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Abstract. In the paper is described design of workstation configuration, way of 

the controlling peripheral devices. It also contains selected results of automatic 

measurements of electronic devices in microwave frequency band. The 

designed measurement workstation provides automatic measurement and 

evaluation of power parameters of microwave circuits and devices whose 

input/output impedance is equal to 50 Ω. Designed workstation evaluate 

impedance matching, transfer characteristics and power instability. Process of 

automatic measurement and evaluation of listed parameters is controlled by 

control computer using GPIB a RS232 bus. Software part of automatic 

measurement workstation is developed in Matlab-GUI.  
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1   Introduction 

Microwave frequency band covers high frequency waves with the wavelength in the 

range 30 cm ÷ 1 mm (i.e. frequency band 1 ÷ 300 GHz) [1]. Implementation of 

microwave circuits and devices in given frequency band comply with certain specific 

technologies and practices that are essential to their proper operation. In the process 

of designing and realization of microwave circuits and devices, measurements and 

evaluations of their parameters fulfill irreplaceable position. We can classify 

impedance matching, transfer characteristics and power instability as the most 

important parameters of microwave circuits and devices. When the measurements are 

provided with modern devices there is an assumption that individual measurements 

could be implemented automated or automatically. The biggest advantages of these 

measurements are their speed, reproducibility and operator comfort. A very important 

factor is the fact that measurements are made without user intervention, thus errors in 

the reading and evaluation of measured values are eliminated [2]. Errors of the 

individual measurements are then dependent only on the technical parameters of the 

installed hardware and on the method of processing and evaluating of measured data.  



2   Workstation configuration 

For the realization of automatic measurement of the parameters of microwave circuits 

and devices was designed and implemented adequate configuration of measurement 

workstation, which is shown in Fig.1.  
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Fig. 1. Configuration of automatic measurement workstation 

The above workstation consist except measured microwave device of the following 

parts:  

1. Control Computer (CC) with the control software designed in Matlab-GUI [3], 

2. GPIB – USB bus, 

3. RS-232 – USB bus, 

4. signal generator MG3690C, 

5. power meter ML2438A with high accuracy power sensor MA2442A, 

6. SWR meter (used only for measuring microwave device impedance 

matching), 

7. 50 Ω coaxial cables. 

2.1   Remote control of signal generator 

As a source of high frequency signal in workstation configuration was used signal 

senator MG3690C. This is a sufficiently accurate and stable generator, which is 

connecter to the control computer via the GPIB (General Purpose Interface Bus). 

GPIB-USB is plug-and-play interface that is automatically detected and configured by 

operating system as soon as it is physically attached to the USB port, but for the 

cooperation with Matlab, it is necessary to install drivers from setup installation 

package ni4882273.exe.  

The GPIB uses 16 signal lines to effect transfer of information between all devices 

connected on the bus. The interface consists of 16 signal lines and 8 ground lines in a 

shielded cable. Eight of the signal lines are the data lines, DIO 1 through DIO 8. 

These data lines carry messages (data and commands), one byte at a time, among the 

GPIB devices. Three of the remaining lines are the handshake lines that control the 

transfer of message bytes between devices. The five remaining signal lines are 



referred to as interface management lines. Designations of signal lines of GPIB 

interface is listed in the Table 1. 

Table 1.  GPIB signal line designations.  

Bus type Name Number Function 

Data Bus DIO1-DIO8 1-3, 13-16 Data I/O 

Data Byte Transfer 

Control Bus 

DAV 6 Data Valid 

NRFD 7 Not Ready For Data 

NDAC 8 Not Data Accepted 

General Interface 

Management Bus 

ATN 11 Attention 

IFC 9 Interface Clear 

SRQ 10 Service Request 

REN 17 Remote enable 

EOI 5 End Or Identify 

 

The data bus is the conduit for the transfer of data and commands between the devices 

on the GPIB. It contains eight bi-directional, active-low signal lines—DIO 1 through 

DIO 8. Data and commands are transferred over the data bus in byte-serial, bit-

parallel form. This means that one byte of data (eight bits) is transferred over the bus 

at a time. DIO 1 represents the least-significant bit (LSB) in this byte and DIO 8 

represents the most-significant bit (MSB). Bytes of data are normally formatted in 

seven-bit ASCII (American Standard Code for Information Interchange) code. The 

eighth (parity) bit is not used. Each byte placed on the data bus represents either a 

command or a data byte. If the Attention (ATN) interface management line is TRUE 

while the data is transferred, then the data bus is carrying a bus command which is to 

be received by every GPIB device. If ATN is FALSE, then a data byte is being 

transferred and only the active listeners will receive that byte [4]. 

Control of the transfer of each byte of data on the data bus is accomplished by a 

technique called the “three-wire handshake”, which involves the three signal lines of 

the Data Byte Transfer Control Bus. This technique forces data transfers at the speed 

of the slowest listener, which ensures data integrity in multiple listener transfers. One 

line (DAV) is controlled by the talker, while the other two (NRFD and NDAC) are 

wired-OR lines shared by all active listeners. The handshake lines, like the other 

GPIB lines, are active low. DAV (Data Valid) line is controlled by the active talker. 

Before sending any data, the talker verifies that NDAC is TRUE (active low) which 

indicates that all listeners have accepted the previous data byte. The talker then places 

a byte on the data lines and waits until NRFD is FALSE (high) which indicates that 

all addressed listeners are ready to accept the information. When both NRFD and 

NDAC are in the proper state, the talker sets the DAV line TRUE (active low) to 

indicate that the data on the bus is valid (stable). NRFD (Not Ready For Data) line is 

used by the listeners to inform the talker when they are ready to accept new data. The 

talker must wait for each listener to set the NRFD line FALSE (high) which they will 

do at their own rate. This assures that all devices that are to accept the data are ready 

to receive it. NDAC (Not Data Accepted) line is also controlled by the listeners and is 

used to inform the talker that each device addressed to listen has accepted the data. 

Each device releases NDAC at its own rate, but NDAC will not go FALSE (high) 



until the slowest listener has accepted the data byte [4]. When controlling generator 

MG3690C by control computer, generator always acts in the role of listener and 

control computer, which is controlling generator acts as talker and also controller. In 

this way is the output power and frequency of the generator automatically configured, 

using corresponding software. 

2.2   Remote control of power meter 

In automatic measurement workstation was for measuring power parameters of 

microwave circuits and devices chosen power meter ML2438A with high accuracy 

power sensor MA2442A. It is sufficiently precise power meter, which is connected to 

the control computer via the serial interface RS-232. This connection can be made 

using most standard serial cables. But it is important that the hardware handshake 

CTS and RTS lines are used to control the flow of data in and out of the power meter 

and must be available in the cable as hardware handshaking is always enabled. The 

DTR and DSR lines are connected together within the meter. It is also important to set 

hardware flow control when initializing port in Matlab. Structure and functions of RS-

232 serial connector is listed in Table 2. 

Table 2.  Structure and functions of RS-232 serial connector  

No PIN Signal Function 

1 DCD- Data Carrier Detect not used 

2 RX data - Received data  receive data 

3 TX data -Transmitted data transfer data 

4 DTR - Data Terminal Ready DRT handshake signal 

5 GND- Ground signal ground 

6 DSR - Data Set Ready DSR handshake 

7 RTS - Request To send RTS handshake 

8 CTS - Clear To Send CST handshake 

9 RI- Ring Indicator not used 

 

The serial interface baud rate can be set using the power meter front panel menu or 

the RSBAUD command. Available baud rates are: 1200, 2400, 4800, 9600 (default), 

19200, and 38400. Other parameters are predefined as: 8 bits, no parity and 1 stop bit 

and cannot be changed [5]. When controlling power meter ML2438A by control 

computer, power meter acts in the role of talker and control computer acts as listener 

and also controller. By the corresponding software, the power meter returns measured 

reading available in the output buffer from the selected. The content of the returned 

data is average power [dBm] calculated from 64 samples, what solves the statistical 

evaluation of measured data. 



3   Measured parameters of microwave circuits and devices 

Designed workstation provides automatic measurements an evaluation of following 

parameters of microwave circuits and devices:  

1. Impedance Matching, 

2. Transfer Characteristics, 

3. Power Instability. 

Separate part od control computer software is also possibility to perform basc 

mathematical operations (+, -, *, /) with individual vectors of measured data. All 

measurements can be performed in microwave circuits and devices with input resp. 

output impedance Z = 50 Ω. 

3.1   Impedance matching measurement 

Impedance matching measurements of microwave circuits and devices is performed 

using SWR meter, whose operating principle is based on the characteristics of ferrite 

circulators. A detailed description of the issue is referred in [6]. Input of ferrite 

circulator is connected to signal output of generator. Its first output is connected to 

measured microwave device and second output is connected to input of power meter. 

The basic principle of the impedance matching measurement using ferrite circulator is 

shown in Fig 2.  
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Fig. 2. The basic principle of the impedance matching measurement using ferrite 

circulator 

From the measurement of impedance matching can be evaluated reflection coefficient 

Γ, whose value is given by the following formula 
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where UREF a PREF is voltage resp. power of reflected wave and UIN a PIN is voltage 

resp. power of incident wave.  



Voltage standing wave ratio (VSWR) can be calculated by the following formula from 

reflection coefficient: 
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and return loss (RL) is subsequently determined by: 

 log20RL        [dB]. (3) 

The results of measurements and evaluations of these parameters are graphical 

characteristics and protocol of the measured values depending on the frequency. This 

type of measurement is essential to deal with, especially when evaluating antenna 

characteristics, as necessary hardware some microwave devices (transmitters, 

receivers, etc.). 

3.2   Measuring of transfer characteristics 

Measurement of transfer characteristics is two-step process. The first step of 

measurement is to evaluate dependence of signal generator output power and 

attenuation of coaxial cables from frequency PG = f(f) (device excitation). This 

measurement is performed without measured microwave device. It means that output 

of generator is connected directly to power meter via coaxial cables. In the second 

step is performed measurement of whole circuit where the measured device is 

connected between generator and power meter. In this way the dependence of device 

output power from frequency is obtained PIN = f(f) (device response). The resulting 

transfer characteristics of the device is then given by following formula: 

GIN PPH         [dB]. (4) 

The measurement output is graphical transfer characteristic H of measured device and 

protocol of the measured values depending on the frequency. From this characteristic 

could be determined other parameters of the device such as: 

1. Gain resp. attenuation at the specific frequency 

2. Resonance frequency fRES, 

3. Frequency bandwidth B. 

 

This type of measurement can be performed for identifying specific parameters of 

microwave devices such as amplifiers, attenuators, filters, coaxial cables etc. 

3.3   Measurement of power instability 

Measurement of these characteristics is essential to perform, especially for sources of 

microwave signals, such as generators and oscillators. In this measurement the output 

of microwave device is connected directly to power meter. Control computer evaluate 

power instability of measured device through the power measurements during the 

selected period of time in discrete time intervals. The measurement output is also 



graphical characteristic and protocol of the measured values depending on the time, 

expressed as a function PG = f(t). From this characteristic, it is then possible for 

generators with adjustable power to determine magnitude of the difference between 

the set power and measured power (so-called output absolute error) by following 

formula: 

GSETGM PPP       [dB], (5) 

where PGM is measured power and PGSET is set power. 

3   Result of measurement 

Using the designed workstation for automatic measurements of power parameters, 

were performed several measurements for selected microwave circuits and devices. In 

measurement of impedance matching the emphasis was placed on the verification of 

the accuracy of measuring VSWR of reference antennas, which are equipped in 

laboratories at the Department of Electronics Armed Forces Academy in Liptovsky 

Mikulas. Example of VSWR measurement results of antenna DRH18-E is shown in 

Fig. 3. 
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Fig. 3. Example of VSWR measurement results of antenna DRH18-E. 

VSWR measurement of microwave circuits and devices can be performed in frequency 

band 1 ÷ 8 GHz, due to frequency limitation of used ferrite circulators in the circuits 

of SWR meter.  

As verification measurements of transfer characteristics, were performed several 

measurements with a focus on amplifiers, attenuators, filters and coaxial cables. 

These measurements can be performed in frequency band from 10 MHz to 20 GHz. 

Limitation of the frequency range is caused by using the signal generator MG 3690C. 

Example of transfer characteristic measurement of amplifier with integrated circuit  

MAX2232 is shown in Fig. 4. 
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Fig. 4. Example of transfer characteristic measurement of amplifier with integrated circuit 

MAX2232. 

From the results of this measurement can be evaluated the following parameters of 

measured amplifier: 

1. Resonance frequency fRES = 890 MHz, 

2. Frequency bandwidth B = 82 MHz, 

3. Gain at resonance frequency GMAX = 22,9 dB. 

 

As example of measurement of power instability, was performed measurement of 

signal generator MG3690C. The result of this measurement is shown in Fig. 5. 
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Fig. 5. Example of power instability measurement for signal generator MG3690C  

From the results of this measurement, it can be concluded that the power output of the 

generator MG3690C will be stabilized after about 30 minutes from power on. 

Therefore, the start time of automatic measurements made by the designed 

workstation is conditioned by this time. Absolute error of output signal power of this 



generator is at the output power set to PGSET = 10 dBm value ΔP = 0,44 dBm. 

Measurement of power instability can be performed in frequency band from 10 MHz 

to 20 GHz. Limitation of the frequency range is caused by using the power meter 

ML2438A with sensor MA2442A. 

4   Conclusions 

With designed workstation for the automatic measurements of power parameters of 

microwave circuits and devices, were performed several verification measurements. 

The measured results were compared with data provided by manufacturers of 

measured microwave circuits and devices and correlate with each other. For that 

reason it can be concluded that designed and implemented workstation can be used 

not only in the educational process on Department of Electronics Armed Forces 

Academy in Liptovsky Mikulas, but also at work on scientific tasks in this 

department. 
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