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NEH MXja} HAZE 7|E 100V/mS X115t= H Xt} (IEC61000-4-36)
(HPEM) (4717100 T EMC 71 : BHI2] HXFTH S A L4 7|E 80MHz~1GHz O CHSH 3v/m LIS 7HIEE 77

o HF
FICESRTE
L & EMP H|& EMP HPM
Lightning D OCOA Sl ZEA| ) | AT Vs HE WM | | ALY 7| HE WM
(L-EMP) (N-EMP, HEMP) (NN-EMP, IEMI) (IEMI)
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| Microwave Source |
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Pulsed Power

Power

Low-Power, Long-Time

o

Power

Power

High-Power, Short-Time
Power

1GW %

k)
V%

—+ 1us + Time

Load

(o)

HEJ| L}

I

=)))

Power

‘ - Time | ‘ Time Time

M2 W

—

QFE|| Lt

Before compress compressing compressed
Primary Pulse Pulse
Energy || Generation || Forming |, Load
Source System System
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= b9 7|% Mg, WX

Jg L=

-

Pulsed Power

)

F'eel 2S0UXIS

Microwave Source

HXtato L X 2

Electron Beam Generator

Beam to RF Converter

RF Extraction

)

-l H
HH2lolo] 2
Antenna

HE& 712 A8

(Klystron, Magnetron, TWT)

Electron
Heater peam

node

RF input RF o

utput

Cathode

L
|
—
t

Electron Gun

Attenuator  Slow Wave

structure

Collector

HEH HE 57| ME

(Si-LDMOS, GaAs-HEMT, GaN-HEMT)

Drain

Gate

%A
AlGaN
| OO DDDD DD |

Source

GaN
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HXtat ¢l a2t e (1/3)

| | W
A N
‘ ...... Time ON
: | (Pulse Width)
) TTTIHTIT
] =
= =
= £
- - —
H elds E
= E E-field S_trength z Peak Next
< A SRR : y Power <+— Time OFF —> Pulse
: Pulse Width ' !
(= ns) | I
Lo ><><><><
b5 L
E H - |4 ............................................ >| R o . §
—»! < Rise Time (10 ~ 90%) Time Pulse Width Time IH Pulse Repetition Time 4|
C (%4 ns ~ 3= us) (PRT)
Parameter Descriptions Power Calculation
Rise Time HEA} RXFEEO| FHb4 ME(CHH) AN, ASA|ZH0| BESHE Fohl4 [(YE =7 _
peak =
Pulse Width | 4A} ®Xtmto| oL X| % 2%, BAZ0| Z4E of|uX|Zo| 57} 377
E-field Strength | "kA} MX}mo| M7| & M|7|(HAH ZE) Pulse Width
Pavg = Ppeak X PRT

PRF

¢l AlZHE BEAL =(PRF : Pulse Repetition Frequency ,2

[

rn

Ateg) PRF=1/ppy
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XA MAZZ (LA SZE)Q rEUCE 87 AMAHE| M= 7t

S0l 3% Upsetilt AR S40|L 2Z0| 98| X 7I5S o HRo| f2l0] 4T3| N
FIOIF] 8 HHIE F A=A 8|20l 7158 Bl x| 23 2N HE AT EX7} SO0 233
CHA gdezt AlrfEo= 2|0l L o2 SXIBIX| ek Ml Al2Rjo| E2|Mez utaE

Soft Kill (2 AlH 7| 5HEHX]) Hard Kill (78 £4h
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A EF HXrmo] ciet HXEH| 2af T HFHLIS

'@ Zi}(Over Rated Level) A 13| (Insulation Breakdown)
: = Line EMP
EMP

‘ Insulator ‘»‘ Insulator » Insulator

X Zil(Thermal Effect)

THHE = 3HyE

(Upset) (Lock-Up)

silicon

HHFE QY
3 £ M (bond
wire)0| 5= ¥
souE >> HAE J[UHE >>> FHYE - LAk ek
[Latch-Up] (Burnout] Normal Transistor Damaged Transistor
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= .~ S~
ol O-" H of X I-Il' I 1 I ol E A
g | HFAH & HIHH 3| AL & l=
2= 1~2=X O|Lf] B/ s, 7}7d HiItHs| TMSt= 2 1t= Lock-Up
=3 HS A A= HE3E HZAHE A= HE3E HS A A=
HA3g pC 5~20KV/m ol 7= 20~25kV/m | CIX|E 31 20~25kV/m
rES 5~10KV/m HEab] 30~50kV/m | CIXIE 2oz 20~22kV/m
GPS 5417 5~10KV/m Myl 25~50kV/m | O|L{H3|H 13~17kV/m
S | 3]
c= . XX (O . CIXIE 15~22kV/m
= 5~15kV/m HEAt Ly | SO100KV/m | (47~52kV /m)
— RTU
CIX|E AT|# 10~15kV/m | H7| X-EA 25~30kV/m | (qeapy) | e i | 10~15KV/m
% HAKEC YALEL ME| 27|, MZEAL, BY SO et xfol7 LAY & 918, (YA £F : DS/UWB HIS EMP LHRKIS ALBI0] AlES T2 A5
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HPM

THZA] T =E(1/2)

I3 2 (Vacuum Tube) 7|= HE

Ranets E (Russia)

THOR (USA)

e2v (England)

KERI (Korea)

: &

D T
Slotted Wavegduide
Array Antenna

N

Voltage §§
sl Power Supply =

- 20014 Rosoboronexport A0 Al S 7H
- Source ¥ Y : 500MW=

- X-band(Z2 , 10~20ns)

- PRF: 500Hz

- o =8 TH  25~5kwW

- QHELt O] 5 : 45~50dB

rE : 48MV

T B Y .58

- 2018 AFRL2 BAE Systems, Leidos ,Verus2t
#3510 THOR 7HE A&

- SAl0] 507|2] E2 FE3}

- EE2 283 Azl 2 650m(0.4mile)

- 20229 57 AlE O] 20| THOR 2&

- 2026 " |78 THOR HZH AHHYX| ofH

- S-band Source B &

- 37]:20 D E AHO|LH(6 x 2.5 x 2.5m)

- 7t4 2k 20099 =Y

- AFRL2 XtAMICH THOR(MjolninZH'E 2 2|6l
202214 2€ Leidos@t Al of M| Z

c=

==

24

Source &3 ™ &(S-band Magnetron) : 5SMW
243} 74

B3 AHZ| : 400m(1xTm QHHILE B &)

- Source 8 M¥ : 3MW
- S-band(3GHz, 5us)

- Slotted Waveguide Array Antenna &

THOR , Reference : https://news.clearancejobs.com/2022/08/29/u-s-military-deploys-drone-busting-microwave-weaponry/
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Epirus (USA)

- 20184

HeHd

20234 0] SAIHPM =21
HE 714 . 2 22024 %‘-

*E*El,zozo.j EE 783t

FE(GaN) 7|8 Hie | H =

A|AE! LEONIDAS 37
ZEJ|7|s 88
o]

Ju

n!.“:

2USto 2 66102 Ee| 1.2 Al

- M SE7| &3 M3 2k 1kw(2019), 2025 2F 100kw 7H A o] H
- s Y H°E"°JE1I'-P$1° : Y= (-3dB) 6=
90
80 *
E 70 Hloghe ? e i
% EMP Feasibility Region ‘. £ 3 ‘._ it ’
E 60
o 50
2 40
5
O 30
iI=
"ﬁ 10
(o]
-10
1999 2004 2009 2014 2019 2024 2029
—— Linear (Average) — Envelope —- Extrapolated Trend # Epirus
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H|SH EMP 2

HFAH X} | o H q- |-|=l=| s I-A HXF | |.0I= OI=
One-Source , One-Antenna One-Source, Multi-Antenna = 7} Abzl DY SAULL QHE|| L} Far Voltage (rE) H|2
Tesla Transformer AFRL
(1,000KV) HIRA 5,300kV (OLT)
0|2
Marx Generator .
(300kV) Fat Dipole 100kV APELC
IHCE
Tesla Transformer Combine
(£200KV) (64-Array) 4,300kV (SINUS-160
Y% Series)
2{ Al O} -
Tesla Transformer IEP
(£135KkV) TEM Horn 910kV (RADAN SEF-
= 303B)
Multi-Source , One-Antenna Multi-Source, Multi-Antenna Marx Generator . DIEHL
’ ’ (300KkV) Fat Dipole 135kV (HPEMcase)
Marx Generator ISL
Half-TEM Horn 450KV
Semiconductor pulser Antenna (i 12 5kv) (GIMLI)
F Transmission
¥} line Marx Generator
(500kV) HIRA 1,200kV KIPT
) Tesla Transformer Loughborough
o | : g g
3= = (1,200kV) Dipole 124kv University
= f Marx Generator Fat Dipole +
CHstal .
Hetel= m (500kV) Reflector ADD
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H|3 EMP LAEHK| FHL SIS (2/3)

Radiated sources - year
(55 sources)

s

Radiated sources - portability level
(54 sources)

31% 0%
27% 27%

m Pocket size

@ Pocket Size(Body worn)
QK| = o0 $2 4 Y 37
(@ Brief Case (Suit Case)

ROl FOE 4 s FEQ| 27|

m Brief Case

(® Motor Vehicle
11% = Motor Vehicle
_ c A SR s AR = UAe BEo A7)
B Trailer Sized
4% @ Trailer Sized
. M8 ea4tiom 4 Thst 7|
Before 1995 1995-2000  2000-2005  2005-2010  After 2010
Radiated sources - V; 7t4 Radiated sources - cost level
(rE) ar =
(35 sources) (55 sources) (® Low Cost
30 < 1k€ (< 1502t

(2 Moderate Cost

mLess than 1kV

. mLow Cost

u Moderate Cost
= 10-100kV = Medium Cost
= 100-1000kV ® High Cost
u More than 1000kV

=

:1k€ ~ 100 k€ (1502 ~ 1.5 8)
(3) Medium Cost

:100k€ ~ 1M€ (1.59 3 ~ 159 3)
(@) High cost

;> 1M€ (> 159 2)

Reference : Study and classification of potential IEMI source (2014)

@ REPLEX

18p



H|

ol EMP 2%

Product Name Item Specifications Waveform
Output Voltage 1,000kV@ 850, 770kV@50Q - _
Pulse Width 100ps, Monopole - (62kV/m @85m)
JOLT
HV Generator Pulse Transformer it
(USA)
Antenna Single , HIRA(diameter : 3.05m) — \r
rE:5.3MV Beam Width | 1.17°(Horizontal), 3.6° (Vertical) o [ty S
. PRF 600H 210
(1997 Published) :
Weight & Size ~100kg, 3.05x 2.13x2.13m (Wx Hx D) “rat s e
Far Voltage(rE) 5.3MV
Product Name Item Specifications Waveform
Output Voltage +205kV/-180kV @12.5Q), 770kV@50Q
rE, MV
Pulse Width 1ns, Bipolar gl
SINU_S HV Generator Tesla Transformer 2r
(Russia) 1l
Antenna 64 Array, Combine Ant.(1.41 x 1.41m) 0
rE : 4.3MV Beam Width 10°(Horizontal), 10° (Vertical) "
2k
. PRF 100H 3l
(2014 Published) z .
Weight & Size ~500kg,3x1.41x1.41m (Wx HxD) “L s : y ,
Far Voltage(rE) 4.3MV
@ REPLEX 19p
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» Mobile Phone » 2-Way Radio e« RC Toy Car

» Wireless Door Bell e« Car Alarm  « Digital Timer
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EE 753 7|= H|u

E
FF)

M} 2 (Soft Kill)
= e
T
GPS : GPS
Spoofing Jamming
RF
Jamming

& (Hard Kill)

g1} 72| "]

GPS RF
Jamming Jamming

GPS
Spoofing
C =
—_—
Soft Kill
E 20| At&8t= RFFIILE Y
FO$E WYt E20| 5%

Soft Kill 24| C{H| S3} 2|7}

b K=
2 O
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GPS Spoofer

7=

s

GPS Spoofer : £ £/X|2] GPS/GLONASS

2 233

-

IO 2 BA}

ALA

g M=

214

(1,1,1)
(0,0,0)

(3,3,3)

—~
S
S
=

—

mEENE=

=Xt
S =

GPS Spoofer
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Hard Kill &4 E2 S &3] 7|= H|1W(1/2)

= it =
T IS AHEL(Oll) =] H| 11
BEHEES & X7t HUEZHO| LS| CH2o] EE2S ZA|0| 2a3t= ofF:
e JIHFTFZ T L o=H+#= = . = © i i B =.
N R LASER HPM/EMP
- 01N E94 7|0l mat 950 M3t 2 = Us
iy p— : 0. A T 12
LASER - 01K WAL S4E 0|8 Al 37 2T Tt e Wavelength : 30cm
Wavelength : 1um g
- 0|52 EE0| Cfel 32 =& 7|=0| 2ad Divergence Angle : 0.0002 ° Divergence Angle : 1~10°
« EEO| WE AXt &E £ 0t § SFHY 24 2Y =HE0| 53
- DEY 00|20 YALZ 21N R
HPM « EMP CHE| LS MRASSTX7t 222 ZRs|M tiy 37|, 8| 17t
@O0 Uz HAE Q) £ EEOT 20t 2Y s d As Zkm |
- OF Fo UG A2 2 §& 7 7ts
e DEY AL AR sl QAKX o FHE
o 2H[TE0| Lot HiE2| Y 75 7ts. Target P=m 2 - o = = = — — - - SNTNINSN———
EMP - ZYUY Foi EHCZ QA3 EEO FF, FHIO| FHSHA R Tk 7mm 30 ~ 300m
« H2 YAZER Qs Y- =F Q0| Lt EES SA0| £zt Jts. Area of Effect at Target
« HPM &4 THH| RE 27t &S
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Hard Kill &4 EE 2=} 7|= H|1W(2/2)

= HFAH S —_ = =l A A H - =
TE 24 2z o FogedE | ouxi | AMIE | Y=
2| A|AE s|e/2d High High Narrow
 CRVES] A
i} | |
HPM W)
L HAYK H oiadEE ]»[ Circulator H L= J—[ QHE{| Lt ’
THYU 0t 4 (2~5GHz)
L Je— 2AMEEK + e
2k L
o - (=) ol | F = Oo—
oo | EE SR o] =ren [
Hem | | S2 M S¥ M= 2un . R
S A e Turn ON
(DS)
80MHz 500MHz
EMP
HAMYHEA| QFE{| Lt
HAm} Mgl TR | | —— R
I H ¢ H D GED @
(Pulse) A A /\ ......... A
200MHz 2GHz Low Low Wide
* ZA@nkDS) Fota- T2 IEC61000-4-36 Mesoband AlEAS 7IEQ R P8 . » RPN BAL Fits [HH2 JOLT A 22| 90% Energy Bandwidth £ 7IES 2 4Pgg
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Hom antenna

‘Camera Senscr {optonsl)

HPEM source

RF andior GHNS broadband
|ammer optinal)

Stand with ekirical
PanTilt pesitlanes

Mabile or staticiuey deploymerd
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EMPO]| CHe
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o &|O|X CHH|

™MX| Qe > 1~3X oL

=
o

e N AXte| 0% = 7|

Hol7] S

|
ol
r=]

. EE 5o b

o 28)

Lock-Up &(

| B &

Communication
Failure

v I—’ Back home

GPS Receiver

Radio Receiver

o
=
=

Flight Controller

Hovering

Motor Control

Failure

Crash Area

Landing

Crash

Entry Blocking Area

Fet &4 el met BHE = AS

kio
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Drone Detection(Diameter : 6km)

RF Jamming/GPS Spoofing(3km)

EMP Attack(500m)

EMP GUN GPS Spoofer/RF Jammer

Swarm Drones

b
W'l

k-1

™
¥ i normal

IT malfunction

N2 gas
controll

Marx Generator

er

Power

ol

L1

Dual Antenna

Multi-EMP GUN

Rotator

f

GPS Spoofer/RF Jammer

=)

EMP Dome
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GNSS Spoofer
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EMPO]| Cljgt MXjnt QK| B S 7|&E

f——— ®FO@> e DFTS 5
> OHz 100kHz EX}E} ol x-||E_<";>:7|_I’._E
AL | QrxRENg) W H718 OfliR] ENHER)

AN STETCRECYER: - lixE 8E

kA

s

SHEELI S E 0D T S S A BRI RS Bt 9 Mt IEEE C95.1 ICNIRP
=1 =) =
o (T LH) (ZH) (ZH)
S oi|o] XD oLt B4 29, HENe &40
S5 SE T WHO : 2X7| 70| EZS M83t0] NS FHGES AT

2 f D e A
NATO STO
NATO STANAG 2345 Research Task Group HFM-189 /AN NATO STANAG 2345
19714 O] 2 L0j|A MPE(ZZO(?(?&V o iﬁ% gﬁ(ultra-;horhpmse)ﬂ - \ / (2015)
H m OlH| FekM A7 7|& E0M 2018 &7 .
2 x5t WA (EMP) RF Fieldo] / Q0124 A% 74Z 178el HEt E7h MPE : Removed
CHSH &[T 38 =EZHMPE)S &8N 29
/ It 518 =Z&MPES DoD Instruction 6055.11 p - — _ DoD Instruction 6055.11
100kV/m2 YA| F[Qtst0] A4 (2009) 100msSch &2 Y200 tiF 2021)
EI?A.IED:I, MPE : ZOOkV/m OE=|I_'|I AO'.ﬁzll-'g' _ul'_u_nl_l. OI'LI E'I' a%:'.o" MPE : Removed
s a si2 Fo|Lt HEAH
IEEE Std. C95.1 S0l 8=, - C95.
= EH
Ol X $IEEE (1999) watM, Elo) H7IE M| 7] ¢ IEEE (2019)
MPE : 100kV/m MBS AFs7IE A MPE : Removed
\_ J \_ ) - - . J
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