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Abstract- The paper presents the design of a wideband low noise 

amplifier (LNA) with self-healing technology that can 

simultaneously adjust both the peak gain frequency and the input 

matching frequency to the operating frequency. The gain of 

proposed LNA is also adjustable. The proposed self-healing LNA 

is implemented in a 0.13um SiGe BiCMOS technology. The 

operating frequency of the proposed LNA can be adjusted from 

4.5GHz to 7.8GHz. The LNA achieves typical gain of 19dB with 

14dB continuous tuning range. The measured input matching is 

below -12dB over the entire frequency band. The measured noise 

figure of the LNA is 4.2dB at 7.8GHz, and the output 1dB 

compression point is -9dBm. The LNA dissipates 52mW power. 
 

I. INTRODUCTION 
 

 Development of integrated circuit technology, with its 

advantages of increased speed and higher device density, has 

enabled integration of multiple RF, analog and digital 

functions in a single chip. However, the scaling-down of 

technology brings some negative aspects such as the increase 

of process variations that will directly impact circuit 

performance, especially for RF circuits. The changes in 
environment will also impact the circuit performance. In order 

to guarantee a sufficient post-fabrication performance yield, 

designers have to relax the design goals. Although several 

calibration methods have been proposed in [1] [2], they all 

used extra internal or external tuning circuit, which make the 

amplifier complicated, bulky and noisy. 

 On the other hand, for systems like software defined radios 

and UWB which cover multiple standards, the performance 

requirements for different standards remains significant. 

Although traditional wideband LNA technology can operate 

over a wideband frequency range, it is very difficult to meet 

all the requirements of different standard simultaneously. 
Moreover, since there is no interference filtering realized in 

the traditional wideband LNAs, the linearity requirement for 

those wideband LNAs is extremely difficult [3] [4] [5]. 

 In this paper, a wideband LNA for self-healing 

applications is demonstrated. The tuning of operating 

frequency is achieved by means of voltage-voltage feedback 

[6]. A current steering gain tuning approach is applied to the 

second stage to realize the self-healing of gain. As measured, 

the proposed LNA covers the entire 4.5GHz to 7.8GHz 

frequency band with coarse and fine tuning. The proposed 

LNA achieves a typical power gain of 19dB with 14dB 
continuous tuning range. The measured input matching is 

better than -12dB over the entire frequency range. The 

measured noise figure of the LNA is 4.2dB at 7.8GHz, and the 

output 1dB compression point (OP1dB) is -9dBm. The LNA 

dissipates 52mW power. 
 

II. DESIGN OF THE SELF-HEALING LNA 

 

A simplified schematic of proposed self-healing LNA, 

which consists of two stages, is shown in Fig.1. The input 

stage of the LNA is a common-base amplifier with feedback 

from the load to the input. Noise and input matching are 

achieved simultaneously in this stage. In addition, self-healing 

of the operating frequency is realized through the feedback 

network in this stage. Current steering technology is employed 

in the second stage to realize self-healing of the gain and 

achieve higher dynamic range. 

Conventional LNAs are usually configured using a 

common-emitter topology, which tends to minimize the noise 
figure (NF). However, since the input impedance of the 

amplifier is dominated by the parasitic capacitor between base 

and emitter, the input matching is only achieved in a narrow 

frequency band with help of a matching network. Previous 

calibration methods, which focus on tuning of the input 

matching, are based on this type of architecture [1] [2]. The 

tuning of input matching in their work relies on switching the 

elements at the input of LNA, which impacts the noise figure. 

In our design, a feedback solution is utilized to achieve 

wideband operating and self-healing.  

Referring to Fig.1, load inductor 𝐿𝑙𝑜𝑎𝑑 , four-bit switchable 

capacitor bank including 𝐶𝑎 , 𝐶𝑏 , 𝐶𝑐 ,  𝐶𝑑  and two identical 

tunable varactors Var1 and Var2 form the tunable load tank. 

The tunable load impedance is fed back to the input through 

feedback network realized by a capacitor divider. Then the 

feedback factor is determined by the ratio of 𝐶1/ 𝐶1 + 𝐶2 . 

Using feedback theory, the input impedance of the proposed 

LNA can be expressed as: 
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Fig. 1. Simplified schematic of proposed LNA. 

 

 
 

Fig. 2. Simplified schematic of the switch used in the LNA. 

 

where gm1,2 and rb1,2represent the transconductance and base 

resistance of input transistors Q1 and Q2 respectively, and 

𝑍𝜋1,2  represent the impedance between base and emitter 

nodes. 𝑍𝑙𝑜𝑎𝑑  𝑗𝜔  is the load impedance and is a pure 
resistance at resonance. 

 Referring to Eq. (1), the input impedance consists of two 

parts: the open loop input impedance of the input transistors  

1/gm1,2 and the feedback impedance, which varies with the 

resonance frequency of the load tank. In our design, the input 

transistors were biased at the minimum noise point. The 

transconductance gm1,2is then fixed. By choosing the proper 

values of feedback capacitors 𝐶1  and 𝐶2 , we are able to 

match the input impedance 𝑍𝑖𝑛 ,𝑙𝑜𝑜𝑝  𝑗𝜔  at the resonance 

frequency of the load tank. As the load tank is tunable, the 

peak gain frequency and input matching frequency can be 

tuned to any interested frequency band.  
There are two tuning manners for the operating frequency: 

coarse tuning and fine tuning. Coarse tuning is realized by the 

digitally controlled and binary weighted capacitor bank. The 

purpose of coarse tuning is to achieve a wideband operating 

frequency range. Four-bit digital control words set the 

capacitor bank to the desired value. To reduce the influence of 

parasitic parameters and temperature, MIM capacitors with 

minimum value of 100fF were used to implement the 

capacitor bank. To prevent degrading the quality factor of the 

load tank, the on-resistance of switches must be as low as 

possible. Thus, switches in our design are realized by large 

NMOS transistors (130µm/0.13µm) to reduce the on-

resistance. In addition, the NMOS switches are configured in 

differential manner, which reduces the on-resistance of the 

switches by a factor of 2, as shown in Fig. 2. However, a large 

NMOS switch will introduce large parasitic capacitance at the 

drain and source of the switch. The parasitic capacitance, 

when the switch is off, will limit the tuning range of the coarse 

tuning. The two inverters pull the drain and source voltage to a 

high voltage level when the switch is off. The junction diodes 
are reverse biased and parasitic capacitance is dramatically 

reduced. 

Through coarse tuning, the input matching frequency and 

peak gain frequency are adjusted to the operating frequency 

band simultaneously, based on the application. However, due 

to the process variation or environment influence, it is hard to 

guarantee the operating frequency is tuned to the desired 

point. Fine tuning, realized by two varactors under the control 

of signal Vctrl1, adjusts the operating frequency to the desired 

frequency. Thus, self-healing of the operating frequency is 

realized. Careful consideration of the varactors’ value is 
essential to ensure every frequency point in the frequency 

band is covered. A buffer, formed by emitter followers Q3 and 

Q4, is added to prevent decreasing the quality factor of the 

load tank in the first stage.  

The second stage of the self-healing LNA is a differential 

cascode amplifier with current steering technology applied to 

the upper cascode transistors. Current steering transistors Q7 

and Q8, under the control of signal Vctrl2, control the current 

flowing to the load. Then the gain of the LNA can be 

continuously adjusted to generate a stable output. Since the 

linearity requirement for the second stage is more challenging 

than the first stage, a higher power supply VCC2 (2.2V) is 
applied to the second and the output buffer, as shown in Fig.1. 
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III. EXPERIMENTAL RESULTS  
 

The proposed self-healing LNA was fabricated in a 

commercial 0.13µm SiGe HBT BiCMOS technology with a 

peak cutoff frequency fT  of 200GHz and a maximum 

oscillation frequency fMAX of 250GHz. The chip consumes an 
area of 1.1 × 1.24 mm2 which is limited by pads. The core size 

is only 0.334 mm2, as shown in Fig. 3. The chip was packaged 

in a 24 pin QFN package and soldered on double-sided FR4 

boards. All strip lines are optimized by means of EM 

simulation. Moreover, banks of on-chip decoupling capacitors 

were located at the termination of DC bias and power to filter 

out the noise from the reference as shown in Fig. 3. The 

measured result shows that, the DC power consumption is 

52mW with separate 1.5V and 2.2V supply. 

 
 

Fig. 3. Die photography of the proposed self-healing LNA. 

Fig. 4 shows the measured power gain under different 

control words. To simplify the test, only reverse thermometer 

code control words were applied to examine the coarse tuning. 

As shown, the measured peak frequency of power gain can be 
adjusted from 4.5GHz to 7.8GHz with coarse tuning. The 

measured power gain is 19dB, as shown in Fig. 4. Moreover, 

the measured adjustment of gain with fine tuning at high 

frequency band is shown in Fig. 5. As shown, an 

approximately 1GHz frequency continuous tuning range is 

achieved with fine tuning. Measured tuning results of the 

frequency show that the entire 4.6GHz to 7.8GHz frequency 

band is covered by coarse tuning and fine tuning together. 

In addition to adjustment of operating frequency, the gain 

tuning is also measured under the control code of 0000. As 

shown in Fig. 6, 14dB continuous tuning of gain is achieved 
by directly changing the control voltage Vctrl2. Input 

reflection coefficient is measured with an Agilent E8364B 

network analyzer to verify the input matching. Fig. 7 shows 

the measured results of S11 with coarse tuning. As shown, 

S11 is better than -12 dB at all frequency bands, showing good 

input matching in all interested frequency bands. Fig. 8 shows 

a comparison of the measured and simulated NF of proposed 

LNA. The measured minimum noise figure 4.2dB occurs in 

the high frequency band and increases to 5.8dB at the low 

frequency band. The noise figure increases because more 

capacitors are connected to the load inductor as more switches 

turn on, degrading the quality factor of load tank. The 
measured NF is about 1.8dB off from the simulation results 

after parasitic extraction, which is due to the lossy FR4 PCB.  

Two tone measurements, under different control words, are 

performed to exam the linearity of the LNA. The frequency 

spacing of two tones is 50MHz. As shown in Fig. 9, the 

typical output P1dB is -9dBm and the average output IP3 is 

4dBm. Since the interference signals are filtered out by the 

self-healing architecture, the linearity requirement for the 
LNA is relaxed. Measured linearity will satisfy most of 

systems’ linearity requirement. The performance comparison 

with other wideband LNAs is summarized in Table.1 

 
Fig. 4. Measured power gain of proposed LNA with discretely coarse tuing. 

(Reverse thermometer code control words were applied to switch capacitor 
bank.) 

 

Fig. 5. Measured S21 of proposed LNA with fine tuning at high frequency 
band. (Continious fine tuning of frequency is achieved by tuning Vctrl1.) 

 

Fig. 6. Measured gain tuning of proposed LNA. 
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Fig.8. Measured NF of proposed LNA with coarse tuning. 

 
Fig.9. Measured linearity performance of proposed LNA with coarse tuning. 

V. CONCLUSION 

 

 A fully integrated wideband LNA with self-healing 

technology is designed and fabricated in a commercial SiGe 

BiCMOS technology. With self-healing, the peak gain 

frequency and input matching frequency can simultaneously 

be adjusted to the operating frequency. In addition, the gain of 

proposed self-healing LNA is also adjustable. The proposed 

seal-healing circuits will allow the LNA to be more robust. 

Moreover, the proposed tunable wideband LNA using narrow 

band technology seems attractive for software defined radio 

technology, which consists of several frequency bands for 

different standards. The measured performance of the 

wideband LNA shows that the operating frequency can be 
adjusted from 4.5GHz to 7.8GHz with 14dB continuous gain 

tuning rage. The measured performance of the proposed self-

healing LNA is comparable to the best reported wideband 

LNA in similar frequency bands, giving it a decided advantage 

for future wideband systems. 

TABLE I. PERFORMANCE COMPARISON WITH PUBLISHED LNA. 

 [3] [4] [5] This work 

Frequency 

/GHz 
0.8-10.6 2-10 3.1-14.5 4.5-7.8 

S11/dB -12 -10 -1 -12 

Gain/dB 16 21 22 19 

NF/dB@7.8GHz 4.1 3.3 3 4.2 

IIP3/dBm 1.6 -5.5 -32.5 -15 

Supply voltage/V 1.5 2.7 3 1.5/2.2 

Self-healing No No No Yes 

Process 0.13µm 

CMOS 

0.18µm 

BiCMOS 

0.25µm 

BiCMOS 

0.13µm 

BiCMOS 
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Fig.7. Measured S11 of proposed LNA with coarse tuning. 


