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Figure S1. Crystal structure of orthorhombic a-SnS, also known as herzenbergite,
(Pnma, a=1.118 nm, b = 0.398 nm, ¢ = 0.433 nm)?! viewed from (a) the [010] zone axis
and (b) the [001] zone axis displaying its layered nature and anisotropic interlayer
bonding. Armchair bonding is found in the [001] direction and zigzag bonding is found
in the [010] direction. (grey atoms = Sn?*, yellow atoms = S%)



Figure S2. Additional TEM images of SnS nanoribbons.
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Figure S3. Variation of SnS nanoribbon synthetic conditions. (a) Shorter ribbons form
at lower concentration of reagents (0.1 mmol SnClz and 0.2 mmol sulfur) but (b) SnS
flowers form if the concentration is too low (0.05 mmol SnClz2 and 0.1 mmol sulfur). (c)
Only precursor clusters result at 165 °C (438 K) instead of 180 °C (453 K) while (d) a
mixture of products form if reagents are hot injected at 200 °C (473 K). (e) Using SnBr2
yields shorter and less monodisperse ribbons, while (f) Sn(acetate)2 produces a mixture
of short ribbons and nanowires.
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Figure S4. HAADF-STEM images of SnS nanoribbons. The white circle in the center
of (b) is due to beam damage.

Figure S5. AFM characterization of SnS nanoribbons, indicating their thickness of
approximately 17 - 20 nm.
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Figure S6. XRD pattern of commercial, bulk herzenbergite SnS (Sigma-Aldrich)
compared to the simulated pattern of GeS-type a-SnS (JCPDS card number 73-1859)
from Figures 1 and 2 (* = surface oxides).
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Figure S7. (a) SAED pattern collected from a single SnS nanoribbon and (b) a bright-
field TEM image showing the orientation of the nanoribbon producing the diffraction
pattern shown in (a). When compared to (c) the simulated electron diffraction pattern
for orthorhombic a-SnS(100),2 the reciprocal space distances between diffraction spots
in (a) indicate that the length of the nanoribbon extends in the crystallographic <010>
(zigzag) directions, while the width extends in the <001> (armchair) directions.



Figure S8. (a) TEM image of a pm-scale SnS nanoribbon and (b) HRTEM image of the
highlighted region in (a). (c) The corresponding HRTEM FFT of (b) confirms that the
length of the ribbon corresponds to the crystallographic SnS<010> directions (zigzag)

and the width to SnS<001> (armchair) when compared to the simulated electron
diffraction pattern displayed in Figure S7c.



Figure S9. Additional TEM images of SnS square nanosheets.



Figure S10. HAADF-STEM images of SnS square nanosheets.
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Figure S11. AFM characterization of an SnS square nanosheet, indicating its thickness
varies from ==75 nm to =160 nm across the various steps and plateaus of the
nanostructure.
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Figure S12. Variation of SnS square nanosheet synthetic conditions. (a) Only
polyhedra are obtained without HMDS present, indicating it is essential to the formation
of the nanosheets. However, (b) an excess of HMDS (1.25 mL) results in smaller
irregular nanosheets, likely due to increased precursor reactivity and corresponding
formation kinetics. (c) Small nanosheets form when the Sn:S ratio is increased to 2.5:1,
while (d) an excess of sulfur (1:2.5 Sn:S) results in SnS nanoflowers. Replacing SnCla
with 0.175 mmol (e) SnBr4 yields primarily mixed polyhedra and with (f) Sn(acetate)
produces a mixture of small rounded sheets and polyhedra.
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Figure S13. (a) Bright-field TEM image indicating the orientation of the SnS square
nanosheet relative to (b) the SnS(100) SAED pattern collected from it, revealing that the
edges of the nanosheet correspond to the <010> and <001> directions, while the
corners correspond to <011> directions.
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Figure S14. Additional SEM images of (a) dilute and (b) concentrated drop-cast 2D
SnS nanoribbons.
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Figure S15. Additional SEM images of (a) dilute and (b) concentrated drop-cast 2D
SnS square nanosheets.
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Au alignment marker (~75 nm tall)

Figure S16. SEM image, taken at a tilt, of an SnS nanoribbon, displaying the elasticity
of the nanostructure as it lays astride a ==75 nm tall fiducial marker on the substrate.
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Electron Image 1
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Figure S17. SEM-EDX elemental maps of an individual SnS nanoribbon deposited on
an Si substrate, demonstrating a uniform distribution of Sn and S throughout the 2D
nanostructure.
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Figure S18. SEM-EDX elemental maps of several SnS square nanosheets deposited
on Si, demonstrating a uniform distribution of Sn and S throughout the 2D materials.
The presence of C and N detected on the nanocrystals indicates that, despite
centrifugal washing, OLAM or other surfactants that provided colloidal stability are still
adsorbed to the surface following deposition on the substrate.
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Figure S19. SEM images of a drop-cast SnS nanoribbons without centrifugal washing.
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Additional Colloidal SnS FET Device Fabrication Details

We cast a single drop of dilute, centrifugally washed, dispersed nanocrystals in toluene
onto a substrate of heavily doped p+Si covered with a 300 nm layer of grown SiO, dielectric and
an array of photolithographically defined Au fiducial marks. Manipulating the drop concentration
allowed for control of the semiconductor density on the substrate. Concentrated drops afford a
compact film of SnS, whereas a dilute drop resulted in nanoribbons and square nanosheets
distributed across a wide area, appropriate for characterizing or fabricating devices from
individual 2D SnS nanocrystals. After drying in air, optical microscopy showed the 2D SnS
nanocrystals deposited on the substrate in a random fashion within the circular drop’s vicinity.
The density of semiconductor nanocrystals on the periphery of the deposition area was
unacceptably high for fabrication of single crystal devices due to the “coffee ring effect” (Figures
S20a,b,d). However, throughout the interior we found regions of 2D SnS colloidal nanocrystals
that had dried from solution with a free proximity of 10 um or more surrounding them.

After recording the desired device positions relative to the alignment pattern, the
substrate was annealed in a tube furnace under an atmosphere of 5 % forming gas at 400 °C
(673 K) to remove oleylamine and other organic species from the surface of the 2D SnS.
Despite the removal of most surfactant during our initial centrifugal wash, we found that residual
molecules adsorbed to the 2D SnS prevented smooth application of our lithographic resist.
Fourier-transform infrared (FTIR) spectroscopy confirmed that annealing effectively removed
these ligands. As seen in Figure S21, the strong signal of the C-H stretching modes around
2800 cm™ — 3000 cm, characteristic of aliphatic hydrocarbons, was no longer present after this
thermal treatment. Absorption due to a mixture of alkane, amine, and phosphine moieties
located from ~1300 cm™ to 1650 cm™ were also likewise removed by this process. The
crystallographic structure of the SnS nanocrystals was preserved during this process, as
confirmed by Raman spectroscopy (see Figure S25).

After spin coating a poly(methyl methacrylate) (PMMA) resist, electron beam lithography
was used to pattern device contacts on selected individual 2D SnS nanocrystals. Next, the
developed area was cleaned and etched of native oxide using a brief hydrofluoric acid wash
before proceeding with physical vapor deposition of metal electrodes using an electron-beam
evaporator. A Cr adhesion layer (10 nm) was deposited first, followed by an Au noble metal
capping layer (70 nm). Liftoff of the resist was achieved in acetone, and images of the resulting

device arrays were collected using SEM and optical microscopy (Figures S22-S23).
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SnS Nanoribbons SnS Square Nanosheets

Figure S20. Additional optical microscopy images taken from both concentrated
regions (a,b,d) and dilute regions (c,e,f) of drop-cast pum-scale 2D SnS nanoribbons (left
column) and square nanosheets (right column).
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Figure S21. FTIR spectra of SnS nanoribbons prior to annealing (red) and after
annealing at 400 °C in forming gas (blue), indicating that organic species present on the
surface of the deposited nanocrystals have been removed.
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Figure S22. Additional SEM images of fabricated individual SnS nanocrystal device
arrays.
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Figure S23. Additional optical images of fabricated individual SnS nanocrystal device
arrays.

24



(@)

B [2)
o o

N
o

)
o

Drain-source Current, IDS (nA)
o

IS
o

(b)

ol

-1.0 -0.8 -06 -04 -0.2 0.0 0.2 04 06 08 1.0

Pre-annealing

Drain-source Voltage, Vg (V)

o
o
1

N
o
1

)
o
1

A
o
|

-60

Drain-source Current, IDS (nA)
o
1

Post-annealing

-1.0 -0.8 -06 -04 -0.2 0.0 0.2 04 06 08 1.0

Drain-source Voltage, Vg (V)

Figure S24. Representative output characteristic at Ves = 0 V (a) before and (b) after

annealing of an individual 2D SnS nanocrystal device, indicating a change from

Schottky (rectifying) behavior to ohmic behavior.
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Figure S25. Raman spectra of ym-scale SnS nanoribbons collected as-synthesized,
following centrifugal washing, and after the completion of FET devices. Excitation A =
514 nm. These data indicate that the fidelity of the SnS crystal structure has been
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Figure S26. Powder XRD pattern of an ensemble of SnS nanoribbons following
annealing at 400 °C in 5% forming gas, indicating that the crystal structure is
maintained. The large signals at 25 — 29 °20 are from the crystalline Si substrate.
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Electron Image 1

Au Ma1 CrKa1
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Figure S27. SEM-EDX elemental maps of a fabricated SnS nanoribbon device
following annealing, confirming that the device remains intact and indicating that metal
from the contacts has not diffused into the semiconductor channel.
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Figure S28. Schematic of individual colloidal 2D SnS nanocrystal-based devices,
indicating that they are top-contact, back-gated.
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Figure S29. XPS spectra of SnS square nanosheets, centrifugally washed unless
otherwise noted. (a) Si 2p region and (b) Cl 2p region, indicating a lack of extrinsic
doping by these elements. (c) N 1s region without washing (green), after centrifugal
washing (orange), and following annealing in forming gas (red), indicating the removal
of OLAM surfactant from the surface.
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Figure S30. (a)Large-area EDX spectrum and (b) quantitative analysis of SnS
nanoribbons, indicating that, stoichiometrically, they are slightly S-heavy (52.76 % S,
47.23 % Sn). Detected C, N, and P are from OLAM and TOP surfactants. Detected Cu
is due to the substrate.
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Figure S31. (a) Large-area EDX spectrum and (b) quantitative analysis of SnS square

nanosheets, indicating that, stoichiometrically, they are Sn-heavy (46.27 % S, 53.72 %

Sn), likely due to the excess Sn** employed during their synthesis. Detected Cu is due
to the substrate.
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Additional XPS Analysis Details

To explore the possibility that the relatively low currents displayed by our SnS square
nanosheets were due to a thick surface oxide that forms in air, we analyzed the surface
composition with XPS. As expected, strong Sn 3d and S 2p peaks were detected (Figure S32).
The Sn 3ds; XPS spectrum indicates that an oxide layer is present, as shown by the binding
energy feature at 487.1 eV that we ascribed to SnO«.>* However, the sizeable lower binding
energy Sn 3ds; signal located at 485.7 eV corresponds to SnS detected beneath the SnO,.
This implies that the oxide layer must be substantially thinner than the penetration depth of the
XPS analysis (8 nm — 10 nm), suggesting the oxide layer at the surface is insufficiently thick to
negatively impact performance. Indeed, a thin native oxide passivation layer is potentially
advantageous to these semiconductor devices, as they eliminate trap states near the band

edges of SnS.®
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Figure S32. XPS spectra of SnS square nanosheets, centrifugally washed unless
otherwise noted. (a) Sn 3d region, indicating the presence of a surface oxide, and (b) S
2p region.
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Additional SnS Nanoribbon 4-Point Conductivity Analysis Details

In the case of the nanoribbons, a constant current was forced between the two outermost
contacts, which we label 1 and 4, and the differential voltage between the two interior probes, 2
and 3, was measured. For two nanoribbon four-terminal devices, the Ips 12 - V2.3 curves were
linear and an average channel resistance of 5.04 x 10° Q was extracted by employing Ohm’s law.

After establishing the dimensions of the semiconductor channel between contacts 2 and 3 using
SEM and optical microscopy, we used the electrical resistivity equation p = % where p is

the resistivity, Rapt is the channel resistance as determined from our four-point measurement, A

is the channel area, and L is the channel length, to elucidate the intrinsic material resistivity.
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Figure S33. Linear four-point probe conductivity (a) schematic and (b,c) data collected
from two SnS nanoribbons.
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Additional SnS Square Nanosheet 4-Point Conductivity Analysis Details

Four-point probe analysis of the square nanosheets utilized a van der Pauw configuration, which
affords measurements along two directions set off 90° from each other, in this case corresponding
to the edges of the square nanocrystals. We found the measured resistances to be highly
anisotropic, with an average value of 5.35 x 10° Q in one direction and 8.55 x 10° Q for the

orthogonal in-plane direction. The sheet resistance, Rs, was determined by solving the van der
—TRy —TL'Ry

Pauw equation,® e R + e Rs =1, where R and Ry are the two measured resistances along
the edges of our device. Finally, the resistivity of the square nanosheets is calculated by
accounting for the thickness of the nanosheet.
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Figure S34. Van der Pauw four-point probe conductivity (a) schematic and (b,c) data
collected along two orthogonal directions within the same 2D SnS square nanosheet.
The schematic shown in (a) corresponds to the measurements displayed in (c).
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Scheme S1. Determination of SnS device field-effect mobility (UreT).

The field-effect mobility (Uret) can be calculated from the linear region of a device’s transfer

L

characteristic using the equation ppgr = m; (v (W) (VL) (Ci) . where L and W are the length
DS ox

and width of the channel, Vps_ is the drain-source voltage, Cox IS the gate oxide capacitance per

unit area, and m; __y_._is the slope of the device’s linear transfer behavior at low Vps. However,

our attempt to extract yret at several low Vps_ values vields discrepant results. For instance, in the
case of a two-contact (Cr/Au) SnS nanoribbon FET device fabricated on Si with a 300 nm SiO»
dielectric (Cox = 1.15 x 108 F / cm?) with L = 1270 nm and W = 480 nm:

Vps (V) my . ve. (AlV) Ueer (cm?/ V-s)
0.3 4.93 x 1010 0.38
0.4 1.01 x 10° 0.58
0.5 1.92 x 10° 0.88
0.6 2.35 x 10°° 0.90

The inconsistency of uret can potentially arise from local non-linearities in the transfer curves,

but more likely results from the device resistance associated with the Cr/Au contacts or an

interface interaction between SnS and the SiO, surface. Unlike Hall mobility® and terahertz

mobility,” these peet values correspond to the mobility of the device, rather than the intrinsic

mobility of the channel material which, importantly, likely leads to an underestimation of u

relative to the inherent mobility of the semiconductor itself.

35



3x10°

2x10°

1x10°

“1x10° -

-2x10° -

Change in Electric Field, —-AE (mV)

+1 ps pump-probe delay
+10 ps pump-probe delay
-+200 ps pump-probe delay

| 2y ot

fog corresponding to
peak of THz waveform

-3x10°

8 10 12 14 16
Probe-Gate Delay Time, to (ps)

Figure S35. Pumping the deposited 2D SnS with 800 nm excitation induces changes in

the terahertz transmission waveform due to increased absorption (larger AE) by
photogenerated free carriers. The magnitude of these changes decreases with

increasing pump-probe delay time, tpp. The probe-gate delay time, tpg was set to

correspond with the peak of the THz waveform when collecting the tpp-dependent
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Figure S36. TRTS differential transmission waveforms at several tpp normalized to the
signal intensity of the unpumped sample. No observed phase shift is visible, indicating

the index of refraction remains constant. (Equation 2 assumes a constant index of

refraction of the sample, which was verified by comparing the THz waveforms collected
with and without pump beam excitation. In both cases, no discernable phase delay is

observed.)
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Figure S37. Terahertz time-domain transmission waveforms of SnS nanoribbons
deposited on a fused quartz substrate (blue) and the blank substrate (red),
demonstrating that the waveform is essentially unchanged without photoexcitation. This
indicates that the contribution to TRTS-measured photoconductivity (Ao) from the
inherent, non-photoexcited, SnS free carriers is negligible or smaller than our detection
limit. The pump-generated photoconductivity, Ac(tpp), can be assumed = o(tpp) if the
detected conductivity contribution of the non-photoexcited sample is very low.
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Figure S38. Contact profilometer characterization of a film of SnS nanoribbons drop-

cast on a fused quartz substrate, indicating that the average thickness is 3.78 pm.
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Figure S39. Frequency-dependence of the imaginary part of the THz photoconductivity
collected from SnS nanoribbons at three different pump-probe delay times. The positive
values of Aoz (in addition to Aoi, see Fig. 8b) suggest Drude-like free carrier dynamics

and scattering.
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Scheme S21. Derivation of the terahertz mobility (ur) equation.

To determine the carrier mobility of our samples, start with equation 2, the thin film equation’:

Ao (tpp) = = (AEEEZPD)> (nTZ,Zd+1) @

Next, we consider the combined carrier DC conductivity equation for electrons and holes, ¢ =
e(nette + npun), Where e is the charge of an electron, n is the carrier concentration, and p is the
carrier mobility. If we assume that all free charge carriers are photogenerated by optical
excitation in an equal ratio of electron-hole pairs, then ne = n, = N and the DC photoconductivity
is:

a(tpp) = eN[ur(tpp)] (S1)
where the terahertz mobility, pr, is equal to the sum of the carrier mobilities, (He + pn). The

charge carrier concentration resulting from photoexcitation was estimated according to:

(S2)

@QFA
d

where ¢ is the charge carrier photogeneration efficiency, F is the excitation fluence in photons /

N =

cm?, and the absorbance A is equal to (1-R-T), where R and T is the fraction of pump photon
reflection and transmission, respectively. Combining Equation 2, Equation S1, and Equation S2
for a system where Ao(t,p) can be assumed = o(typ) (see Figure S37), we find the time-

dependent terahertz mobility (Equation 3 in the main text):

pr(tpp) = — (F522) (32) 3)

EO ZO ethA
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Scheme S32. Derivation of the approx. relationship between pe and pn with pr in
TRTS.

We propose the following scheme to approximate the deconvolution of a 2D materials’
individual carrier mobilities, pexy and pnxy, from the TRTS-measured pr.

According to the Drude model, the drift mobility of a carrier, p, can be expressed in

terms of the scattering time, z, and the effective mass, m":
et

Q= (S3)

m*

At room temperature, carrier scattering is primarily due to lattice (aka phonon)

scattering, as opposed to impurity scattering. Derived from Fermi’s Golden Rule, the

acoustic phonon-limited momentum scattering time for 2D and layered materials is:8°
3 pvé

T= 0% (S4)

miyEGkpT

where p is mass density, vs is longitudinal sound velocity, T is temperature, Eqd is the
composite deformation potential, and m*xy is the composite of the 2D in-plane
directions. This approximation assumes photoinduced current primarily in the in-plane
directions, and the model is valid only when transport is substantially less favorable in
the out-of-plane direction. Combining S3 and S4 gives the in-plane carrier mobility as:

13 pvd
e E2ZkgT h3 pv2 1 2
Uy = xy“d"B° _ e pus = (S5)
xy Myy (m§y)2E(21kBT myyEq

where A is a set of carrier-independent constants for a given 2D material at a steady
state temperature. Therefore, the relationship between e xy and pn,xy can be expressed:

1 2
sy as)
Ue,xy _ me,xyEd,e
HUn,xy 1 2
Al —=——F—
mh,xyE d,h

« 2
My xyEdh

) and Uy xy = #e,xy(

oor:

* 2
ex E e
Texy“de ) (S6)

E3
mh,xyE dh

Hexy = Mh,xy(

mz,xyE de

which we take as an approximation of the collective in-plane carrier mobility in terms of
the in-plane mobility of the complimentary carrier for a 2D or layered material. This can

then be combined with the TRTS mobility relation pe + pn = pr to yield:
Ut and Ut

2 Uexy = 2
14 mﬁ,xyEd,h Y 1+ mz,XyEd,e
mE,XyEd,e m;l,xyEd,h

(4)

Hhxy =

which is an estimation of the mobility of individual carriers in terms of pr, Ed, and m’yy.
Note that the resultant carrier mobility has contribution from multiple in-plane directions
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unless ur was collected with a polarized TRTS measurement on a single crystal. In that
case, values of Eq and m" correspond to the investigated crystallographic orientation.
Scheme S43. Calculation of TRTS-measured independent carrier mobilities for SnS
nanoribbons and square nanosheets.

m" and Eq for a-SnS were tabulated from a variety of reports to provide a consensus
calculation from first principles.1%-4 After calculating the geometric mean from the
direction-dependent values, we used the following parameters in our analysis:

M’y = 0.26Mo M'exy = 0.17mo Eqn = 18.4 eV Ege=13.2 eV

The values of pr obtained from TRTS at tpp = 10 ps were pr = 26.5 cm?/V-s for the SnS
nanoribbons and pr = 158.0 cm?/V-s for the square nanosheets (assuming ¢ = 1).

Employing Equation 4, this gives the following in-plane carrier mobilities:

SnS nanoribbons: Hhxy = 4.8 cm?/ Vs Hexy =22 cm?/V:s
SnS square nanosheets: phxy =29 cm?/V-s Hexy = 130 cm?/V:s

Scheme S54. A method for approximating the direction-dependent carrier mobilities px
and py from the in-plane carrier mobility Lixy.

The transport direction-dependent variation of Equation S5, the carrier mobility equation
for either electrons or holes in 2D or layered materials, is:
eh3 pv? 1

py = = A (S7)

m;m;yEd,xEd,xkaT m;(mxyEd,XEd'Xy

where A is a set of carrier-independent constants for a given 2D material at a steady
state temperature. Therefore, the relationship between pex and ey can be expressed:
1

Hex __ mZ,XmZ,XyEd,e,xEd,e,xy
- T
He,
ey mg,ymZ,XyEd,e,yEd,e,xy
Or:
mz,yEd,e,y mz,xEd,e,x
Hex = He <— and Hey = Hex\—~ - (S8)
’ Y mexEdex Y ! mz,yEd,e,y

and likewise for hole mobility. Assuming that the direction-specific carrier mobilities can
be estimated from the composite in-plane mobility using a geometric mean, where

Hxy = +/Hxly, then we propose:

mxEq x) (m;’Ed'Y)
= e and = ; 3)
Hx (my Edy Hxy Hy m%Eq x Hxy ( )

where values of g, m*, and Eq are all carrier-dependent.
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Scheme S5. Calculation of TRTS-measured direction-dependent carrier mobilities pix

and py from the in-plane mobility pxy.

Direction-dependent values of m* and Eq for a-SnS were taken from Guo, et al.0:
Ed,e,zigzag =11.0eV

m*h,zigzag =0.21mg
M h,armchair = 0.36mo

m*e,zigzag = 0.15mg
M e, armchair = 0.20mo

Ed|h,zigzag =219eV
Ed,narmchair = 19.1 €V Eg.e armchair = 14.6 eV

Using Equation 5 and the values of pnxy and pexy previously extracted from TRTS data,
we approximate direction-dependent carrier mobilities in our 2D SnS nanocrystals:

SnS nanoribbons:

SnS square nanosheets:

Mhzigzag = 5.8 cm?/ Vs He zigzag = 29 cm?/ V-s
Hh,armchair = 3.9cm?/ Vs e, armchair = 16 cm?/ V-s
Mhzigzag = 35 cm?/ Vs Mezigzag = 170 cm?/ Vs

Mh,armchair = 23 cm?/V-s

Me,armchair = 97 cm?/V-s

Table S1. Reported electronic transport properties for undoped SnS at room

temperature collected from various references. (NR = not reported)

Reference Svnthesis Structure Conductivity | Majority | Hall mobility Carrier
Number y (S/cm) carrier (cm?/V-s) concentration (cm3)
15 PVD Single crystal 0.0083 h* 34 1.52 x 10%
Bridgman- . + 17
16 Stockbarger Single crystal 2.08 h 65 2x10
Bridgman- . N 17
17 Stockbarger Single crystal NR h 90 4x10
Bridgman- . + 15
18 Stockbarger Single crystal 0.019 h 48 2.68 x 10
Bridgman- . N 13
19 Stockbarger Single crystal 0.193 h NR 5.07 x 10
20 Exfoliation Single crystal NR h* 10-25 4.0x 101
21 Solutlor_1 Dropcast films 0.93 h 5.7 1x 10
synthesis of crystals
22 Spray Polycrystalline 0.033 e 130 1.6 x 101
pyrolysis thin film
23 Vacuum | Polycrystalline | 55 g 77 h* 400-500 | 6.3x10%-1.2x 10
evaporation thin film
Polycrystalline 0.0014 - + ) 15 16
24 ALD thin film 0017 h 0.82-15.3 6.9x10%-15x10
o5 Pulsed _If_iser Polyc_rys_talllne 0.024 h o5 . 37 4 % 1015
deposition thin film
26 CVD Polycrystalline | 501 . 0.01 h* 3-10 1015 - 1016
thin film
27 Thermal | Polycrystalline | 55 g 16 h* 20.1-31.6 | 6.3x10%-3.1x 101
evaporation thin film
28 cvT Polycrystalline 0.069 h* 3.73 1.16 x 107
thin film

42




29

Vacuum Polycrystalline

. 7 0.008 - 0.012 h* 0.8-31.6 1.7 x 10%-9.0 x 106
evaporation thin film
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