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IWI'RODUCl?ION 

Turn-by-turn information about beam characteris- 
tics in an accelerator is a valuable diagnostic aid to 
accelerator study and development. This is especially 
true at mumants of tram in an accelerator's cycle 
such as injection, transition, the instant at which 
beam is inexplicably lost, etc. The ability to measure 
several parameters simultan~usly on each turn for a 
hundred or n-ore turns and then display the parameters 
for viewing, analysis and possible correlation can be 
a useful aid in troubleshooting, tuning or conducting 
experiments to sttiy the accelerator. 

A fast Digitizer and Display System has been built 
which takes up to four sim~~ltaneous "snapshots" of bean 
or related parameters during 256 consecutive passes at 
one or more detection points in the accelerator. The 
four digitizers may be separated by hundreds of feet so 
they can be located near the signal source. Each dig- 
itizer is connected to a central receiver unit by a 
sinqle coaxial cable, so distance is limited only by 
attenuation in this cable. The digitizer output for 
each measurement is stored in a 256 word mmxy at the 
receiver location. The contents of up to four mmories 
provide the input to a multiplexed D/A converter to re- 
construct the original analog signals for continuous 
viewing on an oscilloscope until the infomtion is up- 
dated during the next accelerator cycle. The stored 
information is also available for computer input. 

The system is used for Fermilab Main Accelerator 
development and injection tuning in which the masure- 
ment period is 2lpsec. It is capable of digitizing 
every 1.5Lsec for use on sequential turns of the 
Fermilab Booster Accelerator. 

GENEPAL DFSCIUPTION 

The Digitizer and Display System is made up of 1 
to 4 Digitizer-Tranmitters, the same nmber of 
Receiver-Memries, a Display Generator, a small Control 
Panel, and an ordinary oscilloscope as sm in Fig. 1, 
a block diagram of the system. The Digitizer- 
Tranmitters can be located separately, or up to three 
channels including their per supply can be housed to- 
gether in one chassis. The four Receiver-Mexories are 
house? together with the Display Generator circuitry in 
a chassis which is externally-powered and connected to 
the Control Panel via a multiconductor cable. Fig. 2 
is a photograph shcrnring '--he receiver chassis with 3 
channels installed, a 3-channel transmitter chassis, 
and the Control Panel. Most parts of the system are 
constructed as mxlules using 5.25 i? high NIBI hardme. 
A printed-circuit card edge connector is used to inter- 
face the module to +-he bin rather than the 42 contact 
NiM xdulc connector for ease in bussing power, ground, 
and signals in the bin. The mxiule connector is then 
pt of the p.c. card layout, rather than an extra 
itm to be assembled. The Control Panel provides a 
mans of changing the display characteristics and con- 
trolling intensified markers on the display which i- 
dentify selected masuremsnts. 
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DIGITIZER-TR?WXITI'ER ---- 

Acquisition of the data at the signal source md 
transmission of the data to the receiver is perfonred 
by a Digitizer-Transmitter. It is cmposed of three 
mdules, designated M3L, KC, and XMT. when pcwe~ed 
and interconnected, these threemdules serve as a 
"sampling head" for one of the channels in the system. 
A sirrplified block diagram of a Digitizer-Transmitter 
is shown in Fig. 3. 

The signal to Ix digitized is applied to the 
ANAIK IN connector and a trigger for each desired 
sample is applied to the DIGITIZE input. The diqitizer 
wili only r&pond to these triggers if it has b&n 
ant& by a pulse on the ARM input. The AP.M feature 
allows one to choose the exact start of digitizing 
without concern for triggers arriving outside the time 
of interest. Once armed, the digitizer responds to the 
next 256 DIGITIZE triggers and then stops until the 
nextAF.M. This number of events corresponds of course 
to exactly the lenqth of rrenory available for storage 
at the receiver. If this string of samples is inter- 
rupted by lack of triggers before the 256 events have 
occurred, substitute triggers are generated and enough 
zero mrds are sent to the Receiver to fill out the 
256 iscrds of nemry. This assures that infomtion 
from two separate time periods will not be displayed 
as parts of the same waveform. 

The digitized sample exits from the lo-bit, l;iaec 
A/D Converter as a parallel word. These 10 bits plus 
2 message header bits plus a parity bit generated from 
the data are combined into a 13-bit mrd and converted 
into a serial pulse train whose format is indicated in 
Fig. 1. This serial word is encoded in bi-polar Di- 
Phase code, allowing convenient transfomxer couplin~j 
at the output of a line driver to reduce noise that 
could be caused b 
tial differences. It 

transmitter-receiver ground poten- 
A 15 MHz bit rate was chosen for 

transmission and digitizing and transmitting are over- 
lapped to achieve a minimum pericd of 1.5.1sec. 

RDCF~TR-~EMORY -- 

The serial bi-polar pulse train originating at 
the transrni tter is carried by a 50 ohm coaxial cable 
to the receiver where it i. 3 translonner-coupled to a 
termination resistor and the receiver input circuit. 
The quality of cable required depends upon the dis- 
tance. The 15 MHz bit rate (30 MHz components) and 
simple receiving circuitry allaw use of RG-58 for only 
a fewhundred feet. W;213 is usable for distances 
approaching 2000 ft. Repeaters may of course be used 
in the transnission line to allow arbitrarily long 
distances. 

A block diagram of the Reccivor-Mar] unit is 
shown in Fig. 4. It is chased of TV mules, des- 
ignated PK andMEM. The Receiver converts the bi- 
polar signal to a uni-polar Di-Phase coded pulse train 
which is decoded and fed to a sor:al-to-parallel con- 
verter. kAs the first bit, which is Jways a 1, exits 
frcxn the converter, it starts the timing sequence n~c- 
essary to write the lo-bit data mrd into mescry, in- 
crenrnt the memory address counter, and clear the se- 
rial channel to await the next transmission. The 
presence of a 1 in the second bit signifies the first 
mrd of the 256 mrd string, causing the manory ad- 
dress counter to be cleared to 0 before writing. 
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The last 11 bits are checked for parity, ard if 
correct, the lo-bit data word is written into mrrory. 
If parity is incorrect, a zero is stored in place of 
the suspect data. The error checking us& in the sys- 
tem is very rudimentary, but the action of sis@ly re- 
placing a suspect quantity by zero is adequate for a 
signal containing many points to be used prirmrily for 
viewing. Since thenextmrdto be transmittedmaybe 
directly behind the one just received, there is insuf- 
ficient time to cause a re-transmission. If maintain- 
inq data integrity We a paramxnt consideration, 
then all 256 words would have to be stored at the 
trantitter as well as at the receiver, and sore so- 
phisticated W+ay trarxsni ssion would occur when the 
transnitter meitxxy was filled. 

The rnwory is canposed of 10 256-bit bi-polar 
random-access mwory integrated circuits. As one can 
see fran Fig. 4, the men>ry module contains its cwn 
address counter which is simply cleared and incre- 
mented by the receiver as determined by the arrival of 
information at the receiver. FSzwever, when the mry 
is accessed by the Display Generator, a full address 
word is passed to the counter for loading. The con- 
flict bet- these two actions is resolved by the 
receiver having priority, locking out the Display 
Generator via the WR line. This lockout is continuous 
during the time all 256 xords are being received. If 
transmission is interrupted, a time-out returns con- 
trol to the Display Generator. 

DISPIAYGEEERAl-ORANDCOMI'F0LPANEL 

The information which has been stored in one to 
four ma7m-y modules corresponds to a series of meas- 
urements made during a specific time secpnent of the 
accelerator cycle. This information is presented to a 
viewer ,mtil the next update tima by the Display Gen- 
erator circuitry which is partially housed in MPX, 
MDD, and LD modules of the receiver chassis and par- 
tially in the Control Panel. A block diagram of this 
portion of the system is sbcwn in Fig. 5. 

The Control Panel provides the viewer with a 
means of changing the display characteristics and of 
identifying the "event number" of points of interest 
in the display. Any ccxnbinationof the four channels 
may be chosen for the display, and the relative gain 
and position of the channels on the display may be 
VZU5.Ed. The Control Panel counts events as they are 
displayed and creates two intensity-modulated markers 
on the display for events which are selected by knobs 
on the panel. A numeric display on the panel reads 
out the event number of the first rrarker or the num- 
her of events from the first marker to the second. 

An internal 128 kHz clock and O-255 counter cycle 
the Display Generator through all of the wxds in a 
rl-axx-1. At the end of one merrory's read sequence, the 
channel select circuitry switches the multiplexer to 
the mamy of the next active channel, and selects the 
proper gain and dc offset for that channel's portion 
of the display. Adeadtimeisinsertcd between the 
diffcrcnt channel segments to allow retriggering of 
the display oscilloscope and to allow easy recognition 
of the beginnIng of a trace. 

The timing and intensity rrrdulation circuitry 
produce a distinct ba.seline for each of the displayed 
channels to help In evaluation of the displayed in- 
formation. A photograph of a typical Z-channel dis- 
play is shown in Fig. 6. 

If a viewer sees a particular display which he 
wishes to photgraph or study in detail, he may switch 
to J HOLD rrcde in which the present contents of all 
rrkzrmries is maintained for continuous viewing until 

the UPDATEmodeis again selected. Atypical use of 
this feature is to hold a vertical or horizontal posi 
tion siqnal while one moves the markers to separated 
peaks of oscillation and notes the nxnnbsr of turns be- 
tween peaks on the numzic display. 

-S 
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and support for the development of this system provide 
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1. Siqnetics Application Memo, 8T20 Bi-Directional 
one-shat . 
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Fig. 1. Digitizer-Display System Block 
Diagram. 

Fig. 2. Receiver Chassis with 3-Channels In- 
stalled, 3-Channel Transmitter Chassis, and 
Control Panel. 
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