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1.0 "INTRODUCTION

Although many documents have been written on the proposed
beam position moniter system for the energy doubler there seems to
be an omission of an ‘overview which describes the system in.
general, and in addition acts as a bibliography for the rest of

the documents. This document is intended to fill that- gap. The
first section of this document will describe the goals and design
criteria of the BPM system. Data acquisition schemes are

discussed next along with a brief desription of the formatting and
presentation of this data to the host computer. The final section
will deal with the hardware as a block diagram description. A
listing of documents grouped as BPM Design Notes is included at
the end. '

The emphasis throughout this document is on aspects of - the
system which  will be reflected in the response of the system acs
viewed by a Main Control Room user.

2.0 GODALS AND DESIGNlCRITERIA

The goals considered in designing the BPM systém can be
summarized as follows: i
1. Protection of the superconiducting magnets by
aborting the beam if the closed orbit measured at
any detector exceeds a unique preset  limit. These
measurements can be repeated at a rate up to once
~ per millisecond. There are two sets of abort limits
., chosen as a function of energy. Larger excursions
'+ of the beam are allowed at lower eénergies. The
energy at which the processor switches from ‘low
field limits’ to ‘high field limits’ is settable by

the host.

2. A second category of preset limits is <€et inside
(ie. closer to the center of the beam chamber) the
abort limits. These 1limits are wused during the
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10.

11.

12.

measurement cycle to provide alarming. As in the
case of the abort limits there are two sets of the
alarm limits for. lqm/hxgh fxeld use. :

A czrcular buFFer of data taken during this
measurement cycle is maintained so that an analysis
of beam position leading to an abort can be dane
after the abort has;eccured.

The data from selected measurement periods can' be
written to a separate memory for purposes of
feedback control of correction elements.

The data from selected measurement periods is
available to the host for realtime plotting of
closed orbits. ; : : -

- Position information»frpmftmo dgjecths.per service

building will be available . as analog signals for

MADC inputs.

In addition to measurlng the p051t10n of Booster

size batches of beam the system must also be able to

provide position measurements on one 53 MHz bunch of

beam. {In the remainder of thxs paper "Batch Mogde"
refers to 20 or more .contiguous bunches of beam.
"Bunch Mode"™ applies to a single isolated bunch of
beam. )

The system must be able to measure the position of
counter rotating antiproton bunches.

The system must be able to measure beam position
over a range- of +/— 1.0 inch (25.4 MM), with a
resolution of 0.5 MM Present system parameters
indicate that beam position can be measured with a
resolution at beam chamber center of O. 15 MM

The system must be able to measure pos;txon
information over an intensity range of "1.0 % 10EB to
3.0 * 10E10 in the batch mode, and down ¢to an

dintensity of 1.0 * 10E10 in the bunch mode

The sgstem is. self sgnchroniz1ng This impIies that

the beam must have a gap of missing bunches at least
200 nanoseconds in durat;on

The sgstem will provxde a means QP measurxng single
turn beam position, trxggerable within a w:ndow of
20 microseconds. This mode of operation will’ also
provide intensity information from each detector.




13. The system will contain self testing hardware and
software. . .

Two dacumehﬁgfpfOQide ?ufther in£9rmétiohA on specifications
and design criteria:. . : : -

o Beam Bpsition Processor Specification 6716780 - and
revised. 7/7/80; This.is a. unc;assxfxed. unnumbered
-document withouwt an author’s -pame, - but presumsbly
wwrxtten by Bob Shg#er o s : :

6 rcgg gzes g£ B'gm ;n, Qégglgg,  vTh1s memo: is:
unclassified,: unnwmbered»g undated and handwritten.
It was written by Bob Shafer.

3.0 DATA AQUISITION SCHEMES -
3.1 Snapshots

A primary task of the BPM system is that of protecting the
super. conducting . magnhets from quepches resulting from beam being
missteered into them. In order to accomplish this task the BPM
system includes a basic cycle which is  pressed into action
whenever beam is in ‘the .doubler. This repetitive process has
become known as taking snapshots. In theory the process is
simple. The closed orbit is measured for each detector; the beam
position is compared against two sets -of limits, one for aborting
and a second 1less stringent 1limit for alarming purposes;
appropriate action is taken i1¢ limits are exceeded. and the data
is stored away 1n a circular buf#er

In practice the process is -quite involved and will be
discussed in.' greater detail at a later time; However the basic
points as well as the data structures - controlling the process are
discussed here. ) -

A

3.1.1 Closed Orbit Measurement - The analog c1rcuxts of the BPM
system are capables ' of measuring ‘position.  in a fraction of a
revolution.  This information in and of itself does not provide
closed.  orbit -information becauvse aiclased orbit is defined as the
path a particle with no betatron oscilklations will take.around the
machine. -In order to determine ‘what: thig path is. the effect of
the betatron oscillations must be eliminated. - To accomplish this,
an average of single turn measurements is made. Since the
fractional tune of the doubler is .4, a minimum of 2 to 3 samples
on ad jacent turris must be used to derive this average. In the BPM
system the number of turns used for averaging is selectable at 8,
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16, 82, ‘or 64 assuring goeod ¢loséd orbit *information. A
precaution has to be taken at this point for the following reason.

The entire single turn measurement process takes jgust under 5
microseconds at which time & second measurement could be made As
mehtioned edrlier the! "attuval  trigger '‘for measurement is the
intensity signal. (The sample and hold is ‘edge’:triggered by the
intensity signal going from zero to a level indicating a required
amount of beam. ) If: the Boubler: cbntdined two booster ~batches on
opposite ‘sides of  the rﬁ%g measourément would be:taken on each
batch Onless sbme Means is! %fovx&@@7tb-’hoid off’ ‘the -avming of.
the next measurement. For this purpose a ctontrol parameter is
provided called MEASUREMENT HOLDOFF which is setable by the
operator from 5 + 16 usec in' units jofsdl ukec. It -spetifies the
fastest rate at whith single~turn meatﬁrements used im: the’ closed
orbit averaging can be taken, S me s L ,

An additional variable requires defintion in regard to this
averaging process. In the -BPM it is called FRAME CYCLE LENGTH
(one measurement averaging period has become known as a ’‘frame’)
and it refers to how often the averaging cyecle is repeated. It is’
settable from 1 — 15 milliseconds in units of 1 msec. Note that
the shortest frame cycle length (1 ms) and the maximum number of
measurements for average (&64) are not compatible: (64 * 2ius =
1.34ms). . The choice of this ‘:combination: of parameters would
invalidate data, ahd there#bre will mot be allowed by soFtware

- At the end of the Prame cgcle the averaging. is done (bg
hardware) and & Direct Memory Access (DMA) transfer is done From
the hardware 1nto processor memorg

3.1.2 Snapshot Frame Processing — The processor acts on the data
as outlined below. Note that throughout the process the position
information transferred from hardware is merged with status  bits
and other  information to form the :SNAPSHOT DATA FRAME. 20 bytes
containing all pertinent information [ .about +the. snapshot frame.
The data frame i's outlimed in the next ssection: - . G

-

. RS Y

1. The processor first must determine if each channel
contains valid position information. Several
considerations are wused, one of which is the
- DETECTOR PRESENT ‘MABK, & .s12 bit mask -down Joaded
: ‘fpom the host. . In addition . te indicating . to the
8 processor which of its twelve channels actually has
") e detegtor comnected to it. this mask can bhe used to
v pemeve a8 chanwel ﬁﬁom‘the*&éancif:itrfsn’tum&rkihg.
Other considerations ‘determining the  wvalidity of

-posxtxon 1nfoﬁmat10n wxll be dlscusaed Iater ;
2. A scan is done: ~all ‘channels contaxnxng valid
‘infordation - to determxne*i%aangvhave exceeded théit
abort Yimit. ‘Each of the twelve : channels has . its
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own 1limit,” and 'as mentioned earlier: there are twe
sets of limits for low and high field.” The criteria
used to determine which set to use will be discussed
later. The limits are symmetrical arbund the center
~of the beam " chamber. ‘Any channel exceeding its
limit is flagged by setting ‘a bit ‘in the data ‘frame.
‘and a mask down loaded from the' host (ABORT MASK) is
' used to dete?mxne if 'this channel ‘i's inhibitvéd from
causing ‘an ‘abort.  If it i¢ naf“lwhikxted: an abort
. counter is 1ncremented At the end of the scan ‘the
abort counter i's compared agains¥ "another .downldaded
parameter c3lled ‘ABORT MULTIPLICITY. ' This parameter
indicates t6 the processor houw ménq unirhibited
channels with valid data must exceed their  adbort
Jlimits before the pro:ésgor ‘can pull the” abart lzne

3. The processor inserts thé cycle tzme 1nto the
snapshot data frame.

4. All channels with valid data that exceed their alarm
limit are flagged by setting a bit in the data
frame. If this is true of any channel the host is
notified via an unsolicited message. The processor
then stores the contents of the SNAPSHOT DATA FRAME
into a special Alarm frame Buffer thCh the host tan
access.

‘5. The SNAPSHOT DATA FRAME is then written into the
Snapshot Circular Buffer, a buffer oF~‘thermost
recent 512 SNAPSHOT DATA FRAMES. Note that if
abort occurs - for any reason in the energy doubler
this buffer is immediately frozen.

6. Data from channels which have been selected for fast
time plotting are written to two D/A £

3. 2 Flashes

The second data gatherxng technxqoe emploqed by  the BPM
,sgstem is refered to as a flash. 1t is primarily intended to be a
tunse .up. tool when first attemptxng to get beam to ‘circulate in the
doubler.  Each BPM sgstem will rESpond ‘to an event encoded “on the
«angrggdﬂayblev clock by takxng single turn measureﬂ&ﬂts of . bath
-b.eam peg;tzon and ‘intensity from all ‘channels. Ne checking for
limits is done;  the data is sxmplg packed into a FLASH DATA 'FRAME
tdiscussed in ;a later section) to be read out by thé host- The

procedure is simpler than in the snapshot case; the details are a
matter of hardware. However several important observations are
provided.
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1. Although intended for first turn tune—up: flashes
may be . taken angtlme there xs beam in the mach; é. :

2. Once the BPM receives the command to take"a,f
data acquisition in the snapshot mede is tqrmxnated
_untit. #lash data s taken and placgd_ﬂnto_"zts data
frame buffer. This xmplxes that the doubler .is
c pratected by . the BPM during a f;@;h ' Therefcre
Flasheg shmuld nqt be 1nxtxated 1n dscrzmxnatelq

3. The Glash mode pom,ntsr Qut the tiva
designing the ~:BPM with 1mtans§tq edgejﬁ’
‘Doubler tune—up -will be done with one quart )
‘booster. batch (20 cont1guoug hunch‘§‘~“
intensity. - .The data m;ll measured at
detector as the electronics ¢or that detector sense
the. intensity crossing .a predefined limit.

3.3 Pr'of-i.les

Thxs is not a different data acquxst1on scheme as far as the
BPMs are concerned, but it does provxde a leFerent means for the
host to acquxre the data. Upon receipt of 8 command (a doubler
clock event) the BPM copies the most recent SNAPSHOT DATA FRAME
from the Snapshot Circylar. Buffer into a second buffer called the
Profile Buffer. This. buffer can hold 256 SNAPSHDT DATA FRAMES,
providing space for data from vp to 2546 profile. COMmands which
could be issued during the acceleration process ~ The Profile
Buffer is not a circular buffer, data will not ‘wrap around’.
This buffer is not intended as o Teconstruction buffer as is the
Snapshat Buffer. It is intended to be used as a representation of
the closed orbit throughout the accelerat1on cgcle. prxmarlﬁg for
programing correction elements.

3.4 Displays

This acquxsxtxon scheme pravides the capabilities of data
:displays most similar to the main rxng sgstem a dxfference is
that: the orbit. .can. be dxsplaqed multxﬁle txmes duvzng the
~&cceleratxon cycle. As far as the BPM i¢ concerned the pTacesc is
similab to the profxle technxque mentzoned above. Upon receiving
a% command (a doubler clock event) the mpst recent SNAPSHGT ‘DATA
“PRAME is written into a single frame stplag Buffer. ' Tiis frame
§8 available to the host and it is expected ‘that the ‘host will
read its contents before the next command for ‘a display frame - is
issued. '




4.0 BPFM DATA FORMATS

‘The two primary BPM.data structures are out11ned .in  this
sectiaon. The. information included here is onlg ‘for the readers:
reference as to what is .ipcluded in these structures. Tbxs is net{
intended to be a programers guide. )

4 1 Snapshot Data Frame . . : .

The. SNAPGHOT DATA FRAME contalns 20 bytes of. data and statud,
The f#irst twelve bytes contain position information Gor the twelvef
channels. .

-

B s E e e Sttt B 2 + + + N
chan # => { 011 ! 21314 !5 67 :8191101! 11
+ + + + +——t + + + + + F———t
The final eight bytes include:
: 5 BYTES ——- —=>1<=— 3 BYTES -3}
+ + + + + PO SOAR RO S 1S
%NNNNVVVV VVVVVVVV BBEBBBBB BBBBLLLL bbby TIME: :
i g me o - o e + + — + —t +

and are explained as follows.

N:  These four bits ihdicate how - many of' the 12
channels reported the passage of beam at lesdtt once
during the averaging cycle.

V: Bits labeled with an ‘V’ are Valid Data Bits.
‘These bits are an ‘ANDing’ of the detector present
‘mask with 12 Averaging Complete Bits returned fronm
the hardware. The averaging complete bits 1nd1cate
if the associated channel reported the passage of
- beam enough times during the frame cycle to complete
> the specified averaging. A 'Y 1nd1cates ~valigd
data. -

‘'B:- Bits labeled with a ‘B’ _are Abort Status Bits.
A ‘1’ means that the position exceeded the abort
limit for that channel.

yd. L: Bits labeled with a ‘L’ are Alarm Status Bits.
A ‘1’ indicates that the p051txon exceeded the alarm
limit for that channel.

Time: The final three bytes contain the time stamp

for the frame. A least count is one millisecond
providing times up to 2BO minutes.
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4.2 Flash Data Frame - ST e

. o The FLASH DAT% FRAME contaihs 30 bgtes ‘of -data .and - stiatus.
The first 12 bytes contain ‘position datady the second 12-Wmytes
contain intensity data. Bytes 25 and 26 drer: 5o o FRES LT

&
-

XXXXVVWWY VWUVWWWWY

e
-+

4+ -+
§ -

where the ’X‘s are don’t care bits and the ‘V’s indicate if the
assocxated channel reported passage of heam on the béddm ¥évelution
ih question. A "1” indicates valid data:.  The  #inali: BT Y “bgtes:
contain the time stamp for the data frame in units- ‘of19:
microseconds. | |

4.3 Further Information On Dafa Formats

Three documents provide further inFormatioﬁ on fhese'”déta
structures oo

‘o Several documents provide information on . the
conversion of the eight bit representations - of
position and intensity into millimeters and protons

per bunch. The primary souvurce is: .
BPM Design Note #1: EXPECTED CPLIQRATIDN AND
ALIBBATIGN TOLERANCES OF THE BEAM POSITIDN SY§TE!;

Bob Shafer, 11/3/81
These numbers are refined in:

BPM Dedign Note #4:  MEASUREMENT OF R.F.  MODULE
LIBRATION CONSTANTS AND I@Lsaangss, . Don Martin,
4717/82 ' :

-3 HN . - . A -

;b. Several nebulous reéferences are:made to» ‘detectors
" 'gensing ‘the passage of beam’. This 1s*explalne¢.BPM
Design Note #5 on the Analog Box

6{ A forthcoming BPM Design Note on BPM Data Structures

[ l
X

5.0 BPM BLOCK DIAGRAM DESCRIPTION

Please refer to Fig. 1 for reference.
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5.1 Beam Pos1txon Detecters

There are on the average of nine detettors per BPH unxt HAS
in Main Ring “there 1is one at each quadrupole. measuring beam
position in the quadrupoles focusing plane. Unlike Main Ring the
detector is 1located upstream of the guadrupole. - A discussion on
the detector and*its properties is found in:

F______ERMILAB ENERGY" DOUBLER BEAM POSITION DETECTOR. Bob . Shafers et
al. 1IEEE Transactions on Nuclear Science, Vol. NS-28, Né. 3. June.
1981, P 2290

5.2 RF Position Measurement Modules

The units labeled ‘RF Modules’ on the block diagram are the
devices which <convert the RF signals into analog position and
intensity signals. Each detector has its own RF module associated
with it. A discuséioh on‘tbese dévices-is found in: -

3

. — —— S————————————

DOUBLER, Bob Webber, et al IEEE Transact1ons on Nuclean
Science, Vol.- NS-QB. No 3. June 1981. P 2323 '

Further 1n€ormatxon is conta1ned in the BPM Des1gn Note #1
and #4 mentxoned earlier.

5.3 Analog Box

In ovder to function properly the BPM system must take the
analog information generated by the RF modules and convert it into
digital information which can be used by the. BPM processor. it
must also be able to perform this task in the two different modes
discussed earlier; Snapsliot mode and Flash mode: The ‘Analog Box
is the device -which converts the analog information to digital
words as well as providing control of the process.

Functionally the Analog box consists of two different
components; = the Daughter ‘Card, of which there is one for each
detector, and the Motherboard which provides a backplane for. the
dauvghter card; in add1t1on to contal c:rcuttvg :

Wy
s b

5.3.1 Analog Box Daughter Card - The analog position and
intensity signals from each RF module are brought onto the
associated daughter card. The intensity signal 1i1s wused in two
ways; the most important is for triggering the sample and hold.
For this purpose the intensity signal is applied to one input of a
comparitor. The other input is a DC voltage which can be set from

9
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the host on a house by house basis. When the intensity . signal
passes from a ‘non beam state’ through the threshold, a gate is
generated which applies the position and intensity signals to the
storage capacitors of independent sample and hold amplifiers. The
length of the- gate is dependént on whether the »accelerator s £ -3
circulating batches or sangle bunches i - C

~ . In Snapshot Mode the posxtxon signal is «coupled directly
through ~‘to a TRW tu 'sec A/D where it can be read by the BPM
processor.” . . T o R T

In Flash Mode the position information is digitized and
stored in a separate latch. The S/H intensity signal is sent
through a logarithmic amplifier and coupled via a FET switch to
the same D/A, where its value is latched. - Thus both: position and
1ntensxtg data are avaxlable to the BPM processor

¥

5.3.2 Analog Box Motherboard: ~ The motherboard acts as an
interface between the daughter cards and multibus hardware, as
well as providing g&neral serv1ces to the _daughter cards: In
particular it: : i ’ o S

o Provides address decdding so that the BPM processor
can ‘access position and intensity data. :

o Contains a storage register and a D/A so that the
INTENSITY THRESHOLD 8 bit word can be stored,
converted and rouvted to all daughter cards.

o Controls the timing of the Flash data  taking
C . proecess. :

o ‘Provides control signals for the timing of thé
© Gnapshot data taking process. (Snapshot timing 1is
Acontrélled bq Mwlt&bus hardware) - .

A S

5.3:3: Further Information Bn Analag Box — BPM Desxgn Note  #5
contains ~detailed descr:ptxon of the Analog Box. A procedure
for the alzgnment of. the ‘Paughter Cards can.be. found Ln BPM Design
Note . #6. A future BPM Design Note will descrxbe the test
procedire vused to measure the calibration constants and tolerances
of the Analog Box, and the results of the measurements.

T,

=
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5.4 Multibus Crate

The BPM Multibus crate contains six cards.. Two of these . are-
standard . cards found in other doubler systems; the MOBO which is-
the Multibus end of the Camac to Multibus interface, and the
MSC 8004, ‘a proCessar card made by Monolithic. qutems Corperation
which contains the standadrd Accelervator Division: suftmare #erv
communicatzon wlth the host computeér. vie T i :

The Four addxtxonal cards have been des:gned specxfzcallg Fori
the BPM system. ' They -include; a second processor board;. a
Analog Box controller board, ‘a  timing controllev :and extern@lf
device bus’ driver board, - and a clock decoder: boafd; ABries’
description of" the 90ur boards follows. i R

S5.4.1 BPM Procéssor Board (PRO) — The BPM system is unique in the.
doubler controls ‘system in that it-contains two processors. - The:
decision was made to use two processors based on the importance bof
the snapshot oriented protection scheme, and the speed at which

the data needs to be manipulated. The majority of tasks performed
by the BPM Processor have been outlined in sectlons 3.1. 2, 3.2.

3.3 and 3. 4. :

For the BPM Processor thete are two distinct divisions of

time; the ¢time when beam is in the doubler, and the time when
beam is not. The boundrxes on these divisions of time are defined
by doubler clock events. " When the BPM detects a ’Prepare for

Beam’ clock event the response of the BPM processor 1is to begin
the snapshot data frame, whether there is really any beam in the
doubler or not. At this time all communication with the outside
world is terminated until & ’‘Beam Off’ clock event-is detected, or
an abort occurs. (Actually there are several exceptions to, this
Trule, the most notible is that BPM clock events  generate
interrupts.) : : :

rS
e

5.4.1.1 BPM Processor Board Hardware - The PRO is a rather
straightforward processor board since it was designed. for a
specific purpose. It contains a ZBOA CPU chip, one socket for ROM
and one socket for RAM. Most of the memory it uses is on the BOO4
processor .board. -~ It al€o contains a Direct Memory Access Chip
(Zilog 1 28410 DMA) which is used only for accessing snapshot frame
data ftbom the analgg controller board, and a Counter/Timer Circuit
chip (Zilog 28438 CTC) wused for keeping track of-time, and
generatxng interrupts. The PRD also contains bus priority logic
since” it must be able ¢to assert itself as bus master in the
presense of the B004 processor. '

11
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5.4.1.2 BPM Processor Board Software — The software 1in the BFM
processor will be discussed in a future BPM Desxgn Note. Its key
features are discussed here, but before doing: a., few words
should be said about the code in the 8004. pracessor

"The 8604 is. used by the BPM sgstem as -an - I/D processor ALl
communication between the -host and BPM is handled by. the BQQQ
The 8004 maintains tables def:nxng all the data- structures; which
can be used for communication. When the host sends douwn data for
the:BPM the 8004: places it in memory, and notifies PRO _that the
tables contain:-new data. .When the host requests data tha .B004
returns: the data from its memory, 1f the PRO has reasnn tq alert 
the ‘host of some condition, i.e. an abort or alarm condxtxan ha§3
been detected, it will generate an interrupt -to . the 8004, and the
8004 w111 proceed with the communication to the host

Hav;ng discussed what the PRD software doesn’t do we will
summerize what it does do. “Other than 1n1t;a1xzataqn routines the.
PRD is interrupt driven. ,For»tbe purposes. .of this d;scussxon we .
will  break down the interrupts into two catagor;es: interrupts
generated by doubler clock events and the interrupt generated bg"
the DMA chip: v

Interrupts generated bg‘doubler clock events:

o MASTER RESET -. This event resets the time wused in.
the time stamps of the data frames.

o PREPARE FOR BEAM -~ This event  preceeds the
injection of beam by. several hundred. mxlllsecondG’
The PRO responds by checking to see. if any new data
has been downloaded from the host. If it has. PRO
transfers it from the 8004 memory to 1nternal memory
or to hardware registers, whichever is app11cable
Then the Snapshot Data Frame is enabled, and the'
Flash permit is set.

‘o BEAM DOFF - Snapshots are turned off and the Flash
permit is removed. ~

o HIGH FIELD - The PRO sets its painters to the high
fi€ld limits. | o Rt

o LOW FIELD - the PRO sets its pointers to the “low
., field limits. A |

o WRITE PROFILE MEMORY — See Section 3.3.

‘o CLEAR PROFILE MEMORY — This event sets the profile
pointer back to the first address. . '

iz
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o FLASH TRIGGER - See Section 3. 2.
o MWRITE QISPL%Y,FRAME — See Section 3. 4. .
Intgrfgﬁéliﬁqm.DMAﬂcaip:

o DMA SERVICE REGUEST - This 1nterrupt of:g1nates‘ :
with the hardware and occurs at the end of every -
Snapshot Frame Cycle. The response of the processor

: 15 outlined in. Sectxon 3.1.2 ’

5.4.2 Timing And External Device Board (TEX) = The TEX board has
two main functions. The f1rst of these is that it provides access
to a sgstem bus mhlch connects the processor to two of the blocks
on the block diagrem which haven’t been mentioned yet; the Test .
Interface Module (TIM), and the Beam Loss Monitor sggtgm - (BLM).
These are discussed in Sections 5.5 and 5. 4. -

The second anction of TEX is the timing for the Snapshot
Frame. TEX instructs the Analog Box to arm itself for a
measurement, and when the measurements are latched on the Daughter
Cards, TEX controls the reading of the data onto the ACT -(see’ next
Section). Furthermore TEX keeps track of the length of the
Snapshot Frame Cgcle. and at the end of the frame cycle initiatecs
the DMA transfer. ‘ '

5.4.3 Analog Controller Board (ACT) = The Analog Controller Board
handles the data manipulations during the Snapshot Frame. The
data from each measurement is transferred to ACT where it is added
to data from the previous measurements. During this process the
card keeps a record of all channels which have reported valid data
enough-: times to complete the requested averaging. At the end of
the Snapshot Frame Cycle TEX initiates the DMA transfer ‘and &t
that time the averaging is done by ACT. - . '
|

9.4.4 - Clock Decoder Board (CLK) -~ In addition to prov1d1ng some
support services .this board receives the energy doubler clock,
detérm@pgs if the encoded event is meant for the BPM system: and
if so inpterrupts PRO.

Information on the Multibus boards designed for the BPH
system is being prepared and will become BPM Design Notes.

13
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5.5 Test Interface Module (TIM)

The Test Interface Module is not a part of the Beam -Medsurement
System per se, but is available to the processor via the external
device bus for system tests whenever the system is not taking'
snapshots (that 1is when beam is not in the doubler). Three
catagories. of tests can be done: ' : R ‘

o Pé@éi”sdﬁplg Teéests — A1l the wvoltages in all RF
modules as well as those in the Analog Box ‘are
‘shipped to TIM which acts as an MADC to digitize
them and make them available to the processor. Only
the Multibus and BLM voltages are not monitored via
TIM.

) ‘Caple Tests - TIM can test the continuity ‘of the S
cables ‘that run from the detector in the tunnel up-
to the RF modules in -the service bu1ld1ng ~This' -
test checks for shorts as well as opens. ' ~ ; '

o RF Tests - The RF modules as well as the analog

'~ circuits are verified by this test. TIM generates s
53 MH2 signal with the appropriate notch and applies
this signal to the inputs of the RF modules:
Furthermore there are &dB attenvators which ¢an
selectively be swité¢hed into either input.  Thus a
measurement of the response of the system at- three
different points (OdB and +/—- 6dB) can be made.

A BPM Design Note is also being prepared on the Test Interface
Module. ~

5.6 Beam Loss Mon1tor (BLM)

The Beam Loss Mon1tcr sqstem for the energy doubler is @ontrﬁdled
and monitored through the BPM processor. The communications Jznk
is the External Device Bus., shared with the Test-Interfate: Module:
Several features of the system will be noted at this time:

o Each BLM system will support up to 12 tunnel loss
detectnrs which are argon £illed . ionization o
‘chambers. The layout of the BLM system is similar o o
vy to the Analog Box with daughter cards and: a
motherboard: . 4

o Each daughter card contains a logarxthmzc integrator:

: with a time constant of 63 milliseconds. ~ This is .
similar to the time constant with which the
superconducting magnets respond to beam losses.
Therefore each daughter card produces & voltage
which represents the likelyhood that magnets in the

14
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area will quench.

The range of the system is .01 Rad/sec %o 100
Rad/sec for cont&huous losses, and .001 Rad to 10
Rad for 1nstantaneqos fosses.

- Once data structures ar'e properlq dnwnlaa@ed each
BLM system is cagable of directly (without the BPM
‘processyr) gewerating an abort sagpal Af any.- one .. of
the -detectors senses loss greater! than a house-W1de
abert.limit. .The Mimi¥ is high: erld/lomf field

dependent as xn the BPM sqstem L ;

A second set of 11m1ts can be vsed for alarm
@rposes Agﬁih im; this case: the lxmxts .apply te

ail 12 detectars and” there is: oﬂe for hth ﬁaeld an¢
one Por low field o .

. f
<

3V,Detectors can be 1mdiv:duallg masked off so fhaf

they don't genevate alarms or-aborts. In addition a
BLM can be entlrelq masked oFF

ngxkal;readout of"all 12 detectors, BLM power
supply 'voltages. and BLM high voltage for the ion-
chambets is available via memory mapping in the BPM
system.

The high voltage supply is settable from the host.
The analog outpdflkrom anguﬂetector can be routed'to

@ standard MADC channel ; for plotting. (One at a
time From a glven BLM) S
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July 27 1982

TO: DISTRIBUTION
FROM: Rod Gerig
SUBJECT: BPM Design Notes

This note brings up to date the note of Nov. 5 1981 which
introduced the series of documents known as Beam Position Monitor
Design Notes. The file of master copies remains in the care of
Marion Richardson.

Design notes which are complete or nearly s0:

1. Expected Calibration and Calibration Tolerences of BPM

{R. Shafer?

2. Wire Measurement and Detector = Performance  (Shafer,
R. Webber) )

3. Interpretation of E.D. Beam Position Detector

Performance (Shafer)

4.- Measurement of +rf Module Calibration Constants and
Tolerances (D. Martin)

Description of Analog Box (5. Bristel, R. Gerig)
Alignment Procedure for Analog Box (Bristol)

BPM Diagnostic Software Modules (A. Baumbaugh) s

@ N &

BPM Scope. Loop Builder with Examples (Baumbaugh)
Design Noteé which are not qef writte;, but are anticipated:

a. Measurement of Analog Box Caiibration Constants and
Tolerances (Bristol, Gerig)

b. Alignment and Calibration Procedure for rf Modules
(Martin) : ' . ’

c}k General Description of rf Modules (Webber)
d. Cabling used in BPM system (Webber)

e. BPM Test Interface Module (Webber)
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