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where L = inductance, nH
D = slot length (perpendicular extent of
current diversion away from signal trace), in.
W = trace width, in.
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.’.zﬁ}’]n[n{] (5.01]
W

where [ = inductance, nH
X = hatch width, n.
W =rtrace width, in.
¥ = trace length, in.
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L’—h—S}"In(l) [3.13]
W

where L = inductance, nH
X = board width, mn.
W = trace width, m.
¥ = trace length, in.
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What is the estimated crosstalk?
Using Equation 5.1, the crosstalk fraction can’t be any worse than

1
Crosstalk < ————— [3.141
I +{DfHY

The centerline separation is G040, and the race height is 0,005, so the ratoe D/H is 8,

I
Crosstalk < —=1L015 [5.13]
|+ (8)Y

This 15 net enough crosstatk o worry about i a digital system.
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IRRC, IIE RRR & AEAN [ R IR ) 2R S, S I TR 22T,
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t::r;r The induced pulse and
§ from each transformer .
@ in Figure 5.15 )
propagates in both =
i directions
t = 0 |
i e T,
T
L ’_l,' i .x‘-x |
lf’ . Pt Far—end pulses
e e P all arrive
e e, together
o T, .
P at time T
- A T p
] '{_‘_.- i & \“ K"‘""'-. -
,-'K g x'zmﬁ /"/f
o Ty
7 ~ AN -
P __,-"'- l___z/p.f" T :E T
(_‘__,.-"'J =
ks I
- I(_,_-"’
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-
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2T -~
I
f i

P

Near—end pulses
arrive in succezsion.

With continuous distributed

coupling, these pulses all
blend inte one long, low bleb.

Figure 5.16 Reflection diagram showing mutaa! indoctive coupling from the four

LEFRATT T — T AT A R BOR,  AAR AL R DL BRI NS 5 A A H & Lw, DR
[ HT IR 2 A I B IA e oy, s AR /INFE PR 17 AR R R . SR 2RI, T84 S i) B AT R
Ptk

ST 1R O ANR], S IR G A BT RR I —FF, (U B R AR 2Tel AL B, 7555 Fr
o, R IR T TR b 2 TR M 7 1 S 7 TR IR 8 A, AR el HRRR A BT A D ARG B
5170 R 7 TE D g o

IR, S S IINT, RI7 I RIR G S ERFEE B OREA ST S B AR
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{
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~— /,"
(\EJ + v gy~
R .. T Rise and
* sz ‘i T fall bimes
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=ighal

Inductive coupling

has opposite polarities
in the forward and
reversze directions

Inductive reverse coupling

5.7.2 FRE#HEEJ73X(Capacitive Coupling Mechanism)

KIV() ~ Wt — 23, )]

Figure 517 Forward and reverse mntial
inductance coapling (distriboied)

PR LT R —FF, KRR IER E. (E5.150, kst

B, AEAARE L T AN TR,

BAPRELC—D L fiy 5 % .

PR A AR 1R AT B A S IR, OB, ARATTAT O LRI R, TR A A
A KE 98 T RIAG S, B LB G g, e AR, ORI I LR £ AT
Beo 1) Ja B AR IEAN T AT AR —HF AR EARARINIIN K F-2Te, 7R IORE 5 b ALK S5 17025 1 B b

wE5.18 7K
7
.
_ — —
(4)
e iy
Derivative of
I/EE'I e input 5iinal
s, y e {positive
-
i y
hﬁ Lo-50
@ J Total coupled
E— ____——--;,7 ATEAS Are
s Lthe =ame
GD -~
e Risu and
= RT, " = fall times
same as input
i 1
Capacitive coupling s1gna
has the same polarities
in the forward and
reverse directions,
Figure 5.18  Forward and reverse muital
Capacilive reverse coupling = &[F1) Vit — 2l Mo capacitive coupling {distributed).
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5.7.3 AHEERHUAIAE B AR 554 (Combining Mutual Inductive and Mutual
Cappacitive Coupling)

TEFERISAE T, R @ WP b, BRPURESTR P oS — N R, AT R R R
TR T, RN ) S ) A PR G T

ARG B AR I 2 7R T SRR PU - P AT H HA /D B I TR & 1SR ROR, X R
IBRAL S R 7 A AR R T AN A b AR 2, AR SRR RS EARPUL RSN, 72 T —Fp)
() A7 FRY e AR AR

T —ANA T D B s Hoe A AR A0, SRR PO LU AP, IF HLn i)
FRPRIE RI FUE R, [ ET B PR A2 B ) JE K

5.7.4 1fTu BB AEES Rz v 18] & (How Near-end Crosstalk Becomes a Far-end
Problem)

FERIS.A5H, [l B ) S R A5 S 2 AN R, AN S AL 3R 21 C — D /1 2R i i A X))
(7o FESBR N i SRR AN, AR W A B U 1, 75 115, 19 HE B 2 i (1 1 4 A
—MEBHBUIR BN A, B S, S R PRI IR E 2S5 RO, IEAN RO ISR A TR R
PUIR BN ARV LT — 1, XA S I RS & A IEAR A by Fil, i (Rl 332 3 o

—) 8
i }.r-l."ﬁ.'ﬂ????'ﬁ'/' R R R
H - g
1
R )
| e R T —)
iy <
5 5
! W
' |I_ o -
A i
— Reverze coupling
i — which would appear
) : | ~ al T if C were
. i o terminated i &,
i . Reverse coupling rellects
i / aff driver at ¢ and
_-_ - . . appears al f}, inverted,
. . < one transit time later
&
- i p
[0 - ", s
| —
1
] i
i 2] ar
0 Ip .'"J._, "

Figure 5.19  Reverse coppling reflecting from a low-impedance driver.

FER DA RIS SR AEC /LR R R & IS 5 I M, S bR s 1. Db 1A iy
R E IR PO AU LR, S5 BORN A MRS RE &, RS LA S8l
FEF5.207 & SCHUISFEDI & B3 PRI, AT PR L AR 2 o 1) R 7

115.2: S5 1) Hi 30
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K]5.20 % 78 TR L, eAE .20 P 4 T sl s . kb e A gs IR Eh &k A—B,  HL ks
FE2.5V, LTHHa)E880ps, EAMINAA LA K521, eIV EIEL

) With fdl
Fulse bk Fmitiatioh
e e atat |
] ) 7]
I - o R it
e .
) r‘_
o ACAP A ok o ECEE
i}
7 v
TR T R T 3 il i o
L] B In H £
All probe
larmin I
Sl at
0.01a0 o DOED the =cope
|
I ® ] i Frca widb! 1020
| T.,_ Trage heighl .G
' Tra F 1
& .
Criss sack|o 41 .|
Figure 820 Setug Tor relected reverss crosstalk mensarement
Tekironiz 11403
p——y T —y—
1 i
l |"__4.|

_ I‘
l*
I

||
50 mV

-

S n=Sdiv

Figure 5,21 Reflected reverse crossialk measurement,

FEDFIF 0 H P IE £ 208 5 10 R R L AE .21, FES 250mV/Ia &5, AR 2
K i, I H A B 3T 505K .
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WA RS SRt BTG 4.5ns— TR
'-’,.'J =45 ns [5.17]

WM 5 FE i a2 ons, AL Hbk

Crosstalk duration = 27, = 9ns [5.18]
FEDAMIF R I ) S A 5
D = {4 divisions {50 mV/division) = 200 mVY [3,19]

F=1{1 division)(50 mV/division) = 50 mV [5.201]
FHLEER A2 -

9:'_:0‘:]5 [5.21)
A 25
F_0.050_ 0 [5.22
A 25
FH 5. 28800 H 1R LA 2 -
D ! - 0,059 [5.23]
A 1+ (00407 0.010)
L ’ =015 [5.24)

A 1+{0.08070.010)

5.7 5ZE PR 28 1 8 $KF £ (Characterizing Crosstalk Between Two Lines)

[ I PR RIS A5 5 (1) 5 BOR 2R (0 8 R L8, L1 SR B3Ot T I TR 2 B 2 I f0 -
— HATE CAE S MR, W T HEE S I R Wt A 2 1E .

SFF LT G 1 R R R B, RS R A B RORAG T T kel TR BRI ) R
BNE SRS E E L TIRAE SR, FIE REUE R KA eI R Eoe i, Frekk
J&E M 2T

ST TR G A S — SRR, — BRI TR BT S R A, AR
ERARCE PN RSP NI e

Reverse coupling (1) = aﬂl‘.’{r}— Vit — ETJ',}] [5.25]

where | = time, s
V{r) = driving waveform, V
L p = reverse coupling coetficient for fast-edged signal
T'p = propagation delay of line, s

=
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b 13 S s S ol ) N NN I T ES -5 QTIPS v R DA AT LR 1P O YAy s i o [ DL A a8
AR

EPTTYITN [5.26]
| +(D/HY

Up

where {3 = separation between lines, in.
f = line height above ground, in.

X AREERE T BT R 2R UG, R RS E AR R TR T, ASIB B E iR
KAE

5.7.6 fFH—R 54 m K AR B $ (Using Series Terminations to Reduce Crosstalk)

— ZRG i B T I S I R, 0SS T R R B RS . R E RS XA PR
RISz, AL RO 99 T B 1) HR PR R, M RASR U B 1

M A RAUASG SORBARRE S, LA U — RAVIHAT L, X!

AR

. FREPI ML M E P, EPUAPURSE R, BRSO 7, 5 R
PLBg s T

. I MCAE I B R A SR, PTG, AT A PR HAZ
i

. R 5 1E B RS 5 I BRI ZR (R

. Ja R ARG AR, ATRDE R, AR R 2Te. X Rk, Ja R fha
ANBEIE B E HHE

. Ja R R, AERREH ST SRS E e, 1A Iz S 4 o

5.8 BN EHE ERHERF(How to Stack Printed Circuit Board Layers)

EHRIRR JZ B AR AR B T R BUZ B e, e B T e TR T, A
(1) LA S0 R S B R AT 2, 2 2 HR R U HERR I 0 A% % R 44 RS IR SRR B2 [
I

SRR BOE AR RO, BRI, T2 BRER, X— ik 7 LA
BT R R S HEN

5.8.1 HLJEAMHLEH(Power and Ground Planning)
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TSR LRI T, ST R AR T B LTI, A5 S B H 2R R B RT . AR
BRSEH, Al MR TR, 9 VBB A XA BOF g

A, b M RDE R, JFE, P R BRI, AR ml b, iR
VLA O SRR BT HEIE 2B, DA TRy ST AR AN AR . X3 Ak
WA TT VIS NS AH AR AT AR, o T P i R A A AR A e A AR

SRR B AN 5 (3t YT, S0 3~ T R P T (0 AR SR HERR AR, PRI
[ 5 V- 1 R AT BT AR 2 Bt A B 25 i o SRS P I A RAR i T I 2 25 g R AR T

At A, F Yt m DL R AEAR BRI S IR (Rl A%, B A2 08 20 (155
s IS ALY T AL i o AP TR, AE A BRI b1 1 s P R T DR A% e
WArLA T A

5.8.2 J&EM(Chassis Layer)

IR, RO BE SRR RGANEIT—ME 5, XTI AT LA B — MG sda il L i
IR R B 2% T AR A

SR ) 2 P T TR 7 R B, I TR S A g 2 SR T 557 0 i - % 7
HSP TR R . G 15,2270 TR

[ ) Cutput signal
| e i — %
Ground pl:ill"l(: I'ﬂ|'n.'|_1 - ".,
inside |~ !
prochuct [
-~
1y - ’ -
Il\. Y Fout = Vdpive + F logie ground
j ) i
v Vogic ground {
{ -/ /
¥ i

o

.-'I"..'.-".-'.-'.'-..'.'..-".""-"-'.-'I FF
True ecarth ground
A pround cdannection
at high frequencies
between logic ground

and trus earth ground
may be ineffective

Figure 5,22 Using a controlled rise<time driver.

X T AR P R BB B R S AT R AN G, P I RIS s i TRk [BIE S g kAT
H O TS R 1Dl H s, X s 1 0% 2l B /N T AN 23 3 BB T L BRI, L
H TFCCIE [, 5 & fEFCCSLE b R

B AR S, i b I TR SR 2 4 n] A b e A% 1 2 R AR S 1

— PR IR AR Z T I 2R, BEEE ST, ENEMG T N R R A
M. fEmdirt, XPEPAARARE i, 7RSI ) b IR 348 1 2% bRz mT

=
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o MRET B R AT A SN KRR AR, AR R, 6 TR R FATHA R A T
e P i = R A SR M S A R A ETE e En T R PN =

M H LA AN SO RN R R 2 AT AR R, DU B TR 2 (K S 2B, AT 7ESc 7 b
ARz Z AT ORI 98 (KA T IR A2 A A28/ B TA ol 2

ARSI, BARAIRZ, (HEAHTEEMIMDEZ TR R EX, XX T2t
AT DUNAZ G RS o WRSXAN B B AR EEER, S 5 702 R AR R AR R i AN 4
A ERIE, ST PRI 18] BT A 9K 4% FE S E = Al b RAT s 12 2 ARy
eI D)y ek

B ANMRIEN, EAEHERUZ AL e - i DOA BT, AR THUE S, TR AEHER
JEAE XS PR IR 2 HE

5.8.3 EFEL4E R ~F(Selecting Trace Dimentions)

VL R B H P A — i e I 2B B, AR %5 B vl v Ak DR B 2B, DR 6 B AP
AFZBOEH KRN, WFES A, FRATS & ) TSR 23

NP R B (P A A 2 7 AR B 2 1A R R R D (P AR B R 2%, IR PP AS ) A AR AE AR AR 11
Bt .

L FRATSE T SRR, AR BT T4 il d T S ) o BRI b i r 5 Ak B PR S EEAOR T
(R RARR TR S 1 BT o645 g BRI, AR B2 1) T R IE B T H U R SO R R T
AR S EC T B T, AERCE R o] LIS B B 210 .

K15.23 W7~ T FLYEACBE LA FIELBE AR OC AR, APl s A A T B 2 e~ 1, Wl
INTESS TE WL T B A2 VPRI ML . IAEL B L0 BERS, 0.0109% ) %£0.00135 ¢ <] J5 1] 2 4l it
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Figure 5.23  Current-carrving capacity of copper printed circult traces,

TABLE5.1 MINIMUM LINE WIDTHS ATTAINABLE
WITH VARIGUS PRODUCTION PROCESSES

Minimum |me

Process wideh (in.)
Giold sereened onto thick film substrae 0010
Erched copper on epoxy board with .00
plating

Erched copper on epoxy board with no 0.003
plating

Gl evaporated onto thin film substrate 0

and then etched

B T ORI P 70 TG A e L R AT BRI ), AT I BOR Y, B RN R AR AE ST
RGN, T PR oA S 1R N

M TR T S AR R AT B I — AMIKI,  RE.AG AN A R /N AR B T o
KIATATHE AR 2 A A B, A BT, iR EOE B B DR AR S8 — 4, XANREIBLIE T2
vt Al BN A R T .

JCBR P& ) TR ZeAr w5, Rl s ) 2 R AR T B AR AL, AEARI ZeAt v
b AR IR B A, e SR PURIAR A AT RESE SRR, KA I B BT AR ) AT e o AT
ERAR IR B8 R T de /N IA B I B i
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AR FIAE B SR Crp 0 24 5 R I A 58 T A0 78 A2 FRD o B KRR L 58 T R AR A MR ), B
PO AAEBETE 2N, AR 0TI — 8 73 BT LA A2 2 20/ v R AR AL
FIERIDIRE, AT B2 HUR W WAL E L, e, Hyutake 2

B AN CESTEMARE2) , Bl AHARLAR e/ M2 ), XA A, 2z
[ FRY B MU e P 23 B B o PR 2 B R AN e A 2 55 T TR

AHE R

. 2R B R, AR

. BRI R AN 2 H . RIS ELE o

. S BETE HL AT I 1f o

. T T HUBRAR S AT, AEBE T Hh R R A ] FL SR b~ i

. SN A 22 A 2 K

5.8.4 IR BN E B (Routing Density Versus Number of Routing Layers)

XTHEZHEH, BATAT OB AR T — 28, I R AR T B — L PRI T AR b In) 8,
% JZEN IR B A IE LT IR BRI R AR e, S Z WA ST 025, 1248
LS, XA RES RSN A, T HIRATSAA B AR XU .

flivh d /N B A — TR B RS v AR, ol TAE AL TR — & 2B AR A T2
I EEEAN, 4562 50M,  FRATTS0 T CLAIE AR I e A R i Tl BEAIonT DUMER 1% i 1 3],
—/NEH LA BEAARENT U, RENTVERZY— AN KIIR 70 U3 7, Bon—F
BRATAERB O Z (WS, — VAR 2 WAES, WA A 75315 2 R R, W A5 2 [l E
g, BTAMEE LRI ST Z s 8], A 143 20 2 A RS 55 T38RIl . 193114k
PR BERNZR A H , FRATT AT ATt £ AR KR AR 1) 2 D TR ANE R PR E, XA 2 5. 2738 I
H,  IX SR B ] ) 2 M SR 1 % 72N

PRI R BATAILEHE R, R &g, AN E, wREAHEr,
PATAT LA RENTAHR U TH 57 H £ 1 5[]

_(ry”
puvg -

2.0M 15.27]

where N = number of connections {(assumed distributed according to Rent’s rule)
Pue = average trace pitch, in.
X = board width, in.
Y = board height, in.
M = number of routing layers

Bl AE—8in*12in. M T F A 8004 HAZ X k12, 4=, ATKLATE20.132in. k=
B, XEMEUWRR YR ZDIPFfLE &, AT B4 )L RAME R 2 5] — Rk, ANEAEEA
Z I S PEL223 18], A T 1 A BT T %R B 22 1K) 2 Bl B AN R A 2 T A Xk
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X T LS. 27 f T HE - 1022 (R M SRS AN TR ARG A 88 5 R 1 ol BEAE A
ZIEXL M =2, MIE.2748 1 BAT7H E 2 DA k.

W= AT RELEDIPHR A 2 2 1S (a], R ALBOR AN, EREE ALAE Bevh A2 /M,
DU ICEE AN Bt e AT, PR AT ) Ta) BRI 1 S AL o

FE A PR S BR AR P BT 2 TR B AR AT A DY SN0 . (H I 21 I R P o

LI O Z TR AR 2 T 45 380 SR AR s ], (XN 1 ORI, F 2Bt
Hl TN = A

DR R P L, R SR AR s i AR FURE & T8 BT 2 18], SEpun S Bk R 3 s
FERLA T —ANE R, BRHREFZ T LREE, ERSE R T B .

GFIE I, FRATTAT LU 20T DU IR 5 10 AN 2R AR K R RRAS
AHE R
. FEIE AL AN i) A5
. Hoerid s, FIRENTEUUK B T2k K

5.8.5 MV EHEF (Classic Layer Stacks)

15,24 —5.26 8 4. 6. LOBIE IR I8 B ALY P A B R PR A e B A |,
0B BAT, BEV# 0 30 TR W B 22

, Layer I: horizontal routing laver
i l-wz copper
! 0.01Y—-in trace widlh
{ 0.0 in. trace pitch
a0
— —— reg: i
| . Prepreg 0.010-in. thrck
a10
00014 : - Layer &: ground plane

=02 copper

| [ Cors: O.040-1n, thiok

0. 0441
) o Layer 3 O W power plane
00014 I |—ag COPpEr
0,010 T Hrepreg 40143—n. thick
T Laver d vertical routing laver
03—, bolal |—0z copper
thickness 0.017—in. trace width
0.050—in trace pitch
ol n

Comments
{1] Easy to produce dus to
large trace widths Good
contrel over impedance
{2) Ratio DAY for orasstalk bs 50

Figure 5.24  Four-laver stack,
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XL A N R A I g o L P IR 2 . i RAT Sl FCC, VDE, 253 HLi
SRS, AT AR RS, XS B EHERUR A 1

TERRAN I, REASKE R AR & B — R AR T, et — )2 BRI AEfE 4t
FAEAEAT . RN RZ S E A, ARG JEFE — 2 B A B A . X B T AL
%,

71 15.24—5.26 1 HL J5ORT T B b i i 2, 2402 W7 th 42 1 5 38 R v 52 1) L A3

BN — )2 Z B BRI, BUF 32 BRI TE gl 37 2 2 e 1 ek R o FH 38 (1 3 it
PR o SRR TR BB R P ) 2 47 80 1 (0 2 AR T BRI A% SR IR 2

WAL Z R REIFRT— RAVEW % RN, RN AR N 2, AN A
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