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• Detector strips are capacitively coupled to APV.

• The capacitors can occasionally have a short circuit (pinhole).

� Can give continual (DC) current into APV, which can permanently disable APV.

� (Problem only arises if Ileak is big and several pinholes are present.)
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Charge 
sensitive 
amplifier

Source 
follower

1.25 V

2.50 V

VOUT = -VIN

VIN

VSS

Detector

Inverter
(Sensitive to 

HIPS & pinholes !!)

RINV
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Why is the inverter there ? 
– It increases APV dynamic range for silicon strip detector.

Dynamic range
+7 MIPs

APV preamp 
output

MSGC Silicon Inverted 
Silicon

Dynamic range
-2,5 MIPs
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Small resistance in power supply 
lines created feedback loop, 
leading to instability.

V125

1.25 V power 
supply

VOUT = -VIN

VIN

VSS

Detector

Once upon a time …
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Solution …
Power inverter from 2.50 V  instead (via 100Ω resistor).

This point common to all 128 inverters --
gives cross-talk effects:

1) Insensitivity to common-mode 
noise.

2) Large signal on one channel drives 
down output on other 127 channels.

2.50 V

VOUT = -VIN

VIN + VCM

VSS

RINV

VR = VCM
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2.50 V

VOUT 

VIN 

VSS

RINV 3�.22Ω

VR

� Big signal from silicon (holes) gives -ve 
pulse at VIN :

�Inverter FE T switches hard on, which 
steals current from 127 other inverters.
(APV disabled until capacitor discharges.)

�N.B. If RINV were reduced, total current
available to inverters would increase.

�Leakage current via pinhole into  APV :

�Same again, but permanent.

�Leakage current via pinhole out of APV :

�Inverter FE T switches hard off. Takes no
current, so other 127 channels still work.
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APV Dead-T ime Measurement by Charge Injection

Inject up to 
1000 MIPs on 

one or two 
channels

Spread it to several 
channels with 

‘inter-strip capacitors’

Inject 1 MIP on 
one other 
channel

Expect a HIP to deposit charge on one or two strips (based on FLUKA 
simulation). However, this charge will be spread over several APV input 
channels because of inter-strip capacitive couplings. So …
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Dead-time Measurement Technique

Inject HIP here Inject 1 MIP several hundred 
nanoseconds after HIP, and this 
is the resulting signal.

Baseline measured at same time 
as 1 MIP signal

Signal minus baseline 
(If zero, APV was dead)
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Dead-time vs. HIP energy for HIP injected on 1 or 2 channels.

N.B. Dead-time decreases if RINV reduced to 50Ω �	������4&�
�#�  ���
����#�����	
�5)#�������	���+"��5� ����������*
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Estimate APV inefficiency at CMS.

Inefficiency = � Prob(E) × [deadtime(E)/25ns] ×128 × occupancy

If HIP injected on two channels:
Inefficiency = 0.65% per percent occupancy if RINV = 100Ω


��������2*267�#�	�#�	���������#��������RINV = 50Ω !!!
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Measured dead-time versus HIP energy

FLUKA estimates of 
Prob. (HIP energy)

CMS

X5

1000 
MIPs

10
MIPs
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Observations in 
X5 Test-Beam

Typical Hip event:
• Saturated baseline, 

with large, wide cluster.
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Observations in X5 Test-Beam

Common mode
[ADC channels]

Cluster width 
[strips]

Total charge of
largest cluster
[ADC channels]

~Same as in 
Lab. Test !
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Observed HIP rate in X5 Test-Beam

• Observed HIP (= saturated baseline plus HIP signal) rate:

• 4×10-4 per detector per incident pion.

• 3×10-6 per detector per incident muon (no nuclear interactions !)

• Estimated HIP energy needed to saturate baseline 
8 – 18 MeV (based on Lab. Measurements)

or        50 MeV (from theory if APV assumed to be linear).

• FLUKA estimates prob. that pion gives HIP energy of more than 
this is (1 -- 5) ×10-4. It agrees with test-beam measurement !
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Observed APV dead-time in X5 Test-Beam
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X5 beam consisted of trains 
about 48 BX long.

Triggers occur throughout train

Probability of saturated baseline 
small at start of train as can’t be 
HIP in preceeding bunch 
crossings.

Probability saturates later in 
train. 

Measured APV deadtime ~10 BX
Agrees with Lab. result !
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APVSENSOR

Rpoly (~1.8 M�)

Rsens (100�)

V125
I_leak

DCU

Rpinhole

+0.8V

Cc

det.
bias

Vc

Common
to all strips

VSS

If Vc > 0.8 Volts, current flows into APV via pinhole (BAD).
If Vc < 0.8 Volts, current flows out of APV via pinhole (OK).

Vc will exceed 0.8 Volts in old detector with large leakage current.

Possible solution: If Rpoly and Rsens could be reduced, 
Vc would good down !
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Laboratory Measurements of Pinhole Effect

Inject 1 µ%�����#����������
�������		���������.BD�%"&�������� *
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Laboratory Measurements of Pinhole Effect
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If APV inverter switched off,
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The Hammarstrom Detector Biasing Scheme
APVSENSOR

Rpoly

Rsens

V125
I_leak

DCU

Rpinhole

+0.8V

Cc

det.
bias

Vc

Common
to all strips

VSS � Voffset

+2.5V

�Reducing high voltage reference point by Voffset.

�That reduces Vc too, so it never exceeds 0.8 Volts and APV stays alive.

�However, makes DCU sample point too negative, so need voltage divider 
to bring it back within DCU input range.
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