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Advantages of Digital Signal

Processing (DSP)

NO DRIFT — due to temperature or age
ACCURACY - defined by number of bits
PREDICTABILITY — from simulation
PERFORMANCE

o Linear Phase Response possible
o Adaptability in terms of resources

PRODUCTION - identical units, no tuning
FLEXIBILITY — via firmware modifications
DYNAMIC RANGE
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For Beam Instrumentation

Need to work with analog input signals

o Beam pickups, Schottky detectors, Torroids,
etc

o Requires Analog to Digital Converters (ADCs)

Need to produce analog output signals
o To act on the beam — RF, kick signals, etc
o Require Digital to Analog Converters (DACs)

The effectiveness of FPGA solutions is largely
dominated by the performance of the converters
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Practical Limitations of Sampling

Common sources of sampling error

n Aliasing

0 Quantization

o Sample Clock Jitter

Can be characterized by their impact on the
Signal to Noise Ratio (SNR) of the sampled
signal

o SNR ~log(S_/N.,)

o Typically expressed in decibels (db)

BIW 12 Nathan Eddy Fermilab



Discrete Time Sampling

S, = S(1)*5'(t) where &'(t) =X §(t-nT)

5(t)

‘ L 9 10 11 12 13
o1 ... i 4 5 6 7 8\ | I/t_’

The sequence S; is the sampled version of S(t)
The sampling frequency Fis 1/T
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Sampling Theorem

For ideal reconstruction F_ > 2B where B is
the highest frequency in the signal of interest

AX(S)

S

Sampling ambiguity
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Aliasing

Signals at frequencies larger F/2 than will
“alias” into the first Nyquist band

L X(f)

£ B -[1B B B 7 >

4 X1

Undersampl_‘ing makes use of this effect
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Quantization

Results in signal noise

Original and Quantized Signal
i

by SN

o 0.5 1 1.5 2

=1

QJuantization Error
0.5 T
0
'D.5 1 1 1
] 0.5 1 1.5 2

SNR,, =1.76 + 6.02N, N=number of bits
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Oversampling Improves SNR

AX(f)

Gain SNR,, = 10log(R) where R=F /2B
o F, is the sampling Frequency
o B is signal bandwidth

Also relaxes the requirements on the anti-
aliasing analog filter

BIW 12 Nathan Eddy Fermilab



Sampling Clock Jitter

Another source of signal noise
o Proportional to maximum signal frequency, f,..,
o RMS sampling clock jitter, T,

/
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re |, RMS Jitter vs. RM:

SNR,, = 20log(1/(24f,,, T.))

A significant effect for undersampling
applications
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‘Theoretical SNR Comparison

100
N 16 BITS
ED_H—"-\.

] 14 BITS

B
™ 12 BITS

o
10 BITS
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INPUT (MHz) =
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The Z domain

A sampled sequence, x(n) can be
represented

X(z) =X x(n)z"

Where z1 is the unit delay related to the
sample period (T)
X(z) is the z-transform of x(n)
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Ditterence Eq & Transter Function

A constant coefficient difference equation is a recursive
relationship where-by the output of a discrete time
system can be calculated using a combination of past
output values and past and present input values

ZA': a,y[n-k] = % b, x[n-k]

k=0 k=0
Gives z-domain transfer function, H(z)

Hz) = Y@ = Zb&*

Digital filters are specified by a,i) coefficients
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Infinite Impulse Response (1IR) Filter

Feedback provides | 4 X |
infinite impulse | o, A1 |
| ; .
response : S AT ey :
o a, non-zero for n=1 - ) —
. 3 .
| 4 | |
b
Properties | H D1 4 |
.. I— | i |
o Very efficient | z' | z' |
o Non-linear Phase e e e
o Can be unstable Feedforward Feedback
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Finite Impulse Response (FIR) Filter

Nth Order FIR filter

x[n] >

-1

L.

\J

VA

y

Y

o ay,=1, all others zero

/b, \/b

Z—I
V@
o8

B

Y

b,

,@—. y[n]

Just the feedforward block

Has linear phase if coefficients are symmetric

Q That |S {bO""’bN} = {bN""’bO}

2 No analog equivalent
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Cascade Integrating Comb (CIC) Filter

-1 -1 —-1]—=YR-C—~-C—-C~

Integrator Comb Filter
H(z) = 1/(1+z) H(z) = 1-zRM

For an Nth Order CIC Filter, the transfer function is

-7-RMYN  Rm-1
HE) = G = (524"

k=0
o Equivalent to N FIR filters with unit coefficients -> symmetric
o Linear Phase even though it has infinite response filter sections

Used as very efficient way to filter and change rate
o Can be used as Interpolation filter by reversing | & C sections
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Quadrature Signals, [ & ¢

Complex signal representation

e e S
- Il
PAg S
’ \

\\ ’/
\~ ’f
~~~~~~

In-Phase (real) & Quadrature (imaginary)
o I(t) = A(t)cos(e(t))
0 Q(t) = A(f)sin(e(t)
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Digital Down-Conversion

cos(2xf)
° | = Xcos(2xf)
Signal X
sin(2nf)

° Q = Xsin(2xf)

Multiply a signal X by sin(2zf) & cos(2xf) where fis the
the down-conversion frequency

o Shifts the spectral components of X down in frequency by f
Commonly followed by decimating low pass filter

o Remove sum frequency components
o Process narrow bandwidth signals at lower rate in baseband
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Discrete Fourter Transtorm (DFT)

Discrete Fourier Transform of length N
X(k) = % x(n) [cos(2znk/N) +isin(2zank/N)]

X(k) determines the complex signal
contribution of the frequency in the
composition of x(n)

Phase or direction (forward, inverse) given by
the sign of the imaginary term
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Fast Fourter Transtform (FEFT)

Works as a bank of band-pass filters

o The output magnitude from each filter is proportional
to the input energy in each band

An N point DFT requires N2 operations

Can compute the N point DFT as two N/2 point
DFTs

o Extrapolate to the limit where N is a power of 2 for an
N point FFT

An N point FFT requires N/2log,(N) operations

Note, FFT are almost always implemented as a
power of 2 but can be any prime factor

BIW 12 Nathan Eddy Fermilab



Outline

Modern FPGA Overview
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FPGA Advantages for DSP

Parallel processing power (Speed)
o Able to consume large quantities of data
o Alleviate bandwidth bottlenecks in front-ends

Pipeline architecture
o Efficient digital filter implementation
o Perform operations under strict timing (latency) control

Dedicated DSP (multiplier) blocks
Flexibility
o Clocking synchronous with accelerator

o Easy integration with ADCs and DACs
o Easy to modify algorithms and functionality
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'High End FPGA Architecture

Core Logic Fabric

Variable-Precision
DSP Blocks

M20K Internal
Memory Blocks

Fractional PLLs

Embedded HardCopy Block:
PCI Express Gen3, Gen2, Gen1

Hard IP Per Transceiver:
3G/6G PCS, 10G Ethernet PCS,
Interlaken PCS

~——— High-Spead
Serial Transceivers
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Flexible I/ O Options

Dedicated hardware support for almost all
standard I/O protocols

Transceivers with equalization for fast
differential serial I/O

o PCI Express, RapidlO, etc
o Support for over 20GBps links!

External memory interface support
o DDR, DDR2, DDR3

Speed and quantity of available I/O -> $$
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Clock Domains and Distribution

Networks

Multiple PLLs and DLLs for sophisticated clock management

o Support for run-time reconfiguration

o Fractional PLLs for arbitrary clock synthesis

Dedicated global and regional clock distribution networks

o Support high rate synchronous design
o Support parallel & pipelined design

Up to 23 Regional

| | ——Clocks per Quadrant
i b i RCLKO. O] Lp BCLK[12.10] i
1+ 1 Hpto16 - e e
G I bal C IOCkS HCLK|.-'U..54$ Tacuqr? RN
I S
i v o4 (o] 4
HCLK[QI..&EI‘ RCLK[24..78]
F.c;LK[ss..ss;i‘ ‘T:ICLK[E?..E;:?]
—— g —i
| GCLK4.7] | ) ROLK[39.30)4| = RACLK[29.20) -
| l | |
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‘ Synchronous Design - Pipelining

= Reliable designs require synchronous design
principles
o Increase speed and bandwidth
o Trade resources and latency

= Simple Delay Pipeline

Data l . . . '

Clock
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Digital Signal Processing (DSP) Blocks

Based upon dedicated multiplier blocks
lT = "1 S

Inout Fegishr ack

-

|

Provide efficientmﬂexibility and power

o Fully customize, dedicated support for FIRs, FFT, etc to optimize
for speed and efficiency

Modern blocks provide capability for 32 or 64 bit floating
point operations

L
chElER
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‘ Integer Representation

= 2s Complement N Bit representation

0

(N-1) Integer Bits

2N—2 20

o Positive numbers just simple binary representation

o Negative numbers are binary number that when added to a
positive number of the same magnitude equals zero

= Convenient Properties
o Simple arithmetic — addition & subtraction the same

2N-1.1

~9N-1

/-1 = IBs all 1
-2N = |Bs all 0
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Fixed Point Signal Processing

= Bit widths double on each multiply!

= Need to control bit widths for efficient resource use
o Truncation or Rounding
o Saturation or Roll-over

= Fixed Point N Bit Representation

N-1 M 0
Sign
Bit

Integer Bits @ Fractional Bits
2—1 2—M

o Can facilitate keeping track of bit widths
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‘ Floating Point Representation

= |[EEE-754 Standard Followed

Sign

Bit Exponent Mantissa

= 32 bit — Single Precision
o 8 bit Exponent & 23 bit Mantissa

= 64 bit — Double Precision
o 11 bit Exponent & 52 bit Mantissa

= Single-Extended Precision
o Exponent and Mantissa widths are not fixed
o Minimum 11 Exponent Bits (Exponent<Mantissa)
o Minimum 31Mantissa Bits
o Total Bits at least 43 up to 64
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Running Average Example

Can implement an N sample running average as
an FIR with N taps with coefficients of 1/N

x[n]

> 1

T 71 [ > 1 " _1
\ i b, b, b, V)V
.@ y[n]

Can be efficiently implemented using two
accumulators and a delay line

x[n] ——| zN >
>y[n]
>
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Intellectual Property (IP) Cores

Functional cores which can be used to
greatly speed up and simplify the design
process

Each FPGA manufacturer provides cores for
all basic components

o PLLs, RAM, FIFOs, Flip-Flops, etc

o Accumulators, Add, Sub, Multiply, Divide, etc

o Take advantage of chip resources

Advanced cores available for almost any task
o Simple implementation via GUI parametrization
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Embedded Systems

Hard Core Embedded processor

Is a dedicated physical TR Mo

S m
-

m
| B e

Fy

iwdi

I
L ]
-

il
L

component of the chip, separate
from the programmable logic =

e

al
e

] - __ﬂ_ H ;- - ]
el = . 0%
- St e | L

Hard Core Resource Allocation

1 - - =mm ;:.E_:E = i
=g = =

o 2-4 times faster than Soft Core o [

o More efficient if you need a ol el o e
processor w K LT,

Soft Core Embedded processor - Jalith e

is built out of the programmable

logic on the chip Soft Core Resource Allocation

o A 32 bit RISC processor uses
about few percent of total
resources

o Have option to re-allocate
resources if processor not
needed
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System On a Programmable Chip
(SOPC)

A wide variety of design tools and options
available

o Pure HDL entry — still possible

Focus upon developing System On a
Programmable Chip

o Aim to simplify the design process as chip
architectures become more complicated

Tightly couple design and simulation at all
levels
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Instrumentation Examples
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Fermilab Booster Digital Damper

Protons in Booster
h=84

Stripline

Stripline Kickers ;
Pickup

Vert

7TO0MHz Horz

e
|LPF|—— A-B|——

| ; e
100MHz - L7 [IPF—{AB}—
53db Vest
2
Oscilloscope
2] 2 CPU == ACNET
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‘ Digital Damper Board

4 ADC
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Firmware Overview

i 84 FIRs _
RFI . In parallel _ _
16 Bits oupu 14 Bits
Beam ADC 0 Gain 0 Gain DAC Beam
——> DB >{ Delay —— :
_ B Gainl L
12 bits _|—,| Tune
AxRF Gagy 2 Turms Excitation
_— Tune
Gain3 3 Tums Measurements
—°|  Block

= Design operates synchronous with Booster RF sweeping
from 37MHz to 53MHz

= Provides bucket by bucket damping on all 84 Booster
bunches
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ADC Input clocked at 4*RF
/\/ , S FIFO

= ADC clock is shifted to provide ideal sampling

= FIFO used to shift data from ADC clock to
Internal clock
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RF Reference PLL

Use one of the Enhanced PLLs
o Dedicated clock pin for RF Reference

o Directly connected to clock output pins for each
ADC clock

Real-time reconfigurability

o Use to adjust phase of ADC clock in 15°
increments (~200ps @ 50Mhz)

Instantiated with parametrized IP
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‘ PLI. Instantiation

ALTPLL

About Documentation

InputssLock Bandwidthj

Currently selected device Family: . tratix 11 |

pll_rfclockl ¥ Match project/default

inclkO
areset

inclkD fraquency: 48 000 MHz &ble to implement in Enhanced PLL
Operation hode: Mo Compenzation

seanclk | pLL Type: Enhanced FLL

scanread General -
7 Clk | Ratio] Ph idg)§ OC (%) I
scanwrite c4 [ ] Target this configuration For migration ko the A w
co | 14 | oo | 500
scandsta

HardCaopy II device Family
which device speed grade will vou be using?

cl | 41| 000 | S0.00
c2 | 24 | 000 | S0.00
c3 | 61 | 000 | S0.00
cd | 41 | 000 | S0.00
of | 41 | 000 | S0.00

sihat is the frequency of the inclockn input?

— [] Set up PLL in LYDS made Jatarate: | Hetbvalable

PLL type

Which PLL type will you be uzing?
i) Fast PLL

® Enhanced PLL

7+ Select the PLL bype aukomatically

Operation mode
How will the PLL outputs be generated?
(% Use the feedback path inside the PLL

0 In Mormal Mode

In Source-Synchronous Compensation Mode
) In Zero Delay Buffer Mode

) with no compensation

i Create an 'Fbin' input For an external feedback (External Feedback Mode)

e

| Cancel || < Back || Mext = || Finish |
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Instantiation

.
wis
:":’

ALTPLL

inclkd

pll_rfclockl

areset

scanclk

scanreadd

inclkl frequency: 45000 MHz
Operation Wade: Mo Compensation
PLL Type: Enhanced PLL

sCcanwrite

Cik [Ratio]Ph @] O ()

scandata

ci | 141 ) 000 | 5000

cl | 41 | 000 | s0.00

cd | 21 ) 000 | S0.00

cd | 61 ) 000 | 5000

cd | &1 ) 000 | 5000

ci | &1 | 000 | S0.00

Stratix ||

0 - CorefExternal Output Clock
Able ta implement in Enhanced PLL

-Clack Tap Settings

[ wor | osameaen |

) Enter output clock Frequency:

%) Enter output clock parameters:

Clock multiplication fackor

Clock division Factar

Clock phase shift

Clock duty cvcle (%)

More Details ==

Requested settings Actual settings

|45. 000000 |

000000 |[MHz &

oo Bl B 00

Per Clack Feasibility Indicators

0 cl €2 3 45

| Cancel || = Back || Mexk = || Einish |
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LVDS Receiver

Instantiated with parametrized IP

Able to take full advantage of built in RX
blocks

o Dynamic Phase Alignment circuitry

o Automatically de-serialize data from 4*RF rate
to 4 time multi-plexed samples at RF rate

No need to worry about timing constraints!
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LLVDS Recetver 1P

e ALTLVDS

About

Currently selected device Family: ¢ v

Docurmentakion

FrequencyPLL settings

lvds rx
rain[11..0] 7 rx_out[47..0 4 Match project/default
= _nclock LWDS Receiver
II_areset 12 channels, xd rx_locked i
J This module acts az an
= _cda resef[11.0] #12.00 hitHz

I¥P data rate=212.00 ) LVDS receiver

Cugtelk Freg = 52.00

| Implement. Serializer|Deserializer circuitry in logic cells
The receiver starts capturing the LYDS stream at the Fast clock edge. This is
intended for slow speeds and byte alignment may be different From the hard
SERDES implernentation,

rx channel data align[11..D]|

["] Enable Dynamic Phase Alignment mode (receiver only)
What iz the number of channels? [12 7| channels

What is the dezenalization factor? 4 v

[ Use External PLL

Resource Usage

1 clkctrl + 48 reg + 12 stratixii_lvds_receiver + 1 stratixii_pl

| Cancel || < Back || Mextk = ” Einish |
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‘ LLVDS Recetver 1P

- ALTLVDS

lvds_rx

rx in[11..0]
¥ _inclock LvDS Receiver
Il_areset 12 channels, x4

rx cda reset[11..0] 1200 MHz
IfP data rate=212.00

Cugtel Freq = 52.00

rx_channel data align[ﬂ..ﬂ]l

Stratix 1l

Eesource Usage

1 clketrl + 48 reg + 12 stratixii_Ivds_receiver + 1 stratixii_pl

Documentation

YWhat iz the input data rate? tbps
1~ Specify the input clock rate by
) clock Freguency @: MHz
7 tlock period 1 : ns
1 Use shared PLL(s) far receivers and transmitters
| Use 'pll_areset’ input port
[] Use 'rx_pll_enable' input part
M Usie 'rx_locked' output port
What is the clock resource used Auto zelection '»5;45

for 'me_outclock'?

What is the phase alignment of ‘rx_in' 0.0
with respect to the rising edge of L
'rx_inclock'? {in degrees)

| Cancel || < Back || Mext = || Einish |
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‘ LLVDS Recetver 1P

e ALTLVDS

FrequencyPLL settings

rxin[11..0]

lvds_rx

x_inclock

ll_areset

rx cda_reset[11..0]

LvDS Receiver
12 channels, x4
212.00 hHz
I/F data rate=212.00
Outelk Freq = 53.00

rx channel dats align[11..D]|

. out[dv..0

rx_locked

Resource Usage

1 clkctrl + 48 reg + 12 stratixii_bwds_receiver + 1 stratixii_pll

About

Docurmentation

b Use 'rx_channel_data_align' input port
A pulze to this signal causes data alignment circuit to
add one bit of latency into zerial data stream

M Lse 'rx_cda_reset’ input port
Resets the data alignment circuitry
[] Use 'rx_cda_max' oukput port

Indicates when the next rx_channel_data_align
pulse restores the serial data latency back o 0

After how many pulses does the : 2
data alignment circuitry restore the !4 e pulses
serial daka latency back to 07 e

| Zancel || « Back ” Mext = || Finish |
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‘ Programmable Delay

= Dual-port RAM to provide programmable delay

o Offset read & write pointer to requested delay value
o Reset Read Counter to zero when Write Counter = Delay-1

o Maximum delay set by the depth of the RAM

Data Clock

Write
Counter

Read
Counter Data Out

Data In Dual-port
RAM
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Handling Frequency Sweep

Digital Portion of design is operating locked to
the Booster RF and sweeps along with it

Need to adjust output delay to account for fixed
iInput/output cable & amplifier delays

Use lookup table to specify output delay

>

Clock >

> > Delay Out
)

Turn Marker
Enable
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‘ Implementation of “Fine” Delay

= Filter produces kick for each RF bucket
= Operate DAC at 12*RF clock rate

Kick @RF Kick @12*RF

= Can shift data fed to LVDS Transmitter to
provide RF/12 delay resolution
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Tune Measurement

Data M 128 Turn !‘uaLL ; ,| Peak ; | YME

[nput p I _ | Finder RAMSs Output
b FFT T i j-"hag

VME Window [ Data | VME

Input | | RAM RAM “| Output

Excite single bunch with noise via the damper

o User programmable excitation, noise or anti-damping

o Can vary gain and duration of excitation at each measurement point
Simple State Machine to Control Measurement

o Up to 64 measurements at selectable time (turn) within the machine cycle
o Select bunch position to pass to FFT engine

Measure response of single bunch over 128 turns

o Instantiate fixed point FFT using commercial IP
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‘ Tune Measurement

Horizontal

1 : T I T T T
09| =% i o
a=__
g B2 ‘Q&:??’@rg 4 @-;"T:‘;'%‘ —— ﬂ;ﬁ?(ﬁ
5 ? -mﬁﬂ-%g—"ﬂu%?, — -
— 0.7f k™ . 7
06F i
0'5 1 PR S N 1 T O N R | 1 MY i 1 1 R | L 1 M | 1 I | PR | Rl | PR ) i PR |
. 2000 4000 6000 8000 10000 12000 14000 16000
Vertical
1 T T |TL'“-n NG SRS TS LS S S B
0.8r @é‘&r&h -
= @m? _ [ o T e
Q 08t R E S S
5 - @ - 4
— 0.7f . =
06F ”

2000 4000 6000 8000 10000 12000 14000 16000
Turn
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'8 Channel 125MS/s Digitizer

BLOCK DIAGRAM Generic Digitizer VME bus
GATE
O 2 VME —
O TRIGGER | | Drivers
Externa_l_j (—TCLK -
Control E o SYNC IN i 4x32M
- Lol DDR2
O SYNC OUT K—{ SDRAM
AC passive
O—>— N K—> FPGA
O— > 5 Altera — JTAG
® D e Cyclone I
O—O-D—r = ﬁ
8 Analog Inputs -“ {} '
i ~ D — s EPCS4
4 Channels perChlpE A Interface
: [ D
O_’I>—" C
O—>— [ <—— Oscillator
CLKIN u II
O—) .
Clock Driver (PLL& DIV)  [<——{ Oscillator
CLKOUT
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‘ Digital BPM Recetver Firmware

latch VME
50Hz NB Sums
rESEt—PZ 32 Registers
8¢ch NB Filter 32¢h VME
NB Data

# 1.4kHz output
ADC Input

14 Bits
71.4 MHz

DDR RAM

NB Gate

NB Data
TBT Data
Raw Data

VME
Raw Data

WEB Gate(s)

WB Gat
DAQ SM ) —
Ch delays (clocks) NB Gate IRQ
Gates in Turns >

Trigger
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Narrowband (Closed Orbit) Filter

NCO (sin, cos)
24 Bits Phase
(~1Hz)

Select
Significant
Bits

Beam X *« . / h(:alcqla:ie
: A i agnitude
5 Stages
et DDC . Decimate _
71.4MHz Q 24Bits 20 Bits 16 Bits
4.2KSPS 4.2KSPS 1.4KSPS

16 Bits
/\ -Denotes Peak Detectors to optimize scaling

= Digital Down Converter (DDC) Section
o 32 separate filter paths simultaneously
o 8 channels, 1&Q, 2 frequencies (beam, calibration)

= CIC filters operating in parallel at 71MHz
= Serial FIR filter at 4.2KHz

BIW 12 Nathan Eddy Fermilab



Numerically Controlled Oscillator
(NCO) IP

Generate Sin & Cos signals at requested
frequency

o Frequency Output = F, «Phi/2N
o Frequency Resolution = F, /2N

................................................................................................

}(— phi_inc_i[31..0] fzin_o[15..0]
] ol feas_o[15..0] E:
}i— reset_n out_walid ﬁ“‘{
3{— clken

................................................................................................
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NCO TP

& Parameterize - NCO

Parameters | implementation | Resaurce Estimate

Generation Algorithm Frecisions

) Bmall ROM Phase Aczcumulator Precizsion |32—v
Angular Resolution EI

) Large ROM Magnitude Precision |16—V|
Generated Cutput Frequency Farameters

O CORDIC

Clock Rate
Diesired Cutput Fregqueney
(S KHIF SR B e FPhase Increment Walue

Real Qutput Freguency

Fhase Dithering

Implement Phase Dithering

Dither Level o —
T hiax
125 [MHz v
15 [MHz v
| 515396076 |

| 15.000000013969533 MHz |

= - 1
Frequency Domain Response | Time Dornain Response)

| Magnitude(ds)
D 'l

=200

-160.0 T

T T T
3125 3806
Frequency x‘.‘ﬂ? Hz

T T T T
oo 0.78125 1.662 1342

1
fi 25

Cancel <] Fraw

Mt B

Finish |
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DDC Quantization Error

Will always have a slight offset between the
NCO frequency and the beam frequency

Easy solution is to offset the NCO frequency
to get an integer number of periods in the
averaging window
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CIC Filter IP

Docarrertazion

Ar izl [pulfCulau. Splions

Inpuit Ciptians

Device Family

Targat: = InpLt dada width: |18 | Bits
Filter Specificaticns Quput UEtions

Fitat e :I’)ar:imatn' | Ful aulput resalut on

Murnber of siages: 15 2| Outyut cata wicth [24 Bits
Diffe-entiz| delsy: 1 v Dulpul Raunding Jplivns

fgalenaon i_j_?_qﬂl o Trurcation

Yatiable Rate Factor Oplinns e nt di
= Conwvorgznt raunding

| Enablevariahle rete factor

' Houncing up
1 Saturaticn
Multi-chenrel Options
Murribier ufir lemfaees. |32 | M Apply Hocenader pruning across filter stages

Murnber of channels per intorfaze: 1

Dala Storage Dptions

araler dats-surage e

Dviffe entizton data storage: |Logic E ement [

Commercial IP allows for single instantiation for all 32

CIC filters needed

o Provides standard serial data output which can be directly

interfaced to serial FIR filter
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'FIR Filter TP

'L,EETI'IEIEnI SREecITcation - (LUWF’SSS et |—F:ate SEecircation
o 1
ew Caefiizient S |[ Cdit Zoeficiert Det ] Remove Coeficizr et ||Dec'|mah0r v|Factor|‘3 v|
Low kass set[1] | [] &dd glabal check: or bl pir

rinput Specification
P ot Cption | = wedFloatrg Coefizients | || Dark Backeraund

Murnber of lnput Charrels |3

Flosting Coef Regponss —_— Fived Couff Recponso Il Hutribier Syslern
Signed Bina w

00 i 5 n |

S i ; i InpLt itV cth
-1 \ I I I I I
il | | | | | rou.; Speciication

I3 ] | | FalResululn Bil'Widlhis 43

-Gl

Hasp nn Methnd | Hitwacth S nly v

| | -~ | |
-an | \(\ T | | | | UL MUAEER Syeserm
00 . | y 4 ﬁl ﬂﬂ 7N f\ — S G aslurn Resululiun v|
i \ Bits to kzep

Y ?J f \N( ‘u 4

=20
FrRAIRF Y 11 I ||1

(Lt LaDo

“recusricy 3esponza | TIMA RASANSR & Cnaitlen Values |

|T|'uncate V| |Trunc,a'.e B

Coeficiants Scsling [uta v|Biwigta 13w

~Arckileciure Spec ficasion

LIRATF Farmly Cyrinne i - FAEte borreSvmrmetne S Hescurce Utiizatian 2stim ate | Througlgut (Fuly Strezming
Lagie Cellc 2673 ) e s
BT [F1smia stert Anthre e - F 1 1y Parzlied =i i W31z ; (ARl b Ry
Lk | BvEre 1 clock per ods.
ical ; ok 15 :
Cipeline Level TR = |- Anim vulpul dala is J2neraled
z | BvEr 4 Clock per ods.
Data Storage A v | gieiC X1 i L 3 P
1144 [
CnElelent Stace [ Crefrelents Relnad [ .15 Sl Clacs T 3
MultEles u
@ Waarning Furce roresyenr el suclane is shadys s200or nulli-rale Al shuclaes. m=
[ arcel ] [ Finizh ]

= Provides simple filter design tool or ability to import filter
coefficients

= Option to allow modification of coefficients
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System Integration Tools

Streamline system integration and design
o Connect standard interfaces
o Internal memory, external memory, configuration devices, etc
o Connect custom interfaces
o Easy CPU integration
o Handles addressing & interrupts
o Even generates drivers for system components!

Use well defined interfaces

o Generates all logic for system interconnects!

o Handles all the timing - clock domains, multiplexing, etc
o Built in error checking at compile time

Facilitates implementing re-usable HDL blocks and
group design methodologies
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‘ System Integration Tool Example

Cormponent Library

4 X

E

e

e
£
I
e
E:
i
E

£
[
£
[
2
0
E

Project

J_g MNew carponent ..
dzc_dma
H-Custom Instriction Modules

[=lnterfaces

@ adc_dma
ANC_Interfare

o dac_controller
tnnr_rnntenller
SPlccrtroller
wime_interfars
WS _contraler

[=-Memnties and Memnry Contnllerg

o epcshd_corrroller
dernal Memory Interfazes
[=-Memcry Interfaces

=-0oR2

£l -Periphzrals

Library

] -Sowalon Werificstion Suite
H-Bricges and Adapters

- Debug Components

) -Digital Signal Processing
tlinterface Protocols
H-Legacy Components

sdernal Memory Interfazes

fzii--Mcmcry Irteifaces

Memcry Modzls
[#-Pattein Generators

[#-Cn-Chig

(1] SORAM

£ -derlin Components

o Moriphzrals

H-PLL

1 Mrocczzor Additionz

H-Processors

0 SLE

<

H-*icdea and Image Prozessing

Jomponent

Library

>

Target

Clock Settings

[RET Suuice | MHz
osc_chk External [50.0
ade_clk External 125.0

ddr2_sysclk |ddr2s... 750

System Clocks

+ DDR2_Z2MxE

= -temolies and Memory Cont-ollers

ddr2_auxfull |ddr2a... [150.0 Nt
Use | Lonnections Mame Descripton Clock baze (319
= cpu Mios Il Processo [clk]
instruction_master Avalon Memory Mapped Master ddr2_sysclk
—_—————— cata_master Avalon Memory Mapped Master [clk] IR O
— 2 _debug_module Avalon Memory Mapped Slave [clk] @ 0x00000020
f—— cpu_bridge Ayvalon-ih Pipeine Bridge ddr2_sysclk & 0x000000310
epcs_controller EPCS Serial Flash Cortroller ddr2_sysclk & 0x00000830
E ram Cn-Chip Memary (RAM or RON) [k ]
o =1 Avalon Memory Mapped Slave ddr2_sysclk 000020000
E cpu_vme_ram Cn-Chip Memary (RAM or RON) [k ]
————— =1 Aualon Memory Mapped Slave ddr2_sysclk 000040800
= ddr2 DOR2 SORAM Controlle: with ALTMEMPHY osc_clk
————————— =1 Aualon Memory Mapped Slave cdr2_sysck 0x10000000
cpu_io_bridge Avalon-ih Pipeine Bridge ddr2_sysclk 0x00040000
sysid System ID Peripheral ddr2_sysclk « 0200000000
jtag_uari D H TG UART ddr2_sysclk « 000000040 [—1]
E vme eS I g n vine_inte-face
— s Avalon Memory Mapped Slave ddr2_sysclk « 0300000080
EYIT Avalon Memory Mapped Master [clock]
F ade CO m p S A2C_Irterface
sz0_adc_data Avalon Streamirg Source adc_clk
T e Avalon hemory Mapped Slave ddr2_sysclk & 0x000000a0
[ E ade_dma_4ch adc_cma [=v=_clock|
Fai_adc Avalon Streamirg Sink adc_clk
— s Avalon Memory Mapped Slave ddr2_sysclk & 0x000000b0 >—‘f3]
—T E¥m Avalon Wemory Mapped Master ddr2_sysclk
= dac dac_conroller [a=i_clk]
— gsi Avalon Streamirg Sink adc clk
[ E dac_dma_4ch clac_cma [=v=_clock|
— &80 Ayvalon Streamirg Source adc clk
— ST Avalon Memory Mapped Master ddr2_sysclk
— e Avalon Wemory Mapped Slave ddr2 sysclk &« 0x00000120
[ SYHC SYMC_controller adc_clk
B ] Avalon Wemory Mapped Slave ddr2 sysclk « 0x000000c0
E Mode Mace _controller adc_clk
— e Avalon Wemory Mapped Slave ddr2 sysclk & 0x000001D0
VXS S _controller ddr2_sysclk « 0200000140
pio_cdceb2005 P12 (Parslel 1127 ddr2_sysclk « 0200000200
spi_cdceb2005 'SP Wire Serial) ddr2_sysclk « 0000003200
spi_ads62p49 SIS Wire Serial) ddr2_sysclk « 0200000400
spi_daci283 SIS Wire Serial) ddr2_sysclk « 0200000500

ddr?2_sysclk

000000600
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‘ System Integration Tool Example

Companert. Library Target Clock Setings
b4 Device “amily: C_yc:lﬁ\u’_E__\ﬂ | Mame Source | MHZ | i
pm— = ~ Josc_clk External [50.0 Al
i L! Pow companent... jade_clk External [125.0 |
y dac. ding iddrz_sysclk ddr2.s... [75.] B |
it Hﬂstrudion odules ddr2_auxfull |ddr2.a... [150.0 |
merfic:‘c i Lse | Zonnections MName Descrigtion Clock Baze IR
ADC_ Irtarface I B cpu Moz Il Processcr [clk]
dac contrcller inslructior_master Avvalon Memory Mapped Maszier ddr2_sysclk
Mod_s contrallar data_masler Avalon Memory Mapped Masler [clk] IRQ O
<Plcontraller jtac_debug_module Avvalon Memaory Mapped Slavz [clk] & 0x00000007
it any |7| H cpu_bridge Avralon-mMh Pipeline Bridge ddr2_sysclk & 0x000000027
5 VS cartraller B epes_controller EPCS Sevial Flash Canfraller ddr2_sysclk & D0x00000803
Memcriss ard Mamary Controllars 1 B ram On-Chiip Wlemary (RAK or ROM) [clk1]
5 epcsBd_cortraller =1 Aralon Memory Mapped Slavs ddr2_sysclk 0300820000
[ Extornol Momory Intoriaccs EH cpu vme ram Cn-Chip emory (Rah: or RO [clk1]
@--Mermry Interfaces =1 Avalon Memory Mapped Slavs ddr2_sysclk 0300810800
& bbR2 B ddr2 DDR:2 SCR&M Controller with ALTMEMPHY osc clk
i o DDR2 32MxE =1 Avalon Memary Mapped Slavs dor2_zysclk 0310800000
[ Meriphorale A cpu io bridge Avralon-mMh Pipeline Bridoe ddr2 sysclk 0x00840000
Library [ sysid Swstem ID Peripneral ddr2_sysclk 4 000800000
[f Awslcn Veritication Suite % @ ftan uart JTAG UART ddr2 sysclk 0300000040
[+-Bridges and Adapters 3 vme wrie_interface
& -Dekug Componerts avs Avalon Memory Manped Slave ddr2_sysclk & 0300800080
[-Digita Signal Pracessing J avr Avalon Memory Mapped Master [clock]
rtertace Protocols B ade ADC_Interface
Legacy Components aso_sdc_data Avvalon Streaming Source ade_clk
E-temcries ard Memary Contrallers i —— {103 Ayalon Momory Moppeod Slows ddr2_syaclk = Dx008000AD
ternal Memory Intertaces B adc_dma_ich adc_dms [=vs_clack]
emory Interfaces T i _muu Ao Elresarming Sink ade_clk
Memory Models LT —T avs Avvalon Memory Mapped Slavz ddr2_sysclk a 02008000bD >—f3]
[F-Pattern Generstors X avr AvvElon Memory Mapped Master adrz_syscik
F-Cn-Chip B dac dac_corrroller [a=i_clk]
-SIRAM asi Avalon Streaming Sink ade_clk
- Merlic Crmpnnents B dac_dma_ich dac_dme [eys_clack]
[¥-Peripherals b as0 Aalon Streaming Source adc_clk
=-PLL avr Avvalon Memory Mapped Masler ddr2_sysclk
[*-Processor Additions avs Avvalon Memory Mapped Slavz ddr2_sysclk '« Dx0080012D
[ Mroccezors B SYNC SYNC controller ade clk
F-5LS avs Avvalon Memaory Mapped Slavz ddr2_sysclk « Dx008000cD
[FE-idey il Imsge Processi g 3 Maore hdnre_rrrtrnller ade_clk
avs Avralon Memaory Mapped Slavz ddr2_sysclk a 0200800100
H wxe WS _controller ddr2_eyeclk = D30080011D
H pio_cdce62005 PID (Parallel 12 ddr2_sysclk a 0200800200
H spi_cdceG2005 SR Wire Serial) ddr2_sysclk & Dx0080030D
[ spi_ads62pd9 SPI(S e Serial) ddr2_sysclk a 000800400
@ spl_dac32s3 SFI L3 e Serfal) ddrz_syscik & UKUURUUDUD
o ddr2_sysclk W 0x0080060D |
b | > |
= Addres=s Map... ] [ \? Fitters... Fitter: Jefautt

BIW 12 Nathan Eddy Fermilab



‘ System Integration Tool Example

Comporent Library Target Clock Setiings R O B
_ B n-Chip Memory (RAM or ROM)
4 - i i Mame Source  MHz B -
= * e M " attera_avalon_onchip_memory2
Project osc_clk External [50.0 Megolene’ -
_____ [F] New companent.. adc_clk External 125.0 = -
ol Hac Hifa ddi 2_sysclk |ddi 2.5... [75.0 [~ Block Diagram |
-Custom Instruction Modules ddr2_auxfull |ddr2.a... [150.7
- ram
eraces Use | Connecting Hate e
ADC_Interface B cpu
dac_sontraller instruction_master avalon B=s
Mode_cortroller f:!ata_master reset B=raset]
SPlcortraller i ftag_debuy_mocule
wme_intcrfacs cou bridge |" Memory type
5 WXS_controller epcs_controller S
[=)-Memaries and Memary Controllers Ve
5 1
o epcasd_controler =:
[=-External Memory Interfaces B cpu_vme_ram I:l Dual-port access
: —————
[=-Memory Interfaces =1
- O ddr2
=1 . .
N S io brid, Read During Wite Mocde:
[#-Peripherals cpu_lo_bridge
Library [0 sysid Elock type:
F-&alon Yerifization Suite jtag_uart
[#-Bridges and Adapters B vme |, 5
[#-Diebug Components - avs 1Ze :
[+-Digital Signal Frocessing avim Data width: 32w |
5 ! " v M adc
[-Irterface Profocols i
-Legacy Components aso_adc_data Total memary size: !1 1072 bytes
[=-Memaries and Memory Cortrollers o s ; ) —
|=-External Memory Intertaces = ’d"_—dm’—"’h i £ MEmors 1 LSEge [mah i
+-temory Irterfaces asi_adc
iy
+-temory Maodels | avs |,F Read latency
+-Pattern Generatars avin
n-Chip B dac Slave =1 Latency: 3w
; — asi
[£-SDRAM 2| )
ave 52 Latency: 1
[&-Merlin Components 4] E Bl dac_dma_ich Y {
[*-Peripherals — as0
HPL — avm [* Memory initialization
[#-Processor Additions o, s
& Processors B SYHC Initialize memary contert
s — avs
(- Vidao and Image Processing El Mode [] Enahle non-defautt inttialization file
= avs e i
T e User crested intialization file: | |
pio_cdce62005
spi_cdce62005 [] Enahle In-System Memory Content Editor feature
EH spl_ads6zp49
= 7 | & spi_dac32i3 Inztance 1D | |
[¥] sys timer
[mew.. | [Eat.. | [ . ] [ 3 Femove ] [ 1 Edt... ]
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Summary - the FPGA Pitch

Sure things...

Q

Q

a
a

Q

FPGA are now the acknowledged leader of cutting edge fast DSP
applications where speed and flexibility are needed

Accelerator Control and Instrumentation is already using FPGAs to
implement fast online applications, especially feedback & control

The size, speed, and feature sets continue to grow by leaps and bounds

Today’s mid level chips are offering features only available in high end chips
just a few years ago at a fraction of the cost

Design tools are getting closer to traditional programming and becoming
easier to use

Looks promising...

Q

Q

Use of FPGA's to implement online orbit measurements and optic
calcuations which could be used for realtime feedback

The next step is cluster and mesh architectures using FPGAs to further
increase the processing power

It could happen..

a
a

FPGA based co-processors for dedicated calculations

FPGA based super computers which configure their hardware to optimize
the performance for the algorithms being used
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‘ Thanks for Your Attention!

April 15-19, 2012

Newport News Marriott City Center

hosted by: Jefferson Lab

» The 2012 Beam Instrumentation Workshop (BIW12) will be the 15th biennial
Je workshop dedicated to exploring the physics and engineering challenges of beam
1..'! :'.f diagnostic and measurement techniques for charged particle accelerators. This meeting
- ; program will include tutorials on selected topics, invited and contributed talks, as well
gy, i as poster sessions, This will be the last BIW, after which IBIC (International Beam
s Instrumentation Conference) will follow the PAC rotation; Asia, Europe, and the US,
o’ "I_' Program Commitice: Jefferson Lab Local Organiging Committes:
& N b Kiewin Jordan, (Chair, [Lah) Tom Shes. (SNS) Pavel Eviushenko
< T Dianiels Filippetio, (LBNL)  Om Singh, (ENL) Cynthia Lockwood
Iy T W o Doug Gilpasrick, (LANL) Steve Smith, (SLAC) Joha Musson
" Ken Jacobs, (SRC) Hitoshi Tanaka, (SPRING=8) Todd Satogata
ML Rlodri Jones, (CERN) Jomah Weber. (LENL)
s T Bob Lill, (ANL) Manfred Wendt, (FNAL)
i ' ‘-r : Toshiyuki Mitsuhashi, (KEK)  Michelle Wilinski, {BNL)
\Fag iy q"L Guenther Rehm, (DIAMOND) Ky Wittenburg, (DESY)
‘h . ,“1' Timy Sebek, (SLAC) Jim Zagel. (FNAL)
i a
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