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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

%! fastor_extractorvhd - ,\.f-alJmes,';.le,ga..'cade'1cs,.sp:h'spd__r_xcard.'i|'1I-<_r>:_<ard__2004_pa;_al-’«an!cg_ﬁle;;\al 5/wverilog_altera/fasto
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library icco;

use izee.std 1 ¢ 2164, all;.
uge iszes.nimer-:c_s=d.all;

entity fif- fastor is

gencrie {tfitfc dopta tinteoger;
FiTo_pl -~ w ¢lh
fifo widta

rort { r=s=t 1 :in std_logic;
(i slal_Temgic;
write etd_logic;
Teas std_logic;
dats_in std_logic_wector (fifo_width-1 desmto O);
dats_cut ut std_ logie wvector (fife width 1 dowmto U]
el my i onnsigned [Pif:_p o widll =1 downlo 0] ;
cnazle :in std_logic

end fifo:fsstor;

architecture bekavioral of fiZc faostor is
Lype ptem_dar-ey is avray (iuleger range <) ol sitd_lugic_wevlor[lifc widll - 1 downle 0);

signal mem : men_arzey({l te {Zife_desth-1} }i-- svathesis sypn ramstyvis = BIOCK RANY
attribute syn_TamsTvle : string;
attribute cvn romszvle of mex @ signal is "ELOCE RAM";

signal rsaz_porter unsigned (tfife ptr wocth-2 dewmte I}
signal write ceinter :unsignzd {fifo pt= w-:th-2 dewmto I}

hegin

rocess {ollt, Tosez i)
egin

it {clk and =k = 1'] then
if [write = '0'}) then
memite intoegor{writc poon-or)) <= {others => '0'};
elsil {=zneblz = 1') Lhen
memi{te_integasr{write_ psonzer)) <= data_in;
end if;
end if;

il {1k and vk = 1'1 Lhen
if {enazle = '1'} then
deza_vuz <= reaf{t:_istzger{read poirter));
end if;
end ift;

= 1'] then
then
n <= (others =»> '0']
elsit {write ='""' and ensklz = 'l'} then
writs_pn - rter <= wrl=e_poinrer — 1;
cnd if;
end if;

z

if {<lk and ¢’k = 1'1 then
1f (res=zt_1 = '0 } then
rcad pointer == zolavs
alsil {«ad ='1 and cnai:"e = '1') 1hean
@ad_pointer <= rezd_peinter + 1;
end if;
end if;

et process;

end bzhevizzel;

=] =




Data selection and delay
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library iczees;
use iece.std logic 1164.all;,
use liece.numeric std.all;

entity fifo fastor is

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

fifo width tinteger

);

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

end fifo fastor;

architecture behavioral of fifo fastor is

type mem array is array {(integer range <>} of std_logic_wvector{fifo width - 1 downto 0};
signal mem : mem array{0 to {(fifo depth-1) };-——- syvnthesis sy ramstyvie = "BLOCE RANY
attribute syvn ramstvle : string;

attribute zyn ramstyle of mem : signal is "ELOCE EDM";

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

begin

process {clk, reset i)
begin




Data selection and delay

begin

process (clk, reset 1)
begin

if {colk and <«lk = '1'} then
if {write = '0'} then
mem{te integerf{write pointer)) <= (others == '0'});
elsif {enakle = '1l'} then
mem{to integerf{write pointer)) <= data_in;
end if;
end if;

if {clk and <clk = '1l'} then
if {(enable = '1'} then
data out <= mem{to integer{read pointer));
end if;
end if;

if {(~lk and 21k = '1') then
if {reset 1 = '0'} then
Wwrite pointer <= f{others => '0']};
elsif {write ='1' and enable = '"1'} then
write pointer <= write pointer + 1;
end if;
end if;

if {1k and <«lk = '1'} then
if (reset i = '0') then
read pointer = d=lay:
elsif {read ='1l' and =nakle = '1'} then
read pointer <= read pointer + 1;
end if;
end if;

end process,

end behavioral;

i




Data selection an

library icee;
use isee.std logic 1164.all;
use isee.numeric std.all;

entity fastor extractor is

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

port { reset i tin std_logic;

olk :in std_logic;
fastord :in std_logic_wvector (2 downto 0};
fastorl tin std_logic_wvector {9 dowmto 0O);
10 tin std_logic :='0';

tin std_logic ::='0';

tin std_logic :='0"';

tin unsigned (3 downto 0} := "1111";
fastor delayedl :out std_logic_wvector (2 dowmteo 0);
fastor delavyedl :out std_logic_wvector (2 downto 0};
enable :in std_logic
);

end fastor extractor;
architecture behavioral of fastor extractor is

component fifo fastor is
generic {(fifoc depth tinteger;
fifo _ptr width :integer;
fifo _width tinteger
);
port { reset i tin std_logic;
clk tin std_logic;
write tin std_logic;
read :in std_logic;
data in :in std_logic_wector {(fifoc width-1 dowmto 0};
data_ out :out std_logic_wvector {(fifo width-1 downto 0} ;
delay tin unsigned {(fifo ptr width-1 dowmto 0} ;
enable tin std_logic

L
end component;

signal fastor sstd_logic_wector (fife width-1 dowmto 0};
signal fastor 10 :std_logic_wector {(fifc width-1 dowmto 0};
signal fastor 12 :std_logic_wvector {fifo width-1 downto 0};
signal 1Z2vn :std_logic;




Data selection and delay

begin

fastor (19 downto 10) <= fastorl;

fastor (9 downto 0) <= fastorl;

12vn <= lZv or lZn;

fastor delavedl <= fastor 12{(1% downto 10} ;

fastor delayedd <= fastcocr 12{%Y downto 0};

fifo fastor 10: fifo fastor generic map{(fifc depth,fifco ptr width,fifo width)

port map {reset i,

clk == clk,
write == '1',
read == '1"',
data in =» fastor,
data out == fastor 10,
delav => delay 10,
ehable => enable
);

fifo fastor 12: fifo fastor generic map(4, 2,20}

port map {reset i,

clk == clk,
write == 10,
read => lZvn,

data _in =¥ fastor 10,
data out == fastor 12,

delavw => {others => '0'}),
enable => chable
¥;

end behavioral;




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
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Data selection and delay

Baseline = 367.150n:
Timed = 365,212 5ns
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Data selection and delay

Eazeline = 567.150ns

Cursar-Bazeline = -1337.5ns

Timed, = 365,212 5ns
Mame = 27, 265, 300ns 265, 400ns 2EB5,500ns 2EB5,E00Ns 65, 700ns
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Data selection and delay

Baszeline = 367.150n=
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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
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Data selection and delay

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




System level
simulation
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60 ASICs: simplified behavioral
40 ASICs: full behavioral

5 FPGA: full behavioral

7/ SRAMSs: full behavioral
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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




