Optical Product Development, Inc. Application Note

Viewfinder Optics for Microdisplays

For camcorders and digitad cameras, a viewfinder conssing of a miniaure display and
magnifying optics offers some digtinct advantages over a directly viewed LCD pand.
For example, the magnified miniature display appears much larger to the viewer's eye,
making it eeder to see detall. Also, the enclosed optics of a magnified dislay are not
affected by ambient light, resulting in excdlent contrast even when used out in direct
aunlight.  On the other hand, this approach requires some sort of viewing optics.
Fortunatdly, it is possble to create rdaively smple, inexpendve, compact viewing
optica systems.

The Simple Magnifier

The amplest magnifier is a podtive lens placed a disance less than or equd to its foca
length away from the object to be viewed. Such a system produces a virtuad image, thet
IS, an image that is only seen when the viewer looks back into the opticd sysem. In
contrast, projection displays produce a read image. A red image can be put on a screen
and seen without having to view through the optica system.

Virtua Image
Lens of X

focal length f o™ T

i

Object viewed directly
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The fird dep in specifying or designing a viewing sysem for miniature displays is to
thoroughly understand the operation of the smple magnifie. A sthematic of one is
shown in the figure. As with any lens systlem, the magnification is defined to be image
height divided by object height:

e h" s
megnifica ion = m=—=—
h s

However, the gpparent Sze of the viewed image depends upon the viewing distance (just
as any object gppears smaler when seen from a greater distance). To quantify this, the
gze of aviewed object is defined by the tangent of its angular subtense:

object 9ze
object distance

tangent angular subtense =

Because, for magnifiers, the percalved sze of the viewed image depends upon viewing
digance, the traditiond definition of magnification is not that useful. Indteed, it is
common practice to define a quantity caled magnifying power:

Tangent angular subtense of virtud image
Tangent angular subtense of object vie wed directly

Magnifying Power =

Using the varigbles defined in the drawing yidds

hll

Subtense of virtud imege =
s'+E

Subtense of object vie wed directly = e

From these, magnifying power can be caculated:
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In order to make this equation truly useful, it is best to iminate the variables mand s’
which are both often infinity (because the object is often podtioned a the focd point of
the magnifier). Thisisaccomplished by firg subdtituting for m in the numerator:
Sy
Magnifying Power =

S
s'+E

and then rearranging the paraxid lens equation:

to enable afind subgtitution for s”. The end product is the relationship:

. v

Magnifying Power = ——
giiying fs+E(f - 9)
The most common use of a smple magnifier is with the eye placed right up a the lens
(E=0). Also, itistypicd to desgn so that s =f , which causes the image to appear to be
a infinity, resulting in a shap image with a fully rdaxed eye i.e, maximum viewer
comfort. Setting E = 0and s=1f, smplifiesthe expression to:

Magnifying Power :¥

To obtan a number from this equation requires arbitrarily setting the viewing distance,
V, for the case when the object is viewed directly. By convention, the vaue of 250mm
(10inches) is commonly used, resulting in the find, Imple expresson for magnifying
power:

Magnifying Power =$
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When designing the viewing optics for a miniaure disolay, it is actudly more common to
begin by specifying the fidd of view (angular subtense) defined by the virtud imege,
rather than the magnification. The field of view is then used to determine the required
sysem foca length. The rdationship between these quantities can easily be cdculated
from the equations dready given. Agan assuming tha the eye is placed directly a the
lens (E = 0) and the object is put at the foca point (s=f) and centered on the optical axis,
as shown in the figure,

To Virtua

Definition of field of view

then the equation for (hdf) fidd of view (q) becomes:
h
tan(q) = T

Keep in mind that qis the half the tota field of view of the sysem, and h is half the sze
of the disolay. This equation can now be aranged to enable the required system foca
length asafunction of d, thefull diagond sze of the display:

d
2tan(q])

Optics Size
In a practica viewfinder, other factors can be just as important as focd length. For

example, opticd sysem dSze is a paticulaly important factor in the desgn of
viewfinders for mass market, portable products such as camcorders and digital cameras,
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because as lens diameters increase, S0 does system size and weight (and to a certain
extent, cost). Thus, in generd, it is desrable to the diameter of the opticd system.
There are tiree primary design parameters — field of view, eye reief and eye box — that
are dl interrdated, and together determine the minimum diameter for the lens system.

Eye Relief

Eye rdigf is the disgance from the eye to the firg surface of the meagnifier. The
rdaionship between eye rdief (E), fidd of view (q) and optics diameter (D) can be
gpproximated using the smple magnifier example, as shown in the figure:

To Virtua

A longer eye rdief endbles eyeglass wearers to podtion their eyes a distance from this
lens and 4ill see the full fidd of view of the display. However, longer eye rdief
increases optics diameter.

From the drawing, it can be seen that this relationship is
D = 2Etan(q)
A typicd vauefor eyerdief is25 mm.
Eye Box
In a red world design, the viewer should dill be gble to see the full fidd of view of the
display, even when there is some laterd misdignment between their eye and the optica

axis of the magnifier. The amount of latera misdignment that can occur before some of
the image is cut off by the edge of the optics is called the eye box. To increase the sze
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(diameter) of the eye box requires increasing the lens diameter beyond the minimum
diameter, D, used in the preceding equations.

|l ——— E ——>
Definition of eye box

The required lens diameter is obtained by merdy adding the desired eye box diameter to
the lens diameter cdculated from just the axid viewing geometry:

D =2Etan(q) +B
This can be rearranged to give eye box in term of the other variables:

B=D-2Etan(q)
Like other desgn condderations, setting the eye box dze is a question of trade-offs.
Increesing eye box Sze cdealy makes the display esser for the viewer to use, dnce it
relaxes the tolerance on eye postion. But this may necessitate the wse of a more complex
and expensve lens sysem. This tradeoff between desgn complexity and eye box sze
usudly leads to eye box vadues in the 7mm to 10mm range for typicad viewfinder
goplications.
Other Design Factors
There are a number of other important design factors that influence system sze, weight,
cog and resolution.  Some of the most important of these include virtud image location,

resolution and distortion.

Virtual Image L ocation
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When a magnifier is focused o0 that the object is at the foca point (s = f), then the viewer
perceves the image to be a an infinite disance, and collimated light enters the eye.
While this arrangement ddivers maximum viewing comfort, in can cregte difficulties in
some ingtances. In particular, bifocal wearers may not be able to focus on such a distant
image when viewing through the bottom part of ther eyeglasses.  Shifting the object (the
display) dightly cdoser to the magnifier will make the image gppear closer, and deliver an
image that is eeser for bifoca wearers to accommodate. For viewfinder applications, the
typicd imege digance is in the 1 meter to 25 meters range.  Shifting the object away
from the focd point will dightly change the magnifying power formula deveoped
earlier, snce that equation was reached using the assumption that (s =f).

Resolution and System MTF

One arcminute is considered to be the typica angular resolution of the human eye. If the
megnifying power of the viewfinder optics makes an individud pixd in the display
aopear larger than this vaue, then the user will be able to discern the pixd sructure of
the disolay.

The drawing defines the angular subtense of asingle pixd.

NS

y

<=

Definition of pixel angular subtense

For a given diglay pixd count and magnifier fiedd of view, the angular subtense (b) of
anindividud pixd is
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where q x is the full fidd of view in one dimengon and Ny is the number of pixds in tha
same dimension (an analogous equation can be written for the perpendicular direction, y).

As an example, for a QVGA display (320 x 240 pixels) that subtends a 20° horizonta
field of view, each pixd would subtend an angle of 0.0625° or 3.75 arcminutes.  The
viewer would clearly detect the pixdated dructure of the display, since each pixd
appears larger than 1 arcminute. 1t would be necessary to either reduce the magnification
(thus reducing the fidd of view) or use a same Szed display with a higher pixd count in
order to remedy this Situation.

Of course, this example assumes tha the optical system itsdf has an angular resolution
aufficient to cealy show the smdlest detall in the object (in this case, better than
3.75 arcminutes).  One of the best ways to quantify whether or not this is the case is to
determine the modulation transfer function (MTF) of the optics. MTF is badcdly a
measure of the contrast of the optics (with 100% being perfect) as a function of spatid
frequency. MTF can be caculated for a lens sysem under a specific set of conditions
(e.g magnification and fiedld angle) by most opticd desgn programs. MTF is used to
determine system resolution by picking an abitrary vaue for the minimum acceptable
contrast under these conditions, and then determing the highest spatid frequency at
which that contrast can be obtained.

In the case of a miniature digplay, the finest detall that needs to be resolved conssts of an
on/off pixel par. The spatid frequency (FLimit) Of this pair can be caculaied using the
Nyquist Frequency definition,

- 2

Limit — '
2

where p is the dze of an individud pixd. For typicd displays (such as the Digplaytech
Model QDM-0076), the pixels are 12 microns square. Therefore, the limiting resolution
in the horizonta and vertical directionsis

Flimi = ! =41.7 line pardmm
2(0.012)

Thus, it is not necessary to evduate the MTF a higher spatid frequencies than this when
evaduaing an optical desgn for a diglay with these pixd dimensons. However, the
desred vaue of the MTF a this spatid frequency depends very much upon application.
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Since obtaining a higher MTF a a given spatid frequency will, in generd, require a more
complex, sophigticated and (typicaly) expensve opticd system, it is very important that
this vdue not be over specified for the application. For example, a viewfinder may
require only modest resolution (say 50% at 38 Ip/mm) a the center of the image, since it
is primarily being used just as a framing device. In contrast, the required MTF a this
same sodia frequency might be much higher, across the entire field of view, for optics
for a persona monitor. This is because there is important information a the corners of
the monitor as well at the center.

Distortion

Optica digortion is farly common in nonsymmetric opticd sysgems. Didortion is a
measure of how well a square object pattern is reproduced in the viewed virtua image. It
should be noted that didtortion does not effect image resolution, just image shape.
Typicd examples of digortion and ther nomenclaure are shown in the figure most
meagnifier sysems exhibit pincushion digortion.

o

None Barrel Pincushion

Types of distortion

In generd, atempting to reduce opticd didortion to very low levels (<1%) in a desgn
will cause other off axis aberrations (such as agtigmatiam) to increese.  Thus, it is very
important not to overspecify the level of dlowed didortion in a viewfinder design.
Fortunatedly, a moderate leve of digtortion can be tolerated in a viewfinder without
adversdy dfecting its functiondity.  Typicdly, the levd of digortion in a qudity
viewfinder should not exceed 4%.

Basic Magnifier Designs

Red world maegnifier desgns cover a lage range in tems of dze complexity,
performance and cogt, depending on the demands of the agpplication. This section briefly
reviews some basc configuraions that can serve as a dating point for a viewfinder
system design.

Aspheric Refractive Plastic
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The smplest design that can achieve some degree of peformance is a single, aspheric
plagtic lens. The aspheric surface enables correction of spherica aberration, but there is
no color correction. This design is very compact and lightweight, and minimizes overal
package length. While initid tooling costs for plastic optics can be high, the unit price
drops dramaticdly in high volume. In generd, a single aspheric plagtic lens would not
provide sufficient performance for camcorder and digitd camera viewfinders, but
including this type of component in a more sophisticated desgn can lower the overdl
element count, reducing size, weight and cost.

Display

Refractive Glass

This form, which is a Plosd derivative, congsts of two cemented doublets, for a tota of
four glass dements, dl surfaces are spherical. The design is wel corrected for sphericd
aberration and chromatic aberration, and typicaly produces reaively low digtortion.
Tooling cods for spherica glass lenses are low, but unit costs for high volume production
do not drop as steeply for as for molded plastic lenses.

Display
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Refractive Hybrid

This glass/plagtic hybrid design attempts to combine the best features of the previous two
configurations. Color correction is provided by the doublet. The plagtic, aspheric singlet
provides for image qudity correction (primarily spherica aberration), while reducing
element count, and minimizing Sze, weight and cog.

Reflective

This dmple reflective sysem utilizes a sngle, sphericd mirror as the megnifier. A
beamsplitter must be used to dlow the object to be postioned on axis, and a flat
coverglass sed's the entire system.

The primary advantage of an al-reflective optica system is that it is completdy free from
any chromatic aberration. Also, since the sphericad aberration of a mirror is much lower
than tha of a refractive dement of equad power, this desgn performs wel with a
spherical surface, as opposed to an asphere.

One disadvantage of reflective systems is that they are not efficient. The double pass
through the beamgplitter causes a reduction in image brightness. For example, if the
nomina reflectance/tranamittance ratio of the beamsplitter is 50/50, then only 25% of the
light from the display reaches the viewer’ s eye after two passes.
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