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A nininedular* dafcs^ccjuisztion sj-st-sr can be ased 
to rapidly interrogate a -i5-£oint matrix of be*cm-
current saapling Cargoes over the 3* x 12—in* rectan
gular* output bean cross section of a 5&-A*. neutral— 
bean ion source* This systes* operating a t a throughput 
r a t e of Id „s p-ir channel-, can: na&e several complete 
scares during the 10- to 25--ms-durat ion beam pulse* Data 
obtained are avai lable in both analog and d i g i t a l tons. 
The analog signal i s used to create an immediately 
in terpre table CRT display of the bean-curre-at density 
profi le tha t shevs hev v e i l the source i s aimed* The 
d ig i ta l data are held in but ter memory unt i l t ransfer 
to a minicomputer ior software processing ar«r p lo t t ing . 

Ion—Source Injecror System 

Twelve 50-A* neutral--beiim ion sources inject 10—=ss— 
duration beans into the magnetic confinement f ie ld of 
Lawrence Livemore Laboratory's CIXL*s} ,1X1 IS ex?eri=?£nt. 
Another 24. of these ion seunrces -will inject 25—ns-
duration beans into the confinement f ie ld * f the 
TTK machine under cons tract ion a t L.LI.* Developed by 
Lavrence Berkeley laboratory, these ion sources 
produce a bean that i s 3 v 1.1 in* in rectangular 
cross section* 

TVo of the basic aeusuregents needed to ascertain 
performance quality of the ion-source injector system 
a rc ; t o t a l bean current into a bean-stopping 
target* and to ta l energy per pulse deposited in the 

is made by observing the temperature r i s e of the known 
the real mass or a beaa-stopping tanret-

ixe have a lso found i t hei? ful* if not necessary*, 
to monitor bean-current density a t a matrix of points 
over the bean cross section for optimizing source system 
output* th i s provides a prof i le of relat ive bean 
density that indicates hot spots and shews if the source 
is properly aimed. 

Calorimeter r i a t e 

The beam-soopper. calorimeter plate is 1,'i in-
thick, made or copper,, anc cooled on the edges by 
vater* It vas designed with -5 bean—samp 1lag holes 
through i t to a t lev sampled beam currents to be 
menitored by ~ia array of nia i targets* These forty-
five I. lt<-Ln*-dian* beam—s.. -l*ns, holes are arranged 
in five horizontal revs or ^e holes each* Th£ 
revs are I. 2 in- apart- anc f cistanee between 
adjacent horizontal holes i.- - >. S in* The arrange— 
meat of th is rive—by-nine mar .x of bea^n-s-aapiing 
holes is such that one horizontal and one ve r t i ca l 
row pa,-s through the geometric outer or the cale— 
rimeter plate with one hole at :e center point* 
Ihe 2- - II-in* central area i:-. •.-nich the sampling 
jo ints l i e comprises about oĜC. oi the t o t a l 
5— •* 12— in- rectangular,, output beam cross sect ten* 

Targets 

"tie team rtpling mini targets- -.—-*0. s t a in l e s s 
steel machine screvs. They are mc - led on a custom-
cesigned. printed c i rcu i t (.pc) boar that i s insulated 
from and about 1. - in- behind the b- ^—stopper, ca lo
rimeter plate* The pe board positL- t a rge t s d i rec t ly 
behind the I, tb-in*-diaa* beam-samp. _ holes in th** 
pla te . Leads on the back utvay from .^e bean) ox the 
pc board connect the conductive pad around each screw 
hole to a tab of e i ther of tvo 22—pin edge connectors 
mounted on the upper edge or the pc board- Figure I 
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Fig* 1* Eiacsv . itat of beam-prof i le-oonitor pc bc-ard in beasr-target assembly* 

Viori* performed under the auspices of tire C*S. Energy Sesed.rch and Develcpaent Administration,, contact 
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shevs the back of the b<^n-p;^f ide-ncniter pc board as 
ins ta l led in the bean—cachet assembly. 

Target Assenhly 

The bea=r-Carge-t Assembly i s located ifcoaf; i n froa 
Che exit grid of the ian source and near the: ex i t port 
of tha bean-neutral i ter chanher* I t i s =o-̂ rtcosi in such 
3L «*y chat i t can fro neved ver t i ca l ly out of cite bean 
lir-e for bean injection into the experiment or levered 
into place for source perforxsanco :=ani coring. Figure 2 
shews the front 0«s=: side) of a bes=>s*©p?er» ca lo 
rimeter place =o îr:Ettd in the bean-target .r.ssenMy* 
Kfces th i s photograph vas taken* the t igh t beatr-edge-
s&inner paddle vas posited into about I irt* fttct the 
bean center l i ce - The lVlfe-ia*'-dians. beam-sai l ing 
holes in the copper calorimeter place a re barely d i s 
cernible* 

The b-eaa a t target location should "00 composed 
ent i re ly oc energetic a ru t ra i pa r t i c l e s , the actual 
c a r r o t ncaitcred a t the hean-sanplir;g a in i t a rge t s i s 
that running up fron ground to replace secondary e lec
trons produced ac the surface of the screw heads by 
incident atces* A snail (5- to 10-f) negative bias i s 
needed to onsu .o. a Ll emitted secondary electrons are 
driv^en away aa t do not f a i l back os the screw heads. 
Should che bean no longer be neutralised and posi t ive 
bean current t^rnir&ate or. the t a rge t elements*, thus 
connecting the=s e l ec t r i ca l l y to the di>- to -i.O-«V accel 
potent ia l of che ion source* the aoaitoring system 
would he danaged- To prevent t h i s , each target olenent 
i s connected by a sssali, so l id - s ta te protection diode 
to a ground bus en the pc hoard* This diode would be 
forward biased if the target tended to go p o s i t i v e 
thus clonping ^he target to a 0*tr-V, forward-diode drop 
above ground. Each bean-sanpding current passing 
through the l/l&-in*-dian holes in the calor i=oter 
p la te has a range of I to 10 cs.V* The negative bias* 
seeded oa target elements Co drive away secondary e l ec 
trons* a l so bacfc biases the protection diodes so they 
oppear as open c i r cu i t s to Che eonitoring systen. 

Kite leads freer the ?e—board ed^e connectors carry 
bean-current signals fror. the bean—line oj.cuua tans, to 
the outside via a s a l t ip. is* herneticai ly-soiled con
nector . The bean curreats are passed through current-
nonitoring resiscors and the connon negative bias to 
ground* Voltages produced across the -Vi r e s i s t o r s aust 
be rapidly scanned* in a t ine short coapared to the 
1CK co 25-ns—deration bean pulse* and the output 
produced nust he useful to and interpxetablo by a knowl

edgeable operator. About the cine w he-cane aware of 
th is need* ve also became avare of the existence of a 
commercially available* nininodaiar* data-vtc^-uisitior: 
sj-sto-i tha t i s ideally suited to th i s arid similar fa&t 
scanning applicat ions. Although the unit w-e selected 
was one of the f i r s t on the narketv essent ia l ly iden
t i c a l ncdels are nov available frcn six or eight data 
processing component naaufacturers. 

Data--Accuisit ion Systen 

i^tr airtincdular. dsica-accnisition ^ysten contairs 
the following interconnected clenents: a Icr-channel> 
single-etBded nul t ipiexer (also avai lable a s S-charsrel 
d i f ferent ia l inputs) , a signal-conditioning* differen
t i a l annl i f ie r . a high-speed sanplc and hold, a fast* 
Id-hit* analog-co-digital converter* and a l l control 
asd prograzming logic to nase the -aaic readily usable. 
These elenents are contained in a 3— ^ 5— v i/ii—irt* 
package vitrt a nul t ip in edge connector. bTe ai.se pur
chased an auxiiiarx- nod«le of the sa^e s ice that 
contains -*S single—ended citannels of multiplexer in^ut. 
The two uni ts together provide b* channels oc = u l t i -
alexe-r input, rort^tnately* che differencial anpl i f ie r 
in the auxi l iary nodule t r ea t s negative target bias as 
a coanon node signal ani o-ntj* anp-lif ies the voltage 
drops across the current—nenxtoring r e s i s t o r s . 

The data—acc.-iisitien syste-n has a no^nit> .̂l througit-
pnt r a t e of 50 SaSt* or 20 ..s per input channel. Never 
•a^its ha\-T; throughput rates up to IQO and CCCt sdi: 
(10 and 5 _s per input chancel.''* Control points brought 
out and node available to the user increase clock ra te 
and shorten d ig i t a l output word length to $ b i t s . This 
allows the nodule* Co operate a t a throughput ra te or 
about SO kS:* or about 1*! ..s per input channel, xe 
tsoraally use th i s 12-us ra te to scan a i l b-. in.-.-ut chan
nels in about ?TQ _ s . 

Tbe analog signal i s conveniently available frcn 
a point a t the output oi the di f ferent ia l onplii ier and 
the input of sanpXe and hold. This signal is used to 
creace a useful and irrwdtacely interpretabie CS.T display-
This ver t ica l bar-graph displaj- i s created by con-
n i t t i i ^ the e-* inpsit channels as coilovs: The f i r s t 
channel has no s ignal ; the nodule :s set to cvel l on i t 
unt i l triggered to s t a r t scar.* The second channel i s 
connected to a ItKV level for use as a scope—sveep 
trigger* and the third chanr^i has no s ignal . Chan
nels i through Id are connected (.in order) to current— 
;scnitoring r e s i s to r s in the f i r s t row o. the bean-
profi le pc board. Three "^o-sign^l"' channels are Left 

Ftont viev of bedtn-stepper*, c**lori»et*a- p la te Bounced in beasr-tacget assenbiy. 
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between every nine inputs froa the roMiaing four wws» 
The *^ao-si$ts»l!* inputs arc tercinated in etaa sane 
r e s i s to r s *s the current-^oaitoriag channels to prevent 
noise picfcup* b>at no signal, i s connected to them. 
Thus 5 channels a re l e f t a f te r a l l -̂ 5 targets have been 
interrogated. This fortunately provides ahcat A feOsis 
interval. for the oscilloscope sweep c i r c u i t t o recover 
ewa«gh eo respond to the next sveep t r igger when in 
n^t ip le-sweep node. If we were to lock a t the beasr-
input s ide of the ta rge t assembly-, we would see tha t 
each. h o r i K e t a i l i ne i s scanned^, in turn* from the 
upper l e f t to t i e lower r ight corner. 

Monitored voltage levels r i s e and f a l l very f a s t 
when the scanner i s used a t a lJytsr-P«J>-ch:i»nel 
throughput r a t e . The puis* t r a i n prefaced by the voltage 
fluctuation i s aspl i f ied by a Line-Driver,, operational 
amplifier before i t i s transmitted t o the oscil loscope. 
Ubenever a •^start-scan" t r igger fro* the io*-soarce 
control system enters the scanner chassis-, the Multi
plexer switch se^aaatinHy scans the €& iaput channels. 
The lengths of th i s scan period i s s e t by an adjustable 
"scan-duration 1* t i a e r tha t has a b to £Ch-*s-dnration 
ranee. (Actually, the tri»jgor f i r s t go«s t o & ""start-
scan-delay"* t i a e r with a I - to iQ-KS-duration range so 
the operator can preselect the portion of the bean 

palse he wishes to invest igate.) ,\ lQ-\\ scope—sweep 
tr igger appears a t the c u t ju t each t ine the ao i t ip lexer 
switch step to the secojsd channel, the operator c m 
select a bui l t - izu dusner* tes t -vol tage pat tern to appear 
across the input r es i s to r s - The duny pat tern resembles 
an actual target pattens* and t h i s bu i l t - i n feature 
enables the operator to adius.c oscilloscope sweep speed 
so the iS-i ine* ve r t i ca l bar-graph pat tern i s spread 
across the ful l face of the CRT. The height of each 
voltage pedestal i s d i rec t ly proportional to the heax 
current going to i t s co rrespondiog a i n i t a r g e t . Since 
display always s t a r t s witfc the l e f t end of the f i r s t 
tost of currenc-ncnitoring res i s tors* and there a r e 
three dead channels between each rev* i t i s easy to 
identify the pattern assaciatAd with a par t icu lar rev. 

Overlapping and i l l eg ib le r epe t i t i ve display sweeps 
can be prevented by use ot a switch-selected* l i n e a r -
ranp s igna l . This s igna l , which can he a&de t o appear 
at the input suoRisg j o i n t of the l i ce -d r ive r , operar-
t ional aaplif ier* sup^riapeses the data pulse t r a i n on 
the l inear ranp. Vertically displaced r e p e t i t i v e sweeps 
wil l then appear on the cace of the CRT. This l i nea r -
raap signal i s obtained frco oiw* t e m i a a t of rise 5SS 
**scaa-duration"* tinei: chip* so the rasp always s t a r t s 
fro* aero and exactly coincides with the durat ion of 
the scan. The ra^p signal i s taken through a buffer 
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Fig. 3 . Mock diagraa of ioa-feeaat diagnostic system. 
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amplifier with an output astplitode adjust so the 
operator can preferential ly adjust ve r t i ca l displaceaent 
i n the CSX display* 

Beast-curr-eat T=o,tsiteriE§ res i s to r s ace located ota 
pc cards its the scanner ch&ssis* They a r e socket-
aounted* t€r-isicrJStP* f i lsr-resis tor chip's with 15 re* 
s i s t e r s per chip* Although we filed 1-&2 r e s i s t o r s J » ^ 
(which develop 1 V per a i l l i a ap ) about r igh t fox our j ^ ^ ^ \ 
application* input sens i t iv i ty can be changed by plug- —*— B - ^ M > -
gir*g i n d i f f e r ^ t obxic-value r e s i s t o r chips* A 
coatpanion buirer-sseaory chassis s tores t h e output of 
the analag-txr-digit ial eorri-erter i a the d*ta--*cqui£iti©n 
aodale* Use d i g i t a l data can then be transferred to a 
ainieoxputer where they can be software processed to 
produce e*pMffl«as£ey coritosar plots* or whatever the *• 'V ** 
investigator deecs iwst useful* ^****^ J»** ^ * 

v* 
Ihe simplified biod* diagraa of Fig* 3 shews how 

the elements chat compose th i s iort-beaa diagoastic p ^ 5^ Oscilloscope trace of nultiple-sveep, 
systea: a re connected* Figures 4 and 5 a re typica l density prof i le pattern* 
oscii." >scope t races of s i r ^ i e - and auitiple-sweep*. beast-
density p*^*ile patterns* Figure 6 shows the front ot 
the scanner chassis and rise various controls* 

Oar ausiiaodralar* data-ac<£aistieaj systems prove 
excellent tor fast-scan* bean-profile rronrtoring* 
Although t h i s paper describes only the simplest sode of 
operation, that of continuous secuestial scanning,. 
these systens a r e able t o raascc input address and to 
single step on coacand* rhe systems co l lec t data in 
both analog and d i g i t a l fore; and a re ideal for 
any application requiring rap-id interrogation of nu l -
tipo ' n t s ignal sources* 

Fig* b* Front view ot scanner c u s s i s and centrals* 

* ^ ^ **L * Acfenowl odgsents 

^ ^ ^ * ^ * ?•» I vish to thank Charles C* IXinn and John H. C*sĥ r 
who encouraged development of t h i s ictt-bean diagnostic 
system* and Michael J* Wilson who offered helpful sug
gestions and did an excellent job of constructing the 

Fig* i* Oscilloscope t race of single-sweep* beasr-d^ns^tty prototype scanner chassis with i t s nyriad of in t r i ca t e 
prof i le pattern* connections* 


