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Self-Introduction
Overview of DAQ system
Developed electronics
« DRS4QDC
« Hadron Universal Logic module
 |ts application

Summary
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Self-Introduction Y .
penft ¢
Ryotaro Honda (&% B XER)

Strange nuclear physics, Hadron physics in J-PARC
Tohoku U. (Ph.D) — Osaka U. (PostDoc)

DAQ developer in K1.8/K1.1/ High-p beamline

Especially, for the hardware development. J-PARC Hadron facility
» Circuit schema

« PCB design

« FPGA firmware K18BR

(Software)
T1 \
—1—- »

~ KL

COMET




Dead time and generation of DAQ system
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K1.8
K1.1

High-p
(E50)

Finite dead time

Network
(SITCP)

Full network based DAQ system
(No legacy device)

S oo

~
~

~

Dead time less

~

A

( Trigger less DAQ system

(TDC only)

S

= === { Waver form ]—>

4




N

Timing (trigger) counters -\ g7 &P PEtECtor Setup
, in K1.1 (E63)

. BH1 = _,///\
yi
* BH2 Plastic X v
« TOFwall  scintillator ‘ //// K1.1 beam line

- SFV ,;-‘:/ \‘ spectrometer

PI1D count ‘
counters m

« BAC1,2 Aerogel Cherenkov =5
. SAC13 51\, Hyperball-J
e SPO Plastic scintillator BC2
- BAC 1—erSy

« SMF (LC) Lucite Cherenkov BACH ..::' !

Li,O target < =2
Tracking detector g
 BFT Scintillation fiber tracker
« BC1.2 MWPC

- SDC1,2,3,4 MWDC

y-ray detectors
» Hyperball-J Germanium detectors

+ 2.5 T (400A) for 1.1 GeV/c beam
PWO crystals 5

2m




List of detector specification and requirements

Detector

BH1, 2, TOF

ACs
SPO, SMF, SFV
BFT
BC1,2
SDC1, 2
SDC3, 4

Ge

PWO

Device

PMT

PMT
PMT
MPPC
Wire chamber
Wire chamber

Wire chamber

Ge

PMT

# of ch TDC

Spectrometer systems

11+5+64 High Reso.
27 Low Reso.
80+56+6 Low Reso.
512 Low Reso.
3072 Low Reso.
576+448 Low Reso.
1392 Low Reso.
Hyperball-J

32 Low Reso.
238 Low Reso.

ADC

YES

YES
YES
No
No
No
No

YES

(NO)

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Electronics

DRS4QDC
FPGA-HRTDC

DRS4QDC
DRS4QDC
VME-EASIROC
Copper2
HUL
HUL

AD413A
HUL

HUL

Only 80 ch need high-resolution TDC while a lot of low-resolution TDC are necessary.

Cost per channel in LR-TDC is a matter of concern.

6



KEK-VME 6U crate

DAQ schema

On-line
monitor

nnnnnnnnnnnnn

HDDAQ
Event building

TCP/IP

computer Disk

/ x Data transfer
o [ | DRS4QDC K via siTCP
c) 4 —_—
2| | EasIrOC <D
ol [ 9 Linux PC
= HUL
ol <
2 FPGA
S| | HRTDC |
= Trigger signals

KEK-VME 9U crate

Copper2

storage

Level 1
Level 2 (Ge coincidence)
Clear

Expected trigger rate
2 k/spill (Level 1)
Expected busy time
10 -30 us
Expected data size
10 kB/event

At least
90% DAQ eff.
@ 2kH trigger rate

Almost the same as the K1.8 system,

Front-end process of HDDAQ are running on  but all the electronics must be developed

the machine with @EEVI» mark

except for copper2.



Direct connection OR housing

Detector

A H L Ia]#S

HAE—L7 A1
R AR IS

Apenit QP

. " .

/

\

n

Detector

/

NHE—LT A
a2 il as e S e ICA )

K1.88—AT A DEFRYR
E19, E27, E10, E13, EO5, EO7,
EO03, E40, E42, E45, E22

B2 e 7L o JE DI
7Y 22— )V ELZRTEIWIT 220
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DRS4QDC

Analog

* Number of channel 16

* Input range 2 Vp-p

« Common mode input range =1V

« Absolute input range +2.8V

« Buffer range 2 us @ 1 GSPS
Digital 1/0

 Discriminator outputs (LVDS), 16 ch parallel
* NIM level I/O (4 inputs, 2 outputs)
* Receive triggers from the KEK-VME JO bus

Data transfer & control
« TCP & UDP realized by SiTCP (100 Mbps)

: """.»\H
i »‘l ,: L-J L %
Ll

PCB standard
VME 6U KEK VME
Only JO is mounted
« £33V fromJO
« +33V~42A
« -33V-~18A

TN
ADC TDC WORSA BOARD .1 .

1> 3
8
- ) -
: N o
. 5
#
' _‘ . .
| 4 \




Motivation of DRS4QDC

100 m coaxial cable in K1.8

eam
Detector Cable delay

Trigger
latency

VA

| QDC gate

Cable delay is unrealistic in future experiment.

» EXxpensive.

« Trigger latency is strongly limited.
* Not suitable for multi-channel.

DRS4 is analog buffer
can sample WF with a few GSPS.

r

\_

Analog buffer

~N

J

Trigger
latency

inVas

Digital QDC
in FPGA

11



DRS4 — Method of sampling peni‘l‘. ¢
U

AGND AVDD DSPEED PLLOUT PLLLCK REFCLK  DTAP ADATAZA3

|- —-
- 4 ] A
D0mln0 wave n'nvrS.rz:l_NI l | pPLL *+{LVDS ._1

0.7 ~ 5 GSPS DE%A%E%E DOMINO WAVE CIRCUIT \ U j
INO i CHANNEL 0
Analog buffer 5 CHANNEL 1 1024 cells
DRS4 (Developed by PSI)
Switched Capacitor Array (SCA) % CHANNEL 2
u CHANNEL 3
Sampling rate 0.7 ~5 GSPS NNFEL 4
Input ch 8 (9) ch T —
Number of cells 1024 cells/ch e Region of |
Input range 1Vp-p E Interest DT,
Power - (ROI) mm!’
consumption 110 mW (1 GSPS) A )
REGISTER
Cost 1000~2000 JpY/ch  Vrite ptr stopped here ]
;:| READ SHIF 1 REGISTER ¥
Sﬁ@'{;{ é:“:] CONFIG REGISTER |

DVDD DGND

12



DRS4QDC block diagram

Analog In
(16 ch)

NIM I/O

Ethernet

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Main AMP
(2ch/block)
> DRS4 AD9637
Main AMP
(2ch/block)
LVDS LVVDS
\ v
MH-TDC Integrator
(in future) g KEK VME
FPGA JO BUS
DAQ signals DAQ signals
Q '9 > o Q Ig >
Xilinx
SiTCP
I_> Spartan6 S
100 Mbps

Supply

13



Performance evaluation o .
=Iiming resolution of Main AMP block Wpenit @ ¢

Analog signal I ------------------- E KEK-VME
FG "Ia[FPGA| DRs4 |; crate
NIM2LVDS | stop | i
Level : 775 E
I ad:\[;(teer stairt i’ ’ E
|

; 1

The timing resolution of | V1718 | PC

the main AMP block N

_' T . ] L L) L] l' ’ Ll L] I VVVVVV l L] ]
180 p—= —
"L+ Contribution from other electronlcs ]
I was subtracted. ' N rg'd
E wf The resolutlon better 50-ps- (o) = YR 8 -VZomv | ALTRR"
-~y b —
O k- was obtained when mputtlng 3
= L } -
2 - | _large signal. 3
5 _F | 3
§ 80— —_1'
=0 - .
;-‘:_ Ol [~ j
= - 1
2 '“JE" 3 _3
20— il 9. -
- 3
)| Y Y TN TS S Y Y G S S S S Y TN TR Sy ST T T T W' ]
0 200 400 600 800 1000

Input voltage [mV]



Performance evaluation — Waveform

it (§)¢

Analog signal
FG 2

The input signal
(100 mV & 20 ns width)

|

:

|
\

'

70 0mVO M20.0ns A Chi \-70.0mV

Wileon

: Alim sah.
nvert  Bandwidth "o ony Position Offyet
: on fult yP iAT0dv  See vV

Couphng
x

> DRS4

UDP

Triggered by
internal trigger
(or internal clock)

» PC

Readout result

P I K X | ] | ER A ) UL B | I 1 L I ] TR ' I T _l-
2300 *  after -
C " - offset correction:
=2250(— -
) = R
> — —
e T ]
S0 ]
= - i
v k. -
&) !
2150~ -
2100} : ooy = - b
P oA SN AN I A N ST S PR
L 65D | e o ol A e Y o R T 'R BN O RN R A

300 350 400 450 500 550 600

Sampling time [ns]



Performance evaluation — QDC %penff ("E)Q

The measurement of the linearity of this system by changing the signal height.

Definition of non linearity
Non linearity = (QDC mean — f(x))/(QDC mean) x 100

The distribution of
Mean position vs input charge non linearity

3000 - ............ e o S— ........... * ..... -

L,
S

QDC [ch

B : : N : : :
- H - : :
IS,{“] - T T __i:. e T

N Llnearlty bett:—:-r than 1%

2ft -Was. uhtamed

el e oo a e b oo alay

Non linearity %
|.|J|.|]I]|||.|Jl|]|||.|]|.|]|]||l

rH'_IIIIiIIIIiIIIIIIIIIiIIIIIIIIIiIIIIiIIIIiIII_ _j_llllillllillll|||I|i|IIIIIIIIiIIIIIIIIIiIII
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

Coulomb equivalent [pC] Coulomb equivalent [pC]




oW,
Specification @penit (“E)Q

Analog
Number of channel 16
Input range 2\Vp-p
Common mode input range 1V
Absolute input range 25V
Buffer range 2us @ 1 GSPS
QDC LSB 0.135 pC/ch
QDC Linearity <1%
QDC noise level 2.7 ch (o) for pedestal
QDC resolution ~0.9 %
Dicital 16 If you have an interest,
igita |
Discriminator outputs (LVDS), 16 ch parallel please contact us!
Timing resolution < 50 ps (s)

NIM level I/O (4 inputs, 2 outputs)

Data transfer & control
TCP & UDP realized by SiTCP (100 Mbps)

PCB standard
VME 6U KEK VME
Only JO is mounted




TDC

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
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Hadron Universal Logic (HUL) module specification o
\Y gic ( ) ule specificati %penl‘lﬁ?

General purpose logic board with Kintex7 and SiTCP

Open source consortium of Instrumentation

--------

S R S e

lllll

f Powe_red by +5V om - L
|0 erACadaptor

IR IR (B

E{daptor Two mezzanine s|ots

i Fixecﬁﬁput
-Support ECL/LVDS
(8831E-068-170L-F)

0SAKA U.

Mezzanine DCR Board V1

1 Jl 1 . \l rI I‘I’
o y
| SR 171 T T

openlt

'.‘ n source consortium of Instrumentation

Fixed input (64ch) + Mezzanine (64ch in max.)
= 128ch direct connection to FPGA

19



Requirements to new module

As cheep as possible
*Requirement : 1500 JPY/ch

Data communication via TCP/IP
*Register setting
*Usage as DAQ module
*Downloading MCS file via network

Mount the mezzanine card slots
«Capability for various types of the signal standard
eIncrease the maximum input channels up to 128 ch
*Extension to various kinds of applications

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
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Example of application (Multi-Hit TDC)

e e o — — — — — — — — — — — — — — — — — — — — — — —

|
| | :
| Common stop >——» Tu[r?i? : Ring buffer
|
| o :
: | \ x 32ch | Hits inside the search window
| - a If 1! are stored in channel buffer,
| oo — | Ed?fce‘; | : when trigger is received.
Input_>—> unit | buffer i I |
| et N i | TDC data_| : D .
ing buffer | " TDC data T |
I_ _______________ TDChlock L —————'_| i_ :
Multi-HitTOC ||| | =TT~ ’
2R N N RVM
Channel 128 | Build an Event I
Trigger type : Common stop : Event packet : _—————— -
Ring buffer length  :13.7 us | | : . L2 trigger :
MaxHit/ch/event  :16 | A |+ Tag |
Precision :0.83 ns | : Event buffer : | : f__l___" :
Resolution :300ps (rm.s) B e o | | rigger 1] 1
Dead time : Equal to search window | | | information | ! @EEITE |
Event packet gy l |_: | ||
Discard event | L——=——=——=——=1 L= J
if clear was received. TRG

=S

SiTCP

Data transmit
if L2 was received.



Example of application (Scaler)

spill number
event number

spill number
increment

|
|

|

|
};_{%m_
i

i

L

|

|
|
i

.| Channel
: Inp@—> Counter [—| 7 ce
|
|

_________________________ I__ __________l R —
Scaler JH RVM

-

Build an Event

| |
Channel 1128 | - ;
Sampling freq. : 300 MHz I : : L2 trigger |
Dead time : 210 ns (self busy) : I~ | I %Zar :
| | Event buffer : | | |
. P

| .
o ) e g |
Iscard even ol | I T L2 data |
if clear was received. | | === ]
TRG

Data transmit
if L2 was received.

22



Implemented logic

— Tapped delay line
NN NN
Remapping (192 — 64 taps)
Leading edge finder
Binary encoder
520 MHz v
—————— Crock domain crossing |————-—

130 MHz 1

Calibration table

Ring buffer

(15.8 us length)

Event build process

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Pulse run

11111111111111000000000000000
1111100000

0000100000

5 :Fine count

+

Semi coarse count (2bit)
+

Coarse count (11bit)

32ch leading HR-timing units
(or 16¢ch leading/trailing HR-timing units)
and DAQ functions were fully implemented into
Kintex7 160T.

23



Distribution of delay time + ¢

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Delay time (dT) is not constant.

Hit dT1 dT2 dT3 dT4 dT5
—— +—— 1
D-FF
Sampling
clock >
v v v v v
Tap number histogram dT distribution for all the channels
4500 Periodof sampling clock]] e (T = |
4000 - 1:92-ns Tt Count/TotalEntry*1920 ps ]
3500; B R ; ol i
3000 []- = - i
I - - F Most probable dT is 30 ps
5 25005 J ] £ oo :
© 2000F ’J J ¢ i ’_L - - N i
- L a = L {[]] = 40 f
1500 iR i RN 3 i i
mooi J - ] i ok J‘M .
500 - - - i | ”I‘ -
o 10 20 30 a0 50 50 0 20 40 60 80 100 120 140
Tap number dT [ps]
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DAQ functions

e e o — — — — — — — — — — — — — — — — — — — — — — —

I
| | :
I Common stop >——» Tu[rIi? : Ring buffer
I
I o :
: | \ x 32ch | Hits inside the search window
| =N a I 1 are stored in channel buffer,
Block | : : :
| TDC Channel | puffer || when trigger is received.
Input > it  ouffer i |
| M u I:II |
ing buffer | [: |
I_ _______________ TDChlock L —————_|
HR-Multi-Hit TDC
Channel . 32 r————————— -
Trigger type : Common stop I Build an Event I
Ring buffer length  :15.8 us : : | - L2tigger |
MaxHit/ch/event 16 |- ———a | « Clear |
Dead time : Equal to search window | : Event buffer | : + Tag :
| I N
L | X |
| rigger |
. I information! I L2 data |
| MR S e HHIETT | |
Discardevent | L ———o———41 L= J

if clear was received. Trigger module

Data transmit
if L2 was received.



Timing resolution J .
: @penit &

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

start

Discriminator common sto
10 ns delay °, (HR-TDC)

A 4

Random pulse

A 4

A 4

Timing distribution Timing resolution
between chl and common stop between each channel and common stop

3D_IIII|IIII|IIII|IIII|IIII|IIII|IIIIJ

T
1800;

1600"‘ 28__ ................... ......................... R T ......................... oo ................... __.'

1400 - I o I —— T _ =
| | : ETY

1200F . _ : :
H 24 IR U R ETOts -.. ......................... .E ................... .I .................. i ................. _.

1000F

Counts

: DY e ......................... e e o ....................... e ......... kAT —
800 |- : o ' o é

600 o1 ] E—— ......................... ......................... ......................... ......................... ................... —

Timing resolution (o) [ps]
I
|

400F

200

1 1 1 1 1 1 1 1 I 1 1 i 1 1 1 1
20.1 20.2 20.3 20.4 2

Time difference [ns] Ch Numnber (1 origin)

]
=T

Timing resolution better than 30 ps (o) achieved for all the channel !
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ToDo

n source consortium of Instrumentation

Implement HR-TDC to FPGA on mezzanine card.
» Separate HR-TDC part from the DAQ functions.
« Customization of DAQ functions can be easy.

New mezzanine card for HR-TDC
ihili FPGAI
Future possibility (Same FPGA is mounted)

» Synchronization with master clock
* Implement as free-run type TDC

OSAKA U@bq{—'——;

MADE l'l JA’M 0‘-!64‘ l .

27
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nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

B ER AR (TOF $Wire chamber 252 3 B0 R HIAD)

ADC (QDC)H » £k

- DRS4-QDC — Ak IZEHEDHD
e 1-3 MHz/chiZx%f s AT HEZRPMT FH O &t e A+ HH LT 238 2 A7V s 2
« HHIZRQDCTIL AT v 7T 57 I LR,

TDCHAF

* FPGA low-resolution TDC

* FPGA high-resolution TDC
«  50ps (o)L E TR AR THIVEBI R L= T+ 2
o FEIEFIEOWETHMREELS ps (o)FEE FTIXWITD0 Y,

£F %L RIVMPPCEH A HIL

« VME-EASIROC — AT me A LIZEEHD
TOTIZ XA ENHEIE N TE7-5FCylindrical Scintillation Fiber Tracker (E40) D7 77
L—RIZFIH AR, (FRTH OB Ik S 1-10 pCT100 kHz)

iﬁii gﬁﬁ‘tﬁé’# (Y BREE 2572
. REF
HBG T CHIK yR 384 EEL TR s 2



HIHR (NN e i — VLR ) (2381 T Ayl H

HlHR Line Intensity: ~ 1.8x108 pion/pulse
(1.2 GeV/c, 50 m, 1.4msr*%,

J_PARC EXHH 100kW, 6s spill, Pt 60mm)

Ap/p ~ 1/10000

HIHR C> > 7 IV ANA I R—EE D
VRO HEDRTEIRUN)> 2

R Bz 1%, 12,Be (1 MeVELF)

Spectrometer

7 E+08 _ o e 108 pion/spill T CEI v H B BT
g 6E+08 = - HEHWZENTERNE A2
D 5.E+08 L e g
. 4.E+08
& 3.E+08
| 2.E+08 ;A e . ;
o , s Electrostatic
| , Separator

3 . ’3 \
E— L E S B [CeVic] - ,..f ST .

T ——




Summary y

nnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Construct the full network based DAQ system for the existing and future beam line.

Developed items
« DRS4-QDC
« 16c¢ch input
* 1 GSPS: 2 us buffer
* 50 ps (s) timing resolution of main AMP.
* QDC precision 0.135 pC/ch
« QDC linearity < 1%
« Hadron Universal Logic module
« Multi-Hit TDC (0.83 ns precision)
» 300 MHz scaler
* FPGA based HR-TDC (30 ps precision)

nnnnnnnnn
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Calibration of TDL ) .
@renit QP

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Tap number (RAM address) Calibrated data (RAM data)
RAM >

A 4

Switch LUT table
if the other is ready.

RAM +1 at addressed register

A\ 4

Accumulate Ox7ffff events,
and after that, create new table.

Tap number histogram ) Calibrated look up table

9[}__'"'1""L""l"'_'|""|""'__ I| Tt | T |I =TT

8[}: 1800__ .......... ...........

0 f - LOOO bt e -
70:_ ............... ............. ................... ..... | IO TR, _ ........... __ -

1400:_ ................. ......

Nth Val =
Wn/ 2+ Zn-lo (Wi)

e =
g § g
TTTTT

Bin width (dT) [ps]
Integrated dT [ps]

Tap number Tap number 32



Calibration of method J .
@renit QP

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

» Use detector signal.
» Corresponding to that the clock sampling of the detector signal. The detector
signal must be random.

» Use clock.
 The TDC clock is 520 MHz (f,,) and calibration clock is 26.2144 (f,;,)

o N*(Fopmpie/Foaip) = N*(20*57%13)/(220%52) = N*(55%13)/21
« 2048 different clock phases appear

33



Double hit resolution

Input pulse

Double pulse could be
measured with 100% efficiency.

2ns 2ns

2ns

18 20 22 24 26 28 30 32
Leading edge timing [ns]

In principle, double pulses with quite
short interval can be measured .
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