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I. Comparison of the properties of Ag-Zn thin films on different substrates 

(including the optical, electrical and structural performances). 
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Figure S1. (a) Transmittance, (b) reflectance, (c) absorbance of glass/Ag-Zn thin films, 

and (d) transmittance, (e) reflectance, (f) absorbance of glass/MGZOAg-Zn thin films 

with different thickness of Ag-Zn films. It can be observed that the turning point of 

transmittance and absorbance is 6.5 nm on glass substrate and 5 nm on glass/MGZO 

substrate, respectively.  
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Figure S2. (a) Sheet resistance and (b) surface roughness of glass/Ag-Zn and 

glass/MGZO/Ag-Zn with different thicknesses of Ag-Zn films. The falling speed of 

sheet resistance and surface roughness of Ag-Zn films on glass/MGZO substrate is 

significantly faster than that on glass substrate, which indicates MGZO can promote 

the nucleation of Ag-Zn thin films. 
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Figure S3. The surface morphology of glass/Ag-Zn with different thicknesses of Ag-Zn films: (a) 3.5 

nm; (b) 5 nm; (c) 6.5 nm; (d) 8 nm; The surface morphology of glass/MGZO/Ag-Zn with different 

thickness of Ag-Zn films: (e) 3.5 nm; (f) 5 nm; (g) 6.5 nm; (h) 8 nm (The scanning range of AFM is 

500 × 500 nm2). The thickness of the Ag-Zn film continuously formed on the glass substrate and the 

glass/MGZO substrate (the threshold thickness) is 6.5 nm and 5 nm, respectively. 
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II. Optical, electrical and structural performances of Ag-Al thin films. 
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Figure S4. (a) Transmittance and (b) sheet resistance of glass/MGZO/Ag-Al with different 

thicknesses of Ag-Al films. According to the turning point of transmittance and the sudden 

increase point of sheet resistance, it can be considered that the threshold thickness of Ag-Al 

thin film is 7 nm on the glass/MGZO substrate. 
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Figure S5. (a) Transmittance and (b) sheet resistance of glass/MGZO/7 nm Ag-Al films with 

different doping concentrations; SEM image of glass/MGZO/7 nm Ag-Al films with different 

doping concentrations: (c) 3 at.%; (d) 5.5 at.%; (e) 8 at.%. Considering the optical 

performance, electrical performance and surface morphology, 5.5 at.% is considered as the 

optimized Al doping concentration. 
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III. Effect of different oxygen flow rate on performance of 4 nm thick Ag-Zn(O) 

thin films. 
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Figure S6. (a) Reflectance and (b) absorbance of glass/MGZO/Ag-Zn(O) films with 

different O2 flow. The reflectance increases with the increase of oxygen flow. The 

average absorbance has decreased from 8% to 6.8% (λ~400-1200 nm), when 1.0 sccm 

O2 is introduced. 

  

  

Figure S7. The surface morphology of glass/MGZO/Ag-Zn(O) with different O2 flow 

rates: (a) 0 sccm; (b) 1.0 sccm; (c) 2.0 sccm; (d) 5.0 sccm. The 4 nm thick Ag-Zn(O) 

film transforms from a surface morphology with lots of unfilled gaps to a continuous 

surface.  
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IV. Optical and electrical influences of trace O2 on the threshold thickness of 

Ag-Zn(O) thin films. 
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Figure S8. (a) Transmittance, (b) reflectance, (c) absorbance, (d) sheet resistance of 

glass/MGZO/Ag-Zn(O) with different thickness of Ag-Zn(O) films (The O2 flow is 

fixed at 1.0 sccm).  
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V. Optical, electrical and structural performances of Ag-CdO thin films. 
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Figure S9. (a) transmittance, (b) reflectance, (c) absorbance and (d) sheet resistance of 

glass/MGZO/Ag-CdO with different thicknesses of Ag-CdO films. 

  

  

Figure S10. The surface morphology of glass/MGZO/Ag-CdO with different 

thicknesses of Ag-CdO films: (a) 3.5 nm; (b) 5 nm; (c) 6.5 nm; (d) 8 nm. 
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VI. Performances of organic solar cells (OSCs) based on commercialized 

glass/ITO and glass/OMO (MGZO/Ag/MGZO) electrodes. 
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Figure S11. (a) J-V curve and (b) EQE spectrum of OSC based on glass/OMO 

(MGZO/Ag/MGZO) electrode with the photoactive layer of D2:A2:A3.  
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Figure S12. (a) J-V characteristics and (b) EQE spectra of OSCs based on 

commercialized glass/ITO electrodes with different photoactive layers. 
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VII. Table summary of typical OMO (oxide-metal-oxide) thin films. 

Table S1. Summary of optical and electrical properties of typical OMO compound films. 

OMO structure (nm) Transmittance 

Sheet 

resistance

（Ω/sq） 

Reference 

Ag-Al/ZnO 

（7/40） 

92% (550 nm) 

＞80% (400-800 nm) 
23.4 [1] 

ITO/Ag-Cu/ITO 

（40/8/40） 

98.5% (600 nm) 

＞96% (400-700 nm) 
12.6 [2] 

ZnO/Ag-Cu/Al2O3 

（24 /6.5 /56 ） 
100.3% (400-700) 18.6 [3] 

AZO/Ag-SnOx/AZO 

(40/6/40) 
          79.1% (550 nm) 10.8 [4] 

Al2O3/Ag/MoOx 

（40 /9 /20） 
93.85% (550 nm) 7.39 [5] 

ZnO/MUA/Ag/ZnO 

（40/*/10/20） 
＞80% (400-600 nm) 8.61 [6] 

ZnO/Cu(N)/ZnO 

（60/6.5/60） 
84% (380-1000 nm) 20 [7] 

MoO3/Au/MoO3 

（30/7/80） 

~80% (500-700 nm) 

74% (800-1100 nm) 
19.6 [8] 

ZnO/AgOx/ZnO 

（50/6/50） 
92% (400-1000 nm) 26.5 [9] 

AZO/Ag/AZO 

（35/6/30） 
93.6 (500 nm) 5.6 [10] 

SnOx/Ag/SnOx 

（20/7/20） 
81% (390-780 nm) 10 [11] 

MGZO/Ag/MGZO 

(40/9.5/45) 
94.7% (400-800 nm) 10 [12] 

ZnO/AgOx/Ag/ZnO 

（5/1.5/6/25） 
94% (400-800 nm) 12.5 [13] 

 

mailto:79.1%25@550
mailto:93.5%25@（500-800
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Table S2. Lattice strains and crystallite sizes of the 100-nm thick Ag-Zn(O) film with 

different O2 flow rates determined from the Ag (111) peak.  

O2 flow rate/sccm Peak position/2θ FWHM/2θ 
Lattice 

strain/% 

Crystallite 

size/nm 

0 38.26 0.64 0.81 12.0 

1.0 38.06 0.81 1.02 10.2 

2.0 38.12 1.05 1.32 7.9 

5.0 38.16 1.56 1.97 5.3 
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