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KONGSAK RATNIYOMCHAI:DESIGN OF DIELECTRIC
HEATING SYSTEM. THESIS ADVISOR : ASST. PROF. CHANCHAI

THONGSOPA, Ph.D., 116 PP.

RADIO FREQUENCY CIRCUIT/POWER AMPLIFIER/DIELECTRIC HEATING

Nowadays, the dielectric heating technique are extremely interested and
widely applied for industry, medical profession, and agricultural. Because of the
dielectric heating has highly efficiency and be saved energy of the system. A feature
of dielectric heating function using radio frequency electromagnetic waves which are
transmitted in material. the material that can be used to heat the dielectric, it must be
qualified material that respond to electromagnetic waves. In other words, the material
could be polar molecules structure, which is mostly applied for household and large
industries, e.g. ceramic industry heating is mostly designed by using an amplified
circuit at radio frequency of 65 MHz . In this research thesis the dielectric heating is
designed at radio wave frequency by using transmitted electromagnetic waves
principle into material. The two main components of the system the power amplifier
and load. The power amplifier is a MOSFET BLF578 to design push pull circuit in
AB class for the power supply. Moreover, the electromagnetic field is constructed by
using the plate to heat a dielectric. Furthermore, the dielectric heating technique can

be adapted to heat for dielectric material.
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Table 1. Reported host-media temperatures following RF and microwave dielectric
heating exposures necessary for 99 to 100% insect mortality

Develop-
mental Freq. Temp.*
Species Stage (MHz) Medium (°C) Reference

Rice weevil, Mixed

Sitophilus oryzae (L.) immamre 27 Wheat 56 Anglade et al., 1979
Adult 39 Wheat 39 Nelson and Whitney, 1960
Mixed
immature 39 Wheat 61 Nelson and Whitney, 1960
Adult 39 Wheat 40 Nelson and Stetson, 1974a
Adult 2450 Wheat 83 Nelson and Stetson, 1974a
Adult 2450 Wheat > 60 Tateya and Takano, 1977
Pupal 2450 Wheat > 60 Tateya and Takano, 1977
Larval 2450 Wheat > 58 Tateya and Takano, 1977
Egg 2450 Wheat =57 Tateya and Takano, 1977

Granary weevil, All 13.6 Wheat 62 Benz, 1975

Sirophilus granarius Egg 13.6 Wheat 61 Benz, 1975

(L.) Adult 27  Wheat 55 Anglade et al., 1979
Larval 27 Wheat 58 Anglade et al., 1979
Pupal 27 Wheat 61 Anglade et al., 1979
Adult 39 Wheat 4] Nelson and Kantack, 1966
Adult 39 Wheat 42 Nelson et al., 1966
Adult 2450 Wheat B6 Anglade et al., 1979
Adult 2450 Wheat >92 Hamid et al., 1968
Adult 2450 Wheat > 57 Baker et al., 1956
Larval 2450 Wheat >82 Baker et al., 1956
Egg 2450 Wheat >72 Baker et al., 1956
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TP 3 (24.985 —j25.000) 1.001 65
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Point Z(Q) Q Frequency (MHz)
DP 1 (25.000 + j0.000) 0.000 65
DP2 (1.176 - j5.284) 4.493 65
TP 3 (1.176 +j5.314) 4519 65
TP 4 (25.185-j0.364) 0.014 65
26.0 nH
25+j0 Q %440.7 pF L.176 - j5.284 Q2
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Point Z(Q) Q Frequency (MHz)
DP 1 (1.680 - j0.155) 0.092 65
DP 2 (25.000 + j0.000) 0.000 65
TP 3 (1.679 - j6.258) 3.727 65
TP 4 (1.679 +j0.132) 0.078 65
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gilnsal ERGEIGI
B1 Semi Rigid Coaxial Cable RG405, 224 mm
T1, T2 M17/152 Semi Rigid Coaxial Cable M17/152, 129 mm
Cl1 30 pF
C2,C3 4.7 nF
Cc4 850 pF
Cs,C6 10 uF
C7,C8, C9 1 uF
Cl10,Cl11 100 pF
C12 100 nF
RI,R2 10 QQ
R3 N umulsuala 1k Q (W103)
R4 1k Q
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BLF578

Power LDMOS transistor

Rev. 02 — 4 February 2010 Product data sheet

A\

1. Product profile
1.1 General description
A 1200 W LDMOS power transistor for broadcast applications and industrial applications
in the HF to 500 MHz band.
Table 1.  Application information
Mode of operation f Vos PL Gp uf}
(MHz) ] w) (dB) (%)
Cw 108 50 1000 26 75
pulsed RF 225 50 1200 24 71
CAUTION

This device is sensitive to ElectroStatic Discharge (ESD). Therefore care should be taken
during transport and handling.

1.2

1.3

Features

Typical pulsed performance at frequency of 225 MHz, a supply voltage of 50 V and an
Inq of 40 mA, a t; of 100 ps with & of 20 %!

% Output power = 1200 W

% Power gain= 24 dB

# Efficiency =71 %

Easy power control

Integrated ESD protection

Excellent ruggedness

High efficiency

Excellent thermal stability

Designed for broadband operation (10 MHz to 500 MHz)

Compliant to Directive 2002/98/EC, regarding Restriction of Hazardous Substances
(RoHS)

Applications

Industrial, scientific and medical applications
Broadcast transmitter applications

founded by Philips




95

NXP Semiconductors

2. Pinning information

BLF578

Power LDMOS transistor

Table2.  Pinning
Pin Description Simplified outline  Graphic symbol
1 draini
2 drain2 T |JI
4 gate2 3 4 5
5 source m ! L|
2
[1] Connected to flange.
3. Ordering information
Table 3.  Ordering information
Type number  Package
\Name Description Version
BLF378 - flanged balanced LDMOST ceramic package; SOTS394A
2 mounting holes; 4 leads
4. Limiting values
Tabled4. Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134).
Symbol  Parameter Conditions Min  Max  Unit
Vos drain-source voltage M0V
Vs gate-source voltage 05 +1 v
Ip drain current a8 A
Ts,g storage temperature -85 +150 °C
T junction temperature 225 °C

BLFSTE 3

QWX B 010, AN FigHs risinaed

Product daia sheet
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BLF578

Power LDMOS transistor
5. Thermal characteristics
Table 5.  Thermal characteristics
Symbol Parameter Conditions Typ  Unit
Ringe  thermal resistance from junction to case Tj=150°C M 014 KW
Zinje) transient thermal impedance from junction to case Ti=150°C t5=100us; 6= 20% 004 KW
[1] T, isthe junction temperature.
[2]  Ripjjc) is measured under RF conditions.
[3] See Figure 1.
018 (0 Tagkd?d
L) .
W 4]
012
18)
0,08
5)
(4)
i
107 108 10
I (5}
(1) 6=1%
(2) 6=2%
(3) 5=5%
4 5=10%
(5 5=20%
(6) 6=50%
(F) 6=100%(DC)
Fig1. Transient thermal impedance from junction to case as function of pulse duration

6. Characteristics

BLFSTE 3

Table 8.  DC characteristics

T; =25 C; per section unless otherwise specified.

Symbol Parameter Conditions Min

Vierjpss drain-source breakdown Ves =0V, Ig=25mA 10
voltage

Vegity  gate-source threshold voltage  Vps =10V, Ip=500mA 125

Vasq gate-source guiescent voltage Vps=50V,Ip=20mA 08

loss drain leakage current Ves =0V, Vps=50V

Typ Max Unit

- - v
17 225 V¥
13 18 V¥
- 28 uA

© NP BV 010 A rights risenad

Product daia sheet

Rev. 02 — 4 February 2010
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BLFSTE 2

Power LDMOS transistor

Table 8. DC characteristics .. continued

Tj=25 C; per section unless otherwise specified.

Symbol Parameter Conditions Min  Typ Max Unit

losx drain cut-off current Ves = Vesim + 3.79 V, 58 70 - A
Veg =10V

lass gate leakage current Ves=11V: Vps=0V - - 280 nA

Rpsieny  drain-source on-state Vas = Vg + 375V, - ooy - Q

resistance Ip=16.66 A

Crs feedback capacitance Vegs=0V: Vps=50V: - 3 - pF
f= 1MHz

Ciss input capacitance Ves=0V: Vps=50V: - 403 - pF
f=1MHz

Coes output capacitance Vgs =0V, Vpg=50V, - 138 - pF
f=1MHz

Table 7. RF characteristics
Mode of operation: pulsed RF; ty= 100 us; &= 20 %, f= 225 MHz, RF performance at Vps =50 V,
Ipg = 90 MA; Tease = 25 C; unless otherwise specified; in a class-AB production test circuit.

Symbol Parameter Conditions Min  Typ Max Unit
Gp power gain PL=1200W 23 24 254 dB
RLin input return loss PL=1200W 14 175 - dB
Mo drain efficiency PL=1200W 68 71 . %
900 0 Tagt 13
Coss
{
750
600
450 \
300 \\\
h-.\
150 T ————
0
0 10 20 30 40 50

2
Vog (V)
Ves =0V, f=1MHz,

Fig2. Output capacitance as a function of drain-source voltage; typical values per
section

6.1 Ruggedness in class-AB operation

The BLF578 is capable of withstanding a load mismatch corresponding to VSWR =13 : 1
through all phases under the following conditions: Vpg = 50 V; Ing = 40 mA; P = 1200 W
pulsed; f = 225 MHz.

©RKP BV 2010 AK RS rsena

Product data sheet

Rewv. 02 — 4 February 2010 4 0f14
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BLF578

Power LDMOS transistor
7. Application information
7.1 Reliability
01581 14
16 . ; ;
s \‘\':\ .- 5 _?_I = ?51 —
(2 (3) &) (5 (8
104 N " o
S —
\Q\ x_“'..._ — ___"_::____ “'---..._:-5::___
1 ~ — Hﬁ%ﬁ
B F‘“""" :—_: -_—:-..
M@ @) (o) 1 ——
0 ===
1
L] 4 8 12 16 20
lae (A}

TTF (0.1 % failure fraction).

(1) T,=100°C
(2) T,=110°C
(3) T,=120°C
(4) T,=130°C
(3) T,=140°C
(6) T,=150°C
(7) T,=160°C
(8 T,=170°C
(9) T, =180°C

(10) T,=190°C
(11) T,=200°C

The reliability at pulsed conditions can be calculated as follows: TTF (0.1 %) « 1/ 4.

Fig 3. BLF578 electromigration (Ip, total device)

BLFSTE 2

©RKP BV 2010 AK RS rsena

Product data sheet Rewv. 02 — 4 February 2010
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BLF578

Power LDMOS transistor
8. Test information
8.1 Impedance information
Table 8.  Typical impedance
Simulated Z5 and Z; test circuif impedances.
f Zs 2L
MHz o! Q
225 32+26 37-102

drain
-
oA
qale
-
s
001551050

Fig4. Definition of transistor inpedance

8.2 RF performance

The following figures are measured in a class-AB production test circuit.

8.21 1-Tone CW pulsed

07 sakElg

G — 1
P 10
a8 ~

. < 3]

\
N

iy :
N4 :

0
100 400 700 1000 1300 1600
P}

Vs =50V lpg = 40 mA f= 225 MHz: t, = 100 ps:
6=20%.

Fig 5. Power gain and drain efficiency as function of
load power, typical values

001286527

/s 2

62
/ 4]

61 /
)y /-

&0 /

-/

58

34 a6

Vos =50 V. Iy = 40 mA; f= 225 MHz: t, = 100 ps;

5=20%.
(1) PLj1am)= 61.0 dBm (1260 W)
(2) Pl =61.4 dBm (1400 W)

Fig 8. Load Power as function of source power;

typical values

40
P (dBm)

BLFSTE 3

© NP BV 010 A rights risenad
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26 O aakg28
@, -
(k) W ety
— —
24 /g/ > _:\
-4
A P @l NY [
y/ e \
2 / i \
\
20
18
00 400 700 1000 1300 160D
Py (W}

Vos =50V, £=225 MHz; t, = 100 ps; 6 = 20 %.
(1) lpy=0mA
(2) oy =40 mA
(3) lpg=80mA
{4) lpg =160 mA
Fig7. Power gain as a function of load power;
typical values

BLF578

Power LDMOS transistor

G01aaks2s

o
%)

i) 8]
(2
(%
4

40

20

0
100 400 700 1000 1300 1600
PL (W)

Ve =50V, £ =225 MHz; t;, = 100 ps; 5 = 20 %.
(1) Ipy=0mA
(2) Ipy=40mA
(3) Ipy=80mA
(4) lpy =160 mA
Fig 8. Drain efficiency as a function of load power;
typical values

007aska31
G
(d8)

o §§\\

)

15

18
100 400 700 1000 1300 1600

PLOA)

(1) Vos=30V
(2) Vps=35V
(3) Vps=40V
(4) Vp==45V
(3) Vpe=30V
Fig 9. Power gain as a function of load power;
typical values

lng = 40 mA; f = 225 MHz) t, =100 ps: 5 = 20 %.

. ;};ﬁﬂLﬁ
) 7
.\ //////
Wi
1
v
40 / /
20 /
0104] 400 TO0 1000 1300 1600
Py (W)

lpg = 40 mA; f= 225 MHz; t; = 100 ps; 5 = 20 %.
(1) Vps=30V
(2) Vpe=30V
(3) Vps=40V
(4) Vpz=45V
(8) Vpz=350V

Fig 10. Drain efficiency as a function of load power,;

typical values

BLFSTE 3

© NP BV 010 A rights risenad
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Power LDMOS transistor

8.3 Test circuit

See Table 8 for a list of components.

Fig 11. Class-AB common-source production test circuit

See Table 9 for a list of components.

Fig 12. Component layout for class-AB production test circuit

BLF578 2 QNXP BY 2010 AN nghts resened

Product data shest Rev. 02 — 4 February 2010 8of14
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Table 9.

List of components

For production test circuit, see Figure 11 and Figure 12.
Printed-Circuit Board (PCB): Rogers 5880, &= 2.2 F/im; height = 0.79 mmy;, Cu (top/bottom metallization);
thickness copper plating = 35 um.

BLF578

Power LDMOS transistor

Component
c1,C2,c11, C12
C2,C3,C27,C28
C5,C7,C8, C21,C22
c6

€9, C10, C13,C15
cl4

c16,C17

c18

c19

c20

c23

c24

C25,C26

L1, L2

L3, L12

L4, L5, L10, L1
L6,L7, L8 LY

R1, R2

R3, R4

RS, R6

T, T2

Description

multilayer ceramic chip capacitor
multilayer ceramic chip capacitor
multilayer ceramic chip capacitor
multilayer ceramic chip capacitar
multilayer ceramic chip capacitor
multilayer ceramic chip capacitor
multilayer ceramic chip capacitor
multilayer ceramic chip capacitor
multilayer ceramic chip capacitor
multilayer ceramic chip capacitor
multilayer ceramic chip capacitor
multilayer ceramic chip capacitor
electrolytic capacitor

3turns 1 mm copper wire
stripline

stripline

stripline

metal film resistor

metal film resistor

metal film resistor

semi rigid coax

Value
47 uF
100 nF
1nF
30 pF
62 pF
36 pF
24 pF
30 pF
27 pF
9.1 pF
13 pF
16 pF

220 uF; 63V

D=2 mm; length = 3 mm

20;08W
200 08W
10,08W
30, 58 mm

E EEEE

EEEIE

=

Remarks
TDK4532X7R1E475M020U
Murata X7R 250 V

(L= W) 15 mm « 2.4 mm
(L« W) 47 mm » 10 mm
(L=W)& mm:= 15 mm

EZ-141-AL-TP-M17

[1] American Technical Ceramics type 100B or capacitor of same quality.

BLFSTE 3

QWX B 010, AN FigHs risinaed

Product daia sheet

Rev. 02 — 4 February 2010
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Power LDMOS transistor
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9. Package outline

Flanged balanced LDMOST ceramic package; 2 mounting holes; 4 leads S0T539A

0
; ;
i ; — !
' |
- Dy -
(9]
! Hy
RE AN ENE
i | ! ‘ i
Huy  — - 4 -T-—i-—- E
1 ! : ! 1
l&; | 3 ! F— ! 4 )
ool T ool

o 5 10 mm
S .|

scale

DIMENSIONS (millimetre dimensions are derived from the original inch dimensions)
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10. Abbreviations
Table 10. Abbreviations
Acronym Description
cw Continuous Wave
EDGE Enhanced Data rates for GSM Evolution
GsSM Global System for Mobile communications
HF High Frequency
LDMOS Laterally Diffused Metal-Oxide Semiconductor
LDMOST Laterally Diffused Metal-Oxide Semiconductor Transistor
RF Radio Frequency
TTF Time To Failure
VSWR Veltage Standing-Wave Ratio
11. Revision history
Table 11. Revision history
Document ID Release date Data sheet status Change notice  Supersedes
BLF578_2 20100204 Product data sheet - BLF578_1
Medifications: ® Table 1 on page 1: added information for CW performance.
* Section 1 on page 1: changed typical value of np.
* Table 4 on page 2: changed maximum value of Ip.
¢ Table 5 on page 3: changed value of Ring.q.
¢ Table 5 on page 3: added information about Zngj.q).
* Figure 1 on page 3. added figure.
¢ Table 6 on page 3: added values vor Vgsg
* Table 6 on page 3: changed typical value of Ipgx.
* Table 7 on page 4: changed some values.
*® Section 8.2.1 on page 6: changed some graphs.
BLF578_1 2008121 Objective data sheet - -
BursTs 2 ©NKP BV 2010 A ngrts resera
Product data sheet Rewv. 02 — 4 February 2010 11 of 14
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12. Legal information

BLF578

Power LDMOS transistor

12.1 Data sheet status

Document status{112] Product statusEl Definition
Objective [short] data sheet Development

Preliminary [short] data sheet  Qualification
Product [short] data sheet Production

This document contains data from the objective specification for product development.
This document contains data from the preliminary specification.

This document contains the product specification.

mert & nitiating or oo

ined in section "Dedndions”

12.2 Definitions

Draft — The document is a draft version only. The content is still under
intemal review and subject to formal approval, which may result in
modifications or additions. MXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
infarmation included herein and shall have no liability for the consequences of
use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet
with the same product type number(s) and title. A short data sheet is intended
for quick reference only and should not be relied upon to contain detailed and
full information. For detailed and full information see the relevant full data
sheet, which is available on request via the local NXF Semiconductors sales
office. In case of any inconsistency or conflict with the short data sheet, the
full data sheet shall prevail.

Product specification — The information and data provided in a Product
data sheet shall define the specification of the product as agreed between
NXP i andits unless NXP Semiconductors and
customer have explicitly agreed otherwise in writing. In no event however,
shall an agreement be valid in which the NXP Semiconductors product is
deemed to offer functions and qualities beyond those described in the
Product data sheet,

12.3 Disclaimers

Limited warranty and liability — Information in this document is believed to
be accurate and reliable. However, NXP Semiconductors does not give any
i ions o warranties, d or implied, as to the accuracy or

P of such infe tion and shall have no liability for the
consequences of use of such information.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or quential including - without limitation - lost
profits, lost savings, business interruption, costs related to the remaval or
replacement of any products or rework charges) whether or not such
damages are based on tort {including negligence), warranty, breach of
contract or any other legal theory.

Motwith ding any d that might incur for any reason

whatsoever, NXP Semiconductors’ aggregate and cumulative lability towards
for the prod described herein shall be limited in d

g & design

have changed since e documant was publishad and may difer in case of mutiple devices. The lstest praduct ststus

malfunction of an NXP Semiconductors product can reasonably be expected
to resultin personal injury, death or severe property or environmental
damage. NXP Semiconductors accepts no liability for inclusion andlor use of
MXP Semiconductors products in such equipment or applications and
therefore such inclusion andfor use is at the customer's own risk.

Applications — Applications that are described herein for any of these
products are for ilustrative purposes only, NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

MXF Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on a weakness or default in the
pplicationfuse or the applicati of s third party
customer(s) (hereinafter both referred to as "Application”). |t is customer's
sole responsibility to check whether the NXP Semiconductors product is
suitable and fit for the Application planned. Customer has to do all necessary
testing for the Application in order to avoid a default of the Application and the
product. MXP Semiconductors does not accept any liability in this respect.

Limiting values — Stress above one or more limiting values (as defined in
the Absolute Maximum Ratings System of IEC 60134) will cause permanent
damage to the device. Limiting values are stress ratings only and (proper)
operation of the device at these or any other conditions above those given in
the Recommended operating conditions section (if present) or the
Characteristics sections of this document is not warranted. Constant or
repeated exposure to limiting values will permanently and ireversibly affect
the guality and reliability of the device.

Terms and conditions of commercial sale — NXP Semiconductors
products are sold subject to the general terms and conditions of commercial
sale, as published at httpJ/Avww nxp comiprofilefterms, unless otherwi
agreed in a valid written individual it In case an i
agreement is concluded only the terms and conditions of the respective
agreement shall apply. NXP icond hereby expressly objects to
applying the customer's general terms and condttions with regard to the
purchase of NXP Semiconductors products by custamer.

No offer to sell or license — Nothing in this document may be interpreted or
construed as an offer to sell products that is open for acceptance or the grant,
conveyance or implication of any license under any copyrights, patents or
other industrial or intellectual property rights.

Export control — This document as well as the item(s) described herein
meay be subject to export control regulations. Export might require a prior

with the Terms and conditions of commercial sale of NXP Semiconductors,

Right to make ges — NXP i 5
changes to information published in this d t, including without
limitation specifications and product descriptions, at any time and without
netice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Buitability for use — NXP Semiconductors products are not designed

authorized or wamanted to be suitable for use in medical, military, aircraft,
space o life support equipment, nor in applications where failure or

BLFST8_ 2

from national auth
) Non qualified p — Unless the data sheset of an NXP
the right to make i product ly states that the product is automotive

qualified, the product is not suitable for automotive use. Itis neither qualified
nor tested in accordance with automaotive testing or application requirements.
MXP Semicenductors accepts no liability for inclusion and/or use of
non-automotive qualified products in i i t or applicati

In the event that customer uses the product for design-in and use in
i lications to i and \
{a) shall use the product without NXP Semiconductors’ wamanty ofthe

QINAP BV, 2010, All Nghts resérved.
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product for such | lications, use and ifications, and (b} 12.4 Trademarks

whenever customer uses the product for automotive applications beyond

NXP Semiconductors’ specifications such use shall be solely at customer’s Natice: All referenced brands, product names, service names and trademarks
own risk, and (c} Tully ifies NXP i s for any are the property of their respective owners.

liahility, damages or failed product claims resulting from customer design and
use of the product for automotive applications beyond NXP Semiconductors’
standard warranty and NXP Semiconductors’ product specifications.

13. Contact information

For more information, please visit: http:/AMww.nxp.com

For sales office addresses, please send an email to: salesaddresses@nxp.com

BLFSTS_2 QINKP BV, 2010, Al ights reserved
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Abstract. This paper presents the optimization of dielectric heating by using capacitor copper plate
material. It has dimension of 50x50 mm. and the distance between plates is 3 mm. This work 1s used
for preheating of insect and pests. Considering the RLC resonance circuit and the power per heating
area, the rice weevils are used for sample dielectric. While the power transfer is varied from 10 - 80
watt and resonance frequency at 65 MHz for analysis, the rice weevils are died when the power
transfer are more than 70 watt in 1 second. Moreover, It the power transfer is decrease, the period of
time is increase. Approximate 10 watt of power transfer, the plate copper has less power so the rice
weevils are breaking. Therefore, the power transfer has an effect on the heating area, which is the
relation of the fast time.

Introduction

In recent years, the heating technology has been developed for many applications. This technology
can be used for all of industry and household, which are such as ceramic industry and preserved
industry. The source of heating power has various types, which are gas, induction heating, radio
frequency, and microwave frequency. Especially, the heating source from radio frequency. Because
the radio frequency range is reacted with molecule structure, the molecular quake is occurred. And
the molecular quake is the cause of rapidly and regularly heat. The preheating by using radio
frequency is preheating technical for pole molecular structure, it is famous application [1,2] The
dielectric heating is used to induce the frequency wave and is transmit the power into lossless
dielectric medium by using plate capacitor. The plate capacitor is the medium which is radiated the
electric field. It has an effect and dielectric material which is the heating. The main parameter
of resonance frequency, radiation pattern of wave in the loss factor dielectric, and power. The
important parameter is the characteristic of dielectric which is related with the frequency [3,4]. The
part of plate capacitor is importance because it used for optimize the power. Because of the problem
of insect in agriculture, the chemicals are used to solve a problem for agriculture [5]. But is has the
chemical which leaf over a product. From this paper, the organism of pest has a liquid which induce
radio frequency and then the heating is occurred [6]

In this paper, the dielectric heating is presented by using capacitor copper plate material, it use
for clear up the pest. Considerity, the copper plate which has the dimension of 50x50 mm. and has
the distance between plate of 3 mm. Moreover, the rice weevils are used for sample dielectric.
When the power source approximate 70 watt, the rice weevils are heat very fast and it is dead in 1
second. Conversely, if the power source is low, the period of time is increased. Therefore, the
power source an effect on the heating area, which if the both of thing is satisfied, the period of time
is decreased.

Dielectric heating

The material property known as the loss factor £'is the ability of the dielectric material to convert the
applied electric field into heat. The higher the loss factor is, the easier the dielectric material is tobe
affected by dielectric heating. Materials with a loss factor greater than 0.02 are generally considered

Allrights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of TTP,
www ttp.net. (ID: 171 5.138.9-07/01/14,03:47:49)
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for dielectric heating [7]. However, temperature can sometimes increase the loss factor ofsome.
products. The permittivity denoted by the symbol ¢ is the ability ofa dielectric material to be
polarized. Dividing the permittivity by the permittivity of free space & =88sx10"F/mresulted in the

relative permittivity (dielectric constant). the dielectric constant vary with the frequency applied and
the temperature of the material. The power absorbed by the material is the value of heat generated
through the material and is represented as Eq. 1

P=FEc=2nff¢ce )

Where, P is power density (W/m®), E is rms electric field strength in the material (V/m), o is
conductivity (1Qm), fis applied frequency (Hz) &, is permittivity of free space (F/m) and g is
loss factor. The rate of temperature increase (C/s). It is represented as Eq. 2 Where, ¢ is specified
heat of the material (kJ/kg"C)and p is density of the material (kg/m3)

AT _ P
At pc (2)

The penetration depth- is defined as the depth at which the power bas decayed to 0.368 (I/e) of its
maximum value [8]. It may vary depending on the loss factor and the frequency used. Usually, the
higher the loss factor is, the lower the penetration depth will be. As wavelength increases, the

penetration depth increases as well. The relationship between wavelength and penetration depth is
expressed as Eq. 3 where, d, is penetration depth (cm) and c is speed of light (3X108)

c

i 27rf\/25 [,/1+(g" /Y —1}

d[’

Capacitance of parallel plates

For the dielectric heating, it is high efficiency heating technical. It use the principle of alter noting
electric field between anode and cathode of plate capacitor. The material heating is placed between
anode and cathode of electric field, which the molecular of dielectric material is continually
reversed pole at the resonance frequency for the reverse direction of pole. Because of the fiction of
molecular movement, the dielectric material is rapidly heat. The structure of the plate capacitor is
show in Fig. 1.

lSignal //ﬂ

4
ﬁmumu{m

Fig. 1 The structure of the plate capacitor

The capacitance of plate can be calculated by Eq. 4, where 4 is plate area, d is distance between
plates and ¢ is permittivity of material. The electric field between two large parallel plates is given
by Eq.5, where o charge density and V'is voltage difference between the two plates. [7]

_ed
d “
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Circuit configurations

The RLC resonance circuit is used to design the dielectric heating analysis is shown in Fig. 2(a). It
can be analyze the circuit, which bring about the voltage in plate capacitor (v) and put across
inductance (7)) From equation XC =1/(27fC), XL=2zfL), V. =IXCand ¥, = IXCIn addition, . is
equal v, at the resonance circuit. The dimension of plate is 50x50 mm. and the distance between
plate (d) is 3 mm. The plate capacitor value can be calculated from Eq. 4, which is 7.38 pF.
Moreover, the induction value is 0.81 pH at the resonance frequency. And then, the calculation of
power that is used for analyze the plate capacitor voltage (V¢), is illustrated in Fig. 2(b). When the

dielectric heating is prospered and the power is increased, so the voltage that is put across plate
capacitor is directed variation with the power.

90
80

V=IX 0
R - e 5 60
2 T 50
L i ; 40
capacitance plates £ 3
— 20

Signs : ¥=1Ix
Signal C ¢ 10
0

\i

0 30 100 150 200 250 300

Voltage is put across capacitance (V)

(@) (b)

Fig. 2 (a) RLC series resonance circuit and (b) Voltage is put across capacitance of power

Thermal analysis of dielectric material

Analysis of dielectric heating reproduces dielectric material as rice weevil, which rice weevil has
the temperature of 48 “C or 120 “F [9], it can assassinate the rice weevil at this temperature. The
specified heat of the material (c) has value of 3.45 (kl/kg “C) and the density of the material p of

1000 kg/m® From Eq. 2, the power density per time can be calculated, the temperature is 48 °C in
60 second. After that, electric field energy (E) is calculated from Eq.1, when the resonance
frequency of 65 MHz and loss factor of 2.1 [10], the electric field energy can shown in Fig. 3(a).
Furthermore, Fig. 3(b) shows the analysis of power for dielectric heating. We found that, the power
transfer is decrease; the period of time is increase. Approximate 70 watt of power transfer, the rice
weevils are died in 1 second.
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Fig. 3 (a) Electric field energy per time and (b) Power calculate per time

Experimental Results

To verify the calculation results, the diclectric heating is tesed by using RLC series resonance
circuit and electical power is 10 — 80 watt, resonance frequency at 65 MHz. On 5050 mm. Plate
capacitor and distance between plate of 3 mm. For dielectric heating, it uses the 5 rice weevils for
dielectric and tested by 2 case are used the rice weevils in plate capacitor before transfer source and
after transfer source. The mesurement of time is 60 second and the power is increased from 10 wat
to 80 watt. It seem that the dielectric heating as shown in Fig. 4(a). Finally, the calculation and
measurement resulls is satisfied, as shown in Fig. 4(b).

Power (W)

0 20 40 60 80

(b) Time (s)

Fig. 4. (a) The dielectric tested selu (b) The Result of Power calculate per time and
Powcr measurement

In fig.4 (b) When compare the result of power calculate and power measurement. We found that,
the results of measurement have tended in the direction of the calculation. When the power source
is high, the rice weevils are heat very fast and it is dead very fast too case all. The rice weevils are
died when the power transfer are more than 70 watt in 1 second. Conversely, if the power source is
low, the period of time is increased. Therefore, the power source an effect on the heating area,
which if the both of thing is satisfied, the period of time is decreased.

Conclusions

In this paper, presents the optimization of dielectric heating by using RLC series resonance circuit
and electrical power is 10 — 80 watt, resonance frequency at 65 MHz and tested by using capacitor
copper plate material, it use for clear up the pest. Considerate, the copper plate which has the
dimension of 50x50 mm. and has the distance between plate of 3 mm. Moreover, the 5 rice weevils
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are used for sample dielectric by 2 case are used the rice weevils in plate capacitor before transfer
source and after transfer source. the rice weevils are heat very fast and it is dead in 1 second case
all, when the power source are more than70 watt. Conversely, if the power sources are low, the
period of time is increased. Therefore, the power source an effect on the heating area, which if the
both of thing is satisfied, the period of time is decreased.
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