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Near Field Emissions from Heatsink
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Buliding a Squarewave from Sine Waves
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Comparison of Various Data Rates and Rise/Fall Times
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Comparison of Frequency Spectrum of Voltage Waveforms
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Comparison of Frequency Spectrum of Current on Trace
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Position across PC board
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Measured $21 for 12" x 10" PC Board Between Power/Ground Planes

with No Decoupling Capacitors
(Measured Center to Corner)
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Figure 8-9 Transfer Function for Board with No Decoupling
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Measured S21 for 12" x 10" PC Board Between Power/Ground Planes
with Various Amounts of Decoupling Capacitors
(Measured Center to Corner)
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Figure 8-10 Transfer Function with 0.01 uF Decoupling
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Figure 8-11 Transfer Function with Combination of Decoupling
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Transfer Function (S21) from Board Center to Board Edge
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Figure 8-12 Transfer Function with 200 pF Capacitors Added

S$21 Transfer Function for Different Value Capacitors
Center-to-Corner (10" x 12" Board)
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Figure 8-13 Transfer Function for Different Capacitor Values
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Figure 10-1 Voltage Waveform for Various Termination
Resistor Values
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Current Waveforms at Receiver Pins
with Different Values of Termination Resistance
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Figure 10-2 Current Waveform for Various Termination
Resistor Values

H TRl f‘fffr P T R L R iﬂﬂ ¢ 10 ohms

[ ] 22 ohms
a 25 ohms

= 160 X 30 ohms

— 33 ohms

W r

-y ! ¢ ¢ ‘

5. n n .

B0 AT S I

ﬁ“‘ V'S ! ¢ %

;L*Iz ¢ . ¢ ¢ ! * ¢

I 100 N

s u

2 80 - = [}

2 2 " % n

Z 4 ¥ u &

60 n ®

40 ¢ 100 200 300 400 500 600 700 800 900 1000
#Fi(MHz)
q‘?ﬁ' 10-3 ;ﬂ; R GRS 55 (100-1000MHz)

A (EMI FHJEETEIU p@(’?‘/ *J) fp0 ot B Edg(Fourier transforms)’%Ziﬁg%ﬂf’ﬁ\JJE Ik (time
domain)¥ il A7 > 11 I'| tH Z[| £ il (frequency domain),! -J/f t o &aﬂ 10-3 * 10-4
K. 5:{“347 F[JALHB” @j [/ q%:ﬂm//(ﬂ/f} FafE 55 {] € 100-1000MHz '] % 1000-2000
MHz) - H&ﬁ\l B T B - R %’R}%ﬂf T EL—‘\E‘J?ég*J o YK USSR T
HIE > B - WA ’9[%”[}3 i 10Q ] 2 LI3OQ %’T I/j?‘%ﬂ"g RS > (g
ST 1 I J%ﬁ RIS -

Raymond Chang .# ¥ 2003/6/23 Ver' % 102 7 / £ 137 |




BT K- e B A S EMI £

ifj[’ Vjﬂﬁd IE 31 %P¥ﬁT V%fﬁf*ﬁ#$§§§4\J . 10 ohms
B 22 ohms
160 (1-2GHz) - 250hms
5 X 30 ohms
_ 33 ohms
% 140 ® 39 ohms
W
N
== 120 *
I ‘ :
= 20 C . ¥
it 100 2 . X *
X w A M 1 a .
'J‘ 5 u u A ; 3
g % - T . 2
gﬁ [ | [ R X
E % N -
60 s R x =
0
1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
Hi=(MHz)
ﬁ%ﬁ[ 10-4 %ﬁd@ﬁﬁﬂf FHY 55 (1000-2000MHz)

[l 10-5 2877 [T 15 - Eﬁf‘fﬁ} SUENTILE) el I SR UL/ SN gﬂ’ﬂﬁmﬁﬁ“ﬁiﬁ
CACAE F{ﬁllﬁﬁﬁ ij SR s SR J’F”TE PURELAER TF B N 100
(% 30Q  FYRLEN 1OQ@| 39Q 5 H %Tﬁnﬁﬁﬁﬁlﬁﬁﬁ%ﬂ ”fﬂﬁ'f o riﬁ%’l
10-5 FIFIRF R S > AL %‘YEH'F}**‘ ik Vﬁﬂii EE[45dB V-

L AR > [REE "ELJ/ E%’Fﬁ[wr%dfﬁ EJYLIFEAE E—H /Hﬁﬂﬂﬂ GEI%
EEatdey Vﬁ*ﬁ,ﬁ T E'rﬁ - ¥ FH@E#J}%%«P BN 7 AR
IR LS ﬁf—ﬁﬂaﬁlf ing H%‘% S IJP ) ﬁﬁii'ﬁ iﬁ @ﬁﬁ'f‘%&“ﬁ
'H?EUE‘«“/’?%\' o el I Y P A ,% pE |- Ejﬂﬁbé"& 3:EiF'1—7“I“ﬁﬁj(Gasket)
ST TAHf W@Sﬁ%'ﬁ@ il T 1 {1 e "? ESEVE (IS EW?E%T%TEI@&E@
FEUATE: 2 AR

B ALY A3 R il R G R e (R

50

n
45 ‘ 4 _ ‘ L
]
i 40 n il
'5, 35 - m | -
é 30 L
Eg ) N 2 1 4
Sl m [ u
20 ; | .
15 " : M = = .
. u u
10 - d . .
5 - ®m 10 = 30 ohms J/[H]
0 . 10’5?390hms VFJ
| [ [
0 200 400 600 800 1000 1200 1400 1600 1800 2000

#i=(MHz)
B 10-5 PR T L L |

Raymond Chang .# ¥ 2003/6/23 Ver' % 103 7 / £ 137 |



R B - B A2 I EMI #7

S8 FARATZIBELH

Hii IC/ASIC ) EU\E‘\TEE Ve EREERE ISR TS S wﬁﬂﬂﬁﬂé
17 L#EEZL J,L”ELh CEE Eﬁ;lﬁmu %Iﬁjz$f(_§,l$ﬁgﬁ /Ol - Eﬂwﬂ it 1/0 rﬁﬁ&k
POBEARERL ] ifr[{EZ,IF[J AN A %F'F“’ F"F“%:JF

%ﬁféﬁfﬂ 4 Fiiﬂ Al IEIF' 110 ?i?(’r e esgERy F1/ T Shoot-through giﬂ
_1\ s F[jf AR = E PR PRfEr > s (RA T/0 E@P}J# ;—_j-;i\m;iﬂ -I e

E PR s 5 E[]FL' s B (e B L s (B E Eﬁﬂ =i 3;,[,41/ )E PQL
[iq*;;\l 10-2 B A £~ 2B EPYIRD LT -

P IEER IR 7 S 1O s oS4 R
TR tiil%”?”“&llﬁ[oﬂmﬁ”ﬁﬂjﬁ’fﬁ B - i VO BT e
R | VS T SR - SH R PERERPRE I -
JEJI/OE@P*J%@J/%“MFI il A e ) e ff.ﬁﬂﬁgm*as@m' /7 g5
B 1 i R <

(B st =S RLELERIF - g A0 BT SDRAM SRR MRy Ll 2 1R
[ f%ﬂn o Pt~ A E|V SDRAM 57[| F,gaﬂq&s_ %{i %E? ?i [ﬁl 10-6 f[1 © %f
=fiu AU DDR RAM SR (S0 - e |- l[ﬁ'ﬂ\ ERTTES AR ) [ Ve
a FE BB ] R yp@ﬁ 10-7 Fv—fm > iy DDR RAM I 7% SDRAM
IR TR N T

Current Driven on Clock Trace for SDRAM

0.40

0.30

w i\ N al _ h
mﬂﬁ | '“Vnwl r L‘Ff

[=]
-
(=]

Ampiitude (amps)
o
8

-0.10 : Y l

-0.20 | - ]

-0.30

0.40
0.0E+00 2.0E-08 40E-08 6.0E-08 B8.0E-0B8 1.0E07 1.2E-07 14E-07 16E-07 1.8E-07 2.0E-07

Time (sec)

Figure 10-6 SDRAM Current Examp

Raymond Chang .# ¥ 2003/6/23 Ver' % 104 7 / £ 137 |



=

7 A2 7 EMI 77

~
g B

I

4 g 7

F

5RY

Current Driven on Clock Trace for DDR RAM

IIIIIII el (RRRRNNY NS U [ [P
lllllllllllllllllllllll - - 4 — — |
|||||| Ea
||||||||||||||||||||||| IR
b — — b = = o - oppp———t——————tem——_ | _ |
|||||||||||||||||||| d-=-4-=-4
i
A N ) Y [N DI | 4= - - =
IIIIIIIIIIIIIIIIIIIII R
|||||| gl N N D [ R A —
Spul st~ it [ (s D Bl
|||||||||||||||||||||||||||||
|||||||||||||||||
et
= = = T e ——eeed i — — | = = = = ]
|||||||||||||||||||||||||||||
IIIIIIIII - e R R R
IIIIII AHAIII{‘IIIIIII.EIIII[II..
= = = =< 1 e g g pun S [P (N
e -y ey (R [UURUN N | U
R S A ey g g g (o, S (PN U
|
S R A 5 = ey Pty e D R S
TN sy Iy s gEupin PENSERE [ —
|||||||||||||||||
e
.Ill.ll llllllllllll
III.T IIIIIIIIIIIIIIIIIII P = o - - o
| >
i I o e it et B . i
||Iﬂrllr el ] e = —-—— == = =
_l
9 ®m @ T &4 @ o T @ @® o
- (=] (=} =] < (=] < =] L=] Q \s

{sdwe) 82__9.:_._

2.5€-07

2.4E-07

1.7E-07 1.8E07 19E-07 20E-07 2.1E-07 22E-07

1.6E-07

Time (sec)

Figure 10-7 DDR RAM Current Example

=
z

7|

e

TR R
el

SDRAM || > DDRAM R

1'10-8 » 10-9

d

S

T

VR

i

F

&

[

%
I J\F[UT\ [FJ o

7—_; E’J ° ?I| I,
R

J\F[fj
t

]

il
%_l—

i

f

(R

[

it

=
-

NG

o
B

R
;
*

'
!

o~

F:
1=

Current From SDRAM Data Lines
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Current From DDR RAM Data Lines
Frequency Domain
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(What to do if a product fails in the EMC lab)
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A.5.3 3 "> %2 Finite Element Method(FEM)
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