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Abstract—The 130−175 GHz frequency 
spectrum, identified as D-band, will be 
the key-enabler for next-generation back-
hauling point-to-point wireless links. 
Since capacity requirements for mobile 
networks will increase according to 5G/
B5G deployment needs, a new paradigm 
for radio equipment needs to be devel-
oped. Integrated technologies based on sili-
con-germanium, exhibiting sub-THz cut-off 
frequency, are going to be adopted to design 
and implement the key building blocks for 
fully integrated transceivers. D-band radio 
frequency integrated circuits and antenna 
concepts are presented, tailoring phased 

array allowing electronic beamsteering and 
beamforming features.

Index Terms—5G, antenna array, 
backhaul, BiCMOS, D-band, low-noise 
amplifier, phased array, power amplifier, 
mmWave

I.  INTRODUCTION

THE current backhauling systems 
for mobile telecommunications 
allow for interconnection of dis-

tributed access stations to the core of the 
network. Wireless backhauling is still 
a competitive option over fiber optics, 
especially as multi 10 Gbps capabilities 
become available. Its share should indeed 
be maintained with the deployment of 
5GNR and 6G, while the overall market 
will grow thanks to the increased demand 
for denser networks.

The developments of the technologies 
and systems carried out with this work 
aim to overcome the existing limita-
tions and to facilitate the introduction 
of millimeter-wave (mmWave) telecom-
munications for the backhauling of tele-
communications, replacing the current 
wireless links. This system is based on 
the antenna in module (AiM) solution, 
shown in Figure 1a and 1b, that provide 
alternative approaches with respect to 
the standard one (radio frequency inte-
grated circuits (RFICs) and external 
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antenna). Moreover, the AiM as part of 
a phased array antenna (PAA) increases 
the total output power through beam-
forming also allowing the possibility of 
steering functionality. The D-band AiM 
concept requires several challenges to 
be solved, and in particular, (i) at design 
level, high output power, and low-noise 
figure at D-bands can be reached, and a 
very high-integration of the RF front-
end is required due to very limited area 
available for the dies in the PAA, (ii) 
at the package level, the AiM needs a 
launcher in the package (LiP) that is 
necessary for connection to the wave-
guide antenna.

The advantages of the AiM solutions 
are (i) the low-cost of the basic com-
ponent, (ii) the plug and play on other 
wireless systems (off-the-shelf), and (iii) 
the reduced design time than any ad-hoc 
D-band solution.

This paper is organized as follows. In 
Section II, the D-band system architecture 
is explained. In Section III, the design of the 

D-band antenna of the AiM is described, 
and in Section IV the silicon-germanium 
(SiGe) RFICs, and in particular the key 
building blocks of the TX and RX D-band 
system are described. Finally, in Section V, 
the conclusions are drawn.

II.  D-BAND SYSTEM 
ARCHITECTURE

The D-band panel of AiM, due to its 
small size, is expected to be replicated 4 
or 8 times on the case of a practical equip-
ment, such that 4 independent beams can 
be obtained. These can be exploited to 
offer multibeam equipment or a 2 × 2 
MIMO (Multiple-input Multiple-Output) 
in dual polarization, thus allowing even 
more capacity and flexibility.

The AiM system will therefore enable 
the transition of backhauling/midhaul-
ing/fronthauling wireless links for 5G 
and future evolutions. The envisioned 
system architectures for communication 
systems involving the AiM are shown in 
Figure 1c. The relevant aspects of such 
architectures with the AiM components 
are: (i) the system designer should only 
be concerned with the core aspects of its 
application, such as data gathering, pro-
cessing, user interaction, and can ideally 
effortlessly place the AiM components 
without dealing with mmWave RFICs 
design, (ii) the circuit designer should 
not be concerned by critical RF inter-
connections, which may often require a 
longstanding experience in the field (all 
connections needed are baseband ones), 
(iii) the device will not need an exter-
nal antenna, as it is included into AiM 
components, and (iv) the application can 
rely on very-high-speed communications 
allowed by the usage of mmWaves and 
transparently handled by the AiM.

The AiM fully integrated module 
includes four TX/RX mmWave chains, 
designed in SiGe BiCMOS process, 

Fig. 1.  Scenario of a D-band radio link (a), 
antenna in module (AiM) basic building blocks 
(antenna, package, and RFICs) (b), mockup of the 
D-band radio unit with integrated phased array 
antenna (PAA) (c).
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together with biasing and control sec-
tions. For each chain, an LiP is required 
to feed the antenna located on the top of 
the structure. The aim of this architecture 
is to reach a very high level of integration 
that permits to reduce interconnection 
losses and to increase the system effi-
ciency. Moreover, the module described 
exhibits all the characteristics of an active 
phase array since a proper tuning of the 
input signal can be performed. The phase 
and amplitude can be changed inde-
pendently by the four mmWave chains 
to implement beamforming and beam-
steering features. The first design of AiM 
assembly, shown in Figure 2, presents all 
the building blocks necessary to imple-
ment the D-band module.

Looking at the architecture, two main 
areas can be highlighted; the active com-
ponents, i.e., the RFICs, and the antenna, 
whose characteristics and performance 
are described in the next sections.

III.  ANTENNA-IN-MODULE 
DESIGN

The radiating structure and its integra-
tion in the AiM are important to limit the 
signal loss and to permit the scan of the 
beam, reducing the drawbacks tied to this 
approach (gain loss, grating lobes, etc.). 
In addition, a critical aspect to face in the 
antenna design is the size that cannot be 
excessive to keep the module replicable in 
more complex systems such as a MIMO 
configuration.

After a first analysis of several solu-
tions presented in literature [1] and by 
converting the requirements described in 
an antenna typology, four in-line antenna 
arrays with a planar dimension limited 
to 8 × 16 mm2 have been identified. 
The feeding points are positioned far 
away from each other to accommodate 
the RFICs. In terms of electrical perfor-
mance, the antenna works in the D-band 
and has a minimum operating bandwidth 
of 10 GHz, which allows to address the 
maximum D-band channels bandwidth 
of 5 GHz and 20 dBi of minimum over-
all gain.

Among the different designs that meet 
those constraints, the most suitable one to 
guarantee good performance is based on 
the hollow metallic waveguide technol-
ogy. An example that was developed and 
that can be used as an antenna reference 
for this system is the slotted waveguide 
antenna array shown in Figure 3. The 
structure consists of four blocks of eight 
radiating elements, which are linear slots 
etched in the waveguide top metal layer. 
The number of slots chosen allows reach-
ing a gain high enough while keeping the 
tight dimensions but with the disadvan-
tage of a narrow operating bandwidth. 
The position of the radiating elements was 
studied to achieve broadside linear polar-
ized radiation at 145 GHz. Furthermore, 
the slots on the top layer together with 

Fig. 2.  First design of D-band AiM assembly.

Fig. 3.  Slotted waveguide D-band antenna 
structure.
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the matching section in the feeding wave-
guide were optimized to guarantee an 
input return loss better than 15 dB.

The antenna array was simulated excit-
ing the four input waveguides (standard 
WR6) in-phase. A 15 dB return loss is 
obtained over a bandwidth of 12 GHz (8% 
relative bandwidth). The input matching 
behavior is similar for all the ports show-
ing that the impact of mutual couplings 
between the slots is negligible. At center 
frequency of 145 GHz, the antenna gain is 
21.38 dBi. The simulation results confirm 
that the design presented is in line with 
the application requirements and it can 
be used as a reference for other structures 
that aim to improve its limitations. A 
wider bandwidth, for example, would be 
an added value also to have a margin for 
the manufacturing mechanical tolerances.

The presented structure has also 
beamsteering capability, which can be 
exploited to compensate for the misalign-
ment and to simplify the deployment of 
the link. To verify the performance of 
the antenna for a displacement of a few 
degrees of the main lobe direction, a pro-
gressive phase on the consecutive ports 
was applied for different phase values. In 
Figure 4, the resulting E-plane radiation 
pattern is shown. Applying a phase shift 
of 10° between the four antennas, the 
main lobe is steered by 1.6° with a scan 
loss of 0.015 dB.

IV.  D-BAND SIGE RFICS

This section presents the technol-
ogy process selected for this project 
and some key active components of the 
D-band AiM: the power amplifier (PA), 
D-band mixers, the low-noise amplifier 
(LNA) and the low-phase-noise local 
oscillator (LO). A mockup of the pack-
age and the simplified building block 
scheme of the TRX RFIC are shown in  
Figure 5.

A.  Improved SiGe:BiCMOS HBT and 
Back-End Process

The SiGe:BiCMOS technology has 
been proven as a viable and enabling tech-
nology for beyond 100 GHz mmWave 
front-end modules, by fully exploiting the 
flexibility and the integration capabilities 
envisioned by mixing digital and ana-
log functionalities. SiGe Heterojunction  
Bipolar Transistor (HBT) architecture 
evolved significantly over the years with 
the objective of always improving (shrink-
ing) the vertical profile (driving f

T
) and 

reducing the parasitics (base resistance R
B
 

and collector−base capacitance C
BC

 being 
critical for f

MAX
). The exploitation of the 

radio spectrum in D-band (130–174.8 
GHz), by relying on power-efficient RFIC 
chipset for an active phased antenna array 
system with beamsteering functionality, 
has been made feasible by an advanced 

Fig. 4.  Antenna radiation pattern for different 
steering angles.

Fig. 5.  Mockup of the package and the simplified 
building block scheme of the SiGe BiCMOS TRX 
RFIC.
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SiGe:BiCMOS process, based on a nine-
metal stack back-end option and HBT 
structure having f

T
 and f

MAX
 > 400GHz.

The main concept behind the new pro-
cess recipe is the use of a mono-crystalline 
base link between intrinsic SiGe base and 
the external base electrode to minimize 
the base resistance of the SiGe HBTs. 
Developments at STMicroelectronics 
started from the 55 nm BiCMOS plat-
form currently in production, in which the 
high-speed SiGe HBT features 320 GHz 
f

T
 and 370 GHz f

MAX
. The final objective 

is to offer a 400 GHz f
T
 and 500 GHz f

MAX
 

HBT on the same CMOS node. Three 
major process changes are implemented 
to reach this objective [2]:

•• The first one is the modification of 
the process thermal budget with 
the reduction of the spike anneal-
ing temperature and the addition of 
a millisecond annealing. It allows 
to increase the f

T
 of the SiGe HBT 

thanks to a reduction of dopants 
diffusion and a better activation 
of these dopants. Process condi-
tions have also been defined to not 
degrade the performances of the 
CMOS transistors.

•• The second change applies to the 
extrinsic collector module with the 
replacement of the buried layer by an 
implanted collector, which reduces 
both the cost and the cycle time of 
the technology. Super Shallow Trench 
Isolation (SSTI) is implemented to 
reduce the base−collector capacitance.

•• Finally, a STMicroelectronics pro-
prietary SiGe HBT architecture, 
called EXBIC (for Epitaxial eXtrin-
sic Base Isolated from the Collector), 
is being developed to address the 
f

MAX
 challenge. The key feature of 

this architecture is a boron in-situ 
doped epitaxial base link used to 
reduce the extrinsic base resistance.

Measured RF-performances ( f
T
 and 

f
MAX

.vs. collector current density) are 
shown in Figure 6.

Besides the high-speed performances 
of the HBT, the nine-metal back-end of 
line (BEOL) has been adjusted to increase 
the Q-factor of inductors and reduce the 
attenuation constant of transmission lines 
(TLINEs). This is achieved by imple-
menting two thick Cu layers for the vias 
(2.7 μm wide) and for the lines (2.3 μm 
wide) available in 300 mm wafers.

B. Heterodyne D-Band TX Front-End

The building block scheme of the trans-
mission section of the D-band SiGe RFIC 
is shown in Figure 5. The two building 
blocks, i.e., the PA and the up-conversion 
mixer, were developed and validated in 
the STMicroelectronics 55 nm BiCMOS 
process and then redesigned in the new 
process with enhanced HBT transistor 
(i.e., the B55X process).

The D-band PA, whose circuit sche-
matic is shown in Figure 7a, comprises 
HBTs in common base (CB) and a cas-
code input stage to rise the overall gain 
[3]. The CB configuration is selected, 
in most of the stages, giving its higher 
power and efficiency compared to the 
common emitter one. The HBTs area 
is scaled progressively along the chain, 

Fig. 6.  Measured RF-performance (dots) versus 
SPICE model simulation (solid lines).
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starting from the output stage that is sized 
to deliver a saturated power P

sat
 > 17 dBm. 

To improve the efficiency in back-off, the 
quiescent current is set low, such that the 
average current expands with the signal 
leveraging the current clamping mech-
anism, enabled by the CB stages with a 
DC-feed inductance from the emitter ter-
minals to ground [4]. The matching net-
works are realized with TLINEs, allowing 
simpler and more reliable modeling of the 
return signal paths than spiral inductors, 
a critical issue in D-band. The TLINEs 
are shielded microstrips, with the signal 
in the topmost copper metal layer. The 
geometrical parameters (widths and spac-
ings) are optimized to minimizing the 
TLINEs insertion loss.

Looking at the schematic of the up-con-
version mixer in Figure 7b, [5], the trans-
former T

1
 provides input matching for 

the IF cascode amplifier (Q
1,2

−Q
3,4

). The 
LO input is buffered with a single-ended 
cascode (Q

5,6
) and made differential by 

T
3
. The switching-quad (Q

7,8
−Q

9,10
) is 

fully balanced for LO suppression. It 
is found that a major limitation to the 
mixer output power stems from the low 
output resistance of the switching quad, 
reduced in D-band by the feedback of the 
HBTs Miller capacitors and the extrin-
sic base resistors. Q

11,12
 are thus stacked 

to the switching quad to raise the output 

impedance and increase P
out

. T
3
 combines 

the output currents into a single-ended 
D-band signal. The HBTs in the switch-
ing quad, with emitters grounded by the 
secondary inductance of T

3
, operate in CB 

for the IF signal. Thus, in the same way as 
in the PA, current clamping is exploited 
to expand the average current with the 
signal and maintain good efficiency in 
power back-off. The transformers T

1
−T

4
 

are realized as coplanar windings in the 
topmost metal layer.

Photographs of PA and mixer in the 
BiCMOS-55 nm technology are shown in 
Figures 8 and 9, together with a measure-
ment summary. The PA demonstrated 17.6 
dBm P

sat
 with 2.2 V supply at 135 GHz. 

The small-signal gain is 24 dB with P
out

 at 
1dB gain compression is P

1dB 
= 16.8 dBm, 

~1dB below P
sat

. The DC current rises from 
30 mA at the quiescent point to 130 mA  
at P

1dB
. The peak power-added efficiency 

(PAE) is 17.5% and still 8.5% at 6 dB 
power back-off. The mixer, with an IF sig-
nal at 40 GHz and −3 dBm LO at 100 GHz,  
achieved 15 dB conversion gain with RF 
and IF bandwidths of 38 and 15  GHz, 
respectively. The measured P

sat 
= 6.3 dBm 

and P
1dB 

= 4.5 dBm are remarkably high. 
The DC current rises from 34 mA at the 
quiescent point to 66 mA at P

1dB
.

Fig. 7.  Schematics of the D-band PA (a) and het-
erodyne up-conversion mixer (b). 

Fig. 8.  D-band PA. Chip photograph in 55 nm 
BiCMOS, layout view in the new B55X process and 
performance summary and comparison.
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The PA and mixer have been redesigned 
with performances adjusted to the target 
application, taking benefit of the advanced 
B55X process. The layout of the chips and 
the performance summary from post-lay-
out simulations are reported in Figures 8 
and 9. The layout of the PA was optimized 
with 25% reduced footprint. The gain is 
purposely reduced to 19 dB, considering 
the high P

out
 available from the mixer. 

Thanks to the higher HBTs f
T
/f

max
, the 

bandwidth is extended to 110−175 GHz, 
allowing to cover the full D-band with a 
single component. The expected P

out
 is 

comparable or slightly better than in the 
55 nm BiCMOS design. The IF of the 
mixer is shifted to E-band and the oper-
ation bandwidth (both at RF and IF) is 
remarkably increased. The higher HBTs 
gain is exploited to raise the conversion 
gain with nearly the same P

out
 but remark-

ably higher expected efficiency.

C.  Heterodyne D-Band RX Front-End

The receiving section of the D-band 
RFIC includes two D-to-E-band 
down-converters (D/C): a low-band 
(130–150 GHz) D/C and a high-band 

(150–165 GHz that can be extended to 
175 GHz), which allow covering the 
overall D-band. The full D-band receiver 
will be obtained by cascading the D-band 
D/C stage to an E-band receiver already 
designed in 55 nm BiCMOS technology 
[6] and presently under design in the new 
B55X process.

The two RFICs implementing the two 
D/C blocks have been designed in B55X 
technology. They share the same architec-
ture and circuital topology: they are com-
posed of two building blocks, a two-stage 
D-band LNA and a single-balanced D/C 
mixer based on an active two-quadrant 
analog multiplier. The two above-men-
tioned building blocks have been also 
taped-out as stand-alone RFICs in the two 
sub-bands for testing purpose.

The core of the single-stage LNA has 
been designed exploiting a cascode topol-
ogy, as shown in the simplified circuit 
schematic of Figure 10a: the load inductor 
is implemented with a minimum-width 
microstrip line, provided by the Process  
Design Kit (PDK). The cascode stage 
bias current has been chosen in order to 
guarantee a low-noise Figure (< 8 dB) 
over the whole bandwidth, but without 
sacrificing the linearity performance (out-
put P

−1dB
 approaching 0 dBm), according 

to the state-of the-art of D-band BiCMOS 
LNAs [7].

Two versions of the LNA have been 
designed, the second one with the goal to 
increase the gain up to at least 20 dB.

Fig. 9.  D-band up-conversion mixer. Chip photo-
graph in 55 nm BiCMOS layout view in the new 
B55X process and performance summary and 
comparison.

Fig. 10.  Simplified schematic of the LNA core (a) 
and of the D/C mixer core (b).
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The core of the down-conversion mix-
ers, shown in Figure 10b, is a differential 
pair with a tuned R-L-C load. The tuned 
load is composed of a minimum-width 
microstrip line and a metal-oxide-metal 
(MOM) RF capacitor. For both the LNA 
and the mixer building block, the match-
ing networks have been designed exploit-
ing a single-stub topology: a microstrip 
line allows matching to 50 Ω of the real 
part. The remaining reactive part is can-
celled by means of a grounded MOM 
capacitor or inductor (again implemented 
by using a minimum-width microstrip 
line). Finally, baluns have been used at 
the LO input and at the E-band IF output. 
Electro-magnetic post-layout simulations 
have been performed by Cadence EMX 
CAD tool to tune loads and matching 
networks, and also to evaluate effects of 
interconnections.

In Figure 11, the layout of the test chip 
containing the two D/C blocks is shown. 
The total area is 1.4 × 1.2 mm2.

In Table I, post-layout simulation 
results are presented at the center of the 
bandwidth, i.e., 140 GHz for the low-
band blocks and 157.5 GHz for high-band 
blocks. Simulated S-parameters and noise 
figure of the high-band LNA are shown in 
Figure 12.

D.  Low-Phase-Noise LO Generator

The LO generator is intended to pro-
vide the LO signal to the D-band receiver. 
Considering the low-band D/C block with 
an input frequency in the 130−150 GHz 
range, an LO frequency spanning from 
60 to 80 GHz allows to down-convert 
the signal to an IF frequency of 70 GHz. 
Frequency generation at mmWave is par-
ticularly challenging when low phase 
noise and wide tuning range (TR) are tar-
geted. The straightforward way to gener-
ate a LO would be the direct frequency 
synthesis from a reference crystal oscil-
lator by means of a phase-locked loop 
(PLL). However, the relatively low-qual-
ity factor of tunable resonators integrated 
on silicon substrates makes this solution 

Fig. 11.  Layout of the fabricated D-band to 
E-band D/Cs.

TABLE 1. 
Simulated performance of D-band Blocks.

Gain 
[dB]

NF
[dB]

OP1dB

[dBm]

Low-band LNA 1 17.5 6.6 −1.0

Low-band LNA 2 21.6 6.6 −3.4

High-band LNA 1 14.9 7.4 −2.0

High-band LNA 2 20.0 7.4 −3.5

Low-band mixer −3.2 18.0 −4.2

High-band mixer −5.5 23.0 −13.3

Low-band 
down-converter

14.0 7.6 −12.1

High-band 
down-converter

11.9 9.2 −13.0

Fig. 12.  Simulated S-parameters and noise figure 
of the high-band LNA.
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impractical. This is evident looking at the 
state-of-the-art of PLL-based frequency 
synthesizers, whose phase noise presents a 
worsening trend as the voltage-controlled 
oscillator (VCO) resonance frequency f

PLL
 

increases, as described by the plot of the 
PLL phase noise at 1 MHz offset from the 
carrier (normalized at a carrier frequency 
of 80 GHz) as a function of f

PLL
, in Figure 

13. The outlier is the work in [8], which 
achieves excellent phase-noise perfor-
mances at an extremely narrow TR that 
would be impractical.

Therefore, an indirect frequency syn-
thesis approach is typically preferred at 
mmWave, in which a PLL is followed by 
a frequency multiplier. The impact of the 
frequency multiplication stage on the out-
put phase noise is simply an increase of 
the PLL phase noise level by . The adop-
tion of frequency multipliers introduces 
other challenges related to their power 
consumption and harmonic rejection. In 
fact, the output of the multipliers contains 
the sub-harmonics of the output sinusoid. 
In this work, a good compromise is found 
by adopting a fractional-N PLL with an 
output frequency in the 10−13.33 GHz 
range and a 250 MHz reference signal 
(so that the PLL frequency division is 
limited to a factor comprised between 
40 and 53.33), followed by a sextupler 
(performing a sixfold frequency multi-
plication) to get a local oscillation in the 
60−80 GHz range. As shown in the block 
diagram in Figure 14, the PLL adopts a 

digital PLL (DPLL) architecture based on 
a time-to-digital converter (TDC) used as 
a phase detector to convert the time error 
between the reference signal and the one 
coming from the frequency divider into a 
digital word that is fed to a digital loop 
filter. The output of the filter is then con-
verted to a voltage by means of a digi-
tal-to-analog converter (DAC) driving the 
VCO tuning voltage. DPLLs offer the big 
advantage of replacing the analog loop 
filter with a digital one, with great bene-
fit in terms of area occupation (especially 
at narrow PLL bandwidths) and configu-
rability [9].

Conventional VCOs based on paral-
lel LC resonators have a voltage swing 
limited by transistor’s breakdown. So, 
reaching ultra-low phase noise requires 
increasing power consumption by reduc-
ing the resonator impedance or, in other 
words, by decreasing the inductance 
L and increasing the capacitance C. 
However, this strategy has a limit that is 
reached when L is so small that becomes 
comparable with the parasitic inductance 
connecting the varactors. To overcome 
this limitation, the VCO adopts a config-
uration based on an integrated LC series 
resonator and HBT transistors, which has 
been recently introduced in [10]. This 

Fig. 13.  Direct LO synthesis approach: block 
diagram of the LO generator and plot of the phase 
noise at 1 MHz offset from the carrier (normalized 
at 80 GHz) versus the VCO resonance frequency.

Fig. 14.  Indirect LO synthesis approach through a 
DPLL (with series-resonance VCO) followed by a 
frequency multiplier, and simulated PLL spectrum.
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solution allows to raise the power deliv-
ered to the resonator by increasing the 
current swing, with no need to scale down 
L. The VCO, designed in BiCMOS-55X 
process, has a 10−11.5 GHz (14%) TR, 
and reaches a simulated phase noise of 
−136 dBc/Hz at 1 MHz offset, with a DC 
power of 380 mW. A second VCO will be 
alternatively used to cover the remaining 
TR. Figure 2 shows the simulated output 
spectrum of the overall PLL, including 
the phase noise of reference buffer, TDC, 
DAC, and frequency divider. The PLL 
bandwidth f

BW
 of about 250 kHz is cho-

sen to minimize the integrated rms phase 
noise, which is of about −63 dBc (equiv-
alent to an absolute jitter of 16 fs rms), 
while the phase noise at 1 MHz offset at 
the PLL output is of − 133 dBc/Hz.

The sextupler is implemented in B55X 
as the cascade of a tripler and a doubler, as 
shown in Figure 15. The two blocks adopt 
the circuit topology disclosed in [11]. The 
sextupler achieves, from post-layout sim-
ulations, a harmonic rejection better than 
29 dB across the output frequency range 
from 60 to 78 GHz. It has a DC power 
consumption of 67.3 mW and an area 
occupation of 0.32 mm2. The simulated 
phase noise at the output of the cascade of 
the PLL and the sextupler is about −117 
dBc/Hz at 1 MHz offset.

V.  CONCLUSION

The advancement on the development 
of the basic element of the D-band (130–
174.8 GHz) PAA system, called AiM, 
has been presented. The system architec-
ture, the mockup of the module and the 
package, the D-band antenna concept, 
and the RFICs developed by using the 

cutting-edge STMicroelectronics 55 nm 
and 55X SiGe BiCMOS technologies 
have been described and the first results 
have been shown.

The D-band antenna has been designed 
to achieve broadside linear polarized radi-
ation at 145 GHz, 15 dB return loss over a 
bandwidth of 12 GHz, and a gain greater 
than 20 dBi. Regarding the transmitter 
section, simulations (in SiGe B55X pro-
cess) and measurement (in 55 nm SiGe 
BiCMOS process) results have shown 
that the D-band PA can achieve power 
gain > 19 dB, P

SAT
 > 17 dBm and PAE 

between 10.5% and 17.5%. The D-band 
up-conversion mixer can achieve conver-
sion gain > 15 dB, P

SAT
 > 4.5 dB, and an 

operating bandwidth covering the whole 
D-band. Regarding the receiver section, 
simulation results (in SiGe B55X process) 
have shown that the D-band LNA can 
achieve power gain > 15 dB, noise figure 
better than 7.4 dB and OP1dB > −4 dBm. 
The D-band down-conversion mixer can 
achieve conversion gain > 12  dB, noise 
figure < 9.2 dB and OP1dB > −13 dBm. 
The LO generator designed in BiCMOS-
55X process includes a PLL and a sex-
tupler: the VCO reaches a 10−11.5 GHz  
TR and a simulated phase noise of  
−136 dBc/Hz at 1 MHz offset with a DC 
power of 380 mW, while the sextupler has 
a bandwidth from 60 to 78  GHz with a 
DC power of 67 mW.
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