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ABSTRACT 

Among various models for estimating interfacial thermal 
conductance (ITC) across different material interfaces, the 
diffuse mismatch model (DMM) has been generally evaluated as 
a reliable approach for material interfaces at high temperatures. 
The previous works by DMM have indicated the correct order of 
magnitude of ITC in isotropic material interfaces. However, it 
cannot accurately reproduce the ITC for low-dimensional 
anisotropic layered materials that are desired for many potential 
applications. Also, the inappropriate mode matching process 
approximation of the phonon dispersion curve tends to 
overestimate the ITC. In this paper, we revisited and updated the 
numerical method in our previous work that utilizes a mode-to-
mode comparison within the DMM framework to predict ITC 
with the first-principles accuracy. We employed this model to 
calculate ITCs between layered materials such as MoS2 and 
graphite and metals such as Al, Au, and Cr. We then compared 
our values with previous literature data from calculations of 
phonon dispersion curve and experimental data from time-
domain thermoreflectance measurements. With a better mode 
matching algorithm, the updated numerical method can predict 
the ITCs with improved accuracy. Further analysis also 
confirmed that counting only the three acoustic modes and 
neglecting the low-frequency optical modes lead to significant 
underestimation of the ITC using DMM. 

Keywords: Layered Materials, Metals, Diffuse Mismatch 
Model, Interfacial Thermal Conductance, Phonon Dispersion, 
First Principles.  
 
1. INTRODUCTION 
   Thermal transport across materials interface is important for 
thermal management in the device design. Recently, few-layer 
graphene [1-4], graphite [5,6], black phosphorus [7-9], and 
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transition metal dichalcogenides (TMDs) [10-13] as low-
dimensional layered materials have garnered focus. These 
materials have unique properties of electronic, optical, 
mechanical, and thermal properties. They have wide applications 
in nanoelectronics devices, such as integrated circuits, 
spintronics, flexible electronics, and optoelectronics [14-24]. 
These materials have different structural and thermal properties 
in the cross-plane and basal-plane directions. When metals form 
interfaces with these materials, advanced thermal management 
requires the fundamental understanding of the interfacial thermal 
transport and a reasonable estimation of the interfacial thermal 
conductance. 
 With acceptable accuracy, the Diffuse Mismatch Model 
(DMM) is conducted for predicting the interfacial thermal 
conductance in isotropic material interfaces. However, previous 
applications of the DMM failed to reproduce the same accuracy 
for anisotropic material interfaces because of the inaccurate 
phonon group velocities. Detailed knowledge of the phonon 
dispersion relations of the materials is involved in DMM as 
important inputs [25]. The DMM with accurate dispersion curves 
yielded results that varied significantly from the Debye 
approximation [26]. For layered materials such as graphite, the 
assumption of an isotropic phonon dispersion results in thermal 
conductance with a high factor of error around 6 [27]. Recently, 
an updated framework of DMM was proposed with an 
anisotropic Debye dispersion to predict the interfacial thermal 
conductance in graphite, Bi2Te3, and high-density polyethylene 
[28]. Following this work, there was another anisotropic model 
by utilizing a truncated linear dispersion [29]. The interfacial 
thermal conductance results still showed a large discrepancy in 
comparison with the experimental results, because of the 
inaccurate approximations of the group velocity. In 2019, our 
group published a paper using first-principles density functional 
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theory to calculate the phonon dispersion and then matching each 
phonon mode to predict the interfacial thermal conductance, with 
improved accuracy compared to the previous methods when 
comparing with experimental data [30]. 

In this paper, we provided an updated numerical procedure 
for a more accurate mode-to-mode matching process to calculate 
the interfacial thermal conductance between layered materials 
and metals following the DMM framework. Similarly, as in our 
previous work, we considered the exact full dispersion of the 
materials without any approximations. Our results are compared 
with previous anisotropic models and experimental studies. To 
evaluate the effectiveness of this new framework, we analyzed 
the Al-MoS2 interface to obtain temperature-dependent 
interfacial thermal conductance values, which has a larger error 
in our previous work. We also confirmed the conclusion from our 
previous work: it is imperative to use the exact full dispersion 
relations in the DMM calculations of anisotropic materials [30]. 
 
2. MATERIALS AND METHODS 

For thermal interfacial conductance involving metals, 
multiple energy transport channels could exist, for example, the 
phonon-phonon interaction, phonon-electron interaction, and 
electron-electron interaction across the interface. Here, we only 
consider the phonon-phonon coupling across the interface, 
following the original assumption of the DMM model. We re-
calculated the interfacial thermal conductance for four interfaces 
at different temperatures: Al-graphite, Au-graphite, Cr-graphite, 
Al-MoS2. For layered materials MoS2 and graphite, the 
interfacial thermal conductance is calculated in the cross-plane 
direction. We first obtained the phonon dispersions for the 
materials forming these interfaces using density functional 
theory using the software Quantum Espresso [31,32]. To 
calculate the interfacial thermal conductance, we used the DMM 
framework [26,27]. For a given interface between two materials 
A and B, the model assumes that all phonons undergo elastic 
scattering and lose all memory of their previous state. Let us 
consider a phonon mode in material A is incident on the 
interface. The probability that the phonon transmits from A to B 
is given by [26] 
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where AK and BK are the volumes of the discretized cells 
pertaining to the high-resolution Brillouin zones of A and B. The 
group velocity is given by V , and the frequency is denoted by 
 . The unit vector normal to the interface is given by n̂ . It is 
important to note here that the Kronecker delta function , '   is 
unity when the frequencies from the two Brillouin zones are 
equal and are zero otherwise. It is evident that   is purely a 
function of the frequency. The transmission probability can now 

be used to find the interfacial thermal conductance, which is 
given by [26] 
 
 

( )
( )

2
3 22

exp
1 1 ˆ

2 2
exp 1

B

B

B

k T
G V n

k T

k T



 
 

 
 
 =   

  
−  

  

 .  (2) 

Since the phonon loses all memory of its initial state,
1A B B A → →= − . The summation is over all phonon modes. In the 

calculation of Equation (1) and Equation (2), we set the upper 
limit of the integration to the maximum frequency of materials 
A and B. If the phonon modes are not excited at a specific 
temperature T, the contribution to G is negligible due to the 
Bose-Einstein distribution in Equation (2).  
To obtain the correct conductance, we tested different grids for 
the two Brillouin zones. The choice of the grid depends primarily 
on the phonon dispersion curves of the respective materials. If 
the frequency ranges of both A and B are similar, we can select 
a grid with a similar number of q-points. However, if material A 
has, for example, a larger frequency range than material B, the 
number of q-points for A needs to be greater than that for B. 
Different grids are tested till we obtain AB BAG G=  (practically a 
numerical difference less than 0.5% can be reached) and the 
thermal conductance in two directions does not increase with a 
larger number of q-points.  

The crucial part of the revisit in this work is updating the 
process of matching the phonon modes in materials A and B. 
Previously, the modes are only separated by the interval of 
frequency, which is determined by the number of q-points. With 
a larger number of q-points, the interval of frequency will be 
smaller. In this case, the mode-matching therefore only depends 
on the interval of frequency. When we calculated the thermal 
conductance from A to B, the frequency of modes in A, Af , will 
be used as the starting point and the algorithm will find modes in 

B whose frequency is within the range from A
ff

2


− to 

A
ff

2


+ , where f  is the interval of frequency. In this range, 

there could be several modes in B with different frequencies 
matching the mode in A. All those modes in B will be used as 
inputs for the calculation in Equation (1). The thermal 
conductance GAB from this previous matching process could 
result in a large difference from GBA and the number of q-pints 
should be set carefully, which increases the difficulty of deciding 
the true interfacial thermal conductance in practice. This 
matching process could potentially provide thermal 
conductances with larger errors compared to the experimental 
data if materials A and B have distinct phonon dispersions. In the 
updated new algorithm, the starting point of searching is also Af
. Firstly, the algorithm finds modes in B within the range from 
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A
ff

2


−  to A
ff

2


+  as the previous version did. Then, the 

frequencies of modes of B in this range are compared with these 
of A and the absolute frequency difference is calculated as  

    
 AB A Bf f = − . (3) 

Only the mode in B with the minimum AB  can be used for 
further calculations. According to our observation, the new 
algorithm will significantly decrease the number of pairs of 
modes in A and B. Although, in some cases, there might be 
several modes in B having the same least AB , the new algorithm 
still provides similar results whether we choose all those modes 
in B or pick only one of them for the further calculation of 
interfacial thermal conductance. For example, we calculated the 
thermal conductance between graphite and metal Cr. The one-
mode or several-mode matching process with min( )AB  results in 
the same thermal conductance around 76 MW/(m2K) at 300 K. 
The data in our previous work is 89 MW/(m2K) due to counting 
more modes into one matching process [30].  
 
3. RESULTS AND DISCUSSION 

To valid the updated algorithm for interfacial thermal 
conductance, we re-calculated the interfacial thermal 
conductance of Al-graphite and Au-graphite as a function of 
temperature as shown in Figure 1. The updated data (blue line) 
in both figures match the experimental data better than previous 
results in Harish et al.’s work (Green line) [30]. To quantify the 
difference, we calculated the root-mean-square error of the 
relative difference between the experimental data and all models. 
The error is 15.7% for our new calculation, 67.8% for Hongkun’s 
model, and 222% for Chen’s model for Al-graphite interface. 

 

 
FIGURE 1: Interfacial thermal conductance for (a) Al-
graphite and (b) Au-graphite interfaces. The blue lines 
present our updated results that used the exact full 
phonon dispersion. The green lines show the old 

model results by Harish et al. [30] also using the full 
phonon dispersion. The yellow lines are results taken 
from Chen’s anisotropic DMM [28], and the dark red 
lines are results taken from Hongkun’s anisotropic 
DMM [29]. The half-moon circles are measured values 
of conductance by Schmidt et al. [33] using TDTR. The 
filled squares are measured values by Zhang et al. [34]. 
For the Au-graphite measurements (b), we also 
compare the results with electron-cleaved (EC) and 
As-cleaved (AS) sample results measured by Norris et 
al. [35] using TDTR. 
 

We also calculated the interfacial thermal conductance 
between Cr-graphite as shown in Figure 2, which is closer to the 
experimental data by Schmidt et al. [33] compared to Harish et 
al.’s work [30]. 

Finally, we calculated the interfacial thermal conductance 
between MoS2-Al and compared the data with previous 
calculations and experimental data. The experimental data is 
measured from 100 to 300 K using our time-domain 
thermoreflectance (TDTR) setup. The experimental details can 
be found in our previous work [30]. In Figure 3, the updated data 
(blue line) match our experimental data better than previous 
results in Harish et al.’s work (Green line) [30]. The updated 
results also indicate that optical branches have more 
contributions to interfacial thermal conductance as temperature 
increases. After updating the mode-matching process, the 
contributions of acoustic branches to the thermal transport 
between interface decreases substantially and the contributions 
from optical branches are larger than expectations compared to 
the acoustic branches.   

 
FIGURE 2: Interfacial thermal conductance for the Cr-
graphite interface. The blue line is my updated results 
from Harish et al.’s work [30], green line. The black 
triangles are measured values of conductance by 
Schmidt et al. [33] using TDTR. 
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Figure 3: Interfacial thermal conductance for the Al-
MoS2 interface. The red line represents our updated 
results that considered only acoustic modes, while the 
blue line represents calculated values using both 
acoustic and optical modes. The orange line 
represents old model results by Harish et al. [30] that 
considered only acoustic modes, and the green line 
represents calculated values using both acoustic and 
optical modes. The dark symbols represent 
experimental results obtained from TDTR 
measurements at 300 K. The hollow dark blue circles 
with error bars represent our TDTR measurements at 
different temperatures. 
 
Based on the discussions above, we believe the updated 
algorithm can provide more accurate interfacial thermal 
conductances by the DMM due to an improved mode matching 
process. The interfacial thermal conductance of Al-graphite, Cr-
graphite, Au-graphite, Al-MoS2, Cr-MoS2, and Au-MoS2 are 
calculated at 300 K by the updated DMM framework and 
compared with Harish et al.’s work in  

Table 1. The new thermal conductance is generally smaller 
than the previous values because of the optimized matching 
process in the calculation of transmission probability.  

 
Table 1: The updated thermal conductance compared 
with previous Harish et al.’s data at 300 K. 

Type of 

interface 

Harish et al.’s work 

(MW/m2K) 

This work 

(MW/m2K) 

Al-graphite 93 77 

Cr-graphite 89 77 

Au-graphite 59 50 

Al-MoS2 56 48 

Cr-MoS2 49 39 

Au-MoS2 28 23 

 
4. CONCLUSION 

In this paper, we calculated interfacial thermal conductance 
for Al-graphite, Au-graphite, Cr-graphite, Al-MoS2, Au-MoS2, 
and Cr-MoS2 interfaces. We found that our updated results agree 
reasonably better with experimental values than our previous 
work. The incorporation of exact full dispersion relations 
without any approximations to the group velocities and 
accurately matching phonon modes of the two materials is 
critical to the accuracy of the results. Furthermore, we confirmed 
that for layered materials, optical phonons have a significant 
contribution to interfacial thermal conductance. The phonon 
dispersion for most metals is readily available, which opens the 
possibility of studying several interfaces between metals and 
layered materials. As the only inputs for the model are the 
phonon dispersion relations of the two crystalline materials 
forming the interface, we can apply this updated model to create 
a database of interfacial thermal conductance values which can 
find use in thermal management in several applications, such as 
optoelectronics, thermoelectric devices, spintronics, and 
stretchable electronics and nano transistors. 
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