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Abstract—This paper presents the parameters determination
of a path loss model for THz chip-to-chip wireless communication
in desktop size metal enclosures. To determine the parameters, gradient decent algorithm was applied to minimize the
mean square error between the model and the experimental
results. Confirming measurements were performed and the result
matches well with the model prediction.

introduced in [6] with the consideration of propagation loss,
cavity effect, and radiation pattern of the antennas being used.
The model can be expressed as
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The term 10 log10 (|E|2 )−1 represents the received power
variation due to the resonant modes. For only TE modes
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and N define the number of dominant TE modes inside
the cavity. The expressions of Exmn and Eymn can be
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Bmn sin( a ) cos( b ), where Amn and Bmn are the coefficients for the mode T Emn , and a, b, c are the side lengths
of the cavity as shown in Fig. 1a.
The parameter g(α) describes the radiation pattern of the
diagonal horn antenna used in our measurements, which can
be written as g(α) = X + Y cos(Zα) [7].
Xσ is the error between the predicted and actual path
loss, which can be modeled as a zero-mean Gaussian random
variable with standard deviation σ.

For THz wireless channels, several path loss models have
been proposed based on the propagation mechanisms. [1]–
[5]. Path loss for traveling EM wave in THz band has been
modeled as the summation of the spreading loss and the
molecular absorption attenuation in [1], [2]. A path loss
model which accounts the propagation loss of THz radiation
through vegetation has been proposed in [3] by considering
the attenuation and scattering effect of the air and leaves. For
the wireless channels in indoor environment, the performances
of different large-scale path loss models at 30 GHz, 140 GHz,
and 300 GHz have been compared in [4]. Unlike the EM
wave propagation in free space, THz propagation in metal
enclosures experiences both traveling and resonant waves [5].
This yields to larger number of multiple reflections as well as
larger multipath spread [5]. Also, due to the resonant nature
of the fields, the received power can vary with transceivers
positions. Based on these findings, a path loss model in an
empty desktop size metal enclosure has been proposed as a
function of transceiver’s height in [6].
This paper presents the parameters identification of the path
loss model discussed in [6]. Considering the cavity effect, the
number of dominant resonant modes and their corresponding
coefficients are the key parameters required to be determined.
To solve this problem, gradient decent algorithm was applied
to minimize the mean square error between the model and the
experimental results. Measurement results agree well with the
prediction which verifies the model.
The remainder of the paper is organized as follows. Section II briefly discusses the path loss model. Section III
presents the parameters determination and model verification.
Section IV provides concluding remarks.
II. PATH L OSS M ODEL
A new path loss model for THz chip-to-chip wireless
communication inside a desktop size metal cavity has been
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(P L)dB =(P L)tdB + 10 log10 (|E|2 )−1
+ 10 log10 ([g(αt )g(αr )]2 )−1 + Xσ ,
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Fig. 1. LoS propagation in an empty metal cavity at 300 GHz: (a) Measurements setup, (b) Comparison of theoretical and measured path loss with
respect to xt /xr and yt /yr .

III. PARAMETERS D ETERMINATION A ND M ODEL
V ERIFICATION
To determine the parameters defined in the path loss model,
measurements were performed in a metal cavity fabricated
with the size of 30.5 cm × 30.5 cm × 10 cm, which approximates the size of a computer desktop casing. The geometry
of the metal cavity is shown in Fig. 1a. The phase center’s

coordinates of Tx and Rx are denoted as (xt , yt , zt ) and shown in the figure, the model matches well with the measured
(xr , yr , zr ), respectively. For the measurements, transceivers results.
are moved along x and y direction with fixed zt and zr . As
shown in Fig. 1a, both Tx and Rx were moved in x direction
with dx = 0.6075 : 0.6 : 5.4575 cm and in y direction with
dy = 0 : 4 : 12 cm. Since zt and zr are fixed, the relative
locations of transceivers’ phase centers can be specified as
xt = xr = dx, yt = yr = dy + 2b , zt = 0 cm, and zr =
30.5 cm, where b is the length of the metal cavity which is
30.5 cm. At each location, ten measurements were performed
(a)
(b)
and the results were averaged. To model the path loss variation
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only LoS propagation was considered in the measurements,
g(α) = 1, Xσ = 0, the power contributed by the resonant were repeated 10 times. Based on the difference between yt
modes |Ei | can be calculated with equation (1) for any given and yr at each location, path loss can be estimated with the
calculated parameters Amn , Bmn , and γ. A good agreement
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0, · · · , 0]T . Both X, ai , and bi have the length of and its parameters identification. To determine the parameters’
2[(M + 1)(N + 1) − 1]. Since |E|2 = |Ex |2 + |Ey |2 = values, gradient decent algorithm was applied to minimize
|ai H X|2 + |bi H X|2 , the problem can be simplified as
the mean square error between the calculation and the ex2
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min
|ai H X|2 + |bi H X|2 − |Ei |2
the correctness of the model. A good agreement between the
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measured and simulated results was observed.
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