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Introduction: Why Solar?
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Meanwhile, the cost of solar panels has

* Clean Energy Education substantially decreased in the last decade
& Empowerment (C3E)



I1I-V Materials for Solar Applications
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Enabling Applications

I1I-V Materials for Solar Applications

Silicon Vs, l-Vs
Power conversion efficiency 18-21% 26-34%
Power output per weight 260 W/kg 1100 W/kg
Power output per area 200 W/m? 300 W/m?2
Flexibility Rigid Rigid or flexible
Market share 95% <1%
Cost <$1/W $61/W

Solar cells can be made from a variety of materials including silicon and Ill-Vs.
llI-V materials have higher solar cell performance than silicon, but are more
Clean Energy Education expensive. If their cost c.ouIFi be reduced, .III.-Vs
& Empowerment (C3E)  could enable many applications that are difficult now. R Source: MicroLink Devices




I1I-V Epitaxy Methods

The Incumbent Method
(Organometallic Vapor Phase Epitaxy)
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The Alternative Method
(Dynamic Hydride Vapor Phase Epitaxy)
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X Only research
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Objective

Our objective is to maintain lll-V solar cells with very high efficiency while exploring methods
to reduce the cost

This poster discusses the enabling role of nitrogen carrier gas to reduce HVPE deposition costs

The Roadmap to Low-Cost, High-Output Il1-V Solar Cells
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Stage 1: 22% AMD Stage 2: 24% AMD Stage 3: 25% AMD Stage 4: 30% AMD 1.5

250 kW/year 2 MW/year 14 MW/year 100 MW/year
. 10 reuses, $20/CMP 20 reuses, $10/CMP 50 reuses, $10/CMP All'in substrate cost of
Clean Energ\/ Education $130/substrate $90/substrate with CMP every 10X $1/cell, 239cm? cell
Yield and upline improvements
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Chamber 1: Chamber 2:

Methods: D-HVPE Growth [ csbSertin 1 cahooen —

Gas curtain

HCI HCI HCI HCI
We grew GaAs test structures to determine the growth rate AsH, PH,

with a nitrogen carrier gas, which is safer and cheaper
than hydrogen carrier gas that is typically used

We then developed solar cells to confirm that they still
maintain high efficiency at high growth rates with nitrogen

1) Test structure
for growth rate
calibration

Clean Energy Education 2) Solar cell growth
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Results: Growth Rate Enhancement

We used the maximum AsH; flow and 500
increased the GaCl flow to compare the

influence of carrier gas on growth rate
400

We observed a growth rate of 528 pm/h using
nitrogen carrier gas and 400 pym/h using
hydrogen carrier gas

300

This growth rate enhancement could improve 200
throughput in industrial-scale reactors, while
utilizing a carrier gas that is cheaper and

safer than the current standard

Fastest Growth Rate (um/h)
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Results: Solar Cell Performance

Estimated 24% power conversion efficiency with an antireflection coating at a growth rate of 30 um/h

The open circuit voltage (which predicts material quality) is within 20 mV of the hydrogen baseline with almost
no optimization. The difference in the short-circuit current density is due to a difference in layer thickness.
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Conclusions

Higher growth rate can lead to lower time to

grow a single-junction or multijunction Ill-V Gtr_owth
ime
solar cell (min)

We found that using nitrogen carrier gas
improves the growth rate compared to
hydrogen carrier gas, and has additional
benefits such as being cheaper and safer

GalnP growth rate (um h™")
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Impact

This work combined with continued scaling of D-HVPE reactors and techniques to reduce the cost of
metallization and substrates will enable a pathway for IlI-V solar cells in many future technologies like
efficient, light-weight solar modules on cars or flexible and portable solar mats, tiles, and backpacks

The Roadmap to Low-Cost, High-Output I11-V Solar Cells
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