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@ RF 3 TS M= J[HEJ| X 0|2

Transmission line theory Impedance discontinuity
HaMz 0|2 QA 214

Coupled-line (Cross talk) Defected Ground Structure
™ MZ 0|2 Ground plane &84

sss” WAVEINSENSE



| Transmission line Theory x.u=o
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H&4E O|Z (Transmission-line Theory)
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| Impedance discontinuity

YO|EA UL, e 28, 28X
(Impedance Discontinuity, X-talk)
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| Coupled-line (Cross talk) zsuz o=

Cross-talk = Electromagnetic Coupling
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I DGS(Defected Ground Structure) zszx o=

_~— Microstrip Line
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¥ High-Speed Digital +l2 &4 (Signal Integrity)

Via Stub Met 2AM(Insertion Loss)
BrAb B! BT QY HLS SEEES NI
Eye Diagram
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I Via Stub (Transmission Line Discontinuity)
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Via Stub 2= (Open Stub)
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@ Stub E0|A 1= HEA} &4
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Incident Wave

T Reflected Wave

@ Standing Wave &4

* Stub L0 A YA} HEAMIO L&
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©
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M £4(Insertion Loss)

g Insertion

—_ Loss (dB)

-1

S,1 (Insertion Loss) vs Frequency
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10 GHz 20 GHz

Fh4 P A
= L - Return Loss 23} HE LS
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Eye diagram

1. Good Signal (0]4A)

Voltage Eye Closure
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Eye Diagrams &9l
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~ Noise / Jitter 37 |

O| OtL|2f ZfULICt = SI Z4|= EyeOllA “HQICH, SEX|EH Q12

2. Degraded Signal (22}

Voltage
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0.5 - e — ——
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¥

0 S
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v Eye7l 2El£+E 01T Z4 > 27 &E 7}
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£O|= 37}

ISI F&

(O] HIE 2Hy)

XI&| St
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I S —E—&.' (Analysis of Signal Integrity)

Verification of high-speed differential signal lines. Phase noise measurement.
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o M2 22M 2M (Power Integrity)

Dynamic Voltage Drop PDN &%

Hot o Al 222F HQF 4Tt Power Distribution Network Resonance
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| Dynamic Voltage Drop (DVD)
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(V. = L - di/dt)
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(Loop Inductance)
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I e o
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I PDN %"._l (Power Distribution Network Resonance)

PDN €& O|HA |Z] vs Frequency

1Z] (Q)
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PDN2 It SEHE X= RLCHIER3

« Power/GND Plane?| 7|4 L/C

« Decoupling Capacitor?| ESL/ESR
 Via, Package, Plane /1 &

= &%l(Resonance) / tE[5Z

(Anti-resonance) SiAl
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o —E—&.' (Analysis of Power Integrity)

Power integrity measurement. PDN impedance measurement.
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ZY EM| / RF 25| & A

System-level EMI £IEt

EMI= A|AR HXH[e L= EX|

EMC Compliance CH& Tk
)

ox

Electromagnetic Compatibility (AXfIZf Mgk

*EMI(Electromagnetic Interference): A Xt} 7+
*EMS(Electromagnetic Susceptibility): ™ ApIt LY
*EMC(Electromagnetic Compatibility): ™ Xt} Mgty
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pL

System-level EMI £

1. EMIE= 37}X| 24.0] 2|5 2igt

1. Noise Source

-

2. Coupling Path

3. Antenna

» Conducted (Cable, T , PDN N
e « PCB £+ & A{BtO 2= 9101 Ijo} 3t
« IC 29|d X0|= « Capacitive / Inductive Coupling « Cable / Harness « 0|2 | H{HIE] / AAIDIE| ZasHOL
« PDN 2|§/An}o|3 « Common-mode Current « Connector iy §|_§I_ EMl__(é:I ol A 5 |-h O
* Clock / Data « PCB Board = CLiT 1 7lo

« DC-DC Converter

-------
.......

Return Path (GND)

» Chassis / Case

Radiation
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| Self-Interference &

1. Self-Interference OiAHL|S r

A
~

~

-\

(2) Coupling Path

* Power / Ground Plane Coupling
» Signal Trace Coupling (Crosstalk)

Signal Integrity &gf

* Eye Diagram Closure
e Jitter 37}

3 ‘ Switching Noise : .
(© Noise Source - mm;;m @ Victim \ * Bit Error 7}
- High-speed Switching * Sensitive Analog
(Clock / SerDes / DDR) (ADC, RF Front-end) |
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(Anti-resonance Peak) - / e Timing Instability
e — =
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\ J
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| EMC Compliance CH&
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I EMI / RF —.—X‘" —E— A (Analysis of Electromagnetic Interference)
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%'a A2{l: 2SI | EMC 2

\‘

EM| Q15 A|210| Il E| = FHE

ss” WAVEINSENSE



7|1£2| EMI 2M

<
=3

<24 HIEH
OEol-bl

2 EMI 252
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S| EMI 5%

(X|9r=l Solution &

-0k

x8 23

EMI J[d 2% T

70 20Ol (BN Date: 2014.03-22 Time: 13:25:32 7 Love! (dEum) Date: 2014.03-22 Time: 00:20:10
12 "
T 5 EMI 32 Al A1} (OI_’:7|1'I')
i CISPROLASS A 0 FEPRALASS 1 1 = -O b
; TI30E | 30|
14 !
T =) =
=1
a0 30
=04
+ 2P LB RE b o 1S HE — EM Sa 1 mes o
o1
L
a3 50 100 200 500 1000 -10 55 50 100 200 500 1000 > >
Frequency (MHz) Frequency (MHz) *

£
= 1 i
=
=
-
= N
= 3 L] L
| ¥
| i ' - 4
g Lovel By Dato: 2014.02-26 Time: 24:20:37 g Levol @Euny Dato: 2014.02.26 Time: 21:08:40 I ﬂ in ,I oy
J
A o |
L
CISPRCLASS A CISPRCLASS A T v '
5B BT ‘
151
3
: 1
12
10H-
0 56 1
=4
HHz aBuv 4E  aEwm aEuU/m @& o dey HHz dBuv 4B sEwl/m dBuvim = e dew o + + + + + + + + + + + + ]
_________________________________________ 1 L37.42 54.72 =12.12 42.53 50.00 7.47 Z00 360 VERTICAL 30m =a = = 100008 a0 pcln u] a0 =ano f=]m u] 1=
L Lisisa AL 20 1183 037 A0500 2200 200, 250, HORIZ0NTAL Z  Ll4Z.3Z 56.31 =11.33 44.38 50.00 5.62 Z00 360 VERTICAL -
: Lsi.o7 52,01  -11.65  =0.3§  50.00 e 200 350 HORIZONTAL 5 ey ot e G o Ry Fre quen oy in Hz
7 PRGN 138 242 7.5 a3-ng REE T0g: el HAPLIONTAL 4 L4683 54.32  -11.7% 42,53 EO.00 7.47 200 350 VERTICAL
=l 30 50 100 200 500 1000 =l 30 30 100 200 500 1000
Frequency (MHz) Frequency (MHz)
L X XN
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EMC Lab. 7HMES H|E
02-28
B HS NERH Tz e SR | Data | AJZH Lab ALS S (#) |
NK-13-E-757 |HMEHS(HAMAIE) 32 10 m Chamber A 9 [13 - 600,000
NK-13-EL-460|Z LS HS(RATA )32 10 m Chamber B 11| 5 - 900,000
NK-13-EL-504{21%| 12.0 A|Zt 32t 10 m Chamber C 12| 3 12 2,160,000
NK-13-EL-505/2! 2| 5.0 A7} 32 10 m Chamber D 12| 4 5 900,000
NK-13-EL-513|21%| 6.0 A|Zt 32t 10 m Chamber E 12| 7 6 1,080,000
NK-13-EL-523|213| 12.0 A[7F 32t 10 m Chamber E 12 | 11 12 2,160,000
NK-13-EL-526|21%| 11.0 A|Zt 37 10 m Chamber E 12 | 12 11 1,980,000
NK-13-EL-531|21%| 1.0 A|Zt 32t 10 m Chamber E 12 | 13 1 180,000
NK-13-EL-534{2! 5] 4.0 A7} 32 10 m Chamber C 12 | 14 4 720,000
NK-13-EL-541|21%] 1.0 A|Zt 32t 10 m Chamber C 12 | 19 1 180,000
NK-14-EL-007| 25| 5A| 7t 32 10 m Chamber, B & D 1] 6 5 820,000
NK-14-EL-023|21 %] 6.0 A|Zt 32t 10 m Chamber E 1 115 6 1,080,000
NK-14-EL-041|21%| 7.5 A|Zt 32 10 m *iH E 24 1127 8 1,350,000
NK-14-EL-044{213] 7.5 A2t 32 10 m &Y E 1 |28 8 1,350,000
NK-14-EL-050[ 23] 12.0 A7t 3ZH10 m Y (HMEMIES) E 2 |5 12 2,160,000
NK-14-EL-054{21 3] 8.0 A2t 3210 m BY (HMEMIES) E 218 8 1,440,000
NK-14-EL-064|21%| 11.0 A|Zt 32 10 m &Y E 2 |13 11 1,980,000
NK-14-EL-066|21 2| 5.0 A|Zt 32 10 m *iH A 2 |15 5 900,000
NK-14-EL-080|21%| 7.5 A|Zt 37 10 m &Y E 2 | 22 8 1,350,000
NK-14-EL-082|21 2| 2.0 A|Zt 32 10m Y E 2 | 24 2 360,000
NK-14-EL-094{21 2] 9.0 A|Zt 32 10m Y AZHED | 2|27 9 1,620,000
Total: 25,270,000
A& 7|2 by |3m chamber 3 OE ASEE, ST MA|Dip, 227 S5): W 100,000/A|ZHE
=g 10m chamber : ¥ 180,000/A| 2t
= A UMHZE 10m chamber HE & EMI report: ¥ 300,000/2 2 10§ 7|=
AHEAL A B C D E 213 %= Total
AEA|ZE 11.3 5.0 17.0 12.6 89.5 5.0 1404
ANE= #2 040,000 ¥900,000 3,060,000 ¥2260,000| ¥16,110,000 ¥900,000| ¥25,270,000
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) ARA EMI chamber &% 3240]| CHst £41
=

- @191 a debugging - EMI 14 2=
- AL A EMI chamber &8 =4I

EMI debugging 0| 2514 chamber HS
- 1314 chamber?| 274 =01 &

"—E—?_F debugging

CHE2 1= 0| M SH chamber 24l

FI

- |
Om chamber QSYHN| AIE =

1 i
XpCHE[ 1/18 =&



© EMI Solution: HDMI cable &X| ¥-&(Critical point)

HDMI cable connector {12 &

Durable Gold-Plated
Intornal Shield

C
24k Gold Contacts

Heavy-Duty internal ——— 8
Dual Strain Relief

High-Density Triple-Layer Shi =1

for Maximum Noise Rejection \ =1y
Large-Gauge High-Pui my-——-J—" = =

Copper Conductors

ion-Wound
DoubleHelix- Construction

Nitrogen (N;) Gas-Injected Dielectgc
for Maximum Signal su_pan

-
-

Continuous connection between Connector Shell,
) Solder Braid, and Feil Shield provides maximum
rejection of EMI/RFI interference to maintain signal
integrity throughout the length of the cable

_ -

Water pipe vs. electrical impedance

Coaxial cable
Q () S

CableZ} metal tab AfO Metal tab y=a+jB =R+ joL)G+ jaC)
; Complex propagation constant

Parallel plate capacitor C =g¢¢,

Coaxial cable I Metal tab @1 1x s:8H, d: 72, & : 88544107,
£ bl Qx g

sss” WAVEINSENSE

Continuous connection (connector shell, solder braid)

Good solution
Co-axial cable?| EX|2f metal-tab.

q
AZE.

P g o T o .
Rl 1 E field (FA)

Metal tab. ®
(connector) o H field (RFA])
§Signal line
— ST
si<—  Ground (HZEM)
Bad solution
metal_tabﬂl' Cab|69-| Iﬂ}—ﬂol ?_:'qu |O_|-E|:|I ¥ Co-axial Cab|e0| J_|-7C§)|'I_| 1F_|I:!
AR A Y| e 1EY,

DO Aol B2 2E0} &,

HDMI impedance mismatch &4

1. Coaxial cable} metal tab A{O[0f| ground?t ™2 [HC 2 HE| U2,
2. Ground?| HLt= 22 capacitorl| 2HAAIG| 2[sl C 2f0| L= 2|0|
3. C 20| ZOtX|2| WiZof| O 12te| ¢ HIHA = HE

20| AAZE A Z2 HE|

—

4. 1YL TEO| 25




.

20 dB

Well-shielded

Amplitude {dB)
b
=]

i
=]

1] 100 200 00 400 S00 GO0 Too aod S00 1000
Frequency (MHz)

Fig 1. Emissions from HDMI cable assemblies when driven
with adifferential-mode signal.

Fig 2. Poorly-shielded HDMI cable with only  Fig 3. Well-shielded HDMI cable with
a few strands of braided shield contacting  braid soldered to copper tape and tape
the metal tape on the plug soldered to metal tab.

[ HDMI Cable AtH| 4=

'.__J \ 2 |8

- AT ALER : Excellent -

Wire 2
GND X 2|

GND
)% 2|

;"— i3

- A AER : Wire GND - - At ALER : Floating GND -

Excellent
External

Dana J. Bergey, Nathan E. Altaland, "EMI Shielding of Cable Assemblies”, DesignCon2008
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>
% Magneic flux m S }é
‘ ©) <

= &= JH2f parallel wires2| B2, 2[F0] External Magnetic flux?2} &X|

No External
Magneic flux

» Coaxial cable?| B2, 2= Center conductor current?} 2|52| conductorE E3HA| return otH,

External magnetic flux?t £X{SHX| &S

= 0|2{3t 2tE45F Magnetic shielding2 cable| metaldl| 2|siiA A E|= 210]| OfL|2}, signal outputzt

return current| | X|0f| Q|sHA] EAL=!

= Self shielding return current?f outgoing currentE =M1 QUZ [If &M

Wire GND (pig-tail)

HEMZ 2 2t

om

= GND O|X{2| EE= Wire GND X{2| A4EfY
= Shielding0j| CHet 25}
» MEX| 2 Jt2|= shieldingO| OF:l ®X[FHO|

1P

ol 20| Z28

[

Floating GND



© C|X|Y(baseband)2| 24|

Pre-emphasis value Bl
6 dB 0dB
3|9 = TP12| 3% H&E¢ marging
=5 | & gAgn| °'7| [[H:.E-'_-OH pre-
2 | 5 empha5|s7f e gls
g é * Pre-emphasis &f2 ZL=A
. = | :® 2 AZES0 A rising time)
2. ;:hp;ily equalizer to DUT 2 |ia ZIEWS SHt2H st =
":_"u PuL. s o= ZEHAM= %8 T
2 |= Meg Fotste Aol
® o
F -
41 3
o)
=
S
1. Apply "stressed” 3. Set eye mask and
source to DUT perform mask test
3|5 - TP20IM 2] ZH2 TP2 eye
; 5 maskE %83l OF SICt,
Ak
T T T | B = TP22| Z1H0f| TP19] eye
- skaest\ s | 8§ maskS =8510] compliance
e, ML = test failgl 2%
for HOMI_ % = POl 57 Z1H0| TP2 eye
~ maskE H&%t 2 520
§ marging #=Cf

. —r7f§ eye W|dth9} height
T =
- HDMI cable 7Hﬂ2§ S|
stHzEl A9

nismsm o i 30 e e i pon e D e * Pre-emphasis setting value
O w2t 5 dB ZH4d

0 i

Juswiainseaw |A3

i
—

]

e
i
£ |
. |
= ||
i

-~ L
vy M) 1oy A8
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i[I=El

50| 3 BIAIX]

Sl / Pl / EMI= &22|E 8|7t otL|2} 5tLte| S2| iy
Via, PDN, Coupling, Return Path7tX| 25 5&gt Q! +X22 HZEFL|CH.

High-Speed Digital 2X|= A|Zt ¥

o
I} (Eye)ollM EO|= EX|2| B2 T o=

o SR|7} OfL|at “Fit4 Qo 2"
A0 QLeLiCt,

=

Y 2H= EyeOflA| HO|X|2, 21012 $hAF “Zk4 %01"0f| UL}
Return Loss, Impedance, Resonances O|sljoljof &&= &9

1!

CIEHZ 4] St HREL|Ct

M- Measure - 4il Frequency £4 = @ Root Cause H2
=7 ZH| + Engineering Insight — Real Solution
getot 1ol A0] WHE 24| S22t O L2 A2 O|0{ELICE

Think in Frequency. Debug by Frequency.
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T ALICE
THANK YOU

@® WEBSITE O EMAIL ADDRESS ® PHONE NUMBER

WWW.WAVEINSENSE.COM INQUIRY @WAVEINSENSE.COM 070.8211.2513
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