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Realization of practical quantum algorithms requires integration of a large number of quantum bits. By coupling Josephson charge qubits, we have so far demonstrated a conditional gate operation (controlled-NOT) [1]. In this CNOT gate, the coupling was achieved by a fixed electrostatic coupling, and the coupling strength could not be altered in this operation scheme. However, in order to achieve unconditional gate operations, a controllable coupling between qubits is desired. We have carried out several different schemes of controllable coupling experiments. Inductively coupled charge qubit [2] was fabricated and preliminary results showed features of controllable coupling. We have also integrated GaAs two-dimensional electron gas (2DEG) and aluminum qubits. Two charge qubits were fabricated on top of the mesa etched in 2DEG connected to the ground via a transistor.  Clear dependence of coupling on depletion gate voltage of the transistor was observed in stability diagram. On/off ratio about 10 of the coupling capacitance was obtained. We have also proposed a practical design for tunable coupling a pair of flux qubits via the quantum inductance of a third high-frequency qubit [3]. The design is particularly well suited for realizing microwave induced parametric coupling scheme. In this talk, the results of our analysis on dominating decoherence sources in charge qubits as well as flux qubits will also be presented 
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