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Chapter 4  
Experiment Results 

 

The chip, UWB direct-conversion receiver for UWB applications is designed and 

fabricated in TSMC 013-μm CMOS process. In this chapter, the chip layout, test environment, 

and experiment results are presented. Measured performance is compared with 

post-simulation results and discussion is made for further study.  

4.1 Layout Description 

This receiver chip is fabricated in TSMC 013-μm CMOS 1P8M copper process, what the 

major difference distinct from previous technology is eight metal layers are used, in which 

ultra thick metals, seventh and eighth layers, are implemented to fulfill the applications for 

mixed signal/RF, such as inductor with low receptivity and good conductivity and lower 

capacitance to substrate. Besides, deep n-well topology is employed to surround the N-MOS 

device which allows the connection of source and body terminals to avoid body effect. 

Dummy gates and dummy resistors are equipped at the margin of every MOS device to cope 

with process variation. The MOS varactors are separated into two groups, one with deep 

n-well while the other without. With the aid of deep n-well, parasitic capacitance and noise 

coupling from substrate can be reduced. Meanwhile, the MIM capacitor in this technology is 

somehow special, with or without under ground metal shielding is provided: the former has 

high immunity to substrate noise and the latter presents less parasitic capacitance.            

Firstly, the chip layout is drawn for on-wafer measurement; therefore, many of the 

considerations are based on this framework and the position of signal, DC pads are confined 

to the probe station. The chip layout is shown in Figure 4.1, the symmetric character of layout 

is important to keep balanced I/Q output signal, especially among the placement of I/Q mixers, 
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QVCO, frequency divider circuits, and even the output I/Q buffers. What the troublesome 

problem encountered is position of QVCO, the QVCO is drawn with possible symmetry, and 

its output signal is directly connected downward to mixers. The inductors of VCO are 

modified from TSMC standard inductor cell, which is placed near to reduce chip area. In 

addition, by previous experience, the operating frequency range is likely to be dropped down 

due to unexpected parasites; however, the connection of varactor in VCO is somehow being 

modified; as shown in Figure 4.2, the metal line in red-circled area is preserved and drawn 

longer if laser-cut is required to modify the operating frequency.    

In addition, signal path is better to be drawn as short as possible to reduce the possibility 

of power loss and additional parasitic capacitance which degrade the operating frequency. The 

metal lines for connecting the bias voltage and internal circuits should be drawn as wide as 

possible to avoid the unwanted inductor effect. In Figure 4.1, the input GSG pad is placed 

inside the whole chip instead of its fringe to curtail the length of input signal path and ground 

shielding of signal pad is used to isolate substrate noise coupling. Each output GSGSG pad is 

placed on the side of the chip for symmetry and a 12-pin DC pad is placed at the upper side; 

at each DC pads, MOS-caps are used as bypass capacitors. The entire chip area is 3.7mm2.  

The input of the receiver is taken single-ended and its output are taken differentially 

from the GSGSG output I/Q pad, therefore, power combiners are required to transform the 

differential output to a single one and Bias-T components are also required to block the DC 

level resulting from output I/Q buffers.      
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Figure 4.1 The receiver layout view. 

 
 

 
Figure 4.2 Varactor layout style 

4.2 Measurement Consideration and setup 

  The receiver chip is bared die and measured directly on-wafer. Package chip is excluded as 

a result of more complicated parasites. The chip microphotograph and the measuring 
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environment are shown in Figure 4.3 and in Figure 4.4, respectively. On gain and NF 

measurement consideration, the receiver is taken single input path and differential I/Q output 

paths; thus, for input path, a signal is directly conveyed with CASCADE ACP-50-GSG-150 

probe to input GSG pad; the output I/Q signals are taken from two GSGSG pads with two 

CASCADE GSGSG-150 probes. Then, the differential output signal is connected to Anritsu 

K251 3.5mm Bias-Tees and four Mini-Circuits power SPLITER ZFSCJ-2-3 (5-300 MHz) 

are after them to combine the differential I/Q signals; 12 Pin DC probe is utilized to provide 

required bias voltage. For inter-modulation and cross-band modulation measurement, two- 

tone test is executed. An Agilent 11636B Power Divider, shown in Figure 4.5, is used to 

combine the two input signals located at distinct frequencies. The test platform is depicted in 

Figure 4.6. The measurement flow is organized as follows:  

   

 

Figure 4.3 Chip microphotograph 
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Figure 4.4 Measuring Environment 

 

Figure 4.5 Input Power Combiner 

 

 

Figure 4.6 Test platform 
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1) Measuring signal power loss in the input path and output path in the frequency of interests. 

This helps compensate the power loss to acquire correct results.  

2) Measuring the performance parameters of the receiver, respectively: DC condition should 

be checked in the initial place to verify whether the chip works. Other measurements 

depend on various instrument: S-parameter analysis requires a network analyzer, 

spectrum analysis requires a signal generator and a spectrum analyzer, noise analysis 

requires a noise source and a noise analyzer, linearity analysis requires (two-tone test) 

requires two signals generators, a power splitter and a spectrum analyzer, waveform 

analysis, only for the receiver, requires a signal generator and a oscilloscope. These 

instrument setup block diagrams are depicted in Figure 4.7 ~ Figure 4.11.   

 

Figure 4.7 Instrument setup for S-parameter analysis 

 

Figure 4.8 Instrument setup for spectrum analysis. 
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Figure 4.9 Instrument setup for noise analysis. 

 

Figure 4.10 Instrument setup for linearity analysis. 

 

Figure 4.11 Instrument setup for waveform analysis. 
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4.3 Experiment Results  

Before the measurement of the receiver under test (RUT), the loss of RF signal line, 

power combiner, power splitter and adaptors are measured first. Especially for UWB system, 

a wide range of operating frequency is expected; therefore, the input power loss at different 

frequency is measured and shown in Figure 4.12. In addition, the output signal is measured at 

baseband frequency; output signal power loss is 5.1 dB in spite of input signals located at 

different frequency.     

 
 

Figure 4.12 Input signal power loss. 

The receiver consumes 81~94 mW, under 1.2-V supply voltage for WLNA and mixers; 

1.6-V supply voltage for carrier generators; 2.5-V supply voltage for output I/Q buffers. The 

input return loss (S11) of the receiver is shown in Figure 4.13, in which the post-simulation 

results and measurement results are both shown for comparison; the measured S11 is below 

-9.6 dB from 3.1 to 10.6 GHz.  

The function of correct down-conversion of input signals are not fully identical to the 

post-simulation results: only signals of Band #1 ~Band #4 are measured. The main reason 

arises from the oscillating frequency of the VCO drifting to higher frequency, 10.8~15 GHz, 
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and hence, the original designed operating mechanism fails to work properly. Furthermore, 

the VCO in the receiver chip is targeted at wide frequency tuning range to provide the 

capability of generating all the carriers required and consequently, there is no LO signals from 

off-chip equipment to avoid extra loading which curtails the VCO  tuning range 

unexpectedly. The operating frequency of VCO is measured through LO leakage at output I/Q 

buffers.  

 

Figure 4.13 Input return loss (S11) of the receiver 
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Figure 4.14 LO leakage measured at output of I/Q buffer 

 

The carriers required for Band #1~Band #4 are generated by the self-oscillation of 

frequency divider: frequency is adjusted through altering the bias voltage and supply voltage 

of the divider and the carrier power level differs with frequency. The output spectrum of Band 

#1 is presented in Figure 4.15; the input signal power level is -40 dBm; Marker 1 represents 

the output baseband signal at around center frequency of 130 MHz, the LO leakage of Band 

#1 is measured to be -65 dBm due to device mismatch and substrate coupling. Two-port 

network of S-parameter analysis cannot be applied for gain estimation due to frequency 

translation between input and output signals; therefore, this leads to spectrum analysis an 

alternative approach. The overall receiver gain of Band #1 can be derived by compensating 

the loss of input and output paths back to be around 11 dB in band. Spectrum analyses of 

Bnad #2~Band #4 is shown in the Appendix C and Figure 4.16 summaries the receiver gain 

from Band #1 to Band #4 and compassion with post-simulation results.  
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Figure 4.15 Receiver output spectrum of Band #1 

 

 

Figure 4.16 Measurement results of receiver gain for Band #1~Band #4. 
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Figure 4.17 Measurement results of receiver NF for Band #1~Band #4 

Figure 4.17 plots the measured and simulated NF of the receiver. In addition to the 

receiver, discrete components such as adapters, power combiners and signal lines, contribute 

noise which is hard to evaluate. The simulation excludes noise contribution from discrete 

components and hence presents lower NF than measurement.  

The linearity requirement for UWB system is conscientious and should be taken more 

care of: it requires not only in-band linearity analysis but also out-of-band. As early described 

in chapter 2, in-band P1dB and IIP3, out-of-band P1dB and out-of-band IIP2 due to even order 

distortion are analyzed and except in-band P1dB, other parameters are measured by 

conventional two-tone test with different frequency setting. Firstly, for in-band linearity 

concern, Figure 4.18 (a) is the measurement result of P1dB for Band #1, estimated as the 

receiver gain drops 1 dB, and the value of P1dB after compensating power loss is -10.5 dB;  

Figure 4.18(b) is the measured P1dB of Band #1~Band #4 and comparison with post-simulation 

results. Figure 4.19 and Figure 4.20 show the output spectrum under two-tone test and the 

relation of input power to output power, respectively. The measured IIP3 of Band #1~Band #4 

and the comparison with post-simulation results are plotted in Figure 4.21.    
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(a)  

 

 
(b) 

Figure 4.18 Measurement results of P1dB of (a) Band #1 (b) Band #1~Band #4 
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Figure 4.19 Output spectrum of two-tone test of IIP3 for Band #1 

 

 

Figure 4.20 The two-tone test plot of IIP3 for Band #1 
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Figure 4.21 Measurement results of IIP3 from Band #1 to Band #4 

 

For out-of-band linearity concern, two-tone test still plays a vital rule to estimate the 

performance parameters of out-of-band P1dB and IIP2 rising from cross-band modulation. 

Figure 4.22 is the input frequency setting and measurement result for out-of-band P1dB of 

-18.8 dBm at Band #1: an interferer viewed as a blocker is located at a frequency spacing of 

528 MHz to the desired signal; a pessimistic analysis is made if the interferer is in adjacent 

band with increasing power level to desensitize the receiver. Figure 4.23 shows the measured 

out-of-band P1dB of around -14~-18 dBm from Band #1 to Band #4 and the comparison with 

post-simulation results. The measured quantity satisfies the out-of-band interferer 

specification for mode 1 operation that out-of-band spurious emissions shall not be more than 

-58.2 dBm at 1m separation to antenna. 

The analysis is made under the circumstance that interferer at twice the signal frequency 

or half the signal frequency would impact the signal at baseband output after 

down-conversion suffering from even-order distortion and cross-band modulation. The 

frequency setting and plot of input power to output power relation for cross-band modulation 
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IIP2 is depicted in Figure 4.24: one input signal and an interferer at its double frequency is 

feed into the RUT, both increase with same power level. The measured quantity of IIP2 of 

Band #1 is about 5 dBm after compensation and in Figure 4.25 which shows the measurement 

results of IIP2 of Band #1 ~Band #4 ranging from 4 dBm to 5.8 dBm and the comparison with 

previous post-simulation results.      

 

 
(a) 

 

 
(b) 

Figure 4.22 (a) Frequency setting of out-of-band P1dB (b) measurement result of out-of-band P1dB for Band #1 
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Figure 4.23 Measurement results of out-of-band P1dB from Band #1 to Band #4 

 
 
 

 
(a) 
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(b) 

Figure 4.24 (a) Frequency setting for out-of-band IIP2 (b) The two-tone test plot for out-of-band IIP2 of Band #1 

 

Figure 4.25 Measurement results of out-of-band IIP2 from Band #1 to Band #4 

 

Quadrature IF waveform is shown in Figure 4.26 in which (a) is the waveform at IF 

frequency of 66 MHz and (b) is the waveform at frequency of 130 MHz. The output IF 
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waveform is obvious in quadrature phase at lower IF frequency while at higher frequency the 

phase of output waveform does not retain 90° phase splitting: the main reason lies in that 

instrument mismatch, such as curvature and length of output signal lines, used adapters and 

condition of output probes: this phenomenon can be mitigated by using chip-on-board 

measurement.    

Values of fine-tuned bias voltages are listed and compared with that of post-simulation in 

Table 4.1. Except the supply voltage for carrier generator and bias voltage of frequency 

divider are adjusted to a large variation for observing the LO leakage at output and enabling 

the self-oscillation of frequency divider, there is no large variation on other bias voltages. 

Table 4.2 lists the summary of the RUT and comparison with post-simulation results and 

design target. The measured gain is compensated with input loss of about 10 dB and output 

instrument loss of around 5.1 dB and output buffer loss of about 10 dB (the loss varies with 

frequency); the receiver gain and linearity performance parameters differ from the 

post-simulation results as a result the malfunction of the carrier generator integrated in the 

receiver chip. The output power of the frequency divider differs from that in the post 

simulation as a result of a boosted supply voltage and a varying transconductance of its input 

PMOS. The smaller carrier power results in the drop of measured gain and improvement of 

linearity parameters: smaller carrier power leads to a higher noise, good linearity and smaller 

gain. Besides, the measured power consumption is larger than that of the post-simulation 

results: power consumption of WLNA and mixer approaches the simulated value, but that of 

the carrier generator is increased due to the boosted supply voltage of it for the occurrence of 

self-oscillation of frequency dividers. Furthermore, to alter the operating frequency of the 

divider, its gate bias voltage of input PMOS is adjusted as well as the transconductance of it, 

which results in the varying power consumption of the carrier generator operating in different 

frequency.   
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(a) 

 
(b) 

Figure 4.26 Quadrature IF waveform of desired signal at (a) 66 MHz (b) 130 MHz 
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Table 4.1 Comparison on gate bias between post-simulation and measurement  

 Post-simulation Measurement 

VDD _LNA and Mixer 1.20 V 1.20 V 

VB_LNA 0.50 V 0.48 V 

Vbias_Mixer 0.95 V 1.05 V 

V_Gain_Ctrl 0~0.20 V 0~0.20 V 

VB_DIV 0.40 V 0.3V~1.1 V* 

V_tune 0~1.2V 0.68 V~1.40 V* 

VDD_VCO 1.20 V 1.20 V~1.6V* 

*adjusted to alter the self-oscillating frequency of frequency divider 
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Table 4.2 Summary of the RUT 

Design target Post-simulation Measurement 

Technology TSMC 0.13-μm 1P8M 

Frequency band 3.1 ~10.6 GHz 3.1~5.4 GHz 

Corner none TT SS none 

VDD 1.2V 

S11 (< -9.8 dB ) 3.1 ~10.6 GHz 3.1 ~10.6 GHz 3.1~10.6GHz 3.1~10.6 GHz (<9.6dB)

Gain (dB) 12 13 13.7 6.6~10.7 

Tuning range (GHz) 3.1 ~10.6 3.1 ~10.6 3.1~10.6 VCO : 10.8~15.08 ** 

P-1dB (dBm) > -30 (without buf) ~-24.6 -26.7 > -17 

IIP3 (dBm) NA ~ -14 -16.2 >-5 

NF (dB) < 8.6 4.1~7.1 4.8~8.2     6.5~7 

CG Power (mW) NA 24 30 64~76 

LNA Power (mW) none 6.8 8.8 8.7 

Mixer Power none 7.2 8.6 9.2 

Total power < 60 mW 38mW 47.4mW 81.9 ~94 mW  
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4.4 Discussions  

In the first place, there is no baseband output signal appeared as the input signal applied 

at 3.1~10.6 GHz under the bias condition of post-simulation. The output IF signal is observed 

till input signal at around 12 GHz is applied to the RUT, and hence, an initial guess of a drift 

of VCO oscillating frequency is suspected. An investigation about this inference is made that 

the inductance and Q of inductors used in the VCO is re-examined to find where the problem 

lies in. The inductor used in the VCO circuit is drawn with some modification compared to 

TSMC standard inductor layout cell: to reduce the chip area, the distance between two 

inductors is shortened from 160 um to 60 um. The accommodated layout view of the inductor 

is shown in Figure 4.27, where d represents the distance between the 2 half-turn inductors.  

The inductance of the modified inductors is re-simulated with EM simulation tool of 

HFSS. Figure 4.28 and Figure 4.29 are the simulation results of the inductance and quality 

factor of the TSMC standard cell and the modified inductors with different value of d. It can 

be discerned that the standard cell has higher inductance and Q compared to other two and, 

also, as the value of d is increased, the higher the inductance approaches the desired value.  

The evidence above proves that the value of d is a key factor to the actual inductance 

presented. If the inductors are put too close, the inductance would be smaller than expected to 

some extent owing to complicated electric-magnetic coupling effect. Furthermore, the 

oscillating frequency of the VCO can be further examined with the simulated S2P data of the 

modified inductors; Figure 4.30 shows the comparison of its tuning range of post-simulation 

and the modified one, in which it is observed that the tuning capability is shifted to 10.8~15 

GHz that conforms the measured VCO oscillating frequency. The result accounts for the 

malfunction of improper frequency down-conversion of the receiver and, also, because of a 

lower value of Q, it fails to drive the following stage of frequency dividers without sufficient 

amplitude applied to.   
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 Figure 4.27 Layout view of the modified inductor cell 

 

 
Figure 4.28 Simulated inductance with different d 
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Figure 4.29 Simulated Quality factor with different d  

 

However, Output signals of Band #1~Band #4 can still be measured by the aid of  

self-oscillation of the designed frequency divider. The divider is designed to self-oscillate at 

around 4 GHz and, hence, it provides the possibility to alter the oscillating frequency by 

changing its bias voltage of its input PMOS. This helps explain the drop of measured gain and 

improved linearity parameters of the receiver due to improper input LO amplitude for mixer 

switching pairs. Besides, the power consumption increases as more current flows through 

carrier generator circuit to sustain the self-oscillation of frequency divider at higher frequency.      

It is observed in Figure 4.31 that the important desired character—decreasing inductance 

with increasing frequency—still appears in the modified inductors. This verifies the ideal 

proposed in chapter 3 to implement a wideband VCO. In Figure 4.30 (b), it shows its KVCO 

approaching several giga hertz per volt, though, shifting into the unanticipated frequency 

range.  

To verify the measurement results, the extracted data of the modified inductor is put to 
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the entire receiver simulation in place of the TSMC standard inductor cell. The bias voltage 

under simulation is adjusted in accordance with actual values during measurement. Table 4.3 

shows the comparison summary of post-simulation, modified-simulation, and measurement 

results. It is seen that the modified-simulation results conforms to the measurement results 

and the main difference between post simulation and modified simulation is just the applied 

inductors. Consequently, it provides us sufficient evidence to believe that with proper 

selection of inductor, or increased d in Figure 4.27, the proposed receiver can work well as 

expected. Finally, Table 4.4 presents the comparisons of this work (measurement and revised 

design) and some other UWB receivers. The revised design of this work has superior 

advantage on operating bandwidth, lower noise figure, wide input matching, and much lower 

power consumption suitable for UWB applications.     

 

 
(a) 
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(b) 

Figure 4.30 VCO tuning range (a) with standard inductor (b) with modified inductor 

 

 

Figure 4.31 Characters of decreasing inductance with increasing frequency 
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Table 4.3 Comparison of measurement and modified simulation results 

 Post-simulation Modified-sim Measurement 
Frequency band 3.1 ~10.6 GHz 3.1~5.4 GHz 3.1~5.4 GHz 

VDD_LNA, MIXER 1.2V 
VDD_VCO 1.2V 1.55V 1.6V 

S11 (< -10 dB ) 
3.1 ~10.6 GHz 3.1~10.6GHz 3.1~10.6 GHz 

(<9.8dB) 
Gain (dB) 13.7 8~11.3 6.6~10.7 

Tuning range (GHz) 3.1 ~10.6 VCO:10.9~14.9 VCO : 10.8~15.08 **

P-1dB (dBm) -23~-26.5 -23 ~ -18.4 -17.8 ~ -16 

IIP3 (dBm) -13~-17 -12~-7 >-5 
NF (dB) 4.8~8.2 4.5~4.8 6.5~7 

Carrier Generator 
power(mW) 

30 56~71* 64~76* 

LNA Power (mW) 8.8 8.8 8.7 
Mixer Power(mW) 8.6 8.6 9.2 
Total power(mW) 47.4mW 73.5~88.4mW 81.9~94mW 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 



 98

Table 4.4 Performance comparison with other UWB receivers  

  This work This work*
Revised 

[9] 
ISSCC2005

[12] 
RFIC2006 

[10] 
ISSCC2005

Architecture Homodyne Homodyne Homodyne Homodyne Homodyne
Technology 0.13 um * 0.13 um * 0.13 um * 0.18 um * 0.25 um** 

Frequency (GHz) 3.1~5.4 3.1~10.6 3.1~4.8 3.1~10.6 3.1 ~ 8.2 
Supply Voltage 1.2 V &1.5 V 1.2 V 1.5 V 1.8 V 2.7 V 

Chip area (mm2) 3.7 3.7 NA 3.2 4 
Power Consumption 

(mW) 
82~94 38 105 56 113.4 

S11 (dB) <-9.6 <-9.8 <-11 <-10 <-10 
Conversion gain (dB) 6.6~10.7*** ~12 69~73 **** ~77 **** ~51.5 ****

Noise Figure (dB) 6.5~7 4.1~7.1 5.5~8.4 5.7~11 3.3 ~4.1 
P-1dB (dBm) ~-17 -24.6 ~-27 -15 ~-10.2 
IIP2 (dBm) NA NA NA 20.2 37 
IIP3 (dBm) ~-5 -14 NA ~-10 ~ 2.7 

Out-of-band P1dB 
(dBm) 

~-18 ~-25 NA NA NA 

Crossed band IIP2 
(dBm) 

~5 6~-16 NA NA NA 

VCO Tuning Range 
(GHz) 

10.8~15.06 5.8~10.4 NA EXTERNAL NA 

*CMOS **SiGe ***Power gain ****Voltage gain. In Ref [10] power consumption of synthesizer is exclusive. 

Ref [12] requires external LO signals. 
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Chapter 5  
Conclusion and Future Work 

 

5.1 Conclusions     

A 1.2-V direct-conversion receiver with integrated WLNA, carrier generator, 

down-conversion mixers, and output I/Q buffers for UWB applications has been designed, 

fabricated and tested in a 0.13-μm CMOS technology. A new WLNA with gm-boosted 

technique has been proposed and eases the input matching issue for wideband circuit under 

low power consumption. In addition, a new QVCO circuit and shape of inductor layout have 

been proposed and feasible to implement a wideband carrier generator. The architecture of the 

receiver is simple and suitable for low power and high data-rate UWB applications. Though 

eleven inductors are used in this design and the receiver occupies an area of 3.7 mm2, this is 

mainly dominated by the applied 12-pin DC probe and a large region on the chip is filled with 

dummy metal, poly and oxide required to raise the yield rate; subsequently, baseband circuits 

can be further combined and drawn in place of the region of dummy layers. 

The direct-conversion receiver is tested under 1.2-V supply, except the supply voltage of 

carrier generator being adjusted higher due to the oscillating frequency drift of VCO. Signals 

of Band #1~Band #4 (mode 1 included) are measured after modification of the bias voltages 

applied. The receiver has a S11 lower than -9.6 dB from 3.1 to 10.6 GHz, an in-band input 

P1dB and IIP3 of about -17 dBm and -5 dBm, an out-of-band P1dB and IIP2 of around -18 dBm 

and 5 dBm, a DSB NF of around 6.5~7 dB, and the power consumption of the overall receiver, 

WLNA, I/Q down-conversion mixers and carrier generator are 82~94 mW, 8.7 mW, 9.2 mW, 

and 64~76 mW, respectively. The total current consumption is higher than that in the 
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post-simulation, WLNA and down-conversion mixers drain almost the same current as in post 

simulation. What is made great change is the carrier generator, larger power is required to 

enable and altering the self-oscillating frequency of the frequency divider to provide needed 

carriers from Ban1 #1 to Band #4.   

  Finally, the main cause of the malfunction of the receiver has been found and verified 

lying in the inductors of VCO. Then, according to the comparisons in Table 4.3 and Table 4.4, 

the revised receiver shows better performance on operating bandwidth of 3.1~10.6 GHz, flat 

low noise figure, economic input matching method, and much lower power consumption as 

compared to other state-of-the-art works. It is proved that the proposed direct-conversion 

receiver front-end is in a good place for UWB applications in the future.     

5.2 Future work 

The proposed direct-conversion receiver for UWB applications could be fabricated again 

with the modified inductors in VCO by adjusting the value of distance between inductors. 

This would help provide the required carriers for entire UWB bands. Furthermore, for more 

thorough and complete front-end receiver design, a baseband filter and a VGA can be included, 

a frequency synthesizer can be integrated together to obtain a stable a carrier frequency, and 

I/Q calibration circuit can be added before baseband processing circuits to boost the bits error 

rate for correct demodulation, and the mixers could be combined to one group to reduce the 

WLNA loading effect. 

 Finally, a full understanding of UWB system and a more careful consideration are 

essential to design and implement a front-end receiver for UWB applications. There is still 

large improvement available in this design.  
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