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A single versatile wideband amplifier

from LNA up to MPA
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This work presents a wideband amplifier, in 12-19 GHz frequency range, with noise figure lower than 1.35 and 26 dB of gain
developed in the frame of European Component Initiative program, supported by European Space Agency. By using a flexible
biasing, this amplifier allows us to reach a significant linearity, output power at 1 dB compression up to 19 dBm, or to reduce
the DC consumption close to 210 mW. This versatility implies that a user has a low-noise amplifier) or medium power amp-
lifier in a single chip. The Do1PHS process, from OMMIC foundry, has been chosen in order to realize this MMIC, thanks to
linearity capability, and also thanks to a significant potential for low-noise amplification.
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. INTRODUCTION

In the competitive market of telecommunication space indus-
try, at the present time, two major axes drive the development
of the European space manufacturers.

The first concerns the independence regarding the compo-
nents or technologies used in satellite equipments. That is why
since few years, European Space Agency (ESA) contributes to
the European Component Initiative (ECI) program. The aim
of this program is to reduce the dependence of Europe’s
space sector on non-European component suppliers. The
ECI increases the availability of European components used
in European space missions by identifying critical space tech-
nologies and then developing capabilities to manufacture
them within Europe.

Other key point concerns the research of competitiveness
- technical and financial. In order to restrict the non-
recurrence cost in radio frequency (RF) equipments,
manufacturers wish to develop versatile Monolithic micro-
wave integrated circuits (MMICs) able cover to large
requirements and thus to avoid custom design, i.e. MMICs
dedicated to only one application.

In the frame of ECI part III, a need for low-noise amplifier
(LNA) and medium power amplifier (MPA) has been identi-
fied. According to the principle of flexible MMIC, Thales
Alenia Space-France (TAS-F) proposal is to design an ampli-
fier able to meet at the both requirements with a single chip.
Therefore, this paper presents a LNA, in Ku and K band,
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capable of variable linearity level or DC consumption by
tuning its polarization.

This MMIC has been realized with the Do1PHS process
from OMMIC. This process gathers linearity and low-noise
abilities and reduced process dispersion.

Before to conclude, an overview of the last step of this study
will be presented. Owing to a large TAS-F experience on tech-
nology reliability aspects, this task, dedicated to the D1PHS
space qualification, will start on December, 2013.

Il. FABRICATION TECHNOLOGY

The die has been manufactured using OMMIC’s 0.13 m gate
length Do1PHS PHEMT Technology. This process is based on
an OMMIC in-house hetero-epitaxy with a double-doped
(GaAlAs)-(GalnAs)-GaAs active layer including an etch
stop layer to enhance threshold voltage reproducibility.

This process is usually used for power applications [1, 2].
Nevertheless, it appears that this process also allows good per-
formances for low-noise applications [3]. It is also used for
complex functions such LNA + MPA TR chips in K or Ka
bands [2].

The main features of this process for the active part are
mushroom gate placed inside an asymmetrical double recess
and level shifting and varactor diodes. The passive compo-
nents include two types of MIM capacitors (400 and 50 pF/
mm?), spiral inductors, GaAs and NiCr resistors, low induct-
ance via holes through the substrate (100 or 70 wm thick), two
thicknesses available for interconnect layers (1 and 2 pm) and
air bridges. The die benefits also of full SiN passivation,
full SiO, isolation and full SiN antiscratch final protection
(Figs 1 and 2).
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Fig. 2. Do1PHS epitaxial and gate structure.

1. CIRCUIT DESIGN

The proposed amplifier is based on a three stages topology.
The two first stages are optimized in order to obtain the
best noise performance associated to a significant gain.
Consequently, adding a third stage does not imply a degrad-
ation of noise performance as illustrated by Friis formula (1).

F_F +F2—1+F3—1
= 1 _— _
G1 G1- G2

(1)

The third stage permits to optimize gain flatness over the
whole bandwidth and also to adjust linearity performance.
Indeed, tuning the drain voltage of this stage allows us to
control the amplifier linearity. A compromise linearity
versus DC consumption could be done according to the tar-
geted application or mission requirements (Fig. 3).

During the design phase, active parts have been simulated
by using scalable linear and non-linear transistor models pro-
vided by the foundry design kit. All the passive parts have
been optimized thanks to electromagnetic simulations.
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Developed for the space community, this MMIC has been
designed following the rules established for the components
dedicated to space applications. Indeed, currents and voltages
biasing must respect the limits determined by the space

25V@40mA 175V@29mA 1.75t048V @ 361058 mA

NF optimization

2 Linearity improvement,
2 Gain flatness improvement,

2 Adjustment of compromise linearity / DC consumption
by VD3 tuning.

Fig. 3. MMIC amplifier topology.
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Fig. 4. Photograph of MMIC amplifier.

reliability rules (ECSS Q30 (European Cooperation for Space
Standardization)), i.e. 75% of maximal voltage and current
fixed by the foundry (max-rating). That implies that the
drain voltage of the MMIC could be adjusted from 1V up
to 4.8V, in order to control power at 1 dB compression
(P1 dB) variation from 2 to 19 dBm at the center of the
bandwidth.

Figure 4 below represents a photograph of the MMIC rea-
lised. The chip size is 2.7 x 2.5 mm®.

IV CIRCUIT PERFORMANCES

All the presented results come from on-wafer measurements
performed by OMMIC.

A) Main results

Figure 5 shows the broadband S-parameters measurements
(DC-40 GHz) of the amplifier in LNA biasing condition
(VD3 =1.75 V).

Measurements are close to the expected simulated results:
flat gain in the operating bandwidth (lower than o.9 dB over
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Fig. 5. DC-40 GHz measurements of amplifier S-parameters - “LNA” biasing
mode.
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Fig. 6. Amplifier noise figure.

12-19 GHz frequency range) and wideband output matching
(lower than —-11 dB over 10 GHz bandwidth).

The noise figure, shown on the next figure, is better than
1.35 dB in the full 12-19 GHz frequency range. This result
is very interesting in Ku/K band with a process dedicated to
power application and validates our flexible strategy design

(Fig. 6).

B) Flexibility with biasing modes

In Figs 7 and 8, gain and noise figure measurements are pre-
sented in order to assess a comparison between the “LNA”
biasing mode and the “MPA” biasing mode (VD3 = 4.8 V).
Figure 7 shows that for both applications the noise figure is
unchanged and that the gain variation remains very low
(about 0.8 dB worst case).

Figure 8 shows that input matching impedance is not sen-
sitive to the different biasing modes. The output return loss
remains better than -10 dB worst case.

Power measurements have been performed to evaluate the
MMIC linearity performances. The next figure presents P1 dB
of the amplifier over the operating bandwidth in case of LNA
and MPA biasing modes (Fig. 9).

The level of P1dB in LNA biasing mode is constant,
around 11 dBm, over the bandwidth. Considering MPA
biasing, P1 dB is higher than 17.5 dBm in 14-19 GHz fre-
quency range. The diminution of P1dB in 12-14 GHz
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Fig. 7. Amplifier gain and noise figure for LNA and MPA biasing modes.
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These measurements allow us to conclude that the biasing
conditions of the third stage have no impact on the small-
signal RF behavior of the MMIC. Modifications concern
therefore only the linearity/DC consumption ratio. This
result constitutes a key point of flexibility aspect. Indeed, a
modification of polarization mode in RF equipments
permits to change the setting of linearity or DC consumption
without impact to the noise figure, the gain, the gain flatness
and return losses.

S11:'LNA' & 'MPA' bias

S522: 'MPA' bias

Input / Output Return Losses (dB)
o

$22:'LNA' bias C) Manufacture and technology dispersion
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Frequency (Ghz) MMICs have been measured on-wafer. The electrical yield is

Fig. 8. Amplifier input/output return losses for LNA and MPA biasing modes. 92% on the first wafer and 77% on the second. Figure 11
shows the gain performance of all functional chips for both

wafers. The analysis of the gain dispersion at 16 GHz

20 S (center of operating bandwidth) presented in Fig. 12, indicates
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7 remains weak: 0.58 dB (wafer 2) versus 0.8 dB (wafer 1).

_ ,{ Moreover, the DC consumption dispersion of the two

Ear // wafers, shown in Fig. 13, allows us to observe that the

E— " average is the same (213.5 mW in LNA biasing mode) and
E M ——— that the weak standard deviation is similar (about 2 mW).

Performance variations on the same wafer are low and the
iR LR behaviors of all functional MMICs are quite similar. Do1PHS
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Fig. 9. Amplifier linearity for LNA and MPA biasing modes versus frequency.

frequency was predicted by simulation; it is due to a com-
promise between linearity, output impedance matching and
gain flatness.

Measurements of P1dB and DC consumption versus
output stage drain voltage have also been performed.
Indeed, a linear increase of DC consumption does not lead
to a linear augmentation of linearity. Therefore, Fig. 10
permits to choose the best compromise linearity/DC con-
sumption following required specifications.
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Fig. 10. Linearity and DC consumption versus third stage drain voltage. Fig. 11. Gain beam of functional chips on two wafers.
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Fig. 13. DC current dispersion of two wafers.

layer included in the epitaxy. Those results confirm that this
technological process is suitable for space applications where
several equipments have to be duplicated.

D) Comparison with other commercial
off-the-shelf (COTS)

A comparison between this work and COTS is summarized in
Table 1. The criterion: P1 dB (in linear)/Pdc (W) is defined in
order to evaluate the performance. The MMIC presented in this
paper is able to compete with HMCgo3 following this criterion,
and it presents a better noise figure. Moreover, thanks to flexi-
bility capabilities, this MMIC is able to satisfy the LNA need:
low noise associated to reduced DC consumption.
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V. FUTURE WORKS: DOTPHS
RELIABILITY ASPECTS

Before to obtain the permission to flight, each European com-
ponents and technologies have to be qualified and capability
approved to the rules of the ESCC Specification System and
the results certified by ESA.

Today, Do1PHS process is not included in this EPPL
(European Preferred Parts List) components. In the continu-
ation of the design, realization and characterization of the
amplifier, the space qualification of this technology will be
the next step of this work.

Several measurements, listed in Table 2, will be performed
on RF and DC parameters of the amplifier before the start of
the stress (T,), at the middle of the stress (T,,;;) and at the end

27
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Table 1. Comparison between MMIC and COTS.

AVAGO UMS Custom MMIC Eudyna Hittite This work

AMMC-6220 [4] CHA2266 [5] CMD167 [6] EMMs5717X [7] HMCoo3 [8] “LNA” “MPA”
Freq (GHz) 6-20 12.5-17 10-17 12.7-24 6-18 12-19
Gain (dB) 23 34 15 21-25 19 26
NP (dB) 2.1 2.5 1.8 1.5-2 1.6 1.3
PI dB (dBm) 9 14.5 11 18 16 12 <12 (12-14 GHz)

<17.5 (14-19 GHz)
Pdc (mW) 165 520 165 540 300 266 440
PI dB (lin)/Pdc (W) 48 54 76 117 133 60 130-180 (14-19 GHz)
Table 2. Test plan.
Stress applied Goals Monitoring Measurments at Ty, Tpia> Teona

DC life test 1000 h at Tjyerion = 200°C  Thermal mechanism activation Drain and gate currents ~ RF parameters

RF step stress 350 h at P2dB Reliability evaluation
350 h at P4dB
350 h at P6dB

REF life test 1000 h at P6dB

Definition of safe operating area (SOA)

Confirmation of the defined SOA

Output power, gain, drain
Drain and gate currents and gate currents

Input and output power

DC parameters
Drain and gate currents  I/V network and Schottky
Input and output power characterization

(T,,q). Following the drifts observed on these parameters,
Do1PHS process could be considered space qualified.

VI. CONCLUSION
In this paper, the design and the characterization of a wide-
band three stages amplifier has been presented. This MMIC,
manufactured by OMMIG, is an LNA in 12-19 GHz frequency
range (noise figure lower than 1.35 dB) and a linear amplifier
by using different third stage polarization setting (flexible
P1 dB up to 19 dBm). The interest of this topology is, following
the requirements, that linearity/DC consumption ratio is
adjustable during a mission without impact on the others RF
performances (noise figure, gain, flatness, and return losses).
Do1PHS is the chosen process due to the low-noise and
linear capabilities but also because this process permits to
limit the technology dispersion thanks to a specific etch-stop
layer. Now, the second part of this study, dedicated to the
space qualification of this process, will start. Following the
reliability tests, Do1PHS will be included in the EPPL.
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