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Brief Introduction to MAPS Project

 The MAPS technology study for the inner chamber upgrade
of BESII]1 MDC

e The National Natural Science Fund

* Project Goals:
— based on MAPS technology
— detector prototype will be one-tenth of the inner chamber scale
— equipped with readout electronics
— develop dedicated data acquisition system
— Study new scheme of detector simulation and track reconstruction

MAPS =Monolithic Active Pixel Sensor (. UG JEA% 4R M 28 )



Brief Introduction to MAPS Project

Strasbourg IPHC MAPS chip - Mimosa 28
1/10 scale:

— 3 layers of MAPS prototype

— 18 ladders

— 10 Mimosa chips / Ladder

P 3-7. ¥R SR

MAPS Prototype Layout MAPS Ladder Layout Chips layout on Ladder



MAPS DAQ Readout Requirements

Estimation of BESIII Inner Chamber Data Rate :
— Assume 1 fired cluster: 5X5 pixels

— Data length of 25 pixels: (30+16) = 46bytes
— Area of 1 Sensor: 4.6cm?

— MAPS Hit Rate: 10KHz/cm?
— Data Rate of 1 Sensor:
46bytes X 4.6cm? X 10KHz/cm? = 2.116Mbytes/s
— Data Rate of 1 ladder:
2.116Mbytes/s X 10 = 21.16Mbytes/s
— Data Rate of 18 ladders:
21.16Mbytes/s X 18 = 380.88Mbytes/s =381 Mbytes/s



MAPS DAQ Architecture

MAPS Ladders DAQ Readout Server
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Flexible and scalable
Enough bandwidth for MAPS Ladders
Easy to read out data from front-end electronics

DAQ Software Development
— OS: Linux
— Language: C++, Qt, Root
— Data Readout: SiTCP based 1GbE TCP/IP



MAPS DAQ Functional Modules
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MAPS DAQ Readout

Readout scheme from Front-end Electronics to DAQ
= SITCP based Gigabit Ethernet (IP core embedded in FPGA)
Each electronics module is a network node

UPD  protocol: transfer run control commands and
Sensor/electronics configuration information

TCP/IP protocol: transfer electronics raw data

Board developed by user Measur;;;;;\;lata
U |
ser : y

circuit [ 2 TEP " Ethernet
A

Detector . : Slow control
User circuit and SiTCP can be

implemented on a same FPGA J P C

Data Readout Rate: ~700Mb/s



Send Order

Ver. Type

CMD FLAG

1D

Datalength

Address [31:24]

Address [23:16]

Address [15:8]

Address [7:0]

DataO

DataN

CMD bit | Name Description
3 Access Bus Access
2 R/W 0: Write, 1:Read
1 Reserve Always 0
0 Reserve Always 0
FLAG bit | Name Description
3 REQ/ACK |0: Request,
1: Acknowledge
2 Reserve Always 0
Reserve Always 0
0 Error 0: Normal,
1: Bus Error

Electronics Parameters Configuration

[ Transmission of RBCP CMD packet ]

e

[ Analysis of RBCP CMD packet ]

~ -

[ Command execution

Q

[ Transmission of RBCP ACK packet ]

———

L Reception of RBCP ACK packet J PC process

PC process

| SITCP process

* Sensor & Electronics parameters are packed and transferred

to SiTCP IP Core by DAQ

e SiTCP then sends back the parameters to DAQ for Verification



Sensor Data Format:

Ladder Data Format:

MAPS Data Format

Clk | Dual Config. | Out | Header | Cptframe Datalength | Number | trailer Total | Nb of
rate | channel of words | empty
out | out useful words
data
(words
of 16
bits)
D00 Unused =0
0 0 0 Header0 | Cptframe0 | DatalengthO 459 Trailer0 | 924 4
DO1 | & & & + &
Headerl | Cptframel | Datalengthl 459 Trailerl
0 1 1 D00 | Header0 | Cptframe0 | DatalengthO 918 Trailer0 | 926 2
DO1 | Headerl | Cptframel | Datalengthl 918 Trailerl | 926 2
DO0 Unused =0
1 0 2 Header0 | Cptframe0 | Datalength@,]| 922 + TrailerO | 1852 | 4
D01 | & & & Q22 &
Headerl | Cptframel | Datalengthl Trailerl
1 1 3 D00 | Header0 | Cptframe0 | Datalcngth) 1850 Trailer0 | 1854 | 2
D01 | Headerl | Cptframel [Datalengthl 1850 Trailerl | 1854 | 2

Ladder Header

Ladder Data Length

Ladder Cptframe

Chip 1 Data

Chip 10 Data

Ladder Trailer




MAPS DAQ Online Database

(1) MAPS_DAQ_Runinfo Run Status Information

(2) MAPS_DAQ_Filelnfo Storage information of Raw Data File

(3) ElecConfig Configuration parameters for Electronics
(4) MAPS_DAQ_StubFile Stub information for raw data files

(5) MAPS_DAQ_RunNum Run number

MAPS_DAQ Table Names Elements in Table Element Data Type

runNumber int(15)
startTime datetime
MAPS_DAQ_Runinfo stopTime datetime
status int(3)

fileName varchar(50)
fileSize int(10)
MAPS_DAQ_Filelnfo fileStoragePath varchar(200)

header_trailer register int(10)
RO_MODE4 Register int(2)
RO_MODES3 Register int(2)
RO_MODE?2 Register int(2)
RO_MODE1 Register int(2)
RO_MODEO Register int(2)

module_id int(3)
runNumber int(15)
fileName varchar(50)
fileType int(3)
MAPS_DAQ_StubFile fileOpenTime datetime
fileCloseTime datetime

MAPS_DAQ_RunNum runNumber int(15)



MAPS DAQ

MainWindow
Main | RO_MODE | Reg | Line | Scurve |
| Load Config| Event Number 1
| Config Event Number
Status

| Send cmd

— Event per File |
|_ Start | File Name Extension |
|' Stop Working Senseor ID |

Run Control Buttons Parameters set

Run status and error report

Main GUI for MAPS DAQ
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MAPS DAQ

mornitor 1 jtg-sel-rowscan
jtg-row._mkb
jtg-row_mka
not used

mornitor 2 sel-tstpadl
sel.tstpad2

| Registers configuration

Configuration GUI

MainWindow
W RO_MODE | Reg |W| Scurve |
bias.gen i_dis_clp 1 suze.seq  pwron 1]
i_pwrs_bias I latch |
i_bufbias ] rd 1]
i_disc_pwrs1 I calib N
i_disc_pwrs2 1 clp |
i_ivds_tx — sel_row_int I
i_ivds_rx — rstirame |
v_tstl — rstpix ]
v_tst2 — rstline )
i_ana_buf | startline [ |
v_disc_reflD | ckrdpix ]
v_disc_reflC | ck_rdplx5ns [ ]
v_disc_reflB | ck_mem_latch [ |
v_disc_reflA | cklatch_mem | |
v_disc_ref2 | ck_latch | |
i_disc1 | ck_rdpibx_mux | |
i_disc2 | header&trailer trailerl | |
i_pix | trailer0 | |
v _clp_pix | headerl | |
not used | header | |




MAPS DAQ

MainWindow

Main | RO_MODE | Reg | Line | Scurve

step event number Working Sensor ID

loop file name extension

start

Threshold Scan GUI
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Joint Test with Detector & Electronics
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Joint Test with Detector & Electronics
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Single Ladder Threshold Scan

FPN of Bank_A
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Used to scan workable thresholds for Sensors
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Single Ladder Radioactive Source Experiment

e 9Fe Source Test
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The End

Thank you!



