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The Ideal Software-Definable Radio Recelver:
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ADC at the Antenna
DSP performs all selectivity and BB processing
Maximum Flexibility




Initial thoughts on power dissipation:
2*Fs=2%*P

Adding one bit of resolution =4 * P

FILTERING IS KEY

One more bit of resolution only adds 6dB to the ability of the receiver to
reject interferers. Filtering is much cheaper!!

Trend towards wider bandwidth modulations with stringent close in
blocker specs places incredible demands on ADC design. Usually filtering
is easier!!




Now, assume the filtering is sufficient to allow us
to ignore aliasing issues.
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Ro Rsw  Fs N = KT <— Thermal noise of switch
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FsRe =—= <— Max power transfer condition
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/77 N = kT FsRa
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Similar to purely resistive case — SNR = T E

Conclusion : Need amplifier before the sampler!



Still assuming we have sufficient filtering, but now a fixed gain
In the pre-amp, how much ADC dynamic range do we need?
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Requirements vary, but 80 to 100dB of receiver dynamic range
IS not uncommon nor unreasonable to expect.

This means the ADC must be at least 13 bits.
What does that cost?



As stated previously:

Papc XFs
Papc o 4N

If an ADC is optimized for low power:
*Each doubling of Fs costs at least 2X power.
*Each additional bit of resolution costs at least 4X power.

An additional bit of ADC resolution buys only 6dB of dynamic range.
It is usually more cost effective to provide 6dB of AGC.

This will probably remain the case regardless of improvements
In transistor technology, CCD samplers, or MEMS development.



So, now the RF sampling radio looks something like this.
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\ADC .......

Two more ISSues:
Switch Linearity
Sampling Jitter



Switch Linearity
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The switch is modeled as a non-linear resistance

In series with an ideal switch.

The voltage sampled onto the cap deviates from the ideal in
proportion to the signal current.

The signal current is directly proportional to the signal
frequency and the cap size.

.. You would like to sample low frequency signals
onto small caps.
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Sampling Jitter

Phase noise in the sampling instant = increased noise floor.

1
SNR OC —=—

/ﬁﬁsig O]

~.Again, you want to sample low frequency signals.
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A sampler can be thought of as a very non-linear
mixer. Almost any imaginable improvement in
sampler technology should be accompanied by a
similar improvement in mixer technology. For high
frequency signals, mixers are generally better
behaved and more efficient to implement.
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LO /77

Look Familiar?
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Initial Conclusions:

* It is possible to make a very poor performing receiver with a simple sampling
circuit at the antenna.

* The idea that an ADC can be put at the antenna and somehow rid a high
performance radio of the LNA, BPF, AGC, and MIXER is a pipe dream. At the least,
it’s not the most efficient approach.

* The direct conversion approach is a good one for exploiting today’s ADC
technology and provides a good platform for migrating to future ADC
architectures.

* Two new technologies that may improve ADC performance and thus relax
requirements on the above mentioned blocks are:

MEMS - switches, resonators, filters, (resonant sampling switch?,
mixer?) [C. T. C. Nuygen, “Vibrating RF MEMS for Next Generation
Wireless Applications”, proceedings 2004 CICC, pp. 257-264]

Continuous time and/or multi-bit ZA

* Tunable filters at the front end are key to multi-band receiver and will probably
arrive first.
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* Line-up includes pre-select filter, at least one mixer with the final mixer being
guadrature and placing final IF at or near DC, LPF, AGC, and ADC followed
by additional digital selectivity and demodulator.

» Moderate flexibility.

» Wide range of ADC requirements 4-15Bits 100KHz-10GHz.

ADC Type - Pipeline, Flash, Folding, and Sigma-delta.
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4 + Thermal Noise Limit _
Signal Power = 0.5mW 14 Bit 2GSPS?
20 + Probably not gonna happen.
16 T /
12 T
8 ——
4 + Aperture Jitter=0.5pS

Sampling Rate

l.oMT
6.4MT

100K T
400KT
25.6MT
102.4MT
409.6MT
1.64GT
6.5GT
26.2GT

Fundamental limits of ADC resolution and speed.

Below 100kHz sampling rate, thermal noise limits ADC resolution for a given signal power.
At higher sampling rates sampling jitter limits resolution regardless of signal power.
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Advances in ADC performance enable more flexible
radio architectures.

* Below 1GHz sampling rates, state of the art ADC’s available today are
at or near the performance limit corresponding to 0.5pS sampling jitter.

* Improvement has been slow - about 1.5 bits at any given sampling rate
over the last 8 years. [Walden, IEEE Comm. Magazine Feb. 1999]

ENOB
Thermal Noise Limit
Signal Power = 0.5mW

Aperture Jitter=0.5pS

L.eMT
6.4MT

Sampling Rate

100K T
400K T

> 25.6MT
102.4MT
409.6MT
1.64GT
6.5GT
26.2GT



What type of ADC is best for DCRCV?

Well, it depends...

Different resolutions and bandwidths call for different ADC
architectures.

ENOB
Thermal Noise Limit B Flash
24 7 Signal Power = 0.5mW [0 Sigma-Delta
20 - [ Pipeline
[ Folding
16 7 B SAR

Aperture Jitter=0.5pS

Sampling Rate

100K
400K

1.6M

6.4M
25.6M
102.4M
409.6M
1.64G
6.5G
26.2GT
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Focus on XA and Pipeline ADCs.

« Each architecture is starting to invade the territory of the other.

* Pipeline converters have acceptance for wide bandwidth (>10 or
20MHz) applications as long as latency is not an issue.

 Digital calibration techniques are making pipelines feasible for
resolutions > 12 bits but the required digital circuitry consumes
Si (best at <90nm process nodes).

« Matching issues tip the scale in favor XA over pipeline for
resolutions > 10-12 bits and bandwidths up to a few MHz and
process improvements are pushing up the sampling speeds.

e XA Bandwidth is inherently programmable at the expense of
SNR.
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Case Study #1.

Switched-Capacitor Multi-Bit Sigma-Delta ADC

Application

System design

Dynamic Element Matching Technique
Circuit design

Test results

M.R. Miller, C. S. Petrie, “A Multibit Sigma-Delta ADC for Multimode
Receivers,” IEEE Journal of Solid-State Circuits, Vol. 38, No. 3, pp.
475-482, March 2003.
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Motivation:

Single ADC to satisfy all cellular requirements:

Handheld power dissipation (10’s of mW)
0.18u CMQOS part (Dual Gate Oxide process with MIM

Cap)

Variable and agile resolution
AMPS (15 kHz) 15 bits
GSM (180 kHz) 13 bits
CDMA (615 kHz) 12 bits

W-CDMA (1900 kHz) 11 bits

20



System Design - XA Architecture

N

Agility requirement points toward low order loop
High-resolution quantizer needed for W-CDMA

]

6-bit

DAC

encode

— Oout

+ J‘ 6-bit
- flash
6-bit
DAC
DEM logic

Make flash power = integrator power = 6-bit flash ADC



Quantization

Noise = Ng
+
N 4R
X ., H(z) . Y
69_<IDEAI
DAC
Mismatch Noise Multi-Bit Delta-Sigma Modulator -

from DAC = N, Linearized Model

v = H(z)X . No  H(@Z)Np
‘1+H@)1+H@)1+H@)“j>
Mismatch noise from DAC is unshaped.
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System Design - XA Architecture

CLK
+ Noise /
X —()— shaping ( ADC% Y

- Filter

Multi-Bit Delta-Sigma Modulator

PROBLEM
Feedback DAC element mismatch limits
overall linearity of multi-bit sigma-delta ADC.
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Noise-Shaped Dynamic Element Matching
CLK

+ Noise /
X —(+)— ADC—4 Y

Shaping

— Filter \

DEM
SCRAMBLER

DAC |——

EX: DAC states for code sequence 3, 2,4
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Circuit Design:

1-z1

0.5

o
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|
N
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|
N
Hi
N
l\! =
@

Gains chosen to keep integrator outputs
within +/- 1.2 V differential

Y =X z2 + Ng(1-z'1)?
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—A e .
REFPTT 'y iDAC Bottom-plate sampling
REFM—EZH [T :

\ No correlated double-
REFP—7q — 16V sampling
REFM—EZH 1’ . .
Y , Judicious use of high
SOOUTOOURRROURUOR s e B ( voltage devices.

g
/

—1.2V N >

....................... ;II.-..:I...G..\./. : (
FP—=4 |
INRm:FM—/=- -:- ’Il.6V ~—1 35 A NMOS
/
REFP—~4 |7, :
e Bl ipac [ 70 A (DGO) NMOS (stage 1 only)

L4 70 A (DGO) TGATE
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Inp
refp
refm
Inm

choppers preamp latch

I L N Ty
e +_> QB

chopper

RS latch

X

= 7

4

clock —

N

—— random sequence

—{>— out

Offset chopping reduces high-frequency spurs by up to 20 dB
(measured)

Chopping necessitates low impedance resistor string.
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DACs

DEM

Flash ADC
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Signal power (dB)

Input shorted - 20 MHz clock

-120
-130

-150

140 =

10

5

. ...i04 L .10
Freguency (Hz)

10
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Input shorted - Equivalent SNR
110 S0 5014 B B 44 B S A

[ — Measured noise floor
— Noise floor with 1/f noise removed |

HE SR S HF F R U
3 4 6 7

10 10 10° 10 10
Frequency (Hz)

Small degradation from 1/f noise.
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Signal power (dB)

46 MHz

clock; FS-3dB, 2.1MHz signal

31

10°
Frequency (Hz)



23 MHz

Signal power (dB)
2

clock; FS-3dB, 17.4kHz signal

10°
Frequency (Hz)
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SFDR/SINAD (dB)

100
a0
80
70
60
50

40F

30

20F
10F

SINAD & SFDR for a 17.4 kHz input

5 AMPS: 95 dB
[ """""""""""""""""""" """""""""""""""""""" """""""""""""""" e ;’\'['
S — e GSME8LOB. L s ]

CDMA: 7

W-CDMA: 70 dB,

SFDR
SINAD, 18 kHz BW
SINAD, 180 kHz BW
SINAD, 815 kHz BW

SINAD, 1.92 MHz BW

0 : ; :
-100 -80 -60 -40 -20 0

Input signal level (dBFS)
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Test Results - Summary

Technology 0.18u CMOS, MIM CAP, 35/70 A DGO
Supply Voltage 2.7V
Active Area 1.4 mm?2

Power Consumption | 30 mW (20A/10D) at 23MHz Fsamp

Power Consumption | 50 mW (30A/20D) at 46MHz Fsamp

Bandwidth =— W-CDMA | CDMA GSM AMPS

SINAD 70dB 77dB 81 dB 92 dB

ENOB 11.3 12.5 13.2 15

SFDR 95 dB MAX
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Alternate Approaches:
T. Stockstad, D. Garrity, US patent #6,087,969

U.S. Patent Jul. 11, 2000 Sheet 1 of 2 6,087,969
FIG. 1 e
10 i FILTER 27
13 L I L '; 24-{ ~lzg 30, 12
gt FILTER |4 o8 &=l quanTizER -4
- M | |
1 6 T 22 o _.
33,
DAC =
s
44 4 52
: o0 Vi smﬁu 3
SIGMA-DELTA
3™ uo0uLATOR ph-o— G-~ HonuiAtor. [rEROCESSORl T 42
4: .
ﬁlﬁl_ .'; IR | 57 "?
46

If sufficient dynamic range cannot be achieved by adjusting the
oversampling ratio alone, additional filtering can be added either
within or after the first XA modulator.
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Continuous-Time Sigma Delta ADCs:

R. H. M. van Veldhoven, “A Triple-Mode Continuous-Time XA Modulator With
Switched-Capacitor Feedback DAC for a GSM/EDGE/CDMA2000/UMTS Receiver,”

IEEE JSSC, Dec. 2003, pp. 2069-2076.

WAM VELDHOWEN: A TRIFLE-MODE CONT INUO UE-TTRE 125 MO0 ULATOR

1ok

24« discrete-time

R ||n=-r_“ m Int3 I I oo
mE -
AP mbE s }7 pr ]
._II_

CORC

i j-l-l —o
| 1L

T bypees of capailans -
: Fioading
Grounded

Fig. 7. BElock dingram of the 1 -hit fifth-order Teed foraard B mocobion

%g;;«\w% W AT

feedback DAC
reduces clock
jitter sensitivity

« a great deal of
research both in
academia and
industry is
currently focused
in this area

74dB/83dB/92dB in a 3.84MHz/1.228MHz/200kHz bandwidth with power
dissipation of 4.5mW/4.1mW and 3.8mW respectively!!!
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Continuous-Time XA RxADC

1

1

NN AT

5th-Order, 1-Bit,

o—/M

-

Specifications:

Input Clip Point:

1.8 Vpeak,differential.

SNDR:

65 dB over 4 MHz for DVB,
80 dB over 2 MHz for WCDMA,
90 dB over 200 kHz for GSM-EDGE.

Clock:

360 MHz for DVB,

312 MHz for WCDMA,
52 MHz for GSM-EDGE.

| | —_ Continuous-Time Input,
T T T Discrete-Time Feedback.

Continuous-Time Input:

Low Power: 10mW (4 mA) (dominated by
WCDMA).

Inherent Anti-Aliasing: 5th-Order.

Clock Jitter Sensitivity:
Reduced by discrete-time feedback.
Reduced by OSR.
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Continuous-Time SD RxADC

Specs: BW = 10MHz
fs = 184Mhz
SNR =70dB

* RC Continuous Time Filters
s (Improved Linearity)

P +—— ——4

Vin TWLD.WWH WW\_‘_[>

Mbit =
vz =T

NRZ CT Current
Array Mbit

Voltage Ref

Current Ref

Test Blocks

Clock Generation

s NRZ DAC -Jitter 52/75/7‘/1//'7‘)/;
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Case Study #2:

Pipelined RSD (1.5 bit-per-stage) ADC

Application
System design
Circuit design
Test results



ADC for Wireless LAN radio receiver (and other
broadband radio receivers):

two ADCs required (I and Q)

low power dissipation (no separate track and hold)

0.13um digital CMOS with isolated p-well option (for isolation)
high performance with low cost

specific requirements:

no more than 0.6mm?2per ADC
sample rate > 20MHz

10 bit resolution

SINAD > 56dB

power < 25mW per ADC
SFDR > 65dB
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10 bit 20Ms/s Pipelined RSD ADC

RSDa RE0s RsOrF R5Ds RSD& RS04 RSD3 5-b Flash
VIM e — —* — — —" — —

A9 po AZ Ba A7 BT A5 BS AS Bs A4 B4 A2 ps A2 Al AD

i * i i | t ‘ | e 1]
ok ok ok ek—{DFF &) [em. o ray|
Ek'_| OFF () |_.|DFF i) |_..|DFF i) |_.|DFF () |_.| OFF (=) |_.| DFF (2) l—p-| DlFF (lzj |_.| lDFFl (S}l ‘
I e A e I Rl A e
a:_| DFF {2} |7* DFF (2] |4-| DFF (2] |—>| DFF (2) |—>| DFF (2] |—-| DFF (2)|
I I A A e A
| DFF 2)|—»{DFF 2)|—{ DFF (3| —[DFF (31|
I
F— DFF 2} |—DFF (2)|

B e AE— G AT BT BT T E FE AT D
DIGITAL CORRECTION LOGIC
da ds dr 3] ds =) a5 d= H da
| R Y I | b
ek OFF (10) ‘
Dlg Dla Dl? L Jﬁ i Dls Dle ™ iﬂ

begin canversion



RSD Stage Block Diagram and Transfer Function

residue voltage i

-1 wef _
Doyt W 5=2 Yjp + v et Y o F 2 i
Dig. | :
Logic
W H |
nput +Wret O or \ref |
residue
voltage U[j?tage ~yref ! vref
H—@ ! + ' ¥ \ .
| L H input
| voltage
|
I
VL :
dout=00_ _ doufi=0,1__ dout=1,
wref

Block Diagram Robertson Diagram
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RSD ADC: Offset Effects

residue voltage A residue voltage F

________ weef vref
r r——— - - - — 70T — — — — B
I | I
I I |
I | I
I | I
| | | | |
! /I / | | |
-wraf . | . | vref - -yref | II-'ref
| input | YL Y4 | input
| woltage | | woltage
I | I
I I I
I I
I I

/ I 1 loop offsst

alloweable range allowable range
for W for Wy

Comparator Offset Loop Offset
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RSD stage single-ended block Diagram:

pz. C
A
p
z |p2

vin - I S _

P 1p1 ‘!,_‘ » v _residue
+

vielp hT

vrefm
1 ' m1 pl__I | [

37 2 | L

+ Di —hi
- E g- |
VH Logic A

o

Note that since RSD comparator accuracy requirements are
significantly reduced, a separate track and hold is usually
not required for resolutions up to 10 bits and input signal
frequencies up to ~ 50MHz or so
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i

Pipelined RSD ADC layout:

1.364mm

i
R - ER
& A =)
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Expected Results (simulated):

Technology 0.13um CMQOS, Fringe CAP, 70 A DGO
Supply Voltage 3.3V
Active Area 0.53 mm?

Power Consumption | 24 mW at 20MHz Fsamp

Input bandwidth 10MHz
SINAD 57dB
ENOB 9.2

SFDR 65 dB
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What if you need to go faster but
you can’t spend anymore power or
area:

Fq /2

Fs h bits
s | SH ADC Hﬁ'
T
inpu

at
Fs > bits
Fg 2 at F

n bits
a | SH ADC :,f’

external sample rate (Fg) I I I R

internal sample rate for top 5/H (Fg /2) | | | |
internal sample rate for bottom S5/H (Fg A2) 7 | | |

L)

double-sampled pipeline ADC - theory of operation

D. Garrity and S. Aftab, “A 10 bit, 40Ms/s Pipelined A/D Converter,”
proceedings ASICON 1998, pp. 71-74
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Simplified single-ended block diagram of a
double-sampled RSD gain stage:

16

B
Fl—lf—

win -

wrefp e

wref

A I D O
po_ [ L L[
ple | | [ ..
pz L[ L[ 1T 1 T 1.._.
peo L L [ ...
pee [ [ L[

>~

—

-
e lme

—— i ot

Single ended wersion of improved gain stage with assodated timing diagram.

* Mote that the input weoltage is still sampled at the original system dodk rate,
while the internal drouitry is operating only half as fast. This allows a corresponding
factor of 2 redudtion in the supply current required for the gain stage opamp.
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operation of single ended version of improved gain stage:

C
1a "
.%1(} Ik
|
Coe
Cao vrefp e it
win - il
v -
——— v oUt
L_+
odd input during plo gain stage during p2e with signal he high
i
1o i
I
I:j'le
¥ Cao
v pef - 1l
Cae
VI - |

) —— - oLt
L_-I—

gain stage during ple gain stage during p2o with signal lo high
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conventional non-overlapping clock generator for SC circuits

pZ pzd

ckin  » L » > > » p2c

| e e e PG

pl pld
for a clock period
clkin ] | of 50ns
p1d—| | L pl1=highfor20ns
1d— | |
EZ | I Ilt p2=high for 17.5ns

p2d | | [
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tnagnitude referenced to full scale (dBfs)

—-30

—410

-h0

—50

=70

frequency response (fit) of 10-bit ADC output (hanning windeow)
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non-overlapping clock generator for time-interleaved SC circuits

pZ
clkin_d p2d
D Q¥
diff clkin_d
clkin m—CK gH—%
pld
p1

ckin. I LT LT L forapl,p2clock period
ckinh d_ — 1 1 [ 1 __ ofblns

p2 | | | p2=high for 22.5ns
ped | |
p1 | | ] p1=high for 22.5ns
pld___ | | |

D. Garrity, D. Bersch, US patent 5,886,562
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tnagnitude referenced to full scale (dBfs)

=21

—30

—41)

-50

—50

=80

=100

frequency respense (fit) of 10-bit ADC cutput (hanning window)
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.........................
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0

‘.II.. n
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0%

ok

=k, 3

Experimental Results:

10 bit, 40Ms/s double-sampled pipelined ADC
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cdBF =

rreasured output spectrurm for a 10 bit 4005 ADC
0 T T T T T T T T T

CBNR=EUSCE c

LOEMDR=98TCR Gl

0 Q05 oA 015 0.2 025 0.3 035 0.4 045 0.5
rermal Zed frequency
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Measured Results:

Technology 0.5um BICMOS, Double-Poly Capacitor
Supply Voltage 3.0V
Active Area 2.5 mm?2 (20% more than original ADC)

Power Consumption | 100mW at 40MHz Fsamp (20% more)

Input bandwidth 20MHz
SINAD 57dB
ENOB 9.34(at 2MHz), 8.5 (at 20MHz)

SFDR 60 dB
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Alternate approach: Single ADC that processes | and Q Channels
(garrity et al. US patent #7,064,700)

N S S My MY N S
o ag an o <} a5 T a3 s 2 ax a0
DIGTAL ALIGNMENT/SYNCHRONIZATION/CORRECTION LOGIC
70 Boi A8 BB A7 B7 A6 B6i A5 ESi Adi B4 A3 ALl Ad
| | A A N N Y x
Ag BY
VIN I sage 1 1 A8i B3 A7i B A6 BGI A5 BS Al BA A Al AOi
(25 bit) —l oS
pl sae2-12Q stage 3 stage 4 s ﬁ stage 6
} synchrorizetion »| @5t Jaseit | @& p] (1.5 bit y| 3-bFlash
@.p3 (15bit doude- "|daude- q CbLblel;;]) doude- r therm to birary)
daube-sanded) sarrpled sanpled) saTp! sanpled
pegel Q (pla, p2a, plb, p2b) 1, ) (L, p2) 1, ) P1, ) (L, p2
VINQB>—{25bi Agq B9q A7q B7a|  |sea Bea|  |sq Bsq|  |va Bag A Alg AOq
T7 o] T
l y J l y J j y v A 4 Y Y y
ASq B 780 B A7q q 76q B q B AAq BAq A2q Alq AOq
DIGITAL ALIGNVENT/SYNCHRONIZATION CORRECTION LOGIC
d9q Bq d7q [o 57] dbq d4q d3q dzg diq doq

vy oY oY v oY vy v vy

Simplified block diagram of prototype I/Q sampling ADC. The resolution
and required clock phases for each stage are listed in parentheses.

pla | 1 ..
Ra_ [ ] 1 |-
plb 1\ 1 .
p2 1 M1 ..

Simplified timing diagram for 1/Q sampling ADC
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Measured Results:

plot of ADC layout (1.727mm? total area and per-ADC area of 0.864mm?):
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Measured Results:

I-Channel ADC Response to a 2.4MHz sine wave:

power spectrum of I-channel ADC output from DC to Nyquist (20MHz) (16384 point fft)
0 T T T T T T

SNR =58.2dB

40l SNDR =55.6d:B

80 : ' Q : , Q 1

dB

-80

-100

-120

i | | | | I | | |
0 0.2 04 0.6 0.8 1 1.2 1.4 1.8 1.8 2
frequency (Hz) x10°
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Measured Results:

Q-Channel ADC Response to a 2.4MHz sine wave:

power spectrum of Q-channel ADC output from DC to Nyquist (20MHz) (16384 point fft)
0 T T T T T T T T T

SNR = 57.2dB:

SNDR = 55.2dzB

dB

-100

N R TR et E T et E R R R T S Tttt
0 0.2 04 0.6 0.8 1 1.2 1.4 1.8 1.8 2
frequency (Hz) x10°
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Measured Results:

| and Q channel ADC SNR Response vs Input Frequency:

measured | and Q ADC SNR versus input frequency

50+

I-channel = o,:Q-channel = +

40| : : f : : : f : .

(dB)
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0 2 4 6 8 10 12 14 16 18 20
input frequency (MHz)
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I-channel ADC

O-channel ADC

resolution

10 bits

10 bits

sample rate

40MHz

40MHz

Input voltage range

1 Vpp differential

1 Vpp differential

peak SNR/SNDR 58.5/56.5 dB 58.5/56.5dB
DNL -0.48/0.58 Isb +/- 0.51Isb
INL +/- 11sb +/- 11sb
power consumption 25mwW 25mwW
technology 90nm CMOS 90nm CMOS
area 0.864mm? 0.864mm?
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Other parts of the radio:
Power Control System

H(z)

Q@

Levels output power into varying load
Polar architecture shown for reference

Digital implementation
°* Minimizes analog area
* Simplifies multi-mode support
= Example
> GSM + EDGE + WCDMA

7/
AN

k

power

N

>10 bits resolution

> 1Ms/s

~ 1mW power

<0.Imm?in 0.18um CMOS



single-stage cyclic ADC architecture

Eﬂd _ 5th |

clock cycles pz\]l 1 p1
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- 9.
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recent example:
* 10 bit, IMs/s, TSMC 0.18mm
«1.38mW from 3V, 0.085mm?2

» measured performance on upcoming slides
D. Garrity, P. Rakers, US patent 6,535,157
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dBFS

measured output spectrum for a 10 bit 1 Ms/s Gyclic ADGC
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Isb

0.8

0.6

0.4

measured 10 bit 1Ms/s Cyclic ADC integral nonlinearity
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inl+ = 0.28LSB
inl- = -0.39LSB
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Isb

0.8

0.6

0.4

0.2

measured 10 bit 1Ms/s Cyclic ADC differential nonlinearity
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Measured Results:

Technology 0.18um (TSMC)CMOS, MiM CAP
Supply Voltage 2.7V
Active Area 0.085 mm?

Power Consumption | 1.3 mW at 1MHz Fsamp

Input bandwidth 500kHz
SINAD 60dB
ENOB 9.76

INL/DNL +/- 0.39 Isb, +/- 0.22 Isb
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Conclusions:

* For bandwidths up to 10MHz or 20MHz and dynamic ranges of
greater than 70dB, XA based ADCs are the most promising

« Continuous-time XA ADCs are especially promising for the higher
end of the ZA bandwidth range.

* For bandwidths greater than several 10’s of MHz and resolutions up
to 12 bits or so, pipelined ADCs are a good choice for low power
and low cost.

* Improvements in dynamic range/power/bandwidth come about

mainly from ADC architectural breakthroughs and secondarily from
IC process advances.
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