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Abstract: Impedance characteristics of a membrane DFB laser were measured to reveal an effect of parasitics on the
modulation bandwidth. The cutoff frequency was obtained to be 13.7 GHz by measuring reflection S11. Additionally, 18
Gbit/s direct modulation was performed at a bias current of 1.5-mA.
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1.

INTRODUCTION
Ultra-low power-consumption and high-speed lasers are needed for an on-chip optical interconnection. A membrane DFB
laser is one of promising light sources for such application due to its strong optical confinement and high index-coupling
grating structure [1]. We have previously shown a low-threshold and modulation characteristics of the membrane DFB
laser [2,3]. However, the effect of parasitics of the membrane DFB laser was not studied, so far. In this paper, we present
the bandwidth limitation by parasitics of the membrane DFB laser from measured high-frequency impedance
characteristics. The equivalent-circuit elements representing parasitics can be determined by measuring high-frequency
microwave reflection S11 [4,5]. The cutoff frequency of 13.7 GHz was obtained and intrinsic small-signal response of the
laser was derived. Finally, a large-signal direct modulation of the membrane DFB laser was performed.

2.

DEVICE STRUCTURE AND EQUIVALENT-CIRCUIT
Figure 1(a) shows a schematic of the membrane DFB laser bonded on a Si substrate by 2-µm-thick BCB polymer. The
cavity length of the DFB laser and the passive waveguide length were 50 µm and 20 µm, respectively. A cross-sectional
schematic of the active region is shown in Fig. 1(b). A 270-nm-thick semiconductor layer was stacked on a 1-µm-thick
SiO2 cladding layer. The stripe width of the active region was 0.6 µm and the area of contact pads was 80 µm × 50 µm.
We used an equivalent circuit as shown in Fig. 1(c). The model consists of circuit elements of the laser and parasitic
capacitance [3]. Cp and Rsh represent the parasitic capacitance between the contact pads (include the capacitances of
dielectric layers) and the sheet resistances of n- and p-InP layers, respectively. Rj and Cj represent junction resistance and
capacitance of the laser. The impedance Z0 (= 50 Ω) represents the characteristic impedance of the transmission line.
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Fig. 1. (a) Schematic of the membrane DFB laser. (b) Cross section. (c) An equivalent circuit for the membrane DFB laser.
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MEASUREMENT OF REFLECTION S11
A microwave reflection S11 of the membrane DFB laser was measured for various bias current conditions by using a
vector network analyzer. The measurement was conducted by using a ground-signal RF probe directly contacted on the
device. The measured S11 was fitted by calculated S11 of the equivalent circuit. Figure 2(a) shows measured and fitted S11
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Fig. 2. (a) Measured reflection S11 on a Smith chart. (b) Measured and fitted real and imaginary parts of S11.
(c) Extracted junction capacitance Cj and parasitic capacitance Cp for various bias current.
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at a bias current of 1.6-mA on a Smith chart in the frequency range of 0.05–30 GHz. The real and imaginary parts of S11
of measured and fitted values were shown in Fig. 2(b). The fitting was well matched to the measured values. The extracted
capacitance elements were plotted as a function of bias current to the laser. At a bias current of 1.6 mA, the junction
capacitance Cj of 61 fF was higher than the expected value estimated by junction area of p-i-n diode region. This was
caused by the residual pn junction at the top of n-InP layer, therefore by removing this region Cj will reduced to several
fF. The parasitic capacitance Cp was sufficiently small value of 14 fF, thanks to that the membrane structure mainly
consists of low-dielectric cladding layers. The junction resistance Rj and sheet resistance Rsh were 834 and 200 Ω,
respectively.
4.

MODULATION CHARACTERISTICS
Next, we measured direct modulation properties of the membrane DFB laser. The light output characteristic of measured
device is shown in Fig. 3(a). A threshold current Ith and external quantum efficiency ηd were 0.21 mA and 5%,
respectively. The overall transfer function of a laser is expressed as follows [4]
2

H (ω) = HRC (ω) Hintrinsic (ω)

2

The intrinsic small-signal response Hintrinsic (ω) was extracted from measured response H (ω) by subtracting the electrical
parasitic response HRC (ω). Figure 3(b) shows small-signal response with maximum bandwidth obtained at a bias current
of 1.47 mA. The graph includes measured response, parasitic response, and extracted intrinsic laser response. A 3dB
bandwidth of measured response was 13.7 GHz. By subtracting the parasitic response with cutoff frequency of 13.7 GHz,
the 3dB bandwidth of intrinsic response becomes 14.8 GHz. Therefore, we confirmed that the parasitics had small effect
on the 3dB bandwidth. Because there was a clear resonance peak indicating the small damping in Fig. 3(b), the bandwidth
was limited due to a thermal effect. As a proof of high-speed operation of the membrane DFB laser, a large-signal direct
modulation was performed using a non-return-to-zero signal with pseudo-random-bit-sequence of 231-1. The light output
of the device was amplified by erbium-doped fiber amplifier. Figure 3(c) shows 18 Gbit/s eye diagram at a bias current
of 1.5 mA (I=7.1 Ith). The eye opening was obtained with an extinction ratio (ER) of 4.1 dB and a bit-error-rate (BER) of
2.4×10-9 at averaged received power of -7.8 dBm.
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Fig. 3. (a) Light output characteristics of the membrane DFB laser. (b) Small-signal response measured at a bias current of 1.47
mA. (c) 18 Gbit/s eye diagram at a bias current of 1.5 mA.

5.

CONCLUSION
High-frequency impedance characteristics of a membrane DFB laser were measured. A low parasitic capacitance of 14
fF was obtained. The cutoff frequency of 13.7 GHz was predominantly limited by the junction capacitance. However, the
parasitic effect on the bandwidth was found to be small because the parasitic cutoff frequency was close to the intrinsic
bandwidth of 14.8 GHz. The membrane DFB laser was successfully operated at 18 Gbit/s direct modulation at the bias
current of 1.5 mA (I=7.1 Ith).
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