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CHAPTERI 

INTRODUCTION 

In the semiconductor industry, the number of transistors per integrated circuit is 

doubling about every 18 months [1]. This rapid increase of technology is driving devices 

to be smaller and faster and causing the instruments used to test these devices to become 

more complex, more expensive, and more specialized. The window of opportunity, to 

get a part to market with a decent market share, is also getting smaller and smaller as 

semiconductor technology and testing technology continue to develop. This short time 

span is one of the driving forces behind increased competition between semiconductor 

companies, and their race to get a part to market first. 

The process of bringing a new integrated circuit or chip to market is partially 

dependent upon labor-intensive and time-consuming testing in the laboratory with 

individual pieces of equipment, called bench testing. Repetitive bench testing must be 

done to completely characterize the electrical parameters of a new device. Bench testing 

can tie up the resources of a company for weeks on end. Bench testing involves taking 

the DC, AC, and Z-state measurements for each electrical parameter that will be present 

within the tested device's datasheet. These measurements must be taken numerous times 

on many devices of the same type, and are, arguably, one of the most time-consuming 

elements of bringing a part to market. Any process designed to reduce the resources 

required for such a task becomes inherently valuable. Such a process involves 

automating as much of the bench testing procedure as possible without restricting the 

types of testable devices. This thesis discusses the development of a bench automation 

system designed to perform the repetitive measurements required for a part to reach 

market with a reduction in the resources needed to complete such a task. 

Chapter II provides a more in depth discussion of the processes of the correlation 

and characterization of a device. The types of devices that are used with the specific 

bench automation system discussed here are presented, as well as the advantages and 

disadvantages of implementing such a system in a bench testing procedure. 



The technologies combined for the system are discussed in Chapter III. This 

includes the test and measurement instruments used in the system, the programming 

languages to control them, and the interfaces to communicate between the main user 

interface and the test and measurement instruments. The lEEE 488.2 and lEEE 1394 

standards are discussed as well as how VISA, GPIB, SCPI, and Firewire are being used 

together to make this bench automation possible. 

Chapter IV is an explanation of the main user interface and how it can be used to 

control every piece of equipment installed on the bench automation system. This chapter 

presents both the manual and automatic user interfaces as well as the text-based 

programming language used to control the automatic portion of the interface. 

Data coUected with the bench automation system, as well as the program written 

to collect the data, is shown in Chapter V. This shows that the bench automation system 

can collect data in a fast, repeatable manner with minimal resource allocation required by 

the company. To be succinct, the company wiU save money and have more resources 

available for other tasks at hand. 

Chapter VI shares the author's conclusions made via reviewing the data that was 

collected and discusses future work in the area of bench automation. 



CHAPTERII 

TESTING 

Correlation and Characterization 

An electronic, semiconductor device must be both correlated and characterized 

before it can be brought to market. To correlate a device, the same tests performed on an 

automated tester (ATE) are performed on a bench setup until the values for the 

parameters match, within reason, between the bench and the ATE. An ATE is a 

standalone machine that is able to perform all of the tests required to test all parameters 

on the data sheet of a device. A program must be written for each device, and a single 

error in this program could be catastrophic. Failing parts could pass and be sold to 

customers and well as working parts could be scrapped because the machine marked 

them as failures. Another issue the ATE has is that it is full of relays and long cables. 

These relays and cable lengths introduce much unwanted inductance and capacitance into 

the test circuitry for the device. For this reason, it is understood that bench test results are 

more accurate. Bench testing is performed on carefully designed test boards that are 

designed to keep stray capacitance and inductance to a minimum. Cable lengths are 

controUed and more up-to-date equipment is used to measure device parameters. The 

ATE program results are compared to bench test results for AC, DC, and Z-State 

parameters, and the program is altered and bench data is recollected until the data 

coUected by both techniques matches. The parameter values coUected on the bench must 

closely match those coUected on the ATE as well as those collected by the fmal test (FT) 

program. The FT program is the program used to test devices as they are in fiill 

production and being sold to customers. This program tends to only check DC 

parameters, but that can vary between devices. 

The correlation process alone can take weeks and even months. Once correlation 

is achieved, the characterization of the device must be completed. This entails 

performing all of the tests, DC, AC, and Z-state, performed for correlation over muhiple 

temperatures and devices to determine limits that will be placed on the data sheet of the 

device. ATEs are made for testing parts quickly in a production environment. They are 



large, expensive systems built to test numerous types of devices quickly. 

Characterization of a part requires many tests repeated over a number of parts. The type 

of tests may vary widely for different parts. An ATE is not suitable for such a task. 

Therefore, characterization has been lefl to bench testing. The correlation and 

characterization of a device is a very time consuming task flill of repetition. 

Improvements to the Process 

An automated bench setup could be used to perform the characterization tests 

while using the same bench setup used for manual testing. An incorrect bench setup can 

cause the engineer to obtain incorrect values for the parameters measured. A standard 

test setup implemented into a bench automation system could decrease test setup 

differences from engineer-to-engineer and from site-to-site. This could also increase the 

repeatability of the data as well as X-to-X correlation (X representing a period of time). 

Most test engineers record their data in a lab notebook while performing these 

tests. When the time comes to review the data collected, this data must be copied into a 

spreadsheet of some sort whether it be a correlation matrix or a characterization matrix. 

This is another occurrence of where user error can cause confusion. The engineer may 

swap numbers, or write the wrong number entirely, while copying the data from the lab 

notebook to the spreadsheet. This can be a time consuming error because it may cause 

the belief that a parameter is not correlating and lead to unneeded testing or unneeded test 

setup debugging. Bench automation could record all the data it collects into a 

spreadsheet, eliminating the need for a lab notebook for storing data. This could reduce 

the chance of error when copying the data into the correlation or characterization matrix 

because it allows the "copying and pasting" of data from one spreadsheet to another. 

An automated bench setup would not eliminate the chance of error entirely. A 

simple program that the engineer would write prior to testing would control the system. 

If this program contains errors, the data collected could be incorrect or not recorded at all. 

This is not much different from FT or the ATE, but the program written is much simpler, 

and easier to read and debug, than for the ATE. Correlation is meant to "catch" these 

human errors. 



If an error is performed while bench testing, there is usually no record of what the 

engineer did incorrectly and the test is just repeated until data that "looks right" is 

obtained. With a bench automation system, the program that the user writes is a record of 

what was done to obtain a value. If the test was performed incorrectly, it is known what 

was done so it can be an error that is avoided in the fliture. Once a program is written 

and debugged, the test can be performed in the same way, in the same order, over and 

over again. 

An automated bench setup is very similar to an ATE, but is not an ATE. An ATE 

has much more stray inductance and capacitance because of relays and long cables. This 

can affect the AC measurements taken by an ATE. The automated bench setup has a 

much cleaner setup with shorter cables. The ATE also has limitations in its ability to be 

upgraded. A single part cannot be easily upgraded on an ATE and purchasing a new 

multi-million dollar machine is a problem. A bench automation setup can be very 

modular. Measurement instruments can be upgraded and swapped out to evolve with the 

devices being tested, and more measurement instruments may be added to the system if 

needed. A bench automation setup could be altered to test any type of device that can be 

tested with a bench setup. For AC measurements, bench data is assumed to be much 

more accurate than data that is collected with an ATE. Bench automation is not meant to 

replace an ATE, but to reduce the cost and time put into the testing of a device on the 

bench. 

It is not planned to have the bench automation system replace the ATE. ATE's 

are less accurate, but they are much faster than the bench automation system. The 

devices are fed into the ATE automatically, and sorted into bins depending on the 

passing, or the type of failure, of the device. ATE's are located around the worid and test 

every device that comes off the production line. The bench automation system is too 

slow to handle such a task. 

Testing Procedures and Devices 

Today, bench automation is being used across the semiconductor industry to 

expedite the process of releasing new devices to market. However, each of these 



preexisting setups are very specific in nature and do not work for a large population of 

types of devices. By their nature, bench setups are specific to a family of devices. Many 

of these bench setups can and have been automated to one degree or another. However, 

there is no information available that describes how to develop a generic automated 

bench IC test system. This thesis describes the development and implementation of a 

skeletal framework to automate the testing of any type of device (based upon the 

measurement devices connected to the system). 

Factors determining the implementation of this system include cost and 

equipment availability. Test equipment is very expensive and for that reason, quite 

difficult to acquire when the economy is slow. Although other test instruments may have 

been better for the task at hand, there was a forced limitation to use preexisting 

equipment. Using already available equipment saves money. 

As this system was designed and implemented, current test procedures had to 

continue as usual. This restriction forced the sharing of equipment between the bench 

automation system and the normal test setups, slowing down and sometimes pausing, the 

development of the system. The equipment in the lab where the system was designed 

was used to test various interface devices. 

LVDS and HVD Standards 

There are many types of interface devices, but the devices used in this study 

adhere to two standards: the LVDS standard and the HVD standard. LVDS stands for 

"Low Voltage Differential Signaling." The LVDS interface is used to minimize 

electromagnetic interference with other signals as well as allow for high-speed data 

transmission while allowing simple inversion of the signal being transmitted. The 

recommended maximum limit of LVDS is 655 Mbit/s, but by utilizing a parallel bus 

architecture, the obtainable bit rate can be stretched into the Gbit/s range. As shown in 

Figure 2.1, an LVDS interface circuit consists of a generator, a balanced interconnecting 

media, and a load. 
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Figure 2.1: LVDS Interface Circuit [2] 

The electrical characteristics of the generator can vary, but all LVDS generators 

(drivers) output a balanced source that terminates across a 100 Ohm resistor (ZT) located 

at the receiver end of the circuit. This is shown in Figure 2.2. The state of terminal A 

will always be opposite that of the B terminal when sensed at ZT. The waveform seen 

across this resistor is shown in Figure 2.3. 
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Figure 2.2: Signaling Sense [2] 



t20%Vw 
o.evM 

Figure 2.3: LVDS Output Signal Waveform, VA-VB[2] 

The load of the circuit is defmed as the impedance seen between A' and B' and 

includes both the media termination (ZT) and the receiver. The receiver in Figure 2.4 is a 

non-terminating receiver (ZT is separate from the receiver). Non-terminating (LVDS) 

receivers have a high input impedance as well as a small input threshold between 

+/- 100 mV. Terminating (LVDT) receivers (ZT is integrated within the receiver as 

shown in Figure 2.5) have an input impedance that is dominated by the termination 

resistance and have an input threshold the same as their LVDS counterparts. The total 

load of the circuit must lie between 90 Ohms and 132 Ohms. 
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Figure 2.4: Point-to-point LVDS Application with Extemal Termination [2] 
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Figure 2.5: Point-to-point LVDS Application with Intemal Termination [2] 
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All LVDS applications require the use of termination impedances selected to 

match the media characteristic impedance at the application frequency. This is to 

minimize signal reflections, which will have a negative impact on the circuit's 

performance. The actual media of the balanced interconnecting media is not specified 

beyond consisting of a pair of metallic conductors. It just has to maintain the necessary 

signal quality for its specific application [2]. 

With all of the advantages LVDS provides, there is one major disadvantage to 

using differential signaling. Unlike single ended signaling, dififerential signaling requires 

the use of two conductors other than ground. This means that an LVDS device must have 

more input and output pins than a non-LVDS device resulting in a larger die. Therefore, 

an LVDS device is much larger than a non-LVDS device with the same number of 

channels. Despite this disadvantage, LVDS has become a widely used standard in the 

data-communications community [3]. 

The HVD, "High Voltage Dififerential," standard, or TIA/EIA-485 standard, is a 

solution for transmitting data over long distances under high-noise conditions. It allows 

for transmissions of up to 10 Mbit/s with a line length of up to 4000 ft. (To use a cable 

length of 4000 ft, the data rate must be lowered to 100 kbit/s.) The HVD standard 

utilizes differential transmission to reduce noise and can support 32 unit loads (UL) per 

communications bus. One UL is defmed as a load allowing ImA of current with a 

common-mode voltage of 12 V or a load allowing 0.8 mA of current with a common-

mode voltage of-7 V. ULs consist of drivers, receivers, and transceivers. 

Proper cable termination is based upon the performance requirements of the 

application. Figure 2.6 shows a typical multipoint HVD configuration consisting of 

drivers, receivers, and transceivers. To terminate the devices, two parallel termination 

resistors with values of 120 Ohms are placed at both ends of the bus. This placement of 

resistors reduces the reflections across the bus, or transmission lines. 
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Figure 2.6: Typical TIA/EIA-485 Application [5] 

The reduction of reflections leads to optimum signal quality across this muhipoint 

system, allowing for higher data rates as well as the ability to use longer cables. Another 

advantage of HVD is that the entire system can be powered by a single +5 V power 

supply. This reduces the need for a separate power supply for each drop along the bus, 

which, in tum, reduces the cost of the system. A disadvantage with the multipoint system 

is that the long stub lengths to each drop reintroduce some of the reflections back into the 

bus. The addition of the termination resistors also increases the power dissipation of the 

drivers. Despite its disadvantages, the TIA/EIA-485 is the industry's most widely used 

balanced transmission-Iine standard [4, 5, 6]. 

AC and DC Measurements 

For this study, the bench automation system is used to measure five device 

parameters: rise time (tr), fall time (tf), rising edge propagation delay (tpL ), falling edge 

propagation delay (tpKL), and power supply current (Icc). The skew of the device is 

calculated from the values collected for the rising and falling edge propagation delays 

according to Eq. 2.1. 
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I tpLH - tpHL I - skew (2.1) 

The fall time of a device is the time it takes for its output to fall from 80% of its 

high level to 20%, or 90% to 10% depending upon the device's data sheet specifícation, 

when the input goes from a high to a low, while the rise time is the time it takes to rise 

from 20% to 80%, or 10% to 90%, on the output when the input goes from a low to a 

high as shown in Figure 2.7. For the device used in this study, these values were in the 

nanosecond and picosecond ranges. 

Figure 2.7: Output Waveform of Device Depicting Rise and Fall Times [7] 

The time that it takes for a device to respond to an input signal change is the 

device's propagation delay. The rising edge propagation delay is measured between the 

50% marks of the input and output rising edges, while the falling edge propagation delay 

is measured between the 50% marks of the input and output falling edges as shown in 

Figure 2.8. It is desired to have rise times, fall times, and propagation delays as short as 

possible. 
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Figure 2.8: Input and Output Waveforms of Device Depicting Propagation Delay [7] 

There are two measured power supply currents; one with the device enabled, and 

one with the device disabled. They are both measured the same way. A small current is 

always desired here because the input current is directly proportional to the power the 

device consumes. In this market, the design goal is a fast, low-power device. The bench 

automation system was developed to accurately perform these measurements [7]. 
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CHAPTER m 

TECHNOLOGIES INVOLVED 

As shown in Figure 3.1, an automated bench setup must be comprised of many 

different technologies: control software (blue), test and measurement instmments 

(yellow), and the interfaces that connect them (red). In this research, the main control 

point of the bench automation system is a personal computer executing a graphical user 

interface (GUI) built with the control software, in this case, National Instmments 

LabVIEW. This computer is connected to various test and measurement instmments via 

a communications interface. For the bench automation system created, this is either a 

GPIB or Firewire interface due to the interface limitations on the test equipment itself 

The bench automation system uses its control software to send commands through the 

communications interface to operate the test and measurement instmments. 
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I 
a 
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\ 

PCrunnmg 
LabVIBW 

HP DC Power 
Supply 

HP DC Power 
Supply 

Keithley Digital 
Multímeter 

HP DC Power 
Supply 

Figure 3.1: Block Diagram of Bench Automation System 

LabVIEW is one of the many software choices available to create the control 

software. LabVIEW was chosen for this study because it was readily available. It is an 

environment for application development. It is programmed graphically and allows for 

data acquisition and presentation, instmment control, and motion control [8]. For the 

scope of this project, LabVIEW is not being used for motion control. LabVIEW is used 
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to create and execute the user interface for the bench automation control point as well as 

to defme how the user interface interacts with the hardware. It is also being used to write 

drivers for the various test and measurement instmments. Without drivers, the test and 

measurement instmments can not be controlled via the GUI with a called subroutine. 

Great care must be taken to make sure that the control software code is written in such a 

way that it allows for relatively easy expansion and understandability in the future. 

Using various levels of subroutines, this can be achieved. 

Standard Commands for Programmable Instmments (SCPD 

SCPI was originally developed within Hewlett Packard (HP) based on signal 

parameters and a universal instmment block diagram for HP devices. SCPI is the test and 

measurement language standard of the industry. It is a programming language for test 

and measurement instmments across vendors, and it contains command subsystems that 

control an instmment's fiinctions and settings to various degrees. SCPI is designed to 

allow for new commands, controUing fiinctions to be added whenever the instmment 

vendors see fit. As new commands are added, the standard grows to cover larger 

segments of the test and measurement industry. 

To clarify, the MEASure command configures and reads data fi-om an instmment. 

":MEASure:VOLTage:AC?" (lowercase text not required) when interpreted by the 

instmment, causes the instmment to select the correct settings and confígure its hardware 

for an AC voltage measurement, perform the requested AC measurement, and pass that 

obtained value to the system controller. The command can be changed to 

":MEAS:VOLT:AC? 20, 0.001" to have the instmment perform the same tasks, but make 

the AC measurement on a signal of around 20 V with a 0.001 V resolution A simple 

command can have an instmment perform a simple task, while using a little more 

complicated command can have an instmment perform a more complicated task. This 

shows the various degrees of instmment control that SCPI allows. 

Removing the need to learn a unique vocabulary per instmment, SCPI allows for 

a shorter programming time for users of programmable instmmentation. The linearity of 

simple text commands make SCPI programs very understandable and maintainable while 

14 



greatly simplifying the exchange and upgrading of instmments. The automated bench 

system takes advantage of these benefits and uses SCPI across either a Firewire or a 

GPIB interface to control the test and measurement instmments attached to the system 

[9]. 

Measurement Instmments 

The automated bench setup utilizes a variety of test and measurement 

instmments: stimulus devices, power supplies, temperature control devices, and 

measurement devices. All of the devices chosen are either GPIB or Firewire compatible, 

and all devices chosen can be controlled via SCPI commands across their respective 

interfaces. The devices discussed are devices that were used in the prototype bench 

automation system. These devices may change for different device characterization 

setups or may be upgraded to better, more accurate, devices. 

To test any interface device it is required to provide the device power, input a 

stimulus to at least one channel, and measure values from the output of that stimulated 

channel. Some of the current devices contain sixteen differential channels, and fiiture 

devices are planned to have more channels. For this reason, the stimulus device chosen 

was an HP 81200 C-size VXL mainframe with 20 differential output channels (generator 

modules) with a frequency range of 1 Kbps to 660Mbps. It supports retum-to-zero (RZ), 

non-retum-to-zero (NRZ), retum-to-one (Rl), and differential-non-retum-to-zero 

(DNRZ) signal formats with a voltage range of-2.2 V to 4.4 V per output channel. Each 

channel is set independently and can have a maximum of 3.5 V between its high and low 

voltage values. TheHP 81200 VXIhas a GPIB communications interface. Newer 

interface devices mn in the gigahertz range, and the HP 81200 generates outputs at too 

low a frequency for these devices to be properiy tested. Therefore, a higher speed 

version of the HP 81200, the HP 81250 C-size VXI mainframe with 3 differential "high-

speed" output channels (generator modules) and a frequency range of 334 MHz to 

2.666 GHz, is used. It supports NRZ and DNRZ signal formats as well as has a vohage 

range of-2.2 V to 4.7 V. Each channel is set independently and has a maximum vohage 

swing of 3 V. The 81250 contains a Firewire communications interface. The stimulus 

15 



devices are mainframes with expansion slots, and devices inserted in these slots are 

assigned a GPIB primary address [10, 11]. 

The majority of interface devices have more than one input and output channel 

that must be tested. Measurement instmments must either be connected to each output 

channel requiring one of each type of measurement instmment per channel, or the bench 

automation system must be able to switch the various measurement instmments between 

channels. Having each type of measurement instmment on every output channel is not 

cost eíFicient, so the switching solution is implemented in the bench automation 

prototypes. The bench automation system controls relays to switch the measurement 

devices between the output channels. Filling four of the VXI's expansion slots are two 

VXI-RMR46 Quad 6x1 DC-18GHz Microwave Module relay matrices (two slots per 

relay matrix). These matrices are used to switch the output pins on the tested devices 

between the various measurement instmments. The relays each have embedded 

intelligent controUers as well as can be controUed independently via a fast register-based 

control. The connectors on each relay are compatible with standard SMA cabling. SMA 

cables are used for all signal lines within the bench automation system [12]. 

The Tektronix TDS8000 Digital Sampling Oscilloscope performs all of the AC 

and Z-state measurements on the automated bench system. It has eight input channels 

with SMA connectors so no adapters are required to input single-ended signals. For the 

differential signals, however, a Tektronix P6248 1.7 GHz differential probe is used. The 

TDS8000 has a lOin color touch screen display as well as the ability to perform a wide-

variety of measurements displaying histograms of the data collected. The TDS8000 has a 

GPIB communications interface [13]. 

The DC measurements on the system are obtained using a Keithley Instmments 

Inc. Model 2000 Muhimeter. This muhimeter delivers 50, triggered, six-digit 

readings/sec over the GPIB bus, and has the ability to read up to 2000 readings/s into its 

internal buffer. It has a DC voltage accuracy of 0.002% and a basic resistance accuracy 

ofO.008%. ItcanmeasureDC voItagefromO.l uVto 1000 V, DC current from lOnAto 

3 A, AC (RMS) vohage from 0.1 uV to 750 V, and AC (RMS) current from 1 uA to 3 A 

as well as measure resistance, frequency period, dB, dBm, continuity, diode testing, 
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mX+b, temperature, and percent. The meter also can save and recall up to 1024 readings 

and two setup configurations [14]. 

All interface devices require a DC power source. Most devices require up to 

3.5 V while others require more. To accommodate all tested devices, three power 

supplies are present on the automated bench system: two HP 661IC System DC Power 

Supplies and one HP 6612C System DC Power Supply. These supplies have low ripple 

and noise on the output signals they produce as well as the ability to sink current up to 

30% of the rated current. Vohage and current values can be controlled, and the devices 

have an output current measurement capability in the uA range. Both suppHes are 40 W 

supplies. The HP 661IC has an output voUage range of 0 to 8 V with a current amplitude 

range of 0 to 5 A while the 6612C voltage ranges from 0 to 20 V with a current range of 

0 to 2 A. All muhimeters and power supplies used in the bench automation system have 

GPIBinterfaces[15]. 

Characterizations are generally done over mukiple temperatures to simulate best 

case, worst case, and typical operation; therefore a temperature control unit is 

incorporated into the bench automation system. The Temptronic Thermostream 4000 

with a temperature range of-50 degrees C to 200 degrees C was chosen. By controlling 

the airflow and temperature setpoints, the bench automation system can control the 

ambient temperate of a device under test across the Thermostream's GPIB interface. 

To control all of these test and measurement instmments from one control point 

across a network requires drivers for each device either provided by the manufacturer, or 

the driver must be created from scratch within LabVIEW. The drivers must have the 

ability to control the instmments as if buttons are being pressed, or knobs are being 

tumed, on the actual instmment. They also must have the ability to combine these 

multiple tasks to perform commonly repeated measurements or setups, much like a 

macro. The automated bench setup uses these custom device drivers to control the test 

instmments, set signals to their proper pins on the device, and read measurements from 

the measurement instmments. 
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General Purpose Interface Bus rGPIfí) 

The IEEE-488 bus, or GPIB, was developed to provide a standard interface for 

communicating between instmments from different sources. The interface gained 

popularity quickly and due to its versatility was renamed General Purpose Interface Bus 

(GPIB). (actually, this was the HPIB first and later became 488) Up to 15 devices may 

be connected to one bus with a total bus length of 20m. Devices must be within 2m of 

each other, and may be connected in a daisy chain or a parallel fashion. This is possible 

because the lEEE connector has female receptacles wired in parallel at each connecting 

head to allow for the parallel connection, or the daisy chaining, of devices. 

A GPIB bus consists of listeners, talkers, controllers, and combinations of these. 

In the case of bench automation, only one controller/Iistener/talker (the PC) is used with 

many listener/talker devices. A talker sends the requested data messages to the listener 

while the controller manages the flow of information on the bus (switches talker/listener 

pairs). The devices on the bus are identified by a primary address between 0 and 30, and 

there can only be one talker sending data at a time to one listener. 

The GPIB cable consists of 24 lines: 16 signal lines and 8 ground-retum lines. 

Out of the 16 signal lines, eight are data lines, five are interface management lines, and 

three are handshake lines. The data lines carry both data and command messages. Most 

data is 7-bit ASCII, so the eighth line is not used or is used for parity. To manage the 

flow of information across the interface, the interface management lines are used. The 

state of these lines determine if the information on the data lines is a command or data, 

place devices in remote or local program mode, allow devices to request service from the 

controller, mark the end of messages, and initialize the bus. The active-low handshake 

lines control the transfer of message bytes between the current talker/listener pair. A 3-

wire interlocked handshake (Ready to receive - Data being sent - Correct data received) 

is used to transfer information across the bus. These lines guarantee that data is sent and 

received with no transmission error. 

The IEEE-488.1 standard greatly simplifies the mechanical, electrical, and 

hardware protocol specifícations for the interconnection of programmable instmments. 

IEEE-488.1 does not address data formats, status reporting, message exchange protocol. 
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common confíguration commands, or device-specifíc commands. This led to a vendor-

specific implementation of these items, and incompatibility issues between GPIB devices 

between vendors. IEEE-488.2 strengthened IEEE-488.1 by addressing these problems 

The combination of SCPI and IEEE-488.2 delivers a software standard to use on the 

IEEE-488.1bus[16, 17, 18]. 

Firewire 

Conceived by Apple Computer and then developed within the lEEE 1394 

Working Group, Firewire is a scalable, flexible, easy to use, low-cost digital interface 

that integrates consumer electronics and personal computers. It allows for power 

sourcing, and dynamic reconfíguration of devices with cable speeds of 100, 200 and 400 

Mbps. Firewire is a completely digital interface. It has become the standard for many 

audio and video peripherals because signal integrity is lost when a digital signal is 

converted to analog to travel down a cable and then converted back. Despite its adoption 

into the audio and video realm, Firewire's original application was for networking, and 

that is how it is applied within the automated bench setup. 

Firewire does not require terminators or even device Ids. The Standard supports 

daisy chaining and branching for peer-to-peer implementations, but still allows for the 

hot swapping of devices to and from the bus. One hundred, 200, and 400 Mbps devices 

may be used on the same bus, while a guaranteed bandwidth allows a guaranteed delivery 

of time critical data across the bus. This allows for smaller buffers so it's cost is lower. 

The 1394 cable connector was derived from a Nintendo Gameboy'̂ '̂  connector. 

This small and flexible connector is very durable as years of field-testing by children 

shows. The connector is constmcted with the electrical contacts inside of the stmcture of 

the connector to prevent shock to, or contamination from, the users' hands. The 1394 

cable itself consists of 6 wires: 2 power conductors and two twisted pair conductors for 

signaling. Each twisted pair is shielded as well as the entire cable itself The power 

conductors are rated from 8 Vdc to 40 Vdc at up to 1.5 Amps. This allows for the 

aforementioned power sourcing as well as maintaining a powered-down or malfunctioned 

device's physical layer continuity. 
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Each lEEE 1394 bus segment may have up to 63 devices attached to it with up to 

4.5m of cable between devices. One node can have up to three connectors, and up to 16 

nodes can be supported. This allows for a total cable length of 72m to be supported by 

theIEEE1394standard. 

Each lEEE 1394 device uses a Serial Bus Management process connecting to 

three ISO layers for operation: the Physical Layer, the Link Layer, and the Transaction 

Layer. The Physical Layer provides the electrical and mechanical connections to the 

Firewire cable as well as data transmission and reception tasks. Data packet delivery for 

asynchronous and isochronous transmissions is provided by the Link Layer 

(Asynchronous transmissions are the transmit-acknowledge transmissions while 

isochronous transmissions are the transmit across real-time guaranteed-bandwidth 

transmissions). The Transaction Layer supports the WRITE, READ, and LOCK 

commands for asynchronous transmissions. A write sends data from the sender to the 

receiver, and a read retums the data to the sender. Lock combines these commands by 

routing the data in a round-trip fashion between sender and receiver. Serial Bus 

Management provides overall configuration control of the serial bus by optimizing 

arbitration timing, guaranteeing power for all devices on the bus, assigning which device 

is the cycle master, assigning isochronous channel IDs, and notifying devices of 

transmission errors. The bus management is buih upon a standard register architecture. 

A 1394 device first requests control of the Physical Layer to transmit data. For 

asynchronous transmission, the sender sends both it's address and the receiver's address 

followed by the packet data and then waits for acknowledgment from the receiver. The 

sender can transmit like this until 64 transmissions have been sent with no 

acknowledgment. Error recovery will initiate if the sender receives a negative 

acknowledgment from the receiver. For isochronous transmissions, the sender requests a 

channel with a specifíed bandwidth, and then transmits the channel ID followed by the 

packet data. The receiver only accepts data with the specifíed channel ID. Up to 64 

isochronous channels may be used, and asynchronous and isochronous data can be 

intermixed on the same bus. 
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Figure 3.2 depicts a two-channel isochronous transmission with the bandwidth 

remaining on the bus. The bus sends a timing indicator to mark the beginning of each 

packet frame transmitted with the time slots for the defíned isochronous channels 

following. The remaining bandwidth may be used for asynchronous transmissions, or 

more isochronous channels may be requested. In this example, the remaining bandwidth 

is used for asynchronous transmission. With this format for the packet frame, the bus can 

guarantee the isochronous transmission has the bandwidth for successflil package 

delivery. 

^sm 
Packet Frame = 125 micro-seconds 

Isochronous 
Channel#1 
Time Slot 

Isochronous 
Channel#2 
Time Slot 

Timing Indicator 

Figure 3.2: Isochronous Data Packet Frame [22] 

lEEE 1394 is a platform-independent improvement over current I/O interfaces 

and provides connectivity solutions for many markets. For the high-speed bench 

automation setup, Firewire is used to communicate between the PC and the high-speed 

stimulus system. Firewire has already dominated the audio/visual market, and with faster 

speeds, smaller, more easily routable cables, longer cable lengths between devices, longer 

total bus length, support for a higher number of devices per bus, and many other 

advantages, Firewire is well on it's way to dominating the test and measurement market 

aswell [19-23]. 
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CHAPTERIV 

BENCH AUTOMATION 

Main Screen 

The bench automation system uses various temperature forcing and measurement 

instruments to measure the rise time, fall time, rising and falling edge propagation delays, 

and power supply current. The control software, a PC running LabVIEW, is the key to 

all of this. A diagram of the bench automation system is shown in Figure 4.1. 
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Figure 4.1: Block Diagram of Bench Automation System 

The main user interface, shown in Figure 4.2, simplified in Figure 4.3, and created 

by the control software, for the bench automation system is a user-fi"iendly interface used 

to control each device connected to the bench automation system. To allow this degree 

of user-friendliness, on a software flow level, the code becomes more complicated. The 

main user interface, or the screen the user is brought to when the program is started, can 

call, directly or indirectly, all parts of the code via various menu commands, button 

presses, or combinations of both. The main user interface attempts to group commands 

and buttons together for the separate types of instruments with each instrument type 

separated into a raised box. From the main user interface, the user can control all 
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instruments connected to the bench automation system. To simplify the discussion of 

the software, block diagrams combined with flow charts will illustrate what the software 

is doing. 
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Figure 4.2: Screenshot of Main User Interface 
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Figure 4.3: Block Diagram of Main User Interface 

Figure 4.4 is the code that is executed first when the bench automation control 

software is executed. This code initializes all of the variables within the system to their 
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default values, displays a splash screen, creates a cluster containing the VISA addresses 

of all instruments connected to the system, and inhializes the VXI mainframe. The boxes 

with the numbers on top are sequence blocks, and each frame within a sequence 

corresponds to one of the numbers. Each frame is executed in order from 0 to X (X 

representing the number corresponding to the last frame in the sequence). 

i H H r t H h r t p r . F l . H A H - H - W J I A H - H - H - H _ H J ^ ^ n n i-t " " " " " " " " " • ^ " n H H I H . S H W H r t H h H r t f n 

Figure 4.4: Bench Automation Initialization LabVIEW Code. 

All measurements taken by the bench automation system are stored as global 

variables (depicted as variables with a globe to the left of their name). Global variables 

are used for all variables having to do with controUing the setup of each instrument as 

well as the measurements they collect. The code is created in this way so that the 

subroutines controlling the instruments, and collecting the measurements, could directly 

access these global variables instead of having to pass variables back and forth between 

subroutines. The frames setting defauU values for all global variables are shown in 

Figure4.5. 
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Figure 4.5: Global Variables Initialization Sequence Box Expanded 

The remaining sequence block, shown in Figure 4.6, performs miscellaneous 

initialization tasks. The first frame of the sequence initializes the global String variable, 

which is used to update the status window on the main user interface and displays a 

modal splash screen with the bench automation logo on it. The second frame initializes 

the VXI mainframe by calling the HP INIT subroutine and passing required values into 

the HPVXI Array. The last frame appends the status changes from the HP INIT 

subroutine to the global String variable. 
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Figure 4.6: Splash Screen/HP Init Sequence Box Expanded 

Once the initialization of the system is complete, the code enters two while loops. 

One of the while loops, the main while loop shown in Figure 4.7, performs operations 

based upon changes to the main user interface. 
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Figure 4.7: Main Program While Loop 

The buttons on the main user interface each have a Boolean value associated with 

them. These Boolean values are being read by the column of green TF blocks on the left 
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in Figure 4.7. Inactive buttons pass an F while active (pressed) buttons pass a T. These 

F's and T's are then stacked into an array. (There will only be one T registered by the 

software at a time.) The Search ID Array block searches for the first T in the array and 

passes a number associated to its array location to the X<0=0 subroutine. If a T is not 

found, a negative number is passed. The X<0=0 subroutine converts all negative 

numbers to zero. This way, a type cast is not required for each negative number that is 

passed. The number is then passed to a Type Cast block that associates the array number 

to a case within a case statement box. For this screenshot, it is assumed that the Power 

Sup 1 Boolean is true for the code shown in Figure 4.7 to be executed. 

The Boolean values controlling the main while loop can also be changed via drop 

down menus. The while loop that scans the drop down menu, shown in Figure 4.8, runs 

parallel to the main while loop. When a menu item is selected, the MENU block (Get 

Menu Selection) extracts the item tag, which is fed as the argument to a case statement. 

The case statement sets Boolean values appropriately which will then be detected by the 

main while loop and executed. Figure 4.8 shows the case for setting the Power Sup 1 

Boolean to true and executing the aforementioned code path. Setting Counter to 1 wiU 

exit this while loop as well as the other to end the bench automation program. 

Tigure4.8: Menu Scari While Loop 

As well as executing code, the main while loop must update the user interface 

display. This is done by reading the values of the global variables to their respective 

indicators on the display each time the code passes through the while loop. To update the 

light display to show which channels on the VXI are currently outputting, a subroutine 

Light Set is called. The expanded sequence block updating the user interface is shown in 

Figure 4.9. 
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Figure 4.9: Expanded Display Update Sequence Block 

With a system of this size, errors can occur that will force the bench automation 

program to exit leaving all the instruments in whatever state they were in prior to the 

error. The users data could be lost as well as their test setup. To prevent these errors 

fi-om being a major problem, error handling, as shown in Figure 4.10, has been 

incorporated into the main while loop. The error handler code executes each time the 

code passes through the main while loop. The status element within the error cluster is 

read to determine if an error has occurred or not. If no error has been detected, the error 
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handler does nothing and just passes the error cluster along. If an error is detected, a 

modal dialog box appears informing the user that an error has occurred. The user has the 

choice to ignore the error and continue or to stop the system and shutdown. Either 

selection the user chooses will reset the status element to show no error. This allows for 

the system to shutdown properly without an error propagating through the shutdown 

sequence or, if the "Ignore Error and Continue" selection is chosen, the user can continue 

as if the error never occurred. This error cluster passes through all of the code executed 

by the bench automation system. 

Power Controls 

The power supply block fi-om the main user interface, shown in Figure 4.11, can 

control the output state of three power supplies via the three Vohage Out blocks. This 

block also displays the user-set current and vohage clamps of each power supply. Once, 

executed, the output voltage checks whether the user wishes for the supplies output state 

to be on or ofif and performs actions accordingly to achieve this by executing the code 

shown in Figure 4.12. To execute this case, the Power Sup 1 Out Boolean in the main 

user interface's Boolean stack must be set to true. The fírst thing this case does is set that 

Boolean back to false to prevent muhiple executions of the case per single button press. 

PS1 Counter is an integer being used as a Boolean. Its value is set when the power 

supply output is activated or deactivated; zero for activated, one for deactivated. It is 

used to determine the current state of the power supply output. The status string is 

updated as this is occurring to inform the user of their selection. The GPIB address is 

extracted fi"om the VISA Cluster and passed to the subvi along with the Error Cluster. 

The code shown in Figure 4.13 is then executed sending the SCPI command :OUTP ON 

through the VISA interface to activate the power supply output if PSl Counter equals 

one, and matching code sending the SCPI command :OUTP OFF to deactivate the output 

is sent otherwise. 
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Figure 4.13: Pow Sup On Subvi 

The VXI block within is expanded in Figure 4.14. Figure 4.15 is the flowchart for 

Voltage Out. This VXI block controls the HP VXL mainframe. The vohage out button. 
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when pressed, checks whether the user wishes for the outputs to be on or off and sets the 

VXI output state accordingly much like for the power supply except for instead of 

sending SCPI commands across the GPIB interface, a proprietary DLL call is used. The 

DLL called was provided with the VXI mainframe. Using a feature in LabVIEW to 

convert DLL's to VI Libraries, this DLL was converted into a VI Library. The fi-equency 

the VXI system is set to run at is displayed in the frequency display block while the lights 

display indicates which output ports are active on the VXI. This is necessary because 

wires hide the displays buih onto the VXI chassis itself Stop system, when executed, 

performs the necessary steps to shutdown the VXI and exit the bench automation 

program. As shown in Figure 4.16, stop system executes a For Loop 40 times to set each 

light on the display to the ofFposition by setting each Boolean associated with each light 

to false. Next, the Close subvi shown in Figure 4.17 is executed, and a proprietary DLL 

call, along with some manufacturer-provided LabVIEW VI's close the system, delete the 

VXI session, and convert error codes so that LabVIEW can understand them while 

updating the user's status display. 
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Figure 4.16: Stop System Sequence 

Figure 4.17: Close System Subvi 

Measurement Controls 

The TDS8000 block shown in Figure 4.18 contains both a measurement display 

as well as an Obtain Values button. The rise time, fall time, propagation delays, and 

skews obtained the previous time "obtain values" was run are displayed within the 
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measurement display. If "obtain values" has not been executed, zeroes are displayed for 

all values. Pressing "obtain values" executes the TDS8000 case in the programs main 

loop, shown in Figure 4.19, and calls TDS Setup, shown in Figure 4.20. 
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Figure4.18: Expanded TDS8000 Block 
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Figure4.19: TDS8000 Setup Case 

34 



Input trace select ^rhi r\) 

jFglCh^ell 

Output trace select (chl :0) 

|D~j)Channell 

Measurements 

Rise, Fall, and Prop Delay 

Fall Tirne 

O. OE+0 

Rising Edge Prop Delay 

O.OOE+0 

Falling Edge Prop C'elay 

JO.OOE+O 

Ske'.v 

•O.OOE+0 

2-State Pause on Error 

Figure 4.20: Called TDS Setup User Interface 

TDS SETUP allows the user to select the oscilloscope channels that the input and 

output channels on the device are connected to as well as select to measure the rise times 

and fall times of the signals or to measure rise times, fall times, propagation delays, and 

skews of the signals. The rise time of the signal is the time it takes for the signal to rise 

fi-om 10% of its vohage to 90% while the device is switching. Fall time is the time taken 

for the signal to fall fi'om 90% to 10%. The propagation delays are the times between the 

50% mark of the input signal to the 50% mark of the output signal on the corresponding 

edges while the skew is the absolute value of the difiference between the two propagation 

delays. The Vcc used to power the device is displayed here as well. This is important to 

this block of code because, at times, half of Vcc is used instead of 50% when calculating 

propagation delays. The fi-equency display is the same display that is found in the VXI 

block while the measurement display is the same display contained in the TDS8000 

block. The Z-state block is a Boolean variable to set the measurements to Z-state (or tri-

state) measurements. Once OK is clicked, the TDS8000 is set up, measurements are 

taken, and both measurement displays are updated with the coUected values, shown in 

Figure 4.21, via sending SCPI commands through a VISA interface across the GPIB buss 
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as done with all instruments connected to the bench automation system excluding the 

VXI Mainfi-ame. 

Set edges for 
tpih and tphi 

Set edges for 
tpzh and tpzi 

Figure4.21: OKFlowChart 

Figure 4.22 is the expansion of the digital muhimeter (DMM) block. It contains a 

display that shows the previous reading captured by the DMM as well as what 

measurement mode the DMM is in currently. Above the display is a read data button that 

obtains ALL measurement values within the DMM (lAC, IDC, VAC, VDC, R, etc), as 

well as channel number, time stamp, and reading number. The code for read data is 

shown in Figure 4.23. For this project, however, only the measurement output was used. 

The Read Data code includes a VISA read block which stores the data retumed by the 

instrument after it receives the :FETC? SCPI command. This stored data is then 

displayed. 

Digital f*^ultimeter 

lO.OOOOOOE+O 

pC^dkåge 

Figure4.22: Expanded DMM Block 
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Figure 4.23: Read Data Flow Chart [24] 

Temperature Controls 

The thermostream block shown in Figure 4.24 contains a button for head position, 

a temperature display, and a button for thermostream presence. "Present" is a Boolean 

variable to state whether or not the thermostream is connected to the bench automation 

system or not. This was implemented because the thermostream was removed from the 

bench automation station randomly to other parts of the lab while the bench automation 

station was being developed. The temperature display displays the last temperature set 

point set by the user. Head position, when executed, brings up the display shown in 

Figure 4.25 to choose whether to raise the themostream's head or lower the head and start 

the airflow. The code for the thermostream is much like that for the power supply. A 

flowchart for the code is shown in Figure 4.26. Instead of activating or deactivating the 

power supply, the SCPI commands have been changed to raise or lower the head of the 

thermostream unit. The "Present" Boolean variable determines if SCPI commands are 

sent to the thermostream or not to prevent an error from occurring when the 

thermostream is not connected. 
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Figure 4.24: Expanded Thermostream Block 

Return to Main Menu 
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^ Up (Air off) 
ON 
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Figure 4.25: Screenshot of Head Position Control 
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Stop Airflow 

Lower Head 
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Figure 4.26: Head Control FIow Chart 
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Instrument Configurations 

To configure the devices, a special drop down menu, "Confígurations," was added 

under the title bar. The selections available in this menu are shown in Figure 4.27. From 

this drop down menu, all of the devices connected to the bench automation system can be 

configured: The VXI Mainframe, three power supplies, the osciUoscope, the relays, the 

DMM, and the thermostream. When the user selects an instrument under the 

configuration menu, a separate window for that instrument is opened with various 

configuration options. 

VXI 
Mainframe Relay 

Power 
Supplies Multimeter 

TDS8000 
Thermo-
stream 

Figure 4.27: Expanded Configurations Block 

For the VXI Mainframe, the user has the ability to set up each of the twenty 

output fi-ontends on the VXI as well as set the fi'equency of the output pulses. The 

expanded VXI menu selection is shown in Figure 4.28. Selecting "Output" gives the user 

the ability to have twenty different channels set up in twenty different ways without much 

hassle. The code follows the flowchart in Figure 4.29 and then displays the Adjust 

Outputs interface shown in Figure 4.30. Once all of the channels are set up and the user 

presses OK, code is executed to make the proper DLL calls to the VXI so that each 

channel on the VXI is set to the state determined by the Adjust Outputs interface much 

like it was for the Close System subvi. When the user selects Frequency from this menu, 

they are presented with the window in Figure 4.31. Here, the user inputs the desired 

frequency and presses OK. This button press executes code that converts the input 
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frequency to a period so that that calculated number can be sent to the VXI via a DLL 

call to set all of the VXE outputs to that fi-equency. 

Figure 4.28: Expanded VXI Mainframe Menu Selection 

Tumoff 
Channels 

Do Nothing 

Adjust 
Outputs 

Figure 4.29: Output Flow Chart 
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Figure 4.30: Screenshots of Adjust Outputs 
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Figure 4.31: Screenshot of Frequency Setup 
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The ability to control the vohage and current clamps of three separate power 

supplies exists under the Confígurations menu as well. When selected, the window in 

Figure 4.32 appears. 

Return to Main Menu 

OK { 

Voltage (0) 
^|0.00£+0 

Current (0) 

ÎO.OOE+O 

Figure 4.32: Screenshot of Current and Vohage Setup 

The code shown in Figures 4.33 through 4.37 is used to set up the current and 

vohage clamps on power supply 1. The Boolean Power Sup 1 is changed back to F to 

prevent running the code muhiple times per T. The integer Counter is set to a 0, and the 

global variable String has some status text appended to it. When Counter equals 1, the 

while loops condition has been met and the bench automation program wiU exit. The 

C&V Setup subroutine is executed after reading and passing the VISA address of the 

power supply from the V SA Cluster, after passing the vohage and current clamps from 

their global variables, and after passing the value of the Data Load Boolean to it. The 

Data Load Boolean is used to determine if the system is running in automatic or manual 

mode. If Data Load is true, shown in Figure 4.33, the system is running automatically 

and it does not wait for user input. If Data Load is false, shown in Figure 4.34, the 

system will enter a while loop and wait until the user presses the OK button before 

continuing. The code for the C&V Setup subroutine is depicted in Figures 4.35 through 

4.37. 
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Figure 4.33: C&V Setup Subroutine Code 
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Figure 4.34: Data Load False Code 
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Figure 4.35: Inputs and Outputs to C&V Subroutine 

Once the code bypasses the Data Load check, it enters the sequence block 

expanded in Figure 4.36. The connections to this sequence block can be seen in Figure 

4.35. Frame 0 updates the indicators (or displays) on the user interface. Frame 1 resets 

the power supply so that the current clamp is set to 0 Amps and the vohage clamp is set 

to 0.00 Volts. A three second delay is in frames 2 and 4 to allow for the power supply to 

configure itself properly and be ready for more commands. Frames 3 and 5 set the power 

supplies voltage and current clamps to the user defined values by passing SCPI 

commands to the power supply. The Set V subroutine code is shown in Figure 4.37. The 

input voltage is formatted mto a SCPI string by the Format Value block and sent to the 

instrument via the VISA Write block. This technique of formatting the SCPI command 

and writing it to the VISA buss is how the bench automation control software commands 

all of the instruments connected to it. 
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Figure 4.36: Expanded Sequence Block from C&V Setup Subroutine 
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Figure 4.37: Set V Subroutine Code 

To configure the TDS8000, the Confígurations menu calls the same TDS SETUP 

that the TDS8000 user interface block called. This was done to have all of the instrument 
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confígurations in one place rather than have all instruments except the oscilloscope 

confígured there. 

The relays are controUed via the confígurations drop down menu. Each of eight 

"C" ports can be connected to one of each of the relays six ports via SCPI commands sent 

to the relay. The interface to do this is shown in Figure 4.38. Using various connections 

of the different muhiplexors allows for the oscilloscope to switch between the inputs and 

outputs of the tested device as well as allows the bench automation system to switch from 

stimulating a driver to stimulating a receiver. The user can choose to set each relay 

separately, or select driver or receiver mode. The driver or receiver mode selection is 

located in the Device Mode drop down menu while the display of which mode the system 

is currently in is located on the main user interface. This display is shown in Figure 4.39. 

Driver mode sets all the relays in the system to a standard state to stimulate an LVDS 

driver as opposed to Receiver mode which sets all system relays to stimulate an LVDS 

receiver. To use this feature, the device must be connected to the system in a pre-

determined way. 

Figure 4.38: Screenshot of Relay Control 

Figure 4.39: Expanded Device Mode Display 
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The confígurations menu ofifers the user the ability to set the DMM to a specifíc 

measurement type: DC voltage or DC current. This interface is shown in Figure 4.40. 

Once the user clicks OK, a SCPI command is sent to the DMM to set the DMM to 

measure either DC Voltage or DC Current depending on what value is shown in the 

selection box. 

Return to Main Menu 

DMM Measurment Type 

Ét)C Voltage 

Figure 4.40: Screenshot of Multimeter Setup 

The Thermostream option under the menu first checks to see if the thermostream 

is present in the system and then sets the temperature setpoint according to Figure 4.41. 

A screenshot of the thermostream temperature setup is found in Figure 4.42. Once OK is 

pressed, a SCPI command is sent to set the thermostream's temperature set point to the 

value input. 

Do Nothing SetTemp 

Figure 4.41: Thermostream FIow Chart 
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OK \ 

Ternp '5C) 

25 

Figure 4.42: Screenshot of Set Temp Control 

Save Options 

Even with bench automation, the confíguration of devices can be a time 

consuming task. That is why the bench automation sofhvare allows for the saving and 

recalling of device setups. The save setup feature takes all of the configuration options 

for every device and saves them to a user-specified file. A flowchart is shown in Figure 

4.43. The code is shown in Figure 4.44. This is done by saving the global variables 

containing the instrument states into an array and storing that information into a user-

defíned fíle. This file can be later recalled with the recall setup feature whose flowchart 

exists in Figure 4.45. As shown in Figure 4.46, the recall setup code allows the user to 

select the saved setup fíle via a file selection dialog box. Once the file is selected, the fíle 

is read, and the array storing the instrument states has hs values disseminated to the 

proper global variables. To set the instruments to these restored states, all of the 

instrument confíguration Booleans in the main while loop must be set to true as well as 

the Data Load Boolean. This is shown in Figure 4.47. Setting the Data Load Boolean to 

true prevents the bench automation system from waiting for the user to click OK for each 

instrument setting. This causes the bench automation system to cycle through all of the 

instruments restoring their saved states. An unlimited amount of setups can be saved. 
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Figure 4.43: Save Setup FIow Chart 

• D M M Measurment Type 

I , h^start '^i 
h^create or replace ^ j ^ ~ ~ ~ - ^ 

S2. 

DEL 
Df 

BjO N 

rror in (not an error)1 

|5Y5: Saving Setupj 

SpÉ 
•string 

TWf u u u 

•string 

Figure 4.44: Save Current Settings to File Code 
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Figure 4.45: Recall Setup Flow Chart 

Figure 4.46: Recall Setup Code 
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Figure 4.47: Recall Setup Case 

The save data and save data path blocks are used to determine whether or not to 

save data as well as where to save that data. The save data flowchart and code are 

located in Figures 4.48 and 4.49, respectively. Save data is a Boolean. When it is set 

true, any measurement performed is saved in a user-specified Microsoft Excel 

Spreadsheet (chosen via dialog box), which is then displayed in the save data path block 

in the status window. If the user desires, a header can be set up to label the columns of 

the collected data. This header includes the test title, the device name, and comments, as 

well as the column titles. If no text is placed in the comment block, all comments are 

ignored and not placed in the header. A screenshot of the header setup window is found 

in Figure 4.50. 
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Figure 4.48: Save Data Flow Chart 
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Figure4.49: HeaderCode 
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Figure 4.50: Screenshot of Header Setup 

Automation 

Bench automation would not be as much of a resource-saving device without the 

Load Program blocks located in the drop down menu as well as on the main user 

interface. When activated, a dialog box pops up prompting the user for a fílename. This 

fíle is a text fíle the user has written to control the devices for completing various 

measurements. Load Program looks at the text fíle line-by-line executing each command 

in order until a line with "END:" is reached. The Load Program flowchart is depicted in 

fígure 4.51 while the Line Parse flowchart is shown in Figure 4.52. The code stores the 

first line of the fíle as a string. This string is then split at the fírst":" with the string prior 

the ":" going to the header output. The ":" is then stripped from the remaining string and 

all '""s are replaced with "!"'s. Spaces are removed from the remaining string, and each 

"," is transformed into a carriage retum. Lastly, the muhi-Iine string has each line sent to 

a different parameter output. These parameters control the instmment corresponding to 
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the code going to the header output. Back in the main while loop of the Load Program 

code, the instmment code sets its corresponding Boolean to tme and a case is executed as 

in the manual bench automation while loop. The parameters from the line parse code 

become the variable inputs to the subvi's that set the state of the instmments or retrieve 

data from the instmments. The commands that can be executed are the same commands 

as those that the user can execute via the main user interface. The bench automation user 

interface changes while it is mnning a program, or mnning with no user input. AIl of the 

instmment control and setup buttons are removed so that the user cannot intermpt, or 

accidentally disturb, a mnning program. This ahered interface is shown in Figure 4.53. 

The Bench Automation Programming Guide, located in the Appendix, gives a listing of 

the commands and the options available whh each command. 

Line Parse 

Update Auto 
Display 

Execute 
Command 

Retum to 
Manuãl 

Interface 

Increment 
Line 

Figure 4.51: Load Program Flow Chart 
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Figure4.52: Line Parse FIow Chart 
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Figure 4.53: Screenshot of Automated Interface 
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Instrument Drivers 

The Bench Automation User Interface would be completely useless without 

having the ability to control the test and measurement instruments. This ability is granted 

through the use of instrument drivers, created in LabVIEW. These drivers send SCPI 

commands across a GPIB network to set up the test instruments and acquire measurement 

data. In the previous discussion, the LabVIEW code shown for the various test 

instruments are considered drivers. This portion of the document will attempt to explain 

the thought process that goes into developing a LabVTEW driver as opposed to 

explaining a specific driver. Various instrument drivers from the bench automation 

system will be used as examples. 

First, to begin developing an instrument driver, it is necessary to know exactly 

what flinctions of the instrument are required to complete the required data 

measurements. Most test instruments have the ability to measure much more than is 

required by a specifíc task. For this reason, the driver can be greatly simplified by 

knowing what the instrument must be able to do and what can be ignored. A great 
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example of this is the driver for the TDS8000. The TDS8000 is being used to acquire the 

AC and Z-state measurements for the bench automation system. The TDS8000 has the 

ability to measure Q factor, extinction ratio, and optical power, but none of these 

measurements are needed for interface devices. They can be ignored. Therefore, the 

driver does not incorporate these features. 

The next step in developing the driver is to discover the SCPI commands required 

to set up the instrument and perform all of its required tasks. These can usually be found 

in the instruments manual, but sometimes it is required to get an instrument programmers 

guide from the instrument manufacturer. Regularly, more than one SCPI command is 

required to set up the instrument and acquire a measurement. It is helpfiil to create a 

subroutine for each measurement task, and use that subroutine to send the required SCPI 

commands to the instrument. An example of this is the code to set the vohage and 

current clamps on the power supply. The power supply driver does two things: sets the 

current clamp and sets the voltage clamp. These are each separated into two subvi's. 

This not only organizes the driver in a way to make it simpler to debug, but it allows for 

the addition of more measurement tasks to easily be added in the future. Figure 4.54 

shows the block diagram of a generic instrument driver encompassing all that was 

discussed above. 
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Send SCPI conmiands to 
initialize the inst umcnt 

Determine wloich 
measuretnent to take 

^ H McasuremeDt 1 ^ H 

^ H Measurement 2 ^ H 

_ _ _ ^ B Measurement 3 ^ B 

^ H Measurement X ^ H 

Figure 4.54: Block Diagram of Generic Instrument Driver 

The instrument driver is called as a subroutine in LabVIEW. Most of the drivers 

for the bench automation instruments are executed via subvi's in the main while loops 

case statements. The various colors in Figure 4.54 are present to show subroutines within 

subroutines. Each block is a subroutine. When called, SCPI commands are sent across 

the GPIB network to initialize the instrument. Once initialized, the driver determines 

which measurement was requested and executes the proper measurement subroutine. The 

executed measurement subroutine, via many ordered SCPI commands, sets up the 

instrument for it's measurement, measures the data, and transmits the data to the bench 

automation system to be seen by the user. 

Each instrument connected to the automation system requires a dríver to control 

it. Sometimes the instrument comes with a LabVIEW dríver, and all that is required is 

the simplification of the dríver (remove the unnecessary features) such as was done with 
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the Keithley DMM driver. To do this, the first step, above, is followed including what 

features of the instrument are required for the measurement task at hand. At other times, 

the instrument comes not with a LabVTEW driver, but with the company's proprietary 

driver. This was seen with the VXI Mainfi-ame and its custom DLLs. However the 

driver is written, the bench automation system must use the driver to automatically 

control the instrument. 
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CHAPTER V 

BENCH AUTOMATION TEST RESULTS 

Repeatability Test 

With the use of drivers for the various test and measurement equipment, the main 

user interface, and a large amount of LabVIEW code to tie it all together, the bench 

automation system was bom. A repeatability test was performed on 2 of the 16 channels 

of an LVDS transceiver to verify that the correct values were being measured and there 

was not a large amount of drift between the various measurement values. 

Risetime, falltime, propagation delays, skews, and input currents were measured 

10 times for both channels: Channel A and Channel B. Channel A was measured with a 

Vcc equal to 3.3 V at 25 degrees Celsius, while Channel B was measured with a Vcc of 

3.6 V at 85 degrees Celsius. Table 5.1 shows the actual output from the bench 

automation system for the first iteration of the test while Table 5.2 shows the difference 

between the minimum and maximum values recorded across the 10 iterations of 

measurements (the additional recorded output from the repeatability test is located in 

Appendix A.). From Table I it can be seen that the values recorded during the 

repeatability test never varied by more than 1.64*10"̂ ° units. 

CHANNELA 
25 degrees Celsius 
Vcc = 3.3 V 
Frequency 

5.00E+07 
5.00E+07 
5.00E+07 
5.00E+07 

CHANNEL B 

Fall Time 
8.54E-10 
7.81 E-10 
8.04E-10 
8.76E-10 

85 degrees Celsius 
Vcc = 3.6 V 
Frequency 

5.00E+07 
5.00E+07 

Fall Tlme 
8.19E-10 
8.25E-10 

Table5.1: 

Rise Time 
7.75E-10 
8.94E-10 
8.68E-10 
8.87E-10 

Rise Time 
7.42E-10 
7.41 E-10 

Resuhs of Iteration 1 of Repeatability Test 

RE Edge Prop Delay FE Edge Prop Delay Skew DMM 
3.35E-09 3.07E-09 2.71 E-10 
3.19E-09 2.87E-09 3.21 E-10 
3.18E-09 2.91E-09 2.67E-10 
3.20E-09 2.91 E-09 2.89E-10 1.54E-01 

RE Edge Prop Delay FE Edge Prop Delay Skew DMM 
3.03E-09 2.83E-09 1.95E-10 
3.07E-09 2.88E-09 2.00E-10 1.64E-01 

The output from the repeatability test, shown in Table 5.2, also shows how the 

bench automation system formats its recorded data. The header, the first 4 lines of the 

60 



output, is configurable. The first 3 lines of the header can be set to anything so that the 

operator can comment the output with the test run, certain conditions, etc. The final line 

of the header consists of the column titles for the measured data and is non-configurable. 

In this case, the header is being used to record the channel, the temperature, and the 

power supply vohage as well as place the non-configurable column titles. Although the 

bench automation system's output is shown as pictures, the actual data is output to a 

Microsoft Excel spreadsheet to allow for easy manipulation of the data. 

Table 5.2: Difference between the Minimum and Maximum Values Recorded 

2.2 E.11 
1.30E-11 
7.00E-12 
7.7 E-11 

1.64E-10 
4.00E-11 
4.20E-11 
3.60E-11 

9. 0E-11 
3.00E-11 
3.00E-11 
1.00E-11 

9.00E-11 
3.00E-11 
4.00E-11 
3.00E-11 

1.72E-10 
5.5 E-11 
5.8 E-11 
4.30E-11 

O.OOE+00 
O.OOE+00 
O.OOE+00 
O.OOE+00 

CHANNEL A 
25 degrees Celslus 
Vcc = 3.3V 
Frequency FallTlme RiseTime RE EdgePropDelay FE Edge Prop Delay Skew DMM 

O.OOE+00 
O.OOE+00 
O.OOE+00 
O.OOE+00 

CHANNEL B 
65 degrees Celsius 
Vbc = 3.6V 
Frequency Fall Time RiseTime RE EdgePropDelay FE E dge Prop Delay Skew DMM 

O.OOE+00 7.00E-12 1.00E-11 2.00E-11 1 .OOE-11 2.30E-11 O.OOE+00 
O.OOE+00 6.10E-11 2.80E-11 2.00E-11 2.00E-11 3.70E-11 O.OOE+00 

The values seen ín this worksheet are the diffBrences between the min and max 
of the values fbr that perameter recorded throughout this workbook 

Device Characterization 

After the repeatability test was complete, the bench automation system was used 

to perform measurements on actual LVDS devices on their way to market. As mentioned 

previously, the bench automation system has the ability to be automated using a simple 

text language. Figure 5.1 and Table 5.3 is an example of one of these programs and the 

output recorded when ran. The device name has been changed as well as operators 

names removed from the program and output. 
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## Characterization Device A 
## Date: 6-27-02 
## Operator 1 
##Vcc = 3.0,3.3,3.6V 
## Temp = -40,25,85'C 
## Input channel = Mathl, Math3 
## Output channels = Math2, Math4 

##VXI 

HPFREQ: lE+06 

SAVEDATA: ON,YES,"AC","","" 

## AC MEASUREMENTS 

HPVXIP: OFF 

# # 

# # 

# # 

# # 

# # 

# # 

# # 

HPVXI: 1,ON,ON,NORM,RZ,-0.2,0.2 
HPVXI: 2,ON,ON,NORM,RZ,-0.2,0.2 
HPVXIP: ON 

###CHANNEL1 
### Temp 25 

THERM T: 25 
THERM H: DOWN 
DELAY: 30000 

HPPS3 V: 3.0,0.5 
HPPS2V: 1.23,0.5 
HPPS3 P: ON 
HPPS2 P: ON 
TDS8000: RFP,Math2,Mathl 
TDS8000: RFP,Math4,Math3 

HPPS3 V: 3.3,0.5 
HPPS3 P: ON 
TDS8000: RFP,Math2,Mathl 
TDS8000: RFP,Math4,Math3 

Figure 5.1: Device A Bench Automation AC Characterization Program 
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HPPS3 V: 3.6,0.5 
HPPS3 P: ON 
TDS8000: RFP,Math2,Mathl 
TDS8000: RFP,Math4,Math3 

### Temp 85 

THERM T: 85 
THERM H: DOWN 
DELAY: 180000 

HPPS3 V: 3.0,0.5 
HPPS3 P: ON 
TDS8000: RFP,Math2,Mathl 
TDS8000: RFP,Math4,Math3 

HPPS3 V: 3.3,0.5 
HPPS3 P: ON 
TDS8000: RFP,Math2,Mathl 
TDS8000: RFP,Math4,Math3 

HPPS3 V: 3.6,0.5 
HPPS3 P: ON 
TDS8000: RFP,Math2,Mathl 
TDS8000: RFP,Math4,Math3 

### Temp -40 

THERM T: -40 
THERM H: DOWN 
DELAY: 180000 

HPPS3 V: 3.0,0.5 
HPPS3 P: ON 
TDS8000: RFP,Math2,Mathl 
TDS8000: RFP,Math4,Math3 

HPPS3 V: 3.3,0.5 
HPPS3 P: ON 

Figure 5.1 Cont. 
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TDS8000: RFP,Math2,Mathl 
TDS8000: RFP,Math4,Math3 

HPPS3 V: 3.6,0.5 
HPPS3 P: ON 
TDS8000: RFP,Math2,Mathl 
TDS8000: RFP,Math4,Math3 

# STUFF OFF 

HPPS3 P: OFF 
HPPS2 P: OFF 
HPVXIP: OFF 
SAVE DATA: OFF 
THERM T: 25 
THERM H: UP 

END: 

Figure 5.1 Cont. 

Table 5.3: Device A Bench Automation Characterization Program Output 
ACFrequency 1 

1.00E+06 
1.00E+06 
1.00E+06 
1.00E+06 
1.00E+06 
1.00E+06 
1.00E+06 
1.00E+06 
1.00E+06 
1.00E+06 
1.00E+06 
1.00E+06 
1.00E+06 
1.00E+06 
1.00E+06 
1.00E+06 
1.00E+06 
1.00E+06 

-all Time f 
1.86E-10 
1.93E-10 
2.07E-10 
2.05E-10 
2.17E-10 
2.23E-10 
2.21 E-10 
2.35E-10 
2.39E-10 
2.47E-10 
2.57E-10 
2.64E-10 
1.66E-10 
1.65E-10 
1.67E-10 
1.66E-10 
1.92E-10 
1.92E-10 

R\se Time ( 
1.84E-10 
1.81E-10 
2.01 E-10 
2.08E-10 
2.12E-10 
2.14E-10 
2.20E-10 
2.20E-10 
2.30E-10 
2.35E-10 
2.47E-10 
2.43E-10 
1.59E-10 
1.58E-10 
1.60E-10 
1.65E-10 
1.82E-10 
1.82E-10 

RE Edge Prop Delay ( 
2.60E-10 
3.21 E-10 
3.09E-10 
3.60E-10 
3.33E-10 
3.63E-10 
4.36E-10 
4.38E-10 
4.54E-10 
4.46E-10 
4.64E-10 
4.58E-10 
2.73E-10 
2.66E-10 
2.65E-10 
2.59E-10 
2.61 E-10 
2.49E-10 

-E Edge Prop Delay Skew DMM 
3.11E-10 
3.64E-10 
3.60E-10 
4.09E-10 
3.92E-10 
4.09E-10 
4.88E-10 
4.80E-10 
4.96E-10 
4.92E-10 
5.08E-10 
5.05E-10 
3.17E-10 
3.03E-10 
3.09E-10 
2.97E-10 
3.08E-10 
2.96E-10 

5.05E-11 
4.30E-11 
5.16E-11 
4.88E-11 
5.94E-11 
4.62E-11 
5.18E-11 
4.18E.11 
4.28E-11 
4.62E-11 
4.42E-11 
4.72E-11 
4.40E-11 
3.64E-11 
4.36E-11 
3.76E-11 
4.60E-11 
4.69E-11 

For the program in Figure 5.1, the operator made the decision not to use the 

optional headers to label the output data. Because of this, the operator must look back 

through the program to determine the conditions under which each of the measurements 

were taken to make sense of the data coUected. 

64 



To develop a program for the bench automation system, the user must know how 

each piece of instrumentation connected must be configured for each test. The user must 

then develop a test plan, either on paper or in their head, including these configurations 

along with when, and how, measurements are to be taken. This test plan is then 

converted to the bench automation programming language via the programming guide. 

After the test plan has been converted, the user decides whether or not they want headers 

in the data along with the column titles, or if they want to place pauses via dialog boxes 

throughout the code to allow for device swapping, etc. Commands for the bench 

automation system are located in the programming guide, and the bench automation 

programs can be written with any text editor. The bench automation programming guide 

is located in Appendix B. 

Correlation 

Once the data is collected, it is reviewed and compared to the ATE data by a team 

of people. This is a difficuh task. Due to the variations between the ATE and bench 

setups, the values coUected rarely, if ever, match. The AC boards that the devices reside 

in while being bench tested add delays of around 300 ps. The cable lengths and relays in 

the ATE add delays as well. Because bench testing is believed to be more accurate than 

the ATE, factors are implemented within the ATE's program to aher the values collected 

to be close to those collected on the bench. Bench testing is as important today as it was 

before ATE's were created, and automating the bench testing procedure is a way to cut 

costs related to designing, troubleshooting, characterizing and finally, releasing a part to 

market. 
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CHAPTER VI 

CONCLUSION 

The bench automation system described combines both software and hardware to 

automate, and expedite, the process of bench testing. This paper described how such a 

system was developed and showed both the input (the bench automation program) and 

the output (the data coUected) of the system. The bench automation system performs all 

of the tasks it was designed to do as well as provides an expandable platform to 

accommodate future tests on fliture devices. By the nature of the automation process, 

that is repeating the same test on muhiple devices, the system does reduce the resources 

needed, such as, an engineer to manually repeat the test. 

The bench automation system is comprised of many different technologies: 

LabVIEW for the control system and drivers, SCPI for the instrumentation commands, 

and GPIB and Firewire for the interfaces. The skeletal framework for testing any type of 

device automatically has now been developed, and implementing this system for other 

devices is as easy as developing drivers for the test and measurement instruments needed 

to test those devices. However, the bench automation control system can always be 

improved. 

Current work on the system includes support for more measurement instruments 

so that an entire lab can be supported and the user can select what measurement 

instruments they want to use as opposed to being forced to use the instruments mentioned 

earlier in this document. Also, the entire structure of the control system is being ported to 

a more test-oriented language to allow for yet even more modularity of the code which 

makes it easier to add, or remove, instruments. This test-oriented language is National 

Instruments Teststand and is not discussed in this document. The user interface is also 

being redesigned to make it more dynamic. This means that the interface will change 

along with which test instruments are currently connected to the system. 

The bench automation system accurately measures specific types of 

measurements. To take measurements not directly supported by the bench automation 

system, the engineer must still set up and take those measurements by hand. A future 
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improvement for the system could be to implement more measurement options for the 

system. Another improvement could be to allow for a point and click programming 

interface to create the bench automation programs run to test devices. This would allow 

simple program creation without the use of a programming guide. 
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APPENDIX A 

ADDITIONAL RECORDED OUTPUT FROM BENCH 

AUTOMATION REPEATABILITY 

TEST 

Table A. 1: 
CHANNEL A 
25 degrees Celsíus 
Vcc = 3.3 V 
Frequency Fall Time 
5.00E+07 8.53E-10 
5.00E+07 7.78E-10 
5.00E+07 8.01 E-10 
5.00E+07 8.06E-10 

CHANNEL B 
85 degrees Celsius 
Vcc = 3.6 V 
Frequency Fall Time 
5.00E+07 8.23E-10 
5.00E+07 8.24E-10 

Resuhs of Iteration 2 of Repeatability Test 

Rise Time 
7.72E-10 
8.64E-10 
8.84E-10 
8.64E-10 

Rise Time 
7.39E-10 
7.39E-10 

RE Edge P FE Edge P Skew DMM 
3.35E-09 3.07E-09 2.85E-10 
3.17E-09 2.88E-09 2.88E-10 
3.18E-09 2.89E-09 2.88E-10 
3.21 E-09 2.89E-09 3.22E-10 1.54E-01 

RE Edge P FE Edge P Skew DMM 
3.03E-09 2.84E-09 1.86E-10 
3.08E-09 2.88E-09 1.97E-10 1.64E-01 

Table A.2: 
CHANNEL A 
25 degrees Celsius 
Vcc = 3.3 V 
Frequency Fall Time 
5.00E+07 8.51 E-10 
5.00E+07 7.69E-10 
5.00E+07 8.00E-10 
5.00E+07 8.05E-10 

CHANNEL B 
85 degrees Celsius 
Vcc = 3.6 V 
Frequency Fall Time 
5.00E+07 8.25E-10 
5.00E+07 8.24E-10 

Resuhs of Iteration 3 of Repeatability Test 

Rise Time 
7.67E-10 
8.72E-10 
8.69E-10 
8.67E-10 

Rise Time 
7.48E-10 
7.41 E-10 

RE Edge P FE Edge P Skew DMM 
3.35E-09 3.06E-09 2.83E-10 
3.17E-09 2.88E-09 2.96E-10 
3.17E-09 2.91 E-09 2.68E-10 
3.21E-09 2.89E-09 3.18E-10 1.54E-01 

RE Edge P FE Edge P Skew DMM 
3.04E-09 2.83E-09 2.08E-10 
3.07E-09 2.88E-09 1.95E-10 1.64E-01 
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TabIeA.3: 
CHANNEL A 
25 degrees Celsius 
Vcc = 3.3 V 
Frequency Fall Time 
5.00E+07 8.56E-10 
5.00E+07 7.81 E-10 
5.00E+07 8.00E-10 
5.00E+07 8.04E-10 

CHANNEL B 
85 degrees Celsius 
Vcc = 3.6 V 
Frequency Fall Tlme 
5.00E+07 8.21 E-10 
5.00E+07 8.23E-10 

Resuhs of Iteration 4 of Repeatability Test 

Rise Time 
6.27E-10 
8.71 E-10 
8.59E-10 
8.67E-10 

Rise Time 
7.47E-10 
7.41 E-10 

RE Edge P FE Edge P Skew DMM 
3.28E-09 3.14E-09 1.45E-10 
3.17E-09 2.89E-09 2.82E-10 
3.17E-09 2.92E-09 2.48E-10 
3.21 E-09 2.88E-09 3.32E-10 1.54E-01 

RE Edge P FE Edge P Skew DMM 
3.03E-09 2.84E-09 1.96E-10 
3.07E-09 2.87E-09 2.04E-10 1.64E-01 

Table A.4: 
CHANNEL A 
25 degrees Celsius 
Vcc = 3.3 V 
Frequency Fall Time 
5.00E+07 8.39E-10 
5.00E+07 7.80E-10 
5.00E+07 8.01 E-10 
5.00E+07 8.06E-10 

CHANNEL B 
85 degrees Celsius 
Vcc = 3.6 V 
Frequency Fall Time 
5.00E+07 8.23E-10 
5.00E+07 8.19E-10 

Results of Iteration 5 of Repeatability Test 

Rise Time RE Edge P FE Edge P Skew DMM 
7.91 E-10 3.37E-09 3.05E-09 3.15E-10 
8.97E-10 3.19E-09 2.86E-09 3.26E-10 
8.71 E-10 3.17E-09 2.90E-09 2.70E-10 
8.68E-10 3.21 E-09 2.89E-09 3.25E-10 1.54E-01 

Rise Time RE Edge P FE Edge P Skew DMM 
7.43E-10 3.04E-09 2.84E-09 1.93E-10 
7.40E-10 3.08E-09 2.88E-09 2.02E-10 1.64E-01 
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TabIeA.5: 
CHANNEL A 
25 degrees Ceisius 
Vcc = 3.3 V 
Frequency Fall Time 
5.00E+07 8.34E-10 
5.00E+07 7.77E-10 
5.00E+07 7.97E-10 
5.00E+07 7.99E-10 

CHANNEL B 
85 degrees Celsius 
Vcc = 3.6 V 
Frequency Fall Time 
5.00E+07 8.21 E-10 
5.00E+07 8.23E-10 

Results of Iteration 6 of RepeatabiHty Test 

Rise Time 
7.79E-10 
8.57E-10 
8.69E-10 
8.68E-10 

Rise Time 
7.38E-10 
7.54E-10 

RE Edge P FE Edge P Skew DMM 
3.35E-09 3.05E-09 3.05E-10 
3.16E-09 2.88E-09 2.80E-10 
3.17E-09 2.89E-09 2.74E-10 
3.20E-09 2.88E-09 3.19E-10 1.54E-01 

RE Edge P FE Edge P Skew DMM 
3.02E-09 2.83E-09 1.85E-10 
3.08E-09 2.87E-09 2.17E-10 1.64E-01 

Table A.6: 
CHANNEL A 
25 degrees Celsius 
Vcc = 3.3 V 
Frequency Fall Time 
5.00E+07 8.39E-10 
5.00E+07 7.79E-10 
5.00E+07 8.01 E-10 
5.00E+07 8.00E-10 

CHANNEL B 
85 degrees Celsius 
Vcc = 3.6 V 
Frequency Fall Time 
5.00E+07 8.22E-10 
5.00E+07 8.28E-10 

Results of Iteration 7 of Repeatability Test 

Rise Time 
7.84E-10 
8.70E-10 
8.71 E-10 
8.51 E-10 

Rise Time 
7.44E-10 
7.53E-10 

RE Edge P FE Edge P Skew DMM 
3.35E-09 3.05E-09 3.04E-10 
3.17E-09 2.89E-09 2.82E-10 
3.17E-09 2.91 E-09 2.64E-10 
3.20E-09 2.88E-09 3.16E-10 1.54E-01 

RE Edge P FE Edge P Skew DMM 
3.03E-09 2.83E-09 1.95E-10 
3.09E-09 2.86E-09 2.32E-10 1.64E-01 
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Table A.7: 
CHANNEL A 
25 degrees Celsius 
Vcc = 3.3 V 
Frequency Fall Time 
5.00E+07 8.34E-10 
5.00E+07 7.80E-10 
5.00E+07 7.99E-10 
5.00E+07 8.03E-10 

CHANNEL B 
85 degrees Celsius 
Vcc = 3.6 V 
Frequency Fall Time 
5.00E+07 8.24E-10 
5.00E+07 7.67E-10 

Resuhs of Iteration 8 of Repeatability Test 

Rise Time 
7.82E-10 
8.70E-10 
8.91 E-10 
8.61 E-10 

Rise Time 
7.41 E-10 
7.27E-10 

RE Edge P FE Edge P Skew DMM 
3.36E-09 3.05E-09 3.13E-10 
3.16E-09 2.89E-09 2.71 E-10 
3.19E-09 2.88E-09 3.06E-10 
3.20E-09 2.89E-09 3.10E-10 1.54E-01 

RE Edge P FE Edge P Skew DMM 
3.03E-09 2.84E-09 1.89E-10 
3.08E-09 2.86E-09 2.29E-10 1.64E-01 

Table A.8: 
CHANNEL A 
25 degrees Celsius 
Vcc = 3.3 V 
Frequency Fall Time 
5.00E+07 8.39E-10 
5.00E+07 7.68E-10 
5.00E+07 8.01 E-10 
5.00E+07 8.04E-10 

CHANNEL B 
85 degrees Celsius 
Vcc = 3.6 V 
Frequency Fall Time 
5.00E+07 8.24E-10 
5.00E+07 8.21 E-10 

Results of Iteration 9 of Repeatability Test 

Rise Time 
7.82E-10 
8.71 E-10 
8.57E-10 
8.72E-10 

Rise Time 
7.43E-10 
7.37E-10 

RE Edge P FE Edge P Skew DMM 
3.36E-09 3.05E-09 3.17E-10 
3.17E-09 2.87E-09 2.95E-10 
3.16E-09 2.90E-09 2.63E-10 
3.21 E-09 2.88E-09 3.32E-10 1.54E-01 

RE Edge P FE Edge P Skew DMM 
3.02E-09 2.83E-09 1.89E-10 
3.07E-09 2.87E-09 1.96E-10 1.64E-01 
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Table A.9: 
CHANNEL A 
25 degrees Celsius 
Vcc = 3.3 V 
Frequency Fall Time 
5.00E+07 8.35E-10 
5.00E+07 7.81 E-10 
5.00E+07 8.01 E-10 
5.00E+07 8.06E-10 

CHANNEL B 
85 degrees Celsius 
Vcc = 3.6 V 
Frequency Fall Time 
5.00E+07 8.26E-10 
5.00E+07 7.68E-10 

Results of Iteration 10 of Repeatability Test 

Rise Time RE Edge P FE Edge P Skew DMM 
7.85E-10 3.36E-09 3.05E-09 3.09E-10 
8.73E-10 3.18E-09 2.88E-09 3.00E-10 
8.99E-10 3.19E-09 2.89E-09 3.03E-10 
8.71 E-10 3.21 E-09 2.88E-09 3.32E-10 1.54E-01 

Rise Time RE Edge P FE Edge P Skew DMM 
7.42E-10 3.02E-09 2.83E-09 1.94E-10 
7.26E-10 3.09E-09 2.86E-09 2.28E-10 1.64E-01 
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APPENDIX B 

BENCH AUTOMATION PROGRAMMING GUIDE 
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DELAY; 

Syntax: DELAY: <time> 

Delays the program for a specifíed amount of time. 

Time: The length of the delay in milliseconds. 
Possible values: Any positive number 

Example: DELAY: 120000 
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END: 

Syntax: END: 

This command is required at the end of every program to exit the automated bench 
interface and retum to the manual bench interface. 

Example: END: 
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HPFREQ: 

Syntax: HPFREQ: <frequency> 

Sets the frequency of the VXI chassis output signals to a specifíed value. 

Frequency: The frequency of the output signals from the VXI chassis in Hz. 
Possible values: A value between 1 kbit/s and 660 Mbits/s 

Example: HPFREQ: 50e+3 
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HPPS# P: 

Syntax: HPPS<#> P: <staíe> 

Sets the specified power supply output to either on or off. 

#: A single digit representing which power supply is being controlled 
Possible values: 1,2,3 

State: The state of the power supply output referenced by <#>. 
Possible value: ON, OFF 

Example: HPPSl P: ON 
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HPPS# V: 

Syntax: HPPS<#> V: <voItage>,<current> 

Sets the specified power supply voltage and current values. 

#: A single digit representing which power supply is being controlled 
Possible values: 1,2,3 

Voltage: Sets the voltage clamp of the power supply referenced by <#>. 
Possible values: A number between 0 and 8 for power supplies 1 and 3, and a 
number between 0 and 20 for power supply 2. 

Current: Sets the current clamp of the power supply referenced by <#>. 
Possible values: A number between 0 and 5 for power supplies 1 and 3, and a 
number between 0 and 2 for power supply 2. 

Example: HPPS2 P: 14,0.5 
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HPVXI: 

Syntax: HPVXI: <channel #>,<state>,<*state>,<poIarity>,<format>,<VL>,<VH> 

Sets up the specified output channel on the VXI chassis. 

Channel #: A number corresponding to an output module on the VXI chassis. 
Possible values: 1,2,3,4,5,6, 7,8,9,10,11,12,13,14,15,16,17,18,19,20 

State: The state of the OUT port on the module referenced with <channel #>. 
Possible values: ON, OFF 

*State: The state of the *OUT port on the module referenced with <channel #>. 
Possible values: ON, OFF 

Polarity: Determines whether or not the output signal of the module referenced with 
<channel #> is normal or inverted. 
Possible values: NORM, EW 

Format: Determines the format of the output signal of the module referenced with 
<channel #>. 

Possible values: RZ, NRZ, Rl 

VL: The value of the low voltage, or "0", of the module referenced with <channel #>. 
Possible values: A number at least 0.01, but no more than 3.5, less than VH that 
falls between -2.2 and 4.4. 

VH: The value of the high voltage, or "1" , of the module referenced with <channel #>. 
Possible values: A number at least 0.01, but no more than 3.5, more than VL 
that falls between -2.2 and 4.4. 

Example: HPVXI: 1,ON,ON,RZ,NORM,0,3.3 
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HPVXI P: 

Syntax: HPVXIP: <state> 

Sets the VXI chassis outputs to either on or off. 

State: The output state of the VXI chassis. 
Possible values: ON, OFF 

Example: HPVXIP: ON 
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MODE: 

Syntax: MODE: <mode> 

Sets the VXI and osciUoscope relay matrix paths to receiver or driver mode 

Mode: Relay matrix path 
Possible values: RECEIVER, DRIVER 

Example: MODE: DRIVER 
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KEDMM: 

Syntax: KEDMM: READ DATA 

Read the data that is currently on the display of the Keithley Digital Multimeter and display it on 
the user interface. This data will also be stored into a tab dehmited Microsoft Excel file if SAVE 
DATA is actívated. 

Example: KEDMM: READ DATA 
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KEDMM SETUP: 

Syntax: KEDMM SETUP: <measurement> 

Sets the Keithley Digital Multimeter to measure voltage or current. 

Measurement: Sets the Keithly Digital Multimeter to measure DC current (DCI) or 
DC voltage (DCV). 
Possible values: DCI, DCV 

Example: KEDMM SETUP: DCI 
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PAUSE: 

Syntax: PAUSE: <"text"> 

Creates a dialog box that pops up until the user cUcks OK. 

Text: An optional, programmer-defined text string up to 255 characters that wiU displa> 
within a dialog box that pauses the program until the user clicks on OK. 
Possible values: Any text string surrounded by quotes 255 characters or less. 

Example: PAUSE: "Please move the dififerential probe to input 5" 

87 



RELAY: 

Syntax: RELAY: <switch>,<port> 

Connects specified port to the C port on the specified switch of the relay matrix. 

Switch: Single digit referring to a switch on the relay matrix within the VXI chassis. 
Possible values: 1,2, 3,4 

Port: Single digit referring to the port contained within the switch referenced by 
<switch>. 

Possible values: 1,2,3,4,5,6 

Example: RELAY: 2,4 
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SAVE DATA: 

Syntax: SAVE DATA: <state>,<header>,<"Une l">,<"Une2">,<"line3"> 

Controls whether or not collected data is saved in a specified MÍCTOSoft Excel file. 

State: Determines whethCT or not the data collected is saved to a Microsoft Excel file. 
Possible values: ON, OFF 

Header: Determines whether or not the data collected has a new header before it in the 
Excel file. 
Possible values: YES, NO 

Line 1, Line 2, Line 3: Optional text lines before the header in the Excel file. 
Possible values: Any text string surrounded by quotes 255 characters or less for 
each line. 

Example: SAVE DATA: ON,YES,"This is line one","This is Ime 2","This is line 3" 
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TDS8000: 

Syntax: TDS8000: <measurement type>,<output channel>,<input channel> 

Controls the TDS8000 oscilloscope to begin it's AC measurements 

Measurement type: Determines whether or not to measiu-e rise times, faU times, and 
propagation delays, or just rise times and faU times. 
Possible values: RF,RFP 

Output channel: The channel number on the TDS8000 that the device output is being 
measured on. 
Possible values: ***CHANNEL LISTING*** 

Input channel: The channel number on the TDS8000 that the device input is being 
measuredoa 
Possible values: ***CHANNEL LISTING*** 

Example: TDS8000: RFP,ChanneI l,ChanneI 4 
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THERM H: 

Syntax: THERM H: <position> 

Controls the head position and airflow state of the Thermonics Thermostream 

Position: Positions the head of the Thermostream either up or down. When down, 
airfiow starts. When up, airflow stops. 
Possible values: UP, DOWN 

Example: THERM H: DOWN 
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THERM T: 

Syntax: THERM T: <temperature> 

Sets the temperature setpoint on ûie Thermonics Thermostream to a specified temperature. 

Temperature: Sets the Temptronics Thermostream set point to the value of temperature. 
Possible values: Any value between -125 'C and 200'C 

Example: THERM T: -40 
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QUICK REFERENCE GUIDE 

VXI Chassis: Hewlett Packard E8403 A Class-C VXI Mainframe 
HPFREQ: <frequency> 
HPVXI: <channel #>,<state>,<*state>,<polarity>,<format>,<VL>,<VH> 
HPVXIP: <state> 

Power Supply: Hewlett Packard 1611/1612C DC Power Supply 
HPPS<#> P: <state> 
HPPS<#> V: <voltage>,<current> 

Digital Multimeter: Keithley 2000 Digital Multimeter 
KEDMM: READ DATA 
KEDMM SETUP: <measurement> 

Oscilloscope: Tektronix TDS8000 Digital Sampling OsciUoscope 
TDS8000: <measurement type>,<output channel>,<input channel> 

Relay Matrix: US VXI-RMR46 Quad 6x1 DC-18GHz MÍCTOwave Module 
RELAY: <switch>,<port> 

Thermostream: Temptronic Thermostream 4000A 
THERM H: <position> 
THERM T: <temperature> 

Misc: 
DELAY: <time> 
END: 
MODE: <mode> 
PAUSE: <"text"> 
SAVE DATA: <state>,<header>,<"Une l">,<"Une2">,<"Ime3"> 
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