30GHz SiGe Monolithic LNA
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Abstract — In this paper a study of the performance of
SiGe QUBICAG technology to be used on 30GHz LNAs is
presented. The best HBT for this purpose is selected. For
this HBT and I¢ bias current leading to NFn, sSimple LNAs
were designed: common emitter with resistive and
inductive bias; and cascode. The results show the
possibility of using the QUBIC4G technology, optimised for
low microwave applications (few GHz), at the low
millimeter wave band - NF=5dB, G=5dB per HBT.

Key words — SiGe MMIC; Millimeter wave; Low noise
amplifier; SiGe HBT.

I. INTRODUCTION

The increase of the SiGe technology performance on
the last decade has been pushed mainly by the
consumers’ telecommunications market and the expected
price advantage of nearly one order of magnitude over
the GaAs technologies is fore seen [1]. Presently SiGe
HBTs are competing with HFET and PMFET on
monolithic low noise applications with a much lower
cost at microwave frequencies (up to 5-6GHz) and start
to challenge them at the lower millimeter wave band
(=30GHz). At lower millimeter wave band, devices with
NF=1.5dB @ 26GHz [2] and LNAs with NF=4dB @
23GHz [3] and receivers RF front end @ 24GHz with
NF=7dB [4] and NF=9dB [5] were reported recently.

In this paper is presented the results on the study of
QUBIC4G Monolithic Technology [6] performance at
30GHz to implement LNAs. This technology was
optimised for a frequency range one decade lower but
results on 20GHz were already published [7].

The design of bipolar monolithic LNAs starts with
the choice of the best transistor dimensions (emitter
length L. and width W,) and collector current density Jc.
For this purpose, based on Cadence simulation, we have
obtained for 30GHz the minimum NFyi, and maximum
gain Gmax (MAG when unconditionally stable and MSG
when conditionally stable) as a function of Jc for
transistors with the minimum emitter length (0.5um)

using the device more suited for low noise applications,
the NPN HBT BNA [6].

For the best HBT and I¢ bias current leading to NFpmn,
simple LNAs were designed. For high frequency bipolar
transistors LNAs, several topologies have been used in
the past. The simpler common emitter (CE) that presents
the advantage of high power gain, the single common
base (CB) used due to its low reverse gain and high cut
off frequency, however has a lower power gain, and the
cascode (CC=CE+CB) since it has high cut off
frequency, due to the reduced Miller effect on the first
stage (CE), low reverse gain due to the CB and power
gain similar to the CE. For an input simultaneously noise
and conjugate matching we have used the series
feedback inductor on the common emitter stage. This
inductor increases the input resistance of the amplifier.
On the cascode, for the same reason, an inductor was
used in series with the emitter of the first stage (CE).

The simulation predicts Gpax=4.6dB and NFq,=3.5dB
for a common emitter with a collector resistive bias.
With a spiral inductor on the collector bias (lower power
consumption but higher silicon area) the CE presents
Gnax=3.3dB and NF.,;»=4.6dB. For a cascode we have
obtained very similar values but the 1dB compression
point Pygg, is lower (Vce lower in each HBT).

1. CHOICE OF HBT DIMENSIONS AND BIAS

According to the Design Manual of QUBICA4G, the
BNA transistor is recommended when low base
resistance is needed. This resistance thermal noise is one
of the key elements on the HBT noise figure calculation.
Another is the collector current, due to the Schottky
noise, generated on the junctions. Since the base
resistance increase with the emitter width W,., and
decrease with the emitter length L., the choice of the best
HBT was mainly based on those with minimum emitter
width.

The study of the BNA HBTSs performance for LNAs
at 30GHz was based on Spectre simulations using
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foundry models [6]. In figure 1 to 4 is presented the
minimum noise figure NFmin, and maximum gain Guax,
for four transistors with minimum base width
(We=0.5pum) and emitter length L,=1pm, 4.7um, 10.3um
and 20.7um, all foundry library preset L. values. For
each HBT, several values of collector current Ic were
simulated. In order to introduce on this study the bias
network effect, a simple base bias resistance between
collector and base was used (DC parallel feedback). The
collector-base voltage Vg, is close to 1V, the value for
which fr (unity current gain frequency) is specified on
the Design Manual [6]. The collector DC bias source
(Vcc) was adjusted accordingly.

The longer HBT, Fig.1, L.=20.7um, presents the
higher maximum gain (Gmx=10.7dB) with a slightly
higher NFi, (3.4dB). This device also presents an R,
close to 50Q (=30-70Q), predicting a simple input
matching network, which is important to avoid losses
and related NF degradation. However, a high bias
current (Ic=2mA) is needed for NFmi, Or Gpax-

From Fig. 4 it is noticed that the smallest device
(0.5umx1.0um) presents the lowest NFgi, (2.85dB) but
the maximum gain Gma (3.85dB) is very low. The
equivalent noise resistance R, is very high (=400-500Q),
predicting a difficult minimum noise matching.
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Accordingly, this device presents a good compromise
when high gain and minimum noise is needed, without
power consumptions constraints.

Taking into account, the bias current, a better
compromise is obtained with the 0.5umx4.7um, Fig. 3
(NFmin=2.9dB @ Ic=0.5mA with G;=8.2dB and
R=120Q).

Two HBTs with wider emitter (W.>0.5um) were
tested with emitter area similar to the 0.5umx10.3um
(0.8umx6.3um and 1.5pmx3.1um). Both present higher
NFmin and lower Gpa, confirming the theoretical
predictions.

From Fig. 1 to 4 we noticed that NFq, presents a
minimum for a given current density (Jc=0.2mA/pm?).
The best device was the 0.5umx20.7um since it presents
an NFmi=NFsoq, avoiding the use of input matching
network with passive components with low Q and
parasitic effects that degrades directly the noise
performance.

Accordingly, for further

transistor was chosen:
HBT 0.5umx20.7um with Ic=2mA (Jc:0.19mAlum2)

studies the following
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I1l. CoMMON EMITTER LNA

The simpler topology used on HBT LNAs is the
common emitter (CE) that presents the advantage of high
power gain.

The HBT 0.5umx20.7um with Ic=2mA, for a 50Q
input drive source presents a NF=3.7dB close to the
NFmin=3.4dB. The device is unconditionally stable at
30GHz (K=1.11) accordingly, a simple common emitter
amplifier with an input direct coupled high capacitor
(Ci>2pF) was tested. The circuit was designed for
28.5GHz, the center frequency of LMDS system [8]. For
the output a LC matching network was designed for
maximum gain. The simple amplifier circuit is presented
in Fig. 5.

LCC VCC
Rec L;(lj C|2|
C 1 1
__| T L out
In CE 2

Fig. 5 — Common emitter LNA

The bias resistance Rgc=125K and the choke inductor
Lcc, should be greater then 2nH. The output matching
network has a parallel inductor L,=0.425nH and a series
capacitor C,=57.4fF. The circuit has a transducer power
gain G7=7.4dB and NF=3.7dB. The input return loss is
only 4.7dB. To obtain better input return losses with low
NF, the usual series feedback inductor was introduced
[9]. With an 80pH feedback inductor, L,=0.480nH and
C,=52.6fF a NF=3.4dB (NFpi»=3.3dB) and a G=6.6dB
(Gmax=7.2dB) is obtained. The input return losses
(without any matching network) is 9.5dB and the output
is ideally matched (<-60dB) with a 10dB return loss
bandwidth of almost 10GHz (wide band).

To simulate the circuit with real components, since L.
is very small to be obtained with only one turn (4
sections), we have increased its value to 100pH and
introduced in series a resistance of 1.25Q to simulate a
Q=15 @ 30GHz [7]. For bias resistor Rgc a poly N-
resistor RPZ was used, with the lower allowed width
0.5um, due to its higher R and low parasitic [6]. For L,
output inductor we have used a 550nH @ 30GHz spiral
inductor [7], and adjusting the matching with C,. The
main problem, to implement Fig. 5 circuit with
QUBICAG technology is the availability of a bias chock
inductor. Since it is not available inductors with L>2nH

and a series resonant frequency SRF>30GHz we have
tried to use the QUBICA4G 1nH (5x33x300) inductor, but
Gmax drop to 2.1dB and NFn, increases to 4dB. An
alternative solution using Lcc also as matching inductor
and already with the series emitter inductor L. is
presented in Fig 6. With 100pH+1.25Q feedback
inductor L, Lcc=550nH @ 30GHz, C,=1pF and
C,=100fF, both QUBIC4G MIM capacitors, a NF=3.9dB
(NFmin=3.6dB) and a G1=3.3dB (Gmax=4.1dB) with |s;|=-
8.8dB and |s;|=-13.6dB was obtained at 28.5GHz.

VCC

N CE L,

Fig. 6 — Common emitter LNA with L. series feedback
and L as bias and matching inductor

Due to the reduced gain, further investigations based
on the Fig.5 solution were carried out. The chock
inductor Lcc was substitute by a resistor Rec and Ve
was increased to the maximum safe operating value 2.7V
(10% higher then typical value). For this resistor
implementation a RPN, poly N+, was used, since it is the

one presenting better RF performance [6]. With
RCC=7SOQ, Vcc:2.7v, RBc:25kQ (|C=215mA),
100pH+1.25Q feedback inductor L., L,=550nH @

30GHz, C;=Co=1pF and C,=0fF, since its value is very
low (10fF), a NF=3.7dB (NFyi»=3.4dB) and a G+=3.9dB
(Gmax=4.4dB) with |s;1/=-11.9dB and |s»|=-18.8dB was
obtained at 28.5GHz, after several adjustments.

IV. CASCODE LNA

The more commonly used topology for LNAs is the
cascode (CC), common emitter cascaded with a common
base, because on a first analysis it must have: an high cut
off frequency, due to the reduced miller effect on the
first stage; lower reverse gain, due to the common base
lower internal feedback, accordingly, more stable; and
high gain, similar or greater then the simple common
emitter. However, our simulation results present some
instability problems and the gain is only higher when the
devices are conditionally stable. Following the results of
such studies are presented.

A simple one stage cascode was studied (Fig.7). The
same device was used on both HBTs for the reason
above referred about the CE (lowest NFsoq). For
simultaneously noise and conjugate matching at the
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input a series feedback inductor L, on the emitter of the
first transistor was used [9]. The bias inductor Lcc is also
used as matching inductor. With ideal components the
circuit is conditionally stable up to a frequency higher
then 30GHz. However, when QUBIC4G library
components are introduced, the circuit is unconditionally
stable from 1 to 60GHz.

Fig.7 - Cascode LNA with inductor bias

The simulation results including a bond pad (BP) and
wire bond (Lw) are presented on Fig.8 to 10.

Fig. 8 - Cascode with inductor collector bias results
Power Gain in dB (transducer and maximum)

1
.8 206 HIG BG

frag [ Hz |

Fig. 9 - Cascode with inductor collector bias results
Noise Figure in dB (50Q and minimum)

The components values are given on Table 1.

i

Fig. 8 - Cascode with inductor collector bias results
Return Losses in dB (output and input)

Table 1 - Fig.7 components values

name Lw BP | Reci2 Le C Co Lecc
type wb octg Pz ideal MIM PDN | [5]
value 240 - 45 150 1 35 440
unity pH - kQ pH pF fF pH
pgiyr;i_c' 2x05 | 65 | 05x10 | Q=15 | 14x14 | 3x2
unity pHm pm pHm - pm pm
A NF=5.6dB (NFy,=5.4dB) and a Gr=7dB

(Gmax=7.4dB) with [s4|=-12.3dB and [sy|=-17dB was
obtained at 28.5GHz. The gain is better then with the
common emitter but the NF is higher.

V CONCLUSIONS

It was shown that is possible to use QUBICAG
technology to design LNAs at the low edge of millimeter
wave band (30GHz). The best transistor for this
application is the SiGe HBT type BNA with an emitter
with 0.5um width and 20.7um length. The collector
current density, for minimum noise figure, for all
transistors tested is Jc=0.19mA/um2. Accordingly, the
0.5umx20.7um HBT should be biased with Ic=2mA.

Simple common emitter stages with technology
lumped elements (bias poly resistors, MIM capacitors
and spiral inductors) were designed. The best solution
uses a collector bias resistor and presents a gain
G1=3.9dB with a noise figure NF=3.7dB.

To increase the gain a cascode amplifier was
designed. With a collector bias/matching spiral inductor
it presents a gain Gy=7dB and a noise figure NF=5.6dB.

The common emitter have a lower NF, however, if
we increase the gain cascading two similar stages, the
gain increases to 8dB but the NF increases to 5.5dB.
This solution has the drawback of having more spiral
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inductors then the cascode (3 instead of 2) and this
lumped element is the one with larger Si area.
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