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ABSTRACT

There are more than 15 million Americans suffering from a chronic cognitive disability
in the Unites States. Researchers have been exploring many different quantitative
measures, such as event related potentials (ERP), electro-encephalogram (EEG),
Magnetic Encephalogram (MEG) and Brain volumetry to accurately and repeatedly
diagnose patients suffering from debilitating cognitive disorders. More than a million
cases have been diagnosed every year, with many of those patients being misdiagnosed as
a result of inadequate diagnostic and quality control tools. As a result, the medical
device industry has been actively developing alternative diagnostic techniques, which
implement one or more quantitative measures to improve diagnosis. For example,
Neuronetrix (Louisville, KY) developed COGNISION™ that utilizes both ERP and EEG
data to diagnose the cognitive ability of patients. The system has shown to be a powerful
tool; however, its commercial success would be limited without lack of a fast and
effective method of testing and validating the product. Thus, the goal of this study is to
develop, test and validate a new “Testset” system for accurately and repeatedly validating
the COGNISION™ Headset.

A Testset was constructed that is comprised of a software control component
designed using the Labview G programming language, which runs on a computer
terminal, a Data Acquisition (DAQ) card and switching board. The Testset is connected
to a series of testing fixtures for interfacing with the various components of the Headset.

The Testset evaluates the Headset at multiple stages of the manufacturing process as a

iv
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whole system or by its individual components. At the first stage of production the
Electrode Strings, amplifier board (Uberyoke), and Headset Control Unit (HCU) are
tested and operated as individual printed circuit boards (PCBs). These components are
again tested as mid-level assemblies and/or at the finished product stage as a complete
autonomous system with the Testset monitoring the process. All tests are automated,
requiring only a few parameters to be defined before a test is initiated by a single button
press, and then selected test sequences are begun for that particular component or system
and are completed in a few minutes.

A total of 2 Testsets were constructed and used to validate 10 Headsets. An
automated software system was designed to control the Testset. The Testset
demonstrated the ability to validate and test 100% of the individual components and
completed assembled Headsets. The Testsets were found to be within 5% of the
manufacturing specifications. Subsequently, the Automated Testset developed in this
study enabled the manufacturer to provide a comprehensive report on the calibration
parameters of the Headset, which is retained on file for each unit sold. The automated test
system’s statistical analysis shows that the two Testsets yielded reliable and consistent

results with each other.
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I. INTRODUCTION

A. Background

There are more than 15 million Americans suffering from a chronic cognitive
disability in the Unites States; more than a million diagnosed every year with many of
those patients being misdiagnosed as a result of inadequate diagnostics. (1-6) A majority
of the misdiagnoses are due, in part, to the “soft science” or qualitative tools currently
used for diagnosis, combined with a weak understanding by the medical community and
device industry of the specific pathophysiologies that cause the disorders. Specifically,
until recently, the available methods of diagnosis have included: imaging, psychometric
testing, and electrophysiology techniques, which have been ineffective and possess low
efficacy rates for diagnosing common cognitive disorders, especially Alzheimer’s (Luck,
2005).

In cognitive disorders, imaging data is still considered to be qualitative since very
few of the biomarkers available are analyzed computationally. Rather, images are
viewed and analyzed by technicians and radiologists that look for specific changes known
to be associated with a particular disease. Brain volumetry is a widely used quantitative
method that calculates changes in volume of different brain structures (Fox, Freeborough,
& Rossor, 1996).

Psychometric tests such as the Mini-mental State Exam (MMSE) measure
memory and cognitive status in patients (Heinik, Solomesh, & Berkman, 2004).

However, results from these tests can be difficult to discern since a number of these
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patients also have additional difficulties in communication or movement, such as
debilitations caused by stroke or other co-morbid conditions. In addition, conditions such
as the testing environment where the assessment tool is administered or the number of
times it has been administered can influence and bias the results as well.

In the area of cognitive electrophysiology tools, a few medical device companies
have recently focused their attention on utilizing quantitative measures to improve the
accuracy, reliability and repeatability of their cognitive diagnostic tools. For example,
Neuronetrix (Louisville, KY) has developed a new system, the COGNISION™ Headset,
which uses the electrophysiological-based parameters of electroencephalograms (EEG)
and Event Related Potentials (ERP) to diagnose cognitive disorders. The Neuronetrix
system has produced promising results in early clinical trials (Fadem, 2008). However, it
has many functions and features that must be evaluated prior to consumer use. With the
lack of availability of an automated platform for validation and verification of this
cognitive diagnostic tool, quality control and performance evaluation of each Headset has
been cumbersome and time consuming, which has limited the commercialization of the

Headset.

B. Purpose of Study

The purpose of this project was to develop an automated software platform
(utilizing the LabVIEW™ graphical programming language) that requires minimal user
interaction from start-to-finish of the test, but with the capability to accurately, reliably
and repeatedly validate the performance of each Headset in compliance with FDA

regulations.
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C. Hypotheses

Repeated testing of an individual unit will yield results whose difference between
trials are not statistically significant.
Testing an individual Headset unit on two independent Testsets will not yield

results whose difference is statistically significant.

D. Significance of Study

The ability to validate and test medical equipment to ensure valid results is a high
priority to minimize inaccurate diagnoses and to aid in the quality of care of patients
suffering from cognitive disorders. The Testsets produced in this project and the
automated software that drives them will be used to test a new, promising clinical
diagnostic tool in a cost effective and time efficient manner. As a result, the performance
accuracy and reliability of the Headset will improve the quality control of the system and

contribute towards improving the accurate diagnosis of cognitive disorders.
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II. LITURATURE REVIEW

Patients suffering from cognitive decline can become frustrated in not knowing
the cause, whether it happens slowly as part of the natural aging process or as a rapidly
accelerated process caused by disease. Similarly, those born with cognitive disorders,
typically have the ability to conceive of a normal life and suffer the additional hardship of
perceiving what the “norm” is for the rest of the population. To ease the psychological
pain experienced by these patients, better diagnostic and therapeutic methodologies must
be developed. The focus of this chapter will be on identifying the: 1) different types of
cognitive disorders; 2) current technologies commercially available for diagnosing these
disorders; and, 3) different techniques implemented for validating and verifying

performance of the cognitive diagnostic tools.

A. Cognitive Disorders

More than 15 million Americans are suffering from a chronic cognitive disability
in the United States (1-6) and represent a huge cost both in terms of individual
happiness/comfort and monetary loss to the individual and society as a whole. These
conditions range from a life long struggle starting in childhood to debilitating and
progressive diseases with cognitive decline until death. Some common forms of cognitive

diseases can be seen in
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Cognitive Disease Statistics
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FIGURE 1 : USA Yearly Population Statistics For Common Cognitive Diseases (In Thousands)
Showing The Prevalence Of The Diseases In The Current Population And The Number Diagnosed Each Year.

The common forms of cognitive disorders in children include attention deficit
disorder (ADD) or attention deficit hyperactivity disorder (ADHD), Autism, and Down
syndrome. ADD/ADHD is a disorder characterized by the patient’s inability to control
their attention on a subject matter, commonly in conjunction with poor impulse control,
and seemingly a lack of attention to detail. Pathology stems from anomalies in dopamine
pathways related to the “reward center of the brain.” According to epidemiological data,
approximately 4% to 6% of the U.S. population has ADHD (Jaska, 1998).

Down syndrome is caused by a genetic defect and the syndrome is generally
apparent from birth. It has an easily distinguished phenotype and can cause significant
mental retardation. Unlike many of the other diseases, methods of diagnosis are not the
primary concern for Down syndrome; current research is pursuant of quantitative

cognitive measurements to improve the understanding of drug efficacy. (Cano et al.,
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2010) Measurements related to cognitive performance are taken before and after
administration of drugs that hold promise for improvement of the deficits associated with
Down syndrome.

Autism is a developmental disorder that appears in the first 3 years of life, and
affects the brain's normal development of social and communication skills. The severity
of the disorder can impede the ability for education and cognitive assessment. Like
Down syndrome, there is a great need for the ability to quantify the cognitive function of
the affected patients (“Alzheimer’s Disease Facts and Figures,” 2010).

Chronic cognitive disabilities have been occurring in adult patients at an
expanding rate from factors such as the increase in life expectancy and improved health
care from the mid 70’s to present, which has lead to an exponential increase in
cognitively impaired adults. The number of age-related cognitive deficient adults will
probably continue to increase until 2050 as a result of the aging baby boomers population
and increasing life expectancies; at that time, more than 1 out of 5 people will be over the
age of 65 (Obeso et al., 2008). In the aged population, cognitive disabilities are caused
by the onset of cognitive diseases, such as Alzheimer’s, Parkinson’s or part of the natural
aging process.

Alzheimer’s disease is characterized by slow brain cell death from beta amyloid
plaque burden and tau. The first outward signs of the disease are forgetfulness which
makes memory and cognitive function the current target for early detection (Obeso et al.,
2008). Parkinson’s disease consists of the death of mid-brain dopanergic secreting
neurons, resulting in lower amounts of dopamine reaching their target receptors; thereby,

causing a decline in the individual’s ability to control voluntary muscles (Michael J. Fox
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Foundation, 2012). Research is ongoing in determining why the later stages of the
disease exhibits cognitive decline (National Institute of Neurological Disorders and &
Stroke, 2004)(Schizophrenia.com, 2010).

Schizophrenia — disease characterized by paranoia, delusions, hallucinations and a
detachment from reality (Robi Polikar et al., 2008). A lifelong disease usually starting
between the ages 18 and 30, it manifests from mild to acute, and can distort memory and
normal cognitive behavior. This disease’s prevalence is roughly 1 in 100 adults. (Robi
Polikar et al., 2008) Cognitive Diagnostic Modalities

With the increasing number of people being affected by these diseases, it is
becoming of critical importance that accurate diagnostic techniques be implemented.
However, the majority of diagnostic methods currently used are based on “soft science”
or more qualitative approaches. As a result, in the case of Alzheimer’s for example, there
is a low efficacy percentage of diagnosis, about 75 % (R. Polikar, Greer, Udpa, &
Keinert, 1997). Thus, many patients are diagnosed as either false positive or false
negative with the disease. Subsequently, many patients receive, or do not receive, the
appropriate treatment for their disease case. Lack of early detection or proper diagnosis
often times results in an unnecessary cognitive decline in the patient before effective
treatment can be applied.

Currently, there are a variety of modalities that have been used for diagnosing and
assessing the cognitive and physiological state of the brain. The primary diagnostic
modalities include: 1) imaging methods, which give an excellent spatial understanding of
disease pathology and clearly show morphological changes; 2) cognitive assessment

methods involve questionnaires and quizzes to stress the various cognitive functions and
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elicit standard responses; and, 3) electrophysiological methods, which provides great
temporal resolution, but poor spatial resolution. Great temporal resolution (Casey, 2011)
s to changes that are observable on the order of milliseconds, where as poor spatial
resolution (Millet, n.d.) s to difficulties in determining where exactly in the brain the
signal originates. Research has been done for each type of modality (described below)
along with the development of specific biomarkers that correlate with the disease(s) in

question.

B. Imaging Methods

Imaging methods such as Computer Tomography (CT), Magnetic Resonance
Imaging (MRI), and Positron Emission Tomography (PET) are able to show the physical
changes that occur with disease. CT is used to generate anatomical images of the body. It
does this by passing a body through a donut shaped machine, an x-ray emitter and
collector then whirl around the inner circumference of the ring at high speed and collect
information as the body is passed through the center. The computer reconstructs the
image as coronal slices, which can then be rendered into three dimensional images of the
body. Similarly, MRI also focuses on anatomical features; however, the mode of
operation is different. MRI uses a power magnetic field and electromagnetic pulses at the
resonance frequency for hydrogen nuclei. Once affected some of the nuclei will release
their own photons at the varying densities depending on their concentration in the tissue,
i.e. the water concentration of the tissue. The reconstruction is the same as for MRI
images once the signal has been collected. Separately, the primary purpose of PET
imaging is to determine the physiological functionality and activity of specific regions of

the body under investigation. PET relies on radioisotopic decay of an injected or

6
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ingested material. As the isotope decays it releases the radioactive particles and they are
collected by a scintalator much the same as the MRI and CT collect their signals. Just
like the MRI or the CT, the images are reconstructed from the signal.

Both MRI and CT can detect certain cognitive diseases via brain volumetry and
they both have comparatively high spatial resolution as opposed to other imaging
methods. In brain volumetry, the brain is imaged, a 3D model is constructed and voxels
(3D equivalent of pixels) are used to gauge the volume of specific brain structures under
investigation (Zakzanis, Graham, & Campbell, 2003). In Alzheimer’s disease, for
instance, there is a significant decrease in volume of all brain structures over time,
particularly the hippocampus early on (Hostetler et al., 2011). However, while there is a
positive correlation between brain volume and certain diseases, the likelihood of a false
positive is significant since many perfectly normal, healthy geriatric patients also have
brain shrinkage and do not exhibit cognitive decline (Fox et al., 1996).

Meanwhile, PET imaging has a fairly low spatial resolution in comparison to MRI and
CT, but has made progress in positively identifying persons with a beta-amyloid plaque
burden (Drzezga et al., 2008)(Wind et al., 1997). This method also has a tendency to
yield false positives, since all persons with Alzheimer’s have a substantially higher than
average amount of beta-amyloid plaque accumulation. However, not all persons with
beta-amyloid plaque accumulation have dementia. With all the types of imaging
techniques implemented thus far, disease detection is limited in the pre-dementia and
mild impairment phase, since insufficient damage has occurred to be identified in the

images.

www.manaraa.com



C. Psychometric Methods

The psychometric tests fare better than the imaging techniques listed above at
assessing cognitive function, but have a number of drawbacks. There are many of these
tests and some physicians use them as a routine diagnostics, however, each test targets
and analyzes very specific pathways of the brain to ascertain if those sections of the brain
are working correctly. There are hundreds of published psychometric tools, but for
evaluating memory the MMSE has been adopted by many physicians as well as being
incorporated into the Alzheimer’s disease Neuro-imaging Initiative (ADNI) protocols for
diagnosing Alzheimer’s (Casey, 2011). Although these tests have been developed to do
their best at eliminating exogenous variables; they are affected by the test giver’s
demeanor, patient alertness, patient disposition, and outside distractions. A test subject
may have highly variable test scores from one week to the next, making disease
correlation difficult from these various factors. Also, cognitive tests of this nature cannot
be repeated frequently as the subject “learns” the test, so their performance will improve
from practice or decrease from boredom as a function of frequency and total number of

tests given, giving unpredictable results (Steinmetz, n.d.)
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FIGURE 2 : View Of Four ERP Epochs From Three Channels. Each Epoch Is A Stimulus Response EEG
About One Second Long. The Blackvertical Bar Represents When The Stimulus Occurred.
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D. Electrophysiology Methods

Another method for evaluating cognitive ability is electrophysiological testing.
There are several types of electrophysiological signals which have been used to date to
evaluate  cognitive  ability including, magnetic  encephalograms (MEG),
electroencephalograms (EEG) and event related potentials (ERP). An EEG is performed
by placing electrodes on the scalp and monitoring the brain waves produced by the test
subject (FIGURE 2) The waves emanate from the changing of the average polarity of a
region due to neuronal activity. With help from low impedance amplification, the
microvoltages collected at the scalp can be amplified to voltages capable of being
digitized and recorded by a computer. The MEG techniques can be utilized the same way
as the EEG techniques, however the cost of building the collection arrays are magnitudes
more expensive. MEG detectors are as large as MRI and CT scans, making them
unportable. MEG works by picking up the magnetic field changes, these signals are
attenuated a great deal more by distance than EEG, but are less distorted by the skull, and
therefore provide better spatial resolution than that of EEG.

ERPs are created by repeatedly subjecting the test subject to a stimulus: light
pulses, images, sounds, vibrations, etc., and then collecting the time locked brain waves
that follow (either EEG or MEG). Time locked signals refer to the coordination of the
signals in relationship to each other and the high precision system clock that keeps track
of when the signal was produced. These time locked signals are then overlaid upon one
another and averaged for each sample time starting with the time of the initial stimulus.
Any brain waves not related to the event related stimulus will average to zero (FIGURE
3), leaving only the signals associated with the patient’s response to the stimulus (Luck,

2005). These signals have unique characteristics depending on the stimulus paradigm

9

www.manaraa.com



which can be analyzed to yield probabilities for different diseases using a trained

classifier to examine wavelets, latency, amplitude, polarity and other features (R. Polikar

et al., 1997).
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FIGURE 3 : S'ingle Data Channel Showing 100 Overlaid ERP Epochs (Blue-Green) And The Xverage Of The
Epochs (Red). The Peaks At 200 And 300 Ms Are Tell Tale Peaks Used In Alzheimer’s Detection.

The benefit of using ERP over other forms of cognitive assessment is that it

allows monitoring of the precognitive and cognitive responses to stimuli.

When a

stimulus is imposed, there are brain waves generated by other areas of the brain leading

up to the moment when the cerebral cortex (the part of the brain responsible for cognitive

comprehension) receives the information. The significance of precognitive activity is
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that the patient cannot influence the results of the stimulus; making it an additional
independent measure of brain activity unaffected by the subject’s thought processes. The
brain wave’s features associated with these diseases are unique; thus, a powerful
computer in conjunction with a trained classifier and quantitative analysis method can
yield reliable pass/fail results when testing for a specific disease.

Unfortunately, unlike the panacea of cognitive assessments and brain imaging
modalities, electrophysiology methods have not been as widely accepted as a tool for
clinical diagnosis as other modalities other than for sleep and seizure studies. Their use
in determining cognitive disorders is rare in a clinical environment due to the lack of
dedicated ERP systems and problems, thus far, with comparable results from lab-to-lab
and the need for specially shielded rooms. EEG setups have been traditionally
customized by individual labs using software and custom stimuli to record the ERPs. As
a consequence of this, it has been difficult to compare data from one lab to another as no
two labs had the same equipment, or the same test paradigm. Unlike imaging modalities,
which simply take a picture of an existing structure, ERPs actually evoke, via a specific
stimulus, a distinctive response. Unless the stimulus is the same from one test to the
next, and one lab to another, the response will not be comparable, so a common

designated biomarker cannot be easily identified.

E. Neuronetrix COGNISION™ System

Recently, a dedicated ERP system has been developed, COGNISION™
(Neuronetrix, Louisville, KY), and is currently being evaluated in clinical trials. The
COGNISION™ Headset (hereafter referred to as Headset) allows ERPs to be collected in

clinical settings with a high level of accuracy and little variation from laboratory to
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laboratory or between devices (Swaminathan, Mohan, & Arunachalam, n.d.). The
Cognision Headset is a handheld, wireless, ambulatory, ERP device for the diagnostic of
cognitive disorders. It is designed specifically to perform ERP tests and their ability to

produce biomarkers associated with cognitive disorders.

F. Validation and Testing

As with any medical device, ensuring a device is robust, safe and effective is of
paramount importance and is achieved through the implementation of proper validation
and testing procedures. The consequences of releasing an un-validated device into the
market can be dangerous, even fatal, in instances where electrical shock is possible, e.g.
open brain or heart surgery, and subcutaneous catheterizations (Reid, 1978). The FDA
requires that medical devices be tested and validated to ensure they are safe and effective
to gain approval for clinical use and sale [CFR21 Part 11 and Part 820](22). The FDA
does not provide a strict requirement about how the validation and verification processes
are performed, so the scope of methods implemented by companies vary from the simple
use of statistical methods, where only a small percentage of devices are tested, to the use
of robust, fully-automated techniques developed by the respective, individual company.

Currently, laboratories evaluate EEG and ERP systems via a manual process
using individual pieces of electronic testing equipment such as oscilloscopes, function
generators, and custom built hardware. Measuring parameters as simple as frequency
response or gain linearity can take an hour each. Some test systems exist, such as the
FLUKE Medtester series, which is primarily a Biosignal generator used to test EKG
devices; however, these testers are limited because they lack the ability to test equipment

with complex functions and built in firmware, such as those found in ERP devices.
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III. INSTRUMENTATION AND EQUIPMENT

A. Cognision 3000 Headset

The COGNISION™ System (CS) consists of a ten-electrode headset and control
unit (Figure 4a) with signal conditioning (Figure 4b) to measure EEG and ERP for non-
invasive, early-stage detection and diagnosis of clinically-significant neurological
disorders. The CS concept leverages clinically-accepted diagnostic ERP technology to
record the electrical activity of a patient’s brain waves (typically 100 uV pk-pk) while the
brain is stimulated to perform cognitive tasks that are specific to the cognitive disease

being tested.

FIGURE 4 : The COGNISION™ 3000 Consists Of (A) Ten-Electrode Headset, (B) Control Unit, And (C) Data
Acquisition. The Uberyoke (1. White Box) Contains Electronics For Signal Amplification, Analog-To-Digital
(A/D) Conversion, And Control Logic (C).

Advanced signal processing techniques are applied to these data to elucidate the possible
disease state(s). Pattern recognition software is used to identify disease specific
biomarkers associated with specific regions of the brain that are linked to cognitive
performance. The trained cognitive classifier assesses the probability of a disease by

omparing morphological features of the patient’s recorded brainwave activity during
13
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cognitive testing to a database of brain waveforms with characteristic features associated
with a variety of cognitive disorders.

The CS offers many technological advantages and clinical benefits compared to
other commercially-available ERP devices. First, current ERP devices are large in size
and weight requiring transport within the hospital environment on carts. In contrast, the
CS is a portable, light-weight, handheld device. By leveraging electronic miniaturization
and advances in cell phone technology, a personal computer (PC) and data acquisition

system have been replaced by a wunit that fits in the palm of the hand.

FIGURE 5 : XLTEK Design, Notice The That It Requires A Cart To Mobilize The Equipment (Left).
COGNISION™ The Small Size Makes It Far More Portable (Right).

These improvements enable clinicians to use the CS in remote setting(s), which
were previously inaccessible (i.e. sports arenas, battle fields, and EMS ambulatory units).
Second, the CS is wireless allowing for untethered communication, and data transfer,
allowing physicians and support staff to monitor test subjects from a separate room

without disturbing them. The CS uses active electrodes for EEG measurements, which
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can be used in conjunction with integrated circuits (IC) to perform specialized tasks. For
example, real-time impedance verification is used to continuously monitor and validate
that the active electrode maintains a low impedance electrical contact with the patient.
Current ERP devices employ ‘passive electrodes’, electrodes that do not contain any
electronics, the electrodes can often become disconnected during cognitive testing
without any indication and that can result in aberrant or corrupt data. Additionally, the
CS signal conditioner is designed with unity gain (signal buffering) to minimize signal
degradation between the electrode and the amplifier for better signal-to-noise ratio
(SNR). The CS Headset continually samples electrode impedance, monitors for artifacts,

and ensures all cognitive test sequences are completed and sample data recorded.

FIGURE 6: Hydrodots Seen From Various Angles. The AG/AGCL Tabs Of Each Hydrodot
Articulate With A Metal Contact Ring In Each Electrode Pod. The Gel End Of The Dot Articulates With The
Patient Scalp.

Hydrodot™ electrode contacts are used for maintaining electrical continuity
between the sensing electrode and patient. The current clinical practice involves the use
of a blunted needle to abrade the patient’s scalp (preparation) and apply saline or
electrolytic gel (coupling) to acquire the voltage potential at the electrode placement site.
This procedure can be uncomfortable, sometimes painful, and messy. In contrast,

Hydrodots™ (Figure 6) are a gelatin electrolytic pod that maintains its shape, and
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provides superior physical contact and silver/silver chloride contact electrical coupling to
acquire higher-fidelity EEG waveforms. These special features and unique electrodes
make the system more complex for testing than other EEG/ERP test systems, and require

a sophisticated tester to ensure the highest quality products.

FIGURE 7 : CS Testset, On The Left The (A.) MSBB And (B.) Testhead, The Right Side Of The Image
The (C.) Testboard Which Is Currently Populated With A CS 3000 System Ready For Testing.

B. COGNISIONT™ Testsest

The physical Testset is a proprietary hardware device for testing the Headset. The
complete Testset (hardware and software) is an automated test fixture with the ability to
test the Headset at each stage of Validation and Verification testing during the

manufacturing process. The Testset includes a software control component designed on
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the National Instruments LabVIEW platform using the LabVIEW G programming
language, which runs on a computer terminal and a Data Acquisition (DAQ) card +
switching board. The “Magical Switching Bio-signal Board” or MSBB (as termed by
Neuronetrix) connects to a series of test fixtures for interfacing with the various
components of the Headset.

The Testset can simulate the Headset HCU to test entire system(s) or individual
component(s). There are 14 separate configurations (see appendix c, section 7) that allow
trained technicians to test each component against a known test standard, or use the
component independently with the Testset to simulate the entire CS 3000 system. For
example, an Uberyoke can be placed on the Testboard with a set of “golden” strings
(term indicating calibrated and validated electrode strings used as standard) and the
Uberyoke’s circuitry tested by subjecting it to analog tests and executing its firmware
commands to control its digital switches. Analog tests such as: power consumption,
baseline noise, Cal tones test (calibration tones used for measuring impedance while an
ERP test is in progress), frequency response, gain linearity, and cross talk can be
performed via the custom software interface.

The Testset allows a variety of test to be performed in an automated fashion.
There are noise level tests, noise sources from both internal components of the Headset
and from electrical magnetic interference (EMI), and baseline noise values external to
electrodes. The frequency response, common mode rejection ratio (CMRR), cross-talk,
and gain linearity are all tests that are incorporated into the single automated test suite;
allowing the press of a single button to pass or fail individual pieces of equipment or

entire Headsets.
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1. DAQ Card Control

The (Data Acquisition) DAQ card (Ue9 Labjack, Denver, Colorado) (FIGURE 8) has
many features and functions for collecting and generating signals. Universal
asynchronous receive/transmitter (UART), serial port interface (SPI), Streaming DAC
out, streaming analog signals in from the Kelvin circuits (current monitoring), and Digital
Input/output for switches that are distributed throughout the MSBB (magical switching
Biosignal board. The DAQ card is the single most important piece of hardware as it
serves as the interface between all the various switches and parts in the Testset, and the
computer. This data card needed to have communication channels for SPI and UART,
(industry standardized communication protocols that exist in the Uberyoke and HCU). It
also required analog inputs and outputs, for simulating waveforms and monitoring the
voltage output of the current monitors. The digital I/O (DIO), although not enough to

drive all the switches on the board, was required to drive the port expanders.
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FIGURE 8 : Labjack Ue9, the DAQ card and “brains” of the testset. It functions as the
interface and programmable circuitry that drives all the switches in the Testset.

The Labjack is the brains of the Testset; it is the controller for all of the switches

in the MSBB. The DAQ card serves as the interface between the computer and the rest
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of the hardware. It generates the Biosignal, has the firmware necessary for interpreting
the information sent from the computer to control switches, and communicate with the
various chips and peripherals.

2. Port Expanders

(MCP23S08, Microchip Technology INC., Chandler, Arizona) The DAQ (Data
Acquisition) card did not possess enough Digital I/O ports (DIO), requiring a port
expander chip to be used. These port expanders give a system an expanded ability to
control a greater number of digital switches. This is necessary because there are not
enough ports on the DAQ card to control the MSBB. (For a comprehensive list of
switching needs, see PS-1487, section 7.4). Several of these chips were used to provide
the necessary switching capacity in the MSBB. There were a total of 12 additional DIO
added with the use of the port expanders.

The chip uses a 4 wire communication protocol called SPI (Serial Peripheral
Interface). The DAQ card had driver level function calls for operating 4 of the digital
channels (DIOO - DIO3) as SPI lines. The port expander was prototyped on bread boards
and controlled with the DAQ card. In using the chips the first step after wiring them
correctly is to initialize the registers. The initialization procedure defined by the
manufacturer in the chip specification did not work according to specification. The
specification for the communication protocol for the SPI did not mention how to properly
initialize the chip, the first register had to be written twice, to be responsive. Several
additional registers were required to be set for the chip to perform for this application.
The registers are responsible for port direction (R/W), Port polarity (inverted/normal),

port state (high/low) and whether the chips responded to all commands or only
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commands that are specifically addressed to them with a two bit code. The addressing
register was set last, since it resulted in the initialization needing only to be sent globally
instead of addressing each chip individually; resulting in a 75% reduction in the amount
of time necessary to initialize them. = The DAQ card’s SPI channels only output 3.3
volts, but the operating voltage for the port expander is 5V. As a result, a level shifter
(Schmitt trigger) was required to shift from 3.3 to 4.5 volts.

3. Kelvin Circuits

Kelvin circuits infer the current draw of a particular component by comparing the
voltage at two different points along the VS for a particular component. They make it
possible to determine if a short or an open is occurring when a component is placed on
the Testboard. Uberyokes, HCUs, and electrode strings all have a known nominal current
draw and deviations from these numbers are flagged for investigation. These are sampled
with the Testset’s analog inputs and a switch in the Labview application was designed to

enable sampling of those ports and report them in a graph.
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C. Testhead

The test head is a fixture for testing the device as a finished assembly. The
Headset is mounted on the Test Head with an emitter post for each electrode and signals
are then fed to the electrode posts. The Test Head is a modified Styrofoam display head
for selling wigs and hats. It has ten electrode post made from sections of brass pipe,
each pipe has a flexible rubber column with a screw inserted through it and a copper
braid attached. The copper braid serves as a flexible conductor for making contact with
the Monel ring of the electrodes. Once the Headset is in place, the screw is tightened and
the rubber tube, bulges out, causing the copper braid to articulate with the Monel ring of

the electrode.

FIGURE 9 : Testhead, A Fixture Of The Testset Wearing The COGNISION Headset. This Fixture Is
Used To Test The Headset Once It Is Assembled And Completed Systems. It Allows The Simulated Biosignal To
Be Injected Into The Electrodes With Conductive Post That Articulate With The Electrode Pod’s Monel Ring.
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D. Testboard

A test fixture, this is the actual interface between the hardware to be tested and
the hardware of the Testset. The Testboard functions as the distribution highway for all
the signals of the MSBB and Headset. It has only a minimal amount of active circuitry
on it, with the idea that any changes to the Headset or degradation of the Testset will
occur with the Testboard; it can be easily redesigned, and repaired. When designing the
Testboard the major consideration was EMI. The signals output to the Headset are in
microvolts and these signals have to be shielded with ground planes and spatially isolated

to prevent noise from entering the conductors.

FIGUER 10 : Test Board With 1.HCU TOP, 2.HCU BOTTOM, 3.Uberyoke, And 4.Electrode Strings
In Position. This Is A PCA Test Fixture That Allows The Unassembled Components Of The CS System To Be
Mounted And Tested.

The baseline noise of this system is as low as 500 nano-volts. The Bluetooth

emitter on the HCU had to be placed as far from non-digital signals as possible to prevent
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interference. The only circuits that are located on the Testboard are solid state switches,

and the Kelvin circuits.

E. Oscilloscope
A Tektronix oscilloscope with 100 MHZ bandwidth and 1 GS/s sample rate,

it has standard features, 12 automated measurements, and context-sensitive help (Figure
11). The various features allow signals to be monitored as it progresses through the
Testset, and to determine the appropriate voltages of the inputs and outputs. The o-scope
was used during prototyping and to validate the test set. See Appendix B PS-1487 section

7 on validation for more information.

FIGURE 11 : Tektronix Multifunction Oscilloscope. This Was The Principle Tool For Validating The
Testset As Well As Testing Its Circuits During Research And Development.
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F. Function Generator

A Function generator (BK Precision) with variable DC offset, 4 digit LED
display, course and fine tuning; it can produce sine, square, triangle, pulse, and ramp
outputs (FIGURE 12). 1It’s range is 0.2 Hz to 5 MHz in 7 ranges. This piece of
equipment was primarily used to validate the Testset’s signal input and output. See

Appendix B PS-1487 section 7 on validation for more information.

FIGURE 12 : BK Precision Function Generator, Used To Produce A High Fidelity Signal And Validate
The Signal Generator In The Testset
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IV.  PROCEDURES

A. Device Design

User Needs — A list of test were generated by itemizing the subsystems. A test
was created for each subsystem. A basic consideration that helped to generate the
specification was how to accomplish the tests that needed to be performed. (For a
complete detailed list of design specifications see Appendix B section 7 PN-1487 section
7 SPECIFICATIONS) Prototyping (see PS-1487 Section 5 Block Diagram for hardware

flowchart)

B. LabVIEW Application

(LABVIEW 11.0, National Instruments, Austin, Texas) Developing a (LabVIEW
Virtual Instrument) VI for access to the virtual serial port with the Bluetooth Technology
was necessary to test communication with the HCU. A Bluetooth Development Board
(BDB) by Ezurio (Model number omitted) was utilized as a learning tool for
communicating and interacting with the Bluetooth interface. LabVIEW currently does
not have a function or module for pairing with Bluetooth devices. Instead, a third party
library, 32feet-in-the-hand, which is an open source technology that allows pairing with a
Bluetooth device. After pairing with the device a virtual com port was allocated to

enable serial communication with the device. Once the Bluetooth device was paired and
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a port set up, a standard serial communication protocol was all that was required for

communication with the device via ASCII or hex commands.

C. Labjack UE9 DAQ Card

The first step to controlling the Testset was to learn how to communicate with the
UE9; it has an USB connector and an Ethernet connector. It was established that the
Ethernet communication would allow for more flexibility in control, as the Testset could
then be controlled from anywhere and to anywhere provided there was network access.
Low level VI functions were designed to access each port both digital and analog, and

communication protocols such as SPI and UART.

D. MSBB (Magical Switching Biosignal Board)

This board interfaces between the Labjack and the Testboard. It contains all the switches,
and signal conditioning elements necessary for testing the board with the exception of the
components that have restrictions on the length of their conductors, i.e. CCS —-ICDU64
programmer and the Kelvin circuits. The ports on the Labjack and interfaces can be
used to turn the switches on and off to redirect signals and talk to the chips. After the
basic input output functions were finished, sub routines were made to control the

switches, such as initialization, and state machines.

E. Test Design

(See section 9 of PS-1487 of Appendix B)

The tests were designed with a common template in mind: Initialize Testset ->

Get User input-> Perform Test -> Test data for Pass/Fail -> Generate report. The
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Graphical User Interface (GUI) also had a template design, with the user controls on the
left and the indicators on the right; with common controls and indicators between tests.
A common theme for button colors, shapes and sizes were also used (Example
screenshots of the GUIs can be seen in PS-1487, section 9). Error monitoring and stop
buttons were incorporated into each tests, the testset hardware was designed to prevent
any states from causing damage, but having a stop button to terminate the execution of a
test saves time in the instance that a test needs to be reset.

Each test had a unique task to accomplish, using a common test pattern. Each test
required data collection for some number of samples, and with some parameters. Either a
single one shot data collection (single sample set) or a loop that varied a parameter such
as frequency or gain. The Frequency Response Test and Common Mode Rejection Ratio
(CMRR) test both required a loop to run that varied the frequency and kept the amplitude
constant, because of this both test were incorporated into the same panel, a single switch
in the MSBB would short all the inputs to each other for the common mode. The Gain
Linearity Test required constant frequency with varied amplitude. The same loop
structure could be used for all three tests with a different formula for each loop structure
that regulated frequency, amplitude, and number of samples. The crosstalk-noise test
only differed in that in the crosstalk test there was a signal being injected to one electrode
at a time. For this test, the loop process is nested inside a of a larger loop that controls
the channel that is open. For a full description of each test see Paragraph (0 of section
OIV Procedures.

Tests required pass fail parameters to determine the pass/fail criteria for the

received signal amplitudes and frequencies. The method used to measure was identified
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and implemented. Tests required built in LabVIEW tools for detecting frequency,
amplitude, peaks, and rms. The criteria can be seen in the example test system report of

Appendix-B.

F. Validation of the system

1. Data Validation

The Testset and tests were validated systematically and incrementally. The first
steps were to validate the Testset to make sure all the individual components were
performing as expected. As an example, when a signal was set in the application to 400
puV, a voltage of 2.5V is expected to be at input of the voltage dividers (See PS-1487
section 7, Appendix B for example values). Several test points were added during the
design phase, all with expected values to help validate the system. Voltages and
frequencies at each test point were tested, to ensure that the values match expectation. As
an example: The output of the DAQ card was 0 to 5V which was ultimately divided to a
dynamic range of -400 to 400 mV, with a resolution of 12 bits, a sensitivity of 97 nV.
Then when the tests were performed, the same procedure was repeated, this time probing
the test points monitoring the changes in the values as the test progressed. Other test
points allowed the observation of digital signals. Visual inspection of the signals were
used to make sure that there was not excessive slew (that the signals contained square
waves) and that they were the proper voltage (3.3V, 5V, or 6.3V).

2. Pass/Fail Tolerances

The Neuronetrix Headset engineers provided the values for the tolerances, but the
method is explained: The circuits all had theoretical values for their outputs and

deviations from those values. The resistors and capacitors all had 1% or 5% tolerances
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and based on the arrangement of those chips, the tolerances were either constant or
additive. Some of the tolerance levels were specifically calculated using tolerances of
parts and specifications, such as noise levels and CMRR. Other tests’ tolerance levels
were calculated but the band which the values fell in where determined experimentally;
such as in the frequency response test.

There were several tests designed to validate each Headset. See PS-1487
section 9 for a full description and instructions for use of each test. These tests were
integral to ensuring robust, high quality diagnostic devices in the field. The tests are:

*  Current Draw

* Noise Test

* (Cal Tones Test

* Frequency Response

*  Common Mode Rejection Ratio

* QGain linearity

* HCU Function Testing

* Generated Results

Results were generated by a common subVI which included relevant information

in the header about the device and test being performed, followed by the test data
interpretation. (see PS-1487 section 13 for a copy of Volume Record (VR) 1524.

3. Test Procedure General Overview

Most of the tests are automated with very little action from the user necessary.
When a test panel is open, the configuration (See section 6 of PS-1487 for the different

configurations) fields are already populated with the default testing conditions (see
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Appendix D section 9 for default settings of each VI). If any changes to the
configuration need to be made they are done at this time, and then the start button is
pressed.

The whole test is performed over the course of a few seconds or minutes and a
report is generated. Top level test panels, such as the Master Test Panel, contain
automated tests that combine all the other tests, requiring the user to select only those
tests which are desired from a list box. Devices are tested primarily in two states, (Luck,
2005) board level testing, and (Fox et al., 1996) finished assembly testing. At the board
level the Testset can simulate any of the components of the Headset enabling individual
components to be tested independently of each other. For instance, the active electrode
strings or the Uberyoke can be tested independent of the HCU and of each other. At the
finished assembly level, the Headset can be tested on a test fixture by injecting biosignals
into the electrodes simulating a person’s brain, while monitoring the communication of
the Headset.

4. Analysis Of The Generated Results

Each test produces a set of results, a table or series of values, a graph or chart, and a
pass/fail reading for the parameters tested. All raw data was stored in a TDMS file (a
data file format by National Instruments) which if necessary can be reconstructed later to
reproduce the test. The results, graphs and pass fail parameters are printed to a txt file
which is then converted to a PDF file and stored as a part of the Device History Record

(DHF). (See a sample report in Appendix D section 13)
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5. False Positives Vs. False Negatives

During the design of the tests, and creation of tolerances occasionally a false
positive or false negative would occur. While it’s undesirable to have these false results,
it’s best to error on the side of caution. Creating tests that will fail by having a false
negative, or rejection, is safer if necessary and results in a retest or further inspection.
Having a test that has false positive causes the product to be passed on for further
assembly or onto sales, which is undesirable.

6. Noise Test

The Noise Test shorts the active electrodes inputs to ground, effectively removing
the electrical influences of anything connected to the electrode, and resulting in any noise
that is detected being internal to the Electrode string and/or Uberyoke. Then sampling of
all channels occurs as the testset “listens” for any noise. The sampling last for about 25
seconds, which ensures enough time has passed to detect infrequent popcorn noise (See
PS-1487 Section 12) coming from bad switch cap filters as well as ensuring that any slow
wave (<1 Hz) noise is detected with no less than 2 samples per wave above 0.1 Hz. After
the channels have been sampled they are subjected to a variety of processing and testing
to make sure that the noise that exist on the channels is below a certain threshold and that
there isn’t any regularity to it.

7. Cal Tone Test

The Cal tones are pure tone frequencies of 13.8 Hz and 27.6 Hz that are produced
in the Uberyoke and travel down the electrode strings and injected into the electrode path
at the patient’s scalp for the purposes of determining the impedance of the electrodes to

the scalp. The reference electrodes emit a low frequency and the other 7 electrodes emit

31

www.manaraa.com



a higher frequency. The reference signal returns via the regular electrodesThe Caltones’
frequencies and amplitudes must be precise in order to properly calculate the impedance
via a proprietary equation. This test collects enough samples of data to create an accurate
Fourier transform, and then the peaks of the two frequencies are detected and subjected to
pass fail examination to determine if they are acceptable.

8. Frequency Response

The Frequency response determines the Headset’s bandwidth. The Headset has a
Low Pass Filter (LPF) and a High Pass Filter (HPF). The passband region must be within
5% from one Headset to another to ensure accurate results. The test is run by generating
a frequency starting at .3 Hz and incrementing the frequency first at 0.1 Hz at a time until
1Hz is achieved, then after that the increment is 1 Hz up to 50 Hz. Beyond 50 Hz the
signal to noise ratio is too low as the 33 Hz LPF has reduced the signal below the
COGNISION™ Headset’s noise level. The test is designed to collect no less than 4
complete cycles per frequency tested to ensure accurate readings. The drawback is that at
the frequencies less than 1, the time it takes to capture 4 cycles is longer than the entire
test above 1Hz.

9. Common Mode Rejection Ration (CMRR)

Determines the Headset’s ability to reject signals that are common to the signal
channels and the ground plane. Works identically to the Frequency response test
however the signal is injected into the common channel as well as the signal channels and

at a greatly amplified value.
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10. Crosstalk

The crosstalk test returns information about how much the signal on one channel
influences a signal on other channels. This test was performed by generating an 800 pV
signal and injecting it into one channel at a time while recording the level of that signal
on the other channels. As long as the value on the other channels is below the tolerance
the system passes. (See test report for tolerance values Appendix B section 13)
11. Gain Linearity

Returns information about the linearity of the amplifiers. The amplifiers are less
linear at very low voltages (voltages less than 5 uV) which unfortunately is not much
smaller than the magnitude of the signal the Headset is trying to capture. The test starts
at a voltage of 5uV and increments the voltage by 20uV until it reaches the nonlinear
region of the DAQ card which is around 700uV. The linearity is calculated by dividing
the input by the output for each voltage level. The test is acceptable as long as the value
is below .01 for the tested voltages.

12. Power Consumption Test (Current Draw)

When the Headset is first put on the test set and powered up, the current draw is
determined by a series of Kelvin circuits. These circuits report the current to the analog
inputs on the DAQ card where they are sampled. The current draw in this way can be
determined at any time, however a specific test was designed to determine if the Headset
has any shorts or opens linked to it’s power distribution, by monitoring for abnormalities
in its power consumption. The test starts with the system unpowered, then turns the
power on and records the value. Then the impedance switches are shorted at which point

the power consumption is tested, then the first two steps are done in reverse. If the
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current draw is within the acceptable range for each component it is passed (for
acceptable ranges see Appendix B section 13 and section 9 under current draw).

13. Time To Complete Testing

A tradeoff between the tests precision and the length of time it takes to perform
the test occurs for each of the tests that frequency detection. The more samples collected,
the more accurate and precise the test is at detecting the signal. Most of the test use
Fourier transforms to move the information from the time domain into the frequency
domain. When this happens the number of points of information per frequency is directly
correlated with the accuracy of the results. The minimum number of points per
frequency in the frequency domain for any test performed with the Testset is 2; however
that is only for very low frequencies, most tests collect enough samples in the pass band
to ensure a minimum of 4 samples per frequency in the frequency domain.

14. HCU Function Testing

The HCU is a complicated electronic device, with multiple states and functions.
Each of the components and firmware must work to their maximum ability for the system
to be an effective diagnostic device. Several tests were developed to test each of these
HCU components:
15. Field Test

The field test is a proprietary test built into the HCU firmware that tests some
internal functionality and is capable of being performed free of the testset. It can be run
from the HCU by the user by utilizing a special set of button presses. The field test is
able to test the:

Keypad
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LCD Screen

Buttons

Audio DAC

Charging Voltage
Uberyoke voltage draw
Audio Output

Audio Attenuator

Bluetooth

The field test generates a report that can be recalled, and stored as part of the

Device History Record.

16. HCU Console

The HCU console is the best method for testing the functions of the HCU. It is a

comprehensive test suite capable of exercising the functionality of the HCU. The HCU

console can perform the Bluetooth discover and pair functions with an HCU; it has the

following panels that can interact with these different systems (See PS-1492 section 4 for

tests descriptions).

L

ii.

iii.

1v.

V.

Vi.

Firmware loading

Audio/Audiometry loading

Audio/Audiometry playback (with an audiometer)

Impedance Testing

Command Interpretation (Parsing for the different data streams)

Serial number writer (for both Uberyoke and HCU)
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vii.  Additional testing configurations and detailed information about
performing each type of test is presented in PS-1487 of appendix B in

sections 4, 7, 9, and 10 with configurations in section 6.
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V. RESULTS & DISCUSSION

Once the Testset and software was completed, Headsets were tested on the
Testsets and standardized reports were automatically generated at the completion of each
test. The automated test suite (the LabVIEW test VIs) took 11.5 minutes to complete all
tests on a headset. Two Testsets were used to test one headset for statistical analysis.
Sample data was utilized from the FZ channel (a point referring to the electrode location
on the head along the central axis near the frontal lobe) (see FIGURE 13) to perform
statistical analysis. This channel and test were chosen because they are the most sensitive
to failure of any component in the headset. The wire path is the longest, and it is sampled

first giving it less settling time than the other channels.

FIGURE 13 : 10-20 International System Of Electrode Placement The Channels Used By The CS
System Are : FZ, CZ, PZ, F4, P4, F3, P3, And Dual Mastoid References
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A complete test report is presented in PS-1487 section 13 (appendix B), with a
detailed description of the parameters and interpretations of the different tests presented
in PS-1487 section 11. Aberrant tests results of significance are displayed in PS-1487
section 12. There are many tools that have been developed to probe the Headset,
however, there are a few automated test that are capable of producing a text based test
report with associated image files of the graphs produced. While the tests are described
in detail as is the results in the PS-1487, a brief description of each of the test results is
below. The tests and results are all channel by channel. Results are given with a legend
with reference ranges for acceptable values. The electrodes are all named by the EEG

industry standard of the 10:20 system (Niedermeyer & Schomer, 2011).
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FIGURE 14 : Baseline Noise Time Domain Graph, Shows The Measurement Of Internal Noise
Occurring In The Uberyoke. Notice That The Results Signals Change Less Than 5 V Pk-Pk

A. The Noise and Calibration Tones (Cal tones) test

This tests the internal noise values, and the Cal Tones. The noise test (see

FIGURE 14 and Table for results) collects data without any input into the
electrodes to determine the internal noise of the system. The calibration tones are tones

of a calibrated frequency and amplitude (see
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FIGURE 15 and Table for results). The frequency and amplitude must fall
within a narrow range. This test takes duration of 1:46 mm:ss to complete on average.

TABLE I

NOISE AND CALTONES TEST RESULTS FOR THE FZ CHANNEL

PASS: 3.051804 uVv Noise Vpk-pk: <5 uV

PASS: 0.478274 uV Noise VRMS: <1 puV

PASS: 13.674458 Hz Low Cal Frequency: 13.50 - 14.50 Hz
PASS: 32.551223 uVv Low Cal Power: 31.5-33.5dB uVvV
PASS: 27.349418 Hz High Cal Frequency: 27.00 - 28.00 Hz
PASS: 32.624808 uV High Cal Power: 31.5 - 33.5dB pV

The noise test is important for detecting single “pops” in the data sample. Pops
amongst other common kinds of noises are single peaks of relatively high frequency.
These are the most common rejection criteria for a headset as the switch cap filter is not
manufactured to a tight enough tolerance. As a result even after a “binning” process
where post purchased testing eliminates all but a few of the unacceptable switch cap
filters a few are not able to pass the noise test. Unfortunately in order to catch units that
have unacceptable switch cap filters that generate pop corn noise, tolerances end up being
tighter than the variation in the amplifiers during the warm up phase, resulting in the test
taking extra time. The Cal tones which are generated by a microcontroller has only failed

if the commands are not being received by the yoke’s microprocessor or there is an open
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or short in the circuit. Solder bridges or poorly soldered vias are the most common cause

of this failure. Any amount of noise that is underneath the fail level should result in

uniformity for the data collected from patients by the headset.

Pachannel | AN
Fachanel 2 [
pz channel 3 [N
cz channel ¢ [
F2 Channel 5 SN

Gain (Db)

P4 channel 6 [ e L e o e e e o e T e T e e o T T O s e e e o e oo oo
2 *"023] X}“EEQC" 44 46 48 S0 52 54 56 S8 60 62 64 66 68 70

= E 02 4 68 101214161820
SrlaAll b dad ""'""!,A Cal Tones Power Spectrum

Frequercy mn I

FIGURE 15 : Cal Tones Power Spectrum (Notice The Peaks At 14 And 28 Hz)

B. Frequency Response Test Results

TABLE 11
THE SAMPLE RESULTS GENERATED FROM THE FREQUENCY RESPONSE TEST FOR
THE FZ CHANNEL.
FZ/1 Electrode / Channel

PASS: data within tolerance

Max Deviation: <0.45 dB @ 0.3-39 Hz

PASS: data within tolerance

Max Deviation: <2 dB (@ 40-50 Hz

PASS: -2.69 Gain @ 33 Hz: -3.50 <x <-2.50 dB
PASS: 0.04 Gain @ 10 Hz: -0.50 <x < 0.05 dB
PASS: -3.17 Gain @ 0.4 Hz: -4.25 <x<-3.25 dB
PASS: 0.7674 Variance 1-20 Hz : <1 dB
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There is an optimal value for each parameter. This test takes 3:09 mm:ss to
complete on average. The max deviation parameter ensures that the gain values for each
frequency is within a certain range of the “expected output.” This parameter fails if the
amplifiers are not set correctly, either a resistor is swapped with the wrong value or the
amplifiers are not powered correctly was the only cause for this to fail and resulted in

values with a deviation greater than the 0.45 for the pass band (See Table and

left for results).
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FIGURE 16 : (Left) Frequency Response Curve, Notice The 3 Sections: High Pass From 0.3 To 1 Hz,
Bandpass From 1 To 33 Hz, And Low Pass From 33 To 60 Hz (Right) CMRR Output Image. All Outputs Are
Below 90 Db, With The Filters Rejecting The 60 Hz Region Down To 150 Db.

C. CMRR RESULTS

TABLE 111
SAMPLE RESULTS GENERATED FROM THE CMRR TEST FOR THE FZ CHANNEL.
FZ/1 Electrode / Channel
PASS: -95.41 Min Attenuation: < 90 dB
PASS: -142.98 CMRR @ 60 HZ: <100 dB
PASS: -134.87 CMRR @ 50 HZ: <100 dB

The CMRR (See and TABLE III) is the amount of noise rejected when the signal is
common to all channels. The CMRR on average test takes 3:29 mm:ss to complete. The
lower the signal captured the better the results. The minimum attenuation is 90 db. The
different channels varied from unit to unit by a wide margin however they were all under
the 90 db mark. The only failure of this circuit occurred when a polarized capacitor was

not being checked for its polarity.
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FIGURE 17 : GAIN Linearity Output Image. Optimal Output Is A Straight Flat Line With X =1.0

D. GAIN RESULTS

TABLE IV

SAMPLE RESULT GENERATED FROM THE GAIN LINEARITY TEST FOR THE FZ CHANNEL.

FZ/1 Electrode / Channel

PASS: 0.025 Maximum deviation from linearity : <0.1

This gain lineary test takes 3:37 mm:ss on average. The gain channels gain ratio
stayed between 1.1 and 0.09 for the duration of the test, showing that the amplifier had a
linear relationship with the signal input and the amplifier output. The maximum
deviation from linearity was 0.025. This test only fails when the amplifier is non linear,
usually this is caused by interference since there hasn’t been any faulty amplifiers tested.

A Headset was repeatedly tested on one Testset and the data was found to support the
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hypothesis that there was no significant difference in the values collected for the noise

test on channel FZ with a confidence interval of 95%. This conclusion was achieved by

running a 1 sample T test on the headset using Testset 1.

TABLE V

DATASET FROM TESTSET 1

Pk/Pk RMS low High high high
noise (uV) noise (uV) tone (HZ) tone (V) tone (HZ) tone (V)
3.05180 0.473222 13.6719 32.6013 27.3438 32.5951
3.32924 0.503080 13.6719 32.5904 27.3438 32.5797
3.32924 0.471722 13.6719 32.5969 27.3438 32.5850
3.15180 0.473683 13.6719 32.5920 27.3437 32.5947
3.32924 0.462220 13.6719 32.5914 27.3438 32.5894
3.19052 0.479449 13.6719 32.5995 27.3438 32.5940
3.05180 0.464851 13.6719 32.5924 27.3438 32.5956
3.32924 0.488411 13.6719 32.5882 27.3438 32.5955
3.16796 0.480544 13.6719 32.5908 27.3438 32.5935
3.32924 0.492288 13.6719 32.5987 27.3438 32.6001

TABLE VI
OUTPUT FROM MINI TAB FOR T TEST ON DATASET 1

Variable N Mean StDev SE 95% CI
Cl 10 3.2460 0.1491 0.0472 (3.1393 3.3527)
C2 10 0.4862 0.0366 0.0116 ( 0.4600 0.5123)
C3 10 13.6719 0.0000 0.0000 (13.6719 13.6719)
Cc4 10 32.5942 0.0045 0.0014 (32.5909 32.5974)
C5 10 27.3438 0.0000 0.0000 (27.3437 27.3438)
Cé 10 32.5923 0.0060 0.0019 (32.5880 32.5965)

All data fell within the 95% confidence interval. The Cal tones were shown to be
read very precisely as they did not differ into the hundredths place for any of the values
collected. These values show that when a test is repeatedly performed on a headset, that
headset’s values all fall within a narrow enough band to not yield a statistically
significant difference. The T-test performed on the results show that with at least 95%

confidence, these values did not different significantly. In fact for the frequencies of the
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low and high tone, the values did not differ at all within the precision being captured. For
the purposes of collecting ERPs these values show that there is no temporal change in the
unit that would cause significant differences in the data collected. Additionally this
headset was tested on the other testset and a comparison of the two Testsets was made.
The hypothesis that the Testsets were independent of the data collected was

supported with a 95% confidence interval.

TABLE VII
DATASET FROM TESTSET 2
Pk/Pk noise (V) RMS noise (uV) low tone (HZ) low tone (V) high high
tone (HZ) tone (V)
3.34761 0.493075 13.6719 32.5904 27.3438 32.5797
3.32924 0.485670 13.6719 32.5914 27.3438 32.5894
3.32824 0.497560 13.6719 32.5987 27.3437 32.6001
3.35430 0.465432 13.6719 32.5969 27.3438 32.5850
3.32924 0.475640 13.6719 32.5883 27.3438 32.5956
3.17564 0.486575 13.6719 32.5920 27.3438 32.5941
3.08180 0.485750 13.6719 32.5948 27.3438 32.5951
3.19052 0.485644 13.6719 32.5995 27.3438 32.5939
3.05180 0.467565 13.6719 32.5924 27.3438 32.5956
3.16796 0.496456 13.6719 32.5908 27.3438 32.5939

The values from tables 6 and 7 show that when a test is repeatedly performed on a
headset, that headset’s values all fall within a narrow enough band to not yield a
statistically significant difference. The T test performed on the results show that with at
least 95% confidence, these values did not different significantly. In fact for the
frequencies of the low and high tone, the values did not differ at all within the precision
being captured. For the purposes of collecting ERPs these values show that there is no

temporal change in the unit that would cause significant differences in the data collected.
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TABLE VIII

PAIRED T TEST FOR DATASET 1 AND 2 FROM TESTSET 1 AND 2

N Mean StDev Mean
FZ1 10 3.2260 0.1174 0.0371
FZ2 10 3.2356 0.1157 0.0366
Difference 10 -0.0096 0.1443 0.0456

Paired T for FZ1 - FZ2 95% CI for mean difference: (-0.1129, 0.0936) T-Test of
mean difference = 0 (vs. not = 0): T-Value =-0.21 P-Value = 0.838

After showing that the Headsets can be repeatedly tested on an individual headset
without a statistically significant difference between one test and the next it remained to
show that there was no significant difference between testing on the two different
Testsets. The paired T test on the two data sets shows that there is not a statistically
significant difference between testing on Testset 1 or Testset 2. Either Testset can be
used and there will not be a different outcome in the results for a particular headset. This
supports the hypothesis that there is no difference between the two Testsets with regards
to the differences in voltages levels in nano volts.

Similar analysis was done on the gain values at different frequencies for the
frequency response test. The frequency response test was performed at a similar voltage

of what is expected of the bio signals generated from the brain, 50 puV.

TABLE IX

FREQUENCY RESPONSE DATA FROM TESTSET 1

57.13 59.89 62.8177
57.22 59.94 56.5200
57.18 59.95 56.5100
57.22 59.96 56.4500
57.20 59.89 61.7500
57.19 59.94 56.5000
57.18 59.90 56.3800
57.22 59.94 56.4500
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TABLE X
ONE-SAMPLE T: 0.2-0.9, 1-33, 33-50 FROM TABLE 9 FOR TESTSET 1

Variable N Mean StDev SE Mean 95% CI

0.2-0.9 8 57.1937 0.0320 0.0113 (57.1670 57.2205)
1-33 8 59.9262 0.0283 0.0100 (59.8026 59.9510)
33-50 8 57.922 2.708 0.957 (55.659 62.186)

The values from Tables 9 and 10 show that when a test is repeatedly performed
on a headset, that headset’s values all fall within a narrow enough band to not yield a
statistically significant difference. The T test performed on the results show that with at
least 95% confidence, these values did not different significantly. For the purposes of
collecting ERPs these values show that there is no temporal change in the unit that would

cause significant differences in the data collected.

TABLE XI
FREQUENCY RESPONSE DATA FROM TESTSET 2
57.16 59.94 60.8177
57.24 59.89 57.8900
57.17 59.95 55.4900
57.20 59.93 56.4600
57.19 59.89 61.6500
57.19 59.94 57.5000
57.24 59.90 58.5600
57.22 59.88 57.2700
TABLE XII
ONE-SAMPLE T: 0.2-0.9, 1-33, 33-50 — FROM TABLE 11 FOR TESTSET 2
Variable | N Mean StDev SE Mean 95% CI
0.2-0.9 |8 57.2013 0.0300 0.0106 (57.1562 57.2263)
1-33 8 59.9150 0.0278 0.0098 (59.8918 59.9382)
33-50 8 58.205 2.094 0.740 ( 56.454 59.956)
Variable N Mean StDev SE Mean 95% CI
0.2-0.9 8 57.2013 0.0300 0.0106 (57.1562 57.2263)
1-33 8 59.9150 0.0278 0.0098 (59.8918 59.9382)
33-50 8 58.205 2.094 0.740 (56.454 59.956)
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The values from Table 11 and 12 show that when a test is repeatedly performed
on a headset, that headset’s values all fall within a narrow enough band to not yield a
statistically significant difference. The T test performed on the results show that with at
least 95% confidence, these values did not different significantly. In fact for the
frequencies of the low and high tone, the values did not differ at all within the precision
being captured. For the purposes of collecting ERPs these values show that there is no
temporal change in the unit that would cause significant differences in the data collected.

TABLE XIII
TwoO-SAMPLE T-TEST AND CI: 0.2-0.9, T2 0.2-0.9

N Mean StDev SE Mean
0.2-0.9 8 57.2013 0.0300 0.011
0.2-0.9 8 57.1925 0.0306 0.011

Two-sample T for 0.2-0.9 vs t2 0.2-0.9
Difference = mu (0.2-0.9) - mu (t2 0.2-0.9)
Estimate for difference: 0.0088

95% CI for difference: (-0.0240, 0.0415)

T-Test of difference = 0 (vs not =): T-Value = 0.58 P-Value =0.573 DF =13

This supports the hypothesis that there is no difference between the two Testsets
with regards to the differences in voltages levels in millivolts, and that the amplified
values from the headsets and input to the Testsets do not have any statistically significant

differences.
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The results and statistical analysis from the noise test and the frequency response test

concur with each other and support the established hypotheses.

49

www.manharaa.com




VI. DISCUSSION

The benefits of using LabVIEW to control and automate the Testset instead of
other methods are numerous. The interfaces are already standardized; buttons and
displays are drag and drop. A control panel can be started and finished in an hour.
According to a study published by National Instruments (Goodin, Squires, & Starr, 1978)
the company was able to save 60 percent of their initial investment and floor space.
These compact automated units that are able to perform all the task from a single test
fixture reducing the afmount of space and time. Once one of the printed circuit boards
are mounted on the test fixture, the test can run freely; there is no time lost due to
removing the printed circuit board and placing it on a second or third test fixture, likewise
there isn’t any time lost to changing settings in between test. Ideally, 3 or 4 Testsets
would be in operation simultaneously, and one technician would operate them in order,
by setting them up and starting the test before moving to the next one. Thereby keeping a
constant cycle of mounting, starting tests and un-mounting the boards.

Initially the system was designed to use the DAQ card’s analog channels to record
the playback from the audio components, however, it turned out the dynamic range of the
analog inputs were not adequate/sufficient to support audio. Audio usually has a small
step size in the pV, a 12 bit input with a dynamic range of £5V results in a step size of
2.44 volts. This is 1000 times the necessary step size as the smallest detectable amplitude
was the equivalent of 60 db on a pair of conventional headphones. In a redesign of the

Testboard, an audio DAC could have been used, but a conventional USB audio card was
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used instead which had inputs that had a suitable dynamic range of 24 bits and + 3V
resulting in a step size of around 300 nano volts.

During testing some electrode strings exhibited some irregular CMRR’s that
turned out to be correlated with some polarized capacitors being placed on the board
backwards. Not all of the capacitors when reversed resulted in the ability to reject the
electrode with the current equipment. In a future model an additional circuit will be
added to test whether these capacitors were soldered on in reverse configuration.

Currently, the test protocol requires a visual inspection before the boards can be
tested. To identify solder bridges, missing chips, and/or other defects. New inexpensive,
easy to automate software by National Instruments called MACHINE VISION allows
rapid image comparisons for visual inspection of equipment such as circuit boards. Most
tests in the validation protocol will catch anything wrong with the boards, except poorly
soldered joints, but there isn’t a way to test the presence of the TVS diodes that protect
the patients in the instance of some sort of electric discharge.

Another huge change would be to change the method of signal generation. The
testset has a 128 point signal that can be repeated at up to 60 Hz, which can be increased
at the cost of the number of points. (2000 Hz is attainable with only around 20 or so data
points). A more advanced signal generator would be able to simulate a signwave for
instance with a high number of points without sacrificing bandwidth. Additionally, and
more importantly, a different signal generator could produce multiple frequencies
simultaneously allowing tests such as CMRR, frequency response, and cross talk to be
done in seconds instead of minutes, thereby increasing throughput, productivity, and

reducing the cost of testing.
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This type of design is remarkable in that it was done by the work of one engineer,
in the short amount of time. Only recently have computers reached a speed fast enough,
and the G programming language intuitive enough that this has become a possibility.
From start of the design to the fabrication of the boards, the entire process was controlled
and designed on the computer. The productivity increase in industry as a result of this
type of ability should lead to cheaper quality control systems, and more of them available
to small businesses and custom manufacturing.

Medical devices have a particularly inelastic demand for quality goods, with very
little margin for faulty equipment. Risk management is very high on this list because not
only does the dollar drive the bottom line (cost of lawsuits for defective pacemakers vs.
the cost to improve the fault detection) but there are ethical and moral considerations that
decrease obsolesce and failures. A diagnostic device that serves as early warning for
disease or a heart pump that literally has a life hanging in the balance will most certainly
cause pain and suffering if the device fails or behaves aberrantly. So the development of
fully automated and inexpensive test systems is a major boon to decreasing the cost of
medical care. The advantage is that as more of these systems are employed economies of
scale will occur, and other industries may be able to take advantage of the testing

platforms for things that may have had a less robust vetting process in the past.
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VII. CONCLUSION

The Headset was developed for more effectively collecting ERP and EEG data for
the purposes of diagnosing cognitive disorders. The headset is a technologically complex
machine that requires testing to comply with regulatory rules. To test and validate this
medical device two test were developed.  The Testset is capable of testing the entire
suite of Headset functions. It meets all specifications, and is automated. The hypothesis
of this thesis is supported that a Testset can reliably test a Headset without statistically
significant variation in the data. The hypothesis is supported that the two Testsets created
have a high probability of not yielding different results from one another. The software is
able to drive the hardware appropriately and statistical analysis shows that the two

Testsets in use produce data that is reliable and consistent with each other.
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VIII. SUGGESTIONS

The suggestions for this project revolve around the single decision to utilize a
small third party (non National Instruments) brand of data acquisition card. Labjack,
while a very robust DAQ had many issues that would have been resolved by a more
equipped card, particularly if it wasn’t connected via Ethernet or USB, but rather a direct
connection to the mother board. The difference in price for the unit was 10 fold, 5000 vs.
500. However, several extra 10k’s where spent as a result of trying to get around the

issues that came with an in adequate card.

54

www.manharaa.com




Appendix A — Specification Documents

MicrocHir  MCP23008/MCP23S08

8-Bit /0O Expander with Serial Interface

Features

8-bit remote bidirectional 'O port

- 1/O pins default to input

High-speed 1°C™ interface (MCP23008)

- 100 kHz

- 400 kHz

- 1.7 MHz

High-speed SPI™ interface (MCP23S08)

- 10 MHz

Hardware address pins

- Three for the MCP23008 to allow up to eight
devices on the bus

- Two for the MCP23S08 to allow up to four
devices using the same chip-select

Configurable interrupt output pin

- Configurable as active-high, active-low or
open-drain

Configurable interrupt source

- Interrupt-on-change from configured defaults
or pin change

Polarity Inversion register to configure the polarity

of the input port data

External reset input

Low standby current: 1 pA (max.)

« Operating voltage:

- 1.8V1o 55V @ -40°C to +85°C (I-Temp)

- 27V to 5.5V @ -40°C to +85°C (I-Temp)

- 4.5V10 5.5V @ -40°C to +125°C (E-Temp)

Packages
18-pin PDIP (300 mil)
18-pin SOIC (300 mil)
20-pin SSOP

© 2005 Microchip Technology Inc.

Package Types
MCP23008 PDIP/SOIC
SCL —=[1 7 1800 =— VoD
SDA —=02 171 == GP7
A2 —=[3 o 160 == GP8
Al —=[4 8 150 == GP5
A0 —=[]5 & 140 == GP4
RESET —= 06 & 130 == GP3
NC —0O7 = 120 == GP2
INT =—08 11[ == GP1
Vss —=[9 100 == GPO
sSsoP
SCL —ecA1 20R0=— VoD
SDA —=cH2 18F0=w GP7
A2 —=cH3 18Fa=+ GP6
Al —=cd @ 17f0== GP5
A)—-cHS 8 16fa-= GP4
RESET —~ci{6  § 15[f==GP3
NC —H7 O 14fb== GP2
INT =——cH8 = 13th<w GP1
Vss —=H9 12M5 <= GPO
N/C —cHI0 M—N/C
MCP23S08 PDIP/SOIC
SCK —=[]1 ~ 1800 =— VoD
S| —=[]2 17 == GP7
SO =—03 g 160 <= GP6
Al —=(4 @ 150 == GP5
A0 —=[]5 & 14 == GP4
RESET —=6 & 130 == GP3
CS —7 = 120 == GP2
INT =—[]8 11[] == GP1
Vss —=[]9 100 == GPO
SSoP
SCK —ecH1 20F0-— Voo
S| —ecH2 19F0== GP7
SO -—A3 18Fa-= GPS
Al —=TH4 B 17F0<s GP5
AD—+H5 @ 16fn=e GP4
RESET —=H6 §  15fh=» GP3
TS —cd7 O 14f5<eGP2
INT ——cH8 = 13w GP1
Vss —ecH9 120 -+ GPO
N/C —CcHI0 MR—NIC

DS21919B-page 1
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Block Diagram

Mcp23sos| 3
! SCK ——f—p!
1 Sl ———
'» SO 4——:
'MCP23008 1
| SCL — Serial Serializer! < > GPO
| SDA < D « » GP1
mcp23sos ' | ) « » GP2
| ALAD | A2:A0 —3<»|Decode ero|[* e
oot Control . .
RESET : > g::
INT <— Interrupt < » GP7
Logic Y
o
V
Voo — m Configuration/
Control
Vss ———] Registers

DS219198-page 2
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1.0 DEVICE OVERVIEW The interrupt output can be configured to activate

under two conditions (mutually exclusive):
The MCP23X08 device provides 8-bit, general b
purpose, parallel /O expansion for 12C bus or SPI 1. When any input state differs from it

el " e 1 corresponding input port register state. This is

applications. The two devices differ in the number of -
hardware address pins and the serial interface: :ie:t :;:':::::;‘: (hel system master that an
. —1%C i ; i '

MCP23008 — I°C interface; three address pins 2. When an input state differs from a preconfigured
+ MCP23S08 - SPI interface; two address pins register value (DEFVAL register).
The MCP23X08 consists of multiple 8-bit configuration The Interrupt Capture register captures port values at
registers for input, output and polarity selection. The the time of the interrupt, thereby saving the condition
system master can enable the I/Os as either inputs or that caused the interrupt.

outputs by writing the 1/O configuration bits. The data .
for each input or output is kept in the corresponding The Power-on Reset (POR) sets the registers to their

Input or Output register. The polarity of the Input Port default values and initializes the device state machine.
register can be inverted with the Polarity Inversion The hardware address pins are used to determine the
register, All registers can be read by the system master. device address.

1.1 Pin Descriptions

TABLE 1-1:  PINOUT DESCRIPTION

Pin |PDIPIS Pin
Name ol SSOP Type Function

SCL/SCK 1 1 | | Serial clock input.

SDA'SI 2 2 | 1O |Serial data /O (MCP23008)/Serial data input (MCP23S08).

A2/ISO 3 3 /O | Hardware address input (MCP23008)/Serial data output (MCP23S08).

A2 must be biased externally.

Al 4 4 | |Hardware address input. Must be biased externally.

A0 5 5 | | Hardware address input. Must be biased externally.
—

RESET 6 6 | |External reset input

NC/CS 7 7 | | No connect (MCP23008)/External chip select input (MCP23S08).

INT 8 8 O | Interrupt output. Can be configured for active-high, active-low or open-drain.

Vss 9 9 P | Ground.

GPO 10 12 | VO |Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or i | weak

pull-up resistor.

GP1 1 13 /O | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak

pull-up resistor.

GP2 12 14 | VO |Bidirectional I/O pin. Can be enabled for interrupt-on-change and/for internal weak

pull-up resistor.

GP3 13 15 /O | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak

pull-up resistor.

GP4 14 16 /O | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak

pull-up resistor.

GP5 15 17 | VO |Bidirectional I/O pin. Can be enabled for interrupt-on-change and/for internal weak

pull-up resistor.

GP6 16 18 /O | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak

pull-up resistor.

GP7 17 19 /O | Bidirectional I/O pin. Can be enabled for interrup! hange and/or i | weak

pull-up resistor.

Voo 18 20 P | Power.

N/C 10, 11
————————————————
@ 2005 Microchip Technology Inc. DS21919B-page 3
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1.2 Power-on Reset (POR)

The on-chip POR circuit holds the device in reset until
VoD has hed a high h voltage to deactivat
the POR circuit (i.e., release the device from reset).
The maximum VoD rise time is specified in Section 2.0
“Electrical Characteristics”.

When the device exits the POR condition (releases
reset), device operating parameters (i.e., voltage,
temperature, serial bus frequency, etc.) must be met to
ensure proper operation.

1.3 Serial Interface

This block handles the functionality of the [°C
(MCP23008) or SPI (MCP23S08) interface protocol.
The MCP23X08 contains eleven registers that can be
addressed through the serial interface block (Table 1-2):

13.2 12C™ INTERFACE

1.3.2.1 12C Write Operation

The I2C Write operation includes the control byte and
register address sequence, as shown in the bottom of
Figure 1-1. This sequence is followed by eight bits of
data from the master and an Acknowledge (ACK) from
the MCP23008. The operation is ended with a STOP
or RESTART condition being generated by the master.
Data is written to the MCP23008 after every byte
transfer. If a STOP or RESTART condition is
generated during a data transfer, the data will not be
written to the MCP23008.

Byte writes and sequential writes are both supported
by the MCP23008. The MCP23008 increments its
address counter after each ACK during the data
transfer.

TABLE 1-2: REGISTER ADDRESSES 13.22 12C Read Operation
Address Access to: The 1°C Read operation includes the control byte
q as shown in the bottom of Figure 1-1. This
och IODIR q is followed by another control byte (includ-
01h IPOL ing the START condition and ACK) with the RIW bit
02h GPINTEN equal to a logic 1 (RIW = 1). The MCP23008 then
03h DEFVAL its the data d in the addi d register.
04h INTCON The sequence is ended with the master generating a
o5h JOCON STOP or RESTART condition.
06h GPPU 1323  I2C Sequential Write/Read
07h INTF
For sequential operations (Write or Read), instead of
08h INTCAP (Read-only) transmitting @ STOP or RESTART condition after the
osh GPIO data transfer, the master clocks the next byte pointed to
0Ah OLAT by the address pointer (see Section 1.3.1 “Sequential

1.31 SEQUENTIAL OPERATION BIT

The Sequential Operation (SEQOP) bit (IOCON
register) controls the operation of the address pointer.
The address pointer can either be enabled (default) to

Operation Bit" for details regarding sequential
operation control).

The sequence ends with the master sending a STOP or
RESTART condition.

The MCP23008 address pointer will roll over to

allow the address pointer to il y
after each data fer, or it can be disabled

When operating in Sequential mode
(IOCON.SEQOP = 0), the address pointer automati-
cally increments to the next address after each byte
is clocked.

‘When operating in Byte mode (IOCON.SEQOP = 1),
the MCP23X08 does not increment its address
counter after each byte during the data transfer. This
gives the ability to continually read the same address
by providing extra clocks (without additional control
bytes). This is useful for polling the GPIO register for
data changes.

ddi zero after hing the last register address.
Refer to Figure 1-1.

133 SPI™ INTERFACE

1.3.3.1 SPI Write Operation

The SPI Write operation is started by lowering CS.The
Write command (slave address with R/W bit cleared) is
then clocked into the device. The opcode is followed by
an address and at least one data byte.

1332 SPI Read Operation

The SPI Read operation is started by lowering CS. The
SPI read command (slave address with R/W bit set) is
then clocked into the device. The opcode is followed by
an address, with at least one data byte being clocked
out of the device.

DS219198-page 4
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FIGURE 1-1: MCP23008 IC™ DEVICE PROTOCOL

[s]-sTaRT
-RESTART [s|_op [w[ADDR —=[ DN |..[ DN }—»{P]

-STOP
[w] - write {—*sr[ op [R] pour .. [ Dour }r—w-{p]
E]-Read -

[ oP_] - Device opcode —s’[ op [w[ Ow ] [ ow |-—=[r]
| ADDR | - Device address »[P]

- Data out from MCP23008
- Data into MCP23008

[s] o TR}————{Dour] . [Dour} [P]
—m»[srR[ op [R] Dour | [ pour h—»@
—»sr| op [w[ADDR [ D~ |..[ DN |—»=[P]

Byte and Sequential Write
Byte [S| OP |W[ADDR —»[ DN |—»[P]
Sequential [S| OP _|W[ ADDR |—#[ b _|...[ DN |—m=[P]

Byte and Sequential Read

oyte[s[ 0p [ )-msR[ op [r] bowr |»{p]
Sequential [S|_op |R|—sSR_op [R] Dour |..[ Dout |—m[P|

1.3.33 SPI Sequential Write/Read 14 Hardware Address Decoder
For sequential operations, i d of deselecting the The hardware address pins are used to determine the
device by raising CS, the master clocks the next byte device address. To address a device, the correspond-
pointed to by the address pointer. ing address bits in the control byte must match the pin
The sequence ends by the raising of CS. state.
The MCP23S08 address pointer will roll over to « MCP23008 has address pins AZ, A1 and AO.

dd: zero after hing the last regi ddress. + MCP23S08 has address pins A1 and AQ.

The pins must be biased externally.

e —
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141 ADDRESSING I°C DEVICES FIGURE 1-2: 12C™ CONTROL BYTE
(MCP23008) FORMAT

The MCP23008 is a slave I°C device that supports 7-bit :
slave addressing, with the read/write bit filling out the 4————— Control Byte ————»,

control byte. The slave address contains four fixed bits | S |0 1]0]0[A2[A1|AD|RW]ACK]|

and three defined hard d bits (pins A2, '
A1 and AD). Figure 1-2 shows the control byte format. +—— Slave Address —h
142 ADDRESSING SPI DEVICES Start RIW bit
(MCP23S08) bit ACK bit
RIW = 0 = write
The MCP23S08 is a slave SPI device. The slave R/W =1 = read

address contains five fixed bits and two defined
hardware address bits (pins A1 and AQ), with the
readiwrite bit filling out the control byte, Figure 1-3 FIGURE 1-3: SPI™ CONTROL BYTE
shows the control byte format. FORMAT

| [
Ed—OonlrolBy\a—bE
io[1|o|o|o|A1|Ao]R/wt

- Slave Add g

R/W bit
RW =0 = write
RMW =1 =read

FIGURE 1-4: 12C™ ADDRESSING REGISTERS

[ sJo[1]olofAaz[ar[ao] o JacK| A7 | A6 | A5 | A4 [ A3 | A2 | A1 | A0 JACK]

—

“——— Device Opcode » Register Add >

The ACKs are provided by the MCP23008.

FIGURE 1-5: SPI™ ADDRESSING REGISTERS
cs |

[o]1JoJoJo atJao[rw] [A7TTAs]AasTadsTas]Az]At]A0]

E‘—- Device Opcode > A Register Address 49

DS219198-page 6 © 2005 Microchip Technology Inc.
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15 GPIO Port 1.6  Configuration and Control

The GPIO module contains the data port (GPIO), Registers

intemal pull up resistors and the Output Latches The Configuration and Control blocks contain the
(OLAT). registers as shown in Table 1-3.

Reading the GPIO register reads the value on the port.
Reading the OLAT register only reads the OLAT, not
the actual value on the port.

Writing to the GPIO register actually causes a write to
the OLAT. Writing to the OLAT register forces the
associated output drivers to drive to the level in OLAT.
Pins configured as inputs turn off the associated output
driver and put it in high-impedance.

TABLE 1-3:  CONFIGURATION AND CONTROL REGISTERS

Registor “:‘::)“ bit7 | biteé | bits | bit4 | b3 | btz | bit1 | bito Pov:vl:.s'r
IODIR 00 107 106 105 104 103 102 101 100 1111 1111
1POL 01 P7 76 1P5 P4 1Pa P2 P1 PO | o000 oo
GPINTEN | 02 | GPINT7 | GPINT6 | GPINT5 | GPINTA | GPINT3 | GPINTZ | GPINT1 | GPINTO | 0000 0000
DEFVAL 03 DEF7 | DEF6 | DEFS | DEF4 | DEF3 | DEF2 | DEF1 | DEFO |o0o0o o000
INTCON 04 1oc7 | 10c6 | 1oc5 | loca | 1oc3 | 10c2 | 101 | 10C0 |oooo oooo
IOCON 05 |0= [ = | SREAD | DISSUW |IHAENST| ODR | INTPOL [ 00 ooo-
GPPU 06 PU7 | PUS | PUS | PU4 | PU3 | PU2 | PU1 | PUD |oooo cooo
INTF 07 INT7 | INT6 | INTS | INT4 | INT3 | INT2 | INT1 | INTO |oooo ocooo
INTCAP 08 ICP7 | ICP6 | ICP5 | IcPa | ICP3 | I1CP2 | ICP1 | ICPO |o0o00 o000
GPIO 09 GP7 | GP6 | GP5s | GP4 | GP3 | GP2 | GP1 | GPO |oooo oooo
OLAT 0A o7 | o6 | o5 | o4 | o3 | o2 | oL1 | oo |oooo vooo

* Not used on the MCP23008.

® 2005 Microchip Technology Inc. DS21919B-page 7
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1.6.1 1/0 DIRECTION (IODIR) REGISTER
Controls the direction of the data I/O.

When a bit is set, the corresponding pin becomes an
input. When a bit is clear, the corresponding pin
becomes an output.

REGISTER 1-1:  IODIR - /O DIRECTION REGISTER (ADDR 0x00)
RW-1  RW-1  RW-1  RMW-1 RW-1  RW-1  RW-1  RW-1
| o7 | o | w05 | w04 | 103 | 102 [ 101 | 100 |
bit 7 bit 0

bit 7-0 107:100: These bits control the direction of data /O <7:0>.
1= Pin is configured as an input.
0= Pin is configured as an output.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1'=Bit is set ‘0= Bitis cleared  x = Bit is unknown

R ——
DS219198-page 8 © 2005 Microchlp Technology Inc.
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16.2 INPUT POLARITY (IPOL) REGISTER

The IPOL register allows the user to configure the
polarity on the corresponding GPIO port bits.

If a bit is set, the corresponding GPIO register bit will
reflect the inverted value on the pin.

REGISTER 1-2:  IPOL ~ INPUT POLARITY PORT REGISTER (ADDR 0x01)
RW-0  RW-0  RW-0  RW-0 RW-0  RW-0  RW-0  RW-0
[ w7 [ wpe | s | 4 | P3| P2 | 1 | 0 |
bit 7 bit 0

bit 7-0 IP7:1P0: These bits control the polarity inversion of the input pins <7:0>.

1 = GPIO register bit will reflect the opposite logic state of the input pin.
0= GPIO register bit will reflect the same logic state of the input pin.

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

- n = Value at POR ‘1= Bit is set ‘0'=Bitis cleared  x = Bit is unknown
T ——
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163 INTERRUPT-ON-CHANGE
CONTROL (GPINTEN) REGISTER

The GPINTEN register controls the interrupt-on-
change feature for each pin.

If a bit is set, the corresponding pin is bled for
interrupt-on-change. The DEFVAL and INTCON
registers must also be configured if any pins are

bled for interrupt:

&

REGISTER 1-3:  GPINTEN — INTERRUPT-ON-CHANGE PINS (ADDR 0x02)
RW-O  RW-0  RW-0 RW-0  RW-0  RW-0 RWO0 RMW-O
[ GPINT7 | GPINTS | GPINTS | GPINT4 | GPINT3 | GPINT2 [ GPINT1 | GPINTO
bit 7 bit 0

bit 7-0 GPINT7:GPINTO0: G I VO i on-ch, bits <7:0>.

purp P )
1= Enable GPIO input pin for interrupt-on-change event.
0 = Disable GPIO input pin for interrupt-on-change event.

Refer to INTCON and GPINTEN.

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as '0’

-n = Value at POR ‘1’ = Bitis set ‘0" = Bitis cleared  x = Bit is unknown
e —
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16.4 DEFAULT COMPARE (DEFVAL)
REGISTER FOR INTERRUPT-ON-
CHANGE

The default pari value is fig in the
DEFVAL register. If enabled (via GPINTEN and
INTCON) to compare against the DEFVAL register, an
opposite value on the associated pin will cause an
interupt to occur.

REGISTER 1-4:  DEFVAL - DEFAULT VALUE REGISTER (ADDR 0x03)
RW-0  RW-0 RW-0 RW-0  RW-D  RW-0 RW-0 RW-0
| DeF7 | DEFé | DEF5 | DEF4 | DEF3 | DEF2 | DEF1 | DEFO |

bit 7 bito
bit 7-0 DEF7:DEFO0: These bits set the compare value for pins configured for i p hange from

defaults <7:0>. Refer to INTCON.

If the associated pin level is the opposite from the register bit, an interrupt occurs.

Refer to INTCON and GPINTEN.

Legend:

R = Readable bit W = Writable bit U = Unimpl d bit, read as ‘0’

-n = Value at POR 1" = Bitis set '0" = Bit is cleared x = Bit is unknown

® 2005 Microchip Technology Inc. DS219198-page 11
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165 INTERRUPT CONTROL (INTCON)

REGISTER
The INTCON register controls how the associated pin
value is pared for the i pt- hange feature.

If a bit is set, the corresponding /O pin is compared

against the associated bit in the DEFVAL register. If a

bit value is clear, the corresponding /O pin is
pared against the previous value,

REGISTER 1-5:  INTCON - INTERRUPT-ON-CHANGE CONTROL REGISTER (ADDR 0x04)
RW-0  RW-0  RW-0  RW-0 RW-0  RW-0 RW-0  RW-0
| 1oc7 | 1oce | 1ocs | loca | 1oc3 | 1ocz2 | 1oct | loco |
bit 7 bit 0

bit 7-0 10C7:10C0: These bits control how the associated pin value is compared for interrupt-on-
change <7:0>,
1= Controls how the associated pin value is pared for i pt-on-ch,
0 = Pin value is compared against the previous pin value.

Refer to INTCON and GPINTEN.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR ‘1" = Bit s set ‘0" = Bitis cleared  x = Bit is unknown

e —
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16.6 CONFIGURATION (IOCON)
REGISTER

The IOCON register contains several bits for

configuring the device:

+ The S tial Op (SEQOP) the
i ing function of the address pointer. If
the address pointer is disabled, the address
pointer does not automatically increment after
each byte is clocked during a serial transfer. This
feature is useful when it is desired to continuously
poll (read) or modify (write) a register.

.

The Hardware Address Enable (HAEN) control bit
bles/disables the hard ddi pins (A2,
A1) on the MCP23S08. This bit is not used on the
MCP23008. The address pins are always enabled
on the MCP23008.
The Open-Drain (ODR) control bit
enables/disables the INT pin for open-drain
configuration.
The Interrupt Polarity (INTPOL) control bit sets
the polarity of the INT pin. This bit is functional
only when the ODR bit is cleared, configuring the
INT pin as active push-pull.

The Slew Rate (DISSLW) bit controls the slew
rate function on the SDA pin. If enabled, the SDA
slew rate will be controlled when driving from a
high to a low.

REGISTER 1-6:  IOCON - I/O EXPANDER CONFIGURATION REGISTER (ADDR 0x05)

U0 UO  RWO RWO  RWO RWO RWO U
[ = ] = [ seqop [Disstw | HAEN | ODR | INTPOL [ = 7]
bit7 bit0

bit 7-6 Unimplemented: Read as ‘0.

bit 5 SEQOP: Sequential Operation mode bit.
1= S ial operati i dd pointer does not increment,
0= ial operati bled pointer i

bit 4 DISSLW: Slew Rate control bit for SDA output.

1= Slew rate disabled.
0= Slew rate enabled.
bit 3 HAEN: Hardware Address Enable bit (MCP23S08 only).
Address pins are always enabled on MCP23008.
1= Enables the MCP23S08 address pins.
0 = Disables the MCP23S08 address pins.
bit 2 ODR: This bit configures the INT pin as an open-drain output.
1 = Open-drain output (overrides the INTPOL bit).
0= Active driver output (INTPOL bit sets the polarity).

bit 1 INTPOL: This bit sets the polarity of the INT output pin.
1= Active-high.
0= Active-low.
bit0 Unimplemented: Read as ‘0.
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

- n = Value at POR ‘1" = Bit is set ‘0" =Bitis cleared  x = Bit is unknown

® 2005 Microchip Technology Inc. DS219198-page 13
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167 PULL-UP RESISTOR
CONFIGURATION (GPPU)
REGISTER

The GPPU register controls the pull-up resistors for the

port pins. If a bit is set and the corresponding pin is

configured as an input, the corresponding port pin is
internally pulled up with a 100 kqQ resistor.

REGISTER 1-7:  GPPU - GPIO PULL-UP RESISTOR REGISTER (ADDR 0x06)
RW-O RW-0 RW-0 RW-0  RW-O RW-0 RWO0 RW-O
[pu7 [ pus | Pus | Pusa | Pus [ Puz [ Put | PUO
bit 7 bit 0

bit 7-0 PU7:PUO: These bits control the weak pull-up resistors on each pin (when configured as an
input) <7:0>.
1= Pull-up enabled.
0= Pull-up disabled.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bitis set ‘0" = Bitis cleared  x = Bit is unknown

e —
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168 gggll;?g? FLAG (INTF) Note: INTF will always reflect the pin(s) that
have an interrupt condition. For example,
The INTF register reflects the interrupt condition on the one pin causes an interrupt to occur and is
port pins of any pin that is enabled for interrupts via the captured in INTCAP and INF. If, before
GPINTEN register. A ‘set’ bit indicates that the learing the p ther pin ch
associated pin caused the interrupt. which would normally cause an interrupt, it
This register is ‘read-only’. Wiites to this register will be will be reflected in INTF, but not INTCAP.

ignored.

REGISTER 1-8:  INTF — INTERRUPT FLAG REGISTER (ADDR 0x07)

R-0 R0 R-0 R0 R-0 R-0 R0 R-0
[int7 ] nte [ N5 [ iNT4 [ N3 [ NT2 [ OINT1 | INTO |
bit 7 bit 0

bit 7-0 INT7:INTO: These bits reflect the interrupt condition on the port. Will reflect the change only if
interrupts are enabled (GPINTEN) <7:0>.
1= Pin caused interrupt.
0= Interrupt not pending.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR ‘1" = Bit is set ‘0" =Bitis cleared  x = Bit is unknown

e —
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169 INTERRUPT CAPTURE (INTCAP)
REGISTER

The INTCAP register captures the GPIO port value at
the time the i p d. The regi is 'read-
only and is updated only when an interrupt occurs. The
register will remain hanged until the i pt is
cleared via a read of INTCAP or GPIO.

REGISTER 1-9:  INTCAP — INTERRUPT CAPTURED VALUE FOR PORT REGISTER

(ADDR 0x08)

R-x R-x R-x R-x R-x R-x R-x R-x
| 1ce7 | icee | icps | icpa [ ices | icp2 | icP1 | icPo |
bit 7 bit 0

bit 7-0 ICP7:ICPO: These bits reflect the logic level on the port pins at the time of interrupt due to pin

change <7:0>,

1= Logic-high.

0= Logic-low.

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as '0’

- n = Value at POR ‘1" = Bitis set ‘0" = Bitis cleared  x = Bit is unknown
R ——
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1.6.10  PORT (GPIO) REGISTER

The GPIO register reflects the value on the port.
Reading from this register reads the port. Writing to this
register modifies the Output Latch (OLAT) register.

REGISTER 1-10:  GPIO — GENERAL PURPOSE I/0O PORT REGISTER (ADDR 0x09)
RIW-0 RIW-0 R/W-0 R/W-0 RW-0 RIW-0 R/W-0 R/W-0

| ep7 | eps | eps | GPa | eP3 | P2 | GP1 | GPO

bit 7 bit 0
bit 7-0 GP7:GP0: These bits reflect the logic level on the pins <7:0>.

1= Logic-high.

0= Logic-low.

Legend:

R = Readable bit W= bit U = Unimp d bit, read as ‘0’

- n = Value at POR ‘1" = Bit is set ‘0" =Bitis cleared  x = Bit is unknown

® 2005 Microchip Technology Inc. DS219198-page 17
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1.6.11  OUTPUT LATCH REGISTER (OLAT)

The OLAT register provides access to the output
latches. A read from this register results in a read of the
OLAT and not the port itseff. A write to this register
modifies the output latches that modify the pins
configured as outputs.

REGISTER 1-11:  OLAT - OUTPUT LATCH REGISTER 0 (ADDR 0x0A)
RW-0  RW-0  RW-0  RW-0 RW-0  RW-0 RW-0  RW-0
[ o7 | o6 | o5 [ o4 [ o3 [ o2z [ ot | oo |
bit 7 bit 0

bit 7-0 OL7:0L0: These bits reflect the logic level on the output latch <7:0>.

1= Logic-high.

0= Logic-low.

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as '0’

- n = Value at POR ‘1" = Bitis set ‘0" = Bitis cleared  x = Bit is unknown
DS219198-page 18 @© 2005 Microchip Technology Inc.
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1.7 Interrupt Logic

FIGURE 1-6: INTERRUPT-ON-PIN-

CHANGE

The interrupt output pin will i if an i
interrupt occurs. The interrupt block is configured by
the following registers:

GPINTEN — enables the individual inputs
DEFVAL - holds the values that are compared
against the associated input port values

INTCON - controls if the input values are
compared against DEFVAL or the previous values
on the port

IOCON (ODR and INPOL) — configures the INT
pin as push-pull, open-drain and active-level

Only pins configured as inputs can cause interrupts.
Pins configured as outputs have no affect on INT.

Interrupt activity on the port will cause the port value to
be captured and copied into INTCAP. The interrupt will
remain active until the INTCAP or GPIO register is
read. Writing to these registers will not affect the
interrupt.

The first interrupt event will cause the port contents to
be copied into the INTCAP register. Subsequent
interrupt conditions on the port will not cause an
interrupt to occur as long as the interrupt is not cleared
by a read of INTCAP or GPIO.

1.71 INTERRUPT CONDITIONS

There are two possible configurations to cause
interrupts (configured via INTCON):

1. Pins confi d for interrup pin-chang;
will cause an interrupt to occur if a pin changes
to the opposite state. The default state is reset
after an interrupt occurs. For example, an
interrupt occurs by an input changing from 1 to
0. The new initial state for the pin is a logic 0.

2. Pins configured for P! ge from
register value will cause an interrupt to occur if
the corresponding input pin differs from the
register bit. The interrupt condition will remain as
long as the condition exists, regardless if the
INTAP or GPIO is read.

See Figure 1-6 and Figure 1-7 for more information on
interrupt operations.

.

.

.

przlx I

|
INT | ACTIvVE X X ACTIVE
|
Port value Read GPIU  Port value
is captured or INTCAP  is captured
into INTCAP into INTCAP
FIGURE 1-7: INTERRUPT-ON-CHANGE
FROM REGISTER
DEFAULT
DEFVAL
GP: 7 6 5 4 3 2 1 0
[x D [ [x [x [o [x [ x]
GP2

INT ACTIVE
Port value L
is captured Read GPIU
into INTCAP or INTCAP

(INT clears only if interrupt
condition does not exist.)

@ 2005 Microchip Technology Inc.
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NOTES:
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2.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings T

Ambient temp under bias ~40°C to +125°C
Storage P -65°C to +150°C
Voltage on VoD with respect to Vss -0.3Vto +5.5V
Voltage on all other pins with respect to Vss pt VDD) -0.6Vto (Voo + 0.6V)
Total power dissipation (Note) 700 mW
Maximum current out of Vss pin 150 mA
Maximum current into VDD pin 125 mA
Input clamp current, Ik (Vi < 0 or Vi > \VoD), +20 mA
Output clamp current, lok (Vo < 0 or Vo > VDD) +20 mA
Maximum output current sunk by any output pin 25 mA
Maximum output current sourced by any output pin 25mA

Note:  Power dissipation is calculated as follows:
PoIs = VoD x {I0D - ¥ lox} + ¥ {(VoD-VoH) x loH} + X (VoL x loL)

T NOTICE: Stresses above those listed under *Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods. affect device reliability.

® 2005 Microchip Technology Inc. DS219198-page 21
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21 DC Characteristics

Operating Conditions (unl otherwise indi d)
DC Characteristics 1.8V < VoD £ 5.5V at -40°C < Ta < +85°C (I-Temp)
4.5V < Voo <55V at-40°C < Ta < +125°C (E-Temp) (Note 1)

P:‘:m Characteristic Sym Min Typ Max Units Conditions

D001 |Supply Voltage Voo 18 - 55 v

D002 |Voo Start Voltage to VPOR - Vss - Y
Ensure Power-on
Reset

D003 |Voo Rise Rate to SVoo 0.05 —_ e VIms |Design guidance only.
Ensure Power-on Not tested.
Reset

D004 |Supply Current oo — — 1 mA |SCL/SCK =1 MHz

D005 |Standby current lops —_ —_ 1 YA

- — 2 pA  |45V-55V@ +125°C
(Note 1)

Input Low-Voltage

D030 |A0, A1 (TTL buffer) ViL Vss — |0.15VoD A4

D031 |CS, GPIO, SCLISCK, Vss — |o2voo | v
SDA, A2, RESET
(Schmitt Trigger)
Input High-Voltage

D040 |AD, A1 ViH |025VoD+08| — Voo v
(TTL buffer)

D041 |CS, GPIO, SCLSCK, 0.8 Voo - Voo V  |For entire VoD range.
SDA, A2, RESET
(Schmitt Trigger)
Input Leakage Current

D060 |10 port pins [ ] — [ — [ #1 ] uA [vsssvenzvoo
Output Leakage Current

D065 |I/O port pins Lo - -_ 1 pA  |Vss < VPIN VDD

D070 |GPIO weak pull-up IPU 40 75 115 WA |VDD = 5V, GP Pins = Vss
current ~40°C < TA < +85°C
Output Low-Voltage

D080 |GPIO VoL - -_ 06 V  |loL=8.5mA, VoD = 4.5V
INT _ _ 0.6 V' |loL=1.6 mA, Vob = 4.5V
SO, SDA - - 0.6 VvV |loL=3.0 mA, VoD = 1.8V
SDA —_— —_ 0.8 V  |loL=3.0 mA, VoD = 4.5V
Output High-Voltage

D0Y0 |GPIO, INT, SO VoH Voo - 0.7 —_ —_ V' [loH=-3.0 mA, VoD = 4.5V

Voo - 0.7 _— —_— loH = -400 pA, VoD = 1.8V

Capacitive Loading Specs on Output Pins

D101 |GPIO, SO, INT Cio - —_ 50 pF

D102 |SDA Ce — — 400 pF

Note 1: This parameter is characterized, not 100% tested.

DS219198-page 22 © 2005 Microchip Technology Inc.
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FIGURE 2-1: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS
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FIGURE 2-2: RESET AND DEVICE RESET TIMER TIMING
Voo bl
L
. . W
RESET _/—\k_/
—30— 3@
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RESET | i | |
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TABLE 2-1:  DEVICE RESET SPECIFICATIONS

Operating Conditions (unl otherwise indi 1)
AC Characteristics 1.8V £ VoD < 5.5V at -40°C < Ta < +85°C (I-Temp)
4.5V < Vo0 5.5V at -40°C < Ta < +125°C (E-Temp) (Note 1)
P::m Characteristic Sym Min | Typ™ | Max | Units Conditions
30 |RESET Pulse Width TRSTL 1 - - Hs
(Low)
32 |Device Active After Reset | THLD —_ TBD ps  |Voo =50V
high
34 |Output High-Impedance Tioz —_ —_ 1 ps
From RESET Low

Note 1: This parameter is characterized, not 100% tested.

FIGURE 2-3: 1’C™ BUS START/STOP BITS TIMING

FIGURE 2-4: 12C™ BUS DATA TIMING
103 e100— : i 102
-— 101_7—\ /7
108 o7 — e
-—109— ~— 110 —

e —
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TABLE 2-2:  I12C™ BUS DATA REQUIREMENTS (SLAVE MODE)

Operating Conditions (unl otherwise indi d)
+85°C (|-
Fio™ AC Charactristios 45V Vo0 £ 55V ot 400 < TA < +125-C (E-Torp) (Note 1)
Reu (SCL, SDA) = 1 k€2, CL (SCL, SDA) = 135 pF
Param | Characteristic Sym Min l Typ | Max | Units | Conditions
No.
100 | Clock High Time: THIGH
100 kHz mode 4.0 —_ —_ ps | 1.8V ~55V (I-Temp)
400 kHz mode 0.6 —_ —_ ps | 2.7V~ 55V (I-Temp)
1.7 MHz mode 0.12 —_ —_— ps |4.5V - 55V (E-Temp)
101 | Clock Low Time: Tiow
100 kHz mode 4.7 — — ps | 1.8V -55V (I-Temp)
400 kHz mode 1.3 —_ —_ ps | 2.7V - 55V (I-Temp)
1.7 MHz mode 0.32 —_— —_— ys |4.5V - 55V (E-Temp)
102 |SDA and SCL Rise Time: TR
100 kHz mode (Note 1) — — [1000] ns [1.8V-55V (I-Temp)
400 kHz mode 20+01Ce@ | — | 300 | ns |2.7V - 55V (I-Temp)
1.7 MHz mode 20 — | 160 | ns |4.5V - 55V (E-Temp)
103 | SDA and SCL Fall Time: TF
100 kHz mode (Note 1) — — [ 300 | ns [1.8V-55V (I-Temp)
400 kHz mode 20+01Ce® | — [ 300 | ns |27V-55V(-Temp)
1.7 MHz mode 20 — 80 ns | 4.5V - 55V (E-Temp)
90 | START Condition Setup Time: | Tsu:sTA
100 kHz mode 47 —_ —_ ps | 1.8V ~55V (I-Temp)
400 kHz mode 0.6 —_— —_ ps | 2.7V - 5.5V (I-Temp)
1.7 MHz mode 0.16 — — s |4.5V - 55V (E-Temp)
91 | START Condition Hold Time: | THD:STA
100 kHz mode 4.0 —_ —_ ps | 1.8V ~55V (I-Temp)
400 kHz mode 0.6 — —_— ys | 2.7V~ 5.5V (I-Temp)
1.7 MHz mode 0.16 —_— —_— ys |4.5V - 55V (E-Temp)
106 | Data Input Hold Time: THD:DAT
100 kHz mode 0 — | 345 | ps [1.8V-55V (-Temp)
400 kHz mode 0 — | 08 | ps [2.7v-55V (I-Temp)
1.7 MHz mode 0 — | 0.15 | ps |4.5V - 55V (E-Temp)
107 |Data Input Setup Time: TSU:DAT
100 kHz mode 250 —_ — ns |1.8V-55V (I-Temp)
400 kHz mode 100 — — ns | 2.7V - 55V (I-Temp)
1.7 MHz mode 0.01 — | — | ps |45V-55V(E-Temp)
92 | STOP Condition Setup Time: | Tsu:sTo
100 kHz mode 40 —_— —_— ps | 1.8V~ 5.5V (I-Temp)
400 kHz mode 06 — — s | 2.7V -55V (-Temp)
1.7 MHz mode 0.16 — — s |4.5V - 55V (E-Temp)

Note 1: This parameter is characterized, not 100% tested.
2: Csis specified to be from 10 to 400 pF.

e —
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TABLE 2-2:  12C™ BUS DATA REQUIREMENTS (SLAVE MODE) (CONTINUED)

Operating Cond\l/tbns (unlesfs otherwise indicated):
18Ve <5, <TA<+ I-Tem|
’C™ AC Characteristics 4.2\\; < \‘;gg < ggv :: j.;g ST o?g;?c( (E?Tefzp) (Note 1)
Rpu (SCL, SDA) = 1 k€, CL (SCL, SDA) = 135 pF
Param | Characteristic Sym Min | Typ l Max | Units lCondIthm
No.
109 | OQutput Valid From Clock: Taa
100 kHz mode — — | 345 | ps |1.8V-55V (I-Temp)
400 kHz mode — — 09 us |27V - 55V (I-Temp)
1.7 MHz mode —_ — | 018 | ps |4.5V-55V (E-Temp)
110 |Bus Free Time: TBUF
100 kHz mode 47 _— —_— ys |[1.8V ~55V (-Temp)
400 kHz mode 13 — — ys |27V -55V (I-Temp)
1.7 MHz mode N/A — N/A | us |45V -55V (E-Temp)
Bus Capacitive Loading: Ce
100 kHz and 400 kHz —_— _— 400 | pF |(Note 1)
1.7 MHz - — | 100 | pF |(Note 1)
Input Filter Spike Tsp
Suppression: (SDA and SCL)
100 kHz and 400 kHz — — 50 ns
1.7 MHz — — 10 ns | Spike suppression off

Note 1: This parameter is characterized, not 100% tested.
2: Csis specified to be from 10 to 400 pF.

FIGURE 2-5: SPI™ INPUT TIMING

S0 high-impedance
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FIGURE 2-6: SPI™ OUTPUT TIMING
cs B (
2
8 9 —Z .
SCK | Mode 1.1
)_\_/_\_h Mode 0.0
12
3 14—
SO — (" msbout " X ¥ Lsbout
sl -\ don't care ‘1
> 1 f

TABLE 2-3:  SPI™ INTERFACE AC CHARACTERISTICS

Operating Conditions (unless otherwise indi d)
SPI™ Interface AC Characteristics | 1.8V < V0D < 5.5V at -40°C < Ta < +85°C (I-Temp)
4.5V <VDD < 5.5V at -40°C < Ta < +125°C (E-Temp) (Note 1)
P:‘r:'m Characteristic Sym Min | Typ | Max | Units Conditions
Clock Frequency Foik - - 5 | MHz [1.8V-55V (I-Temp)
—_ —_ 10 MHz |2.7V - 5.5V (I-Temp)
— — 10 | MHz |45V -55V (E-Temp)
1 |CS Setup Time Tess 50 - - ns
2 CS Hold Time TesH 100 —_ —_— ns | 1.8V ~55V (I-Temp)
50 - - ns |27V - 5.5V (I-Temp)
50 —_ - ns |4.5V - 55V (E-Temp)
3 |CS Disable Time Tesp | 100 | — | — | ns [1.8V-55V (-Temp)
50 —_ - ns |27V - 5.5V (I-Temp)
50 —_ - ns |4.5V -55V(E-Temp)
4 Data Setup Time Tsu 20 —_ - ns | 1.8V ~55V (I-Temp)
10 —_ - ns |27V - 5.5V (I-Temp)
10 —_ —_ ns |4.5V - 55V (E-Temp)
5  |Data Hold Time THD 20 - - ns | 1.8V -5.5V (I-Temp)
10 —_ —_ ns |27V - 5.5V (I-Temp)
10 —_ - ns |4.5V - 55V (E-Temp)
6 CLK Rise Time TR — — 2 ps |Note 1
7 CLK Fall Time TF —_ —_ 2 ys |Note1
8 Clock High Time THI 80 —_ - ns | 1.8V ~55V (I-Temp)
45 —_ —_ ns |27V -5.5V (I-Temp)
45 —_ s ns |4.5V - 55V (E-Temp)

Note 1: This parameter is characterized, not 100% tested.
2:  Tv =90 ns (max) when address pointer rolls over from address 0x0A to 0x00.

e —
® 2005 Microchip Technology Inc. DS219198-page 27

81

www.manharaa.com




MCP23008/MCP23S08

TABLE 2-3:  SPI™ INTERFACE AC CHARACTERISTICS (CONTINUED)

Operating Conditions (unless otherwise indicated):
SPI™ Interface AC Characteristics |1.8V <VpD <55V at -40°C < Ta < +85°C (I-Temp)
4.5V <VoD < 5.5V at -40°C < Ta < +125°C (E-Temp) (Note 1)
P:‘r:.m Characteristic Sym Min | Typ | Max | Units Conditions
9 Clock Low Time TLo 90 — — ns | 1.8V 55V (I-Temp)
45 — — ns |27V -55V (I-Temp)
45 — — ns |4.5V 55V (E-Temp)
10 Clock Delay Time Towo 50 — — ns
1 Clock Enable Time ToLe 50 — — ns
12 | Output Valid from Clock Low Tv — — 90 ns |1.8V-55V (l-Temp)
— — 45 ns |27V -5.5V (I-Temp)
- — 45 ns |4.5V-55V (E-Temp)
13 Output Hold Time THO 0 — — ns
14 | Output Disable Time Tois — — 100 ns

Note 1: This parameter is characterized, not 100% tested.
2:  Tv =90 ns (max) when address pointer rolls over from address 0x0A to 0x00.

FIGURE 2-7: GPIO AND INT TIMING
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—
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TABLE 24:  GP AND INT PINS

Operating Conditions (unl otherwise indi d)
AC Characteristics 1.8V < VoD £ 5.5V at -40°C < Ta < +85°C (I-Temp)
4.5V 5 Voo < 55V at -40°C 5 Ta < +125°C (E-Temp) (Note 1)
P;’:‘“ Characteristic Sym | Min | Typ | Max | Units Conditions

50 Serial data to output valid | TePov | — _ 500 ns
51 Interrupt pin disable time TINTD — - 450 ns
52 GP input change to register | TGPIV — — 450 ns

valid
53 10C event to INT active TGPINT | — —_ 500 ns

Glitch Filter on GP Pins TeurcH| — —_ 150 ns

Note 1: This parameter is characterized, not 100% tested
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NOTES:

DS219198-page 30 © 2005 Microchlp Technology Inc.

84

www.manharaa.com




MCP23008/MCP23S08

3.0 PACKAGING INFORMATION
31 Package Marking Information

18-Lead PDIP (300 mil)

e e 08 ke e e O e B e B e

HRRKRRRKHKAKKKKKK
RERXKKKKKKKEKHKEE
o A vvimm

Ll T Tl T BT T R

Example:
ke B ke B e B e B e B e 8 e

MCP23008-E/P (3

° A 0434258

AT WA T O R T

18-Lead SOIC (300 mil)

Example:
IRINIRINIRINIRIN nnonnnnnn
s =
° @ YYWRNNN ° @ 0434256
quooooood IR IR

20-Lead SSOP Example:
annmamnmn Qnnanmnmmmn
s "

Q YYWANNN
o
I

[ \\JIEEEEELE
®
I

Legend: XX.X C specific inf
Y. Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01")
NNN  Alphanumeric traceability code
@ Pb-free JEDEC designator for Matte Tin (Sn)
. This package is Pb-free. The Pb-free JEDEC designalor {g3))
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will

be carried over to the next line, thus limiting the number of available
h for specific information.

@ 2005 Microchip Technology Inc. DS219198-page 31

85

www.manharaa.com




MCP23008/MCP23S08

18-Lead Plastic Dual In-line (P) — 300 mil (PDIP)

e £ 1

ke B ke B ke ke B e B e O e
LT T LT T T
o

X Ry

¢ L
At _f
] || 81
s et et ] J po—-—
o
Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 18 18
Pilch P 100 54
A 4 156 170 .56 34 4.32
A2 1 130 145 92 30 368
A1 1 38
E 300 N3 325 62 794 826
E1 240 250 260 6.10 6.35 660
D 890 898 805 2261 2280 2299
L 125 130 135 18 330 343
Lead Thickness c 008 012 015 20 029 038
Upper Lead Widlh BE1 045 058 070 14 146 178
Lower Lead Width B 014 01 022 0.36 0.4 0.56
Overall Row Spacing § o8 3 37 430 78 $4 1092
Mald Draft Angle Toj o 1 1 1 15
|Mold Dranﬁle Bottom b 1 1 1 15
* Controling Parameter
§ Significant Charactaristic
Notes:
Dimensians D and E1 do not include mold flash or d Moald flash ar ions shall not exceed
0107 (0.254mm) per side.

JEDEC Equivalent: MS-001
Drawing No, C04.007

R ——
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18-Lead Plastic Small Outline (SO) - Wide, 300 mil (SOIC)

[
IR

- N

h —=i

f

457

o +
L s i

> f-—

Units INCHES® MILLIMETER:
Dimension Umits [ MIN NOM MAX MIN NOM MAX

Number of Pins n 18 18
Pitch 3 050 1.27
Overall Height A 083 098 104 2.36 2.50 264
Malded Package Thickness Az 088 091 094 2.24 2.31 230
Standofi_§ Al 004 008 012 0.10 0.20 0.30]
Overall Width E 384 407 420 10.01 10.34 10.67
Molded Package Width E1 291 .295 298 7.38 7.48 758
Ovarall Langth 0 446 454 462 1133 11.53 1173
Chamfer Distance h 01 020 028 0.25 0.50 074
Foot Lenglh L 01 033 050 0.41 0.84 127
Foot Angle B 0 4 8 4 8
[Load c 008 o 012 0.2 0.27 030
[Lead Width 8 014 017 020 0.3 042 051
Mald Dralt Angle Top o 0 12 15| 12 5
Maid Oraft Angle Bottom [ 0 12 15] 0 12 15
* Controling Paramedes
§ Significant Characteristic
Notes:
Dimensions D and E1 do not include mald flash or protrusions. Mold flash or protrusions shall not axcead
010" {0.254men) per side.

JEDEC Equivalent MS-013
Drawing No. CO4-051

T ——
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20-Lead Plastic Shrink Small Outline (SS) - 209 mil Body, 5.30 mm (SSOP)

(3]

i
TTTCTOOTT

-~

A=

]
FD]
L

Units. INCHES MLLIMETERS®
Dimension Limits MN T wom MAX M NOM MAX

Number of Pins. n 0 20
Pitch P 026 065
Overall Helght A . 079 . . 200
Molded Package Thicness a2 065 069 073 165 175 185
Standoff A 002 - - 008 - -
Overall Width E 291 307 323 TAD 73 820
Molded Package Width E1 197 209 220 5.00 530 560
Overall Length o 272 283 289 265 720 7.50
Foot Length L 022 030 037 055 075 095
Lead Thickness 3 004 - 010 a0 - 025
Foat Angle f o 4 8" o 4 8"
Lead Width 8 009 - 015 022 - 038

“Controlling Parameter

Notes:

Dimensions D and E1 do not include mold flash of protrusions, Mold flash o protrusions
shall not exceed 0107 {0.254mm] pes side.

JEDEC Equivalent: MO-150
Drawing No. C4-072 Revisad 110203

R ——
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APPENDIX A: REVISION HISTORY

Revision B (February 2005)

The following is the list of modifications:

1. Section 1.6 “Configuration and Control Reg-
isters”. Added Hardware Address Enable
(HAEN) bit to Table 1-3.

2. Section 1.6.6 “Configuration (IOCON) Regis-
ter”. Added Hardware Address Enable (HAEN)
bit to Register 1-6.

Revision A (December 2004)
Original Release of this Document.
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NOTES:
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain inf ion, €.g., on pricing or delivery, refer to the factory or the listed sales office.
- Examples:
a) MCP23008-E/P:  Extended Temp.,
Device Tcr;‘poulun Package 18LD PDIP package.
oo b) MCP23008-E/SO: Extended Temp.,
18LD SOIC package.
Device MCP23008:  8-Bit O Expander w! I°C™ Interface | | ¢} MCP23008T-E/SO: Tape and Reel,
MCP23008T:  8-Bit VO Expander w/ IC Interface Extended Temp.,
{Tape and Reel) 18LD SOIC package.
MCP23S08:  8-Bit IO Expander w/ SPI™ Interface d) MCP23008-E/SS: Extended Temp.,
MCP23S08T:  8-Bit VO Expander w/ SPI Interfaca 20LD SSOP package.
(Tape and Reel) e) MCP23008T-E/SS: Tape and Reel,
Extended Temp.,
20LD SSOP package.

Temperature E = -40°C to +125°C (Extended) *
Range a) MCP23S08-E/F:  Extended Temp.,
* While these devices are only offered in the "E’ i 18LD PDIP package.
temperature range, the device will operate at different b) MCP23S08-E/SO: Extended Temp.,

voltages and temperatures as identified in the 18LD SOIC package.
Section 2.0 “Electrical Characteristics". ¢)  MCP23SO08T-E/SO: Tape and Reel,
Extended Temp.,
18LD SOIC package.
d) MCP23S08-E/SS: Extended Temp.,
Package go = Plastic gg’l 3(03% Dmi ?«édy). )‘IB;!B..La:;d 20LD SSOP package.
= Plastc 300 m , 18 e) MCP23S08T-E/SS: Tape and Reel,
SS = SSOP (209 mil Body, 5.30 mm), 20-Lead Extended Temp..
20LD SSOP package.

® 2005 Microchip Technology Inc. DS219198-page 37
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. Microchip belleves that its family of products is one of the most secure families of its kind on the market today, when used In the

intended manner and under normal conditions.

+  There are dishonest and possibly illegal methods usad to breach the code protection featune Al ohhese methods to our
knowledge, require using the Microchip products in a manner outside the i in ip's Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.
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I3 TEXAS

INSTRUMENTS TXB0106
www._tl.com SCES709-SEPTEMBER 2008

6-BIT BIDIRECTIONAL VOLTAGE-LEVEL TRANSLATOR
WITH AUTO-DIRECTION SENSING AND +15-kV ESD PROTECTION

FEATURES
PW PACKAGE

* 1.2Vto 3.6 Von A Portand 1.65 to 5.5V on (TOP VIEW)

B Port (VQCAS Vees) ) == 7o) [ ==N:]

« V¢ Isolation Feature — If Either V¢ Input Is at Veoa o] 2 519 Voce
GND, All Outputs Are in the High-Impedance A2 s o B2
State A3CT s 3f-1o B3

« OE Input Circuit Referenced to Vg, A4 s B

. AsCI] e 11 BS

« Low Power Consumption, 4-uA Max lcc == B ol B6

o |y Supports Partial-Power-Down Mode OECT]s 5|1 GND
Operation

« Latch-Up Performance Exceeds 100 mA Per
JESD 78, Class Il RGY :A“,J'EKCIGE

« ESD Protection Exceeds JESD 22 gorve
- APort

— 2500-V Human-Body Model (A114-B)

— 150V Machine Model (A115-A) [ S B
— 1500-V Charged-Device Model (C101) A3 ‘; . B3
- BPort na [ B
— #15.KV Human-Body Model (A114-B) . | &5
o

— 150-V Machine Model (A115-A) A8
— 1500-V Charged-Device Model (C101)

The exposed center pad, if used, must be
connected as a secondsry ground or left
electrically open.

DESCRIPTION/ORDERING INFORMATION

This 6-bit noninverting translator uses two separate configurable power-supply rails. The A port is designed to
track Veea. Veca accepts any supply voltage from 1.2 V to 3.6 V. The B port is designed to track Vecg. Vecs
accepts any supply voltage from 1.65 V to 5.5 V. This allows for universal low-voltage bidirectional translation
between any of the 1.2-V, 1.5-V, 1.8-V, 2.5-V, 3.3-V, and 5-V voltage nodes. Vccx should not exceed Vecs.

When the output-enable (OE) input is low, all outputs are placed in the high-impedance state.
The TXB0106 is designed so that the OE input circuit is supplied by Vec.

This device is fully specified for partial-power-down applications using l,¢. The Iy circuitry disables the outputs,
preventing damaging current backflow through the device when it is powered down.

To ensure the high-impedance state during power up or power down, OE should be tied to GND through a
pulldown resistor; the minimum value of the resistor is determined by the current-sourcing capability of the driver.

ﬁ Please be aware that an i notice availsbility, and use in critical spplications of Texas
1 and i thereto spp at the end of this data sheet.

p

PRODUCTION DATA Information Is cumrent as cf publcstcn date.
Products confoem 1o specifications per the terms of the Texas
Instruments stancard werranty. Freducion precessing does not
necessarily Incude testing of sl parameters.

Copyright © 2008, Texas Instruments Incorporated
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TXB0106 ” INSTRUMENTS

SCEST709-SEPTEMEER 2008 www.tl.com
ORDERING INFORMATION
Ta PACKAGE "2} ‘ORDERABLE PART NUMBER TOP-SIDE MARKING
QFN - RGY ] Reel of 1000 TXB0108RGYR YEOS
—40°Cto 85°C
TSSOP - PW | Reel of 2000 TXB0108PWR YEOS
(1) Package drawings, thermal data. and ion are avail at wwwi ti. i
(2) For the mest current and ing i ion, see the Package Option Addendum st the end of this document, or see the TI
‘website at www.ti.com.
PIN DESCRIPTION
NO. NAME FUNCTION
1 A1 Inputioutput 1. Referenced to Veca-
2 Veca A-port supply voltage. 1.2V < Veea< 3.8V, Veoas Vees-
3 A2 Inputicutput 2. Referenced to Viea.
4 A3 Inputicutput 3. Referenced to Viea.
5 Ad Inputicutput 4. Referenced to Vica.
8 A5 Inputioutput 5. Referenced to Veea.
7 AB Inputioutput 8. Referenced to Vica.
2 oE QOutput enable. Pull OE low to place sll outputs in 3-state mode.
Referenced to Vgca.
9 GND Ground
10 B8 Input/cutput 8. Referenced to Viges.
1 B5 Input/cutput 5. Referenced to Viges.
12 B4 Input/output 4. Referenced to Vecs.
13 B3 Input/output 3. Referenced to Vees.
14 Input/output 2. Referenced to Vees.
15 Vees B-port supply voltage. 165V £ Veez <55V,
18 B1 Input/output 1. Referenced to Vees.
TYPICAL OPERATING CIRCUIT
18V 33V
Veca  Vees
OE
TXB0106
18-V
Syst e :; :; — 33V
Ce System
»—<{ A3 B3f»—e
A. B4
Data as oy
> -+ M B6 - <
L
2 Submit Documentstion Feedback Copyright @ 2008, Texas Instruments Incorporated
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@' TExas
INSTRUMENTS TXB0106
www tl.com SCES709-SEPTEMBER 2008
ABSOLUTE MAXIMUM RATINGS!"
over ing free-air p range (unless otherwise noted)
MIN MAX |~ UNIT
Veca  Supply voltage range -0.5 486 \'
Veecs  Supply voltage range -0.5 8.5 \'
vy Input voltage range’® -05 65 v
Vo Voltage range spplied to any output in the high-impedance or power-off state @ -0.5 8.5 \'
) . . Adinputs —05 Voca+05
Ve Vi ed to the high or low state'® v
) ‘oltage range sppli any output in the high or Binputs 205 Voeg 05
I Input clamp current V<0 50 mA
lox  Output clamp curment Vo <0 50| ma
lo Continuous output current 150 mA
Continuous current through Ve, Vees. of GND 100 mA
[Pw @ 83
P: thermal i *CIW
A 'ackage impedance | = a7
Tag Storage tempersture range -85 150 °C
(1) Stresses beyond those listed under "sbsolute maximum ratings™ may cause permanent damage to the device. These are stress ratings
mlymdﬁmcbmdoperﬂmofhedevneatﬂlseormyoﬂ\ermmsbeymdﬂmse under
conditions" is not implied. Exp to rated conditions for extended pericds may sffect device reliability.
2 The|WWOMmng&vdhgemﬁngsnuybeexoeededfﬂE|WWOMWMS are observed.
(3) The value of Vgca 8nd Vs are p in the ing conditions table.
4) The thermal i is in with JESD 51-7.
(5) The thermal i is in with JESD 51-5.
RECOMMENDED OPERATING CONDITIONS™@
Veea Veece MIN MAX | UNIT
Veea | 12 36
S volts v
Veea | PP voltege 165 55
. Data inputs Ve 0.855 Veer
vV, h-level voltage 12Vt 36V 185Vte5V ——m———  V
w Mg input oE ° Vooax 0.85 55
. Data inputs 12Vto55V 0 Vgex0.35%
Vio Low-level input voltage 185Vto 55V v
OE 12Vto36V 0 Vecax 0.35
A-port inputs 12Vt 36V 185Vto 55V 40
Input transition
avav 185Vto 38V 40| nsiV
rise or fall rate B-port i 12Vt 36V
inputs 45Vt055V 30
Ta Opersting free-sir -40 85| °C

(1) The A and B sides of an unused data 'O pair must be held in the same state, i.e., both at V¢, or both at GND.
(2) Vgea must be less than or equal to Vecg and must not exceed 3.8 V.
(3) Vg, is the supply voltage associsted with the input port.

Copynight © 2008, Texas Instruments Incorporated Submit Documentation Feedback 3
Product Folder Link(s): TXB0106
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i3 TEXAS
TXB0106 ” INSTRUMENTS

SCEST09-SEPTEMBER 2008 www.tl.com

ELECTRICAL CHARACTERISTICS ™
over recommended operating free-air temperature range (unless othenwise noted)

PARAMETER TEST v, v, Ta=25C CLBC |\
CONDITIONS cea bl MIN TYP MAX MIN  MAX
Vo o =-20pA 12V 11 v
14Vt 36V Veoa- 0.4
Veus o = 20uA 12V 00 v
14Vt0 36V 0.4
Vous low =20 pA 185Vt055V Voog— 0.4 v
Vous low =20 pA 185Vt055V 04| Vv
L 3 12Vt038V | 185Vto55V + 22| uA
| A port ov 0Vto55V + 22 A
“ | port 0Vio 36V ov # 2
loz  |AorB port OE = GND 12Vt038V | 185Vt055V + 22| uA
12V 0.06
Vy=Veoyor OND, | 14V 1238V 185Vto55V s
loca I5=0 36V oV 2| A
oV 55V 2
12V 34
185Vto55V
loce VlfVocl or GND, 14Vto38V 5 WA
lo=0 3BV oV -2
oV 55V 2
leca * loce }Q:X‘”'"’G"D' - \:fo\;.ev 185V 055V 33 -
V; = Vg or GND, 12V 0.05
lecza :ge:oem 1aviasy | BVeSSY 5
Vi =Veer or GND, 1.2V 33
lecze '3;06,0 1eviasy | (BVeSSY 5 “
c |oE 12Vt038V | 185Vt055V 5 55| pF
A port 5 65
Co 12Vt038V | 185Vto55V oF
B port 8 10
(1) Ve is the supply voltage associated with the input port.
(2) Vego is the supply voitsge associsted with the output port
TIMING REQUIREMENTS
Ta=25C, Veea =12V
Voce =18V | Vecg=25V | Voce =33V | Vecs=5V |
TYP TYP TYP TYP
Data rate 20 20 20 20 Mbps
ty Pulse duration | Data inputs 50 50 50 50 ns
TIMING REQUIREMENTS
over recommended operating free-air temperature range, V.., = 1.5V £ 0.1 V (unless otherwise noted)
Veee =18V | Veeg=25V | Ve =33V | Veeg=5V
015V 102V £03V 05V | yNIT
MIN MAX| MIN MAX| MIN MAX| MIN MAX
Data rate 50 50 50 50| Mbps
ty Pulse duration | Dsta inputs 20 20 20 20 ns
4 Submit Documentation Feedback Copyright @ 2008, Texas Instruments Incorporated
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TIMING REQUIREMENTS
over recommended operating free-air temperature range, Veoca = 1.8 V £ 0.15 V (unless otherwise noted)
Vece =18V | Vecg=25V | Vgee =33V | Veeg=5V
+0.15V $02V +03V $05V UNIT
MIN MAX| MIN MAX| MIN MAX| MIN MAX
Data rate 52 80 80 80| Mbps
t, Pulse duration | Dsts inputs 19 17 17 17 ns
TIMING REQUIREMENTS
over recommended operating free-air temperature range, Voga = 2.5V £0.2 V (unless otherwise noted)
Vece =25V Veeg =33V Veeg =5V
102V $03V 305V UNIT
MIN  MAX ~ MIN MAX| MIN  MAX
Data rate 70 100 100 Mbps
ty Pulse duration | Data inputs 14 10 10 ns
TIMING REQUIREMENTS
over recommended operating free-air temperature range, Voga = 3.3 V £ 0.3 V (unless otherwise noted)
Vecg =33V Veeg =5V
03V 05V UNIT
MIN MAX MIN MAX
Dats rate 100 100 Mbps
ty Puise durstion | Data inputs 10 10 ns
SWITCHING CHARACTERISTICS
Ta=25C, Veea=12V
FROM TO Vece =18V | Ve =25V | Vo =33V | Veeg=5V
PARAMETER (INPUT) (OUTPUT) TYP TYP TYP TYP N
A B 0.5 7.9 78 85
toe ns
B A 8.2 88 3.4 8
- oF A 1 1 1 1 s
B 1 1 1 1
A 20 17 17 18
tas OE ns
B 20 18 15 15
tea, ta A-port rize and fall times 41 44 41 39 ns
te by B-port rise and fall times 5 5 5.1 5.1 ns
) Channel-to-channel skew 24 1.7 19 7 ns
Max dats rate | 20 20 20 20 Mbps
Copyright © 2008, Texas Instruments Incorporated Submit Documentation Feedback 5
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SWITCHING CHARACTERISTICS
over recommended operating free-air temperature range, Voca = 1.5V £ 0.1 V (unless otherwise noted)

Vece =18V | Veeg=25V | Vgee =33V | V=5V
PARAMETER ﬂﬁ‘ﬂ&"n (ouTrgun 015V $02V $03V +05V UNIT
MIN MAX| MIN MAX| MIN MAX| MIN MAX
A B 14 128 12 101 11 10 08 29
ns
B A 08 142 07 12 04 117 03 137
of A 1 1 1 1
s B 1 1 1| e
A 6.6 33 84 253 81 231 59 248
tas OE ns
B 88 358 58 258| 55 221| 58 208
ta ta A-port rise and fall times 08 65/ 08 63 08 63 08 63 ns
te b B-port rise and fall times 1 73| 07 49 07 48| 08 46 ns
texo) Channel-to-channel skew 26 1.9 18 13| ns
Max data rate [ 50 50 50 50 Mbps
SWITCHING CHARACTERISTICS
over recommended operating free-air temperature range, Voca = 1.8 V £0.15 V (unless otherwise noted)
Vece =18V | Vecg =25V | Vg =33V | Vegg=5V
PARAMETER (l';‘RPOU'_‘n ( T0 +0.15V 02V +03V 05V UNIT
MIN MAX| MIN MAX| MIN MAX| MIN MAX
A B 18 1 14 77 13 68 12 8.5
to ns
B A 15 12 12 84 08 78 05 71
o A 1 1 1 1
S
fen B 1 1 1 1] "
A 59 287| 58 218 54 188 48 187
tas OE ns
B 61 338 52 237 5 188 5 178
ta, foa A-port rise and fall times 07 51| 07 5 1 5/ 07 5 ns
te b B-port rise and fall times 1 73] 07 5/ o7 39| 08 38 ns
taxio) Channel-to-channel skew 08 0.7 06 08| ns
Max dats rste | 52 60 60 60 Mbps
] Submit Documentation Feedback Copyright @ 2008, Texas Instruments Incorporated
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SWITCHING CHARACTERISTICS
over recommended operating free-air temperature range, Voca = 2.5V £ 0.2 V (unless otherwise noted)
PARAMETER (II;IRP?.IMD ( OU.'I;'gUT) vccfoz?;/s v ch:*ao.33‘-’3 v v‘fﬁ.s \5Iv UNIT
MIN  MAX| MIN MAX  MIN MAX
A B 1.1 8.4 1 53 09 47
B A 1 7| 08 58] o3 44
P A 1 1 1 s
B 1 1 1
e oF A 5 189 49 15 45 138 ne
B 48 218 45 178 44 152
[N A-port rise and fall times 08 36 08 38 05 35| ns
te. b B-port rise and fall times 08 49 07 39 08 32| ns
texio) Channel-to-channel skew 0.4 03 03| ns
Max dats rate [ 70 100 100 Mbps
SWITCHING CHARACTERISTICS
over recommended operating free-air temperature range, Voca = 3.3 V £ 0.3 V (unless otherwise noted)
Vecg =33V Vecg =5V
PARAMETER FROM To 03V 05V UNIT
(INPUT) (OuTPUT) MIN MAX MIN MAX
A B 09 49 0.8 4
tos ns
B A 05 54 0.2 4
“ oe A 1 1 s
B 1 1
A 45 139 4.1 124
ts QE ns
B 4.1 173 4 144
ta t A-port rise and fall times 05 3 05 3| ns
te. b B-port rise and fall times 0.7 39 0.6 32| ns
texic) Channel-to-channel skew 04 03| ns
Msx data rate | 100 100 Mbps
Copyright © 2008, Texas Instruments Incorporated Submit Documentation Feedback 7
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OPERATING CHARACTERISTICS

Ta=25C
Veea
12v [ 12v | 15v [ 18V | 25V | 25V | 33V
Vecs
PARAMETER TEST CONDITIONS 33y |UNIT
5V | 18V | 18V | 18V | 25V | 5V to
5V
TYP| TYP| TYP| TYP| TYP| TYP TYP
t input, ut 9 8 7 7 7 7 2
Coan PO input, B-port outp C,=0,f= 10 MHz.
B-port input, A-port output t=t=1ns, 12 1 1 11 11 1 1 .
A-port input, B-port cutput OE =Voca 35 26 27 27 27 27 28
Cros B-port input, A-port cutput T 26 190 12 12 12 20 21
Coun A-port input, B-port cutout C.=0.f=10MHz 001| o001 o001 o001] o001 001 o0
B-port input, A-port cutput t=t;=1ns, 001| o001 o001 o001] o001 001 o001 o
A-port input, B-port cutput OE = GND 001| o001 o001 o001 o001 001 003
Coez = (outputs dissbled)
B-port input, A-port output 001| o001 o001 o001 o001 001 003
8 Submit Documentation Feedback Copyright © 2003, Texas Instruments Incorporated
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PRINCIPLES OF OPERATION
Applications

The TXB0106 can be used in levelranslation applications for interfacing devices or systems operating at
different interface voltages with one another.

Architecture

The TXB0106 architecture (see Figure 1) does not require a direction-confrol signal to control the direction of
data flow from A to B or from B to A. In a dc state, the output drivers of the TXB0106 can maintain a high or low,
but are designed to be weak, so that they can be overdriven by an external driver when data on the bus starts
flowing the opposite direction.

The output one shots detect rising or falling edges on the A or B ports. During a rising edge, the one shot turns
on the PMOS transistors (T1, T3) for a short duration, which speeds up the low-to-high transition. Similarly,
during a falling edge, the one shot turns on the NMOS transistors (T2, T4) for a short duration, which speeds up
the high-to-low transition. The typical output impedance during output transition is 70 Q at Veeo = 1.2 Vio 1.8 V,
50QatVeco=18Vio3.3Vand40 QatVeeo=33Vio5V.

Veea
A

Figure 1. Architecture of TXB0106 I/O Cell

Input Driver Requirements

Typical I, vs V), characteristics of the TXB0106 are shown in Figure 2. For proper operation, the device driving
the data I/0s of the TXB0106 must have drive strength of at least £2 mA.

Copyright © 2008, Texas Instruments Incorporated Submit Documentation Feedback ]
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A
N
VK -y
» Vin
(Vp=Vrak oo

A Vris the input threshold voltage of the TXB0108 (typically Ve 2).
B. Vjis the supply voltage of the external driver.
Figure 2. Typical I, vs V,, Curve

Power Up

During operation, ensure that Ve, £ Vees at all times. During power-up sequencing, Vees 2 Vecs does not
damage the device, so any power supply can be ramped up first. The TXB0106 has circuitry that disables all
output ports when either Ve is switched off (Vecas =0 V).

Enable and Disable

The TXB0106 has an OE input that is used to disable the device by setting OE = low, which places all I/Os in the
high-impedance (Hi-Z) state. The disable time (i) indicates the delay between when OE goes low and when the
outputs actually get disabled (Hi-Z). The enable time (t.,) indicates the amount of time the user must allow for the
one-shot circuitry to become operational after OE is taken high.

Pullup or Pulldown Resistors on I/O Lines

The TXB0106 is designed to drive capacitive loads of up to 70 pF. The output drivers of the TXB0106 have low
dc drive strength. If pullup or pulldown resistors are connected externally to the data I/0s, their values must be
kept higher than 50 k() to ensure that they do not contend with the output drivers of the TXB0106.

For the same reason, the TXB0106 should not be used in applications such as I°C or 1-Wire where an
open-drain driver is connected on the bidirectional data I/0. For these applications, use a device from the TI
TXS01xx series of level franslators.
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PARAMETER MEASUREMENT INFORMATION
o 2xVeco
st
From Output From Output k8 Q/0pen
Under Test Under Test
I 15pF 1MQ I 15pF 50 k2
; . N - TEST S1
LOAD CIRCUIT FOR MAX DATA RATE, LOAD CIRCUIT FOR e P
PULSE DURATION PROPAGATION ENABLE/DISABLE 2 cco
DELAY OUTPUT RISE AND FALL TIME TIME MEASUREMENT tprzitezy Open
MEASUREMENT
““““““ Veer
Input Veer2 Veor'2
| ov

' | >

| =5 —_— = — V| |
Output vm:zf', nees Sivm > [ [ Vear
T 0xVeeo — Vou Input X Veor2 Xan

ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES PULSE DURATION
Cy includes probe and jig capacitance.
All input pulses are lied by having the followi istics: PRR = 10 MHz, Zg = 50 {3, dv/dt = 1 Vins.

The outputs are measured one at a time, with one transition per measurement.
tpuy and toy are the same as by,
Vory is the Vg associated with the input port.
. Voo s the Ve associated with the output port,
All and e are not appi to all devices.

ommoowm»

Figure 3. Load Circuits and Voltage Waveforms
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¢ Texas PACKAGE MATERIALS INFORMATION

www.tl.com 28-Jan-2012

TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS

Gty 7

A | Fersencedyed boocauokie |k aopaey wid)
- :) e v
A | Zoworsen coigad b aucruodds re oomores. bicres
W | ol wcth Of B 03 8 pe
¥ | Sreabciacer mocsise Ty port
[ | 7]
-2
-
TAPE AND REEL INFORMATION
“All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 B0 Ko P1 w Pin1
Type |Drawing D'B“ﬂ!'l Width | (mm) | (mm) | (mm) | (mm) | (mm) | Quadra
(mm) W1 (mm)

TXBO106PWR TSSOP| PW | 16 | 2000 | 3300 12.4 62 | 56 | 16 | 80 | 120
TXBO106RGYR VQFN | RGY | 16 | 3000 | 330.0 124 38 | 43 | 15 | 80 | 120

IR

Pack Materisls-Page 1
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¢ Teas PACKAGE MATERIALS INFORMATION

www.tl.com 28-Jan-2012

“All ions are nominal
Device Package Type |Package Drawing| Pins SPQ | Length (mm) | Width (mm) | Height (mm)
TXB0108FPWR TSSOP PW 16 2000 346.0 248.0 200
TXBO106RGYR VQFN RGY 18 3000 248.0 248.0 200

Pack Materials-Page 2
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MECHANICAL DATA

PW (R—PDSO-G16) PLASTIC SMALL OUTLINE

e

AAAAARHH

»

[
A
l

o]
LEELELY:

{ [ 1
1,20 MAX 0.15

0.05

4040064-4/G  02/11
NOTES:

A, All linear dimensions ore in millimeters. Dimensioning end tolerancing per ASME Y14.5M-1994.
. This drowing is subject to change without notice.

Body length does not include mold flosh, protrusions, or gote burrs. Mold flash, protrusions, or gote burrs sholl
not exceed 0,15 eoch side.

Body width does not include nterlead flash. Interlead flash shall not exceed 0,25 each side.
E. Falls within JEDEC MO-153

www.ti.com
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LAND PATTERN DATA

W (R-PDSO-G16) PLASTIC SMALL OUTLINE
Exump(?Ni?:né )Luyou( Sla\fﬂog)ebn)ings
1Bx0 30
[~ 14085 4_‘ 140,65
ﬂﬂHH HHH[W 1159 HHBLHH{T
5,60 5,60

l-—

4 ﬂﬂﬁHHHHﬂJ i

\
\ Exemple
I Non Soldermosk Defined Pod Example
Pad Geomelry
* P (See Note C)
e -—
/

b
i 160 ‘/ deefcl::;(pl(’)pmng
H ’ i (See Note E)

N
A\ All Around /

4211284-3/D 05/11

NOTES: A All lineor dimensions ore in millimeters,
B. Th-s dru-mq is subject to chenge mlhou( notice.
C P IPC-7351 is d for dtemote designs.
D. Leser culting apertures with tropezoidal walls and clso rounding comers wil offer better paste release. Customers should
contoct their boord assembly site for stencd design recommendations. Refer to IPC-7525 for other stenci recommendoticns.
E. Customers should contact ther board fabeication site for solder mask tolerances between end oround signal pods.

g S

www.ti.com
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THERMAL PAD MECHANICAL DATA

RGY (R—PVQFN-N16) PLASTIC QUAD FLATPACK NO-LEAD

THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be ottached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB con be used os @ heatsink. In oddition, through the use of thermal vigs, the thermal pod can be atteched
directly to the appropriate copper plane shown in the electrical schemotic for the dewice, or alternatively, can be
ottached to a special heotsink structure designed into the PCB. This design optimizes the heot tronsfer from the

integrated circuit (IC).

For information on the Quad Flatpock No-Lead (QFN) package ond its advantoges, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available ot www.ti.com.

The exposed thermal pad dimensions for this package ore shown in the following illustration.

6 Jujuu l.7J |_— Exposed Thermal Pad
t =} el
2,0540,10 +
! 1600 s
]50 ANNN ﬂm
-2,55:+0,10-»

Bottom View

Exposed Thermal Pod Dimensions

4206353-3/0 11/M

NOTE:  All lineer dimensions are in millimeters

RIS e

www.ti.com
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MECHANICAL DATA

RGY (R—PVQFN—N16) PLASTIC QUAD FLATPACK NO-LEAD

=

Top ond Bottom 7

‘ 0,20 Nominol

1,00 Lead frame
080 4 — _£

& Seating Plane
0.05 ] I
&[0,08 0,00

Seating Height

i
-
4
_J
N

= | _lc

15

Bottom View 4203539-3/1 06/2011
NOTES: A, All linear dimensions ore in millimeters, Dimensioning end tolerancing per ASME Y14,5M-1994,
B. This drowing is subject to change without notice.
C. OFN {Quod Flotpack No-Lead) pockoge confiquration.
D. The pockege thermol pod must be soldered to the boord for thermal end mechonical performance.
E. See the odditional fiqure in the Product Data Sheet for details reqarding the exposed thermal pad features and dimensions.
ﬁ Pin 1 identifiers are locoted on both top ond bottom of the packoge ond within the zene indicated,
The Pin 1 identifiers are either o molded, marked, or metd feature.
G. Package complies to JEDEC MO-241 veriotion BA,

Rt

www.ti.com
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LAND PATTERN DATA

RGY (R—PVQFN—N16) PLASTIC QUAD FLATPACK NO—-LEAD
Exemple Stencil Design
0.123mm Stenci Thickness
Exomple Boord Layout (Note E)
a8 | 475

_ U00UOU_4— e - 0poinno
FL:) ' — X E: ":l =

430 260 255

i AT
'_ﬁ_ﬂBDMDD o ___UDDDDU o
JL -

n 28 X |a LS az: X 16 PL
f m.oso N 104,50
H AN
| N 67% solder coverage by printed
‘: N area on center thermal pod
H \.
! AN .
i Non Sclder Mask BN Example Vio Layout Design
: Defined Pad \\ maoy vory depending on constraints
J e — Exomple N (Note D, F)
R - .
)~ \\ Solder Mask Opening N 100
} N, (Note F) "’,\
- | e
! RO14 o
/ P
| Exomple 6x20,3 T
4 Pod Geometry
\\ 0.07 (Note C)
N Al Around /
..\‘A o /
\"\ ,./"
4208122-3/0 11/

NOTES: A All lineor dimensions ore in millimeters.

This drawing is subject to chonge without notice.

Publication IPC-7351 is recommended for oltemate designs.

This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat-Pack

QFN/SON PCB Auochmen! Texos Inslmments Ll(eroture No. SLUA27I and also the Preduct Dota Sheets

for specific thermal i and boord loyout.

These documents are available ut wwwti.com <mtp / {mww.ticom>,

E. Loser cutting apertures with tropezoidel wolls ond olso reunding corners wil offer better poste release. Customers should
contoct ther boord ossembly site for stencl design recommendstions. Refer to IPC 7325 for stencil design considerations,

F. Customers should contact ther boord fabrication site for minimum solder mask web tolerances between signal pads.

sow

g -

www.ti.com
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IMPORTANT NOTICE

Texas | and its idiaries (T1) reserve the right to mske corrections, modifications, enhancements, improvements,
and other to its p and ices at any time and to discontinue any product or service without notice. Customers should

obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied st the time of order acknowiedgment.

Tl of its to the specifications applicable at the time of sale in accordance with T's standard
warranty. Tesnng enddherquamy control techniques ereusedlotheeﬁsnﬂdeemsmeessery(o suppnﬂmlswan-anty Except where
o q testing of all of esach product is not necessarily performed.
Tl assumes no liability for icati i or product design. C are i lofthei,_ and
ions using TI To minimize the risks i with s and licati should provide

design and operating
Tl does not warrant or represent that any license, either express or implied, is granted under any T1 patent right, copyright. mask work right,
or other Tl intellectual propedynghtrelmngmany oombnahon machine, or process in which Tl products or services are used. Informstion

1 rty pi does not titute a license from Tl to use such products or services or
warranty or endorsememthe,eofUseofsuchmfom\anonmayreqwreeieensefrmehrdpeltymdshepetemsorothermelleeﬁxm
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

RepfodudnonolelenaxmnTldatabodtsordmsheetss issible only if ion is without ion and is

by all conditions, and nofices. ion of this i ion with ion is an unfsir and deceptive
business practice. Tllsnotmponsubleoriabteformw Qfeveddocumﬁahon Information of third parties may be subject to additional
restrictions.

Resasle of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfsir and deceptive business practice. Tl is not
responsible or liable for any such statements.

TIproduﬁsarenotalﬁlonzedforusemsaie(y-allcdappieehons(weheslnfestppoﬂ)vmereafdlmeofﬂ\eﬂpmdoetwmld reasonably

be expected to cause severe personal injury or desth. unless officers of the parties have an o g
such use. Buyers represent that they have sl necessary expertise in the safety and Y i of their i and
admuMedgearﬂagmeﬁubeyaesdelyrﬁpomublefurallegd regulahvysndsafetyrelated qui ing their p
and any use of Tl preducts in such ssfety-critical any related i ion or support that may be
provided by TI. Further, Buyers must fully ify T1 and its rep ives sgainst any arising out of the use of Tl products in
such safety-critical spplications.
Tlproduﬁsareneﬁherdsignednorivhndedfonseinmill_ ications or envi unless the Tl products are
specvﬁcally designated by Tl as military-grade or " plastic.” Only p i by T as military-grade meet

Buyers and agree that any such use of Tl products which Tl has not designsted as milmy-grade is solely at
heBuyersrskmdmdmeyaresde}yrEporElNeforwnphmenﬂ\elllegaI y reg: ion with such use.
Tl products are neither use in g ications or mlessmespeoﬁc'l‘lproducsste
dﬁmdedbyTlaswanwmlsoﬂ’S‘lem _,‘ Buy: andagreeMvﬂheyuseanymn—damsﬁed
p i Tlvnlno(belﬁpusbleformyfaiuewmee(wehrequwemm
Follmng are URLs where you can obtsin information on other Texas p and i
Products Applications
Audio www.fi.com/audio ive and T
Amplifiers am| r.ti.com Communicstions and Telecom
Dsts Converters dataconverter.ti.com Computers and Periphersls
DLF® Products www.dlp.com Consumer Blectronics
DSP dsp.ti.com Energy and Lighting
Clocks and Timers www.fi.com/clocks Industrial
Interface interface fi.com Medical
Logic logic.ti.com Security
Power Mgmt power.ti.com Space, Avionics and Defense
Microcentrollers microcontroller.ti.com Video and Imaging
RFID www.ti-rfid.com

OMAP Mobile Processors  www.ti.com/omap

TI E2E Community Home Page e2e.ticom

Mailing Address: Texas Instruments, Post Office Box 855303, Dallss, Texas 75285
Copyright © 2012, Texss Instruments Incorporated
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Appendix B — Operating Instructions
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1 PURPOSE

The purpose of this document is to specify the requirements and instructions necessary to test the
COGNISION™ Headset with the 7-Electrode Headset Test System (PN-1572).

2 SCOPE

This document applies to the 7-Electrode Headset Test System and its software and associated tools
when used to test the COGNISION™ Headset

3 RESPONSIBILITY AND AUTHORITY
Engineering is responsible for creating and maintaining this document
Manufacturing is responsible for following this document

4 TEST SPECIFICATIONS

4.1 Hardware Testing

Table 1
SUB DESCRIPTION CONFIG PROTOCOL APPLICATION
-SYS
1 |Current Draw ES, |Measures curent draw for nominal values, tests for shortsand  |All nia CURRENT MCNITCRING
UY, |abnormal functionality
HS,
HCU

Initialize Testset

Open Master Control Panel

Set Yoke Connection Control to HCU <-> Yoke (Turns off Testboard power to Yoke)

Set frequency to 1 HZ

Set DAC# update points to 90

Turn on current monitor

Connect hardware to be tested according to the appropriate configuration diagram

Turn on Testboard

Check the current monitor to ensure that values do not exceed the specification

If values exceed specification (12.1 below) turn off Testboard immediately to prevent damage to device

6 |CAL Tones UY, [Determines intemal continuity and functioning CAL Tenes 1.2,568 |na INOISE, CAL TONES &
ES, LOOPBACK
HS

Initialize Testset

Open Noise, CAL Tones and Loopback

Set COMM settings

Set the proper configuration

Click Start

See section 12.3 below for results interpretation

PS-1487 B CONFIDENTIAL PAGE 2 OF 67
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Connectivity IHS |mmsreallelecmdmaepmpeﬂymmdhmeTmetby 1,2,56

EEG_SIG and viewing YOKE_TX

Inra

IMASTER CONTROL PANEL,

Initialize Testset

Open Master Control Panel

Set COMM settings

Set the MSBB UART COMMANDS to Sample every 8ms
Click Send Command MSBB

Wait for the signal to appear in the EEG display, check connections on test head if any signals are not

displaying properly
Close Master Control Panel

8

Baseline Noise IHS |Measules intenal “basekne” noise from Uberyoke and Electrodz |1, 2, 5,6

Strings by shorfing ampiifiers to ground

Inra

NOISE, NOISE CAL TONES
AND LOOPBACK

Initialize Testset

Open Noise, CAL Tones and Loopback
Set COMM settings

Set the proper configuration

Click Start

See 12.3 below for results interpretation

10

Baseline Offset HS  [Shorts amplifier to ground, baseine offset

1,2,56

INOISE

12

Ambient Noise HS  [Records the baseline noise of the test setup by monitoring
channets without any signal being injected

1,256

INOISE

13

Crosstalk HS  [Measures channel fo channel crosstalk by injecting a large
known signal into a channel and monitoring its effects on other

channels oufputs

1.2,56

NOISE

Initialize the Testset.

Open the Crosstalk vi.

Set the COMM settings.
Set the proper configuration
Click Start

14 [CMRR IHs

Inject a known signal into all electrodes then evaluate the EEG
signal to estabish the CMRR

|1,2, 5,6

|nla

CMRR & FREQUENCY
RESPONSE

Initialize the Testset.

Open the CMRR & Frequency Response vi.
Set the COMM settings.

Click the CMRR toggle.

Set the proper configuration.

Change the upper frequency bound to 60.
Click Start

See 12.5 below for results interpretation.

PS-1487 B CONFIDENTIAL
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15 |Settling Time HS  [Time it takes for amplifiers to resettie after a voltage spike 1,2,56 nia ARTIFACT

(arfifact) has driven the amplifiers to a rail

16 IDC Offset Tolerance HS |To evaluate the system's ability to tolerate an offset between the [1,2, 5,6 nia MASTER CONTROL PANEL
and electrodes

Initialize the Testset

Open Master Control Panel.

Set the COMM settings.

Go to MSBB UART COMMANDS and Sample Every 8 ms.

Click Send Command MSBB.

Wait for the signal to stabilize.

Go to signal control and turn on Enable Offset.

A momentary change in the signal will occur when the offset is activated.

Starting with channel FZ activate the Bump/Offset FZ under bump and offset control.

The signal of a few channels will jump suddenly and then should resettle. Note: It may take up to a minute
for the signals to resettle.

Go through each of the offsets, checking each channel for its tolerance to both negative and positive
offsets.”

Go to MSBB UART COMMANDS and stop sampling.
Close the Master Control Panel
*Only use one offset at a time, the value of the offset will be divided among the number of offsets activated.

17 |Gain Linearity HS  [To validate gain and gain linearity by injeciing a spectrum of 1,2,56 P_F009 GAIN LINEARITY,
EEG voltages at a given frequency and record the output (COGNISION™
voltage. Enter gain offset into COGNISION™

Initialize Testset

Open Gain Linearity

Set COMM settings

Set the proper configuration

Click Start

See 12.6 below for results interpretation

18 |Frequency Response HS [To validate gain across a spectrum of frequencies by injecfinga |1,2,6 nia CMRR & FREQUENCY
specirum of EEG frequencies at a given voltage and recording RESPONSE
the voltage attenuation

Initialize the Testset.
Open CMRR & Frequency Response

Set COMM settings

Set the proper configuration

Click Start

See 12.4 below for results interpretation
22 |Keypad Test HCT |To ensure all butions on the keypad work 4789 nia HCU
23 [Button Test HCT |To validate user bution functionality. 4789 P_F003 HCU, COGNISION
PS-1487 B CONFIDENTIAL PAGE 4 OF 67
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24 |LED Test HCT [To ensure the LEDs visibly turn on and off. le7389 nia HCU
26 |Power On HCT |To ensure that the urit vill power ON. [5,6,8 nia HCU
27 |Power Off HCT (To ensure that the unit will power OFF. |5,6,8 nia HCU
28 |HCU USB Charge HCU |To ensure the HCU can charge via USE [7,8,12 IN-1706 SELF TEST
29 |Bluetooth Pairing HCU (To ensure that the urit will pair with an appropriately configured I8,11,12 nia COGNISION™
compuder.
Log into COGNISION™
Open Test Admin.
Select Manual Connect.
Press discover
When the HCU to be tested appears in the serial numbers box, select it and press connect.
Once the blue connect light is illuminated on the HCU a connection has been established.
33 |CAL Tone loopback UY, |D ines Uberyoke internal continuity and basic funciionality [1,2,5,6,8  |nfa INOISE, CAL TONES &
ES, |using CAL Tones LCOPBACK
HS
Initialize the Testset.
Open Noise, CAL Tones and Loopback.
Set the COMM settings.
Set the loopback toggle to ON.
Click Start
See 12.3 below for results.
54 [HCU USB Connect HCU |To ensure the HCU can estabish a USB connection with the |14 nia e
computer
55 ]HOU LCD Test HCT |To ensure the HCU LCD screen displays propery 7.9 nia HCU
IES-qu HCU = Headset Control Unt, HCT = HCU Top, HS = Headset (Ubernyoke « Eiectroge Strings), UY = Ubenyoke, FiY = Fimuare
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4.2 Firmware Testing

Table 2
SUB DESCRIPTION

CONFIG

PROTOCOL Program

2  |Firmware Load - UY UY, |Toinitially load firmware or update firmware. VI loads firmware |2 nia FIRMWARE LOAD PANEL
HS  |via programmer.
1. Iritislize the Testset
2. Open the Fimuare Load Panel
3. Setthe COMM seffings
4. Setthe test type toload target
5. Sefprogram davics to Uberyoke
6. [fthisis the first me loading frmware, input the sedal numbsr
7. Click Stat
8. Results wil display with a failure or success message
3 |Firmware Check - UY UY, |Update firmware, checks to make sure firmware can be 2 n'a ICD &Master Panel & SIOW
HS  |upgr and ensures firmware is up to date
4 |Firmware Check - HCU  |HCU |Update firmware, checks to make sure firmware can be 4,5,6,7 na COGNISION, SIOW
and ensures firmware is up to date
5 (Commands - UY UY  |Execute each command available in succession, waitfor OK  |2,5,6 nia FIRMWARE
from Uberyoke
22 |Keypad Test HCT |To ensure all butions on the keypad work n/a IN-1706 SELF TEST
23 |Button Test HCT |To validate user button functionality. nfa IN-1706,  |SELFTEST
P_F008
24 (LED Test HCT |To ensure the LEDs wisibly turn on and off. n/a |N-1706 SELF TEST
25 |LCD Test HCT |To ensure all pixels on the LED fum on and off and without na IN-1706 SELF TEST
ghosts
26 (Power On HCT |To ensure that the unit will power ON. nfa n'a n3
27 |Power Off HCT |To ensure that the unit will power OFF. nia n'a n3
30 (Firmware Update FW  |To validate proper funcion of the FUS. 12 n'a FIRMWARE LOAD PANEL
31 [HCU Firmware Test FW  |Execute each command available in succession, wait for OK (6,12 nia FIRMWARE
from HCU
32 (HCU SELF TEST HCU, |Inifates a test mode that checks all the logic associated with  |nfa nia IN-1706
FW, |the HCU Top: LEDs flash, keypad button check, button check,
HCT |and LCD check in addition to battery charging and Uberyoke
current draw.
33 [No SSS FW |To ensure that the unit will generate the appropriate errorifa  [nfa nia HCU
testis o be inifiated without an 5SS loaded.
34 (SSS Download FW |To ensure that a validated 5SS can be downloaded into the  [nfa P_F001 HCU
HCU.
35 [Complete Protocol - FW |To exercise a complete ERP configuration and upload data.  [n/a P_F001 HCU
Error Checking Disabled Alsommiombomeamm Envor checking
36 (User Cancel Detection  |FW |To ensure that the unit exits the current ERP configuration n/a P_F001 HCU
when user presses “Cancel' for 3 seconds,
37 (Complete Two FW |To ensure that fhe unit loads second configuration successfully [n/a P_FO10 HCU
Configurations - Error after the end of the first configuration.
Checking Disabled
38 |MAX RESTING FW  |To ensure a test falure when MAX RESTING DURATIONis  |nfa P_F002 HCU
DURATION
39 |RESTING THRESHOLD  [FW |To ensure that RESTING THRESHOLD DETECTION is nia P_F002  [HCU
DETECTION functional when value is ded
40 |ARTIFACT THRESHOLD |FW |To ensure that erors are generated when ARTIFACT nia P_F003 HCU
Detection THRESHOLD is exceeded.
1 |IMPEDANCE FW |To ensure thatimpedance ranges are functional and errors are [nfa P_F004 HCU
THRESHOLD generated when IMPEDANCE THRESHOLD is
42 |MAX ERRORS Failure FW  |To ensure that a test failure will occur when MAX ERRORSis  |nfa P_F005 HCU
exceeded.
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43 |MAXTOTAL TEST FW  |To ensure that a test failure will occur when MAX TOTAL TEST |nfa P_F006 HCU
DURATION Failure DURATION is exceeded.

44 (RESET ON ERROR FW  |To validate the looping funcfion when RESET ONERRORis  |nfa P_F007  [HCU
Looping enabled.

50 (Epoch Set Replay on FW  |To validate that when an ARTIFACT THRESHOLD or nia P_FO11 HCU
ARTIFACT THRESHOLD IMPEDANCE THRESHOLD error occurs, the entire Epoch Set
or INPEDANCE is replayed.

THRESHOLD error.
56 (Firmware Load - HCU  [HCU |Initial firmware load, checks to make sure firmwiare can be 4567 n'a FIRMWARE LOAD PANEL
loaded, and ensure firmware is up to date.
1. Iritislize the Testset
2. Open the Fimuare Load Panel.
3. Setthe COMM setfings.
4. Setthe test type toload target.
5. SetProgram Device o HCU
6. Click Stat
Results wil deplay with a failure or success message
4.3 Audio Testing
Table 3

NO TEST SUB DESCRIPTION CONFIG PROTOCOL APPLICATION

19 |Audio Frequency AUD |To validate the precision and y of the audic nia nia AUDIOSYS

between 250 and 8000Hz

20 |Volume Level AUD |To validate the precision and accuracy of the audio volume. Enter [n/a nia AUDIOSYS

volume offset on COGNISION™

21 |Volume Level Control AUD |To validate that the device will play a low volume without any inifial [n'a WE] AUDIOSYS

or trailing pops

46 |AUDIOMETRIC FW  |To validate that the audiometry protocol can propedy detect the  |n/a nia 'SOUND TEST
THRESHOLD DETECTION hearing threshold of the pafient, and properly for it.

47 |Audio fre FW  |To validate the precision and y of the audio fr na P_F013 HCU AUDIO
THRESHOLD FW  |To validate that AUDIOMETRIC THRESHOLD DETECTIONis |3 nia SOUND
(COMPENSATION BAND using the THRESHOLD COMPENSATION BAND

49 |DEFICIT VOLUME FW  |To validate that the earphone audio is adjusted based on the n'a n'a SOUND
COMPENSATION DEFICIT VOLUME COMPENSATION parameter

51 |Audio Calibration FW  |Calibrate the Test System's audio input by setting an offset nia n'a AUDIOSYS

voitage

52 |Volume Level FW |To validate that the HCU can properly st Uberyoke volume nia n'a SOUND

E2 = Electrode Etring, HCU = Heacset Contral Unit, HCT » HCU Top, K2 = Headset (Uberyoke + Electrode Evrings), UY = Uberyoke, FW = Frmmasre
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6 TESTSET CONFIGURATION
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7 SPECIFICATIONS

7.1 EEG Outputs
7.1.1 EEG Channels
e EEG Channel # FZ (1), CZ (2), PZ(3), F3(4), P3(5). F4 (6), P4 (7)
« REF: M1, M2
« COM: C
7.1.2 EEG Output Signals:
o Wave profile: Sine, Flat, Ramp, Triangle
* Amplitude (pV): 0-380.0
« Frequency (Hz): 0-100.0
7.2 MISC. Outputs
7.21 CMRR Output Signal:
* Wave profile: Sine, Flat, Ramp, Triangle
* Amplitude (V): 0-+3 (£ x)
« Frequency (Hz): 0-100 (+ x)
7.2.2 Artifacts
* Amplitude: 200pV, 200mV
* Polarity: POS, NEG
7.2.3 Offset Voltage
o Amplitude: 0.3V
« Polarity: POS, NEG

7.3 Indicators

Indicators listed from left to right

« Labjack power

* Labjack COMM

« MSBB power

* Master power

* Electrode Test Board power
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7.4 Software Controlled Switches & Settings

Switch: control & power from HCU to PC

Switch: HCU Top to HCU Bottom, HCU Top to PC or HCU Bottom to PC
Switches to select EEG signal: connect F3, P3, FZ, CZ, PZ, F4, P4
Switches for impedance selection: 0.5K, 20K, 56K, 76K

Firmware for setting ref impedance: 0.5K, 20k, 56k, 76k

741
742
743
744
745
746

Firmware for artifact control

e Artifact magnitude: 0-200pV, 0-200mV
e Artifact polarity: +Pos, -Neg
¢ Individual channel control for artifact injection: (On/off)

Firmware for offset control

e Offset (On/off)

« Offset polarity: +Pos, -Neg

¢ Individual channel control for offset injection: (On/off)

CMRR signal enable

Software Suite Name

Table 4 Software Communication

Description

Communication

Method
CCs Firmware programmer ICD-U64
COGNISION™ ERP application Bluetooth
SIoOwW Terminal application USB
FT_PROG FTDI USB chip programming tool USB
LabVIEW Custom software applications Bluetooth, USB,
Ethernet

Driver VI Manually control any and all settings

Utility VI Purpose built VI performs a specific task

Test VI Executes an individual test from start to finish

Master VI Executes multiple tests (a protocol) without user

intervention
Launcher The Top Level VI for launching all other Vls
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8 TESTSET VALIDATION

« Before starting the validation procedure, remove the HCU, Uberyoke and Electrode Strings from the
Testset.

* Run Initialize VI 10.6.4
« Open the Master Control Panel and set the COMM settings

e Click run
* Testset should be configured so all test voltages are in an unloaded state.
Table 5
Testing at Test Points
Testpoint Name Expected Value Tolerance or Range Example
values
Voltage Test Points
POSBVOUT - YK | +6.3 0.5 6.16V
NEG6VOUT - YK | -6.1 0.5 -6.53V
HCU5VCRG | +5V 0.5 4.98V
3.7VHCBT | +3.7V 0.5 3.81V
+12VEX | +12V 0.5 12.23V
-12VEX | -12V 0.5 -12.48V
EXTEEG The EXTEEG is checked using the oscilloscope and the voltmeter.
Amplitude@20Hz
Volts@z+LabVIEW setting | Volts@+LabVIEW setting
1.25V@+25mV 1.25V+0.01 1.26V
2.50V@+50mV 2.50V+0.1 2.56V
5.00Vv@+100mV 5.0V10.2 512v
10.0V@+200mV 10.1V+0.2 10.1V
20.0V@+400mV (signal 20.0V+0.2 (signal clipped) | 20.0V (
clipped) signal
clipped)
Amplitude:
Set the frequency to 20Hz
Set the amplitudes to + 25mV
Set the wave shape to sine
Turn on all channels
Using the oscilloscope attach the ground to the GND test point
Using the oscilloscope place the probe at the EXTEEG test point
Measure the amplitude using the cursors
Increment the amplitude through each of the designated amplitudes.
Frequency n/a
10 Hz 10.000+0.00
20 Hz 20.000+0.001
40 Hz 40.00£0.01
80 Hz 80.00+0.01
Frequency:
Set the amplitude to + 100 pV
Set the frequency to 10Hz
Using the oscilloscope attach the ground to the GND test point
Using the oscilloscope place the probe at the EXTEEG test point
Read the frequency from the oscilloscope
Increment the frequency through each of the designated frequencies
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DC Offset

0.0V 0.005V 0.002v

Set the amplitude to + 100mV

Set the frequency to 20Hz

Measure the offset by placing the voltmeter probes on the GND and

EXTEEG test points.

EXTCOMSIG The EXTCOMSIG is checked using the oscilloscope and the voltmeter.

Amplitude

Volts@+LabVIEW setting

375mV@+25mV 375mV10mV 382mvV

750mV@+50mV 750mV10mV 752mV

1.5V@+100mV 1.50V+0.1V 1.5V

3.0V@+200mV 3.00V+0.1V 3.06V

6.0V@+400mV (clipped) | 5.00V+0.1V 596V
(clipped)

Amplitude:

Set the frequency to 20Hz

Set the amplitudes to + 25mV

Set the wave shape to sine

Turn on all channels

Using the oscilloscope attach the ground to the GND test point
Using the oscilloscope place the probe at the EXTCOMSIG test point
Measure the amplitude using the cursors

Increment the amplitude through each of the designated amplitudes

Frequency n/a
10 Hz 10.000+0.001

20 Hz 20.000+0.001

40 Hz 40.00£0.01

80 Hz 80.00+0.01

Frequency:

Set the amplitude to + 100

Set the frequency to 10Hz

Using the oscilloscope attach the ground to the GND test point

Using the oscilloscope place the probe at the EXTCOMSIG test point
Read the frequency from the oscilloscope

Increment the frequency through each of the designated frequencies

DC Offset
0.0V 0.5 0.53V
Set the amplitude to + 100mV
Set the frequency to 20Hz
Measure the offset by placing the voltmeter probes on the GND and
EXTCOMSIG test points.
Input
UART | |
Audio
Testing at Electrodes
Impedances @Electrodes
0.5k Signal Ch 85.510.5
RefCh 365105
ComCh "
20k Signal Ch 20.0 +0.5
Com Ch 20.0 0.5
56k Signal Ch 56.0 +0.5
Com Ch 56.0 £0.5
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76k Signal Ch 75.9 £0.2
Com Ch 76.0 +0.2

Impedance:

Set all channels’ impedance to 0.05k

Place the negative probe on the com electrode pin

Check each of the other electrode pins (including the ref pins) with the
positive probe

Set all channels’ impedance to 20k

Set the com channel to 0.05V

Place the negative probe on the com electrode pin

Check each of the other electrode pins (including the ref pins) with the
positive probe.

Repeat this procedure for 56k and 76k.

To check the com’s impedance set FZ's impedance to 0.05k then vary
the impedance of the com using the positive probe to check the com
and the negative probe placed on FZ.

DC Offset
03V | £.05 |.2929 Vv
03V | £.05 | -2928 V
Turn off all Signals
Enable the Offset from Signal control
Using the voltmeter, place the negative probe on reference M1
In turn, one by one, enable and disable each of the Bump/Offset
controls, using the positive probe to test each of the electrode pins on
the test board that corresponds with that bump/offset control.
Repeat the procedure with the Offset NEG Polarity control engaged.
Artifact Generation
+200pV 5%
-200pV 5%
+200mV 5%
-200mV 5%
EEG
Amplitude | 750 pV pk-pk 5%
100 pV pk-pk
Offset | <30 pV pk-pk
CMRR
Amplitude | 5.5V | [
| |
Test Head Continuity

<200 | [150
Disable all channels

Using the ohmmeter (continuity tester) test the continuity between the
test head and the testboard electrode pins.

Place one probe on the com electrode pin of the test board, then place
the other probe on the copper ring of the com contact on the test head.
Repeat this process for each corresponding electrode pin test head

contact pair.
Check List
Switch Path Contact Points
Signal Switching Establish that all switches are functional by assessing continuity or
voltage differential
Enable HCU battery Check for voltage when battery charge is
charge enabled
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5VCHGTPto GNDTP* | 498V

Enable MSB to HCU Check for voltage when MSB to HCU

power power is enabled
37VVHCBTtoGNDTP [ 398V

Enable HCU top to Check for continuity between the

bottom power

connectors when switch is enabled

J19 pins 53-56 to j20 pins <1Q
53-56

Loopback enable

Check for continuity between connectors
when switch is enabled

YK-CAL-3-POS @ J7 pin 2 100 KQ
to: +0.5 KQ
YK-SIG-CH-P3 @ J7 pin 3
YK-SIG-CH-F3 @ J7 pin 4
YK-SIG-CH-PZ @ J8 pin 3
YK-SIG-CH-CZ @ J8 pin 4
YK-SIG-CH-FZ @ J8 pin 5
YK-SIG-CH-P4 @ J9 pin 3
YK-SIG-CH-F4 @ J9 pin 4

YK-CAL-4-NEG @ J9 pin 2 100 KQ
to: 0.5 KQ
YK-SIG-REF-L @ m2 pin 3
YK-SIG-REF-R @ M1 pin 3

LCD enable Check for 3.3V voltage when switch is
enabled
J19pin2&4to <3 Q closed
J20 pin2 &4 <40M Q
open
Yoke connection switches | Check if the HCU to Yoke connection is
interrupted
J13231213to <050
J222,312,13

HCU connection switches

Check if HCU top to bottom is interrupted

J19pins 1,3,5,7,9. 11, <3Q
13, 16,18, 20, 22 to

J20 pins 1,3, 5,7, 9. 11,
13, 16, 18, 20, 22

Programmer connection RLY1 pin 2 to RLY1 pin 3 <1Q
switches RLY1 pin 7 to RLY1 pin 6
RLY2 pin 2 to RLY2 pin 3
RLY2 pin 7 to RLY2 pin 6
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9 Maintenance

9.1 Some parts of the Testset are prone to wear and should be inspected and replaced as necessary.
911 Testboard
« Electrode and Uberyoke Testboard Headers : Inspect the connectors, replace if they are over worn
or broken

« Rubber hold down stoppers : Inspect the stoppers, replace if they are overly worn.
« Inspect connectors and plastic parts : replace if they are broken.

9.1.2 TestHead

« Electrode contacts : Inspect the contacts, replace if they are worn or broken.
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10 LABVIEW Vis

10.1 LabVIEW Hierarchy

10.1.1 Interface Hierarchy - Master Test - > Test Panel > Master Control Panel ->
SubVI's > Driver access Vl's

10.1.2 Control Hierarchy — Panel -> Cluster (Common) -> Control

10.2 COMM Settings Cluster (Common)

10.2.1 Any test, or function panel that communicates with the MSBB will have a COMM Settings cluster
associated with it. It may be off screen above the controls. This panel contains the necessary

information to establish a connection with the MSBB. The panel has two occurrences, an input and an
output. The output cluster is grayed out, and modification will have no effects on the program. The
output cluster displays the information that was passed to other function panels. The input cluster will
affect the program function. it's information propagates through the program.

Table 6

110 Value Example Description

Input | IP address 192.168.1.200 | This is the IP address for the Labjack located in the MSBB, this
is settable in the Labjack control panel.

Input | Connection LJ_ctEthernet/ | This is the method used to connect to the Labjack located in

Type LJ_ctUSB the MSBB, the options are USB and Ethernet, and allows for
use across the network, however USB is especially useful
when troubleshooting connection problems.

Input | Handle 156158768 Only an input during development, used by the developer if the
VI doesn't generate its own, this is used to pass the Labjack
reference from one function to another.

Input | File path C:\Headset If the user is going to log files this path needs to be populated

Test with the root directory for the logs.
System\logs
Input | Visa Resource | COM50 Drop down menu, selects port address for the UART

10.3 Error Reporting Cluster (Common)

10.3.1 Any VI that interacts with hardware will have an error input and output.
The error code is generated at the bottom level VI and propagated from
there. Most errors will terminate the program. Errors #'s between 6000-
8000 are Labjack associated, for a list of these errors see the Labjack ue9
The error display is a cluster of 3
components. A status marker, green arrow or red x, a code window that
will display the code, and a source window which will contain the first place

Error C

users manual under eror codes.

the error was detected.

ode

Description

Table 7

Cause(s) Solution

7/6007 Stream error, Too high of a Lower the frequency or
frequency selected lower the number of
update points
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8/6008 Buffer overrun while Current monitor run Lower the frequency,
streaming at too high of a lower the number of
frequency update points
1000/7008 1008 is an unknown error, and | Most frequently Restart task, change the
can generally be ignored; caused by changing | settings at a slower rate
settings too fast

10.4 Firmware Load

10.4.1 Purpose —To provide a robust method of programming firmware for the various devices associated with
the COGNISION™ system. Provides a fast, automated method that reduces the chance of improperly
loading firmware. This panel is versatile in that it can test a target chip, or load firmware onto it. The
firmware can be obtained from an authorized source, or can be if the user chooses, loaded from an
optional location.

Pathfor Firmmeare

b

B Clsersah A Desktep A I8 TIVC- 167140315 e e
CCRese Duectary
N CoPrognm fies (I6AAICC =

10.4.2 Inputs/controls

Table 8

Control
COMM

Description

MSBB communication

State(s)
(See 10.2 above)

Test Type

Selects whether to test the target

or load firmware into the target

Test Target
Load Target

Firmware Source

Select whether the file used is

the version in the vault or from a

user specified location

Use Vault Firmware

Use Unauthorized
Firmware
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Uberyoke Serial #

If this is a first load for the
Uberyoke, then a serial number
is required, otherwise leave
blank unless it is desired to
change the serial number

with the firmware

If an error occurred while talking
to hardware, these error
windows will indicate the error

Path for Firmware Blank
CCSLoad Directory Specifies the location the C:\program files
firmware loading software (x86)\picc

Program Device Select which device to program | Uberyoke

HCU

Testset
Start Starts the program n/a
Errors and Warnings Shows the values associated Green/blank

10.4.3 Outputs/indicators

Indicator Description Expected Output
COMM Settings MSBB communication (See 10.2 above)
Command Prompt Output Shows the all the n/a

information generated

from the test
Standard Error Shows any errors Blank

generated by the third

party programs
Errors and Warnings Shows the values Green/blank

associated with the
firmware

If an error occurred while
talking to hardware, these
error windows will
indicate the error

10.5 Master Control Panel

10.5.1 Purpose — To provide control of all the switches, inputs, and outputs of the MSBB. This is the lowest
user level control interface for the Testset. This panel has been designed with a pilot/co-pilot model, in
that the Testset can be controlled from either this panel or the HCU Console.
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Table 9

Cluster Control Name
COMM COMM settings | MSBB (See 10.2 n/a
communication | above)
Waveform controls EEG/CMRR n/a
Wave Form Controls EEGICMRR
e Cupe Max Vokage o
jSine Wave :W‘
| Frequencty (Hz) i Voltage uv
:‘{ 10.000 5 §-50.00
DACZ Update Points
{0-128) Actual Scan Rate (Hz)
2128 :r{:’* 000
Wave Shape Controls the Sine Wave n/a
shape of the Triangle
waveform Ramp
Flat
Frequency (Hz) Controls the 10 (1-100) n/a
frequency of the
waveform
DAC# Update Controls how 128 (50-128) n/a
Points (0-128) many points are
used to create a
single cycle of
the waveform
Max Voltage pV 50 (-399 - 400) n/a
PS-1487 B CONFIDENTIAL PAGE 20 OF 67
135

www.manaraa.com



Min Voltage pV -50 (-400-399) n/a
Actual Scan Rate | Displays the N/A (output only) | nfa
frequency at
which the DAQ
is changing the
value of the
output
ig Control
Bump Control Bump Gen Turns on/off Offfdull green LV 30
artifact "bump”
capability
Bump Lvl Controls the High level/dull LV 31
amplitude of the | green
bump
Bump Polarity Controls the POS/dull green | LV 32
polarity of the
bump
Bump and Offset | Controls the Offfdull green LV 33-39
Controls bump and offset
for each of the
individual
channels
Signal Control CMRR Switches the Offfdull green Lve8
output signal to
CMRR
Signal switches | Turns on/off the | On/bright green | LV 1-7
EEG or CMRR
signal
Offset Turns on/off a Off/dull green LvV9S
preset offset
Offset polarity Switches the Off/dull green LV 10
polarity of the
offset
Impedance Impedance Controls the 20K (0.5k, LV 11-
switches input impedance | 20k 56k, 76k) LVv29
of the signal
Connection options HCU Connection | Controls data HCU top <-> LV 40,41
Control lines HCU-bot
DAQ <-> HCU-
BOT
HCU top <->
DAQ
Yoke Connection | Switches the DAQ <-> YOKE | LV42
Control Uberyoke
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control from
MSBB to HCU

HCU <-> YOKE

Programmer
Connection

Controls
whether the
programmer is
connected to
the Uberyoke or
HCU

Program HCU

(Program
Uberyoke)

LV 43

Enable HCU
Battery Charge

Charges the
HCU battery,
(requires HCU
top to bottom

pwr)

Off/dull green

LV 44

Enable MSBB to
HCU power

Powers the
HCU directly
from the MSBB

Off/dull green

LV 45

Enable HCU Top
to Bottom Power

Connects the
HCU top and
HCU bottom
power lines

Off/dull green

LV 46

Xpander rst

Resets the port
expanders

Off/dull green

LV 47

Loopback Enable

Loops back the
CAL Tone
signal into the
Uberyoke

Off/dull green

LV 48

LCD Enable

Enables MSBB
control contrast
of the LCD

Off/dull green

LV 49

Current monitor

Switches on/off
the current
monitor

Off/dull green

n/a

Free Controls

Display EEG

Engages the
EEG display

ON/bright green

n/a

Flush UART

Resets the
UART buffer

Off/dull green

n/a

Create log file

At the test
complete stores
the waveform to
afile

Offidull green

n/a

UART

Send Command
MSBB

Select
commands to
send to the
MSBB

Off/dull green

n/a

Send Command
Uberyoke

Select
commands to
send to the
Uberyoke

Off/dull green

n/a

PS-1487 B

CONFIDENTIAL

PAGE 22 OF 67

137

www.manharaa.com



Errors and warnings Green/blank n/a

10.5.3 Output/indicators

Table 10
Indicator Description Expected Output
COMM Settings (See 10.2 above)
Errors and Warnings
EEG Display Display's the output from
the Uberyoke
Errors and Warnings Shows the values Green/blank

associated with the
firmware

If an error occurred while
talking to hardware, these
error windows will
indicate the error

10.6 Initialize Testset Panel

10.6.1 Purpose - The purpose of this panel is to return the Testset to an initial known state which is necessary
every time the MSBB is turned on or reset. It is also to be used after a factory reset to restore custom
defaults. It can be used at anytime, however, any tests in progress will have to be restarted. It is
recommended to use this function first if the system becomes unstable, or acts unpredictably.

10.6.2 Inputs/controls

Table 11

Control Description State(s)

COMM MSBB communication (See 10.2 above)

Reset Labjack Soft reset of the Labjack | Off/dull green

Set Labjack Custom Sets the defaults on a Off/dull green

new Labjack, or after a
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Defaults factory reset or new
firmware install
10.6.3 Output/indicators
Table 12
Outputs Expected Output Description
Xpander Values sent Bright green Handshaking with the port

correctly

expanders, verifies robust
communication and
functional hardware

Status Blinking yellow or bright Lets the user know if the
green Vlis running or completed
Labjack firmware See Labjack Contains information
documentation about the Labjack
firmware
Errors and Warnings Green/blank Shows the values

associated with the
firmware

If an error occurred while
talking to hardware, these
error windows will indicate
the error

10.6.4

¢ Setthe COMM settings
¢ Runthe VI

10.6.5

General Instructions - To initialize the MSBB

Special Instructions — Execute to initialize the MSBB. To perform a soft reset (remote), activate

the reset switch and execute. To reset the custom defaults, activate the “Set Custom Defaults"
and execute. A reset may be required after this.

10.7 Load Serial Number Panel
10.7.1 Purpose - To retrieve the current serial number and version number, and/or load a new serial number

into the Uberyoke via the Testset's UART.
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10.7.2 Input/controls

Control
COMM Settings

i covs |

Table 13

Description

MSBB communication

State(s)
(See 10.2 above)

New ID

A 9 digit serial number,
only used when setting a
new value

XXXXXXXXX

Errors and Warnings

Shows the values
associated with the
firmware

If an error occurred while
talking to hardware, these
error windows will
indicate the error

Green/blank

10.7.3 Output/Indicators

Table 14
Indicator Description Expected Output
COMM MSBB communication (see above)
Current ID ID that is currently stored | XXXXXXXXX
in the Uberyoke
Version # Version number of XXX
Uberyoke
Oid ID ID that was in Uberyoke | XOOOXXXXX
before new ID was
installed. This indicator is
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only populated when the
serial number is changed

Affirmative Response The indicator will glow Bright green
bright green if the new ID
indicator matches the
control

Errors and Warnings Shows the values Green/blank
associated with the
firmware

If an error occurred while
talking to hardware, these
error windows will
indicate the error

10.7.4 Special instructions — If a number is written in the NEW ID control, then when the VI is run, it will be
written to the Uberyoke, if left blank if will retrieve the current serial number from the Uberyoke.
10.8 Cal Tones, Noise, and Loopback Test Panel

10.8.1 Overview — This panel has multiple purposes, it tests the CAL Tones and baseline noise and can
activate the loop back circuit to test an Uberyoke without Electrode Strings.

R
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10.8.2 Input/options

Table 15
Controls Description State(s)
COMM MSBB communication (See 10.2 above)
Notes Blank
Impedance Sets the impedance for 0.05k
all channels
Loop back enable Allows the CAL Tone to False/dull green

be looped back into one
of the signal paths

Stand alone? Used when test is run by | Normal
itself or as a subVlin a
larger program

Create log file Creates a log of the test, | None
including pictures and Text — basic

text

Configuration Selects the current Configuration 1-13
configuration of the
Testset
10.8.3 Output/indicators
Indicator Description Expected Output
Values sent correctly Green Monitors xpander values,
determines if switches
were set properly
Baseline values below Green Indicates if the noise level
threshold is below threshold
CAL Tones Within Green Indicates if amplitude and
Tolerance frequency of the CAL
Tones are correct
Checksum error Green Indicates that no

communication
interruptions happened
during data collection

Baseline noise time
domain

(see image above)

Shows the noise in the
time domain

Baseline noise power
spectrum

(see image above)

Shows the noise power
spectrum

CAL Tones amplitude
frequency spectrum

(see image above)

Shows the CAL Tones'
spectrum of frequencies

CAL Tones time domain

(see image above)

Shows the CAL Tones

time domain
Errors and warnings Green/blank Shows the values
associated with the
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firmware

If an error occurred while
talking to hardware, these
error windows will
indicate the error

10.9 CMRR Panel

10.9.1 Overview — This panel is used to test the common mode rejection ratio or CMRR. It activates the
CMRR switch and injects a common signal into all electrodes (including the common) then compares
the input signal to the output signal. The ratio of the output and input represent the amount of common
noise the system can reject. This VI works by holding the output amplitude constant and varying the
frequency, to test the CMRR at different frequencies.

10.9.2 Input/Controls

Table 16
Control Description Default State
COMM MSBB communication (See 10.2 above)
Configuration Selects the current Headset PN-1524
configuration of the
Testset

Changes what is in the
report and possibly some
settings

Report type Determines the type of Normal
report generated, some

lines are omitted, others Sianilalong
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are added depending on
what test type is selected.

Master test

Create log file

Creates a log of the test,
including pictures and
text

None
Text - basic

Signal input level

Changes the amplitude of
the input to presets,
depending on the test
type

Standard Input
Max Signal Input

Filter selection

Selects the low pass filter
cutoff from presets

35 Hz LPF
70 Hz LPF

Upper frequency bound

Selects the highest
frequency to be tested

50 (1-62) Integers

Lower frequency bound

Selects the lowest
frequency to be tested

0.3(0.1-0.9)

High frequency increment

The rate at which the
upper frequencies (1 to
infinity) change.

11-20

Low frequency increment

The rate at which the
lower frequency's (0.1 to
1) change

01(01-09)

Notes

Store information about

the test being performed
that will be printed in the
test report

Blank

START

Press to start test

Pressed, unpressed

STOP

Press to stop at anytime

Pressed, unpressed

Errors and Warnings

Shows the values
associated with the
firmware

If an error occurred while
talking to hardware, these
error windows will
indicate the error

Green/blank

10.9.3 Output/Indicators

Table 17

Indicator

Current low frequency

Description

Gives the present
frequency being tested
between 0 and 1

Expected Output
0.0

Current high frequency

Gives the present
frequency being tested
between 1 and infinity

0.0

D

Serial number of

XXXXXXXXX
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Uberyoke

Version number Uberyoke firmware XXX
version

Freq response pass/fail Indicates whether the test | Bright Green
passed or failed

Checksum error Indicates whether the Bright Green
communication was
robust during the test

Errors and Wamings Shows the values Green/blank
associated with the
firmware

If an error occurred while
talking to hardware, these
error windows will
indicate the error

10.10Frequency Response

10.10.1 Purpose - The Frequency Response VI determines the voltage amplitude linearity through the
amplifiers and filters over a range of frequencies and determines if the LPF is properly rejecting higher
frequencies. The COGNISION™ system is specified to have a bandwidth from 0.45 Hz to 33 Hz,
denoted by the -3 dB rolloff. This VI works by setting all EEG channels to a single signal amplitude and
then increasing the frequency via a sweep function from a lower bound to an upper bound by a
predetermined increment. E.g. if the settings were 3, 20, 1 respectively then the frequency response
would input a signal initially of 3 Hz, increment that frequency by a value of 1 each data collection
period, and then terminate once the frequency reached 20.

M i

Lom WAL
!
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Inputs/Controls

Table 18

Control
COMM

Description

MSBB communication

State(s)
(See 10.2 above)

Configuration

Selects the current
configuration of the
Testset

Changes what is in the
report and possibly some
settings

Report type

Determines the type of
report generated, some
lines are omitted, others
are added depending on
what test type is selected.

Normal, Stand Alone,
Master test

Create log file

Creates a log of the test,
including pictures and
text

None, Text - basic

Signal input level

Changes the amplitude of
the input to presets,
depending on the tested
type

Standard Input
Max Signal Input

Filter Selection Selects the low pass filter | 35 Hz LPF
cutoff from presets 70 Hz LPF
Upper frequency bound Selects the highest 50 (1-62) Integers
frequency to be test
Lower frequency bound Selects the lowest 0.3(0.1-0.9)
frequency to be tested
High frequency increment | The rate at which the 11-20
upper frequencies (1 to
infinity) change.
Low frequency increment | The rate at which the 0.1(0.1-0.9)
lower frequency's (0.1 to
1) change
Notes Store information about Blank
the test being performed
that will be printed in the
test report
START Press to start test Pressed, unpressed

Errors and Warnings

Shows the values
associated with the
firmware

If an error occurred while
talking to hardware, these

Green/blank
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error windows will
indicate the error

10.10.3 Outputs/Indicators

Table 19
Indicator Description Expected Output
COMM MSBB communication (see above)

Current low frequency Gives the present 0.0
frequency being tested
between 0 and 1

Current high frequency Gives the present 0.0
frequency being tested
between 1 and infinity

ID Serial number of XXXXXXXXX
Uberyoke

Version number Uberyoke firmware 0.0.0
version

Freq response pass/fail Indicates if the test Bright Green
passed

Checksum error Indicates whether Bright Green
communication was
robust during the test

Errors and Warnings Shows the values Green/blank
associated with the
firmware

If an error occurred while
talking to hardware, these
error windows will
indicate the error

10.11Gain Linearity

10.11.1 Purpose — Measures the linearity of the signal as a ratio of the input/output of an Uberyoke.
The closer the value is to one, unity, the more linear the device. An ideal device would produce a
straight line where all values are equal to one for different amplitudes.
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Input/controls

Table 20

Control
COMM

Description

MSBB communication

State(s)
(See 10.2 above)

Configuration

Selects the current
configuration of the
Testset

Changes what is in the
report and possibly some
settings

Uberyoke PN-1509
Headset PN-1524

Stand alone?

Determines the type of
report generated, some
lines are omitted others
added depending on what
test type is selected.

Normal, Stand Alone,
Master Test

Create log file

Creates a log of the test,
including pictures and
text

None, Text — Basic,

Frequency Sets the frequency the 10, 1-100
test is performed at
Increment, not valid if Sets the frequency 10, 5-50
less than 5 increment
Upper amplitude bound The high amplitude to be | 400, -390-400
(uv) tested
Lower amplitude bound The lowest amplitude to | -390, 400-390
(uVv) be tested
Notes Store information about Blank
the test being performed
that will be printed in the
test report
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START

Press to start test

Pressed, unpressed

STOP Push to stop the test Pressed, unpressed
10.11.3 Outputfindicators
Table 21
Indicator Description Expected Output

Present amplitude

Displays the amplitude
currently being tested

0.00

ID Serial number of XXX
Uberyoke

Gain Linearity Chart Displays the gain linearity | Displays test results
results graphically

Pass/fail Bright green

Checksum error! Indicates whether Bright Green
communication was
robust during the test

Linearity per channel Pass or fail with the value | Pass : 0.0XX
of the maximum deviation
from linearity

Errors and Warnings Shows the values Green/blank

associated with the
firmware

If an error occurred while
talking to hardware, these
error windows will
indicate the error

10.12Master Test
10.121

perform and generates a pdf report.

Purpose — An automated top level test suite that provides the ability to select which tests to
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10.12.2

Input/controls
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Table 22

Controls

COMM Settings

Description

MSBB communication

State(s)
(See 10.2 above)

Master log path

Gives the location

Gk

Frequency Response

Opens the front panel for

Pressed, unpressed

Popup the Frequency Response
test
Current Draw Test Engages the test to Pressed, unpressed

check the current levels
right after initializes the
test set.

CMRR Popup Opens the front panel for | Pressed, unpressed
the CMRR test

GAIN Linearity Popup Opens the front panel for | Pressed, unpressed
the GAIN Linearity test

Crosstalk Popup Opens the Crosstalk Pressed, unpressed

Configuration Selects the current Uberyoke PN-1509
configuration of the
Testsot Headset PN-1524
Changes what is in the
report and possibly some
settings

Test List Allows the user to select | Any combination is
different tests available
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Operator's name Name of the person <String>
performing the test, will
be added to the test
report
Notes Any test notes, will be <String>
added to the test report
START Push to start test Pressed, unpressed
STOP Push to stop the test Pressed, unpressed
10.12.3 Output/indicators
Table 23
Indicator Description Expected Output
ID Uberyoke serial number | XXXXXXXXX
Status Gives the status of the Examples: Press Start,

test, what test is being
run, when it's finished

Finished, (name of test in
progress)

If an error occurred while
talking to hardware,
these error windows will
indicate the error

Test results A table with the test Chart with the test name
name and the status of and a PASS/FAIL
the test upon completion | designation
Errors and warnings Shows the values Green/blank
associated with the
firmware

10.13 Crosstalk test
10.131

Purpose -~ To determine the amplitude of crosstalk between the 7 channels of the Headset, by

injecting a single frequency into each channel 1 at a time and measuring the amplitude of that

frequency in other channels.
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10.13.1.1 Input/controls

Controls

COMM Settings

Description

MSBB communication

State(s)
(See 10.2 above)

Master log path

Gives the location

Ch.\.

Configuration

Selects the current
configuration of the
Testset

Changes what is in the
report and possibly some
settings

Uberyoke PN-1509
Headset PN-1524

Stand alone?

Determines the type of
report generated, some
lines are omitted others
added depending on
what test type is
selected.

Normal, Stand Alone,
Master Test

Create log file

Creates a log of the test,
including pictures and
text

None, Text — Basic,

Signal input level Changes the amplitude Standard Input
of the input to presets, .
depending on the tested MaxSignal fnpin
type
Filter Selection Selects the low pass 35 Hz LPF
filter cutoff from presets 70 Hz LPF
10.13.1.2 Outputiindicators
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Indicator Description Expected Output
ID Uberyoke serial number | XXXXXXXXX
Status Gives the status of the Examples: Press Start,

test, what test is being
run, when it's finished

Finished, (name of test in
progress)

Test results

A table with the test

Chart with the test name

If an error occurred while
talking to hardware,
these error windows will
indicate the error

name and the status of and a PASS/FAIL

the test upon completion | designation
Errors and warnings Shows the values Green/blank

associated with the

firmware

10.14HCU Console
10.14.1

Purpose — A top level control panel for the various functions of the HCU. This panel has been

designed with a pilot/co-pilot model, in that the Testset can be controlled from either this panel or the

Master Control Panel simultaneously.
10.14.2

Allow the unit to pair

Click on the port of the desired device
Click Open Port

PNOO A W N2

Pairing and connecting instructions —

CONNECTING: Click on Discover Com Ports

Ensure power is going to the HCU and that it is turned on.

If the device is already paired, then skip past the pairing to connecting
DISCOVERING: Click the Bluetooth Discover

Once the discover list has been populated, click on the desired device

Note: If another device is desired than the one connected to, first click close port then repeat these instructions
for the new device
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10.14.2.1 Input/controls

Controls Description State(s)
Controls Description State(s)
COMM Settings MSBB communication (See 10.2 above)
Popup Buttons MSBB Control Master Control Panel
button for launching the
master control panel
Connection Options
HCU Connection Control | Controls data lines HCU top <-> HCU-bot
DAQ <-> HCU-BOT
HCU top <-> DAQ
Yoke Connection Control | Switches the Uberyoke | DAQ <-> YOKE
control from MSBB to
HCU HCU <-> YOKE
Programmer Connection | Controls whether the Program HCU
programmer is
connsctedtsthe (Program Uberyoke)
Uberyoke or HCU
Enable HCU Battery Charges the HCU Off-dull/green
Charge battery, (requires HCU
top to bottom pwr)
Enable MSBB to HCU Powers the HCU directly | Off-dull/green
power from the MSBB
Enable HCU Top to Connects the HCU top Off-dull /green
Bottom Power and HCU bottom power
lines
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LCD Enable

Enables MSBB control
contrast of the LCD

Off-dull green

HCU Connection
Options

Bluetooth Discover

Displays list of Bluetooth
devices within range of
the Bluetooth radio

Unpressed/pressed

Pair

Pairs with the selected
Bluetooth device

Unpressed/pressed

Discover Com Ports

Displays list of all

Unpressed/pressed

Open Port

Opens a connection to
the selected port

Unpressed/pressed

Close Port

Closes the currently
open port

Unpressed/pressed

ComPort/Bluetooth
listbox

Displays either the list of
Bluetooth devices
discovered, or the list of
comports available on
the computer

X0
[ Wiy
IO

Function Tab

SetID

Check Number

Checks to see if there
are enough digits in the
number, and that it is all
numbers (no letters)

N/A

Load HCU ID

Button to execute the
loading of the HCU's
new SN

Unpressed/pressed

Load Yoke ID

Button to execute the
loading of the Yoke's
new SN

Unpressed/pressed

New HCU ID:

9 digit integer value for
the HCU SN

9 Digit string input

New Yoke ID:

9 digit integer value for
the Yoke's SN

9 Digit string Input

Firmware Tab

Path for Firmware

Describes the path to the
alternative firmware

BLANKI/path txt

CCS Control

Directs the CSS to either
test the target chip, or
load the firmware to the
target chip

Test target/ load target

Firmware Source

Directs the firmware
function to retrieve the
firmware from either the
vault or from the user
given path

Use vault firmware/ use
unauthorized firmware
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Bootload via Bluetooth

Use the Bluetooth
communication protocol
to load the firmware

Unpressed/pressed

Load with CCS
Programmer

Use the CCS
programmer (via USB) to
load the firmware

Unpressed/pressed

Cancel

Cancel the firmware
loading process

Unpressed/pressed

Load Audio

# of Slots to load

Select how many audio
files are going to be
loaded/how many slots
will be loaded

1 Slider from 1to 6

Audio Type

Directs the audio to be
loaded either as audio
tones or as audiometry
tones

Audio/audiometry

Audio File Path

The path for where the
function should find the
audio file

Blank, File path

Load

Executes the load audio
file

Unpressed/pressed

Cancel

Cancels the audio
loading function

Unpressed/pressed

Audio Playback

Audio Type

Selects whether to play
audio tones or
audiometry tones

Audio/Audiometry

Audio Slots

Selects which slot to
play from, 1-7

00-6

Device ID

The device ID is an
integer value set by the
operating system, each
sound device on the
computer has a different
number.

Milliseconds

Part of the repeat
playback functionality,
this number is the time
delay in ms that the
console waits before
sending the command to
play a tone again.

2000 ms integer
increment 0-inf

dB to Play

Selects how loud to play
the tones

30db slider 0-120db

Sound Capture

Selects whether the
playback should be

Off dull green/Bright
green
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captured and dispalyed

Repeat

Checkbox for engaging
the repeat function. This
function will repeat the
selected tone when play
is pressed at the
designated time interval
set by milleseconds

Play

Plays the currently
selected tone at the
designated amplitude

Stop

Stops playing tones
when the repeat function
is pressed.

Other Func.

Impedance Values

Sets the impedance
values for the test set for
the different channels, if
the user wish's to
change all values at the
same time, then use the
All channel

0,1,2,3 Corresponding to
0.5k, 20k, 56k, 76k

Initiate Impedance Test

Send the command to
the HCU to start the
Impedance test protocol,
then

Unpressed/pressed

Cancel

Terminates the other
func. Process

Unpressed/pressed

HCU Commands

List of all the commands
available to send to the
HCU. Select the
command then press
send command

Blank Combo box

Send Command!

Sends the selected HCU
command.

Unpressed/pressed

Clear Errors

Clears any errors that
are being displayed in
the Error out indicator

Unpressed/pressed

Clear Text Window

Clears any txt displayed
in the DSS, impedance,
or local echo

Unpressed/pressed

Stop

Stops the program

Unpressed/ pressed

Output PDF

Future use, will generate
a pdf of the local echo

Unpressed/pressed

Launcher buttons

Master Control Panel

Launches the master
control panel and runs it

Unpressed/pressed
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Terminal Window

Launches the terminal
window

Unpressed/pressed

Controls Description State(s)
Indicator Description Expected Output
Running! A counter that A positive inteteger

increments as long as
the program is looping

Com Port/Bluetooth
Listbox

A interactive indicator
that displays either the
Bluetooth devices or
comports

Bluetooth devices or com
ports depending on what
is selected

Connected to:

A string output that
displays when the port is
connected to a device

ASTR(portnumber)::

Firmware Tab

Bootload Progress

A progress bar

Sliding bar, full when
finished

Load Audio Tab Audio Loading progress | A progress bar for the Sliding bar, full when
total audio data loaded finished
into the HCU
Audio Playback tab
Playing Indicator to show when Bright green light when
the playback is active active, dull green when
off
Audio Error Error during audio Lit red when error occurs
capture
Audiometer Display the sound Sliding needles which
pressure of the sound demonstrate the recorded
captured during the sound pressure
playback
Sound capture graph Displays the graph of the | Shows the sound capture
sound captured during wave form
the playback

Other Func. Tab

Impedance test window

Displays impedance
values after impedance
test

FzCzPzF3P3F4P4MIM2

2001011919201917 23

Device Status Stream
Window

Displays the parsed
values from the DSS
command issued to the
HCU

Local Echo Window
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Error Out

10.15COGNISION™ Testset Launcher

Purpose — The topmost level program in the COGNISION™ Testset suite. It has multiple tabs
for running or launching any of the tests for the Testset.

10.15.1

T

Controls

Tab Control Allows the selection of Master Test/Selected
the different test or Tab
functions

Run Button Each tab has a run Unpressed/Pressed
button associated with it
that will execute that
particular test

Macros Tab Unpressed/Pressed

Initialize Testset button | Launches the testset Unpressed/Pressed
initialization VI

Terminal Launcher Launches the Terminal Unpressed/Pressed

Initalize for RFI Launches the Macro that | Unpressed/Pressed
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frequency Interfrence reconfigures the testset
testing for the RF test
Global Stop Stop All programs Unpressed/Pressed
10.16 Terminal
10.16.1 Purpose - Serves as a terminal program for connecting to a serial port and sending or receiving

commands. (See HCU Console for instructions on connecting and disconnecting from a device)

5]

[SA Close in Termunalvi

Controls

Description

State(s)
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HCU Connection
Options

Bluetooth Discover

Displays list of Bluetooth
devices within range of
the bluetooth radio

Unpressed/pressed

Pair

Pairs with the selected
Bluetooth device

Unpressed/pressed

Discover Com Ports

Displays list of all

Unpressed/pressed

Open Port

Opens a connection to
the selected port

Unpressed/pressed

Close Port

Closes the currently
open port

Unpressed/pressed

ComPort/Bluetooth
listbox

Displays either the list of
Bluetooth devices
discovered, or the list of
comports available on
the computer

ASCII vs HEX

Changes the echo from
ASCII to HEX

ASCI/HEX

ASCII

ASCIlI command window,
ASCII commands typed
here can be sent to the
terminal device

Blank, text

Send ASCII

Sends the ASCII
command

Unpressed/pressed

HEX

HEX command window,
HEX commands typed
here can be sent to the
device

Blank, HEX numeric

Send HEX

Sends the HEX
command

Unpressed/pressed

HCU Commands

All available HCU
commands are contained
here, the command that
is to be sent can be
selected here

Blank, HCU COMMAND
txt

Send HCU command

Send'’s the HCU
command

Unpressed/pressed

Close

Stops the program,
closes the window

Unpressed/pressed

Indicator

Terminal Window

Description

Displays the information
received from the
terminal device, and the

Expected Output
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commands sent out to it

Hex String Hex version of whatever | 4 group hex number
command is sent

Running! Indicates to the user if Incrementing integers
the program is running or | starts at 0 at program
halted start

Error Out
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11 DETAILED TEST PROTOCOLS
« For any test performed on a new unit that has not previously been tested, test #1 a power consumption
test, is required to ensure that there are no harmful shorts present.

« For all tests that include Electrode Strings or a Headset, test #7 the Connectivity Test is required to
ensure robust connections have been made at the contact points.

11.1 Configuration 1
11.1.1 Automated test procedure

« Open Master Test.exe

e Setthe COMM settings: IP Address, VISA Resource, and Connection Type
* Check the Master log Path to ensure the path is pointed at the correct folder
« Set the configuration control to configuration 1

e Select the tests:

* #8,6 Noise, CAL Tones and Loopback
* #18 Frequency Response

o #14 CMRR

o« #7 Gain Linearity

o Fillin the operators name (If this step is forgotten the program will request it later)
« Fillin any notes that pertain to this test that should be included in the report

e Press Start

« See Section 12 below for results

11.2 Configuration 2
11.2.1 Automated test procedure

* Open Master Test.exe

o Set the COMM settings: IP Address, VISA Resource, and Connection Type
* Check the Master log Path to ensure the path is pointed at the correct folder
* Set the configuration control to 2

o Select the tests:

#3.6 Noise, CAL Tones and Loopback

#18 Frequency Response

#14 CMRR

#17 Gain Linearity

« Fillin the operators name (If this step is forgotten the program will request it later)
« Fillin any notes that pertain to this test that should be included in the report
e Press Start

* See Section 12 below for results

11.3 Configuration 10

11.3.1 #7 Check for Connectivity

11.3.2 Automated test procedure
« Open Master Test.exe
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* Set the COMM settings: IP Address, VISA Resource, and Connection Type
* Check the Master Log Path to ensure the path is pointed at the correct folder
o Set the configuration control to 10

* Select the tests:

#38,6 Noise, CAL Tones and Loopback

#18 Frequency Response

#14 CMRR

#17 Gain Linearity

« Fillin the operators name (If this step is forgotten the program will request it later)
* Fillin any notes that pertain to this test that should be included in the report
e Press Start

* See Section 12 below for results

12 TEST RESULTS

12.1 Power Consumption test results for Uberyoke PN-1509

Tomveer Farto
e (e
s w B
b :‘.) _:!
zrs e = |
: =
3 m =]
!’t
i
s
Sarvghes
3.7V 50 mA @ steady state no activity (with spikes to 90
mA from bluetooth)
+6V 115-120 mA (switches disabled)
155-160 mA (all switches enabled)
5V 50-461 mA depending on battery state
-6.3V 102-105 mA
M2 1.8-2.7 mA
ZE 6.5-7.5mA
4E 43-5mA
3E 43-5mA
M1 1.8-2.7 mA
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12.2 Baseline Noise

12.2.1 Baseline Power spectrum should all be flat and less than -20 dB

R T S R R SRR e e

Baelinie Nojve Power Specinmn; _Poss =ani

12.2.2 Baseline time domain should be less than 5uV pk-pk and <1 pV

v » 25 =

+ani]

12.3 CAL Tones and Loopback

12.3.1 CAL Tones power spectrum should contain three peaks at 13.9, 28.8 and a third around 45.

7 2 21 an E “ae
Call Torves 1ime Domain e

12.4 Frequency Response

12.4.1 All signals should have the same values, and fall between the dark blue lines
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125 CMRR
12.5.1 Open CMRR & Frequency Response VI
12.5.2 All values should be below -90 dB
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12.6 Gain Linearity

The gain linearity graph would optimally be a straight line with the being equal to 1.0 across the entire
spectrum of voltages tested. The threshold is set so all amplitudes greater than 10 mV must have a
slope less than 1.05 and greater than 0.95 to pass.
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13 FAILURE MODES

13.1 Bad Switch Cap Filter
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« SOLUTION: Replace switch cap filter
13.2 Uncovered Uberyoke

Amplitude (uV)

Baseline Noise Time Domain Time +@e |

e SOLUTION: cover the Uberyoke

13.3 Popcorn hic-up
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14 TEST REPORT VR-1524

VR-1524 Date/Time: 2/20/2012  4:08:00 PM

Test: Headset
Configuration: 10

Serial Number : 100000215
Date/Time:  2/20/2012 4:19:42 PM
Firmware Version: 1.1.2

Duration: 11:41

Status: PASS

Tests Performed:

- Current Draw

- Caltones, Noise and Loopback
- Frequency Response

-CMRR

- Gain Linearity

- Crosstalk

Notes:Validation

Test: Caltones, Noise and Loopback
Date/Time:  2/20/2012 4:09:49 PM
Duration: 01:42

Status: PASS

Electrode / Channel

Noise Vpk-pk: < 5 uV

Noise VRMS: < 1 uV

Low Cal Frequency: 13.50 - 14.50 Hz
Low Cal Power: 31.5-33.5 dB uV

Operator: JIW

CONFIDENTIAL
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High Cal Frequency: 27.00 - 28.00 Hz
High Cal Power: 31.5-33.5dB uV

FZi1

PASS: 2.913086
PASS: 0.544692
PASS: 13.671886
PASS: 32.733702
PASS: 27.343759
PASS: 32.750293

Czi2

PASS: 3.190523
PASS: 0.499263
PASS: 13.671877
PASS: 32.715826
PASS: 27.343757
PASS: 32.667964

PZ1!3

PASS: 3.329241
PASS: 0.527230
PASS: 13.671887
PASS: 32.683206
PASS: 27.343746
PASS: 32.639486

F3/4

PASS: 3.190523
PASS: 0.533119
PASS: 13.671874
PASS: 32.659008
PASS: 27.343754
PASS: 32.595108

P3/5
PASS: 3.467960
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PASS: 0.493493

PASS: 13.671887
PASS: 32.673726
PASS: 27.343774
PASS: 32.609141

F4/6

PASS: 2.913086
PASS: 0.520396
PASS: 13.671879
PASS: 32.683702
PASS: 27.343767
PASS: 32.661140

P4/7

PASS: 3.329241
PASS: 0.493065
PASS: 13.671882
PASS: 32.740142
PASS: 27.343785
PASS: 32.670850

Test: Frequency Response
Date/Time:  2/20/2012 4:12:58 PM
Duration: 03:08
Status: PASS

Electrode / Channel

Max Deviation: < 0.2*x+0.45 dB @ 0.2-0.4 Hz
Max Deviation: < 0.45dB @ 0.3-32 Hz

Max Deviation: < 0.15*x+0.45 dB @ 33-50 Hz
Gain @ 33 Hz: -3.418 < x < -2.218 dB

Gain @ 10 Hz: -0.38 < x < 0.52 dB
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Gain @ 0.4 Hz: -390 <x<-2.70 dB
Gain Passband Values
Variance 1-20 Hz: < 1 dB

FZi1

PASS: data within tolerance
PASS: data within tolerance
PASS: data within tolerance
PASS: -2.68

PASS: 0.03

PASS: -3.19

-2.042,-1.359, -0.887, -0.628, -0.451, -0.291, 0.218, 0.320, 0.327, 0.294, 0.243, 0.216, 0.151, 0.100, 0.028,
0.003, -0.059, -0.145, -0.185, -0.238, -0.273, -0.334, -0.363, -0.400, -0.430, -0.505, -0.475, -0.577, -0.633, -
0.729, -0.827, -0.944, -1.127, -1.281, -1.560, -1.872, -2.195

PASS: 0.7560

CzZ/2

PASS: data within tolerance
PASS: data within tolerance
PASS: data within tolerance
PASS: -2.66

PASS: 0.05

PASS: -3.33

-2.144,-1.434,-0.907, -0.619, -0.462, -0.294, 0.232, 0.329, 0.340, 0.336, 0.270, 0.226, 0.178, 0.120, 0.049,
0.002, -0.050, -0.102, -0.176, -0.212, -0.291, -0.330, -0.349, -0.382, -0.403, -0.485, -0.538, -0.519, -0.618, -
0.720, -0.759, -0.851, -1.056, -1.256, -1.485, -1.742, -2.161

PASS: 0.7421

PZ/3

PASS: data within tolerance
PASS: data within tolerance
PASS: data within tolerance
PASS: -2.72

PASS: 0.02

PASS: -3.38

-2.184,-1.482,-1.012, -0.693, -0.523, -0.362, 0.190, 0.275, 0.267, 0.264, 0.199, 0.157, 0.097, 0.082, 0.017, -
0.039, -0.081,-0.174, -0.211, -0.282, -0.316, -0.413, -0.403, -0.484, -0.521, -0.573, -0.558, -0.621, -0.689, -
0.809, -0.827, -0.948, -1.079, -1.241, -1.5617, -1.844, -2.230

PASS: 0.7962

PS-1487 B CONFIDENTIAL PAGE 59 OF 67

174

www.manharaa.com




F3/4

PASS: data within tolerance
PASS: data within tolerance
PASS: data within tolerance
PASS: -2.69

PASS: -0.01

PASS: -3.32

-2.175, -1.457, -0.983, -0.675, -0.511, -0.362, 0.155, 0.241, 0.254, 0.250, 0.212, 0.171, 0.114, 0.061, -0.011, -
0.049, -0.118, -0.179, -0.203, -0.329, -0.299, -0.376, -0.405, -0.445, -0.437, -0.495, -0.537, -0.603, -0.627, -
0.707,-0.818, -0.900, -1.041, -1.196, -1.512, -1.815, -2.211

PASS: 0.6985

P3/5

PASS: data within tolerance
PASS: data within tolerance
PASS: data within tolerance
PASS: -2.70

PASS: 0.06

PASS: -3.39

-2.197, -1.475, -0.995, -0.708, -0.537, -0.339, 0.204, 0.302, 0.323, 0.294, 0.236, 0.209, 0.161, 0.119, 0.061, -
0.014,-0.076, -0.151, -0.191, -0.249, -0.332, -0.368, -0.371, -0.437, -0.471, -0.527, -0.574, -0.626, -0.608, -
0.763, -0.821, -0.965, -1.146, -1.306, -1.535, -1.830, -2.219

PASS: 0.7937

F4/6

PASS: data within tolerance
PASS: data within tolerance
PASS: data within tolerance
PASS: -2.67

PASS: 0.03

PASS: -3.22

-2.086, -1.416, -0.965, -0.666, -0.482, -0.318, 0.199, 0.271, 0.306, 0.293, 0.235, 0.195, 0.141, 0.091, 0.031, -
0.009, -0.106, -0.155, -0.180, -0.237, -0.311, -0.372, -0.368, -0.480, -0.494, -0.483, -0.548, -0.592, -0.672, -
0.791,-0.810, -0.938, -1.084, -1.209, -1.440, -1.766, -2.179

PASS: 0.8000

P47
PASS: data within tolerance
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PASS: data within tolerance
PASS: data within tolerance
PASS: -2.56

PASS: 0.10

PASS: -3.27

-2.086, -1.388, -0.938, -0.618, -0.437, -0.273, 0.253, 0.347, 0.363, 0.345, 0.305, 0.271, 0.211, 0.170, 0.101,
0.020, -0.014, -0.083, -0.125, -0.190, -0.257, -0.290, -0.308, -0.376, -0.417, -0.470, -0.527, -0.531, -0.607, -
0.731,-0.755, -0.873, -1.007, -1.255, -1.429, -1.721, -2.126

PASS: 0.7800

Test: CMRR

Date/Time:  2/20/2012 4:16:31 PM
Duration: 03:32

Status: PASS

Electrode / Channel

Min Attentuation : < 90 dB
CMRR @ 60 HZ : <100 dB
CMRR @ 50 HZ : < 100 dB

FZi1

PASS: -99.71
PASS: -150.66
PASS: -139.86

CzZi2

PASS: -94.57
PASS: -142.59
PASS: -134.01

PZ13

PASS: -94.27
PASS: -141.91
PASS: -133.51
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F3/4

PASS: -103.31
PASS: -151.46
PASS: -139.41

P3/5

PASS: -101.92
PASS: -151.69
PASS: -139.87

F4/6

PASS: -105.96
PASS: -148.95
PASS: -143.25

P4/7

PASS: -104.56
PASS: -146.88
PASS: -142.43

Test: Gain Linearity
Date/Time:  2/20/2012 4:18:30 PM
Duration: 01:58

Status: PASS

Electrode / Channel
Maximum deviation from linearity : < 0.1

FZi1
PASS: 0.050

Czi2
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PASS: 0.032

PZ1!3
PASS: 0.080

F3/4
PASS: 0.030

P3/5
PASS: 0.032

F4/6
PASS: 0.074

P4/7
PASS: 0.053

Test: Crosstalk

Date/Time:  2/20/2012 4:19:40 PM
Duration: 01:10

Status: PASS

Electrode / Channel
Minimum Crosstalk >60 db
@ 10hz, 730 mv pk-pk input on driven CH

Driven Electrode / Channel
FZ Crosstalk : =60 dB
CZ Crosstalk : =60 dB
PZ Crosstalk : >60 dB
F3 Crosstalk : >60 dB
P3 Crosstalk : >60 dB
F4 Crosstalk : >60 dB
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P4 Crosstalk : >60 dB

FZ Channel 1
Driven

PASS : 68.880158
PASS : 70.731071
PASS : 66.741763
PASS : 72.162827
PASS : 70.982802
PASS : 71.165822

CZ Channel 2
PASS : 71.698031
Driven

PASS : 71.636685
PASS : 64.244081
PASS : 72.619182
PASS : 70.200135
PASS : 71.036055

PZ Channel 3
PASS : 73.454368
PASS : 71.093202
Driven

PASS : 67.378611
PASS : 73.710939
PASS : 71.665873
PASS : 72.532700

F3 Channel 4
PASS : 71.636578
PASS : 71.669383
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PASS :

Driven

PASS :
PASS :
PASS :

69.734819

70.319606
72.211564
70.742590

P3 Channel 5

PASS :
PASS :
PASS :
PASS :

Driven

PASS :
PASS :

71.187832
71.571074
72.408606
65.433839

69.730330
71.406858

F4 Channel 6

PASS :
PASS :
PASS :
PASS :
PASS :

Driven

PASS :

72.491789
72.123260
69.700249
72.727017
69.593354

67.199556

P4 Channel 7

PASS :
PASS :
PASS :
PASS :
PASS :
PASS :

Driven

70.044919
70.345440
73.113579
71.359017
71.046375
72.629407
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15 DEPLOYING HEADSET TEST SYSTEM

15.1 Requirements
o Headset Test System Installer
« Testset executables directory
e Testset
« Computer 32bit with Windows 7™ operating system
« Labjack installer

15.2 Instructions

« Copy the Headset Test system installer to the desired computer
* Run setup and follow instructions

e This step installs the LabVIEW Runtime Engine™ and the VISA™ drivers.

« Copy the labjack installer to the desired computer
* Run setup and follow instructions
« This step installs the labjack drivers

15.3 Copy the Testset Executables directory to the desktop

15.4 Deployment complete

16 REFERENCE DOCUMENTS

16.1 PN-1486 MSBB - PCA

16.2 PS-1554 AUDIOMETRY OVERVIEW AND SYSTEM SPECIFICATION
16.3 PN-1558 HEADSET TEST BOARD - PCA

16.4 EL-1558 HEADSET TEST BOARD EAGLE SCHEMATIC

16.5 PN-1559 HEADSET TEST SETUP

16.6 PS-1560 LABVIEW TESTSET CONTROLLER

16.7 SC-1673 HEADSET TEST SYSTEM
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