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Efficient Semitransparent Perovskite Solar Cells for
23.0%-Efficiency Perovskite/Silicon Four-Terminal

Tandem Cells

Bo Chen, Yang Bai, Zhengshan Yu, Tao Li, Xiaopeng Zheng, Qingfeng Dong, Liang Shen,
Mathieu Boccard, Alexei Gruverman, Zachary Holman, and Jinsong Huang*

Emerging organic-inorganic hybrid perovskite solar cells
(PSCs) distinguish themselves among photovoltaic devices as
excellent top cell candidates for high-efficiency silicon-based
tandem devices. Due to their excellent light absorption and
large electron and hole diffusion lengths, PSCs have reached
certified efficiencies as high as 22.1% within six years of
research.I81 Moreover, perovskite light absorbers have band-
gaps that may be tuned over a wide range from 1.17 to 3.1 eV
which facilitates bandgap optimization for high efficiency per-
ovskite/Si tandem cells.’'® Another advantage of PSCs is that
polycrsytalline perovskite thin films can be made on various
substrates by low-temperature solution processes.[19-24
Perovskite/Si tandem cells offer an attractive path to increase
the efficiency of perovskite and silicon cells beyond the single-
junction Shockley—Queisser limit without adding signifi-
cant cost to silicon solar cells.?>34 The perovskite top cell in
a perovskite/Si tandem requires a transparent front electrode
that must have both high transparency and good conductivity;
in addition, the rear electrode must be transparent to near-
infrared light since this light will be converted to electricity
with high efficiency in the silicon bottom cell if it is not para-
sitically absorbed first. Several researches have reported four-
terminal and monolithically integrated two-terminal tandem
configurations with different types of transparent electrodes for
PSCs.2734 Bailie et al. utilized a transparent silver nanowire
electrode on PSCs to achieve a 12.7%-efficient semitrans-
parent perovskite cell.l”) However, the diffusion of silver into
the perovskite and charge transport layers leads to device deg-
radation.31¥! Transparent conductive oxides (TCOs), such as
indium tin oxide (ITO), hydrogen-doped indium oxide (IO:H),
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aluminum-doped zinc oxide (ZnO:Al), and indium zinc oxide
(IZO) deposited by sputtering have also been investigated as
transparent electrode for perovskite/Si tandem cells,?’-33 with
efficiencies of up to 14.5% for semitransparent perovskite cells
and 21.2% for tandem cells.% The sputtering process damages
the perovskite and charge transport layers,?’-33 consequently,
buffer layers made of inorganic materials such as molybdenum
oxide (MoO,), ZnO:Al, and ITO nanoparticles are often inserted
before sputtering to protect the perovskite and charge transport
layers.[?7-33 Ultrathin metal films (<10 nm thick) deposited by
thermal evaporation could be alternative transparent electrodes
that would not require buffer layers,**-38l as evaporation causes
much less damage than sputtering. However, such electrodes
have not yet been thoroughly exploited in perovskite cells; the
highest reported efficiency for a semitransparent PSC utilizing
a metal film is 11.5%.53¢)

In this study, we developed ultrathin metal electrodes with a
combination of good optical transparency and electrical conduc-
tivity. By controlling the roughness of the perovskite and charge
transport layers and growing continuous ultrathin metal films
with a metal wetting layer, we show a record efficiency of 16.5%
for a semitransparent PSC. When a semitransparent PSC is
stacked atop a near-infrared-enhanced silicon heterojunction
solar cell, the silicon cell is measured to have 6.5% efficiency,
yielding a summed efficiency of 23.0%, which is higher than
both the silicon and perovskite sub-cells.

There are three key requirements for a transparent metal
electrode in an efficient semitransparent PSC: (1) it should not
react with the underlying perovskite layer and charge transport
layers, (2) it should have high transmittance for incident sun-
light, and (3) it should have good conductivity for charge col-
lection. A challenge is that there is always a trade-off between
transparency and conductivity for any transparent electrode.
Here, we fixed the thickness of the metal films at 8 nm and
evaluated their transparency and conductivity when deposited
on glass and perovskite cell. Several metals have been investi-
gated as electrode materials in perovskite solar cells, such as
Au, Ag, Al, and Cu.l21-2339-%1 In a previous study, we found that
Cu and Au had much better stability than Ag and Al when in
direct contact with the perovskite films under ambient atmos-
phere,[® and thus Cu and Au were chosen as the metal elec-
trode candidates in this study. An 8 nm thick Cu film main-
tained a decent conductivity of 28 Q sq!; however, as shown
in Figure 1c, its transmittance is poor in the near infrared
range. An 8 nm thick Au layer, by contrast, displayed low
conductivity due to the formation of a discontinuous film on
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Figure 1. Schematic illustration of a) island growth of Au on a glass substrate and b) layer-by-layer growth of Au on a Cu-coated glass substrate.
) Transmittance and conductivity of an 8 nm thick pristine Cu film, an 8 nm thick pristine Au film, and a 7 nm thick Au film with a T nm thick Cu seed
layer on glass substrate. d) Transmittance and conductivity of different Cu-seeded Au films on glass substrate.

glass and perovskite cell (Figure S1, Supporting Information).
Au atoms are more strongly coupled to each other than to the
substrate, which leads to formation of Au islands via Volmer—
Weber growth during thermal evaporation (Figure 1a). As Cu
has a much higher surface energy of 1790 m] m~ than Au
(1506 mJ m~2),®! we introduced a 1 nm thick Cu seed layer to
improve the Au wettability. As a result, Au atoms attach prefer-
entially to the Cu surface rather than to each other, which leads
to Frank-van der Merve growth and the formation of contin-
uous ultrathin Au films (Figure 1b). As shown in Figure 1c, a
7 nm thick Au film on a 1 nm thick Cu seed layer (Cu (1 nm)/
Au (7 nm)) demonstrates higher transmittance and better con-
ductivity than pristine 8 nm thick Au and Cu films. Compared
with a Cu (1 nm)/Au (7 nm) electrode, a Cu (1 nm)/Au (5 nm)
electrode improved the transparency but greatly increased the
sheet resistance from 22 to 36 Q sq’; on the other hand, a Cu
(1 nm)/Au (10 nm) film had better conductivity but significantly
sacrificed transparency (Figure 1d). Increasing the thickness of
the Cu seed layer from 1 to 2 nm did not alter the electrode
conductivity but predictably decrease its transparency. There-
fore, the Cu (1 nm)/Au (7 nm) layer stack was chosen as the
optimum semitransparent electrode for use in PSCs.

When incorporated into a perovskite solar cell, the metal
electrode is deposited at last. Because it is only 8 nm thick, the
surface roughness of the perovskite light absorber and charge
transport layers may dramatically influence its continuity and
thus its conductivity and transparency. The roughness of the
perovskite layer, in turn, varies with the process used to form
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the perovskite film. A MAPDI; film fabricated by the two-
step interdiffusion approach displays a surface roughness of
21.7 nm.”Y Compared to 22 Q sq! on a glass substrate, the
sheet resistance of a Cu (1 nm)/Au (7 nm) electrode on two-step
MAPDI; films increases to 40 Q sq~!, which is much larger than
the 16 Q sq! sheet resistance of ITO substrate for perovskite
cell. In order to reduce the roughness of the perovskite layer,
we utilized a one-step spin extraction approach that is similar
to previously reported processes, but the mixed solvents were
changed to dimethylformamide (DMF) and dimethyl sulfoxide
(DMSO0).12246471 While spin-coating the MAPDI; precursor solu-
tion, toluene was dropped to quickly precipitate MAPDI; so that
very smooth films formed, as shown by the scanning electron
microscopy (SEM) cross-section in Figure 2e. After thermal
annealing at 100 °C for 10 min, the one-step MAPbI; film had
a surface roughness of 12.4 nm, as revealed by the atomic force
microscopy (AFM) topography imaging shown in Figure 2a. This
is almost half that of two-step MAPDI; films. Covering the perovs-
kite films with a PCBM/C¢,/BCP layer stack, which is needed for
high device efficiency,“**!l the surface roughness further reduced
to 6.1 nm (Figure 2b). The semitransparent Cu (1 nm)/Au (7 nm)
metal electrode on this smooth MAPbI; perovskite device is con-
tinuous (Figure 2c,d) and has a sheet resistance of 23 Q sq7},
which is close to the ITO top electrode. Finally, another 40 nm
thick BCP layer was added on top of the Cu (1 nm)/Au (7 nm)
film to further improve the transmittance of the semitransparent
electrode; BCP has been shown to enhance the transparency by
around 10% in the near-infrared range (Figure 1d).

Adv. Energy Mater. 2016, 6, 1601128



ADVANCED
ENERGY
MATERIALS

'A\
M“h\‘liié

www.MaterialsViews.com

(a)

ITO/Glass

RMS=12.4 nm

RMS=6.1 nm

| C60(20nm) |

MAPbI,

PTAA
ITO/Glass

RMS=5.4 nm

(d)

pm

01 2 3 4 5
pm

Figure 2. Schematic drawing and AFM topography image of a a) MAPbI;
film on PTAA-coated ITO/glass, b) PCBM/Cgo/BCP coated MAPbI; film,
and c) PCBM/Cqo/BCP coated MAPbI; film after deposition of a Cu
(1 nm)/Au (7 nm) electrode. The image sizes are 5 pm x 5 pm. The sur-
face roughness is revealed by the root mean square (RMS) value. d) Cor-
responding AFM phase image of (c). €) SEM cross-section of a MAPbI;
film on PTAA-coated ITO/glass.

We fabricated semitransparent perovskite solar cells using
500 nm thick smooth MAPDI; films. An opaque control device
with an 80 nm thick Cu electrode displayed a respectable effi-
ciency of 19.4% due to crystalline grains =1 pm in size formed
with the help of DMSO additives and due to excellent passiva-
tion of the perovskite surfaces and grain boundaries by double
fullerene layers.?2*8%1 Without the DMSO in the precursor
solution yield the MAPbI; film with grain size 300-400 nm,
and the surface is much rougher than the mixed solvent of
DMF and DMSO (Figure S2, Supporting Information). When
illuminated through the glass/ITO side (denoted as front illu-
mination), the semitransparent cell had a short-circuit current
density (Jsc) of 20.6 mA cm2, fill factor (FF) of 74.1%, open-
circuit voltage (Vo) of 1.08 V, and power conversion efficiency
(PCE) of 16.5% (Figure 3a). The efficiency was confirmed by the
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stable photocurrent and power output at the maximum power
point (0.87 V bias) for 1000 s, as shown in Figure 3b. The semi-
transparent perovskite solar cells have excellent stability when
store under the dry inert atmosphere as shown in Figure S3
of the Supporting Information. When illuminated from the
Cu/Au/BCP side (denoted as rear illumination), the device had
12.1% efficiency with a reduced Js¢ of 15.2 mA cm™ because
the Cu/Au/BCP layer is less transparent in the visible spectrum
than the ITO front electrode. Note that the semitransparent per-
ovskite solar cells had hysteresis-free behavior, as seen by the
forward and reverse current—voltage (J-V) scans in Figure 3a,
which is again ascribed to the fullerene passivation effect as
we previously reported.*)] A series resistance of 6.4 Q cm? was
calculated from the semitransparent cell under front illumina-
tion J-V characteristic. This small series resistance and corre-
sponding high FF further illustrate that the Cu/Au semitrans-
parent electrodes induce little loss during collection and lateral
transport of photogenerated charges.

Semitransparent PSCs under front illumination have lower
PCE than opaque control devices mainly because of reduced
Jsc. As shown in Figure 3c, semitransparent perovskite solar
cells under front illumination and opaque cells have compa-
rable external quantum efficiency (EQE) values at short wave-
lengths (300-550 nm), but semitransparent cells have smaller
EQE at longer wavelengths (600-800 nm). From the extinction
coefficient (x),°% more than 500 nm of MAPbI; film is required
to absorb 95% of the photons in the 600-800 nm wavelength
range (Figure 3d), but the MAPDI; layer used here is only
500 nm thick. In the opaque PSC, the thick (80 nm) Cu elec-
trode serves as a rear reflector that increases the path length
of light inside the perovskite layers, and this benefits the har-
vesting of long-wavelength photons. In the semitransparent
PSC, the transmittance of these nonabsorbed photons leads
to Jsc loss, but they will be absorbed in silicon bottom cell in
tandem devices.

Amorphous silicon/crystalline silicon heterojunction cells
are excellent candidates for silicon-based tandem devices
because they have high V¢ resulting from the separation of
the highly recombination-active (Ohmic) contacts from the
silicon absorber bulk.Pl To improve the silicon bottom cell
performance for tandem configurations, we fabricated infrared-
enhanced silicon heterojunction cells (IR cells) by applying a
double-layer antireflection coating at the front side and a MgF,
back reflector layer at the rear side, as illustrated in Figure 4a.
As in 1 sun silicon heterojunction cells,P! intrinsic and doped
a-Si:H layers were deposited on a textured n-type monocrystal-
line wafer. On the front side, conventional ITO was replaced by
IZO as a lateral transport layer because IZO has a higher car-
rier mobility.’? TZO typically has a lower carrier concentration
than ITO and thus higher sheet resistance, but this is desirable
in tandems because lower carrier density (and higher mobility)
can decrease free-carrier absorption induced parasitic loss of
near-infrared light. The high sheet resistance of IZO is not an
issue in here. Because the absolute power loss caused by sheet
resistance is proportional to the product of ]y, and the sheet
resistance,** while the [, in the bottom cell of a perovskite/
silicon four-terminal tandem is roughly one-third of the 1 sun
Jumpp of the silicon cell because the light is filtered through the
perovskite, and thus the front TCO layer can be three times
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Figure 3. a) J-V curves of an opaque PSC and semitransparent (ST) PSC under front illumination and rear illumination with reverse and forward scans.
b) Measured photocurrent density and PCE at the maximum power point (MPP) with 0.87 V bias for semitransparent PSCs under front illumination.
) EQE curves for opaque and semitransparent PSCs under front and rear illumination. d) Extinction coefficient k and required depth for a MAPblI; film

to absorb 95% of light at different wavelengths.

more resistive with the same power loss.’3l The 50 nm thick
IZ0 layer was coated with 120 nm of SiO,; together, they served
as a dual-layer antireflection coating that better transmits near-
infrared light. On the rear side of the cell, a 15 nm thick ITO
layer was deposited over the entire surface, followed by a 300 nm
thick MgF, layer that was evaporated through a stainless-steel
mesh to define local openings. Finally, a silver layer was sput-
tered on the rear surface. Because of the MgF, patterning, the
silver contacts the ITO in the (=5%) area without MgF,, whereas
it remains separated from the ITO and wafer
everywhere else. Inserting the MgF, layer
between the silver and silicon increases rear (a)
internal reflectance by reducing the fraction
of light that reaches the lossy silver reflector.
It does this by both limiting the transmis-
sion cone at the silicon rear surface and
suppressing plasmonic absorption of light
arriving outside of the cone.P*+>¢l

The performance of a silicon IR cell
can be evaluated by the total absorbance
(1-reflection) and EQE curves in Figure 4b.
Compared to the reference cell (which uses
only ITO on the front, and no MgF, on the
back), the IR cell had a Jsc only 0.5 mA cm™2
higher for wavelengths <700 nm. However,
in the near-infrared region of the spectrum
(700-1200 nm), where the perovskite top
cell is transparent and the silicon cell per-

considerable: 22.7 mA cm™ compared to 21.1 mA cm2. This
gain results from the aforementioned design alterations that
minimize parasitic absorption of near-infrared light. The total
absorbance (1-reflection) spectra in Figure 4b confirm this:
Only 45% of 1200 nm light, which silicon does not absorb, is
absorbed in the IR cell (by, e.g., the TCO and silver). By con-
trast, 82% is absorbed in the reference cell. As a result of
the very small near-infrared parasitic absorption in the IR
cell, the gap between the EQE and total absorbance curves is

- -~ 1-reflectance, IR cell
- -- 1-reflectance, ref. cell
—— EQE, IR cell

—— EQE, ref. cell

<700 nm

JSC
(mAlem?) >700 nm
IR cel
ITO ref.

1-reflectance and EQE (%)
(4]
o

17.5 22T

17.0 211

0 L L | L L | L
300 600 900

1200
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Figure 4. a) Schematic of the infrared-enhanced silicon heterojunction cell. b) Total absorbance
(1-reflectance) and EQE spectra of infrared-enhanced and reference silicon heterojunction cells.
The shaded area indicates the improvement in near-infrared performance resulting from the
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approaching zero, as is expected when all the light absorbed is
absorbed within the silicon wafer and thus converted into pho-
togenerated carriers. An IR cell with an area of 4 cm?, meas-
ured alone at 1 sun, had a PCE of 21.2% with a V¢ of 716 mV
and FF of 75.6%; the reference cell had a PCE of 20.1%.

Combining the high efficiency semitransparent PSCs and
infrared-enhanced silicon heterojunction cells, we evaluated
the potential for perovskite/Si tandem cells in the four-terminal
configuration by measuring the silicon cell under light filtered
with a perovskite cell. The characterization was carried out inde-
pendently for each sub-cell. Following the results in Figure 3,
front illumination of the semitransparent PSCs was used for
best performance. As shown in Figure 5a, most visible light was
absorbed by the perovskite top cell, with 10%-20% of red light
(600-700 nm) transmitted to the bottom cell. The light absorp-
tion around 800 and 1020 nm above the bandgap of perovskite
film is come from the absorption of semitransparent electrode,
similar phenomena has also been reported in the sputtered ITO
electrode.B% For near-infrared light, 10%-20% light was also
reflected by the semitransparent PSC, together with 15%-30%
absorption, it left =60% of near-infrared light for the silicon IR
cell. The -V curves and EQE spectra of the semitransparent PSC
and filtered silicon IR cell are shown in Figure 5b,c, and device
performance is summarized in Table 1. After the light is filtered
by the perovskite top cell, the Jsc and Vo of the silicon bottom
cell are expected to decrease because of the reduced light inten-
sity, and the FF is expected to increase because of the reduced
effect of series resistance at lower illumination. The filtered sil-
icon IR cell exhibited a V¢ of 679 mV, a Jsc of 12.3 mA cm™?,
and a FF of 77.9% for a PCE of 6.5%. Adding the 16.5% effi-
ciency from the perovskite top cell, this corresponds to a
summed efficiency of 23.0%. This is substantially higher than
those of both the optimized silicon IR cell and the opaque per-
ovskite cell.

The reference PSC used in here only has power conversion
efficiency of 19.4%, and the semitransparent top cell can obtain
16.5% PCE with the Cu (1 nm)/Au (7 nm) electrode, which
remain 85% performance of the opaque reference cell. If apply
this semitransparent metal electrode onto the highest reported
22.1% PSC, we can expect 18.8% power conversion efficiency
for the top perovskite cell. Together with 6.5% infrared-
enhanced silicon bottom cell, we should obtain =25% overall
efficiency for the four terminal perovskite/Si device.

In summary, we have investigated semitransparent perovs-
kite solar cells and infrared enhanced silicon heterojunction
cells for high-efficiency tandem devices. A semitransparent
metal electrode with good electrical conductivity and optical
transparency has been fabricated by thermal evaporation of
7 nm of Au onto a 1 nm thick Cu seed layer. For this electrode
to reach its full potential, MAPDI; thin films were formed
by a modified one-step spin-coating method, resulting in a
smooth layer that allowed the subsequent metal thin film to
remain continuous. The fabricated semitransparent perovs-
kite solar cells demonstrated 16.5% efficiency under 1 sun
illumination, and were coupled with infrared-enhanced sil-
icon heterojunction cells tuned specifically for perovskite/Si
tandem devices. A double-layer antireflection coating at the
front side and MgF, reflector at rear side of the silicon het-
erojunction cells reduced parasitic absorption of near-infrared
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Figure 5. a) Transmittance, reflectance, and absorptance of a semitrans-
parent PSC under front illumination. b) J-V curves of a semitransparent
PSC under front illumination and a silicon IR cell with and without the
semitransparent PSC filter. ¢) EQE spectra of semitransparent PSC top
and filtered silicon IR bottom cells.

light, leading to 6.5% efficiency after filtering with a perovs-
kite device and 23.0% summed efficiency for the perovskite/
Si tandem device.
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Table 1. Summary of photovoltaic parameters for a semitransparent
perovskite top cell, silicon IR cell, filtered silicon IR cell, and the overall
four-terminal perovskite/Si tandem cell.

Device Voc Jsc FF PCE

W [mA cm ] [%] %)
ST-PSC top cell 1.08 20.6 741 16.5
Silicon IR cell 0.716 39.0 75.9 21.2
Filtered silicon IR cell 0.679 12.3 77.9 6.5
Sum 23.0

Experimental Section

Perovskite Solar Cell Fabrication: Hole transport layer poly(bis(4-
phenyl) (2,4,6-trimethylphenyl)amine) (PTAA) film was deposited on ITO/
glass by spin-coating 0.2 wt% PTAA in toluene at 4000 rpm for 35 s. The
as-prepared film was then thermally annealed at 100 °C for 10min. The
MAPbI; films were fabricated by one-step spin coating with antisolvent
extraction approach. The perovskite precursor solution was prepared
by dissolving 460 mg Pbl, and 159 mg MAI in 700 yL DMF and 78 pL
DMSO. In order to improve the wetting property of MAPbI; precursor
on PTAA film, the PTAA coated ITO substrate was pre-wetted by
spinning 50 uL DMF at 4000 rpm for 5 s. Then 80 yL MAPbI; precursor
solution was spun onto PTAA at 2000 rpm for 2 s and 4000 rpm
for 20 s, the sample was drop-casted with 120 pL toluene at 8 s of the
second-step spin-coating. Subsequently, the sample was annealed at
65 °C for 10min and 100 °C for 10 min. The two-step MAPbI; films
were fabricated by solvent annealing induced interdiffusion method as
reported process.?*l The electron-transporter layer PCBM was coated
by spinning 2 wt% PCBM in dichlorobenzene at 6000 rpm for 35 s and
then annealed at 100 °C for 30 min. After that, 20 nm Cg, and 8 nm
bathocuproine (BCP) was sequentially deposited by thermal evaporation.
Finally, the semitransparent metal electrode was sequentially deposited
with T nm Cu, 7 nm Au, and 40 nm BCP by thermal evaporation. For the
control device, 80 nm Cu was deposited by thermal evaporation instead
of semitransparent metal electrode. The working area of the perovskite
solar cells was 7.5 mm?.

Silicon Solar Cell Fabrication: N-type, float-zone, as-cut (100) wafers
were used as starting substrates. Alkaline texturing was performed in
potassium hydroxide (KOH) to produce random pyramids on both
sides of the wafer, followed by RCA cleaning and a short dip in buffered
oxide etch (BOE) before amorphous silicon (a-Si:H) deposition. Plasma-
enhanced chemical vapor deposition (PECVD) was used to deposit
nominally 7 nm of intrinsic a-Si:H-followed by a short hydrogen plasma
treatment—on both sides of the wafer. 12 nm of p-type a-Si:H and 10 nm
of n-type a-Si:H were deposited on the front and rear sides, respectively,
by incorporating trimethylboron (TMB) and phosphine (PH3) into the
silane (SiH,) precursor. On the front side, a 50 nm thick 1ZO layer was
deposited by DC sputtering through a shadow mask to define 2 cm x2 cm
cells. Low-temperature silver paste was screen printed and annealed at
200 °C for 20 min, followed by deposition of 120 nm of silicon oxide
(SiO,) via PECVD. On the rear side, 15 nm of ITO was deposited by DC
sputtering, followed by 300 nm of MgF, via thermal evaporation and
200 nm of silver via sputtering.

Device  Characterization: ~ Current-voltage measurements were
carried out by a Keithley 2400 Source meter under simulated AM 1.5G
irradiation (100mW cm~2), which was produced by a Xenon-lamp-based
solar simulator (Oriel 67005, 150W Solar Simulator). The scanning
rate was 0.1Vs™'. The steady-state photocurrent density and PCE of
perovskite solar cell was measured at 0.87V applied bias. The J-V
curves of perovskite solar cells and silicon solar cells were measured
separately. The silicon bottom cell size was 2.0 cm x 2.0 cm, and the
characterization of filtered Si IR cell was carried out under simulated AM
1.5G illumination after filtering by a 2.5 cm X 2.5 cm semitransparent
perovskite cell from glass/ITO side. We measured the silicon solar cell
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by adding a perovskite filter on top with a 2 mm air gap between the filter
and silicon cell. This gap causes some reflection loss, and we expect
slightly higher tandem efficiency if measuring with index-matching fluid
between the perovskite and silicon cell. The transmittance, absorption,
and reflectance were characterized with LAMBDA 950/1050 UV/VIS/NIR
Spectrophotometer from Perkin Elmer. EQE curves were characterized
with a Newport QE measurement kit by focusing a monochromatic
beam of light onto the devices. The morphology images were acquired
using tapping mode AFM (MFP3D, Asylum Research, USA). The SEM
images were taken from a Quanta 200 FEG environmental scanning
electron microscope.

Supporting Information

Supporting Information is available from the Wiley Online Library or
from the author.
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