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Clock domains —

multiple FPGA design




Clock distribution: multiple FPGASs

Main board daughter board




Clock distribution

Main board daughter board




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

1:clockToOutput




Clock distribution

Main board daughter board




clock distribution/t_ , & t, /board 1-> 0

1:clockToOutput




Clock distribution

Main board daughter board




clock distribution/slow output board 0->1

A

1:clockToOutput 1:setup 1:hold




clock distribution/fast output board 0->1

1]
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1:clockToOutput




Clock distribution

Main board daughter board




clock distribution/fast output board 1-> 0

A

1:clockToOutput 1:setup 1:hold




clock distribution/slow output board 1-> 0

1:clockToOutput




Constraints

o Fulfilling FPGA internal constraints is not
sufficient.

 Perform system simulations
 Logic can be too fast




Data selection & delay




Data selection and delay

collision
ISI *

particl%

detector electronicsy

Event builder

data storage

100 Thyte/s

100 Gbyte/s

100 Mbyte/s




Data selection and delay

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




Data selection and delay

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

Options:
— Data pipeline until L2 with FIFO based on shift
registers @ 10 MHz
20 bits * 100 us / 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 logiclcells 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 bijs

|de|ay =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_extractor.vhd -~ fVelumes/akluge cadence/sad/spd_rxeard/link_rx_card_20C4_pascal/verilog_files/V25 jverilog_altera/fastol
Flz Zdit Scarch Zrefeonccs S7cl Matre  Windows dzlo
Acelspd’spd_rcarclink_r<_card_2004_pascalverilog_fi es™ Eaiverlog_altzraifastor’“astor_sytractory-d 4067 bvtes Lo 2

. _ logle 1264 all;,
use iese.nureric ztd. all;

entity fitoe festcor is

generic {f-fo_depth Dinteger;
f_fo_2tr width tinteger;
f-fo_w_cth rinteger

:

port { zeset i in std_logic;
alz std_legic;
write std_logic;
~aad std_logie;
decza in =td_logic_wectcocr {Zitfc widta-1 dowmte 0});
de_d_ou_ oul sbd_logic_weclor {Lifu_wid h-1 downlo 0};
delay in unsiznsed {(Zife_ptr widzh-1 dewmto 0};
enakle :in std_legic

b
end fife facteor;

architecture kshavicrsl of fife faster is

type mem_array 1s array {(integer range <>} of std_logle_weetor{Zifo_widtk - - dewmto
signal mem z omen_Aavray [0 Lo (T To_iep h=1) };-—— spnidesds spn ramsiyTe — YRELOKCE RAAY
attribute syn ramsty_e : string;

attribute svn_ransty e of mem : sigmnal is "DBLOCE_EBRM";

signal read_peointer :uns-gnec {fife_ctr_width 1 downte
sigrnal weile_po orler zons goe:sd (0 To_sbr_widl =1 downlo

begin

precass {z’ k., reset_-}
begin

il {olk and ¢lk = '_'} Lhen
if {(writz = C'] then
remf{ts_integer{wzite_peintaxr}) «m [others m»
elglf (=rakle = '_'} then
remf{ts intocger{write pointor)) <= dc-a ing
end il;
and if;

if {eclk and olk = '2') then
it {enable = '1'} then
SAlA_ul <= m=nd o_in ecer{read_pointeach];
aend if;

end if;

and clk = 'Z'} then
i="'0"1 1the
wrizZe pointer <= {otheors => '0'};
elsif {wzize ='l and ena:zle = 1') then
wriZe_pointer <= writs_poeinter + 1;
end if;
end 1f;
il {olk and ¢lk = '_'} Lhen
if {reset_i = '0'} thaen
recsd_pointex L lev;
elgif (rezd ='1' and enakle = '_'}) then
recd pointexs Z= rcad poincer 4+ L
end il;
and if;

end process;

end hetavioral;
-




-
» fastor_extractorvhd - /Nolumes/aklugefcacence/spd) spd_rxcard/link_rx_card_200£¢_pascal/verilog_files /v25/varilog_altera fasto

[ilz Ccit Seawch [efererces Shel Wacro Wndows [E
werfsppedesped_rseArcdflink _rse_carc_ 2004 ascelheerilongfilestd 2 A0 e slera dsion Tasho _ex ractore e 060 byles Zi-— ©-—
lTibrary isae; -
use leee.:=td logle Z1€<, all;.
use icee.umn=ric sLd.all;
entity fife fastor is
genaric {(fifs deoth tintager;
tita ptr w-_dth -integer;
fifn_w-drh tinteager
),
poert { -==et i :in std logic;
=1k zin std_leogic;
writao zin std_legic;
Tzad =in std_logic;
data_ir =in std_laoqgic_vwvertor {(f-fo widrh-1 dowmta 0);
data out out std_loglic_wector (Zifc _wilicdth-1 downto 0);
d=lay din wrsigred {_Cfo por widlh-1 downbte O);
ennakl= :in std logic
’
cnd fife fascteor;
architectrnre behavioral of fife fastor is
Lype men dr-dy is darray {inleger range <>} of sbd logic vecLor{LiZo widll. - 1 downlbo O} ;
signal m=snr : men array{0 teo [fifoc cepzh 1} }; SvnEaes: s svn remstyile = "BIOSK nAMY
attrikbute ocvn ramotvle : string;
attribute svn ramstvle of mem = signal is "ELolk Ram'.
signal z=zad_pcin-er :sunsicned {(fifo_otr widta-1 downto 0);
signal wrilke po_aler sunsicned {Cifo obr widlih—1 downlo O);
begin &
procese {clk, reset i)
hegin
E Lo R ey B e B Dok oS B S e | Il B




signal z=zad_pcinzer :unsicned {(fifo_otr_widta-1 downto 0);
sigonal wrile po_aber sunsicnoed {Cilfeo obr widliha—1 downlo O);

begin
procese {clk, reset i)
hedqgin
il {clk apd ¢+ = '1l') Lhen
if {write = 0'} then
menf{to intogoer{wr_—c poirter})) <= {others == '0'};
alsif {aenakle = 1'} then
menf{to integer{wr_-e poirter)] <= data ir;
and if;
end if;
if {1k and 2 = '1l') then
if {znaklz = '1') then
data out = memi-o —antegar{resac pointasr}));
end if;
end if;
il {clk apd ¢+ = '1l") Lhen
if {z=z=zet 1 = '0 } then
write poincor <= {cthcors == 0'};
algif |{write ='_"'" and enazle = '_'} than
write pTcinTer <= write pointer 4+ 1;
and if;
end if;
if {1k and 2 = '1l') then
if (rezet i = '0 )} then
reac pointar <= delavy;
elsif (rzad =']1l and erakle = 'l ) then
reac _pointaT <= read po-ater + 1
end 1fF;
and il;

end process;

end behaviozal;

|

|-




library isee;
use ieee.std logic_1164.all;
use isces.numeric std.all;

entity fastor eztractor is

generic {(fifo_ depth tinteger := 16;
fifo ptr width :integer := 4;
fifo width tinteqger = 20
);
port { reset i :in std_logic;
cllk :in std_logic;
fastor0 :in std_logic_wector (2 dowmto U);
fastorl :in std_logic_wector (9 downmto 0};
10 :in std_logic :='0';
12v :in std_logic :='0';
12n :in std_logic ::='0';
delay 10 :in unsigned {3 dowmto C) := "1111";

fastor delayedld :out std_logic_wector (% dowmto U});
fastor_delayedl :out std_logic_wector (% dowmto U);
enable :in std_logic

Y3

end fastor extractor;
architecture behavioral of fastor extractor is

component fifc fastor is

generic {(fifo depth tinteger;
fifo ptr width :-inteqer;
fifo _width tinteger
);
port { reset i :in std_logic;
clk :in std_logic;
write :in std_logic;
read :in std_logic;
data_in :in std_logic_wector (fifo width-1 dowmto 0U);
data out :out std_logic_wector {(fifo width-1 dowmto 0});
delay :in unsigned {fifo ptr width-1 dowmto 0O});
enable :in std_logic

);

end component;

signal fastor :std_logic_wector {(fifo width-1 dowmto 0);
signal fastor_ 10 :std_logic_wvector {(fifo _width-1 dowmto 0);
signal fastor 12 :std_logic_wvector (fifo width-1 downmto 0);
signal 1Z2vn :std_logic;




Data selection and delay

begin

fastor {19 downto 10) <= fastorl;

fastor {9 downto 0O) <= fastor(;

1l2vn <= 1Z2v or 12n;

fastor delavyedl <= fastor 12{(1%9 dowmto 10};

fastor delavyedO <= fastor 12{(Y% dowmto 0);

fifo fastor 10: fifo fastor generic map{fifoc depth,fifo ptr width,fifo width})

port map {(reset i,

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

fifo fastor 12: fifo fastor generic map{d,Z,20)

port map {(reset i,

alk => clk,
write == 10,
read =» livn,

data in =» fastor 10,

data out =» fastor 12,

delay =» (others => '0'},
enable =>» enable

¥;

end behavioral;
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Data selection and delay
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Data selection and delay

Bazeline = 584,525ns

Cursor-Bazelne = -19,600nz

Times, = 564,325ns
Mame 265, 000ns 266, 000ns 267 000ns 268,000 263.000ns 27 0.000ns

clk

enable

T Fastor ook }'C:{nnnnn

I

[0

T read_pointer HHHHHIHHHHHHHHHHHHHH!HHHHH!HHH!H'
UL

W ke pointer

- fasztor_ 0 aooon

W ke pointer

@ read_pointer

“m. faztor [2




Mame
enable
- fastor
i}
[2pn
- read_painter
- wiite_pointer
+ fastar_I0
+ wirite_pointer

+ read_painter

+ fastar_|2

Data selection and delay

Baseline = 367,150ns
Timed = 365,212 8n
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Data selection and delay

Eazeline = 567.150ns

Curzor-Bazeline = -1937.5ns

Timed = 365,212 .5ns
50, 200ns 265, 300ns a65,400ns 265,500ns 265,600ns a6, 700ns

uduududoudutiyud oy

enable

. fastar 0o00a ]{55555 ]{nnnnn

|0

BTy

@ read_pointer

e wiike_pointer

"W faztor [0

"W ke poinker

“me read_pointer

“m- fastor [2




Data selection and delay

|Bazeline = 367.150ns

66,400z A66. 500Nz 366 600Nz 66, 700Nz 66, 300Nz 366, 900Nz 367 000Nz J67. 1
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Data selection and delay

Baseline = 384,500ns

Timed, = 366,775ns
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Data selection and delay

Bazeline = 384 B00ns:

Curzor-Bazelne = -17.725ns

Times, = 5366, 775Nz
Mame A6, 000ns 368, 000ns 363,000ns 370,000z 271.000ns

- fastor

0

Ty

“m- read_pointer

- write_pointer

“m. faztor |0

"I wirike_pointer

“m. read_pointer

“m- fastor_|2 ook }{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
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System level simulation




System level
simulation

E-EA-U[JEBB-‘I?
ROUTER_SPD
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« 60 ASICs: simplified behavioral
e 40 ASICs: full behavioral

5 FPGA: full behavioral

7/ SRAMs: 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?

o 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






