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Abstract—A new LiNbOs/Si-hybrid electro-optic modulator ° Wavegug',i ﬁn

that utilizes a doped-Si slot waveguide is proposed. An
excellent performance, i.e., an improvement of two orders
of magnitude inV; L, is demonstrated via simulations when
compared with the performance of the conventional LiNbO
modulators.
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. INTRODUCTION
S photonics is revolutionizing the short-reach

- ranscelv_ers in data centers [1]_’ Wh”e_ Iegac¥ig. 1 LiNbOs/Si-hybrid electro-optic modulator. The doped-Si slot
LiNbO3 optical modulators are still dominatingwaveguide is sandwiched between LiNp@nd SiQ layers.
for the long-distance optical communications. The

advantages of Si optical modulators are availabilities o
low-cost fabrication processes, low-power consumptioghe slot waveguide, and pristine LiNgOis bonded
and integration capabilities with various optical Spnto it (e.g., via the direct-wafer-bonding technique),
components, while the disadvantages are the operatihys avoiding the difficulties in patterning on LiNGO
speed typically up to 40-50Gbps and absence of intringjere we use an evanescent mode [4] formed between
electro-optic (E/O) effect for low-optical-loss operationthe doped-Si slot waveguide and the attached LiNbO
Although the conventional LINbO optical modulators which gives a small optical core size (or high optical
have advantages of strong E/O effect without carrigntensity) in LiNbO;. The doped-Si slot waveguide also
injections, high-speed operation exceeding 100GbRgorks as electrodes, which give high electric field to
and high reliability over other materials, e.g., organigiNbO; with small-gapped electrodes. Those features
polymers [2], they have disadvantages of lack ahake it possible to remarkably downsize the LiNpO
patterning processes [3], large feature size (as larghodulator of lengthe50mm and core size 3-Ln, thus
as ~50mm in length), large power consumption du@chieving low-power consumption by removal of the
to 5042 termination for the travelling-waveguide50<) termination resistor and use of lumped constant
electrodes, and difficulties of integration. circuits. Furthermore, if we can reduce the operation
Here, we report an excellent modulator performangfoltage down to 1V with the small-gapped electrodes,
using a type of LiNb@/Si-hybrid E/O modulator, as we can use a CMOS driver.
shown in Fig. 1, by overcoming those drawbacks of the employing the doped-Si slot waveguide with the
conventional LINb@ modulator with the help of the Si gpgve excellent properties, our new LiNPSi-hybrid

Metal

technology. modulator realizes a remarkable improvement in
modulator performance (i.e., two orders of magnitude
Il. DEVICE STRUCTURE AND FUNCTION small V; L) when compared with the performance of the

In the proposed hybrid modulator, doped-Si on toponventional LiNbQ modulator {/,L ~ 10V-cm [5]),
of a silicon-on-insulator (SOI) wafer is patterned intavhich will be shown in detail in the next section.
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Fig. 2 Optical field of the doped-Si slot waveguide on LiNp&t an L (log. scale)
input wavelength of 1550nm for TE-modes with different slot air-gap
sizes: (a) 10 nm, (b) 30 nm, (c) 50 nm. The colors (blue, yellow, red)

of the field strength represefit 80, 140V/m, respectively.
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Doped Doped Fig. 4 The half-wavelength voltag€, vs modulator lengthl. The
s 3 inset shows the logarithmic plot of; and L.

LiNbO,

V,.-L = 4.16x10~2V-cm, which is a 1/240 smaller value

Fig. 3 Electric field €.) of the horizontal £) direction for the slot {han that of the conventional LiNbOmodulator. We
waveguide on LiNb@ with different slot air-gap sizes: (a) 20 nm, (b) | ted/- - L of a LINbO+/Si-hvbrid dulat
40 nm, (c) 60 nm. The colors (blue, yellow, red) of the field strengtRISO computed/ - L of a LiNbOs/Si-hybrid modulator

represend, 2,5 x 107V/m, respectively. of a standard waveguide without a slot, and obtained
V.- L = 11.1V.cm as a structure-optimized value,

which is a comparable value to the conventional LiINbO

[1l. RESULTS modulator. In comparison with them, we could confirm

Figures 2 and 3 show the computed optical and electffe® ffectiveness of using the doped-Si slot waveguide
fields forp-doped-slot waveguides (doping concentratioffl the LINDOs/Si-hybrid modulator.
1.0 x 10'8/cm?) with a size ofh = w = 300nm. We IV. SUMMARY
can see evanescent optical and electric field modes ir\Ne

. : have examined the performance of a
LiNbOj just under the slot gap, where the top and dOWIGNbO3/Si-hybrid E/O modulator with a doped-Si

layers in Fig. 1 were flipped upside down, and the Si finI0t wavequide. We have confirmed an excellent
structure in Fig. 1 was replaced with a uniform structur guide. ;
performance, i.e., an improvement of two orders

g;t:] ir? I(?lw \:\?:a;g:gr\lzge)t(h;?r aibalcila?zg zlrrr?p[[lrc]gy. of magnitude in V;L, when compared with that
ying 7, ' of the conventional LiINb@® modulator and the

optical evanescent mode turned into a perfectly-leaky ; . g .
mode in LINbQ, thus settingh — 200 nm in what ﬁNb03/S|-hybr|d modulator with a standard waveguide.
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