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Introduction to
FPGAS and Verilog



FPGAs in DAQ



DAQ — Data Acquisition
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Where are FPGAs

Where you need to take care of a lot of data very fast.
Where you need reprogrammable logic

One of the standard places is the
Trigger system!

Lots of data;
Very fast decision
-to reduce data
to be manageable



FPGA
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How does it work?




Digital Logic

Everything works based on

Programming

MICroprocessors
(assembly, c++, etc.)

Programming

magic or gnomes

Programming
Digital Logic
(FPGAs+HDL)

Give the “gnome” a list
(consecutive) of operations to
perform

Give the gnome a list of
objects/ machines to build

Many Machines execute

1 Machine executes several several tasks in parallel

tasks consecutively

2+27
Result x 27? p
/A=2+2 A=4 ) A=2+2 Adder: A=4 A
Cout<< A || 4! time Output A || “at the same time”
A=A*2 A=8 A=A*2 Multiplier: A=A*2
| Output A | | Output ?? (glitches?
Cout << A/ 8l A P (g )
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FPGA is not a computer, although you
can implement one inside

FPGA is not a toy, although you can
implement one inside

12



Logic Block

FPGA

Field Programmable Gate Array:
Set of “chips” in a “bread board”
Programmming:

Chip functions

Connections between chips
Interconnection

Resources

s EARAEArT .
S LJLJLJL] E
S EAEArarn s
A S o Je
S EAEararn
B Lddiara
EEAEAEarn
S LdhdhJdLd

I/0 Cell



Logic elements — “the Chips”

Figure 2-2. Cyclone Il LE
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input A
—+

input B
—*

input C

Output "1 if at
least 2 out of 3 of
my inputs are a "1".

Otherwise, output "0"

T will generate a valid
output in no more than
2 minutes after
seeing valid inputs

74LS.... vs FPGAs

%
Y=AC+B'C+A'B

We're donel

=
‘l
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Schematic
programming
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alwaysl (posedge 1CLE)

begin
E if (Cont !=2Z0' hFFFFF)
begin
Cont <= Cont+l;
oRE3SET <= 1'b0;
end
slze
oRESET <= 1'bi;
end
endmodule

*| Type |Hessage

Messages

Message:

For Help, press F1

2| ¥

Sysleml.l{' Processing .}‘. Extra Info l?‘\Info .}‘. YWarming .}'. Critical ‘Warning .}'\ Error .}'. Suppressed I}',|FIEI§| .";

Ln2, Caol 1

[ Idle:

I

Verilog
Programming

Input

_Logic
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Implementing a Multiplexer

module mux(f, a, b, sel);
output f;
input a, b, sel;

and gl(fl, a, nsel),
g2(f2, b, sel);

or g3(f, f1, f2);

not g4(nsel, sel);

endmodule

module mux(f, a, b, sel);
output f;
input a, b, sel;

reg f;

always @(a or b or sel)
if (sel) f = a;
else f = b;

endmodule

:
se| —o 2

module mux(f, a, b, sel);
output f;

input a, b, sel;

assign f = sel ? a : b;

endmodule

18



Verilog syntax basics

It follows C like syntax: don’t get confused it is NOT C!

input in;
output out;
wire a;

reg b;

reg [7:0] c;

assign a=7"hFF;
assign a=15;

always @ (*)
begin

a=in;
end

always @ (posedge clk)
begin
c<=c+1;

end

19



Verilog syntax basics
It follows C like syntax: don’t get confused it is NOT C!

Modules Definition

module cont(clk, c);
input clk;
output c;

reg [7:0] c;
always@ (posedge clk)
begin
c<=c+]1;
end
endmodule

Modules instantiation

module cont(input clk, output reg [7:0] c);
always@ (posedge clk)

begin

c<=c+1;
end
endmodule

cont c1(clk_50, LEDR[7:0]);

20



if (a==1)
begin

end
else

begin

end

Verilog syntax basics
It follows C like syntax: don’t get confused it is NOT C!

Bitwise operators: reduction operators: Logical operators:
~a | NOT & | AND 'a NOT
a&b | AND ~&a | NAND a&&b | AND
alb | OR la | OR al[b | OR
arb | XOR ~la | NOR a==b | EQUAL

Ag XOR al=b NOT EQUAL
operators:
a?b:c ifathenbelsec
a>b greater than
a>=b greater than or equal
a<b less than
a<=b less than or equal

21




Other operators

Conditional

a??b:c Ifathenbelsecl

Relational

a=b greater than

a >= b | greater than or equal
a<h Less than

a<=Db| Less than or equal

Arithmetic

-a negate
a+b add

a-b subtract
a*b multiply
alb divide
a%b modulus
a*b exponentiate
a<<b logical left shift
a=>b logical right shift
a<<< b | arithmetic left shift

a===Db

arithmedfic right shift




Hardware: buy and hack it
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Hardware
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ALD_ADCDAT Input PIN_ES
AUD_ADCLRCK Output PIN_CS
ALID_BCLK Outpuk PIN_E¢
ALID_DACDAT Outpuk PIN_A4
ALID_DACLRCK Outpuk PIN_CH
ALID_NCK Outpuk PIN_AS
CLOCK_27 Input PIN_D13
CLOCK_50 Input PIN_MZ
DRAM_ADDR[11] Outpuk PIN_YS
DRAM_ADDR[10] Outpuk PIN_Y1
DRAM_ADDR[2] Outpuk PIN_ W3
DRAM_ADDR[E] Outpuk PIN_ v
DRAM_ADDR[7] Output PIN_US
DRAM_ADDR[6] Outpuk PIN_LI7
DRAM_ADDR[S] Outpuk PIN_Li6
DRAM_ADDR[4] Output PIN_ W1

B3_N1 3.3 LYTTL
B3_N1 3,3 LYTTL
B3_N1 3.3 LYTTL
B3_N1 3.3 LYTTL
B3_M1 33 LYTTL
B3_N1 3.3 LYTTL
BS_NO 3.3-Y LYTTL (default)
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B1_N1 5.3-¥ LYTTL (default)
BL_N1 3.3-Y LYTTL (default)
B1_M1 3.3 LYTTL (default)
B1_N1 5.3-¥ LYTTL (default)
BL_M1 3,3Y LYTTL (default)
B1_M1 3.3 LYTTL (default)
BL_N1 3.3-Y LYTTL (default)
EL_NO 3,3Y LYTTL (default)
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30 seconds to light a LED
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SO EXT_CLOCK, /¢ External Cloc 194 FEAEEEEITEFEE I F I IS ULRT FEFFRTEEEIFIEETFIIIIEIEY
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| = ‘ even Segment ghigic 201 inout [15:0] DRAM DQ; // SDRAM Data bus 16 Bits

Taskid B - - S8 HEXZ, ff Seven Heguent fDigic 2 202 outvut 11:01 DRAM ADDR: // SDRAM Address bus 12 Bits

—D Start Project = = 59 HEX3, /¢ Seven Segment D:.Lg:.t, 3

B Advisars 60 HEX4, /4 Seven Segment fDigit 4 ’
- 61 HEXS, /¢ Seven Segmwent fDigit 5
E@ézlaateDeslgn 62 HEXE, /¢ Seven Segmwent fDigit & !
Cieate Hew | 63 HEX?, ff  Seven Segwent §Digic 7 N
T Open Existin 64 FELIFIEIIFEIIIFIISII) LED Iy ey, 30w 4/ Turn on all display
1 Add/Remove 65 LEDG, /4 LED Green[g:0 301 assign HEXO = W hhoo:
<, Megawizard 56 LEDER, /¢# LED Red[17:0] 302 assign  HEX1 = 7'hoo;
5 SUPC Buide &7 {;’RQ”;;;”"””’“'”””'” UARTH gi;;z;/f///u ritirtede 303 assign HEXZ = 7inoo:
N r ransmiter . - .
(21 Assign Constraint v = S e ——— 304 assign HEX3 = 7'hoo;
£ ¥ 3 305 assign HEX4 = 7'ho0;
* [ Type |Hessage 306 assign HEXS = 7' hO0o;
307 azsign HEXG6 = 7' ho0;
305 azgsign  HEX? = 7'hoo;
309 azsign  LEDG = S9'h1FF:
310 assign  LEDR = 15' h3FFRF;
311 assign  LCD_CN = 1'ki;

§. System j Processing Extralnfo # Info p ‘Warning Critical " arning Enor p Suppressed p Flag 31z assign LCD BLON = 1'bi;

g _

ElMEssagE J J | 313 . -

314 J4 ALl inout port turn to tri-gtate
sty B i , Gl 315 assign DRAM DQ = 16'hzzz3:

316 assign  FL_Do = S'hez;

317 assign SRAH_DQ = 16'hezzg;

318 assign OTG_DATA = 16'hzzz=;

319 Hooign  LLD _DATE = T THZZr

320 aasign  SD_DAT = 1'hz;

321 assign I2C_SDAT = 1'hz;

322 assign ENET DATA = 16'hezzzz;

323 assign JLUD_ADCLRCK = 1'he=;

324 agsign  AUD_DACLRCK = 1'bz;

325 assign AUD_ECLE = 1'hz;

326 assign GPIO O = J6'hzzzzzz=zE;

327 assign GPIO 1 = d6'hzzzzzzzez;
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Build your own computer...
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Connecting modules to build complex machines

m Modularity is essential to the success of large designs
m A Verilog module may contain submodules that are “wired together”

m High-level primitives enable direct synthesis of behavioral descriptions (functions such
as additions, subtractions, shifts (<< and >>), etc.

Example: A 32-bit ALU Function Table

A[31:0] B[31:0]

| L F2 F1 FO | Function
32'd1 32'd1 000 A+B
TR [ FI0] : 0 0 1 A+1
A 010 A-B
+ _ . | [T Fl2:0] 01 1 A-1
| : 1 0 X A*B
00 01 104
F[2:1] :

R[31:0]

30



Modules

2-to-1 MUX 3-to-1 MUX

module muxi2three(10,11,12,8el,0ut) ;
module mux3Ztwo (10,11,s5el,out) ; input [31:0] 10,11,12;
input sel;

output [31:0] out;
output [31:0] out; reg [31:0] out;
assign out = sel ? 11 : 10; always @ (10 or 11 or 12 or sel)
begin
endmodule cagse (gel)

2'b00: out = 10;
2'p01: out = 11;
2'b10: out = 12;
default: out = 32'bx;
endcase
end
endmodule

32-bit Adder 32-bit Subtracter 16-bit Multiplier

module mulls (10,11,prod) ;

module add32(10,11,sum) ; module sub32(10,11,4d1€€f) ; input [15:0] 10,41;

input [31:0] 10,11; input [31:0] 10,11; output [31:0] prod;
output [31:0] sum; output [31:0] 4iff;
// this 1s a magnitude multiplier
assign sum = 10 + 11; assign 4diff = 10 - 11; // signed arithmetic later
assign pred = 10 * 11;
endmodule endmodul e

endmodul e

31



Top-Level: connect the modules

m Given submodules:

module mux32two (10,411, sel,o0ut) ;
module mux3iZthree (10,11,12,8el,0ut) ;

module add3z (10,11, sum);
module sub32(10,11,d1ff) ;
module mullé (10,11, pred) ;

m Declaration of the ALU Module:

module alu(a, b, £, r);

input [31:0] a, b;

input [2:0] £;
output [31:0] r;

wire [31:0] addmux out, submux out;
wire [31:0] add out, sub out, mul out;

32'dl, f[0], addmux out);
£f[0], submux out);

mux32two adder mux (b,
mux32two sub mux(b, 32'dl,

A[31:0] B[31:0]

R[31:0]

—

intermediate output nodes ¢

addaz our adder(a, addmux out, add out);
subi2 our subtracter(a, submux out, sub out);
mulle our multiplier(a[15:0], b[15:0], mul out);

mux32three output mux(add out, sub out, mul out, f£[2:1], r);

N

AN

\

endmodule module

names

(unique)
instance
names

corresponding
wires/regs in
module alu

32



Example: A simple counter

Do you know a simple way to count 10 ns pulses? Lots of them?

0—{1 N4 4
@——1 f"'r » count

clr
en clk

// 4-bit counter with enable and synchronous clear
module counter(input clk,enb,clr,
output reg [3:0] count);
always @(posedge clk) begin
count <= clr ? 4’b0 : (enb ? count+1l : count);
end
endmodule

33



Tools - Simulation

Quartus Il

b A B cmoita & Congiaron Rspot - Flow Surrmary R Waveform.vwi*
36 G Maste: Tme Bar 12175 ns < » Pointer 7.35n: Intervat A83n Start: Opa End 10
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Jo— Cd (3] 8o
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b | 21 BX
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By )

Define the signals :

Inputs — stimulus

Outputs - results

\ 4
Define the stimulus to the system

Run the simulation and you get the result




Tools — Measurement instruments
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== ‘Waveform Activity }7'2}45 437‘2us 457‘2us 4.77‘2\45 4.Q7I2u5 5.17IZ\.IS 537‘2us 557‘2us 577‘2\45 5.97‘2\5 5.17IZ\.IS 537IZUS 557‘2us 677‘2us 6.97‘2\5 7.17IZ\JS 737IZ\.IS
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Tools — Internal Logic Analyser

Signal-TAP embedded Logic Analyser

Quartus Il Handbook Version 9.0 Volume 3: Verification
14. Design Debugging Using the
SignalTap Il Embedded Logic Analyzer

&' Quartus Il - C:/Documents and Settings/LIP/Desktop/altera/DE2Z_demonstrations/DE2_SD_

File Edit Wiew Project Assignments Processing RIS

O = 571 | Run ED& Simulation Tool L) @ i
Run EDA Timing Analysis Tool

Window Help

Project MNavigakor -
E ntity
Cyclone [I: EF2C35FETZCE

- 2b¢ DE2_SD_Card. &)

E Launch Design Space Explorer
@ TimeQuest Timing Analvzer
Advisors L4

‘ @ Chip Planner {Floorplan and Chip Editar)
@ Dresign Partition Plannet

Metlist Yiewers

iaal| Signal Tap 1T Logic Analyzer

fm In-Swstem Memory Content Editor

] Logic Analyzer Inkerface Editor

8 In-Swstem Sources and Probes Editor

| e

SignalProbe Pins...

<l
_EJ "@' Programmmer
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Tools — Internal Logic Analyser

R Quartus Il - C:/Documents and Settings/LIP/Desktopifaltera/DE2_demonstrations/DE2_SD_Card_Audio/DE2_SD_Card_Audio - DE2_SD_Card_Audio - [stp1.s5tp]

File Edit Wiew Project Processing  Tools  wWindow

Ifstance Manager: ’Q AN | |InvalidJTﬂG configuration @ X | JTAG Chain Configuration: _ @ X

fstance | Status | LEs: 0| Memary: 0 | ME1 2. MLAB: 040 | MK MIK: 9305 | MR

auta_signaltap_0 Mat mnning 0 cell: 0 hits M (FY Hardware: I Dizabled j Setup.. ; CO N T R O L
Erervfora | ET——— L Scan Chaind |
|

T
ﬂ SOF Manager: & I

|l

| v

auto_si = :é\ i e T —~— Si Configuration: \|
Hode Data Enable | Trigger Enable |Trigger Conditions el I_I -
ype Imias I Hame 0 0 1 | Basic - '
- Data

Diouble-click to add nodes I k
Sample depth: m Rk type: m ; C OC
I Segmented: I 2 B4 zample segments j d efi n it i o n

Storage qualifier

Type: I £2 Continuous j

Input part: I |

I~ Fecord data discontinuities

I~ Disable storage qualifier

- Trigger

Trigger flow contral: I Sequential

Trigger pasition: |5ﬁ Fre tigger position

Lol Lef Lol

Trigger conditions: I 1

E Data | % Setup k

Hierarchy Dizplay: X " Datalog Bl x
----- El auto_signaltap_0

\

The signal

| > you want to
: auto_signaltap_0
For Help, press F1 T el 4 llseell
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Tools — Internal Logic Analyser

The logic analyser will collect data from the registers and output it
through the JTAG programming interface

2 ALDI0_DAC_ADC.v | %2 DE2_Defauil v

| %2 120_av_Corfig.v | 1 stp1 stp
Instance Manager: |Invalid JTAG configuration @ X | JTAG Chain Configuration: _ @
Instance Statuz | Incremental Compilation | LEs: 587 | Memorny: 4352 | M512: 0 [LELSN FA Rl
IE‘ auto_signaltap_0 Mot running r

587 cells 4352 hits 0 blacks 1 blocks Obie | Hardware: | | Setp.
Device: | J Scan Chain
a

} »>»| SOF Manager D
log: 2009020 6 020355 #3656 click to insert time bar
Type |Alias | Haing e, P, B, R ¢ ¢ . ¢ 3 9 7z ¢ .8 g w # @ %
=) E- O ADCudALD_outR FEADh : b FEBDh
[0 - LEDR OFES0h by OFEEDH
<) (24
[® Data | Setup
Hierarchy Display: X | ¥ Datalog fAl X
—-[#] # DEZ_Default @ log 2003402416 020358 #21 A
# AUDIO_DAC_ADCud @ log 2009/02/16 02:055 #22 ™
|£| auto_signaltap_0

Tools — Signal probe

Internal signals can be extracted to output pins and connected to na
external logic analyser. Signals can be exchanged easily...
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d

atall

1 Quartus Il - C:/Documents and Settings/pedjor/Desktop/DE2_Default/DEZ_Default - DE2_Default - [stp1.stp™]

File Edit “iew Project lindow

B ' n |

Ingtance Manager: *Q ko |Head_l,l to acquire
| Shabuz |

Processing  Tools

B &

Memaory: 4036 |

B[

Instance LEs: 431 |

ME12 MLAR: 040 |

MAK.MIK: 77105 | M -FAR T 44K

b4

040 |

|£| auto_gignaltap_ MHat running 497 cells 4096 bits

0

blocks

1 blocks

0 blocks

Device:

N

JTAG Chain Configuration:

SOF Manager:

|JTARG ready

Hardvaare: | SE-Blazter [USE-O]

j Setup... |

| @1: EP2C35 [0x0208400D)

j Scan Chain

log: 2008/03M 8 00:23:01 #0

click to insert time bar

Type |Alias Hame . \

Cont[22] |

Cont[23]

Cont[24]
Cart[25]

CA AL -

*Select the four signals;
Edit—>group

log: 20090315 00:23:01 #0

click to insert time bar

Type |Alias | Hame 1.8 -4 o e o

=

: (- Cont[22. 25]

*Select the group

Edit->Bus Display Format—->Unsigned Line Chart

log: 2009/0:5M 5 00:23:01 #0

click to insett time bar

Type |Alias | Hame  Cled Al o Sl

& Cont(22, 25]
L)

Unzoom

log: 200200348 00:23:07 0

click to inzert time bar

Type |Alias | Hame 128 -£4 0 B4

128

132

256 520 384

445

512

576

G40 704

TES

§32

EEL)

- Cort[22. 25]

L




Tools — Mega Wizard

5 Quartus 1l M

File Edit WView Project Assignments Processing  Tools  “Window Help

IEEEEIE I T e 'tew (o> o088 |ule
roRe e Fun EDA Timing Analysis Tool
Entity Logic Cells | Dedicat Launch ED, Simulation Library Compiler
Compilation Hierarchy n Launch Design Space Explorer
& TimeQuest Timing Analyzer MegaWizard Plug-In Manager [page 1]
) L)
Adwisars r The Megattizard Plugdn Manager helps you create or modify
dezign files that contain custom wanations of megafunchions.
@' Chip Plannet (Floorplan and Chip Editar) ) )
_ . = Ww'hich action do pou want to perform’?
@ Design Partition Planner
Netlist Viewers » * Create a new custom megafunction variation
Iil | " Edit an existing custam megafunction variation
&y Hierarchy | B Files | o Design Units | | SignalTap II Logic Analyzer " Copy an existing custom megafunction wariation
Tache & [n-Syskern Memory Content Editor
as| : :
. = 1 Lagic Analyzer Interface Editar Copuright [C] 1931-2009 Altera Corporation
Flawe: Il:cumpllatlcun
@ In-Syskem Sources and Probes Editor
Task [ ) )
SignalProbe Pins. .. .
= W Compie Design @ 24 Cancel | < Back | et = I Firizkh |
B I Analysiz & Sunthesis Erogrammer
- : Fitter [Place & Route] :o.‘{ MegaWizard Plug-In Manager...
[H-- e Aszembler [Generate programming Fi View New Quartus Ii
— - SOPC Builder
B M Clazsic Timing Analysis E B hd Infermation
H- W EDA Netlist wiriter Tel Seripts. .
o - T evsiee (Mnen P 1
[i] rl:;:nram [T (= ] [nl=lal (inlmif=lnnlanl=lg Custumlgel N ‘ Documentatlon
Options. ..,
=
b Type I Heszage License Setup. .,

% System 4 Processing b Estralnfo fi Info A ‘wWaming j  Critical'Waming  # Emor ) Suppressed ) Flag f
i

e Mezzage: ﬁl il ILDcatiDn: ;I Locate |

Starts the Megawizard Plug-In Manager |EE RN | |dle A




-

MegaWWizard Plug-In Manager [page 2a]

“Which megafunction would pou like to customize?

Select a megafunction from the lizt below

= At
I

hrnetic Ead
ALTACCUMULATE

ALTECT
ALTFP_ABS
ALTFP_ADD_SUB
ALTFP_COMPARE
ALTFP_COMVERT
ALTFP_DIV
ALTFP_EXP
ALTFP_INV
ALTFP_INV_SORT
| ALTFP_LOG

ALTFP_MULT
ALTFP_SQRT
ALTMEMMULT
ALTMULT_ACCUM [MAC)
ALTMULT_ADD
ALTMULT_COMPLEX,
ALTSART

LPM_ABS
LPM_ADD_SUE
LPM_COMPARE

LPM_DIVIDE >

Wwhich device family will pou be Chratis ﬂ
uzing?

“Which type of output file do you want to create?

" AHDL

" WHDL

% erlog HOL

YWhat name do you want for the output file? Browsze...

C:A\Documentz and SettingzhpedjorDesktiopCopy of DEZ_Default

[ Return ko this page for another create operation

Maote: To compile a project successfully in the Cluartuz 1| zoftware,
wour design files muzt be in the project directory, in the global user
libraries zpecified in the Optiong dialog box [Tools menul, or a user
library specified in the Uszer Librariez page of the Settings dialog
box [Azzignments men).

Your current uger library directories are:

Cancel | ¢ Back ‘ Mext » | |
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VTR

' | MegaWizard Plug-In Manager - LPM_COUNTER [page 3 of 7]

LPM_COUNTER

BE]

About

Documentation

Currently selected device Family:

i

| Match project fdefault

How wide should the '’ output bus be? bitz

What should the counter direction be?
1 Up orly
1 Down only

2 Create an 'updown' input port to allaw me to do both
[1 countz up; 0 counts down)

Rezource Usage
5 lut

| Cancel || < Back ” MNext = || Einish |

g

MegaWizard Plug-In Manager - LPM_COUNTER [page 4 of 7]

LPM_COUNTER

BE)

About

Diocurnentation

‘wWhich type of counter do you want?
) Plain binary
2 Modulus, with a count madulus of

Do wou want any optional additional ports?

[] Carry-in
[] Carry-out

[ Count Enable

Rezource Usage
8 ut

| Cancel || < Back. ” Mext > || Finish |

FROTRT—

MegaWizard Plug-In Manager - LPM_COUNTER [page 3 of 7]

Resource Usage

g It

LPM_COUNTER

About

Documentakion

BE]

Currently selected device Family:

W Match projectdefault

How wide should the 'q' output bus be? bits

What should the counter direction be?
® Up only
) Dawn anly

) Create an 'updown' input port to allow me to do both
[1 counts up; 0 counts down)

i

| Cancel ” < Back || MNext = || Einish

e

MegaWizard Plug-In Manager - LPM_COUNTER [page 5 of 7]

2

Resource Usage
g It

LPM_COUNTER

Documentation

BB

Do you want any optional inputs?

Synchronous inputs Asvnchronous inputs

[[] Clear
[ Load
[ 5et

[] 5et

| Cancel || < Back, || Mext = ” Finish |




IRTRERE- AN P IR TR IRIT} 1= ) _amesm oy ==

MegaWizard Plug-In Manager - LPM_COUNTER [page 6 of 7] - EDA =]

LPM_COUNTER

Resource Usage

It

Simulation Libraries

Tao properly simulate the generated design files, the Following simulation model
file{s) are needed

File | Description |
lpm  LPM megafunction simulation library

Timing and resource estimation

Generates a netlist For timing and resource estimation For this megafunction. IF
wou are synthesizing your design with a third-party swnthesis tool, using a
timing and resource estimation netlist can allow For better design optimization.

Mot all third-party synthesis bools support this Feature - check with the tool
vendor for complete support information.

Mate: Metlist generation can be a time-intensive process. The size of the
design and the speed of your system affect the time it takes for netlist
generation ko compleke.

Generate netlist

LLgE Lesdt Jarechign 42| |

MegaWizard Plug-In Manager - LPM_COUNTER [page 7 of 7] -- Summary g

| Cancel || = Back. ” Mext = ” Finish |

LPM_COUNTER

SUmmary

TEST COUNT

Reszource Usage
g Iut

Turn on the files vou wish to generate. & gray checkmark indicates a file that is
automatically generated, and a red checkmark indicates an optional File, Click.
Finish to gemerate the selected files, The state of each checkbox is maintained in
subsequent Megawizard Plug-In Manager sessions.

The Megawizard Plug-In Manager creates the selected Files in the Following
directory:

Ci\Dacuments and SettingsipedjoriDeskioplCopy of DEZ_Default)

File | Description

[ TEST_COUNT .»

O TEST_COUNT.inc

O TEST_COUNT .cmp

O TEST_COUMNT bt

O TEST_COUNT _inst.v

[ TEST_COUNT_bb.w

[ TEST_COUNT_waveforms. html
L TEST_COUNT _wave®.jpg

W ariation file

AHDL Inchude file

WHDL component declaration file
Quartug 11 symbol file
Instantiation template file

Werilog HDL black-box file

S ample waveforms in summary

S ample waveform file(s)
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IE@ Quartus Il - [test]

Mega Wizard — What you get

File Edit Miew Project Processing Tools  Window
q; 28 Sif8ubacription Agreement, Altera MegaCore Function License
29 Sfhgreement, or other applicable license agreement, including,
ﬂﬁ 30 dfwithout limitation, that wyour use iz for the sole purpose of
an 31 Siprogramming logic devicez manufactured by Altera and sold by
o 32 Sihltera or itz authorized diztributora. Flease refer to the
33 ffapplicabhle agreement for further details.
. 34
&= 35
£ 36 £f synopsys translate off
g 37 ‘timescale 1 ps f 1 p=
A 38 // synopsys translate on
% a9 Emodule test |
40 clock,
5i 41 o) ;
;% 42
43 input clock:
@ 44 oucput [7:=0] =
o 2 . |
45 wire [7:0] sub wire0d;
47 wire [7:0] g = sub wire0O[7:0]:
45
Sﬂ 49 lpm counter lpm counter component |
b =1n] elock (elock),
51 S (sub_wireO],
52 Jacly (1'kb0O),
—+ 53 vaload (1'k0O),
54 Jaset (1'b0),
= 55 .oin (1'kb1),
L8 =141 .clk en {(1'b1l),
- 57 .cnt_en {1'b1),
55 .cout (),
59 .data ({8{1'kbO}}),
60 -ei (),
61 sclr (1'h0),
62 .sload (1'k0O),
63 .S3et (1'b0O),
64 CTpdown (1'kh1i);
65 defparstn
[ L s ol er  cornnotent L direction = DT

ftp://ftp.altera.com/up/pub/Tutorials/DE2/Digital Loglc/tut lpoms verilog.pdf

| I

R e e e e e ) S T e T A ) S e s A 2

49


ftp://ftp.altera.com/up/pub/Tutorials/DE2/Digital_Logic/tut_lpms_verilog.pdf

And finally... Microprocessors

@
Nios’'I1
Lots of tools and tutorials...

e.g. NIOS IDE (Integrated Development Environment)
DE2 demonstrations

Tools — SOPC builder

http://www.altera.com/education/demonstrations/sopc-builder/sopc-builder-demo.html

ftp://ftp.altera.com/up/pub/Tutorials/DE2/Computer Organization/tut sopc introduction verilog.pdf

The SOPC Builder is a tool used in conjuction with the Quartus Il CAD

software. It allows the user to easily create a system based on the Nios Il
processor, by simply selecting the desired functional units and specifying their
parameters.

There are other choices of y-processors to implements. E.g.: mi
Operating systems can be used. E.g. y-Clinux™


ftp://ftp.altera.com/up/pub/Tutorials/DE2/Computer_Organization/tut_sopc_introduction_verilog.pdf

The lab exercise

File Edt Wiew Project Assignments Processing Tools

bemor K s@e@

D@ & @

Froject Navigator

Enlly [Logic Cell [ Dedicated Logie Reg

window  Helpe

€ Compilstion Report - Flow Sunm... | & DE2_TOP.v ]

L AR R AN R

(7]

&y Cydone I EPZC35FE720R
i DEZ_TOP &g 134(134)

< |

1021102

2

"~ dyHierarchy | B Fies | 67 Design Units

Tasks

Flow: | Complation

Task&

[Timed |

~ & W Compils Design
Analsis & Spnihesis
Filter [Place & Route]

ENANENEN
v

Classic Timing Analysis
EDA Nelst Wiker
W Program Dievics [Open Proarammer)

»
»
»
»

Quartus IT

D
D . fuartus 11
b

<
%‘ System (2]}, Processing (226]
& Message: 001 1507

For Help, press F1

Assembler (Generate programming fles]| 00:00 04

00:00:38
00:00:10
000021

00:00.03

4
“
%
3
U

pal
2

355
386
357
358
359
350

assign LEDR[14:

else
HEZy00=7'b1000000;

Cont <= Comt+i;
if (Cont>24998)

begin
Comt [14:0] = O
milis = 'milis;
end

=Cont[14:0];

assign LEDG[0]=milis;

Jdmmmm milie-

alvays@l (posedge milis or negedge KEY[3])
Ekegin

if

(EE¥[3]
begin
Comt_mili<=1;
HEEY0=7'h1000000;

0)

end

elae
Ebegin

4'bO000

Comt_wili <=  Gomt_wili+l;

sase (Cont_wili]

4'b0001 @ HEEW( =.aim

: begin HEXyD = 7‘111999@@;4_«/»-—'*"

S

cronograph




Thank you!
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SIiPMs ...
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SiPM - Silicon PhotoMultiplier

Foto-Diodo de avalanche

)
ﬁ % em modo Geiger com
©

resisténcia Quenching Resitor

SiPMs — CMOS binario

1 célula tem sempre o0 mesmo sinal
Saida: Soma de varias células
Sinais “digitalizados”

SiPM pixel |deiais para “Single Photon Counting’
Eficientes

Podem ser expostos a luz

Tensoes baixas (<100v)

b

Si* Resistor

e Problemas:

Dependéncia com a temperatura,
Dependéncia com a tenséo
Ruido

Crosstalk

H
-
E S
z
3
3
>
2




No LIP...

Caracterizacao dos SiPM II 1 ey (g
Sistema controlo temperatura (~ -20°C)
Sistema leitura 64 canais

2p.e. —>»

Joafy 2
W/

3 p.e. 9 F.
4pe. —>

5p.e.—>

& 1oomve 00 Coomvo

i value Mean Min Max std Dev |

[ 2 B 13.9mv  13.5m  12.3m  14.2m 384 S S | —

@ High 48.0mv  47.8m  40.0m  56.0m 4.71m 40.0ns 2.50G5/s
Null waveform \W+¥0.000005 | 11000 points)
Null waveform :
Null waveform [14 May 2010

| @D Frequency 27.94MHz 20.16M  5.015M  36.30M 9.722M | | 18:44:01

|" & 5.20mv

Substituir uma camara de Auger:
Auger: 800 mm x 800 mm = 6.4 x 10° mm?
1 SIPM: 3 mm x 3 mm =9 mm?

N° canais da ordem de 7 x 104

Ganhos:

Resolucao

Eficiéncia do detector



Photon counting

Multi-Pixel-Photon-Counter PEBinning
Entries 1000
F Mean 5.947
E RMS 2.736
6000 -
50001}
4000}
3000}
2000}
1000}
0 E P R e o SR Y "
14 16 18
Photoelectrons

Threshold simples: Digital

Varios Thresholds: Aumentar gama dinamica
Pode ser implementado num ASIC: Muitos Canais

=
o
-
o
P

O\VLO\O




O ASIC de front-end

\ 1
input Preamp 2= » 1 64 A::;zs
(6 bit gain) Slow Shaper S&H e
& (20-100 ns) B4 "
PM
inputs
g TRIGGER
| | >_ P output (digital) _
r—1 & :
Fast Sh
as! Shaper Coreitil
I
TEST PULSE e
HOLD1
DAC  |IHO

64 pré-amplificadores
Ganho programavel por canal
64 sinais digitais de saida

Om@-@ ADC 12 bits




ERC - Elementary Readout Cell

SiPM Ch

SiPM Ch

CLK

<

Sinais Analogicos

<

64x Sinais Digitais

<

__ FPGA: trigger local;
Compressao; Gestao

<

i} ADC
r n
5 o
3 S ASIC | g
S I <
2 2
S > Discr
(@) %)
p= =
[ 5
c (=] ADC
oy O R/O
N 2 TRIGGER
outputs lines
A
ERC FPGA
7))
-
o
= e
S
< SYNC| Serial S erial CSESTROL
© out out
§ Lines Lines
7))
<
v r v

2X links série



Aquisicao de Dados em piramide...

Off-Detector
Data Acquisition Electronics

/\A

A
Y
Elementary Readout Cell L2 Board ' L3 Board
/1
Elementary Readout Cell
L2 Board
Elementary Readout Cell Optical

Transmission

Focal Plane Frontend Electronics



L2/L3 boards

Solu¢ao Comercial:

Placas MicroTCA (industria Telecomunicacodes)
Varios links opticos por placa

Podem ser instalados numa crate com bus
FPGAs Rapidas

Reprogramaveis

/ Scalable solution \

Backplane Optical Links

Altera® Stratix® IV GX FPGA

16 x 6.25 GHz SerDes transceivers

Optical Links (3.125 Gbps) or SFP+ (6.25 Gbps)
2 x 1 GB SDRAM

As Placas podem ser
programadas como placas de
trigger de nivel L2 ou L3



Hardware

http://www.altera.com
http://www.terasic.com.tw/en/

Development boards from ~$100 e D OO S £ T

.
o
.
- —ie
. e
-
-

9
- » .
- g,
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http://www.altera.com/
http://www.terasic.com.tw/en/

PCLD

- -
W || T

3-4 semanas aulas
14 semanas laboratorio

ANV AN oy
| i

s B8 "J'bbﬂm, L
i oeelsiilitifiﬁilu-l

»
*11f'ulmuw (alaluinlatnls
o, vl el vl bd L RE T A e n d ol el bd ' A

4 exercicios: EH_ H: | Ur'l d[f
*“Ola Mundo”

*“Breitling”

*Mira Técnica

«Jogo

1 Trabalho final “negociado”
Caderno de encargos define requisitos




SiPM Multi-Pixel Arrays

8x8 configuration Zecotek Photonics, MAPD3-N device

Gain: 7x10% — 1x10° (11-15 fC for 1 p.e.)
Dark current: 1-3 MHz per 3x3 mm? pixel

Temperature sensitivity (dM/dV) ~5%/°C

|
 §
-
z
3
2

Crosstalk: 5-15%

Bias supply: 90 V, common cathode

v T 35
0w 2P ?;p-e- MAPD-3N " S rTILIl |
‘g \ = 404 : ‘ * *T1 T4 : ¢ + \ [T
- [I M ape. o= 3810 o T Tj [TTI11 _7 j el e,
1pe || | X\ T=15° - Bt +,” .
20kt l{\ ‘\Sp.e. 2 20 ¢ ++‘0,
N w ey,
15k‘ f:\f\m\'\spe o 15 :
8 | | | | N
ol 2L L \ 10
’fx I U VU \/ﬂ\ 7p.e. i CERN, Y. Musienko
s\ |\ W —
L) 8 p.e.
./ \/ A A L A L A S— 0 ) T
o L
L 350 400 450 500 550 600 650 700

Anfimov et al., NIM A in press 2010 ADC #ch Wavelenath Inm1



Synchronous
ADC Digital Serial Out

ERC - Elementary Readout Cell

v

SiPM Ch

SiPM Ch

Asynchronous

Out
Lines

r

Out
Lines

ADC
210 64
outputs
v
ERC FPGA
L
sync| serial Serial SO el

bus

CLK

64 SiPM (8x8 configuration) array

64 input channel ASIC with 64 discriminators
Charge output available as option

Local clock at 40/80 MHz

Total bandwidth between ASIC and ERC FPGA: 2.56
Gbps at 40 MHz or 6.4 Gbps at 100 MHz

ERC FPGA performs zero suppression
and local threshold

Output serial links (LVDS, min 100 MHz)

Typical payload: 64 bits + 40 bit Timestamp (clock
counter) + overhead + trailer ~ 110-120b

2x100 Mbps LVDS link compatible with ~2 MHz
event rate / 64 channels)



Main options

Signals Digitized and time-tagged “as soon as possible”.
Data forward @ max bandwith using off-the-shelf links and boards.

*A clock is distributed only to front-end boards, for time marker assignment

*Each trigger primitive has a time marker assigned by the front-end board

*All trigger primitives from front-end boards sent asynchronously to trigger boards via data
links running at their own clocks, for maximum bandwidth

*In an asynchronous system, each trigger level works at its own clock frequency

*No timing procedures are required

From Industry: Fast Data transfer standards. E.g.

*XTCA from Telecom Industry

*Inherent asynchronous (network switching)

*Data and slow-control data streams can be send over the same data lines, reducing the
number of cables required




