
When it comes to choosing LCD panel technology, there is no 
single right answer. Each of the three primary technologies 
offers a distinct combination of strengths and weaknesses, 
while budget and preferences will determine the best overall 
fit for each user. This white paper provides an overview of the 
three main panel technologies, taking a look at their unique 
qualities and fit profile for specific user needs.
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INTRODUCTION

Many specs and features influence the choice of monitor to fit a given set of needs. 
Potentially overlooked or poorly understood, a display’s LCD panel has a significant 
impact on its capabilities and the uses for which it will be best suited. Today’s flat screen 
LCD monitors primarily use (or are a variation of) one of three main panel technologies: 
TN, VA or IPS. Each of these panel technologies offers distinct benefits and none offers 
a one-size-fits-all solution.

The first widely available LCD panel technology, TN continues to maintain its position as 
the mainstream LCD panel, while the more recently introduced VA and IPS technologies 
offer added, premium-level features. Nonetheless, the best panel type for each user 
is best based on budget and how the monitor will be used – not what’s new, hot or 
leading the market at the time of purchase. Gamers, graphic designers, and general 
home or business users will benefit from differing qualities offered by the different 
types of panels. The amount of time a user spends in front of their screen is another 
factor worth considering, as premium quality panels can help improve viewing comfort.

This white paper provides an overview of the panel technologies, taking a look at their 
unique qualities and fit profile for specific user needs. First, a brief review of how LCD 
displays work.

WHAT IS AN LCD PANEL?

When you look at your desktop LCD monitor it may seem like one piece of slim material, 
which you may easily assume is the display’s panel. What you’re actually seeing is the 
topmost of several layers of very thin components. These layers include a combination 
of polarizing filters, glass substrates, electrodes, the liquid crystal panel and some 
type of backlight – today most often an LED, which has almost entirely replaced CCFL 
backlight technology.

The panel itself is a flat sheet of material containing liquid crystals (LCs), a unique state 
of matter made of complicated molecules which have optical properties that can be 
activated by electric current.

Like water and other conventional liquids, liquid crystals are solid at low temperatures, 
with their molecules lined up in a parallel pattern; as they warm and melt their molecules 
become patternless and move about freely. Unlike water and other conventional liquids, 
however, as LCs melt they go through an intermediate phase, initially transforming into 
a cloudy liquid, then at slightly higher temperatures become completely clear. It is in 
this cloudy, intermediate phase that LCs are able to reflect light, thanks to the unique 
ability of their molecules to move freely while also retaining a more or less parallel 
orientation. 

The Physics of LCDs

The combination of these 
properties makes LCD 
monitors possible:

• Light can be polarized.

• �Liquid crystals can transmit 
and change polarized light.

• �The structure of liquid 
crystals can be changed by 
electric current.

• �There are transparent 
substances that can 
conduct electricity.

For more on how LCDs work 
see: 

http://electronics.
howstuffworks.com/lcd2.
htm



Choosing the Best LCD Panel Technology to Meet Your Needs 3

WHITE PAPER

In an LCD monitor, an electric current is used to switch segments of liquid crystals 
(pixels) from the transparent phase to the cloudy phase. The different panel technologies 
achieve image display through different methods of orienting the liquid crystals and 
adjusting the voltage, among other variables, but the basic principles apply to them 
all: a grid of liquid crystal pixels sit in front of a backlight and act as shutters, either 
allowing light to pass through or blocking it out.

WHY THE PANEL MATTERS

The type of panel used in an LCD display affects many aspects of its performance. In 
particular, a display’s panel technology directly affects its:

	 • Response time and input lag 
	 • Viewing angle 
	 • Color reproduction 
	 • Contrast ratio 
	 • Black levels

For each of these characteristics there is a range of acceptable performance, and each 
of the major panel technologies offers a unique profile based on where it falls on the 
continuum for each. No one type of LCD is the best (or the worst) at everything – none 
ranks either “just ok” or “outstanding” for all of the characteristics.

TWISTED NEMATIC (TN)

The first panel technology widely used to produce desktop monitors, TN 
film continues to be a popular mainstream display technology option and 
is prevalent among desktop and laptop displays.1 This is primarily due to 
its lower production costs, which make displays based on this technology 
ideal for cost-conscious consumers and entry-level multipurpose use. 
Somewhat counter-intuitively, TN-based displays are also very popular with 
gamers (who tend to prefer more feature-rich, higher-end models) due to 
their rapid response time and fastest available refresh rates, which reduce 
blurring fast-paced gaming.

The most significant constraint of TN technology is its narrower viewing angels, both 
side to side and top to bottom, which result in greater color shifting than with other 
types of panels. Today’s maximum possible viewing angle, which is available with all 
non-TN technologies, is 178 degrees both horizontally and vertically, often represented 
as 178º/178º. Although this may seem like a marginal improvement over the 170 degrees 
horizontal/160 degrees vertical delivered by TN panels, in reality those few degrees 
make a visible difference in image quality at the edges of the screen. In fact, TN-based 
displays can easily be identified by the color distortions and contrast shifting that are 
visible when viewing images from above or from the sides.

"TN displays are ideal for 
cost-conscious businesses 

and consumers as well 
as anyone looking for a 
multipurpose monitor."
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As screen sizes increase, this diminished color performance is often even apparent 
when viewing the screen from a dead center position, with slight color shifts visible at 
different locations across the screen, more substantial darkening noticeable toward 
the top of the screen, and a lightening of images toward the screen’s bottom. For 
general-purpose use, however, these shifts in color and contrast may be completely 
irrelevant and quickly fade from conscious perception. However, for color-critical work, 
such as graphic design and photography, the inherent color variability of a TN LCD 
make it an unsuitable fit for these users. Graphic designers and other color-conscious 
professionals will also generally avoid TN displays due to their more limited range of 
color display compared to the other technologies.

Finally, while you may have heard that TN-based LCDs are susceptible to delivering 
poor black depth, lower brightness and more limited contrast ratios, today’s quality 
LED backlit models offer higher brightness along with better blacks and higher contrast 
ratios.

Bottom Line

TN panels continue to lead the pack as the mainstream LCD technology. The 
least expensive panel technology, TN displays are ideal for cost-conscious 
businesses and consumers as well as anyone looking for a multipurpose 
monitor. In addition, TN displays enjoy unmatched popularity with gamers 
and other users who seek rapid graphics display.

Advantages:

• Rapid response time 
• Lowest price 
• Sufficient contrast for most business/general purpose use

Drawbacks:

• Most restrictive viewing angles, especially in vertical plane 
• Not recommended for color-critical applications

Best for:

• Gaming 
• Entry-level 
• Multipurpose 
• General business 
• Home use

The Retina Display 
Demystified

If you’re wondering where 
the Apple Retina display fits 
into the panel technology 
picture, you’re not alone. 
A marketing (rather than 
technical) term trademarked 
by Apple, a Retina display is 
distinguished by its ability 
to deliver such a high pixel 
density that the human eye 
cannot detect individual 
pixels. This, in theory, 
delivers the best possible 
image – one that cannot be 
distinguished from an actual 
photo or painting. Retina 
displays, therefore, are all 
about the pixels rather than 
the panel. It is interesting to 
note, however, that to date 
all Retina displays are based 
on LCD technology with LED 
backlights and IPS panels, 
including the latest Retina 
5K iMacs.
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PREMIUM PANEL TECHNOLOGIES

Displays designed around TN panel technology can be a great fit for many types of 
users. However, while TN displays are less costly, they are ill-suited for applications that 
benefit from the wider viewing angles, higher contrast ratios, and better color accuracy 
offered by premium panel technologies. Particularly important (often critical) for those 
engaged in color- and detail-focused work,  premium panel LCDs offer outstanding 
advantages for anyone looking for leading levels of color accuracy and visual clarity. 
Not only do the technologies discussed below virtually eliminate image distortion and 
color shifting, they can also help enhance viewing comfort and improve the overall user 
experience, particularly for those who use their display for expended periods of time.

VERTICAL ALIGNMENT (VA)

VA panel technology was developed to improve upon the drawbacks of TN. Having 
since gone through several iterations, current VA-based panels (you’ll see variations 
such as P-MVA, S-MVA and AMVA) now offer considerably higher contrast, better 
color reproduction and wider viewing angles than TN panels. Some high-end displays 
featuring the most recent variants, in particular Advanced MVA (AMVA), are being 
positioned as a rival to IPS as the best available panel technology for professional-level 
color-critical applications.

VA technology is particularly efficient at blocking light from the backlight when it’s not 
needed to support an image. This enables the display of deeper blacks and higher static 
contrast ratios – up to several times higher than that of the other LCD technologies.2 
The measured difference between the darkest blacks and the brightest whites a display 
is capable of producing, contrast ratio provides information about the amount of 
grayscale detail a display will deliver – the lower the contrast ratio, the less detail. The 
high contrast ratios offered by VA-based displays enable them to deliver intense blacks, 
richer colors with more visible details in shadows and highlights – making them ideal 
for enjoying videos and movies as well as for gaming focused on imagery rather than 
the ultimate in speed. While VA monitors boasting a 5000:1 contrast ratio tend to be 
high-end, feature rich models with a corresponding price tag, monitors offering 3000:1 
contrast ratio have become common and offer mid-range pricing and feature sets ideal 
for multipurpose work and play.

It is important to note that older types of VA technology still suffer from lower response 
times, input lag, color shifts and uneven brightness. For many users looking for a 
general purpose monitor that’s a notch above TN quality, these drawbacks may easily go 
unnoticed. However gamers, video enthusiasts or pro-users looking for an alternative 
to IPS will want to look for the latest in AMVA panel technology.

Understanding 
Contrast Ratio

Contrast ratio: Also known 
as “static” contrast ratio, this 
spec compares the darkest 
and brightest color a display 
can produce at a given point 
in time. Considered the most 
realistic and useful spec for 
understanding a display’s 
contrast performance and 
grayscale abilities.

Dynamic contrast ratio: 
Dynamic contrast ratio (DCR) 
compares the brightest and 
darkest color a display can 
produce over time – that is, 
while an image is moving. To 
enhance DCR, backlighting 
is dynamically adjusted for 
darker scenes to deliver 
improved black levels and 
enhanced image details.

MEGA Dynamic Contrast 
Ratio: This term is used 
to indicate the virtually 
unlimited dynamic contrast 
range possible with LED 
backlit displays, where each 
LED can completely shut 
off, allowing for a nearly 
infinite ratio of black to white 
contrast. While enhancing 
the ability to display true 
blacks that result in greater 
overall image quality, 
neither MEGA DCR nor DCR 
are considered as useful 
as static contrast ratio 
for comparing contrast 
capabilities.
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Bottom Line

The latest VA-based panel technologies offer premium 
advantages over mainstream TN technology. With the 
highest-available static contrast ratios of any panel 
technology, MVA and other recent VA technologies offer 
an outstanding visual experience for movie enthusiasts 
and other users seeking depth of detail. Expanded 
super-wide 178º/178º viewing angles minimize color 
shift and higher-end, feature-rich MVA displays offer the 
consistent, authentic color representation needed by graphic designers and 
other professional users. Models on the higher end of VA response times are 
sufficient for many types of gaming.

Advantages:

• Maximum available viewing angles 
• High contrast ratios 
• Response times sufficient for most users 
• Mid-range to high-end pricing options

Drawbacks:

• Response times slower than TN and IPS 
• Off-center contrast shift with some models

Best for:

• Movies 
• Photography/Videography 
• Content creation 
• Home use 
• Gamers who value image quality over response time

IN-PLANE SWITCHING (IPS) AND PLANE-TO-LINE SWITCHING (PLS)

Initially expensive, slow and not readily available, IPS displays were the nearly exclusive 
domain of high-end professional users, who valued the technology for its outstanding 
color performance and super-wide 178º/178º viewing angles. Still the most popular 
choice among color-conscious professionals like graphic designers, photographers, 
video editors and engineers, IPS is much improved from its earliest days on the market, 
and much more readily available in a range of price points.

Like VA technology, IPS has gone through many developmental stages, each improving 

"MVA and other recent VA 
technologies offer an outstanding 

visual experience for movie 
enthusiasts and other users 

seeking depth of detail."
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upon its predecessors. Today variations such as S-IPS, H-IPS, e-IPS and P-IPS offer 
similar tweaks on the basic technology by different manufacturers. In addition, PLS 
(Plane-to-Line Switching) panels introduced by Samsung in 2010 to compete with LG’s 
extremely popular IPS technology, is in essence just another variation on IPS, delivering 
very similar real-world results. Indeed, all of these variations are relatively similar in 
terms of the technology used, and are typically collectively referred to as “IPS-type” 
panels.3

Along the way, the color accuracy of IPS panels has been a consistent strong point and 
the technology continues, in the experience of pro users, to surpass the performance 
of TN and VA equivalents in this area. As latest-gen VA technology like AMVA continues 
to offer pro-worthy color performance specs, this may change, but at present – at 
least in the minds of the professional users who champion its virtues – IPS still reigns 
supreme in real-world design environments, if not always on paper.4,5 IPS and PLS 
panels also provide support for professional color space technologies, such as Adobe 
Color, for color-critical applications. In addition to higher color depths, these panels 
offer more displayable colors which helps to improve color accuracy.6

The expansive viewing angles delivered by IPS are a key factor in its 
outstanding color performance. Offering full 178º/178º viewing free 
from the off-center contrast shift seen with some VA panels, with IPS-
type panels, each color will remain true and consistent regardless of its 
position on the screen and whether viewed from the sides, top or bottom.

Initially a weakness of IPS technology, response time and contrast have 
subsequently been greatly improved upon. While initially unsuitable for dynamic 
content due to slow response times, many current IPS and PLS monitors are far more 
responsive than their VA counterparts and can even hold their own against some TN 
monitors.7 Adequate for most general and pro users, IPS response times currently 
range from 5ms to 16ms – only slightly slower than many TN panels at the low end of 
the continuum. While this will certainly satisfy many gamers, or those who value color 
performance over speed, it should be noted that fast paced games may suffer from 
motion blur or ghosting with IPS panels that have a response time higher than 8ms.8 
This, however, is not by any means a universal opinion; as summed up by one gaming 
technology writer:

	� As for pixel response, opinions vary. I personally think IPS panels are quick 
enough for almost all gaming. If your gaming life is absolutely and exclusively 
about hair-trigger shooters, OK, you’ll want the fastest response, lowest latency 
LCD monitor. And that means TN. For the rest of us, and certainly for those who 
place even a modicum of importance on the visual spectacle of games, I reckon 
IPS is clearly the best panel technology.9

Contrast, another traditional area of weakness for IPS monitors, has also been greatly 

"The expansive viewing 
angles delivered by IPS are a 
key factor in its outstanding 

color performance."
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improved with recent technical advances, rendering them equivalent to their TN 
counterparts, with typical 1000:1 contrast ratios – suitable for just about any type of 
computing.10

Another bothersome issue that has been resolved with the more advanced versions 
of IPS/PLS is what has become known as the “IPS glow” or backlight bleeding – a haze 
of light visible at the monitor’s edges and/or corners when viewing particularly dark 
content. Generally only visible at off-angles and with black or near-black content, IPS 
glow has been virtually eliminated on quality, higher-end and professional-grade IPS 
monitors. While IPS glow has never been a deal breaker for most mainstream users 
looking to affordably enjoy the many benefits of IPS, professional users and home 
enthusiasts looking for best-in-class viewing angles and color accuracy will want to 
stick with higher-end displays from known manufacturers.

Bottom Line

IPS, PLS and other IPS-type monitors continue to uphold their reputation as 
outstanding tools for users that require the utmost in color accuracy and 
consistency. In recent years IPS monitors have become increasingly available, 
with a corresponding decrease in prices, putting IPS displays within reach for 
a wider range of budgets and usage objectives. Technological advances have 
improved IPS panel speed, contrast and resolution, making these displays 
more attractive than ever for general desktop work as well as some types of 
gaming.

Advantages:

• Outstanding color accuracy and consistency 
• Maximum available viewing angles 
• Response times sufficient for most users 
• �Virtually eliminates color/contrast shift seen with some VA 

displays

Drawbacks:

• Maximum static contrast of 1000:1 
• Potential white glow from off-angles when viewing dark content 

Best for:

• Color-critical professional applications 
• Technology enthusiasts 
• Higher-level business / home use 
• Gamers who value image quality over response time 

CONCLUSION
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When it comes to choosing LCD panel technology, there is no single right answer. 
Each of the three primary technologies offers a distinct combination of strengths and 
weaknesses and individual user needs, while budget and preferences will determine 
the best overall fit for each user. It is important to note that among the monitors using 
each type of panel there will also be a range of price points, features and overall quality 
offered, and that quality may vary among manufacturers due to other factors related 
to a display’s components, manufacturing and design.

For more information, contact ViewSonic sales at salesinfo@viewsonic.com or visit 
www.viewsonic.com


