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Latest Trends in High-Speed LAN Cabling
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A v =3y bo7u— KN NYF GE# - KEREE) P—BIELTALWA, 5G (5 5 LR @G 2 A
T 24) R Wi-Fi6 D% REC X ) 5B BEEOMMAS AT N Twb, LAN (Local Area Network) ACHRIZ
DOWT HEEROBMIHIE TR ZRITTBY, ARTEIHL 20 THH SN TV S E#R LAN B

DRFENEIZDOVTHRET S,

Broadband (high-speed, large-capacity communication) on the Internet has been popular for a long time, but it is

expected that the amount of communication will continue to increase due to the spread of 5G (5th generation mobile

communication system) and Wi-Fi6. LAN (Local Area Network) cabling is also evolving to cope with the increase in

communication volume, and this report reports on the latest trends in high-speed LAN wiring used in various fields.

1. & C & (2

LANEHIZIE, T 7 AN =T N E ATV —T (Y
AAIRTr—7)) MMEHINTEBY, Ihoor—7
WERBH LT —ZEEHFRIL, AR LAN OERERK T
HBA =T Ay PBLHBOERTW S,

KT 7 AN =TV A ADEZ 2T R R%
WUHE, AN —TNEAE LRIESTRI A L,
ZNENHED D Y, AR HEICL - THVT
INTW5B,

2FURETIE, AR BCTHHEIN TV S E#E LAN
B DOWTORM, & — 7IVHEE, iS4
BT EICREL AT %,

2. LAN BEo#gmiis

LANfE#id, 2 FEFTEICEH 714 A IVREK, ki
T EOMNEMEAR Y AT LA SN TE DS, HET
B TIGRREBGFOEEMBMRICBVTY, + 714 AR
b5 & BRI A Y b — 27 OF L - bS5 T
BY, F=FEEIIOWTIE, =% %y MakHdbe
Wb DWEHEIN, UE»S THEE TCOETHEN
WCHEEHEDLLEEZHIMEL TV 5,

F—=t =B BWTIE, EAEOBERBNNIC X
o> TR L EHE - KEBRBBENORIEVULHEL>TED,
HEHD 1 Gbps fZ%EH S 10 Gbps, 40 Gbps, 100 Gbps ~
RN EEHEDBEA TS (T 1),

Tz, HERHA Y M7= EBIZOWTDH, HEEERE
FEDSHEAL L T L R ClfE 7 — 7 mAEIN$ %72, SPE
(Single Pair Ethernet) 77— 7 V&M L 7-Bi#H A —
v b OB, EELDHEATHD (F2),

®1 LANfERXEBEREERT—TIV

{EERIE b
(i . = =R
SRR BIR =7
IEEE 802.3ab 1000 BASE-T VAR IRT
1000 Mbps TIA/EIA-854 1000 BASE-TX VAR RNRT
(1 Gbps) 1000 BASE-SX .
IEEE 802.3z HT AN
1000 BASE-LX
2.5 G/5 Gbps IEEE 802.3bz 2.5 G/5 GBASE-T VAR IRT
|IEEE 802.3an 10 GBASE-T VA X INRT
10 GBASE-SR
10 Gbps 10 GBASE-LR R
IEEE 802.3ae b A
10 GBASE-ER
10 GBASE-LX4
IEEE 802.3bq 25 G/40 GBASE-T VAR INRT
25 G/40 Gbps 40 GBASE-SR4 .
IEEE 802.3ba ST AN
40 GBASE-LR4
100 GBASE-SR10
100 Gbps IEEE 802.3ba 100 GBASE-LR4 T 7N
100 GBASE-ER4
400 GBASE-SR16
IEEE 802.3bs
400 GBASE-DR4 .
400 Gbps bl A
400 GBASE-SR4.2
IEEE 802.3cm
400 GBASE-SR8
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xR ERER P
100 Mbps |IEEE 802.3bw 100 BASE-T1
1 Gbps |IEEE 802.3bp 1000 BASE-T1
2.5 G/5 G/10 Gbps IEEE 802.3ch 2.5 G/5 G/10 GBASE-T1

2.1 A LANEiEHES (X 25 —TJ)

T 7 4 A NVREK, ki & ORISR, h
FT1 Gbps iZxfits L7z Cathe ¥ — 7 WS FITHEH ST
X720, MAEOWHEHERE N T 7 4 v 7 RO KRR
W, Efih 73 THBH Catb % Cat.6A OFRADHIM L T
W53, mEHEE L FICHET Ay —T VAT Ty,
R 1%, 2020 4EEED A 7 ) BUEARG Ytk ke) %
RL72BDTH D,

x3 EEEREEHEAHATIV

ERERE T D
1 Gbps 1000 BASE-T Cat.5e LI Lt

2.5 Gops 25 GBASET RS outon ERT)
5 Gbps 5 GBASE-T (%ﬁ;ﬁae*&ogtg:ié )
10Gops | 10 GBASET (o7 m £ Gate < 67)

OCat5e HECat6 BECat.6A
7%

37%

63%

1 AFITURIERRKR

AR, 474 ACNVRFERTIIMKR LAN O 25
ATEY, HHRLAN OB#LICE->TT 7 AKAL ¥ b
(AP) ¥ CTEAMT 5 LAN ¥ — 72OV Td, Bkl
TR, A FT)Dr— TV ERHT 2LERD
%o 2019 4 12 HISSCAFEA T B L 72 GIGA A 7 —
VR (REAEMITO 1AL BOFEMMAR L EHERE
WOMBEAR Y M — 27 & —RIEMT 2 & v ) B o
) TiE, FREANOMER LAN BRE T 2 720 2k
AP FTERMT S LAN ¥ —7 VD H 5 T2 10 Gbps {5
EITHIL L7z Cat6A 488 L72KE, I T2% HEE
TdH 72 CatbA DIRMA 7% & KIFIHML, CatbA %
BORERGNEELE R ST,

Cat6A 77 —7 )V T, Catbe % Catb6 TIIHESI N TV
ol ATy 70A =2 w)REIENSNT

Who IANT I UA N7 X, BHETLIMOr—T
N2 5RETH Y, BEOr — 7V EFATICHiR L
MBI EYZ T b, ST, A0y —7 VNIRRT
DIRFEOHBAEIBE ST W25, 10 Gbps (£3% T,
500 MHz &\ 9 BRI NETH b 720, REETD
WMEPKEL D L HITEPPETIE /A AT ehn
5, BELIGREZEBRT L2012, BETLZFr—7 VD
BT CTEETLILPULEL R D TH D, TDI2D,
HAERMENTWAS CatbA 7 — 7 ViE, ENVEEREL
IANT A M= E2WHTEHEENELE LTS
(B 2),

2 Cat.6AXcT—7IV
[Bi% : TPCC® 6A 23 AWG x 4P]

2021 4F 5 Hizid, fENTHEH T 2 EHREMR S A 7 A2
WCHLE L7 AARBESEHIAE JIS X 5150-2016 £ P91 HAC
VAT AHPYIE S, JIS X 5150-1 : 2021 PLATEHEC AR %
il — 45 1 %R © —M¢EA: & JIS X 5150-2 : 2021 JLH 5 HRECH
A #2847 4 ANERED 2 TR & T o T2,

JIS X 515021, * 74 ACNHNKTF 7 14 ZAH O
B, i3+ 74 AV VPHDOE VD F 7 4 AZ2RIC
B HIVHERRMGICOWTHZELTBY, 71 ADK
SERLRL R T, RIKTDH Cat6 D EoMREZ SR L 2215
W% o3, T— Y% HEED 1 Gbps ZRZ LT 7)) 7r—
v a ¥ (25 Gbps, 5 Gbps, 10 Gbps) TiZ Cat6A Pl EAS
PFELWEHEL TV,

SROBEEIEICE D, +7 14 A TIE, hFEFTO
FEHRTHo7-Catbe ¥ — TV R M2 H L7254,
JISHICHEAG Lz L e, 4% FBEHIC
Cat6 DL L& 2 UE0H 5.

F72, LAN =7 V&R L CHBICEIIR 21T 4
9 PoE (Power over Ethernet) H#fflcowWwTd, F» b
T—=0 B A TR LAN 772 AKRA ¥ b OB
fEHENTBY, EBHHHEELHNEE2E%ELK
(4PPoE) H B LS, S 4 WHAMNIEA S 2 LT
Hashs (F4),
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x4 PoE HRE—E
PoE PoE Plus 4PPoE
802.3af 802.3at 802.3bt 802.3bt

IEEE 2% Type1 Type2 Type3 Typed
BHRED 15.4 W 30W 60 W 20 W
BAER 350 mA/1P | 600 mA/1P | 600 mA/1P | 960 mA/1P
ERENTE 2P 2P 4P 4P

4PPoE Tlid, 1P 470 OBEHMEIEL kb0, 7 —
TIVOREDPBEIND, Fr—7IVIREN LT L L, &
I, FHABLOH MR RIMEFEKT ORI S,
M EA S MA 51213, CatbA ZRED AT T %
ST ENERTH S,

COX)BEENS, JUHLAN BRI, SH%0F0
A EHERENT 74 v 7 mOBIMIIIET XL, Catbe
5 Catb, CatbA O EALH T T ~NDOBITHHA TV L
EFHENh 5,

Cat6A O LA 7T & LT25 Gbps, 40 Gbps Xt
L7z CatS BHMEIL I N T Ed, ZhidyF—5t v 7 H
DOFETH D, KYFEDBIFH L (Cat.8 ¥t LAN[FS-TPCC®
8] OBZE) TRELCHWT %,

2.2 FE¥H LAN ECiEH5

#t4E, IoT (Internet of Things) ¥ DX (FY NV T~
AT A —RA—av), U—HNV5GHHESR, THHNT
fEHSNDHEERAY b7 —=7HBICB T F 7 14 A8
Bl MR RmE R (A=Y Ry VY AT L) ORI
MLTHEY, EEHLAN 7 — 7 VOFESLELBML T
W,

2021 4EBIE, ZFa— NVilidgh o Bz ERERA —F A v
M, ZEX A ICXBE, EEFT— P A= a VHEFIC
BULHHZE —F (kv b7 =27l 1I2B0n,
65% Z HDTHEY, GHGEEMNLAN 7y — 7 VEEDH
maiizhs (K3),

28%

7% 65%

OEXHAS—Yxv b
B71YLX
B7—JLKINZ

X3 EXRxvY NI—IHHEI 7"

PEEH LAN 7 — 70V, THN-CoBES 2 6 B T
WCBWTHIERRBERELTIEE 25 X, EEASAEOT
FLO~@DD X ) BRERITHIE T 2 BEND 5o

FURFIHIS U254 > 7 v TERT (5.
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OFEE~N
TN, BRI D T3 ) A4 XS DB S N B 72, i
N =TV R R, JRIC A IS EBbAY
i T + 7V I T2 25y 27 —7] o
B — )l PR,

@it

AR b B oY 6, 2 ZRE L 725 o r — 7
ANDUS 38
(OIS e

BRI S 2 A 1

GRERG Ao, U P kL, 42ml)
O

R ESE N RS A A IR

x5 EERALANT—TNLVSA4>TyT

# 8 B %
A - it HFS-TPCC" 5
EEAY - A - TR HFS-TPCC® 5 PATCH-FA
Cat.5e 125°Ci#k H12-TPCC" 5 (R 5)

125°Cifi#t (EfR) H12-TPCC" 5 (S)

H12-HFS-TPCC" 5
HFS-TPCC" 6A (= 4)

125Ci#h - @A
EEALY - TR

Cat.6A

EEAY - it - TRER HFS-TPCC” 6A PATCH-FA

X4 SEAOTE Cat.6A XS —T IV
[Ei% : HFS-TPCC® 6A 0.5 mm x 4P]

X5 125CHiéh LAN 57— 7L
[B1% : H12-TPCC®5 0.5 mm x 4P]
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HROEER A Y V7 =2 Ti&, 1 Gbps mENERKT
HY, BEHLAN ¥ —7 VoA 5T 4 Catbe 8 ETH
Y, S, A7 4 AR EDOPH LAN RERTiS &
FMERICIEMR N7 74 v Z7EPWML T 2 PR
1, Catb, CatbA DL AT T)VPRLEIIR->TL B
DEEZEZOLND,

2.3 T—4t>2HMET LAN EiETH S

F—=%t % (DC) 135G DERR IoT DIFEITHES
SNS REH A -2 (57 FH—ER) {THR L
£ %@ ERORBIIERITHIS LzmdE - RER(LAWIH
Lo Twb, TOFEM - REBILOZRIZMHE, (Z%H
#%3 10 Gbps, 40 Gbps, 100 Gbps, 400 Gbps ~& & 1) &
BN 7 P LTRTWS, BIEODC Ay F 7 — 271
100 Gbps fRIEVERIZH D OO H 575, X ) EHE - KE
FOERIZHIN TR 400 Gbps faik DA B #EA TIT L
ERHNTWS (K6),

F 72 2000 EARIC R S L7z DC EMLICHE D THH R
RIERICEANA =X =V F—% % (HSDC) @
B bHEATETVS, ZDXHIDCHYIIELTRT
LI ENHAEFNRTNS (R6),

£ 6 LAN {ce#ig, @A — 7TV EmkiERE

fE3% | 1REAME SER A — 7V ERxiaEE
RE | AR E20)
IEEE * &I
802.3an | 10 GBASET Cat.6A LILE 100m
10 GBASE-SR ¥ OM1 ~ 4 ~ 550m
G1b° 10 GBASE-LR 3 0S1, 2 ~ 10000 m
ps | IEEE -
802 3ac |10 GBASEER 3 0S1, 2 40000 m
3 081, 2 ~ 30000 m
10 GBASE-LX4
S OM1 ~ 4 ~ 300m
IEEE | 25 G/ A& - 30m
25/40| 802:3b | 40 GBASE-T Cat.8
Gbps | |EEE | 40 GBASE-SR4 3t OM3, 4, 5 ~ 150m
802.3ba | 40 GBASE-LR4 3 0S1, 2 ~ 10000 m
100 GBASE-SR10 3 OM3, 4, 5 ~ 150m
100 IEEE 1™ 00 GBASE-LR4 3 0S1, 2 ~ 10000 m
Gbps | 802.3ba :
100 GBASE-ER4 3 081, 2 ~ 40000 m
IEEE 400 GBASE-SR16 ¥ OMS3, 4,5 ~ 100m
400 | 802.3bs | 400 GBASE-DR4 3 081, 2 ~ 500m
Gbps | |EEg | 400 GBASE-SR4.2 3 OM4, 5 ~ 150m
802.3cm | 400 GBASE-SR8 St OM5 ~ 100m
5,000,000
~ 4,000,000
T
N
{m 3,000,000
g
=
2,000,000
_L_|
1R
1,000,000
0

2019 2020 2021 2022 2023 2024 2025 2026
WUV RRY-ERX m TV RRY-EZR

X6 EA DC 5 e BT

DCHTHTF—F ik HNEEICAL = 4 v FAEH
n, BRI ATI VT =TV ENT 7 AN — T VHEH
b,

AZNIr—=TWiF, 21EHTHHBRRAEBY, &S K
BRALIIE, SREEETORMESLEE 2B 720, T
ANVT Y 7aA M7 W HHES TR E %o T
%o DCNOBLHRETIXMREEHAEE 10 Gbps 22 & TIZEH[LH
HEATEHY, 25/40 Gbps TiE CatbA O LA T T &%
% Cat8 BHRHA SN T 5,

Cat813, 2 GHz FCORWEEINMEHT L7+ 1
V=V K (F/UTP) fixseoThBY, Sk, HEHEEH
BIZHEHAINML W EALNSE (BT),

W7 7 AN —=TIIE, X Z NV —TIVOEREEE
ZAHMEHEEHE (OM3 ~5) F721%, EMH#gEA (0SL, 2)
LT ENS,

- RAERIL2SEDICON, 7=y mkhiE, ek
D2 LB OM, HEDNET 7 4 NI EEE 5EL b —
IV TRERBNTHIS T 2R 1007 7 4 NIZHERS
BILHRGENBAINDL X)o7z,

T~V FE— R 7 7428 (OM5) Z @A Lk
E£#550T 10100 Gbps (25 Gbps frik X 4 i K) {n%
HUEEE o TWde 5HD 400 Ghps fmki2 b 5 i A%
AT LEZ BN,

r—T7 WL LT, TERO 2 0FRDE — 7OV ofil,
12, 24097 v Fa—F (K8), Zl—HLOE#EHO b
GO —=TNREMEHENS L) IZho>T w5,

vy —=NIfEHENE TR 7 ZIZOVWTHLC a
27 5723 THRLELLMPO 247 ¥ O Z Twb,

HSDC T, BEMOEHSLEL 2, BEREKR L
BRS N7 ERIPIC KDL T 7 4 NE2AET 5 720/
& mBESBSE LT — TV ERICE > TET WA,

MIEE - WEEALICIE, HOET7 74 ND X ) ITER LR
TOVRKLRIFEEZHEREL DD, £ DN 7 7 4 \2HFEIC
WRELAO =S TNV RV EZRETLIENEHTDHY,
BAEDCIHTa—5 7NV ) Ky —7 VORI L T
w3 (X10),

X7 Cat.84—7I 777 MI&A
(4r—7JU : FS-TPCC® 8)
(FZ7: 7LH—FF—18 J00026A5007)
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E8 MPO ARV AFEXT YV NO—-F

9 2FLCaAxVAF&ExXa—F

&

LS P AN

K10 O—57ILUKRL (e-Ribbon®) EO—FTILUKRL =TI

T2, ME - SEELZO—F 7V R VIR TIHI 2
b & KIBICER S S5 2 LM THY, SHu—F 7
VARV —=T N0 DC ADOMBED ETHICH > TV DD
LEZOLND,

2.4 E# LAN 15

HEYHICIE 2 v R fl 2 % &% < OB RS0
ENTBY, ZNa2RET0IEBOBRBILEEL R T
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Wb, ZHOBMIC L 2 BRI AN T 5720, Rz H
AL LR LA BB 2 5 X 9 BHAECR O & v b7 — 2 1L
PHEATE, B Ay T =27 0F2@EREKE LT,
CAN, LIN, FlexRay, MOST, Ethernet z&hH% (F
7)o FEAETIZMET — F BAREITHIML Tn 5729,
Ethernet 25 H &N TH Y, 1HHR L HIER A~ @ H A5
ATW5S,

®7 ELBERIRV NIV

TTVr—=ar
BISARE {RRRE
Rk E S
J ES ) N
] g ~
CAN A SL_% H kbps
) K735—
LIN 4 YRy 20 kbps
y >y -
FlexRay il Julx 10 Mbps
MOST 1548 TR vax ~ 125 Mbps
EFF
o Lk AT, w2Y 100 Mbps ~
Ethernet I - 15R Ny of—s =8

SHOHABHEERIZCASE # F—7— F& LHiER
ML L EbhTWwb, CASE &1, Connected (T4 72
7 v ), Autonomous (H &):i##z), Shared (¥ =71 ¥ ),
Electric (B#)L) DHEILTEM->72EHETHY, ToOH
Tb, HEHEORERZBRNO T — & 2B L 2GS
% Connected R, £ ¥ HRh A 595845 EHEZ CITERR
% HB T Autonomous IO WTIXHIRA Y FT—27 D
FEALICRE B EE2 52 5,

SHHABEIRD L ARVH EN > Tnizoh, HiZikE
FTETEL O FRA R TPEREIN, 7 2T OFEKEH
LR, I X THZAET B K% T — 5 % Bl b
WIEET LI EDPNEL LD, TOOHEA Y T —
7 DFEHALDWEE 25 TL o

2O X9 % sH O HIR Ethernet b Bk O B # LASHER,
ek 100 Mbps, 1 Gbps kg2 6, 2020 4E 1 m ek
& 2.5 Gbps + 5 Gbps * 10 Gbps ® IEEE802.3ch 2%l]& 11
720 BAETIX S HIEERED E® 2 25 Gbps - 50 Gbps -
100 Gbps ® IEEE802.3cy 2SRET & THB Y, 2023 4E LIS
BlESNBRiAAE L ->TWDS (E8),

*x 8 HE#HHA Ethernet (5XiH1E RHFEIM

N peseyrm
fRERRE B e
100 Mbps |IEEE 802.3bw 100 BASE-T1
1 Gbps |IEEE 802.3bp 1000 BASE-T1
2.5 G/5 G/10 Gbps IEEE 802.3ch 2.5 G/5 G/10 GBASE-T1
25 G/50 G/100 Gbps |IEEE 802.3cy EED

3. x&EHESHE
ik, A v bU—27 Ol - KA RALK OV B 4 Bl
hEw, BV —T7 Tk, ZOHE S =— XIS T
R, LANFH YA A MNRT A —TNRET 74 N —TF



=& LAN ECiR O R EIM

VO - FSSICHkBCERELTBY, 4%1E, +74 2%
v NI =2 DR LT, WHERPIKCICTFHEEINS FA
5%, DC 0%, B S #EESEOF T ~F ¥ R
s, ZAFMLWEREFEOMAT, a32=r— 3
Y OF 7 RATEANEA~FEA TV o

WA — T TR OF kI T, $i7T v K
(FLANTEC" (797 v 7)) WMEAIZLY 7 V—7
WhHEFT - AHR TS~ Z IE X2, FEELZE
HELTWSbnE+5 (K11),

K11 #FHEEHEANOBELKS A —TK

ZEX#

1) MHIER, R LANHY A XA IRTr =7 VOBIRE % ORSE
BB L ¥ 2 —, Vol58, Nol, p44 (2008)

2) WHIESR, M a2z 0 omE L L, BREGN, Bk
294E 8 H7, pll6

3) HAPEZEHKE : JIS X 5150-2 : 2021 JLITIH AL %A — 45 2 5
F 7 4 Atk

4) Thomas Carlsson : FEFM * v M7 — 27 Wi¥ ¥ = 7 8 2021
(2021.3.31 HMS Networks #t#l)

5) EPARAWFZEA ( IT F ¥4 — & — 2021 4/, 2020 4E 12 A 31 H
%47, p.154

[TPCC (L& LBk & DB ERRGRE T
[e-Ribbon] IZWEFIEM A — T ¥ X 57 A EH 0B 4EiEE T,
[FLANTEC/ 13 & L EHR St o B89,

11

LR

AHE EHE (b FEXL)
HFTY TR
SRR A — 7V Ok - BT EE

B LR

hiE—ES (At s WwHINEAHH)
BT AR R
WEM A — 7V Oikst - RS

BHERL S — 7V ¥ AT LR
B 28 (L) wEOA)
SIS — T VES FAN IR

Jolr — TN ORISR

HRIER T — 7V Y A5 AW
it HEA (hbLs FEUAH)
HEERRL ~—4rT4 227G
PRGOS =77 1 v 7 - BRI

HRIBER T — 7V Y A5 AW
B2 H (0» bizd)
SIS — T VEE H R
N — 7 IVORSE « RETERICESE

LR
ol (O5 <)
Uikt EEAIRE
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Cat.8 X}t LAN 4 — 7JU [FS-TPCC® 8| MDBI%

Development of LAN Cable “FS-TPCC® 8” Compatible with Cat.8 Standard

oA i — BB
Yuuichiro NAKAMURA

A B E &
Masayoshi KAWATA

NI~
Hiromu OGAWA

VA A RXRTDLAN (Local Area Network) ¥ —7 NV E2EH L7724 v b7 — 7 BRI EF L HEA TV S,
T—=F LI —BRIIONTD, BALOERFEHE > Tnd, ZOL) L, YA A MRT r—7 V%A
Liz7—% -ty —FHHBEE LTHRA 40 Gbps frikA [ fE% Cat.8 (Category 8) DHMEHHE Sz,
AR TIE, Cat8 BEOWEE & Cat8 BUEISHIE L7z LAN 77— 7 DWW T OR Y flA % HET 5,

Network wiring using twisted pair LAN (local area network) cables speeding up is progressing. Also for data center

wiring the demand for high speed is increasing. In such a situation the Cat.8 (Category 8) standard, which enables

transmission of up to 40 Gbps, has been established as a standard for data center wiring using twisted pair cable. This
report reports on the outline of the Cat.8 standard and the efforts for LAN cables compatible with the Cat.8 standard.

1. & C & (£

LAN EHIZ, FISFH 74 AEVRER, Wbk o
PIEHRACHRE > A 7 20 1Yy, s B o pE S F IR I B
WTd, Ay M= OFALENDIEE > T b,

TF=Fry—=HIBVTH, EEOBERINIL -
THARLEE - RERBENOMEPUEEZ->TBY,
ftskd 1 Gbps f53%2*5 10 Gbps, 40 Gbps, 100 Gbps ~
RN EHEEAHEA TS (R1),

AZIWVLAN T =TV (VA4 A MRTr—7)) %[
L 72 LAN B#E5E# £ T 10 Gbps {53124 L7z Cat.6A
Wi AL T T) Tho7z0%, HikbEmdfbe LT, 2016 4F
WF—=% kv ¥ —fHAE LT, 25 Gbps, 40 Gbps IZxf
J& L7z Cat.8 2SBIMEHll . S 7z,

RIFTIE, Cat8 BUE O L Cat8 KIS L7z A ¥
JVLAN 7 —7)V [FS-TPCC® 8] IZDWTHET %,

2. Cat.8 FHIEIZCDOWT

F—rtry—RHTIE, 10 GbpsfEk kv, HLbE
HALDER LY, #H727% Ethernet (xR & LT, 2016 4
I 25 G/40 GBASE-T (IEEE802.3bq) "Mkt s h (R 1),
COEEFRIHHENDL AZ VLAN A —7IVHE LT
Cat8 29l E 7z (ANSI/TIA-568.D-2, ISO/IEC
11801-9901) (& 2).

BHYLVETHT SN S Catbe ~ Cat.6A 1T KB E
3100 m £ TT, UTP L OENWHEED D 5 D123 L,
Cat8 37—t vy —EHMEHOBKTH Y, HEEILE
ANOHEED A TRARMEZOm £ hoTWwd (£2),

Cat.8 BIIZZR S T v 2 B P s 1A% 2000 MHz &
FEHIZEW (R 3)o 100 m F ¥ F VALK (2 BB %
et 3 AR5 MER) D6, RO AL, $72,
CatbA LRI L X HICF v R VI T4 » ke Lz
&, TOERHHETORMEAHIIREL L2 h, Cat8 DF ¥
AOVERIEZ2 7T COEFTHRAFEIZIOmER>T WD,

#£1 XZJLANGEBREEERAAHTITY

- {RERE . N
{RFERE B P #BRANFIY
1000 Mbps IEEE 802.3ab 1000 BASE-T Cat.5e I E
(1 Gbps) TIA/EIA-854 1000 BASE-TX Cat6 LIt
2.5 G/5 Gbps IEEE 802.3bz | 2.5 G/5 GBASE-T | Cat.6A LIE (% 1)
10 Gbps IEEE 802.3an 10 GBASE-T Cat.6A LIE (*2)
25 G/40 Gbps IEEE 802.3bg | 25 G/40 GBASE-T | Cat.8

(1) #AECAR S Cat.6A LI E & H#E3E

(% 2) 37 m T DHAE Cat.6 »{EMAFIRE

25/
40

1R R E (Gbps)

500
%% (MHz)
1 &H7IUOEERRE & BRBOBE

2000



Cat.8 5 LAN 4 — 7L [FS-TPCC" 8] DEIF 13

#£2 Cat.8EHHAKICOVT

TIA ISO
ISO A Class | Class I
A7 Cat.6A Cat.8 Cat.8.1 Cat.8.2
e ) uTtp FEALN FEALN FEALN
AL (F/UTP) (F/UTP) (S/FTP)
%74 RJ-45 RJ-45 RJ-45 %5*
aAx74
ISP 500 MHz 2000 MHz 2000 MHz
}:EE;?LE 100 m 30m 30m
s 4 5 FR 2 7 FR 2 7R
%3 Cat8 77— JINEEETIFM
HE ,(al\/ﬁi( Cat.6 Cat.6A Cat.8
1 74.3 74.3 75.3
10 59.3 59.3 60.3
100 443 443 453
£/ NEXT 250 38.3 38.3 39.3
(dB) 500 - 33.8 34.8
1000 - - 30.3
1500 - - 27.7
2000 - - 25.8
1 20.0 20.0 20.0
10 25.0 25.0 25.0
100 20.1 20.1 22.2
2/\RL 250 17.3 17.3 10.4
(dB) 500 - 15.2 17.3
1000 - - 15.2
1500 - - 14.0
2000 - - 131

NEXT : EinRsin =2
RL: R&IERE

3. EAWTEX AL LAN 5 — JFILIBEIC DWW T

CatbA T TIE, + 71 AENRER, Wbz ¥ ORNTE
WA Y AT LS THHSNEE, )4 ZAORERZ VB
B, Y= NVEFELOXAZVLAN Y —7 )V (UTP:
Unshielded Twisted Pair) (R2), /4 XD2%ZE T
LEBRETIZ, Y=V EDRXF)VLAN 7 — 7V HEH
ENTVDEA, Cat8i37F—% v ¥ —HOATHH
NBEFEPS, BHEEOECY =V FFED A Z )V LAN 7 —
TNVORDPEHEINLHEE o TWb,

Cat8 THEESNTWVWEY— IV IfFEX A YL LAN ¥ —7
W ORERENL 4 K O P AN Z fili 5 — 5~ VEE (F/
UTP) (R13) & BRHEIE~NCEIEL, B2 450 FPH
AW E TS (S/FTP) (K4) @ 2 ¥ D %,

F/UTP M id TIAISO BiRs Bl s h, a7 ik
RJ-45 2 &b, —J5, S/FTP i3 ISO Bk DA T
BMESNTBY, RJ45 DN OYHEax7 5 2T 5%
Hffe o TW5b,

K2 *#%JVLAN4—7J)0 (UTP) KER

EEREN

iz i

Xt

B2E
B

4
X3 X*#%JVLAN 4 —7JL (F/UTP) BREX

Bk

Gi:FoSEN

x

WEANT

BEAWT

Sk

4 *XBZJVLAN 7 —7JV (S/FTP) KEX

4. Cat.8 XI5 LAN 77— 7 ILIZDWT

Ty y—WHMTHEHEINS, Cat8xFIt X ¥ v
LAN 7 —7)V [FS-TPCC® 8] 12DV T L4 THOR Y HA
AT %,

Cat8 7 — 7 VORFILENVREETH ), CatbA O 4 %
TH 5 B Em I 2000 MHz £ TORSSFE 2 e S5
CEDBUEIIR B,

WM TIE, EANWHEE X R]45 2 A7 U TE B,
—FEE~NVORERE (F/UTP) CTRZSICIY #LA 7.
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4.1 Cat.6A Xt X #JU LAN 4 — 7 U4 MRESS

Cat8 B THE ST v B B 2000 MHz £ T
DL % JEV B 500 MHz @ Cat.6A HK IS L
Twb i~ (F/UTP) ##&o [FS-TPCC® 6A] T
Tl 58 % FE0t L 720

[FS-TPCC® 6A] Tl, Cat8#H#TNEXT, RL4FMIC
2DV, 1000 MHz ¥ TOEKTIX, BEERIFE»EHKT
ET02b00, ZNLEOFEH TESIFELIAEE (R
4) Lo THBY, BRFEOWBICH KRE %L X84 79
FELTWAEZ DDA S (K5, 6)

Vol. 67 (2021)

4.2 Cat.8 XitX#JL LAN 7 —7 )V [FS-TPCC® 8] #&&

4.1 HOAEF % AP E 2000 MHz T TOBRL %
REWICAKTEL XS, HRE Y F, AxEEE Y 7,
EANWT — T O, BENEOLEERMELMEY KL 724
H, Cat3 B EHE SRS RIT 2 & I12lY)
L, r—=7 Vot 887z (R5). &b, VBT
EER LT =N MR LSS5, EAREEMC
L7z T, RREMREIEI25m EFTE RS,

%5 FS-TPCC®8 Di%st

EE ANSI/TIA-568.D-2 oF 2;‘;‘35 "48P
£ 4 FS-TPCC® 6A DEEETHERER (Cat.8 RK) E -
] "R Bk (o) | EA22AWG (0.644) 0.510 (24 AWG)
NEXT L o8 S Bk 164 %095
RL & (mm)
FEAL ME —IL K TIUIFEAL
NEXT : iR AER =
- — = 0.4
RL: REHBRE . (mm) =4 0.
oHE B®A9.0 %75
(mm)
BHEEE (kg/km) - 50

Bl E DRRE O

i A

5 FS-TPCC® 6A NEXT 45140 i

Bl DR fE

AN

()

4 A

6 FS-TPCC® 6A RL 40

4.3 Cat.8¥IEX ZJVLAN 4 —7JJU [FS-TPCC® 8]

A2 THOREFNS TMER F2h L 72558, Cat8 B TAME
KRLHNPTE (F6), /2, FS-TPCC® 6A THROM
72 NEXT, RLHMEICOWT, A% 1000 MHz LD
oA 4 7 bYEEL-FEHRALE: (B7, 8).

%6 FS-TPCC®S8 NDXEEFEFIFMHER

HE R
NEXT a8
RL Gl

NEXT : iEifmaaik = &
RL: REIARE

B 2B DAFIR(E

AN

7 FS-TPCC® 8 NEXT 43140k



Cat.8 5 LAN 4 — 7L [FS-TPCC" 8] DEIF 15

[ 2B DARIE(E

\

8 FS-TPCC® 8 RL 454 MikHs

4.4 Cat8FEIARTZIZOVT

Cat8 s A ¥ IV LAN ¥ — 7V, =%ty ¥ —TD
R SN G &, F— T VW7 I 7 &Y
fF1F728y F 32— FOREHICEEER S L5,

FEEOMH 32 EE L, [FS-TPCC® 8] I Cat.8 #if%
GO T T 7T LEIT>72 (K9), 42HMHEY, 25 m
D —T VWK T T 72N Lk, Fvs0n) v 7 il
THRESFEOMRL EHLEHR, ETORETTHIR~—
VUTHABTELHZMRE L (RT. T2 WRICEE
BRVELMHERALL (K10~ 12),

9 FS-TPCC°8 77 ML
(27 : FLH—KF+—8 J00026A5007)

7 FS-TPCC°S8 77 JVMIENTEBTIHFMER
JEITEFHE : TIA Cat.8 Channel (+All)
JEITESS 1 DSX-8000 (Fluke #15Y)

1EE TR
NEXT Aatg

RL EL
Insertion Loss &%

NEXT : EiREERRE
RL: REEEE
Insertion loss : &A%

NEXT
120 —
[ IRE I
100 w\l | l \ Ll
L i
g '\\‘\:‘»AQ\‘ \&
80 1 -/?\ A
o
S 60
= '\
ﬁ \\55._
Z 40 g
\\\
20 ™
0
1 10 100 1000 10000
&% (MHz)
10 F v RJUEAER NEXT 454 D
RL
60 : T
| I | |
50 ‘ ]
40 . ] o
S a0 / 7
z =g
20 ——
—
10 N =
0
1 10 100 1000 10000
BAEE (MHz)
11 F v RJVERER NEXT 55 DR
HABK
35
30 //
— 25
8 20 /
12}
8 /7
15
5 Pt
s 10 '
g s
- 5 PR
_—---—",—
0
1 10 100 1000 10000
E#E (MHz)

12 F v % JUEAER Insertion Loss 4514 DK

5. 5 & O

4D, #% K40 Gbps DIZENWFET, F—F LV
7 —HEHH Cat8 B ICHIB L7722 ¥ VW LAN F — 7 v &
LT [FS-TPCC® 8] DBAFIIHKII L 72

SRITEFAEATNT T A TV

YHTIE, TNFEFTBEHPSOMA L —XRH L
BRI TR, BT A VT TOIFTITHY AT
Wh, SHRLBEHPOOFERFICL, HFiLnw=—2X
HITHEATHIT D L9, BREOWIZE - % - QR M
ATV,
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ZE X

D MH IE#, M :LANHY A A M7 75 =7 VOBIRE 5B O R
2 MEML ¥ 2 —, Vol58, Nol, p44 (2008)
2) KREIEREAERR - @E T ESBE © ANSI/TIA 568.2-D-2018

[TPCCJ I3 E LEMMA S OB HHE T,

Vol. 67 (2021)

B LR

hiE—ER (At d WwHINEAHH)
APEARER PR EHAGE GRR
WEM A — 7V oikst - TS

& AR

AE E#E (pbfz EFSIL)
AT WY THR
MR — 7V ORG-S HER

B LR

M = (Bhb U»sT)
AEREARTE T SR
SBE A — 7 VR - BESICES



M12 X code O % %7 #f+& Cat.6A LAN o — 7 ILDRAH 17

M12 X code I %7 #{FZE Cat.6A LAN o — FJLDBIH

Development of LAN Cable with M12 X Code Connector

M Fr 5h £ E AR =R i’
Hiroyoshi TADOKORO Hisao MARUO Mitsuru MISAWA

W OEt SHUY % HE &

Takuya URA Risa IMAI Michitomo FUJITA

FESEM LAN O J 2Py, a2 7 Z1I200WTH MUWEBEBEAERINTE Twb, BHETIE, ko
RJ45 TR>ABRVEFEH I A Z 4 b HHBHITHA D IHHTWD, ZORT, BWEhEEEZED, DiERKE2
A9 % MI2 X code T4 27 & &l - il - iR o pESEH LAN 7 — 70V G, Cat6A OFFEZ i

REEHTEITHIL T,

With the spread of industrial LAN, high connection reliability is also required for connectors. In recent years, industrial

connectors other than the conventional RJ45 have also begun to appear on the market. Among these, we succeeded in

satisfying the characteristics of Cat.6A by combining the M12 X code connector, which boasts high connection reliability

and is dustproof and waterproof, with an industrial LAN cable with high shielding, oil resistance, and bending resistance.

1. & C & (2

W4, DTl fl ) a8 TR E LT, il
TRy PO IO MO, @AM TORBET Ry b
& MARSEICBWT, EEHAOKRY b, AT (Artificial
Intelligence AT.AI%E), IoT (Internet of Things) ®=—
ADEE DI, madl - BESERE A OFEGE R RN ESE
HALAN 7 =7V R A7 12RO LN T 5,

—77, BEEMLAN ¥ —7Vid, B EHL, BFELEL
BTV AED, RO x 7 ZiL, ko R]-45
AT ZERAF—F =T LIBHEE - BikBEREZ L
7237 FTRIB L TWz2s, mERRIC X A5 1R
RIS - 726

AT, COREEZFRLI-MI2 A7 &7 —
TVDOBFIZOWTHET 5,

2. EEAxY M7 -7 08M

EXEHA Y bT—=208EmE LT, 74—V FNAHR
PoA =4y MHFAANOIREESS, 2018 FITHHR L /22 &
MW A=HAy b2 THB TS (K1, BEXH 2)).

FAVRSICRBINA Y F A M) — 40I12X 5 1Y
ITAEDHEAZZZ LR EFEbNT W5,

£ =% % PRI, KkE IEEES023 ZH A& THE#(L &
N7WRINRDER L7k R TH Y, 4 mEb~
OFMAEDET CVREZZETTVE, —J, 74—V
FxZ2/53iE, FA (Factory Automation) 3 A O T

ToT *HEOHEEEH O TH; TREMISHT S Tw b R
ThY, kxSt Hkr SRS T B, lER
JEDRFDFRE L 72 > T 7z,

Ttk y T —=21F, KREADITHEEIND A, i
O ETH B T > PO —IVRIESE, EEHA —Y 4
v AR S, BEEREREETICB T S L - KA
rFEHL WD (F1, E2),

917("/0)
1 1—Yxvyb2z7
£1 IH/xy NT—UD%EE
ESR R | B VSN
1FHR f—H%xy b EPe
BN =ENTE S I TR
- f—Hro b (EE
74 VR T4 =L RKINZ g
R
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K2 IHxy b7—70HEE

3. AxVAER

LAN 242 #i, RJ45 (Registered Jack) »S—f%ny
WCERLTBD, 38 .LEMTEL 514 7 Thb, ISO
V7 I TH A RENEH#ILI N T WD, F72, BiiHO
RJ-11 (648%) LEEIEEBLTBY, EHMToORS S
PHIESER LTV,

—), FTAR, v vay, RERETHHENEZ
L ERME LS, R]45 247 5 T, BiRMER
B B HEE R M T CTOMMICEIANE TH L7120,
RJ-4512fb % a4t 27 ¥ ORMADBEHBTH - 72,

ZoxnE LT, EEHE LU bR Twbhalik
AROIEIA7 ¥ THDHMI2aA7 ZIZHEH L,

M12 2% 27 #1121, code TEIMHHHENEZLRD, A
code Tli&, DC BETHEMET 5t 2D/ 7N
4 2, Bcode T, 7874 7NA (74 =NV FNAD—
i) CTHHSNLDONR—RINTH 5,

A —H%> bTlx, E5 4MD D code I2X % Catbe
BERTH o 725, Catb LLFEDIEHIZ 2 & ORI IS
3L, 2014 412 M12 X code (IEC61076-2-109) ASHiA%
fbash, WA= =2 - TRMEEIT-72 (F2)

PHATB W THHREIRET LT zEENWE Cat.6A
r—7 NI M12 X code 247 7 L DfAGDEE
Bt L, MEOHNC &2 MRS AT, X /AR,
GiliZe & — v RO Mz % 47 - 726

Vol. 67 (2021)

k2 MI12 %7 42EHE

M12 code &8 {ERR& 5%
A code DC &Rt
B code TO7 48X
D code 418 Cat.5e 100 Mbps
X code 81 Cat.5e ~ Cat.6A 1 Gbps ~ 10 Gbps

4. M12 X code J %7 2 D4EE

MI2 X code I 427 ¥ 1%, $kBERO, FEEHEHT &
LChZBENTEB Y, SmE@fEds (10G Cat6A) T, it
Ve, BEER KM (IP67) & o 2B Wi ERLEEZ A L
TOVERELRGIIMET AL ENTEETH L, T2, M7
B, E— VBRI WS 22 F08 4 7030, MEIZ
B TARS AT 2, [F L3RS A4 X ThIuL, gD
B LIS 2 EATE LT, T4 7 & BARDS LY miil
TH Y MITKEOREESE— L FREELS D, E—
PN, BHE TS TE Wb iz, MR X b g
A CRENSSHATE, IHBRELTE 20BN TV
(£3),

£3 MHEMBEE-IFEIDEN

BT fiiA% 2EME K&EZ
#ESLEY O A AN A
E—JLKRE X O O O

5. M12 X code A7 2 &4 —JIVEEHRMT

51 —7JI

=7V, EEASNWE CatSe (GE T JE Dk B 8 100
MHz) & E¥E~NWE Cat6A (G JE I% Bt 500 MHz)
FHWz (R4, E3, X4)

r— TIVRETE DR & I viE, CatbA 7 — 7 VI E
WETE 20, EREEEHESE 2720, ot T
HWORENRBINTVWDEIETH D, M, ZOHEEDE
Wik, A7 S EROBICHIEEEET LRV FTH Y,
WA 4 W OTEIREMERF L ZRETM LT 20wy 2 &
2% b,

x4 r—JIEHE
—JIEZ A XA T4RE figE
HFS-TPCC" 5 PATCH-FA | 26 AWG X 4P | Cat5e | ~ 100 MHz
HFS-TPCC”" 6A PATCH-FA | 26 AWG X 4P | Cat6A | ~ 500 MHz

3 HFS-TPCC® 5 PATCH-FA (Cat.5¢)



M12 X code O % %7 #f+& Cat.6A LAN o — 7 ILDRAH 19

4 HFS-TPCC® 6A PATCH-FA (Cat.6A)

5.2 A7 4%
a4 7 %E MI12 X code 2427 % (E—)V FE) %7
(X5),

5 MI2Xcode A%x7 % (E—JLKE)

5.3 SNIEFORRE EXIH

IMMTREOMEE LClE, = FINT% i35 K
BIBIC K BBRIEN DS — 7 VRS IC LD & D LB
JAETHTH Y, TRICER 2 HEZHIT7,

(B =)V FINTRERE)
PR IREOMEFE KD ofLh, ENREF)
AREIFEOMERS (R BT B0 5 PEREMESR)

FRCERE R A, EREPERLYS, FHERENIC X 58
RIEN) % S5, €= FNO TG WL
SN T B Z & CABEIIRRICTE 5 720 CRERF )

6. XBRIER (IBE &)

E—)V FAID M12 X code 247 % (YEERD) & Y4to
FEEM LAN 7 — 7V e faE, Boairo 7z,
KRIFVE DR R 2 R 5 1R T,

Catbhe ¥ — 7V L DHMARETIIRIF 2R %2 H 722
CatbA 7 —7 WV Tld NEXT CEuiiwahimzi), RL (4t
WEER) RICAREHKE R ol ZDHEIE, Y5k CatbA A3
Catbe IZxF L, #/N—F 2 BT H O (Catbe : 100
MHz, Cat6A :500 MHz) & %7%%, B L W2 &d
»HbH (H6),

x£5 MI2 a7 2F&r—JILO%M (%EaT)

N /Xy Fa— FEBR
LAN & —JIL MR H | WEE fis%
NEXT RL
HFS-TPCC® 5 PATCH-FA o O (@) O Cat.5e
HFS-TPCC" 6A PATCH-FA X X o O Cat.6A
80
70

Cat.5e 1& 100 MHz2
100 MHz CORBMEDZE 7.1 dB

|
M

20

60
50

dB

0 100 200 300 400 500
MHz

—— Cat.6A Limit —— Cat.5e Limit

6 Cat.6A & Cat.5e &EDBHENZE (NEXT)

Catb6A VEREZ T S ¥ 5 720121F, 5.3 HTHRN7-7RE
RIFHSELLENDH Y, ZOUFHEMBOREL X MEH
W THERE L 720

TIILERORETH Y, T— NV FHNOERBOTERI,
W) BHERTE D, TOBGE, FHERTIREOBHRIEC X
LRETHY, BEPATIERTORESILORKE %5,

—7, R 8ICEHEHRDOREND %A%, £ )Y
FRREEMRLTBY, FHRBEOBIRTEOEE L %
FChH, BMOELN, WY 2RARICHZO TS L
W3 ES o

7 X®REE &Y OEN, ®Y)

8 XMREE (FHE%ER)
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WIS, WEERHROERAEEOMRREEZRI 9 IR T,
NEXT IZDW TR T, ARMEETEIC TR 28
25 Z DR Lo 7208, WEKTIE, EREEETIIC
THah~—Y Vv EHRTETWD, T2, WERORL I,
H812 250 MHz f3E~ 400 MHz AHEIC THIfEZ 2 5h T
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Development of Optical Fiber Cable with e-Ribbon®

XHER X F £ BH HEEBZET Fa &
Yuki Ota Takeshiro Nagai Kengo Tanabe Wataru Noro
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In recently, the demand for high density optical fiber cables has been increasing with respect to the development and
construction of high-speed and capacity optical fiber communication networks due to the spread of IoT, full-scale 5G
commercialization, and automated automobile driving. This demand can be realizable by accommodating rollable ribbon
(e-Ribbon®) in the cable. We have developed 432 fiber slot-less optical cable using 12 fiber e-Ribbon® to improve the
density of optical fiber cores in existing ducts.

In this paper, we describe the design of the 12 fiber e-Ribbon® and the various characteristics of the 432 Fiber slot-less

(2021)

optical cable.
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Development of Shielded Twist Pair Cable for Automobiles
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With the advancement of autonomous driving technology in automobiles, it has become essential to increase the speed
and capacity of data communication between devices such as sensors and ECUs. However, the transmission capacity of
conventional cables is not sufficient to transmit sufficient data at high speed, and there is a need to improve the
transmission speed of cables. We have developed a shielded twisted pair cable with an outer diameter of 4 mm, which can
be used for high-speed data transmission as an essential cable for autonomous driving.

1. & C & (£

JEVIFR ADAS BB IEE Y A7 4) 2 LL, H
BRI L AAPEELTLEY E, AATREVI =L
ECU M Z#ESMERr — T IIRO SN EFZEDO—2I2F—
FORBFEEFEEDSEZ ONDL, 250 HBEREAT
THHSNG 7 — 7 DSHEEREE TH Y, ORI
Nnwid, KEEOF— ¥ 2 @E I B TE®RTE S
CEDVPUEANRTHD, DL ) HBERIE, LV —%
M S & O LBLRE ) 10 Bz, WL &2 T 5 7 —
TIVIZEBTIIE S, 2F ) EESEIMERT 2 F TORR %
TEL2FHL, ABDPTOBELRY 2 HEA Y —
FicL, kr¥—=Hl#EEoiehzmKRICE»L, 2
OIEHATEL =T NP EE SN T W5,

FWROHEKY 27 4TI, FE-HRWHAENRTHS
TT) = ary T EORIEGEINECU 205, S
WKCEBIN AL Y - 7T—F 7 7 F v IZ0NF72 ECU D
MO HEAR, S 5T, FIIIEE S N7z EHREL ECU
BPHETLHTULA vary¥a—F~0@E%B Ethernet
THIV =V T—=FF 7 F v HEfRE LI EvbhTw
5% MAEEBCURY =V - T—=FT 7 F xDWEICR B L,
B, BEBFRL2ERT L7 — 7 VICKREREE, B
53k, VTV AL LEIRD SN S,

T2, WRGTFT— 7 OIEEFLEL o TL BER,D,
Hiifk Ethernet O#E b B LA HEA TV 5, IEEE T
13, 2020 FIfmE M 25 Gbps - 5 Gbps + 10 Gbps D #i%
“IEEE802.3ch” A%l &, 7 — 7 IV OMERgn Lasbm L
BRoTETWLIENGNDL Y,

—RMNIERERARBERL HRR AT 5121%, T2
BARFEZ KL THZ L, F—TNVOERKZWERT LT
TREE %25, L L7%DS, fEHEIEORM, FKEAN—
ZDHIR% &, BT 5 ) 2 TOMEIRET D720, 7r—
TIVHIEETELBOML LAaDS, MlfakzEHls&
LBEND 5B

SHIT, IAZZMLEE, BB LELEZEEST S &k
MR — TV E AR GHEESREE L WEE I b5,

FalZy— W VA4 X bRT =7V (LN STP 7 —
TN) OEETHYRBS, RO — TIVIMEEHEREL
72 F, EXEFEEZNEXE, RHOER Ethernet B
“IEEE802.3ch” IZ# & Lz —7I, 612, SHBOERE
RWARZ, RER(LERCHBREDS R — 7T VAR L7
DTHET 5,

2. FHRADEE

STP 7 — 7 VIR 1 IR & 912, AR B ICHigk 2 o
BLIMHBRET I DL, AN ERHL2r— TV Th b,
BZE L7 — 7SR 2 R 118 T,

x1 FHRGBER S LUHREHE

Bk, W 26 AWG X 1 %
e RKUFL 71>
s 2% TI5AFvITF—7
pliecd 2 EER (EkT — 76 L URE)
=2 HEMBRR AL 71> o wEEZL
ne r— T IVHE 4.0 mm
e ML E—4 2R 100 Q




EHAY IV EYL AT r—JILORRE 27

Conductor

Insulation

Winding

Shield-1
Shield-2

Jacket

X1 FHR&SSEHEX

3. RSO

3.1 EABREKOER
EHEEREEERT 5720121, EREFERICBVTHE
R OWEPEL, (AR WRRICT 2 LE N H S, LL,
ANEFZORBEBEREL 2513, BRAIR@IETTS
g “RRAE R 5700, @EREROERE T
WET D, RERRZ, BB T HEERBZERS [
FUrFTAL LT, DFOXTHED Do,

- _/2p
E2y o =/wu

P AF VT T A [m]
AR [Q om]
DA IREN L [rad/s]

D ERE [H/m]

" & ™ &

FRR RIS, BRI BT AR T 55
TOBIEEDOWREZ MR T 5720, BREGANT (B
KT) Y I a2l —3avIlT, BRFBEOTHAL - Bl
L2 M Y32l —YavilTiEohl-aryy—K%
X2 2R7,

R 0.01 GHz 1 GHz 10 GHz

ara—

M2 BREFEICZ—R

HERHEILE 172 x 10° [Q -m] OEADY; 4, 001
GHz THEX»5#21 yumFT, 1GHzTiE2 um FTO
KEMOBREIEN V. 2F ), L) ESEEOMLERELE %
bt BHIIEKRORREHTIIEALHRNLZ LR,
GROY I 2= a YOfENPS, BEEOES 2R
% ARET B 720121, RIBEHO MY 2Bk % i
TEULENDH LI bR, BRBEEHIM L 72,

Tz, A Y E=F U ZAREFHIND L IERETIIC
NN DAAET B &, WMERERDPEL 22 EA3H 5.

A V=5 U AR RENEELITIE, HEhEy T
REOZHRER L ENCHOHOLT 2 TE 572
NS T HRLEDNRD D,

etk A4 v ¥ =% v ZOREILD 720D, r—7 VL)
b3z, THCKY, RRFHHoOMLYE Yy FR
SOEHRER L EANCHOW O LB Z /ML S ¥ 5
ENTE, FMOLHZRAMLTH I LIi2X ), FRIHKAL
MEITE 2, B3 ITHIRIALRE & 17 5 T e WiER i
LIS ET 7 A 2 UG L 723 AR AR o AR
WEAERERT. B, HEOWERIXZ MLty b7 —
T FIAFICE DT 7,

,1\
2 \
€3 \
%4 \\\4“"’\
% o .
T s
8 _EBkBRHS
9 \ \
0 2 4 6 8 10 12

EK% (GHz2)
3 EEX{EDEH

3.2 EXfFH Yy U7V NOHRE

31 IS TR L EHR/TE LR 2 Wi L7228,
FEEMRR T — T VIL, B BIREEFWERIC BT, 2% IR
FEAELACHSE Yy 777 NBRETLMERD 5,
ZO¥y 7y, mEAETHEHTERVWEKRNO DT
Hbo

Yo7y MIEGERET OB E K L72ES ok
BOWRTHEET L, LYy FRSBIVEAVT —
TOLEALEESITX LMW ED, Yy Ty boER
FREZRBI20, L)y FREIOREL ENNT—
TR - MEOREL, BT HEORESEGERIL, ¥
v 77w NOFER 10 GHz £ 0 @AY 7 b 872,
Fv 77 MEEERTR O AL B L O IEEES02.3ch @
BEMAR4, v 777 bEEREEHNANY 7 DS
HERI % O KGR EE R & IEEES02.3ch DB & D I &
RERB5IZRT,

B L7z —7 ik, WAHKS X O REHRE=R T &
b IEEE802.3ch OBUEA A T/ /e L, »>, vy 77w
FASEREBEINC S 7 N LR RGO N TWw A,



28 BMERL E 2 —

0
=
2 \
€ 3 \\\\‘—_
g ) Q\Qﬁ M
7 - —{KIBKRMRET S '
g . —EBEXEBIUFITINEESR
- - [EEE802.3ch#R 1%
.9 1 | |
0 2 4 6 8 10 12
K% (GHz)
4 By T POHE FEABX)
0
' it
g -20 - “ I lll T
g}
1% -30 T i
= | F
& <0
- i T l' “| ll ‘
—ER
50 i — ERBRIEBEIOT Y I TN RE R
l ‘ --[EEE802.3ch#R1& &
60 \ \ \
0 2 4 6 8 10 12

[Ei% %5 (GHz)
5 Hvo7770OHE (REFERE)

33 EXNANZXFXa—

STPr—7NVEMNLIVHETH), 2ARKDETHTRES
ERE L TW5, Fofa s fET 03RS OMBE (LR
EIRER & vy, — 7% STP 77— 7V olgs, 280 o
B e ORI AN EAET 5, g [WNAF2—] &
O, SMNAF2—=DREL B L EAN LIBT3
TIEELN AR BIRE & 22 B 720, AREPEREDS AL A fiH17)
WHsd (X6),

[1x1ﬁﬂ#?ﬁ#b‘ﬁ W=7

i =*J1A”’Z
T —

EEPERIEELTVS
[1ziﬁﬁﬂfF“1??b‘ Hd5—TI]
Hh !

T — > 1
e — 1 L

BRLUEESEENNEL, 1;::?#@1’)’)?‘"&“&“%
X6 {nifEFEOBIEX

Vol. 67 (2021)

WHAF 2 —ZHEEEHI21E, VA A MRTOITH
DEIDEETELIEZTVLRATHLIENLETH L, H
I, MBSO OIMELEB 2 WO T L, HL DR
2ARDATHENEEDYE, CvFORIEHZML T
ETHY, FE2HEHIZOWT, F— T IVIEL % iR
bFa2LicXy, BN AF 2 —2ER L7, F2IZH
HEHMORNAF 2 — R ERT,

*2 HARMDAF¥1—

ek F¥m
IR ¥ 21— #10 ps/m 5 ps/m LT
4. ¥ & O

S L7722 STP r—70Vix, =7 WHME4 mm TH Y
A5, WHTHK “IEEES02.3ch” 4% i L7z,

EHIL, SHRORERMLEEREHRLBZOERE LI Z,
BHELHDD 10 GHz TTHy 7 77 bHEL, EHHAF
2—EER L, BHEEREEE N RS,

Kyr—7NiL, BHEESICHEST, KA OHEIRA —
kv bAOBEHAHPWLFCE, HEERLIREICERTE %,

2 E XMW

1) HRASHELF A TR E%E TN A& TV R—F vk
PAE 2021 (B%) (Y AT A, T8 Ay

2) MASHELF X TR EREET NN R&I Y R—F VIR
A 2021 (F%) (ECU B#E 7734 A #i)

3) W IEFE i : 55 LAN BCHR o 555 8 i),
vol.67 (2021)

4) IEEE : IEEE Std 802.3ch-2020: Multi-Gig Automotive Ethernet
PHY

MAEMRL E 2 —,

% FE B& AR

1) ADAS : Advanced Driving Assistant System
2) ECU : Electronic Control Unit
3) STP : Shielded Twisted Pair Cable



EHAY IV EYL AT r—JILORRE

WHRERT — TV Y AT A0
Sy @B (Z9H ORDHE)
Hliset v & — AT ss
FATHAN BT - v BRI

B LR

AHE EE (b7 FEXL)
LY, TR

SEM A — 7 VoG - g ed

T AR AR

BE B (&hrdE 7=HhL)
Bk B
WEH 7 — 7V oRkE - ISR
*) LI 2021 4 12 KA R

29



30 BMEHZFEL E 12— Vol. 67 (2021)

6 kV 3000 A =HHEIEHBEE 7 — 7 )V bR EHEE D
R LIVUEMRR (ZD2)

Development of Cable Joint for 6 KV 3000 A Tri-Axial
Superconducting Cable System and Actual Test (Part2)

BIAFMA" B E BEERE W
Kazuhisa ADACHI ~ Tatsuhisa NAKANISHI Kei SHIOHARA
ZEEE FEA®RG
Nobuhiro MIDO Yuji AOKI

2020 4E7> 5 2021 SEOK) 1 4EMICE Y BASF 2 % 28 VR SHB TR THIC BT 6 kV 3000 A = [ il k2
I — 7N & F W ERERER % 0 L 72,

ARBPICIZH AR EOERERRLBERE 6 m O — 7 IVNOBIOG L ERT 57200 X A, ik
ik} B AR FE it L 7o

T, BV AT AERHOWCEr —7VOERE, &, B, BEEr—7IVoOmE, £, GEHEEOR
EELLGH L2, FFRBOMAER, @EOBICIIMEBELE L FELES — 7V TERPTIHLLTWE I LR, T
Meas, AWML & s h o BB AREHR 217, BRI OMEHH L 13IZ—H L TWwb 2 LA%ERET
&7

An actual verification test with 6 kV 3000A tri-axial superconducting cable was conducted at the Totsuka Site of BASF
Japan Ltd. for about one year from 2020 to 2021.

During the test, as an annual inspection of the cooling system, X-ray inspection was curried out to confirm the presence
of refrigerant in the cable mounted on 6 m above the ground, and the finally withstand voltage test was also conducted.

In addition, the voltage, current, electric power, temperature and pressure of the superconducting cable, the flow rate of
the cooling device, etc. were recorded using the monitoring system. From the verification test, it was clear that a part of
current have flowed through the normal conducting cable beside the superconducting cable. The pressure loss and heat
entering have been calculated from the difference of pressure or temperature of the input / output port. As a result, it was
confirmed that the examined value and the estimated value before the test were almost same.
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Cu-Sn & E&ROBNIYFE & R EBFTIROF 14T

Performance Test of Cu-Sn Alloy Cables with Refining Conductors

3 RE— WEHIEZAN fhE B A
Ryuichi ARAI Shinnosuke UEDA Teruhito NAKATSU
hROOB B HEH
Tsutomu KOIZUMI Michitomo FUJITA

7 5 A <2 LR 78 © & /NI RAL P BL R A X — 2 DA I, RIS B W T H MBS TR, HEE
BPORIMAEDPER SN TS, G0l —MIIIIBVE M & L THH ST 2 EEHRILE T % Cu-Sn
BEOBMBEEZ AL T, WEEARZER L2, 55 N2RE Cu-Sn 8k Z2 W2 B o 2 L, MIE
AT EN B KRR DN,

The electric wires used for industry and automobile are required to have small diameter, high strength, high
conductivity, and high durability in order to reduce weight and space for arrangement. In this study, we investigated the
heat treatment properties of Cu-Sn alloy conductors, which are generally used as hard wire. And, we have been developed
the refining Cu-Sn conductor by optimization of the heat treatment conditions. As a result of investigating the
characteristics of the refining Cu-Sn conductor, it was clear that the electric wire with the refining conductor has the

Vol. 67 (2021)

advantages such as high strength and high durability.
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Consideration of Binding Tape for Heat Proof Instrumentation,
Control and Communication Wires and Cables
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The heat resistance performance of a heat proof cable depends on the material of the binding tape.

In recent years, metallized paper has been commonly used for the binding tape in consideration of heat insulation

properties.

In this report, various tapes were examined with special attention to the heat resistance performance, the adaptability to

cables, the effects on flexibility, the ease of manufacture.
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Instrumentation, Control and Communication Fire Proof Cable
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RREE S —JIJVHA X 2@ NETIS &§% : N-J43DU

NETIS Registration of Connector for Leaky Coaxial Cable : N-J-43DU
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Making the Line-up of Direct-molded Outdoor Termination
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Ultra-Fine Copper Alloy Wire
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Installation Work of 154 kV XLPE Cable with Termite-prevention PVC
for Kansai Transmission and Distribution, Inc.
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