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ATM: Asvnchronous Transfer MMaods

EEE. Bit Error Rate

EFF: Bandpass Filer

BZ: Base Station

EWLL: Broadhand Wireless Local Laop
CATY: Cabls Telvision

CME: Carrisr to MNoizse Hato

25 Cantral Station

W Continuous Wave

DFZ: Dual Frequancy Sournce

DEBE-LZ: Double-Sidabtand Larde Carrier
DEE-2C Double-Sidetand Supprassed Carrier
EDFA Erbuim Deped Fiter Amplifier

E/Cr Elsctrical to Cohtical convarsion

FITL: Fiker In Tha Laoop

FEIK: Frequency Shift Keying

FWHNM: Full Width at Half IMaximum

HF: Hybrid Fibar Coaxial

HI: Hetaradyne Detection

O -0 Intensity Modulation - Direct Detaction

[EDN: Intadratad Service Digital WMetseork



5L Intar-Ssymbel Intarfarence

LD: Laser Dioda

LMCS Local Multipoint Cotmmmunication Systetm
LMDE: Laocal Multipaint Distribution Systetn
LIME: Local Multipoint Swstam

WAL - Millimetar—Wave

MEh: MMach-Zehndsr M odulatar

CYE: Cwtical to Electrical consvarsion

CIL: wtical Injection Leocking

CPLL: Cxrical Phase-Locked Laoop

FL: Photo-Detactor

FZE: Phase Shift Keying

WPEE @uatanary Phase Shift Keying

EHD»: EBemmote Heteradsne Detaction

EITL: Radic In The Loop

SMEF Singla Maode Fikar

SEB Single Sideband

Waolr ¥Wideo on Demand

WITL: Wirelass In Tha Loap

xDEL: z-Digital Subscriker Line
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DFS &4l 7| yrE o T dE8 /HE EW
CFLL[14] q e 1 Ghps / QPSK
Z5B modulation[13] 39 i 1535 Mbps / BPSKE
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DEE-5C[15] 36 Mz no maodulation
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PD Data
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Mode Fiker)8 = &2 E7|(Pl: Photo-Detecton™ %
HAE FEEA vEas 2 RS AdAIIT 22 {8 ihEn F3
2 s "HEE d7|HEot o dEs Y2 Aubr|yd SEHEE
Ax EUE o H7FeE 4 ET
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Lz EEROL FEatgete HFHERE 8 {7 EE &
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LD¢Lassr Dieds)d CW(Continuous Wave) 22 HHT= AF A FIo
fog e F9mEtn ¥ o, A G0z Zoh

Erp=4" wsloah (3-1)
H2lH wp = 2xfp Ok o HEE OY 3 18 sk FE 0 EHES
MZM (Mach- Zehndsr Modulator)HA Fob5 f, HEIF A
EF 75 @74 T 2o HE2Hoh (H7|H J27|HTs FE2E W g2 O
=3F Fdoto| R0 HEHd Hz3E AT 2 "HdE 244 o)
RF 75 d74Es 377t jtee WA A 28 d3d 7o HE7]e
DC BtolH A~ 32 $TEAE V7 U7HE D UHA Do gtold s~ JS0l
HAFHHE W, HEF 8 T 4 (-2 ol FHATH
Em(ﬂ=%[c{)${@ﬂf+ rE+axces (e ]+ cosleaf+ arcos(ef+ @]

(3-23
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HZH w, = 2xf, ¥y = Vu/V,, ¢ = ViV, olth 4 (3-2)F Besssl

_?\-\.

S8 ol Bdtol AWHY A G-HB T

Eypal ) = f.;. (ax){ cos(ye)+ Ll cos (e af)

— Jolex)sin(yr) sin (o af

— Jyam cos (am sin (e af— e i+ sinl(eanti+ o i (3-3)

— Jyam sinlem) cos(eaf— i+ osleat+ o

— Jyam){ s (wat—a =8+ coslwat+ o) + - -+ -]
H7|H F, & nHA Bessel 3 Holth ytez uUHoH e BF 725
d3d drtE= AFHE F WU s =rx & HdHHFE D,

MZM (M ach-Zehnder Maodulator) H Z 7|2 DC dpo|l 2 HALol » = x/2

i

TrEAE O, N G-32 A G-bsb Fo| TeEHEAE F st

Eagd = [ o (en) cos (wnd)

b

— Alemsinfeand
(53—
— hem!sn(eat—odi+ sin(eat+ ol
— e ces(wat— adt+ coslagttadd + - - -]
A (302 Eymd 2 AT P FEo HEeH "R sk

F, Sumfae) 2 7 F el o= A (G-mab FoHE
2
Sundd= = [Benio+ o)
+_f%(.-:r:r}rfl‘{ at Lag— e )] (3-50
+_f%(d*r}3{a.l+ Cwa+ aJG,"I}

A @Ende 377 ddFHes e A2 For A2 UEY A 2
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o Symfels A M Fa 42 2 FD0 3l ol ubEad H
Ho M7 4 T2 DESB-LC(Double Sideband - Large Carrier) HEiZ HZH

Aoz & % otk
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§3. 2 IM-DD 22 vE-Held HIAgA M4t
d %

ZAe Hold 4 G-Dol Uebd A e 3o 4EES O 252 A
2HD, o2 FHee M4 =4 Yotk Bitime JZom

ARUEE e A4 W3t SEUDTE 2E H4 Wste 377 et #
AE7lolM 2 Fop HEo UMEH Y IRUETE HFHE FE 4
26 H3h wn YED (en—e) Y20 FEEIA YA e AR
T3} wn 4ED (wpto) 420l FHEI|IH BHAH 42 AT
s3t3r SUHAT 24 Ao DT Doty 5 FRAEE g4ke 37|
ol Tet BT, = ATEE Yo BHEY FRUDe A7 AE
Azlol meb Wk HTh BHes B4 SHez UT BHE YA
of e #Z &7 24 WelnjH-golm AT Yo wWsE 4 G-ood ¥

+

=
=1
rir

1

P o cos[ (ZLy2 ) (3-8)

H7H De FdFe HZ4 oo et - m], L2 dEA ], A &
ghEmbe mE(m], s BlE ZTE LERACH[E] 3% 3 2 4 G-exdAM
HETE 1E 71 LD ST L = 1550 m, FdF2 HZ4 getolg
D= 17 ps/imn - m¥E Of, AEAZ Ll ©F £, = 30 #kit 60 fF 4=
HUE7 284 T e CNER(Carrier to Noise Ratio) H2EE JHEz2 LERH

Holoh |2l AHEE CNR(Carrisr to Noise ratic) HI'EE 2 Ho= 4 (3-7
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2 2

P - wathons dipemion
P - itk daperrion

" 3 2HMd e Az Fol AHEzF S ) A2 #35h
CHE(Carrier to Ioizse ratio) H'EElE F2[HeU HHZE B F7 & 4

(-3t Fo| i ne FdHe HEM melolg DE 3ol AEFEE S

CNR penalty &= 10log[

o1/ £ vEets BHE ZHo 2t

<
Dtfl?

AL =
53 A2 HF =2 52 Hes 3 HAz =3 oA e #
HE P MEAH & FF CNE(Carrisr to WNoise ratic) H'@E 2 & 25 H4t
Hew 1 42 FEoh webd M-DD(Intensity Modulaton -  Direct
Dataction) RO/ -$ o8 A A8y HALHE Ty Fo+ faf Fd4F

o AZobmetn|e e ghol SXESS A= AER HYE ZH 2o
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|2

CNR penalty [dB]

_20;
40
-60;
—80;
-100;
120 -

-140 4

3 2

£
=]

Transmission distance [km]

Azl Lim]lH izt £ = 30 2} 80 @ 4T CNE HEE

(A =15330 m, D = 17 ps/kn - m )
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Al 4 & M-ary PSK RHD
|y -d o] H. H oA
A EAE A

of EHMHE DFS(dual-frequency source) &4l2| & AEatd T2 0[E -0

B MTE AzdE BHD(Rsmate Heterodyne Datection) W32 7|2 H2| 2

Ad
=

o

Ftoh 38| 0 M-ary PSE(Phase Shift Keving) T2 A T8 A2

H

Rk =3 HE a5 B FEHHE Ao UEltERE dotE2Dn 5

2oz af Al2Ro B M3 2HE A HeRAE 29 2

A

§4. 1 RHD Yz|vE-deol2 #3292 7|2 d7

EHD (Remate Heterodyne Detection) T 3AHAH & DS TE H 32k orgh
A2 FEREZOE F ATA FEE7AAN B"HEH F AT FEbEe )
olgt F2 FoFE e A7HEF YA IEFHHE A= 4
Sl FEb 219 MEE Bl FMTHY Foe 23 T3 et

A&7 A Y AHE T I"- U RHD(Remote Hatercdyne Detsction) = 30
Me HHdY 5 HEZE T d23th 2% 4 12 RHD(Remots
Hetarodyne Detection) ¥ 3 =3THA &7 A= 2HES FH4E S

¥ 2z
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Data | Ant

|

Dual - | JIModulator
Frequency O/E
SMF

Source >

Perfect correlation Dt

a% 41 ERHD H3 25k
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DFS(Dual-Frequency Source) EH7|HAH Ues F FHEE 4 @102 &

of mE® + 3l
Ei(d = VPrws@it+ 6100)

Eyd = V Pyoos(at+ 8200) v
7| A stimulatad emission process™ =3F Z|EH-dE oozt FHEE T
8,08, 8,08F DF3(Dual Frequency Source) =-47|W=2 LD(Laser Dicda)
M. spontanecus emission process™ 2[3F WY H HEWE UERAE A
2z £ 7 3o #E #4 FESe2 39} LD(Laser Diede)® €4 FHE=
Fot+ F9dMd € o Y Fms deifeE ustue 3ol okyzb
FWHNM (Full Width at Half Maximum) 4% 42 2t o FdF2f 4
b dstE 05 at?| HalA DFS(Dual Frequency Source) -4 7| &3 T

A F AT A HdE BHaH = &0 rEttn FHEE
F F4E F FE 213 s HEZE ¥ #HE EE ZA 3

HATE ¢4 £ FEF2 207t FoF 20 HEE ZHtz FHHE
ook A The FHEZH YAE FHEE0 HEI FHEHF IgHE

HEE = 2F 2 4 (4-e 2o [a0]

In(f) = RIEN(d+ B9

= R[P1+ P+ 3V PyPacos {2 i — 2xidai+ 8108 — &:001] 4-2)
= R[P1+ P+ 2V PiPycos (Zafet+ 8(8)]

H7H RE FAE72 responsivity 0| Q- =1, A H=800— 80D

o|Th MZ4ke FEFE AHHA UEYT F 34 T7F DFS(Dual Frequency

Source) E4l7| UM Zo] Y fHden FASH LAEHE FE
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AHe ook MBabe Haren FAE| b FHTEEE 413740l

T A% a9 0o ofd I A FHa 2Eolg-$HoB JdEE

H "ok #2227 =2 g =

o Hurls Yoy -4ol=

A A HUE Sl trEez JAzpAIioh
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§4. 2 RHD 22| -do|H HAqA ] A4t
|

Fdfe HEgdes Add FEEF OE F AW ER FHEH ZEE O
ANZRAE ge2b HATTE FESRE 2,, 2% F O F4HUEZL DFS(Dual
Frequency Sourca) Sl ?|HA 22|72 d&2d= F2des Fo+7 &,
Y FHEdto] HE2E FeERE By FAERATF EMEAT |34 of

£ FAFZIE gtoh HEabe® 2Rk A JRRE grs A @-32b k(1]
Rz
dr = D'L'(?}'fc (4-3)

DF3(Dual Fraquency Seurce) &4l72 2HUTHAM EL3 & 7HEE F
el T 24 Hude FEE7A YAaEs & FERe dAgdes 9zt
MItZlHez Slal o 2= ZH "o ubre "SR, DFS(Dual
Fraquency Source) S4l?| 8@ T4 perfect phase-correlated -HEio|E F
Fel Tz MELMe fEFt AIRE[HEez ddd FEEI HARAE
phase-decarrelated -JEH7F H+ Aoty AIE[H=2 3Z|H T2} phase
dacorrelation® B Rl E2HE T DFS(Dual Frequency Source) =47 W&
2| LD(Laser Diode)?} Laorentzian FEH e HH AWEHE 20 FWHM Full
Width at Half Maximum) H% A48 7 o A&7 83 Hxg
SSB(Eingle Side-Band) dH ®HT AHEH = A (4-Hat )

A
| W2+ fgj' (d-4)

¥ [1— exp( — Zxdudr) - [cﬁs(zxﬂr} + == sm(ﬂxﬂr}]

S(fy = ) ewpl—Lzfdr+
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1A

4 HoH f= FEREHE 4 Fabsolohig], [21] ¥ @-bHe F e T
S8 LERE T H HE e REjolg-HolE dhEmhe Y T OHE
o HYog-HolB HEe J4F SFkat HE Aotk O™ 4 2 A5t
10 MHzY 0] H7FR 4r 35 10, 100, 1000 pecdl el 4 4-HE JAWEE L
Ehd FAolth A4zt dET o A{REHo| SRS FEE LdE0 #de
d¥ol 2HED ~AHEHS Fo| £HEE O 424 & F SITh OB
3 A7t E7etE ARHE: FHE7 £ 22 0/g-3 ol

T T2 A= R 5 o olsk ol Fd R EE

42| H5F & RHD(Ramots Heterodyne Detection) HZ|0|H-3o/B HAHA
P2, = dhzg @Y Zrask HE Z7E gtk A

o A2 Zhals CNR(Carrier to Noeise) HEE 2 UEFE

(4-3

CNR — penalty = 10log( E::-:p(—lzxdv.dr}}

a4 32 H 7 a3k 1, 10, 50 e et a0 O CNE(Carrier to

MNoise ratic) H'2 g2 32| Jsi=2 uepd oo
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mm-wave SSB-PSD

mm-wave SSB-PSD

10°

10°
. Dt = 1ps
10

10-10

10—13

10-16

10-19

10-22 g T T T T T T T T T T 1

0 1x10° 2x10° 3x10° 4x10° 5x10°

Offset frequency [Hz]

10
10
Dt = 1000ps

10

10°

-12
10

-15
10 T T T T T T T T T T T T

9 9 9 9 9
1x10 2x10 3x10 4x10 5x10

Offset frequency [Hz]

O 4 2 A ZHe HEW ohE "2|0(E-Hole dTH

S A U AHETH HE



CNR penalty [dB]

0.0

0.5

1.0 5

1.5

2.0 H

2.5

—Dn=1 MHz

--Dn=10 MHz

Dn= 50 MHz

3.0
-11
10

T
-10

10

Differential delay

=4te 2 2lgk Al A {3k CHER H'E E
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Hhdal dH A48 28l 1 dB CNR(Carrier to Neise ratic) HYEE ZH

dr FHE A @D o8 FEH A @-GHn Zh

. _ 1 0.1
A Ar = e I (107

A d-3s Y e tYSD Fo= 30 B A0 = 10 M Y T

L= 7ot 2F 900 mo| o oty MZqte g 905k ghEa 38 Zhars
3 Hz2l "EE A F geon B F 2t 4 32 5 sEdME M2
Moz 2gt 42 Z207F Welg-ole AT dE HEd oliE H30h

=

= =43

aj
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§4. 3 M-ary PSK RHD & 3o AE4te] o

WEdez Uzt REug-#Hol2 MEE HF E77 RHD(Eemots

Heterodyne Detsction) 38 E5F M-ary PSK(Phaze Shift Keving) M T &

Hae A d-D2 H4 HE AHEZ (phase fluctuation spectrum)e 0| E3F

T}
S0 = 2~ SaH

2 11— cos(Zefdn) £4-T1
LD¢Laser Diode)?t Lorentzian HE{2 AW g AHEHZS ZF= HL F
T HE 2MEY SNt SLojmE 4 -l YT,
Solf = 24v 11 cos rfan)) (4-8)
=

of Bk A @aold f= UeluH-gdolr fnE fERHe S4 T
ofThi0] BAE7le 2YATE U I fIlE AH WIEen Yo
% 347004 =380 Terd SATdqe Weng-golr dTd
B Y T ohE 47 WY =o] met N 49k ol AR

iy ""

Be

(g0)? = q m‘g 11— cos@afdr) Jf

(4-9)

N 2 2

= ZmdvB (A1) (for B (£ i

A7H oo mms 94 23 B2 F47]e mHEs Uehitiag A @9

= A @9 HESE Heahd st ARHez dd A F ©E0(E-
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Hol2 T 22E rms A4 23k8 37F 2 5 T

(og? = ZxAB D L- *:‘—s-fcjz (4-10)
M-ary PSK(Phase Shift Keving) W2/0|H-#lo|B2 A HIAHAH yrEzte
A Fees U FUHE JdE Huo FAEHYAL -l = ¢ < =M
TE Hole o 8 oAzt AT oeby B2 H4h 25k 37 7
o HE A2 TR HEE HE & U

= M
Pp = 1—"§UP§ f_zm e} (4-11)
M-ary PSE(Phase Shift Heying) &2 o225t T d27ke Z|F #H4kst
doe Zmiyolth HE HEA b g fa HEI DAY HELS 4
(4-12)=t 2o

1
Peali=n = 37

2id— &
Prlimg = 12

(4-12)

ZAE7 24T Ualn|g-Yo|n Himte YA4TS g2 HE LE THE
A @193 2

- Virrosd
Pl = EEI [14+V2rcosd - exply cosd? - f_

r
e:{p(—x?}cix (4-13)

r= M-ary PSE(Phase Shift Keving) YFETF 4l ¥ CNE(Carrier to Noise

ratio) @] o, # -4 EE0| Gaussian 8 R E +EE =0 ZHFEEH

2

_ 1 S _
Dyl = %\/ﬁ, exp( 7 Jd.z} (4-14)

7| M oge ms H4 2ROITH p(@)eh p()E ST WY Folmz

U HE BRE FF p@)s IRFAE I Y F UeW HE0 Gray



IEHE A% HE Hy= 3 8 E HEE ¥ 27 B2 BER(ERit Error Rata)£
A(4-1508b o)

Pg

oz (M7 (d-15)

BER =

M-ary PSE(Phase Shift Keving) A AElHA 1 dB sensitivity HE@E & &2
o= rms A 23bE A7|E Howd H @d-1mH Y ad 53 Dt o
3 A B, L f, Tl BHE PE F 3tk A sensitivitys 1077
BER(Bit Error Raw) 452 E7 fAdl T3 H2 JHE Aozt 2 4 8
16-ary PSE(Phase Shift Heying)® THal Hbsk Zrol & 410 Ueh ST
“Typical” 22 QPSK(Quatsnary Phase Shift Keving)H 3t ZHE Intelsat
Aede e Aolthl H4bE vlE #H st OPSE(Quatenary Phase Shift
Keving)2| Twvpical 2t 024 2, 8 16-ary PSK(Phase Shift Keving )H
et Typical wvalue® FE3ch A 1000 WY d= 22 Typical 3he
10200/ Tk 10%: ghe MSRF ol f&= 2 FS2 55 54 HdHsSE €2
Fle Rt FS¥E 4AfTA #n MELd =3k Hd ESthE Ay asiz|
o= ol o

-1 M Typical wvalued 10% £f2 4 @-10H s = JH== e

af

T 4

W oZlo] O3 4 4o(th o 2HH M= RHD(Remota Heterodyne Detection)
H3AE E 2 4 8 16-ary PSK(Phase Shift Heving) </ TF A2 of ¥
e g 24 DFS(Dual Frequency Source) &4 7| W2 LD(Laser Dicda)
Ez 47 WEE 5 4B dEAne Hejolg-$Hole qrEm F
b9 g, L-fAbol Zh= AR 2HE EEEC O 4 48 o 5

LD(Laser Diode)? HF2k F47] tHFo| @ A20dM Fab5 (2



L

M

rir

Y2 T2 M-ary PSK(Phase Shift Keying) HEa4E o o I&H

nlu

2 & 7+ F 3t dE =3 LDtLaser Dicde)® 50| 10 Meko[1 547
fEZ0| 90 W2 EHD(Rsamots Hetsrodyns Detection) H3IAE Ed 150
Mbps QPSK(Quatenary Phase Shifte Keying) </ T2 FEdE AL, Hr&T
Fabfst @EAR e 32 640 Mmool o YhEE FESE 60 6F AFSEHE
Hof dEAzl= 10 7t HO
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4-1 2, 4 & 16-ary PSE HZ 4

107 BERH

EE §oatE rms Y4 23k2 37

1 dB sensitivity

rms phasa error

Calsulated Trrpical 102% of Tspical
Zary PSE 11,47 82" 0,82"
d-ary PSE 39° 2.8° 028"
G-ary PSE 1.8° 1.3° 013"
1G-ary FSE 1.2° 0.8° 008"
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s T — 2-ary PSK
é 107 .\‘ ~~~‘~ _-_-_4_ary PSK
— \. \~\
= 10°4 ~ \‘\ \-\ 8-ary PSK
~N - ~e
T 5 RN AR . ===16-ary PSK
q>J 10 S N ‘\' ~‘~\
. — ~ '\‘ \‘."
8 104 h ~ \‘\ “"s
DG:J S ~ .\‘ ""\
~ ‘lu
= 103 > ~ -\'\ “"'s
< ~ . .
g ~ ~ .,
\ -
- -~
GC) 101 I T T T T
3 10 100 1000 10000
Distance x Carrier frequency [kmGHZz]
J% 4 44 = 1550 m, D =17 ps/tn - m& RED Welnje-Yolz Y22

Edf 2 4 8 16-ary PSE A& H24

s Fak e 2

LD 4%, $47] HA=E, F&A=,



Al 5 & M-ary FSK RHD
de|u - o]B HA
M E kel g3k

o HHAHE RHD(Remots Hetarodyne Detaction) HI3AE T M-ary
FSE(Fraquency Shift Keying) HEE JST FF HAsdo &z 45 5
£ E435h RHD(Remote Hetarodvne Detaction) H 32 7|23 =3 H7]
£ 4 1 oA g5 A ok oetd 4 22 2 E A2 25 F
A AT S Fe, S dham @Y Frast HE2 S uEH o bRk
Oz Hz Wio| B2tden® dEs 28 2HHY dZ9 S7E 234
FH ddas wHo| OED M-ary FSE(Frequency Shift Keving) B E7| &
7 E MET e 24 Ee dRad dEdks e st A AR mEh|y

= 7he Hitzze 2AgTh

nfl

§5. 1 M-ary FSK ¥]¥57] 3417

|-

H 4 %he O™ 412 2 BHD(Remote Heterodyne Detaction) 235 =
a

gt

& Zil M-ary FSE(Frequency Shift Keving) HETE ALZHE 1f

512 &2 H|E2| M-ary FSE(Frequency Shift Kewing) - 2|H F=4H4FH A
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T= T Az o

v = Py Byoos[2rfi + 8081 (5-1)
HAe A (- YEIY 42 EdM DO 4ES Mgk 2elng-4oje
AETHE UEbA Folth e FUE BH e 932 F3 oDz

o UEH Fodte dulah goh ERF Mgibe GbE SHET

Al (5-22F 2ol UERTH

Y.(F) = N,- [e “I{ Aces W—EL;I; sin W + L.E— A] (5-2)
o 7| A

L &dv };{;.gzu}

g (5-3)

W o= gF | A=1%—w? z=1%;w?, R=—j]:
ol TE A€ AT £ FEEHE =4 FaE0[Ch[23] N dE

H 2| et FS Bxg v[EE UEHE oHOE A B E Hyie g2 B

T vEe Uehls meboed Npite 4 (-H3t FE FHE AT
N,
N.B = lﬁgjﬂ (5—4)
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ri(t) = §(t)

BFF Ervelop | 4

i @f, — odtector )
v .
BPF Ervdop | 2| Deason
Lo e[ o
BPF Ervelop |
» @, — dgedor [

—» i)

A 5 1 M-ary FSE H|E2| =47
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J8 5 22 W 713 Avptd tiErd 4 (-2 JlEz UERH Hew

J}‘
He
=
=
¥
il
rit
r=
H.

d 0lx= 938 BHEID dvpe BE4oH 27 A2

O Avp?t S2Hdd o2t S5 f, de52 377 2HeHY HEe A n-d
of dxb MHEE £ F 3ot S, HEden 23t CHNER(Carrier o Noise

ratig) Zha st HEIF FRHISE Inter-Symbol Interference)s =78 T

Z 2l 4 2 EFHAM HZTF vkt Fo| CNER(Carriar to Noize ratio) ZhaE
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Demodulator output [dB]

0.0
0.1

0.2
0.3

Normalized frequency offset, F

A 5 2 M-ary FSE H|E2| 472 Y E3 |z 24
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§5. 2 M—ary FSK RHD & 3o AE4te] o

M-ary A A2 L [Sllnter-Symbol [nterfarance)s 32 o/ 23k 4
T3 Hmr| =EdA 7 F uEbdh HE dEol &4 Ae HE4
oz U3k Bl{nter-Symbol Intarfarence)?t A3 4 HT2XE =233 o
' & oS dzk ol 2FEO

oL (Tpg L dBln -
fr= [ g e (5-5)

& 240 Avpf2zT ol A0l f8 Gaussian HE Hooh HZ3H

EX (arrar rats floor)= 4 (5-6)2F FTH
o= et (Len- 225
3 (5-6)
Q& = [ e~ L e
O P T
2 AMold wm?f 4T 2akE B e AEFW S UEh D 2[23]

2

_ _
NS e = poeT (5-7)

AT FHSH|7F S Ot Moary A€ 23ES dF0 02 me 2it

g Bz H23oh HE 23E2 OE Aa Zo| FHAT

(3—1) - N fizar
Pr jpa= MM epl 5 ) (5-5)

Y80l Gray 3YE F+2 BER floors 4 (5-93t T2 #HE etk

1
Po fror = gt L E foor (3-9)
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7] 9 E wat tole @58 Re

W _ _¥u _
ot #F2 #HE AEE A -7 G-, (108 A G-9o Yt Fa
B
2
Popr = WS () ep[ T 51
dlog M(—%)

BER floor Pgg,. = 7% + Th

JH 532 m=32, WR =8¢ T 2 4 3§ 16-ary FSE(Frequency Shift
Keoyving) + TH ™H3F BER floorg BEHFTH

I-ary FESE(Frequency Shift Keving) BEHD(Ramotse Hatarodyne Datacticin
HEolE-4olr M HEie d3E 1#T o, 1077 BER(Bit Error

Faw) 452 27 Az A28 m2tolHEdE M3t 2342 oS3 2o 7

=¥+ stk %F =F2l 2, 4, § 16-ary FSE(Fmquency Shift Keying) A A~F

A 3
P %:{koﬂ 3t BER fleor® LUEPH 3% 5-36d4 1077 BERGIt

. A - - .
Error Rawol e —LE e 2ach 23 3ol ololzkn sHEHY A 2H

o HZE R=50MSwmbolfs ¥ U, dvp=10MH: OlTh dvp= AsF Ar
2 FHFol A @-HE olESH FxF WHEeR 2 O UL
EHD(Ramate Hatarodyne Detaction) H3 7d4H AEE LD(Laser Dicda)
HE A7 10 M ¥ of =53 WHen gro IS PEICE A @-DH g

TE WYHY fob L BAR P S AU
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BER floor

10°
10°
10°
10°
10°
10°
10°
10"
10
10—12

-13

10
-14

10
10

-11

15
T

Avp

— —52 1 ol 2, 4 8 16-ary FSE

K
Al &2 BER floor
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A6 F 42

WITL(Wireless In The Loop) A2EHAN FUZ(CS:Cantral Station)2t 7|
AT (ES Base Suden)® UEsts FdH HUH-HolE HI34 FHEHEY
A& DM-DD(ntsnsity  Modulation) B2 BHD(Rsamots Hetarodyne
Detection) WA o2 LS EF OH DT dfe Mz 540 0|x= 4
e =dadT

M -DD (Intensity Modulation) H3AHAH = Fd &2 A2 Sdes 2 A
3 AT 37|17 AEAYA Ot FrFes fasit d3EHs el
H-#olBs Fo57 2% 2 F71E 7HT olzrt HabE HdE
DSE-LC(Doubls Sideband - Larde Carrier) HE|2 ~AHEHE ZF= HZ[H
ZH #H4TH Fos dE2E0 HEH4e®R A M2 OE HH4HFEE 2
Ho @A oel 2agbg ek dadbd ol 2z oo ek dE
ez dd] FEHEA et HEe AZ|F dzZgr dFE e
IM-DD(Intensity Modulation) 3 WA A28 Sad7de 235
Tt

EHD(Remote Heteredyne Detection) W3E T T20/g-HolE2 tfd 2

Tag e AEE HEHE AL FHRel MEie FFE 3N 74

u

-

Felth mi-DD(Intensity Modulation - Direct Detection) = A&t OERZEZ| 2
A7t E3EE=2 A Te Az Zastth G622 DM -DD(Intensity
Moduladon) T3 2b T2 100k ofie HAEZAHHA HE TFa2s FAF

_4?_



Ye dALE FHrh o3& FdFE T4 (Avenuation Loss) Sz 73
H HELM SEHTE 2193 Aot RHD(Esmote Heterodyne Detection)
AN Fd&Fe HEH SdoE Us T8 G2 YT FlA=TE
A2 ZE 7 T FlA A HE Aoy -dHolE HTE HEFo
Z7hRMdE Aot ol AEAEZ fHESFS F e AT The fHa 4
A M2z tiEolth Hd dREHE FEEA e e £ e
FHTE AYSE DFS(Dual Frequency Source)= RHD(Rsmots Heterodyne
Detection) ¥ 32 d5+= 80 Mo FHEA420 T DF3(Cual Frequency
Source)Z 2 BEHD(Ramots Hetsrodyne Detaction) H 3Z7F IM-DD(Intensity
Modulation - Diract Detaction) W AETE 2Ho| ZH&0 <+ HHE 7t
A 7R dsMde FAd Hodes EH Feoth "Moot 2EE
DFS(Dual Frequency Sowrce)?t A7 - E 0E™ 3lch

17 ps/m - w2 MEH mebO|E S e OHERE Fd&FE AER
EHD(Remots Haterodyne Detection) T 3AE Za T0[g-#eol2E H&F
o HEFe HIwAH gt Moz 93 H5hzdo] 22X LEEE H
Z 2t} PSKE(Phase Shift Keving) - T2} FSE(Frequency Shift Keving) -
THOG HE4be d3Fe ol Y=t dE 8 &2 dE4dE5(BER Bit
Error Rate)H Tl FSE(Frequency Shift Keying) H 2 H 4§27 PSK(Phase
Shift Keying) HAH JTHT AEAHY7 2o o= Fdfe A2 54
of T HHEHE LeroE H4HE WA o s 9EE T I
=0zt AZEn 2o FE3t HEdEE vAE Halbe & o |75 L
W ok T Ao AZEETH E3b A28 HHEEH2 ZF H3rE A28
A FIEE HaRRAE A g dsblaE o7 fHdlds S8 A2 oiRE A

AP 23 Ao AL FSE(Fmquency Shift Kaying) H mHkA 2
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FPSE (Phase Shift Keving) HIERM 2 vl 03 o 2H] o/ 47 E9E5S
FeE o2 FdE YEojE-Hole HAs Hof dEAHZ A e M2
o Az E0/7 Y 240 FdH(Dispersion Shifted Fiber)® AFE L

o FEE ZHol7] ol
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Abstract

Influence of Chromatic Dispersion
on Performance of RHD
Fiber-Optic Millimeter—-Wave Links

Sund-Hoon Kweal
Dept, of Elbctrical & Computer Eng,
The Graduate Schoal

Tonsel University

In this paper, the influence of fiker chromartic dispersion on  tha
performance  of fiber-optic millimatar-wave BHD(Eamotse Heatarodsne
Dataction) links for transmission of M-ary FSE signals is analyzed for the
first titne, The affect of chromatic dispersion = well descriked for hoth
Oi-DD(Intansity Modulation - Direct Detsction) and coherent links for
transmission of digital baseband sidnal [t has, howewer not vet baen fully
treatad for neither IM-DD nor RHD millimatar-wave links,

Continuous—-wave output lght signal out of LD (Laser Dicde) iz medulatad
with slectrical millitmeter—weavae sighal and transmitted through standard

gingla-moda fibar in the IM-DD links, [n this case, CHECarrier to Woize
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Eatdo) penalty dus to chromatic dispersion shows periedic  wariation
dccording to the transiission distance, The interference of warious spectral
cotnpaonant in the intansity— meodulated light causes such wariation of CHE,
In the BHD millitneter—wawa links, two phase—corralated optical signals out
of optical DFS(dual-frequency  source)  transmitter  have  diffarent
frequencies, Frequency differance betwesn two optical signal frequencies is
ajual to the frequency of electrical millimeter—swave signal swehich  is
daneratad at the output stada of phow-detactor, Twe effects caused by
chromatic dispersion in the BHD links are CHNE decrease and linewidth
incraase of denerated millimeter—wave signal CHNE penalty of EHD links
has entirely small walue and has  little  influence on  transmission
performanca, So the prominent effect dus to chromatic dispersion in the
EHI links is the linewidth increase of danerated millimeter—srave signal,

The dispersion-inducaed linesridrh increase can be expressed as rms phase
arror in the M-ary PSK(Phase Shift Keving) performance analysas, Faor Z,
4, &  18-ary PFSEK  svystems, relatiohs betwesh  mansmission  distancs,
millimater-wave frequency, receiver bandwidth, and FWHM (Full Width at
Half MMaximum) linawidth of LD(Lager Diode) can be obtained by using the
calculated rms phase error at a 10 7 BER(Eit Error Rats). The BER floor
for M-ary FEK(Frequency =Shift Keving) receiver can be obtained in terms
of detected signal linewidth, Feor 2, 4, 8, 16-arvy FSK systams, relations of
transmission distance, data rate, receiver bandwidth, and FWHM linewidth
of LD can ke darived by using the calculatad lineswidth of electrical

millitne ter—wasve,
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