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LAN (Local • Area • Network) fr b <£>{377 t y tf y 
% v b 7 — ^ L X -A -XUS^t (COPM; Compressed Optical Packet
Multiplexing) 2:,

ML, 40-160 f b#JS(7)^^

LMOmKa-CigLi-P:'7

Abstract

This project aims to develop a new scheme, COPM (Compressed Optical 
Packet Multiplexing), which allows seamless connection of LAN to an 
ultra-high speed network and component technologies necessary for the 
scheme. Digital signals from LAN are combined to form a cell which is 
used to modulate a picosecond optical pulse train. The modulated pulse 
train is then compressed to form an ultra-fast optical packet of 80 to 160 
Gbps and transmitted through a fiber by means of packet multiplexing. 
At the receiver side, the dropped packet is expanded and demodulated to 
form an electrical digital cell which is distributed to the receiver side LAN.
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$ A, iWSIW|IE$i^:<7) loiLt. SMZ-Loop #A±7 d -7 7 tititi:9-JiliF£iS$ L $<> 
#J&I±, @@m^x7 7 7, ;p-7’t6@6§, -7 7/yy JL x7'-tb@m^
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5 i 160-Gbps UV
--/g >£frv\ jlS^rottSroiESS-TFL/-Zo f o v ^
HU I)a ; ^32D74^H (S

^20 nsMTiiAa^Ct, ££"7;-* 5=

1. 3. 3 ssiSii^-Ffvw
SiWiSSiSV — KlCj3tt'S7fc'fn"^'|7)5lK • IfAi'fr'? Z.r<6>Ci®Sji$jfcX-Y -y-f-f-y^

4*m£z&mmmt&tz&<nmfizwi5ktz>xtzb^lt, 7xa h#B#r«5fi 
jttr-(7)ExS#E<7)SrLVIS36LtU $®&T*I±, -f >y9A#(D2^f# 
at-S-5"< WMZrfv 7 ?K##r £18 z j: (C j: t), Mm& ■ bfrft
MX’yX-Xu-yWiWmiX'^io CH.KZ U 1510 nm EEftfiT^OO fs#

fit.

-iibx^u^-bs , iEMMitx -Y v-fASll
@®i$y - Kf-v H x ©tifgFHEcilffl-e § 4 Z1: ^p,

i Zti-otlo
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S2S CO PMI7

2. 1
8:4- d)$|$'ih•£> COPM (CompressedOptical Packet Multiplexing)

S^FdM p £#
{SS^y P 7-?l±& fc J: D, ^tUZOi£ff& LAN (n-#;Px>J 7*7 P 7 
-7h MAN (7 p □ *° y ;? yx V 7 * 7 P 7 - 7) fciflcM'T

i: & o r © * 0

Sii-B LAN tcM'T-bx -e®f5)S:$Jt tilfc 100Mbps 7)^ 6 E Gbps lz%&i,<Dt 
SS$n-Bo 2©Z 9 ^*S»co LAN (Of-*-5-^ESL MAN ^xj:gsg-t 
Z>fi£>\z li, ^aS7- y P 7 - 7 l), #

(##±#l
~3)o COPMii, FS#r£fflv>TC© J; 7

issf-
#2. 1-1 mizm*<D&m-t-& copm ^nv'/^t^ga r-tmm*?

P (##XK4)0 **7 P7-7ld#md)LAN t LAN
C0ffl%mm-f&') >7M*y P 7-^t-**o «-LANrtiriin>tfx-7&
fc"©x--)fS*^g|tSti.Ti51), LAN (OtfT-ii 155Mbps ^6 2.50bps gj$7> 
P5aai$-ca©Lrv^4r-X*S6L-CV^0 CtL6©LAN 18 V >7*8 
t-E5ilSivT©.E> ADM (Add Drop Multiplexing) 7 — P'3'dPL'Ob — 7”8<0 
SSEBIltSESn, *55)v^©LAN|B]±©aS^ff 7o &ADM7- P*I8 # 
#$83LAN^6d)/<7 7 Plf-f £ V >7*i8<OiWaillE±t:lf At-E. t k 
K, @a0^-h5rf5a5it'SfS^C)^ 7k 6 LAN ?5d)/'°7" y P'B^S’titll'f" 
60 C©ADM##i:Z Ox ImSSS^liStd) Miny-t LT&7d) LAN ^N:N 
(Dfgmit&imMJ r>i|i7 P7-7x **vtiV >7‘I!*y P 7-7 
rtC—of 7’(i^Kc©/N7"^}foiSX?-J^ 7 P 7~7 ir^UPt-S C t

2. 2 CO PM<7)£*|£St

CC7li87©#$f3 COPM $ 7 P 7 —X (C jo It-5) ADM 7 — P"d)##©& 
^EttoSt *PfflKEIfl-t5 = #2. 2 - 1 ~30tctt#LANt:^E$n-r 
©£ ADM 7 — P’OtSlS; £ 77 L /.: <> <7T% & c ;©0Tvf 7 7 *- 's)V--ft? 
*feS-tt L T i* L T £&cotfE.M $ Pi/cdty-?7 7 P?*0x ^Bd)6##d) 
w±/\7 y-&$-*= ^ 7 c t
a© doGbps) mroajt^ t orv^^'x /\7 7-(o#c#< -7- 7 u 40
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L IGOGbps y hX'&Z0 t-f;£±C&BT KCXitffiSS:
X^y Z<D^y LAN5e<OT KUX£ i -oXidfUi'
DR0P@g&i:^*-*L. ZOrt'rv h £ ftifcti LA y 7 7 - 7 V -CAUB, 

AT y Y y P£gS:(tB T i: c J; 0, #itililSSl±m

Mtiii&SMM&x^ y AAE#X*B(0^ #*fB C0PM^%##<D 1 
ftittiSftAATy M±#e^etaiiL, LAN tojSJtKfsSSJt* 

mttiSSSraLTIE^t^-tc^LS LAN'xk^O&iti 
B o
-^\ i LAN ^6i6<0 LAN ICjiS5LAN COT KLX#C 

&4Ht $ MT * B #$(7 t V - (=# A $ ft. L § & -L tH" 7 X' C
* c A8#AT7 f 0 - ^ 6% 0 * $L g ft B « f (0#, Elfs 
SS*ETi6ii$c07fe/N°T 7 Ht^-t LT A y 7 7 - 7 V - CIS B fc *B 
7'f 5 7 7l;£v>TIRl)ffi$ftifA@i&t;£i'TiiSa@H±'\t¥A (Add) 5 
tiBo ADMEBti^O LtzT KLXjtffiSS, DROP BBS.O’"ADD @6§, /ty 
7 7 - 7 T V fr LJ& 0X■=> TV'B & 7>T&B0

CCT, LAN ^##cf B A*, &Bv>[±-?-cO
i$<7>j»fFCd3iAX bfy LE##B&<T'^y N #5^g^W A A* B „ C 
CO 0 T i±E$g#6 £ ytxn 0 T L £ US L T v > B ?5L X
l±«in, • S<0a7 7*V y Yt-f&=.ti>nimx&Z,o C(0#Ao##li. E 
@aco/iy 7A- ySEHCf&iitO LAN #$A< titi LA#i
TB#B, X7 y AC^^Am^li/^Ay L A 7 X*KBLTltKStrt&j® <0& 
c075?ttfcnBA», S*tolci±$16coS#f^E*'S-A-*B L h izx^xmf 
w#?*Bca-e*Bo

$:$!:# < &STLL #$f B COPM * y h 7 - 7 ADM 7 - K
*z y^g&BiWttM; • sm

CM L T cO^ft^S C-7 v > X icE-x B o

1. R. A. Barry, et al., IEEE JSAC, Vol. 14, No. 5, June 1996
2. B.Y.Yu.et al. .Electron.Lett. ,Vol.33,p. 1401,1997
3. D. Cotter, et al., IEEE JLT, Vol. 16,No. 12,1998
4. A.Hasegawa,et al.,IEICE Trans. Commun.,Vol.E81-B,No.8,August 1998
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3S CO PM*7

3. 1 ^"j
ZMt, IAN (Local Area Network) fiero4n:±t:l£ffl 

frbmWj: i> b,
•'f—-d-7'7 F (Ethernet): lOMbpsf^it'ii, 100Mbps)
• FDDI (Fiber Distributed Data Interface): lOONfcps
•ATM (Asynchronous Transfer Mode): 155.5Mbps 6221fops)

k&2>o —~H-. LANL&V'vL—if— 
^4-7 F^\ -T-TF^y F <> <7 k LT FDDI -5-LT

-$-n6c0iWii(0/^7 LTATM^sOTSfirv^Wli-hAt-'-e^^o ffio
-LAN yAfAi L'CfiM'3'lt % tO- COPM * 7 F 7 - X F t Z IAN

k LXIi, ATM frttMbti ZbiFSMXh'b k#x. btO>o ZZXli.
'ft4'#xT, OOPM % 7 F 7 — 9<DJ — F* (ti.T'Cii ADM (Add Drop Multiplexer) tUf 
A?) t:jSE$ftTt>£ ATM^-X<7LAN <7Eiii$j$t± 622I*ps X&& o $1

ix ATM S- LAN W^b IXM^tZ c 11±$ST%
•SAT, IfJiii IPlIntemet Protocol) XX. i t£U >7*/<7 7 F yTr<T)$ $[ijFFUffo* 
-r-6 C t COPM * 7 F7-X<7##1: LT^1:»6 ■hibM'VBo

mc(0IAN ’kmxf&OOPM X7 F 7-X© F**□ v-1 LX li,
P>n-B^; -E-toaSli,

• V y'fSim&kfcWj;* 7 F7-^^##oT#-e*&,
• mmitm&<is&x$^
• S.*|6ia'®K|6]^v^7T'fy<i-i:iS"t-E>>
• $7 F 7-^ tV -1 LT#R-e&6RT#K^%6,

^X&&0 ArZcU COM 4- 7 F 7 - X £ <k •) iWi$^-=>Slti4lcSA A: <7 £ -f £ tC»
ici±. aim izm&mwm. (rx-bxw)
<OSco±HT%5„

#3. l-10i:#J;ii:']^lT7 F7-X(7#^
-t^xomxmm'mztnitztb. asi±@^2StcLrj=<0

-£<7@S<74:i:/z0E©roflroAIM-e;p-77yy X tlT 7 c £ c: J; o T, 3

iAx SKUEdSiet-^-X —fi,C £ to-
E£&5=,

3. 2 $ 7
lATMt;PI±53/W F^6#l&$fi3A:*!), 622Mbps T’lSSSiLS^-ti, -f(7t 

;PSI±0.682psec Zti£—xco%.\ib LXEMfS&tZZ£!±, ^yf-lz
Ut-;\'-A7F^^<^Jfc4 ZXtzHb. ADM "ei±,
USLA: ATM TxP £^<7ff SyfcADMStLW- *-E.-S5^ MxIi’lO-trtK 
ArL-£;h-L<7AIM-f:;toii#6L, ffiBL'CfSi't&C ££#;£.?> 0 --Ti±, v<o
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frco-fe MSSg/ESS Ztitzi><DX-;c—b)i't tf±0
zo-t^omfs/^Ws&t ixtXT(o='Diz'D^xmit&o ii-eti, copm*

7 h7-^UN1@OADM7ii%4S'S-^S6Lrv^o

3. 2. 1 7>X"A E*7 h7-XS!IEM
S3. 2. 1 — 1 0(C9 XXAE (Random Type) T-7 f 7—9fflWj^i7Ffo 7 >

XAETIA xn? ?-u ^V'tv^HMxn-;

n^(7fijffla^i±a<, l^u #admk£
flX-z^-bM5*^L7y§-g\ ffift-f SP>fl(;x-A—fe;i/£13iLTJ3^&tttilf
&£>&V72*, ADM Cl±$#y < 7 7 7 -a (OylcX f V & & « A77t-
j6W^5i@^0i:t^fV'U A'777-»/;fg-®J!!ia*U/'o $/a 
t-<"C©Sf |BJx n 7 L&v±g:9-?Ecox-y\°~biW&Sri'ifoiWifo

3. 2. 2 ^E*7 h7-XftMfc&
S3. 2. 2— 1 EIKi^E (Reservation Type) 4-7 h 7 —X$lJf$tij^£:7Fi~o 1 

71/ - A imtiT - 7> k It £ AM glJtOBf P8x n 7 h^P»**o ADMiii-fTftx 
-r^fx'^U 3§fSL^v^f§5fcADM(OfJPsJJXn7 
o/-ib, -e-coBfP=gxD7 h-cx-/-!—

gdMcox-A—i 
7± ffltf@A'y7r-liio/;<'Mil/', (777*AET-*SAT*§575s; )
XT"7—^jSSKExSe"^ih^X-oX^ ^"7t— Fn — -fell'

c$Zo asv&sFzn&Msti&w z<Dimtt±im
«t ■or£>&Wgma'C£ i> b&frti&o

3. 2. 3 B$E#.y h7-7$iJSto3S
S3. 2. 3- 1 01-@5eS!(Fixed Type)T-7 h7-XW^^TSto £*U±, 

±12(07 x X*AE& i T^S k Jt$ct S ±»<01 <0t% t), AM TWffifct/Wfili 
7t0*ScO^xn7

AMK/6?N<0^ 1 7V-A<omP=gxn7 FEtiN(N-l)/4±>E<!:&S=
T. ATM ±;W±m 0 ^@E±(0f5iSi$®^s$ L < il < &
So

3. 3 *y t'7-7->5o.U-va>
COPM ^ 7 h 7 — X t-iS"4"S T- 7 h 7 X$lj%±± iEDv±S±-X)7. ±j$(0^7XO 

5xlV-->37KJ;o Tffffi L fZo
00PM^7 1-7-XtLli, V 500km, f5iiS@*$40Gbps(0)QSI|*@,SL

±„ ^(OX-7 >7-XK64C0AM^P=5EKES5nTviSo
#AM tCjgEStvCV^S LAN li ATM^-XT\ -E-tOfSaaSEti 622Mbps "C^So Z
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<7)i§£\ 1 ATM -b ;w/)l$IF=toti 0.682psec k tt 3»
ADMt-tt, ATM-b;bAF 10l@S«£;h-3k, E#$

£64 k1~3k, ESS5#iA:ilSATM-b;KA)Bf®:Kti0.107nsec k&3o 
7 //AgSTii, ESiSftAdSSAD/mbni, ffS^ADM £#vAyxy ?-&'■& 

gk£3o 37 f -li TObytes An 3 & D, ATM-b;i/J: IH 10S-d T <7>i$J6, oj 
0 4GbpsTfamf 3#^-, f<zy\7f-(7#;mi±0.020psec k^3o %-3-C, 7/ 
X*ASm± T X-/1--tr;bcOB#@5ti 0.127psec k&3„ 

iA:, iFlwm, -7>A>E:-Ek & 3 0 citi±,
yVl/roBflaHE & X —/ -b-fLcoKSNlfljt k |W| k 0.107psec k"4"30 

-8, ATM-b ;!/£;$*§&EH & L^vi-r-froi-t4@S$li7) (%-/<-) -bA^Bflig 
fit2 0.682nsec k&30 3iub(7)/'C7 7-4'-£$kidA:t><7)£S3. 3 - T #1:^
to

IAN AE ADM iz§mt& ATM bMi, A—X M4£#SLTBffl (;<yf-) -fill* 
f 3 k#^f3o a-y^(±*°TV/iSEtTEoTgJ*f-3 to k L (Ay tmmffl

kf3o A^A*
I@(D-b;l/AE#a:gAi3#$g ,12^3. 3 - 1 Xttbtio k^Tr, A5A-?
-p (0<P<1) kSM)AyETHX <? a v kdgg#i±^3. 3-2X^lbixi0 

jy.T-ei±, -b;l-iS@#F=gco¥^i 4-IWS^kL-C^r, AcAfL,
USE'/5 !/-/ 3 /"C12, K
■ov'TtfFffiL-Cv^o 53SU-yv^rii> LAN AE ADM (7.i!l*"t~3 ATM -bJKA) 157 
-f yXi: (t7r- Kn-K) <l%fbL&V'Zk3r#2LTw3o

3. 3. i fKitnogmm
S3. 3. 1-1E1AES3. 3. l-4 0KADM3t)(O*7T-Kn-K 

(Mcells/sec) Ktttil'Wmm.’k^to 3*13(7)012, Ay^SMbMX* 
«n?ftl.0, 1.4, 2.5 ti=t (710.0 LTV>60 IAN AEilbTf 3-b;V
rolyy^ y yti^ADM-e^Lv^rok u $A', 8-ADM i:§mt& ATM -bA/toffS 
5fel2-^T©ADMt7MLT-#(7*3 2 A&#J—tt L9 7/ y7*lESLTV^0 -b 
;HI®kli, -b)LAs ADMicill*L"C, B K k i"3 ADMt:gj*LA:#, x-A—b>vfr 
3tE;<A) ATM-b;W:E$*i3 £ X'(7)B#FbT<7)3 k £lt1~o 337:12, x-/<—b;WT / 
X£fSm LT v ^3 W<Z*ffi$&fK3£B#H £*IS LTv^30

3ft6<7)0AE;bA'33kl2, i-f, @^7y L9-t7r- 
K'D- roigMdtfLr, -t 0:¥M)S®AW LTv3 3 ttft,frZ0 3<A>HIHt2 

ADM 81) l:#J8T 3Ai3f5S$J$A/$f6<7)z:-oco^;tcJt;geLT/h5v^ k 
v\> -*, y/yA#k?$mTU, E^SSA^Fliit 3*7r- Kn- KliiS<, 
WScomcik%k'£v\, A^Az'L, fSISrt3*JTic^7r-Kn- F 
A#f 3*7:12, t-77-Kn- KdtilnKy-Lr^-tr^iiE^i^Lrv^o 3 
2U2, ^-77-Kn-FA5/J'?V'Bfl±, ATMt;Wl 0###t3*7rt:#RA%^A' 
3A:»-e*3o 3<7)SSl±3y LV-XtckoTE* Lv^kTi±»vx7)-c, 
AAy-ICi 3##^&£## 3.
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3. 3. 2 ($*?-##)
ADM li M"7-ilSKISSU 3'^v-^'-E-(7)tt4-®x.Z:B#K$ZfATM-b;i/ 
10 m tz i oX v v *§£\ ' AIM fr § « ATM -tr JFK V 5 —tr JF *t*fjn

LX-bi^Z 10®i:LTEE^S56U ISfs^TOo S3. 3. 2-mbK>S3. 
3. 2-40K, ?$mc9*-7-(ommma
CCetZ. ? A1 v-<7)til£0.35msec 1: 3.5msec <7)2®Et-lSSLTVT,E,0 
#&- 0.35msec K^S*6^-1Z, t7r-Fn- KOfUfc^^Ffi<

3. 3. 3 ?#!— F 7 7 f vl@tVFg@!l##
3. 3. UiibS. 3. 2g#(Om#-eti, *-<*(0 ADM kiF^T

< Z /> &:&!— F 7 7 f y 7 t’ESLTvV-0 ztoSKIZ, #SADM fz # o t;wo*A:
oi oemi- h774 y

ADM 11? #(%;!/%#$&#ADM #(Ot ;F#A#$(D24fe 6fS^LT. 
<^F-vsFKZ^ t ADM BUK^9 7f b L/: t

3. 3. 3 - 1lEto^S3. 3. 3 — 3EtC$>2o 
S3. 3. 3 - 1 Bit *77-Fn- F7)3 * 50.8Mc$lIs/sec 
t6. ADM 1 If#< &&t:#v\ *^t<7) 

ADM K#o* ADM 1 t# < *oTV^0 ADM

S3. 3. 3-20iS3. 3. 3-3
tK -E’ii-E*!* 7r— Fn — Ft)50. INfce 11 s/sec t 0.8 Meet ls/sec <0i|rn'*7FLTv > 
2>o TEK&-S ADM hih\ -E-(OADM1f&^tX^m#f3 2t^#L
Wzib, #ADM*i±, @ADM^6-#mm^#LVTADM##(0t;F^6mKa@O@ 
79ES*#ttTv^0 o$ t), ADM 1 ff &<0-t7F7r#A3#^\ ADM64 TiiADMHf § 
(O-bTWOjMiaSTyilfS^5®^t0 ffot, *7 7— Fn — F/F/h$V)#^\ ADM#^(0 

AM fT§-bX<7)SM;gS!±/h5 < &£= *77- Kn- F/F/*$v*§-g- 
(O.lMcel ls/sec) li, #ADM f ADM 1 ff§C»-t:;F§l4iSWti6aL T t> 

IZiSbio&v^i, *7t— Fn— F//FF s v 4§}'t (O.SMcel ls/sec) . & ADM * ADM 1 
ff §co^t)^&m^mai-21. 3Hst)1BLv' ADM *<0SMiaS/isW@'XE< *£0

3. 3. 4 {SMBSHUSSl*Ltc^imt3>?'AE<DJ±R
3. 3. lgW56 3. 3. 3SfiT1±fS$B?Rg*#SKAn*KS3. 3- 1HT-S 

* '1 > ^#<D* 7 F V—7 -C7 > Z i7H6iy(7)SMHr;FiI^I4(7)
ittcirtfo/Co ADM1 Tv-F/y F §»**-§/cTEffll<D ADM 2

ADM100%®E5n5/)s\ TE^lSJKiStrKotn:® 
Mr KF7 ADM1 ^0-tz;F<7#;UFZ OfflilKS-B kv^ESiE£5„ 
W5LW*6, X-7”St)W*n Z-SS^-IX fSimronx *#SKAn/:
&ES ^7)s'*5o *<#(OADM2 T1±±EflJ^<7)-fe;K7)ffAliS^tr*
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6t)s\
< &6o -u, Tmacmef ^ me i±±m#N% 

iWAiWHIfrCiihZ>¥, i> V^ifh^X^X-fb Z klfXhh ifSiSEtift 
/hi:^6= ZtUb<DZki&-^LX^-&]E^imiti>k, {mizXZjmttJUfr 
WAthtzZXD;h77-7X<)-<D’pllz^ti,ZkKti,m&tiu 15* 
i: ix^mfrb%£t&7F&jEZtf±mwmztiz>xttmm.^ntz0 ttz, ?

AM <xm~^XZ>^y 7t-7X’J -z^tt
zmzttu y>yAMxt±&gm%iz&£2ti&jxv-vmtmat^-x.e>tu>
fztb, /<777-7f U-(DA&$-Citgct•&i:9>/AlO^iv'J: -5 H£x* 
t5s; v77-7^v-i±

-t%5i-E/h'ifc4 /-», 7 /& u —im Xcoxxco^M^itWstx § &i v 
-t V-4-fflv^-/<7 7t-JX<) -fr'tt&frlz£Ml-MOX£&Z k&#gf

3. 3. 5
-f>7-$7 hS(OV>7’t#x.7tS^, &ADM frb<m-W<D&ADii5e£Kti7 

>7*ATi±i<, J31><7>|f$8W(} t K&tztb,
e>ft&o ?$mi 9 77"AE(DMO*%t^am#a^j:b
ELZ-Zo 2(0#^, 7X*A<7)i^AIWi<7)#tt^#6ftS<DKM
U 7>yAE<7)J^-ai/'<y 7 7-7/6V-^ii^5’fcV^f OXJlz-7‘7 HSS 
/hl-^Zk^SBESn/zo

3. 3. 6 ADMg?<7)$e
##t: ADM L7t^©*j^7V3®#l4i:o^T

mitLZ-Zo -E-<7>*S*£9I3. 3. 6 - 1 Ht:7Ft= ^tffltoS^-t:ii^T-7>5-
E#$hU:(0

ADMB£#l^-7°£:®St£ ^ ktfX^&o S*-Cd#£-trt±x;v-7°7

Tto y'yfXmom^iziummxiAi & AMifc»5'50%£±[S.Z> ADMSicy-L 
■CI5tS|W®Jtox;v-7p7 h frTmx^Z, ZktWftZtltZo

3. 4 #516

• 7 >yAmt^m!iximibtiz¥%j-t)i'Smm^gmik&k%ibtifr\
■ jp%mx$"(-?-£imtz>12<bi,zmti?z!wmmbta,o ttz, mv-sak
i*x;i/-7"7 hXM'PliXj-fXXA5,

• 7 7f'AE-ei77-71V-))%g-e$3o ttz, ifrXyy
7 — 7 "6 U "$i'fh7)5llLV\

• 7 7Wltli^^7 77-^;elJ-4-t'< 6*# < Lt"6/^777-SfW* 0K
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Access to 
External Network

S3. 1-1 COPM*717-*

3
Data Flow

Q-- Super Cell
Compressor 

A Destination 
f/Node Number

m

I

Receiver
Brffer

| Expander]

Transmitter 
Buffer y

0--ATM Cell 
ATM-Based LAN

S3. 2. 1-1H

Data Flow
•• R|"* N R ->l|#*|^N ••

IE Super Cell
r^—nR: Reservation

l
Destination*01 

Node Number

I

0

| Expander]

Transmitter 
Buffer

ATM Cell 
ATM-Based LAN

S3. 2. 2-10 ADMKtiltsaEtet:
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ATM-Based LAN

SI 3. 2. 3 — 1 HI A DMi'-iol't-2>MiaJjA.:

% o.i

s= 0.01
u
i
s o.ooi

<!

O.i

Fixed-Type — J

Reservation-Type. . \ 
(No Timer) \

Random-Type - - 1

Compression Ratio=64 J
No. Nodes=64 1

— __ ■
Average Batch Size= 1.0 '•v. '
(p=0.0)

u T

3. 3. 1

Offered Load(McellsZsec)

i

e o.i 
£
Q
= 0.01
u

5 0.001
*<

Fixed-Type — !

Reservation-Type. .
(No Timer) •

Random-Type — j

:
** ** i • . Compression Ratio=64

% . No. Nodes=64 *

:
Average Batch Size=1.4 .
(p=0.3) ^

aooote
Offered Load(McellsZsec)

ms. 3. 1-20 (¥^^'-7^'1'X=1.4)

- 20 -



I
CO 
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#
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Average Cell Delay(sec)

I
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X

4
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H
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Xr
-X
4
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-X
4

ow
*4-
ow

O
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CO

CO

to

Average Cell Delay(sec)
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Average Cell Delay(sec)

AdJddddd
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-X
4

I

ow



A
ve

ra
ge

 C
el

l D
el

ay
 (s

ec
) 

V
 co 

A
ve

ra
ge

 C
el

l D
el

ay
 (s

ec
)

10

i o2

10"

io3 4

Offered Load=0.8Mcells/sec
Average Batch Size=10

Unequal Probability 
s for Destination Node 

/ (Pl=tP2’ ••• - =6P64>
*.....................A---Z--A.......................
- " - - - -

Unequal Probability 
for Destination Node 
(pi=4p2------ =4P64)

Random-Type 
with No Timer

_____ 1______1______ 1 1 1 1
8 16 24 32 40

Label of Node
48 56 64

f AH t7r- Kn— K=0.8Mce 11 s/sec)

10

io2

10

io

Offered Load=0.1Mcells/sec
Average Batch Size=10

Equal Probability for^

Destination Node
(Pi =P2- ••• > =P64>

Unequal Probability 
(Pl=2p2, , =2P64>

Unequal Probability 
(P1=4P2, , =4p$4)

Unequal Probability
~ (Pl=tP2’ ••• - =6P64>j

Reservation-Type 
with Timer=035msec

______1______1______1______1______1—___ 1______1_____
0 8 16 24 32 40 48 56 64

Label of Node

3. 3. 3-20 #5-h97^ 7f
(T'ltJlL 't 7 r — K d — F=0. IMee 11 s/sec)



10

10

Q

io4

Offered Load=0.8Mcells/sec 
Average Batch Size=10

Unequal Probability j 
(Pl=6p2, ... , =6p64>k

^ Unequal Probability 
I <Pl=4P2’

Unequal Probability 
(PJ=2P2’ - > =2P64>

zO

Equal Probability for 
Reservation-Type Destination Node 
with Timer=0J5msec <pj =p2, ... , =Pfy^)
__ I___I___I___I___I___I___L0 8 16 24 32 40 48 56 64

Label of Node

$3. 3. 3-3im
t7r- Kn— K=0.SMcel 1 s/sec)

0.0012 
0.0011 

£ o.ooi
j? 0.0009 

Q 0.0008 
g 0.0007 

& 0.0006 

% 0.0005 
< 0.0004

0.000-

Reservation-Type _ 
(No Timer) 

Random-Type

Compression Ratio = 64

Average Batch Size=10
(P-0.9)

Offered Load=0.8Mcells/sec

15 s5 55 75 85 55"
Number of Nodes

3. 3. 6-1

24



3. 3 — 1 $ §f#f!v ^ a. ]y — v 3 xd^jl

COPM^y N7-?
40 [Gbps]
500 [km]

ADME 64 [Nodes]
ADM RES 62.5 [km] (=500/64)

IAN
LAN 7°n L ruv 62 [2Mbps]-ATM

AlM4r;VjE 0.682 [psec] (=53X8/622X10= )
ADM(ADM)

jSKATM-te^E 10
64

y'yfU S! 0.127 [psec] (=0.107+80/4 X103)
0.107 [psec] (=0.682X10/64)

05eI! 0.682 [psec] (X-/'?—bMt&L)
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vv-C, ifz.
H4. i — l@t:doV^TlB$5ii-'CV^^-tt|n]%
WM-g&ImZtl&o
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/t'T-yhSJL—if T— 
IP/ATM

15 5 M b/s 
~622Mb/s

n%i±mw. 
x—

~ 10G b/s

#&10Gb/s
~#100Gb/s

SWiryHADD

ADD

$4. 1

(Eft/3fe)

m COPMt:

ZL—if T—$
IP/ATM

155M b/s 
— 62 2f4 b/s

X—

~ 10G b/s

&=3M*3SgE

fc/tiryhDROP

DROP

IP/^h 
(-1.5K/WH)

(-»10K/WH)

MAXDyhAll/X

Packet A
I------- ll l

4

Drop

Packet D Packet A

ii
ft

Add

►

B4. 1-20 Sl$fS$S§tcjbil81t^SE
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1.646 usee

155Mb/sT—$

2.5Gb/sT—5

2.5Gb/sT—5

155Mb/sT~5

256bit

4D 2

2

#9

■88ns

56bil

!iSS|S]±»:17^)

ec

256b

feiH

i

| 256bit

#4. 1-3® f-Y-b
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4. 2 ytrt'r-v FOS^S
n>r-y PEEASroBlf 7 K3A0, Px^ yfHcfflv>3^fl

o tz o i±x ^ y a > <, m
7tit*s1W<> $3H, 63. Ar-t-411, A'-Px
4yAK, EAM£fflv>3-ifcLAo

<M#W&#4. 2 -10i:^t= jm^^xAmglKOPG) , ISvy^. 7x> 
(DMZ), a X Vs iu--fmmmEMB(HD) <r> 3 o<o7’n -7 ^ frbMt&$ *rtt' 

3o Data In DAI4 155.52Mbps X)f — ^flAA, Clk In Abli 155.52MHz 7) 7 D y 7
\m^xts^fiz>o opg x~r- j'S-f-ti/wxi& loops @6c>Dty§A;i/x m&s ft,
DMZ, FLC(O^-ESliaSS^gT 2.64384Gbps256 Hy P~,E)fcES6Sft3o i£, Aft 
rtuDMmzjsi'-C7 A* 5 L, #jZLA$iJWW#ft»3 4
9l:m+L/j.

OPGti, Aft$ft3 155.52Mbps Of-7##ft4 (7155.52MHz (07 a y 7##A
KLJtM-’VU fefctZ-fuy X-C^^o #4. 2 - 2 lift 14 OPG 7)^5>il£lt

S£|I4. 2 - lf£ftf40PGmWO^mWtiTjiLtzo it\ EA-LDEltoomMt 
EA-LD ft 4 0, /<AX#g400ps @*(0±/<;PX»BBKf3. ^KDfetfii 

tr(EDFA) 'Clitic, EAM*fflv>-C/WX|| lOOps <0)16®/t AX
DMZ I40PG A^A^gftA^/^Axe 16 Hy HpzJBSL, Jfc/^y F 3

7*0 y 7"Ccfe30 $4. 2 - 3 Hfti4 ME $4. 2 — 2 $ft!4 DMZ
#@(0±##7C^^ L A. AfttitySAXA 4y ^ • 7i77Tf?t(AMZ) 
ft4 0,B#P=g$i*|6]t: 16 fi«t3„ z<r>b §, &AMZ ftcO/txoilEMft4 0,iEEt 
3 16 tfy Effi*®^'A*t'y Pmm<01/17-f&ft A 2.64384Gbps ftfB#ft3l#8 
H8R5m£4 d (;|S^t3o /<AXR|#A1/17 ftf 3ft t ft 4 0,
7 71:451437^ 5 >7'v-y>^$Sl81"3o -E-ft-Pft7)AMZ-ei4, flH’tM 
j£5-lSS"t"3A6t-#f|g?i; 7 y TA-7A}fA$ftTv>3o ft 7) 4*3 A-7 <0)1 
ftjE/LAV"* y P £ EAM X~ty <0 ffi-ft,

FLC I4DMZC4 OEISSftA 16 tfy F^Ay P A 16@##L,256 tfy F 7)410/< 
A y F ^'fL.Jjfe'4'3 Xtt y X'tf^>3o W> 4. 2 — 4 lift 14 FLC 7) A A ^ 4. 2
-3$ftl4FLCgtt<0±EIf7u£^LAo 7r4/<-A- 7°I4 3 dB±ii77(CPL), 
EAM, EDFA, 5£/ty pvtx7 7 A7 (BPF), nJ^TtilESKDLY)-e#jS$ft3„ 7%4/t 
A-AftJBA, 16 tfy F^A-7 F^iSOiAtf^tCJ; 0, 256 tfy p/tfry F t Ltz 
#, Xd’yAfcSJO#*., tB*t3o iA, 7 7 4/t--,p-7°ja@UJ:37feSNRSiE 
A##Jf3AAft, EAMItltAEDFA iELt.
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$4. 2-1$ OPGA#:@%

## «B g#7G

r-9 tf y E 7 *— E
7 i- — ^ v E 
-7 — 7 ^
'f 7 7 — 7i“X

155.52+0.16Mbps
NRZX X 9 > 7'> F 2 fl 
1/2
ECL

X □ 7 9 
AA##

ig?tE
-f >$7x-X

155.52+0.16MHz
ECL

tf 7 E F — E

9fcSNR

155.52+0.16Mbps 
60~80ps
30dBm±
30dBJ2LL( Iran RBW)

mm ± 5 V DC 
+ 15V DC

4. 2-2$ m±m#7c

## ms ;#7C
H 7 f l/“ F 2.64384+0.00264Gbps

±6psM_L
>^*7 "j E jl: 16kTv E

HiSE It! 102.88ns
^7 E?B$Jt 30dM±
±^'7- -15dBm
tESNR 27dBJAh( 1 nm RBW)

7 E |a]ji 6.43ns
mimm 9.72MHz
'f 7 — 7 cx. — X ECL

mm + 5V DC 
+ 15V DC
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#4. 2-3 FLC±Ic§i7C

«■§- 44 nn ifjc

;v-7°gs 96.829±0.200ns

S.m^'ry bS6 16/^^ 7 h

tf 7 b 1/— b
7 FS

;^7 MlSB
;^7 

^C/n°7 —

^SNR

2.64384+0.00264Gbps 
256fcf y b 
ft1646.08ns
30dBn±
+10dBm
20dBM±(lnm RBW)

7 b 
itiftfilr

/\°;VvUH 103ps

607.5KHz
CMOS

± 5 V DC 

±15V DC
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Data In Q—
OPGo—L_ FLC |—O Opto Out

Clk In

DMZ

#4. 2-m

EA-LD EDFA EAM EDFA

EAM EDFA

AMZ

$4. 2-3

EAM EDFA

DLY BPF EDFA EAM

S4. 2 — 4m ^-rigniOBiSE, ^
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4. 3 %1^-y
(mz) mammm t %y- b

Yy b#Sfc££(l)£$!S-W%Ltz0 H4. 3-10ti, 256 kfy by b£#5E
N# (ccomiTus#) <oMZ0M-fflv\ e®

b (r<7)ereti2!S:) S5 2NHy b (i<OF!)-Cii
28=256 tfy b) <D/*Yy bO^yW AHIPS*#$1"^C1: ffX~B 6 0 M70S§<OS@)f 
P=8ti, l/2iS-foE<E5Et^.o

&£, ii^jgsiE^'Ssi-ftt^mv\ b^-st^^o Mz^iamo
gi553-f±, gmicf &i;<
&o,

%:, 17®:EELX:256 tfy b
/<fry b^ESSS^ 256 tfy b^fry bl^TC (##) #5g

3-2Ht®4. 3-3HC^to ftSSWfri, -bttPflffsI (S
4. 3-20) t-b;l/rtSI5#?S (®4. 3-30)

256 tfy bXfry i"f\ •til'P4l«#SS£54t'l>o
256 tfy b/ifry b^ieg^ttMC^JgK YlWfiMi)* 17®f#!lS;h- 

6 (S4. 3-20) o &4rMi, 16 tfy b##^6^6. tfy b#
3E0BS m4. 3-10) rotmEoMZ0g§j3J:O%y- b#l t:J; i)'nt>tu>0

-t^imi&f-i^Yy bti, iktc, -t;v(#4. 3-30) „
-triWdSffS'ett, 16 tfy b##C0tfy bPbIUZp' 17
4r;vrtS|l#Eli, tfy b#560B ($4. 3-10) 4 E« MZ0S&%%y-
b#2KJ:t)ffbns=,

tiLLl: J: t) -trii'iigfliEi:-IrivASWE^SttXzX*/^y bli, !±MmCOj$-Mk<D 
256 tfy b^>y b k&O,

[INrlfcK]
d)±#m#, m&m. ram eba-a, r^^y \-EMwmmz%

vVcSIex — FTnSzofinito) —?^Y y b#5SSB—J , 1999 
affV-9-XiA^A^ B-10-141, ##g±#2, p. 318, sept. 7-10, 19990
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#3 #4 #5 #6 #7 #8

Q Q, n ,Q, ,Q, -------- ►

Output

IHIH
2.6-Gbps 256-bit

#4. 3-lgl

6.1 ns, 380 ps, . . . ,
9.72 MHz 155.52 MHz ' » 1 1 1---- L

155-Mbps 256-bit /^'>h

2.644Gx 256-bit = 96.5ns 
(16-bit ir-H^x 16)

16-bit(bu¥(7)AMZ4®)

Input:
12 3 4
1916(19161.............................

16
--- El

COPY-1 COPY-2 COPY-3 -

AMZx4|£ 12 3 4 16 1* 2* 3* 4' 16M* 2“ 3” 4"
Output: Em.................. I I I I------- II I E33 I —

n
5.67ns+a

EA-SW 1 
Output: —^

n EA-SW Open 
f = A= 9.72MHz 
f1 =^= 102.9ns

_ AMZSSB#R8 
At = Ati, 2Ati, 4Ati, 8Ati 

fAti=^(16fo1)= 96.8ns (J^) 
18Ati = 775ns (145.2m)

17fe

4. 3-2E
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16-bit (^COAMZ AS)

2.644G x 16-bit = 5.67ns

Input:

AMZx4 
Output:

EA-SW
Output

123 16
III................... I

COPY-1 COPY-2 COPY-3...........  COPY-16$ 7

123
MI-

16 1'2'3'

-'ni (f-
16' 1"2"3"

...'nirr..
< Ato >

c17fB#35 ?

AMZiBBB#IS1
At = Ato, 2Ato, 4Ato, 8Ato 
f Ato fo1=6.05ns (fiber: 1.13m)
\8Ato = 48.4ns (9.08m)

EA-SW OpenfSJRI 
f0 = 155.52MHz 
fo*1 = 6.43ns

1 2' 3"i i i

#3M3fc1»5U (155.52Mbps)
fo = 155.52Mbps 
E#$,B = 17 
Bf0 = 2.64384Gbps

4. 3 ~ 3
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5S COPM^/-hWF

5. 1 COPMxti/XxA##
5.1.1 x^E yXfASl

COPM * 7 b 7 - X(OSifbSEtrfi1 4 /2$X M 
$5. 1. 1-1

4-0W$L^a#x- b-#gi4, ^7ux^ni®t/^7 
b^b^'T-y bffiSS^ttfc, ^>7 b#56@S&<h 155Mbps7£SSta*6&£/■'>7 b 
ffsEEg, j3J:maM5j$Se^e,fg@;5ii6o S5. 1. l-2B11:#mm##(7 
X 4 s >X'4y- b y^-y bffi&iEEtti, $f^/7l/X^6%% 155Mbps

-g-frlfctf? b@H*S2.64GbpsfSiM-C256bi t © H 7 bft^jfopfc 
/^7 Ht^CEELm IMVt-Bo Z(D±y^-y b##!4,
/n>7 b#mia%i:4 Qswzffl® ££ifbm~j; b> isabps
155M)PS Tt'xT'li'fll-i

4-014, $00PM ->x t A©®5ti£tiiE1-£ /c*X >x b u-
->HX^fo/-„ T4nX‘Wtbt-f-(4, H'r,4jlftSSi:45v^raEKCif?r§4fft:J: 
l) 155MVs<0ATMtS^tWkZtb bfi^y^-y bBSiSg^toAlbi: LTV^0 
££, /<47 b WESSEX 6 ©ttitrtsW, HrtSS^gt^J: biSV’Ti-nx'BfS
S-§-t^mLTE1tnDnKl: LT-yXTASFfffi^frdo CW:4^1, ->X-rA©Sgj$ffl
C# t i 1:, ->XxA©£;©S©ffffi4fT4 A tmmr-$>b0

1. i-smc^f. #@144^6^1, if
^>7 brenss, ^>7 b##^g, ertgMgtw-e&bo -©

C0PM->XtA1;45V)TI4, /<47 bjfAiUJIlI, jsXVtuy ?W\m^£-gT&b 
*4 4-0<7'>x-rAlci3V^-C14vX-rA<7ttiitt©?Sl'.4®— S#E LT, tIESSS 

1:4314^0%#-#-%, 4D7 4Hlfe^Tfct; Xn7X
li-x4fflv>rv^o
nr, 5. 1. 2ST7147 bEESsSIg, 5. 1. 3#tv<47 b#^B#E, 5. 

i. 4 =
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2.67Gb/s 256fc>h

155Mb/s150Mb/s

MPEG
=1 —

MPEG 2 
=1 -TV*?

5. 1. l-lgl

25 6bit

256bit

256bit

5. 1. 1 ~2W\ h
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5.1.2 HB8S6B
5. 1. 2. 1 wmsmtmm&m

it^xy nag • wmrnim^tzmm;- K^y^tv-syy Fainsa, x
? *)&&?>¥y F U- bOfoCXy Mr^E^-t

£s§tt-t-&£0 ^co^xy i-
*MXtz±^X y #6.4'EI(D|*#Bfmi± 155.521*ps <DWm
^A*LT2.64384Gbps 256 Hy 10^<lr7 b# 
spsii-m, RMit/v^mm®b%\ joit®

<Wz-&mf]sXvm'fi'mp
S5. 1. 2. 1 - l#:l%am#7)±#k##&#L7':c ^A9-k/<;i/|± 

it SNR iWffi*A7 -1%£ WBt ft&o *§lg-m EAM
1 LT+ 5d5n ^##1:, EDFA &fflV'Titir§£fTfco£0 it 

SNR t LXliXiUbii^m^iiSt Lfz0 PDL iz£Z,;V7-f&b§l i-ry^-y^y
rmmmm (dmz) yo.sdBJTF, n'--/mmwm%m (elc) t? 1.2dBrj.tt l
£„ Jl*«?OI*l. ?, y □ 7 y <E t ECL 'f >?-7x-X© 155.52

ffi*fg-t(;(±ELC a 0% /: ti-ft-ffuo#

TWtti*-BLZzo ^A;PXffi*l±*?£|£-e2.64384Gbps, 256 tfy Y^Xy N 
-?'<£>►), -e<7)A>7 Ha^ti 1646.1 ns SSSMlKovx-miEOii0

5. 1. 2. 2 ##m+
W&mm7kW,5. 1. 2. 2 - 1 llt^L/Co #7”Dy ?mM±, edfai t OPG 

^B/x-;pxife@;S(OPG), EDFA2 tm, MZ-CPMfrt>)£&S&-?y''-'y*> 
is.ttFEDFAS-S, FLC, MPG fr‘b!&Z,n'-7°l8\BlM!±MUX&Z0 ### 

TSUCSzi^ESLZ^o itz, #7'n-y XOlStHl (yo7^0) £%5. 1. 2. 
2-20, 30, *5J:yf4 0l^L/2o

5. 1. 2. 3 KfSSS
F%^ yy %mE#e, tati±rmmmm, axv

^m^ii'XTKTfrto OPGUgti, XJjZtii 155.52Hbpsn 
7RZyn7X #5. 1. 2. 3-10
l-l iEA-LDWm<VWm.T-?£itid?*Uzo (a) I####, (b) liEA-
u>mij9Mmk (c) i±ea-ldtatiit$MX'$)Z>o ttz, fzmzvm
im'b&tzsbizEA-ID<DX-?-miZ (d) C^Ltz0 ttitl^titzit^n'^t,
lit?, %mm<D,mm^t0 400 ps-e&ofc,

jttti*oDx*jfpx., (tami:, Ay rxmaESL
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tZo ms. 1. 2. 3 - 2 ElliEA-LD0titilx EA1 <7)SE
»##, loimbilLo^TS 10£|bJS, (a)
(b) itmimswmM, (c) liEAimmm, (<d dieahi-x

—$d&~C$>2>o EA 1 SSlMMifcM&Wftl^bz X. 0, iSSi"5JF'Cdil:fco°7 —Offrfcty 
*) ffi-rr fc i L*0 tti* 5 iL/zjfc7^vx?SSco/<;vx|i(±#t/ loops it SNR t±

32.0 dB £Mt%i$j>r&btitz0 itz, o/bx^feH^L mpsMtitzMXO'Wzffi 
7titi±ItePl#m±(>20dB)t:-*o7,2o XCOX 7 1C, OPG 7*n yXT'li EA-LD
ea o ffl-rsf^t uz<oxitm.'-Mtikwm loo, t^m^x

SLt:, S5:L LT)Bil$Sc7)o7VXF=gpMfllEt-&W-e 
ItL0 rftL, )fcEy'Oi/XifejiWc*<OSSESf6> 1.
2. 3 — 1 iSLf tt>tz0

DMZ EBti OPG SBrtE A/jStL&UfyWX £:, 16 L> l#:E#LA±/irry i 
£E@;t'37'nyXt%.2>o S5. 1. 2. 3 - 3 0ni DMZHg-C(7)tti*T-X£, 
#5. 1. 2. 3-2$Ltil§S£f4\ tsbTfcLAo (a) i±EA2

(b) t±EA2A~t4 2/a®IMffK-*4o 16ffl<7V?/r7 ). 
#(7)4i-e, -r-XEB^l ~16 L^3/<lr y HiO-Lo-edbO, 4:<n^X"J l£-y- 
T'f 0, EA2 Sr^PLT^Ubai1"= iOROf-fl > X)tiM;i£®£-

(c) C^L, DMZHgLBBLTi^PULSE40N/pLtiti}$ia>7fcS-7-£ (d)LSL
/jo (e)iiv7/'• b, ife®;LZ^o>7 i##-e*3. z^L#,
#AMZ|*!<7)/7‘X6DiSESL<£ EiS^-S 16 ItitirfBWAlbLy 1)9*1(7)1/17 
-f *£>*> 2.64384Gb/s St£l$WISmsJ; 7 LE5ELZ:„/'bbX|ifllS:ir 1 /17 
Lf^CLCZ 0, LLI$(7)'JZ'#/</-y ItJDtULW-X'f y'f\z&lXh9 4 5 >X' 
(OV-y>*$Si$L"CV^o EWE 16/WXoEy 1#(7)R}:-Lz 7 L l/'bbxa-,

(f) nr—T'f >wk<rymtsmix&z>0 a*
/ ^vx?m±E$SL x h^)vxw\^m±W& 5 tvf, it snr i± 27. m r* o tza > w
X^(7)^17-<7)lf Lo § ti±o. 3dB m&Xi) i], /i^ry I'/WmiiSJSE^JlLL 
(OgMILtuLo

ELCHg-e(±g$81$$M:, 7T4771-—XlZjIKA, 16 16 tTy l^y 1&
liDlLtf-LLJ: D#S#L, 256 tTy l^y 11 LZ-fi, X/ yA&#D#x, titi 

3dB7lfc*77, EAM, EDFA, %/Xy 171X7-4 ;bX, op^S® 
#,-e#m$lt677^/<-)t/-7'&mv^-Ob/ilr7 l^##f6. #5. 1. 2. 3 
-4@, ^^15. 1. 2. 3-3X, 
t&XTTsltZo (a) , (b) i±, tfLfK EA3, EA4 (D<gMW&.X& <0, (c) . (d)
tiEA3, EA4<7)y'-Ti->X*ffi*?6B*SLrv^0 £/-, (e) , (f) Kl±256^/" 
yl<7>m iiXXf-mcymm^Ltzo z.<Dt$comw^ y 1 F=5PE®W<7)X-f 
< xX'liXT-f/<-;b-y(7)m@#Bm#:Z OB&L/:. (e) , (f) frbWbfr
&<fc 7 K, o”7ry 15fe®(Ollcy WX!±*S(7)^-iLLlblxLr, ja@MT*EDFA eamt 
ZZtbzX&fiSE (7)$EK J: LT & <7)<7X 51®,
boi^K. SS^Tfeo-lry lEE/^VX^aytStirV^W^^So
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5. 1. 2. 4 10 Gbps DAt^OX/r-xifOx+fFlffi
J: Ik iffiS, jzMs.cy£~)t^'r "J IffiBsSrHil-t4K:§/:0, Tfc

lt§t#xbtu>o }fc/4xo®/4xit
(Tootli, 'J'y OWE
k%&o iA, E#$o*:#:-3V4l±-7y/\ - '4X9"@!07 7//-#o##, £ 
io*, ;p-y)g0mo)S07 7//#»##44$t:zo, ma#:wEr*4o z 
■Z-tii, 40Mt; LA a™ SIS* 4**146144" 4V£#x., 622hfcps-10Gbps, 1024 
kf y 1/4 y 1 (ESfS 6#;It L, lOGbps JA4',ox 9—7 k'V t 4 flffijElf-y A=
40M* LAA1DMS§B*fflO"C, 622!*ps—lOGbps, 1024 kfy 1/4 y UB6*% 

m*"4AAO#T#a:*#5. 1. 2. 4 - 1 0K4LA= 622Mbps 0#M#4* 
155Mbps LAVy9XL, E/0^jtLT/4Xifri, 20psgJt03t;1S/4X*lfej£t
4. Lti404;li4* lOGbps (=155MbpsX4bitX17(EE^)) PCISTOTDM L, ES 
Ov y /n • -7 x > ZMEEtsKffA-tiLlfJ: v\, 40, 1 0ESAUST- lOGbps JAt 
--.ox 9- 9 e* >j a 4 Fffi*fr& * itoT, #5. l. 2. 4-20L^TJ:7LSl 
JlliMlt4-eltfflt4#*:fi.A= ro#j$t*ZtUi; if, 155Mbps om5vft4* 
iv't, lOGbpsfflO}fc@/4X*4®-f4= 4Zjfc»Z9^fflv444i6U 7r4 
/'vRgie^J: 0, a@*AL$4, lOGHzps R8B04 Ly l/4y 1 *±^*"4= 2 
04#§-*E#0A1DM#SL#At4#:Z 0, lOGbps, 1024 L'y 1/4 y 1ES 
ligmt&o

m5. 1. 2. 4-3008^^ 40, tifc ^LA, ^<fcO^®g& 
#fiK0"e*5o ATDMO&SISii'E-O* $SLA= #4#4#(SSG) A 4.98GHz O#^: 
@4*4&L, EA^MfflofS-tt-r^o CCZ, /4 7XT*#Af4#:4;0, ^ 
f51f4i±4.98GHzOIE&:?£t£4o -4, ^g/4Xf§4ff(0PG) LA41"4, 4-9 
114434;WZn y 91141 ±4.98GHz 0®a1f4* 1/32 L4JaLT/4X-/4-X • 
yi4-7091S9 □ y 9 Ltz0 OPG 1114114* 4.98GHz OTF4*#
TEAmRf4#:j; 0, lOGbps LMSLAE^xSrJIMI^o 
toZEAE8S$A4llu LEDFA *1¥ALA= $4, PPG4SI19n y 9 A4§|SL#fflfl* 
#A L, 040 9 9 3 > 9'*fSS L A=, 9 0+4Zffl < $ titzHM? 47 * 2 go 7 
r//^3dB3fc#7"9"e4/M90HSL, 7r//«, mmoAAO####L/4-m 
SOA»OT y A 4- - 9 *4 LTW, 2E03dB/fcfrTT-eOTDMt^o 94iLO 
i#SnDnk^O, 779/m*#l#f49LH 0, /4XSH, 94.56ps04 tfy 
l/4yl*ffMt4= 99T2#BL4#BOA-9lil Zy 14 (6.4ns :# 

1.3m) , IGtSftU miKC, <fcO, 9x94/4XL A4 Z * L L A= $6 
C, 94i6jb#*To#Am*#^t4BtoT-EAMaj*g|5L4> EDFA *lfALA= 90 
SE$T-i4EDFA 4- 2grCffiJB LTV4S,±/<^X$v 
a-r#47&omt: ASE4:Oa:m^*#x644= LA/54T, DMZmSLA4f4#L 
FBGiaoASE 1^*7 4 ;P9, ^Z 4K#%I$±0 AAOA9 7 9-9 ^4444, # 
ALA= JUT,

#5. 1. 2. 4-40li&STO4/4XjSS54LTO-&o (a)!±EAM A9a4 
Xy&Bt\ S5. 1. 2. 3*T4L4OPGffi4«JE0—-C*4o (b)l±EAM®*/''°
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$■/35ps, t-f-ffiP, lt/80pscOyM'^XcOlE&^lg-C 
#6. iww

zrtt&$,£ti?i'&£,cot%z.t>ti&o zzr-omowmMUt^'frx, -y.sv,
Ell 10V t L£0 (c) li^UmL^Tfe^toarDM Oiti*yS®r% t), /-Ol/XP^B, % 
?£)g i 6 &$fCfflsff'V § rV'oic cm @Jf i -W 7 r -4
0g&rt©^7c&czommu

(d) iiFLC Atl±'VUzmt'e& <0, 64 Hy K0ftE^>7 
^^Siorv^o ££, ASEKJ:^ #4*o/s> 7 7*9 X F<7)#*,±^l9^i||g-e§ 
-So M&i-(e-1)~(e-3) t± 1024 kfy I-y I-coig^, 't'lfe 45i 0'##(0#bf y 1
(0)£/wx?£B£5;LTtx&o 6(0(0,
4i^:t#x6fL6o

4-0, 7fcPftiOTDM5SE4«fFL, m#(OA'mM@@^m*'4W6#:Z 0, 4t/^ 
4 y EtOtf y E lx— h^l0Gbps&_L(O#4'(OX4—9kTUT4#F@4lT^-3^:o EAM 

5GHz (OiESE-e.OPG ffi*4ty^vxU 35ps (OyM/^l/X
£#£„^(Oyfcgy<;i/X4443i$L, JS^TOIDMf 2>m~i 1,lOGbps,
4 tfy h/4y btiK4iS)$L^o -coiot^SL^lOGbps, 4 tfy W^y E& 
E#<ODMZEg, ELC##t:A*f6#:Z 0, iSBMt4|-(0 662Mbps^lOGbps, 1024 
kfy E^y ZtUU: I), 2.5Gbps^40Gbps
^(0/<4 y E E®4i#f(OS$lK0tt"C, *^<0$S'I44Wt' § ZzQ
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5. 1. 2. 1-1

e#

-lOdBm Av. +12dBm Pk.

-15dBm Av. + 7dBm Pk.
+13dBm Av. +35dBm Pk.

%sm 32dB m±

27dB m±
22a W±

mmEmas ~0.5dB
-1.2dB

WJW'ta~^"yf y x — y — x 
E«$X*

f n 7 ?

155.52Mbps
7>7;i/K2# (^-^#1/2) 

ECL^T
155.52MHz
ECL'f y 7s

y;VX ti 7 b 1/— b 2.64384Gbps

/^7b& 256^7 b
/^7 b^# 1646.090535ns
7^/0 X|i $j80ps
^^<9- +13am (#±)
^yi;k%m^jt 30dBm±
^y<^7bm^:lt 3oam±

l 16tf y >Eg*/<)UXtti*t;|S||| 

ECL4 >?-7x-X

2 256tf 7 hE«l*/<;VXitl*K|Bl*g 

ECL^T y X — y 3- — x

^ — 7 7^

# 5 . 1. 2 . 3-1 (g#.#

W:600, H:1800, D:800
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855. 1. 2. 3-1$ OPGSErolSS, SJSffi —R

mm ms E5e> iHJSli

EALD TEMP 19.78X1

IF 60.0mA
BIAS -3.305V
MOD 0.3494

EALD-MON 7 — 
tKNR 
mytit

-9.88dBm
35.66dB
15.8dB

PULSE-DELAY 250

EA1 TEMP 25.00X3
CUR 1.945mA
BIAS -6.499V
MOD 0.6003

- 45 -



#5. 1. 2. 3-2

mm as BS, #J%#

EA2 TEMP 25. nr

CUR 2.211mA
BIAS -6.222V
MOD 0.5134

PULSE-MON -17.62dBm
t£SNR 31.99dB

MZCMP-MON its N° 7 — -4.47dBm
ftSNR 31.94dB

GATE-DELAY 144

MZ-CMP DLY1 2312
DLY2 3210
DLY3 5383
DLY4 5009
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#55. 1. 2. 3-3# 'K

mm Si Sx/E, SJSffi

EA3 TEMP 25.26X3

CUR 0.098mA
BIAS -0.004V
MOD 0.6000

EA4 TEMP 25.17X3
CUR 1.950mA
BIAS -5.950V
MOD 0.3500

BRST-MON Tt'W- -17.73dBm
ftSNR 27.88dB

PCKT-MON -18.32dBm
*SNR 22.1dB

OPT-DLY IxS 7392

D-DPG A T+83.2ns, 500, ECL
B A+102.88ns> 500 > ECL
C T+85.3ns> 500 > ECL
D T+102.88ns, 500, ECL

- 47 -



Blank Panel

EDFA1

OPG

EDFA2

DMZ

MZ-CMP

EDFA3

FLC

EDFA4

EDFA5

D-DPG

Blank Panel

Power Source

m 5. 1. 2. 2-10

B Qcznmni 69699

OPG

BB s
m m

g
QQ Qni]

66 - 66
666# 696
AM AA

□ 60666

rl)MZ

" 1
hi a m

e, .... ..
BTO

| ^99
21 #99

B AA
MZ-CMP

61 | 0 1 O

B 9c=i^H 66906

Fr,c

L. I
Him

1
QQ Q0
®6 ALW OQ)
*6* 696
66 66

B 0i=» oeoee

□ 0I~ 1IIIM 06666

i
1
s nBBBSBS 1

666 0
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v-x-:-i

:uvxriv3 ^

NOM«iU-V-I

TVS

I
-.mvia-v-i ° | 

iwaoK-v:i ° j

zNOIXJK.VVH

xot\a.i3<i i\';t

NOKsvm-ai\'H

xowaomi'iv-i

Z
X

§ 2

ifn
3.1V vn

nnV/ilv*. .......
|H an

N:

y y £ >
Ilil I I

isisilli mi
■r b r r - §; g y r y ?

LN3 3.IV 3dV
1 1 1 -rnvi •frrV'i

is

\ W.WIOKV3

No-aoKirrvH

x< i-sviturn i

NQ-XAXdCnVii

^ aOK-VH

■> dtVl. V'H

aoK-aiv:i

.y? SVlHlTIVTl

^ dJtL-criVH



-lCdfim Av. 
-t-12dllm Fk.

rtnsE-LN JL.

+l6dBraAv, 1 MBm Av. +4dBm Av
4 ASilKm lrK - + V,dtim I*k

"B TOM/CMF

m.st: viux

ntM-MZCMPl n

BRST-SYNf.:

-kJBru Av.

IRM-MZCMP2 B JL

HA-BIAS

♦SdBmAv.
-HfidBmFk

mi

1;A-TMF

I-ABIAS-ON

AH-1

55%

i .i,-i UA-CNT
I
X
X
X

HA-MODMON

KA-B1ASMOJS"

EA TMFMON

EA-OIKMON

HA-AH'

I.A-CtK

S5. 1. 2. 2-30 DMZ@S&ESSt@
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I I i >
E

m A A IT

Ul n n ri i:a i nil1

r nvn 5i k -5VM.5)
j 1—r,u niKM
r -*4-:ai.ikc-
6 —VAl-AI'C 
^ -h;ai IMl'MON

CJ1

to

to
I

4^

T)
r
o

pull

null 
—r

I'AM Ml'

tJVU.5, 
-5V(l Jl

A2-IURM 
A MI C 

—i:a:-atc 
-»i:ammpmon

RAIMAS-ON- 
i:a 1MOD-ON 

liAl BIAS 
i:ai-mod

1A1 lll'M

r- HJVlDh 
- + WtO,i>St
- uvm i,

yKAlMCNT

>
- ~«*:a 1-hiasmon
Q ^Al MODMON 
-i R>AI( I'RMOM

\:ai-ccr

M^H" l^Hh L-^H" L-^Hi

I M

+1 JVM) 11 
- iJV.UUJi

KA2BIAS-ON- 
LVMOIWIV 

I A: IIIAS 
I'AZMOI)

Z'AMMCNI
/,1'AMICNT
--KAi-IlIASMON
^'AJ-MOOMON
OI-A2-OTRMON

S-AZ-CUR

f
aT



(a) (b)

>
•a
3
Qh

I
y *

/
/r

/
/

-0.2 0 0.2 0.4 0.6
EALD-MOD

MOD=+0.4V
BIAS=-4.0V

( Horiz. : 100ps/div., Vert. : lV/div. )

(c) (d)

MOD=+0.35V
BIAS=-3.3V
TEMP=19.87t:
IF=59.3MA

s

OOps/div. )( Horiz.:

#5. 1. 2. 3-im EA-LD#%
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(a) #14 (b) IgSfrlEzV&S

-0.2 0 0.2 0.4 0.6 (Horiz. : 100ps/div., Vert.: lV/div.)

EA1-MOD

MOD=+0.6V
/

/ : \
/
/

\

/

/ \

>

I
I

/
/

/
/ ....

1 Z.......... y
/

/

(d) ^ — 9 titi4J

(Horiz.: 50ps/div.)

MOD=+0.35V
BIAS=-6.5V
TEMP=25.0‘C

(Horiz.: 5Ops/div.)

#5. 1. 2. 3-2EI EA1#%
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-1 dBm 20ps/div

(c) DMZA^##

—p\1\:~txfr-JL- Li

+1 dBm 50ps/div

t£^7“ : -9dBm 20ps/div

(d) FLCA tl'MZ
k----------  64bit ------------ ►

jjj
if# m ll!

:,;v
'• V z;',Y

A
1 p:"£JVfiJ i.E

j# jg jkj|
*——

A/^7- : -17.5dB 1 ns/div

(e-1) FLCffiAEB (e-2) FLCffiMS (e-3) FLCffiA^S

◄-------------------------------------------------  1024bit ---------------------------------------------- H

A A i A A h 4
JuU JJJiA A A ft A Ju A A A A A A A Aw v V u j, hti L Jj

wAA Aj44

D£
J

ita
__

1~
—U

Data 9 -

—J
L
__

Data 508"
1 i

-Data
i

5V7 .
__ i

Data 01
__

7-
__

Data 1
—j

02/1 -

lOOps/div :-l.ldB

# 5 . 1 . 2 . 4 - 4 gl (m# : a,u,)
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5. 1. 3 7 b###g
^Yv b<05££256 tf7 b, EBScofif-iS$B£ 155.52Miz, ffi$iW£ 17^

2.644% t-t&^Y'y b###mew$ - rnmuAd). ustds 
ojfciiBSSitx #4. 3-1 lai^L^to-c^^o &e<omzjsi$b (ammo
ZE> (i 155.52 MHz X17/16= 165.24 MHz (AG @M^IeIS&#8) > -E-© 1/2 S-
@(Mzmm^@6&#7), i/4^m(i%#6)...., 1/128^@(mi)mm-p*3 (#5.
1. 3 - 1S) o ity- b coSOSLMKmti 155.52 MHz/16= 9.72 MHz Ofcy- b 

#1) aX1/155.52 MHzOtY- b#2), Y- MHi± 102.9 m,(jtY- b#l)£J:0/6.43 
nsiitY— b#2) X'hho

m5. i. 3-1 mwY7 vwmmtDmm&itf-zcoftmiTFto mztft
43(W)X20(H)X45(D) (cm)coy-X 2 £tc£TC#S^BS§£TOl.7(:o JfASAfB

2-£}coY-xnmamLtzo »'-niwii. sij<oy-
7i:iHL/;0

256 tf7 h^Yy H ^ 17 3 AACU.MZ
ss. < mm.tz>‘ZMrf&z>o
SfffiAxyA*, S5. 1. 3-2Bt-^t=
fe *-bnV RFX^X H;VTA7 4'-ff-*fflV^^ft(03fi
g£IW.:= t-Hn,JD'-^^fflV^t#tl*Sc01«V'fFfi/iWfgm $### 
m(0##g|K0NE^mS&(0j: 9 ^5v^@mFflcoiSStcti7F®St:*4o ##(0##L 
Y>y°') yYyy-y°m^z>1j&iW%Ltzo

i->yv >f^-ycoen8#i±##T#zz.x\ ml 
±w&<Dwmf£itm3t' osvws
*6E&$Stis LfZoSS&1to;S1b?S (MMo® h §'< ±5x la10, #feti#S<±2 
X10")Kn7/7r/x?-10.57536-GHz (= 
165.24 MHzX64) Tfc/NODX^J^^LAo jKyOVXflgtt2.0 ps, (£5141550 mX& 
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t, 16(S5. 1. 3-3(b)0) = 8$5. 1. 3 — 3 (a)
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flk ^Ml±±2 psJKTT-^oAo #P#W5, #6, .... #8)60#<O#m&#L/:o
i6myvuymtirmY^5. 1. 3-4 W0c. 1. 3-
4 (b)0t:^t. ##ai(Ok(-Xf&gmmt±2psmTT$)c/: #5. 1. 3 — 5 (b)
0) o

DLLCZ 0, 256 H7 8/^7 bffl#$SSBc06eF=flPSl±+5 psMrtCJRioAo 
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5. 1. 4 aHSEiiSE
5. 1. 4. 1 wmmtmw&m

copm*/- mmminmtztzidizm'fitz, wmsmi 
mvwMK^ximtio $t\ g^giisx o^tt-fesK-ov^r^^o 

WPt&COPM 5V - F©SSfflB#©#tt£SK-E>tt4^< SHEKfiP Lfz 
77°')'/—yg y i^XzT'xy 7 P U—'ya yffSMX'dbZio 7— 7 ISM
C7ii74iS##A7i%g7*4 kki>M ') 7)^7 4 Mi • ttrWWiWztt-fM&f 
^mmmtfL^tz&mm^zthwmvfr-otzo #m©i9c, nxy p 
EM • 7 4 >7-7^-Mi 155.52Mbps <0.70Xi
t^4 y 7-7x-7X^74 77illk Ltza 

74 '77^Bmk LXIi. gtiSUl*] l^l©|65Bg£S65!f-4 W7m& MPEG2 e 
i;-e, MPBG2iS^<O<pXi,^WM<O0-i^7 4yXo77 4jy-74 

y U^iU (Mm) 7*--?y YiffiRlLtz0 7 © MPEG * 155.52Mbps © 3 > X 7 7 P 
t;-7 yu-y (cbr) m7§-iznmt&£7izgm.<offl?kzmfttzo 7<ok^. 7<o
155.52!*>ps 3#'©SONET • S DHt:£it40C-3*95©
155.52Mbps 60 ?###(:i D, 7(07
n y 7W&H. 155.52Mbps ©til? 1 6|g©2.5Gbps (OC-48) |ga©7 0'7 7#%/i% 
Wahi>7kifit>ioMz0 lot, ^@MT-r5BEI5$SgKjoV>ri±, -f©)## 
fliJUjoVtC©,! o%7Uy7i4v 7¥VEM3&iiihntZ 7k t L tz0

5. 1. 4. 2 mmmt
m\LtzWMsmm<ommms.^5. 1. 4. 2-101:^117©;®*

if, Hftv-X (DVD 7"Wt-) ^©TfnX'HfTHf
Tjr (NTSC) f±, (MPEG 7-7’) tti 074 V'7>y^z^.m^*ii>0 7
7X\ Wtm^®$&k LtiiNE CS(S^ : VisuaLink 7000) $rffl©"ti3 *1, 74 y 

155Mbps (0C-3) ATM ff-f-t LtlR^SIrCv^o 7©
1551/bps155Mbps © P 9y77'y71z^MWM (ECL) I:
it (7 155GHz ©7 a y 7##©#(H^pT7 = 7(0k IftttiSTiZ: 155MHz 7 n y 
7-ff-f-tif ©v 7 P 9 >X7”> 7*B©7 n y 9 v y 7#E|g%l:
ip), i p) 7 n y 7fR77©;SJ$£-Bf"t©4o 7<07vy7 ■/■; 7#E[s[%©##li
S5. 1. 4. 2-2HKf t3P> Tf>4= XOZtiZ, 155MHz ©7 n y 71§-%l±-& 
16##51172.5GHz kttO. f©PLL@6§t:i P) yy 7&#5xtTB;, 56 1/16 
57)95116^itti p), f®g©is5©155MHz 7ny 7lf4|f &4= 7© 155MHz 7 a y 

n y 7lt§57SBfffi 0 855«5n4= 7<OX n iz Lxnbtifz 155MHz 9 n 
•7 7W^H X <7155Mbps 7- 71i-f (i WL 4'y7-7 x-7kLX. ^7v PESIII1 
S§^6#57i4=
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GW7tnTV^e-?KJ:oTHSOiffi^lfd0

5. 1. 4. 3 !£fE$S$
W^5n/^EI±, 19-f>fx7X2$^6^6o #5. 1. 4. 3-llHqS 

fESftSg, $5. 1. 4. S-PUCEftSeSE-e^So S5. 1. 4. 3-1 
0(7Xb^ MPEG 3-f, AlMXl'yf (^(Off-mffiffl-tirf) > 1551b/s 19 

xoy^#WS2#, W (9ny-e*40
—S5. 1. 4. 3-20-Cli. itf^MPEG 3-X\ AIMX'fyf (4#(Off 
T-tilEffl-tir-f) , 155Mbps 19>X*°XX\ &£& 155Mbpsffi'WXgMlf (jfc/lf 
y h#5SEE(0—SI: LTEffl) "e*-E.0 
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5.1.5 COP M-F^E>X bU-'>a>
5. i. s. i

stac, ss. i. s. 1-1
(a)0(4, -7 hEH^@^P)<0E/^VX7fefB-tai*t:-* f). /<^X$g^

lOOpsec © 9 4 < xX'v'y 9 ©4'&©.&£F&il£S/5?#£>;h-'C 
v^o 44z, (b)0l4, C4i6$- 16bit#f&-rE#L/:#-#-e*6o C©fg 
-s-^SK 256b it IFfST'ESS L/z & ©ti?S 5 . 1. 5. 1 - 2 mxh i).
>TV b Zttfb
^-&o b#-#ir/<4 7 b ff(E^Et:45©T 2 SI^K#5S1"So
$f\ S#Sli 256bit ©/"^y b & 16bit#fZ(:##f 6. COtiOS 

5. 1. 5. l-3(a)0(:#t#\ /<4y bPl©#4^(:lT<(:#c 
T, SET-14 & £ 7)s'$E ASE kX^Z,Zttfbfrha itz, ;oi:
§©AEy H*]C0l@glJ/^VXC0S^I4. ®5. 1. 5. l-3(b)iCit

ftY-xJ > Viz X t^m»l
Ziifzo 5 6i: lbitSK#5IL7t7fe/^PX14, %5. 1. 5. 1 - 4 (a) 
0C^E 155Mbps b, $11 • fibffiv y 9 (Offl z. h tifz
6.E &^ itTv^ „ CtoftE^xS- 155Mbps ©^&®#C 
4 L/zSrSEB* S$ 5 . 1. 5. 1 - 4(b)@U^-to S^VX-t
fi©Zz <6 (: R Z y£® i: & o T (4 © ;£, t)s\ B.E&JSS:/S$# 6 ft T© 5 4 ,!: ;$*
t>frZo

co uftfEis#tt £ w ii l tz $£*. * it n c t> tz b> m b> © * t ■>
&EHS»$#P> ft £ C 1: £ $IE. L Zz o Zft(:40. $ftyXf A(4fi)t^ 
«K #1^%^# C* L TE4Z#1$#%Z^ 3 C t Zz0

#-§#& L-cmm#-#©itt)o 454m
{Mx~9coiXt> i) CS|i)EIJ£§?Srffl©T\ fftx T A C45(4-&#-##») 
^#14©M4-ffo4z0 %5. 1. 5. 1 - 5 ECSISS ■ Sr®S©*ht9 
BfCtJSLZz 155Mbps E
©S®SS(BER=10'9)I4 -34.8dBm-e&o/Zo C©B#,#3g • ESSEIESE'e© 

zmWiWmttz t 2.5dB ©^ft;l/T4^ACT©64 
t ZZ5rZ> y> tzo

5. 1 . 5. 2 ##
±EvXTAF1I£fi CTHjlP>7H:&oZzE@i:Ml-T, HTCfl4 

144 o
$-f> ®^f%m#C45©-c^m t» cZz-xf 4 CMLT#mc#W 

LZz. #5. 1. 5. 2-111:*?;^ v^fA^SSS'fv 
9-y X.-9 ©E^-S-fc-tir-Cff fi"t 8 0 k C 4 tft ->X t A ©flEfSrfT-o 
tza -fttb-b, ®@/4;PX0%-155Mbps ^##©#1@1#, ©MZ EffiHISS
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Sifn ±T* 14 Wr% SNR (i 1 OdB Kk± T* h ft ©+ % <D ft -f■? & i> 0 
©PN15 &K)3iU>SiiSS^MbEHtiy-TJ> y#-#-1li-fKo v 7 

7 • v 7 7 ItZ £ %> t. MtitiZ) o
®PN23SCi3v>n±, 7 7 #510E# 2F«fl-e*§»5

soiHtttii, tv?
7 V 7 d7 ifintz 5tu o

M±<7)7 ®tcov^rt±a-ffi-(7)T*-7f5jSi-jyv'r(i, fSiSCMLT 
(7. 7 9 777Mb, 7*n 7 7 n- Mb) 7)s'lffcti-B/-:
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CMt% MBSt^-SE
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5. 2 %J- KiC*5ld-5lRll8^5e
5. 2. 1 *X"J h A DMIpISS^
5. 2. 1 . 1 889

5. lSplMswrii, $iSt& COPM^y- Kco-r^x P U-'>a
zx>%; - K^iio->xfA

&<?mm-htT'°$X.XhZ>0 S5. 2. 1. 1 - 1 mu COMPpfcy- KWlflji 
m®#mmi e^toCOMP^y- n:&^-ri±2 a <,
f fLlif P ® ADMSH^fTy/2*®|5llBMM Jt^X y
t <W£ffiWmWjft’tfTJ) tz*b<Ofslffl&. X&&0 ZZX ADMIWIIII^IM *■

COPM * -7 t- 7 - ? ^-ffc-CIWDE $ ftT® 
ES#EI^I9^(±Pl:gcto®iST** 0, /p-ofcii 

$■?'ir7 PiB"§'S'6:t-ti'L"C|Bl^LTv:>^lttiti'^'6'&v)0 COPMpt 
y- K£iS:if"t£±T-£® J: -5 t;ttK®M&£ 2?iSi®|irllBM£#x.&it 
tU£&f>*®0 $5. 2. 1 ^-ei± ADM |S1IE^_ m< 5. 2. 2mri±E

5 . 2 . 1 . 2 A DM^iSIxft
COPM * y f-V-yKtivi-tti, ADMlHlM^S^i: IX^Xy Mi 

MAAP7 P/<;!/% (J21T TSP) *
7 P9-yA#^|5tmt6Ct»##L/:o #5. 2. 1. 2 - 1 m:# 
SU£*to it^X y MB-^ti[ll#g±*#S'fb$nrdo 0 , TSP K J: 0 EW 
6tLTv^0 ;:-c, TSP h%^Xy P#-9-t®M®±®^-y/<7-l:m

ttfpJffeX&Zo ZZX\ #0 KTSP fcjfc/^7 Mg-^tif-y/W-S
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bXTS? ? j'-tiSS. 2. 1. 3-3(b)It/TtJ:T(:
rms X$} 9.5psec Xtr> o tz0
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S$IiS5. 2. 1. 3-4it*4„ :®tl,
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ttiti@EI!±o 7 j'-eiSpsecti.TS.E»tiiti#-|4^SS-r6 -kSton 
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*ifl^7^„ r rrx LTlif--1- P'7 T -T A'41.2km 7r
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1. 3 —5 0tr^ttf\ jifU & y v 9 - <7)$££ tiESJ5 ftT&fi6tti#-|4 
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5. 2. 2
5. 2. 2. 1

VdkWtSA y h 7 - ^ ->x T A tz£> t A EiWi$
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a 7 A (OB#, MAXLyy h/7l/Xkiititife/x>7
KOLA HSEBAi, MTLSt3 -7(0*#^#x 64i&.
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2. MAxny PyOPXCJ: 0, P<Okfy P@##O*(0|%#%
LLVCl15i|ra",

3. 5iiti)fcy^y hotfy HSlSlfc^XT'AXny PyOPXLlwlUL&Vvfcgr^ 
T-*&o -ewff’-e, ##3&KSL, KnyALASKA7 J-^MSS-SAftiOX^

LcoS^Tii, yfcy^7 HdJflt*, ##^{##'#^^7 Ha?6E<0»6fWJ 
¥i5f?i45o KM, SSfiTli, #mM%gI#LAO, i-coAAK, 
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5fc(OFME9lls^i:"'C'Effl5iLTV)zE>7 jl-X* • ayX P •;i/-7p (PLL) (OEfcBjIS 
SrfrAoAo y 5 xl l—y g yfrb’MMi.COWiiftte^tZo

5. 2. 2. 2 ##g§
##%APIlyXf AX)#mA#5. 2. 2. 2-lBC^to yX-rA(if$ffiS 

#m#, A-K7AVX, #:#, (VCO) <7)^-E$^LfiKoT
fifimttit?l±A*jg-^ fc VCO i60mS^KPbf!l LA#S§-£fP 0 tti

L, Lwmi^ff#[±;v-7°7 4 tv9 VCO (OiWATbSd-tiDx. 6
it-So vco ro)a?M*sAAis-7-LM L#cM^ zicvco <ow*ea

A„ S5. 2. 2. 2-2@(;(44-0^LA, PLLOyXfA®££SLAo J-f, 
{SffiSPSIL J: 3 7 4 - F7 * 7- HtPLl £#x.Ao HiiSEE^L
LTD-#)UX'J7^7 b7-XL^t)tti5*i^t3ttTi±^<, #t:y(-x P%|:% 
0*$fL6. LWot, C(7)/<-x PtoS*.±/ii$0B#i:(7)A, •fjtigWi!t?LSffigr 

77-F7*7- K##S6CLt:Z0, gl#&AB#l%(Om#{b
AlliiLc

2#B7WdAffl®0/W 7x 
-X^p^(iA*f£tSLPIlfif®X'±90° JALtWd#^, fiffiKSsfcfrA 7 
?*6o C(%W:4 0, iWJfflLB#rj(7)^-E>±90o PXk-fftAl^A+900 JAT<0 
Wr&t\im&<D1%fflX\smi)*MiZ>&t%2>0 

#5. 2. 2. 2-3Ha4LtPL<oeMSitLAB#(OX'f Ad-X-P£SLA0 
fxfM5±90° m±TiLAS-S-T^-7T =0 ±90° KTtOi^L t$ L AL"|i?H4il AS
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L, 74 — K7*7 — Zf-l-X D,
wwssHiifsmE^ *

XySfflSrtrfflv^ < Lfz^'oT, 1GHzVlt<rffl$3m
UX£Z>t%rz_Z>t, 2.5GbpsT-abiLli'4~5H'-7 h T*51B^tr*
K.btli>o

5. 2. 2. 3 #W5#
4-0, -> 3 ^ V- -> a > V 7 P a LT MatLab £ ffl Wz0 ST, 9S6<OPLL05&&$( 

SeL, IBSIJt-v^7/*y ^-ivo^y 7 - ? £A* L, ltS*$»^^6>SS*lS 
3gLrv'o7t0 '-ki-y-i-vy-tv- PWlWb, fitstu*)#x.tlSB44@5;iJt:'ft;tJDL 
Tv>§, L/to i/z, ^comS&MfcXMM'b'/v ?-i
Xjjl. 's'yt-ffljK^xbmtLtzo %5. 2. 2. 3- 1 #:l#-0<OSt# 
tieffl L tz^y 7
#5. 2. 2. 3-in, 2mai^mxtim^m-imtvoo 7 v - 7 >- > 7-® 

immacom (%Mimmmcom) 5- 0 a L/z^oiiiM^es^L/Zo espll 
(10) -ClifSffi-fnKJ: P>, 0%gI#&*#06 4 (0(0, ftft-C*70nsS)t 

4HH£ftUzPLL (2 0) XtiS 15ns fl$KB#0(O@E'fto?S 
S-eSTi^Wb^o aiubtoS$*fflv»T, ®S6ti5ffl-fn,
nerBl^EoTT'Dy P LBL/Zo 2. 2. 3-30C#t. tlSSPLl
•ett^V 7x-X'SffiH4-fflWzSKJ: P>, 1 IMt: 2-dco^ (MW'bfiMvWH 
-cv^fi® ^tSSLTim, £4W3@$0-eSSLTt^Wto^£o 

'■ki-Mim^ a vco7v-7-7 7 - ? a lt
PLL+ + 7ff- + 'J>i'WB^it®ifffiUzo :;t, 3 0^6W^Z7t:, &4T
# 4 § 1 # &*#im(0A^^ 7a#mmm dmm-e-o.ts^, @set--o.95^) cost

acSFUL/Zo 2. 2. 3-40K^1-= Zzax.!f, 100 kf
7 p rt-c? i #&frm&£^x)mth a^M-eii^tKiH^o x&oxi>m^f
W#-e*3(0t:#L, $#*(0PLL -m 30MHz fIEco-ftit%oi:43l

##(:$## PLL 06§4-ffl vVzJ#-§-<O^SA*lg^-y 7 7 - L
zz= #s$*$5. 2. 2. 3-50i:#to zzxba
LtZo $/Z, 2.5G-RZ{f^c43(t£?n7 7fl^$;5ta$t#cOl^;i/M£27dB (fl4S 
SB 1 4.8MHz) aiS/eL, CtLlZ^.^'9#'B#$'^rf 7°f"f) >7"#(0^^##l-$i3 
PLL izftiinLtzo aroiss^e,, @#f & PLL0%-rit 7 ^-C#LT$ti
±0.028* (±5° tiBS) XPLL&tlt3J^ifZaElkXti0 

tBficOPLL ->XtAtc#ffl§r4-fflvva74 - P’7*7- K$##SBa / W 7 jc - X
mM^z^tzimw t)#A$*#sBei#nf3$»m#l, -> 3 ^ u—.o a >izt
f), ^i|-l44-1tltL/Zo 7 4 - K7 * 7 - HSHttSBlc11), VCO<0#o, tmmi

I t/z, fits
mi)#i$m#SBi:t i), wtoK#5tcoA*s^t:y-Lr?
0ti5**^L/zo $ biz vco 7 •; -7-> acotuffliifSicM, 0%#co
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ZWfrt LtZo L^Lfo)$6, >5 j.V-ygyr-(7)|lM5l§&*B#F5iil5nsej$-i;.

f 7- 4-m.
aiilWIIS? I&&*L?t:vv
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S5. 2. 2. 3 - 1 $

E®e ##

ns

GHz

n 7 7 B#ng 0. 1 n tiT

2.49GHz

0~0. 9 7T fyymztm

vco 2.4-2.5G

2.45GHz

SEU>v ~3V

cj$ai* 0.035GHz/V

titiEiitSS ~~ 160MHz 160MHzT*ft#

2GHz

mmm $u# 5dB pH )]y — 7 X 0

PLLH>-7"t6^

ag
vr 4- I X V

'y 1 32MHz vcoi=«iy.T

/ ^ 4 "7 jl — X tf-^anniE 0.5ns nVv

f-fmaam

mitWl 2GHz EESEv^$i$

im/ms.

E%#$

51deg/V
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6S 5S$-(bmitT<7)ttlt

6. 1 %n>rv MBH&SroiSiEb
£4x )£7 t 'f /'<-jHtt:*5tt4Bf»Sll#'S(0IDM)S»5m@toKS# U100 Gbps 

^Sx.i-fSSjSJt'C 100kmJil±($#3:Kl)o 
z<Dm^iS£msZ%MRiti'V Yv-ti'ZTMzfflatztiMZ' try b y-

Local Area Network(IAN) bSI^SSEb 4@8rt SfL
^OTDMvX-rAriSISSiiTV^ (S#£tt2-4) ,
^%blcfrot-B7L-6n±, rbi<k*7hk-l4^#

$$X-t4lfy b V- vm&t LT, W^7r 4^-)i'—fim^tz 
/t>v (##»4) „ rrm jI®7 7 4V-y-;l/-7°
4fflVx/i/'?A 7 MBStftOV^TlfoTtltitlnS^V'-Ca^c

/N>7 bE##Mm4#6. l 1 ESsSti, fifrf tiff (OAK it^'y
bV \"X74/V4-(OBPF) . AM y f 7 f y (DLh ifcX K 7 A (SWI) & £ y r .f , ■?_
SEA'-tM. ybxK yA(SW2)/KKB$£;h-Z>o ESHMI^SG. 1 2@:^U:

5 yXA-Y- b 4fflvxTEBJrt&= if 7 b 1/- b 1/7^ fiS/TOMAy b4EH 
(A) o SWI <053*Jt4iiS&(iK LT13 < 7x MAy bAiMV-O-gB 

4Sl@;v-7’t:A*5ii&0 7} # 7)„ - r„,b^5J;d
KDL 4H$-t-E>ix f^O/WXti;v-7M’ro/WX?iJ<D7'mt£'ttf£5KfiBt'-E>C 
41:^3 (B) o Z«##4#0mf 0. SiSLJmm l/Tmt©ESt/WX^
^>-7,*t-tiK5ti-B=, r©B#©swi <7)siisatt±, i 9 caa*yfc7^7
b WJfcSN 9 cmmL-aa < 0tt®^^Xi»-^:Aym

SWI 4-Xnx47tltcLt;L-7,4’(7)^''°7-*ai*^4 (0 . #&1:SW2 1:Z 0. tf 
7 b y- b^l/7^,l:E#$ft^a$ N<0/^y bMiLX^jimtUt (E) 0 

*MAy bE»IK vy/x y^yA-MilMS§4fflix7(yx°Ay bEISS (## 
SS5) tst'<x£>mi£,mt/j''%<, -'rm<v3M>i'--fMz>mM.xffim<Dr<'ry 
bEIS^LfrLbtfb, MAy bS^' 
ES#U0±#<»67x /x>y b/x>X;A'77 f M-Az-A^KSftTLi9tz>6 

CA E#T#6/<4r 7 bSliESWElTldMES biSo $Jxlif 622M)ps OXA^Ay 
b * SOGbps l:E#f6#g-. / <4 7 b ftltofiA128 kf 7 b tilTK L ft 6 ft

vx0 titt*bfy b y- b@$<7)t£^lSS4W-t-£9!fc7.^ yA-4fflvxftttftii; XAy b 
fttt£ 6 lug <1~-E>-.£bW&-E>= #6. 1 3!©J:9lM E

^ t KJ: oTSWeg; &„ img(7)E##TMI#^
Mffltol/tfy b/^y bbU BbggOEMfCTWfacDMfty b4®ELTito 
(DE#/<4 y b4#6.
^mifz^--m^X-y bM^-eii, ESI

Mfty b& tft6t7 7 f/<-&-7%lEt#W#7mf3 b 
(Amplified Spontaneous Emission; ASE)/)5lSf* ebl-Bo A -Z A\ fijKy X°A 7 b <X> jt; 
SNlfc(OSNR)©ft#47f*o*o SWI ©*°- b A tM)A*M;vx fclfcbMjPXA^#)
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/'?r7-£, -E-fi-e'tL/’,, Cr Sffl to#*- F AD, BC, BD Ffltojf
DL i, OBPF to#Afm&^ #@#to/i7-$lj#& G ttio EtgB#toSWl

(DfiWtZ n (77 = ovv<-m 7, = 1 -r-^ nxyti) tt-Sc m, S£;f-*c

A*$ft£/WXto/t7-k *-7"£:H@L/d£to/'f;1/Xto/'x°7-^L< &&J: ?
KI§S-t4to-e, S6. 1 i/c, tti*-C*to^°7-P„ti±, S6. 1
2t*Jo
-£, «3£#S##£v£:t£i, $-#^to#^, EDFAg#toASE##toX/< 

X F*#%^l±^6. 1 SkESfi^o CCTA,
#g#toKea'#m&Et. s-^$-ase h- F##to*e#mt6 6, n9tm
#m#AFto^CU^6. 1 4^-5MW%3o

m±to^6, Pwn ititS^Xy F t:-a-$K6 ASE ##toX/<X FiVSJtS^ti^ft 
-ew^e. i s, 3^6. i av mti<D
OSNRIi^G. 1 7 i&So Cto|£*^£>, jjto^£^ <t&itB*'7i/XtoOSNR
liE§ < ftitZtfftifr&o L^L^*$6T?5r*E{il #6. 1 1
^^^tilIg|to.E^fiJ#(±«SEKSo*< o -j&t:, IF£ Ttf-B7^»to#giJ»«5- 
fflvx&vHEO, G to± # AF^±& to,, Lte6s'o-r»7l±, Sll7F-7"4,Cffl
v ^ & ±#@#r to#&i#m:lB C 3 c t C&£0

#6. 1 40C8S6. 1 FfiJVfc OSNR to|I|#£;*-f0
ItSCfflV^z/x°7y<-j'li, Pin = 2 mW, af = 2 dB, Av = 125 GHz (AA. = 1 nm) , 
v= 193 1Hz U= 1553 nm) , NF = 5 dB, (%= 4 dB Z 9 1:, N
< 100 XfoivlS OSNR !± 20dB JILL t ii& Z. b ffbfrZ, 0

l##g&to/<* 7 F ESSSI £ fM L T 25 l*i t/s to/ x> y F £ 5Gbit/s CEE-iS 
‘m&'fi-DtZo mk%£%6. 1 5 01:^1"= )t;?lCti#61552 nm, IIDilUS
##25 MHz, /xDl/Xipl 1 ps to7T^f/t'—I/—ffSrfflto/-,, Ctol/—LC 
7fc/7VX^iJ^LiNbO^x/ y iP(SW1)-ex'f y^-y^tiztizJ; D,N tTy Fto/<* 
xiX tf v FtoS6*jto/x>y F/7i/X^iJl: L/to X tfy FtoSQti, EEL/yx° 
tvx^ijs-ayi L/:#, @^;F-x%to#-#-$-ygEf 

]@E;F-*i± LiNbO^)£X / y *(SW2), x.;ukT7 Aj,ftbltifc7 r 474- (EDF), ftT'f 
VF-?, m%?y Fn-7(PC), 3dB#W: 10mto^#%74 iP X(OBPF), f-(F 
'(7'OIZX nmi&LtZo Xtl^Xy Ftok'y F U- F 25Mlz^?>, ;P-7°fil±S$8 

m X'hZ>0 itz.y-r 47 s-1/—?‘to25fflz to|###-& 1/(N+X) 179-® L, SW1, SW2 
tox-f 7f> J; Xft v n x 3 - 7°to F V ##-# b LTfflvx/*0 jg^;v-
7,Etoi@Kt±y,TtoJ: d t: Uffol;,

f-fSWl ^mScLTtytST*, SW2 immLXWmt&o EDFA tofij#£±lf, SW2 to 
.igttJS##£-@3&-f6&:!§S"t51:, 7r4/t-;F-7'i:K- F'lWMtfhtoM), Jt 
/x‘;i/X?iJ^c%lfe"4"50 #6. 1 6 0C, rational harmonic mode-locking (##
3*6) /H*^/-yttltm LtzfoWT,to$J£*f= Cto^U,
lS##tor5Fto—toJSrMfc-efiiiiL-Cto&o 7 tot- F"o -7 X##a##l:, EEC

- 94 -



tmbK-OiZgftffiEy t -f/1-(OMZ&bfr&o 7x4/7°A4#@# L?lz%,
dl xm<ommik±

E#B##(i, y^y FfiN = 10 t 50 Ico^tIt o/z0 EDFA-o^yX^-ti, E 
$1 Sii/zz-oi/X #-->)-y 7°'J y X4 -> n x n -t'tiSB LT, $h#(0/t;t/X L##(0/t 
ikx <0iElH$4|* L f <£ 7

10 tf7 h/^7 F£EBL/zSE£ 500MHz W<0y X n XE -> n x n -y-fEil 
i 7Hc^to muse. 1 2 0coc^mmijL^t(O(:#a 

f3. ^610m^-e«OX;t/XU#6. 1 50(9SW2 £iiilUzSS O :£LJSiM
25fflz CvXFXIzEm^cO/xOkX^iJMtB L/z& <DX$>Z>0 E$B7"0l/X?iJtil7<T 
fS$]i:fflv4z7 X n >f t -> n x n - 7°(O^W#v ^/z*, $gzixx titEt3ESg 
j^co/XVX^iJli, —ocO/Xi/X 1: LTESJ5fiTv^0 ©gco/Xi/Xii, 5GHzKE 
#$ tuXElziv--ffr tbititis iL/zEStf^dtti*^ vuy?ijx&3o f©i>gjft$my Xkx 
tilrTtXSvicoii, E®L/xwx4-JRi) tti-tBft: SW2 ©SiKit??* 1 KLTv>4 
tztbX&io ffl^N";vxS|553-i:i3V^-cy ^Xy^;^5't5-f^HciiinL'Cv^©^s'fc^ 
&tfs, E##f$Ki 3 ASE ##(0^#1:Z 31 (0

E®m<OffiXyWX?£E*Xy7°V yX*ynxn-XT-gSlLZz*msil6. 1 
8 mx&z,0 #®^<o f v xwcm-ey 7 ?-7)ii?i5nrv^ & eo<o, 10 m 

0/<;i/X^2OOpsRI#X#A,Xv^33 L^6, y^y bEMh*n%t>iiX^2>xttf 
fofrZo

50 If 7 F^Xx F 5-ESI LZzBt©ffi*M°^X(7)E$iJ|5$^S 6. 1 9 0!:#f.
;v- X|*|<0 EDFA f U#l ±5feE t W\kx>y <;vx<0$i|il^ L < &3Z-) tzHBL/z^', 2 
<OB#, AX7 F ^^SISS-coyxOVXcoSIM^/hS < &oTa;e>0 rfui, EE^tcEDFA
mmmtthxbxtttx^it^TLX^i m&. 1 iob).
t*tE, i@Ex-7°KAo-CUB Ltzy"?X y Fiu6K<0/wxtzov'-Gif IJ#;)?X 

£vXztf>, @0mco#-v #m#<0/ XkX (0#m^^± # < *30 EDFA ###!/-X?m 
x##t3#m#z t, mm^'jy^mmwyvvy<Dmsi^ <
&30 4-0(0## (7;„ = 25 ns, N= 50) fti, /<X7 FJ#^B#^i± 1.25nstr*0, 
EDFAfiJ#(OSfDB#rB1 tclt^r+^Ev^', JS04-£;fa3£$btz-E-<OS5#;Xll;h-3 6<0 
t^iLbtiZo L/z^'oT, #1:/<X7 FfiMRvWKti, /(#7 FE®4"OEDFA 
mwomtimm z n %mmi%&%x$>&0

i/z, iS#L/z/^7 FE»tlf±7 7^/^-;F-7°4fflV'-cv^7t;*,
1: Z 3JF-7%7%R#f7 FcoHx F X-F £ML£-tt-3„ ##Kfflv> 
/zEifttKii, 7yf/t-*(7)mS(0?a$#E4-1 x 10"5tW£fZi, iSS^fk 
0.nccos#, tH*7^7 bcomMtii6Mz'yybt&o E^WiSJt
mm^xb o
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6. 1 lg|

12 3 4 N-2 N"1 N

N bits
mi

6. 1 20 Ifo-ty-? tI±M<D5"!
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Input packet
Compressed
packet

6. 1 3im

TJ = 1.0
rj = 0.7
tj = 0.5
rj = 0.3

Number of compressed bits N

6. 1 4 H JHiH> rwjtSNitwMfc



25 MHz , 3nm ...
fiber laser SW1 OBPF PC w oscilloscope

DRG : delay pulse generator 
PC : polarization controller 
OBPF: optical bandpass filter 
DL : delay line. PD : photo diode

PC optical isolator

6. 1 5i

A—20ns "" OuWV' W

6. 1 6 IS ~7 T 'i ~f<T) rational harmonic mode-locking L tzify
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* tl i i n 1 M

;: ;!■.:&
W;’3c

6. l 80 io e> h£M&<r>mi (400ps/div)

6. 1 90 50 K*-y I-Elite*® (1.6ns/div)



optimum gain

» t

6.1 1 OH EDFA
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6. 2
6.2.1 eat)

;fc^tr(±, COPM v F7-? ftE&Sitlii'fi: • S^^ft -y MLi:

COPMyfcX-K®f*)££fil6. 2. 1 - 1 ICfto 4-fJL yfcyl^y HI 
LTKlO^eE lOOGbps iSmt-fi. t §,

100Mbpsyfc/N"lr-y PE###l:#f3%#0 
##3% p<%±#, &Ti>mmt%za zn

£ & Ci±, y P-fi-^OiWlS-fbx S^dr -y 1
ittf-Z'g1&£o liftfcft, ^^ftlcisv'riiS^-g-t W^1PT% KifFH 
St Lt lOGbps, Aft 7 Hi LX IK/M P ftilSi Ltza 4-®(±, Effl
*E06&g|5nnD fto X t' ft i XiSlS'ft;■X § * ft ft ±B6Cg §, W.%^ft 7
PE$tff5Bft FIFO (First-inFirst-out) «') *j£oTfT7 Cit Lft0

6. 2. 2 10Gb p s ®S.EE#58@ESE1+
^BSrftKEStLft lOGbps m^#S43-E@ECi#fiK* $ 6 . 2. 2-1 

@CSto ffililiWAm*!!#!: LTI± 155Mbps »CBR ^ISSL/io Xti 
1: 8DMUX 17 X 0 j£ftJSP8 $ ft, 8ft ^ ft;Kn 19.44Mbps## ft 

LTEE#5lftg|lK?65iL&o ESS#5ESii, 8f@<OPLD (Programmable 
Logic Device) -IC 1: ,£ 0 $ ft •£ 0 ft<7) PLD-IC CDpffllllKilElft, ft(0
#6. 2. 2-2iCit„ 19.44Mbps##(± PLD-IC ftftii £ e> i: 1 6 1: 
amSIBSftftSli:, 1.215Mbps ft LTFIF0 «') i:A*$ft5 = lit, 
816 . 2. 2-3 41 5 xftftx- P ftTci:, FIFO Xft'j
ftC> cOEAtii L ft n -y ft^S* 1.215MHz ©64 f§ O Si # IS J$ ft & 6 
77.76MHz ft f6 ft ft 1:Z 0 , Aft 7 P # 64b i t, iblftiSJt 77.76Mbps <7)A 
ft y P ft- ft ft#6. ft (0 77. 76Mbps ##l± * f 1 6 ftftftlLftC 16:1MUX 
izj: >), Afty PS 1024bit, SifftiSJt 1.24416GHz <D##ft ^ 0, El: 
8:1MUX 1:1 'O^mtZtitzmz, Aft 7 PS 8192bit(=lK a# b ft 
J6 9.95832Gbps ft) Sin, A ft 3 Mi#ft &-Bo 

W%iMXliZtitj$.coWii/E&'n 1 ft\ ftft) ft § AifrAft y P##ft#$ 
i:|s]fflti»7l:*i:ii, Aft y P H^l&ttiftfi1 b &</ft ftft)ft
ft, #®EStL/: PLD-IC ASHt:II, Aft/Aft y P##ft)Hi§/ftjgi$697t: ft 
UTzitz^x-y Y&iummiftMifzo ftscio, Bim;m##ftmm

$/c, * PLD-IC rtgUCIi, ft 
X P Aft >%E|ilg^ £ 1 CF ;P - ft A y ft fl f£ ft |*i S L T £ 0, ###E

6. 2. 3
EStL7(:1IS;EE#E06S(OFfB#S$i:MLry.Ti:$S"t-i>= #6.

2. 3 - 1 0I±, 155Mbps##ft DMUX L 7; ft <75 PLD-IC A*#-tft&* o
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C 6 (0^, v b-B7l4£Jj£"4"-E> ? 4 5. xx*4
■dtfr&fztb?) 18.9kHzC|B]^jt^- (Sync) X&Z,0 S6. 2. 3-20(4, 
PLD-IC (9 Hi *•?-&!), 52.7^sec##C 64bit 7 b## (K§ 820
nsec) ^ y b #(0##(4#T^:(:^i-
4 ^ (:, 77.76Mbps ?<OlB#^#6gTv^6o :® PLD-IC <Offi*(4
#6. 2. 3-30t:^f J:M:2JE|5gc9bit-MUX£fTV\ /t4 7 bg4 
1024bit, 8192bit tSilTV'<o SS 6 . 2. 3 - 4 014, Si-ECL ®S&4 
ffl W-: 1.244Gbps T'<Otiti*ES"e* <0 , «b4LTV>*0 X<T)
1.244Gbps 4- 8 7-vz- ;P#S4t: Ltzi> <Oris\ $ 6 . 2.3- 5 0(:^f 9.958 
Gbps 
b fitZo

.4 <0 9.958Gbps b ff-f 4it<OiSm: 4 t) ,155Mbps <0 CBRjB^-
cmTcL/zo 4<o##<om0$4LTt:4c%, mi o^r=g<o$j^B#s 
4’i')i<^t7 b#EEEtt#4ffoTV^C44iH,-L^o

se. 2. 3
- 1 ^cofib Xh^fZo m#TI4A%#%±)6 L-CI4i%V^c0(0, 4(0# 
16144-mciSffl icmt(:4 0 +53-SS4b^"eJSB^@)6 $ 
tfBimx-frz t%mi> bti&o

0K4mv^5###^ri4, locbpsu 
^c;v-e(0/x°4 7 b ‘S'fllbfb4fi::b&tt;h-i4'& 6"f, 4tiCSI LtliSCt 

/zZf LXEl <0 4 ^ K, ##B^(:#6^co%&4AnA 
•B 4 t (- 4 1), lOGbps T-(OA'-X b 7fcSbt^=rt6-e*-E> 4 4 ^'$16^14 
y'CioTV'J,

(l)lljEte, riOGbit/s^'-X b^e- Yit^m^mo/Ex v^.-;pj, 1999
B-12-1,1999
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0 6. 2 . 3 — 1 0c IB EE Stiff'S [II58

m#^°7 @tEE

ES6#38 4 . 5 W 8

1.2G MUX 3. 6 W 8

1.2G DMUX 4 W 8

10G MUX 7 W 1

10G DMUX 8 W 1

a—?t—* 
IP/ATM

ZL —if "T — 5 
IP/ATM

155 M b/s 
— 622M b/s

15 5 M b/s 
~622Mb/s

mmEsi^s
X—/’S-fejUt X—/t-tz;USf$

OG b/s ~ 10G b/s

*5M*36igEg

SMOG b/s 
~$M OOGb/s

^/^•yhADD !
#ADimm ^/iirvhDROP

IP/^7h
(~1K/Wh)

(~»10K/Wh)

ADD DROP

#6. 2. i-im coPM^y-Kmmi
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155.52 M b/s

19.44M b/s 
x 8

77.76M b/s 
x 16

1.24416G b/s 
x 8

1.215M b/s 
x16

77.76M Ha
1.2MHz

1.2GHz

1.24416Gb/sv

155.52M b/s 19.44M b/s 1.215 M b/s 77.76M b/s

Packet Sync

(NEL 4702)

(NEL 4705)

(NEL)

CMOS

CMOS

x8 x16 x 16

me. 2. 2-1

6. 2. 2-20 PLD-ICASiaSSESE
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e£A*T~$t 
1.215M b/s

77.76MHz

77.76M b/s

FIFOSBEiSStt = 77.76MHz/1.215MHz = 64

B6. 2. 2-30 Ei$l@B§:M 5 h

312mV

19.44 M b/s 
Data

77.76MHz
Clock

Sync
(18.9kHz)

198<e V

xrig'd ID njumn

-6B8mV-
52.4&us 18ns/d iv 52.5Sjus

me. 2. 3-10 PLD-IC

- 107 -



usee

820.nsec

tria'd

519.3ns

trig’d

-698mV------
693.5ns

816. 2. 3-20 PLD-ICtiti*#^-
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77.76M b/S

1 Q24bit j1 Kbit)

MUXtti*)
1.244 G b/s

8192bit([1 KByte)
MUXtti* 
9.95G b/s

52.7usec

#6. 2. 3-3E1

0M5 '"d i V 144.4/is

-347mV-----
750.4ns lns/d i v 760.4ns

S6 . 2 . 3 - 4 0 1.244Gb/s 1:16MUX £ti*
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#6. 2. 3 - 5 0 9.958Gb/s ^'r v h
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6. 3
Phase-Locked-Loop (PLL) 5 4iXV '3 ;i*

$ io. $xoMfiSSv WaW&Sx-ifc-Bo #cx.
"J P£y-mm-fZ>Wr£,IsM^j^eESSOI-ot%&omH£ 160-Gbps8,ooo 
t'-y hjfcy^'y hcoft;&s?v •yt,jMii%FlzAtJLXfrb$-iiiisiTAtjL£Z>iXiz 
Ei-aB#r«gti> b-TX-50 ns %cX. SO ns <£ OsEfl-SvijUg-e^ny
X4#tiBL&v>Ep). Xny<9tilt"21ffX§&vv 

WTXI4. iW3X n 7 2
e. s. imxmi6. 3. 2mxnm2

lx. • m###fm^mm##(NEDo) (o@
K^tj-XVjcA p #t X X n-y-ef58U#(FESTA)Xlf MtXi 7A P#fX 
y n V- y°u VX X P C7)E5EJ$$(7) 1 3o

6. 3. 1 iSSXdxXfcbfcSsK
SLSIhOTOjLX 1 o t LX, Symmetric-Mach-Zehnder (SHE)-Loop SLiSfeX □ 7 X

mmime. 3.1-1 bk^i-c±^#a#mi4.smz-disc 
g^fx^yf efes^fi). vyy^y^'sy-immm-wi).
cwa Z0\ ;p-7%0%x*^.

smz-disc ikfeftxy 7^f±, #####K(soA) t m tmt7-f;px-;OL& 
*0 smz-disc <d mzi xi±T^fifgi@^fflx>fSffi'>x y-^e-ex*80 ed-mzi xim 
fgyyy-iiiZ'##^ &&. smz-disc t csv-ld £2-ty pm*&tfCL(:4 0. ®
%##»#!#tf 3 X fc 4, pTtgXiio 

SW-Loop SLSyfcX n 7 yj66tiSSSfflXiiW#l$v 5 j- L— 9 — ^Bfl^LXpfofcfi) 
ftyy 5 j. V- -> g >(7)#Sl:Sr$6. 3. 1-20-816. 3. 1 -5@(X^-f0 ®6.
3. 1-20(4. 160-GHz ftX n 7 X XXXI4A/-y%mm#%

I/Fffl*li^*/-*AXl=0 L L. ;p- XmMXi#%##(4"11110101'%# 0 mf 64 tf 7 

P/Ux^iJ (8$ 6. 3. 1 — 2 (a)0) a,
swmmmimmt. mmmvm (®6. 3. 1-2000. 0)0)
X. 3 2mmx$^##(:limLZ: (#6. 3. l-2(d)0) 0 'gffimizmti 
t. AXX) "0" ##fmc "1" #^%L. @Z$X!K5S*LA:y y5
it. Oj—SL-XiSlS 160-GHz yfcX n y y^3FM£4iX:°

S6. 3. 1-3014. 40-GHz54jaxnyX<7)fS£m)xto XXX&A;W) LL. 
7fcyN-;vx^T*jS^ia0LB46 <><01: LA= %M*#(4^X)mi#i| L 0 L 160- 
GHz "11110101"/i;px^ijx*3 (816. 3. l-2(a)0) = Xtib<Vi&^Z.W
mmzmm-tt, 4-8H@$i4®sm&;rsr ($e. 3. 1-20)0. (c)@) x
&-B, *^0(4 64-bit /x‘;yxyiJ(7)5feES(:AI L. :A#C#A^##L-o
c/J\g < ^3 (#6. 3. 1-2 0)0) o 1 6@@*X$LW#mL. iso. /Wx

LA (#6. 3. 1 - 2 (d)0) c t&ib*,. 40-GHzF41© 
X n y X /<;px/:(#%0. f(0#Xi7lC/<;PXI4#& L Ay zcolyiz. $
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7 n y y7fijttiSfflix A7 Lv 7,71<DW$C§kAAhLlA■SfMAfix.'i’o 
S6. 3. i-2Hh$6. s. i-3W4:L 

A±A\ 7 a 7 LA. 160-Gbps##7
(7-KSIi215-K -r-^ 1/2) £A*L, 40-GHz 7 n 7 7 

3ic/7PxW)Kt&(DtL^o ft#A9A#f#JA, ^6. 3. 1 -40LH6. 3. 
1 — 5 0 AtjvP o
#6. 3. l-4(a)0;ii$&&&iMWe&-E>= S#$t\ tolWMTRiSStaj 

£816. 3. 1 -4 (b)0LA:LAo 0cO%i§|ti, J9EBO 40-GHz 7 n 7 
y botf-^fig (mg) 4^-fo «fegl±, 160-Gbps A*€^-c4xffltr*^o A*li

(250 jammy >7\ 4oo@g^e> FV7 b) , ia@
bsaad -7

LA (#6. 3. 1 — 4 (a)0) o tAfcA, 71/7^50ja#&AA*#m=
n 7 7 L, A*€^mWtK:flS:$ "CiBE L A,, @t@vy>7'l:*f 6lB#t 50 
JMifi'e&oAo f$oT, 7 n 7 F4= 50 IB X 160-GHz 64bit = 160-GHz 3,000
bi t ffiS= 20 ns, "C% o A„ A*#li-JB?&Ei±JE^ Aid 160 GHz "CliA < 159.950 
GHz b LA„

5 6 A, < b i> 159.93-159.95 GHz OWMA8S6. 3. 1 - 4 (a)0b0#A 
7 n 7 m&m'f&iwmoimimwLtzo tto-c, A*jam#@#a (n7 
£>7*L>>0 > +5E-5. tfeoA.

#6. 3. 1 - 4 (a) @OlM1^!lAttaj LA 40-GHz A7 n 7 7®EBL RF 7 ^7 b 
it-4\ -g-tif'K #6. 3. 1 - 4(a)0L(b)0A#f« A7 n 7 7<D5Mi'7PX 
teii^6. 3. 1 — 3 (d)@A/j^LA^(OA^Lvv f^Alt&> Ji£F'C<#>oA0

Aio, la 40-GHz aa n 7 ?<D$mwi 10-m 7 7j$5m$
A»-f#:%#L. 707 7#i@7#L g'ARF 7/<7 b;i/<£HM K^e- b’L&oTllfi 
Ao JHBti, 10 Olz (yUb-ya^Mt. 40
GHz/16= 2.5 GHz b LA) ®a-^-2XC-&tLA/;*tiS0 4'tli2ny)')S 
?$EL;v-7m$6<7)jt i6) immbtz wiifi n'-^mm^io
GHz/17= 2.3529 GHz btZ) LLCZ 0, t7A-t;7 7J&^©?JLA£jlW7:A£ 
67)L#A6fi3o

LLhLJ; 0, SMZ-LoopE£A7n7AtotiS-JSSs/^X-S n7 A 77-3S<01*i$
tt(< 20 ns>, m^mmL l:aa la0

(1) Y. Ueno, S. Nakamura, andK. Tajima, ’’All-optical divided-clock extractor using 
an ultrafast all-optical symmetric-Mach-Zehnder-type semiconductor switch 
embedded in an optical loop,” submitted to Jpn. J. Appl. Phys.
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SMZ-DISC switch

SOA MZI filter

PC

delay attn

* output

®6. 3. 1-10 SMZ-LoopD7?

5 lit

Time (ps)

Time ( ps)

S$6. 3. 1-211

o.o
-200 -100 +0 +100 +200 

Time ( ps)

(b)
=0.4
s
603

lo.2

0.1 III, Jlllllllllllllllllllllll,
0.0

-200 -100 +0 +100 +200
Time (ps)

6. 3. 1 — 3 [El

-40 20 40 +20 +40
Time (ps)

-40 -20 +0 +20 +40
Time ( ps)

160-GHz

-200 -100 +0 +100 +200 
Time ( ps )

-200 -100 +0 +100 +200 
Time ( ps)

40-GHz
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$6. 
3. 1-50 ?nytW

jftlgiO
M

'M
(b) ffiil'D

yl'/blX
C

R
FX

^W
l

Power (a.u.)
p p p p p p 
o m k> u In

$

GO
Peak Position ( bit)

s;
ii

18 
St ^ 
life s
ss

4^

a
V;

s
EE
$
m
8

Peak Position ( bit)

+34



6. 3. 2
b/-b'4-|wrat%t>0 lofflMll, z

coA^X)#/-KvXA-Mi, n - # jpx □ 7#X- 
Ay b-5A/lTtX'A7 f^n—AAXny X(;|s]UjL7yb'''Ay bt-SE 
#L\ A Aft A Demultiplexing 4'AAV — V’̂ M.i'il')o A/jAAA 7 h(0#?If
7 M/-h£n-*,iix?D7XlSIEEAFegAH^Af^ fp/(2xNp) tilr*lt:*tilfS. 

v>._, fptiAAl^A7 hAftA/SMIA Np li/ty 7 l-AA7 bifci: Ltza 
AM^'A7 Y*u-i]j)s?uy?mmit^'r-y bhzm^tit/x 

l±, *-77A'7i>/-I(9£l)M;X^7mA 7«7i>/-I
iyfcxf 7 AT^#Aif 7 t-!i. n—Atvy □ 7 7 1*|h]>113L/ABSUtv''AX/iJ AAtA 
7, / 7 AA-ft/rAA-A- b'A AA/A?A y b AAAx 1* 7 AA$(#IAAA- b^A 
*t^o AA/fc^Ay bA#fg-§-tfy blA^pfcXf yAAXf yA&AMMf3 (it 
-f tf 7 bA”0”At#xy 7 A/,#IA ”1”0b §X/ 7 AliPfl<) o Xy 7 AEAifg
i±, if7 bUSISA 1/2 b-fZo JAhUi A AA?b<Ay bCA/AibfftCStot 
^ptxf yAtA'ISHU n-*;pxn7X7fe/<AX^TAf1t$nTai*?tPSo 
^xifrltrlt^TXf y ASPI/Dl£vV.:*A AA^Ay bAif y b A- b fcn-#;p 
?uy?fflWt&<DWm [ Af < fp/(2xNp) ] ^1fS5iL-E.= 
fflfflMCioA t^XX yAABiitBIb ix 

b A AA XCT#i$ (AXX'AXAyA#^) 02^1
icA%.5>o 7iA b#AX X o v—7"n v j. X I-A\ #A, /eAcX/ 7 A A 168-Gbps 
TI6atot:lbiybA&^ fcAIQESftAo J21T,

S6. 3. 2 - 1 HtCtAmgH: 7 b T 7 AAfflv\ 168-Gbps ¥ 7 XX'Aif-^fc/'t 
A X ($S= 1545 nm) i SMZ ^jfex X 7 AA0J8JAA #- b ~s ifcE 1560 nm AiiE 
7t (A-X-lfc) Aitf AA*°-b-N AMA-AALAo $x>XA##AA/<7 
—IA 84pW (1 fj/pulse,1/ S XATfSy xi—tpA XQ A— 7 —AUiA Afflif.lH--E> t„ 
A- X-Tb^Sx > XAffXBb n";px i:®otx f 7 A $ titz ^ b tz{% 6.
3. 2-20) o Xf 7AEcDjALt)40/ST0li 1 psKITi:BiTe&o Ac, X4 7 
A'iWTttt t ittFAA o

JiLtAJ: d, M#V7 7N'7i>X"-M^ptxf 7 AO 168-Gbps nA Xtbi^W 
#%(:»?#» C t 6 Ai: A c A. 160-Gbps JaLhdSiS^'eA 7 b A#N0X9Sit

4-0, &#A%A-bxf 7A(:lii%imxf 7AXA@a, iWSm, jazm&irn
i£iS#ttAli*>iA (RAM) U A#A/<A
7 bE###»#mLAo

S^A-BSiSlA AS*7n>7 blttitefcLT, 155.52Mbps^2.6Gbps, 256 If 7 
b7"?A7 bffiSI£622Gbps^l0.6Gbps, 1024 If 7 b/<Av bE8Ktl£E"t5Wttff 
*O AVX%lfeSg(7) 155.52Mbps t6®7 AVX A, EAM Afflv1 /4
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^TDM MUX IU; ^ mm&K 10.6Gbps, 4 kTy b/x- 
■y y ha.&'th (S5. 1. 2. 4 — 2El) o '5"<7)7fc'B'§"6'jE@'x'y /x ■ yjl>¥ 
0^4-fflvxT 10.6Gbps, 64 kTy btiHsU ;v-7°)5IE]EEIISKJ: *)
10.6Gbps, 1024 kfy b^iry HCr-? £1»A±lf&o 0, lOGbps^WM
wmmwi., 4ocbpsl£0
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SMZ switch (DISC)

CW ECL 
XI, 1560 nm CW light

EDFA filter

MLFL
10.5 GHz, 1.0 ps 
XI, 1545 nm EDFA

h-M*-
xl6 MUX filter

MZI, At= 1.2 ps

T
SOA SOA calcite filter

168-GHz 
control 
pulses (XI)

monitor (A)

R Q P

output 
pulses (XI)

■*HM1—\
filter

monitor (B)

streak camera 
auto-correlator

W,6. 3. 2-1 "J7-iM'frO§@§HrvYT-y-f

Input Pulses Output Pulses

C 20
ee

0 50 100
Time (ps)

T 20

0 50 100
Time (ps)

- 0
50

Time ( ps)

(a)

(b)

(c)

0 50 100
Time (ps)

Time (ps)

0 50 100
Time ( ps )

S6. 3. 2-20 168-Gbps9 > f A X -f 7 f## 
htf?yDy-7'nyi?
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6. 4 s$!iiv - m « xwmrn
■ wxmfc<r>$mai. ei4f^o±

Itififtti©7xA MJ-'ibtx-i' 7 ±#f X) X:±* &« 7x A P#A
±7. 4 7 -7 xi Z>Jt¥— MDjfFixXx( t dtrzb 0 N 
±y- osEsnrv^o ma#g#$
Elb£fOT±3S^i:£v>T & JS^EltoilEElkcox xv-x- x nr. 7

±127xA
7±toiS5iy'V^rti@@i$7Ei€y- K(7)s$iK±ttzz*s$i^±%

irU'iSEax- KfyMxfflaffi*£l!§f§L±o ftK1J:-?-©II^^0
±7 7 4/<-m#

1500nm#S±l± InP #W(7Z%±mmmd#Km 'o 
ior, InPC&»i!7*7 7 XWSi tfcitl) £ 
me. 4-1 @coDNBS7'77XPEMil (NBR) (7)#)$±^±5t, 777X'R# 
m±Ci#eRStt: J: £ ztiMroiiist:X t)^m~mWSL%Y- P^m±#&
0dR2) o ~mmw- P#I4(± x^X PiP^#±x±-yn-7?#jt:Z 0 

FffiL/x, ®iRX)i@iWi$E'toiXx-x-x-xn-r.7£JB3-t%£@ifT$E-fb£ 31 
wxrogBISffiEPIKj: 1 §@r±0 Lf;^ot,

#mf|4k|wim:x-xx P 3 -ESX^XXSX
^X P ;x0S*°x7°-7°D-7l±Iimrft- J: •) > #F=9 • X^X P;p#&#@i#Ht:$& 
%<##?#& C*2) „

me. 4-201:NBR2X)#|4^m<D%Y- P#f$ 
<0f4t6*5:E±5o 'KiRE'fbtifctre l2%@fe<fc&= n -etogii > tf - x

P%TKZ6#R±*6.)b/<'PX(7)t:-xmae 1510nm#jS 
tti>, zoois6±*, ±9 ±7 p^y-p##*^

EEE'teckk&xJStoS: (x^x Pip) EEl±$ 
6. 4-301±xL±#14t±±##L±7-V^EftSI®©^<IPX(ft 

3THz) titELT+^/h# <#F=gftt:iil$tr^S±x-7±S.±*-Bo ioT,

#6. 4-20to#F«B#l4i:tivL±*/<iPXX)##:?ft/<7-l±300mfff
±nci:<)±7wsEPtiiio%fisr%-E)o

-e#nt3^6^y- pcommce
MDmft30dan (IW) (OTfcXn'A-TXX^fflv^kiyWX*3fS 

@EI@$m±&3o 30-dBm±7 7 -/<-7 X 7!= 43#m<0)b/ilPX^^X)
7 x±&^<, #m^x^x p±^m#L± (#6 

. 4-40) o Alt)t^9PX<7)f-X^®±1551nm±X^X PlHit±15nm±ab*o 
msfevftstn'xmzizii' vj pxyrXXiPtS±±4x/MX«X)#*^^t: 
-X#ffit:*6±tU 1520~1600nm K±±6##:/i7 X X*7 X P'®flW6±-$>£ 
t\yt 7 7 4/1-77 7±]77)±/ 71/x iiiit) ?@ii p/f i+5re± x : t ixiny
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NBR 20dB LTV,
itKX t)7iA

M±iE-</’j: 91-. iBSiSail/- FfW x<7)# 14^EfilKIHit6/cAOSE

it/;. «$tf-ci±, 7xa ygmmmv
alifMmmtz.4 7-mgsc/t\ EiWii/- Fr^'T

[#*£89
(1) ” Time-frequency spectroscopy of an InGaAs/InP quantum-well exciton Bragg 

reflector” , K. Ogawa and Y. Matsui, Appl. Phys.Lett., vol. 74, p. 2569 
(1999).

(2) ” Ultrafest nonlinear absorption of quantum well exdtons in a Bragg 
reflector” , K. Ogawa, . J.Lumin., vol.83-84 p. 7 (1999).
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6. 5 SISSHSM
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