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1 Sheet resistance and resistivity of LSCF layer
Figure S1 shows a schematic diagram of the experimental setup for the measurement of sheet resistances. As the LSCF cathode layer is coated on the surface of the SDC electrolyte, these two layers can be considered as if they are connected in a parallel configuration of the circuit for the resistance measurements. If our measured sheet resistances included the contribution from both the SDC electrolyte and LSCF layers, the measured sheet resistance (Rs,M) would be:

Rs,M = Rs(LSCF)·Rs(SDC)/(Rs(LSCF)+Rs(SDC))



(S1)

where Rs(LSCF) is the actual sheet resistance of the LSCF cathode layer and Rs(SDC) is the actual sheet resistance of the SDC electrolyte layer. According to results from previous publications, the conductivity (σSDC) of SDC is 0.082 S cm-1 at 800 °C in air (Chen, M, Ceramics International, 2009, 35(4), 1335-1343). The thickness (δSDC) of the SDC layer was determined to be 10 μm by SEM image analysis. Thus, the actual sheet resistance of the SDC electrolyte layer can be estimated to be:

Rs(SDC)=1/(σSDC×δSDC)








(S2)

Therefore, the actual sheet resistances of the LSCF layer (Rs(LSCF)) can be calculated from Equation (S1) and Equation (S2). The data is listed in Table S1.
The percent differences between Rs,M and Rs(LSCF) values can be estimated from the following equation:

% Difference =|Rs,M - Rs(LSCF)|/Rs(LSCF)×100%




(S3)

Based on the data shown in Table S1, we can safely approximate the value of Rs,M represents the value of actual Rs(LSCF).
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FIGURE S1 | Schematic diagrams for the sheet resistance measurement setup.

Table S1 | Measured sheet resistances (Rs,M), and estimated actual sheet resistances of LSCF cathode (Rs(LSCF)) and SDC electrolyte with different number of dip-coatings. 
	Number of dip-coatings
	Rs(SDC)
(Ω sq-1)
	Rs,M
(Ω sq-1)
	Rs(LSCF)
(Ω sq-1)
	Differences
(%)

	1
	6097
	895
	1049
	14.6

	2
	6097
	46.3
	46.7
	0.8

	3
	6097
	23.2
	23.3
	<0.5

	4
	6097
	12.4
	12.4
	<0.5

	5
	6097
	7.25
	7.26
	<0.5

	6
	6097
	3.32
	3.32
	<0.5


Rs(SDC): Estimated actual sheet resistance of the SDC layer
Rs,M: Measured sheet resistance of the LSCF layer
Rs(LSCF): Estimated actual sheet resistance of the LSCF layer

Figure S2 shows resistivity of the LSCF at 800 °C in air. The resistivity (ρ) was calculated by the following equation:

ρ=Rs/δ










(S4)
where Rs is the sheet resistance measured from the four-probe method and δ is the thickness of the LSCF obtained from SEM image analysis. For the LSCF layer with a dip-coating for one time, the layer presented a high resistivity, which could be due to disconnected region observed by the SEM analysis (shown in the insert in Figure 2(b)). For the LSCF layers with a dip-coating for two times, its resistivity showed a significant drop compared to the LSCF layers with a dip-coating for one time. Further increasing the number of the dip-coating step beyond two times showed a generally invariable trend. This constant resistivity value indicates similar porosities and connectivity of the LSCF layers when the number of the dip-coating step applied was two or more.
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FIGURE S2 | Resistivity of LSCF layer as the function of the thickness.
2 Electrochemical parameters
Table S2 | Electrochemical parameters determined from impedance fitting.

	Thickness
(μm)
	Rohm
(Ω cm2)
	RH
(Ω cm2)
	CH
(F cm-2)
	fH
(Hz)
	RL
(Ω cm2)
	CL
(F cm-2)
	fL
(Hz)
	Rp
(Ω cm2)

	5
	0.84
	0.52
	0.03
	8.3
	0.34
	1.88
	0.25
	0.86

	10
	0.36
	0.25
	0.10
	6.2
	0.33
	2.03
	0.23
	0.58

	15
	0.26
	0.27
	0.19
	3.1
	0.17
	3.35
	0.27
	0.44

	20
	0.27
	0.29
	0.20
	2.8
	0.19
	3.48
	0.24
	0.48

	25
	0.27
	0.31
	0.20
	2.4
	0.22
	3.29
	0.22
	0.53


Table S3 | Microstructure parameters and electrochemical active region (lδ) of the tubular single cells.

	Thickness
(μm)
	Grain size (nm)
	Pore diameter(nm)
	ε2d
(%)
	ε3d
(%)
	τ

	α
(×104cm-1)
	ld
(μm)

	5
	920
	563
	17.2
	35.4
	1.24
	4.21
	8.1

	10
	960
	610
	18.0
	36.3
	1.25
	3.97
	8.3

	15
	932
	630
	16.8
	34.9
	1.23
	4.18
	8.2

	20
	924
	589
	19.4
	37.9
	1.27
	4.02
	8.1

	25
	899
	623
	16.9
	35.0
	1.24
	4.33
	8.0


The errors for the grain size and pore diameters are within 8%
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