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I i TR A A I R, A A BH TR v AR E IR e 25 et & . 72
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STV FE P, BEfE AN R s ERIAT . GTL HL & — PP T 50 Q FHELAY %
i, UGEC LA S SR, ME R k. e T NSgsa e, WhaS M
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RTINSk it R g, WK b8 .
1.5.1.1 SiZ g2

8:1 (A ik as
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X D X
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1 Q Q: Q Q: Qf--—----- Q. Q Qi Q—
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1.5.2 THEHERZRMRMEA . WhEEH, ERARSTERRE, EXETEYRE, B
BEXEERITRERT, ALa=itsIAKE.

1.5.3 MREIERE (300MHz KAL) WES, —RREBLUERAE4MELE, UFEEXTEIE
BEX.

1.5.4 THEB—IRSEFESHEITARE (BRI

155 527tk REMMENSE, REFAMHE. SRENER? SEES
EEEKEER (FEREHE)

1.5.6 BEER

\

1.5.7 MIREEREMESEMEHEL

&
[
Po

1.5.8 FEim EIREZKMAIRT, REEMAITIEERRERIZFH.

1.5.9 EN & REFIEEL
L VLR TT I R ERAE SR S A R s M
LRZHORE, HMHLE. B Q By kdk .
1.5.10 MiXTF77%: EEFA S0 QQMANSERKESRE, —EFI—MRL MNESNR

SEFIEMURMNMNENEFTEZESHIMRAUE. —RRAFE NS HimES KR,
S5KRERMMLER —EE5.

ARG =MIEE

1.5.11 ringing, crosstalk, radiated noise

1512 HFESHIEKRITEEE (WFRIEBEE) KPE fiee <A

0.5
t

(tr: 10%~90%_I- FH it} [H])

fknee =
r

DAL FRL B B finee AR R R 5 ARSI LN, AEAR T finee (VT
TR RN, DLORIERAR B .
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1.5.13 #RKf: FR4 PCB, outer trace: 140~180 ps/inch  inner trace: 180 ps/inch
1.5.14 E2 K52 HS KRR

IS R
D (ZEI )

BT U6 LIRS SRR S, B BHRE.

1.5.15 B, BEESHIER (T

1, =c, My, -, 4
dt dt
1(0)

:CL

t,=22Rg * C.  (Rg: “SRUNHARBCHERE, 7Q; CL: BB
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Vi
p— CL \
- [\ Vio

R

\4

2

—-0.1K K = Vi =Vio
t =RC.In 0 9K) ’ V,, -V,
Vr=-52V I}, tr=0.164Rpp * C_

V1 =-2V I, t=0.987Rpp * C.

1.5.17 ZHFRGET, BEERFEMRIMILEERS R BMEN.

1.5.18 BB EIERHAHE. PCBWE. EiEfH, EDVE fnee TERIRNERTIE

BISRME, LURIEESAKE, SUESERHAIGERIBE EAREIS K. Sin. ik
2. lump EM%E.

1.5.19 AR FHETEATHER

1(0)
P TRIE
v

V(t) c v dit) _1dv() dv 2 (t)
I(t) = , +C——
dt dt R dt dt
wg - AH@® AV 1
dt max tr R
. di(ty  1.52AV c

dt max - t 2

r

BREHR T RTINS T BT .
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. TTL 9X5)) 50pF f13k, & /AV=3.7V, tr=2ns, 3—1 =7.0x10" A/s
ECL IKz) 50 Q 413k, & AV=1V,t=0.7ns, 3—1 =2.8x10"A/s

1.5.20 BEE AR (noise immunity) : LKL 10H189 28144 451

ZIK”&H%J&TE@E”E@
it HL ﬁ_____j' -------------------- Vorma  -0.81
//////////////// ................. 1 -------------------- Vormin  -0.98

upper margin i
-------------------- A= Vigmin© -1.13

| I 1K
lower margin{ ------------------- -i ------------------- Viemec 1,48
\;J_;ax ———————————————— ;%2;////////////// ------ Vormax -1.63
—— e Vounn -1.95
SRR R 2 X, AV 5 Vi, Z ]

> S NHLE

A AT EARIR? BRGE N T AMEECTR SR 5 bn AR G0 ANt AR A fas A
. ARAEMIIARI, RGHE TG 5 WA &R ANRE AL

1. HiRHRAEA R SRR Bk A 22, I AOE . ST 2 Ay
LA 22

2. (R IR A I T P R B A T B, 5 A R] LA 2
3. ARL ERME Sl AR A UG NI, B nEHlE S b
4, PR S KEAEAE T IRAL

5. JEEBEA R0 B HL T a1 R K

SRR RS, 2~4 R A5 H

H;EE%\F[SE _ VOH min _V IH gi VIL_VOLmax

V OH max -V OL min VOH max _VOLmin
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X 10KH #3444 17.8%, X 7T4AS #5440 9.1%, v UL ECL bk TTL #8341 S 47

oo g

(1) 1 7 25 PR

1.5.21 #b/3 (ground bounce)

GND GND discharge
dt

H1 3 TS5 DS A B3 22 WL P PR I A A S it S 3BT Vo
At F A LR, R AT S5 m AN K, EESE R, M T8
IAERAE S B DRSS B 2 FEIN TG, IR S H o 4
IS

JURla 2B 1) 5 2 LUK

14pin DIP 68pin DIP | 68pin PLCC | Wire bonded to hybrid substrate
8nH 35nH 7nH 0.1nH

N R NS ORI OGE L @EHEN b 512, @X RS

HRIYEC ISR, @RI A BRI NS E S ©Z M.

1.5.22 &4 % Stray Capacitance BJFM: X FSHAERBEEZMILATE

FHARAE I a) He 2. PIP14— —4pF, PLCC68— —7pF.
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1.5.23 RiKERIRETROB S EE

D

A A W

+

Re [1 - 4 _
s | 10pF = [IH oo -
v e
NN
L
t, =3.44LC . _ JLIC (Rs A/N 25 AT 1 2 LR )

Q

Rs
Q=1, 16%itsf; Q=2, 44%idM; Q<0.5, Toiddp CFREERMIN ),

IR BTG, SIS S (LD

S IRy, =t 24 (2.20)7 Ctrs {5 EFHRE, v o S0 gk
#0
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1.5.24 21:1 1x%t:

A%O—E'_e — ER)) — s 500 &

| 1AK$ BNC (t,=0.013ns)
IR BCh L
—225-22 =
R 1050

HI A8 T K Q B A HIEH, BRI TN, IR 2 o f5 5/. F2 3]
FBR 2 HUBH B R 55 8 HLAS, AE DI 2SI AN DB D) R S ALl ok
IMEFERIT RIS, SRAFF I CR PR B R R I RO

T

1.5.25 #ERRMAL (skin effect) : ESINBT SLREMMOLAERZEMKX, MmO
SRERZFER /). SR ESSEMSIESHRRIEX. BIRRMNAIMES
SR RIA X

1.5.26 FEINES, BRALHEAR/DERZ; WSES, ERKEMBERITL
HEEEE, SBERREREBER/KE, MIERER/NAIKE. s/NBRER
RIREFAESSELATHE, LUB/NREFRNBIRIEE B RIS L .

alES

@
—

I
1
1 D !
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7///////////////////////////////////////////////A

«—— D —>

K
1+(D/H)?

PR G A T-PE, ARG S DRI T3 2 .

I~ » KB TAE S BT AT B, X YRR T

1.5.27 HiE BB EFBTE RSN

Z
BHHCUCHLIN Ry=2Zy, RC IS [A] 540N 7°C (C KN EHA), RC JERL
Z
P EFEEA ) = 2.27°C =1.17,C, B siffs 5 LFEE A

ty =+t,° +t°

Bl MESZ A E I, 72 B T S BRI HTHR PG, IXFE 845 B
RS S BT R

R=Z Z, T [:
%HjL IC

X CEC TS TE, RC WA ZoCy _EFHIIH] $=2.2Z0C, DAt b s
b DUFC B0 . YR UCHC T ) O S R0 DRI e 3R1G—AN T

B o
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1.5.28 B 7P #3257 P BC B Th#E LL i

WRIKENE T 5 ARH PRI AR EUESE (DC—balanced), HSAHLZE C LW
SR ERANT . ARESP A ], AR RE:

Hu=(AV/2y :(AV)2

Z, 4Z,
T B VC I :

AV)?
PR2+R3 = %

WOMHAEHI D H EAE N Vee 23 Ry Ro W E M

1.5.29 EIRAZIKITIEN
1o 5P A PR B S B G M P TfD;
2 ANIFVES P LY ) ) BEL BT I )
3. LRI [ 24 A (R PO B (5 2 s P T ) FT L) o

c _0.225¢, A (A:inch? d: inch, C: pF)
plane —
d

1530 TTL#1 ECL RS R L E T =

1 A8 TTL AR 5 A ECL {5 5 &AL — e B (22 /b 8 i -2k Y- (¥ v ).
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U NER kW

2. FEH 45V T TTL, -5.2V T ECL, —@%hn—Hu P, IXFE TTL M
ARSI ECL RSN IR /]

3. #AEH+5V T TTL Rl ECL, XA ECL MLER AR TAEH K, (HATBA T
YE. BUf¥+5V i CIEMPD) 42024 =, 4 PCB 23128 TTL A1 ECL 1)
ANTRIDR I SN P A IR NAE TTL M AN BT K2k 5 B S +5V X ik
FA G, EMANEY SPIH R A R AL KM 1 H AR, Xl LLgish
TTL Ak ECL R%E.

4. PRI IR ZE 00 A5 Ak e, I3 RAG KT SEE

1.5.31 BiR% R BEEIRITBITF

1o FH 5% i i 2 R A P A B A it L AL it

2. FEHYEZE I ILAYERE (common mode choke) DAL £k H 1) 3t
P H VAL 5

3. AWEREEINT, IR TR

4, FrES &R bR AT, SohRum Al 2 et (chassis ground) .

1.5.32 FSRBERAIEEFIRLE:

1.5.33 i

FANHFAES— T BB, FX4 lead inductance, package inductance
87 mounting inductance. REAN R ILALS — /N AR B IBE R R, FR O S5 Rk R K

HLFH ESR (equivalent series resistance) .
0805 & HIEK EL 1206 ZeHlEk )N, 1206 KAMELE 1nH oA .

LGRS, A KR FLERZ ANk fL,  Hoad FL 2 H 2 (] (1 4 B R
FH. H.

IR AR X S IR R PRI AT

B ——5 L H

F BRI — — IR (i 5 (%4, B T3t (EMD
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A A — — RS AL .

LERRpA T

TR X, Y. ZIRE Coverlap), X IBEMIMIIASAE Y. Z BRI N
W L o R HER Pin ()1 25 2R A 5 I NI RS, (H LU 8RN i s 28
/o FERT S RC LB AT YN B TR R], g A . e B2, IR

B I S vl e 45 (IR L2 (Surge Current), 1400 [ 1My A2l

Ly =5.08H IS +5.08H In-2
a D/2

(a: [ X5 YWE b: 59Y S c 59 X HSHhdkin
D: EHEZPIN B2 H: EREBRPINKE Ly y: Xo Y [HFEREE, nH)

JiRRR S IR LRI Bk, AR, W X Y SRR B T
T, AT 2/

_| Ec > - > |
. B
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1.5.34 k.

XHEANME TR GL. G2, &y D M Sk RS 5 Bk T AN
Mk L

MA DRI =R x —— Lot

Le2

ARSI G LT, A e TR B Il ) r B b — MR, 8% G1 L
G2 /M3Z, FTLARZ D MR AR /NG (BN RS, 4y
THT I 26 5 ) e 5, 7 30MHz LA L=, FCC A1 VDE X485 BRIk 100 1 V/m (7
B 3m AR

Al -F
E:lelUwo——Jﬁ—%%£<1o4V/m

r

(E: HEHHIH Vim, A: FRERIEAL inch?, 1: WS A, t: LIRS,
Folock: M8 Hz)

ol NI A ) A O

® R B LB wHh, U ME S SR, DI NERR S B R
RS A I THT AR

® LAY B LI [ RN EREES B K, X kMR AL
7NN

® ERAIESH
® itk AL CAUTIEL AIMIER:, IS IREH TRl e 5

® Uil EARIE A KB A F o

FE RN LRI R 3 (0 A I LS i T i

WE%5F%¢WNMMmpm9,%A P 00 2T AR AR T AR RN M R YR
RS B B AR IE (5 T o AR IX RIS SR R A AT A N
U, WM R AR A FLB K
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g g g g g g |

(EREBIBUREIISE

I LA WAL

L b L o0 A8 i O3EHE pin—to—pin HA%Y; @EZHLZ Cper inch=Td/Z,
(Td: #EIR ps/inch); QUKENHE. WA A . WNEhaRAL T =21 AR
Ko ABDRUN SR AR i A AE R T IR AT AR R I Ay A i, VR 2 N R AEAE
ARIXIHE R o

WA E W EEk, % g 77 X (source-terminating) . A~ =3 []
A—ANHER R, BT HIER DL, W EATEL B, #2515
5 B TR TR AL R I RIS, 2 mT A A 4 5 FL % oo £ (lumped-circuit element),
RN BATAT H S5, YR 2280 SR A A L, X LRI Y
BH55 Y5 VT BCANTR], - 9053 UG 5 R B A5 T2 BEL e, ARG T AORT AR I 2
([RSEZ=0ki=IAN & I RE R Pl N I R s Sa s s s TR P JEI e
MR LK TR R L
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2. HEHAEM (Electromagnetic Compatibility)

2.1 KT HREBFRAMEHEREREE

2.1.1 THHMEBEERGBETARM?

+5V i Y
1 i |
RS 1;15_4;:- B _ T CERER T RTE A
EREl i ZP S \‘iuﬁ
i_ __________ J LRGN - -
i {55
. Hb
5
.| N e Ly o
ASIC GND iﬁ*%}u'fﬁ?
H 45v

VS Ny A S S SRSV DE R CIV BB
PRI AR NPT (Z=RHXD T AN dae /) HL LR A2 o

U fEsk, BIFE>3KHz, HIfT>HIF.

U TR A AR PR ot 4

L1

L2>L1
(R JEAHAE (P BL k)

L2

—
L

U XF £>10KHz, IR KA foe /N BT — die /s T — die /I HLUR — e /N EA
B o
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Ol S E=— S
; i " b
10MHz 4 [EEGEER Y SR
_____________________:T—-———d\iﬂ<
— AT
X PRI 2
NO!*
2.1.2 ELAF i ERFEmAYSEREIE? No!
1 ™ HOPE
" via
2.1.3 ELBBRINER
AT SRR
- L L
I< TC ‘|‘C

LC=k %= ue

WA PR R K ?

!

7

IETREEES

2 TEw

PRI ESL, Fifes (K1) log
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iﬂ | W

L%

2.1.4 $ZEB91E R -
ON N DB R 24 @t ME 5 ES%.

DA BT AN B E A e (5 S T R

[

L

KT B ?

+5V

%éﬁ@}i“““GND IC

J RE— +15V

X HL PR R A A T 2

IC > IC > IC

#1 #1 #1

GND GND GND
i
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RGeS

2.15 FES5F s NEMLZEZERK(chassis)

PR

e

}SD /EM RAD

I||—1D
|

PO . OREAGH 2 ERIERE RS Vous

@/ ESD 18 (susceptibility)s

O UNCERE P B
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2.1.6 BIEAIES

SIS

IgA

P A 4%

V4

—20dB/decade

—40dB/decade
7

.

v

M | = ﬂ:

k20 X HEAi
R

tr=1ns, fu.=318MHz,

Umtp

RAF<A 120 RAf> A 120
e TN L
ANt VLT A RS IL T
AL Z0 2l Z0
EM s/ T HEAT EM $aift

217EMC =E=%

21.7.1 FHIE—EEBEIBE-HRRSK

2.1.7.2 BEHE:
o3 GEL——rg, LD
iy (MEME) —ii
s CHIEREG) —iiY

Hilils s —izd
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® LR JTORHLI S R ] TS

o IS mITRHE. MEHIA. mFLHE SR

& I__:-"T_Q_T“I

Z

® EM S mm AR SR

PCB

EM. RAD
RF( ) lea / ]
I —> A (RZD

2.1.7.3 BB E GRS RUFE G -
® i/ RFVESRES (fidifs 5 28
o Ji/NRE EIILEIHEIR (/N DM ) CM %1k

® R/NREKE

=
O—e 57
RFJ5
o ()
—()—o
54 RF 27
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Jr# LERT B R K WS RF YA T R A i o
® fiprfiE)mEi (LR — RF HiJk

NI = R+ AL BE I, S e !

2.1.8 HiRFAEE

A LR AR S K SORHLE A 5 K
ZERE HLYR AR AT /) ZE MR N fe K

XL BHGCP AT CM BEER 1) DM RE & IFE 1L .

+
+ Zs/2 Z 2
Zs Ij Voum ¢ZL Vpy=0F—
- 2,12
J__ n Vou _ J__ Zs/2 ) L
- * Vew ) =

N FEVEIRIR A I 2,
T AR R A

ferrite sleeve

s LR FEDE PR

AR AR R
Juff AR PH A%

B 3R BHPTIR FE 1) HR BB 55 M DS U % -
— Zseries |

Zload 1R K}, i Zshunt<<Zload
D @hunt @@ Zload 1R/, #E Zseries>>Zload
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HU, AR AR

B

——A — W —> —WW—

_MM_—>_|_<MM,_,‘_—>_H_
55 DR BTTIF I

MI i : I/ T
A RO K _J/KL_ g &

PIEL IS5

2.1.9 B/ R B E
Ominimize bandwidth (filtering):
@use layout to provide self shielding;

(®use balanced circuits (ex. diff. receivers)

2.2 ESEBME——RBU/NEIMAE

2.2.1
/ = 0
/ <
IC = IC
/ -
#1 /;// - H2
1 s -~
s -
e <
900" /
0w, -t
¢
<

ezl 0 6
"""" Y 7+
GND M V7=2
R

oS se 2 IR I MdT/dt ff) ) @t 2
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2.2.2 Rk

external magnetic flux

excellent

3/ A no external flux

—fH: Self shielding occurs when the return current is allowed to

surround the outgoing current

% poor ©: better @ excellent

il R I R RTINS AT S «

fair(microstrip) much better(stripline) best

K b P LN VEAS 5 IR L

IC |* 2 * liIc

OT—.

Gt 2
LR NN
L1, | =
L2 - X
L1i~L2 M13>>M23
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YT

shunting—change flux path with a high v material

reflection—create opposing flux with eddy currents

S eddy current

l l opposing applied
flux flux

2.2.3 ESHBT

T IR R AR T RE 5 T T Jt A

Ringing indicates excessive inductance.

Rounding indicates excessive capacitance.

source cable

V

R L
pulse

input

[JR. assume

ringing—underdamped—L>R’C/4

rounding—overdamped—C>4L/R’

#: R=10Q, C=20PF, I L>0.5nH 5[4 .

e AL

[ o

T Bkl

“electrically long” means length > A /20 or propagation delay > tr/4

#: 1ns bFFmE], MZEHKT Sem I 75 EULAC

2.3 B ERB/DEREREES

EMC for a PCB is most affected by the Z, of the DC power bus.

41



231

— Wy AWV C— <o, good filtering;
1 1 L—0, reduced emission
CT C7 and suscaptibility.
LC=Const
Zo ==\ L/C :

Z20<0.1Q, excellent; Zy=1Q, good; Z=10Q, bad;

Z0>100Q, unacceptable.

Zo= m
' W>>D, La~uD/WH/m), C=~ ¢ W/D(F/m)
_E_ 7o~=3TTD/W A par [ er (Q)

2.3.2 If DC power planes can’t be used, then lumped decoupling capacitors must
be sized and placed correctly.

— Al L2 L1
AW AWV

+

v cT II(ZI CoT c1T E(zl

B L
C min ~ AQ/AV max = AlAt/ AV max

g 1 1
Cmax: fser.res.~fmax, ———~—
27 LC  Ar

maximize the distributed capacitance in the DC power bus.

minimize the series inductance of lumped decoupling capacitors.
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233 % ZPCB. TMWHHERS, BELBEREMAA?

trace

power

Preferred location for decoupling capacitor:

(Mon the silicon chip:

®@inside the IC package;

®directly above or below the IC package;
@built into the DC power & return planes;
®Bon the surface of the circuit board

PCB DC power bus decoupling frequency and path of various currents:

Jowie)

10w F  100nF InF 100pF

DC powerdecouplingcapacitance load

2.3.4 How to distribute DC power from a single supply to both analog and digital
circuits?

1. use only low impedance bus?(one power and one return plane).

2. use two separate low impedance buses? (two power and two return

planes)

3. use one shared return plane and two separate +Vic distribution planes

or traces?
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+Vpc plane divided for MHz isolation

+Vpc plane with Z,<1Q

resistive

an isolated - ferrite bead
section of +Vp. e—Li—e

plane to power
noise source

1§

o— Jiyided power plane

one continuous return plane

24 THHMESESESNE

Wil B R4 PCB A &)

+5Voc |V Vv v
D. return ' A.return
1
______ D.signal_____1 ______Asignal ____
i
TCAFATTRE ) -

(MLaterally segregate components by the DC Voltage they use. Do not

allow different DC voltage planes(+5 & +15) to overlap.

@Components using multiple DC voltages (ex.A/D) must straddle the

boundary between different voltage areas

(®Keep all connectors on the same edge of the board.
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DO <— ... +5V
RTN igital bl
45V * * area
§$H ==-| DIA [~~~ A/D [~~~
+15V A
-15Vv +15V ¢
A.out area
A.in ™ AMP

Analog

Can low level and high level circuits share a common current return

plane?

Yes, but their currents and magnetic fields must not overlap.

ot £<10kHz, H4% HL VAR vE R VAL P [ 37 3 0 B T

analog digital

return return

plane |_| plane
“GNR”| I

AD [——

—> —_—

analog in [T digital out

A 2B R ?

Z 2 PCB )73 )2 Ak

——————————————— signal power
power ~  —--------o----- signal
return ~ --------------- signal

_______________ Signa| return

GOOD! BAD!

45



2.5 Reducing conducted & radiated emission & susceptibility

TS SN R UE B 2
probe
pulse ____:___j i____:__J
PJZPCB

A S RV SR A S 8 75 (14 D A«

cable

DM HLIL IR SR A 2] . CRraddi A 5 A T/0 55 (W) RO RG 2)

— PCB v
Iowm i +
i Vou cable
L = <
|
M
Digital IC
[ ] IDM I
1/0 driver / * T
%7 \M Vpum hoise
g =

WUE

® All low frequency (kHz) 1/O lines need HF(MHz) decoupling to the signal

return (ground) at the connector to reduce Vpw.
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® The signal return (ground) needs a HF(MHz) connection to the metal chassis

at the connector to reduce V.

vERL: Electrically unconnected (floating) metal can increase capacitive coupling

and EM radiation, typical examples: heat sinks, mechanical parts, unused wires,
crystal cans, capacitor cans.

DM Hi B Al -

N
N

cable
/Iy DM R Hs 4Bl S i -
® /DM HiJE
® /b DM A gE (N tr)
(I RC JEH)
® JI/NHAMG
D
o TH/NFREE B Iowm
(FEZER2 0K PCB 5 48 &)
S L5 i ©
CEFEAS FH B L

i L BEvT RELLAR B L A8 AR AT S, 5 B i A I RRIEAT %
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iz 4—O—e—f€ -

]

ICM B 4

&

Where should shield be connected? On side of RF source opposite cable.

2.6 HEIEIREMCHEN 245

2.6.1 Component Placement

>

Place components on the board before determining connector pin

assignments.

Let the circuit board layout dictate the connector pin location and function

assignment.

Divide the circuit board into different DC voltage areas (12 Vpc area, 5 Vpc

area, etc.).
Laterally segregate components based on the DC voltage that they use.
Do not allow different DC voltage planes to overlap one another.

Components using multiple DC voltages must straddle the boundary between

the different voltage areas.
Keep all connectors on the same edge of the board.

Keep MHz circuits away from connectors. Do not allow MHz circuits to be

located between connectors.

Keep all I1/O drivers very close to the connector. Avoid letting the 1/O lines

come too far onto the board.
Provide space for shunt capacitors on all I/0 lines.

Locate components to minimize the length of high speed clock lines.

2.6.2 DC Power Distribution

>

Do not allow different DC voltage planes to overlap one another. For example
the +5V and +15V planes should not overlap. Bipolar DC voltage planes, such
as +15V and —15V, should overlap.
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Maximize the distributed capacitance in the DC power bus. ldeally, use

parallel power and return planes with a Zo< 1 Q.

Minimize the series inductance of any lumped decoupling capacitors. For
boards with power and return planes, this inductance is caused by the traces

and vias that connect the capacitor to the planes.

Provide at least one decoupling capacitor (1-100nF) for each integrated circuit
DC power pin. Provide bulk decoupling (1 F) where the DC power comes
onto the board and at the output of each voltage regulator and DC-DC

convertor.

For boards with power and return planes, the integrated circuits share all the

decoupling capacitors on the board.

2.6.3 Routing of Signal Output and Return Paths

>

Current takes the path of least impedance. Above 10kHz this usually means

the smallest loop area path.

All critical signals (DC power, high frequency, large amplitude or small
amplitude) need a closely located return path. Prefer signal and return traces <

0.1 apart.

Treat all critical signals as current loops. Check each critical loop area before
the board is built.

The return (ground) plane may require gaps to control the path of kHz

currents. Do not use gaps to control the flow of MHz currents.
No trace should be permitted to cross any gaps in the return plane.
A small loop area is more important than short trace lengths.

The spacing between any trace and the board edge should not be less than the

spacing to the return plane.

2.6.4 Signal Integrity — Reducing Crosstalk and Distortion

>

Self shielding occurs when the return current is allowed to surround the

outgoing current, as in a coaxial cable.

49



»  Traces on adjacent layers should be oriented perpendicular to one another.
» Ringing may indicate excessive wiring inductance.
» Rounding may indicate excessive capacitance.

»  Unintended sharp transitions in signal level may indicate reflections due to

impedance mismatches.

»  Separate high current, low frequency (kHz) return paths (ground) from low
current return paths. Connect the high and low current returns together at only

one point.

»  Connect “guard traces” to the return plane on both ends so that the traces can

serve as additional signal return paths.

» Do not allow any electrically floating metal.

»  Connect all metal fill areas to the return plane.

»  Connect all unused integrated circuit gate inputs to either return (ground) or
+Vpe

2.6.5 High Frequency Transmission Lines

»  Atrace may need to be treated as a transmission line when trace length >

\ /20, or propagation delay > (pulse rise time)/4.

> UseaZy>40Q to minimize the drive current and a Zy < 1202 to reduce

emission and susceptibility.

» Unintended sharp transitions in signal level may indicate

reflections due to impedance mismatches
» The time delay for the arrival of a reflection may indicate the
distance to the impedance mismatch.
2.6.6 Reducing Conducted and Radiated Emissions
> Keep all metal structures at the same RF voltage
> Do not use gaps in the return plane, except to control the location

of low frequency (kHz) currents.
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Do not allow any traces to cross any gaps in the return plane.

Most low frequency (kHz) 1/O lines need HF(MHz) decoupling to the signal

return (Ground) at the connector to reduce Vpy applied to the cable.

The circuit board signal return needs a HF (MHz) connection to any

surrounding metal chassis at the connector to reduce Ve applied to the cable.
Use the longest rise time possible for all pulse signals.

Use logic families that are no faster than necessary.

Use the lowest clock frequency possible.

Keep all clock lines as short as possible.

Tightly control the loop area of all high speed signals.

Do not split or gap the return plane under any connector.

For filter capacitors to be effective near 100MHz, essentially zero lead length
is required. An “X” style lead connection may be necessary for a shunt

capacitor.
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