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Abstract — A 2.4 to 10.7 GHz wideband mixer for 
multi-band orthogonal frequency division multiplexing 
ultra-wideband (MB-OFDM UWB) applications is designed 
using a TSMC 0.18µm CMOS technology. The designed 
mixer uses a LC folded cascode structure and a feedforward 
compensated high-linearity differential transconductor to 
improve the linearity. The measured results reveal that the 
proposed mixer achieves power conversion gain of 3.3 ± 1.5 
dB,  third-order input intercept point (IIP3) of 6.9 dBm, and 
input 1-dB compression point (P-1dB) of -2.8 dBm in the 
power consumption of 14.4mW from a 1.8V power supply. 
The chip area is 0.70 × 0.58 mm2.  

Index Terms — CMOS mixers, folded-mixer, , differential 
transconductor, UWB.  

I. INTRODUCTION  

The characteristics of UWB system are high data rate, 
low power consumption and low cost. UWB becomes new 
developing technology in the wireless personal network 
(WPAN). Under the trend of the WPAN, the usage of 
UWB may extensively makes life more convenient in the 
coming future. Direct conversion and low-IF wireless 
receiver architectures have attracted more attention in the 
past few years due to simplicity, easily integration with 
baseband, low power and potentially low manufacturing 
costs [1]-[5]. Fig. 1 shows the direct conversion receiver 
architecture. 

Mixer is an essential building block in the receivers, 
which is responsible for frequency up-conversion and 
down-conversion. Also, it is an important component 
associated with the linearity of the front-end receivers. 
Nonlinearity causes many problems, such as cross 
modulation, desensitization, harmonic generation, and gain 
compression [6]. The even-order nonlinearity can be easily 
reduced by differential architecture. However, odd-order 
nonlinearity is difficult to be reduced, especially the 
third-order intermodulation distortion (IMD3). IMD3 is the 
dominant part of the odd-order nonlinearity. 

Comparing passive mixers and active mixers, active 
mixers have better gain and isolation, but worse linearity. 
Passive mixers have superior linearity than active mixers. 
Gilbert cell is a typical type used in active mixers. The 
Gilbert cell mixer consists of three stages: transconductor 
stage, switching stage, and load stage. The linearity of 
Gilbert mixer is dominated by the transconductor stage. 

RF 
Filter LNA

LPF

LPF

VCO
90

0

Mixer

Mixer

I

Q

Baseband 
ADC

Baseband 
ADC

I

Q

 
Fig. 1. Direct conversion receiver architecture 

II. DESIGN METHODLOGY 

The first stage of mixer must have high linearity to 
handle the large input signals from LNA without 
significant intermodulation [7]. To improve linearity in 
Gilbert mixer, many methods have being used such as 
adding source degeneration resistors below the gain stage 
[8], bisymmetric Class-AB input stage [7], multiple gated 
transistor [6], and common-source and common-emitter 
RF transconductors [9]. The designed mixer adopting 
modified feedforward compensated differential 
transconductor, as like as the transconductor stage in 
Gilbert mixer, is shown in Fig. 2. The transconductor 
consists of degenerate common-source stages (M1, M2) 
and degenerate common-gate stages (M3, M4). The input 
stage is the degenerate common-source stages and 
compensated by degenerate common-gate stages, which 
can achieve feedforward distortion linearization [10]-[11].  
The feedforward compensated differential transconductor 
provides accurate input impedance and high 
intermodulation intercepts. 
 

 
Fig. 2. Modified differential transconductor 
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The mixer gain is proportional to gm, and higher 
overdrive voltage leads to higher gain. To use feedforward 
compensated differential transconductor in Gilbert mixer, 
the supply voltage is critical to keep the driver FETs 
always in saturation region. In order to overcome this 
problem we using LC folded cascode circuit to get larger 
voltage headroom, and it can keep the driver FETs always 
in saturation region [6],[8],[12],[13]. The operation of the 
LC folded cascode mixer is similar to the Gilbert mixer. A 
LC folded cascode mixer with an added resistance is 
shown in Fig. 3. The parallel RLC tank is a tuned load that 
can be used to provide larger output swing. At DC, 
inductor is shorted and no voltage drop across the tuned 
load. Therefore, the more voltage headroom is provided.  
At resonating frequency of the parallel RLC tank, the 
inductor and capacitor are open circuit at output frequency 
while consuming no voltage drops. The Resonating 
frequency and 3dB bandwidth can be given by  
 

0
1
LC

ω =                 (1) 
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=                 (2) 

 
Fig. 4. shows the proposed mixer, which is composed of 

an LC folded cascode mixer and a feedforward 
compensated differential transconductor. 

 

 
 

Fig. 3. LC folded cascade mixer with an added resistance 
 

Functionally, input differential signal into the feed- 
forward compensated differential transconductor to 
amplify the input signal firstly. The small-signal voltage is 
converted to a small-signal current at this stage. The 
current signal is down-converted by the switching pair. 
Then the load stage provides loading to preceding stages 
and converts the current signals back to voltage signals. 
Finally, common sources are used as output buffers for 
testing and matching purposes. 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Schematic diagram of the proposed mixer 
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III. MEASUREMENT RESULTS 

The measurements were performed with the chip directly 
mounted on a 28×28 mm2 and thickness of 20 mil RO4003 
microwave substrate with SMA connectors. Fig. 5 shows 
the test board with die mounted on it. The chip 
microphotograph is shown in Fig. 6. The die size is 
0.70×0.58 mm2 including pads.  
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Fig. 5. Die bonded to the PCB 
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Fig. 6. Microphotograph of the proposed mixer 
 

The mixer is designed using TSMC 0.18µm CMOS 
technology. All measurements were done at 1.8 V and 1.2 
V supply voltage and the power consumption is 14.4 mW 
including the output buffer. Fig. 7 illustrates the 
conversion gain versus the RF frequency with both RF and 
LO ports swept in frequency from 2 to 12 GHz, a fixed IF 
frequency of 50 MHz, RF power of -30 dBm, and LO 
power of -5 dBm. The conversion gain is 3.3 ± 1.5dB with 
a bandwidth of 2.4 to 10.7 GHz, The measured RF return 
loss is better than 10 dB as shown in Fig. 7. The measured 

RF-to-IF, LO-to-IF and RF-to-LO isolation shown in Fig. 
8. are better than 20 dB. Fig. 9 shows the linearity of the 
mixer as a function of frequency. The measured IIP3 is 4 ~ 
6.9 dBm and P1dB is -2.8 ~ -5.8 dBm in the bandwidth of 
2.4 to 10.7 GHz.  
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Fig. 7. Measured power conversion gain and RF return loss 
versus RF frequency with the IF frequency is 50MHz, RF 
power is -30dBm, and LO power is -5 dBm 
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Fig. 8. Measured Isolation versus RF frequency 
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Fig. 9. Measured IIP3 and P1dB versus RF frequency 
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TABLE  I
PERFORMANCE COMPARISON BETWEEN PREVIOUSLY 

PUBLISHED WORKS ON WIDEBAND CMOS MIXERS

Ref. [14] [15] this work

Technology 0.18um
CMOS

0.18um
CMOS

0.18um
CMOS

IF frequency
(MHz) 10 528 50

Frequency
(GHz) 0.3～25 3.1～8.72 2.4 ～ 10.7

CG (dB) 11+/- 1.5 3.75 +/- 1.25 3.3 +/- 1.5

IIP3 (dBm)  --- 5 6.9

P1dB  (dBm) -5  --- -2.8

LO Power (dBm) -1 9 -5

Pdis (mW) 71
 (mixer core) 10.4 14.4

Supply voltae (V) 5 1.8 1.8

Die area (mm2) 0.8X1 1.4X1.16 0.70X0.58

Finally, the comparison of the proposed mixer against 
recently reported CMOS mixer is shown in Table I, it 
indicates that the proposed mixer provides better linearity, 
more compact chip size, and acceptable conversion gain 
and power consumption. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IV.CONCLUSION 
 

In this paper, a wideband mixer using LC folded cascode 
mixer topology and a modified feedforward compensated 
differential transconductor in TSMC 0.18µm CMOS 
technology is presented. The LC folded cascode method is 
used to get enough voltage headroom to work with, and the 
modified feedforward compensated differential 
transconductor is adopted to achieve broadband impedance 
matching and lower the overall distortion. The designed 
mixer is suitable for MB-OFDM UWB receivers. 
 

REFERENCES 
 
[1] D. Manstretta, R. Castello, F. Gatta, P. Rossi, and F. Svelto, 

“A 0.18 µm CMOS direct-conversion receiver front-end for 
UMTS,” IEEE Int. Solid-State Circuits Conf. Dig. Tech. 
Papers, 2002, pp. 240–241.  

[2] P. Zhang, T. Nguyen, C. Lan, D. Gambetta, C. Soorapanth, B. 
Cheng, S. Hart, I. Sever, T. Bourdi, A. Tham, and B. Razavi, 
“A direct conversion CMOS transceiver for IEEE 802.11a 
WLANs,” IEEE Int. Solid-State Circuits Conf. Dig. Tech. 
Papers, 2003, pp. 354–355.  

[3] M. A. Do, J. J. Liu, K. S. Ye and J. G. Ma, “Analysis of LO 
leakage in CMOS Gilbert mixer by cadence spectre-RF for 
direct conversion application,” IEEE Asia-Pacific 
Conference on Circuits and Systems, pp. 309–312, Dec. 
2004.  

[4] Sining Zhou, and Mau-Chung Frank Chang, “A CMOS 
passive mixer with low flicker noise for low-power 
direct-conversion receiver,” IEEE J. Solid-State Circuits, vol. 
40, no. 5, pp. 1084–1093, MAY 2005.  

[5] Sher Jiun Fang; See Taw Lee; Allstot, D.J.; Bellaouar,A.; “A 
2 GHz CMOS even harmonic mixer for direct conversion 
receivers”, Circuits and Systems, 2002. ISCAS 2002. IEEE 
Intemational Symposium on, vol. 4, 26-29 May 2002, pp. 
IV-807 -1V-810.  

[6] Tae Wook Kim, Bonkee Kim, and Kwyro Lee, “High linear 
receiver front-end adopting MOSFET transconductance 
linearization by multiple gated transistors,” IEEE J. 
Solid-State Circuits, vol. 39, no. 1, pp. 223–229, Jan. 2004. 

[7] Barrie Gilbert, “The micromixer: A highly linear variant of 
the Gilbert mixer using a bisymmetric Class-AB input 
stage”, IEEE J. Solid-State Circuits, vol. 32, pp. 1412-1423, 
September 1997.  

[8] Nazmul Islam, Syed K. Islam, and Hasina F. Huq, “High 
performance CMOS converter design in TSMC 0.18-µm 
process,” IEEE Proceedings, pp. 148 - 152, 8-10 April 2005.  

[9] Sivonen, P.; Vilander, A.; Parssinen, A., “Cancellation of 
second-order intermodulation distortion and enhancement of 
IIP2 in common-source and common-emitter RF 
transconductors,” Circuits and Systems I, vol. 52, Issue 2, pp. 
305 - 317, Feb. 2005. 

[10] Su-Tarn Lim; Long, J.R., “A feedforward compensated 
high-linearity differential transconductor for RF 
applications,” ISCAS '04, vol. 1, pp. 105–108, May 2004.  

[11] ST Lim, JR Long, “A feedforward compensated 
high-linearity amplifier,” Proceedings ProRISC 2004, pp. 
542–545, 2004. 

[12] Hung-Che Wei, Ro-Min Weng and Kun-Yi Lin, “A 1.5 V 
high-linearity CMOS mixer for 2.4 GHz applications,” 
ISCAS 2004, pp. 561–564, 2004.  

[13] E. Abou-Allam, J. Nisbet, and M. Maliepaard, “Low-voltage 
1.9 GHz front-end receiver in 0.5 µm CMOS technology,” 
IEEE J. Solid-State Circuits, vol. 36, pp. 1434–1443, Oct. 
2001.  

[14] Ming-Da Tsai; Huei Wang;., “A 0.3-25-GHz ultra-wideband 
mixer using commercial 0.18-µm CMOS technology,”  
Microwave and Wireless Components Letters, Volume 14, 
Issue 11,  Nov. 2004. 

[15] Safarian, A.Q.; Yazdi, A.; Heydari, P.,“Design and analysis 
of an ultrawide-band distributed CMOS mixer,” Very Large 
Scale Integration (VLSI) Systems, IEEE Transactions on 
Volume 13,  Issue 5,  May 2005. 

3895



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


