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Abstract: Terahertz transmittances of the gold thin-filmghathicknesses ranging from 1 to 12 nm
were investigated. As terahertz field becomes B#erthe transmittance of the terahertz field

decreases, suggesting the increase of the caemsityl.
OCIScodes: (300.6495) Spectroscopy, terahertz; (310.6188) Tilms, Spectral properties; (320.7120) Ultrafaisenomena

1. Introduction

Gold (Au) has been extensively studied in the figlanicroelectronics and bio-sensing, since mainaetive
electromagnetic properties of Au nanostructuresewecently reported; the effective sheet condugtief Au thin
film dramatically decreases with the thickness I#sn 2 nm [1]. This suggests that the nano-scake and
morphology play key roles on the electronic prapsrtin the present study, we investigate the @adynamics in
Au thin film with different thicknesses using intenterahertz electric field.

2. Experiments

The Au thin film was evaporated on the hig
resistivity Si substrate with Si (111) — 7 x 7fage in the
chamber with the ultrahigh vacuum of ~™1Pa at room
temperature. The crystallization process was cowfit
using reflection high-energy electron diffracticannd the
polycrystal and flat Au films were successfully paeed.
The thicknesses of the obtained Au films were 1.8, 5.8,
and 11.5 nm. The details of the experimental setig 50 nm Au Si
reported elsewhere [2,3]. Figure 1(a) shows the SI e — E
image of the specimen with 1.9 nm thickness, whi
indicates the flatness of the specimen. The flateesibled Fig. 1 (a) SEM image of Au thin film surface with9 nm
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us to investigate the terahertz responses of Au filins thickness. (b) Side view of the specimen for meagur
precisely. The experimental configuration of spemim terahertz transmittance of the reference and signal
from the side view is shown in Fig. 1(b).

A Ti:Sapphire amplifier system (repetition rate: 1 T
kHz, pulse duration: 130 fs, center wavelength: 869 . ® B, (=338 kviem)
pulse energy: ~ 1.6 mJ/pulse) is employed to geme 4 © on/z
intense terahertz waves and to detect these tézahaves. g i ; : EO ; g
In generating terahertz fields, tilted laser pulssae S 0
irradiated onto a LiNb® via Cherencov-type phasr% 0.1,
matching process [4]. The generated terahertz waves 2 6
incident on the specimen. Then, the transmittedeware E 4 B
forwarded to a 0.4 mm-thick GaP crystal using ofisa , °
parabolic mirrors and finally observed by the eleciptic 5
(EO) sampling. The maximum-terahertz field was ©3  0.01, °
kVicm. The intensity is tuned by the wire grid patars 1 2 84 56T
set in front of the specimen. The transmittancethsf Au Thickness (nm)

specimen is obtained by normalizing the transmitt
spectrum of the specimen (Au on Si) by that of t Fig. 2 Transmittance of terahertz waves as a fomaif the Au
reference (Si) (see Fig. 1 (b)). film thickness with several terahertz intensities.
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Fig. 3 (a) Complex dielectric constant of goldnfiwith the thickness of 1.9 nm. Solid curves intBce best-fit to the experimental data obtained
by Drude analysis. (b) The estimated plasma frecjasrand (c) the carrier densities of the Au filmith the thicknesses of 1.9 and 5.8 nm
as a function of maximum terahertz electric field.

3. Resultsand Discussion

Figure 2 shows the Au film thickness dependenctheftransmittance with different terahertz fiel@#scept
for the case of 1.3 nm-thick film, the transmittariecomes lower with the intense terahertz fidignination. To
clarify the reason, Drude analysis was carriedfouthe complex dielectric constant obtained frdre terahertz
transmittance. For example, the complex dieleciitstant obtained for the Au film with 1.9 nm thielss is shown
in Fig. 3(a). In the Drude model, the plasma fremyeof the free electron gas is expressed as

nez , (1)

g,m’

a)p=

wheren is the carrier densityn” is the effective mass of the carrierjs the elementary charge, apgl dielectric

constant in vacuum. The plasma frequency of thdil&uvs. the maximum electric field is shown in Fig(b). The
solid and open circles show the plasma frequerafitise 1.9 and 5.8 nm-thick Au films, respectivdly.the weak
terahertz field region, the plasma frequencies.®fmin- and 5.8-nm thick films are similar to thad#ained in Ref.
[5]. In contrast to the weak terahertz field regitive plasma frequency is strongly enhanced byritease terahertz
field especially in the case of 1.9 nm-thick Aurfil Assuming that the effective mass is constaridn (1), the
enhancement of the plasma frequency depends andrease of the carrier density. The carrier dgnditthe Au
film vs. the maximum electric field is shown in Fig(c). The solid and open squares show the catépsities of
the 1.9 and 5.8 nm-thick Au films, respectively.eTbarrier density of the 1.9 nm-thick Au film at88&V/cm
terahertz field is larger than that of 5.8 nm-thislk film. This enhancement can be explained bypbeetration
depth of terahertz electric field. The penetratiepth of terahertz wave into the specimen was agtidnto be 2 nm
from Fig. 2. Therefore, the carriers in the 1.9 timck film is more susceptible to the influencetefahertz electric
field than that in the 5.8 nm-thick film.

In case of the 1.3 nm thick Au film, the clear emtement was not observed, probably because of doastic
change in electronic structures taking place betwleand 2 nm such as insulator-to-metal transjtign

4. Conclusions

We investigated the transmittance of the Au thimdi with thickness ranging from 1 to 12 nm by irsen
terahertz electric fields. In the case of the theds with 1.9 — 11.8 nm, the transmittance becawerl by the
irradiation of intense terahertz fields. The Drudalysis clearly shows that the carrier densitgribanced by the
intense terahertz field.
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