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We present a versatile platform for miniature low-power Ising machines that support and rapidly 

solve large-scale combinatorial problems [1]. The spinwave Ising Machines (SWIM) is a new class of 

time-multiplexed Ising machines [2,3] that are implemented with an arbitrary-interconnected array 

of spinwave radio frequency (RF) pulses propagating in a ring oscillator with additional measurement 

and control feedback system implemented with an FPGA (Fig. 1). Spinwaves propagate 5 to 7 orders 

of magnitude slower than the speed of light and can be easily interconverted into RF signals which 

are easily manipulated with off-the-shelf energy efficient electronic RF components. Altogether, the 

use of spinwaves allows for dramatic miniaturization, reduction of power consumption, and 

significant improvement of frequency stability 

in time-multiplexed Ising machines. 

Here, we present the design, the development, 

and the potential of the SWIM concept. The 

SWIM main loop consists of linear and 

parametric amplifiers, a YIG spinwave delay 

line where the spinwave RF pulses propagate, 

and an RF switch that controls the formation of 

RF pulses inside the ring. The feedback loop 

consists of the measurement and control block 

followed by a variable phase shifter and an 

attenuator. The feedback loop is connected to 

the main loop via microwave couplers. A 

phase-sensitive amplifier (PSA) limits 

conditions for stable oscillations in the SWIM 

ring circuit to only RF pulses at either phase 0 or π relative to a pumping reference signal.  

We evaluated the computational performance of the SWIM with MAX-CUT optimization problems. 

Arbitrary combinatorial problems can be implemented with an FPGA control block. It takes around 

5 µs for SWIM to evolve to a stable and optimal state for the MAX-CUT optimization problem. The 

SWIM consumes only 2W of power and, therefore, requires only 10µJ to compute the solution of 

arbitrary MAX-CUT problems. 

Our work creates a pathway for miniature low-power and commercially feasible Ising machines for 

solving a wide range of large-scale optimization problems. 
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Fig. 1. Spinwave Time-multiplexed Ising machine. 


