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Introduction

» Number of wireless standards has increased at a tremendous pace
In the past decade

» Cellphones (GSM, EDGE, CDMA, W-CDMA,UMTS etc), communication
networks (802.11 a/b/g, bluetooth, WiMax, UWB etc), satellite services
(GPS)

» Next generation receivers require support for multiple standards on
same chip

» RF and analog front ends use different technologies — CMOS,
BICMOS, llI-IV Compounds (GaAs, InP, etc.) BUT

» Strong push for CMOS only system-on-chip solution — 90% digital
baseband + 10 % RF/analog

» Most receivers use a variation of the superheterodyne architecture



What's the problem?
Noise Bandwidth and Linearity issues

A Desired channel .05 Bluetooth, 802.11b
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» Geographic location (Blockers )
» Bandwidth and number of channels

» Specifications for minimum signal power and
SNR
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ldeal software radio transceiver: Why not?

Reconfigurable
programs

aeuna Linear RF

RF ¢ e amplifier
signal J switch
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» Software radio concept introduced in 1991 by Joe Mitola
» RF front end + reconfigurable software platform/algorithms in DSP

» Receiver implementation as shown requires >130 dB DR ADC
operating at RF: Not possible in any available technology

DSP

2007 CMOS Emerging Technologies Workshop 4



Software radio receiver: Design Challenges
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Is it possible to have a multi-standard solution based on this architecture?
Bandwidth and linearity required?

Dynamic range required?

DTV =» SNR signal=25 dB; Blockers > 45 dB; Crest factor> 20 dB
LNA+VGA+ADC resolution over 90 dB ; IIP2 and IIP3 0 ver 30 dBm!
Power required?

Can you use tracking filters? (back to the past)
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Narrow-Band Bandpass Radio Transceiver
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» Minimize analog hardware: BW > 10 MHz to
accommodate Video Applications
» Flicker noise is not an issue

» Best IF frequency? Around 1 GHz (LC networks) or ~ 200 MHz
(Active solution)
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Software Defined Radio Recelver

Multiband Digital

BROADBAND Transceiver
BP-Filter / ADC
] N-channel
e .| digital
receiver
§ Frequency Software
Synthesizer Platform
Digital
Transmiter
. BROADBAND DAC
~Dower Amplifier - Anti-alias Filter
Design
. challenges
» Multi-standard? J
» MIMO Solution: Multiple Input Multiple Output Anten nas

» Off-chip SAW filters are used
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Literature Survey

Ref Type f, Clock SNR @ Power | Technology
(GHz) | (GHz) | BW=1 MHz | (mW)
[1] | 4" order CT BPX A 1.3 4.3 62 dB 6200 InP HBT
[2] | 4" order CT BPX A 1 4 59 dB 350 0.5 um SiGe
[3] | 4" order CT BPX A 1 4 50 dB 450 0.5 um SiGe
[4] 2"dorder LPX= A & 0.9 0.1 25 dB 30 0.25 um
mixer CMOS

[5] | 4" order CT BPX A 0.8 3.2 55 dB 1800 GaAs
[6] 4th order CT BPX A 0.2 4 78 dB 3500 InP HBT
[7] | 4" order CT BPX A 0.2 0.8 61 dB 64 SiGe Bipolar
[8] | 4" order CT BPX A 0.18 4 76 dB 3200 GalnAs HBT
[9] 4t order CT/DT BP 0.1 0.4 47 dB 330 0.35 um

> A with mixer CMOS
[10] 10" order CT BP 0.09 2.5 87 dB 6000 InP HBT
[11] | 4horderCTBPE A | 0.9 3.8 59 dB 75 | 0.25um SiGe
[12] | 4" order CT BPX A 2 40 72 dB 1600 | 0.13 um SiGe




Literature Survey

» High resolution CMOS pipeline ADC’s are suitable only
for “low” IF A/D conversion, not for RF conversion

» Best choice of architecture for high resolution RF
CMOS A/D conversion is continuous time BP  ZA ADC,
but has significant design challenges

» Reported implementation are predominantly in SiGe
BICMOS and non-silicon technologies like GaAs, InP etc

» Most direct sampling frequencies have power in the watt
range — big disadvantage for handsets



CT BP ZA ADC for Broadband applications
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High frequency of operation

Relaxed specifications for anti-alias filter

Modest power consumption

Good linearity, but must be improved (open issue)
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Design parameters for BP ZA ADC

* N+1
SNR (dB) =10* Iong Ui HNOSR } 602* (B -1)

N - order of filter,OSR - oversampling ratio
B — number of bitsin comparator

» SNR 1 with higher N
* Loop stability becomes a problem (for practical implementation N=<6)

» SNR 1 with higher OSR
* Highest Fs is determined by comparator and DACs

» SNR 1 with multi-bit quantizer and DACs.
« Design complexity of Multi-bit comparator and multi-bit DAC.
B in the range 1-3; hard to handle at RF



Distortion

DN\ DT 7

Feedback DAC [«+—— =

Linearity of the first filter stage is the most cri tical one in the ADC

Many linearization schemes (cross-coupling, negativ e feedback
etc) which work well at IF do not necessarily scale at RF

Mobility degradation is a big issue

Non-linearity due to parasitic capacitances becomes a significant
factor as device sizes become larger

Transistor output resistance is quite non-linear as well

Source degeneration offers good dynamic range (dist ortion +
Input noise) for RF signals among existing lineariz ation schemes



Differential Pair: Improved linearity

Noise? Frequency response? HD3?
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Noise
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Thermal noise of drain current is the dominant sour ce for input
referred noise of active devices

Flicker noise does not significantly affect the ADC performance

Usually gate noise (due to AC gate current) becomes significant
only at high frequencies (> 3 GHz)

Input referred thermal noise of filter + DAC should be well below
the theoretical predicted quantization noise floor
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A simple MOS differential pair is a single-bit DAC
Linearity of DAC also determines overall IM3 of ADC
Single-bit DAC is inherently linear

Multi-bit DAC implementations suffer from linearity issues

DEM techniques to improve DAC linearity work well at IF but
they are not very efficient at RF (open problem)

DEM techniques increases excess loop delay and results in
lower SNR (pulse response is affected)



Main non-ideality at RF Is clock jitter
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Other non-idealities

Quantization
Noise

Quantizer
» EXxcess loop delay Sampling
Vin A —> » Dout

» Quantizer metastability y—

High-Q Filter

» Quantizer-DAC delay (z1)

Feedback
DAC

» Unequal DAC pulse rise/fall time

» Use fully differential RZ DAC (Current Steering)
» Overall performance — use NRZ DAC

» Adjust for optimal loop performance to get best SNR
» (PVT variations ~ 20%)

» Automatic tuning loop for best possible noise transfer

function: Global Tuning Strateqgy
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LC Filter Architecture
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Design Example Chlp mlcropho’rograph
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Area = 1.08 mmIBM 0.25 um SiGe BICMOS

Bharath Kumar Thandri and Jose Silva-Martinez, “A 63 dB SNR, 75 mW bandpass RF XA ADC at 950 MHz using 3.8
GHz clock in 0.25 um SiGe BICMOS technology,” February 2007, IEEE Journal of Solid-State Circuits.
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Measured ou’rpu’r spectrum of ADC
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Broadband BP-ADC with a digital based
background calibration scheme
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Target (in progress) : A fully calibrated BW=10 MHz 13-Bit resolution (in
a bandwidth of 1 MHz) 200 MHz ADC
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SNR (after calibration) = 80 dB for 1MHz
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Conclusion
» ADC — main component for software radio architectures

» RF ADC architecture uses CT filters with only NRZ DAC’s
=> effects of clock jitter |

» Reduced power (passive inductors)

» Less noise (passive inductors)

» Passive Inductors = RF frequencies = Clock Jitter + Loop
Delay issues

» Currently demonstrated SNR>60 dB in a 1 MHz bandwidth
with decent power consumption.

» Not in pure CMOS yet!

» System level background calibration scheme to obtain
maximum SNR is still a pending issue.

» Significant design challenges for CMOS direct RF ADC'’s
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