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Abstract

This report will show that the contrast ratio (CR) for a transflective LCD is equal to or
better than a very bright transmissive mode LCD and has the additional benefits of

reduced power consumption, heat, and device volume.
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Planar Transflective Displays

Introduction

LCD’s are increasingly being used in many applications in everyday life. Watches often use a
monochrome LCD with a reflector behind the face which reflects the ambient light of day while at night
they must rely on a small light source (LED) for the displa y to be viewed. Other common types of LCD’s
in displays are laptop screens or flat panel desktop monitors. In these products, the displays incorporate

a backlight which uniformly illuminates uniformly the LCD panel from behind allowing it to be viewable.

Liquid Crystal Displays (LCD) behave in some ways like a photographic film. Unlike film, LCD’s can

change an image dynamically via a computer or other driver means. But like films, LCD’s need to be

viewed either with a light behind the glass (transmissi ve mode) or with a reflector behind the glass

allowing room-light to reflect through the glass (reflective mode). Each of these modes has benefits.

However, in high ambient light situations, utilizing a combination of both modes (called transflective

mode) is ideal as it optimizes the ratio between the two modes.

The two modes of illuminating the LCD are the (a) Transmission mode - with a backlight behind and

(b) Reflective mode - with a reflector behind using the front light as source. In the first ca se the light

goes through the display only one way (from behind to the front). In the second case, the light goes

through the display twice — once from the front to the back then after it is reflected, going from back to

front. As aresult, the display p roperties differ between the two cases.

Transmissive Mode

Reflective Mode

Advantages

Light goes through the LCD once and
is therefore attenuated only once

Can be viewed in dark environment
(has its own light source)

Uses little power since it takes
advantage of the ambient light
With low power it can be operated
with a battery for long periods

Disadvantages

Uses more power to drive the light
source

Generates heat (mainly in the
backlight)

Brightness is limited by the backlight
and the LCD transmission

Cannot be used in dark environment
without artificial light (e.g. local LED)
Contrast in some situation is low
because the light goes through the
LCD twice and therefore is attenuated
too much

Figure 1 is a schematic of typical transmissive display mode.

In practice, the backlight has several lamps

in a reflective cavity or has lamps at the edge of a plastic sheet that distributes the light. In both cases

there are diffusing materials to provide a uniform light.

Figure 2 is a schematic of reflective disp lay. In this case the ambient light (the star in the figure) is

actually the room light or the outdoor daylight (diffused light of the sun). The ambient light shines in

the front of the display and then is reflected from the rear side reflector behind th e LCD. Thus, in the

reflective mode the light beam goes through the LCD twice which means if the LCD has significant

absorption, the light will be attenuated twice. This poses the main limitation of the reflective mode.
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Figure 1 — Transmissive mode display using backlight behind the LCD
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Figure 2 — Reflective mode display using the ambient light (the star) as light source, and a
reflector behind the LCD
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High Ambient Light Considerations:

Everyone is aware that a sunbeam coming through the window on a TV set will make the colors fade and
the image difficult to see. This is not so much because of brightness, but rather because of contrast.
Contrast is differences in the colors and luminance of par ts of the image that can be seenin the image.
If the image is very uniform in colors and luminance it would be hard to identify objects and information.

Thus, to have good image one needs:

1. Minimum brightness - thatis in the order of the ambient lig ht or exceeding to match the eye

adaptation (iris opening), and
2. Minimum luminance and color contrast (differences)

When sun light is comes from the window and refracts off the front of the TV set, that adds to the
illumination of the set. However, as the reflections are to both bright and dark regions of the images the

difference is small and thus the contrast reduced. For example, see Figure 3.

Assuming a TV set with brightness of 100 -cd/m2, typically the dark area of such a set will be at 0.5 -cd/m2
in a dark environment. This makes for a very good contrast ratio (CR) between the bright area and the
dark area: CR=100/0.5=200. However, if there is bright light coming from the window at illumination
level equivalent to 1000 -cd/m2 that hits the screen some of this light will be reflected. In CRT’s the
daylight (diffused) reflectivity can be as high as 80% (this is very similar for Plasma displays). For

AMLCD's the reflectivity is much lower (1% ~ 5%).

In the CRT example, 80% reflectivity mea ns that:
R(Reflected ambient) = (1000 -cd/m2) * 80% = 800-cd/m2
- will be reflected from all the area of the screen, both from the bright area and the dark area.
Now the contrast will be:
CR(high ambient) = [ Bright + Reflected Ambient] / [ Dark + Reflecte d Ambient] =
=[ 100-cd/m2 +800-cd/m2]1/[0.5-cd/m2 + 800-cd/m2]=
=[900]/[8005]=1.12
Therefore, the CR went down from 200 - 1.12, which is below the eye’s ability to differentiate

(For binary information like letters and numbers, the minimum CR should be ~ 1.3 and preferably above

2 for comfortable viewing).
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Figure 3 — Ambient light coming from a window is reflected from a TV set and reducing the
contrast (Bright to Dark ratio in the image).

Repeating the calculations of the previous example for several ambient light conditions (diffused or
scattered light) produces the curve shown in Figure 4. In this case, the dark roo m contrast ratio of the

display is 250 and dropping rapidly.

Figure 4 — Contrast Ratio (CR) as a function of ambient daylight (diffused - with Foot-Candle
units)
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