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The present invention relates to a photomultiplier tube
circuit enabling a photomultiplier tube to supply a sub-
stantially linear output current, both as a function of the
amplitude and the frequency of the input signal in D.C.
and in A.C. operation.

Photomulitiplier tubes, also known as electronmulti-
plier phototubes, have been widely used in recent years,
more particularly in nuclear physics. As is now well
known in the art, such apparatus comprise an anode
and a cathode between which are arranged a plurality
of secondary emissive electrodes called dynodes, as will
be more specifically detailed hereinafter, and are conven-
tionally energized by means of a single high-voltage sta-
bilized power source and a potentiometer bridge con-
sisting of resistors having equal or unequal resistance
values, the terminals of said bridge being respectively con-
nected to the terminals of said source, and to the cathode
and the anode, while the dynodes are respectively con-
nected to the connecting points of the successive resistors
of said bridge. For the sake of clarity of the specifica-
tion, the currents carried by the electrodes are herein-
after referred to as i, for the anode, ix for the cathode,
and i, iy . . . iy_1, Iy for the respective dynodes, and
the load currents carried by the resistors in the bridge are
hereinafter referred to as I, Iy, . . . Iy_;, Iy, respec-
tively. See FIGURE 1.

Such a conventional photomultiplier tube circuit has
however the serious drawback of not providing a linear
amplification of the anodic pulse amplitude, as shown for
the first time by J. F. Raffle, E. J. Robbins (“Proc. Phys.
Soc.” 1952, B635, No. 5, 320-4). Up to the present fime,
the cause of this objectionable non-linearity phenomenon
was ascribed to small space charges produced by the
pulses in the vicinity of the dynodes, or to the effects of
the dynode currents which give rise to dynode potential
variations.

A pulse amplification, if achieved non-linearily by a
conventional photomultiplier tube, results, in particular,
in a distortion of the pulse height and in a broadening of

the radiation lines, when the intensity of the incident ¢

radiations increases. Thus, when the input signal is
formed of pulses of radioactive origin the gain distortion
is a function of the radiation energy and of the activity
of the source, even if the high-voltage source is perfectly
stabilized.

To obviate these drawbacks, it has already been pro-
posed to fix the potential of the last dynodes in order to
reduce the effects of the dynode currents, or to provide,
to the same end, an individual regulation of the inter-
dynode voltages by means of junction diodes or neon
tubes, but in all such cases the resulting circuit arrange-
ments are complicated, while the gain obtained therein
is not perfectly constant, and such circuits are not adapted
for high ancdic currents or for very short signals.

it has now first of all been clearly shown that, the prob-
lem of the amplification linearity was actually connected
with the respective effects of the dynode currents and of
the space charge. The first of the said effects occurs
whatever the amplitude and the frequency components
of the cathode current. The space charge phenomenon
takes place only for comparatively high anode currents
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and does not appear during the usual amplitude measure-
ments. The general operation of a photomultiplier tube
is thus essentially affected by the dynode currents.

In the case of a D.C. power supply, it has been es-
tablished by calculating theoretically the above mentioned
load currents, I, Iy, . . . Iy, Iyy1, on a conventional photo-
multiplier circuit that said currents were different from
the rest current I, on account of the superposition of the
dynode currents.

The bridge therefore does not operate any more as a
simple potentiometer. It follows that the gains of the
stages are in operation different from the gains at rest,
resulting in an amplitude distortion of the anode current,
i.e., of the overall gain of the photomultiplier tube. It
has also been shown experimentally that in the conven-
tional circuit arrangement, the photomultiplier tube does
not constitute a linear current amplifier, even for weak
currents, due to the sole effect of the dynode currents.
The overall distortion as a function of the amplitude of
the anode current may reach 40% of the total gain when
the anodic current intensity i, is close to the rest current
L.
The near perfect stabilization of the high-voltage D.C.
source is thus inadequate to assure the gain linearity of
the photomultiplier tube in operation, and the dynode
current effects must therefore necessarily be attended to.
It has moreover been found that the first stage of the
photomultiplier circuit displayed substantial overvoltages
resulting in a return bombardment from the jons and,
consequently, in an increase of the background noise of
the photomultiplier tube and even in possible breakdowns.
Finally, it is in the anodic stage that the highest voltage
drop takes place in operation, the said stage also indirect-
ly contributing to the increase of the photomultiplier
gain.

When the photomultiplier tube amplifies A.C. currents,
it is usual to insert, particularly in the last stages, by-pass
capacitors of equal or unequal capacity values adapted
to partly integrate the potential variations due to the
dynode currents. The total supply current of a given
stage n is the sum of the current Iy,y and of the dynode
currents which follow it. The insertion in the last stages
of such by-pass capacitors does not improve at all the
average distortion of the overall gain for the D.C. com-
ponent, since said component passes only through the
supply resistors Ry . . . Ry, causing a constant modi-
fication of the stage gains. The A.C. components, al-
though limited by the capacitors, also pass through said
resistors, thus producing gain variations which are the
more rapid as the time constant RC is smaller.

When a circnit arrangement is used comprising a single
high-voltage source, it is therefore desirable to reduce the
amplitude of the resistive components by selecting RC
circuits such that the time constants thereof are identical
and the largest possible, The average distortion will
however still subsist, at the same time as the slowest gain
variations.

Thus, for the random frequency and amplitude pulses,
the gain variations change as a function of the amplitude
and of the count rate and result in an absence of linear-
ity (shift and broadening of radiation lines), even if the
high-voltage source is perfectly stabilized.

Considering therefore that in spite of the known im-
provements, the conventional photomultiplier tube cir-
cuits including a single high-voltage source present a
serious absence of linearity of the output current, the main
object of the present invention is to provide a circuit
adapted to achieve a substantial linearity of the cathode
current amplification independently from the cathode cur-
rent or pulse amplitude, from the counting rate thereof
and from the frequencies composing the cathode signal.
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This and other objects will be apparent from the fol-
lowing specification.

According to the invention, the circuit of a photo-
multiplier tube, the various successive stages of which
include an anode electrode, a cathode electrode and N
dynodes fed through a resistor bridge network, comprises
two stabilized high-voltage sources, and, connected in
series, the first of said sources feeding the cathode and a
first group of N—g dynodes as counted from the cathode,
g being an integer smaller than N, and the second source
feeding the last dynode of the said first group, the groups
of the remaining g dynodes and the anode, the output
being at the dynode common to both high voltages and
including a RC-circuit comprising a resistor and a capaci-
tor, both of which are adjustable.

The photomultiplier tube circuit should also include,
as above-mentioned, by-pass capacitors connected in paral-
lel across the feed resistors in the bridge. At the dynode
output and for the A.C. amplification, the time constants
of the RC circuits of the general supply circuit and at the
output of the common dynode should be identical.

It has been found that for suitably selected values of
the load resistance and of the capacitance of the resistor
and capacitor, respectively, at the output of the dynode
common to both sources, the potential of the high-volt-
age sources is constant under load. For convenience and
safety, it is preferable but not indispensible to ground the
base common to both said high voltage sources.

The RC circuit of the common dynode (N—g rank)
functions both as a regulating circuit and as a load cir-
cuit. The resistance value of the load resistor at the out-
put of the common dynode provides the D.C. regulation,
while the associated capacitor intervenes in the case of
A.C. or pulse operation, The value of the said load re-
sistance may be determined, as will be seen below, by
means:

Of the feeding resistance for the output regulator stage;

Of the order of the dynode selected for the output (i.e.,
of number ¢q); ‘

Of the average stage gain at rest of the photomultiplier
tube, such gain being designated by a.

The capacitance value of the capacitor cooperating with
said resistance is determined by the time-constant equa-
tion, after calculating the load resistance and once the
capacitance C of each stage of the supply bridge has
been measured.

According to an alternative embodiment of the inven-
tion, more particularly desirable for rapid spectometric
measurements, the cathode and all the dynodes of the
photomultiplier tube are fed by the first high-voltage
source, while the second high-voltage source feeds only
the last dynode before the anode and the anode itself at
which the output is taken.

The invention will be best understood from the follow-
ing description and appended drawings, wherein:

FIGURE 1 illustrates a conventional photomultiplier
circuit;

FIGURE 2 is a diagrammatic circuit arrangement of
a photomultiplier tube according to the present invention,
incorporating two high-voltage sources and the output
being at the dynode common to both sources.

FIGURE 3 is a graph showing the variation of the load
resistance R4 on the dynode output in the circuit illus-
trated in FIGURE 2.

FIGURE 4 is a graph showing the output distortion
AG4/Gyq as a function of the ratio « of the amplitude of
the anodic current to the rest current I, and of the
number g of independently fed dynodes.

FIGURE 5 illustrates an alternative embodiment of
the circuit according to the invention.

Referring to FIGURE 1, a conventional photomulti-
plier tube circuit comprises a photomultiplier tube having
an anode A, N dynodes Dy, Dy . . . Dy and a cathode
K, cathode K, anode A and the dynodes are energized
by voltage produced by a high-voltage source HT, which
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is uniformly or non-uniformly distributed between the
various stages of the tube through resistors Ry, Ry . . .
Ry,1 forming a bridge.

By-pass capacitors Cyy1, Cx . . . Cp, Cy may be con-
nected in parallel with resistors Ry.1, Ry . . . Ry, Ry
respectively to form R-C circuits, as shown in solid lines
in the last circuit stages and in dotted lines in the first
stages, and a capacitor C, cooperates similarly with a
resistance R, connected on the feeding line of anode A.
All the mentioned above capacitors are such that their
capacitance values are not smaller than those of the
residual capacitances in the circuit arrangement. The
anode current is indicated by i, and the currents carried
by the dynodes Dy, D1 . . . Dy, Dy by ix_y, iz, i1, TE-
spectively, the cathode current being designated by ig.
Finally, the load currents carried by resistances Ryyi
. .. Ry are indicated, respectively, by Inyq . . . I; and
the load current produced by the high-voltage source HT,
by I.

The photomultiplier circuit illustrated in FIGURE 2 also
comprises a photomultiplier having an anode A, a cathode
K and N dynodes designated by Dy . . . Dy, respectively,
a feeding resistor bridge network comprising resistors
Ry, Ry . . . Ryy; which may have equal or different re-
sistance values, as well as capacitors Cy, Ca . . . Cyy1
shunted across said resistors, whilst the anode may also
comprise a RaCu-circuit. According to the invention,
a first source (not showan) of stabilized high voltage
HT,; feeds cathode K and the N—g first dynodes as
counted from the cathode, g being an integer lower than
N, and one terminal thereof is therefore connected to
cathode K while the other is connected to the connection
point of the feeding lead of dynode Dy_q with the said
resistor bridge, said connection point possibly may be
grounded, and a second source (also not shown) of
stabilized high voltage HT, feeds dynode Dy_g, the
remaining ¢ dynodes and anode A, one of the terminals
thereof being therefore connected to said connecting
point while the other is connected to anode A, the said
two sources being in series. The outlet is taken on the
dynode Dy_q common to both said sources and includes
an R-C circuit comprising an adjustable resistor Rq and
an adjustable capacitor Cg.

It has been established that the necessary condition
for achieving a substantially linear regulation of the
output of the tube in the case of a D.C. feed is given by
relation (1) hereafter between the valies of resistance
Ry, the supply resistance R of stage (N—q), the number
g (or the number N—g, which the order of the selected
dynode common to both feeding sources) and &, which
is the average stage gain at rest, of the photomultiplier
tube:

Rey__ 1 [, & 1
R s(—1)L 8—I1N—q

(1)

It should be stressed that the value R of the feed-
ing resistance of stage N—gq is not necessarily equal equal
to the resistance values of the other resistors forming
the bridge.

In FIGURE 3, there is shown the network of curves
showing in ordinates the values of ratio Rd/R plotted
against the values of n—gq in abscissae, according to vari-
ous values of 6. Use may be made of the nomogram
in FIGURE 3 to determine with a good approximation
the value of resistance Rq. In the case of detection of
scintillations from a radioactive source, requiring a very
sharp adjustment, the intensity of the radioactive source
may be varied, for instance by removing the same at a
distance. In order for the adjustment to be satisfactory,
it is necessary that the amplitudes of the photoelectric
peaks do not vary during the movement of the source.

The regulation may be readily extended to the case of
an A.C. or variable signal by defining the equality of the
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time constants of the various stages by means of relation
(2) hereafter:

R1C1=R2C2= o« e . =RN_qCN_q=RdCd (2)

Therefore, the value of capacitor Cyq may be obtained,
after measurement of the capacitances of the successive
stages of the supply bridge by means of above relation
(2). In the case of scintillations from radioactive
sources, the fine adjustment of Cy4 may be effected by
varying the pulse amplitude in a broad range by means
of radioactive sources having widely different radiating
energies. For the adjustment to be satisfactory, it is
necessary that the photoelectric peak amplitudes be pro-
portional to the energies transmitted by said sources.

Under these conditions, the instantaneous current regu-
lation achieved by the circuit according to the invention
holds true for each frequency component and may be
effected for the nonperiodic current and for pulse op-
eration, this feature being a highly desirable fundamental
property of the photomultiplier circuit according to the
invention.

The control thus achieved of the output current is
worthy by its simplicity and by its near perfect linearity,
in the case of both D.C. and A.C. input signal, inde-
pendently of amplitude and frequency. With the photo-
multiplier circuit as illustrated in FIGURE 2, it is pos-
sible to effect time measurements (nonlinear) at the
anode and energy measurements (linear) at the dynode
output.

The graph of FIGURE 4 may be used to calculate
the regulation provided by the photomultiplier as shown
in FIGURE 2, in said graph, the number N—g has been
plotted on the abscissae (order of the dynode selected
for the output) and on the ordinates the following ex-
pression:

6(2q+2)/a2.AGd/Gd

wherein g is number of the dynodes fed by the second
source,

AG4/Gyq is the distortion

8 is the average gain at rest

« is the approximate ratio of the amplitude of the anodic
current to that of the rest current I, ie., more ex-
actly:

a=G.ik/ IO

with

ix: cathode current intensity

G: gain of the photomultiplier at rest.

By means of the nomogram in FIGURE 4, it is pos-
sible to determine the value of g after having selected
AG4/Gy and o, for a predetermined value of the total
number N of the dynodes and of the stage gain .

The practical utilization limit of the circuit illustrated
in FIGURE 2 is provided by the value of a=1, which
may thus be taken as a basis for calculating the regula-
tion, the accuracy achieved being highly sufficient in the
range of low energies (0 to 20 m.e.v. approximately).

However, the time constant RqC4q may not have any
desired value, since it is limited by the known condition:

RiCa.wmax. =1 (3 )

Wherein wy,,. is the maximum angular frequency of the
output signal. If the previous equality (2) is met, the
time constants are equal and relation (3) becomes:

RC.0max. =1 3"

To have a linear response in frequency, the RC time
constant must be matched to the maximum frequency
of the input signal. The rapidity of response of the
photomultiplier is thus essentially connected to its method
of supply.

Under usual circumstances, the value of RC is of
the order of one microsecond. The circuit illustrated in
FIGURE 2 is therefore limited to the use in conven-
tion spectrometry. This circuit is extremely simple, con-
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sidering that a single capacitance Cy has been inserted
therein.

If it is desired to increase the response speed of the
photomultiplier, and reduce consequently the time con-
stant of the system, the resistances R may be reduced,
thus increasing the rest current I, and consequently the
amplitude of the output current. With the usual stage
gains (8=4) and with Rqy/R==0.1, it is possible to reach
RC values of the order of 10-8%, suitable for organic
scintillators. In this case high voltage pulses should be
used. The drawback lies in that the amplitude of the
dynode output current is very much lower than that of
the anodic current. In fast operating electronics, it is
necessary to have a high current, without amplification
subsequent to the photomultiplier, which therefore com-
mands the provision of the anode output.

FIGURE 5 of the drawings shows an alternative em-
bodiment of the circuit according to the invention, in-
corporating such an anodic output. In this case, q is
zero, there is no dynodic circuit Ryg—Cg4, which would
introduce a strong distortion in the dynode and in the
anode, voltage HT; from the first source feeds cathode
K and all the dynodes D; . . . Dy, whereas voltage HT,
from -the second source feeds only dynode Dy and the
anode.

Such a circuit provides, in D.C. operation, a satis-
factory linearity with a conventional photomultiplier.
This holds also true in A.C. operation if the time con-
stants of the bridge network are all equal, a high com-
mon time constant being desirably selected (for instance
about 100 microseconds). For fast measurements, the
higher amplitude components are those of higher fre-
quency: they are therefore limited by the capacitances
of the bridge (for instance 1000 pf.). However, modern
photomultipliers may provide an anodic current which
is substantially higher than the bridge current I,. For
a very high scaling ratio, for instance, it then becomes
necessary to increase I,. Therefore, high-voltage pulses
will advantageously be used, which, in this case, are cur-
rent pulses, the supply voltages being conventional. In
this latter case, the time constants of the bridge should
obviously be all equal, but in order to maintain the
steep leading edge of the supply pulses, very short time
constants should be selected (for instance 10—? seconds).
By means of the photomultiplier circuit illustrated in
FIGURE 5, high-linearity spectrometric measurements
may be carried out in the nanosecond range.

A photomultiplier tube has been tested, connected in
a dynode-output circuit according to the invention, hav-
ing the following particulars:

Type 53 AVP Photomultiplier manufactured by “Radio-
technique,” Paris, France

R=100 kilo-ohms

C==30 pf.

Ry=7.5 kilo-ohms

C;=400 pf.

o=4

The scaling ratio of the v rays emitted by a sample of
cobalt-60 was caused to vary from 250 to 11,000 Hz.,
and a good agreement of the corresponding energy
spectra was obtained.

The invention therefore provides a solution to the
problem of linearity of the photomultiplier tubes, both
in amplitude and in frequency, over the whole passband
of the presently known apparatus, even the speediest.

It is to be understood that the invention is in no way
limited to the circuit arrangements specifically described
hereinabove by way of example, since various modifica-
tions and variations pertaining to the electronics field,
may be brought thereto without departing from the spirit
and scope of the following claims.

What I claim is:

1. A photomultiplier tube circnit comprising a photo-
multiplier tube having an anode, a cathode, and a number
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N of dynodes arranged in succession between said cathode
and said anode, first and second stabilized high-voltage
sources each having two terminals, one terminal of said
first source being connected to one terminal of said second
source for series grouping of said sources, said recipro-
cally connected terminals of said sources being further
connected through a parallel resistor and capacitor which
comprise a regulation and output circuit to the dynode of
order (N—q) as counted from said cathode, ¢ being an
integer smaller than N which may be zero, the other
terminal of said first source being connected to said cath-
ode and the other terminal of said second source being
connected to said anode, and a resistor bridge comprising
one resistor connected between said cathode and the
dynode adjacent to said cathode, a plurality of further
resistors, each two successive dynodes being connected
by one of the resistors in said plurality of further re-
sistors, and one resistor connected between said anode
and the dynode adjacent to said anode when ¢ is dif-
ferent from zero.

2. A circuit as claimed in claim 1, wherein the said
first and second high-voltage sources each have a con-
stant potential under load currents varying from zero
to maximum.

3. A circujt as claimed in claim 1, wherein said re-
ciprocally connected terminals of said high potential
sources are grounded.

4. A photomultiplier tube circuit comprising a photo-
multiplier tube having an anode, a cathode, and a num-
ber N of dynodes arranged in succession between said
cathode and said anode, a first and a second stabilized
high-voltage source each having two terminals, one ter-
minal of said first source being connected to one terminal
of said second source for series grouping of said sources,
said reciprocally connected terminals of said sources be-
ing further connected to the dynode of order (N—gq) as
counted from said cathode, g being an integer smaller
than N which may be zero, the other terminal of said
first source being connected to said cathode and the
other terminal of said second source being connected
to said anode, a chain of (N--1) fixed resistances form-
ing a bridge network of said cathode, each of said N
dynodes and said anode, respectively, an anode resistance
connected between said anode and said bridge to form
a non-linear anode circuit, and an output and regulation
circuit connected to said dynode of order (N—g), said
output and regulation circuit including an adjustable re-
sistance in series between said dynode of order (N—gq)
and said bridge.

5. A photomultiplier tube circuit comprising a photo-
multiplier tube having an anode, a cathode, and 2 num-
ber N of dynodes arranged in succession between said
cathode and said anode, a first and a second stabilized
high-voltage source each having two terminals, one ter-
minal of said first source being connected to one ter-
minal of said second source for series grouping of said
sources, said reciprocally connected terminals of said
sources being further connected to the dynode of order
(N—q) as counted from said cathode, g being an integer
smaller than N which may be zero, the other terminal
of said first source being connected to said cathode and
the other terminal of said second source being con-
nected to said anode, a chain of (N-4-1) fixed resistances
forming a bridge network with said cathode, each of
said N dynodes and said anode, respectively, each re-
sistor in said chain having a capacitor connected in
parallel therewith, each pair of said resistors and ca-
pacitors thereby forming an R-C circuit, an anode re-
sistance connected between said anode and said bridge
and a capacitance shunted across said anode resistance
to form an anode R-C circuit, and an output and regulator
circuit connected to said dynode of order (N—g), said
output circuit including an adjustable resistance in series
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between said dynode of order (N—g) and said bridge,
and an adjustable capacitance in parallel with said ad-
justable resistance to form a dynode R-C output and
regulator circuit.

6. A photomultiplier circuit as claimed in claim 5, in
which said R-C circuits in said chain of resistors, said
ancde R-C circuit and said dynode R-C circuit all have
the same time constant.

7. A photomultiplier tube circuit comprising a photo-
multiplier tube having an anode, a cathode, and a
number N of dynodes arranged in succession between said
cathode and said anode, a first and a second stabilized
high-voltage source each having two terminals, one ter-
minal of said first source being connected to one ter-
minal of said second source for series grouping of said
sources, said reciprocally connected terminals of said
sources being further connected to the dynode adjacent
to said anode, the other terminal of said first source being
connected to said cathode and the other terminal of said
second source being connected to said anode, and a re-
sistor bridge comprising one resistor connected between
said cathode and the dynode adjacent to said cathode,
a plurality of further resistors, each two successive dy-
nodes being connected by one of the resistors in said
plurality of further resistors, and an output circuit con-
nected to said anode and including a resistor.

8. A photomultiplier tube circuit comprising a photo-
multiplier tube having an anode, a cathode, and a num-
ber N of dynodes arranged in succession between said
cathode and said ancde, a first and a second stabilized
high-voltage source each having two terminals, one ter-
minal of said first source being connected to one terminal
of said second source for series grouping of said sources,
said reciprocally connected terminals of said sources be-
ing further connected to the dynode adjacent to said
anode, the other terminal of said first source being con-
nected to said cathode and the other terminal of said
second source being connected to said anode, and a re-
sistor bridge comprising one resistor connected between
said cathode and the dynode adjacent to said cathode, a
plurality of further resistors, each two successive dynodes
being connected by one of the resistors in said plurality
of farther resistors; each resistor in said bridge having a
capacitor connected in parallel therewith, each pair of
said resistors and capacitors thereby forming an R-C
circuit, and an output circuit connected to said anode and
including a resistor and a capacitor connected in parallel
therewith to form an anode R-C circuit.

9. A photomultiplier circuit as claimed in claim 8, in
which the said R-C circuits in said bridge all have the
same time constant and said anode R-C circuit has a
time-constant different from said time constant of said
R-C circuits in said bridge.

10. The photomultiplier circuit as claimed in claim 5,
wherein said first and second stabilized high voltage
sources comprise pulsating current sources.
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UNITED STATES PATENT OFFICE
CERTIFICATE OF CORRECTION

Patent No. 3,320,425 May 16, 1967

Paul Joseph Moatti

It is hereby certified that error appears in the above numbered pat-
ent requiring correction and that the said Letters Patent should read as

corrected below.

In the heading to the printed specification, lines 4 and
5, "Etablissement Public: Centre de la Recherche Scientifique”

should read -- Etablissement Public: Centre National de la
Recherche Scientifique --. Column 3, line 47, "spectometric"
should read -- spectrometric --. Column 4, line 14,

"in.1, 12, il,” should read -- iN’ iN-l"‘ i, i1, -3 line
49, after "which" insert -- 1s --; line 58, cancel '"equal',
second occurrence; line 62, "Rd/R" should read -- Rd/R --
line 63, '"n-q" should read -- N-q --. Column 5, line 36, the

equation should appear as shown below

5(2 g+ 2) AGq

02 Gd
line 57, '"m.e.v." should read -- M E V --. Column 6, lines 34,
54 and 56, '"pf.'", each occurrence, should read -- picofarad --.
Column 7, line 42, "of'", first occurrence, should read -- with

--. Column 8, line 54, the claim reference numeral 5" should

read -- 8§ --.
S.gned and sealed this 9th day of September 1969.

(SEAL)
Attest:

EDWARD M.FLETCHER,JR. WILLIAM E. SCHUYLER, JR.
Attesting Officer Commissioner of Patents



