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Abstract

This paper reports on a record-low-phase noise D-band signal source with 5 dBm output
power, and 1.3 GHz tuning range. The source is based on the unconventional combination
of a fundamental frequency 23 GHz oscillator in 150 nm AlGaN/GaN HEMT technology fol-
lowed by a 130 nm SiGe BiCMOS MMIC including a sixtupler and an amplifier. The ampli-
fier operates in compression mode as power-limiting amplifier, to equalize the source output
power so that it is nearly independent of the oscillator’s gate and drain bias voltages used for
tuning the frequency of the source. The choice of using a GaN HEMT oscillator is motivated
by the need for a low oscillator noise floor, which recently has been demonstrated as a bottle-
neck for data rates in wideband millimeter-wave communication systems. The phase noise
performance of this signal source is −128 dBc/Hz at 10 MHz-offset. To the best of the
authors’ knowledge, this result is the lowest reported phase noise of D-band signal source.

Introduction

The ever-increasing data traffic in the society is constantly pushing the telecom infrastructure
toward new innovations to increase network capacity [1, 2]. The capacity of a single commu-
nication channel may be increased by either larger bandwidth or improved spectral efficiency.
The spectral efficiency that can be achieved is further limited by the signal-to-noise ratio of the
communication channel [3]. Conventional frequency bands (up to 90 GHz) used today already
address relatively advanced modulation formats and can be considered to be limited by band-
width [4]. Naturally, the most promising pathway to increased data rates in the telecom infra-
structure is to explore the large absolute bandwidth available at millimeter-wave frequencies.

In recent years, several high-data rate communication tests, deploying wideband signals
beyond 100 GHz, have been demonstrated [5–7]. However, still none of these experiments
have demonstrated simultaneously large bandwidth and high spectral efficiency [8]. To further
increase the data rates of millimeter-wave communication systems, there is a need to support
simultaneously large bandwidth and high orders of modulation. A challenge with wide com-
munication channels is that they inevitably integrate more noise according to Nyquist’s the-
orem. It has been proposed that the noise limiting the spectral efficiency in wideband
millimeter-wave wireless communication systems is originating from the local oscillator
(LO) and in particular the LO noise floor [8, 9]. Consequently, a key enabler for further
increased data rates is low-noise millimeter-wave frequency sources.

To reach a low noise floor, a high signal-to-noise ratio is required. For this reason, a tech-
nology with high output power is beneficial. Consequently, short-gate length AlGaN/GaN
HEMT technology has recently been proposed as a potential technology for low-phase
noise millimeter-wave frequency generation thanks to high breakdown voltage [10, 11].
AlGaN/GaN HEMT is also by far the most potential technology for millimeter-wave power
generation. On the other hand, III–V technologies, such as AlGaN/GaN HEMT, cannot com-
pete with the integration levels of CMOS and BiCMOS technology. A Silicon technology will
most likely be needed for the clock recovery. Further, good frequency multipliers and fre-
quency converters have been demonstrated in SiGe HBT technology [12, 13]. In this perspec-
tive, a combination of AlGaN/GaN HEMT and BiCMOS technologies is a promising candidate
for future high-end millimeter-wave wireless communication systems.

In this work, we demonstrate a D-band signal source combining 150 nm AlGaN/GaN
HEMT technology from Qorvo and 130 nm SiGe BiCMOS technology from Infineon. The
GaN HEMT technology is used for design of a Ka band fundamental-frequency oscillator
and the SiGe HBT technology is used for design of a frequency sixtupler integrated with an
amplifier. The oscillator, which is implemented as a reflection-type oscillator topology using
a novel impedance-transformed tapped distributed resonator, demonstrates state-of-the-art
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phase noise for a Ka band GaN HEMT oscillator. The oscillator is
subsequently mounted and connected with bondwires to a SiGe
HBT MMIC including the frequency sixtupler and the amplifier.
The presented signal source demonstrates state-of-the-art phase
noise of −128 dBc/Hz at 10 MHz off-set from a D-band carrier
signal. It has a tuning range of 1.3 GHz (from 134.5 to
135.8 GHz) by varying the gate and drain bias voltages of the
oscillator. The output power of the signal source is very constant
around 5 dBm over the tuning range. To the best of the authors’
knowledge, this is by far the best phase noise demonstrated for a
D-band signal source. The circuit block design is presented in sec-
tion ‘Circuit block design’. Section ‘Experimental results’ shows
measurement results and discussion. The conclusion is given in
section ‘Conclusion’.

Circuit block design

A block diagram of the D-band signal source is shown in Fig. 1. A
sufficient RF input power for the sixtupler is generated by an
oscillator operating at around 23 GHz. The sixtupler is subse-
quently followed by a wideband six-stage amplifier. The amplifier
is driven in compression to equalize the D-band output power,
which is nearly independent of the GaN oscillator’s gate and
drain voltages used for tuning the frequency of the source.

The oscillator is fabricated in Qorvo’s 0.15 µm AlGaN/GaN
HEMT technology with cut-off frequency ( fT) and maximum

oscillation frequency ( fmax) of 53 and 102.5 GHz, respectively,
while the wideband sixtupler and amplifier are implemented in
130 nm SiGe BiCMOS technology with fT and fmax of 250 and
370 GHz, respectively. Figure 2 shows the chip photo of the pre-
sented D-band source in which the GaN oscillator is wire-bonded
to SiGe sixtupler and amplifier MMIC. This signal source not
only has output RF probe for on-chip measurement, but also
has an optional waveguide transition dedicated to bond-wire for
future packaging as also seen in Fig. 2. The detailed description
of each circuit in the block diagram is given as follow.

23 GHz GaN oscillator

The oscillator is based on reflection type oscillator topology
(negative resistance oscillator) [14] in which the reflection ampli-
fier is based on an integrated HEMT device (Q1) with inductive
termination at drain. The source of Q1 is grounded through an
inductor and a small resistance of 5 Ω for bias stabilization in par-
allel with a capacitor to peak the gain.

As mentioned in [14], the challenge in design of reflection-
type oscillators is to optimize the coupling between the passive
resonator and the active amplifier, i.e. the magnitude of the
ratio between the resistive load of the resonator and the negative
resistance of the reflection amplifier. The ratio cannot be fixed
only by adjusting the gain of the reflection amplifier. It is desir-
able to have a sufficient amount of gain in the amplifier to
make it less sensitive to gain variations which otherwise would
translate into phase noise. For lowest phase noise, the resonator
is designed for high Q, but also high impedance level to reach a
resistance high enough to optimize the coupling factor.

Not all resonators can be tuned for impedance levels high
enough to guarantee a simultaneously high resistance and quality
factor. The work in [14] proposed a new type of resonator, a
lumped parallel resonator transformed through a high-impedance
λ/4 line. In this work, a similar transformed resonator is used, but
with the difference that the lumped MIM capacitor is replaced
with an open stub, see Fig. 3, which is more suitable at 23 GHz.
To the best of the authors’ knowledge, this type of fully distribu-
ted transformed tapped resonator has never been published
before. By adjusting the tapping position and the width of the
impedance transformer, a wide range of impedance conditions
may be reached. Practical impedance values are limited by tech-
nology. In the chosen GaN HEMT MMIC technology, the char-
acteristic impedance of the quarter-wave transformer (Zt) can
be about 70 Ω at highest and the characteristic impedance of
the λ/4 resonator (Zres) is about 35 Ω. The effective series

Fig. 1. Block diagram of the D-band signal source.

Fig. 2. Chip photo of the D-band signal source.
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resistance at the resonant frequency can then be tuned from 2 to
50 Ω by changing the tapping position from l = λ/8 to λ/32. By
tuning the length of the impedance transformer, the phase condi-
tion is met.

The circuit is designed in Keysight’s Advanced Design System
(ADS). The one-port S-parameters of the reflection amplifier are
tuned to reach a reflection gain of 8 dB at 23 GHz, corresponding
to a reflection coefficient of ΓA =−2.5 or a negative resistance of
RA = −21 Ω.

The resonator is tuned for optimum phase noise and sufficient
gain margin. The final oscillator shown in Fig. 2 has a total loop
gain of 3 dB, corresponding to a reflection loss of 5 dB for the
passive resonator which is obtained for a quarter-wave trans-
former impedance of Zt = 71 Ω and a tune-length of l = λ/8.
EM-simulations of the designed resonator reveals an unloaded
quality factor of Q = 27, which is good for an integrated MMIC
oscillator at 23 GHz. In the schematic representation of this nega-
tive resistance oscillator, a 50 Ω load is added in parallel with the
resonator to suppress unwanted resonance out-of-band oscilla-
tions without affecting the fundamental oscillation frequency.
The gate bias voltage is injected through a gate resistance of
900 Ω while the drain voltage is biased through a drain bias trans-
mission line. The power is coupled out from a small interdigital
capacitor of effective capacitance 0.05 pF. The chip photo is
shown in Fig. 2.

D-band SiGe sixtupler

The schematic representation of the sixtupler is shown in Fig. 4. It
consists of a balanced frequency tripler, followed by a buffer amp-
lifier, a differential frequency doubler and a two-stage power
amplifiers. First, the single-ended input signal is transformed
into a differential signal in an on-chip balun. In principle,

transistors Q1s will generate harmonics and cascaded transistors,
Q2s, will mix the first and the second harmonics in the frequency
tripler to produce the third harmonic. The frequency tripler has a
differential output in which the odd-order harmonics can be
amplified in differential mode while even-order harmonics, will
be suppressed in the common-mode through the buffer amplifier.
Then, the output signal of the buffer amplifier will pass through a
differential frequency doubler consisting of a transistor pair, Q4s.
The collectors of the transistors Q4s are connected where the dif-
ferential odd-harmonics are cancelled while even-harmonics are
constructively added. Finally, a two-stage power amplifier stage
increases the output power for the sixtupler chain. The first
stage is made up of a transistor, Q5, while the second stage con-
sists of two transistors, Q6s, connected in parallel. It should be
mentioned that between individual blocks, i.e. tripler, buffer amp-
lifier, doubler, and power amplifier, inter-stage matching net-
works are also designed. In each design, harmonics (up to the
sixth order) at output are simulated using harmonic balance algo-
rithm. The transistors’ size, biases, and the parameters of the pas-
sive components, i.e. capacitances, the length of the transmission
line, etc., are chosen from the optimization with the targets of
wideband, high output power, and efficiency. The circuit is
designed with Cadence. In the final design simulation, transmis-
sion line/capacitor models from the design kit are replaced by EM
models obtained from the Sonnet simulator to reach highest
accuracy in simulation.

The SiGe BiCMOS process used provides six metal layers
which are named as M1, M2…M6 from bottom to top metal
layers. In this work, the metal layer 4 (M4) is used for the ground
plane and the top metal layer (M6) is used for transmission lines.
All transmission lines have a width of 5 µm with different lengths.
The broad-side-coupled transmission line in M6 and M5 are used
to build a balun. The coupled lines are folded, occupying an area

Fig. 3. Schematic representation of negative resistance GaN HEMT oscillator.
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of 127 µm × 283 µm. The metal–insulator–metal (MIM) capaci-
tors provided by the foundry are used. Transistors Q1 and Q2

have two emitter fingers with a length of 6.3 µm each. The
other transistors have a single emitter finger with a length of
10 µm. The chip photo is shown in Fig. 2.

D-band SiGe amplifier

Figure 5 shows the schematic representation of the designed amp-
lifier. It consists of six cascaded stages common-emitter amplifier
in order to achieve a sufficient amount of gain to get saturation
for a given input. The matching networks are also designed to
optimize the gain and the matching between stages. The lossy-
matching concept employing the resistive loaded stub is used at
each stage of the amplifier to achieve a large bandwidth.
Moreover, the number of biases in this design is reduced to 2:
one for the bases and one for the collectors for the six stages to
increase the usability. All bases and collectors are biased through
resistors of 200 and 10 Ω, respectively. All transmission lines have
a width of 4.9 µm with different lengths. All transistors have an
emitter length of 4 µm. The chip photo is shown in Fig. 2.

Experimental results

Each circuit in the presented signal source has been fabricated
also as sub-blocks. This section presents measurement set-ups
and performance of the complete signal source as well as for
each sub-block function.

Oscillator measurements

The designed 23 GHz GaN HEMT oscillator is characterized
on-chip using an FSUP50 signal-source analyzer from Rohde &
Schwarz. The gate and drain bias voltages are controlled from a
Keithley power supply.

Figure 6 shows the oscillation frequency versus the gate biasing
with drain bias voltage as a parameter. The oscillation frequency
is shifted down about 4% compared with the simulated result
(23.5 GHz). The output power is varied from −11 to 4.5 dBm
for all swept bias points, see Fig. 7. With 4 dBm maximum output
power, the GaN oscillator is sufficient to drive the sixtupler.
Figure 10 presents the measured phase noise versus offset fre-
quency. The lowest measured phase noise at 100 kHz and
1 MHz off-set is −99 dBc/Hz and −129 dBc/Hz, respectively, at
Vdd = 5 V and Vgg =−1.4 V. The red dashed ellipse in Fig. 7 indi-
cates the drain voltage giving the best phase noise. Table 1 shows
the comparison of this GaN oscillator to other state-of-the-art
MMIC III–V oscillators reported in open literature. It can be
seen that the designed oscillator are in line with the state-of-
the-art MMIC GaN HEMT oscillators considering operating fre-
quency and 1 MHz phase noise performance. The normalized
phase noise at 1 MHz offset of this oscillator is also comparable
with the state-of-the-art MMIC InGaP HBT-based oscillators
[20] for comparable frequency.

Sixtupler measurements

The sixtupler is characterized on-chip. Powers of different harmo-
nics are measured by a PNA-X Network Analyzer (N5247A) from

Fig. 5. Schematic representation of D-band SiGe amplifier.

Fig. 4. Schematic representation of D-band SiGe sixtupler.
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Keysight. WR-10 and WR-6.5 extenders from Virginia Diodes,
Inc. are used forW-band and D-band measurements, respectively.
Two four-channel programmable power supplies from Rohde &
Schwarz HAMEG are used for DC biasing.

Figure 9 shows the power of the fifth, the sixth, and the seventh
harmonics versus the output frequency ( fout) of the sixtupler, cor-
responding to the frequency of the input signal from 18.3 to
28.3 GHz ( fout/6) and the fixed input power of 4.4 dBm. As
shown in Fig. 9, the maximum output power is 4.5 dBm and
the 3 dB bandwidth is 29 GHz (from 115 to 144 GHz). The rejec-
tion of the undesired fifth and seventh harmonics is larger than
10 dBc.

Figure 10 shows the output power and the power efficiency of
the sixtupler versus the input power. The sixtupler consumes DC
power of 310 mW. The maximum power efficiency is 0.9%. It can
be seen that output powers get saturated at frequencies of 110,
120, 130, and 140 GHz when the input power is larger than
3 dBm. On top, the sixtupler exhibits a wide frequency band-
width, a high output power in comparison with other frequency
multipliers (i.e. ×4, ×6, ×8) utilizing SiGe technology [12, 23–25].

Amplifier measurements

The amplifier is also measured on-chip by a PNA-X Network
Analyzer (N5247A) from Keysight and WR-6.5 extenders from
Virginia Diodes, Inc. DC power supply from Rohde & Schwarz
HAMEG is used for DC biasing.

Figure 11 shows the measured small signal S-parameters. The
six-stage amplifier has a maximum small signal gain (S21) of
nearly 20 dB and a 3 dB bandwidth from 115 to 149 GHz. Over
the whole D-band, the small signal gain is better than 10 dB
and reflection coefficient at the input (S11) and output (S22) are
lower than −6 and −10 dB, respectively. It should be noted that
input power was reduced to −40 dBm to avoid amplifier satur-
ation. For this reason, |S11| is more noisy compared with |S22|.

Figure 12 shows the measured conversion gain at 130, 140, and
150 GHz, respectively, when the input power is swept from −40 to
0 dBm. It can be seen that output gains get saturated at input
power of −5 dBm for 130 and 140 GHz. The amplifier consumes
DC power of 92 mW.

Fig. 6. Oscillating frequency of the GaN HEMT oscillator at different drain bias vol-
tages versus the gate bias voltage.

Table 1. Comparison to other state-of-the-art MMIC III–V oscillators

Ref. Process
fo

(GHz)
Pout

(dBm)
Min PN
at 1 MHz

Normalized
PNa at 1 MHz

[15] GaN HEMT 9.1 6 −130 209

[16] GaN HEMT 9.9 17 −135b 215

[11] GaN HEMT 9.92 −6 −136 216

[17] GaN HEMT 15.05 −6 −133 216

[18] GaN HEMT 12.3 5 −127 209

[19] GaN HEMT 7.9 21 −135 213

[20] InGaP HBT 25 −1 −130 218

[21] InGaP HBT 6.4 5.5 −138 214

[22] InGaP HBT 8.9 7 −128 208

This work GaN HEMT 22.5 1 −129 216

aNormalized phase noise =−£(fm) + 20log10(fo/fm) where £(fm) is the phase noise at offset
frequency fm, fo is the oscillation frequency.
bExtrapolated by 30 dB/decade.

Fig. 7. Output power of the GaN HEMT oscillator at different drain bias voltages ver-
sus the gate bias voltage.

Fig. 8. Measured phase noise versus offset frequency for the GaN HEMT oscillator.
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Signal source performance

The signal source is characterized on-wafer using an FSUP50
signal-source analyzer from Rohde & Schwarz. The frequency
range of the FSUP is extended using an external D-band sub-
harmonic mixer according to the measurement set-up in
Fig. 13. A D-band fixed attenuator of 12 dB is also used in the
setup, avoiding the power saturation due to external mixer. The
total loss from attenuator, D-band probe and coaxial connection
was characterized to be 14 dB.

Figure 14 presents the measured output spectrum from R&S
FSUP in the whole D-band. It shows that D-band signals at
around 135 GHz with output power about 5 dBm (after correc-
tion for probe and attenuator losses) are generated from the
designed signal source. The harmonics suppression is better
than 20 dB. Figure 15 presents output power of the designed sig-
nal source versus gate bias voltage of the GaN oscillator while
drain bias voltage of the GaN oscillator (5 V) and other biases
are fixed at optimum points. The output power of the signal
source is almost constant about 5 dBm over different oscillator’s
gate bias voltages, which is reasonable when considering the
input–output power of the amplifier that is about 6 dBm. It
should be noted that the amplifier operates in compression
mode, see the red dashed ellipse in Fig. 12, to equalize the source

output power so that it is nearly independent of the oscillator’s
gate and drain bias voltages used for tuning the source frequency.
The small difference may be due to mismatch, losses in bond-
wires, and sample-to-sample variations. A bandwidth of
1.3 GHz (from 134.5 to 135.8 GHz) can be achieved by tuning
the GaN oscillator’s gate and drain bias voltages. The total DC
power consumption of the signal source varies from 528 mW to
2.12 W over the tuning range.

Accurate phase noise characterizing of free-running
millimeter-wave sources is not trivial. It generally requires some
kind of phase stabilization, e.g. the PLL method or the discrimin-
ator method [26]. Off-the-shelf systems compatible with these
methods beyond 100 GHz are rarely available. Instead phase
noise is normally determined using the spectrum-analyzer
method, i.e. reading directly from the measured spectrum.
Modern commercial spectrum analyzers have automatic routines
for stepping the frequency and adjusting the resolution bandwidth

Fig. 9. Measured output power of the sixtupler versus output frequency.

Fig. 10. Output powers at 110, 120, 130, and 140 GHz, as well as the power efficiency
at 130 GHz versus input power.

Fig. 11. Measured S-parameters versus frequencies.

Fig. 12. Measured conversion gain at 130, 140, and 150 GHz, respectively, when the
input power is swept from −40 to 0 dBm.
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Fig. 13. Signal source measurement setup. (a) Block diagram. (b) On-wafer test setup.

Fig. 14. Measured output spectrum from FSUP in D-band.

Fig. 15. Measured output power of the presented signal source versus different gate
bias voltages of the GaN oscillator (Vdd_osc = 8 V and other biases are fixed at the opti-
mum points).
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to synthesize the phase noise spectrum versus off-set frequency.
The R&S FSUP signal source analyzer used in this work has a
dedicated hardware option using cross-correlation of two PLLs
to reach a very low noise floor (https://cdn.rohde-schwarz.com/
pws/dl_downloads/dl_common_library/dl_brochures_and_data-
sheets/ pdf_1/FSUP_dat-sw_en.pdf). This method is however not
compatible with the external mixers needed to characterize
D-band oscillators. For D-band frequencies, the remaining
options for phase noise characterization are to either use a
spectrum-based phase noise routine, or to manually adjust fre-
quency span and resolution bandwidth to be able to estimate
phase noise from the measured spectrum. In this work, the latter
approach is addressed since the automatic routine gave erroneous
results due to spurs and long-term drift of the signal.

Figure 16 shows measured spectra for the signal source at
Vgg_osc = −1.8 V, Vdd_osc = 5 V, other biases are fixed at optimum
points that gives the best phase noise. The single-side band
phase noise (SSB) can be calculated from the measured power
spectral density normalized to the resolution bandwidth, i.e.

L(Df ) = Pn(RBW)− Ps − 10× log10(RBW), (1)

where Ps is the carrier signal power and Pn is the noise power
within the resolution bandwidth (RBW) at offset Δf.

The used RBW is a trade-off between noise floor and
resolution. RBW cannot be chosen higher than the lowest offset
frequency for characterization of phase noise. Despite lowering
the noise floor, the RBW has little effect on the sample-to-sample
variations, which may be lowered by adjusting the video band-
width, acting as a low-pass filter or floating mean smoothing
function [27].

From the spectrum in Fig. 17 the measured phase noise at an
off-set frequency of 10 MHz can be estimated to about −128 dBc/
Hz at 10 MHz offset frequency. The estimated phase noise can be
compared with the phase noise of the 23 GHz oscillator which
was measured to −155 dBc/Hz for the same off-set and bias
point, corresponding to a residual phase of 17 dB for the fre-
quency sixtupler, which is more or less in line with the theoretical
20log10(6) = 15.6 dB. As mentioned in the introduction, a particu-
lar motivation for using a GaN HEMT oscillator in the signal
source is to reach a low wideband noise for high-data rate
millimeter-wave communication. The spectrum in Fig. 16 shows
a noise floor on the order of −130 dBc/Hz. However, this noise
floor is likely limited by the measurement set-up. The FSUP spec-
trum analyzer has a noise floor about −165 dBc/Hz which is
degraded to −130 dBc/Hz considering the conversion loss of
the harmonic mixers (23 dB) and the 12 dB attenuation used.

Table 2 compares the performance of millimeter-wave signal
sources in D-band using SiGe Bipolar and CMOS Technologies
reported in open literature. Each of them has different topologies

Fig. 16. Measured output spectrum from FSUP with frequency span of 200 MHz at
Vgg_osc =−1.8 V, Vdd_osc = 5 V, other biases are fixed at optimum points (noted that a
12 dB attenuation and 2 dB probe loss should be added to measured power).

Table 2. Summary of signal sources using Bipolar and CMOS Technologies in D-band (110–170 GHz)

Ref. Process/fT/fmax Architecture
fo

(GHz)
Pout

(dBm)
BW
(GHz)

PN at
1 MHz

PN at
10 MHz

[28] 0.13 µm SiGe BiCMOS/260/380 VCO + Tripler + Amp 160 5 7 −80a –

[29] 0.13 µm SiGe BiCMOS/-/135 Fundamental OSC 121 −3.5 0 −88 −102

[29] 0.13 µm SiGe BiCMOS/-/135 Fundamental OSC 104 −2.7 0 −93.3 −105

[30] Infineon’s 0.35 µm B7HF200/170/
250

VCO + Doubler 144 3 39 −93 –

[31] 0.18 µm BiCMOS Technology Osc + Amp + Doubler 133 3 0 – −107.2

[32] SiGe HBT/270/340 Push-push (second
harmonic) osc + Amp

165 −3.5 0 – −104a

[33] SiGe HBT/300/450 Fundamental OSC 154 7 0 −87 –

[34] SiGe/225/320 VCO + Amp 122 2 16 −95 −115

[35] SiGe/170/250 VCO + Gilbert-Doubler 148 3 46 −94 –

This
work

0.13 µm BiCMOS /250/370 +
0.15 µm AlGaN/GaN HEMT

Osc + Sixtupler + Amp 135 5 1.3 −112b −128c

aExtrapolated using 20log(N).
bEstimated from residual phase noise at 10 MHz off-set.
cMay be limited by noise floor of measurement system.
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as well as transistor technologies. It is found that the presented
signal source has high output power and the best phase noise.

Conclusion

A low-phase noise D-band signal source at around 135 GHz con-
sisting of an unconventional combination of a fundamental fre-
quency 23 GHz GaN HEMT oscillator and a SiGe BiCMOS
MMIC sixtupler and amplifier is reported. The presented signal
source has a nearly constant output power of 5 dBm with a tuning
range of 1.3 GHz. The aim of using a GaN HEMT oscillator in the
signal source is to reach a low noise floor which is critical for
high-data rate millimeter-wave communication. The designed
GaN HEMT oscillator is based on a novel transformed tapped
distributed resonator and presents phase noise better than any
previously reported GaN HEMT oscillator at the same frequency.
Together with the state-of-the-art SiGe HBT sixtupler with low
residual phase noise, it enables state-of-the-art D-band signal
source performance. The phase noise performance at 10 MHz off-
set from a 135 GHz carrier is −128 dBc/Hz.
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