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Pl Main coverage by “DAQ”

+ Data flow: signal digitizer - storage
* Timing: trigger timing distribution

system
clock

Belle Il Preliminary DAQ Structure

detector

frontend : * Timing dist. sch is not
GIObaI DAQ DeSIQn i:\nglt]c?edlfn ;?szr;:r;s. "

detector ~0.1M chan.  ~500 COPPERSs HLT farms

frontend 220 RO PCs ~10 units of

_> .
detector = R/O g;gglljg 15 core/umt
—
—| —_—
— —_—
= RO| .| m
oo 5 Pl | &
or Sy 3
frontend o ¥ 5
Ak — e
w =
TEsssm.--- (g' R/O o g‘
2 PC
E—
E—
 Belle Il DAQ RIO—
PC

- ﬁﬁﬁi Near detector " E-hut Control room
— F4R
— ¥ & /COPPER
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DAQTT %
M #7752 ( Gary+Zhen-An)

M 2009 ITOH/Nakao ##5&WBESIIFH#H1T 7 iR
— AURBESII SIREHSIETREEN

- SEEEFRITAIRE TS

—  G—HYRNESES + fUEHSLB

- RERIEEReFTitAZESINBelle I &1F

Giga-bit fnbcr
Famous diagram by Gary ~ Transceiver Links

FINESSE

Suld Readout Module

Global Decision Logic

rin Detector

FPGA firmware consists of 3 parts F

1)y ASIC/ADC dnver (common)

-

2) Tngger/feature extract (subdet. specific) Clock/Event Timing Distribution

LRI 5 A% P 72 [ o B S B 322017
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Belle2Link is a name for global fast data readout and transmission between
Detector Front-End Electronics(FEE) and Back-End DAQ system of Belle Il
experiment. It features, with system simplicity and reliability, as:

1. unification in hardware design(for each detector sub-system)

2. unification in firmware design(for each detector sub-system)

3. provides electrical isolation

4. provides high speed transmission rate(3 Gbps)

5.work at different input data rate(with different detector sub-system)
6. home brew transmission protocol

7.Slow control on the same link

Belle2Link

PRI 55 % 157 B oK B RS 522017
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e Agreement:

Belle2link is not only a link as its looks

Belle2Link is a global fast data readout and transmission
between Detector Front-End Electronics(FEE) and Back-
End DAQ system of Belle Il experiment.

The slow control(later defined as detector parameter
setting/reading) function are also requested to Belle2Link.

R&D with CDC system -> Model system( by IHEP)

Integration to detector system
— B2Link Working Group
» |IHEP Group(leading)
» KEK/DAQ group
» One or two from Each detector system



=
p|
T

|/F_FE I

 SVD FEE | |/F_COPPER
CDC FEE

am{ COPPER

—
—

F ClocK

* Front-End EIectronics(FEEs requirement

— The hardware will be designed by each detector
system following Belle2Link requirement for
FPGA and high speed transceivers

— The readout and data transmission will be part
of belle2link

— Integration of FEE and Belle2link by each
Detector system

 |HEP for CDC as a Model system
BRI 54 P22 [ 5% R SR 32017
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22 Belle2LinkBiiamE{L4HSE
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THIRE :

A RocketlO GTP 1EHREY
Xilinx Y Viretex5 g¢Spartan6
FPGA,
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— | Belle2Link& BiE &4y igit ——

CDCRUlmFE 4R

M [E=F o]

From drift chamber B8 T HEREASIC , ADC,
IARAESEFPGASCIIAITDCAL
ASB chips and comparators
F pipelines

Ethernet port [ High speed datalink | [ [1ZEH R )

(Rocket 0)
FFPGAREIETILIE. (EHHE
HIZAEFIGTP,
Tggerinet | 5GTPEIEER{TE BNEZAI
Signal processor (Xilinx Virtex5 FPGA) | ZFIT 47 28
M [TTDER5']
RJ45%




J5 i ’?COPPERJ%IZI

Belle Il DAQ is based on FPGA
COPPER Optical transceiver NN XC5VLX50T - a
HSLB: High speed Link Board —
put on existing COPPER o Lm =
board DL L z
Designed lane rate : L p—
3.125Gb/s/ch. zns B

Data Preprocessing ability
Online configuration.
Version 2.0 is satisfactory.
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Unification in
Belle2/timing
interface
Design(B2TT) by
KEK/DAQ

A GTP dual with

SPF transceiver for
data transmission

RJ45X2 for JTAG
and Timing

On-board crystal
for backup

17/4/10

1 SEFEE) I (5

B gg‘ﬁsng’dbe ; EEPROM| for serial number of the board
2 /—ll—\ Xtal EPSON EG2121 LVDS or PECL
REFCLK 72mmS Ve Either 125 MHz or 200 MHz, to be decided
f and may be dropped in the final design
Rxg 0.01uF of 0.1uF
- N—
™7 SFP
7 FPGA intemal
Ve pullup may be
moddef[2:0] Z ? g; used for moddef ////—
txfault / rxlos 7
7
ACK (outy/= dll:\’
7 | m \ <4 RJ-45
TRG (in) N
rsv (out/e—t TP =5 CATSE
SV (out/= =7 (or better)
"7 HHAR /N X
CLK (inzZ= 2§
7 b | A Tyco 1116503-2 for
2 00WFor0AuF  HOmimane S-san ‘ : spacehtlgr}boards
7 i N 1-2)
TCK 2 O O 3chLyDs = — RJ-45
TMSZ OO 1yt [= = CATOE
TDI f O O— —=LVDS [ 7= (or better)
7 -V
g.,SN
— TDO 7// « E\’/E?T&s) f
' \ 100 ohm termination is in SN65LVDT 14
no AC coupling for JTAG
B ‘ jumper to enable / disable remote JTAG function

=2 (dtdl JTAG programming connector 6
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Purpose

— Working system for each
detector system to follow

e Hardware

— FEE board(CDC board as
model)

— Optic fibers

— High Speed Link Board (HSLB,
Plugged to COPPER)

— COPPER board

— Server PC (file system server)

: with a File server




* Firmware
— FEE

* Belle2Link in FEE part

— HSLB
* Virtex 5 Firmware ( Belle2link in HSLB part)
* CPLD Firmware (online downloading )

e Software
— Driver: HSLB Finesse card driver

— Data processing
* readhslb :read the data of FEE from the COPPER;
— Slow control

e paraconf : read or configure the register of HSLB and FEE

* fileconf :dedicated configuration file to FEE, such as a DSP
ROM file

e Manual



Model system--Joint tests at KEK

2011

Setup: CDC-Prototype + 16¢ch FEE + fiber+ HSLB +COPPER +
VME crate + File server

*» Data from radioactive source
* Line rate: 3.125Gbps

s Data sample

® 3M events collected
® 10k events analyzed

*

)

CR)

D)

L)

FPGA
HSLRB FPGA
CDC readout
FPGA CLK_Lk=200MHz,CLK_FEE=125MHz
S RB AR S T 5 A 9 352017 o

Sy On board reset switch
CLK Lk=200MHz,CLK CO=42.3MHz



Data Analysis showed success

/7

** s_h* means the sum of ADC
value which are lager than
the value of
2xsigma(pedestal)

0 100 200 300 400 500 0 100 200 300 400 500 100 200 300 400 500

s hd s_hb s _hi

% The mean of pedestal is T = e B s
subtracted from ADC value ol o™ B~
before calculation. The value by | e ol el
of sum correspond to energy """" SN Pl

0 100 200 300 400 500 100 200 300 400 500

loss of beta-ray in the
chamber. P

s_hll s_hll
s L

T Eavies 160

Mean man s Pl iMan wn

\/ : : H BT ° Plews amas T e Teenrn idrws s

s+ Dead channels AR iy | Sy
Pt Howdow o Owdow |
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300 U100 200300 300 300

100 200 300 400 500
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Belle2linkZE &N RN 25 KA IR

CDC: Manual + Model system sets(hard/Software) 2011
— Working ever since even with parameter setting

SVD: started Integration 2011
Working Group active since 2012
— Software Repository

SVD: Integration Success Jun. 2013
— No error report yet
ECL: Integration Success Mar. 2015

Busy working on TOP/ARICH/KLM i

— Some hardware modification(reserve
— Data Reading are reported OK Feb.
— More test with Parameter reading

2016 JIT A IR 2% R Gt TAF

JRR S

AR 5 8% HE -2 [ 5K B SRR %2017

17/4/10 AN

28



lIm

5
Total 730

— 2015/6 120 produced, to be tested
— 2014/5 230
— 2013/4 300
— 2012/3 80

IHEP 100

April verification
at KEK

June 2016

be ready for
Installation

17/4/10
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DEPFETHES 2 R 25 (PXD)DAQ AR 4t

Tot§ZIH9f 0.2% of X, 2 layers: @1.4(2.2) cm
R I . Pixels: 50 x ¢
half e e o
ladder: ( 5] | L gate
768 I clea
MPI nor total c
rows 52 e % reado!
250 I Switcher TUM/
cols I I _ HD /Mp| e .
i5x EEpEGoco = ‘ Options for the PXD DAQ ﬁ
70 BN DHH o INTORIRETT ™ ror ag%ﬁ
III DHP Slow Control (TWP) DCE, Qﬂ )
(85) I— e ’l S et Tl g Ka Etﬂnflex +TWE Optical
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Data e
L - ‘ DEPFET |DHP — — |,
a§ow:rne Power cables kl Power . .
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