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Figure S1. Schematics of the ETL-based LSCM where the ETL is positioned above the objective
lens with the offset lens (concave lens), a conventional ETL configuration

In our first configuration, the ETL was placed right before the objective lens, in which the
excitation light entering the back focal plane of the objective lens would vary, resulting in the
changes of resolution with respect to the changing ETL focal length. The laser beam size is
magnified 3 times by a 4-f system (f = 50 mm and f = 150 mm, respectively) before it
propagates the cylindrical lens (f,,; = 50mm) to generate the line pattern at the image plane,
parallel to the x-axis. Here we use the one-direction scanning mirror (re-modified from
Thorlabs GVS002) right after the cylindrical lens to perform the sweeping of laser in the range
of 4-degree angles, parallels to y-axis. The scanning of the mirror combines the line patterns
from the cylindrical lens to produce full images. Then the elliptical beam propagates the Scan
lens (fi.n = 60 mm) and Tube lens (fr, = 250 mm) to conjugated with the back focal plane of
the objective. A dichroic mirror (Semrock, FF552-Di02-25x36) and the ETL (Optotune, EL-
10-30-C-VIS-LD) system are placed in between the Tube lens and Objective lens (Olympus,
20X 0.5 NA, water immersion, UMPLFLN20XW) to enable the axial scanning and guide the
detection path follows along the scan path. We place a plano-concave lens (f = -50mm) to
prevent the aberration that normally occurs in the imaging system. The combination of ETL
and offset lens (box with red dotted line) was replaced with ETL with a tube lens in the asLSCM
system. The fluorescent signal after excitation from the sample propagates the dichroic mirror.
An achromatic doublet lens (f = 150mm) is placed in between the dichroic mirror and detector,
the position of the lens is conjugated with the back focal plane of the objective lens and the
detector surface. A sCMOS camera is used to capture the full image which is swept by the
scanner mirror. To compare the profiles of the PSF of the asLSCM and the conventional system
with ETL-offset lens, the tube lens was removed while the ETL combined with an offset lens



was placed right beneath the objective lens. This was the initial first generation of the imaging
system and the detail of the diagram was described in the Figure S1.
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Figure S2. Comparison of PSF profiles of the system in Figure S1. Lateral (blue) and axial (red)
PSF of ETL-based LSCM produced without ETL related 4-f system using 0.5 pm fluorescent
beads where a) ETL and offset lens were removed, b) ETL and offset lens were attached but not
activated (stationary mode), and c) ETL was activated with the sinusoidal current function
between OmA to 60mA at around ~350 Hz. Scale bar: 5 um.

We activated the ETL in two different categories to compare the resolution in each stage:
without ETL, ETL off (stationary stage), and ETL dynamic stage. At the first stage, the
obtained lateral full-width-half-maximum (FWHM) achieved was 6x = 0.8 £ 0.01 pm (n=3)
with the axial resolution FWHM was 6z = 6.3 £ 0.1 um (n=3) (Fig. S2a). We then attached the
ETL with an offset lens in the system. Therefore, the combination with an objective lens may
degrade the system fidelity, resulting in the lateral and axial resolution were 6x = 1.5+ 0.1 pum
(n=3) and 6z = 18.7 £ 0.8 pm (n=3), respectively (Figure S2b). The lateral FWHM, 6x =5.2 +
0.1 pm (n=3) with the activated ETL for the dynamic stage while in the axial direction, the
FWHM of value was extended; 6z = 65 + 2.2 um (n=3) from the axial scanning by the ETL

(Figure S2c).



Figure S3. Evaluation of the PSF distortion with the activated ETL using fluorescent beads of
0.5 um for volumetric imaging and standard line-scan confocal microscopy: a) asLSCM and c)
standard LSCM. The field of view analyses were performed displaying the PSF profiles in the
axial direction, b) asLSCM, and d) standard LSCM. Scale bar: 25 um.

We further analyzed the aberration properties of our ETL-based asLSCM system by
evaluating the shapes of the axial penetration of point spread function (PSF; Fig. S3a). At the
center region of the FOV, PSF geometry did not change much axially and remained almost
straight, while further away from the center, greater tilt of the PSF (Fig. S3b) was observed.
Additionally, the PSF from the standard line-scan confocal microscopy (Fig. S3c and S3d)
exhibited a marginal aberration.
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Figure S4. Evaluation of the field of view (FOV) at different axial layers under resonant ETL
mode (-40, -20, 0, +20, +40 um), a) the images of fluorescent USAF target at different layers,
b) the relationship between the one axis in FOV and layer position (z), c) relative change of
other z position Aroy/FOV at position z=0 um.

However, with the ETL activated in the resonant mode, the FOV of the system did not
change much. For the demonstration, an experiment was performed to acquire images of the
USAF target at different axial positions with the system running in the resonant mode (Fig.
S4a) where the z = 0 position was defined as the focused position, identified under the
stationary mode with the ETL driven at 140 mA. The total FOV of all images was measured,
in which at lower the positions in axial direction, smaller FOV’s were observed (Fig. S4b).
However, as calculated, the percent change in FOV was less than +5% (Fig. S4c), indicating
that there were not significant layer-dependent magnifications in the current volumetric image.



