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Abstract  

Nyquist Shannon theory states that sampling rate of ADC should be at least twice of signal 

bandwidth in order to avoid aliasing. According to this theory, extracting an accurate behavior 

model of power amplifier by digitizing its output signal is a difficult task for current general 

ADC in the market, due to the trade off among the sampling rate, resolution and reasonable 

cost. Because of nonlinear effect that a power amplifier presents, the signal bandwidth further 

spread in spectrum at output side, which results in shortage of sampling rate of ADC to 

sample such broadband signal. To solve this problem, a special designed system named ZGST 

is considered in this work. 

 

This works mainly considers characterizing ZGST measurement system which consists of a 

wide bandwidth down convertor and a high speed ADC. For down convertor, calibrations are 

carried on radio frequency, local oscillator and intermediate frequency. Thus a three port 

calibration is applied by using a vector network analyzer. Meanwhile, its dynamic 

performance is evaluated by measuring SFDR. For ADC, the amplitude response is 

characterized by using a signal analyzer. 

 

This thesis work also describes a smart sampling strategy which reduces the requirement on 

sampling rate for repetitive signal. This strategy is able to compact a broadband digital signal 

into a relative small Nyquist region without overlapping. Thus, in spite of analog digital 

convertor does not meet the Nyquit sampling constraint, it still can sample a wide bandwidth 

signal. 

 

Finally, a broadband output signal of a power amplifier is collected by ZGST measurement 

system, and it is reconstructed by removing the conversion loss in both amplitude and phase 

which is caused by system.   
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Chapter 1 Introduction 

1.1 Background 

Smoke, horn, flag and so on can be regarded as early wireless communication methods for 

transmitting information. These smart tools make our intelligent ancestors having a well-

prepared reaction for any situations.  People always pursuit more sophisticated communication 

tool for sharing intelligence with social development. And the discovery of electromagnetic 

wave by Maxwell made people gradually stepping in the modern wireless communication era.  

 

Nowadays, demands on faster and more reliable communication are drastically increasing, 

and the channel bandwidth has been widely spread since first wireless communication system 

founded. From a few kHz channel bandwidth in analog wireless communication system like 

Advanced Mobile Phone System (AMPS) to several hundred kHz in the digital second 

generation communication system such as Global System for Mobile communication (GSM), 

the channel bandwidth has been ten times wider in just ten years. The boom of third 

generation wireless communication such as the Universal Mobile Telecommunication System 

(UMTS) extends the channel bandwidth to the order of MHz, and the newly developed fourth 

generation system Long Term Evaluation (LTE) brings it up to 20 MHz.  

 

The use of signal with large bandwidth and high peak-to-average power ratio also brings new 

challenges on transmitters, especially on power amplifiers (PA) which characterized by 

modeling input and output behavior. Due to nonlinear effect of PA, the spectrum of output 

signal is many times wider than that of input analog signal. In other words, if it is employed in 

broadband radio system such as LTE or Mobile World Interoperability for Microwave Access 

(WiMAX), the bandwidth of output signal of PA is more than a hundred MHz. Considering 

the Nyquist-Shannon sampling theorem [1], it required several hundred MHz sampling rate. 

Hence, it is very difficult for analog to digital convertor (ADC) to capture such wide 

bandwidth signal with high resolution and low cost. Therefore, attentions are shifted on 

extracting behavioral models based from undersampled data, i.e. the Zhu’s general sampling 

theorem (ZGST) [2].  
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ZGST is a nice method that breaks the limitation of Nyquist-Shannon sampling. It says that if 

input and output signals are band-limited, as well as the nonlinear system can be described as  

a one-to-one mapping and invertible function, the behavior model of a nonlinear system can 

be constructed by sampling the input and output signals at the Nyquist rate of input bandwidth. 

Nevertheless, this technology cannot be directly implemented by using vector signal analyzer 

in today’s market, since anti-aliasing filters preceding the ADC sampler limit bandwidth to 

improve the dynamic range by avoid broadband noise folding. In order to fix such problem, a 

special test system called ZGST test bed has been designed and is used in this thesis.  

 

1.2 Objective  

The objective of this work mainly includes three parts. First, character ize the ZGST test bed 

which consists of a down convertor and an ADC. The conversion losses of whole system in 

both amplitude and phase are measured, and the dynamic performance of down convertor is 

also evaluated. Second, a broadband signal is sampled and reconstructed by means of 

harmonic sampling method. At last, de-embed the distortion in the collected digital signal and 

reconstruct output spectrum of PA by using harmonic sampling and ZGST test bed.  

 

 

1.3 Outline of Report 

The outline of this report is as follows: 

 

Chapter two introduces a widely utilized nonlinear component, power amplifier. The 

operation class, efficiency and nonlinearity of that are described in this chapter. Additionally, 

Parallel Hammerstein model which is one of most frequently applied behavior model is also 

described. 

 

Chapter three gives a brief introduction about ADC and introduces three types of popular 

measurement system for sampling broadband signal in the market. The merits and defects of 

these measurement systems are also compared in this chapter. 
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Chapter four focus on the methods for reducing digital bandwidth limitation. Two 

undersaampling methods which are Zhu’s sampling method (ZGST) and harmonic sampling 

are introduced in this part. The reconstruction method and result for harmonic sampling is 

also presented as well. 

 

Chapter five describes the structure of ZGST test bed, test bed setting up and feature of each 

component are introduced. The characterization methods for test bed and evaluation results 

are shown in this chapter. 

 

Chapter six treats on de-embed the distortions in the collected signal and reconstruct output 

spectrum of power amplifier.  

 

In chapter seven, conclusion that provides a short overview on measurement result and 

speculation on future work are given. 
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Chapter 2 RF Power Amplifier and Behavioral Model 

 

Power amplifiers which are used for converting low amplitude signal to a signal with large 

power play important role in wireless communication, and are widely applied in both receiver 

and transmitter system. In this chapter, the properties and operation classes of PA are 

discussed. Meanwhile, behavioral model which describes the relation between input and 

output signal is also introduced.  

 

2.1 Power Amplifier  

As commercial product, a PA with high efficiency is usually welcome by the market, since it 

is able to reduce much energy cost for customers.  Meanwhile, as nonlinear device, its linear 

performance is also very important. A PA with good linearity is able to produce output signal 

with less undesired product in a large application power range. Thus, in this chapter, 

efficiency and linearity of PA are mainly discussed. Additionally, for varied purposes, PA can 

be designed in different operation class. Class A, B, AB, C as four basic operation clas ses are 

introduced in this chapter as well.  

 

2.1.1 Efficiency 

Power amplifier is strongly dependent of DC power. In order to describe how much DC 

power consumption is able to enhance the output power, the amplifier efficiency should be 

considered. One measure of amplifier efficiency is the ratio of RF output power to DC input 

power [4]: 

                                                                          𝜂 =
𝑃𝑜𝑢𝑡

𝑃𝐷𝐶

                                                                     (2.1) 

However, equation (2.1) does not consider the RF power at input port, so the result of 

equation (2.1) probably overestimates the actual efficiency. Power added efficiency is 

developed as another measure which concerns the input power is given [4]: 

                                     𝜂𝑃𝐴𝐸 = 𝑃𝐴𝐸 =
𝑃𝑜𝑢𝑡 − 𝑃𝑖𝑛

𝑃𝐷𝐶

=  1 −
1

𝐺
 

𝑃𝑜𝑢𝑡

𝑃𝐷𝐶

=  1 −
1

𝐺
 𝜂                  2.2  
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where 𝐺 is the power gain of the amplifier. From equation (2.2) we can see, when gain is 

sufficient enough, PAE is as similar as equation (2.1). Thus PAE is usually analyzing the 

performance of PA with relatively low gains.  

 

 

2.1.2 Nonlinearity 

A common way describing the nonlinearity of PA is to present the relation of input signals 

and output signals. Suppose a two tones input signal is regarded as 

                                                          𝑣𝑖 = 𝑉0  cos 𝜔1 𝑡 + cos 𝜔2 𝑡                                                (2.3 ) 

where  𝑉0  is the amplitude. Thus the output of PA is  

     𝑣𝑜 = 𝑎0 + 𝑎1𝑉0 𝑐𝑜𝑠𝜔1 𝑡 + 𝑎1𝑉0𝑐𝑜𝑠𝜔2 𝑡 +
1

2
𝑎2𝑉0

2 1 + 𝑐𝑜𝑠2𝜔1 𝑡  

                           +
1

2
𝑎2 𝑉0

2 1 + 𝑐𝑜𝑠2𝜔2 𝑡 + 𝑎2𝑉0
2 cos 𝜔1 − 𝜔2  + 𝑎2𝑉0

2 cos 𝜔1 + 𝜔2     

+ 𝑎3𝑉0
3  

3

4
𝑐𝑜𝑠3𝜔1 𝑡 +

1

4
𝑐𝑜𝑠3𝜔1𝑡 + 𝑎3𝑉0

3  
3

4
𝑐𝑜𝑠3𝜔2𝑡 +

1

4
𝑐𝑜𝑠3𝜔2 𝑡 (2.4) 

+ 𝑎3𝑉0
3[

3

2
𝑐𝑜𝑠𝜔2𝑡 +

3

4
cos 2𝜔1 − 𝜔2  𝑡 +

3

4
cos(2𝜔1 + 𝜔2 )𝑡]

+ 𝑎3𝑉0
3[

3

2
𝑐𝑜𝑠𝜔1𝑡 +

3

4
cos 2𝜔2 − 𝜔1  𝑡 +

3

4
cos(2𝜔2 + 𝜔1 )𝑡] ⋯ 

Thus the relation between input and output is 

                                           𝑣𝑜 = 𝑎0 + 𝑎1𝑣𝑖 𝑡 + 𝑎2 𝑣𝑖
2 𝑡 + 𝑎3 𝑣𝑖

3 𝑡 ⋯                                 (2.5) 

where 𝑎0, 𝑎1, 𝑎2, 𝑎3 is the coefficients of PA nonlinear equation. From the equation (2.4), the 

output signal of PA is significantly complicated. The term 𝑎0 is direct current (DC) part, the 

terms with 𝜔1 and 𝜔2  are fundamental tones, the terms with  2𝜔1and 2𝜔2  are second order 

harmonic, the terms with  3𝜔1and 3𝜔2 are third order harmonic, the term with  𝜔1 − 𝜔2  is 

second order IM products close to DC and with  𝜔1 + 𝜔2  is second IM products close to 

second order harmonic, the terms with  2𝜔1 + 𝜔2  or  2𝜔2 + 𝜔1are third IM products close to 

third harmonic, the terms with  2𝜔1 − 𝜔2 and  2𝜔2 − 𝜔1  are most troublesome third order IM 

products as it close to fundamental tones.  

 

Due to some of undesired frequency components like harmonics are far from the fundamental 

tones, most of them can be removed by low pass filter or high pass filter. However, the odd 

orders IM products such as third order should be carefully treated. They are close to the 
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fundamental tones, so it is nearly impossible to filter them out and the entire spectrum easily 

spreads to adjacent channel to interfere the other adjacent signals. Moreover, as the power of 

fundamental signal growing, the power of IM products increases quickly which results in 

dynamic range reducing and measurement distortion.  

  

There are three fundamental terms stating the nonlinear performance of PA: 1 dB 

compression point, third order interception point and adjacent channel power ratio (ACPR). 

 

2.1.2.1 1 dB compression point  

1 dB compression point is a point at where the practical output power level is 1 dB less than 

that of the ideal. As PA is nonlinear device, the output power will not be always in linearly 

proportion to the input power. While input power is close to a certain point, the output power 

becomes saturated and the gain of PA falls off. 1 dB compression point is used to show the 

location of this saturation point. Figure 2.1 illustrates the relation between the ideal output 

power and actual output power.  If 𝐺0 is the small signal gain, the output power at 1 dB 

compression point is 

                                                     𝑃𝑜𝑢𝑡𝑝𝑢𝑡 = 𝐺0 + 𝑃𝑖𝑛𝑝𝑢𝑡 − 1           [𝑑𝐵𝑚]                            (2.6)  

 

 

Figure 2.1 1dB compression point 
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2.1.2.2 Third order interception point  

Third order interception point (TOI) is defined as a point where the ideal power level of 

fundamental signals and that of third order IM products are of the same level. As equation 

(2.4) presents, the amplitude of third order IM products is increasing in proportion to the 

cubic of the input signal power, but the power of fundamental signal rise up in proportion to a 

constant value, so the power of fundamental signal and that of third order will meet at a same 

power level at a certain input power as Figure 2.2 illustrated. 

 

Figure 2.2 Third order interception point 

 

 

2.1.2.3 Adjacent Channel Power Ratio 

Adjacent Channel Power Ratio (ACPR) is the ratio of bandwidth power at far away from 

center frequency to the power at a main bandwidth around center frequency.  Different from 

above parameters based on simple input signal like two tones, ACPR is used for 

characterizing PA under complex modulation signal condition such as multi-tones or 

wideband code division multiple access (WCDMA) signal, as Figure 2.3. But, ACPR varies 

strongly with the employed modulation format, the spread spectrum classes, and how the 

channel is loaded [5]. 
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Figure 2.3 ACPR of broadband signal 

2.1.3 Operation class 

PAs are used to amplify signals, but since the transistor which is the key component of PA 

has different conduction property under different DC bias level, it does not mean that every 

portion of input signal should be emerged at output side. A good DC bias network is able to 

keep the transistor working at a certain quiescent point and produce a specified portion of 

input signal at output side. Operation class is used to describe which part of input signal can 

be observed at output side. Four traditional classes, A, B, AB and C are introduced here.  

 

2.1.3.1 Class A  

For class A, the operation point locates at the middle of linear part of load line, so, when 

small signal applied, the output of this type of amplifier should be exactly same as the input 

signal at entire period, as Figure 2.4 illustrate. As an advantage from its linear characteristic, 

this type of amplifier is applied in the region which demands high immunity to distortion.  

Another advantage is able to offer relative high gain with less DC power consumption at 

microwave region above 5 GHz [22]. 

Channel 1 

Adjacent Channel Adjacent Channel 
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Figure 2.4 Input and Output of class A amplifier  

However, Class A amplifier lacks of high efficiency. The theoretical maximal efficiency is 

only 50%, and it has only 35% in practice.  

 

2.1.3.2 Class B  

The operation point for class B amplifier is corresponded to cut off voltage, thus only positive 

half period signal is produced at output port of amplifier when a sine wave is offered. As 

result, the distortion of output signal is aggravated, showed in Figure 2.5. But, comparison of 

class A, the efficiency of class B is progressive, which is up to 78.5% [22]. And the power 

consumption is rather friendly and less than class A. 

 

Figure 2.5 Input and Output of class B amplifier 

 

2.1.3.3 Class AB  

A class AB amplifier is a compromise between the two extremes of class A and class B 

operation [9]. Thus, it is not difficult to imagine that the output signal should also be the 
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combination result of these two extreme output results, as showing in Figure 2.6. As a hybrid 

of class A and class B, class AB absorbs the excellence of these two operation classes 

amplifier, and its distortion, power consumption and efficiency performances are at proper 

level. 

 

 

Figure 2.6 Input and Output of class AB amplif ier 

 

2.1.3.4 Class C  

High efficiency is an advantage of class C amplifier, but its approached 100% efficiency in 

theory is based on the expense of power gain. So it is a not reasonable design option for 

amplifier that possess high efficiency with low output power. The location of class C 

operation point also causes the amplitude of output signal at zero level more than half of an 

entire period, which brings the significant distortion on the output signal.  

 

Figure 2.7 Input and Output of class C amplifier 
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2.2 Behavioral Model 

Behavioral model is different from physical model which describe the actually happens such 

as current flow in the PA. It pays much attention to variation between output signal and input 

signal. If it only considers the output signal affected by current input signal, the model is 

treated as memoryless. In contrast, if a model not only considers current input, but also 

previous input, it is called memory behavioral model.  

 

For broad bandwidth applications such as WCDMA, LTE, WiMAX is prevailing, signals 

become more complicated beyond the reach of memoryless nonlinearity models. They are not 

effective methods anymore to predict the behavior of PA. Due to considerable memory effects 

of PAs like spectrum asymmetry, some memory nonlinearity models are eager to be 

developed. The Saleh Model [6], the Wiener Model [7], the Volterra Model [8] and so on are 

elaborated by this request. However, investigating the entire proposed  models in depth is an 

extremely colossal task and is beyond the scope of this thesis. Thus, Parallel Hammerstein 

Model which is frequently used and accepted among the users of PA behavior model is  

emphasized instead. 

 

Suppose that a memoryless nonlinear system is regard as   .   , the sampled input signal 

is 𝑥(𝑛𝑇) and the output signal is 𝑦 𝑛𝑇 . So the model for a memeoryless nonlinear system is 

given as [8] 

                    𝑦 𝑛𝑇 =  𝑥 𝑛𝑇  =  2𝑝 −1 𝑥 𝑛𝑇  2 𝑝−1 𝑥 𝑛𝑇                       (2.7)

𝑃

𝑝=1

 

Where 2𝑝 − 1 is the order of the model and  𝑃 is the total number of parameters in this model. 

If a linear filter like a Finite Impulse Response (FIR) filter  𝐻 𝑞−1  is added at the output side 

of this model, the Hammerstein model [7] is acquired, as Figure 2.8 illustrated. 

 

 

 

 

Figure.2.8 Hammerstein system 

 

Suppose the filter, 𝐻 𝑞−1  is written as, 

𝑥 𝑦  𝐻 
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                             𝐻 𝑞−1 = 𝑏0 + 𝑏1𝑞−1 + 𝑏2 𝑞−2 + ⋯ + 𝑏𝑀𝑞−𝑀                        2.8  

Then the result at output side of the Hammerstein system is obtained by equation (2.7) 

multiplying equation (2.8) as follow 

𝑦 𝑛𝑇 = 𝐻 𝑞−1  𝑥 𝑛𝑇                       

=  𝑏𝑚

𝑀

𝑚=0

 2𝑝 −1 𝑥 𝑛 − 𝑚 𝑇 2 𝑝−1 𝑥 𝑛 − 𝑚                      2.9 

𝑃

𝑝=1

 

where 2𝑝 − 1 is the nonlinear order of the model and 𝑀 is the memory of this model. And 

n=0, 1, 2…, N-1, where N is the number of samples of the output signal of the model.  

 

And so called parallel Hammerstein Model is several Hammerstein Models connect in parallel, 

as Figure.2.9 shows 

 

Figure. 2.9 Parallel Hammerstein model 

 

Suppose that 𝑎𝑚 ,𝑘 = 𝑏𝑚 × 𝑘  is complex valued parameter of the PH model. So in this case,  

the output signal of the PA is also given by [3] 

           𝑦 𝐿𝑛𝑇 =   𝑎𝑚 ,2𝑝 −1  𝑥  𝑛 − 𝑚 𝑇  
2 𝑝−1 

𝑥((𝑛 − 𝑚)𝑇)

𝑀

𝑚 =0

                (2.10)

𝑃

𝑝 =1

 

The parameter 𝑎𝑚 ,𝑘  can be obtained by using linear regression, which result from the 

parameter of PH model is linear. And the solution is   

                                                    𝒂 = (𝑯𝑯𝑯)−1𝑯𝑯𝒚                                                        (2.11) 

h1 

Hk 

 

hk 

 

h2 

 

H2 

 

H1 

 

x 
y 

y1 

y2 

yk 

  . 

  . 
 

 

  . 

  . 
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Where 𝒂  is a (𝑀 + 1)𝑃 vector that consist of the estimated values of the model parameters 

𝑎𝑚 ,𝑘 . Additional, 𝒚 is the data vector that contains the output samples 𝑦(𝑛𝑇), 𝑯  is a basic 

function of the PH model matrix and 𝑯𝑯 is the complex conjugate transpose of 𝑯. 
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Chapter 3 Measurement System 

 

Wide spread bandwidth and high frequency components are two characteristics for the output 

signals of RF PA. And these features results in strictly requirement on the sample rate and 

measurement bandwidth of receiver system. Nowadays, there are three basic prevailing 

receiver measurement architectures for digitizing such signals [13]: 

 Digital sampling oscilloscope (DSO) to sample the RF signal directly 

 Down convert RF signal to baseband signal by an IQ – demodulator and sample it 

 Down convert to intermediate frequency (IF) and sample it by ADC 

In this chapter, merits and drawbacks of each receiver measurement systems are discussed.  

 

3.1 RF signal sampling by DSO 

To sample RF signal directly, the primary method is employing high speed circuit to increase 

the physical sampling rate. But expensive cost probably bound its performance in the market. 

Consequently, a reasonable sampling method is necessarily applied during the sample 

architecture design. One of good methods employed in DSO design is the equivalent time 

sampling [10] which enables to sample a RF signal at a relative proper price.  

 

 
Figure 3.1 Equivalent time sampling  
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Equivalent time sampling is a process that samples a periodic signal in several periods and 

obtains the sequential samples to reconstruct a record of single period of the waveform with 

high resolution. Taking Figure 3.1 as an example, equivalent time sampling method only 

collects two points in each period of input signal. Meanwhile, the points are not taken in 

synchronous, so the positions of each point in each period are different, which guarantee 

collecting comprehensive information of waveform. And then, all the points are assembled in 

a certain order and reconstructed a single period signal which is same as an entire period of 

input signal. Finally, repeating the reconstruct signal in periods, the original signal can be 

acquired.  Furthermore, the number of samples is highly determined by the sampling rate. 

Namely, for a given periods of signal, the more time provided the more samples acquired over 

repetitive periods.  

 

Equivalent time sampling is able to make the DSO functioning at large bandwidth and high 

frequency region. Hence the architecture of DSO is different from other oscilloscope. The 

positions of amplifier and sampling bridge are reverse, which is the amplifier located after the 

sampling bridge, as shown in Figure 3.2 [11]. Because the sampling has already converted the 

high frequency input signal to low frequency digital signal before going to amplifier, the 

amplifier used in such a broad bandwidth instrument does not need to have a large bandwidth.  

 

 

Figure 3.2 The architecture of a digital sampling oscilloscope [11] 

 

However, this unique architecture design results in the large bandwidth performance based on 

the expense of measurement dynamic range. The sampling bridge has to sample the input 

signal at a small dynamic range at all times. Furthermore, the broad bandwidth also restricts 

the application of protection diodes which is able to limit the bandwidth of entire system, so 

the safe input voltage for DSO without protection diode in front of sampling bridge is much 

lower than other oscilloscopes.  

 



Zhao Zhiyang Characterize the ZGST Test Bed  

 

16 

3.2 Sample baseband signal 

In this architecture, RF is down converted to baseband signa l by IQ-demodulator, and then 

digitized by ADC. It is shown in Figure 3.3. 

            

Figure 3.3 RF down conversion directly architecture 

 

Suppose RF input analog signal is 𝑥(𝑡), and the signal is demodulated into two parts as I, In-

phase and Q, Quadrature-phase. Each part are presented as [12] 

                                                   𝑥𝑖 𝑡 = 𝑥 𝑡 𝑐𝑜𝑠2𝑓0 𝜋𝑡 + 𝑥  𝑡 𝑠𝑖𝑛2𝜋𝑓0 𝑡                            (3.1) 

                                                   𝑥𝑞 𝑡 = 𝑥  𝑡 𝑐𝑜𝑠2𝑓0 𝜋𝑡 − 𝑥 𝑡 𝑠𝑖𝑛2𝜋𝑓0 𝑡                               (3.2) 

Where 𝑥  𝑡 =
1

𝜋𝑡
⋆ 𝑥(𝑡)  is the Hilbert transform of  𝑥 𝑡 , 𝑓0 is carrier frequency. Thus the 

baseband signal can be represented by 

                                                              𝑥𝑏 = 𝑥𝑖 𝑡 + 𝑗𝑥𝑞  𝑡                                                        (3.3) 

The baseband signal consists of low frequency components, and it does not need wide 

bandwidth, so sampling such signal is not difficult for normal ADC. However, this system 

suffers from some distortion which results from IQ-imbalance [13]. RF signal is divided into 

two paths after input of demodulator, so signals probably suffer different gain, dc shift and 

phase shift on I and Q path respectively. Asynchronous I and Q signals cause the amplitude 

and phase of output signal varied from the input signal, it brings consequently incorrect in the 

measurement. 
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3.3 Sample IF signal 

This architecture is used for down convert RF signal to IF signal, and then sampled by ADC. 

It is shown in Figure 3.4. 

 

Figure.3.4 The IF sampling receiver architecture 

Suppose frequency of RF input signal is  𝑓𝑅𝐹 , and frequency of LO is  𝑓𝐿𝑂 , so the output signals 

are given [4] 

                                                               𝑓𝐼𝐹 = 𝑓𝑅𝐹 − 𝑓𝐿𝑂                                                        (3.4) 

                                                               𝑓𝐼𝑀 = 𝑓𝑅𝐹 + 𝑓𝐿𝑂                                                       (3.5) 

𝑓𝐼𝐹  is the desired output IF signal and  𝑓𝐼𝑀  is the mirror frequency component which can be 

cut off by low pars filter. 

 

This method not only simplifies the structure of measurement system but also avoids 

possessing IQ-imbalance in baseband sampling and high cost in DSO. Meanwhile, the design 

of this architecture maximizes the application benefit of undersampling method, thus 

requirements on sampling rate and bandwidth of ADC are reduced.  

 

Comparing the three architectures mentioned above, sampling IF signal receiver architecture 

could be a reasonable choice and this architecture is the main design idea for ZGST test bed 

applied in this work. However, it also has its own deficiency. Due to this design is based on a 

mixer, conversion loss in amplitude and phase is unavoidable during down conversion. These 

losses will certainly raise suspicion on accuracy of final measurement result. For obtaining 

great precise measurement, it is necessary to employ an advanced calibration before 

measuring. And a calibration method for IF sampling architecture, is introduced in Chapter 

five. 
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Chapter 4 Reduce Digital bandwidth limitation 

 

As previous chapter discussed, although three different measurement architectures have each 

own advantage, innovation in hardware design cannot further break the restriction on the 

sampling rate and bandwidth at a proper cost level, thus shifting concentrations from 

hardware to software is a sensible strategy.  

 

Sampling strategy selection relies on maximum sampling rate of ADC. If the ADC has a high 

sampling rate and the signal need be sampled has low bandwidth, the easiest method is 

directly employs bandpass sampling. However, if the bandwidth of signal and sampling rate 

are not able to satisfy the classic sampling theory, other undersampling methods should be 

considered.  In this chapter, the idea of bandpass sampling will be introduced at first, and then 

are two of effective undersampling methods: ZGST and harmonic sampling, as well as 

reconstruction method for harmonic sampling. 

4.1 Bandpass Sampling 

According to Nyquist sampling theorem, the sample frequency for sampling a continuous 

wave (CW) with maximum frequency component 𝑓 is 2𝑓 Hz at least, which is the minimum 

sample frequency to prevent from aliasing. However, if to sample a bandpass signal with a 

bandwidth  𝐵 = 𝑓𝐻 − 𝑓𝐿  and without any frequency component outside of range   𝑓𝐿 , 𝑓𝐻 , 

where 𝑓𝐻  is maximum frequency component and 𝑓𝐿  is the minimum frequency component, the 

minimum sampling frequency will depend on the bandwidth B instead of maximum 

frequency component 𝑓𝐻 . This theorem is regarded as bandpass sampling [14]. 

 

Suppose 𝑥(𝑡) is a bandpass analog signal and it will be sampled by sample frequency 𝑓𝑆 . 

According to the bandpass sampling theory, there are two cases for the sampled discrete 

signal as depict in Figure 4.1. If the spectrum of original signal 𝑥 𝑡  locates at the frequency 

segment [𝑛𝑓𝑆 , (𝑛 + 1/2)𝑓𝑆] (solid triangular in Figure.4.1), where n is integer, the spectrum of 

sampled discrete signal can be produced in the frequency region [0,1/2𝑓𝑆] by replicating the 

spectrum of the original signal. However, if the frequency response of original signal𝑥(𝑡) lies 

in the region [ 𝑛 + 1/2)𝑓𝑆 ,𝑛𝑓𝑆  (dash line triangular in Figure.4.1), the spectrum of sampled 

discrete signal will be folded and shift to the frequency region [0,1/2𝑓𝑆]. Thus, in order to 
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avoid aliasing and keep the signals distinguish from each other, the frequency response of 

𝑥(𝑡) must not stride over 𝑛𝑓𝑆  as well as (𝑛 + 1/2)𝑓𝑆. In other words, the sampling frequency 

should be carefully determined to make Nyquist region boundary at outside of the signal 

bandwidth. 

 

Meanwhile, the bandpass sampling theorem [14] states that the discrete signal sampled by 

sampling rate 𝑓𝑆 can be uniquely recoveried to the original signal, only if the 𝑓𝑆  fulfills 

                                                                     
2𝑓𝐻

𝑚
≤ 𝑓𝑠 ≤

2𝑓𝐿

𝑚 − 1
                                             (4.1)     

where is 𝑚 the integer given by 

                                                                   1 ≤ 𝑚 ≤  
𝑓𝐻

𝐵
                                                    (4.2) 

where  ∙  is the floor rounding operator to the nearest smaller integer. Observing equation 

(4.1), note that sampling frequency  𝑓𝑆 is inversely increasing with the  𝑚 growing. And 

when  𝑚 = 1 , equation (4.1) becomes   2𝑓𝐻 ≤ 𝑓𝑠 , which is equivalent to the Shannon 

developed sampling requirement for signals which declares sampling rate is twice of the 

maximum frequency component of the waveform [15].  

 

4.2 Zhu’s General sampling theorem  

Zhu’s general sampling theorem (ZGST) is first proposed in [2]. It states that sampling the 

output signal of a nonlinear system is not necessary to obey Nyquist sampling theory under 

some condition, and sampled signal can be reconstructed if the output signal is sampling at 

the Nyquist rate of input signal. Meanwhile, the input and output signals are band- limited and 

freq 

0 fS/2 fS 3fS/2 2fS 

freq 

0 fS/2 fS 3fS/2 2fS 

bandpass 

sampling 

Figure.4.1 Example of bandpass sampling down conversion 
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that the nonlinear system performs a one-to-one continuous mapping of the input signal to the 

output signal. 

 

Suppose 𝑥 𝑡  is an analog signal with maximum frequency component is   𝑓0, and 𝑓𝑆  is the 

sampling frequency corresponding to the sampling period   𝑇𝑆 . In order to sample this signal 

without aliasing, according to the Nyquist sampling theorem [1], sampling frequency has to 

be  𝑓𝑆 ≥ 2𝑓0 . Then 𝑥 𝑡  can be recovery from its sample sequence 𝑥 𝑛𝑇𝑆  as follows:       

                                                  𝑥 𝑡 =  𝑥 𝑛𝑇𝑆 

∞

𝑛 =−∞

𝑠𝑖𝑛𝑐 𝑛 − 𝑘𝑇𝑆                                          (4.3) 

In Zhu’s theory [2], 𝑦 𝑡  is a function of which bandwidth is uncertain. Suppose there is a 

one-to-one mapping   𝑔 .   makes   𝑔 𝑦 𝑡   be bandlimited, so its frequency response at 

frequency domain is 𝐺𝑦 𝑓 = 0 in the area where 𝑓  ≥  𝑓0, and  𝑓0 = 1/2𝑇𝑆. If 𝑦 𝑡  can be 

acquired by nonlinear processing on a signal 𝑥 𝑡  by𝑓 .  = 𝑔−1 (.)as Figure 4.2 illustrating, 

namely,   𝑦 𝑡 = 𝑓 𝑥 𝑡  = 𝑔−1 𝑥 𝑡   where 𝑔−1(. ) is the inverse of  𝑔(.), the bandwidth o f 

𝑔(𝑦(𝑡)) will be smaller than  𝑦 𝑡  . And equation (4.3) can be written as  

                                                𝑥 𝑡 =  𝑔 𝑦 𝑛𝑇𝑆  𝑠𝑖𝑛𝑐 𝑛 − 𝑘𝑇𝑆                                       (4.4)

∞

𝑛 =−∞

 

Multiplying 𝑔−1(. ) at the both sides of equation (4.4), and obtain 

                                         𝑦 𝑡 = 𝑔−1   𝑔 𝑦 𝑘𝑇𝑆  𝑠𝑖𝑛𝑐(𝑡 − 𝑘𝑇𝑆)

∞

𝑘=−∞

                                     (4.5)  

Therefore, equation (4.5) indicates 𝑦 𝑡  can be uniquely provided by means of the samples of 

𝑔 𝑦 𝑡   at the points  𝑡 = 𝑘𝑇𝑆.    

                       

Besides reconstructing original signal, it can be identify nonlinear system 𝑓 .  . Let 𝑥 𝑡  input 

in the nonlinear system 𝑓 .   and obtain an output signal 𝑦 𝑡 . Sampling both of 𝑥 𝑡  and 𝑦 𝑡  

at input Nyquist sampling rate, and processing the sampling date obtains the identification of 

nonlinear system. 

 

𝑓 ∙ = 𝑔−1(∙) 𝑥 𝑡 
= 𝑔(𝑦(𝑡)) 

𝑦(𝑡) 

Figure 4.2 Illustration of ZGST 
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4.3 Advanced Harmonic Sampling 

4.3.1 Introduction 

Different from bandpass sampling case mentioned above, the harmonic sampling usually 

implemented when the maximum sample frequency of ADC cannot satisfy minimum 

sampling criteria. As previous mentioned, the bandwidth of a nonlinear system output signal 

is many times wider than input signal bandwidth. For the purpose of sampling such kind of 

wide bandwidth signal, sampling rate  𝑓𝑆  is able to be selected to meet the equation (4.1). Thus 

the spectrum of sampled discrete signal will be observed directly in the region of  [0,𝑓𝑆/2 )]. 

Nevertheless, since the limitation of hardware, the sampling frequency is impossible to 

choose freely. For example, the bandwidth of a nonlinear system output signal is wider than 

the half of maximum sampling frequency of ADC as demonstrate in Figure.4.3. In such case, 

the sampling frequency cannot be selected by aforesaid requirement, because the parts of 

spectrum which is out of region [0,𝑓𝑆/2 ] will fold in the region, and overlap the unfolded 

part as in Figure.4.3. Eventually, it leads to aliasing and some portion of spectrum information 

loss. 

 

 

So, how solve such problem? What is the proper sampling frequency to avoid overlapping? In 

order to get rid of these problems, a new technique called harmonic sampling [16] is applied. 

Furthermore, C.Nader, et al. [17] presents a method that is able to compact a signal into a 

relative small Nyquist region without overlapping when the signal is multi-tones signal with 

Freq  
0 fS/2 fS 3fS/2  2fS 

Freq 

0 fS/2 fS 3fS/2  2fS 

Figure.4.3 signal bandwidth wider than the 𝑓𝑠/2 
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relative large bandwidth. And this technology is also the main sampling method for digitizing 

the broadband signal in this work. 

The general idea of this technology is going to describe in the following paragraphs. 𝑭 is a 

vector that contains the interested tones. The position of harmonic sampled tones 𝑭𝒉𝒔 is given  

                                                    𝑭𝒉𝒔 =  𝑭 −   
𝑭

𝑓𝑆

  ∙ 𝑓𝑆                                                           (4.6) 

where 𝑭𝒉𝒔 is a vector of frequency after harmonic sampled, and 𝑓𝑆  is sampling frequency. 

 ∙  is the element-wise absolute operator and   ∙   is the element-wise rounding to the nearest 

integer operator. Additionally,  𝑭  and 𝑓𝑆   can be rewritten as 

                                                   𝑭 = 𝑲 ∙ 𝑓𝑟𝑒𝑠  𝑎𝑛𝑑 𝑓𝑆 = 𝑎 ∙ 𝑓𝑟𝑒𝑠                                             (4.7) 

where  𝑓𝑟𝑒𝑠  is considered simply as frequency resolution, 𝑲 ∈ ℕ is a vector with integer which 

corresponds to position of element in vector 𝑭, and 𝑎 is a free-chosen number. But in order to 

avoid overlapping, any two elements 𝑘𝑖  and 𝑘𝑗  in vector  𝑲  should have unique image in 

vector 𝑭𝒉𝒔, namely 

                                             (𝑘𝑖 −   
𝑘 𝑖

𝑎
  ∙ 𝑎) ≠  (𝑘𝑗 −   

𝑘𝑗

𝑎
  ∙ 𝑎)  , ∀ 𝑖 ≠ 𝑗                             (4.8) 

Thus 𝑎 should satisfy the derivation of equation (4.8) as follows 

                                   𝑎 ≠
𝑘𝑖 − 𝑘𝑗

  
𝑘𝑖
𝑎  −   

𝑘𝑗

𝑎    
 𝑎𝑛𝑑 𝑎 ≠

𝑘𝑖 + 𝑘𝑗

  
𝑘𝑖
𝑎  +   

𝑘𝑗

𝑎    
 , ∀ 𝑖 ≠ 𝑗                             (4.9) 

Substitute (4.7) into (4.6), (4.6) is rewritten as 

                                                𝑭𝒉𝒔 =  𝑓𝑟𝑒𝑠 (𝑲 −   
𝑲

𝑎
  ∙ 𝑎)                                                    (4.10)  

From equation (4.10), if the value of 𝑎 fulfills equation (4.9), it can be obtained that the 

harmonic sampled tones is uniquely positioned without overlapping. And for how to find  𝑎, 

the explicit suggestions are given in [23].  

 

In order to find the value of 𝑎 efficiently, it should also satisfy the equation (4.11), 

                                          
 100 − 𝑥

100
∙
𝑓𝑟𝑒𝑓

𝑓𝑟𝑒𝑠

≤ 𝑎 ≤
100 + 𝑥

100
∙
𝑓𝑟𝑒𝑓

𝑓𝑟𝑒𝑠  
                                      (4.11) 

where 𝑓𝑟𝑒𝑓  is a reference frequency. Referring to the equation (4.7), equation (4.11) means 

undersampling frequency should be in the region of ±𝑥%  on  𝑓𝑟𝑒𝑓  . Equation (4.11) 

sufficiently reduces the seeking range for 𝑎 and improves the efficiency of this method.  
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Meanwhile, the undersampled spectrum must be coherent with the original spectrum, thus the 

resolution of undersampled spectrum 𝑓𝑟𝑒𝑠
′  and 𝑓𝑟𝑒𝑠  are related as 

                                                                          𝑓𝑟𝑒𝑠 = 𝑙 ∙ 𝑓𝑟𝑒𝑠
′                                                 (4.12) 

and  𝑓𝑟𝑒𝑠
′  is  

                                                   𝑓𝑟𝑒𝑠
′ =

𝑓𝑠

𝑁𝑠

=
𝑎 ∙ 𝑓𝑟𝑒𝑠

𝑁𝑠

                                                      (4.13) 

Thus, the number of bins of undersampled spectrum in the Nyquist band 𝑁𝑠 is given by (4.12) 

and (4.13) 

                                                                     𝑁𝑠 = 𝑙 ∙ 𝑎                                                         (4.14) 

As mentioned, this method aim to compact large spectrum into a small Nyquist band without 

overlapping, therefore, the value of 𝑁𝑠 is equal to the number of bins of original spectrum at 

least. 

 

4.3.2 Reconstruction Technology for Harmonic sampling 

The harmonic sampling technology depicted above is able to compact a very large bandwidth 

signal into a relative small bandwidth range without overlapping. Thus, the harmonic sampled 

signal is probable to restore to original signal in terms of descrambling algorithm [23]. The 

brief structure of the algorithm is: First of all, acquire the spectra of undersampled data by 

Fast Fourier Transform and choose the positive frequency response; Second, obtain harmonic 

sampled tones by equation (4.10) with non-absolute value; Third, find out which harmonic 

sampled tones have minimum difference with the spectra of undersampled data; Forth, if 

position of the tones is positive, select the corresponding spectra; if position of the tones is 

negative, the complex conjugate of corresponding spectra is chosen; At last, the waveform of 

reconstruct signal is emerged by means of inverse Fourier transform. The reconstruct pseudo-

code implemented for reconstruction is showing in Table 1.  

 

       𝒀𝑼 = 𝐹𝐹𝑇(𝒚𝒖) 

       𝒀𝑼 = 𝒀𝑼(1:𝑁𝑠 2 ) 

       𝑭𝒉𝒔 = 𝑓𝑟𝑒𝑠
′ ∙ (0: 𝑁𝑠 2 − 1) 

       𝛼 = 𝑓𝑠 𝑓𝑟𝑒𝑠  

        𝑭𝒉𝒔
′ =  𝑓𝑟𝑒𝑠 (𝑲 −   

𝑲

𝑎
  ∙ 𝑎)  

        for 𝑖𝑖 = 1 to 𝑁𝑠 2  
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               for 𝑗𝑗 = 1 to 𝑁𝑠 2  

                    if  𝑭𝒉𝒔 𝑗𝑗 −  𝑭𝒉𝒔
′ (𝑖𝑖)  = 0 

                                  𝑲′ (𝑖𝑖)=𝑗𝑗 

                     end 

                next 𝑗𝑗 

              next 𝑖𝑖 

          for 𝑖𝑛𝑑 = 1 to 𝑁𝑠 2  

                   if 𝑭𝒉𝒔
′  𝑖𝑛𝑑 > 0 

                         𝑺𝒑𝒆𝒄(𝑖𝑛𝑑) = 𝒀𝑼(𝑲′ (𝑖𝑛𝑑)) 

                         𝑺𝒑𝒆𝒄(𝑁𝑠 + 2 − 𝑖𝑛𝑑) = 𝒀𝑼(𝑲′ (𝑖𝑛𝑑))∗ 

                    else if 𝑭𝒉𝒔
′  𝑖𝑛𝑑 < 0 

                         𝑺𝒑𝒆𝒄(𝑖𝑛𝑑) = 𝒀𝑼(𝑲′ (𝑖𝑛𝑑))∗ 

                         𝑺𝒑𝒆𝒄(𝑁𝑠 + 2 − 𝑖𝑛𝑑) = 𝒀𝑼(𝑲′ (𝑖𝑛𝑑)) 

                     else 

                         𝑺𝒑𝒆𝒄(1) = 𝒀𝑼(𝑲′ (𝑖𝑛𝑑)) 

                         𝑺𝒑𝒆𝒄(𝑁𝑠 2 + 1) = 𝒀𝑼(𝐾 ′ (𝑖𝑛𝑑))∗ 

                      end 

              next 𝑖𝑛𝑑 

           𝒖 = 𝐼𝐹𝐹𝑇(𝑺𝒑𝒆𝒄) 

 

𝒚𝒖 is the undersampled data 

𝒀𝑼 is the spectrum of undersampled data 

𝑭𝒉𝒔
′  is the undersampled tones getting from equation (4.10) with non-absolute value 

𝑺𝒑𝒆𝒄 is the reconstruct spectrum 

𝒖 is the reconstructed data in time domain 

 

Table 1. The pseudo-code of reconstruction 

 

4.3.3 Harmonic sampling and reconstruction algorithm implementation 

According to harmonic sampling technology and reconstruction method, the MATLAB script 

is done (see Appendix A). A signal with center frequency 150 MHz and bandwidth 100 MHz 

treated as reference signal is sampled as by Nyquist sampling rate which is 400 MHz, and the 
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spectrum is shown in Figure 4.4. A same signal is sampled by harmonic sampling frequency 

which is calculated by MATLAB program is 198005022.3 Hz and the signal can be 

undersampled without any aliasing and overlapping. In Figure 4.5, blue one the reconstructed 

spectrum of undersampled signal and the red one is the difference between spectrum of 

reconstructed signal and spectrum in Figure 4.4.  

 

 
Figure 4.4 the spectrum of signal sampled by Nyquist sampling rate 
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Figure 4.5 Reconstructed spectrum of undersampled signal is in blue and red one is the difference between 

the reconstruct spectrum and the spectrum collected by Nyquist sampling rate  

 

The harmonic sampling frequency is 201994977.7 Hz less than Nyquist sampling one and the 

spectrum difference from Figure 4.5 is as small as – 60 dBm which can be regarded as noise. 

Thus, the harmonic sampling method is available for the signal with larger bandwidth than 

Nyquist bandwidth. 
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Chapter 5 Characterization of ZGST test bed 

 

As discussed in Chapter 3, there are three prevailing basic receiver architectures to sample 

broadband signal. First, direct sampling RF signal by a digital sampling oscilloscope; Second, 

down convert RF signal to baseband by an IQ demodulator and sample the baseband signal; 

Third, down-convert RF signal to an IF signal and then sample it. Due to first method is 

expensive, it is not considered here. Meanwhile, second method can employ in wide 

bandwidth, but it associated with IQ imbalance and dc offsets. The last approach insulates 

from the drawback of previous two methods but it is with less bandwidth. Hence, in order to 

overcome this drawback, the last approach has to be utilized based on undersampling 

technology.  

 

As we know, there is not any equipment is perfect and it is unavoidable to involve error in the 

measurement, thus characterizing the performance of test bed is also required before 

implement measurement. In this chapter, the structure of test bed, characterization method and 

results will be manifested  

 

5.1 The Structure of Test Bed 

The test bed for this thesis consists of a ZGST wide-band down convertor and a high 

sampling rate ADC. They are mainly used for digitizing broadband output signal of PA based 

on undersampling strategy. 

 

5.1.1 The feature of ZGST wide band down convertor 

The ZGST wide band down convertor is key part of this test bed. Its function is to down 

converts RF signal to IF signal and to keep the output IF signal having a good dynamic range. 

The test-bed is design as Figure.5.1 [3] and Figure.5.2. 
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Figure.5.1 The design of the ZGST RF front-end[3] 

 

 

Figure.5.2 The ZGST wide band down convertor 

 

The RF front-end of this test bed is designed with ultra wideband to fulfill the requirements of 

wide bandwidth. The RF input frequency range is 0.5 GHz to 2.7 GHz and amplitude range is 

-10 to +10 dBm for dynamic range depending on the signal. The LO port is special designed 

to suit a standard signal generator with output power from 8 dBm to 15 dBm. The output 

amplifier is designed with 14 dB gain and has a frequency range from 20 MHz to 1 GHz. And 

it can cope with up to 30 dBm peak with near to 50 dBm TOI which is well enough for the 

subsequent 14-bit ADC.  

 

5.1.2 The utilization of ADC   

ADC is crucial equipment for signal measurement which is able to convert analog signals to 

digital signals. A high sample frequency ADC is able to sample large bandwidth signal, and a 

high resolution has ability to digitize analog signal with considerable accuracy. However, it is 

almost impossible for an ADC possess both high sampling rate and high resolution, since 

ADC with very high resolution have low sampling rate and vice versa[20]. Thermal noise, 

aperture jitters and comparator ambiguity could be the limitation factor for resolution at 
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different level of sampling rate [21]. Meanwhile, the design of ADC should also keep the 

balance between power consumption and price.  

 

The ADC implemented for this thesis is SP device ADQ214. The maximum sampling rate is 

as high as 400 MSPS with 14 bits resolution. External clock signal frequency from 70 MHz to 

400 MHz and the peak to peak signal level is from 0.25V to 2V.  

 

5.1.3 Test bed set up 

The test bed connection is depicted as Figure.5.3. It requires a personal computer (PC) for 

generating a digital signal, calculating the sampling frequency and collecting data. Two 

channels vector signal generator (VSG) produces analog signals by two output ports. A 

modulated RF signal determined by PC comes out port A and goes to input port of DUT. The 

output signal of DUT should be the RF signal that need down conversion. The signal of port 

B goes to LO port of ZGST down convertor, and frequency of that depends on how much RF 

signal need to down convert. And the IF output port of ZGST down convertor links to the 

input port of ADC. Since the sampling frequency is dependence of IF signal, the clock should 

be external clock. Another signal generator provides a signal as clock signal of ADC, and the 

frequency is calculated by MATLAB program based on the theory introduced in Section 4.3. 

Finally, the undersampled signal data is collected by PC for data analysis and reconstruction.  

 

PC VSG DUT 

RF 
Signal Generator  

IF 

LO 

Output port B 

Input port 

ADC Output port 

 

Clock signal 

Output port A  

Figure.5.3 Test bed set up 

ZGST down convertor 

clock 



Zhao Zhiyang Characterize the ZGST Test Bed  

 

30 

5.2 Characterization for Test Bed 

To obtain information of signal with highly accuracy, Characterization is indispensable before 

any measurements. The characterization of test bed separate into two parts, one is for ADC 

and another is for down convertor.  

 

5.2.1 Evaluation of ADC 

The limited analog bandwidth usually has two functions: first, improve dynamic range of 

ADC by reducing noise; second, prevent IM products and harmonics flowing into ADC and 

causing aliasing. Thus, evaluation of ADC is mainly evaluating the performance of bandwidth 

in ADC. 

 

Since the frequency response of ADC is difficult measured directly, it has to depend on Signal 

Analyzer (SA) and VSG. In order to keep a high accuracy result, SA and VSG should be 

calibrated at first, which can be done automatically. However, the inaccuracy still possibly 

happens on the generated signal of VSG. Thus, the generated signal needs evaluation before 

evaluating ADC so as to withdraw the error caused by signal VSG. The main idea of 

evaluation of ADC is:  

· Connect VSG directly with SA, generate a frequency sweep signal and collect its data by 

MATLAB from SA. 

· Connect VSG, ADC and PC together, and collect the spectrum of ADC output digital 

signal with same input frequency sweep signal.  

· Remove the variances which are caused by input signal in the ADC output signal.  

 

The input signal is set from 10 MHz to 1.4 GHz, and the power is 0 dBm. The spectrums of 

ADC input signal and output signal are shown in the Figure.5.4. The blue line is input signal 

that has variation when it is generated by signal generator. The red line in Figure 5.4 is the 

output signal of ADC with 400 MHz CW as an external clock of ADC. And the power of 

clock signal is 6 dBm. 
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Comparing these two signals, it is found that some distortion of ADC output signal is caused 

by the ripple of input signal itself. Thus, the frequency response of ADC is acquired by taking 

away the distortion caused by input signal in the received signal and it shows in Figure 5.5.  

0 200 400 600 800 1000 1200 1400
-6

-5

-4

-3

-2

-1

0

1

Freq (MHz)

P
o
w

e
r 

le
v
e
l 
(d

B
m

)

 

 

input measured - ADQ214

output measured - ADQ214

Figure 5.4 Comparison the input and output signal of ADC 
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The analog bandwidth of ADC is 1.260 GHz which is a little bit higher than the reference 

cutoff frequency 1.2 GHz [18]. The ripple of analog filter still exists which should attribute to 

the ADC design and manufacture. The maximum peak to peak ripple value is less than 1 dBm 

and the frequency about 660 MHz is the boundary of variation. The amplitude variation of 

ADC at frequencies below 660 MHz is less than that at frequencies beyond 660 MHz. Thus 

the relative good implementation region is from 0 to 660 MHz at where signal is collected 

with less amplitude distortion. For the further information, please see Appendix C. 

 

5.2.2 Calibration of down convertor 

ZGST wide-band down convertor is able to convert a relative bandwidth RF signal to an IF 

signal. But conversion loss and phase distortion always happens in this procedure, so it is 

necessary to figure out carefully how much amplitude reduction and phase shift caused by 

down convertor. 

 

The main method for calibration down convertor is published in [19]. A mixer, of which input 

match, output match, conversion loss and phase shift are characterized, can calibrate a vector 
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mixer measurement system as a calibration device. The calibration is based on Agilent PNA-

X microwave network analyzer of which bandwidth is from 10 MHz to 26.5 GHz and 4 ports 

with two built in sources. The calibration procedure is described as follows: 

· Two full ports calibration. Measuring open, short, load standard and thru constructs a two 

ports error model at desirable frequency range. It is able to ensure the vector network 

analyzer (VNA) works with high accuracy.  

· Completely characterize a mixer/filter couple with a reference mixer to make it be a 

“calibration mixer”. This procedure includes open, short and load calibration. The 

reference mixer function as offer a phase reference for VNA.  

· Calibration entire system includes cables, adapters and VNA in terms of the characterized 

mixer/filter as a though standard.  

· Finally, the mixer calibration is done. Replace the characterized mixer/filter couple by 

device under test (DUT), and it can begin to measure the performance of DUT 

automatically. 

 
 
Since the down convertor has RF, LO and IF ports, and each port has its own available 

frequency range, in order to know the performance of down convertor in comprehensive, the 

calibration should be covered all the frequency range of each port. The calibration results are 

shown in Figure 5.6, 5.7, 5.8 and appendix D.  

 

In Figure 5.6, RF input signal is fixed, 2.7 GHz and power is 0 dBm; LO frequency is from 

2.68 GHz to 1.7 GHz, and power level is 10 dBm; so the IF output frequency range is from 20 

MHz to 1 GHz. Conversion loss is varied from -5 dB at 20 MHz to -9.85 dB at 1 GHz. The 

tendency of conversion loss is decreasing as the IF increase.  
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Figure 5.6 The conversion loss when RF fixed at 2.7 GHz,  

LO sweeps from 2.68 GHz to 1.7 GHz  

 

Figure 5.7 The conversion loss when IF frequency fixed at 20 MHz,  

LO is from 480 MHz to 2.68 GHz 
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In Figure 5.7, RF input signal frequency range is from 500MHz to 2.7 GHz, and power level 

is 0 dBm; IF is fixed at 20 MHz. LO frequency is from 480 MHz to 2.68 GHz, power level is 

set 10 dB, 12 dB and  14 dB respectively. The blue solid line is when LO equal to 10 dBm, 

red dash line is when LO is 12 dBm, and green dash line is when power level of LO is 14 

dBm. Comparison of the different LO power level effect on conversion loss, the conversion 

losses of different LO power level have few deviation over entire RF range, except the 

conversion loss at around 720 MHz which has 5.3 dB deviation. From Figure 5.7, it also 

shown there are some conversion losses are positive as a gain at some low RF frequency 

range. Due to the maximum “conversion gain” is less than 1 dB, it is p robably attributes to the 

character of amplifier which utilized in down convertor. 

 

 

Figure 5.8 The conversion loss when LO frequency fixed at 1.7 GHz, 

and RF is from 1.72 GHz to 2.7 GHz 

 

RF input signal frequency range is from 1.72 GHz to 2.7 GHz, power level is 0 dBm; IF 

output signal frequency range is from 20 MHz to 1000 MHz; LO frequency is fixed at 1700 

MHz, power level is set 10 dB, 13 dB and  15 dB respectively. The conversion loss is shown 

in Figure 5.8. The blue solid line is when LO equal to 13 dBm, red dash line is when LO is 10 

dBm, and green dash line is when power level of LO is 15 dBm.  Form Figure 5.8, the 
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tendency of conversion loss is decreasing as the IF increase.For the further information about 

down conversion loss, please see Appendix D. 

 

5.2.3 Dynamic range of down convertor   

At this part, spurious free dynamic range (SFDR) is measured for describe dynamic range of 

down convertor. SFDR is defined as the ratio of fundamental signal power strength to the 

strongest strength of spurious at the output.  

 

The method is that connect IF output port to SA directly, send RF and LO signal with power 

sweep and frequency sweep. And observing how SFDR of down convertor depends on power 

and frequency variation. The measurement strategy is as same as conversion loss 

measurement, which are measured under RF fixed, LO fixed, and IF fixed respectively. 

 

RF input port frequency is 2.7 GHz and power level is from -10 dBm to 6 dBm. LO frequency 

range is from 2680 MHz to 1720 MHz, and power level is 10 dBm. Observation span of SA is 

1 GHz. 

 

Figure 5.9 SFDR of down convertor when RF is fixed 

As Figure 5.9 shown, x-axis is power level of RF input signal in dBm, y-axis is IF output 

frequency range in MHz, and z-axis is dynamic range in dBc. The worst SFDR performance 
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is about -25 dBc which emerges IF region from 20 MHz to 120 MHz. At this region, the third 

order IM products of RF input signal and LO signal play key role to limit the SFDR 

performance. As the RF input signal and LO signal frequency increasing, the IM products are 

out of the observation span, SFDR becomes better. Thus in order to keep a good SFDR in this 

case, the frequency of RF signal and LO signal should be selected properly.  

 

In Figure 5.10, RF frequency is from 500 MHz to 2.7 GHz and power level is from -10 dBm 

to 6 dBm. LO frequency range is from 480MHz to 2680 MHz, and power level is 10 dBm. IF 

frequency is 20 MHz. Observation span of SA is 300 MHz. In this case, SFDR is mainly 

affected by the strength of IF harmonics. Thus low RF signal power leads to rather nice SFDR 

performance.  

 

 

Figure 5.10 SFDR of down convertor when IF is fixed 

 

In Figure 5.11, RF frequency is from 700 MHz to 1680 MHz and power level is from -10 

dBm to 6 dBm. LO frequency range is from 1700 MHz, and power level is 10 dBm. IF 

frequency is from 20 MHz to 1000 MHz. Observation span is 1.1 GHz.  
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Figure 5.11 SFDR of down convertor when LO is fixed 

 

Resemble Figure 5.9, Figure 5.11 shows that it has poor SFDR performance at low frequency 

which is from 20 MHz to 500 MHz. This is due to some portion of RF signal go through the 

down convertor and emerge at IF output signal. Thus in order to get rid of the influence from 

RF input signal, a filter is necessary to employed.  

 

And from Figure 5.9, 5.10 and 5.11, it also acquired that well SFDR values almost happen at 

low RF input power level. Thus a proper power level is able to hold down convertor with a 

good SFDR performance. For the further information, please see the Appendix E. 
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Chapter 6 De-embed and reconstruct wide spread signal 

 

As Figure 6.1 shows, a signal is generated with 100 MHz bandwidth by computer and 

downloads to VSG which modulates the generated digital baseband signal to an analog 

bandpass signal with 2.15 GHz as carrier frequency. Then signal flows from output port A of 

VSG to DUT. The PA with high gain is the main component of DUT, but in order to protect 

test bed from destroy of high power signal, an attenuator should connect to the output port of 

PA. Hence the actual gain of DUT is about 15 dB. And then the signal goes into RF port of 

ZGST down convertor and is converted to IF signal. Output port B of VSG produces a 

continuous analog wave of which frequency is 1.8 GHz and amplitude is 10 dBm as LO. Thus 

a signal with 350 MHz as center frequency comes out from IF port of down convertor. The 

undersampling frequency is 200007512.4 Hz which is calculated by harmonic sampling 

frequency algorithm. 

 

                
In order to know the difference between the input and output signal of PA, the measurement 

should be implemented twice. First, the signal which is measured directly at the output of 

ZGST down convertor without PA is considered as input signal of PA after frequency shift.  

Second, measure the same signal again when the PA is connected. Figure.6.1 shows the 

feature of input signal and received signal of DUT, the red one is input signal and the blue 

one is the reconstructed received signal. As we see, the amplitude of received signal gains 

about 15 dB, the bandwidth of generated signal is 100 MHz, and the bandwidth of received 
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signal is spread to about 600 MHz. The bandwidth of received signal is six times wider than 

that of input signal since the nonlinear behavior of PA.  

 
Figure 6.2. The comparison of input signal and received signal, the red is 

input signal and the blue is the reconstructed received signal 
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Figure 6.3 The comparison between received signal and de-embed signal,  

red is reconstruct signal before de-embed and blue is that after de-embed 

 

Figure 6.3 is the comparison between reconstructed signal before de-embed in red and after 

de-embed in blue. As mentioned in Chapter 5, calibrating the whole test bed is necessary 

before measuring and it is able to know the frequency response of each components. Due to 

the applied bandwidth is less than 660 MHz, the variation of ADC which is very small can be 

ignored. Three port calibration is able to obtain the information about down conversion loss 

of ZGST down convertor, thus de-embed can be done by compensate the loss on the received 

signal within the desired bandwidth. And from Figure 6.3, we can see, the amplitude of whole 

spectrum has increased about 5 dB after de-embed. 
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Chapter 7 Conclusion and Future application 

 

In this work, ZGST test bed for analysis wide bandwidth signal has been characterized. Its 

performance on conversion loss and dynamic range are collected comprehensively.  From the 

data sheets and figures, it can be obtain that its performance not only count on any single 

parameter, RF frequency range, strength, LO frequency range and power level, the 

combination of all these factors results in the final performance. Thus, a good selection of 

frequency，implementation of relative low LO power and RF power are able to reduce the 

nonlinear effect of test bed on the output signal. Meanwhile, in order to keep the test bed with 

a good dynamic range, it is necessary to apply filters at the input and output ports. 

Furthermore, to some high accuracy RF measurement such as amplifier modeling, 

characterize the entire test bed is indispensible. The high precise output signal can be obtain 

by de-embed the distortion which caused by test bed. 

 

Furthermore, apart from the implementation of good measurement test bed for wide 

bandwidth signal, a proper sampling strategy is also involved. In this work, harmonic 

sampling compensates the limitation on the hardware, and extents the restriction on the 

bandwidth. Hence, the combination of harmonic sampling and test up mentioned in this paper 

is able to handle wide band spread RF signals.  

 

However, there are also some imperfect in this works, especially in characterize dynamic 

range of test bed. Due to few choices in filters, at some low frequency, some harmonics or IM 

product of RF signal and LO signal cannot cut off before go into down convertor. And these 

distortions are able to generate more distortion at output. Thus, in the future high power level 

implementation, good filters should be connected at RF and LO ports and it will preserve 

accuracy of measurement. 
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Appendix A 

%% this function is used for searching the harmonic sampling frequency 
% fs is the Nyquist sampling rate of signal, N is number of samples in 

orgianl analog signal,Ref_Fsu is the initial setting for undersampling 

frequency 
% Fs_u is the undersampling frequency, N_u is number of undersamples 
 

function [Fs_u, N_u]=undersampling_frequency(fs,N,Ref_Fsu) 

 

N_u=N; 
fres=fs/N_u; 
alpha=Ref_Fsu/fres; 
l=floor(N_u/alpha); 
alpha=N_u/l; 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
k=1:fs/(2*fres); 
temp_index1=seven(alpha,Ref_Fsu,fres); 
temp_index2=five_new(alpha,k,fres); 
while (temp_index1~=1||temp_index2~=1) 
    if temp_index1==2 
        N_u=N_u+2; 
        alpha=Ref_Fsu/fres; 
        l=floor(N_u/alpha); 
        alpha=N_u/l; 
        temp_index1=seven(alpha,Ref_Fsu,fres); 
        temp_index2=five_new(alpha,k,fres); 
    else 
        l=l+1; 
        alpha=N_u/l; 
        temp_index1=seven(alpha,Ref_Fsu,fres); 
        temp_index2=five_new(alpha,k,fres); 
    end      
end 
Fs_u=alpha*fres; 

 

function temp_index1=seven(alpha,Ref_Fsu,fres) 
if alpha>0.99*Ref_Fsu/fres && alpha<1.01*Ref_Fsu/fres; 
    temp_index1=1; 
elseif alpha<=0.99*Ref_Fsu/fres; 
        temp_index1=2; 
elseif alpha>=1.01*Ref_Fsu/fres; 
            temp_index1=3; 
end 

 

function temp_index2=five_new(alpha,k,fres) 
test_overlap=abs((k-round(k/alpha)*alpha)*fres); 
count=hist(test_overlap,unique(test_overlap)); % figure out how many same 

elements in vector test_overlap; 

 
           if count*count'==sum(count); 
               temp_index2=1; 
           else 
               temp_index2=0; 
           end 
end 
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% This function is used for reconstruct original signal 

function Rec_original=spec_reonc(N_u,Fs_u,y_u,fs,Ns) 
f_u=(-N_u/2:N_u/2-1)*Fs_u/N_u; 
spec_u=fftshift(fft(y_u,N_u))/N_u; 
figure;plot(f_u(end/2+2:end),20*log10(abs(spec_u(end/2+2:end)))) 
fres=fs/Ns; 
Spec_reconstruct2=zeros(1,Ns); 
alpha=Fs_u/fres; 
k=0:fs/(2*fres);  
temp_spec=zeros(length(k),1); 
f_u_bar=(k-round(k/alpha)*alpha)*fres; 
[index_common,Pf_u_bar,Pf_u]=intersect(abs(round(f_u_bar)),abs(round(f_u)))

; % find out the same frequency element 
    for ii=1:length(Pf_u) 
        index_ii=Pf_u(ii); 
        index_jj=Pf_u_bar(ii); 
            if f_u_bar(index_jj)>0 
            temp_spec(index_jj)=spec_u(index_ii); 
            else 
            temp_spec(index_jj)=conj(spec_u(index_ii)); 
            end 
    end 

  

f=(0:fs/(2*fres))*fres; 
figure;plot(f,20*log10(abs(temp_spec))) 
Spec_reconstruct2(1:N/2)=fliplr(conj(temp_spec(2:N/2+1,1).')); 
Spec_reconstruct2(N/2+1:N)=temp_spec(1:N/2); 

Rec_original=Spec_reconstruct2; 

f=(-fs/(2*fres):fs/(2*fres)-1)*fres; 
figure;plot(f,20*log10(abs(Rec_original))) 

 

 

 

 

 

%%This function is used for de_embed the conversion loss casued by down 
%%convertor 
% f is the frequency corresponded to the spectrum of output signal 
% spec is the spetrum of output signal 
% DC is the conversion loss of down convertor 
% fl and fh is start frequency and stop frequency of DC respective. (MHz) 
function  y=zzy_deembed(f, spec,DC,fl,fh) 

mm=[f.',spec]; 
% temp_m1=[f.',temp_spec]; 
indx=find((mm(:,1)>=fl)&(mm(:,1)<=fh)); % find the value between fl MHz and 

fh MHz 
temp_m_new=mm(indx,:); 

  

     
%% 
xx1=(1:length(DC)).'; 
yy1_r=real(DC); 
yy1_i=imag(DC); 
xx2=linspace(1,length(DC),length(temp_m_new)).'; 
yy2_r=interp1(xx1,yy1_r,xx2); 
yy2_i=interp1(xx1,yy1_i,xx2); 
yy2=yy2_r+1i*yy2_i; 
y=temp_m_new(:,2)./yy2; 
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Appendix B User manual for ZGST test bed 

Test Bed set up 

ZGST test bed consists of wideband down convertor and an ADC. It’s set up as following： 

 
Test bed connection  

Suppose all signal generators are well connected, the set up as follows: 

 Output port A of VSG produces the input signal of whole test bed, thus connect to the 

input port of DUT 

 Connect output port of DUT to the RF port of ZGST down convertor, by which transmit 

the signal needed down conversion. 

 Output port B of VSG works as local oscillator, thus it should be connected to the LO 

port of ZGST down convertor.  

 IF port is the output port of ZGST down convertor, it should be connected to input port A 

or B of ADC (SP device ADQ-214). 

 The output port of signal generator connects to the CLK/ REF port as offering external 

clock signal for ADC 

 Connect ADC and PC by a USB cable, and turn on the ADC.  

 

 

 

 

 

PC VSG DUT 

RF 
Signal Generator  

IF 

LO 

Output port B 

Input port 

ADC Output port 

 

Clock signal 

Output port A  

ZGST down convertor 

clock 
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The parameter setting of Test Bed 

In order to prevent the test bed from damage, frequency and power should be careful selected. 

The following tables give the reference value for down convertor and ADC. 

ZGST down convertor: 

 Frequency Range  Power Level Others 

RF port 500MHz-2.7GHz -10dBm – 10bBm  Max 27 dBm  

LO port 50MHz-2.7GHz 8dBm-15dBm  Max 20 dBM 

IF port 20MHz-1GHz 10 dBm (peak)  

 

ADC: 

Input Signal 

Analog Bandwidth Application Bandwidth Max Power Level 

0 - 1255 MHz 0-660 MHz 10.8 dBm (RMS) 

Clock Signal 

External Clock frequency External Clock Signal Power 
Internal Clock 

Frequency 

70 - 400 MHz -8 dBm(min) - 10 dBm(max) 400 MHz 

 

Two knobs on down convertor are RF attenuator and IF attenuator. They are used for adjust 

the attenuation of down convertor. The RF attenuator is used for protect down convertor 

against high input power and keep input power low to avoid undesired nonlinear product of 

down convertor. IF attenuator is for keep output signal have nice dynamic range and few 

intermodulation product. The setting of two attenuators is strong dependent of RF input power 

level. 

 

As down convertor is a nonlinear device, the output signal always contains harmonics and 

intermodulation products. Thus low pass filter and/or high pass filter is necessary applied at 

IF port. Meanwhile, if the input signal has high power level, the RF port and LO port also 

needs connect with low pass filter. Furthermore if the frequency of RF signal and that of LO 

signal are close to each other, the RF signal should be at low level or the RF attenuator should 

be increased, since the third order intermodulation product of RF signal and LO signal will 

reduce the dynamic range. 
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MATLAB program for collecting data by ADC 

y=Get_data_simple_ExtClk(N,fs) 

N is the number of samples 

fs is the clock singal 

y is a vetctor contains the digital information of analog signal 

 

 
Calibration for ZGST Ultra Wideband Down Convertor 
 

General idea of calibration: If a mixer can be characterized in terms of its input match, output 

match, and conversion loss (both magnitude and phase) then such a mixer can be used as a 

calibration device to calibrate a vector mixer measurement system [1].  

 

Calibration components: two mixers (characterized mixer should be reciprocal mixer), two 

low pass filters, one spliter, several adapters and cables, E-cal, mechanical calibration kits.  

 

Calibration equipments: N5242A PNA-X Microwave Network analyzer (Agilent), signal 

generator.  

 

Calibration Steps:  

Step 1: Two full ports calibration. Measuring open, short, load standard and thru constructs a 

two ports error model. 

· Press “meas”, select “measurement class”, then choose “Vector Mixer/Convertor”, and 

“OK”. 

· Press “Cal”, select “Start Cal”, and then “Cal Wizard” 

· Press “Edit Mixer”, enter RF input frequency, LO input frequency, choose “-” which is 

for down convert and then “Calculate IF output frequency”. Or enter IF output frequency, 

LO input frequency, choose “-” and then “Calculate RF input frequency”. Then press 

“OK”, and press “Next”. At this step, one of these three frequencies can be set as fix. If 

the PNA has four ports, the port 3 or port 4 can be selected as internal LO at LO selection, 

thus next steps which involved external LO can be replaced by connecting port 3 and port 

4 instead. 

· Select “Perform Characterization(require reference mixer)” and “Next” 

· Choose “APC 3.5 female” at DUT Connector for both port 1 and port 2. For Cal kits, it 
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can be “E- Cal” for Port 1 and Port 2. Meanwhile, it can any mechanical calibrate kits 

depends on what type of calibrate kits you have for Mixer output port. And “Next”. 

· Connect port 1 and port 2 to port A/C and port B/D of E-cal, select “Measure”, and 

“Next”.  

 

Step 2: Entirely characterize a mixer/filter couple. To connect each components and device as 

follow figure. 

 

· Connecting 10 MHz OUT port of signal generator to 10 MHz IN port of PNA. 

· Connecting the RF port of reference mixer to Src Out, and IF port to Rcvr In.  

· Connecting port 1 of PNA to RF port of characterize mixer/filter couple.  

· Connecting the signal generator to LO port of both of mixers. 

· The output of mixer/filter couple connect mechanical calibration kits  

· Select “Measure”, and “Next” to do the OPEN, SHORT and LOAD calibration.  

 

Step 3: Calibration entire system includes cables, adapters, spliders by the characterized 

mixer/filter as a though standard.  

· Remove the calibration kits and output port connects to the port 2 of PNA(as figure 3), 

press  “Measure”. Save the calibration file.  

 

 
Finally, the mixer calibration is done. Replace the characterized mixer/filter couple by DUT, 

and it can begin to measure the performance of DUT.  
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Evaluation for the performance of ADC 

General idea of evaluation: Compare the spectrum of signal before sampled by ADC and of 

that after sampled by ADC, remove the difference between these two signals, and the analog 

bandwidth characterization is obtained.  

 

Evaluation equipment: PC with Matlab, signal analyzer, signal generator and ADC  

 

Evaluation Steps:  

Step 1: Measure spectrum of ADC input signal 

· Connect signal generator directly with signal analyzer, and measure a single tone CW 

signal with frequency sweeping produced by signal generator 

· Collect and save the data by PC 

Step 2: Measure spectrum of ADC output signal 

· Connect the output port of signal generator directly to the ADC Port A or Port B  

· Connect the output port of another signal generator to the ADC clock port as offer clock 

signal 

· Measure the same signal at ADC output side, save the data by PC 

Step 3: Calculate the difference of these two groups of data, and plot it by PC  

 

The evaluation is done, and the figure plotted by PC is the frequency response of ADC.  

 

Matlab script utilized  

· Script for harmonic sampling 

      [Fs_u, N_u]=undersampling_frequency(fs,N,Ref_Fsu) 

fs is sampling rate which should fulfill Nyquist sampling theorem 

Ref_Fsu is initial undersampling frequency. It can be the clock frequency of Digital Analog 

Convertor in signal vector generator (SVG) which converts the digit signal to analog signal.  

Fs_u is the undersampling frequency which should be the clock signal for ADC 

N_u is the number of samples for undersampling 

 

· Script for reconstruction 

               Rec_orignal=spec_reonc(N_u,Fs_u,y_u,fs,Ns) 

N_u is the number of samples for undersampling 
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Fs_u is the undersampling frequency which should be the clock signal for ADC 

y_u is the data collected by ADC 

fs is sampling rate which should fulfill Nyquist sampling theorem 

Ns is the number of samples 

 

· Script for de-embed 

For de-embed: 

y=zzy_deembed(f,spec,DC,fl,fh); 

 

f is the frequency corresponded to the spectrum of output signal 

spec is the spetrum of output signal 

DC is the conversion loss of down convertor 

fl and fh is start frequency and stop frequency of DC respective. (MHz) 

 

For obtain DC: 

After set the PNA and finish the calibration, connect PNA to down convertor, and run 

               trace = read_trace 

trace is a complex number vector including phase shift and amplitude loss. So the DC is 

obtained by 

DC=db(abs(trace)) 
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Appendix C Evaluation of ADC 

Freq (MHz) Power (dBm) Freq (MHz) Power (dBm) 

50 -0.04450  750 -0.97323  

100 -0.44777  800 -0.65298  

150 -0.43031  850 -0.59344  

200 -0.59481  900 -1.16600  

250 -0.61678  950 -0.86869  

300 -0.54612  1000 -1.04653  

350 -0.58861  1050 -1.50513  

400 0.67555  1100 -1.36172  

450 -0.49488  1150 -2.08301  

500 -0.57034  1200 -2.57660  

550 -0.64165  1250 -2.91021  

600 -0.54544  1300 -3.64190  

650 -0.68476  1350 -4.54762  

700 -0.49786  1400 -5.21072  
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Appendix D Conversion loss of down convertor 

The power of RF input is 0 dBm. RF frequency range is from 500 MHz to 2.7 GHz, and LO 

frequency range is from 480 MHz to 2.68 GHz. IF is 20 MHz . 

RF Input 

Frequency range 

(MHz) 

LO (MHz) 

Conversion Loss(dB)v.s RF 

Frequency @ IF=20 MHz  

 LO(dBm) 

10 12 14 

500 480 -2.7719 -2.7178 -2.7329 

544 524 -0.3309 -0.4797 -0.7383 

588 568 0.6530 0.7050 0.5158 

632 612 0.3896 0.2757 0.0098 

676 656 -2.8205 -2.9193 -3.1792 

720 700 -9.4830 -6.7163 -4.1074 

764 744 -2.2209 -2.5511 -2.8936 

808 788 -0.0458 -0.0046 -0.1282 

852 832 0.9730 0.8985 0.6464 

896 876 -0.5538 -0.9810 -1.3758 

940 920 -8.8591 -6.6095 -5.6926 

984 964 -2.3826 -2.4541 -2.6003 

1028 1008 0.3887 0.2734 0.0908 

1072 1052 -1.8194 -1.7964 -1.8885 

1116 1096 -3.1071 -2.9964 -2.7051 

1160 1140 -2.4303 -2.2247 -2.1216 

1204 1184 -2.8957 -2.6486 -2.6144 

1248 1228 -3.2140 -3.0285 -2.9962 

1292 1272 -2.6733 -2.5567 -2.6238 

1336 1316 -3.3074 -3.2181 -3.2829 

1380 1360 -3.3785 -3.2482 -3.2682 

1424 1404 -2.5787 -2.7617 -2.8129 

1468 1448 -2.7767 -2.9980 -3.0694 

1512 1492 -2.6800 -2.5433 -2.6243 

1556 1536 -2.8655 -2.7943 -2.9159 

1600 1580 -4.0164 -3.7518 -3.8276 

1644 1624 -2.8922 -2.5204 -2.5002 

1688 1668 -2.7482 -2.5111 -2.5554 

1732 1712 -3.1665 -2.8869 -2.8115 

1776 1756 -3.2539 -3.1464 -3.1890 

1820 1800 -3.9668 -3.7539 -4.0096 

1864 1844 -5.0212 -4.3386 -4.1227 
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1908 1888 -4.2532 -3.6953 -3.5737 

1952 1932 -4.2324 -3.9141 -3.9633 

1996 1976 -3.9691 -3.5833 -3.4427 

2040 2020 -3.5602 -3.3721 -3.3843 

2084 2064 -4.4030 -4.2666 -4.3089 

2128 2108 -4.2171 -3.7053 -4.0090 

2172 2152 -3.1053 -2.9651 -3.0650 

2216 2196 -4.3979 -4.3802 -3.8365 

2260 2240 -3.6264 -3.9112 -3.4135 

2304 2284 -3.7168 -4.1336 -3.7471 

2348 2328 -4.3659 -4.4519 -3.9615 

2392 2372 -4.1322 -4.1190 -3.7673 

2436 2416 -4.2787 -4.1375 -3.8846 

2480 2460 -4.4956 -4.0078 -3.8116 

2524 2504 -4.2649 -3.6490 -3.6884 

2568 2548 -4.7404 -3.8780 -3.8935 

2612 2592 -4.9352 -3.9007 -4.0103 

2656 2636 -4.9979 -4.0800 -4.2377 

2700 2680 -5.0889 -4.2039 -4.3399 

 

 

The power of RF input is 0 dBm. RF frequency range is from 1.72 GHz to 2.7 GHz, and IF 

frequency range is from 20 MHz to 1 GHz. LO frequency is 1700 MHz. 

RF Input 

Freqency 

range (MHz) 

IF (MHz) 

Conversion Loss(dB)v.s IF Frequency @ 

LO=1700 MHz  

 LO(dBm) 

10.00  13 15 

1720 20 -3.3602 -3.0118 -2.8409 

1739.6 39.6 -3.4250 -3.1927 -3.0304 

1759.2 59.2 -3.5197 -3.3019 -3.1983 

1778.8 78.8 -3.5829 -3.4803 -3.3819 

1798.4 98.4 -3.4564 -3.3980 -3.3783 

1818 118 -3.6550 -3.6759 -3.6429 

1837.6 137.6 -3.6715 -3.7530 -3.7631 

1857.2 157.2 -3.6553 -3.7629 -3.7958 

1876.8 176.8 -4.0141 -4.1893 -4.1562 

1896.4 196.4 -4.0144 -4.1823 -4.1988 

1916 216 -4.5157 -4.6553 -4.5495 

1935.6 235.6 -4.9917 -5.0496 -4.9365 

1955.2 255.2 -5.6082 -5.5168 -5.3177 

1974.8 274.8 -6.0571 -5.8593 -5.6020 
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1994.4 294.4 -6.3635 -6.0402 -5.6515 

2014 314 -6.2312 -5.8916 -5.4553 

2033.6 333.6 -6.2332 -5.9660 -5.3471 

2053.2 353.2 -6.0043 -5.8247 -5.3094 

2072.8 372.8 -5.6942 -5.6138 -5.1946 

2092.4 392.4 -5.5638 -5.5745 -5.2770 

2112 412 -5.2343 -5.3024 -5.0386 

2131.6 431.6 -5.2662 -5.3529 -5.0974 

2151.2 451.2 -5.3353 -5.4140 -5.2381 

2170.8 470.8 -5.7874 -5.8181 -5.6424 

2190.4 490.4 -6.4602 -6.3608 -6.1837 

2210 510 -6.3574 -6.1758 -5.9604 

2229.6 529.6 -6.6143 -6.3241 -6.0423 

2249.2 549.2 -6.1964 -5.9528 -5.7865 

2268.8 568.8 -6.1857 -5.9451 -5.7439 

2288.4 588.4 -6.0292 -5.9278 -5.6495 

2308 608 -5.8863 -5.8457 -5.6635 

2327.6 627.6 -6.1078 -6.1015 -5.8587 

2347.2 647.2 -6.1533 -6.1839 -5.8088 

2366.8 666.8 -6.4687 -6.5930 -6.1966 

2386.4 686.4 -6.9052 -6.9171 -6.6322 

2406 706 -7.6064 -7.5000 -7.1865 

2425.6 725.6 -8.4148 -8.1731 -7.8400 

2445.2 745.2 -9.0502 -8.7081 -8.1052 

2464.8 764.8 -9.3314 -8.9319 -8.2509 

2484.4 784.4 -9.4118 -8.8249 -8.4320 

2504 804 -9.4711 -8.6093 -8.2275 

2523.6 823.6 -9.2054 -8.1976 -7.4750 

2543.2 843.2 -8.6726 -7.6871 -7.2580 

2562.8 862.8 -8.2736 -7.1676 -6.8868 

2582.4 882.4 -8.0540 -6.9537 -6.5295 

2602 902 -8.0872 -7.0275 -6.3220 

2621.6 921.6 -8.3601 -7.4311 -6.3923 

2641.2 941.2 -8.6734 -8.0661 -6.8408 

2660.8 960.8 -9.3394 -8.7245 -7.6054 

2680.4 980.4 -9.7391 -9.1240 -7.4484 

2700 1000 -10.1771 -9.5887 -7.4703 
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The power of RF input is 0 dBm. RF frequency range is from 1 GHz to 1.8 GHz, and IF 

frequency range is from 100 MHz to 900 MHz. LO frequency range is 900 MHz. 

RF Input 

Frequency 

range (MHz) 

IF (MHz) 

Conversion Loss(dB)v.s IF Frequency @ 

LO=900 MHz  

 LO(dBm) 

10 13 15 

1000 100 -7.0598 -4.6428 -5.9490 

1016 116 -7.8678 -4.3817 -6.3121 

1032 132 -8.4465 -4.3879 -7.0474 

1048 148 -8.3002 -4.4431 -8.6939 

1064 164 -8.7593 -7.1277 -11.576 

1080 180 -8.6108 -10.411 -9.5830 

1096 196 -11.091 -10.991 -10.028 

1112 212 -8.3862 -7.7959 -8.5491 

1128 228 -6.7315 -6.2520 -6.1681 

1144 244 -5.9023 -5.3834 -4.9553 

1160 260 -5.3434 -4.9255 -4.3925 

1176 276 -4.9317 -4.6275 -4.2284 

1192 292 -4.7442 -4.5119 -4.1428 

1208 308 -4.5506 -4.4127 -4.0346 

1224 324 -4.1524 -4.2460 -3.9668 

1240 340 -3.5642 -3.7478 -3.6208 

1256 356 -3.6831 -3.8351 -3.7669 

1272 372 -3.7797 -4.1186 -4.0883 

1288 388 -3.4078 -3.9739 -3.9391 

1304 404 -3.3084 -4.0304 -4.0612 

1320 420 -3.0620 -3.9715 -4.1498 

1336 436 -2.7394 -3.4125 -3.6662 

1352 452 -3.0965 -3.5338 -3.5562 

1368 468 -3.8864 -4.1058 -4.1802 

1384 484 -4.3899 -4.4716 -4.4290 

1400 500 -4.6016 -4.6780 -4.6580 

1416 516 -4.7293 -4.8024 -4.8016 

1432 532 -4.7971 -4.7606 -4.7841 

1448 548 -4.7426 -4.7243 -4.729 

1464 564 -4.8182 -4.7768 -4.8163 

1480 580 -5.0066 -4.8982 -4.9474 

1496 596 -5.1287 -5.0239 -5.0285 

1512 612 -5.5357 -5.3959 -5.3560 

1528 628 -5.6193 -5.5674 -5.6230 

1544 644 -5.9691 -5.7882 -5.6809 

1560 660 -6.4839 -6.4352 -6.2872 

1576 676 -6.5870 -6.5725 -6.4809 

1592 692 -6.9052 -6.7189 -6.4809 
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1608 708 -6.9458 -6.9001 -6.7766 

1624 724 -6.8634 -6.6360 -6.5364 

1640 740 -7.0629 -7.0165 -6.7642 

1656 756 -6.7437 -6.8776 -6.5742 

1672 772 -6.7760 -6.6852 -6.3356 

1688 788 -6.8179 -6.8674 -6.5512 

1704 804 -7.0984 -6.9170 -6.7075 

1720 820 -6.6272 -6.5831 -6.2643 

1736 836 -7.1817 -7.1329 -6.5391 

1752 852 -6.5543 -6.4805 -6.1760 

1768 868 -6.8918 -6.7928 -6.4356 

1784 884 -6.3475 -6.9379 -4.9359 

1800 900 -3.8724 -5.6567 -15.164 

 

 

The power of RF input is 0 dBm. RF frequency is 2.7 GHz, and IF frequency range is from 20 

MHz to 1000 MHz. LO frequency range is from 2680 MHz to 1700 MHz. 

 

IF Output 

Freqency range 

(MHz) 

LO (MHz) 

Conversion 

Loss(dB)v.s IF 

Frequency @ RF=2.7 

GHz  

 LO(dBm) 

10 

20 2680 -4.9444  

39.6 2660.4 -5.4864  

59.2 2640.8 -5.5086  

78.8 2621.2 -5.4088  

98.4 2601.6 -5.4731  

118 2582 -5.5547  

137.6 2562.4 -5.469  

157.2 2542.8 -5.4487  

176.8 2523.2 -5.5889  

196.4 2503.6 -5.6344  

216 2484 -5.7730  

235.6 2464.4 -5.8888  

255.2 2444.8 -6.0196  

274.8 2425.2 -5.9551  

294.4 2405.6 -5.7823  

314 2386 -5.4899  

333.6 2366.4 -5.5243  

353.2 2346.8 -5.5942  
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372.8 2327.2 -5.4258  

392.4 2307.6 -5.3808  

412 2288 -5.6133  

431.6 2268.4 -6.0510  

451.2 2248.8 -6.3164  

470.8 2229.2 -6.4745  

490.4 2209.6 -6.4128  

510 2190 -6.6295  

529.6 2170.4 -6.4820  

549.2 2150.8 -6.2114  

568.8 2131.2 -6.1440  

588.4 2111.6 -6.2570  

608 2092 -6.4821  

627.6 2072.4 -6.6990  

647.2 2052.8 -7.0731  

666.8 2033.2 -7.6511  

686.4 2013.6 -8.2592  

706 1994 -8.6811  

725.6 1974.4 -8.9216  

745.2 1954.8 -9.2196  

764.8 1935.2 -9.1042  

784.4 1915.6 -8.8061  

804 1896 -8.6195  

823.6 1876.4 -8.2017  

843.2 1856.8 -7.6940  

862.8 1837.2 -7.4845  

882.4 1817.6 -7.3492  

902 1798 -7.6073  

921.6 1778.4 -8.4503  

941.2 1758.8 -8.9745  

960.8 1739.2 -9.3979  

980.4 1719.6 -9.7275  

1000 1700 -9.6472  
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Appendix E SFDR of down convertor 

RF frequency is 2.7 GHz and power level is from -10 dBm to 6 dBm. LO frequency range is 

from 1720 MHz to 2680 MHz, and power level is 10 dBm. Observation bandwidth is 1 GHz. 

 

IF Output 

frequency 

range (MHz) 

Spurious Frequency  Dynamic Range (dBc) v.s IF v.s RF power level 

(dBm) 

RF Power Level (dBm) 
-10 -9 -8 -7 -6 -5 -4 -3 -2 

20 -25.44 -25.77 -25.81 -25.91 -25.85 -24.94 -24.97 -24.95 -24.95 

60 -23.74 -23.77 -23.84 -23.86 -23.86 -23.07 -23.15 -23.13 -23.11 

100 -22.98 -22.95 -22.96 -22.97 -22.94 -22.61 -22.63 -22.63 -22.66 

140 -27.42 -27.32 -27.36 -27.39 -27.38 -27.34 -27.34 -27.42 -27.4 

180 -52.65 -53.2 -54.39 -55.47 -55.72 -56.29 -55.31 -54.18 -53.73 

220 -52.04 -52.89 -53.76 -54.73 -55.22 -56.03 -56.11 -54.83 -53.54 

260 -50.72 -50.35 -51.58 -50.75 -50.02 -50.23 -48.97 -48.45 -46.92 

300 -51.47 -52.56 -52.42 -51.74 -52.51 -50.63 -50.46 -49.49 -47.94 

340 -52.66 -54 -54.48 -55.66 -54.78 -54.73 -54.38 -52.06 -51.69 

380 -53.41 -54.57 -55.67 -56.5 -57.46 -57.76 -57.33 -56.42 -55.63 

420 -53.85 -54.97 -55.8 -56.05 -57.8 -57.8 -58 -57.87 -57.29 

460 -54.32 -55.26 -56.25 -57.24 -58.03 -59.42 -59.98 -60.95 -62.05 

500 -53.55 -54.51 -55.7 -56.78 -57.19 -58.73 -59.81 -60.93 -61.23 

540 -54.44 -54.92 -55.98 -57.3 -58.04 -58.85 -59.68 -59.3 -60.41 

580 -54.62 -55.56 -56.29 -57.45 -58.16 -59.04 -57.66 -57.1 -56.65 

620 -54.88 -55.65 -57.05 -58.09 -58.53 -59.18 -58.91 -58.38 -57.96 

660 -54.9 -55.7 -56.92 -57.79 -59.04 -60.09 -60.8 -61.8 -62.97 

700 -54.67 -55.84 -56.94 -57.81 -59.02 -59.68 -59.8 -60.18 -59.4 

740 -54.19 -55.33 -56.14 -56.99 -57.01 -56.77 -56.32 -57.24 -55.42 

780 -55.08 -55.81 -56.96 -57.4 -58.49 -58.54 -57.4 -57.11 -56.64 

820 -55.32 -55.91 -56.72 -55.67 -55.36 -54.98 -54.09 -54.18 -52.77 

860 -55.39 -56.14 -56.12 -55.87 -55.33 -55.64 -53.86 -53.02 -52.34 

900 -54.8 -54.66 -55.41 -54.4 -53.81 -52.96 -52.78 -51.26 -50.45 

940 -54.5 -54.75 -54.6 -53.84 -53.04 -51.81 -51.33 -49.89 -49.12 

980 -53.98 -54.18 -53.77 -52.16 -51.61 -50.89 -49.74 -48.63 -47.76 

 

IF Output 

frequency 

range (MHz) 

Spurious Frequency  Dynamic Range (dBc) v.s IF v.s RF power 

level (dBm) 

RF Power Level (dBm) 

-1 0 1 2 3 4 5 6 

20 -24.98  -24.77 -24.79 -24.82 -24.85 -24.85 -24.93 -24.93 

60 -23.15  -22.99 -23.03 -23.04 -23.04 -23.08 -23.08 -23.07 

100 -22.66  -22.12 -22.11 -22.14 -22.16 -22.18 -22.18 -22.2 
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140 -27.43  -27.53 -27.59 -27.59 -27.63 -27.69 -27.66 -27.73 

180 -52.87  -50.65 -49.97 -48.99 -47.83 -46.62 -45.82 -44.73 

220 -53.77  -51.79 -50.84 -49.65 -48.71 -47.64 -46.46 -45.3 

260 -46.13  -45.31 -44.79 -43.67 -42.73 -41.69 -40.85 -39.97 

300 -47.61  -45.91 -45.04 -43.68 -42.86 -41.84 -40.88 -39.98 

340 -50.81  -49.77 -48.86 -47.75 -46.58 -45.58 -44.5 -43.65 

380 -55.88  -53.95 -53.21 -52.05 -51.05 -49.82 -48.94 -47.77 

420 -55.97  -55.17 -53.99 -53.16 -51.63 -50.68 -49.31 -48.27 

460 -63.42  -64.38 -65.09 -66.18 -66.2 -64.77 -63.16 -60.47 

500 -62.87  -63.43 -64.45 -65.49 -64.78 -62.91 -61.88 -60.52 

540 -59.63  -60.92 -59.67 -57.86 -57.92 -56.71 -55.39 -54.7 

580 -55.63  -54.65 -53.48 -53.09 -51.93 -50.77 -49.9 -48.95 

620 -56.79  -56.88 -56.02 -55.6 -54.41 -53.52 -52.84 -51.97 

660 -63.44  -64.75 -66.17 -66.65 -67.87 -67.82 -66.44 -66.35 

700 -59.13  -55.99 -55.98 -54.61 -53.74 -52.87 -51.84 -50.93 

740 -55.16  -54.04 -52.58 -51.81 -50.65 -49.57 -48.47 -47.37 

780 -55.55  -54.45 -54.29 -52.6 -51.7 -50.73 -49.43 -48.38 

820 -51.36  -50.44 -49.32 -48.83 -47.66 -46.46 -45.44 -44.46 

860 -50.52  -50.25 -49.22 -48.04 -47.2 -46.19 -45.25 -44.15 

900 -49.20  -48.84 -47.64 -46.79 -45.73 -44.63 -43.61 -42.55 

940 -48.54  -48 -46.79 -45.93 -44.86 -43.98 -42.82 -41.85 

980 -46.71  -46.35 -45.21 -44.25 -43.53 -42.33 -41.4 -40.32 

 

 

RF frequency is from 500 MHz to 2.7 GHz and power level is from -10 dBm to 6 dBm. LO 

frequency range is from 480MHz to 2680 MHz, and power level is 10 dBm. IF frequency is 

20 MHz. Observation bandwidth is 300 MHz. 

RF Input 

frequency 

range 

(MHz) 

Spurious Frequency  Dynamic Range (dBc) v.s RF v.s RF power level (dBm) 

RF Power Level (dBm) 
-10 -9 -8 -7 -6 -5 -4 -3 -2 

500 -65.83  -65.48  -64.26  -63.52  -62.65  -61.82  -60.92  -59.60  -60.38  

540 -56.92  -56.10  -55.23  -54.29  -53.26  -52.37  -51.39  -50.08  -48.28  

580 -64.49  -63.90  -63.29  -62.42  -61.52  -60.46  -59.25  -58.67  -54.13  

620 -68.71  -68.23  -67.31  -66.63  -65.85  -65.12  -64.05  -62.76  -60.51  

660 -62.02  -60.90  -59.82  -58.76  -57.96  -56.95  -55.87  -54.84  -54.72  

700 -56.98  -55.71  -54.97  -53.98  -52.96  -51.92  -50.86  -49.53  -47.28  

740 -67.92  -67.35  -66.86  -66.49  -66.25  -65.21  -64.15  -63.09  -58.16  

780 -66.44  -65.86  -64.90  -63.98  -63.17  -62.31  -61.27  -60.42  -70.23  

820 -63.13  -62.17  -61.29  -60.42  -59.29  -58.16  -57.16  -55.22  -51.25  

860 -67.57  -67.29  -66.79  -66.27  -65.26  -64.17  -63.62  -62.29  -58.90  

900 -65.66  -65.60  -64.56  -63.87  -63.14  -62.31  -61.53  -60.22  -63.14  

940 -63.97  -63.44  -62.64  -61.65  -60.61  -59.51  -58.30  -56.87  -51.50  

980 -61.87  -60.51  -60.01  -58.89  -58.14  -56.97  -56.16  -55.05  -53.97  
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1020 -63.16  -62.16  -61.76  -60.89  -60.06  -59.03  -58.08  -57.31  -56.81  

1060 -62.78  -61.85  -60.87  -59.77  -58.50  -57.76  -56.49  -55.46  -51.34  

1100 -66.01  -66.11  -64.80  -64.13  -63.19  -62.15  -61.02  -60.55  -63.32  

1140 -59.28  -58.49  -57.60  -56.45  -55.53  -54.50  -53.60  -52.31  -49.41  

1180 -57.95  -57.34  -55.99  -55.21  -54.08  -52.93  -51.93  -50.19  -47.46  

1220 -63.55  -63.01  -61.93  -60.67  -59.79  -58.98  -57.99  -56.24  -51.78  

1260 -69.59  -69.65  -71.71  -72.52  -72.87  -71.79  -73.42  -71.66  -57.91  

1300 -71.01  -70.99  -71.67  -72.06  -72.65  -72.89  -73.38  -73.05  -61.15  

1340 -69.24  -69.42  -69.11  -68.84  -68.03  -67.08  -65.90  -64.98  -61.33  

1380 -66.16  -66.48  -66.23  -64.94  -64.28  -63.43  -62.54  -61.70  -55.30  

1420 -65.60  -64.66  -64.27  -63.83  -62.61  -61.45  -60.56  -59.89  -54.59  

1460 -61.07  -59.97  -60.61  -59.45  -58.41  -57.48  -56.43  -56.26  -56.16  

1500 -62.16  -61.27  -60.48  -59.68  -58.68  -57.87  -56.84  -55.73  -52.98  

1540 -58.65  -57.51  -57.12  -56.16  -55.29  -54.37  -53.30  -52.55  -51.99  

1580 -58.67  -57.83  -57.39  -56.48  -55.47  -54.35  -53.44  -52.96  -52.54  

1620 -62.00  -61.04  -60.12  -59.59  -58.24  -57.27  -56.22  -55.39  -53.13  

1660 -60.80  -60.14  -58.96  -58.03  -57.04  -55.98  -55.16  -54.35  -53.17  

1700 -59.25  -59.60  -58.60  -57.68  -56.68  -55.52  -54.62  -54.37  -53.46  

1740 -59.10  -59.40  -58.25  -57.27  -56.27  -55.14  -54.26  -53.38  -52.34  

1780 -55.55  -55.57  -54.56  -53.63  -52.62  -51.56  -50.53  -49.61  -49.39  

1820 -57.89  -57.00  -56.00  -55.15  -54.36  -53.26  -52.99  -51.76  -52.80  

1860 -65.02  -63.45  -62.90  -61.98  -60.24  -58.29  -56.84  -54.93  -52.51  

1900 -54.06  -53.35  -52.36  -51.21  -50.39  -49.40  -47.90  -46.65  -46.14  

1940 -61.52  -61.37  -60.51  -59.85  -58.95  -58.00  -56.18  -55.23  -58.37  

1980 -61.40  -60.58  -59.71  -58.95  -57.81  -56.77  -55.50  -54.53  -51.05  

2020 -60.62  -59.52  -58.84  -57.81  -56.70  -55.78  -54.64  -53.81  -50.11  

2060 -65.17  -64.63  -63.26  -62.52  -61.15  -60.77  -59.26  -57.82  -52.56  

2100 -61.15  -60.40  -59.25  -58.08  -57.34  -56.18  -55.07  -54.04  -50.55  

2140 -62.64  -61.30  -60.71  -59.57  -58.56  -57.62  -57.08  -55.91  -51.39  

2180 -64.49  -62.71  -62.70  -61.81  -61.03  -59.83  -59.01  -57.65  -53.47  

2220 -67.29  -67.27  -68.11  -66.69  -65.67  -65.35  -63.35  -62.45  -55.55  

2260 -64.77  -63.83  -63.24  -61.87  -61.15  -60.42  -58.95  -58.12  -53.62  

2300 -63.02  -61.96  -61.39  -60.10  -59.35  -58.39  -57.26  -56.12  -53.24  

2340 -68.28  -68.79  -69.86  -69.73  -70.30  -69.98  -69.62  -69.83  -58.94  

2380 -61.68  -61.17  -60.19  -59.54  -58.05  -57.29  -55.73  -54.58  -51.02  

2420 -60.95  -60.31  -59.45  -58.39  -57.29  -56.44  -55.24  -54.21  -50.92  

2460 -60.73  -60.08  -58.84  -58.16  -57.03  -56.16  -55.36  -54.41  -51.16  

2500 -58.28  -57.55  -56.75  -55.42  -54.64  -53.60  -52.65  -51.56  -49.05  

2540 -59.52  -58.33  -57.68  -56.71  -55.67  -54.75  -53.58  -52.53  -49.84  

2580 -57.45  -56.69  -55.69  -54.77  -53.76  -52.70  -51.65  -50.46  -48.16  

2620 -58.41  -57.70  -56.78  -55.66  -54.71  -53.74  -52.49  -51.36  -48.90  

2660 -59.09  -57.94  -57.20  -56.39  -55.36  -54.24  -53.03  -51.93  -49.12  

2700 -58.77  -57.63  -56.49  -55.53  -54.68  -53.58  -52.61  -51.68  -49.01  
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RF Input 

frequency 

range 

(MHz) 

Spurious Frequency  Dynamic Range (dBc) v.s RF v.s RF power level 

(dBm) 

RF Power Level (dBm) 
-1 0 1 2 3 4 5 6 

500 -58.84  -57.76  -56.21  -52.37  -51.44  -50.24  -49.19  -47.89  

540 -47.30  -46.27  -45.22  -44.39  -43.35  -42.29  -41.30  -40.22  

580 -53.01  -51.99  -50.79  -49.26  -47.98  -46.77  -45.52  -44.19  

620 -58.92  -57.57  -56.52  -53.86  -52.54  -51.54  -50.46  -49.36  

660 -53.69  -52.62  -51.46  -49.70  -48.74  -47.81  -46.88  -46.04  

700 -46.21  -45.13  -44.02  -44.22  -43.09  -42.01  -40.94  -39.86  

740 -57.24  -56.24  -54.77  -54.05  -53.02  -51.86  -50.89  -49.78  

780 -68.54  -66.43  -63.08  -61.94  -58.93  -56.75  -54.75  -52.76  

820 -50.03  -48.76  -47.41  -47.64  -46.48  -45.33  -44.20  -43.01  

860 -58.14  -57.42  -56.72  -52.76  -52.32  -51.74  -51.30  -50.95  

900 -62.58  -61.89  -61.94  -57.46  -57.33  -57.44  -57.46  -56.75  

940 -50.26  -49.32  -48.14  -46.64  -45.47  -44.30  -43.14  -41.90  

980 -53.12  -52.34  -51.78  -50.96  -50.59  -50.54  -50.51  -50.40  

1020 -56.04  -55.22  -54.80  -54.41  -54.16  -54.17  -54.22  -54.31  

1060 -50.18  -49.05  -47.98  -46.34  -45.30  -44.19  -43.21  -42.27  

1100 -61.47  -60.27  -58.55  -56.11  -54.69  -53.21  -51.75  -50.48  

1140 -48.41  -47.28  -46.14  -44.41  -43.37  -42.36  -41.37  -40.46  

1180 -46.35  -45.22  -44.09  -42.80  -41.63  -40.50  -39.38  -38.32  

1220 -50.81  -49.68  -48.54  -46.80  -45.63  -44.52  -43.25  -42.05  

1260 -56.88  -55.89  -54.43  -53.70  -52.33  -51.17  -50.03  -48.95  

1300 -59.64  -58.12  -57.23  -56.59  -55.25  -54.01  -52.89  -51.47  

1340 -60.37  -58.81  -57.46  -55.47  -53.94  -52.50  -50.73  -49.14  

1380 -54.24  -53.14  -52.00  -50.66  -49.63  -48.65  -47.61  -46.69  

1420 -53.75  -52.73  -51.68  -50.00  -49.19  -48.32  -47.57  -46.86  

1460 -55.26  -54.44  -53.78  -50.99  -50.42  -49.88  -49.51  -49.42  

1500 -52.01  -51.01  -50.12  -47.03  -46.26  -45.36  -44.68  -43.99  

1540 -50.91  -49.89  -49.25  -46.69  -46.14  -45.63  -45.28  -45.13  

1580 -51.57  -50.82  -49.91  -48.49  -47.86  -47.31  -46.94  -46.71  

1620 -52.12  -51.23  -50.21  -48.71  -47.66  -46.85  -45.91  -45.04  

1660 -52.12  -51.21  -50.20  -48.95  -48.14  -47.41  -46.60  -46.03  

1700 -52.42  -51.44  -50.49  -49.43  -48.58  -47.74  -47.05  -46.53  

1740 -51.35  -50.23  -49.30  -48.80  -47.92  -46.93  -46.03  -45.20  

1780 -48.13  -47.08  -46.07  -45.01  -44.03  -43.16  -42.37  -41.64  

1820 -52.27  -51.62  -51.24  -49.84  -47.88  -46.01  -44.10  -42.33  

1860 -50.75  -48.70  -46.72  -44.70  -42.77  -40.83  -38.96  -37.15  

1900 -45.18  -44.14  -43.52  -42.58  -41.67  -40.71  -39.77  -38.88  

1940 -56.66  -54.92  -53.14  -51.54  -49.83  -48.16  -46.57  -45.13  

1980 -50.03  -49.01  -48.38  -47.23  -46.29  -45.32  -44.46  -43.68  

2020 -49.10  -48.05  -46.98  -46.05  -45.15  -44.21  -43.40  -42.64  

2060 -51.78  -50.69  -49.16  -48.22  -47.13  -46.18  -45.20  -44.36  

2100 -49.55  -48.20  -46.98  -45.77  -44.57  -43.36  -42.11  -40.91  

2140 -50.51  -49.49  -48.23  -47.21  -46.16  -45.08  -44.01  -42.99  

2180 -52.28  -51.58  -50.07  -49.01  -48.07  -47.00  -46.06  -45.21  

2220 -54.31  -53.59  -51.89  -50.72  -49.70  -48.36  -47.12  -45.86  
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2260 -52.70  -51.72  -50.71  -49.55  -48.52  -47.55  -46.42  -45.43  

2300 -52.42  -51.49  -50.48  -49.56  -48.62  -47.71  -46.85  -46.16  

2340 -57.43  -56.67  -55.12  -53.83  -52.33  -51.05  -49.64  -48.08  

2380 -50.11  -49.09  -48.09  -47.08  -46.03  -45.03  -43.89  -42.82  

2420 -49.97  -48.92  -48.19  -47.04  -46.09  -45.08  -44.01  -43.10  

2460 -50.07  -48.96  -47.46  -46.44  -45.37  -44.27  -43.23  -42.12  

2500 -48.08  -47.05  -45.95  -44.94  -43.91  -42.88  -41.90  -40.95  

2540 -48.87  -47.87  -47.01  -45.95  -44.95  -43.93  -42.96  -41.99  

2580 -47.09  -46.12  -45.16  -44.08  -43.10  -42.05  -41.07  -40.09  

2620 -48.08  -47.01  -45.93  -44.90  -44.00  -42.91  -41.89  -40.86  

2660 -48.01  -47.29  -45.73  -44.83  -43.84  -42.79  -41.71  -40.72  

2700 -47.77  -46.39  -45.46  -44.45  -43.38  -42.40  -41.22  -40.18  

 

 

RF frequency is from 700 MHz to 1680 MHz and power level is from -10 dBm to 6 dBm. LO 

frequency range is 1700 MHz, and power level is 10 dBm. IF frequency is from 20 MHz.to 

1000 MHz. Observation bandwidth is 1.4 GHz. 

 

 

RF Input 

frequency 

range 

(MHz) 

Spurious Frequency  Dynamic Range (dBc) v.s RF v.s RF power level (dBm) 

RF Power Level (dBm) 

-10 -9 -8 -7 -6 -5 -4 -3 -2 

700 -23.32  -23.48  -23.41  -23.38  -23.49  -23.37  -23.40  -23.19  -23.16  

740 -25.66  -25.60  -25.58  -25.57  -25.56  -25.52  -25.49  -25.61  -25.61  

780 -25.85  -25.82  -25.70  -25.79  -25.72  -25.71  -25.76  -25.89  -25.80  

820 -31.00  -30.94  -31.01  -31.20  -31.11  -31.12  -31.12  -31.01  -30.94  

860 -31.20  -31.02  -31.25  -31.00  -31.05  -31.00  -31.04  -30.84  -30.87  

900 -27.83  -27.85  -27.84  -27.97  -27.94  -27.82  -27.86  -27.95  -27.89  

940 -25.23  -25.22  -25.14  -25.33  -25.22  -25.24  -25.23  -25.53  -25.47  

980 -23.35  -23.44  -23.52  -23.45  -23.43  -23.39  -23.40  -23.60  -23.58  

1020 -25.95  -25.97  -26.06  -26.09  -26.10  -26.01  -26.07  -26.16  -26.11  

1060 -29.36  -29.41  -29.21  -29.20  -29.27  -29.26  -29.37  -29.39  -29.47  

1100 -31.76  -31.72  -31.87  -31.79  -31.87  -31.94  -31.92  -31.23  -31.17  

1140 -33.39  -33.64  -33.62  -33.51  -33.60  -33.70  -33.69  -33.05  -33.14  

1180 -35.94  -35.82  -35.80  -35.95  -35.76  -35.82  -35.93  -36.07  -36.19  

1220 -52.36  -53.45  -53.33  -53.02  -51.11  -50.79  -49.75  -48.38  -47.51  

1260 -53.16  -53.08  -53.69  -51.91  -51.40  -50.30  -49.65  -48.37  -47.45  

1300 -52.88  -50.91  -54.11  -52.59  -51.88  -51.64  -50.06  -49.52  -48.05  

1340 -53.26  -52.29  -51.29  -52.60  -50.47  -49.39  -48.70  -47.25  -46.48  

1380 -51.78  -51.48  -50.93  -50.36  -49.56  -48.54  -47.73  -46.75  -45.50  
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1420 -49.16  -48.67  -51.45  -50.61  -49.01  -48.37  -47.28  -46.49  -45.89  

1460 -53.09  -53.10  -53.05  -52.00  -50.61  -48.98  -48.10  -47.51  -46.36  

1500 -52.77  -52.05  -51.83  -50.48  -49.64  -48.91  -47.97  -47.05  -45.98  

1540 -52.91  -51.71  -50.71  -49.56  -48.85  -48.00  -46.86  -46.33  -45.03  

1580 -51.80  -52.39  -51.82  -50.40  -49.14  -48.15  -47.43  -46.44  -45.69  

1620 -55.05  -54.58  -53.76  -53.68  -52.46  -52.03  -51.26  -49.91  -49.31  

1660 -56.13  -57.36  -57.04  -57.49  -55.79  -54.95  -53.62  -52.87  -52.32  

 

 

RF Input 

frequency 

range 

(MHz) 

Spurious Frequency  Dynamic Range (dBc) v.s RF v.s RF power 

level (dBm) 

RF Power Level (dBm) 

-1 0 1 2 3 4 5 6 

700 -23.15  -23.12  -23.06  -22.56  -22.48  -22.41  -22.34  -22.28  

740 -25.57  -25.50  -25.46  -25.36  -25.26  -25.13  -25.01  -24.87  

780 -25.85  -25.80  -25.75  -25.61  -25.54  -25.43  -25.33  -25.20  

820 -30.96  -30.92  -30.83  -31.58  -31.47  -31.35  -31.20  -31.00  

860 -30.81  -30.72  -30.64  -31.10  -30.94  -30.77  -30.53  -30.26  

900 -27.92  -27.83  -27.77  -27.60  -27.49  -27.40  -27.27  -27.07  

940 -25.46  -25.44  -25.40  -25.37  -25.32  -25.19  -25.08  -24.94  

980 -23.54  -23.51  -23.52  -23.58  -23.54  -23.42  -23.34  -23.18  

1020 -26.14  -26.04  -26.10  -25.73  -25.70  -25.67  -25.61  -25.54  

1060 -29.43  -29.44  -29.43  -30.03  -30.07  -30.06  -30.12  -30.16  

1100 -31.20  -31.26  -31.34  -33.16  -33.22  -33.35  -33.41  -33.57  

1140 -33.22  -33.30  -33.31  -34.24  -34.33  -34.48  -34.63  -34.83  

1180 -36.13  -36.31  -36.29  -36.12  -36.12  -36.22  -36.28  -36.45  

1220 -47.05  -45.56  -44.76  -43.84  -43.02  -41.89  -40.79  -39.83  

1260 -46.18  -45.11  -44.05  -42.94  -41.83  -40.86  -39.85  -38.73  

1300 -47.51  -46.02  -44.97  -44.01  -42.94  -42.10  -40.97  -40.01  

1340 -45.23  -44.06  -43.25  -42.20  -41.28  -40.22  -39.15  -38.13  

1380 -44.35  -43.41  -42.51  -41.61  -40.58  -39.62  -38.65  -37.69  

1420 -44.58  -43.61  -42.73  -42.07  -41.11  -40.07  -39.18  -38.28  

1460 -45.79  -44.80  -43.74  -43.11  -41.99  -41.06  -40.01  -38.97  

1500 -44.95  -43.91  -42.98  -42.00  -41.05  -40.04  -39.06  -38.08  

1540 -44.41  -43.26  -42.44  -41.47  -40.57  -39.71  -38.78  -37.92  

1580 -44.88  -43.76  -42.82  -41.71  -40.69  -39.75  -38.84  -37.89  

1620 -48.01  -46.94  -45.90  -45.54  -44.56  -43.56  -42.67  -41.77  

1660 -51.75  -50.32  -49.19  -48.81  -48.02  -47.06  -46.26  -45.44  

 


