











There are two requirements to make this scheme—mixing a high
frequency directly down to baseband—work properly. First, the
bandwidth of the ADC must be wide enough so that the carrier
(and its sidebands) still have sufficient amplitude when they are
sampled and converted. The AD770 meets this condition, with a
-3-dB bandwidth at 250 MHz, and useful bandwidth up to
approximately 400 MHz (although with fewer effective bits).

Second, the sampling must be synchronized to the carrier. This
may seem an unreasonable constraint, but in many applications it
is achievable. In some systems, for example, the source and the
receiver are at the same location, so the receiver can easily derive
the exact frequency and phase of the carrier. Alternatively, the
carricr can be recovered {rom the received signal with a phase-
locked loop and used to synchronize the ADC’s clock. The
synchronous sampling is equivalent to muluplication of a carrier-
plus-sidebands by a coherent local carrier, which js done in direct-
conversion receiver architecrures.

Figure 9 shows a demonstration system used to recover a 10-kHz
triangular waveform that amplitude-modulates a 400-MHz carrier
(total information bandwidth—first 4 positive and negative har-
monics: 1, 3, 5, 7—is 140 kHz). The modulated carrier —which
could come from the first IF-stage outpur in a multiple conversion
superheterodyne system—is fed directly to the input of the
AD770, set to a =250 mV range, to minimize slew-induced dis-
tortion. A 200-MHz clock source for the converter is produced by
a second generator, which is phase-locked to the carrier generator.
The undersampling of the modulated carrier produces aliases, one
of which is at baseband (400-MHz carrier - 2 X 200-MHz sam-
pling rate).

Data byies that result from the AD770 conversions represent the
binary value of the modulating triangular waveform at each sam-
pled time point. This i1s dramatically seen by using the a/d
converter digital output to drive an 8-bit DAC which reconstructs
the ociginal triangle, now demodulated and at baseband, as an
analog waveform. In effect, the carrier has been undersampled,
but its modulating envelope —the 10 kHz triangle —has been over-
sampled (sampled at greater than the Nyquist criterion requires)
and fully recovered.
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In high-data-rate telecommunications systems, the encoded (for
error-resistance) digital signal bandwidth s fairly high, as much as
20 MHz. Recovering the modulated data to perform the necessary
decoding usually requires complex in-phase/quadrature demodu-
lation circuitry. However, the wide bandwidth and high SNR of
the AD770 (32 10 43 dB at 20 MHz; 33 t0 40 dB at 10 MHz,
depending on amplitude) allows the converter to digitize the sig-
nal directly after it is heterodyned down 1o baseband by conven-
tional techniques. A priori knowledge of the coding scheme allows
use of optimized algorithms to process the digitized data, recreate
the original unencoded bit pattern, and then perform operations
such as echo cancellation or adaptive filtering.

FLASH-CONVERTER DYNAMIC ERRORS

Large flash-converter errors can arise from metastabiliy and
timing mismatches. When clocked at high speeds, a comparator has
a very short time to decide if the input voltage is above or below
its reference voltage. If the input is close to the reference, a
comparator may be metastable and fail to create a valid logic level
within the allotted time. When this invalid signal is passed to the
decoding circuitry, the response is unpredictable and leads to
output errors. The AD770 latches are designed to maximize
converter resolving power and reduce metastability errors to a
negligible level.

Slew-rate-induced timing mismatches in signal distribution, or com-
parator speed differences, may cause one comparator to strobe at a
slightly different time than its neighbors. Some comparators, in
cffect, are looking at a different point on the input waveform
when the clock signal initiates a conversion. This has no effect for
a dc input, but for rapidly changing inputs small timing errors can
mean substantial voltage errors, as different portions of the cir-
cuitry attempt to generate conflicting output codes. When this
happens in the vicinity of major carry points, such as mid-scale,
output glitches occur (sometimes called “sparkle codes™ because
of their visual effect in output-input crossplots and digital video).

The AD770 has two defenses against slew-rate errors. An exten-
sive error-correction scheme (patent pending) finds any compara-
tor with output differing from its neighbors’ and revises its deci-
sion, ensuring that a group of comparators must concur on the
generation of the output code and that a single comparator cannot
act independently. A second defense, in the high-order decode,
allows only one of the four 6-bit codes to reach the output
(avoiding simultaneity dilemmas). If two groups generate differ-
ent information due to extremely fast-slewing signals, this circuit
arbitrates the conflict and thus averts sparkle outputs.
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Figure 9. Demonstration of amplitude modulation and sig-
nal recovery by synchronous undersampling.



