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I. COMPARING THE THEORETICAL AND EXPERIMENTAL STM LE SPECTRA

The spectral distribution of the emitted light is a convolution of the tunnel current power spectral density, PI(ω) and
the intrinsic plasmonics of the tip-sample junction delineated by junction LSP modes1. While the finite temperature
PI(ω) is given by Eq. 10, the latter i.e. the LSP modes may be calculated from the phenomenological model of
Rendell and Scalapino (RS)2 and applied to STM LE by Boyle et al. The plasmonic response of the TSJ is modulated
by the local geometry and dielectric properties of the TSJ, which has been shown experimentally and modelled
theoretically,1,3–5. In the RS model, the plasmonic TSJ is approximated as a spherical metal particle of radius R
(representing the tip end radius) located at a height d above a flat sample surface, thus constituting a nanosphere-
plane (NS-P) system. The plasmonic resonant frequencies (ωn) of the NS-P system i.e. the LSP modes are then given
by,

ωn = ωp

[
tanh(n+ 1

2 )β0

ε+ tanh(n+ 1
2 )β0

]1/2

n = 0, 1, 2.. (S1)

where β0 = cosh−1(1 + d/R), ε is the dielectric constant of the medium surrounding the TSJ and n denotes the
mode number. In deriving the expression the tip and sample metal dielectric function is described by the Drude free
electron model4–6 The above analytic expression is applicable in the limit d/R� 1, which is satisfied for most of the
STM TSJs4, where d ∼ 0.5 nm and R > 10 nm. Boyle et al.1 later expanded the RS model to theoretically calculate
the entire emission spectrum by modelling the emission as that from a Hertzian dipole located at the TSJ (oscillating
with frequency ω). Then for a given TSJ and STM operating parameters, the over all emission intensity =(ω) may
be written as1:

=(ω) = C × PI(ω)×
∞∑

n=0

ω4

(ωn
2 − ω2)

2 − ω2γ2
(S2)

1 . 2 1 . 4 1 . 6 1 . 8 2 . 0
0 . 0

0 . 2

0 . 4

0 . 6

0 . 8

1 . 0
1 0 3 3 8 8 6 7 7 5 6 8 9 6 2 0

 W a v e l e n g t h  ( n m )

 E x p e r i m e n t
  T h e o r y

Int
en

sit
y (

arb
. u

nit
)

 E n e r g y  ( e V )

Figure S 1. The experimentally obtained STM LE spectrum from a Au-Au junction for IT = 10 nA and Vb= 2.0 V and the
corresponding theoretical fit using Eq. S2.
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Figure S 2. (a) Theoretically calculated light emission spectra for a Au-Au STM junction for various junction bias at constant
tunnel current. (b) Experimentally obtained STM LE with various applied bias, at constant current ( ∼ 10 nA).

where C is an arbitrary scaling constant and γ is the damping coefficient for the tip and sample material i.e. Au.
We have used Eq. S2, with PI(ω) calculated for Vb = 2.0 V to fit the experimental emission spectrum presented

in Fig. 1a for 2.0 V bias as shown in Fig. S1. The best fit geometric parameters are obtained as R = 160 nm for d
= 0.63 nm (from Fig 5), yielding the LSP modal energies as ~ω2= 1.48 eV, ~ω3= 1.68 eV, and ~ω4= 1.83 eV, which
correspond to the spectral peaks evidenced in Fig. S1. Using the above parameters that generate the calculated
spectrum in Fig. S1, the emission spectra corresponding to the other biases are generated, only by changing the
PI(ω) corresponding to Vb, along with the change in d commensurate with Vb necessary for keeping IT constant (Fig.
5). Figure S2a shows the family of =(ω) plotted as a function of energy (~ω), for various Vb. LSP resonance energies
(ωn) are distinctly visible in the calculated spectra corresponding to the experimental observations re-plotted in Fig.
S2b from STM LE spectra plotted in Fig. 1a. For emission at energies ≤ eVb (Vb varied from 2.0 – 1.4 V), Eq. 10 is
used to evaluate the PI(ω). Above eVb, exponentially decaying form of the PI(ω) given by Eq. 12 is used to include
the over cut-off contributions. Overall, for a given STM tunnel junction (with all fit parameters held constant) the Vb
dependent variation in the PI(ω), accurately reproduces the experimentally obtained STM LE spectrum, as evidenced
in Fig S2. These sets of data have been then used to generate the contour plots presented in Fig. 8.

II. VALIDITY OF THE MODEL

In Fig. 6 the various spectra obtained for Vb in the range 1.4 – 2.0 V collapse onto a single curve when scaled with
PI(ω) for the corresponding Vb. The validity of the above analysis and understanding may be effected in an alternate
analysis also. The bare plasmonic response of the TSJ may be obtained by calculating the ratio of emission spectra
and the calculated PI(ω) at any bias. We have scaled LE spectrum at 2.0 V with the corresponding PI(ω) to generate
this bare plasmonic response and then used it to predict the expected emission spectra for other biases by multiplying
it with PI(ω) at those biases as given below.

=(ω, Vb) =
Experimental Spectra at 2 V

PI(ω, 2V )
× PI(ω, Vb) (S3)

Emission spectra thus generated for 1.8 V and 1.6 V, by this method are plotted in Fig. S3a and Fig. S3b respectively
(black dotted curves) along with the corresponding actual experimental spectra from Fig. 1 (red dotted curves).
Again the calculated spectra qualitatively follows the experimental results and confirms the self-consistency of the
model and underlying physics discussed here.

The relevance of obtaining an expression for PI(ω) including finite T correction in contrast to the zero T calculation
(Eq. 9) is elucidated in Fig. S4. It plots the experimental emission spectrum recorded with Vb=1.8 V at 300 K along
with the expected spectra at lower temperatures kBT = 0.1 meV (T=1.2 K) and 10 meV (T=116 K). The expected
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Figure S 3. Theoretically scaled emission spectra (following Eq. S3) for (a) Vb = 1.8 V and (b) 1.6 V. The experimental
spectra are co-plotted for comparison.

1.4 1.5 1.6 1.7 1.8 1.9 2.0
0.0

0.1

0.3

0.4

0.5
886 827 775 729 689 653 620

 Wavelength (nm)

 Experimental (T = 300 K)
 Calculated (T = 116 K)
 Calculated (T =  1.2 K) 

Em
is

si
on

 s
pe

ct
ra

 (a
rb

. u
ni

ts
) 

 Energy (eV)

Figure S 4. Experimental spectra for Vb= 1.8 V at 300 K and theoretically scaled emission spectra (following Eq. S4) for T=
116 K and 1.2 K.

spectra at lower temperatures are calculated as;

=(ω, T, 1.8 V ) =
Experimental Spectra at 300 K(1.8 V )

PI(ω, 300 K, 1.8 V )
× PI(ω, T, 1.8 V ) (S4)

The spectra at 1.8 V was chosen to demonstrate the temperature dependence since it has a well developed emission
span both below and above the quantum cut-off. It is evident from the plot that for very low temperatures (kBT
= 0.1 meV), the emission should quench at eVb, following the conventional zero temperature power spectral density
(Eq. 9). With increase in temperature residual thermal noise in the system increases, contributing to the emission
beyond the cut-off, consistent with experimental observation.
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