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Integrating ADC
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Pipeline ADC (Subranging ADC)
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The Origins of Pipeline ADCs

1- The Flash ADC

Vref Vin

;

261

B

Encoder

Digital
OQutput

-

Each comparator has its own
threshold voltage, spaced by
1 LSB,

The input is fed to all the
comparators in parallel,

The output of the
comparators is in
‘thermometer” format,

An encoder is used to
convert to binary format.




—f#E % Subranging ADC
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More on Sub-Ranging

First Stage

3bits +

Second Stage

3bits

Very High Speed

1 Conversion/Clock

172 Clock Latency

Higher Resolution with Less

Hardware: 2 X 3bit = 14 Comp.
6bit = 63 Comp.

Lower Power Dissipation

Smaller Input Capacitance

Can be Interleaved

Requires High Precision Interstage
Processing

Hardware Still Increases Exponentially
within Each Flash




3- The Pipeline ADC

Basic Architecture

0 9

; Analog | Analog

VIF—1  Stage ™ Stage
MSB

The principle of sub-ranging ADC can be pushed to the limit of having only

one bit per stage,

At this point, each flash ADC is nothing more than a simple comparator,
Also, the data is transferred in a pipeline fashion: when the data is sent to

¢

Analog
Stage

¢
Analog
Stage

_

LSB

the second stage, another sampled data is fed to the first stage,
The result is a latency delay equal to the number of stages.




Basic Block Architecture

Implemented by a single programmable amplifier

Residue
(to next stage)

Analog input
(from previous
stage)

1 bit A/D

(Comparators)

Digital Out

The analog stage is formed of a 2 bits flash ADC, a 2 bits DAC
and a adder/gain stage. The output is called the residue and is
sent to the next stage.




Functionality of the Basic Block

A
Residue

bl
e

Clock

Residue

1 bit D/A

1

Digital Out

Stage(n) = 2(Stage(n —1) + K, ) if Stage(n -1)< 7V,

Stage(n) = 2(Stage(n —1) -V, ) if Stage(n —1) >V,




Example
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Effect of a Threshold Error

What if we have an error on a comparator in the second stage?

First Stage Second Stage Third Stage Fourth Stage
o A > bt -
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Residue Plot with Redundancy
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Example of Digital Correction
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Error Correction with Threshold
Error on the Second Stage
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Successive-approximation ADC
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F B ABSAR-ADC
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Sigma-Delta (2-4) ADC
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1f5 Nyquist
Operation
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Flash ADC

VrRer Vi,
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Preamplifiers
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Quantization as a Collection of Zero Crossings



Interpolation ADC

Vi
0

vwy

Latch

AAA

Latch

Latch

Latch

Latch

Latch

Latch

Intermediate zero-crossings are recovered by interpolation



Interpolation Nonlinearity

1w

Vp/4+V*3/4

Val2+Vg/2

Vg*3/4+V /4

I

m  Nonlinear of preamps cause errors in the interpolation zero-crossings, which
directly translates into DNL and INL

m  Many other resistive mesh network and methods investigated to avoid the
interpolation errors

m Capacitive interpolation

m  Current interpolation
- BT T preampsBUEE, {BlatchesBIZEARR;
- BOTERABRSRE, GFITEESEMATR
« EtFalsh ADCEBHRIFRIEFRR-TIFERIER



Inefficiency of Flash ADC
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21
comparators

Only comparators in the vicinity of V;, are active at a time — low efficiency.
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Segment indicator (M bits)

Vi

Segmented Quantization

Analog pre-processing
divides V;, into 2M
uniformly-spaced

segments.

Fine quantization

=< (N-M) bits
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Signal Folding
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Segment indicator (log,(F) bits)

T

T

Vi

» Analog pre-processing

— folding amplifier

 Folding factor (F) is

equal to the number of
folded segments.

Ine quantization
N-log,(F) bits



Folding ADC Architecture
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fs Processor
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ADC |’
I . Qut
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i ne
Fine )

ADC ’

fs fs

» The fine ADC performs amplitude quantization on the folded signal.

« The coarse ADC differentiates which segment V,, resides in.



Folding ADC Example: 6-bit

Example:
A Vo 6 bits, Fp =8

V coarse ADC
(7 comparators)
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P R ——— ¥

m !' : y N

7 rP yl' .4 /: ' ' fine ADC

- 7~ ' ' n g 8 v

:/;: l .o A R E T T E ;." : : 3 bl[s LSB
oot | | > ' ~ ) =
S | foafeccsccnannnas X : : : (7 comparators)

« Coarse ADC determines segment, fine ADC determines level within segment



Folding Amplifier
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Zero-crossings
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Zero-Crossing Detection
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77
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« Only detect zero-crossings instead of fine amplitude quantization

— 1nsensitive to folder nonlineari

1ties.

P parallel folding amplifiers are required.



Offset Parallel Folding
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Total # of zero-crossings = Total # of preamps = P*F



Folding +Interpolation
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Time Interleaving ADC
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Alignment
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Non-ldeal Interleaving

GER

R

Signal I{:ft

BUFFER (:Eifflfj

Clock Input

[,
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ADC1

DC2

Clock Phase
freq.=Fs | Generator

[:]EI
180°

< ¢'ERR

Offset Errors: mismatched ADC core voltage offset

freq. = Fs/2

Gain Errors: ADC core gain error and ADC reference voltage error

Phase Errors: - Input routing delay; - Input BW difference;

- Clock phase error;

Z Jr ADCE B 3\ i 55 BR 1] i 2 % i) /3 !

- ADC sampling instant
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Vref: Full scale reference voltage
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Binary-weighted Resistor

TSI ey S| ::;>—
J)Do (LDl J)Dz J)D?,

l
-Vref
Vo= e2n DA B
2R 4R S8R
Rf
:__.Vref .Din
R

n FEGRAREBIERKEFBEE, &HXKchipsize

Vout



Binary-weighted current sources
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Resistor-String DAC
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m )W HE (Dynamic Range)

— T AZADCAH R H )R B H, ABEART A, AdBRET

—4]: 60dB&IDRAE 713 5 7& FH A x2]1000x.

—DREY R AMEEF A — % LK, WwSNRAHO0dB (BPE 5 EF TR A
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m FPBW- Full Power Input Bandwidth
— kM A1E5 (3£¥Full Scale®—0.5dB FS) #& Fl-FADC, =i
ANEFRME, #isd X8 E T M-3dBE A & 699
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% ADCHEfE, Wbii@ A TH-3dBHH L. TEZMHIBAFR
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m Beat Frequency Testing (Envelope Testing) (1)

f5+f'jf "/

— BN T2 BB MR A KA R R A R F A — AN Z AT,
XA 3™ #beat frequency. iX Af i 15 89 & 4 R AR =
£ — /N RB ARG E TR R

[1] TI application report, SBAAOO2A, “Dynamic Tests for A/D converter performance”



Beat Frequency Testing (Envelope Testing) (2)
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Histogram Testing (1)
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