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Summary: Hybrid screening technology represents an 
attempt to compensate for the shortcomings inherent in 
AM and FM screening. It applies AM algorithms to mid-
tones, and FM to highlights and shadows. The problem 
with hybrid methodology occurs at the changeover from 
AM to FM. In most hybrid techniques, the intersection 
between AM and FM is discernible with the naked eye, 
and the complicated screening algorithms can slow the 
pre-press process. The challenge, therefore, has been to 
develop a new screening technology that combines the 
desirable behaviours of AM and FM screening without 
the drawbacks of a conventional hybrid solution.  

This paper will demonstrate how XM screening 
technology accomplishes this task, allowing the print 
provider to obtain unhampered high-screen frequencies 
with no loss of detail loss and with no extra problems on 
press. XM screening enables its users to realize the true 
benefits and potential of a computer-to-plate workflow.  

Key words:   
XM (Cross Modulated) 
Dot 
Line frequency 
Rendering 
Transition point 
 
 1. INTRODUCTION   
  
In the attempt to achieve higher quality, printing 
company are printing at high screen resolutions of 175 
lpi (70 l/cm) i 210 lpi (80 l/cm). Others have revisited 
FM screening technology which had been cast aside 
because of the difficulty holding the smallest microdots 
from the film to plate transfer.  
Printing with conventional screens at high line rulings or 
controlling a 10-micron FM dot still requires a number of 
workarounds, leaving the user’s desire for higher quality 
with ease of use unrequited.  
To understand the characteristics needed in a new 
screening technology, it is important to look at the 
benefits and advantages of various screening methods.  

 
AM screening, or amplitude-modulated screening, is still 
the most widely used halftone screening method. The 
AM process places a fixed number of dots on an 
orthogonal grid. The grid is measured in lines per inch 
(lpi). The size or amplitude of the dot modulates 
according to the tonal values of the image. Darker tones 
generate large dots and brighter highlight areas have 
smaller dots.  
 

 
Picture 1. AM screen 
 
For duotone or four-colour process printing, the line 
screens are placed at angles, so that one colour does not 
over print another. In four-colour process, the screen 
angles create a rosette dot pattern.  
At high screen rulings, AM screening renders flawlessly 
in the mid-tones. However, it loses dots, ergo image 
detail, in both the highlights and shadow areas as the dots 
(or open areas) become too small to hold on press.  
The results is a “posterised” effect on the printed sheet.  
 
Frequency Modulated (FM) screening, also known as 
stochastic screening, overcomes many of the limitations 
of AM screening. FM screening modulates the number or 
frequency of dots rather than the size. FM uses tiny 
microdots—from 10 to 21 microns—as small as the 
platesetter and press can hold. Instead of arranging dots 
in a grid, FM clusters the microdots depending on the 
density or tonal value of the image. Although they appear 
to be random or “stochastic”, these dots are carefully 
calculated and placed. The clustering effect makes FM 
capable of rendering the finest detail. Because there are 
no screen rulings, the image prints more like a 
photograph than a halftone.  



 

 

 
Picture 2. FM screen 
 
Problems with FM screening occur in the mid-tones, 
where it becomes difficult to control how the dots 
cluster. When the dots connect or overlap, noise or 
mottle can occur. This is especially noticeable in flat 
tints. Unlike AM dots, by their nature, FM microdots on 
press resist added ink densities. As a result, it is difficult 
to make colour or tonal adjustments.  

Hybrid screening technologies have attempted to 
combine the benefits of AM and FM screening and 
eliminate the drawbacks. The ultimate goal is to take 
advantage of the high-quality and high-productivity 
capabilities of CTP and provide a screen technology 
capable of rendering flawless high screen rulings with 
minimal effort in prepress or on press. The first approach 
divides images in parts, using stochastic screens in the 
detailed areas to capture nuances and AM for rendering 
flat tints without noise. Unfortunately this solution takes 
more time to calculate, thereby interrupting productivity. 
In addition, the intersection between the AM and FM 
screen becomes visible, creating a distracting arte fact in 
the rendered image.  
 

 
Picture 3. Transition from AM to FM screen 
 
2. EKSPERIMENT 
  
2.1. Description of problem  
  
How can we reproduced a 2% dot at 175 lpi (70 l/cm) 
and make it stable in printing process? 
One possibility of solving this problem is XM screening 
technology. The solution needs to apply FM screening in 
highlights and shadows to capture fine details, and AM 
screening in mid-tones to achieve smooth gradations. It 
needs a smooth indiscernible transition from one screen 
to the other. It has to take the limitations of the printing 
press into consideration. And finally, it must do all of 
this productively.  
XM (cross modulated) screening technology is the first 
to accomplish all of these tasks. XM does, in fact, use 
FM screens in the highlight and shadow areas and AM in 
the mid-tones. But it uses a patented technology to 
smoothly transition from one screen to the other. It 
calculates the precise change point where the image can 
no longer benefit from AM screening. For example, the 
AM dots become smaller when rendering highlights until 

the minimum reproducible dot size on press is reached. 
From that point on, dots are withdrawn from the grid – 
providing the desired tone.  
Similarly, in the shadows, the screen smoothly evolves 
from one screening type to the other with no visible 
intersection. The shadows and highlights may look 
stochastic. However, this is not true stochastic screening. 
Although the FM areas use smaller dots controlled in FM 
mode, they are aligned as a continuation of the AM 
screen angles established in the mid-tones. The result is 
an entirely new order of screening, apply named XM or 
cross-modulated screening.  
Because the FM dots are placed at the established AM 
angles throughout the mid-tones, there are no technology 
intersections. Flat tints are reproduced using these same 
AM angles – whether they reside in the highlights, mid 
tones or shadows. Gradations are flawless. Once XM 
reaches the smallest reproducible dot for a specific press, 
it no longer makes the dots smaller. Instead, it uses a 
patented method to “take-out” dots. Even though the dots 
at the highlights may appear to be random, you will 
notice the dots continue to align along defined AM 
angles.  

 
Picture 4. Method to “take-out” dots of  XM screen 
 
XM productivity and press performance 
At its highest screen ruling—340 lpi—XM technology 
renders at only 2400 dpi. It can achieve a 180 line screen 
at 1270 dpi. XM methodology starts from the principle 
that the press is part of the imaging system. Set up 
requires establishing a tone curve for each screen 
ruling—210, 240, 280 and 340 lpi for commercial 
applications. From that point on no extra effort is 
required in prepress.  
Since XM looks and behaves like AM screening, the 
press operator can “move”, adjust and maintain colour as 
if using conventional screening. However, AM stability 
decreases in highlights and shadows as the line ruling 
increases. Here, FM behaves opposite to AM. XM 
screens combine the best performance characteristics of 
both, enabling a wide range of stability on press.  

 



 

Picture 5. Comparison between AM and XM raster 
Left image shows 2% dot - 175 lpi (70 l/cm) AM screen. 
Right images shows 1, 2 and 8% dots - 340 lpi (135 l/cm) 
XM screen. 
Since the smallest XM dot at 340 lpi is no smaller than a 
2% AM dot at 175 lpi, it delivers the highest detail and 
smoothness possible with modest efforts on press.  
Therefore, if a press can hold a 1 or 2% 175 lpi AM 
screen now, XM enables printing at twice the line ruling, 
with no extra effort on press.  
The finest details and the toughest subjects are easily 
rendered – without typical AM image arte facts such as 
subject moiré.  
The "transition-point" as a percentage of the line screen 
ruling increases as the frequency increases. As you can in 
the picture 6, the same size 21 micron dot that measures 

3% at 210 lpi,  
4% at 240 lpi 
5,5 at 280 lpi and 
8% at 340 lpi. 
 

 
Picture 6. Transition point size of XM screen 
 
Vendors of XM screening technology 

Agfa produced its Sublima hybrid screen as an XM 
screen, meaning Cross Modulated. Users of Sublima can 
choose between different dot sizes for the smallest screen 
dot, and screen rulings up to 340 lpi. Agfa recommend a 
standard setting of 20 microns, which corresponds to a 
2% dot at 175 lpi. When printing on uncoated paper it 
may be recommendable to instead choose a 30 micron 
screen dot, or even 40 micron, to get a stable result on 
newsprint. 

Artwork Systems is mainly active in packaging printing, 
and offers customers both FM and hybrid screening. 
They produced version of  the XM screening technology 
called Quantum Hybrid screening. The user can define 
where on the tone value scale the transition from FM to 
AM screening will take place and objects and images on 
the page can have different settings assigned to them. 

Esko is another of the major players in packaging and 
offers a wide range of screening technologies.  Samba 
Flex is XM screen which is using in flexography .The 
result is invariably outstanding print quality and a very 
high level of print consistency and predictability. 
SambaFlex is the only transitional screen to offer a 
unique smooth transition between AM and FM 
screening. As the human eye is very sensitive to 
changing patterns, it is very important to provide such a 
smooth transition.  

Heidelberg produced XM hybrid screen called Prinect 
Hybrid Screening, and is very similar to the other XM 
screening. The dots are removed in a random way. The 
size of the smallest dot can be user defined starting with 
a 2 x 2 exposure dot (at 2540 dpi) which corresponds to a 
20 micron dot, as the smallest. The next available dot 
sizes are formed by 5, 6, 7 and 8 pixels, and the largest 
minimum dot size is 3 x 3 exposure dots, which is about 
30 micron (at 2540 dpi), and again the dot shape is varied 
to avoid graininess. The Prinect Hybrid Screen can be set 
to a line frequency of up to 400 lpi. 
 
Kodak offers customers both hybrid screens called 
Maxtone, and is similar to the other hybrid screens in 
that category. Maxtone is well suited for flexography, 
where the plate typically has difficulties with dot sizes 
smaller than 10 percent and larger than 90 percent.  

Screen presented its new hybrid screen Spekta. The 
minimum dot size is 21 micron, made up of a 2 x 2 
grid of exposure dots at 2540 dpi.. 
 
2.2. Methodology   
  
The test is made and the  participants printed test form ( 
Altona Test Suite 1.2), to be able to evaluate how well 
the hybrid screens and second order FM screens, which 
often use an AM-like technology in the mid-tones to 
avoid graininess, could avoid moiré. The vendors were 
free to choose for themselves what plate, CTP and screen 
size and screen ruling to use. 
The control was a print on coated paper using a 
conventional AM screen at 175 lpi. In reality the test is 
limited to sheet fed offset printing and only one paper 
type, coated semi gloss. This doesn’t mean that the 
hybrid screens wouldn’t be of interest in newspaper 
production or flexography. 
When evaluating the printed samples we looked 
especially for things like image details, whether 
highlights and shadow details were preserved or not, 
tendencies to moiré and finally how the screen worked 
on a grayscale image. In each category a mark from 1–10 
was given, where 10 means excellent and 5 barely 
acceptable (see the result in table 2). 
The research made a Digital Dot Ltd (2006) company 
and I represent their results. 
   

 
 

 Picture 7. Altona Test Suite 1.2 
  



 

3. RESULTS AND COMMENTS 
  
Table 1. Advantages and disadvantages AM, FM i XM  

 AM FM XM 
Rendering of fine details - + + 
Smooth flat tones + - +
Dot gain + - +
Screen introduced moiré - + - 
Motif introduced moiré - + + 
Multicolour printing (cmyk+n) - + - 
Clipping in highlights - + + 
Rendering of mid-tones + - + 
Closing in shadow areas - + + 

  
This table shows advantages and disadvantages AM, FM 
and XM screen. With the „+“ are marked characteristic 
of research with good reproduction and with the „-“ are 
marked the reproduction which are not so good. 
What is better: fine AM, XM or FM? All are good –
especially at rendering details. XM and FM can have the 
same size minimum dot. FM screens tend to show noise 
or grain in flat tints. AM and XM tend to show smoother 
flat tints but fine AM can clip (posterize) in highlights. 
 
Table 2. Results from visual evaluation 
Screen Fine 

details 
High 
lights 

Flat 
Tones Moiré Grey 

scale Total 

Conv 
AM 175 8 9 10 7 9 43 

Agfa 
Sublima 10 10 10 9 10 49 

Fujifilm 
Taffeta 10 10 10 10 10 50 

Fujifilm 
CoRes 9 8 10 9 10 46 

Kodak 
Staccato 10 10 10 9 10 49 

Kodak 
Maxton 9 10 10 9 8 46 

Screen 
Spekta 10 10 10 9 8 47 

 
Results from visual evaluation proofs that there is no big 
advantages between screening technology of different 
vendors. The most marks are 8 and higher which 
indicates that all vendors produced screening technology 
of similar quality. 
 
4. CONCLUSION 
  
Several expectations about hybrid and FM screens were 
confirmed. There seem to be two major categories: one is 
closer to AM screens, and the other is closer to FM 
screens. What both have in common is that they hold 
highlight dots and the deep shadow dots equally well, 
and produce very sharp and detailed images. Not all 
hybrid screens reduce or eliminate moiré equally well. 
But with high screen frequency comes a definite 
reduction of moiré in all the tested hybrid screens as well 
as XM screens. 
Another discovery is that dot gain doesn’t need to be a 
bad thing. We can make good contrast and high densities 

print with a less ink. With a high optical dot gain you 
need to hold back on the amount of ink, so you save ink. 
A general comment is that especially the FM-type 
screens have a very stable appearance, despite 
fluctuations during the press run in ink density levels. 
For most press operators this is a good thing but it can 
also become a problem. If the proofs don’t properly 
match the printed result on a correctly set-up press, it will 
be difficult for the press operator to tweak the appearance 
on press, to match the proofs. The solution to this is to 
make the proofs really match the final printed result. 
 
There is some confusion in the graphic arts about a new 
class of screening—the XM screening sometimes also 
called Hybrid AM screening. 
The printing industry and their clients should be aware 
that hybrid screens including XM screens offer some 
advantages and the high frequency AM screens are just a 
part of solution. 
XM screening technology can be used at available 
printing systems with different printing conditions and 
different property of paper (newspaper, flexography,  
sheet fed and web offset).  
Ripping and screening, the last mile in prepress, is a 
determining factor in print quality. A lot of vendors  
offers the broadest range of halftone screening 
technologies, each optimized for specific print processes.  
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