
ATOM Architecture: Technical 
Specification 
Non-Von Neumann Optical-Acoustic-Molecular Computing Engine 

1. Executive Summary 

ATOM (Acoustic, Tensor, Optical, Molecular) is a non-von Neumann computing architecture. It is 
designed to perform real-time, near-instantaneous multidimensional simulations by leveraging 
native physical wave-mixing rather than digital logic gates. By integrating an isotropic cubic 
zirconia crystalline substrate, gigahertz/megahertz ultrasonic phased arrays, DNA origami 
molecular lattices, and a closed-loop passive fluid thermosiphon, ATOM computes continuous 
partial differential equations and tensor contractions at the speed of light. 

2. Architectural Overview and Paradigm 

Conventional computing paradigms enforce a severe separation between processing units 
(ALUs/GPUs) and memory storage, resulting in the von Neumann memory bottleneck, 
excessive thermal dissipation, and discrete numerical discretization errors. ATOM replaces 
discrete arithmetic with analog wave interference and physical field propagation across four 
core operational domains: 

●​ Optical Domain (Photons): Executes zero-latency continuous tensor dot products, 
Fourier transformations, and spatial interference running at the speed of light. 

●​ Acoustic Domain (Phonons): Provides real-time beam steering, transient caching, and 
dynamic gradient-index (GRIN) virtual waveguides. 

●​ Molecular Domain (DNA Origami): Supplies ultra-dense non-volatile state storage, 
topological reconfigurable weights, and sub-diffraction plasmonic scaffolding. 

●​ Thermal Domain: Operates a zero-vibration passive thermosiphon with direct 
thermoelectric power regeneration. 

3. Core Physical Substrate and Radial Geometry 

The core computational substrate relies on an isotropic crystalline medium machined into a 
spherical geometry to preserve path-length symmetry across all spatial vectors. Every radial 
vector from the center coordinate to the perimeter boundary provides identical optical path 
length, phase stability, and thermal gradient, fully eliminating edge clipping and asymmetric 
shear stress. 

●​ Material Composition: 8 mol% Yttria-Stabilized Cubic Zirconia (YSZ, c\text{-ZrO}_2), 
selected for its high physical hardness and isotropic cubic lattice structure. 

●​ Density: Approximately 5.8\text{ g/cm}^3, ensuring high acoustic impedance and 
mechanical rigidity. 

●​ Refractive Index: n \approx 2.15, providing high optical confinement across visible and 
near-infrared (NIR) bands. 

●​ Transmission Window: 250 nm (near-UV) to >5,000 nm (mid-IR), supporting 
multi-octave wavelength-division multiplexing. 



●​ Form Factor: A sphere measuring 21.6\text{ cm} in diameter with a mass of 
approximately 30.6\text{ kg} (bowling-ball scale), establishing uniform 4\pi steradian 
symmetry. 

●​ Core Integration: A radial centered core at (0,0,0) guarantees identical optical path 
lengths and thermal gradients. 

4. Seed Ignition and Parameter Injection 

Rather than routing intrusive physical wires into the core, parameter state is injected via three 
non-invasive mechanisms: 

●​ Non-Linear Multiphoton Ignition: Convergent laser pulses focused at the center 
coordinate exceed the non-linear four-wave mixing threshold, generating an isotropic 
coherent flash that radiates outward across full 4\pi steradians. 

●​ Polar Waveguide Conduit: A needle-thin sapphire optical conduit aligned with the polar 
axis delivers modulated optical waveforms into an isotropic scattering micro-resonator. 

●​ Piezophotonic Gating: Spherically convergent ultrasonic standing waves compress the 
central molecular lattice, shifting local bandgap absorption to throttle and shape outgoing 
spectral components. 

5. Multi-Spectrum Wavelength Division Multiplexing 

ATOM leverages the broad transmission window of cubic zirconia to execute parallel operations 
across distinct wavebands without cross-talk: 

●​ Ultraviolet (250–380 nm): Direct molecular state addressing, interrogation of DNA base 
density, and photo-switchable crosslinking. 

●​ Visible (400–700 nm): Plasmonic resonance, chromophore readout, and FRET 
interaction across DNA-anchored nanoparticles and quantum dots. 

●​ Near-to-Mid Infrared (850–1550 nm): Primary high-speed carrier wave. Experiences 
minimal absorption and interacts directly with acoustic photoelastic modulations. 

●​ Acoustic Dispersion Sorting: Bragg diffraction angle scales directly with optical 
wavelength, allowing sound waves to act as active physical spectrometers that separate 
output channels spatially. 

6. Acoustic Beam Steering and Virtual Waveguides 

Dynamic signal routing and state access inside the solid substrate are achieved via acoustic 
wave shaping: 

●​ Transducer Array: Curved thin-film lithium niobate (\text{LiNbO}_3) and zinc oxide 
(\text{ZnO}) piezoelectric transducers line the spherical boundary. 

●​ Dynamic GRIN Steering: Megahertz acoustic pressure waves generate alternating 
compression and rarefaction zones, continuously sculpting the local refractive index. 

●​ Targeted Illumination: Beams are guided along virtual acoustic tracks directly to active 
DNA clusters, leaving idle memory sites unilluminated to prevent thermal denaturing and 
photobleaching. 

7. Fluid Mantle, Relief Grooves, and Passive Cooling 

Thermal management and optical/acoustic coupling are maintained through an integrated fluid 



enclosure: 
●​ Fluid Jacket: Index-matched fluorinated liquid (n \approx 1.6\text{--}2.1) surrounds the 

crystal, providing acoustic impedance matching and eliminating Fresnel reflections. 
●​ Longitudinal Capillary Grooves: Etched micro-channels arc along lines of longitude 

from the bottom pole to the top crown. Gas bubbles nucleated from thermal boundary 
layers are trapped by capillary action and guided upward, keeping the optical interaction 
volume completely clear. 

●​ Zero-Vibration Thermosiphon: Natural buoyancy drives the fluid loop without 
mechanical pumps or fans, preserving optical phase coherence. 

●​ Thermoelectric Regeneration: Solid-state Seebeck generators mounted on the top 
condensation cap convert the rising thermal gradient into clean DC electricity, recycling 
waste heat to power laser diode injection drivers. 

8. Integrated Optical Casing and Holographic Output 

●​ Fourier Transform Shell: The outer fused quartz or sapphire casing is ground as an 
integrated continuous lens. As modulated light exits the fluid boundary into air, the lens 
computes an instantaneous 2D continuous Fourier transform across the wavefront. 

●​ 360-Degree Volumetric Projection: The computed result exits as a continuous, 
omnidirectional optical interference field, projecting the simulation directly into space 
around the sphere. 

9. Subterranean Installation Specifications 

For primary deployment, the system architecture requires high environmental isolation: 
●​ Acoustic and Seismic Isolation: Deep subterranean bedrock placement acts as a 

natural mechanical low-pass filter, eliminating surface environmental noise and 
micro-tremors. 

●​ Geothermal Thermal Stability: Underground anchoring provides a year-round 
constant-temperature cold sink for the thermoelectric condenser cap. 

●​ Photonic Isolation: Pitch-black subterranean containment guarantees zero stray 
ambient photons interfere with high-sensitivity perimeter sensor arrays. 

10. Bench-Scale Prototype (50 mm Proof of Concept) 

To validate the architecture before full-scale manufacturing, a bench-scale prototype parameters 
set has been specified: 

●​ Core Substrate: 50 mm optical-grade YSZ cube (approximately 725\text{ g}), double-side 
polished to 10 arcseconds. 

●​ Acoustic Drivers: Dual-axis 36^\circ Y-cut \text{LiNbO}_3 transducers operating at 
50–150 MHz with lead-loaded epoxy dampers. 

●​ Fluid Cuvette: Fused quartz chamber (70 \times 70 \times 90\text{ mm}) filled with 
index-matched fluorinated oil, featuring four 0.5\text{ mm} V-grooves. 

●​ Thermal Harvester: 40 \times 40\text{ mm} Bismuth Telluride (\text{Bi}_2\text{Te}_3) 
providing thermoelectric conversion coupled to passive heat sinks. 

●​ Optical Bench: Co-aligned 532 nm (green) and 637 nm (red) lasers routed through an 
external achromatic doublet lens (f = 150\text{ mm}) to a CMOS array. 
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