
1

A Quadrature Bandpass ∆Σ ADC
for a Multi-Standard TV Tuner

R. Schreier

High-Speed Converters Group
Analog Devices, Wilmington, MA

University of Toronto
Cider Seminar
Oct. 19 2006



2

e receiver with

 44 MHz

ackend

DC DSP

fs = 264 MHz
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• Dual-conversion super-heterodyn
an ADC at second IF
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A Quadrature ∆Σ AD
[Jantzi 1997]

• A ∆Σ ADC with quadrature everyth
NTF and STF are complex
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d layout
Worry List

1 DAC linearity and noise at high f

⇒ Current-mode DAC, mismatch-sh

2 Resonator Accuracy: f0 and Q

⇒ Coming soon!

3 Path Matching

⇒ Large devices, symmetric/merge
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fs/fB = 31

@ fs/6

@ –fs/6
Ideal NTF– Poles and
34th-order NTF:

OSR =
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2 3
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Why DAC3?
• DAC3 allows any LF/NTF to be rea

Even though DAC1 has 1 clock cycle o
DAC3 supplies the missing point
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feedback path

 the coefficient
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red gain
ar –f0
Why DAC2?

• DAC2 provides a low-attenuation 
for signals in the vicinity of –f0
Thereby resolving a near singularity in
calculation procedure
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rouble?

f0= 1
2πRC
----------------
Resonator Structu

• Tuned by adding positive feedbac
oscillator and adjusting C until th
resonance is achieved

– Amplifier drives both R and C ⇒  t

C
R

C
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hase

Q, regardless

ω0
Amplifier Gain and P
• Finite gain degrades Q

• Phase lag enhances Q

• Analysis shows φ= 45º yields high
of amplifier gain

φ = arg(µ)

δ µ 1 j+( )–=
µ 1 A⁄=
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5º @ f0:

R

An Amplifier with φ = 4
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Resulting High-Q Res

• Amplifier load yields φ = 45º @ f0
• Finite gm shifts the pole frequenc

degrade Q!
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Finite gm Bandwidt
Non-Zero Switch Resi

• Switch resistance degrades Q

• Finite gm bandwidth enhances Q

• Cancellation occurs if

gm

R

CRsw

gm 1 +
------=

Rsw

2ω
gm
---------=



16

lifier

 stage and all-

Y

ON
Vcm

tage 2 CMFB2
1st Resonator’s Amp

• 2-stage amplifier with feedforward
NMOS signal path
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 scaling

1’s noise is
SB setting

acted by

ent of LSB

 front end
Gain-Scaling
• 12-dB gain range implemented by

DAC1’s LSB over a 4:1 range

• At the minimum LSB setting, DAC
6 dB lower than at the maximum L

• Changes in DAC gain are counter
inverse change in Reson1 gain
Keeps gain of DAC1-Reson1 independ
setting

• The gain-scaling burden is on the
No other circuits need to be adjusted
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= 90 dB
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Peak SNR
= 76 dB
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8.5 MHz
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a Quadrature
 DAC

d by

nd
Conclusions
A feedforward implementation of 
Bandpass ∆Σ ADC needs an extra
An input attenuator is a good idea too.

High Q resonance can be achieve
1. Using a simple gm instead of

a true op amp
2. Balancing finite gm bandwidth a

non-zero switch resistance

Measured Q > 40

Gain-scaling extends DR
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