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a fluid property.
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PROCESSING SYSTEM AND METHOD FOR HAND-HELD IMPEDANCE
SPECTROSCOPY ANALYSIS DEVICE FOR DETERMINING
BIOFUEL PROPERTIES
CROSS-REFERENCE TO RELATED APPLICATIONS
{6061} This application claims priority to U.S. provisional patent application serial munbers

60/985,120; 60/985,127, and 60/985,134, all filed on Nov, 2, 2007,

FIELD OF THE INVENTION
[3082] The present invention relales to systerns and methods for analyzing fluids. More
particularly the present invention relates to systems and methods that employ impedance

spectroscopy (I8) for analyzing thuds,

BACKGROUND OF THE INVENTION

16803] Increasing consumption of fossil fuels is occurring on a worldwide basis.  Many
countries rely on fossil fuel use to the detriment of society and ecosystems. Reduction in the
amount of fossil fuel consumption and increased use of bio-based fuels has become an
increasingly importard initiative for consumers and governments alike. In particular, the
increased use of biodiesel is lauded as an important step in the divection of reducing fossil
fuel consumption and usage. However, the transition for including biodiesel in everyday fuel
has created a series of problems to both diesel consumers and combustion engine
manufacturers. A key problem surrounds determining the concentration of biofuel, often
referred 10 as fatty acid methy! ester (FAME), within a biodiesel sample. Identification of
other alkyl esters is contemplated by this invention.

[6004] Riodiesel is often defined as the monoalkyl esters of fatty acids from vegetable o1ls
and animal fats. Meat and blended with conventional petroleurn diesel fuel, biodiesel has seen
significant use as an alternative diesel fuel. Biodiesel is ofien obtained from the neat
vegetable ol transesterification with an alcohol, usually methano! {other short carbon atom
chain alcohols may be used), in the presence if a catalyst, often a base, Various unwanted
materials are found in biodiesel, which can include glycerol, residual alcohol, moisture,
unreacted feedstock (irighycerides), monoglycerides, diglyeerides, and free (unreacted) fatty

acids.
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10008 Biodiesel fuels are often blended compositions of diesel fuel and biowmass, which is
often esterified soy-bean oils, rapeseed oils or various other vegetable oils, i is the similar
physical and combustible properties to diesel fuel that has allowed the development of
biofuels as an energy scurce for combustion engines. However, biofuels are not a perfect
replacement for diesel. By example, the cetane number, oxidation stability and corrosion
poteniial of these bofuels present a concern to continued consumption as a viable fuel.
Based upon these issues, as well as others known to one skilled in the art, careful control of
the biofuel properiies must be implemented,

0886} Bevond the physical and chemical concerns, monetary concerns exist.  The United
States government provides a tax credit for biofuel consumption. The tax eredit is based
upon the biofuel percentage within a blodiesel blend.  In fact, the tax credit can be
substantially different for a slight change in the percentage, since $0.01 per FAME
percentage per gallon used is provided by the government. Therefore the difference between
20% and 25% FAME in biodiesel fuel can result in a considerable tax value. Often i is the
case that biodiesel blends are “splash-blended”, which refers to the liquid agitation that
occurs as the fuel truck is driving on the road after the diesel and biotuel have been
combined. “Splash-blended” biodiesel blends often have a blend variance of up to 5%,
which is unacceptable.

[3007] Various methods and technologies have been emploved to determine the biofuel
percentage within a biodiesel blend.  These methods include gas chromatography (GC),
fourier transform infrared (FTIR) spectroscopy, and near-infrared (NIR} spectroscopy. Mone
of these methods provide a portable, quick and accurate defermination of the FAME
pereentapge within a biodiesel blend.

{6808} It would be advantageous (0 have a system and method for quickly and sccurately
determining the concentration of biodiesel fuel blends for use in guality control, production

testing and disiribution testing.

BRIFF DESCRIPTION OF THE DRAWINGS
[809] Figure 1 is a block diagram of the fucl analyzer system in accordance with at least one

ernbodiment of the iInvention.
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[6016] Figure 2 is a block diagram of a logic controller in accordance with at least one
embodiment of the invention.

[(011] Figure 3 is an alternative embodiment of the fuel analyzer system in accordance with
at least one embodiment of the invention.

10012] Figwre 4 is a flow chart representing a method for analyzing biodiesel blends in
accordance with at least one embodiment of the invention.

{0013] Figure 5 is a FTIR spectra for biodiesel concentration.

[0014] Figure 6 is a Beer’s Law FTIR mode! for biodiesel concentration standards.

[3018] Figure 7 is a room temperature impedance spectra for biodiesel standards.
[B01e

[

{

{

]
i
| Figure § is an impedance spectroscopy model for biodiesel concentration standards.
§017] Figure 9 is a test data table including both FTIR and impedance spectroscopy data.
(018} Figure 10 is a biodicsel method comparison data plot.
B619] Figure 11 is a biodiese! method residuals data plot.
{0020] Figure 12 is an altermative embodiment of the impedance spectroscopy data analyzer
in accordance with at least one embodiment of the present invention.
{6021} Figure 13 is a measured form caleulation sequence.
108227 Figure 14 is a complex Plane Representation mathematical sequence,

IF

6823
{0624} Figure 16 is a biodiesel modulus spectra plot

igure 15 is an impedance and modulus plot sequence.

{0025} Figure 17 is an impedance speciroscopy derived model data plot,

[0026] Figure 18 i5 an exemplary block and wiring diagram for one embodiment of a device
of this invention, the block and wiring diagram having a main board and a data acquisition
board (DAQ).

(0027} Figure 19 is a partially exploded front perspective view of the exemplary hand-held
analyzer device illustrated in block diagram form in Figure 18, in accordance with at least
some embodiments of the invention;

{0428] Figure 19A is a perspective view of an exemplary sample cell for use in conjunction
with the hand-held analyzer device of Figure 19, in accordance with at least some
emboediments of the present invention;

[0029] Figure 20 is another partially exploded front perspective view of the hand-held

analyzer device of Figure 19,
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[B038] Figure 21 is an exemplary circuit diagram of the main board of the block and wiring
diagram of Figure 18, in accordance with at least some embodiments of the present
invention,

(6031} Figure 22 is an exemplary circuit diagram of a power section of the main board of
Figare 21, in accordance with at least some embodiments of the present mvention.

(0032} Figure 23 is an exemplary circuit diagrarn of the DAQ of the block and wiring
diagram of Figure 18, the DAQ circuit having a signal generator block and a transimpedance
and power amplifier (TPA) block in accordance with at least some embodiments of the
present invention,

{8033} Figure 24 is an exemplary circuit diagram of the signal generator block of the DAQ
circuit of Figure 21, in accordance with at least some embodiments of the present invention,
10034] Figure 25 is an exemplary circuit diagram of the TPA block of the DAQ circuit of
Figure 21, in accordance with at least some embodiments of the present invention. And
[8035] Figure 26 is an exernplary circuit diagram of a transimpedance amplifier {TIA) block
of the circuit of the TPA block of Figure 25, in accordance with at lzast some embodimenis

of the present invention,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
13036] Biodiesel includes fuels comprised of short chain, mono-alkyl, preferably methyl,
esters of long chain faity acids derived from vegetable oils or animal fats. Short carbon atom
chain ally! esters have from e.g., | 1o 6 carbon atoms, preferably 1 to 4 carbon atoms and
maost preferably 1 io 3 carbon atoms, Biodiesel is also identified as B100, the #1007
representing that 100% of the conient is hiodiesel. Biodiesel blends include a combination of
both petroleun-based dissel fuel and biodiesal fuel. Typical biodiesel blends include BS and
F20, which are 5% and 20% bindiesel respectively. Diesel fuel is often defined a5 a middle
petroleum distilate fuel
16037} Now referring to Figure 1, an illusirative example of the system 10 in accordance
with at least one embodiment of the invention includes an analysis device {2, graphical user
interface (GUI) 14, memory storage device 16, probe 18, and reservoir 20. The analysis
device 12 includes a logic controller 22, a memory storage device 24, a modulus converter 26

and an impedance converter 28, The reservoir 20 contains a biotuel sample, which can be



WO 2009/059189 PCT/US2008/082065

selected from the group including a biodiese] blend, heating fuel, second phase materials,
fuel additives, methanol, glycerol, residual alcohol, moisture, unreacted feedsiock
{triglyeerides), monoglycerides, diglyeerides, and free (unreacted) fatty acids. The probe 18
is external and separately connected to the reservoir 20 and can alternatively be integrated
within the reservoir 20. The probe 18 provides inputs to the reservoir 20 through
input/output line 30, Excitation voltage (V) is applied 1o the reservoir from probe 18 and a
response current (L) over a range of frequencies is measured and provided to the analysis
device 12. The impedance data is analyred and converted by the impedance converter 28,
and then transferred to the modulus converter 26. The upedance data includes Zia,
Zimaginarys a0 frequency. The modulus data includes M, Minsginay, and frequency. The
logic coniroller 22 operates the modulus converter 26 and impedance converter 28 to siore
the respective data, including the impedance measurements, within memory storage device
24, The logic controlter performs a corputer readable function, which is accessed from
memory storage device 24 that performs an impedance spectroscopy analysis method {See
Figure 4} and provides a biodiese! concentration to the GUY 14, The concentration data can
be provided in the form of Bxx, where “0x” represents the concentration of the sample tested
that is biofuel (blomass/FAME) in percentage of biodiesel. Concentration and percentage are
often used interchangeably to describe the amount of biodiesel within a blended sample.
[3838] Referring to Figure 2, an altemative embodiment of the logic controller 22 1
illustrated. The logic controller 22 includes g blend concentration analyzer 32, a water
analvzer 34, a glycerin analyzer 36, an oxidation analyzer 38, a contaminant analyzer 40, and
unreacted oil analyzer 42, a corrosive analyzer 44, an alcohol analyzer 46, a residual process
chemistry analyzer 48, a catalyst analyzer 50, and a totel acid number analyzer 52. The
water analyzer 34 performs analysis on the impedance data obtained from probe 18, The
fogic controller 22 accesses a computer readable function accessed from memory storage
device 24 and provides information sach as the presence of water, and if identified within the
sample, the concentration of water within the sample. The glycerin analyzer 36 performs
analysis on the impedance data obtained from probe 18, The logic controller 22 accesses a
computer readable function accessed from memory storage device 24 and provides
information such as the presence of glycerin, and if identified within the sample, the

concentration of ghycerin within the sarople. Alternatively, the computer readable function is
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accessed from memory 16, In an aliernative embodiment, a viscosity analyzer {(not shown},
and cetane mumber analyzer (not shown) are included for providing viscosity data and cetane
number data for a fuel saruple. In vet another alternative embodiment, a sludge/wax analyzer
{(not shown) are included for providing information on the presence and arnount of sludge
and/or wax precipitation within a fuel sample.

{3039] The oxidation analvzer 38 performs analysis on the impedance data obiained from
probe 18, The logic controller 22 accesses a computer readable function accessed from
memory storage device 24 and provides information such as the presence of oxidation. The
contaminant analyzer 40 performs analysis on the impedance data obtained from probe 18,
The logic controller 22 accesses a computer readable function accessed from memory storage
device 24 and provides informaiion such as the presence of contaminants, and identification
of the type of contaminants within the sample, as well a5 the concentration of the particular
contarninant within the sample, A variety of contaminants can be found within fuel sarples,
which include water, wax/sludge, and residual process chemistry.

[4040] The unreacted ofl analyzer 42 performs analysis on the impedance data obtained from
probe 18, The logic controller 22 accesses a compuier readable function from memory
storage device 24 and provides information such as the presence of unreacted oils, as well as
the concentration within the sample. A variety of unreacted ofl can be found within fuel
samples, which include unreacted feedsiock (triglveerides), monoglycerides, diglycerides,
and free {(unreacted) fatty acids.

{4041} The corrosive analyzer 44 performs analysis on the impedance data obtained from
probe 18, The logic controller 22 accesses a computer readable function from meimry
storage device 24 and provides information such as the presence of corrosives, as well as the
reactivity of the corrosive substances within the sample.

100421 The alcohol analyzer 46 performs analysis on the impedance data obtained from
probe 18, The logic controller 27 accesses a computer readable function from merory
storage device 24 and provides information such as the presence of alcohol, and if present,
the concentration of alcohol within the sample. The residual analyzer 48 performs analysis
on the impedance data obtained from probe 18. The logic controlier 22 accesses a compuier
readable fumction memory storage device 24 and provides information such as the presence

of residuals, and identification of the type of residuals within the sample, as well as the
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concentration of the residuals within the sample. A variety of residnals can be found within
fuel samples, which include alcohel, catalyst, glycerin and unveacted oil.
{00431 The catalyst analyzer S0 performs analysis on the impedance data obtained from
probe 18, The logic comroller 22 accesses a computer readable funetion from memory
storage device 24 and provides information such as the presence of catalysts, as well as the
concentration of the catalysts within the sample. A variety of catalysts can be found within
fuel samples, which include KOH and NaOH. The total acid number analyzer 52 performs
analysis on the impedance data obtained from probe 18, The logic controller 22 accesses 4
compuicr readable function from memgory storage device 24 and provides information such
as the presence of acids, as well as the concentration of the acids within the sample. A
variety of acids can be found within fuel samples, which include carboxylic acid and sulfunic
acid,
16044] In an alternative embodiment, a stability analyzer (not showny is provided. The
stability analyzer performs analysis on the impedance data obtained from probe 18, The
fogic controller 22 accesses a computer readable function accessed from memory storage
device 24 and provides information such as a stability value, Recent research has found that
changes to the biodiesel element of biodiesel blends can have a deleterious effect upon the
stability of the fuel sample over time. Blended samples that arc left inactive for extended
eriods of time can potentially lose stability. The impedance spectroscopy data and stability
analyzer function of this invention can provide information as to the sample’s stability and
gthicacy.
10043} Referring to Figure 3, an alternative embodiment of the impedance spectroscopy
analyving system 54, which includes an elecirode assembly 56, a data analyzer 58, and a
memory storage unit 60 is provided. The electrode assembly 56 includes a thad sample 62
and probes (not shown). The data analyzer 58 includes a potentiostat 63, a frequency
response analyzer 64, a microcomputer 66, a keypad 68, a GUI {graphical user interface) 70,
data storage device 72, and I/O device 74, Impedance data is obtained from the electrode
assernbly 56 and input into the analyzer 38, The potentiostat 63 and frequency response
analyzer together perform the impedance spectroscopy analysis metheds (See Figure 4). The
rierocomputer 66 accesses the computer readable functions from the memory storage unit

60 or the data storage device 72, and provide biofuel analyzed data to the GUI 70
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[0046] Referring to Figure 4, a flow chart is provided representing a method for determining
the conceniration of biodiesel {e.g., biomass/F AME coutent) in a blended biodiesel fuel
sample in accordance with at least one embodiment of the present invention. The system 10
is initiated ai step 76. A sample of the blended biodiesel is obtained at step 78 and then
transferred to a clean container or reservoir at step 80, The sample is maintained at
substantially room temperaiure, generally batween about 60°F and about 85°F.

Alternatively, the sample is located in a vehicle fuel tank on board a vehicle or deployed “in-
Hne” e.g., in a biodiesel synthesis plant. Measurement probes are cleaned and imomersed
within the reservoir at step 82. Alternatively, probes can be maintained within the reservoir
and the fuel sample is added to the reservoir with the probes already within the reservoir,

The probes can be self-cleaning probes. The impedance device is initiated and the AC
impedance characteristics of the fuel saraple are obtained at step 84, The {requency range
extends from about 10 milliHertz to about 100kHerts, or alternatively appropriate
frequencies. The impedance data i recorded at step 86, The data can be saved in a memory
device integral to the device 12, Alternatively, the impedance data is saved In an exiernal
memory device, The external memory device 16 can be a relational database or a compuier
memory module. At step 88, the impedance data is converted to complex modulus values,
The complex modulus values are recorded at step 90, M’ high frequency intercept values are
determined at step 92 from the complex modulus values and the biodiesel concentration is
caloulated at step 94, By example, Equation Set 1 s a linear algorithm used for calculating
the bodiesel blend concentration. The blodiesel concentration value is represented ot a user
jnterface at step 96. [f the process continues step 78 is repeated at 98, otherwise the sequence
is terminated at step 100, One skilled in the art would recognize that there are chemical
differences between biodiesel and petrolennm-based diese! for which the present invention can
be exraployed.

10471 The Fourier fransform infrared (FTIR) spectra analysis of three biodiesel
concentration is provided in Figure 5. Samples of B100, BS0, and BS were tesied using an
FTIR process. The FTIR process used for data obtained in Figure 5 was modeled afier the
AFNOR NF EN 14078 (July 2004} method, titled “Liguid petrolenm products ~
Determination of fatty acid methyl esters (FAME) in middle distiliates — Infrared

spectroscopy rusthod.” Blodiese! fuel samples were diluted in cyclohexane to a final analysis
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concentration of about 0% to about 1.14% biofuel. This was to produce a carbonyl peak
intensity thai ranged between about 0.1 1o about 1.1 Abs, using a 0.5 mm cell pathlength.
The method showed a 44g/1 sample (BS sample was diluted i0 §.5%) having 0.5 Abs
carbonyl peak height. The method recommended S-standards be prepared ranging from
about 1g/1 {about 0.11% biofuel} to about 10g/1 (about 1.14% hiofuel).
13048} The peak height of the carbony! peak at or near 1245 em” was measured to a baseline
drawn between about 1820 em™ to about 1670 e, This peak height was used with a Beer’s
Law plot of absorbance versus concentration to develop a calibration curve for unknown
calculation.
10049] The modifications made to this method included no sample dilution, an ATR cell and
utilization of peak area calculations, Sarople ditution with cyelohexane is a very large source
of errors. The reasons to dilute the sample include reducing the viscosity for flow
{transmission cell), opacity or {0 roaintain the absorption peak height of the sample with the
detector Hinearity. The detector linearity of the instrument used was in the range of about O
Abs to about 2.0 Abs. By reducing the cell pathlength to about 0.018 mra the absorbance of
a B100 sample was about 1.0 Abs. This allowed dilution to be unnecessary. The use of a
UATR cell allowed a very controlied and fixed pathlength to be maintained.
10038] The peak of interest demonstrated migration during difution due to solvent
interaction, evidenced in the biofusel spectra shown in Figure 5. Ag a result, the peak arca
was chosen as the measurement technique. In addition, peak area is the preferred technique
for samples that contain multiple types of a defined chemistry type, such as that found in
hiofuels. Substances found in biofuels that are distinguishable from one another and from
petroleum-based fuels constituents by means of impedance spectroscopy are, of course, a
focus of this invention. Exemplary substances include saturated and unsaturated esiers. The
result of Beer’s Law calibration is shown in Figure 6. The biofuel samples were measured
against the calibration curve of Figure 6. The hmpedance spectroscopy methods were
measured against this FTIR process.
(6651} Equation Set 1.

y o= -3 37TEADTS + 8 158E+0%,

where v = M’ and x = % biodiesel
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(30521 At least one embodiment of the present invention was tested for feasibility by
comparison with FTIR analysis, an industry accepted test method, of biodiesel fuel blend
concentration. The blend samples that were tested included B850, B20 and B5, The sampies
were evaluated using both broad spectrura AC impedance spectroscopy as well as FTIR
spectroscopy. Additionally, the blends of unknown values were tested to determine the
impedance data using impedance spectroscopy. Conventional diesel fuel and a variety of
nominal blend ratios were used a3 test standards.
10531 Approximately 20 mL samples of cach biodiesel blend were evaluated at room
temperature utilizing a two (2) probe measurement configuration. Figore 7 provides an
exampie of the impedance spectra in a line plot configuration, with reactance (ohum) plotted
against resistance {ohm). The impedance spectra provide a clear distinction between B30,
(20, B3, and petroleum diesel fuel. Generally the impedavee at given frequency, ©, contains
two coniributions as shown in Houation Set 2. More specifically, Figure 7 provides the
resistance (R,) plotied against the Reactance {1/ ©C,), which provides an indication that the
resigtivity of the biodiese! blend sample is sensitive to the percent biodiese] within the base
diesel fuel. As a result, the impedance spectra can be used o identify the concentration
percentage of blodiesel within a biodiesel blend sample.
{8654} Equation Set

2R @y = Ry — {1/ @l
{8655] Further manipulation of the impedance data indicates that the polarizability of the
blended bindiesel sample is systematically impacied as the concentration of biodiesel
increases or decreases, Therefore, a real modulus representation value can be calculated.
This presents a parameter, for which a correlation can be made. A correlation between the
measured impedance-derived speciza data and the stated biodiesel percentage concentration
value can be established. The correlation is graphically presented in Figure &, where the
impedance derived modulus paranseter is plotted against the biodiesel concentration. A
linear relationship having a negative slope is provided. These results provide an indication
that a correlation similar to that of the industry accepted FTIR method is feasible for
impedance speciroscopy.
[0656] Referring (o Figure 9, a test data table is provided, The table includes known

biodizsel standards, including pure petroleum diese] fuel, B, B12, B20, B33, and B30, Hach

10
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of these standards (Reference Standards) was iested using the FTIR process and the
tmpedance speciroscopy process of the present embodiment. The resuits for gach of these
tests are provided in the table. Additionally there are four unknowns, A, B, C, and D
{Unknown Blend Set 1), for which test results were obtained using both the FTIR process
and the impedance spectroscopy process of the present embodiment.

[8957] Referring to Figure 10, the test data provided in Figure 9 is presented in the form of a
X-Y plot. The biodiesel concentration data obtained from the impedance speciroscopy
process is plotied against the biodiesel concentration data obtained from the FTIR process. A
correlation line is it to the data points, which indicates a close correlation between the two
methods for determining biodiesel concentration. Additionally, a second set of unknown
biodiesel blends (Unknown Blends Set 2) were tested through both stated processes. These
unknown blends were prepared by blending B100 and two separate petrolenm fuels. These
data points are not provided in Figure 9, but are plotted in Figure 10,

{0058] A scientifically significant agreement between the FTIR process and the impedance
spectroscopy process of the present embodiment was found, This is evidenced by the line fit
assigned to the plotted data points. Residual values (%blorre - Yobitimpotance) were calonlated
and provided in Figure 9. The average residual value s 0.920, which is less than 1.0%,
presenting a highly significant linear correlation between the widely accepted FTIR process
and the impedance spectroscopy process of the present embodirsent. The difference between
the FTIR process and the impedance spectroscopy process of the present embodiment are
presenied in Figure 11,

10059] The sysiern 10 can be implemented in the form of a low cost, portable device for
determining real-time evaluation of biodiesel blends, The device provides the user with
blended FAME concentration in order for the user to compare with established
specifications. Furthermore, the device enables the user to detect contaminants and
unwanted materials within the biodiesel sample. The impedance spectroscopy data
processing provides the user a broader functionality view of the biodiesel sample, and not
simnply the chemical make-up. Performance of the fuel can be affected by unwanted
materials and by detecting the presence of the unwanted waterials, the user is better able to

make decisions that affect performance of the vehicle.

11
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{3060 Ancther embodiment of the impedance spectroscopy systemn is shown in Figure 12,
which illustrates in block diagram form a portable, bench-top device 102, The biotael
sample can be tested external to the device 102, or alternatively internal to the device 102, A
microcontroller 104 relays data to the ceniral processing unit (CPU) 106 for calculation.
{Onee the data has been caleolated the biofuel concentration is sent to & graphical user
interface (GUT) (not shown) by an VO device (not shown). The device 102 has either an
internal or external power source, as well as a suitable sampling fixture, The impedance daia
is acquired by the device 102 and transferred to the CPU for detection and identification, of
elements within the sample as well as the relative concentrations of the clements. By
example, the elements can include FAME, glyeeroi, residual aleohol, moisture, additives,
corrosive compounds, unreacted feedstock (triglycerides), monoglyeerides, diglycerides, and
free (unreacted) fatty acids.

[6461] The biodiesel blend sample is tested and data is acquired by treating the sample as a
series R-C combination. (See Figure 13). The acquired sample data is converted by
inversion of the weighting of the bulk media coniribution o the total weasured data response,
wherein the valae C; is typically a small value (See Figure 14). This conversion minimizes
the interfacial contribution of the bulk media, wherein the value C; is typically a large value
{See Figure 15). The real modulus transformation (M) caloulated for cach biotuel sample is
divided by the value (2*PI) in order to disguise the identily.

{00627 The biodiesel modulus spectra for the dedicated testing standards are provided in
Figure 16, The modulus data element M’ is plotted against the modulus data element M’
Data points for a petroleum diesel sample, as well as B3, B20, B30, and B100 were plotied.
‘The complex impedance values ¢ 7y is converted 1o a complex modulus representation M)
in order to inversely weight and isolate the bulk capacitance value from any interfacial
polarization present within the sample. The M high frequency intercept via a semicircular
fitling routine is then calculated.

13063} The biodiesel concergration standard, for which the impedance speciroscopy process
will be measured against, is shown in Figure 17, The previously calculated modulus (M7)
intercept was plotied against the biodiese! concentration, as determined by the FTIR method.
FEquation Set 3 represents the derived algorithm.

{3064} Equation Set 3:
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y = -3 371E+07x + RIS8E+(9
where x = % biodiesel, and R? = 0.9964

{0065] Biofuel samples are tested using the analyzer 12, The impedance data measurement
is focused upon the biofuel sample while the electrode influence and probe fixturing are
minimized,
i08668] In an alternative embodiment, fuel analyzer system 10 and methods of the present
invention are used o determine the FAME concentration in heating fuel. The heating fuel
samnple is tested in a similar manner as that described for the blodiesel fuel blend.
Alternatively, the system 10 can be used to analyze cutting fluids, engine coolants, heating
0if {either petroleum diesel or biofuel) and hydrolysis of phosphate ester, which is used a
hydraulic fluid {(power transfer media).
(6067} In an alternative embodiment, the system 10 analyzes a biodiesel blend saruple for the
presence of substances selected from a group including sccond phase materials, fuel
additives, glyeerol, residual alechol, moisture, unreacted feedstock (triglycerides),
monoglyeerides, diglycerides, and free (unreacted) fatty acids. In yet another aliemative
embodiment, the system 10 analyzes a biodiesel blend sample for the concentration of
substances selocted from a group including second phase materials, fuel additives, methanol,
glveerol, residual alcohol, moisture, unreacted feedstock {(triglycerides), wonoglycerides,
diglycerides, and free {unreacted) faity acids.
(80681 Another embodiment of an impedance spectroscopy system is illustrated in Figure 19,
which illustraies a perspective view of an exemplary hand-held impedance spectroscopy
analysis device 300, which is operable with a samptle cell, such as sample cell 464 iliustrated
in Figure 194, to measure and analyze a fluid sample in accordance with impedance
spectroscopy methods similar to those discussed above to determine one or more fluid
properties. The sample cell 464 serves as a reserveir for the fluid sample, and is preferably a
one-time use detachable device that can be plugged into and removed from a slot 423 of the
hand-held analvsis device 300. The fluid sample is preferably a fuel sample such as a
blended biofuel sample. The fluid properties which can be determined preferably include
one or more of a biofuel (hiodiesel) blend content or percentage, a total glycerin content or
percentage, an acid number, and a methanol content or percentage. A block diagram of the

hand-held analysis devige 300 is illustrated in Pigure 13,
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(3069} Referring to Figure 18, the analysis device 300 includes a processing system 302 in
operable association with a keypad 304, a display 306, a dats acquisition board (DA board)
310, a light emitting diode (LED) 364, a battery 330, and a plurality of target contacts 312
The processing system 302 is also in communication with a cell connection unit 308 for
connecting to the sarople cell 464, which contains the fhuid sample to be tested and analyzed.
With respect to the processing system 302 in particular, it is capable of processing a wide
variety of information received from one or more of the aforementioned components (e.g.,
keypad 304, the sample cell via connection unit 30§, eic.) to determine fuel sample properties
and display the same via the display 306, Each of the keypad 304, the display 306, the cell
connection unit 308, the DAQ board 310, and the plurality of target contacts 312 are
connected to the processing system 302 by way of one or more plugs (also referred herein as
confacts, pins or connection points), as will be described in more detail below.

{0070} Further, as shown in Figure 18, the processing system 302 includes a main processor
314 for processing various types of information; a real time clock (RTC)-calendar and clock
device 316 for keeping track of current date and time; a power supply 318 for providing
several fixed and regulated voltages to the various components of the hand-held analysis
device 300; and a plurality of communication interfaces for connecting the components
(throngh respective plugs) to the main processor, as well as other components. With respect
to the RTC ealendar and clock device 316, it is connected to the main processer 314 at a first
Input/Cutput (VO) port (e.g., VO port 1} via duplex communication Huks 320 for providing
continuous display of the current date and time on the display 306. Additionally, to
accurately keep track of current date and time even when the hand-held analysis device 300
is powered off, the RTC calendar and clock device 316 is connected to a super ¢ap power
backup 324, which provides power to the RTC calendar and clock device when the hand-held
device is turned oft.

18671} Power to the other components (e.g., keypad 304 and display 306) of the hand-held
analysis device 300 is provided by the power supply 318, In particnlar, the power supply 318
receives an unregnlated inpot voliage (e.g., ranging from the lowest battery voltage, gbout
5.5V to nominally 12V when seated in a charger base) and provides regulated lower voltages
{e.g., SV and 3.3Y) for proper operation of the various components of device 300, Typically,

the unregulated input voltage to the power supply 318 can be provided either via the targst
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contacts 312 connecled thereto through plugs 326 or through a battery 330 connected to the
power supply through a plug 332, For example, a2 12 Volt input from the target contacts 317
can be fransformed info a § Volt power supply for powering the electronic clreuitry of the
main processor 314, Relatedly, a 3.3 Volt power supply can be generated for operation of
the display 306, Similarly, regulated voltages for the keypad 304, and other components of
the hand-held analysis device 300 are generated from the power supply 318,

(66721 With respect to the target contacts 312, in addition 1o being connected to the power
supply 318, the target contacts are also connected to the main processor 314 for duplex
comrmunication therewith. Particularly, the target contacts 312 are connected to the main
processor 314 at a serial port (e.g., Ser Port 2} via a PC communication inlerface 3238
connected to the plugs 326, By virtue of providing the target contacts 312 connected to the
main processor 314 and the power supply 318, the hand-held analysis device 300 can be
phigged into a charging base {(not shown) and/or docking station (not shown) connected to a
wall plug power supply {also not shown) for providing an input power to the power supply
318, When seated in the charging base {or docking station), the hand-held analysis devic
300 can be used for viewing {e.g., on display 306) and/or travaferring stored results and/or
data from the main processor 314 to another device. MNotwithstanding the {act that five target
contacts are shown in the present embaodiment, this number can vary in other embodiments as
well

[0073] The target contacts 312 are equipped with a safety/sensing mechanism for avoiding
electrical shock to a user on comtact with the target contacts. In gt least some embodiments
of the present invention, the target contacts are designed such that at least two of the target
contacts are connected together to form a relay control eircuil. For example, a5 shown in the
present embodiment, target contact 3 {TGT3) is connected to the target contact 5 {(TGT 53 by
communication link 334 to form the relay control circuit. In normal operating conditions
when the hand-held analysis device 300 is removed from the charging base, the relay circuit
is broken and, therefore, the deactivated relay in the charger base blocks carrent flowing
through the target contacts 3172, preventing electric shock to the user. Upon seating the hand-
held analysis device 300 into the charging base, the relay coutrol circuit is closed by
connection with the elecirical contacts of the charging base and current flows through the

target contacts for providing power to the power supply 318, Further, although in the present
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embodiment two target contacts are connected together to form the relay cireuidt, in other
ernbodiments, more than two contacts can be connecied together as well,

18674} In addition to employing the target contacts 312 {or providing input power 1o the
power supply 318, the hand-held analysis device 300 is also provided with the battery 330,
which is preferably a rechargeable, replaceable battery connected to the power supply 318 of
the processing system 302, The battery 330 is additionally connected to an analog-to-digital
converter (e.g., A/D 2) port within the main processor 314 through an operational amplifier
336. By virtue of being connected to the power supply 318, the battery provides a source of
input power for operating the hand-held analysis device 300 when the device is not seated in
the charging base. This allows measurements from the fluid sample to be obtained, and
processing performed, when the hand-held device 300 is operating in the battery mode.
00751 As indicated above, the battery 330 is preferably a rechargeable battery that can be
recharged upon seating the hand-held device 300 in the charging base. In particular, when
the hand-held device 300 is seated in the charging base, and power is supplied from the
power supply 318 {0 the main processor 314 (e.g., through the target contacts 312), the
battery 330 is recharged by pulse width modaiated (PWM) current controlled battery charger
338, comnecied on ous end to a PWM port {e.g., PWM 2) of the main processor (e.g., by
exemplary communication link 340), and on the other end 1o the baitery (e.g., by
communication link 3423, In at least some embodiments of the present invention, the battery
330 isa 7.2 V Lithium-Ton {(Li-Ion) battery, although other voliapes and types of batteries are
also contemplated.

10076] Referring still to Figure 18, the data acguisition board (DAQ Board) 310 is uiihized
for exciting electrodes 344 and acquiring measurement data indicative of the fhuid sample,
The acquired measurement data, for example magnitude and phase data at a predetermined
set or plurality of frequencies, is then sent to the processing systern 302 for analysis.
Specifically, to obtain data from the fluid sample, the DAQ board 310, at contacts points El
and H2, is connected to two electrodes 344 of the hand-held device 300, As explained more
fully below, when the sample cell 464 is inserted in the hand-held device 300, the electrodes
344 are in contact with two metal plates of the sample cell, and the metal plates are in contact
with the fluid sample in a reservoir formed between the metal plates in the samaple cell. Inat

feast some embodiments, the metal plates are arranged in a parslie] plate electrode
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configuration, with a gasket between the metal plates, Thus, measurements corresponding 1o
the fluid sarmple in the sample cell can be obtained by excitation of the electrodes 344 which
contact the metal plates which contact the finid sample in the sample cell.

{771 In one embodiment, the DAQ board 310 is capable of providing a fixed amplitude
excitation voltage {also referred herein as constant amplitude excitation voltages) to the
electrodes 344, and measwring the current and phase angle of the fluid sample response
relative to the excitation voltage. The process of applying an exciiation voltage and
measuring the resulting current and phase angle of the sample is repeaied by varying the
frequency of the voltage. For example, in at least some embodiments of the present
invention, current and phase angle of the fluid sample relative to an excitation voliage can be
measured for the predetermined plorality of frequencies, preferably approximately seven fo
ten different frequencies. In other embodiments, the number of and specific freguencies
chosen can be varied. Further, in other embodiments for obtaining measurements, rather than
applying a fixed exciiation voltage, a fixed excitation current at varying frequencies can be
applied and the resulting voltage and phase angle can be measured in at least some other
embodiments for obtaining measurements. Also, the excitation voltage and/or excitation
current need not be fixed. Rather, a varying current and/or voltage can be applied for
exciting the fluid sample for data.

[078] Subsequent to oblaining measurement data from the fluid sampie, the DAQ board 310
conunhunicates the sample measurement data {o the main processor 314 for storage and
processing. Particularly, the DA board 310 is connected to the main processor 34 ata
CSIO port through a plug 348 and a duplex clocked (synchronous) serial /O 346, Powerlo
the DAQ board 310 is provided by a DAQ board power supply 350, controlled by the main
processor 314, The DAQ board power supply 350 is additionally connected to the DAQ
board 310 through the plug 348, as shown by a one-way communication link 352, By virtue
of having a separately controlled DAQ board power supply 350 for the DA board 310,
power to the DAQ board can be turned off when the hand-held device 300 i3 not actively
making a measurement, thereby providing a significant saving of battery power.

{6879] The main processor 314 is also in bi-directional communication with the sample cell
when it is plugged into the hand-held device 300, In particular, a sample cell eircuat (not

shown) of the sample cell is connected, via cell connection unif 308, phag 354, and cireuit
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356, to main processor 314, The sample cell cirenit includes a memory to store information
such as an identifier and one or more calibration parameters relating to that saraple cell. The
sample cell memory is a non-volatile memory capable of storing information even when the
power 1o the sample cell is tumed off. The memory is also preferably a mernory which can
be both read and written to. In at least some crobodiments of the present invention, the
memory can be configured as a removable memory device (2.2, 8 memory stick) that can be
plugged and/or unplugged (e.g., via a Universal Serial Bus (USE) port) into the sample cell
as desired.

[G08G] In at least one embodiment, the sample cell memory can initially store a specific
identifier, such as a serial number, which is unique to that sample cell. The main processor
314 is programmed to read the serial number and proceed with obtaining measurements only
if that sample cell has not been previously used. In other words, the sample cell is a one-time
use device, and re-use of the saraple cell can be prevented.

{6681] Typically, the stored calibration parameters are also specific to the sample cell and
relate to elecirical characteristics of the dry (i.e. unfilied) sample cell, such as can be
determined from impedance measurements of the dry sarmple cell at one or more frequencies,
Thus, in addition to utilizing the measurement data corresponding to the fluid sample
obtained by the DAG board 310, the main processor 314 also reads the one or more
calibration parameters from the samnple cell memory and employs these parameters in the
analysis of the fluid sample. Specifically, during operation, the one or more calibration
parameters of the sample cell are provided to the main processor 314 via the cell connection
unit 308, which is connected to the main processor via the plug 354 and half-duplex bi-
directional corymunication interface 356, The half-duplex bi-directional conwrunication
interface 356 is additionally connected to the main processor 314 at a sexial port {e.g., Ser
Port 1) of the main processor,

[(3082] To addition o calibration information, the main processor 314 preferably utilizes
temperature information of the fluid sample in the determination of fluid saraple properties,
and produoces results based upon the current ternperature of the sample. Therefore, by virtue
of determining the sample temperature and accounting for the ferperature variations during
processing, more accurate resulis can be obtained. In particular, temperature of the sample is

obtained by a temperature sensor {not shown) provided on or within the sample cell. The
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temperature sensor determines the approximate current temperature of the fluid sample and
transfers the temperature information through the cell connection unit 308 to the main
processor 314, As shown, a separate voliage based temperatare line 358 is connecled io the
A/D 1 port of the main processor 314 via an operational amplifier 360, Although, in the
present embodiment, the A/D 1 port is connected to both the DAQ board power supply 350
and the voltage based temperature line 358, in alternate embodiments, separate analog-to-
digital ports can be utilized.

[0083] Upon collection of the calibration and temperature information from the sample cell
and magnitude and phase angle data from the sample fuel, the main processor 314 processes
the information according to a stored algorithm, such as the algorithon explained above. In
some embodiments, the processing systern 302 and DAQ board 310 are progranuoed to
determine one or more fluid sample properties using an improved algorithm which takes into
account other variables, including for example the temperature of the sample and the
calibration parameters mentioned above. Generally, such an improved algorithm can be
developed using a data gathering technique in which a large set of data is gathered from
various samples and then using a data mining technigue fo statistically analyze the data set,
as more fully explained below.

[88%4] Typically, the IR printer interface 362 employs a driver for converting R8232 ASCH
code to the IR printer code, although other types of drivers can potentially be used. Inat
ieast some embodiments of the present invention, an HP 822408 IR printer available from
the Hewlett-Packard Company of Palo Alto, CA is used. In aliernate ersbodiments, printers
other than the one mentioned above, can be used as well, Further, upon avatlability of resulls
that can possibly be printed, the LED 364 is activated to signal to the printer the availability
of the results, and conumunicates the text io be printed to report the results. The photodiede
is connected to the IR printer interface 362 via a plug 366. In addition to printing data ona
printer, the present invention also provides the display 306, where resulis can alternatively be
viewed.

IO085] With respect to the display 306, it is preferably a 128 x 128 pixel graphical LCD
backlight display organized in eight lines of text, with each line capable of displaying 16
characters. In at least some embodiments, an Ampire Controller HDG6750 display available

from the Hitachi, Ltd of Marunouchi lichome, Chiveda, Tokyo, Japan can be used, The
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display 306 is connected to the main processor 314 by way a plug 368 connected to the /€
port 2 of the main processor. The intensity {.g., brightness) of the display 306 can be

D

manipulated by way of a pulse width modulated (PWM) backlight current control 379

connected to a pulse width modulated port {e.g., PWM 1} of the main processor 314, The
{(PWM) backlight current control 370 is conmected to a plug 372 that further connecis to a

plurality of Light-Emitting-Dodes (LED) on the display 306, By virtue of aliering the
current by the PWM backlight current control 370, the intensity of the bacidight of the
display 306 can be altered.

140861 Further, the display 306 can be manenvered by way of the a menu system having a set
of keys {e.g., the keypad 304), which is provided with a plurality of buttons that can be
depressed to power on/off the hand-held device 300 from the battery mode and/or maneuver
the display 306, To achieve such functionality, the keypad 304 is connected {o the main
processor 314 and the display 306. For example, by virtue of a plug 370, the keypad 304 15
connecied 1o the main processor 314 via a communication Hnk 378, and to the display 306
via a communication link 380, The keypad 304 is provided with a plurality of buttons,
inchuding, for example, a “BACK LITE button 374 for turning on/off the backlight of the
display 306, a “BACK” button 382 o return to a previcus display, and “SCROLL UP” and
“SCROLL DOWN” buttons 384 and 386, respectively, for moving the display up and down.
Also provided is a “POWER” button 388 to turn on/off the hand-held device 300 from the
battery mode and an “ENTER” button 390 to move a cursor on the display 306 and/or
display a new value. By virtue of providing the aforementioned keys on the keypad 304,
those keys can be employed for moving a cursor (or a highlight) on the display 306, and also
for performing actions that are generally intultively understoed by the highlighted Hem.
Notwithstanding the fact that six buitons have been deseribed above with respect to the
keypad 304, additional buttons providing additional functionality such ag a “RIGHT” key
and a “LEFT” key are contemplated in alternate embodiments.

[B087] Referring again to Figure 19, the hand-held analyzer device 300 includes a shroud
assemnbly 422, a top cover assembly 424, a case assembly 426 and a bottom cover assembly
428, The shrond assembly 422 includes a slot 423 for receiving the sample cell 464, The
case assembly 426 houses and protects many of the components shown in Figure 18,

including compoenents such as the processing sysiern 302 and the DAQ board 310 which are
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sttuated within the case assembly and components such as the display 306 and keypad 304
which are situated 1o be accessibie to g user. The top cover assembly 424 acts as the

interface between the sample cell 464 and the processing system 302 and DAQ board 214,
and includes the electrodes 344 which contact metal plates of the sample cell when the

sampie cell is inserted in the slot 423

[0088] Referring now to FIG. 20, another partially exploded front perspective view of the
case assembly 426 is shown, in accordance with at least some embodimenis of the present
invention. As shown, the case assembly 426 includes a case 502 having a touch pad 504 and
encompassing a main printed circuit board (PCB) 506 and a DAQ PCBH 516, on which are
formed the various electronic circuits described above and additionally described below, and
DAQ and battery vetainers 508 and 510, respectively, and a DAQ shield 318, Aun insulator
shield 512 and a pair of end cover gaskets $14 are additionally shown. A battery 520 (i.e.,
pattery 330 of FIG. 18) is additionally provided.

0891 Twning now to FIG. 21, a main board cireuit 600 illustrating additional details of
processing systemn 302 of FIG. 18 is shown, in accordance with at least some embodiments of
the present invention. As shown, the circuit 000 includes a main processor 602 {e.g., the
main processor 314 of FIG. 18) that processes the data collected frow the sample flunid being
tested and additionally performs various ealculations fo determine, for example, the FAME
percentage, of that sample fluid, along with one or more additional fluid properties. In
addition, the main processor 602 governs the operation of various other components,
described below, that are present in the hand-held device 300 (See FIG. 18}, In at least some
embodiments, the main processor 602 can be an ATMEGAG44P 3-bit RISC processor
available from the ATMEL corporation of San Jose, CA. In other embodiments, other
microprocessors capable of performing the functions of the main processor 602 can be
employed g5 well.

0090} Furthermore, all of the operations of the main processor 602 are performed in
synchronization with a clock signal generated by way of a crystal oscillator 604, In at least
some embodiments, the crystal oscillator 604 has a frequency of 18,432 MHz, although other
frequency orystal osciliators can be employved as well. in addition to the main processor 607,
the circuit 600 also includes g real time clock (RTC)Y and calendar chip (referred herein g5 a

chip) 606 {e.g., the RTC clock and calendar device 316 of FIG. 18) for keeping track of
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current time and date. The chip 606 is a low power consumption chip that employs a crystal
osciliator 608 having, in at least some embodiments, a frequency of 32,768 KHz for tracking
time, In slternate embodiments, other frequency crystal oscillators are contemplated and
considered within the scope of the present invention, Further, the chip 606 is capable of
operating on an alternate source of power supply (c.g., the super cap power backup 324 of
FI{3. 18) that powers the chip when the primary source of power {e.g., power from a wall
socket} is switched off or unavailable. In at least some embodiments, the aliernate power
sovrce for the chip 606 can come from a capacitor {e.g., super capacitory 610, although other
sources of alternate power (e, lthium batteries) can be omployed in alternate
embodiments,

{3091} Additionally, the operation of the chip 606 is controlled by the main processor 602,
which communicates with the chip via a plurality of serial interfaces 612, In particular, and
as shown, the plurality of serial interfaces 612 can include a serial data clock input line
(RTCCK) 614 for synchronizing communication between the main processor 602 and the
chip 606, a bi-directional data line (RTCDT) 616 for providing serial data input/output and
an interrupt Hie (RTCINTY 618 for programming the chip for operation. For example, in at
least some embodiments, the interrupt hine 618 can be ernployed for setiing up a one second
heartbeat of the clock within the chip 606, In other embodiments, the nterrupt line 618 can
be emploved for setiing up the clock including, for example, changing and initializing the
date and time of the chip 606.

189921 The cirenit 800 further inclades a secondary processor 620 that converts an R5-232
format oufpui from the main processor 602 into a format required, for example, by an
Hewlett Packard (HP) infrared prinier for printing. In at least some cmbodiments, the
secondary processor 020 can be a PICIZFS08-I/MS §-bit flash microcontroller avalable
from the Microchip Technology, Inc. of Chandler, AZ. In other embodiments, other micro-
controliers for facilitating R8-232 format into the HP-IR format can be emploved as well,
{6093] The secondary processor 620 can communicate with the main processor 602 via a
serial port, described below, More specifically, information from the main processor 602 can
be sent on a TXO line 622 (pin 10 of the main processor) to input pin 5 of the secondary
processor 620, such that data (in R8-232 format) sent by the main processor is converted into

a series of fast pulses of infra-red light that are transmitted 1o an HP IR printer (not shown)

22



WO 2009/059189 PCT/US2008/082065

for printing. An LED 624 {e.g., the LED 364 of FIG. 18) connected to the secondary
processor 620 indicates availability of the printing results on the HP IR printer.

[0094] The secondary processor 620 additionally employs an /IRON line 626 to establish
communication with the main processor 602 for printing. Particularly, the /IRON line 626 is
connected between pin 41 of the main processor 602 and pin ¢ of the secondary processor
620 for controlling the printing operation. By activating the /IRON line 626, the information
sent on the TXO ling 622 is received by the secondary processor 620 and processed for
printing. However, when printing is not required, the /IRON line 626 can be de-activated,
which causes the secondary processor 620 to ignore any data sent by the main processor on
the TXO line 622. Thus, controlling the operation (reading or ignoring data on the TXO line
622y of the secondary processor 620 by virtue of employing the /IRON line 620 is
particularly advaniageous insofar as the TXO line can be emploved for transmiiting
information to at least some additional components.

{6895} For example, when the secondary processor 620 is powered off {e.g., by de-activaiing
the /IRON line 626), information on the TXO line 622 can be transmilted o the sample cell
464 {see Figure 19A) via a sample cell connection unit {e.g., the cell connection unit 308 of
FIG. 18) 628, Thus, one communication port (the TXO line 622) on the main processor 602
can be employed for driving both the IR printer (via the sccondary processor 620} and the
sample cell 464 {via the sample cell connection unit 628), MNotwithstanding the fact that the
TXO Hne 622 drives both the IR printer and the sample cell, it will be nnderstood that such
communication between those two devices does not occur simultanecusly.  Rather, the
operation of each of those devices is controlled by respective control signals generated by the
main processor 602, For example, and as indicated above, the operation of the HP IR printer
can be controlied by way of the AARON line 626, Relatedly, the operstion (¢.g., powering
on/off} of the sample cell can be governed by a CELLON line 630 generated on pin 40 of the
main processor 602, In particular, the CELLON line 630 is communicated to the sample cell
through a transistor 632 and the sample cell connection unit 628, as indicated by an
mterconnect link 634,

6096} Upon powering on the sample cell by actuating the CELLON line 630, a bi-
directional communication between the sample cell and the main processor 602 can be

established by way of the TXO line 622, deseribed above, and an RXO line 636, described
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elow, Specifically, information from the main processor 602 can be transmitied for reading
by the sample cell on the TXO line 622 through a transistor 638 and inferconuect 640 to the
sampie cell connection unit 628 via Interconnect 642, Relatedly, information from the
sample cell can also be conveyed to the main processor 602 via the sample cell connection
628, Particularly, information can be transmitied fo the main processor 602 via the
interconnect 642 connecied 1o the sample cell connection 628 leading to the RXO line 636
vig the interconmect 640 and transistor 644 to the main processor 602, Thus, the sarmple cell
connection 628 includes a bi-directional communication link {e.g., the half-duplex, bi-
directional communication block 356 of FIG. 18) that is capable of both receiving
information from and transmitiing information to the main processor 602 via the respective
TR line 622 and the R¥XO line 636,

IG897) In at least some embodiments, the fransistors 638 and 644 can be an MMBT3904
device available from the Fairchild Semiconductor Corporation of South Portland, ME.
Relatedly, in at least some embodiments, the ransistor 632 can be an NTR4101P Metal
Owxide Semiconductor Field Effect Transistor {(MOSFET) available from the ON
Semiconductor of Phoenix, AZ. Notwithstanding the fact that specific devices for the
transistors 632, 63% and 644 have been described above, it should be understood that the
usage of such devices is merely exemplary. In other embodiments, other iransistors capable
of providing the functionality of the transistors 632, 638 and 644 can be employed as well,
[3098] Referring still to FIG. 21, the main board circuit 640 can be powered by plugging the
hand-held analvzer device 300 (See FIG. 18) into a charger base or docking station {not
shown). In particular, commumication between the hand-held device 300 and the charger
base can be established by way of a connector 646 (¢.g., the pad 326 in FIG. 18) on the main
board cirenit 600, which communicates the presence of the charger base to the main
processor 602, [t can be noted that the connecior 646 has only four connection points that
represent four out of the five target contacts 312 on the charger base, While there are five

target contacts, there are only four signals within the monitor because TGT3 is connected to

pansd

GTE. TGT3 returns the signal of TGT1 back to the charger base to act as a relay control
signal.
180991 Furthermore, information regarding whether the hand-held device 300 is seated

within the charger base or not is provided by an ACOFF line 648 connected between the
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connector 646 and the main processor 602, Specifically, upon seating the hand-held device
300 into the charger base, a voliage signal provided by an external power source {(¢.g., a wall
socket) is detected at a diode 650, which turns on a transistor 652 causing the ACOFT line
648 connected to the main processor 602 to be pulled low by a resistor 654, Relatedly,
disengagement of the hand-held device 300 from the charger base causes the transistor 652 to
be turned off (e.g., due to no voltage detection at the dicde 650}, which In turn causes the
resistor 654 to pull the ACOFY line 648 high. Thus, in at least some embodiments, a low
level on the ACOFF line 648 indicates engagement, while a high level indicaies
disengagement of the hand-held device 300 with the charger base. In other embodiments, the
ACOFF line 648 can be set such that high and low states of the ACOFY line indicate
respective engagement and disengagement of the hand-held device 300 with the charger
base.

[3166] With respect to the diode 650 in particular, it serves multiple purposes. Firsi, as
indicated above, upon seating the hand-held device 300 into the charger base, a voltage {e.z.,
12 volts) is detected at that diode. The diode 650 blocks energy from the batiery coming
“out” of the target contacts 312, Furthermore, the diede 630 provides protection of polarity
by blocking any outbound current/voltage, Additionally, the 12 volt voltage appearing at the
diode 650 is conveyed via a V+ signal 656 to a power section 658 for conversion into 5 volis
for operating varions components within the hand-held device 300. The power section 658 is
described in greater detail below. In at least some embodiments, the diode 650 can be a
B340LA schotiky barrier rectifier available from the [Hode, Inc Company of Dallas, TX.
Other blocking diodes can be emploved in other embodiments as well.  Similarly, the
transistor 652 can be the MMBT3904 device in some embodiments, although other similar
transisiors can be utilized in alternate embodiments.

100161] Further, in addition to notifving the main processor 602 of the engagement/dis-
engagement of the hand-held device 300 with the charger base, a bi-directional
commumnication between the rmain provessor and the charger base can be facilitated by
employing a TX1 line 860 and an RX1 Hne 662, Similar to the TXO and the RXQO lines 622
and 636, respectively, the TXI line 660 and the RX1 line 662 serve as Universal
Asynchronous Receiver/Transmitter (UART) ports.  With respect o the TX1 line 660

particular, it is connected between the main processor 602 and the comnector 646 for
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facilitating transmitial of information from the main processor to the charger base. More
particularly, information from the main processor 602 can be sent by transmitting
information on the TXI line 660, which drives a transisior 664 through resistor 666 to drive
the connector 646 on interconnect 668, Relatedly, information from the charger base to the
main processor 602 can be communicated on interconnect 670, which turns on a transistor
672 viz resistor 674 to drive the RX1 line 662, of the main processor 602, The transistors
664 and 672 are merely inverter interface transistors (e.g, the MMBT3%04 devices) that
protect the components on the hand-held device 300 from transient currents {or voliages)
while providing voitage level shifting.

[GG162] Referring still to FIG, 21, the temperature measurements performed by the sample
cell are provided by the sample cell connection unit 628 via interconnect 676 to an
operational amplifier (op-amp) 678. The operational amplifier 678 buffers the incoming
signal to provide an analog ATEMP outpui signal sent along an ATEMP line 680 that is
conmected 1o the main processor 602, Within the main processor 602, the ATEMP line 680 15
connected 1o an analog-to-digital converter for conversion into a digital value for performing
various caleulations based on the measured temperature. In at least some embodiments, the
operational amplifier 678 can be an ADRGOGAR device from the Analog Devices, Inc.
Company of Norwood, MA. In other embodiments, other operational amplifiers can be
erapioved as well,

(601031 Additionally, as shown, the circuit 600 includes an additional op-amp 682 {e.g., the
buffer 336 in FIG. 18), which receives a VBAT signal from the power section 638 along
VBAT line 684 representative of a battery voltage. Upon receiving the VBAT line 684, the
op-arap 682 buffers the VBAT signal io output an ABATT signal along ABATT line 636
that is provided to the main processor 602, Similar to the analog-to-digital temperature
conversion of the ATEMP signal within the main processor 602, the ABATT signal along
ABATT Iine 686 is connected to an analog-to-digital converter within the main processor to
converi the ABATT signal info a digital voltage signal. By virtue of reading the battery
voltage, the main processor 602 can alert g user of the batiery status (e.g., amount of change,
time left). The op-amp 682 in some embodiments can be ADBAOSAR device, described

above, although other devices can be used as well in other embodiments,
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{00184 In addition to the aforementioned components, the main board cireunit 600 includes
monitor and keyvboard communication connection units 688 and 699, respectively, which are
employed for establishing communication between the monitor 306 (see FIG. 18) and
kevboard 304 (see FIG. 18), respectively, and the main processor 602. As shown, the
monitor 306 and the keyboard 304 are each connected to the main processor 602 (through the
monitor and the keyboard communication connection units 688 and 6590, respectively) via a
plurality of commonly shared communication links 692, The communication links 692 are
employed for both reading information from the keyboard 304 and wriling information to the
moniior 306, As Rurther shown, the comrmumication links 692 include eight input/ouiput data
Hnes (I00-I07) 694, cach of which is connecied o the main processor 602 for facilitating
paraliel communication between the main processor 602 and the monitor 306 and the
keyboard 304, [In particular, information from the main processor 602 is output to the
monitor 306 via the data lines 894 going through a voltage converter 696 to the monitor via
the monitor communication connection unit 688.

B0 105] With respect to the voltage converter 696 in particular, it facilitaies communication
between devices operating on varying voltages. For example, the voltage converter 696
accepts the data lines 694 from the main processor 602 that operstes on a § volt voltage level
and converts that voliage level into a 3 volt voliage level on which the monitor operates. In
at feast some embodiments, the voltage converter 696 can be an SN74CB3T3245 high-speed
FET bus switch manufactured by the Texas Instruments, Inc. Company of Dallas, TX, In
other embodiments, other voltage converters that are commonly available can be utilized as
well,

[88106] Thus, data from the main processor 602 is transmitted in parallel to the monitor 306
on data lines 694 passing through the vollage converter 696 for facilitating commumnication
between the main processor and the monitor. Furthermore, the communication between the
main processor 602 and the monitor 306 is controlled by way of a pair of control hines 698
{e.g., a data write line/[DWRT and a data address line DADR) passing through an electronic
device 700. The electronic device 700 in at least some embeodiments is a dual-bit dual-supply
bus transceiver designed for asynchronous communication between data buses manufactured

by the Texas lnstruments Company. In other embodiments, other electronic devices capable
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af providing similar functionality as that of the electronic device 700 can be employed as
well,

30107 In addition to communicating with the monitor 306 via the data lines 694, the main
processor 602 additionally accepis input from the keyboard 304 via the data lines.
Specifically, the data lines 694 are periodically {e.g., every 2 muilliseconds) turned into input
data lines that read information from the keyboard 304 viz a series of resistors 702, The
resistors 702 are specially designed resistors having a low enough value to accurately
communicate information from the keyvboard 304 to the main processor 602, while at the
same lime having a value high enough to prevent interference when the data lines 694 are
being emploved as output data lnes fransmitting information to the roonitor 306, The
keyvboard 304 additionally includes a “power” key (key 388 in FIG. 1&) of the keyboard
connection unit 690 on interconnect 704 that is employed for powering ow/off the main
processor 602, In particular, the inlerconnect 704 extends to a pair of blocking dicdes 700,
such that upon pressing the “power” key 388 on the kevboard 304, the pair of diodes cause
an input on the main processor 602 to go low, thereby turning off the power supply to that
processor. Relatedly, to power on the main processor 602, pressing the “power” key again
causes the pair of diodes 706 to turn the input on the main processor high by drawing power
through interconnect 708 connecied to a power switch (PWREW) 710 of the power section
638. In at least some embodiments, each of the pair of the blocking diodes 706 can be a
BATS4C device available from the Fairchild Semiconductor Corp. In other embodiments,
other blocking diedes can be employed as well.

001081 Also provided on the main board circuit 600 is a reset chip 712 that is employed for
resetting the monitor 306 (e.g., upon start-up). In particular, a reset signal is used fo drive a
transistor 714 via an interconnect link 716, The transistor 714 in general acts like 4 push
bution, which when pressed, subsequent to powering on the hand-held device 300, can be
employed 1o reset the monitor 306, The monitor 306 is generally reset before imitiating
communication with the main processor 602, In at least some embodiments, the reset chip
712 can be an MCPRQY reset chip available from the National Semiconductor Corporation of
Santa Clara, CA. A voltage converter 718 additionally facilitates voltage conversion from 5
voits down o 3.3 volts o provide a VDX signal on line 720 that is sent to the power section

658 for controlling the intensity of the backiight of the monitor 306 in a manner described
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below. The voltage converter 718 in at least some embodiments can be an LP2985 device
available from the Texas Instruments, Inc. Company. In other embodiments, other voltage
converters for converting § volts into 3.3 volis can be employed as well,

{30189] Furthermore, 1o protect the components (e.g. from RY) on the cireuit 600, various
components on the circuit are shielded within a shielding box 722 (represented by dashed
Huesy such that communication between the components within the shielding box and the
components cutside the shiclding box is facilitated via a plurality of feed thyough caps 724,
{30110} Referring now to FIG. 22, an exemplary cirenit 726 of the power section 658 1s
shown in accordance with at least some embodiments of the present nvention. As shown,
the circuit 726 receives a plurality of control signals from the main processor 602 to perform
a wide variety of power related operations. For example, the cireuit 726 receives a Light
Froitiing Diode Pulse Width Modulation (LEDPWM) signal 728 for varying the intensity of
an LED backiight 730 of the monitor 306, a charge pulse width modulation (CHGPWM)
signal 732 for controlling the amount of current being delivered to charge a battery 734, a
{(SMPLON) signal 736 for powering the DAQ board 310 (See FIG. 18), a power swiich
{(PWRSW) signal 738 for powering the hand-held device 300 and a power on (PWRON)
signal 740 for maintaining the power io the hand-held device 300 after the device has been
powered up {via the PWRSW signal), With respect to the LEDPWM signal 728, that signal
is a fixed frequency variable width signal, the width being varied under the control of
software programmed into the main processor 602, Thus, the LEDPWM signal 728 is a
control signal provided by the main processor 602 to the power section 658 for controlling
the brightness of the LED backlight 730, Within the power seclion 658, the LEDPWM
signal 732 is filtered and comverted into & DBC level (relative to the width) via a pair of
resistars 742 and 744 and their respective capacitors 746 and 748, and input via mput 730
into a current generator 752, In at least some embodiments, the current generator 752 can be
an LMC6484 operational amplifier availgble from the National Semiconductor Corp.
Company. In other embodiments, other current generators can be employed as well,

[66111} The DC level signal filtered by the resistors 742 and 744 {and capacitors 746 and
748} defines the current to be drawn through the LED backlight 730 of the monitor 306 to
control the intensity thersof. The intensity of the LED backiight 730 can particularly be

controlled by way of the current generator 752 operating in conjunction with a transistor 754
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to form a servo circuil. As a result, the current generator 752 drives the fransisior 734 until
voltage across a resistor 756 equals the voltage at the input 750 of the current generator.
Thus, by virtue of controlling the voltage at the input 750 of the current generator 752, the
main processor 602 can control the voltage at the resistor 756 by driving the transistor 754,
In at least some embodiments, the transisior 754 can be a BSS138 FET device available from
the Fairchild Semiconductor Corp., although other iransistors capable of operating in
conjunction with the current generator 752 can be utilized as well.

[00112] In particular, the voltage at the resistor 756 can be controlied by way of varying the
voltage drawn from a cathode 758 of the LED backlight 730 due to the transistor 754 being
turned on. Volage to the cathode 758 of the LED backlight 730 in turn is provided through
an anode 760, which is connected to a VDX signal 762 coming from the VDX line 720 on
the main board circuit 600, Thus, a voltage (e.g., 5 volts) coming in via the VDX Hine 720 15
provided to the power scction 658, which in turns comyounicates that signal as the VDX
signal 762 (o the anode 760 of the LED backlight 730, The anode 760 transfers that voltage
to the cathode 758 of LED backlight 730, which in turn transmits the voltage to the transistor
754 when that trausistor is driven to control the voltage at the resistor 756 to be equal to the
voltage at the input 750 of the current generator 752, By virtue of controlling the voltage at
the resisior 756, the current at that resistor can be varied to control the current at the LED
backlight to modify the intensity thereof. Furthermore, the vaiue of the resistor 756 can vary
depending upon the embodiment. In at least some embodiments, the registor 736 can be a 68
chm 0.5 wati resisior. In other ernbodiments, resisiors large enough to prevent damage 1o the
LED backlight can be utilized.

(06113} In addition to the LEDPWM signal 728 to control the intensity {e.g., brighiness) of
the LED backiight 730, the circuit 726 receives the CHGPWM signal 732 to control the
current for charging the batiery 734, Similar {o the LEDPWM signal 728, the CHGPWM
signal 732 is filtered through a pair of resistors 764 and 766 and associsted capacitors 708
and 770, respectively, to convert the CHGPWM signal into a DC level signal that Is provided
as input 772 to current generator 774, Also similar 1o the current generator 752, the current
generator 774 operates in conjunction with a transistor 776 to drive the transistor unii
voltage at the input 772 is equal 1o the voltage at a resistor 778, Thus, by virtue of altering

the voltage at the input 772, the voltage at the resistor 778 can be altered. In addition, the
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voltage {(and thus the current) at the resisior 778 is reflecied at, and is egual to, the voliage
{and therefore the curvent) at a resistor 780, which is referenced to a V+ voltage 782 for
creating a reference voltage, The voltage across the resistor 780 drives another current
generator 784 and transistor 786 to provide a servo action of a reverse polarity.

190114] By virtue of the servo action the current generator 784 drives the transisior 786 unti
the vollage at resistors 788, 790, 792 and 794 is equal to the voltage at the resistor 780, Inat
least some cmbodiments, cach of the resistors 788-794 can be a 10 ohim 1 watt resistor wired
together to provide a 4 watt resisior. By virtue of employing four smaller resistors connected
together to form a bigger resistor, excessive heat generation can be prevented
Motwithstanding the fact that in the present embodiment, four resistors combined together (o
form a 4 watt resisior have been employed, in other embodiments this need not be the case.
Rather, other resistor configurations including a single 4 walt resistor or possibly more than 4
resistors can be emploved. Thus, the current to control the charging of the batiery 734 can be
set by varving the voltage at the input 772 of the current generator 774, which in turn varies
the voltage at the resistors 778 and 780. The change in voltage at the resistor 780 is then
reflected {e.g., by driving the transisior 786) at the resistors 788-794 and the current at those
voliages can then be determined by applying ohm's law (V=IR). The charging current ai the
resistors 788-794 can then be provided by way of a diode 796 via filtering circuit 798 having
ferrite beads 800 and a reseitable fuse 802 to a positive termoinal 8§04 of the battery 734,
Thus, the current through the diode 796 flows through the filtering circuit 798 to the battery
734 and back to ground via interconnect €06 to charge the battery.

[66115] In at least some embodiments, the dlode 796 can be the B340LA device from the
Diodes, Inc. Company although other diodes can potentially be employed in other
embodirments.  Similarly, the resettable fuse 802 and the femite beads 800 can be
MINISMDO75-2 and HZ0805E60IR-00 devices available from Tyco EHlectronics Corp.
Company of Berwyn, PA and the Laird Technologies Company of St Louis, MO,
respectively, In other embodiments, other similar devices can be employed as well for both
the resettable fuse 8302 and the ferrite beads 800,

[90116] Referring still to Figure 22, in order to assess the progress of charging the battery
734, and also to assass the decay of charge of the battery, interconnect 810 is connected via a

high impedance resistor §12 to & transistor §14. Upon detecting a voltage at the resistor 812,
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the transistor 814 is turmed on causing a voltage division between the resistor 812 and
another resistor 816, The divided voltage is then buffered by an operational amplifier 818,
the output of which is provided to the VBAT line 684 that is read into the main processor 602
to convey the status of the baitery 734, in a manner deseribed above with respect to Figure
21,

[60117] Subsequent to charging the battery 734 in a mannper described above, the charged
battery can then be utilized 1o power {in a batiery mode) the hand-held device 300
Generally speaking, the battery 734 can be employved for providing power (in a baltery mode)
to the hand-held device 300 until the batiery has charge remaining therein, subsequent to
which re~charging of the battery becomes essential. Typically, battery power for powering
the hand-held device 300 can be provided through the positive terminal 804 of the battery
734, which is conveyed via the resettable fuse 802 and the filtering circuit 80U {o drive a
transistor $20. The transistor 820 serves as the main power switch when operating in the
battery mode. Upon turning on the transistor 820 (e.g., due to voltage from the battery 734 in
the battery mode), power {e.g., voltage) is provided through diode 822 1o a reference point
824, The diode 822 is a uni-directional blocking diode that prevents voltage from {¢.g., the
exiernal power source) the reference point 824 io go into the battery 734 via the transistor
820, thereby preventing any damage 1o the battery.

{B0118] The voltage at the reference point 824 is then employed for powering a voltage
regulator 826, which provides a volt power supply to power various componenis on the hand-
held device 300, The 3 volt power supply is oulpui from the voltage regulator along
interconnect 828 as a VDD power supply. In at least some embodiments, the voltage
regulaior 826 can be an LM2937IMP-5.0 device from the National Semiconductor Corp. In
other embodiments, other voltage regulators can be utilized as well

[60119] In addition to powering the voltage reguolator 826, the voltage at the reference point
824 is also provided to a transistor 829, The operation of the transistor 829 (e.g., turning on
and off) is controlled by the SMPLON signal 736, which in turn is controlled by the main
processor 602, As indicated above, the SMPLON signal 736 is employed for powering up
the DAQ board 310, Advantageously, by virtug of employing the SMPLON signal 736,
power (o the DAQ board can be furned on and off on a need basis when information has to be

transferred to/from the DAQ board. Thus, upon determining a need to power up the DAL
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board, the main processor 602 can activaie the SMPLON signal 736, which in turn drives and
tumns on the transistor 829, By virtue of driving the transistor 329, the voltage at the
reference point 824 drives a voltage regulator 830, which outputs a § volt power supply via
interconnect 832 o a DAQ connector 834, The DAQ connector 834 is connected to the
DAGQ board, A plorality of additional communication links 836 are additionally connected to
the DAQ connector 8§34 via feedthrough caps 83R on a shielding box (represented by dashed
lines) 840,

00128] As indicated above, the power io the hand-held device 300 itself can be tumed
on/off by utilizing {e.g., pressing) the power swiich 388 to activate the PWRSW signal 738
Upon activating the PWRSW signal 738 (by pressing the power switch 388), the fransistor
820 is turned on, thereby providing a voltage at the reference point 824 (either from the
battery 734 or alternatively directly from an external source). The voltage at the reference
point 24, as indicated above, is then emploved to drive the voltage regulator 826, which
provides a S volt power supply to power various components of the hand-held device 300, In
addition to driving the transistor 820, the PWRSW signal 738 turns on iransistor 842, which
serves 1o hold the power switch signal down. By virtue of the PWRSW signal 738 driving
the transistor 842, the hand-held device continues to be powered on after releasing the power
switch, To turn the hand-held device 300 off, the power switch can be pressed again, which
turns the transistors 820 and 842 off, thereby cutiing off the power supply to the various
compouneants of the hand-held device.

{3121} In addition to the aforementioned components, the power section 658 also includes a
pair of connectors 844 and 846, one of which serves as a plug and the other as a receptacle to
provide the plurality of communication sigoals 836 to a programumer for progranuming the
hand-held device 300 and, more particularly, the main processor 602, Furthermore, similar
to the main board cirenit 600, cerlain of the componenis of the power section 638 are
shielded within a shielding box 848 (vepresented by dashed Hnes). Communication between
components inside the shielding box 848 and those outside the shielding box is facilitated
through feed through capacitors 8§50

[60122] Referring now fo Flgure 23, a Data Acquisition Board (DAQ) circuit 900
representative of the DAQ board 310 is shown in greater detall, in accordance with al least

some embodiments of the present invention. As shown, the DAQ circuit 900 inciudes a
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transimpedance & power amplifier (TPA) block 902 and a signal generator 504, both of
which are operating under control of a DAQ processor 906, The TPA block 902 generates
and measures an allernate current (AC) voltage excitation signal provided along excitation
voltage line 908 by employing an XSIG signal on XSIG line 910 generated by the signal
generator block 904, The excitation voltage along the excitation voltage line 908 s used for
exciting the sample cell electrodes 344 (sec Figure 18) of the sample cell to generate a
resuliant AC current signal, which is received along AC current Hne 912 and measured by the
TEA block 902, Information from the TPA block 902 is then communicated to the DAQ
processor 906, which in turn communicates that information to the main processor 602 (see
Figure 21). The main processor 602 {(see Figure 21) determines the biodiesel blend
perceniage and other properties of blodiesel in the sample fluid, in a manner described above,
Details about the TPA block 902 and the signal generator block 904, respectively, are
discussed below in regards to Figures 25 and 24, veapectively.

{00123} Further, as indicated above, the operation of the TPA block 902 and the signal
generator block 904 is controlled by the DA processor 906, In general, the DAL processor
906 is a communication device that conveys information measured by the DA circuit 500 fo
the main board circuit 600 {see Figure 21) and more particularly, to the main processor 602,
as described below. In addition, the DAQ processor 906 serves as a set-up device thal
determines various parameters including, for example, amplifier gains, capacitor values,
Direct Digital Synthesis (BDS) chip values ete. fo generate desired frequency levels and
gther parameters employed by the TPA and the signal generator blocks for generating and
measuring the excitation voliage signal {on excilation voltage line 908) and the resultant
current signal {on AC current line 912). The function of the DAQ processor 906 as a set-up
device is described in greater detail below. The seteup parameters from the DAQ processor
906 are communicated to each of the TPA and the signal generator blocks 9407 and 904,
respectively, via a communication Hne 914, which in at Eeaét some embodiments is a hi-
directional commumication link also conveying measurement information from the TPA and
the signal generator blocks fo the DAQ processor. Notwithstanding the fact that a single
communication line 914 for conveying information between the DAQ processor 906 and the
TPA and the signal generator blocks 902 and 904, respectively, is shown, it will be

understood that various other sei-up, processing and other signals and parameters can be
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conveyed beiween those blocks by way of the other signal connections present on those
blocks.

[081247 Additionally, as indicated above, the DAQ processor 906 s capable of
communicating with the main processors 602 {see Figure 21} of the hand-held device 400
{see FIG. 19). Typically, the communication between the DAQ processor 902 and the main
processor 602 is facilitated via intercomnects 916, In at least some embodiments, the
interconnects 916 can include signals such as, power signals VDD and VS, and serial
communication signals MISO, MOSL SREQ, SCK, /RST and /SLAVE. In other
smbodiments, other types of power and communication signals and other signals for
establishing proper transfer of information between the DAQ processor 906 and the main
processor 602 can be present as well, Particularly, information from the DA processor 906
is conveyed along the inferconnects 916 and through a plurality of ferrite beads (or filters)
918 and pads 928 (which in at least some embodiments can be the pads 348 in Figure 18} to
the main processor 602 on the main board 600, Information from the main processor 602 can
simailarly be communicated via the pads 920, the ferrite beads 918 and the interconnecis 916
to the DA processor 906, It should be noted that for clarity of expression, the interconnects
916 are shown separate from the DAQ processor 906, However, it will be understood to one
of skill in the art that the interconnects 916 are connection points on the IDAQ processor 906
{e.g., as shown on the DA board 310 in Figure 18) itself that connect to the pads 920 via the
ferrite beads 918, Further, notwithstanding the {act that communication between the DAQ
processor 906 and the main processor 602 has been described above, it will be understood
that a similar communication channel between the DA processor and other components of
the hand-held device 400 can be established as well.

[38125] Further, the operation of the DAQ processor 906 is driven by a clock signal provided
along clock line 922, generated by a crystal oscillator 924, In at least some embodiments of
the present invention, the crystal oscillator 924 has a frequency of 18.432MHz, although
other freguency crystal oscillators for generating the clock signal 922 can be employed as
well in other embodiments. The clock signal {along clock line 922) generated by the crystal
oscillator 924 is additionally provided through the DAQ processor 806 to the signal generator
tlock 904 as a DS clock (BRSCLK) along DDSCLK line 926 for driving an additional

component described below, A serial data clock signal (SCLEK) along SCLK line 928 is also
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conveyed to each of the TPA and the signal generator blocks 902 and 904, respectively, for
synchronizing transfer of data and various input/output operations.

{68126} In at least some embodiments, the DAQ processor 906 can be an 8-bit ATmega328P
processor available from the ATMEL Company of San Jose, CA. In other embodiments,
other processors jncluding for example, ATwegal68F, ATmega88P, and the like from the
ATMEL company can be emploved. In alternate embodiments, processors other than those
mentioned above, including processors from companies other than ATMEL, can be used
depending particularly upon the speed, number of input/output porls, memory and packaging
size of that processor.

{38127} The DAQ circuit 900 further includes a circuit component 930 having a ferrite bead
932 and a phwality of capacitors 934, In general, the ferriie bead 932 is a passive clectric
component employed for suppressing noise within the various componeuts of the DAQ
circuit 900, Particularly, the combination of the ferrite bead 932 and a plurality of capacitors
934 can be employed for fillering or blocking switching transients that show up on digital
circuit power lines, thereby minimizing noise within the circuit 900, Notwithsianding the
fact that in the present erobodiment, the circalt component 930 is tlustrated as a stand alone
component, it will be understood by a person of skill in the art that the circuit component 18
in fact integrated into one or more components of the DAQ circuit 908 for filtering noise in
those components.

{66128 Referring now to Figure 24, an exemplary circuit diagram of the signal generator
904 is shown, in accordance with at least some embodiments of the present invention. As
indicated above, the signal generator 904 generates the XSIG signal (along XSIG line 9103,
which is eroployed by the TPA block 902 {see Figure 23) to generate the exciiation voliage
signal along the excitation voltage line 908 (see Figure 23). Typically, the signal generator
904 employs a plurality of power and clock signals including signals that commumicate the
various parameters set by the DAQ processor 906, described above, to generate the XSIG
signal, Particularly, the generstion of the XSIG signal beging by virtue of uiilizing a DDS
chip 936 that creates an analog sine wave current signal, which is then converted into a
voltage signal and passed through one or more filter elements to generate the XSI1G signal.
18012%] With respect to the DS chip 936 in particular, it is a 14-bit Digital-te-Analog

Converter {(DAC) capable of generating analog sinusoidal current waveforms at varions
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frequencies {e.g., IMHz-400MHz) from digital signals. In at least some embodiments, the
B8 chip 936 can be an AD9951 DS chip from the Analog Bevices, Inc. Company of
Norwood, MA. In other embo‘dimmts, other types of direct digital synthesizers capable of
accepting digital signals and generating analog waveforms therefrom at various frequencies
can be emploved as well. Further as shown, the input o the DDS chip 936 is the DDSCLK
signal along the DDSCCLK line 926, as well as DDE inpuis 927, cach of which is provided
by the BAQ processor 906 along with various other sel-up and processing parameters,
{08136 Additionally, to enable communication between devices of varying voligge levels,
the signals 927 from the DAG processor 906 are routed to the DDS chip via a voltage
translator device 938, In af least some embodiments, the voltage transiator device 938 can be
a high speed TTL-compatible FET bus switch such as an SN74CBIT324S level shifter
availabie from the Texas Instruments Company of Dallas, TX, although other types of
voltage transiators that are commonly available and frequently employed can be used as well.
The voltage translator device 938 receives signals from the DAG processor 906, which
operates at a S volt power supply and converts the voltage level of {e.g., level shift) those
signals for receipt by the DDS chip 936, which operates at a 3.3 volt power supply. Thus, by
virtue of providing the voltage translator device 938, the DA} processor 906 can
communicagte salely with the DDS chip 934,

{88133} In addition fo the voliage transiator device 938, the signal generator 904 additionally
includes a pair of voltage regulstors 940 and 942 for enasbling communication between
devices of varying voltages. Generally speaking, the voltage regulators 940 and 942 are
elecirical devices that are employed for regulating and/or maintaining one or more of AC
and/or B¥C volitage levels in a system. For example, the voltage regulator 940 takes ma 5
volt digital power supply (VDBD) to generaie a 3.3 voli power supply for powering the digital
portien of the DS chip 936, Relatedly, the voliage regulator 942 takes as input an analog 5
volt voltage to gencrate an output analog voltage of 1.8 volte that can be employed for
operating the analog portion of the DI chip 936, Notwithstanding the fact that the voliage
transiator device 938 and the voltage regulators 940 and 942 have been described with
reference to the DDS chip 936, a person skilled in the art will appreciate that the stepped
down outpnut voltages generated by those devices can be emploved by other devices as well

that operate on the lower digital and analog voltage levels generated by the voltage travslator
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device 938 and the voltage regulators 940 and 942, Further, although the voliage regulators
940 and 942 have been shown as stand-alone components it will be understood that these
devices are in fact connected in operational association to the DS chip 936 and/or other
components employing the stepped down voltages generated by these voltage regulators.
{30132 Thus, power, set-up and other digital signals from the DA processor 900 are input
into the DDS chip 936 via the voltage translator device 938 and the voltage regulators 940
and 942, Upon receiving the input signals 926 and 927, the DS chip 936 generates a pair of
step-wise analog sine waveforms of current signals along current lines 944 and 946, The
resulting current signals along current lines 944 and 946 are then converted by way of
sspective load resistors 948 and 950 into a pair of voltage values output along voltage lines
952 and 954, Subsequent to conversion, the pair of voltage values (along voltage hines 952
and 954 is input as a differential voltage into a differential amplifier 956, Within the
differential amplifier 956, the input differential voltage {c.g., difference between the two
input voltage values on voltage lines 952 and 954} is converted into a unipolar voltage signal
that is transmitted through the differential amplificr along a unipolar voliage line 958, Inat
feast some embodiments, the differential amplifier 956 can be an ADGZ3 differential
amplifier available from the Analog Devices Company. In other embediments, any of a
variety of comumonly available and frequently used off-the-shelf differential amplifiers can
potentially be emploved.
{00133} The unipolar voltage line 958 from the differential amplifier 956 is fed inlo an
operational amplifier (op-amp} 960 via an electronic chip 962, In partionlar, the op-amp 960
is designed 1o be an inverting amplifier with values of input resistance 964 and feedback
resistance 966 chosen such that the gain of the op-amp s negative one (-1}, Notwithstanding
the specific parameters {e.g., the input resisiance 964 and the feedback resistance 966} of the
op-amp 960, the gain of the op-amp 960 can be fine-tuned by varying the joput resistance
264 with respect to the feedback resistance 966 of the op-amp, such that the resulting XSIG
aignal {on XSIG line 910) is reasonably close to a peak voliage, which in at least some
embodiments can be 750 millivelts (mV). MNevertheless, in other embodiments, the peak
voltage of the X515 signal (along XSG line 910) can vary depending particularly upon the
material of the sample fluid being tested. Typically, the gain of the op-amp 960 can be fine-

tuned by feeding the unipolar voltage line 938 into the op-amp via the electronic chip 962,
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(06134} The clectronic chip 962 serves as a variable resistor in which the value of the input
resistance 964 can be varied in a well known manner. The operation of the electronic chip
962 is controlled by the DAQ processor 906 (see Figure 23}, which can set & specific value
{z.g., up to TOOKL down to 003) for the input resistance 964 to modify the gain of the op-amp
960,  Thus, by virtue of controlling the input resistance 964, the gain (feedback
resistance/input resistance) of the op-amp 960 can be controlled {c.g., fine-tuned). In other
embodiments, other methods of varving the gain of the op-amp 960 can be employed as well,
In at least some embodiments, the electronic chip 962 can be an ADS16] 256-Position
SPI/IFC Selectable Digital Potentiometer available from the Analog Devices Company,
although in other embodiments other types of electronic devices capable of serving as a
variable resistor can be employed.

{00138} Furthermore, cach of the output cwrrent signals along current Hnes 944 and 946
generated by the DDS chip 936 is a step signal composed of a plurality of minute current
steps {(or noise), which are translated into voltage steps upon conversion by the load vesistors
948 and 950 into the vollage values along vollage lines 952 and 954, The stepped nature of
the voltage values {on voltage lines 352 and 954) is passed along (o an output line 968 of the
op-amp 960, To minimize (or even completely eliminate) the steps in the cutput line 968,
one or more filters, described below, can be utilized. For example, capacitors conneeted to
the feedback resistance 966 can serve as a filter and, more particularly, a single pole, low
pass filier for removing notse in the unipolar voltage signal on the unipolar voltage line 958,
However, given that the excilation voltage signal on the excitation voltage line 908 1
generated for a broad range of freguencies, a capacitance value for one frequency may not
necessartly work for another frequency value, Thus, the capacitance across the feedback
resistance 966 is varied for obtaining a relatively smooth ouipat signal {on the output hine
968} tor each of the frequency values,

{00136] Typically, the capacitance across the feedback resistance 966 can be varied by
selecting one of a plurality of capacitance values 970 via an electronic switch 972 operaied
under control of the DAQ processor 906, In at least some embodiments, the electronic
switch 972 can be a MAX349CAP serially controlled multiplexer available from the Maxim
integrated Products Company of Sunnyvale CA.  In other embodiments, other types of

clectronic switches or electronic components capable of selecting one of the plurality of
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capacitance values 970 can be employed. Thus, by virtue of controliing the inpul resistance
964 and the capacitance value 970 across the feedback resistance 966, the resulting output
voltage signal on output line 968 of the op-amp %60 can have a relatively smoother
wavelorm closer to the peak value {e.g., 750mV).

1881371 The output voltage along cutput line 968 is then input into a second flter 974 for
removing any residual noise in the output voliage to generate a smooth AC voltage signal. In
at least some embodiments, the second filter 974 is a two pole, low pass filter, such as, the
ADESOGAR low noise input/ouipat operational aroplifier available from the Analog Devices
Company.  The output signal generated by the sccond filter 974 is the XSIG signal
transmitied on the XSIG line 910, Thus, the signal generator 904 upon receiving instruction
from the DAQ processor 906 generates the X8IG signal that is employed by the TPA block
502 to further generate the excitation voltage signal, as explained in greater detail with
respect to Figures 25 and 26, below.

[B013K] Tarning now to Figure 25, the TPA block 902 is shown in greater detail, in
accordance with at least some embodiments of the present embodirsent.  As shown, the
XSIG signal on the X8IG Hne 926 generated by the signal generator %04 discussed above, 18
input into and measured by, the TPA block 902, for generating the exciiation voltage signal
on excitation voltage line 908, Particularly, the XSG signal from the signal generator 904 15
fed into a first op-amp device 976 set up as an inverting op-amp with a gain of negative one
(-1} to provide a buffered XSIG line 978, The buffered X81G line 978 is then sent out as the
excitation voltage line 908 along interconnect link 980 and pad 982, Additionally, the
buffered XSIG line 978 is fed via an interconnect 984 into a second op-amp device Y86
which, similar to the op-amp device 974, is an inverting operational amplifier with a gain of -
., The voltage at the buffered XSIG Hne 978 is measured at an input resistance 988 of the
second op-amp device 986 and buffered and inverted to gencrate an output line 996, The
cutput line 990 1s emploved for driving a negative input 992 of an analog-to-~digital converter
(ADC) device 994, Adduionally, the ouiput voltage Hne 990 is used for driving {e.g., via
communication link 996) another stage of an identical op-amp device 998, which buffers and
inverts the ouiput voliage 990 1o generate an output line 1000 that drives a non-inverting

input 1602 of the ADC device 994, Thus, two signals (Le. difforential signals), which are
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180 degrees out of phase are inpui into the ADC device 994 as the non-inverting and
inverting inputs 1002 and 992, respectively.

{00139} In at least some embodiments the op-amp device 976 can be an ADEOOS op-amp
device available from the Analog Devices Company (similar to the ADBGOGAR device).
Relatedly, the op-amp devices 986 and 998, in at least some embodiments, can be the
ADBSOOAR device also available from the Analog Devices Company and described above.
Netwithstanding the particular devices indicated above for sach of the op-amp devices 976,
986 and 998, it e an intention of this invention io include embodiments employing other
commonly available and frequently used devices capable of providing functionality similar to
the op-amp devices shove,

1331401 Referring still 1o Figure 23, the current line 912 generated within the sample ceil in
response 1o the excitation voliage line 908 is received info the TPA block 902 via pad 1004
and interconnect 1006 and fed into a transimpedance amplifier {TIA) module 1008, The TIA
module 1008 in particular converts the current signal on current ling 912 into a voltage signal
for measurement, as described in more detall below with regards to Figure 26, An output
voltage along voltage line 1010 of the TIA module 1008 is then measured and converted into
a differential signal, which is employed for driving a second ADC device 1012, Similar to
the conversion of the butfered X8IG line 978, the voltage on the voltage line 1010 can be
converted into a differenmtial signal by way of employing two siages of op-amp devices
namely, a first op-amp device 1014 and a second op-amp device 1016, In addition to being
converted into a differential signal, the voltage signal on voltage line 1010 is measured at an
tnput resistance 1018 of the first op-amp device 1014, Fach of the op-amp devices 1014 and
1016 serve as bhuffers that generate outputs 1020 and 1022, respectively, which drive
respective non-inverting and inverting inputs 1024 and 1026 of the ADC device 1012,
1601417 With respect to the ADC devices 994 and 1012 in particular, each of those devices is
an 18-bit analog-to digital converter connected together in a daisy-chain fashion. o
particular, cach of the devices 994 and 1012 accepts analog differential signals {e.g., the
ADC device 994 receives differential of the non-inverting inputs 992 and 1002, and the ADC
device 1012 receives differential of the non-inverting inputs 1024 and 1026) to generale a
digital output.  Typically, the operation of the ADC 994 and 1012 is synchronized by an

ADC clock (ADCCLK) 1028 generaled by the DAL processor %06, As shown, the
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ADCCLK 1028 is provided to both the ADC devices 994 and 1012 via interconnect links
1030 and 1032, respectively, to clock out data (ADC/DAT and ADCVDAT) 1034, Also
provided as input to both the ADC device 994 and the ADC device 1012, is a convert signal,
CONY 1036, Similar to the ADCCLK 1028, the CONV 1036 is generated by the DAQ
processor 900 and communicated to each of the ADC devices 994 and 1012 via inferconnects
1038 and 1040, respectively,

{30142] Generally speaking, the CONV 1036 governs and controls the operations of both the
ADRC devices 994 and 1012, thereby serving multiple purposes.  For example, the CONYV
1036 initiates the analog-to-digital conversions performed at specific times for each of the
various frequencies for which measurements are isken. By virtue of controlling the
conversion of the signals, multiple discrete readings (c.g., 10 readings each of current and
voltage) can be obtained for a single AC cycle. Additionally, the CONV 1036 controls the
timing of the ADCIDAT and ADCVDAT dats 1034 from the ADC devices 994 and 1012,
Thus, the CONY 1036 synchronizes the conversions (e.g., analog-to-digital), while
controlling the process of outputting the digital ADCDAT 1034, Further, as indicated above,
the output ADC/DAT and ADCVDAT data 1034 is then provided o the DAQ processor 906,
which in turn provides that signal to the main processor 602 (see Figure 21) for computing
impedance and determining bodiesel FAME percentage in a manner described above. In at
lecast some embodiments, each of the ADC devices 994 and 1012 s an AD7690 device
available from the Analog Devices Company. In other embodiments, other analog-to-digital
converters capable of providing the functionality described above, can be used as well,
{40143} Furthermore, in at least some embodiments, and as shown, the ADC devices 994 and
1012 are enclosed within a box (represented by dashed lines) 1042, In particular, the box
1042 is a metal box and, more particularly, a shiclding box, five sides of which are soldered
down onfo a printed circait board (PCR) of the hand-held device 400, and the sixth side of
which represents a bottom layver of copper on the PCB. Additionally, the shielding box 1042
is designed euch that any signals going out and coming into the shielding box are passed
through feed through capacitors 1044, cach of which is a three terminal device having center
{e.g., ground), input and cuiput points, Further, the feed through capacitors 1044 are

designed such that any signale passing through the shielding box 1042 {e.g., via the feed
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gh a small capacitance value o minimize the inopact of R¥ on

()

through capacitors) pass throu
the circuitry within the box.
{60144} A similar shielding box 1046 having a plorality of feed through capacitors 1048 is
provided around the op-amp devices 976, 986, 998, 1014, and 1016, and the TIA module
1008, Typieally, signals passing from the components within the box 1046 first pass through
the feed-through capacitors 1048 {c.g., while exiting the box 1046} and then through the
fesd-through capacitors 1044 {(e.g., while entering the box 1042} 1o components within the
box 1042, Relatedly, signals pass through the feed-through capacitors 1042 and then through
the feed-through capacitors 1048 upon passing from the box 1042 to the box 1046,

{00145] Also provided within the shielding box 1046 is a rail sphitier chip 1650, The rail
sphitier chip 1050 takes in a 5 volt signal 1052 o create a VMID voltage signal 1054
representing a midpoint of the voltage supply. Generally speaking, by virtue of employing
the rail splitter chip 1950, various electronic components of the TPA block 902 can employ &
larger voltage signal to be subdivided into a digital value, thereby additiopally minumizing
the effects of noise in those signals. In at least some embodiments, the rail splitter chip 1050
can be a TLE2426 rail splitier chip available from the Texas Instruments Company of Dallas,
TK. In other embodiments, other types of rail splitters commoniy available and frequentiy
ernployed can be utilized as well.

{3614¢6] Referring now to Figure 26 in conjunction with Figure 25, an exerplary circutt
diagram of the TIA module 1008 is shown, in accordance with at least some embodiments of
the present invention. Generally speaking, the TIA medule 1008 receives the resulting
current line 912 from the sample cell via the pad 1004 and the interconnect 1006 and
converis the current signal on that ling info a voltage signal for measurement. In patticular,
for converting the current signal along the current line 912 inio a voltage signal transmitted
along a resulting voltage line 1056, the current signal is input into an op-amp device 10383,
The resulting voltage line 1056 is then cutput to the TPA block 902 for measurement (e.g.,
the amplitude and phase of the current signal being measured relative to the smplitude and
phase of the excitation signal}, in 8 manner described above.

{88147] Furthermore, given that a wide range of cuwrrents for a wide range of excitation
voltages and frequencies are measured, the value of a feedback resistance 1060 {which

facilitates the current to voltage conversion) associated with the op-amp 1038 is varied for an
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accurate current-to-voltage conversion. In at least some embodimenis of the present
invention, ong of a plurality of resistance values 1062 can be selected to serve as the
feedback resistance 1060, Furthermore, each one of the resistance values 1062 is designed
represent roughly a decade of current range. Specifically, in at least some embodiments, the
resistance values 1062 can increase by decades {e.g., 10063, 1K, 10KQ and the like), with
those values corresponding to the decade of current ranging from 10 milliAmp to 10
panoAmp.

{03148} Typically, an electronic switch 1064 can be employed for selecting one of the
plurality of resistance values 1062, In at least some embodiments, the electronic switch 1064
can have § switches to which the resistance values 1062 can be connected in a manner that
reduces leakage from the input to the output of the electronic swiich, For example, the low
end of resistance value of 100 Ohm can be connected to 3 switches together o reduce the
effective resistance for minimixing leakage. Relaiedly, the higher end value of 100MQ
employed for measuring the lowest current can be wired directly fo the op-amyp device 1058
1o create a voliage at the output and alse fo minimize leakage at the electronic switch 1064,
In at least some embodiments, the electronic switch 1064 can be a MAX349 multiplexer
from the Maxim Integrated Products Company, described above,  In other embodiments,
other electronic switch devices can be employed as well. Further, cach of the resistance
values 1062 has a small capacitor 1066 associated with it. The capacitor 1006, in general, is
a small capacitor having an impedance value that is dominated by the impedance value of its
respective resisior.  The combination of each of the resistors and capacitor forms a filter
element added for stability of the op-amp device 1058,

{08149} The selection of one of the plurality of resistance values 1062 to serve as the
sedback resistance 1060 is performed by the clectronic switch 1064 under conirol of the
DALY processor 906, [n particular, the DAQ processor 906 performs an anio-gain process in
which the best resistor for each current signal 912 is selected such that the current signal is as
large as possible without hitting the rails. The auto-gain process is a well known process and
is therefore not described here in detail for conciseness of expression. The auto-gain process
is typically performed for each frequency valie for which measurcments are laken.
Particularly, the DA processor 906 has programmed thergin a look-up table having a

seguence defining a particular analysis to be performed on cach freguency. More
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particularly, the sequence defining the analysis inchudes a first number representing a
frequency and a second number represeniing the number of measurement cycles for that
frequency.  Furthermore, for each cycle of cach frequency, each AC wavelorm can be
sampled, for example, at 10 equally spaced points.

38156] Thus, the look-up table serves several purposes. First, the awto-gain process is
performed, which is an algorithmic process of consuliing the look-up table for a specific
frequency value, and sampling the waveform several times to determine the largest resistance
values 1062 1o be employed for the feedback resistance 1060. The chosen value is then
conveved to the TIA module 1008, as deseribed below. Additionally, the number of cycles
corresponding to the selected freguency {(e.g., for which the aulo-gain process is performed)
is looked-up from the look-up table. Typically, in each cycle, 10 discrete sarnple points are
collected for each of current and voliage, resulting in 20 diserete values in each cycle. The
cycle is repeated multiple times (e.g., twice) for cach chosen frequency value., Further, all of
the above information for cach frequency, namely, the sequence numbers representing the
frequency value and the mamber of cycles, and the other information describing how the
information i3 collected is compiled in a singular packet and sent off to the main processor
314 for processing. The aforementioned analysis steps ave then repeated for multiple
frequency values {e.g., 7 different frequency values).

{30151 Thus, upon setiing a specific resistor value by the DA processor 906, that value is
communicated to the electronic switch 1064 via three leads, namely, an S-clock (8CK) 1068,
a G-load (GLI3) 1070 and a serial data {SD) 1072, Particularly, the SCK 1068, the GLD
1070 and the SD 1072 are standard connections o the elecironic switch 1064 for controlling
the opening and clesing of the various switches. Typically, pulses are sent by the DAQ
processor 906 (e.g., in the form of parameters set by the DAQ processor) to the electronic
switch 1064, which governs the operation of the electronic swiich, and in particular, selection
of one of the phwality of resistance values 1062 to serve as the feedback resistance 1060,
Upon selecting the value of the feedback resistance 1060, the output voltage line 1036 15
generated representing a voltage relative to the current signal on current line 912, The output
signal 1056 is then passed onto the TPA block 902 for measurement, as described above.
1881521 Notwithstanding the various embodiments of the hand-held device 300, and the

various electronic device components deseribed above with respect to Figures 1-26, various
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additions and/or refinements to the device are contemplated avd considered within the scope
of the present invention. For example, although the main board circuit 600, the power
section circuit 726, and the various coraponents of the DAG cireuit 900 inchuding the circuit
diagram of the signal generator block 904, The TPA and the TIA blocks 902 and 1008,
respectively, have been explained with respect to specific functionality, it can be appreciated
that those circuits are capable of performing a wide variety of additional operations other
than those described above. Similarly, although the main processor 602 has been explained
with respect to specific functionality, it can be appreciated that those processors are capable
of performing a wide variety of additional operations other than those described above.
Further, the type, model and specifications of the various components of the hand-held
device can vary from one embodiment to another. Additionally, the commmnication
interfaces and connections with respect to the various componenis described above are
exemplary and as such, variations are conternplated and considered within the scope of the
present invention.
[00153] Conventional components other than described above that are commounly employed
in electronic systems are contemplated and can be wsed in conjunction with the hand-held
device 300. Further, any values of the various clectronic components {s.g., values of
capacitors and resistors) that are shown in the drawings, are merely exemplary., It will be
undersiood to a person of art that such values can in fact be medified as desired, depending
particularly upon the embodiment and the type of the sample fluid being tested. In other
embodiments, vahies other than those mentioned can potentially be employed as weill,
[(0154] Further, despile any method(s) being ouilined in a step-by-step sequence, the
completion of acts or steps in a particular chronological order is not mandatory.  Any
modification, rearrangement, combination, reordering, or the like, of acts or steps is
contemplated and considered within the scope of the description and claims,
[0013858] it is specifically intended that the present inveniion not be lirsited to the
embodiments and illustrations contained herein, but include modified forms of those
embodiments including portions of the embodiments and combinations of elements of
different embodiments.
[60186] The following United Staies patent documents are hereby incorporated by reference

in their entirety herein, U.S. 6,278,281, U.B. 6,377,052, UK. 6,380,746; U.S. 6,839,620,
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U8, 6,844,745, 118, 6,850,865, U5, 6989680, USRS, 7,043,372, U8, 7,049,831, Uk,
7,078,910; U8, Patent Appl. No, 2005/0110393; and U8, Patent Appl. No. 2006/0214671.

[30137] Although the invention has been described in detall with reference to prefemred
embodiments, variations and modifications exist within the scope and spirit of the invention

as deseribed and defined iu the following claims,
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CLAIMS:

What is elaimed is:

1. A hand-held impedance spectroscopy analysis device for analyzing flutds
wherein the impedance spectroscopy device is in communication with a sample cell
including a reservoir containing a fluid sample, the sarple cell including a sample cell circut
and two metal plates in contact with the fluid sample and in contact with a pair of electrodes,
the analysis device comprising:

a processing systern inchading a main processor which is responsive to commands
from g user input device,

a data acquisition circuit which receives power and command signals from the
processing sysiem, and is operable o transmit excitation signals to the electrodes, wherein
the excitation signals are applied at each frequency in a predetermined set of frequencies, the
data acguisition cireuit further operable to receive response signals from the electrodes
indicative of the fluid sample at cach freqguency in the predetermined set of frequencies and
to convert the response signals into a magnitude and phase angle data set, and

wherein the main processor is operable to receive the magnitude and phase angle daia
set from the data acquisition circuit and perform an impedance spectroscopy algorithm using
the magnitude and phase angle data set to determing a fluid property.

P The analysis device of claim 1 wherein the main processor is operable to
control power 1o the sample cell circuit,

3, The analysis device of claim 1 wherein the main processor is operable
receive at least one of calibration information and temperature information from the sample
cell circuit,
and the impedance spectroscopy algorithm uses the magnitude and phase angle data set and
the information from the sample cell eircnit to determing a {luid property.

4. The analysis device of claim 1, wherein the processing system 1s operable to
perform at least one of the funciions in the group including communicating the determined
fluid property to a display device or a printer, operating in a battery mode, and fransmitting

commands to the sample cell eircuit.
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5. The analysis device ¢f claim 1, wherein the processing system further includes
a plurality of contacts for establishing a connection with an external power source, a circuit
for providing a signal indicating the presence of an external power source, and wherein when
the main processor receives the signal indicating the presence of an exiernal power source,
the main proceasor is powered by the external power source.

5. The analysis device of claim 1, wherein the processing system further includes
a printer interface, and the main processor is operable to control information sent to the
printer interface.

7. The analysis device of claim 1, further including a real time clock and
calendar device for keeping track of current time and date and which is controlied by the
MAain processor.

8. The analysis device of claim 7, wherein the real time clock and calendar
device includes an oscillator, and the processing system further includes a capacitor to
provide power to the real time clock and calendar device in the event of power interruption,

. The analysis device of claim 1, wherein the processing sysiem is rgsponsive to
a power key o turn the main processor on and off

16, The analysis device of claim |, wherein the processing system further includes
a reset chip for resetting a display device upon start-up,

i1 The analysis device of claim 1, further including a power section for receiving
a light source intensity contro! signal from the main processor for controlling the intensity of
a Hght source in a display device.

12. The processing system of claim 1, further including a powsr section operable
o receive g power on signal from the main processor for controlling power to the data
acguiisition cirouit,

i3, The processing system of claim 12, further including a shielding box

surrounding the power section and main processor.
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