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Switchable feedback capacitance
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Input Buffer
Frequency Response
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Corner Freq: 50.00 MHz, Measured: 34.03 MHz
Corner Freq:  4.90 MHz, Measured:  4.35 MHz
Corner Freq:  2.45 MHz, Measured:  2.30 MHz
Corner Freq:  1.63 MHz, Measured:  1.58 MHz
Corner Freq:  1.22 MHz, Measured:  1.18 MHz
Corner Freq:  0.98 MHz, Measured:  0.96 MHz
Corner Freq:  0.82 MHz, Measured:  0.80 MHz
Corner Freq:  0.70 MHz, Measured:  0.69 MHz

Input Buffer Frequency Response, Rin =  50 kOhm
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Corner Freq: 50.00 MHz, Measured: 43.97 MHz
Corner Freq:  8.16 MHz, Measured:  6.63 MHz
Corner Freq:  4.08 MHz, Measured:  3.52 MHz
Corner Freq:  2.72 MHz, Measured:  2.43 MHz
Corner Freq:  2.04 MHz, Measured:  1.82 MHz
Corner Freq:  1.63 MHz, Measured:  1.48 MHz
Corner Freq:  1.36 MHz, Measured:  1.24 MHz
Corner Freq:  1.17 MHz, Measured:  1.07 MHz

Input Buffer Frequency Response, Rin =  30 kOhm
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Corner Frequencies vs. Design Values
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Input Buffer
Input Buffer Noise
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Noise

Feedback Resistor: 30 kOhm

Feedback Resistor: 50 kOhm

Input Buffer Noise

Fit function: Ūn =
√
Ū2
P + b · ρ2

n

50 kΩ:

ŪP = 637.6(7) µV

ρn = 81.14(257) nV/
√
Hz

30 kΩ:

ŪP = 636.0(7) µV

ρn = 66.25(209) nV/
√
Hz

Terminated probe:
621 µV

Holger Flemming Characterisation of the HitDetection Analogue Front End
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Input Buffer
Dynamic Range
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Input Buffer Dynamic Range
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Input Buffer Non-Linearity

Measured with 50 kHz sine signal

Dynamic range > ±1 V

Linearity < 1 % in the range from 0.1 V to 1 V

Holger Flemming Characterisation of the HitDetection Analogue Front End
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Trigger Unit
Leading Edge Discriminator Mode

222 223 224 225 226 227 228 229
Threshold DAC Value [1]

1600

1800

2000

2200

2400

2600

2800

3000

3200

3400

T
rig

ge
r 

M
ea

n 
V

ol
ta

ge
 [m

V
]

Threshold Scan -955 mV
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Threshold Scan -759 mV
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Threshold Scan -562 mV
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Threshold Scan -363 mV
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Threshold Scan -164 mV
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Threshold Scan  36 mV
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Threshold Scan 238 mV
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Threshold Scan 529 mV
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Threshold Scan 729 mV
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Threshold Scan 922 mV

Holger Flemming Characterisation of the HitDetection Analogue Front End
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Trigger Unit
Leading Edge Discriminator Mode
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Offset : 516.25 +/- 0.02 

Slope: 308.0098 +/- 0.0665 1/V

Trigger Threshold vs Input Voltage

1− 0.5− 0 0.5 1
Input Voltage [V]

0.4

0.6

0.8

1

1.2

T
rig

ge
r 

P
re

ci
si

on
 in

 D
A

C
 V

al
ue

 [1
]

Trigger Precision vs Input Voltage

Holger Flemming Characterisation of the HitDetection Analogue Front End
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Leading Edge Discriminator Mode
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Trigger Threshold vs Input Voltage
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Trigger Precision vs Input Voltage

DAC-Slope:
3.2466(7) mV

M = 200, High Gain
Mode (×16)
α = 0.158 MeV mV−1

1 DAC-Step =̂ 0.51 MeV

Holger Flemming Characterisation of the HitDetection Analogue Front End
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Leading Edge Discriminator Mode
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Trigger Unit
Differential / Switched Capacitor Mode
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Storing input voltage in C1

Storing threshold voltage in C2

Φ2

Switching C1 into feedback
Transferring charge from
C2 to C1

Output voltage:
Uin − C2/C1Uthres

Used as comparator threshold

Leading edge of Φ1

Taking comparator decision
Uin(t) > Uin(t−∆t)− C2

C1
UThres

⇒ ∆Uin

∆t < C2

C1
UThres

Holger Flemming Characterisation of the HitDetection Analogue Front End
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Trigger Unit
Differential / Switched Capacitor Mode

Test of Sample and Hold Stage
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Threshold DAC:    0
Threshold DAC:  128
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Threshold DAC:  640
Threshold DAC:  768
Threshold DAC:  896
Threshold DAC: 1024

Sample and Hold Output Voltage vs Input Voltage
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Offset : -792.78 +/- 0.61 mV
Slope: 1.620 +/- 0.001 mV

Linear Offset vs DAC Value
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Linear Slope vs DAC Value

DAC dependency in comparison to DAC slope:

3.2466(7) mV/1.620(1) mV = 2.004(1)

Design Value: 2

Sample and hold gain < 1

Holger Flemming Characterisation of the HitDetection Analogue Front End
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Trigger Unit
Differential / Switched Capacitor Mode
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Threshold Scan -1007 mV
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Threshold Scan -809 mV
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Threshold Scan -610 mV
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Threshold Scan -413 mV
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Threshold Scan -214 mV
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Threshold Scan -12 mV
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Threshold Scan 188 mV
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Threshold Scan 386 mV
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Threshold Scan 583 mV
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Threshold Scan 780 mV
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Threshold Scan 976 mV

Holger Flemming Characterisation of the HitDetection Analogue Front End
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Trigger Unit
Differential / Switched Capacitor Mode
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Trigger Threshold vs Input Voltage
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Trigger Precision vs Input Voltage
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Trigger Precision vs Input Voltage

Suppression of
proportional Trigger
contribution ≈ 6

S&H-Gain < 1
DC dependent
comparator offset

Trigger Noise:

Measured in DAC
counts, DAC voltage
divided by 2!
V (t) compared with
V (t + ∆t) ⇒ input
voltage noise ×

√
2

Holger Flemming Characterisation of the HitDetection Analogue Front End
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Trigger Unit
Differential / Switched Capacitor Mode

Determining Input Signal Slope Dependency of Trigger

t

UIn

Zone for
Baseline

Threshold Scan

Zone for
Ramp

Threshold Scan
fixed

amplitude

variable risetime

Measurement was done
Linear threshold distance dependency on slope observed
Slope was not consistent to used clock cycle ⇒ Has to be
checked!

Holger Flemming Characterisation of the HitDetection Analogue Front End
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Input buffer works fine

Trigger in leading edge discriminator mode works fine

Trigger in switched capacitor mode works

Proportional suppression not as expected
Larger trigger noise (by principle)
Parameter characterisation has to be checked

In case of low frequency noise / pick-up switched capacitor
mode can be helpful otherwise LED mode with better noise
performance

Submission of 16 channel prototype on December 14th

Holger Flemming Characterisation of the HitDetection Analogue Front End
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