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Uberblick AN

Upgrade des BPM System am SIS18

- Sonden und Elektronik

- Was wird ersetzt, bzw. kommt neu dazu
Libera Inside

- Aufbau und IOs

- Digital Board
Xilinx Virtex IT Pro XC2VP30

- Was ist eigentlich ein FPGA?

- Aufbau

- Vorteile und Nachteile

- Wie wird er programmiert
GSI BPM FPGA Design

- Algorithmen (Fenstererkennung, BLR, Timestamps)
Neue GUI

- Vergleichsmessung mit POSI am Strahl

ISIH-ISE0)
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SIS18 G Anforderungen:

- Messen und Anzeigen von:
- Closed Orbit
- Turn By Turn
- Bunch 2 Bunch
- Tune
- Rohdaten
- Auflosung 0.1 mm

» Circumference 216 m

> Inj. type Multiturn
» Energy range 11 MeV — 2 GeV
» Acc.RF 0.8 —» 5.6 MHz

o
6

» Acc. harmonic 4 (no. of bunches)
» Bunching factor 0.6 - 0.2

» Ramp duration 0.3—>15s
» Nr. of BPMs

i 1)
\1/0)

S-S0
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Sonden und Elektronik

Positionen

[Sol I-Delay: 10.000 ms Rampenldnge:

—40
—B0
—a80
—1¢512 501 502 503 504 505 S06 507 508

466.00 ms

vertikal (Raute) kalibriert

509 510 511

Flattoplinge: 1165.00 ms

I Start Messung 11:16:24

Mittelwerte
A 4

N\ Wesspunk t

Reset Sonden

Positionen

o Lo 1= som

100 lzsl

50-5/H [dB]

4

k)

~FFFE3F Neuer
~FFFF7F Neuer
~FFFE3F Neuer
~FFFF7F Neuer

FFFFB3F Neuer

Status:
Status:
Status:
:FFFFFB2F
Status:

Status

FFFFFF7F
FFFFFB3F
FFFFFF7F

FFFFFF7F
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Shoebox Pick-Up

-

i
¥

>

Headampilifier

>

Postamplifier

>

Linereceiver

Narrowband

Analysis

!

POSI
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BPM Control: Bunch to Bunch

File View Options BPM Mode Help
Time & Date & Info Amplifier Settings PTIF Settings
al 01. Oct 2009 14:12:07 10111114 Amplifier Gain [dE]: Start Event: 43 Ramp start Start Delay: |1
10732 194.5 238 1) THHTA 40 «| | Stop Event: 52 Flattop end Stop Delay: |1
Calibration Info Status
Zero Line Calibration: @ NA SOIDX @  S02DX @  SOSDX @  S04DX @  SOSDX @  SUEDX @
\_ Position Offset Calibration: @ |N/A 5070 @ S08DK @ SOSDM:@  S10DXM:@ S1IDXK@ S12DK @
Operation Controls Sub Modes
|57 @ Continuous [ Binary Archive Ower./Under. Status & M Closed Orbit [ Over./Under. Status [ Trending
tart | = . . ‘ ;
S G One Shot [ ASCIl Archive  Intensity € Olntensity CTune [ A% Sign
Closed Orbit

Averaging Bin Size [bunches]:

IOOOOE} Point in Time: 1040.13745% ms (imax: 34343.296)

Virtual Accelerator

Mz
s

Virtual Accelerator:
vrt. Acc. 10 v

AUX BPM: O | Advanced...
Master: @

CTrending Mean Value
als CDConsistency Check

—#- Horizomal
i Vertical
30

204

10

Position [mm]

-104

ot "
&

24:21:07 - Virtwal Acceleratar List Synchranized with Database

L

Was wird ersetzt bzw. kommt nen{“ zuap 5
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Shoeboi Pick-Up

Transformer

New Amplifier

Broadband
Analysis (Libera)

!
New POSI
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Datenaufnahme

Stop - Start - Stop - Start - | Programmable Timing Interface
> MClX DCl'l’enr'ClTe von ® 68 Trigger in;:n ARM input Trigger input ARM input * TCP:Zl';lélg
MB/s pro Libera iiber Gbit signals Seam position
Ethernet (5.6 MHz acc. freq.) ™" Monitors
> 6 Liberas pro Concentrator , % = . ey |
. . nalogue In L nalogue In &
Server. Plus eine AUX im Libera & bera 1- N J'F; 125 MHz external
Sample-Clock
SYSTem —0 MC Input @
> Max. Daten-Input von = ——
400 MB/s pro Concentrator GBIt SFP-Port o = il
Server via 10 GBit Ethernet. C : D 100MBit ACC-Net
Control
» Concentrator Server
korrigiert Unterschiede der . D 1068 switch
Verstdrkerketten Data
(Kalibration) and rechnet mit 100MBit 10GBit
Sondenkonstanten die
absoluten Positionen aus.
NS G

> Concentrator Server 3

. e
benutzt Timestamps zur S
Fehlerkorrektur 2 ; Co(gcegt(r:ator)?erver Middleware & Operator

X Quad Core Xeon
at GUI
Control via FESA and 100MBit to ContmlsyStem
Libera SBC
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Libera Inside

RS8232 i
Atacy
Maoduls
Irrettace
2AMJ 11 cRe
Hslf 128435 SEC
Dupley Transc-
<8185 elvars
FMC
Canreclel
5= .
h:lISO F_ASH
2 x RJAE ExPrY
120
Buse-T
Zlhene. L A ogl
Cigila
V =ex Il PRG 16
Fasl 6x zil”~.
LAC -oeme
&x
2.5Gb.
ara -
Inleezce Favar Suaply
Fan Cor.ral
Tamp. Senso”

L
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Analogue
Plate
Signals

Start (Arm Input)

Stop (Trigger Input)

RF (System Clock Input )

Kevin Lang
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Analogue
Plate
Signals

Start (Arm Input)

Stop (Trigger Input)

RF (System Clock Input )
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Libera

Analogue
Plate
Signals

Start (Arm Input)

- -
# o * ks f
# s

Stop (Trigger Input)

RF (System Clock Input )

Control
Signals
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RocketlO or RocketlO X
Field (Im Einsatz) DCM Multi-Gigabit Transceiver
/
FPGA Programmable
Gate (Logikgatter)
Array

Was ist ein FPGA

Zusdtzliche Virtex II Pro features:

-Block RAM

-18x18 Multiplizierer

-Digital Clock Managers (DCM)
-Rocket IOs

-Power PC Processor Kern(e)

Processor Block

Multipliers and
Block SelectRAM

cLB
Wichtigster Bestandteil eines FPGAs Configirable

sind die CLBs!

Select|O-Ultra DS083-1_01_050304

ISI-IS
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RocketlO or RocketlO X

CLB (Configurable Logic Block) DCM - Multi-Gigabit Transceiver
couT
> iU 1
>—BLF .
Slice |_ _
< ™1 x1v1 E
o
_ 0
< - Slice = <§£ *g
SwitcH CouT alhl @ @
A n O (@)
ViatIx J—Q \ 32 o
SHIFT = 0 o
; <IN =
—| Slice | b _ = ¥
X0Y1 = O
m
- i’(l)';; -t »| Fast CLB
{,onn.es'rs: Configurable
r l2 neighbors Logic
CIN
DS =2 B2 122007
SelectlO-Ultra DS083-1_01_050304

ISIH-ISE0)
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CLB 1‘*";1' : .*;': >

CLB (Configurable Logic Block) - Vier Slices zur Verarbeitung
COUT d|g|Ta|er Signale
E_P’U 1 - Switch Matrix zur variablen
i sis | haltung der einzelnen CLB
- - e Verschaltung der einzelnen S
- - Auch als Tristate Buffer
T Ut | xivo (TBUF) configurierbar.
SwiteA A |
Viatlx T [ cHIFT \ - CLBs sind in mehreren Spalten
Slica | CIN _ untereinander angeordnet
™ xovi
_ - Besonders schnelle Verbindung fiir
| Slice | ~| Fast Addierer, Shiftregister etc.
XOYC Connects
f loneighbers - Switch Matrix und Slices werden
CIN statisch programmiert.

S0E = B2 122007

ISIH-5SE
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Slice

h *‘-"1;
Slice
CLB (Configurable Logic Block) o MuxEx =
couT PNe = v
> Bl 1 <Dy
>—BLF . — Ve b=
< - ?:1391 - - (= U . FFA AT "
inputa ) —o>— c
| CLK
P | Slice T
Swit cout | X1Y0 B >
Wit A i > FS
Viat’Ix ;—% 1 j] R = x
SHIFT ~IN LJT
Slica ~ N = h —!]_ <—1px
™ xovt1 [ i “{D_D— 0 oo xo
FF/LAT
CF
Slice — CLK
| »| Fast
X0YO Connecsts T F{Elv
r o neighbory oy —
CIN e
150852 52 12700° CLKL>
SR=> UGG0r_33_07_030703
. _ . IESIN-5SID0
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Slice

-Zwei Look Up Table (LUT) mit jeweils
vier Eingdngen und einem Ausgang zur

realisierung aller méglicher Logischer

Verknipfungen.

-Anstelle LUT auch als Shiftregister
(SRL) oder RAM verwendbar.

-Multiplexer (MUX)

-2 Flip Flops (FF) bzw. Latches (LAT)
zur Synchronisierung und/oder
Speicherung

£

i‘?ﬁ? vy

> kX
FXINA > MUXFX
FXINE >
>y
<1 DY
Ul |_ D QF—T=>YQ
o FFA AT
G| [>— cl
patz ) Co>—
[ CLK
SR REV
[ —
BV —
> Ff
MUXI & |
> X
LJT
o
. —D_ <1 DX
puls | C>——
D Q > XQ
FF/LAT
CF
— CLK
SR REV
I
BX >
CEC=>
LK==
Sk = J 0°7_03070
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Vorteile gegeniiber CPUs h--_ﬁ, 48

&bn e

CLB (1 =4slices =
max 128 bits) | Block SelectRAM+ )
RocketlO PowerPC 18 X 18 Bit Maximum
Transceiver | Processor Logic Max Distr | Multiplier | 18 Kb | MaxBlock User
Device(1) Blocks Blocks Cells® | Slices | RAM (Kb) | Blocks | Blocks | RAM (Kb) | DCMs | I/O Pads
XC2VP30 8 2 30,816 13,696 428 136 136 2,448 8 644

Vorteil gegeniiber CPUs:Viele Parallele Operationen moglich.

Beispiel XC2VP30 (Speedgrade 6) kann theoretisch maximal ca.:

800 parallele 32 Bit Additionen (16 Slices) pro Taktzyklus bei ca 250 MHz
400 parallele 64 Bit Additionen (32 Slices) pro Taktzyklus bei ca 190 MHz

CPU kann schnellstens hochstens eine Addition pro Takt durchfiihren

Nachteil: Wesentlich unflexibler.

S-S
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Ressourcenverbrauch des . !
Libera BPM Designs  |//T

CLB (1 =4slices =
max 128 bits) | Block SelectRAM+ )
RocketlO PowerPC 18 X 18 Bit Maximum
Transceiver | Processor Logic Max Distr | Multiplier | 18 Kb | MaxBlock User
Device(1) Blocks Blocks Cells® | Slices | RAM (Kb) | Blocks | Blocks | RAM (Kb) | DCMs | I/O Pads
XC2VP30 8 2 30,816 13,696 428 136 136 2,448 8 644

Synthesis Report:

Number of Slices: 5742 out of 13696 41%
Number of Slice Flip Flops: 7895 out of 27392 28%
Number of 4 input LUTs: 8055 out of 27392 29%
Number used as logic: 7768
Number used as Shift registers: 143
Number used as RAMs: 144
Number of IOs: 279
Number of bonded IOBs: 205 out of 644 31%
IOB Flip Flops: 61
Number of BRAMs: 46 out of 136 33%
Number of MULT18X18s: 2 out of 136 1%
Number of GCLKs: 9 out of 16 56%
Number of GTs: 1 out of 8 12%
Number of DCMs: 4 out of 8 50%

ISIH-IS0
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Wie wird er programmiert &‘ ? ; e

- Programmierung mit Hardware Beschreibungssprache (HDL) wie
VHDL oder Verilog) oder mit Schaltplaneditor

- HDLs konnen im Gegensatz zu Software-Programmiersprachen
zeitliche Abldufe und Gleichzeitigkeiten ausdriicken

- Umdenken von sequentielle in parallele Abldufe

- HDLs werden auch benutzt um die Testumbgebung zu modellieren
um das Design zu verifizieren.

- Nur ein Teil der Sprache, bezogen auf Syntax und Semantik, ist zur
Synthese geeignet

- Umstdndlich zu programmieren

ISIH-5S0

Kevin Lang Implementation des SIS18 BPM Designs 18



£

Design Flow W? B

1. Erstellen des Designs

Constraits

2. Erstellen des Testbenches

3. Zeitliche Rahmenbedingungen

(Constraints) festlegen

4. Funktionelle Simulation nur anhand

. des Programmcodes

O

Synthese (Umwandlung in

ring u
of yo.r Design

Slafic Timing NCTZI iSTe)

Generatng a Bitstrea™

Dawrnload ng lo lhe Device,
In-System Debugg ng

Simulation mit Netzliste

Place and Route

Crealing a PROM, ACC
or JTAG File

©® N o

Simulation
9. Download auf FPGA

Kevin Lang
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Fenstererkennung p o

(i

Window management

digitized
3000 BPM signal
2500 (single plate) f
—+K, . /
J‘z += 2000 i
5
g 1500 i
K: Pick-Up coefficient: R N window algorithm/ -
horizontal: 171 mm to 174.1 < 500 Minimum jhreshol\ 2 / .

mm 0

vertical: 50.3 mm to 51.5 mm -500

/74 \ N\
\ hreshold\1

0 0,16 0,32 0,48 0,64
KO: Ple‘Up OffseT Zeijt [IJs]
:::\:ﬂZOHTGI- 0-53 mm to 1.64 Integration is only done over the bunch. Therfore an
integration window must be generated.
vertical: -0.23 t0 0.18
(vertical)

ISIH-ISE)
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1+ 0+ M+

1+ 0+ Hl+

CEeed

e d

&

win_closed

< min_min

1457 |

1

st wait for o _- inreached [ [ |
______-

0000000000 —

@
> threshold > threshold

FOOOOOOOOOOOOOOOOOOO«
«—0/0]0|0}|]0}]0|0|O0O|O0O|O0O|O0O|0|0]|0|0]|0|0|0|0]|0

window
S-S0 —
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Baseline Restauration

Generated Gaussian Signal (1.5MHz period)

sum signal
window -

6000

4000

2000

Arbitrary Values

-2000

500 600

0 100 200 300 400

sample nr.
I (X(t_m) + X(t+T/2)) Max. period of T: 1.25us (0.8KHz)
y =X 2 => T/2 = 625ns = 79 samples

ISIH-IS
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Timestamps

e
6000 RF clock 7
o 2000 - S A -
kS t1(n) t1(n+‘|)
= 2000 | \ \ |
g
g R G Te—— _ﬁf 't& | [ —— | ¥ — | !
t 2(n+1)
-2000  ~ . =
0 100 200 300 400 500 600
cylce nr. of ADC clock
trr(n) trf(n+1)
Drei Timestamps zur: L) 16 bit absolute time
-Fehlerkennung
-Messung der Bunch Frequenz tie = Tagy ~ by 12 bit values.
-Ldnge der Integrationsfenster t2(n) = t‘2(n) - trf(n)
S-S0
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Neue BPM GUI

BPM Control: Bunch to Bunch
File Wiew Options BEPM Mode Help

Time & Date & Info |-Amplifier Settings——|-PTIF Settings-

IIrVirtual Accelerator

|01. Oct 2009 14:12:07 1011114 | Amplifler Gain [dB]: Start Event: |43 Rarmp start | Start Delay: 1 |ms ||| Wirtual Acceleratar:
[1073 2 194.5 238 U TH HTA |||l [40 ¥ || Stop Event: |52 Flattop end | Stop Delay: |1 [mis {[f [wrt. Acc. 10 |
rCalibration Infe +|-Status

| Zero Line Calibration: & [N/A
|Position Offset Calibration: @ |/

SOLDX: @ 502D @  SO3DX @  S04DX @
SO7DM: @  S08DX@  S09DX @  S10DX @

SOSDX:@  SOEDX:@  AUXEBPM: O
S11DX:@ S12DX.@ Master: @

Operation Controls -|-5ub Modes

@ Spa @ Continuous [ Binary Archive Cver./Under. Status & [ Closed Orbit [ Over./Under. Status [ITrending

& One Shot C1ASCI Archive  Intensity €3 Olintansity [JTune

O Trending Mean Yalue
[ AUX Signals [ Consistency Check

-Closed Orbit-

Aweraging [¥ Bin Size [bunches]:| 10000@ Faint in Time: 1040.13745@ ms (max; 34343.296)

304

204

104

Position [mm]

-104

5t
o $ & Ll

J s+ - L5

14:11:07 - Virtual Accelerator List Synchronized with Database

£
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Kevin Lang

Window Length

80

70

60

50

40

30

20

10

—
lW W
¥
1/{'“/ N"‘\
i T,
100 200 300 400 500
Time [ms]
-
ML A A b
i 100 200 300 400 500

Time [ms]




Positionen

vertikal

S-S0
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[Legend |

1.5

y [mm]

0.5

-0.57

T T T T T
100 200 300 400 s0o0
Time [ms]

14 [==so20x

13

) [mEe]
i 0

10

X [mm]

T T T T T
— 100 200 300 400 500
Time [ms]




Ende

Danke fiir die Aufmerksamkeit ©

S-S0
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- Gigabit Ethernet Int
L e, o i

BPM Packet

22 bit 4 bit 22 bit 4 bit 12 bit 12 bit 16 bit 4 bit

BPM Frame (8192 bytes)

CRC

42 bytes 2 bytes 2 bytes 2 bytes 4 bytes 12 bytes 12 bytes 4 bytes
‘ 678 * 12 bytes = 8136 bytes ‘

» UDP als Transport Protocol
» Maximale Latenz der Positions Daten: 0.9ms (@0.8MHz acc. frequency)

Kevin Lang Implementation des SIS18 BPM Designs - 30
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FPGA Implementation th_’*ﬁq

analog signal (for rf phase m%@

Kevin Lang
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Fehler

Gekuhlter Strahl anfang der Rampe und kurz vor Flattop

20000 | i sum gignal pre BLR u
fter BLR
\ | umav?rirndow Ej\z

15000 || i
Q ] !
51000 - \/ /\ \J‘ K/ \ o
= _ \
8 5000 ! 5
< | \ \

-5000 J

23100 23200 23300 23400 23500 23600 23700 23800 23900 24000
sample nr.
el A AR i
000 - —/ window B
ol i

= A Al A A A
-9:’ 1000 ! ! | \ \ M
() | .
TN ¥
%) [
O 0 - _
<

2000 i

3000 R L

-4000 /

46850 46950

sample nr.
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