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I. Ground noise: the problem

l Ground noise “Vgn”: voltage variation between preamp local gnd and:
§ Signal source ground (PMT) Vgndp: 12 m cable !
§ PCB gnd Vgndi: currents flowing through gnd

l LF noise is rejected by integration and pedestal subtraction

voltage variation between preamp local gnd and:
: 12 m cable !

: currents flowing through gnd

LF noise is rejected by integration and pedestal subtraction



I. Ground noise: the problem

l HF noise may be relevant:
§ For Vgndp

§ A priori no effect as PMT is “floating current source”, at HF parasitic capas…

§ For Vgndi
§ Cable seen as its characteristic impedance Zo at HF
§ Vgndi=1 mV -> Ii≈10 uA -> 20 - 30 ADC counts

A priori no effect as PMT is “floating current source”, at HF parasitic capas…

Cable seen as its characteristic impedance Zo at HF
30 ADC counts
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I. Ground noise: pseudo-differential input (as in PS and SPD chips)

l Pseudo-differential input attenuates ground (and CM) noise in FE:
§ Mitigates Vgndi (connducted) noise (attenuation depends on matching
§ Symmetrical chip/PCB layout also mitigates capacitive coupling (xtalk, pick

l Drawback: uncorrelated HF noise x √2
§ Predictable and stable effect

l Current mode preamplifier makes easier pseudo differential input:
§ Current: 2 pads per channel
§ Voltage (external component): 6 pads per channel

differential input (as in PS and SPD chips)

differential input attenuates ground (and CM) noise in FE:
(connducted) noise (attenuation depends on matching

Symmetrical chip/PCB layout also mitigates capacitive coupling (xtalk, pick-up)
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Current mode preamplifier makes easier pseudo differential input:

Voltage (external component): 6 pads per channel



I. Ground noise: gnd pin per channel

l Separated ground pin per ch:
§ Vgndi should be small because almost no current flows thru this line
§ Used in similar chip at D0 experiment
§ Uncorrelated noise is not increased

l Drawbacks:
§ Conducted noise is still possible:

§ Current thru gnd pin not always negligible
§ Gnd pin and chip ground connected by parasitic devices…

§ Capacitive noise (pick-up, crostalk…) present: different impedance
l Side advantage: compensation of input impedance process variation

I. Ground noise: gnd pin per channel

should be small because almost no current flows thru this line

Current thru gnd pin not always negligible
Gnd pin and chip ground connected by parasitic devices…

up, crostalk…) present: different impedance
compensation of input impedance process variation



II. Effect of process variations

l Input impedance is the key point
l Two types of parameter variation simulated

§ Mismatch between closely placed devices (local variation component to component)
§ No problem: 1 % level

§ Process variation (lot to lot):
§ Problem: 10-30 % level !! (uniform distribution)

§ Pessimistic: experience tell that usually production parameters are close to the typical mean values

l In principle process variation affects whole production (1 run)
§ Could be compensated with an external resistor in series / parallel with the input

l Variation wafer-to-wafer or among distant chips in the same wafer:
§ Can not be simulated
§ Higher than mismatch and lower than process variation
§ According to previous experience: 2

l Should we foresee a way to compensate it?
§ Group (2-3) chips and:

§ Different pcb (2 – 3 different external resistor values
§ Tune a circuit parameter

§ Automatic tunning 

Two types of parameter variation simulated
Mismatch between closely placed devices (local variation component to component)

30 % level !! (uniform distribution)
Pessimistic: experience tell that usually production parameters are close to the typical mean values

In principle process variation affects whole production (1 run)
Could be compensated with an external resistor in series / parallel with the input

wafer or among distant chips in the same wafer:

Higher than mismatch and lower than process variation
According to previous experience: 2-3 % sigma: BUT NO WARRANTY

Should we foresee a way to compensate it?

3 different external resistor values



II. Effect of process variations

l Input impedance controllable by:
§ Tune feedback resistor Rf

§ Difficult: small value (Ron switch)
§ Tune second feedback current

§ Binary weighted ladder (3 bits?): simple

l How control current ladder control?
§ Group ASICs a fix the value, set by:

§ External jumper
§ Slow control: dig interface required

§ Automatic tunning
§ Reference voltage

§ Reference currents: external or band gap
§ External resistor

§ Wilkinson or SAR ADC style logic

Input impedance controllable by:

Binary weighted ladder (3 bits?): simple

How control current ladder control?
Group ASICs a fix the value, set by:

Reference currents: external or band gap Current 
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III. Supply voltages

l At least 2 supply voltage and 1 reference (aprox. values):

§ Vcc=3 V, gnd=0 V and Vee=-1.5 V
§ “Classical” distribution
§ Problem if slow control digital interface needed: 

§ Lowest supply voltage of external logic is gnd

§ Vcc=4.5 V, Vref=1.5 V and gnd=0 V 
§ Easier logic interface

§ Only Vcc level shifter needed, but gnd reference is the same

§ Higher return current through gnd
§ Anyway all virtual (or AC) grounds (as Vref) are equally important

At least 2 supply voltage and 1 reference (aprox. values):

Problem if slow control digital interface needed: 
Lowest supply voltage of external logic is gnd

Vcc=4.5 V, Vref=1.5 V and gnd=0 V 

Only Vcc level shifter needed, but gnd reference is the same

Higher return current through gnd
Anyway all virtual (or AC) grounds (as Vref) are equally important



IV. Technology

l SiGe BiCMOS is preferred:
§ SiGe HBTs have higher gm/Ibias than MOS: less noise, less Zi variation
§ SiGe HBTs have higher ft (>50 GHz): easier to design high GBW amplifiers

l Several technologies available:
§ IBM
§ IHP
§ AMS BiCMOS 0.35 um

l AMS is preferred
§ Factor 2 or 3 cheaper
§ Too deep submicron CMOS not required / not wanted:

§ Samller supply voltage
§ Worst matching

§ Radiation hardness seems to be high enough (to be checked)

HBT ft

CMOS

Cost
[€ /mm2

SiGe HBTs have higher gm/Ibias than MOS: less noise, less Zi variation
SiGe HBTs have higher ft (>50 GHz): easier to design high GBW amplifiers

Too deep submicron CMOS not required / not wanted:

Radiation hardness seems to be high enough (to be checked)

IBM IHP AMS

60 GHz 190 GHz
> 100 
GHz

0.13 um 0.13 um 0.35 um
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V. Radiation tolerance

l Requirements:
§ Dose in 5 years (TID): 10-20 krad/s 
§ Neutron fluence? 

l AMS SiGe BiCMOS 0.35 um should be ok:
§ Omega studies about ILC calorimeters…
§ CNM studies…

l Radiation tolerance should be taken into account at design:
§ Cumulative effects:

§ Use feedback (global or “local”: emitter degeneration): minimal impact of beta 
degradation.

§ Not rely on absolute value of components, use ratios but:
§ Effect on current mirrors?

§ Transient events:
§ Guard rings for CMOS and substrate contacts: avoid SEL.
§ Majority triple voting: SEU hardened logic (if any) .

20 krad/s 

AMS SiGe BiCMOS 0.35 um should be ok:
Omega studies about ILC calorimeters…

Radiation tolerance should be taken into account at design:

Use feedback (global or “local”: emitter degeneration): minimal impact of beta 

Not rely on absolute value of components, use ratios but:

Guard rings for CMOS and substrate contacts: avoid SEL.
Majority triple voting: SEU hardened logic (if any) .



VI. On-chip clipping

l Baseline for ASIC solution is to keep clipping at PM base
l Anyway, study possible implementation of clipping:

§ Additional security margin in case of higher pick
§ Low priority

l Semi-Gaussian shaping:
§ Large GBW requirements
§ But designs in this techno achieve 5 GHz (fully differential opamp) 

l Integrated delay line:
§ Analog

§ Analog delay lines are implemented as “all
radar, adaptative filters..

§ Not clear if it is possible to build a 25 ns and 12 bits delay line…
§ Digital

§ In theory it could be based on switched capacitor circuit (analogue memory)
§ Main problem is real time read out in 1

Baseline for ASIC solution is to keep clipping at PM base
Anyway, study possible implementation of clipping:

Additional security margin in case of higher pick-up or PM ageing 

But designs in this techno achieve 5 GHz (fully differential opamp) 

Analog delay lines are implemented as “all-pass filter”: ultrasound imaging, 

Not clear if it is possible to build a 25 ns and 12 bits delay line…

In theory it could be based on switched capacitor circuit (analogue memory)
Main problem is real time read out in 1-2 ns


