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Outline

* CERN — electronics system concepts
a project cycle

e Application: Data selection

o Application: Data processing







Application overview CERN

« CERN, experiments
*Alm
*General detector concept
*Examples

Principle of data acquisition & data flow 1

- data selection: trigger
e data processing
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Experiments




Detector: ALICE




Principle of detectors
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Principle of Data

acqguisition




Data selection

collision
e —

—
particle[/
40 MHz |

detector electronicsy

100 Thyte/s

ero suppression &
event builder |

100 Gbyte/s

100 kHz

data storage 100 Mbyte/s




Data selection

Detector

40 MHz

Particle LEVEL 1
Identification + TRIGGER
Location

YES/NO +

R Location of
properties of
) interesting events

Track Pipeline- LEVEL 2
Reconstruction + Memory TRIGGER
Processindification

YES/NO
10 .. 100 Hz I




Principle of data acquisition

trigger detector

collision 40 MHz
O*Q_ central

trigger
particle
precision detector

Adaniid 1 A5 l-l‘==

Sensor-elektronics readout-electronics




Trigger processor




Challenge/Specifications

Fast

— the faster, the less data needs to be pipelined/stored
Compact

— Many data channels are going into one processor system
Connectivity

— High number

— Transmission delay on cables (5ns/m -> 200 m -> 1us)
Reliability

— Physics processes with a probability of 10-1! need to recorded
— Processing and data transmission error rate >> 1011
Quality control

— Processes are verified in hardware and software processors
Radioactive environment




Challenge/Specifications

— Many (100.000) parallel inputs in 25 ns intervall
— Parallel processing — pipelined processing
— FPGA

 highly parallel because of many IOs and interconnectability

— Example (Tracal Trigger)

« Specifications

— Calculate how many out of 1000 binary sensor inputs
are active

— Each 25 ns a new set of 1000 bits
— Result required within 100 ns

« Solution possibilities

 Today and 5 and 10 years ago




Challenge/Specifications

System topology

 high number of inputs ->

— operation to simplify data and reduce data amount
 reduced number of inputs ->

— connected to more complex processing units
e at the end of processing chain ->

— Interest to integrate as much information into 1
FPGA to reduce interconnection




Challenge/Specifications

System topology

e |[nterconnection:
— delay

 (clock to pin, transmission outside FPGA, setup time)

— Parallel interconnection:
* high number of 10s, problem moved to board level
o reliability impact due to solder joints or connectors
— Serial interconnections at high speed

* reduce reliability impact but increase delay (trigger needs
to be fast)




Muon Track Finder

Trigger Processor




Muon track finder trigger

Muan
Electron

— Hadron (e.g. Pion]

Elenr-:umunem:
Ca'arimeter

Hadron
Calosimeter

Ipan FeTUPR yoke intersperiad
Transyerse slice with Muan chamibers
through CM5




Principle of data acquisition

trigger detector

collision 40 MHz
0%4_ central

trigger
particle
precision detector

Sensor-elektronics readout-electronics




Muon track finder trigger

Size of detector system
—r =14 m, length =20 m

e cable delay ~ 5 ns/m -> synchronisation
Each 25 ns new data set

240 detector modules — 200.000 detector
cells

Identify particles (muons)

Measure curvature = momentum of
particles within 400 ns

Find 4 particles with highest momentum
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Muon track finder trigger

200.000 sensors ->

240 chambers x 2 track segments =
480 track segments

1 track segment
position (phi): 12 bits
angle (phiy): 10 bits
quality code: 3 bits

25 bits * 480 track segment = 12000 bits
12000 bits * 40 MHz = 480 Ghbit/s




Muon track finder trigger
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Muon track finder trigger

k reference cells




Muon track finder trigger

$sou rce"‘qua|source

extrapolation quality
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Muon track finder trigger

Pairwise Matching
- Extrapolation

muon station 4
]

track segmen%

track found
(T51,T52, T53, T54)

=

extrapolation
result "1./0"




Muon track finder trigger

TS4 Ir = linkdng
adrd+eqd

MUXi2:1

Result of all extrapolation units is 180 bits

-> data reduction
Track assembly units is combinatorial and looks for the longest possible

track combination




Muon track finder trigger

track
segment
data

TA
track assembler

extrapolation track segment linker track segment

unat mack selector segment router track segment

rack addresses of two data of two
=T} - . -
"EET:‘:EM extrapolation highest rank highest rank
a addresses tracks e

Parameter assignment unit: momentum (5 bits)
based on difference in position of layer 1 and 2

asslgnment

unit pt. location and
quality of two
highest rank
racks




Muon track finder
trigger
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Muon track finder trigger

Extrapolation units: EP20k400EFC672
Data pipeline: 3 x EP1k100FC484
Track segment linker: EP20k300

16 layer PCB

no pin level back annotation

no board level simulation
Soldering problems with ball grid




Muon track finder trigger

- PHTF BOARD

WEPHY 4 CERN CWS TRIGGER




Muon track finder trigger

All in EP1S40F1020C7

8 layer PCB

pin level back annotation
board level VHDL simulation
full JTAG boundary scan
FPGA on daughter card




Muon track finder trigger

Conclusion track finder:

Data reduction

Pipelining

Feasibility study on possible algorithms

Back annotation of Pins in FPGA after routing
Full board — multiple FPGA VHDL simulation
Stimulus files from (costumer) simulation

Planning at FPGA level has impact on system
Implementation




Example FPGA

Drocessors




Processor board with optical inputs

hnels

Virtex 4 - _ _
allel optical receiver

losely packed G-link

Agilent erializer ASICs

HDMP-1034

Zarlink

Connectors
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Design cycle




Design cycle

System — Specifications

Different approaches - possibilities
o ASICs, CAM -> FPGA

» Pattern recognition / Analytical approach =>
Mixture

Simulation - Feasibility - Forecast to future
technologies

Data flow simulation/calculation
— buffer sizes
— dead times




Design cycle
System — Specifications

Different approaches - possibilities
 ASICs, CAM -> FPGA
« Pattern recognition / Analytical approach => Mixture

Simulation - Feasibility - Forecast to future technologies

Data flow simulation/calculation
— buffer sizes, dead times




Design cycle

 Implementation scheme — propose technology independent
architecture

— Do not push problems to a higher level - 10 pins, PCB, system

« Technology independent Simulation

o Full system: system input patterns —
Qualification of data process

* Implement/integrate into system surrounding -
work on FPGA code

e Simulation together with environment

» other FPGA
 input data




Design cycle

 Implementation - technology dependent

 Selection of components
 Performance, features, evaluation, availability

* price, age/phase in product cycle,

* if very new -> support and access to high quantity difficult
-> close connection to distributor

 Define strategy on Maintenance and upgrades

« FPGA might get too full & slow after
Implementation of more and more functions




Design cycle

« FPGA simulation/synthesis/place&route/back-
annotation

« Board Placing/routing
e FPGA -> board -> FPGA
« FPGA Back annotation/Board level of pin position-

Feedback on board layout
 behavioral simulation of HDL code

— back annotated gate level after routing with
board/system level

— SEU simulation




Design cycle

 Problems which are not solved on component
level (ASIC/FPGA)

e are pushed to the system level,
become expensive and time consuming

o System level considerations ->

o System level simulation
 Multi designer environment
e Multi component environment




Design cycle

« Example layout

* Prototype no internal design constraints on pin
assignment for board layout -> 16 layer board ->

« with assignment clean and 8 layer board
« Missing board level simulation with two FPGAS

« simulation of each FPGA is OK
together setup and hold time violations
board delay (mealy/moore)

 Evolution of FPGA technology:
* more than 1 FPGA with board routing ->
1 FPGA no board routing




Design cycle

Software/Hardware development must go hand In
hand

Debugging features in
FPGAs/system/history/status

Remote control is often required

 how to implement

o always one FPGA not reprogrammable as
communication processor




Design cycle

 Board production
— JTAG boundary scan is mandatory for BGA

e Full system JTAG especially with multiple
FPGAs on board

e reduces turn around time
e gives proof of problems to manufacturer

o X-ray test are not always conclusive (example
not even copper on pads)

— Soldering problems with prototype series
— Test points




Design cycle

 Define strategy on Reliability

— which date may be corrupted and which data must
not be corrupted

— radiation, SEU, cosmic rays on ground level

— sub micron ASICs/FPGA




Starting to make an

FPGA project




FPGA specifications

How to make an FPGA?
— What should it do?
— How should it do 1t?

Systems / Requirements define detailed implementation
scheme/architecture

Specification need to be worked out before even one thinks
about the FPGA type or code.

— Specification: understand user needs
— define specification of system together with user/costumer

re-discuss, re-negotiate
— understand
— task of designer to understand and translate specifications




FPGA specifications

Costumer/boss says:

“I need a system which can calculate the value each
100 ns.”

What you might understand is:
“The calculation needs to be finished within 100 ns”

What he means is:
“A new value needs to be processed every 100 ns.

How long it takes to present the result does not
matter”

First case: might be impossible, maybe not.
Second case: Processors in parallel or in pipeline
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« Example:

—add 16 16-bit values every 25 ns;

data0 datal data? data3 data4 datab5 data6 data’
| | | | | | | |

\% \% V \% \% Vv \Y %

data_int
asdomnoe) | || | | | |

adder
|

\Y%

|
sum(19 downto 0)




% addlé.vhd - [Volumes/akluge/cadence/div/test_vhdl/mult_trig/
File Edit Search Preferences Shell Macro  Windows Help

Molumesiakluge/ cadencefdivitest vhdl/mult_trigfadd16vhd 3271 bytes L: 50 51
il

library ises;
use ieee.std _logic_1164.all;
use ieee.numeric_std.all;

entity addléxZfbit is
port {

olk :in std_logic;

reset i :in std_logic;

datal tin integer range
datal tin integer range
datal :in integer range
datad :in integer range
datad tin integer range
datab tin integer range
datab :in integer range
data’? :in integer range
dataf :in integer range
datad tin integer range
datall :in integer range
datall :in integer range
datal? :in integer range
datal3 :in integer range
datald :in integer range
datalb :in integer range

ko
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B b S S R R R

|
=

sum sout integer range U to 2 ** 20

);
end addlézZibit;

-
n

architecture behaviocral of addlézZ8bit

signal datal_int :integer range
signal datal int :integer range
signal dataZ int :integer range
signal data3 int :integer range
signal datad_int :integer range
signal datab_int :integer range
signal datat int :integer range
signal data?_int :integer range
signal dataf_int :integer range
signal data9_int :integer range
signal datall int :integer range
signal datall_int :integer range
signal datalZ int :integer range
signal datal3 int :integer range
signal datald int :integer range
signal datalb_int :integer range

O DD D D D D D D T
B D B B B B0 B B B B B b B B B b b
R e el e e T = S S Sy S S

signal sum_ int :integer range




process (clk)
begin
if {clk zlk = '1'} then
if | i i then
d i i
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end if;
end process;
process {clk
begin
if {(clk cllk = '1')y then
if {re ] } then
sum_int 0;
else
sum_int




end if;
end if;
end process;
process (clk)
begin
if {(clk and «1lk = '1'} then
if {reset 1 = '0'} then
sum_int <= ;3
else
sum_int <= datal int
datal int
data? int
data? int
datad int
datab int
dataf _int
data? int
dataf_int
data¥ int
datall int
datall int
datalZ int
datal3 int
datald int
datalb int;

++++++++++

end if;
end if;
end process;
sum <= sum_ int;
end behavioral;
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533 logic elements, 6%
e 2/8 pins, 74%
e 29.7 MHz => 33.6 ns




FPGA specifications

Costumer/boss says:

“I need a system which can calculate the value each
100 ns.”

What you might understand is:
“The calculation needs to be finished within 100 ns”

What he means is:
“A new value needs to be processed every 100 ns.

How long it takes to present the result does not
matter”

First case: might be impossible, maybe not.
Second case: Processors in parallel or in pipeline




Pipeline architecture

processing Processing

o
e
)
S

PIPELINE ARCHITECTURE




Adder with pipeline

« Example:

—add 16 16-bit values within 25 ns;

data0 datal data?2 data3 datad datab data6 data7 datalb
| | | | | | | |

% Y4 Y4 \Y4 \% Vv Vv \%

oo P R O R O R
(15 dowgt g&der adder adder adder adder

Vo oreg vVoore g g

sum(19 downto 0)




library
use i std_ 1164d.all;

use i . - all;

entity : 16P4 ine is
port {

std_logic;
std_logic;
integer range
integer range
integer range
integer range
integer range
integer range
integer range
integer range
integer range
integer range
integer range
integer range
integer range
integer range
integer range

tin integer range

I el e e S g e e e e e

|
[,

sout integer range U to

end
architecture i of 16F line is

signal int tinteger range
signal _int tinteger range
signal ¢ _int tinteger range
signal int tinteger range
signal a i nt tinteger range
signal i nt tinteger range
signal ab_int tinteger range
signal _int tinteger range
signal i nt tinteger range
signal int iinteger range
signal i int tinteger range
signal : tinteger range
signal ¢ i int tinteger range
signal i tinteger range
signal 1l int tinteger range
signal ¢ 3 tinteger range

signal : iy tinteger range
signal i tinteger range
signal sum_ 1 1 tinteger range
signal iy :integer range
signal : i tinteger range
signal um_ 1 tinteger range
signal : 5 tinteger range
signal . tinteger range
signal i nt tinteger range

I e e e e T e e e o =Y S S Sy S Sy B e

begin




process (clk)
beqin
if {1k and clk = '1'} then
if {(reset 1 = '0'}) then

datal int

datal int

dataZ int
datad_int

datad int

datab _int

datab _int

data¥ _int
dataf_int

data¥ int

datall int

datall int

datal?2 int

datal3 int

datald int

datalb int

(T

else
datal int
datal int
dataz int
datad_int
datad int
datab _int
dataf _int
data¥ _int
dataf int
data¥ int
datall int
datall int
datalZ int
datal3 int
datald int
datalb int
end if;
end if;
end process;

datal;
datal;
dataz;
datai;
datad;
datab;
datab;
data’;
dataf;
datad;
datalD;
datall;
datal;
datali;
datald;
datalb;

(R




process {cllk)
begin
if (clk and «lk = '1l'} then
if {(reset i = '0') then
sum_int{Q <= U;
else
sum_intQ <= datal _int +
datal int;
end if;
end if;
end process;

process {clk)
begin
if {(=1lk and «l1lk = '1'} then
if {(reset i = '0') then
sum_intl <= 0;
else
sum_intl <= dataZ int +
data? int;
end if;
end if;
end process;

process {cllk)
begin
if (clk and «lk = '1l'} then
if {(reset i = '0') then
sum_int2 <= U;
else
sum_int2 <= datad int +
datalb int;
end if;
end if;




process {(clk)
begin
if {olk and clk '1') then
; egset 1 = ' then

sum_int3

end if;
end if;
end process;

process (clk)
begin
if {(z1k and clk = '1'}) then
= '0'} then
sum_inté <= 0
else
sum_ ints <=

end if;
end if;
end process;




process {(clk)
begin
if {c-lk and 1k = '1l'}) then
if {reset 1 = '0'} then
sum_inth <= ;3
else
sum_inth <= datall int +
datall int;
end if;
end if;
end process;

process {(clk)
begin
if {c-lk and 1k = '1l'}) then
if {reset 1 = '0'} then
sum_int6 <= ;3
else
sum_int6 <= datalZ int +
datald int;
end if;
end if;
end process;

process {(clk)
begin
if {c-lk and 1k = '1l'}) then
if {reset 1 = '0'} then
sum_int? <= ;3
else
sum_int? <= datald int +
datalb int;
end if;
end if;
end process;



process {(clk)
begin
if {(clk and c«lk = '1'} then
if {reset 1 = '0'}) then
sum_int <= 0;
else
sum_ int <= sum_ intl
sum_ int:
sum int.
sum_ ints
sum int<
sum_ into
sum_ inth
sum_int;

++ + + + + +

end if;
end if;
end process;

sum <= sum_ int

end behavioral




Adder with pipeline

Adder without pipeline
533 logic elements, 6%
278 pins, 74%

29.7 MHz => 33.6 ns




FPGA specifications




Readout Processors




Read-out processors

e Specification
— Challenge - many parallel inputs —
25 ns intervall - short processing time
— Storage during trigger decision time

— Data reduction/encoding (zero suppression)

— pipelining, buffering (FIFO, dual port RAM)




Pixel detector

1 sensor

1 sensor

Image:INFN(Padova)

Sept 3-7,2007 A. Kluge




Pixel detector

1 sensor

Image:INFN(Padova)

Sept 3-7, 2007 A. Kluge




Pixel detector

full detector 120 x 2560 x 32 bits @ 10 MHz (100 ns) = ~100 Ghit/s

separate read-out for each detector module

each detector module (10 chips)2560 x 32 bits @ 10 MHz

000010000000000000
000000000000000000
000000000000100000




Data funnel

Data generator

Data preprocessor

Data processor

Data merging




Data funnel




Pixel detector

Data generator
2560 x 32 bits

000010000000000000
000000000000000000
000000000000100000




Pixel detector

channell-5

serializer
|
de-serializer
|

FIIIZO

Zero suppress & address decoder
|
dual port memory

| .
channel multiplexer
|




Pixel detector

serializer
|
de-serializer
|

FIIIZO

Zero suppress & address decoder

|
dual port memory
|




Pixel detector data processing

check if any hits
If no hits -> load new value from FIFO if available

If 1 only -> decode the hit & request new value
from FIFO

If more than one hit -> decode the hits




Pixel detector data processing

31 . 11 10 8 7 6 5 4 3 2 1 0

How to decode the address:
this line has two hits
the state machine must send two hits into the dual port memory




Pixel detector data processing
\V4

FIFO

parallelLoad . .
shiftEnable shiftRegister serialOut

0| 0 0| 0 01 00

control

cntEnable \/ counter

wiiteEnable dual port memory




Position decoder — shift register

8n 8 % positionDecoderSR.vhd - /Molumes fakluge jcadenca (div/test_vhdl/
Fie Edt Sszarch FPreferences Shzl Magre Windows

Molumes'ekiuge/cadenceldivitzst vhdllposidenDeccdzrSRvhd 1418 Eytes

library i=see;
use —cee.std_logie 1164, all;

entity positionfeccderik is
porl { clk =i sLtd_logic;
reset i Bl std_logic;
mew_walne_awvai shla std_longic;
new_walus Ha std_logic_weetor {31 downte 0);
dala_wood 2 inLeger range O Lo 31;
write data word H std_logic);

end positionlcosderEER;

architecture behavioral of positionbecodariE is

signal daza_encode :std_loglc_vwvector (31 downto I);
signal position_count :intager range U to 31;
signal state_enzoding std_logic;

begin

rrocess {coll, reset i)
Legin

if (clk and clk = 'l') then
if {rezet_i = 'C'} then
data_encods
Eositicn zourt 5
staze_encoding é':
aleif {[new wvalue_available = and {ztats sncoding = '0'}} then
data_encoilds wvalue;
staZe encodirg s
alsif {[stata_ercading = '~ ') position_mount Jf= 31))
data_ecroode (30 downto ) dota_sneode {3l downte 1};
dala_srcode(Z1) R
rositicn zourt pcsition count + 1
alsif {position_couqt =
staze_cnesding Bl
end il;
end if;

then

if {1k and clk = '1'} then
1f {reset_1 = 'C'}) then
data_wcrd
wriTe_ cata werd
elsif {dats_snccde{l) =
data_wcrd tion_count;
wrizZe_ cata_wcrd
alse
wrize_data_werd
end 1f;
end if;

end process;

end behavioral;




Position decoder — shift register

®oOe % positionDecoderSR.vhd - /Volumes/akluge /cadence /div/test_vhdl/
File Edit Search Preferences Shell Macro Windows

Aolumes/akiuge/cadence/divitest vhdlfpositionDecodersR vhd 1418 bytes

library iesess;
use ieees.std logic 1164.all;

entity poscitionfecodersSE is
port olk 2] std_logie;
reset i : ] std_logic;
new wvalue awvailable  :i std_logic;
new wvalue : i std_logie_wector (31 dowvmto 0);
data word L integer range 0 to 31;
write data word : std_logdic);

end positionlDecoderZE;

architecture behavicral of pesitionDecoderSE is

signal data encode :std_logic_vwector (31 dowmto ();
signal position count :integer range 0 to 31;

signal state encoding :std_logic;

begin

process (clk, recet i)
beqgin

iE ¥ollk and clk = '1l'} then
if {reset 1 = '0'}) then




Position decoder — shift register — VHDL code

begin

process (clk, reset i)
begin

if (clk and clk = '1') then

if (reset_i = '0') then
data_encode
position_count
state_encoding -

elsif ((new_walue available = and (state_encoding = '0')) then
data_encode ew_value;
state_encoding S L

elsif ((state encoding = 'l') and (position count /= 31)) then
data_encode(30 downto 0) data_encode(31 downto 1);
data_encode(31) Pl

position_count position_count + 1;
elsif (position_count = 31) then
state_encoding <= '0';
end if;
end if;

if (clk and clk = '1l') then
if (reset_i = '0') then
data_word 0
write_data_word Nt
elsif (data_encode{(0) = '1l') then
data_word p
write_data_word ‘
else
write_data_word
end if;
end if;

osition_count;
e
O .

end process;




begin

process {(clk, reset i)

begin
if {clk and clk = '1'} then
if (reset i = '0') then
data_encode <= (others => '0'};
position_count <= 0;
state_encoding <= '0';
elsif ({new_walue_awvailable = 'l') and ({(state_encoding = '0'})) then
data_ encode <= new_vwvalue;
state_encoding <= 'l';
elsif {(state encoding = 'l') and (position count /= 31)) then : .
data_encode{30 downto 0) data_encode{31 downto 1); ShlftRGngter

<=
data_encode(31) <= '0';
position count <= position_count + 1;
elsif (position _count = 31) then

state encoding <= '0';
end if;
end if;
if (clk and clk = '1') then
if {(reset i = '0') then

data_word <=
write_ data_ word <=
elsif (data encode(0) = 'l'}) then
data_word <=
write data word <=
else
write_ data_word <=
end if;
end if;

end process;

end behavioral:




begin
process {(clk, reset i)
begin

if {clk

if (reset i =
data_encode
position_count
state_encoding

elsif ({new_walue_available =
data_ encode
state_encoding

elsif {({(state encoding =

and clk = '1') then
'0'") then

'1') an

data_encode{(30 downto 0) <=
data_encode(31) <=
position_count <=
elsif (position _count = 31) then
state_encoding <=
end if;
end if;
if (clk and clk = '1l'}) then

if {(reset i = '0') then
data_word <=
write_ data_ word <=

elsif {(data _encode(0) = '1l'}) the
data_word <=
write data word <=

else
write_ data_word <=
end if;

end if;

end process;

end behavioral:

aﬁd {state_encoding = '0'})) then

ew_wvalue;

LI

d (pésition_count /= 31)) then

data_encode(31 downto 1);
IOI.
position_count + 1;

counter
I 0 ] ;




begin

Erocess {clk, reset_ i)

egin

end process;

end behavioral:




begin

process (clk, reset i)
begin

if {(clk and clk = '1') then

if (reset i = '0') then
data_encode
position count
state_encoding

elsif ({new_wvalue_available = )
data_encode new_wvalue; | T
state_encoding S elsl

elsif ({state encoding = 'l') and (position count /= 31)) then : k
data_encode{(30 downto 0) data _encode({31l downto 1); INVOKES
data_encode(31) ot e e
position_count position count + 1; p”orwy

elsif (position_count 31) then o encoder->

state_encoding
ndniE more logic

others => '0');

= )~
o

aﬁd {state_encoding = '0'})) then

Sate

faasad

i

end if;

if {(clk and clk = '1l') then
if (reset i = '0') then

data_word <=

write data_ word <=

elsif {(data_encode(0) = '1') the
data_word <= p
o [

<=

-

ition_count;
write data_word -
else
write data_word
end if;
end if;

end process;

end behavioral:




beqin

state machine

process {(clk, reset i)

begin with case
if {-1lk and clk = '1l'} then
if {reset 1 = '0'} then Statement
data_encode <= {others =>» '0'};
position count <= i0;
state encoding <= '0':
else
case {(state encoding} is
when 'O =>
if {new walue awvailakle = '1'} then
data encode “= new value;
state encoding o 1 =

end if;
when '1' =>
if {position count /= 31} then
data encode{il downto 0} <= data encode{3]l downte 1)};
data encode{31} <= 'fQ'=
Po=iEion dellnb <= position count + 1:
elsif {position ccunt = 31} then
state encoding =
end if;
when others ==
data =ncode
position count
state encoding
end case;
end if;
end if;

fothers => '0'}:
S
‘l:ll;

(N

if {(-1lk and clk = '1l'} then
if {reset 1 = '0'} then
data_word
write data word
elsif {data encedes(0) = '1'} then
data word
write data word
else
write data word
end if;
end if;

-3
o

sition count;

ale)
i1
{

ot oad

end process;

end behavicral;




o Shift reqgister is a parallel load register




Position decoder — shift register

"00001000001000001100000000011010"

Baseline = 1847 7900480
Timed = 937 Bnz
|1 (000 1100ns 1200ns 1300ns 1400n: 1500n: 1600ns 1700ns |1 800ns

=¥ reget i

=¥ mew_value_available ’—|
-5 new_value 'L 00000000 00000000 |oaz» [ooooooog
T data " 00000000 Joszr Joarr Jozor Joror foosr fooar Joozr Jooir Jooor Jooor fooor Jooor Jooor Jooor fooor fooor fooor fooor fooor fooor fooor Jooor fooor fooor fooor fooor Jooor Jooor Joooooooo
|-+ data_word i I 1z Ja Jia s 21 Jlz7
- T=b wiite_data_word 1 1 [ ] [ ] [ ]
| state_encoding

1,000,000 2,000,000 3,000,000 4,000,000 5,000,000 6,000,000 7.012,437 5n: [l




Position decoder — shift register

= e | e = |- B | @

Bazelne = 1847.790948n=
ar-Bazeline = -910.290948ns

"' Cursar =

reset |
new_value_awvailable
hew_value

%: data_encode

[F=+ data_word

TW- pozition_count

=+ wiite_data_word

B state_encoding

Timed = 937.5ns

1000ns

@RE7) 7.012,437 Bnz + 0

1100n=

1200n=

aooooooo

|D52» | 00000000

aooooooo

(B

o041k

0z0r |0100

ook [o04r [oozr

0oLk fooor

11

[ERNE

|1

l2_ 3

2 s e

I

1,000,000




Position decoder — shift register

|Elaseline =184/7.730948ns

1800ns

ooor ook

ook

poor fooor fooor fooor fooor fooor foooooooo

l21 |27

f18 |13 |zo

j21

lzz 23 Jza 25 Jze |27 |28 |29 |30

4,000,000

S,000,000 G,000,000 T2, 437 5ns g

1 object zelected




Position decoder — shift register

0|0 0]0(0 ]| O

Shift register & counter (if then)

Result in an FPGA from 2002: (Altera EP20k200FC484-3)
81 out of 8320 logic elements

44 registers

11% (41/376) of pins
10.6 ns (94.5 MHz) position_count-> position_count

tco. 8.0ns: data_word _reg -> data_word
tsu: 7.0 ns: new_ value available -> data_encode




Position decoder — shift register

0|0 0]0(0 ]| O

Shift register & counter (case)

Result in an FPGA from 2002: (Altera EP20k200FC484-3)
50 out of 8320 logic elements (with case statement)

44 registers

11% (41/376) of pins

9.1 ns (109.9 MHz) position_count-> data_encode

tco. 7.0ns: data_word _reg -> data_word
tsu. 6.3 ns: new_ value available -> data_encode




Position decoder — shift register

e Task fulfilled?

— Few logic cells

— Timing constraints fulfilled
o User requirements fulfilled?

— Processing per 32 bit line takes:
e 32 bhits * 25 ns = 800 ns
Data comes each 100 ns -> 1 out of 2560 32 bit line
Decoding time for all lines is: 2560 * 800 ns => 2 ms
Within 2 ms => 20480 data lines arrive
— input FIFO would need to be at least 20k * 32 bit deep
During 2 ms no other trigger acquisition can take place
— dead time => max trigger rate: 488 Hz

e User requirements not fulfilled




Position decoder — priority encoder

31 . 11 10 8 7 6 5 4 3 2 1 0

How to decode the address:

this line has two hits
the state machine must send two hits into the dual port

memory




Position decoder — priority encoder

read \V4 FIFO
|
sel mux

O

\V4 register
0|0
control +

priority encoder

?

address decoder
111 (11| 1

wiiteEnable v dual port memory




Position decoder — priority encoder

——HA A A A A A A A A A A A A A A A A A A A A A A A A A A A A

——postionlecodertir:
— A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A

library icee;
use iece.std logic 1164.all;
use ieece.numeric_std.all;

entity positionlecoder is
port { clk ti std_logic;
reset 1 1 i std_logic;
new wvalue available =i std_logic;
new walue i std_logic_wector (31 downto 0};
data word c integer range 0 to 31;
write data word : std_logic);

end positionDecoder;
architecture FPriority of positionDecoder

component priocr3Z

port  inp :in std_logic_wvector (31 dowmto 0);
code rout std_logic_wector {4 downto 0));

end component;

component addresshecoder

port { inp :in std_logic_wvector {4 downto 0};
code :out std_logic_wector (31 downto 0));

end component;

signal data encode :std_logic_wector (31 downto 0);
signal state encoding :std_logic;

signal hit_address :std_logic_wector {4 downto 0U);
signal data encode actual :std_logic_wector (31 downto 0);
signal data esncode next :std_logic_wector {31 downto 0O);
signal data encode next is O :std_logic;

signal new walue is 0O :std_logic;




— — F T A e A s e A e e e e A e s e A A e A A A A A e A A e A A A A e A A A A e A A A e A A A A e A A A A A A A A

——hostiaonlecoderfri
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library icee;
use isee.std logic 1164.all;
use ieee.numeric std.all;

entity positionlDecoder is
port { clk :in std_logic;
reset 1 :in std_logic;
new walue awvailabkle :in std_logic;
new walue :in std_logic_wvector {31 dowmto () ;
data word :out integer range 0 to 31;
write data word :out std_logic);

end positionDecoder;

architecture Pricority of positiconDecoder

component prior3Z

port ( inp :in std_logic_wector (31 dowmto 0)

code :out std_logic_wector (4 downto 0})
end component;

component addressDecoder

port ({ inp :in std_logic_wector {4 downto 0};
code :out std_logic_wector {321 dowmto C));

end component;

signal data encode :std_logic_wvector (31 dowmto 0);
signal state encoding :std_logic;

signal hit address :std_logic_vwvector {4 downto 0);

signal data encode actual :std_logic_wvector {31 dowmto 0);
signal data encode next :std_logic_wvector (31 downto 0);
signal data encode nezxt is 0 :std_logic;

signal new walue is 0O :std_logic;




begin

process {(clk, reset i)

begin
if {1k and <l = '1'} then
if (reset 1 = '0') then
data _encode <= (others => '0'};
state encoding <= '0';
else case state encoding is
when '0' =>
if (new walue awvailakle = '1'} then
data encode <= new_wvalue;
state encoding <= not new wvalue is 0O;
else
state encoding <= '0';
end if;
- when '1' =>
if {data encode nezt is 0 = '0'} then
data encode <= data encode next;
state encoding <= '1';
0 elsif {data encode next is O = 'l'} then
data encode <= data encode next;
state encoding <= '0';
end if;
when others =>
data_ encods <= {others == '0'};
state encoding <= '0';
end case;
end if;
end if;

end process;

data_ encode next <= data encode and data encode actual;
write data word <= state_ encoding;
data word <= to _integer {unsigned{hit address));

a priocrii: prioriz
port map {data encode, hit address);

a_addressDecoder: addresslecoder
port map (hit address, data encods actual);




data encode <= data encode next;

state encoding <= '0';
end if;
when others =>
data_ encode <= {others => '0'};
state encoding <= '0';

end case;
end if;
end if;

end process;
data_encode nexzt <= data encode and data encode actual;

write data word <= state encodindg;
data word <= to _integer {unsigned{hit address));

a priorii: prioriz
port map {(data encode, hit address);

a_addresslecoder: addresslecoder
port map {hit address, data encode actual);

process (data encode next)
begin
if {data encode next = "OQCOOOOOQOQOQOOOO0COO000000000000000") then
data encode nexzt is O <= '1';
else
data encode nexzt is O <= '0';
end if;
end process;

process (new walue)
begin
if {new _walue = "00000000000000000000000000000000") then
new walue is 0 <= '1l';
else
new walue is 0 <= '0O';
end if;
end process;

end Pricrityvy;




library isee;
use isees.std logic 1164.all;

entity priocr3Z is

port ( inp tin std_logic_wector (31 dowmto O);
code tout std_logic_wector {4 downto 0});

end prior3Z;

architecture behavicrall of pricr32 is

— — 7 T o o b b e o e o b o b e e o o ok e E e o o o b o e o o o b b b o o o o o o o b A o o o o o e b e o o o o ]

. 2
——prieriz
— — A s A A A A b A A A A A A s A A A A e A A A A A A A o e o A A A A A b A A A A e A A A A A A o A o ]

begin
process (inp)

IIDOOC'D .
NooooL";
"oooL1o;
”00011 .
NOo100";
"Oo101";
”00110 .
o011l
NO1000";
Ilolocll .
o100
"o1011";
Iloj.il:lo .
"O1101";
IIDlilD .
"o1111;

L
L
LO0oo;
L

{inp({
{inpl
{inp(
{inp{
{inp(
{inp(
{inp{
{inp(
{inp(
{inpl
{inp(
{inp(
{inpl
{inp(
{inp({
{inpl
{inp(
{inp({
{inpl
{inp(
{inp{
{inp(
{inp(
{inp{
{inp(
{inp(
{inpl
{inp(
{inp(
{inpl
{inp(
{inp({

”100':'1 .
1o01ot;
"1o011t;
”101[:'0 .
10101
t1ol11at;
”10111 .
L1000
11001,
”11010 .
11011
11100,
II111|:|1 .
"11i1at;
Illlill .
11111

e e S e S e e e P S S

DD G ] O O e 0 B 00 A0 00 T T il B b T e et e et et e e e
e e e e e e e e e e e e e a a a

(Rl SRl Sl S T W O S S el el el el el el el el el e RN R Wi Wy YN I O ) e e

(R i I T

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

end process;

end behavioralQ;
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library icece;
use iesee.std _logic_1164.all;

entity addressDeccoder is

port  inp :in std_logic_wector (4 downto U);
code :out std_logic_wector {31 downte 0));

end addressDecoder;

architecture kehavicral of addressDecoder is
begin

process (inp}
beqgin
case {inp) is
when "00000"
when "00001"
when "00010"
when "00011"
when "00100"
when "00101"
when "00110"
when "00111"
when "01000"
when "01001" =»
when "01010" =»
when "01011" =»
when "01100" =»
when "01101" =»
when "01110" =»
when "01111" =»
when "10000" =»
when "10001" =»
when "10010" =»
when "10011" =»
when "10100" =»
when "10101" =»
when "10110" =»
when "10111" =»
when "11000" =»
when "11001" =»
when "11010" =»
when "11011" =»
when "11100" =»
when "11101" =»
when "11110" =»
when "11111" =»
when others =>
end case;

"1111311311313123123424212131313131314";
"11113113112131231211113112121313131061";
"111111311313131234242421321313131411";
"1111113112131231231111311313131363111";
"1111311311213123121111311312131061111";
"1111113113131313423421213213138631311";
"11111131121312312311111131310131311";
1 e B 5 0 B S
"1111311311213131311111131013131311";
"11111131131313123424242134313131311";
"11113113112131313111111101213131311";
1 I 3 e e s S
"11113113113131313111101311313131311";
1 I 0 3 e e B S
"111111311313131311011131313131311";
1 I 2 e e S
"1111113113131312162112112131313131311";
"111111311313131011111131313131311";
1 I 0 e S
"1111113113131011111131131313131311";
1 I 0 e B S
"1111111131011121111131131313131311";
1 1 T e e s S
"1111113110131313111131131313131311°";
1 0 e S
"11111101211313123111131131313131311";
1 0 e e S
1 S 5 e e s S
"111011112131313111131131313131311";
1 0 e S
"1011113112131313111131131313131311";
0 S
"1111113112131313121312131131313131311";

(R e R i e e S i S R R T

end process;

end behavioral;




Position decoder — priority encoder

Baseline = 1,212 500,000f:
Tirned, = 975,000.000f
|SED,DDD,DDDF5 |1 000,000,000 ‘1 [020,000.000¢s |1 140,000,000k |1 060,000,000Fs ‘1 [080,000.000fs |1 .100.000.000fs |1 120,000,000 ‘1 140,000.000¢s |1 J160.000.000fs |1 180,000,000 ‘1 .200,000.00%

I [— [— | [— [
new__value_available —,—|

newi_value annnook 00000000 loszocoLa Jnooooooo

. data_sncode oooooor 00000000 joszocola Jnazoc01s lnazocolo |nszocooo |pazos000 {nszanon0 |naoonong /nanoaona

+ data_encode_actual FFFFFF* | 7FFFFFFR |\ FFFFFFFD |FFFFFFF7 | FFFFFFEF |FFFFEFFF |FFFFIFFF |\ FFDFFFFF |F7FFEFFF | TEFFFFFF

T data_encode_next nogooor foooooooo fnszocoLs Joazocoio Jinazocooo losz0s000 foazooooo {is000000 Jfoooooaoo

- hit_addiess 1F 1F fo1 To3 Jioa foE JoF 15 Jir

data_word a1 a1 I £ Ja 14 s 21 JEn

data_encode_next_jiz_0 |

state_encoding |

wiite_data_word |

1,000,000 000,000 2 .000,000,000 000 |2.,000,000,000,000 3,784 .950,000,0001 3




Position decoder — priority encoder

‘ ﬂ"r
w

J Search Names:

Timed = 375,000.000f:
380,000, 000f: 1.000.000.000¢ 1.020.000,000¢ 1.040.000,000f 1.060.000,000F

reset_

new_value_available | |

riew_valle ooooook Manonoooo |o8z0Col | Dooooooo

. data_ercode ooooook Manonoooo |D8z0C01A | 08200018 |08z0c010

T data_encode_actual TFFFFF* | 7FFFFFFF | FFFFFFFD | FFFFFFF? | FFFFFFEF

T data_encode_nest ooooooe Jo0000000 |oszocols |oszocolo |Dezocooo

« hit_addrezs 1F }{III 3 }I{III 4

data_word 31 }{3 }{4

data_encode_next_iz_0

state_encoding

write_data_ward

1,000,000,000,000




Position decoder — priority encoder

) 3,794,950ns + 0

1,020,000, 000k 1.040,000,000F 1.060,000,000F 1.080,000,000¢ 1.100,000,000¢ 1.120,000,000f 1.140.000,000¢

| 00000000

|D8z0C01A | 08200018 |D8zocolo | 0820c000 | 08208000 | 08200000

| FFFFFFFD | FFFFFFF? | FFFFFFEF | FFFFEFFF | FFFF7FFF | FFDFFFFF

|oszocols |oszocolo |oazocooo |08zos000 |Dgzooooo | 8000000
|03 |04 | OE |oF |15
|3 |4 |14 |15 |21

1,000,000 ,000,000 2,000,000,000,000




1.060.000,000f

1.080.000,000¢F

1,100.000.000¢ 1,120.000.000¢

1,140.000.000¢

Position decoder — priority encoder

J ,’;T + Send Tor 48

1,160.000.000f

J Tirne: :-Tl &g

1,180.000.000¢

5975,000,000f: : 1.2 ] 'r:.ﬂ'\ 1- ; I:*I'

|Baseline = 1,212 ,500,000f

1.200,000,00¢

|szocooo

| 08208000

| 08200000

| 08000000

| 00000000

| FFFFEFFF

| FFFF7FFF

| FFDFFFFF

| FTFFFFFF

| TFFFFFFF

|oszos000

|08zooooo

| naoooooo

| Dooooooo

| oE

|oF

|15

| 1E

|1F

|14

|15

|21

|27

|31

2,000,000 ,000,000

2,000,000 000,000




Shift register & counter (case)
Result in an FPGA from 2002: (Altera EP20k200FC484-3)
50 with case out of B320 logic elements

- Position decoder — priority encoder

teo: 7.0ns: data word reg -> data_word
lsu: 6.3ns. new_value_available -> data_encode

Priority encoder
Result in an FPGA from 2002: (Altera EP20k200FC484-3)
172 (out of 8320) logic elements
33 registers
addressDecoder: 16
prior32: 54
11% (41/376) of pins

20.8 ns (48.0 MHz) data_encode -> state _encoding

tco: 17.1 ns:data_encode -> data_word
tsu: 14.9 ns:new_value -> state_encoding




Position decoder — priority encoder

o Task fulfilled?

— Many logic cells

— FPGA Timing constraints fulfilled
o User requirements fulfilled?

— Processing per 32 bit line takes:
* numbHits per line * 25 ns = ?
Data comes each 100 ns -> one out of 2560 32 bit line
Decoding time for all lines is: 2560 * ? ns => ? ms
Within ? ms => ? data lines arrive
— input FIFO would need to be at least ? * 32 bit deep
During ? ms no other trigger acquisition can take place
— dead time => max trigger rate: ? Hz

o User requirements fulfilled ?




Position decoder — priority encoder

Task fulfilled?

— Physics simulation:
* max 2% of all pixels will be hit in one acquisition

User requirements fulfilled?

— Processing per 32 bit line takes:
(numbHits per line) * 25 ns = (32 * 0.02) * 25 ns =<25ns
« Data comes each 100 ns -> one out of 2560 32 bit line

e One line with up to 4 hits can be decoded before the next line
arrives

Input FIFO of 1000 * 32 bits implemented to buffer statistical
fluctuations or calibration sequences

Dead time defined by transmission of data stream
— 2560 lines each 100 ns => 256 us => 3900 Hz
— dead time => max trigger rate: 3900 Hz

requirements fulfilled: yes




Position decoder — priority encoder

User requirements fulfilled: yes
Can we do better?
Can we do faster or with less logic?

Do we know something which the synthesizer
does not know?




library ieee;
use isce.std logic 1164.all;

entity prior32 is

port  inp :in std_logic_wvector (31 downto 0O);
code tout std_logic_wector {4 downto C)}};

end pricr3Z;

architecture behaviorall of prior32 is

— — T b b e b b o o o o e o o T o o o o o b o ok b e o o o o o o o o o o T o o o b o b b o o o o o o o o A o o

: =
——priaris
— — T e o e e e e e e e A e e e e e A e e A e e A e e e e e e e e A e e A e e A e o e e e e e e e e e A e e A A ol

begin
process {inp)

OO0 -
ooa0lt;
TOOO10" -
ooo1lt;
o000 -
o010l
o010 -
o011l
o a00n -
"oL1a0lt;
ool On -
tol1a1lt;
o100 -
01101t
o110 .
"o1111";
OO00n -

{inp(
{inp(
{inp(
{inp(
{inp(
{inp{
{(inp(
{inp{
{(inp(
{inp{
{(inp(
{inp{
{(inp(
{inp{
{(inp(
{inp{
{(inp(
{inp{
{(inp(
{inp{
{(inp(
{inp{
{(inp(
{inp{
{(inp(
{inp{
{inp(
{inp{
{inp(
{inp{
{(inp(
{inp{

"10001";
O010n -
"10011";
0100 -
"10101";
0110
"10111";
1 a00n -
"11001";
1a10n -
"11011";
1000
"11101";
111101
"11111";
111115

T e e e e e e e

b s b b b e R R R e P R R R P P R R - - - o o o oo o

LRV SR N SN N SN N SN N N N el el el el el el el el el e RN el R Wy ey BTSSRI L]
= Tl o =0 o O e D B T O ] o T e D [t T et St St St St St it St it

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

R T S S T i S i T S i

end process;

end behavioralO;




architectur =h all of prior3Z
signal ) std_logic_wector
signal : std_logic_wector
signal : std_logic_wector
signal : std_logic_wector
signal : std_logic_wector
signal ) : std_logic_wector
signal : std_logic_wector
signal : std_logic_wector
begin
process (inp)
begin
if then
then
then
then

{
elsif {
elsif {
elsif {
else

end if;

if {i
elsif {
elsif |
elsif {in
else

end if;

if {in
elsif {
elsif |

else

if then
then
then

then

elsif
elsif (inp
else

end if;

then
then
then
then

then
then
then
then

then
then
then
then

end process;




Position decoder — priority encoder

process (codel, codel, codeZ, coded, coded, codeb, codef, codel)

begin

if {(coded{Z2) = '0
code{d downto
code{]l downto

elsif{codel{2) =
code{d downto
code{]l downto

elsif{code2{2) =
code{d downto
code{]l downto

elsif{code3(2) =
code{d downto
code{]l downto

elsif {coded{2)
code{d downto
code{]l downto

elsif{code>{(2) =
code{d downto
code{]l downto

elsif{code&{2) =
code{d downto
code{]l downto

elsif{code7{2) =
code{d downto <= "111";
code{]l downto <= code?{]l downto

else code <= "11111";

end if;

end process;

then

'{= |||:||:||:|||;

<= codel{]l downto
then

{= “':”:lj_”;

<= codel{]l downto
then

'{= |||:|1|:|||;

<= codeZ{l downto
then

{= |||:|11||;

<= codeld{l downto
0'Y then

'{= ||1|:||:|||;

<= coded{]l downto
then

{= ||1|:|1||;

<= codeb{]l downto
then

'{= ||11|:|||;

<= codeb{]l downto
then
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Position decoder — priority encoder

« Knowledge of implementation in target
technology Is important

« Knowledge of what the synthesizer is
doing Is important




Clock domains —

multiple FPGA design




Clock distribution: multiple FPGASs
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Main board daughter board




Clock distribution: multiple FPGASs

Main board daughter board




Clock distribution

Main board daughter board




clock distribution/t., & t, /0-> 1

1:clockToOutput




Clock distribution

Main board daughter board




clock distribution/t., & t, /1-> 0

t

clockToOutput




Clock distribution

Main board daughter board




clock distribution/slow output 0->1

_ |

!
1

—_—

|

_

L

A

setup 1:hold

t t

clockToOutput




clock distribution/fast output 0->1




Clock distribution

Main board daughter board




clock distribution/fast output 1-> 0

)

setup 1:hold

t t

clockToOutput




clock distribution/slow output 1-> 0

t

clockToOutput




Constraints

o Fulfilling FPGA internal constraints is not
sufficient.

 Perform system simulations
e Logic can be too fast




Data selection & delay




Data selection and delay

collision
IS *

particle[|/

detector electronicsy

Event builder

data storage

100 Thyte/s

100 Gbyte/s

100 Mbyte/s




Data selection and delay

e Data (20 bits) every * 100 ns
e collision ->LO (1us)
e collision -> L2y or L2n (100 ps)




Data selection and delay

Data (20 bits) every * 100 ns
collision -> LO (1us)
collision -> L2y or L2n (100 us)

Options:

— Data pipeline with FIFO based on shift registers
@ 10 MHz
20 bits * 100 ps / 100 ns

20 bits * 1000
= 20 000 bits




Data selection and delay

e Data pipeline with FIFO with shift registers
@ 10 MHz
20 bits * 1000 = 20 000 bits

0

1

2

elefe
20 000 bits in logiclicells are used




Data selection and delay

 Data pipeline with FIFO based on dual port
RAM @ 10 MHz
20 bits * 1000 = 20 000 bits

. ! |

+fifo_depth — delay addr_in data_in

addr_out data_out

FPGAs have RAM cells in addition to logic blocks




Data selection and delay

Data pipeline with 2 FIFOs based on dual port RAM@ 10
MHz:

¢ | \

ldelay:9 V
dual port RAM
| |

? write_pointer ‘

counter |
| v

dual port RAM

counter _
| read_pointer




Data selection and delay

wend LD

architectur

|ypes mer_=rr N A ¥ = 2 sl e _we -{ri ; thorwnlo |
signal r

attribute

A h

~-1 dowmto

end 1if;
end procesa;

aend




Data selection and delay

% fastor_extractor.vhd - /Volumes/akluge /cadence/spd/spd_rxcard/link_rx_card_2004_pascal/verilog_files /V25 /verilog_altera/fasto

.Eile Edit Search Preferences Shell Macro  Windows Help

cefspdispd_r<card/link_r<_card_2004_pascaliverilog_files/v25/verilog_altera/fastor/fastor_extractorvhd 4060 bytes Li-— C—
A

library ic=s;
use iese.std logic 1164.all;,
use iese.numeric std.all;

entity fifo fastor is

generic {(fifo depth tinteger;
fifo ptr width :integer;

fifo width tinteger

);

port { reset 1 :in std_logic;
clk :in std_logic;
write tin std_logic;
read tin std_logic;
data _in :in std_logic_wector (fifo width-1 downto 0O);
data out tout std_logic_wector {fifo width-1 downto O} ;
delay :in unsigned {fifo ptr width-1 downto 0):
enable :in std_logic
);

end fifo fastor;

architecture behavicral of fifeoc fastor is

type mem array is array {inteqger range <>} of std_logic_wector{fifo width - 1 dowmto 0};
signal mem : mem arrav{( to {fifo depth-1} );-——- svanthesis syvn ramstyvie = "EBELOCE RAM"
attribute syn ramstvle : string;

attribute syn ramstvle of mem : signal is "BLOCE RAM";

signal read pointer :unsigned {(fifo ptr width-1 downto 0});
signal write pointer :tunsigned {(fifo ptr width-1 downto 0});

begin

process {(clk, reset_i)
beqgin




Data selection and delay

signal read pointer :uasigned {(fifo ptr width-1 downte 0);
signal wrize pointer :uasigned {(fifo ptr width-1 downte 0);

begin

process {clk, resel i)

begin

if {c1lk and <1k = '1'}) then
if {wri-e = '0'} then
mem{-o_ integer{write pointer)) <= {others =» '0'};
elsif (=nakle = '1'} then
mem{-o_ integer{write pointer)) <= data_in;
end if;
end if;

if {clk and olk = '1'} then
if {enable = '1'} then
data_out <= memlto integer{read pointer)});
end if;
end if;

if (-1l and ~lk = '1l'} then
if {reset i = '0'} then
write pointer <= {others => '0'};
elsif {write ='1l' and cnakle = '1'} then
write pointer <= write pointer + 1;
end if;
end if;

if {=1k and 2lk = '1'} then
il freseL i = '0'} Lhen
read pointer <= delav;
elsif {read ='1l' and enzshle = '1'} then
read pointer “= read pointer + 1;
end if;
end if;

end process;

end behavioral;

- |-




Data selection and delay

library ieee;
use isee.std logic 1164.all;
use iseee.numeric std.all;

entity fastor eztractor is

generic {(fifo depth Iinteger
fifo ptr width :inteqger
fifo_width :integer

port { reset i :in std_logic;
colk :in std_logic;
fastor :in std_logic_wvector (9 downto 0};
fastorl :in std_logic_wvector (2 downto 0};
10 :in std_logic :='0";
12v :in std_logic ::='0"';
12n :in std_logic :='0"';
delay 10 :in unsigned (3 dowmte 0} = "1111";
fastor delayed( :out std_logic_wector (2 downto 0};
fastor delayedl :out std_logic_wvector (9 downto 0};
enable :in std_logic

L
end fastor_ extractor;

architecture behavioral of fastor extractor is

component fifo fastor is

generic {(fifo depth tinteger;
fifo ptr width :integer;
fifo_width :integer

?
port { reset 1 :in std_logic;
clk :in std_logic;
write tin std_logic;
read :in std_logic;
data_in :in std_logic_wector (fifo width-1 dowmto O} ;
data_out tout std_logic_wector (fifo width-1 downto 0} ;
delay :in unsigned {(fifo ptr width-1 downteo 0} ;
enable tin std_logic
);

end component;

signal fastor :std_logic_wector {(fifo width-1 downto 0}
signal fastor 10 :std_logic_wector (fifo width-1 dowmto o)
signal fastor 12 :std_logic_wvector {(fifo width-1 downto 0}
signal 1lZvyn :std_logic;




Data selection and delay

begin

fastor {19 downto 10) fastorl;

fastor {9 downto 0O) fastorl;

12vn 12v or l1lZn;

fastor delavedl fastor 12{(1% downmto 10);
fastor delayed(d fastor 12(9 downto 0});

fifo fastor 10: fifo fastor generic map{fifc depth,fifoe ptr width,fifo width)
port map {reset i,
aolk => clk,
write == '1',
read == '1"',
data in => fastor,
data_ out == fastocr 10,
delay => delay 10,
enable => enable

);

fifo fastor 12: fifo fastor generic map(d,2, 20}
port map {reset i,
alk => clk,
write => 10,
read => 1Z2vn,
data in =» fastor 10,
data out =» fastor 12,
delay => {(others => '0'},
enable => enable
¥;

end behaviocral;




Data selection and delay

EBaseline = 384,525ns

Times, = 364,925ns
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Data selection and delay

Bazelne = 384 520ns

Curzor-Bazeline = -13.600nz

Timed, = 364,325ns3
Mame = 265,000 266, 000N 367 .000ns 368,000ns 263,000z 270,000ns

clk,

enable

. Fastor ook }'C:{nnnnn

I |_|

[0

"W read pointer

@ wite_pointer

“m- faztor [0

@ ke _pointer

[ read poinber

. faztor [2




Data selection and delay

Baseline = 367.150n:
Timed = 365,212 5ns
£5,200ns |385,300ns ‘385,40%3 |385,500ns |385,BDDns |385,?DDns |385,800ns |385,900ns |388,DDDns |388,1 (s |EBB,2DDns |388,300ns |385,4DDns |388,500ns |388,BDDns |EBB,?DDns |388,800ns |385,900ns |38?,DDDns |38?,1 4

clk

enable [ 1 [ [ 1 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1 [ ] [ 1 [ 1 [ 1 [ 1 [ [ ]

- fastor [55555 Jooooo

i}

[2pn

+ read_painter ){4

+ wiite_pointer ){3

. fastor_I0 Jloooao

« wiite_pointer }{l

- read_painter

+ fastar_|2




Data selection and delay

Bazelne = 367.150ns

Cursar-Bazeline = -1337.5ns

Times, = 565,212 5nz
Mame 265,300ns 265,400ns 265,500ns 265,600ns 265, 700ns

uduududoudutiyud oy

n0o0a | 55555 | ooooo

"W read pointer

e wiike_pointer

@ fastor [0

"R write_poinker

“me read pointer

“m- fastor [2




Data selection and delay

Baszeline = 367.150n=

A66.400ns 66 500Nz 366 600Nz 366, 700Nz 366.800ns 66, 900Nz 367 000Nz J67. 1

HudududoduduyyL




=¥l enable

T fastor

1 [0

et [2yn

- read_pointer

iite_pointer

- fagtor_I0

- wiite_pointer
5 ead_painter

- fagtor_|2

Data selection and delay

EBaseline = 384,500ns
Timed = 366, 775ns
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Mame *

Data selection and delay

Bazeline = 3

Curzor-Bazeline = -17.728ns

- fastor

0

[

“m- read_pointer

- write_pointer

“m. faztor |0

"I wirike_pointer

“m. read_pointer

. fastor_ |2

384 500Nz

Times, = 5366, 775Nz
A6, 000ns

368, 000ns

263,000ns

370,000ns

371.000ns

00F | 55555




Data selection and delay

372 000ns 373,000ns 274, 000ns 379,000z 276, 000ns 377 000ns
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Data selection and delay

379,000z 276, 000ns 377 000ns 278, 000ns 379,000ns 280, 000 2a81.000ns
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Data selection and delay

|Blageline = 384 B00ns

378,000ns 379.000m= 380,000Rs 387 ,000ns 382,000ns |383,DDDH3 a4 00

| |
UL
UL




System level
simulation
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« 60 ASICs: simplified behavioral
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5 FPGA: full behavioral
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Conclusion

« What happens if we have speed problems:

— Often because of inadequate logic
architecture/coding style

evaluate logic architecture

rewrite HDL code to adapt structure to better data
throughput

Insert pipeline structure - often one clock cycle
more latency does not matter

Understand the specifications

look for systematics which can help to simplify logic
adapt architecture and schematics/code

only then optimize placing & routing



Conclusion

 What happens if we have speed problems:
— Often because of components too small and
routing congestion
e timing constraints
e Routing constraint - placement constraint
« Use bigger/faster component




Conclusion

FPGA application at CERN

— data selection/trigger (muon track finder

trigger)
— data processing (pixel detector)

Design cycle

Defining Specifications
Clock domains

Data delay




