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Abstract—Miicroring weight banks could enable novel signal
processing approaches in silicon photonics. We analyze factors lim-
iting channel count in microring weight banks, which are central
to analog wavelength-division multiplexed processing networks in
silicon. We find that microring weight banks require a fundamen-
tally different analysis compared to other wavelength-division mul-
tiplexing circuits (e.g., demultiplexers). By introducing a quanti-
tative description of independent weighting, we establish perfor-
mance tradeoffs between channel count and power penalty. This
performance is significantly affected by coherent multiresonator
interactions through bus waveguides. We experimentally demon-
strate these effects in a fabricated device. Analysis relies on the de-
velopment of a novel simulation technique combining parametric
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channel has not been performed. WG circuits of similar ge-
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Fig. 4(b) shows that bus tuning significantly affects the dip
between filters, whose depth ranges from —2.7 dB to —25.0 dB
relative to peak transmission. The steepness of rolloff regions
are also dightly affected. The measurements closely match cor-
responding simulations in which the effective bus phases were
parameterized and swept uniformly, shown in Fig. 4(c). This
verifies that the parametric simulator can make accurate predic-
tions about weight banks in the dense channel regime. While
the device layout is symmetric, the asymmetry observable in
the spectra of Fig. 4(b) and (c) can be explained by the fact that
inputs encounter the MRRs in a particular order.

From an intuitive standpoint, it seems that this coherent ef-
fect that depends on bus phase could have a significant im-
pact on channel density. If the goal is to be able to set the
weight/transmission of neighboring WDM channels indepen-
dently, then it would be disadvantageous to have the responses
blur into a single peak like the red traces in Fig. 4(b) and (c).
On the other hand, it may be possible to take advantage of the
deep isolation between peaksrepresented by the bluetraces. Bus
tuning elements could prove useful in large scale MRR weight
banks becausethey providefull control over multi-MRR effects,
which may be otherwise difficult to control in the presence of
fabrication variance and thermal cross-talk. In Section V, we
will quantify the degree to which weights can be set indepen-
dently and use the simulator to study how this metric is affected
by channel spacing and MRR interaction. An approach for effi-
cient ssmulation of tunable M RR deviceswith multiple coherent
pathsis now discussed in more detail.

IV. PARAMETERIZED SIMULATOR

Parameterized modeling is a powerful tool for engineering
analysis, particularly for tunable systems. While a numerical
simulation can predict the response of a particular device in
a particular state, a parameterized model is a function of free
parameters or can be thought of as a representation of al the
possible states of a particular device. Combined with different
search and optimization functions, parameterized models are at
the heart of problems such as finding a state that reproduces
an observed response (e.g. measurement fitting), finding a state
that gives a desired response (e.g. optimization, feedforward
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communications in silicon photonics [50], [51] and therefore
can be expected to improve.

The footprint of the filters needed for a network can be es-
timated from the channel count and resonator size. Supposing
we use the resonator from [44] (channel count = 108), then the
approximate footprint of a single filter bank in this case is 108
x 5 pum x 5 pm=2700 um?. The corresponding N-to-N net-
work footprint is 108 x 2700 = 0.29 mm?. We have made the
simplifying assumptions that every connection has a dedicated
tunable MRR filter, these filters are al critically coupled to the
bus WG, and that they are single-pole (i.e. single-MRR).

V1. DISCUSSION
While the rigorous numeric result for channel number isim-

5900214



5900214 |EEE JOURNAL OF SELECTED TOPICSIN QUANTUM ELECTRONICS, VOL. 22, NO. 6, NOVEMBER/DECEMBER 2016

transfer matrix Amrr Which relates the left-hand side inputs
(2:IN and 2:DROP) to the right-hand side outputs (3: THRU and
4:ADD) as such:

a; by a b, =Awrr bs as by as |
where a; and b; represent signals coming respectively into and
out of port i asin ref. [36]. Thisis useful because the scattering
transfer matrix multiple MRRs is the product of the individual
scattering transfer matrices. Another possible representation of
a4-port coupler isthe scattering matrix Smrr, Which gives the
relationship between outcoming signals and incoming signals
to al ports:

T T
by b, by by =Surr @ a a3 a

The relationship between Syrr and Apgrr Can be easily
derived and is explicitly shown in ref. [36]. The S matrix for
a single MRR using a type-3 coupler (see Fig. 3(b)) design
described above should have the form:

0 D; T4 O

D; O 0 T,

SMRR = (15)
T, 0 0 D
0 T, D, O

where we introduced the parameters D; , and Ty, to high-
light the symmetry of the system: e.g. if the input isin port 1,
the transmission (S3;) and drop (S;1) coefficients are T; and
D, respectively. Note that we have ignored here backscatter-
ing terms (S1; = S41 = 0). The asymmetry between T; and
T, is explained by the different coupling coefficients K; and
K, and that of D; and D, is explained by the possible dif-
ferent path lengths of each arm of the microring. These dis-
tinctions will soon be mathematically clear. This matrix was
explicitly calculated in ref. [55]. However, the analysis of a
weight bank filter will require an intuitive way of expressing
each term T; and Dj, because multiple rings will interfere with
each other in interesting ways. First, we define a set of helpful
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every ring, which explains the summing term 127 Dy | (m).
Each interfering term at the drop port of A, however, is ampli-
fied by the resonant feedback of pairs of rings formed by A and
another ring to the right of A. Equation (16) is more compli-
cated to understand, but it was derived and analytically verified
by symbolic calculation of the S31 and S,1 originating from
cascaded scattering transfer matrix multiplication employed in
Section I1-B1.

The interest of the analytical expressions (14) and (15) is
that it allows for smart approximation of scattering terms for a
great number of MRRs(n  1): onecould, for example, neglect
all resonant feedback and only consider microring resonances
(Fas = FBC =--. = 1), or one could neglect resonant feed-
back of more than threerings (Fac = FBD = - = 1), mak-
ing the analysis more tractable. We hope that these analytical
expressions will help optimize the design of large filter banks
taking into account coherent interference.
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