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Process/Temperature Variation Tolerant Precision
Signal Strength Indicator

Chao Yang, Student Member, IEEE, and Andrew Mason, Senior Member, IEEE

Abstract—A receiving signal strength indicator (RSSI) built with
transconductance amplifiers is presented. The RSSI achieves high
tolerance to process/temperature variations by utilizing the unique
nature of branch currents in a transconductance amplifier. These
branch currents are used to implement a current-mode rectifier
and amplitude clipping circuit that are tolerant of process vari-
ations. An on-chip offset control loop permits the entire RSSI to
be realized with only one external component. In 0.18-um CMOS
with a 1.8 V supply, the RSSI draws 2.5 mA and provides 80 dB
of offset suppression and more than 75 dB of log-linear range with
lessthan / — -dB error due to process variation.

Index Terms—CMOS analog integrated circuit, receiving signal
strength indicator (RSSI), signal strength indicator, wireless com-
munication.

. INTRODUCTION

N WIRELESS communication, signal strength can vary

over several orders of magnitude. Analog-to-digital con-
verters (ADCs) are dominantly employed in the receiving
channel to convert the signals from analog/RF domain into
digital domain for baseband signal processing. To recover this
signal in the digital domain, the dynamic range of the ADC
must not only maintain the required signal to quantization
noise ratio but also accommaodate this range of signal strengths.
In many cases, this dynamic range requires an ADC with
prohibitively high resolution (number of bits). To address this
constraint, the gain of the receiving path could be adjusted to
compensate for the signal strength variations. Since the reso-
lution of the ADC is roughly exponentially proportional to its
area and power [1], it is desirable to keep it as low as possible.
Ideally, the signal strength variation can be compensated by a
tunable gain in the RF/analog receiving channel to provide a
signal at the ADC input that is stable and nearly full range. In
this case, the ADC resolution requirement is set only by the
signal to quantization noise ratio. To accommodate receiving
signal strength variations, typically a dedicated functional
block like a variable-gain ampli er (VGA) [2], [3] is used to
provide con gurable gain. In some approaches, in addition to
the VGA, circuits are included to extend tuning exibility, e.g.,
variable gain low noise ampli ers [4], [5]. To provide signals
with stable strength to the ADC, the receiving system needs to
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Fig. 1. Principle schematic for logarithmic ampli ers. (a) PN junction based
feedback system. (b) Typical architecture of the successive detection RSSI.

sense the input signal levels accurately and respond with the
proper nely tuned gain. A receiving signal strength indicator
(RSSI) is used extensively in wireless transceivers [6], [7] to
sense the input signal strength and provide the information for
adjusting the receiver s gain. The signal strength information
can also be used by base station to control the transmitted signal
power. The ability for RSSI circuits to monitor the presence of
signals is also useful in power management applications.

To cover several orders of signal magnitude, the RSSI is gen-
erally realized in a logarithmic-linear form. Successive-detec-
tion architecture has commonly been used [8] [11] because it is
more accurate than the alternative structures based on PN-junc-
tions. Also, PN-junction based logarithmic ampli er has limited
dynamic range and strong temperature dependency [12], [13].
Fig. 1 shows the principle schematic for possible RSSI solution.
The successive-detection architecture is based on the linear ap-
proximation of the logarithmic transfer function. Its principle
block diagram is shown in Fig. 1(b). The detection range of this
RSSI is determined by the total gain of the limiting ampli er
chain, and its accuracy is determined by the gain of each stage
and is improved by smaller gain per stage. In practice, 12 dB
per stage provides suf cient precision (less than 4+/ — 0.5-dB
error).

Traditional RSSI circuits may suffer from intolerance to
process and temperature (PT) variations, requiring calibration
and compensation within hardware or software. Successive
detection recti ers commonly use unbalanced differential pairs
[9], [11], or specially biased input pairs [8], [10]. The transfer
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Fig. 2. Transconductance ampli er with PT variation tolerant gain.

functions of these approaches are strongly affected by device
parameters that uctuate with PT variations. The limiting
ampli er used in RSSI circuits must provide enough bandwidth
for IF signals. The MOS-driving-MOS structure [8] [10] is a
wide bandwidth, low power and open-loop design for limiting
ampli ers, wherein gains are de ned by the transconductance,
gm, ratios of the driving and loading MOSFETSs. The voltage
clipping point is also related to g,,. However, these values
uctuate undesirably with PT variations.

This paper describes a new, wide bandwidth, RSSI circuit
that is inherently PT variation tolerant through novel use of a
transconductance ampli er with resistive source degeneration.
A method is proposed to perform current-mode recti cation and
amplitude clipping utilizing special features of the branch cur-
rents in the transconductance ampli er. Current-mode opera-
tion permits independence from transistor PT variations, and
a resistor-value-tracking bias current suppresses errors due to
process variations in on-chip resistors. Authors have reported a
PT tolerant RSSI [14]. This paper described one with the ex-
tended decibel-linear range.

The transconductance ampli er with constant gain is de-
scribed in Section 11 along with its novel use in a current-mode
recti er and amplitude clipping circuit. Based on this ampli er,
an RSSI structure and circuit are described in Section III.
Section 1V discusses the noise issues, and results and conclu-
sions are given in Sections V and VI, respectively.

Il. CONSTANT GAIN TRANSCONDUCTANCE AMPLIFIER

A transconductance ampli er with a stable gain has been
adopted for the limiting ampli er. As shown in Fig. 2, it utilizes
resistive source degeneration to improve the linearity and dy-
namic range [15]. This transconductance ampli er with source
degeneration has been used for gain ampli er design [16] or ac-
tive lter design [17]. In this paper, the unique feature of its
branch current is utilized for the current-mode recti cation and
amplitude clipping functions that can be incorporated into a PT
variation tolerant RSSI.
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Fig. 3. Branch current for input swings below, at, and above the liming point.

A. PT Variation Tolerant Gain

In Fig. 2, Vbns is a bias voltage of the transconductance am-
pli er. Because its output is differential, a common-mode feed-
back (CMFB) block is used to set the proper common-mode
voltage at the output. The gate-to-source voltages of the input
pMOS transistors are constant because their drain currents are

xed by the current sources connected at their drains, /b3. Thus,
the input differential voltage is exactly transferred onto R1, and
the voltage gain of the transconductance ampli erA, can be ap-
proximated as

K- Ry

A=
Ry

@)

where K is the current scaling ratio of two current mirrors in-
volving MN1 or MN2, and R1 and R2 are shown in Fig. 2.
Because R1 and R2 are built with the same type of on-chip re-
sistors and placed very close to each other, their matching is very
good and nearly independent of process and temperature varia-
tion. Thus, the voltage gain of the circuit in Fig. 2 is very stable
against PT variation.

B. Method for Rectification and Amplitude Clipping

The transconductance ampli er does not directly provide the
amplitude clipping and recti cation functions that are necessary
for a successive detection RSSI. However, the characteristics
of its branch current, I; and I, in Fig. 2, can be manipulated
with additional circuitry to realize these functions in current
mode. Current-mode recti cation minimizes the effects of tran-
sistor parameter variation and achieves high process tolerance
and precision. Also, the current amplitude clipping point is com-
pletely determined by the bias current, and it is independent of
the PT variations in transistors within the main RSSI circuit (see
details in Section I1I).

Fig. 3 shows the response of I; and /5 to three input sinu-
soid waves of different magnitudes. Notice that, beyond a cer-
tain input magnitude, the negative amplitude of both currents
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Fig. 5. Response of the recti catoin and amplitude clipping to input sinusoid
with swings below, at, and above the liming point, created by combining the
negative half wave of branch currents in Fig. 3.

will be clipped to zero. The absolute value of the negative am-
plitude actually is the balanced dc current of these branches,
which can be very well controlled by the bias circuit. In con-
trast, the positive amplitude of 7; and I continues to increase.
To better understand the branch current response, a dc sweep of
input differential voltage was performed and the branch current
responses (1 and I) are plotted in Fig. 4. In zone B, the input
voltage swing is small and branch current response is linear. At
the edge of zone B, one current reaches zero and remains at zero
for further increases in the absolute value of the input differ-
ential voltage. The other branch current continues to increase
in a nonlinear fashion as shown in zone A and C because the
transistors in the Ib; current sources go into the triode region
and continue to supply more currents. Thus, the response of I;
and I, provide the desired amplitude clipping function only for
the negative half-waveform (at values below 20uA in Fig. 4)
by clamping them at zero. Although this only provides half-
waveform amplitude clipping, it yields clues for constructing
a current mode recti er with full-waveform amplitude clipping.

Consider a new waveform that is formed by taking the por-
tions of both I; and I, that are below the crossing point (20 ©A
in Fig. 4) and combining them. This new response to the dif-
ferential input voltage would realize both full-wave recti ca-
tion and amplitude clipping that is determined by the bias cur-
rent. Using this approach, if the differential input signals were
sine-waves with different amplitudes, the combined waveform
would have the response shown in Fig. 5. This waveform is a

typical output of a recti er with amplitude clipping in a succes-
sive detection RSSI for the sinusoidal inputs. Comparing this to
Fig. 3, we see that the new waveform is actually comprised of
the negative half-waves of I; and I>. Because the absolute value
of the negative clipping amplitude is determined completely by
the bias current, PT variation independent amplitude clipping
can be obtained by utilizing bias currents that are independent
of PT variations.

I1l. RSSI BASED ON TRANSCONDUCTANCE AMPLIFIER

Based on the transconductance ampli er and the concept of
current mode recti cation and amplitude clipping presented
above, a new PT variation tolerant RSSI has been developed.
Fig. 6 shows the block diagram of the new RSSI constructed
around six cascaded gain stages and one additional V-1 conver-
sion stage extending the RSSI s log-linear range by 12 dB. The
gain stages are composed of transconductance ampli ers and
dedicated circuits to realize current-mode amplitude clipping
and recti cation (by generating the waveform shown in Fig. 5).
The gain of the transconductance ampli er in each stage is
set to 12 dB, so the total gain of the RSSI is 72 dB. Two gain
stage variations, one with dc offset control and one without, are
utilized in this design. An on-chip resistor is used to convert the
RSSI output current to a voltage (Vout). An off-chip capacitor
in parallel with the on-chip resistor lters out the ac components
in Vout.

A. Common Bias Generator

The common bias generator in Fig. 6 biases all of the RSSI
circuit blocks, including the transconductance ampli er. As
described above, the current-mode amplitude clipping point is
completely determined by the bias current. The output of the
RSSI is a voltage obtained by applying the recti ed currents of
the gain stages to the on-chip resistor. To suppress the output
error due to resistor process variations, the bias circuit gener-
ates bias currents that track the on-chip resistor value. Since
the transconductance ampli er transforms its input voltage to
a current through another on-chip resistor (21 in Fig. 2), this
bias current also ensures the input referred clipping voltage is
tolerant of process variations.

B. Gain Stage Design

The schematic for each RSSI gain stage is shown in Fig. 7.
The baseline circuit consists of a transconductance ampli er
(top right) and a circuit-mode half-wave combiner to imple-
ment current-mode amplitude clipping and recti cation (bottom
right). The circuit of the current combiner is shown in Fig. 8.
A second type of gain stage includes the circuit enclosed by a
dotted line to provide an input for offset control. Fig. 6 shows
how these two circuit variations come together to form the
overall RSSI.

The transconductance ampli er core shown in Fig. 7 imple-
ments the transconductance ampli er with PT variation tolerant
gain described by Fig. 2. By setting K = 2 and R2 = 2*R1 in
(1), the transconductance ampli er gain is designed to be 12 dB
(4x). The nite output resistance of the MOSFET in parallel
with R1&R2 will affect stability across PT variations. Several
measures have been taken to suppress this effect. The output
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Fig. 6. Block diagram of the new RSSI.
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Fig. 7. Schematic for gain stage. The circuit enclosed within the dashed box
is used for chain offset control and is only included in gain stages with offset
control.

branches use a cascode structure to increase their output resis-
tance and minimize their effect on R2. To minimize the effect of
MOSEFT output resistance on R1, the nMOS branch at nodes
X and Y is cascoded. For the pMOS branch at nodes X and Y,
a single transistor (MP1 or MP2) with long gate length is used
to avoid limiting the voltage swing with a 1.8-V supply. Simu-
lation result shows that circuit in Fig. 7 only has +/ — 0.07-dB
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Fig. 8. Schematic of the current mode halfwave combiner, all the pMOS are
set to be the same size.
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Fig. 9. DC sweep simulation: lout v.s. input differential voltage for the circuit
in Fig. 7.

gain variation from designed value over different process/tem-
perature corner. For the 6-stage cascode gain chain, the variation
is only +/ — 0.42 dB, which is good enough for a +/ — 1-dB
accuracy of the RSSI. The result is con rmed that the affect of
MOSFET output resistance on R1 and R2 is negligible.

The bias current was selected so that the negative swing of
I, and I, (Fig. 3) are clipped to zero with an output-referred
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Fig. 10. Frequency response of the gain chain.

voltage of 1 Vpp, where the output of the transconductance am-
pli er still has suf cient headroom. With the 12-dB gain of the
ampli er stage, the input referred clipping range is 250 mVpp.
This voltage re ects the voltage drop across R1; because the
gate-to-source voltages of the input pMOS transistors are  xed.
The bias current tracks resistor variations, the accuracy of this
tracking is determined by the ratio of on-chip resistors value,
which can achieve 99% accuracy (1% mismatch). The PT
variation on the resistor ratio should be a small fraction of the
total mismatch (1%).Thus this input referred clipping voltage
is nearly independent of the PT variation.

The common-mode control circuit is employed to set the CM
voltage for the differential gain stage. CMFB circuit is shown
at the top of Fig. 7. It is based on an op-amp. Its outputs are
connected to the output of the gain stage. This circuit senses gain
stage common-mode information from the Vecm node (between
R21and R22)and xes it to 800 mV with its negative feedback
loop. A capacitor is added to provide the frequency stability.

The circuit in Fig. 8 combines the half-waves of I; and I,
to achieve full-waveform recti cation and amplitude clipping.
The circuit can be split into left and right halves. Each half rst
mirrors I (or I) in Fig. 7 and then realizes the half-waveform
recti ed current in MP3 (or MP4). Finally, these two half-wave-
form recti ed currents are summed to form lout. Fig. 9 shows
the resulting waveform of output current versus input differen-
tial voltage for the circuit in Fig. 7, where the input referred
clipping range is measured as 250 mVpp.

In these current-mode manipulations, transistor matching
plays a key role in accuracy giving that the currents are mirrored
several times. Any signi cant mismatch will affect the shape of
full-waveform recti cation curve shown in Fig. 5. Also current
mirrors with signi cant mismatch suffer large PT variations.
Careful layout can guarantee good size matching and protect
against process variation. Thus, this current-mode operation is
nearly independent of transistor process variations.

C. Gain Stage Chain dc Offset Control

Due to the large gain of the ampli er chain in the RSSI
system, the dc offset of each ampli er in the chain becomes a
major liability. Even a minuscule input referred offset voltage
at the RSSI input will saturate the output nodes or internal

nodes of the gain chain and limit the detection oor. Thus, dc
offset control is necessary for a successive detection RSSI. In
[8], a single low pass Iter loop was adopted to suppress the dc
offset. Due to the large gain in the chain, a very large off-chip
capacitor was necessary to provide a suf ciently low cutoff
frequency. In contrast, the RSSI in Fig. 6 breaks the feedback
into three smaller loops, and the required capacitors in each
loop are 256 times smaller, allowing them to be realized on
chip. The feedback loop could be broken into more sections,
but the input referred residue offset would increase accordingly.
More than three sections was observed to have adverse impact
on RSSI resolution by signi cant changing the transfer curves.
We have experimentally determined that breaking the feedback
into three sections signi cantly decrease the total capacitance
in dc offset control loop by 80 times with negligible effect on
resolution. Fig. 10 plots the simulated ac response of the whole
chain and shows an 80-dB dc offset suppression is achieved.
The offset canceling feedback loops are integrated into the
transconductance ampli er through an auxiliary input shown
within a dotted region in Fig. 7.

D. Additional V-1 Conversion Stage

Within each transconductance ampli er stage, the input re-
ferred voltage clipping range was set to only 250 mVpp to en-
sure its output branch has suf cient voltage headroom when the
output was around the clipping voltage. This limits the upper
boundary of the RSSI s log-linear range to around 250 mVpp.
To extend this range, an additional V-I conversion stage has
been added at the input of the RSSI, as shown in Fig. 6. The
schematic for the V-l conversion stage is shown in Fig. 11.
Its topology replicates the input and current-mode recti cation
blocks of the gain stage in Fig. 7. In contrast to the normal gain
stage, this V-I conversion circuit does not include an output
branch to pass on the signal. Therefore, the output headroom
is not of concern in setting the clipping range. The input re-
ferred clipping range is set to 1 Vpp by setting R = 25k Q in
Fig. 11. As aresult, the log-linear range of the RSSI is extended
to around 1 Vpp. Fig. 12 compares the response of the RSSI
with and without the additional V-I conversion stage, showing
that the upper boundary of the log-linear range is extended by
12 dB (4x) with the addition of the V—I conversion stage.
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IV. NOISE ANALYSIS

Noises in the signal path determine the noise oor, and sig-
nals below this oor cannot be sensed by the RSSI. In the com-
munication system, the RSSI s input comes from the RF re-
ceiving circuits, which normally provide certain gain on the
signal. Thus, it is practical to set the input referred noise to
100 pVrms. While the extra V-l conversion stage extends the
upper boundary of the RSSI log-linear range, noise contribu-
tion from the gain chain determines the lower boundary of this
range. Noise from the additional V-I conversion stage can be
ignored because it is not in the ampli er chain and only plays
an active role when input signal is large. Due to the large gain of
the ampli ers in the chain, the noise contribution of the stages
beyond the rst stage can be ignored. Thus, the noise oor is
determined by noise in the rst gain stage, requiring an analysis
of the noise contributions of the transconductance ampli er in
Fig. 7. Here, icker noise can be ignored because the offset can-
celing loop will cut off the low frequency signals.

The channel currents of the input pair (MN1 and MN2) in
Fig. 7 are de ned by MN3 and MN4. Feedback loops around
MN3 and MN4 will stabilize the channel current of the input
pair. Thus, the input pairs channel thermal noise can be ignored.
The major thermal noise contributors are MP1-2, MN1-4 and
R1. Because the differential signal between nodes X and Y is
the same as that of the input, the equivalent noise source be-
tween nodes X and Y can be considered the same as the input
referred noise voltage. For the channel thermal noise, the input
referred noise contribution of the transistors listed above can be
formulated by applying the noise current on R1, as given by [18]

Vn2XY =4 kTW’(Qm)Rlz- (2
Accounting for all major noise sources, which are the channel
thermal noises from MN1-4 and MP1-2, the input referred noise
V,, is then given by

Vrzz =4 kT’Y(gmpl +gmp2 +gmn1 +gmn2 +gmn3 +gmn4)R12
+4kT-R1. (3)

Clues for minimizing or controlling noise are provided by (3).
Notice that R1 has a signi cant (second order) impact on noise
and thus should be as small as possible. However, the product of
R1 and the bias current of Mn1-Mn2 determine the voltage clip-
ping point, which should remain constant. As a result, reducing
R1 requires increasing the bias currents. Although higher bias
currents would increase g,,, in (3), this has less impact on noise
than reducing R1 because of the square root factor on g,, rel-
ative to R1. Notice also that g,, can be reduced with a xed
bias current by decreasing W/L for the relevant transistors.
Based on these factors, to achieve a targeted input referred noise
of 100 xVrms over a 20-MHz bandwidth, R1 has been set to
6.25 KQ.

V. RESULTS

The RSSI circuit of Fig. 6 was implemented inan IBM 0.18-u
m CMOS process. The complete circuit occupies 0.4 mmx0.5
mm on the chip, as shown in Fig. 13. To reduce required chip real
estate, the offset control could be implemented with only one
feedback loop, allowing the feedback capacitor to be kept off
chip. In this case, the core RSSI circuit area would be only 0.16
mmx 0.5 mm at the cost of two additional 1/O pads to connect
the external capacitor.

The circuit shown in Fig. 14 was implemented to test the fab-
ricated RSSI chip. Because commercial instruments can only
generate large signals with good signal-to-noise ratio (SNR),
the RC network in Fig. 14 attenuates the input and produces very
small output signals with good SNR. The attenuation coef cient
is de ned by impedance ratio of R1 and C2. C1 functions as a
dc blocker. Because C'1 is much larger than C'2, the output noise
of this attenuator is determined by k7'/C2. Thus, a very large
capacitance (1 nF) was chosen for C3.

To nd a proper value for C2 in the testing setup and detect
the RSSI s internal noise, the differential inputs in Fig. 14 are

rst shorted, and then the value of C2 is increased from a small
value. The output of the RSSI will decrease accordingly, and it
stops at a point where the external noise is not dominant. The
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Fig. 14. RSSI output variation in decibels for three random die and three dif-
ferent temperatures, illustrating tolerance to process variations.

Fig. 15. Chip photograph of the 0.4 mm 0.5 mm RSSI circuit in 0.18- m
CMOS.

stopping point of the RSSI response gives clues to its internal
noise level.

With a 1.8-V supply and a 2-MHz sinusoidal input, the fab-
ricated RSSI circuit draws 2.5 mA. Fig. 15 shows the voltage
output of the RSSI as a logarithmic function of the input voltage
swing. To evaluate the process tolerance of the RSSI, the transfer
function was plotted for three randomly selected chips and for
one chip at three different temperatures, 0 °C, 25 °C, and 85 °C.
The good superposition of these measured curves veri es the
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Fig. 16. Schematic for RSSI testing circuit.

TABLE |
SUMMARY OF RSSI| PERFORMANCE

[Technology IBM 0.18um CMOS
Area 0.4mm X 0.5mm
Power 2.5mA

Log-linear range 75dB

Process variation error +/- 1.5dB

Maximum input 1Vpp

Flat bandwidth 20MHz

Input referred noise 150uVrms

process and temperature independence of the RSSI circuit. Fur-
thermore, as anticipated during the design phase, all these mea-
sured curves are close enough to the simulation results in the
log-linear region that no calibration procedure is needed.

To quantitatively evaluate the PT variation errors of this RSSI,
a baseline value (based on the trend line in the log-linear region
of a typical-condition simulation curve) was subtracted from the
measurement results. These values are plotted in Fig. 16. Within
the log-linear range, less than +/ — 2-dB output deviation due
to PT variation was achieved without any calibration.

Table | summarizes the performance of the fabricated RSSI
circuit. With a 2-MHz input, Fig. 15 shows the RSSI provides
more than 75 dB of log-linear range. In comparing simula-
tion results with measured results, we observe that although
measurement and simulation results overlap very well, the
measured log-linear range is slightly narrower than the de-
signed value. As shown in Fig. 15, the simulated range extends
slightly beyond that of the measurements at both ends of the
curve. There are several potential reasons for this discrepancy.
The upper boundary of the log-linear range is about 3 dB below
the designed values. This can be attributed to the limited drain
impedance of the MP1 and MP2 in the V-I conversion stage
(Fig. 11) impacting the effective value of R1 (implemented
as 25 K Q). This would be manifested by a lower clipping
point within the additional V-I conversion stage and, therefore,
a lower upper boundary in log-linear range. For the lower
boundary, the input referred noise voltage can be determined
from the measured results in Fig. 15 to be about 150 pVrms,
This lower boundary is determined by the thermal noise and
was designed to be 100 pVrms, slightly less than the measured
value. According to (2), this noise performance discrepancy
could be resulted in due to the variation of the some parameter
variations from simulation, such as gm, R1 and ~. 150 pVrms
input referred noise voltage increased the detection level by
only 3.5 dB, which can be compensated with the gain of the
RF receiving circuit (i.e., LNA, mixer) in real transceiver. We
can also use smaller R1 to lower the noise level. All of the
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factors affecting log-linear range could easily be addressed in a
subsequent design iteration.

Although the at bandwidth of the RSSI was designed to
be up to 20 MHz, it is feasible to extend the bandwidth to the
100-MHz range. For the six cascaded stages in the gain chain,
each stage needs to provide a bandwidth of 200 MHz to achieve
a 100-MHz bandwidth for the while chain. For the transconduc-
tance ampli er based limiting ampli er, it is feasible to achieve
a 200-MHz bandwidth. Noise should not increase signi cantly
with the bandwidth extension, because the current drawing will
increase with the bandwidth extension, providing smaller noise.

VI. CONCLUSION

A new approach for implementing a precise, process tolerant,
RSSI was presented. It utilizes the unique nature of branch
currents in a transconductance ampli er to realize a nearly
ideal, current-mode recti er and amplitude clipping circuit that
suppresses process and temperature variations. No calibration
is required for this RSSI because it compensates for process
and temperature variation internally. In 0.18-zm CMOS with
a 1.8-V supply, the 0.4 mmx0.5 mm RSSI draws 2.5 mA and
provides more than 75 dB of log-linear range with all Iter
capacitors implemented on chip. Design parameters that could
be modi ed to further extend the log-linear range were iden-
ti ed. The RSSI was shown to generate less than +/ — 2-dB
output deviation due to process and temperature variations.
Furthermore, the on-chip offset suppression loop minimizes the
necessary external components to only one, which is important
for reliability and low cost.
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