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High-Speed IC Board-level EMI Solution Study

Student : Sheng-Wang Hsieh Advisors : Dr. Lin-Kun Wu

Degree Program of Electrical and Computer Engineering
National Chiao Tung University

ABSTRACT

In this thesis, the purpose-isto-study the mechanism and theory of high
speed print circuit board EMT issue. And then presents.a real case of a
dual-mode handset as demonstration for practical EM | solving technique and
procedure,

The main EMI mechanism-comes from Ground Bounce and Simultaneous
Switching Noise (SSN). .Main factors of EMI are inductance.of high frequency
switching current path’and length of the path. Reducing the path inductance
(such as by making wider'PCB trace).and utilizing high frequency and low
frequency de-coupling capacitor combination can both reduce the EMI strength.

When solving the real case of a dual-mode handset EMI, by investigating
into clock signal frequency domain data from digital scope’s FFT output, we can
identify which clock signal contributing EMI output. Having identified the EMI
source, we utilize RC circuit to reduce clock signal strength so as to make EMI
strength lower. For direct EMI emitted from IC, we use flexible absorbing

material (FAM) or conductive shielding as counter measure.
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2.2(300MHz 5] 1000MHz) -

15

Radiated Emission Measurement
File :MS6030(WIF1)(2008-05-08) Data :#5 Date: 2008/5/8 Time: F4- 08:14:19
80.0 dBuV
Limit: —
Margin: -
40 & 7
1
: ]
3 4
A
0.0
30.000 57.00 84.00 111.00 138.00 165.00 192.00 219.00 246.00 300.00 MHz
Site site#1 Polarization: Vertical Temperature: 27T
Limit: CISPR22 ClassB 3M Radiation Power: Humidity: 60 %
EUT: Distance: 3m
M/N: MS6030
Mode: WIFI(11b)
Note: #H#(2), 527 45, wifi(1) F4#%
Reading Correct Measure- Antenna Table
No. Mk. Freq. Level Factor  ment Limit ~ Over Height Degree
MHz dBuV dB dBuV dBuV dB Detector cm degree  Comment
1 30.5400 43.97 -13.45 30.52 40.00 -9.48 peak
2 78.0600 50.64 -16.79 33.85 40.00 -6.15 peak
3 96.9600 38.17 -11.93 26.24 40.00 -13.76 peak
4 116.9400 40.48 -13.68 26.80 40.00 -13.20 peak
5 * 195.2400 52.88 -13.09 39.79 40.00 -0.21 peak
6 195.2400 46.62 -13.09 33.53 40.00 -647 QP
7 274.0799  48.63 -10.82 37.81 47.00 -9.19 peak

Bl 2.1 Ri% B EMI #F4& 74 30~300MHz




Radiated Emission Measurement
File :MS6030(WIF1)(2008-05-08) Data :#6 Date: 2008/5/8 Time: T4 08:32:09
80.0 dBuY
Limit: —
Margin: p—
3
40 =
& X 5
MW ‘ WW
0.0
300.000 370.00 440.00 510.00 580.00 650.00 720.00 790.00 860.00 1000.00 MHz
Site site#1 Polarization:  Vertical Temperature: 22°C
Limit: CISPR22 ClassB 3M Radiation Power: Humidity: 60 %
EUT: Distance: 3m
M/N: MS6030
Mode: WIFI(11b)
Note: HuEH(2), % A 25, wifi(1) T4
Reading Correct Measure- Antenna Table
No. Mk.  Freq.  Level Factor  ment Limit ~ Over Height Degree
MHz dBuv dB dBuv dBuv dB Detector cm degree  Comment
1 350.4000 43.54 -8.94 34.60 47.00 -12.40 peak
2 468.0000 43.26 -7.77 35.49 47.00 -11.51 peak
3 545.0000 48.38 -6.06 42.32 47.00 -4.68 peak
4 623.4000 36.42 -4.56 31.86 47.00 -15.14 peak
5 781.6000 38.63 -2.38 36.25 47.00 -10.75 peak
6 938.4000 33.84 0.19 34.03 47.00 -12.97 peak
_-'7’_ = - J.r {lr
l. | ] L- fi-J.?
2 % 3~ 2 B
Bl 2.2 ek EMIL #F4 5 & 300~1000MHz
l. ] . I " I 'm | | .I ' |
I.I .. - L] I1.I ...I
- B | " | |
I I. ‘ - II
2.2 & 17

2.2.1 EMI #5 &+ % &
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srpen® b7 B F % 5 78.06Mhz > 96. 96MHz ~ 195. 24MHz
274. 08MHz~ fr+ ) 8. 232MHz 2 £ hA 7 $ % ¢ % 6 B 1.10
(1 CPU F 427 125 5] 2 & ¢ CLOCK % d CPU b 2% PLL & 2 » %
7 i EMI 742 b sk 525 28 CPU ¢ CLOCK § M %5 o »t iz it

i fr CPU ¢74 & CLOCK » 7 vt 2 45 & 10 7 e b ik 3¢

fo T8MHz B §
78. 06Miiz

232MH

o 96MHz B

96. 96MHz =

195. 2MHz = 96MHz x 2.03 = 96. 96MHz x 2.01

1o 39MHz M 4

274.08MHz = 39MHz x 7.03
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d Bl 2.20F R F n g 3] & 300MHz | 1000MHz & & & & R

FHETHADTREG M E P H40MHz i EARE R R F FE -

Ik

BIEEI L ER 40T
312MHz~350. 4MHz ~ 390MHZ ~ 429MHzZz ~ 468MHZz ~ 50 7MHzZz ~ 545MHzZ ~
585MHz ~ 623. 4MHz ~ 702MHz ~ 781. 6MHz ~ 938. 4MHz

e 6% 30MHZ, 8] BOOMHZ R b g

390MHz

429MHz

468MHz = 78MHz x 6 = 39MHz x 12
507MHz = 39MHz x 13

5b45MHz = T8MHz x 6.99 = 39MHz x 13.97
58bMHz = 39MHz x 15

623. 4MHz = T78MHz x 7.99 = 39MHz x 15.98
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amplitude, dBV
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0 100 200 300 400 500 600 700 800

900 1000
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193
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CPU 2 2 0 T8MHz & SLE T eh T B | Bl 40 ™
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777 777
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A Y

B 2.12 - 18Miz 75 i iT

CPU & 2 ¢ T8MHZ R 38 » & B\5 B LC che & T 8 > & (i »
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Bk weniz sk o * e CPU A 4 &0 T8MHz shit a5
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amplitude, dBV
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2.3.1 96MHz 3 ik $ &

5 5 96MHz e & £ & CPU P 2% * > & A § F 4% i

£
e

FE S
1. absorber(% ZBiicH ) B & pk e CPU 2 & o
2. rihBES S RECPUA 6 0 BB LB TR -
CPU s ¢h g = <} 5-25mmx25mm * F ¢* ‘absorber ## *» &
30mmx30mmuen = -["le 4 5 P g BIRIGE = AL ¢ 1 S d2mmx12mm

30mmx30mm Ik 4 & i PCBiid dodi B 4 K V(4- F 2. 17) -

Bl 2.17 4 5%k ¥
2.3.2 T8MHz 3 & # K

dB 2.15 F R B3 RINGIR % » 27 a0 £.%] 5 $mpe

‘m\“\
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Radiated Emission Measurement

File :MS6030(WIF1)(2008-06-11) Data :#1 Date: 2008/6/11 Time: F4 08:50:42
80.0 dBuY
Limit: —
Margin: —
40 u\
: 4
3
0.0
30.000 57.00 84.00 111.00 138.00 165.00 192.00 219.00 246.00 300.00 MHz
Site site#1 Polarization:  Vertical Temperature:  22°C
Limit: CISPR22 ClassB 3M Radiation Power: Humidity: 60 %
EUT: Distance: 3m
M/N: MS6030
Mode: WIFI(11g)
Note: #UEHE(2), 3 5 #, wifi(1) T
Reading Correct Measure- Antenna Table
No. Mk. Freq.  Level Factor  ment Limit ~ Over Height Degree
MHz dBuVv dB dBuV dBuVv dB Detector cm degree  Comment

30.5400 4330 -13.45 29.85 40.00 -10.15 peak
78.0600 45.02 -16.79 28.23  40.00 -11.77 peak

93.7200 3750 -12.33 2517  40.00 -14.83 peak

139.6200 43.50 -16.32 27.18  40.00 -12.82 peak

* 1941600 52.06 -13.15 38.91 40.00 -1.09 peak

I 1941600 48.37 -13.15 3522 40.00 -478 QP

N OO g A WON =

273.5400 50.33  -10.83 39.50 47.00 -7.50 peak

Bl 3.4 & % T8MHz it e:x & $ X 18 EMI #F 4% F# 30~300MHz
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Radiated Emission Measurement

File :MS6030(WIF1)(2008-06-11) Data :#2 Date: 2008/6/11 Time: T4 08:54:59
80.0 dBuY
Limit: —
Margin: —
40
3
b Y 8
X M‘N"W’&M
0.0
300.000 370.00 440.00 510.00 580.00 650.00 720.00 790.00 860.00 1000.00 MHz
Site site#1 Polarization:  Vertical Temperature: 22°7C
Limit: CISPR22 ClassB 3M Radiation Power: Humidity: 60 %
EUT: Distance: 3m
M/N: MS6030

Mode: WIFI(11g)
Note: #UEHE(2), 7% A5 25, wifi(1) T

Reading Correct Measure- Antenna Table

No. Mk.  Freq.  Level Factor ~ ment  Limit Over Height Degree
MHz dBuV dB dBuV dBuV dB Detector cm degree  Comment
1 350.4000  43.00 -8.94 34.06 47.00 -12.94 peak
2 468.0000 36.42 -4.56 31.86 47.00 -15.14 peak
3 * 545.0000 37.94 -2.38 3556 47.00 -11.44 peak
4 742.4000  32.00 -3.20 28.80 47.00 -18.20 peak
5 781.6000  36.20 -4.56 31.64 47.00 -15.36 peak
.I?“ J_

B 3.5 & * 7 36 gk e & ¥R 6 EMI # 300~1000MHz
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Radiated Emission Measurement

File :MS6030(WIF1)(2008-06-20) Data :#5 Date: 2008/6/20 Time: T4 06:07:16
80.0 dBuVY
Limit: —
Margin: —_
]
40 |

; g

0.0

30.000 57.00 84.00 111.00 138.00 165.00 192.00 219.00 246.00 300.00 MHz
Site site #1 Polarization:  Vertical Temperature: ~ 22°C
Limit: FCC Class B 3M Radiation Power: Humidity: 60 %
EUT: Distance: 3m
M/N: MS6030

Mode: WIFI(11g)
Note: F##(2) A 4 wifi(1) FH%

Reading Correct Measure- Antenna Table

No. Mk.  Freq.  Level Factor  ment Limit ~ Over Height Degree
MHz dBuV dB dBuV dBuV dB Detector cm degree  Comment
1 46.7400 3768 -11.94 2574  40.00 -14.26 peak
2 79.6800 41.06 -16.59 2447 4000 -1553 peak
3 86.7000 31.75 -14.20 17.55  40.00 -2245 peak
4 118.0200 36.00 -13.86 2214 4350 -21.36 peak
5 * 176.3400  50.41 -14.55 35.86 4350 -7.64 peak
6 273.0000 4456 -10.85 33.71 46.00 -12.29 peak
e -

W 3.6@ " A % 7 30~300MHz

35



Radiated Emission Measurement

File :MS6030(WIFI)(2008-06-20) Data :#6 Date: 2008/6/20 Time: T4 06:11:32
80.0 dBuwV
Limit: _
Margin: —
40

1 4 4
b

0.0

300.000 370.00 440.00 510.00 580.00 650.00 720.00 790.00 860.00 1000.00 MHz
Site site #1 Polarization:  Vertical Temperature: ~ 22°C
Limit: FCC Class B 3M Radiation Power: Humidity: 60 %
EUT: Distance: 3m
M/N: MS6030

Mode: WIFI(11g)
Note: HH#(2),#% A5 45, wifi(1) -5

Reading Correct Measure- Antenna Table
No. Mk.  Freq.  Level Factor  ment Limit ~ Over Height Degree
MHz dBuv dB dBuVv dBuV dB Detector cm degree Comment

T

1 4302000 3969 -804 3165 46.00 -14.35 peak
2 * 468.0000 4140  -7.77 3363 46.00 -12.37 peak
3 5842000 3488  -508 2980 46.00 -16.20 peak
4 7410000 3380  -325 3055 46.00 -1545 peak
5 8964000 3407  -047 3360 46.00 -1240 peak
6 9006000 3323  -0.36 3287 46.00 -13.13 peak
i g ¥ 5
B 3.7 @ * ABSORBER-#1 =z & 3 { S EMIF & 7 4 300~1000MHz
| | ] L] L ...
&} R

3.2.2 @ * 4 S5 T
2 * 14mmx14mm 4F 55 BE % = CPU + > 2% 4o B 3.8 - Bl 3.9

e F R 2 R 3.4 0B 3.5 v 0 T o 5 A 195MHz

=

‘.“_"l\“\

% g x g P Agecd o d 38.91dBuv ® 5 39.3dBuv - # & 73 < >
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Radiated Emission Measurement
File :MS6030(WIF1)(2008-06-20) Data :#1 Date: 2008/6/20 Time: 4 09:32:14
80.0 dBuV
Margin: —_
[
40 | 8
4 3
3
0.0
30.000 57.00 84.00 111.00 138.00 165.00 192.00 219.00 246.00 300.00 MHz
Site site #1 Polarization:  Vertical Temperature: ~ 22°C
Limit: FCC Class B 3M Radiation Power: Humidity: 60 %
EUT: Distance: 3m
M/N: MS6030
Mode: WIFI(11g)
Note: H#(2), Beroai <, wifi(1)F-4#
Reading Correct Measure- Antenna Table
No. Mk. Freq.  Level Factor ~ment  Limit Over Height Degree
MHz dBuVv dB dBuV dBuV dB Detector cm degree Comment
1 *  31.0799 5199 -1343 38.56 40.00 -1.44 peak
2 ! 31.0800 4825 -13.43 3482 4000 -518 QP
3 53.7600 3579 -12.19 2360 40.00 -1640 peak
4 90.4800 40.53  -13.07 2746 4350 -16.04 peak
5 114.2400 4187  -13.22 2865 43.50 -14.85 peak
6 ! 194.7000 5242  -13.12 39.30 4350 -420 peak
7 204.4200 4940  -13.07 36.33 4350 -7.17 peak

B 3.8 # * CPU
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Radiated Emission Measurement
File :MS6030(WIF1)(2008-06-20) Data :#2 Date: 2008/6/20 Time: |4+ 09:36:29
80.0 dBuV
Margin: —
40 2
s Nt LA Al M
0.0
300.000 370.00 440.00 510.00 580.00 650.00 720.00 790.00 860.00 1000.00 MHz
Site site #1 Polarization:  Vertical Temperature:  22°C
Limit: FCC Class B 3M Radiation Power: Humidity: 60 %
EUT: Distance: 3m
M/N: MS6030
Mode: WIFI(11g)
Note: FH##(2), A &5 wifi(1) T4
Reading Correct Measure- Antenna Table
No. Mk. Freq. Level Factor  ment Limit ~ Over Height Degree
MHz dBuV dB dBuV dBuV dB Detector cm degree Comment
1 440.0000 42.76 -8.00 3476  46.00 -11.24 peak
2 * 468.0000 46.84 -7.77 39.07 46.00 -6.93 peak
3 599.6000 40.26 -4.91 35.35 46.00 -10.65 peak
4 680.8000  38.06 -4.10 3396 46.00 -12.04 peak
5 896.4000  35.15 -0.47 3468 46.00 -11.32 peak
6 979.0000 36.53 0.48 37.01 54.00 -16.99 peak
F - T
B 3.9 % * C ding 14 W ¢ 300~1000MHz
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Radiated Emission Measurement
File :MS6030(WIF1)(2008-06-20) Data :#5 Date: 2008/6/20 Time: -4~ 10:10:56
80.0 dBuV
Margin: —_
l [
" it f
|
5 4
1
0.0
30.000 57.00 84.00 111.00 138.00 165.00 192.00 219.00 246.00 300.00 MHz
Site site #1 Polarization:  Vertical Temperature: ~ 22°C
Limit: FCC Class B 3M Radiation Power: Humidity: 60 %
EUT: Distance: 3m
M/N: MS6030
Mode: WIFI(11g)
Note: FH##(2), #7525, wifi(1) T4
Reading Correct Measure- Antenna Table
No. Mk. Freq.  Level Factor ~ ment  Limit Over Height Degree
MHz dBuv dB dBuVv dBuV dB Detector cm degree  Comment
1 35.9400 32.85 -12.95 19.90 40.00 -20.10 peak
2 52.1400 2776  -12.18 15.58 40.00 -2442 peak
3 97.5000 38.84 -11.90 26.94 4350 -16.56 peak
4 1169400 4238 -1368 2870 4350 -14.80 peak
5 * 195.7800 55.33  -13.10 42.23 4350 -1.27 peak
6 ! 200.1000 50.79  -13.18 37.61 4350 -5.89 peak

40



Radiated Emission Measurement
File :MS6030(WIFI)(2008-06-20) Data :#6 Date: 2008/6/20 Time: F4-10:15:11
80.0 dBuV
Margin: —
W0 %
X % 5 5 §
0.0
300.000 370.00 440.00 510.00 580.00 650.00 720.00 790.00 860.00 1000.00 MHz
Site site #1 Polarization:  Vertical Temperature:  22°C
Limit: FCC Class B 3M Radiation Power: Humidity: 60 %
EUT: Distance: 3m
M/N: MS6030
Mode: WIFI(11g)
Note: E[{#(2), f#Fcias wifi(1) T4
Reading Correct Measure- Antenna Table
No. Mk. Freq. Level Factor  ment Limit ~ Over Height Degree
MHz dBuVv dB dBuV dBuV dB Detector cm degree Comment
1 440.0000  43.93 -8.00 3593 46.00 -10.07 peak
2 * 468.0000 48.18 -7.77 40.41 46.00 -559 peak
3 599.6000  40.81 -4.91 3590 46.00 -10.10 peak
4 741.0000 34.96 -3.25 31.71 46.00 -14.29 peak
5 840.4000 34.12 -1.41 32.71 46.00 -13.29 peak
6 977.6000 34.22 0.54 34.76 54.00 -19.24 peak
g - -
B 3.11 & * ding 3 4 K 76 300~1000MHz
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Radiated Emission Measurement

File :MS6030(WIF1)(2008-06-20) Data #9 Date: 2008/6/20 Time: T4 12:10:42
80.0 dBuV
Limit: J—
Margin: S
I
40 |
4 [ 5
|
3
1
0.0
30.000 57.00 84.00 111.00 138.00 165.00 192.00 219.00 246.00 300.00 MHz
Site site #1 Polarization:  Vertical Temperature:  22°C
Limit: FCC Class B 3M Radiation Power: Humidity: 60 %
EUT: Distance: 3m
M/N: MS6030
Mode: WIFI(11g)
Note: H#(2), #7245, wifi(1)
Reading Correct Measure- Antenna Table

No. Mk.  Freq.  Level  Factor ~ment  Limit Over Height Degree
MHz dBuV dB dBuV dBuV dB Detector cm degree Comment

1 35.9400 3207 -12.95 19.12  40.00 -20.88 peak

2 86.1600 33.22 -14.37 18.85 40.00 -21.15 peak

3 116.4000 34.84 -13.58 21.26 43.50 -2224 peak

4 * 1957800 49.28 -13.10 36.18 4350 -7.32 peak

5 252.4800 47.08 -10.98 36.10 46.00 -9.90 peak

E ot S S S = P
o

B 3.12 @ U_sl;fielding Elid # t¢ 30~300MHz

42




Radiated Emission Measurement

File :MS6030(WIFI)(2008-06-20) Data :#10 Date: 2008/6/20 Time: T4+ 12:13:45
80.0 dBuV
Limit: -
Margin: ——
40
5
3 3
4
0.0
300.000 370.00 440.00 510.00 580.00 650.00 720.00 790.00 860.00 1000.00 MHz
Site site #1 Polarization:  Vertical Temperature:  22°C
Limit: FCC Class B 3M Radiation Power: Humidity: 60 %
EUT: Distance: 3m
M/N: MS6030
Mode: WIFI(11g)
Note: H##(2), 75 25, wifi(1) FH%
Reading Correct Measure- Antenna Table
No. Mk.  Freq.  Level Factor  ment Limit ~ Over Height Degree
MHz dBuV dB dBuV dBuV dB Detector cm degree  Comment
1 426.0000  40.73 -8.07 3266 46.00 -13.34 peak
2 * 468.0000 45.37 -7.77 3760 46.00 -840 peak
3 584.2000  36.40 -5.08 3132 46.00 -14.68 peak
4 742.4000  31.40 -3.20 2820 46.00 -17.80 peak
5 896.4000  35.27 -0.47 3480 46.00 -11.20 peak
6 900.6000  31.75 -0.36 3139 46.00 -1461 peak
F T
Bl 3.13 & * lding = 3 18 300~1000MHz
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