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The Effect of Ground Plane Gap on the Radiated Emission
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Abstract

In this paper, the effect of the gap in the ground plane on the electromagnetic interference (EMI) is
analyzed quantitatively. Because of a lot of advantages compared to other numerical techniques, the
FDTD (finite difference time domain) is applied to the EMI effect modeling. The analyzed model is
the simplified PCB {printed circuit board) which has a microstrip and ground plane. The inductance
induced by the gap is modeled and calculated by gridding the whole PCB based on the FDTD algor-
ithm. When external cables are attached to the PCB, the common-mode current is induced along the
attached cable and the resulting electric field strength is calculated and presented along with the FCC
and CISPR EMI limits, The results show that the radiated field strength highly depends on the size of
the ground plane gap, The numerical simulation results can be used as a reference in the practical
PCB design with the ground plane gap.
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Fig. 1. Current driven mechanism and its equiv-
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Fig. 2. Analyzed structure.
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Fig. 4. Incident plane modeling of PCB using

resistive voltage source.
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Table 1. Variables used in this analysis.

PCB A1 Ao} £24215} WAlo]l v]21e o3

A ¢ 5 mm
LAY Non Uniform
A7 3 mm
At 3.5 ps
& 1.0
AA ARG 33 AX X 84AY X 26 AZ
AR A ZE 10000X At = 35 ns
molazAEY £ 0.4XAX = 2.0 mm
Alo] A2 AEY 9] Zo) 7cm
AolEe] do 9% 20 cm, 8% 20 cm (Segl, -, Segd0)
HAH X 8XAX = 40 mm
HA" Aol 110 mm
PCB9] =9] 1XAZ =3 mm
dHAY Vi(t) = e 0tam an® ]

22 9 Zo] [mm]
Table 2. Length of the gap [mm].

’ Gap 0 Gap1l

Gap 2 Gap 3 T

| 0A X=0 4 A X=20

6 A X=30 74 X=35

3 vEd 2= £ (A 712 Y FEE YEY) [mm]

Table 3. Width of the non-uniform grid [mm].

#8 | -7]-6] 5] -4]-3] -2 -1

a1 | w| s8] 7] 6| 5] 5

2o YR g 88 Y5t AR b@
d Aze] R Ade ¥ 37 Ptk —40 dB
o] WAMA S R(0)E 7HAW =R Eo] 4 (12)9) o)
Ag; BFE 2 73 PML F54A2H0A
Zt ZolM Y ZHEL ¥ 49 7ok A9 AAe
FDTD g z2719) A 3.85 psitt &L 3.5 ps
2 AR},

a(p)=o',,.(§)2 (12)

R(O) :e"(Z/mt‘)ré alp)dp (13)

79 62 4 (6)2 olg3te] AVH vlolzm
EY dHAYE A2 B Fhs REE ey
Agl Zolo] BAglel $Ysitt. AsbAgte By
o 948 2dY ¥ 5 UEE 7H9AL B
Y28 ALY, F05 BEE AD9Y AY
& DFT® ¥ 4% 429 2712 4738 e ¥
WSt W2el 3dB Y EL 300 MHzol D), =
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¥ 4. PMLZY 48 98 [0/m]
Table 4. The conductivity profile in the PML

layers [m].
X& Y& Z%
1% 0.000445 0.000225 0.000742
2% 0.011574 0.005787 0.019291
3% 0.043627 0.021813 0.072712
4% 0.097048 0.048524 0.161747
5% 0.171837 0.085918 0.286396
6% 0.267995 0.133997 0.446658
7% 0.385521 0.192760 0.642535
s T 7 CNT T I T
g Py _._ - ‘__ M_ g 504
PO O RS W O »l A
a.00 ‘ : e . 0.00

O 5 W W B WX M
Frequency( x 100MHz )

0 2 ‘. s M
Time Step { x 1000 x del_T = Second )

SRR R DEREE B
Fig. 6. Time and frequency profile of the incident
voltage.
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& AT

a9 7 Aol §lE AE YgEddA aFdy
wk AAE 4 (7)& ol &3t AN dgd A
ote] A7 2 Fubg BEE Jebdo), 8 Mt
o ¢ BxE AUtE Ado= Atsiet ghe
Uehd, rlola22E 9] Zolzt &) HEd
YAruie} wiAllE WEs] TR ¢ o dF
d BaloA ANALE 4] et WAt 3
A2 ggeo] YelhgdS ¢ Aotk 22y 48
oA T WhAlElE Aol §17) Wi YYTe
AHEARNSS & F AT FoF EXAA AF
AAHE vdeE vlo|aZAEYY 98 YAt
09 7H4t7) W Eofl YEe Z<to] 0l 7H7H9H 9
2 JYHAJ} B2 Bolx 1/4949 Fa
ol 2 GHz dlle 7YY AR7t dg e
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Voltage [V ]

Voltage (V)

Time Su:( x 1!;00 x d‘d_T-'s-c;:d] ’ Fr-:uomy?x 100M!:|z] “
38 7. A At A7 B Fug £X
Fig. 7. Time and frequency profile of the incident
plane voltage.

: l i
- I : Eu
g i — ]

- 5.

”

] T + T ° + ; T
o 2 4 L E] 19 ° ° 2 0 @
Time Step [ x 1000 x del_T = Second ] Fraquency [ x 100MH2 |

a2 8 YU AR A7 R s B
Fig. 8. Time and frequency profile of the incident
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Fig. 9. Frequency profile of input impedance.
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]
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i
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Fig. 10. Variation of input inductance depending
on the length of the gap.

zn4 2YXE i, AZPAHEL PCBY BE
EAE SAEAE HHEH 7] gl ¢ FHs
oA e 0ol 7H7hEE & 4 Aok B 3.5 cm vo
AR2EYY 1/43F T2 $944 2 GHzrh vt
B geld 4 sith

a9 108 A 2 AR AzhisE 4 (9~
A (11)9) Fgo) W3S o)A AXT 4y o
T2 A2t YR JAYEAY S o] &5
7t o2 99reket 38 Yepdth A5
A& MEXEe Gap 2 ¥ Gap 39 ¢ Aol &
AR ke Gap 09 7-§-9 vlaajA Fyd
w2t 5 SIM 6 nHol4 Z7tslo] Azhe $a73}
1} ¥A} -] PCB HA W] w5014 4 3l
S & & gtk 29 10914 500 MHz 74X 9] 91
12208 BAE AL Adalo] mpatel vlgte] F

Yﬂml

o

PCB Ao 7o) AR5} Aol ulX & 9%

A gow ¥ AdYHAE e AYER 7Y
g 4 §17) WEolth

19 11¢ 7jo] 1= PCB AW 428 Al
Bo) §7)9 ZERE AFY A7 B e A
o2 AP ¥4 BEXE FANIFALH PCB
A deze] SAH ALt AolER
FAE tholE ¢HE TEse EMI Ao ¥
& & & k. E=3 a4 ALgHE Aol PCB
2 gstd 1/29%3(300 MHz)3 3/293(900
MHz)dl A 328 dodin o 8§ FaoA 4
z+e B o AR AL B E 4= eS¢ 5 3

Current{mA)

Time Step ( x 1000 x dei_T = Second | Frequancy [ x 100MHz]

a8 1. Aol $18 FERE AFY AT E F
s X ‘
Fig. 1. Time and frequency profile of the

induced common mode current in the at-
tached cable.

f = 2856MH2z f=85TMHz

Current [mA}

08 12, Fu4 f=285 MHz, /=857 MHzo|A 7o
2o #7189 FERRE A7 2

Fig. 12. Magnitude of the induced common mode
current in the attached cable at fre-
quency 285 and 857 MHz.
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Fig. 13. Radiated electric field through the at-
tached cable and regulation limit (10m)

a9 12& A9 FFo uhet 285 MHze} 857
MHzolM FEEE A7 271E Jehd 292
2 AZAMel AE 7tEAEZE AS A& VtEAE
A e A$s) vwsty 230 FEEE AF
b AAES BAT & o AL A B E 4
dB o4 Z7HE F U ¢ & At

Y 138 9 Z5Ho wel AolEE T WA
AAE 2349 10 ml S0 tidte] 2L F
A A3 7]Fo] H= CISPR 229 FCCY 4
I ARANE FAY 2gelth, B3 RE Fuid
A QI7HE AL 1V AL /M8t AEA
o] AW & NEANEE A E8AAT WA
2 sl 7HE FHFU ol AZsA Add
&L ¢+ U

FDTD W& o] &% sl aste vlasts] sl
ZYA A% WS o4 o JdYE2 AME
FE E 590 AA ST E 504 AAE Asthe
FDTD W& o] 48 4o AH¢d PCBst ¢
g FxA o gt sl Fdsein HAH Ao} ]l
E Fzolth. ¥ 594 AAE dHE 20 YE
AgE 27t XgHo] YA ¢7] Wi Fupgd
Aol AT ol At 4 (14), (15) XL
(16) & vlo| AR AEYH 72 HHEY A 9 9%
AEAZ ZE 2 AF oz Addste 40

q.[‘t,s]'

o 1n 4
o I, +1) [H] (14)

Lplane = 1 1
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5 E2 Aoz 73 9% dgdx
Table 5 Calculated external inductance using
coupled flux method

AR HY Y- A 1.012489 nH

99 wlo)|a B2 AEYH S AHHA 25.08464 nH

29 nfo|AZAEYY ¢EEH X 1.663553 nH

Fxo E YH2 27.76068 nH
2d

ngnaI:lz —g:c— 111(72‘) [H] (15)
2

L=l —2;‘2— ln(T;‘-) [H] (16)

de RZE A3 F A Alold A, w,
Wa, Wy 7—} Ei‘]g] %, Jr’«]i’- L, 1, & Z}' 5:-7-‘“9]
Zol& Yepdn), Y2 A% W ¢ A9
FDTD WY& o] 8¢ 149 Gap 09] 749} vl
& 5m 292 A%l o A 27.76068 nH7t
2% 10¢] FDTD #& o] &% 3449 27~29
nHo 2 XS & & AUrh

7ol EAste AU A2 A RE v
237 At A3 HAWe] A3 TXE
CPS(coplanar strip)2 2dgste HAwe 2
o2 <t} d4E YAXE ABSATE, 2
¥ 14 (a)ollA HAHo EAIE a, bE YHEER
AzhatE 1Y 14 (b) 9] CPS 22 AL 4
(17)& o143t B4 dod 28 78 + YUk &
3 4 (18)% o83l Aoz Ql3td F7tE 4
UAE a b RTENANY ¢Y Jud2E AL
F At 98 gHA2 At AHEE 4] (18) A
Bt dud2 Z,2 92 JHolBE (] At
wEtA 9] Zolrt 1/49%3 ZolE ¥R ged
W a b XEY 98 dudie &5 AL
o] 57) W&o 4 (19)L o] &3l o) W&
ollE AHEXE ANE & lt}, B AT A A
€8 79 Zo] 2 YnE o]t AL YY"
2E ¥ 63 72tk CPS 2d @& Falo AR
ez F347t 715 e 234 F7181A
gk CPSe] Zol7t shaol visted vf-¢- 2H(1/20
ol&l) 1 GHz ¢1&t2] a4 dig o= 2 W57}



Return Current Path

PCB AAH 7Yo] #2425} Halel] n]X|= 9%

Ground Plane

W1 S w2

(a)

T8 14 Aol e HAMAAN EAAFY £5# CPS =Y

I

Fig. 14. Return current flow in the ground plane which has gap and CPS model.

6 CPSEEYLE o837 A9 UYL

Table 6. Calculated inductance of the gap using CPS modeling.

Gap 2 Gap 3
L(CPSe] Ze]) 1.0 cm 1.5cm
h(CPS9 =ol) 3.0 mm 3.0mm
S(2EH 744) 2.0 mm 2.0 mm
Wi=W2=W(2EYH9 &) 5.4 cm 5.4 cm
k 0.0182 0.0182
& 1.0 1.0
Z,(CPSe} 54 g¥d2) 115.9 Q 115.9 a
e dYe s 3.865 nH 5.800 nH

A& shte] JIYEHZE 2dyste Aol 7hEst

o} &% AiAAE B 479 FDTD Wy & o] &

M Ae F AP E & U
Z=120rK(k) / K{k) 2 17)

k=S /(S+2w), k=(1—k)1

K(k) /K(k")=n/In[2(01+/(k) / (1—- V&) ]
for 0<k<0.707

Zw=ZZ1+jZtan Bl) /(Zy+jZtan pHQ (18)

joL=jZtan pl, L=2Ztan pl/o (H) (19)

FDTD ®4& o83 48 A2 sH oA nt

o|ARLEY0| Y& NtEAEA Fe e WS
AR A| 82 7o vlaste] gy g F3

£ wslst A9 Qi) ol HAW EAARI
7t Fe JdYdA A2 AT HIZ ol & o]
37 B EAAFY] B0 WA &7
o Zojt}, 23y vlo|ARAEY0] & JtEAE
£ 4$(Gap 29 Gap 3)& A9 Ao}t AojAd
o HAE st AHH R FIMEES &
F At ol AW EAARI BEE A3 o}
2o BRIt A Aol Ao JFos & A
F FZE ©E7] giEolv) 538 Gap 39 A$e
A& AASA e A sty o & B8
A s AL AUl AFFE I EL Flo
YA & Qv gep FAEE WS 53 94A
3 BPATle A& A7 345 Aty o
ol & 4= 317] W&ol HAW 2ejA AF9 Z4
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