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1.0 INTRODUCTIGH

This document describes the Analog Eox pertion of the Beanm
Ppositiorn Moniter system (BFM} 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 :ece Uperations Bulletin #8288, FERMILABR ENERGY DOUBLER EBEAM
POSITON MONITOR SYSTEM. Rod Gerig, 7/82.

The initial section of this document describes the dnalog Eox
from the perspective of a biock diagram. The next section builds
on the block diagram dezcription but provides & circuit
description.

Trroughout this document signal names will be followed by 2

slash (/i if the signal is logically true at a TTL "C" state. For
instance SNEN/ means that SNapshots are ENabled when this signal
line iz a% a TTL level of O volts. & signal line will be called

Asserted or Active when 1t ie logically true. To negate 2 signal
means toc make 1t logically false.

2.0 EBELICK DIAGRAM DEECIPTION

The Analog Box contains two magjor circuits. One of these 1
the daughter c¢card of which there is one for each detector. The
second is the mother board of which there is one per Analeog Box.

2.1 Anslog Box Desughter Card

Fefer to Fig. i The position and intensity signals Ffrem
the K¥ modules are sent directly to each dauvghter cavd. The
purpose of the daughter card is to provide & computer veadable
value of these signals at card edge. measured in = beam
triggersble mannar. Te do so 1t must:
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o Provide a means of arming and disarming the triggsvw
circuit.

¢ Provide a trigger circuit with a variable intensity
threshold:, that produces a gate for the S/H.

o Contain fast gatable Sample and Hold (87
amplifiers for both position and intensity signals.

o Make sure that the processer 1is informed if the
trigger circuit falsly triggered.

o Provide circuits for getting the analog wveltage in
the correct range for the Analeg to Digitsl
Converter (A/D}. In the case of the intensity
signal this includes transforming the voltage, which
is linearly proportional to the intensity, into =&
signal with & logarithmic Tesponse

o Provide & fast A/D which upon command will digitize
either position or intensity.

o0 Provide 2 means of reading out the desired wvalva,
either position or intensity.

2. 1.1 Daughter Card Arming - The arming of the daughter carde 1is
under control of the mother board with the ARM/ and DISARM/ pulses
being bussed to all cards simultanecusly. The G/H gate generator

wiil disarm the <card at the leading edge of the gate to prevent
further triggering. The FLAGZ signal (FLAsh Gate) must be asserted
(which it always 1is during Snapshots) teo arm the daughter card

Whenever FLAZ is not active the daughter card 1is disarmed,
regardlizss of the state of the ARM/ and DISARM/ lines. More will
be saidé about the origin of these contrel lines in the description
of the motherboard.

~ Fy ~y

2.1.2 Daughter Card Triggering And Gate Generation — A%t the heart
of the %triggering circuit is a comparator which receives intensity
sigral st one input and a settable threshold at the other. vl
portion of the logical output is fed back to the threshold input
to provide stability at intensities near the threshold voltage.
The output of the comparator called BIP/ (Beam Is Fresent) is sent

back to the motherbgard, but more importantly: its leading edge
triggers the gate generator. The duration of the gate depends on
the choice of modes. 1f# batch mode is selected the gate will be
200 nanoseconds, and if bunch mode is selected, 40 nancoseconds

The gate generator has the responsibility of reporting cn the
validity of +the measurement. It does this by setiting s 1line.

ni
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THAGL/ (Track and Hold Amplifier Gate Latch) which when active
indicates that BIP/ was active throughout the gate. In other
words the intensity must bte greater than the threshold level
during the entire gate for THAGL/ to be asserted. The motherboard
sends a pulse, ACLR/ prior teo each arming which clears THAGL/. An
additional line #from the motherboard 1is called CHEN (CHannel
ENablel. This signal, when negated, prevents the cemparator from
firing, and forces THAGL/ into an inactive state

2.1.3 Sample And Heold Amplifiers — The gate from the gate
generator passes through a level shifter, an isclating pulse
transformer and is applied to the gate input of two FET switches.
These switches allow the input position and intensity signals to
charge the S5/H storzge capacitors.

Z.1.4 BSignal Conditioning — The position signal from the RF
modules covers & range of +/- 2.2 volts. The A/D will digitize an
input signal in the range of C to -. 5 volts. A4 resistor netlwork

provides level chifting and attenuation.

The intensity signal is applied to & legarithmic amplifier
which consists of a matched pair of transisters wused 1iIn a
transdicde ronfiguration in the feedback loop of the amplifier,

2.1.5 Dasughter Card Digitizing - The conditioned signals are
coupled to the A/D through a second set FET switches. The
selection of which switch is on is made by a line called INGSEL/
(INtensity BSELect). INSEL/ is negated throughout Snapshot data
taking, thereby always selecting position. A STHRT CONVERT pulse
from +the the motherboard prepares the &/D for conversion, and 11
cycles of the 10 MHz clock are applied te the cloci input of the
A/D to perform the conversion.

3

Z.i.& Data Readout - The 8-bit output of the A/D appears at both

cutput buffers. The position buffer is a transparent latch, so
that under Snapshot conditions when only position information is
needed, assertion of POS STROBE/ will place the peosition data on
the dats bus. In Flash mode when both position and intensity data
are needed, LPOS/ (Latch FOSition) must be asserted after the
conversion of the position signal to store the data for a later
FOS STROGBE/. Then INSEL/ is asserted and the intensity signal 1i¢
converted. Intensity data is then available by asserting INT
STROEE/.
3
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2 & Motherboard Block Diagram Description

Refer to Fig 3. The motherboard is divided into four functional
groupings.

i. Read/Write registers which contain primarily
downloaded data.

2. Address decoding for data registers on the davghter
cards. ‘
3. Snapshot control circuits.

4, Flash timing and control circuits. Flash control
and Snapshot contrel share some common circuilts

2.2.1 Read/write Registers - There are five registers (six bytes)
of downloaded dats wused by the Analog Box. The registers and
their uses are described below. A list of addresses is found in

Appendix A

o Intersity Threshold -~ This B bit register provides
input fer a D/4& converter which in turn provides the
analog sigral vused by each davghter card as the
threshold wvoltage ot the comparatoer. The actual
voltage used by the comparator is divided down on
the daughter card

o Miscelleancus Bitse ~ This register contains 2 &/W
control bits and 3 rTead only bits wused Fer
diagnostic purposes
BIT & EGatchs/Bunch centrel. Batch = 0. This signal
i= bussed to all daughter cards where it is
ysed to set the length of the E/H gate.

EIT 1 FTU/s {(Flach Time Out) Described below.

BIT 2 SnNaRM (SNapshot ARM) Described below.

EIT 2 FIP (Flash In Frogress) Described belouw.

BIT 4 Unused

BIYV S VUnuced

BEIT & Unused

BIT 7 Froton or antiproton control.
FPEAFR (antiproton? = 1. This <eignal which
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indicates measurement of either protons or
antiprotons is wused by the Flash timing
citcuits and additionally is made availabie
toc external hardware on the back of Analog

Box via a BNC connector. This signal line
will be called PBAR (antiprotons indicated by
TTL high)

o Dead Chanmel Mask ~ This is a 16 bit register

requiring two rTead or write operations to access.
Actually only 12 of the bits comprise the mask, esch
bit ic sent to its corresponding dauvghter card where
it becomes CHEN (CHannel ENable). A signal line,
BPOR/ which is discussed later is routed tc the MED
of the byte containing only 4 bits of the mask.
This read only bit is used for diagnostic purposes

[}

Flash Width - As will be discussed later. the
arming of the daughter cards in the Flash mode of
operation is gated so that precise timing can ©be

specified. The width of the gate is under host
control, and the E bit value 1s stored in <this
register. fne LSE equals .1 microseconds.

5 Flashn Delay — The application of this register 1is
similar te +the Flash Width rtegister except this
specifies & delay wuvsed before any gates are
generated. UOne LSE egquals .1 micresecond.

Z. 2 2  Address Decoding For Data Registers - All of the registers

which contain beam oriented data reside on the daughter cards.
The Multibus hatdwsre or scfitware can access this data directly by
specifying its address (See Appendix A for address
specificationsi. The motherboard dececdes the addresses and
generatss the strobe: menticned earlier in discussing the daughter
cards. In addition +to the strobes, the decoding hardware
generates control signals to enable a bus driver which puts the
dsta on the dataway to the Multibus, while &t the same time
disabling the bus tranceiver which connects the R/W registers to
the dataway.

The motherhboard also allowe readout of the 12 THAGL/ bits
which are used to indicate a3 valid reading. This is accomplished
in twe different ways. fine of the ways the reading is done iz via

& st of two octal inveriing buffers which place the set of THAGL/
bits on the data lirnes when the appropriste adresses are selected
im resd operation. The zso called THAG register is read in this
M T after a Flash. The second way the THAGL/ bits can be read
u & 12 to 1 inverting multiplexer and a seperate data line to
i Us. The same address lines which generate the position
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strobes select {he corresponding THAGL/ line and place 1t on the
THAGR 1ine to Multibus. This in effect becomes a wnine bif rTead
operation, and is the technique used in reading Snapshot data.

2. 2.3 &napchot Control - Although this section of the motherboard
description 1is called Snapshet control it is somewhat a misnomer.
The process of taking Snapshot data is under Multibus control with
the motherboard acting a3 a slave generating the appropriate
signals upcon command

Snapshots are enabled when the motherboard receives an enabile

on SNEWN/ (SNapshot ENable}l. I+ there is no beam detected when
ENEN/ is asserted. the arming preocess begins immediatly. The
presence of beam 15 determined by a signal called BFOR/ (Eeanm
Present OR) which is the ORing of all daughter card BIP/s. if
BFOR/ 1is active no arming will occur until 1t is negated. Note
that 511 detectors must simultansously report ‘no beam’ before the
arming process can begin. Note alsoc that BPOR/ is sent back to

Multibus where its assertion negates SNEN/ and begins timing the
process of digitizing and reading the data.

Orice the motherboard detects the assertion of SNENS and the
negaticn of BPOR/ the arming process begins. This consists of
generating an ACLR/ pulse to clear the THAGL/ bits, and generating
the ARMS pulse. 4 pne-shot is triggered at this time which will
generate a3 DISARMS pulse after i1t times out. This is wused only
when bsam does not arrive in the expected amount of time.

&% this time the deughter cards are sampling the position
signal and the meotherboard is waiting for Multibus to send a CVEN
{(ConVVert ENable:. When this pulse arrives the motherboard
responds by generating a START CONVERT pulse which is sent to all
daughtar cards. and then gstes 11 cycles of the 10MHz clock to
each &/0 chip. 4t this point the motherboardis cortribution tc
Srapshot contrel is over, Multibus will now come arcund and Tead
the peosition data and the THAGL/, bits. Throughout this process
the control linss INSELS and LPOS/ remain negated.

a trol - Whersss Snapshot control was in the hands
ibus, the Flash data taking process is essentially
controlled by the motherboard. The trigger pulse for a Flash Data
frames appears at the Analog Eox on a date line called FLAT/ (FLéAshH
Trigger:. The leading edge cf FLAT/ asserts both FIP and FIP/
(Flash In Progress:t. The asserticn of these signal 1lines
terminates the Snapshet process. beth in M™Multibus and an the
mctherboard. and sgets the motherboard up for Flash data taking.
The trailing edge of FLAT/ triggers the generation of the ACLR/
ang  AFRM/ pulses. The arvming if the daughter cards in Flzsh mode
is more involved though. thanm for Snapshots. & separvate FLAG

of Hu.

&
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(FLAsh Gate) must be generated for each daughter card allcwing for
the delays in beam travel, and signal travel from the detectors to
the BRBFHM. Thic gate must be ascerted on each card for the card to
effectively be armed  The generation of these gates 1s the Jjob of
the box on the block diagram called Flash Timing. The assertion
of FIP loads tuwo sets of count down counters with the downloaded
values of Flask Delay and Flash Width. The 10MHz clock is
immediately applied tec the Flash Delay counter and wher i1t has
counted down &8 “Ycommon +filash gate" called FLAEH WILTH/ 1is
asserted. This gate Temains active while the Flash Width counter
counts down. FLaSH WIDTH/ must be transleted into individusl
FLAGs for the davghter cards, and this 1is accomplished on &
separate plug—in card called the Flash Trigger Distribution Card.
The FTD card rteceives FLASH WIDTH/, the 10OMHz clock. and the PBRAF
line. FLASH WIDTHY becomes the input to a <cet of B-bit
parallel—-cut serial shift registers clocked by the 10 MHz clock.
The outputs are made aveilable to a set of jumper wires so that a
given detector may receive its Flash Gate from any cutput over a

range o0f 1. & microseconds. The PBAR line ic used to contrel 2 to
1 data selectors so that different delays can be established to
look at antiprotons. The outputs of the data selectors

essentially bscome the FLAGS

The civcultry for generation of individual FLAGs was put on a
separate card because the distribution is unique for different
service buildings. Thus Analog Foxes <can be changed and the
proper distribution can be maintained by replacing the FTD card.

Once the FTD card has negated the last FLAG, it asserts a
signsl line called ENDF/ (END of Flash) which notifies the
motheriosrd thst &1l Daughter Cards shovuld now have wvalid dsta
stoered in  their S/H circuits. & DISARM/ pulse is sent to all

Cards, and 3 shift register, acting as a state processcr
tivated. clocked with & 1.4 microsecond clock. This
™ steps thyouqh the following tasks at the times
with respect tc tThe assertion of ERDF/.

~

¢t W 1D
[ ] C'1

o, -

.0 us Assert FTD/ (Flash Time Out) which lets Multidbus know that
A/ conversian 1¢ abcocut to begin.

1.4 ugs Generate 2 convert enable pulse. This will cauze the
centrel circuitry te send a START CONVERT pulse and the
GATED 10iMHz clock to the Daughter Cards to digitize the
position data.

3.2 uvs Generate both LPUS/ to latch the position data: and INSEL/
to place the intensity signal at the A/Ds input.

8.0 us Gererates a secgnd convert enable pulse. this time
digitizing the int ween

all

isity signal. The extra tims be

21
these tuwo states ows the intensity signasl to s=tx

~
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Y. & us Negate INSEL/.

At this point the motherbosard has completed +the control of the
Flash data taking process. Mutibus must come around and read the
positions, intensities and fthe THAG rTegister. When it is finished
it will assert TWi/ (sorry: no acronym} which negates FIF and
resets any rtemaining control lines (LPOS/,FT0/) +froem the Flash
data taking. Snapshot datas taking will resume with the next
SNEN/.

3.0 CIRCUIT DESCRIFTION

Tne circuit description follows +the same format as the ©block
diagram description.

3.1 Circuit Description For The Daughter Card
The Anslog Los duaghter card schematic diagram is Fermilab drawing
number 1680, O0-ED~-135407.

i Daughter Card Arming - The ARM/ pulse from the motherbeoerd
ip Flop (FF) U3& to set G UZ2A is reset either by The

ing edge o¥ the 5/H gates which clocks a ‘0O’ <through. or by
ISARM/ which clears UBA. The @ gutput of U3A is ANDed in UID
with FLAG to form the ‘composife arm’ level for the daughter card.

~

3.1.2 UDavughter (Csa

vd Triggering And Gate Generation — The Daughter
Card is triggered by
<,

T

the negative going intensity sigral. A NESZT
he intensity signal at one input, and &
threshocld leavel at the other input. The threshold level at the
input to the comparatoar ig reduced by & factor of 20. & Ffrom the
motherboerd threshold lewvel. The positive going output fraom the
comparator is used to provide hysteresis into the threshaold input.
For «centrol purposes ths negative going output is controlled by
CHEN. 4 TTL ‘07 on CHEN disables this cutput

The arm level developed by U3A appears as the J input to UZé,

a negative edgs ftriggered J-W Fiip Flep (85112}, UzZAa is clocked
by the negative going edge of the comparator, so that the arm
level appears at the & output, uwhere it becomes the E/H gate. The
length of this gate is determined by UlA, which generates a clear
pulse for UZ2A The inputs teo UlA, which acte as & negative logic
» are the independent clears ¥fcor Batch mede and Bunch mode
two clear pulses are derived in the following manner. Th
ive going ocutput of the comparator ¢€riggers UDh: a ‘LEiE

B
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one-shot. The pulse length of USA is set to ~ZC{ nanoseconds
which determines the gate length for Batch mode operation. The
trai1ling edge of the G/ output triggers USB, which delivers a3
short negative going pulse to UlA. This becomes the Eatch mode
clear pulse. The leading edge of the G/ output from USA is
delayed 40 nanoseconds by an RC network and then wused to clock
U2E. The J input to this FF is the BATCH/ signal line. If this
signal line is set high, for Bunch mecde operation the output the
Q/ output will ¢o low, clearing UZ2A in Bunch mode. I+ BATCH/ is
asserted (TTL low? this clear pulse will not be generated

The Flip Flop U3B is uvsed to generate the THAGLS bit. The
ACLR/ pulse +from the motherboard clears U3E. The positve going
ovtput from the comparator appears a@s the D input to U3B. The G/
output from UZ2A is used to clock U3B. Thus: the trailing edge of
the S/H gate clocks the state of the positve going output of the
comparater through as THAGL/. Valid beam is therfore defined as
an intersity sigrnal which exceeded the threshold:, and is still
greater than threshold at the end of the S/H gate. Note that the
Thagl signal is enabled by CHEN in Ul and then inverted to become
THAGL /.

The motherboard is informed about the state of the cemparator
via signsl 1line BIF/. BIF/ is the negative going output of the
comparator stretched by US.

G

mple And Hold Amplifiers - Uid4 is a quad low “on®
e FET switch. Its characteristics are such that if the
is maintained negative with respect to the source .

and 1Ff pesitive 1t 1s "on'. The magnitude of %the
‘on” vesistance depends in part on how lavrge ¢ the
voltage is. To schieve fast sampling times it is
a small charging time constant for the 220 pf
2 The pulse transformer, besides praoviding a 20
e. alsc allows keeping the gatee quiescenily at
velts (1. e. "gff") by tieing the secondary center tap to -5

The transformer alsec pravides an opposite polarity gate
canceling capacitive feed thru to the intensity port (Ci
pedestal canceliation (CZ2 trimmer) at the storage
and EATCH/BUNCH convergence of the low intensity signal
These compensations are only necessary for the Intensity
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Both the Intensity and Fosition inputs have 20 ohm
terminations on the P.C. board. Also both inputs are driven by
50 ohm sources and therefore the total FET S/H charging Z is 25
ohms. The *"on" resistance of the SD-5000 (Ui4) is typically 25
chms. Therefore the charging time constant is 11 nanoseconds.
UiZ and U1S are FET input Op Amps connected as follocwers and
therefore allow long heold times with negligible droop. Although
the slew rates of uid and Ui% are typically only @9
volts / microsecond, A4/D conversions are not done wuntil the
outputs have settled.

3 1.4 Gignal Conditioning - Since the Position input signal
ranges between +/-2. 5 volts and the A/D chip (U&) requires O to
~0.5% volts, both a3 factor of ten attenuation and a level shifi are
needed before going to the A/D analog input. Both of these
requirements are met with a pessive resistive network at the
output of W13 The U113 offset adjust pot. allows calibrating a
O C volt Position input signal to be equal tc a hex E0O digital
output.

Sirce the Intensity signal is expected to cover a 2.5 to 3
decade range, and since the A/D conversion is limited to E-bits.
it was deemed necessary to use & logarithmic conversion tetween
the intensity S§/H and the A/D chip. This is accemplished by US
and UlZ Op Ampe which have diode connected transistors (2N2Z060) as
feedback elements. This gererates an output from Ui2 that is
tyrically &0 millivolts per decade change of input current. Ug is
used as & reference leg output and alsoc cancels thre large
(typically -2 5 mv/deg C} forward temperature coefficient of <the
log fesdback elements.

The ourput of UIC i 2 5 times the difference betuween UT and
UiZ2 owutputs. The UlS offset adjustment pot allows calibrating the

out intensity end (1. e, 10 mv) and the UL0 offset adjustment pot
licws calibrating the middle intensity range (i.e. 100 mvi.

3.1.5 Daughter Card Digitizing — The conditioned position signel
is applied to th=z source input of switch Ui4C., and the comnditioned
intenrsity signal is applied te the source input of UiaD, The
drain cutputs of these switches are connected together and fied to
the &/0 input. The switches are controlled from signsl  line
INSEL/, by gates USD, UBE. and UBF sc that only one switch can be
on 3t a time. The bipolar levels needed by these switches 13

provided by Q3 and G4,
digitizing is done by U&, a TRW 1001 chip which 1s
sive approximation B-bit digitizer. Ué& reguires a
ge which is derived by taking one tenth of the
log Eox minwus % wvoli line. The START CONVERT pulse, and the

iC
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fanl
"

i0 MHz clock for digitization are provided from the motherbeoard as
needed.

5. i.6 Data Readout - The 8 data lines from the A/D are bussed to
the inputs of U4, a ‘LE373 transparent latch, and to U7, an octal
iline driver. The output of U4 will follow the inputs as long as
the Output Control pin is asserted, and the Enable G pin 1s held
high. On the daughter card the Output Control 1i1s driven by
FOSITION STROBE/ #from the motherboard and the Emable & pin is
driver by LPOS/. When reading Snapshot data (position only} LPOS/
is kept high so that the outputs track the inputs, and the dats is
placed con the datawsy when the POSITION STROBE/ pulse is decoded.
When LFOS/ 1s asserted, U4 will latch the position data at the
outputs The outputs of U7 always track the 1inputs, but 1in
practice the Gate Centrol pine, conected to INTENSITY STROBE/, are
only aszserted after intens:ty data has been digitized

3.2 Vlotherboard Circuit Description

The énalog EBey motherioard schematic diagram is Fermilab drawing
number 1420 CO-ED-158400.

3.2 1 FRead/Write Registers - The Read/Write registers phuysically

are g, Us SU7 UR, U206, UZi. uzz, uz23, 24, U255, U2&6, and uz7.
Each register consists of a ‘L5374 octal latch and a ‘Lgzas line
driver. Dsta on the data bus is latched into the L3374 when its
clock gin iz strobed. The strobe pulses $for the ‘LEZ74s are
generated by address decoding chip Ul% a LE1I38 3-to-B line
decoder which is enabled by dataway signal WST/. The data to be
writtsn is coupled through to the Analog Box data bus by Uédb and
U47: ‘LS242 busz tramceivers which are set to the ‘write’ divection
by datway line WAZID.

The outputs of the latches are made available fo the bardware
that requirez the data, and to the inputs of the ‘L8244 lins
drivers. The iline drivers plece the data back on the datas bus
when their cutput comtrel pins are asserted. The address decoding
for read opervations is dome by Ul7, atso a LGi3E8 3-te-8 line
decocder. which is enabled bty an outpuf from ULE. The additional
logic is needed since there are many mere read registers in the
dnalog EBox than write registers. More will be said abeout address
decoding for reading data registers in the next section.

e intenmsity threshold is converted to an analog signal by
n AD7S33ZJ0 i0-bit DAC with the fwo least significant bit

s groundead. Its current output is converted to a v
output by Op Amp ULZ which also includes a @RN35%0E transis

s S 2L

pltage
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the feedback loop. This provides the drive capability necessary
for servicing wup to 12 Daughter Cards. The desired +1.C to ~-4.0
volt threshold range (divided on the Daughter Cards) is achieved
by #First getting a 0.0 to -5 0 volt range out of U2E (using a +5
volt reference) and then offsetting by I volt with an adjustable
current into the Op Amp summing point.

3. 2.2 Address Dececding For Data Registers — The decoding of the
address lines to generate +the INTENSITY STROBE/ and POSITION

STROBE’ pulses needed by the Daughter Cards utilizes two levels of

decoding chips. The first level ie UIB., the ’85139 duasl Z-to-4
line decoder menticoned in the last section. One of these decoders
vses address lines A2 and A2 to select one of four 3-to-B line
‘L5132 decoders. 0f these four 3-to-8 line decodersz:, one. Ul7, 1is
used to access the Read/Write registers. The other three Ul. Ué&,
and Uli decode address line &0, Al, and A4 to generate the sirobes
needed by the Daughter Cards. The selection of either Ul, U& or

Uil is detected by US0A, a ‘LE11 negative logic ©COFR gate  which
turns on the Daughter Card bus driver (U43) and places the
Read/Write register bus tranceivers in their isoclated state

Tre THAG registers (parallel readout of THAGL/ lines) are
rezd¢ from UZ and UlC. °‘LS240 octal line drivers. The decoding for
these is performed by the logic used to decode addresses for the
Resd/Write registers. The serial readout of THAGL/ lines 1is
accompliched with U2 and U, ‘LS251 B-line data selectors with
J-state outputs. Eoth use address lines AQ, Al, and A2 te select
which THAGL/, line 1is selected. The appropriate selector ic chosen
by ths second 2-to—-4 line decoder of ULlE which moniters address
linez &% and A4,

% 2.3 Snapshot Conmtrol - Each Daughter Card sende = signal called
BIFs +o the motherbeoard which indicates that the dauvghter card
currtently senses beam passing its detector. 4ll of the EBIF/ lines
are DRed inmn UiZ 2 ‘8133 i3 input negative logic OR gate to form
EFOR /. (BFOR iz deglitched by U42E, a one shegt which 1is
triggered by the first EIF/.) BPOR/ will only be a TTL “high”
level if WO EIR/s are asserted.

The Snapshaf date taking process begins when Multibus ssserts
ShoR S The entirs data taking process. both the multibus karduare
and the motherbozrd, waits for the negation of BFOR/. (i e. a1l
detectors simultaneously reporting no beam. ) BPORs is shipped ta
multitus and on the motherboard it is NANDed with SMEN so that fhe
NAND  gf GWapshot ENable and NOT BPOR/ in US3 sets FF U404, The @
output of U40A i1ic SHARM (SNapshot ARM). SNARM goes to input 1B of
Us%:, an LEIS? 2 to 1 line data selector. In this I35 is
used as & control seleckor with FIP/ being the select hs
icmg =5 FIPY (Filssh In PFProgrees) 1z high (we will it

ia




ED BFM &NALOG BOX: Jcteber =0, 178z
alwsys is during snapshots) the ‘B’ or snapshot control lines will
be coupled through te the outputs. In the case of snapshots,
SNARM clocks UZi4 which then clocks U30E, both ‘LE74 FFs acting as
50 nancsecond orne—-shots. U31A produces ACLR/ which clears all of

the THAGL lines, &and U3CE generates the ARM/ pulse which arms the
daughtzr cards

In the normal scenario beam will now pass oane of fthe
detectors. setting BFOR/. This has no direct effect on the
motherboard, but when the multibus hardware detects the assertion
of BFOR/, it will immediatly negate SNEN/ which (after a delay 1in
Uazéay resets U4LGA: the ShAaRM FF. U4Cs in  turn generates

positiv going disarm edge on its G/ output which finds its wey
through the contrel selector, U3%, to 30A again acting as a
one-shat. The disarm pulse generatsd here is bussed to all the

daughter cards

The next step in the snapshot data taking process 1is again
initiated by mulitibus. Control line CVEN (ConVert ENacle? 13
asserted, clocking @ TTL high signal from U41l, through the control
celector to the D input of U388 U3B synchronizes the convert
enable command to the 1C MHz clock. The ocutput of U38 is used to
lead UZSS, an ‘LEi&1 symchronous counter with the value “4°. Uuss
then counts up te 13 (driven by the 10 MHz clock) and shuts of¥
During the time it is counting it couples 11 cycles of the 10 MHz
cleock ocut to the ADCs on the davghter cards by gating on US7A
Note alse that the presence of a ‘4‘ at the parallel outputs of
USS produces the START CONVERT pulse at the cutput of UBVE This
pulse iz also bussed teo all the davghter cards

After waiting the appropriate length of timing the mulitibus
hardware will read the twelve positione from the daughter cards
utilizin

s

ng motherboard address decoding described irn Section 3 2 &
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Flash Data Taking -

£ taking Flash data is s major disrvuption to the

Tha pro c
2+¥ taking Enapszhot data. When the multibus
&
€

c
normsl procs
hardware detects
snapshoct control

Flash «clock event 1t stops generating arny
ignals ands sends a pulse, FLAT/ (FLash Trigger:

to the 4nzsleog box, The leading . (falling} edge of FLAT/ is used to
clock +lip flecp U40B whose outputs are FIP ang FIP/ (Flash In
Frogressi. These signal lines are only set by FLAT/, remaining
unssserted duing the Snapshet dats taking process. FIP/ is used

(78

in threz ways; t netifiez multibus that the Analog Box 1g in the
process of taking Flash d=zta, it clears SNARM, and 1t set the

control selector, U3% to select Flash <contrel signals. FIF 1is
used to clear several conirel flip flops: and it begins ithe
generafion cf the FLASs (FlLAsh Gates) which we will discue:z

shertly




Meanwhile, the trailing (rising’) edge of FLAT/ becomse tne
comtrol signal, coulped through U3%, generating the ACLR/ and ARM/
pulses in the same manrner as SNARM.

At this point the comtrol circuits we’ve been considering are
waiting for the assertion of ENDF/ (END Flash}) in order te
generate any Ffurther digitizaftion commands. To see how ERNDF/ 1s
develop=d we have tec lecok at the timing associated with the FLAGS.
Recall that each daughter card receives an individual FLAG line
which 1s used as part af its arming cicuitry. Immediately upon
the assevrtion of FIP, all FLAGs are negeted in Uil4, UL3, and Ulé.
This will effectively disarm all daughter cards until the FLAGs
are asserted U333, U334, U35, and U3& are two sets of cascaded
sychrencus 4-bift counters (7LELIT33). FIP is connected to the load
input oFf these counters so the assertion of FIP will allow th
counters £g count 33 soon as a cleck is provided. The 1C FiH:
cleck i< immediatly coupled to the U35, U3& pair which 1is the

Flazh [elay counter. Nothing happens to any FLAGs while this
counter 15 couting down. Upon counting down, the berrow 15 set
which couples the 10 MHz clock to the second set of counters, U3Z
and U34, and shuts the first set off. While these Flash Width

counters are counting down, cignal line FLASH WIDTH/ is asserted.
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ter FIF is assertsd, and remainc asserted Fliash
n in units of 1 microseconds). This provides
{ 1 t Fi for each Analog Box. However 1t
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Ji
il
oy

BFOR /s assertion. signified ¢to the hardware that digitization
chould commence. } The Flash data taking mode is not forgiving, if¥
beam does not occur during the FLAG on & given daughter card no
THAGL/ bit will be reported for that card.

The ENDF/ pulse is returned to the motherboard where it
provides several functions. It is routed through the control line
selector, U3%, to generate +the disarm pulse for the daughter
cards; it synchronizes a 10 MHz divide by 1& counter (USE}, and
it is used to provide a control input to US4, an ‘LEi&64d shift
register wused 3s a state processor. Us2 clocks this shift
register at @ 1.6 microsecond rate effecting the operations listed
in Section 2.2. 4 vsing primarily circuitry already described in
the section on Snapshot control.

Readout of the data 1is wunder multibus control, and when
multibus 1is a&again ready to set the Analog Box into the snapshot
mode it asserts TWi/ which clears U40OB. negating FIF and FIF/.

b
T



AFPENDIX A&

ANALDG BOY ADDRESE ASSIGNMENTS

The following are the address asssignments used by Multibus to
access Analecg Dor data registers. All addresses are specified 1in
hes, and the two digit number represents the 5-bit address decoded
by the Analeyg box.

7020 - 7D2E  POSITION DATA  Channels G — 1i READ ONLY
00 - OF

7030 ~ 7038 INTENSITY DATA Channels O ~ 11 READ ONLY
10 - 1B

L7 D& DS D4 D3 L2 D1 DO
O Lt S R e et &

7020 TH&GER B XD OXE Xi1iiicl %71 81 READ ONLY
CC B s e e e e

=% CHANNEILS

4-7 UNUSED
G-3 THASL/ BITS for chamnels indicated

D7 bé& DS D4 D3 D2 Dl DO

B T T S S s skt T 3
TDEE THAGR H N P40 30 21 18 H READ GhLY
Go s et S A S e et

1 -+ CHANNELS

b7 D& DS D4 DG D2 DI DO

702E DEAD B et Tt e s ST S
CE CHARNEL v B X1 Xi111:100 90 81 kAW
HMa&aSE B e B s e e ity S e 2

1~ CHANNELE

BIT 7 BROR/
BITS 4-6 UNUEED
BITS O-3 CHEN BITS for channels indicated

F-1




ANAL DG

7DF
OF

~
Lo
- L
N e

7D30
iDb

~1
)
=
mm

~i
o
= 0
M

CHARNEL
MASK

INTENSITY

MIESC.
BITE

D7 D& D5 D4 D2 Dz Di DO
B T T o lh (Tl S
P70 61 DY 41 31 24 4 i R/W
b T S e e et S
i =2 CHARNNELS

THRESHOLD E-BIT DAC value R/W

L7 D& DS D4 DG D2 D1 DO
R e Lo TEEE S e S

i : D & H ] H ; | R/W
B T it s s et gartet 3

BIT 7 PEAR/
BITE &-4 UNUSED
BiT 3 FIP READ ONLY
BIT 2 SNARM READ ONLY
BIT 1 FTo/ READ ONLY
BIT O BATCHS
E-BIT timer value RAW
i+ E-BIT timer wvalue R/W




APPENDIX B

BACK PANAL OUTPUT FOR PBAR/P CONTROL

This output on the back panel of the analog box 1s unused
the present time. It i3z intended to provide control of
stripline terminstors when the rTeality of PEARs necescsitate
ability to terminate the striplines at the (traditional, upstr
end. This appendgix lists the electrical specifications of ti
output.

ct

Y

Vi 3 M

P ok ot
pey

am
i

-

z 5452 open cellector driver with a high level
output wveltage of volts and a meximum sink current capability
of 500 millizmps. In the proton (P) mode the BNC output is in the
Hi Z state (i €. off state). Note that if inverse logic is
desired: & 75451 could be used. Note also that this BNC port acts
only to coentrel an externally powered device such as a velay or
sclienoid. If this device 1g inductive 1t showuld have 1ts oun
snubbing diode to prevent high veoltsge transients

The output 1z a

¢
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