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Introducing the Signetics 2651 PCI

Terminology, formats and operation modes

Data exchange between microprocessors and peripherals The conversion between serial and parallel data can be done
is normally performed in the parallel mode, using the data either by hardware or software, but the hardware solution
bus. This means that the data is transferred along a number must usually be used as the software conversion puts too
of parallel connections, all bits of the data word being great a load on the microprocessor. The Signetics 2651
transferred simultaneously. However, when a peripheral Programmable Communications Interface (PCI) has been
is remote from the microcomputer system, it is usually more developed to perform this task of parallel/serial conversion:
economical and sometimes obligatory to communicate via a it is a single chip providing the complete hardware for
single data line. This means that the parallel data within the virtually any mode of serial data communication. Figure 1
microcomputer must be converted into a serial form before shows two typical applications of serial data interfaces to
transmission and vice versa. microcomputers. Note that for communication over a
telephone line, a modulator/demodulator (modem) is
required.
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Fig. 1 Typical applications of serial data interfaces to microcomputers.
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Serial data communication formats

Figure 2 shows the serial bit stream equivalent to three
eight-bit data words. Whereas parallel data bits can be
recognized at a receiver by their separate connections, serial
data bits can only by distinguished by their separation in
time. The receiver must therefore be supplied with timing
information. Framing information is necessary to be able
to recover the original data words from the serial bit
stream

Timing information enables the receiver to distinguish
between consecutive bits of the serial data stream, while
framing information enables the receiver to recognize the
start and finish of each data word.

Figure 3 shows the use of timing information to recover the
original data. Each bit of the serial data stream must be
transmitted for a fixed duration, called the unit interval.
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Fig. 2 Relation between the parallel data words and the serial bit
stream transmitted or received.
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I'ig. 3 Use of a receiver clock to recover data from the serial bit
stream.

The receiver clock must be synchronized to the frequency

of the transmitter clock, with a fixed phase delay, to allow
sampling of the serial data waveform at the same time in
each unit interval. The maximum rate at which information
can be sent over the data line is known as the baud rate; it

is equal to the number of unit intervals per second. Thus for
a unit interval of 20 ms, the baud rate is 50 baud. Commonly
used baud rates range from 50 baud up to 19,2 kbaud.

A standard teletype uses 110 baud.

To recover the original data, the timing information must
contain:

— the baud rate;

— bit synchronization information.

To reform the original data words, the framing information
must contain:

— identification of the first bit of a data word;
— the number of bits per word;
— the sequence in which the bits are sent (msb or Isb first).

Of these, the baud rate, the number of bits per word and

the sequence in which the bits are sent, are usually fixed

and already known by the receiver before the transmission
of data. Thus the data signal must contain the bit
synchronization and first-bit identification information.
Several serial data communication formats have been devised
for this purpose. The two basic formats are synchronous

and asynchronous, while a mixture of the two is called
isochronous.

Asynchronous format

When using the asynchronous format, the transmitter
transmits cach word separately. Each word is preceded by
one start bit and followed by a parity bit and 1, 1% or 2
stop bits. This format is illustrated in Fig. 4.

When the data line is quiet, the signal is a one. The start bit
is a zero, which tells the receiver that a data word is coming.
Since the start bit can occur at any moment, synchronization
of the receiver clock to the data signal must be repeated for
each data word. Therefore, the receiver clock runs at a
multiple (usually 16x or 64x) of the actual baud rate.
Figure 5 shows the synchronization principle with a clock
running at 16 times the baud rate. The receiver clock is
derived from this 16x clock by means of a divide-by-16
circuit, which starts at the moment a start bit is detected
(falling edge of the previously quiet line).
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I'ig. 4 The asynchronous serial data format.
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Fig. 6 Fxample of an asynchronous data format using eight data bits

and Ly stop bits

After eight pulses of the 16x clock, the data line is sampled
again and if the line is still a zero, the start bit is accepted.
After eight more pulses, the first data bit appears on the

line and is sensed 16 pulses after the start bit was accepted.
This means that the bit is sensed at the middle of the bit-
-time to avoid switching transients. Each following group of
16 clock pulses will represent a unit interval, after which a
new bit is sensed.

16 x clock

The maximum inaccuracy resulting from this method of
synchronization is initially one sixteenth (in the case of a
64x clock, 1/64th) of a bit-time. The accuracy of synchron-
ization of the following data bits depends on the equality of
the transmitter and receiver clock frequencies. However.
since the next data word will provide a new start bit, this
synchronization only has to last for the duration of one
data word.

From the foregoing description, it is clear that all the bits
transmitted, including the start bit, must be exactly one unit
interval long, and that the time between two consecutive
data words need not be an integral number of unit intervals.
To 2nsure correct detection of the next start bit (data word)
the line must be forced to the quiet state at the end of the
data bits of every word. This is done by adding the stop bit
or bits onto the end of the word, which, being logical one,
provide the quiet state. Thus the receiver will always see a
clear falling edge at the beginning of the start bit of the next
data word, even if the receiver clock runs slightly slower
than the transmitter clock. Figure 6 shows an example of an
asynchronous data format with eight data bits and two stop
bits.
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Fig. 5 Synchronization principle for the asynchronous format, here

using 16x clock.



Synchronous format

In the synchronous format, data words are grouped into
blocks before transmission. This provides a continuous
stream of valid data bits, one per unit interval. Once the
transmitter and receiver clocks are synchronized, the receiver
looks for framing information. This is done in the hunt mode
in which it continually checks the received bit sequence for
synchronization characters.

Each block is preceded by one or more synchronization
words, of a fixed character, see Fig. 7. The sync words are
called SYN (in the case of one sync word) or SYN1 and
SYN2 in the case of two sync words. The bit patterns
corresponding to these characters must not occur in the
data to be transmitted.

When a bit sequence conforming to the sync character(s) is
recognized, the receiver switches to the data mode: the first
bit following the sync character(s) is the first bit of the first
data word. Figure 8 shows the bit sequence of a data block
in synchronous format with two sync characters and five
bits per word.

If, during transmission of a data block, the microprocessor
fails to supply a new data word for transmission, the trans-
mitter automatically inserts sync characters (SYN or SYNI1-
SYN2 pairs as appropriate) to prevent a gap occurring.
Sync characters are inserted until a new data word is avail-
able. These sync characters can be automatically discarded

synchronization.

Since synchronization of the receiver and transmitter

signal is sent to the receiver separately.

Isochronous format

the isochronous method employs the framing of the

the synchronous method (clock frequency equal to the

intervals so that the timing can remain synchronized.

1
1
1
1
1

ocoocoo

T T

|101|0010|011111000001]1]1
|

I synr |

| | | |
SYN2 [ data word 1 |-data word 2 | data word 3 |
1214730

Fig. 8 Synchronization at the start of a data block in the synchronous
format. Double sync operation with five bits per data word.

Modem control

Telephone lines are designed for speech transmission and
will only transmit analogue signals in the range 300 Hz to
3400 Hz. Digital signals cannot be transmitted. Thus when
transmitting digital data over telephone lines, a modem
(modulator-demodulator) is required to provide the con-
version to and from analogue signals. In order to regenerate
the modulated data, a synchronous modem must be able to
generate a receiver clock for the conversion of the serial data
into parallel data. Figure 9 shows the use of a modem to
interface digital signals to a telephone line. As can be seen
from the diagram, several control lines are required between
the serial interface and the modem. These are:

— TxC: Transmitter Clock, timing information for
by the receiver, while providing both framing and timing synchronous modem;
— TxD: Transmit Data in serial form to the modem;
— RTS: Request to Send, request to the modem to prepare
clocks must be maintained over a long stream of data, the for the transmission;
timing information is usually continuously extracted from — DTR: Data Terminal Ready, request to the modem to
the data signal. Sometimes, however, a synchronization establish the connection to the telephone line and
enter the data mode (as opposed to the dial and
talk modes).
— RxC: Receiver Clock, for synchronous modem;
— RxD: Receive Data, from the modem to the serial inter-
face;
In order to recover the data words from the serial data stream, — DSR: Data Set Ready, signals that the modem is
connected to the telephone line and in the data
asynchronous format (start and stop bits) and the timing of mode;
— CTS: Clear to Send, signals that the modem is ready to
baud rate). The asynchronous framing permits gaps in the accept serial data for transmission;
data, although these must now be an integral number of unit — DCD: Data Carrier Detect, signals that the modem is
receiving a signal suitable for demodulation.
SYN1 SYN2 - ~} % words-l S —ﬂ}—“ ", P
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Fig. 7 The synchronous serial data format.
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Fig. 9 Transmitting digital data over a telephone line by using a
modem, TxC and RxC are required if a synchronous modem is used.

Transparent operation — synchronous mode

Data communication systems commonly employ a seven-
bit, 128-character code, known as seven-bit ISO code, see
Appendix A. This includes alphanumerics, general purpose
control characters and ten transmission control characters
(TCy). Communication control procedures have been
established to provide rules for the use of these transmission
control characters.

In some cases, when it is required to obtain the maximum
throughput of the communication network, data may be
transmitted without using 1SO code, in a network that
normally uses ISO code. In this case, data words with the
same bit pattern as the transmission control characters will
be misinterpreted by the system as transmission control
characters.

To overcome this problem, the communication control
procedures have been extended to specify transparent
operation, to allow code-independent data transfer. This
operation is governed by the transmission control

character DLE (Data Link Escape).

The start of code-independent data is preceded by two
transmission control characters DLE and STX (Start of Text).
The end of the sequence is indicated by the characters DLE
and ETB (End of Transmission Block) or DLE and ETX

(End of Text). Between these start and finish character
sequences, all bit patterns except DLE are treated as data.
Control characters can still be used for control purposes if
preceded by the DLE character. Sync characters used to fill
gaps in the synchronous format should also be preceded by
DLE to prevent interpretation of these characters as data. The
exception is the case where the data word has the same bit
pattern as DLE plus parity bit. This is transmitted as DLE
DLE and the second DLE is interpreted as data, not control.

Table 1 shows the interpretation of various character sequences.

Table 1 Transparent operation using the DLI character.

sequence transmitted interpretation
and received data control
DLE ETB ETB
DLE DLE DLE
X ETB X FTB
X ETX X ETX
X SYN X SYN
DLE SYN gap filler
DLE STX STX
DLE DLE DLE ETB DLE ETB
DLE DLE DLE DLE DLE DLE
DLE DLE ETB DLE ETB

Note: X is any character other than DLE.

Error detection

Parity check

Regardless of the transmission medium, the data signal
entering the receiver will contain noise. At times, this noise
content may be sufficient to cause incorrect detection of
data in the receiver.

The parity check provides a simple method of detecting a
single error in a data word; a parity bit is added to each
data word so that the total number of ones in each word is
always even, or always odd. This is called even parity or odd
parity. The receiver can then detect an odd number of
incorrect bits in the data word. An even number of errors
will not be detected.

Framing error

In the asynchronous mode, the receiver may detect the
wrong number of stop bits, called a framing error.

Overrun error

The microprocessor should read any received data words
before the following data word is received. If this is not
done, the contents of the receiver register are overwritten
and the earlier data word lost. This is called an overrun
error.



The Signetics 2651 PCI

The Signetics 2651 Programmable Communications Interface
is a universal synchronous/asynchronous data communications
controller chip. Although designed specifically for use with
the Signetics 2650 microprocessor, the PCI can easily be

used with other CPUs in either polled or interrupt-driven
cnvironments,

The 2651 accepts programmed instructions from the micro-
processor and supports many serial data communication
disciplines in half or full duplex. The PCI supports isochronous,
asynchronous and synchronous operations, including trans-
parent synchronous operation.

The PCI converts the parallel data received from the micro-
processor into a serial data stream, ready for transmission.
At the same time, because of the independent transmit and
receive circuitry, it can receive a serial data stream and
convert this into parallel data for the microprocessor.

The block diagram of the PCI is shown in Fig. 10. All data

The data in mode register 1 controls:

— the format:
synchronous
isochronous (asynchronous with 1x clock)
asynchronous (with 16x clock)
asynchronous (with 64x clock);
the data word length:
5,6, 7 or 8 bits per word;
— the error checking:
no checking
odd parity
even parity;
— the number of stop bits for isochronous or asynchronous
operation:
1, 1% or 2 bits;
— the use of SYN and DLE characters:
single sync operation (SYN1) =

PP —

s double sync operati + W/
and control transfers between the PCI and the microprocessor —_— arzntco pe ' t.xon ((SES i SYSI:)N 2)
) ; : ration !
are accomplished via the data bus buffer, connecting the p P
internal data bus to that of the microprocessor. - The data in mode register 2 controls clock selection and the
Overall control of the PCl is by the Chip Enable (CE) signal. baud rate when internal clocks are selected:
Address lines AO and Al allow selection of the required — eveiver doek:
registers, while the Read/Write (R/W) signal controls the ——
direction of data flow between the PCI and the micro- fransmitter clock:
PIOCESIOL. internal or external;
The operation of the PCI is determined by the contents of — baud rate:
the two mode registers and the command register. The 16 commonly used baud rates in the range 50 baud
registers are loaded via the data bus during system to 19 200 baud.
initialization.
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Iig. 10 Block diagram of the 2651 PCIL.



The internal baud rate is derived from an externally generated
5,0688 MHz clock. When both receiver and transmitter
clocks are programmed as external, the 5,0688 MHz clock
is not required. If an internal clock is programmed. the
programmed baud rate clock appears at the corresponding
pin (TxC: transmitter clock; RxC: receiver clock). If an
external clock is programmed, these pins become inputs for
the external clock(s). With an external clock (max. 0,8 MHz)
the bgud rate is no longer governed by mode register 2. Thus
the baud rates can be:
— synchronous and isochronous operation:
0 to 800 kbaud;
asynchronous operation with 16x clock:
0 to 50 <baud,
— asynchronous operation with 64x clock:
0 to 12,5 kbaud.

The data in the command register controls:
— the transmitter:
enable or disable;
— the receiver:
enable or disable;
— the modem control signals DTR and RTS;
— resetting error flags in the status register;
— forced breaks in asynchronous format:
The quiet line signal is a one, Break is a continuous zero
sent by the transmitter which can be detected by the
receiver.
— sending DLE in the synchronous format;
— the operation mode:
e normal operation (Fig. 11a)
® jutomatic echo mode, asynchronous (Fig. 11b). In
this mode, the receiver controls the transmitter, causing
it to transmit an echo of the received data to the
external device.
® SYN/DLE stripping mode, synchronous.
SYN and DLE characters received by the PCI are not
passed to the microprocessor.
® Jlocal loop-back mode (Fig. 11c). The transmitter
output is connected to the receiver input internally to
provide a test facility or the CPU-PCI system.
e remote loop-back mode (Fig. 11d). The receiver output
is internally connected to the transmitter input to
divert the received data to another computer.

The status register provides the microprocessor with
information about the transmitter, the receiver, the modem
control signals DSR and DCD, parity, overrun and framing
errors and the detection of SYN/DLE characters.

The transmitter and receiver are double buffered, allowing
the microprocessor to read/write one data word while
another is being received/transmitted. This allows the
microprocessor one complete serial word transmit/receive
time to read/write the data word

When using synchronous formats, the SYN and DLE characters
are supplied by the microprocessor during the initial-
ization phase of the program and stored in PCI registers.
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Fig. 11 Operation modes of the 2651 PCIL.
(a) Normal operation mode.

(b) Automatic echo mode.

(¢) Local loop-back mode.

(d) Remote loop-back mode.



Applications of the 2651 PCI

The 2651 PCl is suitable for almost any application where
parallel source data must be transmitted over a single data
line. Figure 12 shows two typical examples.

address bus
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; i e st <y
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‘ s I -
11 control bus L —
‘-1[ data bus J [
L AY
RxD
;"2 TELEPHONE
x
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TxD CONVERTER | PCl  DCOP*———  MODEM INTERFACE
2651 cTS
Pc‘ RTS 7274736 T
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VDU 1714135
(a) (b)

Fig. 12 Typical application for the 2651 PCI.
(a) Asynchronous interface to visual display unit.
(b) Synchronous interface to telephone line.
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! ppsndix A

The international standard (ISO) 7-bit code as defined in
Appendix B ref. 4:

7 6 S 3 R/ 1 7-bit character format.
column row
(0-7) (1-15)
(MS character) (LS character)
CHARACTER SET
M.S.
CHAR 0 | 2 3 L) S 6 1)
LS.
CHAR . S B
(TC7)
NUL P 0 ) p
0 DLE S (@ p
(TCyp)
1 DC ! 1 A a
SOH i o ‘
2 TD | be2 # 2 B R b r
STX:
(TC3)
S
3 erx | DC3 # 3 c c s
(TC4)
4 D 4 D T d t
EOT Ca §
: (1Cs) | (TCR) , ; g i . "
IENQ NAK
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& 6 | \Y% f v
d ACK SYN
. (TCr» .
BI G w
7 BICL ETB 7 g w
FEq
8 CAN 8 H X h X
(BS) \
FEq ;
9 EM 9 1 Y i
(HT) 4 .
FEj ;
10 SUB ¥ J Z Z
(LF) :
1 FE3 | gsc + K [ k
(VT)
FE4 1S4
1 . & L 1
2 (FF) (FS) \
— S
i I't5 I 3 B M | n
i WRY | was) I
FREDISS. [ENERIEpY, GRS ———— L - — ISR SR HE
| 18y -
i S N2 - N t
14 SO (RS) o n
1S5 -
< . ) 0 o DEL
1S SI (US) /




Appendix B

International standards governing serial data communication

can be found m

1.

CCIT V22 and V22 bis; data signalling rates (standard
baud rates).

. CCITT V21, V23, V26, V26 bis, V27, V30 and V35;

modem standards.

. BEIA RS232-C, CCITT V24 interfaces employing serial

binary data interchange.

. 1S0 646; 7-bit coded character set.

5. 1SO 1177; character structure for start/stop and synchron-

6.

ous transmission.

ISO 1745; basic mode-control procedures for data
communication systems.*

. 1SO 2111; code-independent transmission procedures.

CCITT: Comité Consultatif International dé Telegraphie et

du Télephonie.

EIA: Electronic Industries Association (USA).

ISO: International Standardization Organization.

* Commonly called Communications Control Procedures.

pes




Related 2650 publications

title

no.
ASSO Serial Input/Output
ASS1 Bit & Byte Testing Procedures
ASS52 General Delay Routines
ASS3 Binary Arithmetic Routines
ASS54 Conversion Routines
@
°
°
.
°
ASSS Fixed Point Decimal Arithmetic
Routines
SP50 2650 Evaluation Printed Circuit
Board (PC1001)
SP51 2650 Demo System
SP52 Support Software for use with the
NCSS Timesharing System
SPS3 Simulator, Version 1.2
SPS4 Support Software for use with the
General Electric Mark HI Timesharing
System
SP55 The ABC 1500 Adaptable Board
Computer
SSS0 PIPBUG
SSs51 Absolute Object Format
MP51 Initialization
MP52 Low-Cost Clock Generator Circuits
MPS3 Address and Data Bus Interfacing
Techniques
MP54 2650 Input/Output Structures and
Interfaces
TN 064  Digital cassette interface for a 2650
microprocessor system
TN 069 2650 Micraprocessor keyboard

summary

Using the Sense/Flag capability of the 2650 for serial 1'0 interfaces.
Several methods of testing the contents of the internal registers
in the 2650.

Several time delay routines for the 2650, including formulas for
calculating the delay time.

Examples for processing binary arithmetic addition, subtraction,
multiplication, and division with the 2650.

® [ight-bit unsigned hinary to BCD

® Sixteen-bit signed binary to BCD

Signed BCD to binary

Signed BCD to ASCII

ASCII to BCD

Hexadecimal to ASCH

ASCII to Hexadecimal

Methods of performing addition, subtraction, multiplication and
division of BCD numbers with the 2650.

Detailed description of the PC1001, an evaluation and design tool
for the 2650.

Detailed description of the Demo System, a hardware base for use with
the 2650 CPU prototyping board (PC1001 or PC1500).

Step-by-step procedures for generating, editing, assembling, punching,
and simulating Signetics 2650 programs using the NCSS timesharing
service.

Features and characteristics of version 1.2 of the 2650 simulator.
Step-by-step procedures for generating, editing, assembling, simulating,
and punching Signetics 2650 programs using General Electric’s Mark 111
timesharing system.

Describes the components and applications of the ABC 1500 system
development card.

Detailed description of PIPBUG, a monitor program designed for use
with the 2650.

Describes the absolute object code format for the 2650.

Procedures for initializing the 2650 microprocessor, memory, and I/0
devices to their required initial states.

Several clock generator circuits, based on 7400 series TTL, that may be
used with the 2650. They include RC, LC and crystal oscillator types.

Examples of interfacing the 2650 address and data busses with ROMs
and RAMs, such as the 2608, 2606 and 2602.

Examines the use of the 2650’s versatile set of 1/O instructions and the
interface between the 2650 and 1/0 ports. A number of application
examples for both serial and parallel 1/O are given.

Interface hardware and software for the Philips DCR digital cassette
drive.

Simple interfaces for low-cost keyboard systems.
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Netherlands: PHILIPS NEDERLAND B.V., Afd. Elonco, Boschdijk 525, NL-4510 EINDHOVEN, Tel. (040) 79 33 33.

New Zealand: Philips Electrical Ind. Ltd., Elcoma Division, 2 Wagener Place, St. Lukes, AUCKLAND, Tel. 867 119.

Norway: ELECTRONICA A/S., Vitaminveien 11, P.O. Box 29, Grefsen, OSLO 4, Tel. (02) 1505 90.

Peru: CADESA, Jr. llo, No. 216, Apartado 10132, LIMA, Tel. 2773 17.

Philippines: ELDAC, Philips Industrial Dev. Inc., 2246 Pasong Tamo, MAKATI-RIZAL, Tel. 86-89-51 to 59.

Portugal PHILIPS PORTUGESA S.A.R.L., Av. Eng. Duharte Pacheco 6, LISBOA 1, Tel. 68 31 21.

Singapore: PHILIPS SINGAPORE PTE LTD., Elcoma Div., POB 340, Toa Payoh CPO, Lorong 1, Toa Payoh, SINGAPORE 12, Tel. 5388 11.

South Africa: EDAC (Pty.) Ltd., South Park Lane, New Doornfontein, JOHANNESBURG 2001, Tel. 24/6701

Spain: COPRESA S A., Balmes 22, BARCELONA 7, Tel. 301 63 12.

Sweden: A B. ELCOMA, Lidingovagen 50, S-10250 STOCKHOLM 27, Tel. 08/67 97 80.

Switzerland: PHILIPS A G, Elcoma Dept., Edenstrasse 20, CH-8027 ZURICH, Tel. 01/442211.

Taiwan: PHILIPS TAIWAN LTD., 3rd FI., San Min Building, 57-1, Chung Shan N. Rd, Section 2, P.O. Box 22978, TAIPEI, Tel. 5513101-5.

Turkey: TURK PHILIPS TICARET A S., EMET Department, Inonu Cad. No. 78-80, ISTANBUL, Tel. 4359 10

United Kingdom: MULLARD LTD_, Mullard House, Torrington Place, LONDON WC IE 7HD, Tel. 01-580 6633.

United States: (Active devices & Materials) AMPEREX SALES CORP., Providence Pike, SLATERSVILLE, R.I. 02876, Tel. (401) 762-9000.
(Passive devices) MEPCO/ELECTRA INC., Columbia Rd., MORRISTOWN, N.J. 07960, Tel. (201) 539-2000.
(IC Products) SIGNETICS CORPORAT]ON, 811 East Arques Avenue, SUNNYVALE, California 94086, Tel. (408) 739-7700.

Uruguay: LUZILECTRON S.A., Rondeau 1567, piso 5, MONTEVIDEO, Tel. 943 21.

Venezuela: IND. VENEZOLANAS PHILIPS S.A_, Elcoma Dept., A. Ppal de los Ruices, Edif. Centro Colgate, Apdo 1167, CARACAS, Tel. 36 05 11.

© 1978 N.V. Philips' Gloeilampenfabrieken
This information is furnished for guidance, and with no guarantees as to its accuracy or completeness; its publication conveys no licence under any patent or other right, nor

does the publisher assume liability for any consequence of its use; specifications and availability of goods mentioned in it are subject to change without notice; it is not to be
reproduced in any way, in whole or in part, without the written consent of the publisher

Printed in The Netherlands Date of release: 9 February 1978 Tl 9399 500 07201



