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CFD-FE Overview

• Efficient de-
randomization

• Efficient use of 
space

• Reduce end-of-
column complexity

COARSE MEM (DIGITAL)

FINE MEM (ANALOG)

PREAMP CFD

CFD
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CFD-FE Overview

• Extract 100ps accurate information

• De-randomize

• Convert to digital
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Prototype

Preamp

CFD

Filter

Vthr

Offset comp. loop

Limiting
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To TDC
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“CMOS” Differential 

Implementation
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Dynamic Offset Compensation

• Offset cancellation

• Low-pass feedback => high-pass overall transfer 

=> reduce low-frequency noise (1/f noise)

I+ ∆I

I- ∆I
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Dynamic Offset Compensation
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Coincidence discriminator

• Noise produces inherent noise switching at 
output of ZCD

• Need parallel leading-edge discriminator to 
mask noise switching

• Noise switching is not eliminated

Delay

ZC discriminator

f

OUT
IN

VTH
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ZCD w/ hysteresis

• ZCD “arms” when the bipolar signal crosses a 
certain threshold

• Switching noise is eliminated

• Additional fast block w/o offset compensation => 
may introduce some time walk
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Measurements
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Landau Correction 14ke-
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New Prototype

• LP input transistor

– Bipolarity

– Noise penalty

• Fully differential preamplifier

• Leakage current compensation
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SE Preamp I
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SE Preamp II
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Differential Preamp

2 possible grounding schemes:

a) System ground

• Local spur-noise injection

• HV separation

b) Dedicated ground

• Potential HV risk

• Better performance (speed 
and noise)

System 

ground

Dedicated 

ground

(fixed potential)
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Differential Preamp

• Under-compensated

– Still stable without detector

• Class-AB

• Low CMFB phase margin (40 - 50 deg)

• Leakage compensation slow servo-loop
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Differential Preamp
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Tail Cancellation
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Wilkinson TDC

• ~16 LSB range mismatch (p-

p)

• 4-5 bit calibration DAC

• Off-line recalibration

1:128

64 192

128 bins

(128 ± 8) bins

ideal

real
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TDC

C

4C

1:32

I1 I2

-A

Modified Wilkinson TDC:

1. S1: I1 charges C for tx
2. S2: VA potential transferred to 

4C (charge transferred to 4C 

is 4 times the charge stored 

on C)

3. S3: I2 charges 4C to the initial 

voltage

Advantages:

• Current ratio is reduced by 

the capacitor ratio

• Better matching of same 

polarity current sources

S1 S2

S3

VA
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Power Consumption

100 uW80 uATDC

0.67 mW560 uATotal

144 uW120 uACFD + Limiting Amp + ZCD

430 uW360 uAPreamp

PowerIDD


