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process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
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University of California. ,

N




~1ii- - UCRL-1993h

- L : _ o _ : .
A-METHOD FOR: MAKING RPD MEASUREMENTS :ON TIME-RESOLVED SPECIES
\ G. E. Thomés and F. E, Vogelsbefg
Lawrence Radiation Laboratory
University of California )
Berkeley, California 94720

July 1970

ABSTRACT
A pulsedlelectron'beam retarding potentiél diffgrence technique with
automatic accumulation of data hﬁs been developed.. This‘feéhnique permits high\
resolution electron imfact measureménts to be made‘on épecies which can be
resolved on the basis of their flight times from thelexéi#ation region to a

detector.
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Thé retarding potential difference (RPD) technique developed by Fox,.Hickam,
Grove, and Kjeldaasl has been eXfensively used to genérate "monoenergetic" electron
beams for the étudy of electroﬁ impact ionization and excitatioﬁ efficiency curves.

In such experiments a retaréing electrode in fhe électron gun is operated
at a potential,éufficiently négative with reépect to ﬁﬁe‘electron source to cause
the low energy portion of the elecfron,ehergy distribuﬁipﬁ.to be repelled. The
‘resulting trunéated distributién can be accelerated to the desired working energy.
A secénd truncated distribution can be fdrﬁed by changiﬁg the potential applied
tovthe retarding electrode by avsmall amount (e.g. OflvV). The difference between
the two distributions is a nérrow energy band of electrons correspoﬁding to the
voltage difference applied to the retarding electrdde.2

Iniapplying the RPD teéhﬁique for measuring, e;g; ionization efficiency
curves, there are two ways of obtaining high resolutidh daﬁa. Thé voltage on the
- retarding grid can be‘mbdulated wifh an ampliﬁude approﬁriate to the desired feso—_
lution<and the ion current detected with a detector reéponsive.only tb the AC com-
ponent of the ion current.3 Alternatively, the retaraing potential can be chénged
from 'high' to ;iow7vat each.electron énergy setting and the arithmetical difference
between the corresponding ion currents can be taken. Recently Chantryh devised a
method of performing‘the latter operation automatically using a multichannel scaler.

In many experiments it is desirable or neceséafy_to use a short pulse
of electrons rather than a continuous beam.l For examplé, an experiment in pro-
gress in this laboratdry uses electrons to excite species in an'atomié or molecular
' beam to ngutral metastable éta.tes.5 The metastables are separated from the photpns,
which are also produced by the electron collisions,.byvtaking advantage of thé
difference in flight time of the two species from the eiéétron gun to thevdetector.
In order to record an excitation efficiency curve for the préduction of ﬁetastables,

it is convenient to use a pulse of electrons short with respect to the flight
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time of the species and to gate open seiectively:the,deteéting system. -Usihg‘an
extension of;Chahtry's RPD method,h it is possible to méke'automatic RPD measure-

ments with a pulsed electron beaﬁ.

DESCRIPTION OF SYSTEM

The systeﬁ which was developed to make pulsed RPD méasuréments employs
pulse counting techniques exclusively. The multichannel‘analyzer (MCA) 1is a
Hewlett-Packard Model 5400A modified so that an externally applied gate can be
used to switch the storage mode from add to subtract

The pulsing scheme used is shown in Fig. l.» Thg}times indicatéd in
Fig. 1 are typical for the metéstable experiment describéa above, but they are
. not restricti&e. Iﬁ cycle 1, a master clock pulse_triggérs thevsweépstart of
the MCA. A delayed clock pulse trlggers a pulse train from a time-based-oscil-
lator (TBO). These pulses are used to trigger the channel advance of the MCA
and also to trigger the electron 'on' pulse. The latter pulse is applied to
the retarding grid (G4) of a 5-electrode RPD gun.> Thev@a¥imum positive letage
of this pulse is exactly that to allow thei'high' truﬁcated electron distribution
to péss through the gun. vThe width of the pulsé is vériable from 5 usec to
continuously fonf. The electron accelegatiné Voltage'applied to the.collision
chamber (GS) is generated by amplifying the anglog X output of the MCA. In the
first cyclé, thé MCA multiscales in the 'add' mode, Counts from the.electron 
multiplier are délivered to the MCA via a data count gate.  Zéro time for this
gate is established by the TBO pulse. This gate isvvari;ble in delay and width,
and insures that data counts are registered only in a pfgset time slot following

(or during) the electron pulse. At the end of the MCA sweep (256, 512, or 102k
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channels in this ease), the analyzer produces an.end—of—program pulse which is
used to etop'tﬁe-TBO pulse train. |

 on reeeipt of the second master clock pulse_to start cycle 2, the entire
sequence is repeeted, except thet the electron ‘on' voltage is‘decreaeed to the
RPD 'low' valﬁe,and'the anal&ier is_automatically resetbto multiscale in the
subtract ﬁode.? As deseribed bjr.Cl-aant‘,x'.:yr’4 these two sweeps‘produce oﬁe RPD curve.
The completeveeéuence is repeated ;ﬁ even number of times until the signal td
noise ratio of the curve is judged to be adequate.

A blOcdeiagram of theeelectrenic sysfem is ehown iﬁ Fig. 2. It consists
of 3>basic coﬁpoﬁehtsf the RPD ﬂbéic unit, the time—besed—oscillator end the
Hewlett Packard analyzer. The TBO is a Lawrence Radlatlon Laboratory de31gned |
variable repetltlon rate oscillator.6

The RPD Loglc unlt is contalﬁed in a s1ngle 8" x 3" NIM module. The
logie, tlmlng and ampllfler circults are standard TTL and llnear 1ntegrated cir-
cuits. The unit is responsible for generating andAcontrolling the voltages and
pulses illuetreted ip Fig.’l. A bleck diagram of tﬁe logic unit is shown in
Fig. 3.  ‘

Referring‘to Fig. 3, the start pushbutton and a elock pulse delayed
6 usec:set the start flip—flop and open the start gaﬁe;v Because of the delay,
the first cleck pulse does not pass the startvgate. There.is initially no out-
put to the TBO or the MCA. The first clbck_pulse’aléo seis the add/Subtract
flié—flop to 'add'. The secondveiock‘pulse (v 0.3 see later with the times
1llustrated in Flg. l) triggers the sweep trigger of the MCA and after a'short
delay triggers the TBO. The actual scan advance is now triggered by the TBO

until the 1atter'is stopped by an end—of-program (address overflow) pulse from

”
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the MCA. Thé nexf_clock pulse received by the‘Logic ﬁﬁit causes the add/sub
£1ip-flop to switch to the 'subtract' level. A wide-band operational amplifier
(Kl) mixes an attenuated signal frdm the.édd«subtract’flip4flop_with the electfon
gate pulse (from an extefnai triggered pulsef) to provide the combined AV and
eléctrdn 'on'Apulse applied_td the retarding grid. Bqth the magnitude of AV

and the DC bias applied to the grid are variable. The width of thé electron

'on" pulse is determined by the external pulser. As explained previously, the
electron accélerating voltage (step sweep) is derived from the plotter X—output
of the HP 54O0A. This output is lineer to 0.1%. The voltage is adjusted for
the proper span_énd is biased to the desiréd initiai value by controlling the
opefational amplifier‘Kz. To stop the pﬁlsing seduence, the 'STOP' pushbutton

is closed. Tﬁe add—subtract'flip-flop and thefstop gatevinsﬁre that the sequence
does not stoﬁ:unfil a 'subtract' cycle has been completéd; Thus the sequence

is stopped only after a complete RPD scan.

DISCUSSION
As méntioned p;eviouély.an appiication of thié_technique is in molecular
beam time-of-flight (TOF) studies. Figure k4 showé é TOF'spectruﬁ of a ﬁeon
atomic beam excited by a 10 usec pulse of electrons.';The fast signal corresponds
-to photons generated by the eleétron pulse. - These photons arrive during the
time thé electfon.beam is on. The photon profile illustrates the excellent rise
and decay time of the electron beam. The measured width of the photon signal is

within 0.1 Usec of the width of the voltage pulse applied to G,. .The slower sig-

3
nal corresponds to neon metastables. High resolution excitation efficiency curves
: 9 :

for the production of Ne metastables have been published previously. However,



-5- | UCRL~1993k

the resultsvhefe included a small eontribﬁtion from photbns. Using the pulsed
RPD techniéﬁe‘descrihed here it has been possible to-recerd:"pure" excitation
efficiency curVes for both epeeiee. These cﬁfvee arevshown in Fig. 5. The
upper eurve eorfeeponds to metasﬁaﬁle neon atoms, the 1oﬁer to photons ffom
neon. The shaip,threshold on the Ne* cﬁr%e illﬁetfates.the resolution obtained
(AV in this ceee:= 0.1 V){ The phmton signal from neon is very weak (v 20-ko
couhts/MCA sWeep)f Many sweeps are necessary in order to produce an RPD curve
for hv/Ne. ‘HoﬁeVer, as Chantry has pointed out,h the true shape of the curve
should be mainﬁained pfoviding ihat'the ihdividual scans ere short.
| The high resolutien perforﬂance of the gun ueed in the pulsing mode has
been checked’by>eempafing the Ne* cﬁrve shown in Fié.‘S with a curve run iﬁ the
'DC! mode'dese}ibed by Chantry.h' For neon the photons obviouely do not make an
important contr;bution to theetetal cur#e{ fThis test showed that operation in
fhe pulsedfmode does not affect. the guh_performance. For experiments where high
time resolufiph has been requirea, the gun has been operated with 'on' times as
short as Slusec. 'Off' times approaching 1 msec are;eiways used to allow the
slow'metasteble signal to decay to an insignificant level before the next elec-
tron pulse eccurs; Obviously if the duty-cycle of the guﬁ can be increased
(at the expenee of tiﬁe resolution), the RPD curves_bﬁild—up more quickly, and
fewer scans ere necessary to‘aehieve.a sétisfactory signal-to-noise ratio.
Mixingvfhellen/off' pulse with the RPD AV voltage on the retarding grid
appears to be’highly satisfactory. The operation ofvfhe gﬁn has been stable_epd
reproducibie, end no adverse effects ffom the'beam'pﬁlsing have been noted in

the high resolution data;
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FIGURE CAPTIONS
Fig. 1. Timing diagramufor'thé‘pulse écheme used to hake RPb measurements on
time-resolved species. ﬂ
Fig. 2. Bloqk_@iagram of the electronic system‘sﬁowing'the connections of the
RPD Logivc Unit, the TBO and the MCA. |
Fig. 3. Block disgram of the RPD Logic Unit.
Fig. 4. Time-of-flight spectfum of a neon atomic beam excited by‘a 10 uéec,
pulse of éiectrons.
Fig. 5. Upper curve: Electroﬁ impact excitation efficiency curve for the pro-
ductiqn of'neﬁtral metastable.atqmé;in neon.
_ Lower curve: Elecfron impact excitation efficiehcy curve for the pro-

duction of U. V. photons from neon.
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