Abstract

We have designed and built low-cost, low-power, Ethernet-
based circuit boards to apply DSP techniques to several
instrumentation updates in the Fermilab Antiproton Source.
Commodity integrated circuits such as direct digital
synthesizers, D/A and A/D converters, and quadrature
demodulators enable digital manipulation of RF waveforms. A
low cost FPGA implements a variety of signal processing
algorithms in a manner that is easily adapted to new
applications. An embedded microcontroller provides FPGA
configuration, control of data acquisition, and command-line
interface. A small commercial daughter board provides an
Ethernet-based TCP/IP interface between the microcontroller
and the Fermilab accelerator control network. The boards are
packaged as standard NIM modules. Applications include Low
Level RF control for the Debuncher, readout of transfer-line
Beam Position Monitors, and narrow-band spectral analysis of
diagnostic signals from Schottky pickups.

53 MHz BPM downconverter

for the AP2 transfer line

The 34 BPMs in the AP2 line are unusual in that they see only
53 MHz bunch structure, they see relatively small (1019)
numbers of particles per spill, and many signal cables see
significant crosstalk from the Debuncher injection Kkicker.
Reliable BPM measurements for reverse protons are needed
to characterize the AP2 lattice, as part of an acceptance
upgrade project. Readout during normal operation is also
useful for monitoring orbit stability and recording secondary
particle flux along the line.
Debuncher Transfer Line BPM Card (2 BPMs/card)
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NIM modules connect to ACNET via Ethernet. Nearby modules
communicate over an ad-hoc LVDS bus.

Modules were designed to minimize changes to existing infrastructure.
Left: new and legacy systems side-by-side. Right: new modules receiving

cables from AP2 line tunnel.
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Green: BPM signal read from oscilloscope (includes bandpass filter).

Blue: 53 MHz envelope read from BPM board’s RAM.
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A particularly noisy BPM signal. Red: oscilloscope trace without
bandpass filter, showing kicker crosstalk. Green, blue: as above.

AP2 BPM Prototype Response

 Timelines have several 20000 | 1
types of s|ip-s1‘qckin9 AP2 BPM Positions
events (hormal, switchyard &

& NUMI) which cause
different AP2 orbits.

» One can see the different
timelines and the number
of each type of different

slip-stacking events.

* Intensities in the
Debuncher change with the
different slip-stacking
events (not shown).

* A target tune of an APl
trim dipole was done and
the BPMs track.

* BPM sum sigr'nals ‘fti.i”'DW the AP2 Intensity Measurements:
established intensity 2 | J
measurement in APZ2.

(Courtesy of Keith Gollwitzer.).

Debuncher RF phase jump

UM ()

*Decouples Debuncher RF frequency from Main

Injector 120 GeV frequency
*Few kHz tuning range about 53.1 MHz

*Center M| & Debuncher orbits simultaneously

*Added degree of freedom facilitates upcoming

recalibration of “8 GeV” across machines
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ESME simulaton (courtesy S.Werkema) illustrating Debuncher bunch
rotation when center of momentum aperture and center of RF bucket

do not coincide--the case before implementing phase jump.

Before MI extraction, jump phase of synthesized Debuncher RF
to match measured phase of Ml RF, plus programmable offset
phase jump — bucket-to-bucket transfer still works

The next production run of phase jump modules will be of
sufficient quantity to drive each Debuncher cavity with its own
digital synthesizer and to monitor its fanback signal, eventually
replacing the legacy LLRF system. We hope to provide more
precise phase alignment with reduced human intervention.

Cavity Driver Analog Section
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Block diagram of analog input/output section of phase jump / LLRF
board. The digital section uses the same design as the BPM board.

Digital framework

begin

= TI=sq : (clock=clk) with
- heoot b Ipm_widtha=WIN. lpm_widthb=MIN,
R D] o lpm_widthp=2*WIN, lpm_pipeline=1,
-— EZ;ETSES&EEEE bﬁ E Jazj given I and 0 lpm_representation="SIGNED"

1oreturns result):

title "Calculate sqrbf[##Re(R)" Isq.(dataal ] databl ]} = inl[];

include "1pn_ff,inc": (= sq [elock=clk) with [
include "lpm_abs,inc": Ipm_widtha=WIN. lpm_widthb=MIN.
include *lpn_mult, inc™; 1pm_widthp=2*IN, lpm_pipeline=1,

include "lpm_add_sub,inc":
include "altagrt,inc”:

1pm_representation="SIGNED"
Joreturns |Lresult):

?ar*ameter*s O=q.(dataal ] .databl]1) = in0[]:
WIN, - input (inI,irjlf!]' width I::I: sum * |: DlDDk:C].k:' with |:
}JMUT T output {9) vidth Ipm_widbth=2*WIN, Ipm_pipeline=1,
1pm_representation="UNSIGNED"
szsert (WINAD) Joreturns [Loout):

gzsgﬁwh]égﬂégz nust be a pozitive integer" WIN sum, (dataal ],datab[ ]} = (Isq,ﬂsq:lmesult[]:

azzert (WOUT:0)
report "WOUT (%) must be a pozitive integer" WOUT q[] = =qrt ¢ altagrt (elk=clk) with f

saver ity ERRORS widbh=2*WIN,. q_port_width=W0UT,
. Ipm_pipeline=1
bd hypot.
aubdesian hypo ) returnz (,q[10:

clk : input: sqrt,radical[] = sum,result[]:
inI[WIMN-1, 0] ¢ input: — two's complement

inl[WIN-1,.0] @ input: de

qlauT-1, 0] & output: - unzigned ehnad;

Simple FPGA code example: computing sqrt(I2+Q?)

[ashnanskEpbardsbuncher ashnansk 1§ telnet ap2bp. Fnal.gov 1024

Trying 131 22h,138,33,,

BusRdDatal ] = -- diagnostic "deadbesf" register Comectes to apZbeb. fralov (13L,225.138.33).
scape character ~1'.

Buzfddr[ J==h"0001" & h"deadbeef" :

id
SM 0045 MAC 00:80:55:B0;00552 TP 131,225,138,33 GW 131,225,138,200/255, 255, 255, 0
SSSSSS

b 1 16 19 15 2d

rd 1
()= uptime : { —— diagnoztic uptime register R 00000001, DEADBEEF 0
cclock=BusClk) with (1pm_width=32)
returns (g0

BusRdDatal | = BusAddr[ J==h"0002" & uptime,ql]:

rd
R 00000002 DOCED27L O
rd 2

R 00000002 DSLOCOES O
rd &

R 00000005 00000000 O
wr 5123

W 00000005 00000123 O

()= mizcreg ! (.clock=BusClk) with (lpm_width=32) returns [,q0): R 0000008 00000123
BusRdDatal | = BusAddr[ J==h"0005" & miscreg.ql]:

wr 50
W 0000005 Q00000 (0
miscreg,datal ] = BushrDatal ]: d5

-
R G0000005 00000000 O
quit

miscreg,enable = Buslr & (BusAddr[ J==h"0005" ) i henes by oren oo
ook Bpbar deburches, stmanckJé [

Defining bus-addressable registers and reading/writing them via remote
network connection.

SSSSSSSSSSSSSSSSSS

Tis0 Database Dump: Reading page +Pom_Tools+
Analog Digital Reading Setting S At Y Tump
Control  Status Save/Restare Family
aaaaaaa
Genetra L1:AP2BPH OAC device
Device MName:<Z:APEPML>  Device Index:¢ 200915  MNodetdP2EPM 11 15
Z:APEFME
Reading Block:
SSONCOOFCAO000 /000100005
deFault data size 43 maximum data size 4y atomic sz 43
F q ncy Time Descriptor (FTD) .2 HZ) addr modef Iy
eadin g{DEﬂDBEEF} data tuped oy
d g ngineering units ( 6E 08 ) sz ",,,,’/‘
min walue (-2, 147E+ 09) walue ¢ 2,147E+09}
Reading PIE: e
primary units( 1 transform index | 10} display (short 3
common units } transform index | 0} notation{decimal}
input length o 43 motor controller(D/A 3 shapshotf 14 b
primary xform ¥ = FLOAT{input) (NULL transform - unswa pped ) ”,,//’/”/,
common xform X=X
cli Je2( Je3( il
cd i chl bls-14 b

Seconds  OMCE + engineering units

Seeing bus-addressable registers from ACNET.
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