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Integrating Log-Ratio Position Processing
for the Los Alamos Proton Storage Ring Extraction Line*
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The Los Alamos Proton Storage Ring (PSR) is a

compressor ring intcmicd m accept i -mscc-lrmg i)roton

mwroi)ulscs from lhc LAMPF iincar accclcramr and

(ornprcss these pulses m 250 nscc in length. Beam position

monitor sensors of ~hc tcrrninakxi sLrip-line design ccntcrcd at

2fM) kft{~, arc provided in the transport Iinc from LAMPF, the

PSR injection [:nc, the PSR ring, dnd the cxtractcd beam iinc.

S[rip-line sensors used in conjunction with i)hasc processing

;.trc a g(xxi maw h tor I inac transport Iincs tind PSR injection

lines where ‘.:lcrc exists a strong 2(X)-MHZ trcqucncy

cmnponcrrt t J; Ictid 10 difficulties in the ring and cxlractcd

beam line where !his compnncnt tends to wash out, This

p:lptr dcscribcs the (icvclopmcm of intcgratirrg Lo~-Ratio
prwcssing [cchniqucs, which u[ilizc the original strip line

sl’u$(~rs ttl arh Icvc d [Iliij(}l’ improvcmc:]t in posili(m

monitoring I’or the cxtractcd beam iinc, The (icsign conccpLs

arc (Iiscusscd ill](! [hc present hardware is dcscrii!cd in detail.

( )pcr:l[i(mai dilficultics cncountcrcd during the dcvcloprncnt

Imw(.ss arc (Iiscuwcd and i)CIUJl iX!illll .1’l’lilt(M~ results arc
i)rovl(lcd,
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Icust :dcqualc in Lhis iippiication. PSR cxtraclrd twain

irrtcnsity varies from a fcw hurrdrcd milliarnpcrcs in Lunc-up

m(xic to 25 cmpcrcs durhg production timci (ii dyniimi(

range of 100: l). For cxtractcd beam monitoring, il mJkL’s

sense to observe the [rrtal charge that passes the wnsors, Ollr

most encouraging test rcsulis hiivc Ic(l to the scli’c[i(~n 1)1’an

inlcgraling k)g-~dLIO processing schcmc, which can I’ulfili Ix)th

of these cx~actrxf beam monitoring rcquircmcrrts.

11.ELf;CTRO1lI? SEI.F.CTION

For cconom y and simplicity, our rcccnl L*I I’orls I1;Ivc’

emphasized using the Cxisling 50-ohm strip-line dcl~’ct{)r$

along with wide-hwrd sigrrid processing. initi~:llv wc wOI id

with unmodillcd pickups, The 50-ohm [crminittc. ! s[ri;>-lli]~.~

hUVC ;lboUl 30 pi: of CilpilCltilrlCC giving rise [() :1 1.511W’L

dc~ily time comstiinl, “1’hc F%R cxtractcd Iyil[rl ~IIIis(~ IS

approxirniltciy triangular with ii ba.sc width of 250 IISI I IIL’

short lime constilnt these K!rrniniltcd slrii]-llnr (t.trcl[)rs

exhibit diffcrcn[iatcs the r~lil[iv~ly l(MIK lWaIII \IKIl:I1. t\II

intcgrati(m I’unc(i(m is rcquirc(i to rccovcr lhc Iw:lltl \IKIl:Il, ‘i’~1

ohscrvc lhC tolili ChiWgC lhill pU.SSCS 1111?ws(m, ilfh)lll(’1

an:llog integration (unction is rwcdcd. ‘i’hc Inhc IcIli low

11(.(ilmrwy giliI) (d these ln[c~ralirly sta~cs f.wh:ln( (’\ s\\l($lll

noiw illl{l limits thC ilViiilill)ll’ (Ivnanlic I“;lllg(’ 10 ;11)()!11 1{)” 1,

Since ii dylli{rllil’ lVlllgC in CxcCss 01 100:1” ix 111.I. Ilt,il 1,1

il(lC(l Uill Cly m(!ll itor 111(?cxtra~’lc(l Ix’al, ) i)osllloll” [(,1, ,1

dcclsl(m was Mil(ll’ 10 rn(xjily the cxlslin~, I)l(hllllj hv

rcnlovin~ Ihc [crmit)alin~ rcsislots aII(l p: I(kl III}{ 111~’I’11’(tIIItlt’\

With L’ilI)ilL’ltUllC(* 10 in~rcils(’ I!)C Iirlw LorlSlillll,

A s(;lnd;u(i cxtractl(m Iilw [hitctttw ii 111(111111((1 l)\

r(’llloving it i !crmituulll}! rvsiftors illl[l :Ul(liny VH) 1)1 ( 11111

(’:ii)il(’ilol’s Iwtwm.r] c:l{’tl of ils !;lrill litl(,~ :111{1}!I{}II II{ I 111{’

(’ilI)i)L’lli)l’S il?l’ ilC’lllilll)’ 111Still ll’(1 Ill 111:111’1)111~ lMIX(”\ (’!~llll(’t 1(’(i

to Ihc (’1(XlI(Mk’ Sl}:rl:ll ixwts, “1’hls CII(’<’IIVCIY , t(’:111’\ ,1

{:li):u’ltiv(’ pitkui) that only rc(illit(.s ;I sinp,lc in{(’}~,t:ltl~)l~ ,I;I}:{L

Itl Ihc im~csslll~ cl{i(’tr(mlc<, WI(lc lmtl~! (?() kll/ 1~~ 10 fll l/I

Ri: lr:ul\tolrll(.t$ ;Irc (IV-(1 ill ii f: I v[)!l;l~{’ ~t(’11tlIIu II I 7’> I

1111IW(lilll(’(’ rnllo) 10 IIrlvc IIIC (’llstlll~! \() 01)11!(I)&l\l; ll ( ,11,11’1

A v’rI(”\ (’OIIIIC(’1(’(i } !(n) IIh IIl 1(’sIsIOI If II IW’11[’(! lo 111Il\ I(!(’

luwk 11’IIIIIn:IIIIm In III(’ lMIIIt:IIy ( il~tllt, tr\IIlt IIIy III I 11111(

(’!)ll\l:llll 01 I ,!’I 11s(’( :111[1~lvlnp :()”{ (ho(y) (I Y{’I 1111’,“~(1

11s1’(’Iw.1111il(llw, ill 11(1(111101110 111(1(’:l\lll}: 11)(’ (1(’, ,l\ 11111(’
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ccmsmt, [he wmsformcrs help rcciucc the sysmn low

frc(]ucncy rmisc by hrc~king grour,d loops Qn(i limiting Lhc

]ow-frcqocncy Ijandwidti [71, A sccx)nd translorrncr (wirr(i in

step-up c’onfigura[i(m) IS USC(1at the rccciving cnd 01 Lhc

cNtTlcs M tmos[ the $ignals b~ck up to their original Icvcis

will)oot (k-grading lhc sigrral-m-noise pcrforrmncc.

111.(“:IRCU1’I’ DI:SIGN

l:igorc I shows a block (I!ugram ()!’ our Inlcgroling

Log-Ratio beam position monitoring” systcm, A small

matching 1X)X containing [hc shunting ~itp~~ itor, series

rcsislor, :In(l cable m:itching wmslormr is l)liKCd ;11 Ihc

l!lCCW(MiC SlgIIJl OUIPU1 ports. (’ill ihrillCll tCSl l} UISCS llliiV lK
in tcclcd ill lhC clcxmodcs to verify sys(cm integrity :m(i

l~;rf(ml~ active sys[cm cillibra(ion. olw-hundred .f[Nw long 50-

01}11)C():lXiill C;lhl CS Willlslllil h: IKW1l SlglMIS 10 lIIC rcinotc

pr(rc(’ssing clccw(mics. [~~ch im~~-ssor sign;d pilth consists of

lhC h~llt~wing l’lClllCIltS: il 1:5 !h[Cpll~l Irilnslorrncr, ii pilSSi VC

RL’ inlcgr:llor, a low- nois(” gnln Slil~C ({4= 1!)), n swilch:)hlo

p,;lin st+y (A= I (w lo), :1 Iligll-slcwr:ilc lf’ilCk illl(l 1101(1

;lltlpllficr, :111(1IhC lo~-riiti[) pr(x’cssing clrclli[, ‘1’hc [r:i~kil[\(l-
1)01(1circlli[ry (:~l)[ur(’s Ihc si~n;d peaks and hol({s IIICSC (l;IIa

for Ihc r(.iilllv(”ly slow rcsp(m(tin~ IofJ-rilllo” lM)sltiou

I)lt)c(’ssory,
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Figure 2 gives the response of our pr~~’swr to vary III:

input signal Icvels. The vertical MIS is In cm tin(l the Irrpu[

slgnai wiLh no t[tcnua[ion is a 3-voit peak [rii]ngi]lar puisc

250 11.sc: at the tMSC r~Wi][cli at a 20-H/ m[c, A(k’quatc

dynamic range is not aviul~blc from the high! cnsl(lvl(y rang~.

olorrc. Wc have included a low .scnsitlvil y riulge (o allow for

future incrcascs in PSR hcam inlcnsity i~nd to extend s} ,,cm

pcrf(x’m;mc(! to cover Lhc desired 40-dl] range.

IV, IiARIIWARI; DIITI(X;LTIES

Wc chose 10 incorportitc a passIvc intcgra[or in our

final design. In iln earlier Ucslgn, wc configtm-d Ihc first k)w-

noisc amplifkr stage as an AC iiis[ivc intc~ra((~r, ActIvc

integrators offer improved accuracy over pas!,Ivc ~’lrcuilrv I)(II

tire dil”llcult trr implement in Lhc high -frcqucrwy hi!:h-sl~~w-

ratc mgc (in excess of I(X) V/~scc) wc operate” III,

AL low signal-levels, the Log-Rtilio circuits arc qui[c

scnsi[ivc to noise and small offscl voltages at their inputs. ‘1’hc

lopo]ogy of lhc slgnid proccssirrg Section was c’hoscn 10

minimi~,c noise and DC oftsct cffccls. Ihc AIX+Y) Iiigh

Spcc(i, Low Noi,w Video Opcrillionitl Amplifier is UM’{! as thr

first giiin stage bccausc of ils cxccllent noise charac[crl$ti~s

(1.7 IIV i~nd 1.5 pA / root Hcrtx at 1 kt+z). A(T coul)llrrg ;II IIN’

~i~k-ilnd-hold inputs removes IX offscls Irolll [hc rarly g;IIn

s[agcs with m) k)SS of iic~urac~. Ttw pc(lcsIJl oftsc[ (Jrrol

COIUI11OII [() fdSt [rilCkilll(f-llo](l CirCUllS rCITliiillS il p(ot~k’1 )1.

I;igurc 3 shows the resulting OU[puI of an 1(:1’iil 1.()~-}{;1[10
processor with ii I -NIV of’fw:t (Iift’crcncc a(hlc(i I() v;wl(ul\

common mode offsci Icvcls in thr i~rcscncc of an (’q II Ivoli’m

I -c’Ill t)Cillll (Iisplilccmcnt Sigllill. (Ywmll Irdns(”l’r ~:lln h:l,\

been a(l,justd U) nliit~h ollr processor” traijst’cr g;lin,
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circuit module, mcasufc(i pedestal ottwl vollagcs, and

corrcctcci the resulting data to produce the Iivc beam K!SU]LS

of Figure 4. The.sc dara shmv apparcn( position shifts at the

Iowcst input signal region. The pam!m rcpats with changes

in beam position providc(i by upst.rwrn steering mogncts. We

hclicvc this 10 bc :~ rctil effect resulting from off-ccnlcr

injcctl(mnljusia Icw hcamhurrchcs intothc PSR.

Extraction BPM Processor
%am Data (curreded for measured olfsel wrcws)
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f;igurc 4: Ilcarn Positi(m Diltil with offset

~(wrcct ion.

A second ilttcmpt to resolve [II(: pC(lCSUl offset

difficulty id us I() the SHM-4° tr:wk-and-hol(l circuit. This is

:molhcr m(mo]ilhic intcgrnm(l dcvicc ol’fcrcd ilS a hi@l-slcw-

r:ltc low-C(~st unit, N() :lttCr~]pt tlils hCCII i~]ii[l[~ hy IhC

lllillllll XtUrl’t’ (() IMIU1l(:C thC pC(fCSlill OMSC[, lNlt illl inverting

inplll is ilVilililhlC iln(l ;1cnrnpcrrsa[ing ctmrgc Illily IX? Collpll’d

through :1 Slllilll CilpilCitor into [his input. WC fomr(l ltlC

L’(lMpCllSiilioll 10 hc W.tllpCriltUrC (lCpCWICllt liWgCly (!lK’ 10 thl’

tiiiCk -A-hold circu IL M(I choSC o ncgntivc -(cnl~~ri{tul(:

c(rcfficim[ thermistor c(mfigurcd ilS n SCl!”-K~Ulil[ltlK hCiltC1’ 10

Illililll:lill il Coll!41illlt chip tCIHpCrillllrC, While tX’l}Ch tCSIS

yicl(lcd quite i{l’C(’]ltilhlC rrsulls, Iivc h(’illll rcsullx tr(m Ihrc(’

lN(NIIICt IIm lw(~csstms rcsIIllc(l in onc uIIll wIlh iIli:iLcl:l)liil)l(*

IOW Irvvl response.

( hlr l)rcs(~nt prckrrc(l tr:~ck/h(Jhl (lrcuil choice is III(’

Sil Ll 45, “1’his is :1 vcrsi(m (!!’ Ilw 4XM) wl!!l n siilg!r 1!(!!(!

LOII)IIIon(l inplll ;lllowin~ [he Ill:lllllf’ilcl(lr(’r [() trim Ihr citcllil

Ior N lypI(;Il lw(lcslnl oll’scl of 11’sYlhNn I nlV ‘III(’ ttinlminK

IS n.li, tivcly Ittsctlsllivc 10 ICtillx’1:11111(’1111(’III:IIIOIIS;In(t wllll

(Nt[LltIl sclc(lioil IIW Sll M45 will lwovi[lc III(S (1( ’slrc(! rcslllls

high input signal Icvc!s, the obscr-vcd noiw is [It the Ii[ni[s 01

our mciwrcmcnt systcm

:
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VI, CONCL(JSIONS

Wc hi~vc produced three vcrsi(ms (J( our’ !nlc~r;iting

1.og- Rtit io processor’. ‘r~sts with live twillll Iliive tw~’n

cnctmraginK resulting in an (dxcrvc(i (iyn; m)lc r:mgc in

cxccss of the dcsirc(f 40 (iF3, “rhcrc rcmi~in s(~mc circuil

difficulties, which wc now feel con be c(mtroll~’(1, WC ;Irc

c(mstructing ii full twmplcmcnt of pr(wcs$ors illl(l p!wl o

cornplctc c(mvcrsi(m of’ Ihc PSR Cxlri~CtCd bCNIII Iinc in [IKS

near lIItuIc.
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