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A 10 Gb/s laser diode driver in 0.35 pm SiGe BiCMOS technology
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Abstract: This paper discusses the design of a 10 Gb/s laser
diode driver implemented in SiGe BiCMOS technology. The laser
diode driver is composed of an input buffer, a predriver circuit
and an output current switch stage. With the current mode logic
(CML) structure, the input buffer and the predriver circuit have
the capability of transmission and amplification of high speed
data. By employing MOS-HBT cascode structure as the output
stage, the laser diode driver exhibits very high speed and
efficiency working at the 10 Gb/s data rate. The core circuit is
operated under a 3. 3 V supply, while the output stage is operated
under 5.5 V for sufficient headroom across the laser diode. The
chip occupies a die area of 600 wm x 800 wm. Measurements on
chip show clear electrical eye diagrams over 10 Gb/s, which can
well meet the specifications defined by SDH STM64/SONET
OC192 and a 10 Gb/s Ethernet eye mask. Under a 5.5 V supply
voltage, the maximum output swing is 3.0 V with a 50 () load
(the corresponding modulation current is 60 mA), and the total
power dissipation is 660 mW.
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he rapidly growing volume of data exchange in tele-
T communication networks has recently drawn considera-
ble attention to the design of ultra high speed circuits for op-
tical communications. The laser diode driver circuit as a key
part of optical communications has become a hot research
topic. Recently, some research on the 10 Gb/s laser diode
driver in SiGe BiCMOS technology has exhibited high per-
formance and power efficiency!'™; however, having self-
owned intellectual rights for ultra-high speed laser diode
drivers of optical communications will accelerate the con-
struction of optical fiber networks and the development of
information highways in China.

The design of a high performance laser diode driver is
very challenging, mainly due to its requirements of high
speed and large output current” . Meanwhile, large output
current means that large transistors and large driving signals
should be necessary. Moreover, a large output current across
a resistor brings high voltage, which indicates that we need
high breakdown voltage transistors; unfortunately, high
breakdown voltage transistors usually have a lower cut-off
frequency'*, which also makes our design more difficult.

The laser diode driver architecture is shown in Fig. 1. It
consists of two parts, a very high speed laser diode driver
circuit providing modulation current and a bias network in-
cluding devices for AC coupling and a DC bias current. The
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laser diode driver circuit is composed of an input buffer, a
two stage predriver circuit and an MOS-HBT cascode output
switch stage. The core part of the circuit is operated under a
3.3 V (V) supply, while the output stage works at a5.5 V
(V) supply for a sufficient swing voltage across the laser
diode. In this design, cascade stages using differential pair
amplifiers with degenerated resistors are implemented for the
predriver to provide a high speed signal. To reduce the huge
input capacitance of the output transistor and maximize the
speed, we use the MOS-HBT cascode structure’” as the out-
put switch stage. There is also a PTAT bias circuit to com-
pensate the temperature variation.
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Fig.1 Laser diode driver architecture

1 Circuit Implementation
1.1 Predriver

Fig. 2 shows the predriver circuit. Two stages are casca-
ded for high speed driver capability. Each stage is composed
of a differential pair amplifier and an emitter follower buff-
er. The local feedback( emitter degeneration) is employed in
a differential pair amplifier. Small signal analysis shows that
the equivalent capacitance seen from the input port of the
differential amplifier is reduced by 1 + g R, but at the ex-
pense of gain reduction. The buffer exhibits small output im-
pedance to enhance high speed capability.
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Fig.2 Predriver stages

To keep minimum overshoot and switching times, the out-
put swing of the predriver should be kept constant to drive
the output stage. Therefore, the second differential pair am-
plifier works as a limited amplifier.

The voltage swing at the input of the second differential
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pair amplifier is determined by the tail current of the first
stage circuit and load resistors. An optimum trade-off be-
tween rise/fall time and overshoot/undershoot is achieved
using a driving voltage amplitude of V, =(4 ~5)V, +21[
R, where V. is the thermal voltage and it is about 26 mV at
room temperature, I, is the bias current, and R; is the emit-
ter resistor. PTAT DC current reference is provided for all
current sources in Fig. 2 which can alleviate rise/fall time

variations over temperature.
1.2 MOS-HBT cascode structure

The high modulation current(up to 60 mA) requires large
devices for output stages, resulting in a huge capacitance.
This capacitance is multiplied by the Miller effect, which
loads the predriver heavily and also increases the rise/fall
time. In order to reduce the huge capacitance caused by the
Miller effect, cascode topology is usually used to alleviate
the Miller effect. There exist four cascode configurations:
MOS-MOS, MOS-HBT, HBT-MOS, and HBT-HBT availa-
ble in a SiGe BiCMOS technology. The MOS-MOS and
HBT-HBT cascodes are perhaps the most widely used, but
the MOS-HBT cascode can show better performance in high
speed design. The MOS-HBT cascode of Fig. 3 employs an
NMOS common-source amplifier followed by an HBT in the
common base configuration. This configuration has been
used previously in lower frequency analog circuits'®. Re-
cently, its high frequency application has been explored,
showing very high performance characteristics' .

Fig.3 MOS-HBT cascode

The -3 dB bandwidth of cascode structure estimated by
the open circuit time constant is

1
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where R, is the source resistance, and Cj, is the junction ca-
pacitance at the output. The first term of the formula ac-
counts for the input node time constant. The second and
third terms represent the output and intermediate time con-
stants, respectively. The NMOS gate resistance R, can be
made negligible by connecting multiple fingers in parallel.
Moreover, this does not affect C,to be a first-order analy-
sis, since the total gate area remains unchanged. In contrast,
increasing the emitter length of the SiGe HBT can reduce
the base resistance R,, but at the expense of increased base-

to-emitter capacitance. The output time constant is lower due
to the HBT being the common base output stage'”’. The in-
termediate time constant is mainly determined by the top
transistor, indicating that the use of a SiGe HBT as a com-
mon base stage is preferable.

1.3 PTAT reference

Fig. 4 shows the detail schematic of PTAT current refer-
ence. It gives a self-biased, supply-independent current with
the well known equation I/, = V../RIn(n) . Obviously, thermal
voltage V. is proportional to temperature and so is the output
current. Besides, to reduce the effects of interconnect resist-
ance and make the current mirror more robust, the reference
current is distributed in the current domain rather than in the
voltage domain.
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Fig.4 PTAT reference

2 Fabrication and Experimental Results

This chip is fabricated in Jazz 0.35 pm SiGe BiCMOS
technology. The chip photograph is shown in Fig. 5. The
chip dimension is 600 pm x 800 wm which is very area-effi-
cient. To reduce mismatch, symmetric layout is necessary.
For high frequency design, the layout parasitic affects the
performance significantly. The high frequency signals inter-
connection between adjacent blocks are designed as close as
possible and put on the top layer metal when long intercon-
nection is unavoidable. For the connections between output
switch stage and its driving emitter follower buffers, the
transistors are always of a large size in order to offer high
driving ability. The NMOS transistor for the MOS-HBT is
implemented in as many figures as possible to reduce gate
resistance significantly but the width of NMOS should be
larger than 2 pm to keep its high frequency performance;
otherwise, its f, will deteriorate’™ . For the last stage emitter
follower buffer, its output resistor is very small owing to its

Flg 5 Chip photograph of LDD driver
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large current. Therefore, the main parasitic is due to the in-
ductance parasitic””. To reduce the overshoot, the intercon-
nection between the last emitter follower and the output
switch stage should be designed wide and short to lower par-
asitic inductance.

This driver is tested on-wafer in the setup shown in Fig.
6. Owing to the open collector structure of the laser diode
driver, two bias-tees are employed to provide DC bias to the
output stage. The laser diode is simulated by a 50 () resis-
tor, which is the input resistor of the oscilloscope.
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Fig.6 On-wafer experimental setup

Fig. 7 is the resulting measured eye diagram. The input
signal is a 2" — 1 bit PRBS NRZ signal at 10 Gb/s with a
0. 6 Vpp amplitude. The amplitude of the single-ended output
is 3Vpp at a 50 () load corresponding to the output current
of 60 mA. The rise/fall time is about 45 ps. The determinis-
tic jitter and rms jitter are 16. 9 and 2. 85 ps, respectively.
The predriver costs about 100 mA current from a 3. 3 V sup-
ply and the output stage drains 60 mA from a 5.5 V bias
voltage. Therefore, the total power dissipation is 660 mW,
however, power dissipation in Ref. [2] is 1. 38 W.
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Fig.7 Measured eye diagrams(/,, =60 mA at 10 Gb/s)

Fig. 8 and Fig. 9 show that, with 60 mA modulation cur-
rent, the eye-opening meets the transition mask required by
SDH STM64/SONET OC192 and 10 Gb/s Ethernet specifi-
cations.
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Fig.8 Measured eye diagrams with 10 Gb/s Ethernet mask
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Fig.9 Measured eye diagrams with STM64/0C192 mask

3 Conclusion

In this paper, a 10 Gb/s laser diode driver for optical
communication systems is presented. The chip is fabricated
in Jazz 0. 35 pm SiGe BiCMOS technology and the die area
is 600 pm x 800 pum. The measured eye diagrams show
good characteristics at 10 Gb/s, which shows the advantage
of the MOS-HBT cascode structure in BICMOS technology.
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