Ny e : = ‘
— _,_r'_ b flash ADQ
Zfl z 1 1 +
+ _,JJ—
.

(b)
Fig. 1. (a) A second-order feddck ADC, and (b) signal levels for an input
signal level of -1dBFS. MM AR

simply a two-period delay. The signal input to the loop is
given by i 200 ) 200

X 8Y =(182%) x &1 8272 Q 3) ®)
which includes not only the shaped quantization noise, biFig- 2. (a) A second-order feed-forward ADC, and (b) signal levels for an

also the signal component, (13X. This component causes input signal level of -1dBFS.

the large signal swing at the output of each integrator [3].
This relationship is very useful for cascade ADCs. With a
B. Feed-forward Topology feed-forward first stage, the first-stage quantization noise is
Fig. 2(a) shows A second-order feed-forward ADC whicheasily digitized by feeding V2 directly to the second stage,

has the same NTF as the feed-back ADC but a unity sign#ihereas in the feed-back case, additional DACs are used to
transfer function: generate the first stage quantization noise to be digitized.

SThy =1 4 lll.  ANALOG-DOMAIN SUMMING

«_31\2 For the feed-forward ADC, the input signal must be
NTFg = (132 ) (5)  added with the two integrator outputs before quantization.

. onventionally, there are two ways to implement the
With a STF of one, the loop sees only the shape& y Y P

9 ) X X ) equired summing function.
guantization noise which explains the very small signal
swing at each internal node as shown in Fig. 2(b). A. Summing using an Op-amp
Compared to the almost rail-to-rail signal swings in the . . e
feed-back ADC, the first integrator output, V1, of the feed- . A Switched-capacitor amplifier is used to add the three
forward ADC is limited to £ 1LSB whereas V2 is limited to signals as shown in Fig. 3(a). At end of clock phaise
+ 0.5LSB. For an ADC with an M-bit quantizer, V3= X+2V1+V2 (8)

_ From Fig. 2(b), note that V3 experiences a rail-to-rail signal
LSB= M (6) swing. Therefore, a two-stage op-amp is usually used to meet

the stringent headroom requirements and to provide

With more bits, the quantization noise is reduced and so agficient gain. This adds power consumption and design
the integrator output swings. The small signal swings mak@omplexity to the ADC.

the ADC more robust to op-amp nonlinearities.

Another advantage of the feed-forward topology is that th8. Summing using Charge Sharing
second integrator output, V2, depends on the ADC Rather than generating the sum signal V3 for the whole
quantization noise, 4b quantizer, improved efficiency results from summing the
signals within each comparator using charge sharing [4].
Shown in Fig. 3(b), the input to each comparator during
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