














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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Figure 15.1 Local Area Network node design.
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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.
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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

i ADDRESS 0...255 "
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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.

1‘5\"
40
Decoded {1 of &)
E-D Addresses
f Y L
:yi———— oy
tfp— .
A3 y To other devices Tu
M
whpE on selected address (i.e. Mj Ifgzg-’zrt
Q
LT \
oS
= 1~ " on selected !
ACK, 741532 address and Dav
assertion (clears
= b5 High for Read  interrupt) los,
e q - -8 4 Wl- T 4
. 24002
mzas. L m ., 8 Bit data
o 171005 for user
% 1a PO circuit
PO
087 o o pis |
Ly p.ll.....t 5 T Initiates interrupt
. and latches data
. 4K o4 =B From user circuit
0,1,F as Req'd 3
-ﬁ{}———ﬂ1wnun mD
W™ Request “master' mode to =
e read data in 8212 and xmit over RS-232 212 s

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.

k-3 v # 5y
L mf f,ti

o 12 NC I"’E'-"
Ay |2 Ll e B4 L]
A 2 (4 Be e
s b TN Bs L4 128 = PORT A ks
a s 1! I 129 = PORT B
ry L& B4 130 = PORT € Pa
As | A3 33 M 131 = CONTROL
Az £ Az B1 ki 8255
. PROGRAMMABLE
C\(233 AM25L52521 = FERIFHERAL
Iy ADDRESS INTERFACE 24
W b COMPARATOR TTL
; tdem Eoerp? s SELECT . i{ge
ack L2 8255 u
o to
= _L? PB user
= circuit
51 L g h.
1 9
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b2 — 1 2l
e 2 _—— 18 Be
34 [~y 29 ve
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\ must be
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wr pl 26 via its control
u;".i.._’nr_ - register
_ Bee B25S
I_.m fata sheat

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-.

i +6e + oV
a1 20
vee-B B2 e ‘AM25LS2521
s B 1 1), Addressp, | 5y Example wiring for
CY233 i i3 |, compar-g [ 1 * ADC 0808. Base
3 & A ator address = 64 decimal
Ay i3 Py By 4
by L2 1] Aq 3
A3 A3 By 1
Ty __F—IC HH BT =
B - Lo -r Select ADC 0808
24 LS 07
BOP R | [ .
e D il 0 i

L

vV Ref+ [(may be +5V)

8 Analog inputs

V Ref - (may be com)

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.

141



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.

147



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

Di icMi S ¢ H\:415~?E$—30‘Uﬂ'1 ............... TA=CPC 10 T0°C, voom - By | e |






