
 
 
 
Application Note #5465 
 
High resolution linear stage tuning 
 
Introduction 
Many industries today, such as biotechnology and semiconductor, are introducing 
machines that require an ever increasing amount of accuracy and performance.  Many of 
these applications are being designed around sub-micron positioning accuracy, with very 
demanding move and settle criteria.  With these stringent requirements, it is up to the 
motion controller to be able to accurately position and settle these moves. 

This application note details an actual customer application in the biotechnology industry 
and demonstrates the performance that can be achieved with the Galil motion controller 
and amplifier.  This particular three axis application was based on a 0.1µm resolution 
feedback, with very demanding move and settle times.  Both the X and Y axes consisted 
of linear motors with cross rolled slides.  The Z axis was a vertical axis, also with linear 
motor and slides.   

In the following sections, we investigate the design specifications of the X and Y axes, 
the selection of the components and finally the performance that was achieved.  The Z 
axis had less demanding specifications and is not addressed in this note. 

 
Design criteria 
The X and Y axes on this machine are the critical axes, with very strict time and in-
position criteria.  Each axis was required to perform an incremental step move, pause for 
a short duration (<2msec) to analyze a sample, and then continue to the next step move.  
Total throughput of the machine, therefore, was dependent on how quickly the controller 
could perform the move, and settle within the position window for the sample to be 
analyzed. 

Two tests were run to demonstrate the final performance of the system.  The first 
performed a single ‘step and settle’ move, and measured the total time.  The second 
performed multiple step and settle moves over the full travel of the machine.  These tests 
gave the customer the total time required to complete ‘n’ number of cycles.   

Below are the customer specifications for the stages, as well as the move length and settle 
time specifications. 

X axis stage 
Total stage travel:  23mm 

X axis payload:  750g 

Encoder resolution:  0.1µm 
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Single step move:  509 µm 

Settle position window:  +/-0.3µm 

Move and settle required time:  60msec 

Number of single steps per full travel:  45 

Y axis stage 
Total stage travel:  11mm 

Y axis payload:  340g 

Encoder resolution:  0.1µm 

Single step move:  376µm 

Settle position window:  +/-0.3µm 

Move and settle required time:  40msec  

Number of single steps per full travel:  29 

 
Components used 
The key to this application was using a Galil controller with FAST firmware, and 
configuring the AMP-20540 PWM amplifier with a higher switching frequency. 

Controller - The FAST firmware option on the Galil DMC-2133 controller allowed us to 
use a sample period of 250µsec.  This, in conjunction with the controller’s 16-bit DAC, 
gave more than enough filter resolution to get optimum performance out of the stage 
axes. 

Amplifier - The AMP-20540 was used with a special high frequency switching option, 
which increased the switching frequency of the amplifier to 140kHz from the standard 
60kHz.  This gave the amplifier the ability to drive the motors with very little torque 
ripple; a necessity for high resolution systems. 

 

Procedure 
The procedure to get final optimum performance of this system consisted of two steps.   

The first step was to accurately adjust the amplifier gain to match the load and the 
controller output.  In order to take full advantage of Galil’s 16-bit DAC resolution, the 
amplifier output must be adjusted such that a +10V command signal from the controller 
gives peak current to the motor.  Similarly, a -10V command signal from the controller 
must give full negative current to the motor.  Depending on the motor and required 
acceleration, this peak value may actually be less than what the amplifier can provide. 

In this particular application, both motors only required approximately 5A at 24V under 
peak acceleration and deceleration.  The AMP-20540-140kHz was capable of providing 
7A continuous and 10A peak, which is much more than required.  The gain of the 
amplifier was therefore changed through software to .7A/V, which gave a peak current to 
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the motor of 7A when the controller gave a +10V command signal.  Again, this is a 
critical step in order to take advantage of the full resolution of the Galil controller’s DAC 
output. 

The second step was to adjust the motion profile and tune the PID filter for optimum 
performance.  The customer criteria simply stated how far to move, how long we had to 
move there and how close we needed to be to that final position.  Everything else was left 
up to the Galil motion controller.  One of the keys to successfully tuning a high resolution 
system is to limit the following error during and after the move.  Even though the final 
position is the priority, too much following error during motion results in a longer settling 
time. 

Through a simple iterative process using Galil’s WSDK Storage Scope feature, rough 
filter parameters were found to give adequate performance of the system.  These numbers 
were then used to determine what type of profile (speed, acceleration and deceleration) 
gave the best blend of high speed and minimum following error.  The WSDK storage 
scopes helped to determine the theoretical move time, actual move time and settle time.  
Using a spreadsheet, these values were entered and the best numbers were taken.  The 
system was re-tuned to give the final, optimal performance.  The final numbers for the 
system were: 

X axis parameters 

Speed:   80,000 counts/sec 
Acceleration:   1,150,000 counts/sec^2 
Deceleration:   1,150,000 counts/sec^2 
Derivative gain (KD):   750 
Proportional gain (KP):  30 
Integral gain (KI):   8 
Integrator limit (IL):     1 
Feed forward Acceleration (FA):   4 
 
Y axis parameters 

Speed:   65,000 counts/sec 
Acceleration:   1,500,000 counts/sec^2 
Deceleration:   1,500,000 counts/sec^2 
Derivative gain (KD):   200 
Proportional gain (KP):  20 
Integral gain (KI):   6 
Integrator limit (IL):     9.9 
Feed forward Acceleration (FA):   2 
 
Note:  The numbers shown above are the actual numbers entered into the controller.  
Since the controller’s time base/servo update was changed from the standard 1msec to 
250usec, the speed, acceleration and deceleration shown above should be scaled 
accordingly.  This means that the speeds would be multiplied by 4 for real world speeds, 
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and the acceleration and deceleration would be multiplied by 16 for real world values.  
That would therefore give the X axis a true speed of 320,000 counts/second.  

 

Performance data 
Once the stage was tuned and profile parameters were determined, the final data was 
collected.  As stated in the ‘Design Criteria’ section, there were two sets of to be 
measured.  First, what is the average single step and settle time for each axis.  And two, 
what is the total time for multiple step and settle moves over the entire travel of the stage.  
For this test, an application program was written to mimic the customers analysis cycle.  
The test moved the motor one step cycle, performed a triple read on the error to insure 
stability within the position window of +/-0.3µm, and then repeated for the full number 
of cycles and travel.  The results of both these tests are shown below. 

X axis single step and settle 
On the X axis, the measured average single step and settle time was 52msec, versus the 
required time of 60msec.  This was a 13% increase in performance from the customer 
specifications.  The graph below shows one sample step and settle move.    
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Y axis single step and settle 
On the Y axis, an average single step and settle time of 30msec was measured, versus the 
required time of 40msec.  This was a 25% increase in performance from the customer 
specifications.  The graph below shows one sample step and settle move. 
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Y Position Error
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X axis full travel cycle (45 moves) 
With the above tuning of the system, completing 45 consecutive step and settle moves 
took an average of 2.9 seconds.  This number includes the actual motion time plus the 
time to settle to within +/-0.3um at the end of each step.  The slightly longer per step time 
(average of 64msec compared with 52msec) is due to the application program which 
verifies that the motion stays within the required window after the settling. 

Y axis full travel cycle (29 moves) 
With the above tuning of the system, completing 29 consecutive step and settle moves 
took an average of 1.2 seconds.  This number includes the actual motion time plus the 
time to settle to within +/-0.3um at the end of each step.  The slightly longer per step time 
(average of 41msec compared with 30msec) is due to the application program which 
verifies that the motion stays within the required window after the settling. 

 
Conclusion 
The success of this application shows that the Galil controller and amplifier can give the 
high resolution performance demanded by many applications today.  The values found 
for the PID filter are solidly in the middle of the controller range, which allow for 
flexibility should any changes be made on the system level.  The controller could easily 
be fine tuned for any of these changes. 

Could even better performance be attained in this application?  The answer is yes.  The 
tuning and results shown were derived using the actual customer motors and slides, 
which were mounted on a desktop setup with unshielded wiring.  Moving the motors to 
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the final granite table, with shielded wiring would yield even better results and save 
perhaps another 5-10%. 


