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FEC: Forward Error Correction
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Dr. G. Keeler, ERI Summit 2019

) 

4 Orders of 
Magnitude 
Improvement
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Parallel in-package (AIB 1.0: 2Gbps/IO)

At ~3ns latency

AIB 1.0 (~1Tbps) →AIB 2.0 (~4Tbps)AIB Configurable IO Cell

SDR→DDR DATA MUX Tri-State
Driver

DDR→SDR

ESD

AIB 1.0 EMIB (500 IOs/mm)

At 0.85pJ/bit (for 55µm µbump)

Standardization through CHIPS Alliance and UCIe
AIB 1.0 and AIB2.0 Open-Source Specifications 
https://github.com/intel/aib-phy-hardware
https://github.com/chipsalliance/AIB-specification/blob/master/AIB_Specification%202_0.pdf

AIB: Advanced Interface Bus
UCIe: Universal Chiplet Interconnect Express
IO: Input/Output

DDR: Double Data-Rate
SDR Single Data-Rate

https://github.com/intel/aib-phy-hardware
https://github.com/chipsalliance/AIB-specification/blob/master/AIB_Specification%202_0.pdf
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“It may prove to be more economical to build large systems out of smaller functions, which 
are separately packaged and interconnected.”Gordon E. Moore

(1965)

Phase 1 Package design included Chiplets
▪ 2 X Quad ADC/DAC 64 GSps -Jariet Technologies (GF11) 
▪ 2 X TeraPHY 2.56 Tbs WDM Chiplet – Ayar Labs (GF45)
▪ 1 X SERDES Chiplet Intel ( TSMC 16)
▪ 1 X A.I. Accelerator Chiplet, University of Michigan (Intel 16)  
▪ 1 x Intel Stratix 10 FPGA ( Intel 14)
▪ 6 x EMIB (Intel)

Wade et al. “TeraPHY: A Chiplet Technology for Low-Power, High-
Bandwidth In-Package Optical I/O”, Hotchips 2019

Mahajan, R., et al, “Embedded Multi-Die Interconnect Bridge (EMIB) – A High 
Density,  High Bandwidth Packaging Interconnect,” presentation at IEEE 66th

Electronic Components and Technology Conference, May 2016.

Several other MCP developments in the program expanding the Ecosystem of interoperable Chiplets
FPGA: Field Programmable Gate Array
WDM: Wavelength Division Multiplexing
SERDES: SERializer-DESerializer

I/O: Input/Output
AI: Artificial Intelligence
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C. Sun et al., "TeraPHY: An O-Band WDM Electro-Optic Platform for Low Power, Terabit/s Optical 
I/O," 2020 IEEE Symposium on VLSI Technology, 2020

X
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K. Hosseini, E. Kok, S. Y. Shumarayev, C. Chiu, A. Sarkar, A. Toda, Y. Ke, A. Chan, D. Jeong, M. Zhang, S. Raman, T. Tran, K. A. Singh, P. Bhargava, C. Zhang, H. Lu, R. 
Mahajan, X. Li, N. Deshpande, C. O’Keeffe, U. Krishnamoorthy, C. Sun, R. Meade, V. Stojanovic, and M. Wade, "8 Tbps Co-Packaged FPGA and Silicon Photonics Optical 
IO," in Optical Fiber Communication Conference (OFC) 2021, 
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•

K. Hosseini et al., "5.12 Tbps Co-Packaged FPGA and Silicon Photonics 
Interconnect I/O," 2022 IEEE Symposium on VLSI Technology and 
Circuits (VLSI Technology and Circuits), 2022, pp. 260-261

MCP: Multi-Chip Package PCI-E: Peripheral Component Interconnect Express
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https://en.wikipedia.org/wiki/Low_Earth_orbit
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* https://www.ucsusa.org/resources/satellite-database

LEO: Low Earth Orbit

GPS: Global Positioning System

OISL: Optical Intersatellite Links

ISS: International Space Station

Example LEO constellations
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*https://www.darpa.mil/work-with-us/space-based-adaptive-communications-node Image: https://niklas-nienass.eu/megakonstellation

SWaP-C: Size, Weight and Power- Cost
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C2: Command and Control

FEC: Forward Error Correction

EDFA: Erbium-Doped Fiber Amplifier

QoS: Quality of Service 
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Space-BACN C2

Commercial or 
Government 
Constellation

Commercial or 
Government 
Constellation

Photonics RF Modem FPGA SERDES

Laser x 2
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Space-BACN Program Solicitation 
https://sam.gov/opp/e704657b448649a4a5ff7debeb39540a/view

DSP
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INTEL CORPORATION LEGAL DISCLAIMER: This document contains information on products, services 
and/or processes in development. All information provided here is subject to change without notice. 
Contact your Intel representative to obtain the latest forecast, schedule, specifications and roadmaps.

Intel technologies may require enabled hardware, software, or service activation.

No product or component can be absolutely secure. 

© Intel Corporation. Intel, the Intel logo, and other Intel marks are trademarks of Intel Corporation or its 
subsidiaries. Other names and brands may be claimed as the property of others.


