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Figure S1. Normalized capacitance as function of DC voltage (@ 100kHz AC excitation) for the barrier-less sample without pre-
oxidation of Cu electrode. We did not observe flatband voltage shift in the negative direction after 60min BTS due to lack of Cu

ion generation under vacuum.
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Figure S2. Atomic force microscopy scan and height data for evaporated Ta on SiO2. Average Ta thickness was 5nm and the
coverage was uniform.
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Figure S3. Normalized capacitance as function of DC voltage for the barrier-less sample measured on different dot capacitors.
All capacitors have flatband voltage shift matched to within £ 0.2 V.



MLG barrier sample — 3.33MV/cm - 60min - 400K

no BTS
1.0 1.0
8 08 0.8
G
S 064 0.6
g
s 0.4 0.4
=
g 0.2 0.2
Z 00/ 0.0
7 6 5 -4 3 2 41 0-7T 6 5 -4 3 2 1 0
1.0 1.0
5
s 081 0.8
9
§ 0.6 0.6
? 04/ 04
N
T
E 02 0.2
Q
=z
0.0 0.0

o

7 6 5 4 3 =2 4 07 6 5 4 3 2
Voltage (V) Voltage (V)

Figure S4. Normalized capacitance as function of DC voltage for the MLG barrier sample measured on different dot capacitors.
All capacitors have flatband voltage shift matched to within + 0.08 V.
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Figure S5. Normalized capacitance as function of DC voltage for the MLG barrier sample measured on different dot capacitors.
All capacitors have flatband voltage shift matched to within £ 0.05 V.
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Figure S6. Normalized capacitance as function of DC voltage for the Ta barrier sample measured on different dot capacitors.
All capacitors have flatband voltage shift matched to within + 0.2 V.



