B it 55l 551

a5

| 2 FH 2 S 3 BRI e T

m AR K A T 2 A K
w1 2 B 25 25 ) S T e

Ql\

o

a

(crimp) Zetz

2y 7

Vi —

A

el

il

i i (IDC)
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G B S W B A K AER T R
T AIERE A S PREEE SR A N 77 FR il
PSS 7K AR T 2 U A E #:7C (metal lurgic)
MUt B2k—5 8 (crimp), IDC: FEPCB-it BT & |, Lusk.
M ZGE R VR R B . A AN [ 58
B85 & (solder), #R15 (braze), &8 (weld)
ML K AT 422 11 2 5K -~ =5 - B 2 L 20 1) S
NN 2 SR AR
e 1o B S N R S 20 S N Rl o 1 D = M N D 7 LN E MR e N
Tl A
i L BH .5 B S I SR A AR R I B = 2
T TR A IS T Ao S 7 [ e TR —— 0] A2 o S R i A A Ui B
——~ R T TN A3 o
R A A & N %, 8 T B il (e.g. M AR FRAIE)

BRI 7 LB R S T A
BORAR I Wl Sanil ks E (e.g. & MR 5 20)
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RT3

1. YW E3E Crimping
P e R D

3. AZRRB 1DC
4. 124 Soldering
H

HAth: Twist, Screw, Weld

Soldering

Wrapping
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BOERS T I MFAE e B

Dit/NFIREAR, SR/ i L BH

NGB AE B2 PR L
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148 G5 K Dl e

G iy A ) B AN T A S I AR
i %ﬁiﬂi‘fﬂiﬁv%}ﬂ 72 A1 /BB
7 2 (1) — A B 2 A Pl 2 A 1

é’é?ﬁ@
7

Is

= H zﬂZE_L/JuIL&L‘
/meT%BﬁEﬁgf I
FH, 2% FH 205 ) 2 BE /) (ampacity)
PLhiom g, 8 SR 70N/ T 22K, 2 5K
%52 TON/F =Rt
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12k B 25 SR

X LB S, SAREEE:
a) SZC> AR —— i R (5] TS A ] ) 4 S 2R A s
b) KA SFHE—mHFETIREEARE, BE 4% Z1 4 BLAFO0ER
B B R BAE — RT A .
ML S BRI T S M, MUMeRE, flE T 2MH, ik, &, B
PR N FH LR g e £ S A &R
KN EFR-8R = 28V ; RN B FR-MLbs . il (temper)
My IORE, S VE, M. dl S ib ERE
BN AR, S PERR (IR

CUENUIERE, T FEMERRK
FIEEE:

B I ORI - AR R IR A 5 R B4 5 = 5 A SN s 2%
PR NERE ; BCENUMOERRPERE ; BEINRA CREXS R ; FE = i &
HERe VI IRGEN AN,

B7 e ORI - AR S IR A 5 Z 0 A% 2 5 AR S N ;. 3
JlAR CREORS RA) 5 w50t 5 FiL BEL PR G IR 25 L)
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S PLnLIE RE




RS

PUBR I R 3 FEPE RERHE (FEHR)
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EERSN
Por LEEER, FH MM AT
B R
ZEPZ (termination) EREANE
T TH] A BB M 2= o B S AR

SHEY5RILE B EY), Bt Re
(solderability) NI

P &R/ &8 A IR K, PUE SR TEREA I
1055 A8 11 BEAN 4T
- TH e SR S
(IR 57 51 5
= HHPERE T iy AN
TN T E L (86 T 20 in s o

E,e o BiAEHA
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FEL 2 FEL 2

FIEE D

B7 I AR - AR R TR A R BT A R 5 AR SO ; =ik
250° HYBSEALTERE IR IEBE A s DUBOESRIE REAN A E ; BN RlAR
CREXS AR HE) ; 72 = 5 6 L B 0 GRS 77 e, i AL BE AN

FHRE T

Tinned or Heavy Tinned coatings can be applied by either a hot dip or
electroplating process. To qualify as “tinned” 40 microinches (1 micrometer) of
tin must remain on each strand. Tinned conductors are low in cost but
sometimes require the additional step of twisting and solder dipping after
stripping of the insulation and prior to termination. To be considered “heavy
tinned” 100 microinches (2.5 microns) of tin must remain on each strand.

Heavy tinned conductorg Gan, ke dssd Whhauipmatic stripping equipment.




1 2k B2 S
SR

Prefused or Prebonded is a method in which the heavy tinned twisted
strands of a copper conductor are fused together by heating. As a
result, no special equipment is required by the wire user to bond the
strands of the conductor after stripping the insulation. It is less flexible
than other types, is restricted to 16 through 26 AWG and is not available
in bunched constructions.

Overcoated conductor is composed of tinned copper strands twisted
together followed by an overall tin coating. The individual copper
strands are bonded along their entire length. Overcoated conductors
have many of the same advantages (and disadvantages) of prefused
and are available in all conductor strandings, including bunched.

Topcoated conductors are composed of bare copper strands twisted
together and which are then given an over-all coating of metal, typically
tin. Topcoated conductors are similar in characteristics to overcoated

but are less expensive.
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SMEH -

FHLEF
%H’ﬁ'ﬂ?ﬁf:
P AR R PH R, BEARAI A, B RUEUAE 77, 50T B FLAE
B H R E RS il 14 ge, BERIRIZNERE (ZXI5) , R DU ER =
XE-FA: Wt TR AR EGR, e S S EF L e RN
(1)) BLZR 3% — 5 J7 TR A0 — 8 LU B8 1 — S B A4 B BT 1 40 4%

DL B R EANES il PR RE, FERE tR € T BAREE R, BB BRI e 1 e
, BROANZY - IR T 52 i .

MG L mBEANTER"RR. Ba L Ee RSy iz it

PR E IR, i AKX A S SR BN 00 R T R 2k FL S A8 5 2k

GRS HIMN L% . BAHSIAET PG E . wMAFETZ5EH

EVIR R B, KETZRBLHEELT AT ZNHKN— B

e
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12k B 25 SR

Dﬁﬂjﬁx X AEBLR B A SR T . #) A 2 ) L 2%
e E—EARFG S gL ORI R, HRES
7] AH 2 &%ﬁuﬁﬁiﬁﬁﬂ$$%@m e NP
BIREAZ. FOEZNHRNEMLE, HMESREmta
€, JURSBESRE, sk 2mERHRBUK. FOR
E§1_¥§un11ay$ﬂequ11ayﬁﬁiij+ﬂ>ii

2) ﬁéx o RS A8 22 1P 25 AR B2 ER AR B A S FE A 2 0 JH

, H & P2 B ¢ ) ERAH [F] @ﬁAﬁﬁﬁ,ﬁﬁﬁﬂ@

T RARF . KPP s A TIREUR 2 HI4H 2R 205
FIRST IA ] IR R 2o SREHLRR N R Bl AR 1R AL
o HILRRIIEL, RN AL, SRsEEi A
MIE, JURI RS AE 53Rk
3 FOLEL LeBASFELELME, B FE R PR
U AL EEP T HRZ . BEON R R SR R BUR L -
4) FMary AJsT B =R HAR R
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REGIN

Haze A
BR N m IS,
JIAS B I

HIF e e A
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unilay[A\0yESR AL A AH
) 5 A [l 58 25 ] — ) HH o Bl
SN A A R I AR S
— J= W& [m) A (R A &8 AH [F]
T I, AR, AR
XE

equilayfalyEL KA 0] AH

[ T4 [l 58 ] O il
T AARTE e PR PN 8 4 ) A —
JZ I 1) A e AN 4 AR AH [

5] /0 2 52 2 % ¢ e A () 5 4k
22 6] Al B SR TR 1
PN SR S5, B — R AL R AR
5 F—BEmsEixk, £
2 E SR BRI . A
B, & & IDCIERE, AR5,
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12k B 25 SR
KR Fe e T

BAMIRSE AL, HIRKGE: 2kt i RRR B2 AR 5 A4l In) Bl — 7€
ML, fERsEd . Bk R 225K )E, Ak, &
JRAAIR LN RETPHR L, WEE DT REs, ERIR
WU N, T H R R R RLIRE G i, BN e s: TAE R
W [HE, S BRI HRLEE S IRA LN —RR R, BN R
A& . Frbl, REAAFMAERBE L. LNENOHRL, =52
KHE SR, XA HT BRI, LWL TERE;
Hr R R RL R, AMEFSEEFENE, M H R 2D
XFTHRE R ZL A S AR, RN, FRRFE TIFD, Fr A4
ZJRA =, TeE T . EELEH, WAMAIR SR L5 A
B, YRS RIS T A 25 A

LEGR Gt NI B e e e 1, A3 Al T IDCIE 3.

Lo REGRREMA s, — B TR B, MOV AR,

P Ba T SREERAZ

BZAFH: BNRBRIBELSER DTN, BALRRKESRATET
aih

P> 2, PRAIRSRAE, 100 R PH < BE 2 .
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1 2 L 2R 2% )

HURThEE — FEHIMII e R FHEAZE T MR,
HARTHAE — AT RECRY, FEBE TR 4%
AL EEL PR BEAE X B VR R AT 3 & DK
S RE e p o BE / TR 5 BESR AR A W
BT R P BRI ZE R, BAAA%)Z I T2 BN A B R
2% TR N TR, # RS 48 2% = IO e 25K EE FRLZR 1=y, /NERAR ) FELEG

24 2 J7= NV AT ) 32 22 A 52 A 9, LW e 2SR R .
X1 4% (erimp) 8%, RAMERE 2 EEOIER =R
X IDCER:, A4 FIR M Re 2 HERER R
AR — MR EA — B () FR 0 ARFAERH
P HLH BON LT 25 44)
PURG, B, HrPedk; ATRTE ; RiRAe R Tk .
#%; L5 Y .
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TG )R (wire)

PVC : 3% 3k P4 Y5 15 FE A7 A A
T, F“ b M BE, ‘*‘ﬁiaa%w:ﬂaé

PE: LDPE (1ow—density),%ﬂ'r$, iﬁiﬂﬁ, 1&%‘%%’2&( Bact
I580° , HDPE, # U fItE, My BE 43k, MyiEo0°

PTFE/PFEP/PVDF : =i Re4F, = B MERE, =it R, & Al

7 2 B i R BE BE

5827 (cable)

KA T Mi (polychloroprene/PCR) : ;A% 2, WITELF, P K IEBRLT, HLiliPriaHll.

Zﬁgj%}jgi‘ggtﬁlylene—propylene rubber/EPR) : K &f FIHLI FE I RE, DTEK,
BB, T

B S R HE (polyurethane/PU/PUR) : L B AL RE, it 22 i v s

PIHPE s PEAR (thermoplastic elastomer/TPE) : (155/1%) LU e
/N HARE, BB

Je % (Polyamide) : BEHZ R E/IN, HITELE, Brisll.

5B A MR EE R

Encnn enables connection!




225 BOM P RE

J SRR VE RS P AR — RE W B2

Encnn enables connection!



o A% BRIV P RE




325 Bt
CRAEE R E BT BMI) BT - BRSNS, R
BB AR TR R B2 B Fa e R AL P TR v v AR .

L BT BERUZE RS, BElE A R AR T IR NS BE BT 4 I,
ERA R, SR B E R LR AT B E R e B A E 5 K B AT
&, 30 R RS, o i ) 5 SR g

5T BERAE F AN, HEL2E B E 7l oAt B R, AU, Ab M Rl B SRR Bl A B
K. WO BT &R i 2.

ERSE BT (foil shield)
Bl 5w (spiral shield)

2 23 5t i (braided shield)

WE: MERXFEMIES, —BRTER, EEMERLANBIL L. ST
WIS 5P, DUBIEREIRRASE, FFIa IEERT BRI . PRI ZEI8{E
RIE L, ThERERIPLR . SRSE i B2 H B AR, T HARECA R
WU E . SN RRRE P . Sh AR FH ks B ALSU E, B R0,
IS BRI EE/D, R B R AU, PUETE, RIFEIRRyKEE T, MU REET A
N SIBHEEAD A B RH TR &, HERMESS TR . S SRR i
die PR, TR TS R

Encnn enables connection!




= o [ NN

VAR R A 0. b9 1 B4 4E = F R s A L o

G 3Py, 7 S R 0T 100%78 55, Atk EE.

— WRBEG N 2R/ HEL 2L (drain wire) 5E85EAHE, {8 T i 2
P

L B

100%7E 5 BLA 58 AN I
I A o i A
R 5% (termination) 30, B e 2
FER M b

e 0 A RA R B

CEMETALETY CEMETHL RS 2
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i X0 B BEL PRI S

i S ) R BEL RS2 i) B T B 0 2

E’I= E’ﬂ[‘l + ai{l — ?I;}]

Rt, TUm A B EERH
RO, TO= FEF HEELPE
a, S AEE #2580, 00393/
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y h) \‘ A
FAL 2 B0 e

« FHL 45 ) B K A R R E
TR, AN Tk RPEIERTE2S" FF L
FIRCH, 28R B LR 73 /= vh 4 S A T 45
JE, REGRIE, 2 TBIRDL.
3 3 Y 3 E 1 21 FEL 2 X B
K ILAEHR
DIR:

2 S

B € SOV T

FLAE A [ S AR H

< T H A 1 5 A BRI RE U

I LMZ IE R4
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L (spiral) 57 i

Ui O AT AT R 323140 AWGAHR 2k
78 nn L — 2 80-97%.

EFH T &40, microphone, 24K

L
FAELr
= [ 7F A s
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TN BRI

U 2 RRATE AT 32 R A0AWGAHR £&
72t R — R e60-90%, 78 e 8 = AR AT B il R SR R AT
— MR N 2 /HEL 2 (drain wire) SEE56MEIE, 8 T34

s il 5

AEC A B i 5 A T 10 R A

HLAR S A% 5y ZE % (termination)
4 i A an

i 38 /2 B
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125 T

B 2 B

2R

i

N SR = T2 fi 22 (drawn) /1B K, &M%/ 4%k

Wire drawing

Stranding
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ik =Yyl DY
B9 (extrusion) — L 2 ME £
70 B, BE RN SIRESS  JE b B - [
FRALPR (P2 A T BREE 1), AL
= 38
32 % (dip coating) WL
Bla e e e, M, G TR
(B MFER) , EAH TS BR-%
W28 o) r= A S

B Ber (tape wrapping) : -1
AR BB AR, B 18 e Bl
BT Sk L EHITIAE.

w2 (braided) : - Z4EN2 e bl 78
B = N 0 [= By > S = 5 o i
RGN 1% ]
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1 B

5 AR L A R

H - FE 20l H - FRL 2
o HZE (flat cable)
#E@mx&%%

J5E e, 256 T[] 4 HE 205

Py EAES"

X EH 285

USB3. O Hi 25
IEEE1394 Hi 25
Display—port H.25
SATAHL 25
LVDSEE,JL,

o HE 2 AR MR - 1) T
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% 5t

% R Z0 0 AR, S, FE T, AU
R 23K, i 8 28 AR, vy A
e, e Re, ML Re A S A KL,
2 R R

A BRI, BONHR, B B IHEE,
R 4R (flat
cable) : ribbon cableffiflat

flexible cable (FFC)
B FENEZ-ERESZ EXR—
E AR ST e -5 72 Bl Rk FH T
I AR, KEIR, w72l s IR AN
MUMTERE (b AR B)) LK, 25 i
FORRZ
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FE
Uo7 Tk )

Secondary Primary Copper conductors

insulation \ insulation ; /
Fillers inside/

where needed Conductors

Jacketed
Cable Insulation

Flat Cable

Dielectric

Shield

S , inner
X2 27 o Jacket

conductor

Signai / ’ ™~ Grounds Shield

connectors

Shielded | Cg";‘;‘”
Cable ane

“FFARVERE LA (e. g. BRARALHIZK, [RIHHZZR)
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TN FEL G T SR 1 PSR

Ribbon cable —f& 2RS4
Ribbon cable Flat flexible cable/FFC
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RN ) 7=

TR NG S R 2o NNV YA REE 57 P2
fERAGHAE KRG AN, 322
S A ] DR P DK R AN R A
ARBERGHT, R AE P HI37 54 225K,
eSS A B, A
ReFH TR R GeH, IR ZR S
FH A 1 ) 3 2 ) e {5 S 4

H 73 Fic 1] L. & B0 i IR F 2 3 208 Al T R GiE 5 AR E W36,
— 0t T5 5 A 2R 1 7 i A 42

1, fF5 5By EL, mH R R E&AE v 2

KRR IR e b, BA5 5 345 AT s Bl 3 2 845 K
RERIRIAR, 2 5 7 SRR ST R ABBURS BE R [ @ ELYR, R — ARt
2, e R IRHPTIIME &, BLIME 5 5 2 L BB AF1E 5 LI 1) 7L,
X i A RHEHTT.
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G TN ERA L) ) = e ]

2. (5 5 MHZ A RS (R —HRA5 5 &AL — R Hh4k) iX
t, B RETEAE AR R R, A ICBHT
I &l AEAE; 1 H SR 1B i E . (HAT
AR SEEBE L E—HE P2 7, EXf MK
U #2873

3. IE—MRMZ. PIRIE T2k, B R S5HEMRE
SEM AR T S E A 7 v2AH B e n] b

25%, WHEEMBIH—IR{E %ﬁﬁ MRHZE, [l A
[HAHAR /N AHE N PIARAE = 26 3 — iR Hh 28 (RP7E
W . A58 —RE %*z) FAE— L5 N LB BT HY
e n) @l T HIFRER AR G T2k 2 h], Z/bWf m
Poinel, (HEZ2EUG0M T, Hyktn] e gk,

4. BN B4R B — e AR

HR s £ E(E S, BEHUM 2 e PR R, BT
SIS, (HEHT R imie LA N XE, A% H .
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RAIEPHST 32 5202

Jo 2B L2 s A% 44 F 45

I

Antenna cable Microstrip transmission line cable

Ground plane /

Conductors
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e EE e

AVl
= [ AT RS G FEZOR A —HF
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Rl Zedn

HLR P2 55

N

R (MUEE, HENE LR

Ve S e B i)

#2557 ;

P

Antenna cable Z, = 60 el’? ln( )

WEEPE L :

), 35-185,

LKA 50, 75, 93 ohm
BHATCUTEC, VSWR, S 4t 55k
%%ﬁﬁ@ﬂﬁ%@%%%%ﬁ
AN A AR AL LI
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Flexible coax Semirigid coax
Jacket Outer conductor (braid) Quter conductor

Inner conductor

Inner conductor
Dielectric Dielectric

Triaxial Dual coaxial

Quter conductor (braid
Jacket { ) . Outer conductor (braid)
Inner conductor (braid) Jacket / Dialactile

Inner conductor
Dielectric

— [F % FL 2% I R b FEL 258

Dual coaxial

Encnn enables connection!




In traditional installations, the most economical

and widely installed cabling today is twisted-pair

wiring. Not only is twisted-pair wiring less

expensive than other media, installation is also

simpler, and the tools required to install it are

not as costly. Unshielded twisted-pair (UTP) and

shielded twisted-pair (STP) are the two primary

varieties of twisted-pair on the market today.

Screened twisted-pair (ScTP) is a variant of STP.

Though it has been used for many years for

telephone systems, unshielded twisted-pair (UTP

for LANs first became common in the late 1980s with the advent of Ethernet over
twisted-pair wiring and the 10Base-T standard. UTP is cost effective and simple to install,
and its bandwidth capabilities are continually being improved

UTP cabling typically has only an outer covering (jacket) consisting of some type of
noncon-ducting material. This jacket covers one or more pairs of wire that are twisted
together.. Four-pair cable is the most commonly used horizontal cable in network
installations today. The characteristic impedance of UTP cable is 100 ohms plus or
minus 15 percent, though 120-ohm UTP cable is sometimes used in Europe and is
allowed by the ISO/IEC 11801 Ed. 2 cabling standard.

Encnn enables connection!




== W2 2e=-UTP

A typical UTP cable is shown. This simple cable
consists of a jacket that surrounds four twisted
pairs. Each wire is covered by an insulation
material with good dielectric properties. For data
cables, this means that in addition to being
electrically nonconductive, it must also have
certain properties that allow good signal
propagation.

UTP cabling seems to generate the lowest

expectations of twisted-pair cable. Its great

popularity is mostly due to the low cost and ease of installation. With every new
generation of UTP cable, network engineers think they have reached the limits of the
UTP cable’s bandwidth and capabilities. However, cable manufacturers continue to
extend its capabilities. During the development of 10Base-T and a number of pre—
10Base-T proprietary UTP Ethernet systems, critics said that UTP would never support
data speeds of 10Mbps. Later, the skeptics said that UTP would never support data
rates at 100Mbps. After that, the IEEE approved the 1000Base-T (1 Gb/s) standard in
July 1999, which allows Gigabit Ethernet to run over Category 5 cable. Just when we
thought this was the end of copper UTP-based applications, in 2006 the IEEE approved
the 10GBase-T standard, which allows 10 Gigabit Ethernet over unshielded Category 6

and 6A cable!
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£ 2e-STP

Shielded twisted-pair (STP) cabling was first made popular by IBM when it
introduced type classification for data cabling. Though more expensive to purchase
and install than UTP, STP offers some distinct advantages. The current ANSI/TIA-
568-C cabling standard recognizes IBM Type 1A horizontal cable, which supports
frequency rates of up to 300MHz, but does not recommend it for new installations.
STP cable is less susceptible to outside electromagnetic interference (EMI) than
UTP cabling because all cable pairs are well shielded

Foil shigld Cable jacket

Some STP cabling, such as IBM ‘. e J

types 1 and 1A cable, uses a
woven copper-braided shield,
which provides considerable
protection against EMI. Inside

the woven copper shield, STP
consists of twisted pairs of

wire (usually two pairs)

wrapped in a foil shield.

Some STP cables have only the foil
shield around the wire pairs.

Cable jacket

Fair shield
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WA 2k — SCTP&S/STP

A recognized cable type in the ANSI/TIA-568-C standard is screened twisted-pair
(ScTP) cabling, a hybrid of STP and UTP cable. ScTP cable contains four pairs of
unshielded 24 AWG, 100 ohm wire surrounded by a foil shield or wrapper and a
drain wire for grounding purposes. Therefore, ScTP is also sometimes called foil
twisted-pair (FTP) cable because the foil shield surrounds all four conductors. This
foil shield is not as large as the woven copper-braided jacket used by some STP
cabling systems, such as IBM types 1 and 1A. ScTP cable is essentially

STP cabling that does not shield the individual pairs; the shield may also be
smaller than some varieties of STP cabling.

S/STP cabling, also known as screened fully

shielded twisted-pair (S/FTP), contains four
individually shielded pairs of 24 AWG, 100

ohm wire surrounded by an outer metal

shielding covering the entire group of shielded

copper pairs. This type of cabling offers the

best protection from interference from

external sources, and also eliminates alien

crosstalk (discussed later), allowing the

greatest potential for higher speeds.

Category 7 is an S/STP cable standardized in

ISO 11801 Ed. 2, which offers a usable band-

width to 600MHz. Its intended use is for the :
10 Gigabit Ethernet, 10GBase-T H}ic&f@pies connection!




RJ458%k S L7 IR
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WAL 2 1 e

2w 21 1) 55 o R 5 70 VT A 2% R0 2 14

I8 2-8%

45 M 5T (STP) AE B ik (UTP)

TAETESMAEZE 775 2

WbF 7257 77 2N, KB B B i, S RE R AT

Category

Impedance

Attenuation
dB/M000 ft

NEXT*

Mutual

EHPHI‘.‘.itEI"IEE
Maximum

3
LAN &
Medium
Speed
Data

100 ohm = 15%
1=-16 MHz

78 @ 1 MHz
17 @ 4 MHz
30 @ 10 MHz
40 @ 16 MHz

41dB @ 1 MHz
32 dB @ 4 MHz
26 dB @ 10 MHz
23 dB @ 16 MHz

20 pFiit

4
Extended
Distance
LAN

100 ohm = 15%
1=20 MHz

n

MHz
MHz
MHz
MHz
MHz

=S N
LI th

2% e

[ I o 3 T s B AR

56 dB @ 1 MHz
47 dB @ 4 MHz
41 dB @ 10 MHz
38 dB @ 16 MHz
36 dB @ 20 MHz

5
High
Speed
LAN

100 ohm = 15%
1=100 MHz

mEEﬁ

1 MHz
4 MHz

L3 Lo
@@

PRBEGS .o
Z“Peee

L2

¥
@ 62.5 MHz
7 @ 100 MHz

62 dB @ 1 MHz

5 MHz

35 dB @ 62.5 MHz
32 dB @ 100 MHz
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XA LT I DT

TR MR ELE (UTP) R PR ST (Ze)

H,
Ze—HrMEFHPT
a1 SRR H 0 FE (mm)
d—A0 AR ELAZ (mm)
e e~ LM BRI 25 R0 B R A
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XA LT I DT

BRI FREE LS (STP) WIRFAEREPT (Zo) -

Hr.

Zc R T

a: AR L ER (mm)

d: H0 SRR B4 (mm)

Ds: bt iée = M 4% (mm)

e o MBI EE R B 2L
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RS E SR YR

KPR LR O SOV LLER S, BRI 2R RS 1 FHATT (Ze) -

Hrh:

Zc B FH BT

a: PSRRI H O EE (mm)

d: H0 AR H) B 4% (mm)

Ds: Ff 2 N 12 (mm)

8e%%ﬁﬂm A 2

Ks. %%mm%%wﬁgﬁﬂwyw980%

Ki. SR IERE, FHEWEIERBK S SR 2 AR R

BTV S SR A N 1 3 7 12

A SR A 5 1 250 K1 L 000 030l 10 958 ) O
L2 N SRS 2R A N 97 5 50 70
N SR ZE W A 1 220 K1 0.976 0.980 0.983 0.986
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ALV AIPS N

R HFPERH T

AP RGeS R AN ES

SR 3R 5 Zc AL I &

AN ENI A

ZcWbl 2 A1k

t

|

t

SR EE

o b PR 2




It

%E%%&@z%%%@ﬁ%ﬁ%ﬁ¢,ﬁﬁ&ﬁ%%%%@ﬁh,ﬁ%ﬁ
A 2RI 2 ZAAPE G I S B, SRR RO E R, i 22 S LA i 2
—HRNAERIFED. 002mmLL T, AERFIBATIROL RIFIISAE T, SEERMZEA A
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UTP Signal Pair

Filler,
optional

SDP:

Shielded
differential pair
-STP

Or twin-ax

SDF Signal Pair

Craynd

The UTP 1s mtended to transmit the USB 2.0 signaling while the SDPs are used for SuperSpeed;
the shield 1s needed for the SuperSpeed differential pairs for signal integrity and EMI performance.
Each SDP is attached with a drain wire, which is eventually connected to the system ground
through the GND DRAIN pin(s) in the connector.

A metal braid is required to enclose all the wires in the USB 3.0 cable. The braid 1s to be
terminated to the plug metal shells, as close to 360° as possible, to contain EMI.
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Tape: metal outside (toward braid) Signal pair #1: red & green —
Tape: metal outside (toward braid)

Power wires: 22 AWG (7x30) / © 1.20 insulation (2 singles) 7 power wire #2: black

Signal pair #2: blue & orange —
Signal pair shield: 60 - 65% braided copper, over

spiral-wrap metallized polyester tape, metal outside (2 pairs)

Signal twisted-pair wires:
28 AWG (7x36) / @ 1.0 insulation, twist 40 / meter

= Signal pairs must be closely matched for
skew and other factors;

» Inner pair shields must make contact
with each other

» Quter shield must be isolated from the
inner pair shields

Quter shield: 90 - 95% braided copper wire over
spiral-wrap metallized polyester tape, with
the metal to the outside

Quter jacket: 0.70 - 0.90 thick insulating jacket




Display-portHiZ;

Cahle construction:

P1 Unit "A" (P1-P5)
Filler

AlfMylar Foil

Braid

Al/Mylar Foil

Unit "B" Jacket

Unit “A”:; PI1-P5 *STP’ or *"Twinax’ # 30 AWG insulated stranded conductors, with # 30 AWG drain
conductor

Unit "B”: Unshielded, # 30 AWG single insulated stranded conductor.
Unit “C”: Unshielded, # 28 or # 30AWG single insulated stranded conductor.




0.305 nom -
Void permitted but
/ not required

0.0465 nom " 0.0865 nom

~*— 0.150 nom —#=

- 0.115 nom —st

Electrical Physical

Impedance: 100 £ 5 Q (differential) (2) shielded pairs

Capacitance: 42 pfM nominal 26 AWG solid tinned copper

Prop delay: 4.25 ns/M nominal 0.0435 nom diameter foam polyolefin, white

Skew (within pair): TBD (TDT methed, drains Parallel pair with (2) drains, 28 AWG solid
gounded) (differential 50%-50%, tinned copper
Tektronix 11801, SD-24/SD-26 sampling 0.001aluminized polyester, foil in, 0.035 inch
heads) min overlap

Attenuation (nominal): TBD do/M @ 4.5 GHz Blue typical longitudinal wrap, heat sealed

Jacket: 0.020 nom wall PVC, red

All dimensions are inches unless otherwise noted
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5.3.1 Cable media
The cable media shall conform to the following electrical requirements:

5.3.1.1 Maximum dc loop resistance (DCR):

50 Q is the maximum dc loop resistance of the cable. This corresponds to a voltage
drop of 125 mV assuming minimum generator current of 2.5 mA.

5.3.1.2 Characteristic impedance:

110 Q +/- 20% from 10 MHz to the application upper frequency limit.

5.3.1.3 Additional parameters

Additional parameters not specified which are application dependent (see Annex A)
are: Maximum Attenuation, Maximum Propagation Delay, Maximum Propagation
Delay Skew, Maximum Near End Crosstalk (NEXT), and Maximum Far End Crosstalk

(FEXT). Crosstalk, skew, and related pair balance parameters may impact
applications with multiple signal transmission lines.
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A.1 Interconnecting cable

The following section provides further information to Section 5.3 and is additional
guidance concerning operational constraints imposed by the cable media parameters
of length and termination.

Generally, if more than one signal transmission line is required for an interface, twisted
pairs are necessary to balance coupling reactance between individual conductors of
adjacent pairs and thus reduce crosstalk.

A.1.1 Length

The length of the cable separating the generator and the load is based on a maximum
loop resistance of 50 02, and a corresponding 125 mV loss of the signal.

The following examples given take only the dc effects into account in determining the
maximum cable length. This would pertain to low speed operation only. The ac
effects will limit the maximum cable length before the dc resistance for high speed
applications. See A.Z.

For the following cables gauges, the corresponding maximum length for a 50 mV
signal loss is:

28 AWG 50 meters (164 feet),

24 AWG 150 meters (492 feet)

Longer lengths are possible, if the voltage attenuation is allowed to decrease the
minimum generator differential output voltage to the maximum receiver threshold
voltage (250 mV to 100 mV) for a 150 mV voitage attenuation or -7.8 dB. For the
following cables gauges, the corresponding maximum length at a 150 mV signal loss
is:

28 AWG 150 meters (4392 feet),
24 AWG 450 meters (1,476 feet)
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A.1.2 Typical cable characteristics
A.1.21 Parallel interface cable
The following characteristics apply to common parallel interface cable {as used for
TIA/EIA-813, and other YO interface standards) consisting of 25 twisted pairs
surrounded by an overall shield:

A.1.2.1.1 Parallel cable, physical characteristics

Conductor 28 AWG, 7 strands of 36 AWG, tinned annealed copper, nominal
diameter 0.38 mm {0.015 inch}

Insulation Polyethyiene or polypropylane; 0.24 mm (0.010 inch) nominal
wall thickness; 0.86 mm (0.034 inch) ouiside diameter

Foil Shield 0.051 mm (0.002 inch) nominal thickness aluminum/polyestar
laminated tape helically wrapped arcound the core

Braid Shield braided 26 AWG, tinned copper with B0%: minimum coverage, in
elactrical contact with the aluminum surface of the foil shield

Diameter nominal overall cable diameter 9.5 mm (0.375 inch)

A.1.2.1.2 Parallel cable, electrical characteristics

DC Resistance 221 0 f km (67.5 21000 feet)

Mutual Capacitance 43 pF/m (13 pF/ft) at 1 kHz

Impedance {characteristic, differential mode)} 110 £ nominal at 50 MHz
Propagation Delay 4.8 ns/m {1.46 ns/f)

Attenuation .28 dB/m (0.085 dB/ft) at 50 MHz

Skew {propagation delay) 0.115 ns/m {0.035 ns/it)

Maximum Crosstalk {Mear End, NEXT) 30 dB at 50 MHz
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o122 Serial interface cabla

The followirrg characteristics apply to a common Category 5 searial interface cable (as
used for TIAEIA-422-B, and other WO interfface standards) consisting of 4 unshielded
twisted pairs su rrounded by an ovearall jacked:

A.l.2.2.1 Serial cable, physical characteristics

Conductor 24 AWNG, 7 strands of 32 AWNG, tinned annealed copper,
nominal diameater O.81 mm (0,024 inch}

Insulation FPolyethylene or poiyvpropylenes; 018 mm (00007 inch])
nominal wall thickness; 497 mm {0.338 inch} oulside diameaeter

Fail Shield opticonal

Braid Shield optional

Drrameatar nominal overall cable diameater 5.6 mam (022 inch)

Ad.z22.2 Serial cable, electrical characteristics

s Aesistance B4.2 42 km (25,7 22000 feet)

Mutual Capacitance 48 pF/m (145 pRi) at 1 kiHEzE

Impaedance {characteristic, differantial mode} 100 2 nominal at 50 MHz
Fropagation Dalay 4_8 ns'/m {146 nssT)

Atternuation: 017 dBYmm {0,051 dBifft) at S0 MH=z

Maximum Crosstalk (Mear End, REXT) 35.8 dB at 50 MH=

A.1.3 Cable termination

The characteristic impedance of twisted pair cable is a function of frequency, wire size
and type as well as the kind of insulating materials employed. For exampie, the
characteristic impedance of average 28 AWG, copper conductor, plastic insulated
twisted pair cable, 1o a 50 MHz sing wave will ba on the order of 110 ©3

The range of 90 3 1o 132 2 aliows for a range of media characteristic impedance o
be specified. The nominal media characteristic impaedances is restricted to the rangs of
100 €2 to 120 £2 to aliow for impedance variations within the meaedia. Depending upon

the balanced interconnecting media specified, the termination impedance shouwld be
withine 1 0% of the nominal media characteristic impadancea.
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A.2 Cable length wvs. data signaling rate guidelines

The maximum permissibie length of cable separating the generator and the load is a
function of data signaling rate and is influenced by the tolerable signal distortion, the
amount of longitudinally coupled noise and common potential differences introduced
betwaen the generator and the load circuit commons as well as by cable balance.
Increasing the physical separation and the interconnecting cabila length between the
generator and the load imerface points increases exposure 1o common modse noise,
signal distortion, and the effects of cable imbalance. Accordingly. users are adwvised to
rastrict cable length to a mimimom, consistent with the generator to load physical

separalion reguireaments.

To determing the maximum data signaling rate for a particular cable length the
following calculations S tasting is recommeandeaed. First, the maximum DOAR of the cable
length {loop resistance) should ba calculated, than the resulting signal attenuation
should be calculated at the toad. The wvoltage at the lcad must b greater than the
receiver thresholds of 100 mV. For a conservative design, a maximum attenuation of
S0 mY is recommeandsd. MNMaxt eyae pattermnms are recommeanded to determine thea
amount of jitter at the lcad at the application data signaling rate and comparing that to
sysiem requirements. Typically maximum allowable jitters tolerances range from 5%
to 209 depending upon actual system requirements. This testing should be done in
the actual application if possible, or in a test system that models the actual application
as closse as possibbe. Parameters that should be taken in account inciude: balanced
interconnect media characteristics, termination, protocol and coding scheme, and
worst case data patterns {pseudo random for exampka). The gaenarator / receiver
manufacturars and also the media manufacturers shouwld prowvide additional guidance
in predicting data signaling rate versus cable length curves for a parficular generator
racaiver and a paricular media as this relationship is very dependeant upon the actual
characteristics of the selected devices and media.

When generators are supplying symmetrical signais 1o clock leads. the period of the
clock, rathner than the unit interval of the ciock wawveform, shall be used to detaermins
the maximum cable lengths {e.g., thowgh the clock rate is twice the data rate, the same
ma=irmum cabla length limits apphy).

A.3 Co-directional and contra-directional timing information

With co-directional {same direction as data) fiming. there are minimal problems with
proper clocking of the data bits since thwe differance between data and ciock edges is
mosthy the result of genarator and receiver skew and not the transmission line.

With contra-directional timing. the user is advisad that genarator and receiver shkew are
not the only items to be taken info account. The cable delay and skew must also be

conskderad.

In both cases the clock should transition as close 1o the center of the data bit as
possible.
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Equalizer Circuit

Equalizer 1s the application of frequency selective gain or attenuation to
compensate for distortion

Capable to extend cable length with same cable gauge and bandwidth

RLC (high pass) circuit (passive equalizer) to mirror the low pass
response of the cable

Active equalizer circuit 1s able to extend cable length with same cable
gauge and bandwidth but require external power

Active Equalizer

Equalizes differential or single-ended signals
Automatically adjusts to attenuation caused by skin-effect losses

Effectively extends the usable length of copper cable in high
frequency interconnect applications
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o il A T AL 2
o 65 i i £ PN 2R T Y DA IR AREAIE
o3 M BE AT To 9% [ (voidless) 3k
AR B 2 AE T3 E F T 25 RN 4 T AR 5k (full area contact), R £ 15
LT B AR T AN A2 T 8% KR, 25 AT T ) S 4 TR AR 4 A R0 3L T A0 %% Sk
% M IERZ MR 2 (soldering)
FEL 2 AR 5 il 2 o M e L e T T S X L O R 71 ) e o A 1 s o P
11K 2 M 26 1 2 1 (LR 2 1 Be A AR E 1)
oG MIERE TR L/ N1
1, 5N K5 2,3 it e A 56
3, Prfham L “JeWr” R R ok Je iAot Hh
4, HoAth 75 = H B4 % - B 2 G i s, I 45 46 il 77 (crimp force)
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e AR an
=20 K 2 A crimpiE R K H 2 I 4k

=GR LM i A, 15
R IR Wire size to large  Wire size to small

TR A AT, TR ) .y
| (% |

Incorrect terminal / wire selection

EIEMRIZ A, 50

e AR TR ¥ ) Bt
o A BEMS 1 AT BY W 250 R ——
'iﬂé)%ﬁff%j%%ﬂﬁﬁﬁﬁ%j( Crimp barrel Legs too close to
o343 A3 4 FH P A B3 22 A L 2 # does not close bottom of crimp.
¥, i Ecrimpi Insufficient

deformation of strands,

] ] "
T showing voids.
| (
Insulation

Present

Insulation inside the wire crimp

Conductor

Conductor Brush protruding into terminal body
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e i es FOK /D HE

Incorrect applicator adjustment

° /TEﬂEl‘éﬁ’fj:‘l:J—_E Asymmetric Unacceptable

2 crimp formation excessive
Eﬁ /fiﬁ flash and/or cracks

b
o~ % Terminal feed Anvil and crimper
* Tﬁiﬁ%’J’;Eﬁé incorrectly adjusted not aligned or worn

A, T Z K% = T

Incorrect crimp height adjustment

Crimp height Crimp height
too loose too tight

B 00 am
Insufficient Flash at under side
deformation, of crimp, due to
showing voids over crimping
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