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LAr TPC Cryogenic Link – Previous Vision

▪ Both LD & LDD are inside LAr cryostat

- Dissipates lots of heat, which impacts LAr needs

- e.g. ~62 mW (DFB) + ~864 mW (LDD) = 926 mW (almost 1W)

▪ Laser performance changes with wavelength
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LAr TPC Cryogenic Link – Current Vision

▪ Utilize COTS SFP and/or QSFP TX/Rx modules

- Operate at LAr temperature or warmer (on WIB)?

▪ 10 Gbps optical link from WIB to DAQ backend

- Potential to reduce fiber plant by increasing bitrate
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WDM Optical Link for HEP Applications

▪ Developing optical link architecture for 

high-energy physics (HEP) applications

▪ Minimize components that are in the 

harsh environments

- Only the Si Photonic (SIPho) based electro-optic 

modulator (EOM) is subjected to high radiation

- Lasers, receivers, and associated electronics are 

safely placed outside of radiation environment

▪ EOM is a ring resonator modulator (RRM)

- Reduced switching voltage compared to 

traditional Mach-Zehnder Modulator (MZM)

▪ Scalable via wavelength division 

multiplexing (WDM)
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WDM Optical Link for Cryogenic Readout

▪ Optical interconnect with “remoted” Si photonic modulator

- Similar implementation of optical link for HEP: WDM scalable via SiPho RRMs

- Temperature changes in RRM device performance are primary hurdle
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Cryogenic RRMs: State-of-the-Art
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Ring Resonator Modulator (RRM) Principles
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▪ Ring Resonator Modulator (RRM)

- Essentially an RF tunable optical filter

- Can modulate 𝛼, 𝜃, or 𝜅

- FSR determined by cavity size

- ER determined by cavity Q and tuning

𝜃 =
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𝜆
𝑛eff𝑅
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𝜅2 + 𝑡2 = 1

Resonance Condition: 
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RRM: ER vs OMA for Optimal Operation

▪ Si Ring Resonator Modulators (RRM) used for electro-optic conversion

- Resonant device that is wavelength & temperature sensitive

- Maximize Optical Modulation Amplitude (OMA), not extinction ratio (ER)
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*Rx Limit

𝑉𝐷𝐶 = −3 V
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𝑂𝑀𝐴 = 2𝑃avg
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𝑃margin



RRM Performance Trade-Off

▪ RRM electro-optical (E/O) response is the summed response due to both the RC- and photon-lifetime-

limits, 𝜏𝑅𝐶 and 𝜏𝑝 respectively

- Inherent trade-off in bandwidth and extinction ratio / switching voltage
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High-Speed Si RRM Characterization: Gen. 1

▪ Pre-emphasis (equalization) of input drive signal compensates low bandwidth of device
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SiPho RRM Small-Signal Circuit Model

▪ Model must consider both electrical AND optical dynamics

- Peaked response extends bandwidth, at cost of reduced ER/OMA
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Widely and Rapidly Tunable Laser

▪ FP4209 based on Freedom 

Photonics widely tunable 

laser technology

▪ Fast tuning of the laser 

achieved by internal 

compensation

- Can be applied to tunable lasers 

for O-, C-, and U-bands

▪ Tunes across 40 nm 

wavelength span in 20 ms

- 10k calibrated wavelengths

▪ Capable of arbitrary 

wavelength sweeps (λ-AWG)
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FP4209 INSTATUNE

Available for O-, C-, U-Band 10k wavelengths @ 2us/pt. = 40nm (4pm/pt.) in 20msec

Sampled Points of 1 Etalon Resonance

Sweep Across Multiple 50 GHz FSRs
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Thermal Shift in SiPho RRM Resonance
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Cryogenic Characterization of SiPho RRM
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Free-Carrier Dispersion / Absorption

▪ Typical expressions in literature assume RT

▪ Many parameters are in fact temperature 

dependent

▪ No low-temperature FCD / FCA model exists
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Cryogenic Packaging = CTE Engineering

▪ Optimal cryogenic photonic packaging materials have high thermal 

conductivity AND are CTE matched

▪ Models and methodologies for proper CTE engineering to SiPho devices 

will be developed
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GlobalFoundries 9WG

▪ 34 different RRM devices
- Single- and Double-ring RRMs, 200, 250, 

300 nm gap

- 10 and 20 μm PN junction phase shifter, 

Normal and Highly Doped, Lateral and 

Interdigitated
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Monolithic RRM + Driver
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Simulation: 7 Gbps
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Thank You

Questions?


