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Abstract

We present TCAD simulation results for capacitive mdulator
integration in a 300mm SOI photonics platform. We ind a trade-
off between bandwidth and component efficiency witd3nm thick
capacitor oxide. The design, as compact as 820untige length for
4.5dB extinction ratio, operates at 56Gb/s with lowpower
consumption (0.37pJ/bit at 0.9Vpp swing).

1. Introduction

Optical carrier modulation is a key challenge iticen
photonics transmission links® Using a Mach Zehnder
interferometer as amplitude modulator, we desiga@zacitive
phase shifter (CPS) embedded on each optical patiheo
interferometer. To be competitive, this photoniwide must
achieve a good trade-off between high bandwidtv, power
consumption, large phase shift and low inserticgsés (IL).
While mature technologies provide 25Gb/s bandwiutitis PN
junction phase shiftets CPS development has already
demonstrated 8dB extinction ratio at 40Gb/s withlyon
6.5dB/mm 156, CPS operate at narrow voltage swings with
respect to PN junctions, thus leading to low pog@rsumption
for both the electro-optic phase shifter and thectebnic
integrated circuit. We propose a new CPS deviggetarg low
power consumption and 56Gb/s data rates, compatitite
300mm silicon photonics platfofinwWe describe the simulated
device in section Il, section Ill is devoted to wev
performances and trade-offs to reach low power wopsion
and high data-rates.

2. Simulated Device Description
Process Flow

CPS consists of two arms overlapping on an inteafaxide
to build up a capacitor in the device optical pdthe right arm
(Fig. 1a) of the capacitor is made up of patterd@dnm thick
Silicon-On-Insulator (SOI). The SOI is encapsulatdtth oxide
and implanted with Boron. The left arm, made uplebosited
amorphous Silicon, is defined by opening a cavitytle
planarized oxide above the patterned SOI. Usingadasme-
like front-end process stepsne can expect low interface defect
density and low charged defects
planarization, the left arm top is aligned with tB©I top,
allowing the use of a standard back-end process. fifter
crystallization and poly-Si patterning, the capacitctive
region serves as optical waveguide (WG) in thectitine center
(Fig. 1b).
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Fig. 1 (a) Process

Electro-Optic Smulation

Free carrier densities and electrical admittaneesanulated
with Sentaurus Process and Device softfvare voltage
difference between the anode and the cathode (tbagly left
and right metal contacts in Fig. 1a) is swept frorbV to 1.8V.
We extract free carrier densities for each valuthefpotential
difference and 1.8V admittant€w) = G(w) + joC(w)). We
then calculate the transfer function

)2

giving the -3dB cut-off, corresponding to the ser®Cs filter
bandwidth with C; = C(LF) . Electro-optic conversion is
achieved by using Soref coefficientsto interpolate the 2D
nx(x,y,V) matrix. Regular output mesh step is aroil
Lumerical MODE softwarg finally calculates the resulting

guided fundamental TE mode effective index in tlodive
capacitor WG. From the effective index variationthwthe

potentialAn,;, the phase shift i8¢ = 1311#Ane”. The

imaginary part at 1.8V indicates worst case IL.gehshift error
convergence is to the nearest 2.5°/mm, the absarpti 10
4dB/mm

G(w)
wC(w)

H= 1+(

3. Capacitive Modulator Design

WG Optimal Design

The capacitor device consists of a TE rib WG with slabs
for the electric contact and optimized for polati@a stability
and mode confinement/bandwidth trade-off. Shallolab s
patterning (100nm thick) provides low access rasists for
bandwidth optimization. Mode peak intensity positiaith
respect to the active region is driven by the #itédkness ratio.
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The bottom slab can be as thin as 80nm to shiftrtbde peak
upward with 10% decrease of both the bandwidththaedotal
losses (including 7% active length decrease).

The WG width wy,; [nm] also contributes to the

bandwidth/confinement trade-off. The cut-off fregog
increases with decreasing,;, following:
1 1 1 t
fe s (1)

~ 2nR C_ox ~2nR EoxWwa

WhereC,,[F/mm] is the oxide capacitande[Q.mm] the series
resistance,t,, [nm] the capacitor oxide thickness, and
g,x[F/mm] the oxide permittivity £ = 3.9). Without shallow
slab patterning, the mode area is hardly decreaghdvy,., a
good overlap factor is provided by a wide capaciaonly,
limiting the device speed. With a shallow etch, whdth can be
shrunk down to 300nm width (Fig. 1c).
Bias Point Optimization

To derive the best bias point of our device with tbwest
dynamic power, we vary the applied voltage betwésn
electrodes. We plot the phase shift with respeMeffective
index, and IL per unit length (Fig. 2).

Bias Point Optimization
Oxide Thickness: —#—10 nm —&— 15 nm

Performance Trade-offs
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Fig. 3 Bandwidth / IL Trade-off

CPS device efficiency increases with decreasingleox
thickness at the cost of the bandwidth (Fig. 2 ligd 3), due to
a capacitance increase (Eq. 1). We target ~800ineaegion
length for a 30° phase shift. IL are increased it doping

-100 5.0 level and less significantly with the length. Wegtt 4dB totall
losses (including 1dB/mth poly-Si absorption). Since the
-80 45¢ energy per bit (< 0.4pJ/bit) is marginally decrehséth the
5 £ doping level, we must optimize IL with the lowesipihg level.
£-60 408 We summarize the performances of the device iridimwving
pry 15 8 table for each data-rate target:
= 352
o ) R - Ref[F] | [f] This work**
£ namiic Going] | - £ Datarate [Gb/s] 40 | 2.4 29 40 56
)52 Voltage Swing [V] 1 15| 09 09 049
’ Oxide Thickness [nm - 5 7 12 134
20 Doping Level [x102 cnt3] - 1 |052| 052 1.1
-0.5 05 15 30° Shift Length [um] 330 530 470 740 820
Applied Voltage [V] Total Losses (30°) [dB]  2.145 3 1.3 1B 4|5
Fig. 2 Phase Shift and IL (low material absorptiog=3.8x10°) for Ebit [ pJ/bit] fcfnf;:lzate p(;'tﬁs O.Sf*sir?ullziftionso.w

Ndop=1.1x10%cnt3

The free carrier swing is obtained by chargingdapacitor
(Q =C,,V) with majority carrier accumulation. While the

depletion regime is'V-dependent below the Flat-Band voltage

V<Ve=0.7V, the phase shift is almost linear in accuniora
(Fig. 2). The voltage swing can be decreased tgp@h30 gain
in dynamic power consumptionEf;; = Coy (tor, L)Vpy/2).
Applying a DC bias of 1.35V, we shift the voltageirgg in the
linear regime where a higher modulation
compensates the voltage swing decrease.

The highest loss level arises at 1.8V, consistiigrmde
intrinsic losses (0.16dB/mm), poly-Si estimated skss
(1dB/mnt?), doping level losses (~3.7dB/mm at 1.1%&673),
and losses from free carrier accumulation at oxiderfaces
(<1dB/mm).

For t,, = 13.4nm , the simulated oxide capacitance is
~1.1pF/mm. In the next section, we look for therst®i devices
to reach <1pJ/bit power consumption at 0.9Vpp sveind 30°
phase shift (4.5dB extinction ratio).

4. Conclusion

We present the design of a horizontal oxide CP&mniged
for 40Gb/s and 56Gb/s data-rates. Low power consiomp
(0.37pJ/bit) is the main advantage of CPS thanksdio low AC
operating amplitude (0.9Vpp), interesting for tixéeenal driver
consumption as well.
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