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For spin-based quantum information, the period covered by STIC funding, 2005 to 2010, 
was one of particularly rapid advancement. At the beginning of  the grant, a major 
breakthrough, the measurement of spin echo of a singlet-triplet spin qubit by Petta, et al. 
was realized [1]. This development justified a major refocussing of the grant toward 
extending these results. The original proposal was substantially revised, and the revisions 
accepted by ARO. 

Besides a refocussing of research goals, there was a change in personnel, with the addition 
of Amir Yacoby as a co-PI. This occurred because Yacoby accepted a faculty position at 
Harvard after participating in the research leading to Refs. [1, 2]. He established his own 
group on related topics.

Over the course of  the grant, four significant developments occurred, two theoretical and two 
experimental. The two major theoretical accomplishment were:

(i) The formulation of a complete, fault-tolerant design for a quantum computer based on the 
singlet-triplet qubit, using measured performance parameters to evaluate fault tolerance 
[3]. The scheme laid out in Ref. [3] continues to be the standard for the extension of 
singlet-triplet spin qubits into multi-qubit systems. 

(ii) A detailed theoretical analysis of the influence of  hyperfine coupling combined with 
electrical (gate) noise on the performance of  the singlet-triplet qubit [4]. This paper 
emphasizes a key property of  the hyperfine coupling, which is the long time scale on 
which it evolves compared to gate operation time. The slow  dynamics of the hyperfine 
coupling allows coherence to be preserved using a variety of dynamical decoupling 
schemes. 

The major experimental advances under STIC funding were:

(i)  The realization of sub-microsecond readout of the charge state of the double quantum 
dot, allowing single-shot measurement on time scales fast compared to the evolution of 
the hyperfine coupling [5]. On such fast time scales, the hyperfine field is effectively static, 
so evolution appears periodic, with periodic oscillations between singlet and triplet states. 
Single-shot measurement means that results from a repeated measurement can be 
recorded and later analyzed shot by shot, allowing the fidelity of readout to be extracted 
from these statistics. The technique is based on a reflectometer measurement of a high 
quality factor LC resonator, also developed under STIC funding [6]. In a subsequent 
publication, another factor of 5 in performance was reported by changing the proximal 
sensor from a QPC into a quantum dot [7].

(ii) The use of controlled dynamic nuclear polarization to reduce hyperfine-induced 
dephasing, and to provide a controlled gradient for two-axis rotation of the singlet-triplet 
qubit [8]. A drawback of the singlet-triplet qubit is the lack of a second natural axis of 
control. By refining single-electron dynamic nuclear polarization, also developed under 
STIC funding [9], a second axis of spin rotation could be realized, thus making completing 
the requirement for full qubit control. In addition, the use of feedback to control  the 
gradient of hyperfine fields narrowed the fluctuations of  the gradient, leading to enhanced 
coherence.



These two experimental accomplishments have both carried forward with further 
improvements, and constitute breakthroughs for the field. 

A number of Ph.D.’s were earned during STIC funding, as given elsewhere in the final 
report. 
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