The Abdus Salam
International Centre for Theoretical Physics

THO

2177-21

ICTP Latin-American Basic Course on FPGA Design for Scientific
Instrumentation

15 - 31 March 2010

Clock domains — multiple FPGA design

KLUGE Alexander

CERN
Geneva
Switzerland

Strada Costiera ||, 34151 Trieste, Italy - Tel.+39 040 2240 || 1; Fax +39 040 224 163 - sci_info@ictp.it



Clock domains —

multiple FPGA design




Clock distribution: multiple FPGASs
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Clock distribution: multiple FPGASs

Main board daughter board




Clock distribution

Main board daughter board




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

Main board daughter board




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

Main board daughter board




clock distribution/slow output board 0->1
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clock distribution/fast output board 0->1
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Clock distribution

Main board daughter board




clock distribution/fast output board 1->0
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setup 1:hold
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clock distribution/slow output board 1-> 0
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Constraints

o Fulfilling FPGA internal constraints is not
sufficient.

 Perform system simulations
 Logic can be too fast




Data selection & delay




Data selection and delay
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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 until L2 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:

20 bits * 10 + 20 bits * 8 = 360 bits

‘delay =9 addr _in data_in

addr_out data_out

write _pointer

addr_in write_enable data in

addr out read enable data out

read_pointer




Data selection and delay

x| fastor_extractor.vhd - /Volumes/aklsge 'cadence/spd/sod_rxcard/link_rx_carc_2004 pascal/verilog_files [V25 'verilog_altera /ffaste
Fle Zdil Search Sre’arznues Shel Maco Windows Hele
“eespdispd_reardl nk_ri_card_2204_pascaliver og e 2Sivonicg_altera fastorfastor_cxoractzryhd 4060 bytcs L Ci—
library iczec;

use iece.std logic
uEe isca.numeric =

entity fifo fastor is
generic {(t-fe zepth

reget 1 in std_loqic;

ok shd_Tuwgic

write in std_logie;

cead cin std_leogic;

data_in tin std_logic_wvector (Zifo_widtk-1 dewnto O]
data_out tout std_logic wector (fifc_width 1 downte U);
delay & un= coed {P0To_ple_wid Ii=1 downlo 0);
cnable zin std_logic

and f;fo;fastor;

architecture hehevicrzzl of fofo facstor is

Lype pem s1ray is acray {(inleger range <) ol sbd_logic_wecLor{lifo_wiilh - 1 downlo C};
sigmal mem @ men_array{0 te (fifo cepth-1) };-- syntdesis syn ramsiyie = "BLOCH A4
attribute syn ramstyle @ string;

attribute ovn ramstyle of meon @ signal is "ELOCE EMAMY;

gignal read peintsr :unsignez (tofe ptr widbta-1 dowmte 0};
sigmal write poinzer zunsignes (f-fo_ptr_widts-1 downto Z

begin

rocoss (o |z, resot i}
egin

if

k end c¢lk = '1'} then
{write = ') then
wemf{te irtoegerfwrite cointar)) <= (othcrs =>»
elsil {enable = '1') Lhen
wem{te_irteger(write seintar)) = data_in;
end if;
end 1f;

iz
1f

ir (o k amed 1k = '1') Lhen
if {(enable = '1'} then
Cata_out <= neml{to_integer{zead pointer));

and ollt = '1l'} then
{zeset_i = '0') then
write pointer ¢= (others =» '0'};
elaif {write m'l' and enatzle = '1'} then
write_polntar <= writa_poirter + 1;
end if;

end if;

if {z2lk end clk = '1'} then
1f (reset 41 = '0') then
read peintcr 2= delay;
alwil {read ='"1" amd enable = '1'Y Lhen
road_peoitter «= read_pointer 4+ L;
end if;
end 1f;

end process;

end belavioral;
- -




Data selection and delay

| fastor_extractor.whd - [Volumes/akluge /cadence /spd/spd_rxcard/link_rx_card 2004 pascal/verilog_files/V25/verilog_altera/fastol
File Edit Search Preferences Shell Macro ‘Windows Help

1cefspdispd_rccard/link_r«_card_2004_pascaliverilog_files/25¢verilog_altera/fastor/fastor_extractorvhd 4060 bytes Ll — O —
A

library isee;
use izse.ztd logice 1164.al1l:,
use iese.numeric std.all;

entity fifo fastor is
generic {fifoc depth :integer;
fifeo ptr width :integer;
fifo_width :integer
=

port { reset i tin std_logic;
olk :in std_logic;
write :in std_logic;
read tin std_logic;:
data in :in std_logic_wector {(fifo width-1 downmto 0};
data out tout std_logic_wector {(fifo width-1 downto O);
delay :in unsigned (fifo ptr width-1 downto 0};
?nable tin std_logic
L]

end fifo fastor;

architecture behavioral of fifo fastor is

type mem arrayv is array {(integer range <>) of std_logic _wvector{fifo width - 1 dowmto 0};
signal mem : mem arrav{l to {(fifo depth-1) };—- svnthesis svn ramstyvie = "BLOCE RANY
attribute syn ramstyle : string:

attribute svn ramstvle of mem : signal is "BLOCE EAM";

signal read pointer :unsigned {(fifo ptr width-1 dowmto O} ;
signal write pointer :unsigned {fifo ptr width-1 dowmto 0};

begin

process f{cllk, reset i)
begin




Data selection and delay

begin

process {clk, resst i)
begin

if {1k and «lk = '1'} then
if {(write = 'C'} then
mem{tc integer{write pointer)) <= {others => '0'};
elsif {snakle = '1'}) then
mem{tc integer{write pointer)) <= data_in;
end if;
end if;

if (-1k and 1k = '1l'} then
if {(enakle = '1'} then
data_ out <= mem{to integer{read pointer)};
end if;
end if;

if (-1k and 1k = '1l'} then
if {reset i = '0'} then
write pointer <= {others =» '0'};
elsif {write ='1l' and enakle = '1'} then
write pointer <= write pointer + 1;
end if;
end if;

if (-1k and 1k = '1l'} then
if {reset i = '0'}) then
read pointer <= delav;
elsif {read ='1' and enable = '1'} then
read pointer <= read pointer + 1;
end if;
end if;

end process;

end behawvioral;

=




library icce;
use ieece.std logic 1164.all;
use ieeec.numeric std.all;

entity fastor eztractor is

generic {(fifo depth tinteger = 1
fifo ptr width :integer := 4
fifo width tinteger = 2

¥;

port { reset i :in std_logic;
olk :in std_logic;
fastori :in std_logic_wector {9 downtoe 0);
fastorl :in std_logic_wector (9 downto 0);
10 :in std_logic :='0"';
12v :in std_logic
lzn :in std_logic ::='0"';
delay 10 :in unsigned {3 downteo 0} := "1111";
fastor_delayvedl :out std_logic_wvector (9 downto 0);
fastor delayedl :out std_logic_wector (Y9 dowmto 0U);
enable :in std_logic
);

end fastor extractor;

architecture behavicral of fastor extractor is

component fifo fastor is
generic (fifo_depth tinteger;
fifo ptr width :inteqer;
fifo width tinteger
);
port { reset i :in std_logic;
olk :in std_logic;
write :in std_logic;
read :in std_logic;
data_in :in std_logic_wector (fifo width-1 dowmto O);
data out tout std_logic_wvector {(fifo width-1 dowmto ©);
delay :in unsigned (fifo ptr width-1 dowmto 0U);
anable :in std_logic
);

end component;

signal fastor :std_logic_wvector {(fifo width-1 dowmte 0);
signal fasteor 10 :std_logic_wvector {fifo width-1 downte 0});
signal fastor_ 12 :std_logic_wvector (fifo_width-1 dowmto ©O);
signal 1l2Zvyn :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;
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Data selection and delay

Easeline = 384.526ns
Times, = 364 926ns
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Data selection and delay

Bazeline = 384.520ng

Curzor-Bazeline = -13,600ns

Timed = 364,925ns
Mame * a65,000ns 366, 000Ns 367, 000ns 3ka. 000ns 363.000ns 270,000ns
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Data selection and delay

Baseline = 367.150ns
Timed = 365,212 85ns
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Data selection and delay

Bazelne = 367 .150ns

Curzor-Bazelne = -1937.5nz

Timed = 365,212 9ns
MName = 20, 200k 265, 300ns 265,400ns 265, 500ns 365, 600ns 365, 700ns
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Data selection and delay

Baseling = 367.150ns
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Data selection and delay

Baseline = 384 500ns
Timed, = 36E,775ns
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Data selection and delay

Bazelne = 384 500ns

Curzor-Bazeline = -17.725n=

Timed = 366, 775Nz
Marme * 267.000ns 368.000ns 263.000ns 270.000ns 371,000ns
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Data selection and delay

13 37 2,000ns 37 3.000ns 274.000ns 375,000ns 276, 000ns 377, 000ns 278,00
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Data selection and delay

375,000ns 376,000ns 377 000ns 378,000 379,000k 280,000k 281,000k

|

|




Data selection and delay

Bazeline = 384, 500n:
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System level simulation
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System level
simulation

60 ASICs: simplified behavioral
40 ASICs: full behavioral

5 FPGA: full behavioral

7/ SRAMSs: full behavioral

4 PCBs




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




What happens if we have speed problems?

« Often because of components too small and
routing congestion

— timing constraints
— 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




Additional slides

 Alexander.kluge@cern.ch

 http://akluge.web.cern.ch/akluge




