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FE-SEM images of PDs with different NW alignments fabricated on graphene/IDT

Fig. Sla presents conceptual schematics of the three PD configurations— random (RAND-
PD), perpendicular (PERP-PD), and parallel (PARA-PD)—which differ in terms of the
orientation of the InN NWs with respect to the bending direction. Fig. S1b shows FE-SEM
images of the InN NWs dispersed on graphene/IDT, which are randomly distributed or aligned
perpendicular or parallel to the bending direction of the device. Fig. Slc shows the low-
magnified plan-view FE-SEM images of the PARA-PD with the graphene/IDT structure,
illustrating the overall device geometry. The IDT spacing is 50 um, and the channel width is
100 pm.

Fig. S1 (a) Conceptual schematics of the PDs with different NW orientations relative to the
bending direction: RAND-PD, PERP-PD, and PARA-PD. (b) Plan-view FE-SEM images of
InN NWs in different orientations. (¢) Low-magnified plan-view FE-SEM images of PARA-
PD with the graphene/IDT structure.



Normalized dark current variation under bending

Fig. S2 shows the dark current of the PARA-PD measured under initial and bending (2.92%
strain) conditions in the absence of illumination. The normalized dark current variation (Al/Iy)

was calculated to be 0.97%, confirming that the strain-induced modulation of the dark current

is negligible.
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Fig. S2 Normalized dark current variation (Al/Io) under initial and bending conditions.



Electrical characteristics of graphene/IDT devices with and without InN NWs under
initial and bending conditions

Fig. S3a shows the electrical characteristics of the graphene/IDT device without InN NWs
under initial and bending conditions. The measurements were performed under an illumination
intensity of 70 mW/cm? at an applied bias of 1 V. The photocurrents were measured to be 0.08
mA in the initial state and 0.09 mA under bending conditions. The dark current increased by
0.86% after bending. Fig. S3b shows the photocurrent measured under bending conditions for
the graphene/IDT structure with and without InN NWs. Under bending, the photocurrent was
1.25 mA for the device with InN NWs (PARA-PD), whereas it was 0.09 mA for the device
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Fig. S3 (a) Photocurrents of the graphene/IDT device without InN NWs under initial and
bending conditions. (b) Photocurrents of the graphene/IDT device with and without InN NWs

under bending conditions.



Calculation of the piezoelectric potential in the InN NW
The piezoelectric potential inside the InN NW was calculated using the linear piezoelectric
constitutive relations in the stress—charge form. The mechanical equilibrium in the NW is
governed by:
V-o=0 80}
where O is the stress tensor.

The electrostatic field satisfies Gauss’s law,

vo=e, @

and the electric field is defined as
E=-VV, 3)

where D is the electric displacement field, E is the electric field, V is the electric potential,
and Pv represents the free charge density. In the present simulation, no free charge density was
0

).

The electromechanical coupling of the piezoelectric material is described by

introduced (p v=

T

D =eS + &E, ()

where S is the strain tensor, CE is the elastic stiffness tensor, € is the piezoelectric stress constant
matrix, and S is the permittivity tensor.
The mechanical boundary condition was imposed by fixing one end of the NW such that
u=0 (6)
while a force of 0.08 uN was applied at the opposite end. Electrically, one boundary was set to
V=0 ()
and all remaining boundaries satisfied
n-D=0 (8)
These coupled equations were solved simultaneously to obtain the piezoelectric potential

distribution in the InN NW. The simulations were carried out using COMSOL Multiphysics

based on the standard linear piezoelectric formulation implemented in the structural mechanics



and electrostatics modules. The elastic stiffness constants, piezoelectric stress coefficients, and
dielectric permittivities used in the simulation were adopted from previous report.[1] The
elastic stiffness tensor components (GPa) were:

C;1=223, C,=115 (C3=92,

Cy3=224, C,, =48, (i =54

The piezoelectric stress constants were:

ey = —0.57C/m% ez =132C/m% e;c= -0.29 C/m%

The numerical simulation was performed to qualitatively illustrate the strain-induced
piezoelectric potential distribution rather than to quantitatively reproduce the exact

experimental strain magnitude.



Bending deformation and simulation model of the InN NW

Fig. S4 illustrates the bending deformation behavior of the InN NW under an applied force,
along with the simulation model and boundary conditions used in this study. In the simulation,
one end of the NW was fixed (u = 0), while the force of 0.08 uN was applied to induce bending
deformation. This configuration generates mechanical strain within the NW, leading to the

piezoelectric response.
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Fig. S4 Illustration of bending deformation of an InN NW under a force.



Photocurrent of RAND-PD and PERP-PD as a function of applied strain

Fig. S5 shows the photocurrent of the (a) RAND-PD and (b) PERP-PD as a function of

applied strain. The measurements were performed under an illumination intensity of 70

mW/cm? at an applied bias of 1 V. For the RAND-PD, the photocurrent was measured to be

0.58 mA in the unstrained state and increased to 0.77 mA at a strain level of 2.92. For the

PERP-PD, the photocurrent increased from 0.56 mA to 0.65 mA under the same strain

condition.
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Fig. S5 Summary on the strain-dependent photocurrents of (a) RAND-PD and (b) PERP-PD.






Temporal response characteristics of PARA-PD under light illumination.

Fig. S6 shows the temporal response of the PARA-PD under light illumination. The device
has arise time of 7.51 s and a decay time of 9.55 s, where the rise and decay times were defined
as the durations required for the current to change between 10% and 90% of the steady-state
photocurrent. Similar time scales have been reported in graphene-based hybrid PDs governed
by photoconductive or photogating mechanisms.[2, 3] In the present structure, graphene
enables efficient lateral carrier extraction owing to its high mobility. Nevertheless, some
photogenerated carriers may be temporarily trapped at the mixed-dimensional NW/graphene
interface, which can extend the effective carrier lifetime and slightly delay the recovery

process.[4]
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Fig. S6 Rise and decay times of PARA-PD4.
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Time-dependent Raman analysis of the graphene channel

Fig. S7 shows the Raman spectra of the graphene channel acquired immediately after
fabrication and after 28 days of storage. The spectra exhibit the G (~1580 cm™) and 2D (~2680
cm™') modes of graphene, with no discernible enhancement of the defect-related D band after
storage. Furthermore, the peak positions and line shapes remain essentially unchanged,
indicating that no additional defects or oxidation were introduced during the storage period. [5,

6]
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Fig. S7 Raman spectra of the graphene channel measured immediately and 28 days after the

device fabrication.
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