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Figure S1: An SEM micrograph of a typical perovskite nanowire on the suspended device. The

image was taken at a tilt angle of 45 degrees.

45 degrees rotation

\NC"SD‘(D

I cs"“&s

500nm

To accurately determine the thermal conductivity of perovskite nanowires, it is important to
measure the rectangular cross section carefully. All the dimensions were taken in the SEM.
To measure the thickness of the nanowires of rectangular cross-section, the sample was tilted to
45 degrees. Due to the typical larger than 200 nm sizes of our samples, the error from size

measurement is less than 5%.

Figure S2: Selected area electron diffraction pattern of typical perovskites ((a) CsPbBrs, (b)
CH;3NH;PbBr; and (c) CH3NH3Pbls). The patterns confirm single crystalline nanowires by our

growth method and high quality nanowires in thermal measurement.
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Figure S3: Thermal conductivity of other measured perovskite wires.
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Figure S4: The measured thermal conductivity of the MAPbI; nanowire around the phase

transition temperature, which indicates a dip around 160 K.
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Figure S5: Sensitivity of the modelling results to the fitting parameters for orthorhombic phase

MAPDI;. (a), (b), (c) and (d) describe the modelling results in comparison with experimental data

of MAPbI.

By varying one of the modelling parameters A(a), B(b), C(c) and wy(d) from the

best fit value with +/-10% and +/-20% deviation but leaving other three parameters unchanged,

we can observe that the modelling results significantly deviate from the experimental data.
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Figure S6: Absolute values of the sensitivity coefficients with respect to modelling parameters A,

B, C and wy versus temperature for orthorhombic phase MAPbI;.
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Note 1: Debye-Callaway model analysis
To demonstrate the mechanism of phonon transport in lead halide perovskites, we use the
Debye-Callaway model to analyze our experimental results. The thermal conductivity k in the

model can be expressed as,

kg (kgT\® % xte*
k(T) = 22y (T) ,[0 ' (e¥ —1)2 dx,

where kg is the Boltzmann constant, v is the speed of sound, 6 is the Debye temperature, and
1/t is the phonon scattering rate based on all relevant scattering mechanisms. The phonon

relaxation time T in perovskites can usually be expressed as,
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where v is the speed of sound, d is the grain boundary size of the nanostructure and A, B and
C are temperature independent fitting parameters. The four terms on the right-hand of the
above expression represent boundary scattering, impurity scattering, Umklapp scattering and
dynamic disorder induced scattering at low temperature, respectively.

The speed of sound and Debye temperature were adapted from the literature' ™ and A, B, C and
w, are the four fitting parameters. v is estimated by the average sound speed of different

acoustic branches.

The characteristic grain boundary size d is calculated from the Casimir length (\/Th/n, where
w is the width and £ is the height). All parameters for the modelling curves in Figure 3b were
listed in the Table S1. We carefully adjust the four independent parameters to fit the
experimental data. The modelling curves are well consistent with the analysis in the main text.
The modelling parameter C was set to be zero for all-inorganic CsPbBr;. These collectively
demonstrate the effect of dynamic disorder on reducing k in the low temperature regime.

To confirm that the modelling results capture the transport mechanisms of hybrid perovskites at
low temperatures, we need to identify the uniqueness of the model parameters. Here, for
example, for orthorhombic phase MAPbI;, we adjust one parameter and leave the other three
fixed for several groups of modelling results, as shown in Figure S5. We can see with only
+/-10% deviation from the best fit values of the modelling parameters, the modelling results
deviate significantly from the best fit. For example, we found that only +/-10% deviation from
the best fit value of w, could result in deviations larger than the measurement uncertainties.
+/-20% perturbation from the best fit of parameters would result in even larger discrepancy.

These analyses also demonstrate the important role of B at relatively high temperature and the



important role of C and w, at low temperature. Therefore, we believe that the modelling
parameters given in Table S1 should reasonably reflect the phonon scattering physics in our
materials systems.

In the above analyses, it is shown that the calculated thermal conductivity is sensitive to each
modeling parameter. To further demonstrate the uniqueness of the fitting parameters, we solve
for the sensitivity coefficients, which in our case represents the ratio of the fractional change in
the calculated thermal conductivity to the fractional perturbation in the fitting parameter's value.
The sensitivity coefficient is derived by probing the change in derived thermal conductivity as
one fitting parameter varies while all other fitting parameters being fixed at their best fit values.
Based on the relative changes of the thermal conductivity and the respective fitting parameter,

the sensitivity coefficient, S,, can be defined as®?

S =2,
where k is the calculated thermal conductivity from the Debye-Callaway model and « is the
fitting parameter in the model, such as A, B, C and wy. We plot the obtained sensitivity
coefficients Sa, Sg, Sc and S, for the orthorhombic phase MAPDI; in Figure S6. The results
in Figure S6 indicate that Sg and Sc are distinct with very different values and temperature

dependence. Sa and S, , while having similar magnitudes, are of different temperature

dependence, which suggests that these two fitting parameters are also unique.



Table S1: Debye-Callaway modelling parameters for the three kinds of perovskite nanowires.

6 v d A c
Phase B (107 sk wy (10" rads™)
(K)  (ms™h (nm) (10%6% (10" s
orthorhombic 141 1653 460 1.3 7.95 1.76 3.56
MAPbDI;
tetragonal 131 1480 460 15.7 0.84
orthorhombic 214 2276 290 0.82 0.31 341 6.85
MAPbBr;  tetragonal 160 1744 290 6.44 0.52
cubic 219 1896 290 5.9 0.57
CsPbBr; orthorhombic 224 1577 390 3.3 2.7

Note 2: Probing minimum thermal conductivity in perovskites
We follow the method developed by Cahill et al.° to calculate the minimum thermal conductivity.

To calculate minimum thermal conductivity of CH3;NH3Pbl;, we use the following equation,

Tl 2 T, Oi/T  x3eX
kmin = (g)3k3n3 Z vi(e_i) L mdx,
L

. . . h 1
where n is the number density of atoms, v; is the speed of sound, and 8; = v; (k—) (6m?n)s.
B

We used v; = 2135m/s, v, = 1087 m/s , and v,, = 1218 m/s from the literature', which

yield ky, of about 0.11 Wm™'K™ at 300 K.

Note 3: Evaluation of the thermal contact resistance



The total measured thermal resistance (R;,;) in the micro-bridge measurement scheme can be
expressed as Ry, = R; + R4 + R, where R, is the thermal resistance of the sample, R4
and R, are the thermal resistance of the contacts between the nanowire and Pt electrodes on the
two membranes. In order to evaluate the effect of contact resistance, we follow the analysis of

contact resistance’ between a nanobeam and suspended membranes and express the thermal

1
’ hP
hPkA, tanh( k_AcL

between the nanowire and supported Pt electrode, P is the effective lateral width of the contact,

contact resistance as R, = - ), where h i1s the heat transfer coefficient
c

A_1s the cross-sectional area of the nanowire and & is the estimated intrinsic thermal conductivity

of the measured samples. Among the above parameters, h = ki / I, is critical, where k; and [;

represent interface conductivity and interface length, respectively. We confirm an intimate
contact by 45-degree tilt SEM image (Figure S1) and therefore ensure a short interface length.
We estimate the interface length to be less than 30 nm. In addition, we use organometallic Pt to
increase the contact area between sample and membranes and to fill in any gaps at the interface.
We conservatively estimate the interface conductivity with a lower limit of 1 Wm K. The
estimated intrinsic thermal conductivity of the measured nanowire sample is extracted from the
literature of bulk CH3;NH;Pbl; sample. With other geometry parameters confirmed, for
example, R, and R;,; are3.6 X 106 WK~! and 7.1 x 107 WK1, respectively, at 290 K for
the CH3NH3Pbl; sample shown in Figure 2. Finally, we can estimate that thermal contact

resistance account for about 5% of total resistance in our measurement (Figure 2b).
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