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Passive Voltage Divider:

e Benchmark system
e 1 yAat GEM — 10 V drop

e Current between GEMs parallel to
resistor chain

= Potentials change under high rate

= Effect on gain, efficiency, etc.
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Passive Voltage Divider:

e Compass-like

[C. Altunbas et al., “Construction, test and commissioning of the
triple-gem tracking detector for compass”]

e 10x10 cm? GEMs

e Ar/CO, 70/30

e Mini-X + optional copper attenuator
e Picoamperemeters
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PVD — Drop in Voltage & Gain:
PVD Readout Currents w/o Attenuator
Fe-55 equivalent rate / MHz
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PVD Voltage Drop Simulation w/o Attenuator
Fe-55 equivalent rate / MHz
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Mini-X

PVD - Voltage Simulation ey
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Stabilized Voltage Divider: 20V s
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Stabilized Voltage Divider:
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J. Krauss — Stabilized Voltage Divider

Current Limiter
e Low Resistance under

Normal Operation
e Limits max Current
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o N-charmel U+ 1.5V > U S D
Current limiter: depletion mode - R
as a switch Ug*+18v<Us S~ D
S D No Charges landing on Detector:
Supply T [ | Detector UG _ Us = conducting
—
G
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Current limiter:

N-channel U, + 1.5V > Ug S D

depletion mode

as a switch Ug+18V<Ugy S~ D

Supply T

Supply T

2 D Detect
l * I etecilor
l,_
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[ w [ etector
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J. Krauss — Stabilized Voltage Divider

[ S—

No Charges landing on Detector:
U, = Ug = conducting

Negative Charges landing on Detector:
Us > Ug = conducting
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o N-charmel U+ 1.5V > U S D
Current limiter: depletion mode - R
as a switch Ug*+18v<Us S~ D
S D No Charges landing on Detector:
Supply l * | Detector UG _ Us = conducting
—
G
S D Negative Charges landing on Detector:
Supply T \b [ Detector UG > Us = conducting
| —
G
S D Positive Charges landing on Detector:
Supply | 3 [ Pe" | U, <U, = not conducting
—
G

R=100kQ-> 1, =15 pA
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Current limiter:
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Positive charges interrupt supply

Discharge in a GEM:
e Same behavior as resistors
o U

e U, stays the same

TOIOis pulled to Ug

= no change in the field below

J. Krauss — Stabilized Voltage Divider
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PVD vs. SVD — RO Currents

RO Currents w/ Attenuator
Fe-55 equivalent rate / MHz
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PVD Readout Currents w/o Attenuator
Fe-55 equivalent rate / MHz
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SVD — Current Limiter in Action

SVD Currents w/o Attenuator
Fe-55 equivalent rate f MHz
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SVD Voltage Drop w/o Attenuator
Fe-55 equivalent rate f MHz
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What happens after a discharge?
e Does the transistor switch fast enough to avoid pulling U, , to UTOp?
e \What is the effect on secondary discharge rate?

e Are all potentials after a discharge safe?

o Use TVS-Diodes to fix maximum potential differences

Next up: Outlook:
e Single GEM setup e Beam tests
o Alpha induced discharges e AMBER

o Live monitoring of potentials

J. Krauss — Stabilized Voltage Divider 13/14



Conclusion
_:_ g . .
I The Stabilized Voltage divider has two components: 1
It —F L
: H—— e Active Voltage Divider replace resistor chain i
I : o  Not effected by parallel currents through detector — I L
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Detector Setup:

J. Krauss — Stabilized Voltage Divider

Pad plane

Amplification stage Insulating plate

Drift foil

Gas inlet

' Polyimide window

HYV throughputs
Gas outlet

Signal out
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SVD vs. PVD - Voltage Drop

PVD Voltaae Drop Simulation w/o Attenuator
Fe-55 equivalent rate / MHz

SVD Voltaae Drop w/o Attenuator

Fe-55 equivalent rate f MHz
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SVD - Voltage drop w/o attenuator

U — Uunioaded | V

SVD Voltage Drop w/o Attenuator
Fe-55 equivalent rate (preliminary) / MHz
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PVD - Currents

PVD Currents w/ Attenuator
Fe-55 equivalent rate (preliminary) / MHz
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PVD - Voltage Drop
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PVD Voltage Drop Simulation w/ Attenuator
Fe-55 equivalent rate / MHz
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Rough estimate of
Currents in AMBER

Currents matter, not rates!

~1.7 MHz Muon Rate
on inner 5x5 cm?

~as one Segments

~10 primary electrons in 3mm
~Gain 10*

l.o= 30 nA

I in DA

100 A

80 1

60

40 1

20 A

Measurement @3950 V input voltage, with one absorber

| % swb

¥ PVD

Highly Preliminary

6

7 8
S5Fe-rate (equivalent) in MHz



V1 4k

+

R1 10MEG R12 10MEG

R2310G

R13 998k

R24 10G

—T—

R15 550k

¥ R25 10G L
3 I 3
(o)) e (o))
[T} [(e]
€ R1010MEG 2
R26 10G
N . s
3 R 3
wn o w
ha =
e N

’ R2710G @ _949 58mV x
2 el ly 3 3
()] o ® (o]
& @

R11 10MEG R22 10MEG @

R28 10G

—T—

GEM3T
19 442k

—l

V2 4k

27



