
accumulation if a start accumulate com-
mand is issued or either BISYNC mode is
loaded into the mode register. The start ac-
« late cc d should be given to the
PGC before loading the character that fol-
lows the detected BTC/SC. This procedure
enables a special search character to be
detected (the BTC/SC detect bit (SR2) will
be set and an interrupt generated if CR6 =
1) with the BCC accumulation continuing
(see figures 7 and 8).

Automatic Accumulate

All characters loaded into the character
register are accumulated, BTC/SC and SSC
detection is enabled. The BCC accumulation
is not automatically terminated. (The CPU
must use single accumulate mode to stop
the accumulation). When in receive mode,
the BCC error bit (SRO) is set/reset after
accumulating each character so that the
CPU must examine this bit after the last
character is accumulated. SRO = 0 if the
accumulated remainder in the BCC regis-
ter(s) is zero; otherwise SRO = 1. Examples
of use of automatic accumulate mode usage
include an R/T (2651/2661) in transparent
DLE/SYN strip mode and asynchro-
nous/synchronous/parallel DDCMP.

Single Accumulate

All characters for which a start accumulate
command (CR1, CRO = 01) is given are ac-
cumulated and compared against the char-
acter class array. If not given, the BCC ac-
cumulation is not updated and BTC/SC and
SSC detection is disabled. Operation in this
mode is otherwise identical to automatic ac-
cumulate.

Single accumulate mode can be used to se-
lectively accumulate characters under CPU
control or to accumulate characters that
were unintentionally excluded in one of the
other modes.

Polynomial Selection and DLE
Comparison

The BCC polynomial may be CRC-16, CRC-
12 or LRC-8. The cyclic redundancy check
(CRC) is generated by dividing the binary
value of a character in the character regis-
ter by the selected polynomial. The quotient
is discarded and the remainder is used as
the BCC (two 6-bit characters for CRC-12,
two 8-bit characters for CRC-16). CRC-16
uses all 8 bits of each BCC register. CRC-12
uses the least significant 6 bits of the BCC
registers. The two most significant bits of
the BCC registers are cleared to zero when-
ever CRC-12 is selected (see figure 3).
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EXAMPLES - BISYNC TEXT MESSAGE BCC ACCUMULATION

SHADED AREAS ACCUMULATED CHARACTER CLASS ARRAY
Rx = RECEIVE MODE SYN/BISYNC NOT INCLUDED SYN, SOH
NO DLE/SYN STRIPPING BTC/SC ETX, ETB, ITB, ENQ

S§SC STX

CRC - 16 OR CRC - 12
~—

1 l SYN SYN SOH E-‘W" STX| ae 4o svs it ETXE i E:Ci R)Ci PAD4I
SET BISYNC BTC BCC ERROR (Rx) IF
NORMAL MODE DETECT ACCUMULATION # 0
(ALL EXAMPLES) ACCUMULATION STOPPED
AFTER 2ND BCC NO

PARITY CHECK ON BCCS

LRC -8

~A—

2 lim SYN ES"I’XQr Eatenraneel i SYN SYN I m‘r«¥ ’@C}:li PAD ]
t v '

CPU RESETS BCC BTC BCC ERROR (Rx) IF 7 LS BITS
REGISTERS AFTER DETECT OF BCCy # 0 VRC ERROR IF
SOFTWARE DETECT MS BIT IS INCORRECT PARITY
OF STX THIS AACCUMULATION STOPPED AFTER
EFFECTIVELY 18CC
EXCLUDES STX
| BLOCK 1 | } BLOCK 2 |

. [ SYN SYN SOH !mwmwsnp-mum«rraj E accscc}wi SYN SYN {ﬁssrx}M DLE
¥ ' '

8TC OPTIONAL  SSC
DETECT DETECT
SET BISYNC
TRANSPARENT
POSSIBLE BCC ERROR
(IF SO RESET BCC
REGISTERS)
RESET BCC REGISTERS OR
_SET BISYNC NORMAL

a I SYN SYN SOH ‘m——usmsgimwﬁwe&oﬁz_ramglﬂximslgtﬂgt;v!lu: smlm.z

ssc POSSIBLE
DETECT DETECT  BCC ERROR
SET BISYNC

TRANSPARENT

| BLOCK 1 | BLOCK 2 '

I T 1
5 I SYN  SYN ‘ DLE - STX i.mm-i SYNSYN l DLE SYN lm.s [DLE* s l DLE ily;!acc_la.gcisu l«....i Erxisccl accl PAD]

|

ssc BIC  POSSIBLE B1C
DETECT DETECT  BCC ERROR DETECT
SET BISYNC ‘
TRANSPARENT AND POSSIBLE
RESET BCC BCC ERROR
RESET BCC REGISTERS REGISTERS
(IF BCC ERROR)
NOTES AND SET BISYNC
1. BCC error only for receive mode In transmit mode, CPU must respond to BTC detect by NORMAL

reading the BCC register(s) and sending them to the R/T The accumulation is stopped
after the BTC 18 accumulated

2. ENQ (DLE-ENQ) in a text message should be treated as an abort

3. Opening SYNs may be stripped by the R/T

4 The single accumulate mode and command can be used to accumulate a character that

was (For le, the DLE of a DLE-STX if the PGC was in

transparent mode and there was not a line turnaround prior to the DLE) The single
accumulation should be done using CE1 after the BCC(s) have been accumulated

Figure 7
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BTC/SC EOT, NAK

SSC ACKO, ACK1, WACK, RVI
SINGLE ACCUMULATION MODE
STOPS BCC ACCUMULATION

EXAMPLES - BISYNC CONTROL MESSAGES

1 I SYN SYN IEOTIPADI SYN SYN ID(-- I ENQI

CONTROL STATION POLL.
‘OR SELECTION OF A
STATION

' '

BTC/SC
DETECT

¢ REPRESENTS A UNIQUE POLLING OR SELECTION ADDRESS

2 Iiﬂ S'Nl ACK o l
'

ssC
DETECT

°
t

BTC/SC
DETECT

4 I SYN  SYN I WACK ]

b

SSC
DETECT

s [ [ = ]
'

ssc
DETECT

NOTES

character of the DLE-SSC sequence

BTC/SC
DETECT

1 BCC accumulation should be ignored for control messages This can be effected by
single accumulate mode without single accumulate commands
2 Characters programmed as SSCs should be the binary equivalent of the second

Figure 8

TRIBUTARY STATION PREPARED TO
RECEIVE OR POSITIVE ACKNOWLEDGMENT
OF EVEN NUMBERED TEXT BLOCK

TRIBUTARY STATION NOT READY TO
RECEIVE OR NEGATIVE ACKNOWLEDGMENT
‘OF TEXT BLOCK

TRIBUTARY STATION TEMPORARILY
NOT READY TO RECEIVE

REVERSE INTERRUPT FROM RECEIVING
STATION TO REQUEST TERMINATION
OF THE CURRENT TRANSMISSION
BECAUSE THE RECEIVER WANTS TO
TRANSMIT

When the PGC is in receive mode (MR2 =
0), the received BCC will be accumulated.
The result will be zero for an error free mes-
sage.

CRC-12 is used with 6-bit codes. The inter-
nal 6-bit transcode DLE character hex 1F is
selected by CRC-12. VRC should be dis-
abled (MR4 = 0) for CRC-12 operation. The
two most significant bits of the character
register are ignored when compared to the
internal 6-bit DLE. When the character is
checked against the character class array,
the MSB is ignored and the next MSB (bit 6)
is assumed to be zero. If CRC-12 is speci-
fied, the user must write to the character
class array with bit 6 cleared.

CRC-16 or LRC-8 implies the use of ASCIl or
EBCDIC although any 7-bit plus parity or 8-
bit no parity code may be used (with DLE =
hex 10 or hex 90). The DLE character com-
pare is on an 8-bit basis with the generated
parity (if VRC is enabled) as the MSB. When

the character is compared against the char-
acter class array, the MSB is not used. This
may result in a false BTC or SSC detection if
there is a VRC error. However, the VRC er-
ror bit (SR1) will be set under that condition.

The LRC-8 is generated by the exclusive OR
of the 7 least significant bits of the charac-
ter register and the BCC upper. The most
significant bit of the LRC-8 check character
is a vertical odd/even parity bit (MRS =
0/ 1), which is generated on the least signifi-
cant bits of that character. The selection of
LRC-8 implies VRC is enabled and that only
the BCC upper is used for the BCC accumu-
lation. The BCC lower remains unchanged
from previous setting.

VRC Generation and Detection

Parity (VRC) is enabled by MR4 and speci-
fied as odd or even by MRS. VRC should be
disabled when in BISYNC transparent mode
and whenever CRC-12 or CRC-16 (EBCDIC)

Signef

is selected as the BCC polynomial. MR4 = 1
enables VRC generation and detection for
both receive and transmit operations. Char-
acters loaded into the character register will
have VRC generated on the least significant
7 bits with the generated parity bit written
into the character register MSB. If the gen-
erated parity does not match the MSB of the
loaded character, the VRC error bit (SR1) is
set and INT asserted if the corresponding
mask bit was enabled (CRS = 1). Thus, if 7-
bit characters are to be transmitted with
VRC, CRS5 should be zero and SR1 ignored.
8-bit characters with a VRC bit in the MSB
position are parity checked by the PGC in
both transmit (to R/T) and receive (from
R/T) modes, i.e., the PGC operates as a
data bus parity checker.

CHARACTER CLASSES

Normal (Included in the
Accumulation)

Any character that belongs to this class is
normal data, i.e., the character is not a com-
munication control or other special charac-
ter. Characters in this class are always ac-
cumulated in BISYNC, automatic and single
accumulation modes.

SYN Character/BISYNC Not
Included

SYN characters are never accumulated in
BISYNC normal accumulation mode. In
BISYNC transparent acc on mode,
the DLE-SYN character pair is not accumu-
lated, but a SYN not preceded by a DLE is
acc lated. (DLE is implied as an odd
number of DLES).

Block Terminating Character
(BTC)/Search Character (SC)

BTC/SC characters have two functions in
the PGC: ter tion of BCC ac lation
and character detection. In BISYNC trans-
parent mode, a BTC/SC must be preceded
by an odd number of DLEs to be recognized.

« Termination of BCC
Accumulation
In BISYNC normal and transparent accu-
mulation modes, the PGC will stop the ac-
cumulation upon the detection of the
BTC/SC character. Examples of BTCs
are ETX, ETB, ITB, ENQ.

In receive mode, the accumulation is
stopped after the following one (LRC-8)
or two (CRC-12, CRC-16) character(s)
have been accumulated. In transmit
mode, the accumulation is stopped after
the BTC/SC character has been accumu-
lated. The BTC/SC character is always
accumulated in all of the accumulation
modes.
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o Character Detection

BTC/SC characters will be detected in
any of the four accumulation modes when
that character is being accumulated. The
BTC/SC status bit (SR2) is set on detec-
tion. Since detection also stops BISYNC
BCC accumulation, the BISYNC accumu-
lation must be restarted if the character is
not a BTC. This can be effected by load-
ing BISYNC mode into the mode register
or generating a start accumulation com-
mand.

Second Search Character

Class (SSC)

Control functions in character oriented data
link control procedures can be represented
by a sequence of two characters, the first
character being a DLE. Examples include
ACKO, ACK1, WACK, RVI, DISC, WBT and
the initiation of transparent text (DLE-STX).
The PGC will detect such sequences, ex-
cept in BISYNC transparent mode, when an
SSC class character is being accumulated
after being immediately preceded by an odd

Table 4. PGC REGISTER BIT FORMATS

number of DLEs. Under those conditions, the
SSC status bit (SR3) will be set.

The SSC character is always accumulated
in all of the accumulation modes.

REGISTER BIT DESCRIPTION

The operation of the PGC is determined by
programming the mode register and the
command register. The status register pro-
vides feedback on potential interrupt condi-
tions. Formats of these registers are shown
in table 4.

MR7 MRS MRS MR4 MR3 MR2 MR1 MRO
ACCUMULATION MODES —————/ L &cc pouvnomaL
00 SINGLE 00 START UP MODE
01 AUTOMATIC 01CRC - 16
10 BISYNC NORMAL 10 CRC - 12
11 BISYNC TRANSPARENT 11LRC-8
PARITY RECEIVE/TRANSMIT
0000 0 RECEIVE
1EVEN 1 TRANSMIT
VAC ENABLE ENABLE ACCUMULATION
(=1 WITH CE1
=1
MODE REGISTER
cn? cRe cRs cR4 cR3 cR2 cR1 cRo
fp—
SECOND SEARCH L oNe-TiME cOMMANDS
CHARACTER DETECT 00 NOP
INTERRUPT 01 START ACCUMULATION
ENABLE = 1 10 CLEAR BCC REGISTER
11 MASTER RESET
BTC/SC DETECT
INTERRUPT
ENABLE = 1 cLAsS
00 NORMAL CLASS
01 SYN/NI CLASS
10 BTC/SC CLASS
VRC ERROR 11 SSC CLASS
L T
ENABLE = 1
8CC ERROR
INTERRUPT
ENABLE = 1
COMMAND REGISTER
SA? sRe SRS sha SR3 sr2 SR sRo
cA? __T I.__ BCC ERROR
=1
cRe VRC ERROR
(=1
cRs BTC/SC DETECT
(=1
R $SC DETECT

STATUS REGISTER

(=1
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Table 5. BCC ACCUMULATION BY CHARACTER CLASS

BISYNC BISYNC AUTOMATIC SINGLE
CR3 CR2 CLASS NORMAL TRANSPARENT ACCUM ACCUM
o 0 Normal Yes Yes Yes Yes
0 1 SYN/BISYNC No Yes, unless preceded by Yes Yes
not included an odd number of DLEs
1 0 BTC/SC Yes Yes Yes Yes
1 1 8SC* Yes Yes Yes Yes
NOTE

*Preceded by DLE

Mode Register

The mode register defines general PGC op-
eration characteristics. MR1 and MRO = 00
permit the character class array to be pro-
grammed. These bits will be zero after a
power on or master reset command. After
the character class array is programmed,
these bits should be set to 01, 10, or 11 to
select the CRC-16, CRC-12 or LRC-8 poly-
nomials.

MR2 (Tx/Rx) determines whether or not the
PGC is to generate (Tx) or generate and
check (Rx) the BCC. It is used with R/W to
determine if the data bus is to be loaded into
the character register when CEO, CET1, A1,
AO = 0100.

If MR2 = 1: 1) the PGC will generate the
BCC, but will never set the BCC error bit
(SRO). 2) If the R/W pin is high when CEO,
CET, A1, A0 = 0100, then the data bus will
be loaded into the character register. If R/W
is low under these conditions, the PGC is not
selected.

If MR2 = 0: 1) the PGC will accumulate the
BCC and set the BCC error bit (SR0O) when
appropriate. 2) If the R/W pin is low when
CEO, CE1, A1, AO = 0100, then the data bus
will be loaded into the character register. If
R/W is high under these conditions, the
PGC is not selected.

MR3 is a CE1 accumulate/compare enable
bit. If MR3 = 0, characters loaded into the
character register by CE1 are not accumu-
lated, checked against the character class
array, or compared to the DLE ROM. Parity
will be generated and checked if VRC is en-
abled (MR4 = 1). The primary use of MR3 =
0 is to generate parity on a 7-bit character
which is to be transmitted to an R/T. The
CPU loads the character register with the 7-
bit character and reads the 8-bit VRC gener-
ated character via CE1. This 8-bit character
is then transferred to the R/T via CEO. An-
other application of MR3 = 0O is for a CPU to
interleave parity checking on memory data
(CEN) with on line R/T data transfers (CEO).

If MR3 = 1, characters loaded into the char-
acter register by CE1 will be accumulated
(according to the BCC accumulation mode
selected) and compared against the char-

acter class array and DLE ROM. This bit
setting should be used when the CPU/DMA
controller sends data characters to be ac-
cumulated or compared to the PGC and the
R/T is inactive (off line). If the R/T were
active, then a DLE or BTC loaded into the
character register via CEO would cause in-
correct accumulation and character com-
parisons if the next character was loaded
via CET.

MR4 is a VRC enable bit. f MR4 = 1, VRC is
enabled as odd/even by MRS. VRC is gen-
erated on the 7 LS bits of the character and
the MS bit is checked against the generated
parity. If not equal, SR1 is set. If MR4 = 0,
VRC is not enabled. MR4 = 0 is used for
BISYNC transparent mode with ASCIl code,
and for both BISYNC modes for EBCDIC and
SBT.

MRS is an odd/even VRC bit. If MRS = 1, the
total number of 1 bits in the character in-
cluding the parity bit is even. If MR5= 0, the
total number of bits is odd. This bit is
ignored if MR4=0.

MR7, MR6 select the BCC accumulation
mode. These modes have been previously
discussed in the operation section.

Command Register
The cc d regi % four inter-
rupt enables, a 2-bit character class code
used when programming the character class
array, and 2 bits that specify three one time
commands and a NOP.

CR1, CRO = 00 is a NOP. This bit setting is
used when changing CR7-CR2 without af-
fecting any of the 3 one time commands.

character accumulated is the character that
is in the character register at the time the
command is given. The accumulation stops
immediately after the character has been

lated. If the cc d is given in ei-
ther of the BISYNC or automatic accumula-
tion modes, it enables the PGC to accumu-
late the BCC starting with the next character
loaded into the character register. This is a
means of restarting a BISYNC normal accu-
mulation after detection of a BTC/SC that is
not a valid BTC (example; CR, LF, TAB). In
all accumulation modes, a previously de-
tected DLE will not be cancelled by this
command.

CR1, CRO = 10 is a clear BCC registers
command. Both BCC registers are cleared
along with the associated internal pointer
and SRO-SR3. The pointer points to BCC up-
per. INT is forced high. This command per-
mits BCC accumulation, starting with the
next character loaded into the character
register in BISYNC or auto modes. Single
accumulate mode requires a start BCC ac-
cumulation command.

CR1, CRO = 11 is a master reset command.
All internal registers (except the character
register), the internal pointer, and the entire
character class array are cleared. INT is
forced high.

CR3 and CR2 are used for programming the
character class array. During a write char-
acter class array instruction, the character
corresponding to the 7 LS bits of the data
bus is placed in the class contained in CR3
and CR2. The encoded character classes
control the accumulation of the associated
character as shown in table 5.

CR1, CRO = 01 is a start BCC acc lati
command. In single accumulation mode, the

Detection operates under the conditions
shown in table 6.

Table 6. BTC/SC AND SSC DETECTION CONDITIONS

BISYNC BISYNC AUTO SINGLE
CLASS NORMAL TRANSPAR- ACCUM ACCUM
ENT
BTC/SC Yes Yes* Yes Yes t
SSC Yes* No Yes* Yes*t
NOTES
* Only if immediately preceded by an odd number of DLEs
t Start y for
Signetics 1-45
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CR7, CRe CR5 CR4 are interrupt enables
that i iNT when
the corresponding status register condition
is true (set). Each bit is set in order to en-
able INT upon the condition. Each bit is reset
to disable INT upon the condition. The state
of these bits may be read via the status
register (SR7, SR6, SRS, SR4).

The corresponding status bits (SR3, SR2,
SR1, SRO) are set independent of the inter-
rupt bles. The bit i ts are:

CR4 - BCC error interrupt enable

ble/disabl

CRS5 - VRC error interrupt enable
CR6 - BTC/SC detect interrupt enable
CR7 - DLE-SSC detect interrupt enable

Status Register

This register reflects the status of the 4 con-
ditions that are potential interrupt (INT)
sources and the 4 interrupt enables in the
command register. A status register read
clears SRO, SR1, SR2, SR3 and deactivates
INT. These bits are also cleared by a master
reset or clear BCC command.

SRO is a BCC error bit. This bit can only be
set in receive mode (MR2 = 0). In BISYNC
normal and BISYNC transparent modes, SRO
will be set/reset once the accumulation has
been stopped by the detection of the
BTC/SC character and accumulation of the
BCC(s).

In automatic and single accumulate modes,
SRO is set/reset after each character in the
character register has been accumulated.

The rules for the detection of a BCC error
are:

SRO = 1 LRC-8: 7 least significant bits
of BCC upper # 0
CRC-12, CRC-16: BCC upper

or BCC lower # 0

LRC-8: 7 least significant bits
of BCC upper = 0

CRC-12, CRC-16: BCC upper
and BCC lower = 0

SRO=0

SR1 is a VRC error bit. When set, this bit
reports a character parity error (on receive
or transmit) when parity is enabled (MR4 =
1). Parity is odd/even as specified by MR5.
The parity bit will be regenerated in the
character register.

SR2 is a BTC/SC detect bit. When set, this
bit indicates the character being acc lat

only be set when in BISYNC normal, auto, or
single accumulate modes. When set, it indi-
cates that the character being accumulated
is of the SSC class when that character was
immediately preceded by an odd number of
DLEs.

SR7, SR6, SR5, SR4 are interrupt enables.
These 4 bits reflect the state of the inter-
rupt enable command bits CR7, CR6, CR5,
and CR4, as follows:

SR4 - BCC error

SRS6 - VRC error

SR6 - BTC/SC detect
SR7 - SSC detect

APPLICATIONS INFORMATION

Dedicated PGC

The most efficient use of the 2653 is to dedi-
cate one to each R/T for two way alternate
(half duplex) operation or two to each R/T
for two way simultaneous (full duplex) oper-
ation (see figure 9). The CPU configures
each PGC (using CE1) by initializing the
mode register, cc d register, and char-
acter class array. Data transfers to or from
the R/T can then be on a DMA basis with
each receiver holding register ready signal
used as a read request (RREQ) and each
transmit holding register available signal
used as a write request (WREQ) to the DMA
controller. The CPU needs only to respond
to enabled interrupts from each of the PGCs.
The individual INT outputs can be wire-OR'd
into a single CPU interrupt (INTRPT) with one
pull up resistor. Each PGC in this system has
a unique address that is decoded into the
respective chip enables.

The CPU or DMA controller could send a
block of memory data to the PGC to be error
checked without sending that data to the
R/T. In that case, CET is used.

Multiplexed PGC

One PGC may be time-shared among a few
R/Ts if the CPU saves and restores the
mode register and partial BCC result in the

BCC registers. These registers are
accessed via CE1. There must be a sepa-
rate save area for each R/T (serial channel)
and a channel pointer indicating the last R/T
that transferred or received a data charac-
ter (see figure 10).

The loading of the BCC registers will clear
SRO-SR3 and all previously detected spe-
cial characters, i.e., DLE, BTC/SC, BCC
(BISYNC modes). The BCC accumulation
will start again when the next character is
loaded into the character register in all ac-
cumulation modes except single. That mode
requires a start accumulation command.

Figures 11 and 12 represent software flow
diagrams for transmit and receive service
requests. Note that interrupts from all other
R/Ts must be masked during a read or write
to the BCC registers so as not to affect the
internal BCC address pointer. It is recom-
mended that all R/T interrupts be masked
while servicing an interrupt that accesses
any PGC register.

BISYNC Operation

Table 7 is a concise listing of 2651/2661
operating modes with recommended corre-
sponding 2653 BCC accumulation modes.

Character Comparator

The PGC can be used as a programmable
data bus character comparator which moni-
tors data bus transfers (CPU—peripheral,
CPU—CPU, CPU—memory, memory—peri-
pheral (via DMA)). The user selectively
loads the character class array with
BTC/SC and SSC characters to be com-
pared. Status bits will be set and an interrupt
can be generated upon SC and DLE - SSC
detection. A match on one to 128 different
characters or DLE - SSC sequences can be
programmed.

Figure 13 depicts an arrangement where the
DMA controller or siave CPU handles data
bus transfers, the PGC interrogates the data
bus, and the host CPU responds to PGC
interrupts.

Table 7. BISYNC (ANSI 3.28, ISO 1745) Modes for 2651/2661 and 2653

2651/2661
OPERATING MODES

2653
BCC ACCUMULATION MODE

Sync normal non-strip

BISYNC normal

Sync transparent non-strip

BISYNC transparent

Normal SYN/DLE strip’

BISYNC normal

ed is of the BTC/SC class for BISYNC nor-
mal, automatic and single accumulate
modes. In BISYNC transparent mode, the
BTC/SC character being acc lated must

Transparent SYN/DLE strip!

Automatic accumulate?

Async (with SYN/DLE
characters)

BISYNC normal

be immediately preceded by an odd number
of DLEs for this bit to be set.

SR3 is a DLE SSC detect bit. This bit can

1-46
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could be inadvertently stripped
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ONE PGC PER RECEIVER/TRANSMITTER
WREQABC
r RREOABC
ADDR - Tx0
by REC/XMT
R/W
prer ol e— o
MEMORY
ACCESS
L. WREQA
...... ... pac RREQA
TET TEo
—— ™0
REC/XMT
cou (‘ fe—— RxD
\
DATA, CONTROL, ADDRESS L. WREQg
— i .. paC RREOB
: - T
& TEd
ADVANTAGES
@ HIGHER THROUGHPUT WITH DMA |~ 0
@ NO SOFTWARE OVERHEAD FOR
MULTIPLEXING REC/XMT
fe— Rx0
RITs USE DEDICATED PGCs TO GENERATE L. WREQC
AND DETECT BOTH VRC, LRC, CRC AND
SPECIALCHARACTERS e e PGC RREQC
TE TEO
rmm—~—
FROM CPU
Figure 9
PGC SERVICES MULTIPLE RECEIVERS/TRANSMITTERS
1| abpress
1! pata
1 oRw
1
—— ™o
Dl e
L . «—— RxD
CEo
READ/WRITE
MEMORY
—— ™o
D oo
. «—— RxD
Ceo
|—— TxD
e REC/XMT
M ADDRESS, DATA, R/W, CEO < RxD
ADDR
cru DATA R/W
CTET
Teo
pac
NT
ONE PGC IS TIME-SHARED BY THREE R/Ts
THE CPU READS AND RESTORES THE PARTIAL BCC
REMAINDER FOR EACH SERIAL CHANNEL
Figure 10
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MULTIPLEXED PGC - TRANSMIT TOR/T

Tx HOLDING REGISTER AVAILABLE

READ BCCy, 1 AND STORE IN BCC

SAVE AREA SPECIFIED BY CHANNEL

POINTER
READ MODE REGISTER AND STORE
IN SAVE AREA

YES

LOAD CHARACTER INTO
R/T AND PGC VIA CEO

CHECK STATUS BITS
AND PROCEED AS
REQUIRED

| ~ CHANNEL
POINTER

Figure 11

‘CHANNEL i
BCC AND MODE
DATA
~BCCy,1
AND

MODE REGISTER

MULTIPLEXED PGC - RECEIVE FROM R/T

Rx HOLDING REGISTER READY

SAVE AREA

READ BCCy,1 AND STORE IN BCC SAVE
AREA SPECIFIED BY CHANNEL POINTER
READ MODE REGISTER AND STORE IN

CHANNEL | BCC AND MODE DATA BCCy, 1

il

L READ PGC STATUS REGISTER

‘CHECK STATUS BITS AND
PROCEED AS REQUIRED

YES
AND MODE REGISTER
j—~ CHANNEL POINTER
READ CHARACTER
FROM R/T AND LOAD
INTO PGC VIA

Figure 12
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PGC DATA BUS MONITORING WITH DMA TRANSFERS
NT
l A0, A1, R/W
CET
PGC
DEVICE
crPu DATA BUS 8/
7
SLAVE CPU
TEO
R/W MEMORY
M,
MC
APPLICATIONS INCLUDE CHARACTER ARRAY
COMPARISONS, VRC AND/OR BCC CHECKS
ON THE DATA BUS DMA*
CconTroLLER | TEO
NOTE
*CPU imitializes DMA controller for each block transfer of data
Figure 13
ABSOLUTE MAXIMUM RATINGS'
PARAMETER RATING UNIT
Operating ambient temperature? 0to +70 °C
Storage temperature -65 to +150 °C
All voltages with respect to ground® -0.5to +6.0 v

NOTES

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent
damage to the device This s a stress rating only and functional operation of the device
at these or at any other above those in the of
this specification is not imphed

2 For at the device must be derated based on +150°C
junction and thermal of 80°C/W junction to ambient
(ceramic package) or 137°C/W (plastic package)

©

This product includes circuitry for the p of its internal
devices from the damaging effects of excessive static charge However, it is suggest-
ed that conventional precautions be taken to avoid applying any voltages larger than
the rated maxima
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N



MICROPROCESSOR DIVISION ) JANUARY 1982

POLYNOMIAL GENERATOR CHECKER (PGC) $C2653

DC ELECTRICAL CHARACTERISTICS T, = 0°C to 70°C, Vo = 5.0V + 5%

LIMITS
PARAMETER TEST CONDITIONS Min Typ Max UNIT

Input voltage v
ViL Low 0.8
VIH High 2.0

Output voltage \
VoL Low loL = 2.2mA 0.25 0.45
VoH High loH = —400uA 2.4 2.8
I Input load current VIN = O to 6.5V 10 A

Output leakage current A
ILp Data bus Vourt = 4.0V 10
ILo Open drain Vourt = 4.0V 10
lcc Power supply current 45 75 mA

AC CHARACTERISTICS T = 0° to +70°C, Vg = 5V * 5%"2.3
LIMITS
PARAMETER Min Max UNIT

tce Chip enable pulse width 250 ns
tCED Chip enable period D 1750 ns
tcec? Chip enable period C 1750 ns
tas Address setup 10 ns
tAH Address hold 10 ns
tcs Control setup 10 ns
tcH Control hold 10 ns
tpss Data setup 150 ns
tpH Data hold 10 ns
tpp® Data delay time for read 200 ns
tpr® Data bus floating time for read 100 ns
tNTL? Interrupt low delay 1600 ns
UNTH? Interrupt high delay 600 ns

NOTES

. Parameters are valid over operating temperature range unless otherwise specified.
2 Allvoltage measurements are referenced to ground. All ime measurements are at 50%
level for inputs and at the 0 8V or 2 OV level for outputs Input levels for testing are
045V and 2 4V

Typical values are at +25°C, typical supply voltages and typical processing param-
eters

tcec = 600ns during Pﬁimmhzmoﬂ when no BCC accumulation 18 in progress
tpg = 50ns whenever CEO 18 used

Test conditions: C; = 150 pF

NT is an open drain output

[

NoO o
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PGC TIMING
—
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P
e (WRITE TO ) 1 /
WRITE CHARACTER CLASS ARRAY
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21\
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} D! DG =]
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Figure 14

UNTH
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DESCRIPTION

The Signetics 2661 EPCI is a universal
synchronous/asynchronous data communi-
cations controller chip that is an enhanced
pin compatible version of the 2651. It inter-
faces directly to most 8-bit microprocessors
and may be used in a polled or interrupt
driven system environment. The 2661 ac-
cepts programmed instructions from the
microprocessor while supporting many
serial data communications disciplines—
synchronous and asynchronous—in the full
or half-duplex mode. Special support for
BISYNC 1s provided.

The EPCI serializes parallel data characters
received from the microprocessor for trans-
mission. Simultaneously, it can receive
serial data and convert it into parallel data
characters for input to the microcomputer.

The 2661 contains a baud rate generator
which can be programmed to either accept an
external clock or to generate internal transmit
or receive clocks. Sixteen different baud rates
can be selected under program control when
operating in the internal clock mode. Each
version of the EPCI (A, B, C) has a different set
of baud rates.

The EPCI is constructed using Signetics
n-channel silicon gate depletion load tech-
nology and is packaged in a 28-pin DIP.

FEATURES

e Synchronous operation

5 to 8-bit characters plus parity

Single or double SYN operation

Internal or external character
synchronization

Transparent or non-transparent mode

Transparent mode DLE stuffing (Tx)
and detection (Rx)

Automatic SYN or DLE-SYN insertion

SYN, DLE and DLE-SYN stripping

0dd, even, or no parity

Local or remote maintenance loop back
mode

Baud rate: dc to 1M bps (1X clock)

Asynchronous operation

5 to 8-bit characters plus parity

1, 1% or 2 stop bits transmitted

0dd, even, or no parity

Parity, overrun and framing error
detection

Line break detection and generation

False start bit detection

Automatic serial echo mode (echoplex)

Local or remote maintenance loop back
mode

Baud rate: dc to 1M bps (1X clock)

dc to 62.5K bps (16X clock)
dc to 15.625K bps (64X clock)

1-52

OTHER FEATURES

Internal or external baud rate clock

3 baud rate sets

16 internal rates for each set

Double buffered transmitter and
receiver

Dynamic character length switching

Full or half duplex operation

Fully compatible with 2650 CPU

TTL patible inputs and output:

RxC and TxC pins are short circuit pro-
tected

3 open drain MOS outputs can be wire-
ORed

Single 5V power supply

No system clock required

28-pin dual in-line package

APPLICATIONS

® [ntelligent terminals

e Network processors

* Front end processors

* R te data trators
.

L]

L]

Computer to computer links
Serial peripherals
BISYNC adaptors

ORDERING CODE

JANUARY 1982

S$C2661

PIN CONFIGURATION
02 [1] 28] o4
o3 2] [27] 0o
o [3] [26] vee
ano [4] [25] Axc/exoeT
o4 5] :23 BIR
o5 [6] 23] ATS
o6 [7] [22] osR
o7 8] [27] meser
T<c/xsyne [9] 20] BRCLK
At [10 [79] ™0
ce [11] 18] TxEMT/DSCHG
a0 [12 [17] 78
Aw [13] [16] 5¢B
xR0V [14] 15] TxRDY
'TOP VIEW

COMMERCIAL RANGES
PACKAGES Ve = 5V +5%, Ta = 0°C to 70°C
Ceramic DIP SC2661ACSI28
SC2661BCSI28 See table 1 for baud rates
SC2661CCSI28
Plastic DIP SC2661ACSN28
SC2661BCSN28 See table 1 for baud rates
SC2661CCSN28
PIN DESIGNATION
PIN NO. SYMBOL NAME AND FUNCTION TYPE
27,28,1,
2,5-8 Do-D7 8-bit data bus 110
21 RESET Reset I
12,10 Ap-A1 Internal register select lines |
13 R/W Read or write command |
11 CE Chip enable input |
22 DSR Data set ready |
24 DTR Data terminal ready o
23 TS Request to send o
17 CTS Ciear to send i
16 DCD Data carrier detected |
18 TxEMT/DSCHG | Transmitter empty or data set change o
9 TxC/XSYNC | Transmitter clock/external SYNC 1/0
25 RxC/BKDET Receiver clock/break detect 170
19 TxD Transmitter data o
3 RxD Receiver data |
15 TxRDY Transmitter ready o
14 RxRDY Receiver ready o
20 BRCLK Baud rate generator clock |
26 Vece +5V supply I
4 GND Ground |
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BLOCK DIAGRAM
DATA BUS : r'_——————: :
Do-D7 D:J:Fzgs SYN/DLE CONTROL
SYN 1 REGISTER
(27,28,1,2,
5,6,7,8) f SYN 2 REGISTER
DLE REGISTER
RESET (1) OPERATION CONTROL
Ao Jﬁ!—» MODE REGISTER 1
At —L——> MODE REGISTER 2 5 S
_ TER xRDY
Rw o c REGISTER -
cE A o] [ s neasten DATA
HOLDING REGISTER
TRANSMIT (9 ™
SHIFT REGISTER
srek 20 |
BAUD RATE r—
TRC/sYNG o () esu::s'ron 1
a0 2 CLOCK CONTROL RECEIVER (14) AxRDY®
RECEIVE DATA
i (22) HOLDING REGISTER
DsR —>q RECEIVE ] RxD
DCo (16) q SHIFT REGISTER
cTs an MODEM
TS (23) CONTROL
B ——
bTR (24)
w19 <« v
DSCHG @
~¢—— GND
NOTE
* Open dran output pin
BLOCK DIAGRAM Table 1 BAUD RATE GENERATOR CHARACTERISTICS
The EPCI consists of six major sections. SC2661A (BRCLK =4.9152MH2)
These are the transmitter, receiver, timing,
operation control, modem control and ACTUAL
SYN/DLE control. These sections communi- BAUD FREQUENCY PERCENT
cate with each other via an internal data bus MR23-20 RATE 16X CLOCK ERROR DIVISOR
and an internal control bus. The internal data 0000 50 0.8kHz - 6144
bus interfaces to the microprocessor data 0001 75 1.2 - 4096
bus via a data bus buffer. 0010 110 1.7598 —0.01 2793
0011 134.5 2.152 - 2284
Operation Control 0100 150 2.4 - 2048
This functional block stores configuration 0101 200 3.2 - 1536
and operation commands from the CPU and 0110 300 4.8 - 1024
generates appropriate signals to various in- o111 600 9.6 - 512
ternal sections to control the overall device 1000 1060 16.8329 0.196 292
operation. It contains read and write circuits 1001 1200 19.2 - 256
to permit communications with the 1010 1800 28.7438 -0.19 171
microprocessor via the data bus and con- 1011 2000 31.9168 —0.26 154
tains mode registers 1 and 2, the command 1100 2400 38.4 - 128
register, and the status register. Details of 1101 4800 76.8 - 64
register addressing and protocol are pre- 1110 9600 163.6 - 32
sented in the EPCI programming section of 1111 19200 307.2 - 16
this data sheet.
Signetics 1-53
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Timing Table 1 BAUD RATE GENERATOR CHRACTERISTICS (contd)
The EPCI contains a baud rate generator S§C2661B (BRCLK =4.9152MH2) :
(BRG) which is programmable to accept ex-
ternal transmit or receive clocks or to divide ACTUAL
an external clock to perform data communi- BAUD FREQUENCY PERCENT
cations. The unit can generate 16 commonly MR23-20 RATE 16X CLOCK ERROR DIVISOR
used baud rates, any one of which can be 0000 45.5 0.7279kHz 0.005 6752
selected for full duplex operation. See 0001 50 0.8 - 6144
table 1. 0010 75 1.2 - 4096
0011 110 1.7598 -0.01 2793
Receiver 0100 134.5 2.152 - 2284
The receiver accepts serial data on the RxD 0101 150 24 - 2048
pin, converts this serial input to parallel for- 0110 300 4.8 - 1024
mat, checks for bits or characters that are 0111 600 9.6 - 512
ique to the ication technique and 1000 1200 19.2 - 256
sends an “assembled” character to the 1001 1800 28.7438 -0.19 171
CPU. 1010 2000 31.9168 -0.26 154
1011 2400 38.4 - 128
Transmitter 1100 4800 76.8 - 64
The transmitter accepts parallel data from 1101 9600 153.6 - 32
the CPU, converts it to a serial bit stream, 1110 19200 307.2 - 16
inserts the appropriate characters or bits 1mn 38400 614.4 - 8
(based on the communication technique)
and outputs a composite serial stream of
data on the TxD output pin. $C2661C (BRCLK = 5.0688MHz)
Modem Control ACTUAL
The modem control section provides inter- BAUD FREQUENCY PERCENT
facing for three input signals and three out- MR23-20 RATE 16X CLOCK ERROR DIVISOR
put signals used for “handshaking” and sta- 0000 50 0.8kHz - 6336
tus indication between the CPU and a 0001 75 1.2 - 4224
modem. 0010 110 1.76 - 2880
0011 134.5 2.1523 0.016 2355
SYN/DLE Control 0100 150 2.4 - 2112
This section contains control circuitry and 0101 300 4.8 - 1056
three 8-bit registers storing the SYN1, 0110 600 9.6 - 528
SYN2, and DLE characters provided by the 0111 1200 19.2 - 264
CPU. These registers are used in the syn- 1000 1800 28.8 - 176
chronous mode of operation to provide the 1001 2000 32.081 0.253 158
characters required for synchronization, idle 1010 2400 38.4 - 132
fill and data transparency. 1011 3600 57.6 - 88
1100 4800 76.8 - 66
1101 7200 116.2 - 44
1110 9600 163.6 - 33
1111 19200 316.8 3.125 16
NOTE
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Table 2 CPU-RELATED SIGNALS

FUNCTION

INPUT/
PIN NAME PIN NO. OUTPUT
Vee 26 |
GND 4 |
RESET 21 |
Ay-Ag 10,12 I
R/W 13 |
CE 11 1
D7-Dg 8,7,6,5, 170
2,1,28,17

TxRDY 15 o
RxRDY 14 (o]
TxXEMT/

DSCHG 18 (o]

+5V supply input
Ground

A high on this input performs a master
reset on the 2661. This signal asynchro-
nously terminates any device activity and
clears the mode, command and status reg-
isters. The device assumes the idle state
and remains there until initialized with the
appropriate control words.

Address lines used to select internal EPCI
registers. ‘
Read command when low, write command
when high.

Chip enable command. When low, indi-
cates that control and data lines to the
EPCI are valid and that the operation
specified by the R/W, Ay and Ag inputs
should be performed. When high, places
the Dp-D7 lines in the three-state condi-
tion.

8-bit, three-state data bus used to transfer
commands, data and status between EPCI
and the CPU. Dg is the least significant bit;
D7 the most significant bit.

This output is the complement of status
register bit SRO. When low, it indicates
that the transmit data holding register
(THR) is ready to accept a data character
from the CPU. It goes high when the data
character is loaded. This output is valid
only when the transmitter is enabled. It is
an open drain output which can be used as
an interrupt to the CPU.

This output is the complement of status
register bit SR1. When low, it indicates
that the receive data holding register
(RHR) has a character ready for input to
the CPU. It goes high when the RHR is read
by the CPU, and also when the receiver is
disabled. It is an open drain output which
can be used as an interrupt to the CPU.

This output is the complement of status
register bit SR2. When low, it indicates
that the transmitter has completed serial-
ization of the last character loaded by the
CPU, or that a change of state of the DSR
or DCD inputs has occurred. This output
goes high when the status register is read
by the CPU, if the TXEMT condition does
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 interrupt to the CPU.

Sane

OPERATION

The functional operation of the 2661 is pro-
grammed by a set of control words supplied
by the CPU. These control words specify
items such as synchronous or asynchronous
mode, baud rate, number of bits per charac-
ter, etc. The programming procedure is de-
scribed in the EPCI programming section of
the data sheet.

After programming, the EPCl is ready to per-
form the desired communications functions.
The receiver performs serial to parallel con-
version of data received from a modem or
equivalent device. The transmitter converts
parallel data received from the CPU to a
serial bit stream. These actions are accom-
plished within the framework specified by
the control words.

Receiver
The 2661 is conditioned to receive data
when the DCD input is low and the RxEN bit
in the command register is true. In the asyn-
chronous mode, the receiver looks 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 line is sam-
pled again after a delay of one-half of a bit
time. If RxD is now high, the search for a
valid start bit is begun again. If RxD is still
low, a valid start bit is assumed and the
receiver continues to sample the input line
at one bit time intervals until the proper num-
ber of data bits, the parity bit, and one stop
bit have been assembled. The data are then
ferred to the receive data holding reg-
ister, the RxRDY bit in the status register is
set, and the RxRDY output is asserted. If the
character length is less than 8 bits, the high
order unused bits in the holding register are
set to zero. The parity error, framing error,
and overrun error status bits are strobed
into the status register on the positive going
edge of RxC corresponding to the received
character boundary. |If the stop bit is
present, the receiver will inmediately begin
its search for the next start bit. If the stop bit
is absent (framing error), the receiver will
interpret a space as a start bit if it persists
into the next bit time interval. If a break con-
dition is detected (RxD is low for the entire
character as well as the stop bit), only one
character consisting of all zeros (with the
FE status bit SR5 set) will be transferred to
the holding register. The RxD input must re-
turn to a high condition before a search for
the next start bit begins.

Pin 25 can be programmed to be a break
detect output by appropriate setting of
MR27-MR24. If so, a detected break will
cause that pin to go high. When RxD returns
to mark for one RxC time, pin 25 will go low.
Refer to the break detection timing diagram.
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Table 3 DEVICE-RELATED SIGNALS

FUNCTION

Clock input to the internal baud rate gener-
ator (see table 1). Not required if external
receiver and transmitter clocks are used.
Receiver clock. If external receiver clock
is programmed, this input controls the rate
at which the character is to be received.
Its frequency is 1X, 16X or 64X the baud
rate, as programmed by mode register 1.
Data are sampled on the rising edge of the
clock. If internal receiver clock is pro-
grammed, this pin can be a 1X/ 16X clock
or a break detect output pin.

Transmitter clock. If external transmitter
clock is programmed, this input controls
the rate at which the character is transmit-
ted. Its frequency is 1X, 16X or 64X the
baud rate, as programmed by mode regis-
ter 1. The transmitted data changes on the
falling edge of the clock. If internal trans-
mitter clock is programmed, this pin can
be a 1X/16X clock output or an external
jam synchronization input.

Serial data input to the receiver. “Mark” 1s
high, “space” is low.

Serial data output from the transmitter.
“Mark” is high, “space” is low. Held in
mark condition when the transmitter is dis-
abled.

General purpose input which can be used
for data set ready or ring indicator condi-
tion. Its complement appears as status
register bit SR7. Causes a low output on
TxEMT /DSCHG when its state changes if
CR2 or CRO = 1.

Data carrier detect input. Must be low In
order for the receiver to operate. Its com-
plement appears as status register bit
SR6. Causes a low output on
TXEMT/DSCHG when its state changes if
CR2 or CRO = 1. If DCD goes high while
receiving, the RxC is internally inhibited.
Clear to send input. Must be low in order
for the transmitter to operate. If it goes
high during transmission, the character in
the transmit shift register will be transmit-
ted before termination.

General purpose output which is the com-
pl t of cc d register bit CR 1. Nor-
mally used to indicate data terminal ready.
General purpose output which is the com-
plement of command register bit CR5. Nor-
mally used to indicate request to send. If
the transmit shift register is not empty
when CR5 is reset (1 to 0), then RTS will
go high one TxC time after the last serial
bit is transmitted.

INPUT/
PIN NAME PIN NO. | OUTPUT

BRCLK 20 1
*RxC/BKDET 25 110
*TxC/XSYNC 9 170
RxD 3 |
TxD 19 o
DSR 22 1
DCD 16 |
CTS 17 1
DTR 24 o
RTS 23 o

NOTE

*RxC and TxC outputs have short circuit protection max. C| = 100pF Outputs become
open circuited upon detection of a zero pulled high or a one pulled low.
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When the EPCl is initialized into the synchro-
nous mode, the receiver first enters the hunt
mode on a O to 1 transition of RXEN(CR2). In
this mode, as data are shifted into the re-
ceiver shift register a bit at a time, the con-
tents of the register are compared to the
contents of the SYN1 register If the two are
not equal, the next bit is shifted in and the
comparison is repeated. When the two reg-
i1sters match, the hunt mode 1s terminated
and character assembly mode begins If sin-
gle SYN operation is programmed, the SYN
DETECT status bit is set. If double SYN op-
eration is programmed, the first character
assembled after SYN1 must be SYN2 in or-
der for the SYN DETECT bit to be set. Other-
wise, the EPCI returns to the hunt mode.
(Note that the sequence SYN1-SYN1-SYN2
will not achieve synchronization.) When syn-
chronization has been achieved, the EPCI
continues to assemble characters and
transfer them to the holding register, setting
the RxRDY status bit and asserting the
RxRDY output each time a character is
transferred. The PE and OE status bits are
set as appropriate. Further receipt of the
appropriate SYN sequence sets the SYN
DETECT status bit. If the SYN stripping
mode is commanded, SYN characters are
not transferred to the holding register. Note
that the SYN characters used to establish
initial synchronization are not transferred to
the holding register in any case.

External jam synchronization can be
achieved via pin 9 by appropriate setting of
MR27-MR24. When pin 9 is an XSYNC input,
the internal SYN1, SYN1-SYN2, and DLE-
SYN1 detection is disabled Each positive
going signal on XSYNC will cause the re-
ceiver to establish synchronization on the
rising edge of the next RxC pulse. Character
assembly will start with the RxD input at this
edge. XSYNC may be lowered on the next
rising edge of RxC. This external synchroni-
zation will cause the SYN DETECT status bit
to be set until the status register is read.
Refer to XSYNC timing diagram.

Transmitter

The EPCI is conditioned to transmit data
when the CTS input is low and the TXEN
command register bit is set. The 2661 indi-
cates to the CPU that it can accept a char-
acter for transmission by setting the TxRDY
status bit and asserting the TxRDY output
When the CPU writes a character into the
transmit data holding register, these condi-
tions are negated. Data are transferred from
the holding register to the transmit shift reg-
ister when it is idle or has completed trans-
mission of the previous character. The
TxRDY conditions are then asserted again
Thus, one full character time of buffering is
provided.
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In the asynchronous mode, the transmitter Table 4 2661 REGISTER ADDRESSING

automatically sends a start bit followed by — — 1
the programmed number of data bits, the CE Aq Ao R/W FUNCTION

least significant bit being sent first. It then 1 X X X Three-state data bus e
appends an optional odd or even parity bit 0 0 0 0 Read receive holding register

and the programmed number of stop bits. If, 0 0 o 1 Write transmit holding register

following transmission of the data bits, a o 0 1 0 Read status register

new character is not available in the trans- 0 0 1 1 Write SYN1/SYN2/DLE registers

mit holding register, the TxD output remains 0 1 0 o Read mode registers %

in the marking (high) condition and the 0 1 0 1 Write mode registers %

TxEMT/DSCHG output and its correspond- 0 1 1 0 Read command register

ing status bit are asserted. Transmission 0 1 1 1 Write command register

resumes when the CPU loads a new charac- NOTE

ter into the holding register. The transmitter
can be forced to output a continuous low
(BREAK) condition by setting the send
break command bit (CR3) high.

See AC characteristics section for timing requirements

2661 INITIALIZATION FLOW CHART

INITIAL RESET

LOAD
MODE REGISTER 1
LOAD
MODE REGISTER 2

SYNCHRONOUS?

In the synchronous mode, when the 2661 is
initially conditioned to transmit, the TxD out-
put remains high and the TxRDY condition is
asserted until the first character to be trans-
mitted (usually a SYN character) is loaded
by the CPU. Subsequent to this, a continu-
ous stream of characters is transmitted. No
extra bits (other than parity, if commanded)
are generated by the EPCI unless the CPU
fails to send a new character to the EPCI by
the time the transmitter has completed
sending the previous character. Since syn-
chronous communication does not allow
gaps between characters, the EPCI asserts
TxEMT and automatically “fills” the gap by
transmitting SYN1s, SYN1-SYN2 doublets,
or DLE-SYN1 doublets, depending on the
state of MR16 and MR 17. Normal transmis-
sion of the message resumes when a new
character is available in the transmit data
holding register. If the SEND DLE bit in the
command register is true, the DLE character
I1s automatically transmitted prior to trans-
mission of the message character in the
THR.

NOTE

Mode register 1 must be written

before 2 can be written Mode register 2
need not be programmed if external
clocks are used

NOTE

SYN1 register must be written
before SYN2 can be written, and
SYN2 before DLE can be written

EPCI PROGRAMMING
Prior to initiating data communications, the
2661 operational mode must be pro-

LOAD
DLE REGISTER

grammed by performing write operations to F————— —|

the mode and command registers. In addi- | TORD

tion, if synchronous operation is pro- | COMMAND REGISTER
|

grammed, the appropriate SYN/DLE regis-
ters must be loaded. The EPCI can be
reconfigured at any time during program ex- | OPERATE ]

b oo —— ol

e ey

ecution. A flowchart of the intialization proc-
ess appears in figure 1.

The internal registers of the EPCI are
accessed by applying specific signals to the
CE, R/W, A and Aq inputs. The conditions
necessary to address each register are
shown in table 4.

The SYN1, SYN2, and DLE registers are
accessed by performing write operations
with the conditions Ay = 0, Ag = 1, and

Figure 1
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R/W = 1. The first operation loads the
SYN1 register. The next loads the SYN2
register, and the third loads the DLE regis-
ter. Reading or loading the mode registers is
done in a similar manner. The first write (or
read) operation addresses mode register 1,
and a subsequent operation addresses
mode register 2. If more than the required
number of accesses are made, the internal
sequencer recycles to point at the first reg-
ister. The pointers are reset to SYN1 regis-
ter and mode register 1 by a RESET input or
by performing a read command register op-
eration, but are unaffected by any other read
or write operation.

The 2661 register formats are summarized
in tables 5, 6, 7 and 8. Mode registers 1 and
2 define the general operational character-
istics of the EPCI, while the command regis-
ter controls the operation within this basic
framework. The EPCI indicates its status in
the status register. These registers are
cleared when a RESET input is applied.

Mode Register 1 (MR1)

Table 5 illustrates Mode Register 1. Bits
MR11 and MR10 select the communication
format and baud rate multiplier. 00 specifies
synchronous mode and 1X multiplier. 1X,
16X, and 64X multipliers are programmable
for asynchronous format. However, the mul-
tiplier in asynchronous format applies only if
the external clock input option is selected
by MR24 or MR25.

MR13 and MR12 select a character length
of 5, 6, 7 or 8 bits. The character length
does not include the parity bit, if pro-
grammed, and does not include the start and
stop bits in asynchronous mode.

MR 14 controls parity generation. If enabled,
a parity bit is added to the transmitted char-

Table 5 MODE REGISTER 1 (MR 1)

acter and the receiver performs a parity
check on incoming data. MR15 selects odd
or even parity when parity is enabled by
MR14.

In asynchronous mode, MR17 and MR 16 se-
lect character framing of 1, 1.5, or 2 stop
bits. (If 1X baud rate is programmed, 1.5
stop bits defaults to 1 stop bits on transmit.)
In synchronous mode, MR17 controls the
number of SYN characters used to establish
synchronization and for character fill when
the transmitter is idle. SYN1 alone is used if
MR17 = 1, and SYN1-SYN2 is used when
MR17 = 0. If the transparent mode is speci-
fied by MR 16, DLE-SYN 1 is used for charac-
ter fill and SYN detect, but the normal syn-
chronization sequence is used to establish
character sync. When transmitting, a DLE
character in the transmit holding register will
cause a second DLE character to be trans-
mitted. This DLE stuffing eliminates the soft-
ware DLE compare and stuff on each trans-
parent mode data character. If the send DLE
command (CR3) is active when a DLE is
loaded into THR, only one additional DLE will
be transmitted. Also, DLE stripping and DLE
detect (with MR 14 = 0) are enabled.

The bits in the mode register affecting char-
acter assembly and disassembly (MR12-
MR186) can be changed dynamically (during
active receive/transmit operation). The
character mode register affects both the
transmitter and receiver; therefore in syn-
chronous ‘mode, changes should be made
only in half duplex mode (RxEN = 1 or
TxEN = 1, but not both simultaneously = 1).
In asynchronous mode, character changes
should be made when RxEN and TXEN=0 or
when TxEN = 1 and the transmitter is mark-
ing in half duplex mode (RXEN = 0).

To effect assembly/disassembly of the next
received/transmitted character, MR12-15
must be changed within n bit times of the
active going state of RxRDY /TxRDY. Trans-
parent and non-transparent mode changes
(MR 16) must occur within n-1 bit times of the
character to be affected when the receiver
or transmitter is active. (n = smaller of the
new and old character lengths.)

Mode Register 2 (MR2)

Table 6 illustrates mode register 2. MR23,
MR22, MR21 and MR20 control the frequen-
cy of the internal baud rate generator (BRG).
Sixteen rates are selectable for each EPCI
version (—1, —2, —3). Version 1 and 2 speci-
fy a 4.9152 MHz TTL input at BRCLK (pin
20); version 3 specifies a 5.0688 MHz input
which is identical to the Signetics 2651.
MR23-20 are don't cares if external clocks
are selected (MR25-MR24 = 0). The individ-
ual rates are given in table 1.

MR24-MR27 select the receive and transmit
clock source (either the BRG or an external
input) and the function at pins 9 and 25. Re-
fer to table 6.

Command Register (CR)

Table 7 illustrates the command register.
Bits CRO (TxEN) and CR2 (RxEN) enable or
disable the tr itter and r respec-
tively. A O to 1 transition of CR2 forces start
bit search (async mode) or hunt mode (sync
mode) on the second RxC rising edge. Dis-
abling the receiver causes RxRDY to go
high (inactive). If the transmitter is disabled,
it will complete the transmission of the char-
acter in the transmit shift register (if any)
prior to terminating operation. The TxD out-
put will then remain in the marking state

MR17 MR16 MR15 MR14 MR13 MR12 MR11 MR10
Character Mode and Baud
Sync/Async Parity Type Parity Control Length Rate Factor
Async: Stop Bit Length
00 = Invalid 0 = Odd 0 = Disabled 00 = 5 bits 00 = Synchronous 1X rate
01 = 1 stop bit 1= Even 1 = Enabled 01 = 6 bits 01 = Asynchronous 1X rate
10 = 1% stop bits 10 = 7 bits 10 = Asynchronous 16X rate
11 = 2 stop bits 11 = 8 bits 11 = Asynchronous 64X rate
Sync: Sync:
Number of Transparency
SYN char Control
0 = Double 0 = Normal
SYN 1 = Transparent
1 = Single )
SYN '
NOTE

Baud rate factor in asynchronous applies only if external clock is selected Factor s 16Xif
internal clock i1s selected Mode must be selected (MR11, MR10) in any case
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Table 6 MODE REGISTER 2 (MR2)
MR27-MR24 MR23-MR20
TxC RxC Pin9 Pin25 TxC RxC Pin9 Pin 25 Mode Baud Rate Selection
0000 E E TxC RxC 1000 E E XSYNC'  RxC/TxC sync
0001 E | TxC 1X 1001 | TxC BKDET async
0010 | E 1X RxC 1010 | E XSYNC! RxC sync
0011 | I 1X 1X 1011 | I X BKDET async See baud rates in table 1
0100 E E TxC RxC 1100 E E XSYNC! RxC/TxC sync
0101 E | TxC 16X 1101 E | TxC BKDET async
0110 | E 18X RxC 1110 | E XSYNC! RxC sync
o111 I i 16X 16X 1111 | | 16X BKDET async
NOTES
1 When pin 9 is programmed as XSYNC input, SYN1, SYN1-SYN2, and DLE-SYN1 detec-
tion is disabled.
E = External clock
| = Internal clock (BRG)
1X and 18X are clock outputs
Table 7 COMMAND REGISTER (CR)
CR7 CR6 CRS CR4 CR3 CR2 CR1 CRO
Receive Transmit
Request Control Data Terminal Control
Operating Mode To Send Reset Error Sync/Async (RxEN) Ready (TxEN)
00 = Normal operation 0 = Force RTS 0 = Normal Async:
01 = Async: output high 1 = Reset Force break
Automatic one clock time error flags 0 = Normal 0 = Disable 0 = Force DTR 0 = Disable
echo mode after TxSR in status register | 1 = Force break 1 = Enable output high 1 = Enable
Sync: SYN and/or serialization (FE, OE, PE/DLE 1 = Force DTR
DLE stripping mode 1 = Force RTS detect) output low
10 = Local loop back output low
11 = Remote loop back
Sync:
Send DLE
0 = Normal
1= Send DLE
Table 8 STATUS REGISTER (SR)
SR7 SR6 SR5 SR4 SR3 SR2 SR1 SRO
Data Set Data Carrier
Ready Detect FE/SYN Detect Overrun PE/DLE Detect TxEMT/DSCHG RxRDY TxRDY
0 = DSR input |0 = DCD input | Async: 0 = Normal Async:
is high is high 0 = Normal 1 = Overrun 0 = Normal 0 = Normal 0 = Receive 0 = Transmit
1 = DSR nput | 1 = DCD input | 1 = Framing Error 1 = Parity error 1 = Change n holding holding
18 low 18 low Error DSR, or DCD,or register empty register busy
transmit shift 1 = Receive 1 = Transmit
register is holding register holding register
empty has data empty
Sync: Sync:
0 = Normal 0 = Normal
1=SYN 1 = Parity error or
detected DLE received

(high) while TXRDY and TxEMT will go high
(inactive). If the receiver is disabled, it will
i op diately. Any char-
acter being will be neglected. A
0 to 1 transition of CR2 will initiate start bit
search (async) or hunt mode (sync).

tion i
e

Bits CR1 (DTR) and CRS (RTS) control the
DTR and RTS outputs. Data at the outputs

In asynchronous mode, setting CR3 will
force and hold the TxD output low (spacing
condition) at the end of the current transmit-
ted character. Normal operation resumes
when CR3 is cleared. The TxD line will go
high for at least one bit time before begin-
ning transmission of the next character in
the transmit data holding register. In syn-
chronous mode, setting CR3 causes the

are the logical compl t of the regist
data.

tr ion of the DLE register contents
prior to sending the character in the transmit

Sanet

data holding register. Since this is a one
time command, CR3 does not have to be
reset by software. CR3 should be set when
entering and exiting transparent mode and
for all DLE—non-DLE character sequences.

Setting CR4 causes the error flags in the
status register (SR3, SR4, and SR5) to be
cleared. This is a one time command. There
is no internal latch for this bit.
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Table 9 $SC2661 EPCI vs SC2651 PCI

3. Reset of SR3, DLE
detect

orCR4 =1

4. Send DLE-CR3

5. DLE stuffing in
transparent mode

CR3 =1
6. SYNC1 stripping All SYNC1
in double sync
non-transparent
mode
7. Baud rate Three
versions

8. Terminate ASYNC
transmission

(drop RTS)
9. Break detect Pin 25!
10. Stop bit searched | One
11. External jam sync | Pin 92

12. Data bus timing
13. Data bus drivers Sink 2.2mA

Source 400uA

FEATURE EPCI PCI
1. MR2 Bit6, 7 Control pin 9, 25 Not used
2. DLE detect-SR3 SR3 = 0 for DLE-DLE, SR3 = 1 for DLE-DLE,
DLE-SYNC1 DLE-SYNC1

Second character after
DLE, or receiver disable,

One time command

Automatic DLE stuffing when
DLE is loaded except if

Reset CR5 in response to
TxRDY changing from 1 to 0

Improved over 2651 —_

Receiver disable, or CR4 = 1

Reset via CR3 on next TxRDY
None

First SYNC1 of pair

One

Reset CRO when TXxEMT
goes from 1 to 0. Then reset
CR5 when TxEMT goes from
Oto1

FE and null character
Two
No

Sink 1.6mA
Source 100pA

NOTES
1. Internal BRG used for RxC.
2. internal BRG used for TxC

When CR5 (RTS) is set, the RTS pin is
forced low and the transmit serial logic is
enabled. A 1 to O transition of CR5 will cause
RTS to go high (inactive) one TxC time after
the last serial bit has been transmitted (if
the transmit shift register was not empty).

The EPCI can operate in one of four sub-
modes within each major mode (synchro-
nous or asynchronous). The operational
sub-mode is determined by CR7 and CR6.
CR7-CR6 = 00 is the normal mode, with the
transmitter and receiver operating indepen-
dently in accordance with the mode and sta-
tus register instructions.

In asynchronous mode, CR7-CR6 = 01
places the EPCI in the automatic echo
mode. Clocked, regenerated received data
are automatically directed to the TxD line
while normal receiver operation continues.
The receiver must be enabled (CR2 = 1), but
the transmitter need not be enabled. CPU to
receiver ¢ tions c¢ normal-
ly, but the CPU to transmitter link is dis-
abled. Only the first character of a break
condition is echoed. The TxD output will go
high until the next valid start is detected.
The following conditions are true while in
automatic echo mode:
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1. Data assembled by the receiver are
automatically placed in the transmit hold-
ing register and retransmitted by the
transmitter on the TxD output.

2. The transmitter is clocked by the receive
clock.

3. TxRDY output = 1.

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

5. The TxEN command (CRO) is ignored.

in synchronous mode, CR7-CR6 = 01 places
the EPCI in the automatic SYN/DLE strip-
ping mode. The exact action taken depends
on the setting of bits MR17 and MR 16:

1. In the non-transparent, single SYN mode
(MR17-MR168 = 10), characters in the
data stream matching SYN1 are not
transferred to the receive data holding
register (RHR).

2. In the non-transparent, double SYN mode
(MR17-MR16 = 00), characters in the
data stream matching SYN1, or SYN2 if
immediately preceded by SYN1, are not
transferred to the RHR.

3. In transparent mode (MR 16 = 1), charac-
ters in the data stream matching DLE, or
SYN1 if immediately preceded by DLE,
are not transferred to the RHR. However,

Sianefi

only the first DLE of a DLE-DLE pair is
stripped.

Note that automatic stripping mode does not
affect the setting of the DLE detect and SYN
detect status bits (SR3 and SR5).

Two diagnostic sub-modes can also be
configured. In local loop back mode (CR7-
CR6 = 10), the following loops are connect-
ed internally:

1. The transmitter output is connected to
the receiver input.

2. DTRis connected to DCD and RTS is con-
nected to CTS.

3. The receiver is clocked by the transmit
clock.

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

5. The CTS,
ignored.

CD, DSR and RxD inputs are

Additional requirements to operate in the lo-
cal loop back mode are that CRO (TxEN),
CR1 (DTR), and CR5 (RTS) must be set to 1.
CR2 (RxEN) is ignored by the EPCI.

The second diagnostic mode is the remote
loop back mode (CR7-CR6 = 11). In this
mode:

1. Data assembled by the receiver are
automatically placed in the transmit hold-
ing register and retransmitted by the
transmitter on the TxD output.

2. The transmitter is clocked by the receive
clock.

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

4. The RxRDY, TXRDY, and TXEMT/DSCHG
outputs are held high.

5. CR1 (TxEN) is ignored.

6. All other signals operate normally.

Status Register

The data contained in the status register (as
shown in table 8) indicate receiver and
transmitter conditions and modem/data set
status.

SRO is the transmitter ready (TxRDY) status
bit. It, and its corresponding output, are valid
only when the transmitter is enabled. If equal
to O, it indicates that the transmit data hold-
ing register has been loaded by the CPU and
the data has not been transferred to the
transmit shift register. If set equal to 1, it
indicates that the holding register is ready
to accept data from the CPU. This bit is
initially set when the transmitter is enabled
by CRO, unless a character has previously
been loaded into the holding register. It is
not set when the automatic echo or remote
loopback modes are programmed. When
this bit is set, the TXRDY output pin is low. In
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the automatic echo and remote loop back
modes, the output is held high.

SR1, the receiver ready (RxRDY) status bit,
indicates the condition of the receive data
holding register. If set, it indicates that a
character has been loaded into the holding
register from the receive shift register and is
ready to be read by the CPU. If equal to
zero, there is no new character in the hold-
ing register. This bit is cleared when the
CPU reads the receive data holding register
or when the receiver is disabled by CR2.
When set, the RxRDY output is low.

The TXEMT/DSCHG bit, SR2, when set, indi-
cates either a change of state of the DSR or
DCD inputs (when CR2 or CRO = 1) or that
the transmit shift register has completed
transmission of a character and no new
character has been loaded into the transmit
data holding register. Note that in synchro-
nous mode this bit will be set even though

cleared by loading the transmit data holding
register. The DSCHG condition is enabled
when TxEN = 1 or RXEN = 1. It is cleared
when the status register is read by the
CPU. If the status register is read twice and
SR2 = 1 while SR6 and SR7 remain un-
changed, then a TXEMT condition exists.
When SR2 is set, the TXEMT/DSCHG output
is low.

SR3, when set, indicates a received parity
error when parity is enabled by MR14. In
synchronous transparent mode (MR16 = 1),
with parity disabled, it indicates that a char-
acter matching DLE register was received
and the present character is neither SYN1
nor DLE. This bit is cleared when the next
character following the above sequence is
loaded into RHR, when the receiver is dis-
abled, or by a reset error command, CR4.

The overrun error status bit, SR4, indicates
that the previous character loaded into the

the appropriate “fill” character is tr it
ted. TXEMT will not go active until at least
one character has been transmitted. It is

ABSOLUTE MAXIMUM RATINGS'

receive holding register was not read by the
CPU at the time a new received character

was transferred into it. This bit is cleared

PARAMETER RATING UNIT
Operating ambient temperature? 0to +70 °C
Storage temperature —65 to +150 °C
All voltages with respect to ground?® —0.5to +6.0 \"

DC ELECTRICAL CHARACTERISTICS

TA = 0°C to +70°C, Vg = 5.0V 5% 458

when the receiver is disabled or by the reset
error command, CR4.

In asynchronous mode, bit SR5 signifies that
the received character was not framed by a
stop bit, i.e., only the first stop bit is
checked. If RHR = O when SR5 = 1, a break
condition is present. In synchronous non-
transparent mode (MR16 = 0), it indicates
receipt of the SYN1 character in single SYN
mode or the SYN1-SYN2 pair in double SYN
mode. In synchronous transparent mode
(MR 16 = 1), this bit is set upon detection of
the initial synchronizing characters (SYN1
or SYN1-SYN2) and, after synchronization
has been achieved, when a DLE-SYN1 pair
is received. The bit is reset when the receiv-
er is disabled, when the reset error com-
mand is given in asynchronous mode, or
when the status register is read by the CPU
in the synchronous mode.

SR6 and SR7 reflect the conditions of the
DCD and DSR inputs respectively. A low in-
put sets its corresponding status bit, and a
high input clears it.

LIMITS
PARAMETER TEST CONDITIONS Min Tvp Max UNIT

Input voltage v
viL Low 0.8
VIH High 20

Output voltage v
VoL Low loL = 2.2mA 0.4
VoH’ High IoH = —400pA 2.4
i Input leakage current ViIN=0to55V 10 uA

3-state output leakage current nA
ILH Data bus high Vo = 4.0v 10
ILL Data bus low Vo = 0.45V 10
Icc Power supply current 150 mA

CAPACITANCE Tj = 25°C, Vgg = OV
LIMITS
PARAMETER TEST CONDITIONS Min Typ Max UNIT

Capacitance PF
CIN Input 20
Cout Output fc = 1MHz 20
Ci/o Input/Output Unmeasured pins tied to ground 20

Notes on following page
Signetics 1-61
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AC ELECTRICAL CHARACTERISTICS T = 0°Cto +70°C, VoG = 5.0V + 5% 456

PARAMETER TEST CONDITIONS Min Typ | Max | yniT

Pulse width ns
tRES Reset 1000
tce Chip enable 250

Setup and hold time ns
tas Address setup 10
tAH Address hold 10
tcs R/W control setup 10
tcH R/W control hold 10
tps Data setup for write 150
toH Data hold for write 0
tRXS Rx data setup 300
tRXH Rx data hold 360
top Data delay time for read CL = 150pF 200 ns
tDF Data bus floating time for read Cp = 150pF 100
tceDp CE to CE delay 600

Input clock frequency MHz
fBRG Baud rate generator

(2661A,B) 1.0 4.9152 | 4.9202
fBRG Baud rate generator
(2661C) 1.0 5.0688 | 5.0738

fRT®  TXCor AxC de 10

Clock width ns
tBRH® Baud rate high (2661A,B) 75
tBRH® Baud rate high (2661C) 70
tgRL® Baud rate low (2661A,B) 75
tBRL® Baud rate low (2661C) 70
tR/TH TxC or RxC high 480
tRTL™®  TXC or RXC low 480
tTXD TxD delay from falling

edge of TxC CL = 150pF 650 ns
trcs Skew between TxD changing and

falling edge of TxC output & CL = 150pF 0

-

Stresses above those listed under Absolute Maximum Ratings may cause perma-
nent damage to the device This Is a stress rating only and functional operation of
the device at these or at any other condition above those indicated in the opera-
tion section of this specification is not implied
2 For at the device must be derated based on
+150°C maximum junction temperature and thermal resistance of 60°C/W junc-
tion to ambient (IQ ceramic package)
This product circuitry sp y forthep 1 of its inter-
nal devices from the ing effects of ive static charge No , 1t
1s that p be taken to avoid applying any volt-
ages larger than the rated maxima
Parameters are valid over operating temperature range unless otherwise speci-
fied.
All voltage measurements are referenced to ground All time measurements are at
the 50% level for inputs (except tgr and tgg ) and at 0 8V and 2 OV for outputs
Input levels swing between 04V and 2.4V, with a transition time of 20 ns maxi-
mum
Typical values are at +20°C, typical supply voltages and typical processing
parameters
TXRDY, RxRDY and TxEMT/DSCHG outputs are open drain
Parameter applies when internal transmitter clock I1s used
Under test conditions of 5.0688 MHz fgRg (2661C) and 4 9152 MHz fgpg (2661A,B),
tgRH and tgg| measured at V) and V) _ respectively
10 In asynchronous local loopback mode, using 1X clock, the following parameters
apply:

fRyT =083 MHz max

tr/TL =700 ns min

(%}

a

o

L)

~

©®
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TIMING DIAGRAMS

RESET CLOCK

|=— tgrH —|*— tgrL —|

[ YR/TH > R/TL —
RESET ’ W
< tRes —| BRCLK, TxC, ﬁ——/ \___./ | W

1BRG
R

TRANSMIT RECEIVE

1 BIT TIME

_
(116 OR 64 CLOCK PERIODS)
TxC \

(INPUT) R_(%_ N

—_ —_———
RxD
=T\ = N e e o o e ————— ———— -
™D |
— ———— e — L 'RXS {RXH
T o |+~

—| trxp [+ —| try

| |~—t1cs
TxC
(OUTPUT)

READ AND WRITE

j
)

S ————— e o - —
Ao.At x x
—— N o
tas -~ tAH =]
la
-,

aw
tcs — ten—>| |+
ogepy o ———m
(WRITE)
—— ——— e - ————

Do-D7 BUS NOT
(PEAD)  FLOATING X VALID DATA VALID X BUS FLOATING

|=—too —{ tpg L—
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TIMING DIAGRAMS (Cont'd)

TxRDY, TXEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode] )

TXC (1X)
L1213 1415119 2314351112334y 192]3]141511]2)3)4]5]1
™ l DATA 1 I DATA 2 I DATA3 l SYN1 l DATA 4
T
TXEN

{

| | | |
: : : : %
| | | | |

o I I | LA

SYNCHRONOUS MODE

- \
L)) —
N

DATA 1 DATA 2 DATA 3

o
>
2
)%
-

<«—— D —» A 1,2,3,4,5;8B C A;1,;2,3,4,;5, B C A;1;2;3,4;5;B C *-—D—»A, 1,2,

| DATA 1 I DATA 2 |

r DATAS | l l I nAnuS

I I I
| | |
| | |
| | |
| | |

|
|
1
|

ASYNCHRONOUS MODE
:I
>
o
<

S
~ )
i 14

A1 DATA 2 DATA 3 DATA 4

NOTES

A = Start bit
B = Stop bit 1
C = Stop bit 2

D = TxD marking condition
TxEMT goes low at the beginning of the last data bit, or, if panty is enabled, at the beginning of the party bit
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TIMING DIAGRAMS (Cont'd)

EXTERNAL SYNCHRONIZATION WITH XSYNC

1X RxC |

L

I

XSYNC

tes = XSYNC SETUP TIME = 300ns
th = XSYNC HOLD TIME = ONE RxC

- XXX

L

|

\/

‘CHARACTER ASSEMBLY

BREAK DETECTION TIMING

Rx CHARACTER = 5 BITS, NO PARITY

LOOK FOR STAR‘I'EIT = LOW (IF RxD IS HIGH, LOOK FOR HIGH TO LOW TRANSITION)

1
FALSE START BIT CHECK MADE (RxD LOW)

MISSING STOP BIT
DETECTED SET FE BIT¥

NOTE
% If the stop bit 1s present, the start bit search
will commence immediately

1ST DATA BIT
SAMPLED

T ——

MISSING STOP BIT DETECTED, SET FE BIT
0—RHR, ACTIVATE RxRDY SET BKDET PIN
RxD INPUT — RxSR UNTIL A MARK TO SPACE TRANSITION OCCURS
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TIMING DIAGRAMS  (Cont'd)

RXRDY (Shown for 5-bit characters, no parity, 2 stops bits [in asynchronous mode] )

p1p 2344 Sty 234 sty 2y 354,85, 1,238,435 112,391 5)11213)4,51

RxD | SYN1

DATA 1

DATA 2

DATA 3

DATA 4

DATA S l

RxEN

SYNDET
STATUS BIT

}

IGNORED

SYNCHRONOUS MODE

M

\

T—J\

(

A

CE FOR
READ
READ
STATUS

)
«> A1) 2(3]4]5]|B]C

READ
STATUS

Al 2181 4]5| BjC) (BT~ A 1213]|4]58|C

Yy

READ
RHR
(DATA 1)

> U

READ
RHR
(DATA 2)

READ
RHR
(DATA 3)

RHR
(DATA 3)

Al 11213)

RxD DATA 1

DATA 2

DATA 3

DATA 4

RxEN

RxRDY

OVERRUN
STATUS BIT

N

ASYNCHRONOUS MODE

N L

CE FOR
READ

NOTES

A = Start bit

B = Stop bit 1

C = Stop bit 2

D = TxD marking condition
Only one stop bit is detected

hi

READ
RHR
(DATA 1)

READ
RHR
(DATA 3)
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TYPICAL APPLICATIONS
ASYNCHRONOUS INTERFACE TO CRT TERMINAL
\ ADDRESS BUS I
\‘l CONTROL BUS /
\ DATA BUS ]
@ r=——==<= a
RxD [—————| EIATO TTL |
| CONVERT
™0 p—————} (©FT) ’
2661 L ______ J
= )/
sRCLK ¥ OSCILLATOR TEAMINAL
ASYNCHRONOUS INTERFACE TO TELEPHONE LINES
‘7 ADDRESS BUS 3
a CONTROL BUS R
( DATA BUS ]
RxD
™0
OSA jo— PHONE
6TR JO——r| »:3!'23 mré#ic:
2661 T8 j0e—
RTS JO——]
BCD JOoe——
BROLK BAUD RATE CLOCK
OSCILLATOR
TELEPHONE
LINE
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TYPICAL APPLICATIONS (Cont'd)
SYNCHRONOUS INTERFACE TO TERMINAL OR PERIPHERAL DEVICE

ADDRESS BUS g

i

5 CONTROL BUS \
k DATA BUS g
RxD
™
o SYNCHRONOUS
AxC TERMINAL
2661 OR PERIPHERAL

TxC DEVICE

SYNCHRONOUS INTERFACE TO TELEPHONE LINES

E ADDRESS BUS S

| |

1
S

T™xD

CONTROL BUS X

DATA BUS —(

AxC PHONE

> INTERFACE
SYNC
5epjo= MODEM
CTs o]
ATS O——>

2661

DSR O———]
DTRIO———

TELEPHONE
LINE
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DESCRIPTION

The Signetics SC2681 Dual Universal Asyn-
chronous Receiver/Transmitter (DUART) is
a single chip MOS-LSI communications
device that provides two independent fuli-
duplex asynchronous receiver/transmitter
channels in a single package. It interfaces
directly with microprocessors and may be
used in a polled or interrupt driven sys-
tem.

The operating mode and data format of
each channel can be programmed inde-
pendently. Additionally, each receiver and
transmitter can select its operating speed
as one of eighteen fixed baud rates, a 16x
clock derived from a programmable
counter/timer, or an external 1x or 16x
clock. The baud rate generator and
counter/timer can operate directly from a
crystal or from external clock inputs. The
ability to independently program the
operating speed of the receiver and trans-
mitter make the DUART particularly attrac-
tive for dual-speed channel applications
such as clustered terminal systems.

Each receiver is quadruply buffered to
minimize the potential of receiver overrun
or to reduce interrupt overhead in inter-
rupt driven systems. In addition, a flow
control capability is provided to disable a
remote DUART transmitter when the buf-
fer of the receiving device is full.

Also provided on the SC2681 are a multi-
purpose 7-bit input port and a multipur-
pose 8-bit output port. These can be used
as general purpose |/O ports or can be
assigned specific functions (such as clock
inputs or status/interrupt outputs) under
program control.

The SC2681 is available in three package
versions to satisfy various system require-
ments: 40-pin and 28-pin, both 0.6” wide
DIPs, and a compact 24-pin, 0.4” wide,
DIP.

ORDERING CODE

FEATURES PIN CONFIGURATION

¢ Dual full-duplex asynchri iver/
transmiter

¢ Quadruple buffered receiver data regis- Ao L1 40 Vee
ters 1P3 |Z] [38] Ipa

* Programmable data format A1l E [38] IPs
—5 to 8 data bits plus parity w1 [} [37] 1pe
—0dd, even, no parity or force parity s [5] 58] ez
—1, 1.5 or 2 stop bits programmable in G 5] csw

1/16 bit increments o (1] o neser

* Programmable baud rate for each re- wan [E] b xiicux
ceiver and transmiter selectable from: !
—18 fixed rates: 50 to 38.4K baud aon [} 32 x2
—One user defined rate derived from axog (10} [31] RXDA

programmable timer/counter o8 [11] [30] TXDA

—External 1x or 16x clock op1 [iZ] (78] opo

* Parity, framing, and overrun error detec- or3 i3} 28] oP2
tion ops [14] [27] opa

o False start bit detection op7 [} 7] ops

¢ Line break detection and g { o1 [ig] I55] oo

¢ Programmable channel mode 03 [i7] D2
—Normal (full duplex) 0s 73] 02
—Automatic echo

—Local loopback

—Remote loopback

Multi-function programmable 16-bit

counter/timer

Multi-function 7-bit input port

—Can serve as clock or control inputs

—Change of state on four
inputs

Multi-function 8-bit output port

—Individual bit set/reset capability

—Outputs can be programmed to be
status/interrupt signals

Versatile interrupt system

—Single interrupt output with eight
maskable interrupting conditions

—Output port can be configured to pro-
vide a total of up to six separate wire-
OR’able interrupt outputs

Maximum data transfer: 1X — 1MB/sec,

16X — 125KB/sec

Automatic wake-up mode for multidrop

applications

Start-end break interrupt/status

Detects break which originates in the

middle of a character

On-chip crystal oscillator

TTL compatible

Single + 5V power supply

Aatanti

Vee=5V £5%, T,=0°C to 70°C
PACKAGES ce ~r A
24 Pin! 28 Pin? 40 Pin?
Ceramic DIP SC2681CS124 SC2681CS128 SC2681CS140
Plastic DIP SC2681CSN24 | SC2681CSN28 | SC2681CSN40
1400 mil wide DIP
2600 mil wide DIP

Signetics

D7
GND

Ao [T} 28] Vec

a1 2] (27] P2

a2 [3] [26] csN

a3 [4] [25] RESET
WRN [5 23] xicLK
RDN é 23] x2
RXDB 22] RXDA
TXDB E [z1] TxoA
oP1 [E! 120] opo

o1 [9] [19) Do

o3 [11] 18] D2

s [12] (17] Da

p7 [i3] [16] D6
anD [ia [15] INTRN

a1 [1] A0

a2 [2] 23] Vee

A3 [3] [22] CSN
weN [2] 21] RESET
RON [5] [20] x1/CLK
RxoB [6] [19] RxDA
Txoe [7] [18] TxpA

o1 [&] 17] Do

03 [9] [16] b2

s [ig] 115] D4

o7 [11] [1a] Ds
GND [12] [13] INTRN

TOP VIEWS
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BLOCK DIAGRAM

: ]
D0-D7 <¢> BUS BUFFER K — CHANNEL A
. TRANSMIT
ING REG
HoLo TxDA
TRANSMIT
SHIFT REGISTER
OPERATION ‘
RON —— ] —
CONTROL RECEIVE
WRN HOLDING REG
ADDRESS @
CEN ———————> DECODE —> K ~ RxDA
4 RECEIVE
A0-A3— - SHIFT REG
RESET RIW CONTROL
MRA1,2
CRA
SRA
INTERRUPT
CONTROL -
INTRN | R e N K n CHANNEL B TxDB
v v \— v (AS ABOVE) o8
ISR
g INPUT PORT
3l o8 CHANGE OF
£l 2 3 STATE 7
TIMING z| s o AN DETECTORS (4) 1PO-1P6
o = <
o 2NV
BAUD RATE &
GENERATOR £ IPCR
= ACR
CLOCK
SELECTORS
OUTPUT PORT
L—-—J
COUNTER/ FUNCTION
TIMER p X X SELECT .
Loaic ———+——> opo-0P7
. v
X1/CLK —————|
e | XTAL 0SC l OPCR
e el OPR
CSRA
- —
CSRB Vee
ACR
<+——————GND
CTUR
CTLR
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PIN DESIGNATION

APPLICABLE
MNEMONIC TYPE NAME AND FUNCTION
40 | 28 | 24

DO-D7 X X X 1/0 | Data Bus: Bidirectional 3-state data bus used to transfer commands, data and status between
the DUART and the CPU. DO is the least significant bit.

CEN X1 X X | Chip Enable: Active low input signal. When low, data transfers between the CPU and the
DUART are enabled on D0-D7 as controlled by the WRN, RDN and A0-A3 inputs. When high,
places the DO-D7 lines in the 3-state condition.

WRN X X X | Write Strobe: When low and CEN is also low, the contents of the data bus is loaded into the,
addressed register. The transfer occurs on the rising edge of the signal.

RDN X X X | Read Strobe: When low and CEN is also low, causes the contents of the addressed register to
be presented on the data bus. The read cycle begins on the falling edge of RDN.

A0-A3 X X X | Address Inputs: Select the DUART internal registers and ports for read/write operations.

RESET X X X | Reset: A high level clears internal registers (SRA, SRB, IMR, ISR, OPR, OPCR), puts OP0-OP7
in the high state, stops the counter/timer, and puts channels A and B in the inactive state,
with the TxDA and TxDB outputs in the mark (high) state.

INTRN X X X (o] Interrupt Request: Active low, open drain, output which signals the CPU that one or more of
the eight maskable interrupting conditions are true.

X1/CLK X X X | Crystal 1: Crystal or external clock input. A crystal or clock of the specified limits must be|
supplied at all times.
X2 X X | Crystal 2: Connection for other side of the crystal. Should be open if crystal is not used.

RxDA X | X X | Channel A Receiver Serial Data Input: The least significant bit is received first. ‘Mark’ is high,
‘space’ is low.

RxDB X X X | Channel B Receiver Serial Data Input: The least significant bit is received first. ‘Mark’ is high,
‘space’ is low.

TxDA X| X | X O | Channel A Transmitter Serial Data Output: The least significant bit is transmitted first. This
output is held in the ‘mark’ condition when the transmitter is disabled, idle, or when operat-
ing in local loopback mode. ‘Mark’ is high, ‘space’ is low.

TxDB X X X O | Channel B Transmitter Serial Data Output: The least significant bit is transmitted first. This
output is held in the ‘mark’ condition when the transmitter is disabled, idle, or when operat-
ing in local loopback mode. ‘Mark’ is high, ‘space’ is low.

OPO X X o Output 0: General purpose output, or channel A request to send (RTSAN, active low). Can be
deactivated on receive or transmit.

OP1 X X o Output 1: General purpose output, or channel B request to send (RTSBN, active low). Can be
deactivated on receive or transmit.

OP2 X X o Output 2: General purpose output, or channel A transmitter 1X or 16X clock output, or chan-
nel A receiver 1X clock output.

OP3 X o Output 3: General purpose output, or open drain, active low counter/timer output, or channel
B transmitter 1X clock output, or channel B receiver 1X clock output.

OP4 X o Output 4: General purpose output, or channel A open drain, active low, RxRDYA/FFULLA out-
put.

OP5 X o Output 5: General purpose output, or channel B open drain, active low, RxRDYB/FFULLB out-
put.

OP6 X [o] Output 6: General purpose output, or channel A open drain, active low, TXRDYA output.

OP7 X o Output 7: General purpose output, or channel B open drain, active low, TxRDYB output.

IPO X | Input 0: General purpose input, or channel A clear to send active low input (CTSAN).

1P1 X | Input 1: General purpose input, or channel B clear to send active low input (CTSBN).

1P2 X X | Input 2: General purpose input, or counter/timer external clock input. )

IP3 X | Input 3: General purpose input, or channel A transmitter external clock input (TxCA). When
the external clock is used by the transmitter, the transmitted data is clocked on the falling
edge of the clock.
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PIN DESIGNATION (Continued)

APPLICABLE
MNEMONIC TYPE NAME AND FUNCTION
40 | 28 | 24

1P4 X I Input 4: General purpose input, or channel A receiver external clock input (RxCA). When the
external clock is used by the receiver, the received data is sampled on the rising edge of the
clock.

IP5 X | Input 5: General purpose input, or channel B transmitter external clock input (TxCB). When
the external clock is used by the transmitter, the transmitted data is clocked on the falling
edge of the clock.

1P6 X | Input 6: General purpose input or channel B receiver external clock input (RxCA). When the
external clock is used by the receiver, the received data is sampled on the rising edge of the
clock.

Vee X X X | Power Supply: + 5V supply input

GND X X X | Ground

BLOCK DIAGRAM

The 2681 DUART consists of the following
eight major sections: data bus buffer,
operation control, interrupt control, tim-
ing, communications channels A and B, in-
put port and output port. Refer to the
block diagram.

Data Bus Buffer

The data bus buffer provides the interface
between the external and internal data
busses. It is controlled by the operation
control block to allow read and write
operations to take place between the con-
trolling CPU and the DUART.

Operation Control

The operation control logic receives
operation commands from the CPU and
generates appropriate signals to internal
sections to control device operation. It
contains address decoding and read and
write circuits to permit communications
with the microprocessor via the data bus
buffer.

Interrupt Control

A single active low interrupt output
(INTRN) is provided which is activated
upon the occurence of any of eight inter-
nal events. Associated with the interrupt
system are the interrupt mask register
(IMR) and the interrupt status register
(ISR). The IMR may be programmed to
select only certain conditions to cause
INTRN to be asserted. The ISR can be read
by the CPU to determine all currently ac-
tive interrupting conditions.

Outputs OP3-OP7 can be programmed to
provide discrete interrupt outputs for the
transmitters, receivers, and counter/timer.

1.72

Timing Circuits

The timing block consists of a crystal
oscillator, a baud rate generator, a pro-
grammable 16-bit counter/timer, and four
clock selectors. The crystal oscillator
operates directly from a 3.6864MHz crys-
tal connected across the X1/CLK and X2
inputs. If an external clock of the appropri-
ate frequency is available, it may be con-
nected to X1/CLK. The clock serves as the
basic timing reference for the baud rate
generator (BRG), the counter/timer, and
other internal circuits. A clock signal
within the limits specified in the specifica-
tions section of this data sheet must
always be supplied to the DUART.

The baud rate generator operates from the
oscillator or external clock input and is
capable of generating 18 commonly used
data communications baud rates ranging
from 50 to 38.4K baud. The clock outputs
from the BRG are at 16X the actual baud
rate. The counter/timer can be used as a
timer to produce a 16X clock for any other
baud rate by counting down the crystal
clock or an external clock. The four clock
selectors allow the independent selection,
for each receiver and transmitter, of any of
these baud rates or an external timing sig-
nal.

The counter/timer (C/T) can be program-
med to use one of several timing sources
as its input. The output of the C/T is avail-
able to the clock selectors and can also be
programmed to be output at OP3. In the
counter mode, the contents of the C/T can
be read by the CPU and it can be stopped
and started under program control. In the
timer mode, the C/T acts as a program-
mable divider.

Signetics

Communications Channels
A and B

Each communications channel of the 2681
comprises a full duplex asynchronous re-
ceiver/transmitter (UART). The operating
frequency for each receiver and transmit-
ter can be selected independently from
the baud rate generator, the counter timer,
or from an external input.

The transmitter accepts parallel data from
the CPU, converts it to a serial bit stream,
inserts the appropriate start, stop, and op-
tional parity bits and outputs a composite
serial stream of data on the TxD output
pin. The receiver accepts serial data on
the RxD pin, converts this serial input to
parallel format, checks for start bit, stop
bit, parity bit (if any), or break condition
and sends an assembled character to the
CPU.

Input Port

The inputs to this unlatched 7-bit port can
be read by the CPU by performing a read
operation at address Dqg. A high input re-
sults in a logic 1 while a low input results
in a logic 0. The pins of this port can also
serve as auxiliary inputs to certain por-
tions of the DUART logic.

Four change-of-state detectors are pro-
vided which are associated with inputs
IP3, IP2, IP1, and IPO. A high-to-low or low-
to-high transition of these inputs lasting
longer than 25-50us will set the corre-
sponding bit in the input port change reg-
ister. The bits are cleared when the regis-
ter is read by the CPU. Any change of state
can also be programmed to generate an in-
terrupt to the CPU.
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Output Port

The 8-bit multi-purpose output port can be
used as a general purpose output port, in
which case the outputs are the comple-
ments of the output port register (OPR).
OPR[n]= 1 results in OP[n]= low and vice-
versa. Bits of the OPR can be individually
set and reset. A bit is set by performing a
write operation at address Eg with the ac-
companying data specifying the bits to be
set (1= set, 0=no change). Likewise, a bit
is reset by a write at address F,g with the
accompanying data specifying the bits to
be reset (1 =reset, 0= no change).

Outputs can be also individually assigned
specific functions by appropriate pro-
gramming of the channel A mode registers
(MR1A, MR2A), the channel B mode regis-
ters (MR1B, MR2B), and the output port
configuration register (OPCR).

OPERATION

Transmitter

The 2681 is conditioned to transmit data
when the transmitter is enabled through
the command register. The 2681 indicates
to the CPU that it is ready to accept a
character by setting the TxRDY bit in the
status register. This condition can be pro-
grammed to generate an interrupt request
at OP6 or OP7 and INTRN. When a charac-
ter is loaded into the transmit holding reg-
ister (THR), the above conditions are
negated. Data is transferred from the hold-
ing register to the transmit shift register
when it is idle or has completed transmis-
sion of the previous character. The TxRDY
conditions are then asserted again which
means one full character time of buffering
is provided. Characters cannot be loaded
into the THR while the transmitter is dis-
abled.

The transmitter converts the parallel data
from the CPU to a serial bit stream on the
TxD output pin. It automatically sends a
start bit followed by the programmed
number of data bits, an optional parity bit,
and the programmed number of stop bits.
The least significant bit is sent first. Fol-
lowing the transmission of the stop bits, if
a new character is not available in the
THR, the TxD output remains high and the
TxEMT bit in the status register (SR) will
be set to 1. Transmission resumes and the
TXEMT bit is cleared when the CPU loads a
new character into the THR. If the trans-
mitter is disabled, it continues operating
until the character currently being trans-
mitted is completely sent out. The trans-
mitter can be forced to send a continuous

low condition by issuing a send break
command.

The transmitter can be reset through a
software command. If it is reset, operation
ceases immediately and the transmitter
must be enabled through the command
register before resuming operation. If CTS
operation is enabled, the CTSN input must
be low in order for the character to be
transmitted. if it goes high in the middle of
a transmission, the character in the shift
register is transmitted and TxDA then re-
mains in the marking state until CTSN
goes low. The transmitter can also control
the deactivation of the RTSN output. If
programmed, the RTSN output will be re-
set one bit time after the character in the
transmit shift register and transmit hold-
ing register (if any) are completely trans-
mitted, if the transmitter has been dis-
abled.

Receiver

The 2681 is conditioned to receive data
when enabled through the command reg-
ister. The receiver looks for a high to low
(mark to space) transition of the start bit
on the RxD input pin. If a transition is de-
tected, the state of the RxD pin is sampled
each 16X clock for 7-1/2 clocks (16X clock
mode) or at the next rising edge of the bit
time clock (1X clock mode). If RxD is
sampled high, the start bit is invalid and
the search for a valid start bit begins
again. If RxD is still low, a valid start bit is
assumed and the receiver continues to
sample the input at one bit time intervals
at the theoretical center of the bit, until
the proper number of data bits and the
parity bit (if any) have been assembled,
and one stop bit has been detected. The
least sigificant bit is received first. The
data is then transferred to the receive
holding register (RHR) and the RxRDY bit
in the SR is set to a 1. This condition can
be programmed to generate an interrupt at
OP4 or OP5 and INTRN. If the character
length is less than eight bits, the most
significant unused bits in the RHR are set
to zero.

After the stop bit is detected, the receiver
will immediately look for the next start bit.
However, if a non-zero character was re-
ceived without a stop bit (framing error)
and RxD remains low for one half of the bit
period after the stop bit was sampled,
then the receiver operates as if a new start
bit transition had been detected at that
point (one-half bit time after the stop bit
was sampled).

The parity error, framing error, overrun er-
ror and received break state (if any) are
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strobed into the SR at the received charac-
ter boundary, before the RXRDY status bit
is set. If a break condition is detected
(RxD is low for the entire character in-
cluding the stop bit), a character con-
sisting of all zeros will be loaded into the
RHR and the received break bit in the SR
is set to 1 The RxD input must return to a
high condition for at least one-half bit time
before a search for the next start bit
begins.

The RHR consists of a first-in-first-out
(FIFO) stack with a capacity of three char-
acters. Data is loaded from the receive
shift register into the topmost empty posi-
tion of the FIFO. The RxRDY bit in the
status register is set whenever one or
more characters are available to be read,
and a FFULL status bit is set if all three
stack positions are filled with data. Either
of these bits can be selected to cause an
interrupt. A read of the RHR outputs the
data at the top of the FIFO. After the read
cycle, the data FIFO and its associated
status bits (see below) are ‘popped’ thus
emptying a FIFO position for new data.

In addition to the data word, three status
bits (parity error, framing error, and re-
ceived break) are also appended to each
data character in the FIFO (overrun is not).
Status can be provided in two ways, as
programmed by the error mode control bit
in the mode register. In the ‘character’
mode, status is provided on a character-
by-character basis: the status applies only
to the character at the top of the FIFO. In
the ‘block’ mode, the status provided in
the SR for these three bits is the logical
OR of the status for all characters coming
to the top of the FIFO since the last ‘reset
error’ command was issued. In either
mode reading the SR does not affect the
FIFO. The FIFO is ‘popped’ only when the
RHR is read. Therefore the status register
should be read prior to reading the FIFO.

If the FIFO is full when a new character is
received, that character is held in the re-
ceive shift register until a FIFO position is
available. If an additional character is re-
ceived while this state exits, the contents
of the FIFO are not affected: the character
previously in the shift register 1s lost and
the overrun error status bit (SR[4]) will be
set upon receipt of the start bit of the new
(overruning) character.

The receiver can control the deactivation
of RTS. If programmed to operate in this
mode, the RTSN output will be negated
when a valid start bit was received and the
FIFO is full. When a FIFO position be-
comes available, the RTSN output will be
re-asserted automatically. This feature
can be used to prevent an overrun, in the
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receiver, by connecting the RTSN output
to the CTSN input of the transmitting
device.

If the receiver is disabled, the FIFO char-
acters can be read. However, no additional
characters can be received until the re-
ceiver is enabled again. If the receiver is
reset, the FIFO and all of the receiver
status, and the corresponding output
ports and interrupt are reset. No addi-
tional characters can be received until the
receiver is enabled again.

Multidrop Mode

The DUART is equipped with a wake up
mode used for multidrop applications.
This mode is selected by programming
bits MR1A[4:3] or MR1B[4:3] to ‘11’ for
channels A and B respectively. In this
mode of operation, a ‘master’ station
transmits an address character followed
by data characters for the addressed
‘slave’ station. The slave stations, with
receivers that are normally disabled, ex-
amine the received data stream and ‘wake-
up’ the CPU (by setting RxRDY) only upon
receipt of an address character. The CPU
compares the received address to its sta-
tion address and enables the receiver if it
wishes to receive the subsequent data
characters. Upon receipt of another ad-
dress character, the CPU may disable the
receiver to initiate the process again.

A transmitted character consists of a start
bit, the programmed number of data bits,
an address/data (A/D) bit, and the pro-
grammed number of stop bits. The polarity
of the transmitted A/D bit is selected by
the CPU by programming bit MR1A[2)/
MR1B[2]. MR1A[2)/MR1B[2] = 0 transmits a
zero in the A/D bit position, which iden-
tifies the corresponding data bits as data,
while MR1A[2J/MR1B[2]=1 transmits a
one in the A/D bit position, which identi-
fies the corresponding data bits as an ad-
dress. The CPU should program the mode
register prior to loading the corresponding
data bits into the THR.

In this mode, the receiver continuously
looks at the received data stream, whether
it is enabled or disabled. if disabied, it
sets the RxRDY status bit and loads the
character into the RHR FIFO if the re-
ceived A/D bit is a one (address tag), but
discards the received character if the
received A/D bit is a zero (data tag). if
enabled, all received characters are trans-
ferred to the CPU via the RHR. In either
case, the data bits are loaded into the data
FIFO while the A/D bit is loaded into the
status FIFO position normally used for
parity error (SRA[5] or SRBI[5]). Framing
error, overrun error, and break detect oper-
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ate normally whether or not the receiver is
enabled.

PROGRAMMING

The operation of the DUART is program-
med by writing control words into the ap-
propriate registers. Operational feedback
is provided via status registers which can
be read by the CPU. The addressing of the
registers is described in table 1.

The contents of certain control registers
are initialized to zero on RESET. Care
should be exercised if the contents of a
register are changed during operation,
since certain changes may cause opera-
tional problems. For example, changing
the number of bits per character while the
transmitter is active may cause the trans-
mission of an incorrect character. In gen-
eral, the contents of the MR, the CSR, and
the OPCR should only be changed while
the receiver(s) and transmitter(s) are not
enabled, and certain changes to the ACR
should only be made while the CIT is
stopped.

Mode registers 1 and 2 of each channel are
accessed via independent auxiliary point-
ers. The pointer is set to MR1x by RESET
or by issuing a ‘reset pointer’ command
via the corresponding command register.
Any read or write of the mode register
while the pointer is at MR1x switches the
pointer to MR2x. The pointer then remains
at MR2x, so that subsequent accesses are
always to MR2x unless the pointer is reset
to MR1x as described above.

Mode, command, clock select, and status
registers are duplicated for each channel
to provide total independent operation
and control. Refer to table 2 for register bit
descriptions.

MR1A — Channel A Mode
Register 1

MR1A is accessed when the channel A MR
pointer points to MR1. The pointer is set
to MR1 by RESET or by a ‘set pointer’ com-
mand applied via CRA. After reading or
writing MR1A, the pointer will point to
MR2A.

MR1A[7] — Ch 1 A R Req -
to-Send Control — This bit controls the
deactivation of the RTSAN output (OP0) by
the receiver. This output is normally
asserted by setting OPR[0] and negated by
resetting OPR[0]. MR1A[7]=1 causes
RTSAN to be negated upon receipt of a
valid start bit if the channel A FIFO is full.
However, OPR[0] is not reset and RTSAN
will be asserted again when an empty
FIFO position is available. This feature
can be used for flow control to prevent
overrun in the receiver by using the
RTSAN output signal to control the CTSN
input of the transmitting device.

MR1A[6] — Channel A Receiver Interrupt
Select — This bit selects either the chan-
nel A receiver ready status (RXRDY) or the
channel A FIFO full status (FFULL) to be
used for CPU interrupts. It also causes the
selected bit to be output on OP4 if it is
programmed as an interrupt output via the
OPCR.

MR1A[5] — Channel A Error Mode Select
— This bit selects the operating mode of
the three FIFOed status bits (FE, PE, re-
ceived break) for channel A. In the ‘charac-
ter mode, status is provided on a charac-
ter-by-character basis: the status applies
only to the character at the top of the
FIFO. In the ‘block’ mode, the status pro-
vided in the SR for these bits is the ac-

Table 1. 2681 REGISTER ADDRESSING

A3 [A2| A1 (A0 READ (RDN =0) WRITE (WRN =0)

00| 0|0 | ModeRegister A(MR1A, MR2A) | Mode Register A (MR1A, MR2A)
0|0]| 0|1 | Status Register A (SRA) Clock Select Reg. A (CSRA)
0|0 1|0 | *Reserved* Command Register A (CRA)
010! 111 |RXHolding Register A (RHRA) | TX Holding Register A (THRA)
0|1 0|0 |InputPort Change Reg. (IPCR) | Aux. Control Register (ACR)

0 |1f0][1 [Interrupt Status Reg. (ISR) Interrupt Mask Reg. (IMR)

0 (1| 1]0 | Counter/Timer Upper (CTU) CIT Upper Register (CTUR)
0}|1] 1|1 | Counter/Timer Lower (CTL) CIT Lower Register (CTLR)
10| 0|0 | ModeRegister B(MR1B, MR2B) | Mode Register B (MR1B, MR2B)
1]0) 0|1 |Status Register B (SRB) Clock Select Reg. B (CSRB)
1101 1{0 | *Reserved* Command Register B (CRB)
1]0| 1|1 [RXHolding Register B (RHRB) | TX Holding Register B (THRB)
1]1]0]|0 | *Reserved* *Reserved*

111]10{1 |InputPort Output Port Conf. Reg. (OPCR)
111} 1|0 [Start Counter Command Set Output Port Bits Command
1]1] 1|1 |Stop Counter Command Reset Output Port Bits Command
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Table 2. REGISTER BIT FORMATS

BIT7 BIT6 BITS BIT4 BIT3 BIT2 BIT1 BITO
RX RTS RXINT ERROR PARITY
CONTROL SELECT MODE PARITY MODE TYPE BITS PER CHAR.
MR1A 0=no 0= RXRDY 0=char 00 = with parity O=even 00=5
MR1B 1=yes 1=FFULL 1=block 01=force parity 1=odd 01=6
10=no parity 10=7
11 =special mode 11=8
BIT?7 BIT6 BITS BIT4 BIT3 BIT2 BIT1 BITO
Tx RTS CTS N
CHANNEL MODE CONTROL ENABLE Tx STOP BIT LENGTH
MR2A 00= Normal 0=no 0=no 0=0.563 4=0.813 8=1.563 C=1813
MR2B 01=Auto echo 1=yes 1=vyes 1=0.625 5=0.875 9=1.625 D=1.875
10= Local loop 2=0.688 6=0.938 A=1.688 E=1.938
11 = Remote loop 3=0.750 7=1.000 B=1.750 F=2.000
*Add 0.5 to values shown for 0-7 if channel I1s programmed for 5 bits/char
BIT7 BIT6 BITS BIT4 BIT3 BIT2 BIT1 BITO
CSRA RECEIVER CLOCK SELECT TRANSMITTER CLOCK SELECT
CSRB See text See text
BIT?7 BIT6 BITS BIT4 BIT3 BIT2 BIT1 BITO
MISCELLANEOUS COMMANDS DISABLE Tx | ENABLE Tx | DISABLE Rx | ENABLE Rx
CRA not used—
CRB must be 0 See text 0=no 0=no 0=no 0=no
1=yes 1=yes 1=yes 1=yes
BIT7 BIT6 BITS BIT4 BIT3 BIT2 BIT1 BITO
RECEIVED FRAMING PARITY OVERRUN
BREAK ERROR ERROR ERROR TxEMT TxRDY FFULL RxRDY
SRA 0=no 0=no 0=no 0=no 0=no 0=no O0=no 0=no
SRB 1=yes 1=yes 1=yes 1=yes 1=yes 1=yes 1=yes 1=yes
*These status bits are to the g data In the receive FIFO A read of the status register provides these bits (7 5) from the top of the FIFO
together with bits 40 These bits are cleared by a ‘reset error status’ command In character mode they are discarded when the corresponding data character i1s read
from the FIFO
BIT7 BIT6 BITS BIT4 BIT3 BIT2 BIT1 BITO
OoP7 OP6 OPS OP4 oP3 oP2
0= OPR[7] 0= OPRI6] 0= OPR[5] 0= OPR[4] 00= OPR[3] 00=OPRI[2]
OPCR | 1=TxRDYB | 1=TxRDYA | 1=RxRDY/ 1=RxRDY/ 01=C/T OUTPUT 01=TxCA (16X)
FFULLB FFULLA 10=TxCB (1X) 10=TxCA (1X)
11=RxCB (1X) 11=RxCA (1X)
BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BITO
BRG SET COUNTER/TIMER DELTA DELTA DELTA DELTA
SELECT MODE AND SOURCE IP3 INT 1IP2 INT IP1 INT 1PO INT
ACR 0=set1 See table 4 0=off 0= off 0=off 0= off
1=set2 1=on 1=on 1=on 1=on
BIT7 BIT6 BITS BIT4 BIT3 BIT2 BIT1 BITO
DELTA DELTA DELTA DELTA
IPCR P3 P2 P1 1PO IP3 1P2 IP1 PO
0=no 0=no 0=no 0=no 0=low 0=low 0=low 0=low
1=yes 1=yes 1=yes 1=yes 1=high 1=high 1=high 1=high
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Table 2. REGISTER BIT FORMATS (continued)
BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BITO
INPUT -
DELTA RxRDY/ COUNTER DELTA RxRDY/
PORT TxRDYB TxRDYA
ISR CHANGE BREAK B FFULLB READY BREAK A FFULLA
0=no 0=no 0=no 0=no 0=no 0=no 0=no 0=no
1=yes 1=yes 1=yes 1=yes 1=yes 1=yes 1=yes 1=yes
BIT7 BIT6 BITS BIT4 BIT3 BIT2 BIT1 BITO
IN. PORT DELTA RxRDY/ COUNTER DELTA RxRDY/
CHANGE | BREAKB | FFULLB TXAnY8 READY BREAKA | FFULLA A
IMR INT INT INT INT INT INT
0= off 0=off 0= off 0= off 0= off 0= off 0= off 0= off
1=o0n 1=o0n 1=on 1=on 1=o0n 1=o0n 1=on 1=o0n
BIT?7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BITO
CIT[15] CIT[14] CIT[13] CIT[12] CIT[11] CIT[10] CIT[9] CIT[8]
CTUR
BIT7 BIT6 BITS BIT4 BIT3 BIT2 BIT1 BITO
CIT[7] CIT[6] CIT[5) CIT[4] CIT[3] CIT[2] CIT[1] CIT[0]
CTLR
cumulation (logical OR) of the status for MR2A — Channel A Mode 6. Character framing is checked, but the

all characters coming to the top of the
FIFO since the last ‘reset error command
for channel A was issued.

MR1A[4:3] — Channel A Parity Mode
Select — If ‘with parity’ or ‘force parity’ is
selected, a parity bit is added to the trans-
mitted character and the receiver per-
forms a parity check on incoming data.
MR1A[4:3] = 11 selects channel A to oper-
ate in the special multidrop mode de-
scribed in the Operation section.

MR1A[2] — Channel A Parity Type Select
— This bit selects the parity type (odd or
even) if the ‘with parity’ mode is program-
med by MR1A[4:3], and the polarity of the
forced parity bit if the ‘force parity’ mode
is programmed. it has no effect if the ‘no
parity’ mode is programmed. In the special
multidrop mode it selects the polarity of
the A/D bit.

MR1A[1:0] — Channel A Bits per Character
Select — This field selects the number of
data bits per character to be transmitted
and received. The character length does
not include the start, parity, and stop bits.
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Register 2

MR2A is accessed when the channel A MR
pointer points to MR2, which occurs after
any access to MR1A. Accesses to MR2A
do not change the pointer.

MR2A[7:6] — Channel A Mode Select —
Each channel of the DUART can operate in
one of four modes. MR2A[7:6]= 00 is the
normal mode, with the transmitter and re-
ceiver operating independently. MR2A[7:6]
=01 places the channel in the automatic
echo mode, which automatically retrans-
mits the received data. The following con-
ditions are true while in automatic echo
mode:

1. Received data is reclocked and retrans-

mitted on the TxDA cutput.

The receive clock is used for the trans-

mitter.

. The receiver must be enabled, but the
transmitter need not be enabled.

. The channel A TxRDY and TXEMT
status bits are inactive.

. The received parity is checked, but is
not regenerated for transmission, i.e.,
transmitted parity bit is as received.

2.
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stop bits are retransmitted as received.
. A received break is echoed as received
until the next valid start bit is detected.
. CPU to receiver communication contin-
ues normally, but the CPU to transmit-
ter link is disabled.
Two diagnostic modes can also be config-
ured. MR2A[7:6]=10 selects local loop-
back mode. In this mode:
1. The transmitter output is internally
connected to the receiver input.
The transmit clock is used for the re-
ceiver.
. The TxDA output is held high.
. The RxDA input is ignored.
5. The transmitter must be enabled, but
the receiver need not be enabled.
CPU to transmitter and receiver com-
munications continue normalily.
The second diagnostic mode is the remote
loopback mode, selected by MR2A[7:6] =
11. In this mode:

2.

»

6.

1. Received data is reclocked and retrans-
mitted on the TxDA output.

2. The receive clock is used for the trans-
mitter.
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3. Received data is not sent to the local
CPU, and the error status conditions
are inactive.

4. The received parity is not checked and
is not regenerated for transmission,
i.e., transmitted parity bit is as re-
ceived.

5. The receiver must be enabled.

6. Character framing is not checked, and
the stop bits are retransmitted as re-
ceived.

7. A received break is echoed as received
until the next valid start bit is detected.

The user must exercise care when switch-
ing into and out of the various modes. The
selected mode will be activated immedi-
ately upon mode selection, even if this oc-
curs in the middle of a received or trans-
mitted character. Likewise, if amode is de-
selected, the device will switch out of the
mode immediately. An exception to this is
switching out of autoecho or remote loop-
back modes: if the de-selection occurs
just after the receiver has sampled the
stop bit (indicated in autoecho by asser-
tion of RxRDY), and the transmitter is
enabled, the transmitter will remain in
autoecho mode until the entire stop bit
has been retransmitted.

MR2A[5] — Channel A Transmitter Re-
quest-to-Send Control — This bit controls
the deactivation of the RTSAN output
(OP0) by the transmitter. This output is
normally asserted by setting OPR[0] and
negated by resetting OPR[0]. MR2A[5] = 1
causes OPR[0] to be reset automatically
one bit time after the characters in the
channel A transmit shift register and in
the THR, if any, are completely transmit-
ted, including the programmed number of
stop bits, if the transmitter is not enabled.
This feature can be used to automatically
terminate the transmission of a message
as follows:

. Program auto-reset mode: MR2A[5] = 1.

. Enable transmitter.

. Assert RTSAN: OPR[0]= 1.

. Send message.

. Disable transmitter after the last char-
acter is loaded into the channel A THR.

6. The last character will be transmitted

and OPR[0] will be reset one bit time

after the last stop bit, causing RTSAN

to be negated.

O WwN =

MR2A[4] — Channel A Clear-to-Send Con-
trol — If this bit is 0, CTSAN has no effect
on the transmitter. If this bit is a 1, the
transmitter checks the state of CTSAN

(IP0) each time it is ready to send a charac-
ter. If IPO is asserted (low), the character is
transmitted. If it is negated (high), the
TxDA output remains in the marking state
and the transmission is delayed until
CTSAN goes low. Changes in CTSAN
while a character is being transmitted do
not affect the transmission of that charac-
ter.

MR2A[3:0] — Channel A Stop Bit Length
Select — This field programs the length of
the stop bit appended to the transmitted
character. Stop bit lengths of 9/16 to 1 and
1-9/16 to 2 bits, in increments of 1/16 bit,
can be programmed for character lengths
of 6, 7, and 8 bits. For a character length of
5 bits, 1-1/16 to 2 stop bits can be pro-
grammed in increments of 1/16 bit. The re-
ceiver only checks for a ‘mark’ condition
at the center of the first stop bit position
(one bit time after the last data bit, or after
the parity bit if parity is enabled) in all
cases.

If an external 1X clock is used for the
transmitter, MR2A[3] =0 selects one stop
bit and MR2A[3] = 1 selects two stop bits
to be transmitted.

MR1B — Channel B Mode
Register 1

MR1B is accessed when the channel B MR
pointer points to MR1. The pointer is set
to MR1 by RESET or by a ‘set pointer’ com-
mand applied via CRB. After reading or
writing MR1B, the pointer will point to
MR2B.

The bit definitions for this register are
identical to the bit definitions for MR1A,
except that all control actions apply to the
channel B receiver and transmitter and the
corresponding inputs and outputs.

MR2B — Channel B Mode
Register 2

MR2B is accessed when the channel B MR
pointer points to MR2, which occurs after
any access to MR1B. Accesses to MR2B
do not change the pointer.

The bit definitions for this register are
identical to the bit definitions for MR2A,
except that all control actions apply to the
channel B receiver and transmitter and the
corresponding inputs and outputs.

CSRA — Channel A Clock Select
Register

CSRA[7:4] — Channel A Receiver Clock
Select — This field selects the baud rate
clock for the channel A receiver as foi-
lows:
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Baud Rate
CSRA[7:4] ACR[7]=0 ACR[7]=1
0000 50 75
0001 110 110
0010 1345 134.5
0011 200 150
0100 300 300
0101 600 600
0110 1,200 1,200
0111 1,050 2,000
1000 2,400 2,400
1001 4,800 4,800
1010 7,200 1,800
1011 9,600 9,600
1100 38.4K 19.2K
1101 Timer Timer
1110 IP4—16X IP4—16X
1111 IP4—1X IP4—1X

The receiver clock is always a 16X clock
except for CSRA[7:4] = 1111.

CSRA[3:0] — Channel A Transmitter Clock
Select — This field selects the baud rate
clock for the channel A transmitter. The
field definition is as per CSRA[7:4] except
as follows:

Baud Rate
CSRA[3:0] ACR[7]=0 ACR[7]=1
1110 IP3—16X IP3—16X
1111 IP3—1X IP3—1X

The transmitter clock is always a 16X
clock except for CSRA[3:0]= 1111.

CSRB — Channel B Clock Select
Register — Access Type: Write
Only

CSRB[7:4] — Channel B Receiver Clock
Select — This field selects the baud rate
clock for the channel B receiver. The field
definition is as per CSRA[7:4] except as
follows:

Baud Rate
CSRB[7:4] ACR[7]=0 ACR[7]=1
1110 IP6—16X IP6—16X
1111 IP6—1X 1P6—1X

The receiver clock is always a 16X clock
except for CSRB[7:4]= 1111.

CSRB[3:0] — Channel B Transmitter Clock
Select — This field selects the baud rate
clock for the channel B transmitter. The
field definition is as per CSRA[7:4] except
as follows:

Baud Rate
CSRB[3:0] ACR[7]=0 ACR[7]=1
1110 IP5—16X IP5—16X
1111 IP5—1X IP5—1X

The transmitter clock is always a 16X
clock except for CSRB[3:0]= 1111.

1.77
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CRA — Channel A Command
Register

CRA is a register used to supply com-
mands to channel A. Multiple commands
can be specified in a single write to CRA
as long as the commands are non-conflict-
ing, e.g., the ‘enable transmitter’ and
‘reset transmitter’ commands cannot be
specified in a single command word.

CRA[6:4] — Ch | A Miscell
Commands — The encoded value of this
field may be used to specify a single com-
mand as follows:

CRA[6:4] COMMAND
000 Nocommand.

0 0 1 Reset MR pointer. Causes the
channel A MR pointer to point to
MR1.

Reset receiver. Resets the chan-
nel A receiver as if a hardware
reset had been applied. The re-
ceiver is disabled and the FIFO
is flushed.

Reset transmitter. Resets the
channel A transmitter as if a
hardware reset had been ap-
plied.

Reset error status. Clears the
channel A Received Break, Par-
ity Error, Framing Error, and
Overrun Error bits in the status
register (SRA[7:4]). Used in char-
acter mode to clear OE status
(although RB, PE, and FE bits
will also be cleared) and in block
mode to clear all error status
after a block of data has been
received.

Reset channel A break change
interrupt. Causes the channel A
break detect change bit in the in-
terrupt status register (ISR[2]) to
be cleared to zero.

Start break. Forces the TXDA
output low (spacing). If the
transmitter is empty the start of
the break condition will be de-
layed up to two bit times. If the
transmitter Is active the break
begins when transmission of the
character is completed. If a char-
acter is in the THR, the start of
the break will be delayed until
that character, or any others
loaded subsequently are trans-
mitted. The transmitter must be
enabled for this command to be
accepted.

Stop Break. The TXDA line will
go high (marking) within two bit

010

011

101

110

111
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times. TXDA will remain high for
one bit time before the next
character, if any, is transmitted.

CRA[3] — Disable Ch | A Tr itter
— This command terminates transmitter
operation and resets the TxRDY and
TxEMT status bits. However, if a character
is being transmitted or if a character is in
the THR when the transmitter is disabled,
the transmission of the character(s) is
completed before assuming the inactive
state.

CRA[2] — Enable Channel A Transmitter
— Enables operation of the channel A
transmitter. The TxRDY status bit will be
asserted.

CRA[1] — Disable Channel A Receiver —
This command terminates operation of
the receiver immediately — a character
being received will be lost. The command
has no effect on the receiver status bits or
any other control registers. If the special
multidrop mode is programmed, the re-
ceiver operates even if it is disabled. See
Operation section.

CRA[0] — Enable Channel A Receiver —
Enables operation of the channel A re-
ceiver. If not in the special wakeup mode,
this also forces the receiver into the
search for start-bit state.

CRB — Channel B Command
Register

CRB is a register used to supply com-
mands to channel B. Multiple commands
can be specified in a single write to CRB
as long as the commands are non-conflict-
ing, e.g., the ‘enable transmitter and
‘reset transmitter’ commands cannot be
specified in a single command word.

The bit definitions for this register are
identical to the bit definitions for CRA, ex-
cept that all control actions apply to the
channel B receiver and transmitter and the
corresponding inputs and outputs.

SRA — Channel A Status
Register

SRA[7] — Channel A Received Break —
This bit indicates that an all zero character
of the programmed length has been re-
ceived without a stop bit. Only a single
FIFO position is occupied when a break is
received: further entries to the FIFO are in-
hibited until the RxDA line returns to the
marking state for at least one-half a bit
time (two successive edges of the internal
or external 1x clock).

Signetics

When this bit is set, the channel A ‘change
in break’ bit in the ISR (ISR[2)) is set. ISR[2]
is also set when the end of the break con-
dition, as defined above, is detected.

The break detect circuitry can detect
breaks that originate in the middle of a
received character. However, if a break
begins in the middle of a character, it must
persist until at least the end of the next
character time in order for it to be de-
tected.

SRA[6] — Channel A Framing Error — This
bit, when set, indicates that a stop bit was
not detected when the corresponding data
character in the FIFO was received. The
stop bit check is made in the middle of the
first stop bit position.

SRA[5] — Channel A Parity Error — This
bit is set when the ‘with parity’ or ‘force
parity’ mode is programmed and the corre-
sponding character in the FIFO was re-
ceived with incorrect parity.

In the special multidrop mode the parity
error bit stores the received A/D bit.

SRA[4] — Channel A Overrun Error — This
bit, when set, indicates that one or more
characters in the received data stream
have been lost. It is set upon receipt of a
new character when the FIFO is full and a
character is already in the receive shift
register waiting for an empty FIFO posi-
tion. When this occurs, the character in
the receive shift register (and its break
detect, parity error and framing error
status, if any) is lost.

This bit is cleared by a ‘reset error status’
command.

SRA[3] — Channel A Transmitter Empty
(TXEMTA) — This bit will be set when the
channel A transmitter underruns, i.e., both
the transmit holding register (THR) and
the transmit shift register are empty. It is
set after transmission of the last stop bit
of a character if no character is in the THR
awaiting transmission. It is reset when the
THR is loaded by the CPU or when the
transmitter is disabled.

SRA[2] — Channel A Transmitter Ready
(TXRDYA) — This bit, when set, indicates
that the THR is empty and ready to be
loaded with a character. This bit is cleared
when the THR is loaded by the CPU and is
set when the character is transferred to
the transmit shift register. TxRDY is reset
when the transmitter is disabled and 1s set
when the transmitter is first enabled, viz.,
characters loaded into the THR while the
transmitter is disabled will not be trans-
mitted.
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SRA[1] — Channel A FIFO Full (FFULLA)
— This bit 1s set when a character is trans-
ferred from the receive shift register to the
receive FIFO and the transfer causes the
FIFO to become full, i.e., all three FIFO
positions are occupied. It is reset when
the CPU reads the RHR. If a character is
waiting in the receive shift register be-
cause the FIFO is full, FFULL will not be
reset when the CPU reads the RHR.

SRA[0] — Channel A Receiver Ready
(RxRDYA) — This bit indicates that a char-
acter has been received and is waiting in
the FIFO to be read by the CPU. It is set
when the character is transferred from the
receive shift register to the FIFO and reset
when the CPU reads the RHR, if after this
read there are no more characters still in
the FIFO.

SRB — Channel B Status Register

The bit definitions for this register are
identical to the bit definitions for SRA, ex-
cept that all status applies to the channel
B receiver and transmitter and the corre-
sponding inputs and outputs.

OPCR — Output Port Configur-
ation Register

OPCRI[7] — OP7 Output Select — This bit
programs the OP7 output to provide one of
the following:

— The complement of OPR[7]

— The channel B transmitter interrupt
output, which is the complement of
TxRDYB. When in this mode OP7 acts
as an open collector output. Note that
this output is not masked by the con-
tents of the IMR.

OPCR[6] — OP6 Output Select — This bit
programs the OP6 output to provide one of
the followng:

— The complement of OPRI[6]

— The channel A transmitter interrupt
output, which is the complement of
TxRDYA. When in this mode OP6 acts
as an open collector output. Note that
this output is not masked by the con-
tents of the IMR.

OPCRI5] — OP5 Output Select — This bit
programs the OP5 output to provide one of
the following:

— The complement of OPR([5]

— The channel B receiver interrupt out-
put, which is the complement of ISR[5].
When in this mode OP5 acts as an open
collector output. Note that this output
is not masked by the contents of the
IMR.

OPCR[4] — OP4 Output Select — This bit
programs the OP4 output to provide one of
the following:

— The complement of OPR[4]

— The channel A receiver interrupt out-
put, which is the complement of ISR[1].
When in this mode OP4 acts as an open
collector output. Note that this output
is not masked by the contents of the
IMR.

OPCRI[3:2] — OP3 Output Select — This
field programs the OP3 output to provide
one of the following:

— The complement of OPR[3]

— The counter/timer output, in which
case OP3 acts as an open collector out-
put. In the timer mode, this output is a
square wave at the programmed fre-
quency. In the counter mode, the out-
put remains high until terminal count is
reached, at which time it goes low. The
output returns to the high state when
the counter is stopped by a stop
counter command. Note that this out-
put is not masked by the contents of
the IMR.

— The 1X clock for the channel B trans-
mitter, which is the clock that shifts the
transmitted data. If data is not being
transmitted, a free running 1X clock is
output.

— The 1X clock for the channel B receiver,
which is the clock that samples the
received data. If data is not being re-
ceived, a free running 1X clock is out-
put.

OPCRI[1:0] — OP2 Output Select — This
field programs the OP2 output to provide
one of the following:

— The complement of OPR[2]

— The 16X clock for the channel A trans-
mitter. This is the clock selected by
CSRA[3:0}, and will be a 1X clock if
CSRA[3:0]= 1111.

— The 1X clock for the channel A trans-
mitter, which is the clock that shifts the
transmitted data. If data is not being
transmitted, a free running 1X clock is
output.

— The 1X clock for the channel A receiver,
which is the clock that samples the
received data. If data is not being re-
ceived, a free running 1X clock is out-
put.

ACR — Auxiliary Control Register

ACR[7] — Baud Rate Generator Set Select
— This bit selects one of two sets of baud
rates to be generated by the BRG:

Set 1: 50, 110, 134.5, 200, 300, 600, 1.05K,
1.2K, 2.4K, 4.8K, 7.2K, 9.6K, and
38.4K baud.

Set 2: 75, 110, 134.5, 150, 300, 600, 1.2K,
1.8K, 2.0K, 2.4K, 4.8K, 9.6K, and
19.2K baud.

The selected set of rates is available for
use by the channel A and B receivers and
transmitters as described in CSRA and
CSRB. Baud rate generator characteristics
are given in table 3.

Table 3. BAUD RATE GENERATOR CHARACTERISTICS
CRYSTAL OR CLOCK =3.6864MHz

NOMINAL RATE (BAUD) ACTUAL 16X CLOCK (KH2) ERROR (PERCENT)
50 0.8 0
75 1.2 0
110 1.759 -0.069
134.5 2.153 0.059
150 2.4 0
200 3.2 0
300 4.8 0
600 9.6 0
1050 16.756 -0.260
1200 19.2 0
1800 28.8 0
2000 32.056 0.175
2400 38.4 0
4800 76.8
7200 115.2 0
9600 153.6 0
19.2K 307.2 0
38.4K 614.4 0
NOTE
Duty cycle of 16X clock is 50% + 1%
Signetics 1.79
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ACR[6:4]— Counter/Timer Mode and Clock
Source Select — This field selects the
operating mode of the counter/timer and
its clock source as shown in table 4.

ACRI[3:0] — IP3, IP2, IP1, IPO Change of
State Interrupt Enable — This field selects
which bits of the Input Port Change regis-
ter (IPCR) cause the input change bit in
the interrupt status register (ISR[7]) to be
set. If a bit is in the ‘on’ state, the setting
of the corresponding bit in the IPCR will
also result in the setting of ISR[7], which
results in the generation of an interrupt
output if IMR[7]=1. If a bit is in the ‘off’
state, the setting of that bit in the IPCR
has no effect on ISR[7].

IPCR — Input Port Change
Register

IPCR[7:4] — IP3, IP2, IP1, IPO Change of
State — These bits are set when a change
of state, as defined in the Input Port sec-
tion of this data sheet, occurs at the re-
spective input pins. They are cleared when
the IPCR is read by the CPU. A read of the
IPCR also clears ISR[7], the input change
bit in the interrupt status register.

The setting of these bits can be program-
med to generate an interrupt to the CPU.

IPCR[3:0] — IP3,1P2, IP1, PO Current State
— These bits provide the current state of
the respective inputs. The information is
unlatched and reflects the state of the in-
put pins at the time the IPCR is read.

ISR — Interrupt Status Register

This register provides the status of all
potential interrupt sources. The contents
of this register are masked by the interrupt
mask register (IMR). If a bit in the ISR is a
‘1’ and the corresponding bit in the IMR is
also a ‘1", the INTRN output will be as-
serted. If the corresponding bit in the IMR
is a zero, the state of the bit in the ISR has
no effect on the INTRN output. Note that
the IMR does not mask the reading of the
ISR — the true status will be provided
regardless of the contents of the IMR. The
contents of this register are initialized to
00,6 when the DUART is reset.

ISR[7] — Input Port Change Status — This
bit is a ‘1’ when a change of state has
occurred at the IPO, IP1, IP2, or IP3 inputs
and that event has been selected to cause
an interrupt by the programming of
ACR[3:0]. The bit is cleared when the CPU
reads the IPCR.
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Table 4. ACR [6:4] FIELD DEFINITION

ACR[6:4] MODE CLOCK SOURCE
000 Counter External (IP2)
001 Counter TXCA — 1X clock of channel A transmitter
010 Counter TXCB — 1X clock of channel B transmitter
011 Counter Crystal or external clock (X1/CLK) divided by 16
100 Timer External (IP2)
101 Timer External (IP2) divided by 16
110 Timer Crystal or external clock (X1/CLK)
111 Timer Crystal or external clock (X1/CLK) divided by 16

ISR[6] — Channel B Change in Break —
This bit, when set, indicates that the chan-
nel B receiver has detected the beginning
or the end of a received break. It is reset
when the CPU issues a channel B ‘reset
break change interrupt’ command.

ISR[5] — Channel B Receiver Ready or
FIFO Full — The function of this bit is pro-
grammed by MR2BI[5). If programmed as
receiver ready, it indicates that a character
has been received in channel B and is
waiting in the FIFO to be read by the CPU.
It is set when the character is transferred
from the receive shift register to the FIFO
and reset when the CPU reads the RHR. If
after this read there are more characters
still in the FIFO the bit will be set again
after the FIFO is ‘popped’. If programmed
as FIFO full, it is set when a character is
transferred from the receive holding regis-
ter to the receive FIFO and the transfer
causes the channel B FIFO to become full,
i.e., all three FIFO positions are occupied.
It is reset when the CPU reads the RHR. If
a character is waiting in the receive shift
register because the FIFO is full, the bit
will be set again when the waiting charac-
ter is loaded into the FIFO.

ISR[4] — Channel B Transmitter Ready —
This bit is a duplicate of TxRDYB (SRB[2]).

ISR[3] — Counter Ready — In the counter
mode, this bit is set when the counter
reaches terminal count and is reset when
the counter is stopped by a stop counter
command.

In the timer mode, this bit is set once each
cycle of the generated square wave (every
other time that the counter/timer reaches
zero count). The bit is reset by a stop
counter command. The command, how-
ever, does not stop the counter/timer.
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ISR[2] — Channel A Change in Break —
This bit, when set, indicates that the chan-
nel A receiver has detected the beginning
or the end of a received break. It is reset
when the CPU issues a channel A ‘reset
break change interrupt’ command.

ISR[1] — Channel A Receiver Ready or
FIFO Full — The function of this bit is pro-
grammed by MR2A[5]. If programmed as
receiver ready, it indicates that a character
has been received in channel A and is
waiting in the FIFO to be read by the CPU.
It is set when the character is transferred
from the receive shift register to the FIFO
and reset when the CPU reads the RHR. If
after this read there are more characters
still in the FIFO the bit will be set again
after the FIFO is ‘popped’. If programmed
as FIFO full, it is set when a character is
transferred from the receive holding regis-
ter to the receive FIFO and the transfer
causes the channel A FIFO to become full,
i.e., all three FIFO positions are occupied.
It is reset when the CPU reads the RHR. If
a character is waiting in the receive shift
register because the FIFO is full, the bit
will be set again when the waiting charac-
ter is loaded into the FIFO.

ISR[0] — Channel A Transmitter Ready —
This bit is a duplicate of TXRDYA (SRA[2)).

IMR — Interrupt Mask Register

The programming of this register selects
which bits in the ISR cause an interrupt
output. If a bit in the ISR is a ‘1’ and the
corresponding bit in the IMR is also a ‘1’,
the INTRN output will be asserted. If the
corresponding bit in the IMR is a zero, the
state of the bit in the ISR has no effect on
the INTRN output. Note that the IMR does
not mask the programmable interrupt out-
puts OP3-OP7 or the reading of the ISR.
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CTUR and CTLR — Counter/Timer
Registers

The CTUR and CTLR hold the eight MSB’s
and eight LSB’s respectively of the value
to be used by the counter/timer in either
the counter or timer modes of operation.

In the timer (programmable divider) mode,
the CIT generates a square wave with a
period of twice the value (in clock periods)
of the CTUR and CTLR. If the value in
CTUR or CTLR is changed, the current
half-period will not be affected, but subse-
quent half periods will be. In this mode the
CIT runs continuously. Receipt of a start
counter command (read with A3-A0=
1111) causes the counter to terminate the
current timing cycle and to begin a new
cycle using the values in CTUR and CTLR.
The counter ready status bit (ISR[3)) is set

ABSOLUTE MAXIMUM RATINGS'

once each cycle of the square wave. The
bit I1s reset by a stop counter command
(read with A3-AO=1110). The command,
however, does not stop the C/T. The gen-
erated square wave is output on OP3if itis
programmed to be the C/T output.

In the counter mode, the C/T counts down
the number of pulses loaded into CTUR
and CTLR by the CPU. Counting begins
upon receipt of a start counter command.
Upon reaching terminal count (0000,¢), the
counter ready interrupt bit (ISR[3)) is set.
The counter continues counting past the
terminal count until stopped by the CPU. If
OP3 is programmed to be the output of the
CIT, the output remains high until terminal
count is reached, at which time it goes
low. The output returns to the high state
and ISRJ[3] is cleared when the counter is
stopped by a stop counter command. The

PARAMETER RATING UNIT
Operating ambient temperature? Oto +70 °C
Storage temperature —65to + 150 °C
All voltages with respect to ground?® —-05to +6.0 Vv

NOTES

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device Thisis

a stress rating only and functional operation of the device at these or at any other condition above those indicated
In the operation section of this specification 1s not implied

2 For at

the device must be derated based on + 150°C maximum junction

temperature and thermal resistance of 60°C/W junction to ambient for ceramic package (116°C/W for plastic

package)

w

This product includes circuitry specifically designed for the protection of its internal devices from damaging ef-

fects of excessive static charge Nonetheless, 1t 1s suggested that conventional precautions be taken to avoid ap-

plying any voltages larger than the rated maxima

DC ELECTRICAL CHARACTERISTICS T,=0°Cto +70°C, Vgg=5.0V *5%4568

CPU may change the values of CTUR and
CTLR at any time, but the new count be-
comes effective only on the next start
counter command. If new values have not
been loaded, the previous count values
are preserved and used for the next count
cycle.

In the counter mode, the current value of
the upper and lower 8 bits of the counter
may be read by the CPU. It is recom-
mended that the counter be stopped when
reading to prevent potential problems
which may occur if a carry from the lower
8-bits to the upper 8-bits occurs between
the times that both halves of the counter
are read. However, note that a subsequent
start counter command will cause the
counter to begin a new count cycle using
the values in CTUR and CTLR.

LIMITS
PARAMETER TEST CONDITIONS - UNIT
Min Typ Max
VL Input low voltage 0.8 \
Vs Input high voltage (except X1/CLK) 20 \
V4 Input high voltage (X1/CLK) 3.0 \
VoL Output low voltage loL=2.4mA 0.4 \
Von Output high voltage (except o.c. outputs) lop= — 400xA 2.4 \'
e Input leakage current Vin=0to Ve -10 10 A
I,  Data bus 3-state leakage current Vo=0to Vee -10 10 A
loc  Open collector output leakage current Vo=0to Veo -10 10 A
lcc  Power supply current 150 mA
NOTES

F are valid over range

5 Allvoltage measurements are referenced to ground (GND) For testing, all input signals swing between 0 4V and 2 4V with a transition time of 20ns maximum All time measure-
ments are referenced at input voltages of 0 8V and 2 0V and output voltages of 08V and 2 OV as appropriate

6 Typical values are at + 25°C, typical supply voltages, and typical processing parameters

Signetics 1-81
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AC ELECTRICAL CHARACTERISTICS T,=0°Cto +70°C, Vgc=5.0V +5%4567

TENTATIVE LIMITS
PARAMETER UNIT
Min Typ Max
Reset Timing (figure 1)
tres RESET pulse width 1.0 us
Bus Timing (figure 2)8
tas AO-A3 setup time to RDN, WRN low 10 ns
tay  AO0-A3 hold time from RDN, WRN high 10 ns
tcs  CEN setup time to RDN, WRN low 0 ns
tcy  CEN hold time from RDN, WRN high 0 ns
trw  WRN, RDN pulse width 225 ns
tpp  Data valid after RDN low 150 ns
tpr  Data bus floating after RDN high 100 ns
tps  Data setup time before WRN high 100 ns
tpq  Data hoid time after WRN high 0 ns
tcc Time between READs and/or WRITEs 600 ns
Port Timing (figure 3)8
tps  Port input setup time before RDN low 0 ns
tpy  Port input hold time after RDN high 0 ns
tpp  Port output valid after WRN high 400 ns
Interrupt Timing (figure 4)
tir INTRN (or OP3-OP7 when used as interrupts) high from:
Read RHR (RXRDY/FFULL interrupt) ’ 300 ns
Write THR (TXRDY interrupt) 300 ns
Reset command (delta break interrupt) 300 ns
Stop C/T command (counter interrupt) 300 ns
Read IPCR (input port change interrupt) 300 ns
Write IMR (clear of interrupt mask bit) 200 ns
Clock Timing (figure 5)
tcuk  X1/CLK high or low time 100 ns
fouk  X1/CLK frequency 2.0 3.6864 4.0 MHz
tete  CTCLK (IP2) high or low time 200 ns
fcre  CTCLK (IP2) frequency 0 20 MHz
trx  RxC high or low time 220 ns
fax  RxC frequency (16X) 0 20 MHz
(1X) 0 1.0 MHz
trx ~ TxC high or low time 220 ns
frx  TxC frequency (16X) 0 20 MHz
(1X) 0 1.0 MHz
Transmitter Timing (figure 6)
trxp  TxD output delay from TxC low 350 ns
trcs  TXC output skew from TxD output data =75 0 75 ns
Receiver Timing (figure 7)
taxs RxD data setup time to RXC high 200 ns
taxy RxD data hold time from RXC high 200 ns
NOTES

Parameters are valid over specified temperature range

All voltage measurements are referenced to ground (GND) For testing, all input signals swing between 0 4V and 2 4V with a transition time of 20ns maximum All time measure-
ments are referenced at input voltages of 0 8V and 2 0V and output voltages of 0 8V and 2 OV as appropriate

Typical values are at + 25°C, typical supply ges, and typical p

Test condition for outputs C) = 150pF

Timing 1s llustrated and referenced to the WRN and RDN inputs The device may also be operated with CEN as the ‘strobing’ input. In this case, all timing specifications apply
referenced to the falling and rnising edges of CEN

LN

3

© ~

1-82 Signetics



MICROPROCESSOR DIVISION JANUARY 1982
DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SC2681 SERIES

RESET TIMING

eseT __/ A\

tReS

FIGURE 1

BUS TIMING

X
L
. ey

tRw

_\
-

—

top tor
DO-D7 NOT
(READ) FLOAT X VALID x VALID X FLOAT
WRN /

|<€—tps —»|

| !DNj‘—

D0-D7
WRITE) x VALID X

FIGURE 2

Signetics 1-83

|-



MICROPROCESSOR DIVISION JANUARY 1982

DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART) SC2681 SERIES

PORT TIMING

RDN

—>

tps —>(tPH '47
IP0-IP6 x X

WRN

tpp—>|

4
OP0-0P7 OLD DATA X NEW DATA

FIGURE 3

INTERRUPT TIMING
RDN \
OR
WRN

INTRN

| tiR —|

OR
OP3-0P7

FIGURE 4

CLOCK TIMING

X1CLK

FIGURE 5

184 Signetics



MICROPROCESSOR DIVISION

JANUARY 1982

DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART)

SC2681 SERIES

TRANSMIT

1 BIT TIME
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TxC
(IX OUTPUT)
FIGURE 6
RECEIVE
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D1 D2 D3 START D4 STOP DS WILL D6
BREAK BREAK NOT BE ,
CTSN? TRANSMITTED
(IPO)
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NOTES
1. TIMING SHOWN FOR MR2(3) =1
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FIGURE 8
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DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER (DUART)

SC2681 SERIES

RECEIVER TIMIN

G

RxD

L]

Ll os T g 1 oo JQ 1 oo J [ f o]

Lfee Tl J LT ]

D8, 07, D8 WILL BE LOST

ENABLED ___I

RXRDY
(SR0)

FFULL
(SR1)

RxRDY/
FFULL
(OP5)2

II/I

OVERRUN

STATUS DATA
e —
D1

STATUS DATA STATUS DATA STATUS DATA
D5 WILL S——
BE LOST

I
Yo

(SR9) RESET BY COMMAND

RTS!
(0PO) -
OPR(0)=1 /

NOTES
1. TIMING SHOWN FOR MR1(7)=1.
2. SHOWN FOR OPCR(4) =1 AND MR1(6)=0.

¥ | — 4 — ]

FIGURE 9

WAKE UP MODE
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FIGURE 10
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MICROPROCESSOR DIVISION JANUARY 1982
DISPLAY CHARACTER AND GRAPHICS GENERATOR (DCGG) S$C2670

DESCRIPTION FEATURES PIN CONFIGURATION

The Signetics Display Character and 128 10X9 matrix characters
Graphics Generator (DCGG) is a mask- « 256 graphic characters
programmable 11,648-bit line select char- | tignarthin raohics for forms Lao [T] [28] vee
acter generator. It contains 128 10X9 char- | Cﬁaracter ang Ii:e address latches LsTRoBE [2 | [27] LAt
acters placed in a 10X16 matrix, and has N
th bility of shifti rtain ch " * Internal descend logic co [3] [26] LAz
e capa. Vity of shifting certain characters, 300nsec character select access ca1 [4] [75] La3
such as j, y, g, p and q, that normally extend maximum
below the bgs:eline. (.)I.waracter shifting., pr.e- * Control character output inhibit logic oz [5] 2] o0
viously requiring additional external circuit- | Static operation—no clocks required cas [5] 23] 01
ry, is now accomplished internally by the « Single 5V power supply < = =] o2
DCGG; effectively, the 9 active lines are o
lowered within the matrix to compensate for * TTL compatible inputs and outputs cas [&] [21] 0o
the character’s position. cas [9] [20] 04
Seven bits of an 8-bit address code are cas [10 [19] o5
used to select 1 of the 128 available charac- ca7 [11 [18] D&
ters. The eighth bit functions as a chip en- o [z 7] o7
able signal. Each character is defined by a
pattern of logic Is and Os stored in a 10X9 sco [13] 6] 08
matrix. When a specific 4-bit binary line ad- anp [12] [15] 0o
dress code is applied, a word of 10 parallel
bits appears at the output. The lines can be TOP VIEW
sequentially selected, providing a 9-word
sequence of 10 parallel bits per word for
each character selected by the address in- ORDERING CODE
puts. As the line address inputs are sequen- COMMERCIAL RANGES
tially addressed, the device will automati- PACKAGES Vgg = 5V + 5%, Ty = 0°C to 70°C
cally place the 10X9 character in 1 of 2 pre- N N
programmed positions on the 16-line matrix Ceramic DIP SC2670"CSI128
with the positions defined by the 4-line ad- Plastic DIP SC2670*CSN28
dress inputs. One or more of the 10 parallel p—
X N
output§ can be used as, control signals to letter ponding to font for **’ in part number for standard parts See back of data sheet Con-
selectively enable functions such as half- ;. sales office for custom ROM patterns
dot shift, color selection, etc.
The 2670 DCGG includes latches to store BLOCK DIAGRAM
the character address and line address
data. A control input to inhibit character
data output for certain groups of characters sco ~<— Vce
is also provided. The 2670 also includes a GM oo
graphics capability, wherein the 8-bit char-
acter code is translated directly into 266 [CA°-CA7
possible user programmable graphic pat-
terns. Thus, the DCGG can generate data for ouTPUT
384 distinct patterns, of which 128 are de- INHIBIT
fined by the mask programmable ROM. See -
figure 1 for a typical applications display.
GRAPHICS +
Loaic
T
READ ONLY ! seeeT *
L Y L
(o | mun | e [P
1
—1 L
DDRESS
LAO - LA3 | > L::gu TRAL'NE&AATOON ROM
(32 10)
LSTROBE ——-—’
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DISPLAY CHARACTER AND GRAPHICS GENERATOR (DCGG)

§C2670

PIN DESIGNATION

MNEMONIC PIN NO. TYPE NAME AND FUNCTION

CAO0-CA7 3-6, 8-11 | Character Address: Eight bit code specifies the character or graphic pattern for which matrix
data is to be supplied. In character mode (GM=0), CAO thru CA8 select one of the 128 ROM-
defined characters and CA7 is a chip enable. The outputs are active when CA7=1 and are tri-
stated when CA7=0. In graphics mode (GM=1), the outputs are active and CAO thru CA7
select one of 256 possible graphic patterns to be output.

CSTROBE 7 | Character Strobe: Used to store the character address (CAO thru CA7) and graphics mode
(GM) inputs into the character latch Data is latched on the negative going edge of CSTROBE

GM 12 ] Graphics Mode: GM=0 (low) selects character mode, GM=1 (high) selects graphics mode

LAO-LA3 1, 25-27 | Line Address: In character mode, selects one of the 16 lines of matrix data for the selected
character to appear at the 10 outputs. LAO is the LSB and LA3 is the MSB. The input codes
which cause each of the nine lines of character data to be output are specified as part of the
programming data for both non-shifted and shifted fonts. Cycling through the nine specified
counts at the LAO thru LA3 inputs cause successive lines of data to be output on DO thru D9
The 7 non-specified codes for both non-shifted and shifted characters cause blanks (logic
zeros) to be output. In graphics mode, the line address gates the latched graphics data
directly to the outputs

LSTROBE 2 | Line Strobe: Used to store the line address data (LAO thru LA3) in the line address latch
Data is latched on the negative going edge of LSTROBE

SCD 13 I Selected Character Disable: In character mode, a high level at this input causes all outputs
(regardless of line address) to be blanks (zeros) for characters for which CA6 and CA5 are
both 0. A low level input selects normal operation. Inoperative in the graphics mode.

D9-DO 15-24 0 Data Outputs: Provide the data for the specified character and line.

Vce 28 | +5V power supply

GND 14 I Ground.

TYPICAL APPLICATION

ui“,
.H!....

il w‘. i

;
Ll bt

u

el
(e ]
)
e

[,
LA i
e |

DI e

TR MW

oy

78

[ ]
o

o

SQ

Figure 1
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DISPLAY CHARACTER AND GRAPHICS GENERATOR (DCGG)

$C2670

Preliminary

FUNCTIONAL DESCRIPTION

The DCGG consists of nine major sections.
Line and character codes are strobed into
the line and character latches. The charac-
ter latch outputs are presented to the three
sources of data; the ROM through an ad-
dress decoder, the graphics logic, and the
output inhibit control. The output inhibit con-
trol (together with the SCD input) sup-
presses the ROM data for selected charac-
ter codes. The outputs from the line latch
drive the line address translation ROM
which maps the character ROM data onto 9
of 16 line positions. Finally, the line select
multiplexers route the ROM or graphics data
to the output drivers on DO through D9.

Character Latch

The character latch is a 9-bit edge triggered
latch used to store the character address
(CAO thru CA7) and graphics mode (GM)
inputs. The data is stored on the falling edge
of CSTROBE. Seven latched addresses
(CAO thru CAS) are inputs to the ROM char-
acter address decoder. In character mode
(GM=0), CA7 operates as a chip enable.
The output drivers are enabled when CA7=1
and are tri-stated when CA7=0. In graphics
mode (GM=1), the output drivers are always
enabled and the CAO thru CA7 outputs of the
latch are used to generate graphic symbols.

Character Address Decoder
This circuit decodes the 7-bit character ad-
dress from the character latch to select one

of the 128 character fonts stored in the ROM
section of the DCGG.

Read Only Memory

The 11,648-bit ROM stores the fonts for the
128 matrix-defined characters. The data for
each character consists of 91 bits. Ninety
bits represent the 10X9 matrix and one bit
specifies whether the character data is out-
put at the normal (unshifted) lines or at the
descended (shifted) lines. The 90 data bit
outputs are supplied to the line select
multiplexers. The descend control bit is an
input to the line address translation ROM.

Graphics Logic

When the GM input is zero (low), the DCGG
operates in the character mode. When it is
one (high), it operates in the graphics mode.
In graphics mode, output data is generated
by the graphics logic instead of the ROM.
The graphics logic maps the latched char-
acter address (CAO thru CA7) to the outputs
(DO thru D9) as a function of line address
(LAO thru LA3). For any particular line ad-
dress value, two of the CA bits are output:
CAO, CA2, CA4 or CA6 is output on DO thru
D4 and CA1, CA3, CAS or CA7 is output on
D5 thru D9. The outputs are paired: When
CAQO is output on DO thru D4, CA1 is output
on D5 thru D9 and likewise for CA2-CA3,
CA4-CAS5 and CA6-CA7.

A ROM within the graphics logic allows the
specific line numbers for which each pair of
bits is output to be specified by the custom-
er. Figure 2 illustrates the general format for

graphics symbols and an example where
(CA7 thru CAO) = H'65’. The outputs from
the graphics logic go to the line select
multiplexers. The multiplexers route the
graphic symbol data to the outputs when
GM = 1.

Thin Graphics Option

As a customer specified option, 16 of the
possible graphic codes (H'80" to H'8F’) may
be used to generate the special graphic
characters illustrated in figure 3. For each of
these characters, the vertical component
appears on the D4 output. The horizontal
component occurs on Ly which is specified
by the customer. The vertical components
specified by CAO and CA2 are output for line
addresses zero thru LH and Ly thru fifteen,
respectively.

Line Select Multiplexers

The ten line select multiplexers select ROM
data as specified by the line address trans-
lation ROM when GM=0, or graphics data
when GM=1. The inputs to each multiplexer
are the nine line outputs from the ROM, an
output from the graphics logic and a logic
zero (ground).

Output Drivers

Ten output drivers with 3-state capability
serve as buffers between the line select
multiplexers and external logic. The 3-state
control input to these drivers is supplied
from the CA7 latch when GM=0. When
GM=1, the outputs are always active.

GRAPHICS SYMBOLS— GENERAL FORMAT
LINE ADDRESS
Lp=0—
1= CA0 Ca1 GROUP 1
2—
3-
4= CA2 CA3 GROUP 2
5—
-
7= CA4 Cas GROUP 3
o—
o
10— cas ca7 GROUP 4
=1-
| «——0o0 - D D5 -
‘GROUP LINE ARE BY THE
Figure 2

EXAMPLE: CA7 - CAO = H'65'

‘GROUP 1 SPECIFIED FOR LINES 0, 1, 2
‘GROUP 2 SPECIFIED FOR LINES 3, 4, 5
GROUP 3 SPECIFIED FOR LINES 6, 7, 8
GROUP 4 SPECIFIED FOR LINES 9, 10, 11
SPACE SPECIFIED FOR LINES 12, 13, 14, 15

24
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Output Inhibit Control

The output inhibit control logic operates only
if GM=0. It causes the output of the line
select multiplexers to be logic zero if the
SCD input is high and CA6 and CAS of the
latched character address are 00. If the
SCD input is low, normal operation occurs.
(This feature is useful in ASCIl coded appli-
cations to selectively disable character
generation for non-displayable characters
such as line feed, carriage return, etc.)

Line Address Latch

The line address latch is a 4-bit latch used
to store the line address (LAO-LA3). The
data is stored on the negative edge of the
LSTROBE input.

Line Address Translation ROM

This 32X 10 ROM translates the 5-bit code
consisting of the 4 outputs from the line ad-
dress latch and the descend control bit from
the ROM into a 1-of-10 code for the line
select multiplexers. Programming informa-
tion provided by the customer specifies the
address which selects each line of ROM
data for both shifted and non-shifted char-
acters. Thus, there are nine line addresses
which select ROM data for unshifted char-
acters and nine addresses for shifted char-
acters. These combinations are usually
specified by the customer in either ascend-
ing or descending order. For the remaining
14 codes (7 each for unshifted and shifted
characters), the translation ROM forces ze-
ros at the outputs of the line select
multiplexers.

This circuitry only operates if GM=0. When
GM=1, the line select muitiplexers are
forced to select the outputs from the graph-
ics logic.

Figure 4 shows an example of data outputs
where the customer has specified line 14 as
the first line for unshifted characters, line 11
as the first line for shifted characters and
line address combinations in descending
order.

CUSTOM PATTERN
PROGRAMMING INSTRUCTIONS

A computer-aided technique utilizing
punched computer cards is employed to
specify a custom version of the 2670. This
technique requires that the customer supply
Signetics with a deck of standard 80-column
computer cards describing the data to be
stored in the ROM array, the programmable
line address translation ROM, thin graphics
option, and the graphics line font translation
ROM.

Lo

L1§

SPECIAL GRAPHIC CHARACTERS

‘GENERAL FORMAT
10 X 16 CHARACTER BLOCK

o o
> >
9 =

Cas o
e CAs o
Cas o
CA7 1

FIXED
(ALWAYS ON D4)

D4 ]

THIN GRAPHIC FONTS FOR
CA7 - CAO = HEX 80 - HEX 8F

81 82 83

85 88 87
88 8A 88

8D 8E 8F

Figure 3
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$C2670

Preliminary

CUSTOMER SPECIFIED EXAMPLE

LINE

© 4 N W a e N® O

Figure 4

On receipt of a card deck, Signetics will
translate the card deck to a truth table using
the Signetics Computer Aided Design (CAD)
facility. The truth table and font diagrams
will then be sent to the customer for final
approval. On receipt of final approval,
Signetics will produce masks and proceed
with manufacturing.

Programming information can also be input
on TTY 7-level tape as card images. Each
card image must be terminated with a car-
riage return-line feed. An EOT character
must signify the end of the data set.

Customer identification cards are always
labeled with a C in column 1. For customer
identification, four cards are required. Any
number of additional customer identification
cards are permitted. The following data
shouid be inciuded:

CUSTOMER ID CARD #1

CUSTOMER ID CARD #2

CUSTOMER ID CARD #5 THRU N

CUSTOMER ID CARD #3

COLUMN DATA

1 [}

2 blank

3-70 Customer address
71-8C blank

COLUMN DATA CUSTOMER ID CARD #4
1 o]
2 blank COLUMN DATA
3-9 2670/CP 1 Cc
10-14 blank 2 blank
16-70 Company name/ 3-70 Customer city, state,
company part number zip code
71-80 blank 71-80 blank
26 Signetics

COLUMN DATA COLUMN DATA

1 (o] 1 (o]

2 blank 2 blank

3-70 Customer contact 3-70 Any information desired
person name/ 71-80 blank
phone number

71-80 blank
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DISPLAY CHARACTER AND GRAPHICS GENERATOR (DCGG)

S$C2670

The following masking information cards must be included:

Mask Information Card #1:
Shift and Nonshift Character Translation Data

MASK INFORMATION CARD #2:
Graphics Translation Data

COLUMN DATA COLUMN DATA
1-9 NONSHIFT= 1-14 THIN GRAPHICS=
10 Line address in hex which outputs the first font 16-17 YES or NOY, where f = blank. Specifies wheth-
word for nonshifted ROM fonts er graphics address hex 80 thru hex 8F will
11 s select the special thin graphics font.
12 Line address in hex which outputs the second 18-19 blank
font word for nonshifted ROM fonts 20-23 HOR=
13 ’ 24 The line address in hex for the horizontal seg-
14 third ments of line graphics fonts. Leave blank if col-
15 , umns 15 thru 17 are NO
16 fourth 25-29 blank
17 ’ 30-45 Graphics group number 1 or 2 or 3 or 4 or blank.
18 fifth Columns 30 thru 45 correspond to line address
19 , hex O thru hex F respectively. The group num-
20 sixth ber specified in each column will cause the
21 , graphics data generated by that group to be
22 seventh output at the corresponding line address. A
23 , blank specifies no data for that address.
24 eighth 46-80 blank
25 ,
26 ninth
27-29 blank MASK INFORMATION CARD #3 THRU # 130:
30-35 SHIFT= ROM Font Data
36 Line address in hex which outputs the first font COLUMN DATA
a7 word for shifted ROM fonts 1-2 Character address in hex (CA6 thru CA0)*
as ' nd 3 blank
39 seco 4 S for shifted; N for nonshifted.
40 third 5 blank
p ' 6-8 Data for first ROM font word in hex (DS thru DO).
42 fourth ® blank
10-12 second
43 : 13 blank
44 fifth 14-16 third
45 ,
46 sixth 17 blank
18-20 fourth
47 ,
48 seventh 21 biank
49 22-24 fifth
' 25 blank
> eighth 26-28 sixth
52 ninth 29 blank
30-32 seventh
53-59 blank
33 blank
so' oor 1 34-36 eighth
61-64 blank 9
37 blank
652 Oor1 .
66-80 blank 38-40 ninth
41-80 blank
NOTES
NOTE

Column 60 specifies
mat O specifies left
specifies D9 thru DO

~

the font truth table honzontal for-
to right printing of DO thru D9 1

Column 65 specifies the font truth table vertical printout

format 0O specifies top to bottom printing of line address
hex O thru F 1 specifies hex F thru 0

*A separate card 18 required for each character address

hex 00 thru hex 7F

Signetics
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DISPLAY CHARACTER AND GRAPHICS GENERATOR (DCGG) $C2670

Printouts SAMPLE CARD DECK INPUT
Signetics will translate the card deck to the
following printouts to be submitted to the

SIGNETICS C 2670/,CP1000PA 2670 TEST RUN 04/16/79

customer for approval: THIN GRAPHICSSYES HOR=7 1111222233334444
NONSHIFT=1+2+13¢41%4617+849 SHIFT=3+445161748491A48 0 0
® A repeat of all customer information. 00 N 022 026 02A n32 OAA 088 088 088 070 40 N 078 084 0B2 NCA 08A 072 002 084 078
® A separate font drawing for each of the o1 n o01c 002 ooc n10 08e 088 oFs 088 088 41 N 010 028 044 nB2 082 OFE 082 082 082
128 ROM characters and 256 graphics 02 N 01C 002 00C 010 08E 050 020 050 088 42 N O3E 044 084 n4% 03C 044 084 044 03E
fonts. The font drawings are positioned on 03 N 01 002 00E 002 09 050 020 050 088 43 N 078 084 002 n02 002 002 002 084 078
a 10 X 16 matrix as specified by the cus- 04 N O1E 002 O0CE n02 O01E OF8 020 020 V20 44 N 03E 044 084 nBY 084 0B84 084 044 03F
tomer's translation data. 05 N 01f 002 00E 002 06E 090 090 0DO OEO 45 N OFE 002 002 002 03E 002 002 002 OFE
06 N 00c 012 O1E 012 092 050 030 050 090 46 N OFE 002 002 n02 03g 002 002 002 002
07 N 00g 012 00E n12 00E 010 010 010 OFO 47 N 078 084 002 002 002 OE2 082 OC4 088
08 N 00g 012 00E 012 OEE 010 060 080 070 48 N 082 082 082 082 OFE 082 082 082 082
09 N 012 012 01E 012 012 OF8 020 02C 020 49 n 07C 010 010 010 010 010 019 010 07C
0A N 002 002 002 n1E OF0 010 070 010 010 4A N OEO 040 040 %0 040 040 042 042 03C
08 N 022 022 022 nl4 008 OF8 020 020 020 48 N 082 042 022 n12 00A 015 022 042 082
0C N 01E 002 00E 002 OF2 010 070 010 010 4C N 002 002 002 002 002 002 002 002 O7E
0D N 01C 002 002 002 07C 090 G70 050 090 4D N 082 0C6 0AA n92 092 082 082 082 082
OE N 01C 002 00C 010 06E 090 090 090 C60 4E N 082 082 086 0BA 092 0A2 0C2 082 082
OF N 01C 002 00C 010 OEE 040 040 040 OEO 4F N 038 044 082 082 082 082 082 044 038
10 N 00E 012 012 012 00E 010 010 010 OFO 50 N 07E 082 082 082 07E 002 002 002 002
11 N 00E 012 012 nl2 O4E 060 040 040 OEO 51 N 038 044 082 nB82 082 092 A2 044 088
12 N 00E 012 012 012 06E 090 040 020 OFO 52 N 07E 082 082 n82 07E 012 u22 042 082
13 N 00E 012 012 012 06E 080 060 080 070 53 N 078 084 002 n04 038 040 GO 042 03C
14 N 00E 012 012 012 O4E 060 050 OF8 040 54 N OFE 010 010 10 010 010 610 ¢10 10
15 N 012 016 01A nl2 092 050 030 050 090 55 N 082 082 082 n82 082 082 082 044 033
16 N 01C 002 00C 010 0BE 050 020 020 020 56 N 082 082 082 n44 044 028 028 010 010
17 N 01E 002 00E 002 07E 090 €70 090 070 57 N 082 082 082 n82 082 092 192 0AR Nuy
18 N 01c 002 002 002 01C 090 CPO DU (o0 58 N 082 082 044 028 010 028 044 082 082
19 N 01E 002 00E 02 01E 088 UDB 0A8 088 59 N 082 082 044 028 010 010 010 010 010
1A N 01C 002 00C 010 O7E 090 070 090 070 SA N OFE 080 040 020 010 008 004 002 OFE
18 N 01E 002 00E 002 01E OEO 010 010 0EOQ S8 N 07c 004 004 004 004 004 004 004 07C
1C N 01E 002 00E 002 OE2 010 060 080 070 5C N 000 002 004 008 010 020 040 080 000
10 N 01Cc 002 01A nl12 OEC 010 060 080 070 SD N 07C 040 040 n40 040 040 040 040 07C
1E N 00E 012 O00E nOA OF2 010 060 080 070 SE N 010 038 054 nl0 010 010 010 010 010
1F N 012 012 012 nl12 OEC 010 060 080 070 SF N 000 000 008 004 OFE 004 008 000 000
20 N 000 000 000 000 000 000 000 000 000 60 N 018 018 010 020 000 000 000 000 000
21 N 010 010 010 010 010 000 GO0 010 010 61 N 000 000 000 n3C 040 07C 042 042 OBC
22 N 028 028 028 n28 000 000 000 000 000 62 N 002 002 002 03A 046 042 042 046 03A
23 N 028 028 OFE n28 026 028 OFE 028 028 63 N 000 000 000 03C C42 002 002 042 03C
24 N 028 OFC 02A 02A 07C OAB OA8 O7E 028 64 N Q4O 040 040 nSC 062 042 042 062 0SC
25 N 004 08A 044 n20 010 008 044 O0A2 040 65 N 000 000 000 n3C 042 O7E 002 002 03C
26 N 00C 012 012 00C 00C 012 0A2 042 ORC 66 N 030 048 008 008 03E 008 008 008 008
27 N 018 018 008 004 000 000 000 000 000 67 S 000 05C 062 042 062 0SC 040 042 03C
28 N 020 010 008 008 008 008 CCB 010 020 68 N 002 002 002 n3A 046 042 042 042 042
29 N 008 010 020 020 020 020 020 010 008 69 N 000 010 000 018 010 010 010 010 038
2A N 000 010 054 038 OFE 038 054 010 000 6A S 000 060 040 n40 040 040 040 044 038
2B N 000 010 010 010 OFE 010 010 010 000 6B N 002 002 002 n22 012 00A 01 022 042
2C S 000 000 000 000 000 018 018 008 004 6C N 018 010 010 010 010 010 010 010 038
2D N 000 000 000 nOO OFE 000 000 000 000 6D N 000 000 000 n6A 096 092 092 092 0952
2E N 000 000 000 00O 000 000 000 018 018 6E N 000 000 000 03a 046 042 042 042 042
2F N 000 080 040 n20 010 008 VD4 002 000 6F N 000 000 000 n3c 042 042 042 042 03c
30 N 038 044 0C2 pA2 092 08A 086 044 038 70 S 000 03a 046 042 046 03A 002 002 002
31 N 010 01g 014 010 010 010 010 010 07C 71 S 000 0SC 062 042 062 0SC 040 040 040
32 N 07c 082 080 040 038 004 002 002 OFE 72 N 000 000 000 n3A 046 002 002 002 002
33 N 07c 082 080 080 070 080 080 082 07¢ 73 N 000 000 000 03C 042 00C 030 042 03C
34 N 040 060 050 A48 044 OFE 040 040 040 74 N 000 008 008 01C 008 008 008 048 030
35 N OFE 002 002 n0D2 O7E 080 080 082 07C 75 N 000 000 000 n42 042 042 042 062 0SC
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