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System Design of High Speed Optical Capillary Network
tor High Quality Video Communication
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Recent advancement of high quality video format provides substantial improvement in
medical applications. Doctors can diagnose patients using such high quality video from
distance locations. This trend increases the speed of communication within hospitals.
Not only medical applications, but also businesses or residential buildings are facing the
similar situation of lack of high speed communication.

Because existing metal cables are insufficient to increase transmission speed without
troubles from EMI or cross talk of signals, optical cables are required. However, since
conventional optical fibers are fragile, they are not appropriate for consumer short-reach
applications in buildings. The silica fibers also require precise alignment for fiber-to-fiber
connection. Physical contact or butt-coupling connector is considered the ideal connection
method, although it requires micron order precision in connection, which can only be
made by a professional engineer with specialized equipment.

Lens termination of the fiber end improves the ease of use of optical fibers, since it
expands and collimates output beam. A ball lens connector is a good practical solution
and is called the “expanded-beam connector”. It also protects the fiber end making it more
robust and less sensitive to dust and contaminations and has often been used for heavy
duty applications, such as that in the military, where ease of connection under rugged
conditions is required.

In this thesis, a system design of high speed in-building optical communication is
discussed. Graded Index Plastic Optical Fibers were used as the most promising
candidate for the in-building applications. The most significant invention in this thesis is
to apply ball-point pen manufacturing processes to attach a collimator lens to a fiber end.
The new connecting method improves ease of use by consumers, and the cost of
manufacturing. It also gives satisfying preciseness of optical connection by its precision
ball attachment processes.
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DigiAna-TV: FI¥ 7 FERy—7 I BlIE~20155F
TD: i F X (Terrestrial Digital)

DigiAna-1v BS: BSHi# (Broadcast Satellite Digital)

VHF (90~ 108(1-3ch) 170~222 (4-12¢h) MHz) CS: CSHE (Communication Satellite Digital)

FM TD BS CS

76MHz UHF(470~770MHz) 1 022MHz~1,522MHz 1 572MHz~2,072MHz .
250MHz/div

REF 0.00 dBm 10.0 dBidiv MKR 1.250 GHz 42.81 dBm

CENTER 1.250 GHz SPAN 2.500 GHz
RBW 3 MHZ VBW 3 MHZ SWP 30.0 ms ATT 10 dB
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E/O Converter O/E Converter
FTV-T FTV-R

From

GV-ONU
To

—_— HDTV

Coaxial GI-POF | —

cable {100m FONTEX) Coaxial
cable

50x27x64mm,106g 50x27x47mm,89g

4-18 BRKESEED-OHDXEERELZ NS

RF Attenuation (dB) at the Input of E/O converter

0 0 2 4 6 8 10 12 14 16
I | | I I | I |
-1 +~ TV-receiving performance
is perfect, when BER is -
2 less than 2x10 ID-TV |7 |CS-TV
/
P
e -3 BS-TV
84
9

Found that there is proper
RF attenuation range

RF-attghuation limits of BER less than 2x10-* for good TV-receiving
of TD, BS, and CS
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T) AR E R 170g

8) £ )& i HAVEa  ACTHTH

&, GHHSW301 Z'V—> /g Al
D AR —F  3HDMIZA 7 Abiii 1~ (19PIN) 3%%%)
2) AR —k 1 (HMIZ A7 A7 (19PIN)  1:R#%%)
3)fRt % (Ver. 1. 3b, Deep ColorXffis)

SHIME 514801, 480p. 720p. 10801, 1080p
4) WG Ik 2. 5Gbps/250MHz

5) AR 80x58x18mm

6) 17— A Q- kR -
7) AR E 55g '
8) f I it a—RfRA =Y

9) AR ACT Z 727 L, HDMI 25 2 D O Bl A ) H
(R FIH HMI e as ) DO BRI AR+ 272 G A B EL WA 03D
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9. HDMI4—J)L

HDMIZ — 7 ViE, ™AE Va5 5o E Akl ’ot@2~3GHz®Jﬂ?EZi}&*ﬂ%f@%
AT LHMENHY FEHERIZIZ10mEL FCHHSNS, 10mEL HIERT 5551
A2ATA P OHDMIT — 7 NV aFIH %, K1DONAETa v A7 LTI, lOm,U\ s
BAE T 288 D35 FTdo %, 3P Tl il % — (HDV-OTREXE S T) 22D213 DA
AZET20mOHDMI —7 )V, 7By =752 —FT30mOHDMIZ — 7 VIR, &
7o, 2BE T, il 2 — (HDV-OTRR ES 1) O AT ET10mD7r—7 )b, 71
T —FTI0MDr —T VR, Ll EOERR A OHDMI — 7 Vit 4271
O & JE I RO R R BT — 7 VRSB CTH D, EOM, T L 7-HDMIF %%
Bt 35728 OHDMI — 7 )VIE | FRIZA— I —Z R E T D0 B30, A2 T AW
HDMI7—7 V&L T, FRezFIH 35,

B HDMIZ—7/L 30m 4 AVCID-30 =ALETFH 1K
B HDMIZ—7 /b 20m 4 AVCID-20 =AALETH 2K
B HDMIZ—7/L 10m 4 AVCID-10 =A(AETFH 2K
m M =

HDMIZ—>7/L 30m, 20m, 10m®D7—7 /UL, BHE(E 5 Kk OV 715 B2 {nk
THDHDL XFDTMDS A2 (Transition Minimized Diffrerntial Signaling) &
SADHIEE 5. BT AL 2 [HOHMI 17 Z— DS, a7 Z—Dr
ARET19 B ThHD,

FEE B DOLEEHITMDS TA 1% #HML (Current Mode Logic) BRESAS ] HE
A

2 ROIRETANH7RY | ZEEA B —F A E100Q THD,

=T NVEBRIET NIV AT— fASATNVEIZLDS B —/VREEAL, 4+

KHET D BEN TR LT AN L T/ N2 D307 A B L THRY , [RIkF
\ZHA T AR E DAL BT 2 — AL HHMT %7 2 —HITIE24 DA AVFDESI
<Ry
BT NOEEFEMEEHIRL TS, M, 7 —7 L aIEETHD,
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I =
VIr—TNoe 7 A
K —T THREL9 KOG, BIR., 77U REDIE LR, 20T 4
A1, Table-1 D@V TH S,

Pin—-NO Signal—-Name A 2 AL

1 TMDS Data2 -+ =1

2 TMDS DataZ shidld Drain TMDS Group 1
3 TMDS Data2- |

1 TMDS Datal -+ TR

5] TMDS Datal shidld Drain TMWMDS Group 2
6 TMDS Datal- H

7 TMDS Data0 -+ B

5 TMDS Datal shidld Drain TMDS Group 3
9 TMDS Data0O- |

10 TMDS Clock -+ ok

11 TMDS Clock shidld Drain TMDS Group 4
12 TMDS Clock- =|

13 CEC JK -

14 Reserved 7R -

15 SCL 5} -

16 SDA & -

17 DDC/CEC Ground | -

18 +5V Power | -

19 Hot Plug Detect = —

Table 1. EV7H14Y

2) BGE DRk

HDMIa R Z—HI AT TAFICE L . AR &5 7 DA R A A 1E 5,

DISPLAY &2~ L72 U IZ Display Z #2589~ %, ICEE I IE, HDMIY — A& O ik
RN

1080PE TOMIG, & H A IEH I nEd 5,

BlueLayDisk&SharpAquasHD-TVA ARHDMI — 7 /L CHefe L CEIERERR.
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oML KDY STk

30000£250, 20000£200
10000100

93%—&—-—-—
PIN 'Ig"l I|"F1'J 18

(=]
K
I T

l,\\—Fan printing - Silver Pi~ LPN2
Wi It
Table 2 A8lL~TiE
4) B ROV ERAIEAE
Ko —T NOBRESRM ., EXFEIX TROME@Y T,
No 15 B £ %
1| BMEIRIBRE 0°C~40°C(ER)
2 | FRIBEE 15% ~65%(ER)
3 |axovsEAD 44 1N(Max)
4 | a3 EN 39.2N(Max)
5 | #EREIH 10000(Max)
6 | EAiE 40m Q (Max)/pin
7 | EEE R (only raw cable) 0. 2Q/m (Max at 20°C)
8 | A E—4 R 100+ 10 Q (differential impedance)
9 | Time delay skew 2400ps/3m(Max)  (between pair)
10 | fitIE (only raw cable) AC350V/500ms i<2mA
11 | $834E4 (only raw cable) DC250V/500ms R=100M Q
12 | RoHS F5 I T
Table 3 BRif K& OV XURHE
5) )E’ @ Max 90mm ) REGEPTAGLI
I —7 Vi H RO B/ N - <§ _
FHE DY, /o f fehs
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B D7 —7 )VHDMI 7 —7 )V EL T, FRICA— I — %R E T AL EIIHD F A,
fERREROHD it r—7 VEFIHALET,
B 4 PL-HDMIO1 (1m) PLANEX#! 104K

(
B 7% PL-HDMIO1(2m) PLANEXH! 14K
B 7% PL-HDMIO1(Am) PLANEXH 24K
B 7% PL-HDMIO1 (10m) PLANEXH 274

B VEH A5 15K

m A =
BT, B R A o CL BB AR DHDMI 7 — 7 L Thh D,
efle E R OAREIL HDMI Ver. 1. 33A& 7TV 2505 T 5,

10. Fy¥EXRVFE

SO AN Var S AT DT BEIBER BT 7 DF L o s
BETT,
B 4 SVX-RM02 Lo sl — S— IR 7 A
LS
W
AKFXE Ry NI INEL9A L FREERRIIE Y — =R Y 7 AT D,
AFFEFY PNIC, N AE T2 b T =S HMIE L 75— HMLAT Y 2 —
ERETES,
12, WEOBERO RIS — ) B B B TR T b,
EFICH, A E VWb = ADE =S —F Y AT LA R R ETES,
R VD) L SRR B35,

W AR
1) A X W560mmxD620mmxH605mm
2)HE&E  27kg

3) KRt B 100kg
4) ZAF— )L (AT BT k)
5) Z25E (FFAEPET100%) | $HfT
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2. 1. 4 ETHISEERER
EHE IR LR — ORSFE F 71X F S OMEA R LT USRI AE Var v
AT LOENERER 2 I 6 LT, BIERBROEEA DL IR,
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1. MNAED3aVIRATFLOFERER

INAE VA ek R 2B DHD-I AT 5 0 B 7 [h)8{E FEER
X HDV-OTRAHA.[E]Z100mD /L% FPORIZ T L CWA B E
T ARIOEGIE, EEANCERE LT =2 —

RO E . YeE(E (100m/LFPOF) L7~ Hifs
HEHmo®MBIT.HEILLEEINLEZIE H &

M EY3 UEHERR  HDV-OTRE REDGEHEHIDV-T RUNEHERHIDV-R

100mo /L % FPOFEEfE

HMI AU > Z245H

HDMIE L7 & —

NAEY g
FEZE A

*.." == M - v . 100m®D
‘I"’ | gl JL % POFHERE
Bl

...

HDH A F2H  ZHMIELZ Z— [Tk 0@ERLTEE
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2. AASAHFFHHDMI A —T)LIZ&LB/\( ED 3 UeEHER

10~30mDA 27 AP FHDMI7 — 7 L EFIHL T, ~NAE Va1 A7 (HDR-
HC7 SONY#) DA Va5 5% L@ ED2MEO T vy = 74— (4 VPL-
FW41 SONY#LEA Y, KG-PH1002WX A= AR —1 o ME) ~EFEL T, FEERIZ
NAE VNG T IMBET DR IR E LT, EFIINAE Y a G EIMRIETEHIL
% HERR L7,

A2ZAFHDMIT — 7 /Vid, B RTOEPRIT/R<HDMLY — A0 50D % {fﬂ\,ﬁ
WZEVEMEL TWA, > T, \EIRY —AZH LR WHDMIEL 7% (f 2 13
GHHSW301 ZU—u 2 8) 7e 003 B T 2L IEFEEDN RNV E D

D, ZDLEIL, I%Aﬁ%%@ﬁzﬁﬁwaDmx7 IDP It S NG T RN (R
DIEF ICEET D2 L2 R LT,

3. BBTARTLADBEHEREFYERY FOBRDOIER

A% MITSUBISHI Diamondcrysta WIDE RDT231WMBK) —ZEmHl K& N
M4 M237WS-PM LG Electronics
DWRBT AAT VAT HNAE T ar
NZ v — SOHDMIA JE=4—H &
LT Lo L& OEEMR A LT, &
FIRT IO LES 2, IEH I
EhET DI LR LT,

Fo, ORI AE YA
VAT DA BRI AR N D728
DF ¥ Ry ML SVX-RM02 =12
LB — R — IR Y 7 A 1X, BEIC
ATIORIGIRTHY , A Ta otk
Fov—8 HMIEL 7% — HDMI A
Uy Z—Z ik B RO LAl LT,

F7-. WE ORI DRI —UFar AEBHH TX. FiEicid, e
AVIHRT L ROFL—T AT VA B TE | RIERFICIIE W - SR
IEHRICREA ifE CEAZEbMER LT,
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2. 1. 5 F£&&H

A X RS AE D2BE L3RR B T D HNAE T ar VAT AZDONT, ZD5%
ED-O DB MFAELZFE L . FIUTE L2 AV ar VAT LERH L, Tk
R T DR DOIREZFIE LT, Fo. TNHLDOREMIRDO LR RENEE R LT,

KINAETa VAT LOEBUTIY | A2 X E AT EE O20E L3 D [H 2 POF#E
FElZED, VT NEA LNAE T3 Z R T T miE L A AR AR D22 ]
VT NEALANAE T a2 R IZ I A CEDEGEDHHIL R U T2 28 M EBLTE,
2BELBED— (L LT RS i MR IR R EI T —E DA XU TED,
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2. 2 POFt/INAE a i BEfms B EEREE

2. 2. 1 FHNAED IO RTLRERMEFE

REHATIL, B XK EMESEE DS HRE LM #EE  BIOREZ) =y /D31
o BHE DT T AF 7T 7 A3 — (POF) DEGERIR LB LA 2 — Ry MaFRD
o I R A L IR T T AR — L a LB BINER 12OV T
MEtLT=,

1. TSRFYIHRT7A4/8— (POF) FZHEIZDOULNT

(1) A2 X = ffi = E

KAl KBS EE D2MEDITR 22— LT, ITEN B3R B ~3F-01 £ 3F-02
DPOF V¥ ) 2742 ITENH2MER 5 ~2F02DPOF1 74 > BHER S LT D,
3E-01DPOFTA LI, ALV ar VAT AEL TR S TS, ZhE, 2010
3 H DI D,

3P A L2 R M ICPOF T A 2 Bl 9 A121E, 3F-027 12 L2F-027 1 2 % 1T
FEANTHERTH LEETHMLERDHY, CHSHIC TEEHEM L7, 2BESHERED
2F027 A DAL B MNE, MU-JJ-POFZRIZ—THY, AT 4T 2L N —HEDHEGEIZ
F, EHOAXF S Fa—R RN EER 5T,

BBEDFEAL D IF-02D AT 4T 2 /N—H DG | SC-JJ-POF/LFF /T4 —
TIPE T -T2, ZO/VF T 5 EIRRO8500m D i 5z D DA k48 Kk DO E b
RIL KI8AB THDH LA FEFE LTz, . /LF T POFTIX, 50A—FDIniEH KX, =
K7 H— DR KA T O THRIZABLL FTHY | 2BEDEEDMU-JJ-POF2 %7 Z— D
DAL PRSI, A EE, 100Base-TDO AT 4T AL =X OEEGIZHIA T 25D,
+ 3 FIH RTREZR FHEOFHNIZH 5,

PLEIZED | BEBEDAFFPOFT AL R L T, 2SR = L3R5 L DM T
POFFRIFEBAEL  IEFRZ WL AT AZBWT, Y=—TVRi#ED100Base-TD B H [H]
FRELTHIA &,

(2)fREEI ) =y
HRR DRI ARDONUDS | iEE DTV Y AT LE TORRHCIT., FAA
DIVX T POF/ Ny Fa—R&E L7z, POFEEGDT-O D AT 4T 2L \—H2 5% H
L7,
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(3) FnAEeTar b v — ki

R X[ Bl 2 i PN D 2 23 3 =8 L 3B A A & O ] T, BERR /L% FPOF[HEI
(3F-01) ZF|H L CTHEEFEEL QD0 T, SRlOEEZETT T AN —2a1l%
DOFEFTHHLE,

2. UTPH—JIEEIZDOWNT

(1) A3 X 22 Rl 2= A O R A

SKYPEHEG Y = — DTVR#H L AT LA X —F v Malfp~FEfi 4512
100Base-TOUTP —7 VAR T 5, i ERISEE DRy T — 21X, 2 IT%V\]O)
W R ARONUMNST T1—2 LA L A — T NaRR I B S 7=,

2PED L ECIFEO R O UTPHE Rt 17 & — 3., 2BEDITENDO /L —X —% 4
L ORI ANDONUEEL T, MDA 5 —F MaElfR (200MRART 7 4 —R) (128
5t C& D, SKYPERTVEEIZI, 0 ZOEIFRZ B THMTEL B Al RE TH D3,
ARl DOEBZWT T AN —3ar T, Y=—DTVRE VAT LA THAAEVa il
FaTHLE, AK10MbpsFIHTHZENHY | il X ERISEENOIRE DA 2 —3
Y MEFRS RICONUEFIHL TWDHZEDD | I K ERSEENO AL 2 — Ry ha—H
SDOFIEDIRNIINT, TVEHE S AT LT HUE R ANDRBE B L SLLT 1
AL ——B1EEIPT RV AZMELR T HZ &I LT,

BT ITEMNIZ, NTTH HARD A7 ARDONUMNHRX SHLT2, ZOONUNH2
BEDEFERN~UTP7 —7 /L 20m) ik 5 LHALETH-T,

SKYPEIL, NAE T Mrik R T e K3MbpsFE £ THHD T, 20EL3MEDA—7
VANR—ATOUTPARY Z—Hfia U CBER ORI ANDA L 2 — 3 NaElf &K
L7z,

(2) I =7
FREEZ Y = 2128 Th, [AIRRZRBERR DR ARDEHRISFAET D03, 7V =
It B DA H—Fy NalfE~ DR e/ NRICT D72 DIZTVE Y AT L HITHTE
WINTTH H KON AT ANDRE B LI RSLL7 NS ——B1EEIPT R A%
MR D282z, 22 TH, TVRE VAT AL, Fria% OONUIZE#EHE L, SKYPE
X B D7) = I NO N —2— T A2z U=,
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2. HDMI#—TJILEE®IZDWLNT

A KRR AE2ME TlE, ITENIINAE Var KT o — "B T 1y
I —PHEEBELTHVLD T, 2BERHEENOHDVI AT CHD T A A7 LA LT
BT, HDMIZ—7 /L 20m M O5mDELHR T 5, BERX OHDV A A7 L2 FH O ik
DA AZ LD YR Z N CHDMIEL 7 2 % Fiak LT,

ZDOMOHDVA AZTRCHD T A A7 LA EHDMI 2 & O HEREZIZHDMIL X T
— 7 NVEEAL TR LT, FEfR R DR T HLEITITHHHOHDMIEL 7 ¥ F2 1%
HDMIAZ V&% FHT 5,

2. 2. 2 ERZHINAEDa VR T LERDEET
1. ERZENAES 3V RTFLOZER

ERZWENAAE Var VAT AOBERMEL T, RUTTRT IO AT NG5, K3
AT INZDONWT, BRRICA N —2a LTEBEL, BMERNARE L, £ AT A
DR A FAUNTRT,

(DUTNEALLNNAE Va2 A (HDV-OTR) (F210)

NAE TV a FEEREE B (HDMI) Z BEHOGICAHAL | PORIZ T RIET DV AT A,
BAFTHNAE T2 ABEDRIT, IcbIBNDOD 7N AT A Th D, IR ER B

TENDIRNKIFER OE(E DML SILDH 57 B~ I FTRE T D, I X & Al fE
D2REELIFED RN T TITRRF DS TERY, A EIOEBZ T T AN —T a0k
WLIp DV AT LU TR T EIL2 STV,

(2) N AE VA TVEHEY AT A (HD-TV Conf.) (100)

BUE, TSN TODIRERIZRNAE D ar SIE DTV # S AT MM, Tanbergfl
DbOESonyBOLDRDD, Ak R, WFIEEA L RIUEHE, 4 EIE, EEICTE
FHSBR AR ] CE DSony TV L AT L& R R WT T £ AR — > a [ AT
HZEITLT,

(3)HDV/IPELH Y 7 MZLAHHDV/IPY AT A

EFRRLISMZ, HD I AT BDIEEEL349 (i-link) 2> 5015 B2 PCIZ A JIL, PCELA Y
7R THDV/IPTA L Z— Ay MEFRIZ TEE T4 AT A (R1@) RSHD I AZ ODHDMI
(B & EEEPCIZASIL, BEHOPCY 7 MITIPIZA#HL T, KE TV AT A (FR1B)
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V7RI A TELRIUCE S TORND T, S RIDOEEE~OER T REHZ LI,

(4) SKYPENAEVar v A7 A (F£10D)

PCEWEBH AT Z L DX FER O ERER L OME OE(E 1, BRI CEFEN e/l
O FANZIEIASHIHSI TN D, filt, ™ALV a RS OWEBA AT S RFES L
LI AT ROPCEF AT IUINAE D a B OXFERLBEES H kD 8D
(27 otz EIBZWHZ BV TH, @iz AT ar v AT Z0MEH TERWBIRFT
H N DZHEE/RE TIE, SKYPEZ AL T, ERIE X FETR 1@ 2MEAf# THEE Th L
XEOREDOZWETHRE CHINEMRETT 570, 4 iﬁ?ﬁ)iéhﬂ\éHD_
SKYPEHWEBAAZIZ LD AT bbiE @z Wr 7 B A — 2 a AT 5281
77
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