
An Active-Balun LNA with Forestage-Poststage Gain 
Controls for VHF/UHF Mobile-TV Tuners 

Keng-Wai Lo, Pui-In Mak 1 and R. P. Martins 2  
 

Analog and Mixed-Signal VLSI Laboratory, FST, University of Macau, Macao, China  
E-mails: {ma26275, pimak, rmartins}@umac.mo 

1 – Also with Clare Hall College, University of Cambridge, UK 
2 – On leave from Instituto Superior Técnico (IST)/ TU of Lisbon, Portugal 

 
Abstract—Presented is a novel active-balun low noise amplifier 
(LNA) with forestage-poststage gain controls for VHF/UHF 
mobile-TV tuners. It consists of two passive attenuators inter-
operating with an active core to optimize the RF performances 
under different reception scenarios. The forestage is a MOS-
based attenuator configured in a way that, at all attenuation 
levels, a broadband input impedance match can be obtained. 
The interstage is a single-to-differential amplifier exploiting a 
common-source common-gate structure for noise cancellation. 
The poststage is a capacitor (CAP)-based attenuator, which 
adjusts the dynamicity of the output signal before driving the 
mixer. With this forestage-poststage gain controls the system 
noise figure and linearity can be easily traded at different gain 
levels. Optimized in a 0.18-µm CMOS process the LNA attains 
0.85-dBm IIP3 at a maximum voltage gain of 26 dB, a 37-dB 
gain range with a 6-dB step size, and an average noise figure of 
2.9 dB. The power consumption is 10.8 mW at 1.8 V. 

I. INTRODUCTION 
Recent works on wideband low-noise amplifiers (LNAs) 

[1] based on an active-balun structure have shown reliable RF 
performances such as moderate noise figure (NF), high 
linearity and broadband input impedance match. This structure 
has great potential in minimizing the required external 
components of multi-band mobile-TV tuners, i.e., an active-
balun LNA requires just one radio frequency (RF) input pin 
and eliminates the need of external balun for each band, which 
is necessary in the current design [2]. 

For TV applications, an active-balun LNA has to feature a 
wide gain-control range. From the example reported in [3], as 
shown in Fig. 1(a), two single-to-differential (S2D) amplifiers 
are entailed to provide high- and low-gain modes with a 
resistor (R)-based attenuator (ATT). The ATT is an R-2R 
ladder to guarantee an input impedance match, at the expense 
of needing a capacitor C1 to isolate the ATT with the S2D2. 
This C1 consumes a significant amount of chip area [3]. 

In this paper, a novel active-balun LNA [Fig.1(b)] with 
forestage and poststage gain controls is described. Just one 
S2D amplifier is required, while C1 is eliminated. The LNA 
supports both VHF-III (170 to 240 MHz) and UHF (470 to 
860 MHz) bands while offering low NF and S11 <-10 dB at all 
gain levels. Forestage and poststage gain controls flexibly 
befit reception at different signal-to-interferer levels. 

II. ACTIVE-BALUN LNA WITH FORESTAGE-POSTSTAGE 
GAIN CONTROLS 

 The proposed active-balun LNA with forestage-poststage 
gain controls is depicted in Fig. 2. A MOS-based ATT is 

placed at the input node of the common-gate amplifier (MCG) 
for coarse-gain control. This node is externally dc-grounded 
by Lbias to provide a wideband input impedance match. An 
external Lbias can have a high quality factor and allows re-
configurability. Since there exists dc current passing through 
the MOS-based ATT, the grounding of the bias circuit (Mx 
and Ibx) is operated with the same MOS-based ATT to reduce 
the dc-operating point variation of the CG branch. The current 
mirror ratio is 1:1. Basically, the transconductance (gm) of 
MCG is sized to match the source impedance (1/gm=RS). 

For the CS branch, the components are sized related with 
the CG branch to cancel the thermal noise of MCG [1]. The 
cascode devices Mcas1 and Mcas2 are to improve the reverse 
isolation. The differential outputs are interfaced with two 
identical capacitor (CAP)-based ATTs to offer extra coarse-
gain controllability. The gain controls are all digitally 
executed in both forestage and poststage ATTs, providing 
different combinations of gain (so as to trade the NF and IIP3). 

RCS has a lower resistance value than RCG. A capacitor C2 is 
added to minimize the mismatch of the differential output 
bandwidth (BW) as given by, 

 

                            RCG (Cequ) = RCS (Cequ + C2) ,                      (1) 
 

where Cequ is the equivalent input capacitance of the CAP-
based attenuator.  With 4RCS = RCG , the size of C2 is obtained 
as given by, 

 

 
(a) 

 
(b) 

Fig. 1   Active-balun LNA with gain control: (a) [3] and (b) proposed. 
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       C2 = 3 Cequ  .           (2) 
 

III. MOS-BASED AND CAP-BASED ATTS 
The schematic and equivalent circuits of the MOS-based 

ATT at different attenuation levels are shown in Fig. 3. For an 
R-based ATT, the switches for gain control must be large 
enough to minimize the gain inaccuracy due to their finite ON 
resistance. Differently, for the proposed MOS-based ATT, 
transistors are biased in triode region to behave as both 
resistors and switches. Since the input terminal is dc-grounded, 
the overdrive voltage of all switches is maximized as VGS - VT 
= VDD - VT. A high overdrive is critical to enhance linearity 
and bandwidth as the device size can be minimized for a given 
resistance value.  

With the help of the CG-CS noise-canceling technique, the 
NF of the LNA is still limited by the MOS-based ATT. To 
ensure an acceptable S11, RIN is sized at 30 Ω and all switches 
are sized in relationship with that value of RIN (Fig. 3 upper 
left). At maximum gain, the equivalent resistance of the 
triode-biased transistor RON is sized as ~5 Ω, resulting in R’IN 
= ~35 Ω. This value minimizes the NF penalty and attenuation 
(1.4 dB) due to RON, while maintaining an acceptable S11 <-10 
dB for RS = 50 Ω. At other attenuation levels, according to the 
gain setting of Table I, R’IN is maintained at 50 Ω, 
guaranteeing a superior S11 for 8-, 14- and 20-dB attenuation. 

 

TABLE. I   GAIN CONTROL OF THE MOS-BASED ATT. 

 
 

Figure 4 shows the CAP-based ATT. For a better linearity, 
transmission gates are employed for all switches since the dc 
levels of Vout+ and Vout- are almost midway the VDD. 
Attenuation is realized by controlling the  voltage VC0, VC-6, 
VC-12 and VC-18. When one of the transmission gates is 
switched ON, as shown in Table II, the equivalent capacitance 
Cequ is identical, but with different levels of attenuation. At a 
0-dB attenuator level, a small capacitor CX is added to 
maintain the output BW relatively constant. 

 

IV. SIMULATION RESULTS 
The active-balun LNA is optimized in a 0.18-µm CMOS 

 
 

Fig. 2   Proposed active-balun LNA with forestage-poststage gain controls. 

 

 

Fig. 3   MOS-based 
ATT and its equivalent 
circuits at different 
attenuation levels. 
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process at 1.8 V. The simulated S11 at different gain steps are 
plotted in Fig. 5. S11 < –10 dB is achieved from 150 MHz to 
more than 1 GHz. The voltage gain and NF for VHF III and 
UHF bands as functions of the gain control steps are shown in 
Fig. 6(a)-(b) to 7(a)-(b), respectively. The small gain step error 
is acceptable for this coarse-gain adjustment. The simulated 
NF ranges from 2.9 to 3.4 dB from 170 to 860 MHz. The 
increment of NF at high frequency is due to gain drops. The 
maximum S21 versus frequency is 26 dB and the gain step is 
close to 6 dB as shown in Fig. 8. In both reception bands, two-
tone tests at maximum gain give an IIP3 of >0.85 dBm.  

With different combinations of MOS-based and CAP-
based attenuation levels, the same gain levels give different 
linearity and NF performances as shown in Fig. 9(a) and (b) 
for VHF III and UHF bands, respectively. For instance, when 
the MOS-based ATT is activated while CAP-based ATT is 
fixed, the linearity improves significantly with the attenuation 
levels, at the expense of the NF. Gain control by the CAP-
based ATT, on the other hand, gives smaller NF penalty, but 
the linearity is limited by the MOS-based ATT and the S2D 
amplifier. This flexibility facilitates the reception of the 
desired signals with respect to the strength of its interferers. 

 

   
           (a) 

   
              (b)  

Fig. 6   Voltage gain versus gain steps (a) VHF-III and (b) UHF bands. 

 
(a) 

       
(b) 

 

Fig. 7   NF versus frequency: (a) VHF-III and (b) UHF bands. 

 
 

Fig. 4   CAP-based ATT. 
 

 

TABLE. II   GAIN CONTROL OF THE CAP-BASED ATT. 

 

 
 

Fig. 5   Simulated S11 versus frequency in VHF III and UHF bands. 
 

167



 
S

21
 (d

B
)

 
 

Fig. 8   Simulated S21 at different gain steps. 
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Fig. 9   NF and IIP3 at all gain steps: (a) VHF-III and (b) UHF bands. 
 
 

TABLE III SUMMARY AND PERFORMANCE COMPARISON. 

 
 [3], [4], [5] are experimental results 

 

V. CONCLUSIONS AND COMPARSIONS 
This paper describes a novel active-balun LNA with fore- 

stage-poststage gain controls. Forestage MOS-based ATT and 
poststage CAP-based ATT inter-operated with an active core 
provide a wide gain range and a flexible tradeoff between NF 
and linearity. Simulation results show that within the VHF-III 
and UHF bands, the LNA achieves sufficed input impedance 
match (S11<-10dB) against 37-dB gain control range, 2.9-dB 
average NF and >0.85-dBm IIP3 at a maximum voltage gain 
of 26 dB. The power consumption is 10.8 mW at 1.8 V. As 
compared in Table III, this work achieves competitive RF 
performances respect with the prior arts [3]-[5].  

 

VI. ACKNOWLEDGMENT 
This work is financially supported by the Research 

Committee of University of Macau and Macau Science and 
Technology Development Fund (FDCT). 

 

REFERENCES 
[1] S. C. Blaakmeer, E. A. M Klumperink, D. M. W. Leenaerts, and B. 

Nauta, “Wideband Balun-LNA with Simultaneous Output Balancing, 
Noise-Canceling and Distortion-Canceling” IEEE J. Solid-State 
Circuits, vol. 43, pp. 1341-1350, Jun. 2008. 

[2] I. Vassilios, K. Vavelidis and N. Haralabidis, et al., “A 65nm CMOS 
Multistandard, Multiband TV Tuner for Mobile and Multi-Media 
Applications,” IEEE J. Solid-State Circuits, vol. 43, pp. 1522-1533, 
Jul., 2008. 

[3] Kefeng Han, Liang Zou, Youchun Liao., et al, “A Wideband CMOS 
Variable Gain Low Noise Amplifier Based on Single-to-Differnetial 
Stage for TV tuner Apllications,” IEEE Asian Solid-State Circuits 
Conf., pp. 457-460, Nov. 2008. 

[4] Tae Wook Kim., et al, “A 13-dB IIP3 Improved Low-Power CMOS RF 
Programmable Gain Amplifier Using Differential Circuit Trans-
conductance Linearization for Various Terrestrial Mobile D-TV 
Applications,” IEEE J. Solid-State Circuits, Vol.41, No.4, Apr. 2006. 

[5] Jianhong Xiao., et al, “A High Dynamic Range CMOS Variable Gain 
Amplifier for Mobile DTV Tuner,” IEEE J. Solid-State Circuits, 
Vol.42, No. 2, Feb. 2007. 

168



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF00540068006500730065002000730065007400740069006e00670073002000610072006500200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200036002e003000200061006e00640020006d0061007400630068002000740068006500200022005200650063006f006d006d0065006e0064006500640022002000730065007400740069006e0067002000660069006c0065007300200066006f00720020005000440046002000730070006500630069006600690063006100740069006f006e002000760065007200730069006f006e00200034002e0030002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




