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1 
TONER CONCENTRATION AND ‘AUTO BIAS 

CONTROL APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field Of The Invention 
This invention relates to electrographic development 

apparatus, and more particularly, to toner concentra 
tion and auto bias apparatus for maintaining the rela 
tive concentration of toner in a mixture of toner and 
carrier components at a level wherein copies of uni 
formly good density are consistently producable. 

2. Description Of The Prior Art 
In electrographic apparatus, an electrostatic image, 

formed on the surface of a drum or web, is developed 
by application of finely divided toner particles thereon 
to form a toner image. In certain electrogrphic appara 
tus, toner images are formed from'electrostatic images 
by brushing a developer mixture of'ferromagnetic car 
rier particles and much smaller toner particles (typi 
cally suitably pigmented or dyed resin-based particles) 
across the electrostatic images. The contact of the fer 
romagnetic particles with the toner particles charges 
the toner particles by triboelectrification to a polarity 
needed so that the toner particles are attracted to the 
electrostatic images for toning. In this process, toner 
particles are depleted from the developer mixture, re 
quiring subsequent replenishment to avoid a gradual 
reduction in density of the toner images. Toner replen 
ishment is accomplished by several different types of 
apparatus. In one type, a given amount of toner is 
added to the mixture after a given number of copies is 
made. This approach is acceptable providing the 
amount of toner used for each copy is reasonably pre 
dictable. In apparatus which do not tone broad, solid 
areas, however, such as many magnetic brush develop 
ing cascade toning apparatus the amount of toner used 
in any vcopy of group of copies can vary substantially. 
For this reason, toner concentration monitors have 
been designed which automatically add toner accord 
ing to the results of a monitoring process; see for exam 
ple U.S. Pat. No's 2,956,487 to Giamo; 3,094,049 to 
Snelling; 3,227,549 to Ullrich; 3,233,781 to Grubbs; 
3,399,652 to Gauron; and 3,409,901 to- Dost et al. 
Certain toner concentration monitors examine the 

quality of a toner image before adding toner. These ap 
paratus suffer from the disadvantage that toner is not 
added until only after copy quality is degraded. 

In certain optical monitoring apparatus a reduction 
in the relative toner concentration in the mixture below 
a desired level can be detected in the mixture of toner 
and carrier before image degradation. (See for exam 
ple, U.S. Pat. No.’s 3,233,781 to Grubbs and 3,409,901 
to Dost etal). Such optical apparatus have not proven 
entirely satisfactory in operation, especially over ex 
tended periods of time. This may be attributed, at least 
in part, to the lighting source utilized for illuminating 
the developer mixture which may be a luminous energy 
source of relatively low output, unstable intensity and 
short life, and further to the fact that spectral charac 
teristics of light from the source may be closely akin to 
the background light, thereby making background dis 
crimination difficult. Also contributing to the instabil 
ity of such devices is the fact that the photoconductive 
cell used for detecting developer re?ectance may be 
sensitive to temperature and humidity variations of the 
type encountered in normal machine operation, or may 
exhibit an undesirable hysteresis or light history effect. 
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Moreover, when photocells are confronted with the in 
terference of airborne toner particles they often pro 
vide inaccurate readings. In general, optical monitoring 
apparatus require frequent cleaning of components to 
assure freedom from erroneous measurements. 

Another approach is set forth in commonly assigned 
copending U.S. Patent Application Ser. No. 158,174, 
filed July 1, 1971, now Pat. No. 3,674,353, entitled, 
TONER CONCENTRATION CONTROL APPARA 
TUS in the name of William Trachtenberg. This inven 
tion pertains to an open loop toner concentration mon 
itor wherein monitoring is achieved by sensing the‘ 
charge of an image before and after development. The 
monitor produces an analog signal representative of the 
difference beween, before and after image charges. Al 
though such an approach can perform satisfactorily, it 
is difficult in practice to correlate the analog signal in 
terms of toner lost to the development station. 

In another approach to improve toning often referred 
to as “Auto-Bias”, the potential of an electrode in the 
development station is adjusted as a function of the 
charge density of the electrostatic image which is sam 
pled upstream from the development station. Various 
aspects of such approach are described in detail in U.S. 
Pat. No. 2,956,487 and 3,611,982. 

SUMMARY OF THE ‘INVENTION 

An object of the present invention then is to improve 
elcctrographic development by providing an apparatus 
for automatically maintaining the toner concentration 
and provides an auto bias function to produce high 
quality toner images. 
Another object of the invention is to provide an inex 

pensive, yet highly accurate and reliable apparatus for 
automatically controlling the level of toner concentra 
tion in an electrographic developer and adjusting auto 
bias as a function of a single signal. 

In the disclosed apparatus, there is provided means 
for producing a signal which is a function of the charge 
density of electrostatic images passing a predetermined 
position along a path upstream from a development sta 
tion. The apparatus further includes means responsive 
to said signal for causing toner to be added to the mix 
ture to increase the relative concentration of the toner 
component and obtain a desired relative concentra 
tions of mixture components and means responsive to 
said signal for adjusting the potential bias of an elec 
trode in said development station. 

It is a feature of the invention that the same signal is 
utilized to control auto bias and toner concentration 
and thus provide a “noise compensation" function if 
there should be unwanted noise components in such 
signal. 
Other objects of the invention and its various advan 

tages will become apparent from the ensuing detailed 
description of the preferred embodiment shown below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic vertical section of an apparatus 
embodying the invention; and 
> FIGS. 2 and 3 are circuit diagrams partially in sche 
matic and partially in block form which may be utilized 
with the apparatus shown in FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

For a general understanding of an electrographic re 
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producing or copier apparatus wherein the invention 
has particular utility, reference is made to FIG. _1 
wherein various stations of an electrophotographic ap 
paratus are schematically illustrated. As in most elec 
trophotographic copiers, an information medium 13 
such as a document is illuminated by radiation from 
?ash lamps 14. Such radiation is re?ected from the me 
dium and projected by a lens 15 onto a photosensitive 

’ member 116, shown as a web, to selectively dissipate 
change and form an electrostatic image. The web had 
previously been uniformly charged at a charging station 
20. The photosensitive member 16 includes a photo 
conductive layer with a conductive backing. The pho 
toconductive layer may comprise, for instance, a heter 
ogeneous mixture of a bisphenol A-polycarbonate 
binder, a triarylmethane organic photoconductor and 
a pyrylium sensitizing dye. The apparatus 10 further in~ 
eludes a development station 22 at which the electro~ 
static image is contacted with ?nely divided charged 
toner particles that adhere to the photoconductive 
layer in a con?guration de?ned by the electrostatic im 
age; a transfer station 2d» in which toner particles are 
transferred in the image configuration to a receiving 
surface of a copy sheet 216 on which it can be subse 
quently permanently fused; and a cleaning station (not 
shown) in which residual toner is removed from the 
photoconductive layer so that it can be reused. In cer 
tain known modi?cations of this same system, one or 
more of these stations may be eliminated. For a more 
complete description of an electrographic apparatus 
reference may be made to commonly assigned co 
pending patent application Ser. No. 191,304 ?led Sept. 
21, 1971 , now U.S. Pat. No. 3,698,805, entitled CON 
TROL APPARATUS FOR ELECTROPHOTO 
GRAPHIC APPARATUS to Hickey et al. An example 
of an exemplary development station is set forth in U.S. 
Pat. No. 3,543,720 to Drexler. The development sta 
tion 22 shown is as a magnetic brush-type apparatus 
which includes a cylindrical brush member 30 which is 
rotated in a counterclockwise direction as shown by the 
arrow, in a magnetic ?eld produced by magnets (not 
shown). The brush member 30 is effective to transport 
a portion of a mixture 33 of ferromagnetic carrier parti 
cles and toner particles from a developer reservoir 34 
which is a conductive member and acts as an electrode 
across the surface of the web 16 such that toner parti 
cles will contact a portion of and then remain on 
charged image areas on the surface of the web 16. 
Since a mixture having a high concentration toner 
would tend to clog, a continuous control mixing pad 
dle-wheel 35 has been provided to uniformly blend the 
mixture. 
As the relative concentration of toner in the mixture 

decreases, the resulting developed toner images will 
tend to have a lower density and eventually will appear 
washed-out. In order to alleviate this condition, a toner 
concentration monitor has been provided which is 

‘ shown generally at 410 and is coupled to a charge sensor 
(disposed at a predetermined position along the web 
path) such as an electrometer 4-7 which is coupled to 
a source of potential shown for convenience of illustra 
tion as a battery 48. The probe d7 is also coupled to a 
development station potential control apparatus 71 
(also referred to herein as an auto bias system which is 
adapted to control the potential of the development 
reservoir 341 to provide the well known autobias func 
tion described in detail in U.S. Pat. No. 2,956,487. An 
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4 
example of an electrometer suitable for use with the in 
vention would be an induction plate or probe fabri 
cated from a highly conductive material such as copper 
or aluminum, and spaced closely to the web to web to 
receive an induced charge as an electrostatic image 
passes by. The electrometer 47 may-extend over the 
whole width of the area and is adapted to scan the elec 
trostatic image and produce an electrostatic signal 
which is proportional to the charge density of that por 
tion of the electrostatic image passing under the probe 
47. In placing the probe 47, it is necessary to take into 
account the factor that some photoconductive mem‘ 
bers exhibit a sharp reduction in conductivity for a 
short time period, usually less than one second, follow~ 
ing exposure. Thus, it is desirable to displace the elec 
trometer 47 a sufficient distance from the exposure sta 
tion 21 so that the effect of such conductivity reduction 
will have run its course before the undeveloped image 
arrives at the meter 47. The probe 47 is directly cou 
pled to the auto-bias system 711 which will be described 
in connection with FIG. 3. 
The signal produced by the probe 47 is also applied 

to the circuitry 50. The circuitry 50 is effective when 
the toner concentration of the mixture will be reduced 
below a desired level to actuate a solenoid device 52 
which rotates a metering wheel 57 releasing a predeter 
mined increment of toner from a toner container 56. 
Such toner increment, under the in?uence of gravity, 
falls into the reservoir 34 wherein the paddle-wheel 35 
uniformly blends it into the developer mixture 33, 
thereby returning the relative concentrations of toner 
and carrier components to a desired level. One of the 
advantages obtainable with the toner control apparatus 
40 is that any conventional toner replenisher mecha 
nism can be actuated by the aforementioned output sig 
nal, such as for example that disclosed in U.S. Pat. No. 
3,409,901. 
Turning now to FIG. 2, wherein the circuit £50 for ac 

tuating the solenoid 52 is shown in more detail and in~ 
eludes an integrator 60 shown as an operational ampli 
tier with a feedback capacitor 62 coupled between its 
output and non-inverting input terminals, 
The inverting input of the operational amplifier 60 is 

coupled to ground. The output signal produced by the 
ampli?er 60 is applied to a charging circuit comprising 
an adjustable resistor 66 and a charging capacitor 66 
coupled to ground. At the electrical junction of the re— 
sistor 64} and the capacitor 66 there is provided a 
threshold detector circuit 6% which may include a con 
ventional unijunction transistor which ?res when the 
capacitor 66 reaches a predetermined charge level. At 
such time, the threshold circuit 60 will provide a signal 
to the solenoid 52 causing its actuation. 

Brie?y, in operation, the circuit 50 functions as fol 
lows. The charge level of an electrostatic charge den 
sity (viz., field strength) is continuously sampled and 
the output of the operational ampli?er 60 provides a 
signal representative of the cumulative total charge 
level of electrostatic images passing by the probe 67. 
When a predetermined charge level on the capacitor 
66 is reached (which may be changed by adjusting the 
resistance of the resistor 64) the threshold detector cir 
cuit 66 provides a pulse type signal which actuates the 
solenoid 52 causing an increment of toner to fall into 
the mixture 33 to return the relative concentration of 
the toner in the mixture to a desired level. The pulse 
signal also actuates a relay 70 which closes relay 
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contacts 70a for a sufficient time period to dissipate the 
charge on the capacitor 66 and reduce the output po 
tential of the ampli?er 60 to ground level. The relay 70 
is shortly thereafter de-energized and opens contacts 
70a thereby conditioning the circuit 50 to repeat the 
above operation. _ 

A secnd embodiment of the invention is shown in 
P16. 1 wherein a probe 47' (shown in dotted lines) is 
disposed in a predetermined position along the web 
path disposed after the development station 22. Assum 
ing the electrostatic images have a negative potential, 
then toner images corresponding thereto will have posi 
tive potential. Accordingly the probe 47 ' provides a 
similar function as the probe 47 but will provide a sig 
nal to the circuitry 50 which is representative of the 
charge density of deposited toner. The integrator 60 
now provides a signal representative of the total change 
of toner and the threshold detector 68 will be actuated 
when a predetermined amount of toner has been lost to 
the reservoir 34. 
The auto-bias system 71 is shown in FIG. 3 and in 

cludes a preampli?er 72 which receives a signal di 
rectly from the probe 47 and amplifiers same. The pre 
ampli?er 72 also provides an isolation function. A con~ 
ventional delay circuit 74 receives an input from the 
ampli?er 72 and is adapted to delay the outputlsignal 
of the ampli?er 72 for a time-period suf?cient to per 
mit an electrostatic image sampled by the probe 47 to 
advance over the development station for toning. An 
example of such a circuit is set forth in U. S. Pat. No. 
3,61 1,982. The output of the delay circuit 74 is applied 
through an adjustable resistor 75 to a power ampli?er 
76 which adjusts the output signal to a potential level 
suitable for use and applies it to the reservoir or elec~ 
trode 34. 

It will be appreciated by those skilled in the art that 
the subject invention has utility in a number of electro 
graphic reproduction systems, including xeroprinting, 
thermoxerography, and'xerothermography, and in no 
way is dependent upon the physical form of the devel 
oper (viz. liquid or particulate) or the manner in which 
it is applied to the electrostatic image to render it visi 
ble. 
The invention has been described in detail with par 

ticular reference to a preferred embodiment thereof, 
but it will be understood that variations and modi?ca 
tions can be effected within the spirit and scope of the 
invention. 

1 claim: 
1. For use in electrographic apparatus having a mem 

ber charged with a pattern forming an electrostatic im 
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6 
age, developing means for contacting such electrostatic 
images with a mixture of toner and carrier components 
to form toner images corresponding to the electrostatic 
images the development means including an electrode 
the potential applied to which is adjustable for in?u 
encing toning and actuable toner replenishment means 
effective when actuated for adding toner to the mixture 
to compensate‘ for toner depletion resulting from form? 
ing the toner images, an improved toner replenishment 
control apparatus comprising: ' 

a. means for sensing the charge density on electro 
static images prior to toning and for producing a 
signal the magnitude of which is representative of 
the charge density thereof passing a predetermined 
position; 

b. means responsive to said signal for actuating the 
toner replenishment means to cause the addition of 

toner to the mixture; and 
0. means responsive to said signal to adjust the poten 

tial of the electrode. - 

2. ln electrographic apparatus in which a surface car 
rying an electrostatic charge pattern is contacted at a 
development station by a developer mixture of carrier 
particles and electrostatically attractable toner parti 
cles to form a toner image on the surface according to 
the pattern, a toner concentration and auto bias control 
apparatus comprising: 

a. first means for sensing the electric ?eld strength 
associated with an electrostatic charge pattern to 
provide a signal representatative thereof; and 

b. second means responsive to said signal for indicat 
ing'the amount of toner which will be depleted by 
producing a second signal the magnitude of which 
is a function of the amount of toner which will be 
deposited on the surface; 

0. an adjustable potential electrode disposed at the 
development station; and 

d. third means responsive to said signal for adjusting 
the potential applied to said electrode. 

3. The invention as set forth in claim 2 including: 
e. a container for storing toner particles; 
f. actuable means effective when actuated for causing 
toner from said container to be delivered to the 

mixture; and 
g. said second means including integrator means re 
sponsive to said second signal for actuating said ac 
tuable means. 

4. The invention as set forth in claim 3 wherein said 
third means includes a delay circuit. 
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