
Understanding Critical Specifications for 
Dynamic Metrology Applications
Different types of metrology have different critical specifications to 
consider when determining which actuator technology to use.



WARNING - USER RESPONSIBILITY

FAILURE OR IMPROPER SELECTION OR IMPROPER USE OF THE PRODUCTS DE-
SCRIBED HEREIN OR RELATED ITEMS CAN CAUSE DEATH, PERSONAL INJURY AND 
PROPERTY DAMAGE.

This document and other information from Parker Hannifin Corporation, its subsidiaries and 
authorized distributors provide product or system options for further investigation by users 
having technical expertise. The user, through its own analysis and testing, is solely responsible 
for making the final selection of the system and components and assuring that all performance, 
endurance, maintenance, safety and warning requirements of the application are met. The user 
must analyze all aspects of the application, follow applicable industry standards, and follow the 
information concerning the product in the current product catalog and in any other materials 
provided from Parker or its subsidiaries or authorized distributors. To the extent that Parker or 
its subsidiaries or authorized distributors provide component or system options based upon 
data or specifications provided by the user, the user is responsible for determining that such 
data and specifications are suitable and sufficient for all applications and reasonably foresee-
able uses of the components or systems.



Understanding Critical Specifications for 
Dynamic Metrology Applications
Different types of metrology have different critical 
specifications to consider when determining which actuator 
technology to use.

Introduction:
The demand for high precision, electromechanical 
motion control has been continuously growing in step 
with the markets they serve. These markets, including 
semiconductor, electronics manufacturing, photonics, 
and life sciences, all have technology being driven 
forward per Moore’s Law. Moore’s Law is a computing 
term which originated around 1970; the simplified 
version of this law states that processor speeds, or 
overall processing power for computers will double 
every two years.1 In the case of semiconductor, Moore’s 
law has resulted in continued miniaturization. Within 
the life science market, genomic sequencing is a 
key application for precision motion control. In fact, 
genomic sequencing is a specific application that has 
actually outpaced Moore’s Law. 

Within each of these markets precision motion 
control is used to provide the motion in metrology 
instrumentation that tests or inspects both internal 
components and the end products.  Because of Moore’s 
Law, the features to be measured continue to require 
greater precision and higher resolution.  
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One must be cognizant of the type of metrology testing being done when determining which linear 
actuator to use since different types of metrology have different critical specifications.  From a 
motion control perspective, there are two major types of metrology application:

1) Static – applications where measure measurement data is collected while both the 
measurement sensor and the unit under measurement are at a stable location.

2) Dynamic – applications where measurement data is collected while either the 
measurement sensor or the unit under measurement are in motion.

Both applications have their own unique sets of specifications, and can be challenging to ensure 
they are met, especially as these high-tech industries need for higher precision continues. For this 
paper, we will focus on the unit requirements for Dynamic Metrology applications.



Defining Dynamic Metrology and Key Specifications
Before determining any specifications, we first need to understand what a dynamic metrology 
application is. Since we know that dynamic means something is in motion and metrology is the 
scientific study of measuring, it can be concluded that dynamic metrology is when data is measured 
or captured while the axis is in motion. The opposite of this type of application would be called static 
metrology.

Dynamic metrology applications are more and more commonly associated with laser-based, 
spectrometry, and applications in the high-tech markets. Semiconductor and electronics 
manufacturing utilize line scanning at some point in almost all of their processes, while life science 
instrumentation performing high content throughput cell analysis or DNA/gene sequencing is also 
dynamic. In addition, precision laser cutting is also a dynamic application. While these applications 
do have variations, however, in the end they are all dynamic and must consider the same key specs.  

Since the actuator is in motion while measurements are being taken, the critical specs relate to its 
motion performance, including: 

Errors in positioning 
Position errors are normally specified in terms of the accuracy of positioning and the repeatability 
of positioning. Accuracy is normally defined as the maximum deviation between the commanded 
position and the actual position. Repeatability is typically defined as the precision with which a 
positioner can reproduce a given movement over several attempts. Repeatability is most often 
looked at statistically as the width of the dispersion about the mean value for many positioning 
trials. 

The actual sources of these errors can occur in 8 different ways in a linear positioning device. These 8 
different errors fall into 3 sub categories
• Linear errors, which occur in the X, Y, or Z directions, are quantified using linear measures and 

relate directly to the accuracy and repeatability.
• Abbe errors, which occur in the Pitch, Yaw, and Roll directions, are quantified using angular 

measures and are significant contributors to accuracy and repeatability.
• Planar errors, which occur in the X, Y, or Z direction, are quantified using linear measures and 

contribute directly to the adjacent axis in a multi axis system.



Minimizing all errors within the motion system are important, but in cases where the point of 
interest is some distance from the point of rotation about Pitch, Yaw, or Roll, Abbe error can be even 
more critical.  Two examples below show  a point of measurement at a distance away from the stage.  
As you can see, total accuracy errors will increase as the point of measurement becomes farther 
away from the stage and must be accounted for when determining a linear stage for your dynamic 
metrology application. 

Motion 
Axis

Encoder 
Error

+/- µm

Pitch 
error

+/- µm

Roll Error
+/- µm

Yaw 
Error

+/- µm

Flatness  
or Axial 
Runout 

Error
+/- µm

Straightness 
or Radial 
Runout  

Error
+/- µm

Total 
Accuracy 

Errors per 
Axis.

+/- µm

Impact on X Direction position X 5 1 0 0 0 0 6
Impact on Y Direction position X 0 0 1 1 0 3 5
Impact on Z Direction position X 0 0 0 0 3 0 3
Impact on X Direction position X 5 7 0 0 0 0 12
Impact on Y Direction position X 0 0 7 2 0 3 12
Impact on Z Direction position X 0 0 0 0 3 0 3

Example 1 
(10mm X)

Example 2 
(30mm X)

Degrees of Freedom Contributions Effect on Position Accuracy Measured at 
the Point of Measurement Over the Total Travel Range of Motion.



The source for these errors varies and could have occurred during production or while the 
application is in process:

• Deflection
• Thermal fluctuation
• Bearing inconsistencies
• Machining inconsistencies
• Friction
• Feedback devices
• Mechanical Windup

Velocity Control 
The final key spec relates to the speed of the stage’s motion and the ability to control it. When 
there is a variation of velocity as compared to the commanded velocity, this is known as a velocity 
ripple. Velocity control is critical for dynamic metrology applications because if the speed varies 
throughout the application process, you will not obtain accurate and consistent results throughout. 
Scanning applications are the most common requiring good velocity control since poor control 
will cause poor data collection relative to the expected position, which could cause “blurriness” in 
applications. While the tolerance will vary from customer to customer, the velocity ripple is usually 
measured as a percentage of speed.



Factors that can cause a velocity ripple include:

• Variation in the mechanical drive train.
• Lead screw, or pulley pitch variation.
• Friction changes throughout travel
• Accuracy error in feedback device
• Current control limitation in the motor drive
• PWM frequency as compared to linear amplifiers.
• Servo control update rate and servo algorithms

To ensure the velocity is under control and stable throughout the application process, the following 
elements should be considered:

Use an actuator with a linear motor drive
These positioners have the fastest response drive available, and can correct for velocity 
changes very fast. Since they have no mechanical contact, this eliminates the drive train 
pitch problems as well as torque or friction variation. 

Install a high resolution linear feedback on the actuator
Having a linear feedback device instead of a rotary one allows positional readings to be 
obtained directly from the load. This eliminates the periodic mechanical errors and wind 
up that occur in other drive train technologies, which allows more accurate information 
regarding load position 

Install a very low sub divisional error (SDE) encoder 
Sub divisional error in an encoder are the position errors which occur between hard counts 
of the encoder. They can range from <10nm to microns depending on the linear encoder 
technology. These errors can be so bad that they cause the system to have very loud audible 
noise. This noise is caused by the servo system trying to follow the SDE.

Use a high servo update rate drive controller
The higher the Servo update rate, the faster changes in velocity can be measured and 
corrected for. 

Linear Motor Actuators for Dynamic Metrology Applications

The best actuator option for dynamic metrology applications requiring high precision and speed 
is a linear motor driven stage, specifically one with an ironless linear motor. Since the linear motor 
couples directly to the linear load, backlash, efficiency losses and other positional inaccuracies are 
greatly reduced compared to screw or belt driven actuators.  

Also, Linear motors typically have a smaller form factor than the components of other drive trains. 
This means the stages themselves can have a lower form factor, which overall will improve the 
stiffness and positional errors. Smaller form factor indicates the stages will be lighter, allowing 
higher speeds compared to other drive trains as well. 

Finally, linear motor actuators have the best control of its speed throughout the application.  To 
maximize system performance, it is necessary to minimize the sub-divisional errors of the encoder 
technology employed and to optimize the servo position control loop. When this is properly 
considered for an application, the linear motor is capable of adjusting the speed of the actuator 
quicker and more efficiently than other drive trains due to velocity ripple. There is a definite trade-
off in price and performance when looking at optimization of following error and control loop. 



Linear Motor Actuator Test Report Examples:

Example 1:
A customer in the semiconductor market performing a laser 
line-scanning application required flatness and straightness 
errors of less than +/- 4 microns over a 300 mm x 300 
mm travel zone. With its proprietary machining, Parker’s 
engineering team was able to design a monolithic X-Y system 
with a wider than normal base. Both of these attributes 
provided additional stiffness to the system overall, thus 
reducing the potential flatness and straightness errors. Per 
the test results, the system provided over twice the amount of 
precision needed on both axes of motion. 

While maintaining a reasonable commercial cost, the system can be optimized to achieve following 
errors on the order of 200 nanometers at relatively aggressive dynamic metrology speeds. However, 
to minimize the velocity ripple effect as much as possible, you must know the application speed and 
sampling rate before determining the encoder resolution and servo sampling rate.

Linear motor actuators are the only ones that can meet the critical specifications for dynamic 
metrology applications previously discussed. To confirm this, a laser interferometer is used to 
measure any potential positional errors. After testing, reports on the actuator’s performance are 
generated which consistently show that linear motor actuators outperform those with other drive 
train mechanisms. In addition, Parker utilizes the reports to confirm that the actuator has met all 
customer specification requirements.  

Why is this important? First, it’s an additional level of quality for the customer. The testing ensures 
specifications are met, and if there’s a failure, the root cause (assembly error, bad component, 
etc.) will be determined. Additionally, through Parker’s extensive testing of ironless linear motor 
actuators we continue to push the level of precision available to new limits by updating stage designs 
based on the results. Doing this has allowed Parker to not only meet the requested specifications for 
linear motor actuators, but actually continuously exceed the customer’s requirements.



Example 2:
Another customer performing a similar line scanning 
application required a velocity ripple no greater than +/-2% at 
a speed of 10mm/second at a scanning frequency of 100Hz. 
At 10mm/second this means that the maximum error cannot 
exceed +/-0.2 mm/second while traveling at 10mm/second 
(i.e. max velocity is 10.2mm/sec and min velocity is 9.8mm/
sec).  With a 100Hz frequency, the position error must be less 
than +/-0.2mm/second/100 Hz, or 0.002mm per 0.01 second. 
To ensure the requirements can be met, the actuator needs 
an encoder with a resolution that is equal to or better than the allowable position error (0.002mm, 
at least a 2um encoder). In addition, the servo update rate must be at least 10 times greater than the 
required correction rate (0.01 second times 10 = 1ms update rate).  

A laser interferometer was used to capture velocity performance of the actuator. Utilizing a 1um 
encoder with the Parker IPA Servo Drive/Controller, we were able to maintain the velocity within 
the customer requirements. 

Velocity graph shows a velocity range of 10.13 to 9.79 mm/s, within the +/-2% velocity ripple requirement.

Why is Parker the right partner? 
Stage stability and velocity control on a linear motor actuator are crucial in order to have a 
successful dynamic metrology application. With over 20 years of experience in the high technology 
precision markets, Parker offers the expertise and consulting services to help instrumentation 
developers optimize the precision of their equipment and their process. These process 
optimizations will contribute to continued reductions in the customer’s overall spend, while 
throughput increases.

1 http://www.mooreslaw.org/



       8/20/2018©2018 Parker Hannifin Corporation Parker Hannifin Corporation
Electromechanical & Drives Division
9225 Forsyth Park Dr.
Charlotte, NC 28273
phone (704) 588-3246
www.parker.com/emdusa

Contact Us

Brian Handerhan
Business Development Manager - Life Sciences
Electromechanical & Drives Division
Parker Hannifin Corporation
bhanderhan@parker.com

Patrick Lehr
Product Manager - Precision Mechanics 
Electromechanical & Drives Division
Parker Hannifin Corporation
patrick.lehr@parker.com


