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Low-Noise Amplifier Spans

DC to 17 GHz

This novel pHEMT LNA design combines low-frequency and high-frequency circuit
techniques to achieve extremely low noise levels over a wide frequency range.

ow-noise amplifiers (LNAs) are essential for receiv-

ing low-level communications signals, although such

amplifiers are typically not broadband in their fre-

quency coverage. However, an innovative LNA design
approach blends low- and high-frequency circuit design tech-
niques to achieve low noise from dc to 17 GHz. The amplifier,
based on enhancement-mode, pseudomorphic high-electron-
mobility-transistor (E-pHEMT) semiconductor technology,
achieves low 1/f noise with low harmonic distortion and rela-
tively flat gain across its wide frequency range.

The novel amplifier design (Fig. 1) features a cascode con-
figuration with an op-amp-based error amplifier, transcon-
ductance (g,,) current driver, lowpass filter (LPF), and active
current source to supply a dc offset current to the error ampli-
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fier. The amplifier design also includes a 50-Q resistive divider
that serves as an input for the differential amplifier. The LPF
isolates the transconductance driver from the cascode at high
frequencies and provides a 100-Q high-frequency termina-
tion.

The LNA circuit cascode is formed by E-pHEMTs J27 and
J31. Amplifier gain is set by resistor R126 in the source of tran-
sistor J31 and load resistor RL in the drain of device J27. For
modeling purposes, source resistor RS is used to connect to
the gate of transistor J31. The signal at the source of J31 con-
sists of an attenuated version of VIN plus random noise and
harmonic distortion.

Resistors R129 and R139 form a broadband 50-Q) voltage
divider, with the output of R129/(R129 + R139) = 1/g, +
R126, where g, is the transconductance
of J31. The output of the voltage divider
is connected to resistor R135, one of the
input resistors at the positive input port
of the error amplifier. This amplifier, X38,
is a high-speed op amp with ultralow 1/f
noise. It has gain of 6, which is set by the

VGATE Lowpass filter ) ;
+35V XVMMK1225 ;DOO pF 22)55 2'(-)1 8H ]R(; 6”0 ratio of resistor R136 to R134 and the ra-
R128 VSuM - SUM tio of resistor R137 to R135.
50 Q 2(1)25 C16
RS 131 100 pF TRANSCONDUCTANCE
50Q  XVMMK1225 |57 R134 R136 R133 . . .
WAV— 6000 500 | Jqp Bipolar transistor Q8 forms a low-noise
Vs XNE68539ML transconductance amplifier that drives
AC2 R126 < VERROR Vo dri the source of the common gate of tran-
275V G criver 8
R139 15128191 V1SOURCE sistor. J27 in.the cascode. The \'Ioltage. of
16.90 Q -1.063V the differential error amplifier is applied
to the transconductance amplifier to de-
VREF velop an error current that is summed
R129 at the source of transistor J27. Passive
33.10Q components L18, C16, and R141 provide

1. This schematic diagram shows the architecture of the broadband, low-noise ampilifier.

isolation for the transconductance ampli-
fier from the cascode, as well as produce a
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2. The test fixture for evaluating the low-noise
amplifier is represented in this schematic diagram.

VTEST +9.60V
+6.9V VOFFSETT
Low 1/f noise
DC block 51)75 Xgé?)E\T/ ]%]Zg ]%Z:F c:"sz?t broodbénd amp  amplifier, with the offset current set by
VTESTOUT I Dbin] dt%';z resistor R155 and a dc supply of +9.5 V
RLOAD C31 Ql4 dc, VOFFSET2. Capacitor C21 provides
500 1000 pF ';]558 25 NE97833 a high-frequency ac ground to the emit-
152 J;]oo pF ggg Lodf::sl‘sxfli(ller te'r of Q11, and resistor R1.56 Provides a
VGATE XVMMK] 225 OFFSETT RI71 high-frequency 50-Q) termination to the
+3.50V VSUM  ISUMT 100 0 base of Q11.
256(1) 2160 19 o Node VREF contains an attenuated
RSOURCE 133 S500 Mainamp 20 nH 100 pF signal, VIN, at the gate of J31, which
50 Q XVMMK1225 R166 R168  R165 ) serves as the reference signal for the error
VIESTING 1000 6000 500 g1z Gmdriver amplifier. The second input signal to the
VSECUECE R159 < VERRORT —VOPT XNEGBS3IML error amplifier is from the emitter of J31,
-2.75V which contains an attenuated version of
R170 VBIAS2 ISLZFW] V1SOURCET VIN plus an error signal. The error term
16900 -0.963V  R167 ~1.063V consists of harmonic distortion plus ran-
1000 Noise ref dom noise.
VREFT :ZV%PI/ REF The output of the error amplifier is
35‘]]%20 2':1‘: flfal 56?) ’ AC 1 the error term multiplied by the ampli-

100-Q) termination at high frequencies for the error amplifier.
The transconductance of the error amplifier is set to a first-
order value of 14.12 mmbho, or 1/70.8 Q. This is referred to as
RGAIN. Inductor L18 has a very high resonant frequency, in
the gigahertz range, and provides isolation between the cas-
code and error amplifier.

In the LNA, Q11 is a bipolar transistor current source that
provides an offset dc current to the summing node of the error
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3. The amplifier offers consistent, linear response at high frequencies.

fier’s gain of 6. This output is then passed
through a transconductance amplifier
with gain of 14.2 mmbho, which converts the signal to an error
signal current that is summed into the source of transistor J27.

TESTING THE PROTOTYPE

A test board fixture was assembled (Fig. 2) to evaluate the
prototype LNA circuit. The load resistor for the cascode was
split into two resistors, providing a pickoft of the signal out-
put of the cascode. A number of different measurements were
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4. This plot shows the output RMS noise voltage versus frequency.
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5. This is a plot of the input voltage supplied to the amplifier.
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6. Here, the trace indicates output voltage from the broadband

amplifier.

performed to characterize the amplifier for its —40
wideband performance. For example, Fig. 3
shows voltage gain as a function of frequency;, 50

with the marker indicating a usable band-
width of 17.9 GHz.
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Figure 4 plots the output noise of the LNA
from 1 Hz to 10 GHz. The peak 1/f noise of 40
nV RMS occurs at the lowest frequency, 1 Hz.
The output noise drops to 22 nV RMS at 10
Hz with the noise remaining flat to 1 MHz. A
second peak in the output noise level, at about
33 nV RMS, occurs at 30 MHz. Output noise
drops to 4.1 nV RMS at 5 GHz.

Figure 5 illustrates a plot of the input volt-
age step at node 52, with impressive 90%-to-
10% fall time of 22 ps. Figure 6 is a plot of the
output voltage at node VOUT. The step ap-
pears to be a dominant pole response, with an
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no ringing and no aberrations appearing 50 ps
after the step.
Figure 7 shows second- and third-harmon-
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ic distortion as a function of frequency for
a peak input of 100 mV. Second-harmonic
distortion is —86.54 dBc at 1 kHz, remaining
flat to about 10 kHz. The first peak in the second-harmonic
distortion curve occurs at —-63.1 dBc, remaining flat to about
10 MHz. The second peak in the second-harmonic distortion
curve occurs at about -50.6 dBc at 100 MHz, with second-
harmonic distortion remaining at about that level to about 8
GHz. Third-harmonic distortion is below -82.2 dBc from 1
kHz to 8 GHz.

Figure 8 plots second-harmonic distortion in dB as a func-
tion of LNA output-power level, for input signals of 100 kHz,
1 MHz, and 1 GHz. For an output level of -13 dB, for example,
the second-harmonic distortion is about —-82.0 dB at 100 kHz,
-63.7 dB at 1 MHz, and -50.7 dB at 1 GHz. For an output level
of +5 dB, the second-harmonic distortion increases to —61.9
dB at 100 kHz, -44.7 dB at 1 MHz, and -31.0 dB at 1 GHz.

The novel amplifier delivers impressive noise performance
over an extremely wide bandwidth, making it suitable for re-
ceivers and other applications from audio through microwave
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7. Using a peak input of 100 mV, these are the calculated second- and third-order har-

monic responses of the broadband, low-noise amplifier.
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8. These second-harmonic responses were calculated for different
output voltages at frequencies of 100 kHz, 1 MHz, and 1 GHz.

frequencies. The integral error amplifier helps minimize noise,
and E-pHEMT active devices enable consistent gain to beyond
17 GHz. The patented design is usable down to dc with stable
and consistent gain and noise performance.
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