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1.0 INTRODUCTION

This document describes the Analog Box portion of the Beam
Position Monitor system (BPM) #for the Fermilab Energy Doubler.
The Analog Box is the hardware that resides between the RF Modules
and the Multibus hardware. For a general description of the BPM
system see Uperations Bulletin #888., FERMILAB ENERGY DOUBLER BEAM
POSITON MONITOR SYSTEM. Rod Gerig. 7/82.

The initial section of this document describes the Analog Box
from fthe perspective of a block diagram. The next section builds
on the block diagram description but provides a circuit
descripftion.

Throughout this document signal names will be followed by a

slash (/7 if the signal is logically true at a TTL "0" state. For
instance SNEN/ means that ShNapshots are ENabled when fthis signal
line 13 at a TTL level of O volts. A signal line will be called

Asserted or Active when 1t 1is logically true. To negate a signal
means to make 1t logically false.

2.0 BLICK DIAGRAM DESCIPTION

The Analog Box contains ftwo major circuits, One of these 1is
the daughter <card of which there 15 one for each detactor. The
second is the mother board of which there i3z one per Analog Box
2.1 Analog Box Daughter Card

Refer to Fig. i. The position and intensity signals +from
the RF modules are sent directly to each daughter card. The
purpose of the daughter card is teo provide a <computer readable
value of these signals at c¢ard edge, measured 1n 3 beam

triggerable manner, To do so 1t must:

i
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2 Provida a means of arming and disarming the trigger
zircutlt.
3 Provide a trigger circuit with a variable intansity
threshold: %*hat produces a gate for the S/H.
o Contain f3st gatable Sample and Hold S
smplifiers for both position and intensity signals
o Make sure that the processor 1s informed 1f ©ne
trigger circulid falsly triggerad
o FPravide civcults for geftting the anmalog wvoltage :
the carrack range for the Analog %o Digital
onverter {(AD). In the «case of the intensity
signal this includes transforming the voltage, which
15 linearly proportional to the intensity, into 3
signal with a logarithmic response.
2 Frovide 3 fast A/D which upon command will digitize
either position oar intensity.
o Frovide 3 means of rTeading cut the desired wvalue,
aithar position or intensity.
2.1.1 Caughter C2rd Arming - The arming of the daughter cards is
under conitrol of the mother board with the ARM/ and DISARM/ pulses
being bussad f£o all cards simultanecusly. The S5/H gate generator
will disarm the <card at the leading sdge of The gate to prevent
further ftriggering The FLAG signal (FLAsh Gate) must be asserted
(which 1% always 135 during Snapshots) to arm the daughiter card.
Whenever FLAG 135 not active the daughter <card is disarmed.
ragardlzss of the state of the ARM/ and DISARM/ lines More will
be said aoout the origin of these control lines in fthes description
ogf the motherboardg.
2. 1.2 Daughter Z3rd Triggering And Sate Generation - A% ths hzart
of the triggering <ivcult 1s a comparator which r2ceives inftensity
signal at one input and a settable threshold at the athar. A
portion of the logical output is fed back to the thresheold input
to provide stability at intensifties near the threshold wvaltage
The out pu* cof The comparator called BIP/ (Beam Is Fresent! 13 zent
back %o the motherbsard, but more importantly. its leading =edge
triggers %tha gats generator. The duration of the gate depands on
the choice of modss If batch mode is selected the gate will be
200 nanoseconds, and if bunch mode i3 selected, 40 nanoseconds
The gate generator has the responsibility of reporting on  the
validity o+ the measurement. It does this by s2fting a line,
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THAGL, (Track and Hold Amplifier Gate Latch?) which when active
indicates *that DBIP/ was active throughout the gate. in other
words the intensity must bte greater thanmn the fLthreshold level
during fhe entir2 gate for THAGL/ to b2 assertad. The mothsrboard
sends a pulse: : ™ to e@ach arming which cl=ars THAZL/. An
addiftional liﬁ from  the motherhoard 1s called CHEN (JHannel
EMables. This signal, when negated, prevents the comparatoar from
firing., and Forces THAGL/ 1nto an inactive state

tf

2 1.2 Sample aAnd Hold Amplifiers — The gate +#rom the jate

genevator passas ©Through 3 level shifter, an :isolating pulse
transfeormer and 13 applied to the gate input of two FET switches.
These switchas 2llcow the input position and intensity signals to
charge %#he 53/~ storage capacitors,

4
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2. 1.4 3ignal Conditioning - The position signal frem the RF
nodules covers 3 range of +/- 2.2 wvolts. The A/D will digitize an
input 313nmai 1n th2 range a¢ & to - 3 volts. A resistor network
providzs leval zniffing and attenuation

The inwansity signal is applied to a logarithmic amplifier
wnich consists of 3 wmatched gpair of transistors wused 1in a
transdicd2 confijuraftion in the f2edback loop of the amplifier.
2.1. 53 faughter Card Digitizing The «conditioned signals
ctoupled to £h 4,0 %hrough a secoand set FET suwitches !
selection of wnich switch i3 oan is made by a line «called INSEL.
(INtensiny SELect: INSEL/ 1s negated throughou®t Snapsnot data
taking, fthareby always selecting 9051tlar A ETART CONVERT  pulse
from  tha  the smofthavboard prapares the ASD for conversion. and 1
cycles aof tne 10 MHz clock are applied t: tha loc& input  of  fhe
AL to oeErform thne conversion.
< 1.4 Data Readout ~ The 8-bit cutput of the A/D appaars at Doth
cutput Dutfers. The poesition bhuffer i3z a transparant lateh, so
that under Snapshot conditions when only position n+ornar;3n is
ne2adad. assertion of POS STROBE/ will place the position data on
the data bus. In Flash modes when both position and intensity data
are n=a2ded, LPOS/  (latch FOSition) must be asserted after Ethe
conversioan of the posit*on s1gnal to store the data for 3 later
FOS  STROEES. Then INSEL/ i3 asserted and the intensity sigrnal is
convartad. Intensitg data 1s then available by asserting INT
STROBES
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2 2 ftMotherboard Block Diagram Description
Refer to Fig 3. The motherboard 1s divided into four functional
groupilngs

i. Read/Write raegistars which contain pTimarily

downloaded data.

2 Address decoding for data registers on the daughtar
zards
3. Snapshot control circuits,

4. Flash timing and control circuits. Flash control
and Snapsnaot control share some common citrcuits

2. 2.1 Read/write Regisfters - There are five registers (six bytes
of downloaded data wused by the Analog Box. The registers and
their uses are described below. A list of addresses is +found in
Appendix A

shold - This B bit register provides
/A converter which in turn provides the
used by each dawughter card as the
t

threshold voltage at  the comparator. The actual
voltage used by the comparator is divided down on
the daughter card,

2 Miscelleanowus Bits ~ This resgister contains 2 F/W
control Bits and 3 read only bits used far
diagnostic purposes.
3IT 0 DSatchs/Bunch control. Batch = Q. This signal

i
13 bussed to all daugnhter cards where it is
used to set the I=ngth of the S/H gate

FT0/ (Flash Time Out) Described helow.

ta
rt
-
-

3IT 2 SNARM (SNapshot ARM) Deszcribed beiow.

BIT 3 FIP (Flash In Frogress) Described selow.

ol

IT 4 Unused

21T & lnused

SIT & Unused

31T 7 Froton ar antiproton control.
FBAR{antiprotony = i This signal which
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indicates measurement of either protons ar
antiprotons is wused by the Flash timing
Tirculits and additionally is made availabole
te 2xternal hardware on the back of Anaiag
Box via a BNC connector. This signal Lirm
will be called PBAR (anktipratons indicated oy
TTL nigh)

33 Channel Mask - This is a 16 bit regisiar
qiiring two read or write operations to access
tually only 12 of the bits comprise the mask, 23ch
T 1s sant its corresponding daughter card where
CECOMmas3 i {CHannel ENabley. A signal lirne,
ORS wnhich is discussed later is routed to the MSH
the 2yta containing only 4 bits of fhe mas
13 r2ad oniy bit is used for diagnostic purposes.
aszh Widon - As  will be discussed later, the
ming af the daughter cards in the Flssh mode of
2ratian 13 gated so that oprecise timing can be
2c1fied. The width of the gate i1s under host
nerol, and the 8 pit value 1s stored in  this
Jirster. ne L5B squals .1 microseconds.
a3n D=2lsy - The application of this register i3
milar to the Flash Width register zxcept this
acifies  a delay wsed before any gates are
naratadg. dne LSE 2quals .1 microsecond.
233 g For Data Registers — All of the ragisters
arn  2z2am orientad data reside on the daughter cards
3 saviware or sofbware can access this data directly by
1ts3 address (See Appendix ) For address
ans . The motherboard decodes +the addresses and
Rz sur3pe2s mentiocned earlisr in discussing the Zaughter
addition fto the strobes, the decoding dardware
contral signals  to snable a pus driver which suts &he
dataway to the Multibus, while at &the sasne time
fhe  Sus tranceiver which connects the RAW reglstars to
Tharpoard ailso allows readout of the 12 THASL, bits
used %o 1ndicate a valid reading. This 15 accomplished
erant ways. Dne of tha ways the reading i3 dona i3 via
2 0ctal inverfting buffers which place tns set of THAGLS
data lines when the approprle+e adressas are celocted
oparatian. The s5 called THAG registar is read in this
r a Flash. The szcond way the THAGL/ bits can b2 read
to 1 inverting multiplexsr and a seperate data line to
The same address lines which generate the zgsition
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strobes select %ne corresponding THAGL/ line and place it on the
THAGR lime to Multibus. This 1n effect becomes a nine bit rtead
operation, and 1s fThe technigue vused in reading Snapshof data

X

pshot Control - Although this section of the motherboard
n 13 callsd Snapshet control 1t is somewhat a mlsnomer

5 of t2xing Snapshot data is under Multibus control with
heruoard acting as a slave generating the appraopriate
Upon command.
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ts are nabled when the motherboard receives an enable
on  SNEN/ <(SNapsh t ENable). I+ there is no besam detected when
SNEN/ i3 asserted, the arming process begins immediatly. The
prasance of beam is determined by a signal called BPOR/ (Baam
Present OR} which 1s the ORing of all daughter card BIP/s. i+
BFOR/  is  active no arming will occur until it is negated. Mote
that all detectors must simultansously report ‘no beam’ before the
arming process can  begin. Note also that EPDR/ is sent back to
Multibus where its assertion negates SNEN/ and begins timing the
process of digiftizing and reading the data.

iJnce tThe motherboard detects the assertion of SNEN/ and the
negatisn of 3FOR/ the arming process begins. This consists of
generating an ACLR/ pulse to clear the THAGL/ bits. and generating
the ARMS osulse. 4 aone-shot i3 triggered at this time which will
generats: a DISARMS pulse after it times out. This 1s wused only
when h2am does not arrive in the gxpected amount of time.

At thils Time the daughter cards are sampling %the position
signal and the mothsrboard is waiting for Multibus to senag a CVEN

{ConVert EMNable:. When this pulse arrtives +the motherboard
responds 0y generating a START CONVERT pulse which is sent to all
daughtar cards. ang then gates 114 cycles of the 1GMHz clock %o
e2ach &:5 chip. At this point the matherboard’'s zontribution %o
Snapsha®t contrel is over, Multibus will now come around and read
tha gposiftion data and the THAGL, bits. Throughout this process
the concral lines INSEL/ and LPOS/ remain neagated.

2 2.4 Flash Control - Whaereas Snapsnot control was in  the hands
af Multibus, the Flash data taking procass 13 e2ssenftially
controllied by the motherboard. The frigger pulse for a Flash Data
frama appears at the 4dnalog Box on a data line rcallad FLAT/ (FiAsh
Trigger:. The leading edge of FLAT/ asserts hoth SIP and =Ips
(Flash In Progress}. The assertion oaf thess signal lines
terminates the Snapshot process, both in M™Multibus and on  the
mctharboard. and sets the motherboard up for Flash data Fakin ng.
The trailing edge of FLAT/ triggers the generation of the ACLR/
and ARMS pulses. The arming if the daughter cards i1in Flash mode
is more involved though, than for Snapshots. A separate FLAG

5
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2 generatead
travel, and

mds* o

for =ach daughter card allowing for
signal travel from fthe detectors to
sertad on 2ach card the card to
ration of fthese gates Ehe yob of
called Flash Timing The assertion
i counters with tha downloaded
Width. The 10MHz « i
lash Delay counter and when
lash gate” called FLASH WIC
active while the Flash Width counter
must b2 translated into individual
cards, and this 1is accomplished an a
called the Flash Trigger Distribution Card.
FLASH WIDTH/, the 10MHz clock. and the PBa&R
becomes fthe input to a3 set of BSB-bit
3nift registers clocked by the 10 MHz clock.
avairlable to a set of jumper wires so0 that a
its Flash Gate from any output over a
The PBAR line is wused fto control 2 to
be established <to
the data selectors
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7.m us Negate I[NBEL
At fnis poinkt the motherboard has completed the cantral  af  the
Flasnh d1ata taking process. Mutibus must come arnund and Tead the
positisrs, intensities and th2 THAS register. When 1€ i3 “inished
it will assert TS {3arTy, noe 3cronygm) whic negatss FIP and
resafts any ramaining <ontral lines (LFOS/,FTD/ rrom tha Flash
data ftaking Snapshot  data  taking will resume witn bthe next
SMNEN/

300 CIsCUIT DESCRIFTION

Tne circult d4escription follows +the same format as the block
diragram description
3.1 Circuit Lezcription Far Tha Daughter Card

The Amalog 59y duaghter card schamatic diagram is Fermilab dirawing
nuimber (&80 S0-E0~-1553407
3 1 Oaughtar Card Arming — The ARM/ pulse from the motherboard
52%3  tne2 Fiip Flop (FFY UZA to set G J3A i35 resst 2ither by the
rising =2dg2 of the S/H gate which clocks a 07 through, oT by
GIS&RMS  wnich laars  URA. The Q 2ubtput of UZA is ARNDed in Lig
With FLAG $o form the ‘composife arm’ lzvel for the daughter card
312 Taugniter {ard Triggering And Gate Genseration - Tha Caughter
Cara 13 frigagsred by the nagativa joing inftensity signal A NEDEZ
SOMparaTtivT rac2ives The intensity signal at  one input, and a
threshoid lzvel 3t the nther inpui. The threshold isvel ak %ha
inout %9 tne comparatoar i3 reducad 2y a3 Factor af IO s £ tne
motherboard thrazphold laval. The positive going ihe
comparator s uwsed to provide hysteresis into tha = it
Faor  control  purposes  thae negativa going osuftout by
CHEN. 4 TTL 707 on CHEN disables +his sutput,
Tha arm lavel daveloped by L2A appears as the J inpub ta U2a,

3 nagative edge triggered J-K Flip Flap (731132 UZA 1s clocked
04 The negativa g21ng edge of the comparator 30 f The arm
ievel apps=ars at %he 3 output, where it becomes the Z7H gata The
langth 5f this gats is determined by Uia, which generates 3  clsar
pulse far UZ4a The inmputs to UlA, which acts as 3 ne2gative logic
OR gate, are &the independent clsars £or Batch mode and Bunch mode
These ftwo «cl=2ar pulses are derived in the following manner. The
negativa going onutput of tha comparator triggers USa, a LEiz3

3
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one-shat. The pulse langth of USA is set to ~200 nanoseconds
which datermines the gate 1ength for Batch mode operation. The
trailing edge of the G/ utput triggers USB, which delivers 3
short negative going pulse tg UIA. This becomes +the Batch mode
clzar pulse. The leadi 4g=2 of the G/ output from US4 is
delayed 40 nanosaconds b RC natwork and thenm used &5 «clock
UzB. The J input to this FF is the BATCH/ si1gnal line. If this
signal line is seft high, for Bunch mode operation the nuf ut the
G/ output will g9 low, ti2aring U24& in Bunch mode. If BATCH/ is
assarted (7TTL low: Znis clear pulse will not be generated

The Flip Flep UZB is used %o generate the THAGL/S bit. The
ACLR/ pulse from “the wmotherhoard clears U3B, The positve going
output from th2 cemparator appears as the D input to U3B. The @/

utput from UZA i3 used to clock U3B. Thus, the trailing edge of
the S/H gate clocks the state of the pesitve going output of the
zamparator  throwgh as THAGL /. Valid beam is therfore defined as

an intans

ity sigral which sxcesded the threshold, and 1s still
greater t

han thrashold at the and of the S/H gate. Note that the
Thagl sigral is enabled by CHEN in Ui and then inverted to become
THAGL /.

The mogharhoard 13 informed about the state of the comparator
via 3igral line BIF/. BIF/ 1s the negative going nutput of the
comparator straftchad by US
3173 Sample  And  Hold Amplifiers — Uid is g4 quad low Yan®
Tesistanse FET  swiftch. I3 characteristics are such that if the
gate voltage is maintained nagative wlth Tespect %o the source |
it i1s Fofdt andg 1f positive it 1s “gnt. The magnitude of %he
sourc2 to drain “on” vesistanca depends in part on hew large ¢ the
3ource  to  gate voltage is. To achieve fast sampling times it is
n2coce2ssary %2 nNave 3 small arging tims Lons+ant for the 220 op¢
STorage C3pacitars, The pdlSE Eransformer, besides W“Ovldlﬂg a 20
valf turn on gulse, also allows keeping the gdte: quiescently at
-2.0 wolts (i =2 "off") by tieing the second ary canter fap to -5
volts The transformar alsoc pravides an opposite polarity gate
pulse #2v zanc2ling capacitive fsad thru to the intensity our, (Ci
trimmer, pedestal cancellation (C2 trimmer) a3t the storage
capaciior, and BaTC H/BUQ'H convergance of the low 1ntensity signal
laveis. These compensations ara only necessary for the Intensity

channei.

31 15 wused %o g

2t a low 7 driving source for :he transformer
primary and alsa {for currant gain, Two sections of U8B are
parallaled for inzrzased currant capabilty. The large primary
pulse current 13 suppli =

ed 5y the 1 MFD capacitor and it 1is chargad
2N sowurca  {(G2). Using a «constant czurrent
i i ans +0rmer primary if for some raason

by a constant ¢
30uUTce pratacts
Q1 should tacome o

~{i
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10 MHz
needad.

for digitization are provided from the motherboard as

i
o
0]
i
=

3.1 6 Da%ta Readout - The B data lines from the A/L ara2 bussed to
tha 1nputs aof Ud, a ‘L5373 transparent latch, and %fto U7, an cctal
line driver Th= autput of Ud will follow the Inputs as long as

antral pin 1s asserted., and the Enabl
k daughter card the OJutput Control 153 d‘l.en by
FOSITION 5 ES from 'he mothmrboard and the Enable G pin 1s
driven oy wwan reading Snapshot data (position onlyl LPOS/
1s kept h1gn 50 that fthe oufputs track the inputs, and the data is
placed on the dataway when the POSITION STROBE/ pulse 1s decoded.
When LFO%S/ 1s asserted, Ud will latch the position data at the

the Dutput
high. n

W
el
-
3
u’ ]
i
—
Q.

by
T

2
RJB
PO/

outputs The cwbtputs of U7 always track the inputs. but 1n
practice the Gat2 Control pinsg, conected to INTENSITY STROBE/, are
only asszzrtad aftar intensity data has been digitized

3.2 Hotherboard Circuilt Description

The Analo board schematic diagram i1s Fermilab drawing
5 ;
-

nuymbar

3.2 1 FR2ad/Write rRegisters - The Read/Write registars physically
are U4, LS uT, Uz, W20, uzil. V22, u23, U224, U225, U225, and U27
Each raglister coansists of a “LsS374 octal latch and a L8244 line
driver. Lata on the data bus 1s latched into the L5374 when 1ts
clock pin 13 strobed. The strobe gpulses for fLthe ‘LS374s are
generatad by address decoding chip UlS, a ‘L3138 Z-ta-8 line
decoder which 135 enabled by dataway signal WST/ The data to be
written 13 =zoupled through to the Analog Box data bus oy Uds and
V47, L5243 bus tranceivers whilich are s2t teo the ‘write’ divection
by datway line WAD
The outpuwos of the latches are made available

that ragquires The data, and to the 1nputs af =Y
drivears. The line drivers place the data back on *the data bus
whan their ouftput control pins are asserted. The addrass dacoding
for read a2perations 1s donme by U1l7. also a L5138 S-to-3  line
dacoder, which 13 2nabled by an output from Y18, The addifionail
ioglic 1s needed since there are many mere rtead reglisters in  the

Analog Box than write registers. More will be said :
decoding for rteading data registers in the next secti

The 1nftensity ¥Threshold 1s convertad to an analog signal by
Uuz2a, an  AD7333JM  10-bit DAC with the two lsast signifizant bit
inputs groundsad. Its currant voltage

output 15 converted fto 2
ludes a ZN350& transistor 1n

output by OJp Amp Ui3 which also incl

i1
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D 3PM ANALOG BOX: Cctober 20, 1982

always 13 during smapshots) the ‘37 or snapshot control lines will
be coupled through to the gutputs. In the case of snapshots,
SNARM clocks U31A which then clocks U3SCR., both L874 FFs acting as
20 nanosecond cne-shots. J51A produces ACLR/ which clears all of
The THAGL lines, and U3CEB generates the ARM/ pulse which 3ras  the
Jaughtar cards

in the normal scenario beam will now pass ane of the
detectors, satting GBRGR/ This has no direct effect on the
motharboard, bui when the multibus hardware detects the assertion
of BRORS, 1%t will ‘mmedlatlg n2gate SNEN/ which (after a delay 1n
Ud2Ar ressets Ualda, the SMARM FF U40a i turn  generatss  a

positiva going disarm edge on its @/ output which finds its way
through the control selector, U3YT, to U30A again acting as a
ane-shaot. The disarm pulse generated here i3 bussed %o all the

t step in the snapshoft data taking process 1is again
y multibus. Control linmne CVEN (ConVert ENable) is
xing a T7L high signal #rom U41, through the control
the o 1input aof U28. 38 synchronizes the convert
' tpe 10 MMz clock. The output of U3B is used to
ieél synchronous counter with the wvalue 47 Uss
up o 12 {driven by the 13 MHz clock) and shuts off
71 1% 13 counting 1t couples 11 cycles of the 10 MHz
o the ARCs on the daughter cards by gating on US7A.
£1 presence of a ‘4’ at the parallel outputs of
CONVERT pulse at the scutput of U57R This
all the daughter rcards
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"hz prozess of taking Flash
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hardwara Es a Flash «cliock
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to the 4 X The leadin #
clock ¢ p  340B  whose aou
Progres 2 signal lines ars
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3 major distupition to the
}ata Wnen the multibus
Fops generating  any

pulse, FLAT/ (FLAsh Trigger:
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ing process, FIR/

o
p

ot Qi
o
1

[Se T

i

£
Th
duil

= . =
unasserted ng tha Snapshot 4.
in thra22 ways; it notifies multii 0g Box 13
process of taking Flash data, £ clears SMNARM, and 1%
centrol seleacfsr. U3F to select Flash control signals
used t2 clear  several conftrol £lip flops. and 1t bag
generation aof the FLAGs <(FlLash Gates) which we will
shortly.
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Maznwhile, The trailing (rising} edge aof FLAT/ bheac
controi signal. coulped through U337, generating the ACLR/
pulses in fthe same manner as SNARM.
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oint the xonu 2l civcults we've Ges
waifting Ffor the assertion of ENDF/ (END F1 )
generats any further digitization commands. To se= how
developed we have %o look at the timing associated with t
Recall that zach daughter card receives an individual F
which 13 usza2d  as part of its arming cicuitry. Immedia
the assartion of FIF, all FLAGs are negated in Uild, U1S,
This will =effactively disarm all daughter cards until
are assartad UZ23, U324, U333, and U364 are two sets of
sychronawus 4-51% counters (LS5193s). FIP is connected to
input of thasze unters so the assertion of FIP will all
counters &9 ‘ s0an  as a clock is provided. T
clock 13 % coupled to the U35, U3& pair which
Flash [elay T

cgunter 13 <o
which couple
and U334, and
counters are ¢
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paration can be :ummarized by saying that
line, FiLASH  WIDTH/, i3 asserted Flash Delay <(in un
micraseconds: affter FIP 1s asserted, and remains assert
Widtn fajain in units of .1 micreseconds). This
aggregats control over the FLAGs for each Analog Box. Ho
: tle to have individual control for each daughte
ay. This 1s the function of the Flash
ard. Fermilab Drawing 1480 00-EC-1584i4
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The FLASH WIDTH/ line appears as the input to a
L5164 parallzl-out serial shift registers. These zhitt
are clockad oy ftoe 10 MMz clock. The FLASH WIDTH/ gate a
the pavallesl ouvputs in successive staps of .1 microsec
pruoviding a maximum delay of 1.4 microssconds. Jumpers
insertad an  %the card chosgsing the amount of delay nee
sarticular channal The FTD card also provides the capab
431ng  difrarent delays for circulating antiprotons. Thr
data s2lectors are used to seisct either +the s2b gf
jumpered signal lines, or “antiproton’ jumpered signal 1i
outputs of the data selectors arse NANDed with FIF 1n Ui4,
Uld to produce thne 12 FLAG sigrals. When the trailing
edge of the FLASH WIDTH/ gats reaches the last shidft
auwtput  if clocks a TTL high into the output of an ‘L574
in Lturn 13 synchronously clacked into a second ‘LS74 FF

sutput cecomes ENDF/

'h2 ganeration of the ENDF/ signifies the snd o#f &
data gathering process as far as the daughter card Zampla
circuits are cancerned. It really doesn’t matter whether
was detected or not. {In the Snapshoft mode the detection

i4

a4l line FLASH WIDTH/ is as

amas the
and ARM/
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The following ar2 the address assignments used by Multibus to
access Analog Box data registers. All addresses are specified in
hex. and the two 413if number raepresents the S5-bit asddress decoded
by the Analsg box.
7Dz0 - TCOzB POSITION DATA Channels ¢ - 11 READ ONLY

00 - OB
7B30 - TDZEH INTENSITY DATA Channels O - 11 READ ONLY
1iC -~ i3
O7 D& D5 D4 B3 02 Lt DO
e At R S S S G
7nzC THAGR B XD XD Xitiinior 91ogy READ ONLY
ac et S S (R S S
1~ CHANNELS
BITs 4-7 UNUSED
BITS 0-3 THAGL/ BITS for channels indicated
07 D& D3 D4 DI 02 DI OO
B e e R T, T T DU Y
7DZID THAGR . oS0 40 24 20 1 o READ OnLy
oD e faaton ST SIS S P R
1= CHANNELS
L7 D6 D3 D4 D3 B2 D1 DO
7DIE READ B R e e s S R SR S,
CE CHANNEL PoB CoXE Xi11i10)0 9 : R/AW
MAGK R i ot LT ORI S VSIS

i—> CHANNELS

BIT 7 BRORY/
BITS 4-4 UNUSED
3I7% 0-3 CHEN BITS for channels indicatad

A-1



ANAL DG 30X ADDRESS ASSIGNMENTS

D7 D& D5 D4 D2 D2 DI DO

7OIE DEAD R R D At ST SN SR I
O CHARNNEL AR S HERE S B N RN
MASK e R e i ESTTN NSNS S SR
i~ CHANNELS
703C INTENSITY THRESHGLD 3-BIT DAC value R /W
7 04 DS D4 D3 02 D1 DO
703D MISC B el s T AR U T S RS
il BITS i HED SHED S & i i ; ! RAW
B et o Uit U SO U S
BIT 7 PBAR/
BITS &6-4 UNUSED
BIT 3 FIP READ ONLY
2IT 2 SNARM READ ONLY
BIT i FT0/ READ ONLY
31T O BATCH/
7DZEE FLASH DELAY S-BIT timer value RAW
iE
JU3GF FLASH WIDTH Z=-BIT timer value RAW
iF



AFFENDIX B

SGUTPUT FOR PBAR/P CONTRO

T

panel of the analog box is unused at

tntended to provide control 9f the
he reality of PBARs nacessitate the
riplines at the {(traditional} upstream

‘he electrical specifications of this
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UG) = - ASBN + ARS

' ¥
, DAL mpdt 4 . - e e 200 80 '-13.5 : 192 300 CO0 -134.5 ;
| T el i i A W 120 201 81 -74.4 , 193 301 €1 -135.4
LN e |86 102 42 144 © {130 202 82 -75.4 ;194302 Cc2 -136.4. . <
o .3 002 B2 -8 67 103 41 -15.3 , 131 203 83 -76.3 ! 195 303 €3 -137.3
3093 0 |68 104 44 -16.3 {132 204 84 -77.3 . 196 304 C4 -138.3 \
| 1 004 04  44.7 ;68 1ot At 193 132 288 82 183 197 305 €5 -139.2 P!
| O > 008 08 4 | 190 106 6 -10.2 |13t 206 86 -79.2 i 198 306 C6 -140.2
6 006 06  42.8 ) 7 47 -19.2 135 207 87 -80.1 199 307 €7 -141.1
! 7 007 07  4l1.8 71 10 . - 200 310 c8 -142,1
! 72 110 48 -20.1 136 210 88 -8l.1 .
_ T 3 111 49 -2 137 211 89  -02.1 , 201 311 €9 -143.0
S 0 oo 390 7 117 4 -2200 138 212 BA  -83.0 A 202 312 CA -144.0
R ©T 175 1 4B -23.0 139 213 8B -04.0 | 203 313 CB -144.9 )
. 11013 0n  28.9 ! 76 114 4c  -23.9 1120 214 sc  -04.9 204 34 CcC -145.9
12 b e 3 I 77 115 4D -24.9 {141 215 8D -05.9 205 315 €D -146.9 :
| 13 00s o ¥a 8 116 .4E -25.8 {142 216 BE  -06.8 _ 206 316 CB -147.8 )
Do 14 016 o8 38.2 ; 179 117 4F -26.8 [143 217 BF -07.8 ! 207 317 CF -148.8
15 o7 of 332 V |80 120 50 -27.7 '144 220 90  -80.7 : 208 320 DO -149.7
. 5 01 a3 f 181 121 51 -28.7 145 221 91 -89.7 | {209 321 D1 -150.7 ’
. 17021 11 32.3 . lg2 122 52 -29.6 n 146 222 92 -90.6 o 210 322 D2 -151.6
18 022 12  31.3 \ ‘ 22 52 -t 147 233 93 -a1.6 | ,211 323 D3 -152.6
13 023 1 2 | |84 128 54 -31ls (148 224 94 -92.5 A 1212 324 D4 -153.5 _
"L 20 024 M4 29,4 _ mnw 138 25 -32.5 | ‘149 225 985 -91.5 1213 325 D5 -154.5
%o on n3 “ ‘g6 126 56 -33.3 l150 226 96 -94.4 1214 326 D6 -155.4 g
R A |87 127 57 -34.4 151 227 97 -95.4 |215 327 D7 -156.4-3%0 )
, 23 027 17 26.6 | 130 58 354 152 230 98 -95.3 . 1216 330 D8 -157.3 pob
A I Y , 31 59 -36.3 1153 231 93 -97.3 217331 D5 -158.3
B n nroon 50 132 A -37.3 154 232 SA -98.3 218 332 DA -159.2° >
% fee 032 1A 23,7 %0 1 y - 219 333 DB ~160.2 \©
N [ 91 133 5B =38.2 155 233 98B 99.2 . 7+
)27 033 18 22.8 L 133 N 136 231 o -100'% w 220 334 DC -161.1 _
X |28 034 ¢ 21,8 oo 1821 : “lo11 , 1221 335 DD -162.1 !
, $|3% 03 18 19.0 ! 84 136 5B -4l.1 158 236 9E -102.1 223 337 DF -le6d.
0 I 1% . .95 137 5P -42.0 153 237 9F -103.0 223 3 .0 ‘
Y A : r ' 96 140 60 -43.0 . 160 240 A0 -104.0 : 0 -165.0
N < 040 20 18.0 ! ; - Al ~-104.9- -2%10 pob . {225 341 E1 ~165.9
; 97 141 61 43.9 161 241 4
Q {33 041 21 17.1 4 | . ! ! Y 1226 342 E2 -166.9
042 22 161 | 98 142 62 -44.9 ; 162 242 A2 5.9 1227 343 3
X 043 23 151 | { 99 143 63 -45.8 ; 163 243 A3 -106.8 328 343 E3 -le1.8
R ' 1100 144 64 -46.8 w 164 244 A4 -107.8 _ B4 -168.8
M S 0 2 13: -~ il01 145 65  ~47.7° 165 245 A5 -108.7 229 345 ES -169.7
“ v X . 1102 146 66 -48.7 166 246 A6 -109.7 : © 230 346 E6 -170.7 !
. 2 046 26  12.3 : - Zlloe 231 347 E7 -171.6
| N13e os0 28 10-4 {104 150 68 -50.6 '168 250 A8 -111.6 ) 233 350 B8 -172.6 _
, . 1105 151 63 ~51.6 4 169 251 A9 -112.5 A | -173.5
+|41 051 29 9.4 . ! pb ; ” i234 352 EA -~174.5
. Y IES 106 152 6A -52.5-/x0p 176 252 AA -113.5
g 42° 052 2a 8.5 appion 1107 133 6B -53.5 171 253 AB -114.5 , 235 353 EB ~175.4 . .
S14 021 2 U'% beaw [ . 108 154 6C  -54.4 172 254 AC -115.4 .0 |236 354 EC -176.4 %
N AN DB SR e _ 1109 155 6D =55.4 173 255 AD ~-116.4 ! {237 355 ED -177.3
16 0% o2 4y Ml 00 156 er  -s6.2 174 256 AE -117.3 L 1238 356 EE -178.3 -
ooy 3 . {111 157 6F -57.3 1175 257 AF ~118.3 | 1239 357 EF -179.3 -
S FI-+-L A S /112 160 70 -58.2 176 260 BO ~119.2 I 240 360 F0 -180.2 .
B S 1.8 113 161 71 -59.2 } {177 261 Bl -120.2 i 243 J61 F1 -181.2 o
o 063 32 9 _np. 162 72 -60.1 v 1178 262 B2 -121.1 i j242 362 F2 -182.1 :
- 81 061 33 -je e 115 163 73 -61.1 : '179 263 B3 -122.1 ! 243 363 F3 -183.1
“ : © 1116 164 74 -62.0 h ‘180 264 D4 -123.0 A 244 364 P4 -184.0
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