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Technology  Trends  in  Electrophotography 

Selected innovations and advances in electrophotographic printing are reviewed. Technological advances in phoforeceptors, imaging 
techniques, toner development and cleaning, fusing, sensors, and new machine configurations and functions are discussed with 
respect to their possible applicability to  future electrophotographic imaging  systems. In general, improvements in print quality and 
reliability remain the  main goals. In specijc applications, added functions and an increased range of usable media are highly 
desired. 

Introduction 
As previous authors  in  this issue have  indicated [ 1 J, electro- 
photography is an  important technology base for non-impact 
line  printers. Its significance will very likely increase as  non- 
impact  printing  commands a  greater share of the text and  data 
processing business during  the  latter part of the decade. This 
paper  attempts  to  point  out  some of the technological  changes 
in the field that  may  accompany  and  perhaps  ensure its 
continued strategic position during  that period. 

The electrophotographic process to  produce printed output 
from digitized electronic information is shown  schematically 
in Figure 1. The present analysis has been  organized by 
analogy with the process as depicted.  Technological  develop- 
ments  in  the following areas are described: 1) photoreceptors; 
2) printer  imaging  techniques; 3) toner  development; 4) clean- 
ing; 5 )  fusing; 6) sensors; and finally 7) new machine config- 
urations  and functions. 

In this review we address selected technology developments 
that have occurred  in  these  areas. We  do  not  attempt  to be 
comprehensive from  either a  historical or process perspective 
but  rather highlight those  changes that we believe to be of 
greatest import  to  future  printer applications  of  electropho- 
tography. In  many  areas  no  particular  trend  dominates. A 

technological option  may have  a  competitive  advantage in 
one application but  not in another.  This is a natural result of 
the  immense flexibility of  electrophotography where, for ex- 
ample,  print speed varies by more  than  an  order of magnitude 
between high- and low-end systems. Aside from  the imaging 
section, the  printer has many  components  in  common with 
the copier. Thus copier advances  are occasionally cited to 
illustrate  corresponding trends  in printers. Some related proc- 
esses are omitted  from present  consideration (e.g., charging 
system, document finishing), and  the reader is referred to 
excellent sources  for  a more comprehensive review of these 
subjects [2-71. In addition,  the discussion is restricted to  the 
electrophotographic imaging process, which means in  partic- 
ular  electrostatic  charge  image development  from a  photore- 
ceptor surface. 

1. Photoreceptors 
Photoreceptor materials may be the most  active  publication 
and  patent  area in  electrophotography,  generating hundreds 
of abstract citations every month. A possible explanation for 
this  activity is the extremely challenging set of properties that 
the  photoreceptor  must exhibit. In operation it must sustain 
high voltages in the  dark  and discharge rapidly upon exposure 
to  radiation. For this process to proceed efficiently, the mate- 
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Figure 1 Electrophotographic  process. 
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Figure 2 Relative  spectral  sensitivities of several  photoconductors. 

rial should  have high photosensitivity  in the wavelength region 
appropriate for the specific imaging  technology, high charge 
mobility, and satisfactory electrical properties  such as low 
dark decay and  minimal fatigue. It should be durable, non- 
hazardous, and readily manufactured in high yield. Since no 
one system displays superior  properties  in all of  these  cate- 
gories, photoreceptor design and selection must address the 
overall requirements of the particular  application. One result 
is the  extreme diversity of  photoreceptor  materials  employed 
today. 

Most photoreceptor systems can  be placed in one of three 
general categories: inorganics,  inorganics in  an organic  binder, 
and organics. The first constitutes the most common type and 
includes  such  materials  as  Se and As,Se,. They are  known for 
their toughness and durability, highly desirable  properties  for 
reliable performance. The second  consists  of  such systems as 
ZnO  or  CdS suspended in a polymer  matrix. The  third, 
organic  photoreceptors,  is continuing  to find more  frequent 
usage despite being generally less durable  than inorganics. 
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matrix, fabricated in  either single-layer or double-layer config- 
urations.  Most  recent  studies  have focused on two-layer sys- 
tems, which offer the prospect  of improved  performance since 
the charge  generation  (photosensitivity and wavelength sensi- 
tivity) and charge transport properties  of the system can  be 
optimized  independently [8]. These are considerable  improve- 
ments over the first two-layer systems  consisting  of  Se on  an 
organic layer [9 ] .  A noteworthy  exception to  this  trend is the 
single-layer Kodak aggregate photoconductors reportedly ca- 
pable  of functioning similarly from  either positive or negative 
charging [IO]. 

The emergence  of semiconductor  diode laser print heads 
operating  in the  near infrared (Section 2) has dictated the need 
for  new photoreceptors with long wavelength sensitivity. The 
search has centered around  two technical  approaches: 1) “tun- 
ing” the spectral  response  of existing photoconductors  through 
alloying and 2) designing totally new materials. The  advan- 
tages of  organic photoconductors in this task are clear. Inor- 
ganics are generally limited to alloying to move the peak 
response  of the base material from  the blue or green. Several 
investigators  have  reported some success in red  shifting sele- 
nium [ 11, 121, cadmium selenide [ 131, and arsenic  triselenide 
[I41 by addition of  tellurium.  Organics, on  the  other  hand, 
are  not  bound by such a restriction and  can be designed 
systematically from well-understood principles. As a result, a 
much greater variety of infrared sensitive photoreceptors is 
coming  from new organic dye systems. These typically have a 
spectral  response  peaked near  the laser wavelength. Examples 
are  the new  Ricoh azo-based charge  generation  material [ 151, 
the IBM [ 161, Xerox [ 171, and Pitney Bowes [ 181 work on 
squarylium dye systems, and  the  Kodak  trimethine thiopyryl- 
ium  dye [ 191. Novel organometallic photoreceptor systems 
have also been  described [20-221. These  include  photocon- 
ductivity  in the near-infrared from sublimed chloroaluminum 
phthalocyanine  chloride [20] and a description of a complete 
two-layer infrared  photoreceptor  consisting of c-type copper 
phthalocyanine  as  the charge  generation  material [21]. The 
sensitivity ranges  of some of  these  materials are shown in 
Figure 2. 

A photoreceptor  development  that  may hold the most 
significance for the  future is the activity in hydrogenated 
amorphous silicon (a-Si:H) [23-261, a material produced by 
the RF glow discharge composition of SiH,. The reported 
advantages  of this  nonhazardous system include excellent 
photosensitivity and  broad spectral sensitivity (450-750 nm), 
high surface  hardness,  mechanical  strength, flexibility, and 
thermal stability. An additional  attraction of this system is the 
strong existing technical base in silicon, and  more recently, 
amorphous silicon materials from  the  semiconductor field. 
Areas in which further investigations will undoubtedly be 
directed include manufacturability, improved electrical prop- 
erties, and infrared sensitivity enhancements. 
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Beyond these areas of current  photoreceptor research, sev- 
eral  directions  emerge as desirable  for  long-term research 
activity.  A major breakthrough  in the  formulation of long- 
lived photoreceptor materials, tolerant of large variations  in 
image development, transfer, and cleaning processes, would 
represent significant machine reliability and cost  improve- 
ments.  Secondly,  despite the established  advantages  of multi- 
ple-layer photoreceptor systems noted above, a high-perform- 
ance single-layer organic  photoreceptor system is desirable 
from  the viewpoint  of  manufacturability. Finally, a number 
of  publications and  patents describe extremely  sophisticated 
photoreceptor configurations designed specifically for color 
electrophotography [27-291. For example, Ricoh has demon- 
strated two-color electrophotography  [29]  employing  a com- 
plex four-layer photoreceptor  in which the two photoconduc- 
tive layers exhibit  distinct wavelength responses. As business 
requirements for color  copying and printing increase, we can 
expect to see additional  requirements of this type placed upon 
the design of photoreceptor systems  for the future. 

2. Printer imaging techniques 
The  most  common techniques  for  image/character  generation 
for  electrophotographic  printers are based on  some  form of 
raster addressing. Early systems used cathode ray tubes (CRTs) 
for  this  purpose.  These generally had  poor  throughput because 
of insufficient phosphor brightness and inefficient lens  cou- 
pling to  the  photoconductor.  The  introduction of the fused 
fiber optic faceplate (FO  CRT) [30]  increased the available 
intensity on  the  photoconductor by thirty times. Nevertheless, 
the  technique  remains competitive  only at  the low end [2]. 
Little improvement beyond  this may be realized, since  both 
the  CRT  and  the fused fiber faceplates are  mature technolo- 
gies. 

An alternative  technology at  the low end  and above  is the 
GaAs,-,P, light-emitting diode  (LED) array.  Various config- 
urations have been proposed  [31], but most  consist  of  a 
stitched row of linear arrays  to  form  one  entire  print line. The 
design can be quite  compact because it  does not need  a 
separate scanning system. Digitized information is fed in 
parallel to  the diodes, which turn  on  and off with the speed of 
the driving  circuit. This feature suggests the prospect  of high- 
end  printing rates, but such an extension  would  require some 
improvement in photoreceptors.  Secondary concerns  about 
the device have not been entirely  removed.  These center  on 
the constancy of light output over the  entire array, the regis- 
tration  ofadjoining  subelements within the  print line, lifetime, 
and cost.  Despite  these  uncertainties,  rapid progress can be 
expected.  A major  contribution  to its emergence  has been the 
development of  gradient  index  lens  arrays which, unlike the 
FO CRTs, leave ample space between the  array  and  the 
photoconductor [32]. The diode array should  stay ahead of 
potential rival, parallel input technologies  such as  the mag- 
neto-optic light switching array [33] and  the smectic  liquid 
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crystal light valve [34] because of the large existing  technology 
base in III-V light emitters. The twisted-nematic  liquid crystal 
array uses a much  more  mature technology and could  become 
quite  competitive  at  the very low end. 

At the high end  scanning laser systems have dominated. 
The sources  in commercial machines are typically low-to- 
moderate-power,  continuous-wave (CW) He-Ne [35-401 or 
He-Cd [4 I] gas lasers chosen to  match  the spectral  character- 
istics of the  photoconductor. Although the gas lasers have 
worked well in  these  applications, Ga,-,AI,As diode lasers 
(generally called GaAs lasers) are becoming  attractive  alter- 
natives  [42, 431. The power-efficient laser diode  can be cur- 
rent-modulated,  and its  transistor-can size is ideal in the space- 
efficient machines. This  compares with a relatively large, 
inefficient CW gas laser which needs an acousto-optic modu- 
lator  to digitize the beam. At present, the  diode laser has seen 
limited usage [44]  for several reasons. The  output wavelength 
(780-820 nm) is longer than  the useful spectral sensitivity 
range of commonly employed photoconductors. Stable, high- 
power, long-lived diodes had  not been commercially  available 
at reasonable cost. Finally, the  output power had been limited 
to  around  that of  a  medium-power He-Ne gas laser (10  mW). 
These  problems  have largely been solved. Perhaps  the most 
important breakthrough  is in  the  output power  of diode lasers. 
Innovations  in  the  diode  structure have  enabled the  maximum 
output  to increase to above 50 mW [45], and  such devices are 
becoming  commercially  available. In” the laboratory laser 
diode arrays  have  completely  removed the power  limit [46]. 
Output above 1.5 W at a single point  has been attained by 
utilizing the phase-locked emission from multiple beams  on a 
single chip [47]. This represents an  order of magnitude in- 
crease over the power  available in even the latest  commercial 
diode lasers, and  improvements will surely follow. Tight fo- 
cusing  in the  array configuration has also been demonstrated 
[48]. These  factors suggest that  the emergence  of diode lasers 
at  the high end should occur  soon. 

The laser systems  need well-designed optics to place a 
focused beam (typically 150 to 200 pm across at l/e2 intensity) 
on  the  photoconductor surface. Several He-Ne laser scanning 
systems [35-401 have utilized an acousto-optical device for 
beam modulation, a  rotating polygonal mirror for  beam  scan- 
ning, and various  optical  systems  for beam shaping. The last 
function  presents several interesting and difficult engineering 
problems. In the IBM 3800 laser printer, for example, the 
optical system incorporates an optimized f/O lens system to 
ensure scan linearity and  constant spot size for all points in 
the field. An innovative anamorphic optical  correction system 
is used to provide constant scan-to-scan  spacing and scan 
straightness  [35]. This correction system and a  scan start 
detector together allow the use of very moderate optical tol- 
erances on  the rotating polygonal mirror. Other systems have 
employed  linear  clocking  gratings and alternative  correction 
systems to achieve comparable performance  [38, 491. 243 
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Figure 3 Holographic  scanner. After Ref. [54]. 

Holographic scanning is an alternative  technology which 
may become  a significant factor in  future  print heads [50- 
521. Originally envisioned as a cost  reduced  replacement  for 
polygonal mirrors,  holographic  scanning also has  the potential 
for  added  function by virtue of its  inherent lensing capabilities 
[53]. It is currently in point-of-sale systems  [54] as well as 
non-impact  printers [55] and  may find increasing use in 
electrophotographic  systems  as further  improvements  are 
made in low-cost replication processes. Figure 3 shows the 
inherent simplicity of a  holographic scanner [54]. 

Galvanometer scanning  has  been  considered in  some elec- 
trophotographic systems with  modest performance require- 
ments.  This  form of scanning has been  limited to  the low end, 
as in  one experimental system operating  at 13  pages/min 
which used acousto-optic  deflection and  modulation  to verti- 
cally sweep out a character while horizontally  scanning  using 
the galvanometer [56]. Recently introduced  induction drive 
galvanometer scanning may  improve  the deflection andelscan 
rate by the use  of  a  symmetrical design operating  at resonance 
[571. 
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As a component  in  an electrophotographic  printer, the  print 
head is probably the most reliable and well-engineered. Im- 
provements will primarily be directed at cost reduction, more 
compact packaging, and manufacturability.  These may  in- 
clude plastic optical components  and simplification of existing 
technologies rather  than  the  development of new ones [58]. 
To a lesser extent,  added  function in the  form of higher 
resolution and/or gray scale will be important.  The  diode laser 
will likely be the  primary light source in  the high end  and 
mid-range. The LED array should be  the  top  candidate  in  the 
low end  and  may be viable beyond. Competition between 
holographic,  galvanometer, and polygonal mirror scanning 
technologies  should continue, with each  having some specific 
cost and performance  advantages in particular  applications. 

3. Development 
In some ways toner  development is the most  complex  step  in 
the electrophotographic process. Competition  among electric, 
magnetic, and van der Waals forces dictates  whether toner 
adheres  to or is removed  from the  photoconductor surface 
and  thus  controls  the fidelity of the developed  image. The 
process is sensitive to  the details  of the hardware and materials 
involved, which accounts for the considerable effort directed 
toward its  improvement  and  understanding [2-71. 

Xerography [7] is by far the  most  dominant, established 
development technology. In this dry process the development 
mix may consist of one  (mono)  component,  toner, or two 
(dual)  components,  camer beads and toner. In dual-compo- 
nent technology the beads serve two functions:  they impart a 
charge to  the  toner  and  transport  the latter to  the vicinity of 
the electrostatic image. Early dual-component systems em- 
ployed cascade development. These  had  a number of  prob- 
lems, among which was poor solid area fill with optical  density 
(OD) < 1.0. Present  technology uses multiple  magnetic rolls 
and partially conducting mixes with an iron or steel carrier to 
form a  magnetic  brush. Solid area fill has  improved dramati- 
cally with OD > 1.3. In high-end applications dual-component 
development is used exclusively. The  method provides  rapid, 
high-quality output rivaling offset printing  at reasonably low 
toner cost.  Recent advances in the  understanding of dual- 
component  development [59-641 have paved the way for the 
improved output quality of today’s machines. Despite its 
popularity, the technology is not without some drawbacks. 
The mix ratio  must be actively controlled  for  consistent 
output.  The triboelectric  characteristics of the carrier  coatings 
change with use. The developer must be large enough  to 
contain both the  toner particles and  the  much larger camer 
beads. Modifications to  the usual dual-component process 
include the  microtoning system pioneered by Minolta, which 
uses a much smaller camer.  The system produces  good print 
quality  in  a  smaller  developer  volume, but it  has not been 
extended much beyond the low end [4]. 

A conceptually  straightforward  simplification of two-com- 
ponent  development is the magnetic monocomponent tech- 
nology. By incorporating magnetic  material into  the  toner, 
the magnetic  brush can still be used to deliver the  toner  to  the 
photoconductor [65, 661. The  toner acquires  charge by induc- 
tion  and triboelectrification with the developer. The hardware 
is simpler and  more  compact,  and copy  quality can be good 
with OD around 1.3 for  line  copy and 1.1- 1.2 for solid areas. 
The complexity is actually moved  to  the  toner, which is subject 
to  the  additional magnetic interaction. Recent measurements 
ofinterparticle forces [67], q/m ratio [68], and charge transport 
[69, 701 and calculations  of the magnetic forces [71]  have 
clarified some aspects of the process. More  must be done  to 
understand its humidity sensitivity and  limitations  on speed 
and copy  quality. Canon has used magnetic component  toner 
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in  its  projection  technology [66]. This  noncontact develop- 
ment process is based on  toner  jumping a  300-pm gap between 
the developer and  the photoreceptor in  an  ac electric field. 
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An alternative  single-component  technology called touch- 
down or impression development uses nonmagnetic  toner 
[72-751. A  schematic  of the process is shown in Figure 4. As 
in  dual-component,  the developer mechanism charges the 
toner by triboelectrification and  transports  it  to  the  photocon- 
ductor. Early prototypes made very good copies, especially in 
reproducing  originals with much gray scale [75], but suffered 
from  toner filming on  the developer roll which altered the 
charging  characteristics. Xerox recently devised a  modification 
to  the scheme  [76] which addresses  this  problem.  Charging  is 
accomplished by injection  from an electrode which contacts 
the  toner layer. This process appears  to have the advantage  of 
controlling the  toner charge  without attempting  to  maintain 
the long-term  triboelectric  properties  of the developer. The 
electrode can be used to  control  the background  instead if 
toner filming is  otherwise eliminated [77]. The simplicity of 
the impression development hardware and  the  toner  formu- 
lation compared  to magnetic monocomponent technology 
makes the process attractive if the associated  problems can be 
solved. 

In liquid development [78] the  toner is  charged and  trans- 
ported through  interaction with the suspending fluid. The 
process also  requires  simple  hardware,  since no mechanical 
transport device is needed and  no fusing is necessary. It has 
the highest resolution  capability  for an electrophotographic 
process because much finer toner particles can be used in 
liquid.  Its  principal  drawback  is  solvent  retained in  the  output 
which is subsequently released into  the  environment.  Some 
recent innovations have addressed this  problem. Canon pat- 
ented  the "Liquid-Dry'' toning process, which uses a special 
sponge-rubber-covered  developer roll [79]. The roll presses 
against the  photoconductor in the  development zone.  Down- 
stream the  rubber relaxes and sucks excess liquid into its 
interior. In a process patented by Landa [80, 8 I], absorption 
in the paper is minimized by reducing paper  contact with the 
camer fluid, using spacers added  to  the  toner  and controlled 
protuberances  on  the photoreceptor. 

4. Cleaning 
A necessary condition for high print quality is effective clean- 
ing. The simplest method is to scrape the  photoconductor 
with a blade. In liquid toning this is the  only possible technique 
because of the high capillary  force  holding the  toner  to  the 
photoconductor [82]. In low-end xerographic  applications,  a 
metal or polymeric  blade  cleaner is ideal. It is simple,  inex- 
pensive, and very compact.  The cleaning  mechanics  has been 
carefully studied [82]. 

If usage is high, the blade and  the  photoconductor wear and 
must be changed more frequently,  increasing user frustration 
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Figure 4 Impression  development  process. 

and  maintenance cost. Thus  at  the mid-range and above, 
magnetic  brush  cleaners and mechanical brush with vacuum 
assist are most common. At the high end mechanical  brushes 
are generally used. This cleaning process has been  analyzed 
and its  intricacies understood [83]. Xerox  recently introduced 
in  their high-end 1075 copier a magnetic  cleaner  similar in 
principle to  the developer.  Although  magnetic  cleaners had 
been used in  machines with monocomponent technology,  this 
was the first for  dual-component.  The cleaner is much  quieter 
and  more  compact  than fiber brush with vacuum  and should 
handle  the cleaning with less wear. But, like development,  the 
physics of  magnetic  brush may be quite complicated. 

5. Fusing 
The  toner image  transferred to  paper  from  the  photoconductor 
must be permanently  bonded or fused by inducing  the powder 
to coalesce with itself and  adhere  to  the substrate [84]. The 
toner should be sufficiently malleable to fuse but  not agglom- 
erate in the agitating  developer or film significantly on  the 
photoconductor. Most common materials  having  these  char- 
acteristics are based on  thermal plastic resins. They can  be 
fused using wicked and  dry  hot roll, radiant heat, flash, 
chemical  vapor, or cold pressure. 

In the  most prevalent  technology, hot roll fusing, toned 
paper passes between a pair of rotating rollers, at least one of 
which is heated. The heat  melts the  toner  and roller pressure 
pushes  it into  the paper.  Although the  technique is straight- 
forward, care  must be exercised to prevent the  toner  from 
sticking to  the roller and consequently  creating an offset or 
ghost image on  the next  sheet  of  paper. The problem can be 
addressed by either using a special oil wicked onto  the surface 
of the roll [85 ,  861 or choosing the roll material to have the 
desired release properties, as in the IBM Series 111, 6670, and 
3800 [87, 881. Toner  can be fused without  heat by supplying 
sufficient pressure between a  pair  of  metal rollers. Although 245 
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cold  pressure fusing requires very little energy, it  has  not been 
widely accepted because of some  print  quality drawbacks. 
Foremost is the glossy appearance of the  print  and  the back- 
ground  paper  from  the high compression. This has  led to 
innovations  in textured  coatings on  the roll to  simulate  the 
appearance of hot roll fused copy [89]. 

Hot roll and cold  pressure  require physical contact between 
the  substrate  and  the roller, and  thus these approaches limit 
the range of media  that  the  machine  can handle. This has 
sparked  interest in reviving and  improving older noncontact 
methods. The Hewlett-Packard  2680  Laser Page Printer [90] 
uses a two-stage system. The  toned  paper is first heated con- 
ductively as  it passes over  a hot platen.  Final fusing is accom- 
plished by radiant heat  transfer from a quartz halogen lamp. 
The  hot platen ensures  that  the  paper is warm  even though it 
absorbs  little lamp  radiation  compared  to  the  toner  during  the 
second stage. A  serious safety problem  with radiant heating in 
the past has been the ignition of paper when jams occur. This 
deficiency has largely been eliminated by advances  in  paper 
sensing and  control  techniques [91]. Siemens recently intro- 
duced a laser printer with a chemical fusing technology  similar 
to  some of the first electrophotographic systems. In  operation 
the  paper web passes through a vapor which melts  the toner. 
The principal concern with this  technique is  similar to  that  in 
liquid  development: absorption of  solvent  chemical into  the 
substrate and  its subsequent  evolution. This has apparently 
been  overcome by clever engineering [92]. Another  noncon- 
tact  method is flash fusing, which uses short pulses from a 
high-power lamp [93] to deliver radiant energy to  the toner. 
High hardware  cost  has  limited this  method  to high-end 
applications. 

One  important consideration  in selecting the fuser technol- 
ogy is its effect on  paper properties. In roll-type fusing the 
pressure deforms  the  paper fibers, leading to changes in  the 
paper  dimensions  and surface  smoothness. Heat drives off the 
natural moisture.  These  factors  cause many reliability prob- 
lems  in the  paper  path  through  the fuser and  into  the subse- 
quent  output  or duplexing  operation. In the usual approach, 
paper  transport is managed by a judicious  combination of 
hard rolls and those with uniform  deformable coatings [94]. 
An interesting  alternative is found  in  the  Kodak  Ektaprint 
250 duplicator, which introduced  automatic single-pass du- 
plex copying. In  this  machine  the  toned image  is  transferred 
to  both sides of the  paper before it goes through  the fuser. The 
station consists of two wicked hot rolls, each of which is 
covered with a  sophisticated  multiple-layer  material to fuse 
the  toner on both sides simultaneously  without  smearing or 
offsetting the powder  [95, 961. 

Future fusing technologies must address the increasing  need 
to  expand  the set of  substrates used in electrophotography to 
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gummed labels. This should stimulate activity in  noncontact 
fusing techniques since  present contact  methods  are inade- 
quate.  Preprinted forms,  for  example, can offset their  inks  to 
roll-type fusers which then  attract  toner  and subsequently 
cause reliability problems. The  prime  candidates for  these 
applications, radiant, chemical  vapor, and flash fusing, are  not 
without their  drawbacks. It  must  be shown that  the chosen 
techniques do  not release objectionable  vapors from  the  ink 
in  the  preprinted  form  or  from  the glue in  the  gummed label. 
In addition, reliability and safety will have to be explored and 
proven before the technologies will be widely accepted. 

6. Sensors 
Consistent output  quality  from  an electrophotographic  engine 
requires the  maintenance of the proper  operating parameters 
against  drifts in  machine  parameters  and external  conditions. 
This  means close monitoring of the process and adjusting  for 
deviations. With  the present widespread use of microproces- 
sors such  control is routine [97, 981  if adequate sensors are 
available. Consider dual-component development. The image 
density depends  on  the toner-carrier  ratio, which changes  as 
the  toner is  used. To maintain a  reasonable  mix, the process 
can be monitored using the reflectivity of  a test patch im- 
printed on  the edge of the  paper [49,99-1011 or a test image 
on  the  photoconductor itself [102]. Measuring the  toner re- 
flectivity on  the  paper is simple and reliable. The sensor 
package can be a single inexpensive assembly [49] that in- 
cludes  a light source, typically a  LED, and a  photodetector. 
Reflectivity from  the  photoconductor gives a more direct 
indication  of the developer condition.  This  may potentially 
lead to  somewhat better control if intermediate steps  such as 
transfer can be monitored as well. But the  technique requires 
shielding from  toner  dust  around  the developer, which can 
result in a  complicated design [ 1021. Parameters within the 
developer can also be measured,  including mix characteristics 
such as  the magnetic  permeability,  dielectric  permittivity, and 
triboelectric  properties [ 1031 and  the reflectivity of the mag- 
netic  brush [ 1041. These  methods, however, give results that 
are several steps  removed from  the desired information,  the 
image  quality on  the paper. 

Proper  toner  placement  on  the  paper requires accurate 
determination of the relative positions  of the photoreceptor 
panel and  the paper. The  Kodak  Ektaprint 250, with its 
automatic single-pass duplex  copying,  has a sensing network 
capable  of  tracking several pieces of paper  at  one  time [95]. 
In the duplex mode  the  paper with toner  on  one side must  be 
flipped and moved to  the duplex  transfer  position  within much 
less than a  second. As in most  machines, the paper  location is 
determined by the change in reflectance from  the surface or 
transmission  across a gap  [95,98].  In  either case the  technique 
again involves a light source and a photodector which may  be 
incorporated with the optics into a single package [49]. This 
combination should remain  dominant relative to  other  non- 
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contact position  sensors [ 105, 1061 because it  works well and 
the hardware,  including the  supporting electronics,  is  inexpen- 
sive. Microswitches are cost-effective in restricted applications. 

The sensor requirement of a fuser system depends  on its 
mode of operation. For hot roll fusers, the  incoming paper 
must be in the  proper position because heat flow, and hence 
print quality, is sensitive to  the exact roller-paper configura- 
tion.  The  paper position  near the fuser is determined  as above 
[ 1071 and adjusted by a difference in pressure applied between 
the  two rolls at  the two ends [ 107, 1081. The fuser rolls are 
usually heated and controlled  in several sections. Tempera- 
tures  in general are  determined by thermocouples or precision 
thermistors [90, 1091. These are  not likely to be replaced by 
temperature sensors using rare earths [ I  lo], 111-V semicon- 
ductors [ 1 IO], silicon [ 1 1  I], or other  techniques unless one of 
the latter is needed  in an alternative fusing technology 

The  number of  sensors  in  present high-end electrophoto- 
graphic printers  and copiers is quite large. The  Siemens  ND 2 
laser printer,  for  example, has more  than  70 sensors  [49]. 
More will be installed in  the  future  to  improve  machine 
performance  and dependability. Already they measure  such 
seemingly second-order parameters as the mix volume in dual- 
component developers  [94] and  the  toner dusting  [49]. Addi- 
tional  position  sensors may be used to keep track of the  paper 
for better registration and  to detect jams.  Other sensors will 
be  introduced  to  monitor  parameters which affect the process 
but  are  not currently  measured. The  humidity  dependence of 
monocomponent  development  may be reduced with compact 
ceramic [ 1 121 or polymeric  capacitive [ 1 131 humidity sensors. 
The sensitivity of the electrophotographic process to paper 
properties can  be neutralized if the proper parameter set can 
be defined and  monitored. 

7. New machine  configurations and functions 
Microelectroelectronics has  not only simplified control of the 
electrophotographic process as noted  above, but changed the 
machines  in many  other ways as well. One  major  innovation 
area is in  customer convenience features. The  Kodak Ekta- 
print 250  has  been highlighted as  a  “plain talk”  duplicator 
[ 1141 which communicates in normal language messages on 
the  status of machine readiness and  maintenance require- 
ments. The  operator employs an electronic touchpad  and  the 
machine features both visual and  audio response. The “talk- 
ing”  copier  has  been described in a  recent Xerox patent 
[ 1 151. A comparison of the  Kodak  Ektaprint 250 [95] and its 
predecessors, the 100 and 150 [ 1161, reveals the  trend in 
increased machine  computational power. As a  copier the 250 
basically controls  just  the electrophotographic process. Nev- 
ertheless, it  has three microprocessors with more  than 120K 
bytes of memory which allows the  operator  to independently 
control  the exposure  intensity, the  photoconductor charge 
potential, and  the developer roller potential to optimize the 
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copy  quality. It can display more  than 400 messages. The 
predecessors have an  order of magnitude less memory  and a 
correspondingly  smaller message set. 

Reliability remains a critical area of concern for the electro- 
photographic process. The evolving trend, aside from better 
process control, is to reduce the  annoyance associated with 
machine repair. Self-diagnostic routines which periodically 
check machine  performance  are becoming increasingly prev- 
alent. If self-adjustments cannot be made,  CRT or LCD 
displays may pictorially identify for the user the location of 
machine problems  such  as paper  jams. Repairs are also facil- 
itated by such  aids  as the electronic system log of the operating 
parameters  on  the  HP2680, which can help isolate irregulari- 
ties from intermittent failures [98]. In general the goal is to 
provide sufficient internal diagnostics to  maintain high-quality 
output  and  eliminate service calls when possible. Innovative 
examples of this  philosophy are  the recent Canon mini-cop- 
iers, PC- 10 and PC-20 [ 1 171. This  product series introduces a 
totally new approach  to  machine  maintenance by incorporat- 
ing key consumable  components  into a convenient user- 
replaceable cartridge system. While this technique is unlikely 
to find direct  applicability  in higher-speed and greater-volume 
machines of the future, the underlying  philosophy  of  this 
design will undoubtedly have impact. 

Document  formatting is becoming more flexible with the 
introduction of all-points-addressable printers such  as the HP 
2680 and  the IBM 3800  Model  3  [40], the latter at  20  040 
line/min (12 line/in.) with 240-dot/in.  resolution. Such sys- 
tems typically have  a large number of available fonts printable 
anywhere on  the page. The  HP printer  has  a custom bipolar 
bit slice processor to achieve  its  45-page/min speed [ 1 181. A 
different approach is used in systems like the 8086  microproc- 
essor-based IBM SHERPA  attachment  to  the IBM 6670 In- 
formation  Distributor. In this case every point  on a page up 
to legal size at 240 dot/in. is placed in memory before printing 
begins. The system excels in  graphics while retaining the 
complete text processing capabilities of other all-points-ad- 
dressable machines. The page bit map  and font  overhead 
require  a  1M-byte memory, considerably more  than  other 
methods. Its microprocessor approach is also slow despite 
direct memory access to  match  the speed of the 6670  engine. 
Nevertheless, with the  advent of 32-bit microprocessors at 
higher clock rates and decreasing memory cost, SHERPA- 
type systems could  also  become  competitive at  the mid-range 
and beyond. 

The  traditional  boundary between electrophotographic  cop- 
iers and  printers has  become  blurred as machines  such  as the 
IBM 6670 [ 1 191 are  introduced which perform  both  functions. 
Technological innovations  continue  to  expand  the  combina- 
tions of function offered. An excellent example is the Fujitsu 
Copier Printer Scanner [ 1201, which incorporated  document 

M I  

247 

-1. LEE ET AL. 



248 

M H. LEE ET P 

Del 

Document 

Couier 
imaging system - 

a. 
(,/ Detector 

Figure 5 Laser printer scanner. 

scanning  for facsimile purposes by attaching a CCD  to a 
printer/copier. In  an alternative approach, we have recently 
demonstrated  the integration  of document scanning directly 
into  the electrophotographic process (Figure 5) [121]. The 
‘document is first imaged onto  the  photoconductor  and  toned 
in the usual fashion. The image is then  scanned with the  print 
laser; the reflected signal is captured  and stored  electronically 
for  subsequent facsimile transmission. The  normal electro- 
photographic  printer/copier  engine thus  has scanning  capabil- 
ity with only minor modification and  can  operate  in a facsim- 
ile mode  at  the process speed and image quality inherent  in 
that engine. 

An equally significant development of advanced function 
for  electrophotography is color copying and printing. Full- 
color  capability from three-cycle image development has  been 
available  for some  time in the Xerox 6500 [ 1221 and  more 
recently from  Canon [ 1231. A significant number of  technical 
innovations specifically directed  toward  color  imaging (both 
two-color and full) have  been recently described. Among these 
are  the sophisticated photoreceptor designs of Kodak [27] and 
Ricoh [29], which provide full- and two-color image  capabil- 
ity, respectively (Section 1). Both systems employ complicated 
multilayer  organic  photoreceptors in which selective absorp- 
tion  has been provided by the  appropriate choice of charge 
generation  materials.  These clever implementations  are both 
an excellent indication of the exciting possibilities and  the 
significant complexity  awaiting  color  engines of the future. 
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