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One of the key hurdles to building a large quantum a pothep i T T ey T
computer is maintaining the coherence of the many © & B ] R s,
individual two-level quantum mechanical systems, or qubits. " H IH I HI | H A

Atoms and ions in a vacuum or nuclear spins in solids and
liquids can have long coherence, but it is not yet known how
well those systems can be scaled to make a large computer.
Ideally one could use the spin of an electron in a
semiconductor as a qubit, since modern semiconductor
technology is based upon moving and controlling electrons
in silicon. However, the coherence time for electron spins R Bt
in semiconductors is typically nanoseconds or

microseconds, with the longest measured times being a few oo 05 70 . .
tens of milliseconds in silicon. Princeton researchers, in Storage time (s)
collaboration with a group at Oxford (initiated under the . ' _
Oxford-Princeton Research Partnership) and at Lawrence j;’;‘;j";j‘;:;f??,;’:jjp‘;'g%L‘;ﬁf;‘;’;;iﬁ;”dss*ﬁ‘fci;”s?n;‘fg'f,?;";fﬁ,‘,”al
Ber'keley National Lab have shown that They can transfer a The general sequence for the storage and retrieval of the
quan‘rum state from an electron bound to a phosphor'us electron-spin state comprises microwave and RF pulses applied

. at certain times, defined by t,;, t,, and t,. b, An electron-spin
donor atom in silicon, to the phosphorus nucleus, and then  conerence is stored in the nuclear spin for 2+.~50 ms, at 7.2 K.
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back to the electron. While stored in the nucleus, the Rlealt(red) and in:]aginary h(blacl;) pcér':c of T:@ r:f:?ve;ed A

. electron-spin echo are shown for different initial phases, ¢.

quantum STGTe STGYS coherent for over.' 1 second. This The echo is of comparable intensity to that obtained at the

results brmgs us a step closer to a solid state quantum beginning of the sequence, even though the electron-spin

compuTer' coherence time, T,,, is about 5ms here. The lifetime of the

) stored state is limited instead by the nuclear decoherence
Reference: John J. L. Morton, Alexei M. Tyryshkin, Richard M. fime, Ty, which can be measured directly by varying ,, ¢, The

B Sh Shankar. B d, W. Lovett Arzh ! Ard recovered echo intensity was measured as a function of the
rown, shyam onankar, srendon Vv. LoveTT, Arzhang Ardavan, storage time at 5.5 K while a dynamic (Carr-Purcell-Meiboom-

Thomas Schenkel, Eugene E. Haller, Joel W. Ager and Stephen A.  Gill) decoupling sequence was applied to the nuclear spin,
Lyon Nature (2008). yielding a T,, exceeding 1 s.
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