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Outline 

• Evolution of MM resistive layer layouts 

• Resistance uniformity measurements of 
different layouts 

• Simulation results on new layout 

• Preliminary measurements of performances as 
a function of position for different resistive 
layouts 
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R17 resistive strips layout 
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- Paste spread deposition 
  (photolithography process) 
- Strip pitch: 250 µm 
- Resistive paste: 1MΩ/□  

LAYOUT 0 

1 cm 



R17 resistive strips layout 
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60 MΩ 
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200 MΩ 

400 MΩ 

- Paste spread deposition 
  (photolithography process) 
- Strip pitch: 250 µm 
- Resistive paste: 1MΩ/□  

LAYOUT 0 

1 cm 



First screen printing approach 
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- Paste screen printing deposition 
- Strip pitch: 400 µm 
- Resistive paste: 100kΩ/□  

- Screen printing : simplification of 
construction process 
- Interconnections:   

- reduce   increasing of 
resistance in function of 
the distance. 

- Reduce problem of 
“interrupted lines” 

  1 cm 

LAYOUT 1 (first attempt) 



Resistance uniformity mapping 
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Measured resistance of different printed 
samples  samples on different strips   
 
Typical uniformity curves 
 

distance from common connection (cm) 

- Central region: quite flat behaviour 
- Beginning and end part: still to be 
improved 

 

LAYOUT 1 (first attempt) 
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Zebra resistive strips layout 
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First line 
disconnected: 
 400 MΩ 

- Paste screen printing deposition 
- Strip pitch: 400 µm 
- Resistive paste: 100kΩ/□  
- Active area starting after 2.5 cm 

from common connection 

LAYOUT 1 (improved) 
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Zebra resistive strips layout 
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First line 
disconnected: 
 400 MΩ 

- Paste screen printing deposition 
- Strip pitch: 400 µm 
- Resistive paste: 100kΩ/□  
- Active area starting after 2.5 cm 

from common connection 

LAYOUT 1 (improved) 



Resistance uniformity mapping 
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- First part improved; active area starts 
after 2.5 cm from common connections; 
- Central region: quite flat  
- End part: still to be improved 

 

distance from common connection (cm) 

LAYOUT 1 (improved) Measured resistance of different printed 
samples  samples on different strips   
 
Typical uniformity curves 
 

- Two 10*10 cm^2 chambers (zebra 1,2) produced last month and under test 
- Layout chosen for the 2*1 m^2 ATLAS MM prototype (in construction) 



Measurements on ATLAS Big chamber       
resistive  screen printing prototype 
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- Not big variations in resistance values seen with respect to the central point, even if 1m 
long, a part from the last 2 cm (improved for next printing try) 

- Small disuniformity seen between 70-80 cm, probable due to sceen printing faults 



Further improvements: 
 

• Next step: improve resistance uniformity at 
the end of the chamber  

• Pspice simulation reproduce measured values 
and allows to foresee results on new layouts  

• In production two 10*10 cm^2 chambers with 
improved layout (very flat with pspice results)  
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layout0 

layout1 

layout2 

Pspice simulations 

Layout 2 has also been improved changing the distances of connections at the beginning and at the end  Layout2_best 
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Simulation results compatible with 
measured values and trends 

Pspice simulations R uniformity results 

layout0 
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Simulation results 
compatible with 
measured values and 
trends 

Pspice simulations R uniformity results 

layout0 

Layout1 
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Simulation results 
compatible with 
measured values and 
trends 

Pspice simulations R uniformity results 

layout0 

Layout1 

layout2 



16 

Simulation results 
compatible with 
measured values and 
trends 

Pspice simulations R uniformity results 

layout0 

Layout1 

layout2 

Layout2 
Optimized at the 
beginning and end 



Next step 
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Waiting for results. 
Chamber in  production 

New layout foreseen to be very flat by the simulation. 
Distance between interconnections follows the inverse function of measured 
values with layout1 
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Results from simulation 
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New layout 
Much better 
uniformity “flat 
behaviour” 



Is the rate dependent on resistive 
uniformity? 

- Measured with X rays the response of two MM with resistive layout 0 
(R17b) and layout 2 with interconnections (Zebra2) 

- Compared the chamber response as a function of three positions:  
- begin (near resistive strips interconnections),  
- middle point 
- end (far from interconnections)  
 

 
- X ray 14 KV + collimator 0.6mm @ 2 cm  
- Measured current from HV  generator (1 nA res) 
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begin middle end 
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Estimated rate on irradiated spot @ I_xray=0.5 mA = 5MHz/cm^2 
Beam spot ~ 1cm^2 

High rate X ray measurements  

~ 1 MHz/cm^2 ~ 40 MHz/cm^2 
~ 1 MHz/cm^2 ~ 40 MHz/cm^2 

Very preliminary measurements, 
At first look, Zebra seems better because much uniform (middle, end points behave the same) 
Still to improve the beginning part in order to have constant response  



Conclusions 

• We have studies a new layout for resistive layer in 
order to have a much better uniformity 

• Two chambers with this layout in production 

• Tests on performances of chambers with different 
resistive layout for high rate to be done also on new 
chambers 
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Backup 
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X ray measurements (1) 

24 

Cu filter (0.1 mm) applied in order to reduce the rate. 
Beam spot: ~ 1cm^2  
Estimated rate on irradiated spot (MHz/cm^2): I_Xray * 0.65  

~ 0.65 MHz/cm^2 ~ 2.6 MHz/cm^2 
~ 0.65 MHz/cm^2 ~ 2.6 MHz/cm^2 



Not visible effects from 
0.5 cm from the border 

On the border seems to 
be  better uniformity 
with fake strips 
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Pspice simulations, border effects 



Uniformity from simulation 
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