Simulation of MOD1 (2)

« SQNRs for different frequencies:
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Slmulatlon of MOD1 (3)

o In band quantlzanon noise power:
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* |dle tones:
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) ~1 /500 >0 Inband Tone Generation
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MOD1 Under DC Excitation (2)

« gy

* Let u=a/kb, 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. 1, |, =1, ) 1. | -/

° lfaorbis even, the period is 2b, with (a+b) +1s and (b-a) -1s.
Tee ( 19,0, b=2
e If v(n) has a period p, within +1s and(p-m)-1 s, 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!

2

e Foru-= 11/1 00, tones at k-7/200, 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:
— Yn=D) ™
y(m) = [y(n=1)—sgn(y(n=1)|+un) <2
— - i
[ 1< Jul<

It u>1 (or u<-1), vwill always be +1 (or -1) = y wil
increase (or decrease) indefinitely.

If [u(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 kffects of Finite Op-Amp Gain (1)

Degraded noise shaping: oo
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The Effects of F|n|te Op Amp Galn (2)

@-z.u, =<1 cle

e Dead zones:
Ideally: v(1) = »(0) +u—sgn(p(0)) = u-1<0 v= -

e W2) =(u-Dtu+1 =2u>0 +1
A - o0 v3) =2u+u—-1=3u-1<0 -1
w(k) = | ku—1 ,if k 1s odd for u> 0, eventually ku > 1

and two 1’s occur.
alal ol 'W{%i_i)w SR, £ .,g; _

For A<oo: ¥n) = pvin—1)+u—sgn(yin-1)) ,p=1-1A <« [

1; ku -¢ 1f k 1s even

v = wW0) +u—sgn(0)) = u—-1<0 v= -1
v2y =pu—p+tu+l =+plut(l-p)>0 +1
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The Effects of Finite Op-Amp Gain (3)

« Forv>0,
(Two 1’s occuring)
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. The sinc fllter

Averaging
over N samples
(running-average)
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Decimation Filters for MOD1 (2)

e Responses:
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Demmatlon Fllters for MOD1 (3)
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Decimation Filters for MOD1 (4)

o The smc2 fllter
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Demmatlon Fllters for MOD1 (5)

o Response
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Parameter Value

input step size (LSB size) 2
l output step size 2 y 3‘
number of steps M = 2N _ /
'! ‘ number of levels M+1
: j\? =number of bits |_10g2(M & 1).] ‘{
N ' no-overload input range (M + 1),M + 1]
| full-scale 2M

| . 0,2, .., (M -1),M odd
| input thresholds :
' +1,43, ..., x(M-1), M even

+1, 43, ..., =M, M odd
output levels !
0,+2,+4, ..., M, M even 3~

i Table 2.1. Properties of the symmetric quantizers of Figs. 2.3 and 2.4.




