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THE IIERA-P BPM READ CUT SYSTEM 

A. JacobI) , K.-H. MeB, V. Nedic, M. Wendt 

Deutsches Elektranen Synchrotron DESY, Hamburg, Germany 

?&xtract: A beam position monitoring read out system 

has beer. developed for the “20 GeV HEFA Prot.on 
Sroragn Ring Accelerator. The electronics provides 
po:: it i on , interxity and further information about- a 
::e! i~c:tlc:d bunch on il turfi-by-:urn b&is. The snal:)gce 
and digita! pzr-ts of the electronics are described in 
tic t ri i 1 

Introd,Jctix 

ilI:W [1 1, rww ~xvjer comple:.ion at DESY in 

IlclnLl>ur-g, I:-; d pi,: of' storage rir:gs in which 13.70 GcV 

proton:; wi:l collide with 30 tieV electrons. ‘Zhe beams 
wil 1 i:o:~s 1st r!f ?I0 bun&es each spaced by 96 na. The 
li~wn pi,:.: it iw. measurement system for the proton 

:;ior~u~c: r i no i:; based on directional coupler antennns 
tx,t h in I ht, c:yiqc:nic and ambient termperature parts 

[L j of t~hc protor. ring [:3]. ‘The 395 mm long antennas 

rir<' :J:': 1 nnt.rhcd to the 0.3 m (at 020 GeV) to 2.‘: m 
(,.~i .I(> G(~V i~i.ji!(::ion energy) l\,ng bunches and yield 
:: iqnal s w i t tl i b rmd f rc+1cncy content around 
100 Mll;:. IJlldisr opt ilral ccmd it. ions at lumims i Ly 
s’.(~c~u.~r~ c>:;rrdt ion xhc pick ups deliver pulse sir;naLs 
with p.i,ik ,!rnp I i b ude:; up tc 'IOC V (correspnr:dinr; to 

10' I p;::url~:t ) d' rl 'lf> ":; repetr iL ion rate, wh.i le 
illit. i r\‘~ ! n jrc i ic>rl ::t lid iei; :: i ngl c pass pulses of a few 

IilllillP’Ii !I[ h I i 1~01 t s (urresponding to 109 p/bunch) 
lhi\ri: t I> lx, prrxessed. ‘To keep: the querxh probabi1it.y 
i rjtd rlllt- i:lg rl.ni: ~lt.h high beam currents, an wrly 
57rir.i i'~ij f:ir orbit movements is envisaged. It. has 
t Iil~Xd .i,.t :n cblher [ ,4] accelerators LO be useful to 
i1.t 3k8’(, to analyr;e consecutive :neizsl.:rcment:; of 11 
J i qii sn hiin(:h iat .:cvcro 1 ;los i t i ens in tho rnachinr. In 
part“~lilLlr, a -il.st.::,ry of the b~,am pwit ion :;hortly 
tw fore <a beam ‘abort might. be very USC?fUl i n 
i lc.rt I 1Vyir~t.l I l;ce cc~~~sc ~;i‘ the f~iill’ _ 

l’h2 P I rctronics for the beam pm it ion man i t.vr 
i.yst CII i:; <r?.v,drd into two puts: on aniilogue module 

w il I .: h is <SF- Ii. int.0 iili (~lmosi ) pxr;ive inpu!. 

.:Wt .011 drd 311 acL:~e illiil~WJUC? c?~ef:t.rCrliCS !:ec:t.iOn - 

13~1 c~ ,du:ittll nrwlult~. While tho f ir:;l. two parts are 
Li!ii c~rlmirJ1’ Lo cop<i wit-h t.hc 10. 4 MItz rat.e at. no 
cxt.ra co5 t., most digital modules are limited to 
Gi~-i:Lpt O,l(~ n-i: IS.II-enwnt pt-r wvo111t iori ( i.e. 48 KHz) 
1.>Gcause f>i rYm’~ry !:paw. Ttiv el cx:t.rorlic.:s is built up 
af hip?: :>I- tics iws t.ii 1 nEur<! a higher immunity 

:ig,iln:;l r,liiitit ic>ii. 

pAnal.o ue ModLlel; 

The hPM-signal electrsnics measures t-he position 
:.f the? pmr.on hem witt respect tc the vacuum 
i::-ian,tJc-r’ ‘, cei11.re ., processing analogue the directional 
:n1r:l Pj- pick “p s igna1.s 1x1. This beam position 
i7fi:r:rliit I:,,, 1s converted to an 8 bit digital data 
WC r .1 and p;jssed to a digital module for further 
t ri~rli.nr~r:t The, electronics together wi.t.h the trigger 
system 15 ] selects a single selectable bur.ch (out of 
210). The measurement. is repeat.ed once per revolution 
( :, I jis ) 

PC>!. diagnostics pUlp,S~S the electronics 
rwasures additionally with 8 bit resolution either 
t t111 !;I,“, (T) :ir the difference (Ii) of the pick up 
:;igr:als. These signals are proportional t.o the beam 
in1 ensity or (,alternativoly select-able) the product 
of beam posit. ion and intensity. 

III order t c achieve a beam position measurement 

1) on leave from Xeizmann Inst.. , ‘I’e1 Aviv 

under the various !IF.RA-p beam conditions ‘we choose 
the phase measuremnnt, principle [ 61. Together with 
the pick up stations it enables a single bunch 
posi-cion measurement ‘*Ii t. ti submillimeter rcsolu L ion L 
for centred beans ,?rld moderate resolution 1 cwards ihn 
chamber walls. The dynamic range is sufficient. t.o 
ensure the operation, under a11 machine conditions 
without the need to switch elements (att~enuators, 
amplifiers, etc.) in the signal lines. 

Figure 1 ske-cches the schematics for a single 
frequency (t-he “opcrnt iofi” frequency) with t.wo sine 
wave generators as cq:1 LVB 1eri t cir;:uit-s for the 
signals of the 1.~0 adjacent electrodes of ihe dual 
directional coupler pick up. 
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fzr a horizontally sensitive pick-up”). A 3 dii direc- 
tional coupler (hybrid) running at n/L electrical 
length convert.s the ]VA]/ IVHl-ratio at. its A and Ii 

ir,pcts inr.c a phase ratio between its C and 1) 
output :i : 

Ji 
TL 

C-L, L 2 - 2arccot ($4 (-‘I 
Iv,1 

wi-ile the amplitude at t-he Out.pl;t ports is xw :hc 
avcrago of the t.wo input. sigr.a.1 amp1 itude. 

So the 3 dB coupler act:: at its centre-frequency 
(n/i - elect.rical iength) as an amplitude rat.io to 
phase difference converter (I’ig. 2). 

2) for a vertically sensitive pick up tne indices x 
and z have to be exchanged. 
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Fig. 7 Principle of tie 3 dB direc! ional coup1 er 
as amplitude ratio to phase ratio convertsr 

IIT an orthogonal plane x and y carrespond to the pick 

i:p electrode si;nal levels3) ]VAj and IV& where jr) 

is the beams intensity and p his position. A n/2 
delay 1 ine matches the phase range ($,-,) with 

the phase detector’s rango. The t~wo zero crcssing 
detectors ( anal ocue comparators) at- the phase 
detectors input:; limit the C ar.d 1) signals to ii 
constant ampli.tu~.3e. A low pass filter- separates the 
quasi K-component representing The becm positIan 
informaticn. As I he phase det.cct.,.>r characteristic is 
l.inenr, (it is a digital m’ ~xer bssed on a GilAs-EXOR- 
gate! r the overal 1 characteristic of the beam 
position measurement. Ls the product cf ( 1) arid (2) 
with sorre cxlstants. Tie mapping of this signal ranqe 
to the 8 bit binary scale of the following RIIC 1 irnits 
the positior: resolution I.0 approximat-cly 150 ,Lm f?r a 
centred beam in rhe HERA-p VACI;IIIII chamber (i”g. ‘I). 
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F i $3 . .? Ttl<iowt ii:?11 rr~ulut ior\ limit \ii:r:ill:i tw?ir:l 
psit.i~~n dde t3 8 bit digi tallzstliir. 

Th.:; 1 bit i:; equivalent to 8 ml ;it t.i~il AK ir:~“;’ 
r:xrtwpond1n<3 to a phase difference of +,,_,, - 1 l;‘-;‘. 

(i:r 10 ps) For a I 50 pm beam displ acern*~n t f ram ‘.li<~ 
o.~ntr‘e the> pick .~p signal ratio 1; 0. 1ilC & :o? 
: b i 1. 

M~~~su:.fmi?:?t ; ~II d pl‘o;.ot ype show ii : short ‘. imtL) 
J>:,d!:c- jji ttkr or : 3. l” (- ? &a:;), whi c’l :or-w:;prmri:: t 0 
a I:! bit. rr:::c~illi iun. 

‘1’0 apply this phase m~a-;ur;ng prlrlciptc? on 110 
IiERA protm l,urlch signals two pulse-forming f i 1 tcLr 

network:: are needed at the electronics inputs A dtrid IS 
ii: excit.e a sine-wave-like burst sqnnl The i>ii t‘:; t :; 
f re?uency ( “operation” frequency) is ,chcr;on + o bet 
lC4. I MHz [ 2200 t.irnes t-he r-evolut.iun fri:qi;vrl(:y) WIIPU 
the convolution 3f the bunch spectrum wi:h tee 

pic;k up t.rtinnfFsr iunct ion ha8 a broad rwwimxl I ,!’ 
‘Tke burst.s envsL3pe approximates a t rapc?zoid 
produce a sine-wave-like response. This resuit:; :i;! 
minimum Fhase litter and const nnt pt!ak amp1 itude 

di;rin(i t-he measuring in:erval (which js 60 . . . 80 ns, 
kv.xnllse of the 96 ns bunch-bunch :;pac i ng ) , find 

n~inimum ripple for +:imes Z 96 nb. lt-e pole:; ;irld :<<!ro.; 

Of the normal iced low-pass-equivalent t ra:,sfer 

t‘unct ion were synthesized by m1nlmlzir.g [‘I 1 

3) these sigr:oli; hilt t.0 be a~,prox imately in phase 

J [r(t) - a,(t)12 31: i min. (3) 
t=o 

where r(t) is the ideal normalized trapezoidal time 
domain response and 

1. * s 
“o(l 1 z T+S:,[W(S) ,i;<>“) c cJv C.1) 

v=1 

the normalized impulse response of the r.et.work with n 
poles, in which 

“! 
n 

] ii-1 W(s) -7- i. ,, 

I, E - F 
‘“I. 

) 

(:I ‘, mi 

( s -- so r ) I1 
I” -1 

t 1:~: no7m=11 i zd tronsfr:I funct i(c2 -2~qe,iri: (P'ij. 4) 

:;y:,l !ic%:: i:, I r:<j t tic ! rdpr~i.5: 1531 ~rnpu i :;t' 

r<~>;pc>rl:;<' r( I ) by '<;(: ) 

Tt.CL rt~?:L,lr ilf t tlcz pract ii:,-11 I' f % a I i : : a t i 0 ,-I w ; _ t I 1, c, 

,d;ind n, 4 of t.nc 1npu t bandpa.:s plsc f.~r~illt!l- .; .:11<,w;. 
i r I*’ i ‘1 . 5 . Some de:rsasr c,f Ierfi~rmarlct: u9e i ij t!if: 
nt-eded Nor-t on impedance Zransfalmat IX 3f the iny-,ilt. 
rtsc~na .or circuit nnd s f T i ES ~1~,~3ll.t 131, ~‘!wblem: 
product: a higher rippie fcr t 1 CiG ns. Measu:eme:lts 

c>i. the whole I;yst.i*n :;how rrc~vrrt:lc li?:;?; (txr~i~sc cut t hr- 
cunpLitude-tr,-phasF cor~vc~r:; ion) ,-I :;uft ic LC~II~ hl:lc:b 
.separat ion , the inCl.urnce of ii prwio~~s Lnch oi. t hc 
sxw J i:i.~~ns il y ~3:: t hc, biirrcti uniii~r rm:: it iotl m,w:siir~ 
merit being 2 53 su 011 the measurement accuracy. 

F i q 5 ‘Tirr.c and frequency domain (magnitude) res,- 
i>OnY;<! :\f a matched bandpass pulse former p<a;r 

‘l’:w pr.lsi! fot7nin.J of t-he i nput signal r r-egui rei 
:;I iyht I y more sophist. icated DC component ii ltering 
behind the phase comparafor. We apply the theorerrb of 
r.hr? 1. ime bandwidth pro&c? [H] for R low pass pulse 
former with sever. poles and four zeros. 

Roth fil.ter ret-works, those trapezc.Jal band 
pa:;:; pulse farmers at the Input. and the low pass 
Filter:; behind t.he phase comparnt.or, reeul i in a 
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measurement interval of L- 20 ns for the analog-to- 
digiLa1 conversation, in which the signal to be 
digitalized is constant within 0.4 %. The dynamic 
range of the beam position measuremerit electronics is 

limited by the zero crossing detectors to at least 
43 dB. The overall frequency-dependent characteris- 
tics and the linear attenuations in the system 

(including pick up and beam) result in a signal range 

between - 36dBm (' 10' protons/bunch, 2 m bunch 

length) and + 12 dBm (' > 101l prut."ns,'bur:ch, c.3 m 
bunch length). At the lower end, i.e. injection 
studies and machine . commissioning, the absolute 
resolution will be reduced t" : 1 mm (fcr a centred 
beam). 

'I?-.0 intensity or Ictensity-times-position meas- 
Irsmcnt is based on 60 d3 (in s"me modules 40 dB) 
detector logarithmic amplifiers, sensing a I: or 
( so : cct ih1.e) A signal. This measurement branch allows 
*a rough srnqle-bunch intensity measurement as well as 
d high ros"lution measurement for the relative beam 
;:o.; : tllrn under stable maciiine conditions. 

Digital modules 

F Lg'lre 6 sketches the main features of the 
digitcll. nlodule. Two identical channels are housed in 
orrc diouh I c' width NIM-t.Jpe module. Inputs from the 
arlal<xpc~ modulF3 are routed over the upper backplane 
ro~nncctr~r!;. The Lower connectors are used for the 
irl' r,r-f,ic:i-: TO ct backplane bus which m&es the 
connection vin a crate controller with a computer. 
IS<>) Ii ch<lnneI :i share a command logic block (mainly 
P&l,':;). Ea(:h channel contains one 8 bit input for 
irttens1ty information and one R bit input for a 

[~,::i' ioil mc~asllrenent The :.iming is based on a,~ 

1 Pk!p\'iltirir~l t iminq system j5] and insure:; tho 
riit'ii:iurrsmen: o f one-preselected bunch at all monitors 
(11 t l,i~ ,dc~c~cli~ratcr, ?'I25 pas it. i ":I information is 
:;ti~rcri in a 8 bit wide, 1024 deep circular buffer and 
:: 1.111 I t <iI.iX>iiS I y the average over 128 measilrements is 
c.-i~~ul~ii~~d. 250 averages (313 alternatively 256 single 
nna::urtmt~nt s) are stcred in a shorter buffer. 

‘/' : 
r ,: ','. I I 

: 

Piq. 6 Schematics of the diyital modules 

To be able to identify a 5: inyle tern and to 
synchronize readings of dis:.ribu-ted monitors the 

foliowing scheme was implemented. Once the continuous 
string of synchronous trigger pulses is interrupted 
in ail nodules a 32 bit counter for synchronization 
and identification is reset. From now on all modules 
show the same content in this counter at the time at 

which the selected bunch is passing by. After 128 
turns a new average is calculated everywhere and 
simulraneously a read out flag is raised. The output 
regis'ers are not changed for a settable read out 
time (should be the ame everywhere and is 
synchronized by the timing signal). The output 

registers contain intensity, position and several 
flags. Available is also on request the content of 
the shorter memory containing averages or single 

positions, depending on the operating mode. The 
sampling time interval should be set properly to 
alloiw the read out of this mermry , otherwise 
synchronization will be lost temporarily. The long 
memory is always updated and not readable during 
normal operations. In case an external interrupt is 
issued, the identification counter is saved and all 
memories are frozen. Now the long memory can be 
accessed for fault diagnosis (post mortem) or special 
tests (transient recorder feature). The interrupt can 
be caused by an operator, an external trigger signal, 
and is issued automatically whenever a quench has 
happened or is likely to happen because the beam 
orbit is at several places in the machine close to 
the beam pipe wall. The latter alarm is based on the 
limit detector. All posltion meas~renents that enter 
the post mortem memory are checked against a settable 
limit provided the intensity 1s above pedestal. If 
the limit is passed a signal is sent to an alarm 
module which collects the information around the 
ring. (In future also loss monitors will contribute 
to this collection line.) If a settable number of 
alarm requests is reached, an interrupt is issued, 
stopping the memories and causing a beam abort. The 
list of normal operating modes is complemented by 
several test modes, either with hardware or software 
generated data. Moreover the limit feature and the 
synchronization can be switched off:. 

A preseries of 15 set:; of analogue modules and 
all digital modules have been delivered. l'hey are 
tesLed and mounted in their respective crates. 
Fifteen modules are in operation, waiting for the 
first proton beam inject Len into the first ortant of 
HERA. 
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