AtMol Deliverable Reports

3D2.7: dl/dV characteristics of NOR and NAND
QHC atomic logic gate

Unit 3: Atomic scale construction and simpl&/P 3.2: On-surface atomic scale
testing construction

L ead participant: P10 (JUK Krakow) Other participants. P11 (Singapore)

Note that, for the reasons described in the Dedivier
Report for 3D2.6, although Nottingham (P9) was
originally the lead participant for this deliverabP10
and P11 were both substantially more advanced in
their preparation and characterization of H:Si(100)
than P9. Krakow therefore took the lead for
Deliverable 3D2.7.

Person Months (Krakow): 3 Person Months (other participant): 3

Start datee M1

Planned end datee M36 Real end date: M36

Description of theresults:

In absence of planar interconnects, the outputistat an atomic scale surface logic gate
could be determined by pointing the pre-selectegududangling bond and by measuring the
direct tunnelling current intensity through thisnddng bond. According to QHC design, the

guantum information propagating along the dangbngd atom circuit will reach the output

atom depending on the status of the inputs. The gath table can therefore be tested by
dl/dU spectroscopy characterising how the surfaates of this quantum circuit are shifted
according to the binary input status.

The practical construction of the selected QHGaser atomic circuits, i.e., NAND
gate, has been done by krakow group following SA#/ tip-induced desorption protocol
described in the report on deliverable 3D2.6. TR gate has been fabricated on slightly
doped H:Si(100) sample (p-type B doping) keptiguitl nitrogen (77K) temperature. The
results for di/dU spectroscopy testing of the NAMDIic gate constructed on Si(100)-(2x1)-
H surface are shown in Figs. 1 and 2. The measuntsmeere performed at the surface
temperature 77 K. The dl/dU spectra obtained farctures of the gate encoded by logic
input values “11” and “00” are distinctly differemt the vicinity of the empty states regime,
whereas for “11” and “01” two peaks around +1.2 aMd +1.7 eV are seen. For “00”
configuration the new peak appears at about +1.5nNch corresponds to the same position
as for single DB dimer [1]. No important differexscare seen, however, around the valence
band edge even after attracting the tip to the safspe comparison of red and blue curves).
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Fig. 1.dl/dU spectroscopy testing of tRN&ND logic gate on a Si(100)-(2x1)-H surface perfed

at 77 K. The logic input values for different structurestlod gate are given above the STM images
(upper row). Corresponding dI/dU spectra obtairiedtip positions marked on the images by red
circles and at differentlz values are shown in the bottom panels. Each cwagaveraged
over 10 I-U dependences and then numerically @iffeated.
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Fig. 2. A comparison adl/dU spectra obtained for different configurationistheNAND logic
gate constructed on a Si(100)-(2x1)-H surface. Rosiof the distinct peak at 1.5 eV obtained for
“00” gate configuration is marked by a broken vetl line.

In Singapore, n-doped (phosphorus) SiH surfaceusad to construct a QHC DB logic gate.
The experiments were performed at 4 K. The dl/d&tsa were recorded using lock-in
technique. In contrast to Krakow’s experiment@d gate with dual functionality was
created. On the conduction band side (positive \m¢tages) NOR gate has been
demonstrated with a peak at 1.3 V (Fig.3). Wheetdke conduction band edge, the same
geometry of the logic gate shows OR behaviour (@¢ak.8V).
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Fig.3 STM images and dl/dV spectra of the logiegimonstrating OR and NOR behaviour
depending on the band side

In addition, another geomerty has been testedribroothat it is the DB input interaction
with the central atom which is inducing the eleotcostate shift. As presented in Fig. 4, no
input effect on the central DB when the input DB exktracted one lattice constant distance
away.
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Fig.4 STM images and dl/dV spectra of the structirde dangling bonds not showing logic gate
behaviour
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