AY. DAC STRUCTURE

Digital Digital Analog Analog
input output

N N 1
vl IF 2] N —<—| DAc b—+] LPE —u
fy OSR-fy, OSSR,

IF:  Interpolation Filter

NL: Noise-shaping Loop
DAC: Digital-Analog Converter
LPF:  Lowpass Filter

Block diagram of a AX DAC.
i

AVANYAVEWE-

i
(OSR-1)fy OSRfy

Single-bit DAC can be b) /——\ /—\ IF
linear. For a few bits (2~4), — | _\,, outeut
o Iy (OSR-1)fy OSRefy
DEM can be used 0 /_ - AL and
runcat(l,?n Nois o DAC output
s fy Y (0SR-1)»fy  OSRe,

d) Analog
output

Y T g T T »f
{OSR-1)fy  OSRefy

Signal and noise spectra in a AX DAC.,

“
G. C. Temes 1/18



ERROR FEEDBACK ARCHITECTURE
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Error feedback with limiter.
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CASCADE DACs
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DUAL TRUNCATION DACs
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HARAPETIAN’S SCHEME
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A single-stage dual-truncation D/A loop.
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SEGMENTED DACs
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ANOTHER SEGMENTATION SCHEME

DAC -V

A hardware-reduced first-order modulator with dither.
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A POWER-UP CORRECTION METHOD
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——— COMPARISON OF SINGLE- AND e
MULTI-BIT XA DACS

Single-bit truncation: Much simpler intemal DAC structure can be used, without
the need for thermometer coding, unit elements and digital mismatch-shaping
logic.

Multi-bit truncation: Several advantages can be obtained, including

I. Simpler digital noise-shaping loop, since more aggressive NTF may be used,
and since the truncation noise is reduced by at least N — 1 bits.

2. Less (or no) dithering, since tones are less likely to be generated, and since typ-
ically the amplitude of dithering is about 1/2 LSB, which is smaller in a multi-
bit quantizer.

‘e

. Much simpler analog smoothing filter, since the slewing and out-of-band noise
in the DAC output are both reduced. Also, the sensitivity to clock jitter is
reduced, due to the reduced step size in the DAC output signal.‘!'

Generally, the advantages of multi-bit truncation outweigh those of single-bit trun-
cation, and hence it is preferable to design AX DACs with multi-bit internal DACs.

o
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AN EXAMPLE [3]
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SPECTRA WITHIN AX DAC SYSTEM

0

a)

b)

¢)

d)

Magnitude {dB)

Frequency
A

G. C. Temes 11/18



POST-FILTER DESIGN
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Post-filter for a 1-bit AZ DAC and associated signals.
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ARCHITECTURES

RECONSTRUCTION FILTER

——————————————————————————

a iqua i biquad i
| D11 Ny AL Nj2 |
] ' 11 AL I out
!Qré‘ ]11 Aéb Hz TI— - IH —bé. 1;2 Tr--—i-
| 1 11 |
__________________________
b)
N4 Ny nj
in ( i ) l'f ( ; ) , [2 - ‘3 out
c)
1 2 biquad 1 biquad 2
in GF y ? - 1 (E+ | H, ? H, | out
G. C. Temes 13/18




POST-FILTER EXAMPLES (1)

A 4"_grder Bessel filter implemented with a cascade of biquads.
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POST-FILTER EXAMPLES (2)

A 4M_order Bessel filter implemented with the
inverse follow-the-leader topology.
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SC-CT BUFFER

(™ y(t)

A direct-charge-transfer (DCT) stage.
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DESIGN EXAMPLES
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