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Abstract ;

A DC-10Mb/s laser diode driver.compatible with TTL and CMOS levels.is presented. The optical power corre-

sponding to ‘1’ and ‘0’ can be set independently with resistors off-chip and stabilized with a closed loop. A novel peak-to-

peak optical power monitor and stabilization mechanism is introduced. The circuit, fabricated in a CSMC 0. 5m mixed sig-

nal CMOS process, can provide 120mA maximum drive current and 0. 6dB extinction ration fluctuation over — 20 ~

+80C .which is independent of input pattern.
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Introduction

Laser diode drivers (LDD) are one of the most

temperature compensation
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tuates. The characteristic of the LD P-I curve for dif-
ferent temperatures is shown in Fig. 2. The LDD
maintains stable average power and optical amplitude
over a broad temperature effectively with the cooper-
ation of these three circuit modules.

critical components in optic fiber transmission sys-
tems'”! and can convert input level to drive current.
Traditional LDDs consist of three parts: modulator,
automatic power control (APC),and automatic tem-
perature compensation (ATC). These can meet the
needs of traditional optical communication system
perfectly. Optical line coding is necessary for this kind
of LDD. But for ultra-low speed communications, the
pre-processing of input data is difficult. For example,
low speed burst mode RS232 or RS485 data must be
converted to higher speed continuous line coding be-
fore being sent to the LDD.

This paper will demonstrate a DC to 10Mb/s
LDD that has certain advantages over conventional
LDDs for ultra-low speed optical communication. It
can provide high temperature stability without ATC,
APC,and line coding.

2 Circuit description

2.1 Circuit structure

The circuit structure of a traditional LDD is
shown in Fig. 1. The modulator is a multi-stage ampli-
fier to generate LD drive current. APC ensures that
the system keeps stable average power over tempera-
ture and LD aging by adjusting bias current ([y,).
ATC guarantees enough optical amplitude by adjus-
ting the modulated current ([,,,4) as temperature fluc-
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Fig.1 Architecture of traditional LDD
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Fig.3 Representative architecture of APC

signals in advance (e. g..4B5B, 8B10B)™*, which
will result in symmetrical ‘0’ and ‘1’ distribution and
DC balance. An APC keeps average optical power sta-
ble in this condition. The typical architecture of an
APC is shown in Fig. 3.

As shown in Fig. 3,the PD (photo diode) is the
back-facet photodiode of the LD and the current
from the PD is proportional to the LD optical intensi-
ty. After a low pass filter,the PD current is converted
to a low frequency monitor voltage. This voltage is
compared with an internal reference (V) and the
result is used to adjust the I, to achieve stable aver-
age optical power. The optical power can be changed
by adjusting R; .

The bandwidth of the APC loop is very low to
prevent I, from high frequency noise, so the APC
cannot work well when the input data rate is closed to
DC. To solve this problem, this paper presents an
LDD architecture aimed at low speed applications,
which is called APPC (automatic peak-peak control,
Fig. 4). The APPC can hold the peak-to-peak optical
power (Ppp) and extinction ratio (Er) stable without
line coding.

2.2 Operation theory

As shown in Fig. 4, I, is the expected PD moni-
tor current when LDD drives ‘1’ and [, is the ex-
pected PD monitor current when LDD drives ‘07,
both of which can be adjusted independently by resis-
tors off-chip and are independent of temperature.
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Fig.4 Architecture of APPC
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Fig.5 Linear model of APPC loop

Reshaped by the input buffer,the input signal (Data_
in) is used to switch the current source (g Or leo)
that the APPC loop will track (see Fig.4). P, here
denotes the peak optical power of ‘1’ and P, denotes
the peak optical power of ‘0’. When Data_in is ‘17,
the track target of the APPC loop is P, ,set by an ex-
ternal resistor. When Data_in is ‘0’ ,the track target
of APPC loop is P, set by another external resistor.
The definition of Er is:

Er = 101g(P,/P,) @)

If P, and P, overcome the influence from the va-
riety of LD P-I curves over a broad temperature to
preserve stabilization, then a stable Er can be
achieved.

Contrary to traditional APC loops,the bandwidth
of the APPC is so broad that the loop can setup and
achieve stabilization in a short time after a switch be-
tween I.q and I, .Line coding is not needed here be-
cause APPC can keep Ppp and Er stable,and average
power may not be stable. In general, the operation da-
ta rate of this LDD primarily depends on the loop sta-

bility.
3 Analysis of key circuit parameters

The APPC loop is a typical negative feedback
loop and its key parameters include the magnitudes of
the setting currents, gain between the LD drive cur-
rent and the PD current, values of PD filter compo-
nents,and the dominant pole of the loop amplifier.
These parameters determine the loop performance
such as stability, phase margin,bandwidth,and gain.

3.1 Analysis of loop stability

Figure 5 is the linear model of the APPC loop
(see Fig. 4).1In Fig. 5, V4 is the reference voltage as-
sociated with Iy and I«os Vep is the PD anode volt-
age, A(s) is the gain of the loop amplifier, gu is the
transconductance of M1, and G ppp 1s the electrical
gain between the LD drive current and the PD cur-
rent. This model treats the loop amplifier as a single
pole system. The transfer functions in Fig. 5 are given
as follows:

Aa
1+ S8R0 Co
where R, is the output impedance and Cy, is the out-

A(s) = (2
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put capacitance of the amplifier.

ng :N/Z/lncox %(lmod + Ibius) (3)
Ml

where Ioa T Ipiss 1S the sum of the modulated current
and bias current through LD.
(TR,

(1+ srpCo) (1 + sR,Cep)
where p(T) is the LD slope efficiency, which is rela-
tive to temperature, 5 is the PD monitor efficiency,
rip is LD AC impedance,and Cq, is parasitic capaci-
tance at LD cathode.

According to these equations, the system transfer
function is:

Giprw = €Y)

dJ VPD
dJ Vrc[l

Advz#ncox WAl (Joa + L) o( TR,
LMl

T (1% 5Ro, Co) (1 + 5719 Cop) (1 + SR, Cop)

H(s) = = A(s) X gui X Gippp

AM\/Z#H Coe W[y + Ty o TIy R,
LMI

0T SR Co (1 + 57mCo) (1 + sR, Con)
_ G
1+ G(s)

where G (s) is the open-loop transfer function. At a

1

(5

certain temperature,p(T) is represented by a constant
p+s0 G(s) is given by Eq. (6).

The loop stability is determined mostly by «; and
wy - w; 18 the dominant pole of G(s) and w. is the sec-
ond-most-dominant pole of G (s). The loop is apt to
be stable if w; is smaller than w,.Reducing w; or low-
ering loop gain will increase the loop phase-margin
and improve the loop stability, while the loop band-
width will be reduced at the same time. Given the
guaranteed loop bandwidth, the loop stability can be
improved by reducing the output impedance of the
second-most-dominant pole and the parasitic capaci-
tance.

Adl Zlun Cox m(lmod + Ibias>[07]R2
G(s) = Lo
(1+SR01C01)(1+SI’LDC02)(1+SRZCPD)

(6)
3.2 Optimization of phase-margin

A sufficient phase-margin is crucial to loop sta-
bility. According to Eq. (5) and the APPC linear mod-
el shown in Fig. 5, the dominant pole is placed on
node 1 and determined mainly by adjustable filter ca-
pacitor Cpp and PD junction capacitance,which is dif-
ficult to evaluate. If the dominant pole is placed on
node 2 or node 3,unexpected noise will be amplified
by the loop amplifier and influence the LD drive cur-
rent. With the given specification. according to Eq.
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Fig.6 Eye-diagram by improved stability

(6) ,the numerator of G (s) can be treated as a con-
stant,and when Ry Coi<<R,Cpp and ripCo, << R, Cpp
are satisfied,the dominant pole will be w, =1/R, Cpp.

The consistency of the LD and PD parameters
should be considered during optimization. For certain
LD and PD, with 65dB loop gain and a 10Mbps data
rate,simulation results show that a 100 to 200pF Cpp
can meet the phase margin requirement. As shown in
Fig. 6, when changing C,, from 100 to 200pF, the
waveform of the simulated LD drive current ([, +
I...q4) is improved because of the increased phase mar-
gin (reach 71.5"). The associated gain and phase
characteristic is shown in Fig. 7.

3.3 Guarantee of the cross point

Figure 6 illustrates that the cross point of the eye
diagram was close to the center. This is very impor-
tant for small PWD (pulse width distortion) and is
guaranteed by the output of the input buffer shown in
Fig. 4. The input buffer is used to judge and reshape
the input data. As a low-speed TTL or CMOS input
signal,its rise time and fall time can change dramatic-
ally. The input buffer’s output will be used to select
I, or I, and its eye diagram cross point will deter-
mine the eventual output waveform quality. The input
buffer can adjust the judgment threshold according to
the input signal to keep the ideal output cross point by
its symmetrical output. The architecture of the input
buffer is shown in Fig. 8. M1-M8 constructs a compa-
rator. The threshold adjuster samples the high level of
DIN and latches it. Its medium value (V,) is used as
the judgment threshold.
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Fig.7 Stability analysis of loop
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4 Implementation and measurement

4.1 Implementation

Based on the theoretical analysis, the key circuit
parameters in Section 3 are chosen to hold the APPC
loop stable under all process corners. The chip was
implemented in CSMC 0.5pm mixed signal CMOS
technology with a 1. 5mm X 1. 9mm die area and the
micrograph of the chip is shown in Fig. 9. As a single
end mixed signal driver,it must be arranged and rou-
ted carefully to minimize the crosstalk. A guard-ring is
placed around different blocks. The power supply and
ground are divided into digital and analog sections to
prevent unexpected coupling. Furthermore, the tran-
sistors with large areas are realized in a multi-finger
structure, which will reduce the parasitic capacitance

greatly'"’ .

4.2 Measurement

With 5V supply,the LDD is coupled with LD di-
rectly. The main testing instruments consist of a
SMPO04 signal generator,a regulated DC power supply
PMRI18-1. 37R ,and an Agilent 86100A optical oscillo-
scope.

Test results indicate that the circuit can maintain
stable Py, with a PRBS (pseudorandom bit sequence)
and fixed pattern input,and Er is almost invariable.
The variations of P, and P, over temperature are
shown in Fig. 10 and are independent of input pat-
tern. P, changed only about 0. 4dB over — 20~ +80C

Fig.9 Micrograph of LDD chip

Fig.10 P, and P, over temperature
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and P, changed only about 0. 9dB over — 20~ +80C.
Er over temperature is shown in Fig. 11 and it
changed less than 0.6dB over — 20~ + 80C, for a
variation of about 2. 6% . The output optical pattern
with the 1000000000’ periodical sequence is shown
in Fig. 12;the bit rate is 10Mb/s. I, is 1. 03mA (P, is

Fig.13 Eye diagram at 10Mb/s
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Table 1 Summary of optical test results (@10Mb/s, Iy = 1. 03mA, I = 95pA)

. Rise time Fall time .
Average Extinction P-P RMS jitter
Parameter . (10% ~90%) (10% ~90%) .
power/pW ratio/dB ) jitter/ns /ps
/ns /ns
MIN 191.77 11.63 15.56 16.89 - -
Typical 200.94 12.81 15.89 17.11 3 416
MAX 202.57 12.85 25.8 24.4 - -

339 W) and I is 95 A (P, is 23uW) . Figure 12 in- variation of P, and P, is 1. 8% and 0. 8% over — 20~
dicates that LDD works well without line coding. Fig- +80C , respectively, with a variation of Er less than
ure 13 is the eye diagram with 2" —1 PRBS input.and  2.6% . The maximum drive current is 120mA and the
the RMS jitter is 416ps and the peak to peak jitter is  typical power dissipation is 100mW without consider-
3ns. It has a 200pF CPD for APPC loop stability. This  ing the drive current.

proves that the loop has enough phase-margin and no

overshoot on drive current, which coincides with the  References
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