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1. The crystallographic orientation of rubrene single crystals with respect to the contacts.

Rubrene single crystals have anisotropic optical properties, with the absorption coefficient
reaching its maximum (minimum) for the incident light polarized along the high-mobility b-axis
(low-mobility a-axis) of the crystal.® We use this property to determine the crystallographic
orientation of the crystals in our assembled rubrene devices on transparent substrates (for device
structure see Fig. 1 of the main text) by shining a linearly polarized light through them and
recording the intensity of the transmitted light. A monochromatic light (A = 460 nm, well
absorbed by rubrene) at a normal incidence to the crystal’s (a,b)-facet was used in these

measurements.
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Figure S1. Determining the crystal orientation via transmission of polarized light. Optical

transmittance of a linearly polarized light through a thin rubrene single crystal laminated on a transparent

substrate as a function of polarization angle, 8, measured with respect to the W-edge of the source and

drain contacts (the vertical direction in the photograph). The transmittance maxima and minima are

observed at the angle 6 = nz and (n+1/2)r, respectively, where n =0, 1, 2, ..., which correspond to the

low-mobility a-axis and the high-mobility b-axis of the crystal, respectively.*



2. Calculating strain exerted on the crystal by bending the supporting substrate.
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Figure S2. Geometrical parameters used in the calculation of strain in bent devices. (Left)
Schematics of a substrate of thickness t with a layer of material deposited on its top surface (brown). The
original (unstrained) length of the substrate is l,. The substrate can be bent to an edge-to-edge length |, -
Al (measured along the straight line connecting the edges). (Middle) The shape of a bent substrate is
usually close to a sinusoidal function, y(x) = ye-sin[zx/(l, - 4l)], where x and y are the coordinates in the
plane of the drawing, the amplitude yo = yo(lo, 4l) is itself a function of I, and Al, and the wavelength of
the sine function is 2(lo - Al) (see, e.g., Ref. [’] for more details). (Right) A segment of the substrate of

thickness t, with a device on top (brown), bent to a radius R.

Figure S2 shows a substrate with a device, bent to an edge-to-edge distance lo - Al (this is the
distance between the edges of the substrate measured along the straight line connecting them).
In our strain stage, we vary the horizontal displacement Al in increments of approximately 60 -
65 um by adjusting the micrometric screw, while the original length of the substrate I, remains
the same (Fig. 1 e, f of the main text). In this process, the edges of the substrate are not clamped.
Thus, when the substrate is forced to bend with a vise-like motion of the jaws of the stage, the
edges are free to rotate. As described in detail by Park et al 2, the shape of the substrates bent in
such a way is most closely described by a sinusoidal function, y = yo-sin[zx/(lo - Al)], where x and
y are the two-dimensional coordinates in the plane of the drawing (Fig. S2), and the amplitude yo
=vo(lo, Al) is itself a function of I and Al. This amplitude y, can be determined by requiring that

the length of the sine curve between x = 0 and x = o - Al is maintained at lo:
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Here, the integral is a path integral taken along the sine curve between the edges of the substrate
(along the dotted line in the middle panel of Fig. S2). Expressed in terms of ly, Al and yo, this

Eq. becomes:

_ 2
I"Tm-fon\[1+ (l:_yzl) - cos2(z)dz = |, S2

To determine yo = Yo(lo, Al), which we will need in further calculations, the integral can be either
computed numerically or approximated by replacing the square root with its Taylor expansion to
the first couple of terms. Such an approximation is valid for small bending (4l << lp and yo <<
lo), when the second term under the square root is much smaller than unity. After that, the
integral can be taken analytically, leading to the following expression for yp:

1

Yo = %'lo'(f_ol)iv for Al K 1y and yo < Io. 53

The experimentally determined lp and Al, as well as the calculated y, can now be used to
calculate the bending radius R at the center of the substrate. R is given by the reciprocal
curvature of the substrate. Generally, the curvature, x, of a smooth continuous plane function
y(x) can be found as:

k(x) = S —
1+ (HD)*2

S4
For a sine curve, this leads to the following expression for bending radius R in the middle of the

substrate (at the point of maximum y(X), Xmax = (lo - Al)/2):

Rzi:MzL.M S5
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The corresponding strain (in %) exerted on the material deposited at the surface of the substrate

(shown in brown in Fig. S2) is:

e= —-100% S6
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3. ac-Hall effect measurements of flexible rubrene OFETSs at different strains (raw data).
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Figure S3. Measurements of ac-Hall and four-probe voltages in a bendable single-crystal rubrene
OFET (panels a, b, c). The in-phase (blue solid circles), out-of-phase (red solid squares) components of
the Hall voltage V4, as well as the four-probe voltage V4, (open circles) are shown. The dc source-drain
current Isp (indicated in the upper portions of panels a, b and c) flows along the high-mobility b-axis of
rubrene, with strain applied along the same direction. The on and off switching cycles correspond to Isp
being intentionally turned on and off (not necessarily periodically) to establish a zero-current baseline of
the Hall voltage (that is, the voltage presented between the Hall probes at Isp = 0). Here, only the data for
strain magnitudes € = 0, -0.35% and 0.4% are shown as examples. The gate voltage in this measurement
was Vg = - 40 V; the source-drain voltage Vsp was either 1 or 2 V (as indicated in the lower portions of

panels a, b and c). The corresponding calculated Hall and four-probe longitudinal FET mobilities, s



and urer, are shown in Fig. 2 of the main text. Typical transfer and output characteristics of single-
crystal rubrene FETs (panels d, €). Device parameters: L = 2.5 mm, L/W = 2.76, C; = 1.24 nF-cm™.
The symbols are the experimental data; the solid lines in panel e are fits with the Shockley FET equations
with the mobility p = 11.2 cm?V's™ (for details, see Refs. [4] and [14] of the main text).

Figure S3 above gives a few examples of the raw ac-Hall effect data (that is, the in-phase
and out-of-phase Hall voltage components, as well as the longitudinal four-probe voltage)
recorded under different uniaxial strains applied along the high-mobility b-axis of the rubrene
crystal (panels a, b and ¢). These data are obtained in a thin, flexible single-crystal rubrene
OFET (see the main text). In these measurements, an ac magnetic field of a low frequency (0.5 -
1.5 Hz) and an r.m.s. magnitude of B,ms = 0.23 T was used, with a lock-in detection of the
corresponding Hall voltage. The negative (positive) values of strain ¢ correspond to the
compressive (tensile) strain.

Figure S3 also shows an example of typical linear-regime transfer Isp(Vs) (panel d) and
output Isp(Vsp) (panel e) characteristics of single-crystal rubrene FETs. These characteristics
belong to a rigid FET based on a bulky crystal (as shown in the inset in panel d), although the
bendable ultra-thin rubrene FETs exhibit similar behavior.



4. Assignment of low-frequency Raman modes to molecular vibrations of rubrene.
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Figure S4. A simulated Raman spectrum of crystalline rubrene with a few important vibrational
modes. (Top) The simulated low-frequency Raman spectrum of rubrene. (Bottom) A few examples of
vibrational modes corresponding to the peaks indicated in the top panel with black arrows. The atomic
motion is shown by the colored arrows (color and length of the arrows indicate the amplitude of the
motion). The simulations were carried out using Gaussian 09 package with DFT at the B3LYP/6-
311G(d,p) level.



5. Low-frequency Raman modes of rubrene as a function of uniaxial strain.

The low-frequency region of the Raman spectra of thin rubrene single crystals is shown in
the main text (Fig. 3). The four peaks (labeled “peak 2 - 5”) that we could resolve with our
Raman spectrometer are at 75, 104.5, 118 and 139.6 cm™. Figure S5 below shows how these
peaks shift with strain. A tendency for the peak’s frequency to increase under compressive and

decrease under tensile strain was observed for all these Raman modes.
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Figure S5. The low-energy Raman peak positions as a function of strain in rubrene. The Raman
peaks 2 - 5 (see Fig. 3 of the main text) are shown (panels a-d, respectively). Strain is applied along the
high-mobility b-axis of a rubrene single crystal (negative and positive values correspond to compressive
and tensile strain, respectively). The error in the Raman peak position measurements was ~ 0.1 cm™, and
the error in the determination of Grlneisen parameter was mostly due to the standard deviation of the
slope of the linear fit (solid red line). The Griineisen parameters G (indicated) is calculated from these
fits for each Raman mode. This parameter, defined by Eq. 3 of the main text, is a relative shift of the

peak’s frequency in % per 1 % of applied strain.



6. Fitting the experimental temperature dependence of mobility in rubrene.

The experimental temperature dependence of the charge carrier mobility, x(T), in rubrene was
previously studied in single-crystal OFETs via four-probe FET and Hall effect measurements,’
and it was then theoretically analyzed based on the model of off-diagonal thermal disorder and
transient carrier localization, which led to the following expression:**®

u(T) = puo-T%, y=-15 S7

Here, 1o is a constant, and exponent y = - 1.5 fits the high-temperature region of x(T) data at
175 - 300 K very well. Indeed, as can be seen in Fig. S6, the orange curve that corresponds to
the power exponent y = - 1.5 describes the data much better than y = -1 or -2 (green and blue

curves). This range of temperatures is particularly relevant to our current study under a varied

strain that has been carried out at room temperature.
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Figure S6. Temperature dependence of the hole mobility in rubrene. (Left) Experimental
temperature dependence of the hole mobility in rubrene OFETs (blue solid circles, adopted from Ref. [*]).
(Right) Theoretically calculated hole mobility in rubrene (black solid lines, adopted from Ref. [*]). The
colored solid lines are the fits with a power-law dependence u = 1o- T, with the exponents y = -2 (green),

-1.5 (orange) and -1.0 (blue). The best fit is delivered by the power exponenty = -1.5.
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