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A Complete Computer System on a Tiny Substrate for Ultra-Compact Edge Computing: IBM researchers will detail a high-throughput, manufacturable, heterogeneous integration-based chiplet packaging process, for use in sensor data acquisition and secure communications in military, commercial and consumer applications. The process makes it possible to build a complete computer system with a wide range of functionality on a tiny substrate (<1mm2), comprising a 32-bit processor, memory, analog I/O with built-in temperature and chemical sensors, energy-harvesting power source, and operating system software. The process incorporates wafer-to-wafer (W2W) transfer, with integrated Si and/or III-V optical photovoltaic/photodiode cells fabricated on Si carriers.

To demonstrate the packaging process, the researchers built heterogeneous chips thinned to 50-100 μm, with lateral dimensions of several hundred microns, separated by ~20 μm gaps, and with 10-20 μm-diameter copper pillars. They say the process enables reliable and high-throughput system-on-a-carrier packaging with a diverse set of CMOS, GaN and GaAs chip technologies.

The images above show a backside emitting singulated GaN LED on sapphire flip-chip, bonded into the silicon smart chip platform, in both off (top) and on (bottom) states. The mechanically smooth, clean, laser-ablated singulated LED chip/sapphire edges eliminate optical loss through the LED sides.

(Paper 34.6, “Ultra-Compact Computing at the Edge Involving Unobtrusively Small Sub-millimeter Heterogeneous Integration Packaging,” F. Libsch et al, IBM)
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Fig. 14. Required clectrical input power versus detector distance

asa function of two BERs (3x10” and 3x10%) ata 1MHz clock
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recombination of carriers (leakage currents) dominate and give
low internal quantum efficiency.

To remedy the above limitations, we have succeeded in
demonstrating two types of low-power LEDs using a single
quantum well active region in GaN [6] and InGaAs/InGaP [2]
layers, as shown in Fig. 10 and Fig. 12, respectively. The
insulating sapphire substrate and _semi-insulating - GaAs
substrates for the GaN and InGaAs/InGaP LEDs, respectively,
are transparent to cach LED’s emission wavelength range to
enable backside light outcoupling and flip-chip bonding onto a
silicon substrate. Fig. 11a show the GaN LED measured I-V/
characteristics along with Fig. 11b showing the simulated LED
drive current under background light as a parameter of data rate
for an extremely small, 20um x 20um emission arca. The
simulation assumes a 2x2mm? detector placed 10cm away from
the LED. The LED efficiency is assumed to be 20%. Data rates
of IKHz arc achieved on the order of 10uW. 1KHz is sufficient
for most IoT applications since more than 9% of the time the
IoT device is cither dormant and not transmitting or taking data.
The actual transmiter output power needed depends on the
receiver properties such as sensitivity, the required signal-to-
noise ratio and bandwidth, and background light. optical
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colums, (c) an LED for optical communications up-link, and (d) a power
harvesting photovoltaic cells connected in series for suppling greater than 3V
‘and photodiodes for communications down-link.
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Fig. 16. Backside cmitting singulated GaN LED on sapphire flip-
chip bonded into silicon smart chip platform off (top) and on
(bottom) [6].





