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INTELLIGENT RAMPING
STEPPER MOTOR CONTROLLER

The CY525 intelligent ramping stepper motor cantroller is a
standard 5 volt, 40 pin LS| device configured to control any 4-
phase stepper motor. The CY525 will interface to any computer
using parallel TTL input and provides numerous TTL inputs and

cutputs for auxiliary control and interfacing, The CY525 allows sequences of

hi-level type commands to be stored internally in a program buffer and be executed
upon command. The TTL outputs sequence the stepper drive circuits that consist of stan-
dard powertransistors ortransistor arrays. The CY525 features the ability to change the step-
ping rate while the motor is stepping and to take an unlimited number of steps in continuous

run made.
STANDARD FEATURES
@ FProgrammable via ASCI kevboard ® Two Inlerrupt request ocutputs
® A5C1-Decimal ar Binary communication ® Frogrammable Quiput ling
® Single 5 voll power supply ® Programmatle Dalay
® 27 hi-level language commands ® verify Reqister/Bufler contents
® Stored Program capabo by (80 oytes) ® Several syno nputs and outputs
® Linear Acceleratian, definable ® Aborl capability
® Change Rates while stepping ® Sep Inhibil operation
@ Read Fasdion an-the-fly ® Anility to turn off phases
® 10,000 sleps per second (1 MHZz x1al) & Slewing indicaticn gutput
® spsolute/Relative positicn modes ® "Oowhile” and “Wail Unlil” commands
® Define startirng rate and Slew rate ® “Jump to” command
® Ramp-up/Slew/Ramp-down @ Loop command with repatition count
® Hardware ar software StartyStop ® Allows Address Labels for Loop and Jump commands
® Software Direction contral ® Unlimited numbear of steps in Continuous made
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1 INTRODUCTIONTOTHECY525 1

HISTORY OF STEPPER CONTROL
Boxes to Boards to Chips

The first stepper motor controllers congisted of bulky boxes
controlled by switches and buttons. Step rates were set in
hardware, as were the acceleration and deceleration
characteristics. Switches were used to set the number of steps
and direction of stepping. Buttons were used to actually start
the motion. These controllers were obviously meant for manual
operation. They were very expensive, very heavy, and very large
when compared to the motors to be controlled.

In the next stage of controller design, the functions of the
controller boxes were designed onto single PC boards. These
significantly reduced the cost and packaging requirements, but
did not increase the capability of the controller. One important
benefit of this design was the ability to simulate switch inputs
electronically, allowing another machine to command the
controller.

_ |
Figure 1.1 Controller evolution, boxes to boards to chips.

About this time the low cost computer came into fashion. It
became a natural source of input signals to run the stepper motor
controller, providing a pulse train to the translator module. If
the loading of the motor was such that acceleration and
deceleration was required, then the computer provided the timing
of the pulses to affect the acceleration. If, further, the
position control required complex motions that were relative to
either the current location or to some absolute coordinate
system, then the computer also provided these calculations. If
the seguence of motions was to be synchronized with other
external events, the computer provided such synchronization.

At this point, the control of motion became a non-trivial
problem, and the programming of a computer to provide this
control represented a major design effort. If not one, but many,
motors were to be controlled, the problem became even worse, and
quickly exceeded the capabilities of the low cost computer.



In 1979 Cybernetic Micro Systems introduced the first infelligent
single chip Stepper Motor Controller . +he CY500
In the early days of microprocessors, it was generally true that
motor experts were not computer experts, and vice versa. Thus

the primary rationale behind the CY500 was to provide an
interface chip and to say to both sets of experts:

"Hook your computer here, and your stepper drivers here.”
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Figure 1.2 The CY500 was the first single chip controller that
provided all the functions necessary for high level
control of stepper motors (introduced 1979).

In addition to a simple interface, the CY500 also offered high
level functions designed for precision positioning, specifically,
the ability to move a specified number of steps (relative move)
and also the ability to move to a specified location (absolute
move). Thus the user could tell the CY500 to:

"take n steps" { 0 <= n < B4K )

ar .
"go to position P" (0 < P < 64K )

In order to allow easy use with high level components (keyboards
& displays) and high level languages like BASIC, the CYS500
accepted ASCII commands and ASCII-decimal walues. The commands
consist of a single alphabetic character followed by a decimal
number if applicable. For example, the command to step to
position 36003 is sent to the CY500 as

P 36003)
where ) 15 the ASBCII carriage return character, ) = fDh.
For convenient interface to machine language or binarv arithmetic

systems, the CY500 also accepts binary values for parameters if
the ASCII/Bin pin is held low.



Program Storage on Chip

As powerful as the high level commands are, it is always possible
to achieve even more powerful control via a sequence of commands
with conditional branching. In order to accomodate such a
sequence, the CY5xx Stepper Control chips provide "on chip"
program storage, capable of storing from ten to fifty
instructions, depending upon the chip and the instructions. This
allows the user to write programs that perform tests and react
appropriately.

Conditional Tests

Because of the nature of most stepper applications, emphasis has
been placed on testing external events (as opposed to testing the
results of internal calculations, as is done in general purpose
computers.) Thus the CY¥5xx devices can:

l. Loop til an external event occurs
2. Wait for an external event to occur.
3. Loop for a specified count of events

In addition to sensing external signals, the CY5xx controllers
also generate both specific and general purpose control signals
to be used by external subsystems. The ability to sense, signal,
and synchronize, provides a very powerful subsystem "building
block" for systems involving motion.

Intelligent Motion Control

Although stepper motors may operate with considerable angular
velocity or step rate, most of them must begin (and end) stepping
at a low step rate. Thus a high level controller should provide
acceleration and deceleration, and this should be generally
transparent to the user.

By "transparent to the user"™ we mean that the controller should
determine when to stop accelerating and also when to begin
decelerating to stop at the desired position. The CY500 allows a
"slope" parameter to specify the acceleration.

STEF
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Figure 1.3 Illustrating a typical move for a stepper motor when a
position command is given to the CYS500.



Finally almost all stepper motors are used as system elements and
it is often desirable to synchronize instructions with input and
cutput lines for easy TTL interfacing.

As the first intelligent stepper motor controller, the CYS500 was
well received by customers and won a "Product of the Year" award
from Electronic Products Magazine in 1980. However, as is the
case with most first products, the CY500 was not perfect.
Although it had been designed with precision control of
positioning in mind, many users wanted faster stepping. The
C¥500 would step at 3360 steps/sec.

Thus in 1981, Cybernetics introduced the first second-generation
Stepper motor controller, the CY512. The CY¥512 was 90% pin- and
instruction-compatible with the CY500 but offered new features:

®» [First, the C¥512 was faster than the CY500. With the use of
feedback, the CY¥512 would step almost 8000 steps/sec.
Without feedback, the CY¥512 would step approximately 5000
steps/sec.

@ Scecond, the C¥512 could be gueried. For example, the user
could ask the CY512 for its position and receive the answer
as either a 1l6-bit binary number or a 5 digit decimal
position. The user could alsc examine the CY51l2 parameters
such as slope, rate, etc.

® Third, the CY31l2 could determine the direction (CW/CCHW) it
must move to go from its current (arbitrary) positicn to a
specified target position, unlike the CY500 which must be
"pointed" in the right direction before the position command

was executed. Also unlike the CY500, the C¥512 exhibits its
internal direction on an external pin.

® Fourth, a "Loop count" instruction was implemented in the
C¥512 and its I/0 structure generalized somewhat.

These changes were welcomed and most users select the higher cost
CY512 over the CY500 because it offers better wvalue.

However...

As proud as we were of the CY512 and as happy as most users were,
we s5till had numerous customers who wanted:

1. 5till faster rates, up to 10K steps/sec.
2. More linear ramp (related to faster)

3. Unlimited stepping

4. More complex rate curves.

5. Miscellaneous other reguests.



Each of these will be discussed briefly:

l. Faster....with the emphasis on productivity, many people need
not only intelligent, easy-to-control motion, but FAST
motion. The realistic upper limit of the C¥512 was 5K
steps/sec, while many motors will go 10K steps/sec (many will
not!}).

2. More linear RAMP....This feature really relates to usable
speed. The CY512 would step at up to 8000 steps/sec, but
most motors would not accelerate fast enough to keep up with
the CY512. The reason for this 1is the non-linear
acceleration curve of the CY512.
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3. Unlimited stepping......64K steps of travel is not enough for
some people, so this limit in the C¥512 forced such
applications to take multiple moves with automatic
acceleration for each move.
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4. As applications become more sophisticated, many people need
velocity curves of the type shown below:
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5. Finally, there were numerous miscellaneous reguests such as
the ability to turn off all phases without altering any
internal parameters, etc.

The response to this market feedback is described next:



THE CY525 INTELLIGENT RAMPING
STEPPER MOTOR CONTROLLER

The Third Generation Stepper Motor Controller

First - it is FASTER - a true 10000 steps/sec (@l1.37MHz)
Second - it is LINEAR (that's how we got it to go faster!)
CY¥525 ACCELERATION
IDEAL ACCELERATION
Third - You can change rates-on-the-fly!

Fourth - You can take an unlimited number of steps - run FOREVER!

Fifth - You can read out (binary) position-on-the-fly, that 1is,
you can ask the CY¥525 where it is, while it's stepping!

Sixth, Seventh, Eighth, etc.-Of course we allow vou to turn the
phases off (with or without a pulse) and have cleaned up
other features (to allow use with slow BASIC
interpreters whose tardy write strobes once terminated
C¥512 stepping). And we now let you use labels in a
program so you won't have to count bytes for jumping,
looping, ete.

Last - from R = 3 to R = 40, the rates are specified in units
of 100 steps/sec. Thus to go 300 steps/sec (@11MHz) the
user specifies R = 3; to go 2900 steps/sec, the user

specifies R = 29 etc. Above R=40 (4000 steps/sec) the
rates change by approximately 60 steps/sec per rate
increment.

As the final feature, the CY525 can be plugged into Your present
CY512 socket and it will work. Of course to take full advantage
of the "on-the-fly" features you will need two latches, ete., but
if you just want to go faster and smoother, just pull ocut the
C¥312 and slip in the CY¥525! (note: see ABORT changes.. page 63).

That's the brief history of single chip intelligent motor control
from the CY500 in 1979 to the C¥512 in 1981 and the C¥525 in
1984. Of course we have been busy offering a variety of sSupport
chips and circuits such as the CY512/Kit prototyping board, the
CYB-002 prototyping kit capable of controlling two CY¥525s, and
the CYB232 board that allows up to 255 stepper motors to be
controlled over one serial RS232 line.

r .
AND we have software for the IBM-PC and XT! ! LL
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Two Primary Modes: Independent vs Closely Coupled

The CY525 can be operated in two primary modes (although the
modes can be mixed.) The first is the "independent” mode and is
identical to the CY500 and CY512 operation. In this mode the
parameters are specified and then a motion command is issued or a
program of instructions i1s executed. The interaction of the
controller with the master computer is typically limited to
signaling either:

1. the motion is complete, or
2. the program has terminated.

This high level control relieves the master computer of worrying
about the details of the motion or motion seguence.

The CY525 offers a second, "closely coupled" mode of operation
that provides extreme flexibility at the expense of some
attention on the part of the master computer. This mode provides
the ability to change the step rate "on the fly" and to read the
current position "on the fly", i.e., while the motor is stepping.
An example of the motion that is possible in this mode is shown
in the figure below.

I
T

10,000
STEP/SEL

INITIAL [ 77

300 L ' ——
STEFSSEC 5T0P STAET FIMISH
1 I |

UNLIMITED 4 OF STEPS

Figure 1.4 Example of complex motion possible in "closely
coupled" mode of operation.

NOTE: Although it is possible to mix the two primary modes of
operation, this should be done with caution. The two modes are
designed to be consistent and coherent as separate modes and
there are some inconsistencies that result when mixing the modes.
These do not prevent useful mixtures, but reguire understanding
of the differences for successful execution. For example,
attention should be given to both the SLEW line and the ABORT
line when mixing the modes.

11
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Figure 1.5 The CY525 can operate in two primary modes:

a2.) "Independent" mode in which commands and programs
execute in the CY¥525 independently of the master
computer.

b.) "Closely Coupled" mode in which the master computer

closely interacts with the CY525 while it is executing
commands and programs.

€.} These modes can be mixed, with care.

ASCII Mode Allows Simple Prototyping

The CY525 is an ASCII-programmable, peripheral controller chip
designed to control stepper motors using an instruction sequence
that may be stored internally in a program buffer. This feature
allows the user to program the device with an ASCII kevboard and
vastly simplifies prototype development and experimentation. When
the user decides that the control sequence is correct, the ASCIT
keyboard is replaced by a computer output port, and the motor
can be brought on-line. Of course, the computer can be used
initially in those systems in which keyboard programming is
impractical, but most applications can usually benefit from the
immediacy of the keyboard during the development phase. In this
mode the user simply types a command on the keyboard and the
controller takes the appropriate action. In the Command Mode, the
controller simply executes the command. In the Programming Mode,
the command is stored in sequence in the on-chip program buffer
for later execution.

12



Stored Program Peripheral Controller

The Cybernetic Micro Systems C¥525 Intelligent Ramping Stepper
Motor Controller offers the user stored program capability. This
feature significantly increases the power of the device and, as a
consequence, decreases the amount of host time and software
required to perform a given task. Stored program devices operate
in three basic modes:

R s e R R R R E E E R R T R R R FERET L S PTEERE]

Command execution mode

The CY525 executes commands as ;
they are received. :

A DR

Program entry mode

R i

The CY¥525 stores commands in an
internal program buffer for
later execution.

R e e

Program execution mode

S T L

The C¥525 executes the commands
that were previously stored in ;
the program buffer. :
;
N N R e T T T

e T D

Thus, in addition to the Command Execution mode common to all
peripheral controllers, the stored program controller can be
placed in a Program Entry mode in which the sequence of commands
is entered and stored in the program buffer, and then the device
can be placed in the Program Execution mode in which stored
seguences of commands are executed.

In many applications the user will find that the CY¥525 can
function as a stand-alone device, completely independent of the
host processor, except for program loading. 1In most of these
applications, it may be possible to generate custom devices that
load the desired program upon power-up and are triggered by
external hardware. The user can then employ these custom
controllers in stand-alone applications with no host. See PROM
Stand-alone example in Section 10.

13



ARCHITECTURE OF THE CY525
STEPPER CONTROLLER

The CY¥5Z5 architecture
may be partitioned BIDIRECTIONAL TO STEFPEE, MOTOR
into sewveral func- PARMLLEL DRIVE TRAMSISTORS

1 DATA BUS
tional subsystems: i 1f”ﬂ“xh

1. Input data fqrsiﬂh =k
subsystem iaih ru & W L:
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2. Output data i e ¥
subsvystem @ T6- stmPCmme
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5. Program storage i MODE FLAGS
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and control 1500 I ”ﬁgﬂgnf” :
mechanisms. 1 Bl ECONTROL : z

P _Z_E SUBSYETEM i BYTE 53

7. Position Lt

Register

Figure 1.6 Schematic diagram of the
architecture of the C¥525 Intelligent
Ramping Stepper Motor Controller.

Input and Output Data Subsystems

The input data subsystem accepts commands and the output data
subsystem holds the output control signals to the stepper drive
circuitry and includes the associated direction and pulse timing
lines.

Program Parameter Storage

The program parameter storage subsystem is used to store the step
rate parameters, ramp rate parameter, and to maintain a l1é6-bit
position register. The position register is incremented (or
decremented) when stepping in the clockwise (or CCW) direction.
The position register is used when absolute position commands are
specified. The 16-bit step counter is used when relatiwve
commands are employed. The contents of the position register
change with every step, while the step counter register contents
remain unchanged until a specific command is used to change them.
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Mode Flags and Pins

The mode flags and mode select pins are used during command
execution to perform the appropriate action or to interpret data
or input signals correctly.

Program Storage Buffer

The CY525 contains a program buffer that allows the user to store
a seguence of instructions that can be executed upon command.
This provides all of the benefits of stored program execution
that have made computers such powerful tools.

Instruction Decoding and Control

This subsystem performs the actual execution of commands.

Position Register

The CY525 contains a 16-bit position register that can be read to
determine the current location. The CY525 will accept relative
and absolute position commands; however, the position register
always indicates absolute position. In the C¥525, this register
can be read while the C¥525 is stepping.

Absolute vs Relative Position

The G command operates in the relative position mode, in which
total travel is specified relative to the current position via
the Number (of steps) command, N n), where 0 < n < 65535. 1In
this mode an internal counter is decremented for each step and
stepping continues until the count reaches zero (or another Halt
condition is detected). If the Position mode command, P p), is
received, the target position "p" is interpreted as absolute
position with respect to the zero location declared by the Athome
command. The CY525 calculates the stepping direction and the
number of steps to take to reach the specified target position.

1. The relative mode is selected by the G command.
2. The absclute mode is selected by the P command.

When an actual stepping operation is in progress, both a number
of steps wvalue and a target position are used to internally
execute the step command. The current position register is
updated in both the relative and absolute modes, so motions may
be mixed between the modes. In relative mode, the target
position will be calculated, and in absolute mode, the number of
steps to take will be calculated. After that, the two modes use
the same internal stepping routines. Acoceleration and
deceleration work in both stepping modes, with the CY¥525 also
calculating the position at which to start deceleration in order
to return to the starting step rate when the motion is completed.

15



2 2

OVERVIEW OF PIN FUNCTIONS

COMMUNICATION WITH CY525

Commands can be issued to the CY¥525 using a parallel data format.
In parallel operation, complete handshaking coperation occurs via
the use of a Busy/Ready line on the CY¥525, and the I/0 Reguest

strobe line from the host. The handshake protocol is shown below.

Data to CY525
from Master

Master Write
Signal to C¥525

Data Bus
from Master

I1/0 Regquest
from Master

VALID DATA
ON DATA BUS

( =N
- _[ )

Handshaking protocol for CY525 parallel input.

Stepper Ready
pin to Master

Busy/RAdy
from CY525

Figure 2.1

KEYBOARD PROGRAMMABLE DEVICE

The CY525 Stepper Motor Controller offers Hi-Level Language
programming with an ASCII keyboard. This design allows the user
maximum utility via the closest possible coupling and facilitates
interactive prototype development and debugging. Note that the
stored program capability makes it possible in many cases to
perfect the operation of the stepper motor completely decoupled
from the host computer. In such cases, the host processor is
reguired to do little more than lcad the programs at appropriate
times. Of particular importance in many applications is the
dynamic stability of the system. By programming a range of test
conditions through the keyboard, the designer may exercise the
system over broad ranges and thus characterize the system
dynamically. Of course, any designer with access to an easy-to-
use, interactive host computer can achieve everything that the
keyboard user can, and more. Lacking such systems, the designer
will appreciate the extreme power of keyboard programming during
prototyping phases, thus postponing until final systems
integration the slower, costlier, host computer programming
associated with all host-controlled controller devices.
el

cCY525 ///fﬂﬂﬁ
! -\

STEPPER
¥OTOA
COHTROLLER |

4 F=ASE
STEFSER
RCTOR

A5C1-DECIMAL DATA SUS

Al

o
To] .
T

Faoa

TR J

(2R E':'."l...ll'i'.] |

ETROBE

CAWER WOLTAGE 4 /
Development System.

Figure 2,2

Simplest Prototype
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SYNCHRONIZATION MECHANISMS

Most stepper motors are employed as parts of functional systems.
These systems often must synchronize the behavior of the various
subsystems to each other or to a real-world occurrence, such as
an operator input. The CY¥525 has been designed with both signal
emitters and detectors to allow easy synchronization of the
device to neighboring (interacting) subsystems.

The motor interface for the CY525 is very simple, consisting of
six output signals. Since the controller is designed for four
phase motors, there is a signal line for each phase. The
patterns necessary to operate the motor, including segquencing for
proper direction, appear on the phase outputs. A simple L/R type
driving circuit may be connected directly to the phase outputs,
so the motor can be run from the controller =signals.
Alternatively, the user could drive a more sophisticated pulse-
to-step translator, using the CY¥525 Pulse and Direction outputs.
The Pulse line gives one pulse at the beginning of each step,
while the Direction line always indicates the current stepping
direction.

niRecTION

Figure 2.3 Motor Interface

The computer or data interface of the CY¥525 is also very simple.
Commands and parameters are passed from the command source to the
CY¥525 on an eight bit, bidirectional data bus. Direction of data
is determined by the level on the I/0 Select line, allowing the
CY525 to not only receive commands, but alsc to be interrogated
for the current values of its parameters and contents of the
program buffer. Data transfer between the command source and the
C¥525 1is controlled by a standard two-line handshake protocol.
The master processor waits for the CY525 Busy/Ready line to go
high, indicating that the CY¥525 is ready for the next command
byte. Data may then be placed on the bus, and data available is
indicated by a high-to-low transition of I/0 Request. Data
should remain stable until the CY¥525 indicates data accepted by a
high-to-low transition of the Busy/Ready line. During this busy
time, the CY525 is processing the character just received. The
master processor should then raise I/0 Reguest and wait until the
C¥545 1is ready for the next data byte. Data transfers from the
C¥525 to the master processor are handled in a similar way, with
the master requesting the next byte using I/0 Request, and the
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C¥525 indicating data available using Busy/Ready. The simplicity
of the data transfer handshake, combined with the ASCII command
structure of the C¥525, allows the commanding device to be any of
a number of things, including a microprocessor or other computer,
a kevboard for manual command entry, or a ROM for fixed, stand-
alone applications. The keyboard is especially useful during
prototype development or system characterization.

TR k so:>;‘a.<
10 SEL . DATABUS e oN DATA BUS st
O RER  —— el -
y /0 REG { ("'l"\ ,-'j“-\\
BUSY/RDY =—] = y [ Y ) \
— Ce——— -
DB e f _ BUSY/RDY I \~p1/f [

Figure 2.4 Data interface and handshake waveform

Since most stepper motors are parts of functional systems,
reguiring that various parts of the system stay synchreonized with
each other, the CY¥525 has been designed with a number of
secondary input and output control lines. These signals may be
used to modify and control the stepping behavior of the device,
or indicate certain conditions within the controller. Two inputs
control the stepping behavior directly. While Step Inhibit is
high, the controller will not step. Stepping is resumed when the
signal goes low again. This signal may be used to halt a motion
under emergency conditions, or to slow the step rate if the motor
cannot keep up. The Abort signal is used to cause a deceleration
to the starting rate {(aAbort), at which point the motion may be
stopped. Two other inputs modify the way a program is executed.
The Wait line is used to suspend a program until the signal level
on that line is in a certain state. Commands allow the program
toc wait for either a high level or a low level, making it
possible to synchronize on either transition of the line. The
Dowhile input is used with the conditional loop command. While
the line is low, the C¥525 will loop back to the specified program
location, repeating the program section over and over. When the
line goes high, the controller will continue with the rest of the
program.

SLEW

STEP INHIBIT
MOTION COMPLETE
ABORT
RUM
WAIT
PROGRAMMABLE CUTPUT
DDWHILE

FROG/ LIVE

Figure 2.5 Secondary control inputs and outputs
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The CY525 also provides a number of output signals which may be
used by other parts of the system. While stepping, the Slew line
indicates that the C¥525 has reached the maximum programmed step
rate, and is not accelerating or decelerating. When the C¥525
has stepped for the number of steps specified, the Motion
Complete signal indicates the end of the current motion. Run is
used to indicate that a program is executing. In addition, the
CY525 provides an uncommitted output, Programmable Output, which
the user may apply as needed. The lewvel on this output is
controlled by two commands, one for a high output, and the other
for a low output.

CY525 PINOUT DIAGRAM

The CY¥525 pinout diagram is shown below, followed by the table of
pin definitions.

N
1/0 REQUEST 40 fe— +5 VOLTS
YTAL 19 fe=—T1/0 SELECT
o CY525 38 |=— WAIT (PROGRAM)
RESET 37 }—= WOTION COMPLETE
UNUSED 36 f=e— ASCII/BINARY
ABORT 35 }—= PULSE
GND 34 |— PROGRAMMABLE OUTPUT
INSTROBE 33 |—= DIRECTION
UNUSED 32 F—»= RUN (INT REQ 2)
OUTSTROBE 31 f— PROG/LIVE
CLOCK /15 30 f=— STEP INHIBIT
DB, 29 —» STEW
08, 28 f=— DOWHILE
08, 27 —= BUSY/ROY
';g STEPPER ‘z"’: e ‘;"”“”
EIB: MOTOR .| _ ¢: aTuEPPEH
ey CONTROLLER | bl
ﬁ“ﬂ 1] I ¢1 SIEHM.S

Figure 2.6 C¥525 Pin definition
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TABLE I

C¥525 PIN DESCRIPTION

e

TR R TR LN nE R T n g R R R B B b o BB R O B L i R PSR TR EEE T R N R R T

DESIGNATION PIN# FUNCTION

VCC 40 +5 volt power supply.

VDD 26 +5 volts.

VS5 7,20 circuit GND potential.

Xtall-Xtal?2 2,3 inputs for crystal or external clock

{input) (not TTL). See Clock Circuits section.

Clk/15 11 This output represents the crystal

{output) frequency divided by fifteen. The pulse
width is at least 300 nanoseconds.

Reset 4 initializes controller to power-up

{input) state.

DEA-DBT 12-19 bidirectional parallel data bus.

I/0 Select 39 indicates direction of data on the data
{input}) bus. Low = input to CY525. Hi
= gputput from C¥525, which can only be
generated if CY¥525 has received "V"
command. Also used to read position
while stepping, i.e., on the fly.

I1/0 Regquest 1 strobe to initiate command input when

{input) writing to CY¥525, 1Initiate data output
when reading from CY525. Interpretation
of pin 1 is a function of I/0 Select
{pin 39). May be used while stepping to
change the step rate on the fly.

Busy,/Ready 27 handshake line for command data input.

{output} Host must wait until Ready state is
indicated by a high lewvel before
transferring command or data to CY525.
If Run (pin 32) is low, the Prog line |
(pin 31} must be used to enter Live |
commands while a program is executing.

Instrobe 8 occurs during data input. The data on

{output) the bus must be valid until the
trailing edge of Instrobe occurs.

Outstrobe 10 Trailing edge indicates wvalid data

(output) output by CY525 on data bus.

ASCII/Binary 36 selects ASCII-decimal or binary mode of

{input) operation.

b

B o e e o

i R

AR B

R e

e

A A A e S o

R TR e e A R S LR LR

L L T e P TR

S T R P T R e s
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TABLE I

{Int Reg 1) [output)

Wait 38
{input)

Dowhile 28
{input)

Direction 33
{output}

Pulse (output) 35
Slew 29
(output)

Abort 3]
{input)

Step Inhibit (input) 30
Programmable Qutput 34
$l-04 (output) 21-24

Unused 5,9,25

stepping or when position is available.

program Waits for this pin to go LOW
when "Until"™ command is executed, and
waits for a High signal when "Wait"
command is executed,

is tested by "T" command. Program will
branch to specified target if low,
glse it will execute next instruction.

indicates current stepping direction
and is affected by +, -, and"p"
commands (Hi = CW, low = CCW).

C¥525 PIN DESCRIPTION (continued) |
T T I e o B I R LR R T ¥ B T S R R e 4
DESIGHNATION PIN# FUONCTION
Prog/Live 31 indicates program entry mode. Commands
{output/input) are entered and saved, but not
executed, while pin 31 is low. May be
used as input to enable Live commands
to be executed while a program runs.
1 Run (Int Reg 2) iz indicates program execution mode.
| (Program Complete) Commands cannot be entered while
{output}) program is exXecuting (pin 32 = low)
unless the Prog line (pin 31} is used.
Motion Complete 37 signal to interrupt host at end of

low when step begins, hi when step ends.

goes low when steady stepping rate has
been achieved. Will return high when
ramping begins.

Low during stepping causes the CY¥525 to
begin ramping down to the initial step

rate. If held low, the C¥525 Aborts
stepping at the bottom of the ramp. If
the Abort line is returned high during
the downramp, the CY¥525 ramps down and
continues stepping to target position
at the initial step rate.

inhibits stepping while held high.
user programmable cutput pin.
stepper drive signals.

must remain disconnected.

£¥

R N R N N P N N I L R D T
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CY525 MOTION STATUS SIGNALS

The CY525 provides three status signals that provide information
about the motion during the execution of instructions that cause
the motor to move. These three status lines are:

!
; 1. BUSY /READY {(pin 27)

2. SLEW (pin 29)

3. MOTION COMPLETE (pin 37)

Each of these will be discussed separately.

Busy/Ready

When a motion command ( P or G ) is issued to the C¥525 the
BUSY/READY line goes low to acknowledge the terminating carriage
return character and remains low throughout the motion, returning
high at the end of the motion. When a P or G is executed while a
progam is running, the BUSY/READY line goes low prior to the
first step and remains low until the last step is taken.

Slew

The SLEW line (pin 29) indicates constant velocity motion when it
is low. If the CY525 requires acceleration { R not egqual to F )
the SLEW line is initially high, going low when the specified
step rate is reached. When the CY525 begins decelerating at the
end of travel, the SLEW line returns high. In the normal mode of
operation the SLEW signal is low only when the C¥Y525 is stepping
at the maximum specified rate. In the continuous step or HALT
mode of operation { initiated via the Hcommand ) the SLEW signal
is low when the specified velocity is reached and goes high every
time a new velocity is specified, remaining high while the device
accelerated or decelerates to the new velcocity, then returning
low until another change in velocity is specified { on the fly ).

Motion Complete

The MOTION COMPLETE signal (pin 37) indicates that the last step
of the current motion has occurred. This signal mayv be used to
interrupt the master computer. ( Note that MOTION COMPLETE also
goes low for a few microseconds when the position is read on the
fly ).
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These signals are shown in the following figure for a typical
motion. An 11 MHz crystal is used.

A
m
tw
[+
b1
.
N —_—

i L3 1 1.5 2 .2 2 3.5 4
TIME IH SECOHDS

A .3 1 1.5 2 2.3 z I.5 4
TIME TH ZECOHDS

| ——— e

=]
M HH k

F
¢
F o= 3 4 K
Z o= 1 S L\
ind of Motien ) N X . j " ——————
a + 3 1 1.5 2z 2.5 ] 3.5 4

TIME IW SECOHDS

Figure 2.7 1Illustrating the three motion status lines for a
typical CY¥525 motion command.

23



3 OVERVIEW OF COMMAND LANGUAGE 3

BIN-ASCII™ FEATURE

The CY¥525 user-corientation has been accomplished without the
expense of complicating the host programming job. For example,
the ASCII-decimal integers typed by the user at the keyboard may
not be readily available in the host programming language. For
this reason the CY525 can be placed in a binary mode in which
binary number parameters are used instead of ASCII-decimal. This
allows any computer with binarv integer arithmetic to send
commands and binary information to the controller. The C¥525 is
placed in either the binary or the ASCII-decimal mode wia a mode-
select input pin setting.

The use of ASCII instruction and ASCII-decimal integer parameters
allows the user to type commands in familiar high-level language
formats, as shown below:

N 738} ; set Mumber of steps = 738
Gy : Go (begin stepping)

where "N" is the ASCII command specifying NUMBER of steps to
take. The ASCII space character is shown as a space, and the
decimal number "738" is then entered, followed by the carriage
return key, "3"= 0DH which terminates the commands, The GO
command is entered as "Gp". The controller then steps the motor
for 738 steps. Other parameters, such as rate, may be specified
in similar fashion.

Although the use of ASCII-decimal numbers is ideal for the user
employing BASIC or other languages that can output ASCII-decimal
numbers, it is, of course, desirable that the controller accept
binary number parameters from binary computations. For this
reason, the CY¥525 Stepper Controller may be placed in a BINARY
mode via a strap, or mode-select, pin. In this mode, all numbers
are interpreted as binary data (as are all commands). See
the section on binarv data mode for details.
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PROGRAMMABLE WITH HIGH LEVEL LANGUAGE

The primary advantage of all hi-level languages is their problem-
oriented nature, as opposed to the device-oriented nature of
machine languages. &4 secondary characteristic is their ASCII
representation, and a third characteristic of most hi-level
languages is their use of the ASCII-decimal numbering system as
natural numbers. In all of these aspects, the CY525 gualifies as
a single chip Hi-Level Language Device. The combination of hi-
level language and ASCII-keyboard programmability is designed to
maximize user ease and convenience.

Every instruction entered in the ASCII decimal mode of operation
consists of one of the feollowing forms:

1. Alphabetic ASCII character followed by the ") " (RETURN) key.
2. Alphabetic ASCII character followed by space, then ASCII

decimal number parameter, then ")" = ODH.

Examples of tvpe one are as follows:

i o e e S S R R B e R AT B PR ‘“."..E‘.S-‘Fi.’?:i”s.>.'.'<<:~-:+"§
4 HNAME COMMAND INTERPRETATION
i
i - . i
| Bitset B} Set programmable output line ;
Clearbit Cy Clear programmable output Line i
eXecute X} eXecute program :
i
i i
| Enter E) Enter program mode |
.:(,t.i..??f'rx.?‘i‘f??if?ﬁﬁsit?:?, R R R N T T N R i e <=.<L§_‘-_§|

Examples of type two are as follows:

3 R R R N R N N I T R R T TN R T
; i
| NAME ASCII COMMAND INTERPRETATION ;
: i
e
Absolute A a) Declare absolute position i
| Number N n) Declare number of steps to be taken |
. (relative) :
‘?«
| Rate R r) Declare maximum rate parameter :
: H
| Slope S s) Declare ramp rate :
b E
'? -] = = = ‘
| Firstrate F £) Declare initial step rate :
: i
E Position P pj Declare target position (absoclute)
i i
* TR R R R e R R R R R R R R T N I R N TR R R R v
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TABLE I1

CY¥525 COMMAND SUMMARY

TR

TS T T T T R SR R R EREARY F RN LN N R KRR Y SO

ASCII

Fom T v I TR~ o BN o N I o S ) T =+ B . N e Y B v+

Mo o EK O o 2 moA

+

=

NAME

Abzolute
Bitset
Clearbit
Delay
Enter
Firstrate
Go
Haltmode
Initialize
Jump
Loop
Number
Offset
Position

Quit*

Rate
Slope
Branch Til
Ontil
Verify
Wait
edecute
divisor
CW

CCW
Command

Label

INTERPRETATION

Set current location as specified

Set programmable cutput line high

Reset programmable ocutput line low

Time delay for specified milliseconds
Enter program code

Set initial step rate

Begin relative stepping cperation

Set continuous step mode of operation
Turn off step drive lines, reset controller
Go to specified program buffer location
Repeat program segment for specified count
Set number of steps to be taken (relative)
Set next stepper drive signal wvalue

Set and step to target position {(absolute)
Quit entering program code, re-enter

command mode. *Never followed by ";"

Set step rate parameter

Set ramp rate for slew mode operation
Branch "Til" dowhile line goes high
Stop execution until wait line iz low
Verify internal buffer contents

Stop executing until wait line is high
Begin program execution

Divide slope by divisor parameter

Set clockwise direction

Set counterclockwise direction

Stop program execution, enter command mode

Marker for "jump to" and "loop to" commands

R

e

s

B e v

e e

B N oy SR o

e e e

R
o

i i

T T R i R S S R DR L R T R R AN
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DESCRIPTION OF COMMANDS

The command format shown in the following descriptions indicates
the way commands are stored in the program buffer, as well as
showing the binary values of the command letters. HNote that in
Binary mode the user must insert a data count between the command
letters and parameters, if any. See section 5 on Binary Data
Mode. Also note that 16 bit parameters (number and position) are
entered least significant byte first in the Binary mode. 1In the
ASCII mode, command letters are separated from parameters by a
single space, and the parameters are entered as ASCII decimal
numbers. ASCII mode commands are terminated by a carriage
return, as indicated in the leftmost column of the description,

A a) ABSOLUTE 0100 0001 3 bytes
a’t al Libyvte
b7 b0 MSbyte

The ABSOLUTE instruction defines the current position. This
position is set to the value specified by the 16-bit
argument. Absolute positions are used by all POSITION
commands. The ABSOLUTE command may be used at any time to
define or redefine anvy position coordinate.

B)  BITSET 0100 o010 | | 1 byte

This instruction causes the programmable output pin (#34) to
go HIGH. This is a general-purpose output that may be used
in any fashion.

C)  CLEARBIT [0100 0011 | 1 byte

This instruction causes the programmable ocutput pin (#34) to
go LOW. The user can signal locations in a program seguence
to the external world wia B and C instructions.

D d; DELAY 0100 0100 3 bytes
a7’ al LShyte
[«¥) b0 MShvte

The DELAY command will time delay for the number of
milliseconds specified by its argument. The delay is
calibrated in milliseconds, using an 11 MHz crystal. Other
frequencies will require a linear scaling for the actual
delay time. Since this is a 3 bvte command (16 bit
argument) the delay time can range between 1 msec and about
65.5 sec at 11 MHz. This command is useful in programming a
delay time between stepping motions.

E)  ENTER {0100 0101 | 1 byte

This instruction initiates the program entry mode of
operation. Commands following the ENTER command are saved
in the program buffer in sequence until "Q" is entered. The
PROG line (# 31) goes low to indicate this mode.
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F f)

6)

H)

I

FIRSTRATE 0100 0110 2 bytes
a7 al

The argument, £, is a number from 0 to 127 and is used to
specify the initial step rate for every move.

GO [0100 0111] 1 byte

The G0 command causes the stepper motor to step as specified
by the rate, direction, etc., commands entered prior to the
GO command. Stepping will be in the relative mode, with the
number of steps defined by the N command.

HALTmode [0100 1000 1 byte

The HALTmode command initiates the continuous run mode. In
this mode the CY¥525 begins stepping when the next P or G
instruction is executed, ramps up to the specified rate and
then continues to run until HALTed by a low signal on pin 6,
the ABORT pin. This allows the CY525 to take an unlimited
number of steps instead of the usual 64K step limit. During
this mode the step Rate may be changed "on-the-Fly" and the
current position may be read "on-the-fly". The low ABORT
line will cause the CY¥525 to begin ramping down until it
reaches the FIRSTrate and then stop (if the ABORT is still
low). Haltmode is reset after the motion stops, returning
the CY¥525 to the default mode in which the target or number
of steps is specified.

INITIALIZE [0100 1001] 1 byte

The INITIALIZE command causes the CY525 to enter the command
mode. None of the distance or rate parameters are altered.
Any commands following "I" will be executed with the
parameters specified prior to "I". The INITIALIZE command,
when encountered during program execution, halts the program
execution and returns the system to the command mode. This
command de-energizes the stepper motor coils, erases the
program, if any, sets the direction to CW.

JUMP 0100 1010 2 bytes

a’ aD1

The JUMP command will branch program execution to the
program buffer location specified by the argument, which
represents the byte number in the program buffer, starting
with zero. Program execution continues from the specified
byte number after the jump is executed. When the JUMP
command is issued from the Command mode, it enables the Run
(Program execution) mode, and begins executing from the
specified byte number. It is the user's responsibility to
insure that the number specified with the JUMP command is
the correct wvalue for the desired starting point. The first
byte after the "E" command is location zero. The byte count
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specified in this section determines the number of bytes
used by each instruction. HNote that "J §p" is egquivalent to
"Xp". In crder to simplify the use of the Jump (and other
branching instructions) the C¥525 allows the use of LABELs.
An instruction is given a label (A thru E} by preceding the
instruction with the label character followed by a 5. See
description of $ at end of this section.

L c,a) LOOP 0100 1100 3 bytes
a7 al COUNT
b7 b0 LOCATION

The LOOP command uses the first argument as a repetition
count, and the second argument as a jump location. Each
time the LOOP command is executed, the count is decremented
by one. If the count 1is nonzero after the decrement,
program execution will Jjump to the specified address, which
is the second argument of the command. The jump address
specifies the location to which execution will loop, and the
count represents the number of times the lcop is to be
repeated. When the count reaches zero, program execution
continues with the instruction immediately following the
LOOP command. In ASCII mode, the two arguments may be
separated by either a comma, ©or a single space. LOOP
commands may not be nested one inside the other. Labels may
be used with the LOOP command, as with the JUMP command.

NUMBER 0100 1110 3 bytes
a7 al LSbvte
b7} b0 MSbvyte

The NUMBER command is used to specify the number of steps to
be taken in the "Relative" mode of operation. The argument
may be any number from 1 to 64E-1 {(65,535). HNote that this
parameter is stored as 2 bytes in the program buffer.

OFFSET 0100 1111 2 bytes
a7 al

The OFFSET command specifies the next step pattern to appear
on the STEPPER MOTOR DRIVE SIGNALS, pins 21-24. This
command may be used to synchronize these ocutputs with the
motor when the desired pattern is known from the motor's
position. The QFFSET command can also be used to turn OFF
all of the 4 phases, by specifving a value greater than 3.
If the argument is greater than three, but less than 128,
then all 4 phases are driven high, and the pulse line {(pin

35) does not change. If the argument is greater than 127,
the pulse line is brought low and then goes high as all 4

phase lines go high.
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P p} POSITION | 0101 0000 3 bytes

5 s)

a7 al LSbyte
b7 b0 MSbyte

The POSITION command declares the "Absolute" mode of
operation. The argument is treated as the target position
relative to position zerc. The ABSOLUTE command is used to
define any position. BStepping to the target position begins
when the POSITION command is executed. No "G" command is
reguired. Direction teo the target position is also
determined and set automatically.

QUIT (Programming) 0101 0001 | 1 byte

NOTE: The QUIT command is self-terminating, and should NOT
be followed by the Linend "" or data count. Such
termination may result in incorrect operation.

The QUIT command causes the C¥525 to exit the "Programming"
mode of operation, wherein instructions are stored in the
program buffer in the order received; and causes the CY525
to return to the "Command" mode of operation, in which
instructions are executed as they are received.

RATE [ 0101 0010 2 bytes
| a7 a0

The RATE instruction sets the rate parameter that determines
the step rate. The rate parameter, r, wvaries from 0 to 127
corresponding to step rates from275 to 9675 steps/sec
fwith an 11 MHz crystal). For rate parameters between 3 and
40 the rate is linear and is specified in units of 100
steps/sec! For rate parameters between 41 and 127 the rate
is still highly linear but the increments are approximately
60 steps/sec. For crvstals other than 11 MHz the step rate
should be multiplied by £fc/11 Mhz, where fc is the crystal
Erequency.

SLOPE 0101 0011 2 bytes
a7 al

The SLOPE or slew mode of operation is used when high step
rates are required and the initial load on the motor
prevents instantaneous stepping at such rates. In such
cases, the load is accelerated from rest to the maximum rate
and then decelerated to a stop. The user specifies the
distance of total travel (via "N" instruction), the maximum
rate (via "R"}) and the slope rate ("S5") or change in rate
from step to step. The CY525, starting from rest or from a
specified starting rate, will increase the rate in such a
fashion that a maximum acceleration (determined by the wvalue
of the slope parameter) is not exceeded. For very slow
accelerations the slope may be stretched by a slope divider,
specified by the argument of the Z command.

30



T t} loop TIL 0101 0100 2 bytes

Uj

W)

X}

a7 al

The "T" command provides a "Do...While..." capability to the
C¥525. This command tests pin 28 and, if low, it branches
to the specified target instruction. Note that the target
can be either a number or a label. If pin 2B is high, the
instruction following the T command is fetched and executed.

wait-UNTIL [0101 0101] 1 byte

The wait-UNTIL instruction is used to synchronize the
program execution to an external event. When the "U"
instruction is executed, the WAIT pin (pin #38) is tested.
When the WAIT pin goes low, the next instruction is fetched
from the program buffer and execution proceeds.

VERIFY 0101 0110 2 bytes
a7 al

The VERIFY command allows interrogation of the internal
C¥525 buffers, including the rate, slope, number of steps,
and current position registers. This command is also used
tc examine the current contents of the CYS525 program buffer.
The parameter "v" specifies which internal register group is
toc be read. VERIFY should only be executed from the command
mode. To read data during the RUN mode, the Prog/Live line
must be used. Note that position can be read "on-the-fly"
while the motor is stepping, but this is NOT done with a
Verify command! See "Verify Mode" in Section 6 for details.

WAIT | 0101 0111] 1 byte

The WAIT instructicon is the opposite of the U command. WAIT
tests the WAIT pin (pin #38) for a high level. The program
will stop until the pin is high, then it will continue with
the next command. HNote that the U command may be used to
detect the falling edge of the WAIT line signal, and the W
command may be used to detect the rising edge. Thus, it is
possible to synchronize program execution to either one or
both of the transitions.

EXECUTE | 0l0l 1000] 1 byte

This instruction causes the C¥525 to begin executing the
stored program. If no program has been entered, the
controller will stay in the Run mode unless a Stop Operation
is executed (via the # command}. If the program exists, the
controller will begin execution of the first instruction in
the program buffer. If the EXECUTE command is encountered

during program execution, it restarts the program (however,
the initial parameters and modes may have been redefined
later in the preogram) and may be used for leooping or cyclic
repetition of the program.

31



Z z)} Divisor 0101 1010 | 2 bytes

+

5

n$

a’ al

The DIVISOR command provides slower accelerations by
dividing the slope by the value of the argument of Z.

CLOCKWISE (0010 1011 | 1 byte

Direction is set to clockwise by this command. Relative
mode steps are taken in the direction last specified, so
they will be clockwise until the direction is changed by the
"-" or "P" commands. The current direction is always
indicated on the DIRECTION line (pin # 33).

CCW [0010 1101 | 1 byte

Direction is set to counter-clockwise by this command.
Comments under CLOCKWISE also apply to the "-" command.

COMMAND 0011 0000 | 1 byte

The CY525 is placed in the command mode and the next command
is executed as it is received. Programs should be
terminated by a "@" command, returning the CY¥525 to command
mode at the end of program execution.

Label Designator

The CY525 allows the use of the ASCII characters A through E
(in ASCII mode) followed by the ASCII $ symbol as labels for
instructions in a progranm. There should be no spaces
between the $ sign and the adjoining characters. The labels
can be used as branch targets for "JUMP" and "LOOPR"
instructions and thus relieve the user of the need to count
bytes to determine the target address. Labels accompanying
Jump and Loop are initially stored in the program buffer as
the characters A-E, but are then replaced with the actual
address locaticn when the program is executed. Label
designators are not allowed in binary mode.

Example:
ASC) ; label A for instruction C
B) ; the BITSET instruction
J A} ; Jump to instruction with Label 2%

The labels can be used in any order, and up to five labels
can be used 1in one program. The two-character labels do not
take up any space in the program buffer.
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COMPARISON TO THE CY512

The following summary of differences between the CY312Z and the
CY525 is provided for those users of the CY¥512 who are upgrading
to the CY525,.

The following instructions are new or modified for the C¥525.
211 of the remaining instuctions are identical toc the CY512.

A a {fa = 0..64k) set current sition = a

po

D d; {d = 1..64k) delay d milliseconds (11MHz Xtal)
whereas the CY¥512 delay command
was eXpend.

F ) (£ = 0..127) set FIRST rate = £

H; no argument set HALT mode, in which the C¥525

{This was the will ramp from initial rate F to
halfstep com- maximum rate R and then run
mand in the continuously an unlimited number
C¥512. There of steps until the Abort line (pin
is no half- 6) is asserted low. Note that the
step in the position register contents will
CY525.) "wrap around”™ at 64K but there
will be no other effect.

0 o} {o = 0..255) o = (0,1,2,3) ——set output phase
and turn on phase outputs.

o » 3 == drive all 4 phase lines
high but do not change internal
phase wvalue.

R r) {r = 0..127) specifies maximum rate. The curve
is more linear than C¥512 and
parameter smaller than the C¥512
(which had up to r=256).

S s is = 1..2558) specifies acceleration {(slope)

255 = maximum acceleration
1l = minimum acceleration

T t (it = 0..48) specifies target to branch to when
test is satisfied.

X no argument execute the stored program,
whereas the CY512 run command was
poiltnow.

z z; (2 = 1..255) "slope divider" - divides
acceleration by "a2"
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