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INTEGRATION OF PHOTONICS ON CMOS PLATFORM

CMOS = SILICON

‘/ Waveguides

‘/ Amplifiers

‘/ Multi- and demultiplexers
‘/ Resonators

X Light emitting device
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HOW TO IMPROVE LIGHT EMISSION FROM SILICON?
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Electrical stimulation
results in higher non-
radiative recombination
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Exploit carrier injection properties to fill
the gap
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PREVIOUS WORK ON INJECTORS PROPERTIES
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ROLE OF JUNCTION DEPTH - EXPERIMENTAL MATERIAL

= Simple structure: lateral p-i-n diode  _oa . w.
Full CMOS compatibility EME;I A----- - A
g : s
» High purity SOI substrates (~300 nm) o

Low SRH recombination

All-around passivated surface
Low surface recombination

Ultra-shallow junctions

W= 20 um
(RP)CVD B or P W, =W, =5 um

L =100 um
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EXPERIMENTAL DATA: ELECTRICAL BEHAVIOR

Semi-logarithmic scale Linear scale
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Ultra-shallow junctions result in higher series resistance (lower current)
Effect more pronounced on p*-i junction
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MEASURED LIGHT EMISSION N dj, 10mA 1.3V
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SPATIAL RESOLUTION OF LIGHT EMISSION

'pixells' | (b)
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Light emission gradually decreases toward shallow junction side
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2D SIMULATIONS
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SIMULATED RADIATIVE RECOMBINATION
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EVIDENCE OF CURRENT CROWDING

Consistent with observed increase in R

series

Total current density
(A/cm?)

107

Delft Institute of
Microsystems and

Nanoelectronics

des UNIVERSITY OF TWENTE. Bucharest - ESSDERC 2013 17th September 2013 11



1D SANITY CHECK: NO VISIBLE EFFECT

n* side is the
variable

p* side is a
deep junction

W, is kept constant
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CONCLUSIONS

Demonstrated role of junction depth in light emission
(lateral p-1-n devices):

= Current crowding Is proved to be detrimental to
light emission

» 2D simulation as support

» Other possible effects ruled out via 1D simulation
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Any questions?
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An example: the BrainGate® chip

nature news home | news archive | specials | opinion | features | news blog nature journal

@ E;:l:vments on this Pblished online 13 October 2004 | Nature | doi:10.1038/news041011-9
i ews

. + Mentz

Paralysed man sends e-mail by thought 27 Aue

+ Monk:

Stories by subject
09 Juh

TURNING BRAIN WAVES INTO ACTION it

When she thinks about picking up the

flask and drinking the coffes inside it,

., electrodes on the chip intercept "
* » brain signals and send

REQUIREMENTS
_ Non-toxic, reliable material
— and wireless connection

Computer decodes signals and activates the motors needed
to move the robotic arm, take the flask towards Miss

W g™ between deep implant and
' the controller on the skull to
avoid infections

ki Source: http://www.braingate.com/science.htmi
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THINNED ACCESS SILICON LEDs

= Contacts: carrier confinement

Field effect (gates) V., \% .

Physical narrowing of the access

Potential barrier: band gap widening
effectl®l

= SRH: high quality substrates Substrate

= Surface: high quality and
depletion via gate action

= Auger: low injection level regime

_______________

[5] T. Hoang et al., IEEE EI. Dev. Lett., vol. 28, May 2007
[6] J. —L. P. J. van der Steen et al, IEEE El. Dev. Lett., vol. 28, 821-824, Sept. 2007
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PUSHING TOWARDS THE PHYSICAL LIMIT
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EFFECT ON CARRIER VELOCITY: ELECTRONS
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