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1.RFHIC company profile
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Pioneers in GaN Solid-State Microwave

About RFHIC

A leading pioneer in designing and manufacturing
GaN RF & Microwave components for various
applications in wireless communications, defense &
aerospace, and RF energy sectors.

RFHIC Stands For

RFHIC stands for Radio Frequency Hybrid Integrated
Circuit.

RFHIC was founded in 1999, and it all started with an
incurable need for cost-effective GaAs transistors and
MMICs for satellite applications within South Korea.




Custom Transistor Pkg

In-house Grade 4
Clean Room Facility

Operable from DC-40GHz

Power Levels up to 1kW

HTRB (High-Temperature
Reverse Bias) Age Testing
DC Testing

Ultrasound Testing

Power Amplifier
Assembly

* In-house automated SMT line

» Faster and Robust PA
Assembly

« Custom design capabilities

Sub-System
Assembly

After Service Care

Operable from 500MHz-
10GHz

Power Levels Capable of up
to Multi-KWs

Complete device to system-
level replacement
capabilities

In-house device to system-
level expertise

Faster service
Higher customer

satisfaction and brand
loyalty
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ajor Business Segments

;‘d

Industry

Power Amg

ISM Module,
Sub System

L
Power Amp \/ MW Generator

Cooking Plasma
Car Source

Radar &

Sansor

Self-Driving
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2. Why Microwave need

to energy source ?

NYRFHIC
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Climate change caused by industrial development

Since the industrial revolution, climate change has been caused by increased greenhouse gas emissions due to human

activity, resulting in rising global temperatures and changes in the natural environment.

I 0 I A |




Mitigating CO, emissions isn’t just about
shifting to electricity and changing fuels.

F 9

Maintaining our competitive position demands the adoption of cutting-edge and energy-saving technologies to counter rising energy costs.

9
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Why Microwave need to energy source ?

Microwave : New energy source

. The utilization of microwave energy sources is a future
Heating (Over 50% of global energy is used for heating) R
technology that can significantly enhance the current

Current manufacturing technology using fossil fuels, ect 10 low energy efficiency,
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Benefits of adopting Microwave Technology
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m Effects of microwaves on industrial processes

Saving Energy

Higher efficiency

Compact

Electricity consumption can be cut to 1/3 of
that of conventional methods.

Reactions can be made more efficient
than conventional methods.

i E¢\ Fi E\i\ i
: s E\i\ — E\i\

sEE sER

Single-stage synthesis is now possible,
instead of the conventional two stages

11
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3. What is RF energy?

NYRFHIC
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Radio Frequency Introduction

RF : 3KHz ~
300MHz I

100Km ~ 1m

Microwave :
300MHz ~ 30GHz
It 1m ~ 1cm

Millimeter wave:
30GHz ~ 300GHz
otAF 1cm ~ 1mm

RF Microwave Millimeter wave
!1— —————— —>l— = = — >|<— —>!
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oC % g ke 30 WG 430-T0He 0P B 0Bk

non-ionizing ionizing

J— Wavelenglh e f< frequency) — Ci sneod ofllg'ih.- /A mmalm‘gtm
W e ’.-' ,--a._ll r ™ f A\ :-| ’ ‘ r
. | 'I 'I M\ | /1 I| |I- | [l I‘ J
r 4 / \ A J \ J L ) v J 1/} | | | ‘

N’ o L W/ =, \/ VUV VYETY
geomagnetic extremaly  very radio frequency garrma
A&SubELF  low low spectrum infr ultra wolet COSMIC
sources frequency frequency I'TIICI'DWB".'ES \."ISEDie— X-rays rays

EMF Sources _

?‘ o = ) s i:} &
earth & C power CRT rnotule cell’ microwave sunlight medical radioactive
mbways monitors N.%-'FM PCS & satellite X-13ys SOUrces

Gigahertz (GHz) 1009 Tembertz (THz) 10-12 Petabertz (PHz) 310-15 Exabertz (EHz) 10-18 Zettabertz (ZHz) 1021 Yottabertz (YHz) 10-24
13
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Why Solid-State Generator?

Magnetron M/W Generator Solid-State M/W Generator
Frequency is not adjustable (Self-Oscillator) Frequency is adjustable (Amplifier)
M/W power is adjustable from 10% of Pmax to Pmax M/W power is adjustable 1W to Pmax

Step accuracy 1W

14 YRFHIC
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What is Solid-State Generator?

m The Composition of SSPG |

26 2
Y )y
\ S\ 22 ‘
- W‘Q/ : r ‘

GalN TR Pallet SSPA SSPA Module High Power Amplifier
S < . L ;
‘;“;"-";;’
-

15 VYRFHIC
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Solid-state Technology

Magnetron vs. SSPA Why SSPA?

Solid-state

. . .
Configuration Single Combining @ . @ e
Power &

e G R Not Capable Capable (Digitally/Manually)
Digital Adjustable 10x Longer Uniformity
Lifetime 10k hrs 2100k hrs Controllability Frequency Life-time Even heat
With 1W step distribution
Danger (~15kV) Safe (~50V)
Harmonics Very High - 20dBc Low - 50dBC ° 0
el il e Not Capable Pulse, Phase Shift Narrow Stable Compact Size
Spectrum & Lighter Weight
4~15KV High Cost 50V Low Cost > < 9
Power Supply L a - 5 5
oud Operating noise Qu|et operat|on

Maintenance Cost
(One time)

High OPEX ($10k~) Low OPEX ($2k~)

16
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Where is M/W Generator used ?

Fusion reactor | ¥

L
i
be

[ e

ik
i

(il

AV 114
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{ al‘}ﬂ

g

Cooking

Secondary
battery

Semiconductor. = 1

Plasma Generat

Material X
!
heating \ B %

"

17

Hydrogen
synthesis

Analytical Chemis

Ablation

Agriculture

VYRFHIC
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4. M/W Heating
for
Materials

NYRFHIC
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SSPG Microwave heating system for material.
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Advantage of Microwave Processing for Material Heating.
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» Microwave » Compare of Heating Mechanism Direct /
PR Y ' Selective
/ N s
[» -\ Healing
- - -
= ‘< j
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3
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7 ] N\ Conventional Vicrowave
(a) Conductive He (b) Microwave Heati
ating ng
(o //‘“\z o) /I/Q\\ < | Microwave
. LY | ‘ Temperature Precise Temp.

(a) Dipolar Rotatio
n

Ref : CEM — Microwave Heating

(b) lonic Condu
ction

Setting

Ref : Micro Denshi CO.ltd — Basic Knowledge of microwave

Conventional

heating

Time
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Rapid Heating

Temp.

Conventional

Time

Control

Temp

Conventonal
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Magnetic loss
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[Measurement of microwave absorption ability of each component]
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Loss Classifications Material category Calculation formula
Co(r;dd;cgcigroelc))ss Carbon material, lonic liquid %0|E|2
D(‘g%"jél”;’rgs BaTiO3, H20, Alcohols nfege, |E|?
Ma(‘gpgt;f%i‘)’ss Ni, Co, Fe304 Tf tot | H|?

Dielectric loss
(™A 71E)

Conduction loss
(HEd 71Y)

Magnetic loss
(X271 7}'€E)

1 : ’
Prota = 5 O1EI? + mfeoe1 | EI* + mfuom, |H|’

P= ¢ -E2

s" = A material-specific value called the dielectric loss factor. (R =4 A= M= gt

£ =220l 2 003 290l= B8/ B4 RHE 4%

2 =HESUO 8TE

Pior= Bt 2TY DPOIEETJIOI 5 7t £ & Ptotal(W/m3)

o =X[RIUL TS E (8.854 x 1012 F/m)

|E| = 7| Eo| | E-| (E)°| 37|

[H| = A7 tL‘!E1( H)9I 37|

o =B £AS

L = SEMo EXE/ 24 EXLE

E = The strength of the electric field (V/m) produced by the microwave, that acts on the material.

21 YRFHIC
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The principle of selective heating of substances using microwaves.

: " : " 1 ’ 1 1 .
Substance with small ¢ < Substance with large ¢ Piptar = Po+ Py +P, = Ewgog E2 + EO.Ez + Ewﬂoﬂ H?

2ol £He| £ Ojo|22 T 7Y 5]

—

£’
E : Electric fild, H : Magnetic fild, w : Frequency
o BHo fEMS GO 2 F o B SO B 7L By to: Permitutvity, o - Conduetiviey
e+ Complex pemittivity, o : Conductivity
LMW B EDH(E4 EX %) - MW BE EnEX 22 (B4 '+ Complex magnetic permeabilit
Proror: T FH|E OIO[Z 20| 2 HH| 7HE £ = Ptotal(W/m?)
-. M/W 7}E0| LOo{LIX| S - M/W 7} 2 E p::'flgr@xﬂ 2 7Y 25 (W/md)
P UEd 22 7tE £& (W/md)
o N P, Ard 22 7tE 7HE (W/md)
[ =2t O[22 0| 22| 7t E EF AO|2f 2HA)
22
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General parallel plate capacitance measurement method

Js eda A Js dxdy

Q| Mo M S2|& 3 7|(A, d)Oll 28 7| 82 (permittivity) 0| M3l &,

23

Conductive plates
/\
| d
T

‘ Dielectric

PHIIAE X 2]
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Capacitive dielectric constant measurement method

GHzZ '§& 5T} Y2 LCR AB7|2

-
Plate separation d

PHIjAE TX JHEE) 24 [LCR A5 7|_Keysight / E4980A] YRFHIC
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electric constant measurement method

L
x 22U EMIP HH
1. 22 2M7|E ALBSHH TS| S T 4+F7H0| 7tsE.
2. 3|2 2M7|= LCR AIE 7|2 CtEA GHzHK| = 70| 7tsd. (LF0 50| 7tath &H| Q)
3. &% RlE HE2 HAHER IHH0|2E, Xta2tE SHE Ha
4. 2F UHRe 32Y 2M7|= Xta3 Y E K| ¥t

, GPIB(General Purpose Interface Bus) 22, U EQ3 7}=71 E= TALE|Of

R =T o

ojo
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.
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Measurement Method for Dielectric Constant of Materials

0.434 0.915 2.45 5.8 10
GHz GHz GHz GHz GHz
A
§ »x§

N / \
Raw \-.\ / Solvent \
materia \ [ \
| i

- OtO|3 20} S4= Zf = 2 OICH A RIH 220 a0 el S+20| et [Microwave Absorption

3. 26 vRFHIC
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[Application case] GaN SSPG M/W Heating for Conveyor Systems

SSPA Head

Horn Antenna

GaN SSPA (4X)
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[Application Case] GaN SSPG M/W Heating for anode material

Microwave Heating for Li-battery cathode

M/W Heating System

VYRFHIC
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[Application Case ] GaN SSPA Heating for Foaming Systems

Microwave Foaming Systems

\
\ © Hopper /
\ MW Generator

jr_—_

The expansion of foam during MW processing can be controlled
using our GaN SSPA technology

Uniform cellular structure Conductivity

Low density

Characteristics of MW Assisted Foams Uniform foam density

29 VYRFHIC

- Mechanical and thermal stability
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tion Case] GaN SSPA M/W Heating for Ablation

Microwave Ablation

. e
. Applications :
= . e . .
e WLy » Microwave Ablation
o (Tumor, Liver, Cardiac)

» Microwave Medical Aesthetic

device

* Microwave Diathermy
Larger Tumor
Ablation Volumes

Benefits of Microwave Technology for Tumor Ablation
Applications :

Consistent and Higher
Intertumoral Temperatures

- @ Faster Ablation Times

. Larger & Faster Ablation Zones
*+ RFHIC’s Phase Control Capabilities > Precise Ablation Control Capability

+  Capable of penetrating through various tissues, even those with high impedance (ex. Lung, Bone)

. Uniform Heating

*  Less susceptibility to Heat-sink Effect

I cucc aing [ ] ik *  Generate higher temperature vs. RF

Thammm conductancy Tirsart vl exatach e ABcs

. Improved Convection Profile of Tumor

Difference in Tumor Convection Profile between
the two different types of ablation methods. "
30 VYRFHIC
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[Application Case] GaN SSPA M/W Heating for Diathermy

* Adjustable Frequency & Power Capabilities
» Excellent Power Efficiency
» Custom Solutions Available

» Compact & Portable System

RIP25028-20

Output Power 26W

Frequency 2,400~2,500MHz
Efficiency 60%
31

Uniform and Consistent
Heating Distribution

Faster Heating Times

Excellent Directivity
For Precise Radiation

VYRFHIC
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[Case study] Extraction from food(grape) with hexane

Conditions:grape extraction was done in hexane. Irradiation time was 30 sec and the power 240 W.

32 VYRFHIC
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[Case study] Anode-cathode active material M/W drying process

2ARSKI 2KH

NCM precursor sy @
ot
—

..........................................................................................

As -is : Dry|ng process Iength 30~ 40m

The length of the drying process can be
reduced to 1/10 level by using
EQ microwave.

-t VYRFHIC
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[Case study] Asphalt pothole treatment using microwave heating.

http://www.mnltap.umn.edu/publications/exchange/2013/fall/microwaves.html

34
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5. M/W Heating
for
Plasma applications

NYRFHIC
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Introduction of Plasma

Plasma, the fourth state of matter,’ O
is a collection of charged particles O O O

¥
(electrons, ions, neutral atoms), O OOO h@ O O
various active species, and UV
o O Plasma @ 4 O

photons.

Solid Liquid Gas
4th states of matter

3 states of matter

Plasma in nature Artificial plasma Industrial application of plasma

Plasma etching Plasma coating

Plasma can be artificially generated

]
I ‘{ Low pressure
I Atry eric pressun

N

Plasma TV

w\ | }
. r~Thermal
/' - &= ' ﬂ‘# n-thermal
N\

Plasma deaning
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Plasma generation

Breakdown mechanisms
Townsend avalanche

o+
. 'l Ye A, 4n 'I ff .
B B0 B0 3D B 33 BB
& +\ +\ d+ -"-"f——"’:
LR R
@ @ o B
% g
IR R R
+ +
w 7
» v[
+
¥
»
® @
|
0
>
>
L 1Y

self-sustaining discharge :
/ leads to plasma | |1
./ 1
- 1
1
) d 1 non self-sustaining discharge 1
Ua external source necessary .%
E;
]
\ > ] g
\ X 2
io = :@
saturation current -
- T >
[EIf ~10V Vg =102V V

37 YRFHIC



Zeet= th2] _ RF/Microwave Of|LX| S8

Plasma classification and characterization

1070 . kel =mc®
Magnetic
[Earth's Magnetosphere Fusion = //Q’Q
108 + Ty Inertial Fusion i\
o \ ::ngr:-fi: \{*Q
< Sola[:b;brona y Fully ionized
o 10° 4 | - - "ngﬂriiryng . -
£ hiar wind y*' (90IGW with 100 MV) -
s o Low-Temperature Plasma White Dwarfs
- (Display, semiconductors, .~ e
k3 I np*ggbe o Materials; energy, food..X)¥-/ rially ionized
W
_— Neutral dominated
102 4 Room temp :
,'.;;E
100 {11600 K = 1ev Air (STP) :EV\'Ialer(STF’)
108 1010 1078 1020 102 10%

Number density (cm™)

38 SYRFHIC
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Plasma Type

3| _RF/Microwave Of|L{X| 28

Generation

Thermal Plasma

Arc discharge

Cold Plasma

Glow or Corona discharge

Power supply

DC, AC, RF (SSPA)
(Low voltage, High current)

DC, AC, MW(magnetron), RF
(High voltage, Low current)

Temperature

T.=T; =T, =10%-10°K
LTE
High thermal capacity

T, = 10* — 10°K, T, = Tg = feW103K
Non-LTE
Low thermal capacity

Plasma Density

1015 ~ 10¥%9¢m3

108 ~ 103 cm™3

Pressure 3 10™* ~ 103 torr (glow discharge)
10 ~ 10% torr 10 ~ 103 torr (corona discharge)
Uniformity Medium or Poor High (glow)
Low (corona)
Major Role

High-temperature heat source

39

Physical & Chemical reactor

VYRFHIC
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Plasma classification

Artificial Plasma YPIasma pyrolysis for H2

High temperature Plasma
RFHIC’s Plasma Torch (Fully ionized)

>

i i & o 2 g = ; . - ] Hi :::lj;‘:! - e " :.
N( b ~ TRl 4. e Equilibrium plasma (Thermal plasma)
e | o e (R ) | Te ~ Tgas >> Troom

’J-
\

RF ICP Microwave Thermal Arc
40 YRFHIC
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CVD Reactor Plasma Torch

RFHIC Corporation Plasma Chamber for CVD RFHIC Corporation Plasma Torch Application
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Case Study : Plasma heating of fusion reactor

K- Star & Tokamak
: ?—* e [T TR gl 50 ITER Tokamak

\ | 150

LRF& il
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Case Study : Plasma Conversion Technology

Natural Gas
70-90% Methane

Biogas
40~60% Methane

Methane Emissions
Coal Mines, Petroleum

" "

Microwave
Plasma

“Cracking” or Pyrolysis

ll
T

Hvdrogen Solid Carbon
ydreg (By-Products)
» Electric Vehicles * Welding
*  Ammonia « CVD Equipment
* Hydrocracking + Graphene

Sources: TM, R, BASF, SC

43

* Key Advantages

C':f]%‘) Zero Water & GHGs

No water consumption and zero CO: process emissions

v 4x Less Energy Consumption

Electricity vs. Competing Hydrogen Technologies
(Source: TM)

& Economic Advantages

Produce other solid carbon by-products for profitable use.
Ex) Acetylene, Graphene, Ammonia

Efficient & Stable

Microwave plasma using GaN solid state provides a highly
efficient and stable source of plasma offering higher scalability
for commercial production
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e Study : M/W Plasma pyrolysis for hydrogen production

Schematic of plasma pyrolysis system

Hydrogen _ Energy mol CO, molC | molC » Plasma torch

roduction method Reaction formula requirement "molHo  molH. TH

o] (kWh/kg H2) mo 2 | MO 2 |MO 2
i Plasma reactor

Methane pyrolysis CH, & C = 2H, 16.28 - 05
(Plasma pyrolysis)
Dry reforming CH,+CO, & 2C0 + 2H, 2450 0.34 0.54 0.47 RF generator
St formi CH, + 2H,0 < 4H, CO 10.84 0.32 0.32 1.00

eam reforming 4+ 2H;0 & 4H, (0, The asma
Partial oxidation 3CH, + 20, + 2H,0 B
(POX) o 4H, + 3C0, 4.48 4.48 1.00 T% T%

I 2C+4H,0 + CO,
Coal gasification o 4H, + 3C0, 3.76 0.77 0.77 1.00
Electrolysis H,0 < H, + 0.50 47.99 - - -
Yy 2 2 2 Ar CH,

Auto-Thermal 3CH, + 20, + 2H,0
reforming o 8H, +3C0, 5.76 0.31 0.31 1.00

44 VYRFHIC
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Case Study : MP-CVD for artificial diamond

MP-CVD &fH]| M/W Plasma Artificial Diamond

45 YRFHIC
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6. Summary

NYRFHIC
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Summary : Benefits of RF Energy

Mitigates the need for external

Uniform Spread of Heat Digital Controllability add ons — saving costs

Faster Processing Improved Product Improved energy
Times Quality efficiency

a7 YRFHIC



2023 er=TAHIere

Summary : Hig

Microwave transfers energy to the only target material

directly, selectively and rapidly

9 = 9@
= <:

) &
(;\ T ;f:/

Normal Heating
(external heating)

\ |4

/44

Microwave

\

.

Non-target
Non-target é 3 g
Target of . Orr Target of
heating NJ..."'% heating

~

Non-target Non-target

Microwave Heating
(internal heating)

48 SRFHIC
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