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Quantizers and Quantization Noise (1)

* Unipolar N-bit quantizer:
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Quantizers and Quantization Noise (2)

« M-step mid-rise quantizer:
a) v b) e=v-y
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Quantizers and Quantization Noise (3)

+ Sampled S|gnal
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Quantizers and Quantization Noise (4)
« FFT:

80 T T T T T T T T T
R T STS e
0 AP SN s e

40t

20

o] HIT rli
Normallzed Frequency

« Sampled S|gnal (f= f J/8):

16

Sample Number

temes@ece.orst.edu 6 May 2005




Binary Quantization (1)
¢ Quantization error:
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Binary Quantization (2)

» Modeling the gain:
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MOD1 as an ADC (1)

* Linear modeling:
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MOD1 as an ADC (2)

» Continuous-time implementation:
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MOD1 as an ADC (3)

» Continuous-time waveforms:
u=0 u=0.06
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MOD1 as an ADC (4)

+ Stable operation:

v(n) = sgn[y(n)].

wn) = vin—1)+un)y—vin-1)

N
WN)—w0) = [t(n) —v(n—1)].
n=0
If y(n) is bounded,
lim "N —10) _ 0
N = oo

N-1
ﬁzlileu n=v !
N—>ooNn: ( )

Perfectly accurate for N — oo,
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MOD1 as a DAC
» Error feedback structure: — recycled error!

Digital

Input e
u y myMSBs v Analog
z my LSBs
YLsB
=y-v
v(n) = u(n) Ty gpn— 1)

y(n) = un)+yn—1)—v(in-1)

Same as for AX loop — another option for DAC.

(For ADC, impracticall)

temes@ece.orst.edu 13 May 2005

MOD1 Linear Model (1)

» Z-domain analysis:

E(z)

21

Y(z) = 71 Y(z) + U(2) —z 1 Vi(z)

V(z) = Y(2)+ E(z) = z 'Y+ Uz -z V() + E@2)
= U)+ EE@) -z ' (F(z) - Y(2)

U(z) + E(z) -z VE(2)

Uz)+ (1 —z"HE(z).

V(z) = STF(z)U(z) + NTF(z)E(z)
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MOD1 Linear Model (2)

* Frequency-domain analysis:  |[NTF(e/2%)|2 = [2sin(nf)]>

N Py ST TP SRR R Ss
ot [NTFE2RN|2. 0 e
Bh-odhien SEANSNEEY 00
1| i

P e S S
0%6—"01 02 03 04 05

Normalized Frequency
1/(2 - OSR) 2
Mean square of g, 030 = J [ZTc‘f‘]zSc,(‘f‘)df' = -
g J a3
(inband shaped 0 (OSR)
quant. noise)

(for OSR >> 1)

,—#oflevelsinQ

Ld
_ 0. _9M*(OSR)’| Signal-to-quantization
SONR=—=——"7F""- . .
o, 21 noise ratio
temes@ece.orst.edu 15 May 2005

Simulation of MOD1 (1)

» Output spectrum for full-scale sine-wave input:

Power (dBFS/NBW)
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Looks ok, but SQNR 5 dB less than the formulaic.
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Simulation of MOD1 (2)

» SQNRs for different frequencies:
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Simulation of MOD1 (3)

* In-band quantization noise power:
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MOD1 Under DC Excitation (1)

» |dle tones:

yin) = vin—1)+u—vin—1)

v(n) = sgn(y(n))

vin) = y(n—1)y+u—sgn(yin—1))

« u=y(0) =1

n 0 1 2

3

y(n) Ll i

roi—

1

4
|

v(n) 1 1

1

+ Foru=0.01, tones at kf,/200!
k=1,2, ...

temes@ece.orst.edu

19

LSRN NP

n

s(n) = Z Wi
-7

s(n) i=1

possible

May 2005

MOD1 Under DC Excitation (2)

» Let u=a/b, aand b odd integers, and 0 < a < b. Also, let [y(0)| < 1.
Then, the output has a period b samples. In each period, v(n) will
contain (b+a)/2 samples of +1, and (b-a)/2 samples of -1.

» If aor bis even, the period is 2b, with (a+b) +1s and (b-a) -1s.

* If v(n) has a period p, with n +1s and p-m -1s, the average
v =(2m - p)/p. Hence, u = vis also rational. Thus, rational

dc u < periodic v(n).

 Periodic v(n): pattern noise, idle tone, limit cycle. Not instability!

» For u=1/100, tones at k-f/200, k=1, 2, ... some may be in the
baseband. Often intolerable!
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Stability of MOD1

+ MOD1 always stable as long as |u| < 1, and |y(0)| < 2:

y(n)=[y(n—1)—sgn(y(n—D)]+u(n) <2
—
[ 11 <1

* Ifu>1(oru<1), vwill always be +1 (or -1) = y will
increase (or decrease) indefinitely.

* If Ju(n)| <1 but |y(0)| > 2, then |y(n)| will decrease to < 2.
Output spectrum always a line spectrum for MOD1 with
dc input (rational or not).
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The Effects of Finite Op-Amp Gain (1)
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» Degraded noise shaping:
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The Effects of Finite Op-Amp Gain (2)

» Dead zones:
Ideally: A1) = ¥0)+u—sgn(»(0)) = u—-1<0 v=-
W2) =u-1l+u+l =2u>0 +1
W3) =2ut+u—-1=3u-1<0 -1

y(k) = | ku—1 ,if k1s odd for u > 0, eventually ku > 1
. 1 ku . if & is even and two 1’s occur.
ForA<oo: ¥n) = pyin—1)+u—sgn(yin—1)) ,p=1-1/A
(1) = w0) +u—sgn(m0) = u-1<0 v= -1
v2)=pu—pru+1=(+pu+(l-p)>0 R +1
v3) = p(l+plut+tp(l—-p)y+u—-1= (1 +p+p2)uf(l —-p+pT)<0
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The Effects of Finite Op-Amp Gain (3)
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Decimation Filters for MOD1 (1)

* The sinc filter:

u %
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Decimation Filters for MOD1 (2)

* Responses:
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Decimation Filters for MOD1 (3)

* Implementation:

w(n)
(invert MSB)
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Decimation Filters for MOD1 (4)

* The sinc? filter:
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Decimation Filters for MOD1 (5)

Response:
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