by QD-MLL

Due to the global interestin higherfrequencybandwidth,the subjectof stablephoto
electronic sourcesbecomesa key elementin mm-wave generation.In this research,a
guantumdot mode-lockedlaser, depictedin Fig. 1, basedon a multi-stack "Dots-in-a-
WELL" (DWELL) laseris proposedas the source.lts expandedangeof stablemode-
locking operationpermitshigher RF powerto be extractedfrom the device[l, 2]. The
QD-MLL includesthe saturableabsorbethatextractsa millimeter wavefrom the optical
range wave and convertsit to electrical pulsesas well. It is electrically similar to a
reverse-biasedhigh-speedohotodiode.One of the main advantagesf implementingthe
QD-MLL asaninputis to build the entire RF systemon a compactchip. The antennas
designedo coupleto the pulseandits repetitionratewhich dependson the lengthofthe
laserchip [3]. In here,the pulserepetitionrate of the 4. 1mmcavity long QD-MLL is 10.2
GHz. To avoid power loss due to any mismatchesbetweenthe laser sourceand the
antennaa reactivematchingtechniqueis applied. The matchingcircuit is also designed
to dealwith two frequencies;10, 20 GHz.

Reverse bias voltage [V]
Fig. 1. Two sectionquantum-dopassivelymode-lockedaser
andits measureautputimpedanceofa saturableabsorbein the QD-MLL.
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Fig. 4. A bowtie slot antenna with an antenna matching stub.
Ws: width of a triangle bow, Ls: length of a triangle, Ly: length of a short CPW stub
W: 54.14[um] (CPW width), G: 40.00[um] (CPW gap)

Dual band bowtie slot antenna

One of the advantages of using a QD-MLL as an RF-signal source is that it generates
harmonic pulses by every repetition rate. The repetition rate of a 4.2 mm long QD-MLL
is recorded as 10.2 GHz. Fig. 4 shows a 10 and 20 GHz resonant bowtie slot antenna
coupled to the new RF source. The antenna feeding line is identical with that of the
matching network to avoid any power losses due to abrupt CPW’s terminal changes. In
the inset in Fig. 4, the transmission line is extended to the short CPW stub line with the
length of Ly. It cancels the reactance of the antenna so that the antenna impedance is
matched to 50 [Q)] at the two desired frequencies. The table included in Fig. 4 shows the
length and width of the bowtie antenna constructed on a 450 [um] thick SI-GaAs
substrate. The S11 results show the antenna to have a very good match at the first (10
GHz) and second (20 GHz) repetition rates of the QD-MLL. The radiated field, shown in
Figure 5, is mostly focused on the direction normal to the substrate (z direction).

Fig. 5. Return loss of a bowtie slot antenna alone and its 3D radiation pattern at 10 GHz
(m4), and 20 GHz (m5)
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Finally, simulated results in Figure 6 show the improvement of the entire device at 10
and 20 GHz when the QD-MLL source is well matched to the antenna. In fact, the
antenna is enhanced by 5.25 dB at 10 GHz and 5.75 dB at 20 GHz in the matched case.

Fig. 6. Performance enhancement of a whole system under unmatched conditions (Blue
line: -1.45dB at 10 GHz, -1.27 dB at 20 GHz) and matched conditions (Red line: -12.8
dB at 10 GHz, -13.346 dB at 20 GHz).

Conclusion

A dual band resonant antenna coupled to a QD-MLL and the corresponding matching
network are presented. The S11 response of the antenna shows good improvement
compared with the unmatched case. A comparison of S11 for the whole system indicates
that the delivered power to the antenna is enhanced by 5.25 dB at 10 GHz and 5.75 dB at
20 GHz in the matched case.
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