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Supplementary Note 1: Structure of the slow light sicon PhC waveguide and

measurement setup

The employed single line defect PhC waveguide leas lbabricated on a Silicon-on-Insulator
substrate with slab height of 220nm. The lengtthefwaveguide is 396 pm and is connected
to the edges of the chip by polymer waveguidesettuce the coupling losses which are
converted into silicon access waveguides by indetépers. The silicon access waveguides
have a cross section of 3 x 0.223and a length of 5 mm, which are tapered downwidéh

of 0.85 um at the input of the PhC over a lengtR@3 pum. In this study, the lattice constant
of the PhC is 404 nm and the air-holes diamet@d® nm. In order to achieve a waveguide
with required dispersion, the first row of holesedily adjacent to the waveguide has been
shifted 50 nm away from the waveguide ceriteFhe oxide underneath the waveguide has
been removed, in order to achieve a symmetriclaitding®2 Coupling into the structure is
carried out in an end fire configuration, with ctng losses of approximately -4dB per facet.

The group velocity was measured using an exterrsahVZenhder interferometér

The experiment is arranged as displayed in Suppl@ane Figure 1. A mode-locked fiber

laser (Menlo system) with a 100 MHz repetition rakelivers pulses of approx. 100 fs
duration with a wide spectrum ranging from 1500n66dnm. The output is connected to a
grating filter with adjustable bandwidth and cernfrequency followed by an erbium-doped
fiber amplifier (EDFA). Pulses with tunable centeavelength between 1525 nm —1590 nm
and bandwidth between 0.1 nm — 4 nm (33 ps — 2¢as) be produced from this

configuration. The probe light is derived from anable diode laser (Photonetics PRI). It
delivers up to 8 mW of CW light, tunable from 15@01600 nm. The adjustment of optical
power and polarization is carried out with a conaltion of half-wave plates and polarizers.

The pump pulse is subsequently combined with tbhegfight through a 50/50 beam splitter.



The optical spectra are measured by the opticaltispe analyzer. To decrease the noise level

the spectrum is scanned with 1 nm bandwidth.

ML-Laser CW-Laser
S
Filter S
Coll. PD
ZDFA
HWP
OSA
Coll. Pol. C——1 Photo-
detector L]
o™
HWP Probe
4 Lens
—— Pol. y AN S
Pump
S = R
BS 7 U ,
FM Waveguide

Supplementary Figure 1: Schematic of the experiedeggtup. EDFA, erbium-doped fiber amplifier;
Coll., collimator; Pol., polarizer; HWP, half-waptate; BS, beam splitter; FM, Flipping mirror; OSA,
optical spectrum analyzer; and PD, photodiode.

Supplementary Note 2: Free carrier generation andndex change of an optical mode

The time dependence of the free carrier (FC) dyerN(t) at a fixed point in space generated

by two-photon absorption (TPA) of a pump pulse pggiing in a slow light silicon

waveguide is described by

O (I:_gjzl 2) - N0 ®

The first term on the right-hand-side of this equatiescribes the generation of free carriers

via the TPA process, while the second term des¢hbalecay of the generated free carriers,



characterized by the lifetimg.. Here,h is Planck’s constan = 0.7 cm/GW is the TPA
coefficient in silicon at a frequengy= 193.4 THz>, ng is the pump group index,; is the

silicon refractive index, anl{t) is the pump pulse intensity.

The FC induced refractive index change can be thestby the empirical relation presented

by Soref et af:
An(t)=-88M10%N(t)-8500*N(t)* 2)
We solve equation (1) numerically assuming a Ganssipulse intensity

1(t) = Ioexp(—4ln 2t%/t? ) with FC life timer.. = Ins . The maximum of the generated FC

pulse

density is given by:

2
18 ng 2 t ulse
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When a small perturbation of the refractive indexapplied, the frequency of an eigenmode
will change according fo

_ nge(r)lE(r)lzdr

Aw = 2 [e(MIE)|2dr (4)

For homogeneous spatial distributions fog and gete from equation (4) the relation:
=== 5)

Considering the dynamic switching configuration ur hC waveguide, special attention
should be paid to carrier diffusion in silicon. Tépatial distribution oiAn is restricted to the
center region of the waveguide up to the surroumélist row of holes, which inhibits carrier

diffusion out of the center region of the wavegfidessuming a smalin  which is constant

over the center region and zero elsewhere, comparadpatially homogenous change of the



refractive index, this assumption will not leadaaonsiderable change of the slope of the

shifted band diagram, and one gets from equatipn (4

Aa__An [(fraction ofI£|E|2 in the perturbed regions) (6)
w n
From this equation we can estimate the expectequémcy shift of the optical mode

according to the maximum refractive index change or EFhe presented slow light

waveguide the fraction is close to one.

For tpuse = 6 ps, ng =30, a pulse peak power of 4 W at the input of thewsl@ht
waveguide, and by taking into account an effeativele area of the pump pulseto$um? in
the slow light waveguide, we estimate the maximurdek change at the input of the

waveguide ofz —310°3, which corresponds to the generated FC density7at0'/cm3.
Supplementary Note 3: Pump power decay

We should mention that the pump power decays ih but access as well as the slow light
waveguides due to absorption and scattering. Weoappate the losses due FC absorption
and TPA in the access waveguide~b2dB and neglect linear losses in this waveguid@bs

in turn will lead to a pump peak power of 4 W a thput of the slow light waveguide. We
estimate total losses ef 4 dB inside our slow light waveguide as a restilt®2dB linear
losses’ and~ 2dB nonlinear losses due to FC absorption and ¥PAs the FC generation
rate via TPA is proportional to local pump poweuagd, therefore the index front has 8dB

exponential decay during propagation inside theagaide.

Supplementary Note 4: The intraband transition is ot reversible

The FC plasma mirror is asymmetric in its reflectjroperties. Due to the long lifetime, the
FC front does not cause an opposite slope of thhactere index front at its rear side. Thus,

the fast probe wave packet approaching the framh fthe rear side is transmitted through the



front and is blue shifted again. This is an intexb&ansition, again, however, this time, the
starting point originates from the switched bamdntthe probe wave packet is guided along
the phase continuity line and finally lands at ghleir frequency on the unswitched band.
Supplementary Figure 2 shows the experimental é¢wgpactra recorded with and without
pump pulses of an input probe at a wavelength @X5nm. Remarkably, with the pump
pulses present, the induced indirect transitioniradeads to a blue shift of the probe

frequency.

In contrast to the case presented in Fig. 3(ahefrhain manuscript where the probe wave
packet was travelling slower than the front, now gvobe wave packet is travelling faster
than the front. Therefore the probe wave alreadgrerthe waveguide in its switched zone,

thus the initial state of the probe wav@,, k;) already lies on the switched band
corresponding ta,; + Angc. The final state of the prolie,, k,) is determined graphically

from the crossing point of the phase continuityeliand the solid band, as schematically
illustrated at the inset of Supplementary FigurevRBich indicates that the final state of the

probe lies on the band correspondingio
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Supplementary Figure 2: Experimental spectra rexmbiat the output of our slow light silicon PhC
waveguide of an input probe at a wavelength of 1528n and pump peak power 6f2 W. The
spectrum of the CW probe that has not interactatl thie pump pulses (black trace), of the pump
pulses alone (blue trace), and of both the pumpsegsuland the probe (red trace). Inset shows
schematically the corresponding transition (red ahee dots). Grey dots represent the intraband
transition when the faster pump pulse approachesintially slower probe wave packet in the
unswitched zone.

Supplementary Note 5: Original calculated band diagam

Supplementary Figure 3 shows the original calcdlatspersion band, without correcting the
wave vector by the slope of the pump group velp@s/shown in the main manuscript. The
solid curve represents the dispersion band of wadegnode with refractive index;, while
the dashed curve indicates the waveguide moderefithctive index change of B8, Color
dots indicate the locations of the input waveleagth probe (red dot), pump pulse (orange

dot), and the expected wavelength of the shifteth@mave (blue dot).
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Supplementary Figure 3: The calculated dispersamdidrom the measured group index of our PhC.
The solid curve represents the dispersion bandaetguide mode with refractive indey;, while the
dashed curve indicates the waveguide mode witractifie index change of EBO®. Color dots
indicate the locations of the input wavelengthgabe (red dot), pump pulse (orange dot), and the
expected wavelength of the shifted probe wave (Baig

Supplementary Note 6: Simulation of CW wave packetsajectories

Here, we simulate the FC front and CW probe waweketa interaction inside th0 um

long waveguide. We focus on the part of the indigenbe light that interacts with the front
and ignore both the unperturbed input CW probet lagh well as the components that are
slightly down shifted in frequency due to slow FEcdy after the front propagation. We
assume that we can split the CW probe into wavekgiacand track their trajectory and
frequency shift. At the end of the waveguide wecglate the energy of the shifted probe by
adding up the energy of the shifted wave packédts dpproach neglects the spectral width of
the wave packet and interference effects betweenvtve packets and thus represents a ray

optics approximation.



In our simulation we use a front with a linear €lojVe took into account the FC absorption
of the probe scaling linearly with FC concentrati@he absorption coefficient is 30 tnat

FC concentration of [Z0*"/cm3 %, taking a slow-down factor of 10 into account. dlsve
consider an exponential decay of the front refvactihdex change during propagation inside
the waveguide due to scattering and TPA and FC rpbso with decay constant
corresponding to 8dB decay in 400um waveguide. W& with a defined frequency of the
wave packet and calculate its wavenumber and gvelgeity at the input in accordance to its
position in respect to the front. In a small tinepsa wave packet propagates a small distance
according to its group velocity. Being inside thent the wave packet accumulates a
frequency shift according to eq. (1) in the maimosxript, a wavenumber shift according to
Ak = Aw/vF and is subject to absorption according to thellé€aconcentration. This leads
to a change of the group velocity which determinew the wave packet further propagates.
Thus, we track the signal wave packets in spacdiar@land accumulate the frequency shift.
At the end at the output of the waveguide we obtam wave packets with their new

frequency and smaller energy due to FC absorption.

Supplementary Figure 4 presents the simulationlteefar an input probe light at 1531.5 nm
with 6 pyW CW output power at two different valuesAay,;r.. Here, we chose the front
rising time of 6 ps and front group index of 30.eTtime step for evaluation of the new
position and new group velocity of the wave padkethe simulation is 0.1 ps. The starting
time of the first wave packet is 5 ps ahead ofdfagting time of the front, while the starting
time of the last wave packet is 7 ps after thetffas started. Here, the number of simulated
wave packets is 120. In Supplementary Figures 4atig) (d), we show the trajectories of only
few wave packets for clarity. Black lines represetse wave packets that interacting with
the front and undergo interband and intraband itians. The two magenta lines illustrate the

extent of the index front with a slope equal to gheup velocity of the pump and with a rising



time of 6 ps. The 40 ps simulation time is assedatith time spent by the front with a group

index of 30 inside the 400 um long waveguide.

Supplementary Figures 4 (a), and (b) shows theulzdx output average power of the wave
packets integrated over frequency intervals of 1 amd their trajectories for the case of
Awgpif, being insufficient to induce intraband transitioMée can see that most of the wave
packets energies are concentrated in the frequamteyval corresponding to interband
transitions (& 1nm blue shift from the input wavelength at 153in%). We can see also from
the trajectories of the wave packets that theiosiies stay approximately the same as they

propagate in the front.

Supplementary Figures 4 (c), and (d) present theuleded average power of the wave
packets and their trajectories for the casémf,;f, being sufficient to induce intraband
transitions (the same as Fig. 5 in the main textthout correcting the time by the slope of
the pump group velocity). Now, from Supplementarguife 4 (c) we can observe that the
energies of the wave packets are shifted and adcsinorter wavelengths, as observed in our
experiment. Compared to the previous case, the wavkets got accelerated after interacting

with the front, as shown in Supplementary Figu(d)4
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Supplementary Figure 4: Simulation of the FC frioé¢raction with CW probe wave packets in case
of (a, b)Awgpf; is insufficient to induce intraband transitionda(e, d)Awgp,f. is sufficient to induce
intraband transition. Left: Average power spectrofthe frequency shifted wave packets at 6 pW
output CW probe power at 1531.5 nm, rising timeahaf front of 6 ps, Right: their trajectories. The
two magenta lines represent the index front witlope equal to the group velocity of the pump and
rising time of 6 ps. The shading represents thetfrefractive index changes exponentially decaying
during propagation inside the waveguide. Blackdimepresent those wave packets that interacting
with the front and undergo both interband and bdral transitions.

Supplementary Figures 5 (a), and (b) present theuleded average power of the wave
packets interacting with 1 ps long pump pulse -wité same input pump peak power- and
their trajectories for the case i, being sufficient to induce intraband transitions,
respectively. In this case the time spent by theewsackets inside the froat is shorter than

in case of 6 ps long pump, therefore the wave pgackdl experience less FC absorption



before reflection. In turn, the reflection efficenwill be increased compared to 6 ps long
pulses. Recalling equation 2 in the main manusdtig maximally transformable fraction of
the incoming CW probe power in this case due toitleraction with single pump pulses
arriving at 100 MHz repetition rate is 08 °>. Thus the maximal average power of 3 nW
would be expected at output for transmitted 6 pW @kdbe. We obtain 2.1 nW average
power of the shifted light, which corresponds t&%67€onversion efficiency. Compared to the

case of 6 ps pump, here the reflection efficiendlybe 2 times higher.
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Supplementary Figure 5: Simulation of the FC friot¢raction with CW probe wave packets in case
of Awgp;s¢ 1s sufficient to induce an intraband transitiorthna pump pulse duration of 1 ps with the
same pump peak power as for the case of 6 ps.dwftage power spectrum of the frequency shifted
wave packets at the output, Right: their trajeemrirhe output CW probe power is 6 pW at 1531.5
nm.
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