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

data0 datal data? data3 data4 data5 data6 data7
| | | | | | | |
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data_int
15 downto O)‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

adder

|
sum(19 downto 0)




% addl6.vhd - (VMolumes/akluge/cadence/div/test_vhdl/mult_trig/
File Edit Search FPreferences Shell Macro Windows Help

Molumes/aklugelcadenceldivitest_vhdlf mult_trigfadd 16.vhd 3271 bytes L: 50 Ci 51
Al

library ices;
use ieee.std logic 1164.all;
use icee.numeric std.all;

entity addlexzZibit is
port {

clk in std_logic;

reset 1 in std_logic;

datal integer range
datal integer range
datal integer range
datal3 in integer range
datad integer range
datab integer range
datab in integer range
data’ in integer range
dataf in integer range
datad in integer range
datald :in integer range
datall :in integer range
datalZz :in integer range
datal3 :in integer range
datald :in integer range
datalkb :in integer range
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sum tout integer range 0 to 2 ** 20

);
end addlezZfbit;

architecture behavicral of addléz28kbit

-
]

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 datab_int :integer range
signal data? int :integer range
signal dataf int :integer range
signal datad_int :integer range
signal datall int :integer range
signal datall int :inteqger range
signal datalZ int :integer range
signal datal? int :integer range
signal datald int :integer range
signal datalf_int :integer range
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signal sum_int tinteger range




process {clk)
begin
if {clk and clk = '1l'} then
if {reset i = '0'} then
datal int
datal int
data? int
datad int
datad int
datab int
dataft _int
data? int
datal int
data9 int
datall int
datall int
datalZ int
datal3 int
datald int
datalb int
else
datal int
datal int
data? int
datad int
datad int
datab int
dataf _int
data’? int
dataf_int
data9 int
datall int
datall int
datalZ int
datal3 int
datald int
datalbh int
end if;
end if;
end process;
rocess {(cllk)

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

datal;
datal;
datal;
datad;
datad;
datab;
datab;
data’;
datab;
datad;
datall;
datall;
datall;
datal3;
datald;
datalh;
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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;
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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
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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

et I I I I e R

15 downto 0)
adder adder adder adder

Vooreg Voore

sum(19 downto 0)




library icce;
use iece.std _logic_1164.all;
use iece.numeric_std.all;

entity addlfFipeline is
port {

clk :in std_logic;

reset_1i :in std_logic;

datal :in integer range
datal :in integer range
dataz :in integer range
datad :in integer range
datad :in integer range
datab :in integer range
datab :in integer range
data? :in integer range
dataf :in integer range
datad :in integer range
datall :in integer range
datall :in integer range
datalz :in integer range
datald :in integer range
datald :in integer range
datalb :in integer range
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¥;
end addl&Pipeline;
architecture behavioral of addl&Pipeline

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 dataf_int :integer range
signal data? int :integer range
signal dataf int :integer range
signal datad 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

B S S S R R e
O O O O G R O O

SR MR M M ME WE M MR M W MR WE MR WE W wa

signal sum_int :integer range
signal sum_inth :integer range
signal sum_intl :integer range
signal sum_int2 :integer range
signal gum int3 :integer range
signal sum_intd :integer range
signal sum_inth :integer range
signal sum_intf :integer range
signal sum_int? :integer range
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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)
beqgin
if {-1lk and <1k = '1l'} then
if {(reset i = '0'} then
sum_intd <= iJ;
else
sum_intd <= datal _int +
datal int;
end if;
end if;
end process;

process (clk)
beqgin
if {-1lk and <1k = '1l'} then
if {(reset i = '0'} then
sum_intl <= iJ;
else
sum_intl <= dataZ int +
datad int;
end if;
end if;
end process;

process (clk)
beqgin
if {-1lk and -1k = '1l'} then
if {(reset i = '0'} then
sum_intZ <= i3
else
sum_intZ <= datad int +
datab int;
end if;
end if;
end process;




end if;
end if;
end process;

process {clk)
beqgin

and «lk = '1l'} then

if {reset_1i = '0") then

sum_int3 <= (;
else

sum_int3 <= databt_int +

data’? int;

end if;

end if;
end process;

and «lk = '1'} then
if {reset i = '0'} then
sum_intd <= ;3
else
sum_intd <= datafd _int +
data¥ int;
end if;
end if;
end process;




process {clk)
begin
if (clk and clk = '1'} then
if {reset i = '0'} then
sum_inth <= 0;
else
sum_inth <= datald int +
datall int;
end if;
end if;
end process;

process {clk)
begin
if (clk and clk = '1'} then
if {reset i = '0'} then
sum_inte <= 0;
else
sum_intb <= datalZ int +
datal3 int;
end if;
end if;
end process;

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



end if;
end if;
end process;

process {(clk)
begin
if {clk and «lk = '1'} then
if {reset i = '"0'} then
sum_int <= ;
else
sum_int <= sum_intd
sum_intl
sum_int2
sum_int3
sum_int4d
sum_inth
sum_int6
sum_int?
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end if;
end if;
end process;

sum <= sum_int;

end behavicral;




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




Silicon Pixel Wafers

silicon sensor

72.72 mm x 13.92 mm
200 pm thin

160 x 256 pixel

425 pm X 50 pm

Dez. 11, 2007




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

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

if more than one hit -> decode the hits

serializer
|
de-serializer

I
FIFO

zero suppress & address decoder

|
dual port memory
|




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

en0e XN pasilionDecodr_SR.vhd = Nalumes_fak_u_gejcadence;dr.f.ftesl_vhc];
File  Edit Search Preferences Shel WMazro Wirdows
Molurmesd e luged sadeniceidiv les L vhidiposilonDecoderSRvlhid 1318 byles

lTibrary isae;
use ieee.std_legic 1164, all;

entity peositicrecoderfl is

port [ ¢lk pet std_logic;
reset_i : std_logic;
new_walue awvallabls std_logic;
new_walue s std_logic_wvector [31 dowmte C);
dale_word : inleger range 2 Lo 371;
write_data_word z std_lagic);

end pos_tionlecodersSk;

architecture kehavicral of ososit-onlecccersR is

signal data_srcods setd_logic_wector (31 downto 0);
signal positicr_count tinteger range C to 31;
signal state_ercoding sstd_logic;

begin

process (clk, reset 1}
hegin

it [l and 1k = '1') then
if {reset_i = '0'} then
data_enccde <= {others => '0')});
pesitier_count o=
state erncoding Yt
alsif {(new_walue awailable = '1'} and {stats_sansocding = '0'}) then
dala_enceds <= new_wvalue;
state_ercoding Lotk
elsif {(stste_encoding = '1'}) and {pcsition _count /= 32)] then
data_enccdel{3l downto U) <= deta_encodel3]l downto 1];
data_enccde{31) <m0
positicorn_count <= pocsition count + L:
elsif {pesition_count = 31} then
state ercoding =gt
end if;
end il;

if [clk and zlk = '1l'} then
if (reset_i = '0') then
data_weord o= e
Write_data_word <= '0';
alsif {dzts_snooda{0) = '1'} then
data_worc <= position count;
write_data_word =
else
vTite_data_word <= '{1';:
end if;
end if;

end process;

end behaviorsl;




Position decoder — shift register

SRS % positionDecoderSR.vhd - /Volumes/akluge/cadence/div/test_vhdl/
Eilz:z Edit Eﬁﬁi’f’:h Erefﬁrenr:z:m ha:zl_l hﬂagm ﬂiﬂdmﬁm

AYolumes/ akluged cadence/divitest_vhdipostionDecodersSRyvhd 1418 Dytes

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

entity positionllrraderSR is
port { clk A std_logic;
reset 1 et | std_logic;
new value available sLld_lougic;
new_wvalue 2 gtd_logic_wvector {31 downto 0});
data word : integer range 0 to 31:
write data word : std_logic);

end positicnlecoderfll;

architecture behavioral of positionDecoderSR is

gignal data encods setd_logic_vector {31 downte 0};
signal position_count integer range O to 31;

signal state encoding :std_logic;

Lbegin

Erocess {clk, reset i)
eqgin

if {21z and 21t = 'L'} then
if (reset i = '0') then




begin

process (clk, reset i)
begin

1o {cll and clk = '1l'}) then
if (reset i = '0') then
data_encode
position_ count
state_encoding -
elsif ({new_walue_available = ) and (state_encoding = '0'}}) then
data_encode new_value;

state_encoding ALt

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

elsif (position count = 31) then

state _encoding L9 A
end if;
end if;

if (clk and clk = '1l') then
if (reset i = '0') then
data_word
write data_ word -
elsif (data _encode{(0) = '1') t
data_word ition_count;
write_data_ word L
else
write_ data_word
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 ' E
elsif ((new_wvalue_available = ') and (state_encoding = '0')) then
data_encode new_wvalue;
state_encoding falt g
elsif {({state encoding = 'l') and {position count /f= 31})) then . .
data_encode{30 downto 0) data_encode{31 downto 1); ShlftReglster
data_encode({(31) Ht g
position_count position_count + 1;
elsif (position_count = 31) then
state_encoding '0';
end if;
end if;

others => '0');

if (clk and clk = '1') then
if (reset i = '0') then
data_word 0
write data_word '0';
elsif (data _encode(0) = '1') then
data_word position_count;
write data_word falt
else
write_data_word 0
end if;
end if;

end process;




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 = '1')
data_encode (30 downto 0)
data_encode({31)
position count
elsif (position_count =
state_encoding
end if;
end if;

if (clk

if (reset i =
data_word
write data_word

elsif {(data_encode(0) =
data word
write data_word

else

write data_word
ilies

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

W
'_\.
—t
ﬂ
=

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

'1') t

end
end if;

end process;

= e

it 8

— 'G');

’
) and {state_encoding =
new_wvalue;

|1|.

d {pos;tlon count /= 31)) then

data_encode(31 downto 1);
IOI;

position count + 1;

IOI;

1t10n _count;

'0')) then

counter




begin

process {(clk, reset i)
begin

if {clk
if (reset i =
data_encode
position_count
state_encoding
elsif {({(new wvalue awvailable
data_encode
state_encoding
elsif ({(state encoding i)
data_encode{30 downto 0)
data_encode(31)
position_count
elsif (position_count
state_encoding
end if;
end if;

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

=
fERAas N

31)

if {(clk
if {(reset i =
data_word
write_data_ word
elsif (data_encode(0) = '1') t
data_ word
write_ data_word
else
write_data_word
end if;
end if;

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

end process;

(R

=

NG

o

n

others => -

IOL)

= () =
o

{state _encoding = '0'})) then

alue;

5‘.

d
v

-E D

pésition_count /= 31)) then
data_encode{(31 downto 1);
o' -

position_count + 1-

=
1
{

ICII;

control

S

position_count;
I 1=
’

e}
1

I(}I;




begin

process (clk, reset i)
begin

if {(clk and clk = '1l'}) then
if {(reset i = '0') then
data_encode
position count
state_encoding
elsif ((new_value_available =
data_encode <= new_wvalue; I T
state_encoding <= '1l"'; 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) 0'; e
position_count position_count + 1; p“orwy
elsif (position_count = 31) then
state_encoding 03 encoder ->

end if;

ol A more logic

if {(clk and clk = '1l') then
if (reset i = '0') then
data_word 0
write data word '0';
elsif (data encode{(0) = '1l') then
data_word p
write data word '
else
write_data_word
end if;
end if;

osition_count;
I
0

end process;




process (clk, reset i)
begin

if 1 aiel 1 = |} then
if {reset i = '0'} then

ots e e others =» '0'};

= 1
L=t e <= (3
{= ||:|| ;

state encoding
else
case (state encoding) is
when 'U' =>
if {new walue awailable = 'l'} then
data encode <= new value;
state encoding = I -
end if;
when '1l' =>
if troeiCon counr /= ) then
data_ encode{:0 downto O) <= data encode{>]l downto 1};
data encode{3l) <= '0';
o= Tion colint <= position count + 1;
elsif (position count = 31) then
state encoding <= '0';
end if;
when ,others =>
data encode
o= 17 ol
state encoding
end case;
end if;
end if;

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




o Shift reqgister is a parallel load register




Position decoder — shift register

"00001000001000001100000000011010"

Bazeline = 1847 730348n:
Timed = 937 Bne
10000 1100ns 1200ns 1300ns 1400ns 1500ns 1600ns 1700ns 1800ns

=T reset
T new_value_available ’—|

155 new_valie oooooooo  JJO0000000 J0s2+ [oonoooon

T dala L D 00000000 Joszr Joarr fozor fo1or Joosr foogr foozr foorr Jooor Jooor Jooor Jooor Jooor fooor fooor fooor fooor Jooor Jooor Jooor Jooor Jooor Jooor Jooor Jooor Jooor fooor fooor foooooooo

1T data_word o I e 12 s 21 27

= urite_data_word l_l_,—| ’—| ’_| ’_|
B state_encoding

1,000,000 2,000,000 5,000,000 4,000,000 5,000,000 6,000,000 7.012.437 Sns g




Position decoder — shift register

ﬂﬂ:ﬁ:j it ﬁir Ju IIII| %1’} % ‘ @ () 7012437 Anz + 0

Bazeline = 1847.790948ns

ar-Bazeline = -910.290948ns

Timed, = 337 .5ns
Cursor ™ 1000nz 11 00ns

new_value_available

rev_value 00000000 ]{nazh ]{nnnnnnnn

B data_encods 00000000 losz» (041 fozor [oror fooer fooa

[+ data_ward }{l }{3 }{4

“IW- position_count }{l }{2 }{3 }{4 }{5 }{E

= wurite_data_word

[ state encoding

1,000,000




Position decoder — shift register

1500nz 1600ns

|Elase|ine =1847.730348ns

1700z 1800z

ooor fooor fooor fooor fooor

ooor [ooor fooor foooooooo

l21

127

{13 2o |zl Jzz |23 |=4 |z5 |26 |27 |28 |29 |30

4,000,000 5,000,000

G,000,000 012437 Sns 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

o Task fulfilled?
o User requirements fulfilled?

* Did we ask enough to understand user needs?

* Maybe at the time of project start, but now is the time to
rediscuss




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
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library ieccs;
use ieee.std logic 1164.all;
use ieee.numeric std.all;

entity positionlDecoder is
port olk i std_logic;
reset i i std_logic;
new wvalue awvailable =i std_logic;
new wvalue i std_logic_wector (31 downto 0);
data word : integer range 0 to 31;
write data word : std_logic);

end positionDecoder;
architecture FPriority of positionlecoder

component priocr3Z

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

end component;

component addresslecoder

port ( inp tin std_logic_wvector (4 downto 0);
code :out std_logic_wector (31 downto 0));

end component;

signal data encode :std_logic_wvector {31 downto 0};
signal state encoding :std_logic;

signal hit address :std_logic_wvector {4 downto 0);

signal data encode actual :std_logic_wvector {31 downto 0);
signal data encode next :std_logic_wvector {31 downto 0);
signal data encode nexzt is 0 :std_logic;

signal new wvalue is O :std_logic;
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library icce;
use ieece.std logic 1164.all;
use ieece.numeric std.all;

entity positionlDecoder is
port { clk :in std_logic;
reset i tin std_logic;
new walus awvailable :in std_logic;
new wvalus :in std_logic_wector (31 downmto 0);
data word :out integer range U to 31;
write data word :out std_logic);

end positionDecoder;

architecture Priocrity of positionbDecoder

component prioriZ

port  inp :in std_logic_wvector (31 downto 0}

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

component addressDecoder

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 dowmto U};
signal state encoding :std_logic;
signal hit address :std_logic_wector {4 downto 0);
signal data encode actual :std_logic_wector {31 dowmto 0);
signal data encode next :std_logic_wector {31 dowmto 0);
signal data encode next is 0 :std_logic;
signal new wvalue is 0 :std_logic;




begin

process {(clk, reset i)

beqgin
if {clk and -lk = '1'}) then
if {reset i = '0'} then
data encode <= (others => '0'};
state encoding <= '0';

else case state encoding is
when '0' =>

if {new walue awvailakle = '1l'} then
data encode <= new wvalue;
state encoding <= not new walues is O;
else
state encoding <= '0';
end if;
when '1' =>
if {data encode next is 0 = '0'} then
data_encode <= data_ encode next;
. state encoding <= '1';
elsif {data encode next is 0 = '1l'} then
data encode <= data encode next;
state encoding <= '0';
end if;

when others =>
data encode
state encoding
end case;
end if;
end if;

<= (others =>» '0'};
o= 'O -

end process;

data encode next <= data encode and data encode actual;
write data word <= state_ encoding;
data word <= to_integer {unsigned{(hit address));

a_prior3Z: pricr3Z
port map {(data encode, hit address);

a_addressDecoder: addresshecoder
port map (hit address, data encode actual);




end process;

data encode next <= data encode and data encode actual;
write data word <= state encoding;
data_word <= to_integer {unsigned{hit_address)}};

a_prior3Z: prior32
port map {(data encode, hit address);

a_addressDecoder: addressDecoder
port map {(hit address, data encode actual);

process {(data encode next)
begin
if {data_encode_next = "00000000000000000000000000000000") then
data_encode next is 0 <= '1l';
else
data_encode _next _is_ 0O <= '0';
end if;
end process;

process {(new wvalue)
begin
if (new_walue = "Q0OCQCOO000000000O000000000000000000")Y then
new wvalue is 0 <= '1';
else
new walus is O <= '0';
end if;
end process;

end Priority;




library icee;
use ieee.std logic 1164d.all;

entity pricr32 is

port ( inp tin std_logic_wvector (31 dowmto 0);
code :out std_logic_vwvector (4 downto 0));

end priocr32;

architecture behavioral?l of prior32 is

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

. 2
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begin
process {(inp)

TR0t
"Rooo1t;
IIOOOlO .
IIOOOll .
"Oo1o0";
"oo1o1t;
"oo11oT,
IIODlll .
TO1000";
TO1o01";
TR1o10M;
IIOlOll .
IIOllDO .
"01101";
"H1110M;
"O1111t,

"10000"

{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{

II10001 .
o010t
o011t
"10100";
“10101 .
"10110";
10111t
T11a00";
“11001 .
“11':'1[:' .
o I R
"11100M;
11101,
“1111':' .
Illllll .
11111t
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)
)
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end process;

end behavioralQ;




— — T o e i e e o e e e o e o e i o e e o o o i o e o e o e o o o o o o i e o o o o A o e A e A A A

——adressllecoder
—— AR A A A A A A A A A A A e 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 A A A A A A A A A A

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

entity addressDecoder is

port { inp :in std_logic_wvector (4 dowmto 0};
code :out std_logic_wvector (31 downmto 0})});

end addressDecoder;

architecture beshavioral of addressDecoder is
begin

process (inp)
beqgin
case {(inp) is
when "OOOO00" =»
when "OOOO01" =»
when "QOOO010" =»
when "0OOO011" =>
when "0OO100" =»
when "0OO101" =»
when "OO110" =»
when "OO0O111" =»
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;

"111111131311311121313113131131318";
"11111113131131211213131131311313161";
"111111131311311121313113131131011";
"11111113131131211213131131311368111";
"1111111313113121121313113131161111";5
"111111131311211113131113131021111";5
"111111131311211113131113130111111";5
"1111111213112111121311131011311111";
"11111413943131911431943113034131311";5
1 I 0 B B =
1 I 0 B B =
1 0 B -
1 03 B -
1 0 B B -
"111111139131131142101311131342131311";5
g 0 S e -
"111111131131131216131311131342131311";5
g 2 e B -
"1111111213112011213131113131131311";5
"111111131311601111313113131131311";5
"11111113131221111313113131131311";5
"1111111313101211111313113131131311";5
"1111111310112121121313113131131311";5
"1111111101112111121311131331131311";5
"1111111013111211113131131331131311";5
"111111021311121111213113131131311";5
"11111013143131911431943113134131341";5
1 e T B B =
1 0 I e T B -
1 1 e T -
L3 e -
. I -
"11111121313113121423131131312131311";5

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

end process;

end behavioral;




Position decoder — priority encoder

Baseline = 1,212 500,000f

Tirned, = 975,000,000fs
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- hit_address IF 1F Jioa o3 Joa JoE Jor Jis F

deta_ward 31 3l i Ia fa i14 s Jz1 /31

data_encode_next_is 0 |

state_encoding |

write_data_word |

1,000,000,000,000 [2.000,000,000,000 [=,000,000,000,000 3,794,950,000,0001 g




Position decoder — priority encoder

Bazeline

.| Curzor-Baseline =

TirneA = 975,000,000f
Marme * |EIEHII,EII:IEI,DEIEIFS |1,DDD,DDD,DDDf3 1,020,000,000F: 1.040.000.000f 1.060.000.000¢s

reset_i

new_value_availlable | |

new_walue Qooooor gaooooaon }I{DEZDCEILFL }I{EIEIEII:II:IEIEIEI

. data_encode anoooor fooooonoo |D820C0LA |n8zocols |nszocolo

T data_encode_actual JFFFFFY [ 7FFFFFFF | FFFFFFFD | FFFFFFF7 | FFFFFFEF

T data_encode_nest poooook foooooong joszocols |nazocoLo |nazocoog

T hit_address IF 1F jo1 |03 |04

data_word 3l 3l }l{l }[3 }{4

data_encode_next_iz_[

|
ztate_encoding |
|

write_data_ward

1,000,000,000,000




Position decoder — priority encoder

7} 3,794,950nz + 0

00z |1 020,000,000f

|1 040,000,000f
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|1 080,000, 000f3

|1 . 100,000,000f
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Position decoder — priority encoder

575,000,006 1.2 ] 'r:{ t ; ;r

B ageline = 1,212,500,000f

1.060.000,000F 1.080,000,000F 1,100,000,000F 1.120.000.000¢ 1.140.000,000fs 1.160.000.000F 1.180.000.000f% 1.200.000.00
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|
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Position decoder — priority encoder

Shift register & counter (case)

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

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

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

Shift register & counter (case)

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

44 registers

11% (41/376) of pins

9.1 ns (1099 MHz) position_count-> data_encade

teo: 7.0ns: data_word_reg -> dala_word
tsu:  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 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 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 ]
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— — 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(
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{inp(
{inp({
{inpl
{inp(
{inp({
{inpl
{inp(
{inp{
{inp(
{inp(
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{inp(
{inp(
{inpl
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{inp(
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{inp(
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II111|:|1 .
"11i1at;
Illlill .
11111
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end process;

end behavioralQ;




architecture 11 of p

std_logic_wvector dowmto |
std_logic_vector
std_logic_vector
std_logic_wvector
std_logic_vector
std_logic_vector
std_logic_wvector
std_logic_wvector (2 downto 0});

then
then
then
then

then
then
then
then

elsif {inp( then
else

end if;

then
then
then
then

then
then
then
then

end process;




Position decoder — priority encoder

process {(codel, codel, code?, codeld3, coded, codeb, codeb, codel)

begin
if (codeO(2) = '0')Y then
code{d downto 2) <= "0OOO";
code{l downto 0) <= codel({l
elsif{codel{2) = '0'}Y then
code (4 downto =) <= "OOL";
code{l downto O0) <= codel(l
elsif{code2{2) = '0') then
code (4 downto =) <= "O10";
code{l downto 0) <= codeZ({l
elsif{codei{2) = '0') then
code (4 downto 2) <= "O11";
code{]l downto <= code3{l
elsif {(coded({2) 'Y then
code (4 downto <= "100";
code{]l downto <= coded (]l
elsif{codeb{2) = then
code (4 downto <= "101";
code{l downto <= codeb ({1l
elsif{codet{l) = then
code (4 downto <= "110G";
code{l downto <= codeb{l
elsif{code? (2) = then
code (4 downto <= "111";
code{l downto <= code’ {1
else code <= "11111";
end if;
end process;

[
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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

- Agilent
HDMP-1034

Virtex 4

¥
dannels

allel optical receiver
Jule

losely packed G-link
erializer ASICs

Connectors






