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2-1 Board Level-Trace Routing

1) V09 ¥ gl TraceE /O Connector$} con-
nectorg AHE-slE A& £4241 Device A}o] o]
A A71A] vleh

2) 2.E Power plane3} Power trace= ¥FEA] 7242
layerol] fofof ghtt.

3) A% transition time®] ¥} o]} =& A A4
& 7= traces Matched terminationS A}-4-3)
oF B,

4) Capacitively-loaded nets< ¥FZ=A] total Source
Impedance7} line] 54 As Ao} 1450}
ZAY Aok 8, HE resistors HFEA] ©]
278 BEREE HUiHojok fh

5) Nets driven®] 1 V/ns Slew rate 2.t} w2 EIM]
+ Source®] series resistor® Zoo} 3t}

6) 2% nets3} 10 netsE A 2317] faiA] §IE
Al Guard trace® Al4-&o} dic)

7) BE powers} Ground trace ¥FEA] YubkA Q)
A3 219 Eflo] s Zo 3u) o)/ Hofof &
t} o]RL Guard traceE EF3IA| Gt}

8) 9ok Ground %= Powere] ¥-al7} " Qsid
Gap< A2 % 3 mm wider} = ojot dhr}.

9) 332 ¢l Decoupling Capacitory= ¥F=A] Power
%= Ground plane gap?] %% Wl 9 X3 of

10) 328 NetsE-2 E7)A9| AU 2HEE A
3 T EYHo 7 ARgE ook Ft
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11) 238 Nets2 Board edge 258 Holk 2X
ol "ojAel gt 97]A X Tracest

Return Current Path A}o]9} A& on|g

12) Board /Ol AF£-%&= Components ol 174

NS5 BWA vlet

13) Differential Pairs«= 4)A]o} Ground plane ]|
7 trace®] A7t Bl GolA g AT
Single-ended signal Xt} "X WAl7E At} &
A8k, F trace #o] Unbalance & 7% Single-
ended signals}t A& £t HrAbZ} @A Sl

14) 3594 net®] Zol& WHEA] H A3 dfofo}
gt

15) IZ 84 netsoll A viae 7tsd HAZ AL
sof it

16) Power®} Ground Planes 7}7 Board Aol A,
Trace:= Power == Groundo] HZHAME=
Qtelth. ol2fd 9AE ¥HZ Al Componento)
power$} ground padE ©]-&3te Viaz Q23|
of &t

17) Ground planedl Gap =& SlotS s of 3
t}. Ground planeol| Gap slot-2 A 5 3+<7(100
kHz o]3})9] AFE 24 Hosk ge 9
gk Abg S ok s, YFATME Tt §
123

2-2 Board Level-Decoupling(Boards with Closely Spaced
Power/Ground Planes)

1) Power$®} Ground plane2] 7+ o} 0.25 mm o] 3}
2 F-& Boards Aol 4] Decoupling capacitor2]
X+ 7]A Inductanceol] =LA} &3S wkz] ¢
=

2) Decoupling Capacitors= W= A Power/Ground
plane®] pad == viaZ E3lA Y I4 =0
of gt} ol = |ZAA FAHE InductanceS
£0°]7] Sgoltt.
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3) Board9] interplane capacitance Bt} &L 7ho
capacitorZ /\}‘9‘6}5 A& 47t et AF 5
oA, £ & 7EA+= Capacitancer} v}
A3te, AF oA A& Capacitore] £ZFhE
e 42%Hd w24 = Inductance7t
U a8t

4) Active Device€} Decoupling Capacitor®] power
supply leads= W'ZA] powers} ground planeo]
A AA= ook e} Chip leads$} Decoupling
Capacitore] 73 AZAsA Lk

2-3 Board Level-Decoupling(Boards with Widely Spaced
Power/Ground Planes)

1) Power®} Ground planes A}e]¢] 7+7¢] 0.5 mm
©]/4¢] Board Aol A local decoupling capacitor
Z}7+9] Active device A o) AAste]of s},
ok Active Devicer= ground planedl) 7}# 7}7}

& Hej A= o] 9lthH, Decoupling Capacitor

YFE A] Power pin 3o A5 ojor it}

oF Active Device7} Power Ground 7+% 717}

Hol] AA=lo] 9] H, Decoupling Capacitor

= Ground Pin ¢ AAg oo} Flu},

2) Decoupling Capacitors= ¥FTA]  Power/ground
planed] Via = padE o]-&3iA A4 A4y

ook gtck. WHOF traceglo] AAETH(EE
trace 2 ©}7} power/ground plane 7+2 2.0k #H&
) Decoupling Capacitors+= active device2}

i o r2 flf o

power B ground viag 858 4 9tk

3) Active Device®} Decoupling Capacitor®) Power
Supply leads~ Power$} ground planedl] 23 o
A= ook 3t} Decoupling Capacitore} Chip
leadE A4 AAsHA E2h T tracegio] A
AR CA(EE trace Z )7} power/ground plane
ZHE Bt 22 o) Decoupling Capacitors= active
deviced} power & ground viaE FHF 5 ¢l

.

4) Board®} interplane capacitance 2t+ A& Zhe]
capacitorg Al&3l= AL E9437 238
Rtk AFAA S G A Capac
tance7} ﬂ}%ﬂﬁ}\:} FEuo| ME Capacitor
9 $FPEde AN de gAHE
Inductance’} ¥& Z 838t}

24 Board Level-Decoupling(Boards with No Power
Plane) '

1) Power plane©] §1= Board ¢l A local decoup-
ling capacitor= WFEA} Zbzhe] active device &
Ao A7Eolok g}, Powers} ground Abo] )
AZA2 <18 decoupling capacitor®] inductance
T #HA3 ook 3w, £ em ZHAE HXZ
Decoupling CapacitorE 5+ 7H& A3k o] g
Mg AHSdke ARt B Z3hdonh

2-5 Board Level-Component Placement

1) Connectore WHEA] Board?) 3% edge T
cornerol| $1X|af o gtk

2) 1 circuitry= 1/O connector A}e]dl] A A
= o

3) dutA o 2, Solid ground planes 7} Boarde
A= board ¥ t} )\—]Lzo] &r/]_

4) 2% A3 traces= power/ground plane A}o) <)
oo} gt}

5) Active Digital components:= Htl £ 713
off-chip transition timeS 7} AL Mejiodok
Eis=g

6) Connectorg -3 A] Board 9|59} AF= ] 9l
= Devices ¥F= A} Connectordl] 7453+ 717} 0)

B3 oF FHEH2 em ofuf).

7) ©Y DeviceZ2F-E 9 BE 9% Board 922

9e Al 7E2- Connector®: E3) 4 route Hojok
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8) 1/0 netol] AZA= o] UA &L component= HF
T A] T/O nets3} connector25-¥ 2 ¢cm o)A €
oA glojof g},

9) Clock driver= ®F=AJ clock oscillator 4o} ¢

| A| At gt
2-6 Board Level-General

1) thEA1 % Return pathE 7HA] & Boarddl| A, &1}
9] AlS return planeo] FAHo U= EE via
= HIEA] T2 planed] B5 A Hoof gl

2-7 PCB Layout Guidelines

1) Inductance®} RadiationS HA3317] YsiA,
Signal path Decoupling®] Loop arease HAZ
TR FoF gt

2) TraceZ routing 3}7] Aol components vl X &
M sjof gt

3) 1O linest 2 F5}2] Aol& HAR & F )

Hjj ] gt

4) Ground, Power, 1/O trace, High-speed trace, Slo-
wer trace 9= & Route 3fo} &t}

5) Connector Abololl & signalo] EEX EaT
5 gk

6) 7}53 /O Board®] edgeo] uj x| shch.

7) VOE Board| A Y7 2A WA stz AL 918}
T, 150 lines 2 o= vl R38R g=

8) Layouts}+= =<t I/O lineo] filter9} chokeE A
3 FHE EATFOIok

9) AH&-EA B =8 gate Y2 ¥EA] Ground
EE Vool ddsojof g}

10) Boards edge®} trace Alo]2} 7HAL HIT A
trace 9} return plane A}o] 9] TolH T} #o} gt

11) 2173} layerd] traces= WHTA] A2 90°7} &
ojof gt}

= 9A9) ComponentsE

12) Meuls) Wl $#2 H839 gt

13) Board9} Hlo|glE F&2 retum planes $13)
Metal ground® =} $]o} ghe}.

14) 1.4 traces 7534, W=
Fojo} g,

15) Ground¢] Pigtail A4& L= oten,
W2 inductance UA-S A}L3lodof 310, La-
teral separation®] vertical separation Bt} %
EEERIS

16) W2 o)A 2 WE logic familiess AHE-3HA]

olok Atk

A] planes A}o]ol

2-8 Power and Ground Distribution

) BE 5§24 powerst groundell = R in-
ductance S A FfoF Fct.

2) Ground, power, /O, High frequency line, the rest
<02 layout gt

3) DC power voltage areas7} Th2™ X2 £a|A]
Aok gk

4) DC voltage7} T2 planeo] M2 AAA 312
eteith

5) Gap2 kHz o]3t9] AFolA AHEE & 312,
Qutz o 2 Ground plane°ﬂ Gapel JoH, B
E planes] $Ua $170] Gapg * %°1 e
of it}

6) Trace= ¥WF=A] Ground planee] ¢} Gaps ¥
He A= cteTh

7) Boarde WFEA] connector 2 23 o] 3t
Z Aolg groundS 7}AoF SrHEdalA T
).

8) Via holeg $]8]4 Ground planed] slots TH=+=
Rol| Fojaeiob g},

9) A7) ICE A HAx 3 7l o)< De-
coupling capacitorZ A}&3]of it}

10) Boardo| A Power7} S0]2= Loz dA 3
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DC A3 AFE §287] J84A Buk ca-
pacitorE A3 ok FtH~10X ZE thE De.
coupling capacitor).

11) Lumped decoupling capacitor®} 7 inductance
g HAE dof Tk

29 Connector Pin Assignments

1) BoardE WA layout 3} connector ping T
slop g,

2) High level#} Low level signal ping ]3]z}
(Power =+ Return ping IsolationS: F7] $31
NEEES)

3) BE 2342e) ping groundol A ojo} B,

T ZA FtoE] AEE
2 44 XNE

B AgME AL AHE ZH2E EMC 49
2 2 3L nxE Power/Ground plane] Art-
work AAIA JEsof & Fo Alglel] tisfA A
e P 3=

3-1 Ground Plane| {2t F(Retum Current) =X

drkA 0 2 AFnrol| X(F kHz ©)sh) ARHFRE
W Weo] B2y, Fo5IF SIS trace ¥}
2 9o Fx3e 548 7KL Aok [29 13
ZHo] UubA Q] mlo|A R AEY T2 traced] AF
7} 327 H9, Groundo] Z2& AZRAFE 5%
7} Trace/Plane Ato] 749} 3u H& W9 (EE trace
Yol 3ulyel ZAsA B’ gas, F2 Clock
trace®] 735 Q17 trace©}9] 7HA & Trace/Plane A}o] 7+
29 3w ¥ 7H4S KA =9, F3Hcrosstalks)
o o SIEMC #A41& £¢ F Utk

32 Ground Plane&tO| Gap0fl 2|8 H3t

PCB trace (current & &) PCR’s Dielectric
= !

-~

. -
Trace2| /
Return current® Return Current ¥ ¥
&g 38l Plane (95% 0} 3+ {or 3W) YR ENY

[23 1] PCB trace®) #3 HF9 & F(retum current
distribution)

duka 0 2 Analog$} Digital 3] 2¢] NoiseE 4
87] 9J3)4 Ground Planed] GapS TrE: A7}
B} olel@ A4 4 kiz 039 AFTGA o
229 Noise A% AF7H He Weol AN A
7] g & Gape HE0A NoiseS A A& R
o] A7t Atk AAY Frsvt ZtEsE AR
AF e Trace HIE PO 2 527 w&o| 3E7H|
Z 9L MRA geoh B3 Noise7t A g =&

FHUEE =AY A A DA FE Az 9
st g A BE 21 AEH A
TAHE WHeE 8T & ded, 1A H Gaps
HEE WL Tl Axo 9§ Noise AT 1
Ak B3t don, A7NF Ee AR o
ALY adte PASA R 2388 ASY He

NoiseZ Z7H171A B, o}gjolx Gapo 2 s
U L7L Shety A7 ASHEE 3oa})
Eo1A)7] W EMC A& £43517] o2 YA
A ok BEbA, F MHz o449 A58 AMEste
3| 2ol M= HHEA] Groundoll Gapg YHEA 27, &
A Plane ALgalop &Pl st Br13] 87
Groundol Gapol EAE 73 $-dl= [1¥ 2]9} 2ol
Small Capacitor/Resistor/Zero-ohm linkE 714 =&
B4l Fo 3] VI0 HH 02 A of gt
oluk2 © 2 Zero-ohm link B2+ 1~10 nF Capacitor7}
FE AEEHT, ToF Safety FAI7E EAlo]l 2 wo
= High Voltage type®] Capacitor® A}-2-3jof g},
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4
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PCB A Zojt}, I A BE AXY Noise AL
w2 517] 98 A Digital Part$} Analog Part7} £ 2] =)

o] 9|, 5o £a)¥ Planed G2 AAE o]2
A4 Tuning® & YEF padsE Hle) Wso) F3
sitt.

3-3 Power Plane Split & Stitching

DC/DC Convert =+ T3 Clock trace®] A-$-,
Z X = (Common Mode) RF Current noise”} £ o}
t) o]ujo]= Power Planeg 2 3KSplit)sl 4] NoiseS
Agstes Aol §&¢ WA wgeuP popc
Convert®] 739 &34 Power planeE A}o)o]] Noise
Couplingo] WA == A& F9 djoF Hed, o)y
[Z19 4]} 7Fo] Ferrite bead$} CapacitorE o]-2-3f A
78 Filter® A3} Noise7} Coupling = RA-E

lf OH

84

- Analég part *

1 Analog part

ads Tor piane Stitch

[TE 3] A DA RE gapel 3t B2 S

Ix
AE

238 PCB

Power planeS- trace7} ¥FEA] X1} o} &
+ Resistor/Capacitor/Ferrite bead 5] ¢4
(Stitching) 22k7F B Q 3], AA @AM PCB A
2b ZF TuningS & F AEE Jd4LAE Y3 pads
g v ©Eo] Folof g

ALH = A2 LA [1Y 5]9F 7] Traced| A
AR E A3 S0 tebd HWs) AHgaholob
3t} Low-Frequency signal %= Power signal®] 73-%-
Ferrite beads& AF8-3}1, FtH 9 signalse] 73-$- trace
widthe] 38 o] == H o] Direct-link - A}
£31= Fo| £t} Clock signale] 7% clock F34

oM FAHEE 7MAE CapacitorZ ALgafok &H,

£ 73
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[0 4] 289 power planed] 73 filter A& o

mL
rT'l'r’
o,
o

(a8 5] Plane-J split § F74o] traceo] A
o wy

7€} signals E=& Powere trace {ol9 3u] HE
Ground Star pointZ o] £-d)|A dAs]of ). E3
ol A= Ground planeo)) AM&3 dAAA e
u}2k7}A 2 Plane 92 AAE ©) 2814 Tuning & 4
V=S o E 9 padsE o] Folof gt

34 Device2} Plane HZ

dutz o2 2A4E Planed] A2 o, 27479
AYYEL7L BASA GAE 27} SohekAl Aok o
2t o] A dds}7] A e 944
Al BAEE QYA 4o HES 248 94
8 F= Zo] FR3h o]& $d]A] Padsol tracer}
AZ29 FxoMe Y 49 traceE HAE T
Eo] Fojok 3y, 7158 vias} padol] vtz A4

Z & AHgehe Alo] Foh Traced] HWolE WA

3t ©AHEAR(mm) AHEXLIE WA otk
square root T 744 81A =™, PCB stack upsl A &
A19} Plane Atol9] 74A-& £ via hole®] Zo]7}
FolAl7] W&o AYH 27t mmP 1 nH 4 £o]5
A B

ol E AFI/I WE T2+ F 719 via hole

= U 7hto] WiRE|A A7 S AR
A QYEAE 2477 WS AHEEHE 3714
SZAYHAE 29 F AUtk A& 59 0.5 mm X
£9] via holed] AF7F w2 S22+ 492, 5 mm
Aol 1& e 1.2 nHolA T, 1 mm Ao e
73%-0)= 0.52 nHE 7h4 314 9ok whaka, Multiple
Via holeg WHZ ARG3iAM A7) 34 S4E A
WE & 327t M 2

[18 6] dollA Mg W&2 MEFeE &
A3het 9ol 21X BHe A traceE ©f
LA SAE PR YubH 2R SnH o)) 23
49l AHEAXA7} A HA HA D viart pado] 27
FAEA A7EE AL = e d4 A2 1
nH o}8te] AGHAE 7pAA AdY,

35 JIEF AR

&lukd ol Through hole plate PCB A& 7|fo g
Q&) -2 holeo] Ground Planeol} A 7] Al E . Via
7t Y 7h7ko] WA At via holeo] HF AAM
AAA =HE e 2 slotg BHEA Hed), o2

[28 6] Devices} plane 92 HHy
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A A Yo A7t 57k 3 Ground plane®] 27 ol
ZoEA k. ol F ALE 3] A3A, via
holeg A2 §A 37, RoutingA] Trace/Ground A}
o] Zt# 9 3l He 71H4& #AE & UEE F9
g oF she}. [1¥ 7] YubAE 2l Routing ErrorE H o
F3 Aok 2P A B vkl 7ol Trace?} via hole
olu} Gapoll Y& 7t7tol & A, 7h7tol d&E
70¢] Via hole Afo] & Trace’} A1}7te 4%, Trance
7} Gap/Slotg A \V7h= 7%, Trace?} Ground?} §le
A9E Avrte AF 2 SVEMC E4¢] <3t
7] Bl 7hes = oA oleig ZAZF 2AH
A BEE Fofsfof gk AT o] ZAE AT 5
T 73t selA A AAAzR Filter 5& Ab
£al Al NoiseE A3t AlA Folof gt
0|9 & %7149 Ground HEE E38) Power/
Ground plane®} ¢i3H A& Y3 oA Ground Bounce
NoiseE £ 4 Jv WHLE, HloJlE PCB T
< Copper2 A+ 7o) Bol AHEEHI Sih o
g i WS AHEE 7S Copper® MY 3
74o] main Ground planeol] A A 4O <L}
2 58 AM 2T EMI A &7 E ¢ U7 9
Zoll, Copper2 YR F7+2 WHEA t4=9] Via
holeS o}&-3}l 4] Main ground planes)] A o] wlojo}
gtek. o|m via hole®] 7HA L2 7H 2 T o

Via holes] 38
{Large Slot

Trace™} Ground plane®
Y= ¥ Routing 8 X9

: =\
Tracel Via holeX ©i
4% I e 39 Q
= BUR AW Y= § Via
H (70} & hole A9 A4E 3¢
HIR

Tracet Gap? &
%O Routing B 3¢

Teace™ Gap %= Split
2 998 N4 3y

[3& 7] ZZ3 PCB trace routing o

339} 1/10 A 02 FY8HA $EA A . ©]
B ) e F7H 0% shielding SAE AF
8t7] W&o EMI 54 333 AANE 5 Ao

V. A2 S8t ZA| FHH 2} EMI Source =247

fo ¢
ull
b

[ [ —
Ay
Pt
Y
=,
I
o
L
oo
31_1{
2
ok
ok
1o
o3l
=2

4 e

x
o
rlo
fo

= 3.
LCD EUE ¢ A 4l g g4 299

Rl
[c)

of WEY g FHo] FojstE A Az
CCD 7hiet2 4= o] vk Azl Z&d He
<> [19 81% Zon, FadelE Rear signal ¥ &

YE WE 2939 ofsiA ZUE/Fdetrt 52t
A doh

2 AEY AS 6T AFA o) dEe] HE
AZF0F user LFANE 2H <l FCC Part 15 Class B
9] Radiated Emission limit level& 2t&sjof 3b9, 5
7t2 ZEEHAE AFal A A EHE TE AE
F34 W9 60~120 MHzS) oM E M-S
YO 7|2 UEZ 25dByVime] limit level & FHE3)
of gt

[ZF 919 Pre-test® PCB= 4502 A H ¢
¥, Groundy €43 Plane® 2 A3ty ¢low,
Powere #&eM AMGHT Ut &R, Topst

Bottom9] ¥l F7+S Copper® A& the via hole &

(3 8] Al Fatd 4 2A] hele}
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1 | R,

,: .» A
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Vldeo Slgnaﬁracip
et 'HET— “h

ffq‘« e

T
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Layer 4: Bottom plane(copper: $l4)

If

[J& 9] Pre-test & PCB artwork data

olfa]x T}l g AATCEN Ground planed] ¢
AYAE 2E02A NoiseE: E4% & A3,
Shielding &4 3 A&t 2 Ut 38 Clock trace
+ 9.8 MHz System Clock traceE A| )3l 7 = Huj g
A s gon, Decap. B filter7t 2-& 5 o]
Atk 27 okl E A2 R E kEHo SlE
MHz A]2~# Clock trace9} Video signal trace2] Z o]
7} 23 71 @0l 9l o, DC/DC Convertol] 7 -filter
7b obd LCilter2 74 H0) gtk Holth ]9
o) = Ground plane]] via holeo] AR 0 & <lajA] slot
of 4sel vl ol BAZ FU LA}
gt} [21F 9]9] PCB artwork data #2-& Sa) 4
9.8 MHz System Clock line3} Video signal Trace7}
£ EMI Source2 A 5 glon, F0 g3}
EMI Source & 2@ 317) A8l PretestE 53 &3
Data Ao} ¥ @ 3}ch
[23 10 23 A) EUT setupg JeERHZ 9lon

3 m Chambero| X 2A4& 39tk &4 Az [ZL%
11194 B uks} ZHo] FCC Part 15 Class B limite
ey ged ole AATARE EMCE 233
M AFE NEse Ao drht FRIAAE HolF
I Yk webd, o] AES A4 FME 87
A= 60~120 MHz tf S A 25 dB y V/m [imitE
15~75 dB 2#3t= @, @, ®, ®, ® 32| Hori-

(28 10] 434

7ZAA] 742} pre-test setup
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Melw| 7|2 EMCE Tigt QutElol PCB Al RIZ)

Pre-test2 58] Fropd 39 EMI SourceQl 9|52

@
=3

55 ] +250] Q& 9.8 MHz System Clock traceo] -o]=
£ oA NEE F&8}3, DODC Convert HE 3ol 7
3 FilterZ [ 12] 2 [29 137 Zo] Atk
i) 94 A3 (19 MeIA B uie o] B}
AN 5919 98 MHze) 725 439 O, @, @, ® F3
E:Z , ———— Z¢] Horizontal Emission limitE 324 4 dB o]

et Margin® 7H03 BEST 5128 @ % sith 3

Frequency (MHz)

ot gho|a} 2 ¥.25}ke) Horizontal A #< @& o
(a) Horizontal data 3] 2.5 dB 7 Emission limitg 2338} Q1OH,
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