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A 0.5 to 4 GHz True Logarithmic Amplifier Utilizing
Monolithic GaAs MESFET Technology
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Abstract—The design of the true logarithmic amplifier is reviewed,
and the sensitivity of the circuit’s performance to design or process
errors is investigated. Following this is a description of a GaAs mon-
olithic dual-gain amplifier stage which has been developed for 0.5 to 4
GHz true logarithmic amplifier applications. This bandwidth is signif-
icantly greater than that of previously reported true logarithmic am-
plifier stages. A cascade of six of these stages has resulted in a loga-
rithmic amplifier with a 70 dB dynamic range.

I. INTRODUCTION

OGARITHMIC amplifiers are useful for compressing

the dynamic range of signals prior to detection, so
that detectors with limited dynamic range may be used in
receiving systems to measure widely varying input signal
amplitudes. Many types of logarithmic amplifiers have
been developed [1], [2], and the type which is used in any
particular application is determined by the system require-
ments. One type of logarithmic amplifier which is com-
monly used in systems which must perform signal pro-
cessing functions on the phase of the incident signal is
termed the true logarithmic amplifier, introduced by Wo-
roncow and Croney in 1966 [3]. In the case of the true
logarithmic amplifier, the output is a carrier frequency
signal with voltage amplitude directly proportional to the
logarithm of the input power level.

Excellent results have been obtained by constructing
dual-gain stages as monolithic silicon amplifiers using bi-
polar transistors [4]. Many companies are now producing
true logarithmic amplifiers using these techniques, with
typical bandwidths of a few hundred megahertz centered
in the VHF or UHF frequency range.

II. THE TRUE LOGARITHMIC AMPLIFIER

The true logarithmic amplifier is composed of a cascade
of dual-gain stages, as shown in Fig. 1. Each stage con-
tains two independent amplifiers which share a common
input. One amplifier has high gain and a low limiting
power level, and the other has unity gain and a high
compression point. When the outputs of these two paths
are combined, the result is an amplifier stage with an
abrupt change in gain at some input power level. The stage
has moderate gain (typically 10 dB) at low power levels,
and gain approaching unity at higher power levels, as
shown in Fig. 2. Referring again to Fig. 1, the case of 10
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Fig. 1 Block diagram of a true logarithmic amplhifier.
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Fig. 2. Voltage gain characteristics of one dual-gain stage.

dB gain stages requires a voltage gain A of 2.16 or 6.7
dB to be combined with the unity gain path. An amplifier
comprising a cascade of these stages will possess an out-
put versus input characteristic which is a piecewise-linear
approximation to the desired logarithmic function.

The characteristics of a true logarithmic amplifier con-
sisting of six ideal dual-gain stages, each with 10 dB gain,
are presented in Fig. 3. Barber and Brown [4] have shown
that the breakpoints in the response lie on the line defined
by

Vo = {N + 1/4 + logias [V, /V 1}V (1)

where V7, is the output limiting voltage of the limiting am-
plifier path, and N is the total number of dual-gain stages.
The maximum logarithmic error, or deviation of the ap-
proximating curve from a best fit straight line response,
may be reduced by using more stages, each with less gain.
For the case of 10 dB gain stages, the maximum error
from a best fit line is about 0.8 dB. In practice, however,
the transition of the dual-gain stages from their linear to
limiting modes is somewhat gradual. an effect which re-
duces the sharpness of the breakpoints and makes them
difficult to identify in the measured response of a true log-
arithmic amplifier utilizing 10 dB gain stages.

It is instructive to investigate the effects of stage gain
and limiting power level errors on the characteristics of
the true logarithmic amplifier. If, in the amplifier pos-
sessing the response shown in Fig. 3, gain A4 is increased
10 percent from 2.16 to 2.38, the curve shown in Fig. 4
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Fig. 3. Gain characteristics of a true logarnthmic amplifier with 10 dB gain
stages. The breakpoints of the approximating curve lie on the line de-
fined by (1) in the text.
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Fig. 4. Gain characteristics of a true logarithmic amplifier with stage gain
and limiting power level errors.

results. The logarithmic slope of the amplifier has de-
creased from 6.3 to 6.0 mV /dB, but the linearity of the
response has been retained. This is to be expected because
changing the value of A is exactly equivalent to changing
the nominal gain of each stage. The effect of increasing
the stage gain is to increase the dynamic range of the am-
plifier, at the expense of generating greater errors between
the approximating and ideal logarithmic response curves.
The maximum error from a best fit line has been increased
in this case from 0.8 to 1.1 dB. Assuming that these errors
do not become excessive, the fact that linearity is retained
indicates that system errors induced by errors in the gain
A may be corrected after the logarithmic amplifier through
the use of linear gain or attenuation.

Similarly, errors in the limiting power level of the
higher gain path result in a response which retains lin-
earity. As seen in Fig. 4, if the limiting power level of
the higher gain path is increased 10 percent from —8 dBm
to ~7.6 dBm, the resulting logarithmic slope is changed
from 6.3 to 6.6 mV /dB. Maximum error from a best fit
line is not affected by errors in the limiting power level,
as long as the limiting power level is sufficiently small
relative to the compression point of the unity gain path.

These two previous cases are in sharp contrast to the
case of error in the gain of the ‘‘unity gain’’ path. An
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amplifier composed of stages in which 4 is 2.16 but the
gain of the unity gain path is 10 percent in error will gen-
erate a nonlinear response curve (also shown in Fig. 4).
This error cannot be corrected after the logarithmic am-
plifier except through the use of another nonlinear device.
It is clear, then, that the most important constraint in the
design of a true logarithmic amplifier is the accuracy of
the gain of the unity gain path of each stage.

III. DEsioN

In this effort, the advantages of GaAs monolithic tech-
nology have been utilized to develop a monolithic dual-
gain stage for the 0.5 to 4 GHz band. A schematic dia-
gram of the circuit is shown in Fig. 5. A stage gain of 10
dB was chosen, but because a —6 dB resistive combiner
was used rather than an ideal combiner, the gains of both
amplifier paths were increased 6 dB relative to the ideal
combiner case. The first path has 12.7 dB gain and a sat-
urated output power of —8 dBm, and the second path has
6 dB gain and a saturated output power of +11 dBm.

A thin-film network external to the monolithic circuit
contains the —6 dB resistive combiner in which the out-
puts of the two amplifier paths are combined to provide
the linear gain of 10 dB at low power levels. Because of
the low limiting power level in the higher gain path, the
gain of the stage begins to decrease as input power ex-
ceeds —20 dBm. The stage gain asymptotically ap-
proaches 0 dB as input power is further increased. Addi-
tional circuit elements printed on the thin-film network
are two shorted stubs which may be used for gain shaping
and a series transmission line to equalize the insertion
phase between the two paths.

With regard to insertion phase, it should be noted that,
for proper operation of the true logarithmic amplifier
stage, it is crucial that the outputs of the two gain paths
be combined in phase. To allow broad-band operation.
care was taken to ensure that an even number of inverting
FET gain stages were used in each amplifier path. Be-
cause of this, the insertion phases of the two paths were
easily equalized through the use of a series transmission
line in the higher compression path, which contains fewer
FET’s. The predicted insertion phases of the two paths
are shown in Fig. 6.

Fig. 7 is a photograph of the GaAs monolithic dual-gain
amplifier. The circuit contains seven FET's, 29 GaAs re-
sistors, and 18 capacitors for a total of 190 pF capaci-
tance. The dimensions of the chip are 2.0 mm X 2.2 mm,
and the thickness is 0.1 mm. Harmonic balance nonlinear
analysis techniques were used to predict the compression
point and the saturated output power of each amplifier
path. This information was used in the selection of a 50
wm gate width FET for the output stage of the high-gain
path and a 300 um FET for the output stage of the lower
gain path. All other FET’s are of 150 um gate width. A
complete gain stage consisting of the amplifier chip and
its associated thin-film network mounted on a carrier plate
is seen in Fig. 8.
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Fig. 8. Complete dual-gain stage.

IV. MEASURED PERFORMANCE

The gains of the two paths were individually evaluated
using a test thin-film network which did not combine the
outputs of the two paths. These gains are seen in Fig. 9.
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Fig. 9. Measured gain of the two paths of the dual-gain stage.
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Fig. 10. Measured voltage gain characteristics of the dual-gain stage.

The higher gain path shows 12.7 + 1 dB gain, and the
gain of the high compression path is measured to be within
0.4 dB of its 6 dB target.

The measured voltage response of one dual-gain am-
plifier stage installed in the combining thin-film network
is seen in Fig. 10. The axes are scaled in peak volts to
show the knee in the gain response, which is character-
istic of true logarithmic gain stages. Below the knee the
slope is indicative of 10 dB linear gain, and above the
knee the gain slope is unity until the lower gain amplifier
eventually saturates. Fig. 11 shows the limiting process
in the frequency domain. as the power gain of the dual-
gain stage is shown for two input power levels. Ata —30
dBm input power level, the stage gain is 10 + 1 dB across
the full 0.5 to 4 GHz frequency range. With an input
power level of 0 dBm, the stage shows 1.6 + 0.3 dB gain.

Fig. 12 is a picture of the six-stage logarithmic ampli-
fier composed of these dual-gain amplifier stages. Regu-
lation for dc voltages is included in the housing. Power
requirements are +8 V at 0.6 A and —8 V at 50 mA. The
overall response of the amplifier is seen in Fig. 13. At
any given frequency in the 0.5 to 4 GHz band, the loga-
rithmic error from a best fit line is less than +3.5 dB
across input power levels between —70 and 0 dBm. The
fact that the curves do not lie on top of each other indi-
cates an undesirable frequency dependence of circuit pa-
rameters. From the previous discussion of the effects of
circuit errors on the logarithmic response, it is apparent
that the unity gain paths have very accurate gain values,
because each of the curves shows good linearity. How-
ever, in the case of the 1 GHz curve, the higher gain path
exhibits both gain and limiting output power in excess of
the design goals, resulting in greater output voltage for all
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Fig. 11. Gain of the dual-gain stage at two input power levels.

Fig. 12. Six-stage true logarithmic amplifier module.
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Fig. 13. Broad-band logarithmic amplifier response.

input power levels. These problems are presently being
addressed in an effort to improve the amplifier’s perfor-
mance. ‘

The amplifier was also characterized in the time do-
main. Fig. 14 shows the response of the amplifier to 15
ns pulses of a 500 MHz carrier. The top trace of the figure
shows the pulse before attenuation to a —52 dBm level
and injection into the logarithmic amplifier input. The re-
sulting output pulse is seen in the bottom trace, lagging
the input pulse by about 4 ns.

Because the limiting components in logarithmic ampli-
fiers generate harmonics, it is desirable in many system
applications to select a frequency band such that the har-
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Fig. 14. Time-domain response of the logarithmic amplifier to 15 ns pulses
of a 500 MHz carrier at —52 dBm level.
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Fig. 15. Logarithmic amplifier response over 2 to 3 GHz band. (Six curves
have been plotted, corresponding to 200 MHz steps.)

monics of the input signal can never fall in band. If a band
of 2 to 3 GHz is chosen and the lengths of the gain shap-
ing stubs on the thin-film network are adjusted to yield
the best amplifier performance within this band, the re-
sponse of Fig. 15 results. In this case, less than +5 dB
error from a single best fit line is seen across frequency -
and powers between —70 and 0 dBm. Although it has not
been experimentally verified, it is expected that the —6
dB resistive combiner used at the output of the dual-gain
stage will supply sufficient isolation to make the stage tol-
erant of high reflection loads, both at fundamental and at
harmonic frequencies. This will be important in the case
where the logarithmic amplifier is followed directly by a
bandpass filter which is highly reflective at harmonic fre-
quencies.

Insertion phase invariance as a function of input power
level is another important performance parameter for a
true logarithmic type amplifier. For the full bandwidth of
0.5 to 4 GHz, measured data indicate a maximum phase
change of 14.5° for any 10 dB power increment in the
—70 to 0 dBm range, and a 27° maximum error from the
average insertion phase for any frequency and power level
in these ranges.

V. CoNCLUSION

In conclusion, a monolithic GaAs dual-gain amplifier
circuit has been developed, and a logarithmic amplifier
utilizing a cascade of these devices has been designed,
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built, and tested. The amplifier exhibits a 70 dB dynamic
range and is operational over the 0.5 to 4 GHz band. This
wide bandwidth will be useful in increasing the instanta-
neous information bandwidth of future microwave sys-
tems.
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