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(57) ABSTRACT 

An improved modulator assembly of an electrostatic volt 
meter for an electrophotographic process. A modulator base 
of the modulator assembly is provided having accurate 
con?guration and built in design features Which simplify 
manufacture and assembly of the modulator assembly and 
electrostatic voltmeter. The modulator base includes refer 
ence mounting surfaces Which provide accurate orientation 
and alignment of the modulator assembly during assembly, 
air purge grooves Which provide enhanced air purging of 
contaminants from the modulator assembly, and shielding 
areas Which maXimiZe the signal to noise. The modulator 
base provides simpli?ed construction of a modulator assem 
bly for an electrostatic voltmeter having enhanced perfor 
mance and robust functionality. 
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MODULATOR BASE FOR ELECTROSTATIC 
VOLTMETER MODULATOR ASSEMBLY 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a modulator base 
of a modulator assembly for electrostatic voltmeters for use 
in electrophotographic processes. More particularly, the 
invention is directed to a modulator base having a de?ned 
con?guration for construction of an improved modulator 
assembly and electrostatic voltmeter. 

[0002] In an electrostatic imaging process, six stages are 
utiliZed to produce an archival quality image on a copy 
sheet, such as a page of plain paper. These steps are practiced 
upon and around a photoreceptor element (P/R), such as a 
photoreceptor belt or drum, hereinafter simply “photorecep 
tor.” The imaging stages comprise: (1) photoreceptor charg 
ing, (2) image formation or exposure, (3) image develop 
ment, (4) image transfer from the photoreceptor to a copy 
sheet, (5) ?xing of the image on the copy sheet, and (6) 
restoring the photoreceptor. The process proceeds in a 
continuous loop and, if a color image is desired, steps (1), (2) 
and (3) are repeated in sequential stations around the pho 
toreceptor for toner particles of black, magenta, yelloW and 
cyan prior to completing steps (4) through (6) of image 
transfer, image ?xing and restoring the photoreceptor sur 
face to a clean and neutral state. 

[0003] The second and third process steps of latent image 
formation on the photoreceptor and image development by 
applying a desired quantity of toner at a precise location on 
the photoreceptor latent image require accurate control of an 
electrostatic charge on the photoreceptor. This can be 
accomplished by electrostatic charge monitoring and a feed 
back loop. In particular, in a high speed image development 
process the toner particles are highly charged and coulomb 
forces are used to attach charged toner particles to a latent 
image on the photoreceptor. The magnitude and location of 
toner deposit is critical to a successful high speed electro 
photographic process. Accordingly, accurate monitoring and 
modulation of an electrostatic ?eld around the photoreceptor 
is essential. Electrostatic voltmeters, such as application 
speci?c integrated circuit electrostatic voltmeters, measure 
electrostatic ?elds or potential Without current ?oW through 
the meter. 

[0004] A typical electrostatic voltmeter includes a modu 
lator assembly having a sensor electrode or probe and a 
modulator for modulating the electrostatic ?eld that is being 
measured in relation to the sensor. The modulator assembly 
is the sensing element of the electrostatic voltmeter. Elec 
trostatic voltmeters of this type are disclosed in US. Pat. No. 
5,212,451 to Werner, issued May 18, 1993, and US. Pat. No. 
5,489,850 to Werner et al., issued Feb. 6, 1996, both of 
Which are assigned to the Xerox Corporation and are of 
common assignment With the subject application. The dis 
closures of these prior patents are hereby incorporated by 
reference as though set forth at length. 

[0005] One approach to modulating an electrostatic ?eld is 
to provide an electrostatic voltmeter modulator assembly 
having a vibratory beam With a device for interrupting the 
electrostatic voltage or simply “chopper.” The chopper 
oscillates When the vibratory beam is induced to vibrate by 
a magnetic driver, for example, causing the sensor electrode 
or probe to repeatedly couple and decouple With an external 
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electrostatic ?eld through a sensing aperture or WindoW in 
the modulator assembly. Such an approach for modulating 
an electrostatic ?eld is disclosed in the aforementioned prior 
US. Pat. No. 5,212,451 to Werner and in co-pending appli 
cation Ser. No. to Werner, titled “SYSTEM FOR 
PURGING ELECTROSTATIC VOLTMETER MODULA 
TOR ASSEMBL ”, ?led on the same date as the subject 
application, and assigned to the Xerox Corporation Which is 
of common assignment With the subject application. The 
disclosure of the aforementioned co-pending application is 
hereby incorporated by reference as though set forth at 
length. 

[0006] One problem With current electrostatic voltmeter 
modulator assemblies, in electrophotographic systems, is 
that reliable and accurate sensing of the electrostatic ?eld 
requires the modulator and the modulator assembly to be 
accurately tooled and assembled. Consequently, manufac 
ture and assembly costs of modulator assemblies tend to be 
high and performance and dependability of the electrostatic 
voltmeters are subject to variation based upon hoW Well 
parameters of the modulator assemblies are controlled dur 
ing manufacture and assembly. Accordingly, it Would be 
desirable to provide a modulator base for an electrostatic 
voltmeter modulator assembly having a con?guration Which 
simpli?es assembly, reduces manufacturing costs, and pro 
vides improved performance and robust functionality of the 
electrostatic voltmeter. 

[0007] The dif?culties and limitations suggested in the 
preceding are not intended to be exhaustive, but rather are 
among many Which demonstrate that prior art electrostatic 
voltmeter devices Will admit to WorthWhile improvement. 

[0008] It is, therefore, a general object of the invention to 
provide an improved electrostatic voltmeter system, Which 
Will obviate or minimiZe dif?culties of the type previously 
described. 

[0009] It is another general object of the invention to 
provide an improved modulator assembly for an electrostatic 
voltmeter operable for providing a high level of photore 
ceptor voltage control for an electrophotographic process. 

[0010] It is a speci?c object of the invention to provide an 
improved modulator assembly of an electrostatic voltmeter 
having a modulator base With accurate con?guration to 
obtain improved operational reliability and performance of 
the electrostatic voltmeter. 

[0011] It is another speci?c object of the invention to 
provide an improved electrostatic voltmeter modulator 
assembly having a modulator base Which provides simpli 
?ed assembly of the modulator assembly and electrostatic 
voltmeter. 

[0012] It is another speci?c object of the invention to 
provide a modulator base for a modulator assembly of an 
electrostatic voltmeter Whereby the modulator assembly is 
easy to manufacture and exhibits enhanced operational 
performance and impenetrability to contamination. 

[0013] It is yet another speci?c object of the invention to 
provide an improved modulator base for a modulator assem 
bly of an electrostatic voltmeter, Which has an accurate 
con?guration and fabricated With design features that ensure 
simpli?ed and accurate construction and assembly of the 
modulator assembly and electrostatic voltmeter. 
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[0014] It is yet another speci?c object of the invention to 
provide an improved modulator base for a modulator assem 
bly of an electrostatic voltmeter, Which maximiZes the 
possibility that critical mechanical and electronic parameters 
of the modulator assembly and electrostatic voltmeter Will 
be advantageously controlled during manufacture and 
assembly. 

SUMMARY OF THE INVENTION 

[0015] To achieve at least some of the foregoing objects, 
the invention provides an electrostatic voltmeter having a 
modulator assembly for modulating and sensing an electrical 
?eld of an electrophotographic system. The electrostatic 
voltmeter includes a modulator base of the modulator 
assembly for mounting the modulator assembly in the elec 
trostatic voltmeter. Avibratory beam is disposed in the base 
for modulating an electrical ?eld by oscillating When a 
vibratory magnetic force is applied at one end of the beam. 
A sensor electrode is positioned at the other end of the beam 
for sensing an electrical ?eld modulated by the vibratory 
beam. At least one reference mounting surface is provided 
on the modulator base for orienting and aligning the modu 
lator assembly With respect to an electrical ?eld of the 
electrophotographic system. The at least one reference 
mounting surface includes a ?rst projection at one end of the 
modulator base for abutting against a mounting frame of the 
electrophotographic system so that an opposite end of the 
modulator base is located at a predetermined position With 
respect to the electrical ?eld. 

[0016] A chopper is provided at one end of the beam and 
the chopper and sensor electrode are situated at the end of 
the modulator base Which is located at a predetermined 
position With respect to the electrical ?eld. A second pro 
jection and a third projection at the one end of the modulator 
base abut against a base of the electrostatic voltmeter for 
positioning the modulator assembly in the electrostatic volt 
meter. At least one air purge groove is positioned at a front 
end of the modulator base and, in a preferred embodiment of 
the present invention, comprises a pair of parallel grooves. 
A magnetic drive is provided in the modulator base for 
applying a magnetic force to one end of the vibratory beam. 
The magnetic drive has a magnet and a pair of beam 
mounting surfaces are provided in the modulator base for 
positioning the beam at a predetermined orientation With 
respect to the sensor electrode and the magnet. 

[0017] Magnet reference surfaces in the modulator base, at 
opposite sides of the magnetic drive, lie in the same plane. 
The magnet is positioned in the modulator base such that a 
top end of the magnet, proximate to the vibratory beam, lies 
in the same plane as the magnet reference surfaces. At least 
tWo shielding areas are provided in the modulator base. A 
?rst shielding area is a ?oating shield for electrically shield 
ing the sensor electrode and a second shielding area is a 
grounded shield for electrically shielding a magnetic drive 
area of the modulator base. The ?rst shielding area includes 
slots adjacent opposite ends of the sensor electrode and the 
?oating shield extends in the slots to electrically shield the 
sensor electrode. Alignment projections are situated on a 
bottom surface of the modulator base for aligning and 
retaining the modulator assembly in the electrostatic volt 
meter. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] Other objects and advantages of the present inven 
tion Will become apparent from the folloWing detailed 
description of preferred embodiments thereof taken in con 
junction With the accompanying draWings, Wherein: 

[0019] FIG. 1 is a schematic illustration of an exemplary 
electrophotographic apparatus With a photoreceptor belt and 
an electrostatic voltmeter in accordance With the present 
invention; 

[0020] FIG. 2 is an exploded perspective vieW of an 
application speci?c integrated circuit electrostatic voltmeter 
assembly With a modulator assembly according to a pre 
ferred embodiment of the present invention; 

[0021] FIG. 3 is an enlarged perspective vieW of the 
modulator assembly in FIG. 2 With a single balanced beam 
vibratory element according to a preferred embodiment of 
the present invention; 

[0022] FIG. 4 is a full cross-sectional vieW of the modu 
lator assembly taken along section line 4-4 in FIG. 3; 

[0023] FIG. 5 is a perspective vieW of the inner surface of 
a cover of the electrostatic voltmeter assembly of FIG. 2 
shoWing an air purge path; 

[0024] FIG. 6 is an enlarged perspective top vieW of a 
modulator assembly base according to a preferred embodi 
ment of the present invention; 

[0025] FIG. 7 is an enlarged perspective vieW of the 
bottom of the modulator assembly base depicted in FIG. 6; 

[0026] FIG. 8 is an enlarged perspective vieW of the front 
of the modulator assembly base shoWn in FIG. 6; 

[0027] FIG. 9 is an enlarged perspective vieW of the rear 
of the modulator assembly base of FIG. 6; 

[0028] FIG. 10 is another enlarged perspective vieW of the 
front of the modulator assembly base illustrated in FIG. 6; 

[0029] FIG. 11 is an enlarged perspective vieW of a 
portion of the bottom of a printed Wire board assembly of the 
application speci?c integrated circuit electrostatic voltmeter 
assembly shoWn in FIG. 2 With a modulator assembly 
according to a preferred embodiment of the present inven 
tion; 

[0030] FIG. 12 is an enlarged perspective vieW of a 
portion of the bottom of a base of the application speci?c 
integrated circuit electrostatic voltmeter assembly of FIG. 2 
With a modulator assembly according to a preferred embodi 
ment of the present invention; 

[0031] FIG. 13 is another enlarged perspective vieW of the 
top of the modulator assembly base depicted in FIG. 6 With 
a magnet and ferrite core of a magnetic driver according to 
a preferred embodiment of the present invention; 

[0032] FIG. 14 is another enlarged perspective vieW of the 
top of the modulator assembly base depicted in FIG. 6 With 
a mounting frame for mounting the modulator assembly in 
a electrophotographic apparatus according to a preferred 
embodiment of the present invention; 

[0033] FIG. 15 is another enlarged perspective vieW of the 
bottom of the modulator assembly base depicted in FIG. 6 
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With connecting strips for electrically connecting the modu 
lator assembly With a printed Wire board assembly; and 

[0034] FIG. 16 is another enlarged perspective vieW of the 
top of the modulator assembly base depicted in FIG. 6 
vieWed from a different orientation. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0035] FIG. 1 discloses a simpli?ed schematic of a one 
color electrophotographic system 10. In this, a photoreceptor 
12 is shoWn as a continuous belt having a photoconductive 
exterior surface 14. Although the example in FIG. 1 shoWs 
a photoreceptor belt, other embodiments of the photorecep 
tor 12 may be used, such as a drum having an exterior 
photoconductive surface. The photoreceptor 12 is driven by 
a motor 18 in the direction indicated by arroW 16 so that the 
photoconductive surface 14 passes through various process 
ing stations during a continuous loop imaging process. 

[0036] A photoreceptor charging station 30 is shoWn in a 
position adjacent to the photoconductive surface 14 of the 
photoreceptor 12. A high voltage electrostatic charge is 
applied to the photoreceptor 12 by a poWer supply 32 and a 
corona generating device 34. An image formation or expo 
sure station 40 is provided doWnstream of the corona device 
34 and is operable to create a latent image on the photore 
ceptor surface 14. An original document 44 is placed on a 
transparent platen 46. One or more light sources 42 ?ash 
light onto the original document 44, Which is re?ected 
through a lens 48 onto the photoreceptor surface 14. Where 
light is intensely re?ected from the original copy ?eld areas, 
onto the photoreceptor surface 14, the charge on the pho 
toreceptor is dissipated leaving only a charge on the photo 
receptor surface 14 corresponding to a latent image of the 
original document 44. Alternatively, a laser raster output 
scanner may be used or light emitting diode devices can be 
used to create an image from an electronic input stream. 

[0037] An image development station 50 is provided 
doWnstream of the image formation station 40 for develop 
ing the latent image formed on the photoreceptor surface 14 
by depositing charged toner particles on the latent image. An 
image transfer station 60 is provided for the toner latent 
image to be transferred from the photoreceptor surface 14 to 
a plain paper copy sheet 62, Which is fed by apparatus 64. 
The transfer station 60 has a corona generating device 66 for 
spraying ions onto the back of a sheet of paper to attract the 
toner image from the photoreceptor surface 14. An image 
?xing or fusing station 70 is provided and a sheet With a 
toner image is separated from the photoreceptor 12 and 
moved by rollers 69 in the direction of the arroW 68 to a 
fusing station 70 Where a fuser assembly (not shoWn) heats, 
fuses and permanently af?xes a toner image to a copy sheet 
forming a permanent, archival copy of the original docu 
ment 44. The completed copy is then deposited in a tray 74. 
A restoring or cleaning station 80 is provided for cleaning 
the surface of the photoreceptor 12, With a brush 82, or the 
like. The cleaning station 80 removes residual toner par 
ticles, and a light (not shoWn) is emitted onto the photore 
ceptor 12 to dissipate any residual electrostatic charge. 

[0038] During the photoelectrostatic imaging process, a 
small test image is laid doWn on the photoreceptor belt 12 
intermittent betWeen full page latent images of original 
documents so that the electrostatic ?eld on the photoreceptor 

Aug. 1, 2002 

belt may be monitored and modulated by an electrostatic 
voltmeter modulator assembly 100 positioned doWnstream 
of the image formation station 40 as shoWn in FIG. 1. 

[0039] FIGS. 2 and 3 disclose exploded vieWs of an 
application speci?c integrated circuit electrostatic voltmeter 
assembly 100 and a modulator assembly 200 according to a 
preferred embodiment of the present invention. Referring to 
FIG. 2, the electrostatic voltmeter assembly 100 includes a 
cover 102, formed from a suitable material such as a plastic, 
a printed Wire board assembly (hereinafter simply “board 
assembly”) 104, and an insulating layer 106. The insulating 
layer 106 electrically isolates the board assembly 104 from 
a base 108, composed of a high strength, rigid material, such 
as sheet steel. Fasteners 110(a-c) extend through holes 
112(a-c) in the cover 102 to attach With receptacles 114(a-b) 
at the base 108 for holding together the various sections of 
the electrostatic voltmeter assembly 100. The cover 102 has 
an anti-static member 116, Which advantageously is located 
behind an aperture plate 202 of the modulator assembly 200. 
See also FIG. 5 Which shoWs the inner surface of the cover 
102 With an air purge path indicated by arroWs 300 as 
discussed further beloW. 

[0040] As shoWn in FIG. 2, the modulator assembly 200 
is located on the board assembly 104. A paper board 
insulator 118 covers the top of the modulator assembly 200. 
Various electronic components 120(a-h), shoWn schemati 
cally in FIG. 2, are also located on the board assembly 104. 
One or more heat sinking members 122 are provided if it is 
necessary or desirable to dissipate heat aWay from the 
electronic components 120. An air seal 124, preferably of 
anti-static plastic foam, is located on the board assembly 104 
to seal a gap betWeen the board assembly 104 and an air 
baf?e 126. The air baf?e 126 projects doWnWardly from an 
inner surface of the cover 102 (note FIG. 5). See also FIG. 
11, discussed beloW, shoWing the bottom of the board 
assembly 104 With the modulator assembly 200 and the front 
plate 202. 

[0041] Heat sinking gaskets 128(a-b) are provided on the 
insulating layer 106 as necessary or desirable to dissipate 
heat aWay from the board assembly 104. The base 108 has 
a cylindrical projection 130 for cooperation With a fastener 
134, Which extends through a hole 132 in the insulating layer 
106. The projection 130 and the fastener 134 support the 
modulator assembly 200 on the base 108. An anti-static 
member 136, corresponding to the anti-static member 116 
on the cover 102, is provided on the base 108 so as to be 
located behind the front plate 202 of the modulator assembly 
200. The anti-static members 116 and 136 are composed of 
a suitable anti-static plastic material. Note FIG. 12, Which 
shoWs the bottom of the base 108 With the modulator 
assembly 200. FIG. 12 is discussed in more detail beloW. 

[0042] An air purge exit 138 is provided through a vertical 
Wall of the base 108 for permitting air used to purge the 
modulator assembly 200 to exit as described in further detail 
beloW (note also FIG. 12). An alignment slot 140 is pro 
vided in the vertical Wall of the base 108 for positioning and 
aligning the modulator assembly 200 such that the modu 
lator assembly 200 is accurately oriented With respect to the 
photoreceptor surface 14. Fasteners 142(a-b) attach the rear 
of the modulator assembly 200 to the vertical portion of the 
base 108. A mounting frame 144 is provided in the electro 
photographic system 10 for mounting the electrostatic volt 












