& ©

D

%,

2.

Q
'90 syé‘

CY233

Local Intelligent
Network Controller



CY233MAN. 016 22 July 1992 KDG EEK RPW MA KM PRINTED IN U.S.A.

Cybernetic Micro Systems, Inc. software products are copyrighted
by and shall remain the property of Cybernetic Micro Systems,
Inc. Duplication is subject to a license from Cybernetics.
Cybernetic Micro Systems, Inc. reserves the right to improve
design or performance characteristics. Cybernetic Micro Systems,
Inc. assumes no responsibility for the use of any circuitry other
than circuitry embodied in Cybernetic products. No other circuit
patent licenses are implied.

Information furnished by Cybernetic Micro Systems, Inc. is
believed to be accurate and reliable. However, no responsibility
is assumed by Cybernetic Micro Systems, Inc. for its use, nor for
any infringements of patents or other rights of third parties

which may result from its use. No license 1is granted by
implication or otherwise under any patent or patent right of
Cybernetic Micro Systens, Inc. Further, Cybernetic Micro

Systems, Inc. reserves the right teo revise this publication and
to make changes from time to time in the content hereof without
obligation to notify any person or organization of such revision
or changes; and Cybernetics assumes no responsibility for any
errors which may appear in this document and makes no commitment
to update the information contained herein.

The following are trademarks of Cybernetic Micro Systems, Inc:

Bin=-ASCIT
CYMPL
Analog=-ASCII
ASCII-analog
Sim8048
Sim8051
Sim8096
Sim7000
dBUGS8
dBUG/EGA
dICE~51
dICE-96

Cepyright 1987 by CYBERNETIC MICRO SYSTEMS, INC.
All rights reserved; no part of this publication may
be reproduced without the prior written permission of

Cybernetic Micro Systems, Inc.

PO, Box 3000 » San Gregorio CA 94074
" Phone: 650-726-3000 = Fax: 650-726-3003
Web: hup:/fwww_ControlChips.com
Email: Info@Control Chips.com



SECTION 1

Table of Contents

Intreduction te the C¥233

Introduction to the C¥233....
Case I: Host Ring Network..eveeeees

Case II: Peer Ring Network......
Guidelines for C¥233 Use
Organization of this Manual.
Component Level Interfacing...
lLogic Diagram..
Design Simplicity..
Production Economics.....
Flexibility of Networks....

Demonstration

------

System.

------

-

C¥233 Overview and Comparlsnn to the CY232
Serial Ring Network.

SECTION 2
FIN DESCRIPTION

Pin Functions.
Pin Configuration.......... .
Pin Description.....
Description of Signals

Communication Modes.....

Independence of Operations.

SECTION 3
THE SERIAL SIDE

Concept of Messages

Standards....

R5=-232 Specifics......

ES8=232 Polarities and Terms..

CY233 Waveforms.
RS-232 Ceonnector Pins....

R5—449 ...:44
TTL Specifics

Other Standards..

SECTION 4
THE PARALLEL SIDE

The Three Buses:
Address Bus Specifics

Encoded Parallel Addressing.......
Decoded Parallel Addressing..
Data Bus Specifics......suxn. R
Control Bus Specifics........

Messages to Parallel Devices....
Interface Example

L

-

- - - - -

nnnnnnnnnnnnnnnnnnnn

------ BEOE R EOE B AR R w

& FFrnans & % & w o8 @ LB B A L] L

llllll L [ -

----- O OB R N NN N AR R L]

lllll ® & F ®F o8 E B & 8 & - 5

[[[[[ L LI LA

----- - - L I

------ ® & & & F F BN E W R @ L R

nnnnnn @ % mom oW om @ AR RN E R - =
----- R R R EERE R R W

LI L B B -

& & & F W EE =B L) A8 & & B & F ¥ [

------- LI ] I I

------- B B B B B B B & R R RO EE A SR EE R

R OR R ORoEoEOE S oS w @ & F oF oW oE NN LI I | P

LR R R O ] ® @ F B OB OB OB m IR

Overview....... siesnenanes

------ ® @ ® P B om N E® @ Fm oW

------

-------

nnnnnnnn



SECTION 5
CHARACTERS AND MESSAGES

The Alphabet.....coovvennnnsn S A A NS i DS
ASCII Table....... A ——— N o 59
start and Btop Bita. ... isvvvmerenssa o o VR 60
Parity..... P p——— B AR A e RN R 61
Character Length......... T T e S R AR e 62
Band RatB.w.eevviwssssasine PR P ek R 63
Commands, Address,Data,and Termlnatnrs....... ........ PP 64
Networks,Masters,and Slaves...... FRP PR R e e e 1]
Echo Mcdes......... ........ PO ke B Y R M 67
Simple Wetwork Configurations.........ciceivensnnnnnn R -

SECTICHN &

UART Mode
The CY233 as a UART ..« u.. R R R 70

SECTION 7

CY¥233 Commands
The Command Set....cevvvuns R b e T R
Network Serial CommandsS........ e ol B e .75
Parallel CommandS..cacssrersnns L A W TR 76
LAN Serial CommandsS....sssesusus 0 A W R TR R

SECTION 8

Network Serial Command Details
Read (R) Command........ A e e e T e ! R
Write (W} Command. . « « « =« FAE B e B BB RN A ey EEEEEE Y . .79
Transfer (X) COMMANA. .+ ccccssssssansosnavonanssy P -
Fill (M) Command........ A s Sl i G g S P — T
Display (N) Command....... P T g A e — wonow w0
All Echo (J) Command..ccoceneaseessens T — PR %
Enable Error (K) Command.....ceeseseennnns W S SRR . 11
Initialize (I) Command....eessenanosesronnnas R v i = 82
Query (Q) Command..... ‘e Al S T R R e R evsa82
Timeout (T) Command....... O R R e v wee w8
Periodic Delay (P) Command..ccecsescnacossscnnnas PR -
Network Test (@) Command.....c.svoaa- fae S T BN 1.1
Address Sense (S) Command....-ssseea. e PR g
Token (U) Command..... o DR L 2 S L B PR i .esa86
Reserved CommandS... ... A s o) P S A . s s:87

ii



SECTION 9
Parallel Command Details

Initialize (I) Command......

All Echo (J) Command....sssssausnnnsnse saee s
Parallel Error Enable (K) Command.....:.s..
Handshake Timeout (T) Command........... ‘e
Periodic Time Delay (P) Command........ss. .

Load Second Status Byte (L) Command.....eessa..

Example of "Load Status Byte" (L) Command..

Sense Address (S) Command...«ssssss S .
Example of Use of the "Sense" Command......
Token (U) Command...... T .o
SECTION 10
LAN Serial Command Details
Write (W) Command...csvevanarsvinnnes SRR
Read (R) Command. .cssssrrnnnns SR i
Initialize (I) Command....eoueuu-s SRR
Query (Q) Command..cieecacassvstsnnnnse “hes
Handshake Timeout (T) Command o A ¥
Local Address Query (@) Command....ssoswsesss
Parallel Pass (P) Command......... R
Token Timout Details....veevvvennnas pR—
SECTION 11
Basic Networks
The CY233 NETWORK Mode........- R .o
Congole to CYTAIZ.sieeinvinssvseaiins A s
SECTION 12
Point to Point Example
Communication Example......cveenenas R ——
SECTICN 13
Advanced Serial Side Examples
Basic Configurations......... SRR AR il
Bi_Directional Bus-t..'llllllli'ii ''''' L
Dual Bus Network...... A s e e ¢
Ring NEtWDrkllltit llllllll - & & ® & 5 B o= B & L T I U

...... Vivie e e s B8
..... R R e "
llllll Oib!ll'llsg
........ Wi .89
o e e .90
- % ¥ * ¥ F 2 & @& -qu
........ e r e .91
T .92
...... TR * 1.
........ o .94
...... Viaah veky gl
........ vasressa37
" & & 8 2 R B B @ 1".1!’!9?
...... .- I
N P, - | .
e TN § -
R R W 11111199
e PP N 0
....... W .102
AR ‘ 104
R R T T I Ty . 109
....... P 110
L B I TR tti'l-'l-'l--l-lll
T T rasaesll3
® & & & & B ® 8 & & t114



SECTICH 14
RING NETWORKS

.PLI\RS—Z?AZ NEtWDI‘k...--- ------ BB OE & @ & E @ % R ®oEoEoE RN EEEE P R R 1.1.5
Whe-n tn Echolllliiliii lllllll L L L I I I I B B L B R R EE R ll?
Ring Communications.......... e R R e R R 119
SECTION 15
Local Area Networks
The Local Area Network Controller........... P eas s e .124
Local Area Network Node Design....seesvenaass e b s s aeaaas 126
The Host Ring: A LAN with Host Computer as Cne Node....... 127
The Peer Ring: A C¥233 Based IAN........ e — s um e s b2
I‘I‘mt}amI?“ lllll LI I R IR R B I LB N B N L O B B B @ & & & 4 4 % 5 B B N OB 4 & 10'132
SECTION 16
Parallel Side Examples
Further Description of Parallel Data TransfersS...:«:s:su:s 134
Example Using an 8212 as a Latched Output Port.......... .+ 136
Example Using an 8212 as an Interrupting Source...........138
Example of Connecting to an 8255...c0vvcccennnnnnns e 139
Example Using the CILK OQutput......ccevuuunn N i L RS Y. 1 1]
Additiunal Ideasi llllllll ® & §F B ¥ " B @ @ A & & & # F F FEEE & & & & ® B F F o3 8 & 4 4 141
SECTION 17
CYxxx Examples
C¥xxx Family Members.....:e.sess R R e R veoldd
CY¥360 Waveform Synthesizer....cccicveviainannas PR e 143
CYSxx Stepper Motor ContreollersS.....isessecesnass BN B 144
CY600 Data Acquisition Controller.....c:ccceeecerennnnas ves.146
CY750 Programmable Controller.....cccieeeivsanaanss S 1 -
SECTION 18
Electrical Specifications
Electrical ConventionsS...:veevuven RN R e 149
Reset Circuitry......... g RN T G e P 150
Slock CIreuithc o vossesas R R R T SR e 180
SECTICHN 19
Basic Language Driver for the CY233
Basic Language Driver for the CY¥233.....c0000ruiunnas evsssslB8l
SECTION 20
Getting your CY¥233 Running
Checklist of Things £o DO.eeevrnns SR T R T MR Ut

iv



1 Introduction to the CY233 1
Introduction to the CY233

You might think of the C¥233 as an 'Intelligent UART'.

The primary function of a UART is to transfer information between
two separate, asynchronous systems in time multiplexed or serial
fashion. The 'classic' UART generally handles data flow between
two systems, usually only one of which is intelligent. The CY¥233,
an 'Intelligent UART', is designed to handle data flows between
any number of systems, of which any or all may be intelligent.

Did you realize that UARTs are older than microcomputers? The
Universal Asynchronous Receiver/Transmitter, or UART, was
commercially available in the 1960s, whereas Intel introduced the
first microprocessor, the 4004, in 1971. Any comparison of the
evolution of microprocessors from the four bit 4004 in 1971 to
the thirtytwo bit 80386 in 1987 with the evolution of UART
technology during the same pericd, shows UARTs have not kept up.

The CY¥233 allows you to keep up. Since RS-232 communications
ports are standard on computers, the C¥233 provides a means to
connect any computer to any other computer. The C¥233 also
provides nice solutions to interfacing personal computers to TTL
circuits, in fact, up to 2048 I/0 lines can be accessed via one
serial line from your computer.

Since old, 'dumb' UARTs are so universally applicable, the C¥233
intelligent UARTs might be expected to find the same range of
application. C¥233 applications will be discussed in terms of the
following classifications:

Cﬁmplete System

Intra-system:

{components to components)

Extra-System:

Cy233

(system to components)

T
TTL Devices




Inter-System:

(system to system)

The CMOS CY¥233 evolved from Cybernetic Micro Systems' NMOS C¥232

parallel/serial interface and network controller. Although the
two devices are not pin compatible, all of the C¥232 functions
are 1included as a subset of the CY233, The CY¥233 is 20 times

faster than the C¥232, operating up to the standard rate of 38 K
Baud with a non-standard maximum rate of 57.6 K Baud. The CY232
was designed to address applications in the Intra- and Extra-
System categories described above. While the 'classic' UART
interfaced an intelligent system to a dumb subsystem, the C¥232
interfaced an intelligent system to up to 255 dumb subsystems. A
typical (C¥232 application might have one intelligent ‘'host'
communicating serially with many non-intelligent local parallel
devices, such as switches, LEDs, A-to-Ds, D-to-As, etec.

LEDS Switches Yoltage Voltage
input out

The <C¥233 retains these CY¥232 functions but also provides all
functions necessary to support Inter-System applications such as
Local Area Networks (LANs) including even sophisticated !Token!
passing support. While the CY233 can also address up to 255 local
"non-intelligent" devices, it has been optimized for applications
in which some or all of the CY¥233s on a ring network are
intelligent devices such as micro computers. The primary support
for such 1local intelligent devices comes in the form of new
system commands and more complex parallel side transfers. In
particular, local devices can sense their own identity and the
identity of all other devices on the ring, and can set status-
bytes, read error status, and initiate a wvariety of operations.
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Finally, the C¥233 supports token passing as a means of managing
ring traffic in a busy ring. The two types of ring network
supported by the C¥233 are shown below:

Case I: Host Ring Network — Host device is in the ring.

—-— e S e e

o
T i P i e 2

CE

The C€Y¥233 simplifies the communication of digital information
between systems and between sections of a system. It provides an
easy-to-use interface between standard RS-232 serial devices and
parallel TTL compatible devices. Its whole reason for being is
to save you time, effort, and money in the solution of
information transfer problems.



Guidlines for CY233 Use

A major reason that Local Area Networks have not 1lived up to
their performance lies in the mismatch of Ethernet type systems
to the typical personel computer. While these systems support
data transfer rates up to 10 MBits/sec, your computer can usually
handle about 19.2 KBits/sec comfortably. Special hardware and
wiring are required to support these high data rates, adding to
the expense, but not solving the basic mismatch problem.

If personal computers can only sustain 19.2 KBaud or so, then why
do people try to force 10 MBaud into them? For a variety of
reasons, some having to do with the techno-economic evolution of
the personal computer. Inter-system transfers began when
computers were very expensive, and most user terminals were dumb.
The networks were used mostly for file transfers between systems.
Technological inertia often tends to keep evolving answers based
on problems that have disappeared. This is not to say that file
transfers are not important today, only that most computer users
do not want files, they want answers. Do you really want a data
base or do you want something extracted from the data base? Do
you want to send a file to Fred, or do you want to simply open a
window on Fred's screen and ask him a guestion? If you want to
ship massive amounts of data, not information, around, then you
might be better off investing in bigger pipelines. O©On the other
hand, if you primarily want questions and answers instead of file
transfers, then the C¥233 will be able to handle your need.

Organization of this Manual

The organization of this manual is generally in terms of
increasing complexity. The CY¥233 pin description is presented,
and RS-232-C concepts and definitions are reviewed. Since the
appearance of the CY¥233 depends on which side you hook to, one
chapter deals with the serial side and another discusses the
parallel side of the C¥233. Parallel interfaces and handshakes
are described in detail.

Most CY233 applications require a specific message format. These
are discussed in section 5. Immediately following  this
discussion, the eonly non-message-based mode, the UART mode, 1is
described.

Several sections are devoted to the description of network
commands, with serial and parallel commands treated separately. A
separate section also discusses CY233 LAN Network commands.

After all of these detailed preliminaries are complete, the basic
networks topologies and considerations are treated in detail. The
final sections treat networks in order of increasing complexity.



Component Level Interfacing

DATA BUS (8)

RS-232-C 4
LINE

ADDRESS Bus {8}
e = ; _

Cy233

PARALLEL/SERIAL K rouTROL Bus (8)
INTERFACE DEVICE /

USERS LOCAL |
PARALLEL
SUBSYSTEM

Figure 1.1 Block Diagram of Parallel Subsystem Connected
to RS=-232 line through CY233.

Information transfer problems come in various disguises,
Sometimes they are obviously communications problems, where there
is great distance between two systems, and RS-232 serial
communication is called for.

Other times the "distance" is not physical, but logical. For
example, the interface between a front panel with many switches
and lamps, and a single board computer or microprocessor. The
computer will normally have several R5-232 ports. One of these
can read and control an extremely large number of front panel
components, using CY233s. Instead of modifying the computer to
add the requisite number of parallel ports, simply use the
available RS5-232 serial port and add CY¥233s as required on the
front panel. Software then controls the front panel.

There are also problems that are not obviocusly communications
oriented, but rather appear as "wiring" problems. Consider an
example where a front panel must contrecl an instrument with
digital-to-analeg converters (DACs), and other such electronics,
but the panel is separated from the instrument by, say, 100 feet.
If the number of parallel circuits required is substantial, =say,
50, +the cable and 1its connectors will be quite expensive to
fabricate in production. As long as the control information
doesn't change too often, an RS5-232 serial link can prove to be
much less expensive, Here there would be CY¥233s on both ends of
the link, placing information on the line at the front panel and
taking it off at the instrument.



Logic Diagram
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Figure 1.2 C¥233 Logic Diagram.

Design Simplicity

The CY¥233 simplifies the design process in several ways. This
allows vyou to concentrate on bigger issues: what is this system
supposed to do and how is it doing it?

The CY233 replaces several LSI devices: a CPU, ROM, RAM, and a
UART to interface to an RS-232 1line, and mnultiplexers and
decoders in the parallel interface. Since it replaces many
devices, printed circuit 1layout is easier, and you can
concentrate on other aspects of the problem.

A more subtle advantage of using the C¥232 instead of your own
UART circuit is that the CY¥233 works. Not that your UART will
not eventually work, but these circuits can be difficult to
debug. The CY233 makes things happen right the first time.

RS-232 brings other advantages to your design. It is a well
known standard. Using a standard means there is a lot less
explaining to do in describing your system in manuals and on data
sheets. Along with the standard goes a level of confidence for
the end user.



Personal Computer System for Debugging

I

| DEBUGSKED

Figure 1.3 Using Personal Computer as Debug Tool.

RS-232 also makes your job as the designer easier, in that you
can use R5-232 compatible terminals and printers to control and
display what is happening in the system. Consider a case where
you are using a C©¥233 to interface a computer to lights,
switches, and some DACs. You can redirect your computer keyboard
to your serial output, and debug the operation of the system
directly from the keyboard. You can also use an RS-232
compatible printer, or a teleprinter, rather than a CRT, to
generate hard copy of your debugging session. 1In addition, this
can be used for production testing.

Also, most inexpensive personal computers, as well as larger
systems, contain RS-232 ports as standard equipment. The
relatively simple design of CY233 based interfaces, and the
networking functions built into the device, allow you to connect
many pieces of special equipment through these standard ports.
The computer can now monitor and control this equipment without
the need for special interface hardware or additional boards
within the system. Everything is simply connected through the
existing serial port.

Production Economics

The <C€¥233 1s an inexpensive device, particularly when vyou
consider what it replaces in the way of other ICs. Beyond the
direct replacement of ICs, it saves money by occcupying less pc
board space, and simplifying board checkout because it represents
a distinct subsystem.

The concept of serial communications is economic in its own
right, because it leads to a cleaner interface between
subsystems. Think about the example in the first section, where
a front panel was interfaced to a computer through a C¥233,
rather than through an added parallel interface to the computer.
(This argument is equally valid whether you are designing a
microprocessor based CPU, or are using a commercial single board
computer or computer box.) What happens when somebody in
Marketing wants to add an additional switch, or display? Murphy
guarantees you have just run out of spare parallel lines... But,
if you have a serial link, no hardware change is needed at the
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computer end. At the front panel end, only the parallel side of
the CY¥233 has to be changed; but that is necessary anyway, since
this is where the new switch or lamp i= actually added. So, only
the front panel hardware and the computer software are changed.

Figure 1.4 Replace Expensive Wiring with CY233.

The final aspect of production economics is that, simplistically
speaking, computer chips are cheaper than copper. Here we are
thinking of the C¥233 as a computer, which it actually is inside.
When you realize that many cables, even relatively small ones,
cost $l/foot, and connectors often cost $10/mated pair, it
doesn't take much in the way of connectors and cables to cost
more than a C¥233, or two CY¥233s. And this is just the material
cost. When you consider the advantages afforded by the C¥233 in
making changes, or expanding the system later, the economic
payoff of the C¥233 becomes very real.

Flexibility of Networks

The CY233 has one more important use. The applications suggested
in the preceeding sections could all have been done with
conventional parallel TTL electronics, putting aside economics
and convenience.

But the C¥233 can also be used in networks. Networks are a
different breed. The C¥233 is unique in that it ocffers the user
a wide range of network functions. 1In simple applications, these
are not needed, and can be ignored. In more sophisticated
problems, the C¥233 is a powerful toocl for implementing a
network.

Networks can be thought of as "eircuits" in which each of the
"components" is a system. Furthermore, to be useful, the circuit
must be flexible and allow components to be added or subtracted,
without bothering the operation or setup of the other components.
The best analogy is the telephone network. Phones are added and
deleted each day, without bothering the hockup of the others.

8
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Figure 1.5 Patching CY233 into Network.

The feature of networks which separates them from ordinary
electronic circuits is that each of the components has a lot of
intelligence. In the telephone system, the central switching
office is intelligent, and (presumably) the person using an
individual phone is intelligent, in that he dials the right area
code, if required, then the number, and then, again, if required,
gives an extension. The CY¥233 has intelligence, and simplifies
the implementation of networks.

Please do not confuse the CY¥233 with large scale networks such as
Ethernet. These large scale networks use much higher bandwidths,
do more, and cost much, much more. What the CY233 does is bring
many advantages of networks to the 1low cost, low-to-mcderate
bandwidth RS=-232 world.

The C¥233 allows many RS-232 devices, itself and other RS-232
compatible devices, to be connected together on the same serial
line. Addresses, similar to telephone numbers in concept, allow
specific devices to talk to one another. Depending on how the
addressing is set up, there are “private" calls or '"conference"
calls. Judicious choice of addressing allows devices to be added
or deleted from the network without disturbing others.

One simple form of network, which is wvery useful, is the parallel
bus. Compared to the conventional computer bus, which might be 8
or 16 bits wide, the RS-232 bus is 1 bit wide. Rather than have
separate address and data buses, both are time multiplexed.
Also, there is no separate control bus. In terms of conventional
bus terminology, an RS5-232 bus might be described as one bit
wide, character multiplexed address and data, and with
asynchronous serial characters.

There are many ways CY233s can be connected in networks. These
are described in the latter portions of this manual. The fact
that some networks are gquite complicated should not deter the
first time reader. The C¥233 can profitably be used in
traditional point-to-peint serial communications. These are the

g



simplest and most obvious applications. It can also be used in
simple networks, and it can be used in complex networks. The
sophisticated applications can be ignored, with no penalty, if
not needed. But they are always there when needed later.

Demonstration System

RS-232-C 5

o E aTTL
% DUTPUTS

s34 —>

BTTL
IHPUTS

Figure 1.6 This simple system directly translates keyboard

inputs to TTL outputs, and TTL inputs to alphanumeric
displays.
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CY233 Overview and Comparison to the CY232

This section summarizes the major features of the C¥233, and
compares this device to our older CY232 Network Controller. All
features are discussed in detall in later sections of this
manual.

The CY¥233 is an upgrade of our popular CY¥232 device, with similar
functions, and much higher performance. The part takes advantage
of newer CMOS technology to achieve the performance gains, at a
substantial reduction in power over the CY¥232. One disadvantage
of the newer technology is that the C¥233 is not pin compatible
with the CY¥232, so existing CY232 designs cannot be upgraded by
simply swapping chips. Cybernetics offers an adaptor board that
allows existing designs to upgrade to the C¥233, at least in
prototype versions, by switching the pins as required for a CY232
layout.

The basic operating modes and characteristics of the C¥232 are
preserved in the C¥233, while adding several new features. The
most obvious change is the improved performance. The device can
now run to a standard baud rate of 19.2K baud with the standard
crystal of 11.059 MHz, 38.4K baud with a non-standard crystal,
and a non-standard rate of 57.6K baud with the 11 MHz crystal.
There 1is alsc a special mode in which the C¥233 will adapt its
baud rate to that of the network when first powered up.

The character length and parity options have also been expanded,
allowing the C¥233 to be configured for most systems, without
changes to the basic modes of the system itself.

In addition to the R and W commands of the CY¥232, the <C¥233
implements several others. Some commands give more options to
the way data are transferred between the serial and parallel
sides of the device, while others add internal mode control
functicns to the CY233.

If you have an existing network of CY¥232s, but wish to add new
nodes, using the CY¥233, this would be possible if only the R and
W commands are used. The C¥233 can take the place cof a C¥232 in
these cases. Performance would be limited by the <€¥232 baud
rate, but additional features of the parallel side interface
might make this a useful upgrade.

Finally, the C¥233 implements several basic operating modes. The
Network communications mode of the C¥232 is preserved, and we

expect this to be the most popular use of the CY233. Here the
C¥233 Dbehaves 1like a CY¥232, but with additicnal commands and
higher performance. This mode allows yvou to connect and control

up to 255 C¥233s from one serial port, and gives any standard
computer the ability to act as an intelligent controller for
special external hardware modules.
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A new basic operating mode is the UART mode, in which the C¥233
acts as a single-chip UART. In this mode, data bytes are
transferred between the serial and parallel sides of the <chip,
without any message structure involved. Baud rate and character
format selections are the same as used in the Network mode, but
there are no commands, device addresses, or messages. This mode
is wuseful for connecting a serial port to some parallel device,
such as an R5-232 port from a computer to a parallel printer.
This mode would only support a single C¥233 on one serial port,
but makes the interface design between the serial port and
parallel device very easy and compact. The single CY¥233 plus
line drivers and receivers are the only required parts for such a
design.

The last basic operating mode is called the Local Area Network
(LAN) mode. In this mode, a pair of C¥233s form a node in a
network. The various nodes of the network are connected together
by one of the CY233s, and this part operates like the C¥233 in
the standard Network mode. The other C¥233 connects to a local
serial device, such as a terminal or computer, and allows this
serial device to operate in a network of other serial devices.
The two CY233s of a node are connected back-to-back on their
parallel sides, so the serial sides are available for connection

to the network and the local serial device. This scheme allows
serial devices to be connected in a Local Area Network, at
minimal cost. Most other LAN systems cost many hundred to

several thousand dellars per node. While the CY¥233 LAN does not
have all the performance capabilities of an expensive LAN system,
it can provide a functional, cost-effective solution in systems
that require some communications, but do not justify a high
performance LAN design.

D tiiiill

Farailel
TTL

[HT

Farallel
TTL

Local Parallel
%%Ell ”ﬁ?* C;Hhiﬁiﬂgiﬂ#;>
Local Serial

Note that even though the LAN mode requires two CY¥233s, the pair
provide the most cost effective Local Area Network mode available
today!
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2 | Pin Description 2
Pin Functions

This chapter 1is concerned with defining the functions of the
various pins on the C¥233.

Pin Configuration

e
Parallel device address bil 0, LSH Al Wio +5 voll power supply
Parallel device address bit 1 Al Do Parallel data bit 0, LSE
Paraflel device address bit 2 A2 b Parallet data bit 1
Parallel device address bit 3 A3 02 Parallel data bit 2
Parallel device address bit 4 A CY233 D3 Parallel data bit 3
Parallel device address bil 5 ; A5 04 Parallel data bit 4
Parallel device address bit 6 AG D3 Paraliel data bit 5
Paraflel device address bit 7, MSB AT 06 Parallel data bit 6
CY233 hardware reset RESTART D7 Parallel data bit 7, MSE
Received serial data into CY233 Rult TEST Internal test signal
Transmitted serial data from CY233 ™D CLK Clock output, 1/6 crystal rate
Forced parallel load FPU ADDR Address strobe for paraliel device
Acknowledge of parallel transfer ACK/ BORT Baud rate selection, MSB
Data availabie o paraliel device DAVY BORD Baud rate selection, LSB
Read/write selection for transfer R-W/ PAR1 Parity/data length selection, MSB
Parallel write Strobe or bus enable WR - PARO Parity/data length sslection, LS8
Parallef read strobe or alternate ROY HE“““H K CHAR Character made selection
Crystal connection XTAL2 L-E-0¢ Address coding mode salaction
Crystal connection XTAL1 CONTROLLER NET Network mode selection
Power supphy common Vs .

- -

DUP Duplex mode selection

Figure 2.1 Pin Configuration

The pins will be defined in the table on the next page, and then
explained in far greater detail on the following pages.

In some cases the control pins seem to allow more states than are
normally encoded with control pins. This is because the C¥233
allows these pins to be in three states (TTL 0, TTL 1, or left
floating, which is called F), rather than the normal two (TTL O
or 1). Also, many pins on the CY¥233 are bi-directicnal, assuming
various functions in the different operating modes of the device.
Although the number of options may seem confusing, within each
mode, the pin functions are more restricted and consistent.
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Table I

CY233 Pin Description

Pin Mnemonic Function
1 AO Parallel device address bit 0, LSB
2 Al Parallel device address bit 1
3 Az Farallel device address bit 2
4 A3 Parallel device address bit 3
5 A4 Parallel device address bit 4
é A5 Parallel device address bit 5
7 A6 Parallel device address bit 6
8 A7 Parallel device address bit 7, MSB
g RESTART C¥233 hardware reset
10 RxD Received serial data into CY233
11 TxD Transmitted serial data from CY233
1z FPL/ Forced parallel load
13 ACK/ Acknowledge of parallel transfer
14 DAV/ Data available to parallel device
15 R-W/ Fead/Write selection for transfer
16 WR/ Parallel write strobe or Bus Enable
17 RD/ Parallel read strobe or alternate
18 XTAL2 Crystal connection
1s XTALL Crystal connection
20 VSSs Power supply common
21 DUP Duplex mode selection
22 NET Network mode selection
23 U-E-D/ Address coding mode selection
24 CHAR Character mode selection
25 PARO Parity/Data length selection, LSB
26 PAR1 Parity/Data length selection, MSB
27 BDRO Baud rate selection, LSB
28 EDR1 Baud rate selection, MSB
29 ADDR/ Address strobe for parallel device
30 CLK Clock output, 1/6 crystal rate
31 TEST Internal test signal, connect to Vce
32 D7 Parallel data bit 7, MSB
33 Dé Parallel data bit &
34 D5 Parallel data bit 5
35 D4 Parallel data bit 4
36 D3 Parallel data bit 3
a7 D2 Parallel data bit 2
38 D1 Parallel data bit 1
39 Do Parallel data bit 0, LSB
40 vee +5 Volt power supply
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Description of Signals

The following section describes the pin functions listed on the
previous page. Brief remarks about options and selection
decisions are included. They are discussed in much greater
detail in later sections of this manual. For signal levels, an
npH indicates a fleating signal, that can be driven both high and
low by the CY¥233, a "1" indicates a TTL high that cannot be
driven low by the C¥233, and a "0" indicates a TTL 1low that
cannot be driven high by the C¥233. Also, "I" indicates an input
only pin, "O" indicates an output only pin, and "I/O0" indicates a
bi-directional pin. Finally, a name followed by "/", such as
RD/, indicates an active low signal.

Mnemonic Pin # Description

VCC (I) 40 +5 volt power supply.

V88 (I) 20 Power supply common, logic ground.

XTAL (I) 18,19 Crystal or external clock inputs, signals are

not TTL, see Clock Circuits for design
details. Standard device operating range is
3.5 to 12 MHz, with frequencies of 11.059 MHz
(11 MHz ok) or 7.3728 MHz for standard baud
rates.

CLK (0) 30 Crystal clock divided by six. Pulse width is
at least 127 nsec.

RESTART (I) 9 Active high. The CY¥233 will reset all
internal operating modes and test I/0 line
settings when this signal is pulsed. The
signal must be active when power is applied.
See Reset Circuits for details.

TEST (I) 3l This is an internal test signal that is not
used for normal operation. It should be
connected to Vec or logic high.

D0-D7 (I/0) 32-39 Bi-directional data bus for parallel data
transfers., These lines are open drain, and
must have external 10K ohm pullup resistors
connected to Vece.
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Mnemonic Pin # Description continued

Data bytes are transferred between the CY¥233
and the parallel devices on these lines.
Timing and latching functions will differ
with each type of operating mode, and is
discussed in a later section. Two basic
transfer functions are supported, a strobed
made, using RD/ and WR/ strobes, and a
handshake mode, using DAV/, ACK/, R-W/, and
Bus Enable.

ED/ (I/0) 17 Read Strobe/. Strobe for transferring data
from the parallel device into the C¥233.

F Stroked mode enabled

If this line is left flecating, so the C¥233
can drive it, the strobed data transfer mode
is enabled. 1In this mode, the data will be
read intoc the CY233 on the trailing (rising)
edge of RD/. This signal may be used to
enable a tri-state output driver to put data
onto the data bus.

0 Strobed mode disabled, WR/ is BUSEN/

If RD/ is tied low, the strobed transfer mode
is disabled, and WR/ assumes a separate Bus
Enable function. 2 slower logical version of
RD/ can be recreated in this mode, by
combining DAV/ with R-W/.

The CY233 tests RD/ before each parallel
transfer is attempted, so it is possible to
dynamically switch between the strobed and
non-strobed modes.

1 Special Local Area Network Mode

If RD/ is tied high, the C¥233 goes into the
Local Area Network (LAN) meode. In this mode,
two CY¥Z233s are connected back-to-back on
their parallel sides. One acts as a normal
C¥233, connecting to a network of other
C¥233s, and with all network operations
available, while the other acts as a special
LAN device.

The RD/ line is tested for the LAN mode only
at Restart. If the line is not tied high at
this time, the CY¥233 enters the UART or
Network mode. These modes are further
described in a later section.
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Mnemonic Pin # Description continued

WR/ (I/0) 1ls Write Strobe/. When the strobed transfer
mode is enabled (RD/ floating), this signal
indicates that data output by the C¥233 is
valid. The C¥233 drives the data bus just
before generating the WR/ strobe signal.
Data will be wvalid on both edges, and is
generally latched into the external parallel
device on the trailing (rising) edge of the
strobe. WR/ is always an output from the
C¥233 in the strobed transfer mode.

When the strcbed transfer mode is disabled,
this signal becomes the separate Bus Enable
input signal, BUSEN/. This signal allows the
parallel device to indicate when the CY233
may drive the data bus. If the CY233 has a
data byte to transfer, it will generate DAV/,
but will not drive the data bus unless BUSEN/
is low. If BUSEN/ is high, the CY233 will
wait for BUSEN/ to go low before putting the
data on the bus lines. Data will be removed
again when BUSEN/ is brought back high. If
BUSEN/ is left low, or tied low, data will
stay latched on the data bus until another
byte is written, or the C¥233 performs a data
read function. This latching action may
extend beyond the duration of a serial
message, and is independent of the DAV/ ACK/
handshake function. In this mode, a slower
logical version of the WR/ strobe can be
recreated by combining DAV/ with R-W/. The
BUSEN/ function treats this signal as an
input only for the non-strobed mode.

In addition, if enabled by the E (Error
Enable) command, the WR/ signal indicates to
the local parallel device that an error,
including parity, buffer overflow, or
timeout, has been detected by the CY233,
When enabled, the WR/ line will be driven
low, with the R-%W/ line high, whenever the
C¥233 has detected an error condition, and
when nothing else is pending at this CY233.
Any received message, switch to master mode,
or FPL mode operations will remove the error
indication until the pending operation is
complete.

When an error is indicated, the local
parallel device may read an error status byte
from the C¥233, using a modified handshake
protocol. This procedure is described in a
later section.
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Mnemonic

Description continued

DAV/ (I/0)

Finally, the WR/ line has a special function
in the LAN mode. Whenever the local node
address should be applied to the Network
CY233 of the LAN configuration, the LAN CY233
will drive the WR/ line low. This should
enable a tri-state buffer that drives the
address lines of both CY¥233s. When the WR/
line is high, the LAN CY¥233 will generate the
address for the Network C¥233, so the
externally buffered node address should be
tri-stated. The other functions of WR/ are
disabled in the LAN mode.

Data Available/. Handshake signal for
controlling data transfers between the CY233
and a parallel device. Normally used in
combination with ACK/ and R-W/. If the
handshake transfer is not used, DAV/ and ACK/
should be tied together, giving the CY233 an
automatic handshake for each transfer. This
signal is generated in both the strobed and
handshake transfer modes.

When the strcbed mode is enabled (RD/
floating), DAV/ has both the data available
function and the Bus Enable function
combined. In this case, a floating DAV/ will
automatically drive the data bus when the
CY¥233 has data to transfer, and remove data
from the data bus when DAV/ is removed. 2
slight modification of the Bus Enable
function in this mode is that the C¥233 will
drive the data bus before generating DAV/
low, so the data will be valid on both edges
of DAV/. 1In fact, DAV/ will be generated
shortly after the WR/ strobe occurs. If DAV/
is tied low externally, the C¥233 will latch
and maintain data on the bus between write
transfers, similar to holding Bus Enable low
when the strobed transfer mode is disabled.
Data will be maintained as long as DAV/ is
low, or until the CY233 must perform a read
transfer.

When the CY233 is to perform a read transfer
in the strobed mode, DAV/ will go low to
indicate that a read should occur. The R-W/
signal will be high, indicating a read
operation. DAV/ going low signals the
parallel device that it may drive the data
bus, with data actually being read into the
C¥233 when the RD/ strobe occurs.
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Mnemonic

Pin #

Description continued

ACK/ (I)

13

For a non-strobed write transfer, DAV/ has
only the Data Available function, and WR/
assumes the Bus Enable function. 1In this
mode, DAV/ indicates that the CY¥233 would
like to transfer data to the parallel device,
but the data bus is not driven until BUSEN/
is low. DaAV/ is removed again when the
parallel device acknowledges the transfer on
ACK/.

For a non-strobed read transfer, DAV/ also
goes low to indicate that the C¥233 is
requesting a read operation. The parallel
device may drive the data bus as long as DAV/
is low. The C¥233 will wait for ACK/, then
perform the read shortly before bringing DAV/
high again. The BUSEN/ signal is ignored for
this operation, and may be high or low during
the transfer. If the CY¥233 had its data bus
in the latched cutput mode, the bus will be
changed to high impedance when the CY233
knows a read transfer should occur, before
the DAV/ signal is generated.

Acknowledge/. Handshake signal for
controlling data transfers between the CY233
and a parallel device. This line is normally
used in combination with DAV/ and R-W/.

This line is first tested as part of the
parallel address checking function. When the
CY¥233 generates an address at the start of a
parallel transfer, this line must be high to
allow the transfer to continue. If ACK/ is
low, any addresses for this C€Y233 will be
treated as invalid. This test occurs after
the CY¥233 has checked the address lines
themselves for wvalidity.

If the address qualifies as walid, the
transfer continues, with the C¥233 generating
the R-W/ signal, driving the data bus, and
bringing DAV/ low. Strobed write transfers
will also generate the WR/ strobe. The C¥233
then waits in this state until the parallel
device drives ACK/ low, indicating that the
write transfer has been accepted by the
device. When ACK/ goes low, the C¥233 brings
DAV/ high, and removes the data from the bus,
unless the latching function is enabled.
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Mnemonic Pin # Description continued

For read transfers, the C¥233 glears the data
bus before driving DAV/ low. It then waits
for ACK/ to go low, indicating that the
parallel device is driving the data lines for
the transfer. The CY233 then reads the data,
generating the RD/ strobe in the strobed
mode, and brings DAV/ high again, indicating
that the transfer is complete.

Note that the parallel device can control the
duration of the data transfer by the timing
of the ACK/ signal. However, the C¥233
imposes a maximum time limit on the handshake
and will continue with the transfer if the
ACK/ signal is not received within the
current time limit. The time limit is set to
a default value, related tc the C¥233 baud
rate, when the device is restarted. A
special command message allows the network to
override the default value or to disable the
time out function.

If the parallel device only needs the RD/ and
WR/ strobes, ACK/ should be tied to DAV/,
which allows the CY233 to automatically take
care of the handshake protocol. The ACK/
signal has the same function in both the
strobed and handshake data transfers.

R-W/ (I/Q) 15 Read Write/. This line normally indicates
the direction of a data transfer initiated by
the C¥233. When it is high, the C¥233 is
performing a read, and when it is low, the
C¥233 is performing a write. The logical
combination of this signal with DAV/ can
recreate slower versions of RD/ and WR/ when
separate strobes are needed, but the strobed
transfer mode is disabled.

When the parallel device initiates a read
operation by putting the CY¥233 in the master
mode, or by using the forced parallel load
(FPL/) signal, the C¥233 will test the state
of the R-W/ signal, which may be driven by
the parallel device. If R-W/ is high, the
C¥233 generates a read message for the
transfer, and if R-W/ is low, a write message
is generated. This second option allows a
parallel device to write data to another
CY¥233 module in the network. The state of
the R-W/ line is tested during the first data
read, when DAV/ and ACK/ are both low.

20




Mnemonic Pin ¢ Description continued

FFL/ (I) 12 Forced Parallel Load/. This signal allows
the parallel device to enter a sequence of
data bytes to the C¥233, without changing it
to master mode, and without the C¥233
sequencing through the addresses looking for
a valid address. The address used in the
resulting read or write message is the
address being driven onto the address lines
when the load request is detected.

Saving the address testing makes this
operation faster than the master mode reads,
and allows the parallel device to enter more
than one data byte per resulting message.

The FPL mode is initiated by a falling edge
transition on the FPL line. This edge will
be sensed and recorded in the C¥233 whenever
it occurs, but the data transfers will only
occur when the CY¥233 is idle, with no serial
messages being transmitted or received. This
is similar to the state from which the master
mode is entered.

With the falling edge detected and the C¥233
at idle, a data read will be attempted. The
CY¥233 does not drive the address lines, but
the ADDR/ strobe is generated as a signal to
the external logic that the FPL address may
be applied. A normal data read is then
executed, with the regular handshake lines
involved. During this first data read, the
externally driven address will also be read,
and the state of the R-W/ line will be
tested. These events occur when both the
DAV/ and ACK/ lines are low. A reply message
is started from this data, with the R or W
determined by the R-W/ line status, and the
device address generated from that read by
the CY¥233, unless the address read has all
lines high (0OFFh). 1In this case, the CY233
considers the parallel data to be a special
parallel command, and takes the requested
action. The possible commands are described
in the section on CY¥233 Commands.

If the parallel device heolds the FPL/ line
loew after the first data read, additional
data bytes will be read, each with the normal
handshake transfer. These bytes will become
part of the same reply message started from
the first data read.
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Mnemonic Pin # Description continued

There are two ways to end an FPL mode read
operation. First, if the message terminator
byte is read from the parallel device, the
FPL mode will end, independent of the state
of the FPL/ line. To continue reading bytes
in the FPL mode, the parallel device must
raise the FPL/ line, then lower it again,
causing another falling edge to be detected.
This will start a new FPL mode message. This
mechanism does not work if the C€¥233 is in
the ASCII HEX character mode. If the (Y233
reads a 0Dh pattern in this mode, the data is
sent as two hex characters, "0" and "D", and
does not terminate the message. Only raising
the FPL/ line, the second termination
mechanism, will end a HEX mode FPL message.

The second way to end the FPL mode read is to
raise the FPL/ line during a data byte
transfer. If the last byte read was not the
message terminator byte, the CY¥233 will
automatically add a terminator, completing
the message to the network. In HEX mode, the
terminator is always added to the message,
since all data is sent as two HEX data
characters.

Note that single byte transfers may be
signaled by simply strobing the FPL/ line,
since the falling edge is recorded internally
by the CY¥233. When the C¥233 is idle, it
will then read the data byte, and generate a
message around it.

Multiple byte transfers require the parallel
device to hold the FPL/ line low until all
bytes have been read by the C€¥233. This mode
is ended by reading a terminator or raising
the FPL/ line, as discussed above. Note that
slow parallel devices, or a large number of
data byte transfers in one FPL message, could
cause problems in a busy network, by
switching a CY¥233 into an FPL mode read
operation, then keeping it in that mode while
a serial message is being received from the
network. This will eventually overflow the
CY233 serial receive buffers, and cause a
loss of network data. FPL mode messages
should be kept as short as possible in a busy
network.
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Mnemonic Pin #

Description continued

U-E-D/ (I} 23

AO-A7 (I/0) 1-8

Uart Encoded Decoded/. Mode selection for
parallel device addressing. The state of
this line indicates how the C¥233 will treat
the address line values, as follows:

1 Uncoded UART mode, addresses not used
F Encoded Address, positive true binary
0 Decoded Address, negative true, 1 of B

The Uncoded UART mode is tested at Restart,
and disables all special command and message
features of the C¥233. 1In this mode, it
behaves as a simple UART, transferring data
between the serial and parallel sides.
However, the device does distinguish between
HEX, and ASCII or Binary character modes,
with two serial characters required for one
parallel HEX transfer, but only one serial
character required for one parallel ASCII or
Binary transfer. Also, Master mode and FPL
mode will work in the UART mode, with the
C¥233 generated serial responses containing
data only, minus the normal command, address,
and terminator portions of a full message.

The Encoded and Decoded modes are tested each
time the CY233 attempts to generate a new
address, so these modes may be switched
between messages.

Address lines. These lines specify the
current address to the parallel device.

In the UART mode, the lines are not used, and
data are transferred between the serial and
parallel sides without any address protocol
or message structure. This allows the C¥233
to be used in a simple controller application
where multiple devices and serial messages
are not needed. Internally, the CY¥233 treats
all data bytes as following a valid address,
but the address is never generated on the
address lines, or included in the messages.
Also, message terminators are not needed and
will not be generated by the CY¥233.

In Encoded mode, the address lines reprasent
a binary, positive true logic address. Valid
addresses are 0 to 254. Address 255 should
not be used, since the address lines are
driven high between messages.
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Mnemonic

Pin #

Description continued

In Decoded mode, the address lines perform a
negative true, linear select function, with
addresses 0 to 7 valid. If received messages
contain addresses greater than 7, they will
be interpreted modulo 8, so address 2 and 10
generate the same address pattern. When no
device is being addressed, all address lines
will be high. When a message is received, or
a parallel transfer is being initiated by the
parallel device, one address line will be
driven low, corresponding to one of the
addresses 0 to 7, and may be used as a device
select signal.

In the Encoded and Decoded modes, addresses
are tested for wvalidity before a parallel
transfer is enabled. Two conditions must be
satisfied for an address to be considered
valid. First, the CY233 must be able to
drive the address lines into the state for
the specified address. This is checked by
the C¥233 writing the desired address to the
address lines, generating the ADDR/ strobe,
then reading back the actual state of the
address lines. This state is compared to the
desired address, and the first validity test
passes if the two are the same.

Any address lines tied to 1 or 0 may override
the pattern which the CY233 is attempting to
generate, restricting the possible addresses
that C¥233 can generate, while any address
lines left floating will always match the
state the CY¥233 is attempting to generate.

The second test for address wvalidity occurs
after the address lines are checked. When an
address pattern is found to be wvalid, the
ACK/ line is also tested, and if this line is
low the address is considered invalid, but if
the line is high, the address is valid, and
the parallel transfer is enabled. The ACK/
line is checked approximately 70 usec after
the address lines are tested, allowing
external logic some time to set the ACK/ line
before the CY¥233 tests it.

The validity test is made for each message
received or sent by the CY233, so external
logic may dynamically change the set of valid
addresses for any CY233.
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Mnemonic Pin #

Description continued

ADDR/ (O0) 29
RxD (I) 10
TxD (O) 11

BDRO, BDR1 27-28
(1)

Address Strobe/. This strobe is generated
after the CY¥233 has written a new address to
lines A0 to A7, but before the lines have
been read to see if they compare to the
desired address. The strobe may be used to
trigger external logic, indicating when an
externally applied address may be changed.
This change could influence the wvalidity test
for the address being generated. If ADDR/ is
not needed by an application, it may be left
open.

Received Serial Data. This signal receives
serial data bytes from the network into the
CYz233.

This is a TTL level input, with a MARK
condition, or a binary 1 value represented as
a TTL high level, and a SPACE condition, or a
binary 0 value represented as a TTL low
level. The standard RS-232 voltages are NOT
TTL compatible. For RS-232 interfaces, a
MARK is a negative voltage, and a SPACE is a
positive wvoltage. Connecting the CY233 into
an RS-232 network requires external line
drivers and receivers. The standard receiver
circuits will translate the RS-232 voltage
levels into the corresponding TTL signals
expected by the C¥233, including the logical
inversion in going from RS-232 to TTL.

Transmitted Serial Data. This signal sends
serial data bytes from the CY¥233 out to the
network.

This signal is alsc at TTL levels, and
reguires an external driver to translate from
TTL to RS-232 wvoltage levels. Logic levels
and timing are the same as for RxD

Baud Rate Selection. These lines select the
baud rate for RxD and TxD. The receiver and
transmitter both run at the same rate. The
baud rate is set at Restart.

One set of baud rates is defined, with the
standard operating frequency of 11.059 MHz
used for most rates, as shown in the table
below. The highest rate, 57600 baud, is not
a standard rate at 11.059 MHz, and should
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Mnemonic

Description continued

only be used in CY¥233 networks that do not
use a host system, such as the bhack-to-back
wire saver mode. Note that 11.0 MHz will
work in place of the 11.059 MHz crystal,
since the error is only 0.6%.

If the CY¥233 crystal fregquency is changed to
7.3728 MHz, the highest rate becomes a
standard 38400 baud. Note that the other
choices for baud rate will become non-
standard rates with these crystals.

When the adaptive mode is chosen, the CY¥233
will adjust the baud rate to match that being
used by the network. This allows a non-
standard crystal fregquency or a different
baud rate to be used, as well as letting the
host system dictate baud rates to the
network. The internal counter resolution of
the C¥233 will limit the baud rates to the
ranges already supported by the fixed rates
of the C¥233.

In the adaptive mode, the host system must
send two carriage return codes to the C¥233
when power is applied or when it is reset,
allowing the CY233 to adjust the internal
baud rate to match that of the characters
received. If the Echo All or Echo Invalid
modes are chosen, the C¥233 will echo the two
carriage returns after both have been
received, so that all stations in a ring
network may be initialized. The carriage
returns must be sent before any normal
network communications begins.

The following rates are available from the
CY¥233, using internal hardware as the timing
source. The column next to the baud rate is
the clock divider used to get that rate.

BDR1,0 Rate 11.059 MH=z Rate 7.3728 MH:z

FF Self Adaptive

F 1l 1 57600 3g4o0

F O 3 15200 12800 *
1F & 9600 6400 *
11 1z 4800 3200 =
10 24 2400 1600 =*
O F 48 1200 800 =
01 98 600 400 *
00 152 300 200 *

%

These are non-standard rates at 7.3728 MHz
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Mnemonic Pin # Description continued

PARO, PAR1 25-26 Parity and Data Length selection. These

(I) signals define the data parity and length, as
shown below. These settings are valid for
all character modes, but the Binary mode
should use one of the options with 8 data
bits to drive all data lines and receive the
terminator, 0B3h. ' Parity and data length are
set by the CY¥233 at Restart.

When parity is specified, even if Mark or
Space, the parity bit must be included in the
received characters. While 7 data bits and
marking parity is equivalent to 7 data bits,
no parity, and two stop bits, it could not be
used with 7 data bits, no parity, and one
stop bit, since the CY¥233 expects both the
parity bit (always marking) and the stop bit.
A host system sending 7 data bits, no parity,
and one stop bit, could start the next
character before the CY233 was ready for it.
Note the total character length is start bit
+ data bits + parity, if used, + stop bit.

Data Total Character
PAR1, O Parity Length Length

FF Mark 7 10
F 1 Even 7 10
FoO odd 7 10
1 F Space 7 10
11 None 8 10
10 Space 8 11
0OF Mark 8 11
01 Even 8 11
oo odd 8 11

CHAR (I/0) 24 Character. This signal selects the type of

characters used by the serial side to
represent the data bytes of the parallel
transfer. This character mode is determined
at Restart, and each mode is explained below.

Once the C¥233 is operating, this signal
becomes an output. The CY¥233 will attempt to
drive it low while transmitting, except if
the line is tied high, so the C¥233 cannot
drive it lew. This signal may be used to
enable tri-state type drivers, as used in the
RS-449 applications, and allows multiple
transmitters to share one line, so long as
only one transmits at a time.
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Pin #

Description continued

1 ASCII HEX character mode

Two ASCII characters are used to represent
one 8 bit data value. The first character is
the high nibble, and the second is the low
nibble. Valid characters are 0 to 9 and A to
For a tc £. One data byte transfer occurs
for every two serial data characters.

Invalid characters are ignored in the data
portion of received messages, but will be
echoed, if echo is enabled. The message
format is <command, address, data,
terminator>, with the address and data
portions being represented by the two
character HEX values, but the command and
terminator being single ASCII characters.
Address 0FFh is reserved, and should not be
used. Multiple data values may be sent in
one message. The terminator is <cr> (0Dh),
and is not written when received.

0 Binary character mode

Each character represents one byte value, and
a data transfer occurs for each data byte
received. The message format is <address,
data, terminator>. All messages are implied
write messages, with no explicit commands.
The address is represented by a single byte,
and address 0B3h 1s reserved. Multiple data
values may be sent in one message. The
terminator is 0B3h, and is not written when
received. If 0B3h is the first data value,
it is not considered a terminator, and is
transferred to the parallel side. Any 0B3h
value after the first data byte will
terminate the message. This mode should use
an 8 bit data length serial character,
otherwise the terminator cannot be received.

F ASCIT Character mode

Each character represents one byte value, and
a data transfer cccurs for each data byte
received. If an 8 bit data length is chosen,
this mode can drive all 8 data lines, like
the binary mode. Otherwise, the 8th bit will
be zero when written and ignored when read.
The message format is <command, address,
data, terminator>. Commands are single ASCII
letters, addresses are represented by two HEX
characters, and data bytes may be any value
except the terminator. The terminator is
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Mnemonic Pin #

Description continued

DUP (I) 21

NET (I) 22

<ecr>, 0Dh, and is written when received,
unless the command specifies not to write the
terminator. Address 0FFh is reserved, and
should not be used.

Note:

The current implementation of the C¥233 will
allow address OFFh in messages, and will test
address OFFh in the Master mode, when
sequencing through the possible addresses.
However, address OFFh should not be wvalid in
general, because the C¥233 drives the address
lines to this state between messages. Also,
future implementations may reserve address
OFFh for special functions.

Duplex. This line selects the duplex modes
of operation, and along with the NET line,
determines the serial operating
characteristics of the CY¥233. The mode is
checked dynamically, while the C¥233 is not
busy with some other operation.

Network. Along with DUP, this signal
determines the serial operating protocol of
the C¥233. This line is also sampled when
the CY¥233 is in a background mode, with no
transfers pending, and may be used to switch
the C¥233 between modes. The most common
switch is between the Master and Slave modes
of a particular Echo selection, with the
modes assigned to allow easy switching, since
a Slave mode has a line floating, where a
corresponding Master meode has a line zeroed.
However, dynamic switching is supported
between any of the possible modes.

The combination of NET and DUP determine the
operating mode and echo characteristics of
the C¥233. Two operating modes and four echo
modes are possible, as shown below:

Type NET DUP Echo Mode
2 o] 4] Invalid Master
B 0 F None Master
C 0 1 211 Master
D F 0 Invalid Slave
E F F None Slave
F F 1 All Slave
G 1l 0 Valid Master
H 1l F valid Slave
I 1 1 Vvalid Slave

(%]
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Communication Modes

As mentioned in the DUP and NET pin descriptions, the C¥233 has
twe basic communications modes and four echo options. These
modes and options are discussed in this sectien.

In the Slave modes, the CY233 waits for a serial message from the
network before initiating a parallel data transfer. The network
and controlling computer determine the communications flow and
actions of the slave CY233. However, a parallel device can still
force a read operation by using the FPL/ signal.

In the Master modes, the C¥233 will request reads from the
parallel devices when there is no network activity at this C¥233.
The reads occur from sequential valid addresses, with the C¥233
going through a full valid address check before regquesting the
read operation. Note that for one valid address in the Encoded
mode, the CY¥233 will attempt 255 address tests before coming to
the wvalid address again. One data byte 1s sent per read
operation, so all master mode read messages will contain one data
byte. If the parallel device drives the R-W/ line low during a
Master mode parallel read, the CY233 will generate a write
message around the data just read. Otherwise, the C¥233
generates a read message.

The four possible echo modes determine how the C¥233 will

retransmit characters that are received by the RxD signal. In
all cases, echo is disabled between messages, keeping the C¥233
from retransmitting random noise received on RxD. A special

command may be used to enable echo between messages.

A wvalid message is one that occurs for a valid address at the
CY¥233 in question. That is, the message contains an address to
which the particular C¥233 will respond. An invalid message is a
preperly formed message, but with an address that is not walid at
this <C¥233. In most applications, each CY233 is assigned a
unique address.

All All
In Out
Serial Serial
Echo All will echo valid and invaliad
messages, adding data characters

when a read is requested.

Echo Valid will echo only messages
that are wvalid for this CY233.
Invalid messages will not be
retransmitted.

Reuq/h#He
Parallel Data
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Invalid and

Echo Invalid will echo only messages All
' valid Reads

that are invalid for this C€¥233.
Valid messages will cause a parallel
transfer to occur, but will not be
retransmitted, thus valid messages :
get off the network when they find Valid

the proper C¥233. However, a valid Read message received from
the network will retransmit the command letter and address, along
with the data read and terminator. This feature preserves the
full read message format, and keeps read messages from getting
lost in a ring network using Echo Invalid. This feature is
implemented for all commands that generate a local response,
including Read, Display, and Query.

Echo None will not echo any messages, but valid messages will
cause parallel data transfers. If a message causes a local
response, such as a read message, the CY233 will only transmit
the data and terminator, not the command letter and address.

In the UART mode, in which there are nc addresses, all data
characters are considered valid, and will be echoed for the Echo
All and Echo Valid cases, but not for the Echo Invalid and Echo
None cases.

Alsc note that ASCII HEX mode has a filter for hex data
characters. Non-hex data characters will be echoed as required,
but are not passed on to the parallel device. This feature may
be used to embed contreol or format characters, such as spaces,
in a message without passing them to the parallel device. The
allowed hex characters are ASCII 0 to 9, A to F, and a to f£.
Both wupper and lower case letters are accepted as wvalid hex
values.

Independence of Operations

The C¥233 parallel and serial operations are orthogonal as shown
by the waveforms below. There is no necessary timing connection
between operations occurring on the parallel side of the C¥233
and those occurring on the serial side, although there may be
certain precedence relations, i.e., some operations may be held
up until others hawve occurred.

CYz3z
. h__jy_,__m______.mv&_d,__,_~_ b A o S S S
b | ) 1 P ™ T
= L L L) L i
i s o fan  seo cane L zea lena LT
TIME IW MICROSECOMOS
Figure 2.2 Illustrating the asynchronous nature of parallel
and serial operations - parallel I/0 1is being

performed in the middle of a serial transmission.
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3 The Serial Side 3

The CY¥233 1is an intelligent interface between a serial network
and a user parallel device. It is most convenient toc separate
the discussion of how the CY233 operates into these two sides:
the serial and the parallel. The purpose cof the C¥233 is to
transfer messages between them. A local parallel device may
initiate a message and send it out to the serial network, or
someone on the serial network may send a message to a parallel
device.

Remember the purpose of the serial line is either

to minimize wiring over long distances, or
to have a standardized interface between equipment.

This section is an introduction to serial communication. Details
on how to actually hookup a CY¥233 are left to later sections,
which cover various networks and configurations. If the user
understands the basics of serial communication and RS-232, the
present chapter may be skipped.

Concept of Messages
We use the term message to represent the unit of information
transfer from one device to another. The message is the actual
unit, or block, of information.

Messages inherently have three components:

an address: (e.g., the telephone number)
data: (What I am saying)
control: (dial tone, ringing, Hello, Goodbye)

The variety of communication protocols arises from different ways
of representing these components. Let us assume for the moment
that all three have been encoded in TTL electrical signals.
There are still fundamentally different ways of arranging the
message transfer. For example, we can have

* all parallel: where all bits of all three components
exist simultanecusly on separate wires, one bit per wire, with a
label on each wire identifying its function;

* component serial, bit parallel: where the message is
divided into its major components which are presented serially in
time, but the individual bits of each component are presented
gimultaneocusly, so components are labeled by time, but bits are
labeled by wire;

* component serial, bit serial: where everything comes
down a single wire, serially in time, and the timing of both the
bits and the components is the labeling.
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Figure 3.1 Different Message Transfer Schemes.

What we see is a spectrum of possibilities from all parallel,
which is time efficient but hardware expensive, to all serial,
which is hardware efficient but time expensive.

The serial side of the C¥233 is concerned with this last choice,
which is very hardware efficient. It may be too slow for some
applications, but is sufficiently fast for a great number of
pthers. In fact, with a maximum standard baud rate of 19.2K, the
C¥233 can sustain a transfer rate that is too fast for many host
computer systems!

While RS-232 is an example of all serial (component serial, bit
serial), standard microprocessor buses are exXamples of component
serial, bit parallel, and a simple hookup of switches to lamps
and relays is an all parallel circuit.
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One more important item is how message information is encoded,
i.e., what is the alphabet used? Two different alphabets are
available within the C¥233. The first is binary characters,
which can, by themselves, represent cne of up to 256 choices.
The second is ASCII (American Standard Code for Information
Interchange) characters, which are an extension of the English
alphabet and Arabic number system we use every day. ASCII is
particularly important because most CRT terminals, hard copy
printers, etc., use it. This enables computers and these
peripheral devices to be easily connected, since they use the
same alphabet.

To summarize, messages are subdivided into components. Message
components are encoded by characters. Characters are, in turn,
made up of 7 or 8 data bits. When using a serial communications
protocel,

messages are component serial,
components are character serial,
characters are bit serial.

Standards

Standards come in many different varieties. The purpose of this
section is to separate apples from oranges.

Electrical standards say what voltages will represent a "0" or a
mi" in a digital system. TTL is a common example. These

standards may also say something about short circuit current,
frequency range, etc.

Mechanical standards determine connectors and pinouts, and may
also say something about operating temperatures, vibration or
what have you. Microprocessor buses, for example, have a
mechanical standard for card size and connector location.

Information interchange standards have to do with the alphabet
used and in what order information is sent. ASCII is an example.

The important issue is what things are included in a descriptive
term, such as RS-232, and what are not. R8-232 does not say
anything about the alphabet, but does say something about
electrical and mechanical standards.
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RS-232

This standard is published by the Electronic Industries
Association, Engineering Department, 2001 Eye Street NW,
Washington,DC 20006. It is RS=-232-C, "Interface between Data
Terminal Equipment and Data Communication Equipment Employing
Serial Binary Data Interchange." The "-C" is the current
revision. It covers voltage levels at the serial line interface,
mechanical details about the connector, and pin designations. It
does not cover how information is encoded.

RS-232 was originally intended to standardize connections between
computer equipment and modems, which are devices for sending and
receiving digital information over the telephone network.
Therefore, RS=-232 contains much detail about establishing and
maintaining a satisfactory connection. This is also the reason
for the terms "Data Terminal Equipment" (DTE) and "Data
Communication Equipment" (DCE) in the standard. Think of DTE as
a CRT terminal, and DCE as the modem which connects teo the
telephone line going to a computer. If no modem is wused, then
the computer might appear directly as DCE. Sometimes DCE is
referred to as the "data set". All of this becomes important in
defining connector pins. One has to separate DTE from DCE.

R5-232 establishes voltage and current levels, as an electrical
standard. It establishes a pinout for the interface connector,
but, interestingly, does not specify the connector itself.
However, most computer devices use what is commonly called the
"DB-25", which is miniature 25 pin connector. An 8§ suffix is
added for the socket, or female, version, and a P for the plug,
or male, wversion. Normally (but there are a few infamous
exceptions), the DB-25S is used on chassis equipment and the DB-
25P on interconnecting cables. Strictly speaking, RS-232 talks
about female connectors being associated with DCE (in a fixed
position), and male connectors with extension cables on DTE. So
while a manufacturer can choose not to use the DB-25, the pin
functions are defined, by number, in RS-232.

Note that some popular personal computers have switched their
serial connectors to a "DB-9" style, to eliminate the pins that
are normally not used in the DB-25 for a single channel

connection. These are not RS-232 ports in the strictest sense,
since they do not have 25 pins, and use different pin numbers for
specific functions. However, with special adaptor cables, they

can be translated into a standard RS-232 connector, with 25 pins.

The voltage standards for RS-232 are bipolar, and are not
directly TTL compatible. While these levels are not used
elsewhere in common microprocessor  circuits, there are
inexpensive and readily available IC drivers which meet RS-232.
For example, a common driver is the MCl488 and a common receiver
is the MCl1489. Also, newer circuits incorporate both drivers and
receivers in the same chip, with some even running off a single 5
volt supply, and generating the RS-232 levels within the chip!
Examples are the Maxim MAX232 and MAX233 devices.
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Figure 3.2 DB-25P and DB-25S5 Illustrations.

The negative RS232 level is between =15V and =-3V. The @positive
level is between +3V and +15V. Common RS232 IC drivers work at
+/=12 wvolts, and their output falls within the allowed ranges.

(Notwithstanding the above, many receivers will function
correctly with a negative voltage as positive as 0.4V, allowing

TTL circuits to drive RS~-232 inputs. This is not recommended,
but is sometimes done.)

RS-232 Polarities aﬁd Terms
RS-232 Voltage

Description Negative Positive
Binary Data X )
Condition Mark Space
Function Off on

"Mark" and "space" are traditional terms which are still used in
some situations; for example, mark (1) and space (0) are used to
describe parity bits which are added to data characters as checks
on the transmission. Notice data 1 is represented by the
negative wvoltage, =15 to -3V, (negative true). Common IC drivers
and receivers are inverters, so TTL data presented to the C¥233,
or any other UART (Universal Asynchronous Receiver Transmitter)
is positive true.

In the follewing illustration of RS-232 waveforms, the start and
stop bits are bits which preceed and follow the actual data bits
in order to separate characters. Notice they are of opposite
polarity to one another. Start, Stop, and Parity bits will be
discussed in greater detail in later sections.
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CY233 Wave Forms
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Figure 2.3 R5-232-C Waveforms. Notice there must be inverting
driver and receiver between CY233 and RS-232-C Line. (Inverting
drivers and receivers are standard.)
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Example C¥233 TxD Waveform for case of character = ASCII "aA"™ (41
hex) in 7 bit word, odd parity format. Notice TTL levels and
inversion from RS-232-C polarity.
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Figure 3.4 CY¥233 Serial Timing Diagram

R5-232 defines a 25 pin connector for the interface. only 4 of
the pins are of concern to the CY¥233, These are

RS-232 Connector Pins

1 Protective ground
2 Transmitted data
3 Received data

7 Signal common

It is at this point that the guestion of who is the receiver and
who 1is the transmitter becomes important. Since RS-232 is
written for the above described data terminal equipment to data
set interface, pin 2 carries information from the terminal to the

data set and the serial line. Pin 3 brings information from the
data set to the terminal. The thing to remember is that one
device's transmission is another's reception. If you are

connecting a C¥233 to a CRT terminal, the terminal will output
its data on RS232 pin 2 (TxD), which should ultimately connect to
the C¥233's pin 10, (RxD). If a DB-25 is used for the C¥233, and
a one-to-one cable is used between the terminal's DB25 and the
C¥233's DB-25, then pin 10 on the CY233 connects to pin 2 on the
CY¥233's connector. Otherwise if pin 10 on the C¥233 is connected
to pin 3 on its DB-25, the cable must cross connect pins 2 and 3
as shown in Figure 3.5. (This is called a "null modem").

NULL MODEM STRAVGHT RS5222 (OME-TD-ONME)

Figure 3.5 Two Ways to Hookup RS-232.
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A final important issue is the physical length of the serial
line. While RS232 recommends line lengths less than 50 feet, the
actual standard allows longer lines if low capacitance cable is
used so the total capacitance is less than 2500 picofarads.
RS232 1is written for baud rates up to 20,000 per second. In
simple modulation schemes, 1like the ones used by the CY¥233, baud
rate and bit rate are equivalent. It is readily apparent that
the distortion effects of line capacitance are less important at
lower baud rates, thus leading to the possibility of reliable
communications over even longer lines. The real limitation then
becomes line resistance. In these cases, it is necessary to know
the circuit details of the line driver and receiver, to see what
will actually work at the desired baud rate.

RS-449

RS5449 1is a newer standard which is intended to replace RS232 in
situations regquiring longer line lengths and higher bandwidths.
There are two asscociated standards: R5422 for balanced
transmission 1lines and RS423 for unbalanced transmission 1lines.
R5422 and RS5423 use veoltage levels which are similar to TTL.

For our purposes, the primary significance of RS422 and RS423 is
that IC drivers and receivers exist for these standards and allow
the CY233 to be used over extremely long lines, when RS232 might
be unsatisfactory. Since RS232 is an electrical and mechanical
standard, RS44%9/422/423 are merely substitutes for specialized
applications. The same choice of alphabets and protocols exists
for these newer standards as for RS232.

Some devices will say they are RS423 compatible, and "backwards"
compatible to RS232. This is because the voltage ranges of RS423
are a subset of R5232,.

TTL

TTL is included in this section on serial lines because TTL can
be used as the standard for serial ASCII communications wusing
C¥233s, and also standard UART's. The idea here is that, within
a system, we can use the convenience of standard TTL ICs and
voltages, and still have the advantages of minimum wiring or
convenient interface to CPUs.

Other Standards

For extra long distances or highest noise immunity there are two
additional possibkbilities. Current loop connections have been
around for a long time, and circuits can readily be derived from
the TTL levels of the CY¥233. A newer option is an optical link,
using fiber optic cables. This provides the ultimate in
isolation between systems, and is inherently serial in nature.
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}TTL INVERTERS

Figure 3.6 Serial Commnications Using TTL

Since this is no longer RS-232, ordinary CRT terminals and
printers cannot be used, unless they are patched in.

l=— SHORT DISTANCE ———a=]

Figure 3.7 Direct Serial I/0 between between MOS Chips.

This idea can be extended, for systems physically contained on a
small printed circuit board, to have direct connections between
MCS chips. This is limited to very small distances because of
the limited electrical drive from MOS.
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4 The Parallel Side 4

This section is concerned with connecting the user's circuitry to
the C¥233. The user's devices are called parallel to distinguish
them from the serial, RS-232, side. 1In addition, they often will
be parallel, as in switches or lamps. But they may alsoc be LSI

peripheral chips which the user wishes to connect to a serial
line.

The Three Buses: Overview
The wvarious CY¥233 pins concerned with the parallel side can be

partitioned into three groups, each group being called a "bus":
* address bus: which device do I wish to connect to

* data bus: the actual information to transfer

* contrel bus: the lines which time the transfer

Any type of parallel bus, including microprocessor buses and

minicomputer backplanes, can be subdivided in this fashion; so
the concept is quite general. In the language of the previous
chapter, this side is all parallel.

The Address Bus

The address bus consists of 8 pins.

Mnemonic Pin Function

A0 1 Address bit 0, parallel device address LSB
Al 2 Address bit 1, parallel device address
A2 3 Address bit 2, parallel device address
A3 4 Address bit 3, parallel device address
Ad 5 Address bit 4, parallel device address
AS 6 Address bit 5, parallel device address
AB 7 Address bit &6, parallel device address
A7 8 Address bit 7, parallel device address MSB

o —————— T —— T T S S  — — S — T ————— -

The address lines are both input and output. They are output in
the sense they indicate the address of the parallel device the
CY233 wishes to transfer information with. However, they are
also input in the sense the user may program certain addresses to
be skipped, or ignored, and thereby establish the set of
addresses that are wvalid.
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The user programs addresses by tying selected address lines high
("1") or low ("O"). The C¥233 always tests the proposed address
before making a transfer with the parallel device. This is deone
by it driving the address lines with the proposed address (i.e.,
writing the address out with latched drivers), and then
subseguently reading the address present. If the user has
bolted any address lines high or low, then the address read back
may be different from that written out, since the CY¥233 output
drivers can only supply a milliamp or so current. If the read
back address is different from the written out address, then the
address is considered invalid and no transfer takes place. If
the proposed address is the same as what the user has bolted in
place, then the read back address is still the same and the
transfer takes place. Similarly, if the address lines were left
free, so the CY¥233 can drive them both high and low, then the
"read back" will match the "written out", and the address is
considered wvalid.

Each time the C¥233 writes out a proposed address, the user
circuitry has a brief time (a few microseconds) to make a dynamic
decision as whether to allow or disallow the transfer by driving
the address lines. The CY233 generates a strobe on ADDR/ to
indicate that it has written a new address on the address lines,
then waits about two microseconds before reading the address
back. (A Dbetter way of allowing or disallowing a transfer
dynamically is to drive the ACK/ line, in which case the user has
70 microseconds to make a decision).

If the user wishes to drive an address line high dynamically,
i.e., from active circuitry, he should be able to source 45 mA
for a "1" and sink 1 m& for a "o",

The address represented on the address 1lines can be either
encoded or decoded, as selected by the U-E-D/ line. Systems may
dynamically switch between encoded and decoded addresses.

Encoded is the same as straight positive true binary, and
addresses 0-255 decimal can be represented. In the encoded mode,
for example, 0001 0000 would address device number 16.

Note that when an invalid address is encountered, the CY¥233 will
take all address lines high (i.e., remove the last address).
Valid addresses stay latched throughout the duration of a
message.
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Encoded Parallel Addressing

(positive true binary)

Any address lines tied high

Decoded Parallel Addressing

(negative true linear select)

Any lines tied high will not be

or low, and thus not free to considered. For example:
toggle, limit the addresses
the C¥233 will consider.
All lines Tie A2-A7 low, All lines Tie A2-A7 high
AQ=-A7 are & the address AD-A7 are & the address
free to toggle set will be free to toggle set will be
A7 A0 DEV AT AD DEV AT A0 DEV A7 AQD DEV
0o00 0000 8] oo0Q 0000 0 1111 1111 NONE 1111 1110 0
ooo0 0001 1 0000 0001 1 1111 1110 o 1111 11401 1
0oo0 0010 2 OO0 0010 2 1111 1101 AL
Qo000 0011 3 1111 1011 2

1111 1111 255 1111 0111 3

1110 1111 4

1101 1111 5

1011 1111 15)

0111 1111 7

Decoded is also called l1-of-8, or linear select. When decoded,
devices 0-7 (decimal) may be addressed, with negative true logic.
In this mode, one of the eight address lines will be taken low as
a device select, and the other seven will remain high. As an
example of the decoded mode, address lines 1111 1110 will select
device #0 and 1110 1111 will select device #4. These addresses
are represented in messages as 0 and 4, respectively.

Messages received by a CY¥233 in the decoded mode are interpreted
modulo 8. Thus, message addresses of 7 and 15 both address the
same device, namely, #7.

As examples of programming addresses to be valid or invalid, if
encoded address lines are programmed 0000 XXX1, only devices <1,
3, 15> will be considered. If decoded address lines are
programmed to 1111 XXX1, only devices <1, 2, and 3> will be
considered.

L)

Again, since the lines which are tied and those which are left
floating may be changed by external logic, addressing can be
dynamic. In particular, it is possible to implement "interrupt
driven" systems, where data 1is sent only where the source
commands it.

In general, address 255 should not be used. In the binary
protocol, B3h (179 decimal) is used as the message terminator,
and in all the protocels, the CY¥233 removes the current address
at the end of a message, and drives the lines to FFh. In this
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state, all parallel devices should be deselected. Current C¥233s
will support a message address of FFh, but this address may be
reserved for special functions in future versions.

CYz223
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Figure 4.la Local Address Test with address lines not
matching proposed address (Invalid Address)
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Figure 4.1b Local Address Test with ACK/ low (Invalid Address)
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Figure 4.lc Local Address Test with address matching and
ACK/ high (Valid Address)
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The Data Bus

The data bus consists of 8 pins:

Mnemonic Pin Function

Do 39 Data bit 0. parallel data I/0 LSB
Dl 38 Data bit 1, parallel data I/0
D2 37 Data bit 2, parallel data I/0
D3 36 Data bit 3, parallel data I/0
D4 35 Data bit 4, parallel data I/0
D5 34 Data bit 5, parallel data I/0
D6 33 Data bit 6, parallel data I/0
D7 32 Data bit 7, parallel data I/0 MSB

The data lines are both input and output, depending on the
direction of information transfer between the parallel devices
and the C¥233. 1In contrast to the other C¥233 pins, they have no
"other" meanings, depending on how the user connects them. It is
simply data, one way or the other. Note that the lines are open
drain, and require external 10K ohm pullup resistors, connected
to Vec, when used as outputs,

The only choice you have about the data bus is whether it is

"latched" or "multiplexed". Latched means the data remains
present after the control strobes are complete. In this mode,
for example, the bus could drive a display lamp. Multiplexed

means the data is present only during the several microseconds or
so duration of the contreol handshake. This is the mode necessary
when many sources are connected to a local parallel bus. Using a
multiplexed parallel bus requires that all destinations for data
contain their own data holding latches. The latched mode is
selected by tying the DAV/ control line 1low in the strobed
transfer mode, or by tying the WR/ (BUSEN/) control line low in
the non-strobed transfer mode. Otherwise, the CY¥233 multiplexes
the data bus.

In the strobed transfer mode, data is written by the C¥233 Jjust
before the WR/ control strobe goes from high to low. Data 1is
read into CY¥233 just before the RD/ control strobe goes from low
to high. In the non-strobed mode, the handshake lines control
the data transfers, with timing similar to the strobed cases.

Continuing the discussion of latched versus multiplexed data bus
operation, the data lines may be latched after a transfer, or
they may be returned to a high impedance state, at the user's
discretion. The function is controlled by the DAV/ line (acting
as the BUSEN/ signal) in the strobed transfers, and the WR/ line
{separate BUSEN/) in the non-strobed transfers. If the data bus
is multiplexed, it returns to a high impedance after the ACK/
control 1line 1is pulled low. Irrespective of BUSEN/, a read
leaves the data bus in a high impedance state. It will exhibit
transient behavior in this transition from latched write to read,
or multiplexed write to high impedance.
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The Control Bus

The control bus consists of 8 pins:

Mnemonic Pin Function
FFL/ 12 Forced parallel load from parallel device
ACE/ i3 Acknowledge of transfer from parallel device
DAV/ 14 Data available to parallel device
R=-W/ 15 Read/write selection for parallel device
WR/ 16 Write strobe or separate BUSEN/
RD/ 17 Read strobe or alternate mode selection
U=E-D/ 23 Address coding for parallel device
ADDR/ 29 Address strobe for parallel device

ACK/ is an active low input contrel line. First, it must be high
during the address test, before the C¥233 will take DAV/ low to
strobe read or write to parallel devices. By pulling ACK/ low
during the address check, the parallel device will prevent the
initiation of any read or write operations. The internal logic
treats this situation as if all addresses were invalid at this
CY233. The user has approximately 70 microseconds after the new
address, before ACK/ is checked for a high conditien.

Once the address check passes, the CY233 will proceed with the
data transfer. The DAV/ signal indicates that the C¥233 has data
for the parallel device, or is waiting for data from the parallel
device. When DAV/ is low, the parallel device should pull ACK/
low to complete the transfer, indicating to the CY¥233 that the
desired write or read has been completed.

In summary, when a parallel read or write is needed:

) the address lines are checked for validity, with an
ADDR/ strobe generated just before the test,

2. and then if the address is valid,

3. ACK/ is checked for 1, after a 70 usec delay. If ACR/
i=s high, the transfer is made; after DAV/ goes low,
ACK/ is taken low by the parallel device, to
acknowledge the transfer.

Notice ACK/ both allows the initiaticn of a parallel transfer, by
being high, and then concludes the transfer, by being pulled low
by the parallel device. After DAV/ goes low, the parallel device
may extend the duration of the data transfer by its delaying
taking ACK/ low. However, this extension is limited by an
internal c¥233 timer function. The time wvalue default is set to
one bit time longer than the serial character time at the chosen
baud rate, except at rates greater than 9600 baud, where the 9600
baud time 1is used. A special command message may be used to
modify the time out wvalue. If timeout occurs, the CY¥233
completes the transaction, as if ACK/ = 0.
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If the you desire the multiplexed bus mode, and need no dynamic
inhibition nor extension c¢f parallel transfers, simply tie ACK/
to DAV/, providing an automatic handshake.
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Figure 4.2 Timeout of write handshake

DAV/ 1is an active low control input/output 1line. It is a
handshake or strobe signal for data transfer between +the C¥233
and parallel devices. When used as an output, DAV/ can serve as
a strobe for an external latch during write operations. Write
data 1is wvalid all during the time DAV/ is low. Again, being
used as an output, during read operations DAV/ going low
indicates the parallel device should place its data on the bus.
The actual read takes place on the rising edge of RD/.

Alternatively, DAV/ may be used as the BUSEN/ (bus enable) input
to control the data bus latching, in the strobed transfer mode.
The latched mode is selected by pulling DAV/ low. DAV/ is
sampled for this condition after each parallel device transfer
sequence. The C¥233 continues to monitor the state of DAV/ (as
BUSEN/) while waiting for additional data to transfer, and will
keep the output latched until DAV/ is raised. When DAV/ is used
as an input, the RD/ and WR/ strobes may controcl the flow of
information between the C¥233 and the parallel device. Note that
the ACK/ line must still be driven with a proper handshake signal
in this mode, unless the C¥233 timecut function is used. For
latched output data, we recommend using the non-strobed transfer
mode, where the BUSEN/ signhal is separated from DAV/, allowing
DAV/ to still be used for the handshake functions.

R-W/ is an active low control output line. It is an early
indicator that a write operation is being contemplated by the
cY2313. If the next proposed transfer is a write, R-W/ will pull

low prior teo the new address. If the transfer is to be a read,
it remains high. The line will maintain the proper state for the
duration of a transfer message. At the end of the message, the

R-W/ line will be driven high again.
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Figure 4.3 Timing for a complete parallel write message

When data reads are being initiated by the parallel device,
either through the FPL/ line, or the Master mode, the R-W/ line
is used as an input. If the line is high, the resulting message
generated by the CY¥233 will be a read message, and if the line is
low, the resulting message will be a write message. This feature
allows intelligent parallel devices to generate write messages
for other CY233s in a network, without requiring a host computer
at the network level.

U-E-D/ determines the mode selection for parallel device
addressing. If the UART mode is chosen, by tying U-E-D/ high,
the C¥233 operates in a mode that does not use the address
functions at all. Data transfers occur without messages or
address testing. This mode is checked when the C¥233 is reset.

In the message based communications, the U-E-D/ pin is used to
select between the encoded and decoded address formats. This pin
is sampled before each new address check, so it may be changed
dynamically, if desired. A high causes a positive true binary
representation, and a low causes negative true, 1 of 8, device
selection.

If the RD/ pin is left floating, the strobed data transfer mode
is wused, where RD/ and WR/ are strobe signals indicating exact
timing of the data transfers. DAV/ assumes the BUSEN/ function
in this mode, as explained previously, and may be used to latch
data written by the C¥233. In the strobed mode, data is read by
the C¥233 just before the trailing (rising) edge of RD/. This
signal may be used to enable an addressed tri-state buffer to
drive the CY¥233 data lines for the read function.

The WR/ line is also used during data transfers. In the strobed
mode, WR/ indicates when the C¥233 has write data for the
parallel device. The strobe is generated just after the data is
ouput on the bus, and before the DAV/ signal is generated. For
devices that do not require a handshake, the WR/ strobe may be
used to clock data into the parts.
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Figure 4.6 Strobed mode write timing details
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Figure 4.8 Strobed mode read timing details

When the RD/ line is tied low, the non-strobed transfer mode is
used. In this mode, DAV/ and ACK/ have the handshake control
functions, but RD/ and WR/ are not used as strobe signals. RD/
is tied low, so it does not perform a strobe function, and WR/
assumes the BUSEN/ function. This allows a parallel device to
control when the CY233 may drive the data bus, independent of the
handshake function. It also allows the CY¥233 to automatically
perform the handshake between DAV/ and ACK/, while allowing data
to be latched on the parallel side.

The state of the RD/ line is tested hefore each transfer is
attempted, soc you may dynamically switch between the strobed and
non-strobed transfer modes.
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If the non-strobed mode has been selected, by tying RD/ low, the
WR/ 1line becomes a separate BUSEN/ signal. This is the second
function for the WR/ line during data transfers. In this mode,
it is an input signal to the CY233, that the parallel device uses
to control the writing of the data bus. When the C¥233 has data
to send to the parallel device, the DAV/ line is brought low, but
the data is not written to the bus. The C¥233 then waits for the
BUSEN/ signal to be low before actually writing the data. This
could be used to prevent the C¥233 from writing data arbitrarily
onto a bus that was being shared between several parallel devices
during local parallel transfers.

Alternatively, this separate BUSEN/ signal could be used to latch
data without losing the handshake functions of the DAV/ signal.
In fact, the non-strobed mode is preferred in this case. Note
that slower versions of RD/ and WR/ strobes can be recreated in
this mode, by combining the R-W/ and DAV/ signals.
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Figure 4.9 Non-strobed write transfer handshake
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Figure 4.10 Non-strobed writes with latched bus, BUSEN/ low
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Figure 4.11 Non-strobed read starting from a latched bus

A special mode is selected when the RD/ line is tied high. This
function is tested only when the CY¥233 is reset, and if RD/ is
tied high, the C¥233 goes intoc a special LAN mode. This mode is
used for a network of all serial devices, and is explained in
detail in the Local Area Networks Section of this manual.

Also, the WR/ line has some non-transfer functions. If enabled
by the reception of an Error Enable command, the WR/ signal is
used to indicate when the CY¥233 has detected an error condition,
such as parity error, buffer overflow, and parallel device
timeout. An intelligent parallel device may then regquest an
error status byte from the CY233, to determine the nature of the
error. This mode should only be used with intelligent parallel
devices, since it reguires a special handshake protocol, as
described below. Since there are special requirements to support
this mode, it is disabled when the C¥233 is reset, and is only
enabled by the reception of the Error Enable command.

When enabled, the WR/ line will be driven low, with the R-W/ line
high, whenever the CY233 has detected an error condition, and
when nothing else is pending at this C¥233. Note that having the
WR/ line low, while the R-W/ line is high, is a unique state, and

can ke used to generate an error status signal. This function
should be used with the strobed transfer mode only, so the WR/
line is not also being used for the BUSEN/ function. Any

received serial messages, switch to master mode, or FPL mode
operations will remove the error indication until the pending
operation is complete.

Once an error is indicated, the local parallel device may ask for
the error status byte, by using a modified version of the CY¥233
handshake. In the modified handshake, the parallel device drives
the ACEK/ line low before the C¥233 drives the DAV/ line. When
the CY¥233 detects a falling edge of ACK/, AFTER indicating an
error, it will output the parallel error status byte on the data
bus and drive DAV/ low. The address lines will be left floating,
R-W/ will still be high, and WR/ will still be low at this point.
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The CY233 then waits for the parallel device to drive ACK/ high
again, indicating that it has accepted the error status. The
C¥233 then drives DAV/ high again, restores the data bus to its
previous state, and removes the WR/ error indication. Note that
this is a backwards handshake, since the parallel device
initiates the transfer, and the CY233 responds to the request.

Once the error status byte has been written to the data bus, the
CY¥233 will enable the standard handshake timeout function while
it waits for the ACK/ line to be high again. If the parallel
device does not respond within the timeout period, the CY233
proceeds as if ACK/ were high again, but it generates a new
timeout error, which will give anocther error indication!

The parallel error status byte has the following definition. A
bit that is high indicates that error was detected. The parallel
error status byte is cleared after it is read by the local
parallel device.

DBO Received Parity Error

DBl Receive Buffer Overflow

DBz Invalid Command Format

DBE3 Parallel Write Handshake Timeout

DB4 Parallel Read Handshake Timeout

DBS Parallel FPL Mode Handshake Timeout

DB6 Character Received was not Carriage Return
in the Adaptive Baud Rate Setup

DB7 Reserved

A final use of the WR/ line is in the special LAN mode, where the
other uses are disabled. 1In this mode, the WR/ line controls the
application of the local node address to both C¥233s, when this
address should be used. Otherwise, the local address should be
tri-stated, since the LAN C¥233 will be generating a destination
address. This function is explained in more detail in the
section on the LAN mode.

The final contreol line is the Forced Parallel Load (FPL/) line,
which allows the parallel device to initiate read operations from
the C¥233. There are two ways for the parallel device to request
reads from the CY233. One way is to switch the CY¥233 into Master
mode, where it will sequence through the possible addresses until
a valid address is found, then read one byte from that address.
This process continues while the CY¥233 is idle, with no messages
received from the serial side. The Master mode is explained in
greater detail in the section on Characters and Messages.

The second way for a parallel device to request reads is to use
the FPL/ line. When the FPL/ line is pulled low, the C¥233 will
also attempt parallel reads when there is no other activity to
perform. However, the local parallel device also supplies the
address of the read, unlike the Master mode, in which the C¥233
tests all possible addresses, and performs the read when a valid
address is found. Saving the address testing makes the FPL/ read
faster than the Master mode read, and allows the parallel device
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to vary the address. This could be used by a parallel device to
send messages to another device on the network. Note that by
also controlling the R-W/ line, the parallel device controls the
type of message generated by the CY¥233. Read messages would be
used for general data from the local device to the network
computer, while write messages could be destined for another
parallel device connected to another C¥233 in the network.

One externally applied address is reserved by the C¥233 for
special parallel commands, the address with all lines high (0FFh
in encoded mode and no line low in decoded mode). When this
address is used, the CY¥233 interprets the data from the parallel
device to be a command to the CY¥233 rather than a message to
another device on the network. Several parallel commands are
supported. They are described in the section on CY¥233 Commands.

Another feature of the FPL/ read is the ability to load more than
one byte per message. In the Master mode reads, the CY¥233 always
reads one byte per valid address, then searches for the next
valid address. In the FPL/ mode reads, the local parallel device
controls the number of bytes read by the C¥233.

An FPL/ read operation starts when the parallel device pulls the
FPL/ 1line low. The C¥233 will sense and remember this falling
edge, even if busy with some other operation. Once the C¥233 is
idle, with no serial messages being transmitted or received, the
FPL/ read will be performed.

The FPL/ read starts with the C¥233 generating an ADDR/ strobe,
indicating that the parallel device may driwve the address lines
with the desired FPL/ read address. The C¥233 will leave the
address lines floating at this time, so they may be driven by the
external device. A normal data read is then executed, with the
regqular handshake lines involved, as described earlier in this
section. During the first data read, the externally driven
address will also be read, and the state of the R-W/ line will be
tested. These events occur when both the DAV/ and ACK/ lines are
low, an indication that wvalid data is available. A reply message
will be started from the data read, with the message being a read
message, starting with "R" if the R-W/ line is high, or a write
message, starting with "W" if the R-W/ line is low. However, no
message will be generated if the applied address has all address
lines high. Instead, the C¥233 will consider this a parallel
command issued by the local parallel device to the CY233.

If the parallel device continues to hold the FPL/ line low after
the first read operation, the C¥233 will continue to perform
reads, and the data will become part of the same message started
with the first read. Also, parallel commands will reguire
additional data characters, so the external device must continue
to hold the FPL line low, insuring that the C¥233 will read all
bytes of the command.
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An FPL/ read may be terminated in two normal fashions. First, if
the message terminator value is read from the parallel device,
the FPL/ read will end. To restart an FFL/ read after the
terminator, +the parallel device must raise the FPL/ line, then
lower it again, causing the CY233 to detect a new falling edge on
the FPL/ line. If the CY233 is in the ASCII HEX character mode,
the parallel device cannot generate the terminator, so this
mechanism cannot be used to end an FPL/ read. When the parallel
device generates a 0ODh value, the C¥233 will send it as two hex
characters, ASCII "0" and ASCII "D", and will not consider it the
terminator. In ASCII HEX mode, the FPL/ read can only be ended
by the second method.

The second way to end an FPL/ read is to raise the FPL/ line
during a data byte transfer. If the last byte read was not the
message terminator, the C¥233 will automatically add the
terminator character, completing the serial message to the
network. In ASCII HEX character mode, the terminator is always
added, since it cannot be generated by the local device.

There is also cone non-standard way to end and FPL/ mode read, by
exceeding the handshake timeout limit while the C¥233 is trying
to read the next FPL/ value. This will alsc terminate any
message in progress, and generate a timeout error status in the
C¥233. The FPL/ line must be raised and lowered again to restart
the read operations in this case.

Since the CY233 remembers FPL/ requests, single byte reads may be
signaled by simply strobing the FPL/ line. When the C¥Y233 is
idle, it will read the data byte and generate a serial message.

Multiple byte transfers require the parallel device to hold the
FPL/ line low until all bytes have been read by the CY233. End
this mode by reading the terminator or raising the FPL/ line, as
explained above.

Note that slow parallel devices or long FPL/ messages, with many
data bytes, could cause problems in busy networks. Once the
C¥233 starts an FPL/ read operation, the resulting message is not
ended until indicated by the parallel device. If the network is
sending serial messages through the CY¥233 at the same time, the
CY¥233 must buffer the messages until the FPL/ read is finished.
Since the internal CY¥233 buffer is limited, it will eventually
overflow, and cause a loss of network data, if the local device
keeps the C¥233 in the FPL/ read operation for too long. FPL/
generated messages should be kept as short as possible in a busy
network, to insure no loss of data.
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Messages to Parallel Devices

All transfers between the C¥233 and the user's parallel devices
occur in transactions called "messages". The message consists
of:

*an address
*actual data
*appropriate contreol line movements

*a terminator.

The address is that information presented on the A0-A7 lines, and
the data 1is that information transferred over the D0O-D7 lines.
The terminator is not seen by the parallel device; it is
something the serial side requires to separate one message from
another.

Messages that transfer data are either "Read" or "Write" in
nature. The direction is that perceived by the parallel device.
Thus, a write moves data from the CY¥233 to the parallel device,
and a read moves information from the parallel device to the
CY¥233.

The exact serial message that causes a parallel transfer can take
several different forms, as explained in the next section. The
CY233 supports different types of "Read" and "Write" functions,
but the parallel device is treated similarly for each, with the
functions of the address, data, and control lines fixed in the
selected operating mode.

Writes can transfer any number of bytes, until there is a
terminator on the serial side. When this happens, the address is
only checked once, at the beginning. Similarly, the ACK/ line is
checked for "1" only before the first data byte. Once the
transfer 1s allowed, it goes on. The only thing the parallel
device can do is to stretch the individual writes, by delaying in
pulling ACK/ low, with the maximum delay limited by the internal
timeocut wvalue.

Reads may be initiated from a foreign source through the serial
line, or they may be initiated locally in what is called the
"Master" mode, or through use of the FPL/ line. The user can
determine for each CY¥233 whether it is to be a '"master" or a
"slave", and not initiate local reads. The resulting information
from a successful read is placed on the serial line in the form
of a message to the rest of the network. In the Master or FPL/
cases, this message may be a read or write message, depending on
the state of the R-W/ line when the first byte is read.
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A Simple Interface Example

The schematic shows the details on the parallel side for an
interface to eight LEDs (a Write to port) and eight switches (a
Read from port). The user has selected the decoded, or linear
select, addressing mode by tying pin 23 low. Since only Al is
free, the only valid address is 1, which has an Address Bus bit
pattern 1111 110l1. The same address is used for both ports.

Simple RD/ and WR/ strobes are satisfactory in this example.
Therefore, the other handshake signals are ignored and DAV/ is
tied to ACK/ . The two ports are always available to the C¥233.

At this point it is not known whether this C¥233 is a master or a
slave. This is not important to the parallel devices. Whenever
the CY233 wants to read the switches, it pulses RD/ low which
enables the three-state output of the 741LsS244 buffer. Notice a
closed switch is a TTL 0.

Whenever the CY¥233 wishes to write to the 7418273 1latch, it
pulses WR/ low. Notice a TTL 0 turns the corresponding LED on.
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Figure 4.12 Example C¥2323 connection to switches and lamps
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5 Characters and Messages 5

This section goes into the details of serial messages and how to
set up the C¥233 on the serial side. In this sense, it is
analogous to the previous chapter on the parallel side. It is
also an extension to section 3, which was an introduction to

serial networks.
The Alphabet

Any form of communication regquires an "alphabet" with which to
build the message. The elements of an alphabet are called
"characters", The £¥233 has two different character sets
available to the user. However, interpretation of a character's
meaning depends on the application, and is not enforced by the
C¥233. For example, the "ASCII" set could be used to transfer
"Binary" data if the character codes are properly understeoeod by
both the sender and receiver.

Binary is the first character set. It consists of the 256
integers <0, 1, ..., 255>, These characters are encoded by 8 bit
binary words <00000000, 00000001, ..., 11111111>. The user can

attach whatever meaning he desires to each of the characters in
the alphabet.

ASCII 1is the second character set. ASCII is used by many
computers and data communication devices to represent the
ordinary alphabet, numbers and punctuation marks. In other
words, the symbols found on a typewriter Xkeyboard. It also
contains special symbols called "control" characters. The ASCII
character set used by the C¥233 is the 128 element set shown in
the table on the following page. ASCII characters may be encoded
as 7 or 8 bit binary words in the CY233.

ASCII can be used in another way, to only represent numbers. The
set of numbers represented could be the decimal set,

<01, «.. 9>

but it 1is common to extend this set to base 16 by using the
MASCII Hex" set

{Drl.r2I'3!4:5:6‘:?J"BFgrAIErCIDJErFrarbfcrdrEff}'

In order to represent numbers between 0 and 255, two ASCII Hex
characters are combined to represent the upper and lower nibbles.
Thus 0 becomes 00h, where the "h" indicates ASCII Hex, and 255
becomes FFh. Notice that bkinary requires one 8 bit character to
represent the decimal number 255, while ASCII Hex requires two 7
bit characters, viz. FF. Also notice we could use 8 bit binary
characters to transmit ASCII, or ASCII Hex, if the source and
receiver both understand the intended meaning. 1In these cases,
the eighth bit may be unnecessary.
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Figure 5.1 ASCII Character Set
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In summary, individual elements of the alphabet are characters,
which may either be ASCII or binary. ASCII characters may be
used in a special way, in pairs, to represent numeric data, by
ASCII Hex.

Serial data is transmitted LSB first and MSB last. Thus, a
"picture" of the binary character for decimal "2" would be (least
significant bit is on the left and time progresses to the right):

01000000

If "2" is the Arabic numeral, ASCII for this is 32h (see the
ASCII table) and the corresponding picture is the 7 Dbit
character:

0100110

Finally, if we wish to represent the decimal number 2, which is
the same as 02, in ASCII Hex, we would use two 7 bit characters,
30h ("0") and then 32h ("2"):

0000110 0100110

While this may sound complex to the uninitiated, the C¥233 does
all conversion between “real" data and the selected alphabet.
The primary thing to remember is that in the 7 bit character
modes, the eighth bit (D7) is ignored.

Start and Stop Bits

The C¥233 uses asynchronous communication. This means a
character may start any time after the previous one is complete.
In order to separate characters, extra bits (really, extra time)
are added before and after the data bits. The time before is
called the '"start" bit and the time after is called the "stop"
bit. Each bit time is exactly the same as a data bit time, and
is the pericd specified by the baud rate. A choice of either one
or two stop bits is possible. The C¥233 always uses one stop
bit. This will not normally prove to be a limitation, as it is
customary to use two stop bits only at 110 baud, which is not a
CY¥233 baud rate.

The separation afforded by start and stop bits is that, unlike
data bits which may either by "0" or "1", start bits are always
the equivalent of "0O" and stop bits are the equivalent of "1".
The <C¥233, and other UART's, use this particular pattern to
separate characters. This works as long as there is a specific
"beginning" of the character stream. To understand this, assume
there 1is a generator of serial characters which runs with no
extra break between characters, other than the one stop and start
bit. If this generator were applied to a CRT terminal while the
terminal is off , and the terminal then turned on, the character
being displayed could likely not be the character actually being
transmitted, because the terminal would not be "synchronized"
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with the generator. On the other hand, if the terminal were
turned on first, it would synchronize on the first start bit and
then remain forever synchronized, and display the correct
character.

As an example, if we add start ("0") and stop ("1") bits to the
ASCII character for "2" (32h), the resulting bit pattern is

C0l1l001101

To establish the type of characters to use, the CY¥233 samples the
CHAR line at startup:

Mnemonic Pin Function

CHAR 24 Determines serial I/0 character type:
F ASCII character set
1 ASCII Hex (0...9,A...F,a...F)
0 Binary

Parity

Parity is a means of checking on the fidelity of the serial
transfer. A '"parity bit" is an additional bit added to a
character before transmission. The parity bit is checked on
reception for correctness. An error which is detected is called
a parity error.

There are two basic kinds of parity: even and odd. Even
parity means there is an even number of 1's in the composite word
- the original character plus the appended parity bit. {Start
and stop bPkits do not count). For example, if the original
character contains no 1's (all 0's) then the parity bit is 0.
The second kind of parity is odd. Here there is an odd number of
1's in the composite word. The parity bit would be 1 in the
above example, if odd parity were used.

Parity can detect single bit errors, but cannct detect two errors
within the same word, since they would cancel. In practical
systems however, (unless they go over the telephone network),
errors are rare, and parity is a sufficient safeguard.

If parity is to be used, there is some advantage to odd parity,
since it will detect an error of all 1's or all O0's ina 7 bit
word.

If parity is not to be used, the parity bit may be set to 1,
equivalent to an extra stop bit, also called "mark" parity, or it
may be set to 0, called "space" parity, or it may be unused in
the case of 8 bit data characters, and not included at all in the
character data stream.
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Note that the following are equivalent:

7 data bits, mark parity, 1 stop bit
7 data bits, no parity, 2 stop bits

2s a final example, the bit pattern for the ASCII "2", with mark
parity (including start and stop bits) is

0o0olocollo1l1

With even parity, it is

00lco0o1l1l1011

With odd parity, it is

coclo0011001

Character Length

The C¥233 will work with two sizes for the data portions of a
character, either 7 or 8 data bits. The 7 bit modes are common
when ASCII characters are being used, since the ASCII set is
defined in 128 codes, represented by 7 data bits. In the ASCII
Character mode, with 7 bit characters, the CY¥233 will ignore the
eighth data bit value when reading parallel characters, and will
set bit D7 to zero when writing parallel characters. The C¥233
will never read or write the parity bit. It is always added to
the serial bit stream when transmitting, and removed when
receiving.

For 8 bit data lengths, all parallel bits are used when reading
or writing. Note that the ASCITI set can be represented in an 8
bit mode, with the first 128 values, 0 to 7Fh, used for the ASCII
set, and the additional values, 80h to FFh, used as required.

The ASCII Hex mode can use either a 7 bit or an 8 bit format to
represent all 8 parallel data bits, since two serial ASCII
characters are used to represent one 8 bit parallel data byte.

The Binary mode should use an 8 bit character format, although
the 7 bit formats are allowed. However, if a 7 bit format is
used, the CY233 can never receive the message terminator, B3h,
since 8 bits are required to receive the terminator code in one
binary character.

To establish parity and character length, the CY¥233 samples the
PARO and PAR]1 lines at startup. The total character length is
the sum of start bit + data bits + parity, if used, + stop bit.
Mnemonic Pin Function

PAR1, PARO 26,25 Determine serial I/0 parity and data length:
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Data Total

Pins Parity Length Length
F F Mark 7 10
F 1 Even 7 10
F O 0dd 7 10
1F Space b 10
4 b None a8 10
10 Space 8 11
0 F Mark 8 11
o1 Even 8 11
o0 0dd 8 11

Baud Rate

The baud rate is the reciprocal of actual time alloted to each
bit in the serial character. This time is crystal controlled in
the ¢€¥233, and is therefore gquite accurate. Two sets of baud
rates are supported by the CY¥233,. Standard rates from 300 to
19.2K baud use an 11.059 MHz crystal. However, if the crystal
frequency is changed to 7.3728 MHz, a faster selection becomes a
standard 38.4K baud. In addition, an adaptive mode allows the
C¥233 to adjust the baud rate to that of the network, and allows
more freedom in the choice of operating crystal.

Most standard rates are defined when the CY233 operates with an
11.059 MHz crystal. The highest possible rate, 57600 baud, is
not a standard rate, and should only be used in C¥233 networks
that do not use a host system, such as the back-to-back wire
saver mode. Note that 11.0 MHz will work in place of the 11.059
MHz crystal, since the error is only 0.6%.

With a 7.3728 MHz crystal, the top rate becomes a standard 38400
baud, but all other rates become non-standard. Be sure your host
system can handle this rate in a network, if it is chosen, since
very few general systems can operate continuously at this data
rate.

When the adaptive rate is chosen, the C¥233 will adjust the baud
rate to match that being used by the network. This allows the
use of a non-standard crystal frequency or baud rate, as well as
letting the host system dictate baud rates to the network.

In the adaptive mode, the host system must send two carriage
return codes, 0Dh, to the C¥233 when power is applied or when it
is reset, allowing the CY¥233 to adjust the internal baud rate to
match that of the characters received. If the Echo All or Echo
Invalid modes are selected, the C¥233 will echo the two carriage
returns after both have been received, so that all nodes in a
ring network may be initialized. The carriage returns must be
sent before any normal network communications begins. Note that
the adaptive mode requires a host system in the network, to
dictate the operating rate. A parallel device connected to a
CY233 cannot initiate a parallel read and message transfer until
the operating baud rate has been established.
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To establish the baud rate, the <C¥Y¥233 samples the EDRO and BDR1l
lines at startup:

Mnemonic Pin Function

BDR1, BDRO 28,27 Determine serial I/0 baud rates:

FF Self Adaptive
F 1 57600 / 38400
F O 19200
1F 9600
11 4800
10 2400
o F 1200
01 600
g o0 300

All rates are shown for an 11.059 MHz crystal, except 38400,
which requires a 7.3728 MHz crystal.

As a timing example, if a character reguires 1 start bit, 7 data
bits, 1 parity bit, and 1 stop bit, for a total of 10 bits, at
2400 baud, it requires 4.16mS to transmit. This is 240
characters per second.

~ Commands, Addresses, Data & Terminators

Except in the UART mode, all serial communications with the CY233
occur in special messages. Serial messages conform to a definite
but simple protocol, which is a natural extension of what you
would +type if you were talking to the device from a keyboard.
Each message consists of a collection of characters from the
chosen alphabet, and has four components.

Messages begin with a "Command" letter. Those messages that
cause parallel data transfers with <the parallel device are
either Read or Write, as referenced to the parallel device. I
write information +to the parallel device and read information
from it. The standard Read or Write messages, using the "R" and
"W" command letters will be used as examples in this section,
illustrating the nature of the serial messages. Other types of
commands are discussed in the next section of this manual.

Next 1s the "Address" which selects specific parallel device(s).
The address portion is used in testing for a wvalid or invalid
address at a particular C¥233.

Following the address is a "Data" section of the message.
Messages can have any number of data bytes, depending on the
nature of the transfer. In the ASCII Hex modes, two serial
characters are used to represent one parallel data byte value.

Finally, there is a terminator to signify the end of the message.
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Each of the three alphabets (character types) has slightly
different rules for these four parts: command , address, data,
and terminator. Part of the flexibility of the C¥233 is that
the user can choose the protocol to fit his needs.

For the ASCII character type (CHAR=F), each data byte is
represented by one character. Either 7 or 8 bit characters may
be used, with the D7 parallel bit value ignored when reading 7
bit wvalues, and set to 0 when writing 7 bit wvalues. Addresses
are represented in ASCII Hex, and thus require two characters to
represent the range <00...FF>. Data for Writes is any positive
number (1 or more) of bytes, each requiring one character. Data
for Reads is the same, except where there is only one byte. The
terminator is <CR> (0Dh, or ~M="Control M"), and is also written
to the parallel device in some cases. This is a very flexible

cperating mode, since all commands are supported in the ASCII
character type.

For ASCII Hex (CHAR=1), each data byte is represented by two
characters. Addresses are also represented in ASCII Hex, and
thus require two characters to represent the range <00...FF>.
Data for Writes is any positive number (1 or more) of bytes, each
requiring two characters. Data for Reads is the same, except
where there is only one byte. Only valid characters are passed
on to the parallel device. The Terminator is <CR> (0Dh, or
~M=Contrel M), and is not written to the parallel device.

For binary (CHAR=0), each data byte should be represented by one

8 bit character. There are no explicit commands for this
character type. Instead, any message on the serial 1line is
considered to be a Write as far as the local parallel device
receiving it is concerned. Binary mode messages contain only

three components, starting with the address. Addresses are a
single byte, and are thus the first character of a new message.
Any address except 255 (FFh) can be used. Data is any positive
number of bytes (1 or more) until the terminator. The terminator
is 179=B3h, and is not written to the parallel device.

Since Write messages should always contain at least one data
byte, the terminator character can be successfully transferred to
the parallel device in binary mode if it is the first data byte
in the message. If it is the second, or later, it is interpreted
as the terminator of the serial message and is not transferred to
the parallel device.

It is important to note that binary, for example, can be used to
transfer ASCII information between a source and a receiver, as
can ASCII Hex or ASCII Character be used to transfer binary
information. The labels refer to how information is represented
internally tec the serial message, not what can, or will, be done
with it by the parallel devices.
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An example of an ASCII Hex message which causes a Write to
location A2 (A2 hex = 162 decimal) of the data 4F (79 decimal) is

WAZAF<cr> (6 characters)

Notice that <cr> is the single ASCII carriage return character,
value 0D in hexadecimal notation. As the message terminator, it
is sent as a single character, not as two Hex characters.

Now using hexadecimal notation for 8 bit binary data, the
following example of a binary message causes a Write to location
FO (240 decimal) of the data 31 (49 decimal) and the data 02 (2
decimal):

FO 31 02 B3 (4 characters)

An example of an ASCII character write message is:

W20The Quick Brown Fox<cr>

which has 23 characters (1 for "W", 2 for the hex address 20, 19

for the alphabetic message, and 1 for the <cr> terminator) and
transfers

The Quick Brown Fox<crs>

to location 20 (32 decimal). Notice that the <cr> terminator is
transferred in this case.

An example of an ASCII character read operation would be a read
of the parallel device with hex address 20 (32 decimal). The
requestor issues the command R and the two hex character address.
Any C¥233 which has this address as valid will respond with one
byte of data and the <cr> terminator. The characters in the
message, then, are

R20x<cr>

where the response by the requested device is, for example,
lell{cr} .

All serial read commands transfer one byte, which 1s two
characters in ASCII Hex and one in ASCII Character mode.
However, read messages may have more than one data byte if they
originate from the parallel device, using the FPL/ line.

Networks, Masters, and Slaves

The ©C¥233 can be used in many networks, which can be thought of
as large scale circuits. Many CY233s may be communicating with
cne another or with a central microprocessor or computer. In
order to control this activity, the CY233 has two more pins: DUP
(Cuplex) and NET (Network).
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To establish the desired configuration, the CY233 samples DUP and
NET while idle between messages. It is possible to dynamically
switch the C¥233 between any of the supported modes, however, it
is most common to switch between the Master and Slave modes of a
particular echo selection.

Mnemonic Pin Function
NET 22 Network protocol; Master/Slave
DUP 21 Duplex; Echo mode

Two concepts, MASTER/SLAVE and ECHO are used in the following
description.

A C¥233 1is in the MASTER mode when it will initiate a
transmission of data from a local parallel device onto the serial
network, in the absence of any specific request by the network.
In other words, on its own accord, it will read a parallel device
and transmit this data onto the network. It will do this
whenever the network is sufficiently free of transmissions, and
the CY233 can find a local parallel device from which it can read
data. If a C¥233 is not in the MASTER mode, it is considered to
be a SLAVE, and will not initiate messages on its own. However,
a parallel device can still initiate a transfer in this mode, by
using the FPL/ line.

A (Y233 will ECHO messages it receives from the serial network
under certain circumstances. There are the following
pessibilities:

ECHO ALL, echo any valid or invalid message received,
perhaps adding data if the message is a read command,

ECHO NOTHING, although replies will be made to
read commands,

ECHO VALID, which means that only messages containing a
valid address for a local parallel device will be echoed,
along with any required read reply, and,

ECHO INVALID, which means that only messages not
containing a wvalid address for a local parallel device
will be echoed. When a valid address occurs, any required
reply will be made, however.

note: ECHO ALL will not echo any extraneous characters

that might occur between messages. Echo is not enabled
until after a valid command character and wvalid or invalid
device address have been received. However, a special

command may be used to enable echo between messages if
this is required by your application.
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The combinations of NET and DUP are shown in the following table.

Mode NET DuP ECHO Master/Slave Useful for
A 0 0 Invalid Master Ring

B 0 F None Master Point-to-peoint

C 0 1 all Master Ring

D F 0 Invalid Slave Ring

E F F None Slave Half=-duplex *#*
F F 1 All Slave Console to C¥233
G 1 0 Valid Master Console to CY¥233
H 1 F valid Slave Bus

I 1 & Valid Slave Bus

*%% = line turnaround

The modes are identified by letters for easy recognition in later
descriptions. Although certain modes are useful with particular
network configurations, any mode may be used so long as it
satisfies the communications regquirements of the application.

The communications modes have been chosen to allow easy switching
between the Master and Slave versions of a particular echo
selection. One of the two control lines, DUP or NET, is floating
in the Slave mode, while it is low in the corresponding Master
mode. An open collector buffer can be used to switch between the
modes as required by the parallel device.

In the ASCII modes, the CY¥233 does not respond with any echoes
until is has received a valid command letter, followed by two

Valid hex {H on = I‘Ig!l 4 nan - "FI! " or Ilall - I'Ifll"i &ddrEES
characters. Then it detmines its echo mode and responds
accordingly. Any invalid characters in the command or address
result in a terminated message and no response. Nothing will
happen until the next valid message.

ASCII hex mode also has a filter for hex data characters. Non
hex data characters will be echoed, as required, but are not
passed on to the parallel device. This feature may be used to

embed control characters, such as spaces, in a mesage without
passing them to the parallel device.

Specific examples of these configurations will be given in later
applications chapters.
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Half Duplex
No Echo, Slave

Bi-directional Line
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Full Duplex
No Echo, Slave

Conventional RS-232-C

Full Duplex
No Echo, Master

Point-to-FPoint

aster . aster

Figure 5.2 Simple Network Configurations.
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6 UART Mode 6
The CY233 as a UART

The UART Mode is the simplest operating mode of the C¥233, In
this mode the CY233 passes data characters between the serial and
parallel sides, without any message structures, and with limited
communications protocols. This mode allows the CY¥233 to be used
as a single-chip UART, without the network functions. Since
there are no addresses in this mode, only one CY233 would be used
per serial line, unless multiple CY233s were to receive the same
data from the host.

The UART mode is chosen by tying the U-E-D/ line high, and is
tested when the C¥233 is reset. When the CY¥233 detects that it
is in the UART mode, it bypasses the normal command and address
portions of the message structure, and considers all serial
communications to be data only.

Within the UART mode, the CY¥233 baud rate, parity, character
format, character type, and echo modes may still be set by their
respective pin functions.

For +the ASCII and Binary character types, one serial character
corresponds to one parallel side transfer. For every character
received, the C€Y233 will write that character to the parallel
slde, and for every character read from the parallel side, the
CY¥233 will send one serial character.

For the ASCII Hex character types, twoe serial characters
correspond to one parallel transfer. The CY¥233 must receive two
valid hex characters before it will write the represented value
to the parallel side, and it will send two hex characters for
every value read from the parallel side.

For the Echo All and Echo Valid modes, the C¥233 will retransmit
any serial character received. For the Echo Invalid and Echo
None modes, the C¥233 will not retransmit received characters.
In these cases, it will only transmit data read from the parallel
side.

When the CY¥233 receives serial characters, they will be written
to the parallel side. The parallel write occurs with the normal
write transfer handshake, wusing DAV/, ACK/, R-W/, RD/, and WR/.
Both the strobed and non-strobed transfers may be used, and the
data bus may be latched by holding DAV/ low in the strobed case,
and holding WR/ (BUSEN/) low in the non-strobed case. There is
no address test performed, and the address lines are not used.
Also, a low ACE/ line does not mean an invalid C¥233, since this
is part of the address test. However, the C¥233 will wait for
the ACK/ 1line to be high before DAV/ is driven for the next
transfer, within the default timeout limits of the handshake.

70



There are two ways for the CY¥233 to read parallel data in the
UART mode. If the C¥233 is in one of the Master modes, it will
attempt a parallel read when there is nothing else to do. If the
read is successful, the results will be transmitted serially. If
the read times out, no transfer occurs, and nothing is
transmitted. The read operation alsoc uses the normal handshake
protocels, with R-W/ high to indicate the read, and RD/ used in
the strobed case. The CY233 may be dynamically switched between
master and slave modes, as well as between various echo modes.

The second mechanism for reading parallel data is the use of the
FPL/ 1line. When the line is held low, the C¥233 will perform
parallel reads and transmit the results. Multiple reads will be
performed if the FPL/ line is held low, so long as the reads are
successful. If a read times out with no parallel response, the
read function will terminate until the FPL/ line is pulled low
again. Otherwise, reads will proceed until the parallel device
rdises the FPL/ line again.

If serial data is received while the C¥233 is reading parallel
data due to the FPL/ function, the serial data will be saved in
an internal buffer. The C¥233 will not attempt to write parallel
data in the middle of a series of FPL/ reads. Once the FPL/ line
is released, the C¥233 will start to write the received data. If
there are a large number of FPL/ reads with no break, there is a
danger of overflowing the C¥233 receive buffer and losing
received serial data.

Other C¥233 functions are not implemented in the UART mode.
Since there is no message structure, no C€¥233 commands are
active, and only the default operating modes can be used. For
example, it is not possible to modify the handshake timﬂaut value
used in parallel data transfers. )

[ Y233 _LL__junm‘mﬂa

A popular application of the 1489 _ :

CY233 UART mode would be the > = 3 F—
connmection of a  parallel T%D s B wor
device to a computer that @: N useo
has only serial I/0 ports. g

For example, the C¥233 could 5:1%

connect a serial computer sshupai ar

port to a parallel printer . ILF

port. In this case, the cserlil & i by ST
message structure of the <COTPULor g o —ofRRs . M
non-UART modes represents “ e
unnecessary overhead, since ASCII Char F CHAR e

the computer simply wishes F NET - b
to send serial data to be Slave mode, f Hup n ﬂ,g_tjzz 4
printed on a parallel with no echo 5 oe _‘“i
printer. This type of S =
connection is illustrated in Rs-232 N —3
the following figqure: =,

Figure 7.1 Serial computer to parallel printer example.
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7 CY233 Commands 7
The Command Set

This section describes the commands used to implement wvarious
functions in the C¥233. Each command is designated by a single
ASCII command letter, and for serial commands, folleows the
general message structure described in the previocus section.
Each serial command is available to the ASCII Character and ASCII
HEX character modes, but not to the Binary mode. The message
format of the Binary mode is different from that of the ASCII
modes, starting immediately with the address byte. All Binary
mode serial messages are considered to be write messages. To
read data in the Binary mode, the C¥233 must be put in a master
mode, or the FPL/ line must be used. Thus, none of the other
serial commands are available to the Binary mode. However, the
special parallel commands may be used in Binary mode.

The CY233 commands use the upper case ASCII letters, and reserve
these letters for message headers when they start a message. The
data portion of a message is not restricted, and any code may be

used within the data section, except the terminator character,
which will end the message.

The various commands for the CY233 may be split inte three major
groups that depend on how the commands are issued to the C¥233.
The most common commands are the Network Serial Commands, that
are sent and received as messages on the serial side of a C€¥233,
functioning as part of a serial network. All message examples in
this manual thus far have been examples of Network Serial
Commands and messages. These commands will be used between the
CYZ233s and host system of a standard CY233 network.

Network Serial Commands are the most common commands used by

applications of the C¥233, and will be described first in the
following command description sections.

Serial Gommonds




A second group of commands supported by the C¥233 is the Parallel
Commands. These commands are issued to the C¥233 by a 1local
parallel device connected to the C¥233. This gives an
intelligent parallel device some contrel over the operation of
the local C¥233 connected to that device. Use of these commands
is strictly optional. They would not be needed or required in a
system +that has random logic connected to the parallel side of
the CY¥233.

The C¥233 will treat locally generated data as a Parallel Command
if it was read by an FPL/ signal request with the applied address
of all ones (OFFh). Any other address will result in the normal
FPL read or write serial message to the network. Thus, address
FF is reserved for FPL/ generated data, and signals that a
command is being issued, rather than the normal FPL/ data
function.

Most Parallel Commands control a local function of the C¥233,
such as the handshake timeout value. These commands have
equivalent Network Serial Commands that perform the same
functions, and result in some internal change to the (C¥233,
without generating any serial or parallel data. This allows an
intelligent parallel device to configure the CY233 as appropriate
for the device, without burdening the network host computer with
the details of what that particular device requires.

A few of the Parallel Commands perform functions that will
generate special serial messages. These commands are used in
special circumstances, and are described in detail in the
following section on the Parallel Commands. Some are implemented
in support of the special Local Area Network (LAN) mode of the
€CY¥233, and would probably not be used in a standard C¥233
network.

The last group of CY233 commands is
the LAN Serial Commands, which are
serial commands sent to the LAN
CY233 from the local serial system
connected to a LAN node of a
network. The node and network
configurations are discussed in the
section on Local Area Networks,
later in this manual. The LAN
C¥233 is one of two C¥233s that
make up a LAN node, the other being
the Network C¥233. The ILAN C¥233 b

is connected to a local serial i T

system that wishes to communicate

with the network. When the LAN _
CY¥233 is operated 1in a message .
(non-UART) mode, the IAN Serial . LAN

Commands are used to control Serial
communications between the local Commands

system and the network.
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Only a few LAN Serial Commands differ from the Network Serial
Commands, and these are discussed later in this section. Other
IAN Serial Commands will be treated the same as their Network
Serial counterparts.

The C¥233 ccmménds have been broken into their functional groups
in the following tables. Each command is explained in detail in
the following sections.

There are two classes of unused commands for the Network and LAN
Serial Command groups, Undefined, and User Reserved. Undefined
commands will cause an Invalid Command Format error if the C¥233
receives any message that starts with one of the Undefined
command letters. Such a message will be removed from the
network, as the CY¥233 will ignore all characters of that message
until a terminator is received. This insures that noise or
communications errors are not spread throughout the network.
Error bit 2 of the status bytes will -be set to record this error.

User Reserved commands are treated the same as Undefined commands
until the CY¥233 receives an All Echo Command (Jaa<cr>). After
this, any User Reserved command is treated as a €¥233 serial
message for communications purposes, but is always echoed by the
CY233. This allows a non-C¥233 device on a network to have its
own messages, independent of those for the C¥233.
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Network Serial Commands

Test Network Link, @aa<cr>

Undefined, Hex Character conflict
Undefined, Hex Character conflict
Undefined, Hex Character conflict
Undefined, Hex Character conflict
Undefined, Hex Character conflict
Undefined, Hex Character conflict

Reserved command letter

Undefined

Initialize CY¥233, Iaa<cr>

Enable A1l echo mode, Jaa<cr>

Enable parallel Error status, Kaa<cr>
Undefined

Fill consecutive locations, Maahh...hh<crs
Display consecutive locations, NWNaacchh...hh<cr>
Reserved command letter

Set Periodic Master mode delay, Paatttt<cr>
Query for serial error status, Qaass<cr>
Read from parallel device, Raad...d<cr>
Sense local address, Saabb...ll<cr>

Set handshake Timeout delay, Taatttt<cr>
Tocken messadge, Uaa<cr>

Undefined

Write to parallel device, Waad...d<cr:>
Transfer to parallel device, Xaad...d<cr>
User Reserved, ASCII 55h

User Reserved, ASCITI 5Ah

User Reserved, ASCII 5EBh

User Reserved, ASCII 5Ch

User Reserved, ASCII 5Dh

User Reserved, ASCII 5Eh
User Reserved, ASCII 5Fh
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Parallel Commands

Gl

Reserved command letter

H

Initialize C¥233, I<cr>

Enable All echo mode, J<cr>

Enable parallel Error status, K<cr>

Load value of Status byte 2, Lvv<cr>
Reserved command letter

Set Periodic Master mode delay, Ptttt<cr:>
Generate Sense Message, S<cr>

Set handshake Timeout delay, Ttttt<cr>

o &5 w o o9® 0o B O =®\o4y

Generate Token message, Uaa<cr>

Oonly the commands listed above are available as Parallel
commands. Any others will set the parallel status error bit 2,
for an invalid parallel command format, then attempt to continue
with a normal FPL initiated data message. This is similar to a
normal FPL read operation, with an address other then 0FFh, and
will result in a serial read or write message, depending on the
level of the R-W/ line.

76



LAN Serial Commands

@ Return LAN Node Address, @aa<cr>

G Reserved command letter

I Initialize C¥233, Iaa<cr>

0 Reserved command letter

P Pass Parallel Command to Network C¥233, PCmd<cr>
0 Query for serial error status, Qaass<cr>

R Generate Read Message to Network, Raad...d<cr>

. Set LAN handshake Timeout delay, Taatttt<cr>

W Generate Write Message to Network, Waad...d<cr>

Any command letters not listed above should not be used in a
Local Area Network. All LAN commands not 1listed will be
attempted as 1f they were received by a Network mode <C¥233.
While many of these commands will not generate any error status,
their operations do not make sense in a LAN enviromment, and
their use will probably cause other data transfer errors.
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8  Network Serial Command Details 8

In the following descriptions, command formats are shown with
particular fields designated by various letter combinations. The
command headers are all similar, consisting of the particular
command letter (upper case ASCII), followed by a two character
hex address, indicated by "aa". This is followed by the data
portion of each command, and varies with the particular function
involved. Commands end with the terminator character, a carriage
return in the ASCII modes.

Read (R) Command

The read command, designated by "R", will read and transfer one
byte of information, 1f the command is received from the serial
side, or if initiated from a Master mode. However, if a local
read 1is initiated by a parallel device, using the FPL/ line,
multiple data bytes may be returned in the same message.
Therefore read messages may have more than one data byte. The
general formats are:

R aa <cr>» as sent by the serial host, or

Raad ... d <cr=> reply in ASCII, and

R aa hh ... hh <cr> reply in Hex
The spaces are added for clarity, but are not actually part of a
message. In ASCII Character mode, "d" represents a single data
byte value, sent as a single character. In the Hex mode, "hh"

represents a single byte value, sent as two Hex characters, with
the most significant nibble sent first.

When the CY¥233 is operating in the Echo None modes, the "Raa'
portion of the message will not be echoed by the part, for any
Read commands received by the serial side. The reply for these
messages will consist of the single data value and terminator
portions only. Messages initiated locally in the Master mocde, or
by use of the FPL/ line, will always contain the "“Raa" header,
allowing the network host computer to identify the source of the
data.

For the Echo Invalid cases, the CY233 treats the Read command
specially, since a reply is expected when the command is received
from the serial side. The €Y233 for which the message is walid
will echo the "Raa" header along with the reply and terminator.
Since Echo Invalid is normally used in a Ring ecenfiguration, this
keeps the reply from being lost at the next node in the ring, and
insures that the complete message will be returned to the network
host computer.

78



Write (W) Command

The write command, designated by "W", will transfer any number of
bytes to the parallel device, and finishes when the terminator is
received. The formats are:

Waa d ... d <cr> in ASCII,

W aa hh ... hh <cr> |[in Hex, and

ad ... d<B3> in Binary

Note that Binary mode uses single bytes for all data, including
the CY¥233 address that starts the message. An identical format
is used to send data read in the Master mode or by the FPL/ line
in Binary mode. If the first data byte of a Binary message has
the value FFh, it is not considered the terminator, and will ke
written to the parallel device. In this case, a separate
terminator must still be supplied. The message terminator byte
is not written.

In the ASCII Character modes, the carriage return terminator is
written to the parallel device. It is both the last wvalue
written, and the character that ends the message. In the ASCIT
Hex modes, the terminator is not written, since it is not part of
the Hex alphabet. To write the value 0Dh to the parallel device,
send the two hex characters "0" and "D".

When the parallel device pulls the R-W/ line low during Master
mode or FPL/ reads, the resulting message will be a Write message
instead of the default Read message. The formats are identical
to those received from the serial side, and allow a parallel
device to generate write messages for another parallel device in
a C¥233 network. This feature allows networks that do not
contain host computers, but limits the types of messages that can
be handled by the network. Only the "R" and "W" commands would
be available in this case.

Transfer (X) Command

The transfer command, designated by "X", is similar to the write
command, but in the ASCII character mode it will not write the
terminator carriage return, unless it is the first data
character. This allows users to operate the C¥233 in the ASCII
mode, but write messages to the parallel devices without always
writing the carriage return terminator.
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Also, operation of the transfer command is identical in ASCII and
Hex modes, with one data byte written per character received.
This 1is not the standard hex format, in which two serial
characters represent one parallel byte value. However, it makes
direct data transfers possible with a C¥233 that is normally
configured for the Hex character mode. If this function is not
desired, simply do not use the X command in Hex mode C¥233
networks. The command format is:

Xaad ... d <cr>

The command will write out the "d ... d" portion, as one byte per
character received, with a normal handshake executed for each
byte transfer. Note that the terminator is never written, unless
it is the first data character, where it is treated as a data
value instead of a terminator. In this case, the message must
still include a separate terminator character.

Fill (M) Command

The CY¥233 has a special command for writing individual bytes to
sequential addresses, known as +the fill command, using the
command letter "M". The message header contains the starting
address, which must be valid for the command to continue. The
C¥233 writes the first data value to the starting address, then
increments the address for each additional value received. These
next sequential addresses are not tested for wvalidity, the data
transfer simply proceeds with a new address. The function ends
when the message terminator is received. Message format is:

M aa hh ... hh <cr>

The £fill command uses a hex format for the data portion of the
message. This 1is true for both ASCII Character and ASCII Hex
modes, and allows arbitrary data to be written to sequential
addresses. For example, "M02215A7F<cr>" would write 21h to
address 02, ©5ah to address 03, and 7Fh to address 04. The
terminator is not written, as is standard with hex format data.

Display (N) Command

As a complement to the fill command, the CY233 also has a display
command, designated by "“N". This command will read data bytes
from sequential addresses and send the results back in a =single
message. The display message format includes a count parameter
after the address, to indicate how many bytes to read. The count
is a two character hex wvalue, similar to the address, and allows
from 1 to 256 data bytes to be read. Format is:

N aa cc <cr> as sent by the serial host, and

N aa cc hh ... hh <cr>|as sent by reply from the C¥233
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ROM Dump

In the Echo None modes, the CY¥233 will not echo the "Naacc"
porticon of the reply. Data values are sent in the hex format for
both ASCII and Hex modes, and there will be cc values of hh data
in the reply, with each value coming from the next sequential
address, starting at address aa. Only the starting address is
tested for wvalidity. If the cc value is zero, 256 values will be
sent.

The CY¥233 implements several mode control commands that have no
data portion to their messages. These commands enable a
particular function that is specified by the command letter only.
No data transfers take place, since these commands control some
internal c€¥233 function. Note that a valid address must be
received before the C¥233 will act on the command, allowing these
special commands to be used by only particular devices in a
network of parts.

All Echo (J) Command

The first command enables the echoing of characters between C¥233
messages, and support for the User Reserved command messages,
which could allow the mixing of €¥233s with other serial
equipment in a single network. User Reserved messages will be
echoed by the CY233, so it will not act on them. The echo will
continue until the terminator character is sent. Also, any non-
command characters, such as control codes or lower case ASCII
characters will be echoed between messages. However, as soon as
a valid command letter is received, the CY¥233 will intercept the
data stream and treat it as a CY233 message. The command uses
the letter "J", for all echo mode. Message format is:

J aa <cr>

This will enable the all eche function for the specified C¥233.
Once this mode is turned on, it can only be +turned off by
restarting the C¥233.

Enable Error (K) Command

Another control command enables the parallel error status
function, and is designated by "K", for error enable. When this’
command is received, the specified C¥233 will indicate error
status to the local parallel device (when errors occur), using
the WR/ signal while the C¥233 is idle. Message format is:

K aa <cr>
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This function is enabled by command because it uses signals that
are also involved in the normal parallel data transfer. If the
parallel device is not intelligent enough to handle the error
status indication and backwards handshake of this mode, confusion
could occur between the CY233 and parallel device whenever some
error was detected. Since the function is enabled by a serial
command, the network and host computer must alse know which
parallel addresses are able to handle local error status. Note
that the local device could also enable this function by loading
the parallel error enable command into the C¥233.

The error status byte values and special handshake mode are
described in the previous section on The Parallel Side.

Initialize (I) Command

The last control command allows the network to restart a C¥233
without pulsing the Restart 1line. The initialize command,
designated by "I", is equivalent to generating a local, hardware
restart. A valid address and terminator must be received before
the C¥233 will reset itself. Message format is:

I aa <cr>

This command turns off any special functions, such as enabled by
all echo and error enable, and causes the CY¥233 to reconfigqure
itself. It will redetermine all power-on characteristics,
including baud rate, parity, and character length. Nocte that for
the adaptive baud rate function, the I command message must be
followed by two additional carriage returns to properly reset the
C¥233 baud rate, prior to resuming normal operations.

Query (Q) Command

The gquery command, designated by "Q", will send internal status
information about the CY¥233 out the serial side, and will not
attempt a parallel data transfer. This is intended as an error
reporting mechanism, with the status information indicating if
parity, buffer overflow, badly formed messages, or parallel
timing problems have occurred. The status flags will be cleared
when they are read by this command. The serial error status byte
reported by this command is separate from the parallel error
status that can be read by a local parallel device. This allows
both the network and the parallel device to query the CY233 for
error status. When an error occurs, the status bits of both
bytes are set by the CY233, and when a status byte is read, only
that status byte is cleared, allowing the other of the serial and
parallel sides to also receive the same error information.
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The guery response may send back one or two status byte wvalues.
The first value contains the error status flags described above,
while the second byte can contain an optional wvalue loaded by the
parallel device. When the C¥233 is restarted, the second status
byte wvalue is set to zero, and so long as it remains zero, the
byte will not Dbe sent by the query command. However, 1if an
intelligent parallel device sets a non-zero value, using the
parallel load (L) command, this value will alsoc be sent. Use of
the second status byte and interpretation of its wvalues is not
predefined, but left to the user application.

Command format is:

Q aa <cr> as sent by the serial host, and

Q aa ss <cr> as sent by reply from the C¥233, or

Q aa ss ss <cr> as reply from the C¥233 with two values

Note that the “Qaa" header will not be sent in the Echo HNone
case. Also, this command sends the "ss" serial error status as a
hex (two character) value in both ASCII and Hex modes. The error
bits of the first serial status byte are the same as those for
the parallel status byte, and are repeated below. Note that Bit
7 is added as a status indicator, and will not be cleared when it
is read. The bit is set when the parallel Sense command is
loaded, and enables the passing of the U token message to the
parallel side.

Bit 0 Received Parity Error

Bit 1 Receive Buffer Overflow

Bit 2 Invalid Command Format

Bit 3 Parallel Write Handshake Timeout

Bit 4 Parallel Read Handshake Timeout

Bit 5 Parallel FPL Mode Handshake Timeout

Bit 6 Char Received was not Carriage Return
in the Adaptive Baud Rate Setup

Bit 7 Write U Token message enabled

Timeout (T) Command

2 timeout command, designated by "T", will allow the network to
define the timeout for the parallel handshake. When the CY¥233 is
reset, the timeout value defaults to one bit time longer than the
character time at the chosen baud rate. For baud rates faster
than 9600, the 9600 baud times are used, giving a multi-character
timecut for those rates.

If +the local parallel device does not respond to a C¥233 data
transfer within this time period, an error is set, and the C¥Y233
continues. If the CY¥233 is writing to the parallel device, the
data transfer continues as if the parallel device had generated a
proper handshake.
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When the C¥233 is trying to read from the parallel device, a
timeout will abort the read and terminate the command in
progress. No read data will be sent in this case. However, the
message terminator is sent, indicating the end of the transfer.

The T command allows the network to redefine the timeout period.
The message format is:

T aa tttt <cr>

The "tttt" portion represents a 16 bit time value, sent as 4 hex
digits. Each increment corresponds to about 1.1 usec at 11 MHz,
giving a timeout range of about 1 usec to 72 msec for the
handshake. If the wvalue is zero, the timeout function is
disabled, and the parallel device must participate in the
handshake for the process to continue. Note that a dead parallel
device can hang up a CY¥233 network in this case.

Periodic Delay (P) Command

The C¥233 has a second timing related command, designated by "P",
for Periodic delay. This time function may be used when the
C¥233 is in a Master mode, and sets a time value for which the
CY¥233 will delay between Master mode data reads.

The default 1is for this delay to be disabled, so the C(¥233
attempts Master mode reads as quickly as possible when it is in
the Master mode.

If the delay is specified, the <C¥233 will delay for the
designated time before attempting another Master mode read. The
delay will occur between every successful Master mode read.
However, after the delay has expired, the CY233 will sequence
through any invalid addresses as quickly as possible, until
another read is successful, and generates a Master mode read
message. The <C¥233 will then delay for the designated time
before making another Master mode read attempt. Message format
for this command is:

P aa tttt <cr>

The format is similar to the timeout command, but here the time
value represents the Master mode delay time. Each increment
represents about 72 msec, giving a range of 72 msec to about 78
minutes to the delay. Note that a CY233 that is busy processing
other nework messages will not delay exactly as long as specified
by this command, since other data transfers will effect the
internal delay function. Also, if the delay wvalue is zero, the
periodic delay is turned off, and the C¥233 reverts toc the
default case, performing Master mode reads as quickly as
possible.
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The periodic delay allows a network to set the "sampling" rate of
the Cc¥233, when connected to a parallel device that indicates a
slowly varying function, such as temperature. The C¥233 may be
left in the Master mode, to automatically read the parallel
value, without flooding the network with messages that contain
the same data over and over. This operation would allow a host
computer to monitor many such sensors, without generating read
requests or dealing with a constant stream of redundant data
values. It also makes the parallel interface design easier,
since the parallel device is not required to switch the CY¥233
between Slave and Master modes when data values change.

Network Test (@) Command

When the C¥233 receives a message beginning with "@", it is
simply echoed back, with no local action. No address test is
performed, and the echo function occurs in any echo mode,
including the echo none case. Echoing will continue until a
terminator character is sent. The purpose of this message is to
provide a mechanism for testing ring networks. When the host
computer that controls the ring sends the test command, it will
be echoed from one CY233 to the next in the ring, until it goes
all the way around, and back to the host. If the message comes
back, the host knows that all nodes of the ring are alive, and
all ring connections are operating. If the test message does not
come back, a ring connection is broken, or one of the nodes is
not operating. While any form for the test message is allowed,
we recommend using:

@ FF <cr>

In a properly operating ring, the message will come back in the
same format that it was sent.

Address Sense (S) Command

The sense command performs a special function in a €¥233 ring

network. The action taken by a particular C¥233 depends on
whether the first address of the sense message is valid at that
C¥233 or not. This command is provided as a mechanism for

intelligent parallel devices to determine what addresses are
present in a ring network. It is also supported for a LaN
network, and allows serial computers connected to one node of the
LAN to determine what other nodes are resident and functioning.
The LAN aspects of this command will be discussed later in this
section, and in the section on Local Area Networks.

When the sense message is received by the CY¥233 in serial form,’
the address 1is tested for wvalidity, as with other serial
messages. If the address is not valid at this C¥233, the sense
message is echoed until the message terminator is received.
Before the C¥233 echoes the terminator, it appends <the local
address of this CY233 to the end of the message.
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This mechanism builds the sense message at each CY¥233 node of a
ring network, eventually resulting in a message that contains all
the addresses of CY233s in the ring. Every address is appended
to the message in hex form, matching the address format of other
messages for the CY233. The sense message is echoed in any mode,
including the echo none case. General format is:

S aa XX ... ¥X <cr>|as sent around the ring

Each "xx" field will represent the address of one C¥233, added to
the message when it is echoed through that C¥233.

When the sense message arrives at a CY233 for which the first
address is valid, a different action takes place. At this point,
the entire sense message is written to the parallel device, and
the message is removed from the network. The message will not be
echoed any further, even in the echo all or echo walid modes.

The parallel device will receive the entire message, including
the command letter "S" and the first address field, which is the
address of this local C¥233, as follows:

S aa ¥¥ ... XX <cr>|as written to a valid address

Note that the first address, "aa", is the address of the local
CcYz233 connected to the parallel device, while the other
addresses, "xx", are the addresses of other CY¥233s on the ring.
The sense message is started by 1loading the parallel sense

command into the local C¥233, as explained in the next secticn on
Parallel Commands.

's 00 0| 02 ' ., 'S 0000203 )

If the first address does not match the C¥233 address, then the
CY233 simply appends it's own address to the message string.

's 00 01 02 '

#0

L

's 000l 02}

Token (U) Command

When the CY233 receives a message beginning with the token
command letter, "U", it will perform one of two functions. % o
the serial error status bit 7 is set at this CY¥233, the token
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message Wwill be written to the parallel device and removed from
the network. No address testing is performed on the message, and
it is written until the terminator is received and written.

Bit 7 of the serial error status byte is set when a parallel-
sense command is loaded inteo the CY233. This implies that an
intelligent parallel device is present that can deal with the
addresses of other CY233s on the network. The token command is
implemented to allow network communications to occur on a token
passing basis.

The use of this function is strictly optional. Communications on
a network wmay proceed without any token scheme at all, and we
expect that most C¥233 networks will not use token messages. The
token scheme is also very useful in LAN based communications, and
will be discussed in detail in the Local Area Network sections.

Although the token message supports a general format, we
recommend using:

U aa <cr> for the Network Token Message, with

U aa <cr> passed to the local device

Note that +the entire message is passed to the local device,
including the command letter "U",

If bit 7 of the serial error status byte has not been set for the
C¥233 receiving the token message, that CY¥233 does not pass the
message to the parallel device. In this case, the token message
is simply echoed to the next CY233 on the ring. This allows a
ring to consist of CY233s with intelligent parallel devices
connected, that can operate on a token basis, aleng with <C¥233
nodes that are not connected to intelligent parts. Those nodes
with simple hardware just pass the token on to another node that
can handle the message.

5 RS

i1 P

Illustrating the effect of status bit 7 on the tocken command, 'U'.

Reserved Commands

In addition to the commands already described, the command
letters "G" and "O" are reserved for testing purposes. These
letters may not be used to start normal command messages, and
unspecified results will occur if these commands are tried.
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9 Parallel Command Details 9

In addition to the serial messages sent to the CY¥233 over the
network, it can also accept parallel commands from the local
device connected to the parallel side of the C¥233, All parallel
commands are read by using the FPL/ line to 1load the command
bytes, with the parallel device supplying an external address of
0FFh, that is, with all address lines high. Any other address
will treat the loaded data as part of a standard FPL/ read
function, and generate a network read or write message, depending
on the level of the R-W/ line.

Serial In CY233 | Serial Out

d M
” ﬁPﬂruHel Commands In

When the CY¥233 detects that the parallel device is issuing a
parallel command, the command letter is checked for walidity, and
the parallel command is performed if it is wvalid. Otherwise, the
CY¥233 will treat the data as a standard FPL/ function, and
generate a read or write message with address FF.

All parallel commands involve multiple bytes, so the parallel
device must hold the FPL/ line low until the entire command has
been read by the CY¥233. Once the command is entered, the Cv233
performs the desired action, then continues with its normal
operations.

Most of the parallel commands duplicate functions that are also
available through serial messages, such as setting the handshake
time out value. Others perform differently when issued from the
parallel side. These will be discussed in detail in this
section, while the commands that behave the same from both the
serial and parallel sides will only be mentioned briefly.
Reference the previous section on Network Serial Command Details
for more information.

241l commands have a format that is similar to the message
structure of the serial side. However, the address field is not
used, since the CY¥233 does not perform any address tests with the
parallel commands. Thus, the parallel commands use a command’
letter, a data field (if needed), and a terminator. All bytes
are entered using the ASCII code values for the characters.
Parameters are entered as hex characters when needed, not as
binary wvalues. This will require two byte reads to load one B8
bit value into the CY233.
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Initialize (I) Commmand

The parallel initialize command is equivalent +to the serial
version, and allows the parallel device to restart the local
C¥233. cCommand format is:

I <cr>

Note that addresses are not used within the structure of the
parallel commands.

All Echo (J) Command

The parallel all echo command is equivalent to the serial
version, allowing the parallel device to enable this mode on the
local C¥233. Command format is:

J <cr>

Parallel Error Enable (K) Command

The error enable command, that enables the CY¥233 to present any
detected errors to the parallel device, can alsoc be issued by the
parallel device. The function is equivalent to the serial
version. By using this command, the intelligent parallel device
can tell the CY233 that it can handle the special handshakes of
the parallel error status. Since this is a function between the
CY¥233 and the local parallel device, having this command relieves
the network host computer from knowing which nodes should have
this function enabled. Command format is:

K <cr>

Handshake Timeout (T) Command

The local parallel device can also set the handshake timeout
delay used by the C¥233 in reading or writing with the device.
When the <CY¥233 is reset, this delay defaults to one bit time
longer than the baud rate setting of the C¥233. With this
command, the local device can adjust the timeout to match its own
characteristics more closely. The function of this command is
equivalent to the serial version. Command format is:

T tttt <cr>

Note that no address is used, but the timeout walue is still
loaded as four hex digits. Internally, the CY233 will tramnslate
these digits into a 16 bit wvalue. The parallel device must use
the proper ASCII code value for each digit leoaded into the C¥233,.
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Periodic Time Delay (P) Command

The local device can also control the periodic delay used to set
a "sampling rate" for the C¥233 in the Master mode. This command
is equivalent to the serial wversion, and has a format similar to
the handshake timeocut shown above:

P tttt <cr>

Load Second Status Byte (L) Command

The parallel device has the opportunity to load a special value
into the C¥233, using the parallel load command, indicated by the
command letter "L". This command does not have a serial
equivalent. It is unigue to the parallel side. If the value
loaded is non-zero, the C¥233 will send this value ocut as part of
the serial guery command. No special meaning has been assigned
to this value, and it may be used as desired by the application.
One possibility would be a means to identify the nature of the
parallel device connected to the C¥233. This would allow a
serial host computer, that is controlling the network, to
determine +through the query command what types of parallel
devices are connected in the network. Command format is:

L v <gr>

The "yv" portion is a two digit hex value that is used as <the
value of the second status byte. When the value is not zero, the
CY¥233 will send it after the serial error status byte of the
query response. When the value is zero, only the error status
byte is sent. The second status byte value is set to zero when
the CY233 is reset.
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Example of “Load Status Byte” (L) Command

Assume the local device at CY¥233 #3 wishes to Load a value into
the second status register as shown below: We examine the
response to a serial Query command before and after the Load.

Q 03 ) Q 03 ss)

"pre-Load" T 2y
Query First Status Byte

(Only)

Load Value 'wvv! The Parallel Side

receives the
"Toad Value wv"

command from the
local device.

After 'vv' Loaded

Q 03 ss Vv )
"pPost~-Load" —-'
Query
First Second

Status Byte Status Byte
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Sense Address (S) Command

The parallel =sense address command is related to the serial
version. However, the exact function is different from the
serial side. When a parallel device loads the parallel sense
address command into the C¥233, this starts the generation of a
serial sense message. The first address of the message will be
the local address of the CY¥233, so when the message 1is sent
around the ring network, it will be removed by this C¥233. The
response will be to write the sense message back out to the local
parallel device, with the addresses of all CY233s of the network
appended to the message. Command format is:

5 <cr> as issued by the parallel device

5 aa <cr> as the start of the serial sense message

S aa XX ... XX <cr> | as written back by the C¥233

Note that the local parallel address must be reapplied to the
C¥233 as soon as the parallel sense command is loaded. Remember
that the address must be 0FFh to load the command, but the C¥233
will try to read the local address just after the command has
been 1loaded, and the FPL/ line is high again. The "aa" address
used in the message will be the address read by the CY233 from
the address lines. The address will not be tested for wvalidity,
and the ACK/ line test is not performed. Only the value on the
address lines will be used.

Once the message has gone all the way around the ring, and is
received by the local CY¥233 (on its serijal side), a normal
address test is performed, and if the address "aa" is valid, the
entire sense message, with all the other appended addresses, is
written back to the parallel device. This allows the parallel
device to know what other CY233 addresses are wvalid in the
network. These addresses could then be the targets of Write data
messages generated by the parallel device.

An additional effect of the parallel sense address command is to
set bit 7 of the serial error status byte. This enables the
CY¥233 to write any token (U) messages to the parallel device,
rather than echoing them on to the next C¥233 of the ring. This
function is more useful in LAN configurations that in networks of
CY¥233s with parallel devices. However, it may be used if
desired.
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Example of Use of the “Sense” Command

The 'Sense' command is provided as a means of sensing "who" is on
the network. In normal use, the sense command is initiated by a
parallel device, makes it's way around the ring, sensing the
addresses of all ring C¥233s, and "gets off" the ring at the same
place it was inserted. The following example assumes devices 01,
02, and 03 are on the ring network. We will follow through the
case in which device 02 sends a sense command to the ring.

The local device
at CyY233 #02
issues the sense
command, 'S)'.

C¥233 #02 appends
it's own address
and outputs the
sense command
serially.

the command and
appends it's
address, then
retransmits.

£y233

—

CY¥233 #01 receives
the command and
appends it's
address.

CY233 $#02
recognizes it's
own address is
first, and takes
the sense command
"off the ring",
allowing the
originating device
: . to set up it's
502030l ) Mdirectory" of
ring devices.
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Token (U) Command

The parallel token command is related to the serial wversion, but
the function is different when it is loaded from the parallel
side. When the token message is received on the serial side, the
C¥233 will write the message to the parallel device, i1f bit 7 of
the serial error status byte is set. Otherwise, the token
message is simply echoed to the next C¥233. When a token message
is loaded from the parallel side, the C¥233 will generate a tocken
message to the network.

CY233
NET

1:tr

'Uxx)'

5 Uxx)'

This 1is the mechanism that creates a token message and sends it
to the next CY¥233 of the ring. There, if an intelligent device
is attached, the token is written to that device, indicating that
it may make replies to the network. When that device is
finished, it resends the token, as a parallel command, sc the
next C¥233 node on the ring has a chance to transmit. This
mechanism may be used to implement a general token passing
network communications scheme. Command format is:

U aa <cr>» as loaded by the parallel device, and

U aa <cr> as sent serially by the C¥233

Note that any value may be used for the "aa" portion of the token
message. The CY233 does not perform any address tests or expect
any particular value for this field.
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10 LAN Serial Command Details 10

When the <€¥233 is operated in the special LAN mode, it 1is
connected serially to a local serial system, and has its parallel
side connected to another C¥233 that is operating in the normal
network mode. The details of these connections are covered in
the section on Local Area Networks.

Serial |n Serial OQut
(Ring) |15 (Ring)

(See 15 for detmils )

I
I
]
I
[}
[
[] |
i I
: |
! j.q_lmercmnemmn
1
I |
i i
i |
1
| |
I I
| 1
i

M g e B -f’
Serial Out ¥ Serial In
(Local) (Local)
.
o

| Sy
| —

This connection scheme allows a local serial system to be
connected to a network of other serial devices, through the CY¥2332
nodes. A standard serial computer can now communicate with any
other system alsoc connected to the network.

When the LAN CY¥233 is operated in a message (non-UART) mode, the
LAN C¥233 operates with serial messages, similar to the network
operation. However, some of the message commands are a little
different from the standard network versions, and others should
not be used in this scheme. In general, a LAN CY¥233 will treat a
message the same way a Network CY233 does, unless that command
has a special LAN function. However, some of the commands, such
as sequential £fil11 and display (M and N), transfer (X), and
enable parallel error (K) do not make sense in a LAN system.
While the LAN CY¥233 will not generate errors for these commands,
they should be avoided. ©Only the commands listed in the table of
LAN Serial Commands should be used.

85



Write (W) Command

The most common command message used in a LAN system is the write
message. This is the message that will be sent to other nodes of
the network, so it implements the basic communications from one
serial system to the other.

When a local serial system generates a write message, the format
is similar to normal network write messages, including the
command letter, target node address, data portion, and
terminator. Note that the address portion of the message
contains the address of the LAN node where the message is being
sent to, the target address. As a special function in the L&N
mode, the LAN CY¥233 automatically adds the source address of the
nessage into the message structure. General format is:

Waa d ... d <cr> as sent by the local serial system

Waass d ... d <cr> as sent over the network, and

Waa ss d ... d <cr> as received by the target system

The "Maza" portion of the message represents the target address,
while the "ss" portion is the source address, added by the LaN
CY¥233. This allows the receiver to know who sent the message,
without that information being part of the message data.

In this example, the local

' serial device connected

05 03 %—} (through a CY233 IAN) to

- network C¥233 #03, writes

-T-ﬂmm a message to target device

Source #05. The local address

Address (03) is automatically

appended to the target

i address, thus allowing

Eﬁ%‘:g g;mn ;.- ntelligent targets to

; dentif the message
W 05 xx }! Eﬂurce.Y

(mnl Serial Dﬁv@
"'|-|_._‘____._.---""'-'d

The LAN C¥233 can also be operated in the Hex Character or Binary
modes, with corresponding formats to the write messages:

W aa hh ... hh <cr>|as sent by the local system in hex

W aa ss hh ... hh <cr>|as sent to the target in hex

ad... d <0B3h> as sent by the local system in binary

asd .., d <0B3h> |as sent to the target in binary
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Note that in Binary mode, only the write message command 1is
supported, since the message structure does not have a command
letter. The LAN CY¥233 assumes all received messages from the
local serial system are write messages, and will send them out
the network as implied writes. When they reach their target
nodes, these messages will be written to the local serial systems
connected to those nodes. Other LAN commands are not supported
in the Binary mode.

Read (R) Command

The read command and message structure is identical to that used
for the write messages of a LAN system. However, read commands
should be used with great care. When the read command arrives at
the target node, the Network C¥233 of that node will attempt to
perform a read operation from the LAN CY233. If the LAN C¥233

does not have anything to read, the cperation will fail. In
general, read messages should only be used in a ILAN if there is a
host computer connected at the network level. These messages

should never be directed at another CY233 node of the network.
The message format is:

Raad ... d <cr> as sent by the local serial systen

iiR aa ss d ... d <cr> as sent over the network

Initialize (I) Command

The IAN initialize command is similar to the standard network
initialize command, and has the same message format:

I aa <cr> as sent by the local serial system

The "aa" portion of the message represents the address of the
local IAN node. TIf the addresses match, the LAN C¥233 of the
noede will perform a restart operation, and will redetermine all
power-on characteristics. Note that this command only resets the
LAN C¥233 of a LAN node. The Network C¥233 of the node 1is not
effected. A special pass command, described below, can be used
to restart the Network CY233.

Query (Q) Command

The LAN CY233 also supports a qguery command. This command will
return error status to the local serial system, since that is
what 1s connected to the serial side of the LAN C¥233. Format
and function are equivalent to the standard network wversion: ;

Q aa <cr> as sent by the local serial system

Q aa ss <cr> as sent by the CY233 to the local system
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The "Qaa" portion will not be sent if the echo none mode is
chosen for the LAN C¥233. The meaning of the error status byte
is the same as for the Network CY¥233, except that bit 7 of the
LAN serial error status indicates if the LAN has detected a
timeocut for a token response. This function will be discussed
later in this section.

Handshake Timeout (T) Command

The LAN handshake timeout command is used to set the timeout
value for handshakes between the LAN CY¥233 and the Network CY¥233
of a LAN node. The local system is connected to the LAN CY233 by
a serial port, so this command will not effect communications
between the LAN C¥233 and the local system. This command may be
useful if the Network CY¥233 and LAN CY233 are not operating at
the same baud rates. This function is discussed in the section
on Leccal Area Networks. Message format is:

T aa tttt <cr>

Note that this command only effects the timeout of the LAN C¥233,
not that of the Network C¥233 of a node. A special pass command
may be used to also set the timeout wvalue of the Network CY¥Y233,
and is discussed below.

Local Address Query (@) Command

When a LAN CY¥233 receives the address query message, designated
by the "@" character, it performs a different function than that
of the Network CY¥233. Recall that the Network CY¥233 would simply
echo the message along in a ring. The LAN C¥233 will read the
address that has been assigned to the local L&N node, and return
that address value to the local serial system. This allows the
local system to determine the address of the node to which it is
connected. Message format is:

@ FF <cr> as sent by the local serial system

@ aa <cr> as returned by the LAN CY233




The address portion of the message must be "FF" when the local
system sends the message to the LAN C¥233. Any other address
will generate an invalid command format error. The C¥233 will
send the message back, replacing the "FF" portion with the actual
node address,

Parallel Pass (P) Command

The LAN C¥233 supports one additional special command, the
parallel pass command, designated by the letter "pPY, This
command will not perform any function at the LAN C¥233, but it
will pass a command in parallel to the Network CY¥233. This
allows the local serial system to contrecl some of the Network
CY¥233 functions, even though the local system is not connected in
any way to the Network CY¥233 of a LAN node. The command letter
acts as a prefix for the LAN C¥233, and the LAN CY233 will pass

any following command to the Network CY¥233. The parallel
commands supported by the Network CY233, as described in the
previous section, may be sent using the pass command. General

command format is:

P Command <cr>

Where the letter "P" is a prefix to the normal parallel command
supported by the Network C¥233. Not all parallel commands are
appropriate in a LAN system, so the most useful commands will be
described below. Other parallel commands, such as all echo (J)
probably do not make sense in a LAN system.

If the 1local serial system needs to know what other nodes are
connected in the network, it can send the Sense Address (S)
command to the Network CY¥233 as:

P 5 <cr>

When this command is received by the LAN C¥233, it will pass the
hg<cr>" portion to the Network C¥233, and this will start the
sense address message around the network. When the message comes
around to the originating node, the Network C¥233 will write it
to the ILAN CY233, and the IAN CY¥233 will send it back to the
local system as:

S aa X¥ ... XX <cr=

This 4is analogous to the operation of the command in a network
with parallel devices.

Once the sense address command has been sent, the Network C¥233
of the local node is also enabled to pass the Tocken message to
the LAN CY233, if such a message arrives at the node. When the
LAN CY233 receives the Token message, it also passes this message
to the local system as:

U aa <cr=>
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Where the "“aa" portion is the address field of the Token message,
not the local node address.

In a token based network, the local system that receives the
token is allowed to make transmissions to other nodes of the
network, normally using the Write messages described previously.
Once the local system is finished, it releases the token, so the

next node has a chance to transmit. To release the token, it
must be passed to the Network C¥233 as:

F U aa <cr>

which will cause the Network CY233 to generate a token message to
the next node of the network.

— '"UFF )’

'PUFF )
) \ Gommnnd to
Parallel placed on

Pass BErml Ring
Prefix
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Token Timeout Details

After the LAN CY233 passes the token to the local system, it also
begins a special timeout function, to insure that the token is
not lost to a system that is not functioning. If the local
system does not make a response within five times the current
handshake timeout period (usually five character times), the LAN
C¥233 will resend the previous token message on its own, so the
rest of the network is not hung waiting for a token. If this
timeout occurs, the LAN CY¥233 also sets bit 7 of its serial error
status byte, to indicate a token timeout error. This error will
be reported to the local serial system with the next gquery
command response.

Other pass commands that the local serial system might want to
use are the initialize (I) and handshake timeout (T) commands,
sent as:

P I <cr>

P T tttt <cr>

The passed initialize command will cause the Network C¥233 +to
restart itself. Thus, with the I command to the LAN C¥233, and
the passed I command to the Network C¥233, the local system can
restart both CY¥233s of a LAN node.

Similarly, the passed timeout command will modify the handshake
timing of the Network CY233, and can be combined with the timeout

command to +the LAN CY233 to change the timeout wvalues of both
devices.

The remaining parallel commands are of limited use in a Local
Area Network, and should probably not be passed from the local
serial system to the Network CY¥233.
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1 1 Basic Networks 1 1
The CY233 NETWORK Mode

The Network Mode is the normal operating mode of the C¥233. In
this mode, multiple C¥233s may share a single serial 1line,
messages are used for all serial communications, and the various
CY233 commands are available.

Each message contains a CY¥233 device address, and an address test
is performed when the CY¥233 receives the start of a message.
This test is performed in two steps. First, the address lines
are driven with the specified pattern, and after the ADDR/
strobe, the CY¥233 reads the address lines back and compares them
to the desired address. If there is a match, the second test is
performed, which is a check of the ACK/ line, after a 70 usec
delay. If the ACK/ line is high, the address is considered
valid, and the message function continues. If the address fails
either test, the message is invalid, and the CY¥233 ignores the
message function, but does echo the message 1f Echo Invalid or
Echo All meodes are active,

Parallel side data transfers occur with the specified handshake
and timeout functions already described. Transfers may occur in
the strobed and non-strobed modes. The message command and
chosen character mode determine how the message contents are
treated and what data transfers take place.

Master mode reads will occur when the CY¥233 is idle, with no
messages being received or transmitted. The reads will sequence
through all possible addresses, in search of a valid address.
When a valid address is found, a read is attempted, and if
successful, a complete message is generated for that transfer.
All master mode reads generate messages with one data value only.

Once the resulting message has been sent, the C¥233 will check
the next sequential address if still in the Master mode. The
segquence continues until the C¥233 finds the next valid address.
When a single parallel device wants to send multiple bytes, it
must wait for the C¥233 to sequence through all addresses for
each byte read. Multiple bytes are sent with an individual
message for each byte wvalue.

For Master mode reads, the parallel device may drive the R-W/
line low to specify a write message be sent with the data value.
If R-W/ is not driven, or driven high, read messages result from
the Master mode reads.

When the Periocdic delay command has been used, the <C¥233 will

delay for the specified time after completing a Master mode read.
It will then resume the search for the next valid address, as
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quickly as possible, until another read is completed. This
sequence will continue indefinitely, as long as the CY¥233 remains
in the Master mode.

The Master mode address scanning is suspended when the C¥233
receives serial messages from the network, or when the parallel
device requests an FPL/ mode read function.

FPL/ mode reads may read multiple bytes in one message, and use
the message address supplied by the parallel device. Reading
continues until the message terminator value is read, or until
the FPL/ line is raised, or until a read fails due to a handshake
timeout. In the ASCII Hex mode, only the FPL/ line or +timeout
terminates the reading function.

The state of the R-W/ line determines if the resulting FPL/ mode
nessage is a read message or a write message, similar to Master
mode reads. The address and R-W/ line values are tested when the
first data byte is read, with the DAV/ and ACK/ lines both low.
The message is not started until after this first read operation.

If the Error Enable command is received by a serial message, the
CY¥233 will generate a special error status signal when an error
is detected. The WR/ line is used for this signal, but it is
only driven when the C¥233 is idle, and the R-W/ line will be
high in this case. For normal write transfers, R-W/ will be low
before the WR/ strobe is generated, so the error status is a
unigque signal combination, and simple external logic could
generate a separate error indicator from this line combination.

Oonce an error is indicated, the parallel device can request an
error status byte, which indicates the type of error. This
function is also special, using a slightly modified versicn of
the parallel handshake.

For the error status case, the local parallel device drives the
ACK/ line 1low before the C¥233 drives the DAV/ =signal. (In
normal data transfers, the C¥233 is in control of the transfer,
and the DAV/ line is driven before the ACK/ line response Iis
expected.) once the ACEKE/ line has been lowered for the error
status byte, the C¥233 will output the byte on the data 1lines,
and lower the DAV/ line. This state will be held until the
parallel device responds by raising ACK/ again, or until a
timeout occurs (generating a new timeout error!). DAV/ will be
raised, the data lines will be restored to their state before the
error status transfer occurred, and WR/ will be raised as the end
of the error indication.

Since this error transfer function uses a special handshake and
signal combination, it is normally disabled, and must be enabled:
by the E command. If the E command is received, it is assumed
that the parallel device is intelligent enough to respond to the
CY¥233 error indication.
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Console to CY232

This section is entirely concerned with a simple network example,

connecting a CY¥233 to a CRT console. (A teleprinter may also be
used).
The schematic shows the necessary connections. The console is

shown simply as the DB-25 connector, through which serial data
flows. This RS232 data is converted to TTL by the 1488 1line
driver and 1489 receiver.

The CY¥233 is shown with an 11.059 MHz crystal and a simple delay
for the RESTART signal. To keep the diagram as simple as
possible, the connection to the user's parallel device is not
shown. However, it is clear the overall circuit is wvery
straightforward.

=+—R5-232-C Line__

DB-25 DB-z5 71489
Tw ) () BRxD
z

®x D Tap

ASCII Terminal

| Local

This configuration is: | CHAR b il
- ASCII HEX data FHET 2 Interface
representation

- Full duplex

L i

- All messages echoed

i *MoTE:D F= My NECLE
to terminal OTE: Fz oPEM; NL, FLOATIMNG

Figure 11.1 Simple FNetwork with ASCII Terminal as Master,
CY¥233 as Slave,

Seven serial mode pins must be set by the user. The schematic
notes that a "1" to a mode pin is accomplished by a direct
connection to +5V, a "0O" to ground, and "F" (free to be either)
can be open or a light pullup to +5. The latter is useful on
those pins which are to be actively driven: the user can drive
through an open collector gate, while not preventing the C¥233
from also driving the pin.

104



At any rate, the user must make specific choices for the mode
pins. These must agree with the choices made in the console.
For example, assume the console is running

1200 baud
odd parity
7 bit ASCII

Then, assume the user wants the C¥233 to echo wvalid addressed
messages, but not initiate messages on its own. The user should
setup the CY¥233 as

pin 28, BDR1, 0O (gnd)

pin 27, BDRO, F (open)

pin 26, PAR1l, F (open)

pin 25, PARO, 0 (gnd)

pin 24, CHAR, F (open)

pin 22, NET, 1 (+5V)

pin 21, DUP, F (open)
This is network type "H". If the CY233 is to originate Read
messages, then set DUP=0, NET=1 for type "G", which is echo wvalid
addressed messages, master mode. The C¥233 will generate a

continuous stream of data to the terminal, until it is
interrupted by a message from the conscle to the CY233.

The console should be set at "Full Duplex", which means it does
not itself print what is typed. Instead, the computer at the far
end of the line, (i.e., the C¥233) must echo the message back.

If the consocle is set at "Half Duplex", it will print what is
typed and sent, in addition to printing any response. This will
lead to double characters when the C¥233 is in an echo mode.

If you are a new user, and you set up the circuit, but do not
have instant success, here are some things to check.

1. Is the console working? To verify, place in Full
Duplex, and wire its pin 2 (TxD) to its own pin 3 (RxD). It
should display what is typed.

2. Do the console and the CY233 have the same baud rate?
If no characters are correctly transferred, but a few do seem to
be echoed, the C¥233 may be running slower than the console. The
cYz233 is repeating the bit pattern, but not correctly
interpreting the characters.

3. Is parity correct? If the CY233 understands and
echoes about half of the character set, but not the other half,
there may be a parity mismatch. For example, MARK parity can be’

confused with EVEN or ODD whenever the parity bit would have been
a 1 anyway.
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The first time user should always start out with this basic
network, in order to gain experience with the C¥233. The console
allows one to see the results, good or bad, immediately.
Remember the C¥233 does not echo messages until the entire
address has been received. After checking the address, it makes
its decision about echoing the serial message.

RS 232 C

S'LG SERIAL |NTERFACE MODE

FE

e

BDRo
- &}{nnn, EVEN,MARK , SPACE
R ¥ BIT DATA
parofZ) L7 °
24 o ASCH
CHARF=—{ F Ascll Hex
o | BINARY

F  NONE  SLAVE
I ALL SLAVE
VALID  SLAVE

|'t

NETIEE- | TveE HET DUP ECHD MASTER/SLAVE
DuP

<:> PARALLEL DEVICE

PARALLEL INTERFACE THROUAH Pius
1-8, 12=17, 22-3%
MOTE: CY232 MODE PINS ED {NOT SHOWN FOR CLARITY)

+5v
vo=

=]
1l
.|1_-

v
ok oR 'Iv ML, OFEM

Figure 11.2 Simple Console C¥233 Circuit.
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An additional Y233 demonstration circuit is shown in the
following schematic. This shows LEDs with built-in current
limiting resistors as indicators for CY¥233 outputs on the
parallel side. In particular, the LEDs show the address and data
buses. This circuit is useful as a first demonstration because
the user can readily interpret the LEDs and see if the CY233 is
responding correctly to information sent by the console.
Remember, a 0 turns the LED on. Notice RD/ and WR/ are tied low
so the buses are latched. Also notice DAV/ is tied to ACEKE/ so
the handshake is completed automatically. As an example, if we
are using ASCII hex, and we have U-E-D/ tied low, the message

W 01 A2 <CR>

will turn on <Al, D6, D4, D3, D2, DO>, and leave the other LEDs
off.

+8v +5v

DB-255

Daleo5E55-3063

/-'a—-
A —
P
fﬂ‘——'
B B
e
=l
-—n_/ﬁo._-
TJump

Df.rﬂ

@
@..._...
®—_]:m A%KZ33

ITH T T

Figure 11.3 C¥233 Demonstration Circuit for Prototyping
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1 2 Point to Point Example 1 2

This section is concerned with a simple example of a serial
network. The present example is a RS-232 line with C¥233s at
each end. There is noc console, nor any other computer. The
schematic (Figure 9.1) illustrates the situation. The purpose of
this network is to move information generated by parallel devices
on the left to those on the right, and similarly, move
information generated by parallel devices on the right to those
on the left. To do this, we use Master modes on both ends. The
Master mode will continuocusly poll its local devices, and each
time it finds it can read one of them, it will do so and form a
message with the information. This message is then transmitted.

You will notice the schematic says only binary characters may be
used. The reason for this is that the binary protocol has no
explicit commands. All messages are assumed to be of the Write
type. Thus, information generated by one of the Master mode
pelling operations will indeed be written to parallel devices at
other C¥233s. The ASCII protocols treat messages generated by a
Master mode operation as a Read, and place "R" in the command
position of the resulting serial message, unless the parallel
device 1is also controlling the R-W/ line. This is useful when

the ultimate receiver is a human at a console, or a
microprocessor which c¢an decode the R command and treat it
accordingly. However, the convenience of treating all messages

as writes, wmakes the Binary mode a good choice for this type of
example.

In summary, if ASCII characters are used in the network shown,
then the R messages will be transmitted by the originating Master
C¥233, but not transferred to a receiving C¥233 parallel device,
as only W (explicit, as in the case of ASCII, or implicit, as in
the case of binary) messages are written to parallel devices.
The originating parallel device must also drive the R-W/ line low
to generate write messages in an ASCII mode.

Finally, note that since there is no echo, messages are
automatically purged from the network. If echoing were allowed,
it is possible that a message, once initiated, would circulate
forever.

This example illustrates a mechanism for linking parallel devices
over a long distance. Using the CY¥233 to generate serial data
could save significant wiring costs if the devices are remotely
located. In addition, by changing the range of addresses that
are wvalid for the CY¥233, additional parallel hardware could be
added to each side, without changing the link that ties them:
together.
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Figure 12.1 Point-to-Point Communication
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13 Advanced Serial Side Examples 13

Some previous sections have discussed simple C¥233 networks. For
example, a console-CY¥233 connection, or two CY¥233s, one at each
end of a line. In many cases, these elementary networks will
solve the problem at hand. However, the CY¥233 is capable of
functioning in much more sophisticated networks. This chapter
will introduce the reader to these.

It should be pointed out again that we are separating the serial
and parallel sides of the C¥233 in our discussion. In general,
any parallel configuration can be combined with any serial
configuration. The fact that these are made independent by the
CY¥233 is one of its important features.

This chapter will show  various serial side networks
schematically. Any practical implementation must account for the
serial contrel pins (BDR1, BDRO, PAR1l, PARO, CHAR, NET, and DUP),
and the entire parallel side. These are omitted from the
schematic for clarity.

Basic Configurations

The C¥233 can be used in three fundamental configurations:

*hi-directiocnal bus
*dual bus
*ring

The simpler configurations introduced earlier all are subsets of
one of these three. Each fundamental configuration will be
discussed in detail in the following.

The bi-directional bus uses only one physical circuit for
transmission in both directions, i.e., RxD and TxD. Since it can
only be used in one direction at a time, line-turnaround is
implemented by .devices connected to the bus. This requires that
there be a protocol understood by all as to who talks and who
listens. The STD, IEEE-796 and IEEE-488 computer buses are bi-
directional.

The dual bus has two buses, one for data headed in one direction
and another for the oppeosite direction. The 5100 computer bus is
an example. A protocol for talking and listening is, in general,
still required.

The ring network can be likened to a chain. Information is
passed from one device to another, always in the same direction.
Thus, only one circuit is required between devices.
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Bi-Directional Bus

The bi-directional bus is used when it is necessary to hold
wiring cost to an absolute minimum. Figure 13.1 shows one
possible configuration.

HALF DULEX, NO ECHO, SLAVE

[;Rxn
L

CY233
TxD Gg;i'

SLAVE SLAVE
BEI-DIRECTIONAL BUS

Figure 13.1 Bi-Directional Bus Network

Each device connected to the bus must have a three state driver.
Only one driver will be turned on at any one time. Otherwise a
collision results and the messages will be garbled. The details
necessary to establish the three state driver for a C¥233 are
illustrated in Figure 13.2. A similar situation exists in
connecting an ordinary UART to a bi-directional bus.

The (C¥233 furnishes a signal, CHAR, to inform the three state
driver when the CY¥233 is actually transmitting TxD data. During
these times, CHAR is driven low. Notice that this places a dual
function on the CHAR signal, since it is used to select the
communications character type when the C¥233 is reset. However,
after the character type has been determined, the CHAR line may
be used to control the three state driver.

In order to select the ASCII Hexadecimal or Binary character
modes, you must temporarily drive the CHAR line high or low, for
about 1 msec after the C¥233 is reset. Then you must let the
signal float, if it will be used to enable a three state driver.
Note that CHAR floating will select the ASCII character mode at
reset, which requires no special action if CHAR is used to both
select the ASCITI character mode and control the three state
driver. Any UART used under similar circumstances must furnish
an equivalent signal.

Notice the receiver is alsoc three stated. This is really an
enable on RxD, so that TxD data will not be immediately fed back
inte the C¥233. Otherwise, the CY233 would try to respond toc its
own transmitted message.
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Figure 13.2 CY233 Connection to a Bi~-Directional Bus

As a final note, the drivers shown in the schematic can also be
used for RS5-423, the unbalanced line, high speed, TTL-like
standard.

Any time the C¥233 is used with three state drivers in a
configuration similar to the one shown, it is operating in half-
duplex. This means it can not simultaneously send and receive
data. This limitation is imposed by the serial network, not by
the internal capabilities of the C¥233. ;

112



The safest configuration for the slaves is a no echo protocol.
However, if a consocle is used with a three state driver, the
CY233 will 1likely respond in an echo valid protocol hefore the
user types the next character. It is also possible for a CPU to
interlock its transmission with reception so collisions are
avoided, but this takes a certain effort and level of
understanding.

When CY¥233s are used as masters, they put information on the line
whenever they can. In this sense, it is possible they will "talk
too much™ and collisions result. If there is only one CY233 as a
master, then the remaining CY233s could be slaves with a no echo
protocol. In fact, their TxD outputs might not even be used or
connected.

Dual Bus Network

The dual bus is conceptually simpler since the slave can be
responding to the master while the master 1is still talking.
Therefore, we can now be truly full duplex. Three state drivers
are still regquired, since only one TxD source can ke on the line
at a time. The CHAR signal, as previously described, can be used
to control the three state driver. However, in the dual bus
configuration, it only needs to control the transmitter, since
the receiver is connected to a separate network signal.

FULL DUPLEX, NO ECHO, SLAVE

SLAVE MASTER

Figure 13.3 Dual Bus Network

This configuration requires that one device be appointed the
master, and all others be slaves, 1f there are more than two
devices on the bus. This is because the TxD from the master goes
to all of the slave RExD inputs, and all of the slave TxD outputs
feed the master RxD input. The network master is normally a
computer system in this design.
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Echo None or Echo Valid are legitimate choices for CY¥233s in the
general dual bus configuration.

The simple console-CY¥233 network introduced earlier is a case of
a dual bus with one master, the console, and one slave, the
C¥233. The point-to-point, two C¥233, configuration is another
case of the dual bus network.

Ring Network

The ring is the most complex and interesting network. Even
though the topology is simple, out one and inte the next, the
variety of protocol choices is great. The most general

operations of the CY233 are possible in the ring configuration,
and it is the only type that does not require tri-state drivers,
making it the network of choice when RS-232 connections are

involved.

FULL DUPLEX, ECHO ALL or ECHO INVALID, SLAVE

PR TR R R AT

Eule

Ring

MASTER

Figure 13.4 Ring Network

The great advantage of the ring is that messages can get on and
get off the bus as required, and that many things can be
happening at once. Whereas only one transaction can be taking
place at a time on the dual and bi-directional buses, many
devices can be transmitting and receiving at the same time on a
ring. Of course, the penalty paid for this is that it takes
longer to go all the way around the ring, so a message does not
get to its destination immediately.

The most important concern in the design of a ring is ensuring
there is a method to remove, i.e., purge, all messages after they
have reached the necessary parties. In other words, we do not
want a message to circulate indefinitely.
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One way of doing this is to have a CPU as a master, and have all
of the C¥233s be slaves. The C¥233 has two echo protocols, echo
all and echo invalid, which are particularly useful for rings.
With echo all, any message the CPU sends out will eventually come
back to it, and the CPU will know the message was received. This
is a nice verification feature. Echo invalid means the <C¥233
passes on the message if it is not addressed to it. The message
is acted upon, and purged, at the first correctly addressed
C¥233. So messages will travel as far as needed, and no further.

Notice that any message that makes it all the way around a ring
in the echo invalid cases implies that the addressed device was
not available for the message. This could also be used as a
diagnostic of the network, since the host CPU could send out a
message with a known invalid address, and expect that message to
come all the way around. If the CPU does not receive the message
back, it means there is a break in the network, or one of the
nodes is hung up somehow.

Conversational reads can be carried ocut by a CPU (or console)
with the echo all or eche invalid protocols. Remember that
network read messages will be echoed with the command and address
headers in the echo invalid cases. This preserves the format of
the messages, allowing them to make it all the way around the
ring.

The C€Y¥233 internally will not start processing a new incoming
message until it has finished handling the last message.
Instead, incoming characters are stored in a FIFO buffer for
later processing. This feature allows C¥233s in a ring to keep
messages separate from one another.

The HP-IL interface 1loop 1is an example of an echo all ring
network with a single master.

In the same sense that the parallel and serial sides are
independent, the serial In, RxD, and serial Out, TxD, are also
independent, as shown in Figure 10.5.

o UL LY UL
WMWY UL L ML

E -
TiME IH MILLISECOHDS

Figure 13.5 Illustrating Serial Receive and Serial Transmit
operations occurring independently.
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1 i | Ring Networks 1 4
An RS-232 Network

The RS-232 standard is probably the most common form of serial
communications available on computer systems today. This
interface format has been available for many yvears, and has been
implemented on almost every computer ever built. We therefore
expect that most applications of the CY¥233 will use an RS~232
format for the main controller of the network. This section is
dedicated to networks run by RS-232 communications, and the
operation of the C¥233 in such an environment.

The line drivers of the RS-232 serial port are bilevel drivers,
generating positive voltages for a logic 0 and negative voltages
for a logic 1. This was explained earlier, in Section 3, on The
Serial Side. Note that these drivers are always active, that is,
there is no contrel signal to tri-state the outputs.

Since the RS5-232 drivers cannct be disabled, it is not possible
for two transmitters to share the same wire. This means the bus
network designs will not work with a network of R5-232 devices.
One network architecture does work very well with RS-232 serial
ports, and is recommended whenever R5-232 ports are used. That
is the ring network, in which each node is connected in a chain,
with the previous node's transmitter connecting to the current
node's receiver, and the current node's transmitter connected to
the next node's receiver. This network is shown in Figure 14.1.

RS-232-C Ring Network

Figure 14.1 RS=-232-C Ring Network

The ring network forms a chain of nodes, with messages flowing in
one direction through the ring. When the host computer generates
messages, they must flow from the host to the desired node, and
when a node generates a response for the host, that response must
flow through any subsequent nodes until it reaches the host. :

When DB25 type connectors are used at the nodes, a simple wiring
scheme can connect all the nodes together. A terminal will
normally transmit on pin 2, and receive on pin 3 of the
connecter, while a computer will swap these functions. However,
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not all systems follow this pinout. For example, the IBM PEC
computers use the terminal pinouts for their serial ports. A
general wiring diagram is shown below:

Computer CRT Board 0 ‘Board 1 Board N
9 SRg 2 .-‘. s .:
B oos]
BRM CWHT)
| LY
N '

wHT

Figure 14.2 Ring Network wiring diagram

The black (BLK) system ground is tied to pin 7 of every DB25
connector. The input to each CY¥233 node is on pin 2, while the
output to the next device on the ring is on pin 3. Progressive
nodes run from pin 3 to pin 2, wusing the next spectrum color for
each node, i.e., Node 3 would use YEL from Node 1 pin 3 to Node 2
pin 2. If the white wires are connected together between cables,
but are not connected to a DB25 pin except pin 3 of the last node
in the network, they may be used as a return path from the last
node to the host systemn. This saves the need to run a separate
cable from the last node back to the host, just for one wire.

The <C¥233 only requires three connections from one node to the
next, signal ground, received data, and transmitted data. The
modem status signals also supported by the RS-232 interface are
not used by the C¥233. For some host systems these additional
signals may be left open, and the serial ports will function just
fine without them. For other systems, some of the lines must be
connected to a positive or negative voltage in order to properly
activate the serial port. A popular connection scheme is shown
below. This allows the host serial port to enable itself, and
will require some jumper wires between the pins of the host
serial connector.

RTS, pin 4 connects to CTS, pin 5
DTR, pin 20 connects to DSR, pin 6, and
CD, pin 8

When to Echo

As messages circulate around the ring network, they must be
echoed from node to node to insure that they are seen by the
nodes for which they are addressed. In most ring networks, each
node is assigned a unigue address, or group of addresses If
multiple parallel devices are controlled by one CY¥233. In this
scheme, there are two echo choices that insure messages will
circulate through the ring.
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One choice for echo is the Echo 211 mode. When this mode is
chosen, every message received or generated by every node will be
repeated to the next node of the network. Eventually, every
message will be received by the host system, including those
messages generated by the host. When a message reaches the node
for which it is intended, the C¥233 at that node will perform the
message function, such as a read or write operation, and continue
passing the message along. When the host receives a message back
that it created, it knows that every node has seen the message,
and passed it along. This implies that the network is alive, and
all connections are functioning, at least at the C¥233 level.

Another echo choice is Echo Invalid, in which a message is only
echoed if it 1is not meant for the node receiving it. This
mechanism will pass messages along in the ring until they reach
the desired node.

If the message is a write transfer, such as a W, ¥, or F command
message, the proper C¥233 will perform the message function, and
will not echo the message to the next node. This means messages
are removed from the network when they reach the addressed node.

If the message is a read transfer, such as an R, Q, or D command
message, the proper C¥233 will echo the message command and
address portions, and then add the data and terminator, forming a
complete reply message. This reply message is then echoed by all
the subsequent nodes until it returns to the host, with the
requested data included.

Thus, Echo Invalid reduces the network traffic by eliminating
messages that find the proper node, yet it preserves messages
that must send a reply back to the host system. When the C¥233
nodes of the network are not busy echoing every message over the
entire network, they will be free to respond to local FPL/ read
requests and Master mode functions more often than when they must
echo every message that comes along. The performance of the
network will increase if the Echo Invalid mode is used.

There are additional benefits to the Eche Invalid case. Recall
that the Echo All case would return every message generated by
the host, if the network was up and running, so that reception of
a generated message implied that the network was functioning.
This can be very useful diagnostic information.

It is possible to perform a similar function with the Echo
Invalid network, if at least one address is not used by a network
nede. When the host system generates a message addressed to a
node that does not exist, that message will be passed all the way
arcund the network, eventually returning to the host. This can
be used as a diagnostic test of the netweork, under full control’
of the host system. If the message is not returned, it means at
least one node is not functioning properly, or that a cable
connection has been broken. This situation could cause an alarm
condition, in which an operator is instructed to check and repair
the network. By periodically generating this diagnostic test
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message, the host system can automatically perform checks on the
integrity of the network.

In a similar fashion, if the host ever receives a message that
was meant for what should be a valid address, that would indicate
some problem at that specific node. For example, if the parallel
device uses the ACK/ line to keep all addresses invalid while the
parallel hardware is "busy", any message meant for that address
would test as invalid, and be passed along in the network. This
would indicate to the host that the addressed node was not able
to accept the message when it was received by that C¥233. If
this condition persists, the host could again sound an alarm, and
indicate that a specific node was not responding.

These diagnostic functions may be very important to the operation
of the network, especially if there are many nodes, or long
connections between the nodes. The Echo All selections cannot
perform the same functions as the Echo Invalid selections in this
case, and the Echo Invalid modes offer more flexibility. When no
spare addresses are available, the ring can still be tested by
using the special "@FF<cr>" command message that will also be
echoed all the way around the ring if all connections are good
and all CY¥233s are functioning.

Ring Communications

Suppose we have a small ring network, consisting of three CY¥233
nodes, set up as addresses 01, 02, and 03. In addition, the
network will include the host computer, which acts as the main
network controller. This network is illustrated below.

RE-232 Ring

HNetwork Controller 7 ‘
Host PC ;

J Ll
Jl.l

BAE
g
BRER
g
Bo=

s

_ Local Parrallel System fo1  Local Parallel System #02 Local Parrallel System 403
Figure 14.3 A small ring network.
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The C¥233 nodes have been connected in address sequence order,
but this is not required for the network to function. In fact,
addresses can be mixed in any desired fashion, and one <C¥233
could respond to more than one address. When the ring is
operated with an Echo Invalid mode, the only general requirement
of the network is that each CY¥233 has a unique set of walid
addresses. We will presume that the network is wusing Echo
Invalid, and that the CY233s are being operated in the ASCIT
character mode.

Before communications is attempted on the ring, the host system
might want to test the network to be sure that all nodes are
alive and connected. 4s mentioned in the previous section, with
Echo Invalid, this test is performed by generating a message with
an invalid address. Also, if the adaptive baud rate selection
has been made, the network must be initialized with two carriage
returns before any standard messages are sent, so the host
controller might send out:

<oYr»><cr>
WO07Test<cr> or @FF<cr>

If all is well, the host should at least receive

Wo7Test<cr> or @FF<cr>

back after the message has been passed through the network. When
the adaptive baud rate is used, the two initial carriage returns

will also be echoed all the way around, setting up all nodes of
the network.

The above test message may be repeated anytime the host wishes to
check the network again. Note that any invalid address could be
used. Selecting one that is not immediately adjacent to the last
valid address leaves room for network expansion, without changing
the diagnostic checks.

Once the network integrity has been established, the host may
begin communications with the parallel devices connected to the

C¥233s. Sending a message to device two might have the following
format:

Wo2Message Content<cr>

We will examine the operations involved in getting this message
to node two in greater detail.

Since node 01 is the first node connected from the host, all
messages generated by the host will immediately go to (C€Y¥233
number 01. When it receives the W command letter and 02 address
portions of the message, a local address test is performed. The
network may continue sending serial data during this test, as
serial communications and parallel functions operate
independently within the C¥233. Characters will be buffered by
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the C¥233 until it knows what to do with then, C¥233 number 01
will fail +the address test and will designate the message as
invalid.

It will then send the three message header characters to the next
CY¥233, since Echeo Invalid is in effect. Notice that the address
testing function requires all three characters before the test
may proceed, so there is a three character delay between
receiving the start of a message and echoing it along if it is
invalid. This delay occurs at each node from which the message
must be echoed to the next node.

After echoing the message header, CY233 number 01 will continue
to echo the data portion as it arrives from <the host. This
process will continue until the terminateor is received. While
the C¥233 is echoing the invalid message it is considered busy,
in the sense that it will not respond to Master mode or FPL/ read
requests from the parallel device. These functions are only
performed while the C¥233 is not processing network messages.

When the "W02" message header is received by C¥233 number 02, it
also performs an address test. This time the test shows the
address to be valid, so the CY233 prepares to transfer the data
portion to the local parallel device. The C¥233 will initiate
the parallel transfer by writing the character to its data bus
and activating the DAV/ signal. This will be done as each
character is received. 8Since Echo Invalid has been chosen, CY233
number 02 does not echo the message to the next node, so the
message is removed from the network when it reaches the desired
node. If Echo All is chosen, C¥233 number 02 would transfer the
message to the local parallel device and echo it along to the
next node. In either case, the parallel device at node 02 would
receive:

Message Content<cr>

Any nodes connected after node 02 would not see any portion of
the message from the above example. They would remain in the
"ready" state, waiting for messages from the network, or local
read requests from the parallel devices.

Now suppose that the host computer wishes to query CY233 number
01 for status information, using the Q command message. The host
would send:

QO0l<cr>

When CY¥233 number 0l receives the Q and 01 message header, it
performs an address test, and finds the address to be valid. It
therefore resends the "Q01" header along to node 02, adds the
status information as to hex digits, and the message terminator.
The message from node 01 then becomes:

QO0lss<cr>
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where "gs" is the two digit status information. MNotice that Echo
Invalid will also echo the message header portion of a wvalid
message, if that message requires a reply from the node.
Messages that require such a reply include read, query, and dump
commands . Echoing the wvalid header of these commands insures
that complete messages will be passed around the ring, so the
reply will make it back to the host computer.

As node 02 recelves the complete status query message, it will
perform an address test when the first three characters arrive,
and find that the address is invalid. At this point it will
continue echoing the message, passing it to node 03. This node
will also find the address is invalid, and pass the message to
the host computer. Thus, the original query message from the
host was modified by the proper node, to include the status
information, and this modified reply message was circulated all
the way back to the host system.

A final consideration in ring communications is dealing with
messages that originate at the nodes. There are two possible
functions that will generate such messages, both controlled by
the local parallel devices. When the C¥233 is in a Master mode,
it will automatically query the local device for information, and
create a message around the data that is read. Each message
generated in the master mode will contain the value of one data
transfer. For example, if node 03 is in the master mode, and the
local device sends the characters:

123

the C¥233 will generate a message for each character, so the host
system will receive:

RO3l<cr>
RO32<cr>
RO33<Cor>

If the local device would pull the R-W/ line low, the resulting
messages would be write messages, instead of read messages.
However, in a ring network, with a host computer as main
controller, read messages are a better choice, since the computer
knows unambiguously that the read was generated by a specific
node.

2 second way for the 1local parallel device to originate
information is by using the FPL/ line. This operation is very
similar to the Master mode, except that the CY233 does not search
for a valid address, and more than one value may be transfered
per message. For example, if node 03 again wants to send:

123

to the host, but this time it uses the FPL/ line, the data could
be sent in one message as:
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R03123<cr>

Since the CY¥233 is not performing an address test for FPL/ reads,
the address lines must be set to the proper address to generate a
message that the host computer can understand.

The C¥233 will not initiate a Master mode or FPL/ read when it is
busy processing a network message, even if the message is Jjust
being echoed through to the next node. When there are no network
messages to deal with, the CY¥233 performs the requested read
operation.

In the Master mode, the read generates a message with one data
value, as explained before. If a network message arrives while
the read is being performed, the network message is buffered and
held until the Master mode read is complete, and the resulting
message is being transmitted. The network message is then acted
upon before any more Master mode reads are attempted. This
protocel insures that messages are never corrupted by locally
generated data.

When FPL/ reads are performed, the local device can force
multiple reads for one reply message, by holding the FPL/ 1line
low. The C¥233 will stay in the FPL/ read mode as long as the

line is low and the local device is supplying more data. Once
the CY¥233 starts an FPL/ reply message, that message will not be
interrupted until the reads are complete. If a network message

arrives during the FPL/ operation, that message will be buffered
until the FPL/ reads are finished.

Since the 1local device can force an indefinite number of
transfers in one FPL/ message, there is a danger that the C¥233
receive buffer will overflow with network messages, if the local
device keeps the C¥233 in the FPL/ mode for toco long. It is best
if FPL/ messages are Kept as short as possible, to aveld any
buffer overflow problems. Once the local buffer overflows, any
following data will be lost. In current <C¥233s, the receive
buffer is 20 bytes long, so FPL/ messages should be limited to
this number of bytes if possible.

From the above discussions, we can see that the ring network is a
very flexible and powerful architecture that can take advantage

of most of the CY233 supported features, Activity can occur at
several ring nodes simultaneously, with some receiving messages,
while others are generating local data. The ring structure is a

natural choice when RS=232 devices are involved, and the simple
message structure of the CY233 allows communications to occur
with many nodes in a ring design.
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1 5 Local Area Networks 1 5
The Local Area Network Controller

The CY¥233 incorporates a very special operating mode, called the
Local Area Network (LAN) mode. The purpose of this mode is to
allow local serial devices to function on a C¥233 network. In
concept, the 1local serial device, and a CY233 operating in the
LAN mode, replace the local parallel device of the standard CY233
network. Most of the special CY233 commands should not be used
in this mode, but communications can occur on a message or non-
message basis. The CY233 in the LAN mode has its own set of
message commands, described in a previous section on CY¥233
Commands.

Building a local area network from CY¥233s represents a very cost
effective way to connect several computer systems together. The
systems do not require any special hardware beyond a standard
serial port. Most communications will be message based, so
driver software will be required, but the simple message
structure of the C¥233 keeps this from being too complex as well.

A (Y233 local area network will not have the same performance as
an expensive, high-end network, such as an ethernet design, but
at 19.2K baud or even higher, it could work quite well for a
network that requires occasional communications between systems,
rather than sharing large amounts of information on a constant
basis.

One node of a CY¥233 LAN network contains four elements. The
first element is a CY¥233 operating in the Network mode. This
device connects serially +to other nodes of the network, and
behaves like the standard C¥233 of a standard network. In fact,
this Network CY¥233 does not know it is being used in a special
way. Most IAN implementations will connect these devices in a
ring configuration.

The local parallel device for this first C¥233 is a second C¥233,
operating in the LAN mode. The seceond C¥233 connects serially to
the 1local serial device (terminal or computer), which is the
third element of the node. The LAN CY¥233 and Network C¥233 are
connected through their parallel sides in a special back-to=-back
arrangement, that frees the LAN CY233 serial side for connection
with the local serial device.

The final element of the node is a tri-state buffer, with outputs
connected to both CY233 address ports. 10K Ohm pull-up resistors
should also be included at the buffer outputs. This buffer is=
set to drive the Network C¥233 with the normal address of this
node in the network. The LAN CY¥233 controls the buffer output,
and may modify the address to the Network CY233 when messages are
being generated by the local serial device. These messages can
then be sent to another node on the network.
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The signaling between the NET CY¥233 and the LAN C¥Y233 is quite
complicated, however all of this is transparent to the user. The
user sees only a local serial channell!l The inter-Cc¥233
connections should be made as follows:

Network CY¥233 LAN C¥233 Comments

Data Bus Data Bus Connect together, pull-
ups required

Addresses Addresses Also connect to outputs
of tri-state buffer and
pull-ups

DAV/ ACK/ Network DAV to LAN ACK

ACE/ DAV/ Network ACK to LAN DAV

R-W/ FPL/ Network R-W/ to LAN FPL

FPL/ R-W/ Network FPL to LAN R-W/

WR/ flecat WR/ to OE/ LAN WR/ to address buffer
output enable. Net WR/
not used

RD/ float RD/ tied 1 LAN RD/ tied high. Net
RED/ neot used

Other signals retain their standard functions, such as baud rate,
parity, and character modes. These should be set as required by
the local serial device and the network. Note that the Network
and LAN CY233s can operate at different rates, and even with
different character modes, if one is in Hex mode and the other is
in ASCII mode!

A IAN node design is shown on the following page. This schematic
illustrates the connections listed above, and uses jumper options
for the signal functions that are selectable for each part. The
only connections required to the node are serial cables for the
network and local serial device, and the power supply for the
node itself.

Some care must be exercised when the two C¥233s of a node are not
operated at the same baud rate. The handshake timeout values may
regquire modification when the Network and LAN CY¥233s are running
at different baud rates, since the baud rate ultimately
determines how fast a CY¥233 can process data transfers.

Since handshake timeouts for rates faster than 9600 baud use the
9600 baud times, it should be possible to operate the LAN CY233
at 9600 baud to the local serial device, while operating the
Network C¥233 at a faster baud rate. &s long as messages are not
long enough to overflow the internal C¥233 buffers, this would
pass messages more quickly between the nodes of the network than
between the network and the local serial devices. The network
should be able to handle more messages in this case than if both
C¥233s at a node work at the same rates.
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The LAN (C¥233 is put intec the LAN mode by tying its RD/ 1line
high. This function is tested when the CY¥233 is reset. 1In this
mode, the C¥233 understands that it is connected to another C¥233
through the parallel device lines. The LAN C¥233 changes its
handshake preotocol in order to successfully transfer parallel
data between itself and the Network CY233.

Since data flows from the network into a node in serial form, and
from a node to a local serial device in serial form, there will
ke no Master modes in a C¥233 LAN configuration. The Network
C¥233 must be used in a slave mode, and the LAN C¥233 ignores
master mode, working only in slave mode, but with the wvarious
echo functions still enabled. Note that the LAN CY233 would echo
back to the local serial device if an echo mode was enabled.

The Host Ring: A LAN with Host Computer as One Node

The LAN CY233 may be operated in two major sub-modes. These
modes may determine the basic architecture of the network. The
first type uses the LAN CY233 in the UART mode, selected by tying
U-E-D/ high, as for the standard UART mode. This operation
requires a certain design for the entire network, in which there
is a host computer system node at the network level. This design
is similar +to a standard CY¥233 network, where some number of
C¥233s are connected to the serial interface of a host system.
The design is shown in the following figure:

CYB233-LAN

—

Network
Host Computer

Local System Local Terminal Local Custom Hardware

Figure 15.2 Host Computer at the Network Level.
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In this type of network, the host computer becomes the network
controller, and is responsible for controlling the communications
between the various nodes. The advantage to this design is that
the local serial devices may be simple terminals, computers, or
special serial hardware that are not aware of the network design.
The local devices simply communicate with serial data streams,
and the host system identifies the source and destination of the
messages. '

This architecture alsoc allows the mixing of C¥233 ILAN nodes,
connected to serial hardware, with standared C¥233 nodes that
connect to parallel hardware. Network communications and local
data transfers look very similar to the 1local devices, except
some exXpect parallel data, while others expect serial data.

When the host generates write messages to a network node, the
data are transferred in parallel between the appropriate Network
C¥233 and its local LAN C¥233. The LAN C¥233 then sends the data
serially to the local serial device. Since the LAN C¥233 is
operating in the UART mode, the local device sees only the data,
never any message structure or addressing functions.

For example, 1f the network node is set as address 01, the host
would generate standard Write command messages to send serial
data to local serial device number 01, as shown below:

Host Controller Sends

W0lMessage to Number One<cr:>

and Local Serial Device 01 Receives

Message to Number One<cr>

When the local serial device sends data to the LAN C€¥233, the
data are transferred in parallel to the Network CY¥233, where a
read message 1is generated around each byte walue transferred.
The address used for the read message 1is the node address
supplied by the node address buffer device. This allows the host
system to identify the source of the data, even though the local
serial device never sends messages, but only data. This
operation is analogous to the standard CY233 network, operating
with parallel hardware in a Master mode.

The origination of local serial data is shown below. Again, the

local serial device only deals with data bytes, while the network
and host controller system deals with CY233 messages.

Local Serial Device 01 Sends

A Reply<cr>
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and Host Ceontroller Receives

ROlA<cr>
ROl <cr>
RO1R<cr>
ROle<cr>
ROlp<cr>
ROll<cr>
ROly<cr>
ROl<cr>

Note that the last message received by the host will centain only
one carriage return, since it is read as the terminator byte by
the Network C¥233.

The Peer Ring: A CY233 Based LAN

The second major sub-mode for the LAN C¥232 is to operate in a
message mode, similar to the Network Cv¥233. In this mode, the
local serial device sends data in the standard message format of
the ¢¥233, and receives data in a slightly modified mnessage
format. An advantage to this mode is that the network
architecture no longer requires a host controller system as one
of the nodes. The network can consist of entirely CY233 based
nodes, with a 1local serial device at each nodel!l This
architecture is shown below:

CYB233-LAN

Lacal System Local Shared Local Custom
Peripheral Hardware

Figure 15.3 Network of only CY¥233 nodes.
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In this design, all the local serial devices communicate using
CY233 messages. This allows any serial device to send a message
to any other serial device in the network. Since there is no
host computer at the network level, the Network CY¥233s should be
operated in an Echo Invalid mode, so messages are removed from
the network when they reach the proper node. Otherwise, a
message generated for the network might circulate through the
network indefinitely!

When a 1local serial device wishes to send a message to another
node on the network, it generates a write message, with the
address of the target node as part of the standard message
header.

The LAN C¥233, connected to this local device, receives this
message, and transfers it to the Network CY233. As part of this
function, the LAN C¥233 disables the local address buffer, and
forces the address lines to match that supplied by the message.

The Network CY233 then reconstructs the write message, with the
target address, and sends it out to the network. When the
message reaches the desired target node, it is transferred to the
target serial device as described later.

In addition to changing the local address to that of the target
node, the La&N device also adds the local address of the source
node as the first data values (two hex bytes in the ASCII and Hex
modes, but one byte in Binary mode). This function is
illustrated below. Assume that the source node is address ss,
while the target node is address tt. The messages in ASCII mode
would be as follows:

Local Serial Device ss Sends

Wttd... d <cr>

Network Message Becomes

Wttt se 4 ... d <cr>

When a node receives a write message from the network, the data
are transferred between the Network and LAN CY233s. The LAN
C¥233 then reconstructs the write message to the local device,
including the address of the node, as supplied by the local
address buffer device. For the messages shown above, the local
serial device would receive:

Wtk ss d ... d <cr>

This is identical to the message circulated by the network, and
includes the source address as additional information to the data
generated by the originating serial device.
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In this case, tt is the local address of the receiwving node, the
target of the message, and ss is the address of the sending node,
the source of the message. This allows the receiving device to
automatically get information about the origin of the message, as
well as the local address and message contents. An intelligent
local serial device could then implement communications with
gseveral nodes, and not mix up the origin of the messages. The
PEER ring allows any device on the ring to unambigquously
communicate with any other device on the ring!

As an example, suppose serial device 03 wants to send a message
to serial device 06. The message sent by device 03 would be:

WoeMessage to Six<cr>

In the transfer between the LAN and Network CY¥233s at node 03,
the message changes to:

Wo603Message to Six<cr>

When the message arrives at node 06, it is transferred to the
local device as:

WOo603Message to Six<cr>

This allows the receiving device to get both its 1local node
address and the address of the sending node. Any replies from
the receiving node would require this information to generate a
proper reply. Notice that the sender 1s responsible for
identifying the destination of the message, but the C¥233
automatically adds the source information.

3 W0603 d ... d <cr>’

‘Woe d ... d <cr>
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“Who am I”

If the local system would like to know the address of its node,
without receiving a message from the network, it can send a
special address query command to the LAN CY¥233 of the node. When
the local system sends the message "@FF<cr>", the LAN CY233 will
read the node address from the address buffer, and send the value
back to the local system. This is illustrated below, where the
node address is ss:

Local Serial Device Sends

@ FF <cr>»

LAN CY¥233 of Local Node Responds

@ s <cr>

The entire message is always echoed back, with the "FF" field
replaced by the two hex characters representing the local node
address.

Other commands, such as the address sense message and token
control message may also be used with this network. The commands
supported by the LAN CY233 are described in the earlier section
on C¥233 Commands, and should be reviewed at this time.

The network architecture just described could alsoc be modified to
include a host computer at the network level. In this case, any
echo mode could be chosen, so long as the host controller removes
messages as required. Also, additional levels of communications
could occur 1if a host controller would capture and modify
messages of the network. The CY¥233 design is flexible enough to
allow various levels of network implementation, so long as a
proper subset of the CY¥233 commands is used with each type of
design.

In the network of only CY¥233 nodes, if the local serial device
gends a read message instead of a write message, the procedure is
the same as described above, except that the resulting network
message will be a read message instead of a write message. When
the read message reaches the target node, the Hetwork C¥233 at
that node will attempt a local read of the LAN C¥233 at that

node. If the LAN CY233 has nothing to read, this could cause a
problem, so read messages are generally not used in this type of
network. However, if there is a host system at the node level,

read messages, with the address of the node from which the
message was gdenerated, could be sent to the host, and would
identify the socurce of the message.
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Other C€Y233 commands should be used with care in the LAN
configuration. The special LAN commands are described in the
section on C¥233 Commands. Several LAN commands are treated
specially, while other commands will behave the same for both the
Network and LAN CY233s. The other data transfer commands, such
as Fill and Display, should not be used. The timecut commands
may be used to modify the handshake times, especially if the
Network and LAN CY233s operate at very different baud rates.
Also, the query command can give error status summaries. The
varlous command forms and options are 1listed in the C¥233
Commands section.

The I1AN mode allows the C¥233 to operate in an environment that

the normal Network mode cannot handle. This increases the
possible applications for the C¥233, but puts some restrictions
on the allowed message forms. The mode is very powerful, and

allows serial devices to be connected in a local network, at
costs substantially below those of other network schemes.

The special commands supported by the LAN C¥233 allow these
networks to be operated in several different modes, ranging from
pure data transmissions to fully token based controls. Since the
use of any commands is optional, the complexity of the Local Area
Network can be configured to suit the needs of the application.
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1 6 Parallel Side Examples ]. 6

This section gives the user several specific examples of
interfacing the CY¥233 to the user's parallel circuitry. Since
the C¥232 has a great variety of interface control signals, there
may be many different ways of "skinning the same cat." The
examples have been chosen to illustrate a number of these ways.
The user will be able to mix and match techniques from these
exanples.

Further Description of Parallel Data Transfers

Several details about the contrecl and handshake signals warrant
additional comment.

Recall that the C¥233 begins each proposed transaction by
checking the validity of the address. If the address is walid,
then it goes forward with the read or write of data.

The address bus (A0-A7) is first set up and then the ADDR/ strobe
(pin 29) indicates to the user that a new address is present.
This can be used 1like an ALE strobe, if desired. Most
applications, however, will not need this line. The address bus
remains temporarily latched with the proposed address and then
the CY¥233 reads what is actually present on the address bus. If
the user has tied address lines high or low, what is present may
be different from what was proposed. In this case, the address
is invalid and the transaction with the parallel device is
aborted, and the address bus is returned to all 1s.

The UART-Encode-Decode/ (U-E-D/, pin 23) line is checked before
each proposed address to see if the address is to be represented
tc the user as straight binary or 1 of 8. If the decoded mode is
selected, pin 23 low, and the address is greater than decimal 7,
a modulo 8 representation is used.

Since the user may wish to dynamically allow, or disallow, a
transfer, there is a slight delay after the address is presented
before it is checked. The R-W/ line (pin 15) is taken low i1f the
proposed transfer is a write to the parallel device. It is left
high if a read is proposed. This allows the user to choose,
based on which type of transaction is anticipated.

If the user wishes to disallow a . transaction, he has two choices.
The first is tie or drive the address pins so that the address
read back deoes not match the proposed address. The other choice
is to pull ACK/ (pin 13) low, which forces any address to be’
invalid, due to the second step of the address test procedure.
There is more time to decide if the proposed address 1is valid
when driving the ACK/ pin, since the CY¥233 delays for about 70
usec between testing the address pins and testing the ACK/ pin.
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Assuming the address is valid, the transaction proceeds. The
exact time between the address check and the actual data transfer
will depend on the mode selected and the incoming data rate. In
any case, it is at least several hundred microseconds.

Now assume the transaction to happen. If it is a write to the
parallel device, data is latched on the data bus, DO0-D7. This
will be accompanied by a WR/ (pin 16) strobe in the strobed
transfer case. The data bus is latched with true data before the
WR/ strobe is generated. Subsequently, DAV/ will be taken low to
indicate stable data on the bus. At this point the C¥233 waits
for the user to take ACK/ low, to indicate data has been received
by the parallel device. In many cases, the user will have
latches loaded by WR/, and ACK/ may be tied to DAV/. If the user
does not pull ACK/ low within the handshake time out 1limit, the
CY¥233 times out and assumes the transaction is complete. At the
conclusion of the transaction, DAV/ is taken high.

R R

W= \!

“a“m-wﬁm—\.—,—k

L 1l Z2d X 4@ 1 & & 7l 28
TIME IM MICROSECONDS

Figure 16.1 Typical write handshake

The user has a choice of a latched or multiplexed data bus. If
DAV/ is tied low for the strobed transfer, or BUSEN/ is tied low
for the non-strobed transfer, the latched mode is selected. Data
will remain stable on the bus until a new transaction is to be
attempted, whether it be a read or a write. If the multiplexed
mode 1is selected, the data bus is floated to a three state
condition after the +transaction (either read or write) is
completed. In the multiplexed mode, the data bus is floated
between each write transfer of a multi-transfer write message.

If the transaction is to be a read, the DAV/ line is pulled low
to indicate that the parallel circuits should place data on the
data bus. When this has been done, ACK/ is driven low to
indicate so, and the CY233 reads data in, with a RD/ strobe in
the strobed mode. If data is available from a simple enable,
actuated by DAV/ or RD/, then ACK/ and DAV/ may be tied together.
If ACK/ is left floating and the internal timeout occurs during a
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read operation, the CY¥233 will not perform the read. In this
case, the serial response of the C¥233 is only the message
terminator, with no data transmitted. Use of the timeout does
not substantially slow down the overall network because it is
about the same time as a complete RS-232 character. The data bus
is always 1left in a three state float after a read. DAV/ is
taken high after the RD/ strobe. The use of the handshake time
delay is sometimes helpful in interfacing to slower parallel
devices, such as analog-to-digital converters.
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Figure 16.2 Typical read handshake

Example Using an 8212 as a Latched Oufput Port

Figure 15.3 shows the details of one possible user circuit.
While each of the following examples shows only one user device,
this is for clarity and does not express any limitation on the
part of the C¥233. The only thing the user must keep in mind is
dividing up the address range, and assigning the requisite block
of addresses to each physical device. Each device will then get
its own chip select at the appropriate times.

We have chosen encoded straight binary addressing in this
example. This allows for a practical maximum of 255 devices
(decimal 0 through 254). Decimal 255 should not be used because
the address bus will often be floated to all 1's.

If additional addresses are required, the user can implement
indirect addressing, where a data port is loaded with a portiocn
of the address and the address bus supplies the remaining 8 bits.
In this case, notice only that portion of the address supplied by
the address bus can be used to check for validity of the address.:
For this reason, the address bus will hold the more significant
portion of the address.
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ENCODED BINARY
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Figure 16.3 Using an 8212 as a Latched Output Port

In the example, the user desired that this 8212 respond to
decimal address 10. The Am251S82521 is an eight bit address
comparator, with enable. The desired address is wired intoc the B
side, and the actual address presented to the A side. EOUT/ goes
low when the addresses match. EOUT/ is enabled by EIN/, which is
connected to DAV/ in this example. Thus address comparison takes
place only in the immediate vicinity of the data transfer. Thus
this example can not dynamically choose to accept or reject the
address. The address is always accepted, if it is the correct
number.

The 8212 has two chip selects, DS1/ and DS2. Since we desire

that the CY¥233 write to the 8212, the R-W/ line must be inverted

to be asserted high for a write. This is done with a simple-
inverter. Other latches have two asserted low enables, which

eliminates the need for the inverter. When both device selects

are asserted, the 8212 latches data from the data bus.

Notice the RD/ and WR/ strobes are not used in this example.
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Example Using 8212 as an Interrupting Source

This example is different from the 1last in that decoded
addressing is wused and the C¥233 is operated in an interrupt
fashion, by switching between Slave and Master modes. When the
selected address line goes low, and DAV/ is asserted, the 8212
sees one device select. If R-W/ is high, the case of a read by
the CY233, then the 8212 is selected. This selection gates 8212
data onto the data bus and also clears the interrupt flip flop.
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Figure 16.4 Using 8212 as Interrupting Input

The 8212 interrupt flip flop was originally set by a negative
going strobe, STB, from the user circuit. This falling edge
latched wuser data into the 8212 and set the flip flop. The
negative true assertion of the interrupt flip flop is connected

to the NET input of the C¥233. The master/slave modes of the
CY¥233 are set up so that as NET is changed from 0 (master) to F
(slave), the echo mode specified by DUP deoes not change. The

open collector buffer between the INT/ output of the 8212 and the
CY233 is necessary so that when INT is high, the €¥233 can test-
it as F, i.e., the C¥233 can establish both a 0 or 1.

As in the previous example, RD/ and WR/ are not necessary for
this circuit.
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Example of Connecting to an 8255

This example is one of connecting an LSI device to the C¥233. It
uses the RD/ and WR/ strobes directly. DAV/ and ACK/ are not
used, and are tied together for an automatic handshake.
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Figure 16.5 Using the 8255 as an I1/0 Port

Encoded addressing is used. A bleock of four addresses is set
aside for the 8255. The Am25LS2521 comparator establishes the
base address, which was chosen to be 128 decimal in this example.
The 8255 decodes the low two bits of the address bus directly.
All the address comparator must do is detect the base address and
enable the CS5/ of the 8255. The 8255 connects directly to the
RD/ and WR/ strobes. Notice this example has information flowing
both ways between the CY¥233 and the parallel device.

The 8255 is also different from the previous examples in that the
operation of the 8255 must be programmed by setting up a control
register. The programming of the 8255 via the C¥233 is no
different from programming it on a CPU bus. The control register
is at an address 128+3, or 83h. Therefore, to set up the 8255:
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Wei<mode data><terminator:>

Notice the various 8255 ports can be dynamically assigned to be
input or output. However, in using the 8255, be aware there is a
"bug" in the 8255 such that its output ports go to 0 when the
mode is changed from read to write, or vice-versa.

Example Using the CLK Output

This example shows a utilization of the CLK (pin 30) output, and
is also an example of interfacing to an analog-to-digital
converter. The ADC in the example is the National Semiconductor
ADCOBOS. This wunit has an 8:1 analog multiplexer feeding an 8

bit converter. The analeog range is determined by vwvoltages
applied to VREF+ and VREF-.
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8 Analog inputs
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Figure 16.6 Using the CLK output

Encoded addressing 1is used, with the address comparator
establishing a base address. The base address enables RD/ and
WR/ strobes to the ADC. The ADC starts a conversion by latching
the address (A0-A2) of the analog channel desired. This is done
by a write command. Approximately 100uS later the conversion is:
complete. Since the CY¥233 can not do a read within 100us after a
write, there is no need to explicitly check the ADC EOC (end of
conversion) line. The address of the read which actually fetches

the ADC result is unimportant, other than it be within the base
address range.
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As an example of the driver program for this ADC:

X<40h+channel number> <dummy data> <cr>
R<40h+channel number> {<ADC response> <cr>)

where the data read by the CY¥233 and the appended terminator
of the C¥233 are in curly brackets.

It is possible to operate this converter, and many others, in an
even simpler way. This is to use a single read transaction to
both start the conversion process and transfer the resultant
data. We can do this because the delay between when the address
is presented, as so indicated by the ADDR/ strobe, and the actual
data bus transfer could be several hundred microseconds. The
exact time depends on the particular C¥Y233 mode. It will
normally be longer than successive approximation ADCs, but is
likely to be shorter than dual slope type converters. The user
simply must measure the time to verify it is satisfactory for the
intended use. Also, by using the C¥2323 handshake, and delaying
the ACK/ response to the read request until EOC is true, the
natural handshake timing delay of the C¥233 will keep it from
reading data until it is ready.

To execute this shortened transfer, ADDR/ NOR EOUT/ forms a
positive true device select for the ADC, the same as RD/ NOR
EOUT/ forms the device select in the illustration. This latches
the low three bits of the address bus into the converter, and
starts the conversion. The subsegquent RD/ pulse enables data
from the ADC onto the hus.

The driver in this mode looks like:

R<40h+channel number> {<ADC response> <cr>}

Additional Ideas

Remember that ACK/ can always be used to prevent a valid address,
allowing us to implement another form of interrupt driven system,
beyond that afforded by changing NET between 0 and F. Let the
cutput of the address comparator be called EOUT/, and be asserted
low, as 1is the INT/ line from the user circuitry. If we form
EOUT/ NOR INT/ and connect this to ACK/, ACK/ can be high only
when INT/ and EOUT/ are both low. Thus, only when the parallel
device has data it wishes to send, will the address be considered
valid. This can be used both with externally generated
conversational reads, and with the C¥233 in a master mode.

Also, for timing interrupts, the 555 timer makes a convenient
source. Remember there must be some buffer gate between it and-
the C¥233. This is either the NOR gate in the previous paragraph
or the open collector inverter in the 8212 interrupt example,
where NET=F (not NET=1) is the alternate state to the master
mode. The Periodic delay command can alsoc be used to set a
specific sampling rate for the CY¥233 in a master mode.
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In certain special cases, the CY233 can appear to be a 12 or 16
bit device, for writes from the serial line to parallel devices.
This is accomplished by utilizing part, or all, of the address
bus for data. Obwviously the allowable addressing range is
reduced. If 4 bits of the address bus are borrowed, we can have
a 12 bit data write and a 4 bit address, by redefining what is
data and what is address in the message. Similarly, if we define
all 16 bits as data, there is only one address in the system.

The principal reason for this effort would be to interface to
digital-to-analog converters. However, many of the newer devices
are double buffered, which means the entire data word can be
assembled in the device before being applied to the actual DAC.
This prevents glitches from occuring when old data is mixed
within the DAC.

(From Address Comparator}

EOUT
/‘ INT (From user circuit)
L May be open collector with

pullup resistor if cther
connections to ACK desired.

Figure 16.7 Alternative Interrupt Detail
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1 7 CYxxx Examples 17
CYxxx Family Members

Cybernetic Micro Systems has a number of different integrated
circuits avaliable for industrial control, automation, and
testing  functiomns. These devices are highly integrated
intelligent controllers that can operate independently, after
being set up by commands from a host system. Each device has a
specific command set that it understands, and parameters that are
used to select the available options.

This family of contrellers operates over a common command
interface, that consists of a parallel data bus of 8 bits, and
some handshake control lines for timing the transfer of commands
and data between the host and CYxxx device. Since these devices
are highly intelligent and autonomous, they often are located
directly with the application, at some distance from the host
computer system. In these cases, it is desirable to connect the
host system to the controller via a serial port, allowing the
controller to be located some distance from the computer, and
programmed through simple character transfers between the serial

port. Since the controllers all have parallel command
interfaces, the €¥233 makes a convenient serial front end to
these chips. Also, the addressing functions of the C¥233 allow

many controller chips to share a single serial port, making it
possible for one computer system to command and control a number
of external functions.

This section presents a brief summary of the C¥xxx family of
controllers, and some examples of connecting the CY233 to a CYxxx
device. Connections for all parts in the family will be similar
to those examples shown here, We plan to expand the family into
additional applications, and expect that the same kind of command
interface will be kept for the newer members.

CY360 Waveform Synthesizer

The CY360 1s an Intelligent Waveform Synthesizer, designed to
provide stimulus for various testing and contrel applications.
The part generates digitally controlled waveforms that are turned
intoc the desired analog signals through an external analog-to-
digital converter.

Functions available to the user include sine wave, sguare wave,
triangle wave, sawtooth wave, pseudo random wave, and dual phase

sine wave. These functions are selectable by parameter, with
frequency, resolution, amplitude, and repetition programmable by
command, not by external timing components. The user simply

issues a sequence of commands specifying the desired wave type
and characteristics, and then tells the CY¥360 to generate the
desired waveform.
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In addition to the predefined functions, the user may specify a
custom waveform, either through a linear approximation function,
or through a wvalue table. These options allow the CY¥360 to
generate a complex sequence of waveforms, all under command
control of a host system.

The C¥360 also contains synchronizing signals that allow the
waveforms to be controlled by external trigger =signals, and a
number of other features that makes it useful from the system
perspective.

CY5xx Stepper Motor Controllers

A very popular set of contrellers is the C¥500, C¥512, and C¥525
Stepper Motor Controllers. These devices also work from a
command set, used to specify the nature of the desired motion.
Programmable parameters include number of steps, initial and high
speed step rates, acceleration time, and stepping direction.
Once these parameters have been set, the C¥5xx devices will
generate the proper pulse train and phase signals to execute the
desired motion. This allows the host computer to tend to other
tasks while the motors are running, and removes the burden of
generating an exactly timed pulse sequence for the motors.

The controllers also include trigger and wait signals, as well as
conditional test functions that make them more wuseful in the
overall systems design.

Also, internal program buffers allow the user to define a complex
sequence of motions, including time delays and synchronization to
external functions. The C¥5xx devices can then run the programs
cn their own, while the host system attends to other tasks.

Figure 13.1 shows the connections required between the CY¥525 and
CY233 devices. The standard handshake lines of the (Y233
directly match to the handshake required by the C¥525, making
this a very natural and easy combination. Most other controllers
of the C¥xxx family will use a similar design.

| Application circuit

Hotor driver
& control

Figure 17.1 C¥525 connected to CY¥233
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Since the C¥525 has a bi-directional data bus, allowing the host
to send commands and read internal parameter and status wvalues,
the C¥233 R-W/ line is used to control the transfer direction.
Both read and write commands may be used with the C¥525. Some
members of the CY¥xxx family are write only, while others use the
command segquence to determine whether the next transfer will be a
read or a write. In these cases, the R-W/ line may not be
required.

The C¥233 DAV/ signal indicates when the C¥233 is ready for a
data transfer. This signal directly connects to the I/0 Request
signal of the CYxxx controller. When the controller detects a
low level on I/0 Request, it performs the data transfer, such as
reading the command character from the C¥233. It then generates
a low Busy signal from the Busy/Ready line, indicating that the
transfer is complete. This signal may be directly connected to
the <C¥233 ACK/ signal, also completing the handshake for the
C¥233.

The RD/ and WR/ strobes from the CY¥233 are not needed by the
CY¥xxx devices, and may be left open.

The CY¥xxx family of parts works on an ASCII command set, where
most commands are single ASCII letters, followed by numeric
parameters where needed. Commands are ended by a carriage return
character. This command sequence is compatible with the ASCII
character mode of the C¥233, making this the most natural mode of
cperation for the CY233 when it is connected to a CY¥xxx device.
The message structure of the CY¥233 is a natural extension of this
command protocel.

For example, to set the number of steps for a motion, the C¥525
uses a command such as the following:

N l234<cr>

which sets the number of steps to 1234 decimal. When using a
C¥233, the command sequence must only be modified to include the
C¥233 command letter and valid address. The CY525 command
becomes the data portion of the CY233 message, and the carriage
return terminator ends both the message and the C¥525 command.
Remember that the CY¥233 will write the terminator in the ASCII
character mode, 1f the W command message is used. If our above
example is sent to a C¥525 at address 02, the required <C¥233
message, as sent by the serial port of the host, would be:

WO2N 1l234<cr>

which has the CY233 message prefix "W02" before the normal C¥525
command. The proper CY¥233 receives the "W02" prefix and finds:
the address to be valid. It will then write the data portion of
the message to the local CY525 as:

N 1234<cr>
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This 1is exactly the command format required by the C¥525
controller. Examples for the other controller chips would be

similar.
CY600 Data Acquisition Controller

The CY600 device is a special Data Acquisition Controller. It is
designed to interface between analog-to-digital converters,
rangin from 8 to 16 bits, and a host computer. The direct
connection with the host is an 8 bit parallel data bus, with
handshake 1lines, and is similar to that of other members of the
CYxxx controller family.

The CY600 can monitor several external analog signals, scale
values, perform correlations, and compute general arithmetic
values based on the signals. In addition, it can run several
independent tasks simultanecusly, each scanning and computing
different wvalues. When a programmed condition occurs, the CY&00
can interrupt the host system, which may then interrogate for the
condition and computed wvalues.

By performing many signal processing tasks, the CY600 can act as
a programmable monitor for the computer system, only interrupting
when something significant happens. This leaves the computer
available for other functions, and relieves it from the periedic
data samples required if the computer must perform all signal
processing on its own.

Since the CY¥600 can perform the signal processing functions on
its own, once the steps have been specified by the host systen,
it is possible to locate the CY600 remotely from the computer,
near the signal sources, and control the device through a C¥233
serial front end. This also enables a network of CY600 devices
to monitor many functions, with the host computer acting as a
main controller, system coordinator, and exception handler. The
following figure illustrates the CY¥233 to CY600 connections:

Figure 17.2 CY600 connected to C¥233
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This interface is similar to that shown for the C¥525, with one
major exception. The CY600 requires some external components to
perform its functions. In a minimum mode, the analog-to-digital
converters are connected to the CY600 data bus, and in a maximum
mode, an external memory and I/0 device is connected to the CY600
data bus, with the converters connected to the I/0 ports of the
extra device. In both modes, the CY600 has something connected
to its data bus, in addition to the host computer or C¥232 data
bus.

The additional components require a slightly different protocol
for the CY600 command handshake. Since the CY600 can be
performing asynchronous signal processing functions, the local
data bus will probably be busy when the CY233 wishes to write a
command to the CY600. This requires the CY233 to wait until the
CY600 is ready for data, before actually driving the bus.

The CY600 has a special signal, Bus Control, which is used to
enable or disable the host system from driving the bus.
Normally, Bus Control is high, and the host should not be driving
the CY600 data bus. This allows the CY¥600 to perform 1local
operations between itself and the external components also
connected to the bus. When the host wishes teo write to the
CY600, this is indicated on the I/0 Request line, but the data
bus is not driven until the CY600 brings Bus Control low. The
CY600 will then read the information from the host, and bring
Busy/Ready low to indicate the transfer is complete.

When using a C¥233 to control the CY¥s500, the CY¥233 must be used
in the non-strobed transfer mode, enabled by tying the C¥233 RD/

signal 1low. DAV/ is connected to I/0 Request, and ACK/ is
connected to Busy/Ready. This is identical to the cC¥525
connections already shown. The CY600 Bus Control signal is

connected to the C¥233 WR/ pin, which assumes the BUSEN/ function
in the non-strobed transfer mode. This additional connection is
all that is required to handle the special handshake requirements
of the CY&00! Now, when the CY233 wishes to write to the CY600,
the DAV/ signal will go low, but the data will not be written
until BUSEN/ goes low. Data will be stable as long as BUSEN/
stays low, and the handshake transfer will be complete when the
ACK/ signal goes low. This perfectly matches the requirements of
the C¥600, and allows this device to be controlled through a
C¥233.

The two illustrated connections, between the C¥233 and the CY¥525,
and between the C¥233 and CY600, represent the two possibilities
in connecting the C¥233 to any C¥Y¥xxx family member. 211 other
devices will use connections similar to either the CY¥525 case, or
the C¥600 case.
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CY750 Programmable Controller

The CY750 is another member of the C¥Yxxx controller family. It
performs general purpose digital control functions. The device
contains 16 I/0 lines, organized as an 8 bit I/0 port, and 8
individually controllable and testable I/0 lines.

The CY750 is programmed through an 8 bit data bus, with handshake
protocol similar to that of the C¥525. The CY750 does not have
an I/0 Select signal to determine data bus direction, so the R-W/
line of the CY¥233 is not used.

Through the CY¥750 command set, the device has the ability to read
or write values, set or test individual control 1lines, pulse

lines, count events, and perform time delays. This allows the
user to define a general sequence of digital I/0 events, with the
CY¥750 providing the proper sequencing and testing. The ability

to perform conditional functions enables the CY750 to alter the
sequence of events, Dbased on externally supplied information.
The CY750 is useful anywhere a smart I/O port would be required.
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18 Electrical Specifications 18

Absolute Maximum Rétings

Ambient Temperature under bias....ceeeveaus 0°C to 70°C
Storage Temperature........ W W e e -65°C to +150°C
Voltage on any pin with respect to GND....=0.5V to Vcc+0.5V
Power Dissipaticn.iieiniveavanannaaay resese0.2 watts

TABLE III DC & OPERATING CHARACTERISTICS

(TA = 0°C to 70°C, Vec = +5V +10%)

SY¥YM PARMMETER MIN | MAX|UNIT REMARES

ICcC | pwr supply current 18 ma

VIH | input high level 1.9 | Vec v (3.5V for XTAL, RESTART)

VIL | input low level -.5| 0.9| WV

I10 | data bus leakage 10 ui high impedance state
VOH | output high level 2.4 v IOH = -60 uA

VOL | output low level .45 v IOL = 1.6 ma

FCY | crystal frequency 3.5 12 MHz see clock circuits

Electrical Conventions

All CY233 signals are based on a positive logic convention, with
a high voltage representing a "1" and a low voltage representing
a "o". Signals which are active low are indicated by a slash
after the pin name, i.e., ACK/.

211 input 1lines except the data bus include weak pull-up
resistors. If the pins are left open, the input signals will be
high. The data bus pins must have external pull-up resistors to
output a high value. Where appropriate, an input line will bhe
considered in the floating state if the C¥233 can drive it both
high and low.

The data bus is bidirectional, and is tri-state during nonactive
modes. Note that data bus signals are positive logic.
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Reset Circuitry

The Restart (pin #9) line

must be held high upon 45y  45y¢

power-up to properly

initialize the CYz33. t J;

This may be accomplished q

via the use of a 4.7 uFd T A TRestart

capacitor, as shown in 1K i, 9f
10K

Figure 18.1. Restart

must be high for 10 msec

after power stabilizes on B
power-up. Once the CY233 *Optional
is running, Restart need

only be high for about 10 ,
usec (11 MHz crystal). a. b.

Figure 18.1 a) Restart Circuitry.
b) External Restart.

Clock Circuits

The C¥233 mav be operated with crystal or external clock
circuits, These two options are shown in Figure 18.2. A1l
timing discussed in this manual assumes an 11.059 MHz series
rescnant crystal. Note that 11.0 MHz, such as a CTS Knights
MP110 or equivalent will work fine. The CY¥233 requires an 11 MHz
clock in order to genereate the standard baud rates, although any
crystal in the allowable range can be used with the adaptive
mode, within the timing resolution limits of the C¥233. Use

7.3728 MHz to make the fastest possible rate a standard 38400
baud.

._al NC
|
33pF
—*
S?PF' External ) g
ﬁﬁ Clock B CMOS i
= Buffer £
*¥11.052 MHz for Duty Cycle 45-55%
Standard Baud Rates Rigse and Fall time must
not exceed 20 nanoseconds
CRYSTAL EXTERNAL

Figure 18.2 Clock Circuits for C¥233.
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1 9 Basic Language Driver for the CY233

19

The following BASIC program was written for the IBM-PC family of
computers. It turns the PC into a terminal emulator,

you

to directly communicate with the €¥233 through the

keyboard and display.

allowing
computer

loo
110
120
130
140
150
160
170
180
150
200
210
220
230
240
250
260
270
280
290
300
310
400
410
420

CRT EMULATOR FOR CY¥233
Cybernetic Micro Systems, Inc.

This program waits for keyboard input, then
displays the keys on the screen and sends them
out the COM1 port. It also reads any recelived
data from COM1l and displaye it on the screen.

CcLS
LF$=CHRS$(10) : NL$=CHRS$(0) : ES$=CHRS$(27)

' Open COM1 serial port with baud rate and parity.
' NOTE: settings MUST match CY¥233 selections.

1

OPEN "COM1:9600,N,8,1,CS0,DS0,CDO" AS #1

LOCATE 5,5,1

PRINT "Ready to Go!®"

1

! open the screen for displays

CPEN "SCRN:" FOR OUTPUT AS #2
1

' Check for keyboard input. Display and send
! any keys to COM port. Stop when Escape key input.

430 !

440
450
460
470
480
490
500
510
520
530
540
550
560
600
610
620
630
640

A$=INKEYS : IF AS=ESS$ GOTO 630
IF AS<>"" THEN PRINT #1,AS$; : PRINT #2,AS;
1

' Check for any received data from COM port, and
' display it, then loop back to check keyboard.
1

WHILE NOT EOF (1)

J%=LOC(1) : BS$=INPUTS(J%,%1) : LF%=0
LF$=INSTR(LF%+1,B$,LFS$)

IF LF$>0 THEN MIDS$(B$,LF%,1)=NL$ : GOTO 520
PRINT #2,B$;

WEND

GOTO 440

]

' Exit program when Escape key pressed.
L]

CLOSE #1 : CLOSE #2

STOP
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With the above example driver program, your computer behaves like
a terminal. That is, any characters typed from the keybocard are
sent out the serial port, and any characters received from the
serial port are displayed on the screen. In addition, the
display will show the keys as they are typed.

To operate the above program, connect the C¥233 circuit design
through a COM port of your system. COMl is used by the program,
but changing the OPEN statement would allow you to use another
COM port. It is very important to match the baud rate and parity
settings of the CY¥233 and the driver program. The example uses
9600 baud, 8 bit data characters, and no parity. Other
selections are possible by changing the OPEN statement.

While the example driver program is written in PC BASIC, to run
on a PC family computer, a modified version should be able to run
on other types of computer systens. Possible changes would
include the format and device names for the OPEN statements.
"COM1" is the serial port to which the C¥233 is connected, and
"SCRN:" is the system display screen.

The example driver program does not modify the keyboard input
before it 1is sent to the CY233, so be sure all messages start
with their upper case command letters. The <C€¥233 should be
operating in the ASCII Character mode, and all data transfers

must be preceeded by the command letter and hex address
characters.

Any response or echo from the C¥233 will be displayed along with
the keyboard entries you make. If the C¥233 is set up to echo
messages, they will display as double characters on the screen,
one from the keyboard entry, and one from the C¥233 echo. Recall
that the C¥233 will not start to echo until the command letter
and address characters have been received. The decision to echo
is only made after the address test, when the CY¥233 knows if the
messages is valid or not.
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20 Getting your CY233 Running 20

The following checklist will simplify getting your C¥233 up and
running.
1. Connect pin 20 to ground, pins 31 and 40 to +5 wvolts.
2. Choose a baud rate to match your serial interface. See the
CY¥233 baud rate table for details.
3. Choose a parity and character length to match your serial
interface. See the parity and length table for details.
4. Set the ASCII character mode for now, pin 24 floating.
5. Set the network mode to "echo all--slave" by tying pin 21
high and leaving pin 22 floating.
6. Tie DAV/, pin 14, to ACK/, pin 13, for an auto handshake.
7. Tie UART-Encode-Decode/, pin 23, low for decoded addresses.
8. Be sure Restart, pin 9, is high for at least 10 milliseconds
after power stabilizes. The CY¥233 may be reset at any time.
9. After proper reset, the data bus should be tri-state, and
other outputs should be high (>3V).

10. Observe that CLK, pin 30, has a 1.83 MHz clock with
11 MHz crystal. (T [ }

11. Connect RxD, pin 10, to your terminal or computer ocutput,
using a buffer to translate the interface voltage levels to
the TTL levels regquired by the C¥233. DO NOT connect the
C¥233 directly to an RS-232-C line. Damage to the C¥233
will result if voltages outside the 0 to 5 volt range are
applied to the C¥233.

12. Connect TxD, pin 11, to your terminal or computer input,
using a driver to translate the TTL levels of the C¥233 to
the wvoltages required by the interface, i.e. +/- 12 volts
for RS-232-C.

13. Send the ASCII characters W02 (57h, 30h, 32h) to the C¥233.

14. After reception of the ASCII "2", the C¥233 will respond by

sending all three characters back (echo all mode), and the
Address line 2, pin 3, will go low. This indicates that
the baud rates, parity, and character modes are properly
defined. Note that LEDs on the address and data lines will
make it easier to observe the actions of the CY¥233 on the
parallel side.
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15.

16.

17.

1s8.

18.

20.

21l.

22.

23,

24.

25.

Send the ASCII character A (41h). The C¥233 should echo
this character back, and the character should strobe on the
CY¥233 data bus.

Send any other printable characters. They should also be
echoed back, and be written on the data bus. Note that
characters may be easier to see if a latched transfer mode
is used, i.e., tie pins 16 and 17 low (RD/ and BUSEN/).

Send the ASCII carriage return (0ODh) to terminate the write
command. This will also be echoed and written to the data
bus, but then Address line 2 will go high again, and the
data bus will switch to tri-state, unless it is latched.

Tie the ACK/ line, pin 13, low. This will make all
addresses invalid.

Send the characters W03 (57h, 30h, 33h). The C¥233 will
echo the characters back, after reception of the "3", but no
address lines will go low, since this is an invalid address.

The CY¥233 will continue to echo any characters sent, but
nothing will happen on the data bus. This sequence should
be ended by sending a carriage return again.

Connect ACK/ back to DAV/.

Send the characters ROl (52h, 230h, 31h). The CY233 will
echo back the characters after receiving the "1", then it
will send back two additional characters. The first is the
present state of the data bus, sent as one character, and
the second character is a carriage return, which terminates
the read command.

Try repeating the above sequences with encoded addresses, by
leaving pin 23 fleoating. Notice the difference in address
line patterns in the encoded mode.

Try changing the echo modes by changing connections on NET,
pin 22, and DUP, pin 21. The CY¥233 detects these changes
dynamically, and will use the new setting with the next
message it receives. Notice that wvalid and invalid messages
are echoed differently in each of the modes.

Try the other character modes, such as ASCII hex or Binary.
Be sure to cbserve the different requirements for types of
characters and terminators. The hex mode allows only the
hex digits for data transfered on the data bus, while the
binary mode assumes all commands are write operations, and
has an 0B3h terminator.
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» Hing or Bus Network capability

e Special Local Area Network mode
= Selectable Token support

# Half or Full duplex operation

& Line turnaround capability

» Selectable address range

» Supports 255 encoded addresses

\_

CY233 Features

s Supports B decoded addresses

» Strobed parallel data transfers

» Handshake parallel data transfers
= Low power CMOS technology

s Single 5 volt, 40 pin device

» TTL compatible }/D levels

* Works with standard drivers

e A5232 serial timing and format

» Baud rates from 300 to 57600

# 7 or B bit character data lengths

s (dd, Even, Mark, Space, or No parity
e Master or Slave device operation

» Simple UART data transfer mode

= Powerful expanded command set

J

Modes of Operation

CY233 LINC (Local Intelligent Network Controller)
provides a general mechanism for passing data be-
tween a serial network, or computer port, and local
parallel devices. [t operates in one of three basic modes,
which determine the complexity of the connections and
the format of the serial data.

UART Mode

is the simplest operating mode in which there is one
CY233 connected between a single serial device, such
as an RS232 port of a personal computer, and a single
parallel device, such as a parallel printer. Data may flow
unidirectionally or bidirectionally between the devices,
and the serial device deals with only the direct data flow.

Network Mode

is a medium complexity operating mode that allows a
single serial port from a host computer to control
multiple parallel devices or special parallel hardware.
The CY233 uses addressing functions to select be-
tween a maximum of 255 unique parallel devices.
These devices may all be connected to a single CY233,
with that CY233 responding to any address. Alternately,
the possible addresses may be split into smaller groups,
with a CY233 responsible for each group of addresses.
It is possible to have a network of 255 CY233s in this
case, with each CY233 responsible for only one parallel
device and one address assignment. Any combination
between these extremes is also possible. A special
prototyping board, the CYB-233, is available from
Cybernetics for support of this operating mode.

Host Ring and Party Line Networks

are two of the various network connection schemes
possible in this mode. These topologies will usually
have a host computer controlling several CY233 nodes,
with parallel device hardware connected to each node.
Data flow is bidirectional, with the host writing messages
to and reading messages from the CY233 nodes.

Wire Saver

is another possible connection, in which parallel data is
generated at one location, transmitted serially to another
location, and reconstructed in parallel at the destination.
Inthis case, the CY233s act to convert the data between
the parallel and serial sides. This scheme can be very

economical if there is any distance between the locations,
since it saves the need to run expensive parallel cables
over that distance. Also, data flow can be bidirectional
in the Wire Saver design.

CY233 Message Structure

is used to transfer data in the Network mode. This
structure (see opposite page) is used to specify the
address of the paralle] device involved in a specific set
of data transfers. The structure is very simple, and
involves minimum overhead for the number of devices
that can be controlled through one serial channel.

LAN {Local Area Network)

is the most complex mode of operation, in which
multiple serial devices can be connected in a network.
In this scheme, two CY233s are required at each
network node, one to connect that node to the others of
the network, and a second to connect the local serial
device to the node. Optional token support functions
may be used to control the flow of messages in such
networks. The CYB-233-LAN prototyping kit, available
from Cybernetics, implements one LAN node.

Host Ring LAN

is the first of two possible network designs, in which a
network master computer is connected at the network
level. Communications between the various nodes of
the network are controlled through this master/server
system. The local serial devices could be other compu-
ters, terminals, or custom serial hardware,

Peer Ring LAN

is the second LAN design, in which the network consists
of only CY233 nodes, connected to local systems. In
this design, communications can occur between any
two nodes of the network, without involving a master/
server computer. This is a very general communications
scheme, and allows a local area network to be designed
without special hardware requirements. The standard
serial communications ports of the local systems are
connected to the CY233 nodes, which form the only
special hardware in the network, and represent a very
economical network design,



Basic Message Structure

ASCIl Message Format

When multiple C¥233s are connected In a network,
messages cause data to flow between nodes of the
network. 4 message Is a simple structure that consists
of four elements: a command letter, an address, the
data contents, and a message terminator. A typical
message is shown below:

(w] [o]3]
v —

Commang  Address

<CR>

Terminator

Message

This message will write ‘A .. Z<cr> to the device
attached to the network as address #03. The above
message format is typical of Host Ringand Party Line
netwerks ln which a host computer sends messages
to devices.

When maost devices on the net are computers, it is
desirable to identify the source as well as the destina-
tion of the message. This is done automatically in
LAN networks, both Peer Ring and Host Ring LANs.
A local computer creates a write message with data
and a target address to which the data is to be sent.
The local CY233 appends its address to the target
address, a3 it places the message on the network.

(] [o]3]

sent by local computer #07 to computer #03.

(w] (03] [o]7]

message placed on the nel:wnr byCYZ.?-E #07
Will be removed from network by CY233 #03.

The above structure allows any computer on the
network to communicate with any other unambigu-
ously. Network query and status commands allow
each local computer to poll the network for automatic
configuration.

Token Support

C¥233s recognize local intelligent devices and per-
form special functions in support of token passing
modes in which local devices wait for the ‘token’
before placing thelr message on the network, Watch-
dog timeout functions prevent the token from being
"stuck’ at any node that does not respond. Each local
CY233 takes responsibility for keeping the token
passing, If its local device fails to respond in a
specified period.

Binary Message Format

Forsimplest modes, such as the Wire Saver, a simple
binary mode message uses only the destination
address, data contents, and the special terminator,
OFFh, All messages in this mode are implied writes,
For example:

HH

w
Bingry  Data Data Data  Termenator
Targel  Byte Byte Byte

Address 1 3 n
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CY233 Commands

All CY233 commands are listed below. While many
are self explanatory, the interpretation of some of
them is dependent upon the network topelogy and
operating mode. A complete description is beyond
the scope of this data sheet, however a detailed user
manual (~150 pages) is available from Cybernetic
Micro Systems,

Network Serial Commands

Test Network Link, @ aa<cr>
Undefined, Hex Character conflict
Reserved command letter
Undefined

Initialize CY233, laa<cr>
Enable Echo All mode, Jaa<cr>

Enable paralkel Emor status, Kaa<lor>
Uindefined

Fill consecutive locations, Maahh. hh<lcr>
Display consecutive locations, Naacchh, hh<cr>
Reserved command letter

Set Periodic Master mode delay, Paatttt-<Zel>
Query for serial error status, Oaass<o>

Read from parallel device, Raad.. d<"cr>-

Sense local address, Saabb..11<ci>

Set handshake Timeout delay, Taatttt<cr>
Token message, Uaa<cr>

Undefined

Write to parallel device, Waad _d<cr>

Transfer to parallel device, Xaad..d< o>

User Reserved, ASCI 59h._5Fh R,

n

LAN Serial Commands

Return LAN Node Address, @ aa<or>
Reserved command letter

Initialize CY233, lag<cr>

Reserved command letter

Pass Parallel Command to Network CY233, PCmd<<er>
Query for serial error status, Jaass<<cr>

Generate Read Message to Network, Raad..d<cr>

Set LAN handshake Timeout delay, Taattit<cr>
Generate Write Mesage to Netwark, Waad..d<lcr>

TeNmOoOTO -0 ®

Commands not listed above should not be used ina
Local Area MNetwaork,

Parallel Commands

Reserved command letter

Initialize CY233, I<<er>

Enable Echo All mode, J< o>
Enable parallel Error status, K<er>
Load value of Status byte 2, Lww<cr>>
Reserved command letter

Set Periodic Master mode delay, Pittt<cr>
Sense nodes on Ring, S<cor>

Set handshake Timeout delay, Thit<cr>
Generate Token message, Uaa<cr>

=N Wor e =@

Only the commands listed above are available as
Parallel commands. Any others will set the parallel
status error bit.




Pin Configuration and Description

Vet +5 volt power suppdy
0g Parallal data bit 0, LSB
m Parallal data bit 1

D2 Parallal data bit 2

D3 Parallel data bit 3

D4 Parallel data bit 4

05 Parallal data bit 3

D& Parallel data bit &

oy Parallel data bit 7, MSB
TEST Internal test signal

Parallel devce aodress bit 0, LSB
Farallal device address bit 1
Parallal devsce address bil 2
Parallel device address bil 3
Faralial device adoress Dit 4
Paralial gevice adoress it 5
Paralial gevice adoress oit 6
Paraligl device adoress it 7, MSB
C233 hardware reset

Recaived serial data inte CY233

Tranzmitted serial data from CY233 CLE Clock output, 1/6 crystal ate
Feeced paraied load ADDRY Apdress strobe for paralel device
Acknowledge of parablel transier BOA1 Biaud rate selection, M3E

[ata available 10 paralled device BOAD Baud rate selection, LSE
Readiwrite selection for transier PART Parity/data length selection, M5H

PARD Parity/data length selection, L3B
CHAR Character mode selection

Parallel write strobe or bus anabie
Parallel raad strabe ar alternate

Crystal connectson U-E-Dy Addrass coding made selection
Crystal connectian NET Nelwork mode sglecton
k Powear Supply common oup Buples: mode Safection i

Some pin descriptions below show three possible stares, TTL O, TTL 1, or Roating (F).
Alse. marmy ping on the CY233 are bidirectional, assuming various functicns in the differsnt operating modes of the device,

Pin  Mnemonlc Function \ (_ Pin  Mnemonic Function \

1 Al Farallel device address it 0. LSE 24 (I/0)  CHAR  Cheracter mode selection
20000 al Paraliel device address bit 1 This pin selects the data representation for the contents of serial messages,
I AR Paraligl device addres kit 2 Whan the CY233 Is running. it may also be used to eneble wi-stare ransmit
41401 A3 Parallel device :vdgrm EH 3 drivers.
S0 Al Parallel device address bit 4 F ASCI Character mode
S1/0)  AB Parallel device address bit 3 1 ASCH Hexadetimal charserer rode
T Ak Parallel davice address bit & i Binany Character mode
BN AT Parallel device address bit 7, M5B
These pins specify the current address to the paraliel devce. 25 (1) PARO  Panty/Data langth selection, LB
They are wsed for address generation and lesting 26 (1) PARL P‘annr.-'Dlm lengrh selection, E-I'!SB
; : i =4
9l Restamn  CY¥233 hardware reset el s gratacier Mot j_':;:f_a.unt t;:;m:m,;m
The CY¥Z233 is hardware tesat by this active high signal PARL, 0 Party Length Length
10y  BxD  Recemed serial data into CY233 L S i
TTL lewel serial data is input to the CY233 throwgh this pan, F o 0“&? 2 ig
1110 T«D  Transmitted senal data from CY233 1F Space i 1
TTL bivel sevial data 15 cutput on this pin 11 Mane 8 14
14 Space ] 11
12 M FPL/  Forced parallel lnad £ 0F Marh ] 11
The local parallel device can force a multi-bnde read or perallel command ol Eaen & 11
eperation wsing this pin. The read address mus also be supplied. 0 Odd [ 11
130 ACH;  Acknowledge of paralle] transfer 24 BDRO Baud mte selechon, LSE
14 /30 DaNyY Data evallable to paralie]l dewvice ] :[J:I BDR1 En:d :t: W,@EI M5B

15 /00 R-Wy ReadWrite selection for transfar ;
These pins are used for handshake control of parallel data transhers These pins select the CY233 baud rate as follows:
Indicating whan data are stable and have been accepted by the CY233 and BDR1, O Rate with 11.05% Mhz cloch

local parallel device. ; ]F Salf M;_I‘I?ﬁt:;g
16 /00 WR/  Parallel write strobe or Bus Enable Fo 19200
17 400 ROV Parallel read strobe or altemate select 1F AB00
A4 an alternative to the handshake data transfers, the CY232 also supports 11 AR00
strobed transfers. These pirs control the fiming of the transfers in the 10 2400
strobed mode. Alternate functions are avallakle n the handshake moda, oF 1200
18 {1 MTALZ  Crystal connection g I::l" %g
1941 XTALl  Crystal connection
An axternal 11 MHz enystal or clock souree 15 connected to these pins. All 29 [Op ADDRS Address strobe lor parallel devies
baud rates and device timing are dertved from this clock. A short strobe is generated on this line when the CY233 has weittan a new
address to lines . but re es are tested. Could be used to
dd lines AC-A7. but before the lin d. Could be used
20 W55 Power supply common trigger axternal addressing logic.
30 (O CLE Clock outpet. 1/6 crustal rete
3% EH EH_’ ﬁ:ﬂ: krm:":'-:| 51313:?; 2 IR TEST  Internal test signal. connest ta Ve
mode 1 7
Select the commurnications mode through these pins. gg H;% gg ;::H:: g:: E:: ; MSB
NET DUP ECHO  MODE  USEFUL FOR o ﬁg = E:E:L:! j:,: E';i
[ [} Imualid Master Ring Mebwork 3600 D3 Famalle: data bit 3
1] F Mene Muaster Point 1o Poant Parallel Z
3§ AT Mame oy Neswons Plo) D2 Famlelcoabi
E 0 oeld el Hee o o Do Parallal data bit 0, LSB ‘
'F: rI: Eﬁm* g::: E:E,Eﬁpfuuéﬁgﬁw ound Thase bi-directional lines are used Jor all perallel dara ransters berween the
10 Valid Master  Console o CYZ33 CY233 and Jocal pasallel devices.
1 F Valid Slave Bus 4 1) Vo =5 Valt pewr supply
1 L Walid Slave Bus
231 L-E-IY  Address coding mode selaction CY233 Electrical Specifications [SIM T FRESMETER
Select the CY233 addressing formar through this pin. ABSOLUTE MAXIMUM RATINGS: OO Wt bl Cumen! mh )
1 Uncoded UART mode. addressas not usad ;Emr.-.:rmwmw el LA L % E1T5DQ:E ::[' ;p-lﬂlnr:.mw\:' ; ; : -
F Encoded Address, positive true binal "'}"r;gg U:TW;I':.M W ’ La EE: ous Inakage kA | regh impeanros sane
\ 0 Decoded Address, negative true, 1 of B P R I - o v RS M EI—" cantpLs fgh vl vl b -.-.565 i,
HARAG nCs: L aulpul Iow el ¥ - 14k
DC & OPERATING C i FOY orvalal regusnty 3 IR see clock Srouili
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