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Starting to make an

FPGA project




FPGA specifications

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

Systems / Requirements define detailed implementation
schemel/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
25Nns.”

« What you might understand is:
“The calculation needs to be finished within 25 ns”




/Yo le[=]

« Example:
—add 16 16-bit values In 25 ns

data0 datal data? data3 data4 data5 data6 data7
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data_int
asdound) ||| | | |

adder

|
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
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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
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signal sum_ int :integer range




process (clk)
beqgin
if {1k and -lk = '1'} then
if {reset i = '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
datalZ int
datal3 int
datald int
datalb int
else
datal int
datal int
dataZ int
data3 int
datad int
datab int
datab_int
data? int
datal int
data¥ int
datall int
datall int
datal? int
datal3 int
datald int
datalb int
end if;
end if;
end process;

e e e e o e e e e e e e e e e

datal;
datal;
dataZ;
datad;
datad;
datab;
datab;
data’;
dataf;
datad;
datali;
datall;
datal;
datal3;
datald;
datalb;

(I Tt I R o R R




and clk = '1l'}) then
if (reset i = '0') then
sum_int <= ;
else
sum_int <= datal int
datal int
dataZ int
datald _int
datad int
datab int
dataf int
data? int
datat 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;




/Yo le[=]

533 logic elements, 6%
278 pins, 74%
29.7 MHz => 33.6 ns

33.6 ns > 25 ns ->too slow




/Yo le[=]

533 logic elements, 6%
278 pins, 74%
29.7 MHz => 33.6 ns

33.6 ns > 25 ns ->too slow

Ask boss to buy faster, more expensive
FPGA

Work (manually) on FPGA placing&routing
Help synthesizer to make fater adder

Ask whether you have understood
specification




FPGA specifications

Costumer/boss says:
“I need a system which can calculate the value each
25Nns.”

What you might understand is:
“The calculation needs to be finished within 25 ns”

What he means is:

“A new value needs to be processed every 25 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
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Adder with pipeline

« Example:
—add 16 16-bit values every 25 ns

data0 datal data? data3 datad4 datab data6 data’ datalb
| | | | | | | |

Vv V \Y Vv Vv \% Vv \Y4

data_int c[

(15 dowt g?jder adder adder adder

Vooreg Voore

sum(19 downto 0)




library is
use i
use i

entity

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
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|
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sout integer range 0

architecture he ] i ine is

signal int tinteger range U to
signal _int tinteger range to
signal ¢ int tinteger range to
signal i tinteger range to
signal 1 int tinteger range to
signal £ tinteger range
signal i nt tinteger range
signal : i nt tinteger range
signal i nt tinteger range
signal g int iinteger range
signal int tinteger range
signal all : tinteger range
signal int tinteger range
signal i int tinteger range
signal 4 int tinteger range
signal ¢ 15 int tinteger range

signal i nt tinteger range
signal i tinteger range
signal i tinteger range
signal : iy :integer range
signal i tinteger range
signal : tinteger range
signal i tinteger range
signal : i i tinteger range
signal um_ 1 tinteger range
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begin




process {(clk)
begin
if {=1k and «lk = '1'} then
if {(reset i = '0'} then
datal int
datal int
dataZ int
datad int
datad int
datab int
dataft int
data’? int
dataf int
datad int
datall int
datall int
datals int
datal3 int
datald int
datalb int

R

else
datal int
datal int
dataZ int
datad int
datad int
datab int
datab_int
data’? int
datal int
datad int
datall int
datall int
datalZ int
datal? int
datald int
datalb int
end if;
end if;
end process;

datal;
datal;
dataZ;
datad;
datad;
datab;
datab;
data’;
datalb;
data9;
datall;
datall;
datalZ;
datald;
datald;
datalb;

R R




process (clk)
begin

if {-lk and clk = '1'} then
if {reset i = '0'}) then
sum_into <= ;
else
sum_into <= datal _int +
datal int;
end if;
end if;

end process;

process (clk)
beqgin

if {-1lk and clk = '1l'}) then
if {reset i = '0'}) then
sum_intl <= U;
else
sum_intl <= dataZ int +
datai int;
end if;
end if;

end process;

process (clk)
beqgin

if {-1lk and clk = '1l'}) then
if {reset i = '0'}) then
sum_int? <= ;3
else
sum_int <= datad int +
datab int;
end if;

end if;




end if;
end if;
end process;

and =21k = '1'} then
if {reset i = '0'}) then
sum_int3 <= ;
else
sum_int3 <= datatb_int +
data? int;
end if;

end if;
end process;

and <lk = '1l'}) then
if {reset i = '0'} then
sum_int4d <= ;3
else
sum_int4d <= dataf _int +
data¥ int;
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 i = '0') then
sum_int <= 0;
else
sum_ int <= sum_intC
sum_intl
sum_ int?
sum_ ints
sum_intd
sum_inth
sum_inté
sum_int?

++ + + + + +

end if; ’

end if;
end process;

sum <= sum_ int

end behavio




Adder with pipeline

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

29.7 MHz => 33.6 ns

Adder with pipeline
526 logic elements, 6%
278 pins, 74%

45.4 MHz => 22 ns

22ns < 25 ns, fast enough
and less logic




FPGA specifications

e re-discuss, re-negotiate
— understand

— task of designer to understand and translate
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

What do we need to know?




Silicon Sensor

Position resolution: 10 pum
light material: 1 % X,oder 2 mm

Dez. 11, 2007




Silicon Sensors

Dez. 11, 2007




Silicon Pixel sensors

Dez. 11, 2007




Dez. 11, 2007

Silicon Pixel Wafers

o

silicon sensor

72.72 mm x 13.92 mm
200 pm thin

160 x 256 pixel

425 pm X 50 pm




Pixel read out chip

Time resolution: 25 ns
Repetition frequency: 40 MHz
Storage time: > 3.2 Us

Dez. 11, 2007




Pixel chip

synchroniser pixel n-1 shidt

+ enable logic :
& shaper 1 shaper2 ,. . . register
pre-amp P p discriminator <

S PisTr|l—
> e D<'CLK

Q

delay units l

I pixel n+1

feedback IEgReE

\ o strobe
bias circuit A fast-OR +

| 1 I:I:l:l fast -mult
analog 1n global  3-bit threshold
threshold adjust

ANALOG DIGITAL

Dez. 11, 2007




Pixel detector

1 sensor

1 sensor

Image:INFN(Padova)

Sept 3-7, 2007 A. Kluge




Pixel detector

1 sensor

1 sensor

Image:INFN(Padova)

Sept 3-7, 2007 A. Kluge




Pixel detector

00001000000000000000000000
00000000000000000100000000

00000000001000000100000100
00000000000000000000000000




Pixel detector

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

Separate read-out for each detector module

Each detector module (10 chips) 1 x 2560 x 32 bits @ 10 MHz
00001000000000000000000000000000
00000000000000000100000000000000
00000000001000000100000100000000




Data funnel




Read-out ASIC

Read-out
controller ASIC

Link receiver
FPGA

Router FPGA

Data funnel




Pixel detector

Data generator
2560 x 32 bits

00001000000000000000000000
00000000000000000100000000

00000000001000000100000100
00000000000000000000000000




Pixel detector

What is the strategy?

00001000000000000000000000
00000000000000000100000000

00000000001000000100000100
00000000000000000000000000

Some body counts values all the time, find out whether they can be divided by three, what to you do in real life? Include serial and

dpm




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 -> T
load new value from FIFO Ll
de-serializer
If 1 hit only -> y F||I:U
decode the hit & | |
request new value from FIFO

zero suppress & address decoder

I
dual port memory
|

If more than one hit -> decode the hits




Pixel detector data processing

How to decode the address?

this line has two hits

the state machine must send two hits into the
ual port memory

row address | hit position =5

row address | hit position = 11




Pixel detector data processing

Do we know enough to start the project?
How do we encode the address?

row address | hit position =5

row address | hit position = 11




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

868 * positionDecoderSR.vhd - Volumes/ak uge/cadence /div/test_vhdl/f
Fle Edit Scarch Preferences Shell Macra  Windows

Molumesiaklugel/cadenca/ divitest_vhdlipos tiorDecoderSR vhd 1£18 bytes

library -e=es=;

use -cos.std logic 1164, all;

entity posit-onfecoderd3a is

port alk tin std_logic;
reset_i tin std_logic;
new value availakle :in std_logic;
new_wvalue tin std_logic_wector (3. downto 0};
data_word out.  integer range 1 to 371;
write_data_word tout std_logic);

end pesiticonDecosderSE;

architecture behavioral of sositionlecodersRE is

signal data_encode :std_logic_wvector (31 downto 0);
signal posit-on_count rinteqger range 0 to Z1;
gignal stats_encoding :std_logic;

Legin

process (clk, raset_i)
begin

if {elk and olk = '"1') then
if (reset_i = '0') then
data_sneode
positien_zeounz
slale encoding
elsif ({new walus_awvallable =
data_sncode
state encoding
elsif {{statsz_encoding = '1l'}
data_snonde {3’ downto 0)
data_sneode{31)
positien _zeunz
elsif (positien _count = 31} then
sLale_encoding =k
end if;
end it;

if (elk and clk = '1'}) then
if (reset_i = '0') then
data_word
wr_te_ data_word
elsil {dala_sncode{d) = '1'})
data_word
wr_te data_word
else
wr_te_ data_word
end if;
end if;

{
G

} and (state_encoding = '0'])) then
new_wvalue;
|1|:
d {positzcn_ccunt /= 31)) then
data_enccda(®1 downta 1)
IOI;
position_court - 1;

O Ol

sitlon_court;
e

T

end process;

end behavioral;




Position decoder — shift register

__B 88 % positionDecoderSR.vhd - (Volumes/akluge/cadence/div/test_vhdl/
File Edit Search Freferences Shell Macro  Windows
Molumes/aklugel/cadencel/divitest_vhdlfpositionDecoderSR.vhd 1418 bytes

library icse;
use iece.std logio 1164.all;

entity positionliezoderiE is

port { olk S| std_logic;
reset i : i std_logic;
new wvalus awailable =i std_logic;
new walus : i std_logic_wector (31 downto
data word - integer range O to 31;
write data word - std_logic};

end positiconDecodzriR;

architecture behavioral of positionDecoderZE is

signal data encods :std_logic_wector (31 downto U);
signal position count :integer range O to 31;
signal state encoding :std_logic;

begin

process {(clk, resst i)




beqgin

proecess {(clk,
begin

reset i)

and clk "1 Y then
'0") then

if {z1k
if {reset i =
data sncode
position count
stete encoding
elsif {({new wvalue awvailable
data encode
stete encoding
elsif {{state encoding =)
data_ encode {30 downte O]
data_encode(31)
position count
elsif {position count
stete encoding
end if;
end if;

th

31)

if {clk
if {(reset 1 =
data word
write data word
elsif {d:sta encode{0)
data word
write data word
else
write data word
end if;

end if;

and -1k 'l Y then
'"0") then

|1}

end process:

= (others =» '0'});

<= i0;

{= ||:||

1) and {szate encoding = '0'}) then
<= new_wvalus;

{= |1| -

and {pGSltlﬁn count f= 31)) then
<= data_=ncode{3]l downto 1);
||:|| -
L= pasitian_caunt + 1:
en
||:||;

i

i

ition coint;



ey

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_wvalue_available = 'l') and (state_encoding = '0'})) then
data_encode <= new_value;
state_encoding <= '1";
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 <= 0;
write data word <= '0';

elsif {(data_encode{(0) = '1l') then
data_word <= position_count;
write_data_word <= '1"';

else
write_data_word <= '0';

end if;

end if;

end process;



begin

process {(clk, reset i)
begin

if {(clk and clk = '1l') then
if (reset i = '0') then
data_encode <=
position count <= 0;
state_encoding <= '0';
elsif ({new_value_available = 'l') and (state_encoding = '0'})) then
data_encode <= new_value;
state_encoding <= 'l';
elsif {({state encoding = 'l') and {position count /= 31)) then
data_encode(30 downto 0) <= data_encode{31l downto 1);
data_encode(31) S
position_count <= position_count + 1; courﬂer
elsif (position_count = 31) then
state encoding <= '0';
end if;
end if;

others => '0'});

i

if {(clk and clk = '1l') then
if (reset i = '0') then
data_word
write data_word
elsif {(data_encode(0) = '1') t
data_word
write_data_word
else
write_data_word
end if;
end if;

:

e ) ]

’

n
position_count;
|1|_

0

O

end process;

end behavioral:




begin

Erocess {clk, reset i)

egin

end process;




begin

process {(clk, reset i)
begin

if {(clk and clk = '1l') then
if (reset i = '0') then
data_encode <=
position count <= 0
state_ encoding <= '
elsif ({new_wvalue_available = '1'
data encode <= | f
state encoding <= '1'; elsl
elsif {({state encoding = 'l') and {pOSltlon count /= 31)) then ;: k
data_encode(30 downto 0) <= data_encode{31l downto 1); INVOKES
<=
<=

others => '0'});

) aﬁd {state_encoding = '0'})) then
new_value;

data_encode{31) Higjls .

position_count position_count + 1; pnorwy
elsif (position_count = 31) then

state_encoding <= '0'; encoder ->
end if;

endl it more logic

if {(clk and clk = '1l') then
if (reset i = '0') then
data_word <=
write data_word <=
elsif {data _encode(0) = '1') then
data_word <=
write_data_word <=
else
write_data_word <m
end if;
end if;

1tlon count;

end process;

end behavioral:




process {clk, reset i)
begin

i1 110 aud ik = ' 3 then
if {(reset i = '0'}) then

data encode <= {others => '0'};
Eceitl B count <= 0;
state encoding <= '0':

else

case (state encoding) is
when '0' =>
if (new walue available = '1l'} then

data encode <= new wvalue;
state encoding = ']1'=
end if;

when '1l' =>»
if {(position count /j= 31} then
data encodef{bl] dosmto 0] <= data encode{3l downto 1};

data encode(31) <= '0';

o= tionh count <= position count + 1;
elsif (position count = 31) then

state encoding <= '0';
end if;

when ,others =>

data_encode <= {others => '0'};
Lusit o count <= [
state encoding = -

end case;
end if;
end if;

if {-1k and clk = '1'} then

i F | ! — AT | +T



o Shift reqgister is a parallel load register




Position decoder — shift register

"00001000001000001100000000011010"

lre =]~ | 48 B

Baseline = 1847 790348ns
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Position decoder — shift register

[ns = 5| 4 Jﬂv [{{I‘ Ty $| @ | DO 7.012.437.5n5 + 0

1847.730348ns
-910.290348ns

Timed = 937 .5ns

r Curzor =

rezet_|

new_value_available

rew_value 00000000 }{nazh }[nnnnnnnn

1 data_encode gooooooo ogzk [O041k [OZ0k lEIlEI'* aogk foo4e FO0zZk lEIEIl"

data_waord 0 }{l }{3 }{4

pozition_count 0 }{l }{2 }{3 }{4 }{5 }{E }{’.-' }{E

write_data_word

gtate_encoding

1,000,000 2,000,000




Position decoder — shift register
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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

o Task fulfilled?

— Few logic cells

— Timing constraints fulfilled
o User requirements fulfilled?

— Processing per 32 bit line takes:
e 32 hits * 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

o User requirements not fulfilled




Position decoder — priority encoder

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

—— 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 A

——pastranlecodertr:
—— 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 izees;
use ieee.std logic 1164.all;
use iese.numeric std.all;

entity positionlecoder is
port { olk tin std_logic;
reset i in std_logic;
new wvalue availakle :in std_logic;
new_wvalue :in std_logic_wector (31 dowmto 0O});
data word :out integer range U to 31;
write data word :out std_logic);

end positionDecoder;
architecture FPriority of positiconDecoder is

component prior3Z

port { inp tin std_logic_wvector (31 downto 0);
code :out std_logic_wvector {4 downte 0}));

end component;

component addressDhecoder

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

end component;

signal data_encode :std_logic_wvector {31 dowmto 0);
signal state encoding :std_logic;
signal hit_address :std_logic_vector (4 downto 0);
signal data encode actual :std_logic_wvector (31 downte O)
signal data encode next :std_logic_vector (31 downto 0)
signal data encode next is 0 :std_logic;
signal new walues is O :std_logic;
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library icce;
use ieece.std logic 1164.all;
use ieee.numeric std.all;

entity positionlecoder is
port { olk :in std_logic;
reset i :in std_logic;
new walue awvailable :in std_logic;
new walus :in std_logic_wector (31 downto 0);
data word :out  integer range U to 31;
write data word :out std_logic);

end positionDecoder;

architecture Pricrity of positionDecoder

component pricr3Z

poert { inp :in std_logic_wector (31 downto 0)

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

component addresslecoder

poert { inp :in std_logic_wector (4 downto 0);
code :out std_logic_wector (31 dowmto 0}));

end component;

signal data encode :std_logic_wector (31 dowmto () ;
signal state encoding :std_logic;
signal hit address :std_logic_wvector (4 downto 0U);
signal data encode actual :std_logic_wector (31 dowmto () ;
signal data encode next :std_logic_wector (31 dowmto () ;
signal data encode next is 0 :std_logic;
signal new walue is O :std_logic;




begin

process (clk, reset i)

begin
if {1l 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 awvailable = '1l'} then
data encode <= new_value;
state encoding <= not new wvalue is 0O;
else
state encoding <= '0';
end if;
- when '1' =>
if {data encode nexzt is O = 'G0') then
data encode <= data encode next;
state encoding <= '1';
0 elsif {data encode nexzt is 0 = '1l'} then
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 next <= data encode and data encode actual;
write data word <= state_ encoding;

data word <= to_integer {unsigned{hit address));

a priocr3i: priori
port map {data encode, hit address);

a_addressDecoder: addresslecoder
port map (hit address, data encode 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 nezxt <= data encode and data encode actual;
write data word <= state encoding;
data word <= to_integer {(unsigned{hit address));

3 ‘E<I g F & & |4 3 2 1 0

a _priori3Z: pricr3Z
. port map {(data encode, hit address);

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

process {(data encode next)
begin
if {data encode next = "0QQOQOOODOQQOQOO00Q0Q0O00000000000000") then
data encode next is O <= '1l';
else
data_encode next is 0 <= '0';
end if;
end process;

process (new wvalues)
begin
if {(new _walue = "0Q00QDOOQOQOO0D000O00OO000000D0000000") then
new walus is O <= '1';
else
new walue is O <= '0';
end if;
end process;

end FPricrity;



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
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begin

process (inp)

begin
if {inpf
elsif (inp(
elsif {(inp(
elsif {(inp{
elsif (inp(
elsif {(inp(
elsif {(inp{
elsif (inp(
elsif {(inp({
elsif {(inp{
elsif {(inp(
elsif {(inp({
elsif {(inp{
elsif {(inp({
elsif {inp({
elsif (inp(
elsif {(inp({
elsif {inp({
elsif (inp(
elsif {(inp(
elsif {(inp{
elsif (inp(
elsif {(inp(
elsif {(inp{
elsif (inp(
elsif {(inp({
elsif {(inp{
elsif (inp(
elsif {(inp({
elsif {(inp{
elsif {(inp({
elsif {inp(
else

end if;

IIDOOC'D .
NooooL";
"oooL1o;
”00011 .
NOo100";
"Oo101";
”00110 .
o011l
NO1000";
Ilolocll .
o100
"o1011";
Iloj.il:lo .
"O1101";
IIDlilD .
"o1111;
LO0oo;

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

<=
<=
<=
<=
<=
<=
<=
<=
<=
<=
<=
<=
<=
<=
<=
<=
<=
<=
<=
<=
<=
<=
<=
<=
<=
<=
<=
<=
<=
<=
<=
<=
<=

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%

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

newi_value annnook 00000000 loszocoLa Jnooooooo

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

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

. data_encode_nest nogooor foooooooo fnszocoLs Joazocoio Jinazocooo losz0s000 foazooooo {is000000 Jfoooooaoo
- hit_addiess IF 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

J Search Mames:

Timed, = 375,000,000t
220,000, 000f: 1.000.000,000¢ 1.020.000,000f 1.040.000,000¢ 1.060.000,000f

reset_

new_value_available | |

Fiew_value nooooor fooooooon |Dgzocola | 00000000

. data_ercode nooooor fooooooon | 08200014 |D8z0C01s |0820C010

T data_encode_actual TFFFFF* | 7FFFFFFE | FFFFFFFD | FFFFFFF7 | FFFFFFEF

MR- data_encode_nest aoooook JO0000000 |nazocols |oszocolo | Dgzocooo

« hit_address 1F }{EIS }{Ddl

data_waord 31 }{3 }{4

data_encode_next_iz_

state_encoding

write_data_ward

1,000,000,000,000




Position decoder — priority encoder

1.020,000,000F 1.040,000,000F 1.060,000,000F 1.080,000,000F 1.100,000,000f: 1.120,000,000f 1,140.000.000¢

| 00000000

| 08200014 |D8z0C01s |0820C010 |szocooo | 08208000 | 08200000

| FFFFFFFD | FFFFFFF7 | FFFFFFEF | FFFFEFFF | FFFF7FFF | FFDFFFFF

|nazocols |oszocolo | Dgzocooo |oszos000 |08zooooo | naoooooo
|03 |04 | oE |oF |15
|3 |a |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 8320 logic elements

44 registers

| | |
11% (41/376) of pins t d
9.1 ns (109.9 MHz) position_count-> data_encode p r I O r I y e n C O e r

teco: 7.0 ns: data_word_reg -> data_word
tsu: 6.3 ns: new_value_available -> data_encode

0|0

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




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

44 registers

] ]
11% (41/376) of pins
9.1 ns (109.9 MHz) position_count-> data_encode p r I O r I ty ‘ ! I l C O d ‘ ! r

tco: 7.0ns: data word reg-> data_word
tsu: 6.3ns. new_value_available -> data_encode

0|0 0

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 ps => 3900 Hz
— dead time => max trigger rate: 3900 Hz

requirements fulfilled: yes




Position decoder — priority encoder

0|0

Priority encoder
Result in an FPGA from 2002: (Altera EP20k200FC484-3)

172 (out of 8320) logic elements ->

20.8 ns (48.0 MHz) data_encode -> state_encoding
->




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 icece;
use ieece.std logic_1164.all;

entity pricr32 is

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

end priocr3Z;

architecture behaviorald of prior32 is
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begin

process (inp)

begin
if {inpf
elsif {inp(
elsif {inp(
elsif {inp(
elsif {(inp({
elsif {(inp({
elsif {(inp({
elsif {(inp({
elsif {inp({
elsif {inp({
elsif {inpf{
elsif {inpf{
elsif {inpf{
elsif {inp({
elsif {inp(
elsif {inp(
elsif {inp(
elsif {inp(
elsif {inp(
elsif {inp(
elsif {inp({
elsif {(inp({
elsif {(inp({
elsif {inp({
elsif {inp({
elsif {inp({
elsif {inp({
elsif {inpf{
elsif {inpf{
elsif {inpf{
elsif {inp({
elsif {inp(
else

end if;

HOOQo0",
OO0l
MOOo10",
Mooo11t,
MOo100";
o010l
MOo110";
II|:||:|111 .
”CIj_CIOO .
”CIj_CIOj_ .
”CIj_CIj_O .
II|:|1|:|11 .
IIGllOO .
II|:|1101 .
"01110M;
B B

n1H000"

10001,
1oolon;
10011t
"10100";
"10101";
t1o11om;
1ol11t;
1 aann-
o0l
H1a1on-
1oL
1 1ann-
101"
11110t
e I 1 e
e I B e
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e’ e ! e ' e P P e e e T’ Pt P i’ '’ e i ' '

B o0 D o] 3 ] Wl L B b 0 A S0 e (P T i ) B b £00 e et o s ot o
I e e o B e e B e e e PR

L S S S S ST S S S el el el el el el el el el e e S Wy ey T SOV SN e

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

S o O R et

end process;

end behavicralO;




architecture all of pric
std_logic_wector
std_logic_wector
std_logic_wector
std_logic_wector
std_logic_wector
std_logic_wector
std_logic_wector
std_logic_wector

then
then
then
then

elsif {ir
else
end if;

if {ir 4
elsif { s
elsif {inp
elsif (inp
else

end if;

if (il )
elsif { 3
elsif | )
elsif {inp
else

end if;

then
then
then
then

if then
then
then

then

) then
elsif {inp ] then
elsif {inp ] then

) i then
else
end if;

if {inp{20 ] then
elsif { ] ] then
elsif { ) ] then
elsif {inp ] then
else

end if;

if {inp({Z4 ] then
elsif | ] ] then
elsif { ) ] then
elsif (inp i then
else

end if;

if (_'LI ]
elsif | y
elsif )
elsif {inp
else
end if;
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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-
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—— et

|
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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




Processor board with optical inputs

hnels

Virtex 4 - _ _
allel optical receiver

losely packed G-link

Agilent erializer ASICs

HDMP-1034

Zarlink

Connectors



