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Design of CMOS Burst-Mode Optical Receivers with

Internal Reset Creation for PON Systems

Student : Yi-Shing Lin Advisor : Prof. Chia-Ming Tsai

Department of Electronics Engineering & Institute of Electronics

National Chiao Tung University

Abstract

The analog front-end circuit: of burst-mode optical receiver includes the burst-mode
transimpedance amplifier (BM-TIA) and the‘burst-mode limiting amplifier (BM-LA). In the
upstream traffic, the optical line terminal® (OLT) which receives the data packets from
multiple optical network units (ONUs) has very different power levels. Therefore, the
burst-mode receiver needs automatic gain control (AGC) and automatic offset cancellation
(AOC). Due to the transfer of different data packets, the receiver needs internal reset-creation
mechanism. Nowadays, the most popular approach for internal reset creation is to detect the
loss of signal (LOS) at the output of TIA during the guard time between data packets.
However, the gain of the TIA is too small to guarantee reliable LOS detection. The internal
reset signal created by the LA is more reliable due to the increased net gain. Once the reset
signal is properly generated, automatic controls of both the gain and the decision threshold
can be enabled in a pre-determined procedure. To enable a more efficient integration scheme

for reset creation, AGC and AOC, this thesis presents two integrated single-chip burst-mode
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optical receivers. To improve gain and bandwidth at the same time, negative impedance
compensation is adopted in the circuit design. The first one implements a 2.5Gb/s burst-mode
optical receiver in TSMC 0.18um CMOS technology. Measurement results achieve 19dB
dynamic range, 93dBQ total differential transimpedance gain, -21dBm sensitivity, 1.55GHz
optical bandwidth and fast response time of less than 10ns. This chip dissipates 146mW from
a 1.8V supply. The other one implements a 10Gb/s burst-mode optical receiver employing a
capacitance cancellation technique in TSMC 90nm CMOS technology. Measurement results
achieve 72dBQ total differential transimpedance gain, -13dBm sensitivity and 6 GHz optical

bandwidth. This chip dissipates 124mW from 1.2V and 3V supply.
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SE s A Bl F L) 0 RN G RREAE A B T R Fagn

L2418 0 B4 A Rty 0 ST T AR IRUBL I R P chl AR 2 T AR o

o AR o T R4 B A &*%%*m#ﬁ’i#ﬁﬁ*ﬁﬁﬂ%ﬁ’

Fliet RREER L TR ERFE A 7

TR o L BR e TR
%




Dark level \

Vrer_EnBL

BH level

--------------

Reset Enable

Reset

W 3-5 @t FpAEELEENRAEL FAE

B 3-6 5 #r3 it DA bk e BAAER AT -k GORHE 0 B RFHRIS
PR AT RGP W EF B AT H R AT - Gtk o
BUBHIN RBCEY SR MA BT E S c S B g B2 S BRI R
AR ENEL > FHAMEEREE D UL Pt 2B OTHEFE o KA o
Eﬁ@%ﬁﬁﬁﬁﬁ@ﬂﬂ’ﬁ%ﬁ%&@ﬁﬁﬁﬂ%%%ﬁﬁ%’&%ﬁﬁﬁﬁgi
FARERAdhrn R HERARAL L pEHEZRETRENT L ATFL
HAF e R D R MR AR EE AR SA L B R e 2 RAHY AR R4
oplen= 2 [11][12][26] » A BHCN @iiEied » 3 b 4o BEpF s F- FRERET > o
PERUEL 2B > f 0 Rie RGP AR AL ERE T - B TIER
WRIFI AN P AR B AN o B AP S R EE R
%%’ﬁaﬂﬁﬁﬂ#ﬁ%?@@m%—gﬁﬂ&ﬁx%$e

BBl 3-6 T R Y BRI E A RS E s B RHG Uk B2
- 15—#33?“ Bolea o F R fRME TR > MU i S TR > B ek
e R ﬁ»#ﬁ%\ﬁf"&’%}u B s 1% 5 g (dummy) s Fe 2T £ ﬁﬁ’»:",ﬁ]‘_ﬂ_%’{—k T
TR 0 &d H =By g ey i e s (Single-to-Differential, S2D)#-7 & & H :#;,ﬁ%l drdg 3 N
B0 B 2 U s B E S SR = (Logic level) » #5188 1 i 65 50
B e f o A7 R Pl R TR S A H R e s 2 U
BEFAHBBTRAEFTR ) AREMFTRE > SEALE2 TR E > J UG+ Ben

wos f
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Bfs- Pl A > T A4 E B MEL PR d BRI B - BEY LT
FBRF VR ek BER D F RRAE DI > B FT - Bite iy
Kod T o BEAE PIE Y @ Bl AR TR AR REOL R LR
PF oo R AT X B 2 Wy gk B MO F RN > B R %éﬁ%] IR REF VR B D
TRl REP O S8 - RATH AT RS OFEALY BT B AR M R
0 2L HRIE € 3% 0 - JUBL"AGC Enable” 0 R7SL off 0 Ryt 38 cnF A B aiE AT
v R ér_.‘,ug; g e o MBS T AR d g pe A E@mﬁﬂk, ML R REITEGE OV RCE il i
A TR FSFEFIHEIER Flp RS T @ﬁ@me‘mva_i@i;ﬁf S
BT A F R R RS TR AE T O S TR B RS T
Rt T B um@%%mLéﬁ’?%ﬁﬁﬁﬁﬁiéﬁﬁéﬁﬁﬁiiﬁ’ﬁﬁé
BHREFIE p R RS TR AL mfﬁﬁrﬁ*\ﬁ“'@ﬂiﬁﬁ“ﬁﬂ&é % > 4@ 3-7 #75T ©

Bl 3-8 #7m 25 A BRI R AR B EY pFR - ﬁi%] » B wE AU
A FE - W E BRI et W IR BRI Bl B~ SUELEDR 4 AT A ¢ 3
EEF S AR A PER N s - BOUbgR BRI A £ % R E R Bes ﬂi?‘]
M A NEFCRBOALEL TR LB L T s T RE R Y B
(Off) » % AR pF I pF - (2 (el 2 SUBL A LY TR R e P - g O
WREDE TRA TR g FRAEL R EF R A B A RE kL
X B g i b P ER L (TG B ol JRIEH L 750mV ]

=

PR gt F T R AR LK ITOMVS 5T @ SR £ BIUKA 2 3 1) 7]
PRERTRA AR AT NLATR 0V EF S RENIHETRE L HETRLY
& 0.1V o
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AGC Preset

AGC
Control AGC
A l: ’ Enable ['signal Detector
A L & Control Logic

5 %ﬁ>

I |
Core TIA / : :

BM-LA Qutput
Buffer

Dummy TIA
B 3-6 BRI kI ERFEHF

] Packet 1 . I Packet 2
I Weak burst I I Strong burst I
I [
[ 1
Vih AGC sersdhsssssmssrsssssnsrsassassnnnn AP (ARR AARERAN IRRRTRRLANPRAANPAURY)
1 1
Input Data
Packets .
1 ] 1 ]

Guard tirrndl Preamble ! Valid data Guard time

— 1

Guard time: P-eamble: Valid data

LOS
Detection

i
[
i
1
I
‘ | jit
AGC Preset p
1
I
1
[
[
I
[
|
1
1
]
"

— 1

AGC Control

!
I
|
|
I
I
|
1
1
!
|
1
I
I
|
AOC Reset 1
1

I

At: decision time for gain-mode switching,”AGC Enable”

U [ ) N i =

|

I
!
i
l
I-
P =
1AL
I
1L
|
1
I
I
I
[
I
I
I
|
Ll

I

B 3-7 AGC 2 AQC =13t 5Lk 37

3-8 7% 7 5 sl 4 A4 i A A 6 onpE A R A TR B -

SRR - B BER A @ I TR E RS FATFHTIERD >
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PEF R PR 5 QL PRI Ei?‘%%%iﬁa?]% v V3R ViG-St R E TRl TR
BERENE S FARICE T - BMELI S P V3R Vi AN EF R Bl R
TRE EEMERMPF B BE ORISR £y I LERAAIEE R

5 [11][24][26] > & % 2 8. c14 4 P55 (ON/OFF) 2 2 852 fF e 1% > 40 & (& 4 (Truth Table)

DT 5T

Truth Table
Outl,omp: Out2,¢omp- LOS Detection
0 0 ON
0 1 ON
1 0 ON
1 1 OFF
O— ™ L
from v e .
vV, REF 1
+ oo
Vi f Ot }ED{'
o L e e 1 S IR e L
v, Visrs T one-shot -
= J JL
one-shot
Packet 1 Packet 2
Data acke I I acke
Packets
| I
1 1/
V, === s==s=s=== P Sl Aty
[ I
1 |
vd ——————————— e~ = === — == — = -
I —
LOS I ;
Detection 1 I

W 3-8 AR URITEFAER




33 THATLHBREE
T L P AR BB RR BT R A s S B INA 0 R

BLARIZ A BB B RS B A0 £ TR § 58 <Pk 2 (Data Path) gz im A 47 2
WP AR EET SHFT 018 m CMOS WAL - - 2.5Gb/s Bt LA E o d 20
EETRGS L8 R 9T g R TRKF L - ERRLIE > A, B
By 3k Mﬁ%i%;%ﬁ B4 08pF f 1.8 ReNERTRT » 4 /8T B i
#W FACR 0 TR AEF 8 5 66dBQ 0 B 4 K 20dB > RN B TR B

@R 0.7 8 5 1.75GHz » arUlgaex Bamkzt 0 50 A FH oy e o S04 o
RS A E o TR U E 0 5 40dBQ O RN B T A @R R S
2.5GHz -

3'3'1 % %tu l§ /P

'«%&
,;*g:

+ BT B
Beaphnpd A2 RS AR A RGP 0 L7 R EE NS
G SEREL VI T I RRR -0 - SR £ .&@]:".;JL%{’ Flavi FRoi o #
T B & F R R B9ILI0] B F L E[20][21]2 - e E SN BER %
*oo md R i lava s AT R T AL LR o

BI3-9rm s HFEWMp A4 BIR N A8 % i £ B 82 23 Fn 5
FEHEpemnBs T RAF 1 ke BER KT R FAMGIMARYTT - § AR
AR I B F AP R SR BRI AR T U E A 4 - B Ry
FITE > o8 5 HRIE MELA 4 PRk en™ 3 F R ERIF MEL, 7R - ﬁﬁ/\‘:‘r"qﬁ
IEABERK S Bl V- FP e r - FARE > AT bR P REET 0 VT

T 4=5ns 4k & o
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Pulse

A
| | |
— I | I
C=A | ! |
Pulse =C & A I | I
1 I 1 1
— A—
Ta
W 3-9 BFEmp 42§

B By e R4 T R S B350 AT [22][23] H R E R A (2
_\.2)’ 3B d RIFT "‘ :%ﬁ@*"m%i%‘:l‘l’ii—{’,—@ r‘!’!)’@;’* "’LLH‘":F'&#Z@E
REAFER > Fo- PRI P HLF AR AT e B RFLNTRAL L (25
3) A r et BB R E - FAGET] Rl ﬁﬂfﬁw%?@"#é’mvr”’ % $i) in
FLF Chog "8 MRy v et 2 5 Be g @R 7 T B & 3050 T F] T j7 L » (charge

injection)m & F4F TR T F (25N 4) by = ’fﬁ’gﬁ1i‘3\‘§m gk 7 5 - B R
RE S AMERTRT € KT RAF TR F

7 =R pChOld 254 2)
-T
A -A(-er -
AVT: L L( € ):eT (2};\4 3)
AL
M*V
C
AV = hold N 4
A (23 4)
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Cmmmp

_ AL Vo

Buffer

Cmm

i
sl |
k av: |7t AV

B 3-10 *# (& %45 T B> KB

B 3-11 5“7 # e 7f 4 @205 RF B A% DR DA ek > TRE RS DN
BITR AR B IRAF R B(3-3-5)FE - A Pende 2RO H Bep g B R T RO T S E
T B R e 186 b B VEE(E8B/10B) » #70]* RC A% T SR

Hldrie R T B RE R ad (P2l FE Y LR ERE BT v R R - B
P TRAELS Pl S PERE R MR P o BT BT A, AR
Rl 2 10kQ @ C1 % 2pF ¥ i 3| 20ns «pF ¥ #k

—— —— £ —— ——

ms I me i i me
............................. ﬁ;;:'t‘lfymg
Current
Mirror
—0
°—IE|M1 M:-'j}
lllllllllllllllllllllllll L1
: [
Discharge : Ri I C1
= S B

W 3-11 B4 ERLEFHFE
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B 3-12 %77 2 B v RE21] > R eBP F - BHE gk D 5 - BEL T W
AT BE GV ] e B F o ¥ - BRI sl 4 Rl E

¢ ”***’?f;‘.iﬁ'léwfu{?ﬁd_’iﬁ‘fﬁiﬁ'\%%%ﬂi**?”@ﬁﬁh Tk TR vth B UEEC R
FH NGB N BB TRR TR vih > BRI ME S LTRA RS [ RR TR
g %o B Y STASEATIUEL A ) B A B R (R R0 Y TR §
(W/L)s/(W/L); = #5— pF > g TR B Bk vt st iy o

ey e T S

Vrer o—lt M, M, jl—o Vin =]

= Vi,
Y
Vin- Vine

W 3-12 i mE

.

— e e — g ——
H
i
"
0

Hysteresis comp. output

3-3-2 & = &3 ¥ #3552 # e+ B (TIA with dual gain modes)

P e RS RO S TR 2 DT IRIUEL R B o B SR AT E T
Fele Pl gLsg B > HFIRA 2 Speri@ kA fEA LR 7 R B Bk R
Bokol P ] AR h o 1% GRS BLE B R I o R
A FERRE PR e LT 3aR 0 30 @ TR B el i fR

RETREDORCER ¥ 8 @ FTRDOTEE AL I LRI BHY 5
1%%?Wrm@@x?’*“%4M#?&&ﬁéﬁﬁwmi&’ﬂ IR CH N S

3

FrRAEE M E ﬁﬁﬁﬁ%ﬁﬁé f AR R LR LSBT R
B EL AL [3] AT AT REE W E %%bﬁﬁ“w%ﬂ ﬁq\wﬂ*ﬁﬂwﬁﬁfim
Bl RIR e R ARITRIUELP > TR E0 8 Z 15 F LM sk Lhg R
PR A AR AR F 2R 5 M AR AR T T S IS BRFARRA -
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B 3-13(a) 777 5 Bficst e < BHRTE By~ el k- R 2 TR LAY
F7 RARAC Beaig B0 At 1 sk (Multi-Stage) e 54 [4][5] > I * 34 B e
B £ R E o s oL I R DIRH R B R E SRR R 5 (250 D)

fo 1+A, A (234 5)
-3dB 2”Cin Rin 27[Cin Rin

2%m?éﬂﬁ*@ﬁﬁﬁﬁm?%%ﬁﬁﬁﬁméaﬁﬁﬁjﬂ’&%%ﬁ&ﬁ
B e B 3-14 7T 0 A A M E N T A ol
wREME NS 200022 SR REY » P rE S0 MBE TER o BT IR
R BRI A B AR ) RAEHIR M SRR R EER o R R
FH A DR ERER 0 AR 315477 0 RTR I W We R kAT § R
REEFES FFR WA Fwed X REEFF Wt AR U {17 we o €' M4p
=¥ *A(phase margin) » At * 22 R~ o] > BF @ 2 R DR LR E 20 F]
gl B ERE(S2MPE) EMI DR, 50 R TRET R IE LI i
o s TREFERIROBREME 0 8d BERESIMEF > Y A 50 G
SHRE A B AT H T RS 17 B 8-13(h) ) MR F S s B A5
(25 0) > FLum AR EEE TR FR(SS DA (250 8) 0 BT
RHE T, BRI @A R EETF O ERB UM E > R
S E T oA BT F AR TR PR A F ek B R KRS 5 0. TData Rate
[13] >z 3 APv AERALITRMI- D wiERe(a D2 (258 8)id
Bo ERHEHE M EFHSTRDTRA Z4o(28 D2 (258 10) %77 »
PR R 7 GBI RR ML RRT L iR
BERFRIR 0 TR B S P RAcW 3-16 “ 7

N

?{r

T HT 4

V(S)out,TIA _ gmlgm3R(CXs +Om; _1) (;\ ;\-‘ 6)
V(s), [RCXCY32+(CX +Cy)S+ 0, 1(9 s +5Co)
— gmz A 7
“ ~{Rc,Cy) (5D
r=t Sxtt (23 8)
2,/9.,RC,C,
o Gms. P
Ao,high ~ gmlRl (‘~ x 9)
ma
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Ao,Low ~ 0 (R /Ry) gm (25410)

m4
@&B@wﬁéﬁéﬁﬁ¢%%’ﬂ%@%wﬁﬁﬁﬁﬁ%%*ﬁiﬁﬁﬂ
ERA G > F BT 83 TR gLps > TP G LA ARGV R B O TR i TR
&%ﬁﬁ%%éﬁ%& o JpEREET A B AR M F Y F 2 %ﬁmjﬂﬁﬁﬁv
FELEE > AT RITOAPACE N M BT TR RE TR LA R A
e B P MM  VRBAEATRA TR AERDL > PED - s (-
L M ITRE TRME ZEREWAMEE LML o
FOACR B BUT L - ER PR W F § U IR

(input-referred noise current) k3 B #reic+ Beh@ ek » A TERERFF i

-nn‘\L h\l

SHE T E T BB PIIFAR I B BOFARARE > N ATV Rtk
BEAAT B kg A AR TR E

Herfe s d et Lw - g
Aengeind £ d @re s Bk T L Re > ﬂi;'l

Aol (21D T A PR AE g R SRR TN 0 50 T M R

NFRE > FETZAHET T 0 2 EARRIETILE - R AT A A SR
o pEFe+ Bend - % E &R Z@E'Jﬂi%]%‘" L F] g Bk By - s (B 3-13(a)) Ml
RefAeh o URFEHEE T G ARFRTRAA L oo o Rt BE G R
FACR[27] o

L+7/1+(27szFS?T)2

| 2ninmia ~ 4KT
RF gml I:QF

AESEED!

Z2fe 1 @ BRIRREE

Target | Requirement

Cpp | 0.8pF 0.8pF

Gain | 66dBQ | R>2kQ

BW | 1.75GHz =>1.75GHz
Ao 18 >18
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AGC Control /
i 1T | vy Ace
R,=0.85k 2 -
: . 1]
5, I ,/
R,=2.5k{ —
— 'U' V
E:"”: E‘°‘|[: VE5°‘| l:ms V"o—lt M,
PD A $; ¥ R, ",
 e—" ' Cout 1.4V
| R1 ) I: L E
0.8V 'II "o, IIEITZ Cv_l - Rs —_ m,
(a)
'_"i':!:?—'
+ + .T. :'vﬂm'm
: ?gm#l T - GDQ"‘ZVW = C Vi B V4 §1fg.m
4+ 4 L L1 L1 B T | [
(b)
A
é_ an
% off
3 AGC Control

(c)
W 3-13 (a)Ris' g B (b)) ] REERTE (OHFHFRP
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3000 - T T T T T
Cin=0.8pF

2500 —a— Ao=10
—e— Ao=15

“. _ This
2000 2 5Gb/s —v— A0=25

T

¥
S 1500 |-
Jua]
=
M_{n
1000 |
500 |
0 I 1 L 1 L 1 1
2 3 4 5 B 7 8
Rf (k-ohm)

gn‘.lR'gn‘.F
g .
Ems
£
]
o
o
o
o
-
v e Lad st
B 3-15 B E
30
20
. ]
= 1
§ 1]
@ ]
° ]
0
10— I I I
1E7 1E8 1E9 1E10 2E10
freq, Hz

W 3-16 TR*x< BHFFE
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3-3-3 H =3 ¥ # =4 #& ¥ & (Single-to-Differential, S2D)

ARG I L B L H R A SR R H T R R A
# #2 (substrate noise) ¥ T i A 2 > T A B H fH g s ik
L6750 B 3-17(a) 5 TEZEH > d (1)9F7 & ;«m%‘:%%éﬁﬁﬁﬂwﬁ% SRR
FIUBLAG N B SRR G dp e TR Y SUBLE A B S R F 2
R0 dopt § R LH T RATHE R EITEA3] 0 50 JREL R 4o
LA T TR AE3-17()F n(1)% 5 (1D FI(1)# 7 7 @ Offset”
AR AR /20 A SUEL R S SR B ST A TR e F S B 14 e
L

g7 AR i']sj’u/fv':‘g_ﬁv%]ﬂ! v i iE e > g (dummy)iE e & BB AR ATk BanE G

Bohel TR T RARTR % der T G B B T L R ka2
i AR 3AB 0 BRI B S 2 - TR U L TRATA L i

4%

PP

fromTIA O ™ @ :."‘= o

.l-.: m O
(1) T

]DDDC

from Dummy O

fromTIA <
from Dummy

(b)
B 3-17 EpipgEgis (OFER (DI RHERER S

23



A[13] 0 RPN 5 F 3-17(b) -

3-3-4 "B A5\ F kg < B (Burst-Mode Limiting Amplifier,BM-LA)

PUhg A & B enFs g 5 R R AT Egmﬁgﬂ] VB T ORIEEAT A > RS G ol T R
foo FIRRHMEEZ MR hY B s A LB p 2a %o BB b A £ BT
fo o 22 N B 4518 B 978 T roif 5 ftot ePBf 2 5 (258 12) > 3 5 B % 5 (2 5% 13)[13]:

fo = fAN2 -1 (234 12)

Ay = A" (23 13)

- AU BARP PR ZENTRBE R > AT T I T
(28 12)F(2 13)F g A FABEET 0 20 PRSP TR S e
KA o 4oR] 3-18 ror F A BRI E T o P MR L T TR B S W EE R
VI E B 4R 12 or 18 3] g ot B eI A B T g E G BT L U
TABEF R AR L RFHRE S RTAZ T E RS TROFR > TR

* § (multistage) 4 p & A LB B S L ARBNNGET 5 BEAL o
0.25 . . . i i .
0.20 E
| m _
= This
ks .
w10 | Design 1
—a— Atot=10
—a— Atot=50
0.05 - —a&— Atot=100 1
0.00 L 1 L | | | 1 1 1 | | | | 1 |
0 2 4 -] 2 10 12 14 16

Number of Stages

Bl 3-18 &7 b chlif ¥ T SHE* chs il 2 B el 14
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s o] RN

il e

CIf'il'l c]HZ

l"""fhl‘]

_ R, =(R, //-1/g,)
Cn1=CgstCpqp (149,Rp)+C, (1-9,Rp) R
fC,=Cop = Cyy=Cact2Cep __ R

l-ngD

® 3-19 FE B TIEA Y

R
B 3-19%77 2 R 72 f R R uEABRERL OF - 5 AR5 6 L4 J
BOREL B F 2 AEE o #50HEH & 838 Cherry-Hooper © 8@ [13] 0 5 7 &3] 2
et ek > AR FRTTENIOHE T O RFFLp EHAL PR O HEN
A w0 i P4 eiE oS 0 ) 3-20(a) SR ZERRR 0 p B B R A TR enF R S
(IM)(IV) #5757 %ﬁ‘* Fplmas B @ L B(TFE BT R HHA N BiELH
Bk R ENL R o WA MELE S E L E[3][8] -

TEF S 35 W 3-20(b) 0 F RL ~ 305 = iy » (g, ) et B E
g5 (23 14):

Rf —1
g, IR (2510
V, 0.:R; +1

s & f r2#u(negative resistance) # Cherry-Hooper *c+ B = s f L2 2% 5 (2
7 15):

Rl=——"— 25415
: 1_gm5R3 ( ! )
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ek B et B £ [6][T] AR O E TV e Benidiont 1 i

iAo 51 (- HF kR A DB R e R Co 1T B AR E g
®EE G R FAR[19] 0 T vt 8 S menf FRF 0 R TR LA S
d 321 AT 0 BT ARk A E B E R T B E AT A MRS 5 R knd

B2 1.5 -
(1) T (V)

(b)
B 3-20 gt B ()FHE (DHE %
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dB

Frequency (GHz)

With NR : Gain—=>4*Gain
With NC : BW=>1.5*BW

W 3-21 Ut B PR

3-3-5 "E % & i3+ ¥ B (Top Hold)

g A B SRR T § A 2 AR R Tt BB ] 322 A1 B S
1% RIRGLE Rl 0 kR RS e 0 B TRV TR
(Vo)p& » ] # ?nﬁiMﬁﬁChﬁgiivgﬂﬁ; TR~ TR AR B 05
Bk o R RO TR MO R BT R G B e
Ch T jmia » Bl R indtend 2 THO20] 508 e 117 - 4= 58 4p0t > 7R 0 =
WA PR E o

SRR ZIL RO S A LR > M6 2 MO 2R & 5 R R TR
(Quiescent Current) » & #* 7 i &% % Ch w41 pF-Iq > @‘J TR R et K g ’L‘Lii%l 4
HAL B RE(216) ¥ - FHL > R FE T Iq i~ Chpe o i R4
M f e e > RIEMI xR B YA > P A FREPFF DM G (2 17) 0 B RGE
—E%ﬁﬂ@ﬂ?@ﬁﬁﬁﬁ%%?@’ﬂﬁéTEiéiﬁW%m@%ﬁ%iM?°

PR B 0 M7 B2 SW B shG b R BB S o B 0 E T R BB T BB
ﬂ%MﬁﬁM7:i?&ﬁk%%??Chia’@@—ﬁ%@@’a%@ﬂﬁ%ﬁ’
5L B UBLE B R N TR A A R T A RS T M SW g
B n g™ M6 L RRAEFREFLRTE T A » o i - SW engzdl & f > § B oy

&ﬁ* » % ”AOC Reset™ "%t 5 & pF » i #+ & 4 — ‘B erwg jpads )b L TRIT > B

R fe o RIS o
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AV, =2
off gml

Iq*t

AV =——

Ch

N3 M4 M5

i

=3¢ 16)

(238 17)

—iF

i

SW
A\
|
mo—lﬁ M1 M2 j: d
‘ —H [
@ Vf@—lﬁmg ——Ch
W 3-22 T BT
3-3-6 ﬁa?] 41 % (Output Buffer)
SRS S B R INeRE T R R A i TR T F R DT

3-23 5 TEW - f f° 500hm A5 T s e
T
500hm
Vout
D—I M1 M2
W 3-23 ﬁ?]:'{.&

500hm
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3-3-7 ikt &

WP TR R R o d AR A e B kgt
BIEE A > AR M A S BRI RRTE R LR S
P B R BRLRCRBCS chde (T 0 Bots BonrIE P oy BRI A A fR .

(1) g e+ B

PCEEFET K g o4 B O B0 R MO F R0 0 B 3-24(a) & B E BN T el 5 R
oo Bl 3-24(b) 5 % H £ W2 T B~ ELE 10pA i R Bl 3-24(0) 5 &
8 F BT 7 corner # i R 0 ] 3-25(a) & MU E HER T A S Bk 0 W
3-25(b) & M3 F T i&;ﬁ%]%gm%fb;f;\ 200 pApp 0ty P > ) 3-25(c) & i F Bt

R cornerﬁi%l:",gag] 0

m1 m2

freq=100.0MHz freq=1.860GHz
dBi{gain)=66.500 |dB(gain)=63.961

S0
LR, me

60—

40—

20—+

dBE(gain)

I
1E2 1ES 1E10  ZE10

freq, Hz

(@)

1.105

1.100 —
1.094 —
1.090 —
1.085
1.080 —

1.074 :

time, nsec

(b)
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FF 0°C
| v s W v, W I . W
/ \ / \ /
_|"I I.-'f ] \
X X
' / I"_“ ! '__lll\ ' 'I.L
g W /7 Ay / N\ /N
. W . W
T
S F: 06 08 1

W 3-24 (@EBHEHSTAEFFE DR HEHST 8>

1065 — I I
1055 / LY, '3. f :-'l:-E
1050 !\ J;\\ .;i ,;
R I, - ——
- I S T
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. Hi: gain=66dB BW=1.75GHz | Hi: gain=66. 5dB BW=1. 86GHz
Lo: gain=54dB BW=2.5GHz | Lo: gain=b53. 7dB BW=2. 16GHz
Input-referred
_ 400nA @2. 5GHz 478nA @2. 5GHz
Noise
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Die Area(mm?)

620%560

Technology 0. 18um CMOS 0. 18um CMOS
P00 £ BRlrca FI2
[3] [11] [12]
Performance JSSC ISSCC ISSCC
This Work
Summary 2005 2004 2007
GPON EPON EPON
0.25um 0.18um 0.18um
Process 0.18um CMOS
SiGe CMOS CMOS
Supply Voltage 3.3V 3.3V 3.3V 1.8V
Data Rate 1.25Gb/s 1.25Gb/s 1.25Gbl/s 2.5Gb/s
Sensitivity -21 (optical)
-30 -22 -31
(dBm) 11uAp-p (electr.)
Overload
N/A -3.5 -4 -2
(dBm)
Dynamic
> 26 18.5 27 19
Range(dB)
Guard Time
25.6 250 100 30
(ns)
Preamble Time
16 120 100 10
(ns)
Reset External Internal Internal Internal
BM-TIA & BM-TIA &
Module One-Chip One-Chip
BM-LA CW-LA
Power
Consumption 528 300 1155 146
(mW)
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[28]
Features Simulation Measurement JSSC
2005
Process 90nm 90nm 0.18um
CMOS CMOS CMOS
Supply Voltage 1.2V /3V 1.2V /3V 1.8V
Data Rate 10Gb/s 10Gb/s 10Gb/s
T 0.25pF 0.26pF 0.15pF
Sensitivity (dBm) -16.5 -13 -12
Overload (dBm) 0 0.5 0
Dynamic Range(dB) 16.5 >13 12
Guard Time (ns) 20 N/A N/A
Preamble Time (ns) 15 N/A N/A
Module One-chip One-chip CW-Rx
Power Consumption
S 118 124 210
Die Area (mm2) 0.6X0.75 0.6X0.75 1.0X1.93
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