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Fig. S1. Speciation diagram of silver precursors as a function of solution pH.
diagram of silver precursors as a function of solution pH.



Fig. S2. Discontinuous silver film fabricated at a flow rate of 1.5 mL min-1.



Silver film deposition 

Fig. S2 shows the schematic diagram of the contious flow microreactor deposition to fabricate 

the silver film. The deposition process consists of a microprocessor controlled dispensing 

pump (Ismatec), Tygon tubing (1.22 mm ID, Upchurch Scientific), and a micro T-mixer 

(Upchurch scientific). Silver nitrate (AgNO3, Alfa Aesar), ammonium hydroxide (30 vol % 

NH4OH, Macron Chemicals), and Formaldehyde (36 vol % HCHO, Mallinckrodt Chemicals) 

were used as received without further purification. Ag(NH3)2
+ solution was prepared by 

mixing 7 mM AgNO3 solution with 0.19 M ammonia solution. Deionized water was used as 

the solvent throughout the experiment. The Ag(NH3)2
+ solution was filtered by a filter paper 

(Whatman). A 5mL HCHO solution was diluted with 50 mL deionized water. Prepared 

Ag(NH3)2
+ solution and formaldehyde (10 vol%) were initially pumped into the Tygon tubing. 

A micro-T-mixer allowed the homogeneous mixing of the reactants. Then, the mixture of the 

reactants passed through a 40 cm long linear reactor made by Tygon tubing. The reaction 

occured at room temperature. A volumetric flow rate of 0.4 mL min-1 was employed. Silver 

ink solutions formed in the reactor were directly deposited on a soda lime glass substrate or a 

polyimide substrate sitting on a spin-coater under 1500 rpm, leading to uniform film 

formation. Both glass and polyimide substrates were treated with O2 plasma prior to the 

deposition process for cleaning and promoting wettablity of the substrates. After the O2 

plasma treatment, the contact angle of the bare glass substrate was reduced from 65 to 18 

while the contact angle of 66 was reduced to 16 for the polyimide substrate.  



Fig. S3. Scheme of continuous flow microreactor deposition for silver film formation.



Silver line creation: Microchannel applicator was used to manufacture silver line. The 

Microchannel applicator consists of a transparent flow cell, microchannel, and gasket. Micro 

hot embossing techinque was employed to prepare microchannel. The emobsser was made by 

poly(methyl methacrylate) (PMMA). Embossing processes were devided into four distict 

steps: 1) heating, 2) embossing, 3) cooling, and 4) demolding. A mold featured with the silver 

line dimension was first fabricated by phtolithography technique. The mold then was used for 

the embossing process. The PMMA plate and mold were heat to 147 °C, followed by the 

embossing process where the mold was imprinted into the PMMA plate. The force for the 

embossing process was 500 N. After the embossing process, the mold and the imprinted 

embosser were cooled down to 90 °C. The embossor having same dimension as the mold was 

separated from the mold and used for the silver line patterning. Figure S3 describes the 

assembly of the microchannel applicator used to fabricae the silver line. The flow cell was 

made by polycarbonate, and thus the silver line formation can be visually observed 

throughout the deposition process. Gasket was installed to prevent leaking of the ink. Each 

component was stacked in the order as shown in the Figure. All components were tightly 

assembled by using clamps. Silver inks, synthesized in the microreactor, continuously flew 

into the inlet port and guided to flow over the substrate by the microchannel. The deposition 

process was continued for 15 minutes to form the conductive silver line.



Fig. S4. Scheme of assembly of microchannel applicator
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Characterizations of silver features  

The morphologies and cross sectional areas of the silver films were examined by scanning 

electron microscopy (SEM, Quanta 600 FEG). The topography of the silver film was 

analyzed by atomic force microscopy (AFM, Veeco). Size and morphology of colloidal silver 

nanocrystals were analyzed using high resolution transmission electron microscopy 

(HRTEM). HRTEM images were taken by using a FEI Titan operated at 300 kV. The crystal 

phases of silver nanocrystals were analyzed by selected area electron diffraction (SAED). X-

ray diffraction (XRD) was used to identify the crystallinity of silver film. XRD pattern was 

obtained by using a Rigaku Miniflex diffractometer with Cu Kα radiation and a graphite 

monochromator. The conductivity of the film was obtained by using Hall-effect measurement 

with a Van der Pauw approach (Ecopia HMS-5000) at room temperature. In-situ optical 

properties of silver nanoink solutions were obtained by using an in-line UV-Vis absorption 

spectrophotometer (Ocean Optics Inc).
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Table 1. Summary of reported silver film deposition

Deposition method Sintering condition Conductivity [S/m]
[27] Spray pyrolysis 350 °C (thermal) 1.4×107

[9] Printing reactive silver ink 150 °C (thermal) 8.8×106

[28] Printing silver NCs 200 °C (microwave sintering) 3.3×106

[29] Printing silver NCs 200 °C (thermal) 1.2×107

[30] Printing reactive silver ink R.T 1.9×105

[31] Printing silver NCs 300 °C (thermal) 3.3×107

[32] Printing silver NCs 300 °C (thermal) 2.8×106

[33] Printing silver NCs 260 °C (thermal) 6.2×106

[34] Printing reactive silver ink 300 °C (thermal) 6.7×106

[35] Printing silver NCs 300 °C (thermal) 1.4×107

[36] Printing silver NCs 250 °C (thermal) 2.5×107

[37] Electroless deposition on Au NCs 
catalyst

R.T 1.6×107

[38] Spin coating silver NCs 250 °C (thermal) 4.2×106

[7] Printing silver NCs 550 °C (thermal) 1.0×107

[15] Printing reactive silver ink 90 °C (thermal) 6.2×107

[12] Printing silver NCs R.T (HCl sintering) 1.0×107

[39] Laser E-beam to Ag precursors R.T 1.0×105

[13] Printing silver NCs 110 °C (boiling water salt) ~3.3×107

 [14] Silver-organic solution > 150 °C ~6.2×107

This work R.T 3.3×107

NCs: nanocrystals, R.T : room temperature
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