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A thin camera with a zoom function using reflective optics
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Abstract

We propose a camera that can maintain its thin dimension even when it utilizes a lens with a large focal length to zoom in. Large focal length
have made the structure of a conventional camera thick. In this paper, we show how reflective optics prevents a camera from requiring significant
thickness. Reflective optics is an inclusive term for optical systems consisting of mirror reflectors or a combination of lenses and mirrors. To
demonstrate the concept, we fabricated a double-focus lens. Since this lens has a wide-angle lens inside and a telescopic lens outside, two views
from different focal lengths can be obtained by deciding which part of the lens is to be used. We fabricated a micro-mirror structure that has flexible
hinges and is actuated by external magnetic fields. The mirror that reflects light through the outside lens also takes the role of a shutter, by blocking
light passing through the inside lens when the camera is utilizing the outside lens. By shifting the mirror, the camera can allow light to pass through
the inside lens. Thus, the view with the double-focus is selected by actuating the mirror. We demonstrated switching between the two views with
our prototype camera.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Optical devices offering functions of zooming or varying
focuses with less moving parts for miniature cameras have been
developed. For example, a liquid lens controlled by electrowet-
ting has already realized a variable focus with no lens displace-
ment [1]. This report describes another approach to avoid lens
movements in a zoom camera. In implementing optical zoom-
in, it is generally required to place the lens at a distance from
the photo sensor, because a lens for zooming-in has a larger
focal length. We applied reflective optics to our thin camera. The
basic idea of reflective optics was invented in the 1600s and has
been applied in astronomical telescopes for years. These days,
reflective optics is attracting attention from the camera industry
as a means of achieving long light paths in thin products. To
implement this idea, we have fabricated a shutter composed of
a micro-mirror actuated by magnetic fields.

Recently, techniques for actuating micro-mirrors have been
developed, particularly for space scanners and optical switches
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[2]. Two-dimensional (2D) scanners utilizing micro-mirrors
have previously been reported [3]. Electrostatic comb actuators
drive these micro-mirrors, while optical choppers and attenua-
tors are used to open and close the shutter and control the light
path [4]. In these applications, the mirrors and shutters require
very small displacements. Therefore, it was suitable to use comb
actuators, which have small displacements.

In our camera proposed here, the magnification depends on
whether the reflective optics are used; i.e., on zooming out or
zooming in. This requires a large, movable mirror with large
displacements, because the lens’s diameter is more than 1 mm.
We have used out-of-plane techniques to the mirror’s fabrica-
tion process. These techniques are applied in microstructures
assembly and mostly used flexible parts or hinges [5]. A standing
cantilever and a vertical-planar spiral conductor were fabricated
by applying magnetic fields [6]. Another report describes how
the orders of a structure’s lift-up motions induced by an exter-
nal magnetic field, resulting in many 3D tetrahedron structures
[7]. In another work, micro-mirrors connected to a substrate by
hinges were rotated around the hinges by melting photoresist,
and they were then fixed by a locking mechanism [8]. Thus,
3D micro-optical structures have been implemented. Our mir-
ror with no locking mechanism is movable in order to adapt to
different requirements.
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In the current work, we have demonstrated not only using
reflective optics but also switching between two different views
by actuating the shutter with micro-mirrors and using a double-
focus lens [10].

2. Camera’s principle and structure

Fig. 1(a) illustrates reflective optics. The original focal length
of a lens is denoted as F1. We employ two mirrors, one ring-
shaped, and the other circular. Light passing through the lens
is reflected twice by these mirrors and focused by reflective
optics onto a photo sensor at a position closer than the original
focal length, F1. In this case the central part of the lens is not
used. Then a different curvature is applied in the inside part.
The designed focal length of the inside lens is F2 (Fig. 1(b)).
The mirror shifts from the central part, the inside lens is used,
and an image is obtained. The lens thus becomes a double-focus
lens. When the mirror returns to the central part, the outside lens
can be used (Fig. 1(c)). As a result of utilizing reflective optics
for the zoom function, the distance between the lens and the
photo sensor does not change.

Fig. 2 shows the structure of our camera, which consists of
four main components: the lens, a charge-coupled device (CCD),
a ring-shaped mirror, and a shutter that has a mirror. The lens is

Fig. 1. (a) Light is reflected by two mirrors and focuses onto a photo sensor. (b)
A different curvature is applied in the inside part. The outside lens becomes a
telescopic lens and the inside lens does wide-angle lens. Then mirror shifts from
the central part. (c) When the mirror return to the central part, the outside lens
is used and zoom function is realized by reflective optics.

Fig. 2. Structure of the camera.

Fig. 3. Principle of switching between the two views.

on a glass substrate, with the shutter attached to the reverse side.
The ring-shaped mirror is fabricated on another glass substrate
and placed on the CCD. The lens is a combination of two lenses,
where the inside one is a wide-angle lens and the outside lens is
a telescopic (narrow-angle) lens. The focal length of the outside
lens is about three times greater than that of the inside lens. The
shutter under the lens has a movable mirror.

The principle for switching between two views without
changing the camera’s structure is illustrated in Fig. 3. For a
telescopic view, the shutter is closed to block the light through
the inside lens, and the light through the outside lens is reflected
twice by the two mirrors (i.e., the ring-shaped mirror located
above the CCD, and the circular mirror on the shutter) to gener-
ate an image on the CCD. As a result of being reflected by the two
mirrors, the light can follow a long path in the same space. For
a wide-angle view, the shutter is opened, and the light through
the inside wide-angle lens is focused into an image on the CCD.
The outside telescopic lens does not work in this case. Thus,
by opening and closing the shutter, two different views can be
obtained. We use a soft magnetic material (Ni) to form the mirror
of the shutter. Its opening and closing can then be controlled by
directing external magnetic fields. This utilizes the simple phe-
nomenon that when a thin magnetic plate is set on a permanent
magnet, the plate stands up on it in the direction of the magnetic
field [9].

In this way, the distance between the lens and the CCD is
fixed by using reflective optics, and the camera can change views
while keeping a thin structure. In theory, the double reflection
of the light thorough the outside lens does not affect the image
size or direction. Therefore, the image is the same as the image
that would be obtained by a CCD located at a distance equal to
the original focal length of the lens.

The ratio of the focal lengths of the inside and outside lenses
determines the magnification and the precise design specifica-
tion of our camera, such as the size of the mirror, the arrangement
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