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Abstract

As electronic devices shrink to the nanoscale, gate leakage and heat dissipation rise sharply
because boundary layers that once behaved as classical insulators increasingly admit quantum-
mechanical charge transfer. In parallel, silicon photonics seeks to move information with photons
rather than electrons, yet silicon remains a poor on-chip light emitter and the integrated laser
remains a central bottleneck. This paper frames both difficulties as one boundary problem:
stable conversion separation fails when a junction cannot maintain a coherent admission state.

Using the Aether Physics Model (APM) and Quantum Measurement Units (QMU), we
represent boundary response by an integer event-admission law governed by a coherence window
74 and a threshold landmark Ny. We propose that nanoscale “tunneling” corresponds to
unintended event admission mediated by magnetic-charge linkage through Aether alignment
(a magnetic bridge). This yields a direct falsifier: in a non-ferromagnetic nanogap junction
operated at fixed electrostatic bias, the extracted window 7, must shift systematically with
applied magnetic field with an even-in-B leading-order dependence, while an odd-in-B term is
permitted only when a chiral boundary is intentionally introduced.

Finally, we show how the same gate language reframes the silicon-laser bottleneck as an
emitter-gate design problem rather than solely a bulk-bandgap problem, aligning naturally with
defect-engineered silicon emitters and cavity-enhanced emission. The paper supplies sensitivity-
ratio experiments that decide whether receiver gates are controlled primarily by electrostatic or
magnetic channels and presents an effective QMU-normalized boundary Lagrangian that encodes
the missing interaction in a compact, test-oriented form.

Keywords: QMU; APM; tunneling; gate leakage; silicon photonics; coherence window; magnetic
charge; on-chip lasers

1 Introduction

Gate leakage and heat dissipation rise sharply when transistor dimensions and dielectrics are pushed
into the nanometer scale, where carriers can traverse classically forbidden regions by quantum-
mechanical tunneling. The microelectronics industry has treated this as a central scaling bottleneck,
motivating the transition from SiOg/polysilicon to high-k dielectrics and metal gates to reduce
leakage while preserving capacitance [Intel Corporation, 2007a,b]. Device-level tunneling models
(direct and Fowler—-Nordheim) for ultrathin oxides and stacks capture strong thickness dependence
and bias dependence [Cassan et al., 2000, Zhang et al., 2000], while atomistic studies show that
defect networks can amplify leakage via coherent percolation paths [Kang et al., 2008].

In parallel, the migration from electronic to photonic on-chip interconnects seeks lower-loss, higher-
bandwidth transport, but silicon photonics still faces the “laser problem”: cubic silicon is an
indirect-bandgap semiconductor and does not provide efficient optical gain, so practical on-chip
lasers require alternative gain media or integration routes [Soref, 2006, Shankar and Wang, 2024,
Liang and Bowers, 2021, Shekhar et al., 2024].

This paper proposes a unified interaction law for both bottlenecks inside the Aether Physics Model
(APM) with Quantum Measurement Units (QMU): boundary conversion is controlled by coherence
gates. In this view, downscaling fails when boundaries can no longer preserve stable conversion
separation, so unintended conversion events appear as tunneling leakage and heating. Conversely,
silicon-integrated emission becomes feasible when boundaries are engineered to admit intended
conversion events with controlled geometry and coherence.
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The technical foundation is the photoelectric gate formalism developed in QADI manuscripts: (i) a
receiver gate defined by a finite coherence window 7,; (ii) an integer admission law N* = [v*7; |; and
(iii) two competing hypotheses for the dominant control channel of (TZ, Ny), electrostatic-primary
vs magnetic-primary [Thomson, 2026¢,b,a,e]. Here, we generalize the same gate law to nanoscale
electronic barriers and silicon emitter boundaries, and we propose a set of experiments that can
decide whether tunneling leakage is primarily electrostatic barrier reshaping or a magnetic-charge
coherence bridge.

2 Ledger Closure Check

A canonical closure used throughout QMU derivations is Ledger One,
A, curl = Fq2 Ao

Ledger One is the Aether rotational self-identity in QMU-only form. Together with the propa-

gation product F; A\c = FyAc, it provides a clean bridge to conventional propagation constants
(Appendix A).

3 QMU Boundary Gates and Event Admission

3.1 Dimensionless cadence and gate window

Define the dimensionless cadence and gate window
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The admissible integer event count is

N W) =V
A threshold landmark Ny defines onset of sustained event admission; the response condition is
N* > Ny [Thomson, 2026b]. In photoelectric experiments, 7, is a receiver coherence window. In
nanoelectronics, 74 is interpreted as a boundary-state coherence lifetime controlling whether carriers
remain partitioned into the intended channel or admit unintended conversion events.

3.2 Transport cards and receiver gates

The APM/QMU method distinguishes (i) transported content and (ii) receiver admission. Transport
is locked using “cards” that preserve delivered content under knob changes (for example, keeping
delivered ligt fixed while adjusting delivery area and intensity), so that observed response changes
must be attributed to receiver-side variables [Thomson, 2026a]. Receiver admission is controlled by
(75, No), which are extracted from landmarks rather than assumed from microscopic models.
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3.3 Competing control hypotheses and the magnetic-bridge claim

Two control hypotheses are defined [Thomson, 2026b]:

e Electrostatic-primary: (TZ, Np) are governed mainly by an electrostatic control £.
e Magnetic-primary: (7‘;, Ny) are governed mainly by a magnetic control M.

The tunneling explanation proposed here is a magnetic-bridge mechanism: electron magnetic charge
enables an Aether-aligned linkage between electron sites, stabilizing a coherent bridge that modifies
the gate variables governing unintended admission. In this language, “tunneling” is not merely
barrier traversal; it is coherence-mediated event admission across a boundary.

4 Nanoscale Tunneling as Unintended Gate Admission

4.1 Conventional leakage models

Direct tunneling gate current through ultrathin oxides and stacks is modeled as a strong function of
equivalent oxide thickness and bias conditions, commonly via WKB-like transmission probabilities
for carriers across the dielectric [Cassan et al., 2000, Zhang et al., 2000]. Atomistic calculations show
that defect networks (e.g., oxygen vacancy paths) can strongly amplify leakage via defect-assisted
tunneling [Kang et al., 2008]. Industrial mitigation includes high-k dielectrics and metal gates that
allow a physically thicker layer at comparable electrical capacitance [Intel Corporation, 2007a,b].

4.2 APM reinterpretation

In the APM, a stable device maintains a conversion partition: inward-curled matter participation
remains confined to the intended channel and localized states, while outward-curled transport
participation remains confined to its intended modes. The boundary gate enforces this partition.
Downscaling pushes boundaries into regimes where gate coherence is not maintained, so conversion
events are admitted unintentionally. The observable consequences are:

e Leakage current: sustained admission of unintended charge-transfer events.
o Heat: dissipative relaxation following uncontrolled admissions.

Under the magnetic-bridge hypothesis, the relevant “barrier” is not solely geometric thickness.
Instead, leakage is governed by the stability of an Aether-aligned linkage that can persist across
a thin boundary. In QMU terms, the model predicts that leakage regimes will be characterized
by a receiver-side coherence window 7,4 (hence 7;) and a threshold landmark Ny that respond
more strongly to M than to £. This does not deny thickness dependence; it adds a separable
coherence-control channel that can dominate in specific regimes (e.g., when coherent percolation

paths exist or when boundary geometry supports magnetic alignment).
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5 Discriminating Experiments: Sensitivity Ratios

The coherence-window formalism supplies direct decision criteria: if (75, No) are extracted from
data under independently controlled electrostatic and magnetic perturbations, the dominant control
channel is decided by sensitivity ratios [Thomson, 2026b]. The experimental principle is to hold
transport fixed (transport cards) while perturbing only receiver-side controls.

5.1 Protocol A: coherence extraction (7;)

Define a measurable landmark spacing Az in a swept variable x that corresponds to one unit change
in the inferred gate count (the electronic analog of Av* = 1/7;). Using a calibrated mapping from z
to cadence, define an extracted window proxy %(x) Then define the ratio

o7 /OM|

Magnetic-primary control corresponds to R, < 1; electrostatic-primary corresponds to R, > 1.

5.2 Protocol B: threshold landmark (V)

Define a measurable onset landmark Ny (or an electronic analog) and the ratio

 |omosoe]
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Magnetic-bridge control predicts Ry < 1 in leakage-dominant regimes.

5.3 Suggested device platforms

o Nanogap junctions: lithographic or break-junction gaps (few nm to tens of nm) where
leakage is large and a magnetic perturbation can be applied while holding electrostatics fixed.
e Short-channel FET test structures: where leakage and heating are pronounced; apply
controlled magnetic-basis perturbations to test whether extracted landmarks are M-dominated.
¢ Defect-engineered ultrathin oxides: intentionally seeded defect networks to emphasize

coherent percolation paths (comparable to defect-assisted tunneling pathways in atomistic
studies) [Kang et al., 2008].

6 Magnetic-Bridge Scaling Law and a Concrete Falsifier

Section 8 introduced a compact boundary Lagrangian with competing electrostatic and magnetic
controls. Here we extract a minimal, testable scaling law for the gate window 7, under a static
magnetic perturbation, and we state a laboratory falsifier that avoids the principal “parasitic
coupling” objection.
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6.1 A minimal coherence law

Let g(t*) be the metastable boundary coherence configuration. Assume the gate window is controlled
by a barrier crossing process in the effective potential V(g), so that the dimensionless window

T, = T¢Fy follows an Arrhenius-Kramers form

Y

5(B) =7 exn( g ). 1)
where AV* is the QMU-normalized barrier height (dimensionless) between coherence states and ©
is an effective dimensionless noise temperature that aggregates thermal and nonthermal broadening
within the boundary ensemble.

Model the magnetic bridge as an Aether-alignment energy that depends primarily on the magnitude
of the applied magnetic perturbation. The leading-order expansion is

AV (B) = AV + ke B> + ky B* + -+ | (2)

so that In7y is quadratic in B to leading order. If a chiral boundary is intentionally introduced
(Section 10), then an odd term is permitted,

AV (B) = AV + k1 B4k B2+ - (3)

and In 7y acquires a linear-in-B component that changes sign under B — —B.

Equations (1)—(3) are the direct experimental consequence of the APM claim that tunneling leakage
is governed by a coherence gate whose stability is set by magnetic-charge alignment through the
Aether. The even-in-B prediction is the leading-order falsifier in nonchiral, non-ferromagnetic
junctions.

6.2 From 7, to a measurable leakage modulation

In the subthreshold regime N* < Ny, the logistic admission law implies that small shifts of 7 cause
exponential shifts in admitted event flux. For fixed v/* and fixed transport cards, one may write the

local slope
0In Deax ~ V;k

87’5 o (]— - Padmit) ) (4)

so the most sensitive working point is slightly below threshold (Paqmit ~ 0.1-0.4), where 1 — Pygmit
remains large but the signal is nonzero.

Combining (4) with (1)—(2) yields a simple prediction: at the same electrostatic bias point, the
extracted 7y (from landmark spacings) must vary as In Ty X B? in a nonchiral junction, and the
leakage current must show a correlated, systematically reproducible even-in-B modulation that
cannot be removed by re-biasing electrostatics alone.

6.3 Concrete falsifier experiment (non-ferromagnetic nanogap)

A clean “smoking-gun” experiment can be implemented in a mechanically controlled break junction
or electromigrated nanogap using non-ferromagnetic electrodes (e.g. Au/Au) so that conventional
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spin-valve exchange is absent [Wolf et al., 2001, Slonczewski, 1989, Julliere, 1975]. Operate the
junction at fixed DC bias and temperature, and choose a working point where leakage is measurable
but subthreshold (to maximize (4)). Then:

1. Apply a static magnetic field B with a slow ramp to suppress inductive pickup (minimize
dB/dt).

2. Hold electrostatic bias fixed and record I(¢) time series and -V at each B.

3. Extract 7;(B) from landmark spacings or from the gate-count onset in the I response.

APM falsifier: In a nonchiral, non-ferromagnetic junction, In7; must be even in B (leading B?
dependence), and 7, (B) must shift in a way that correlates with leakage modulation. If 7, remains
invariant within experimental uncertainty over a wide B range where electrostatic profiles are
unchanged, then the magnetic-bridge control hypothesis is falsified in that platform.

This experiment also satisfies the “parasitic coupling” critique: using static fields and non-
ferromagnetic materials suppresses inductive artifacts and eliminates exchange-based spin-valve
mechanisms.

7 Silicon Photonics: Emission as Intended Gate Admission

Silicon photonics has matured in passive and many active components, but the integrated laser
remains a central bottleneck because cubic silicon does not provide efficient optical gain [Soref, 2006,
Shankar and Wang, 2024, Shekhar et al., 2024]. A dominant mainstream route is heterogeneous
integration of III-V gain materials on silicon [Liang and Bowers, 2021].

Beyond heterogeneous I1I-V gain integration, silicon emission research increasingly exploits defect-
engineered boundary states (color centers) and cavity-enhanced emission in silicon as scalable
on-chip sources [Kozlowski et al., 2025, Toth et al., 2023].

In the APM, the emission task is reframed: rather than relying only on bulk radiative recombination
efficiency, one engineers a boundary gate that converts electrical drive into outward-curled transport
fronts with controlled geometry and coherence. In this framing, the design variables are again
(75, No) but now for intended admissions. The “laser problem” becomes: fabricate boundaries
that (i) preserve coherence long enough to admit a sustained train of outward-curled events (gain
condition) and (ii) select a preferred transport geometry (mode condition). The polarized-chirality
and transport-card analyses in QMU supply a systematic experimental knob set for identifying which
boundary controls modulate emission onset and coherence most strongly [Thomson, 2026e,a,d].

Two immediate consequences follow for paper strategy and experiments:

1. Treat silicon as a host, not the gain law. The boundary gate can be implemented as a
heterogeneous or defect-engineered region whose coherence and geometry dominate admission.
This is compatible with mainstream integration strategies while adding a coherence metric.

2. Measure emission landmarks with the same ratios. Replace “threshold current” as the
sole metric with extracted (7, No) for emission onset, then test whether £ or M is dominant
for the boundary gate that produces emission.
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8 An Effective Boundary Lagrangian (QMU-Normalized)

A compact representation of the gate hypothesis is an effective boundary Lagrangian for a gate
state variable g(¢*) describing the boundary’s coherence configuration. Let ¢* = ¢ F; and normalize
energies by enrg = meAc2Fq2. Consider

2
eég = g (iﬁ) —V(9) +xe€ fe(9) + xu M fr(g),
where 1, xg, xar are dimensionless coefficients and fg, fas encode the control couplings. In this
construction:

o The metastability lifetime of g defines 7, (hence 7).

o The separatrix in V(g) under control defines the event landmark Nj.

The magnetic-bridge hypothesis is the regime x s > xg for leakage-dominant admission channels.
The purpose of this Lagrangian is not to replace device simulators; it is to encode the missing
interaction as a falsifiable coupling structure whose dominance is decided by the sensitivity ratios of
the prior section.

9 A Minimal Admission Law for Leakage and Emission

The coherence window formalism supplies integers; experiments report currents, powers, and optical
fluxes. To connect these, define a minimal admission probability expressed only in gate variables:

. 1
Padmit(V ) - NO—N*(V‘)> ;

[

1 +exp(

where o is a dimensionless smoothing parameter encoding ensemble broadening. This function
reproduces three observable regimes: sub-threshold suppression (N* < Ny), onset near threshold
(N* ~ Ny), and saturation (N* > Np).

For leakage-dominated junctions, define a generic event flux ®¢, (events per unit time) as a
cadence-limited attempt rate times an admission probability,

(I)ev ~ FqFPadmih
with I' a dimensionless attempt factor that depends on junction geometry, available states, and
transport-card settings. The electrical leakage current is then proportional to event flux:
Ileak X Gev (I)cva

where ¢ey is the effective charge transferred per admitted event (expressible in the QMU charge
basis used for the device under test). The key point is that the entire nontrivial control dependence
is concentrated into (7’;, No) through P,qmit, which is exactly what the sensitivity ratios measure.

For emission-dominated boundaries (engineered emitter gates), the optical output is similarly
proportional to admitted outward-curled events,

(I)’y X Py,

with the emitted transport card setting the output form (frequency, polarization, chirality) [Thomson,
2026e,a]. In this way, the same admission law connects leakage suppression and emission enhancement
as two sides of boundary conversion.
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10 Distinguishing the Aether Magnetic Bridge from Spintronics

A likely mainstream critique is that “magnetic-primary tunneling” may be re-labelling known spin-
dependent tunneling or exchange coupling phenomena. This section states operational distinctions
and gives discriminants that can be executed on standard nanoscale junction testbeds.

Spintronics and tunneling magnetoresistance (TMR) are established in ferromagnet/insulator /ferromagnet
junctions, where conductance depends on the relative magnetization orientation and on spin-polarized
densities of states [Julliere, 1975, Moodera et al., 1995, Slonczewski, 1989, Butler et al., 2001, Wolf

et al., 2001]. These effects require ferromagnetic order (or deliberate spin selectivity), and their
magnetic control is fundamentally an orientation control (magnetization reversal and alignment).

The APM magnetic bridge differs in three experimentally separable ways. First, it is predicted
to operate in non-ferromagnetic junctions because it is attributed to magnetic-charge linkage and
Aether alignment rather than to exchange order. Hence the falsifier in Section 6 deliberately
uses non-ferromagnetic electrodes. Second, the baseline prediction for a nonchiral boundary is
even-in-B coherence control (Eq. (2)), because the bridge is an alignment-energy magnitude effect;
a chiral boundary permits an additional odd-in-B term (Eq. (3)). Third, the APM bridge predicts
cross-coupling to boundary chirality and optical helicity controls developed in QADI photoelectric
work [Thomson, 2026e,a]|, whereas canonical spin-valve tunneling requires spin-polarized carrier
populations and magnetic order.

A minimal discrimination program is therefore: (i) demonstrate a reproducible even-in-B shift
of extracted 7, in a non-ferromagnetic nanogap at fixed electrostatics; (ii) show that the effect
persists when exchange coupling is impossible (no ferromagnets, no intentional spin injection); (iii)
show that adding chirality introduces a controlled odd-in-B component while keeping materials
non-ferromagnetic. If these three conditions are met, the observation is not a re-description of
spintronics; it is a distinct boundary-coherence control channel.

11 Discussion

The proposed unification is operational: it supplies a single receiver-side control language for two
bottlenecks that are otherwise treated separately. In nanoscale electronics, tunneling leakage is
interpreted as unintended admission caused by boundary coherence loss (or magnetic bridging). In
silicon photonics, integrated emission is interpreted as intended admission enabled by engineered
boundary gates that sustain coherence and mode selectivity. Both reduce to measurement and
control of (73, No) with transport held fixed.

The most valuable near-term result is therefore experimental: a reproducible measurement of R
and Ry in a nanoscale platform with careful electrostatic control. If R < 1 or Ry < 1 in leakage-
dominant regimes, the magnetic-primary claim becomes a device-level interaction law. If instead
electrostatic sensitivity dominates (e.g., R, > 1 and Ry > 1 under well-controlled conditions), then
the receiver-gate abstraction remains useful for organizing device behavior, but the magnetic-bridge
claim is falsified in that regime.
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12 Conclusion

Aether-gated coherence provides a unified QMU description of (i) tunneling leakage in scaled
electronics and (ii) the silicon photonics on-chip emitter bottleneck. The controlling gate variables
are a dimensionless window 7¢ and an event landmark No, which together determine an integer
admission count N* = [v/'7;]. The central scientific question is which control channel dominates
these variables. The paper proposes sensitivity-ratio protocols that can decide electrostatic-primary
versus magnetic-primary control using extractable landmarks rather than assumed microscopic
parameters. Finally, an effective QMU-normalized boundary Lagrangian is provided to encode the
missing interaction compactly and to guide falsifiable experiments.

A Bridge to SI Narratives

Ledger One, A, curl = Fq2/\02, together with Fi; \c = Fy\c, anchors to the standard propagation
speed ¢ via FyA¢ = c. One may recognize the SI identity ¢? = 1/(uoeo) as the familiar propagation
constant and interpret A,curl as its QMU decomposition into rotational (Aether unit) and torsional
(curl) geometry.

For conventional leakage modeling, direct tunneling through ultrathin oxides is commonly computed
using WKB-like transmission probabilities and exhibits strong dependence on thickness and bias
[Cassan et al., 2000, Zhang et al., 2000]. Defect percolation paths can strongly amplify leakage
[Kang et al., 2008]. The APM addition is a boundary-coherence control law expressed by (73, No)
and its separable electrostatic vs magnetic sensitivities.
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