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5. Experiment - Back Side Guard Ring 4. Experiment - Top Side Guard Ring 

2. Guard ring structure 

1. Background - What is “Glass GEM” ? 3. Simulation Models and Results 

6. Conclusion 

GEM is widely used in variety of applications today, 

but its flexible structure requires careful handling. GEM 

is also made of organic material, so it emits outgas. 

Unit Condition PEG3 Polyimide 

Thermal conductivity W/m K 25℃ 0.795 ~0.3(20℃) 

Young’s modulus GPa 79.7 18.6 

Dielectric ratio 1GHz 6.28 3.55(1MHz) 

Resistivity W ・cm 25℃ 8.5 x 1012 ~1018 

3.1 Simulation Model 

We made two simulation models representing Glass GEM holes : One is a 

top side guard ring model, and another is back side guard ring model. 

And we calculated the electric field inside holes. 

3.2 Electric Field Calculation 

Top side ring Back side ring 

Colored lines are equipotential 

lines. 

High electric fields are formed with 

both of models, so we can expect 

high gas gain characteristics with 

them. 

3.3 Charge Reduction 

Axial symmetrical 

calculation 

4.2 Gas Gain 4.3 Energy Spectrum - 55Fe 

4.4 Long-time Stability 

5.2 Gas Gain 

5.5 Gain Uniformity 

・Ar/CH4 90/10 

  Gas flow 

・X-ray source : 55Fe 

Setup was the same as “4. Experiment - 

Top Side Guard Ring” , except that Glass 

GEM was placed upside down. 

 

We have also tested back side ring GEM 

with 6keV X-ray beam at KEK, Japan. 

5.3 Energy Spectrum 

5.4 Long Time Stability 

Gas gain was also high with back side ring GEM, and it reached around 7500. 

Energy resolution was  good (17.3%) with collimated beam. 

Gas gain was high and it reached 

around 4500. Energy resolution was 

also good and 22.4% was achieved 

with 55Fe source. 

 

For long time operation, the gas gain 

was decreased. We guess it is 

caused by the decrease of resistivity 

of Glass GEM through the long time 

operation. 

2.1 Problem 
Spark tolerance of GEM type detector is an important issue. 

Severe sparks damage GEMs and front-end ASICs, because a 

GEM type detector has large capacitance and a lot of charges 

are accumulated on it during its operation. 

2.3 Solution 
As a solution for spark problem, we have developed a completely new type of 

Glass GEM, which has a guard ring structure around each hole. 

With this ring structure, we can  reduce the total amount of charges accumulated 

on GEM, and reduce the amount of charges in the spark events. 

To overcome those problems, We have developed 

Glass GEM, whose substrate is made of 

Photosensitive Etching Glass, PEG3 from HOYA 

Corporation. 

1.1 About GEM 

1.2 Glass GEM 

4.1 Setup 5.1 Setup 

5.6 Summary 

4.5 Summary 

We made a completely new Glass GEM with guard ring structure, and confirmed that electric charges were reduced with it. We also investigated its basic characteristics. 

・Simulations  Electric charges were reduced (10~20%) compared with normal Glass GEM which does not have guard rings. 

・Experiments  High gas gain ~7500 was achieved. 

 High energy resolution ~17.3% was achieved. 

 Long time stability and gain uniformity were also tested. 

High count rate 6keV beam 

(236kHz/mm2) 

High gain ~4500 

The lowest relative gain ~75% 

2.2 Objective 
To develop a new GEM type detector which can alleviate damage from sparks, 

and investigate its basic characteristics. 

Top side 

ring 
Back side 

ring 

Normal 

Charge Reduction 

  9.2% (20um Ring&Gap) 

14.6% (25um Ring&Gap) 

18.1% (25um Ring&30um Gap) 

Charge Reduction 

10.2% (20um Ring&Gap) 

15.0% (25um Ring&Gap) 

18.1% (25um Ring&30um Gap) 

High gain ~7500 23.4%, 55Fe 17.3% ,6keV beam 

22.4%, 55Fe(5.9keV) 

Ar escape peak 

55Fe 

Gas gain was quite stable 

(Variation is less than 20%) 

If the hole size is smaller, 

charge reduction rate becomes higher. 

Ex) 140um hole, 30um ring & gap 

→28.9% reduction for back ring model 


