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APONS #ei9st @oje Mul2zk 2% sbsd Baidga Ase 74

/9% BAew #A4AS Ao ITU-Tol EEe (GI83x) AHHY

EPON¥ APON¢| 714 & zteo]#2 EPON<S] dlo|E= 7tWzoe] Zgloz
A= ukd APONS] HlolE = 53byte?] 1A H Zojo] A Fez AEs= 2
olm ol IP E#YE Hedt: vl APONe] HlagHolgt: A& 9ndih
IP EIS ATMS &3 dEst7] six= IP H21S 53byte?] ATMAR vpt
ofof atuj, Faldell A= thAl ATM A& Alxyste] IP RS AYgstolof st
2 W2 end=st 534S op7Idth 3 JAEUl ARgAe] SR Qe E

g vFo] AXNER ATM A3z A% vj& L Bxae pae O%
S7hE 22 APON®| ONU¢ OLTe 7hAo] <7t #vh. Whel Ethernet<:
IPE TS Aslr] fla) w50z FFoz =z o)zl H 1518bytec] 22
ATMel HlsiA ewsl=s % A2 5 glo] dFasel Fddrt & 2-1

< APON#} EPON< HluLg Ao|th6].
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# 2-1 APON# EPON H]al

ATM-PON Ethernet-PON
Layer 2 Protocol ATM Ethernet
Transport Fixed Cell Frame
AF&F  155Mbps
Speed Ak 3FeF 1.25Gbps
318k 1 622/155Mbps
Scalable difficult easy
Service Provider FSAN, ILECs CLEC, ILECs

Standard FSAN, ITU-T983 IEE 802.3ah T/F
Upstream TDMA TDMA
Cost ATM cost Ethernet cost

2 =il = ol2]d PON Al2=dlo] 282

HAERE CDR¥ 1.25Gbps CDRE& A ¢ts} %t

M 2ZE FZ9 622Mbps




A 2-3 4. WEE RE FY/voly EY43=2 day

PONA| 2~ ®lof A dlo]El o] Agkd LS th4=29] ONUZF ARlol Al ehgike A 7h
AN dolHE HEsh= TDMAWA SR o] Foxt}, gk OLTEHFEH ONUZ:

Aaw
A2 E WM2E RE dolE HFo AEaA =W, A2 ONUS doly HE
itk w91 AE Azre] HastA HERE A J3 EgY
el AA delE7l obd olH g BAE Rt OWF o] AMEHA o
Gao] g&o] Yol ARE Py IR PONA~He dddd #ast
2E BE dolf AFolMis FAIF el d&ERET) ojd HAE

H/HolY 5 3 2E AHEshe Aol A olr{3-5]
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A 2-4d. WEE Bz FH/HoY BYIFR FTFH

ARk 02 burst mode E5/toly HHIJZE Tl F /M4 THE T

3ol B 4= 9l gated oscillator[3] #2413 HE] #Ho]=[4]E o] &3}

rlr

-

HOV;} o

Al 2-4-1 A. gated oscillator 2

gated oscillator®2] & 18 2-33 & gated VCOE AFE3to], do]lg o A
oA S VIEOE VCO TS Aoz 85 F&8 e Wyolt. 1
Y 2-4% gated oscillatorg o] &3 H2E RE FE/doly HY IJ=2E YEd
aolnt, o] WAS Fdte] F5& Hdshe dge= 19 2-5¢ yERY 9l

Eable
Control

L LDy

a9 2-3 Gated VCO9 =
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L—————— Recovered Clock

Logical high
Loop -|_—>

Local up filter Reference VCO

Clock PFD | dn CcP "
- % J_
i

+—g Gated VCO #2
DFF
Pt Gated VCO #1 — Retimed Data

1N

19 2-4 gated oscillatorg ©]&3 H2E R ZE/do]E 3|2
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1) input data _|_|_ | _|_|_|
101 I 1 O 1 W

3) output B
4) Clock output I_I_ |||| |||||| |||| I_I—
9 2-5 Gated VCOE AM&3F & —%% 2}

I 240l dlelE e Swep Ze FabeR xAE 2709 gated VCO A, B
£ Ab&ste] dlelEl 7 highd 7 O AE /71, dHelH7}F lowd 4
VCO BE s#4A7IA v 1+ ek ol 247rel gated VCOESH <

Aol Ao E ORAMS Tl st 255 FEa Wk o3 w249

AT ke AETE ofg U AEH dHE Ay (MRE 0 == 1D FEE E
o] A A7 A EHE AdE THHeA " =3 f4E AHE agE 29
of HetH7] Wi HF dAlAM = &5 WM (elastic buffer)7} B st ¢k%
Hy = AR S8 dolHE A7) Yl 949 reference clock®Z ThA] 1
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A 2-4-2 A. Multi-phaseE o] &3 143
Multi-phaseE ©]&3 WA vz 94 #Ad Ao 27| (multi-phase

VCO)E AFgete] deisle doleel @ bitTihe AT ATHIA Ao o

ST = S ST > o B =] o = =
A & 5, AEYE dolHe el ANHE B3k gue 258 FF
= [

a U= wralolth[4, 9-11]
MPS Block
Input Multiple |
R d
Data ... MBS ERBIRR e phase Data e
7 sampling
Direct and logic
Phasg contro| 7 phase [<—"P operation []
- signal mux ontrolle
generator vCco Recovered
2 Clock

L] 3
ontrol
Resgt -

Reference i}
Clock _,| PFD/CP " Ipf [’|VCO
18
Reference PLL I_I

1% 2-6. multi-phaseE ©] &3 HAE R Z2/4o]g

SRR
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A 3 F. 622Mbps MO-CDR 3= A4

F8/voly 5 32 7 T8 w4 4E dolHERYH 94 T3

gy 95 wEoula, o] 295 o] &ste] HoHE &
Atz Aol B o] S&Eokel PON Alxwlo M= 2% oA A3k npe} 2
°of HAE BE HolHE EHYdor 7] wiZol W locking 54o] S7¥Th
APON (ATM-PON) ¢ 7% OLT (Optical Line Terminal) ¢ F417]7} W=E
AEE AgstA FAE F UARE &7 flete] packete] o FEel eHI=E
. 29 3-12 APONeo| A 2] Upstream packet ¢ +A4& vEeEbdl 29 olt}
guard time packet{t TES 7] % AFto 2 HA 4bitS TSl 1Elan
ATC (Automatic Threshold Control) ¢} &8/dlo]8 EUS ¢ preamble bit
o] 10bit7} & Ho] At} TE ATM celle €&+ delimiter bit®] packetol] >
She o SATHS8I

3 Bytes 53 Bytes

Guard
time

Preamble Delimiter ATM Cell

19 3-1 APON©| A Upsteam packet 7%

EPON<9] 749 Burst mode overheadel] w3l Al o}z W w X Fror}

(A

G984.2 EF¢te] #3thH guard timeo] 32bit, preamble time©] 44bit % 2 A
ozt o Fert. wekAd PON Alz=gloA= S8/doly Hd 3R #H
preambles o2 3tbd ATC BEoA Bt} A3 thresholdE 27)17F 44
o), whek ZFg/dolE B9 3 =27} @ preamble bitS FLE Frhd ATCO

AAZE oJH YA L mlRlo] A4 Art. B =R A3 3 ZE preamble bit

—_
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& §lo] instantaneous locking A& zZtEt)h
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HO,
_>C4
e
ol
91',
2
=)
e
=5
[t
R)
[>
(m
td
Iy
g
1
~
jn)
Qo
4
e
o
toty

2 B7HA ZAA
o] AUt} AAZ, gated oscillatorE o] &3 WHE FZ7F 7HAE3FaL preamble
bite] 8 g AHLETF Jou 3709 gated oscillators 2] mismatch”} & 7
o, L% ol Asvk ofe] ) dA&Eo] fd¥E A9 (HEE 0 == 1) F

299 A% A7 FAH ol EHdol LRE HALA v EAE o
= A A Aol T2 7] (multi-phase VCO)E AF&3}e] multi-phase® /4|

olHE EY3lE 3)2E 3bit A% preamble o] Bod AHARIF v F A

2 =3l A= Muxed-Oscillator (MO)2h= 58S A|gtstal ol& o] &3
Mz Tz HAE BE /ey 54 25 AA, AFssi 2 g2e
370 2] gated oscillator 7} match ¥ ¢ oks}= gated oscillatorE ©]-83F &2/4 9]
H 59 s2e= @¥ 2709 MO match7F ™ o AAZE Bd 491,

n}

preamble bito] & gtk & dolEol AE Qi FSelE old] we 2
of AAgsol By Ao AEY LA deolEst SN Ak w94 B

7] 327} half clock 342 %267 wio 1% 32 AA uld o
At

—
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A 3-2 d. 622Mbps MO-CDR 329 5z 2 &

I Aol A= APONS F217]e] AH849d 4 v AMEF 622Mbpsw HEE B
= Z9/doly R 329 FAe wste] At HA 2= 29" 3-29
2o AA dlme 49 HeolHE wol HeolH o S8 Hdste E93 AY
7] 3|2 (Phase Locked Loop)® /%o At} dHeolg et 89S HHd3tes &5
< HPSG (Half Period Signal Generator), + 1€ MO ¢} DFFez T4 Fo] 3
ot AAE 7] 3 Eol Aol MOE VCO (Voltage Controlled Oscillator)e] &8 4
gl = A E7) 3 Zo ¢17}EE reference clockS A Hjste] @z dkt). o]
ol F MO+ #2 control voltage® Alol¥ o] 5UF Faoa] LTxeA o
dlele o] Hol7b & welE, HPSG7F "ol F7]9] wko] dldsis dxE W
AAZITE o] a7 MOOl 7EEW MOE 32 FEAA optimal sampling
pointell A E¥ o] HeolHE HZHst=s vt A=, MO= HolH 9 3o

e}
o
wal 2714 ARE A EBFRsto 7 wE acquisitionA 7HE THAH Y&

i

optimal pointdl] 9 X == 3t
A F7] I ReE Fu5/94% #E7] (PFD)¢F d3E = (Charge Pump), =%
Z ¥ (Loop Filter), ¥57] (Divider)®} VCO (Voltage Controlled Oscillator)® A}
|5 MOZ 490 vk A 571 32 oFodA Az S9S Aets
AREA S F2E AMES oY, VCOEA MO7ZF AF&H St Aol SA ottt &
ol AHEE A4 F71 B2+ half clock FIFR SAE=, s FE€/4)
5 3|RollA FE9 Y edged A&7 WlEolth #F= 8ETE St
VCO=H" Futg9] 1/8 o dfjdste A=d 223 A7bstes skl HPSGSH
MOl gk 52 A FolA A},
AWl whE locking SA 2 F/vlolH HUddms o9 dolHol g A
Bl 74 7% o] §17] el elastic WHE o] g3dto] wrh E dolge FY
2= 9ItH12]. Elastic M= 8 AEH= AAs7] Yste] AE7} 9=
FY o7 A retiming AlAFTE webA elastic B1H Y dE o EAd F i

ri
G

°]

)
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olo] FHAxo] 9= dolE, 181 AEV} e FHo gJHoR Al =
ow Z%E delget ZElo] LdH= ot Yy B ATolA e o]
elastic buffer= F&#> A %L, elastic buffer 53& F

7F = 295 Adste &5 (CGEB) ®bs F7F st3ith. CGEBE= 914 571 3
2] VCONA 90° zteole] #1445 7k 2709 &S XORste] 7433 Fe
Ay7d g
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Recovered

Input data data

DFF —

- Elastic

Half Period Signal Recovered Buffer
- l clock L,

> o Half Period Muxed Oscillator >
Signal Generator
Control Voltage
(Vc)
i— CGEB
Referenge . Clock for
clock | PFD [—» CP |[—% LP —*Muxed Oscillator elastic buffer
DIV N
PLL
a9 3-2 HEERE ZE/Holy H 3R MA &Y=
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Al 3-2-1 . HPSG

MO-CDR (Muxed Oscillator- Clock Data Recovery) ¥ =¢] 9= do]H+=
HPSG (Half Period Signal Generator)®] & o2 Eojztty HPSGE 19 3-3%
2ol 949 Az F71¢] wFI7(T/2)0E AdA7]= Adizast XORE 74 ¥ 0]
k. HPS (Half Period Signal) & AA3}7] $18te XORE A}&3tt}. XORe g+

=

< 98 dHolHE dZsta, e fdE2 o9 telHe T/2 wha Add Al

Ol

S5 dZgt HPSE dHelE e Heolzb & wiwith EAstar, Helzk gls o
B dAgEA gked 9] Ad 2 HelA AwWd Moo 9F (wF7] A
E A AR 2AxFEC] MO 2 Aoz Aojs A ek 17 3-400 A
o} o] 2719 MO$F HPSGe A AAELS 22 Aoz Aojdr. 1 43
HPSGE F3trel dagle] &4 w57 AsE g%t 19 35+ 4 4
WS 9% goldmoltt. oA et o] ol Holrt & e Hk7]9

Yook WATE & 5 o9

m
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Input data

W,

4<:|

Half Period

T/2 delay signal

elements

[

Control voltage

13 3-3 HPSGY 3 2%
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Period (T)

Recovered

Data
ID Q—=

b

PLL

<
o

% 3-4 HPSGSF A4 9=
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Data Rate (T)

—

(a) Input data

(b) T/2 delayed—+—— 5 : P
data

(c) Half period
signal

19 3-5 HPSGS] Elold %

_24_



Al 3-2-2 . MO (Muxed Oscillator)

a9 3-62 MOE Yehd 2otk MOE 9144 571 329 A Ao 4%
o o3 Aoz A, HPSGolA A== HPSol o3 Aloj¥= MUX¢}
WA 7] (inverter)®= T4 5ol Atk 2 Rlol A ¢F o] MO: HPSO ghell whet 271
9] loopE Zreth weF HPSG &8 ol 23 'low’ (dolH Hel7l gls o)
oJ¥, loople]l Aegct olw), MOE F717F T LWl & o Ad#elyz T2t
A €tk HPS grol =2 'high’ (dlolE o] Hol7} gl& wf) o], loop27F A
Ho] MOE °ld #S §A8= buffer2s F28H4 €k 29 3-7S MO &
A e 9ek efelg ot g ol As 7t 0110 ohH, HPS= dleo]E 9
Aol7b 9L w 2P} clk(a)= D-FF Y8 oz ALEE 1 HolHE AZyes
9oty oA A} o] HPS7F 'high'® 42 ®, MO% loop2E A1 35fof
clk(@e®t clk(b)= WFF7] (T/2) &<t ks FAgh 7] 257t 'low' 7 =™
MOE F717F Tl d¥bAl & Aoy = FAgtt o] wjeo] oAy el 3t
T 4 7] FEAA VCORA AHE¥E MO stttk MOE 9174 571 3
2 Yo VCOR AHE37] g8 F el MUXel =32 'low’ (loopl)S <l713}e]

9 oddelEE FAAAL TdA 1Y 373 2L BoYEE

ftlo

)
%2
o

clk(a)Z double edged D-FFel| 85 E <¢17le w fo]g 7} SEojod vl B
AotA war, AEE WA d=e] Sojek= A7 met clk(a)7t AEE ] Hel
B el Tl clk(a)7 B dn webs e 7gls Hele Ho] 7hesitt

MO ol Y& AA 2AEL control voltage (V)& T8 A A|7HS Ao
sHAl . o] Alse= 94 57 3 E o] VCOEA AHEH tE MO9 A &
2ol A7bE &= Alo] 2lE 9t FASa, HPSG A= FdstAl 7ttt MOo°]
b wo] AA ARk dlolE F7] T sda, HPSG 3= e A4 3=+
Al Alzkol T/2¢ sk whebA, MO, HPSGSF 91 571 3= o] MO=

5

1S
N

gl A Al 7+ES zka WHEEE control voltage (Ve)ol & <14 F T,
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¥
'v

MUX1 MuUX
0
\\
Half Peridd____|__| ______ 4 S ___I___

Signal (HPIS__L> CLK(b)

}

1% 3-6 MO9 3 2%

Vc

L
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Input
data 0

HPS

CLK (b)

Loop1 Loop2 Loop1 Loop1 Loop1 Loop2 Loop1

%Y 3-7 MO9| ElolWx
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A 3-2-3 . 622Mbps MO-CDR 329 Ho|W =

Aete WAS dAHow distr] 913 BolW=E 1% 3-8 UElit
Y dHolHE 7Ist S Wl =2, HPS ¢ 2 80= toHE MEY 3t 42
recovered datac|th. 4= dlolH+= 22 ‘01100121, HolHe F7]+= Tt 7H4
&k

WA, 49 dolH e Holrh doju= Aol A HxFo] T/2¢1 HPS 7F &4
gt ol dHolH Y st Al E sdstAl yEbdt ShA ddE el HPS
ghol =4 'low' (tlolEle] Heol7b gls wf) ol MO= F717F TS drbAQl &
eAddole & TAsA i HPS #ol 4 'high’ (dle]ge o7t A& )
g8t buffer2M B84 Aot weld 19 3-83 2o g
OEEE 9d& F A o] ¥ (cdk(a) 2= dHolHE MEH3te] recovered
data® 4 4 Atk o] W dolHE AMEYsy] ¢33 DFFS double-edged DFF
= AR&-gHH13]

ek e ey o] o] F-A w= WAl Sl o A HIF A AFg d
ol o] 914 Wt At o]y g Wk HolH o o] Ao 94 WstE vt
Ak 29 3-9= 49 dolHe AHz s dHeolE el §4el Mty AA )
o[El ¢ FHol7} HlelH e A E7} fl= B¢HT do s S B F5
E yetdth o] A= 32 HelHel AE7E Yl 499 FdoA s2e
8= HolE e A 7L TSl HeolE e Hol Aol Wattets, HPS HE3F o
2 Aol A BT T3 clk(a)= HPSOl meh T/2 A7k ol 5w dhet

a7 WEel 4 Agd 4F9 2L ATATh £ 219 3108 AL o)

i

o
N
X
e
o
i)
o,
o
il
i
u)
B9
ko
o
=)
2%
N
)
N,
ll
)
e}
wn
i
&)
AP
rlo
L
é
>
1::

14
O::
ol
ol
2
=
N



MO ol gl A A2AAEL control voltage (Vo)& Ea XA A 7+S Ao
stAl "ok o] Ae= A 7] IE o] VCOEA AH&H tE MO AA &
Zpoll 21 7tE = Ao Azl FUsta, HPSG ol %= 5LaA l7be o)

Input
data 0

HPS

CLK (a)

Recovered
Data

Loop1 Loop2 Loop1 Loop1 Loop2 Loopi

a9 3-8 949 dHelHE dvtee o

2], HPS, recovered data
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Input
data

HPS

CLK (a)

Recovered

Data

Loop1 Loop2 Loop1 Loop1 Loop1 Loop2 Loop1

g HolHel AE7t 2yt

H
S WSt duE B A4S
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Input
data 0

HPS

CLK (a)

Recovered
Data

Loop1 Loop2 Loop1 Loop1 Loop2 Loopi
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A 3-2-4 d. 622Mbps MO-CDR 329 &7

e

= A AekE 622Mbps MO-CDR 3| &9 E4 & tte3 2th 34, ¢
A 57 AR 98 dolg AE xRt 2wt =8 Fakd E7]59, CDR
| Bz} vivA R 2w =3 S-S ARSET dRbH o s s
°of FE& o] &ste] HoEE AET A5, dE EW 622Mbpse] HAES SsiA
© 622MHze] £S5 8= 3, ol& AFsr] A 94 571 3= (Phase
Locked Loop)E FA3stojob sk}l dlolE rate’} =old 42 149 9QA/Fu54

AE71eF dshZ, Aokl 27] e AV dRstrh e 2 =l A

I
o
H
4
ox
offt
N

R 3 =Z9 914 57 3]Z+ half clock T332 52522 oy
gh s Axtel tig AAVE e ARG o & 5 v eellA deAd
gated oscillatorE o] &3t W2 MO-CDRAE 39 UZ edgeE AIRT F
sttt =4, MO-CDR 32+ 49 dlolele FHe|7p WA, g HE o] A&
g 299 A4S A Ader AEer] wZol wE locking AlbS ZE=T
uepA & X preamble A1 S7F o glow, ol2lg 5EALS HA 4l
RS EolAl Hol & Fxlol "nh AlA, 49 dlelH e AE wAo®m o] A
Mol Walhele F89 AS AL A7 wiol 4 dolg AEHoA %

pASSA= S

rot

=
&4

o
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A 3-3 d. 622Mbps MO-CDR 3|29 A7

a7 3-11& MOWel Eof7te Ad &9 gRweln, a5 Fx& zteth
MO= QIBE 4709} 5+ JHe] MUXE X3ste] & 6de] & 722 o] gla &
T oAs xR AAsNd A FERE e IR
(Common-Mode Rejection Ratio)EA4S zt7] W&o &%= T3 A9 u&n g
o]

W3l 2 A9 e 5o eRE QEo e ot Aol wol o]
A 3-3-1 4. MO9 A4E 3= A4

MO E%2 CDROl sty zg]la 94 57] 3 2o 3 Mz F 2707F AH85 9
oo BT 3 E Ol MOe A Aol 271 98Ss sl CDR 2E
=k

o aE A% AHel AdrE ded 2o Ao yed + v
= RCL
CL

#pCOX(JLy)( Vo= Veour— | Vupl)
Aol RS == Aol Cd FHde AZ29 AsAd: goz o5 o
o A AMIMAEEE EFE grolr. drbAl & eAddolHE F
Z}+Z negative feedback A7 2@ o]Hdo] dojUrE 3}, 1Y), 2.4 4 o]
HE 2t MO &5 AE 3 v 329 A A7-e Tp 2ol 8 o, N e
o eAeolEE Fu47 N - Tp) ! otk ey £ =foas dukdel J)
!

o A% AME WS AT S ACIE T} obd MUXF 288 ARE T2

to
(2
o=y
o
n
il
>~
Dl
ofo
ol
R
24
oift

o
E
n
1o,
fu

iyl
2

oot
o
Lo

oft
fluj
N
al
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2
o
o
B
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ol AF HE o wo] g8 NMOSe W/LO ko] dwhol] whe} sfsfAld 2~

ol v Al gk 2 =R AE MUX 1709 W g 2787F vh57]9 A A
2= 2 AAETE o] WY A AS HPSGE wF7] A Az &8-3),

B =FoA AFES X A 2 HH+= MCML (MOS current-mode logic)
3lmoltt. o] I mE o] &dte] & AHOHE FHE d¢ AEHE HustH,
JE2 91 CMOS I EE o] 83 4R} 35% HAastH14]. o= s +x25 2
© MCML 3|27} &5 54 o 7] wWiteld, dds wet F4ols 29

II.

o,
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Control
voltage

S ML b

Out-p

In—n4'| |_7 Inp
biasH

a9 3-11 MOWell E97F= Ad &9 2%
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Out-p

In-n4'| M2
bias—l

a9 3-12 e Abs 20 AW
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A 3-3-2 . MUX, XOR A

MCMLE ol &stef 7% =7 sz 54L& vhayt 2o vA, dshe 2
A s pAskE As FE2e] NMOS 4ol gla, A 7 ARE vEe
NMOSe] A5 Tddo]l dastn, L= PMOSZ 745 A5 1Es 24
g o] MCML # =& o]&ste] IMEET ofye}, MUX, XOR ¢ =42

A

A A TH5], w3, dukEel CMOS =7 3] =2 Hl&] thea 7S FHo] 9l
th AR, AF RE 52 7Eog ] wid AY L HA A A7 A

spike7} Ao}, w3 24 Ao

MCMLE o] €3 32+ MUX9 XORe|th 2# 3-132 MOWel Eoj7h+=
MUX?9] 3|2 ko|t}t, MUX+w= A5 4159l SeF SNo| zbzy 22 ‘'z 22 ‘0'o]H
A 49 D13} DINe] deisar, SeF SNo| bz 24 ‘03 =2 ‘T'ol¥ A&
4= DOP¢F DONe] o] ZHow oAl drh

a9 3-14% HPSG E=9] Al&5+= XOR 3 2ko|th XOR 3I2& A5 ¢
2 B} BNe] 27 ‘03 22 1Y wlE= £33 OUTPY OUTN2 7H7F At ANS
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_60_

\=]
g

s
a-



A 4-1-1 . HPSG
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-
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(b) 1.25Gbps MO-CDR
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(b) 1.25Gbps MO-CDR
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A 4-3 4. 9F &7 =

A 4-3-1 4. 4% 57 =9 2A

1.25Gbps MO-CDR 3] 20 AMg-3 91457 32 B2 et Alo] #xl7]
A el skt 622Mbps MO-CDR#} FYstn= Hef Alo] 7w Aw

=l AE A 622Mbps MO-CDR - 3]Z¢} o] MO7ZF AgtAle] 37

i

(Voltage Controlled Oscillator)e] 9&& sty MOE A &A|o] &7 2 AFE3S}
7] 918l HPS #< logic '0'& <l7pdtdh, 18 A B

ol & &S H= Aot dAgAlol w78 Ao A dm Hded M

i)
=)
=
@)
rr
s

gt
a

o

T TS AT BEFo AAAJ] T B oF st Al EH oA A
VCO9 o3 F3:= 800MHz-1.35GHzE eyt 19 4-8& VCO9 F3k<¢
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nAe AF7F 29, 50Q termination A3 ZHE 300-500mVe £¥ Z & o

—_

o

S 4 At} Negative AYS A4 49 termination §lo] AH QAT A o]
7bedt 724 5A0 vk 9 W3 9| pre-driver= 1¥ 4-133 ZHH20]
Chip-to—chip interconnection % %7} Gbps ooz F71gd uzt
package modeling= & Ao AolA v Fasith WA SR package
model& 17319 FiFol wel thFd s A g o A9 kel @ ol
A2k package A 3Fo] A& BGA (Ball Grid Array) types ®o] AL&3kt}. &%
oo lo A= o] Ao g A #HEE 44pin TQFP plastic packageE A&

kATt AlEd ol dol A o] &% et B 71Ee] TDREH|E °]&3to] package

32,

)=

parameter extractiong 3t 4 RS AF83FS 201

_77_



VDD

GND

_78_



g« I:%im pin i i
X :
M i Rboarcﬂ lqboardQ i
W—DH |
: pin T
X pin Rino Board

|N—o||:‘M3 ‘|P—'| M4
MFHS:Z

Y4

O 4-12 Y Wy slEw
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R1 R2 l R3
P3

/I; +— outp
P2
szm IP—‘ Ms ,_Mlgl}i IN

P1

‘ M1 ;‘t IE‘V‘M H:NB

T
gv 4

9 4-13 E% W91 9] pre-driver?] 2%
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A 4-5 A, dHoly HAF A EHIA

2 AolA= 1.25Gbps MO-CDR 3|2°] AsS HFsh7] g Wy
SPICEE ©]-83t4] post-layout Al Edle] A& sk, 1 Ao #ape] A
th Al Eeol Ao AFE3 FAL 0.25um CMOS FAolth HAE R AE AlE
dolds st7] flste] v 22 WHES ARSI HelH e siFa A A
ole] dlolEl7} flE TAHE ALl 02w S7tsttirl dHo] AE W 2-1 ¢
PRBS 942§ 7beth 18 4-14% 1.25Gbps 942 dHlolele} By dolHE
et 28olt), o] we] PLLY locking frequency: 1.25GHz o]t} 1bite] d|o]
g &4 gle] oy Heo] olfFofE & 5 Ak wEkA AbE Fx=
preamble 213 ¢lo]&= wv}RE locking H+& EAS g ¢ vt 18 4-15%
PRBS 9 dlojlHZHH EHdE dolH 9 eye diagrams YERA 19 o]T},

2 ool A Agte HAE e FE/dolE HY 327t oy glo] dA%H 0
e 18 598 F e Hd HESFE AEHoR ALbshs AS 3 AT

2ol ube} AR @ Aol mE ALE 0oy 19]

)
)

LA (%) ALH 0ol 19 H 58 WES
05 100
1 50
15 33
2 25
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dojolS vk o] BHS a9 4-16 o YERHATE /O A% core
o] WAL 0.7x0.7mre] 2 44pin TQFP plastic package® A|Z& Aot JE¥HH =
bzt ESD WA 325 2t 722 Hol Jon 9uyes HAdRE 9
4% F 9= CML 7%E& AREsEA20]. /=9W A= 25 A5 A

AHE = do]H <} reference 8 F 7Mool 845 E 54
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Input
data

Recovered
data

Woltages (lin}

Yoltages (lin)

S00m |

z5 4

70
Time ¢lin} ¢TIME)

O 4-14 WAE ZE JAF A EYolA

(data rate = 1.25Gbps)

_83_

A0iin




Yoltages (lin)

800m

Ei0m -

400m

200m -

~200m- 3

AN

¥ 4-15 PRBS 9% dlo]H ZHH

HA¥ do]E 9] eye diagram
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EEEE TREAREIRE 350 100 TREBRE VRE TRE TEE BER
TEETFE VEEIREIRE 328 130 TRE TEE TRE TEE JEE 3FE
TEEIEE VEE VREIRE 330 10 |§: ]i{ é: ]ﬁ :ﬁ:[ gl
TEETEE JEE TRE3EE 338 030 VEE FEE 1R HE TR 6
TEETRE R 1RE 358 351131 )

TEETEE EEE 13E JEE 33E 18E
TEE TR FEE TRE IFE 32F 1EE
TEETEE R 10K 380 360 18 IE[ TEE VR LRE IEERREDRE THE TRE 1

JEETEE VREYREIEE 358 DRE DFE VRE VRE LXE BREGEELEE TEE TEE ¥FE
TEETEE TR JREIED 35E DE DFE VRE VR LXE BREFEETRE TEE JEE ¥EE

0 THE YRR RRE UE JER VEE FEE RE VELTEE R JEE YR THE THE

% 4-16 3 29| golol%-
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A5 3 23 A% 2 E9

A 5-1 4. F HZE (622Mbps MO-CDR)

OA Aue EHYES A AA EE5S SASHA "k MOdA AdE E4
T3+ half clock #3552 28tz HeolHE AEH Y wji= double-edged
D-FF& ARtk Abek 325 HF37] st MOSIS TSMC 0.35um
CMOS&4 S ol &3ty H& AZsgrh a9 5-1 Agd F2/doly EU3
Zo] Apglojth, RE &9 W ESD Hu 3|28 ¥3etga, AA wHe 21
x21mr, I/OE A3 cored] WAL 0.7x0.8mre] 2 32pin TQFP plastic package
2 A A= A

A 7 IR F4E st a9 529 22 AE A S FEEAT H
A &7 | RAAM = 8EFVIE AFEEIA 7] WZ ol reference 822 25-50MHz
E Q7tskdoh &4 A, 9 571 329 4 Hel= 200MHz-400MHz=E
ERytth 19 5-3& 300MHzel A 9] $174 571 32Ule] VCO &% AE A4
oty RMS A E]7} 11.35ps, Wl (peak-peak) A E]7} 76ps® YEFST. A
F3}42¢1 200MHzel M= RMS A e} Ho) A7} zhzh 155ps, 96psE HERE O
W ZHo F359 400MHzol A= Zhzhe] 11.7ps, 8dps® UEMTE 18 5-4%
olf] A% AHFE 93 Aol Anritsu MP1632A/C 3.2G BERTE o] &3}o]
HMEERE 48 HolHE e FAHIAY WM2E RE 9o A4S 93

PRBS®] burst windows #¢ H2AE 2t 92 packetS WEATH AFo A=

o

burst window®] Z7|E 30us, burst window?] FAS S0ps= sttt 18 5-5&

burst window <} 622Mbps 9= dlolH, E do]E ¢} elastic bufferol A}-82 &

95 ®me adelth welE FHEE 10101100 ] 8bitE whEate] <l7baiglon,
A3 BIdES & 5 vy =H A7 2°-19] PRBS <17HA 400Mbps-680Mbps
H 2ol A error §lo] &HS sttt 2™ 5-5 (¢)9 elastic buffero AF-&2



s

g2 ok "HolA dAudsel 918 571 3= VCOAA sk S o]tk At
Z2g/deoly 59 327F AH7E = Al dsire e/3le 53 s o=
dotry] et A¥S FdsAn. 19 5-6-(a)¢F 5-6-(b)e ZH7te] ¢
ol rateZ} 400Mb/s & we] =€} HgH dlo]E 2l eye diagrame]th. ¢
olf ol AHE <7tstr] #18te] 5mel twin-axial Al°l&& TIHAZHTH 1
5-7-(a)¢t 5-7(b)i= Ztzto]l 94 dlol¥ rate’} 622Mb/s & wio] 4=} Hdd
HolEH 9] eye diagramo©|t}. 622Mb/s¥ we] dHolg H=Z7F 2712 vElE=d], o]
o Als EAE7] flste] dHeolE #i®e wE =9& FA4sAr. 1 5-8&
92 dHolB 7t rate’t 400Mbpsd wie] A4 el mE =9 gHolv. (a)=
100] k= dHolE & ¥hESte] Q17Fgh A -] &8 13 olal (b)= 11009 HolHE
HEER17E 1S wo] &8 gyoltt, FHZAYN (a)Y Z 5+ amplitude™ 342mV ]
1 rising time¥} falling timee] Z+Z} 1.2n= S HAT. (bh)e] A$+= amplitude
367TmV ©]i rising time¥} falling time®] Z+Z 14nZ el 4 2o
w21 1037 110002k dlol¥ "ol uwlel rising time¥} falling timee] °F 16%
A=7F Abol7b ety 19 5-9= 49 tlolE 7} rate’t 622Mbpsd W el <1 ¥
ol we FH mgolt}h mvtA R (a)v= 100 HlolHE, (b)+= 11009
HolH & w7 & we = gyeltt FAHAY (a)9 4 -F+ amplitude
306mVel i rising time¥ falling time®] Z}ZF 09n¢t 0.89n= SAHHFH AT (b)9
7§+ amplitude= 365mV ©] I rising timed falling time®] Z}Z} 14n= YEl%
o S Ay w29 102 110002k dloly "ol we}l rising time}
falling time©] ¢F 55%4 =7} zbol7} yEtytth o]2 gk dlolg sjdo] wE rising
time¥} falling time?] AFo]lZ 215te] B9 dHlo]H 9 eye diagramdlA] F+ &2 H

e

)
o)
=

d
=

(o,

rir

ol EH o] #EH= Aot} olygt dAor A5 BH &7 W3 e BWIL
=5 FEdga #Ausd 5 . o€2A #dE & Jd= A= Yol rate’t

400Mbps©ol A= 16%9] rising time¥} falling time®] =Fo]7} vheEFWEAwF 622Mbps
M= 55%A e Atel7t w7l witolth. double edges ©l&3te] A FF>
3-54¢ %7 ol eye-diagramg HHL 18 AA LriE AL & F o

o} 18 5-10& +25%9 948 dHolE degradation®] TS AF B dHolg
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o] mtgoltt o w 4 v©lolH rater 500Mbpsoltl. =4 A3 dHolE EYUL
o] FoJ XX gk 1&g ©lo]E] degradation®] & YElE RS & 5 vt met
A olel g 4% elastic buffers S3to] tlo]H ] duty degradations X%

7b otk 21l 5-118 -25%°] 9# dlo]H degradation®] YIS A5 5 d
ole ¢ wtgolt}t. o] w ¥ dHolE rater vHFZFAE 500Mbpsolth. =4 A3}

7R 2 dlolE BYLe o] Fojx x| gk ¥ ©|o]E degradation®] o] }E}

te A & At
E 512 AE Aol AgE vehd Aol

_88_



~“Module

HNE EENENRR

29 51 AE Hel A
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Reference clock

(25-50)MHz

> REFCLK

PLL Output

(200-400)MHz

a9 52 94 s A A4S A% A

_90_
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Tek
=L oeee W e
17. 75V

g R © S
2% 53 914 57 sl=ue] VCo 299 AE 54
RMS A E{=11.35ps
At A =84ps
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(25-50)MHz

Data Pattern  400-680Mbp
Generator

REFCLKN
REFCLKP

DINN
DINP

recovered

data

(400-680)Mbps

DATA DATA

% 5-4 Hloly HAF

Al
=

_92_
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recovered

clock

(200-340)MHz

2
riet

2 9
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(a) Burst window

(b) Input data
(622Mb/s)

(c) Clock for

elastic buffer

(d) Recovered

Data

Tek 10.0G5/s 54

6
bl
LN

Acqs

Fa

7

1010110

L et R P A AR A B AWt ittt o] o |

B
oo
soun

D L

i

24

i
-
S
i

i

Ch3 200mve

() 4% dolg

(c) elastic ¥ ¥ &

il
o

(d) =< del¥

=
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(a) (b)

18 56 AH ¢171E 400Mbps &3 =2 9] eye tholo] 1 ¥l
(a) Al 17k 19 9] eye tholo] 17}
(b)Z=3# 2] eye tho]oj1ey
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(a) (b)

a9 57 AH Q17HE 622Mbps 4 H 7 =99 eye tholo] 13
(a) A E] A7Fe =9l eye tholo] 13l
(b)E% 9 eye tholo] 13

_95_



100 -

Measure | :
current mean st dev i ri mum a3 | mum
Rise time{ » 1.2404 ns 1.2122 ns  10.6 ps 116817 ns 1.2486 ns Setup
Fall time{ » 1.2673 ns 1.2735ns 36.2 ps 1.2214 ns 1.3686 ns & Info
amptdl » 342.01 m¥  343.05 mV  2.9420 m¥ 33686 mY  350.98 mY

Qear Meas. l =

cale: 10 0 miiidiv cale: 10 .0 mydiv cale:10.0 mydivy Time: 2000 nsAdivy Trigger Level
E) st st ) et TR e e

@

@

o ose
Measure 1|
current nean std dev T F 0
Rise time¢ 3 1.480ns 1.476ns G ps 1.456 ns  1.492 ns Setip
Fall time¢ 3 {.440ns 1441 ns 7 ps 1419 hs  1.463 ng % Inlo |
Vanptd b 36712 m¢  3E7.26 mY 485 366,11 mY 36813 m

Clear Meas. } = |

S ECER N0 MWL) 5)Seae 0N MVl) iGeale: 100 Mty Tine: 2000 risille) Trgner Lover:
foetnny | Sfetony L Hbfssony L 1 SErav

Delay: 24 4335 ns
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Measure 1 :
rrent nean std dew mininum W | mun

il

Rise time{ } 91B.5 ps 905.2 ps 11.4 ps B ps 928.1 ps Setup

Fall timet > 944.0 ps 883.1 ps 84.8 ps 693.0 ps 964.6 ps 2 o
Woamptdf ) 308.81 mY 300.21 m¥ 8. 278.37 m¥  307.61 n¥

Qear Meas. | g
Time: 2000 nsAdivy Trigger Level

cale: 100 mvdiv cale: 10.0 mdiv cale: 10.0 mi/idiv
% 13 | :'ﬁrlsem 0 | Delay 24 4996 s | <iba mv

fiset0 0y ifsetl 0%

Y % i ¥ ? [
; ; i
i i ;
i
¢ ] ; i
i I :
i % 4 i %
e - g o
Measure |
current mean std dev mirimnum WA MU
Rise timed ) 1.438 ns 1.460 ns 10 ps 1.428 ns 1.498 ns Setup
Fall timed 3 1.428 ns 1.418 ns 16 ps 1.385 ns 1.466 ns 2 Info
363.09 m¥  2E7.12 mY

Woamptdd ) 385.10 mY  365.04 mY  1.043 m¥

Clear Meas. | ™
Time: 2.000 ns/divy  Trgger Lewel:

icale: 10.0 mdiv ‘%cale 10.0myidiey geScale: 10.0 my/div,
| I Lhietony Delai:24.4986 05 | 462 Y.

ffset0.0 W ffset.0 W
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input
data

recovered
data
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input
data

recovered
data

a9 5-11 -25%<] 98 dle]¥ degradation®]

TARS A B9 ol 3y
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ot
I

3

olf

oAb

A5

o

g

CMOS 0.35um &4

CDR &2 9]

400Mbps - 680Mbps

PLL 57] ¥

200MHz - 400MHz

200MHz RMS : 15.5ps, pkpk: 96ps
300MHz RMS : 11.4ps, pkpk: 76ps
400MHz RMS : 11.7ps, pkpk: 84ps

AR AL 3.3V / 0.0V
130 mW (core)
2m A
150 mW (I/0)
H W4 700um x 700gm(core)
3 5-1 Aljkd =g/vloly HH3|zo d5 ALY
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A 5-2 4. F HZE (1.25Gbps MO-CDR)

o] A= 1.25Gbps MO-CDR®| FA4el #alo] Astet. A|te 3|25 A
Z3t71 $18kel MOSIS TSMC 0.25um CMOS¥AS ol&3te H& Azt
a9 5-12% AR FY/dlolE U3 2] Abxlelth ®

rln
o
e
5
=
&
ey
o))
w,

R332E x93, cored WAL 0.7<0.7mre]3l  44pin  TQFP plastic
package® A ZEATh. 2™ H layout A4 AR ddste] FHol Alviw F A et
Al @otA FIB (Focused Ion Beam) &8 & o]&3to] J& FAsA +4% 3

= ol&ste] A4S A
A4 w7 sl2e FAHS Y] 19 5-13% e AY FAHS LEHEAT §
& E7 IERAANE 8EFIVIE ARSI 7] wWlweol  reference EHOoE
100-175MHzE  I7Fetitt. =4 23, A4 §71 329 s W=
S00MHz-1400MHzZ el I3 5-14+= 1.25GHzol A2l 94 &7 32419
VCO %9 A 54 19|tk RMS A E 7} 58ps, Hul (peak-peak) *E]7}
52ps® YERETH H4 Fuh9l 800MHzol M= RMS AHeE Hu A €7t 2+7)
Tps, 57ps® YER o Ho F3<91 1400MHzol A= Z+2Fo] 1lps, 78ps® UHEL
WStk 19 5-15% doly dAF APS 9% Aotk 4 A Abe =9/
olf H9 329 T2 W= 900Mbps-1300Mbps® WEFTH HAE = 59
AEE 9ske] 10101100 o 8bit HolH Thgoll 300bits= 0= 17Fgk 5 o] ¢
He Fr1Hox Qubstdnh. 19 5-16v= 18 gk dHolg ol Heoly

=
rate’} 1Gbps ¥wie] A= dolg el FHolt}. 1Gbpse dHlolE ¢ 1GHze &9

°]

=z
£

o] At BYPHS & F ot 18 5-17€ dolE rate’} 1.25Gbps & weo] H
~E Ru B9 Asjolt}, 125Gbps HlolEl 9 1.25GHzY o] A3 EHIg
S 3ol

g

1% 5-182 1Gbpse] 2°-1 PRBS ¢#€< <71dle wf =2 dog 9 eye
diagrame]t}. 18 5-19% 1.25Gbpse] 2-1 PRBS ¢J&€ < <7ldle w =2 o
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0

(e} A= A<
95 ¢ 7 dv o 78

&lo] transmission line characteristic

iy

olE19] eye diagramo|tl. Tl oW o]
o dde 7 flste]l TDR AvlE °l &

impedanceE 743Ut 29¥ 5202 =4 AYS YEld IYeoly. SMA
connectordll TDRAHIE 233l oF 3eme] board traces A 5022 load A&
< dAsdnh. 17 5-212 S4%¥ TDR 33 ¥ 179 g g3ty FH 1
AN SMA® cap BECo=Z lste] ofefm W TF R FEOR EAF

transmission linedll A1 ¢] characteristic impedance”} Tt} o) F3Fo| A e} 2

0

o] Wi 60Q X9 transmission line characteristic impedance’} &% ¥ 1t} o]

AEo] QA+ 1.25Ghps AL data rated] EHole A IIFS FH1 =

S

o2 #AFYP} 189 5225  data rate’t 1.25Gbpse! 2°'-1 PRBS HolHE

N

transmission lines &3 & 543 eye diagramolth ¥ wH 9 UAS 2d
zo 9 dolge &¥o] differential 732Qdl 2 Fo Y7l openFH o] A=
NS & A HAY Y E 480 A3k vkel o] open—drain TEE F
o] glo] 3 Zo] opendV U o= &8 d¥@7A E &EUba, TS 104 0&
2 oAl 4% AF WstE oW f®o] AT £ Qv 17 523

% e EddelyE yebd 1d etk
AA SA Ao wg FA 23S A5 F UdATh 5 oy &9 ¥y

2 5k oA AR
=

e A= 1 E9 dlo]lg Ut differential =8 R o 2ol gl HAAAQ
dlel Bl 7h &= At
E3 A Ay dE delyek 9 B = FuaTt 05%9 LAkE

7N MO®] mismatch® <1 Ay =2 3-54d 29 Aile] w2

& 54 5+ Jdv 7 /M MO mismatchs= 5§

o
ax

1
Yolg zte £ 9t AARE FAH| 23 variationd} EAZ layout o= HW

¢

control line®] do]lZ 3%+ IR drope] 7F¥ & 9oz dAoH)
& 52v AE He AFES vERd Aot
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a9 5-12 A

o
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Reference clock

(100-175)MHz

a9 513 914 57w &

REFCLK

PLL Output

- 104 -

2 9

(800-1400)MHz

it

rot
[
jalei)

o

o



a9 5-14 Y 7] 3 2Ue] VCO =99 AY 54
RMS A H=5.8ps
ol A ¥ =52ps
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(113-163)MHz

Data Pattern (900-1300)Mby

Generator

DATADATA

19 5-15 oy HE 27

REFCLKN
REFCLKP

I DINN
| DINP

recovered
data

(900-1300)Mbps

- 106 -

recovered

clock

(900-1300)MHz

2 A% 87



Input
data

recovered
data

recovered

clock

=S554mY

2Bamy
sdiv

o
-\
>

—2.554Y

359.62ns inssdiv 49.62ns
Cursor
Type

Cursor 1

41.36008ns

Cursor 2

Bars
Exit Set CNEEEFICIRENNEEYE] EERCEERENR e move /Clr
It C  43.50Bns  t2/2 21.950ns [NEUIEN
At 2.54BHns  Ats2 1.2788ns L
14t 393. 7AMH=Z

a9 5-16 HAE B2E fojE dE 243 @l1Gbps
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Input
data

recovered
data

recovered

clock

'5 N . - 3 - N
32.44ns 2ns/div 52.44ns

a9 5-17 W2E 2 doly HAE A3F @1.25Gbps
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5-18 &9l Hl°]E 9 eye thelof1dl @1Ghps
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Mask Test

RE

cale:50.0 mtdi cale:GE.7 deivI cale:G0.0 mtdi cale:9.7 mAddiv o Time: 150.0 ps/dive  Trigger Level:
fiset-8.1mY fiset:-3.2 mY fiset-438.8 mi fiset-7 .1 m Delay: 24 1099 ns 208 mi

5-19 EH4 dlo]H 9 eye tholojzsl @1.25Ghps
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Board Trace V (load)

N

SMA

1% 5-20 TDR =4 A4
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> : H :
T Sr——;

?,SMAcohnc.tér.. . o

-888me -
8.8147m 28.99%mm/div 3.08246m
Q Q Main Size
1 87.997ms 59.650 )

Horizontallp2 -236.88me 30.91Q . Main Pos
e —324.0@@me -28.740 -57.43Q 8.8122153m

(a)

156m

48mp|
sdiv

trig'd
e
T

-244m
8.8147m 28.99mm/div
Q Qx2

p1 132.8@me 65.310
Horizontallp2 = 54.48@mp 55.75Q
Bars lhe -78.408ms -8.561Q

(b)

oY 5-21 (a) TDR 33
(b) Edu}d
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1% 5-22  transmission lineS =3}

1.25Gbps data®] eye diagram

- 113 -
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Yaltages {lin)

AT

2.02

1.95 o
1.96 4
1.94 4
1.92 4
1894
1.88
1.86 o
1.64 o
1.82 4

1.78 o
1.76 4
1.74 o
1.72 4

1.66 o
1,66
1.64

-2n 1] 2n 4n n 8n
Tirne (lin) { TIME)
19 5-23 differential &2 W3 9] 3 %S open P&

el £ 99
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I

s 9 AR

A5

ol

g

CMOS 0.25pm&73

CDR 5% ¥9

900Mbps - 1.3Gbps

PLL &7] ¥4 800MHz - 1.4GHz
800MHz RMS : 7ps, pkpk: 57ps
PLL A &4 1.25GHz RMS : 5.8ps, pkpk: 52ps
1.4GHz RMS : 1lps, pkpk: 78ps
AbE AL 25V / 0.0V
o] A 80 mW (core)
120 mW (I/O)
] WA 700pm % 700gm(core)

3 5-2 Al

=
=

=2
=]

/HlolE &

- 115 -
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A6% AE L FF A7

B =% = PON (Passive Optical Network) A|Z=®lo] &= 4 9= A
2 Fxo H2E BE F3 9 foly H4 (Clock and Data Recovery; CDR)
|25 Atk ¥ =EolAME 622Mbpsd W~E EE= CDRY ol& Wy
1.25Gbps® WZ2E 2= CDRE Aetstdrt. Alerd 32 (Muxed-Oscillator

2~E RE & fo]lEHZE preamble A5 glolx HlZ EYslH, X H
7 lAE 4= delErE 5ol oo wel o] deHo o glo] &

T} 622Mbps W A~E X E CDR 3] &% 0.35um CMOS 2PAM 3A Iehn|g & o]

(o,
)

okl Al AT =3 MOSISE &3 S AAE 5 H=E Azste 34
S S35 1.25Gbps M2E E= CDR 3 =Z% 0.25m CMOS 1P5M T4 &
ALE3tE o, mtRsFA 2 MOSISE 3l 3& A=, S35+

MO-CDR 3| Z¢] Fd2 vh53 2t 34, 914 571 =2 949 deoly A
& HEREG 297 =9 Fakgdd F7]HY, CDR 285k 94 7] 329 vzt
7HA 2 28 =9 28-S AFESTh &4, MO-CDR 32+ 48 dolee] Ho]7t
A, & HE o] AEY 299 S HAY Ador Adstr] uiol
w2 locking Al7HE Zte=th B G FE = preamble A&7 2 glow, o] &
A AA s AA v E EolAl Hol F Filol vk A, d¥ dlolE 9

A BAoz FHol Aol Waltet: F=o e AL A8y wiEel 9

=2 h
rate7} FoldFE XOR W ANDZ2 15 =8 &9 Ao B& ofggo] uf
Eot= Aol
AAl 3 F443 CDRE &2 ®Welek S w71 329 57 #Hele 44
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917}k PRBS 1&ol thal 400Mbps-622Mbps 7H4] error $lo] &#ES& #9ls}
At

1.25Gbps MO-CDR Z4-t-ol= A4 F 5443 CDRY &4 Hos A% &
71 379 F7] HYE= 74z 900Mbps-1.3Gbps, SOOMHz-1.4GHzZ YElykth 9
4 F7) FdR2e FA F949 1.25GHzoIA RMS  A|E7F 58ps, U
(peak-peak) A E]7} 52ps® YEWTH HAE R AE A3F A 1.25Gbpsel A
o HM2E gHs deiglel Hdsila, AHE 17kg PRBS 9ol dial

U

¢

900Mbps-1.3Gbps 7}A| error ¢lo] &2tdE<S A
w =l A Alkd MO-CDR 329 des FdA7171 98l 3 74 /Hadd
AL AFstaat vk WA 622Mbps MO-CDR 3 2% F3 9 double edgeE A}
43l2 2 single edge TZH U= A Eo| W7HslEE elastic buffers AF-&3}o]of
ko), 3 output M2 BW7F S22 &S Mol &3 eye diagramo] YE}

2Ath 1.25Gbps MO-CDR 3 2% layout 2= 13t FIB #4 Fol &9 ¥
7h E7Fol Zhali Al

o] A % MAF He nHste] F§ A 9 AAV AP, o
S ATs FHAE F AdE AoR g, & =FdA Adsd MO-CDR 3
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ABSTRACT

Novel Burst—-Mode Clock and Data
Recovery Circuits with Muxed

Oscillators

Yu-Gun Kim

Dept. of Electrical and
Electronic Engineering
Graduate School

Yonsei University

In this thesis, a novel 622Mbps burst-mode clock and data recovery (CDR)
circuits and a novel 1.25Gbps burst-mode CDR circuits with muxed oscillators
are realized for passive optical network (PON) application. Two CDR circuits
are implemented with 0.35um and 0.25um CMOS process technology respectively.
Lock is accomplished on the first data transition and data are sampled at the
optimal point.

In order to accomplish this fast lock characteristics, the following novel
sub-blocks are proposed.

First, MOs (Muxed Oscillators) are proposed to generate the clock signal
that samples the data.

Second, a HPSG (Half Period Signal Generator) is proposed which
generates HPS (Half Period Signal) when data transition occur.

Using the two proposed circuits mentioned above, a 622Mbps burst mode
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CDR circuits and a 1.25Gbps burst mode CDR circuits are designed and
fabricated.

The experimental results show that the 622Mbps burst mode CDR circuits
operate error-free at 622Mb/s of 211 pseudo random bit sequences and
recover the burst-mode input data. It is believed that our CDR circuits may be
applied for ATM-PON systems.

The 1.25Gbps burst mode CDR circuits can recover burst mode data

instantaneously. This circuit can be applied for Ethernet PON systems.

Burst mode, clock and data recovery, 0.35um and 0.25um CMOS process

technology, Muxed Oscillators, Half Period Signal Generator
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