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The new DMC-42x0 controller is the latest 
addition to the Accellera family.  The DMC-
42x0 shares most firmware features with its 
counterpart the DMC-40x0, including servo 
update rates as high as 16 kHz and command 
processing as fast as 40 microseconds.  The 
layout and connectors are identical to the 
prior generation DMC-2xx0 controllers 
(DMC-21x0 and DMC-22x0), making the 
DMC-42x0 ideal for those upgrading current 
systems.  Users will be able to take advantage 
of the DMC-40x0 performance yet keep 
wiring, form factor, and other hardware 
intact.  
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Compared to prior generation controllers, the DMC-
42x0 offers blazing speed, including up to four times 
the update frequency, almost twice the encoder 
frequency input, and twice the output frequency for 
steppers.  The program memory and available array 
elements on the DMC-42x0 is likewise doubled from 
the prior generation controllers.  Refer to Table 1 for the 
specifications on the DMC-42x0.

The DMC-42x0 is available in one through eight 
axis formats where each axis is user-configurable 
for stepper or servo motor operation.  Standard 
programming features include PID compensation with 
velocity and acceleration feedforward, multitasking 
for simultaneously running up to eight programs, 
and I/O processing for synchronizing motion with 

external events.  Modes of motion include point-to-
point positioning, position tracking, jogging, linear 
and circular interpolation, PVT, contouring, electronic 
gearing and electronic cam (ECAM).  Like all Galil 
controllers, the DMC-42x0 controllers use Galil’s 
popular, intuitive command language allowing for a 
user friendly interface.  Galil’s servo design software 
further simplifies system set-up with “onebutton” servo 
tuning and real-time display of position and velocity 
information.

For more information on the DMC-42x0 please call 
Galil at (800) 377-6329 (US only) or (916) 626-0101 
(global) to speek to an application engineer or refer to 
http://www.galil.com/motion-controllers/multi-axis/
dmc-42x0. n

Specification Motor Type

Ethernet 10/100 Base-T port

RS232 (2) max 115 kb Baud Rate

Maximum Encoder Rate 22 MHz

Maximum Stepper Rate 6 MHz

Maximum Servo Rate 62 μsec

Command Processing 40 μsec

Program Memory 4,000 lines x 80 characters

Array Size 24,000 elements in 30 arrays

# of Variables 510

# of Uncommitted I/O 1-4 axis: 8 optoisolated inputs, 8 TTL outputs  
(optoisolation is available on ICM-1900 or ICM-2900)

5-8 axis: 16 optoisolated inputs, 16 TTL outputs 
(optoisolation is available on ICM-1900 or ICM-2900)

Extended I/O 64 configurable I/O, 5V TTL

Analog Inputs 8 inputs, ±10V configurable

Power 90-250 V AC, 50-60 Hz

Table 1:  Specificatons of DMC-42x0



Industries that rely on motion control 
are demanding faster and more accurate 
control systems for their applications.  
The semiconductor and medical 
industries in particular require ever 
increasing speed and precision for 
inspection and diagnostic purposes.  Fast 
system response coupled with nanometer 
range positioning requires careful design 
and implementation.  Manufacturers 
working to meet these requirements face 
higher costs and longer development 
times as a result.  By supplying cutting 
edge hardware and system analysis tools, 
Galil takes the guess work out of servo 
system design and tuning, allowing 
developers to bring superior products to 
market faster.

The Galil Applications Team recently worked with an 
XY linear stage from ALIO Industries, featuring linear 
servo motors and 50 nanometer encoder feedback.  The 
application required moving each axis a distance of 100 
μm with positioning error of ± 0.25 μm and a move/
settle time of 30 ms, allowing data collection at 30 
Hz.  These requirements demand a motion controller 
capable of high bandwidth servo update rates, advanced 
PID tuning capabilities and high resolution command 
signals.

Galil’s flagship DMC-4000 series motion controller 
and internal amplifiers constitute a powerful hardware 
platform allowing for pin point motion control.  The 
DMC-4020 can attain servo update rates as high as 16 
kHz while simultaneously handling coordinated motion 
profiles, monitoring IO, and communicating with a 
host PC.  The D3520 internal servo amplifier is software 
configurable, allowing optimal matching of gain and 
current loop bandwidth with motor specifications.  This, 
in addition to sinusoidal commutation, make the D3520 
a superb choice for smooth and precise motion profiles.

With the hardware appropriately connected and 
configured, the process of system analysis and tuning 
was performed using Galil’s software tools.  This is a two 
step process of characterizing the open loop bandwidth 
of the system and using that data to select the servo 
update rate in addition to PID parameters that provide 
the required motion profiles.

First, a 5 - 300 Hz open loop frequency sweep was 
performed on each axis, injecting a sine wave into the 
axis control signal.  Using this method, open loop 
bandwidths were found to be 274 Hz and 158 Hz 
for the X and Y axes respectively.  Higher bandwidths 
correspond with faster response times and the lower 
bandwidth of the Y axis is a result of its carrying the 
mass of the X axis stage.  A rule of thumb for servo 
systems advises update rates of at least 10 times the 
system bandwidth.  Given this information, a servo 
update rate of 4 kHz was chosen and set via software 
using Galil’s two letter, English-like commands.

Next, Galil tuning software was used to auto select and 
test PID gain values.  These values are (by design) on the 
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Galil Controller Deliverers High Bandwidth Response 
on ALIO Stage
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Figure 1:  Plot displaying commanded position (Red), encoder position (Green), position error (Blue), and torque 
command signal (Pink).  Note the 1 ms settling time and +/- 3 count error band after motion is completed

conservative side, favoring stability over response time.  
The benefit however is that the majority of manual 
tuning is greatly reduced since most of the heavy lifting 
associated with tuning from scratch is taken care of by 
Galil software.  The remaining tuning was done using 

Galil communications software to set PID gains on the 
fly and monitor system response via real time plots of 
the command, feedback, and error signals.  Response 
curves for the tuned system are shown below in figure 1.

This process yielded a 274 Hz crossover frequency with 
44 degrees of phase margin for the X axis and 158 Hz 
crossover frequency with 46 degrees of phase margin 
for the Y axis, both in very close proximity to the ideal, 
critically damped servo response.  As a result, the system 
was able to achieve the desired motion profile well 
within the specified tolerances.  Moves of 100 microns 
were performed at a 30 Hz rate with settling times of less 
than 1 ms and positioning error of ± 150 nanometers 
(3 counts).  Additional testing with servo update rates 
as high as 16 kHz showed no noticeable performance 
boost.

Any system is only as strong as its weakest component 
and for applications requiring high speed and precision, 
there is little margin for error.  Galil hardware and 
system analysis tools allow for quicker development 
cycles and solid performance that can help ensure 
quality.  This combined with unparalleled product 
support make Galil motion controllers a superior choice 
for the most demanding motion control applications.

For more technical information regarding this particular 
application and tuning, please refer to application note 
5527 on our website, www.galil.com.



Machines today are designed with many novel 
mechanical configurations which allow for greater 
simplicity of design, lower cost, and higher precision.  
Unfortunately, simplicity in the mechanics results 
in a system where moving in a straight line involves 
profiling multiple motors in complex trigonometric 
trajectories.  Using a motion controller to perform 
these coordinate transformations allows an operator to 
command the Machines today are designed with many 
novel mechanical configurations which allow for greater 
simplicity of design, lower cost, and higher precision.  
Unfortunately, simplicity in the mechanics results in a 
system where moving in a straight line involves profiling 
multiple motors in complex trigonometric trajectories.  
Using a motion controller to perform these coordinate 
transformations allows an operator to command the 
machine in a familiar coordinate system. Each of the 
motors perform the required profile in order to smoothly 
move the load along the desired path. 

An example of an elegant but non-Cartesian mechanics 
is the ALIO Industries Hybrid Hexapod® stage.   This six 

degree of freedom stage consists of a tripod mounted on 
an X-Y stage.  The final degree of freedom is a rotational 
axis on the top of the tripod.  

This practical but highly coupled mechanical 
arrangement provides high accuracy in all six degrees of 
freedom.  

The six degrees of motion which may be commanded 
are the 3 Cartesian coordinates (X, Y, and Z) as well as 
3 forms of rotation (yaw, pitch and roll).  Commanding 
motion in one direction in physical space may involve 
anywhere from one to all six motors moving in 
coordination.  For instance to move straight up in the 
Z axis, it is necessary to extend all 3 legs of the tripod 
simultaneously.  The user could simply compute the final 
point for each motor in a host PC and move them all 
independently, but to move along a desired path in any 
combination of axes requires a transform solution for 
every point on the trajectory.  This is best performed in 
the motion controller.    

A further advantage to performing the transform in the 
controller is that complex motions may be performed.  
For instance there may be a requirement for rotation 
about a tool’s center point (TCP) offset several inches 
from the stage.  With the proper equations the controller 
will perform this motion by commanding all of the 
motors to create smooth accurate motion of the load 
about that point.  When done properly, the operator 
is unaware that this isn’t the stage’s natural coordinate 
system. 

Ease-of-use and cost effective solutions are requirements 
in most of today’s machine designs. These two 
constraints are often at odds in innovative mechanical 
designs. With a Galil motion controller to perform the 
coordinate transformations, cost effective mechanics can 
provide smooth and accurate motion.  The coordinate 
transformations can be used to define a coordinate 
system independent of the mechanical system. This gives 
the user flexibly to use a coordinate system that is most 
convenient for their application.
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Galil Controller Provides Six Degrees of Freedom  
on ALIO Stage



The New DMC-3x014

Galil is proud to introduce the 1200W 
AMP-43740, a new high power 
multi-axis servo drive with sinusoidal 
commutation. Based on Galil’s 600W 
AMP-43540, the new AMP-43740 
is designed for applications with 
brushless motors that require greater 
continuous or peak current. 

The AMP-43740 contains four 
1200W digital transconductance 
amplifiers for driving brushless motors 
with sinusoidal commutation, a 100% 
increase in power rating from the 
600W AMP-43540. Each amplifier 
in the  AMP-43740 can drive 
motors operating at up to 16 Amps 
continuous and 30 Amps peak at 20-
80 VDC allowing the use of larger 

The New AMP-43740 4-Axis Servo Amplifier

Galil is introducing a new single axis linear drive 
package: the DMC-3x014.  The new DMC-3x014 
contains a 20W linear brushless servo drive with 
sinusoidal commutation.  The transconductance 
linear amplifier has an operating gain of 0.2 A/V, with 
a current loop bandwidth of 4 kHz.  The amplifier 
can drive brushless motors operating at up to 1 Amp 
continuous, and 2 Amp peak at 15-40 VDC. 

Trapezoidal commutation can have discontinuities and 
produce a torque ripple.  This is because the torque 
characteristics of the motor are only taken into account 
in six zones.  With sinusoidal commutation, the 
torque characteristics of the motor are mapped to all 
positions, resulting in continuous commutation with 
no torque ripple.  As an additional benefit of sinusoidal 
commutation, Hall sensors are generally not required 
with Galil’s initialization commands.

As the DMC-3x014 uses a linear servo amplifier, it 
applies the full commanded voltage across the power 
transistors.  There is no switching of the power as seen 
in PWM amplifiers.  This minimizes electrical noise 
and the effects of motor inductance on the current 
ripple.  This makes the DMC-3x014 ideal for using low 
inductance brushless motors in low power applications. 

The DMC-3x014 is available as an option for Galil’s 
DMC-30000 series of single axis controller/drive 
packages.  The standard DMC-3x014 will use a 12 bit 
DAC, however there is a 16 bit option to increase the 
current resolution for systems with high feedback gain.  
A ‘–BRUSH’ option is also available, enabling the use 
of brush type motors.  Designed to minimize space, cost 
and wiring, the drive reside directly inside the controller 
enclosure for a compact profile at a size of 3.88” x 
5.00”.  The U.S. list price of the DMC-3x014 is $695 
in single quantity and $445 in 100 quantities.  n
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brushless motors to meet the needs of a wide variety of 
applications. 

User-programmable gain settings, a switching and 
sampling frequency of 20kHz, and closed current loop 
bandwidth up to 2.5 kHz make that the AMP-43740 
a high quality, easy to use amplifier. This amplifier also 
offers protection from over-voltage, under-voltage, over-
current, short-circuit, and over temperature conditions.

With the AMP-43740 the user will benefit from the 
inherent characteristics of sinusoidal commutation 
resulting in continuous commutation with no unwanted 
torque ripple. As an additional benefit of sinusoidal 
commutation, Hall sensors are generally not required 
with Galil’s initialization commands.

The AMP-43740 four axis drive is available as an option 
for Galil’s DMC-500x0 EtherCAT Master and DMC-
40x0 Accelera motion controllers. The drive resides 
inside the controller’s enclosure in order to minimize 
space, cost, wiring, and setup time. Two 4-axis drives can 
be used witth an 8-axis controller for larger axis count 
applications.

The U.S. list price of the 1200W AMP-43740 four 
axis drive is $1300 in single quantity and $800 in 100 
quantities. Please call Galil at (800) 377-6329 (US only) 
or (916) 626-0101 (global) to talk to an application 
engineer or go to http://www.galil.com/accessory/
internal-amplifier-and-drive-options for a comparison of 
Galil internal drives.  n
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With over 750,000 controllers installed 
worldwide, Galil is the leading supplier of 
motion and I/O controllers. Galil’s legacy 
of innovation began in 1983 with the 
introduction of the first microprocessor-
based servo motion controller. Today, Galil 
continues its leadership by offering the 
most powerful, cost-effective and easy-to-
use controllers to accommodate all your 
motion and I/O needs.

Galil offers a broad array of motion 
controllers in a variety of formats: single 
and multi-axis, card-level and box-
level, bus-based and stand-alone. Galil’s 
Ethernet/RS232 and PCI controllers are 
available in an Econo version for lowest 
cost and Accelera version for ultra high-
speed performance. Plug-in, multi-axis 
drives for steppers and servos save space, 
cost and wiring. For intelligent I/O 
control, the RIO Pocket PLC is compact, 
low-cost and packed with analog and 
digital I/O. 

At Galil, we share our expertise with 
our customers. You will find a wealth 
of information on our website at 
http://www.galilmc.com. Here you can view 
any of Galil’s free web-tutorials, read an 
application note or white 
paper, post a question on our bulletin 
board, or download the latest software and 
manuals.
 
Exceptional application support is a top 
priority at Galil. Call Galil today at (800) 
377-6329 (US only) or (916) 626-0101 
(global) to discuss your project with 
one of our highly-trained applications 
engineers.  n

DMC-41x3 Econo Motion Controller

Galil. We Move the World.
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DMC-40x0 Ethernet/RS232 

DMC-42x0 Ethernet/RS232   - NEW!

DMC-18x6 PCI

ACCELERA CONTROLLERS AND DRIVES

DMC-41x3 Ethernet/USB/RS232 

DMC-18x2 PCI

ECONO CONTROLLERS AND DRIVES

SINGLE-AXIS CONTROLLERS AND DRIVES

DMC-30000 Ethernet/RS232 

RIO-47xxx Ethernet/RS232

POCKET PLC I/O CONTROLLER

GalilTools. Servo Tuning and analysis software

GalilSuite. New Version of GalilTools

Frequency Analysis Software. Performs 
Servo Tuning in the frequency domain.

Ladder Interface. Converts Ladder program 
into DMC code for RIO Pocket PLC.

Galil PVT. Software tool for PVT mode of motion.

SOFTWARE TOOLS

FREE Online Support Tools

Application notes, white papers and industry articles
http://www.galil.com/learn/application-notes

Tutorials and videos about servo tuning, motion programming, & motors and drives
http://www.galil.com/learn/online-videos

MotionCode™ Toolkit, step-by-step solutions with downloadable code
http://www.galil.com/learn/sample-dmc-code

MotorSizer™ Tool for quick sizing of stepper and servo motion systems
http://www.galil.com/learn/motorsizer

Interactive bulletin board with knowledge base for fast answers to your questions
http://www.galil.com/forum

Customer stories and videos 
http://www.galil.com/learn/customer-stories

Product catalog with specs and pricing
http://www.galil.com/downloads/product-catalog
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EtherCAT MASTER CONTROLLERS

DMC-50000 Ethernet/RS232 


