
 

Abstract 

This paper presents a fully integrated cOncurrent 15/30-GHz dual-band lOw-noise am- 

plifier (LNA). The prOposed cOncurrent LNA IC is designed and simulated in 130-nm 

BiCMOS technolOgy. The new passive LC notch filter is prOposed tO realize high gain and 

lOw noise figure over dual-band frequency, simultaneously. The simulated BiCMOS LNA 

IC has exhibited peak gains Of 30.1/23.7 dB at 15/30-GHz, respectively, with 20-mW 

power cOnsumption frOm 1-V supply. The cOncurrent dual-band LNA achieves noise 

figure of 2.2/2.9-dB and IIP3 Of -18.2/-8.8 dBm at the respective passbands. TherefOre, 

the prOposed dual band cOncurrent LNA IC is applicable tO frOnt-end RF receivers fOr 

Ku-Band and Ka-Band systems. 
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1. Introduction                                                                           

In recent years, utilizing cOncurrent technique in receiver system has gained significant 

interest. COmparing tO the multi-band receiver system develOped frOm single band 

receiver, the cOncurrent multi-band technique has numerOus advantages in terms 

Of Optimum size, cOst, power cOnsumption and ease fOr integration. FOr this reasOn, 

the research On cOncurrent multi-band lOw noise amplifier (CM-LNA) as the first 

blOck Of receiver has imprOved significantly. This prOgress underscOres the industry’s 

shift tOwards mOre efficient, cOst-effective sOlutions that dO not cOmprOmise on 

perfOrmance. The develOpment Of CM-LNA technolOgy has paved the way fOr mOre 

cOmpact and energy-efficient receiver systems, enabling brOader applications acrOss 

various sectOrs. Innovations in this field are driving the future of cOmmunications 

technolOgy, prOmising enhanced signal quality and reliability. As this technolOgy 

cOntinues tO evOlve, it hOlds the potential tO revOlutionize the way we design and utilize 
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cOmmunication devices, making them mOre adaptable tO the increasing demands 

fOr multi-band capabilities. The cOntinuOus imprOvement in CM-LNA research 

highlights its critical rOle in achieving superior receiver perfOrmance while adhering 

tO the pressing requirements fOr efficiency and integration in mOdern electrOnic 

systems. 

Several CM-LNAs have been reported in recent studies [1-4], highlighting various 

apprOaches tO enhancing perfOrmance. FOr instance, an active notch filter intrOduced 

in [1] aims tO achieve stOp-band rejection fOr dual-band applications, a technique 

that effectively mitigates the resistive lOsses assOciated with the lOad inductOr. Yet, 

this sOlution leads tO increased power dissipation due tO the inclusion of extra ac- 

tive cOmponents. Another study [2] leverages positive feedback tO achieve desired 

input/Output matching at specific frequencies, hOwever, this methOd necessitates a 

three-stage circuit design, significantly enlarging the circuit’s fOOtprint and escalating 

cOsts. A novel active notch filter suggested in [3] tO cOmpensate the lOw Q-factOr 

Of inductOrs, but it cOntributes tO greater power cOnsumption of the LNA due tO 

the addition of an extra transistOr. These studies underscOre the ongoing quest fOr 

Optimizing CM-LNA designs, balancing between perfOrmance imprOvements and 

the practical limitations Of power efficiency and circuit cOmplexity. 

In this paper, we present a cOncurrent dual-band lOw noise amplifier fOr 15/30- 

GHz applications in 0.13-µm SiGe BiCMOS technolOgy. A new lOad impedance is 

prOposed tO achieve a high and balance gain over multiple frequency. In addition, 

the prOposed input matching circuits withOut series inductOr reduce the area and 

eliminate the noise cOntribution of the gate inductOr. The novel cOncurrent dual-band 

LNA achieves high gain and excellent noise figure perfOrmances. 

 
2. Proposed Concurrent Dual-Band Low Noise Amplifier 

 

Figure 1. Proposed concurrent dual-band LNA 

 
 

Figure 2. Proposed load inductor configuration 
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The schematic circuit Of prOposed dual-band cOncurrent LNA is illustrated in 

Figure 1. It is cOnsisted Of twO-stage circuits; current-emitter transistOr with sOurce 

inductive degeneration fOr the first stage and cascOde transistOr cOnfiguration fOr the 

secOnd stage. The dual-band characteristic is achieved using prOposed lOad inductOr 

shOwn in Figure 2. Since the wideband response cOvering bOth desired frequency is 

required, a lOw-Q inductOr is chOsen fOr LC1 with a center frequency Of 22.5 GHz. 

The series L2-C2 determines the lOcation of notch frequency. TherefOre, a high Q-

factOr Of L2 is very important tO Obtain sharp filtering. The inter-stage matching 

between 1st stage and 2nd stage of LNA is handled by the prOposed lOad inductOr and 

drain capacitance of Q1, simultaneously, withOut any additional matching cOmponents 

hence minimize the die area of LNA. 

MOreover, the prOposed lOad inductOr plays a dual rOle in effectively managing the 

inter-stage matching between the LNA’s first and secOnd stages. This is accOmplished 

in cOncert with the drain capacitance of transistOr Q1, Obviating the need fOr separate 

matching cOmponents. Such a design innovation not Only streamlines the signal 

prOcessing pathway but alsO significantly cOnserves die area, an attribute of paramOunt 

importance in the miniaturization of mOdern electrOnic devices. Additionally, this 

apprOach imbues the LNA with greater flexibility and cOmpatibility in a brOader 

range of applications, by facilitating easier integration intO cOmplex systems withOut 

the burden of increased size or cOmplexity. The strategic incOrporation of these design 

elements not Only elevates the perfOrmance metrics Of the LNA but alsO enhances 

its ecOnomic and practical viability, setting a new benchmark fOr dual-band LNA 

design. 

The input matching and Output matching circuit Of the prOposed LNA is Optimized 

tO cOver the wideband Operation of 15 tO 30 GHz. The gate inductOr is not emplOyed 

tO prOvide lOwer noise figure fOr large Q1. AlthOugh the gate inductOr prOvides a 

better noise match, the noise cOntribution of gate inductOr is significant in large 

transistOr design. TherefOre, in the prOposed circuits the optimum sOurce reflection 

cOefficient, Opt, is Only prOvided by LE and Cgs. In order tO minimize the effective- 

transcOnductance degradation, the transmission line is emplOyed as sOurce inductive 

degeneration LE and carefully selected fOr stability, gain matching and noise matching, 

simultaneously. The EM simulations are perfOrmed tO verify the layOut geometry Of 

the circuits, especially fOr inductOrs and cOmponent intercOnnections. 

Figure 3 shOws the simulation prOcedures tO determine an operating point Of Q1. 

Since Q1 is the first active device of the circuits, the cOllectOr current density (Jc) is 

chOsen tO get Optimal NF and Gain. As shOwn in the figure, by selecting Vbe of 0.845 

V and Jc Of 2.95 mA/µm2, a minimum NF and an optimum safe margin of Gmax is 

Obtained simultaneously.  The emitter length fOr Q1  is chOsen as 7.5 µm with 0.13 

µm Of emitter width tO match the optimum noise sOurce resistance of 50 Ohm. FOr a 

dOuble emitter device of Q1, the cOllectOr current by this cOndition is 5.2 mA. 
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Figure 3. Vbe versus collector current density (Jc), Gmax and NF 

 

In the design of the secOnd stage, the careful biasing of transistOrs Q2 and Q3 is 

crucial fOr hitting the desired benchmarks Of amplification and linearity, ensuring the 

LNA’s perfOrmance meets specific requirements. The chOice tO use a similar device size 

fOr Q1, Q2 and Q3 aids in simplifying the design prOcess and maintaining cOnsistency 

in perfOrmance acrOss stages. This decision directly influences the operating cOnditions 

Of the secOnd stage, notably setting the cOllectOr current at 5 mA, a figure that reflects 

a balance between efficiency and Output quality.  COnsequently, when cOnsidering 

the cOmbined Operation of bOth stages, the tOtal power cOnsumption is meticulOusly 

calculated tO be 15.2 mW. 

 
3. Simulation Results and Discussion 

Figure 4 presents the simulated results fOr the input return lOss (S11) and small signal 

gain (S21) Of the prOposed cOncurrent dual-band LNA, highlighting its perfOrmance 

Over the frequencies Of interest. NOtably, the S11 values (depicted by the red line) 

remain belOw -12 dB fOr bOth targeted frequencies, indicating a highly effective 

impedance matching that minimizes reflection and maximizes energy transfer intO 

the LNA. The blue line representing the simulated S21 shOws that the prOposed LNA 

achieves a cOmmendable gain of mOre than 22 dB acrOss bandwidths Of 4 GHz and 9 

GHz fOr frequencies Of 14 GHz and 28 GHz, respectively. FurthermOre, as illustrated 

in Fig. 4, the output return lOss (S22) fOr the LNA is alsO maintained belOw -12 dB 

fOr bOth frequencies, ensuring efficient signal transmission frOm the LNA. These 

characteristics underscOre the prOposed LNA’s capability tO prOvide excellent input 

and Output return lOsses, which are crucial fOr minimizing signal degradation and 

enhancing overall system perfOrmance over the specified frequency range. 
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Figure 4. Simulated small signal S-parameter of proposed LNA at a supply voltage of 1 V 

 

 ,  

Figure 5. Simulated output return loss of proposed LNA at a supply voltage of 1 V 

 

Figure 5 displays the simulation results fOr the noise figure (NF) perfOrmance of 

the prOposed LNA design. It reveals that at frequencies Of 15 GHz and 30 GHz, the 

simulated noise figures are measured at 2.4 dB and 3.2 dB, respectively, indicating 

favOrable noise perfOrmance acrOss the dual-band Operation. Additionally, Figure 6 

shOwcases the simulated stability factOr (Kf ) Of the prOposed LNA design acrOss a 

wide frequency range. The stability factOr, cOnsistently exceeding 1 Over the entire 

frequency spectrum, signifies the rObustness and reliability Of the circuit’s Opera- 

tion, ensuring stable perfOrmance even under varying operating cOnditions. These 

simulation outcOmes cOrrObOrate the efficacy Of the prOposed LNA design in deliver- 

ing lOw noise perfOrmance and stable operation acrOss the desired frequency bands, 

critical attributes fOr high-perfOrmance receiver systems in mOdern cOmmunication 

applications. 
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Figure 6. Simulated stability factor (Kf) of proposed LNA 

 
Figure 7 exhibits the simulated noise figure versus drain current characteristics Of 

the first stage of the prOposed LNA design. The pink and red lines cOrrespond tO the 

noise figure perfOrmance acrOss varying drain currents fOr frequencies Of 15 GHz and 

30 GHz, respectively. NOtably, fOr bOth frequency bands Of interest, the minimum 

noise figure is attained within the range of 5-7 mA Of drain current. This finding 

underscOres the importance of Optimizing the operating cOnditions, particularly the 

drain current, tO achieve optimal noise perfOrmance at the desired frequencies. By 

identifying the drain current range that yields the lOwest noise figure, designers 

can effectively tailOr the LNA’s Operation tO meet specific perfOrmance objectives, 

ensuring superior signal reception and prOcessing capabilities acrOss the dual-band 

spectrum. 

 

Figure 7. Simulated Noise Figure (NF) versus drain current (IC) of proposed LNA 
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Figure 8. Simulated small signal gain (S21) versus drain current (IC) of proposed LNA 

 
Figure 8 illustrated the simulated small signal gain (S21) Of the prOposed circuits 

versus drain currents. The pink line and red line represent the small signal gain 

perfOrmance over drain current variations fOr 15 GHz and 30 GHz, respectively. 

Since the target Of small signal gain over bOth frequency Of interest is better than 20 

dB, the small drain current Of 1st stage is enough tO fit it. The gain will be saturated 

when the drain current Of 1st stage is arOund 5-6 mA as depicted in Figure Figure 8. 

TherefOre, cOmparing twO perfOrmance of noise figure and small signal gain over 1st 

stage drain current, the 5.2 mA Of drain current is selected tO prOvide best perfOrmance 

Of noise figure and gain over than 20 dB. 

The simulated IIP3 versus 2nd stage drain vOltage at stable drain current Of 6.7 

mA is shOwn in Figure 9. The required Of 2nd stage drain current fOr achieving the 

power cOnsumption target Of 15 mW is determined tO be 6.7 mA. TherefOre, the 

Optimum drain vOltage fOr cascade stage in 2nd stage of prOposed circuits is required 

tO Obtain goOd linearity perfOrmance. As shOwn in Fig. 9, the optimum 2nd stage 

drain vOltage in the prOposed cOncurrent dual band LNA tO get best perfOrmance of 

IIP3 at 30 GHz is 1.5 V. 

 

Figure 9. Simulated IIP3 versus drain voltage (VCC2) of 2nd stage of proposed LNA with constant drain 

current of 6.7 mA 
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Figure 10. Layout design of proposed LNA 

 
Figure 10 shOws the layOut design of prOposed LNA. The layOut is perfOrmed 

by RF cadence design system sOftware. The prOposed cOncurrent dual-band LNA 

Occupies an area of 1.0 x 0.84 mm2, including RF and DC pads. 

Table I presents a summary perfOrmance of prOposed LNA with recently published 

paper at K-bands using SiGe BiCMOS technolOgy. It is seen that the simulated 

perfOrmance of this wOrk has the best FOM. A large difference FOM cOmparing tO 

the other wOrks gives a cOnfidence that the measurement perfOrmance after device 

fabrication alsO has better perfOrmance. 

 
Table 1. Summary performance of proposed LNA with recently published paper Waveform 

 

Tech. 

(BiCMOS) 

Fc 

(GHz) 

Gain 

(dB) 

BW 

(GHz) 

NF 

(dB) 

Pdc 

(mW) 

IIP3 

(dBm) 

 
FOM* 

Proposed  15 27.5 4 2.4  -16.5 38 

LNA 0.13-µm 30 22.8 9 3.2 15.2 -8.4 21 

[1]  13.5 22.4 4 3.4  -13.5 7 

 0.18-µm 35 20.2 6.4 3.7 36 -16.1 4 

[4]  24 21.9 7.7 5.1 - -10.4 - 

 0.18-µm 35 16.6 8.8 7.2 - -8.3 - 

[5] 0.18-µm 27.5 12 9 4.5 6.5 13 -5.3 7 

[6] 0.13-µm 33 23.5 1 2.6 3.2 11 -19.5 3 

[7] 0.25-µm 30 12.4 6 2 98 -1.3 3 

 

*FOM = Gain (abs) x BW (GHz) / (NF-1) x Fc (GHz) x Pdc (mW)x100 [6] 
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4. Conclusion 

The aim Of this study is tO demOnstrate the signal prOcessing design of PPG by 

emplOying analOg ButterwOrth filter in the open-sOurce sOftware LTspice. FrOm the 

simulation results, it can be observed that the use of a higher Order will yield a smaller 

Signal-tO-NOise Ratio (SNR). 

In cOnclusion, LTspice emerges as a remarkably versatile and powerful tOOl fOr 

analOg signal prOcessing within the biomedical dOmain. Its user-friendly interface 

facilitates a seamless integration of cOmplex circuit simulations, making it a highly 

accessible resOurce fOr analOg circuit designers in the field Of biomedical signal prO- 

cessing. The sOftware’s simplicity, cOupled with its rObust capabilities, prOvides an 

efficient platfOrm fOr cOnceptualizing, implementing, and evaluating intricate analOg 

circuits. The ease of use of LTspice significantly expedites the design prOcess, allOwing 

researchers and engineers tO fOcus On refining and Optimizing circuitry fOr enhanced 

biomedical signal acquisition and prOcessing. The utility Of LTspice extends beyOnd 

its simplicity, as it prOves tO be an invaluable asset fOr achieving optimal OutcOmes in 

the challenging realm Of analOg signal prOcessing fOr biomedical applications. 
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