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rupts the signal, a severe problem in MOS implementations. For this reason,
it is desirable to achieve a relatively high gain in the RF range, for example,
through the use of active mixers rather than passive mixers (Chapter 6).

The effect of flicker noise can be reduced by a combination of techniques.
As the stages following the mixer operate at relatively low frequencies, they
can incorporate very large devices to minimize the magnitude of the flicker
noise. Moreover, periodic offset cancellation, e.g., between TDMA bursts,
also lowers noise components below approximately 1/T¢, where T denotes
the time between consecutive offset cancellation instances.* In addition, if DC-
free coding is employed, the downconverted signal and hence the noise can be
high-pass filtered.

LO Leakage In addition to introducing DC offsets, leakage of the LO
signal to the antenna and radiation therefrom creates interference in the band
of other receivers using the same wireless standard. The design of the wire-
less standard and the regulations of the Federal Communications Commission
(FCC) impose upper bounds on the amount of in-band LO radiation, typically
between —50 and —80 dBm.

5.2.3 Image-Reject Receivers

The trade-offs governing the use of image-reject filters in heterodyne architec-
tures have motivated RF designers to seek other techniques of suppressing the
image. In this section, we describe two such techniques.

Before studying these architectures, we need to define a “shift-by-90°”
operation. A narrowband signal is shifted by 90° if its spectrum is multiplied by
G(w) = —jsgn(w), where sgn(w) is the signum (or sign) function.’ Depicted
inFig. 5.23, this operation converts sin wf to — cos w¢ and cos w! to sin wt; that
is, it replaces ¢t with t — T /4, where T is the signal period. Note that for a real
signal, the shifted version remains real but experiences different phase changes
at negative and positive frequencies.

How can a signal be shifted by 90°? Figure 5.24 shows an RC-CR network
often utilized for this purpose. Here, for a sinusoidal input with frequency o,
the phase shifts of Vou(¢) and Vo (t) are equal to /2 — tan"} (RCw) and
— tan "} (RCw). respectively. Thus, V. and Vi, have a 90° phase difference
at all frequencies. We return to this circuit in Chapter 7.

% This effect is called “correlated double sampling” in analog design.

> Multiplication by G(w) is equivalent to taking the Hilbert transform.
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