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ABSTRACT OF THE DISCLOSURE 
Apparatus and method to ?x an electroscopic image 

to a ?nal support material in which the image bearing 
support material is placed within an integrating cavity 
and exposed to radiation emanating from a ?ash lamp. 
The cavity walls, the ?ash lamp, and the support ma 
terial are positioned in relation to each other such that 
the electroscopic powder is ?xed ef?ciently and uni 
formly. 

This invention relates to heating apparatus and, in 
particular, to apparatus to produce uniform irradiance 
over an extended area. 

More speci?cally, this invention relates to a xerographic 
?ash fusing apparatus for rapidly and e?iciently produc 
ing uniform image ?xing on a ?at support material. In 
the xerographic process, a plate, generally comprising 
a conductive backing upon which is placed a photocon 
ductive insulating surface, is uniformly charged and the 
photoconductive surface then exposed to a light image 
of an original to be reproduced. The photoconductive 
surface is caused to become conductive under the in?u 
ence of the light image so as to selectively dissipate the 
electrostatic charge found thereon to produce what is 
known as a latent electrostatic image. The image is de 
veloped by means of a variety of pigmented resin ma 
terials speci?cally made for this purpose which are known 
in the xerographic art as “toners.” The toner material 
is electrostatically attracted to the latent image areas on 
the plate in proportion to the charge concentration found 
thereon. Areas of high charge concentration become areas 
of high toner density while correspondingly low charge 
image areas become proportionally less dense. The de 
veloped image is transferred to a ?nal support material, 
typically paper, and ?xed thereto to form a permanent 
record or copy of the original. 
Many forms of image ?xing techniques are known in 

the prior art, the most prevalent of which are vapor ?x 
ing, heat ?xing, pressure ?xing or a combination thereof. 
Each of these techniques, by itself or in combination, 
suffer from de?ciencies which make their use impractical 
or di?icult for speci?c xerographic applications. In gen 
eral, it has been di?icult to construct an entirely satis 
factory heat fuser having a short warm up time, high 
e?iciency, and ease of control. A further problem asso 
ciated with heat fusers has been their tendency to burn 
or scorch the support material. Pressure ?xing methods, 
whether hot or cold, have created problems with image 
offsetting, resolution degradation and producing consist 
ently a good class of ?x. On the other hand, vapor ?x 
ing, which typically employs a toxic solvent has proven 
commercially unfeasible because of the health hazard in 
volved. Equipment to suf?ciently isolate the fuser from 
the surrounding ambient air must by its very nature be 
complex and costly. 
With the advent of new materials and new xerographic 

processing techniques, it is now feasible to construct 
automatic xerographic reproducing apparatus capable of 
producing copy at an extremely rapid rate. Radiant ?ash 
fusing is one practical method of image ?xing that will 
lend itself readily to use in a high speed automatic 
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process. The main advantage of the ?ash fuser over the 
other known methods is that the energy, which is propa 
gated in the form of electromagnetic waves, is instan 
taneously available and requires no intervening medium 
for its propagation. As can be seen, such apparatus does 
not require long warm up periods nor does the energy 
have to be transferred through a relatively slow conduc 
tive or convective heat transfer mechanism. 
Although an extremely rapid transfer of energy be 

tween the source and the receiving body is afforded by 
the ?ash fusing process, a major problem with ?ash fus 
ing, as applied to the xerographic ?xing art, has been de 
signing apparatus which can fully and e?iciently utilize 
a preponderance of the radiant energy emitted by the 
source during the relatively short ?ash period. The toner 
image typically constitutes a relatively small percentage 
of the total area of the copy receiving the radiant en 
ergy. Because of the properties of most copy materials, ’ 
as for example paper, most of the energy incident there 
on is wasted by vbeing transmitted through the copy or 
by being re?ected away from the fusing area. Another 
disadvantage associated with the prior art ?ash fusing 
apparatus has heretofore been the non-uniformity of im 
age ?xing produced. This phenomena is primarily due 
to the fact that it is di?icult to produce highly uniform 
irradiance on a large receiving surface, as for example 
a sheet of paper, from a relatively small source such as 
a ?ash lamp. 

It is therefore a primary object of this invention to 
improve heating apparatus. 
Another object of this invention is to improve xero 

graphic ?xing apparatus. 
A further object of this invention is to improve xero 

graphic ?ash fusing apparatus. 
A still further object of this invention is to improve 

apparatus for rapidly ?xing a heat fusable image to a 
?nal support material. 
A further object of this invention is to e?iciently heat 

fuse xerographic images of varying densities with a pulse 
?ash array in energy. 

Yet another object of this invention is to provide meth 
od and apparatus for rapidly and uniformly heat fusing 
a xerographic image to a paper support material. 

These and other objects of the present invention are 
attained by a source of radiant energy capable of emit 
ting energy wavelengths at which the support material 
is essentially non-absorbent and at which the images are 
highly absorptive, means to pulse said energy source for 
a predetermined period of time, and a re?ective cavity 
arranged in respect to the source and the receiving sur 
face whereby the image areas thereon are rapidly, effi 
ciently, and uniformly ?xed to the support material. 

For a better understanding of the invention as well as 
other objects and further features thereof, reference is 
had to the following description of the invention to be 
read in conjunction with the drawings, wherein: 

FIG. 1 is an isometric view of the fuser housing suit 
able for use in fusing xerographic copy, the fuser hav 
ing portions thereof broken away to show the internal 
construction of the apparatus; 
FIG. 2 illustrates graphically the parameters impor 

tant in the present fusing operation plotted against wave 
length; 

FIG. 3 is a curve showing the distribution in the rela 
tive irradiance produced by a line source on a relatively 
?at surface positioned parallel to said source; 

FIG. 4 is a schematic representation of the electrical 
triggering circuit of the present invention; 
FIG. 5 is a cross-sectional end view of the re?ective 

cavity shown in FIG. 1; 
FIG. 6 is a schematic representation of the re?ective 
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phenomena involved in the ?ash fuser of the present in 
vention; 

FIG. 7 is a sectional end view of a fuser in accordance 
with the present invention having a plurality of real en 
ergy sources. 
The apparatus of the preferred embodiment of the 

present invention, as shown in FIG. I, basically com 
prises a rectangular shaped cavity, generally referred to 
as 20. The interior surfaces or walls of the cavity are 
specular re?ectors of high re?ectivity. An elongated gen 
erally tubular source of radiant energy 21 is supported 
in the front and rear walls of said cavity at a predeter 
mined distance above the bottom surface 32 by means of 
brackets 19. Ingress and egress ports 22 and 23 are posi 
tioned in two opposing walls 24 and 25, respectively, and 
run parallel to the axial center line of the elongated lamp. 
The ports are positioned in the bottom portion of the 
side walls and permit the image bearing support mate 
rial 30 to be transported through the cavity adjacent to 
and in close proximity with the bottom surface 31 of the 
cavity. The un?xed image bearing support material, which 
is shown in web con?guration in this preferred embodi 
ment, is fed from supply roll 32 over idler roll 33 and 
passes through the cavity housing by means of the above 
mentioned ingress and egress ports. The image is fused, 
as will be explained below, in the cavity. The ?xed sup 
port material thereafter is guided by a second idler roll 
35 to take up roll 36. The take up roll is driven by any 
suitable drive means, as for example motor means 37, at 
a predetermined rate. 

In the present invention, the radiant energy source and 
the image bearing support material to be ?xed thereto 
are placed within a re?ective cavity or housing which is 
constructed to functionally approximate an integrating 
sphere. Basically, the theory of the optical integrating 
sphere is relatively straight forward and can be explained 
with a simple example. First, consider a point source of 
radiant energy which is irradiating an elemental surface 
at some given distance from the source. Let the irradia 
tion incident upon the surface be of some magnitude 
(Ho). If, without changing the intensity of the source or 
the distance that the elemental surface is positioned from 
the source, the source is now enclosed within the spherical 
re?ector upon which the elemental surface falls, 21 result 
ing new irradiance (H) at the elemental surface is pro 
duced. This new irradiance is a function of the re?ec 
tivity of the inside surface of the sphere. If the re?ec 
tivity is a function of wavelength, the average re?ectivity 
taken over the emissive bandwidth of the source can be 
used to ?nd this new irradiance. Multiple re?ections in 
side the sphere have now greatly increased the irradi 
ance at the elemental surface and a gain factor, that is, 
the ratio of H to H0, also becomes a function of the aver 
age re?ectivity of the sphere. The rectangular cavity 20, 
being an almost totally enclosed re?ective cavity, con 
forms to the above principle. 

Circuitry for achieving pulse generation in the preferred 
embodiment is shown in FIG. 4. A DC power supply 
40 is connected across storage capacitor 41' and is ground 
ed on one side 42. The storage capacitor typically has a 
capacitance of between 100 to 150 microfarads where 
applied voltages vary between 1800 and 5000 volts and 
hence electrical energy in the range of 160 to 1900 joules 
is stored for use when the ?ash lamp 43 is to be pulsed. 
The storage condenser is connected to the ?ash lamp 
through a variable inductor 44 which is in the range of 
150 micro-henrys to 3 mill-henrys and determines the 
pulse duration produced by the ?ash lamp. Flash lamp 21 
consists of an envelope containing xenon gas and a pair 
of electrodes at each end which are not electrically con 
nected to each other. Surrounding the glass envelope of 
the ?ash lamp is a coil 45 which is connected to a high 
voltage pulse trigger 46. Approximately 20,000 to 30,000 
volts is applied across coil 45 when the pulsing trigger 
ing circuitry is actuated. This high surge of current 
through the coil is such as to electrically couple the elec 
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4 
trodes to the ?ash lamp causing a gas breakdown, which 
in turn, pulses the ?ash lamp resulting in a ?ash of suit 
able duration as determined by presetting variable induc 
tor 44. In operation the lamp is periodically energized in 
timed relation to the movement of support material 
through the cavity. 
The entire interior surface of cavity 20 is constructed 

of or coated with a material which is highly re?ective 
when taken over the emissive bandwidth of the ?ash lamp, 
a re?ectivity in excess of 0.9 being preferred for greater 
ef?ciency. As will become apparent below, the e?iciency 
of the radiant ?ash fuser of the present invention is fur 
ther enhanced if the spectral output of the energy source 
is such that the wavelength absorptivity of the toner is at 
a maximum and if simultaneously he wavelength absorp 
tivity of the support material is at a minimum. For illus 
trative purposes, the design of the present invention will 
be explained in reference to ?xing a toner image to a 
paper support material. However, it should be quite clear 
to one skilled in the art that the teachings of the present 
invention are not limited or restricted to the above men 
tioned materials. Represented graphically in FIG. 2 are 
the spectral absorption curves for xerographic toner and 
white bond paper which are superimposed over a typical 
spectral emission curve for xenon ?ash lamp 21. The 
xenon ?ash lamp has an emissive spectrum showing a 
strong continuum between 0.4 and 1.0 micron while the 
absorptivity of the white bond paper in this range for 
all practical purposes is non-existing. While the absorp 
tivity of the paper about the missive output of the lamp 
is at a minimum, the toner essentially acts as a black 
body and will absorb well in excess of 90% of the energy 
incident thereon. 

It should be understood by achieving the above spectral 
control in terms of absorptivity for a given bandwidth 
output of a ?ash lamp, the net effect is to heat the toner 
material and not the support material. As previously 
noted, the support material is transported through re?ec 
tive cavity 20‘ in close proximity to the bottom surface 
thereof. The paper being highly reflective, in effect acts as 
a planar re?ecting surface to the radiation emitted by the 
source. The radiation not re?ected by the paper is trans 
mitted through the paper and re-radiated back *by the 
highly re?ective bottom surface 32 of the cavity so that the 
net effect is to return a preponderance of the energy not 
absorbed by the image back into the cavity. Most of the 

‘ energy returned to the cavity is eventually re?ected into 

60 

the images where it can be utilized in the ?xing process. 
As can be seen, what has herein been described is the 
principle of the re?ecting integrating cavity applied to 
the xerographic ?xing process to produce e?‘icient utiliza 
tion of the energy emitted by a ?ash lamp. It should be 
further noted that this arrangement, because the spectral 
control afforded, eliminates the hazards of scorching or 
burning the support material. 
To optimize image ?xing in the present invention, the 

cavity must be highly re?ective and also capable of pro 
ducing uniform irradiance at the surface of the receiving 
body. The elongated tubular source of energy 21 (FIG. 1) 
is arranged such that the axial center line of the lamp is 
substantially perpendicular to the front and rear walls of 
the cavity, 27 and 28 respectively. Positioning the lamp in 
such a manner, that is, perpendicular to and between two 
highly re?ective surfaces, in effect, optically produces a 
source of radiation which is in?nitely long. With reference 
to FIG. 3, it can be shown that the irradiance produced 
by an in?nitely long line source of radiant energy on a 
?at receiving surface can be determined. If the intensity 
of the source is J, and the source is positioned some dis 
tance Y from the receiving surface, the relative irradi 
ance at the plane measured from a perpendicular from 
the plane passing through the source is: 
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and from this relationship it can be further shown that 
the relative irradiance varies along the ?at plane in the X 
direction according to the relationship 

where Hx is the relative irradiance in the plane of the 
receiving surface at some distance X from the perpendicu 
lar previously de?ned and where Y is the distance the 
lamp is supported above the receiving surface. It has 
been determined that in a practical application with a 
source of ?nite length, the above relationship when ap 
plied aifords a reasonable approximation when the dis 
tance Y that the lamp is supported above the plane of 
the receiving surface is greater than ten times the bore 
diameter of the lamp. However, it should be clear to one 
skilled in the art that this invention is not limited to 
speci?c arrangement where the lamp is so supported ten 
diameters above the receiving surface. Although this ar 
rangement does provide a convenient solution, smaller 
cavities can be designed using more complex equations 
available for other than line sources (see Walsh, John W., 
Photometry, Durwood Publications, 3rd Edition). 
FIG. 5 is a sectional end view of the re?ective cavity 

of the preferred embodiment shown in FIG. 1. The lamp 
is positioned midway between sidewalls .24 and 25 and is 
supported above the surface of the support material 30. 
By positioning the lamp at a distance above the receiving 
surface 30 (FIG. 1) at least ten times the bore diameter 
of the lamp, the irradiance produced by the source at the 
?at receiving surface closely approximates the theoretical 
irradiance produced by a line source. For greater e?i— 
ciency, top re?ecting surface 31 is brought as close as 
practicable to the top of lamp 21 so that the height of 
the cavity (h) is minimized. 
The lamp 21, positioned between two parallel re?ecting 

surfaces, acts in relation to the support material as an 
in?nitely long line source of radiant energy and therefore 
the relative irradiance at the surface of the support ma 
terial will vary in accordance with the previously dis 
cussed relationship. However. the lamp is completely en 
closed within a highly e?icient re?ective cavity capable 
of producing an in?nite number of mirror images of this 
real source. FIG. 6 shows schematically the real source 
of energy 21 and a number of mirror images of the real 
source produced by these planar re?ecting surfaces. As 
can be seen, the total relative irradiance produced at the 
plane of the support material within the cavity is a sum 
mation of the irradiance produced by all the sources, real , 
and apparent. That is, the total relative irradiance at the 
plane of the receiving surface measured some distance x 
from the perpendicular passing through the source is now 

where all the relative irradiances are evaluated at the 
point x and corrected for the re?ectance of the cavity. By 
applying the above mentioned relationship for relative 
irradiance to the real and apparent sources, the total ir 
radiance at all points x in the ?at receiving plane within 
the cavity can be found. It is apparent that for some pre 
determined width W (FIG. 5) of the cavity there exists 
an arrangement at which the summed value of Hx is 
essentially constant or uniform across the cavity. It is 
possible by varying the parameters of the lamp height 
(D) and cavity height (H), to produce a summed value 
of Hx which is essentially constant or uniform across the 
cavity in the plane of the receiving surface. It should also 
be clear that the same results can ‘be obtained by holding 
(D) constant and varying the width (W) of the cavity. 
By positioning the lamp as described above in a cavity 

of predetermined width, uniform irradiance at the plane 
of the support material is produced during each ?ash 
period. As previously noted the interior of the cavity 
and the support material absorb very little energy whereas 
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6 
the toner images are highly absorptive. Obviously, a large 
amount of the emitted energy is absorbed by the toner 
after a varying number of re?ections in the cavity. 
Although the present invention has been disclosed in 

relation to the xerographic ?xing process it is in no way 
so limited. It should be obvious that by properly select 
ing a lamp having a spectral output matched to the ab 
sorptive properties of the receiving material and making 
the interior surfaces of the cavity re?ective to this output, 
it is possible to rapidly, e?’iciently and uniformly heat the 
receiving material in accordance with the teachings of the 
present invention. Furthermore, it has been determined 
experimentally that the teachings of the present invention 
are not limited to a specular re?ecting cavity and the 
teachings are equally applicable to designing a re?ective 
cavity having di?use re?ecting surfaces. 
While reference has been made throughout to such 

elements as a xenon ?ash tube as the preferred embodi 
ment, it is obvious that any other suitable lamp, ?ash or 
otherwise, may be used. Any suitable power supply and 
pulser may be used and other equivalent electric circuits 
utilized to produce a pulse of suitable intensity and dura 
tion. In similar manner, the teachings of the present in 
vention are not contemplated to be limited to apparatus 
utilizing a single lamp but are equally applicable to a 
multi-lamp arrangement as shown in FIG. 7. Altering 
the number of lamps employed, of course, suggests alter 
ations in the geometry of the re?ecting cavity. Toners 
other than the typical electroscopic toner compositions 
referred to above may also be utilized. Speci?c modi?ca 
tions of support materials and toners consisting of differ 
ent compositions and commonly employed within the 
terms may also be employed with suitable alterations in 
the tailoring of the pulsed shape and re?ective character 
istics of the walls in accordance with the principles set 
forth in this invention. 

While the invention has been described with reference 
to the structure disclosed herein, it is not con?ned to the 
details set forth, and this application is intended to cover 
such modi?cations or changes as may come within the 
scope of the following claims. 
What is claimed is: 
1. Apparatus for fusing heat ?xable powder images 

to a ?nal support material upon which the powder images 
are loosely adhering, said apparatus including 

an elongated lamp having a pre-determined diameter, 
said lamp being capable of emitting radiant energy 
concentrated at wavelengths at which said support 
material is relatively nonabsorptive and at which 
the powder images are highly absorptive. 

a substantially enclosed housing having an interior 
made up of planar re?ecting surfaces, said surfaces 
cooperating to form a box-like cavity being highly 
re?ective at the wavelengths at which said lamp emits 
energy, 

support means to mount said lamp perpendicularly be 
tween two parallel end walls of said cavity in close 
proximity to the top surface thereof at a distance 
above the bottom surface of said cavity at least equal 
to ten times the lamp diameter so that said lamp 
optically approximates an in?nitely long line sourcev 
of radiation to an object in the plane of said bottom 
surface, 

said lamp being positioned in spaced relation with the 
interior side wall surfaces of said cavity so that the 
real source of radiation and the apparent sources of 
radiation re?ected by said side wall combined to 
produce substantially uniform radiation in the plane 
of said bottom surface, 

means positioned exterior said cavity to advance an 
image bearing support material along a path of travel 
in juxtaposition to bottom surface of said cavity, 
and 

means to activate said lamp for a period wherein images 
carried on the support are irradiated by direct and 
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re?ected radiation suf?cient to ?x the powder image 
uniformly to the support surface. 

2. The apparatus of claim 1 wherein the interior sur 
faces of said cavity are specular re?ecting surfaces. ' 

3. The apparatus of claim 1 wherein the interior sur 
faces of said cavity are di?use re?ecting surfaces. 

4. The apparatus of claim 1 wherein said elongated 
lamp comprises a xenon ?ash lamp having an emissive 
spectrum showing a strong continuum between 0.4‘ and 
1.0 micron. 

5. The apparatus of claim 4 further including the 
means to periodically energize said source of radiation 
in timed relation to the movement of said image bearing 
support material. 

6. The apparatus of claim 5 having a plurality of elon 
gated lamps placed in parallel relation of distance above 
said bottom surface at least equal to ten times the diameter 
of one of said lamps. 
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