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+ Can add states (filed or empty) to the valance band (VB) or conduction band (CB) « Performed dI/dV point-spectroscopy on the gold adatom, far away, and in proximity to the gold (in
+ Donate electrons to the CB > n-type doping the dark areas) to probe electronic response of TaS,

« Accept electrons from the VB - p-type doping - ° (e e I, S

« Can disrupt electron-electron interactions, breaking Mott insulator state ~ u.vi; A 4 ° CrepEs Sl e e, i e

- Probing electronic response to atomic adsorbates can give further info « Near the gold: Tall peaks. Likely states that are being introduced by the gold. This hypothesis is

on material properties I currently being tested an standard graphite crystal with %o!d adatoms
Figure 1: n-type doping schematic [6] @) (b)

Tantalum Disulfide (TaS, ) — An Exciting Puzzle

TaS,is a complex electronic system with many coupled interactions (spin-orbit

coupling, layer hopping) and interesting electronic phases (charge-density wave states)

When cooled, it goes through a series of phase transitions, eventually entering an
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Figure 8: dl/dV point-spectroscopy of TaS, near gold adatom. Left: topography, right: waterfall plot. Data taken at each marked point
« Performed dI/dV spectroscopy along a line, starting far away from the gold, then closer, on the gold,

insulating state [1]

The type of insulating state is debated: conventional band insulator or Mott insulator
5 and farther again

Mott insulators: should conduct electricity according to band theory. Instead insulating 2
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due to strong electron-electron interactions ? %t Peaks that define the band gap shift to the right as we approach the gold and shift back as we move

S . Gon <ive rema : < doni ol
i s s s Gl 0 St 5 st oy e o i (o ?::ﬂ g:i%g away from it. Gap size remains unchanged. Evidence the gold is doping the sample > insulating
51

e S M) < e meulitar :ng i state being imaged is a band insulator

If the band gap reduces significantly, the material behaves like a metal - Mott insulator
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Figure 3: Density of states vs. energy for
different material phases [4] (left)

Figure 2: David star
shaped charge density

in cooled Tas, [5
Mot insulator state (right). Atoms localized EEElucestdyas 5]

at lattice sites because of interatomic
interactions

Figure 9: dl/dV line spectroscopy of TS, near gold adatom. Left: topography, right: waterfall plot. Data taken at each point

Experimental Setup and Methods Wamev e T

To further investigate doping effects: took a

Gold Evaporation map of electronic states at key peaks in the

li i
Evaporator is set up to deposit gold on sample surface in a UHV Iné spectra

« 180mV spectrum deprived of states

chamber. Deposition for 30s at 1mA emission current

sheilds:

~~teansport .
mﬁm « 1000V is applied between ends of a tungsten filament, released Stac"mg Order Dependence
A electrons knock out gold atoms from nearby wire +  Literature suggest that stacking order of
 sample
- i s . T li Mi /S ¢ crystal layers determines the type of insulating
canning lTunnelin ICrosco ectrosco
“ 9 9 Py/Sp! Py state (odd # of layers > mott, even # of layers
--{mpc,m, * An imaging technique used to study the electronic properties and > band). Can test this by finding a step-edge
topography of materials on the atomic scale. A
§ 3.0 in the sample. 279
AU O I G + Works by scanning a metallic tip over a conductive sample A —
tEemREIeshnciogy) Y 9 P P Figure 9: dl/dV maps of TaS, near gold adatom taken at different bias voltages. (a),
2 macroscopio scale b) atormic scale « Uses quantum tunneling of electrons across a ) @@ ez buize b A
” Figure 10: Step edge in Tas,
5 o nanometer-scale gap s;":-p'e e H?igh(. TS,
g & « Exponentially depends on the vertical distance g{‘::‘)b e:;msmggﬁ'a";ﬁ o':ye'
= « Sensitive to changes in local density of states .

tungsten tip diidV  point-spectroscopy
taken on and off the step

(left) demonstrate difference

ev 2 =Tip-sample separation in electronic properties in - E -t
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Figure 5: (a) Macroscopic model of an STM.
(b) Atomic scale model of an STM [3]

Future Work

« Explore the effect of stacking order on the type of insulating state and find Mott insulator surface

Results
Finding Gold Adatoms on the Surface

« High resolution STM imaging to discern gold atoms on the

« Compare inherent doping vs. external doping
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Figure 7: STM images of bare TaS, surface (left) and gold-speckled TaS, (left). Bright spots are gold atoms (examples circled in red)




