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0000 OO0 Inpractice,the growth takes place in an ultra-high-vacuum (UHV) chamber at a base
pressure of about 10-11 Ton'.The sources are usually high-purity ele-ments held in Knudsen cells (high-vacuum
effusion cells). The molecular beams are controlled by simple metal shutters that can be moved rapidly in and out of
the beams by external drives.A typical MBE reactor will have up to eight such sources,some for the compo-nents of
the host semiconductor,Ga,Al,etc.and others for dopants,each held at the relevant temperature to pro-duce a
molecular beam of the correct effective pressure,see Fig.23.13. The use of UHV technology allows the use of in situ
analysis of the growth to be monitored and this has provided much information on details of the growth
mechanisms.A favourite tool is reflection high-energy electron diffraction (RHEED) whose use gives impor-tant
information regarding the quality of the growth with single atomic layer sensitivity. The advantages of MBE include
the use of high-purity elemental sources rather than compounds (whose purity is less controllable). The use of
moveable shut-ters in front of each cell means that each source can be turned on or off in a fraction of a second.As
a re-suit, MBE-grown material can be of very high quality with the sharpest interface abruptness.These quali-ties are
essential in several microwave devices and this is one of the major commercial uses for MBE.However, MBE has
been a favourite growth technique for semiconductor research laboratories because it is well suited for the
small-scale growth of specialised structures. As an industrial technique,MBE suffers from sev-eral problems.The
first results from its reliance on UHV technology,meaning that it is expensive to install,re-quires large quantities of
liquid nitrogen to keep cold,considerable power to keep under vacuum,and special clean rooms.It is expensive to
operate.
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