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Outline

rview of Processing requirements for transverse and longitudinal 

tory of downsampled longitudinal processing development - why d
isions of 1992 - why not do digital transverse processing?

hnology options in 2002 - can we revisit non-downsampled archite

ard architecture and uneven stepping scheme

ailed Gboard data flow, simulation results

ailed design and implementation issues

s for a collaborative future
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Processing Requirements

stability control, the processing channel must

act information at the appropriate synchrotron or betatron frequen

lify it (a net loop gain must be generated, large enough to cause n
edance)

erate an output signal at an appropriate phase (nominally 90 degree
 cable delays, pickup and kicker locations are considered)

 technical issues

dwidth/sampling rate

offset removal from the processing channel (e.g. from DC synchrono
t offset)

uration on large input errors

se in the input channel (e.g. bandwidth reduction via processing fil

imum supportable gain

gnostics (processing system and beam dynamics)
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Histo rtant technical

We ex essing architectures in the
origina ded:

Longit ocessing channel (where the
downs ate of 1/N revolutions). The
gener ommercial fixed-instruction
DSPs

Trans we could not see a technical
mean e transverse systems were
design rated in betatron phase - the
correc ayed by 1 turn. PEP-II used
a digit y cables.

KEK-B a two-tap filter design
sugge , not multiplication, though
the filt he output signal phase, are
not as mentation used full-custom
GaAs l, with 32 filter channels.
This a the sensitivity of the two-
tap filt uire care in the operation of
the KE
ry of the LFB development collaboration, and impo
decisions

amined a mix of all-analog, hybrid analog/digital, and all digital proc
l collaboration and study in the early 1990’s. At that time, we deci

udinal processing was best addressed via a downsampled digital pr
ampling better matched the synchrotron frequency to a sampling r

al-purpose processing channel was implemented in an array of 80 c
 (the “farm”).

verse processing required a full-rate digital processing channel, and
s to implement a fully-programmable filter at the 500 MHz rate. Th
ed using a two-pickup front end, where the two pickups were sepa
tion signal was computed via a scaled sum of the two pickups, del
al delay mechanism - the ALS and smaller rings used analog dela

implemented a non-downsampled full rate digital filter, using
sted by Flemming Pedersen. This approach only required addition
er characteristics (limited by DC offset constraints), and control of t
general purpose as a true FIR or IIR filter structure. The KEK imple
circuitry to implement an 32 fold demultiplexer/multiplexer channe
rchitecture requires a harmonic number divisible by 32. In practice
er to changes in machine phase, and the total filter group delay req
K-B transverse system.
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Do we

We th

Sever ates above 1 GHz.

• Pho superconducting 1.3 GHz
RF 

• IR r

Even et two samples per bunch.

• I&Q

• Sup

2002 t ial dedicated DSP functions

• Hig

• high

• des
2002 Technology options

 really need 1 GSPS?

ink we really need1.5 GSPS!

al machines in design right now are considering bunch repetition r

toinjected Energy Recovery Linac design at BNL is using TESLA 
cavities.

ing at LBNL is considering 1-1.5 GHz RF.

for the 500 MHz and lower RF frequencies it is useful to be able to g

 detection using a single ADC

porting a dual pickup transverse front-end

echnology supports very high-speed FPGA architectures, with spec

h speed logic

 speed multipliers as function block

ign tools for DSP functions
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Suppo

Suppo umbers?).

Indep erse feedback.

Diagn

Suppo ers

Suppo

Suppo

In long tter filter out the broadband
noise, sampling by 30 has 15 turn
(0.5 s lter) - a total of 105 turns.
Runni rns. Of course, this extra
compl
Specifications

rt bunch spacings down to 0.66 ns - sampling at 1.5 GHz.

rt arbitrary harmonic numbers (may be OK to support only even n

endent processing for all bunches on all turns - required for transv

ostic memory capable of holding 20 ms of data at the full rate

rt downsampled processing - reuse the hardware to get longer filt

rt downsampling for diagnostics for studying slow events

rt long FIR or IIR filters

itudinal feedback non-downsampled processing allows one to be
reduces loop delay somewhat. For example, the processing down

ample) delay added to the filter group delay (90 turns for 6 tap fi
ng the same filter at full rate (180 taps!) the delay is only 90 tu
exity requires more computational resources.
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Uneve d wide transactions.
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n stepping - match the harmonic number with a combination of an

armonic number larger than or equal to  can be mat
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 matched.

N N –

N 1–( ) N 2–( )

N N 2–
) N 4–( ) 2⁄

8 128

1
1
1
1
1
1
2
2
2
2
2
2
2
2

28
29
30
31
32
33
34
35
36
37
38
39
40
41

42
43
44
45
46
47
48
49
50
51
52
53
54
55

56
57
58
59
60
61
62
63
64
65
66
67
68
69

 0
 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13

70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

Serial byte stream

0 1 2 3 4 ... Demultiplexer

Parallel output links



November 2002
Baseband processing architecture
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transie
data r
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Hardware description
and architecture with 1.5 GHz maximum

ssing rate implemented as a single VME64X
le.

Flow Processing is implemented in 4 Xilinx
II FPGA devices.

chip handles 4 data samples in parallel. With
n stepping parallel stream alternates between 16
4 samples (94-107 MHz clock rates at 1.5
).

ilinx Virtex-II FPGA XC2V8000

 CLB array

024 Kbits of RAM

68  multipliers - up to 210 MHz clock

FPGA controls two synchronous SRAMS of
x 36

m can acquire 7 x 2 x 1M=14M samples of
nt data (worst case) - this corresponds to 14 ms

ecord at 1 GHz.

12 104×

18 18×
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ing

KEK-B

Table 

In cas ake longer FIR filters

DAΦNE

RF fr 368

Harm 120

Stepp 14 4@16, 4@14

Grou 8

Multip 42

FIR p
pling,

26.3

Full I 52.6
Example of PEP-II/KEK-B/DA ΦNE process

 and PEP-II are the most processing intensive machines.

illustrates processing loads and limitations of the FIR algorithm.

e of DAΦNE multipliers can be used several times per sample to m

Table 1: PEP-II, KEK-B, and DAΦNE processing

Parameter PEP-II KEK-B

equency, MHz 476 508.9

onic number 3492 5120

ing selection 213@16, 6@14 320@16, 0@

ps per turn 219 320

lier limit on FIR filter taps 42 42

rocessing rate for I&Q sam-
 MHz

34 36.35

&Q channel rate 68 72.7
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ardware simulations
Functional simulation of a 20-tap FIR chan

ap FIR channel was designed for the FPGA
entation.

 bit ADC data

 bit DAC output

6 bit coefficients

ull width accumulators (24-29 bits)

hift gain of 0-7 bits

utput saturation to 8 bits

PGA resource usage - 13%

ompiled implementation has 6.3 ns cycle
me - for 1.5 GHz we need 9.3 ns.

unctional simulation (Innoveda Fusion) for
 groups (DAΦNE case) using white noise
put signal

ompared to bit-true MATLAB simulation
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 model (MAX108)

ven stepping demultiplexer implemented in
inPS Plustm logic

ilinx Virtex-II FPGAs

ven stepping multiplexer

 data stream generator

ation clocked at 1 GHz, 120 bunches per turn

efficients set to pass-through (1,0,0,...)

through the processing channel is 1.85 turns
lock cycles) is defined by the adjustable
l delay counter.

um delay is around 176 clock cycles - if
sary can be reduced for DAΦNE by
ing pipelining stages from FPGA. The
ing is needed to get 6.3 ns processing time
SPS) vs. 38 ns processing time required in
E (368 MSPS).
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Programmable
delay line

To ADC

Sample at RF
Analog front-end: current design

is the conventional analog front-

n Issues:

ensitivity to DC beam phase -
eed phase servo feedback loop

ensitivity to gap transients - loss
f gain at the edges, feedback sign
ip

unch currents can only be
etermined indirectly

tter to have I&Q front-end?

Comb generator

Σ

From BPMs

LNA
Low pass filterDouble−balanced

mixer

6xRF
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ble Σ

ble

To ADC

Sample at 2xRF
Analog front-end: brute force I&Q

ling twice per RF period we can
Q information for each bunch

s a brute force approach to I&Q
nd design

ms of the brute-force approach:

ain errors in the two paths

hase error in the 90 degree
plitter

equires precise timing
djustment of the two pulses

Comb generator

Σ

From BPMs

Low pass filter

Programma
delay line

Low pass filter

Programma
delay line

LNA Double−balanced
mixer

6xRF

90 deg
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Sample at 2xRF

f rf 4⁄

2 f rf
Analog front-end: IF I&Q

is an alternate way to
an I&Q front-end using

al IF

esign places oscillation
n the wide band
d (band from
 to ).

ling that waveform at
we get two quadrature
es per bunch.

Comb generator

Σ

From BPMs

LNA Double−balanced
mixer

Pro
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5.5xRF
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• L

• W

• N

• D

• In ltiplies, 2 adds) to get

• T Hz.

G

Pluses and minuses of IF I&Q processin

tages

ast bunch-by-bunch current monitoring is trivial

o I or Q path errors due to phase or gain asymmetries

o DC at the ADC input

ower  noise than baseband sampler

orks for any gap transient

o need for phase servo - less phase noise in the LO carrier

C beam phase shifts can be tracked

put FPGA samples (I&Q) are rotated at full processing rate (4 mu
 and

he rotation angle is computed by a slow software process at 1-10 

1 f⁄

ib φaccos Gib φacsin
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Disad

• N

• R the per-bunch rotation
m

• N

• T l

The b sing channel to the D/A) is
the sa analog processing structure.
Pluses and minuses of IF  I&Q processing (c

vantages

eeds 2x sampling - won’t work for  MHz

equires tracking of synchronous (DC) angles and computation of 
atrices.

eed to reject image frequency at

wo consecutive samples must land in the same processing channe

aseband processing architecture (from the A/D through the proces
me hardware (with some firmware changes)- the issue is the RF and

f rf 750>

5 f rf
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inued

The m , as well as suggestions to
correc

Proble

• C ller avoiding all
s

Proble

• E terface should allow one to
e eeks?) un-commented
d

Proble

• In rdware in the new design
Lessons learned with the existing LFB, cont

ost obvious problems we’ve had with the existing LFB architecture
t these problems in the new design.

m: Data conversion (thegd_post  problem)

onvert the data to Matlab-accessible format within the crate contro
ynchronization problems.

m: Dataset management and labeling

ach transient will be automatically entered into a database. User in
nter comments for each dataset. After a timeout period (several w
atasets are deleted.

m: Pre-trigger acquisition

clude continuous acquisition with stop trigger from software or ha
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Proble

• A ng the open-loop portion of
th l for a given bunch
a op on that bunch. The
re nsition, closed-loop on all
b

Proble

• O ew system we should
p opened and closed several
ti ultiple fast grow/damp
tr

Proble

• A

Proble

• A  RF period to position
s  carrier phase must be
a  sweep will produce a flat
p

Lessons learned with the existing LFB

m: Loss of control in a grow/damp

utomated feedback loop closure on the bunch-by-bunch basis. Duri
e transient we still compute the correction signal. When this signa
pproaches some threshold (below DAC saturation) we close the lo
sulting dataset will have 3 sections: open-loop on all bunches, tra

unches.

m: Getting grow/damp statistics

ften we need multiple grow-damps with fast rise/fall times. In the n
rovide for the multi-transient diagnostics where the feedback loop is
mes in a row per data record. Then a single dataset can contain m
ansients.

m: Gap transients

ddressed by the I&Q processing

m: Timing by programmable delay lines

DC and DAC clocks in the new system will be adjustable over one
ampling clock and baseband output relative to the beam. Back-end
djusted to place the bunch on the maximum. Then back-end timing
ulse rather than rectified carrier.
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Critica l and timing verification -
what’s

Signa e processing capability for
longitu

Rema

Contro

High-s

physic

(the p -level simulation)

Packa

Comp

Board gy (limits useful board size)

Front nitoring? Shutdown?

Initial on, front end and back-end
functio ions?
Detailed Design and Development Issu

l high-speed signal processing channel is verified via functiona
 left to do?

l processing - add downsampling features to allow best use of th
dinal processing in large machines

ining tasks - the real detailed engineering

l interface, user interface

peed timing and clock distribution design

al layout, circuit PC board design, controlled impedance design

hysical layout, delays, skews, etc. are NOT simulated in the board

ging format - VME64X? 400 mm depth? What supplies to use?

onent choices - largely made. Issue of use of Triquint D/A?

 size issues - density, thermal management, use of BGA technolo

panel - connectors? Monitor points or functions? Temperature mo

module prototype with baseband processing - use existing detecti
ns as they are implemented. Later implement new VME64X funct
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We wo echnology effort as a multi-
lab co ve taught us the numerous
advan

Likely

We m detailed design this winter,
and h abs.

Best u

Econo

This o ownsampler/holdbuffer and
the VM hope it won’t cost as much
as all he Virtex-II FPGA devices
alone 
Ideas for a Collaboration

uld very much like to do this processing system development and t
llaboration. Our successes with the original LFB collaboration ha
tages.

 labs - SLAC, LNF-INFN, KEK, BESSY-II (?), APS(?), ALS(?)

ust plan a schedule and work plan - we would like to complete the
ave functioning prototypes in fall 2003 to evaluate at one or more l

se of each labs’ skills, resources, and people?

mic issues -

ne baseband processing module effectively replaces the existing d
E crates of DSP boards (plus controllers, interface cards, etc.). We

these other functions did - but it’s not going to be a cheap module. T
on the card will cost $25K.
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