PSS SRR 4%

X1z 1k
BN SRR T EXERERE
T EBHERARKRE
R T IRIN SR ZER -5 B S 3t

PN
20174E11H14H




o [ ZEM)AARIEN B (Micro-Pattern Gaseous Detector :
MPGD) & &4 5 AR 33 A& b9 LA AaT &

Developments

|
|
. o s [ . Micropattern
Without position sensitivity i Imaging detectors Gaseous detectors
| MWPC

! RPC
|
|
|
|
|
|

Spark 4nd
Streamgr chambérs
|
|
Proportional counter§|
|
|
Self quenched I
single —wire ¢ounters i
|
|
Single —wire co |
|
|
Townsend :
Discovery i
|
1901 1908 1928 1953 1968 1908  Time




2\ 2 i ga i SR IR

Go gle micro pattern gas detector S Q

All Images Videos News More Settings Tools

™ Micro-pattern gas detectors: lavout and features |
Gas-avalanche dutector combaning & gas laver se sigeal geaveator with 2 . }
CMOS readout pisel array

years ahaf the counler: new MPGD - particle track image (projection)
v 3D track reconstruction
- no sensor lenkage current msation

n 100F)

- " low parasitic ¢
micro-discha

‘_1{,;;;[ o |

Current Trenas in Micro-Pattern Gis Detectees (Technelegles)
X-Ray Polarimetry with Micro Pattern Gas Detectors

. e Gas Electron Multiplier (GEM) Detector

*  Jtis micro parem gas detacton VPG

Sermecorducizr sty technolagy i X

L B ) Voo Photorograsiy o
b
ray of holes which are ed "’ E:.::z
wssaly 130um TR Daping

Fghvorage s
Creates avalar

ks, which
s hrough hales

w8
it

- Q w  Amereg o

— - —_— _— - - E
b .- . » Swe Capabimy s Whrmey e ad A
~ A The micro-pattem gar detecter scheve Soamce Perewmn whum vy
- 2rach Pusearses 4w R

AR - Ty TN VI b D

roee [

WA PR 5 AN (<Imm) 89 5 Bk B AARIR ] 2B




| ]
ll“

i 1 HIHH

{1l

AT |

|"gi5|! '|| !l‘.ﬁv i L

T | I [ IR HE

A G
AR S

| | L 1] IH 1 1]
ILHL | i | ) 1t

f,m-miﬁm”; ;M;‘hﬂﬁ‘ (T

PHUSEEE I TS T | N

AU ) | |
ERRLA: i )71 AN {
A

3mm

FH % 4

Sum

BH % &

| — = L | =

f S50um
[ 1 =] [
| I
/' Z00um~ |

C HRLETRERA K BESRRBH, THRHL
i —R &t & BB ER (LEPSLHO) .
oS I 8 3E B A LML R R > Bk
— ot B THIMA > B HE i
- REHEN B > 155 5 9




o AIEA R 1988F, A. Oed Ffx & T4 & F 49
AZ T EINAREM BHEF, FHRMERT F
— AR EEH ARIEN B > mFkE (MSGC)

T L i P T TT I oY

222 777

R T FINFI AT M AARIRM BZ 0 ZE D R




PROTECTION
RESISTORS

DRIFT ELEC TRODE
100 pm GOLD-PLATED D-263

YECTRA FRAME
1 mm THICK

MSGC PLATE
CHROMIUM OR GOLD ON
300 pm DIAMOND-COATED D-263

ASSEMBLED WITH EPOXY:
EPOTECHNY ES505
STYCAST

EBHE
node
3mm
A - -
9un (75 )
BH 4% & / 50un Hre 00
[ 1 O I 1 1 ] . O = . /% o
/ Z00um/ " \ /
Glass|support
Back plane

o 5K 69 PR (5~10um 55) A= A 1
(50~100um5¢) £ Bl —-F & £ H
HE3], A FEAR N (50~200pm) , [A
PRA 5T AR )N, AR T 1T X3RS A%,
R,

o iZAS WAL AR A AP a2 18]
i FE BiE AL K (2~6mm) .

o NAHET I K E A K R
G TR K LS AL,
AL 36 45, 3 X K AT Ak
X

T e T e KA E 5T
- Rk B A I B SRACSE, F
Rz B S 5




st it

)

LB 5%, ¥14830-50 pm
© NARTHHF A ~JLF Um
&4 H > 106Hz/cm?2
—i%%&%émﬁﬁ&ﬁ%ﬁmam+m

BT EHAEBGIEM A @ EER, FEEIK
VE BT A ARG & M‘ zkk<~<1o4>

x-ray /
Ie /Y

* charged e
", particle I
= % Gas i
m .
» &l |Avalanche
% A /
5 P
|
g 1
E | W00pm | 100 pm A\ 10pm s substra
MSGC

Ri: BIE, FEENE, THEE @6




MSGC: Discharge mechanisms %_ &%}F\‘/ﬂd il‘i ﬁ‘E«‘H’ gy?
J TR ELAE
| S .

Field emission from the cathode edge

Charge pre-amplification for ionization
released in high field close to cathode

Very high ionization release:
avalanche size exceeds Reather's limit
Q ~ 107

SHBR AT B A R Ab 48 2 B4 |, A e AR
L, KEIEETRSWERAZRRE, 7~
AT . 2 L R RS B AR Y B I
SRR 5 e A2 e U E 2 K e
T o X SRR B R AR ) 7K AT
BR,  ARMETIE A 424 o

HAFULIRE, W& TIEERGEERNTSLR 132 2/ .
-

SRR, PHEEHE, A
EHRREE RO, S EUPERE
AR o PSR AR IO 2K
XIAREE T, A3 2 A RN B




MPGD 4 & [51 3=

S M R T B AL R A ik B B A 569 4T K ARG PR
TRAE R

v =+ % F Rk, BT I LA AR Bk RS
P RAR 3 T R M) S ARIE ] 809 A&
EAPIT OIS BT B IL, 4B R KRBT AR
2007 4 % 5 RD51 A4k 20
B A] PLER £ iR Fe R g R

— MicroMegas. GEM., THGEM

MicroMEGAS (CEA Saclay, Y. Giomataris)
MSGC (ILL, A. Oed)

. RD28 GEM (CERN, F. Sauli) RD51
'éb qq’v ~ .;Qq °°0, EM (Periale)
N v /AHGEM(Chechik)‘V
7, -
O r2)
O K

p-PIC (A. Ochi, T. Tanimori)

Capillary plate (Yamagata U., H. Sakurai)

E: LB R0 RGP TR AR AR B 8 — 3R




5 F 43 2

7\

) §

o ZMAFE BF ARG T A TIES
AR (BREHBX) « AR KR FofE 53
1 WA

c MAagATE (BY) o AR SiLEs
P ST A = 0P URB. BT
Fo o F R AT K@, AREN

° i‘%;}é@: éj‘\kﬂ\ 4\5\@\ }Lﬂ\ %Xi—@ﬂ

CATHODE FIELD RING
AAAAA
200 pum /
<
| HHE
i Ll
|

"'-i! | @@@




MicroMEGAS

(Micro-MEsh GAseous Structure)

Y. Giomataris

1996 4F

Orift Electrode (HV1)

Micromesh {HV2)

“ == Signal output

w of the detector elements.




o REEEAF R B TLEM
FLORE LT3 L A pm) 4
JB 22 N £ 44

o EEFE BN S BN 2 T T
JS 3RS [X (3~5mm)

o & JE TR SE Y FRL B 2 TA] [E]
BRAR AL T2 EHpm), H
g EAR K, TERAATBOKR

X.

Gl e | AR TR X

T LU BB R T IR, 5

=t L MR ORR, R
T R

o R P I T RLE B T4
S 5t R
4, [FRPRRRY RS




i {5

particles

\ drift electrode ™

P.....----'"—__

Conversion gap

3mm
100V/em

[¢)
o0
E|
—

HV2
W BFRENES
2. IEEFIENAE S

—OO—

£ )
§ Amplification gap

50 kV/em

P
120
Time (ns)

S 1 1 ‘ 1 | 1 1 1 | | 1 1
0 20 40 60 80 100

o TR AR AR SR TBORIX SR I E R R, DR B FE R BH AR ER RS, 7
PR AR AN H N IR IR R W FEAR R S 5, El T RE B 7 RASEITR
PR X3 AL 1, BRI AS LS S i e AR/ . FICERS, AR AR IR
1251 DUBIS A S5 [ B A, BN H — IR PR IME R s R LS 5, R T
SRS 5 R KB 73 FLAT
CL_E MR 3507 25 FE R iR IX 1) B T F s R 2 TR o Ao SIERR b 7 I DX IR A P 5 P
TEBBBORX T @RI 8] (T=F g X R R E) , HERIX A,
S HL T RN S R BERNONT, AN A B R B IR AR

-]



o JRMTEE LR AR X AR, EE N I R,
b B AR, e B RN, BN RAREORX
A IR ) LT o R A FRLT B R BAR O LB I R

o BB RBERTEBR X IR (Ejeen) T8 X 1758
FZ (Eg) WIHUE. B REEZ S B HE, USRS 25851
IR

HrETRE
E, es/Eqrirt = 840 E nesh/Earire I8 R
. transmission with 423LPI in Ar90 % iso 10 %
—~ - g Imm ...........................
I'30H40

Optical40H

06F ::
0s .
adf !
F T20H30
] Optical30H

EE I WD N ® e e e e = D

RS X [ L 2K RS X £, 2 K cami >
43 7E R Sy IR /N L




MicroMEGASHI{ET Z

Read-out board

ﬁ Lamin'ated d BUIk ( —‘1Zl§/f/t )
—_— covertay MicroMEGAS T.2;:
~%- Stretched mesh KHEZI 12, PCB
I 4 e W — Ak,

Frame
ﬁ Photoimageable N /\nl 1
coverlay Tﬁﬂ ﬁJ%@ao
St G fhd M G Exposure
Development

+ cure

] Double side Cu-coated (5 um) Kapton foil (50 m),

!
— ! Construction of readout strips/pads (photolithography)
= ! Attachment of a single-side Cu-coated kapton foil (25/5 um)
b ‘
Construction of readout lines . 2y
| g e *  MicroBulk (2 —1&1k)
= T tching of kapton . TN
B MicroMEGAS L. Z.:

Vias construction
E==SS= TS 5 Layer of Cu-coated kapton 3T B HKaptonfi, SKH %
ES=SE === = proiochemical production of mesh holes |~ 21 41| Ft




MicroMEGASH

mesh support pillar resisitive strip
0.5-5 MQ2/cm
Il N - - - - I - - -
insulator copper strip

0.15 mm x 100 mm

embedded resistor resistor strip
200 M2 (5 mm long) 100 M€2/cm

GND copper read-out strip 0.25 mm x 250-500 mm

JERLAE 3 H AR AT MBS — J= B AR RT BAAT Rt s it
FEIRE R TR RSG5 1 MicroMEGASS i L 1) 2K 52 BE 77 o




GEM

F. Sauli 19974

-HV

CRCRCEZTRRRCELRCECRTECCRCLLLLLLEE

HHUHH U H IO

I HHH I




E KR IE

=

)
Irer o

WK
N
N

HWE L TREEFEEHE, 2hEEEE .

fI/NFL, FLBFES0-T0 um, ETF4EM Bl - -f |
K5, fLR ORI B R ERIA100kv/cm, B L L
T&L/NNERB FREFSHBCOS, £
P EHT B, BORMEHN102-103 : ~
- HTE BRI ERRREMILA, 15

A2 Re /I CMR &, [RIBSR A sk Ak se F’ x
«—fodis loml &

T L P T YA 10 /L0/ ¥ G TELL W 9N

P=140um

T LR IF G B B8 e




7E5 §i

el

H e 20
DEIFT
i X
ED DRIFT (3_5mm)
. s ssssoccccoscsSsuEEEaBRS® CEMI
— Er; TRANSFER 1 (2-3 mm)
szsssssessssssmzsmsese CEM2 — URBUKIX
Er TRAMSFER: (2-3 mm)
SSS0SSSSBEERADIBOSPNHNEe CEMS
Er INDUCTICN (T—me) (= Eg
— — — — — — — — — ERSESS
BoARD  HiHIHR

« EHEKHZZGEMREIH, XFEEZGEMAT L TARAEEAR]
ARG T, AR BRI ROR RS AR 2, IR K

o PHAR A5 = i s — IKGEMAR 5 B AR [A] KR A% 2%
ITANSA




Electrons: . J
®Electrons ' .
] Diffuscn " R p—————_
Losses W ES o
U=250Vv e _ 2\ ;-A.l
STz ~40% sy
SERREBRCANE T T Induction
: ® ° @ L ® F'eld
' ® ol |e® |
: hd e E; re‘(%:m :
. el || T Al TT . 4 I'.:I. 6T Anode Lom Feedback =

(gain x trensparency) Fonr/ Von

MR X W I A IR R, AR X L ) 2k 45 K ER oy 5 1 GEMBE _E ) /N FLIEN G
sEIXI, MASTEEGEME &8 L3RI, IXHJUFAra R AT B 7= A 1 1 AR B
BENANFLHEAT S B OR . #2323 B4 AT B8 T3 B0 5 I 0 1) B ) 28 e 244 |
R, Mk,

FEGEMAFL S i 7= AR R HEL T BB TS HEL T 24T RS - I AR BH AR I, — /Ny
H T3 HR N 4 GEMJER R 2% 0 i et e il Uic S, M k. T = IEE +—
R GEM R 1R H B M IS AR, 55— B0 0 W R 2R AE AR I i AV RS B A A
£ (BT RED o B ENMHEERE, b CUEVNE T R

AR A% 1S 5 58 4 B B -FAE )\ GEMBE T 22 [HE AL 31 BH AR )i #2 s s =2k, IE
B S 5 A Tk




GEMBS B il

DOUBLE MASK SINGLE MASK

50 mm polyimide foil, copperclad

photoresist lamination, masking,
exposure and development

metal etching

X X X | polyimide etching

metal etching BR B B =
N X | -: second masking to define electrodes :- W W |
' . . - metal etching and cleaning - . - .

« Double-Mask$; AR
— 5 BT R R ], GEMEE & K
#/F <) 40cm*40cm
 Single-Maskf; R
— IR 7RSSR A, R RGEMAETTIA
2m*60cm, FERR | = IGEMEE AL 1)
T

il




GEMIRNZ5HI{ELZ

FIUBEL (8 1 7 02 R GEME
[#] 7€ FEHEZE A
FIBCRs GEMAR B € EAEZE I




=2GEM (THGEM

Cathode Mesh sumsssnmss)essnsmnnannsn

0
0

) Bl Conversion Gap
«—2_——> top/cathode

THGEMI[:l [:|ﬁ t

bottom/anode
Transfer Gap
w30 S
f E Induction Gap
ind

Anode Meshesmsenemenneesemennann

PCBA M, LMMisT, EHo#H Lk, 3 EIEHTA~104
HElxE AB&A SEMGIMERE: YITE SIRFTAE BT




7 BRI AR

Iibgv{—zﬁ
- #r T H

i%ﬂka

/ \

affrﬁ;g%}i
T AN 2 : )
1‘ 0 2E A .
la:thﬁ

ik%i&




o XM IT KM LM SARIEN B a9 B,
o R B AR T AR AW 89 A T B

FELHEMicroMegas

mesh support pillar resisitive strip
0.5-5 MQ/cm

insulator copper strip
0.15 mm x 100 mm

embedded resistor resistor strip
200 MQ (5 mm long) 100 MQ/cm

GND copper read-out strip 0.25 mm x 250-500 mm

PCB
PCB Substrate
PCB
PCB
PCB
PCB
PCB PCB

n

Current (uA)

osF

FELME w2, AR 69 2R

Non-resistive MM (Ar:CO, 85:15) Neutron flux = 10° Hz/cm?

g

L = Current

[ — HV
5 F

r i 550
2F

g s
,5: 500>

- 1 I
1F

450

.

ok — £ 400
66000 67000 68000 69000 70000 71000

Time (s)

|

R11 (Ar:CO,85:15) Neutron flux = 10° Hz/em*

3r 600
25F |
E 550
< 2E 1
>t 1 s
ci15 -1 500
A ] Z
=1 = R11 current 4
O '[—RNHY ]
C - 450
05 F : ° °

. I"!I!ﬂ
| ead, — 400

O o i
66000 67000 68000 69000 70000 71000
Time (s)




BEPEERAR (1)

o TEME AL TR A LEA AARAR N F 8 — AN R A
%, M RBARA R — NI o
— MR Lzl £2MepRl. AP BA) , ARl

(RELHM, sitaE) , MER

N W FEL ) A BA

kS L GEM

#H N B X MicroMegas (>11MHz/cm?) FELME 42 FE A THGEM

pillars

R-pad - )
single-face
Insulator /: = = THGEM

o

Embedded-R ~ READOUT BOARD

resistive
Material




KEFRITZ (1)

C IR @A HIAE RS A RN BB 4

& H

— K@U, K@i

GEME#l#f —> K @4r

DOUBLE MASK SINGLE MASK

50 mm polyimide foil, copperclad

ﬁ photoresist lamination, masking,
exposure and development

metal etching

polyimide etching

metal etching

' . . - second masking to define electrodes

o Double-Mask# K: & LT At FH 409
MR, s K FI4E R~ 4 40ecm*40cm.

e Single-Mask# K: 1ZBL T #HAEXT KA,
=T ik 2m*60cm, [ H B % 7 GEMAZ K 4+ R <,

metal etching and cleaning

AL

# 4 GEM ) 45 77 ik (3dh
+¥6 ik, LHCb %), %A £,
K@RE N LIE, ~T
Ydp, WA T

B F4¥ (Self-stretching) X & 47
GEM# i R (CMSHH4A)
T, T P B 3LAE, 7T 4 49 5T 45
A, #MER RS, KRS

rass PANASONIC
Pull-out Ci

e GEM foil with inner & outer frame

GEM tensioning




NKEFRLZE (1)

—AR4k (Bulk) MicroMegas T 7.

Read-out board

| Laminated

Photoimageable

ﬁ coverlay

Stretched mesh

By Fe———— o o

Frame Laminated
— Photoimageable
coverlay
........-...-........... “ne Exposure
Development
+ cure

PP TF S B A A PLHE TR

% &M (Floating mesh) # K (ATLASH 4%, ~3m?2)

Stiffening panel Stiffening panel

ATLAS-MicroMegasix & #2 4 4F
(# ZPCB##E L Z)

PCB Base material

Pillars (128 um)

5 I S I O v | FR4 Support plate

Aluminum Honeycomb
Aluminum Honeycomb

il
11 PeBl PcB2_ 5%
I FRA_support plate




FFIRAZAA

o B AT RIVE RS LM SARIEM] 2 FW*%*A =R

R+ 2 GEMER M| 22 KLOE-2[E#FGEM{R T =

Read-out
\nduction
_—
™ Tasiorz \
/ Lt Anode

GEM 3

\\/ w&% \‘GEMZ

2mm GEM 1

slon 3 mm\ ¢ % Cathode

1P

CLAS12[E|#EMicroMegas{RiF =

Bk GEM
Gluing of the side carbon ribs —
circular shape




COMPASS-RICH: THGEM (staggered) '

different pitches), IBF<1%

Window
Drift
Wires \

Cover electrode

\ . = Ew —1

- - . L —— | En L —— | l2mm
GEM 2 L =il
GEM 3 I_x%\_‘ Er — 2mm
Eqranst
[ GEM 4 L | Ers L | J2mm
e = T o
el Pad plane RN
Mesh
N, L Strong back‘ ‘

e

Micro-Hole & Strip Plate, IBF<10

PC ] c Cathode e
‘ TE PC ‘ Graphene
- ¢ | _ ot . .M_eSh_____=
R-MHSP 7 Cg@et_s « F-R-MHSP ) _SAe(_ * ‘ * ’
| TE At ____________NE
[— T A CL) £ “GEM1
‘ 1E GEM & _—y - Y r T T T T Tt T T T T ¥F
= et | m— == lrans - { GEM 2
@ = ® GEM 3

bottom r-_i_-_-_-_-_-_- ind bottom
cathode cathode

~ Anode




GEM/THGEM : IKIE . [8%&, T
HS, BN, siEM

1. Glass Substrate (PEG3)

2. UV exposure (1%_exp)

22. 1 3. Crystal formation
(heat treatment)

4. Viia etching

5. Cr sputter & Cu plating

THGEM: k& &P FIF
_mm&x&%%mgﬁ

Ceramic

| | {
=200um " :608um

70um

O10:C

e

PTFE (Teflon)

Kapton(PI)

(hydrogen fluoride wet etching)

THGEM : BH1EKapton, G~10° ,
=184 N F

| PEG3 |
B — w
/ exposire
HHHHHHH./ Maus:
S AL G
Crystal portion
j (L,0S0,)
|
Via
RYYYYYYYVA
ST
***** v ching)
' ' ' ' ' ' ' Cr Sputter film
& Cu Plating

10818 A HOYA

Rohacell: k&%, XiEmE
5F, AILIBRESE SR,

cathode structure layout

BESIII-CGEM




Fhanzgta (1)

MHSP (IBF#]ll)
a)| 20pm= | i)
‘ FOuMm, |

— -

WMHSP. 1a0,im

] E'DRIFT

., Cathode Strip

Strip Multiplicati Hole Multiplicati l E’
region region IND

Cathode Mesh

AR L

==
DR s

MicroBulk-MM({Eii = . ST ARE/]N, BEE 5 PHIF)

] Double side Cu-coated (5 um) Kapton foil (50 ym),

!
= =~ Construction of readout strips/pads (photolithography)
= Attachment of a single-side Cu-coated kapton foil (25/5 pm)
= . .
Construction of readout lines

=

&3 = Etching of kapton
| SR ==d

Vias construction

E==am == )|, er of Cu-couted kapton

B~ d Piggy-Back MicroMegas
crmm =S e mie e (FHHE, GTK)

Resistive layer

Anode plane



Fhanzgta (1)

FETEHETHGEM

P Cathode mesh

FR4

/ Silver paint

Jr———

/
e Conductive epoxy

AR 45H . MM+uPIC

IBAREH: GEM+MM

,Impinging particie
S Drift electroce
@ Micro pixel chamber (u-PIC) .
® With micro mesh !
. Ean
o Higher gain in stable operation =088 Viem
(-5aod)
e Low ion backflow (<196) 7 \
oebon o0 tnos e & St uppost wire — S
- T M. o L r
1 / H GEM Fouls { (
: ~wnm | ([ -J = k--
f f S‘
& \
Maximum gain ~ 5 x 10* (Ar.C2H6=50.50) - A
Low ion backfiow ~0.5% 190 Vimm .;‘\ (|
( A
Micromesh 1
NEDEEEEE R O EEEEEY O COLE
Eams Roadout  _/2c il A
~2 kVinm / / el

clectrodes L ARTERARN

MEMSTIZ

250 pm
15 pym
¢ 4Hm
SIoPd 15 im

B 454 : THGEM+MM

b \ Staggered THGEMs
Drift
Drift Wires \ l I
space
5 mm Csl
\ o T
= -T =
Exvanst
L o =
3|
£ Vesh - E'“'T ..........................
------- LR B B N N N N N
et o s

Double THGEM: t = 0.4 mm; p = 0.8 mm; h =0.4 mm




% ER MM E(FTM): R&D for CMS
Muon upgrade, = ] [a] 4 3¢

Preliminary

% 2= _

1} 20? \1| éo‘nzzn( 22.‘009?:;;5
18 Mean  2583-0.18
16 Il Sgma__ 154940104

|
1= I FTM: 2015 H4-test
:s., ‘l beam Pion beam
5. | 6,=1.5 ns reached
6 | with standard Ar-
&
" oo

RN | WVH | I TN T e
0 10 20 30 40 50 60 70 80 90 100
Time (ns)

RH 4 #3295 4 (URWELL): R&D for
CMS and LHCb Muon upgrade, 4544
K&, IR, TAEXZIE, K H
=X, EEKEAN A

URWELL PCB

Drift Cathode

Top Layer(Cu)
Kapton \
\ Well Pitch: 140pm
Well diameter: 70um/50pm
Resistive Layer (DLC) Kapton thickness: 50um
Insulation Kaj
Readout Electrode
FR4 (PCB Base)

Ar/1ISO=90/10

3% test with X-ray
10 ~u-RWELL 12 MQ/o i thl Fe
- p-RWELL 80 Mg =° 95 o
0 ) L/
10°E |~ p-RWELL 880 Moo 08
R go.ss a1l ¢!
@ —= Eo.e o -RWELL 12Mn |
iy H
—v;ov—‘ 20-75 - u-RWELL8OMQ [
70, i it
10 W O7E | -RWELL 880 Mlo
—-——‘ 0.65 , =
gl ol d L
100 200 300 4oo W) 08 10° 10° 107
Vrwee ( ® (Hz/cm2)

34



URWELL

« GEM(##3L) + MicroMegas([EL 14 A 1) 69 25 &
— FAILAMARG K+ TR AR AR AP

« 3EGEME — 2 EGEME | #4) 2F %K

 GEMpE 44N APCB L — & fifb fo iKW, KB K 1L

* AR £ £ (~100 kHz/cm?®) &) a‘iﬁ'\ﬁ% & H AR, AL
X@AREAE, EF 7%‘ &R AY e et o s

* 100 ;
L N .
80| /.‘h' z
L PATT
Drift/cathode PCB 60
40
H A u-RWELL Right 1, th. 2.4 fC
| V u-RWELL Left 1, th. 2.4 fC
gas gap 4-7 mm 20 = u-RWELL Bl, th. 2 £C
: O pu-RWELL B2, th. 2.8 fC
Well pitch: 140 pm ¥
Copper top layer (5um) Well diameter: 70-50 um 0102 10° 10t

Kapton thickness: 50 um

DLC layer (0.1-0.2 um) \
R ~50-100 MQ/O

S

u-RWELL PCB

Rigid PCB readout electrode

L0 LALU LAY LA L LAY ) L L




AR AT AZ A 69 AR ST L SR

HERE gz 20G: L EHEE) o

13m0

330kQ)

330kQ)

330k0)

330k0)

270kQ:

20mm

o JAITIEM M LM T

1 Epype =920 V/em

MO
;---- GEM1 1 460V
MQ 2mm 1 2300 V/ecm
—— — — GEM2 1460V
ma 2mri 1 2300 V/em
ﬁﬁﬁﬁﬁ GEM3 {380V
Camera lens
. Plexiglas
window

dVv(CP)=700volt
Ne/CF4 770Torr

Micro focus A
X-ray source NINTD | ~
L9421 AA < [ [
(Hamamatsu) X-ray <11
v i ]
Be Nikon /
Window L /
I ORCA-ER
L I C4742-95
. = (Hamamatsu)

Capillary
Plate

10cm

~Triple GEM  »

Obtained image of leaves (2 sec integration time)!'%

i
o ﬂw’\/ ML'M\
ol N
0 1000 2000 3000 4000 5000
collected light (p.e.)

\ 4

A

o X HEIHFHY
TPCi:

e X. gamma. PF
A%

o HFHAT




Ll it

MICROMEGAS

GEM

sTechtra
*Polish company
*Making GEM since 10 years
sLicensed by CERN
sSetting up equipment for large GEM production since 1 year
*30cm x 10cm GEMs already produced
sFirst delivery of 30 GEMs last week

*UPLUS/Mecharonics
sKorean company
*Making GEM since a few months
sLicensed By CERN
*30cm x 30cm GEMs already produced (characterization in progress)
*Willing to ramp up to large size

sTech-etch
*US company
*Making GEM since 15 years
*Many small and medium sizes GEM have been produced
*Recently involved in STAR experiment (80 GEMs 40cmx40cm)
*Willing to ramp up to large size
sLicensed by CERN

sScienergy
*Japanese company
*Making GEM since 6 years
*Top quality laser drilled GEM up to 30cm x 30cm
sLicensed by CERN

*ELTOS
*Resistive 10cm x10cm BULK Micromegas = OK
sLarge single side read-out boards and drift (2mx0.5m) = OK
eScreen printing of large area = in progress
«Pillars on large area = OK

*ELVIA (see Fabien talk in WG6)
*Resistive 40cm x 40cm BULK Micromegas = OK
«Embedded resistor BULK detectors = in progress (see Damien talk WG6)
eLarge single side read-out boards and drift (2mx0.5m) = OK
eScreen printing of large area = in progress
«Pillars on large area = OK

THGEM

*ELTOS
*10 holes/ sec drilling machine
*They have produced 60cm x 60cm just for mechanical purpose
*They have produced 80cm x 40cm working THGEM
*They are able to produce RIMs.
*The final deaning should still be performed by the user or CERN
*Long polishing or PU coating are not yet available in industry

*Mass production costs are still difficult to predict (cleaning technology transfer should be
organized)

oPrint Electronics
*israel
*Many pieces made for Weismann institute
sLittle information on the capabilities

From Rui De Olivera
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COMPASS
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+ Active Area 30.7 x 30.7 cm? - Il

+ 2-Dimensional Read-out with —
2 x 768 Strips @ 400 ym pitch

+ 12+1 sectors GEM foils

+ Central Beam Killer 5 cm @
(remotely controlled)

+ Total Thickness: 15 mm
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LHCb

Fast TripleGEM Detectors for LHCb Muon Trigger

12 double TGEM detectors operated
with fast gas mixture (Ar-CO,-CF,)

M2
SPDPS eat
ECAL _

Rate - 5 kHz mm-2
Time resolution 4.5 ns rms

Radiation hard up to integrated charge
of 18 mC mm-2 (10 LHCb years)

J\‘

%50 200 250 300 350
Ar/CO,/CF, 45/15/40

Pad readout plane
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ATLAS-MicroMegas
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CMS-GEM
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2. Formation of protection layer

3. Deposition of SU-8 (spacer)

4. Patterning of SU-8

S. Depositionof Al thin film

6. Patterning of Al to form the Gric

7. Dicing to separate chips

8. Development of SU-8
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Reflective mode
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