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SUMMARY

<Purpose and content of research>

We developed sensor that can measure free fatty acid (FFA) and TPM (TPM: Total Polar
Material) in edible oil in real time and applied system to smart fryer to change the state of
edible oil at appropriate time In order to develop the real-time acid value measurement and
acid value information system, we developed the sensor control PCB and developed the
sensing technology using the electric conductivity. The second is the main controller PCB
design and the final sensor development.

<R & D achievement>

1. Sensor PCB design

Substrate specification = Ceramic PCB design completed(carbon nanotube not used)

(Reason: Applied to specifications that do not cause problems at high temperature and
environmentally harmful substances) In the case of carbon nanotube (CNT), the initial research
plan was carried out by measuring on the substrate, and the optimum mixing ratio and
measurement result were obtained. However, the CNT application substrate showed that the
high temperature edible oil was used for a long time The amount of CNT on the coated
substrate was reduced to a small extent and the initial plan was revised based on the opinion
of the Industrial Pollution Research Institute due to the measurement error and the influence of
the CNT on the human body in the edible oil. Therefore, it was designed and manufactured
under the optimum condition that it can be sensitive to charge transfer by changing to ceramic
substrate which can be used at high temperature.

2. Development of final edible oil sensor

We developed sensors through overseas papers and self-test studies, and compared the
products of German and Japanese instruments, which are sold in the market. We sampled the
extracted samples at each measurement to the national institute (industrial pollution research
institute) to secure the reliability. In the case of the oxidation degree sensor manufactured
through this research and development, it is confirmed that the reliability of the oxidation
degree sensor is close to that of the international standard.

<Plan to utilize R & D achievement (expected effect)>

We have secured domestic technological competitiveness with electronic electric and
measurement sensor combined with food service industry.

It is the accumulated core technology of sensor developed with Korean technology for the
development of system capable of real-time measurement in the world's first edible oil
oxidation degree fryer, and it has great expectation for health promotion and development of
food service industry by securing food safety and food quality reliability . In addition, the
spread of this technology is expected to contribute to the improvement of public health and
consumer confidence by preventing the ingestion of harmful substances in the field of food

quality in advance.

<Central language>
Acid value measurement, food hygiene control, food safety, edible o0il sensor, harmful
substance blocking
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The State Intellectual Property Office of the People’s Republic of China

To: Sunshine Intellectual Property Law Firm
Jasy Zhang

Issue Date:

October 22, 2018
201480036558.3

Application No.:

Applicant: PARK, Jung Geun

Title: Real-Time Frying Oil Acid Value Measuring And Frying Oil Acid Value Information
Providing System And Method

THE FIRST OFFICE ACTION

The applicant has filed a request for substantive examination. The examiner has preceded the
substantive examination on the above mentioned patent application for invention in accordance
with the provisions of Articl 35(1) of the Chinese Patent Law.

The Patent Office has decided to proceed a substantive examination on the above mentioned
patent application for invention in accordance with the provisions of Article 35(2) of the
Chinese Patent Law

8]

B The applicant requested to designate:

the filing date___December 4, 2013 KR
The applicant has submitted the copy of the first earlier application documents certified by the
authority

The applicant does not submit the copy of the first earlier application documents certified by
the authority. It will be deemed that the priority right has not been requested according to the
provisions of Rule 30 of the Implementing Regulations of the Chinese Patent Law._

in the Patent Office as the priority date.

[}

O

O The following amended document submitted by the applicant on is unacceptable,
as the document is not in conformity with the provisions of Rule 51(1) of the Implementing

Regulations of the Chinese Patent Law.

The examination is conducted on the basis of the following document(s):

@ The original application documents OOThe submitted documents which is submitted on
submission day of divisional application OOThe following application documents:

Clthis office action has not been searched

® ihis office action has been searched

B The following reference documents have been cited in this office action (their serial numbers
will be referred to in the ensuing examination procedure):

Reference document

Serial No.
(Number or Title)
1 US 58187314
2 US 200822200441
3 US 49515584
4 CN 1737571A

Publication Date

{or Filing date of interference patent applications)

19981006
20080911
19900828
20060222

Address: The Receiving Department, SIPO, No. 6 Xitucheng Rd.. Jimengiao, Haidian District, Beijing. 100088



6. The conclusive opinion of the examination is as following;
[ descriptions:

O the subject matter of the application falls into the scope, within which no patent right
shall be granted, defined by Article 5 of the Chinese Patent Law.

[0 the description is not in conformity with the provisions of Article 26(3) of the Chinese
Patent Law,

O the description is not in conformity with the provisions of Article 33 of the Chinese
Patent Law.

O the desecription is not in conformity with the provisions of Rule 17 of the Implementing
Regulations of the Chinese Patent Law.

O
O claims:

O claim is not in conformity with the provisions of Article 2(2) of the
Chinese Patent Law.

O claim is not in conformity with the provisions of Article 9(1) of the
Chinese Patent Law,

O claim does not possess novelty provided by Article 22(2) of the
Chinese Patent Law,

B claims 1-10 does not possess inventiveness provided by Article 22(3) of the
Chinese Patent Law.

O claims do not possess practical applicability provided by Article 22(4)
of the Chinese Patent Law.

O claim falls into the scope, within which no granted patent right shall be
granted, provided by Article 25 of the Chinese Patent Law

O claim are not in conformity with the provisions of Article 26(4) of the
Chinese Patent Law.

O claim i1s not in conformity with the provisions of Article 31(1) of the
Chinese Patent Law,

O claim is not in conformity with the provisions of Article 33 of the
Chinese Patent Law,

[ claims are not in conformity with the provisions of Rule 19 of the
Implementing Regulations of the Chinese Patent Law,

O claim is not in conformity with the provisions of Rule 20 of the
Implementing Regulations of the Chinese Patent Law,

O claim is not in conformity with the provisions of Rule 21 of the
Implementing Regulations of the Chinese Patent Law,

[0 claims are not in conformity with the provisions of Rule 22 of the
Implementing Regulations of the Chinese Patent Law.

O

O Application is not in conformity with the provisions of Rule 26(5) of the Chinese
Patent Law or the provisions of Rule 26 of the Implementing Regulations of the
Chinese Patent Law.

O Application i1s not in conformity with the provisions of Rule 20(1) of the Chinese

Patent Law
O Divisional application is not in conformity with the provisions of Rule 43(1) of the
Implementing Regulations of the Chinese Patent Law.
The detail analysis for above conclusive opinion is described in the text of this office action.

Address: The Receiving Department, SIPO, No. 6 Xitucheng Rd., Jimengiao, Haidian District, Betjing, 100088

_10_



7. On the basis of the above conclusive opinion, the examiner holds that:

O the applicant should make amendment in accordance with the requirements described in the
text of this office action.

O the applicant should expound reasons for that the above mentioned patent application can be
granted the patent right, and make amendments to the specification of which is not in
conformity with the provisions as described in text of this office action; otherwise the patent
right shall not be granted.

B the patent application does not possess any substantive patentable contents, if the applicant
fails to expound reasons or the reasons expounded are not sufficient, this application will be
rejected.

O

8. The applicant shall pay more attention to the matters as following:

(1) In accordance with the provisions of Article 37 of the Chinese Patent Law, the applicant
shall submit the response within __4 months from the date of receiving this office action.
If the applicant fails to respond within the time limit without any justified reason, the
application shall be deemed to have been withdrawn.

{(2) The amendment modified by the applicant shall be in conformity with the provisions of
Article 33 of the Chinese Patent Law, and shall be submitted in duplicate copies and in
format in accordance with the relevant provisions of the Examination Manual.

{3) The applicant’s response and/or amendment documents shall be mailed or submitted to the
Receiving Department of the Chinese Patent Office; the documents which are not mailed or
submitted to the Receiving Department do not possess legal effect.

{4) The applicant and/or his (its) agent shall not come to the Chinese Patent Office to interview
with the examiner without an appointment.

9. The text of this office action consists of a total of _3  sheet, and is accompanied by the following annexes:
[ the copies of the cited reference documents consist of sets and sheets.
O

The Seal of the Examiner: BAIl Hua .

Address: The Receiving Department, SIPO, No. 6 Xitucheng Rd., Jimengiao, Haidian District, Betjing, 100088
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A o, 58 AT Fell givefE AME AdA A7) o 58F mE:AAG. ol F, 47 mEE i
E=HE AME g 8 B8 A dRE st 58 Ao Feo oA A &G g] Fo =249
o olsh @2 g S S8 4] 5708 29 HEES 9 Akl £ U7le] feR EMd= Y
ct.
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ols} ¥ RaunRE dM HE 543 AdE7] fd, fhv=RE 449 g8 E2R2 m"E 7
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g o8 ¢ o, elad Eio] 104)8] 44 g2 2 o] feEsE et ¥edh

A71sh @] 44d diueRE AM(1000E olEdte] A8 299 H4EE YU & Sak EFVE =
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Development and Evaluation of an Impedance
Spectroscopy Sensor to Assess Cooking Oi1l Quality

A Y. Khaled, S. A Aziz, and F_ Z. Rokhani

Abstract—When the cooking oil is used repeatedly, several
unwanted substances are generated, which may cause health
problems. This study was conducited to determine the possibility
of wsing the impedance speciroscopy to differentiate among
varying cooking oil quality at various intervals of heating time
at constant temperature. The frequency has started from 100
Hz to 100kHz Fresh, 10-hour, 20-hour, 30-hour, and 40-hour
heated cooking oil was prepared by using lab oven at
temperature of 180oC. In this study, a sensing probe was
designed to measure the elecirical properties of the oil samples.
The oil samples were analyzed using a viscometer to measure
the viscosity of the oil, a sensor ito measure toial polar
compound (TPC), and an impedance probe connected to a LCR
meter to measure the electrical properties of the oil. The
measurements were analyzed and corrvelated with oil quality
parameiers obtained from a viscometer and a sensor of TPC.
The discrimination beiween different heated hours of oil
samples was examined and the results were compared to their
physico-chemical properties such as viscosity and total polar
compounds. The effect of heating of frying oils were successfully
evaluated and discriminated using the impedance spectroscopy.
Significant correlations (r -0.98472) were found between
changes in total polar compound properties of oil and the
impedance values.

Index Terms—Impedance, cooking oil, interdigitated sensor,
total polar compound.

1. INTRODUCTION

Controlling quality of cooking o1l becomes essential in
fried food mndustries. During frying, vanous chemical
processes occurred hike hydrolysis, thermal oxidation, and
polymernzation. These occurred in the presence of water
produced by food being fried, oxygen and high temperature,
leading to decomposition of the food which badly affect the
Aavor and color [1]-]3]. In addition, using ml continuously or
repeatedly without monitoring the quality may hazardous to
human health [4]-[6].

Many criterias are been used to evaluate whether the oil
can be used again or need to be discarded. These criteria can
be divided into physical and chemical indicators. In homes,
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cafeterias, restaurants and food service, the indicator 15 the
change in physical properties of the frying oil, such as too
much smoke, the oil becomes dark, greased texture, and
strong odor [7]. However, these changes may only manifest
when the ol quality has already become unusable. On the
other hand, chemical properties such as; free fatty acid (FFA)
[%]. total polar compounds (TPC) [9], index value (IV), and
peroxide value (PV) of the frying ol [10] are the proper
pointer for evaluating the oil quality during frying. In
laboratories and industries, chemical test 15 been used to
determine o1l quality. However, 1t's time consuming,
expensive and expertise 15 required to conduct the apprasal.

Several techmeal methods are used to assess oil quality
such as image analysis to determine the total polar compound
[11], column chromatography [12], and Fourer Transform
Infrared (FTIR) [13], however, these methods are time
consuming and laborious. Therefore, more fast and easy
analytical method should be considered for evaluation
cooking ol quality. In this study, we developed impedance
sensor probe using impedance spectroscopy technique. The
objective of this study 1s to develop and evaluate a sensing
system to assess cooking o1l quality. Specifically, this study
was trying to correlate the impedance measurement of the
heated o1l with the TPC value at different frequency.

II. MATERIALS AND METHODS

A Sample Preparation
Palm ol was bought from local market and of good
quality. The ol was divided into five samples of 150ml each;
unheated, 10 hours heated, 20 hours heated, 30 hours heated,
and 40 hours heated, as shown in Fig. 1.

E - .
Fig. 1. Ol samples kept in the amber glass botiles.

The heating time of the five samples was ranges from 0 to 40
hours (10 hours interval for each sample) and was heated in
an oven at 180 + 3°C. All cooking oil samples were kept at
20°C until further analysis. These samples were used to
evaluate the quahty of the ol by knowing the change of
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impedance at different heating times.

B. Impedance Sensing Probe Design

The sensor used is the planar-interdigitated electrodes,
between and around which the oil conductance 1s measured.
The sensor was designed by using Traxmaker program. The
sensor structure was designed with some variables, where n
15 referred to the number of electrode teeth, d i1s a fixed
separation distance between the teeth, A 15 the area which
arranged in parallel, as shown in the Fig. 2 and & 15 the
relative permuttivity of the dielectric matenial. This sensor
configuration 15 referred to as two interdigitated electrodes.
The bonding pads connect the interdigitated electrode with
soldering wires area. This sensor was 20 mm by 10 mm n
size with the interdigitated electrode structure patterned on
one side of the copper foil. The back side of the PCB under
the sensor electrodes had a solid layer of solder mask. This
sensor had 30 electrode teeth. The electrodes are supported
by a rigid substrate so the sensor structure does not change
with contraction, pressure or expansion of the cooking oil
samples.

The mmpedance wvalue depends on the capacitance
measurements from the sensor. The capacitance values can
be affected by electric flux and fringing fields. When the
distance of electrode separation 15 much smaller than the
magnitude of the area in overlaps tooth, the capacitance
between opposing teeth 1s due to electrie flux and 1s not due
to fringing field effect. However, since the border around two
parallel plate electrodes with same distance separation and
overlapping area 1s much smaller the perimeter around the
teeth, in this case consider the fringing effect greater in
nterdigitated electrode. When the separation distance 15 1n
the same order as the height of the teeth, much of the
capacitance will be as a result of the fringing field outside of
the space directly between the mterdigitated teeth. The
density of electric flux changed in the sensor’s surface
attributed to the dielectric constant changes of cooking o1l

ectrode
anm n
i

Banding
Pach

ia)

(L]
Fig. 2. Impedance sensing probe (a), schematic of the impedance sensor (b),
photograph prototype of the sensor.

. Measuring the Ol Quality
The TPC of each sample was examined using Testo
(Cooking oil sensor 270 manufacturer by Testo). Then the
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impedance measurement for the samples was performed at
60°C temperature. Using the impedance sensing probe
connected to a LCR meter with two parallel clips (HIOKI,
3532-50, Japan, frequency accuracy: < + 0.005%,
measurable impedance range: 10.00m{} ~ 200.00mL}), as
shown in Fig. 3. The frequency range used was from 100Hz
to 100kHz. The viscosity (mPa.s) of the samples was also
measured using Vibro Viscometer (SV-10 Series, A&D
Company, Limited). Since the properties of the oil can be
changed with the temperature of oil, all measurement was
taken at a constant temperature. After each testimg the sensing
probe was cleaned with soft tissue before next testing. Each
measurement was conducted five times.

I, RESULTS AND DISCUSSION

A, Ol Viscosity Measurements

The viscosity of palm o1l samples increased significantly
as the heating hours increased. In the testing of o1l viscosity
the temperature was constant at 60°C to avoid the thermal
movement among molecules [ 14]. The viscosity value of the
unheated o1l 15 18.9mPa.s while in the 40 heating hours the
viscosity 15 26.8mPa.s as shown i Table I. These results may
be explained by the fact that the ncreasing of saturation of
the ol constituents [15]. Moreover, the increasing of
viscosity 1s related to the polymer content. Polymenzation
also has been assigned to the construction of unwanted
compounds. Additionally, the quahty and palatability can be
affected by the viscosity during the heating directly by
influencing the o1l absorption of the product [16].

B. Total Polar Compounds Measurements

The TPC increased sigmificantly with prolonged heating
time. It has been recommended that when the TPC 1s more
than 24-27%, the oil should be discarded [17]. The amount of
polar compounds in fresh o1l was 7.5% and reached to 27%
after 40 h heating as shown in Table II. Changes in the polar
compounds during heating were significantly of formed new
compounds  that have |ligher polarnity such as
diacylglyveendes, tnglycendes, and fatty acids [18]. These
new compounds formed due to high temperature during
heating as well as the presence of air and moisture.

TABLE I: THE MEASUREMENT DATA OF VISCOSITY AND TOTAL POLAR

COMPOUNDS
il samples Viscosity mPa.s TPC %
Monheated 189 T3
10 howrs heating 221 1
20 howrs heating 2249 16
30 hours heating 26 25
40 hours heating 268 27

. il Impedance Measurement

As shown in Fig. 3, the impedance of the unheated o1l
samples as function of frequency has highest impedance
values comparing to heated samples. While the 40 hours
heated sample has the lowest impedance values. The
variations of these results are possibly due to dipole content
in the fat particularly the phospholipid [19]. Also, in the
graph, impedance values decreased over the range of
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frequency (100Hz to 100kHz). The dipole density and
electric susceptibility increased, as the amount of the fat in
the oil increased. This leads to the decrement of the
impedance of the ol samples. We also could see in the figure
shown, a clear difference of the impedance value of the ol

samples at low frequency ranges. However, at high
frequency all the impedance measurement values are
overlapped. Significant correlation found in Fig. 4, the
correlation between the impedance values with the total polar
compounds at frequency 100Hz with r¥ of -0.98472.
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Fig. 3. Impedance of different heated oil samples across frequency between 100Hz to 100kHz
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Determining the deterioration of cocking oil can be based on the change either in chemical or
physical properties of the oil. The advantages of physical parameters comparing to chemi-
cals are, it is obvious to observe, easy to detect, and don't need complex experiments. How-
ever, changes in physical properties mostly detected when the oil already unusable. These
changes can be seen when the cooking oil becomes dark, has a strong odor, and has too
much smoke (Moreira et al., 1999). While, chemical properties are considered the best indi-
cator to evaluate the quality level of cooking oil. The common parameters are total polar
compound (TPC), free fatty acid (FFA), peroxide value (PV), polymeric triglycerides (PTG),
and iodine value (IV) of the frying oil. A TPC is the most crucial and broadly known parame-
ter that can be utilized to decide whether or not the used cil should be discarded. TPC is
considered the best indicator comparing to other chemical parameters since it refers to all
the degraded products in frying oil (Bansal et al., 2010).

Many technical approaches are being used to evaluate oil quality, for example image analy-
sis to determine the TPC (Gil et al., 2004), Fourier transform infrared (FTIR) to differentiate
between good and unacceptable oils (Vlachos et al., 2006), and column chromatography to
measure the TPC percentage in the oil (Cert et al., 2000). However, these methods are time
consuming as well as laborious to be performed. Therefore, more fast and easy analytical
technique should be considered to develop and assess the quality of cooking oil. In this sub-
ject field, development of an impedance sensor probe was conducted using an impedance
spectroscopy technique to correlate the impedance measurement with the TPC parameter.
The aim of this work was to develop and assess an impedance sensing system for cooking
oil quality appraisal.

2 Materials and methods

2.1 Impedance Sensor Probe Design

The impedance sensor probe was designed based on interdigitated electrodes (IDE) struc-
ture as shown in figure 1 (a). The IDE configuration have many advantages compare to other
configurations. Some of IDE features are flexible in design, ease of fabrication, no moving
parts, cost effectiveness, and one-side access to the sensing layer (Staginus et al., 2013).
The sensor design was drawn using a CAD software before the photomask of the sensor
was created. The sensor consists of two areas; the sensing area, which will be immersed in
the testing oil, and the bonding pad area, which connected to the LCR meter using wires.
The total area of the designed IDE sensor was 18.5 mm by 11.5 mm.

The electrode material used in this sensor was 100 angstroms titanium/2000 angstroms of
gold. The gold has been chosen because it has very low resistance. In addition, there was
insulating layer between interdigitated finger electrodes and gold bonding pads made from
1000 angstroms of silicon dioxide (SiO;). This sensor was supported by a rigid subsirate
made from highly polished alumina (Al;O;) as shown in figure 1 (b).

The electrode width (w), spacing (s), length of electrode (L), and the number of electrodes
(N) are 100 um, 60 um, 8 mm,and 41, respectively. Where these dimensions have been
characterized to fulfill the requirements for detecting the change of cooking oil quality. The
equation of impedance is given by:

_s(N-1)

T 2mfed
where the f is the input frequency, which in this case the frequency supplied from the LCR
meter, € is the permittivity, and A is the sensitive area of the sensor which measured by:

A=L(w.N)
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Abstract

Repeated use of cooking oil had been proven hazardous due to degradation process that
contributes to the formation of polar compounds in the oil. Presently, the rate of cooking oil
degradation is indicated by the percentages of its total polar compounds (TPC). In this
study, impedance sensor probe was designed to assess the cooking oil degradation at sev-
eral heating time intervals by measuring the changes on its electrical impedance. The probe
was designed using interdigitated electrodes (IDEs) platform. In total of 30 samples of 130 ml
palm oil were heated at 180° C up to 30 hours using a laboratory oven. For each one hour
increment, one sample was taken out of the oven and cooled at room temperature before
measuring the impedance value using the designed probe which connected to a LCR meter.
The TPC of the oil samples was measured using Testo 270 cooking oil tester (InstruMartinc,
Germmany). The discrimination between the electrical impedance values at different heating
hours of oil samples was analyzed and correlated to their TPC measurements. Preliminary
results showed good cormrelation between the oil electrical impedance with their TPC value.
The designed sensor probe has good potential for simple and inexpensive way of monitoring
cooking oil degradation.

Keywords: Impedance sensor, cooking oil degradation, total polar compound, heating

1 Introduction

Deep frying is a popular way of preparing fast food, which the food is submerged in hot oil or
fat at a high temperature of 150° C to 190° C. There are several chemical reactions occurring
during deep frying, such as thermal oxidation, hydrolysis, and polymerization through a gen-
eral process of using frying oil in repetitive ways (White, 1991; Choe & Min, 2007; Tyagi &
\asishtha, 1996). These chemical reactions will produce undesired compounds in the cook-
ing oil such as aldehydes, polymeric triglycerides, and free fatty acids (Gertz, 2000).

The condition of cooking oil can affect food flavor, texture, and color since the oil acts as a
medium of heat transfer. Subsequently, the change in the cooking oil quality will lead to
changes in food taste. Moreover, using cooking oil continuously or repeatedly without moni-
toring and controlling the quality can affect human health (Lee et al., 2011; Innawong et al.,
2004).
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The mechanism of this sensor is that as oil oxidatively and thermally breaks down, there an
increase in the number of polar molecules, which directly increases the dielectric constant.
When an electric field is applied across the faces of IDEs, the dipole and molecular charges
in the testing oil are displaced from their equilibrium positions, and those dipole charges laid
up through the fingers of the sensor. Thus, as long as the cooking oil produces polar mole-
cules through various chemical reactions during frying the more charges will lay up in the
electrodes.

(a) (b)

Figure 1: (a) A top-view ilfustration of impedance sensor probe, (b) A photograph of prototype
device next to a Malavsian coin.

2.2 Sample Preparation

Fresh palm oil samples were bought from a local market in Seri Kembangan, Selangor, Ma-
laysia. The palm oil was divided into 30 amber glass bottles where each bottle contained 130
ml. After that, all oil samples were heated in a laboratory oven at temperature of 180 °C. The
heating time of the oil samples was ranging from 1 to 30 hours and at every hour, a sample
was taken out of the oven. Then, the sample was kept at 40 °C to be used for the further
analysis.

2.3 TPC and Impedance Measurements

The percentage of TPC of each heated sample was measured using a cooking oil tester
(Testo 270, InstruMartinc, Germany) (Figure 2). Right after that the impedance measurement
was carried out using the IDE probe. The probe were connected to a LCR meter (4263B,
Agilent, Japan) with two parallel clips as shown in figure 3. The LCR meter has a frequency
range from 100 Hz and to 100 KHz to measure the impedance of the oil samples. After each
measurement the sensor and the probe were cleaned by soft tissue before the next
measurement. Each measurement was conducted three times.
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Figure 2: TPC measurement using (Testo Figure 3: IDE impedance sensor probe connected to a
270, InstruMartinc, Germany). LCR meter for impedance measurement.

3 Results and Discussions

Figure 4 illustrates the changes of cooking oil impedance as a function of frequency at
various heating hours. According to the figure, it was revealed a clear difference in
impedance value between samples at low frequencies (100 Hz to 1000 Hz), while almost all
samples has impedance values overlapping at high frequencies. From the results, the
trendlines of the samples at low frequencies showed that 5 hours heated sample has the
highest value of impedances, while the 30 hours heated sample has the lowest value of
impedances. It looks possible that these results are because of the increasing of dipole
content in the fat of oil particularly the phospholipid as the increasing of heating time
(Aditama, 2005; Khaled et al., 2014). The dipole density and electric susceptibility increased,
as the quantity of the polar materials in the oil increased. This caused the impedance of the
cooking oil samples decreased.
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Figure 4: Impendence measurements across frequency at different heating hours.
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Figure 5 depicts the correlation between impedance measurements of cooking oil with their
TPC values. This figure illustrated that when the impedance increases the TPC decreases.
As a result, the correlation value of the impedance with TPC is -0.94. Figure 6 shows the
changes of impedance of the cooking oil as a function of TPC at different heating times.
Based on the graph, it can be seen that there was a high negative correlation between
impedance and TPC at frequency of 100 Hz, where this frequency point has the highest
value of correlation coefficient (R?) of 0.88 (Table 1). It also was clearly shown that in table 1
all R? values have a high negative correlation except at frequency 120 Hz. The low value of
R? at 120 Hz might be due to unstable measurement or measurement error during handling
the LCR meter. Moreover, the R values are significantly decreasing as long as the frequency
increasing. Thus, it can be concluded that the impedance can be correlated well with TPC
specifically when the frequency is low.

4.5E+8

—p—|mpedance =—@=TPC

4.4E+3 32

4 3E+8
27
4.2E+8

= 4.1E+8 22

o
g 4.06+8

TPC %

=3
E 3.96+8 1)

3.8E+8
12

3.7E+8

3.6E+8 7
1 2 3 4 5 6 7 8 9 101112131415 1617 18 19 20 21 22 23 24 25 26 27 28 29 30
Heating time (H)

Figure &: The correlation of impedance and total polar compound at different heatingtime.

4.5E+8
44648 | o

y =-2E+06x + 4E+08
R?=0.88

7 12 17 22 27 32

TPC %

Figure 6: Impedance measurements at 100 Hz of heated cooking oil regressed on their TPC
values.
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RO4000® Series

High Frequency Circuit Materials

RO4000* hydrocarbon ceramic laminates are designed to offer superior high frequency
performance and low cost circuit fabrication. The result is a low loss material which
can be fabricated using standard epoxy/glass (FR-4) processes offered at competitive
prices.

The selection of laminates typically available to designers is significantly reduced ance
operational frequancies increase to 500 MHz and above. RO4000 material possesses
the properties needed by designers of RF microwave circuits and matching networks
and contrelled impedance transmission lines. Low dielectric loss allows RO4000 series
material to be used in many applications where higher operating frequencies limit the
use of conventional circuit board laminates. The temperature coefficient of dielectric
constant is among the lowest of any circuit board material (Chart 1), and the dielectric
constant is stable over a broad frequency range (Chart 2). For reduced insertion loss,
LoPro™ faoil is available (Chart 3). This makes it an ideal substrate for broadband
applications.

RO4000 material's thermal coefficient of expansion (CTE) provides several key benefits
to the circuit designer. The expansion coefficient of RO4000 material is similar to

that of copper which allows the material to exhibit excellent dimensional stability, a
property needed for mixed dielectric multi-layer boards constructions. The low Z-axis
CTE of RO4000 laminates provides reliable plated through-hole quality, even in severs
thermal shock applications. RO4000 series material has a Tg of >2809C (536°F) so

its expansion characteristics remain stable over the entire range of circuit processing
temperatures.

RO4000 series laminates can easily be fabricated into printed circuit boards

using standard FR-4 circuit board processing techniques. Unlike PTFE based high
performance materials, RO4000 series laminates do not require specialized via
preparation processes such as sodium etch. This material is a rigid, thermoset laminate
that is capable of being processed by automated handling systems and scrubbing
equipment used for copper surface preparation.

RO4003C™ laminates are currently offered in various configurations utilizing
both 1080 and 1674 glass fabric styles, with all configurations meeting the

same laminate electrical performance specification. Specifically designed

as a drop-in replacement for the RO4003C™ material, RO43508™ laminates

utilize RoHS compliant flame-retardant technalogy for applications requiring
UL 94¥-0 certification. These materials conform to the requirements of IPC-
4103, slash sheet /10 for RO4003C and /11 for RO4350E materials.

FEATURES AND BEMEFITS:
RO4000 materials are reinforced
hydrocarbon/ceramic laminates - not
PTFE
E‘Esn:]re-j far performance
high volume

lectric tolerance and low loss
nt electrical performance
pplication th higher
aperating frequencies
Ideal for broadband applications
Stable alectrical properties vs.
frequency
=« Controlle
transmission |
= Repeatable design of filters
Low thermal coefficient of dielectric
constant
= Excellent dimensional stability
Low expansion
lated through holes
axpansion coafficient
= Remains stable over an entire
range of circuit pro ing
termnperaturas
Volume manufacturing process
= RO4000 laminates can be
fabricated ng standard glass

Competitively priced
F rezistant

E TYPICAL APPLICATIONS:
Cellular Base Sta :
and Power Ampl

RF ldentification Tags
Autamative

LMNE's for Din Broadcast
Satellites

Adwvanced Connectivity Solutions
100 5. Roosevelt Avenue, Chandler, AZ BS226
Tel: 480-961-1382 Fax: 480-961-4533 www.rogerscarp.com
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Property Typical Value Direction Condition Test Method

RO4003C RO43508
: : IPC-TM=650
Dielectric Constant,
plr::s:c AR 3.38 4 0.05 #1348 + 0.05 z - 10 GHz/239C 2.5.5.5
Clamped Stripline
™ Dielectric Constant, &, Differential Phase
Design .55 3.55 £ - B1o 40 Gl Length Method
I . 0.0027 0.0037 10 GHz/239C IPC-TM-550
Digsipation Factor ta, & 0.0021 0.0031 £ - 2.5 GHz/23°C 2.5.5.5
IPC=TM=550
Thermal Coefficient of &, +40 +50 z ppmfeC =50°C to 150°C 3555
Wolume Resistivity 1.7 X 10 1.2% 10 Mscm COND A IBC-TM-650
25.17.1
Surface Resistivity 432 x10° 5.7%10° Ma COND A BE=a=hal
25171
o atearath 31.2 31.2 ; Kv/mm 0.51mm IPC-TM-650
RIS ICRSMENg (780) (780) (v/mil) (0.020") 2.5.6.2
¢ 19,650 (2,850) | 16,767 (2,432) X :
Tensile Madul MPa (k RT ASTM DG3B
e e 19,450 (2,821) | 14,153, (2,053) Y 2 (kst)
Tensile Strength igg :ig:: ig; :‘Eig;g : MPa (ksi) RT ASTM DE3B
276 255 MPa IPC~TM=650
Flexural Strength (40) 37 (kpsi) 244
" . o m/m after etch IPC-TM-650
D I Stabilit <0.3 <0.5 Y o
imensianatstabiity ; tmilsfinch) +E2/150°C 2.4.394
G 1% 10 X
Coefficient of ) 13 132 v pprmAeC -55 to 2BESC IPC-TM=-650
Thermal Expansion 45 37 - 2.441
IPC-TM-650
o
Tg =280 >280 C TMA A SIS
Td 4315 390 °C TGA ASTM D3850
Thermal Conductivity 0.71 0.69 WAmsTK B0°C ASTM C518
48 hrs immersian
Muoisture Absorptian 0.0 0.06 L) 0.0680" sample ASTM D570
Temperature 50°C
Density 1.79 1.86 gm/cm?® 239C ASTM D792
1.05 D.88 Hfmm after solder float IPC-TM-650
c Peel Strength
it gtk (6.0} {5.0) (pli) 1 oz. EDC Foil 2.4.8
Flammability /A o) UL 94
Lead=-Free Process i ¥
Compatible s b
MNOTES:

(1) RO4350B 4 mil laminates have a process Dk of 3.33 £ 0.05

(2) The design Dk is an average number from several different tested lots of marerial and on the mast comman thicknesa/s. If more detailed information is required,
please contact Rogers Corperation or refer to Rogers' technical papers in the Rogers Technology Support Hub available at hetpalfewwerogerscorp.com.

(3) RO43508 LoPro® laminates de not share the same UL designation as standard RO4 3508 laminates. A separate UL gualification may be necessary.

Typical values are a representation of an average value for the population of the property. For specification valees contact Regers Corporation.

RO4000 LoPra laminate uses a modified version of the RO4000 regin system to bond reverse treated foil. Values sheawn above are RO4000 laminates without the
addition of the LoPro resin. For double-sided boards, the LoPro foll results in & thickness increase of approximately 0.0007" (18 pm) and the Dk 13 approxdmately 2.4,
The Dk decreases by about 0.1 as the core thickness decreases from 0.020" to 0.004.

Prolonged exposure in an oxidative environment may cause changes to the dielectric properties of hydrocarbon based materials. The rate of change increases
at higher temperatures and is highly dependent on the circuit design. Although Regers’ high frequency materials have been used successfully in innumerable
applications and reports of axidation resulting in performance problems are extremely rare, Rogers recommends that the customer evaluate each material
and design combination to determine fitness for use aver the entire life of the end product.

Advanced Connectivity Solutions
100 5. Roosevelt Avenue, Chandler, A7 85236

Tel: 480-961-13B2 Fax: 480-961-4533 www.rogerscorp.com
Page 3 of 4
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Chart 1: RO4000 Series Materials Dielectric Constant vs. Temperature
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Chart 2: RO4000 Series Materials Dielectric Constant vs. Frequency

Microstnp differential phase length method, Dk vs. Frequency
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Chart 3: Microstrip Insertion Loss
Microstrip insertion boss using differential kength method
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Standard Thickness Standard Panel Standard Copper Cladding

RO4003C: 12" X 1B" (305 X457 mm) ¥ oz. (17pm) electrodeposited copper foil {.SED/.SED)
0.008" {0.203mm), 24" ¥ 18" (610 X 457 mm) = =
0.012 (0.305mm), 24" ¥ 36" (610 X 915 mm) 1 oz. {35pm) electradepasited copper foil (1ED/1ED)
0.016"(0.406mm), 48" ¥ 36" (1.224 m % 915 mm) z -
0.020" (0.508mm) 2 oz, (70pm) electrodeposited copper foil {2ED/2ZED)
0.032" {0.813mm), *n. _DIIM" :{D_lﬂimrF] material is not PIM Sensitive Applications:
0.060" {(1.524mm) available in panel sizes larger than

24"x18" (610 X 457mm) % oz {17um) LoPro Reverse Treated EDC (.5TC/.5TC)
RO43508:

*0.004" (0.101mm), 1 oz (35pm) LoPro Reverse Treated EDC (1TC/ALTC)

0.0066" (0.168mm)
0.010" (0.254mm),
0.0133" (0.338mm),
0.0166" (0.422mm),
0.020"(0.508mm),
0.030" (0.762mm),
0.060"(1.524mm)

Mote: Material clad with LoPro fail
add 0.0007" {0.018mm) to dielectric
thickness

The information in this dara sheet is intended to assist you in designing with Rogers' circuit materials. It is not intended to and does nat create any
warranties express or implied, including any warranty of merchantability or fitness for & particular purpose or that the results shown on this data sheet
will be achieved by a user for a particular purpose. The user should determine the suitability of Rogers' cirevit materials for each application.

The Rogers' lego, Helping power, protect, connect our world, LoPro, RO3003, RO4000, RO4350, RO43508, and RO4003C are trademarks of Rogers Corporation ar
ane of its subsidiaries.

D 2017 Rogers Corporation, Printed in US.A.,

All rights reserved. Revised 1324 062017 PUB# 92-D04

Advanced Connectivity Solutions
100 S. Roosevelt Avenue, Chandler, AZ B5226

Tel: 480-961-1382 Fax: 4B0-961-4533 wwW.rogerscorp.com Helping power, protect, connect our world
Page 4 of 4
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(b LRC WE 7] & o] &3 AA w3 HAF 313
@O LRC Hz F#7+¥(100Hz~100kH2)Z &2

AFolA A= e ASTE TA

0-Cs(pF)
55 -+
50
35T+
30
54
20
15+
10
54
0 1 2 5 7 9 12 14
g 100Hz 46331 45141 45 684 37.192 46 886 43011 47276 47 268
g 200HZ 43 856 44703 44724 45625 44877 45.096 45448 44532
300Hz 42,651 44123 44412 45.448 44544 44,438 44954 44437
== 400Hz 42502 44102 44242 4474 44368 44211 44,625 44.077
g 500HZ 41.862 43357 43512 43844 43827 43418 43.889 431221
1KHz 41072 42552 42738 43117 41624 41554 42753 42358
g 10KHZ 38.692 40.115 40.28 40.488 40.238 40.118 40.289 39.902
— 20KHZ 38.093 38471 39.616 39.779 39.421 39.309 39.381 39.206
g 30KHZ 37.802 39.053 39.279 39.348 39.056 38.903 39.009 38.806
g 40KHZ 37518 38477 38.841 39.13 38.766 38.555 38747 38504
g 50KHZ 37215 38.536 38.668 38.865 38511 38.309 38.436 38.225
g G0KHZ 37.056 38.355 38495 38747 38.358 38116 38.333 38.135
== 70KHz 36.897 28.219 38.311 38.616 38.247 38.005 3821 37987
g B0KHZ 36.867 32104 38.165 38.488 38.128 3789 38.084 37.847
90KHz 36.795 38024 38.057 38.381 37961 37.791 37944 3777
—a— 100KHz 36715 37.951 37.957 38.294 37.805 37.6%6 37.865 37.638

¥ 12. LRC Hz 0-Cs(pF) 100Hz 100kHz tH s}
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O-Cp(pF)

50
45
a0
35
30
—e—100Hz
25
—e—200Hz
20 —a—300HZ
—e—400H:
E —e—500Hz
—a—1KHz
10
—e—10KH:
5 ——20KHz
—e—30KHz
0
0 1 2 5 7 3 12 12 —e—40KHz
= 100Hz 25.927 44,684 45.347 37.157 25.181 26.803 25.12 45.068 —e—50KH:
—e—200Hz 42972 24104 23527 45271 24566 44.759 45108 23719 —a—G0KHz
e 300Hz 4257 44.026 44.302 aa.77 44313 42131 24716 24313 J0KHz
——400Hz 42.407 43341 44.966 44512 44,208 43.983 44,269 43.818
—a—B0KHz
e 500Hz 41223 43351 43.385 43.773 43.412 43.24 43611 43041
e 1KHZ 40,938 42472 42632 4296 42.285 42411 42583 423733 0Kk
—a— 10KHZ 38.641 40.118 40.226 40.425 40.182 40.04 4331 30.846 —e—100KHz
——20KHz 38.035 39381 39532 39604 39350 3921 39337 39.14
— 30KHz 37.114 38.975 39.192 39.271 38.978 38.835 38.931 38.707
—e—40KHz 3745 38.59% 38.868 38.057 38.703 38477 38.591 38.416
= 50KHz 37.187 38.455 38596 38777 38.415 38232 38.424 38.167
e G0KHz 36.995 38277 38429 38679 38295 38.043 38259 38.073
e 70KHz 36.846 28.145 38.234 38542 38.176 37922 38.138 37.918
—e— BOKHz 36.823 38.047 38.088 38.409 38.049 37826 38019 37.792
e 90KHz 36.745 37.953 37.977 38.305 37.8% 37.73 37.368 37.603
—e— 100KHZ 36.671 37.869 37.876 38227 3784 37628 3779 37571
_— ~ =
¥ 13. LRC Hz 0-Cp(pF) 100Hz 100kHz 3}
O-Rs(K)
= 100Hz
—a— 200Hz
= 300Hz
e 400Hz
= 500Hz
—— 1KHz
—— —,——— . = 10KHz
4____.__-——"-.__7
—e— 20KHz
& —e— 30KHz
] 1 H 5 7 ] 12 12 e A40KH:
e 100Hz 3482 2623 3307 3608 2418 5302 5123 5145 e 50KHz
g 200Hz 939.44 1011 11075 1587 1400 1579 1786 1523 g GOKHZ
—e—300Hz 626.13 632.98 6917 887.64 g14.1 303.18 1022 878.67 —
—e—00H: 43149 a77.19 504.48 648.17 594.33 660.49 689.03 657.13
= B0KHz
—a—500Hz 340.53 38187 41251 500.39 458.01 49165 565.12 494.98
—e—1KHz 172.18 18331 19595 22522 21208 22508 2352 217.55 —o— 0Kz
—a—10KHz 16.213 17.096 18.302 18.352 16.744 18.338 18.403 18.119 —&— 100KHz
e 20KH: 8425 8921 9.184 9.2614 9114 9.351 9.351 9.278
—a30KHz 56 5.885 6471 6.1664 6.135 6.173 6.164 £.115
—e—40KH: 40981 445 4.863 4621 4.586 46 4.623 4.559
e 50KH: 323 3553 37974 3.663 3633 3.668 3.663 3.638
e GOKHz 2622 2968 3.134 3.073 3.052 3.059 3.031 3.036
—e—T0KHz 2233 2529 2668 2645 2602 2621 2586 2504
—a—BOKHz 1943 2207 2341 2302 2264 2287 227 2264
—e—90KHZ 1722 1972 2063 205 2081 2027 2004 2002
g 100KHz 1539 1757 183 1846 1817 1836 1799 1.809

I* 14,

LRC Hz O-Rs(X) 100Hz 100kHz ‘H 3}
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O-Rp(K)

—a—100H:
——200H:
—a—300H:
\\ ___—______h_______-.— —e—c00H:
—— R
V e 1KHz
0-—__________._;
—— 10K
———20KH
—a—30KH:
w
0 1 ] 5 7 9 12 14 =——A40KHz
—a 100Hz 332470 337400 371730 313200 258360 220580 337620 220810 —a—50KH2
e 200Hz 357170 322570 289600 126980 222790 130580 173740 206990 JR— -
—e—300H: 247290 202310 215840 149770 165270 158700 136220 160400 I
—e—400Hz 203210 171890 162900 122550 135250 121920 114750 125320 -
=t 500H: 168090 142250 128720 122210 117730 109580 95443 111310
e 1KH2 86229 78735 70043 60504 66874 52103 59382 54815 —e—0KHz
g 10KHZ 10168 8795 8501 8428 8494 8537 BEES 8984 =e—100KHz
e 20KH: 5123 2561 4391 2321 4223 4361 2367 2492
—e—30KH: 3530 3122 2805 2965 3001 3018 3005 3085
e 40KH: 2724 2470 2158 241 312 1312 2304 2330
—a—50KHz 2274 1925 1789 1832 1873 1879 1867 1910
e G0KHz 1943 1616 1518 1524 1571 1580 1574 1592
e 70KH: 1699 1407 1323 1311 1355 1369 1367 1378
e BOKH2 1496 1237 1183 1164 1200 1205 1240 1222
g B0KHz 1343 11011 1046 1035 1068 1079 1085 1086
—e— 100KH: 1221 1001 95715 93713 97473 97147 979.4 99077
— ~ =
I 15. LRC Hz O-Rp(K) 100Hz 100kHz s}
Z(M)
50 -
] '-—-_______k L .
— ——
20
35 4
E
25 ] g 100HZ
—e—200H2
20 4 g 300HZ
—e—400H2
5 —a—500Hz
—e—1KHz
10 4
—e—10KHz
s | ——20KHZ
—e—30KHZ
0 0 1 2 5 7 9 12 12 —e—40KH2
——100Hz 46.927 24,684 45347 37157 26.181 45.803 46.12 25.068 —e—50KHz
——200H2 22972 24104 22527 45271 4256 24759 25108 22219 —e—0KHz
—e—300Hz 12408 11974 11.887 11744 11.839 11896 11774 11978 .
——200HZ 9.382 9.072 9.019 8931 8.985 9.041 8.946 9.072 P
e 500H2 7518 7335 7297 7224 7284 7317 7.2829 7366
——1KHz 3888 3746 373 37018 3743 3753 3727 3768 Tk
—e—10KHz 0.41105 0.39642 0.39461 0.39365 0.39459 0.383 0.38637 £.39811 —e—100KHz
——20KH2 0.20888 0.20184 0.20124 0.200%6 0.20191 0.20267 0.20199 0.20298
—30KHZ 0.14045 0.13583 0.13519 0.13469 0.13589 01366 013611 0.13678
——Z0KHZ 0.10618 0.10268 0.10228 0.10181 0.10277 0.10325 0.10283 0.10339
——50KH2 0085552 0082662 0.082431 0.081047 0082728 0083223 0082737 0.083248
S 0.07164 0.039234 0.068989 0.068619 0.06923 0.069644 0.069257 0.069615
= 70KHZ 0.061608 0.059555 0.059429 0.058934 0.059482 0.059852 0.059576 0059902
e BOKH2 0.054021 0.052267 0.052182 0.051728 0.052243 0.052579 0.052318 0.052604
——00KHz 0048076 0046508 0.046524 0.046117 0048612 0046853 0046589 0.046916
—e—100KHz 0.043374 0.04196 0.04399 0.041622 0.042053 0.042286 0.042073 0.042313

I 16.

LRC Hz Z(M)
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2. NAF AA R AeH7t

(b AlA Main Board 3 &%

T2l 8. Main Board Sensor 3 EZEMAE

(\}) Main Board Aat Work

TOP

72| 9. Main PCB Layout
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() 2zE ol
OAANZE 2o Aged AFHE FHA77] WM As st o W - 25
Bluetooth®41-& o] &3te] tlxZg o] s A2gloR AZEJOE 44 - 74 3tAch
- ADC XcIRE.
| m_wlb.ck nrf_drv_sasds_sve_t const ' p ewent
uine 3:‘_\: Oi 1RawhdoValue = ..
wintlé =t OilResaltlnt = O;
wintlé_t OL10ffsetValue = O;
i_% TempRawhdcValue =
it TempResultCat = 0;
§_t TesplffsstValus =
a = é:t;_tu:_ L

ddefine TEWP_OFFSET_VALUE
- FSRTBSHF[E“

ATEQ0| ADC AME|F
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szacic void SARAC_Send_DI® uincie : QulRawbata , uwinclf_c OL10fCsetData , uintlé c 7

- S8,

ta ,float TempOffsetOatal

rar_cods_t arr_cods;

uinte_tv data_aPray[SLI_WUS_MAX _DATA_LEWI={"8","A",*2","S5*,'S','D','@',*.", *0", *'0°, "0", 0", Ox0d, 0X00);
static uintdl _© Pack £ o= 8

uinclé_t length =13;

uinclé_t VoltagelAV Factor[]=[88L . 2531 , 053},

wintil_t DisplayValue;

uiRE3l_t Index;

if |ghelnng == false)
I

ir| (oilofrestData <= & || (OilOfrsetData ADC_REF VOLTRSE TN HILLIVILTE) | weturng
OilOffeatData = FilteriOilOffsetDatal
if (sys _data UserFactzr [= VolcageMods |

Layy
else
DhaplayValis = Di10DffeetData;

WRY_LOG_THFO|"Data : % , DisplayValue = %d , %d " Dil0fMestData | DieplayWalue, sys data Tisplayieds);
1 [ iDisplapiiode == UolcageMode) || (DisplayMode == kedode) )

{

sray[d] = (MsplayValus / LOD0)+°Q";

= yWalus %= 10093
data azzayl7] = ",

':;-ll:,"ll.nl 4 LODh+ "0%;
10
(Display¥Walue / LO)& *0" ;

DisplayTalust 0]

{bisplayValoe >= L

daes_sccay[§F] = (DisplagValue / LOOGF + "Q%;
DesplayValus ¥= 1065

¥
alse data_azzayl€] = * *;

|DisplayValue / LOD) + "0%

[Displsytralus / LB ) & 0%
1a;

FackeiCot #4;

speinef[ichar *)dats_sszray , "WOBd, W06, %054, 8054, §0.2f, %, Whe\n", Packeeln: ,OilRawlats DilDffestDats |
ToasegRa

wWhata , TempOffsstData,
wHeater ,glooking)

F

lepgrh = strlen([const char *jdaca acray);

HEE_LDG INFG|* cdata_azray);

if {gAdcFamFlag &6 (@ comn handle = BLI_COKN_HAKDLE INWALIDI |
i

szz cods = hla Aus_data send{im mug, g4 rray, slangth, = cann handlal |
= NRF EHROR INVALID ETATE] && (erc_code |= WAF_EAROR BUEY) &&
= WAF_ZRROR_WOT_FOUND| |

APP _ERACR CHECX [ecc_coda)

{VoltageIValos (0110F feetData, laisplayMods_t) [eys_data DisplayMede)] * sys data UserFascor)

100;




— Display Mode E&E,
':':-:.d bsp_!\'!m_hlndhr:r sp_event_t svent)

HRF_LOG_INFO(“"bsp_event_ handler®):
gwitch (event)

{

case BSP_EVENT_FEY 0
HRF_LOG_INFO("BSP EVENT EEY 0");

ir 1Eap_£uard_but ton_atate get (BSF_BOARD |

1
switch (DisplayMode)
|
case Voltagelicde
DisplayMode = Aviode;
break;
case AviMode:
DisplayMode = Tpmiode;
breahk;
case Tpmiode
Diaplaytiode = Voltagelicde;
break;
default
DisplayModse = VoltageMode;
break;
}
ays_data.DisplayMode = DisplayMode;
AppHvRamWrite ()
break;
fendif
default
break;

BUTTON_O)==AFF BUTICH_FUSE)

2! 13. Display Mode ZE&tH
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(T AlAE W5 H2E At

0 0.582 0.27 7.0 7.5
1 0.713 0.32 8.5 9.5
2 0.972 0.38 9.0 10.5
3 1.097 0.44 9.5 11.0
4 1.215 0.59 10.0 12.0
5 1.571 0.76 10.5 13.5
6 1.705 0.81 10.5 15.0
10 1.841 0.98 11.5 17.5
11 1.989 1.18 11.0 19.0
12 2.234 1.38 12.5 20.5
13 2.387 1.74 14.5 21.5
14 2.348 1.68 16.0 21.0
15 2.517 1.79 17.5 21.0
16 2.492 1.85 18.0 21.5
17 2.534 2.08 19.0 22.0
18 2.537 1.98 21.5 23.0
19 2.674 2.17 22.0 23.0
20 2.658 2.16 21.5 22.0

—UE T E —E5YUHE ——UZ2 HEF =—Proto Sample

(TPM) (TPM) (AV) W)

25 3
20 2.5 §
s 15 £ =
10 >
1 5
5 05 <

]

012 345 61011121314151617181920

242 8K "0H

a8 17. AMSE2 BN S tetsd vl Jg=
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@ AAE AF 457
O WE AF test® 4B F ZHY AYL FUFAY FFAAVIE 8387 915he] Main
Board F/WS 33 AAE R271710] 33l 4% TESTS dastgieh. 54 A L%
TRV AYBAATLSE gol AFF] Astel BATRY AEL FEh] FAF
g AWt AAES] H5e AF L B sk

=0 z5
==
1
25 1
2
—— —‘pd"-—_-r—- —— =
20 1
H {TPRA)
F 15 =
= H = —_—s HE
& 1= ] H = {TPRA)
i , = TezEAE
10 = _/ av)
//'_"‘_ : FProto Sample
o CHTO| = S (awv)

i Proto Sample
CHNTE B (av)

jrm————————

0 0.2336 0.2724 0.29 7 7.5
1 0.2592 0.286 0.31 8 9
2 0.3388 0.3456 04 9.5 10
3 0.3476 0.3556 0.52 9.5 12.5
4 0.3888 0.3932 0.68 10.5 15 0.33
5 0.3992 0.4376 0.74 11.5 14.5
6 0.4216 0.4952 0.82 12.5 16.5
10 0.5028 0.5836 1.02 16.5 17.5
11 0.6736 0.7164 1.18 17 18.5
12 0.891 0.762 1.62 18.5 20 0.67
13 0.7568 0.7916 2 20.5 21.5
14 0.8228 0.866 2.23 21 23.5
15 0.9296 0.9592 2.25 22.5 24
16 1.054 1.0072 2.33 23 24.5 1.00
19, ST ME oolH Z ua =X
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