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ABSTRACT

A 10 GHz low noise transimpedance amplifier (TTA) is designed in which a new high-
speed Angelov transistor model was employed. Thermal circuit components were simulated
for noise measurement at 30°C at which a typical microwave noise of 20 pA/NHz was
applied as the TIA input. A form of feedback topology helped to reduce the minimum noise
figure to 3 dB, while the |S,;| parameter gain proved to be 21.7 dB. A noise voltage at the
TIA output was 3.23 x 107"° V¥/Hz. The designed circuit showed a stability factor value of
0.36 which is considered as conditionally stable.
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INTRODUCTION

Low noise amplifiers (LNA) are one of the key components in receivers because it
tends to dominate the sensitivity and noise figure (NF) of the whole system (Carrillo et al.,
2009). :

Generally, the main goal of LNA design is to achieve simultaneous noise and input
matching (SNIM) at any given amount of power dissipation (Nguyen et al., 2004).

Designing wideband LNAs for wireless applications presents two levels of challenges.
In the first place, having fast and low noise transistors depends on the available technology.
Traditionally, wideband microwave amplifiers relied on transistors realized with composite
semiconductors, e.g., GaAs, because of the intrinsic superior frequency characteristics of
such devices. Silicon technology, on the other hand, has been employed to design and
fabricate amplifiers, even wideband ones, for particular applications, e.g., optical
communications, that require different specifications compared to wireless systems. In
wireless mobile communications systems, silicon integrated circuits have been widely
employed in narrow-band systems, where limited gain and increased parasitics are tolerable
due to lower operating frequencies and the application of tuned networks (Angelov et al.,
1996).

In this paper, a low noise amplifier was designed in a form of transimpedance
configuration, in which thermal effects were taken into account. An optimized values for
minimum noise figure, transimpedance amplifier gain and stability factor were obtained.

The concept of a transimpedance amplifier (TIA) as the forward system, requires that
the feedback network sense the output voltage and return a current to the subtractor. A
“voltage-current feedback” refers to the quantity sensed at the output, and a fractional
quantity returned to the input. Such a feedback network must appear in parallel with the
output and with the input, ideally providing both an infinite input impedance and an infinite
output impedance
(Razavi, 2006 ).

In this work, a Microwave office 2009 development environment software was utilized
to study the behavior of the proposed circuit. This software is capable of implementing
electronic circuits at high-speed configuration. That is due to its advanced features of
simulating high-speed transistor models with temperature effects taken into account.

S- parameter, Stability and Gain analysis

A network behavior at microwave frequencies can be characterized using the scattering
parameter (S-parameter), these parameters are defined in terms of travelling waves, Fig. (1)
shows the incident and reflected waves for two ports network.

The relationship between the S-parameter and the incident and reflected waves can
be expressed as follows:
b, =s,a, +s,a,

b, =s,a +s,a,
Where a; and b; are the incident and reflected waves respectively at port 1.

The stability of an amplifier is very important consideration in a microwave circuit
design. Stability or resistance to oscillation in a microwave circuit can be determined by the
S-parameter. Oscillations are possible in a two-port network if either or both the input and
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the output port have negative resistance. This condition occurs when the magnitude of the
input or output reflection coefficient is greater than one, Fin|>10r|1" )1 (Gonzalez, 1997).

There are two types of amplifier stability, unconditionally stable and conditionally
stable. In the former, the real part of the input and output impedances of the amplifier is
greater than zero for all passive load and source impedances, however, the amplifier is said
to be conditionally stable if the real part of the input or output impedances of the amplifier
is less than zero for at least a passive load or source impedances. The stability test should be
done for every frequency in the desired range (Gonzalez, 1997).

In practice, most of the microwave transistor amplifiers are potentially unstable because
of the internal feedback. A form of feedback from the common-gate HEMT Angelov output
to the input of the common-gate HEMT Angelov transistor matrix is utilized to overcome
the stability problem. The transfer function of the circuit in Fig. (2) with respect to output
impedance is derived as in equation(2). Hence, the frequency response H(s) is evaluated in
which s =jo: (Razavi, 2006 ).

out |

o= GGG (;F% QRE RR LLALLL) ?
+C +C+C, ), +RR + +LL+
RRzRi'*LzL{ ceeq, }%L{ ceeq, +RR2R§( Geeq, J

A range of input frequencies of (5-15 GHz) was applied as main signal. An (|S;|)
parameter showed a gain of (21.7 dB) at (10 GHz) with a bandwidth of (8.37 GHz) as in
Fig. (3), in contrast, the (|S;;|) parameter indicates that there is a limited return loss as to the
applied main signal, which is (-0.46 dB) at (10 GHz) as in Fig. (4). Solving for equation (2)

in which s = —b=+b’ —4616/2al and hence || = 41.6364*10°. Dividing by (2r), = 6.63*10’

= 6.63 GHz which is the first pole. Subtracting from (15GHz), we obtain a bandwidth
BW=8.37GHz . As for the S-parameters, the values at (10GHz) were chosen.

Above analysis were performed with the existence of thermal sources at (30 °C) which
included resistors and HEMT transistors models. However, when a (100 pA) input signal is
applied into the circuit in Fig. (2), a voltage swing of (54 mV) was obtained. That means a
transimpedance gain of (54.64 dBQ). As far as the stability factor K is concerned, Fig. (5)
indicates a value of 0.36 at 10GHz which suggests that this particular microwave circuit is
conditionally stable for which the real part of Z (input impedance) is less than zero as in Fig.

(6).

Noise Figure Analysis
The concept of noise figure of a network is defined as the signal-to-noise power ratio
at the input to the signal-to —noise power ratio at the output
F — Si/Ni
SO / N 0o
Thus the noise figure of a network is the decrease or degradation in the
signal — to —noise ratio as the signal goes through the network, (Agilent, 2010).
An input-referred noise (IRN) of (20 pA/VHz) is applied in which the mentioned amount of
(IRN) is a typical value in low noise amplifier circuits, (Liu and Wang, 2004). Temperature
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rise, up to (30°C) was taken into account regarding main thermal sources in the (TIA)
amplifier in Fig. (2). Main thermal sources are the resistors and HEMT angelov transistors.
A minimum noise figure of (0.36 dB) was obtained at (10 GHz) at above temperature before
input-referred noise is applied as in Fig. (7). While the noise voltage at output was (4.16%10
"' V*/Hz) as in Fig. (8). Once a microwave noise signal is applied with the amount of (20
pA/NHz), the minimum noise figure of around (3 dB) was achieved as in Fig. (9) with an
output noise of (3.23*10™"° V* /Hz)as in Fig. (10).

Comparison With Already Published Results

This work has been compared to already published results as in (Lu et al., 2006), for
which the amplifier bandwidth, minimum noise figure, |S;;| and |S;;| proved to be
compatible despite of the fact that in this work, main thermal sources (i.e resistors and
Angelov model transistors) were taken into account as temperature was set up to be 30°C as
in Table 1. In this work, the input bandwidth was improved by a Twin T Notch filter
supported by the feedback topology of pi type inductive peaking at the common-gate
transistor matrix in a form of transimpedance amplifier. In the published result, the use of a
shunt base-emitter capacitor and weak shunt resistive feedback in a cascade amplifier with
inductive degeneration using silicon-germanium (SiGe) heterojunction bipolar transistor
(HBT) (Lu etal., 20006).

Table 1: Comparison with already published results (Lu et al., 2006 ).

BW | Minimum | [S| | Gain(Sy|) ggi‘:?:sl
(GHz) | NF(dB) | (dB) | (dB) Tom o0
This work 837 3 046 | 217 30
Lu 01-136 | 18 | <72 | 203 i
DISCUSSION

The presence of the twin T notch filter (high pass) at the input of TIA circuit in Fig.(2)
represents an important step towards blocking any dc component which might shift the
operating point of the Angelov common-source configured transistor.

This filter also considered as a current to voltage converter which is an initial step in a
transimpedance amplifier. The common —source transistor matrix (first stage) enables the
main signal to have a sufficient gain and bandwidth at the same time, although that there is
no actual reduction in noise at this stage. However, once the amplified signal is applied at
the source of the common —gate transistor matrix, it doesn't only get amplified (in phase),
but also, there is a form of feedback that consists of another twin T notch filter as well as a
pi type inductor peaking. The pi type inductor peaking feedback do actually resonate with
Angelov model internal parastic capacitances, which is the main effect an TIA bandwidth
extension. It also helps as a feedback in a common-gate setup on noise reduction in which
unwanted harmonics are significantly blocked due the resonance case explained above. The
minimum noise figure analysis do confirm this fact.



Suppression of Microwave High-Speed........ 130

Incidentally, main thermal sources (i.e resistors and transistors) were set at 30°C (in
simulation), it turns out that there was an actual gain in |S,;| parameter nevertheless, with
good stability factor. There was also a significant transimpedance gain reported.

The effect of having the operating temperature to be at 30 °C for the HEMT transistor
model can be explained. To approach a real-time TIA circuit, the behavior of the circuit
cannot be evaluated without the temperature influence. Further more, given the fact that
this work involves a suppression of microwave noise, it is important to see whether or not
that the 30 °C operating temperature could have had a dominating effect on the microwave
noise, in this case, the microwave noise not only was detectable, but also it was possible to
have it suppressed. This idea could have a very important application in which the thermal
noise does not effect the detection or the suppression of microwave noise.

al b2

[y

Fig.1: A transistor two port network.
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Fig. 3 : TIA gain versus frequency.
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Fig. 4: Reflected signal from TIA input versus frequency.
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Fig. 5: TIA stability factor which indicated conditionally stable state at 10 GHz.
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Fig. 6: TIA input impedance (real part) which confirm TIA circuit stability factor.
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Fig. 7: Minimum noise figure before applying noise at TIA input.
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Fig. 8: Noise voltage before applying noise at TIA input.
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Fig. 9: Minimum noise figure after applying noise at TIA input.
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Fig. 10: Noise voltage after applying noise at TIA input.




Suppression of Microwave High-Speed........ 136

REFERENCES

Agilent, (2010). Fundamentals of RF and microwave noise figure measurements. Agilent
technologies Inc., application note, 57-1.

Angelov, I.; Bengtsson, L.; Garcia, M. (1996). Extensions of the Chalmers nonlinear HEMT
and MESFET model. IEEE Transactions on Microwave Theory and Techniques,
44(10), 1664-1674.

Carrillo, T. C. ; Macias-Montero, J. G.; Marti, A. O.; Cordobg, J. S.; Lopez-Villeges, J. M.
(2009). CMOS single-ended-to-differential low-noise amplifier. Integration, the
VLSI J., 42, 304-311.

Gonzalez, G.; (1997)." Microwave Transistor Amplifiers Analysis and Design " 2nd edn.,
Prentice Hall Upper Saddle River, New Jersey 07458p.

Liu, R.; Wang, H. (2004). DC-to-15- and DC-to-30-GHz CMOS  distributed
transimpedance amplifiers. |IEEE Radio Frequency Integrated Circuits (RFIC)
Symposium, 535-538.

Lu, Y.; Krithivasan, R.; Kuo, W. L.; Cressler J. D. (2006). A 1.8-3.1 dB Noise Figure (3-10
GHz) SiGe HBT LNA For UWB Applications. |IEEE Radio Frequency Integrated
Circuits (RFIC) Symposium, 45-48.

Nguyen, T.; Kim, Ch.; IThm, G.; Yung, M.; Lee, S. (2004). CMOS Low-Noise Amplifier
Design Optimization Techniques. |IEEE Transactions on Microwave Theory and
Techniques, 52(5), 1433-1442.

Razavi, B. (2006). " Fundamentals of Microelectronics ". Preview edition, Wiley, 628p.



