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Digitizer for CALICE
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Why a high speed ADC?y g p
Multiplex 36 to 1 ADC
High speed converter:

Read all channels faster
More “IDLE mode” time => Saving power
digital noise source from one ADCg
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Pipeline ADCp
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Measurement Test of ADC Pipelinep
- Power supply could be reduced 

=> Extra Power Saved=> Extra Power Saved

- Wide noise margin
2V

< 1 LSB< 1 LSBno missing code
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INL from ADC Model with and without gain error
versus testing resultsversus testing results

INL model without gain error This shape corresponds to:INL model without gain error This shape corresponds to:    
Capacitance matching      
Parasitic capacitances
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Power pulsing: 
t t d i t f i >16 t 20

4500output codes

output codes point of view=>16 to 20µs
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Power Pulsing reliability g y

B i ltBasic results
of the day

After 20 power cycling

After 40 power cycling
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New prototype p yp

More logic for DEM
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More logic for DEM
Should work @25-30MHz
Power => < 40mW

DAC

2.5 bits

MDAC
DEM DAC

2.5 bits

MDAC
DEM DAC

2.5 bits

MDAC
DEM DAC

2.5 bits

MDAC
DEM

Back-end ADCFront-end stage Back-end ADCFront-end stage

stage 1

2,5 bits

stage 2

1,5 bits

stage 10

1,5 bits

FLASH

3 bits
…Vin stage 1

2,5 bits

stage 2

1,5 bits

stage 10

1,5 bits

FLASH…Vin

data delay + digital correctiondata delay + digital correction

09/09/2008 Fatah Rarbi - Daniel Dzahini -
CALICE Collaboration Meeting

10

12 bits12 bits



MDAC 2.5 bits

ArchitectureArchitecture

Sampling phase Hold phase

V = 4 x V 3 x µV [ 1 0 1] d d b ADC t t
09/09/2008 Fatah Rarbi - Daniel Dzahini -

CALICE Collaboration Meeting
11

Vs = 4 x Vin – 3 x µVref , µ=[-1, 0, +1] depends on sub-ADC output



Dynamic Element Matchingy g

Butterfly architectureButterfly architecture
0 SFDR SFDR

From 
sub-ADC To sub-DACsub-ADC

DAC error is not deterministic
Converts distortion into white noise with 
a DC component
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a DC component



MDAC 2b5: Linearity y
First stage of the ADC
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Prototype: July 08 (4mm2 or .9*1.9 mm² (core))
3 bit Flash ADC2.5 bit stage Bias stage 

(P-P)

09/09/2008 Fatah Rarbi - Daniel Dzahini -
CALICE Collaboration Meeting

14Digital correction1.5 bit stage



Analog MUX 36 to 1g

Architecture:Architecture: 
Flip-Flop
P d diff ti l i tPseudo differential input

Power dissipationp
Linearity
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Architecture

Flip-FlopFlip Flop

Write mode Read mode
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Write mode Read mode 



MUX Accuracy
Wh i t 1V

y
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Linearityy
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Total Power consumptionp

MMMM

Memory depth= 5 # of channel = 36
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TT (Total Time conversion) = 40ns x 36 x 5

PMUX<10mW Tc=40ns/code

PADC=37mW
= 7.2µs

ADC Power Consumption per chip = (Ptot x TT)/200ms
= 1.6µW 45nW/channel
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Conclusion
Pipeline ADC: 12 bits

V 3 3VVdd = 3.3V
Dynamic range: 2V
Sampling rate: 25MS/s
Power dissipation: 37mWPower dissipation: 37mW
FOM: 1.48mW/MHz

Analog MUX 36 to 1
P d diff ti l i tPseudo differential input
Dynamic range : 2V
Power dissipation: <10mW

T l P 45 W/Ch l if 36 h l 1Total Power= 45nW/Channel if 36 channels to 1 
ADC
Next stepsNext steps 

Test of this prototype
Power Supply reduction to 2.5V 1V dynamic
Gain error Correction Extra power reduction
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Gain error Correction Extra power reduction
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