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Emulating Correct CRT Color 
on LCDs with Display TuneTM

Joseph Holmes, October 30, 2002

Liquid crystal displays naturally suffer from a few serious limita-

tions which prevent them from displaying colors correctly.

CRTs are the basis for the Microsoft® Windows® standard

sRGB color space for graphics and image display. Ordinary CRT

displays, with correct Brightness and Bias settings, when set to

approximately 6500K, come fairly close to the sRGB standard

even when uncalibrated (see Figure One)*. Using even the

simplest visual calibration methods, CRTs can very closely

approximate the sRGB standard (see Figure Two). No supple-

mentary ICC profile-based color management transformations

are needed for overall screen color and tonality to be correct

on CRT displays used with Windows except under special

circumstances.

In stark contrast to CRTs, nearly all LCDs require both accurate

adjustment of the OSD hardware settings (especially the

Contrast setting) and relatively sophisticated calibration and

strong adjustments in the graphics card, in order to be able to

display graphics and images with substantial accuracy (see

Figures Three and Four). Accuracy is achieved, in large part, by

matching the tone curve and gray balance of the sRGB standard.

In theory, ICC profile-based color management could be used

*Data for the figures was obtained by rigorously controlled laboratory spectral measurements of a good quality CRT and a typical 18" LCD. These data fairly and accu-
rately represent the potential of Display Tune to calibrate even a difficult LCD. The actual tone curve of sRGB differs from a gamma 2.2 curve in the deepest shadows,
however the typical calibrated CRT, with its gamma 2.2 tone curve so closely approximates the sRGB tone curve that the two curves can be referred to interchangeably
in the context of this discussion.

Figure One. Shows the ideal gamma 2.2 tone curve plus the red, green and
blue tone curves of an uncalibrated CRT. Note the high coincidence between
the three channels, illustrating very good uncalibrated gray linearity and the
closeness of the gamma of the CRT to the ideal of 2.2, even without calibration
(video signal compensation) of any kind. This CRT has fairly optimal Bias
adjustment for good gray balance and its Brightness was set correctly. The
gamma of the CRT is roughly 2.3.

N
or

m
al

iz
ed

 R
ad

ia
nt

 In
te

ns
ity

1.0

0.8

0.6

1.4

0.2

0.0
17161412108642 1513119

Input values, 0 to 255, 17 steps
7531

Gamma 2.2
Red channel
Green channel
Blue channel

N
or

m
al

iz
ed

 R
ad

ia
nt

 In
te

ns
ity

1.0

0.8

0.6

1.4

0.2

0.0
17161412108642 1513119

Input values, 0 to 255, 17 steps
7531

Gamma 2.2
Red channel
Green channel
Blue channel

Figure Two. Shows the ideal gamma 2.2 tone curve and the red, green and blue
tone curves of a visually calibrated CRT, illustrating a much closer match of the
CRT to Gamma 2.2, despite the fact that this calibration was done with a very
basic, one-point visual method. An ideal, three-point method using the patent-
pending features of Display Tune would work very well to overcome most of the
small residual errors seen here, i.e. the lighter tones are still a little too light and
the darker tones are a little too dark. Gray balance was not adjusted during this
calibration because it was within the tolerance of the method.
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to provide accurate color for some or even all graphics and

image data displayed on LCDs, even when the display is in a

state which differs from sRGB. However, since nearly 100% of

graphics and images displayed on Windows systems are

displayed without color management, a method of applying

full-time, accurate calibration is absolutely critical for LCDs to

display graphics and image data accurately. Without proper

calibration, nearly all LCD colors are badly distorted and

appear incorrectly.

Unlike CRTs, LCDs’ natural tone curves do not closely match

gamma curves in shape, let alone the gamma 2.2 standard

curve, and they generally have very poor gray balance as well.

Their tone curves are naturally very dark overall, roughly equivalent

to a gamma 3.0 tone curve (see Figure Three). Some of the

more modern, higher cost panels show much improvement in

this respect. Without calibration to overcome these problems of

nearly all LCDs, virtually 100% of displayed colors appear

incorrectly.

Simple visual calibration tools, based on the use of one, two

or three lined targets that represent only the lighter middle-

tone region of the tone scale, are incapable of calibrating these

displays adequately. Several carefully placed control points

along the entire tone curve must be adjusted by the user to

bring these displays into conformity with the tonality and gray

neutrality of the sRGB standard.

The only visual or low-cost calibration tool available that can

accomplish this complete process is the innovative and patent

pending calibration within Display Tune from Portrait Displays,

Inc. In contrast, the Natural Color application does not calibrate

displays at all, rather it merely creates an ICC display profile

that attempts to describe the display sufficiently to enable

successful color management simulations. Because such

simulations are essentially non-existent in today’s Windows

environment, this profile would not be a solution to the

problem of making graphics and image data appear correctly

on LCDs, even if it were correctly implemented, which it is not.

Because Natural Color’s ability to describe the tonality and gray

balance of the display is inadequate, the resulting ICC profile

is likely to be insufficiently accurate for any important use.

The unique system used in Display Tune for visual calibration

of tonality and gray balance is capable of successfully adjusting

LCDs through very accurate adjustments at six critical, carefully

chosen points throughout the tone scale. Unlike all other visual

calibration methods, Display Tune extends the reach of its

visual targets into the highlights and deep into the shadows.

This gives Display Tune the unique ability to wrestle curves

into shape to an extent that has never been required with

CRTs. Display Tune can therefore make even low-quality LCDs
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Figure Three: Shows the ideal gamma 2.2 tone curve plus the red, green and
blue tone curves of an uncalibrated, medium quality 18" LCD. This plot illus-
trates a result in which the highlights are only about half as blown out as can
be expected when Natural Color is used according to instructions to adjust
the OSD controls. The overall tonality and gray balance are also very poor, as
shown by the deviation of the LCD's three curves from the gamma 2.2 curve,
and the deviation of those curves from one another.

Figure Four: Shows the ideal gamma 2.2 tone curve together with the red,
green and blue tone curves of the same LCD after setup and calibration with
Display Tune, illustrating the excellent match to ideal tonality and gray balance
achieved here with Display Tune.


