A DIV, OF ANET INC
2975 MOORLAND RD., NEW BERLIN, WISC 53151

(414) 784-4510

e

e
it ™
e

-
s
asl

=
(@]
&
=
Q
o
O
o
0
2
[7d
°
o
Q
—
o]
<
Q
-
c
Q
—
o
o
@




MOS Microprocessor
Data Manual 1983

Signetics



Signetics reserves the right to make changes in the products contained in this
book in order to improve design or performance and to supply the best possible
products. Signetics also assumes no responsibility for the use of any circuits
described herein, conveys no license under any patent or other right, and makes
no representations that the circuits are free from patent infringement. Applica-
tions for any integrated circuits contained in this publication are for illustration
purposes only and Signetics makes no representation or warranty that such
applications will be suitable for the use specified without further testing or
modification. Reproduction of any portion hereof without the prior written con-
sent of Signetics is prohibited.

© Copyright 1983 Signetics Corporation

Signetics



MICROPROCESSOR DIVISION JANUARY 1983

CONTENTS
Product Status Definitions . . ... . . . iv
Section 1 — Data Communications
SCN2651 Programmable Communications Interface (PCI) . ...........oiiiiiriiiin i 11
SCN2652/SCN68652 Multi-Protocol Communications Controller (MPCC). . ...ttt aann 1-15
SCN2653/SCN68653 Polynomial Generator Checker (PGC). . .. .. .ottt it aeaas 1-33
SCN2661/SCN68661 Enhanced Programmable Communications Interface (EPCI) ...............cccvviivaan.. 1-51
SCN2681 Series Dual Asynchronous Receiver/Transmitter (DUART) ............ ... i iiiiinnn., 1-68
Section 2 — Video Display
CRT Chip Set Comparison FOatUres . . . ... .. ...ttt ittt ettt ettt a s 21
SCN2670 Display Character and Graphic Generator (DCGG) . .........coiiiiiiiiiiii s 2-3
SCN2671 Programmable Keyboard and Communications Controller (PKCC) ....................... 2-16
SCN2672 Programmable Video Timing Controller (PVTC) ... ...ttt 2-37
SCB2673 Video Attributes Controller (VAC) . .. ...o it i i i e 2-58
SCN2674 Advanced Video Display Controller (AVDC) . . ...ttt it 2-69
SCB2675 Color/Monochrome Attributes Controller (CMAC) . ...t 297
Section 3 — Single Chip Microcomputers
SCN80 Series Single Chip 8-Bit MiCrOCOMPULET .. ... . it i 3-1
*SCC80 Series CMOS Single Chip 8-Bit MiCroCOMPULEr ... ...ttt 3-16
SCN8031/SCN8051 Single Chip 8-Bit MiCroCOMPUter . ...t i 317
*S$CC80C31/SCCBOC51 CMOS Single Chip 8-Bit MiCroCompuUter ... ... .ot 3-24
Section 4 — SCN68000 16-Bit Family
SCN68000 Series 16-Bit MICIOPrOCESSOr . i ittt ettt et et e e e e e et e e e 41
*SCN68008 16-Bit Microprocessor with 8-Bit BUS . ... ... ...t 4-50
SCN68120/SCN68121 Intelligent Peripheral Controller . . ... ...ttt i e e e 4-52
SCN68230 Parallel Interface/Timer ... ... s 4-100
SCB68430 Direct Memory Access Interface (DMAI) . ... ..ot i 4-130
*SCN68451 Memory Management Unit. ... 4-151
*SCN68454 Intelligent Multiple Disk Controller (IMDC) . ........couuiiiiiiiii i 4-152
*SCN68459 Disk Phase Locked LOOP (DPLL) . ... ovuui et 4-153
*SCN68562 Dual Universal Serial Communications Controller ........... ... .ot 4-154
SCN68681 Dual Asynchronous Receiver/Transmitter (DUART) ... ..ot 4-156
Section 5 — Video Games
*SCN2621/SCN2622 Universal Sync Generator (USG) . ... ..ottt ettt ei it e 5-1
*SCN2636 Programmable Video Interface (PVI). ... ..ottt e 5-2
*SCN2637 Universal Video Interface (UVI) .. ...t e i 5-3
*SCN2650A MiCTOPIOCESSOT . . . .\ttt et e ettt e e e et e et et e e 5-5
Section 6 — Application Notes
App Note M22 Interface Techniques forthe 2651 PCl ... ... .ottt i i et 6-1
App Note M24-A Using the 2651 PCIWIth BISYNC . ... ..ottt i 6-7
App Note M26 Application Techniques forthe 2651 PCl . . ... .ottt i et eiin e 6-9
App Note 400 Using the 2653 Polynomial Generatorand Checker ........ ... ..o, 6-11
App Note 401 Using the 2670/71/72/73 CRT Terminal ChipSet .. ... ... ittt iit i 6-27
App Note 402 2661 Operating Mode Switching Procedures. . ... ...t iiiiiiie i 6-43
App Note 403 2670/71/72/73 CRT Set Application Briefs ....... ...t 6-44
Section 7 — Microsystems
SMDEV10000 S68000 User Work Station (UWS) ... ... e et er i eaes 71
SMSFT1000 S68000 Cross Software Macro Assembler........ ..ottt i, 74
SMSFT1600 S68000 Cross Software PASCAL Cross Compiler. .. ovv ittt it ie i eneie e 7-6
Section 8 — Appendices
General INfOrmMation . . ... ... ... e s 8-1
PaCKAgE OULIINMES . . . ...t e e e e e e 8-2
SalES OffiCOS . . .. ..ottt e e e e e e, 8-7

*PRODUCT BRIEF, contact your Signetics sales offices for complete information.

Signetics i



MICROPROCESSOR DIVISION

JANUARY 1983

PRODUCT STATUS DEFINITIONS/PART NUMBERING SYSTEM

DEFINITION OF TERMS

Data Sheet Identification

Product Status

Definition

Formative or
In Design

This data sheet contains the design
specifications for product develop-
ment. Specifications may change in
any manner without notice.

Advance Information

Sampling or
Pre-Production

This data sheet contains advance
information and specifications are
subject to change without notice.

First This data sheet contains preliminary
Production data and supplementary data will be
published at a later date. Signetics
reserves theright to make changes at
any time without noticeinordertoim-
prove design and supply the best

possible product.
No Full This data sheet contains final
Identification Production specifications. Signetics reserves
Noted the right to make changes at any

time without notice in order to im-
prove design and supply the best
possible product.

PART NUMBERING SYSTEM

§ C N

Microprocessor Division bj

Identifier — Always SC

N =N—Channel
C=C—MOS
B = Bipolar

Example: SCN2661AC1N28

i

2 6 6 1 A

Basic Part Number

2622A 8035A
2636A 8039A
2637A 8040A
2650A 8048A

2651C 8049A
2652A 8050A
2653A 8051A

2661A 80C35
2661B 80C39
2661C 80C40

1 N 2 8

Li Pin Count

14, 16, 24, 28, 40, etc.

Package
| =Ceramic
N = Plastic

Timing Va
See appropriate data sheet

2670A 80C48
26708 80C49
2671A 80C50

2672A 68000
2673A 68120
26738 68121
26748 68230
2675B 68430
2675C 68681
2681A

Signetics

T

C=0°C to +70°C
(Commercial)

A= -40°C to +85°C
(Automotive)

M= -55°C to +125°C
(Military)

P= -20°C to +70°C
(Philips)
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PROGRAMMABLE COMMUNICATIONS INTERFACE (PCI) SCN2651

DESCRIPTION OTHER FEATURES PIN CONFIGURATION

The Signetics SCN2651 PCl is a universal e Internal or external baud rate clock
synchronous/asynchronous data commu- e 16 internal rates-50 to 19,200 baud 0, 1] @ o
nications controller chip designed for mi- e Double buffered transmitter and re- 2 1
crocomputer systems. It interfaces direct- ceiver 3 [z} [27] Do
ly to the Signetics SCN2650 microproces- e Full or half duplex operation RxD [3 ] Eg?j Vee
sor and may be used in a polled or inter- e Fully compatible with 2650 CPU G ==
. h Np[4] [25] RxC
rupt driven system environment. The e TTL compatible inputs and outputs —
SCN2651 accepts programmed instruc- ® Single 5V power supply 04 (5] _D_T_“
tions from the microprocessor and sup- ® No system clock required DsE 23] RTS
ports many serial data communication ® 28-pin dual in-line package 05 (7] 72] OSR
disciplines, synchronous and asyn-
chronous, in the full or half-duplex mode. i g RESET
™*c[@ 20] BRCLK
The PCI serializes parallel data characters APPLICATIONS ] 5] 0
received from the microprocessor for @ Intelligent terminals Ml qme
transmission. Simultaneously, it can ¢ Network processors CE [11] 18] TXEMT/DSCHG
receive serial data and convert it into ® Front end processors Ao [12] [17] TT8
parallel data characters for input to the ® Remote data concentrators — —_
- y Riw [13] [76] DCD
microcomputer. e Computer to computer links
. o Serial peripherals RxRDY [14 [15] TxRDY
The SCN2651 contains a baud rate genera-
tor which can be programmed to either TOP VIEW
accept an external clock or to generate in-

ternal transmit or receive clocks. Sixteen
different baud rates can be selected under PIN DESIGNATION

program control when operating in the in-
ternal clock mode. PIN NO. SYMBOL NAME AND FUNCTION TYPE
The PCI is constructed using Signetics 27,28,1,2, 5-8 Do-D7 8-bit data bus 1/0
n-channel silicon gate depletion load tech- 21 RESET Reset |
nology and is packaged in a 28-pin DIP. 12,10 Ag-A1 Internal register select lines |
13 R/W Read or write command |
FEATURES 11 CE Chip enable input ]
e Synchronous operation 22 DSR Data set ready !
5 to 8-bit characters 24 DT Data terminal ready [e]
Single or double SYN operation 23 RTS Request to send o
Internal character synchronization 17 TS Clear to send !
Transparent or non-transparent mode 16 DCD Data carrier detected |
Automatic SYN or DLE-SYN insertion 18 TXxEMT/DSCHG | Transmitter empty or data set change e}
SYN or DLE stripping 9 TxC Transmitter clock 1/0
0dd, even, or no parity 25 RxC Receiver clock 1/0
Local or remote maintenance loop 19 TxD Transmitter data o
back mode 3 RxD Receiver data |
Baud rate: dc to 1M bps (1X clock) 15 IxRDY Transmitter ready o
14 RxRDY Receiver ready o]
e Asynchronous operation 20 BRCLK Baud rate generator clock |
5 to 8-bit characters 26 Vce +5V supply |
1,1 1/2 or 2 stop bits 4 GND Ground |
0Odd, even, or no parity
Parity, overrun and framing error de-
(oction ORDERING CODE
Line break detection and generation
False start bit detection Vee=5V£5%
Automatic serial echo mode PACKAGES COMMERCIAL AUTOMOTIVE MILITARY
Local or remote maintenance loop
back mode 0°C to +70°C —40°C to +85°C ~55°C to +125°C
Bﬂ:dt'a;; :: ::’ 1'“1:)5(’3 I(1’(k°'°<=k) Ceramic DIP | SCN2651CC1128 SCN2651CA1128 SCN2651CM1128
c to 62. S clocl
de to 15.625Kpbp$s (64X clo)ck) Plastic DIP SCN2651CC1N28 Contact Factory Not Available
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Table 1 BAUD RATE GENERATOR CHARACTERISTICS
CRYSTAL FREQUENCY =5.0688MHz
THEORETICAL| ACTUAL
BAUD FREQUENCY | FREQUENCY | PERCENT
RATE 16X CLOCK | 16X CLOCK ERROR DIVISOR
50 0.8 KHz 0.8 KHz - 6336
75 1.2 1.2 - 4224
110 1.76 1.76 - 2880
134.5 2.152 2.1523 0.016 2355
150 24 2.4 - 2112
300 4.8 48 - 1056
600 96 96 - 528
1200 19.2 19.2 - 264
1800 28.8 28.8 - 176
2000 320 32.081 0258 158
2400 38.4 38.4 - 132
3600 57.6 57.6 - 88
4800 76.8 76.8 - 66
7200 115.2 115.2 - 44
9600 153.6 153.6 - 33
19200+ 307.2 316.8 3.125 16
NOTE

*Error at 19200 can be reduced to zero by using crystal frequency 4.9152MHz
16X clock is used in asynchronous mode. In synchronous mode, clock multiplier is 1X.

Table 2 CPU-RELATED SIGNALS

PIN NAME

PIN NO.

INPUT/QUTPUT

FUNCTION

Vce
GND
RESET

A1-Ao
AW
CE
D7-Do

TxRDY

TxEMT/DSCHG

26
4
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 SCN2651. This signal asyn-
chronously terminates any device activity and clears the Mode, Command and
Status registers. The device assumes the idle state and remains there until ini-
tialized 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 Ag inputs should be
performed. When high, places the Dg-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, 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, itindicates 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 lineto go high. Itisan
open drain output which can be used as an interrupt to the CPU.

1-2

Signetics
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PROGRAMMABLE COMMUNICATIONS INTERFACE (PCI)

SCN2651

BLOCK DIAGRAM

DATA BUS DATABUS SYN/DLE CONTROL
Dg-D7 BUFFER
SYN 1 REGISTER
(27,28,1,2,
56,7,8) A SYN 2 REGISTER
DLE REGISTER
@n OPERATION CONTROL
RESET
Ao 2 | [ wobeReGIsTERT
(10)
A ——————»| | MODEREGISTER2 ———
- (13) TRANSMITTER , 19 TxADY
RIW ——————————»1 |cOMMAND REGISTER
CE ll)—-»q STATUS REGISTER TRANSMIT DATA
HOLDING REGISTER
TRANSMIT (19) TxD
SHIFT REGISTER
sreLk 29
BAUD RATE
™ ) GENERATOR
-] AND "
o @5 CLOCK CONTROL RECEIVER ) RRRDY
RECEIVE
SHIFT REGISTER
RECEIVE DATA 2 RxD
SR (22) HOLDING REGISTER | [ "¢
Deo (16)
bCD q <
s a7
cTs —_— = MODEM
TS (23) CONTROL
-
SR (29) (26)
DTR - S Vee
TEMT (18 a @ GND
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.

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 datacommuni-
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 parallel 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 a serial bitstream, 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 SYNT1,
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.

13
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SCN2651

Table 3 DEVICE-RELATED SIGNALS

PIN NAME

PIN NO.

INPUT/OUTPUT

FUNCTION

BRCLK

RxC

(@]
(7]

T

|

9
3
By

ps]

TS

20

25

22

16

17

24

23

1/0

1/0

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 is 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. lts 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.

NOTE

*RxC and TxC outputs have short circuit protection max. CL 100pf

OPERATION

The functional operation of the SCN2651
is programmed 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 character, etc. The programming
procedure is described in the PCl Pro-
gramming section of this data sheet.

After programming, the PCl 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 SCN2651 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 atransition 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

14

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 [ s1), 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 firstenters the hunt
mode on a0 to 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 not equal,
the next bit is shifted in and the comparison
is repeated. When the two registers match,

Signetics

the hunt mode is terminated and character
assembly mode begins. Ifsingle SYN opera-
tion is programmed, the SYN DETECT sta-
tus bit is set. If double SYN operation is
programmed, the first character assembled
after SYN1 must be SYN2 in order for the
SYN DETECT bit to be set. Otherwise, the
PCl returns to the hunt mode. (Note that the
sequence SYN1-SYN1-SYN2 will not
achieve synchronization). When synchroni-
zation has been achieved, the PCl 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 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 PCI is_conditioned to transmit data
when the CTS input is low and the TXEN
command register bit is set. The SCN2651
indicates to the CPU that it can accept a
character for transmission by setting the
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TxRDY 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 trans-
ferred from the Holding Register to the
Transmit Shift Register when it is idle or
has completed transmission of the previ-
ous character. The TxRDY conditions are
then asserted again. Thus, one full charac-
ter time of buffering 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 output a contin-
uous low (BREAK) condition by setting the
Send Break command bit high.

In the synchronous mode, when the
SCN2651 is initially conditioned to trans-
mit, the TxD output remains high and the
TxRDY condition is asserted until the first
character to be transmitted (usually a SYN
character) is loaded by the CPU. Subse-
quent to this, a continuous stream of char-
acters is transmitted. No extra bits (other
than parity, if commanded) are generated p————————n
by the PCI unless the CPU fails to send a ] OPERATE |
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 DISABLE
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 Figure 1. 2651 Initialization Flow Chart
Data Holding Register. If the SEND DLE bit
in the command register is true, the DLE

character is automatically transmitted prior ~ Table 4 2651 REGISTER ADDRESSING

INITIAL RESET

LOAD
MODE REGISTER 1
LOAD
MODE REGISTER 2

SYNCHRONOUS?
Y

LOAD
SYN 1 REGISTER

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
DOUNN SYN2 before DLE can be written.

SYNC?
RANSPARENT
MODE?

LOAD
DLE REGISTER

b o o — — o o ol

to transmission of the message character in

THR. CE A Ao R/W FUNCTION

PCI PROGRAMMING -

Prior to initiating data communications, the 1 X X X Tri-state data bus )
SCN2651 operational mode must be pro- 0 0 0 0 Read receive holding register
grammed by performing write operations to 0 0 0 1 Write transmit holding register
the mode and command registers. In addi- 0 0 1 0 Read status register '
tion, if synchronous operation is pro- 0 0 1 1 Write SYN1/SYN2/DLE registers
grammed, the appropriate SYN/DLE regis- 0 1 0 0 Read mode registers 1/2

ters must be loaded. The PCI can be 0 1 0 1 Write mode registers 1/
reconfigured at any time during program 0 1 1 0 Read command register
execution. However, if the change has an 0 1 1 1 Write command register

effect on the reception of a character the ;¢
receiver should be disabled. Alternatively if  see AC Characteristics section for timing requirements.

Slgnehcs 1.5

=]
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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 SYN1 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
subsequentoperation 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 SCN2651 register formats are summar-
ized in Tables 5, 6, 7 and 8. Mode Registers

Table 5 MODE REGISTER 1 (MR1)

1 and 2 define the general operational
characteristics of the PCl, while the Com-
mand Register controls the operation with-
in this basic frame-work. The PCl 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 muitiplier. 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 MR12 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 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 MR16, DLE-SYN1 is used for char-
acter fill and SYN Detect, but the normal
synchronization sequence is 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 is 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 =5BITS 00 = SYNCHRONOUS 1X RATE
01=1STOP BIT 1=EVEN 1=ENABLED 01=6BITS 01 = ASYNCHRONOUS 1X RATE
10 = 11/2 STOP BITS 10 =7 BITS 10 = ASYNCHRONOUS 16X RATE
11 =2 STOP BITS 11 =8 BITS 11 = ASYNCHRONOUS 64X RATE

SYNCH: NUMBER
OF SYN CHAR
0= DOUBLE SYN
1=SINGLE SYN

SYNCH: TRANS-
PARENCY CONTROL
0=NORMAL
1= TRANSPARENT

NOTE
Baud rate factor in asynchronous applies only if external clock is selected. Factor is 16X if
internal clock is selected. Mode must be selected (MR11, MR10) in any case.

Table 6 MODE REGISTER 2 (MR2)

MR27 J MR26 MR25 MR24 MR23 MR22 T MR21 MR20
‘gz:immer gfzzll(ver 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 =134.5 1011 = 3600
0100 = 150 1100 = 4800
0101 = 300 1101 = 7200
0110 = 600 1110 = 9600
0111 = 1200 1111 = 19,200

16 Signetics



MICROPROCESSOR DIVISION

JANUARY 1983

PROGRAMMABLE COMMUNICATIONS INTERFACE (PCI)

SCN2651

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 output at 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 TxEMT 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 is a one 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 PCl 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.
. The transmitter is clocked by the receive clock.

TxRDY output = 1.

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

The TxEN command (CRO) is ignored.

ron

o

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 SYN2 ifimmediately
preceded by SYN1, are not transferred to the
RHR. However, only the first SYN1 ofan SYN1-
SYN1 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 is stripped.

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

Table7 COMMAND REGISTER (CR)

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:

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

2. DTR is connected to DCD and RTS is connect-
ed to CTS.

3. The receiver is clocked by the transmit clock.

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

5. The CTS, DCD, DSR and RxD inputs are ig-
nored.

Additional requirements to operate in the
Local Loop Back mode are that CRO (TXEN),
CR1 (DTR), and CR5 (RTS) must be setto 1.
CR2 (RxEN) is ignored by the PCI.

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

1. Dataassembled by the receiver is automatically
placed in the Transmit Holding Register and
retransmitted by the transmitter on the TxD
output.

. The transmitter is 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) is ignored.

6. All other signals operate normally.

w N

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) sta-
tus bit. It, and its corresponding output, are
valid only when the transmitter is enabled. 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 is 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 CR5 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 0 =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 = FORCE DTR
DLE STRIPPING MODE | OUTPUT LOW | (FE, OE, SYNGH: OUTPUT LOW
10 = LOCAL LOOP BACK PE/DLE DETECT) N
11 = REMOTE LOOP BACK SEND DLE
0 =NORMAL
1=SEND DLE
Signetics 1.7
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. Table 8 STATUS REGISTER (SR)

SR7 SR6 SR5 SR4 SR3 SR2 SR1 SRO
";;ds:' D";efe‘:;' fer | 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 | 1 = FRAMING ERROR 0=NORMAL | INDSROR EMPTY REG BUSY
1S LOW 1S LOW ERROR 1= PARITY DCD, OR 1 = RECEIVE 1 = TRANSMIT
- ERROR TRANSMIT HOLDING REG | HOLDING
SYNCH: 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 TXxEMT/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-

ister. Note that in synchronous mode this bit
will be set even though the appropriate “fill”
character is 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 is 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 that a 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 is cleared

DC ELECTRICAL CHARACTERISTICS*58

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 bitis 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-SYNT1 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.

LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max

Input voltage Vv
ViL Low 0.8
ViH High 2.0

Output voltage Vv
VoL Low loL =1.6mA 0.4
VoH High lon = -100pA 2.4
m 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
L Data bus low Vo = 0.45V -10 10
Icc Power supply current 150 mA

Signetics
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ABSOLUTE MAXIMUM RATINGS'

PARAMETEF RATING UNIT 1
Operating ambient temperature?2 Note 4 °C
Storage temperature -65 to +150 °C
All voltages with respect to ground3 -0.5 to +6.0 \"
AC ELECTRICAL CHARACTERISTICS*56
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
top Data delay time for read CL = 100pF 250 ns
toF Data bus floating time for read CL = 100pF 150 ns
tcED 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
tBRLS Baud rate low 70
tR/TH TxC or RxC high 500
tR/TL10 TxC or RxC low 500
tTxp 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

. 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 is not implied.

. For operating at elevated temperatures, the device must be derated based on +150°C maximum
junction temperature.

. This product includes circuitry specifically designed for the protection of its internal devices from the

damaging effects of excessive static charge. Nonetheless, it is suggested that conventional precau-

tions be taken to avoid applying any voltages larger than the rated maxima.

Parameters are valid over operating temperature range unless otherwise specified. See order-

ing code table for applicable temperature range and operating supply range.

All voltage measurements are referenced to ground. All time measurements are at the 50% level

for inputs (except tgry and Tgr() and at 0.8V and 2.0V for outputs. Input levels for testing are

0.45V and 2.4V

. Typical values are at +25°C, typical supply voltages and typical processing parameters.

TxRDY, RxRDY and TXxEMT/DSCHG outputs are open drain.

. Parameter applies when internal transmitter clock is used.

. Under test conditions of 5.0688MHz fgrg. tgrH @and tgr Measured at V| and V| |_respectively.

. tgT and tgL shown for all modes except local loopback. For local loopback mode
friT =0.7MHz and tg/T| =700ns min.

[N}
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PROGRAMMABLE COMMUNICATIONS INTERFACE (PCI) SCN2651
CAPACITANCE Ta=25°C, Vcc =0V
PARAMETER TEST CONDITIONS LIMITS UNIT
Min Typ Max
Capacitance pF
CiN Input 20
fc = 1IMHz
Cout Output Unmeasured pins tied 20
to ground
Cio Input/Output 20
TIMING DIAGRAMS
RESET CLOCK
|« tBRH —=|<— tBRL —|
[+ tRITH—>{~— tRITL—>|
RESET ~—— tRES —| BRCLK, TxC, wc—/ N/ N
1fgrGg
gy
TRANSMIT RECEIVE

1BIT TIME
[ (1, 16, OR 64 CLOCK PERIODS) 57 "
( -r‘c'—\

T*C \
(INPUT) K-v‘c‘- \ e - r—
e e e e o — —————— ——— —— -t
—_——T - 1 | tRXH
XD ™ a4 | RXS RX g
pR— | ST IR — - RC (%)
—>{ trxp [=— ) —{ trxp
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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)

1142)3,84/5,1,2,3,4,5,1,2,3,4/5,1,2,3,4,5,1,2,3,4,5

TxD I DATA1 I DATA2 I DATA3 —[ SYN1 I DATA4

TxEN.

¥

SYNCHRONOUS MODE

P

RV
gwe Ny Y ji7

DATA1 DATA 2 DATA3 DATA 4

<«—D——»p 1,2,3,4,5,B C Ag1,2,3,4,5,B C A, 1,2,3,4,5,B C <%—D—>A 1,2,

D I | DATA1 J L L DATA2 I Lr DATA 3 I—I l | DATA 4 S
| | | |

TXEN I | | |
| | |
| | |

e '
=) )
‘e

CEFOR:
\OWRITE
F THR DATA 1 DATA 2 DATA 3 DATA 4

dof- - -t

ASYNCHRONOUS MODE

NOTES

A = Start bit

B = Stop bit 1

C = Stopbit2

D = TxD marking condition

TxEMT goes low at the beginning of the last data bit, or, if parity is enabled, at the beginning of the parity bit.

READ AND WRITE

CE —
N i r
tce tcen

rr———— — o e o ey
Ao, Ay x
— — el
tas
_ Am—————————— -
RIW }
—— —
tcs

Dg-Dy r~
K. S G ) G—
tps —| toH

Do-| BUS | X
(READ) FLOATING m DATA VALID BUS FLOATING
|=— top — tDFL_
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TIMING DIAGRAMS (Cont'd)

RxRDY (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode] )
RxC Hl” IHIHHHHHU UUUUUUUUUUUUUUUUUUUUUI—
p 1,2,8,4,5,1,2,38,4,5,1,2,83,4,5,1,2,83,4,5,1;2,8,4,5,1,2;3;4,5,
RxD SYN1 DATA1 l DATA2 l DATA3 l DATA4 ! DATAS
T
) IGNORED
w | rxen |
o
<)
=
@ SYNDET
3 | status BIT I rl
z
S
o
x —
2 | RxrRDY
@ 3
p— 1 T
CEFOR 1
 Fon u % o >y 1] L
READ READ READ READ READ READ
STATUS STATUS RHR RHR RHR RHR
(DATA 1) (DATA 2) (DATA 3) (DATA 3)
D
<> Ay 1,2;3,4)5,BjC A 1;,2,3,4)5]B)C|—j0Dj— A 1,2/3,4;5;B)C A1,2,3)
RXD | | DATA1 { | I DATA2 i I [ DATA3 J | l DATA4
a
2
Z | Rxen I
=1
<]
4
e)——
I | RxRDY
o
z
>
@ | overRUN
STATUS BIT
CEFOR ‘L?f \lf
READ
READ READ
RHR RHR
(DATA 1) (DATA 3)
NOTES
A = Start bit
B = Stop bit 1
C = Stop bit 2
D = TxD marking condition
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TYPICAL APPLICATIONS
ASYNCHRONOUS INTERFACE TO CRT TERMINAL 1

{ ADDRESS BUS /

1]
ﬁ 11
oATABUS )

IEV.

CONTROL BUS /

1
<«  gatorn. |
| CONVERT |
XD | (P =
SCN2651 L J /
BRGLK 5.0688MHz T
OSCILLATOR TER?VIRINAL

ASYNCHRONOUS INTERFACE TO TELEPHONE LINES

F ADDRESS BUS {

|

5 CONTROL BUS J

K DATA BUS g
SCN2651 RxD
TxD
DSR joe—— PHONE
DTR ASYNC INTE:FEACE
DTR O——» MODEM
CTS O=<—
RTS O———»]

DCD Oe—

BRCLK 5.0688MHz

OSCILLATOR
TELEPHONE

LINE

Signetics 113



MICROPROCESSOR DIVISION JANUARY 1983

PROGRAMMABLE COMMUNICATIONS INTERFACE (PCI) SCN2651

TYPICAL APPLICATIONS (Contd
SYNCHRONOUS INTERFACE TO TERMINAL OR PERIPHERAL DEVICE

F ADDRESS BUS {

11 g
T

( DATA BUS “

RxD
SCN2651 TxD
_ SYNCHRONOUS
RxC TERMINAL OR
J— PERIPHERAL
TxC DEVICE
SYNCHRONOUS INTERFACE TO TELEPHONE LINES
\ ADDRESS BUS g

|

5 1T S
g @u oaTABiS ]

SCN2651

TxD > -

= PHONE
RxC LINE
= INTERFACE

SYNC
DCD o MODEM

CTS joe—|
RTS O——>

DSR j0<——|
DR »|

TELEPHONE
LINE

Manufacturer reserves the right to make design and process
changes and improvements.
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MULTI-PROTOCOL COMMUNICATIONS CONTROLLER SCN2652/SCN68652

DESCRIPTION

comparison for BCP-BOP PIN CONFIGURATION

The SCN2652/68652 Multi-Protocol Commu- Idle transmission of SYNC/FLAG or
nications Controller (MPCC) is a monolithic MARK for BCP-BOP 5 ] MM
n-channel MOS LS| circuit that formats, °® Automatic detection and generation of ce [7]
transmits and receives synchronous serial special BOP control sequences, i.e., Axc [Z] [39] TxC
data while supporting bit-oriented or byte FLAG, ABORT, GA Rxs! [3] [38] Txsa
control protocols. The chip is TTL compat- ® Zero insertion and deletion for BOP siF [7] 7] TE
ible, operates from a single +5V supply, °® Short character detection for last BOP
and can interface to a processor with an 8 data character Rxa [5] 3] ™
or 16-bit bidirectional data bus. ® SYNC generation, detection, and strip- RxDA [© | [35] TxBE
FEATURES ping for BCP Resh [7] 5] e
* Maintenance Mode for self-testing
® DC to 1Mbps or 2Mbps data rate e TTL compatible RxE [8 [33] RESET
* Bit-oriented protocols (BOP): SDLC, . P GND [32] Vee
ADCCP, HDLC * Single +5V supply
e Byte-control protocols (BCP): DDCMP, APPLICATIONS D808 10 [51] o800
BISYNC (external CRP) * Intelligent terminals DB09 [30] pBO1
¢ Programmable operation * Line controllers pB10 2 [29] pBO2
8 or 16-bit tri-state data bus * Network processors DBO3
Error control—CRC or VRC or none ¢ Front end communications oB11 [ =2
Character length—1 to 8 bits for BOP e« Remote data concentrators DB12 [14 [27] DBO4
or 5 to 8 bits for BCP * Communication test equipment pB13 [i5 [26] DBOS
SYNC or secondary station address e Computer to computer links pB14 [16 5] DBOS
ORDERING CODE e 3 osor
Vec=5V+5% Riw [8 23] DBEN
PACKAGES COMMERCIAL AUTOMOTIVE MILITARY Az [19] [57] BYTE
0°C to +70°C —40°Cto +85°C | —55°C to +125°C A1 [20] [21] A0
. 1MHz |SCN2652AC1140 SCN2652AA1140 SCN2652AM1140
Ceramic DIP TOP VIEW
2MHz |[SCN2652AC2140 | SCN2652AA2140 SCN2652AM2140 NoTE
Plastic DIP 1MHz SCN2652AC1N40 Contact Factory Not Available 00 is least significant bit, highest number (that is,
2MHz |SCN2652AC2N40 | Contact Factory Not Available DB15, AZ1is most significant bit
NOTE: SCN68652 is identical to SCN2652. Order using part numbers shown above.
BLOCK DIAGRAM
16 BITS ~—8BITS— Ve
PARAMETER CONTROL PARAMETER
DB15- <:> DATA C:> SYNC/ADDRESS PCSAR CONTROL | PCR <~——GND
DB00 B:’}":SER REGISTER REGISTER
3
AA l
7 £
<
RECEIVER TRANSMITTER
DATA/STATUS RDSR DATA/STATUS TDSR
REGISTER REGISTER
7 7
RESET
MM
INTERNAL
A & &
A2-A0 —]
BYTE —]
- wame ———) :
AW —— WRITE
LOGIC
CE —=| AND RECEIVER TRANSMITTER
CONTROL LOGIC AND LOGIC AND
DBEN —= I" CONTROL CONTROL
~J
SIF
RxE
RxA
RxDA RxC RxSI! TxC TxSO
RxSA
TxE
TxA
TxBE
TxU
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PIN DESIGNATION

MNEMONIC | PIN NO. TYPE NAME AND FUNCTION
DB15-DB00 17-10 1/0 Data Bus: DB07-DB00 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 I 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 | Receiver Enable: A high level input permits the processing of RxSI data. A low level disables the
receiver logic and initializes all receiver registers and timing.

RxA 5 (0] Receiver 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) is 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 (0] Receiver Data Available: RxDA is asserted when an assembled character is in RDSR_ and is
ready to be presented to the processor. This output is reset when RDSR( 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 is cleared when RDSRH is read.

RxSI 3 | 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 ¢} 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 [e] 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 (TDSRa),
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 (e} Transmitter Serial Output. TxSO is the transmitted serial data. Mark = ‘1, space = ‘0".

Vce 32 [ +5V: Power supply.

GND 9 | Ground: 0OV reference ground.

*Indicates possible interrupt signal.
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Table 1 GLOSSARY

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= Low byte - bits 7-0

Table2 ERROR CONTROL Table 3 SPECIAL CHARACTERS

ICHARACTER DESCRIPTION OPERATION BIT PATTERN FUNCTION

FCS Frame Check Sequence is BoOP
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 (X6 +X12+ X5+ 1) with function
dividend preset to 1's but can Address (PCSARU1 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| NOTES

transmitted/received as two| 1+ (<) refers to contents of o<
. 2. ForIDLE =0 or 1 respectively

successive characters fol-

lowing the last data character

of a BCP message. The poly- 15 14 13 12 " 10 9 8 76 5 4 3210
nomiaf is CRC-16 (X18 +X1§ + PCSAR apA | PrOTO | ss/GA| sam | 1DLE ECM SIAR I
X2 + 1) or CRC-CCITT with
dividend preset to 0’'s (as 15 14 13 12 1 10 1 8
specified by ECM). The true| Ry
remainder is transmitted as PCR TxCL "cLE CLEI RxCL
the BCC.
15 14 13 12 1 10 9 8
FUNCTIONAL DESCR'PT'ON RDSR RERR A B C ROR Ré:/ REOM RSOM RxDB
The MPQC can pe functio_nally pa.rtitiongd 15 4 13 12 " 10 9 8
into receiver logic, transmitter logic, regis-
ters that can be read or loaded by the pro- TDSR TERR | NOT DEFINED | TGA | TABORT | TEOM | TsOM TxDB
cessor, and data bus control circuitry. The

register bit formats are shown in figure 1 NOTE ) n
while the receiver and transmitter data Refer to Register Formats for mneumonics and description.

paths are depicted in figures 2 and 3. i ) i
Figure 1. Short Form Register Bit Formats
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T 10
BCP « CRC RoSR,
BOP « CRC
BCP « CRC
8 1
RxS! M
SYNC CCSR(8) HSR (16) u RxSR (8)
FF v
SEL  1-BIT I BOP « CRC
DELAY 2RO
FROM 3 ZERO (BOP)
XMITTER I | 'DELETION |— DELETION
COMPARATO s CONTROL
MM PARITY (BCP)
LoGIC
BOP
SIF ™ CRC-16 (BCP) OR CRC-16=0 -~ RERR
. BCP v RXCRC ACC CCRC-CCITT COMPARATOR _t
X (BOP) CRC-CCIT = FOBS

RESET —s} l

RXE ——=1  RECEIVER
RxA =———1  CONTROL
RxDA +—— LOGIC
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 Receiver Data Path

FROM
TSR, OR PCSARL (SYNC)

N2

RESET ——————|
SYNC
TxSO
T™E ———— [oans. TXSR (8) FF
TXA «<—— | MITTER
CONTROL 18IT
TXBE <———————— LOGIC DELAY
T ]
BOP
'3 ZERO
ZERO
TXCRC ACC (16) M "‘SSZT.!? ML Nsertion
CRC-16 OR CRC-CCITT CONTROL
1.2 BCP
SEL PARITY

GENERATION
TxC

CONTROL
CHARACTER
GENERATOR

T

NOTES FLAG ABORT GA

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

Figure 3. MPCC Transmitter Data Path
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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 until amatch
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) isimplemented
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 RDSRL 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 firstcharacter following the FLAG isthe
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 is a primary station (PCSAR12=
0), no secondary address check is made;
RxA is asserted and RSOM is set once the
first non-FLAG character has been loaded
into 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 PCRg-10. As

INITIALIZE PCSAR, PCR

PROCESSOR

RXE=1 ———————

—0

*TEST MADE EVERY
RxC TIME

SF=1 YES
FOR ONE AxC
BIT TIME

YES

SECONDARY
STATION
ADDRESS

(1) OVERRUN (ROVRN)
CAUSES L¢ OF

SUBSEQUENT
CHARACTERS

NO

RxDA =1
(PROCESSOR
SHOULD READ
RxDB)

(PCSARy2=1)
START OF NO s
MESSAGE (PCSARy5=0)

Bxa=1
RSOM =1
FOR ONE
‘CHARACTER
TIME

EAD
RDSRy — REOM, RAB/GA,

S/F=1FOR ONE RxC <——
BIT TIME

YES — END OF MESSAGE YES

REOM =1, RxA=0

Figure 4. BOP Receive

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 RXxCRC 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. o, 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-16 is
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 RDSR1s 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.
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INITIALIZE PCSAR, PCR

SIF=1FOR ONE -—
RxC BIT TIME
YES STRIP
- SYNC (PCSARtY
NO
RxA=1 I
ASSEMBLE CHARACTER (1) SYNCs ARE ASSEMBLED
IN TRIP VRC IF

CRC IF SPECIFIED

@ OVERRUN (ROVRN) CAUSES
LOSS OF SUBSEQUENT
CHARACTERS

RXxDA=1
(PROCESSOR SHOULD
READ RxDB)

RxSA =1

(PROCESSOR SHOULD
READ AND EXAMINE
RDSRy — ROVRN,

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.

Figure 5. BCP Receive

TRANSMITTER OPERATION
General

After the parameter control registers
(PCSAR and PCR) have been initialized,
TxSO is held at mark until TSOM (TDSRg) 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
ROCESSOR MUST CLEAR (PCSARg-10). The FCS should be the CRC-
[ wmazeposan ponrosn | JABCRITAN N REsPoNsE GCITT polynomial (X16 + X12+ X5+ 1) preset

PROCESSOR @ to 1s. If an underrun occurs (processor is
not keeping up with the transmitter), TxU

and TERR (TDSR1s) will be asserted with

ABORT or FLAG used as the TxSO line fill
depending on the state of IDLE (PCSAR11).

TxSO = MARK

et The processor must set TSOM to reset the
underrun condition. To retransmit the mes-
Txa=1 sage, the processor should proceed with the

normal start of message sequence.

TXBE =1 TRANSMIT FLAG
PROCESSOR xS0
SHOULD LOAD
TxDB AND TSOM =0) _|

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
O TADORT Tar — ) character length into TxCL and load TxDB

AS REQUIRE with the residual character. Dynamic altera-
e O eI e D=0 tion of character length should be done in
exactly the same sequence. The character
length will be changed on the next transmit

character boundary.
ON UNDERRUN: After the last data character has been
TxU=1, TERR=1 TxSO = ABORT IF IDLE =0 loaded into TDSRL and sent to TxSR (TxBE

(PROCESSOR S| FLAG IF IDLE=1

SET = 1), the processor should set TEOM
(TDSRg). The MPCC will finish transmitting
the last character followed by the FCS and
the closing FLAG. The processor should
(PROCESSOR SHOULD spg‘é.p.sn T e clear TEOM and drop TxE when the next
NexTOATA GRAR T TRANSMIT ON TxSG TxBE is asserted. This corresponds to the

start of closing FLAG transmission. When
TxE has been dropped, TxA will be low 11/2

Teom NO bit times after the last bit of the closing
=17 FLAG has been transmitted. TxSO will be
YES marked after the closing FLAG has been

transmitted.

TRANSMIT ACCUMULATED
FCS (IF SPECIFIED) AS

INVERTED REMAINDER If TXE 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=1 +—

(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 PCSARL or

TDSRL (IDLE=0or 1) aslong as 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

from TDSRL, which must be loaded with |

. ] characters from the processor each time I

Figure 6. BOP Transmit TXBE is asserted. If this loading is delayed !

for more than one character time, an under- |
|
|

TxA=0

*GA will be transmitted if TGA is set together with TEOM

run results: TxU and TERR are asserted and

the TxSO line fill depend on IDLE |

(PCSAR11). The processor must set TSOM i
|
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I INITIALIZE PCSAR, PCR, TDSRy I

PROCESSOR

TxBE=1 +———d

TRANSMIT SYNC ON TxSO
SYNC FROM PCSAR,
SYNC FROM TxDB IDLE=1

— IDLE=0

NO
AFTER SYNC(S), PROCESSOR
LOADS D%TA CHARACTER ———’—> @
IN TxDB AND TSOM =0 YES

-~
(PROCESSOR SHOUI.D
LOAD T

SET‘IALIZE DATA CHARACTER

R ACCUM AS
xDB) . SPECIFIED, TMNSM!T ON TxSO

(PROCESSOR SHOULD GET [—’ TEOM
TEOM AT END OF =17
MESSAGE IF CR
SPECIFIED)
YES

1, TERR=

TxSO=SYNC FROM PCSAR|_IF IDLE=0

TxU=
(VNOCESSOR SHOULD
SET T

som.n1

TRANSMIT ACCUMULATED
CRC SPECIFIED (IF NO
CRC, TEOM SHOULD =

MARK IF IDLE=1
UNTIL TSOM=1

TxBE=1

(PROCESSOR SHOULD
CLEAR TEOM AND

P TxE)

'TxA=0

3 s |

TxSO=SYNC OR TxDB DEPENDING ON IDLE BIT ]

Figure 7. BCP Transmit

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 (TXxBE=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 is specified, it is generated on each

data character and the data character
length must not exceed 7 bits. For software
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LRC or CRC, TEOM should be set only if
SYNC’s are tequired at the end of the
message block.

Special Case

The capability to transmit 16 spaces is 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 of 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 thedatabus. f BYTE=
1, the 8-bit byte is placed on DB15-08 or
DB07-00 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 RDSRy 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 DB15-0g 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.
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Table 4 MPCC REGISTER ADDRESSING

A2 A1 A0 REGISTER 1 !
BYTE =0 16-BIT DATA BUS = DB 15 - 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 5 PARAMETER CONTROL REGISTER (PCR)-(R/W)

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
h bee ceived.
ave n rece 10 9 8 Char. length (bits)
0 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
11 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 O 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.
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Table 6 PARAMETER CONTROL SYNC/ADDRESS REGISTER (PCSAR)-(R/W)

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. Itis 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 0 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.

" 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 = 1is 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 is enabled by an address field
of ‘11111111’ as well as the normal secondary station address.

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

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 transmission is from TxDB and FCS
generation (if specified) begins. FCS, as specified by PCSARg.4o, should be CRC-
CCITT preset to 1’s.

BCP TSOM = 1 generates SYNCs from PCSAR_ or transmits from TxDB for IDLE =0 or 1
respectively. When TSOM = 0 transmission is from TxDB and CRC generation (if
specified) begins.
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Table 7 TRANSMIT DATA/STATUS REGISTER (TDSR) (R/W except TDSR 15) (Continued)

BIT

NAME

MODE

FUNCTION

09

TEOM

BOP

BCP

Transmit End of Message. Used to terminate a transmitted message.

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.

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.

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

15

TERR

Read
only

BOP
BCP

Transmitter Error = 1 indicates the TxDB has not been loaded in time (one character
time -1/2 TxC period after TxBE is asserted) to maintain continuous transmission. TxU
will be asserted to inform the processor of this condition. TERR is cleared by
setting TSOM. See timing diagram.

ABORT's or FLAG's are sent as fill characters (IDLE =0 or 1)

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 8

RECEIVER

DATAISTATUS REGISTER (RDSR)-(Read Only)

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.

1

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 belost. 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
amessage 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 PCRg-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 right 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 PCSARs-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 PSCARs-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
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ABSOLUTE MAXIMUM RATINGS?
PARAMETER RATING UNIT
TA Operating ambient temperature2 Note 4 °C
Tsta Storage temperature -65 to +150 °C
Input or output voltages
with respect to GND3 -0.3 to +15 Vv
Vee With respect to GND -0.3to+7 Y
DC ELECTRICAL CHARACTERISTICS*?
LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Input voltage \'%
ViL Low 0.8
VIH High 2.0
Output voltage Vv
VoL Low loL = 1.6mA 0.4
VOH High lon = -100uA 24
lcc Power supply current Vce =5.25V, TA=0°C 150 mA
Leakage current uA
I Input ViN =0 to 5.25V 10
lou 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*56
1MHz Clock Version 2MHz Clock Version
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 m7 200 m7
Delay time ns
too ‘Data bus (read) 200 170
trxp Transmit serial data 325 250
togeno DBEN to DBEN delay 200 ) 200
tor Data bus float time (read) 150 150 ns
f Clock (RxC, TxC) frequency. 1.0 2.0 MHz
toLki Clock high (MM = 0) 340 165 ns
toLkt Clock high (MM = 1) 490 240
tcLko Clock low 490 240
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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 is not implied.

2. For operating at elevated temperatures the device must be derated based on +150°C
maximum junction temperature-

3. This product includes circuitry specifically designed for the protection of its internal
devices from the damaging effects of excessive static charge. Nonetheless, it is
suggested that conventional precautions be taken to avoid applying any voltages
larger than the rated maxima.

TIMING DIAGRAMS

IS

I3

~o

. Parameters are valid over operating temperature range unless otherwise specified.

See ordering code table for applicable temperature range and operating supply
range.

. All voltage 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.

. Output load C_= 100pF.
. m=TxC low and applies to writing to TDSRy only.

RESET READ AND WRITE DATA BUS
DBEN
.UD:"
P § — T
tacs—1 [ = ~—tacw
RESET . CERW,” """ ) G
— BYTE -—-r
RES L tacs— | — nor T taen
(SeAl, —TLOATING | XVALID K VALID| X FLOATING
[—top—  —| |~—TDF
Do-D15 —Y X
(WRITE)
tos— | —|  —1on
CLOCK

TxSO

X

|<—TxD—|

—_—

RxC | |

tcLko | teLkt I
|

|
|<-'nxs->l<-'nm’:

S——
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TIMING DIAGRAMS (Cont'd)

TRANSMIT—START OF MESSAGE

TxC
| 8 TxC! i |
0
%0 mark SYNCIFLAG! | | 1ST CHAR
3
TxBE
SET TSOM LOAD 1st CHAR  RESET TSOM LOAD 2nd CHAR

DBEN

rxs___l \

2
NOTES
1.

SYNC may be 5 to 8 bits and will contain parity bit as specified.

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

3. TxBE goes low relative to DBEN falling edge on the first write transfer into TDSR. It is
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 rising 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).

1st CHAR

TRANSMIT—END OF BOP MESSAGE

TXSO  NEXTTOLASTCHAR | LasTcHAR | CRC | rae |/ MARK

TxBE4 I J I [ I_

LOAD LAST CHAR SET TEOM RESET TEOM

i
DBEN M N

~

TxES

TxAB
NOTES

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 also when
TxA has been dropped.

5. TxE can be dropped before resetting TEOM if TXBE (corresponding to the closing
FLAG) is 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.
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TIMING DIAGRAMS (Cont'd)

TRANSMIT TIMING—END OF BCP MESSAGE 1
TXSO _ NEXTTO LASTCHAR | LAST CHAR | cac? 1l MARK

TxBE l I l__J_—I I-_—_—

LOAD LAST CHAR SET TEOM RESET TEOM

' | |
DBEN Mn M n

TxE [

TxA NOTES I

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 transmission of the last character). When CRC is
required, TxE must be dropped before CRC transmission is complete. Otherwise, the
contents of TxDB will be shifted out on TxSO. This facilitates transmission of con-
tiguous messages.

TRANSMIT UNDERRUN

Txu8 I |

SET TSOM
DBEN ﬁ_

NOTES

8. TxU goes active relative to TxC falling edge if TxBE 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

o T

RxA I

1st CHAR READY
TO BE READ —

2nd CHAR READY

AxDATO TO BE READ —=

1st CHAR READ

DBEN

2nd CHAR READ

SiF1 1

RXE J

NOTES

9. RxA goes high relative to falling edge of RxC when RxE is high and:
a. A data character following two SYNC's is in RxDB (BCP mode)
b. Character following FLAG is in RxDB (BOP primary station mode)
c. Character following FLAG is 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 is ready to be read. It
comes up before RxSA and goes low on'the falling edge of DBEN when RxDB is read.
11. S/F goes high relative to rising edge of RxC anytime a SYNC (BCP) or FLAG (BOP) is
detected.

RECEIVE END OF MESSAGE

RxC

RxDA

RxSA12

READ

DBEN DATA STATUS

(8-BIT)

e [

Rxe13 |

RxA14 l

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. It may be left on at the
end of a BOP message (see BOP Receive Operation).

14. RxA is 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.
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TYPICAL APPLICATIONS

2652 MPCC MICROPROCESSOR INTERFACE 1
1 RESET
TS BUFFER -~ T><C
_.J STATUS
RESET
POR DATA BUS RxC
X!
DBO- DB7
8BIT mpce i
up - SCN2652 MODEM
ADDRESS | CONTROL A2-A0, R/IW DBEN CE
CLOCK TxSO
s e [T
RxSI
Orore
RxE TxE RTS, CTS,
DTR, DSR,
DCD
MODEM DCD CTS
CONTROL
LOGIC
NOTES
1. Possibie uP interrupt requests are:
RxDA, RxSA, TxBE, TxU.
2. Other 2652 status signals and possible uses are:
S/F line: idle 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
Iy ) {2 s
- DATA BUS us
WORD COUNT RDREQ RxDADms DB0O aea DATAB
ADDRESS PTR TO PROCESSOR RXE
X
R/W CONTROL
WRREQ Rasa
TxA
TxBE PROCESSOR (P)
TxE AND _
SCN2652 1,y SUPPORT LOGIC: RxDA RIW
DMA X MEMORY
CONTROLLER 1. INITIALIZES [+— TxBE
SIF SCN2652
A2-A0 2. SETS/RESETS
SCN2652 BYTE 2 ReamomEom
ADDRESS AND [————————— Fy RESET " 70 RxSA
CONTROL CE MM
DBEN
_ ADDRESS, ADDRESS, RIW, ADDRESS,
RIW CONTROLS RxC TxC RxSI TxSO CONTROL CE, RIW
MODEM OR DCE
SYSTEM ADDRESS AND CONTROL BUS
For non-DMA operation, TXxBE and RxDA are sent to the processor which then loads or
reads data characters as required.
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TYPICAL APPLICATIONS (Contd)

CHANNEL INTERFACE

o | —[]

RxSI

TxSO

BAUD BAUD
RATE RATE
GENERATOR GENERATOR
1 | e W — —t
? l Lo l I LR I Y
TxC RxC TxC RxC
[ o]
COMPUTER COMPUTER
OR MPCC MPCC OR

TERMINAL SCN2652 SCN2652 TERMINAL

No Modem—DC Baseband Transmission

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

INTERRUPTS TxBE, TxU, RxDA, RxSA

MPCC — TxD
SCN2652
A2 [«— RxD
A
fo ja— TxC
RIW
DBEN e RxC
CPU CE DB7-DBO

> CEo
PGC

SCN2653
A1

RIW
A0
CE1

T  om

(OPEN DRAIN)
5V
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DESCRIPTION

The Signetics SCN2653/68653 Polynomial
Generator Checker (PGC) is a polynomial
generator checker/character comparator
circuit that complements a receiver/trans-
mitter (RIT or USART/USRT/UART) in the
support of character oriented data link con-
trols. Table 1 defines many of the more
commonly used PGC terms and abbrevi-
ations.

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.

There are four modes of BCC accumulation
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 com-
patible with the Signetics SCN2651 Program-
mable Communications Interface (PCl) and

JANUARY 1983
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SCN2661 Enhanced Programmable Commu-
nications Interface (EPCI). When used in
BISYNC modes with the SCN2661, software
requirements are minimized by the SCN2653-
SCN2661 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 singie + 5V supply and is
contained in a 16 pin dual in line package.

FEATURES

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

BISYNC normal and transparent modes
Automatic or single character accumu-
lation modes

Character detection - up to 128 charac-
ters

Two character sequence 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 character accumulation rate
of 500 kHz (4 Mbps)

Directly compatible with Signetics
SCN2651, SCN2652 and SCN2661

No system clock required

TTL compatible inputs and outputs
Single 5V supply

16-pin dual in line package

ORDERING CODE

PIN CONFIGURATION

Do [16] Ve
D1[Z] 5] CEo
D2 [3] [14] CE1
p3[] [13] Riw
D4 [5] 2] AO
D5 [©| 1] A1
D6 [7] % INT
GND [&] [5] o7
TOP VIEW
APPLICATIONS

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

USART/USRTs

e Automated BISYNC with 2661 (minimal

software intervention)

* BCC and VRC generation/detection on

a block of memory or peripheral data

® Programmable character array compa-

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.

COMMERCIAL RANGES
PACKAGES Vee=5V 5%, To=0°C to +70°C
Ceramic DIP SCN2653AC4116
Plastic DIP SCN2653AC4N16

NOTE:

SCN68653 is identical to SCN2653. Order using part numbers shown above.
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BLOCK DIAGRAM

DATA BUS A
D0-D7 CHARACTER REGISTER
DATABUS BUFFER <r >
I [) l
A
- S —
DLE | oLe
|DETECT| .
TR < ) OPERATION CONTROL BCC AND VRC
INTR ERl GENERATION UNIT
A0 E _
MODE REGISTER z
A1 - E] 16
_ COMMAND REGISTER ’< 2
CE1 o Py z 8 8
Aw STATUS REGISTER % g
2 >
CED ° @ BCC UPPER BCC LOWER
__.q 2 g
s Il
) ] 8 B
1
g [— <
CHARACTER CLASS a
ARRAY 3 |
w
o
PIN DESIGNATION
MNEMONIC PIN NO. TYPE NAME AND FUNCTION
VCC 16 | +5V: Power supply
GND 8 I Ground
A1-AO0 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 | Chip Enable: Connected 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 controlier and to initialize the PGC registers.
D7-DO 9,7-1 1/0 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 (o] 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 register which'in turn deactivates INT. A
power on, clear BCC, or master reset command causes INT to be inactive (high).
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Table1 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 + x11 + 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
TxC RxC
[ 0
USART
OR
USRT
: D0-D7 j«———— RxD
1 ’::
CEO
cpu o
A1
L= sonzss
o PGC
NT
NOTES

1. Open drain INT may be OR tied with SCN2651 PCI, SCN2661 EPCI, or other open drain
interrupt outputs.
2. No external circuitry necessary if SCN2651 or SCN2661 is the USART.

Figure 1. Typical System Configuration

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
(DO-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 O of BCC upper; the lowest
term is always represented by bit 7 of BCC
lower (see figure 3, Orientation of BCC Poly-
nomials.)
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a) CRC-16
NO YES DISABLE
BIT7=1 CHARACTER
? COMPARISON
YES NO
ENABLE COMPARISON
ON LOWER 7 BITS
(D6-D0)
MSB IS IGNORED
b) CRC-12
ENABLE COMPARISON
ON LOWER 6 BITS
(D5-D0)
MSB IS IGNORED
BIT 6 MUST BE ZERO
) LRC-8
ENABLE COMPARISON
ON LOWER 7 BITS
(D6-D0)
MSB IS IGNORED
NOTE
mode always di the SSC comparison.
Figure 2. Character Class Array Comparison Operation

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.
S- l-

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’=om+%,wnsne R 0=Ag"+An X" 1. o +agX®

G ()

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

BCC LOWER BCC UPPER
(8 BITS) (@ BITS)
[o7—————————— oo | —— ol
A’ —— ax’ agx® ——m Agx™
cRe — 16=x"0 x4+ x2 41

D7 D D5 ——————= Do D7 D6 D5 —=————= Do
|°l°|f| Itl |°l°|tl [«]

Ax® ==——= Agx® Ag® 7T T A"

cRe — 12=x"2 4 x""
+ X3 + X2 +X+1

[ e —— DO D7 D ———————m— Do

S —— x] [p]=——trRe——]
(DON'T CARE) PARITY + (7-BIT LRC)

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

RECEIVED, OR TRANSMITTED CHARACTER BITS RECEIVE, OR TRANSMITTED CHARACTER BITS
(TO BE INCLUDED IN BCC ACCUMULATION ) (TO BE INCLUDED IN BCC ACCUMULATION)

foE}e{ 1 [2]oeH{3]a [s[e ] 78] 9 ]10[11]12[13[1a[15] {oE[{16]

FEEDBACK DATA

FEEDBACK DATA

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

Figure 3. Orientation of BCC Polynomials
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Table 2 ADDRESS CODES

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
consecutive chip enables 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
SCN2651 PCI to 8-bit microprocessors can be
used to Interface the SCN2653 PGC (consult
Application Note M22). Note that when ad-
dressing the R/T's holding registers, the PGC
pins must have A1, AO=00 and that the ad-
dress and RIW signals must be stable (set up)
prior to the active low chip enable. When
using the SCN2651 or SCN2661 as the RIT,
the PGC'’s A1, A0, RIW, and CEO are directly
connected to comparable SCN2651 or
SCN2661 signals. Schematics of an SCN2653

monitoring data transfers to/from the

CEO | CE1 | A1 | A0 |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
1f MR2 = 1 PGC not selected'
o] 1 [} 0 1 1t MR2 = 1 load data bus into character register
If MR2 = 0 PGC not selected’
0 1 0 1 X PGC not selected’
[o] 1 1 [} X PGC not selected’
(o] 1 1 1 X PGC not selected’
1 (o] 0 0 0 Read character register
1 0 0 0 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 (] (o] 1 [o] Read Status register
1 (o] (] 1 1 Write command register
1 [o] 1 0 o] Read mode register
1 o] 1 (] 1 Write mode register
1 0 1 1 [0} Read BCC upper/lowers
1 0 1 1 1 Write BCC upper/lower®
1 1 X X X PGC not selected!
NOTES
1. Data bus is 3-state
2. Character will not be accumulated unless MR3 = 1.
3. Character will not be accumulated 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.

o

upper.

INTERFACE SIGNALS AND TIMING
PGC data transfers are controlied 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;
CET 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
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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

Signetics SCN2651/2661 and SCN2652 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.

L+—AM——O+5V

—> TxD

INTERRUPTS

TxRDY, RxRDY, TXEMT/DSCHG

CPU

DB7-DBO R <—— RxD

SCN2651/61
AW, A1, A0 pci

<

[<«—— TxC

<—— RxC

SCN2653
PGC

2
(=2

a

iNT R
AMA—O +5V

Figure 4. SCN2651 or SCN2661/2653 Interface

Sonefi
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INTERRUPTS

TxBE, TxU, RxDA, RxSA

J

L LatL o SCN2652
mecc [ TP
A2 <— RxD
A1
A0 |e— TxC
AW
DBEN [« RxC
cPU CE DB7-DBO
Dc CEo
SCN2653
a1 POC
AW
A0
CE1
! -
% (OPEN DRAIN)
+5V
Figure 5. SCN2652/2653 Interface — Typical Protocols: BISYNC, DDCMP,
SDLC, HDLC
PGC PROGRAMMING places all characters in the normal class

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-
nent to the application. After a master reset,
the character class array is zero which

(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
array (see PGC PROGRAMMING). Charac-
ters may then be loaded into the character

Table 3 SUMMARY OF BCC ACCUMULATION MODES

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 equal zero, the BCC
error bit (SR0) will be set and INT will go
active if the corresponding mask bit (CR4) is
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-
ter communication control sequence can be
detected.

ACCUMULATION
MODES

ACCUMULATION

START STOP

ACCUMULATION

CHARACTERS EXCLUDED
FROM ACCUMULATION

BISYNC normal and
BISYNC transparent

Clear BCC registers command

Mode register is loaded with
BISYNC or automatic mode

accumulated

Start acc

Q.

lation cc accumulated

Load BCC registers

After BTC has been detected
and received BCC is

After transmitted BTC has been

Single mode is selected

SYN/BISYNC not included
class in normal mode

DLE-SYN/not included class
and first DLE of a DLE non SYN
pair in transparent mode.
These characters are not ex-
cluded if preceded by an odd
number of DLEs )

Automatic

Same as above

Single mode selected

None

Single

Start accumulation command

accumulated

After each character has been

Up to user who must generate
start accumulation command
for each character to be includ-
ed
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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
(BTCISC CLASS)

WRITE BTC/SC CHARACTERS
INTO CHARACTER CLASS

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

WRITE SCC CHARACTERS
INTO CHARACTER CLASS
ARRAY

LOAD MODE REGISTER
WITH MR1, MR0 =01, 10, OR 11
(FOR SELECTED BCC
POLYNOMIAL)

OPERATE

Figure 6. PGC Programming

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 (CED) 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
exclude include exclude
both
1-40

include

In receive 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 BTG/SC class character is detected
by the PGC when receiving in either BISYNC
mode, the following one or two characters

DLE SYN DLE ETX
! ! !
exclude exclude include
both

Sanedi

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-
cumulate command 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 (SCN2651/SCN2661) in trans-
parent 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).



MICROPROCESSOR DIVISION JANUARY 1983

POLYNOMIAL GENERATOR CHECKER (PGC) SCN2653/SCN68653

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 ORCRC-12

A~

y SYN SYN SOH

4 ¥ v

SET BISYNC BTC BCC ERROR (Rx) IF ACCUMULATION = 0.
NORMAL MODE DETECT  ACCUMULATION STOPPED AFTER 2nd
(ALL EXAMPLES) BCC. NO PARITY CHECK ON BCCs

LRC-8
A~

2 ! SYN SYN

CPU RESETS BCC REGISTERS BTC  BCC ERROR (Rx) IF 7 LS BITS OF BCC,, = 0.
AFTER SOFTWARE DETECT DETECT VRC ERROR IF MS BIT IS INCORRECT
OF STX. THIS EFFECTIVELY PARITY. ACCUMULATION STOPPED
EXCLUDES STX. AFTER 1 BCC.
[ BLOCK 1 | } BLOCK 2 |

3 SYN SYN SOH

' — P

BTC OPTIONAL SSC DETECT BTC POSSIBLE
DETECT SET BISYNC DETECT BCC ERROR
TRANSPARENT

POSSIBLE BCC ERROR. (IF SO
RESET BCC REGISTERS).
RESET BCC REGISTERS OR
SET BISYNC NORMAL

a. SYN SYN SOH

| oo

SSC DETECT BTC  POSSIBLE
SET BISYNC DETECT BCC ERROR
TRANSPARENT
MODE
f BLOCK 1 | BLOCK 2 ){
ssc BTC  POSSIBLE BTC
DETECT DETECT BCC ERROR  DETECT
SETBISYNC ) roSuBLE
TRANSPARENT AND RESET BCC n

RESET BCC REGISTERS REoieTens BCC ERROR

(IF BCC ERROR)
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 is accumulated.

NOTES

»

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

Opening SYNs may be stripped by the R/T.

The single mode and can be used to ach that
inadvertently was excluded. (For example, 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.

Eal o

Figure 7. Examples — Bisync Text M BCC A lation

Signetics 141
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BTCISC: EOT, NAK

SCC: ACKO, ACK1, WACK, RVI
SINGLE ACCUMULATION MODE
STOPS BCC ACCUMULATION

2 I SYN SYN I ACK 0 _]

scC
DETECT
3. SYN SYN mm

BTC/ISC
DETECT

a. [svu SYN ] WACK ]
scc
DETECT

5. [ SYN SYN I RVI ]

SSC
DETECT

NOTES

character of the DLE-SSC sequence.

CONTROL STATION POLL OR
1 I SYN SYN IEOTIPAD] SYNSYN l a- - I ENQ l SELECTION OF A TRIBUTARY
‘ ‘ STATION
BTC/SC BTCISC
DETECT DETECT

o« REPRESENTS A UNIQUE POLLING OR SELECTION ADDRESS

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. Examples — Bisync Control Messages

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

TRIBUTARY STATION NOT READY
TO RECEIVE OR NEGATIVE
ACKNOWLEDGEMENT 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
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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 (SR 1) 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 (MR5 =
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 MR5. VRC should be
disabled when in BISYNC transparent mode
and whenever CRC-12 or CRC-16 (EBCDIC)

Signetics

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 (CR5 = 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 accumulation mode,
the DLE-SYN character pair is not accumu-
lated, but a SYN not preceded by a DLE is
accumulated. (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: termination of BCC accumulation
and character detection. In BISYNC trans-
parent mode, a BTC/SC must be preceded
by an odd number of DLEs to be recognized.

o 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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« 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.

DETECT INTERRUPT
ENABLE=1

BTC/SC DETECT INTERRUPT
ENABLE=1

VRC ERROR INTERRUPT.
ENABLE=1

BCC ERROR INTERRUPT

SECOND SEARCH CHARACTER —,

MR7 | MRe | MRs | MRa | MR3 | MR2 | MR1 | MRo
ACCUMULATION MODES ——! L—— BCC POLYNOMIAL
00 SINGLE 00 START UP MODE
01 AUTOMATIC 01 CRC-16
10 BISYNC NORMAL 10 CRC-12
11 BISYNC TRANSPARENT 11 LRC-8
ODD/EVEN PARITY RECEIVE/TRANSMIT
0 0DD 0 RECEIVE
1 EVEN 1 TRANSMIT
VRC ENABLE ENABLE ACCUMULATION
(=1) WITHCE1 (=1)
MODE REGISTER
CR7 | cRé | cRs | cRa | cR3 | crz | CR1 | cRo
N, o “~e— —

ENABLE=1

CR6

CRS

CR4

COMMAND REGISTER

L—— ONE-TIME COMMANDS

00 NOP

01 START ACCUMULATION
10 CLEAR BCC REGISTER
11 MASTER RESET

CHARACTER CLASS
00 NORMAL CLASS
01 SYN/NI CLASS
10 BTC/SC CLASS
11 SSC CLASS

SR7 | SR6 | SR5 | SR4 | SR3 SR2 SR1

SRO

CR7 —]

L‘ BCC ERROR
(=1)

VRC ERROR
(=1
BTC/SC DETECT
(=1)

STATUS REGISTER

SSC DETECT
(=1
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Table 5 BCC ACCUMULATION BY CHARACTER CLASS

BISYNC BISYNC AUTOMATIC . SINGLE
CR3 CR2 CLASS NORMAL TRANSPARENT ACCUM ACCUM
0 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 §S8C* 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 ter reset cc d. 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, CE1, 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 CED,
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 (SR0) when
appropriate. 2) If the R/W pin is low when
CEO, CET, A1, A0 = 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 = 0 is for a CPU to
interleave parity checking on memory data
(CET) 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-
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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 CE1.

MR4 is a VRC enable bit. If MR4 = 1, VRC is
enabled as odd/even by MR5. 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 = 0O 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 MR5=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 register contains 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.

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

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
acc 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.

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* Yes* Yes*t
NOTES

* Only if immediately preceded by an odd number of DLEs.

1 Start y for
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CR7, CR6, CR5, CR4 are interrupt enables
that individually enable/disable 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, SR5, SR4).

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

CR4 - BCC error interrupt enable

CRS - 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

SRO=0 LRC-8:7 least significant bits
of BCC upper = 0
CRC-12, CRC-16: BCC upper
and BCC lower = 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 accumulat-
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 accumulated must
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

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

SR5 - 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 CET) by initializing the
mode register, command 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, CE1 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 slave 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

Transparent SYN/DLE strip’

Automatic accumulate?

Async (with SYN/DLE
characters)

BISYNC normal

NOTES

1. CPU should switch to non-strip mode after BTC detect. Otherwise a received BCC could be inadvertently stripped.

2. SSC detect should be ignored.

Signetics
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WREQpBC
RREQaBC
ADDR r
CE —> TxD
Rw REC/XMT
READ/WRITE <___———____ n:é:n%gv le— RxD
MEMORY ACCESS T
[ WREQp
PGC RREQp
3 CEO0
——> TxD
REX/XMT
cru KA [«<— RxD
\
DATA CONTROL ADDRESS L. WREQg
™" PGC RREQp
3 CEO
—> TxD
ADVANTAGES: REC/XMT
« HIGHER THROUGHPUT WITH DMA RxD
« NO SOFTWARE OVERHEAD FOR
MULTIPLEXING L. WREQe
~~~~~~ PGC RREQc
RITs USE DEDICATED PGCs TO GENERATE
AND DETECT BOTH VRC, LRC, CRC AND T
SPECIAL CHARACTERS G CEo
—
FROM CPU
Figure 9. One PGC Per Receiver/Transmitter
! : ADDRESS
| | DATA
11 RW
| —» TxD
@ REC/XMT
«—— RxD
CEo
READ/WRITE
MEMORY |~ 10
| secnar
«—— RxD
CED
<:> — TxD
< REC/XMT
=  ( «—— RxD
ADDRESS, DATA, R/W, TE0 ADDR
CPU DATA AW
TE1
CE0
PGC
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. PGC Services Multiple Receivers/Transmitters
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Tx HOLDING REGISTER AVAILABLE
CHANNEL 1

READ BCC,, y AND STORE IN BCC CHANNEL |

1S
CHANNEL
SAVE AHEA SPECIFIED BY

POINTER = BCC AND
? CHANNEL POINTER. MODE DATA
READ MODE REGISTER AND BCC,, 1 AND
STORE IN SAVE AREA. MODE REGISTER

YES

L
POINTER

LOAD CHARACTER INTO
RIT AND PGC VIA TEO

READ PGC
STATUS REGISTER

CHECK STATUS
BITS AND PROCEED
AS REQUIRED

Figure 11. Multiplexed PGC — Transmit to RIT

Rx HOLDING REGISTER READY

CHANNEL j

1S

CHANNEL

POINTER =}
?

READ BCC,, { AND STORE IN BCC
SAVE AREA SPECIFIED BY
CHANNEL POINTER. READ

MODE REGISTER AND STORE IN

SAVE AREA.
YES
CHANNEL j BCC AND MODE DATA
BCC,, 1 AND MODE REGISTER
j > CHANNEL POINTER
READ CHARACTER

FROM RIT AND LOAD
INTO PGC VIA CEO

I READ PGC STATUS REGISTER |

CHECK STATUS BITS AND
PROCEED AS REQUIRED

Figure 12. Multiplexed PGC — Receiver from R/T
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INT
A0, A1, /W
CEl
PGC
PERIPHERAL
DEVICE
cPU DATABUS 8/
7
SLAVE
cPU
CE0
AW
MEMORY
APPLICATIONS INCLUDE CHARACTER ARRAY MA, MC
COMPARISIONS, VRC AND/OR BCC CHECKS
ON THE DATA BUS.
DMA*
NOTE CONTROLLER | CED_
* CPU initializes DMA controller for each block transfer of
data.
Figure 13. PGC Data Bus Monitoring with DMA Transfers
ABSOLUTE MAXIMUM RATINGS'
PARAMETER RATING UNIT
Operating ambient temperature? 0to +70 °C
Storage temperature -65 to +160 °C
All voltages with respect to ground® -0.5t0 +6.0 \"

NOTES

. 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 indi d in the op i i of
this specification is not implied.

2. For op ing at el d p the device must be derated based on +150°C
maximum junction temperature.
3. This product i circuitry ifi designed for the pi ion 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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DC ELECTRICAL CHARACTERISTICS Tp = 0°C to 70°C, Vg = 5.0V + 5%

LIMITS
PARAMETER TEST CONDITIONS Min Typ Max UNIT

Input voltage \
ViL Low 0.8
VIH High 2.0

Output voltage Vv
VoL Low loL = 2.2mA 0.25 0.45
VOH High loH = —400uA 2.4 2.8
L Input load current VIN = 0to 5.5V 10 nA

Output leakage current uA
LD Data bus VouT = 4.0V 10
ILo Open drain VouT = 4.0V 10
Icc Power supply current 45 75 mA

AC CHARACTERISTICS T4 = 0° to +70°C, Vgg = 5V + 5%"23

LIMITS
PARAMETER Min Max UNIT
tcE Chip enable pulse width 250 ns
tcep 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
tps® Data setup 150 ns
toH Data hold 10 ns
tpp® Data delay time for read 200 ns
tpF® 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 time measurements are at 50%
level for inputs and at the 0.8V or 2.0V level for outputs. Input leveis for testing are
0.45V and 2.4V.

3. Typical values are at +25°C, typical supply voltages and typical p ing param-
eters.

4. togc = 600ns during PGC initialization when no BCC accumulation is in progress.

5. tpg = 50ns whenever CEO is used.

6. Test conditions: C = 150 pF.

7. INT is an open drain output.
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D0-D7
(WRITE)

DO-D7
(READ)

=1

| Y
tce tCED
e
(WRITE TO MODE OR COMMAND REG N N )
READ BCC REGSITERS, STATUS REG) "CEC
(WRITE TO CHARACTER REGISTER cED *

WRITE CHARACTER CLASS ARRAY)

\L”
N
e —>itcH

ot

- 'Ci

X

=

Figure 14. PGC Timing

toH tDH
NOT VALID TID NOT VALID
DATA DATA BUS FLOATING x DATA TA
+—"pp top n
toF DF
AN A
UNTL !
HUNTH
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DESCRIPTION
The Signetics SCN2661 EPCI is a universal
synchronous/asynchronous data commu-
nications controller chip that is an
enhanced version of the SCN2651. It inter-
faces easily to all 8-bit and 16-bit micro-
processors and may be used in a polled or
interrupt driven system environment. The
SCN2661 accepts programmed instruc-
tions from the microprocessor while sup-
porting many serial data communications
disciplines—synchronous and asynchro-
nous—in the full or half-duplex mode.
Special support for BISYNC is provided.
The EPCI serializes parallel data charac-
ters received from the microprocessor for
transmission. Simultaneously, it can
receive serial data and convert it into
parallel data characters for input to the
microcomputer.

The SCN2661 contains a baud rate genera-

tor which can be programmed to either

accept an external clock or to generate in-
ternal transmit or receive clocks. Sixteen
different baud rates can be selected under
program control when operating in the in-
ternal clock mode. Each version of the

EPCI (A, B, C) has a different set of baud

rates.

The EPCI is available in two packages: a

28-pin (0.6” wide) DIP and a 24-pin (0.4”

wide) DIP. The following are the differ-

ences between the 24-pin and the 28-pin
versions:

1. The 24-pin version provides a single in-
terrupt output (INTR) instead of the
three interrupt outputs (RXRDY, TxRDY,
TxEMT/DSCHG) supplied on the 28-pin
version. INTR will be asserted (low)
when one or more of the status bits
SRO, SR1 or SR2 is a logic one.

. Two modem interface pins, the DTR
output and the DSR input, are elimi-
nated in the 24-pin version. Because of
this, status bit SR7 should be ignored
and the setting of status bit SR2 due to
a data set change (DSCHG) can be
caused only by a change of the DCD in-
put. Since the DTR output is elimi-
nated, command register bit CR1 does
not perform any function, although it
remains writable and readable.

Other than the above, the functional oper-

ation, DC electrical characteristics, and

AC electrical characteristics of the 24-pin

version are identical to the 28-pin version.

FEATURES
® Synchronous operation
5 to 8-bit characters plus parity
Single or double SYN operation
Internal or external character
synchronization

N

Transparent or non-transparent mode PIN CONFIGURATIONS
Transparent mode DLE stuffing (Tx)
and detection (Rx)
Automatic SYN or DLE-SYN insertion D, 28] D4
SYN, DLE and DLE-SYN stripping 0, [Z [27] o,
0dd, even, or no parity
Local or remote maintenance loop back Rxo [3] el ic—c
mode GND [4] [25) RxC/BKDET
Baud rate: dc to 1M bps (1X clock) 0,4 (5] [2a] O7TR
e Asynchronous operation . 0 E E AS
5 to 8-bit characters plus parity _
1, 1% or 2 stop bits transmitted 06 [} 22] OSR
0Odd, even, or no parity o, [&] 21] RESET
Parity, overrun and framing error TXCIXSYNC [3] 5] BRCLK
detection », [@] 5] Tx0
Line break detection and generation _1
False start bit detection CE[D 18] TXEMT/DSCHG
Automatic serial echo mode (echoplex) Ap [2] [17) c7s
Local or remote maintenance loop back aw [ (7] 5co
mode
Baud rate: dc to 1M bps (1X clock) RxRDY [12] 15] TXRDY
dc to 62.5K bps (16X clock) TOP VIEW
dc to 15.625K bps (64X clock) 28-PIN
OTHER FEATURES
® Internal or external baud rate clock
® 3 baud rate sets
® 16 internal rates for each set D3 |1 [24] D2
. Doubl.e buffered transmitter and RxD [2] 73] D1
receiver = =
* Dynamic character length switching GND oo
® Full or half duplex operation oa [4] [21] vee
* TTL compatiblg inputs and ou.tpufs o5 [5] [20] AXCIBKDET
* RxC and TxC pins are short circuit pro- 06 [5] :1_2] TS
tected
* Single 5V power supply o7 [7] [18] RESET
* No system clock required TXCIXSYNC [8] [17] BRCLK
APPLICATIONS A1 [3] [16] Tx0
 Intelligent terminals CE [0} [15] cTs
® Network processors a0 [T] 73 oco
® Front end processors o
* Remote data concentrators RW El” 73] WTR
® Computer to computer links TOP VIEW
® Serial peripherals 24-PIN
e BISYNC adaptors
ORDERING CODE
Vee=5V+5%
COMMERCIAL AUTOMOTIVE MILITARY
PACKAGES 0°C to +70°C —40°C to +85°C —55°C to +125°C
Ceramic DIP SCN2661AC1128 SCN2661AA1128 SCN2661AM1128
28-Pin SCN2661BC1128 SCN2661BA1128 SCN2661BM1128
0.6” Wide SCN2661CC1128 SCN2661CA1128 SCN2661CM1128
Plastic DIP SCN2661AC1N28
28-Pin SCN2661BC1N28 Contact Factory Not Available
0.6” Wide SCN2661CC1N28
Plastic DIP SCN2661AC1N24
24-Pin SCN2661BC1N24 Contact Factory Not Available
0.4” Wide SCN2661CC1N24
NOTES
1. See table 1 for baud rates. Specify SCN2661A, B, or C depending on baud rate selected.
2. The SCN68661 is identical to the SCN2661. Order using part numbers above.
Signetics 1-51
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BLOCK DIAGRAM

DATA BUS
Do-D7 DATA BUS
BUFFER

t

SNE/DLE CONTROL

SYN 1 REGISTER
SYN 2 REGISTER
DLE REGISTER

TROL
RESET OPERATION CON
Ao —_— MODE REGISTER 1
A N
1 —_— MODE REGISTER 2 TRA TTER ROV +
RIW —————— | | COMMAND REGISTER °
STATUS REGISTER TRANSMIT DATA
HOLDING REGISTER
TRANSMIT TxD
SHIFT REGISTER —>

BRCLK |

BAUD RATE ‘ T
TxCISYNC GENERATOR
AND o
o CLOCK CONTROL RECEIVER RxRDY* +
RXCIBKDET o | o——>
RECEIVE DATA
HOLDING REGISTER

o

CEIVE

oSk *+ RE '« RxD
J— SHIFT REGISTER

’ﬁr—l—Hv 7 I

(1
cTs —_— 9 MODEM
/TS CONTROL
7R + TxRDY
OR” RXRDY TR ++
TxEMT/* T TXEMT
—_—— t—— O
DSCHG DSCHG
NOTE
*Open drain output pin.
+28-pin only

++ 24-pin only

BLOCK DIAGRAM Table 1 BAUD RATE GENERATOR CHARACTERISTICS
The EPCI consists of six major sections. §CN2661A (BRCLK = 4.9152MHz2)

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- 0111 600 9.6 - 512
ternal sections to control the overall device 1000 1050 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 153.6 - 32
sented in the EPCI programming section of 1111 19200 307.2 - 16

this data sheet.
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Timing

The EPCI 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 commonly
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 parallel 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 a serial bit stream,
inserts the appropriate characters or bits
(based on the communication technique)
and outputs a composite serial stream of
data on the TxD output pin.

Modem Control

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 SYNT1,
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.

Table 1 BAUD RATE GENERATOR CHARACTERISTICS (Cont'd)
SCN2661B (BRCLK = 4.9152MH2)
ACTUAL
BAUD FREQUENCY PERCENT
MR23-20 RATE 16X CLOCK ERROR DIVISOR
0000 45.5 0.7279kHz 0.005 6752
0001 50 0.8 - 6144
0010 75 1.2 - 4096
0011 110 1.7598 —0.01 2793
0100 134.5 2.152 - 2284
0101 150 2.4 - 2048
0110 300 4.8 - 1024
o111 600 9.6 - 512
1000 1200 19.2 - 256
1001 1800 28.7438 —0.19 171
1010 2000 31.9168 —0.26 154
1011 2400 38.4 - 128
1100 4800 76.8 - 64
1101 9600 153.6 - 32
1110 19200 307.2 - 16
1111 38400 614.4 - 8
SCN2661C (BRCLK =5.0688MH2)
ACTUAL
BAUD FREQUENCY PERCENT
MR23-20 RATE 16X CLOCK ERROR DIVISOR
0000 50 0.8kHz - 6336
0001 75 1.2 - 4224
0010 110 1.76 - 2880
0011 134.5 2.15623 0.016 2355
0100 150 2.4 - 2112
0101 300 4.8 - 1056
0110 600 9.6 - 528
o111 1200 19.2 - 264
1000 1800 28.8 - 176
1001 2000 32.081 0.253 158
1010 2400 38.4 - 132
1011 3600 57.6 - 88
1100 4800 76.8 - 66
1101 7200 116.2 - 44
1110 9600 153.6 - 33
1111 19200 316.8 3.125 16
NOTE
16X clock is used in asynchronous mode. In synchronous mode, clock multiplier is 1X and
BRG can be used only for TxC.
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Table 2 CPU-RELATED SIGNALS

FUNCTION

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.

This is an active low output which is the
wire-OR of the TxRDY, RxRDY, and TXEMT/
DSCHG outputs on the 28-pin version. See
above.

24. 28. INPUT/
PIN NAME | PIN | PIN OUTPUT
RESET X X 1
Aq-Ag X X [
R/W X X |
CE X X |
D7-Dg X X 110
TxRDY X o
RxRDY X [¢]
TXEMT/
DSCHG X (0]
INTR X [¢]
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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 EPCI 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
transferred 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 immediately 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

PIN NAME

24.
PIN

28-
PIN

INPUT/
OUTPUT

FUNCTION

BRCLK

RxC/BKDET

TxC/XSYNC

Q|
[e]
O

O
3
[72]

|

o
3
el

b
=1
|

X

X

110

170

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 controis
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” 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 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-
plement of command register bit CR1. 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.

Signetics

When the EPCl is initialized into the synchro-
nous mode, the receiver first enters the hunt
mode on a 0 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-
isters match, the hunt mode is 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 —

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
appends an optional odd or even parity bit o 0 0 0 Read receive holding register
and the programmed number of stop bits. If, 0 0 0 4 Write transmit holding register
following transmission of the data bits, a ) 0 1 0 Read status register

new character is not available in the trans- o 0 4 1 Write SYN1/SYN2/DLE registers
mit holding register, the TxD output remains o 1 0 0 Read mode registers %

in the marking (high) con'dition and the 0 1 0 1 Write mode registers %
TxEMT/DSCHG output and its correspond- 0 1 1 ) Read command register

ing status bit are asserted. Transmission 0 1 y 4 Write command register
resumes when the CPU loads a new charac- NOTE

ter into the holding register. The transmitter

N See AC characteristics section for timing requirements.
can be forced to output a continuous low

(BREAK) condition by setting the send

break command bit (CR3) high. INITIAL RESET

In the synchronous mode, when the 2661 is —>

initially conditioned to transmit, the TxD out- LOAD

put remains high and the TxRDY condition is MODE REGISTER 1

asserted until the first character to be trans-

mitted (usually a SYN character) is loaded TOAD NOTE

by the CPU. Subsequent to this, a continu- MODE REGISTER 2 Mode register 1 must be written before

ous stream of characters is transmitted. No 2 can be written. Mode register 2 need

extra bits (other than parity, if commanded) :ﬁ’e' Sze'zl’grammed if external clocks

are generated by the EPCI unless the CPU N SYNCHRONOUS

fails to send a new character to the EPCI by ?

the time the transmitter has completed 1%

sending the previous character. Since syn- TOAD

chronous communication does not allow SYN1 REGISTER NOTE

gaps between characters, the EPCI asserts SYN1 register must be written
TxEMT and automatically “fills” the gap by before SYN2 can be written, and
transmitting SYN1s, SYN1-SYN2 doublets, DOUBLE N / SYN2 before DLE can be written.
or DLE-SYN1 doublets, depending on the SYNC?

state of MR16 and MR 17. Normal transmis- v

sion of the message resumes when a new
character is available in the transmit data LOAD

holding register. If the SEND DLE bit in the SN ArCTER
command register is true, the DLE character

TRANSPARENT
MODE?

is automatically transmitted prior to trans- N
mission of the message character in the AN PARENT
THR. -

Y

LOAD

EPCI PROGRAMMING DLE REGISTER
Prior to initiating data communications, the
2661 operational mode must be pro- f————— -
grammed by performing write operations to

LOAD
COMMAND REGISTER

the mode and command registers. In addi- :
tion, if synchronous operation is pro- |
grammed, the appropriate SYN/DLE regis- ———
ters must be loaded. The EPCI can be | OPERATE |
reconfigured at any time during program ex-
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, Ay and Ag inputs. The conditions
necessary to address each register are
shown in table 4.

RCVR AND XMTR
The SYN1, SYN2, and DLE registers are

accessed by performing write operations Figure 1. 2661 Initialization Flow Chart

with the conditions A1 = 0, Ag = 1, and
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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 § 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 programmed, 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. MR 15 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-
tied by MR16, 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-
MR 16) can be changed dynamically (during
active receive/transmit operation). The
character mode register affects both the
transmitter and receiver; therefor