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A Reconfigurable 4-A x 25-Gb/s/A Silicon Ring-Resonator-
Based WDM Receiver with Fast Wavelength Calibration

Jae-Ho Lee?, Yongjin Ji!, Hyun-Kyu Kim?, and Woo-Young Choi'”
Yonsei University, 03722 Seoul, South Korea
2Formerly at Yonsei University when this work was done. Now at Samsung Electronics, Hwaseong, 18448 Gyeonggi-do, South Korea
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Abstract: We present a reconfigurable 4-\ x 25-Gb/s/A Si ring-resonator-based WDM receiver
and, using it, demonstrate a new wavelength calibration technique that provides ring resonators
with desired resonance wavelengths and maintains them against external temperature variation.
© 2025 The Author(s)

1. Introduction

As artificial intelligence and machine learning workloads increase, the interest in silicon photonic WDM optical
links based on ring resonators is rapidly increasing [1]. On the receiver side, the cascaded ring resonator filters
(RRFs) can de-multiplex wavelength division multiplexing (WDM) channels [2] with a small footprint and, if
needed, provide the reconfiguration of the wavelength assignment. Various techniques have been used for
implementing RRF-based reconfigurable WDM receivers [3-5]. The channel labeling strategy can be used [3],
but it requires an additional modulator at the add port in the RRF. Operation in the electrical backend can be used
[4], but with the increasing WDM channel number, its complexity can significantly increase. We previously
reported a reconfigurable 4-channel Si RRF-based WDM receiver [5], but it required a substantial amount of
wavelength calibration time. In this paper, we report a new 4-channel Si RRF-based WDM receiver and, using it,
demonstrate a technique having much-reduced calibration time.

2. System implementation and wavelength calibration procedure

=
=]
S

@
=

Normalized Transmission [dB]

Power Delivered to RRF Heater [mW]

<
]
g 20 "
. 25 M
& > 20
[Nh o sl | FSR ~9.8-nm M
—-» [ 35 0
1544 1546 1548 1550 15852 1554 1556 0 25 50 75 100 127
Monitoring(Vas)
ottt = Wavelength [nm] DAC CODE
(a) (b) (c)

Fig. 1. (a) Block diagram of the WDM receiver with TCU. (b) Measured transmission spectrum of four RRFs and (c) power
delivered to RRF heater.

Fig. 1(a) shows the block diagram of the WDM receiver with a temperature controller unit (TCU). The photonic
IC (PIC) contains cascaded four RRFs having slightly different radii around 10-um so that their resonance
wavelengths are evenly spaced within one FSR as can be confirmed by the measured transmission spectrum in
Fig. 1(b). The drop port for each RRF is connected to the integrated Ge photodetector (PD) whose output is wire-
bonded to the TIA circuit within the electric IC (EIC) fabricated by 28-nm CMOS technology. Each TIA also
provides the received power monitoring signal to the TCU consisting of ADCs, DACs with heater drivers, and an
FPGA. The DAC is implemented so that it can provide the RRF heater power that linearly depends on the control
code provided by the FPGA as can be seen by the measured data shown in Fig. 1(c).
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Fig. 2. Visualizations of (a) the first step and (b) the second step of the scan mode in the wavelength calibration technique of
the TCU.
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Since the resonance wavelengths of the four RRFs are evenly spaced, once the required DAC code difference for
the WDM channel spacing between two RRFs is known and one of the RRF resonance wavelengths is aligned to
one of the input wavelengths, then the TCU can easily determine all DAC codes required for all the RRF heaters.
Fig. 2 schematically shows one example. Initially, when optical signals having four different input wavelengths
are introduced to the receiver, the DAC code (CODEy;) for the heater driver of the second RRF is swept so that
its resonance wavelength is aligned to the adjacent input wavelength (A3) (Fig. 2(a)). When the resonance
wavelength of this RRF is aligned with the A3, the monitoring signal (Vm2) reaches its maximum value. Then,
while maintaining CODE., the DAC code (CODE;) for the heater driver of the first RRF, which is physically
located before the second RRF within PIC, is swept to align its resonance wavelength to A3 (Fig. 2(b)). When the
alignment is achieved, Vm2 goes down since the A3 power is dropped into the first RRF before it reaches the second
RRF. Then, the DAC code difference corresponding to the resonance wavelength spacing between RRFs
(CODEH; — CODEw) can be determined by the TCU and the DAC code difference corresponding to the
wavelength spacing between input wavelengths (CODE,) can be determined in a similar approach. Finally, The
TCU can produce the required DAC code for each RRF heater driver so that its resonance wavelengths are at the
desired location. For any inaccuracies due to process variation as well as fluctuations due to external temperature
variation, the TCU can perform proper compensation by the dithering technique [5].
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Fig. 3. Visualizations of (a) the scan mode reported in [5] and (b) the scan mode in the proposed calibration technique, in the
case of N input wavelengths.
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To compare the calibration time between the calibration technique reported in [5] and the proposed calibration
technique, we compare the DAC codes required for the wavelength calibration in the case of N input wavelengths.
Fig. 3(a) schematically shows the required DAC code to execute wavelength calibration by using a single RRF.
CODE, is required to align the resonance wavelength of the RRF with the adjacent input wavelength. CODE;, is
required for the resonance wavelength of the RRF to be aligned with the next input wavelength. The code
corresponding to CODE, + (N-1)CODE, is required to sweep the RRF for the wavelength calibration. Fig. 3(b)
schematically shows the required DAC code to execute the proposed wavelength calibration by using dual RRFs.
CODE, and CODEg are required to align the resonance wavelength of each RRF with the adjacent input
wavelength. The code corresponding to CODE, + CODEg + (m-1)CODE; is required to sweep the RRFs for the
wavelength calibration. The proposed calibration technique consumes a constant calibration time, regardless of
the increase in the number of input wavelengths, and it becomes more efficient as the number of input wavelengths
increases compared to [5]. Even if the initial input wavelength is positioned to the left of the resonance wavelength
of the RRF, the subsequent Sort mode in the calibration enables accurate wavelength assignment.

3. Measurement results
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Fig. 4. Measured Vi and Vwm of the TCU during the wavelength calibration.

To verify the operation of the receiver and TCU, the WDM optical input signals having four different wavelengths
of A = 1546.0-nm, A, = 1547.6-nm, A3 = 1549.2-nm and A+ = 1549.2-nm are coupled into the PIC. Due to the
limitation in our measurement setup, only one WDM optical input signal can be modulated with 25-Gb/s, PRBS-
7 data using a Mach-Zehnder modulator. Fig. 4 shows the measured heater control voltages (V+) and monitoring
signals (V) during the wavelength calibration. As can be seen, Vi, and Vi are sequentially swept in the Scan
mode, after which the TCU determines the required heater voltages for all the RRF heaters in the Sort mode and
applies them with dithering in the Dither mode so that all the RRF resonant wavelengths are aligned to the input
wavelengths.
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Fig. 5. (a) Measured stage temperature, (b) Vn and (c) accumulated eye diagrams of each WDM channel under the thermal stress.

To verify the stability of our technique, the thermal stress is applied by modulating the chip stage temperature for
900 seconds as shown in Fig. 5(a). Fig. 5(b) shows the measured Vy for each RRF heater in response to this thermal
stress. Fig. 5(c) shows the accumulated eye diagrams of each WDM channel for the 25-Gb/s, PRBS-7 input data
having an average power of -4-dBm during the thermal stress. As can be seen in the figure, the TCU can compensate
for the thermal stress by properly changing the RRF heater voltages and maintain the good-quality eye diagram.
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Fig. 6. (a) Measured Vw of the TCU and (b) eye diagrams of each WDM channel before and after the channel reconfiguration.

If there is a need for WDM channel reconfiguration, the TCU can easily determine the newly required heater
voltages and apply them to RRF heaters. Fig. 6(a) shows the measured V4 when the channel reconfiguration is
requested at t = 20 s. After the channel reconfiguration, dithering is executed to reduce the mismatch caused by the
electrical heater crosstalk and process variation. Fig. 6(b) shows the eye diagrams of each WDM channel for the
25-Gb/s, PRBS-7 input data having an average power of -4-dBm before and after the channel reconfiguration.
These measured results demonstrate the capability of our TCU for the WDM channel reconfiguration.

4. Conclusion

We present the reconfigurable fast wavelength locking calibration technique for the Si RRF-based WDM receiver
with the FPGA-based TCU, which maintains calibration performance even with an increase in the number of WDM
channels.
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