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Abstract; The short-reach optical interconnection technology has important commercial application
value in many fields, such as cloud computing, 5G communication and internet of things technolo-
gy. The system based on high-speed vertical-cavity surface-emitting lasers ( VCSELs) and multi-
mode fiber, using direct modulation detection and high-order intensity modulation mode such as

four-level pulse amplitude modulation ( PAM4) is proved to be an ideal solution for short-reach
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optical interconnection. In this article, firstly, the research of short-reach optical interconnection is

introduced ; secondly, the development, structure and dynamic parameters of VCSELs are studied ;

thirdly, PAM4 modulation method and various electronic technologies ( equalization, forward error

correction and pulse shaping) are reviewed ; fourthly, the wavelength division multiplexing ( WDM)

technology which can increase the rate of single link is mentioned; lastly, summary and outlook of

the short-reach optical interconnection technology based on high-speed VCSEL, multimode fiber, di-

rect modulation detection, PAM4 modulation and WDM are introduced.

Key words: vertical-cavity surface-emitting lasers ( VCSEL) ; high-speed modulation; four-level pulse amplitude
modulation( PAM4 ) ; wavelength division multiplexing( WDM )
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Fig.1 Schematic diagram of a top-emitting VCSEL'®!. The

inset picture is a scanning electron microscope image

of a high-speed VCSEL cross section after cleaving.
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Fig.3  (a) Small-signal modulation response measured at

high-speed 850 nm VCSEL at different currents™"’.
(b)Intrinsic modulation response (blue) of the same
VCSEL, the one considering thermal effects ( red)
and the one considering both thermal and parasitic

effects(green).
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Fig.4 Signal waveforms and eye diagrams of NRZ and PAM4, where the signal waveform outlined by the yellow line(a) corre-

sponds to a trace line of eye diagram depicted by the yellow(b).
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