D

FUDAN Sl : > s : =0
UNIVERSITY Te=f?

</[O

Belle II

R&D for KLM upgrade

Ming-Kuan Yuan!,

Shiming Zou!, Jie Zhang?, Xiaolong Wang!
Fudan University!, Institute of High Energy Physics?
515t B2GM KLM Parrel Session
June. 13, 2025

2025/6/13 mkyuan23@m.fudan.edu.cn



D

Outline I

Belle I

® Last B2GM:
@ Development of MPT2321 back-end system:
> 1. Development of test system

® This B2GM:
@ Test of MPT2321 back-end system:
> 1. Single photon spectrum
> 2. Signal to noise ratio
» 3. TDC performance

> 4. Power consumption
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Motivation o

Belle I

® Front end test results ] —=— Forward End

—e— Backward End
—A— Both Averaged

> 1. Time resolution of 1.35m-long GNKD scinftillators is 100 v e
less than 70 ps. L,
> 2. Time resolution of new 50cm-long GNKD g
scintillators is about 45 ps.
® The development of front end is almost done. At S e

Zhit (cm)

Back end electronics is needed i Time resolution as a function of scinftillator position

2 8

® The development of Back-end electronics system based  :: T R T
on MPT2321 chip is progressing. '
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GNKD_4 scintillator's central position time resolution test
using dual-end read out scheme

MPT2321 chip
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Introduction of MPT2321 chip D>
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The MPT2321 chip is a SiPM signal processing SoC chip designed
for high-precision time-of-flight signal processing. TR
‘ Y‘Jﬂ "‘Lg%wpbﬂjwt;wULnUﬁ'l';i'I e
Features

32 input channels

Automatically select the range of measurement signals
50ps precision 20-bit TDC

12bit ADC

Complete on-chip signal processing

Standard IIC Bus Control o L LR
8b10b encoding transmission : ;ii.giﬂrg«gwdgr«&,k‘»lz‘w;‘uﬁ
Multichannel LVDS data transmission ,
12 Mcps transmission event rate MPT2321 chip
High integration, low power consumption

200M data transmission rate F=hnEB

The maximum charge measurement dynamic range is 2.4 nC —MICROPARITY—
Minimum detectable signal range 4fC Sewsor and. Seience

' -
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Setup of test system D

Belle I

TestIn interface PT2321 test b d
® FPGA Board: KC705 of Xilinx M est boar

o <i :
Signal input to MPT2321 Connect to

» Female Header sipm/charge

, inject board
> TestIn interface

® MPT2321 to FPGA

> HDMI
> FMC-HDMI Converter

FMC-HDMI
Converter board

® FPGA to PC Program FP Power

> RJ45-SFP converter
» USB-JTAG to program FPGA
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Test Results - Charge inject linearity D

Belle I
21200 [
® Measurement Method Zoo [ T oreos
= -+ ULG10
. . g 800 = ULG11
> Inject Pulse through Charge inject board c

® Injected Charge: Q = AV x C ol

200 F

® Capacitor of Charge inject board R %0 Tiooo a0 3000 4000
P g9 J 0 Im}gcted Czl?arge a0 ;,‘2 Cap :c"imr[pﬁc‘; Injected Charge with 1 nF Capacitor[pC]
> High-Gain mode: 47pF High-Gain mode Low-Gain mode
. *E 30 ‘2 8E
> Low-Gain mode: 1nF 2 F 7 HGOO 2 7F % ULGOD
© a5 Z HGOo1 © GE “% ULGO1
20[ 77 Ha10 sE ~ ULG10
Z HG11 : Z:yLG11
15 4=
10 3c
: ,b
S5
; | | | | | % ﬂé 17 ﬂ
O S0 100 150 200 250 300 350 400 0t e
Gain/(ADC/pC) ' " Gain/(ADC/pC)
High-Gain mode Low-Gain mode

Charge Injection board
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Test Results - Charge spectrum B
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Belle II
Green LED

® SiPM type: S13371-6050CQ-02 RO A— g

® Measurement Method

® Green LED drove by pulse signal

ot W W el
0 200 400 600 800 1000 1200

ADC
Charge spectrum of one channel

® Pulse signal

» Width: 10 ns
> Amplitude: 1.070 V
® Using external trigger mode

® Same frequency with LED

driver pulse

1.25G/1/F ‘
10k &

2025/6/13
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(SNR) >
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Test Results - Signal-to-noise ratio

® Signal-to-noise ratio } J‘

> Ratio of the gain and the standard t - § L
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Test Results - TDC performance D

Belle II

® Cable delay method

® The difference of the length of two cable is 2m it ,,,",,|.||||1||“||lm

® Time difference

2

2

ol (C3) i 7] \ base 800 pg ]

1.00Vidiv  500mVidiv 500 mVidiv 1.00 Vidiv 10.0 #/di 10.0ns/div Stop 0 ....

A00mV  78500mV|  -79500mV | 0.0mVofst|  10.0ps/d 2008 2GSls Edge Positive
1.000 k;

. OSCiHOSCOpe: 9.47 ns S 201V/l-—  1785V/-- 1795V 200V |- 568 #
Cable delay measured by oscilloscope

® MPT2321: 9.33 ns

EXT_TRGO 7
2.5m E L chO - chl6
. . 210000 N Mean: 9.33 ns
® Time resolution: ~150 ps = Sid: 149.82 ps
8000
EXT_TRG! - ’
® Frequency of TDC clock: 80MHz Signal 05m 6000 -
generator EXT_Validationd 000 [
2.5m C
2000 |-
. . 0:. I B %1 T B
EXT_Validationl 0 5 10 15 20
0.5m deltaT[ns]

Setup

Cable delay measured by MPT2321
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Test Results - Power consumption D
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® Measurement method

-3
(—]

-e- 1.8V(A)
-=- 1.8V(D)
—— 3.3V(A)
-+ 3.3V(D)
-o- Total power

_\//\

\ i ) —
20
10

20 -10
Temperature(° C)

> The board is set in a thermostat

o
(=)

Power(mW)
(=7]
(=]

> Monitor the current of power supply interface

® The Power consumption is stable at -40 °C ~ 20 °C
30

Power consumption vs Temperature
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Summary & Plan D

Belle I

Summary:

v’ Test of Basic performance of MPT2321
v' Charge inject linearity
v' Charge spectrum
v" Signal to noise ratio

v' Power consumption

Plan:
O Fix known bug of firmware (decode module)
O Develop trigger logic
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Thanks for your attentionl!
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Backup
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Structure of MPT2321 chip

Tnput Photon energy integration
channel O l . "

Time of fight measurement

® Analog circuit

Photon energy integration

. Input
> IZbITS ADC mOdL”e Time of fight measurement
> 50ps precision TDC o
ulti-
channel

o o data
® Digital circuit process

> Control of chip status
. channel 30
> Data processing,
. Photon energy integration
compression and output
T EA Time of fight measurement

Analog circuit
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Signal process procedure of MPT2321 D

Belle I

Analog signal process

® Two Gain circuit
» Four mode for high gain

> Four mode for low gain Analog monitor

® Two threshold comparator
» High-threshold comparator
determine gain
» Low-threshold comparator - Gain
determine arrival time and trigger <2l

High Gain circuit

Low Gain circuit

ADC

Signal

o g . . . HTTr';ger'
® Event validity flag (Validation) Input High-threshold ik
comparator Validation
: >
. . T
® TDC trigger signal (TRIG) Tl i e gy

comparator LT Trigger
signal

® Analog monitor (AM)
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Signal process procedure of MPT2321 D
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Digital signal process

® ADC and TDC data from each channel

> 40 bits .
channel O 40bit
1ADC+1TDC

® 8b10b encoder

> 40 bits to 50 bits
8b10b Data

encoder Sender

® LVDS data transmission

> Three transmission mode

: . 40bit
> Maximum event rate: ~ 1/(60 Tsys) I‘Z‘SZTI'T?C
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Structure of MPT2321 test system D>
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® MPT2321 test board
» 160 MHz Clock by ST5345
» Important pin can be monitored
through SMA interface
® FPGA
» Communication Core: SiTCP
» Configure MPT2321 through UDP
> Decode, deformat and receive
data through TCP

l Clock generation

Signal input

® PC
» Configure script
» DAQ script (Multithread)
» Language: Python

IEEE transactions on nuclear science, 2008, 55(3): 1631-1637.
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MPT2321 readout development

« KRZIRE
. AYSH_ped, & 3% 5 %5
2 4300mV £ 4
« A HDIFF_ped, #ti##/ENark
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14 Tt L P
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MPT2321 readout development

Channel 0: TH vs Data Count

® KELH |
> j\]%'l‘i % /'f%- ii )\7}:& ii )\/f’%; —% é | <00 Channel 20: TH vs Data Count
> j@/l\ﬁiﬁig;ﬁ#/l\]&]{ﬁ ol 3000 -
> H i@ g BIAE R A R K hestel

Channel 4: TH vs Data Count 1000 4

> %&%%’iﬁ%}% Hj— J‘ET] @ /'?» 2000 - , : . . ’ :
> i A % 2kHzZ
> k425

> Pythoniy & ¥ B e A7 % &

e

1000 4

500 4

> %%%ﬁ%}% E}E ;T:Ekh % Eéi Xd—}\—;z ]‘é&‘] ,fﬁ 0 5 10 15 Thre:;?old 25 30 35 0



MPT2321 readout development

® Hold delay+z 4% C
> T WA R AMIE A 5
/\;}T%“&/\@’lﬁ 700 -
> K BIAER T A K EA+D
> T HEAERREHIEGADCH A

mu vs hd for Each Channel

—8— Channel 0

20 25 30 35 40 45 50

hd
mu vs hd for Each Channel
—&— Channel 2
T T T T T T T
10 15 20 25 30 35 40 a5 50

hd

ADC Mean

AR LA

TRIG J

1000 4

900 ~

700 A

KU I R]

Validation
B 2.3 ADC ESREREE
mu vs hd for Each Channel
—&— Channel 1
T T T T T T T T T
10 15 20 25 30 35 40 45 50
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MPT2321 rea

nEvt

nEvt

Hold delay 12 #%
[i=645.654

0 ch:0 hd: 10

120 nEvent:8503.000

07500 600 700 900 1000 1100

C

u=1095.711
ch:0 hd: 30
nEvent:8739.000

100
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ADC

nEvt

nEvt

dout development
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801

60 1
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100 4

u=821.995
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L, il
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ADC
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120 [I=982.740

ch:0
nEve

80 4

60

404

800 1000

hd: 20
nt:8751.000

ndid o1t
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o 1, m
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ADC
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