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 This paper presents the design and development of the RF power detector for 

microwave applications that is operating at 2.4GHz using microstrip. The 

design of diode detector circuit is simulated using Keysight ADS software tool. 

The design of the diode detector includes the matching network, Schottky 

diode and the low pass filter. The paper also presents the fabrication and 

measurement of the designed circuit. 
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1. INTRODUCTION 

RF power detector is a device which changes the sinusoidal RF signal into a DC voltage for the 

purpose of measuring the power level of a signal. Diode detectors are a widely used technique for measuring 

RF power [1]. Diode detectors use the rectification function to change the sinusoidal signal into DC voltage. 

The significant factor in the design and performance of a circuit or system that works at RF or microwave 

frequencies is their output power. To understand the basic circuit element up to overall system performance it's 

crucial to measure the signal level [2-5]. This means that the techniques and power measurement equipment 

must be precise and suitable. The components in a system must receive the correct signal level from the 

preceding component and pass the suitable signal level to the next component. In the event that the output 

signal turns out to be too low, the signal cannot be detected and becomes obscured in noise. On the contrary, 

if the signal level turns out to be too high, the performance gets to be nonlinear and distortion can result [6]. 

Diodes allow the voltage to pass only in one direction and blocks in the other direction. Diodes are 

being used for the RF and microwave power measurement since long time ago but were only limited to  

lower frequencies [7]. 

Diode detectors utilize high-frequency diodes to detect the RF power. The diode performs process 

called rectification, and it converts the RF signal into DC so that the power can be measured. One or more 

diodes can be used to perform the rectification and makes it resistant to harmonic distortion. Diode detectors 

typically have large dynamic range usually between -70 to +20dBm. However, the operation of the diode is 

not linear, and it is not the same in the entire dynamic range. 

RF detectors are used in many applications. They are mainly used for transmitter output power 

measurement and control. In [2], a wideband diode detector was presented. The design has a bias current which 
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can make the design complex, but in this paper, the bias network is removed which made the design simple. 

Figure 1 shows the diode detector block diagram and Figure 2 shows the diode detector region. 

 

 

 
 

Figure 1. Diode detector block diagram 

 

 

  
 

Figure 2. Diode detector regions [7] 

 

 

2. RF POWER DETECTOR CIRCUIT DESIGN 

The design of RF power detector in ADS is divided into three parts; the Schottky diode, low pass 

filter, and matching network. Figure 3 shows the block diagram of the simulated circuit detector in ADS.  
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Figure 3. System Block Diagram 

 

 

The detector is designed using microstrip technique on FR4 substrate. Matching network consists of 

single open stub matching and filtering network consists of a 100pF capacitor and 100kΩ resistor connected 

in series. Table 1 shows the substrate specifications. In this paper, the Schottky diode used is HSMS2850, 

manufactured by HP. The designed circuit is operating at 2.4GHz because most of the applications are 

operating at this frequency. 

 

 

Table 1. Substrate specification 
Symbols Descriptions Value 

h Substrate Height 1.6mm 

εr Dielectric Constant 4.7 

TanD Dissipation Factor 0.018 

t Conductor Thickness 0.017mm 
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2.1.   Matching network 

The matching network is one of the most vital part in the design of the diode detector. The main 

purpose of the matching network is to match the source impedance to that of the detector. The source 

impedance for most communication applications is 50 Ω. The matching network is required because of two 

main reasons, the first being to provide maximum power transfer and the second being to prevent standing 

waves formed because of reflection. 

There are many ways used to design a matching network such as L matching network. The L matching 

consists of capacitor and inductor. Other matching techniques used are the quarter wave transformer, and the 

open and short stub matching as shown in Figure 4. These techniques are implemented using the micro-strip 

technology. The chosen matching network in this paper is open stub matching network. 

 

 

 
 

Figure 4. Series stub matching network [7] 

 

 

2.2.   Schottky diode 
Schottky diode named after a German physicist Walter H. Schottky; is a semiconductor diode that 

have forward voltage drop and fast switching action. The normal diode has voltage drop 0.6-1.7 volts, while a 

schottky diode has roughly 0.15-0.45 volts. 

In this paper, Schottky diode used is the HSMS-2850 product form HP. From the spice parameter 

given, the value of Rj can be calculated using (1). 

 

𝑅𝑗 =
8.33 ×10−5𝑛𝑇

𝐼𝑏+𝐼𝑠
 (1) 

 

where:  Ib = bias current 

 Is = saturation current 

 n = ideality factor 

 T = temperature in Kelvin 

 

From the spice parameter given the value of Is =1x10-5 A, n =1.08, and the value of Ib is assumed to 

be zero because this design does not implement biasing, and the temperature is assumed to be 20˚C which 

equals to 293K. The calculated value of Rj is 527 kΩ. Schottky diode equivalent design in ADS shown in 

Figure 5. 

 

 

 
 

Figure 5. Schottky diode equivalent design in ADS 
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2.3.   Filtering network 

The filtering network in the power detector consists of a smoothing capacitor and a load resistor 

connected in parallel. This forms a low pass filter that allows only the low frequency signal produced by the 

detector to pass through. The capacitor in the filtering network also acts as smoothing capacitor. This helps to 

change the input RF signal to a DC voltage. Filter network design in ADS shown in Figure 6. 

 

 

 
 

Figure 6. Filter network design in ADS 

 

 

2.4.   Overall circuit simulation 

Figure 7 shows the overall design of the circuit in ADS. This circuit is used in the simulation to get 

the S-parameters and the VSWR. The S-parameter simulation is used to get the return loss and the insertion 

loss. Figure 8 is the same circuit but it is used for Harmonic Balance simulation. The Harmonic Balance 

simulation is used to get the output voltage versus the input power. From the designed circuit, the layout of the 

design is obtained using ADS. Figure 9 shows the layout of the circuit. This layout is used for the fabrication. 

Figure 10 shows the front side and back side of the fabricated design. 

 

 

 
 

Figure 7. S-parameter simulation circuit 
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Figure 8. Harmonic balance simulation circuit 

 

 

 
 

Figure 9. Design Layout 
 

 

  
(a) (b) 

 

Figure 10. Fabricated circuit (a) front side, (b) back side 
 

 

3. RESULTS AND DISCUSSION 

The scattering parameters or commonly known as the S-parameters are used to provide a complete 

description of an N-port network. The designed circuit is two port network and the analyzed parameters are the 

S11, S21, and VSWR. The simulated and measured parameters are presented. The measured parameters are 

found using Agilent E8362B PNA network analyzer. The S11 is the measurement of how much power is 

reflected in port 1, and it is commonly known as the return loss and it is measured in dB. A good design has a 

return loss which is less -10dB. 

A comparison of the simulated and measured S11 is shown in Figure 11. The simulated S11 shows a 

return loss of -35dB at 2.4GHz compared to the measured result which gives about -30dB at the same 
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frequency. This shows that there is good matching and most of the signal power passed through. Another 

important S-parameter is the S21 which represents the power transferred from port 1 to port 2. A circuit with 

good performance has an S21 which is less than -3dB at the resonant frequency. 
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Figure 11. Measured vs Simulated S11 

 

 

Figure 12 shows the simulated and measured S21, the simulated S21 at the resonant frequency is -

2.5dB, which is in the required range, while the measured S21 is -5.7dB which is slightly less than the required 

range, this is because of the substrate which has high loss and errors from fabrication. 
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Figure 12. Measured vs simulated S21 

 

 

The last parameter covered in the S-parameter simulation is the VSWR. The VSWR is another 

parameter used to test the impedance matching. A perfect matched circuit has a VSWR value of 1. Figure 13 

shows the simulated VSWR which gives a value of 1.036 and that indicates that there is good matching. The 

measured result of the VSWR is also shown in Figure 13, the VSWR at the resonant frequency is 1.09 which 

almost the same as the simulated result. 
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Figure 13. Measured vs simulated VSWR 

 

 

Harmonic balance simulation is used to get the input power versus the output voltage. As stated before, 

the purpose of the power detector is to measure the power of RF signal by changing it into DC voltage. The 

result of the harmonic balance simulation is shown in Figure 14, clearly, it shows that as the power increases 

the output voltage also increases. From this result, two parameters can be obtained the first is the dynamic 

range which is the operating range of the detector and it is between -10dBm to -30dBm and the second 

parameter is the sensitivity of the detector which can be calculated using (1). The calculated sensitivity is found 

to be 40mV/mW, this means for every 1mW, output voltage increases by 40mV. 
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where:  Dsen = Detector Sensitivity (V/W) 

 V0 = Output Voltage (mV) 

 Pin = Input power (mW) 

 

 

Input Power (dBm)

-10 0 10 20 30

O
ut

pu
t V

ol
ta

ge
 (V

)

0.0

0.2

0.4

0.6

0.8

 
 

Figure 14. input power vs output voltage 

 

 

4. CONCLUSION 

RF power detector using zero biased Schottky diodes has been designed and simulated using Agilent 

ADS software. It has been fabricated to verify the proposed design experimentally and the S-parameters 

performance has good agreement between simulated and measured results. 
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