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Ultimate Goal

» Determine whether the signal is a real hit or a crosstalk
* Find out the address of a real hit P

Coded mask

crosstalk Passive shielding

Hopper

Detector

real hit

Passive shielding




Study

« What Is a crosstalk
« What are the criteria for distinguishing a real hit from a crosstalk

* FPGA and Verilog
« How the signal observed in the detector is transfered to the FPGA



The Steps

Understanding the process of ‘hit finding algorithm'’
Designing a hardware process

Coding the hardware process without delay in Verilog
SPACIROC : ‘spaciroc_datasheet_20110510

Calibration for Photon Detector

Demonstrating on FPGA

Study BRAM

Input clock automatically

Optical sensor

O o N Uk W =

10.DAQ process of MAPMT (Winter Vacation Plan)

= Find out the address of the rea/ hit



Paper Abstract
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Fig. 6 Block diagram of UBAT top level data flow. The data flow is divided between two directions: raw
data is stored in SRAM as are the GRB trigger calculations



Paper Abstract

2. Hit finding algorithm
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Fig. 7 Block diagram of “hit finding” algorithm for 3-hit patterns. The dark orange squares represent real
hits and faint orange squares represent hits resulting from crosstalk. Serial raw data are fed into hit finding
blocks, and then the finding rulers, which are represented with different colored arrows, determine the center

of the hit pattern



What's the Problem?

faint orange (crosstalk)
=>it is difficult to find out the address of rea/ hit

Since detector recognize the faint orange as the real hit



Goal

Find out the address of the rea/ At



The Steps

1. Understanding the process of ‘hit finding algorithm’
2. Designing a hardware process

= Find out the address of the rea/ hit



The Detailed Progress

1. Understanding the process of 'hit finding algorithm’

- How the lights be detected

- What the Crosstalk is

- Mapping in ADC

- 8 bits per each pixel (= channel)

- What does 8 bits mean : intensity of the detected light

- Convert serial 8 bits to parallel 8 bits for quick calculation

- Classify according to the threshold



The Detailed Progress

2. Designing a hardware process

2-1) convert serial 8 bits to parallel 8 bits
2-2) classify according the threshold



The Detailed Progress

2-1) convert serial 8 bits to parallel 8 bits (SPC)

d7 dg ds dg4 d3 dp dq dg
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CLK



The Detailed Progress
2-2) classify according the threshold

Input : the output of SPC (Serial Parallel Converter ) = 8 bits
Output : 2 bits = very strong[11] / strong[10] / weak[01] / none[0O0]

. 255 = [11111111
The Threshold Very [ ]
Strong
intensity = 192 = [11000000]
Strong

= 64 = [01000000]
Weak

0 = [00000000]



The Detailed Progress

2-2) classify according the threshold

—| AND |-®
1T | xor °
e >
— | OoR >
— 8 bit SPC — | NOR >
—+—| NOR s —! NOR |—
— NOT

CLK

255 = [11111111]
Very
Strong

= 192 = [11000000]
Strong

Z 64 = [01000000]
Weak

0 = [00000000]

very stro.ng[11] / strong[10] / weak[01] / none[00]

4x2 Encoder




Feedback
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The Steps

| , e g
 Decian o
3. Coding the hardware process without delay in Verilog

= Find out the address of the rea/ hit



The Detailed Progress

3. Coding the hardware process with Verilog

3-0) basic modules
3-1) SPC : 8bit serial parallel convertor
3-2) classify according the threshold



The Hardware Process (in 2nd)

2-1) convert serial 8 bits to parallel 8 bits (SPC)

d7 dg dg d4 A3z dp dq dg

" 1x8 dMux

s » b[7:0]

3

3 Bit Ripple Counter

«

CLK

2-2) classify according the threshold
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CLK
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4x2 Encoder




3-0) basic modules

Combinational Circuit : 8x1 dMux, 4x2 Encoder

Sequential Circuit : JK FF, 3bit ripple counter, T FF



3-0) 8x1 dMux : dMux8

module dMuxa(

input in,
output reg [7:0] out,
input [2:0]s
| H
always @(in, s)
begin
case(s)
3'b000
3'b001
3'b010
3'b011
3'b100 :
3'b1l
3'b110
3'bll
endcase
end

endmodule

begin

' begin

begin

 begin

begin

' begin

begin

' begin

out[?] =0 out[B] =0 ; out[B] =0 out[d4] =0 out[3] =0 out[2] =0 out[1] =0 out[0] = in ;

out[?] =0 out[6) =0 out[5] =0 out[d4] =0 out[3] =0 out[2] =0 out[1] = in :
out[?] =0 out[B] =0 ; out[5] =0 out[d4] =0 out[3] =0 ; out[2] = in; out[1] =0
out[7] =0 out[B] =0 out[5] =0 ; out[d4] =0 out[3] = in . out[2] =0 ; out[1] =0
out[?] =0 out[6) =0 out[5] =0 out[d4] = in: out[3] =0 out[2] =0 out[1] =0
out[?] =0 out[6) =0 out[5] = in out[d4] =0 out[3] =0 out[2] =0 out[1] =0
out[7] =0 out[B] = in . out[5] =0 out[d4] =0 ; out[3] =0 out[2] =0 out[1] =0
out[?] = in ; out[6]) =0 out[5] =0 out[d4] =0 out[3] =0 out[2] =0 out[1] =0

out[0] =0 ;
out[0] =0 :
out[0] =0
out[0] =0 ;
out[0] =0 ;
out[0] =0
out[0] =0 ;

end
end
end
end
end
end
end
end




3-0) 4x2 Encoder : Encoder4dx?2

module Encoderdx2{in, out).

input [3:0]in:
output reg [1:0]out:

always @(in)
begin
case(in)
4°b1000 @ begin out[1] = 1; out[0] =1 end
4°b0100 @ begin out[1] = 1; out[0] =0; end
4°b0010 @ begin out[1] = 0; out[0] =1 end
4°b0007T ¢ begin out[1] = 0; out[0] =0; end
endcase
end

endmodu e




3-0) JK FF : JKFF

module JKFF(
input j,
input k,
input clk,
input pr_b,
input clr_b,
output reg q

i F

Name Value 1,000,000 ns

always @ (negedge clk or negedge pr_b or negedge clr_b)
begin

if (prcb==0) q<=1;

else if (clr_b ==0) q <=0;

else

begin
if (i==0 8&& k==0) q <=q;
else if (j==0 && k==1) q <=0;
else if (j==1 && k==0) q <=1;
else if (j==1 && k==1) q <=~0;

end

end




module ripple_counter3(
3-0) 3bit ripple counter : ripple_counter8
output [2:0]out

K

JKFF jkO(
d(z),

kiz),
.clkiclk),
.pr_b(pr_b)},
.clr_b{clr_b),

o . .qfout[0])
200,000 ns 400,000 ns a0, 3 )

JKFF jki1(
d(z),

kiz),
.clkiout[0]),
.pr_bipr_b},
.clr_b(cir_b),
.qlout[1])

b

JKFF jk2(
J(2),

kiz),
.clkiout[1]),
.pr_b{pr_b),
.clr_b{clr_b),
.qlout[2])

K

endmodule

117




2-1) convert serial 8 bits to parallel 8 bits (SPC)

3-1) SPC : 8bit serial parallel convertor e o |

module SPC(

Serial input 8bit :
input in, 11001110 (line 44~51) ~400ns 3

input clk, . H N J==N-1¥e]| 3 Bit Ripple Counter
output [7:0]out, 400ns : 8bit dMux 4 =22l o LK

input z,
input pr_b,
input clr_b 400,000 ns

)
wire [2:0]s:

ripple_counter3 RC3(
.clk(clk),

.z(2),

.pr_bipr_b),
.clr_biclr_b),
Jout(s)

3

dMux8 DMux(
Lndind,
.out{out),
.s(s)

JE

endmodule




3-1) Feature of SPC

8bit serial input should be equal to 8 times period of the clk

Since the output of the dmux changes every period of the clk

- Memory is required to store the output (TFF)

T FF:0 = no change / 1 = toggle

> Since the initial output is zero &
the input 1 information must be stored



3-1) SPC with T FF

module SPC(

input in,
input clk,
output [7:0]out,

input z,
input pr_b,
input clr_b

)

wire [2:0]s:
wire [7:0]o:

sel

JKFF t0(
J(o[0]),
k(o[0]),
clkiclk),
pr_bipr_b),
.clr_biclr_b),
.qiout[0])

)

Design Sources (1)
v @ SPC (SPCuw) (10)

v @ RC3:ripple_counter3 (3bi
® k0 : JKFF (JKFF.v)
® jk1:JKFF (JKFF.v)
® k2 : JKFF (JKFF.v)

@ DMux : dMux8 (dluxd.v)
® t0: JKFF (JKFF.v)
® t1: JKFF (JKFF.v)
® 2 : JKFF (JKFF.v)
® 13 JKFF (JKFF.v)
® 4 JKFF (JKFF.v)
@ t5: JKFF (JKFF.v)
® 6 : JKFF (JKFF.v)
® 7 JKFF (JKFF.v)

fipple_countar3

out{7.0




3-1) Simulation without T FF
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Input : 11001110 => intensity : 01110011
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3-1) Simulation with T FF

Input : 11001110 => intensity : 01110011
dg ~dy dy ~dg



3-2) Classifier

2-2) classify according the threshold

AND —&—
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e
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very strong[11] / strong[10] / weak[01] / n{

4x2 Encoder




3-2) Classifier

v Design Sources (1)
v @ = Classifier (Classifierv) (2)
> @ spc:SPC (SPC.)(10)

© encoder: Encoderdx2 (Encoderdx2.v)

assign NOR_1

assign NOR_2

module Classifier{in, clk, out, z, pr_b, clr_b);

finput in;
input clk;
output [1:0]out;

‘input z;
‘input pr_b;
\input clr_b:

wire [7:0]w;
wire AND, ¥OR, OR, NOR_O, NOR_1, NOR_2, NOT:
EW'I re [3:0]i:

SPC spc(
f.in(in),
nclk(clk),
Lout(w),
2(2),
Lpr_bipr_b),
f.clr_b(clr_b)
bk

iassign AND = w[7] & w[6]:
assign XOR = w[7] ~ w[6]:

assign OR = w[7] | w[6]:
assian NORO = ~( w[5] | w[4] | w[3] | w[2] | w1] | wO] }:

= ~( AND | XOR | NOR_D )
fassign WOT = ~ NOR_D:
= ~( OR | NOT }:

assign i[3] = AND:
assiagn i[2] = X0R;
assian i[1] = NOR_1;
assign i[0] = NOR_2:

3Encoder4x2 encoder(i,out):

endmodul e




3-2) Classifier : Very Strong

module Classifier_th:
] e
reg in:
reg clk; Value 400,000 ns 800,000 ns ,
wire [1:0]out; 0 I I
J clk 0 . . . . f . . . .
reg z, pr_b, clr_b; s woutt] 3
Classifier inst(in, clk, out, z, pr_b, clr_b): 4 1] _ _
40 — ]
witiel // it - 1111 vty 1110 z — —
O prcb =15 clrb = 0 2=1: clk =0; in=1; Jcr b
O #40 in=1;
SR Input : 111111112 => intensity : 11111111
O n=1,
O #50 in = 1; do ~ady dy ~dg
O #50 in=1;
O #0 in=1; Vi 255 = [11111111]
O #50 in = 1; ery
~ , Strong
Q #0 in=0; eok f : = 192 = [11000000]
end
- Strong
O alwavs #25 clk = ~clk:
2 64 = [01000000]
Weak
endmodule 0 = [00000000]




3-2) Classifier : Strong

module Classifier_th:

402,098 ns

reg in:
reg clk: 100,000 ns 500,000 ns 800,000 ns
wire [1:0]out:

reg z, pr_b, clr_b:

Classifier inst(in, clk, out, z, pr_b, clr_b):

initial t 11001110 fensit
begin
O pr.b = 1; clr_b = 0; z=1; clk =0; in=1;
® #10 cirb = 1;
® #40 in = 1;
= ﬁgg ':g Input : 110011102 => intensity : 01110011
9 n =W
O #50 in = 1; do ~dy dy ~dg
O #50 in = 1;
O #50 in =1
- 255 = [11111111
O #50 in = 0; SVery [ ]
O W= s A7 sheck for desd rons = 192 = [11000000]
end
— Strong
O alwavs #25 clk = ~clk:
= 64 = [01000000]
Weak

endmodule

0 = [00000000]




3-2) Classifier : Weak

igs 402,098 ns
module Classifier_tb; _

Name Value 400,000 ns 600,000 ns 800,000 ns
reg in:

reg clk:

wire [1:0]out:

reg z, pr_b, clr_b;

Classifier inst{in, clk, out, z, pr_b, clr_b):

-

initial
begin
O pr.b = 1; clr_b = 0 z=1; clk =0; in=1;
O #0clrb=1;
::Z::I 150 I = U Name Value
QO #50 in=0;
O #50 in = 0; afn] 0 ,
O #50 in = 0; J clk 0
O #50 in = 0; o g outf1:0] ] 1
O #0 in=0: s o
4z 1
O always #25 clk = ~clk; apbop
4 Clr_b 1

endnodule Input : 10000000 => intensity : 00000001

do ~ady dy ~dp



3-2) Classifier : None

module Classifier_th:

reg in:
reg clk:
wire [1:0]out;

Name Value 100,000 ns £00,000 ns 800,000 ns

Classifier inst(in, clk, out, z, pr_b, clr_b); : _

initial t fe
begin
pr.b =1 clr_b = 0; z=1: clk =0; in=0;
#0clrb = 1;
#40 in = 0:
#50 in = 0
#50 in = 0:
#50 in = 0
#50 in = 0
#50 in = 0:
#50 in = 0;
#50 in = 0: -
end

O always #25 clk = ~clk:

endmodu | e




Plan

4. Quantitative Criteria for the Thresholds > Thesis
5. Coding the hardware process with delay in Verilog
(proportional to # of transistors)



Feedback

e Thesis & &< I uBaT It LH 20| */l= Mux & ol 2H = =I5}

> SPACIROC_datasheet // 64ch readout X 2|5t= & 2| 14
(UBAT -> Electronics -> Analog -> Datasheet)



The Steps

| o e Ak
. l.g gl . ' " i Ao
4. SPACIROC : ‘spaciroc_datasheet_20110510°

5. Calibration for Photon Detector

= Find out the address of the rea/ hit



The Detailed Progress

4. SPACIROC : ‘spaciroc_datasheet_20110510

4-0) ASIC

4-1) Specification for the chip
4-2) Process of SPACIROC
4-3) MAROC chip



4-1) Specification for the chip

SPACIROC : Spatial Photomultiplier Array Counting and Integrating ReadOut Chip

SPACIROC is designed to readout 64 channels Multi-anode photomultipliers (MAPMT). The main features of this
ASIC are to count detected photons and to perform charge to time (Q-to-T) conversion. SPACIROC offers 64 inputs
dedicated to the anodes of one MAPMT and 1 input for the dynode. The specifications for the chip are the following,
assuming the MAPMT gain is 106:

= Photon Counting : 64 channels

= Q-to-T converter : 1 channel for last dynode + 8 internal channels (summed signal)

» 100% trigger efficiency for charge greater than 1/3 photoelectron (p.e.) or 50fC with 30 ns double pulse

resolution

= Q-to-T converter input range: 2pC - 400pC (13 p.e. - 2500 p.e)

= Power consumption : 1 mW/channel

= 9 data serial outputs



4-2) Process of SPACIROC

SPACIROC : Spatial Photomultiplier Array Counting and Integrating ReadOut Chip

For the photon counting, the preamplifier, the shapers and the discriminators are largely inherited from the
MAROC3[3] chip.[The input signal passes through a low-noise and low input impedance preamplifier with an
individual variable gain of 8-bit. Afterwards, the amplified signal could be fed through shapers or into the Q-to-T
converter. Currently, the chip offers 3 different discriminator outputs for discriminating the detected photons.
Depending on the selected shaper and discriminator, this chip could reach a double pulse resolution up to 30ns. To
count the detected photons, a digital module was built for each channel around an 8-bit counter which could operate
up to 100 MHz. At the end of each acquisition window (GTU=2.5us), the counter values are transmitted through 8

serial links.




4-3) MAROC chip

MAROC: Multi-Anode ReadOut Chip for MaPMTs

P. Barrillon, S. Blin, M. Bouchel, T. Caceres, C. de La Taille, member IEEE, G. Martin, P. Puzo, N. Seguin-Moreau
Laboratoire de l’Accélérateur Linéaire, IN2P3-CNRS, Université Paris Sud 11

Hold
‘ .
Variable o  s&mH < Eultlplexed
Slow Shaper charge output
Variable| Bipolar
6,4 PM Pg:$ » Fast Shaper > | >
inputs P-
r 64Trigger
1 outputs
10 bit DAC
6 bits gain
correction discriminator
threshold -

Fig. 3. Bloc diagram of the MAROC ASIC.

Fig. 3. represents the bloc diagram of MAROC with its
main features. The chip has 64 “super common base”
inputs, 64 trigger outputs and a multiplexed charge output.
Each channel is made of a variable gain preamplifier with

low input tunable impedance (50-100 €2), a low offset and a
low bias current (20iLA) in order to minimize the cross talk.
This variable gain allows compensating for the PM gain
dispersion up to a factor 4 to an accuracy of 6% with 6 bits.
The amplified current feeds then two paths:

— A slow shaper path which consists in a CRRC? shaper
and a Sample and Hold Widlar differential buffer.
This S&H block stores the charge in a 2 pF capacitor
and deliver a multiplexed charge measurement with a
5 MHz readout speed.

— A fast (15 ns) shaper path made of a CRRC bipolar
shaper followed by a discriminator. The threshold is
set by an internal 10 bit DAC composed by a 4 bits
thermometer DAC allowing coarse tuning (200 mV
per step) and a 7 bits mirror DAC used for fine tuning
(3 mV per step). A trigger output is produced.

https://indico.fnal.gov/event/49220/attachments/143287/181205/maroc _atlas.pdf



https://indico.fnal.gov/event/49220/attachments/143287/181205/maroc_atlas.pdf

The Detailed Progress

5. Calibration for Photon Detector
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4 Pre-flight Calibration of the UBAT Detector

4.1 Detector Uniformity

Response variations among the detector pixels were investigated through uniform X-ray
illumination at energies of <10 keV, <30 keV and <50 keV. The detector response of the
UBAT is adjustable in three different ways. First, we adjusted the parameters of the ASICs’
preamplifiers to change the output signal level fed into the MAPMT. Next, high voltages in
the range between 942 V and 1044 V were adjusted for groups of 4 MAPMTs placed on
analog boards. Finally, preamplifier output thresholds for the photon counting mode were set
differently on an analog ASIC by ana X-ray energies,

Table 3 Detected count rates with a uniform illumination of the UBAT detector from different X-ray ener-

gies. The exposure time was 186 s, frame time 10 ms, and the area of active detector pixels 138.7 cm?

Set-up Total counts Total counts—background Count rate due to the source
(cnts) (cnts) (cnts/ cm? /)

Background 30460 0 0

10 keV 320049 289589 9.72

30 keV 182545 152085 5.10

50 keV 167716 137256 4.61




indax

cTanrec

Noisy Channels of Background

Detector pixel quality map

| - 26 S - 206 30

e

|
]

+

o
anre ind

i

|
]
—
o
[
o
N
o
w
o
F N
o

o } [
e | B
- - | - u - - y
o |
o Fs ’ o s . . . . .
" N . 5 1 ol . 5 Fig. 12 Detector response of the UBAT flight model integrated over ~186 s in a dark room. Hot, that is,
noisy, channels are switched off as shown in Fig. 13. The color scale indicates the total number of counts per
\ pixel. White indicates zero counts (resulting mainly from switched off pixels). Top left: No X-ray source, top
. | . ey ] . | . — right: X-ray energies <10 keV, bottom left: X-ray energies <30 keV, bottom right: X-ray energies <60 keV
] 1 35 23 1 3 1 5 23 21
araanal i~dax arannal indax



|dea

Add a Subtractor to the Classifier in Step3
to remove the Background noise

3-2) Classifier

2 64 = [010000¢

2-2) classify according the threshold weak
0 = [00000000
AN D very strong[11] / strong[10] / weak[01] / n:
1Y 7| xor [e—
o .
e g
— 8 bit SPC w 5 E—. 4x2 Encoder
;3 NOR 0 —»| NOR 2 b_’
[ ] } [_' L NoT J
z CLKpwrwbwclr b




|dea

- Subtractor :
for removing the Background noise

- Register :
for saving the Background noise

> |Insert both directly after the SPC (serial parallel convertor)



Basic Process of the Idea

> |Input(t) from the output of SPC
> |Input(t-1) from the Register

In Subtractor,
Input(t) — Input(t-1) = without noise

Weakness) Checked only once directly after the burst



Advanced Process of the Idea

Input(t) — Input(t-1) [from the basic idea]
= Checking for the burst occurrence w/ a threshold
= Generate Trigger signal

Background noise
= mean of the noise before the burst

=» Burst signal — Background noise = without noise



Feedback

& 5 Dirac-Delta Function2| SEfZ LI X| BiE = U=

2> burstl| Ed= HASH= FE = LA FABHE Y.



. CalibrationforPl c

6. Demonstrating on FPGA

= Find out the address of the rea/ hit



The Detailed Progress

6. Demonstrating on FPGA

6-0) .xdc file
6-1) result
6-2) disadvantage & improvement



6-0) .xdc file

Q W «
| set_property
2 | set_property

| set_property
5 set_property

7 ' set_property
g set_property
9 . set_property

11 set_property
12 set_property

Classifierv x| Classifierxdc* x Untitled1 x !

C:/Users/admin/ Xilinx/XlinxProjects/project/Classifier/Classifier.srcs/constrs_1/new/Classifier.xdc

» B B X // B ©Q

-dict {PACKAGE_PIN GZ21 I0STANDARD LYCMOS33} [get_ports in]; # PLSH SI WD
-dict {PACKAGE_PIN J4 [OSTANDARD LYCMOS33} [get_ports clk]; # D/P Si<i>

t

-dict {PACKAGE_PIN F15 I0STANDARD LYCMOS33} [get_ports out[1]]; # LED<O>
-dict {PACKAGE_PIN F13 I0STANDARD LVCMOS33} [get_ports out[0]]; # LED<r

-dict {PACKAGE_PIN AB15 [OSTANDARD LYCMOS33} [get_ports z]; # D/P_Si<i5>

-dict {PACKAGE_PIN AA1S [OSTANDARD LYCMOS33} [get_ports pr_b]: # D/P Sicids
-dict {PACKAGE_PIN AB13 [OSTANDARD LYCMOS33} [get_ports clr_b]; # D/P Si<i2>

CLOCK_DEDICATED_ROUTE FALSE [get_nets {pr_b_IBUF}]
CLOCK_DEDICATED_ROUTE FALSE [get_nets {clk_IBUF}]

Classifier.v

x Classifier.xdc* % | Untitled 1 %

C:Users/admin/ XilinXlinxProjects/project/Classifier/Classifier.srcs/q

Q

21

a0
[

-« » B B X N/ B 9

Emodule Classifier(in, clk, out, z, pr_b, clr_b);

input in;
dinput clk;
‘output [1:0]out;

Jinput z:
linput pr_b;
‘input clr_b;




6-1) result

-
o o

[ initial state ]

Input 00000000

sP1 <20 UTAG

cost

Crb=0/ prb=0/z=0
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e
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igit? Dig?ffl".

e =
LD11 LD12 LD =8




e,
Swi

6-1) result

11O

m

RN A

i

LD7 LD8

Si2 W3 SWA S5 W6 SWT SWB SWO SWi0 SWI1 SW12 T sw14 W15 s 16

3
i3
a
i}
R
(9}
~

@

D)

EMC LPC

: Libertron. i

FPGA Starter Kit I[[ Vi.2

RIGHT

RESET SW-

S

BUZZER'

S

Input 00000000

Clr b

0/ prb=0/z

1



6-1) result

POWER Switch

- ar y Input 00000000

Clr_b =0 / pr_b =1 /Z

> clear

Tc;

12C_EEPROM
1288

SPI EEPROM
128B,

@@@mmmmgm.; i
Vﬁ R 41::}d E ﬂ\ ﬁ 0 0 g AZ; 30‘ U ’ S .|h.]f|[liffl'1fll'(]iITI

_FPGA S’tor*er Kit II[ Vi, 2

“Digita .Digit4  Digits Digit6 "Digit7  Digite

@@]J é  ~';.. LEFT‘%MGHT

LD4 LD5 LD6 LDT ‘ W sweg < ‘
i S : 3 L RESET SW-

nmuN

) K f Sn,,
g j o A L,‘ b BUZZER

“SWe  SWT SWB SW9 SW1o SWll SWIZ swil



6-1) result

Digitt  Didit2” "Diait3 . Diait4 . Digit5.

SW1

POWER Switch

I
[

E2 LE; La I@S L@ L@7 LbB L@Q

[

W2 SW3 SWA W5

minln]|

Diait6’ “Diaif7 _Diaité

i v B .L
} 4 ol

SW14 SW15_ SW16

R

SP1 &> UTAG

ccst

SPT_EEPROM
1288

up:

W1

LEFT  MID_ RIGHT

sn 5w

DOWN

EEGA Starter Kit IO V1.

Input 00000000

Clr_b =1 / pr_b =1 /Z

1



6-1) result

Input varies according to each clk cycle

00000000 / 00 ° » ”””* IIIIIFI;E}LIJ”
00000001 / 01 (clk * 1) &7 ' g
00000011 / 01

00000111 / 01

00001111 / 01

00011111 / 01

00111111 / 01

FPGA Slurf:r Kit I Vl 2

01111111 /10 (clk * 2)

igiig vigi
r s 0 [ . [ - - ) : 4 'l{
L !!!'i!.,-,__ '
Lol LD2 LD3 D LDD I.D9 LDIO I.Dl\ LD1 ] 015 LD [ ]

4 A 9

11111111 /11 (ck* 3 ) PuaNaNafe

swi sw2 SW3 su SWS SW6 SWI SW8 SW SWIO wn ¥




6-2) weakness & improvement

Disadvantage

- Impossible to check
the results of the input with O's btw. 1 such as 10011101y

Improvement
- Add PSC (Parallel Serial Converter) before SPC



Feedback

« =59 Z clk, input2 F=X| 21 '‘Block RAM'S 2250 FPG
A WO A C} X{2|5}H7]|

» Header, enablez 285} input signald| CHet @& 27|,
(En = 10| =0{&%= W header? ~~0|®H F[2| & bit= 0| ZEO|L})

* HEO|A =822 ol= F &2 reset, enable S =Tt



The Goals

6—Demonstratingon+FPGA
7. Study BRAM

= Find out the address of the rea/ hit



The Detailed Progress

7. Study BRAM

7-0) What is BRAM
7-1) Procedure

7/-2) Simulation
7-3) Problems & Supplementations



7-0) What is BRAM?

Block RAM :

FPGA L0 RAM, ROM, FIFO £9| 7|5& 73 5}t7| I8l A
22 =+ = FPGA LHE logic




/-1) Procedure

IP Catalog = Basic Elements > Memory Elements - Block

4 BRAM_practice1 - [CiL

File  Edit Flow Tools
=, B
Flow Navigator £ 3

v PROJECT MANAGER
o Setings
Add Sources
Language Templates

% IP Catalog

Vv IPINTEGRATOR
Create Block Design

Open Blocl

<

SIMULATION

Run Simulation

<

RTL ANALYSIS
> Run Linter

> Open Elaborated Design

<

SYNTHESIS

> Run Synthesis

<

IMPLEMENTATION
P Run Implementation

> Open Implemente

<

PROGRAM AND DEBUG
¥ Generate Bitstream

> Open Hardware Manager

Reports

X »,

jects/project/BRAM_practice/BRAM_practicel.xpr] - Vivado 2023.1

Window
LI - I x

PROJECT MANAGER - BRAM_practice1

Layout View Help

Sources
Q x = +
Design Sources
> = Constraints
v Simulation Sources
sim_1

> = Utility Sources

Hierarchy | Libraries  Compile Order
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Version: 42(Rev.1)

Interfaces:  AXI4
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and RLDRAMIII. Virtex-7 supports DDR3
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Q
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WNS TNS
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> RAMs & ROMs
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> Standard Bus Interfaces
> 1= Video & Image Processing
> Video Connectivity o
Details
A
Name: Memory Interface Generator (MIG 7 Series)
Version: 4.2 (Rev. 1)
Interfaces: ~ AXI4
Description:  This Memory Interface Generator is a simple menu driven tool to generate advanced memory interfaces. This tool generates HDL and pin placement constraints that will help you design

your application. Kintex-7 supports DDR3 SDRAM, DDR2 SDRAM, LPDDR2 SDRAM, QDR I+ SRAM, RLDRAMII and RLDRAMIII. Virtex-7 supports DDR3 SDRAM, DDR2 SDRAM, LPDDR2
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¢ BRAM_practice - [C:/L

/-1) Procedure
SPRAM (Single Port RAM)

[default]

jects/project/BRAM_practice/BRAM_practicel.xpr] - Vivado 2023.1

File Edit Flow Tools Repots Window  Layout
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Flow Navigator
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£ Settings
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<
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> = Utility Sources.
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/-1) Procedure
SPRAM (Single Port RAM) - TDRAM (True Dual RAM)
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ECC Options
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Single Bit Error Injection
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Algorithm Options
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Port A Options

u

A wo ok

¢ Customize IP

Block Memory Generator (8.4)

© Documentation IP Location (' Switch to Defaults

P

Symbol  Power Estimation

) Show disabled ports

+ BRAM_PORTA
+ BRAM_PORTB

ComponentName  blk_mem_gen_0

Basic  PortAOptions PortBOptions = Other Options

Memory Size

Write Width |24

Summary

Range: 1to 4608 (bits)

Read Width = 24 v
Write Depth | 1920 Range: 2 to 1048576
Read Depth

Operating Mode | ReadFirst

Port A Optional Output Registers

[v) Primitives Output Register

Port A Output Reset Options

() RSTAPIn (setreset pin)

READ Address Change A

Enable Port Type | Use ENAPin

[_] Core Output Register

[[J REGCEAPin

Output Reset Value (Hex) 0

Reset Priority | CE (Lat

or Re

rEnable

L

lilir

lilir

ilir

lilir

lilir

lilir

R

on
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Port B Options

- ¢ Customize IP

Block Memory Generator (8.4) '

© Documentation IP Location (' Switch to Defaults

u IP Symbol  Power Estimation ComponentName blk_mem_gen_0
) Show disabled ports Basic PortAOptions PortBOptions Other Options = Summary
Memory Size
Write Width
Read Width | 24 v

Write Depth : 1920
Read Depth : 1920

A+
|+ BRam_PoRTA Operating Mode | Write First + | Enable PortType Use ENBPin  +
|||+ BRA&M_PORTB

Port B Optional Output Registers

) Primitives Output Register [_] Core Output Register

) REGCEB Pin

Port B Output Reset Options

() RSTB Pin (setreset pin) Output Reset Value (Hex) 0

READ Address Change B

Reset Priority = CE (Latch or

cc
or
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Summary

- ¢ Customize IP

Block Memory Generator (8.4) '
{

] © Documentation IP Location (' Switch to Defaults

u IP Symbol  Power Estimation ComponentName blk_mem_gen_0
/] Show disabled ports Basic  PortAOptions  PortBOptions = Other Options = Summary
Information

Memory Type: True Dual Port RAM

Block RAM resource(s) (18K BRAMs): 1

Block RAM resource(s) (36K BRAMs): 1
| . Total Port ARead Latency : 2 Clock Cycle(s)
- Total Port B Read Latency (From Rising Edge of Read Clock): 2 Clock Cycle(s)
Address Width A: 11

H + BRAM_PORTA Address Width B: 11
+ BRAM_PORTE

m
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blk_ mem_gen_0 X +
® ME 8s7| - N HZ e = EI v e
< v AN > LWPC » OS(C) » ArEAF > admin > Xilinx > XlinxProjects > project > BRAM_practicel > BRAM_practicel.srcs > sources_1 > ip > blk_mem_gen_0
NE og ) . o 37
5> @ OneDrive D blk_mem_gen_0.xci 2023-10-10 &= 1:27 (C] oY 24KB

B 2 BtE »

4 O22C »
g =AM »
N AT »
O 2 »
3 s »
Xilinx »
scripts
A3

=

2 m 3



/-2) Simulation
Testbench code [default]

simulation X Ir
® ME oS7| - N BE = E7| -
L}
& v N > LWPC » OS(C) » Xilinx > Vivado » 2023.1 » data » ip » xilinx > blk_mem_gen_v8_4 > simulation
P JE . ST R 8% 27)
|
> @ OneDrive [ blk_mem_gen_v8_4.v 2023-05-08 27 11:26 ot 168KB
Bl e Sto »
i L2=C o
& =A »
R A >
O 3% »
n %CHA >
Xilinx &

scripts



/-2) Simulation

1,000,000 ns

1,000,000 nj

ena

regcea

> W addra[4:0]

> W dina[31:0]

> B douta[31:0] 00000000
u clkb
W rstb
u enb

o regceb

> ¥ webl[0:0]

W addrb[4:0]
W dinb[31:0]
> M doutb[31:0]

Ml injectsbiterr

# injectdbiterr

4l sbiterr

4l dbiterr

R¥ rdaddrecc[4:0]
eccpipece
sleep
deepsleep
shutdown

rsta_busy

rstb_busy



/-2) Simulation

Ml rstb_busy
o s_aclk
M s_aresetn
> W s_axi_awid[3:0]
B s_axi_awaddr{31:0]
> W s_axi_awlen[7:0]
> W s_axi_awsize[2:0]
8 s_axi_awburst{1:0]
M s_axi_awvalid

M s_axi_awready

[l
[
[}

B s_axi_wdata[31:0]
> B s_axi_wstrb[0:0]
W s_axi_wlast
s_axi_wvalid
Ml s_axi_wready
B s_axi_bid[3:0]
> M s_axi_bresp[1:0]
Wl s_axi_bvalid
W s_axi_bready
> W s_axi_arid[3:0]
> W s_axi_araddr[31:0]

[}
-
P
P4
-
[

B s_axi_arlen[7:0]

> B s_axi_arsize[2:0]

1
Iz
1
z
[
Z
|
|
|
Iz
1
7
z
|
|
|
|
z
[
z
|
|
|
z
1
IZ
[
Iz
1
7
z
1
z

> M s_axi_arburst[1:0]

N N N N E N N N N N N N N N E N N N N R‘J E N N N o©
I
I

W s_axi_arvalid




/-2) Simulation

> M s_axi_bresp[1:0] z
M s_axi_bvalid 1
W s_axi_bready 1
B s_axi_arid[3:0] i

i

27777777
II7III7T

B s_axi_araddr[31:0]
B s_axi_arlen[7:0] I‘I
> W s_axi_arsize[2:0] i
> ¥ s_axi_arburst]1:0] i
W s_axi_arvalid 1
4l s_axi_arready 1
B s_axi_rid[3:0] %
i

> B s_axi_rdata[31:0] 17777777
R s_axi_rresp[1:0]
Wl s_axi_rlast
Ml s_axi_rvalid
Wl s_axi_rready
M s_axi_injectsbiterr
w s_axi_injectdbiterr
4l s_axi_sbiterr
4l s_axi_dbiterr

> B s_axi_rdaddrecc{4:(]
é SBITERR
4 DBITERR
é S_AXI_AWREADY
6 S_AXI_WREADY
6 S_AXI_BVALID

z
z
z
z
77777777
Y74
z
Y4
Y4
Y4
z
77777777
z
z
Y4
z
z
Y4
Y4
z
Y4
0
0
Y4
Y4
Y4
Y4

6 S_AXI_ARREADY
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4 S_AXI_RLAST
4 S_AXI_RVALID
4 S_AXI_SBITERR
4 S_AXI_DBITERR

> W WEA[0:0]

> W' ADDRA[4:0]

> % DINA[31:0] 77777777
> % DOUTA[31:0] 00000000

W WEB[0:0]

%' ADDRBI[4:0]

% DINB[31:0]

% DOUTB[31:0] 00000000
% RDADDRECCI[4:0

R S_AXI_AWID[3:0]

W S_AXI_AW..DR[31:(

, R S_AXI_AWLEN[7:0]
> W S_AXI_AWSIZE[2:0]
> W S_AXI_AW..RST[1:0

> W' S_AXI_WDATA[31:0
W S_AXI_WSTRB[0:0]

> ® S_AXI_BID[3:0]

» B S_AXI_BRESP[1:0]

» ® S_AXI_ARID[3:0]

> W S_AXI_AR..DR[31:0

> B S_AXI_ARLEN[7:0]

> W S_AXI_ARSIZE[2:0]

> W S_AXI_AR..RST[1:0] Z

IIIII777
00000000

z

IIIIIIi7
00000000
00

27777777
II7TIIIT
1

Iz

L s

IIIII777

]
[
v R
L e L L e e |
r
[
]
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> M S_AXI_R..CC[4:0]

> W WEB_para...zed[0:0§ 0
4 ECCPIPECE
é SLEEP

N

4 RSTA_BUSY

4 RSTB_BUSY

4 CLKA

4 RSTA

4 ENA

4 REGCEA

4 CLKB

4 RSTB

4 ENB

4 REGCEB

4 INJECTSBITERR
4 INJECTDBITERR
4 S_ACLK

4 S_ARESETN

4 S_AXI_AWVALID
4 S_AXI_WLAST

4 S_AXI_WVALID

4 S_AXI_BREADY
4 S_AXI_ARVALID
4 S_AXI_RREADY
4 S_AXI_IN...SBITERH
4 S_AXI_IN..DBITERH

z
0
0
z
Y4
z
z
z
z
YA
z
z
z
z
z
z
YA
z
Y4
z
z
z
z
YA

4 injectsbiterr_in
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4 injectdbiterr_in
4 rsta_in
4 ena_in
4 regcea_in
W wea_in[0:0]
> W addra_in[4:0]
W dina_in[31:0]
» B s_axi_awa...t_c[4:0]
W s_axi_ara..t_c[4:0]
§ s_axi_wr_en_c
4 s_axi_rd_en_c
4 s_aresein_a_c
W s_axi_arlen_c[7:0]
> W s_axi_rid_c[3:0]

IIII7777

W' s_axi_rdata_c[31:0]

> W s_axi_rresp_c[1:0]

8 s_axi_rlast_c
& s_axi_rvalid_c
4 s_axi_rready_c
4 regceb_c

W' s_axi_pay...ad_c[6:(

NNNNNNNENNNNNNHENNNNNN

> W' m_axi_pa...d_c[6:0]
W' RSTA_SH...EG[4:0]
4 POR_A

> W' RSTB_SH..EG[4:0]
4 POR_B
4 ENA_dly




/-2) Simulation

4 ENA_dly_D

4 ENB_dly

4 ENB_dly_D

8 RSTA_I_SAFE

6 RSTB_I_SAFE

& ENA_I_SAFE

6 ENB_I_SAFE

4 ram_rstram_a_bus

4 ram_rstreg_a_busy

4 ram_rstram_b_bus

4 ram_rstreg_b_busy

4 ENA_dly_reg

4 ENB_dly_reg

4 ENA_dly_reg_D

4 ENB_dly_reg_D
> %% C_CORENA..[143:0
> %% C_FAMILY[55:0]
> % C_XDEVIC...Y[55:0]
> ®8 C_ELABO...IR[7:0]

C_INTERF...PE[31:4

®¥ C_USE_B..K[31:0]
> ®% C_CTRL_E...O[31:0
> ®% C_ENABL...S[31:0]
> % C_AXI_TYPE[31:0]
> % C_HAS_AXI_ID[31:0
> %% C_AXI_ID..TH[31:0]

O O 0o 0o 0o o o o N N N N o o o

626c6b5f6d656d5f |

76697274657837
76697274657837
00

00000000
00000000
4edfdeds
00000000
00000000
00000000
00000000
00000004

00000000

00000000

i:{:f

34241 4ed5

00000000

00000000

00000000

‘::l:f

00000000

00000004
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> % C_INIT_FILE[7:0]
8 C_USE_D..A[31:0]

> %% C_DEFAUL...TA[7:0]
3 C_HAS_RSTA[31:0]
8 C_RST_P. A[15:0]

> %% C_RSTRAM_A[31:0]

> % C_INITA_VAL[7:0]

> %% C_HAS_ENA[31:0]
3 C_HAS_R..A[31:0]
8 C_USE_B. A[31:0]

> % C_WEA_WI._H[31:0

> %8 C_WRITE_..._A87:]

> %% C_WRITE_.A[31:0]
8 C_READ_..A[31:0]
8 C_WRITE_..A[31:0]

> %% C_READ_..A[31:0]
3 C_ADDRA_..H[31:0

*8 C_RST_P..B[15.0]
»8 C_RSTRAM_B[31:0
> %8 C_INITB_VAL[7:0)
®8 C_HAS_ENB[31:0]
> % C_HAS_R..B[31:0]
*8 C_USE_B...B[31:0]
3 C_WEB_WI._H[31:0
» %8 C_WRITE...B[87:0]
> ® C_WRITE_..B[31:0]

00
00000000
30
00000000
4345
00000000

00000001
00000000
00000000
00000001

575249544557464d |

00000020
00000020
00000040
00000040
00000005
00000000
4345
00000000
00
00000001
00000000
00000000
00000001

u]

00000000

00000001

00000000

00000000

4455f 464

00000020

00000020

00000040

00000040

00000005

00000000

00000001

00000000

00000000

57524954455f4649 ¢

00000020

00000020




/-2) Simulation

*3 C_READ_..B[31:0]
3 C_WRITE_...B[31:0]

> ®% C_READ_...B[31:0]
> ® C_ADDRB_.. H[31:0

3 C_HAS_ME..A[31:0
*8 C_HAS_ME..B[31:0
8 C_HAS_MU..A[31:0

> % C_HAS_MU..B[31:0
> ® C_HAS_S..A[31:0]

®8 C_HAS_S0..B[31:0

, ®8 C_MUX_PI...S[31:0]

®8 C_USE_SO0...C[31:0

> ® C_READ_..A[31:0]
> ® C_READ_..B[31:0]

*8 C_USE_ECCI[31:0]

, %8 C_EN_ECC..E[31:0

®8 C_HAS_IN..R[31:0]

> ® C_SIM_CO..K[31:0]
> ® C_COMMO..K[31:0]

*& C_DISABL...L[31:0]

, ®8 C_EN_SLE..IN[31:(
> %% C_USE_URAM[31:0

& C_EN_RD...G[31:0]

> ®% C_EN_RD...G[31:0]

®% C_EN_DE...N[31:0]

, ®8 C_EN_SHU..N[31:(
> %% C_EN_SAF..T[31:0]

00000020
00000040
00000040
00000005
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000001
00000001
00000000
00000000
00000000
4edf4eds

00000001
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000

00000020
00000040

00000040

00000005
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000001
00000001
00000000
00000000

00000000

dedf deds
00000001
00000000
00000000
00000000
00000000

00000000

00000000
00000000

00000000




/-2) Simulation

> % C_USE_ECCI[31:0]

% C_EN_ECC..E[31:0

3 C_HAS_IN..R[31:0]
®8 C_SIM_CO..K[31:0]
*3 C_COMMO..K[31:0]

> %% C_DISABL...L[31:0]

C_EN_SLE...IN[31:]
C_USE_URAM[31:0

> B8 C_EN_RD...G[31:0]

®3 C_EN_RD...G[31:0]

> % C_EN_DE...N[31:0]

> ®% C_EN_SAF..T[31:0]
> B8 C_COUNT_..AM[7:q

3 C_COUNT_..AM[7:(

> 8 C_EST_P..RY[7:0]

C_DISABL...GE[31:(
& FLOP_DELAY[31:0]

> ® C_AXI_PA..D[31:0]

®8 AXI_FULL..E[31:0]
3 C_AXI_AD...SB[31:0

> %8 C_AXI_AD...TH[31:0

> ® LOWER_BO...L[31:(
> ®% C_AXI_AD...SB[31:0

*8 C_AXI_OS_WR[31:.(

00000000
00000000
00000000
4edfdeds
00000001
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00000000
00

00

00
00000000
00000064
00000007
00000000
00000007
00000007
00000002
00000002
00000002

00000000

00000000

00000000

‘::l:“

4edf 4edS

00000001

’::]:“

00000000
00000000

00000

00000000

’::l:“

00000000

’::]:f

00000000

00000000

00000000

00000064

00000007

‘::l:“

0000
00000007

00000007

00000002
00000002

00000002




7-3) Problems & Supplementations

1. BRAMS| mteo| v 0| OfL| 2} xci It 2 MME|= 0
S
X

2. BRAMO|| Clisli O B0| £33t [step.6]0|A Aot Z=0
X 5tol BRAM C|XtHQ!

3. 7|22 =2 WYZEE testbench ZE LA [step.6]0| Al A ATt
=0 3= testbench ZE A Y




The Goals

8. Input clock automatically
9. Optical sensor

= Find out the address of the rea/ hit



The Detailed Progress

8. Input clk automatically

8-1) Problems of BRAM
8-2) how to input clk automatically



8-1) Problems of BRAM

- Too many ports and still not enough time to study each
port’s role

- It is difficult to add BRAM to existing modules



8-2) How to input clk automatically

From FPGA User Manual

6.1. Clock

# Global Clock
Signal Name FPGA Pin 1/O Description
FPGA_CLK R4 Input FPGA Clock Input (100Mhz)

Different types of FPGA have different Pin List, which must be mapped differently
each time the FPGA changes



The Detailed Progress

9. Optical Sensor

9-1) why do | need an optical sensor
9-2) problems



9-1) Why do | need an optical sensor

The module designed through Verilog is confirmed to work we
Il through simulation and FPGA.

Thus, Optical sensors must be used to verify whether this
hardware module serves to properly classify the intensity of
light according to the threshold.

Before dealing with gamma ray, | want to verify them with

visible ray since it is possible to visually check whether the
module is operating properly




What | am struggling with right now

* | don't know how the information of light measured in PMT
flows to FPGA



PLAN for Winter Vacation

« DAQ process of MAPMT with Dr. Gihan Hong

what | want to study :

- the process of data flow
- header structure

- Visualizing the signa

vd
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Multi-channel readout
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Thank you



