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ABSTRACT

A fourteen-stage electron multipller has been used to amplify
the detector signals in a surface lonization mass spectrometer.
The system can either measure the multiplier anode current or
count the anode pulses. Pulse counting may be used for signal
currents in the range from 107° to 10%% ampere. The range

of the normal electrometer circult 1s extended by the electron
multiplier so that it measures currents from 107° to 107°
ampere wlth a fast response.
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AN ELECTRON MULTIPLIER AS A DETECTOR FOR
A SURFACE IONIZATION MASS SPECTROMETER - DESIGN

INTRODUCTION

The Consollidated Electrodynamics Corporation (CEC) Model 21-702

masa spectrometer at the Savannah River Laboratory 1s applied to
lsotopic analysis of so0lid materlal with a surface lonlzation source.
Among those materlals that are analyzed are some that are very
radicactive. In order to keep the contamination of the drift tube
to a minimum, 1t is deslrable to operate the spectrometer wlth the
wezkest lon beam that willl allow accurate analysis.

The limlting feature of the mass spectrometer for weak ion beams 1s
the sensitivity of the ion detector located beyond the analyzer sglit
of the spectrometer. If the lons that emerge from the analyzer slit
are directed onto a sultable secondary emltting material, the
secondary electrons may be amplifled in an electron multipliler.
Current amplifications as high as ten millicn times can thus be
achleved with a very low noise background. The amplified pulse
resulting from even cne singly charged lon iIncident on the first
surface can be counted. The precisicn of the sample analysis depends
wholly on the beam current statlistics and 1is not limifed by the
detector.

The use of an electron multiplier as detector for a mass spectrometer
was one of the filrst applications of a multistage secondary emlssion
amplifier.(l’ While the technlque 1s not new, until recent years
counting cilrcuits did not exist that were fast enough to allow
significent dynamlc range 1n such a detector when it 1s used as a
counting device.

Multiplier gain stability 1= a problem in those mass specirometers
where the sample 1s Introduced as a gas and the system pressure is
above 10 ® mm. Since the Savannah River Laboratory Model 21-702
mass spectrometer analyses sollds by means of a surface ilonization
source, the pressure of the system 1s normally well below 107° mm of
mercury and the multiplier stability 1s not affected by the residual
pressure.

SUMMARY

A fourteen-stage electron multlipller was bullt and installed as
detector in a CEC Model 21-702 mass spectrometer. The assoclated
electronic circults were arranged sco that pulse counting can be
used for very weak ion beams 1n the range from 107*° to 107®
ampere. The pulse resolving time was about 66 millimicroseconds.

The direct current to the multlpller anode can be measured by a
vibrating reed electrometer, for ilon beams from 107° to 10%° ampere.
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In addition, the lead to the first dynode of the multipiler was
isclated so that lon beam currents could be measured directly.

DISCUSSION
DESCRIPTION OF THE INSTRUMENT

MULTIPLIER DETECTCR AND PREAMPLIFIER

The appllcation of electron multipllers as the detectors for mass
spectrometers is not new.'l) The detector described in this report
can be assembled from available equipment wlth a minimum of effort.

The electronics associated with the electron multiplier has been
designed so that the output signal may be measured as a direct
current using an electrometer, or 1%t may be counted as pulses 1ln a
pulse amplifier system. Utllization of both modes of operatlon glves
a wlde dynamic range to the detector gystem.

A block diagram of the system is shown in Figure 1. The electrometer
eircult is a standard Applled Physlcs vibrating reed electrometer,
which was present in the CEC Model 21-702 system before the electron
multiplier was added. As shown in Figure 1, the electrometer and

the multiplier high voltage supply are the only units in use durilng

a current measurement. When pulses are counted, the whole system 1s
in use except for the electrometer.

Electron
Muttiplier
-« 2C I . High Yoltage
Electromater 1 Puloes . Power Supply
|
Amplifist
| P
|
!
}
J
| Model 520 A
| Scaler
|
I
| ! il
i Moded 1030 [ ° Pulse Feeming
| Sewler treuit
| PTresct
ime
| Contm Y
| Model 131A
: Scaler “
|
t Count Rate
I Cirewit
L e DC _, §j Pulses
10 MY Racorder

FIG. 1 BLOCK DIAGRAM OF THE SYSTEM:




A photograph of the multipliler and preamplifler houslng 1s shown

in Figure 2. The fourteen-stage multipllier has been assembled from
the multiplier parts of DuMont 6292 photomultipliers. The dynodes
uged in the assembly were selected for uniformity of color of the
oxidized siiver magnesium alloy in the nickel quadrants. The ceramlc
side supports for asgembling the fourteen dynodes were sawed and
joined 1n the Laboratory Glass Shop. The Glass Shop also made a
speclal seventeen-pln tube press to support the multiplier and leads.
The press was Jolned to the vacuum system flange with black sealing
wax. Such a mount permits allgnment of the multlplier in the ion

E sy
313312
*3eg’(“9-£u-$ﬁ4‘ﬁ.

FiG. 2 PHOTOGRAPHS OF PREAMPLIFIER AND MULTIPLIER
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Two other electron multipliers using fourteen cusp-shaped dynodes of
sllver magnesium alloy were tried. It was not posslble to achleve
sufficient galn in these multipliers with total voltages less than

5 kilovolts on the string of divider reslstors. No speclal

activation process was used with any of the dynodes.

The lead to the first dynode of the multipller was brought out of
the isolated center electrode of the tube press seen 1in Flgure 2.
This atlowed operation of the first electrodes of the multiplier

as a Faraday cage for dlrect beam current measurement. A wire grid
(0.005-1nch nickel wires on 1/16-1nch centers) was placed across

the shield electrode of the multiplier to reduce the number of
gsecondary electrons that escape from the front of the multiplier.

A 50% transmission beam-measuring grild placed before the analyzer
slit already exlsted in the mass spectrometer. The current from this
grid before the slit 1s used to correct the current read in the
detector for varlations in the primary beam Intensity. The currents
before and after the analyzer slits may be compared by using the

two current measurements.

Metal film resistors were selected for the dynode divider reslstors
shown in Filgure 3 to reduce the noise generated at the preamplifier
input. A value of 100,000 ohmg was chosen s0 that the divider

current would be about 2 milliamperes with about 3 killovolts applled
to the string. The high bleeder current permits multiplier anode
currents of 1 microampere to be used without causing more than a

1% change in the galn of the multipller system. If the maximum signal
currents to be used are less than 1 microampere, the bleeder current
may be reduced in proportlion by increasing the resistance of the
dynode resistors.

The anode load resistance of the multiplier 1a 1000 ochms. As shown
in Figure 3, this is also the grld resistor of the preamplifier.

The preamplifier 1s a single 6AKS tube used as a cathode follower

£o match the impedance of the 200-ohm cable carrying the slgnal to
the main amplifiers. A fllter system was placed in the supply leads
to the preamplifier to keep nolse or signals in the later amplifier
stages from entering the preamplifier housing cn the supply wires.

HIGH VOLTAGE POWER SUPPLY

The current required for the bleeder chain of the multiplier 1s too
great to be supplied by conventlonal oscllloscope power transformers
since additional current is required to operate a glow tube regulator
system. The total current required 1s of the order of 10 milliamperes.
For efficlent regulation, thils current is supplled at a potential

of 9 kilovolts. A conventional voltage doubler system that meets
these requirements 1s shown in Filgure 4, The power transformer 1s
avallable as a plate transformer in surplus IFF gear. There does
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FiG. 3 CIRCUIT DIAGRAM OF THE PREAMPLIFIER
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FIG. 4 CIRCUIT DIAGRAM OF THE HIGH YOLTAGE SUPPLY




not appear to be any commerclal equivalent. The transformer
operates at 4800 volts rms output and has been lcaded to 20

milliamperes for half a day wilthcut noticeable heatlng.
of the power supply are shown in Flgure 5.

FIG. 5 PHOTOGRAPHS OF THE HIGH VOLTAGE SUPPLY

Photographs




The regulator is a string of 3% type 0A2 glow regulator tubes. These
are housed in a separate box, shown in Figure 6, together with the
voltmeter and selector switches. The selector swltch mechanlisms are
insulated from ground and are driven through insulated couplings.

The voltages are avallable at separate output connectors for the

two swltches. This desigh permlits the use of voltage selection
switches that are smaller than would be possible if the full

5000 volts were across one switch.

The high voltage cable to the preamplifier housing 1s RG-11/U cable.
This use 18 somewhat above the published voltage rating of this
?able, but the ratings are based on AC voltages and thils 1s DC
voltage.

FIG. 6 PHOTOGRAPH OF THE HIGH VOLTAGE REGULATOR
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PULSE AMPLIFTIERS

The main amplifier 1s made of Hewlett-Packard wilde band amplifiers.
There are four Type L60B amplifiers and one Type 4604 amplifier in
the system. The position of the 4604 amplifier in the string may
be changed to achleve the best signal-to-nolse ratlo. The output
of the last amplifier 1sg fed to a millimlcrosecond discriminator.

DISCRIMINATCR

The circult dlagram of the discriminator 1s shown in Flgure 7.

A photograph of the chassis 1s shown in Filgure 8. The circult 1is
essentialliy the same as that published In the Unilversity of
California Radiatlon Laboratory report UCRL-8569.¢%) The circuit

of' the slow speed output glven in the report has been changed so
that pulses of the proper polarity and size are generated to drive

a pulse forming circult in the intermediate scaler. The fast cutput
from the discriminator 1s fed to a Hewlett-Packard 10 megacycle
scaler.
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|0Jj10% " I_w;% For _Tméjmu

107450
g 47K i 1 S
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3 L2 i i
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FIG. 7 CIRCUIT DIAGRAM OF THE DISCRIMINATOR
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FIG. 8 PHOTOGRAPHS OF THE DISCRIMINATOR
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SCALING SYSTEM :

The scaling system 1s made in three units for a tetal scaling factor
of 100,000,000 before the mechanical reglster. The first scaler 1s
a Hewlett-Packard Model 5204 scaler. Thils feeds pulses to an Atomic
Inatrument Model 1030 scaler. The Model 1030 scaler has an upper
count rate limilt of 200 killocycles. The last scallng unit is a
Balrd-Atomic Model 131A scaler wlth an upper limit on the input
count rate of 20 kilocycles. The scaling system makes use of the
preset time feature of the Model 131A scaler to control the
intermedlate and slow scalers so that counting may be dcne for
selected time intervals.

A selector switeh is wlred into the scallng system so that the
transfer pulse between any palr of decades after the first two in
the high speed scaler may be swltched Into the 1lnput of a count rate
clrecuit. In addition, the slow pulse output from the discriminator
1s wired into thils selector switch. For convenlence the swltch 1ls
loccated 1n the intermediliate gcaler. The reglster drive circult

of this scaler has been modifiled and 1t 1lg used teo supply pulses to
the 1nput of the count rate cilrcult.

COUNT RATE CIRCUIT

The dlagram of the ccunt rate circuit is shown 1in Figure 9. The
basic form of this circult has been published previously in Savannah
River Laboratory report DP-Tl.(s) Photographs of the unlt are shown
in Figure 10.
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FIG. 9 CIRCUIT DIAGRAM OF THE COUNT RATE CIRCUIT
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F1G. 10 PHOTOGRAPHS OF THE COUNT RATE CIRCUIT

The output of the count rate circult is fed to one channel of a

10 millivolt dual channel recorder. The other pen records the output
of the Applied Physlcs vibrating reed electrometer that 1s connected
to the grid before the slit 1in the detector housing of the
spectrometer. Two traces are thus recorded. One trace 1ndicates

the current of lons passing through the analyzer sllt, whille the
second trace indlcates the total beam current at that instant.
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SYSTEM OPERATION

The operation of the equlpment will be discussed in a Savannah
River Laboratory report to be issued.'®) It is of interest, however,

to compare the gain of the box and cusp types of electron multipllers.

4 graph of the multiplier gain versus the total voitage applled to
the divider string is shown In Figure 11. Notice that the box
dynodes glve a much higher gain.

1

14-Stage Box Dynade
Structure

108

109 / J‘/

104 '/

Multiplier Gain

]03 C

102

™14 - Stage Cusp Dynode
Structure

T

100

0 1 2 3 4 5
Total Multiplier Yoltage, kilovelts

FIG. 11 GAIN CURVES OF THE MULTIPLIERS

- 16 -



4 photograph of the entire system is shown 1n Flgure 12. The
electronics of the electron multiplier system are assembled in the
rack between the magnet and the control console. The three scalers
and the count rate circult are on top of the control console.

FIG. 12 PHYSICAL INSTALLATION

The pulse counting equipment and a Tektronix Medel 517 oscllloscope
made 1t possible to measure the shape of the output pulse from the
multipiier. A single charged ion incident on the first dynode of

the multiplier caused a pulse at the ancde that had g rise time

of about 20 millimicroseconds and a decay time of about 30
millimiroseconds. The measured resolving time cof the countlng system
was 66 millimicroseconds.

L. Cathe
Applied Physics Divislon
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