Selectively Laser Doped Emitter on N-type Bifacial TOPCon Solar Cells
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ABSTRACT: In this paper, we evaluated n-type tunnel oxide passivated contact (n-TOPCon) solar cells with a selectively laser doped emitter. The cell features a front selective boron emitter formed by local laser treatment and with aluminum oxide / silicon nitride passivation layers. A green nanosecond laser (ns-laser)  is used to drive-in the boro-silicate-glass (BSG) layer on the front-side of the solar cells. In this study, we adjust laser conditions to obtain deep emitter profile and higher surface doping concentration. The large-area (251.99 cm2) silicon solar cells manufactured on 170 μm thick, 1Ω-cm, n-type Cz wafers using this technology, reach measured efficiencies up to 23.46%; with Voc of 704 mV, a Jsc= 40.67mA/cm2 and FF of 81.92 %. 
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1
INTRODUCTION
    Passivated contacts realized by a thin interfacial oxide and a heavily-doped poly-Si layer are considered a follow-up technology of PERC cells. Its huge efficiency potential has been underlined by Interdigitated back contact cell achieving 26.1% efficiency [1]. The tunnel oxide passivated contacts (TOPCon) solar cells have enabled conversion efficiency of 25.8% and a high open circuit voltage (VOC) of 725 mV [2].
    As the photovoltaic industry strives towards higher energy conversion efficiency, carrier-selective passivated contact with low minority carrier recombination and efficient majority carrier transport has become an active area of investigation for high-efficiency n-type Si solar cells [3–6].
In this study, Front-side boron emitter was by using diffusion processes and laser doping to form higher surface concentration boron layer. Rear-side tunnel oxide and n+ poly-Si passivation by using LPCVD processes with firing through Ag paste. The aim of this paper is to report the development of the bifacial n-type TOPCon solar cells in Motech. The highest cell efficiency of 23.46% is achieved with excellent VOC over 704 mV. 
2
EXPERIMENTS
A schematic diagram of solar cells is shown in Figure 1. We used G1 size n-type CZ wafers with thickness of 170um and resistivity of 0.1~1 Ω-cm as starting materials to fabricate the solar cells. The rear-side was polished with random pyramids and LPCVD thermal oxide/ n+ ploy silicon films on the rear–side surface formed a rear surface field to enhance passivation. Amorphous SiNx thin films were deposited on the rear side of cells in a PECVD reactor to passivate the doped silicon surface. The front-side was textured with random pyramids and Boron thermal diffusion on the front–side surface formed a front surface field to enhance passivation. The front-side selective emitter was formed by using Green ns-laser doping. Amorphous SiNx/Al2O3 thin films were deposited on the front side of cells in a PECVD reactor to passivate the doped silicon surface. The double side metallization was performed by screen print metal paste.
The process flow for TOPCon cell could be seen on Figure 2. The cells are manufactured on ~170 μm thick, n-type Cz-Si wafers. After texturing, the wafers are cleaned and tunnel oxide/poly silicon films were applied to form rear passivation with an n+ poly Si Rsheet≈100Ω/sq. The front-side was formed BSG layer and the dopants are driven-in through a dry-oxidation, and then to perform selective laser doping emitter at metal finger contact area. Finally, the front-side cleaning to remove BSG and dead layers.The resulting boron emitter features a sheet resistance of >140 Ω/sq. and boron selective emitter features a sheet resistance of <70 Ω/sq. A SiNx/Al2O3 coating was deposited by PECVD on the front side as an ARC. A SiNx layer was also deposited on the rear side.

3
RESULTS AND DISCUSSIONS
Figure 3 shows the rear-side tunnel oxide/n+ poly silicon cross-section by transmission electron microscopy (TEM) analysis. The thickness of tunnel oxide film was controlled around 1.2nm. The thickness of n+ poly Si film was fine-tuning to obtain excellent electrical and optical properties for rear passivated contacts. 
Figure 4 shows the front-side selective laser doping boron emitter profiles by electrochemical capacitance-voltage (ECV) analysis. The higher surface concentration and deeper diffusion boron profile were formed by green ns-laser doping. Selective Boron doped profiles were achieved by first depositing a BSG doped source layer followed by a drive-in process, and then using green ns-laser doping energy to produce a higher concentration boron layer at front-side metal finger contact area. The surface morphology of laser doping area shows in figure 5.  Front-side texture morphology was to be kept similar surface. The laser condition was controlled to avoid surface morphology change and recombination laser defects formation. 
Figure 6 shows selective emitter cell performance. So far, the cell’s efficiency was improved around 0.1%. The Jsc improvement can be attributed to lightly doping emitter at non-finger contact area. The shallow profile boron emitter had less carrier recombination so that the better optical property could be obtained for Fig.6 w/ SE case. The front-side surface clean treatment can remove surface damage during laser doping processes. However, the fill factor (F.F.) shows decrease trend. It might be attributed to the meal paste printing miss alignment. The metal finger and laser doping area need accurate alignment if the requirement would be got high FF value. The tolerance of laser doping width was trade-off selection in compare to the cell performance. The ideal case was smaller laser doping width and accurate alignment printing metal finger. It can avoid metal finger contact to high sheet resistance area (non-selective emitter area).
4
CONCLUSION
In this study, the selective emitter with Green ns-laser doping processes was employed to the front-side of n-TOPCon silicon solar cells. We used the low cost laser doping processes to replace many chemical and diffusion barrier porcesses. The slective emitter cell efficiency needs still to be improved on n-TOPCon solar cells. However, the laser doping processes optimization, laser doping width and metal printing alignment need to be modified in future work.
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Figure 1 A schematic cross-section of n-type silicon solar cells
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Figure 2 The flow chart with the processing steps
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Figure 3 Tunnel oxide/ n+ ploy Si by TEM analysis
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Figure 4 The ECV profiles analysis of laser doping selective emitter (EM: before laser doping emitter; LD: after laser doping emitter)
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Figure 5 The top view image of Green ns-laser doping selective emitter : (a) before laser doping; (b) after laser doping
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Figure 6 Cell perforemance of Green ns-laser doping 
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