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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

real hit

crosstalk



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
1. Understanding the process of ‘hit finding algorithm’
2. Designing a hardware process
3. Coding the hardware process without delay in Verilog
4. SPACIROC : ‘spaciroc_datasheet_20110510’

5. Calibration for Photon Detector
6. Demonstrating on FPGA
7. Study BRAM
8. Input clock automatically
9. Optical sensor

10.DAQ process of MAPMT (Winter Vacation Plan)

è Find out the address of the real hit



Paper Abstract
1. Block diagram of UBAT top level flow



Paper Abstract
2. Hit finding algorithm



What’s the Problem?

faint orange (crosstalk)
èit is difficult to find out the address of real hit

Since detector recognize the faint orange as the real hit



Goal

Find out the address of the real hit



The Steps

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

è Find out the address of the real 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)

1x8 dMux

3 Bit Ripple Counter

/ 3

CLK

a7 a6 a5 a4 a3 a2 a1 a0 b[7:0]/
8



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[00]

The Threshold : Very
Strong

Weak

0 = [00000000]

intensity

255 = [11111111]

≧ 192 = [11000000]

≧ 64 = [01000000]

Strong



The Detailed Progress

2-2) classify according the threshold

8 bit SPC

CLK

AND

XOR

4x2 EncoderNOR

NOR

OR

NOR

NOT



Feedback

• Transistor의 개수 à 회로의 delay와 용량
• Photon의 개수 à threshold 분류
• 외부와의 통신 à 외부에서 serial로 넣어주고 output보여주기

* Verilog simulation을 통해 delay 계산하기



The Steps

1. Understanding the process of ‘hit finding algorithm’

2. Designing a hardware process

3. Coding the hardware process without delay in Verilog

è Find out the address of the real 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)



3-0) basic modules

Combinational Circuit : 8x1 dMux, 4x2 Encoder

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



3-0) 8x1 dMux : dMux8



3-0) 4x2 Encoder : Encoder4x2



3-0) JK FF : JKFF



3-0) 3bit ripple counter : ripple_counter8



3-1) SPC : 8bit serial parallel convertor
Serial input 8bit : 
11001110 (line 44~51) ~400ns

400ns ~ : 8bit dMux 작동확인



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

à 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



3-1) Simulation without T FF

Input : 11001110(2) => intensity : 01110011
a0 ~a7 a7 ~a0



3-1) Simulation with T FF

Input : 11001110(2) => intensity : 01110011
a0 ~a7 a7 ~a0



3-2) Classifier

z pr_b clr_b

NOR_0

NOR_1

NOR_2



3-2) Classifier



3-2) Classifier : Very Strong

Input : 11111111(2) => intensity : 11111111
a0 ~a7 a7 ~a0



3-2) Classifier : Strong

Input : 11001110(2) => intensity : 01110011
a0 ~a7 a7 ~a0



3-2) Classifier : Weak

Input : 10000000(2) => intensity : 00000001
a0 ~a7 a7 ~a0

Input : 11001000(2) => intensity : 00010011



3-2) Classifier : None



Plan

4. Quantitative Criteria for the Thresholds > Thesis
5. Coding the hardware process with delay in Verilog

(proportional to # of transistors)



Feedback

• Thesis 참조할 때 UBAT 파일 내부에 있는 Mux 칩의 스펙을 확인하
기

> SPACIROC_datasheet // 64ch readout 처리하는 칩의 규격
(UBAT -> Electronics -> Analog -> Datasheet)



The Steps

1. Understanding the process of ‘hit finding algorithm’

2. Designing a hardware process

3. Coding the hardware process without delay in Verilog

4. SPACIROC : ‘spaciroc_datasheet_20110510’
5. Calibration for Photon Detector

è Find out the address of the real 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



4-2) Process of SPACIROC

SPACIROC : Spatial Photomultiplier Array Counting and Integrating ReadOut Chip



4-3) MAROC chip

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





Background ≦10 keV

≦30 keV ≦60 keV

Noisy Channels of Background



Idea

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



Idea

- 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]
è Checking for the burst occurrence w/ a threshold
è Generate Trigger signal

Background noise 
è mean of the noise before the burst

è Burst signal – Background noise = without noise 



Feedback

광도 곡선 Dirac-Delta Function의 형태로 나오지 않을 수 있음

è burst의 발생을 체크하는 방법을 다시 구상해보기.



The Steps

1. Understanding the process of ‘hit finding algorithm’

2. Designing a hardware process

3. Coding the hardware process without delay in Verilog

4. SPACIROC : ‘spaciroc_datasheet_20110510’

5. Calibration for Photon Detector

6. Demonstrating on FPGA

è Find out the address of the real hit



The Detailed Progress

6. Demonstrating on FPGA

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



6-0) .xdc file



6-1) result

[ initial state ]

Input 00000000

Clr_b = 0  /  pr_b =0  / z = 0



6-1) result

Input 00000000

Clr_b = 0  /  pr_b =0  / z = 1



6-1) result

Input 00000000

Clr_b = 0  /  pr_b =1  / z = 1

à clear



6-1) result

Input 00000000

Clr_b = 1  /  pr_b =1  / z = 1



6-1) result
Input varies according to each clk cycle 

00000000 / 00

00000001 / 01  ( clk * 1 )

00000011 / 01

00000111 / 01

00001111 / 01

00011111 / 01

00111111 / 01

01111111 / 10 ( clk * 2 )

11111111 / 11 ( clk * 3 )



6-2) weakness & improvement

Disadvantage
à Impossible to check 

the results of the input with 0’s btw. 1 such as 10011101(2)

Improvement
à Add PSC (Parallel Serial Converter) before SPC



Feedback

• 수동으로 clk, input을 주지 말고 ’Block RAM’을 활용하여 FPG
A 내에서 다 처리하기

• Header, enable을 활용하여 input signal에 대한 정보 담기.
(En = 1이 들어왔을 때 header가 ~~이면 뒤의 몇 bit는 어떤 정보이다.)

* 보드에서 수동으로 하는 부분은 reset, enable 정도만



The Goals

1. Understanding the process of ‘hit finding algorithm’

2. Designing a hardware process

3. Coding the hardware process without delay in Verilog

4. SPACIROC : ‘spaciroc_datasheet_20110510’

5. Calibration for Photon Detector

6. Demonstrating on FPGA

7. Study BRAM

è Find out the address of the real 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 내부에서 RAM, ROM, FIFO 등의 기능을 구현하기 위해 사
용될 수 있는 FPGA 내부 logic



7-1) Procedure
IP Catalog à Basic Elements à Memory Elements à Block Memory Generator



7-1) Procedure
SPRAM (Single Port RAM)   [default]



7-1) Procedure
SPRAM (Single Port RAM)  à TDRAM (True Dual RAM) 



7-1) Procedure
Port A Options



7-1) Procedure
Port B Options



7-1) Procedure
Summary



7-1) Procedure



7-2) Simulation
Testbench code   [default]



7-2) Simulation



7-2) Simulation



7-2) Simulation



7-2) Simulation



7-2) Simulation



7-2) Simulation



7-2) Simulation



7-2) Simulation



7-2) Simulation



7-2) Simulation



7-3) Problems & Supplementations

1. BRAM의 파일이 .v 파일이 아니라 .xci 파일로 생성되는 원인
찾기

2. BRAM에 대해 더 많이 공부하여 [step.6]에서 설계한 모듈에
적합한 BRAM 디자인

3. 기본적으로 내장된 testbench 코드 대신 [step.6]에서 설계한
모듈에 맞는 testbench 코드 코딩



The Goals
1. Understanding the process of ‘hit finding algorithm’

2. Designing a hardware process

3. Coding the hardware process without delay in Verilog

4. SPACIROC : ‘spaciroc_datasheet_20110510’

5. Calibration for Photon Detector

6. Demonstrating on FPGA

7. Study BRAM

8. Input clock automatically
9. Optical sensor

è Find out the address of the real 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

à It is difficult to add BRAM to existing modules



8-2) How to input clk automatically

From FPGA User Manual

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 I need an optical sensor
9-2) problems



9-1) Why do I need an optical sensor

The module designed through Verilog is confirmed to work we
ll 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, I want to verify them with 
visible ray since it is possible to visually check whether the 
module is operating properly



What I am struggling with right now

• I 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 I want to study :
à the process of data flow
à header structure
à Visualizing the signa
àl



reference : 16chMAPMTreadout , Dr. Gihan Hong



reference : 16chMAPMTreadout , Dr. Gihan Hong



Thank you


