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Figure S1. Comparison of the device power consumption that the alloy electrodes with different Ag-Cu

ratios.
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Figure S2. Ag-Cu alloy phase diagram.!
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Figure S3. Comparison of Cu/HfO,/Pt, Ag/HfO,/Pt CBRAM devices at room temperature. [-V curves

of consecutive cycles for (a) Cu/HfO,/Pt (b) Ag/HfO,/Pt. The comparison structure is the magnitude and

distribution of the set voltage of CBRAM devices of Cu/HfO,/Pt and Ag/HfO,/Pt. The performance of

the devices after alloying is better than that of Ag and Cu top electrode CBRAM devices.
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Figure S4. Conductance distribution of (a)Ag;¢/HfO,/Pt, (b)Age,Cu,o/HfO,/Pt (c)Ag7Cus¢/HfO,/Pt (d)

AgsoCuso/HfO,/Pt (e)Ags0Cuyo/HfO,/Pt (f)AgioCuy/HfO,/Pt. Compared with other ratios, the devices

with Ag-Cu ratio of 63:37 have more uniform conductance distribution.
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Figure S5. Physical model of Cu conductive filament formation mechanism and its setting process and
the resistance switching mechanism of Agg;Cus,/HfO,/Pt devices. (a) The model shows that the galvanic
effect of decreased forming voltage, Ag atom capturing the Cu atom electron during the forming process.
(b) The fitting results of I-V at LRS (low resistance state) and HRS (high resistance state), respectively.

The conduction mechanism of LRS and HRS corresponds to ohmic contact and SCLC, respectively.
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Figure S6. The schematic illustration of the switching mechanism for SRDP.
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Figure S7. I-V curve of the device at different current compliances
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Figure S8. (a)-(c) The impact of different parameters (amplitude, pulse width and interval) positive pulse
train on the structure of Ags;Cus;/HfO,/Pt CBRAM device is studied. (d) Positive pulse train with
amplitude of 1V and pulse width of 50 us. (e) Negative pulse train with amplitude of -1V and pulse width
of 25 us. (d) The conductance of the device changes under the influence of potentiation or depression
pulses. After 30 pulses (1 V, 10 kHz), the response conductance increased gradually, while after 30

pulses (-1 V, 10 kHz), the response conductance decreased gradually. The conductance was measured at

0.2 V reading voltage.
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Figure S9. X-ray photoelectron spectroscopy (XPS) spectra for surface analysis of Ag-Cu alloy
films. The spectra of (a) Ag3d and (b) Cu2p peaks for Ag23Cu77, Ag41Cu59, Ag63Cu37,
Ag77Cu23, and Agg;Cuys alloys.



Table S1. Comparison of device parameters with another Ag-Cu alloy electrode device.

Set/Reset
Device structure Forming (V) Set (V) Reset (V) Response speed  Reference
(ns)
AgeoCuy/Si0,/TIN -5.00 -0.75 ~ 0.60 1.30 N.A. Ref2
Au;iCuy/Si0,/TIN 2.80 0.60 ~0.75 -0.75 800 Ref 3
AuzoCu;/Si0,/TiN 2.40 0.60 ~0.70 -0.80 700 Ref 3
Ag4Cuso/TaO,/Pt 0.80 0.40~0.80 -0.40~-0.10 N.A. Ref 4
AgesCu;s/TaO,/Pt 0.80 0.10~0.35 -0.15~-0.10 N.A. Ref 4
Agy,Cuso/HfO,/Pt 1.45 0.20~0.60  -0.40~-0.20 N.A. Ref 4
AgesCu;s/HfO,/Pt 1.05 0.18~045 -0.25~-0.15 30/40 Ref 4
Ag,;Cuy,/HfO,/Pt 0.67 0.13~0.55 -0.17~-0.03 40/40 This
work
Agy,Cuso/HfO,/Pt 0.44 0.12~0.35 -0.14~-0.06 15/13 This
work
Agg;Cus,/HfO,/Pt 0.31 0.13~0.22 -0.14~-0.07 10/8 This
work
Ag77Cuy3/HfO,/Pt 0.65 025~0.52 -0.25~-0.12 25/16 This
work
Agg,Cu,3/HfO,/Pt 0.87 035~0.73  -0.23~-0.09 90/100 This

work
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