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1. Introduction 
While much research has been going on towards finding means of using quantum two-level systems to realize a 

full-fledged quantum computer [1-2], it will be years before a fully functional quantum computer is built. However, 
if we are to follow Moore’s law and continue the trend of further miniaturization of components, we will have to 
find means of working with quantum mechanical effects in achieving basic operations performed in a classical 
computer. Besides building gates to realize different classical operations using quantum two-level systems, it will be 
necessary to find means of using qubits as “binary wires” in order to propagate data from one location to another. To 
that end, we show here a means of implementing a classical shift register operation using a linear arrangement of 
qubits.  This architecture can, in general, be implemented using any two level quantum system whose Hamiltonian 
can be reduced to that of a spin boson. We demonstrate a means to solve for system parameters, both fixed and 
variable, in order to achieve a classical shift register operation.  

 
2. Shift Register Architecture and Operation 

Figure 1 shows a schematic of the shift register which consists of a linear arrangement of SQUID qubits, IN, A1, 
B1, …, AN, BN, OUT, which is an architecture similar to classical registers. (There are 2N+2 qubits in all, where N is 
an integer). To maintain symmetry in our design, the qubits are identical and have the same device parameters 
including the coupling terms, ξ, between the qubits. The only control parameter used in this scheme is the bias term, 
ε, which is pulsed between high and low values and therefore, acts as a clock pulse.  

 
Fig. 1. Shift register architecture using a linear arrangement of qubits. 

 
The shift operation is performed by a sequence of pulsed bias operations (pulse biases are shown as three bias 

lines φ1, φ2 and φ3 in the figure). Bias line φ1 is connected to the bias lines of the N qubits A1, A2, …, AN, while bias 
line φ2 is connected to the bias lines of the N qubits B1, B2, …, BN. The clock pulses φ1 and φ2 only differ in phase 
and the qubits they are applied to. Bias line φ3 is used to pulse the bias on the output qubit OUT and is 
simultaneously applied with φ1. Qubits IN and OUT are used as input and output qubits. At the start of a shift 
operation, all the qubits A1 through OUT are initialized in the |0〉 state. Qubit IN is initialized to the first data state 
which is one of the two basis states. Since the bias along a line of alternate qubits is simultaneously pulsed, the clock 
operation can be achieved in an efficient way because the bias field lines of alternate qubits can be tied to a common 
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bias line. 
The shift register operation is achieved by copying the state of the preceding qubit onto the qubit to which a bias 

pulse is applied for a certain time duration. There are two different pulses – the SHIFT pulse (φ1 or φ2) used to shift 
states along the line of qubits A1 through BN and the CNOT pulse (φ3) used to shift the data from BN to OUT. The 
key to achieving a shift register operation is in appropriately choosing the parameter values of the quantum system 
such that the desired pulse operation is realized.  

Under the SHIFT pulse operation, the qubit to which the pulse is applied flips its state only when the two qubits 
on either side of it, which act as controls, are in opposite states. When the two controls are in the same state, the 
target qubit does not change its state. Since each of the qubits A1 through BN, interact with two qubits adjacent to 
them, the Hamiltonian describing the evolution of any one of these qubits is an 8 ×  8 matrix. In Ref. [3], we showed 
how the Hamiltonian describing the evolution of a coupled system of three qubits, two of which act as controls, can 
be reduced to a 2 × 2 matrix describing the true evolution of the target qubit only. This reduction can be achieved 
provided that the two control qubits are maintained in their states, by applying a high bias on them, when a pulse is 
applied to the target qubit. The reduced 2 × 2 Hamiltonian matrix for the target qubit A1 can therefore be written as 

( ) ZXH σξξεσ ±±+Δ= , (1) 

where the coupling terms, ξ, either add or subtract from the bias, ε, applied to the target qubit A1, depending on 
whether the two control qubits, IN and B1, are in the |0〉 or |1〉 states, respectively.  Here σX and σY are the Pauli spin 
matrices and Δ is the tunneling parameter. Given an initial state for the target qubit (|0〉 or |1〉), the probability of the 
target qubit in the |1〉 state at any time t is given as [3]: 
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The ‘+’ and ‘-’ terms correspond to the cases when the target starts out initially in the |1〉 and |0〉 states, respectively. 
As in [3], we have chosen units where Planck’s constant is 1. There are three frequencies of oscillation which can be 
reduced to two by choosing the bias term equal to zero during the SHIFT pulse.  These are : 
 ( )22

1 42 ξ+Δ=f , Δ= 22f .                                                                                                                             (3) 

Here, f1 and f2 correspond to the cases when qubits IN and B1 are in the same state and in opposite states, 
respectively. If T is the time duration for which the SHIFT pulse is applied on qubit A1,  frequency f1 must be chosen 
such that an integer number of complete oscillation cycles are realized within the time ste, T, and  frequency f2 must 
be chosen such that an odd integer number of half cycles is realized within the same time step. Thus, the parameter 
values, ξ,and Δ, can be solved for. Note that under a shift pulse operation, the bias is pulsed low to zero, i.e. ε = 0. 
At the end of the time step, the bias on the target qubit is pulsed high so that the qubit maintain its new state. 

To copy the state of qubit BN onto qubit OUT, qubit OUT is first initialized to the |0〉 state and then a CNOT 
operation is performed on qubit OUT with qubit AN as the control. In Ref. [3] we show how parameters of a two-
qubit coupled system can be chosen such that a CNOT gate is realized. Under a CNOT operation, the bias on the 
target qubit, OUT in this case, is pulsed low to a value equal to the coupling parameter, ξ, between the two qubits 
for a time step, T. This low bias pulse is the “CNOT” pulse (“bias-coupling” pulse), φ3. At the end of this time step, 
the bias on qubit OUT is pulsed high and qubit OUT is in the same state as qubit BN. The state of qubit OUT is now 
available for read-out. Once qubit OUT’s state is read, it needs to be re-initialized to the |0〉 state before the next 
copy operation can be performed.  

 
3. Conclusion 

In this work we have shown a novel scheme to realize a classical shift register with a series of qubits set up in a 
linear fashion. Each qubit interacts with qubit/s adjacent to it through coupling. By clocking the bias low on the 
qubits in a sequential manner, a shift register operation is realized. The shift register architecture and 
implementation described here is bi-directional. 
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