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OUTLINE

Generic VMM3A ESS readout chain
NMX Gd-GEM detector

Gd-GEM VMM3A readout
Multi-Blade detector

Multi-Blade and VMM3A AMOR



VMM3a readout

s
VMM3a readout

For ESS Instruments
« ESTIA (Multiblade)
 FREIA (Multiblade)
e NMX (Gd-GEM)
» TREX (Multigrid)




NMX Detector with 4 quadrants, : KC705 Assister in crate
10 RD51 VMM3a hybrids per | 2 FEN per quadrant

quadrant ' FEN 0: 5 HYB, 0-4 x
GEM detector FEN 1: 5 HYB, 0-4
Frontend Assister card (FEN 0)

Master module in rack
o

(RCMBIIVIR DAQ software

, Event

I -
. Unit (EFU)
2x 100 Gbit/s t DMSC

Ethernet (data)

Kintex 7

FMC (SFP =

+ HDMI
Cards
5 hybrids

x strips (128)

of readout Ring 1

Connector/adapter
|
! 8b/
RD51 VMM3a 1 10b
hybrid

Backend
Master 1GB

module Ethernet
(config)

Ring n
LVDS - HDMI cable
2 x 440 Mbit/s

(data/config) ; Bi-directional .
Power ’ | fibre 2 x 6.6 Gbit/s Ring 12

I (time/data/config) ! ‘




NMX Detector with 4 quadrants, :

- Master module in rack
10 RD51 VMM3a hybrids per : Upg.rade.. A
quadrant I Mini aSSISteI‘, @
GEM detector : Designed by Aﬂg@',

. Can be put directly
At detector

(RCMBIIVIR DAQ software

, Event

2x 100 Gbit/s U”'gﬁi?é)
Ethernet (data) at

Frontend Assister card
SN Artix7

XCA200T

x strips (128)
of readout

Ring 1

Connector/adapter: Backend

: Master 1GB
; 8b/ module Ethernet

(config)

RD51 hybrid

Ring n

LVDS - HDMI cable
2 x 440 Mbit/s
(data/config)

; Bi-directional :
| fibre 2 x 6.6 Gbit/s Ring 12
I' (time/data/config) '

Power
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NMX detector, readout and software test =
BNC Budapest September 2023

- D. Pfeiffer et al., Demonstration of Gd-GEM detector design for neutron macromolecular crystallography
Detector .|. 40 hybnds W : &b applications, JINST (18) 04 2022, https://doi.org/10.1088/1748-0221/18/04/P04023

: YN Ny - D. Pfeiffer et al., First measurements with new high-resolution gadolinium-GEM neutron detectors,
JINST (11) 05 2016, https://doi.org/10.1088/1748-0221/11/05/P05011
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o e or  Designed and built by Patrik Thuiner (up to 2018)
and Jerome Samarati (since 2019)

« Two of the four quadrants were read using 20 hybrids, four assisters and one master crate

* Whole ESS readout chain successfully tested
* Present online clustering in software works well up to neutron rates of 1 MHz



NMX detector, readout and software test @)

BNC Budapest September 2023
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MB.ESTIA as example
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Multi-Blade detector

MB Dgetector is modular

/ K \

MWPC are the gaps between
blade assembilies:

A blade assembly (unit)

< A \ cassettes
4 85 o~ detector
% -
% SN
~
(%) —-
.%) ESTIA focusing reﬂectometry\ “sample
Q
38 .
c Incoming
neutrons

Blade
Coated
with 1°B,C

o
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Multi-Blade

neutrons

A blade

assembly
0 = 5 degrees (unit)



Multi-Blade detector

Blade N

—- Cassette: one MWPC

0 = 5 degrees
neutrons

neutrons

assembly (unit)
0 = 5 degrees

Wire side strip side



Multi-Blade detector project status for ESTIA, FREIA and TB

_+ AMOR

140 blades for all detectors produced and stored

"""""

First sector for ESTIA detector | m
produced in Utgard N 3 @
\1\ -A“ " - Multi-Blade

-o:--oﬁ PP IR NPy
« Y \

ESTIA detector -

I&H PP
'

oooooooooooooooooooooooooooooooooooo

L IRRRRRY. - [XEEEE4-

Neutrons from sample at 4 m distance

Storage, testing and shipment equipment is in place
Ry o W . 3 . I > (

CABs with 10 blades each

Shipmént, 3 CABs in box

MB.AMOR is a 14 units MB detector 1:1 to TBL detector,
1/3 of ESTIA -> Installation @ PSI (Nov 2023) to start user program

MB.AMOR is a pilot to test the detector and the full readout and data chains




wi w2 w3 wh w5 wé w7 Multi-Blade detector and readout
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Multi-Blade detector readout chlgin for AMOR Cassettes = 14

A blade assembly (unit) blade assembly 1
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Multi-Blade 14 cassettes — 14 hybrids WG Y e OO
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Multi-Blade installed at AMOR




~ ="

FEA front-end assister = —
For now 5 hybrids 1 assister
1U crate
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Two options for Assister

Current Assister MINI Assister K/\
(€S

Optical

........

5 HDMI
LV 24V for LV distribution board Or 10 HDMI

kc705 board in a 1U crate
Optical

Now 5 hybrids per one FEA

Upgrade to 10 hybrids per FEA (as in pict) gi?gssg ;)grAFré%el,

~13x9cm2 =,




LV distribution board

Output 2.2V/3.3V

|
.....
']
a

1 Hybrid power: == faal sl % R =
2.2V x 2A + 3.3V x 400mA = , . o
= AW + 1.32W = 5.32W ~ 6W \ T P

5.32W x 5 = 26.6W ~ 30W
2.2V x 10A
3.3V x 2A

2.2V/ 2.2V/ 2.2V/ 2.2V/
3.3V 3.3V 3.3V 3.3V

12V x 4A = 48W LV distrib

ARAAAA ARRARR

24V x 3A = 712W

Input 24V




HDMI interface

HDMI Electronics Box

interface
PCB

|

GND

Arduino for
atmospheric
sensors
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} AMOR detector
14 cassettes = 14 VMMs hybric

In two rows 7 odd and 7 even

VMMs hybrids
Wi




One blade

~ 32 wires Ch 16 — 47 (32 ch unused) K/\
32 wires %
~ +Tguard | Strip 1
> 32 strips Hybrid = one board
N with 2 VMMs = 128ch,
% We use 96 ch
D ChO0-63
> 32 strips
vmm 0 vmm1
right
Stip 64 Signal on scope 1 et
Signal on scope 2 !
wire 1 ... wire 33 ; front
! ch 16 wire 1
. | ch17
Wires AC coupled 10nF each Strips DC coupled
Negative signal Positive signal

.,
ch31 '
ch32 )

|

Charge max 0.5pC

ch 46

200/300ns peak time is sufficient for MB hig——| wire

strip 1 ch 63 !
left




Lemo for MO

Each wire e 10A1A0S Hirose connector to hybrid

.10ohm 160 pins Ch 30 Ch 31

in l out out gNB gNB

GND GND
ii‘“”[ é100hm é100hm 40 pins on 2 rows
- L . - Each strip 2.54mm spacing

Ch 16 -47 (VMM1)v Ch 63 -32 (VMM 0) Ch31-0 (VMM 0)
Pt S SESSSSSSSSSMS| 3 connectors per cassette

Wire 0 - 31 A Strip 0 - 31 A Strip 32 - 63




MO VMM1

MO VMMO

i  oop
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Adapter g
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Lt St Lok s 57!
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| 3
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>

Protection

diodes

\

32 strips

26



odd 2 openings at top

open, just mesh even odd

even

14 hybrids

Air flow

4X FAN 0.33A 12V 4X FAN 0.33A 12V 4X FAN 0.33A 12V 4X FAN 0.5A 24V

r——

A




Places VMM3a slow control

VMM3a slow control
VMM Slow Control | DAQ and Calibration
FEN 00_00 Hybrid 0 VMM 1 - wires
ACQ (all FENS) IP address 12C General Settings | Advanced Settings
Open/Check Communication 192.168.50.2 | Master Hybrid 1D = Monitoring and hybrid external ADC

ACQ On
ACQ Off

Configuration ~ Status = 12C

Expand Collaps Edit

Item ~ Description
~ FEN 00_00
~ Hybrid 0
VMM O strips

VMM 1 wires

N I

VMM 0
VMM 1
~ Hybrid 2
VMM 0
VMM 1
~ Hybrid 3
VMM 0
VMM 1
~ Hybrid 4

Hybrid 1

VMM 0
VMM 1
» FEN 01_00

VMM

» FEN 02_00

FENs

Clock Source

Slow control

Config check v

1. Reset latency calib | 2. TP latency calib
Config file

AMORdetector14hybridswSFM

—
Load

Save

0/ 3oard-IC

Acquisition/Test pulse

47 < reset latency

data latency

4067 maximum

data latency
error

debug data format

65 < latency TP

100 < offset first TP

1 < number of TPs
offset
next TPs
ACQ
On Off
Status

Warm Init (reset)
Link Status
System Parameters

hybr. 0: 5
hybr. 1: 5
hybr. 2: 5
hybr. 3: 5
hybr. 4: 2

Apply to all assisters

Read

Firmware version:
00000000

Hybrid ID:

a0800040c8cfa080
3410082006704410

Geo-ID:
00

Spartan FPGA

CKBC 44.03 MHz

CKDT 176.11 MHz

Test Pulse

Skew | Ons v
Width | 128x22.713 ~

Polarity | Positive -

Apply to all hybrids

Analog monitor (sm)

Read ADC

VMM main settings

Wires

Input charge polarity (sp
Gain (sq)
Peak time (st)

negative v
iLomvifC ~
200 ns v

~TAT SIop AdT (31C)

Strips

The set

S a N Eseneral setings

Advanced VMM settings

Timing choice (srat)

Sub hysteresis (ssh)
Neigbor trigger (sng)

VMM main settings

Input charge polarity (sp

- positive v
VMM ADC settings Gain (sqg) 3.0 mvifC -
ADCs on/off Peak time (St) 200 ns -
(s10b) i
106 ADC (Ampl) | 500 s Slop p_‘d' (stc) 60 ns -
(sc010b) Timing choice (srat) Peak -
8b ADC (Ti . . .
(scoéb;me) 100 Sub hysteresis (ssh) Bipolar shape (sbip)
fastl Neigbor trigger (sng) DDR CKDT (sdcks)
Analog Monitor
sbfm sbft sbfp sbmx
Test Puls - :
DAC (sdp) 1000 7| about 0.42 V pulse height
Threshold p -J1o 2|+
DAC (sdt) (280 =

Change threshold all VMM 1

Apply to all vmm: Settings and reset

v Include Threshold

both VMM 0 and 1

Global Settings VMM 0 | Channel settings VMM 0

Global settings VMM 1 Channel settings VMM 1

Hard reset VMM

Hard reset all

ddgro-vmmé4:~/dg. MultiBla

[Pictures]

~ VMM3a slow control

tings for each

rip should be the

Leakage Current
(slg)

Advanced Settings

Double Leakage
(sfm)

feedback currents
factor 10x (slh)

mild tail cancellation

(stic)

auto-reset at
end ramp (stcr)

Disable At Peak
(sdp)
extreme charge
compensation (stgc)
feedback currents
factor 100x (slxh)

skip ch 16-47
(s32)

fast recovery from
high charge (srec)

Ensure sfm is enabled for
all VMMs — strips and

wires



Direct Beam 10x10cm?2

100 120

Time-of-Flight
]

100 10! 10?

0 40 60

29




Yield With and w/o SFM enabled er 2
N
Sample of 129 hybrids (30 shown) Qf@ (Zip
w/o SFM w SFM S N
[ ! Vo : ) \o %)
S e

Hybrid # Strips missing VMMOv Wires missing VMM1 Strips mising VMMO\ Wires missing VMM1 _ Max 4 ch

Num
304 1 0 0 0 0 0 fech
318 3 0 2 0 3 2 nplEElinkg)
251 1 0 0 0 1 0
0 0 0 0 0 0
2 0 2 0 2 2 | w/o 20% 30% 50%
0 1 0 1 1 1
2 0 1 0 2 1 SFM
2 1 2 1 3 3
1 0 0 0 1 0| wSFM | 63% 34% 2%
100 0 1 0 1
0 0 0 0 0 0
100 0 0 0 0 ccl
1% 2 1 0- 1 MISSI.n.g ch can be mapped to a
! ! ! 0 2 ! specific detector that does
o4 0 o4 o I/ Ot use them
2 0 2 0 2 2
100 0 0 o G0 0
0 0 0 0 0 0
0 0 0 0 0 0 H : (o)
I~ g : : o In 2021 production yield was 40%
100 0 0 0 0
1 0 1 0 1 1
64 0 1 o [—cE 1 . _
0 0 0 0 0 0 129+129 for MB+NMX in-hand (delivered 2023)
0 0 0 0 0 0
0 1 0 1 1 1 _ . .
1 100 1 2- 3 300+300 in production, delivery 2024
100 0 0 0 0




TB:500ns T:0s

CH2: 175mV SDC

Neutron event

|CH2: 100my o

Refresh
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PHS

neutron

14kHz

1.0 — Vvs=2mm? <«
—— VS=300mm? <§ 2.5MHz
0.8 -
2 0.6 i
5
S
£
2 0.4

1023 - VMM max ADC
7~

0.2 - J
0.0

0 200 400 600 800 1000 1200
pulse height (a.u.)




NiTi sample 540nm

Wire ch.

30 40 50
Strip ch.

20 40 60

80 100 120
ToF (ms)

10° 10!

10? 10°

10! 10?

w SFM

Direct Beam 10x10cm?2

40 60
{ms)

ime-of-Flight

102

T T —
80 100 120

10!




Theta (degrees)

3 5 6 8 9 10 12 0 2 4 6 8 10

Neutron wavelength (A) Neutron wavelength (A)




0 |
10 - o
204, | I |“ fl lllm|?l'll I
] R
Mot
N . . ! .
S304 h [ﬁm II‘IL: WY |
¢ W ISeR '
] ! ! Illlll |
S T """ 10cm
04 | ' 3
1 f’ : II |
ﬂ' \ |
50 -II I I I :l | II g 5
1 ll e |l 9
| | Ill ! §
604 , ' ‘
0 50 100 150 200 2350 300 330 400

Wire ch.
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SPATIAL RESOLUTION

100x100mm? BN tiles Tmm pitch

V- —
Ny, SRS

M I
N = =m

20

40

60

80

wires

100

120

140

160

5 10 15 20 25 30
strips
] 2 \\\\ 1 mm pitch / 0.5 mm slits' l 0.5 mm pitch / 0.5|mm slits 0.5mm pitch
) 1 / «—>r\| — f
3.5mm
0.5 mm pitch / 0.5 mm slits

Y-wires (bins)

Spatial Res. 0.5mm x 3.5 mm

40 42

FS
i

46 48 50 52 54
wires




eth ip udp eth

O [ == T s

14 20 1—-8972 4

data data
common header e \data SS data P data .
\ Many of those — one per trigge)x
4 bytes
3 byte/address 1
Padding Version 0- 1 | 1
0x00 0 g
Cookie Type / 2- 5 Ring ID FEN ID Length
‘e 's' 'S' | SubType
Length 0QID | TimeSrc 6- 9 Time HI
_ (s)
Pulse time HI - - .
Current Chopper | visetimeHl (s) 0oB f5 T > Time stamp
time stamp Pulse time LO () 1 - 17 3™ (ns) of the trigger
~ o)
Previous Chopper Prev. Pulse time HI (S) 18 - 21 BC OT|ADC
time Stamp Prev. Pulse time LO (nS) 22 - 25
- 0|GEO TDC VMM channel
Sequence Number 26 - 29 1
B |

Add to time stamp if you want precision at ns
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AMOR / TBL Multi-Blade detector

MB.AMOR is a 14 units MB detector 1:1 to TBL detector
Installation @ PSI (Nov 2023) to start user program

And demonstration of the full ESS readout system

(detG and ECDC)

TBL to be built in fall

Principle

LV ESS readout chain
distribution

\ <

2

[
A \
4%

EFU server

... 14 cassettes

... 14 hybrids

RMM
Master module

Commissioning @ Utgard with muons

2D image of the detector
(14 c

Wire ch.

Signals in coincidence from
MB and VMM readout

| Wire <1pF

140 Blades assembled and ready
for ESTIA, FREIA, TBL and AMOR
Stored @ Utgard




(One ring Master module in rack
rontend on detector 1\ 05 hye, 0-4 x It
y strips of :FEN 1: 5 HYB, 0-4y @
NMX detector | readout (Per quadrant

Frontend Assister card (FEA)

Wireshark

ol |—[]

FENO  Kintex 7

vmm-sdat
100 Gbit/s monitoring
Ethernet (data)

FMC-LPC FMC-HPC
Trenz 2+3 HDMI
SFP+ Doro
Card HDMI
.

x strips (128)
of readout

VCU118

Backend
Master
module

O
Ring 0

Slow control
(config)

Hirose connector

———

RD51 hybrid

LVDS via
HDMI cable FEA B
- 2dx 440 beit/s FENT Ip
Power u ata/contig) Fibre 2 x 6-12.5 Gbit/s
(data/config)




System Overview Dimensions 80 mm x 50 mm * 130 nm CMOS technology
5 5 47 * 64 self triggered input channels
HDMI JTAG PWR PWR 2A @ 2V and 200mA @3.3V « Pos. & neg. polarity sensitive
~ Chcan be + or — polarity - Digital block w/ neighbouring
(common per VMM) logic, FIFO, multiplexer

*Gain 0.5-16 V/pC

T Adjustable gain - Shaping time

FPGA
from 25 ns — 200 ns
MO o SR MO Monitor Output -> can be used to Input capacitance from
1 see analgue pulses
VMMO VMMT ¢ each channel, one at the time few pF -1 nF
* Time resolution ~ 0.2 ns
VMMO VMM 1 (64ch) :
* Max hit rate per channel 4 MHz
(64ch) . . .
* 38 bit per hit (ch, time, charge)

INTERNAL PULSER

Ch can be injected interanlly with a
porgrammable pulser amplitude and a
C = 300fF

S L R T R
U ) _ L ) A At D T e s ) e ) )

CONNECTOR Protection circuit
128¢h TVS = NUP4114  an extra layer

Not enough for wire chambers we added "




VMM3a ASIC @

*130 nm CMOS technology SETT SETB @
64 self triggered input channel [S s s Dor
+Pos. & neg. polarity sensitive . —> TOS (To, TP, Pt Pth, 6bADC) |
-Digital block w/ neighbouring : r g
logic, FIFO, multiplexer i i vl T 6-b ADC \ ~—
*Gain 0.5 — 16 mV/fC T shaper peak | LMo Abc—{
*Shaping time e | (P (e S mud
from 25 ns — 200 ns time T IFIFO ,.L.Ow -
. 12-b BC > MO
*Input capacitance from s = ¥ :
few pF — 1 nF ] =TT s 59
*Time resolution ~ 0.2 ns pulser |- bias H DAC Htemp|HGray count | registers
«Max hit rate per channel 4 MHz CKT | prompt }{/08ic 1/BCR
: : . = SDI, SDO
*38 bit per hit (ch, time, charge) | 1166 <> sivs <> Custom o, 1oucMos ~J = SCK, CS

bi-dir LVDS
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