TRACK

YA HEED KB UR

Institute of High Energy Physics
Chinese Academy of Sciences

Sen Zhao,On behalf of tracker team and Suyu Xiac

‘\D)

L

o
==X )
J = &

S

=8 B
\@%
o
_’,/,—E/(,
e~
B -~
(S
— N\

LI 2R R S SR FT B

SHANDONG INSTITUTE
OF ADVANCED TECHNOLOGY

L7~ %

é*}%z\i\ncicxxn ‘QQ

2026/8/28 RASER WORKSHOP ----TRACK 1



System level

Readout board:

BMOS v1

Trigger for BMOS

4 channels readout board

Tools:

HFSS: S parameters extraction

KICAD/JIALICHUANG: Layout design
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LTSPICE: theory simulation AMD

Function level simulation

/Ansys

Transmission Line Theory and Impedance Matching
part of SV“[]PSVS ’
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DAQ:
BMOS FPGA

Tools:
VIVADO



Detector: signal of detector

If decay time of signal << constant time of readout circuit

For extremely short time At,during time from t to t+ At ,detector collect charge
of Q, the current pulse of signal can be described by:

0= fimy /4

In simulation, a pulse function can be used to approach the signal from unit

function:
T - d‘f
d(t=t) =+ t<t,
, — . N t>t,+d1

{(t)

| =C i(t)::o'&(t_ta)
j R o With consideration of statistical fluctuations

2 ) 1 I() =i (1) =30, -d(t—t,)
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Readout-board : noise

The noise level of a system cannot be judged from the average but from the
RMS, for the average of the noise is always 0.

=t L[ i

From a typical detector system:

Vo
mag| lwsewn | g | e (ENV) =Yoo _ Vao _ V.
HEK 'gﬁlﬁ\ REB HEMAEEENY]  GRKENAD &1 A V 0 n
(men Vao ( )
ENE / . =V,
(EEL: I?;‘JC))

ENV,ENC, ENN and ENE can also reveal the noise (ENC) = Vao o QV' ° = Q
level in a circuit including the amplifier. -Acq Va n

(ENE‘.):(ENN)-Ezg'»KI;—"—-E (ENNy={E]
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Readout-board : noise

e Shot noise: e Thermal noise:
e Origin from the leakage current of detector * From the thermal movement of carriers

I

dit= 4kT /R - df

For thermal noise, higher temperature results
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. di?=21+¢-df in higher noise.(also depends on the material
-':. / due to different R)

For shot noise, a higher leakage current or a * Low-frequency noise

wider amplifier bandwidth results in higher

noise.

* Shot noise from detector f

f

dfp t= 2 ID AR df For Low-frequency noise, higher the smallest
limit frequency results in lower noise.

* Shot noise from amplifier

dl-219=2Ig « Lo df
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Readout-board : Filter and shaper circuit

For:
* Reduce the noise in system
* Reshape the signal from the detector

CR-RC CIRCUIT Pole-Zero Cancellation Circuit
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DAQ: FPGA

PLD(Programmable Logic Device)

PIGREEAR S (PLD) De Morgan’s Theorems
' &
Fi% PLD % 7 PLD Karnaugh Map
[ 1
I l | 1 I [
PROM PLA PAL GAL CPLD FPGA

* PROM: Programmable Read-Only Memory BREERFHZEE, EHTEFREA
« PLA :Programmable Logic Array o arBEmaATe
e PAL :Programmable Array Logic
« GAL : Generic Array Logic "Any logic function can be simplified into a Sum of
* CPLD: Complex PLD Products (SOP) logic equation.”

* FPGA: Field Programmable Gate Array
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DAQ: FPGA Spartan ll

] Y I 1 o T

[ wesneeenuRnnn | CLB module

J= EEssena W 2 oumwikcs ‘

= 3 bppbppsd =i T — e

18 Bessaa@F & | | . e é
:: 2: ##*#* 1: /Ot —-EET:J;,: fc& 1 ; DCK ar
J2 HesssaaalGr o) | e |

J= gesssaxs EiER e R R

= Bessssan - sy

1= essEREN e B |

= oo}

CLB primarily includes 2 LUT-FF pairs with carry

PSM PSM

—— n— logic and 2 global tri-state buffers (BUFT). A
| TR single LUT-FF consists of 2 4-input LUTs, 2
- control and carry logic units, as well as 2

storage elements.
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DAQ: FPGA Spartan |l

Xo— ,
X| Xz X3 X_;L .\_;— LUT _) xl X: .‘(3 )\4_)/_
F4 00001 = X— TT—= 0000]0
] 000 1]l 000T1]1
Fl 001 0|1 00100
Q01 111} 001 1]0
0100/(1 0100|0
Cl 01011 01011
Cl& 0110]1 0110/0
. 011 1}1 0171 141
1 0001 1 000[0
1 00 1|1 1.:0¢ 111
1 01 0|1 1 Q100
1 01 1|1 1 01 1(0
RERE 18]
1 110[0 XjX3X3% 11100
1 11 1[0 1 111(0
X1 Xa )
‘_l‘(}y |
The LUT (Look-Up Table) is the primary — » y
element for logic implementation, and each T

LUT can implement any 4-input function.
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DAQ: FPGA Design

 Demand analysis

e Sub-module design

* Pre-simulation

e System simulation
* Logic Synthesis

* Layout

e Simulation

* Test

2026/8/28

Design and implement a simple unit permitting to
speed up encryption with RCS -similar cipher with
fixed key set on 8031 microcontroller. Unlike in
the experiment 3, this time your unit has to be able
1o perform an encryption algorithm by itself,
executing 32 rounds-

Library IEEE:
use iece.std_logic _1164.all;
use icee.std_logic_unsigned.all;

entity RC5_core is
porty(
clock, reset, encr_decr:in std_logic;
data_input:in std_logic_vector(31 downto 0);

data_output:out std_logic_vector(31 downto 0);

out_full:instd_logic;
key_input:in std_logic_vector(3 |1 downto 0);
key read:out std_logic:
5
end AES core:
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Begin a project BMOS

China Spallation Neutron Source is located in Dongguan City, Guangdong Province, China. It
mainly provides beams such as protons and ne;trons.

[ I 1 o
Superconducting Linear ,.—;i:hjg;'{\ ~ The energy of the linear accelerator has been
Accelerator -300 MeV ,//“" \ increased to 300 MeV.
L 1
Rapid-Cycling Sll?nchrotron - i1 The beam power has been increased to 500 kW.
I 500 kW L L
SO . 1 »

The neutron flux has reached 1 X 108 n/cm?2/s

§
1
%
%
i
Y
P
,/
/
\
Xﬁ

N e - - Atotal of 11 new neutron spectrometers and

e
R PR o S ey p—v—-—!—-—.l;m"”" &
Y

B e 7

. lﬁ’ experimental end stations have been added and
Y . constructed.
W '|‘ High-Energy Proton
V & bt .
§ AN E tal Hall . . :
_'é %‘stE'l'.men o B A high-energy proton experimental station
e Lot (HPES) capable of providing a 1.6 GeV test
beam.
11 Neutron Spectrometers and :

I Experimental End Stations B A surface muon source (MELODY)
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Begin a project

High-Energy Proton Experimental Station (HPES)

W According to testing requirements, both low-intensity and
high-intensity proton test beams are provided.

A
G — '!
0 MeV P oY
'f i
Proton Energy Range 0.8-1.6 GeV
Beam Pulse Frequency 24 Hz

High-Intensity Beam Flux 106-10° p/s
Low-Intensity Beam Flux 103-10% p/s
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Begin a project

Macro Pulse Period: 40 ms

1ms

\ 4

Macro Pulse Interval: 39 ms

A
\ 4

v

410nsh Time

80ns

2026/8/28

Schematic Diagram of Micro Pulse Time Structure

* Due to the beam characteristics of CSNS, the proton beam
exhibits a two-level bunch structure in time :

» Macro Pulse Frequency: 25 Hz (24 Hz effective)

» Macro Pulse Length: 1 ms, Interval: 39 ms

» Micro-pulse in macro-pulse

> _Micro-pulse period: 410 ns, Micro-pulse Length : 80 ns
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Begin a project

BMOS ---- Beam Monitor Online System o0 T NG A B

[cmi?]

Design target

* Real-time monitoring of beam intensity, position, %
and uniformity =
* Design life: 5000 hours/year oL b
e Detection Strategy: Indirect Measurement Method PR ; S ; o

Radi
Place the detector at the adjustable edge of the beam center to avoid adius fem

the high-dose irradiation zone, thereby ensuring detector lifespan and

beam stability.

1. Effective Beam Working Area: A central 2cm X 2cm square.
2. Detector Layout: Located in the edge non-direct irradiation zone.
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Begin a project

Experimental Verification

e Test Platform: Based on IHEP SiC-PIN detector + UCSC board, for testing
responses to different particles.

* Beta particles: 90Sr radiation source (approaching Minimum lonizing
Particles, MIPs, for validating low-energy signal response).

Waveform Density Heatmap

* Test Results .
signal peak ~20mV
amplifier gain ~ 18 I
Board Rf ~ about 400 Ohm ,»
SiC Peak of Intrinsic Current Signal~2 uA g |
shield box
o Bias 2x10°
R I 0 0
Front amplifier power supply ' | " Timelns] ' ' '
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Begin a project

generate pulse signal():
index_num = random.randint(1, 16) e Current vs Time (First Two Pulses)

. - N —e— Current (A)
time = [0, 1le-9, 2e-9]
current = [@, index num * 2e-6, 0]

return time, current Micro-pulse Intringic Current Signal
s (ignoring the 80ng micro structure)
Signal Response per Micro-pulse:
e Pulse information for 1-16 protons is generated
using random numbers. [
* Each proton excites a peak current of 2 pA (intrinsic T : — : .
signal for 1.6 GeV proton incidence).
Macro Pulse Period: 40 ms Macro-pulse Intrinsic Current Signal
" ims ] B oo B T —
X - Macro Pulse Interval: 39 ms :
Time ” 1ms intrinsic current signal

v

Time (s)
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Begin a project
The BMOS PCB design employs a charge integration circuit and a first-order CRRC shaper circuit.

¥ A—D ADA4817-1
R1 400 400 TOP VIEW
016 (Not to Scale)
I _
15p V& c1o FBE El PD
>+ [ AN ST +vs
u1 +IN[3 H—+ He] ouT
V- ~ R6 c9
(}:IZ R2 II\III Output CRRC_IN . ) N\ 2|:|!_¢. —VSE El NIC
3.3n 200K v+ B —ned o S
PD cs
- ._kmj Taop NOTES
70 AYE L 1. NIC = NO INTERNAL CONNECTION.
1 _|c3 B c5 _ c6
G) BE" 5 loap 5 [oap
V

tran 1s

Core Circuit Parameter Design: Key configure of ADA4817
* Integration capacitance: 10 pF  Input resistance ~ 500 GOhm
Discharge time: 15 ms (considering «  Open-Loop Gain ~ 65 dB

parasitic capacitance of 2~5 pF)
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Begin a project

60m

Om

e Signal of output
 More than 600 mV
* 4 ms zeroing time

Considering the ADC and FPGA , the total system can be reset within 40 ms
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Begin a project

4 T { o e
® o] HON ° | @
" _’._ ) SN @ caLNDd @

-
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2 & N ® @

* High-voltage traces should be
kept away from signal traces.

Power supply traces should be  gjgng| HV pad Signal grond

thicker. bonding pad )
No ground plane is provided bonding pad

for high-bandwidth chips.

19
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Begin a project

CAL_IN test

Inject 42pC
Current vs Time (Full Signal) Cal_in : 10nF

of Charge

signal

185 Motal Charge: 4.20e+04 fC }
Total Electron: 2.62e+08 e —— Current {(A) C I . .4 V
3.0 a I n . I I l
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input signal comparison with output signal
— input_signal[mv] —104
10 4 output_signal
i w12 j
E% 1,000,000,000,0 0
5 4

&%t 50,000 %

40 mV ( ;
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signal_voltage [mV]

R T RS
54
HighZ —1017
HighZ Pul"‘
0 250 500 750 1000 1250 1500 1750 2000
Time [ms]
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Begin a project

& AD7606 Analyzer - a X
IR RESRAT  BESEST  HEES
M EHLIP 192, 168.0.3 SRR 262144 ] RBEREFR: 16 ¢ O aRREEREE O ammi O wEes iR

FHWO: 8080
EFEHLIP 102.168.0.2 ADT606 Waveform (200kHz, 5V)
EFwO: 8080

i i

sl
[ EEEEE - RS
15
HIEHE
WAAM: 1000 s -
RN 1 a0
SIEBONR (HEX) -
00 00 01 O0 02 00 DA 35 D1 FE
€0 00 00 00 01 00 00 20 00
mARlE | wR H \
_mnm | s | i s '
ADT6DG 4 o
AFER (hz): 200 BHE
i v 1ms
LSB: 1528V
DR
WA A =

MR 983040 P FARA

O oW (Rit: 0wl
HOBEIE: 9830408

0 [ o e i To 13
RAFRCE Time (1

REEEFEEFH: 200000 Hz
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Begin a project

Sd data (UDP Data)

64bit

Header
FIFO 16-64
Dyte 4byte 6byte 4byte 4byte
Eg :00
16bit
Receive data(Ethernet Frame)

FCS ADC 16bit

14byte  20byte 8byte Sbyte  1024byte  4byte
(UDP Data)

» 512 Sample Count

— 16384 Sample count — 32 Frame Count
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2*32bit
64bit
DDR3 » FIFO 64-16
16bit
FPGA TOP | Ethernet
Receive data
Regeive data
Analyzer
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Begin a project
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Begin a project

All Waveforms

H Tune=0: peak: 34.04mV

Volt Distribution with Gaussian Fit
30
= Data
Gaussian Fit
200 T Mean: 34.04, 5td: 0.38
20
9 100
S
£
= 50
o 10
o
©
=2
S
| ]
30 2
Vot [mv]
‘ 5t TR o o o e Y TR
0 ) b Ty (R el n A . i ) A
2 Pl A s 1) 0 Bk, b W, LTG0 QTS Wi L — . .
- R e ‘ | ki | Tune =30: peak: 23.60mV
¥
L o la
Wolt Distribution with Gaussian Fit
—10 1 250 B Dote
Gaussian fit
T Mean: 23.60, 5td: 0.33
200
-5 0 5 10 15 20 25 30 35
Time [ms] 150
a
1
50
0o

Volt [mv]

2026/8/28 RASER WORKSHOP ----TRACK 24



Begin a project

BMOS system

2026/8/28

Linear Fit to Voltage vs Tune

324

Voltage [mV]

—— Linear Fit
@ Data Points

0 5 10 15 20 25
Tune [%]

Reach :
e Stable long time monitor
* Linear relation with e/h pairs
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Begin a project

RIMES
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Begin a project

Track upon the trace.

Welcome to join us!

YRHERD R HE i
Institute of High Energy Physics
Chinese Academy of Sciences

LI 2R R S SR FT B

SHANDONG INSTITUTE

OF ADVANCED TECHNOLOGY
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