1 STABI LI ZED ELECTRON MULTI PLI ER ANODE FOR MASS SPECTROVETRY APPLI CATI ONS
Technical field [1] This disclosure relates generally to nmass spectronetry
and specifically to a circuit to provide voltage stabilization for anode
bias in an electron nultiplier. Backgropnd [2] Mass spectronetry is a

wi dely used anal ytical technique that neasures the mass-tocharge ratio of
charged particles froma sanple chem cal conpound. Mass spectronetry has

many appl | ' gl rtl t
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nol ecul es, such as peptides and ojlpercharong conpounds. In the nmass
spectronetry process, chem cal conpounds are ionized to generate charged
mol ecul g% cphicAPh&gguUl € fragments and nmeasuring their mass-to-charge ratios.
[3] In a typical nmass spectronetry system a sanple is |oaded onto the mass
spect r oftler Tandlischaberaebics\grpenally &t mass. spFtteondponsptsfiofllytthe canplte are

I oni zed by .one  of variety,. of hods, spch as exposure to an el ectron
beam wﬁp%ﬂ&?ggﬁgf%aWﬁzgﬁg%PBW%ggﬁﬁﬁIBFHFEﬁg9n @qﬁﬁﬁs are separ at ed
accordieg o their mass-to-charge ratio in an anal yser by el ectromagnetic
fields. af%«?mﬂ“ﬁass spectronmeter includes an ion source, a nmass anal yser
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molecule, and the chemical structures of molecules, such as peptides and other chemical com-
pounds. In the mass spectrometry process, chemical compounds are ionized to generate
charged molecules or molecule fragments and measuring their mass-to-charge ratios.

[03] In atypical mass spectrometry system, a sample is loaded onto the mass spectrometer
and undergoes vaporization. The components of the sample are ionized by one of a variety of
methods, such as exposure to an electron beam, which results in the formation of ions. The ions
are separated according to their mass-to-charge ratio in an analyser by electromagnetic fields.
[04] A mass spectrometer includes an ion source, a mass analyser and an electron detector.
The ion source converts gas phase sample molecules into ions. The mass analyser sorts the ions
by their masses by applying electromagnetic fields. The electron detector measures the value of
an indicator quantity and thus provides data for calculating the abundances of each ion present.
[05] A typical electron detector includes an electron multiplier that is a cylindrical tube hav-
ing a cathode at one end and an anode at the opposite end. The ions are injected at the cathode
and an electrical voltage is applied between the cathode and the anode resulting in the ions be-
ing exciting and colliding with the interior surface of the cylinder to produce electrons. The
collisions create an avalanche of electrons which exit a hole at the opposite end of cylinder and
are collected by the anode. An electrometer is connected to the anode to measure the resulting
current. The amount of electrons produced is measured by electron gain which is a function of
the voltage between the cathode and the emitter nodes. The higher the applied voltage, the
more energetic the electrons from the ions are thereby producing more electrons, and therefore
the more the gain increases.

[06] Conventional electron detectors set the voltage at a fixed value and gain is constant
over time. The user may calibrate the electron gain and determine the current at the anode. It is

desirable to adjust the voltage over a dynamic range to create a larger signal for measurement



[5] Atypical electron detector includes an electron nultiplier that is a
cylindrical tube having a cathode at one end and an anode at the opposite
end. The ions are injected at the cathode and an electrical voltage is
appl i ed between the cathode and the anode resulting in the ions being
exciting and colliding with the interiof surface of the cylinder to produce
el ectrons. The collisions create an aval anche of electrons which exit a
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el ectrometer is connected to the anode to neasure the resulting curr
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sate for distortions from an avalanche voltage for a zener diode used to compensate for voltage



3 distortions. It would be desirable to have a conpensation circuit that is
smal | enough to be included in the vacuum around certain parts of the
electron multiplier. Sunmary [10] Aspects of the present disclosure

i nclude an apparatus for stabilization of electron nultiplier anode bias
under a dynam c voltage input. An electron nmultiplier has a cathode end
receiving an ion flow, an opposite emtter end and an interior surface. The
el ect r oigantibhP i wsulpbedusiedlexo hal €e toapemsufigidirduitanatiipgnsalt endugtitmbe wi-t h
the interior surface. A variable power supply has, a voltage output coupled
to the €Hdgdabtheyacumyatonad eerain Bartssfdhgeleetrtn mpipheon nultiplier. The
vol t age out put changes dynamcally to adjust the el ectron output fromthe
el ect rodumuhampl ier. An anode is located in proxinmty to the electron

mul tipligern. An elec ter ids,coupled.t h no, L i WA t e
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detector for %%gg spectf%netry appl 1 cations;
tiplication is dynamically adjusted in the electron multiplier by changing the voltage. The volt-
age drop between the electron multiplier anode and a common ground of an electrometer is
stabilized via a zener diode. Noise generated by the zener diode is attenuated via a low pass
filter. The emitter voltage is filtered to eliminate changes to the emitter voltage caused by the
dynamic gain controlling voltage input via a bias circuit.
[12]  The foregoing and additional aspects and embodiments of the present invention will be
apparent to those of ordinary skill in the art in view of the detailed description of various em-

bodiments and/or aspects, which is made with reference to the drawings, a brief description of

which is provided next.
Brief description of the drawings

[13] The foregoing and other advantages of the invention will become apparent upon read-

ing the following detailed description and upon reference to the drawings.

[14] FIG. 1 is a view of an electron multiplier used in an ion detector for mass spectrometry

applications;



4 [15] FIG 2 is a circuit diagramof the electrical circuit equival ent
for the electron nultiplier in FIG 1; and [16] FIG 3 is acircuit

di agram of the exanple filter and bias circuit in the electron detector in
FIG 1. [17] Wile the invention is St;iceptible to various nodifications
and alternative fornms, specific enbodi nents have been shown by way of
exanple in the drawings and will be described in detail herein. It should

be unders§joo@iGhpwev@fcuitididicarh BE tHel&@hidaDBirdi16t @ivaldit erdRelelb@rdiembitiplited to
the particul ar fornms disclosed. Rather, the invention is to cover all

nodi fi cat F¥msl; a8ui val ents, and alternatives falling within the spirit and
scope of the invention as defined by the appended clains. Detailed

descri ptli@n FIG8] iskl dycuit diagram of Sesxgmpte fdrer andhias tireuit indhe dletteart datect0

t hat may Eﬁé sed in the electron detector nodul e of a mass spectroneter.
The ion"Yet&ctor 100 has a flat nounti ng board 102 that holds a vacuum feed

t hrough ring 104. The npunting board 102 al so,pounts annul ar
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opposite emtter end 112. The opposite emtter end 112 has a hole 114 for

t he em ssigal béreml Eshoddde ullesvad Hooeven that 1@ ihesntian comitdeicndedsth dp digh-

section.l ith_ an open ion . entrance 118 that receives,an j.en.stream 120.
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is coupled to the cylindrical channel body 108 near the opposite emtter

end 112theEpeerded elai@s nul tiplier 107 produces an el ectron stream out put
fromions colliding with the interior surface of the cylindrical channel
body 10®etalledaleschipti®@t i s placed in proxinmty to the hole 114 to receive
emtted electrons fromthe hole 114. Electron current collected by the
anode 1P®]i sFHEanvismateeakstsectionrnvisy gfiad ionaletcate 109 tian nelydetusodrat the elestron | | be

expl ai ned bel ow, The systemthat ing)udes the electron multiplier A
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ceram ¢ body. The interior of the cylindrical channel body 108 and the
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section 116 with an open ion entrance 118 that receives an ion stream 120. A cathode 122 is
created at the cathode end 110 with an electrical connection to a voltage source as will be ex-
plained below. An emitter 124 is coupled to the cylindrical channel body 108 near the opposite
emitter end 112. The electron multiplier 107 produces an electron stream output from ions col-
liding with the interior surface of the cylindrical channel body 108. An anode 126 is placed in
proximity to the hole 114 to receive emitted electrons from the hole 114. Electron current col-
lected by the anode 126 is converted to ion signal voltage by an electrometer as will be ex-
plained below. The system that includes the electron multiplier 107 stabilizes anode bias under
a dynamic voltage input. A cathode cap 128 fits over the ion entrance 118. The cylindrical
channel body 108 has a glass or ceramic body. The interior of the cylindrical channel body 108
and the conically shaped section 116 are coated with a partially conducting glass which is
chemically treated to allow high electron emission. Metallic coatings are applied to the exterior
of each end 110 and 112 to provide connection to the interior coating of the cylindrical channel

body 108.



[19] A bias circuit board 130 has a circular opening for the insertion of
the cylindrical channel body 108. The electron nultiplier 107 is housed in
an assenbly that includes the threaded anti-corona cathode cap 128, an

i nsul ating plastic body 132, a helical ?athode spring 134, a bias board
contact spring 136, and a threaded netal end cap 138. In this exanple, the
emtter contact coating is extended up the outside of the glass stemto
make comtgct A Biat biecudl Eard OF) BhsGicakit opdHindBr URBnautdort bethetoliirical éHaa- bi as
circuit board 130. The helical cathode spring 134 conpresses the cathode
cap 128nehbasiytif8. Ty ¢laetrancapltiphemt¥| is bewspd ian asxfﬁébléf%atea@ufi%h@ treadadect ed
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connect compizssosglencatinelecap ¢ 28 arto dpearylindricd chdveclbaly 108r the ¢ndomarld8 186nand
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equivalent circuit 6 fncludes a cathode node 202, an émtter node 204
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represented b hannel ciycuit 210 betwe t he cat hode 122 .and the
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representing the capacitance between the cathode node 202 and the emtter
node 20{&-1;} [ 2 3peAti6APRE I PREEm BRI RSERLE FolYa bGnIE BOAROURY is 4Alctkd b &A ed
between the emtter node 204 and the anode node 206 by the close proximty
of t hestbetyindrizabehanoeldodAd0&m vokagedsinpm@ied beRZenghe trshaylei 12 2amg lthef dnode

electro urrent. sured by the ectr ter wi || expl.ai ned bel ow.
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t he comrensaitheBlctirbGict cidQd agl Mnted on the bias circuit board 130 in
FIG 1. Like elenents are |labelled with identical element nunbers in FIG

1. The [QQEPGF‘I@@Q'i@é‘ci@é&&&lhﬁra&%dn%h%%t Grdudvadastshd élbdifn BORipARdI® bi as
circuit 304. An electroneter 306 is coupled to the conmpensation circuit 300
and t hecoartoekel Wizl thefbiashercelt @otthobiasmir¢uiphdaet 1300 Fihé. dbmeqniealest afcuithe

el ectrometer 306 are nounted on the electroneter circuit board 150 in FIG
1. The low pass filter 302 is connected fromthe nmultiplier emtter 124 to
the ground of the electrometer 306. The bias circuit 304 is coupled in
parallel to the low pass filter 302 and the el ectroneter 306. The el ectron
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[25] The low pass filter 302 includes a bypass capacitor 310 that is
coupl ed between the emtter 124 and the ground of the electroneter 306.
This filter band-pass is primarily determ ned by the multiplier channel
resistance 212 in FIG 2, a bias resistgr fromthe bias circuit 7 304 and
t he bypass capacitor 310. The capacitor” val ue of the bypass capacitor 310
and the bias resistor value in the bias circuit 304 are chosen to shunt

capaci t Rve isdhides Blcathba®ndddm2cat Bader Adde 10 dndendhedisbde206hEhet Biidrieaet er
306 thus attenuating the emtter voltage changes and subseﬁyent cougllng to
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required for efficient el ectronmeter collection of electrons fromthe

em t t er o the cathedeynde 292 inpd fheamitprarods #8¢- 108 of the nultiplier 107. The
reverse current through the zener diode 320 is on the average equal to the
channel [r r émeapagitaope reprashieted hxtheetapaciior 4@ isdireatertertygen the cetidgimere 204
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324 and igthsgainmiplifiell tRgeod t@perg eRasat &ty the ddverometdriaphiiie be ekisinined belowr ent
222 in FIG_ . 2. The capacitor 324 therefore attenuates the intrinsic noise
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produced by the electron nultiplier 107. [28] The voltage circuit 308
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ducing a dynamic range of voltages to the electron multiplier 107 in order to provide measure-
ments for different compounds with different ion streams. The voltage output of the voltage
circuit 308 changes dynamically to adjust the electron output or multiplication from the elec-
tron multiplier 107. The compensation circuit 300 therefore corrects from distortions from the
components of the equivalent circuit 200 shown in FIG. 2 to allow the dynamic ranging of the
voltage to the electron multiplier 107. Specifically, distortions may be generated from the cur-

rents from the channel resistance 212 and from the capacitive currents through the capacitance

214 from rapid changes in voltage to the electron multiplier 107.

[25] The low pass filter 302 includes a bypass capacitor 310 that is coupled between the
emitter 124 and the ground of the electrometer 306. This filter band-pass is primarily deter-

mined by the multiplier channel resistance 212 in FIG. 2, a bias resistor from the bias circuit



8 107 and within the electroneter shield 106 as shown in FIG 1. Use of
surface nount conponents allows reduced size, reduces stray coupling and

m nim zes shielding requirenents for the conpensation circuit 300. [30] The
ion detector 100 when operated with the_high voltage power supply 360 is
sensitive to ripple and the voltage chaﬁge created by rapid sl ew ng of
channel voltage during gain changes that occur during dynam c ranges of ion

fluxes gogahetheyphfieapRdl 31@TH3 Qaﬁaacﬁ@pa&ﬁé bfBe BOpHRE taythcRbr TiamdaBe bids
multiplier emtter voltage to the electroneter input 332 in FIG 3
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range of ion fluxes. [31] The conPensation circuit 300 elimnates these
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el ectron mul'tiplier 107, reducing shielding requirements since it is
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therefore may he jncluded jn the vacuum created by the yacuum feed through
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conmpri skdie ground for the electrometer 306. The anode 126 is coupled via a resistor 336 to the first
input 332. A resistor 338 is coupled in a feedback configuration between one end of the resistor
336 and an output 340 of the operational amplifier 330. A capacitor 352 is coupled to the op-
posite end of the resistor 336 and the output 340 of the operational amplifier 330. The voltage
pins of the operational amplifier 330 are coupled to the positive and negative voltage inputs of
the electrical connector 156. A capacitor 354 and a capacitor 356 connect the voltage pins of
the operational amplifier 330 to ground to smooth out the voltage inputs. The electrometer 306
therefore outputs voltage proportional to the current sensed on the anode 126 which is a func-

tion of the electrons produced by the electron multiplier 107.

[28] The voltage circuit 308 includes a high voltage power supply 360 and a power regulator
362. The power regulator 362 may be adjusted to provide different output voltages to the cath-
ode 122 of the electron multiplier 107. Other controls (not shown) in the mass spectrometer
system set the output voltage of the power regulator 362 according to the range of ion emission

from the compounds being analysed.

[29] In this example, the components of the compensation circuit 300 may be mounted or

affixed on the bias circuit board 130 at the opposite emitter end 112 of the electron multiplier



an electron nultiplier having a cathode end receiving an ion flow, an
opposite emtter end and an interior surface, the electron nultiplier
produci ng an el ectron output fromions colliding with the interior surface;
a variabl e power supply having a voltagg out put coupled to the cathode end
and the emtter end of the electron nultiplier, the voltage output changing
dynam cally to adjust the electron output fromthe electron multiplier; an

anode i nopaoe&withintht elethiemeleesiicldn 061ah thati @IEIGan. Eieeftsuofed @obuttavplped t o
t he anode in prOX|n1 to the electron multiplier to nmeasure the current
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t he en1%5§1e&ﬁgoéggm*pﬁ)ground of the electroneter, the |ow pass filter to
attenuate n1tter vol tage changes; and a bi as circuit coupled to the
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results in noise on the signal baseline. Rapid changes in a set point for the high voltage produce
output transients may create errors in the measured ion signal. The compensation circuit 300
connected between the bottom of the channel resistance 212 in FIG. 2 and the electrometer
ground reference eliminates both the feed-through of channel voltage noise and baseline shifts
resulting from intentional modulation of the multiplier gain from the power regulator 362. This

is particularly useful in mass spectrometer detectors where rapid changes of gain settings are

required to maintain wide dynamic range of ion fluxes.

[31] The compensation circuit 300 eliminates these perturbations without resorting to a sepa-
rate anode bias supply. The small size of the compensation circuit 300 allows it to be incorpo-
rated into the electron multiplier 107, reducing shielding requirements since it is contained
within the electrometer shield 106. The compensation circuit 300 therefore may be included in

the vacuum created by the vacuum feed through ring 104.

[32] While particular embodiments and applications of the present invention have been illus-
trated and described, it is to be understood that the invention is not limited to the precise con-
struction and compositions disclosed herein and that various modifications, changes, and varia-
tions can be apparent from the foregoing descriptions without departing from the spirit and

scope of the invention as defined in the appended claims.



5. The apparatus of claim4, wherein the resistor value and capacitor val ue
Is selected to mnimze | oading of the capacitor and voltage drop generated
by the current created by the dynam c voltage. 6. The apparatus of any one
of claims 1 to 5, further conprising an, el ectroneter shield enclosing a
part of the electron multiplier, wherein the |ow pass filter and bias
circuit are integrated in the electroneter shield. 10 7. The apparatus of

any One"g& cl akﬁnﬁ 1},t.o 6, wherein the electron multiplier includes a
cyl i ndri'¢aRtEKEMES 50dy and wherein the interior surface is treated to

al l ow high electron em ssion. 8, A nethod of stabjlizing voltage ?utput
from an 1 of\n@Bp&aLy foriabilgtiam obslectrangnuliznlies anofle plagipdst & dyaamisdwltagn
anode, andh@th&L L&ho.between the cathode and the anode, the method

conpri sing:. récei |nd;an ion streamvia the electron nultiplier; producing
an el ect r om dectemmmidyipBgiayingg athodk tad) ecchstingeenion ilevwe he oppaite gmlitidrgnd er

cat hode and anade, dYnam. cal Ly adl ustina. oL chrom, MLLLPLSAENAR chhe

liding with the interior surface;

a variable power supply having a voltage output coupled to the cathode end and the emitter
end of the electron multiplier, the voltage output changing dynamically to adjust the elec-
tron output from the electron multiplier;

an anode in proximity to the electron multiplier;

an electrometer coupled to the anode in proximity to the electron multiplier to measure the

current generated by the electron output;

a low pass filter circuit coupled between the emitter end and the ground of the electrometer,
the low pass filter to attenuate emitter voltage changes; and

a bias circuit coupled to the emitter end to stabilize emitter to anode voltage difference.

2. The apparatus of claim 1, wherein the low pass filter circuit includes a bypass capacitor

coupled between the bias resistor and the ground of the electrometer.

3. The apparatus of claim 2, wherein the bypass capacitor value is selected based on channel

impedance of the electron multiplier.

4, The apparatus of any one of claims 1 to 3, wherein the bias circuit includes: an input resis-
tor coupled to the emitter of the electron multiplier; a zener diode coupled to the input re-

sistor and ground; and a capacitor coupled in parallel to the zener diode.

5. The apparatus of claim 4, wherein the resistor value and capacitor value is selected to
minimize loading of the capacitor and voltage drop generated by the current created by the

dynamic voltage.

6. The apparatus of any one of claims 1 to 5, further comprising an electrometer shield en-
closing a part of the electron multiplier, wherein the low pass filter and bias circuit are in-

tegrated in the electrometer shield.



stabilizing the voltage drop between the electron nmultiplier anode and a
common ground of an electroneter via a zener diode; attenuating noise
generated by the zener diode via a |low pass filter; and filtering the
emtter voltage to elimnate changes to the emtter voltage caused by the
dynam c gain controlling voltage input]9ia a bias circuit. 9. The net hod of
claim8, further conprising neasuring the electron stream by the

el ectr oret ehe aé]:»%ﬁratﬂ'sf‘tﬁ“ AR RO df Glhintd BioB vhhefdin the ligion inliulti,lgl@erlixm&udb@%&yﬁhl ter
circuit includes a bypass capacitor coupled between the bias resistor and

t he gr ounddriced channel hndly lapd vWhrein Bierintenor syr@eeisiraated tppPay digheglegiongimisal ue
i's selecteﬁOQased on channel inpedance of the electron nultiplier. 12. The
met hod of any one of clainms 8 to 11, wherein the bias circuit includes an
i nput resistor coupled to the emtter of the electron multiplier; a zener

di ode cqupled to,t L.Aput resistor. and gr.ound. an c i.tar upled in
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resi stor valihe cathddsapasbde)bnd ad eigities bawlees tirtathoderaid thez@odqalth methodl t he

capacitor and voltage drop generated by the current created by the dynam c
vol tage. comprising:

receiving an ion stream via the electron multiplier;

producing an electron stream by applying a voltage between the electron multiplier cathode

and anode;

dynamically adjusting electron multiplication in the electron multiplier by changing the
voltage;

stabilizing the voltage drop between the electron multiplier anode and a common ground of
an clectrometer via a zener diode;

attenuating noise generated by the zener diode via a low pass filter; and

filtering the emitter voltage to eliminate changes to the emitter voltage caused by the dy-

namic gain controlling voltage input via a bias circuit.

9. The method of claim 8, further comprising measuring the electron stream by the electrome-

ter.

10. The method of claims 8 or 9, wherein the low pass filter circuit includes a bypass capacitor

coupled between the bias resistor and the ground.

11. The method of claim 10, wherein the bypass capacitor value is selected based on channel

impedance of the electron multiplier.

12. The method of any one of claims 8 to 11, wherein the bias circuit includes an input resistor
coupled to the emitter of the electron multiplier; a zener diode coupled to the input resistor

and ground; and a capacitor coupled in parallel to the zener diode.

13. The method of claim 12, wherein the resistor value and capacitor value is selected to mini-
mize loading of the capacitor and voltage drop generated by the current created by the dy-

namic voltage.



11 14. The nethod of any one of clainms 8 to 13, further conprising
enclosing a part of the electron nultiplier via an el ectroneter shield,
wherein the | ow pass filter and bias circuit are integrated in the el ectron
shield. 15. The method of any one of clains 8 to 14, wherein the electron
mul tiplier includes a cylindrical channél body having an interior surface
is treated to allow high electron em ssion via collisions fromthe ion

stream [4. The method of any one of claims 8 to 13, further comprising enclosing a part of the elec-
tron multiplier via an electrometer shield, wherein the low pass filter and bias circuit are in-

tegrated in the electron shield.

15. The method of any one of claims 8 to 14, wherein the electron multiplier includes a cylin-
drical channel body having an interior surface is treated to allow high electron emission via

collisions from the ion stream.



