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Possible to construct a very fine and small detector

near by spectrometer with MPPC.
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Yp scattering experiment at J-PARC ¢
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Measurement of proton

‘ Energy at calorimeter ‘ _______________________________________________________________ Calorimeter

‘ Energy deposit at fibers ‘

‘ Total energy of proton ‘

Fiber
Tracker

‘ scattering angle ‘

Drift chamber
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Measurement of proton

‘ Energy at calorimeter ‘ _______________________________________________________________ Calorimeter

‘ Energy deposit at fibers ‘

‘ Total energy of proton ‘

Fiber
Tracker

‘ scattering angle ‘

Drift chamber

Possible to solve kinematics
about 2p scattering

Calorimeter
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Measurement of proton

Calorimeter

Drift cham\ber

Fiber

Tracker n

‘ decay angle

v Drlftchamber” _

Background reduction

Calorimeter
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‘ 1-p sepalation AE-E method ‘

AE-E : Correlation of calorimeter and fiber

‘ Energy deposit at calorimeter | . ., . . .. . .. ... Qa%m:rﬁ &

2 dimensional ,
@ histogram Drift chamyper

‘ Energy deposit at fibers ‘
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Motivation &7
There are 2000 channels MPPC SPIROC chip
in Fiber Tracker. — as a front end ASIC -

Silicon PM Integrated Read Out Chip
{} SPIROC

32 channels inputs

Hard to readout HV adjustment (4.5V 8bit)
ith . 1 : AMP, shaper, discriminator
with existent electronics. Variable parameters

Asynchronous analog output

Necessary to develop

a new eletronics.
| TCP/Ethernet
‘Multi-channels
R nchron Universal standard
ASY PRI High speed data transmit (~1 Gbps)
-Easy to use By using SiTCP
Controlled by C/C++ on Linux.




Introduction of SPIROC @
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Available individual
discriminator outputs

Charge is converted
by external ADC

T LVDS output
SPIROC-A "
For Ext TDC

Serial DC charge>| Ext ADC

MPPC input , Digital
Individual trigger | TDC
HV adjust SPIROC-A Slow control FPGA SiTCP
- — n—]

Discri OR
Analog out / Probe out

ASIC is controlled
by FPGA
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‘ Schema of SPIROC analog part ‘

Dynamic range 160 fC ~ 320 pC

‘ Low gain \ (Gain of MPPC : 10°)
Preamplifie

0.1~1.5 pF Slow Shaper‘

1.5 pI 50~150 ns
Tl »% Low gain output
0.1~1 O PF o Shaper‘ Signal probe
External ADC
Input 15p 1 50~150 ns . .
0O High gain output >
High gain
Fast Shaper|
HV adjust > Digital line output - Individual trigger
4.5V 8bit ﬂ outputs

Common to 36 ch peemdes
: DAC

2.5V 10bit

Internal
discriminator




Development of Electronics

Original evaluation board (Made by LAL)

«[/F - USB

FPGA : Altera (cyclone)
=Control software : LabView
=Signal level : LVITL

KEK evaluation board ver.1

«[/F : USB / SiTCP (S0OY)
FPGA : Altera (cyclone)
=Control software : LabView / C/C++
=Signal level : LVTTL

=Chip : SPIROC2A

KEK evaluation board ver.2

=[/F : SiTCP (SOY)
*FPGA : Xilinx (SPARTANG)

=Control software : C/C++

N L idd

Finish
PCB layout
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About original board

Front panel of LabView program.

We can change all resister with this
program with GUI.

Total # of resister 60
Total # of bits 712

FrfE) REE RED YWD SERE DR AT
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FrfE) REE RED YWD SERE DR AT
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About original board

Front panel of LabView program.
We can change all resister with this
program with GUI.

Total # of resister 60
Total # of bits 712

Histogram of High gain side h_HGO

Entries 1003

102§ q
: Each peak corresponds to
I the number of P.E.

10- (By using charge injection)

UL

1 I | IIIII|II‘IIIIIIIII
920 940 960 980100010201040106010801100




Development of Electronics

About KEK board ver.1

Slow control and DAQ with Ext ADC via SiTCP
are implemented.
But now...
*Only text mode
*We have to know all resister behavior
=>Front panel with GUI is needed.




Development of Electronics

About KEK board ver.1

Slow control and DAQ with Ext ADC via SiTCP
are implemented.
But now...
*Only text mode
*We have to know all resister behavior
=>Front panel with GUI is needed.

| Pedestal with SiTCP_ | _ ho -
ntries

- Mean 973.7

= RMS 2.651

102

SiTCP
DAQ rate : ~250 Hz
(in Global Network)
Limited by
overhead of network funcitons
and network condition.

10

e LabView
5 a4a 580580 10001020040 0601086 4700 ~_ DAQrate : ~10Hz
QDC [ch] Limited by LabView program.
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Development of Electronics S,
[Frox ]
Write 32bit 8bit
ﬁ Write Write
16bit %
Each Read User I/F SiTCP I/F SOY
module ﬁ q ﬁ
32bit \ 8
/ g 7bit Read . Read
/ Address I \
/ l \
/ | \
Create address and data

Communicate with

Control SPIROC to communicate with SOY

each module
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ADC readout cycle ,
readout start signal
/
/ | FPGA |
i |
ADC readout | ngﬂze / 32bit 8bit
module — Write Write
16bit < :
Each Read User I/F SiTCP I/F SOY
modu]e q ? w
. 7hit Read Read
Address
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Development of Electronics S,
ADC readout cycle
y Provide clk for ADC
/ o | FPGA |
it
/ ADCreadout |  write 32bit 8bit
/ module — Write Write
<< Each | 220 | User IF SiTCP I/F SOY
modu]e q q w
4— 32bib Read
A 7bit Read
\  Address
4 \
\
\

Store all data into FIFO

ADC data

A/D conversion time : ~ 60 ps
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SOY

ADC readout cycle
|
8bit —|_FPGA |
ADC readout Write 32bit 8hit
module < — Write Write
Each | 220 | User IF SiTCP I/F
module |-  —— —k
G \ 32bit gb :
7hit Read ea
Address \
\
\

Transmit data from FIFO
to SOY

Transmit time : 30 ~ 50 ps (Depend on network condition)
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Development of Electronics S,
ADC readout cycle ,
readout end signal
/
/ | FPGA |
- |
ADC readout | ngﬂ:e / 32bit 8bit
module — Write Write
16bit < :
Each Read User I/F SiTCP I/F SOY
modu]e q ? w
. 7hit Read Read
Address

End cycle




Performance of FPGA firmware @
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DAQ performance with Ext ADC

# of bits : 1152 bits (32 bit x 36 channels)

Mean DAQ rate : 250 Hz

Details : A/D conversion 60 ps
+ Transmit to SOY 50 ps

+ Overhead of socket functions ~ a few ms

Request

Request DAQ rate : 3 kHz(Max speed of Hadron DAQ)
[t's not realistic to readout all channels
= pedestal suppression

After pedestal suppression
(1obit(header) + 16bit(adc) + 16bit(tdc))x30 channels
= 1440 bits
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DAQ performance with Ext ADC

# of bits : 1152 bits (32 bit x 36 channels)

Mean DAQ rate : 250 Hz

Details : A/D conversion 60 ps
+ Transmit to SOY 50 ps

—Overheadofsocketforettonrs——m——
LA YA'
Improve firmware

Request

Request DAQ rate : 3 kHz(Max speed of Hadron DAQ)
[t's not realistic to readout all channels
= pedestal suppression

After pedestal suppression
(1obit(header) + 16bit(adc) + 16bit(tdc))x30 channels
= 1440 bits




Layout of PCB X

MPPC inputs

About KEK board ver.2 ‘
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Analog
signal
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1/0
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MPPC inputs

About KEK board ver.2 ‘
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Analog
signal
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Layout of PCB ¢

MPPC inputs

UNIVERSITY

About KEK board ver.2 ‘
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Analog
signal
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Layout of PCB
‘ About KEK board ver.2 ‘

6 layers g

MPPC inp

Analog I/0O

=HV input

=Analog signal output / probe
output
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Analog
signal

S %E
LLLLL 3 ':;";:"gz Digital I/O
b *NIM level input x5 (400 Mbps)

=NIM level output x4 (~ 1Gbps)
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‘Development for multi-channels MPPC readout electronics with
SPIROC and SiTCP.
‘FPGA firmware to control ASIC and readout ADC

« Improvement of firmware is necessary to achieve requested

performance.

‘New readout electronics is developed in Open-It.
- Started PCB making. Debug will be started from March.
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Introduction of SPIROC @

What's SPIROC?
=> Silicon PM Integrated Read Out Chip
developed by Omega in LAL in France.

For ILC project For balloon exp.
SPIROC2 (Original version) SPIROC-A (Derivative version)
*Analog + Digital *Analog only
36 input 32 input
*HV adjustment (4.5V 8bit) *HV adjustment (4.5V or 2.5 V 8bit)
*AMP, Shaper, Discriminator *AMP, Shaper, Discriminator
*Analog buffer (SCA) 16 depth *Analog buffer 1 depth
*AD converter (each channel) *No AD converter
*Event builder *Individual trigger output
*SRAM => Serial data transmit *Slow control
«Slow control




Introduction of SPIROC &7

TOHOKU

vvvvvv

SPIROC2 i
Serial DC charge> Fxt ADC
MPPC input Serial data t it ¢
ﬁ Buffer ADC €ridal dqdata transmi i E
Bias supply SPIROC2 Slow control FPGA
- < >
HV Input ? Discri OR .
Analog out / Probe out
SPIROC-A i
Serial DC charge> Fxt ADC
MPPC input ¢
Buffer Individual trigger -
—
) - ﬁ
Bias supply SPIROC-A Slow control FPGA
- < -
HVinput & DiscriOR
Analog out / Probe out
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What's SiTCP ?
=> TCP/IP which is implemented with hardware (without software)

SOY is a product of Bee beans technology.
We can use SiTCP easily by using SOY.

Protocol type : TCP and UDP =
Band width : Up to 100Mbps =
Low frequency clock : 25 MHz

€V 80 A 2 01:000v N |
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About original board . g —

Front panel of LabView program. —
We can change all resister with this

program with GUI.
Total # of resister 60 : - .
Total # of bits 712

;;;;;;;;

ADC of SciFi & MPPC L Les

zzzzzzzzzzzz

ADC spectrum of *°Sr
SciFi (Imm x 1mm) & MPPC (11-50C)

Photons

b |
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‘ SPIROC Fv 7' D7 Fm7 {5y ‘ ‘ ‘
2 AFIv /L 160 £C ~ 320 pC
(gain of MPPC : 10°)

TTD .
gain _/ low gain output .
shaper @ #ﬁ%ﬁ&
R B L 7R )
tput
J J >
: digital line output
4.5V 8bit Ji] PO
F L RIVEED ORfEH&ELTH
HV 5%

discriminator
D& T B E
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C low gain
f - |preamplifie
" 0.1~15pF ‘

slow shaper‘

low gain output

>

preamplifie

V77O gain 1ZLL T ORUTHED

| fast shaper |

V,-nput . Cf Hign gain 10 - 100 %
vy - C Low gain 1 - 10 f%

input

out

& (slow shaper %) gain  : 11 mV/1 p.e(160 fC)
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Slow shaper
output

]
|

Analog out

~_— Signal out -

A
541 resister

E\gckup SCA Hold

Channel 0 ‘ /

-4
- \ /
/ \ /
L EOF v R DEIER !
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