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Outline
Architecture project

ADC: 1.5 bits
ADC: 2,5 bits

ADC testADC test
ADC parameters

Static parametersStatic parameters

Dynamic parameters

Test methodTest method
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Slow vs High speed ADC configuration
ILC – ECAL configuration
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High speed ADC industrial purpose

MEMS
Gyroscope Gyroscope 
Accelerometer 

Imaging applicationsImaging applications
Infrared Bolometer
Cryogenic Bolometer
Nanowire sensor (LOAG Lab)( )
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Pipeline ADC architecture (1)
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Pipeline ADC architecture (2)
Sampling 
phase

Hold 
phasephase phase

Vout = 2.Vin -di.Vref 
d ={ 1 0  +1}di={-1,0, +1}
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Pipeline ADC architecture (3)
ADC block:
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μ = 369.1 mV

18 7 V 2 dynamic comparators
Offset allowed: Vref/4 

8
10
12
14 σ = 18.7 mV

diffmax = 80 mV

2
4
6
8

-2
0

200
Phase (deg)

175

125

100

Gain (dB)

150

125

100

75

50

100

75

50

25

0

‐25

130.2MHz
65.5°

10/14/20097
Ecole de Microélectronique IN2P3 
Rarbi Fatah – Daniel Dzahini

25 ‐50
102 103 104 105 106 107 108 109

Frequency (MHz) 



Full 1.5 bit Pipeline ADC
DNL: < 1 LSB INL: < 4 LSB

Process matching is limiting to 10 bits
I  l i  i  1 tIncrease resolution in 1st stage

Difficult to design OTA block
Comparator offset

Bias stage

Comparator offset
Capacitor Matching 

Digital gain correctiong ta  ga  co ect o
Dynamic Element Matching
Still under study Digital 

ti

1.5 bit 
stage

10/14/20098

correction stage
Ecole de Microélectronique IN2P3 
Rarbi Fatah – Daniel Dzahini



Pipeline ADC with Multi-bit first stage (1) 
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Multi-bit 1st stage: 2.5 bit
MDAC ith  i  f 4 MDAC with a gain of 4 

Back-end composed by 6*1.5 bit stage and a 3 bit flash ADC
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Pipeline ADC with Multi-bit first stage (2) 

Multi-bit 1st stage: 2.5 bit => 1st prototype

1.5 bit stage 3 bit flashBias stage1.5 bit stage 3 bit flashBias stage
Capacitor 
M hi   

Linearity 
Matching more 
critical on 2.5 
bit t

Digital correction 2.5 bit stageDigital correction 2.5 bit stage

about ±8 LSBbit stage

Digital correction 2.5 bit stageDigital correction 2.5 bit stage

SFDR=47dB
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Pipeline ADC with Multi-bit first stage (3) 
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Pipeline ADC with Multi-bit first stage (4) 

SFDR=63dB SFDR=83dB

Dynamic Element Matching: MATLAB simulationy g
Distortion => Noise
SFDR is increasedSFDR is increased

Improve linearity Submitted on 
September 09
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ADC test: Configuration
Test configuration

Logic 
clk_out

clk_in
Clock 

Generator

DUT

Logic 
Analyzer

12

Sync. clock 
Generator

Labview
MatlabFilter10MHz Serial link

Input Signal  
waveform

DAC
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ADC test: parameters (1)
Static parameters

Differential Non Linearity (DNL)Differential Non Linearity (DNL)
Integral Non Linearity (INL)
NoiseNoise

Noise-Free Transfer Curve

Probable Output Transfer Curve

Code Edge Locations

Input Noise
Probability Density

DC input
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ADC test: parameters (2)
Dynamic parameters

Noise floor => SNR 6 02
1.76-SINAD

Noise floor => SNR
SINAD => ENOB
SFDR > Li i  ︶

M

︵log10SNR ∗+

6.02

SFDR => Linearity 
…

︶2︵

log10SNR 10∗+

SFDR
Noise floor = 73dB
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Test Method (1): Full 1.5 bit stage ADC
Tools: Labview + MATLAB

R  i t i lRamp input signal
DC parameter extraction (Labview)

Step size = LSB

> 100 points by step

INL  fi  f h   f  f i  INL: fit of the output transfer function 

Sine wave input signal
Static parameters => Histogram (statistical results) (MATLAB 
script)
Coherent sampling (excel script: MAXIM IC)
Dynamic parameters => FFT
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Test Method (2) : Full 1.5 bit stage ADC
Tools: MATLAB

Sine wave input signalp g
Static parameters => Histogram 
(statistical results) (MATLAB script)(statistical results) (MATLAB script)

no missing code

< 1 LSB INL: < 4 LSB< 1 LSB INL: < 4 LSB
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Test Method (3) : Full 1.5 bit stage ADC
Tools: MATLAB

Si   i t i lSine wave input signal
Coherent sampling (excel script: MAXIM IC)
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Example:

MHzf s 25= MHzf in 1=
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142=totN SFDR= 61 dB

657=windN

MHzf in 062500025024414.1=
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Conclusions (1)
Pipeline ADC 25MHz - < 40mW

2 versions: 1.5 bit stages, multi-bit first stageg g

Figure of Merit (FoM)  ADC with full 1.5 bit stage

ddENOB V
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⋅

=
2 sf2
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Conclusions (2)
ADC Test 

Parameters
Methods

Testing results reliability Testing results reliability 

Depend very oftenDepend very often
on SETUP & METHOD used
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