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16.1
Examinations of printing processes used to produce documents can involve many facets. Limitations can 
be placed upon these examinations by influences such as the type of paper, the exposure of paper, 
storage conditions, etc. Printing process examinations used to accurately recognize, differentiate or 
identify the type of printing process and/or technology used are conducted utilizing visual, microscopic, 
chemical methods along with various instruments to assist with determining the physical and chemical 
properties of the printing processes used to produce documents.  Various techniques may be employed 
to assist in these examinations. Information provided in this procedure gives an overview of the process, 
considerations and instrumentation used. Analysis schemes for each case will be implemented 
depending upon the type of evidence presented and the examination request.

Additional in-depth information regarding the processes and technology is available within the QD Unit, 
externally from other forensic resources (forensic document examiners, forensic laboratories, etc.) or the 
printing industry.  Examiners should seek additional information, when necessary.

16.2 Liquid Inkjet
An inkjet printer is a type of computer printer that creates a digital image by propelling droplets of ink onto 
paper. Inkjet printers are the most commonly used type of printer and range from small inexpensive 
consumer models to very large professional machines that can cost up to thousands of dollars.

The concept of inkjet printing originated in the 19th century, and the technology was first extensively 
developed in the early 1950's. Starting in the late 1970's, inkjet printers that could reproduce digital 
images generated by computers were developed, mainly by Epson, Hewlett-Packard and Canon. In the 
worldwide consumer market, four manufacturers account for the majority of inkjet printer sales: Canon, 
HP, Epson, and Lexmark, a 1991 spin-off from IBM.

The emerging ink jet material deposition market also uses inkjet technologies, typically printheads using 
piezoelectric crystals, to deposit materials directly on substrates.

Continuous Inkjet Technology
This method sprays continuous droplets of ink that either reach the paper or wind up in the return gutter. 
The nozzle uses a piezoelectric crystal to synchronize the chaotic droplets that arrive from the pump. The 
charging tunnel selectively charges the drops that are deflected into the gutter. The uncharged droplets 
make it to the paper. 

Thermal Drop on Demand Method
The thermal drop on demand inkjet technology is very popular. Used by HP, Canon and others, droplets 
of ink are forced out of the nozzle by heating a resistor, which causes an air bubble to expand. When the 
bubble collapses, the droplet breaks off and the system returns to its original state.
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Drop on Demand Printheads
There are two ways to "jet" the ink in drop on demand systems. The thermal method heats a resistor and 
expands an air bubble. The piezoelectric method charges crystals that expand.

  
Paper Size Capability
The majority of desktop inkjet printers support standard letter-size or legal-size paper. One of HP's earlier 
DeskJets  popularized the inkjet printer and helped bring prices down for the home and small business. 
Many inkjet printers can print on large paper. 

  
Wide format inkjet printers such as the VUTEK's Datacenter revolutionized the printing industry, enabling 
large, attractive graphics to be created one at a time. Such machines support up to eight colors and can 
print on a variety of media, including vinyl and textiles. 

 

16.3 Toner

Toner-based printers
A laser printer rapidly produces high quality text and graphics. As with digital photocopiers and 
multifunction printers (MFPs), laser printers employ a xerographic printing process but differ from analog 
photocopiers in that the image is produced by the direct scanning of a laser beam across the printer's 
photoreceptor.

Another toner-based printer is the Light Emitting Diode (LED) printer which uses an array of LEDs instead 
of a laser to cause toner adhesion to the print drum.

Toner is utilized in some office machines such as laser printers, photocopiers, and facsimile devices.   
Many color laser copiers and printers have a counterfeit protection system (CPS) code which is printed on 
each document.  This code is produced by printing very small yellow dots which encode information about 
the specific printer and may include make, model, serial number, date and time printed, who the printer 
was sold to, and whether it was a network print request.  

Overview of Xerographic Process
The first commercial use was hand processing of a flat photosensor with a copy camera and a separate 
processing unit to produce offset lithographic plates. Today this technology is used in photocopy 
machines, laser printers, and digital presses such as Xerox iGen3 and Xeikon presses which are slowly 
replacing many traditional offset presses in the printing industry for shorter runs.

By using a cylinder to carry the photosensor, automatic processing was enabled. In 1960 the automatic 
photocopier was created and many millions have been built since. The same process is used in 
microform printers and computer output laser or LED printers.



QD-PM 16.0 Printing Processes
Document #: 2970 Page 3 of 5
Revision #: 3 Issued Date: 08/28/2020
Document Manager:  Cheryl Lozen Approved By: Ryan Larrison 

THIS DOCUMENT IS UNCONTROLLED IF IN HARD COPY FORM
MICHIGAN STATE POLICE FORENSIC SCIENCE DIVISION

The steps of the process are as follows: 

 
A metal cylinder is mounted to rotate about a horizontal axis. This is called the drum. The end-to-end 
dimension is the width of print to be produced plus a generous tolerance. The drums in the copiers 
originally developed by Xerox Corporation were manufactured with a surface coating of amorphous 
selenium (more recently ceramic or organic photo-conductor or OPC), applied by vacuum deposition. 
Amorphous selenium will hold an electrostatic charge in darkness and will conduct away such a charge 
under light. In the 1970s, IBM Corporation sought to avoid Xerox's patents for selenium drums by 
developing organic photoconductors as an alternative to the selenium drum. In the organic system, 
photocopiers which rely on silicon or selenium (and its alloys) are charged positive and use negative 
toner. Photo-conductors using organic compounds (e.g., zinc oxide or cadmium sulfide) are vice versa. 
Organic photoconductors are now preferred because they can be deposited on a flexible, oval, or 
triangular belt instead of a round drum.

Laser printer photo drums are made with a doped silicon diode sandwich structure with a hydrogen-doped 
silicon light chargeable layer, a boron nitride rectifying (diode causing) layer that minimizes current 
leakage, as well as a surface layer of silicon doped with oxygen or nitrogen, silicon nitride is a scuff-
resistant material

The drum rotates at the speed of paper output. One revolution passes the drum surface through the steps 
described below.

Step 1. Charging - An electrostatic charge of −600 volts is uniformly distributed over the surface of the 
drum by a corona discharge from a Corona unit (Corotron), with output limited by a control grid or screen. 
The complete unit is correctly called a Screened Corotron or Scorotron for short. This effect can also be 
achieved with the use of a contact roller with a charge applied to it. Essentially, a corona discharge is 
generated by a narrow wire 1/4 to 1/2 inch apart from the photoconductor. A negative charge is placed on 
the wire, which will ionize the space between the wire and conductor, so electrons will be repelled and 
pushed away onto the conductor. The conductor is set on top of a conducting surface, kept at ground 
potential.

The polarity is chosen to suit the Positive or Negative process. Positive process is used for producing 
black on white analogue copies. Negative process is used for producing black on white from negative 
originals (mainly microfilm) and all digital printing and copying. This is to economize on the use of laser 
light by the Blackwriting or Write to Black exposure method.

Step 2. Exposure - The document or microform to be copied is illuminated by flash lamps on the platen 
and either passed over a lens or is scanned by a moving light and lens, such that its image is projected 
onto and synchronized with the moving drum surface. Where there is text or image on the document, the 
corresponding area of the drum will remain unlit. Where there is no image the drum will be illuminated, 
and the charge will be dissipated. The charge that remains on the drum after this exposure is a 'latent' 
image and is a negative of the original document. Alternatively, the image may be Flash Exposed, using a 
Xenon strobe, onto the surface of the moving drum or belt, fast enough to render a perfect latent image.
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Whether in a scanning or a stationary optical system, combinations of lenses and mirrors are used to 
project the original image on the platen (scanning surface) onto the photoconductor. Additional lenses, 
with different focal lengths or zooming lenses are utilized to enlarge or reduce the image. The scanning 
system, though, must change its scanner speed to adapt to elements or reductions.

A drum is inferior to a belt in the sense that although it is simpler than a belt, it must be buffered gradually 
in parts rolling on the drum. As a result, the belt is more efficient to use one exposure to make a direct 
passage.

In a laser or LED printer, modulated light is projected onto the drum surface to create the latent image. 
The modulated light is used only to create the positive image, hence the term "blackwriting".

Step 3. Development - In high-volume copiers, the drum is presented with a slowly turbulent mixture of 
toner particles and larger, iron, reusable carrier particles. The carrier particles have a coating which, 
during agitation, generates a triboelectric charge (a form of static electricity), which attracts a coating of 
toner particles. In addition, the mix is manipulated with a magnetic roller to present to the surface of the 
drum or belt a brush of toner. By contact with the carrier each neutral toner particle has an electric charge 
of polarity opposite to the charge of the latent image on the drum. The charge attracts toner to form a 
visible image on the drum. To control the amount of toner transferred, a bias voltage is applied to the 
developer roller to counteract the attraction between toner and latent image.

Where a negative image is required, as when printing from a microform negative, then the toner has the 
same polarity as the corona in step 1. Electrostatic lines of force drive the toner particles away from the 
latent image towards the uncharged area, which is the area exposed from the negative.

Early color copiers and printers used multiple copy cycles for each page output, using colored filters and 
toners. Modern units use only a single scan to four separate, miniature process units, operating 
simultaneously, each with its own coronas, drum and developer unit.

Step 4. Transfer - Paper is passed between the drum and the transfer corona, which has a polarity that 
is the opposite of the charge on the toner. The toner image is transferred by a combination of pressure 
and electrostatic attraction, from the drum to the paper. On many color and high-speed machines, it is 
common to replace the transfer corona with one or more charged Bias Transfer Rollers (BTRs), which 
apply greater pressure and produce a higher quality image.

Step 5. Separation or Detack - Electric charges on the paper are partially neutralized by AC from a 
second corona, usually constructed in tandem with the transfer corona and immediately after it. As a 
result, the paper, complete with most (but not all) of the toner image, is separated from the drum or belt 
surface.

Step 6. Fixing or fusing - The toner image is permanently fixed to the paper using either a heat and 
pressure mechanism (Hot Roll Fuser) or a radiant fusing technology (Oven Fuser) to melt and bond the 
toner particles into the medium (usually paper) being printed on. There also used to be available 'Offline' 
vapor fusers. These were trays covered in cotton gauze which was sprinkled with a volatile liquid, such as 
ether. When the transferred image was brought into proximity with the vapor from the evaporating liquid 
the result was a perfectly fixed copy without any of the distortion or toner migration which can occur with 
the other methods. This method is now outlawed by the 'Health and Safety' authorities, for obvious 
reasons.
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Step 7. Cleaning - The drum, having already been partially discharged during detack, is further 
discharged, by light, and any remaining toner, that did not transfer in Step 6, is removed from the drum 
surface by a rotating brush under suction, or a squeegee known as the Cleaning Blade. In most cases, 
this 'waste' toner is routed into a waste toner compartment for later disposal; however, in some systems it 
is routed back into the developer unit for reuse. This process, known as Toner Reclaim, is much more 
economical but can possibly lead to a reduced overall toner efficiency through a process known as 'toner 
polluting' whereby concentration levels of toner/developer having poor electrostatic properties are 
permitted to build up in the developer unit, reducing the overall efficiency of the toner in the system.

Note: Some systems have abandoned entirely the use of a separate developer (carrier). These systems, 
known as Mono Component, operate as above but use either a magnetic toner or fusible developer 
(however one wishes to view it). This results in the complete removal of the need to replace worn-out 
developer, as the user effectively replaces it along with the toner. An alternative developing system, 
developed by KIP from an abandoned line of research by Xerox, completely replaces magnetic toner 
manipulation and the cleaning system, with a series of computer-controlled, varying biases. The toner is 
printed directly onto the drum, by direct contact with a rubber developing roller which, by reversing the 
bias, removes all the unwanted toner and returns it to the developer unit for re-use.

The development of xerography has led to new technologies that some predict will eventually eradicate 
traditional offset printing machines. These new machines that print in full CMYK color, such as Xeikon, 
use xerography but provide nearly the quality of traditional ink prints.

(source: http://en.wikipedia.org/wiki/Xerography)&nbsp)

16.4 Lithography - Definitions
16.5 Offset Lithography - Definitions
16.6 Gravure - Definitions
16.7 Rotogravure - Definitions
16.8 Intaglio - Definitions
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16.10 Screen - Definitions
16.11 Flexography - Definitions

REFERENCE

E2389-05 Standard Guide for Examination of Documents Produced with Liquid Inkjet Technology

E2390-06 Standard Guide for Examination of Documents Produced with Toner Technology

http://en.wikipedia.org/wiki/Xerography)&nbsp
https://msp.qualtraxcloud.com/Default.aspx?ID=3035
https://msp.qualtraxcloud.com/Default.aspx?ID=3036
https://msp.qualtraxcloud.com/Default.aspx?ID=3037
https://msp.qualtraxcloud.com/Default.aspx?ID=3038
https://msp.qualtraxcloud.com/Default.aspx?ID=3039
https://msp.qualtraxcloud.com/Default.aspx?ID=3040
https://msp.qualtraxcloud.com/Default.aspx?ID=3033
https://msp.qualtraxcloud.com/Default.aspx?ID=3034

