- B 2.5Gb/s ¥ 4l F B Ry ot
2. F 2 iRk SR TR

A 2.5Gb/s CMOS Burst Model Laser Driver

with Extinction Ratio Control

B3 o4 imaEe Jian-Wen Chen

hFERE MY KR Prof. Wei-Zen Chen

PEARY e gL



- B 2.5Gb/s ¥V #H]T &k R g FL 2
T B 1Rtk SR R
A 2.5Gb/s CMOS Burst Mode Laser Driver with

Extinction Ratio Control

) e D maER Student : Jian-Wen Chen

hERR D Bl Rk Advisor : Prof. Wei-Zen Chen

o |
4 ) 4
H ey
e

i -

T Al

&
4

1 SRR LT

=i

A Thesis
Submitted to Department of Electronics Engineering & Institute of Electronics
College of Electrical Engineering and Computer Science
National Chiao Tung University
In partial Fulfillment of the Requirements
for the Degree of
Master of Science
In
Electronic Engineering & Institute of Electronics
December 2005
Hsin-Chu, Taiwan, Republic of China

PEARY LteEL o



- # 2.5Gh/s T A F Sk R F ol 2
75 EEAsRET TR
SEERL T SRS ERCE S

d 30 E Rk S F R g KRB p B AT F B T o SR E
G B AR 2 ATR A Rk AL REE TR Wi 4 g e o 2 R

gL H SRR X s Gbps=rT gk 2 14 48 chid g o

<
-

YLLK RGE U BER BE N TR R 2 5N > @ s EREBER § Bhenid i o N ko ik R

LR kRN T R SR TR AR e SR F

o

A oA

Sk gk e e B ¥ 230G

‘4/

R I R I LR U AL S

E_L
h

-k

SRS TE 0 v d T U LE R S e B Aotk BT S
Fle IR T ARG § 0 R SRS TR JFd - B gl 2§
= 1‘&5*‘"%] MEAFTR- e A FTREOF LA L AR AR 57 AR R
HloR TR - AR ERROTRS > 50T R FEFIT A
Poid g w e > APESI 0 R o R d (Y P T R S A
o Y B TR D RFHAT UG B ERAE T R I

BRI d TSRS T W OB e F SR 4 3 oo Tt Ak

AT R CEEE R r e ky SRR Eal il A MG AR RS




AR PIT R E R R R B A HAROR AL -

AR e B jRH SR T B F tsmc018 il dg k w2




A 2.5Gb/s CMOS Burst Mode Laser Driver

with Extinction Ratio Control

Student : Jian-Wen Chen Advisor : Prof. Wei-Zen Chen
Department of Electronics Engineering & Institute of Electronics

National Chiao-Tung Univesity

Abstract

With the increasing demands at data bandwidth in optical system, a novel
Ethernet optical network (EPON) was developed to overcome the demands
for data transmission ability. The Ethernet optical network (EPON) can offer
Gbps data rate to correspond to multi-media communication. Besides, it was
adopted point to multipoint optical-netwerk-structure to avoid a large of optical
fiber’s use in point to point optical network structure as presented before. In
Thesis a burst-mode laser driver is applied in the Ethernet optical network
(EPON) as transmitter.

In thesis, we presented a burst-mode laser driver with automatic
extinction ratio control. It improved single-loop-automatic power control
method’s drawbacks, and used a novel dual-loop-automatic-power control
method to realize the burst-mode laser driver. With the novel control method,
laser diode’s optical power ratio for representing data 1 and data O can be
controlled exactly in different temperature. Besides a novel structure, in
circuit design, in order to have a fast power locking speed we included a

dual-band switch. The aim is to utilize that wide band case has fast power




locking speed, and narrow band case has high exact ER control ability.
Finally, as for optical testing aspect, laser’s current driving ability is different
for turning on and turning off case, and then it might cause optical eye
diagram to be dissymmetrical. So, for canceling this problem, we also
included a pre-distortion skill to get a symmetrical eye diagram in pre-driver
stage.

This work was fabricated in 0.18um CMOS process, and delivers a 1mA
to 70mA modulation current as well as 1mA to 70mA bias current. As for

circuit design detail, | describe it as below.
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FHLiE B 1625MHzZ = R 3 #5:200ps(Pk-PK)

Fle Edt Vert Horzfdcq Trig Display Cursor Meas Mask Math App MyScops Uiities Help Butfon
Tek Run  Sample

17 Oct 05 12:52:20
PRSI S AL A B S S

IC1| 500mvVQ IC1|Pk-Pk  252.0mVp: 267.73087mm: 242.0m M: 204.0mo: 1142 |[10.0ns/div 62.0ns
121C1/38.5mV500ps IHs|Pk-Pk*  200.0ps p: 200.0p m00 M 18n o 1822 ||5.065/5 200ps/pt
IHs|StdDev  100.9ps p: 107.7685p m:0.0  M:1.273n o 79.72p || WC1| 7 -9.0mV
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Ble Edt Vert Horzfacq Trig Display Cursor Meas Mask Math App MyScops Utiltes Help Button
Tek Run  Sample
I B

17 Ocot 05 12:35:02

: o
Top Limit
-7.83my

Bottom Limit
-85my

Ic1| 500mvQ IC1|Pk-Pk 238.0mV p: 223.76019mm: 186.0m M: 248.0ma: 12.05 |[1.25ns/div -1.0ns
121C1/33.3mV250ps IHs|Pk-Pk*  150.0ps p: 150.0p m:0.0  M:200.0p o: 5.663y || 40.0GS/s 25.0ps/pt
IHs|StdDev  36.98ps p: 36.837498pm: 0.0 M:54.2p o 1.648p||WC1|s -8.0mV

FHLiE B 2.5GHz 2/ 1 #5:150ps(PK-PK)

Ele Edt Yert HorzfAcq Trig Display Cursor Meas Mask Math App  MyScops Ufilies Hep Button
Tek Run  Sample 17 Oct 05 10:58:50
IR I AN AR A A R B B Do i T Il

L. ii.| BottomLimit
: T 344y

Ic1| 500mvQ IC1|Pk-Pk 240.0mV p: 245.16561mm: 226.0m M: 268.0m o: 9.554 || 2.6ns/dlv
1Z1C1/31.3mV125ps IHs |Pk-Pk 100.0ps p: 104.35405pm: 0.0  M:4.45n o: 148.2p || 40.0GS/s  25.0ps/pt
IHs|Std Dev:  32.45ps u: 32.58103p m: 0.0 M: 1.296n o: 189.2f ||l C1| 7 3.0mV
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Wci|s -30.0mV

i & 11.25GHz @ AEE $::270ps(Pk-Pk)

Fle Edt Vert Horz/Aicq Trig Display Cursor Meas Mask Math App MyScope Utlitles Help Button

Tek Run  Sample 17 Oct 05 19:01:28

A S R RRRRE N R SRR RN RS RN I

Bottorn Limit
S ; : -120.4my

- W
T S S S S S S S S ST
IC1| s500mvVQ IHs | Pk-Pk 275.0ps w: 275.0p m: 0.0 M: 275.0p o: 4.202f |( 1.28ns/div
121C1/263mV 250ps IHs|SidDev: 53.37ps p: 53.118803pm: 0.0 M: 108.1p o: 169.5f || 40.065/s 25.0ps/pt

Wc1 s 110my
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SIS

A-2RE5H#E

Source ISCAS ESSCIRC This work (simulation) This work (measurement)
Technology tsmc0.25um tsmc0.18um tsmc0.18um tsmc0.18um
Supply 3.3v 3.3v 1.8v/(3.6+LD)v 1.8v/(3.6+LD)v
Data rate 3.5Gbls 1.25Gb/s 2.5Gbls 1.25Gb/s
Power dissipation 145mw 260mw 185mw 197mw
(Driver : 110mw ; AEC : 75mw) | (Driver : 117mw ; AEC : 80mw)
Turn on/off delay 30ns/20ns N.A. <10ns(<15ns) <10ns
Settling time N.A. N.A. <250ns(<512ns) N.A.
ER fixed fixed Programmable N.A.
(6~10)
Pre-distortion Yes No Yes Yes
Modulation /bias 6mA~60mA N.A. 1mA~70mA/ImA~70mA 1mA~70mA/1ImA~70mA
current range OmA~80mA (>60mA/>60mA)
Temperature range N.A. -40°~80° N.A.(-45~80") N.A
Chip size 1.2X1.0umm? | 0.9X0.75umm? 1.56X1.47umm? 1.56X1.47umm?

Pre-
driver

juaLng seig

T ITTTTTIrrI

¥
¥
f
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