Focus on “energy efficiency”
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B + [1] 56.1 Gbit/s at ~23.7 pJ/bit: fast, opportunity to reduce energy/bit
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m) Need a strategy to increase both bit rate and energy efficiency

[1] Kuchta et.al., IBM & Finisar, OFC 2013, paper OW1B.5
[2] Proesel et.al., IBM & Emcore, OFC 2013, paper OM2H
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Only ~1 pJ/bit per optical link -.' ,
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VR RIS high-speed: VCSEL consumes ~29.5%

. - [2] [1]
5‘.3t-hl Sc?g't’z.gtl\;é?gzth\’/%ts’EL 25 Gh/s at ~1.0-t0-2.7 pJ/bit:
With SIe Dl © . with SOl CMOS the VCSEL energy is
energy is ~1-2% of the total link % of th | link
energy (OFC13, 14) ~30-41% of the total link energy

[1] Kuchta et.al., IBM & Finisar, OFC 2013, paper OW1B.5
[2] Proesel et.al., IBM & Emcore, OFC 2013, paper OM2H
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VCSELs: a key enabling technology -|.,

e want very small energy per bit:
then the driver needs to provide less power

* low noise of VCSEL emission enables
the use of simpler PD+TIA configurations

» temperature stability enables simpler and .'E
less energy consuming driver circuits

an on-chip measurement with a
high-frequency GSG microprobe

mp energy efficient, temperature stable VCSELs
enable an energy efficient optical interconnect
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40 Gbit/s 850 nm multimode VCSELs -|.,

"conventional wisdom” = larger oxide apertures, larger | & L, relatively low J
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A. Mutig, Ph.D. dissertation, TUB, Berlin, Federal Republic of Germany (2011).
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How can we achieve low fJ/bit operation? -l"

Wavelength:

e 850, 980,1060,1250 nm?
— trade offs, standards, application dependent requirements

Strategy:
e use VCSELs with small (2-5 um) oxide aperture diameter
— benefit from high D-factor and low threshold electrical power

« operate VCSEL at low bias current
— avoid self heating, low electrical power consumption

« decrease differential resistance to avoid self heating

Is this strategy compatible with:

* high bit rate operation?

* |low current density operation?

e operation at high external temperatures?
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VCSELSs ﬂ'
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CW characteristics
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» 9O different oxide aperture diameters
 single-mode and multimode devices

P. Moser, ..., D. Bimberg, IEEE JSTQE, 19 (4), 2013.
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