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R&D highlight after ALCW2015

1. 安定的な製造法の確立 

問題点⑤: 異物付着  

表面異物は激減したため、再度サンプルを作成、若干付着していた異物は、顕微鏡で観察しながら、 
綿棒で除去を実施した。（外観からは除去できたと思う） 
大量に付着した場合、アルコール拭き、エアーのみでは除去はできない。超音波洗浄も試したが、除去
したゴミの再付着の問題があり、これを解決する必要がある。 

外観写真(F-side : 20um) 外観写真(B-side : 30um) 外観写真(斜めF-side) 

外観上は問題なく仕上がっている。また、斜めからの観察によって、電極の側
面においても、異物の付着等は見られないことから、問題なく電圧は印加でき
ると考える。 

【Ion Filter Type3 改善Ver. 装置洗浄後】 
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optical transparency: 82%

Large-aperture Gate-GEM 
(Fujikura Type 4 - 17 x 22 cm2)

mounted at 1cm above the 1st Amp-GEM

LP1 Asian GEM module
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• Finished 1st round of framing/assembly tests for 
Fujikura Gate-GEM Type 4 (LP1 module sized)! 

• Displayed at JPCA show (45th International 
Electronic Circuits Exhibition) in June



Large-aperture Gate-GEM sample

• High optical transparency = Minimize rim width of GEM holes 
- Gate-GEM should be satisfied that the insulator thickness is 12.5 μm, the hole 

diameter is less than 300 μm, and the aperture ratio is over 80 % in 17 x 22 cm2 size. 

- structure of the foil is honeycomb, the electrode rim width should be under 35 μm. 

• Applied production technology of flexible printed circuits (FPC) 
- adopt a process that forms the 30 μm circuits on one surface of a copper clad laminate 
firstly, then removes the polyimide by using the circuit as a mask, and the copper in 
through hole is removed by copper etchant at last. 

- employed UV-YAG laser which is low productivity, high machining accuracy, and good 
at a high taper angle. 

- challenge for mass production is the yield ratio which is not stable in the 17 x 22 cm2 
size due to the cleanliness in current process environment.
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3. 結果 

3-1. 断面画像 

同一条件（Ion Filter Type3 改善Ver）にて製作した、3pcs(100mm x 100mm size)に対し、図1で示した
観察箇所（5か所）の断面画像を取得した。以下にその結果を示す。 

＋ sample1-Point2は、F-sideの銅箔に欠けが見られる。（要調査） 
＋ sample2-Point1は、銅箔の厚みが厚いが、これは断面を切り出す際に、銅が研磨されダレてしまうた
めである。（実際の厚みは他の部分と同程度であると考えるので、測長結果からは省いた方が良いか
もしれません。今回のまとめの平均値には、そのままの数値で含まれています。） 
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Toward module performance test
JFY2014: basic studies 

done by 10 x 10 cm2 sample
JFY2015: LP1 module 

integration/engineering studies
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Exp vs Sim (Fujikura Type 3)

Evaluation of the measurement results by using the 
ANSYS-Garfield++ simulation was performed, and 
extrapolation to 3.5 T shows acceptable 80% electron 
transmission for the resolution requirement of ILD-TPC

As of 26 May, 2015

ALTRO DAQ

Single module 
chamber

Nd:YAG 
266 nm only



LP1 module w/ Gate-GEM for JPCA show
• Finished 1st round of framing/assembly tests for Fujikura Gate-GEM 

Type 4 (LP1 module sized) 
- 2 sheets of 1st batch and 4 sheets of 2nd batch in hand at Saga 

- used 3 sheets for framing/assembly tests, then established mount/dismount scheme for very thin 
foils 

- need further study for stretching/gluing procedures (constraints for tests: number of PEEK frame!) 

- D. Arai and A. Koto (Fujikura Ltd.) visited Saga, then picked up one Asian LP1 module equipped 
with Fujikura Gate-GEM Type4 for the exhibition



Framing/assembly tests for LP1 module Gate-GEM
• Small pad + Thick double-GEM + GEM-gate device + up-downside 
support fame

Concept of Asian-GEM module

•Pad plane
- Designed and fabricated 
at Tsinghua Univ.
- 5152 pads / PCB (module)
- 28 layers
- 192 pads at outer
- 176 pads at inner
- 1.15~1.25 mm width
- 5.26mm height
- Staggered layout

•Thick double-GEM for amplification
- 100μm thick LCP (Liquid Crystal Polymer)
- Hole: 70μmφ、140μm pitch
- Produced by SciEnergy (Japanese company)
- Gas mixture: Ar-CF4-isoC4H10 (95:3:2) = T2K gas
- Gas Gain: ~3000 at VGEM = 360V
- (Drift field: 230V/cm)

G10 Support Frame

double-GEM

Pad Plane
0.5 mm

0.5 mm

GND

support post

GEM
GEM transfer gap

induction gap

made of Al 
readout pad

GEM

Cu

Cu

LCP
100um

LCP:Liquid Crystal Polymer

2mm
4mm

screw to adjust stretching

Katsumasa Ikematsu (KEK) / LCWS 2010 Beijing
4

support

Amp. GEM

support post

GEM
GEM transfer gap

induction gap
readout pad

Gate-GEM

PEEK

Optimized to reduce the insensitive area on the sides of the modules which 
point towards the detector center since particles from the interaction point 

flying between the modules may not be detected if they are very stiff

LP1 Asian module has no frame along 
the sides and extends the sensitive 

area up to the edge of the backframe!

Gate-GEM is released from holding system 
after mounted on the right position

Gate-GEM is so fragile, cannot 
stay without holding system

Framed Gate-GEM is held in 
a holding box at framing jig 

and move onto GEM module

Support frame (8.3mm thick 
PEEK) and framing jig Framed Gate-GEM at framing jig



LP1 module w/ Gate-GEM for JPCA show
• JPCA show 2015 (45th International Electronic Circuits Exhibition) 

- was held from 3 June to 5 June at East Exhibition Hall and Conference Tower, Tokyo Big Sight 

- Exhibition Theme: “Mount, Connect, Manufacture, and Expand” 

- objective is to contribute to the advancement of the electronic circuit industry and all related fields by 
presenting an exhibition of products, knowledge and solutions related to the electronic circuits and 
packaging technologies used in all electronic devices, IT devices and equipment, as well as the design, 
testing and logistics of large electronics (printed electronics, stretchable electronics, etc.). 

- Number of exhibitors : 676 (500), Number of booths: 1402 (1500) - () is expected number in 2015:     
Over 120,000 visitors! Qualified visitors from key business categories. 

- Asian LP1 module equipped with a large-aperture Gate-GEM (Fujikura Gate-GEM Type4) was displayed 
by Fujikura Ltd.



LP1 module w/ Gate-GEM at JPCA show
LP1 Asian module equipped with Fujikura Gate-GEM 

Type 4 attracted much attention in the exhibition!

Since it attracted endless stream of visitors in the Fujikura Ltd.’s booth, 
these pictures were taken at the end of 3 days exhibition.

Gate-GEM development will appear in a newspaper (Nikkan Kogyo Shimbun)



Schedule of LP1 module Gate-GEM study
• Immediate goal: MPGD 2015 (The 4th International Conference on 

Micro-Pattern Gas Detectors): 12 - 15 October, 2015 at Trieste 

- Should be shown single module performance results (electron transmission measurements by 
55Fe under 0T, point resolution measurements by UV-laser, comparison with ANSYS/Garfield+
+ simulation study etc.) 

!
!

• Toward MPGD 2015 

- 1st round of framing/assembly tests at Saga: done 

- JPCA show 2015 (3 - 5 June): done 

- MPGD 2015 abstract submission by both Katsumasa and Daisuke: deadline 14 June: done 

- 1st working product delivery and framing/assembly: mid-August ==> end-September 

- Electron transmission measurement by 55Fe under 0T at Saga: postponed 

- Point resolution measurement by using UV-laser tracks under 0T at KEK Fuji B4: postponed 

- (JPS 2014 Autumn Meeting: 25 - 28 September at Osaka City Univ.)



Backup
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Remaining Issues 
Ion Gate: The most urgent issue 

We need a ion gate: To prevent the backflow of positive ions from the gas  
   amplification region of the MPGD modules to the drift space of 
   TPC. Distortions by the primary ions at ILC are still negligible. 
Options of ion gate: 
   GEM gate:     A simulation has shown that the ion stopping power is 
   sufficiently high Æ < 10**-4 at around 10V reversed  biases 
      Need to confirm by measurements ; who can do this?
   Electron transmission: Can be high  with large optical opening 
      Under study;   How far need to go;  >80%? 
   Distortion due to the large GEM holes?  
      To be studied with a laser beam (and then in beam test) 
    
  Traditional wire gate: Known to work with high electron transmission (LEP etc.), 
   Distortion due to the radial wires?  
     -> To be studied with a laser beam soon 
   Mechanical issues to mount on the MPGD module. 
    
   Wire mesh or grid:  A solution never have been tested. 
   High ion suppression with a accessible reverse voltage? 
   Mechanical issues to mount on the MPGD module. 
      
Medium size Gate GEM of about the 80% optical transmission have been fabricated in Japan by 
two different fabrication processes. A measurement of the electron transmission has been 
measured for one type of the product. Next measurement scheduled in July.  
  

Mechanically most 
friendly to the current 
MPGD modules 

LCTPC collaboration meeting 2014 (Takeshi)
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We’re interested in!!



21 

Remaining Issues 
Ion Gate: The most urgent issue 

We need a ion gate: To prevent the backflow of positive ions from the gas  
   amplification region of the MPGD modules to the drift space of 
   TPC. Distortions by the primary ions at ILC are still negligible. 
Options of ion gate: 
   GEM gate:     A simulation has shown that the ion stopping power is 
   sufficiently high Æ < 10**-4 at around 10V reversed  biases 
      Need to confirm by measurements ; who can do this?
   Electron transmission: Can be high  with large optical opening 
      Under study;   How far need to go;  >80%? 
   Distortion due to the large GEM holes?  
      To be studied with a laser beam (and then in beam test) 
    
  Traditional wire gate: Known to work with high electron transmission (LEP etc.), 
   Distortion due to the radial wires?  
     -> To be studied with a laser beam soon 
   Mechanical issues to mount on the MPGD module. 
    
   Wire mesh or grid:  A solution never have been tested. 
   High ion suppression with a accessible reverse voltage? 
   Mechanical issues to mount on the MPGD module. 
      
Medium size Gate GEM of about the 80% optical transmission have been fabricated in Japan by 
two different fabrication processes. A measurement of the electron transmission has been 
measured for one type of the product. Next measurement scheduled in July.  
  

Mechanically most 
friendly to the current 
MPGD modules 

LCTPC collaboration meeting 2014 (Takeshi)

Promising for 10 x 10 cm2 sample => R&D ongoing  for LP1 module sized sample!

In preparation for a LP1 module equipped with Fujikura Gate-GEM Type 4!

Done in JFY2014 (Raytech Gate-GEM sample will be tested soon w/o B-field)

We’re interested in!!
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Max. gate size may be limited?

【製作結果】 

1次試作における各種検討よって、なんとか大面積でモックアップサンプルの形に
はなったが、複数の問題が発生している 

図1. F-side外観 図2. B-side外観 

図3. F-side斜め外観 図4. 断面画像 

図5. F-side外観 

■ GateGEM Type4 検討結果 
Fujikura 

Confidential 

rim幅
30μm 

17 cm

22 cm
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   TPC. Distortions by the primary ions at ILC are still negligible. 
Options of ion gate: 
   GEM gate:     A simulation has shown that the ion stopping power is 
   sufficiently high Æ < 10**-4 at around 10V reversed  biases 
      Need to confirm by measurements ; who can do this?
   Electron transmission: Can be high  with large optical opening 
      Under study;   How far need to go;  >80%? 
   Distortion due to the large GEM holes?  
      To be studied with a laser beam (and then in beam test) 
    
  Traditional wire gate: Known to work with high electron transmission (LEP etc.), 
   Distortion due to the radial wires?  
     -> To be studied with a laser beam soon 
   Mechanical issues to mount on the MPGD module. 
    
   Wire mesh or grid:  A solution never have been tested. 
   High ion suppression with a accessible reverse voltage? 
   Mechanical issues to mount on the MPGD module. 
      
Medium size Gate GEM of about the 80% optical transmission have been fabricated in Japan by 
two different fabrication processes. A measurement of the electron transmission has been 
measured for one type of the product. Next measurement scheduled in July.  
  

Mechanically most 
friendly to the current 
MPGD modules 

LCTPC collaboration meeting 2014 (Takeshi)

In preparation for a LP1 module equipped with Fujikura Gate-GEM Type 4!

Done in JFY2014 (Raytech Gate-GEM sample will be tested soon w/o B-field)

Promising for 10 x 10 cm2 sample => R&D ongoing  for LP1 module sized sample!

We’re interested in!!

Max. gate size may be limited?
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GEM as a gating device

• GEM operated in low voltage mode 

- Electron transmission film = without a function of 
gas amplification 

- Gate having a GEM-like structure (initially proposed 
by F. Sauli in 2006) 

‣Gate-GEM can easily be used as a closed gate by reversing 
the electric field in GEM hole 

- GEM-gating device would be most adapted for the 
module structure of ILD-TPC! 

• Requirement for Gate GEMs of ILD-TPC
- Goal: 80% electron transmission = corresponding the deterioration in the spatial 

resolution ~O(10%) for the ILD-TPC nominal electric field configuration 

- Operated in a 3.5 T axial magnetic field, and in a gas with a high mean free time (τ) of 
drift electrons between collisions with gas molecules => Motion of electrons is 
strongly restricted to the direction of the magnetic field => high optical transparency 
of the gate is required to ensure its high transmission rate of the electrons in the 
open state

Gate open Gate close

F. Sauli et al. NIM A560 (2006) 269

ordinary amplifying GEMs (e.g. CERN standard): not suitable because of their poor optical transparency



Positive ion feedback in ILD-TPC
High performance of tracking by the TPC relies strongly on the quality of the electric field 
in the drift volume! 

• Positive ions drifting back into the gas volume 
- Well known issue for wire chambers based TPCs (traditional MWPCs) 

- Even though the amount of back drift ions is much smaller for MPGD amplification, 
still be significant with a high track density like ILC background conditions (e.g. ILC 
beam expected to produce large amount of beamstrahlung = e+e- pair background) 

• In the case of ILD-TPC
- Bunch-train structure of the ILC beam (one 1 ms train 

every 200 ms) => Ions from the amplification will be 
concentrated in discs of about 1 cm thickness near 
the readout, and then drift back into the drift volume 

- 3 discs co-exist and distorted the path of seed e- 

- Simulations: a gating system is required to reach the 
tight momentum resolution requirements in the 
nominal running conditions of ILC 

‣ The ions have to be neutralised during the 200 ms period 
between the crossings w/ Gate

w/o Gate

CathodeE field

IP

ion disk ion diskion disk

no ion disk no ion disk

ion disk 
blocked 
by the gate
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Electron transmission measurement

①
②

Motion of electrons is strongly restricted to the direction of the magnetic field => 
need measurements under high magnetic field! 

• Measurement method 
- by comparing signal charge passing through the Gate-GEM to signal without Gate-

GEM using a small test chamber irradiated with an 55Fe source, which is installed in a 1 
T MRI type super-conducting solenoid at KEK cryo center

- Case (2): the conversion happens in the drift region, so that the produced electrons 
have to pass the gate and the signal is affected by the gate transmission 

- Case (1): a small portion of the X-rays are converted in the region between the gate 
and the amplification GEM, which produces signal without any effect of the gate 

- Electron transmission: calculated as the ratio of the two signals

using a CERN 
standard GEM 
readout (triple 
stack) and one 

of Fujikura 
Gate-GEM 

samples placed 
10 mm above


