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Abstract: Using native CMOS technology, EDA tool, and adopting fulk custom design methodology, a laser diode driver for the use
of STM-1 and STM-4 optical access network, is realized by CSMCG-H]J 0. 6im CMOS technology to modulate laser diodes at 155Mb/
s (SIM-1), 622Mb/ s ( STM-4) with adjustable modulation current from 0 to S0mA for an equivalent 502 load. The maximum mod-
ulation voltage is over 2.5V, corresponding to a 3V DC bias for output stage. The time range of rise and fall from 360ps to 471ps
is measured from the output voltage pulse. The RMS jitter is no more than 30ps for four bit rates. The power consumption is less
than 410mW under a power supply voltage of 5V. According to the experimental results, the laser diode driver achieves the same

level as their counterparts worldwide.
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1 Introduction

With the rapid development of optical networks, su-
per performance and low cost of optical transmitters are
needed' "% . The best choice to realize such optical trans-
mitters is through CMOS technology. CMOS technologies
are playing an increasingly important role in super perfor-
mance ICs for the use of optical fiber communications due
to the low cost and the great progress of CMOS technology
itselff* ¥ In the past years, other laser diode driver was
realized through InP-based technology!®! within China
mainland. However, for the low cost commercial applica

tion of optical access network operating at low data speed,
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in this work, a laser diode driver was realized by CSMC-
HJ 0. 6vm CMOS technology, which can meet the require-
ment of 155Mb/s and 622Mb/ s optical transmitters.

2 Circuit design and simulation

The schematic diagram of the circuit is shown in
Fig. 1. The DC- coupled, fully differential circuit consists
of an input buffer, two amplifying stages and an output
stage. The whole circuit is fully balanced by employing
differential amplifiers to maximize its work speed.

The upper NMOS transistor pair in each amplifying
stage is a differential current amplifier. The lower transis-

tor forms the current source for the NMOS transistor pair.
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Fig. 1 Schematic diagram of laser diode driver circuit

The resistor pair is adopted as loads. A differential source
follower is employed to realize the functions of levelshifi-
ing and impedance transforming. The input and output
buffers provide the function of impedance matching and
DC level matching. In this work, conventional poly resis-
tors, which were introduced to divide the supply voltage
Vip into internal reference voltage Vg for the use of DC
bias of current sources, were replaced by multiple diode
connected NMOS transistors because a more accurate DC
bias voltage for current sources can be obtained by using
diode connected NMOS transistors than that of poly resis-
tors because of their large resistance error resulting from
inevitable process variation.

Due to very large output current swing of the LD
driver, most of the devices have large aspect ratios ( W/
L) . This will necessarily result in increased parasitic ca
pacitance, especially in critical nodes, which strongly inr
pacts the high speed operation of the laser diode driver'®.
Multiple finger structure offering nearly 50% reduced
source and the drain area was employed for all large tran-
sistors to minimize parasitic capacitance. Special attention
has been given to keep routes as short as possible while
using large width to meet the requirement of current den-
sity and to minimize parasitic inductance. Great care also
has been taken as to virtually avoid large area overlap be
tween supply and signal lines. For the purpose of effective
biasing and minimization of substrate bouncing, substrate
contact arrays have been extensively used. In addition,
double metals which composed ground lines and other DC
supply lines were used in large area as MIM (metal isola
tormetal) capacitors to cancel undesired noises. There-
fore, the performance of this circuit was belter in great de-

gree due to all design techniques mentioned above.

3 Circuit fabrication

The laser diode driver was designed using 0. 6Hm
double poly doublemetal N-well CMOS technology and
fabricated in Wuxi CSMC-H] Semiconductor Co. , Ltd.

The chip microphotograph of the die is shown in Fig. 2.

The chip dimensions including bonding pads are 0. 7mm

x 1. Omm. On the chip, only one tenth of the total chip

area in the middle region was used for the active part.

Fig. 2 Microphotograph of the fabricated CMOS laser diode

driver

A very important fact should be pointed out that the
chips for the use of optical transmitters in optical access
networks were realized within China mainland all by na
tive resources such as PANDA system, a layout EDA sofi-
ware of CIDC ( China Integrated Circuit Design Center),
IC manufacturing line of Wuxi CSMC-HJ Semiconductor
Co. , Lid. All design kits were developed by IROI ( Insti-
tute of RF- & OF- ICs. ), Southeast University and the
support from the MPW plan of Shanghai ICC.

4 Experimental results

The performance of the fabricated laser diode driver
was evaluated via omrwafer probing on uncut wafers enr
ploying CASCADE MICROTECH probe station, an AD-
VANTEST D3186 Pulse Pattern Generator, an ADVAN-
TEST R6142 Programmable DC Voltage/ Current Genera
tor, a ROHDE & SCHWARZ SMPO04 Signal Generator
( IOMHz~ 40GHz) and an Agilent Infinium DCA 86100A
Widebandwidth Oscilloscope. The DC current of the laser
diode driver under a supply voltage of 5V was less than

82mA, corresponding to a power dissipation of 410mW.
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The circuit was tested using an input PECL of 500mV,,, at

different bit rates. The measured eye diagrams at the bit
rates of 155, 622, 1250, and 1600Mb/s from one single
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Fig. 3
(d) Output eye- diagram at 1600Mb/ s

Testing data without external DC bias on output stage
are filled in Table 1. The maximum modulation voltage is
over 2.36V,, corresponding with a 1.93V internal DC
bias for output stage. The maximum rise time and fall time
are 471ps and 360ps, respectively. And the RMS jitter is
below 30ps for four bit rates. The power consumption is

below 410mW under the single supply voliage of 5V.

Table 1

ended output of the laser driver are shown in Figs. 3 (a),
(b).(c),and (d).The modulation current range at each
single-end output is 0~ 50mA.

K0)

(a) Output eye diagram at 155Mb/ s; (b) Output eye diagram at 622Mb/ s; (¢} Output eye diagram at 1250Mb/ s;

Moreover, this driver circuit can work well with different
modulation current swings under the single supply voltage
ranging from 4V 1o 6V.

By the comparison between the simulated values and
the measured values of several major parameters shown in

Table 2, we can come to a cor

Testing data without external DC bias on output stage

Power dispersion< 410mW@ V= 5V
Data rate Input signal Maodulate ) : .
J(Mh*s™ ') swing/ mV voltage/ V Output signal Supply current RMS jitter el PS5 trad ps

(Mb-s “ e swing/ V /mA Ips - ‘
155 500 1.93 2.36 80. 30 30 400 360
622 500 1.93 2.34 80. 40 13 4 367
1250 500 1.93 2.33 81.50 15 440 400
1600 500 1.93 2.18 81.75 14 471 444

Table 2 Comparison between simulated values and measured

values
Parameter Simulated value Measured value @ Vyp= 5V
@ Vip= 5V

Vineur surver 2. 98V 3.0V
Vier 1. 214V 1. 17V
Veonr 1. 997V 1. 93V
Vouree 2.62V 2. 18~ 2,36V

Supply current fpp BomA 80. 30~ 81. 75mA

clusion that the performance of the fabricated chip verges

on the anticipant result and can operate well at bit rates of

155, 622, and 1250Mb/ s.

5 Conclusion

A laser diode driver for the use of optical transmit-
ters in passive optical networks has been realized using
CSMC-HJ 0. 64m CMOS technology. The laser driver pro-
vides a modulation current range of 0~ 50mA for an e
quivalent 50 load. It can operate at bit rates of 155,
622, 1250, and 1600Mb/ s with the rise time and fall time
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