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Three-dimensional fabrication using projection microstereolithography

The permittivity variation of the designed cloak pattern is realized by fabricating
effective media consisting of high aspect-ratio subwavelength holes inside a polymer
host. Although the pixels on the dynamic mask are presented in the discrete form, the
grayscale of individual pixels can be adjusted so the hole’s size can be tuned with a sub-
pixel level of precision. As illustrated in Fig. S1a, in order to fabricate a square hole with
width d, the grayscale of each individual pixel can be calculated as grayscale = p - 256,
where p represents the fraction of area occupied by the polymer for each pixel. Herein,
grayscale levels of 0 and 255 correspond to minimum and maximum intensity of each
pixel, respectively. Before the cloak fabrication, to confirm real fabricated hole exactly
match with the designed size, a series of holes with various dimensions were designed
and fabricated, and then the difference between the mask value and the fabrication value
was compared, as shown in Fig. S1b. It is noted that the fabricated size has a larger error
when the hole is small. This is due to the diffusion of radicals into the hole region. The

resulting dark polymerization results in the reduction in the hole dimension. Such a non-

linear relation in the design and fabricated hole dimension are thus calibrated



experimentally. By incorporating the calibration into the mask design, Fig. S1c illustrates
the fabricated hole dimension matches precisely with the designed. The designed
grayscale mask of the cloaking and control samples are illustrated in Figs. S1d and Sle,

respectively. Inset shows the magnified view of the grayscale mask near the bump.
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Fig. S1. (a) the grayscale of individual pixels can be adjusted so the holes can be
fabricated with sub-pixel precision; (b) the mask-fabrication relationship before
calibration; (c) the design-fabrication relationship after calibration; (d) designed
grayscale mask for fabricating cloaked bump structure; (e) grayscale mask for fabricating
the uncloaked bump structure;

After the fabrication, the sample was rinsed in isopropyl alcohol for 48 hours to remove
the unpolymerized resin inside the holes. It is confirmed by the crosssectional image of

on broken sample shown in Fig. S2a. The high-aspect-ratio holes with well-defined

geometry can be clearly observed. Furthermore, a special test sample with exposed



vertical holes are fabricated to exam the geometry along the vertical direction (Fig. S2b).

It is clear to see that the hole size changes gradually near the bump and the channel width

stays uniform along the vertical direction.
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Fig. S2. (a) characterization of interior structures o he cloak; (b) cross-section view of
the cloak; bar: 500 1 m.
Angular resolved reflection terahertz time-domain spectroscopy
Angular resolved reflection terahertz time-domain spectroscopy (THz-TDS, Fig.
S3) was employed to assess the performance of the cloaking sample'”. The
photoconductive switch-based THz-TDS system was optically gated by 30 fs, 800 nm
optical pulses generated from a self-mode-locked Ti:sapphire laser. The THz radiation
emitted from a GaAs transmitter was spatially gathered by a hyper-hemispherical silicon
lens and then collimated into a parallel beam before entering the cloaking sample at a 45°
incident angle. The reflected THz signal through the sample was then detected by a
mobile silicon-on-sapphire (SOS) receiver optically excited with fiber-coupled
femtosecond pulses’. A 1 mm slit was attached to the SOS detector in order to improve
the spatial resolution of the measurements. The detector was placed 50 mm away from

the output interface of the sample and horizontally scanned to measure the spatial

distribution of the THz wave front. Along the horizontal axis, 51 sets of time-domain
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signals were measured with a scan step of 0.5 mm. The frequency-dependent THz
amplitudes at each spatial position are retrieved by Fourier transform of the measured

time-domain signals.
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Fig. S3. Schematic illustration of angular resolved reflection terahertz time-domain
spectroscopy system.

Terahertz spectroscopy on a-lactose monohydrate
The THz absorption coefficient of a-lactose monohydrate (Sigma-Aldrich) is

measured using a transmission THz-TDS system®. 2 mm-thick pure a-lactose
monohydrate powder is sandwiched between two 640 pum thick silicon slabs. A silicon-
air-silicon stack with 2 mm air gap was used as a reference. E,eference(®) and Egumpie(®)
represent the Fourier-transformed spectra of the transmitted terahertz pulses through the
reference and the sample, respectively. The absorption coefficient of the sample powder
is extracted based on the transmitted pulses. The complex transmission spectra of the

reference Eeference (@) and the sample Eg,ppie( ) are given by2

Ereference (C()) = Ez’ncfdent (a})tSi—airtair—Si eXp(lkOd)



E

sample (

w)=E, (o)t t exp (ikd )exp(-ad/2)

Si-sample” sample-Si

where Ejcigend @) 1s the incident pulse spectrum, k, = Zﬂ/ A,and k = 27msample / A, are the

wave vectors for air and sample, respectively; ngmpie 1s the refractive index of the sample,
d is the sample thickness, Ay is the free-space wavelength, and o is the absorption
coefficient of the sample; tsiair, tair-sis tSi-sample; AN Esampie-si are the Fresnel transmission
coefficients of the THz pulses propagating through silicon-air, air-silicon, silicon-sample,

and sample-silicon interfaces, respectively, which are given by ¢, . =2n /(l+nSi),

Lair—si = 2/ (1 + nSi)’ Lsi-sample = 2”51'/ (nSi T Ngumple ) , and Lsample-si = 2”samp1e/ (”sample g ) The
tSi-sample; and femple-si are the complex, frequency-dependent coefficients related to this
powder layer sample. The measured absorption coefficient is shown in Fig. S4. Strong
absorption peaks at 0.53 THz and 1.37 THz are observed, which is in good agreement

with literature”.

A 12 B 50
o 10 M = a0}
° o
2 -
= 0.8F C
g 2 30}
< 0.6 %
c 06F
o o
2 ER|
€ 04F o
1) °
g G 10F
= 02} a
<
0.0 N 1 N 1 N 1 " O I\_— 1 1 1
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0

Frequency (THz) Frequency (THz)

Fig. S4. Measured power absorption coefficient of the a-lactose monohydrate powder
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