
~'! 

PHILIPS 

PHILIPS Electronic 
components 
and materials 

technical 
note 
072 

Introducing the Signetics 2651 PCI 
Terminology, formats and operation modes 

Data exchange between microprocessors and peripherals 
is normally performed in the parallel mode, using the data 
bus. This means that the data is transferred along a number 
of parallel connections, all bits of the data word being 
transferred simultaneously. However, when a peripheral 
is remote from the microcomputer system, it is usually more 
economical and sometimes obligatory to communicate via a 
single data line. This means that the parallel data within the 
microcomputer must be converted into a serial form before 
transmission and vice versa. 

The conversion between serial and parallel data can be done 
either by hardware or software, but the hardware solution. 

must usually be used as the software conversion puts too 

great a load on the microprocessor. The Signetics 2651 
Programmable Communications Interface (PCI) has been 

developed to perform this task of parallel serial conversion: 
it is a single chip providing the complete hardware for 
virtually any mode of serial data communication. Figure 1 
shows two typical applications of serial data interfaces to 
microcomputers. Note that for communication over a 
telephone line, amodulator/demodulator (modem) is 
required. 
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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 
inJi~rmatlnn. /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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Pig. 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. 
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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. Titus 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 lsb 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 cotnmunication 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 each word separately. F,ach word is preceded by 
one start bit and followed by a parity bit and 1, 1'r4 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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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 toavoid switching transients. Each following group of 
16 clock pulses will represent a unit interval, after which a 
new bit is sensed. 

1'hr nrlxinuun inacrurat;y rrsullin~; i~runl Ih1s nlrlhotl ul 
syncht-tmi~atiun is initially unC si~trrnth (ut tltr rasr ul a 
64x clock, 1/64th) of a bit-time. The accuracy of synchron-
ization of the following data bits depends un the equality of 
the transmitter and receiver clack 1'rrquencirs. I luwrvrr. 
since the next data word wilt pruvidr a new start hit, this 
synchronization only has to last fur thr dur;lliuu of ant• 
data word. 

From the foregoing description, it is clear that all the bits 
transmitted, including the start hit, mull be exactly unr unit 
interval long, and that the time heiwren two consecutive 
data words need not be an inte_I31 number at unit ItltclVals. 
To ensure rorrect dete:ti~~n ~~f the next ~ta:t hit (,i:tt:t ~~.~t; ~ 
the line must be forced to the quiet state at the ~ nd 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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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 characters) is 
recognized, the receiver switches to the data mode: the first 
bit following the sync characters) 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 SYNI-
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 
by the receiver, while providing both framing and timing 
synchronization. 

Since synchronization of the receiver and transmitter 
clocks must be maintained over a long stream of data, the 
timing information is usually continuously extracted from 
the data signal. Sometimes, however, a synchronization 
signal is sent to the receiver separately. 

Iyochronous format 

In order to recover the data words from the serial data stream, 
the isochronous method employs the framing of the 
asynchronous format (start and stop bits) and the timing of 
the synchronous method (clock frequency equal to the 
baud rate). The asynchronous framing permits gaps in the 
data, although these must now be an integral number of unit 
intervals so that the timing can remain synchronized. 
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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: 

TxD: 
RTS: 

DTR: 

RxC: 
RxD: 

DSR: 

CTS: 

DCD: 

Transmitter Clock, timing information for 
synchronous modem; 
Transmit Data in serial form to the modem; 
Request to Send, request to the modem to prepare 
for the transmission; 
Data Terminal Ready, request to the modem to 
establish the connection to the telephone line and 
enter the data mode (as opposed to the dial and 
talk modes). 
Receiver Clock, for synchronous modem; 
Receive Data, from the modem to the serial inter-
face; 
Data Set Ready, signals that the modem is 
connected to the telephone line and in the data 
mode; 
Clear to Send, signals that the modem is ready to 
accept serial data for transmission; 
Data Carrier Detect, signals that the modem is 
receiving a signal suitable for demodulation. 
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Fig. 9 Transmitting digital data over a telephone line by using a 
modem,TxCand ItxC are required if a synchronous modem is used. 

Transparent operation —synchronous mode 

Data communication systems commonly employ aseven-

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 

(TCn). 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 he 
transmitted without using; ISU 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. 

Tahlc I 'I'ransparrnt Oper:Uion using, the ULI' rhurarlrr. 

sequence transmitted 
and received 

interpretation 

data control 

DLE ETB ETB 
DLL: ULE DLI? 

f?l'll X F1'fi 
x 1•.rx X t~~rx 
X SYN X SYN 

DLE SYN gap filler 
DLE STX STX 

DLE DLE DLE ETB DLE ETB 
DLE DLE DLF. DLE DLE DLF. 

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 ndd 

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. 
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The Signetics 2651 PCI 

T'he 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 PC[ can easily be 
used with other CPUs in either polled or interrupt-driven 
cnvirunntcnls. 

'fhe 2651 accepts programmed instructions from the nticnt-
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 
and control transfers between the PCI and the microprocessor 
are accomplished via the data bus buffer, connecting the 

internal data bus to that of the microprocessor. 

Overall control of the ;'CI is by the Chip Enable (CE) signal. 
Address lines AO and AI allow selection of the required 
registers, while the Read/Write (R/W) signal controls the 
direction of data flow between the PCl and the micru-
proccssor. 

The operation of the PCI is determined by the contents of 
the two mode registers and the command register. The 
registers are loaded via the data bus during system 
initialization. 
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The data in mode register 1 controls: 

the format: 
synchronous 

isochronous (asynchronous with lx clock) 
asynchronous (with ] 6x clock) 
asynchronous (with C,4x 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'fz or 2 bits; 
the use of SYN and DLE characters: 

single sync operation (SYN1) 
double sync operation (SYN 1 + SYN2) 
transparent operation (DLE +SYN). 

The data in mode register 2 controls clock selection and the 
baud rate when internal clocks are selected: 

— receiver clock: 
internal or external; 

transmitter clock: 
internal or external; 

baud rate: 
16 commonly used baud rates in the range 50 baud 
to 19 200 baud. 
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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 baud rate is no longer governed by mode register 2. Thus 
the baud rates can be: 
— synchronous and isochronous operation: 

U tv 800 kbaud; 
asynchronous operation wa lhx clock: 

(Ttt~ ~C) Itliau]; 
— 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: 

• normal operation (Fig. 11 a) 
• automatic echo mode, asynchronous (Fig. 1 lb). 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. 

• local loop-back mode (Fig. 11 c). The transmitter 
output is connected to the receiver input internally to 
provide a test facility or the CPU-PCI system. 

• remote loop-back mode (Fig. l ld). 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 1'('1 registers. 
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fig. 1 l Operation modes of the 2651 PCI. 
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Applications of the 2651 PCI 

The 2651 PCI is suitable for almost any application where 
parallel source data must be transmitted over a single data 
line. Figure 12 shows two typical examples. 
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The international standard (ISO) 7-bit code as defined in 
Appendix B ref. 4: 
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Appendix B 

Inlcmalirnral st:uidards}~ovcrnin};scrial data connnunictrtiun 

r:ui hr luund nr 

1. CCI'f"1~ V22 and V22 bis; data signalling rates (standard 

baud rates). 

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

3. t{IA RS232-C, CCI"I'T V24; interfaces employing serial 

binary data interchange. 

4. 1SO 646; 7-bit coded character set. 

5. ISO 1 177; character structure for start/stop and synchron-
ous transmission. 

6. 1SO 1745; basic mode-control procedures for data 
communication systems.* 

7. ISO 2111; code-independent transmission procedures. 

CCITT: Comite Consultatif International de Telegraphie et 
du Telephonie. 

EIA: Electronic Industries Association (USA). 

1S0: International Standardization Organiration. 

* Commonly called (bmmunications Control Procedures. 
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• 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 Demu System, a hardware base for use with 

the 2650 CPU prototyping board (PC1001 or PCl 500). 

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

I~caturrs and rharactrristics of version l .:' of thr 3650 sinmlalur. 

Step-by-step procedures for generating, editing, assembling, sinndating, 
and punching Signetics 2650 programs using General Electric's Mark lII 
timesharing system. 

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

Detailed description of 1'IPBUG, 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/O 

devices to their required initial states. 

Several clock generator circuits, based on 7400 series TTL, that tnay 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 I/O purls. 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 systcnts. 
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