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Why Reconfigurable ADCs ?

The standard clichés ...
@ Dick Tracy’s watch
@ Cognitive radios

Other possibilities ...
# Cross-layer radio optimization framework
@ Multi-purpose sensor applications

The reality ...
@& Multi-standard radios at best




Reconfigurable ADC Design Approach #1

@ Fix ADC architecture but change parameters
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Reconfigurable ADC Design Approach #2
@ Configure circuit blocks to change architecture
= Can also include parameter re-configuration
cﬁg'ﬁg' 5 Main Reconfiguration Logic ]
BT 3T 12 GRS
Fe-r{ciocks ¥ ¥ “Clacks) —
Block Block Block
1_I Logic Logic 16 Logic
L*FLL- I 'y oo arY
Ain —» B1 -+ B2 > BN
4.# l L + Clufks Bluck'CuntruI
-|| Interface Logic | [BIDCk?anfiguril'ng Logic I
" ' [z ][
Dout  Fckecout Ain f| £ E .
ouT(i-1) | (= = | oUT(i)

K. Gulati et. al.

Capacitor Array

E

[ Decision Block I

¥
| Output Conditioning Block |
+

DOYi)

4




# Too wide a spec space to span
# Design effort explosion
# Circuit req) change with




Reconfigurable Parallel Delta-Sigma Modulators

# Parallel coupled delta-sigma modulators with quantization noise
coupling
= Noise coupling increases effective noise shaping
= More general coupling possible
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Potential Benefits — Wireless Comm Example

@ Very easy to tradeoff power for speed and/or
performance

Coupled parallel A~ ADCs

g Time-interleaved,
uncoupled ADCs
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Potential Benefits ...
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Spurious Tone Problem

@ Limit cycles in delta-sigma modulators result in
spurious tones

= Reasonably well understood in uncoupled delta-
sigma modulators
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Quantization Noise Statistics Problem

4 Quantization noise typically assumed to be uniform,
white, and independent of the signal

= Enables ready analysis of delta-sigma modulators
# In general, this is NOT true!
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Our Research

@ Quantization noise theory for parallel AX modulators
= With and without time-interleaving

# Developed theoretical conditions to identify parallel
AY modulators that have no spurious tones
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H1(z) = 0 = 1st order noise shaping, but spurious tones exist;
H,(z) = z'(1—-z1')" = 2" order noise shaping, and no spurious tones




Quantization Noise Theory (1)
@ Analyzed in the context of a generic parallel AX
modulator
@ Constraints
= Non-overloading quantizers
= Integer valued filter responses
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Quantization Noise Theory (2)
# Quantization noise properties covered by the theory

= Probability distribution (pad¥) of the quantization
noise of the /7 channel, e[s1] = is e[n] uniform or

not ?
= Joint padf of
eln] and elrm+m] = is e[n] white or not?

eln] and e[n+m) > are e[n] and e[r]
/nde,oendem‘ (and uncorrelated) or not ?

@ Implications
= No limit cycles or spurious tones
= Quantitative analysis becomes simple
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Quantization Noise Theory (3)

# Quantization noise statistics depend only on the
properties of the elements of

V(z)= (I+ H(2)) 'diag(F,(z),Fy(2),...,F(2))
& Example condition and result :

= Condition: Integer b, 1 < b < K, exists such that
& *vylnl + 4 *v, [ n+m] - 0 only if (&, t;) = (0, 0)
+ Vj[n] is the impulse response of V(2)

= Result: Quantization noise of the it and j* channels in a
parallel AX modulator are independent

@ Similar conditions imply that quantization noise is
white (hence, has no spurious tones)
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Quantization Noise Theory (4)

Full set of conditions:
@ e[n] is uniform
= If bexists? such that £, *v;[n] > Oonlyif {, =0
@ ¢[n] is independent of input signal
= Same condition ...
@ e[n] is independent of e[ n+m]
» If bexists?such that &, *v,[n] + ¢, *v,[n+m] > 0 only if
(& &) = (0, 0)
@ e[n] is independent of e[n+m)]
= If bexists? such that & *v,[n] + & *v, [n+m] - 0 only if
(&, &) = (0, 0)

# Uniformity, whiteness, and uncorrelated-ness of a
single realization follow from these ensemble results

L assume bis an integer suchthat 1 < h< K 16




Illustration of Application of Theory (1)
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@ Two uncoupled 1st order delta-sigma modulators
= Would result in 1st order noise shaping
= Expect to see strong limit cycles
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Illustration of Application of Theory (2)

vu[n]= vy[n]= uln],

vp[n]= vyn]= 0

@ e[n] is uniform \/
= If bexists? such that §,*v,[n] > Oonlyif § =0

@ e[n] is independent of input signal
= Same condition ...
@ e[n] is independent of e[ n+m]
» If bexists? such that &, *v,[n] + £ *v, [n+m] > 0 on%
(%, ) = (0, 0)
@ e[n] is independent of e]n+m]

» If hexists? such that §,*v,[n] + £ *v [n+m] > 0 ony
(&, £) =(0,0)




Illustration of Application of Theory (3)

s[n]J:g-gm " A @l

en] ¥ g 0 - g
%ﬂ & H(Z) = € . 0 ;
El“>< E 2
2
es[n] —{}—
- - é " 1 X ) Hl(z) = 2_1(1 il 1) 1!
s[n].r;e_@gu "ET® > Vour2[1] F1(z) = FZ(Z) =(1-z1)!

@ Two coupled 1st order delta-sigma modulators
= Simple coupling = would result in 2nd order noise

shaping
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Illustration of Application of Theory (4)

vl 1= volrl= 2 Dl (1= 1)l

v[n]= v, [n]= v, [ - 1]

@ e[n] is uniform
» If bexists? such that §,*v,[n] > Oonlyif {, =0

@ e[n] is independent of input signal
= Same condition ...

@ e[n] is independent of e[ n+m]

s If bexists? such that &, *v,[n] + £ *v, [n+m] > 0 W
(%, ) = (0, 0)
@ e[n] is independent of e[ n+ml]

= If bexists? such that & *v,[n] + ¢ *v, [n+m] > 0 W

(& 8) = (0, 0)



(a)

Power spectral density (dB/Hz)

Illustration of Application of Theory (5)
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