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Fig. 2. Simpli�ed circuit schematic of the proposed CMOS RF amplitude detector.

TABLE I
DESIGN PARAMETERS

for a practical RF implementation; a voltage buffer is needed
at the input, and the parasitics of the �rst stage decrease the
recti�cation ef�ciency. An alternative approach is introduced in
this paper; the circuit operates in current mode and performs
the recti�cation at the �rst stage.

The output current from the �rst stage (IRF) is ac coupled
to the recti�er through capacitor C2. The class-AB recti�er is
formed by transistors M6-M15. Transistors M7 and M8 are
biased in weak inversion. Their operating point is controlled by
the current IB4 through the diode-connected transistors M10
and M11. When IRF is positive, it passes through M7, while
M8 is driven into the cutoff region. The ac current received by
M7 is mirrored to the output of the recti�er by M6 and M12.
On the other hand, during the negative half-cycle of IRF, M8 is
activated, and M7 is in the cutoff region. During this cycle, the
ac current is mirrored to M13 and then inverted by M14–M15.
Due to the additional inversion, both half-cycles of the RF
current are added with the same polarity, and hence, full-wave
recti�cation is accomplished. The additional delay introduced
by the extra inversion (performed on the negative half-cycle) is

not a major concern since it is only the average (dc) value of the
sum of both currents that is important. The resultant recti�ed
current is converted to voltage by R3. Note that the effective
operating region of M8 and M7 changes during the recti�cation
operation, and therefore, the dc biasing in the weak inversion
region does not prevent the circuit from operating as a current-
mode recti�er in the RF domain.

As the last stage, the passive LPF formed by R4 and C3
extracts the dc component. This passive pole also sets the
settling time of the detector, which is designed to be on the
order of tenths of nanoseconds. AGND sets the dc operating
point at the output of the detector (DCOUT), as well as the dc
voltage at the source of M10 and M11.

It is important to note that all of the signal ampli�cation and
recti�cation in the detector is done in current mode, and all of
the high-frequency internal nodes are low impedance. These
characteristics prevent the occurrence of large voltage swings
and minimize the injection of substrate noise.

C. Recti“er Analysis and Design Considerations

The recti�cation process takes place if and only if the class-
AB stage (M7 and M8) operates in the nonlinear region, e.g.,
ID5 peak > IB4. If both M7 and M8 operate in the linear
region, the input current splits between the two arms in a linear
fashion, and eventually, both current components are subtracted
and �ltered out at the output. To avoid this situation, IB4 must
be minimized.

At the start of the analysis, assume that M7 is on, whereas
M8 is off, as shown in Fig. 3. If the dc blocking capacitor C2
is large when compared with the parasitic capacitors C1 and
C3, the equivalent grounded capacitor at the source of M7
is approximated by C1+ C3. Therefore, the current �owing
through M7 is given by

ID7 = ID5 Š I C1+C3 (1)
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TABLE III
AREA OVERHEAD ANALYSIS WITH RESPECT TOREPORTEDTRANSCEIVERS[32], [34]–[36] AND RECEIVERS[33], [37]

that the on-chip test demonstration presented in [30] for a
5-GHz LNA in a 0.18-µm CMOS presents a gain measurement
error of 0.7 dB and a 1-dB compression point measurement
error of 3 dB.

As proposed in [18], multiple RF detectors can be employed
for the test of a transceiver. Table III presents an area overhead
analysis for this RF system test scenario considering recently
reported radios that operate at frequencies of 2.4 GHz or less.
Note that this is a pessimistic estimation since the reported
RF ICs employed for comparison have been implemented in
CMOS technologies with smaller minimum feature length.

IV. CONCLUSION

A practical RF amplitude detector design is demonstrated
in a standard CMOS technology. Its very small area, input
capacitance, and frequency of operation make it suitable for
the embedded test and calibration of CMOS RF components of
modern communication systems. A class-AB recti�er provides
an enhanced dynamic range and bandwidth of operation with
respect to previous solutions. Measurement results also show
that the use of integrated RF amplitude detectors is an effective
technique to perform the on-chip measurement of the gain and
1-dB compression point of an RF CUT.
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