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FHNE ERESE (Connectors)

M.

AEFRERSRN RETERHE S TR EMEMIR BT T FEAE SRR, R
TN RE R EE RO AL ESHC SRR, SRR S £ R AR BN G R EEAT T
HBARWTR. HRRENAE. 2HBEELNA. Z20F5NA. BRNHEEFNAEE KRN
AT T . BJE, R T —HHRRERS.

IEX:

F O RO, kR N K . SRR 2 U T . e Ak i, L
MHz [ DINIEB:2% I % L F-25GHZ A5 5 10 F T4 SMATE B2 B 10045 A Lo AT A
A B ) ZE ST LG 2 K2

KREANG T SRR I LR . LS T G, ARORE NTE AR O R N o 2% PRI R AR I
WA LA 1 I e U

R M T 2 (1 T 1) PR R B

HROHUR-- T BRI

R I HL K- BAIUE S B I S BORRA T (EMD

A - RS S

9.1 FtEEHE (MUTUAL INDUCTANCE--HOW CONNECTORS CREATE
CROSSTALK)

9.1 B R L B 1 ] S RO RBRE & o BT AN HBRIRAEX L YL Zo NIEHRTIAK
AR E R AL HTX Y ZERGE, XIOWmasY. 26 Sk s dik. EY LK
W Lz B R, UMY SXIASE MR R . RIMEARAT AT, PSR R RO ] e 25 4
BRGSO g 7
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Distances Sl
between —
prins P

|
a 1
i
|
|
13
o
]
=
-
i
|
'|]'|
|
|
1
1
i
¥
‘-..""

The only ground palh

o I between boards iz this
B pin, which carriez all
¥ — three returning signal

currents

Figure 9.1  Mutual inductive coupling in a connector,
KI9.1 s AR i K

EEREAS IV B S A AR AR A, AR A L BRI, AR BB RN —
Se, HMERARRIUN A, AIRIUN B 9.4 UL T T E AT RS RE DA AT
VR AR

9.1.1 B#iFML (Estimating Crosstalk)

FATTAT ORI 28— 5 BRI ) OC R AR Al TH 9. L AT A A B 2 [ IS 5 T H RN e 31X D
fliTh A Z L 1 = A4

PR [ 2 T £ A P Jk

U555 B KA ZDI/dt

F5Z W 245 (1) BT

KT, o TAS TR R BT, 3RATT R % B 1 Ak i Wy [ s 2 1) (¥ AH 5%
M, X FY.

[ Y P S T A R AN T A SRR OB AR T TARY S B R S i i . LK
SR [P (45 5 r it PRI B A AU s I e s (LR 88 0K T35 — 10D

Ly vy =3.08H ln[i—;] +5.08H In{ %] [9.1]
Hrp
a= XESRYESHERZ CRALinD
b= Y{ESRMZEE (FA7in)
c= X{HTEMEM RS (AL in)
D = AT ES (A7 inD
2001-08-27 FRBUITA AR ABLAL 5T HHA, L3007
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H= B K (AL inD
L x,y = [BIEXHIY 2 (8] (LR (7 nHD
9. R T AR HEK ALE RS (Hatb R o RUMEA X PR, 45
9.1 rpxs Al o K 1) T B th REAS 21— MR E MO A ORI 5. EREMIA R T AL UG R IR N 2
FT I PEREM M . WER RGP N TERE v RERE M R UIERE, AW MIERSIFIN-—F
EITERE.

T AT SR I dtE, T A A5 (2.41802.42k 4k 1HDI/dt.

B — AN R R 2 R R A SR (9.2) o SR RPiE U R st I S B — A
KB . B ORI TR MG L BT IS T (A1) o SRS G T AT A )
5%, AHE 5 IR .

S RE DL RR G R REAN T 1) By S R L R e R R ) R
(RBR B % RApH RISk, RS2 O R G e A5 R T — 1o

PATF 22 202 H T AIB A T T AR 1 5 N AT B Y v 7o A e 75 Jk i AR OB ko 5 35 A
E SR VN LN R NI EIE

PO

df

Case I: Crosstalk = Ly y o [9.2]
[
o s L
| dl
Case I1: Crosstalk = — Ly ¢ — [9.3]
207 dt
2001-08-27 BT, AR5 50T, JL300T
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Distance, driver
Lo connector,

iy i e
less than [ o

| T ) [
i - | G Casze |; Low—Iimpedance
’ i driver
-
v l... '»_q
_| e
i
by i
1 L i
r 1 .
—p B | ) o] N— Caze 1) Assume drive
i i i impedance
, . _ fuals 7
. L .'.I r L - - ; : o
Electrical length [ Biuals L
of rizsing edpe |:L

i..-__-......... Metance, driver 4'
to connector,
mare than

Figure 9.2 Nearby drivers have lower drive impedance.

9.2 HIARIKEN &% HR IR B B

UEHE 5 1 LT AR R E AR N TR . 1K19.37 o JH T — DM AR IERA
P 9K ETHIN TR A AR AR 5 Wi H e AR Bl TT 0 S I B DAt o S R 8% (T LU R TR
I, AL OLARAT B

Any =eriez impedance
heroe, like a resistor
ar an inductive bead,
makes Lthe capacitor
much more effective

y

[ -

| o

I -

' N N i |

'_.:- - I—' = I_
b | |
——
- -

Correct il j_ T Wrong
eapacitor 7 W -— & ! capacitor
placement | e — ) placement

W -~

>~ T

Figure 9.3 Method for slowing the rise time of signals,
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9.3 JZHE 5 LTI %

0.1.2 Hi P T AE L% 4%2 (How Grounds Alter the Return-Current Path)

N HFRERE RO SR, S O A AR . B R AT B BA I T Bl e 2
P IE. A2 COA Bk b 5B R R R I L U AR A . AARATT, JRATTRT LTI 4%
Pl AR A BN 2 R A AT A

MWL B9 A i T, FRATAT L (i) JEEei ek 2 [ SR LR,
SR A 2 B 5 SR S —28, A TN T bMICHIE, IXAEAE 0.1 P I B 2 1Y
Ko HAHIELGY B E K A, K e BURXANY ST L8[t )y, A i 2 v
FOAST R R AR A 55 RS R0 BT B

B2 0 b A oA 5 2 RS . I AEAR SR O S T (D BUK? M
2 B MR [ XCRY A 2k (0 FU R AE [ B Y b7 2 SR h e AR BATTR 2 i it
IR, JERBHBTLX, Y #2502 ok i) —2F

K194 FEXAE 5 2611 b5 39— R Hb 2l mT LUK 2 i v SRR PR 7 B - o RRAR M 28 45 2k
o FERIHRLX YR R T R B i B 22 B M 2 3 20 A 43 e R AE AN — o BUECR
e,

Returning currvenl sphils,
part going through each

greuna pin

s

* More current goes through
the closer pin
The nel effect draws
current in path X away
from path Y, lowering

Lhe croszstalk

Figure 9.4 Adding a second ground divides the ground current.

9.4 1905 A7) 4H 2 LR

FB: FEA5 5 XY Z a0 b HAEXHAIY 2 S i & A R R AR . ERAEXHRTY 2
G IINAR M Z, KEXCRY 2 8] (i () 1 —2D il 7y (1E19.5) ,  JUBEASE i JgoRs T o IR (1Y

2001-08-27 WU, RS BT, 3010
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(1+N2) ) o &4k,

Coupling is proportional to: [9.4]

1+ A°

! .?.-TI;'_ = |
e _.'_"_«-'—':"—d*v-'-.a—_q_f

Withh & grounds
zeparating =ignals,
=" coupling is reduced

FIZ-_:!; _ by a factor of

. |
. 1 4+ N*

Figure 9.5  Scparating signals with muliiple grounds reduces coupling.

9.5 JHZ ML 7> b {5 vl LUl R 5

FEN4: RS AR5 5 2 EIRRE G A HOR B B DUEARAS S Ze s . sl 5 I 8o
LA/ BT B, CRAH B A NHE S B AME S AL, RS S AL S A H
2, WALV BT 1550 HA Rt D TR RS 85 B AS S 2t R . X1
POREE M2k 7] (5 5 S B

FRS: AEIERLARIA I N B3 R IFASRE > TP R A AR S 2 Fr e L B
M.

AHE R

SRR, ARSI, EIER A T U 2R A .
FEVEFLAR (0 7 8] 18 0 A b RERL/N T o

9.2 HBEBHB—FEERAEHRETIN (EMD FEERE (SERIES
INDUCTANCE--HOW CONNECTORS CREATE EMI)

EMISK B 55 K RIS ) HL A 5 IR AR R o
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K19.67 451 T — ANl i FRIEMI ) W%Aiﬁ?tﬂﬁ/\Mbitfﬁ%LJ‘;LT%%%B@J%*)iC CH
A fE ST HRCPU AR B 2 B HA TR —ANEIE . 64K 5 28 1R 0] LK AN BER CIR BIA, I H.
K2 B I IE RS B IR

SRR A 5 FR R AR B AR PIARC R o & A2 IR 2 EMI ) 8.

KL 4% P gy 00 R YA 2 A ) PR e ot DA SSOAS g T Tk FCC-V DE- 16 S P 28 S5 25
e EMITR U5 K I PR A B BTG (5 5 Bl A8 SR A3 )RS mT RER) /I o i, 728 J i 1 e A H
MR SN Ty BB FEW5.17) o 7tz Ei—A6-in. t<0 010-in. e 114 FoL I 18 5
FE B — AN 0,06 in 2K PR X S5k e  SXFE— A PR X St EM R Pl 5 v] DL 2 1. 159.67, 4
64bit £k L it il ffﬁ%A%DCE’JZ‘ﬁ@Z}:HT&MTU”J%{E%%P@Z@E’JE X3

LRI B AR W BRANE S, AFE IR As et A I e e, e Am i Iml it b
A AN IR AAR I XN, R e E AR RO, W B FAE S H g A R d
I

VE 94545 5 B PR S R 0 TP 45 3, 9.6 P AEIE BB N IS B T — A58k . FeAT 1
GLIRPIX AL . 64-bit/i i 45 5 B A% 1 46K 22 3R] i FEL P A2 e G LRI B B BT 2E 1 o

EML comes from

current loop &y
Hipnal ecurrent meErde connectar B
on G4--bit bus

N
1 ’
Yource s - Bestination
i -— I *___;'] '-'I
. e —!:— !
[ - _
Returning signal | Conneclor
current flows !
along ground
Most signal
| | return currant
. | flows through [
ground pins in |
connecior H
- | i
Card A - Card C©
If there 15 anv other
© palh. =ome of the returning

signal current will fellow it

Figure 9.6 Signal return current from a 64-bit bus,

/9.6 64-bit 155 iR [P HLIR

T AT BT HAR IR [P % A0 2 ﬁ%ﬁk%%&%’]%ﬂ & R FIBR R ARICHTZEHUAE S5 41
%B%ﬁTo AEART A ] BE 0 3R (] B A ORE LU e 4 1 A B IR IR [ AR S — A SR Bl XA, JF
HL AT EAFE 73 HUH
i, E9. 7 AR R ARICHE Fﬁﬁﬁ’l\k_&%% PATRE T3 ob— DA FROA DI BT A
BLeii . {5 SRR &R n] DUB I A D L I AR A, WE9.7 1 G2[m] % .

2001-08-27 WU, RS ZEOTT, FL307T
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Huawer  EOEECT LR BT AT
Sipnal current Connector B
on G4-bit bus S
- ——— '( .l..
| 7 | L7 ] ll' t
Souree d o eatinalion
- ‘D
[ )
T § . Returning signal
i ; current =plits
! (| Some goes through
I{::—_, i L'iﬁ\'_'..'l Comsrpeclaor
Loop &a s e | ’. |
formed by the N R Sl
diversion of return I— B
current through
,
connector [ .
Connector D
Card A Card C

Figure 9.7 Ectuming current diverts through connector D,

9.7 ik R A DR [l VR B AR e 75

T A DI SR, A LE Ik T-GLIml % (1519.6) FNG2[mli% (1&19.7)
A LI LR AR

Current through D = {return current from A) f‘@' [9.5]
i

JE AL DAY IR (] L P AR K U e T L BEL AR LU AR, v 5 Dt e 2% (9.5 P i |
AT E o BESREMUZ S0 s 5 (1, PRI FRATT L5 225G 00 P [ i 1) LR ERARABEAT T

IR GLAL & K IkdR ]y, JLHLEKG /N TRl G2, PRk, A —/NBrig L G2, A
o BRIy, AT R T HUN RN . FCCHIVDE FRHIAS L 78 B R IK 1 4 3K b 5
i, AREEIT100uV/m. SETEMCHIFIMA BT HoRTE S H S Bk .

DN 77 i FRORS A AR R PP AR IR HE R, RO VR 22 R 2 8 il i 4 2R . 25 509,67 i
ALFCCHLVDEF30MHz LA L (KI5 S BRI 21T 2o 1AL TS (8] ML AR L s 7 I ) T A
PRI PR AR R AR

Al B
E=14x10 "% 222 2107 vim [9.6]

(T 00)
xH
E= MRS ME (Vim, 3K
A = FEEREEIX 5 (in.2)
Ip = WEEHHR (A
T10-90 = {55 LIFASTE] (s)
Fclock = gl (Hz)

2001-08-27 WU, RS #1001, F£300T
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SEN0.67 EE R ML X AR UL, FLIE RS P, RV e e T 1 A5 59,615 H A5
S HL~-20dB A AT RENT . UICEMEU R BT X R GE T A A e WER — AR REW L 20Kk, I
I L00MR B RET AL ? 7558 SEARII BT Z BTN — TR SE, WLy ST I e i g
Lo IXWPHRRIFARIRDE, (HE AN BELE 5 1 1 AR h 2R A . HUBE R AN B 3778 1A B
(U5 AL AR IK BT MRS 2B H AR
B19.1: FEEARHIRS RS

K9.8% 7k T DAL ) 16-bitn 2k . FRATT AT LA—20— 2D v BRI GLRIG21 Fi g,  FIG1,
G255
[F] 3% G LI L%

(o]
ool ]

=90nH [9.7]
r= 0.025/2 CEIEAR, ing EEBMHEMAE2h/d)
wl= 02 (55 5HMESE, in)
h= 0.4 CEHEAREHKE, in)
172 = HZRT G 5 MR PR 9.7 R 2)
G2[H] 2% [ Hi Jk :

Loy ™ Iﬂ'.lﬁ[wz an(ﬂ) +h Jn[ W )]
r F
4
=m.15[ﬁ !n[ 0 ]+0.4 in[ 6 ]
0.013 0.013

=234.0 nH 48]

r= 0.025/2 42, inD
w2 = 6.0 (fF5 5IEHLSDINER, in.)
h= 0.4 GEBEZSEHKE, in)

fie $L R 3.7V I TTLIK B (5 5 ESORK L 42k AL, 15 5 FEImt (1 Ig-0{H g 74mA Il
(I EE%Jy+/-37mAQ
255X 9.5 1] LA 3[R BY (1) WA AR FEL A =
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Iq = 0,037 A [9.9]
0.0 nH
I 2 = ﬂqﬁ?’? = [}.mId' ,."". B
v 234 pH (9.10]

IAEFRATR 55 9.6 R A TH Rl B GLAI G211 4R T o Ml ERGL 1 4 -
A = 0.08 CEHKEO0.4in. T F55 5HIIEE250.2in.; in.2)

le1 = 0.037 CAEHLYL, A)

T10-90 =5 X 10(-9) ({55 _LFHISTE], s

Fclock = 10 (8) Hz

, (0.08)(0.037)(10%)
(5x10°)
—RAE T E L RS KLY E82uV . RS KB Ir L AR S T AR T B,
R EREE UL TR NPRY

E,, =14x10 =82 uVim [9.11]

Eg om = 82%107(16) = 328 uV/m [9.12]

G, XA AR L 2K . IR RRAT TR AT — N &EHED (519.7) -

A = 24 CEHKE04-in 3 5 5 5 Hu ¥ FE 256-in.; in.2)

lc1 = 0.0015 CWEfHHLHE, A

T10-90 =5 X 10(-9) ({55 LFHiTH], $)

Fclock = 10 (8) Hz

_(2.4)(0.0014)(10%)
(5x107)

—HUE SRS 94UV . 16HM5 5 L IR K

=94 pV/m [5.13]

Eg, =14x107

Eo e = 94%107°(16)" =376 pV/m [9.14]

[Pl G22I AR S S K T-Gle RN SE T IE RS BMIDIIEE B R TR Z , HURLG2H A2 K
1o XHUH, MGG IE L TIE RS BAIDZ M FE & . FRUB BB I8N T R G211
T AE D i ARG LA S G A S PR T Sl BN D) e 2 i D S K

2001-08-27 WU, RS #1271, $£300T
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Loop &g widlh
* 6.0 In. —
S Loop ) width
0.2 in
o, £ | '
""_‘I— - '—'-'“-"-5——-., —r
I Rl e
04 in.
1 _.,:T?. ._j_ >
AR T
. ¢ R\ o (A
blgnﬂl Return
current current
Ground pins are black Ne signal lies
more than .2 in.
Signal pins are white away from a

ground pin
K19.8 Iz [o] L % s 151
DL B —E R DD ek /N 3 s P e S A RS B 1) -

FWL: HEHARB BN 2 1. SR A TG A5 S, BRI AR B I a6 1 A R

MN2:  ERERB BRI 2 (Xt BE s N E LA B i . AR SE 9.5, K/ o ]
) LA o

T3 BT B EEE AR AR AR BT DLy B Bl R s i R B B A

MW4: W RARICHA G R FEK . X T PR MR AR PUIR Pl AR, BT
SEX9. 5 APz O] FLAT o

im%-K%%A%%%%@%ﬂw@%io?%F%*A#ﬁﬁ%LE%ﬁ%%,MOE
A, T KM AR O SR R R AL I T LIORE F 2 1 420 B R SR D 248 B — D Al
I

FUI6: S st i mr DU R el 2 b ) ) R Bh s 1 1 o 4596 P w5 IR TR
(RS2 B LA 1
AT E R
EMUZ 1 KB 1A 5 f i = A1
SRR IE AR — MG B ) [ L B A
3 25 BCHE AR 228 vt R[] R Y B A
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9.3 HFHEHRE--ZHBLL LHERESE (PARASITIC
CAPACITANCE--USING CONNECTORS ON A MULTIDROP BUS)

2R N AL RO RN, R AEIERAS L B2 A FE RO RN, A
g T UK UGB I BN IE RS . XN, JERGER IR 1 A I A O SR RE R L R .

Z I IR DA IRK AN . 9.97, SRR — MRS R EREM . HfhHE R 2k
ERER AR =, PR B TAIE N A AL RE . KPR IR AR TR 1 P O AT B
IEBCS o AR R (0 T IRE T) Rl DS B R A e R RE AR SCAS BRI 1) 23 BB

PA S LB e LR BN A S B R (U AR SR I A . 2B RS A
A LA TR 3R (R WA AR B R IR AR R S KT i 1 5 14 3 K LR R R o 0 22 RO TR
Y, FA T SRR E LA A R ARG, X PRI R E

X RIS 2R AL, FATH ERNEA DL AR PR B A . 4,421 T 4%
i o AR F A I T D A i PR

RN G R BRR RS = AN, HEAA NSRRI
(1) EEARARE RS IR AN 4% 5 PCB LR AL 1 HL
(2)  HEARASPIA DK S &3 A1 52 4 1) L AU 6 10 LA
(3) « AHUELSZ & A AN EAERESC TG DL F AU S) & (05 A
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Connectior
Transmitting
driver .

Receiver

Tran=mitted signal
diztorts as 11
pazzes each bus tap

Mher drivers /
remain conneched,
but dizabled

9.9 2 5L

0.3.1 BHBEHKEZA (Pin-to-Pin Capacitance)

K—BUERAEZ NN O MEESEER T F, R M98, HREHE.
R 0 ) P O SN A5 7 A ) L 54T T

WURAREAT A4, FH I 1.6 75 H s P BT

4K 22 400, 1-in. [ PEE I () S FE A8 TR 15 5 4 DR i FBL 2 JLANpF. PCBIFIIR AR 23 4 5 B
R FRVZEREES (P P 0 25 386 i1 2K £90.5pF

PRI RS I ) () B B LUK, A IR T 3 2 A8 SCHEA ) o 3R] LAl /N
o MN] DAFERR IR S RS TR B R S 2 s ], AR T T %F0.05-in. S H DUT IR RS
Fei, A SCHEF BRI R 2

90.3.2 HEERAR £k 25 (Circuit Trace Capacitance)

5591675 AT 2 BLPURIAT 2 AL R IEIR ARG DL B VH5 1 LB AT 2 i 7

2001-08-27 WU, RS #1551, F£300T
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T,
Creiineh ==+ 9.15
peritch z{l [ ]

X
Td = fRAEHRIEIR (psfin., PEHL3T)
Zo = fiZkPHPL (BK, TEIL4.571)
C = % (pFlin)

0.3.3 2 AFIIKZ) 2% ) HE 2 (Capacitance of Receivers and Drivers)

VFZ A 70 L T AR B T s A 2 A I A . A R, A L6y X
HEAT TR o WU, RN R AR AR SR AR ks SRR R A B S A A R T AE HUR Y
e, I ELR T s B R P ) LS O o A2 a3l R B T AT . R oY
{8 4 2-10pF.

SIS AL T O PR A I L R B0 RN R AR PR AN R, A
BRASHIEE . WKBA G —LER 1 i A — A IR OGP IRRAS N 2 AR AR AR KT

TR IR A 4 I 1) F AR R M TV A TN R TS A T AR R R U7k
BEATIE . FT AL T T AR i B, EOCPA LR tH A RE o ARk riP A T TR A AKX, & T
BOpFIMEEL AR AR X T -

9.2 LBA

— MR N R EL I E RIS A A, iR s . R
0.75-in.. ‘CINHEREZEZ/DIE?

T, = 180 pshn. (FR-4 mnmer trace)

Z, =500

Crer inen = 180450 = 3.6 pF [9.16]
t"“!lll.ﬂ = ”'?5(3'!{]) 22-7 FF |E:i.]?:'

9.3.4 ¥y A i 5iE (Evenly-Spaced Loads)

QAT ARG LYCRF AR, L0, MAERORI S A, B2 AT
AR E— MM, TR S R BLEU B R4

TS U AOHIL /T B LA 4550 S A FLEA R TR, TUA 95040
BURLAL LT o80SR R GOE TN S G 200, U85 AT B AL
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BT BB A BT R b e B M2, FURE IR N 4 8
ATE LA RBLBEE. EORPLHTRREI IR, MR LI, S0 B AL P A
U e

9.3.5 e % (Very Slow Bus)

WRAREA SR, W L% IR 2 L1 2 SR 2. IX RO T T LLAE I 119,97 A
£ () FEBH o T — AN HR AT BE 8 FBELAE T LK =5 SRR B gk b B st T DL HE
PR b XA A S5 R I — AN AL R AR T AR B AN PR R 2 i UE I e

IR IR g b TE A G S 2 i g ST I TE] (Electrical length of the bus) K, Rgkn] 244 i i
ORI SO XN FRATIAN S B A F 0 S, 5t R REL A — it i A 2k ey s sl 4 2k
IHOIR HLE o

W IR AN T AT S Ze g ST ], A PR BSOS o AT AT LAysk g b Fisf 1]
B R R R I — AR A B I 0 S S /N T o I B e L 2 5 K BH U Y R, 3R
Tk AEREMIRCI LTI E] (PEWL4.4.1.2. MHBHRK, RARC LIHFREKGAZE, JF H 205
PEo JERAR A DL R AT . IR s sz 25 (0 ri AR I, AR A1 kg st i H BEL T 221

AR ST (1 Y HL B 5 4.4. 3 IR (R Y5 U B2 AN TR 19 o 76 b1 R JRAT 1 3 T Yo
HLBH A5 T2 B BT R AR5 SO R AP OL N o B HRIR RUR AU CARERE B, X T2 fit
BRI FEL L BRI 1 SO 1R o AN BRATIAE F AT A B R, 5 SR ST
A EE PR S o FRATT T BUR FH (0 7 AN e R R PE B BT R A 2 13- 5o FRUREL, SR 2218
M, PSR,

U RAREE R A I B2 ) e () N ), A P R P K P L BEL AT DA e A

IR DFE—— A IR Sl FA A 0

] AN DL
REMI—I /NI 8 0 P
AR R

2 SR N Y xR e Bty T S 2 4K
X2 kUL, AT IR ) A AR A B, W DA BB A A

9.4 HEEHBHIE SN EMEASURING COUPLING IN A CONNECTOR)

9. 10 s IFE B R B B L] T AESEBs TAESREG N Qi B e s 1O PERE . R B kb 2k
SR, A TR RS R e IR S s AT B SRR R A A I R R S
o PR LB 1T 7

2001-08-27 WU, RS 170, $£300



W

HUAWEI

i AT L T

RIS
R R AT (10 3 1) FRLAE 23 Sl S S AN TR (5 B, BRATT R LI e M A s 38 P i 1)
FEEr e . DR SEM i SR B IR AR LS, T U THE BRSO B A B T A .
BT DURAE R, UG R e A 58 i

A
455y

9.4.1 H:HUF{ES % MI(Ground and Signal Pins)

KM LA [ BT AT S AR o AT I 5 AN TR

Lmd
Internal 50 5 H1 o
bacl terminalion wanneaLor
£ pair
¢ B
/ Pulse generator f S P e )
Pulse ! matchnng netwaork ,-" ::'_'E“T "‘.] tor 1_;1;,;::“8?]&‘0?} I‘
generator [/ y erminato: ST
; | ) 4 f |
J . ] - l
} —yl‘ | Hoope !
e i |
1 — " Y. R R
W ] (Hory b
- ' <10 — i v :
P t 8 IR g i
P e §T T [
vty ) . it ] .
| : ! . - Aot | [ e
kY ! | -FT,_; e o =_FH"5“' ! L5 L +
N ? o VLI TR l L 250 =
1 A ) / ) .
] .
Test . ! .
board PesEl
i boare —_
Simulated Oplional 2
SAUTee capacitive
impedance load and
matching

Grounds
in plece
as planned

rezistor

Figure 910 Test setup for measuring connector crosstalk,

€19.10 s TR

R

R BN I R TR I 1) S5 R T, AT AT AL S AAT T AR i o R AT T8 20

S 2 -4 I O BRI SL AR R 2
A1 T A 28 S PR [ R At J L PR — FE AR o XA SE
ATERYER o

FK o XA IR B 5 A I . )
A R IE RS RS & BT SRR, i

9.4.2 Jkh & A28 FIYE R BB (Pulse Generator and Source Impedance)

Rk e 2 s A 25 i DL BC AN SO PR DL P

AT RL N A P RO AR . 1

9.107, Yl FEAHA —MULHC 2% . VLHE R 28T US54 i R Z9500K i 2 i UL e, DARE—

g o VL R 2B e S (i — M HE BRI
BT WUERRIFA KB IS [ F e (0 BT, At H]
MEAE B A T H A

SIS, JT S AL T T F i i
108K . X IFADIFAZ L AT 2 B brbrifE,
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BARRING DLkt FEAR LN EARTHRIZI MRS o WAl 2t n] A A R IR 5
(HR AR R Z I S 3R T AR AT 22 500

T doe 2 L E AR A A 25 PP I 1) S5 I 45 R I T o 2 SRR PR M e A 4%
AT, REGEREIN, Rl DU fe i IS5 A (BUBEE 75 I LT BKEh BB 1) ETFIRTRD

0.4.3 KIREL L5 BHPL(Terminating Impedance on the Transmitting
Line)

PILL ALY foe 2% v s B (R BT EA T DUIC o G A dpe 25 v it Y (A2 P BELDL S, Y A L BEL A
177 o WORERZHIE TR AT BUEEZ, M AN EEAT T SEH A AN AR S
)RR A N AR e rE AR B

0.4.4 BERIFELL PR S PAHT(Simulated Source Impendance of Receiving
Line)

WERAR I SRS A P BT %0, AHN R ERASUT T S INKERAKE A 108K .

71 HLBEAE Ay RAFNRIIS [T HL I 2 ] (0 S P A 22 P A o W S WD TRIBADISR i3, 245 1 R4
AR B

FHN ML, FEOEA B b IE MRS g IF L R RE. A SRR LA M B R
(=) ARBAEBHINAS F 0 7 sl A AR /N

9.4.5 JGHZ i BH (Matching Resistor)

W SAR VTR B 2% PRt B FERELUC A, 7 ' RS AR VT e R BEL S 55 1
Ry = Zy 50 [9.18]

XH

Zo = A WL IVLRCREHT (KO

Rs= USACHBL (RO
WRAR R 2 A 3, KA RIS M, B A5 T T rU B A N PR N AT

o TR RO FHATOWK (1) FELRH o P IR 10: 14k

o 2 R PRI RS T B BRI 38 TSR IR 2 45 T

50
R, +30

¥

19.19]

X H
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Rs = VLACHIFH (RO
G = HRIEEE (BAISKPr HURIRLLUGEE Tl 4558
DU RT LA FH G A F PR SOWK HL B o FH SOIK PR ) Al v 28 3445

FHEA

{7 B PR T R L REE M A D B AR K T

0.5 FEERAT HiAEL % (CONTINUITY OF GROUND UNDERNEATH A
CONNECTOR)

9. 1L B (A58 ] 1 e A A O 25 R AE vy T N DI RE R LSRN S a2 0T T
—ANRAL, RS NPT E A e B VE 2 S, IR [P S R a2
AL, ARSI BOR e A Ko BATRT DA 2 BT — M .

All ground pins

happen to be an the Jignal currenl

far side, and =¢ the returning threugh the ground pins
layoutl person jusi must flow around the top of the
hooked them wup the connector before rejoining the
cloaest way =zignal path

0.100 in . e
L Ground
4 plane
0100 in Signal
layer
|

Signals approach connector from
Lhve botlom

K9.11 RIGIIERAS A2k
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HUAWEI AR AT R T

XK il B — MR IR A e AT A I A BN IR A L UL IR19.12,
B RV EF 25 240,050 sk 784 1 Bz s vl LUK FH 9. 13/ 1) gt U7 5o IR SR 804 119,12
IREGE, AE D F AN L B 9.1 LT R — AR I A A PR AR )
AN PCBAIE T n LUK A Z AR BB LLAN 2R MR 2 o S RIXFHRA ) 58 A 2
B2 T A 2k, BUAE AT IF AN SN2 IR 2K
i, LU RR A A S AT 3, B B2 TR ) s ] o X SRR A Ay
RKH B
Ground pins are tied
te & sobd ground plane

which extends belween
connecior pins

‘

{.100 In

Return currenl can snake
through the pin field
staying close Lo the sipnal traces

Ground
piane

o T N

v o o = .
0160 _in e Signal

o ‘ I | ( T . N

Stgndls approach connector fram
the boitom

K9.12 BUf I IE A ATk

2001-08-27
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Ground ping appear Ground

N pairs current can flow
frem connector in
any divection

.
U000 mn. &
Ground
plane
. 4 I Qs )
0050 in. ¥ =lgnal
layer

!
i

I|II
|II

/ signalz approach connector Trom
/ the bottom

Miniature pin spacing 1= only D050 in
At this scale, even Lhe tiniest

pads loom large, leaving no
room to robbe traces belween pins

K9.13 TALERS AT

ATEA:
WRGERAR AR IR Pl R R 2 10— LG, e 5 FATHE 3 = I
Ko HALREIFA LIRS AN BRI 22 /D

9.6 AMEBIZERH N L EMIE B (FIXING EMI PROBLEMS WITH
EXTERNAL CONNECTIONS)

PR R 2 T s S e e R e o 2 iR tH AN RE T AL FCCRIVDE 4R SR R ) . DA
TR AR A SR g N B W] RS R I

(D AMETHATIEBOF 24 S UG 5o XKz LTI BRI ]

(2) « WZiprk. BrlnT LLAE 5 AR A MIUERPU R Bl 42, JFERERH M5 5 Wz
(IR AT o [R] I S5 RN 77 i HLHE AR 4 (1) 3 4

(3)  HLAEE. TR AT LABG bz v HL s A2 ) HUE,  PRAIRABATT ) i o TORT R i i vt
A B F A AT 1 B

HORBETE R RGN, AR T EXANESE S, A T9.87Y,
2001-08-27 FRBUITA AR ABLAL 5T #2201, 33000
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9.6.1 ¥EH (Filtering)

U SR AR REFE 52 AR LT IR 10 PR R AR 2 PR R, AEACH Lok B A O H PR 80745 4T g
Peo TXAEAE MU IR FELUAE 1] 5 ) S 28 S e PRl o S 8 R0 B it T LA S A i 2 K
By LRI AR, XL R IR B I8 w] ARG NI A e A B M

HLR R I LE R A U HEGE R B0 A8 DRI ARG R A IE BIA A 3 T
AV, PUN Ay 8 % Wy TR 22 w5 T FCCIVDERR ST R e 5

N TN, SR S R L TR, AR A R A R M R I
FRrrhnl,  RRCE TR T XN Mk B BINUAE L, A SR AT ] H AR 1 H T
I

HER ARG B CAE R RN — R, i HBUEHE T A IR s (DI e A . IXPHIE
PR A A i RSN I RESE IR LA FR) 5K B (0 B %

9.6.2 J5Ea(Shielding)

XU TRECRUE, Il H 1 O Bk 1 BRI AP A S WU P, LA
LB A o BN BE R W 9. 14 7 o TERLAE A B3 A 10 ) R 4 (1 — AN L 110 <2 s o
i IR EME S H AT DL AT AR S 2R N R [ o A5 5 e 5 e 2 1) [ P ] 3 1D 1 8% A 5 R0
N AT HRRAFH AT ST B R AT LB R TR -

Signal Foil ar braid

E— conductors .=.l‘|if_.‘.|d
) N
N . - | e N
\ | .fn': P T
 — T ————————————————
- T E . [0 table
[ A o} . - : /
=i >
-I,I' ..\.
\ ['Lll'r'r.'I!_l
— : laap (4
Cireuit board 5 Mrrein - wire -
Connector

19.14 Bt i g 1045 5 20 B R

WEAR KL IR B rLL 28 mT ADR ARG, IR A ARAS B BRI B8 2 18], T AN AR
SR, R B B LTI R S ok Ul T IRERARKIN,  RUA BT A 1045 5 G A [R)— AN
2 Inl % o
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FEBERE AW, 77 2k R BRI Z T B A L UHE M PRI R i A . — SR ahad i B A1t
—RBURL LA B . X PRRL BR IIE A BRI B, B NSO R R, H
A%k, Eh. K914 LR a4 H i 1 FCCIVDERIbRE ! BURE SO IR 5 8RR
Uf o AR 7 S R U I i 4K A

N T 5 LEASREE L P PRV AT ot A P i < A D = (W e o L v R AN i )
JEHSHCR IR AE SR AN SE kR (O B, A Eeda ke S A = N 2 24— 5 1T
PR AR LR RO SR LAE ¥ <82 A 5 o

XPEERIURESR L, AT s 25 U EE R DR o X I J ie FR) Jr E eA  Bl i) o m U
Ji (D J5E (3D Kig bR

9.6.3 # #FHZE(Common Mode Choke)

AR U BAEAE A e v s L, AEXE AT AN AL FCCIVDERUN I R Gk Ui, AT
PAAED —FhAb e

Eﬁ%ﬂﬁ%%%ﬁu‘%ﬁ%ﬂﬁ>@m%%T~AkMMHL st ELRE . DRI
I IS5 AU FIAE A R SRR M 2, Sl I REFA IR I 28 LT %o BT R R 5 HLR
TERATE I o

X R LS AR R B AR AR BT (K FRLAOR B, REPA AT IR K IR 5 o SX 8 LR A AN L [ 3
REREIR, DR 2 A 2 e Pl SR AL 1 4 R A RO A R T g 3R (] R ORI ) B PR
PG YU AT LA gl D T 40 S [ 1] 5 ) LA

HRWPHLE X A8 AN R R L8 PR T AT AR 22 A o 0 2 i~ (0 R P B the ] UG P X
Jiio

AL ZE 2 00, O PRI S IR KRR . AN I REARD RO 5
U S ARL PR

W FL AR TR ) s S S T R R LA, B E A REE I FCCHIVDE R EMITNA .
m%@%%%%ﬁLﬂﬁ@%%*m%#%ﬁ,EﬁﬁLﬁ%ﬁm&%ﬁ%%vﬁﬁﬁ
o

i 0 BEL 2 B 93/ a2 i 1% [ [ ]38 £ FL U

P19, 14 bRy A AR AUFEZ [ 2% (1) FR 3 25 5 T FCCIVDE I RIUE o
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9.7 HTEEESKEKZEE2(SPECIAL CONNECTORS FOR
HIGH-SPEED APPLICATIONS)

AMP 2w MIAugat 2 w) H A i (8O0 sl B Bevh 17— LUR R e s . X SIE R AE N
PR EI S GOl . XA N ThRE: B, AR PR gt AMRER BTN A5
T lElEg e K, ABATTHENEEAN O (0 Ay AR A, DU T S A A I PR SR )
TR AR R B ] R AR5 R

Teradyne NS 2 R E N T B3 T P R IR DD REE R A . B RERR AR
RFLPTAAE SR PLE i, DAFEBCAT N2 A i IS D0 NI NEMIBRST o X 22 sl okl #:
HL ARG T

9.7.1 AMP Z-Pack X} miiZE#:2: (AMP Z-Pack Point-to-Point

Connector)

AMP Z-Packir PRIEZEFE % A8 X 2 EIHE L K A 18191517k o XATAMPIE RS 4544715
S

FEHNVE 2 TR BCAT — AR AN/ 4 4 o X8 4 8 4 S AE A G R R IR [P R R AR AAR 1 . 42
S5 IR I T DAYERE A AT — . B4 P10, DUME HLy Ae e 20 UL 3%, DAz
A5 PR HR I HL K
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| | | | | 100

iR IR AR i R R
'"%'ﬂl'%' ~+-Qi { k& 1'“"'1!"' E—

P11 ERARE
.B_I......g lfm $. ._E.._.__E _.;.“...u
‘:'*i'"ﬂ' ﬂ“*’_ﬁ' ¢':T T Uross—Section
Bllwlelele ﬂ#—--—+; ———————— View
__*_..._--ﬁl. ﬁ + -éE—.-.-.%, -
BEFAPRVRFREAY .

i [ ] i A E BE'R R :

1 2 3 4 5

Perspective
View

9.15 o s J5SH h AMP Z-Packi% 4% 4%

OMER AR IR SV E 2 18 TR . AMPREFR'E /T LU LT 1] 5 250ps 1)
AR S o X500ps LM AIAE T, HXIEI9. 10/ A T IR, TP/ 1-3%. I ISR XL i I
IR KZ1E150ps.

i T (0 B SR A N T RS RS LA o TN ) R A RT DASP T A 1 0 R IR LK
(LIC) 12 A G K 402561, FLARKAEL 55 1 A e AT (R AT A G IXMNIE Al
AT HRIC/EBORK IF AR 4k 1.

9.7.2 Augat =%} piEE 2% (Augat Point-to-Point Connector)

Augatifilid 7 —Fh R BTG HI%E Celectronically invisible interconnect, ENND  FIEHE2S .
TR (R HE A SRR b2 B R BRSOR K5 5 - Fh i /N R IRk AR i, T X b R HL 5
ST S TR A o KT S g D R T DL K AT AT B AR . X R
Feas AR N, SR 5 115ps.

Augat F FRIX PRz g 0l T LTI R 35ps i) s 5 . LA FHIF1R]1900ps i {5 5ok id, 1%
TP L B AN FH 7 A2 200 1 4t
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X R H AR A IR BT A 45 FBERK o IX M I HR A [RIAE I 15 H3 R AES0RK (¥ 4% 4 £k
I

9.7.3 Teradyne £ i # & 2% 8% (Teradyne Multidrop Bus Connector)

Teradyne T HCER AR A TR 5 . BRI A I AMATHIAE I . REAT IR A mT
CAH BUAEAS 5 8 AT (AT — 0, SR AMP Z-PackiE#: 4t .

Teradyne & ¥ IR BLITAOFEM S AOKFICE K, TAVE e FRE R, WE9.16PT7R. XLdm
FAR MBI IR PR, (ARSI FIFRAES] . e T LAMP
Z-PackiE A B2, XN LRt Sm A S E T E W&, AHIRAE. [Goxbasd
FEARARIR, DRI MORT 22 0 38 i ok Ui — MR IR I F
Solid ground conductor
i remeoved from signal
nins Lo aveid 1IN edE s

signal-to—ground
caparitance

T T T T T T T

— — A [ R[] R M O[O T

x

- W EEEEFEEE _
LU U O O R Uross—section

— - MM EKKNERN ——  View
HEEKKENRREN ——

o R AT N A o 3, PRy ITRTE TR

Holid wall replaces

lop and botlom rows,
vielding very low
impedanece to returning
signal currents

€9.16 Teradyne % #1#% B2 fie it
AFER.

REEAEL SR THUREM ISR i — S ke

0.8 ZdEERNENES(DIFFERENTIAL SIGNALING THROUGH
A CONNECTOR)
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ZEOME SR IR U, ARG E Tk B AL RS AMICBE BT B AT, T T Rk B
CE/ TS

ZEE T MBS R AR L o AR — 5 5 H AR R (IRAERORAE SR,
RIS 5 I R 5 SO 28 —AME Sk 2D o B—ME SRR E A IER, B oAME 50
WP SR E, AT T (&9.17)

RN, ECARAME T AOE A T2 RS . R BT A TR EA M S i . Kk
i M52 25 2 T R 1 P A 0 A PR S M REAR I 2, DRI AR 2 2 TR ST S 1o 22004
WO AN A R AL BN 32 2 22 [B) 1R P, H VA8 BT S ) o

G 22 5345 5 o0 AR TR BIE S g, IR BT P AR AL S e 2 TR AN T4 5 TR R
W ZEME G AR TR R, AT HREA S 58 20 A8 R B M- B RR A
Common mode current. Xf T-— M UF R AEF 2253 R 5h #5>k i, Common mode currentr] LA/ 5 5
HLII 72 —. Common mode currentififi%, XTEMITEBERL A i 4k .

Currenl loop for signal A

Current loop for signal A®

Differential

driver L s ) o
A e _ - e
o —=i- b — 7 Differenokial

- - - .i" "":__I | ]'{”.':Fi"-“’r
¥ Al
The return paths fTor
shpnals A and A* coincide
I & and A* are exacl inverses,

the return currenls cancel
K19.17 2005 5 W BR A5 5 IR M HL

AT IE RS SORZEF T, R TERAEAN S A A IXAEAATT A0 45 5 3R [ 1
R ATEIHRI . 1 HL, AEPCBAT L EECH RAR AT 5EAE S, BURM 2 DI EAF A i/
AR AT AR LA RE KA. ST AR5 R — A HE .

, T.X
Imbatance fraction = —* 19.20]
I}" tH)

X
Tp = WHS FIALREEIR (psfin.)
X = MZKEZEME (in)
Ti0-00 = {55 LJFEE] (ps)

AL ZEDME SR T Z T ARMTAEAT L ol AL B AT 2 S — 2%, T
KINATL TR S E D EAMRIN, AT 8 LB AR A—FE . WERPIRRZes 7 ) e
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I, BRI BLPTR AR RRAR o FATTId T LA A0 (0 £ S G P Fi LBl B G 0 B 2% £ A
deknamix—%0R .

9.3 EH A

WIHRZE SM5 5 BAEFR-4F R UPCB LT R BS AT 28, 55 L THI 18] y500ps. JLrh—HR A% 5 2k
ST A ALITTAHZE0.3 in.. IR A 145 L % /bR 2

T, =180psfin.  (FR-4)

X =03in
oo =500 ps
180)(0.
Imbalance fraction = % = [L108 [9.21]

IX AR Z= 43 5 A 1% AT, ATRES LT 3110%.
AFTE S,

ZEOM R T R AN S W R I A RN 52 2% 22 1) [ 1 i 22 5% s il 1)
BTN BB 2 IR Eh 28K, Common mode current ] DL/ 15 5 IR I T 43 2

0.9 HEREARH H IR HIE M (POWER-HANDLING FEATURES OF
CONNECTORS)

FETS RN AR B T F 22 v AN — SRR RS o PIRR S =l A DU A vy P2
ST R EEARAIX R, AT BLSEELE R SR N AN TR (9 0 Bl r A R A AR I o

ORI, BRI, PR L. AR K, SO L. LR
WERPIEEIRIE, 25 RGN SRR A R B PEILB23T) . R R
R S o T RECR AR B ST B SRR SR BUN L. A SRR )
B2 AR 5 AR G R 0L B8 O T IRAE . 2440 SR R A B 1M 0.1,

A AN [ A A B (P B i, PR P 1 A B S A A B i I W g o X, R AR —0
WAL — 104G T REAL, R CRIUE B Fe e K A I I
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AR R
IR A, T B B AR R A 0 0 3 HL UL A PRI
9.10 B4

(1) HAEHUBOR BRSSP AR TP 2 R o AR I v R) 3G — 284y b mT DU /L
BRLR,  ANTRER /N T4,

(2) « EMIn] U 5 2 B [0l 2% (45 5 i s R ) o a0 SR REAR I M ah i B ds fe it — Mk
TR 3 R H 3R B A B VAR R e ik [R] HL R BR AT, KX R TREMINIR) A 5 B

(3)  ZHBESL N H L e SN AR IE R bty T 20 8. T2 adckul, A4
SRR I A5 AR A AR, Rt BA s BT A A

(4) Ay vk U RE A Tk Rl B s 1 T

(5) \ R WGBS S TR P IR A R E I — AN LI, X1 e 8 FRAT 14
M AR A 2 DR R 2AE IR A LG8 5N e i 2 /D
(6) « K HLER B IA) ) = A5 T e 2k R ER AR AN, S REUTEMEMITE . QR IR
RERE S BEAIR IS TR) (R EESR R 2 AR R E - B 1R 5 A AR AR 0 I i L PR A
ATUEBE -

Ty Oy 3t R FH A BE R ke ok N e [ 6 PR R [T Wit o 338 v 2 19, 14 P b v Sl AT BFE
S| PR 4R SN W 25 5 T FCCIVDE R RLE .«

(7)  XF s 5 B R, THRFIEMIS R A — Sep ik (R 2 8%

(8)  ZOME TR AN S AR A 52 3 Z 18] R M L FS R AS P sg e ) o %1 — AN i
TR 222y IR ) #8945, Common mode current ] LL/NF5 5 LRI /02—

(9« MAVE I m AR X — 4, W LASEI TS B AR IS AN [ (R 50 2l L e B2 47 454
5P o
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