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Investigations of the Effect of the Guard Trace of Digital High-Speed

on Board-level EMI

Student : Cheng-Hsien Tsai Advisor : Dr. Lin-Kun Wu

Dr. Jwu-Sheng Hu

Degree Program of Electrical and Computer Engineering
National Chaio Yung University

ABSTRACT

In recent years, the technology has made great progress. The design
tendency towards light, flimsy, small technology products and therefore
the portable and quick operation features of these technology products
become very important. In addition, the electronic technology products
are in widespread use by population. Many regions also take the EMC
issue seriously. Therefore, the electromagnetic compatibility issue

becomes more and more important in the future.

In this thesis, we design a two-layer PCB operating at a clock rate of
125MHz. The purpose of this thesis is to investigate the electromagnetic
interference issue caused by the fast-changing of high-speed digital
signal, return current path, and signal integrity. Using guard trace, the
termination technology, and repairing return current path to suppress and
mitigate the electromagnetic interference. Besides, this thesis calculates
radiation efficiency to compare the effect of each inducted

countermeasures for obtaining a qualified value.
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1E PCB IR A M EEAREC T » SHCRPT S R R A58 4-3 s > RIDIRVE IS A
PIEHRAR AL 3om Iy BESRAE 250MHz DLERY (B3R FELE Tem Wy SH5RAF 125MHz

=1.395m

DUERE - BRI RIS BRE PCB i ECUR TR R 2 s,
TR A PR BT AR < MR P 1T (L B PR A R - X
I » TR R RM O B R PSSR 5 300 - S TP T IO »
BRI - TS (e (e R S R - S S B % me
0 AR AAE 5t S R B I 3T SMHy. 12 ST SEMIENK) EMI A/
BB Tom I LEBEATEA -

3% 4-3 125MHz e HASHIAEZE R S AE PCB (S 5RI X (FR4 €,=4.4)

S (MHz ) A o(cm) A rea(cm) 1/20 A rea(cm)
125 MHz 240cm 139.5cm 6.98cm
250 MHz 120cm 69.8cm 3.50cm
375 MHz 80cm 46.5cm 2.33cm
500 MHz 60cm 34.9cm 1.75cm
625 MHz 48cm 27.9cm 1.40cm
750 MHz 40cm 23.2cm 1.16cm
875 MHz 34.3cm 19.9cm 0.99cm
Ao s Z2R I E  Ass - PCB Hij7 =

HAEFE AR ERR BAGRLER - TS RHE WA RS R H iR & EMC ARHE >
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WZBLER BRI SRS eR e e T rEE 2] EMC BURRHE - DU R Bl LA 9%
MRETERS Tem Friy BB Bas -

80 LEwel |UBuUwITm) LAl AUUY-UL-20 TIMIE 12238240
—
&9tk 7CM
4]
2]

40 4 :

t 1h

1 |
5 o g} -15dB
2 uﬂw MWNJ
M\«\g T LUKLWHLJ
0 30 224, 4118. 612, 806. 1000
Frequency (MHz)

Trace: {Discrete)

4-11 125885 Tem V.S 3em B EMI “FeE” JHIER AL S

i Level (dBuvwim) S Date: 2009-02-26 Time: 15:37:45
—
— SRR TCM
B
=]
40 a
u| 1
I
: 5 ] 10 ! I HSdH
1 ) el i ek 4
a 30 224, 418. 612, 806. 1000

Trace: (Discrete) Erguency (MEizy

4-12 {E5E5LE Tem V.S 3cm f EMI “/KZE” JHIERAS S
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4-4 (S5RH55ATE Guard trace ¥ EMI HUSZ2E
4-4-1 Guard trace | AR e —1i GND VIA ¥ EMI Y28

e b — i Bl T DA ERE SRR S R —TBEIRF - 35F 375MHz DU N HUsER & LSRR
R BEMI BTSN > BB ANSEAE Layout BRMEEAEE (METEEAIT » SZUaI A TERS ~
s IR E S - DU ERR T HRE IR IR » 8 DM S R
Tem IRFARISRRT <

EASHT R RIS Tom Iy » AE(S978%55 A SENN Guard trace 2 Guard trace BfE(S55%
FRIVEEEE - 5 EML S A2 B PR E Ty o B EMI SlRs SRANER 4-4 - {83k 4-4
] DUBAE A SR TR Guard trace BE(S9RART 1 BG 3 (R 5 ¥ EMI HHEAGR H 2
AIEAYYEE « AL Guard trace RIZEUT{E AR HE EMI RIS -

R 1 2L RLEFT Y Guard trace FHEE(E SR~ =T ¥ EMI #Y52%% - [FlIRF Guard trace
PR{SSRRRA BRI UT ¥ PCB layout HYZZ AR AR ANZ 2 » MG HAT Guard trace Bl
(SRS 10mils(1 555 E0) A2 30mils(3 et B BMI & 7 B L -

A Guard trace Bi{E SR R BEAS (Rl > rE i A S IR R R FH TN ] - Halfii&
Ui VC e 56 PR R EE R, - SRR SREINETT S - A ERYE S M D TR S 5
BT A/ AR ARAFQR.5) rTRIEE T B R iR Y BRI FIE LR YRR -
LR — B - FREIBER (SRR L rETRAN RG22 52 - LA EAHIRI sETR
FLBEFH I LERE o B R B s BAR T AEam sl DL TR ReR” AR — BB R
(PR - FRE R PCB M B RE R B A #1312 2 IR AT A ST
AHAME TR — SEfgE e fe LS AR 2 B A ISE R S ARG 2
F] AAEIE

B RN EE RGE AT Y FE RIS B R 4-2-2 FEEIRS SCRETE - SRR S FEIR
REMFRGTRERANGR 4-5 PR © {3k 4-4 Bl3R 4-5 PR B NETE B IRAY EMI Silllfs R

BURLURSRCR B AGOR » B Mk R0 (EARSER « RS

e

REN - PGS REST SSeR A A MR RS
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it Guard trace > fS9R#RHE Guard trace 30mils > {E54R#E Guard trace 10mils
£ Guard trace BE(SHERRIVEEBEAFIRE - DL Guard trace SRS HRE-ERBERITY EMI /)N Ko fi
S35, 32 2 A
(1) Guard trace BE{SHERRELIT » Fringing 225 TEEED T /@it MR 25
R T A B TR -
(2) MEnEE FIREEL - B /DRIE S PCB A - [N Ebdicss PCB RO R I e, .,

i SRR C AN - Guard trace SUSHTERRETEFELI( B/]y) > FEA C MY
% .

H S BERTAL > £EE5E8 5545 T Guard trace 2 187575 C €A » (AL A 4E
KO > ST (S e P R R - PCB 77 Layout I Guard trace 5555 - 7S 5%
SIS HEARSCR T SRS AN H TSR EMI [R]IRF RT3 11 PCB Layout
iRz MR =R -

S34% - TR RS HRARSS T T Guard trace=2 1% > EMIREHSHRR G EEAIIA - 12
TR SRR P T N

ZO:\/%,CT =7, 1

FITLL Guard trace BfE{S 5 ST RE S i S R AR PR HE TR N HFRTHETAN LB
{ESRRREIRESE DT NI B RS oe R - nMRIEH SRR EH S e By
SORMERE > PEACE L RS B A (S 9o B RE R R —fiedie i RS R 2R
PR E QA SR I Retia BRI 5 CMOS s, » R 5 (5 FH By ER B I 5075
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7% 4-4 HE Guard trace IF¥F EMI 7Y BRI

A Guard trace IR EMI HYE PR & HIE

d/Trace Board 1 Board 2 Board 1 Board 2

Clock A | Clock B | Clock A || Clock A | Clock B | Clock A

ARTE/HEHR F = 7k Pi
R Tem
(;‘%ag&;zﬁf #% | 30mls | 10mls | #& | 30mils | 10mis
125 MHz 32.98 27.78 24.57 33.49 29.17 25.21
250 MHz 27.64 30.82 25.27 23.21 25.55
375 MHz 434 35.09 34.43 47.35 38.9 39.13
500 MHz 25.79 22.80 31.36 28.3 27.10
625 MHz 443 32.49 34.49 45.05 34.6 35.26
750 MHz 25.97 - -- 27.66
875 MHz 34.11 --- -- 40.64 27.21 23.33

* R A ERLIERTH > 2R RS — A R e

3% 4-5 4548 Guard trace IRFH R RCR(E

R = H PR K E

A4 Guard trace IRFHBRE R A

d/Trace Board 1 Board 2 Board 1 Board 2
Clock A | Clock B | Clock A || Clock A | Clock B | Clock A

ARFE/SER E =k 7k 7R
B R Tem
;‘%g%;ﬁf #% | 30mils | 10mils | # | 30mils | 10mis
125 MHz 64.78 59.38 54.37 65.29 60.77 55.01
250 MHz 71.04 78.62 70.27 72.61 73.35
375 MHz 76.8 71.89 66.63 80.75 75.7 71.33
500 MHz 77.79 73.8 - 83.36 79.3 72.5
625 MHz 95.3 86.09 80.54 96.05 88.2 80.86
750 MHz 86.17 87.86
875 MHz 90.91 97.44 87.21 80.33

* bR EBALERIEL DR = FH PR E - BE R =S E
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AHENNGuard traceHYHRET R "HE " FLEL

100
95
90
85
80
£
Z 75
g
70
65
60
55
50
0 125 250 375 500 625 750 875 1000
MHz
@ NO Guard trace ® With Guard trace30 mils A With Guard trace10 mils
4-13 595 AL Guard frace RUTRIN R “HEE” [LHK
A IENNGuard trace RS RER" K" ELim
100
95
90
85
£
Z 80
m
==
75
70
65
60
0 125 250 375 500 625 750 875 1000
MHz

@ NO Guard trace ® With Guard trace30 mils A With Guard trace10 mils

4-14 (55RE55A IEN Guard trace FYBRISRCE “/KA" [hig
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4-4-2 Guard trace L% 1/20 A ¥T—{ GND VIA el EMI Hy22

PCB i LA — (S 50 B T RERUS — A R K#R > Guard trace HAMGIAN ©
FE_b—{H E T B % - L UE Guard trace _EFHIFATEEE LT —{[H GND VIAGHEESI RS
6.8cm) > DUEMERHISRGAE - RIBEERE 1/20 & FT—18 GND VIA » #EILsfiZe 11 3
#(#9 0.7cm [Hila—1) - &y PCB fanlE 4-15 Fior o BEAL i niE = - iR
ARG IR 4-6 FITR -

5% 4-4 B3k 4-6EMI B ESHIEAATER & HAE Guard trace [4T#:% GND VIA Z#% -
¥ Guard trace BES SRS S 10mils B2 30mils Ff » DUESRARIEEERE Guard trace FH[EIEHE
B R AEAER SOOMHz DL AHZEL LRSS > Guard trace 5T 2l GND VIA 82T 1= 11 {# GND
VIA FHEL > 78 Guard trace $7_E 11 i GND VIA A [FIRISEAA 0~5dBuV/m HREAE > HEEE
ST 125MHz BEZAT/KAFSRMIRAE T K Guard trace BS54 30mils IRFiIRE 5 7E
Guard trace HE(S 557 10mils FRPAER L 250MHz DL ERIASEHEAAEA o 5941 » 1635 4-5
B 4-7 HSRGTRCRAEL®L - B 7 125MHz 1 Guard trace A5FT 11 1 GND VIA BHEA
i/ N e AE Guard trace HiE(S 578 30mils I B BHERIVRENE » /EAHR SO0MHz LA MEAN A
BRI 1~5dB HYREE £F Guard trace BE(S554R 10mils FRF7E52A K « fAZRAE Guard trace
BFT EfZor) GND VIA BEMEINES Guard trace HiE(S 57 R mt Y eE R 8RR 5 2 AR 1Ty
Ae/] » Il EERE R -

4-15 4F Board 2 #Y Guard trace _E4&FF% 1/20 A HYREEEFT - GND VIA
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feLL ERTRN Guard trace FUMEHTEHEEHERAIN » HRHEFENRSN TR AR
AHEAEREEHE ] _E Guard trace BE(S SRR IEER] 1 (S PE U (E RTINS » HIE Guard
trace 7R 1/20 A AEEEEFT_E GND VIA - Z0EE W] B Guard trace A& I HINIAES] -
DT A P R R 52 2

3% 4-6 F5 48 Guard trace &{F Guard trace 750 1/20 A T GND VIA IR¢ ¥ EMI HY S EHIE

1% Guard trace &fF Guard trace 45 1/20 & T GND VIA Fi¥f EMI f 8 S & E
d/Trace Board 1 Board 2 Board 1 Board 2
YRHE Clock A | Clock B | Clock A | Clock A | Clock B | Clock A
£y [I=R 7K T
R Tem
%E‘tgﬂgagﬁeﬁf # | 30mils | 10mils | %€ | 30mils | 10mils
125 MHz 32.98 22.86 22.28 33.49 23.03 20.91
250 MHz 27.64 27.79 25.11 23.21 26.50 23.12
375 MHz 43.4 35.69 35.27 47.35 36.28 36.86
500 MHz 25.79 22.44 31.36 27.01 26.69
625 MHz 44.3 32.93 35.11 45.05 36.83 38.68
750 MHz 25.97 27.66 22.75
875 MHz 34.11 23.46 40.64 27.89 24.11

* RO TP BRI D FR R = P iR e B R = Y S E

5% 4-7 548 Guard trace &£ Guard trace _F450# 1/20 A T GND VIA 53 EMI YRR %R

1 Guard trace &4F Guard trace FAFFE 1/20 A T GND VIA IR EMI FURVERE R
d/Trace Board 1 Board 2 Board 1 Board 2
P Clock A | Clock B | Clock A || Clock A | Clock B | Clock A
i 5 7K B

m R Tem

(;‘%gﬁgg&iﬁf % | 30mils | 10mils | #& | 30mils | 10mils
125 MHz 64.78 55.26 52.48 65.29 55.43 51.11
250 MHz 77.04 74.59 71.11 72.61 73.3 69.12
375 MHz 76.8 73.69 70.27 80.75 74.28 71.86
500 MHz 77.79 71.64 --- 83.36 76.21 72.89
625 MHz 95.3 84.33 78.71 96.05 88.23 82.28
750 MHz 86.17 --- --- 87.86 84.35 ---
875 MHz 90.91 85.06 --- 97.44 89.49 83.11
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dBuV/m

Guard trace -FTGND VIA 25 SRF s b " o " S e L

0 125 250 375 500 625 750 875 1000
MHz

@ With Guard trace10 mils(2 GND VIA) @ With Guard trace30 mils(2 GND VIA)
A With Guard trace10 mils(11 GND VIA) + With Guard trace30 mils(11 GND VIA)

4-16 Guard trace 1-¥T GN SRR TR EEE

dBuV/m

Guard trace_FTGND VIA % Bl S c& Te i " FLig

0 125 250 375 500 625 750 875 1000
MHz

@ With Guard trace10 mils(2 GND VIA) @ With Guard trace30 mils(2 GND VIA)
A With Guard trace10 mils(11 GND VIA) + With Guard trace30 mils(11 GND VIA)

4-17 Guard trace ¥ GND VIA ZENFER SR “TEE” LK
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dBuV/m

Guard trace FFTGND VIA 2B RS 7K il LLig

o

125 250 375 500 625 750 875 1000
MHz

@ With Guard tracel0 mils(2 GND VIA) @ With Guard trace30 mils(2 GND VIA)
A With Guard tracel0 mils(11 GND VIA) + With Guard trace30 mils(11 GND VIA)

4-18 Guard trace |-§T GND:) % Rils KT L

dBuV/m

Guard trace_FAGFTGND VIA Z B FEE 23" /K " ERifig

0 125 250 375 500 625 750 875 1000
MHz

@ With Guard trace10 mils(2 GND VIA) @ With Guard trace30 mils(2 GND VIA)
A With Guard trace10 mils(11 GND VIA) + With Guard trace30 mils(11 GND VIA)

4-19 Guard trace ¥ GND VIA ZENFERSEEE /KT Lhiig
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a0 Level (dBuvim) Date: ZUUY-UL-26 Lime: 1673502

With 10 mils Guard trace
With 30 mils Guard trace

5 ¥
40
5 ]
3 7
4
i ]
; 1548
Agrmdyel Ui ot
1| i WW i
{
i I
30 224, 418. 612. BO6. 1000
Tramrns fMicrradnd A7 N Freuuenw {MHZ}

4-20 {E5R#55% No Guard trace V.S Guard trace 10.mils V.S Guard trace 30 mils EMI “H

RS R _
""I;;'L"Evel (B A N AR R R SRR Date: 2009-02-26 Time: 16:37:06

With 10 mils Guard trace
With 30 mils Guard trace
4
g
11
40
1
5}
[
3 1
2 ] -
ML,LM 2
0 30 224, 418. 612, 806. 1l]l.:ll]
Frequency (MHz)

Trace: {Discrete) 18 30
4-21 {E5RF5% No Guard trace V.S Guard trace 10 mils V.S Guard trace 30 mils EMI “7k
2R RS IR
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4-5 {EEREVRESE IS EMI HUR2 &
4-5-1 {S5ER#5 % Guard trace Ff

BLENR B Board1&2 fi+ HY Clock_A (SR ER B #UIBmI e - 122
Bl kA FrfEEet Clock_A RUIETSTH » DUEHRERHY T R tERL - 1 55K I
RIS ACE YT - FARYIBMIRERS lem > VBT PCB 51HIY<E/8 GND i
BllER o BB et B — (A5 (Cut-plane) 8O HARF R E HOT I ZR BGH 2 - (TS5
A LA > BRI EMI A28 - FRLLEAE YR RN O Ohm
HHERTAEILRREAE Cut-plane —Sn{Z B - dabs AL E ¥ EMI FIUGEREE -

fil 4-22 S5 Y E R e S S e PR AT

FHA G DAHEESHE MY Cut-plane 5 > HHESEHEFTES T AT MM FR I
TR > N R B 2 B T o » AR T~ A Guard trace BYNSIC NHYHIRARTRAN
R 4-8 Firor » AEFRIEYJRIRF I SR TR )N > A8 12000 1 etk - Br 74
HE[E 125MHz 28y N > HASR AV EAE TR I B K TR E S s =

PR > (SRR ESAS AL AR SEY TR B YA Sem 1K » P REESERAY
ARG T-BEE N T 10~ 18dBuV/m ARSI BN 2 B S RSP R B
SRR T BRUANEY S R e FAA AR A - U AR R R SR Al BP0 th A iR AR
R EAE FE GRS AT R B SR LRt A s 2 i .

7 4-9 BATERARYIE] 5 2531 > {F Cut-plane /% 0 Ohm FEFHAINE > FEFHIEE
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JEAZEGE S SR T 2em ~ Tem SASHERUE T Ocm) » W] LSRRI (L E BT (S 5
JE MERTET R TR B R AR > TEEHIAIERS 2&1&0cm HFEHT A HEE Sk P
TR SRR RS Cut-Plane YIEIREEEGRS 1~2cm MUBREEME -
B n] DIRSE S MO E Rl (S 9 N e 2 Cut-plane it > #5254 Cut-plane
AR Sl r] RE RS > [RIRFLEREE SRR Ty 5 0 SR RE R > Aty ml e

Cut-plane FIT7F oY BT s B AT -

el

% 4-8 41 Guard trace PS54 14T Cut-plane FSHRIAHE 8 AN [EIRFET EMI By E P HIiE

8t Guard trace I EFEAR S A Cut-plane FSHES S FEAN GRS EMI 1Y & S & HIfE

Board/Trace Board 1
NSRS Clock A
m R 7cm £ Guard trace
KRS I [i=A 7K as

Cut-plane

ERE (em) HiE 1 2 3 4 5 HHE 1 2 3 4 5
125 MHz 2004 | 2057 | 243 | 2098 | 2577 (2114 | 29017 | 2826 | 2289 | 1943 | 3041 | 3652
250 MHz 2817 | 2366 | 2637 | 2903 | 3300 3609 — — 267 | 2674 | 3188 | 3562
375 MHz 4306 | 4345 | 4546 | 4784 | 5090 | 5344 | 4423 | 4555 | 4813 | 5115 | 5498 | 5819
500 MHz 2659 | 2765 | 2936 | 31.11 | 3594 | 3788 | 3307 | 3472 | 3736 | 3853 | 4255 | 4625
625 MHz DI | 4281 | 4556 | 4256 | 5259 | 5330 | 4529 | 4633 | 49777 | 5003 | 5603 | 6060
750 MHz 2037 | 2947 | 3076 | 3382 | 3786 | 4160 | 3257 | 3321 | 3658 | 3788 | 4228 | 466
875 MHz 2073 | 3174 | 3577 | 3921 | 4377 | 4128 | 3746 | 3074 | 4433 | 4816 | 5321 | 5692

* _EFRMAL A BALRRE D For R R R =
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% 4-9 4 Guard trace F{E5RETS 1 G Cut-plane F&#E Sem IHf » fiE &l EE AN & EMI
P S ML

it Guard trace BS54 7 I Cut-plane E578% Scm Kr > [E S AR FHAUNZ EL S EMI
Y E P

Board/Trace Board 1

NGRS Clock A

wn B 7cm With 10 Guard trace

HIGIRRE 3 [IE1 7K I~
(EEEER

sEgEoEmE (om) 2 2&1 2&1&0 2 2&1 2&1&0
125 MHz 25.79 26.78 29.34 31.61 23.24 24.95
250 MHz 33.94 29.98 25.42 32.64 28.07 -
375 MHz 50.92 48.12 4421 55.16 51.91 46.47
500 MHz 34.71 33.57 30.47 43.89 41.23 38.59
625 MHz 50.28 50.08 4343 57.06 53.71 48.37
750 MHz 38.62 35.00 30.17 43.50 40.04 34.51
875 MHz 43.82 40.27 33.10 53.50 49.67 41.94

* BRI BRI FoR RS TR~ AR (K E
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dBuV/m

60

JiEGuard tracefRFElEES T AU HI R e Bl (7 1 ) LU Gl

0 125 250 375 1\5/8% 625 750 875 1000

O 0cm O 1em A 2cm < 3cm X 4em O S5cm M At 2cm A At 2&1cm € At 2&1&0cm|

4-23 4 Guard trace IREEIT

MRS T e T

JiEGuard tracelkFilili %@%ﬁ%*ﬂ%ﬁ Eﬁiﬂ&%ﬁuﬁéﬁ LKA

dBuV/m

0 125 250 375 ﬂ)ﬁz 625 750 875 1000

O 0cm O 1em A 2ecm < 3cm X4cem O S5cm M At 2cm A At 2&1cm € At 2&1&0cm|

4-24 18 Guard trace RFEFTESTE MR L BUYSRGAZEIILLEE /KB
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Airmars guEeruE moiEEag AriELLrE Eirara Ar B R B EEEELRE A EE—A—Eurar

Cut-plane FJFERELS Ocm Cut-plane HJFEEESS 3cm

g0

Cut-plane BYIREERS 2em

T Y
E’ |
i
(s3]
o

. ; S
i I 1 Iiiiau
£ F ] E|
~ - 129 B
| 13 8 i [ | 15dB
H | I i |
I faully [ L perddielp
L
i
. |
30 224, 118, 612. 806. 1000

Trare: (Nierratat 29 27 31 36 FTEHUEI‘IC}F[MHZ}

4-25 1 Guard trace IRHEFTESFCHLDTEIA A ERF EMT “FiE” HIEAS R

"B'I;'L'éum WBuvimy T T TT T T T Date: 2009-03-17  Time: 19:24:04
Cut-plane FJFEEEES Ocm Cut-plane FJFEBEES 3cm
Cut-plane| B9 FREERS
§
i
.!.
1
40
4
1 ] 5 :
GE i i 3 :é:
2 gL r
i :
ML‘E :
0 30 224, 418. 612,

Trace: (Discrete) 24 28 32 36 Fraguency. (MHz)

4-26 1 Guard trace IRHEFTESFCHD TR RIERERF EMI /K" HIE SR
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TTmEmEmmAm AT AR Y Date: 2009.03-17 Time: 20:33:03

I;;'lféuel WBuvimy

Cut-plane FJFERERS Scm [ Cut-plane BYFEMELS Scm
EfEEEE2 & 1 cm &
Cut-plane FFEREE Scm
EREEHAE 2 & 1 & Ocm &

40 1

=
R

. 30 224, 418. 612, 806. 1000
nnnnnnnnn e <L s ) Frequency {MHz)

I 4- 27 4 Guard trace IR S IEHEYIE] Scm Wi (SR EIHIE R R A ER: EMT 8
RS

";'feuel euimy T T Date: 2009-03-17 Time: 20:35:07
Cut-plane FJFEBEES Scm Cut-plane FFEREES Sem
EHEEE 2 & Lemjs
Cut-plane FJFEREE Scm
2 o ERMEEE2& &0 m
15 2

40

=y

LT | e

A o

. 30 224, 418. 612, 806. 1000
,,,,, G e R Frequency (MHz)

liEfl 4-28 4% Guard trace FRFEIRISACHL U E] Scm e (S e SHIRE A [RGB HF EMT “7K
7B RS B




4-5-2 BEE5R%55 10mils fI1_E Guard trace FRf

TEFHBEIFREGRCE T - SOH(E 5% 10mils BEMT L Guard trace AT -
¥} Cut-plane YJENE S Er#L E 3R 551875 Guard trace IRFARTGHFIE 2 GRS HREANSE 4-10
Ffror o 483 4-8 Bl 4-10 LRS- PTHHEIIE A N Guard trace IRf » 32 EIFHIHIRE
1 Cut-plane Z#EE Z1F > A1 Guard trace IFEFEERG TR EHRUIN + 5346 - TEEES
ARG SR T B N Guard trace 17 » FEAHZ Cut-plane HIYJEI s B Guard trace
AFFEER - LAFIERSE Cut-plane K/ Sem iR B30 » (59585555 M Guard trace
Y ERAIEGIRRE > I8 i K R R AR 375 Je 625MHz ELig » 4E3%H Guard trace
(A R TR E I S AT 11~15dBuV/im 5 Y345 - AEARIAIRSER TS5 54 Cut-plane
YJEIEL Cut-plane YJH] Sem LRl - (55 5572 Guard trace IRFHGIIT 10~18
dBuV/m ;5 fi{S5%4R —5% 10mils B NN_E Guard trace RN 1 5~10 dBuV/m » fELL LY
PEBATRIEAS 53R — 55 11 Guard trace, ¥} Cut-plane HIgZE S A B E ) - /215
AR 55 I Guard trace GESARIHIIEAR Cut-plane FTis 522  H 3 B REAT
JHFY Guard trace LRSS BEIRES (=877 - THERH R A IR 48 -

BEMEHEEE 5% 10mils & II1_E Guard trace # Cut-plane Ui il S i FE FH &5 >
TGRS FLBL L BHSBRARE5 AN Guard trace FEHIGAHE] » {EEHIALE S 2&1&0cm R
TEH & A T2 [E SR PG IR TR E AR AT S 55 FR % Cut-Plane DJEIFT 1~2cm HYEH
HERHES < S BUEHRER 55 AN Guard trace FIAE R—20 RFAE Mgy 7 =
HEYESRERATHE Cut-plane YJFEZ - (ST FHAREA B DUBSETE SRR MRy
SR R
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% 4-10 49 Guard trace WI{EPRERTTIAIAT Cut-plane FEBRIE BRI FE AN [FIIRF T EMI 1Y & Rl

il

A Guard trace FIEHEARE AT Cut-plane 58S BUR AN [F]IRE S EMI B B S S IE
Board/Trace Board 1
ARREAHR Clock A
w B 7cm With 10 mils Guard trace
HIFIRRE £ H K 7~

Cut-plane

B (cm) Mmoo 1 2 3 4 5 | & |1 2 3 4 5
125 MHz 2607 | 2386 | 260 | 2136 | 2083 | 2009 | 2818 | 2234 | 1957 | 1826 | 1538 | —
250 MHz 2037 | 2129 | 2933 | 2956 | 3195 | 3128 | 2227 | 2317 | 2632 | 2748 | 2014 | 289
375 MHz 3488 | 3408 | 4003 | 4065 | 414 | 4243 | 3959 | 3603 | 4192 | 4384 | 44779 | 4562
500 MHz - — | 2457 | 483 | 2634 | 2790 | 2536 | 2485 | 3202 | 3381 | 3485 | 3561
625 MHz 3399 | 3533 | 3840 | 3975 | 4254 | 4125 | 3797 | 3542 | 4199 | 4385 | 4627 | 444
750 MHz - — | 2435 | 2487 | 2617 | 02 | 205 | 252 | 2702 | 2915 | 3155 | 3243
875 MHz — — | 2506 | 2751 | 3093, 3361 | 2267 | 2401 | 2017 | 3497 | 3972 | 4206

* R A BALRRE o R R R E

7 4-11 49 Guard trace HY(E5E84 5 1145 Cut-plane F58% Sem I » FBUEEHHFESHAU(ALIE
# EMI B S E

A Guard trace FE 548 HIA Cut-plane PEBE Scm KF» JiE & #E FH AL % EMI
Y E P

Board/Trace Board 2

ARRE/HEHR Clock A

wm R 7cm With 10 mils Guard trace

HIGIRRE HE [IE1 7K I~
(EEEEE A

sEgEoEmE (o) 2 2&1 2&1&0 2 2&1 2&1&0
125 MHz 21.02 21.61 23.11 --- 16.96 20.23
250 MHz 32.0 30.89 29.70 28.59 27.20 25.60
375 MHz 41.58 41.03 39.86 44.62 43.89 41.06
500 MHz 25.96 25.42 22.62 33.67 33.05 30.11
625 MHz 38.10 36.71 35.20 42.74 41.87 40.63
750 MHz 26.29 24.38 24.24 29.92 27.68 26.06
875 MHz 30.13 27.68 22.23 39.17 35.63 27.00

* B A BRI > TR R ESUR = H T AR E
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A3 INGuard traceFFEN S AU I EH B A (7 1 5 EMIY 52 28 (e

o

125 250 375 500 625 750 875 1000
MHz

G 0cm U lem A 2cm < 3cm X4cm O S5cm B At2cm A At2&1cm € At 2&1&0cm

4-29 A5 Guard trace H%@()’fiﬂ NEHR IR EMI “Hel” 152

M“"'|E 1]

A MGuard traceHFll 7 K ?ﬁﬂ*ﬁﬁ%ﬁiﬁiﬂkﬁ{fﬁiﬂwﬁﬁé (K7)

50

45

40
£
Z 35
aa
o)

30

25

20

0 125 250 375 500 625 750 875 1000
MHz
O0cm Olem A2cm < 3cm X4cm OS5cm MAt2cm AAt2&1lcm € At 2&1&0cm

[l 4-30 45 Guard trace IRFEFEESTEMA IR FIRERFE EMI /KB 128
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4-6 {EERARE IR IRRT R B EMI FU2 &

fie B A HIEARS RAHEAE S o8 —55 11_E Guard trace #2 - SRR 1
PATREFHYUGE © {HIE Guard trace BE(SSERAET S & 2B B IRAREVRFEREDT > i
FBHPTANISECRI R - s B RIS AR IR > (2Rl B2 T DURE AR e
HY T AR LT FHSER FH AR I 1% S PR G- H SO (T2 e 2 ANEE B PTiR
JHRORE RS RS TS CMOS Sk > WL AR S AT i AR (SRR P I R I
Ut B PEAE - kS 4-1 DL POLAR CITS25 G154 Fri TS 9 R HY U » Pk
Rl i P P AE A (B ) AR T 5

2 4-12 A S e A MR IR IR T EMT B2 28

[ —{S9taa SRR EMI B2

Board/Trace Board 1 Board 2
ARRBMEE Clock A Clock B Clock A Clock B
#Fe (cm) 7 3 7
Guard trace BE(S5% : :

) NO Guard trace 10 mils 30muils
AR (mils)

B I EERR#E | NO_ST | W.ST | NO_ST | W.ST || NO ST | W_ST | NO ST | W_ST

125 MHz 3457 | 3298 | 2446.| 24.64 || 2496 | 24.57 | 2787 | 27.78

250 MHz 36.9 27.64 || 35.81 | 31.95 || 29.84 | 2527 | 35.01 | 30.82

I [ 375MHz 48.49 434 4524 | 38.02 | 37.88 | 3443 | 38.34 | 35.09
500 MHz 2864 | 2579 | 4037 | 27776 | 28.16 22.80
H | 625 MHz 44.56 44.3 4398 | 40.08 | 37.13 | 3494 | 3499 | 3249
750 MHz 22.16 | 2597 || 35.07 | 28.80
875 MHz 33.04 | 34.11 || 3821 | 34.15 | 23.49 22.31
125 MHz 3433 | 3349 | 2287 | 23.88 | 24.51 | 2521 | 28.52 | 29.17
7Kk 1250 MHz 3321 | 2321 || 32.08 | 26.74 | 25.33 31.83 | 25.55
375 MHz 51.34 | 47.35 || 4832 | 41.81 | 4221 | 39.13 | 40.99 38.9
500 MHz 34.3 31.36 || 45.28 | 3321 | 33.94 | 27.10 28.3
625 MHz 45.59 | 45.05 | 44.81 | 4256 | 37.45 | 3526 | 36.25 34.6
B {750 MHz 23.89 | 27.66 || 37.30 | 31.15 | 23.65 -

875 MHz 40.78 | 40.64 || 46.47 | 41.45 | 24.95 | 2333 | 2792 | 27.21

*  _EFRML P EALERIEL D FOR R F TR R E

 NO_ST : MM IREEEL 0 W_ST : fURA P i H
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{5k 4-12 ATLUETAERRIRO(S R 1 I 0 R IRaa i < TR 3R PR AT B K M B
AR - $E3% 4-12 AT M AR O 2 LIRS > A BAEEHRARIENN Guard trace FF[A]
IRFAE SR AR IR ((F R AR R 1S Sem) Y SGE R WIEE » AEIR] — BRI R Al £ —
12dBpV/m - AEHAAT N Guard trace FYTEHE MEAFIRSR AT 1~4 dBuV/m HYED) - i
=Y o Sinis = AP b oG - PN = R e (D= € (St e e = e
EFIPHPTILHC - (A RRMIRI SR e AR 5 58 e B R B e R Y
I ERESRIREAS, » TR S PR AT R TR - 28 (U b AR Iei i s P 12 > 360
AR LT HERA -

A I B g m DARIE AR s B I s m TR - R Fmg SR e PR s 1 R S I (o H o
HHREE A ERFTREFH Y CMOS ZKIRRIERH FRIBR& I - AER % aG T~ Layout
IRFAEE 5 3 PR G Se 30 - B 7 ] DUMORS H #2 PCB A rR I HEA I B2 A5575e 1t
HELREIN - AE LI BRI ASCE G L fE - AR EAT R — i idaqg > (it

hBEES] Time to Market ©

H
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a0 Level (dBuYm) H Date: 2009-02-26 Time: 15:37:45

FEER I A iy
B
a
40 1 .
41
7
, 5 g 10 1508

0

3o 224, 418. 612, 80s. 1000
Trara: Micrrotol FrEquE“C}F {MHZ}
4-31 1B Tem A MR mBHHTICACR EMI “HeE” JHIERTR
i Level (dBuWim) FERERTRTE S Date: 2009-02-26 Time: 15:40:31
JEERIBRAR i
4
g
18
40
1 = 5
& 7
; 3 0 eap g
M Jiwn e L
0 3o 224, 418. 612, a04. 1000

Trace: (Discrete) Freguency (WMiz)

4-32 fE5ER Tem A3 MEFER A ORIH DTICACHS EMT /KR HIEARS R
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a0 Level (dBuYm) H Date: 2009-02-26 Time: 16:08:40

Lply
S ER AR
i B
5 ]
40 g
o =
T
i
1508
0 30 224, 418. 612, 806. 1000
Frequency {(MHz)

Trara" iNierratah

4-33 {35 3em A3 MEERIH AR GERH HTVCACHS EMI "SR HIEURS R

a0 Level {dBuvim) s Date: 2009-02-26 Time: 16:10:43
JHe ER B A i
4
. . £
40 g
3
i i
4] d
1 3! 0oy e
a 30 224, 418. 612, g06. 1000

Trare: iNiscretel Frequency (MHz)

4-34 {3555 3em A3 MEFER A ORIH HTICACHS EMI /K" HIEARS R
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an Level {dBuvimy) H Date: 2009-02-26 Time: 15:45:14

BRI
40 4 5
3

-15dB

MMWEMWMW i

30 224, 418. 612, 806. 1000
Frequency (MHz)

1]

Trare (Nierrated

4-35 {E9F53E Tcm @10mils Guard trace A3 HEA R B UREHHTUCHCRE EMT “HEE” HIES

I
CRES
gg LEVe! (dBUVIm) TR % Date: 2009-02-26 Time: 15:47:18
JE R B A i
4
40 7

B T2
i 3 5 10 1 i)
8 g ﬂﬁ&

1 &

0 30 224. 418. 612. B806. 1000

Trace: (Discrete) Frequency: (MHz)

4-36 {55k Tem @10mils Guard trace A3 MM AR EA UHEHHTILACIRF EMT 7k JHIER
iR
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ag Level {dBuvmy) H Date: 2009-02-26 Time: 16:13:52

S ER IR
40 )
% i
A
T -15dB
| 3 M
0 30 224, 418. 612, 806. 1000

Trace: (Discrete) Frequency (MEz)

4-37 {59855 Tem @30mils Guard trace A3 HEA R B UREHHTUCHCRE EMT “HEE” JHIES

-
AR
i Level (dBuWim) FERERTRTE % Date: 2009-02-26 Time: 16:15:56
Ll
e HR A g
i
40 1
3
1 7
2 5
030 224, 118. 612. 806. 1000

Trace: (Discrete) Frequency (MHz)

4-38 {55 Tem @30mils Guard trace A3 MM AR IFAE UmEHHTULACIRF EMT 7k JHIER
iR
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4-7 {39k Slew rate ON/OFF 1 Driving current X/]N&f EMI HyZZ %

RIS BT MEERBE ARSI T > SO (E 9509 Slew rate ON/OFF((E5% 5.
N IREIRFTET AR T 1) S SO RN (3 SR AR RE D R/ N RS RS 4-13EMI B RS Sy g
ATLAEEE  TEFHRIRE SRR 2N > BB Slew rate 2 1% » (HfHEHAY L5 T RREIRFH
w5 ~ RS Driving current HYREST > APREHSIRAIFEIE - BT RIR A BRI -

5% 4-13 {59845 Slew rate ON/OFF & Driving current A/} EMI HsZ 2

{E5%.2 Slew rate On/Off & Driving current X/)N&f EMI A28
ard/Trace Board 2
Clock A
ARRE/HR 3 = 7k 7R
. 7cm With 10 mils Guard trace
SRON | SROFF | SROFF | SRON | SROFF | SR OFF
HIGIRRE & & & & & &
12mA 12mA 2mA 12mA 12mA 2mA
125 MHz 24.57 24.85 20.33 25.21 25.63 20.98
250 MHz 25.27 --- 22.03 --- --- ---
375 MHz 34.43 29.58 24.50 39.13 32.94 27.94
500 MHz --- --- --- 27.10 24.24 ---
625 MHz 34.94 30.28 28.69 35.26 31.00 29.41
750 MHz --- --- --- --- --- ---
875 MHz - - - 23.33 - -

* RO A BRI FoR BB =F AR SE

4-39 ~ 4-41 BAREE L E5554E Slew rate ON/OFF ~ Driving current £ 12 ~ 2mA
FIRFIER ~ BRI LR - ERF IR I ARG A 22 BN R - S RF S B IR ~ SRR
/NI SR ARG R s AT BERI A < 1% AEF (iR T AR
PEARIRF ISR A 98 M7 S K 1 HLASFELIRTE T USRI A/ NI EMIT B % s SR
—5 o TAb > 5% 4-13 BOIERAS SR B IR 4-40 FHELEE AT R IR R A TR RS B AR FR IR
(1 di/de Wt b 2 LRI RRR -

{EM I TTERIRTEE T » Ff R ~ AR 25 S KRR S AT - S
st — B - Wt A se B I TERE ~ IR RS BRI S ME S a1~ - ]
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7 Slew rate B EURHEAS5E Driving current FAEJT > BRI AR B RGH T-# -
BEAER R T IR ESE L E AR A W] FH%E Slew rate ~ Driving current DJRERYTRHGEERS - (5%
H BRAEMA B RGHRG T-# EA— e iRl -

Slew OMN/OFF & Driving currento 4 B2 15 38 T2 b s i 22 R b

|
(R e et tEEETEEEEEE FATE CEE R AT PP
=
2]
b
0.5+
Of-----43=5--- EEE TR o N AEREEEEEEE: a------ a4 *-r ------ LS —
I | — I’IEm.ﬂa Sllew ratnla O
. ---- 12mA Slew rate OFF
' ' ' 2md Slew rate OFF
05 | | | | | |
] 25 5 7.5 10 12.5 15 17 .5 20 225
B (ne)

4-39 Slew rate ON/OFF & Driving current A/ NEHsk I L
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Slew OMN/OFF & Driving current7o B4 3 T2 Hodit ot &2 B it i)

25

I (mA)

— 12mA Slew rate ON
---- 12mA Slew rate OFF
— - 2mA Slew rate OFF

25
B8 (ns)

4-40) Slew rate ON/OFF & Driving current K/ NEHE 585 B A/ INEHE Iz T LRk

Slew Rate ON/OFF & Driving currentit EMIFY 25 2F (47 2 IS5 4

10 ! ! ! ! ! ! —— 12mA Slew rate ON
' ' ' ' ' ' ---- 12mA Slew rate OFF
' : ; : : ' — - 2 Slew rate OFF

= : : :
I:D ------ { r=-==--=-= b D -

= : ! :
TR TR oL SRR Aeeeeee -

A g b 0 .

o e A
R R e Tl |t T L SRR T

T ik f g

o e
U SO LI [ S |

v

A
[ 126 250 375 800 k25 750 875 1000 1125 1240
hHz

4-41 Slew rate ON/OFF & Driving current A/NRHE 585 7B 77 A/ NI T B
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RERE W Date: 2009-02-26 Time: 16:35:02
Slew rate ON & 12mA

Level {dBuvim)
g0

40

-150B

Z WW
. Jn 224, 418. 612, 806. 1000
Fregquency (MHz)

Trara: Niccrotoh

4-42 {Z5=%% Slew rate ON/OFF & Driving current A/NEF EMI “FEE” HIE GG

TR R H Date: 2009-02-26 Time: 16:37:06

i Level {(dBuv/m)
Slew rate ON & 12mA

40

o0

ol

e

0 224, 418. 612, 806. 1000

30
Trace: {Discrete) Fragvency (Mz)

4-43 {Z5=4% Slew rate ON/OFF & Driving current A/NEF EMI “7KkZE” HIE SR
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5-1 HERME

[AIREE — ~ = TR RS < fs - w5 R H 22 o SOBIERE T bt
¥} EMI IR TR ~ IS TR — 2Ry - BEZR EMC IR s i e E A IR e 12
PR BB (HFEH T PCB itk EMC BUIRIAl ~ eSSl s ot s - 45
PCB Mg THIRHE I AFHBARI TP G ~ S5 2 -

S3A% » g EMC RTINS » bR 7 EREA ROt TRES L - [RIRFEANREI IR ZE 1 A -
{EiE A S (PR > — RS R T AR I T S A B A
EMC E Bk - kIS oty EMC 5858 - sbIEIUS i ARG -
Ho ApEmi i NS TIRHE Sy W RE AR E (i P S — i 3 o
1E PCB AEAGw SL T 210 5% » B Mt 2ses FeAs ~ e SO B i1 -

REA ROt BB A T IIRF T AR - U1 1 ASG sl End S 954 E Layout I

AR

. SRR AR TTRERVR - [RIRFEMRA IR E A HPTIL AL » ANt n] st AR
PSRN Y PR R4 -

2. {EZAE PRI DL AT TS 980 Slew rate KRS 95 RN BRE S IR AE /1 B8
e H g o AEMRRIREEE R S Rty IC A rTRERVRET » (EMERERDE - fE
FUEHIIIR R ~ BRSURIE AR/ N > AR E5EHY Slew rate S RIS 5 s BB PR i

£J7 -

3. {EE5R55 AT Guard trace » LAR#{E Fringing R 225 HHIYEEY - LM SR ER IR
Sf % -

4. Guard trace HFISETE5RAR - SHRHEEERIIRIN T RCR F SIS - 38 Guard trace (5
BRI ARGE S 10mils(— {551 E) -

puni )
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5. HEZRNINT Guard trace < fREMEHERANY FERGHERS TR > {HHR Guard trace H(S
sy eeiE Sl N DES R RISk N 2= S UUNCEH RRIER AR U W R 1P dEk 7 UMW ] 18 7
SERETEMAIRE » IO Y AR BH D TE L -

6. JEMAMRAE R SRR T o fATREN AT LA S - Bas i > DIl s
B S AR > TS R F IR - A2 > JERRHEGRIRS - n]AEZE - B5GH
SRR IE NIRRT > i EASREEERH - DU IMESEEFESL -

5-2 KRBT T5 1]

AEAG T S ARG RS A IR SRR — B E IER AU LLEEE - MESK AT LI 0
PERHH R DI A SR — (s > {H38 S BEAE PCB 588k F BESFMIEY - FEAIN_E3E R PCB
R BRGNP IR R 2 TAIE » AE R AT SEAE AR < ATA T IBIS AU A i
AMPEFEAGA - FAE IBIS nIEBUEE RS ST VO buffer SR AEIS IS MR, - —
f¢ PTEH SPICE AU £ o DRIELFUF IBIS MRS (H 5 - S Y 25 A= 28 -
QrEfSeEy AR R ~ FEANIEERE - 1 HA FOREHHERE AR dv/dt MR VA dhi -
FiT AR IBIS e BATRR MR ~ R DREFERD - 2NLE rI RS R E T E A
BUZfEkalE - A1 Board level Satiy SPuIA—ELdii A5 ~ PRt » DARE(R PCB dithi
ISpAE faie et M F
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