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I. SUPPLEMENTARY NOTE 1: SOLITON
CHARACTERIZATION AND INDIVIDUAL
CHANNELS SWITCHING

Supplementary figure 1 a) shows the absolute power
and optical signal to noise ratio (OSNR) of the individual
combs lines after post-amplification. Around 25 channels
in the C-band have a power of more than -18 dBm and
an OSNR of 34 dB. The four channels around the pump
mode centered at 1550 nm (CH 32) have a lower OSNR
due to residual ASE noise. This can be avoided either
by using a narrower optical bandpass filter or by using
the drop-port of the microresonators to couple out the
soliton instead of the through port. All these individual
comb channels are used to perform the optical circuit
switching using discrete SOAs with the setup shown in
figure 2a (main text). The 10%-90% rise and fall times
are less than 520 ps. These results indicate that more
than 40 channels in L-band can be implemented using
the current OCS architecture.

II. SUPPLEMENTARY NOTE 2: FOUR COMB
CHANNELS SWITCHING WITH 20-NM
SEPARATION

The sub-ns switching between four different comb
channels having a maximum separation of more than 20
nm is shown in supplementary figure 2. The variations
in comb channel power and SOAs gain are compensated
by applying different biasing currents to each SOA. A bi-
asing current of 94 mA, 109 mA, 139 mA, and 134 mA
is applied to the SOAs connected to AWG channels 35,
43, 19, and 27, respectively.

III. SUPPLEMENTARY NOTE 3: SOLITON
MICROCOMB POWER CONSUMPTION

In this section, a detailed power consumption analy-
sis is carried out to understand the system performance
and to provide possible ways to improve it further. The
multi-wavelength soliton microcomb is generated using
the setup shown in figure 2a (main text). A compact
KOHERAS BASIK fiber laser is used to pump the mi-
croresonator, which consumes approximately 1.5 W elec-
trical power when operated at low optical power (~ 1
mW). A high power BKtel erbium-doped optical ampli-
fier (EDFA) providing gain of up to 34 dB is used mainly

to overcome the coupling losses. A single soliton is ac-
cessed at a power 1.2 W at the input fiber (450 mW in
bus waveguide), while a high power EDFA operated at a
power of 1.8 W compensates the additional 1.5 dB inser-
tion loss (IL) of a narrow band optical bandpass filter.
The high power EDFA consumes around 24 W of electri-
cal power. A thermoelectric cooler (TEC) based control
loop is implemented to stabilize the temperature, actuat-
ing on the SizNy chip and consuming ~ 0.5 W of electrical
power. After filtering out the pump, the soliton is fur-
ther amplified using a low noise EDFA which consumes 4
W electrical power. The total electrical power consumed
by the multi-wavelength source is 30 W and the electri-
cal power consumed by each carrier is around 500 mW
(60 carriers in C- and L-bands suitable for switching and
data transmission).

Supplementary Table 1:
Electrical power consumption (current system)

Components Power consumed
Laser 1.5W
TEC 0.5 W
High power EDFA 24 W

Low-noise EDFA (post amplifi-|4 W
cation)

Total

30 W

As mentioned in the main text, the main origin of excess
power consumption is the lower coupling efficiency into
the packaged SigN,4 microresonator arising due to splicing
loss between the ultra-high numerical aperture (UHNA)
and SMF-28 fibers (1 dB per facet). The coupling ef-
ficiency can be improved > 50% by using an optimized
mode converter and by reducing the splicing loss between
the UHNA-SMF fibers[1, 2]. These improvements allow
the generation of solitons at an input power of 0.8 W, in-
cluding 1-dB loss from the optical bandpass filter. In ad-
dition, a more compact, power-efficient (electrical power
~ 0.5 W), and on-chip laser can be used to generate the
soliton microcomb without requiring lasers with a stabi-
lized module [3, 4]. Similarly, a monolithic piezoelectric
or an integrated heater element can be used to stabilize
the soliton, ensuring long term operation and reducing
the power consumption to the range of nW to few-mW
(TEC, 0.5 W) [5, 6]. These improvements, such as using
an on-chip laser, optimized coupling and on-chip actua-
tion, will reduce the power consumption of the system
down to 15.5 W (193 mW per carrier). Also, it will give
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Supplementary Figure 1. The power, optical signal to noise ratio (OSNR), and individual channel switching
characterization of soliton microcomb. a) The optical power of different channels in C-band up to -4 dBm. The OSNR
of two channels around CH 32 (pump mode, ~ 1550 nm) is degraded due to ASE noise. The remaining 23 channels have
an OSNR of > 34 dB. b) The 10%-90 % rise and fall times of around ~ 24 channels lying in the C-band with a maximum
switching time of less than 520 ps while using discrete semiconductor optical amplifiers (SOAs).

access to more than 80 optical carriers as output cou-
pling will be increased around two times. The optimiza-
tion of the microresonators’ different design parameters
(as shown in supplementary information of ref[7]) such as
coupling strength (k.;) and second-order dispersion (Ds)
eliminates the need for post-amplification of comb lines.
This will reduce the power consumption down to 13 W
for more than 114 carriers in the C and L bands.

Supplementary Table 2:
Electrical power consumption ( Popy. ~ 13 dBm /line)
Components Power consumed
Laser (DFB) 0.5 W
High power EDFA 11W
Low-noise EDFA (post amplifi-|8 W
cation , C- and L-bands)
High power EDFA (post amplifi-|63 W
cation , C- and L-bands)
Total 82.5 W
Per server (sharing between 32) [2.57 W

Besides, the comb source can be shared across many
servers or transceivers as a parallel multi-wavelength
source. As pointed in ref. [7] supplementary informa-
tion, it is possible to generate the soliton microcomb in
C and L-band with ~ 13 dbm power per carrier while
using two additional C- and L-band amplifiers. This par-
ticular source can be distributed among 32 servers using
a 1x32 splitter with an average insertion loss of around
17 dB. Each server will have a soliton microcomb source
with -4 dBm power per carrier for independent wave-
length switching. The total electrical power consumed
by the whole system and each server is around 82.5 W
and 2.57 W respectively. The power efficiency can be
improved to 37 W for the whole system and 1.15 W for
each server by using the on-chip amplifier[8]. This makes
micro-comb based wavelength sources a more flexible and
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Supplementary Figure 2. The fast wavelength switch-
ing between four different comb channels spanning 20
nm. a) The simultaneous switching of four different comb
channels using discrete SOAs. The limitation of the wave-
length span in the current system is due to an optical band-
pass filter used to reject channels in the next order of free
spectral range from C-band AWG.

power-efficient solution for optical circuit switching in the
data center.

Next, we evaluated the OSNR of a single comb genera-
tor shared between 32 nodes while a single node provides
4x122 individual connections (supplementary figure 3).
The following analytical expressions are used to estimate
the OSNR.

Pout

OSNR = ,
Pase

(1)
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Supplementary Figure 3. The experimental setup to gen-
erate the comb lines having 13 dBm to shared across
multiple nodes and transmitters. The soliton microcomb
after the SisNy4 chip is amplified using a low noise pre-amplifier
(G ~ 12dB, F(noise figure) ~ 4.5 — 5) [9]. The pre-amplified
microcomb is separated into C and L bands via demux (In-
sertion loss (L.L.) ~ 0.5 dB) and then amplified using high
gain amplifiers (G ~ 20 —25dB, F'(noise figure) ~ 5.5 —6) [9].
The post amplified soliton is further split into 32 channels us-
ing a 1x32 splitter (I.LL. ~ 17 dB ). One of the split channels
is transmitted through AWGR (L.L. ~ 4 - 6 dB ) and SOAs
(G ~ 10dB, F(noise figure) ~ 6) for fast optical wavelength
switching[10]. The signal is further amplified using a low noise
amplifier (G ~ 12dB, F'(noise figure) ~ 4.5 — 5) after switch-
ing to shared across multiple transmitters (MZM).

where Py and Pagsg are the output power and the ASE
noise of a single comb channel after being amplified by an
amplifier or a SOA. The amplified output power of each
comb channel after EDFA is given by Pou = GPeoms,
where G is the gain. The ASE noise power is given by
Pasg = hvByot(FG — 1) and h is the Planck constant, v
is the optical frequency of comb channel, F' is the noise
figure of an EDFA and B¢ is the reference bandwidth
for noise measurement (12.5 GHz). The total gain (G)
and noise figure (F) of the system consisting of a chain
of amplifiers is given by

N
G =[] auGn (2)
n=1

1 Fy F3 F,
Ft o Gt+<F1 + G1a1 + G1a1G2a2 +
3)

Where « is the power transmission factor of passive
component (0 < a < 1) while Gy, Ga, ..., G, and Fy, Fs,
..., Fy, are gain and noise figure of individual amplifier re-
spectively. An optimized high power comb source could
provide carriers with maximum and minimum OSNR of
~ 39 dB (Pcomb= -12 dBm) and ~ 35 dB (Peomb= -
16 dBm) before data encoding via MZM (supplementary
figure 3) indicating better OSNR can be achieved in com-
parison with current results. The variation in OSNR is
due to the varying power of comb lines in ~ 3 dB band-
width. The variation in OSNR can be reduced and fur-
ther improved by optimizing the ratio of kex and kg and
second order dispersion.
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IV. SUPPLEMENTARY NOTE 4:

SCALABILITY

Increasing the number of nodes in the current system
would require using soliton microcomb and AWG with
lower FSR. Soliton microcombs operating at a repetition
rate of 10 GHz have been demonstrated [11]. Similarly,
InP based AWG with 100 x 10 GHz has been shown [12]
indicating scaling feasibility in the future. In the current
architecture, the SOAs scale with N2 where N is the num-
ber of nodes if a single transmitter (MZM) is used. Here
we propose to use multiple transmitters (MZM) on each
node ( figure 1 b, main text) to reduce N? scaling. This
allows scaling the flat network without being limited by
the low yield of large-scale InP devices. Detailed analysis
on the scalability optical network is explained in ref [13].

V. SUPPLEMENTARY NOTE 5: FSR OF
SOLITON MICROCOMB AND AWG

It is important to match the FSR of both soliton mi-
crocomb and AWG to standard ITU grid spacing for pre-
cise aligning of channels while the central channel can be
aligned via thermal tuning. In the current demonstra-
tion, the FSR mismatch is ~ 0.5 GHz (soliton micro-
comb), which can be further improved by using an opti-
mized design that is more tolerant to fabrication errors
[14] and improved fabrication [15]. InP-based AWG is a
standard module that is designed (JEPPIX foundry) and
fabricated at the commercial foundry (Fraunhofer HHI)
providing a precise control over FSR.
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