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The SoC-FPGA based DAQ system for position sensitive Silicon detectors

Front-end Electronics for Double-sided Silicon Strip Detector systems

DSSD system Number of detector IDEAS ASIC Dynamic range Number of ASIC Self-triggered
strips channels
Silicon beam 32x32 VA163, TA32cg?2 -750 +~ +750 fC 32 yes
profilometer
Silicon beam 128x128 VATA64HDR16 -20 + +55 pC 64 yes
tracker
Silicon module 640x640 VATAGP7.1 -30++30 fC 128 no

DAQ for position sensitive Silicon detectors
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Control Unit. Processing System
Zyng-7000 SoC
. Processing System (PS) 1
/ Vo Peripersls TG Application |Processor Unit (APU)
The Control Unit is an autonomous, portable UART ~— —— Syst _—
module based on the MicroZed development G . Fll ) et
board equipped with the Xilinx Zyng-7000 SoC: . 12¢ > cic | e —
. €« Y |€ ¥ ;
integrated dual-core ARM Cortex-A9 based = SD SDIO S i Snoop Control Ut __|
Processing System (PS) and Xilinx Programmable 5 512 KB L2 Gache and Controler |
. . . . <+ [ —
Logic (PL) in a single device. =B o ocm 256 KB
—_— Interconnect
< Flash Memory | a2
\ Interface b <
. . . QUAD SPI e
The Processing System provides a connection to I Inteitaces

the Control and Analysis Software via Ethernet
interface for data flow transmission and control
words receiving.

DDR2/3, LPDDR2 | | <
Controller

| Resets | v Clock Generation
A B

y

EMIO PS-PL Clock Ports 32b GP 32b GP IRQ
AXI Master || AXI Slave Select 1O N
Ports Ports Resources

Programmable Logic (PL)

The yellow blocks represent the datapath of control words receiving, the green
blocks — data flow transmission, the blue blocks — FEE data storing.
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Control Unit. Programmable Logic

Control Unit Design
P Application Processor Unit (APL
. ; VO Peripherals ARM Cortex-A9| | ARM Cortex-A9
The Control Unit PL part | eaoeies [ ) ol Ik opU opU
functions < j .
* set internal ASIC ] e
configuration bits;
* send the readout diagram Resets | [Clock Generation Contmller
by trigger in four trigger Processing System (PS)
. X Programmable Logic (PL)
modes, TEEE T ! Trigger logic j SZKX(IBP 32b GP
e simultaneously pack ADC | —, o = Master |[AX] Siave
data from all 16 channels; i 3 cross- | 1, ASIC | ASIC i
. | Asic > board ; Sequencer|Configuration l T
* transmit packed data to : L . m—
the external DDR. s : Cotiollet «——{ Register Control

The yellow blocks represent the datapath of control words receiving, the green
blocks — data flow transmission, the blue blocks — FEE data storing.
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FPGA ADC Data Receiving : @@@ @ @ @
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L ' 300 MHz . Q@ @
> Q""" Qs l——
LVDS channel A 1D Q2 l—> ®
Ao |date 12bit 300 MHz | 0pap IBUFDS clk : Q4 —— (E)
i | : sl @
ADC p i p / e —m— 5
8 channels n J |—2— B8 = II.E BEROES E 50 MHz @ ©
A = : Q1 p—""" :
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The bandwidth with packed IDDR output:

B IDDR output - 8 ADC channels + FCO bit
- 8 bit
-300 MHz = 637.5 MB/s

- clock rate =
B (2-8+ 1)bit
B 8 bit
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The bandwidth with ISERDES primitive
implementation:

_ ADC word width lock rate 12 bit
N 8 bit crocierate = 8 bit

.50 MHz = 75 MB/s
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ADC data transmission and improved bandwidth
ADC
DEE.
ADC data clock
ADC Deor__
s
8 channels | __ Doy i :
> output data | °
D+x __ |
LVDS channels
data 12 bit 300 MHz FE0-
n p frame clock
FCO+ __|
— Pt
IOPAD FPGA , \ ; ; y
i/B /* IDELAY frame clock [16th bit] E 1 ‘?‘ 0 i g \
IBUFDS output i i | |
(0] i i | i
ADC channel H i | | i
pr— i | i (]
Y Q1 / \ MSB D9 D7 D5 D3 D1 MSB D9 D7 D5
— [15th bit] | i i ! !
IDDR output
I_ D IDDR output | spR 300 MHz - | | i i
Q2 _/—\_ m?'h“b " D8 2 D6 | D4 l D2 |\ D8 D6 D4
| 1 it] | i ¥ i )
clk | Q2 Q1 ADC channel G [13th bit] i 5 i E
. . ] ] ] i
: : N
ADC channel A [2nd bit] ! :
i | i 1
Q1 [\ [ wmss | Do mw MsB D9 D7 D5
IDDR output | [1stbif | |
] i ]
| e | U |
D8 D6 D4
___________ {s________:\________ {\________ :\___-_-__
ADC data X X 1 MSB...D X 1 D9... Dax 1 D7..D6 X 0 D5...D4 X 0 D3..D2 X 0 D1... 1 MSB... 1:~;X 1 D9... D8 x 1 D7..D6 Xo D5... D4
bus
27.10.2021 Simplified timing diagram of one ADC data transmission.
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Electron-based Control and Analysis software
. MobX based Applicati tat
Control and Analysis Software R oot
functions: =
. ode
* a network connection to the P———
. « Send to Controller stat
Contr0| Unlt' c:arl]ng;no?i?i;;)tizrn:ae
* FEE ASICs configuration; Sy oy ———
. e eie e az e:ze ange notification
* decoding and digitizing raw atic. v
H Send raw binary data Controller Send con_figuration data/
b| na ry data’ to analysis Start-stop collecting measurement data
« Provid to Model data; :
 pedestal and common-mode [ naiyzed || Wodiy applcation state; | | Workersreples
. . [ data « Control data flows between GUI
shift (CMS) subtractions; gr:drfData analysis / Client-Broker
. . . . Interrace processes.
* noisy channels finding; ki Client-Broker interface
+ cluster finding; )
* hits coordinates calculation; & Discodinng arid digjtizing taw i Ueer Electron renderer
. . . . binary data; View actions 7
e distribution calculations + Pedestal and CMS subtraction; Node
. . « Noisy chgnpels finding; ipc
(hits, amplitude of clusters, ~ Clustar finding; - —
. !ts f:oordlnates calpulatlon, Node.js cluster.fork
C|USter SIZes etc'); | aD-rI:gllikt)tlJJctilgrg)fcslij:tl::[s?ncslu(:tl:" = Zeromg based i Broker
* Profiles and Amplitude of ot R et od sl clent
.. . _ lusters distributions fitting. « Analyzed dat
cluster distributions fitting. e I A Visualization (Plotly)
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ZeroMQ-Majordomo-based Architecture

Control and Analysis Software part

The Client Worker Lifecycle Client Worker
Client Client Client '

E ] : Write to register.
= =
] C&A Software thread C&A Software thread C&A Software thread : .

(Node.js cluster.fork) (Node.js cluster.fork) (Node.js cluster.fork)

i i J

Reply register
value

A

—> address

——>( "DATA" : 5
H@ . Move data pointer and
; clear read data blocks

Reply
"NODATA"

Send
(N x 4096 byte)
data blocks

Broker

E "Board1" "Board2" "Board3"

E i ; ' E ‘ counter

i Worker Worker . Worker

i E : E ) 5 "IPADDR" new IP ; " Reply "OK" ]
! : ' ! ' ' address H

Control Unit part | Control Unit part ! Control Unit part ! ; Change IP address

..................................................................

* “CFG” means configuration and divides into two branches to write (“WRITE”) and read (“READ”) registers on the Control Unit PL side;

*  “DATA” is used to obtain measurement data. The Worker asynchronously sends a number of 4 Kb data blocks or replies a “NODATA”
control word.

* “CLR” clears previously written to DDR3 data blocks by moving data pointer;

* “IPADDR” is a control word to change the Control Unit board IP address.
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The SoC-FPGA based DAQ system for Silicon beam tracker

DSSD is located inside the vacuum station
flange and has the following parameters:
* 61 mmx 61 mm active area;

470 um p+/n+ sides strips pitch;

175 um thickness;

90° stereo angle between strips.

(b)

The SoC-FPGA based DAQ system for Silicon beam tracker (left)
and the opened flange with DSSD inside (right).

The autonomous, portable Control Unit Carried Board
based on the MicroZed development board and ADCs
with essential connections to FEE cross-board.
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Particle Charge ADC

units

Energy

5.499 244 fC 40

MeV

Alpha
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Test results for Silicon beam tracker

BM@N Silicon Detectors App

BM@N Silican Detectors App

Set Broker IP address: © wite operations:

s —
ﬂ “ [+]
Set bits configuration package: Chaese cantral register to read-

Carbon | 4 AGeV 96 fC 16

Gold 4 AGeV | 18 pC 1475

Profile center coordinates are
X=143cmand Y =3.21cm
with standard deviations oy=
0.35 cm and o= 0.39 cm.

The alpha spectrum peak
positions are automatically
found with values 38 and 40
ADC units
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configuration: v
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) v
|
S . h Choose file Browse
Set number of ASICs per
madule: -+
Data processing status: done!
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Hit plots

Fitted params (cm):
mux = 1.43; sigmaX = 0.35

Configuration Package Viewer muY = 3.21; sigma¥ = 0.39
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the FEE configurations in the Control
and Analysis Software

Hits distribution
feresults ¥ BMN Beam Tracker Modu\e#():

— fitted profile ¥ |

]

Select Plots types:

@D Hitplots @ Amplitude of clusters
Noise Cluster sizes Pedestals
Correlation plots

I PLOT DATA 1B SAVE DATA

Module# NPeaks(p+) MPeaksin+) Noise(p+) Noise(n+) SNR(p+) SNR(n+) NoisyCh(p+) NoisyChin+)

1 2.078 7645 18735 15,122 7

Amplitude of clusters

NEvents: 70952
NHitsEvents: 60693
Entries: 65830
Profile X

Profile ¥ Fit results ¥

fitted profile X NEvents: 70952
NHitsEvents: 60693

Amplitude of clusters distributions
at BMN Beam Tracker Module#0

6000 Entries: 65830
O <Ampl of clusters,, gge>
[ <Ampl of clusters,. cua>
n Fitted p+ peak 1
§ 4000 — Fitted n+ peak 1
%) detected peaks p+ side
R detected peaks n+ side
2000
oLl

0 20 40 60 80

Amplitude of clusters [ADC units]
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Alpha source (*3®8Pu) measurement visualization in the Control and Analysis Software
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Conclusions

= the DAQ system for position sensitive Silicon detectors is composed of the FEE cross-board, FEE cards with
wire bonded and encapsulated multichannel IDEAS ASICs, the SoC-FPGA based Control Unit Carried Board
equipped with two 8 channels ADCs, and the multithreading user-friendly Control and Analysis Software;

= the autonomous DAQ system was designed for Silicon beam profilometer, Silicon beam tracker and Silicon
modules test benches;

= and tested with alpha source for Silicon beam tracker;

= the SoC-FPGA based DAQ system could be used for position sensitive Silicon detectors to measure a wide
range of ultra-relativistic ion coordinates at the BM@N experiment;

= the portable DAQ system could be adjusted for other beam position measurement goals.
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