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Although the majority of wireless receiver subsystems have moved to digital signal
processing over the last decade, the low noise amplifier (LNA) remains a crucial analogue
subsystem in any design being the dominant subsystem in determining the noise figure

(NF) and dynamic range of the receiver as a whole.

In this research a novel LNA configuration, namely the LC-ladder and capacitive
shunt-shunt feedback topology, was proposed for use in the implementation of very
wideband LNAs. This was done after a thorough theoretical investigation of LNA
configurations available in the body of knowledge from which it became apparent that for
the most part narrowband LNA configurations are applied to wideband applications with
suboptimal results, and also that the wideband configurations that exist have certain

shortcomings.

A mathematical model was derived to describe the new configuration and consists of
equations for the input impedance, input return loss, gain and NF, as well as an

approximation of the worst case 1IP3. Compact design equations were also derived from
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this model and a design strategy was given which allows for electronic design automation
of a LNA using this configuration. A process for simultaneously optimizing the circuit for
minimum NF and maximum gain was deduced from this model and different means of
improving the linearity of the LNA were given. This proposed design process was used

successfully throughout this research.

The accuracy of the mathematical model has been verified using simulations. Two versions
of the LNA were also fabricated and the measured results compared well with these
simulations. The good correlation found between the calculated, simulated and measured
results prove the accuracy of the model, and some comments on how the accuracy of the

model could be improved even further are provided as well.

The simulated results of a LNA designed for the 1 GHz to 18 GHz band in the IBM 8HP
process show a gain of 21.4 dB and a minimum NF of only 1.7 dB, increasing to 3.3 dB at
the upper corner frequency while maintaining an input return loss below -10 dB. After
steps were taken to improve the linearity, the 1IP3 of the LNA is -14.5 dBm with only a
small degradation in NF now 2.15 dB at the minimum. The power consumption of the
respective LNAs are 12.75 mW and 23.25 mW and each LNA occupies a chip area of only
0.43 mm>.

Measured results of the LNA fabricated in the IBM 7WL process had a gain of 10 dB
compared to an expected simulated gain of 20 dB, however significant path loss was
introduced by the IC package and PCB parasitics. The S;; tracked the simulated response
very well and remained below -10 dB over the feasible frequency range. Reliable noise
figure measurements could not be obtained. The measured P45 compression point is
-22 dBm.

A 60 GHz LNA was also designed using this topology in a SiGe process with fr of
200 GHz. A simulated NF of 5.2 dB was achieved for a gain of 14.2 dB and an input return
loss below -15 dB using three amplifier stages. The 11P3 of the LNA is -8.4 dBm and the
power consumption 25.5 mW. Although these are acceptable results in the mm-wave range
it was however found that the wideband nature of this configuration is redundant in the
unlicensed 60 GHz band and results are often inconsistent with the design theory due to

second order effects.
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The wideband results however prove that the LC-ladder and capacitive shunt-shunt
feedback topology is a viable means for especially implementing LNAs that require a very

wide operating frequency range and also very low NF over that range.
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Departement: Elektriese, Elektroniese en Rekenaaringenieurswese
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verrigtings-kompromieé, mm-golf, SiGe Heterovoegvlak- Bipolére
Transistor (HBT).

Alhoewel die meeste draadlose ontvangersubstelsels oor die laaste dekade na
syfer-seinprosessering verskuif het, bly die laeruis-versterker (LRV) steeds ’n
noodsaaklike analoogsubstelsel in enige ontwerp, aangesien dit die substelsel is met die

grootste impak op die ruissyfer van die ontvanger as geheel.

In hierdie navorsing word 'n nuwe LRV-topologie, naamlik die LC-leer en kapasitiewe
sjunt-sjunt-terugvoertopologie, voorgestel vir gebruik in uiters wyeband-LRVs. Dit is
gedoen na ’n deeglike teoretiese ondersoek van huidige LRVs in die literatuur. Hieruit het
dit duidelik geword dat smalband-LRV-topologié oor die algemeen vir
wyeband-toepassings gebruik word, wat lei tot suboptimale resultate, en ook dat die

wyeband-topologié wat wel bestaan, bepaalde tekortkominge het.

’n Wiskundige model is afgelei om hierdie nuwe topologie te beskryf en bestaan uit
vergelykings vir die inset-impedansie, die inset-weerkaatsingsverlies, die spanningswins en
die ruissyfer, asook ’n benadering vir die ergste [1IP3-geval. Kompakte

ontwerpvergelykings is ook van die model afgelei en ’n ontwerpstrategie geskik vir

Electrical, Electronic and Computer Engineering \Y
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elektroniese ontwerpsoutomatisasie van LRVs met hierdie topologie is voorgestel. ‘n
Proses vir die optimering van die versterker om die ruissyfer te minimeer is afgelei van die
model en verskillende metodes om die lineariteit van die LRV te verbeter, is bespreek. Die

voorgestelde ontwerpproses is deurgaans suksesvol toegepas tydens hierdie navorsing.

Die akkuraatheid van die wiskundige model is bevestig deur simulasies. Twee weergawes
van die LRV is vervaardig en die gemete resultate vergelyk goed met die simulasies. Die
goeie Kkorrellasie tussen die berekende, simulasie- en gemete resultate bewys die
akkuraatheid van die model. Opmerkings oor moontlike verbeterings aan die model om die

akkuraatheid selfs verder te verbeter, is ook gemaak.

Die simulasieresultate van n LRV wat ontwerp is vir die 1 GHz- tot 18 GHz-band in die
IBM 8HP-proses wys ’n wins van 21.4 dB en ’n minimum ruissyfer van slegs 1.7 dB, wat
vermeerder tot 3.3 dB by die boonste afsny-frekwensie, terwyl die
inset-weerkaatsingsverlies onder -10 dB bly. Nadat stappe gedoen is om die lineariteit te
verbeter, is die 11P3 van die LRV -14.5 dBm met slegs ’n klein verswakking in ruis, waar
die minimumruissyfer nou 2.15 dB is. Die LRVs se drywingsverbruik is onderskeidelik
12.75 mW en 23.25 mW en elke LRV beslaan ’n oppervlak van slegs 0.43 mm?.

Gemete resultate van die LRV wat in the IBM 7WL-proses vervaardig is, toon ’n wins van
10 dB teenoor ’n verwagte gesimuleerde wins van 20 dB. Merkwaardige verliese is egter
teenwoordig as gevolg van die geintegreerde stroombaanpakkie en die toets-etsbord. Die
gemete S;; volg die simulasies egter besonder goed en bly onder -10 dB oor die totale
moontlike frekwensiebereik soos gevind in die simulasies. ’n Betroubare ruissyfermeting

kon nie geneem word nie. Die gemete P14g-winssaamperspunt is -22 dBm.

Verder is ’n 60 GHz LRV ontwerp met hierdie topologie in ’n SiGe-proses met ’n fr van
200 GHz. ’n Gesimuleerde ruissyfer van 5.2 dB is behaal met ’n wins van 14.2 dB en
insetweerkaastingsverlies laer as -15 dB deur drie versterkerstadiums te gebruik. Die 11P3
van die LRV is -8.4 dBm met ’n drywingsverbruik van 25.5 mW. Alhoewel die resultate
aanvaarbaar is in die mm-golflengteband, is so ’n wyeband-implementasie oorbodig in die
ongelisensieerde 60 GHz-band en is gevind dat die resultate ook dikwels nie ooreenstem

met die ontwerpsteorie nie as gevolg van tweede-orde-effekte.
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Die wyeband-resultate bewys egter dat die LC-leer en kapasitiewe sjunt-
sjunt-terugvoertopologie goeie potensiaal inhou vir LRV implementasies, wat veral ’n

uiters wye bandwydte nodig het, asook ’n baie lae ruissyfer oor daardie band.
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