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ABSTRACT 

We have developed and tested a remotely accessible testing and characterization lab for 

Microelectromechanical Systems. The system is split into three different modes of 

operation depending on purpose: 1. Remote Full Device Access Lab, 2. Remote 

Experiments Lab, and 3. MEMS Characterization Lab. In the first two modes of 

operation, a MEMS chip containing an array of micro-actuators, a digital microscope, a 

motorized stage, and software that permits remote control and viewing is used. In the 

third mode of operation the system consists of a MEMS chip, power supply a function 

generator and an image analysis software.  

All the three labs utilize LabVIEW as the control software. To conduct a lab, a student 

logs into the server, selects a device to operate and experiment with, and follows 

procedures contained in a lab manual. The video feed from the digital microscope is 

embedded into a live streaming sever allowing the student to quantify the motion of the 

dynamic MEMS devices.  

The use of a motorized stage allows selection of different devices on a chip that contains 

as many as 16 accessible devices. The MEMS chip is fabricated using Sandia National 

Labs’ SUMMIT-V process consisting of multiple polysilicon layers. Each device has its 

own unique operating voltage needs. The power supply used in the Remote Access Lab 

is custom built for MEMS that caters to these demands, whereas the Characterization 

lab makes use of an industry standard precision Keithley 2400 source meter and an 

Agilent 33220A waveform generator and National Instruments Vision software similar to 

many earlier MEMS characterization experiments previously built at Texas Tech 

University. 
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Figure 1: 2axis ADXL50 

accelerometer.  

 

CHAPTER I 

INTRODUCTION 

 In this chapter we provide a brief overview of Microelectromechanical Systems 

(MEMS) and an introduction to prior Remote Labratories. 

 

1.1 Overview of Microelectromechanical Systems (MEMS) 

Microelectromechanical Systems are microscopic structures developed using advanced 

processing techniques on a substrate. The sizes of these devices range from a few 

microns to a couple millimeters. Every day, new applications based on complex 

actuators are being utilized with better processing techniques with improved packaging 

strategies are yielding to a very high success rate 

of these devices, and thereby driving the 

commercial market. MEMS devices are broadly 

categorized as following: 

1.1.1 Sensors  

The devices that respond to a change in 

environment are sensors. Figure 1 is a picture of 

a commercially available, two-axis Analog 

Devices ADXL50 accelerometer capable of measuring static and dynamic acceleration 

[1]. 
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Figure 2: Scanning Electron 
Microscope pictures of a TI DMD. 

 

1.1.2 Actuators 

Actuators respond to an electrical pulse given to it 

and produce a mechanical output. A very 

successful MEMS actuator based device is Texas 

Instruments’ Digital Micro Mirror Device (TI- DMD) 

[2]. It is an array of electrostatic mirrors that are 

flipped between two landing states producing light 

and dark pixels. In addition to these, there are 

other areas where MEMS are being used, such as 

RF MEMS, biological MEMS, and microfluidics. 

1.2 Motivation 

The main aim of developing the project was to extend the accessibility of MEMS 

actuators beyond the lab. These days, when computing is migrating toward the cloud 

(cloud computing), having MEMS in the cloud seems truly promising. Also, a remotely 

accessible MEMS lab eliminates the need for MEMS chips, specialized power supplies 

and environment conditions required at the client end. One of the major limiting factors 

of MEMS are the special temperature/humidity conditions required at the client station. 

1.3 MEMS technologies 

Most MEMS devices are fabricated using one of the following techniques: 

1. Surface micromachining (SMM) 

2. Bulk Micromachining 

3. Lithographie, Galvanoformung, Abformung (LIGA)   
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The fabrication process used to make the MEMS chip used in our system was Sandia’s 

Ultra-planar, Multi-level MEMS Technology 5 (SUMMiT VTM) a surface micromachined 

process with polycrystalline silicon [3]. It consists of one electrical interconnect layer 

POLY0 and four mechanical layers POLY1 - POLY4. Surface micromachining typically 

results in thinner structures compared to LIGA and Bulk micromachining. The advantage 

of using the SUMMIT-V process is that more complex actuators can be made that can 

generate higher forces and perform various tasks. 

 

 

 

1.4 Literature Review 

Java and other software-based online tools are in use for many years now. Previously, 

students had to have a particular software installed on a local computer to derive 

benefits. With larger internet bandwidth, more people are attracted towards using cloud 

computing because it is accessible anywhere. Previously, an extensive apparatus such 

as SEM (scanning electron microscope) and AFM (atomic force microscope) [4], [5] 

have been used on-line by institutions, such as Pennsylvania State University and North 

Dakota State University. Researchers have developed remotely accessible labs 

including basic electronic engineering labs wherein students can make a simple 

measurement such as diode forward bias characteristics etc. [6]. The most common 

software used in most Electrical Engineering labs is LabVIEW software from National 

Instruments. 

Krehbiel et al. [7] proposed a remote lab using LabVIEW control software for 

teaching concepts in environmental and ecological sciences. The system consisted of a 

Linux Web server running LabVIEW, AppletVIEW, Apache Web Server and Darwin 
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Video Server connected to multiple data acquisition computers. Yayla et al. [8] utilized 

LabVIEW to teach concepts in digital and analog communication by interfacing 

instruments consisting of GPIB controllable devices. Kutlu et al. [9] interfaced a 

Controller Area Network with many different experimental setups using LabVIEW as the 

control software. Gontean et al. [10] used NI’s PCI eXtensions for Instrumentation (PXI) 

to establish a remote lab to perform experiments such as motor control. These examples 

illustrate the breadth of functionality provided by the LabVIEW tools. 

The field of MEMS is a prime opportunity to take advantage of the inherent 

nature of the devices for remote experiments for both education and research. Diong et 

al. [11] developed a remote lab for experiments on a MEMS device. They used an NI 

Educational Laboratory Virtual Instrumentation Suite (ELVIS) unit, which can be directly 

interfaced to LabVIEW to power the MEMS device. The image acquisition was done 

using a LabVIEW compatible IMAQ PCI-1405 board. They captured an image of the 

device at the peak voltage and set that image as the “powered image.” The student 

compared the difference between the “powered image” and the “unpowered image” to 

make displacement measurements. Meanwhile, the voltage is turned to zero to reduce 

the thermal stress to the device so the experimenter could take some time to actually 

measure the displacement which strips off the feel for MEMS devices. Our aim was to 

give a “feel” for the micro devices and provide instantaneous response to a user’s action 

on the software. 
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CHAPTER II 

THEORETICAL BACKGROUND 

MEMS DEVICES  

There are as many as 16 devices used in the lab out of which there are 12 

electrothermal actuators and 4 electrostatic actuators. 

2.1 Actuator  

An actuator is a device that responds to a signal by providing a movement on the output. 

The actuators used in this lab are electrothermal actuators that convert electrical energy 

to heat and electrostatic actuators that convert electrical energy to static attractive 

forces. The electrothermal actuators consume more current in the range of 30-120mA at 

around 3-20V for micromachined structures whereas electrostatic actuators consume 

almost no current but require higher voltages in the range of 40-100V.  

2.1.1 Electrothermal Actuators 

Electrothermal actuators convert electrical energy to heat and thereby expand on the 

principle of Joule heating.[12] Electrothermal actuators are used to provide relatively 

large forces and high displacements. One of the most commonly used electrothermal 

 

Figure 3: Electrothermal Hot arm-Cold arm Bimorph actuator 
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Figure 4: Electrostatic comb fingers. 

 

 

actuator is the bimorph or the hot arm – cold arm actuator discussed below. 

This actuator consists of a hot arm and a cold arm. The hot arm being thinner 

heats very quickly and will flex towards the direction of the cold arm. The voltage is given 

to the pads that serve as an anchor for the entire structure. The output obtained will be 

along the direction of the arrow as shown which is in turn proportional to the input 

voltage supplied to the device. Switching at a few hundred Hz is possible, but 

overvoltage operation will result in thermal stress of the device leading to quick failure 

modes. 

2.1.2 Electrostatic Actuators 

Electrostatic actuators are devices that 

convert electrical energy into static 

attractive forces. The actuators 

consume almost no current but require 

a higher voltage difference to operate. 

They consist of two sets of fingers 

across which a voltage difference is applied. Due to the opposite charges, these fingers 

attract each other.[13] One set of the fingers are stationary and anchored to the 

substrate whereas the other set is movable. Usually the movable set of comb fingers is 

connected to a spring that can pull back the fingers when there is no voltage applied. In 

a real time actuator many sets of these actuators with multiple sets of fingers are used to 

increase the attraction volume thereby increasing the force of attraction that can drive 

more loads. These can be used at relatively high frequencies compared to the 

electrothermal actuator. 
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Figure 5: 3D AutoCAD design of an Electrothermal Bent Beam Chevron 
Actuator with a pointer for displacement calculations. 

 

The force generated by an electrostatic actuator is governed by the equation, 

  
         

 
 

Where,  

ŋ = number of comb fingers 

ε = dielectric constant of air = 8.854e-12 C/V-m 

V= voltage applied  

t= thickness of finger 

g= gap between movable and stationary finger 

2.2 MEMS devices used in this work 

2.2.1 Bent Beam/Chevron actuator 

 A bent beam actuator, commonly referred to as a chevron actuator, is an electrothermal 

device which operates by the principle of Joule heating. There are two pads which also 

act as anchors to the device (refer Figure 5).[14], [15] The beams are connected to a 

central structure at which the displacement is obtained. A pointer scale is connected to 

the central part of the actuator. The hottest zone in the actuator will go up to a maximum 
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temperature of 500-600°C. Beyond a certain temperature, due to thermal stress, the 

device can actually lose its spring nature and may not return back to the starting 

position. Excessive voltage will result in the device to burn and cannot be usable. 

Overhanging bridges are present above the central shuttle to avoid un-wanted 

movement/play in the Z- direction. The scale divisions are in increments of 1µm. 

The maximum force obtained from a chevron electrothermal actuator is governed by the 

equation:  

  
             

 
 

Where,  

θ = bending angle of the beams 

A = cross sectional area of the beam 

L= entire length of the actuator 

E= Young’s modulus of polysilicon= 169 ± 6.15 GPa. 

2.2.2 Microgripper Pair 

The microgripper pair is a combination of 4 hot arm cold arm bimorph actuators. The 

microgripper pair consists of two actuator jaws that can close inwards when a voltage is 

 

Figure 6: 3D view of Electrothermal Hot arm-Cold arm Bimorph actuator based 
Microgripper pair. 
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applied and two that open outwards. 

From Figure 6, it can be observed that the closing jaws have the thinner hot arms 

at the periphery of the device, thereby causing the jaws to close together. Whereas, the 

opening jaws have the hot arms in the inside of the device, so when the voltage is 

applied they bend outwards. The scale is linear and has 10 µm divisions labeled and 1 

µm ticks. 

2.2.3 Micromotor + TTU Gear 

The micromotor consists of a Torsional Ratcheting Actuator (TRA) coupled to a TTU 

gear. The TRA is available in the component library of the SUMMiT-VTM design tools. It 

is an electrostatic actuator with 160 inner teeth and 200 outer teeth. Therefore, for 160 

inner ratchets (input pulses) to the TRA the outer gear will make a complete rotation.[16] 

The diameter of the TTU gear is about 350um.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: TRA+TTU Gear. Dotted lines show the area of the 2D cross-section. 
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2.2.4 XY positioning stage 

The XY positioning stage uses two bent beam actuators connected to a distance 

multiplier that can magnify the distance output of the chevron actuator. The apex of the 

bent beam actuator is facing away from the stage because distance multiplier requires a 

pull on the shorter end to generate a push at the “output direction” from fig 8. 

2.2.5 Pop Up Micro Mirror  

The pop up micromirror consists of a bent beam actuator, distance multiplier and a hinge 

 

Figure 8: Chevron actuator based XY-Stage(left). 3D view of Distance multiplier(right) 

 

Figure 9: SEM image of a Pop-up Micromirror(left). 2Dcrossection along the dotted line (right)  
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Figure 10: SEM image of comb drive (left). 3D view of comb drive. 

assembly. Figure 9 shows a 2D cross section of the hinge along the yellow dashed line. 

2.2.6 High Performance Comb Drive  

The High Performance Comb Drive (HPCD) is a standard part in the component library 

of the SUMMiT-VTM Design tools. It consists of 12 banks in which there are 20 pairs of 

comb fingers in each bank. It is an electrostatic device which works on a similar principle 

as the TRA. The HPCD has springs that pull back the individual comb banks once the 

voltage supply is turned off. The HPCD in this design also has a Bi-fold Force Spring 

(BFFS) similar to one of the chevron actuators. 
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2.2.7 Micro-clock  

The micro-clock consists of a TRA and a gear assembly of 14 gears out of which there 

are a second hand and a minute hand designed by using multi-level gear assembly. 

  

 

Figure 11: SEM image of the Micro-clock. 
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CHAPTER III 

EXPERIMENTAL SETUP 

3.1 Introduction to LabVIEW 

LabVIEW is the abbreviation for Laboratory Virtual Instrumentation Engineering 

Workbench from National Instruments, Austin, TX. LabVIEW is a system design platform 

and development environment for a visual programming language. It is a very broad 

platform that can interface a wide range of instruments to a computer running it. 

LabVIEW building blocks are called virtual instruments (VI’s). Codes developed on 

LabVIEW are saved with a “.vi” extension. LabVIEW consists of two windows: 

1. Block Diagram 

2. Front panel 

3.1.1 Block Diagram  

The Block Diagram contains the bulk of the code, wherein the code is developed using 

sub-vi’s. Any wiring between VI’s, math operations or code manipulations, obtaining 

addresses, and other tasks are performed in this window. One of the most important 

features of LabVIEW is that it is a dataflow programming model, meaning data travels 

from node to node and does not follow top-down design like other languages. Parallel 

execution is an inherent capability of LabVIEW which makes programming easier and 

synchronous. For example, two loops can be run in parallel to save time and uses the 

computer’s resources wisely. 
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Figure 12: A general block diagram built on LabVIEW 

 

 

3.1.2 Front Panel  

The Front Panel is the window that the end user will interact with. A front panel is 

responsible for the visual appearances of the program. The front panel for an instrument 

VI replicates controls of an actual instrument’s display panel. It can consist of knobs, 

buttons, sliders, and readouts. 
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Figure 14: While loop 

 

 

 

 

 

 

3.2 Programming blocks  

Some basic programming blocks used in the program are analogous to C. They are,  

3.2.1 While Loop  

A while loop is an unconditional loop which 

repeats the blocks present inside the loop until a 

condition of the Boolean value is achieved.  A 

while loop has two boxes inside it by default. 

They are: 

1. Loop iteration: Denoted by an “i”.  

 

Figure 13: A front panel corresponding to the previous blockdiagram. 
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Figure 15: For Loop 

 

Figure 16: Case structure 

It keeps track of the number of times the loop is run. It is zero indexed. It is useful 

for conditions where a job needs to be triggered after the loop has run a set 

number of times or incrementing the value of a control once per iteration. 

2. Loop Condition: It is denoted by a small stop sign. It means that the loop will run 

until a true condition of a Boolean value is passed on to it. It can also be changed 

to a “continue if true” condition instead of a “stop if true.” 

3.2.2 For Loop 

A for loop is a conditional loop meaning the programmer can set the number of times the 

loop has to run as a preset by wiring a value to the 

“loop count” terminal denoted by “N.” There is also 

a loop iteration terminal that keeps track of the 

loop iteration. 

3.2.3 Case Structure 

A case structure has one or more sub-diagrams 

behind the actual block, and based on the input at 

the case selector terminal, it checks for the name of the case/condition and executes 

that particular case. If there is no match, it 

executes a default case. By default it shows a 

Boolean condition as the case selector terminal 

but it can be changed to a number or string if 

needed. 
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Figure 18: Flat Sequence Structure 

 

 

Figure 19: vi’s for GPIB/Serial 
communication. 

3.2.4 Event Structure  

An event structure is similar to a case structure 

but here it waits until an event actually 

happens. In other words, the event structure 

can be programmed until a user actually 

presses a button or moves a mouse, etc. There 

is also a “timeout” case, analogous to the 

“default” case in case structure. The timeout is 

used when the user does not perform a task during the set time, so the program 

proceeds to the next block. 

3.2.5 Flat Sequence structure 

The flat sequence structure is widely used in 

the MEMS Remote Lab. A flat sequence 

structure can be programmed to have a number 

of frames where in it proceeds to the next frame 

only after all the blocks in the current frame 

have been executed. It is very useful in real 

time applications, such as moving the positioner to a particular co-ordinate value. 

 

3.2.6 Instrument I/O  

Instrument I/O blocks are used to communicate 

with the instrument directly. They can be used to 

configure, write, read, or close a port. Multiple 

blocks are used in supplying a value from a 

 

Figure 17: Event Structure 
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device which will be discussed in detail in a later part of the thesis. 

3.2.7 Property Nodes 

Property nodes are a vital part of many programs. The most widely used property nodes 

in this program are updating values of indicators, and running VI’s in the 

background/transparently. 

 

3.2.8 VI’s within a VI 

This is a very important feature of LabVIEW wherein a programmer can place multiple 

VI’s within a VI. This promotes putting well tasks together and a complete task is 

performed. 

For example, let’s explore the task of communicating with a device over GPIB. 

For this, the inputs of the smaller VI’s (send and receive data) are organized and they 

are placed inside a VI using the “select a VI” function and thus smaller VI’s (calling VI’s) 

can be placed inside the caller VI’s. In order to send data from a caller VI to a calling 

sub-VI, there needs to be a connector terminal that needs to be assigned. Just by 

clicking at the connector and the appropriate control/indicator a terminal is assigned and 

data can pass through it. A programmer can also use the “Documentation” block to edit 

the details pertaining to the VI. 
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From Figure 20, Block 1 shows a case wherein the VI (labeled as “cmover”.vi ) 

has been placed inside a VI named “Untiled.vi” using the select a VI function. Whereas, 

Block 2 shows the connector pane for the “Untitled.vi” and by clicking on the connector 

and the appropriate control (Numeric) a connector was created that can allow data flow 

from the calling VI. 

  

 

Figure 20: #1 shows a VI present inside another VI. #2 shows the connector pane for it. 
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CHAPTER 4 

HARDWARE 

The hardware components used in the system are: 

1. MEMS Chip  

2. PCB for the chip  

3. Microscope Camera 

4. Class on a Chip Power Supply 

5. Motion Controller Driver  

6. PCI-GPIB Card 

7. Keithley 2400 Source meter 

8. Agilent 33220A waveform generator. 

9. Olympus BX 60 Microscope 

10. Windows Computer 

4.1 MEMS Chip 

The SUMMIT-V MEMS Chip with 

different devices on it is mounted on a 

printed circuit board (PCB) to connect 

the devices to the appropriate ports. The 

MEMS die is placed in a 48 pin, gold 

plated Side-Brazed Dual In-Line Ceramic 

Package (SBDIP) with a 600mil body thickness and 100 mil pin spacing. 

4.1.1 Package Steps 

1. Prepare Die : MEMS Die is taken and coated with nanocoatings. 

 

Figure 21: A MEMS die before packaging. 



Texas Tech University, Gautham Ramachandran, August 2012 

 

21 
 

          

Figure 23: Image of the bonded chip 

 

 

(a) 

 

(b) 

Figure 22: (a) Image of the SBDIP before epoxy  
(b) Image of the SBDIP after epoxy 

2. Epoxy Application: 

A small amount of 

silver based epoxy adhesive is 

mixed and applied to the side 

brazed package. 

3. Baking:  

The die is placed in the 

epoxy adhesive and a lid is 

placed on it to avoid 

contamination during baking. It 

is baked in a vacuum to 115-

120o C for about 2-3 hrs. 

Baking quickens the process 

thereby reducing the setting time. The chip is now ready to be bonded. It is done using a 

wedge bonder using gold bond wires. 

This is the final stage in packaging of the chip. The package is sealed with an 

epoxy layer on the sides and a glass lid on the top. 
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Silver based epoxy is chosen 

as the adhesive layer because 

it has very less out-gassing 

effects when compared to 

similar adhesives of this type 

and also good adhesion to the substrate to the package. 

4.2 PCB for the 

Chip 

The MEMS chip, 

after packaging, is 

mounted on a PCB 

that has the 

appropriate side 

connections and a slot to hold the ribbon flat JTAG connectors from the Class on a Chip 

power supply. Since many different versions were developed for the Remote Lab for 

different applications, the PCB’s are switched based on the application. 

4.3 Microscope Camera 

To capture the movement of the MEMS devices, we used two different versions for 

capturing the feed. 

1. Industrial Vision Source IVS-IV-CCAM2 with optics. 

2. AM413T5 Dino-Lite Pro 500X  

 

 

 

Figure 24: Image of the completed chip ready to be used 

 

Figure 25: A PCB with a Jtag input to the left of the chip 
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Figure 28: CCD Setup 

1. CCD Camera. 
2. Tunable screws for focal 
adjustments. 
3. Objective for magnification. 

4.3.1 CCD Camera 

The first choice for the Remote lab was a IVS-IV-

CCAM2 a color CCD camera with optics assembly 

as shown below for focus and magnification 

adjustments. 

The CCD camera is operated on a 12V DC signal 

and a NI PCI to IMAQ card was used 

to interface the camera to a computer 

through a BNC connectors. The CCD 

camera has 410,000 pixels with S-

Video and composite output which 

was used to capture the image. The optics used were from Edmund Optics and a lens 

assembly with an illumination source was built 

around it.[17] 

A LabVIEW GUI was used to capture 

the images. Even though the video feed was 

good on the server side, we saw a delay in 

transmission of about 1- 2 secs which was 

undesirable. Also, the LabVIEW GUI could 

not be broadcasted to many clients at the 

same time. 

 

Figure 26: IVS-IV-CCAM2 

 

Figure 27: NI-PCI to IMAQ card 
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Figure 29: Dino AM413T5 used in 
Remote Lab 

 

4.3.2 AM413T5 Dino-Lite Pro  

After experiencing some delay issues with the CCD 

camera, the AM413T5 from Dino were used. It is a 

USB camera with a fixed 500X digital 

magnification. The resolution of the camera is 

1.3MP (mega pixel) and a frame rate of 30 

frames/second. It supports USB 2.0 and also can 

record video and take pictures. The main reason 

for choosing the camera was it can be interfaced to 

online video broadcasting programs discussed later in this thesis. The only disadvantage 

is that the clearance of the camera is very low but that was not an issue in the remote 

lab because the surface of the stage and the optical table is very flat [18]. 

4.4 COAC Power supply  

Since the MEMS devices have different voltage requirements a general purpose power 

supply would fail to satisfy these requirements. So, we used a custom built power supply 

from Class on a Chip Inc. [19]. 

The power supply is compact (4” x 4.5” x 1.5”) and interfaces to a PC by USB. A 10 pin 

IDC flat ribbon cable with JTAG connectors connects the power supply to the PCB which 

holds the MEMS chip. Out of 10 pins, two pins are allocated as ground, whereas ports 0-

5 are electrothermal device ports and ports 6-7 are electrostatic device ports with higher 

voltages. LabVIEW software is used to control the power supply by communicating with 

the microcontroller on the power supply board and the computer. The front panel 

consists of:  



Texas Tech University, Gautham Ramachandran, August 2012 

 

25 
 

 

Figure 31: Image of XY stage with axes.  
Limits: 1- (-26,26)mm, 2- (-18,28)mm  

 

Figure 30: Front and rear panel of Class on a 
Chip power supply. 

i. A 24V DC adapter slot. 

ii. Low voltage and high voltage ON switches, LED indicators. 

iii. USB Mini B slot. 

The back panel consists of a slot for a 

10 pin JTAG cable. The power supply 

is connected to the computer using a 

USB cable. The complete software 

package thereby consists of the 

LabVIEW program and the USB-

Serial Device Drivers from Future 

Technology Devices International 

Ltd. (FTDI). Software to run the devices apart from the Remote Lab was also made 

possible.  

4.5 XY stage 

The XY stage  

used in this work is  

an “OEM” (Original 

Equipment 

Manufacturer) 

equipment. It was 

acquired  

sometime  

back so finding  
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the exact part number was  

not possible. The XY Stage is a TS Series Stage with fixed X axis and a “folded motor” Y 

axis. The “folded motor” means that it is perpendicular to the travel axis. 

Figure 31 shows the base X axis and the folded Y axis stages. 1 and 2 represent 

the knobs that can be turned to move the stage manually. The stage can’t be tuned 

manually when the Motion Controller/Driver is connected to it. In that case “Stop all 

axes” needs to be pressed to cutoff communication and turn the axes manually. 

4.6 Motion Controller Driver 

The motion controller driver used to position the right device under the chip as explained 

earlier was a Newport 

ESP 300 and ESP 7000. 

Even though both were 

similar to each other in 

terms of the functions 

needed for the Remote 

Lab below is the 

comparisons between 

the two models.[20] 

Since the 

LabVIEW drivers were 

the same for both the instruments they were interchangeable but, we will discuss the 

aspects of the ESP 300 in this thesis. 

 

 

 

 

Figure 32: Comparison between ESP 300 and ESP 7000 
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4.7 Newport ESP 300 Universal Motion Controller Driver 

This driver is from Newport Corporation, MA. The ESP stands for “Enhanced System 

Performance”. It is a motion technology analogous to Plug and Play. Stages from other 

manufacturers are sometimes ESP compatible.  It is a standalone controller with 

integrated motor drivers. 

The three modes in which the system was used are: 

4.7.1 Local Mode  

Using the keys in the front panel the stepper controller can give out instructions to the 

XY stage and derive movement. The Jog Mode is a very helpful mode in which the user 

can move the stage to any set of coordinates within the limits. 

4.7.2 Remote Mode 

In this mode there is a device that 

can send out instructions and not 

located within the controller. 

4.7.3 Program execution 

mode 

In this mode there is a stored 

program that can move the stage 

to the coordinate values. 

The reasons for selecting ESP 

300 are because of its advanced 

features. Some of them are: 

 

 

Figure 33: Front and Real panel of the ESP 300 
motion controller/driver 
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1. Wide combination of motor types, stepper or DC with a 3A and 48V capability. 

2. GPIB interface. 

3. Compatible with LabVIEW programs. 

4. High speed 

5. Position of individual chip can be read using “Jog Mode” 

6. Up to 3 axes controllable. 

4.8 PCI – GPIB card 

In order to interface a GPIB based ESP 

300 Motion Controller/Driver a PCI to 

GPIB interface card from National 

Instruments, Austin-TX was used. This 

card is compatible with Measurement 

and Automation Explorer (MAX) and LabVIEW thereby allowing the written VI to send 

instructions to the ESP 300 over the GPIB. This card was also used to interface the 

Keithley source meter and the Agilent function generator apart from ESP 300. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 34: NI PCI-GPIB interface card 
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4.9 Keithley 2400 source 

meter 

The Keithley 2400 source meter is a 

voltage/current source that is widely 

used in many industries, 

semiconductor wafer testing, 

characterization and test setups. It is widely used because of the ranges of the 

equipment and also the controllability through LabVIEW. [21] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 35: Keithley 2400 source meter. 

Table1 : Device Specifications of Keithley 2400 

Parameter Maximum  Minimum Increment 

Source Voltage 210V 5μV 

Measure voltage 211V 1μV 

Source current 1.05A 50pA 

Measure current 1.055A 10pA 
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Figure 36: Agilent 33220A Waveform 

Generator. 

4.10 Agilent 33120 A 

The Agilent 33120A is a waveform generator 

that is used to control the FET switch. It is a 

20 MHz 14-bit, 50 MSa/s  that can generate 

sine, square, pulse, ramp, triangle and DC  

waveforms. The reason for choosing this was 

it can be computer controlled and can be 

embedded into the existing system. The generator uses the GPIB connection as a PCI-

GPIB card already existed in the system [22]. 

 

4.11 OLYMPUS CAMERA 

For better imaging than the USB Dino 

lite microscope, an Olympus BX 60 

was used to zoom into the images 

even better. This was extensively used 

in the characterization lab. It has a 

fixed zoom of 5x, 10x, 20x, 50x and 

100x. The working distance is too less 

thereby only packaged chips can be 

used with it. It also has a manual XYZ 

stage which is very helpful for moving 

the chip around and for focal adjustments. 

 

 

 

 

Figure 37: Olympus BX60 microscope. 
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4.12 Windows Computer 

In addition to all these components, we used an ASUS computer with a Windows OS 

and 8Gb of RAM. Higher RAM was required because there are many applications 

running at the same time during transmission. 
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CHAPTER 5 

REMOTE MEMS LAB PRINCIPLE OF OPERATION 

The system is broadly divided into three parts: 

a. Full system access 

b. Experiment lab 

c. Characterization lab 

5.1 System Functional Block  

The following block diagram represents the complete system at Texas Tech University. 

The client should be using a computer that has a stable internet connection and is able 

 

Figure 38: a. Client b. Server at Texas Tech MEMS lab c. XY-Stage and power 
supply d. ESP 300 motion controller/driver. 
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to connect to the LabVIEW server at Texas Tech and the USTREAM server. The server 

at Texas Tech continuously transfers the video feed from the camera to the server at 

USTREAM which in turn, is broadcast. The communication with the PCI–GPIB card on 

the computer to the ESP 300 controller takes place according to the program. 

5.2 Full System Access 

This section describes the LabVIEW program use vis-a-vis the hardware and the 

working of the system. 

Figure 39 shows the accessibility of the system with the corresponding VI’s. Based on 

the flow chart, the client can track the current stage and navigate through the system. 

However, for the characterization and the experiment lab, since the user is going to work 

only on one device, only the particular device VI is published and the ESP 300 is not 

used to avoid confusion. 
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Figure 39: Complete system navigation flowchart. 

5.2.1 SYSTEM WORKING FLOWCHART 
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Figure 40: Web browser interface from Client side-Sign in. 

5.3 Client side Working Instructions 

These are the steps that are needed to be followed by the client to gain access to the 

system. 

Step 1: Read the provided manual to understand the particular operation of the device. 

Step 2: Install the LabVIEW 8.6 Run Time Engine (free download provided with manual) 

from http://joule.ni.com/nidu/cds/view/p/id/1101/lang/en 

Step 3: Enter the following link in a Mozilla Firefox or Internet Explorer browser. 

http://129.118.26.173/fullaccess.html 

Step 4: Open the 

USTREAM 

TTUMEMSLAB 

video feed channel 

at 

http://www.ustream.

tv/channel/ttumems

lab 

Step 5: The 

LabVIEW sign in 

screen is shown in 

Figure 40. 

Step 6: Clicking “OK” will cause the Side selection Menu to appear. At this stage, the 

client can either select a side or exit the program. 

 

 

 

http://joule.ni.com/nidu/cds/view/p/id/1101/lang/en
http://129.118.26.173/fullaccess.html
http://www.ustream.tv/channel/ttumemslab
http://www.ustream.tv/channel/ttumemslab
http://www.ustream.tv/channel/ttumemslab
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Step 7: Once the side is selected, a menu with all the devices will pop up. 

Step 8: The client can select the device to work on. Clicking on the device causes two 

events happen. 

The device VI with the custom written values of voltage and  frequency will pop-up. 

The program will 

automatically switch 

ON one of the two 

power supplies. 

At the same time, 

based on the device 

selected, the program 

triggers the ESP 

Motion Controller/Driver to move to the appropriate position under the microscope. 

 

 
Figure 41: Web browser interface from 

Client side-side selection. 

  

Figure 42: Web browser interface from Client- device 
selection. 

 

Figure 43: Web browser interface from Client side-device 
actuation. 
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Step 9: The client can repeat steps 5-8 selecting a different device each time to get 

experience with a variety of MEMS devices. 

5.4 Description of the Program 

This section describes the LabVIEW code used in the system. The system’s code is split 

into two parts: 

1. Remote Lab Code: Used for the Remote full device access and the Experiment 

Lab. 

2. Characterization Lab (device testing lab) 

Remote lab Code:  

This VI uses the Class 

on a Chip power 

supply to run the 

MEMS Device. It is 

further divided into: 

Remote Full Device 

Access Lab 

Experiments Lab 

5.5 Remote Full Device Access Lab  

In this version, any client with a user name password can get access to the entire chip 

on both the sides. The VI’s are described in detail below. 

VI Hierarchy: The LabVIEW VI’s used in the system are better understood with the 

following diagram. 

 

 

 

Figure 44: Program flow. 
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Figure 45: Block diagram of password.vi. 

 

5.5.1 CREDENTIAL CHECKING/Password.vi  

The VI labeled “password” is the main startup VI that the link is provided to. The client 

will be able to see this VI once the link appears and clicks the “Run Arrow” on the top. 

The VI is published using the “Web publishing tool” discussed later in the section. Initially 

there is a “Ring” control named “Class on a Chip ID” in which the User can select his ID 

from a menu list from User 1-20. For each user there is a unique password 

preconfigured for a particular user ID. If the user does not know his password, he can 

press the “Stop Program or Forgot Password” button to stop the VI execution and 

display the contact email ID of the system manager. Once the correct username and 

password is entered and the “Sign In” button is pressed, the program checks for the 

match using a simple case structure. Once true, a “one button dialog.vi” is used to 

display a welcome message saying “Welcome to Remotely Accessible MEMS Lab”. 

Once “OK” is pressed, the VI proceeds to the next VI called “manimenu.vi” shown in 

FIGX: on the second frame of the sequence structure.  



Texas Tech University, Gautham Ramachandran, August 2012 

 

39 
 

5.5.2 Mainmenu.vi  

 

The mainmenu.vi is the next step after the credential checking. This VI lets the client 

choose which group (side) of devices the user can access. The following is a VI with 

devices and corresponding sides. 

Once with the user has opted to run a particular device, he can select one of the two 

buttons from the VI. 

Code explanation: 

In the event of a successful sign-in, control is transferred from the password.vi to the 

maiunmenu.vi. Here the VI waits until the user selects one of the three switches, as 

described below: 

 

Figure 46: Chip Map of Samples 09. 
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Figure 47: Block diagram of mainmenu.vi 

Side A: Switches over to devices of side A 

Side B: Switches over to devices of side B  

Exit program: signs off the user and stops the program. If user left the system idle 

without closing the browser and when another client is waiting for the system, LabVIEW 

automatically can alert the client about a timeout. The timeout is set to 5 minutes. 

Figure 47 shows only one side (side A) but the same blocks are replicated as Side B 

also. The COM port is the address of the Class on a Chip power supply. The COAC 

power supply, as previously described, uses a USB interface. There is a USB-Serial 

converter from Future Technology Devices International Ltd. There is a Virtual COM Port 

driver pre-installed on the computer. Thereby, the COAC power supply appears as a 
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“COM Port” instead of a USB port which makes it easier to use the blocks of serial 

communication on LabVIEW. 

In this example, the COM ports used are (a) Side A: COM11 and (b) Side B: 

COM10. From Figure 47, If the user presses Side A on the front panel, the “Boolean” is 

set to true and it enters the case structure next to it. The next block is the “Visa Find 

Resource.vi” which can query ll the devices connected to the computer. If it is greater 

than 0 (zero) then it means that there is an associated device connected to the system. 

If it is less than zero it means there is no device connected and there is a dialog box that 

alerts the user. In the next stage, the Visa port of COM 11 is opened and the control is 

transferred to the SA devices_v4.vi. At the same time, the property nodes are used to 

hide the mainmenu.vi to avoid the client from disturbing the flow control of the VI. The 

transparency is set to 100=100% transparency and the Boolean value is TRUE which 

hides the mainmenu.vi. Meanwhile, there is a static reference to the VI that is transferred 

control to. The same is replicated for Side B. 

The “Exit Program” button on the front panel corresponds to the “Stop” button 

controlling the whole while loop. Once it is true, the static reference to the password VI is 

disabled by giving a FALSE condition to the property node attached to it. 

5.5.3 SA Devices_v4 vi  

This VI allows the client to choose from a particular device after selecting a side. Since 

the COAC power supply can control up to eight devices through a JTAG cable, the list 

consists of 6 electrothermal devices and 2 electrostatic devices. 
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Figure 49:  Block diagram of COAC serial port. 

Figure 49 shows one of the eight blocks present in the entire VI. The VI waits until it 

detects that the user has pressed a button (in this example, microgrippers) Once 

 

Figure 48: Block diagram of device selection vi. 
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microgrippers is pressed, the value will become TRUE and the case structure pertaining 

to the TRUE condition will run. Note that the purple wire containing the COM port value 

is passed through all the VI’s in the hierarchy by a connector. At first before the 

microgripper VI is triggered the VI called Zeroes.vi is run. The Zeroes VI consists of pre-

conditions in which the output voltage of the power supply is forced to zero. 

The settings are standard for the Class on a Chip power supply and will be 

discussed in later sections. The highlighted section 1 shows “V” representing voltage 

and the second frame, section 2, shows a value of “0” being written into the Visa write 

buffer. After the execution of Zeroes.vi is complete, the SA Microgrippers_v4.vi is 

triggered. Meanwhile, the static reference of the current VI (SA_devices_v4.vi) will be 

made to run transparently (TRUE), 100%. 

5.5.4 SAMicrogrippers_v4.vi 

This is the VI that can control the device. Any adjustments on the knobs on this VI will 

definitely affect the way the device behaves. Since this VI is relatively complex they are 

broken into seven different sections and explained in brief the purpose of each one of 

them. 

Section 1: The section 1 consists of the drivers for the ESP 300 Motion Driver 

Controller. Once the device has been selected, the next task is to move to that particular 

device. The VI in section 1 is called “NILV86ASD1_StageXYPose.vi”. It has a Class on a 

Chip logo for identification.  
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Section 2:  Section 2 of this VI contains all the input parameters for the serial 

communication to happen at the COAC power supply. This is the VISA configure block 

that is used to specify the communication parameters of the port. Table 2 lists the values 

of the parameters used in the VI. 

 

 

 

 

 

 

 

 

 

 

Table 2: Serial Communication Parameters 

Parameter Value 

Enable termination FALSE 

Timeout 10000 

Visa resource name COM11 (already initialized) 

Baud rate 57600 

Data bits 8 

parity None 

Stop bit 1.0 

Flow control None 
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Figure 50: Block diagram of complete COAC power supply vi. 
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Front panel of the Microgrippers_v4.vi: 

 

 

 

 

 

 

 

 

 

Section3: Section 3 consists of the information on which port needs to be configured. 

The power supply is capable of powering eight devices with each device connected to a 

particular port and ground. The ports are numbered as port 1 - port 8. Table 3 lists the 

port assignment to the system. 

 

Figure 51: Front panel of device actuation vi. 
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In this example VI, the microgripper is connected to port 5; thereby port 5 is the port in 

which voltage/frequencies are going to be altered. Section 3 also consists of the VI that 

is capable of writing the values for voltages that are given out at that port. The voltage 

slider is placed just below section 5 from Figure 50. 

Section 4: Section 4 is the Frequency selection VI’s. When selecting a particular 

frequency the voltage is disabled because continuous change in voltage and frequency 

cannot be done because they are run in a sequential mode rather than parallel mode. So 

the way it works is a voltage is placed on the device and then frequency knobs can be 

adjusted. When the frequency knobs are adjusted to prevent any confusion the voltage 

selector slider will be disabled and grayed out. This is done using property nodes with 

values below. 

 

 

Table 3: Port assisgnments made to each device on Side A and Side B 

Side A device 

(supply1 COM11) 

Side B Device 

(supply2 COM10) 

Port Assigned 

Column1 Chevron1 Column1 Chevron 3 Port1 

Column1 Chevron2 Column1 Chevron 4 Port2 

Column2 Chevron1 Column1 Chevron 5 Port3 

Column2 Chevron2 Column1 Chevron 6 Port4 

Microgrippers XY stage-X axis Port5 

Pop-up Micromirror XY stage-Y axis Port6 

High Performance Comb 

drive 3 

High Performance Comb 

drive 1 

Port7 

Micromotor Micro-clock Port8 
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Section5: Section 5 is the VI that “re-enables” the voltage selector by giving a value 0 

that was previously disabled by the frequency knob thereby allowing the user to alter the 

voltage. 

Section 6: The case structure under his section is used to exit out of the while loop 

when the button Device selection- Side A is pressed. On the event of a true at this node, 

the static referenced SA Devices_v4.vi will be enabled (FALSE to Run Transparently). 

Once out of the loop, the program will safely close the communication and there is also a 

simple error handler placed at the end of the code that can pop a dialog box with the 

error code description in case of an unexpected error in the system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4: Property node values 

Value wired to the property node 

“Disabled” 

Function 

0 Enable 

1 Disable 

2 Disable and Grayed out 
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5.6 Drivers for the ESP 300 controller  

Once the device is selected from the SA Devices_v4.vi or the SB Devices_v4.vi, the XY 

stage needs to position the particular device under the system. The coordinates of each 

device is marked relative to the home position of the chip. The home position of the chip 

as well as the XY stage is the Class on a Chip display marked in Figure 52. 

The reasons for doing so are: 

1. In case the chip is changed, the new chip can be put back easily in the same 

position by entering the device home in the controller. 

2. The total distance travelled is reduced thereby staying well within the limits and 

by not disturbing the camera stand. 

 

 

 

 

Figure 52: Home location (0,0) for stage is highlighted. 
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Figure 53: Program flow of the ESP 300 Motion Controller/Driver. 

 

5.6.1 NILV86ASD1_StageXYPose.vi  

This VI gets the coordinates to be moved to [for example, microgrippers are located at 

position (-1.955, 3.26)]. These values are fed into the VI after the GPIB communication  

is initialized. Once the query of these positions is complete, the Figure 54 shows the VI 

used in moving to the actual coordinates. Note, from Figure 54, there is a 500ms time 

delay between query and the movement (denoted by a watch icon) and also between 

the X axis and Y axis positioning. It is used to allow other tasks running on the computer 

to take place and to use the memory resources wisely. 
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Part1: INIT SYSTEM GPIB.vi initializes the communication on the GPIB Bus connected from 

the computer to the ESP 300 it also depicts the vi with query of current position 

 

Part2: The VI used for moving to appropriate coordinates with feedback. 

Figure 54: Block diagram of ESP 300 driver. 
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Sub VI’s /Drivers for the ESP 300: 

 A part of the sub VI’s/ drivers for the ESP 300 were obtained from the manufacturer of 

the controller/driver (Newport). Even though many modifications with regards to timing 

and other aspects were done, limited detail is going to be presented. 

5.6.2 Axis Initiale.vi  

The XY Stage has not moved yet. In this VI, the address is passed to the motor to the 

MO-Motor on.vi which sends a command of a string “MO” to the ESP 300 and the MO-

Motor on.vi will send and read the command. 

After a 500ms wait, the VA-Set velocity.vi is triggered in which the command 

“VA” is sent to the motor and the speed of the stage movement is set. A speed of 8 was 

found to be suitable for the MEMS lab after a series of trial and error with different 

speeds. The 

higher the speed, 

the faster the 

device is 

displayed to the 

user thereby 

delivering a better 

experience. 

5.6.3 AxisMovee.vi 

This VI is responsible for moving the stage to the appropriate coordinates. 

Figure 55: Block diagram consisting of Motor On and Set Velocity vi. 
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The VI present in the first frame is the PA-Move to absolute position.vi. This VI sends the 

axis number, the address and the position of the coordinates to be moved to. It is done 

by sending a command “PA” to the ESP 300. The VI in the second frame is used to wait 

for the motion to stop. It sends a command “WS” through the GPIB port. The VI in the 

next frame however, reads the current position by sending a command “TP.” This can be 

used for feedback/corrective operations. 

5.7 Experiment Lab  

In this method, the experiments are performed by the students under the supervision of 

an instructor because a student new to operating could have questions during the 

progress of the experiments. Thereby, the XY positioning is turned off and it is manually 

moved using the knobs to the device on which the experiment that needs to be 

performed on. The VI used for experiments are a little different and the camera used is 

different, too. For example, the frequency selection knobs are not available for the High 

Performance Comb Drive and the Chevron experiments. For the TRA, there are two 

modes of operation: 

 

 

 

Figure 56: Block diagram consisting of Axis movement and query position. 

 

 



Texas Tech University, Gautham Ramachandran, August 2012 

 

54 
 

5.7.1 Continuous Mode  

Consists of a voltage and a frequency knob used for running the TRA/MEMS device 

continuously. 

5.7.2 Pulsed Mode 

In this method a single pulse is delivered by the Class on a Chip power supply. The 

voltage pulse can be set by the client. Clicking the “Pulse” button gives a voltage pulse 

corresponding to it. The client needs to calculate the number of ratcheting events 

required to rotate the TTU Gear for one complete cycle at a voltage V1 and compare it 

with V2 and V3 which are specified in the manual. A counter is placed in the same VI to 

keep track of the number of voltage pulses delivered. There is an option to reset the 

counter which is used before proceeding to the next set of voltages. 

 

 

 

Figure 57: Front panels of different experiments. 
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5.8 Characterization Lab  

This system was developed for advanced users and for use by the students in the 

Introduction to Microsystems 2 course at Texas Tech University. It is a complex system 

and requires thorough understanding of the device before performing the experiment. 

Currently, the user can set a current/voltage to a device and can pulse it with set voltage 

for a fixed number of cycles. Consider an example of a bent beam chevron shaped 

actuator. 

 

 
In the design shown in Figure 59, the trace runs from A to B and the voltage or 

current can be sourced across the bondpads. There is also a scale on the output part of 

the actuator. Initially, the voltage at which the beam heats up (maximum deflection) is 

calculated. This can be done with/without this vi. 

 

 

Figure 58: Front Panel of the Characterization Lab. 
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Using the Characterization Lab VI, the voltage can be changed and the device can be 

made to run at a set frequency and allowed to be actuated for a fixed number of cycles. 

After running for a fixed number of cycles, the program captures a picture of the device 

and displays it in the current image directory while also saving it in the hard disk. The 

client needs to create a folder with name and date in the field provided in the front panel 

itself. Once the user is done, he can click “Stop” and stop the execution of the program 

as well as closing the devices. The images saved are then delivered to the student via 

email or any other file transfer websites and from there the student can analyze these 

images. The circuit used in this setup consists of a simple FET switch in which the gate 

is connected to the waveform generator, supply positive/device positive is connected to 

the drain and the grounds are shorted at the source. The FET’s are chosen on the 

voltage requirements of the MEMS device being characterized. 

5.8.1 Analyzing the images  

In the TTU MEMS Lab, we usually use NI Vision builder to analyze the images. The 

studies that can be done using the Characterization lab and the NI Vision Builder 

software are: 

Failure: The failure modes can be analyzed for a set of the same devices. The client 

can provide ten different voltages and ten different frequencies, mix and match them, 

 

Figure 59: SEM image of an electrothermal actuator used 
in Characterization Lab. 
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Figure 60: Images from the Olympus BX60 microscope at different levels of 
magnification. 

 

 

and study at which cycle the failure occurs. The other study that can be done is by 

changing the duty cycle. It was observed by authors in the same field that [25] altering 

the duty cycle of the device lead to a longer device lifetimes. 

Displacement: One other possibility is that the device can produce a different 

displacement after a set number of cycles for the same voltage conditions, i.e. if 

Chevron actuator 1 gave a displacement of “X” microns for voltage V1, after a number of 

actuation cycles for the same voltage V1, there would be a different displacement X2. 

This can be studied using the NI Vision software, wherein an edge is drawn on the 

actuator’s output and it is sequentially tracked for different number of cycles. 

The images are stored in a default PNG format but they can be converted if 

needed. The current image is the image that was taken after the set number of cycles 

before going to the second set. It is very helpful in cases where the experiment needs to 

be stopped if the device has failed due to fatigue or burning. 

Since this experiment requires a very careful analysis of the image, a better 

magnification optical light microscope is used to view the device. A Dino eyepiece 

camera with Olympus optics is described in the hardware section. 
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5.8.2 Code description 

Similar to the previous VI’s this VI is also split into sections for easier understanding. 

However, these are just the building blocks and custom VI’s are written to every device 

based on the client’s requirements. 

Section 1:  Section 1 is the initialization of the Keithley 2400 source meter and the USB 

camera. The address of the Keithley 2400 is specifies in the Initialize block for it. The 

drivers for the Keithley 2400 were obtained from NI’s website, but they are supplied 

originally by the manufacturer. The mode of operation (voltage/current source) and the 

voltage/current values are chosen at this stage and they cannot be changed in the later 

part of the program. Also, the USB camera is initialized. It is very similar to the IMAQ 

VI’s discussed earlier. 

Section 2: Section 2 consists of the VIs for initializing the Agilent waveform generator, 

voltage of the pulse, number of cycles that need to run, and frequency of the signal. 

Section 3: Section 3 consists of the read VIs of the Keithley which can read the voltage, 

current, and resistances all at the same time. It is used in detecting any problems in the 

circuit (like a blown out transistor). It also consists of the image capture/save VI of the 

USB IMAQ. The image path is already specified and the current image is also updated 

after saving it. There is also a section that keeps a track of the number of cycles 

completed in this program. 
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Figure 61: Block diagram of the Characterization Lab VI. 

 

 

 

 

 

 

 

 

 

Section 4: Section 4 consists of the VI’s that can safely close all the instruments, i.e., 

the function generator, Keithley 2400 source meter and the camera. 
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Figure 62: Front Panels of a Server and Client vi running on the same computer. 

 

CHAPTER 6 

This section shows the method to publish a VI on the Internet using LabVIEW’s Web 

Publishing tools. Initially, in the very first version of the Remote Lab the TCP 

(Transmission Control Protocol) VI’s were used to construct the system. The following VI 

shows a standard LabVIEW example of a Server and Client VI. 

 

The above VI is running on the same computer, but it was found to be working on a LAN 

(Local Area Network) by keying in the IP address in the “address” field. The port was 
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also made the same, but, there were problems when connecting from a different Internet 

source outside the university. This greatly reduced the usability of the system. 

Later on, however, as the next stage there were two options  

a. Use Remote Front panels 

b. Use LabVIEW’s “Web Publishing Tool” 

Using the Remote Front Panels seemed like a very good option, but the number of 

panels was limited to five with the academic license at the Texas Tech University. This 

was deemed to few. The only option left was using the Web Publishing Tool. Also, in this 

work it was noticed that the best option was to use a small VI as the startup VI made the 

feed better from even a slow internet connection as it took less time to download the 

panel (hypothesis). With these observations in hand, a “Credential Checking vi” was 

used as the startup VI. 

6.1 Steps used in publishing the VI 

Step 1: The Web Publishing tool can be found under the “Tools" as shown in Figure 63.  

 

 

Figure 63: Web Publishing tool setup. 
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Figure 64: Settings for the web publishing 
tool. 

 

Figure 65: Definitions of the name for the 
web page. 

 

Figure 67: Confirmation of the saved 
URL. 

Step 2: Once the web publishing tool is selected, the password.vi is selected from the 

dropdown box and the option “Request control when connection is established” is 

selected. At this stage, the button “Preview in Browser” should not appear grayed out. If 

it does, the web options need to be changed. 

Step 3: In the next window, the title name, header, and the footer of the web page are 

selected. 

Step 4: In this step the name of the page is given. To keep it easy, spaces should be 

avoided because the spaces are substituted by % in the final web page. The filename is 

“fullaccess.” Thereby, the URL generated is http://129.118.26.173/fullaccess.html. 

 

 

Figure 66: URL generated for the web 
page. 

http://129.118.26.173/fullaccess.html
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Step 5: This is the final step for the web publishing. The URL is generated and a pop-up 

window appears which denotes that the file is created in the root directory with the 

filename selected. It also displays options either to “Connect” or “OK”. 

6.2 Video Transmission 

6.2.1 Challenges in MEMS Video Transmission  

MEMS video transmission is complicated because there are many challenges to 

consider including: 

Magnification: 

Capturing the MEMS device in the range of hundred’s of microns requires a microscope 

with a camera. 

Optics:  

Since objects needed to be magnified, there has to be optics associated with focusing 

the devices and also they should be easy to re-focus 

Frame Rate:  

Frame rate is defined as the frequency at which a motion capture device (camera) can 

capture a feed. It is expressed in “Frames per Second” (fps). The system utilizes 

cameras with frame rates around 30 fps; better than what the human eye can process 

(10-12 fps). 

Stability of the chip:  

The event of the chip moving out of plane, even a little due to disturbances in the 

surroundings, can render it difficult to view. This was addressed by fixing the chip using 

screws to the optical platform on the XY-Stage. 
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Figure 69: Front panel of the IMAQ VI. 

6.2.2 Block diagram of Video Transmission used in Remote MEMS  

 

6.2.3 Method1: Using IVS-IV-CCAM2/ Ni Vision 

 

Server Setup:  

In this method, a LabVIEW VI is 

scripted to capture video feed of the 

MEMS device. An illumination source 

had to be present outside of the 

camera to show activity of the chip. 

The VI used is shown in Figure 69. 

The front panel looks like: 

Description of the code: The first VI is the IMAQ initialization VI in which an interface 

name is specified. It is connected to an IMAQ grab setup VI that can grab images 

 

Figure 68: Block Diagram of Video Transmission used. 
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Figure 70: Block diagram of the camera video 
capture VI. 

 

continuously.  The next VI is the IMAQ Create VI which can create a temporary memory 

location for the image. The next VI in the chain inside the while loop is the IMAQ Grab 

Acquire VI which is used for high 

speed image acquisition. The 

output of the IMAQ Grab Acquire VI 

is saved as an image that can be 

viewed in the front panel and by the 

remote user. Once the VI exits out 

of the loop due to a true condition 

given by the “STOP” button, the IMAQ dispose is used to delete the image stored 

previously in the temporary memory by the IMAQ create VI and frees up the memory. 

The IMAQ close VI is used to close the communication link between the IMAQ card and 

the camera. As many previous examples above, a simple error handler is used in case 

an error occurs into the system. 

Client Setup: 

Once this VI is ready and free of errors, it is published on the internet using the Web 

Publishing Tool and web links are generated. The client needs to download Vision Run 

Time Engine software which can be downloaded from National Instruments website at 

http://joule.ni.com/nidu/cds/view/p/id/1251/lang/en 

(provided to the client). After that the client needs to restart the computer and click run to 

watch the video feed. 

Reason to discontinue use of this system:  

Extra Software: Already, we have made the client download a LabVIEW Run Time 

Engine software. Now, installing two programs seems burdensome. 

http://joule.ni.com/nidu/cds/view/p/id/1251/lang/en
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Slow transmission: From the survey results, it was clear that the video feed was 

delayed by 1-2 seconds for a client with the best internet speed and even worse for 

clients with slower speeds. 

Mobile/Mac: The video feed is not accessible from mobiles or other computers. 

VI with a VI: Since the video feed was also a LabVIEW VI running a control vi and a 

video vi at the same time and transmitting data from both can actually consume more of 

the server resources. 

Multi clients: One of the reasons to develop this system was to take it to classes where 

a teacher can be a controller and there can be many people watching it. In the above 

method, there can be only one viewer at a time thereby limiting the accessibility of the 

system. Even though other screen grab/transmit software was tried, none worked very 

well. 

6.2.4 Method 2 USTREAM Broadcasting 

Due to the above four reasons, a more powerful approach was sought which is 

described below. In this approach, an AM413T5 Dino-Lite Pro digital microscope was 

used which can be interfaced to online broadcasting servers such as USTREAM. 

USTREAM: USTREAM is an online site in which users can upload and broadcast 

video/sound. A channel has to be created to transmit videos online. The channel used is 

“ttumemslab.” Broadcasting can also be done using Adobe Flash Media Live encoder for 

better results. 

The USB camera was directly usable by the USTREAM broadcasting window. 

However, using Adobe’s tool just made the feed even better. 

Settings used by Adobe Flash Media Live Encoder: The version used by the TTU MEMS 

Remote Lab was Adobe Flash Media Live Encoder 3.1. It can open XML files. Thereby 
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Figure 71: Main window with settings for Adobe Flash Media Live 
Encoder. 

 

Figure 72: Transmission progress window with server and client 
video. 

the XML file 

corresponding to the 

channel has to be 

downloaded from the 

USTREAM website. 

Main window: The 

main window can 

detect the camera 

automatically, Under 

Open profile in the 

File Menu, the XML 

file downloaded has 

to be opened and the 

setting of the camera 

must be adjusted. 

The transmitted feed 

used was 640x480 

because it was of 

reasonable clarity. 

The frame rate was 

changed to 25fps 

even though the 

active video feed 

transmitted was 

around less than 20fps. 
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To skip an extra step later by manually selecting the broadcast from the 

broadcaster window, The statement “Offline” can be deleted and once connected the 

stream can be started directly, which looks like the window in the bottom. 

The window shown in Figure FF also shows the server window (which would actually be 

the client to the Remote Lab) and the statistics of the connection, frame rate, duration of 

the video, and the bit rate of the stream. This window has to remain open in order for the 

stream to be transmitted. 

Advantages of this method: 

1. Faster data transmission allows better live experience. 

2. Broadcasting method supports many users at a time and is similar to watching a 

sport channel on the internet. 

3. Video feed is accessible from mobiles, smart phones, etc. 

4. Smaller load to the server at TTU. 

5. Most importantly, no additional software is required to view the feed. Most 

computers have the capability to view sites like USTREAM, Youtube, etc. with a 

flash player plug-in in their browsers that is sufficient. Also, Google Chrome 

already has a built-in flash player in. 
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CHAPTER 7 

 

MEMS FOR DISTANCE EDUCATION FOR MEMS STUDENTS, 

RESEARCHERS 

7.1 RESULTS 

This system was tested for two semesters and after initial success and with more refined 

video transmission, the system was integrated in MEMS 1 course and also was 

extensively used in the Graduate level Introduction to Microsystems 1- Distance Course. 

The delivery was good as students from the various parts of the US got to perform the 

same labs that local students got to perform. From the way they progressed through the 

course, the system implemented has shown good impact on the students, wherein the 

students were using the knowledge obtained in the lab sessions to construct their design 

projects. The distance students performed five different experiments consisting of three 

electrothermal actuators (two chevron/bent-beam actuators, a pair of microgrippers) and 

two electrostatic actuators (high performance comb drive and TRA). Meanwhile, the 

local students performed one experiment in the Remote Access system to see if it was 

more convenient doing experiments from home rather than at the lab. Surprisingly, there 

were students who preferred to do experiments from home rather than in the lab. An 

optional survey was also provided to see what the student’s feedback was. The following 

results show the survey results of two different years the system was used. 
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Figure 73: Feedback from users of the remote MEMS lab-Summer 2011(█) and Fall 
2011 (█). 

 

The sample was eleven students from Summer 2011 semester and twenty four 

students for the Fall 2011 semester. Based on the user input, the average internet 

connection of the entire sample was around 6Mbps. As explained in the earlier sections 

of this thesis, a better feed was observed when transmitted through USTREAM-> Adobe 

Flash Media Live Encoder rather than transmitting the feed through a separate LabVIEW 

VI. Using broadcasting services like USTREAM not only reduced the to-do list at the 

client end by installing additional software but also made it easy in delivering MEMS feed 

to a larger audience. 

7.2 USTREAM METRICS 

The channel http://www.ustream.tv/channel/ttumemslab is a dedicated MEMS channel 

used for broadcasting the Remote Lab. Also, to better understand the results, the 

“Metrics” from the USTREAM video feed was also captured. 

http://www.ustream.tv/channel/ttumemslab


Texas Tech University, Gautham Ramachandran, August 2012 

 

71 
 

 

From Figure 74, the data shown consists of purely the second transmission method 

using a USB camera. The metrics for the CCD camera transmission is not possible to 

plot. The data also shows a relatively large number of audience for a semester of 123 

unique viewers and around 185.1 viewer hours. It also has a large number of views of 

237 people. Out of 123, probably more than half of them were students who used the 

system also the word spread and many people liked to try the system too. 

7.3 MEMS as a teaching tool 

MEMS researchers like the use of MEMS for educational activities. Apart from 

developing simple labs on a single MEMS chips, we also design many educational  

 

Figure 74: USTREAM statistical data of the channel. 
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devices to give school children a feel for the MEMS world and also teach them about 

gears and other engineering concepts. One pertinent example was the design and 

fabrication of the world’s smallest Pedaling Human – “Micro-Lance” (µ-Lance is named 

after the legendary biker Lance Armstrong) that fits in a dimension of 540 X 570 µm 

without the motor. [24] 

The above design consists of a gear train of 5 gears and a leg that mimics pedaling 

action. The design makes use of all the polysilicon SUMMIT-V layers. 

This device has the capability of teaching the joints and electrostatics to school 

students. Also, at a higher level, the speeds of the gear trains can be calculated with 

respect to the frequency of the TRA and convert the distance covered by the µ-Lance 

until the failure of TRA and come-up with approximate ratcheting events required to 

complete the Tour de France. 

 

Figure 75: SEM image of a “Micro Lance” a MEMS biker. 
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From the above statements it is clear that explaining the micro phenomena is 

made easier by using intuitive designs and really encourages people to explore 

MEMS/nanotechnology. 

 

7.4 LabVIEW Based Instrumentation for Beginners 

On a slightly different note, most of the work in this thesis explores LabVIEW based 

instrumentation for MEMS. Since MEMS devices for education was accomplished by 

using Remote Labs, interesting designs, the stone unturned was LabVIEW.  

So a minor project (work in progress) was using LabVIEW to encourage graduate 

students to use some of the High Precision Instruments like the Keithley 2400 Source 

meters, Keithley 6485 Picoammeters, Agilent 34401A 6.5 Digit multi-meters. The front 

Panel is shown below: 

 

 

 

 

 

 

 

 

 

It was observed in a graduate level class that many graduate students were not 

familiar with electronics equipment that are being used in industry all the time. Rather 

than using equipment that are of high precision, students started using low-end 

    

Figure 76: Front panel of a very intuitive LabVIEW VI for a Keithley 2400. 
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equipment to measure the same quantity and come up with values that are not very 

accurate because of less complicated operation. This scenario was demonstrated many 

times during demonstration sessions, wherein the same output was measured with low-

end equipment (a simple DAQ/ multimeter) vs using these higher-precision instruments. 

Thereby, in order to bridge the gap between the students and these instruments these 

VI’s seem to be a potential solution. The VI called Main Caller.vi allows the user to select 

the address and the source mode (voltage or current) and then proceed to next step. In 

the subsequent VI, by entering the values of voltages and the corresponding compliance 

values, real time values are changed on the equipment. Also, real time measurements of 

resistance, voltage, and current at the pins are also measured. There are even safety 

features on this equipment to name a few: 

1. Unless the address is confirmed the Voltage, Current and the Exit buttons are 

grayed out to avoid confusion with multiple equipment. 

2. Any voltage above 50V is considered lethal and there is a bulb that blinks on 

when crossing the threshold. 

3. On clicking the “Home” button, the voltage is turned to zero and clicking the “Exit” 

button turns the instrument off. 

4. Work is in progress to add some more features to make it an executable and 

build it in such a way that the user can’t close it accidentally or on purpose, left 

with only option of safely exiting the software and turning off the equipment. 
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VIII. CONCLUSION 

This work describes the development and implementation internet accessible MEMS 

Labs. The Remote Devices Lab as well as the Characterization Lab utilized the Class on 

a Chip power supply, source meters, microscope camera, and multi-device MEMS chip. 

The system is functional and has been a very useful and reliable tool in delivering MEMS 

outside the research lab. The MEMS chips used was made through the SUMMiT-V 

process with about 16 accessible devices. A computer controlled XY stage is used to 

navigate around the chip. The Full Device Access Lab is a good demonstration and 

exploration tool, while the Experiments Lab is more of a teaching tool of the basics of 

relationships between voltage and displacement. The Characterization Lab is purely a 

research lab that can be used to study the life of the devices and other reliability based 

failure mode of a device. The USTREAM video feed has greatly decreased the load on 

the server and the video transmission was improved. 

 FUTURE WORK 

From the feedback obtained from users of the system and also by observing on how 

client use the Remote Lab, it definitely opens new avenues and possibilities. Some of 

them are: 

Interactive Speech Control: We are developing speech control for the Remote MEMS 

Lab. As of now, we have developed a VI that can detect a speech command at the client 

side and use Transmission Control Protocol from LabVIEW that can send the speech 

commands to the server. The server in turn activates the appropriate device and runs it 

at five different frequencies with indicators denoting the particular frequency. Work is 

being carried out to make it accessible from any location as this VI works currently only 

on a Local Area Network (LAN).  

&
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Newer Devices: Now that the system has a lot of functionality, as a part of making it 

even better,  new devices are planned that can be used to augment the existing devices. 

Additional Power supply: We plan to make a PCB with three terminals for connecting 

three different power supplies. The effect of that would be we can achieve 24 accessible 

devices even though the software gets more complex. 

Mail attachments: In the characterization lab, the images of the devices have to be sent 

manually to the student by someone who is present in the lab. Our intention is to make it 

automatic where in after the LabVIEW GUI (graphic user interface) has executed, the 

pictures can be sent automatically. 

Autofocus: There exists a possibility that a client may be interested in zooming in/out of 

the images to get a better understanding of the device. To achieve this, the camera can 

be mounted on a stage in the Z direction. The idea is that the chip moves on X and Y 

and the camera in Z. Since ESP 300 can control three axes, there is a very high 

possibility that this could be achieved sooner than expected. The issue could be 

focusing the device automatically when zoomed in as the focus will change once the 

camera moves closer/away from the chip. 

NI based vision tools: Including NI based vision tools in the system for better image 

analysis is a huge step and a very good option. In the characterization lab, it could be 

used to make analysis of images on the GUI itself as in the remote lab, and it can be 

used to skip the device (disable the button) if it has been fatigued and will not work as it 

was originally built for and also alert the lab manager to changes to the device. 

Accessibility form smarter devices: The video feed can be accessible from a 

smartphone due to USTREAM, we would also like to make the VI accessible from an 

iPad/tablet too. We plan to create an application (app) that can connect to the system 

and actuate the device by using the touch interface on the screen of the client device. 
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Figure 77: Chevron actuators. The top device 
has a standard displacement gauge, while 
the bottom one uses a pivoting pointer that 

amplifies the displacement for easier 
measurement.  

 

Figure 78: Bridge expansion joint. 
http://www.schenectady.k12.ny.us/users/p

attersont/IBDT%20Website/Page_Generators/Ex

pansionJoint.gif 

APPENDIX  

Sample Lab manual for Electrothermal Actuator 

 
 Electrothermal Actuators I 3 

Objectives Teaches operation of electrothermal MEMS device 

Device(s) Chevron actuators (#2 and #9) 

Apparatus Class on a Chip System 

Microscope 

 

OBJECTIVE: To investigate the thermal 
expansion and heat flow through a micro-
electromechanical system (MEMS) 
electrothermal chevron actuator by 
conduction.  
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BACKGROUND: Microelectromechanical Systems are the technology of the very 

small. Devices range in size from microns to hundreds of microns (1 meter = 

1,000,000 microns [μm]). The chevron actuator is a symmetric structure which 

consists of long thin arms that are connected to a central beam (Figure 1.) When 

a voltage is applied across the arms, electrical resistance causes the arms to 

heat up (Joule heating) and expand, producing motion in the direction the 

chevron is pointing. 

The displacement of the chevron will depend on a number of parameters 

including: the length, width, and thickness of the arms as well as the bend angle 

of the arms.  The two chevron actuators shown in Figure 1 are not touching the 

surface of the chip. Bond pads on either side allow the electrical power to be 

applied. 

The chevrons will visibly move once a sufficient temperature has been achieved 

due to the thermal expansion. Thermal expansion occurs when the volume of an 

object expands or contracts in response to temperature change. At the 

macroscale, this phenomenon is very important for construction of highway 

bridges. Highway bridges utilize expansion joints to allow for length changes. 

Bridges are constantly exposed to the elements and will expand and contract 

depending on the ambient temperature and the magnitude of sunlight being 

absorbed. The gaps allow sections of a bridge to expand and contract, 

minimizing cracking, and thereby extending the life-span of the structure. Figure 

2 shows a typical bridge expansion joint.  

Theory and Equations  

A material known as polysilicon is used to construct the chevron actuator. 

Polysilicon is simply a disordered phase of silicon with short range crystal order, 

but not long range order. The coefficient of thermal expansion, 2.5 micro-

strain/ºC for polysilicon, is used in the equation to find the change in length as a 

function of temperature.   

ΔL = LoαTΔT             {Equation 1} 

where L0 is the initial length, αT is the coefficient of thermal expansion (for 

polysilicon, αT = 2.5 x 10x10-6/ºC), and ΔT is the change in temperature. If all 

three factors are known, the thermal expansion distance (ΔL) can be determined.  
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Example: 

A 200-µm long beam is anchored to the substrate at both ends.  The temperature 

of the beam is raised by 500 °C.  The beam is 2.5 µm thick by 6 µm wide and is 

made of polysilicon. What is the expansion? 

Solution: ΔL = LoαTΔT 

  ΔL = (200 µm) (2.5 x 10-6/˚C) (500˚C) 

  ΔL = 1.25 µm 

The actual displacement of the chevron actuator is more complicated than this. 

The arms are at an angle and buckling of the arms can increase the effective 

displacement. The width and thickness of the arms will also govern the amount of 

displacement. 

Experimental evaluation of Chevron motion 

Procedure: Using the Class on a Chip System, Find Chevron Actuators #2 using 

the microscope. Run software and choose Chevron #2. Using the GUI, apply 

voltages from 0 – 13V in 1 volt increments. By watching the pointer traveling 

along the displacement scale, measure the displacement at each voltage. Does 

the pointer start at 0 displacement? If not, the initial position needs to be taken 

into account when determining the displacement. Repeat for Chevron #9. 
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Name_______________________ Date___________________ 

Grade______________ 

Compile a chart of displacement vs. voltage for Chevron_________. 
 

Voltage [volts] Displacement [µm] 

0  

1  

2  

3  

4  

5  

6  

7  

8  

9  

10  

11  

12  

13  

 

Plot a graph of displacement vs. voltage. Comment on the trend of the data, i.e., 

is it a straight line, parabolic, something else? 

 


