




















If the CY545B is to execute a program from the local external memory, and accept
immediate parallel commands at the same time, there is a resource conflict involving
the data bus. This bus is used to both read commands from the memory, and read
commands from the parallel host, while only one device is allowed to drive the bus at
a time. Notice that the CY545B may also drive the bus, while outputting messages to
the host or the local HP display! This makes the data bus a very critical resource in
CY545B designs.

In order to allow immediate commands to be issued at any time, even while the CY545B
is reading data from the local memory, we must implement a new handshake protocol
for the immediate commands, which prevents corruption of data on the data bus. In
the CY545B, this is done without using any more signals, so no other User Bits are
given up to perform this more complex handshake.

Instead of using additional signals, immediate commands are issued with a modified
first handshake, involving no character! That is, the host drives I/O Request low, and
waits for the Busy signal to go low, but the data bus is not driven. This allows the
CY545B to finish reading and executing any command from the local external memory,
that is in progress when the host decides to issue the immediate command.

After the memory command is finished, including possible output of a message or query
response, the CY545B will drive Busy low, with FPL high, to indicate that it is now
accepting the host’s immediate command, This is similar to a normal command
handshake, except that the command letter is not put on the data bus.

Since the data bus is not driven during this first handshake, the CY545B reads an 0FFh
data byte (due to the pull-up resistors on the local data bus), and will ignore this byte.

This special, first character handshake is followed by the normal command format,
starting with the normal command letter, which the CY545B reads with a normal
handshake. After executing the immediate command, the CY545B resumes external
memory execution, unless the immediate command was the "0" command, which stops
the execution.

Note that the first handshake, without driving the data bus, is only required by the
parallel interface during immediate commands, issued while the CY545B is also
running a program from the local external memory.

When the CY545B is only executing immediate commands from the host, or when the
host uses the serial interface instead of the parallel interface, the "0FFh" first character
is not required. However, if you issue a first handshake with no command character
(read as OFFh by the CY3545B) in these cases, the CY545B will still ignore that
character.
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The examples below, show the initial handshake of an immediate command during ex-
ternal memory execution. Notice that in the general case, FPL might go low before
Busy goes low. In this case, the CY545B has decided (due to a command from the
memory) to output a message to the host rather than accept the immediate command
input. This is shown in the first example waveform below. The CY545B is driving the
data bus when FPL is low,

The host must accept the output message from the CY545B before continuing with the
immediate command in this case. The state of FPL during the first handshake will
determine if the CY545B is taking the command from the host (FPL high), or if the
CY545B is outputting a message to the host (FPL low).

Data < 1lst char > < next >—
I/0 Req ﬁ__ | .
Busy —_— ———L | | |—

FPL |

Figure 16.4 Message Output During Immediate Handshake (CYS545B drives data)

After the CY545B has issued the output message, and FPL is high again, the host may
continue with the immediate command handshake, and the CY545B will now accept
and execute the immediate command, as shown in the second example waveform
below. Here, the host does not drive the data bus for the first handshake, giving the
CY545B the "0FFh" first command character prefix. This is followed by the normal
first command character.

Also note that the second example waveform applies to the case where the CY545B
accepts the immediate command without first generating some output data.

Data ——— "QFFh" ——— < 1st cmd char >
I/0 Req "—'—'—l_ ..______,...l—[ r_—
BLIE - s s =

¥ ] ) | B
FPL

il

Figure 16.5 Normal Immediate Handshake or Continued Handshake after msg
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In addition, the CY545B will only issue an output message if there is a query or quoted
message in the memory program. If there is no such command, the CY545B will al-
ways accept the immediate cornmand from the host, without the possibility of chang-
ing FPL to the output mode during the first handshake of the immediate command.

In this case, the host handshake is less complex, because the host is not required to test
the state of FPL during the first handshake with no data. FPL should always be high.
However, during the first handshake the data bus must still be left floating, so the
CY545B can continue to read from the memory, if required to finish the currently ex-
ecuting command.

When using the serial command interface, it is also possible to issue immediate com-
mands to the CY545B while it is executing a program from the local external memory.
As with the immediate parallel commands, the CY545B will stop the memory execu-
tion, process the immediate command, then continue execution from the memory, un-
less the immediate command was the "0" command.

Since the CY545B may be in the middle of a command when the host decides to send
the immediate serial command, it is best to use the Clear To Send (CTS) protocol to
help control this environment. This will prevent overflow of the CY545B serial buff-
er, since it cannot read the new command in the middle of executing the command read
from memory.

The CTS signal is enabled by setting MB5 of the mode register to one, using the mOde
command.

The CY3545B will drive CT'S high (off), if enabled, during the execution of any memory
command, then drive it low again as the next memory command is being read. If the
host uses the CTS signal to indicate when it is safe to send a command letter, the
CY545B will accept the letter, and save it in the serial buffer until the current memory
based command is finished. It will then read the immediate serial command letter, and
wait for more serial data, to complete the command. CT'S will stay low during this time.

Once the immediate command has been received, the CY545B will execute it, with
CTS driven high. External program execution will then resume after the immediate
command.

As with the parallel command interface, the CY545B does not mix the command read
from memory with characters received over the serial interface. Once the first letter
of a serial command has been received, execution from the external memory is
suspended until the immediate command is finished.
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The Serial Interface

The CY545 serial command interface uses two primary signals, RxD and TxD. Serial
data is received on RxD and is sent on TxD. Note that when the parallel interface is
not used, I0_REQUEST and BUSY may be tied to select a fixed baud rate for the
CY545. Otherwise, the adaptive mode will be used, or a parallel mode command can
select a fixed baud rate (either from the local external memory, or from a parallel-con-
nected command source). In the adaptive case, the CY545 must receive two carriage
return codes before receiving or sending any other serial data. It will adjust the baud
to match that of the received carriage return codes. With an 11 MHz crystal, the CY545
can adapt to standard baud rates between 300 and 19,200 baud.

The CY545 optionally implements a third serial control signal, the CTS signal. You
must issue a Mode command to the CY545 to enable this signal, which shares functions
on USRB6. With this signal enabled, the CY545 indicates to the host system when it
is ready for more serial data. The CTS signal will be turned off when the CY545 is busy
executing a command. For long duration commands, such as time delays or motions,
this will inhibit the host from sending more commands until the CY545 is ready for
them, providing an automatic serial handshake.

The CY545 has a three character serial buffer, which should be enough to let the host
system respond to the CTS signal. Otherwise, it does not buffer serial received data.
The CY545 can accept serial data continuously within the range of the standard baud
rates, until the end of a command is received (carriage return in ASCII mode). It will
then be busy processing the command, and may take some time, if the command
involves a motion, time delay, wait for external signal, etc. During this time, the CY545
cannot accept any more serial data, and none should be sent by the host. If the CTS
signal has been enabled, this signal will indicate that no more data should be sent.
Otherwise, the host must perform a time delay, allowing the CY545 to execute the
current command, before sending more command characters.

When a query command is received, and the CY545 mode register is set to respond out
the serial port (Mode bit MBO = 0), the query response will be sent on the TxD signal
after the command is received. Note it is possible to issue the query command on the
parallel interface, and have the response sent out the serial side. A typical serial query
and response are shown below,

CY545

RxD {(#10) |f HI ||| Ilﬂ_ﬂﬂ__l
a0 [ g

i

)] 500 1000 1500 2000 2500 3000 3500 4000 4500
TIME IN MICROSECONDS

Figure 16.6 Typical Serial Interface Waveform,
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External Memory Control Signals

As discussed previously, the CY545 can support up to 64K bytes of external data
memory, used for storing and executing various command sequences.

The CY545 provides all address and strobe timing signals to the memory. Signals
required are XMEM_SEL, ALE, WR, RD, and the data bus lines. Special use is made
of the data bus, which provides all 16 bits of address, plus the actual data transfers. Two
external latches are required to hold the address. The example shown uses 741.5373s

for this purpose.

When the CY545 reads or writes the external memory, it starts by placing the most
significant address byte on the data bus. It then selects the memory by driving
XMEM_SEL low. This both chip- enables the memory and latches the upper address
byte into the 7418373 which holds address lines A8 to A15. The CY545 then performs
a read or write operation.

The read or write is broken into two steps. First the lower address byte is generated
on the data bus. This value is latched into the other 7415373, using the ALE signal.
Then the actual data transfer occurs. For a write, the CY545 generates the write data
on the data bus, along with a write strobe, WR. For a read, the data bus is floated, and
a read strobe is generated, using RD, so the memory can now drive the bus.

When the memory transfer is over, the XMEM_SEL signal goes high again, de-select-
ing the external memory. This allows the lower address byte and RD and WR strobes
to be used with other hardware as well, without interference from the memory. Only
the memory uses the upper address byte. A typical memory access waveform is shown
below.

CYS45

FMEM_SEL (#14) (

P — 2 o - " o " -

ED (#1)
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Data Bus
{#37-39)

a 1 2 3 4 5 & 7 3 s
TIME IN MICROSECONDS

Figure 16.7 Typical External Memory Access Waveform.
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As a special feature, the CY545 performs a verify read after writing to the memory.
This function is provided in support of EEPROM memories, that require a long time
to perform a write operation, and cannot perform another random write or read while
the first one is in progress. Many of these memories support Data/ polling, in which at
least one bit of data is inverted while the memory is busy writing the byte. When aread
is performed, the data read does not match the data written until the write operation
is complete. This change in data values indicates when the memory is ready for the
next operation.

The CY545 performs the verify read repeatedly until the data matches the value
written, or a time out occurs. For RAMs, the match will occur immediately, so the
CY 545 simply continues at that point. For an EEPROM, the match will occur after the
EEPROM write is finished, and the CY545 waits during this time before going on to
the next function. This feature is shown in the waveforms below.

CYE545

YMEM_SEL (+4) -
WR (#i6) [ N

RD (#17) ‘ i -[ [[

o z0 40 60 80 100 120 140 160 180
TIME IN MICROSECONDS

Figure 16.8 External Memory verify read after write.

You should be aware of this time period delay when using EEPROM, because it is
possible to send serial characters to the CY545 faster than the EEPROM can accept
themn, when running the serial interface at higher baud rates. It is best to have a time
delay between each character in this case, or else use the CTS signal to hold off the
communications until the CY545 is ready.

Note that the parallel interface takes care of this time delay on its own, since the CY545
will stay busy while it is writing the character to the memory.

Additional care must be taken when using the parallel command interface along with
external memory. Since both functions share the CY545 data bus, the parallel com-
mand source must be able to release the data bus when the CY545 is commanded to
access the external memory. The host system should only drive the data lines when the
CY545 is not busy, and the host must stay off the bus while the CY545 is executing
commands from the memory. No special signals are provided in this mode, the CY545
simply reads commands from the memory and executes them, until it encounters a stop
command.
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Special HP LED Display Control Signals

Along with the normal serial and parallel data outputs, the CY545 also supports a spe-
cial parallel LED display, using the Hewlett- Packard HDSP-211x displays. These are
compact 8 character displays, with programmable intensity, custom characters, and
other features. The displays are very convenient and compact, making them useful in
a minimal CY545 based system.

The CY545 provides all address and strobe timing signals to the display. Signals re-
quired are HP_SEL (shared function with USRB7), ALE, WR, RD, and the data bus
lines. For the HP display, only the lower 6 address signals are used, and they are
generated from the data bus and ALE signals. The address signals must be demul-
tiplexed by an external latch, such as the 74LS373. If external memory is also being
used in the system, the same address latch used for the lower byte of the memory ad-
dress may be connected to the display. This is shown in the example schematic.

The HP_SEL, RD, and WR signals must be combined as shown to generate the Chip
Enable signal for the display. This signal has special timing requirements, and may not
be simply connected to the HP_SEL signal.

B

XMEM _SEL S
ue7 FJ!LI
5H

R

RO
2 ) alE

When the CY 545 reads or writes to the display, it starts by driving HP_SEL low. The
read or write is then broken into two steps. First the lower address byte is generated
on the data bus. This value is latched into the 74LS373, using the ALE signal. Then
the actual data transfer occurs. For a write, the CY545 generates the write data on the
data bus, along with a write strobe, WR, For a read, the data bus is floated, and a read
strobe is generated, using RD, so the memory can now drive the bus.

When the data transfer is over, the HP_SEL signal goes high again, disabling the RD
and WR strobes for the display. A typical display access waveform follows.
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Figure 16.9 Typical HP Display Access Waveform.

Thumb Wheel Switch Interface Control Signals

The CY545 also supports the reading of parameters from external thumb wheel
switches, as discussed previously, The design of the thumb wheel switch interface
circuitry is shown in a previous section, and will not be reproduced here. However, we
will discuss the CY545 signals used to enable the thumb wheel switches, and show
example timing waveforms.

The CY545 also provides all address and strobe timing signals to the switches. Signals
required are SW_SEL, ALE, RD, and the data bus lines. The switch address is again
multiplexed on the data bus, and requires the external address latch. All 8 bits of the
address are used to decode the switch selection logic. Note that the thumbwheel switch
interface is a read only function.

When the CY545 reads the thumb wheel switches, it drives the SW_SEL signal low.
Each digit of the parameter is then read by the two stage read operation. The address
of the desired digit is first generated, and latched by the ALE signal, then the data bus
is floated, and the switch value is enabled during the read strobe signal from RD.

When the entire parameter value has been read, either as 3, 5, or 8 digits, the SW_SEL

signal goes high again, disabling the RD strobe f{}r the smtche:s A typical thumb wheel
switch parameter read waveform follows.
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Figure 16.10 Typical Thumb Wheel Switch Parameter Read Waveform.

Stepper Motor Interface Signals

The CY545 implements eight signals dedicated to the stepper motor, plus the user
selectable function bits, which can generate output control signals for special hardware,
or be tested for special conditions that guide the CY545 through a program of motions,
or be used for home sensor seeking.

PULSE and CCW

The two primary control signals for the motor are PULSE and CCW, which provide the
step and direction indications to the motor. These signals are connected to the external
power driver that actually runs the motor. Every time the CY545 directs the motor to
take a step, a signal is generated on the PULSE line.

The power driver should advance the motor by one increment for each pulse. Note
that the step increment could be a full step, half step, quad step, or micro step. This
will be determined by the application and the power driver. The CY545 does not know
or care what the step size is. All position information is treated in terms of the step
increment, not in terms of the linear displacement or degrees of rotation of the motor.

The CCW signal is a level active signal that tells the power driver in which direction to
step the motor. When high, the driver should step counter clock-wise, and when low,
the driver should step clock-wise. Note that the physical rotation of the motor will
depend on how the motor windings are connected to the power driver, not on the level
of the CCW signal. When this signal is high, the CY545 will decrement the current
position for every step taken, and when the signal is low, it will increment the current
position for every step taken.

16-12



Also note that the CCW signal can be used as an input, to force stepping in the desired
direction. In this case, the software direction command should be set to "-", so the
CY 545 tries to drive the CCW signal high. Now an external circuit can easily override
the CY545, and force the CCW signal low, causing stepping in the "+" direction. If
this is tried while the CY545 is driving the CCW signal low, a much stronger external
circuit will be required to override the CY545, since it has much stonger sink current
capability than source current capability. This could ultimately burn out the CCW
signal, and should be avoided if possible.

Several PULSE signal waveforms are shown below, for different step rates. Notice that
the PULSE signal is normally high, and goes low at the beginning of a step. It stays low
for a fixed amount of time, which depends on the crystal frequency of the CY545, and
then goes back high for the duration of the step time, When it is time for the next step,
PULSE goes low again.

CY545
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Figure 16.11 PULSE waveforms for various step rates.
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When the step rate parameters are set to enable acceleration, the CY545 will vary the
step rate from the starting rate (First Rate parameter) to the final rate (Rate parameter)
for each motion it takes. This means the PULSE waveform will vary from the slower
rate to the faster rate as the CY545 accelerates the motor up to the slew rate, and then
will be stable for the duration of the slewing period. The CY545 will determine when
to begin deceleration so that the motor will slow down again to the starting rate as the
desired number of steps has expired.

STOPPED

The STOPPED signal is a status output from the CY545, indicating whether the motor
is stepping or not. At the beginning of a motion, from either a Go or Position com-
mand, the STOPPED signal is brought low. It will continue to stay low for the dura-
tion of that motion. At the end of the motion, the STOPPED signal is brought high
again. The low to high transition on STOPPED indicates when the motion is over, and
the high level indicates that the motor isno longer moving. A typical waveformis shown
below.

C¥E45

STOPPED 63) | .|
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Figure 16.12 STOPPED signal waveform.

The STOPPED signal may be used as a motion complete indication to the host system.
It may also control the power selection for the stepper motor power driver, switching
automatically between a high power selection while stepping, and a parking power
selection while stopped. This can provide maximum torque during motions and
provide holding torque while the motor is not moving, in order to prevent overheating
of the motor. The CY545 automatically delays for 5 milliseconds after the last step,
before bringing the STOPPED signal high again. This allows the motor to settle into
its final position before the high driving power is removed.
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SLEW

Another status output from the CY545 is the SLEW signal, which indicates when the
selected step rate (Rate parameter) has been achieved. This signal is normally high,
and goes low while the CY545 is stepping the motor without acceleration or decelera-
tion. A typical waveform is shown below. Notice that the time between STOPPED
being low and SLEW being low represents the time to accelerate or decelerate the
motor,

CY545

Rate P T
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Figure 16,13 SLEW signal waveform.

The SLEW signal may also be used as an input. If this signal is driven low at the begin-
ning of a motion, the CY545 will enter the continuous stepping mode. In this mode, it
will accelerate from the starting rate to the slew rate, then run indefinitely at this rate.
There are no specific number of steps to move or target position to stop at. However,
the current position is still updated during the motion, and may be queried when the
CY545 has stopped again. The INHIBIT _ABORT signal is used to end the continuous
motion. The SLEW signal is tested just before the CY545 begins the first step of a mo-
tiom.

Alternatively, the continuous mode may also be selected by the Continuous command.
This should be followed by a Go command to actually start the motion. The IN-
HIBIT_ABORT signal is still used to end the motion. Continuous mode stepping is
disabled at the end of every motion, so if a second motion is desired in continuous
mode, another Continuous command must be issued, or the SLEW signal must be
driven low as the motion starts.
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INHIBIT ABORT

The INHIBIT ABORT signal is a stepping control input to the CY545, with a number
of functions. In general, it is used to override the normal stepping behavior of the
CY545, as selected by the CY545 commands.

If this signal is low at the beginning of a motion, started by a Position or Go command,
that motion will not start until the INHIBIT ABORT is brought high again. This al-
lows you to synchronize the motion to an external signal, rather than a CY545 com-
mand, Multiple axes of motion could be started simultaneously by using this signal to
control the start of stepping. An example waveform is shown below.
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Figure 16.14 INHIBIT ABORT at the start of motion.

Note that once a Position or Go command is executed by the CY545, it will wait in-
definitely for the INHIBIT_ABORT signal to be high. There is no mgnal to terminate
the motion until it has been allowed to start.

Once the motor is moving, the INHIBIT _ABORT signal may be used to slow down
and stop a motion before the CY545 reaches the target position. Using the signal in
this way provides a controlled early stop to the motion.

If INHIBIT _ABORT is driven low during a motion, the CY545 switches to a decelera-
tion mode. It will decelerate symmetrically to the acceleration, until it achieves the
selected initial stepping rate (First Rate parameter). The CY545 will then test the
INHIBIT ABORT signal once for each step, and if it is low, the motion will stop.
Otherwise, the motion will continue, at the starting rate, until the target position is
reached. To slow down the motor and stop when the initial step rate is reached, simp-
ly hold the INHIBIT_ABORT signal low until the CY545 brings the STOPPED signal
high again. Several cases are illustrated below.
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Figure 16.15 Stopping motions with INHIBIT ABORT.

CW_LIMIT and CCW_LIMIT

The CY545 also provides two inputs for immediately stopping a motion, the
CW_LIMIT and CCW_LIMIT signals. If the relevant signal goes low during a motion
in that direction, the CY 545 immediately stops the motion. There will be no decelera-
tion before the stop, the CY545 simply abandons the motion.

Also, if a limit signal is low at the beginning of a motion, the motion will not be taken.

The CY545 immediately aborts the motion without taking any steps. Normal motions
are allowed in the opposite direction. Example waveforms are shown below,
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Figure 16.16 CW_LIMIT or CCW_LIMIT signals stop a motion.
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*%*% Warning *** Warning *** Warning ***

Although the CW_LIMIT and CCW_LIMIT signals allow the CY545 to
provide some protection to systems that accidentally run into limits, they
should NOT be used as the only protection if reaching the limits could
endanger operators or damage the equipment.

Unexpectedly hitting a limit implies some system failure, and no com-
ponent, including the host computer or CY545, can be fully trusted in
this situation. Automatic recovery from a limit should be used with ex-
treme caution, since the system could perform the recovery, then run
back into the limit again, if the original cause of the failure has not been
fixed.

The best protection in cases where the system has failed, is to disable the
power to the stepper motor drivers. This will allow the motors to stop
moving the load, even if they are commanded to continue stepping. The
cause of failure should then be determined and fixed before the motors
are energized again.

JOG Mode Operation

The CY545 provides a manual stepper control function through the JOG signal. This
signal is tested whenever the CY 545 is not executing a command or performing another
motion. This is a special signal, because it is checked for one of three different states,
and is both an input and an output.

When the line is left floating, so the CY545 can drive it both ways, the jog function is
disabled, and stepping only occurs when the CY545 is commanded to take a motion.

When the line is driven low, the CY545 will jog the motor in the clockwise direction.
The CCW signal will change state, if required, to select this direction.

When the line is driven high, the CY545 will jog the motor in the counter clockwise
direction. Again, the CCW signal will change state, if required, to select this direction.
Note that the signal level on the JOG line matches the stepping direction selected by
the CCW signal.

The CCW signal is restored to it’s original state when each jog single-step finishes.
Normally, the JOG signal will be connected to a three position, center-off, switch. One
side of the switch will be connected to ground, while the other side is connected to + 5

volts. Jogging is enabled in each direction by pushing the switch from the center posi-
tion to one side or the other. This is shown in the following figure:
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Switch Connections
+5v +5v
4!: Jog CCW 4!7 Jog CCW
+—0—0 Mo Action o No Action
§ noaew Jog CW
= GND = GND
Switch set for No Jog Action Switch set to Jog CW direction

When jogging, the C'Y545 will take one step, then check for any new command inputs.
If a new command is available, it will be executed, otherwise the JOG signal will be
tested again. When the CY545 is idle, the effect of driving the JOG line is for the
CY545 to take repeated single steps. Note that the checking for new commands during
jogging allows you to issue CY545 commands between jog steps, providing jog motion
and command execution at the same time!

While jogging, the CY545 will use a step rate derived from the parameter of the First
Rate command. The normal initial stepping rate for continuous motions is taken from
the First Rate parameter value, and this rate is divided by 20. Note that the same step
rate is used by the Home command. The CY545 Step Rate Table lists the step rates
for continuous motion. These rates should be divided by 20 to obtain the jogging step
rate. With a 12 MHz clock, jog rates from about 1 step per second to about 1000 steps
per second are possible.

The CY545 will not accelerate or decelerate during jogging, running only at the rate
derived from the current value of the First Rate parameter. However, the interactive
command execution during jogging does allow you to modify the step rate, by issuing
a First Rate command with a new parameter value.

Automatic Position Display

Also, when bit 4 of the Mode Register is set, the CY545 will display the current posi-
tion at the end of every jog or Home command step. The position is output to the cur-
rently enabled display device, and will affect the step rate. For example, sending the
current position to a serial device would require enough time to issue the 11 character
position string at the baud rate defined for the serial interface.

The JOG signal also represents a minimal mechanism for testing the CY545 and motor
subsystem. Without any commands, it is possible to move the motor in either direc-
tion, verifying that the PULSE and CCW signals are correctly connected to the motor
power driver, and that the motor is properly connected. This also verifies that the
CY545 is functioning at least in a very basic fashion.
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Home Signal

The CY545 supports an additional stepping function, but it uses the user selectable
function signals to implement the process. This function is the automatic home sensor
seek, and is selected by the Home command.

A single argument to the Home command specifies which user selectable bit or bits to
monitor during the step to home. The parameter value is treated the same as for the
Til and Wait commands, and is reproduced below:

00H to 07H Test one of user bits 0to 7 for 1
08H to OFH Test one of data bus bits 0 to 7 for 1
10H to 17H Test one of user bits 0to 7 for 0
18H to 1IFH Test one of data bus bits 0 to 7 for 0

80H to OBFH Test user bits 0 to 5 for a group match

You have the option of checking any one signal for the home sensor, or using the six
signal group of user bits 0 to 5, Normally, a single home sensor would be connected to
a single user bit signal.

This command uses the same step rate as the jog function described above, a division
by 20 of the step rate selected by the First Rate parameter value, so the CY545 will step
the motor at about 1 to 1000 steps per second while seeking the home sensor signal.

The Home command starts by testing the specified bit pattern for a match with the ex-
ternal signals. If there is a match, the CY545 will begin by stepping in the CCW direc-
tion, and will continue in this direction until there is no longer a match. The CCW
stepping phase is skipped if the initial test indicates no match between the argument
bit pattern and the external signals.

When there is no match between the bit parameter and the external signals, the CY545
steps in the CW direction. It will continue to step in this direction until the signals
match the parameter value. At this point the CY545 stops, and sets the current posi-
tion to zero.

Thus, the Home command steps the motor to seek the edge between a match and no
match condition on the home signal. The CY545 then stops at the first step where a
match occurs, and is always stepping in the CW direction looking for this match. This
mechanism should always seek the same mechanical position, since any directional
backlash is compensated by using the same final step direction in seeking home.

If the CY545 runs into one of the limits while looking for the home signal, it will abort
the home command and stop stepping. The current position is not changed to zero in
this case. As with the jog function, the current position will be displayed after every
step, if bit 4 of the Mode Register is set.
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Some care must be used in designing the home sensor signal for the CY545, to insure
that it initially steps in the correct direction to seek the home signal. If the application
involves a circular positioning function, in which the mechanism rotates a wheel or
turn-table, there is no special consideration, since the mechanical positions will always
repeat after some number of steps. The CY545 can find the home sensor signal no
matiter what direction it starts to step.

However, if the application involves a linear displacement, the mechanical home
position can only be found by stepping in one direction, depending on the relative
position between the mechanical home and the current position. In this case, the sensor
signal should be designed to indicate the direction to home, as well as the actual home
position, found by the change in signal from no match to match conditions. This is
illustrated below:

| b | steps
Home
Position
No Match Signal Match Signal
e CcCow
cW —»
If initial position is in
W match region, first step
CCW to no match, then
If initial position is in no-match step CW to home.
region, step CW to home.

If the home sensor signal cannot be designed to indicate the initial direction to home,
the motor must be positioned so that it is on the "correct” side of home before the Home
command is used. This will insure that the CY545 always steps towards the sensor in
seeking the home position. The cw and ccw limits might be useful in this situation,
since you could move to a known limit, then use the home command to step in the
opposite direction until the home position is found.
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CY545 Step Rate Information

Step rates for the CY545 are chosen from the CY545 Step Rate Table, which appears
at the end of this section. Selections for the starting rate are made by the value of the
First Rate (F) parameter, and selections for the slewing rate are made by the value of
the Rate (R) parameter.

Each rate parameter value acts as an index into the CY545 Step Rate Table, which has
256 unique entries, ranging from a parameter value of zero to 255. Thus, for any crys-
tal clock frequency, the CY545 can generate 256 different step rates. The CY545 Step
Rate Table is shown for a clock frequency of 12 MHz, so the specified rates must be
linearly scaled by the actual clock frequency when a different clock is used. The scal-
ing factor is Fcy/12, where Fey is the operating frequency, in megahertz.

As an example, the following commands would select a starting rate of 200 steps per
second, and a final rate of 10000 steps per second, if the CY545 is operated at 12 MHz.

F &8 200 steps per second initial rate
R 203 10000 steps per second final rate

The Slope Parameter

When the CY545 is commanded to step through a motion, by either the Go or Posi-
tion commands, stepping will start at the rate selected by the F parameter. The rate
will then increase regularly through the other rates in the table, until the final rate,
selected by the R parameter is achieved. The CY545 will then slew at this rate until it
is time to decelerate back to the selected starting rate as the specified number of steps
is taken.

If the travel distance is too short to achieve the final rate, the CY545 will perform a
partial acceleration, going to the highest rate possible before decelerating back to the
starting rate.

The speed at which the CY545 changes from one rate to the next is selected by the
Slope (S) parameter. The value of S can range from 1 to 255, with 1 representing the
slowest acceleration, and 255 representing the fastest acceleration.

For any particular application, the stepping parameter values, including the slope, are
best determined experimentally when you are looking for the operating limits of the
system. Each motor size, driver type, and load combination will have different perfor-
mance limits. In general, the required range of step rates is known for a particular ap-
plication, and will determine the values for F and R, but the acceleration value is not
s0 easily specified.
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Optimal Acceleration Curves

The stepping algorithm used in the CY545 is a derivative of our CY525 algorithm,
which has linear to optimal acceleration behavior over much of its range. In fact, the
acceleration curve is near optimal in shape up to about 10000 steps per second. This
will provide maximum performance for any motor/driver/load combination. An ex-
ample waveform is shown below:

CYE45
R 170

SLEW (#7)

0 500 1000 1500 2000 2500 3000 3500 4000 4500
TIME IN MILLISECONDS

Figure 17.1 Optimal acceleration curve

Acceleration Curve as a Function of R

Another feature of the CY545 acceleration algorithm is that the shape is fixed by the
value of the Slope parameter (S). The acceleration curve is always the same for a given
value of S, The step rate parameters merely determine where the CY545 starts step-
ping, and where it stops accelerating and starts slewing in the motion profile. The three
parameters F, R, and §, are not coupled by the stepping algorithm, so each may be
specified independently. These features are illustrated in the figure below.

']

1y =

o, Pl RN N

g/ NN\
g NN

TIME

Figure 17.2 A family of curves for various rates with fixed slope parameter and travel
distance.
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Slope and Elapsed Time

While it is difficult to provide an exact formula for the CY545 acceleration behavior,
due to the complex nature of the stepping algorithm, we can provide an approximate
formula. This should be used as a general guide only, with actual values determined
experimentally, The formula is given by:

dv(s) (3906 * D)
accel = afs) = —_ =
dT(s) {256 - 5)

@ 12 MHz

where
a(s) is the acceleration in stf_-.]:ns,l’:-s.re:-:parmu::l2
s is the slope parameter value
D is the "distance" between two adjacent rates
in steps/second, the incremental slope

also, the ramp time is given by the acceleration and the dynamic range of step rates
taken as:

|Amax - RO| | Rmax - R0
i = —e = I ——————
a(s) (3906 * D)

(256 - 5)

The value used for D in the above formulas must be chosen with care, since the dis-
tance between rate points changes as you move through the CY545 Step Rate Table.
D starts with a value of 25, then 50, then 35, and finally inflects to larger values as we
reach the digital resolution limit of the CY345,

The following figures show typical performance under various values of slope, and may
be used as a general guide in selecting initial operating parameters. The figures are
followed by the CY545 Step Rate Table, which lists all 256 possible step rates when
operating the CY545 with a 12 MHz clock.
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CY545 Slope Curves
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CY545 Step Rate Table @ 11 MHz

RO
Ri1
R2
R3
R4
R5
R6&
RT
R&8
R9
R 10
R 11
R12
R13
R14
R15
R 16
R17
R 18
R 19
R 20
R 21

R 22
R 23
R24
R 25
R 26
R27
R 28
R29
R 30
R 31
R 32
R 33
R 34
R 35
R 36
R 37
R 38
R39
R 40
R 41

18
22

115
137
160
183
206
229
252
275

321
344
367
412
458
504
550
596

641
688

T8O

871
97

1008
1054
1100
1146
1192
1237
1284
1328
1374
1421
1467
1513

R 43
R 44
R 45
R 46
R 47
R 48
R 49
R 50
R 51
R 52
R 53
R 54
R 55
R 56
R 57
R 58
R 59
R &0
R &1
R &2
R 83
R 64

R 65
R 66
RE&7
R 68
R &9
R70
R71
R72
R73
R 74
R75
R76
R7?7
R78
R79
R B0
R 81
R 82
R 83

1605
1649
1694
1743
1787
1833
1878
1926
1971
2015
2065
2107
2152
2198
2247
2292
2338
2381
2431
2477
2518
2568

2612
2657
2704
2753
2785
2838
2892
2938
2976
3025
3066
3118
31861
3184
3228
3262
3297
3333
3370
3408
3446

R 86
R 87
R8s
R 89
RS0
R o1
Ra2
R83
R 94
R85
R 96
R97
R 98
R 99
R 100
R 101
R 102
R 103
R 104
R 105
R 106
R 107

R 108
R 108
R 110
R111
R 112
R113
R 114
R115
R116
R 117
R 118
R 118
R 120
R121
R 122
R123
R 124
R125
R126
R127

3485
3526
3567
3609
3652
3696
3741
3788
3835
3884
3934
3986
4038
4092
4148
4186
4224
4264
4304
4344
4386
4428

4472
4516
4581
4606
4653
4701
4750
4799
4850
4902
4955
4882
5009
5037

5093
5121
5150
5179
5208

R 128
R 129
R 130
R 131
R 132
A 133
R 134
R 135
R 136
R 137
R 138
R 139
R 140
R 141
R 142
R 143
R 144
R 145
R 146
R 147
R 148
R 148

R 150
R 151
R 152
R 153
R 154
R 155
R 156
R 157
R 158
R 159
R 160
R 161
R 162
R 163
R 164
R 165
R 166
R 167
R 168
R 169
R 170
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5238
5268
5295
5328
5361
5392
5424
5456
5488
5522
5556
5588
5624
5658
5694
5729
5765
5802
5839
5876
5914
5952

5991
6031
6071
6111
6152
6194
6236
6279
6322
6366
6410
B455
6501

Ri171
R 172
R173
R 174
R 175
R176

| R17T

' R178

R179
R 180
R 181
A 182
R 183
R 184
R 185
R 186
R 187
R 188
R 189
R 180
R 191
R 192

R 193
R 194
R 195
R 196
R 197
R 198
R 199
R 200
R 201
R 202
R 203
R 204
R 205
R 206
R 207
R 208
R 209
R 210

| R211

R212
R213

5944
6997
7051
7106
7161
7218
7275
7333
7392
7453
7514
7576
7639
7703
7768
7835
7902
7971
8041
8112
B185
8258

8410
8488
8567

8730
8814

8987
8076
2167
9259
9354
8450

g752
9857

R214
R215
R 216
R217
R218
R 219
R 220
R 221
R222
R 223
R 224
R 225
R 226
R 227
R 228
R 229
R 230
R 231
R 232
R 233
R 234
R 235

R 236
R 237
R 238
R 239
R 240
R 241
R 242
R 243
R 244
R 245
R 246
R 247
R 248
R 249
R 250
R 251
R 252
R 253
R 254

10300
10417
10536
10659
10784
10913
11044
11179
11317
11458
11603
11752
11805
12061
12222
12387
12557
12731
12911
13085
13285
13480

13682
13889
14103
14323
14550
14785
15027
15278
15637
15805
16082
16369
16667
16875
17296
17628
17974
18333
18707




CY545 Step Rate Table @ 12 MHz

RO
R1
R2
R3
R4
R5
R6
R7
R8
RO
R 10
R 11
Ri2
R13
E 14
R 15
R 16
R17
R18
R 19
R 20
R 21

R 22
R 23
R 24
R 25
R 26
R 27
R 28
R23
R 30
R
R 32
R 33
R 34
R 35
R 36
R a7
R 38
R 39
R 40
R 41
R 42

75
100
125
150
175
200
225
250
275
300
325
350
375
400
450
500
550

700
750
799
B51

950
1000
1050
1100
1149
1200
1250
1300
1350
1401
1449
1489
1550
1600
1650
1701

R 43
R 44
R 45
R 46
R 47
R 48
R 43
R 50
R 51
R 52
R 53
R 54
R 55
R 56
R 57
R 58
R 59
R 60
R 61
R 62
R &3
R &4

R 65
R 66
R &7
R 68
R 69
R70
R71
R72
R73
R 74
R 75
R 76
R77
R78

' R79
| R8O

R 81
R a2
R 83
R 84
R85

1751
1799
1848
1901
1949
2000
2049
2101
2151
2198
2252
2299
2347
2398
2451
2500
2551
2597
2653
2703
2747
2801

2849
2899
2950
3003
3049
3086
3155
3205
3247
3300
3344
3401
3448
3484
351
3558
3597
3636
3676
3717
3759

R 86
R 87
R 88
R 89
R 80
R91
Rg2
R 83
R o4
R85
Ro6
Rg7
R 98
Rg9
R 100
R11
R 102
R 103
R 104
R 105
R 106
R 107

R 108
R 109
R110
R111
R 112
R113
R114
R115
R116

| R117

R118
R119
R 120
R121
R122
R123
R 124
R125
R 126
R127

3802
3846
3891
3937
3984
4032
4082
4132
4184
4237
4292
4348
4405
4464
4525
4566
4608
4651
4695
4739
4785
4831

4878
4926
4975
5025
5076
5128
5181
5236
5291
5348
5405
5435
5464
5485
5525
5556
5587
5618
5650

R128
R129
R 130
R 13
R 132
R 133
R 134
R 135
R 136
R 137
R 138
R 139
R140
R 141
R 142
R 143
R144
R 145
R 146
R 147
R 148
R 149

R 150
R 151
R 152
R 153
R 154
R 155
R 156
R 157
R 158
R 159
R 160
R 161
R 162
R 163
R 164
R 165
R 166
' R167
' R168
R 169
R 170

5714
5747
5780
5814
5848
5882
5917
5952
5988
6024
6061
6098
6135
B173
B211
6250
6288
6329
6369
6410
6452
6454

6536
6579
6623
E667
6711
6757
6803
6848
6897
6844
6893
7042
7092
7143
7194
7246
7299
7353
7407
7463
7519

| R171 7576
| R172 7634

R173 7682
R174 7752
R175 7812
R176 7874
R177 7937
R 178 8000
R179 8085
R180 8130
R181 8197
R182 8264
R183 8333
R1B4 B403
R185 8475
R186 8547
R187 8621
R 188 BBYG
R 189 8772
R 190 8850
R191 8929
R 192 9009

R 193 9091
R194 9174
R195 9259
R196 9346
R197 9434
R198 9524
R199 9615
R 200 9709
R 201 3804
R 202 9901
R 203 10000
R 204 10101
R 205 10204
R 206 10309
R 207 10417
R 208 10526
R 209 10638
R 210 10753
R 211 10870
R 212 10989
R213 11111

R 214
R215
R 216
R217
R218
R218
R 220
R 221
R 222
R 223
R 224
R 225
R 226
R 227
R 228
R 229
R 230
R 231
R 232
R 233
R 234
R 235

R 236
R 237
R 238
R 239
R 240
R 241
R 242
R 243
R 244
R 245
R 246
R 247
R 248
R 249
R 250
R 251
R 252
R 253
R 254
R 255

11236
11364
11494
11628
11765
11805
12048
12195
12346
12500
12658
12821
12987
13158
13333
13514
13699
13889
14085
14286
14483
14706

14925
15152
15385
15625
15873
16129
16393
16667
165849
17241
17544
17857
18182
18518
18868
19231
18608
20000
20408
20833
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CY545 Step Rate Table @ 14.75 MHz

RO
R1
RZ2
R3
R4
R5
R&
R7
R&8
RS
R10
R11
R12
R13
R14
R 15
R 16
R17
R18
R18
R 20
R21

R 22
R 23
R 24
R 25
R 26
R 27
R 28
R 29
R 30
R 31
R 32
R 33
R 34
R 35
R 38
R 37
R 38
R 39
R 40

24

61

123
154
184
215
246
277
307
338
369
389

461
492
553
615
676
737
789

822

983
1046
1106
1167
1229
1291
1352
1413

1476 |
1536 |

1598
1658
1722
1781
1843
1906
1967

R 43
R 44
R 45
R 46
R47
R 48
R 49
R 50
R 51
R 52
R 53
R 54
R 55
R 56
R 57
R 58
R 59
R 60
R 61
R &2
R &3
R &4

R 65
R 66
R 67
R 68
R 69
R 70
R 71
R72

RT3

R 74
R75
R 76
R77
R78
R 79
R B0
R 81
R 82
R 83

2153
2211

2272
2337
2396
2458
2519
2582
2643
2701

2768
2826
2885
2948
3013
3073
3136
3193
3260
3322
3377
3443

3502
3563
3626
3691
3747

3805
3877 |

3940
3991
4057
4111
4181
4239
4283
4328
4374
4421
4470
4519

R 86
R &7
R 88
R 89
R 90
R
R 92
R93
R 94
R 95
R 96
R 97
R 98
R 99
R 100
R 101
R 102
R 103
R 104
R 105
R 106
R 107

R 108
R 109
R110
R111
R112
R113
R114
R 115
R 116
R 117
R118
R 119
R 120
R121
R 122
R123
R124
R125
R 126
R 127

4574
4728
4783
4839
4897
4956
5017
5079
5143
5208
5275
5344
5415
5487
5562
5613
5664
5717
5771
5825
5881
5938

5886
6055
6115
6177
6238
6303
6269

6504
6573

6680
6717
6754
6791

R 128
R 129
R 130
R 131
R 132
R 133
R 134
R 135
R 136
R 137
R 138
R 139
R 140
R141
R 142
R 143
R 144
R 145
R 146
R 147
R 148
R 149

R 150
R 151
R 152
R 153
R 154
R 155
R 156
R 157
R 158
R 159
R 160
R 161
R 162
R 163
R 164
R 165
R 166
R 167
R 168
R 169
R 170
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7024
7064
7105
7146
7188
7230
7273
7316
7360
7405
7449
7485
7541
7587
7635
7682
7731

7780 |
'R 189

7829
7879
7930
7982

8034
8087
8140
8194
8249
8305
B3s2
8419
B47T
B536
8596
B656
8717
8780
8843
8907
Bg72
9038
9105
9173
9242

R171
R172
R173
R174
R175
R 176
R177
R178
R179
R 180
R181
R 182
R 183
R 184
R 185
R 186
R 187
R 188

R 190
R 191

| R192

R193
R 194
R 185
R 196
R 197
R 158
R 199
R 200
R 201
R 202
R 203
R 204
R 205

| R 206
| R207

R 208
R 209
R 210
R 211
R212
R213

9312
9383
8455
9528
9603
9678
9755
9833
8813
9893
10075
10158
10243
10329
10417
10506
10596
10688
10782
10878
10975
11074

11174
11277
11381
11488
11596
11706
11818
11934
12051
12170
12282
12416
12543
12672
12804
12939
13076
13217
13361
13507
13657

| R214
R 215
R 216
R217
R218
'R219
‘'R 220

, R221

R 222
R 223
R 224
R 225
R 226
R 227
R 228
R 229
R 230
R 231
R 232
R 233
R 234
R 235

R 236
R 237
R 238
R 239
R 240
R 241
R 242
R 243

R 244
| R 245
R 246
R 247
R 248
R 249
R 250
R 251
R 252
R 253
R 254
R 255

13811
13968
14128
14283
14461
14633
14809
14980
15175
16365
15559
15758
15863
16173
16389
16610
16838
17072
17312
17560
17814
18076

18346
18624
18910
19206
19511
19825
20150
20486
20833
21182
21564
21849
22348
22762
23192

2410
24583
25085
25608




CY545 Step Rate Table @ 16 MHz

RO
R1
R2
Ra
R4
RS
RE
R7
R8
RS
R10
R 11
R12
R13
R 14
R15
R 16
R17
R18
R19
R 20
R 21

R22
R23
R24
R 25
R 26
R 27
R 28
R 29
R 30
R31
R 32
R33
R 34
R 35
R 36
R 37
R 38
R 39
R 40
R4
R 42

26
33
&7
100
133
167

1000
1066
1135
1200
1266
1333
1401
1467
1533
1601
1667
1734
1789
1867
1832
1999
2067
2133
2200
2268

R 43
R 44
R 45
R 46
R 47
R 48
R 49
R 50
R 51
R 52
R 53
R 54
R 55
R 56
R57
R 58
R 53
R 860
R &1
R 62
R &3
R &4

R 65
R 66
R 67
R 68
R 69
R70
R71
R72
R73
R74
R75
R 76
R7?7
R78
R 79
R 80
R 81
R 82
R 83
R 84
R 85

2335
2398
2465
2535
2509
2667
2732
281
2867
2930
3003
3065
3130
3197
3268
3333
3401
3463
3537
3604
3663
3735

3799
3865
3933
4004
4065
4128
4206
4274
4329

4535
4598

4695
4745
4796

4902
4957
5013

R 86
R 87
R 88
R 89
R 90
R 91
R 92
R93
R 94
R 95
R 96
R 97
R 98
R 99
R 100
R 101
R 102
R 103
R 104
R 105
R 108
R 107

R 108
R 109
R110
R111
R112
R 113
R114
R115
R 116
R 117
R118
R118
R 120
R121
R 122
R123
R124
R125
R 126
R 127

5070
5128
5188
52458
5312
5378
5442
5510
5579
5650
5722
5797
5874
5852
6033
6088
6144
6202
6260
6319
6380
6441

6504
6568
6633
6700
6768
6838
Go0a
6981
7055
7130
7207
7248
7286
7326
7366
7407
7449
741
7533
7576

R128
R 129
R 130
R 131
R 132
R 133
R 134
R 135
R 136
R 137
R 138
R 139
R 140
R 141
R 142
R 143
R 144
R 145
R 146
R 147
R 148
R 149

R 150
R 151
R 152
R 153
R 154
R 155
R 156
R 157
R 158
R 159
R 160
R 161
'R 162
| R 163
R 164
R 165
R 166
R 167
R 168
R 169
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7618
7663
7707
7752
7797
7843
7890
7937
7984
8032
8081
8130
8180
8230
8282
8333
8386
8439
8483
8547
Be02
8658

8715
8772

8889
8949

8070
9132
9185
9258
9224
9390
9456
9524
9592

73z
8804
987y
9950

R 170 10025
R171 10101
R 172 10178
R 173 10256
R 174 10336
R175 10417
R 176 10499
R 177 10582
R 178 10667
R 179 10753
R 180 10840
R 181 10929
R 182 11019
R183 11111
R 184 11204
R 185 11299
R 186 11396

| R 187 11494
' R 188 11594
R 183 11696

R 190 11799
R 191 11805

R 192 12012
R 193 12121
R 194 12232
R 195 12346
R 196 12461
R 197 12579
R 198 12698
R 199 12821
R 200 12945
R 201 13072
R 202 13201
R 203 13333
R 204 13468
R 205 13605
R 206 13746
R 207 13889
R 208 14035

| R 209 14184

R 210 14337
R 211 14493
R 212 14662

R213

R 214
R 215
R 218
R 217
R 218
R 219
R 220
R 221
R 222

| R223

R 224
R 225
R 226
R 227
R 228
R 229
R 230
R 231
R 232
R 233
R 234

R 235
R 236
R 237
R 238
R 239
R 240
R 24
R 242
R 243

| R 244

R 245
A 248
R 247
R 248
R 249
R 250
R 251
R 252
R 253
R 254
R 255

14815
14881
15152
15326
15504
15686
15873
16064
16260
16461
16667
16878
17094
17316
17544
17778
18018
18265
18519
18778
19048
19324

19608
19900
20202
20513
20833
21164
21505
21858
22222
22588
22988
23382
23810
24242
24691
25157
25641
26144
26667
27211
27778



Electrical Specifications

] Absolute Maximum Ratings: |
Ambient Temperature under bias...................... 0°Cto +70°C
Storage Temperature.... o . —65°Cto +150°C
WVoltage on any pin with raspect to GND . —0.5V 10 Vec + .5V
Power Dissipation.... e . 1.0 watts
DC & Operating Characteristics
(Ta = 0°C to +70°C, Voo = +5V +/-10%)

SYM PARAMETER MIN  MAX UNIT REMARKS
Ice pwr supply current 26 mA
ViH input high level 19 Ve V  (3.5V for XTAL, RESTART)
ViL input low level -5 09 v
[¥s} data bus leakage 10 uA  high impedance state
VoH output high level 2.4 V  loH =—60 pA
VoL output low level 45 Vo loL=16mA
Foy crystal frequency 35 1B MHz see clock circuits

Electrical Conventions

All CY545 signals are based on a positive logic convention, with a high voltage
representing a "1" and a low voltage representing a "0". Signals which are active low are
indicated by a slash after the pin name, i.e., BUSY/.

All input lines 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 be considered
in the floating state if the CY545 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 line (pin#9)

must be held high upon

power-up to properly ini-

tialize the CY545. This +5v  45v
may be accomplished by
using a 4.7 nFd capacitor,

as shown in Figure 18.1. '-'!
Restart must be high for 10
milliseconds after power
stabilizes on power-up.
Once the CY545 is run-
ning, Restart need only be
high for about 10
microseconds (11 MHz

crystal).

*Optional

Figure 18.1 a) Restart Circuitry.  b) External Restart.

Clock Circuits

The CY545 may be operated with crystal or external clock circuits. These two options
are shown in Figure 18.2, All timing discussed in this manual assumes an 11.059 MHz
series resonant crystal. Note that 11.0 MHz, such as a CTS Knights MP110 or equivalent
will work fine. The CY545 requires an 11 MHz clock in order to generate 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 CY545. Use 7.3728 MHz to make the
fastest possible rate a standard 38400 baud, or 14.7456 MHz for 76,800 baud.

NC

Externalt
Clock CMODS

Buf fer
*11,.059 MHz for Duty Cycle 45-55%
Standard Baud Rates Rise and Fall time must
not exceed 20 nanoseconds
CRYSTAL
EXTERNAL

Figure 18.2 Clock Circuits for CY545.
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Variable Stock Cut and Punch

Suppose we want a row of equally spaced holes punched into some raw stock, which is
fed into our machine in continuous strips. The spacing of the holes and the number of
holes should be variable for any run of pieces. The stock should be cut into strips with
a length that depends on the number of holes and spacing, and the operation should
be repeated until the CY5435 is signaled to stop.

The capabilities of the CY545 make this problem fairly easy to solve. The command
sequence shown below can be used to implement all the functions required. The com-
mand sequence can be located in external memory, where the CY545 can directly read
and execute the program. The variable information, for the number of holes and spac-
ing between them, can be read from thumb wheel switch inputs. The user selectable
function bits act as control and test signals to guide the program. When the operation
is complete, the CY545 will stop the program and wait for more commands.

In the following command sequence, memory addresses have been shown for your con-
venience. They are not sent to the CY545 or recorded in the memory. Counting the
bytes as the commands are written makes it easier to determine the addresses for
program jumps.

The example program consists of several sections. First, the stepping performance
parameters are set, and the current position is cleared to zero. This position could also
be found by a Home command, if the application requires a move to a known reference
position.

Next, the CY545 waits for a signal that indicates stock is available. This is tested on
User Bit 3. When stock is available, the CY545 moves the motor 200 steps from the
initial position. Notice that this move is fixed by the command in the program. Here
the first move is always 200 steps.

Now the CY545 reads the external thumb wheel switches for the number of steps to
move between punching holes. This number replaces the 200 in the Number of Steps
Register,

At this point, the CY545 punches the first hole, signaled by User Bii 1. When the bit
goes low, the punch is activated, and when it goes high, the punch retracts. Delays are
placed around the activation and deactivation to allow for settling time and time to per-
form the punching operation.

The CY545 continues by moving to the next hole position, as previously set by the N
#<cr> command. [t then executes the Loop command, which reads the repeat count
from external thumb wheel switches, and jumps back to the Delay instruction at the
start of the hole punch sequence. This sequence is repeated until the count is ex-
hausted, and the specified number of holes has been punched.
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Y 100<cr>
E<cr>

100
106
111
117
121
125
131
133
135
139
145
150
157
161
167
169
177
183
188
195
199
205
211
213
219
224
231
235
241
245
253

Q<cr>

Y 100<cr>
X<er>

Select external memory location
Write the following commands to memory

R 175<cr>
F 12<cr=>
S 200<cr>
A O<cr>

W 3<cr>

N 200<cr=>
+ < Cr>
Gecr>

N #<cr>

D 250<cr>
/B 1<cr>
D 1000<cr>
B 1<e¢r>

D 100<cr>
Ge<cr>

L #139<cr>
D 250<cr=
/B 1<cr>
D 1000<cr=
B 1<cr>

D 100<cr=>
N 200<cr>
Gzer>

D 250<cr=
B 2zcr>

D 1500<cr>
B 2<cr>

D 150<cr>
P o<ecr>

T 4,121<cr>
O<cr>

Commands will start at address 100
First set up stepping parameters

Declare current position as zero
Wait for Bit 3 high, stock is available

Move 200 steps before first hole punch
Read hole spacing from external switches
Delay 250 msec, let stock settle into place
Activate punch with Bit 1 low

Delay 1 sec to punch hole

Turn off punch

Wait for punch to clear work stock

Move to next hole position

Repeat punches as set by external switches
Delay 250 msec, let stock settle into place
Activate punch for last hole in piece
Delay 1 sec to punch hole

Turn off punch

Wait for punch to clear work stock

Move 200 steps after last hole punch
Delay 250 msec, let stock settle into place
Cut stock off with Bit 2 low

Delay 1.5 sec to cut stock

Turn off cutter

Wait for cutter to clear work stock

Return to starting location

Repeat operation until Bit 4 is high

Stop running the program now

Quit saving commands to memory

Reset memory address to start of program
Execute the above program
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Notice that every character of a command takes one memory location, and all charac-
ters must be counted to compute the target address for the Loop command.

The program then punches a hole at the last position, moves an additional 200 steps,
and activates the User Bit 2 signal to cut the strip.

Now the CY545 returns the motor to the starting position. It then tests User Bit4, and
if the signal is low, the program repeats from the Wait instruction. If the signal is high,
the program stops with the Zero command, and the CY545 returns to the command
mode.

Driver Circuit Considerations
The CY545 provides the timing and logical signals necessary to control astepper motor.
However, to make a complete system, a driver circuit must be added to the CY545.

This circuit will take the logical signals generated by the C'Y545 and translate them into
the high-power signals needed to run the motor.

The user has two choices in the selection of driver circuits, Existing designs, usually in
the form of pulse-to-step translators, may be used, or special designs may be created.
Translators vsually require a pulse and direction input, or two pulse streams, one for
CW stepping and one for CCW stepping. The translator takes the pulse inputs and
generates the proper four phase outputs for the motor. Note that it is also possible to
drive motors with this scheme which are not four phase designs. Since the translator
generates the actual motor driver signals, it only requires the pulse timing and direction
information generated by the CY545 PULSE and CCW signals. This allows the CY545
to control three and five phase motors as well as the standard four phase designs.

PULSE
‘JDIRECTION

E

8
-
ad
n
=
=
o
=

TRANSLATOR [

CY545 to Translator Driver connections.
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If the user opts for his own driver design, the PULSE and CCW lines may be used to
drive a counter circuit, which counts up or down once for each pulse, based on the level
of the CCW signal. The counter output then drives the address lines of a memory
device, such as a PROM, EPROM, or EEPROM, with data outputs that generate the
desired motor phase patterns as the counter address steps through the PROM loca-
tions. This design is shown here.

direction
| up/down j-bit up/dn counter
RS232C i| counter (TTL or CMOS)
interface ;
to your ll == address (B words)
oo it —— O

+—— byte-wide output

+— high voltage driver

LED DISPLAY

position display your motor

Motor phase generation circuit.

The data outputs from the PROM are then connected to the power driver circuit itself,
generating the proper phase patterns for the motor. Note that such a design not only
handles motors of various phases, but can also implement stepping schemes such as
half-step or quad-step, as well as the standard full-step pattern.

The following paragraphs are meant as a guide to various types of driver circuits, but
should not be used as final driver designs. Detailed switching characteristics, transient
suppression, and circuit protection logic have been omitted for clarity and simplicity.

Unipolar designs are the simplest drivers, and are generally useful when running at less
than 600 steps per second. These designs require motors with six or eight leads, since
the power supply is connected to the middle of each winding. The end of each winding
is pulled to ground through a transistor controlled by one of the phase output lines from
the data PROM.
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Motor performance may be improved by adding a dropping resistor between the power
supply output and the center tap of each winding. This decreases the field decay time
constant of the motor, giving faster step response. The performance increase is paid
for by a higher voltage power supply and heat losses through the dropping resistors.
This type of circuit is know as an L/xR circuit, where the x represents the resistor value
relative to the winding resistance. An L/R circuit would not have any external resistors,
while an L/4R circuit would use a resistor of three times the value of the motor winding
resistance. Note that the power supply could be four times the nominal motor value
with this circuit. Also note that this circuit requires only a single voltage and one
transistor per phase.

‘U+ ‘i.T+
Dropping Resistor

< e

Unipolar driving circuits.

The second basic type of driver circuit is the bipolar design. In this case, the motor is
driven only from the ends of each winding, with switching logic used to control the
direction of current through the winding. These circuits may be implemented with a
four lead motor, since only the ends of each winding are needed.

Bipolar designs are more efficient in driving the motor, and result in higher perfor-
mance than the unipolar designs. There is also some gain in torque, since the entire
winding is always driven, unlike the unipolar design, in which only half of a winding is
used at a time.

Two methods of switching the direction of current may be used. With a single voltage
power supply, eight transistors are used, two per phase. Transistors are turned on in
alternate pairs across each winding to control the current. The second alternative uses
only four transistors, but requires a dual voltage power supply. In this case, one side
of each winding is connected to ground, and the other side is switched between the
positive and negative power supplies. In both designs it is very important to insure that
both transistors on one side of the winding are not on at the same time, as this would
short the power supply through the transistors, generally destroying the transistors in
the process. Protection logic is usually included to insure that one transistor is off
before the other is allowed to turn on.
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Bipolar driver designs.

The most advanced driver designs are variations on the unipolar or bipolar types,
although they are generally implemented using the bipolar approach. These drivers
are capable of the highest step rates attainable. They work by switching current or
voltage through the motor at much higher than the rated value. This is done for only
a short period of time, causing the magnetic field in the motor to change very quickly,
without exceeding the maximum power dissipation of the motor. Aslong as the average
dissipation does not exceed the motor rating, the motor will perform without problems.
Once the maximum limit is reached, the motor may overheat and self destruct.

One technique for increasing motor performance would simply apply a high voltage to
the motor at the beginning of each step. This makes the motor react very quickly to
the change in phase signals. After a short period of time, the voltage is switched to a
lower value, allowing the motor to continue it’s step without overheating.

A second approach, known as a constant current design, senses the amount of current
flowing through the winding, and adjusts the voltage applied to the motor to maintain
the current at its maximum rated value. At the beginning of a motion, the voltage would
be low, with a constant adjustment to a higher value as the motor speed increases, and
back EMF decreases the current draw for a fixed voltage level.

Another technique, known as chopping, may also be applied to these driver designs.
This approach applies a voltage much higher than the rated value for a short period of
time, The voltage is then turned off for another time period. This occurs many times
per step, with the frequency of switching known as the chopping frequency. This
frequency may be controlled by time, switching at a given rate, or it may be controlled
by sensing the current flow through the motor, switching at a variable rate. This
switching technique controls the power dissipation of the motor, keeping it at maximum
torque for any step rate, by adjusting the average applied power. The highest perfor-
mance drivers are usually designed as bipolar chopper circuits.

The user should consult design guides available from the various motor manufacturers
and driver circuit designers for additional information.
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Interfacing to the 8255

In the example shown in Figure 19.9 below, the CY 545 is operating in the parallel ASCII
input mode. In this mode, bit 7 is always zero and b7 line of the CY545 data bus may
be tied to ground. Since the user will normally transfer bytes of data from memory to
the output port, the most significant bit of the data byte may be used to generate the
10_REQUEST strobe, thus allowing only one 8 bit output port to suffice. Of course,
a separate port line may be used to generate I0_REQUEST, if desired. If the CY545
is operated in the paralle] BINARY mode, all 8 data bus lines are used, and a separate
I0_REQUEST line is required. Note that in the example shown, use is made of the
fact that the data and the IO_REQUEST signal may be applied simultaneously in
parallel operation. If query commands are to be used, all 8 bits of the data bus must
be free to operate bidirectionally. In this case, it is generally best to make I0_RE-
QUEST a separate line from the data ports.

G EEE R R RS T

*ASCII MODE OF OPERATION OF
CY¥545 ALLOWS B7 OF DATA PYTE
TO SERVE AS I1I/0 REQUEST PULSE.
{SEE FROGRAM CODE)

I/0 REQUEST/

B7* J:?
A
8255
PROGRAMMABLE
1/0 DEVICE = 5
C 4| Busy/
B

Example Interface to CY545 using 8255 PIO,

Operation of Several CY545s Using a Common Data Bus

In systems where multiple CY545s are to be controlled by a host computer it is possible
to use one eight-bit port to establish a common data bus for sending instructions to the
CY545s. Each of the separate BUSY lines (pin 15 of each CY545) must be monitored
individually and each IO_REQUEST line (pin 13) must be activated separately. This
technique effectively uses the IO_REQUEST line as a chip select (CS). A CY545 will
ignore all bus information if its IO_REQUEST line is inactive.
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FRCM HOST T
PROCESSCR

I/0 REQy

SEPARATE
I/0 REQUEST < I/Q REQy
LINES

1/0 REQ

CY545s share common data bus by using separate /O REQUEST lines for chip select.

Synchronization of Two CY545s

Two CY545s, executing similar programs from external memory, may be synchronized
as shown in the set of figures below, The master controller can control a USERBIT
line of the slave CY 545 via the Bit command, to set or clear auser bit. The slave CY545
is started first, with an Execute command, and executes a Wait command and waits until
the USERBIT line is driven low by the Bit command executed by the master CY545,
when it receives the (second) Execute com-
mand. Both CY545s then proceed to the
next instruction and are synchronized as
shown in the timing diagram, to within

'- the slave executes its own Bit instruction, to

PPTRIRREC = achieve a more general synchronization.

I b

ik several tens of microseconds. Note that
: when the two programs are not identical, the
FULEES ' . master can also use a Wait command, while
1
]

a) Synchronization Timing Diagram

MASTER SLAVE
PROGRAM FROGRAN
Bl ) ——— WD )

IDENTICAL PROGRAMS

b) Hardware Syﬁchrnnintiun of two CY545s c) Software Sync
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Coordination of Several CY545s

Multiple CY545s may be synchronized to each other by use of the programmable User
Bits, the Wait commands, Til commands, and time delays. These may also be combined
with other signals, such as CCW, SLEW, or STOPPED, used to select the point in the
motion when the signal is presented to the waiting controller. Consider a general parts
handling function in which the part must be handed off between two controllers. The
geometry of the parts and the arms used to carry the parts requires that the hand off be
carefully synchronized between the two controllers. The one to receive the part waits
at the receiving position until the CY545 which has the part signals that it has arrived.
The two arms then move together in a coordinated motion, reaching a point at which
the distance between them is a minimum. The part is exchanged and the arms move
apart, again in a coordinated motion. Once a certain position is reached, the arms are
free to move independently, and continue with their assigned programs. If the motion
is repetitious, both controllers can work with the same program, always being
resynchronized at the hand off. The following program illustrates such a motion.

A 0<cr> Declare current position as home
R 120<cr=

§ 25<cr>Define stepping parameters

F 5<cr>

P 14<cr> Move to the receiving position
Y 50<cr>Set external memory address

E<cr> Define hand off program

W 16<cr> Wait for a part to arrive, User Bit 0 low
P 0<er>  Arms move together to handoff position
+ <cr> Change direction : e
17<cr> Activate mechanism to transfer part, User Bit 1 Iow L
90<cr> Delay for part to actually transfer Ahrad o 2
14<cr> Move apart, back to receiving position
90<cr> Delay for part to stabilize, arms apart
108<cr> Transport part to next handoff position
18<cr> Low User Bit 2 indicates part arrived
122 <cr> Move together with receiving arm
i<er>  Release mechanism which holds part
g0<cr> Delay for part transfer to receiving arm
i08<cr> Move apart, back to receiving position
so<cr> Delay for part to stabilize, arms apart
20<cr> Change step rate to slower rate
O<cr> Move empty arm back for next part
14<cr> Stay at the receiving position
120 <cr> Change rate back to faster rate
T 3,50 <cr> Repeat program if User Bit 3 Iow
o<cr> Else stop program

IV PTIOP0OD TR ODOTOOm

Q<cr> End of program
Y 50<cr> Reset starting address .
X<cr>= Execute program
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Example Programs and Waveforms

The use of the "loop TIL" instruction is illustrated in the following example. The
program loops until the USERBIT 1 line (pin #22) goes high, then fetches the next
instruction. The effect of the INHIBIT ABORT input on the STOPPED output is also

shown.

Timing and Control for Program Entry and Conditional Looping.

STOPPED {£3) I l_l I I I _]
INHTBIT_ABORT (#8) (LH-I—HII ‘__]
USRBO {#21) _f[ (I \ /'IM1""‘\1I| T

f
‘\eod o eow G}@) K@

USRBL {(#22

PRESET:
B 16<cr=> clear USER BIT 0 line
R 80<cr> set RATE = 90
S 200<er> set SLOPE = 200
F 10<cr> set FIRSTRATE = 10
N 3<e¢r> set NUMBER steps = 3
Y 100<cr> set memory address
ENTER PROG:
E<cr>
B 0o<cr= set USER BIT 0
PROGRAM +<cr> set CW direction
CODE G<cr> GO, begin stepping
B 16<cr> clear ouput line
-<Cor> set CCW direction
Gecer> GO, begin stepping
T 1,100<cr> repeat above prog Til USER BIT 1 = HI
B o<er> set USER BIT 0 line
B 16<cr> clear USER BIT @ line
o<cr> stop run mode, enter command mode
QuUIT: Q<cr>
EXECUTE: Y 100<cr> reset pointer
X=cr= EXECUTE
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ASCII and Binary Data Programming Examples

The following command sequence illustrates a simple motion with trigger signals. First
we toggle USER BIT 0, then we set the stepping parameters, and finally take five steps.
In the ASCII command mode, the command sequence is as follows:

B 16<cr> USER BIT 0 low

B o<cr> USER BIT 0 high

R 100<cr> set Rate

S 240<cr>> set Slope

F 15<cr> set First Rate

N 5<cr> set Number of steps
G<cr> take five steps

If the same sequence is issued in the Binary command mode, the command letters are
the same, but the data values are given to the CY545 in binary form, not as ASCII
decimal values. In the Binary command mode, the equivalent sequence is:

42 01 10 USER BIT 0 low

42 01 00 USER BIT 0 high
520164 set Rate 100

5301 F0 set Slope 240

46 01 OF set First Rate 15

4E 03 05 00 00 set Number of steps 5
47 00 take five steps

All values are listed as their hexadecimal equivalents, but are sent to the CY545 as
single 8 bit data values. Command letters have the same codes as in ASCII, but
parameters require a count, followed by the binary parameter value. Notice that
multi-byte parameters are sent least significant byte first.

The resulting waveforms are shown below. The CY545 behavior is the same in both
ASCII and Binary modes, but the number of data bytes sent to achieve the results is
different. Also, Binary mode commands will execute somewhat faster, since the CY545
converts ASCII parameter values into a binary format internally, taking additional
command execution time.

B 154 B pj R 1003 B 24803 F 153 H S5} @i}

e I

[#15]

PULSE (%1}

STOFFED {#3) l I
USRBO (#21) L__] : .

Example motion waveforms.
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Getting Your CY545 Running
The following checklist will simplify getting your CY545 up and running.
1. Connect pin 20 to ground and pins 31 & 40 to +5 volts.

2. Be sure RESET (pin 9) is high for at least 10 milliseconds after power stabilizes.
The CY545 can be reset at any time.

3. Upon proper reset, all outputs should be at logic 1, and the CY545 should be test-
ing the JOG signal (pin 6).

4. Observe the crystal frequence divided by 6 on ALE, pin 30.

The following steps may be used with the Parallel Command Interface.
5. Place the "+ " command on the data bus, ASCII value 2Bh

Do =1
D1=1
Dz2=10
D3=1
D4=10
D5 =1
DE=10
D7F=10

6. Lower the IO_REQUEST line, pin 13.

7. Wait for the BUSY line to go low before bringing [O_REQUEST high again. BUSY
is pin 15,

8. When I0_REQUEST is brought back high, BUSY will return high.

9. Wait for BUSY to return high, then place the carriage return code on the data bus,
value 0Dh

o000 o000DQ
oo bWk -0
LI T O
[~ = = — PO . '}
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10. Generate the I0_REQUEST handshake strobe again, interacting with the BUSY
signal.

11. Upon completion of the above sequence, CCW (pin 2) will go low.

The following steps may be used with the Serial Command Interface.

12. Connect your serial port to the CY545 RxD and TxD signals, pins 10 and 11, with
the proper voltage translation buffers.

13. Send two carriage return codes to adapt the CY545 baud rate. The CRT emulation
program at the end of this section is useful for this purpose.

14. Send the command "+ <cr>".
15. The CCW signal (pin 2) will go from high to low.

16. Repeat the above command sequence with a - <cr >" command. The ASCII code
for "-" is 2Dh. The CCW signal will return high when this command is sent.

If you have successful parallel or serial communications....

17. If you reach this point successfully, you are commanding the CY545, and should
be able to enter any command and obtain the correct response.

18. Suggested sequences:

a. Try to toggle a User Bit signal using"BO0<cr>"and"B 16 <cr>" for
pin 21. Remember the single space between the command letter and
parameter value.

b. Take 200 steps with the default parameters, using "G <cr>"

¢. Change the stepping parameters, using the R, F, §, and N commands,
then try stepping again.

d. Refer to examples in this manual for other command sequences.
19. After the initial checkout, use your own command sequences as required by the

application. You may need to exercise the external memory interface, thumb wheel
switch interface, or an external display.
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BASIC Language CRT Emulation Program

The following BASIC language program emulates a CRT for direct serial communica-
tions with the CYS545A. It starts by sending the two carriage returns to set the CY545
baudrate. It then sends the Mode command to enable the CTS/ signal. These are both
done with CTS monitoring disabled. The host serial port is then reconfigured to enable
the CTS monitoring function, and all other commands use CTS/. The program is a
simple terminal emulator, which takes any command entered from the keyboard and
sends it to the CY545, while also displaying any serial data sent by the CY545.

100 ° BASIC Language

110 ° CRT EMULATOR FOR CY545A
120 ° Cybernetic Micro Systems, Inc.
130 °

140 *  This program configures the CY545A for serial commands,
150 * by sending two carriage returns to set the adaptive

180 *  rate, then sending a Mode command to enable the Clear
170 °  To Send signal. After this, the program redefines the

180 °  computer serial port to function with the CTS signal.

180 ' It then becomes a terminal emulator, waiting for keyboard
200 ' input, which it displays on the screen and sends to the
210 ' CYS545A, while displaying all serial characters received
220" from the CY545A,

230

300 CLS

310 LF$=CHRS (10) : CR$=CHR$ {13) : NL$=CHR$ (0) : ES$=CHRS$ (27)
320°

330 ' Open the COM1 serial port at 9600 baud, no parity

340 '  Note that CTS is disabled during this part

350 '

360 OPEN "COM1:9600,N,8,1,C50,050,CD0D" AS #1

370 '

380 '  Send two carriage returns to adapt the CY545A baud rate
390

400 PRINT #1,CRS;CRS;

410 '

420 ' Send the Mode command to turn on the CY545A CTS signal
430’

440 PRINT #1,"0 0AOh";CRS;

450 FOR 1% = 1 TO 5000 ' Delay while Mode Command is sent
460 NEXT 1%

470 '

480 '  Now reconfigure COM1 to use CTS

480 '

500 CLOSE #1

510 OPEN "COM1:9600,N,8,1,C530000,0S0,CD0" AS #1
520 LOCATE 5,5,1
530 PRINT "Ready to Go!"

540

550 °  Open the screen for displays
560 '

570 OPEN "SCRN:" FOR QUTPUT AS #2
600 '
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610 '  Check for keyboard input. Display and send any
620 '  keys to COM port. Stop when Escape key input
630 '

640 A$=INKEY$ : IF AS=ES$ GOTO 830

650 IF AS< >""THEN PRINT #1,AS; : PRINT #2,A$;

700 °

710’

720 *  Check for any received data from COM port, and
730 °  display it, with line feeds filtered out. Loop back
740 "  to check keyboard again when no more received data
750 °

760 WHILE NOT EOF(1)

770 J%=LOC(1) : B$=INPUT$(J%,#1) : LF%=0

780 LF%=INSTR(LF% + 1,B$,LF$)

790 IF LF% >0 THEN MID$(BS,LF%,1)=NL$ : GOTO 780
800 PRINT #2,BS;

810 WEND

820 GOTO 640

900 ’

910 *  Exit program when Escape key is pressed

920 '

930 CLOSE #1 : CLOSE #2

940 STOP
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Stepper Motor Controller

Selection Guide

o

CY CY Cy CY CY CY CY CY CY C¥
500 512 525 545 550 Function 500 512 525 545 550 Function
2K 5K 10K 27K 20K Max Usable Step/Sec Motor Support
64K 64K 64K 16M 16M  Max Number of Steps e e e e Pulse&Direction Output
21 25 26 28 38 MNumber of Instructions ] [ . 4-phase Output
18 48 60 B4K 64K Program Storage (bytes) e ® & O o 2-phase Compatible
Exp Exp Lin Lin Lin Accel (Exponent/Linear) 0O 0O 0 o 3-phase Compatible
e ® e O o 4 phase Compatible
Command Interface 0 O O o 5-phase Compatible
e e Serial Interface e« e o @ e FulStep
e e o o e Paralelinterface e e 0 0O o Half Step
e e e e o BinaryData Structure o 0 o Quad Step
¢ o e e o ASClData Structure 0 o Micro Step
e o @ Internal Stored Program « ©0 0O e o Single Step (Jog Mode)
e o External Stored Program o o e e e Continuous Stepping
e o o e o Direct Gommandﬁnde « o e e ¢ ConstantRatestepping
. Thumbwheel Input Support ¢ o o o o Ramped Stepping
e e External Display Support ¢ e LowPower Standby
O e o Stand Alone Operation e e Motor On/Off Output
0 0 o @ e Limit Detection
Program Features
e e e e List ProgBuifer Contents Motion Features
e e o o Display# of Steps Param o o e e e ProgrammableStartRate
e o e o DisplayAccel Parameter ¢« o o o e Programmable Slew Rate
® @ ™ e Display Step Rate o o ® & e Program. Accel/decel Slope
s e o o Display Current Position e« = o o e SoftwareDirection Control
] e Display Val of Ext Inputs ] ® ] e Automatic Direction Finding
e Display Motor Status ¢ o e o o Program Num of Steps
e e e e e StoredProgExecution e o Home Seek Command
. e e e Conditional Prog Structure o e o e AbsolutePosition Stspping
° e e e Programmable Time Delay ¢ o e o o FRelative Numof Steps
256 256 64K 64K  Program Repetition Count ¢ o @ o o EmergencyStop/Abort
e ¢ e e Unconditional Branch e e e e Decelerating Stop/Abort
1 1 1 1616+ Programmable I/O Lines ¢ e e o e Steplnhibitinput
e Extended /O ® 0 Closed Loop Rate Coritrol
@ Program Labels - ¢ ¢ BExternal Direction Control
e o o e e Mulicontoller Sync e« e o e e Motion Complete Indicator
e e e Live Cmds During Prog Exec ¢ e o o Slewlndicator
e Live Cmds while Stepping e e & O o Prog Complete Indicator
@ e @ BExternal Jog Mode
] e On-the-Fly Rate Change
s Yes ] e  On-the-Fly Position Output
To a Degree or with Additional Work e  On-the-Fly Cmd Execution




Changes from CY545 to CYS45A

The CY545 did not have Clear-to-Send (CTS), The CY545A implements CTS function
on pin 27,

Changes from CYS545A to CY545B

Added Features:

The CY545A did not allow direct commands during program execution, and entering
such commands caused command fragmentation, or interleaving of the commands
from the two sources. Immediate commands entered at any time during program
execution will now be accepted between executing commands and will be correctly
interpreted and executed by the CY545B.

The CY545B adaptive baud rate can now adapt up to 57,600 baud (@ 11 MHz). While
this rate has always been available as a fixed baud rate, the CY545A was adaptively
limited to 300 to 19,200 baud.

The CY545B binary mode now allows the ASCII /" prefix for indicating the comple-
ment of a bit function. The CY545A binary mode required the actual complementary
numerical values for clearing the bits.

The CY545B changes the 5 millisecond time-out at the end of a motion. The time-out
value is now determined by the FirstRate parameter. Faster rates (higher values) will
time out faster than slow rates. This change affects repetitive single stepping, where a
single step (N 1) command is embedded in a program loop. The CY545A, because of
the fixed time-out could single step continuously at only 200 steps per second (@ 11
MHz), while the CY545B will allow single stepping at up to approximately 1500 steps
per second.

The CY545B tests for a free data bus before writing to the HP Display, This will allow
slow parallel devices time to get off the bus, and so avoid bus conflicts. The CY545A
assumed that parallel devices writing to the bus would do so quickly.

Problems Fixed:

With the CY545A, quoted message strings stored in external memory were not
correctly transferred through the parallel interface, and specifically through the parallel
interface to the CY233. The CYS45B corrects this, allowing successful transfer of
parallel quoted strings.
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CY545 Summary

CY545 Pins CY545 Commands
A At current ste sition
Pulse/ Vee (+5v) il i o o
CCW Do C  Continuous Step mode
Dd Delay milliseconds
Stopped D1 E  Enter External memory prog
e Ft Firstrate
i bz G  Go, step relative
CCW_Limit/ D3 Hh Home seek
= | Initialize
Jog D4 Ja Jump to address
K reserved
o D& Lea Loop to addr for count
Inhibit Abort/ D& M  reserved
- Nn MNumber of Steps
Reset D7 O: Mode
Pp Position for stepping
i Lo Q  Quit entering to external mem
TxD ALE Rr Rate max
Ss Slope of accel/decel
Sw_Sel/ Reserved Thba Til bit matches, loop to addr
I0_Request/ USRB7 (HP_SEL) ,:rj :::"r::g
Xmem_Sel/ USRBS (rPLcTs) | Wb Wait for bit match
- X  eXecute external commands
Busy/ USRBS Ya external memory addr pointer
Zca ZillionLoop to addr for count
wiy i + CW direction
RDY USRB3 -  CCW direction
/ Negate or clear bit values
Xtal2 USRB2 2emd Query command parameter [/
0 Stop execution of ext memory i-
Xtalt uenst [acd HP-LED command string ;
Vss USRBoO “ch display string between quotes %




