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DEVELOPING THE BUILDING BLOCKS FOR DATA PROCESSING

°* The challenges to continue the performance improvement of data processing systems are
multiple

* Improve the energy efficiency to maintain at least constant the overall dissipation while continuing the
exponential increase in computational power

* Reduce the bottleneck in the memory-processing communication

* Increase the density of the functions while reaching the limits of scaling

° In LETIwe are addressing these issues with a number of technological developments

* Efficient use of new devices
* 3D integration at different granularities
* New computing architectures
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DEVELOPING THE BUILDING BLOCKS FOR DATA PROCESSING
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]I STACKED NANOWIRES FOR 7NM AND BEYOND

Ceatech
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XMl OUR VIEW TODAY FOR COMPUTING

ceatech

3D FOR DESIGN OPTIMISATION
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i3l COOLCUBE™

ceatech
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leti

il Future of 3D developments

Top layer performance has been demonstrated

Inter metal interconnects can sustain the thermal budget
300mm run back and forth between research and fabrication fab
Lithographic alignment is achieved
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leti OUR VIEW TODAY TO SCALE UP COMPUTING

Ceatech

°* Chiplets On Interposer

High performance

integration:

* Scale-out

* Heterogeneous
integration

*  Multicore

architectures

Specialisation in

the interposer:

* System-in-
Package, Silicon

(Passive or
active), photonic
* Application Low Cost Chiplet
dependent * Small chips
* Advanced
technology
* Generic

* High volume
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leti NEW ARCHITECTURES DEVELOPMENT: NEURAL NETWORK DESIGN list
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A1l NEW TECHNOLOGIES FOR NEW ARCHITECTURES: RRAM AS SYNAPSES

Ceatech
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PCM | CBRAM
GST Electronic effect Ag / GeS,
GeTe oxygen vacancies
GST + HfO,

OXRAM

—— TEC
e A .
/moa\
w.P'u'j
Lc..
M.Suri, et. al, IEDM 2011
M.Suri, et. al, IMW 2012 , JAP 2012

P

TIN/HfO,/TI/TIN

L O
.I
" ™

O.Bichler et al. IEEE TED 2012 ) M.Suri et al., IEDM 2012
M.Suri et al., EPCOS 2013 M.Suri et al., IEEE TED 2013
D.Garbin et al., IEEE Nano 2013 D.Garbin et al. IEDM 2014

D.Garbin et al., IEEE TED 2015 _ )
Leti Innovation Days | June 28-29, 2017 |10




——

NeuRAM

3D INTEGRATION COUPLED WITH RRAM Er =

D

Short term structure

- RRAM on top level to
avoid contamination
Issue

- Reuse of existing
masks plus ebeam to

build 1T1R
No W or Cu between the 2
levels - avoid

contamination in first trial

1 base ebeam required for RRAM definition
RRAM based on HfO,/Ti/TiN low temp materials (~ 350°C) = no critical
problems to integrate on the top level
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MULTICORE SPIKING NEUROMORPHIC PROCESSOR IN FDSOI _

28NM CMOS O ——
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L4l S| QUANTUM ELECTRONICS

Ceatech

Si CMOS technology
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Qubit device
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M. Veldhorst et al. (UNSW)
Nature 526, 410-414 (2015)
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"?E! FIRST QBIT IN SI ON 300MM BASED ON FDSOI 28NM FLOW
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!.eaeretcr! TOWARDS A REAL MULTI-QUANTUM BIT SYSTEM IN Sl

Near-term:

« Pairs of Split-Gates over
a single Si NanoWire

« Spacing 40nm or lower

* One side for data qubits,
other side for readout via
reflectometry

 Tunable Nearest neighbor
coupling via (local) ground
plane defined under the BOx
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CONCLUSIONS

°* Time is short to show the work on materials that is also ongoing with Academia and tool
suppliers but please come back and you will see the results

°* LETI continue working on looking for new and disruptive ways to push forward
computational power in the most efficient way
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