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Introduction
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ALICE FoCAI-E upgrade project at forward region(LHC long shutdown in 2020)

FoCal-E (Electro-magnetic calorimeter )

HGL(High Granularity Layer) LGL(Low Granularity Layer)
Shower position measurement Photon shower energy measurement
MAPS technology Silicon PAD technology

(pixel 25 L m)

Oak Ridge National Laboratory(U.S)
Utrecht university(Nederland) & University of Tsukuba

4 layer LGLs +
umming Board




Current readout electronics system for FoOCAI-E Pad
HoGaltEs > ARVD5

FoCAI-E
Analog signal from each LGL to
Summing board

Vi

APV25
Pre-amplifier, shaper, etc..

Backside protectors

v

SRS

ADC(Analog Digital Converter) -_—
+FEC(Front End Concentrator ) PO Wik (v:z:z)
Analog signal Convert to Digital signal
response to computer PC

‘ mmDAQ

mmDAQ
Data taking and monitoring
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Current problems of FoCAI-E pad and possible solution

1) Energy measurement is saturated
near at 50GeV beam energy

v

To meet our physics goal need more
energy dynamic range up to 300GeV

2) Data taking rate with APV25 is
1kHz.

4

need faster data taking rate
around 1MHz at forward region.
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New readout system with VMM2 hybrid is tested with RD51 group.

3/19/16 HAMMZ 2  B71RERRES




New readout system with VMM
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VMM2 hybrid

» Standard Panasonic connector(130pin
* 2 x VMM2 ASICs

* 1 x Spartan FPGA + 1 Flash
* 128 channel ( 64 x 2)
* readout rate could be 5MHz.

i

Y

it

HDMI  FpPGA

Panasonic connector (130pin)

VMM2 ASIC
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VMM?2 Architecture - Complete ASIC

R e EaleleIE | e T e e «——— ART clock
64 channels = g e
logic —1 > TGC out (ToT, TtP, PtT, PtP, 6bADC)
e j. ] - .......................................................................................
. 1 o AIDC data/TGC
: v § : clock r :
——CA)» —shaper ———peak 10-b ADC— 5 glg 1_?:
= =t : — — datal L 1 -0l
v EE— S BN data2 | [addr]| 6-bit
time o — e = ana%og% ampl | 10-bit
: o
 est | 12pBC— : analog time | 8-bit
: : — 2
i addr. i RSt BC [10-bit
pulser —Dbias - DAC — temp -Gray count~ registers=logic +— L. .0~
tp ClOCk IBC p]_‘()mpt =l VMM-SRS Getting started Manual (unpublished)
clock Hans Muller, Sorin Martoiu, George lokavidis, Motoi Inaba

, Eraldo Oliveri, Byungchul Kim

* VMM can get analog signal through shaper
* VMM has ADC( Analog Digital Converter ) inside the chip
=>This function makes digital signal out put
=>It could be faster readout system compare to APV25 based SRS system
with shorted ADC process
* VMM has internal test pulse




Readout system of VMM2 hybrid VMM2 hybrid

VMM?2
Discriminator, shaper,

ADC(Analog Digital Converter),etc..

\ 4

SRS

Backside protectors
=

D-CARD
+FEC(Front End Concentrator )

Readout digital signal
Response to computer

\ Universal power 110-240V

Utility power (+12,+5,+3)

2 x FEC card (4096 APV channels)

‘ PC Et
NTU Athens

et

Control VMM?2 chips and take data S
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Analysis software

NTU Athens software - connect and control VMM2
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Control Global Registers
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Gain

It can select lots of gain as

05,1,3,45.6,9,12,16 mV /{C

-

It could take Wider energy
dynamic range

Peak time

It can select rise time Of signal
25, 50, 100, 200 ns

Monitoring channel

You can select channel
From 1 to 64 channel
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Results
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Response check by internal Test Pulse DAC with oscilloscope

100 DAC 200 DAC 300 DAC
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Pdo(peak detector output )

= return value of Amplitude

Tdo(time detector output)

= return value of Rise time
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Linearity check with internal test pulse by gain variation

Low gain
gain 05 S() 12_ Entries
S r Mean
_ 05 B 1o RMS
: [
8_
6l
S
ol
_?IllllllllllllllllI|III|III|III|III|III
60 OO 2 4 6 8 10 12 14 16 18 20
Gain mV/fC
"""""""""" b)) Gain 1.0 - 9.0 shows linearity.
d
Pdo vs Test pulse DAC value ™°
Gain dependence
(0.5, 1.0, 3.0, 4.5, 6.0, 9.0, 12 16) e
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VMM test with Micro Megas
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| \ Drift Electrode
 -300V A

Gas ;ﬁ .\. 4
electric field : e i

5 mm Conversion/Drift Gap %Ule E Field

| \0 Micromesh

VMMS2 hybrid

Readout Strips

Resistive Strips




VMM2 Response check With Micro Megas detector

Trigger

Analog signal
by VMM

Micromesh signal
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Summary & out look
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Summary
* Development & Research of new readout for FoCAl - E pad
* Built a test bench for VMM2 hybrid at RD51 lab
* Checked VMM2 hybrid response with internal , external pulse

* Tested VMM2 hybrid with Micro Megas detector

Out look

* development new software for test higher speed readout.

* VMMB3( next version of VMM2 ) will be produced and tested
as a new readout system.

* New LGL summing board toward VMM will be developed.

* Beam test will be conducted for FOCAI-E with VMM hybrid.
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ALICE Upgrade Project - FoCal detector(toward LHC long shutdown at 2020years)

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

R e i * location of installation

= 7m at z direction
from collision point.

7N TS * | ¢ acceptance

R e ] r.- -l---

VAN Imfinili-"i.‘,'l:mu.. = s ) oo

l ’ ‘. “

= electro-magnetic calorimeter

(FoCal-E)
rrTriu = hadron calorimeter
4 (FoCal-H)
— > * purpose
RSl Z=7 m = To Detect jet effect and

direct photon at forward.
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Control Global Registers
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VMM2 Channels
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|?E| %AQ _I _l [Omv o) ]_I [Ons Clous C{Ons o ] |%M%é] _ﬁm&fkngbns ClOns o ] 24




Run Control

~ ~ | Triggers 0 .T.U.
Run Numt | 9000 x’ Angl |ix‘ ’Clear Counters’ P - . s
_ = BROOKHAVEN
DlreCt0| I ‘ — H Start Run l , NATIONAL LABORATORY ‘
——— | L ~. -~ |[] Calibrati [] Ignore 1
Commen | | 1) ] TriggerE
| ' ) _.NA ) [ wiiteDa || ] Show Chariv| Enable Del
FEC Response Calibration
Clear ) Gain Range |3.0mV/iC | ¢ | |3.0mwiiC | ¢ | |
ReqID 6 (A]  Threshold Ranc (200 [2] (300 [¢) (50 [
Data, 1: 3 ~ ~ ~
Data. 2- aaaaffff Pulser Range [200 |Z||300 |Z| |50 |2
Data, 3: 0 Channel Range | 1 2 Ela ¢ |[C] Masking
Data, 4: 0 -
Data, 5: 1 Events [1000 |Z| O Auto

Calibration)=> It can make macros with internal test pulse.
Gain, Pulse range. channels. Number of Events

Trigger Data)=> to observe response of VMM2 with external trigger

3/19/16 HAMMZ 2  B71RERRES
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You can check t

re Analog Digiwersion
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test_bc_[O]

Without fitting
@ test_bc [0]
00— Entries 20 | Default
- oChannel_lO Mean 706.1
rru/fignoe—-7 FFM$ | 192.1 Peak time=200ns

DREE

800 Gain =0.5mV /{C

Gain =1.0mV /{C
Gain =3.0mV /{C

+

1%%0)%%7&%‘5@0:%1 LTh&E 5 Gain =4.5mV /{C
Low Gain

600

Gain =9.0mV/{C

++ ++ Gain=16 mv/fC
400
i 4 * Gain®D K & X482,

L + ACOREX LT F U/ RBOE—7

T + DRE = ORI HBTE

200

- H  High Gain TV ME 5 (Low Energy) DA H L
High Gain| | * Low GainTIZMV M55 (High Energy) DieAH L
BHONSEERITH L TRESRIET D @ﬁg A

|||||||]]|||||||]|lllll[']llll|[||||||||[|| [ 111
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DAC



RD51 Collaboration®##4t
Development of Micro-Pattern Gas Detectors Technologies

« Micro Pattern Gas Detectors#i i3 IE & ZDIunHZHEd

* TOTAMDOIERE L IEH S NIRRT THRERESIND

electronic-readout system®DBHFE 1778 > TV 5,

microPIC Ingrid

« APV25, VMM prototype % Bi%E L <.
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Some bugs of VMM
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L& L. VMM2 prototype F» FIZIINTHH 5,

pdo:pulser {channel==9 && gain==0.5}

pdo:pulser {channel==9 && gain==1}

pdo:pulser {channel==9 && gain==3}

pdo:pulser {channel==9 && gain==4.5}

pdoVpul1 pdoVpul2 pdoVpul3 pdoVpul4
1000— * [Entries 7957 1000— Entries 8576 1000~ Entries 9513 1000~ Entries 9856
B Meanx 6728 B Meanx 6233 B Mean x 574 B Meanx 547.3
[ Meany 3837 . |Meany 6334 [ . |Meany 7939 [ . |Meany 7968
r AMSx 2005 ‘|AMsx 2302 r ‘IAMsx 2607 r ‘|RMsx 2734
800— RMSy  114.1 800 RMS y 214 800— RMSy 1553 800— RMSy 1644
600— 600— 600— 600—
400{— 400{— 400{— 400{—
200 200 200 200
L R B B BRI L N [ R B L > L T B B BRI
0 200 400 600 800 1000 0 200 400 600 800 1000 0 0 200 400 600 800 1000
pdo:pulser {channel==9 && gain==6} pdo:pulser {channel==9 && gain==9} pdo:pulser {channel==9 && gain==12} pdo:pulser {channel==9 && gain==16}
pdoVpuls pdoVpul6 pdoVpul7 pdoVpul8
10001~ Enries 10940 1000— Entries 10918 1000— Eniries 11207 1000~ Entries 11385
r Meanx  503.1 F Meanx  502.2 F Meanx  499.2 F Meanx  499.9
o |Meany 7613 o |Meany 7858 F |Meany 7988 o |Meany 8164
r ‘|lAmMsx 3018 r ‘|AmMsx 3032 r ‘lAmsx 303 r ‘|lAmMsx 3037
800— RMS y 219 800f— RMSy 1887 800— RMSy 1577 800— RMSy 1205
600— 600— 600f— 600—
400(— 400(— 400f— 400(—
2007~ 200 200 200~
I E P E U SRR B T E P EPU U SRR B I E P E R SR B I E R EE R SRR B
] 200 400 600 800 1000 ] 200 400 600 800 1000 ] 200 400 600 800 1000 ] 200 400 600 800 1000

NTEEINE 2007

reason?2) bit flipping reason3) JRK D577 S 72 T

reasonl) Cross talk
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Reason 1) Cross talk (high gain and high Test Pulse DAC)

21F % > RNDARIZT I /g5 kol EOF ¥ RIVDTY
Ktz LTWA Z LR TX,

channel
= . htemp
- i =
80000 |- RMS 9.381
70000~
eooooi
500005
40000 E Channel & Entry number
300005
200005
10000f
3/19/160(: T T Taicic s v e 31
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2) Bit flipping

\—

MeanT —# DIEBUTIE FH KD LOICRZ DB H > T,

pdo {channel==44 && gain==0.5 && pulser==50*8}

0%d

- _ Entries 55

B Mean 213.
500 RMS 21.
400 -
300
200 -
100 -

0 B 1 1 1 I 1 1 1 I 1 1 I I 1 1 1 I
0 200 400 600 800 1000
3/19/16 H A4

pdo {channel==44 && gain==0.5 && pulser==50"8}

0%d
- Entries 555
- Mean 213.5
o RMS 21.8
80—
60 _—
40—
i Flipped bit data
O 1 1 1 I 1 1 1 I 1 | I 1 1 i 1 I 1 1 1 l
0 200 400 600 800 1000
B71BMER K2 32




reason3d) chip is bad.
Cross talk & Bit flipping DR EAIZ & IR KD 755 6750

PR Z T TORR S prototypedDNT L LTEZGNS,

pdo {channel==44 && gain==9 && pulser==50"8}

0%d

pdo {channel==44 && gain==9 && pulser==50*8}

100— Entries 522
- Mean 943
- RMS 22.39
80—
60—
40—
0 1 | 1 1 1 I rﬁl 1 1 | 1 1
0 200 400 600 1000

3/19/16

HAMBY S B71RERR R
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0%d

Entries 522

Mean 943

RMS 22.39
1000

0
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With agilent u1251b.

giszin e

I tested thermal result of VMM2

heck VMM2 Thermal data.

Ve

"\
-

i Agilent  U1251B

HAPBi 2

True RMS Multimeter

A CAT IV 600V

CAT Il 1000 vV 9

AMAX; 1000V _sii

3/19/16
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This Ceramic has =
lots of small holes. : ' R




VMM2F > ZTOIREN LB, Fv FI2HEBE L2 2D EEND - T2,

BEK D). CeramicZ HW/ZVMM2F v 7 D iE EERH

70°C->60"C

RERY Vs IR

20

10

without_ceramic without_ceramic
80 hist_TP1 80 hist_TP2
- Entries 403 - Entries 355
- Mean x 202 - Mean x 178
70 |— Mean y 50.7 70 - ey 67.26
- RMS x 116.3 = RMS x 102.5
sof . S 1033 s RS Y 1704
sof- ,\ . sof-
- g . " -
. Justconnecting VMM2 to FEC <F
- e — .
E : RunningVMM2
30— 30
= -
20 :— 20 :—
10 E— 10 E—
PSRN I I I SR BN DA I TR B P =R I I I SR BRI I I IR B
0 50 100 150 200 250 300 350 400 450 500 0 50 100 450 500
with_ceramic
hist_TP3 hist_TP4
80 - Entries 973 80 - Entries 479
- Mean x 487 - Mean x 240
70 [— Mean y 49.35 70 |— Mean y 55.16
- RMS x 280.9 - RMS x 138.3
= RMS y 8.117 = RN'ISy 2.186
E kY T S ..”}‘.‘. *,:-‘;'-\/.1‘4_",,._v,,i",_\-./-,‘;"‘-:‘{-‘.'.-,'-r '_M;‘: ..:. S s T R AT <. T
- PR Tt U T S R - B R 5 T
50— e Tk T 50 [— :
- A T -
«t  Just connecting VMM2 to FEC - RunningVMM?2
wf- 0f-
o~ =

PR EPEPErErSl PP PP EPEPErErS EPEPEPErE EPEEPErE PR ST R o o o L 1

31906 = w0 w0 w0 s ooy A g AR RS




SRS logo
SRS System card ‘ Backside protectors

« D-CARD
<= VMM2P 63X 6N THi
TV NVIEFZFEC boardIZi% 5.
<= VMMza: Bh 2R 5,
(VMM2D{F##E 1 ITAPV25D 3 1)

« FEC V6 p \ Universal pO\\N'e; 110-240V
<= D-CARD) 6 D5 —4 7% JLB |
L. PCAT—¥%3%5,

2 X FEC card (4096 APV channels) Utility power (+12,+5,+3)

BREY 2—) )V Z2E# Lz minicrate REZFET LDV AT LD L THS
DCARD FEC V6

Y VO . V51 N




Analog response with internal pulser

200 250
e ®

2016-03-02
:19:31

Diagram1: Ch2
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X =73 ns
=80 mV
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300 350
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Diagram1: Ch2
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2016-03-02
11:39:29

&

IS

Ax=96ns, Ay =94mV

Gain 3.0 mV/{C, Test pulser DAC 400

100
= 200ns

39

el =

Ax=16Uns, Ay =9/m ) :
- | o Ax=208ns, Ay =97mV
- ~ —-

AN
- 3 [\
- AR - / \\
. TN
e — = —
e 3/19/164 . — WZRERKR] |
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-200 =

1200

1000

400

200

-200

LGL1_amplitude_average

LGL2_amplitude_average

LGL3_amplitude_average

LGL4_amplitude_average
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Panasonic pin

All channel test

128 ch pin + 2 GND pin

(130pin panasonic connector)

3/19/16



test_bc_[0]

test_bc_[0]

g000F Entt(raisets_ bC_[Olse g000F Entt?izts_bc_[O]ae
o702
800~ soo;—
7002— 7002—
6002— sooi— J[
sooi— HJ[ 5002— H
400 i— HH 400 i— HJ[
3002— H 3002_ H
200f J( JH[HH . 200f JHFH :
1ooF- 9 mv/{C Gain ooF- 12 mv/{C Gain
TR T R M TR 500000 R R = e o 50000
.G_Voltage .G_\Voltage
Data taking Condition | FG&M VSPdo | test-be 10 test_bc [0]
= s00F- II\EAEQ:S 520?8
data trigger length 200ns woF Aus 164
delay time Os -
. 700—
trigger rate 2000Hz o H
%% 500;— ‘H’
400;— ‘H:H>
* HFF ¥ U RINVRITPdofEDE S 3001 ﬁH
' GNDOJIZ b @ HeB->THERL = T 120y/fC Gain
37;9—/—1? ICELXHETT e %ffl%g?ﬂklké oy
% 100 200 300 400 500 600 700 800 _ 900 1000

F.G_Voltage




test_bc_[0]

1000 test_bc_[0]
J.- = Trigger rate vs entry number Entries 30
£ 900/ Mean 1465
S F al Data taking condition RMS 847.6
P [
£800|— T
w - gain ->9mV /{C , peak time ->200ns
700 -|— data,trigger pulse length ->200ns
— delay time -> Os
600 _|_+ from 100Hz to 3000Hz
500 — 1+
“00E + I e
-t +
300 —
- T + R
200—
- P H—L— b VSTF—F IR
100FF ++  BIkHzE THAIL. ENLEREYFIVRERE T,
0 - | | | | I | | | | | | | | | I | | | | | | | | | I | | | | | | | | |
3/19/%6 500 1000  114¥p002s 72008 k2 2500 3000 3500 43

trigger_rate



External Signal test

Function Generator
External trigger & external signal

\ 4

VMM?2
Discriminator, shaper,

Peak & Time detector,
ADC(Analog Digital Converter)

v

SRS
D_CARD \ ;J\niversal pow‘er 110-240v
+FEC(Fr0nt End COnC entrator ) 2 x FEC card (4096 APV channels) kUtiIity power (+12,+5,+3)

PC E
‘ NTU Athens
NTU Athens 3 e

Data taking & monitorin . I
3/19/16 H PR B7/IMERARS




ETTEE

Panasonic
connector

pin

One channel test

Signal from
Function Generator
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9.0mV/fC_gain

12mV/fC_gain

16mV/fC_gain

test_bc_[1] | test_bc_[1] 4000 test_bc_[1]
1%-000 F Entrics a 0 g Entries <« 8 F Entries 41
900F- Mean 5436 oF Mean 542  goof- Mean  392.2
E RMS 2281 RMS 227 E RMS 103
800|— o PO OL S e 800
700 of 7oo§—
600} o 600|—
- - * F
500 oF- & 5001
400} o a00f—
300}~ of- 300
2000 ol 200/
100/ o 100[
Ghl|\1|\\ll‘l|r\|l\||‘\|l\]|x\||\1||‘||r\|l\||[\||\ OEHH|||H\IHI|HH|HH\HH|HH|HH\HH|H‘I 0:””\uuuluuluuul\uuuluuluuul\uuuluuvluuuv
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
F.G_Voltage[mV] F.G_Voltage[mV] F.G_Voltage[mV]
Channel 58 lean_[O]
o 2 Igan_[O]
< [ Entries 1
5 8 -
Peak time 200ns  S1sF Mean 9
8 RMS 0
1.6
1.4
1.2
1
» @
0.8\
- ®
0.6
N -&-
0.4—
0.2\
3/19/16 o_l 1 1 | 1 1 1 I 1 1 1 l 1 1 1 l 1 1 l 1 11 | 1 1 | 111 | 1 1 l 1 1 1 46
0 2 4 6 8 10 12 14 16 18 20

Gain mV/fC



