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A ziviaodular, dsto-acguisition systes can be used
o rapddly isterrogate & 43-point matTin of beam—
current sampling targets over the 3= X 12-~in. tectan-
selar, ocurput bea: cross sectiom of a IS, eutzsl-
bwean low source.  This srsten, operating &t & thrcughput
Tate of 12 .5 per charzel, can mske several cosplete
sKans during the 10- to 5cs—deration beax pulse. Data
ootaimed are available iz both aoelog and digital formm.
The sasloy signal Is csed to create s izmediztely
interpretable CRT displar of the bees—current deasity
profile thst shows how wall the sowrce is aimed. The
digiral dara arte held in buffer mecery until tracsfer
to 3 zinicezmputer {or sofiware processing wnd pletzing.

Iog=Sovree InjecTur Sysien

Toelve 50-3, mectral-bea= ien sources inject 10-wm—
durstion beass into the magmetic confimememt field of
Lawrence Livermore Laberatory's (LLL's) IX1IE exgerimsnt.
Another 24 of these lon sources will inject lS-=s—
furaticn Seams inte the condimesent field of the
X zachice uader cumstraction at LLL. celoped by
LowTence Serkeler Laboratorr, these ion sowrces
produce & peax that iIs 3 v 12 in. in vectawmgular
LTSS sectiom.

Twe of the basic ooaosumenents neadsd Lo &
periormance ¢uality of the lom-sturce injector system
ared  total beam curreat inte o dear—stopping
target, and totzl edergy per pulse deposited in the
same target. The Iatter, & cslorimetric oeassuresesit,
is
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shows the daek of the dusmprofile-meniter po doard as
izstalled in tdw boaz-srget assesbhlv.

Torget dsseshly

The boax—target asseshly is lecated about 1 2 ftox
the exit arid of the fan cree and oear the exit gor:
of the bear-cevtralizer chazder. [t is zvuated in such
2 way that it esx be acved verticaliy cut of the beaxm
lire for bean injucticon intuv the experizent or lowered
Into place for scyrce performsmee saniterivg. Figure 2
shows the fremt Qosz side) of & deaz-stopper, <ale—
rineter piate mounmed in the baao~farged assexbly.
When this pRotosragi Was taheo, the right beas-edge—
skizmer paddle was pushed inte abext I ine fros the
teaxn center lime. The l/l&-imvdiam, bteam-simpling
les in the copper calerizeter plare are darely dis—
cemable.

The bogn at tatget location siweld e composed
extirely of emergetic ar~utral particles. The sctual
curtent Sonitered at the deam-saplivg siwvitsrgess is
thit ruaning op frox srcund to replase secendary elec—
trons produced st the surface of the scrow heads by
incident adoms. A small (3~ o tO-F) zegative bilas is
ooeded e emwu v All exmitted secowwlary elechrosns sre
driver awsy ant o mot Tall daeX oo the screw heads.
Should the bess o0 longer bu neuteslized and positive
baim current termimite on the target elecents, thus
commecting thes electricslily to the 0= to 40KV soveld
poteagial of zhe fom Scurce, thw mozitorims sysbhes
would be damaged.  TO prevent this, each targe: olecext
Is covwmectad by a small, solid-state protection dicde
o a ground bus on ohe pe buand. This dicde would be
forard blgsed i nkhe targed texded o go positive.
s clesping the target to a WS-V, forward-diode crep
alove grownd.  Bich beaz-sazpding curTent passing
through the I/ lt~in~disa holes iz the calovioerer
plate has ¢ ramge of L to 10 =A.  The megative bias,
aeeded oz targes elefents nr drive avay seaccndary elec—
tress, also back bizses i protection dicdus so they
Sppear as open circulls o the cositoring systes.

Wire leads fros the poboand oded Coniealors carry
boeytecurrent sigasls fros the baan-line csluum tank oo
the curside via & multipia. heroetically-sealed coo
The dasx Qurrents are passed throeggh curvent-
aenitoring resistors and the commen negative bias o
ground. Voltages produced aeress the 43 resistoss ust
be tuapidly scavoed, In a time short compared o the
10~ o Iios~duration besn palse. and the cutpar
predaced st be waweful o and interpretable by & Koewl-
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cemercially availad uisition
syster that is ideally suited to this and sizmilar fasg
scamning applicaticons.  Although the unil we selocted
was ome of the {irst o the 2arker, essentially iden-
rical models are wow awilshble from six or eight data

processing conpoment Zanuizcturers.

Data-Acguisition Svsten

ogr miniovcdular. data—acrisition systes contains
the fellewing interconmected elecents: 2 Is~channel,
A8 ¥

singleetded oultiplexer (alse availadle

T
tial axplifier, a high-speed sample and hold. 4

L fast,
12=rir, anslog—co~digital conv . L 4
aad prograzming Legic o sake anit &3
These elemendts sre contaired in 4 = N 3= v 3/3~in.

package Witk & multipin edge conmes
chesed an auxiliary oudele of the sane s

contains 43 single—wnded chanmels of aultiplesxer impul.
&3 T o=

H T
The taw unils Tegether provide &4 chanmel
plexer input. Fortumately, the diff T
in the suxiliary =odele treats mepative
a common ode siansl and only aspliffes the vol
drops acruss the currentovnitoring resisters.

The dats~acquisiticn systen has & nomival threwgh-

? of 30 Xifz, or 20 .= ger imput chiamel. Newer

unils have thireugheat ras y oo 100 amd 00 sHz

(10 and 3 s per Input chanmell.  Coxtrel points Srought

ut and made availadle o the user imcrease 2loek rake

and shorten digital owepur word length te 3 bits. This
T

€3 u

allows the xedules to operale st a threwghpet tate of
abvet 33 Rz, or abeat LI us per ing IN
mormally use this LI~S tate o
rals in about 770 -s.

The acalos signal is comvw
a point at the output of the 3T
the Input of sanple and beld.
creske a wseful and insediately

zitting the o4 ipput chanwels as
chanmel has @ sigaali: the oodu
watil rriggerad o stars scan.
contected to & L=V leval for use us a soopm-sween
rigger. and the thind chanmel has mo signal.

mals 4 through 12 are cemnactad (In ovder) ¢

coitoring vesistors in the {irst tow of the bous

profile po board. Three Tmomaigmal™ chaumels ame lef
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between every nize ioputs from the Temainitg four Tows.
The "oo-sigeal™ inguts ave termineted in Zhe saze
resisrors as the current-acaiterivg chintels to prevent
wise pickop, duz no sigasl is coomected to them.

Thus S chacpels are left afver all 43 targets have beex
interrogated. This fortunately provides absut a 60-us
Intervsl for the oscilloscope sweop circuit to vecover
encugh o respend to the Dext sweep trigger when in
aeltiple—sweep maden  If we were to lock at the beam—
inpet side of the rarget acsembly, we would see that
axch borizontsl Pire is scsmmed, in turm. from the
upper lefl to the lower cight corser.

Nonitored voltsge levels rige and £3li very fast
whea the sesmmer is used at a [2-ps-per—chiamel
throughpst tate. The pulse train produced by the voltage
fluctwation is amplified by s line-driver, operaticasl
saplifier before it is transpitved 0 tire ascilloscope.
Wepever 3 “start~scan” rrigger from the jommsoarce
contrel systewm enters the scaamer chassis, e mulzi~
plever seitch soquastially scaos the 64 izput chanmels.
e leogth of this sean peridd is set by am adjustadble
“stap-dutatica” timer that has a i~ to Xhas-daration
raoge.  (Actumally, the trigger first goes to & "stare-
scan~delay™ timer with a 1~ ze 20-ms~duration rasge so
the gperater can preselect the porticn of the besm

Cerrer poi

eaniline.. .oalflime.

RowS

Rred

palse he wishes o iovestigate.) X LO-V| scope-sueep
trigger aprears at the cuift each time the waitiplexer
seitch step o the second chsamel. IR opomator cam
select & buile-irn, dusoyr, TRST-VOliage PITINCR TO APPOAr
scross the inpat resisters. Ike dumy psttert resembles
an actusl zarget paztern, sk this built-in featwre
amables the cpevator to adjuse dscilloscope sweep speed
so the 43-lige. vertiosl bar-graph pattern is spresd
wRross e full fsce of ore CRE.  The Muight of esch
walzage pedestal is direczly properzicasl to the beam
current going o its corresponding minitarget. Since
display aluays stsrss witk the loft emd of the first
™o of current-menitoring resistors, znd there spe

three desd chantels belvee 2adh 2ow, it is sy w
idemtify the pattern asscciated with a particulsr pow.

Querlapping and illegible repetitive display sweeps
cgn b preventad by use of 3 Switch-selected, limear~
ramp sizmal. This sigosl, whick can bde asde to appear
at the input suwwering yoice of the lice-driver, opera-
tiomal amplifier, superinposes the dats pulse train on
the lirear ramp. Vertically dispiaced repetitive sweeps
will then sppear on the face of e CRT. This linear-

rap signal is odtaired frox ome terxmiokl of tie 355
“searduration” tizer chip. SO the Tasp slways starts
frox zere and exactly coincides withk e duraticon of
The raxp sigonal is taken thrcugh 3 buffer

e $oanm.
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Big. 3. Block disgrax of fow-beam disguostic system.
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amplitier with an cutput aplitede sdjust s the
QperaIot ¢csn prefereatially adjust verlical displacement
in the CRT display.

BRIT-CULEeRt DOBiterity resistors are located o
e cards in the scanper chissis. They are socket~
aounted, l&-pir-DIP, filo-resistor chips with 13 e
sistors pet chip. JAlthough we find I~KI resistors
(vhich develop L ¥ per millianp) abeour rvight for our
spplication, input seositivity can be changsd by plus-
sing in differ~ot ebmic=valve vesister chips. A
ompanien b satoemery chassis steres the cutput of
the anslog=to~digirial caxverter in the data-acquisdtion
aodule. The digital dsta can then bve transierved o a
ninicoRputer vhere they an e software processed ta
produce equadensity comtowr plets, or whatever the
investigator deems most wsefal.

The simplified block diagraz of Fig. 3 shovs how
the eloments that compose this foa-bosz diagmestic
SYsive are quameeted. Figures 4 and 5 ave typical
oscia’ 'Soope tradus of sdrgle- and multiple-sweep, boaae
demsity prolile patterss. Figure 6 shows the front of
the scannet chissis and the various contrels.

Qur miniredular, dati-acgristion systos prove
excellent for fast~scan, hosm-profile oonivoring.
Althousgh this paper descridvws cnly the sizplest mode of
operation, that of contimmres soquestial scanning,
these systens are able o randox inpet addrass and to
sizgle step o command. Ihe systecs collect data in
both ansleg ans digival form and ave ideal for
any applicaticn requirizmg wvapid Interrugation of zmul-
tipe ‘nt sigaswl sources.
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Fig. 4. cilloscupe trace of single-sweep, buam-density

protile pattara.

cassis and contrels.

Frout viaw of scanner

Fig. 6.

I wmiskh to than Charles C. Dams and Johw E. Qsher
who encoutaged developoent of this ico-besn diagnestic
spsten, and Nichael J. Nilson wio offered helpful sug-—
custions and did an exowllent job of construczing the
Prototype scanmer chassis with ity gyriad of iztricate
anections.



