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MAX SAMPLING CLOCK 40 MHz
MAX READOUT CLOCK 60 MHz

16-ch signal digitizer and processor
� HCMOS7 0.25 µµµµm (ST)
� area: 64 mm2

� power:  < 20 mW / ch
� prototype delivery: Feb ‘02
� 300 samples fully tested
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ALICE TPC READOUT CHIP (ALTRO-16)
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ALTRO Test Setup
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16 channels in one shot
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1MHz SINE WAVE

400 measurements
with

1000 samples / measurement

THE ADCSHOWS ONLY
THE QUANTIZATION ERROR

Effective Number of Bits (ENOB)
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ENOB vs Frequency
Effective Number of Bits vs Input Frequency
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ADC 
NORMALIZED DISTRIBUTION

IDEAL
NORMALIZED DISTRIBUTION

DIFFERENTIAL NON LINEARITY
± 0.2 LSB INTEGRAL NON LINEARITY

± 0.5 LSB

Differential and Integral Non-Linearity
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Chip Performance
ENOB vs Analog Vcc
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ENOB vs Sampling Frequency
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Digital Power Consumption vs Sampling Frequency
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Crosstalk and Digital Noise

Fin = 1 MHz 0.05 LSB rms (-80 dBc)
Fin = 5 MHz 0.2   LSB rms (-68 dBc)
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Readout Clock below -78 dBc (WC) Bus interference below -65 dBc (WC)

CHANNEL-TO-CHANNEL CROSSTALK

Dynamic Range of a 10-bit ADC: 60 dB
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Digital leakage current 1.2 mA

ADC Clock Tree (10 MHz) 23 mA

Readout Clock Tree (40 MHz) 1.4 mA

Processing Logic during Trigger (1%) 28 mA

16 ADCs at 10 MS/s 77 mA
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Testing StrategyALTRO CHIP

ALTRO chip Testing

Functional Validation

•Fulfills all the processing functions required
•ADC performance is satisfactory

•Realistic input patterns (Montecarlo & Measurements)
•Consistent with HDL Simulations

•Performed in one chip

Physical Validation

•Toggle all possible nodes and memory cells
•Several million of test vectors

•Verify ADC performance
•Repetitive and automatic for n chips
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ALTRO CHIP Functional Validation: Register Control Panel
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ALTRO CHIP

ALTRO OUTPUT
FILTER DISABLED

ALTRO OUTPUT
FILTER ENABLED

THE TEST INPUT SIGNAL COMBINES THE 
SIGNAL MEASURED ON THE TPC PROTOTYPE
WITH THE AMPLITUTE AND ARRIVAL TIME 
DISTRIBUTIONS GENERATED BY ALIROOT 

ZERO SUPPRESSION THRESHOLD: 5 ADC COUNTS

Functional Validation: Realistic Input Pattern
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ALIROOT CLUSTERS 
+ 

BASELINE PERTURBATIONS

EVENT 1
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Simulated baseline perturbation:
• electronics temp. variation (ramp-up)
• gating grid switching (systematic)
• power supply instability
• pick-up noise

ALTRO CHIP Functional Validation: Realistic Input Pattern
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