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A study on the standardization of Noise Filter drawings

Lee, JiHyeogaf

Defense agency for Technology and Quality(DTaQ)

ABSTRACT

Purpose: The purpose of this study was to propose a standard form of noise filter drawing, which is widely

used in the field of weapon systems, to define the essential specification which is not standardized at the

existing drawings and to employ the reference for manufacturing and qualification test.

Methods: To do that, it identifies the improvements to analyze 19 noise filter drawings, studies the principle
of noise filtering to find the essential part of the spec. and reviews the MIL-STD-220C and KS IEC 60939,

which is the widely used as a formal spec. pertaining to the noise filter. Throughout the study, a standard

form is developed to standardize the attenuation characteristics and find eight crucial metrics to specify the

noise filter.

Results: The results of this study are as follows; The standardized drawings can be used as the qualification

test of the item and the manufacturing and engineering documents to make the noise filter, which are also

applicable to the reference document to review KDS(Korea Defense Standard) drawings.

Key Words : Noise Filter, EMI(Electromagnetic Interference)

e Received 10 August 2018, 1st revised 14 September, accepted 14 September 2018

¥ Corresponding Author(sangcal@dtaq.re.kr)

(© 2018, The Korean Society for Quality Management

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-Commercial use, distribution, and
reproduction in any medium, provided the original work is properly cited.



380 J Korean Soc Qual Manag Vol. 46,No.3: 379-396, September 2018

O
2
Y
ol
K
>,

>4

Q
1o
ox!
o
offl
.t
o
T
o
N
rie

o,
=
o,
o
T
S

il
i)
_rg
m
e
ACh
re
2

¥
o
rir
=
L
N
=
v
=
%
S|
=
w
@
=
=3
=
=
o
a.
=N
8
o
2
“0,
=
4
=
1o
»
o,
o
B
_|>i
iy
rﬂ
iy
2
=
rir
rN
ki
o,
i
£

(Conducted Emission, CE) % WA o] Z(Radiated Emission, RE)E A|A3h= 7152 33c}[1]
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2k Ao 155t %D&oﬂHE vk ] P 3k oo] Bla Qu[3]. o= FEHE T
T =(Common Mode)¢t 2Hs Z=(Normal Mode)9] w0]2E AN 7= 71%S 88kt wo|= HE9 A%
& Bk flste] BE AwA wolz2E SASH HH o]¢} o] SAHE A wmolze $YT o= Yo
A 2o 9 AudA U Ao a3 A<l LISN(Line Impedance Stabilization Network) E43ol wha}
A P A BR, ol dE AA Y A ARE ARES7|I7E EEgk ol gitH4].

whebA o= 2ha] e AgsHA EAsk] i e A RA o= AAHTE AEREg &
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l>

Fre 3]

SR S ok 2ol QA eIt mheby oleld BAEAE dekly] 3] 48 3z

Agolt A AE ] 5L FAHA, $EA A ATEAS TAGORA w0l B 1 A5E heh)
1

(o)

TZ2UE FEIA /‘Hﬂoﬂ:ﬁe FsIi o, wol= IE #A EMI A5 L7275 A 914 71490 KS
IEC 60939(Complete filter unit for radio interference suppression)S #418te] 325 A%o] KS 7144 &
- A u

E U842 AES F AF LTSS B2IQD, B 72 =u F9e) A5

259) a8 = 3y 77 AN EENE AV, 71E A ATAN BAE o] =
Felo) wH BARS A F, U5E 714 52 AEse] 3549 4% 97208 BEdas s
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2. o]&A 313

2.1 AR} ro]=

AR A7)eh 2719 Al7HY Wkl wE WAlRadiation)”t oiuiA F7]9F & A A 23 (Boundary
Condition)ell w2} Zutal U7k she @302 Figure 19 o] 7193 2p7]= o] she-g oA A4
o= Aatdn(5]

Magnitude Wavelength |

B e Electric Field

I W // W

Magnetic Field

Electromagnetic wave propagation
Figure 1. Electromagnetic wave propagation
o wj H7]9] 3] WA= F1HE AA(Electric Field)et skaL, A7]9] 3lo] A& T3+ AA kil at=d A4
A g9 de] AxtE 3dE 5 o, A e o] AR 55 u &9 dojd AR o i

AN DS () = FV( V/m) Equation (1)

A (1) = 2—7‘;(14/7:1)

aBRRE Azt A AA S A7HA wste] whet A 4= 9l wiite] S48 FOR 1A oE WA
AR Qovt FaeA o WA HAxubr) o1 A4 o] gH] Hi= B 1}‘3]4 Aol FEgE Fof oA dE oF
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oj=gal shw tiFte] 7], A7l ddgs FA "k
A A9 (Electro-Magnetic Interference, EMDo| 2} &fw =

A.u

o,
S
N
N
e
o
N
N
o
2,
L
N
b
2,
o
o
X
rir
pov
o f”
Y
N

Ir
»
o
2
_>|4_‘ 0
=)
ra
o
o,

Aputol] o)Ete] HEkS W= A (Electro-Magnetic Susceptibility, EMS)o]2}aL gt} =3l A x}u}
7 WolA A4 algks 2efshA] il Folxl 71 Aes AAHoE A e Y AApA A
(Electro-Magnetic Compatibility, EMC)o]2} F-2t}[6].

o]z A ARl thekatAl EAlsh, el ofa] WA o] = E AEetE o] A HAR FAT Uo
H B3] Aol o3 Bl = wo|2= 329 7|4 F(parasitic inductance & capacitance)dl] &]gF zo]=
gttt wol=2dH | A4k wol= AAG O R QY 2e} 24 FES ARESE] witel QY| wojxr) it

AaA Hr o] FE odeke] SMPS(Switching Mode Power Supply)$F 28 t]ufo] 2o A A= ~93 A
o gAs Wsls & Ay TS ok o]Ao] wo|= WA fI9le] HTH[5].

v(t)=L dz’d(;f) [V] Equation (2)
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o9l #zAle] Aueat 0ol A4 32 Figure 291 o] AYE 29} A g 27t A3 B of

I(resonance)”} 4ol = AT}H6].

i
" [}
%
oH
R

Figure 2. Series/Parallel resonance circuitry

o)z AY ARE FFA AgEE EA} o] Z(Radiated Noise)$t A4 A Z(Transmission Line)E £l

AYE = A% w=o]Z(Conducted Noise) 2 THHUH2]. HAF mo]Z2= MAxutE WALSHE UE A} Aol 2§
WSS 4971 kg old 3718 B3 AdeHd AR ko2 dukyg oz MM (Power Line)ol| 4] wHAsHH

Figure 3 3} #Zo] LINE¥} HA 75 Adsls= v]th3#-8-(Common Mode noise, CM noise)@} LINE 7+ 953}
o =

8
v 553 A8 AT F A BR ol =k Y B

Power Device

Common Mode Noise

;S SSSSS

Figure 3. The conductive noise due to power electronics

A% o) =7 MAsHE 7 2 A A JEE-E Alojsls EWAAE 29 7]Qlsh A~ o=
1 omz 3

W A9 F9 601zl ¥} 1T Aol EHS A 9
W=D

o2}

29F o= Q3 LAt A& o= YA E 329 Clock 215 1HM4]S 4oyl T35 HSAA 7]7]
o] 2ZAES Y & Jorg AA Zto A= FA| YA Ao EH QY3 (International Special Committee on
Radio Interference, CISPR) 1Al F38te] Zt=o] gl B 11AS A8t glom ARA o]z gk if
TR Ao 2= na AEAIY Y3 (Federal Communication Committee, FCC)¢] part 159 £do] H7|7)<%
& 3](Verband Deutscher Elektrotechnicker, VDE) T2 o] 2tH8][9].

FCC part 15914+ 450Kz~ 30MEe] WHYoA wolz e Agel o FAME: FACSZE JFA
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MIL-STD-461CellAl M4 WAL 7122191 CE03S HAIste] wo]= # 7|5S Rdstal vt 344 djY

10kt ~ 150Kk AFel= NMe] ~1 o]/ 150Kk+= CMe] =¥ (dominant) ¥ &S WA Al €t MIL-STD-461C& é}
umtﬂ CEO03lA 15Kk A 50Mz7HA €] A% BAF 818 7|25 M8k ATk 81[10]. MIL-STD-461F¢] 4
= B} AE3kete] CE101(30Hz ~ 10kk), CE102(10kk ~ 10Miz), CE106(10kkz ~ 400k)2] Al F-ofell 2] AYA
ak oz} <teu Ejudel disiM e &8 V]EAE WAISte] a7kl ItH 1]

2.3 o]z HET ¥z

NM o]z HE Y = dX AF7F 224 9 g2to]lE o] magnetic flux’} 2AsH €t 1 A3}
Hgto]E Fole] nF e tigh =2 dIwlx s 7l Ho] NM noise’t #AEHE a3yt #Ag[1][2]

Magnetic flux

Current

Ferrite core

Figure 4. Normal Mode Noise Filtering

CM xo]|Z2E F 719 coilo] & HEFo & #Hglo]E Fojd 7+ S o], CM A Fol 93] ‘ﬂ“gﬂ magnetic

fluh %455 1 A3} Q9 gho] F7heke] CM weolze] g BEW &3E 747 BTH1[2]. seto]=
el $3H A A9 Akele] $olot A1l et £x, s Aol = ieet{12), JﬂﬁME 20}
= AT B9 FAgo] ob & Baekn wFste] B9 ¥ AU A & BRI W L A

ki

lonl AR oms BiolaA ARl E A, 2FHE L Fel-ckd i Lok Al 4
e 12].

Magnetic flux

Common
mode Current

a
Z

Fernte core

Figure 5. Common Mode Noise Filtering
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wo]2 HE= YubA 0 & Figure 69} 2 571822 TaHTh Cx17} Cx2% NM wo| 22 A A57] 913 A
€51 Lc Common mode choke® dlte] Fojo] A= tf& W8ko & winding® FE|E CM o2 E A A=
S 8%t} 7]. Lde Ferrite coreel A4 wndmgﬂ oy 1i JﬂE}O]E :’01«] oluj ] 2o «]oH NM LO]
A |y

=

=
25 AAG Cy= NM#% CM eo]= B
Ast7] Y8 A8+ Bypass Capacitor$}

Le Ld
(D500 _(J0000° .
50chm J J: Cy
Tc;a o2z | |
50ohm Cy
00000)™ —1000007

Lc Ld

Figure 6. Noise Filter Circuit Topology

o]z ZEd| 98] 74 (attenuation) ¥ = %2 Insertion Loss(IL)E E&E 4= 9lon L 3|24 HEE o
At o SHE 29 WA dHE Jd4sH &1 SAS 8 Ay v2 gojHri[13].

Isertion Loss (IL) = QOlog% 3)
El = 2ejg AXsla 549 329 &9 A
=

H
B2 = FAHE AAstaL 54T =] 29 A

IL(EE 74)e FEY FHEAS 85t 323 T 2A Figure 73 22 S 71Xt 14]. Figure 7%
Pol 1 AFE st AF 255 F9shs AE A9 low pass filter 54& 741 &S 1ed 4=
ATH15]

Attenuation
A
40dB/dec
7 ;

Frequency

Figure 7. IL Characteristics of atten. vs. freq.[9]
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3. AH AT

ARro] ol = BEIQl 195¢) FAL FYEZPRAANA B ste] HER A, o] = 2

=
Apgse] gl EESHE P E

(W=
o5

o4

At = Ao setHT o= AR 7] ol
Aol whet 7] o] thE Y]

igure 103} o] Az A 5

B =
Sl
rO
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o

Aoz veptr}.

|2 CHE H2INCTHH DARREN ABEE 0| ZEH(LF)
coy,

2, @lEzs
- HEe: 500VAC, 18 / A8-AM2, Ad-F0l2
- EEAY: GONEL, D500V, 118/ A=A M, AE-H0lA

- pIgEA

Eresfessie] 20 | 3 | @
1=3 e 13.5mH | 9.0mH | 6.3mH
2-4 13.5mH | 9.0mH 6.3mH

3 ZEASE 80X +Y.

F
1,44
1)Filter Circuit : L-6.0nH min
Cx=0. 1uF £20%
Cy-3300pF £ 20%
R-1M ohm 1/2

2)NEHE: 250VAc 50 / 60Hz
S)ALEEE 50A 250V Ac
HABRT 25~ 85C
2.t
1)eeie: D ARUEP HM20|185.0
/FE: USH ECT4.0, HE20/ 185.0
3. &9 S47E USG= S5 0148 UH '

Figure 8. Noise Filter(5XXXXXXX), ADD

Figure 9. Noise Filter, AVR(ASXXXXXXX)

= J
1. 28HE UF208BS
HEIMN (F)RLU2EREH
F AP RE /017 EYR00-1
& = X: 032-668-9560
LIREXS= HEAEE §{8 E0X Y
3LES04E A8 s

=N

1. BRIt (BSDAIC] SR HP1—P36
M= 55 OWEE ASEA
T2 : WIE IR LD WS N15-6
=l - 0339) 356—7114

2. =y
2—1 Z2Ter: 250V

2-2 EZR%T - 3.6A

2-3 MSET : 40THEN

2—4 2 : 17.5¢g

2—-5 SO - 300M ./ S00VDC
3. B TP DRk IR

Figure 10. Noise Filter(N2XXXXXXX)

Figure 11. Noise Filter(5XXXXXXX)

T A, 7 lEE A, S, A%

Z79 WIE+E Figure 129} o] dhe}sqint. 4
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Figure 12. The number of requirements on 19 Korea Defense Standard drawings

3.2 si9] Al 24

EMI 2 A& ¥l (vendor)8l o ZF dHEZY A~ (Arrow Electronics)?t #H9-A(Mauser Inc.) S04 3353}
© 10 9% EMI 2 7|&xts BAA T oo vigeg AlEel U3 AFFS AASaL e Aoz UEth 2

7HA A Al AREE AL Q1= EMT BE 9] s Abde avfskd vk 2u16][17].
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e cut-off frequency
® Insertion loss
® high frequency rejection.

Figure 4. USBUFxxW6 typical Figure 5. Measurement configuration
attenuation
S21 (dB)
0

TEST BOARD

-30

i} 10 100
Frequency (MHz)

1,000

500

Figure 13. USBUFxxW6 EMI filter technical specification[16]

USB XE| AH&HE= EMI ZH = FCC7F A3 A4S w5ete= AA|w o] slth d% A %
SAYY, A Tk, A S 2 uFeh R A H vk USB £E= VR4 o2 D
ing&.2 A% o] ¢17] W&ol Common mode noise®] &3}7F 4] 7] wjZol =4 pFe]
a3l

o}#]&= Panasonico] 4kt DC chip EMI filter A5 AF%o]th[18].

Rated . Olslerancs @ Rated _DC 25 dB Attenuate | 15 dB Attenuate
Part Number | Voltage |Capacitance (%) Characteristics | Current |Resistance|  Frequency Frequency
(VDC) (pF) (ADC) (mQ) (MHz) (MHz)
EXCCET220U 50 22 +20 YB 2 50 max. 800 to 1000 600 to 1000
EXCCET470U 50 47 +20 YB 2 50 max. 450to 550 350 to 1000
EXCCET101U 50 100 +20 YB 2 50 max. | 300to 450 200to 900
EXCCET271U 50 270 +20 YB 2 50 max. 200 to 300 80to 700
EXCCET471U 50 470 +20 YB 2 50 max. 100 to 220 50to 700
EXCCET102U 50 1000 +20 YB 2 50 max. 65to 200 30to 700
EXCCET222U 50 2200 +20 YB 2 50 max. 35to 180 15to 700
EXCCET103U 50 10000 +20 YB 2 50 max. 15to 120 15to 700

(1) Please inquire to us about the particular capacitance value, on a range of 22 to 10000 pF.
(2) Characteristics YB: Maximum capacitance is +10 % over the temperature range of —25 °C to +85 °C in reference to +20 °C.

@ Category Temperature Range —40 °C to +85 °C

H Attenuation Characteristics (Reference Data)

I~ [~ N "
o ™~ T \\:\ Measurement Circuit
& I NON
S N INL NN ,-!
s N
£ N N X/ 500
230 3 AV Sample
5 [t
2 y/" 5% 1o1/470
40 I\ 471301
222 \\2 i 50 Q
50 103 H ‘
60
™ 0! 1

Frequency (Hz)

Figure 14. Panasonic EMI Filter Specification[18]
A4 EAL2 DC bias ol W& 45 ARE AFsta vk
e common-mode choke’} A UHA] &7] wFo] AFo = A|Zto] 7la3k EAo] )

TDK-lambdaAtell A A2k USBY LVDS tjuto] 2o 4§

o=

ol WEl) Y ALkl

A EA] 1P E
ifferential signal-

A E 7} ALE-H

3 A= L-CeYl Jejz A7 so] Ezol=

4= CM ZE]
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A28 DC Ak Uepdo] the A2 545 Holal 9lelom ol'd AH 9| differential signalingel]
285E 54 02 series chokeZ} A-&5HA &= E4S 7Fx| 2 9vH20]. International Rectifier AF2] 7-$-= 3l
g Al vlolE A Eel] MIL-STD-461C¢] CE03 A+ 2% a7A#S 4% a7z e F4staglen 714
574 36dB o’ @200kk= 71=5 o] glo] Fukar W9 WellM Haghs 713 5740] )l 21]. Hybrid @9l
32 E4 Wi Pb free £UHHE £UY 252 74313 9o MIL-PRF-38534 114< #5353 A5 o
oltH21]. On semiconductor?] 74-$-= €} A<+ %A}s}b} DC bias friroll we 45 JuE xﬂ%é}ﬂ hom b
o Fak(cut-off frequency) W AMYEA ol g Fob 54S :LEHE FHE Ko glom[22] sAztelE
ol5 A&ste] MARtE AR wol= HE9= ‘:"rﬂ L-C B dei= A= Ei"]t FEel com-
mon-mode choke?} Y= A 87] wol g o2 Ao 7hs gk %Zuol = AoE FHY. Fete Ea

of EMI ®Eje] 495 A HiA, A% 2 P2 B0 2 54E RolR S gigley digee

cut-off FIE 10M ol o2 Hlad & Aoz Yepdr[23].
sjeliAel Az 2AF At sl A AlA R s arEiel A E7IHAIM ZRel7h glent B 7EA] Akl
e TEE FEo] ol Jom el s Eoklld WIEs7} 52 2 7ARRES d9] AlEAA 54
o= Uehkor] 53] 71454, WAk thel e el A BE Al #7718kl Jler, = mst %
ARzt AHA-E2E #718k0] Al Hgol tiE Aot & S setet = ik webA S ol
RIES7E 5 A, AAAT, dAAT T3k e QAdA 25 714 2254, WAt 5o LA 55

=
of-5 HES § HF =9 gl ke o

Table 1. 8 Common Specifications of noise filter

Spec. Description
Rated Voltage 000 V
Rated Current 000 A
Total Capacitance. 000 F
Total Inductance 000 H
Entire Resistance 000 Ohm
Insulation 000 MOhm more
Diode leakage currnet 000 mA less
Temperature 00 ~ 00T
Attenuation Attenuation table

3.3 AN HEZ|E Al

o]z e wEgo R AR AAAAR At 7|EEELAAE [EC 60939 1242 Wdste] KS C IEC
60939(Complete filter unit for radio interference suppression)E A4, o= ¥ EZAE Agdate} 7|+
O 2 ARG ATH 24, & FollA= 9 i AE vBoE T wo|= I VEHE 8Ho] d& AT 4T &
TARLel gk AT HEVFo R distuat £ AS AT
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3.3.1, 7| A
TAEE ARE dubdg oz AA FaA4d At 9xeo R e

A1 A R A A HE NG 0eR FREM A4 Mg LEE -55°C,

°C, 100°C, 125°CE etk A4 25+ 40°C o]/dolH

A
k1
oxl
o
o
fuj
O o

(039 Tl WRUE M B PR AGSh LA L2l DA
g A gkl Folalof Ak, S8l Azl AN}

. A7 g o PAZL KS C 0803004 Mg

L

2= +25%, 25%/+ 50%, —25%/100%015}.
Lo wH o= FE Y A9 50, 125, 250, 380, 440, 480VelH AF o= FE Y ¢ 50, 160,
250, 500VE y¥w dutdoz AAE A Alaule] FHHY o] FAALS A =E HEHT)

kr

¢

3.3.3. A4 A
IEC 90939—15011 HAg AF Aoz =Asc) JAHgo] 10V vHd A =4 ¢ 2= 10% o)dleld, 10
~ 100V AL 1V 227} 845w 100 ~ 500V ohﬂ% 15V e217} 3189t}

A A ﬂa T—mm e A, AL 0+52 B W F AZL FARTL WA PR 93 1,
W A W )y A9 S4ow RV MR S44S Ak Aol Bashv] By gelA] Elshe Aol
A,

el AN Helo] A9 S A e IBC 60939°) ol e W alelof it AukAs) 1ol= By
= W ANNEE e 297 ga Aol =el o 14 AN L EoHE FAF 5 ) B BEe
o= A4 gHe RNl Edel A AaA) AL weee] Agiasi,

3.3.
WAL e dutA o2 AFo tiaiA 33y il =HoA A I 2E A= Aol ATy 184
$- [EC 609399 1+4€ th&2] AP =25 ARSIt
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e
=
m
&

__CIB -1
i

Figure 15. Test method for withstand voltage test[14]

AgAL] Ag2 10,000Q/V o]delofof 3k A3 R1, R2E 283 ARFE Agsr]o] 83 45 7k ¢
th WAHS S22 ARG o] Al AFelM SAskeiok sk o} Table 29 £t

Table 2. Observatory Points

Obeservation Description

terminal to terminal or terminal to center point at which the load current through

A between terminal .
elements is on

Between terminals, which is on by the load current, and case(only metallic) or

B i 1 Insulati .
mternal Insulation the ground pad and the terminals

Between the metallic case or plate and terminals, which is on by the load current,

C external Insulation . .
! or case(only insulated) and the metallic plate

A Aol A7k Al IEC 60384-149] Aol whe} et 54 A58 Add 45 A1d At
< 123 I7FE ook gtk A Al A9 -3 W A= 0.05AS 9A fofok d

3.3.5, +EAF

wolz FEE A9 TFM) AAHe] wo|2E Aot FFo R e wALE Lt Guld] F2
of 917] whel] QH(safety) - F LG PRItk FHATFE F mAE AT Aol 9FL n)An Ty
4ol g0z A% B AWS U 4ol gk Bk 2 AFE O A FAE 29T F 9o
whze] FAARE A7) Sl H 73k e AAZAG REHAG B AUE FAsok Bk wF /)AA
2 99 99g A A3 ARz hgslo) gdu wrkRe mAely do| LuS AFEslelo} dt

FAARE B9 A2 AFE Cy ARAETL Y FE 9910 Seld gor] dEd] AR 2 A
ARE ARSI 99 SRS ABetn Atk Al FAAFE et 2o oz A

L = N 21f X C, < V1.2 Equation (4)
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