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Abstract 
 
This thesis has been written at Ericsson AB in Kumla. The purpouse of the thesis was to evaluate if it was 
possible to use PXI instruments in Ericsson’s current test system and if it would bring any improvements. 
The parameters considered were compatibility, test time, radio frequency performance, equipment footprint 
and total cost of ownership. Compatibility and test time was evaluated using small test apps, the other three 
evaluations are based on calculations. 

We found that PXI is compatible with Ericsson’s current test system, is faster than the current 
instruments, has similar radio frequency performance stats, does not change equipment footprint and shows 
a 6 % cost decrease in total cost of ownership. 
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Chapter 1  
 
Introduction 

This thesis is written for Ericsson AB in Kumla. Ericsson is a global company that develops and produces 
equipment and services for communication, mainly mobile traffic. Ericsson is the world’s largest provider 
of mobile network and needs to seek new solutions to stay in the lead.  Demands on higher quality products 
and lower production cost requires a search for new test instruments. PXI instruments were evaluated 
several years ago, but were not deemed to have high enough quality to meet the demands from Ericsson. 
With the technology advancement and more competitors on the PXI market, it has been decided to evaluate 
PXI instruments again. 

 

1.1 Objectives 
The objective of this thesis is to gather information in specified areas that can be used when deciding if 
PXI is a potential future test system for Radio Frequency testing at Ericsson. PXI instruments and 
instruments currently used in Ericsson’s test systems will be evaluated and compared.  

1.2  Problem definition 
When introducing a new type of instrument in a test system the most important criteria for the PXI 
instruments is that they have to function within Ericsson’s current test platform. This requires the drivers 
to have an identical interface towards the rest of the system, independent of what hardware is used.  

The following five tests and calculations will be made as a comparison between PXI and the BOX 
instruments currently used.  Test time   RF performance 

o RF power 
o Dynamic Range 
o Amplitude and phase flatness  Requirements on test system controller   Footprint   Total Cost of ownership (TCO) 
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1.3 Delimitations 
It exists an array of instruments, but Ericsson predefined which instruments would be the subject of the 
evaluation. The PXI instruments in focus were the Keysights vector signal generator M9381A and the 
vector signal analyzer M9391A. The BOX instruments used as reference were the MXG Vector Signal 
Generator N5182A, the Vector Signal Generator N5172B and the Signal Analyzer N9020A. 

Test time varies significantly between products; a nominal test time for a typical test at Ericsson is set 
to 1500 s for this thesis. 
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Chapter 2  
 
Theory 

This section will give an introduction to relevant areas to understand the result.  
 

2.1 PXI 
PXI  was developed by National Instruments and launched in August 1997, but was made an open standard 
in 1998. At the same time as the standard was made open, the PXI Systems Alliance (PXISA) was created 
to continue the work on developing the standard. To publish specifications for new PXI standards, do 
revisions on old and promote the PXI standard is the main work for PXISA as an organization. The 
specifications and other published material are available to everyone on their website. [11] 
The focus of the theoretical section about PXI will be on PXIe, since the instruments considered in this 
thesis is using the PXIe standard.  

 PCI bus 
PXI and PXIe instruments are using the fast data transfers and interface of the PCI and PCIe bus 
respectively. The PCI bus is used to connect hardware to a CPU, both hardware integrated on the 
motherboard and external hardware connected through extension adaptors.  

 PXI standards 
Since 1997 the standard for PXI has been available. The development of the standard has followed the 
technical development in general. In 2005, after the PCIe bus was launched, the PXI Express (PXIe) 
standard followed. The PXIe standard utilizes the benefits of the serial features of the PCIe bus for faster 
data transfers, but is still backward compatible with the older PXI systems. [9] 

PXI is a modular system where a chassis is connected to the PCI bus of a computer, either integrated 
in the chassis or remote. This is only a shell and the user can decide what type of modules will be installed, 
depending on what the test system needs. Since it is an open standard it is not necessary to use chassis or 
modules from the same company.[10]   
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2.1.2.1 Hardware specifications for PXIe 
Many of the features of PXI are still within the PXIe standard. The main new features are in the backplane. 
The PXIe is fitted with a differential 100 MHz system clock as well as the PXI 10 MHz system clock, and 
new triggering functions. The features aim at improving synchronization between modules in the chassis. 
Many chassis have hybrid (for both PXI and PXIe) or legacy slots (for PXI only). In Figure  2-1 three 
hybrid slots are visible. The two upper contacts are for PXIe modules and the two lower for PXI modules. 
[14] 

 
Figure 2-1: Contacts for modules to connect them to the backplane of the chassis 

2.1.2.2 Data transfer 
PXIe utilizes the extra slots on a computers PCIe bus to gain high data transfer speed. The theoretical 
transfer speed from the PXI chassis to the CPU using Generation 2 PCIe bus is 4 Gbit/s and data lane [14]. 
The data transfer speed is, however, lower due to constrictions in for example the decoding. So, it is 
unlikely that the PXI instruments can reach the theoretical speed. [10] 
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2.2 Theoretical transfer speed 
 The transfer solutions used by Ericssons instruments today are LAN and GPIB. However GPIB (IEEE-
488) is slowly being phased out by the test and measurement industry. Not all new instrument are equipped 
with GPIB, not even as an option. PCIe Gen 2 is used by the PXI instruments.  

 
 
 
 
 
 

 
Table 2-1: Theoretical transfer speeds for PCIe, LAN and GPIB [18] 

2.3 RF performance 
Different key attributes are important for the performance of signal generators and signal analyzers. 

 Key attributes for instruments 
Signal generator 
Signal sources can be divided into two groups of instruments, analog and vector sources. The analog 
sources can emit CW signals and have important attributes such as frequency range, output power range, 
phase noise and spectral purity. 

A vector signal source has an I/Q modulator and arbitrary-waveform generator (arb) that can create a 
large variety of signals such as fast switching CW, two-tone and multi-tone signals. Sometimes the vector 
signal generator is called a digital source, due to the fact that it is creating signals using digital modulation.  

Key attributes:  Modulation bandwidth of I/Q input  The linearity of the modulator   Memory and speed of the arb  Quality of the output power amplifier [1] 
Spectrum analyzer 
The main task for a spectrum analyzer (SA) is to evaluate unknown spectrums. Most commonly is a known 
signal is applied to a DUT and the SA evaluates the power versus frequency and distortion of time-domain 
data captures. 
Key attributes  Maximum input power  DANL (Displayed average noise level) also referred to as the noise floor  Self generated distortion (TOI) from the mixer  Frequency flatness   Phase linearity 

 
With the modulated signals from vector signal generators a demand for an instrument that can do wideband 
demodulation was met by developing vector signal analyzers (VSA).  

An important figure of merit in component test is amplitude and phase error relative an ideal signal. 
The EVM (Error-vector-magnitude) is a sum of all magnitude errors from both the DUT and the VSA. If 
the EVM becomes to large errors in the transferred information will occur.[1] 

Transfer solution Bit/s Byte/s 
PCIe Gen 2  4 Gbit/s and lane 500 MB/s and lane 
LAN 1000 BASE-T  1 Gbit/s 125 MB/s 
GPIB IEEE-488  64 Mbit/s 8 MB/s 
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 Distortion 
Due to their non-linear components, instruments and DUTs will show non-linear characteristics, 
intermodulation distortion and harmonics. 

2.3.2.1 Intermodulation distortion 
When mixing two or more signals intermodulation distortion will occur if the device is not linear. An ideal 
component, for example a power amplifier, should always remain linear and have low noise, or it might 
distort the signals. Instruments should always distort the signals as little as possible so the measured 
distortion will be from the DUT. 

Distortion generates multiple tones, of any order, but the most important tone is the third order 
distortion products. It is found very close to the original signals and is therefore hard to filter compared to 
the other tones. [1] 

 
To calculate IMD3, IIP3 and OIP3 the following expressions are used 

 
 

 
 2⁄    

 
  

 
where PO is the power level of the fundamental tones, PO3 the power level of the third-order products and 
G is the gain. [17] 
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TOI is a commonly used term in instrument performance. It is the third-order intercept points, also referred 
to as IIP3 (x-axis) and OIP3 (y-axis). TOI is the point where the distortion and the fundamental level are 
the same. It only exists in theory because the device will go into compression before this point.[1] 

Figure 2-2: Third-order intercept points 
 

2.3.2.2 Harmonics 
Harmonics occur at multiples of the input frequency and are normally measured in dBc. The harmonics 
are directly, but not linearly, proportional to the input power. In most cases if the input power increases so 
does the power of the harmonics. In a similar fashion as for TOI, a theoretical point exists for harmonics 
SOI (Second Order Intercept point). [1] For two tone signals SHI (Second Harmonic Intercept) is used. It 
is a combination between the second order intermodulation product from the two tone signal and single 
tone harmonic.[16] 

Many devices can essentially filter out the harmonics so the most common focus point is the third-
order intermodulation distortion.[15] 

2.3.2.3 ACLR 
Distortion can cause something called ACLR, Adjacent Channel Leakage Ratio. It can also be referred to 
as ACPR (Adjacent Channel Power Ratio). This is when the distortion products of a modulated signal 
spread into adjacent channels. It is dominated by the IM3 but also the 5th, 7th and so on can contribute to 
the spectral spreading. 
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Figure 2-3: Adjacent Channel Leakage Ratio 
 

As seen in Figure 2-3 the ideal case is when the channel “boxes” are separated. However, distortion can 
shape the main channel so that it overlaps with the adjacent channels. [15] 

 Dynamic range 
Dynamic range is the expression for the maximum difference in size between the largest and the smallest 
signal, so that the smallest signal can be measured.  

2.3.3.1 Signal generators 
For signal generators the expression Spurious free dynamic range (SFDR) is often used. It is the ratio in 
dBc between the carrier level and the worst spur that occurs over the frequency spectrum.  

Figure 2-4: Spurious free dynamic range 
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2.3.3.2 Two-tone example for signal analyzer 
Dynamic range is a very important figure to asset the performance of a signal analyzer. The two-tone 
measurements is often used to show the dynamic range performance of an analyzer. For every 1 dB change 
in the carrier level, the second harmonic changes 2 dB and the third-order IMD changes 3 dB.[1] 
Several interpretations of what dynamic range is in the two-tone case exist as seen in Figure 2-5. 
 

Figure 2-5: Dynamic Range for two-tone mixer 
 
DANL is the Displayed Average Noise Level, an indication of sensitivity. It indicates the smallest signal 
possible to measure for different settings. The DANL can also be called the noise floor. It is used in all 
dynamic range calculations. 

The boundaries for the measurement range are from DANL to the maximum input that can be used 
without damaging the equipment. 

Mixer compression indicates below what input level at the mixer the displayed signal is compressed 
less than 1 dB. 

Generally, dynamic range is understood to be either second or third order dynamic range. The other 
interpretations do not consider enough restrictions set on the measurements.  

 
To calculate the maximum possible dynamic range for third and second order, when two harmonic signals 
are present at the mixer input, the following equations are used. 
Maximum third-order dynamic range = (2/3)(DANL–TOI) 
Maximum second-order dynamic range = (1/2) (DANL–SHI) 
Where TOI (Third order intermodulation intercept point) and SHI (Second harmonic intercept point) can 
be calculated with the expressions below, respectively: 
TOI = mixer level – (1/2) (level of distortion products in dBc) 
SHI = mixer level – level of distortion products in dBc. [16] 
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 RF power 
When studying RF power in instrument measurements there are three main attributes to take into account.   Power range, Pmin to Pmax  Accuracy, how much the actual value deviates from the set value  Resolution, the smallest change in value that can be set or observed.[1] 

 

 Amplitude and phase flatness 
The changes in amplitude of an instrument’s frequency response, the amplitude flatness, is an important 

indication of performance. Variations in amplitude for different frequencies should be minimized to avoid 
changes in the carriers information.  

The phase response of an instrument is in most cases preferably linear. A linear instrument can still 
cause distortion for modulated complex signals due to the time it takes for the signals to pass through at 
different frequencies. The delay from the input to the output of an instrument is referred to as group delay 
and is derived from the phase response. Any deviation from the linear phase response is an indication of 
the instruments phase flatness. [1] 

2.4 Equipment footprint 
Equipment footprint is a commonly used term for the total floor space required for a piece of equipment. 
When calculating the total footprint, several different parts must be taken into account.  The equipment  Material and material handling, also units that are not in the immediate presence of the 

equipment  Space utilized by an operator  Maintenance access space  Aisle space  In the case of test equipment, space for a DUT and the cables from the equipment to the DUT 
 

Rack unit 
Even if footprint calculations do not consider the height of the equipment, only the utilized floor space, 
the unit used to measure height of test equipment is important. The rack unit U is 1.75 inches or 44.45 
mm. When referring to the height of a test rack it is done in terms of U, instead of m or inches. [19] 
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2.5 Total Cost of Ownership 
Total cost of ownership is a method to calculate how much something will cost during its lifetime. What 
factors are accounted for in the calculations varies from different industries and companies. It can be 
administration, logistics, personnel cost, power consumption etc. 
Calculations of TCO for instruments at Ericsson includes all costs associated with the instruments during 
their expected lifetime.  
Ericsson has a pre-defined template for what costs are taken into account for each instrument. 

  Investment, the price paid for the product  Lifetime and days in a year it is expected to operate  Supplier calibration, cost and how much of its lifetime is expected to be spent in calibration  Supplier repair, cost and how much of its lifetime is expected to be spent in repair  Replacement instrument, calculated from the calibration and repair figures. 
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Chapter 3  
 
Hardware and Software specifications 

This chapter contains information regarding the test system controller and all instruments evaluated in this 
thesis. The values presented are used in calculations regarding RF performance, requirements on TSC, 
equipment footprint and TCO. 

3.1 Current test platform 
An overview of the software and hardware used in the current test system at Ericsson in Kumla. 

 Software 
In the simplified Figure 3-1 the four main parts of the current test system are shown: the Test manager 
(TM), the Device Under Test (DUT), the databases and the test case. For every new type of DUT there is 
a new test case, but the test manager and databases stay the same. 

 
Figure 3-1: Ericsson’s current test system software 
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The main structure of how the TM is accessing drivers and instruments is found in Figure 3-2. The Test 
manager points to a specified driver that accesses the instrument through NI MAX and a connection cable. 
Nothing has to be changed in the other parts of the test system if an instrument is replaced. Only the pointer 
from the Test Manager to the driver, driver content and settings in the NI MAX have to be changed.  

Figure 3-2: Driver connection through NI MAX 
 

NI MAX 
It is in the NI MAX the hardware and drivers are tied together. In the list below you can see the two main 
parts, Devices and Interfaces and IVI Drivers.  

Under the Devices and interfaces the different instruments available at this time, in this case the PXI 
chassis with modules, are listed. 

IVI Drives contains three sub categories Logical Names, Driver Sessions and Advanced. The Logical 
Names is used in the interface to the rest of the test system; they stay the same. Driver sessions settings is 
changed depending on the instrument. Under advanced you find the Instrument Driver Software Modules 
that contains a list of all registered divers. 
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Figure 3-3: Overview of NI MAX 
 
In Figure 3-4 below it is illustrated how the different parts are connected. A logical name points to a driver 
session; if you need to change driver session you simply point to the new one. In a driver session the 
instrument and driver are tied together. The resource pointer is the address to the instrument; in case of 
LAN it’s the IP address. 

 

 
Figure 3-4: Connection between NI MAX and Instrument 
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 Instruments 
This section contains information about the hardware used in Ericssons production and in the tests and 
calculations conducted in this thesis. All the instruments used are from the same manufacturer, Agilent 
Technologies (now Keysight Technologies). 

 
Measurement definitions 
In data sheets values for different areas can be given for different conditions and specifications for the 
instrument. 
Temperature has a significant impact on the performance of the instruments. The measurements can be 
conducted within two different ranges; full temperature range and controlled temperature range. Full 
temperature range is module temperature of below 75 °C, and environment temperature of 0 to 55 °C. 
Controlled temperature range is module temperature of below 55 °C, and environment temperature of 20 
to 30 °C. Unless otherwise noted the data presented in the RF performance calculations is from modules 
operating within the controlled temperature range. 
In the data sheet the data provided can be given in nominal, typical or specification values.   
Nominal value is the representative performance for the instrument when it is operating within the 
controlled temperature range.  
Typical value is the characteristic performance which 80 % of the instruments meet when operating within 
the controlled temperature range. 
Specified value is the warranted performance of calibrated instruments. If the instrument show values 
outside the specified range, it can be claimed on warranty. Unless otherwise noted, the data are 
specifications in the RF performance calculations. 

 
 

3.1.2.1 Signal generators 
Of the following two vector signal generators, the first was used to conduct the transfer speed test and the 
second is used in the production at Ericsson.  
Agilent MXG Vector Signal Generator N5182A [7] 

Topic General specifications 
Dimensions Height: 88 mm  

Width: 426 mm  
Length: 432 mm  

Transfer methods Supports LAN 1000 BASE-T (IEEE 802.3 ab) and GPIB IEEE-488.2, 1987 
with listen and talk 

Frequency range 100 kHz to 3 GHz 
Amplitude range 13 dBm to  –127 dBm 

Table 3-1: General specification N5182A 
 
Since the N5182A is not used for comparison of RF performance, no such values are specified. 
 

Agilent Vector Signal Generator N5172B 
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Topic General specifications 
Dimensions Height: 88 mm  

Width: 426 mm  
Length: 489 mm  

Transfer methods Supports LAN 1000 BASE-T (IEEE 802.3 ab) and GPIB IEEE-488.2, 1987 
with listen and talk 

Frequency range 9 kHz to 3 GHz 
Amplitude range 13 dBm to  –127 dBm 

Table 3-2: General specification N5172B 
 

Spurious free dynamic range 
Nonharmonics  < -65 dBc, nominal 
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Absolute level accuracy 
Settings for absolute level accuracy measurements is CW mode and ALC on. 

Frequency Max power to –60 dBm < –60 to –110 dBm < –110 to –127 dBm 
9 to 100 kHz ± 0.6 dB, typical ± 0.9 dB, typical  
100 kHz to 5 MHz ± 0.8 dB  

± 0.3 dB, typical 
± 0.9 dB  
± 0.3 dB, typical 

 

> 5 MHz to 3 GHz ± 0.6 dB 
± 0.3 dB, typical 

± 0.8 dB  
± 0.3 dB, typical 

± 0.5 dB, typical 

> 3 to 6 GHz ± 0.6 dB  
± 0.3 dB, typical 

± 1.1 dB  
± 0.3 dB, typical 

± 0.6 dB, typical 

Table 3-3: Absolute level accuracy N5172B 
 

The maximum output power changes with frequency for N5172B. 
9 KHz to 10 MHz +13 dBm 
> 10 MHz to 3 GHz +18 dBm 

 
Amplitude and phase flatness for IQ output,  
Bandwidth 120 MHz 
Amplitude flatness ± 0.3 dB, nominal 
Phase flatness  ± 2.5 degrees, nominal 

 
[6] 
 

3.1.2.2 Signal analyzer 
The same signal analyzer we used for measuring test time is used in the production at Ericsson. 
Agilent Signal Analyzer N9020A  

Topic General specifications 
Dimensions Height: 177 mm  

Width: 426 mm  
Length: 368 mm  

Transfer methods Supports LAN 1000 BASE-T (IEEE 802.3 ab) and GPIB IEEE-488 
Frequency range 10 Hz to 8.4 GHz 
Amplitude range 30 dBm to DANL 

Table 3-4: General specifications N9020A 
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Dynamic Range Specifications 
 DANL 

Frequency Specification Typical 
10 Hz  -95 dBm, nominal 
20 Hz  -105 dBm, nominal 
100 Hz  -110 dBm, nominal 
1 kHz  -120 dBm, nominal 
9 kHz to 1 MHz  -130 dBm 
1 to 10 MHz -150 dBm -153 dBm 
10 MHz to 2.1 GHz -151 dBm -154 dBm 
2.1 to 3.6 GHz -149 dBm -152 dBm 
3.6 to 8.4 GHz -149 dBm -153 dBm 

Table 3-5: DANL specifications N9020A 
 

TOI 
Frequency Specification Typical 
10 to 100 MHz 12 dBm 17 dBm 
100 to 400 MHz 15 dBm 20 dBm 
400 MHz to 1.7 GHz 16 dBm 20 dBm 
1.7 to 3.6 GHz 16 dBm 19 dBm 
3.6 to 8.4 GHz 15 dBm 18 dBm 

Table 3-6: TOI specifications N9020A 
 
SHI 

Frequency Specification 
10 MHz to 1.25 GHz 45 dBm 
1.25 to 1.8 GHz 41 dBm 
1.75 to 7 GHz 65 dBm 
7 to 8.4 GHz 55 dBm 

Table 3-7: SHI specifications N9020A 
 
Amplitude accuracy 
±0.8 dB 
±0.3 dB, 95th percentile 
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Amplitude and phase flatness 
40 MHz Bandwidth 
Amplitude flatness  ± 0.08 dB, nominal 
Phase, Peak-to-peak 5 degrees 
 
160 MHz Bandwidth 
Amplitude flatness  ± 0.08 dB, nominal 
Phase, Peak-to-peak 5.3 degrees 

 
[8] 

 

3.2 Test system controller 
PXI modules require a test system controller to be able to run since they are an extension of the controllers 
PCI or PCIe bus. To be able to test both PXI and box instruments with the same controller, a remote PC 
desktop was chosen. 

 
 
 
 
 
 
 
 
 

Table 3-8: General specifications TSC 

Manufacturer AQERI 
Model 21404 
Processor Intel(R) Core™ i7-2600 CPU @ 3.40 GHz 
RAM 8 GB (7.88 GB usable) 
Operating system Windows 7 Enterprise 
System type 64-bit 
Hard drive Samsung SSD 840 PRO Series ATA device 
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3.3 PXI 
The choice of PXI hardware was predefined by Ericsson. Keysight (former Agilent) instrument were used; 
specifications we found in the instrument data sheets. 

 Chassis 
The chassis used is an Agilent M9018A PXIe chassis with 18 slots. To be compatible with PCI modules 
as well, all module slots have hybrid connections to the backplane. The system controller slot is always in 
slot 1 and the timing slot in the center of the slots available for modules. [2] 

 

Figure 3-5: Overview of slots, Chassis M9018A 

 Desktop Adaptor 
Since a remote desktop is used a desktop adaptor and PCI/PCIe cable is needed. The adaptor Keysight 
M9048A PCIe can operate from both a x8 and a x16 slot in the desktop. It can extend the computers PCIe 
bus to both AIXe and PXIe chassis. It has support for Gen 2 x8 PCIe links with possible data transfer 
speed of 5 Gb/s. The cable used is Amphenol Spectra-Strip skewclear 8 pair 28 AWG PCIe x8. [5] 

 Instruments 
Since both the Vector Signal Generator M9381A and the Vector Signal Analyzer M9391A are running in 
the same type of chassis and are bound to the same PXIe standard, several requirements on system and 
hardware are the same. [3][4] 
System requirements 

Topic Windows 7 and Vista Windows XP 
Operating 
system 

Windows 7 32 bit or 64 bit 
Windows Vista, SP1 or SP2 (32 bit or 64 bit) 

Windows XP,  SP3 
Processor 
speed 

1 GHz 32 bit (x86), 1 GHz 64 bit (x64)  
No support of Itanium64 

600 MHz required 
800 MHz recommended 

Memory 4 GB minimum (8GB recommended for 64 bit) 3 GB minimum 
Disk space 1.5 GB hard disk space  1 GB for Microsoft .NET Framework  100 MB for Keysight IO libraries 

 

Video Support for DirectX 9, 128 MB graphics memory 
recommended 

Super VGA (800x600) 256 
colors or more 

Browser Microsoft Internet Explorer 7.0 or greater Microsoft Internet Explorer 6.0 
or greater 

Keysight IO 
Libraries 

Version 16.3 or later Version 16.3 or later 

Table 3-9: System Requirements PXI 
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Hardware requirements 
Topic Requirements 
Chassis PXIe or PXI-H chassis slot 
Controllers PXI or PXI Express embedded controller or remote controller 
Embedded controller PXIe system controller 

2x8 or 4x4 PXIe system slot link configuration 
Run on the operating systems listed in system requirements 

Remote controller Can only be run in chassi M9018A with PCIe cable interface M9012A 
and a PCIe adaptor M9045B (Laptop) or M9048A (Desktop) 

Table 3-10: Hardware Requirements PXI 
 
Measurement definitions 
The measurement definitons for PXI is the same as for Ericsson’s current test instrument, found in section 
3.1.2. 

3.3.3.1 Keysight Vector Signal Generator M9381A  
 

Topic General specifications 
Number of slots 4 (+1 reference frequency)  
Dimensions (for each 
module) 

Height: 130 mm  
Width: 22 mm (42 mm for module M9311A, Modulator) 
Length: 210 mm  

Transfer method PCIe 
Frequency range 1 MHz to 3 GHz 
Amplitude range 20 dBm to  –130 dBm 

Table 3-11: General Specifications M9381A 
 

Spurious free dynamic range 
Nonharmonics  < -66 dBc, nominal 

 
Absolute level accuracy 

Frequency <Max power to  
-20 dBm 

<-20 to -110 dBm <-110 to -120 dBm <120 to -130 dBm 

1 MHz to 3 GHz ±0.4 dB 
±0.15 dB, typical 

±0.5 dB 
±0.15 dB, typical 

±0.7 dB 
±0.25 dB, typical 

±0.8 dB, nominal 

> 3 to 6 GHz ±0.5 dB 
±0.15 dB, typical 

±0.6 dB 
±0.25 dB, typical 

±1.0 dB 
±0.5 dB, typical 

±0.8 dB, nominal 

Table 3-12: Absolute level accuracy M9381A 
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Amplitude and phase flatness for IQ output 
Bandwidth 100 MHz 
Amplitude flatness ±0.2 dB, typical 
Phase flatness  ±2.5 degrees, nominal 

 
Bandwidth 160 MHz 
Amplitude flatness ±0.3 dB, typical 
Phase flatness  ±3.0 degrees, nominal 
[3] 

3.3.3.2 Keysight Vector signal analyzer M9391A 
 

Topic General specifications 
Number of slots 3 (+1 reference frequency)  
Dimensions (for each 
module) 

Height: 130 mm  
Width: 22 mm  
Length: 210 mm  

Transfer method PCIe 
Frequency range 1 MHz to 6 GHz 
Amplitude range 30 dBm to DANL 

Table 3-13: General Specifications M9391A 
 

Dynamic Range 
DANL 

Conversion type Single 
Frequency Specification Nominal 
< 1.2 GHz -148 dBm -154 dBm 
1.2 to 3.1 GHz -143 dBm -152 dBm 
3.1 to 5.4 GHz -138 dBm -149 dBm 
5.4 to 6 GHz -133 dBm -148 dBm 

Table 3-14: DANL (Single) Specifications M9391A 
 
Conversion type Image Protect 

Frequency Specification Nominal 
< 100 MHz  -145 dBm 
100 to 700 MHz -137 dBm -147 dBm 
700 MHz to 5.75 GHz -140 dBm -148 dBm 
5.75 to 6 GHz -129 dBm -146 dBm 

Table 3-15: DANL (Image protect) Specifications M9391A 
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TOI 

Conversion type Auto 
Frequency Specification Typical 
< 400 MHz 15 dBm 20.5 dBm 
400 MHz to 3 GHz 18 dBm 23 dBm 
> 3 GHz 20 dBm 23.5 dBm 

Table 3-16:TOI Specifications M9391A 
 

SHI 
Conversion type Image Protect 

Frequency Nominal 
< 1.35 GHz 35 dBm 
> 1.35 GHz 95 dBm 

Table 3-17:SHI Specifications M9391A 
 
Amplitude accuracy 

Input power  
>- 35 dBm ± 0.12 dB 

± 0.03 dB, typical 
<- 35 dBm ± 0.21 dB 

± 0.04 dB, typical 
Table 3-18:Amplitude Accuracy Specifications M9391A 
 
Amplitude and phase flatness 
40 MHz Bandwidth 
Amplitude flatness  ± 0.08 dB, nominal 
Phase, Peak-to-peak 1.0 degrees, nominal 
 
160 MHz Bandwidth 
Amplitude flatness  ± 0.07 dB, nominal 
Phase, Peak-to-peak 1.8 degrees, nominal 

 
[4] 
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Chapter 4  
 
Method 

 
 
This thesis has a deductive approach. Ericssons theory before the start of this thesis was that the PXI 
instruments would be faster, more compact and cost effective then their current instruments. But that the 
RF performance would be worse.  
Compatibility test 
To ensure that PXI is at all a possible solution within Ericssons current test system, the ideal scenario 
would have been to do the tests with a fully developed driver and the TM. This was not possible due to 
lack of access to equipment and time. The challenge was to find a method to emulate the important features 
of the full system with the limited resources. 

The method chosen was to create a driver shell with an interface as any other Ericsson driver and a 
TestApp to emulate TM commands. All drivers are treated equally, regardless of content, so a driver shell 
with the right interface but with limited functionality can still ensure compatibility. 
Test time 
Two main requirements on the functions used for test time measurement were put forward by Ericsson. 
  The functions used by the same type of instruments should be as similar as possible  Large amount of data should be transferred and computed by the functions 

 
The choice did fall on IQ data transfers. For the signal generator to play it as an arbitrary waveform and 
for the signal analyzer to read out samples from a predefined section. Both these functions handle 
significant amount of data in production tests and are therefore expected to show a visible difference when 
the test time is measured.  

 
Instead of using Ericsson’s whole test system, the drivers of the instruments was accessed directly. 

This was partly due to shortage of necessary hardware to use the whole test system. But mainly because it 
is the transfer speed and computing speed in the modules that is interesting, the additional time added 
when running in Ericsson’s test system is expected to be very similar. 

Implementation of the tests was written in Visual Studio using c#. 
 

To measure how long time the tests took the internal stopwatch, System.Diagnostics.Stopwatch, in 
Visual Studio was used. To execute the program, the release version of the created .exe file was called 
from the command prompt (cmd). The test times were also displayed in cmd. For each setting of the size 
of the vector and the number of loops 10 tests were conducted and a mean value was calculated.  
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Theoretical comparison 
The method for RF performance, equipment footprint and TCO was a comparison between information in 
the specifications of the instruments based on the theoretical calculations. 
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Chapter 5  
 
Result 

The results of tests and calculations are found in this chapter. 

5.1 Compatibility test 
One of the most important questions beforehand was if PXI is compatible with Ericssons current test 
system. It is not possible to access the modules in a Keysight PXI chassis as you would a BOX instrument. 
PXI instruments are bound to the manufacture’s software, in the case of Keysight it is IO libraries and 
Keysights instrument drivers.  

The driver for the PXI instrument has to go through Keysights software when communicating with the 
instrument. This is why a wrapping Keysights software in an Ericsson driver shell is necessary. So that 
the rest of the test system has the same interface to the PXI driver as to all other drivers. 
The compatibility test was conducted on the Keysight Vector Signal Generator M9381A. Keysights IO 
libraries, the instrument driver for M9381A and NI MAX were installed. NI MAX has to be installed 
before Keysights software or it will not be able to link a Keysight instrument through NI MAX.  

In NI MAX a Logical Name was linked to a Driver Session which contain the Resource Address and 
a pointer to Ericsson Driver as seen in Chapter 3. 

A driver shell with some functionality was implemented and used as an Ericsson driver. It was 
registered as any other driver and available in the driver list, but it could only handle a few different 
instructions.  

To emulate the TM a Test App was constructed to make the instruction calls to the Ericsson Driver. 
The instructions used to verify that a connection to the PXI instrument through NI MAX and an Ericsson 
Driver is possible, was InitializeDriver, GetFrequency and SetFrequency. InitializeDriver has to be run at 
the beginning of all programs using an instrument. Get- and SetFrequency was used to verify that the 
correct information was passed down through the drivers to the instrument. GetFrequency returns the value 
of the current frequency setting of the signal generator and SetFrequency sets a new frequency.   
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Figure 5-1:Path through the driver layers 
 
 

The test app points at the chosen driver in the list of Ericsson’s drivers and creates an instance of the driver 
in the Test App. The example in Figure 5-1 shows the first instruction that is always sent to the instrument, 
InitializeDriver. Other instructions work in a similar fashion.  

The TestApp sends an instruction to the Ericsson Driver to Do InitializeDriver with a choosen Logial 
Name. The logical name in the instruction links to the same logical name in NI MAX. Since 
InitializeDriver is the first call to the driver, a SmartPointer linking the Ericsson Driver with Keysights 
Instrument Driver is created. Keysights InitializeDriver requires a ResourceAddress as input instead of 
LogicalName. ResourceAdress is fetched from the Driver Session linked with the Logical Name in NI 
MAX. With the SmartPointer you do a call to InitializeDriver in the Keysight Instrument Driver, who in 
turn does a call to the instrument. The answer from the instrument goes through Keysights Driver, 
Ericsson’s driver and finally to the Test App. If it is returned ok the program continues to the next 
instruction which follows the same path down through the drivers. 

After the instrument was successfully initialized and InitializeDriver returned no fail the Test App 
continued to GetFrequency and SetFrequency, was used. The instructions were used in the order 
GetFrequency, SetFrequency and then GetFrequency again to ensure that  SetFrequency actually changed 
the settings of the instrument. 
All four function calls returned the expected values. 
Software dependencies 
In Ericsson’s current test system there are no dependencies on the instrument manufacturers own software. 
The instruments are accessed directly from Ericsson’s own drivers. With PXI it is not possible, as of today, 
to access the instruments without the manufactures software. In this case Keysight’s IO libraries and 
Keysight’s instrument drivers. 
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5.2 Test time 
To evaluate how much can be gained in terms of test time from changing from BOX to PXI instruments, 
tests of the instruments transfer and computing speed has been conducted. To observe a difference between 
BOX instruments and PXI test cases with reading and writing large amount of data was chosen. The 
internal stopwatch, System.Diagnostics.Stopwatch, in Visual Basic was used to measure how long each 
important section of the test lasted.  
All the results are presented in seconds. Due to limitations in the stopwatch, 0.009 s is the lowest value 
possible to present.  

 Signal Generator 
When choosing which functions to use when comparing test time for the signal generators, functions 
relating to generating signals from IQ data were selected. The reason for the choice is that generating 
arbitrary waveforms from IQ data is an important part of what the signal generator will do in product 
testing and the amount of data transferred can be adjusted to desired size. The chosen sizes of the waveform 
for the tests are from a hundred to a million IQ samples. 
The program consists of three major functions: LoadWaveform, WriteWaveform and SelectWaveform. 
LoadWaveform loads a specified number of waveforms from files on the hard drive of the TSC and stores 
it in  vectors. WriteWaveform assigns a name to each of the waveforms and writes them to the instruments 
internal memories. SelectWaveform choses between the different stored waveforms depending on which 
name is selected and enables RF output and plays the waveform.  

The time for LoadWaveform was not measured as it is identical between the tests of the two 
instruments. It doesn’t communicate with the instruments only internally in the TSC. 
SelectWaveform is split into first time measurement and the loop. This was made because of differences 
in how and when the RMS value is calculated. The PXI instrument required the RMS value to be calculated 
before WriteWaveform as it is an input parameter of the function. Since it is calculated in the program 
itself it is not noticeable in the test times. While the traditional instrument calculates the RMS value 
internally when a waveform is selected for the first time. This takes significant time and was affecting the 
average time for calls to SelectWaveform. So the 1st time call to SelectWaveform is separate to the loop.  

 

Figure 5-2:Flowchart, Signal Generator test time 
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The instruments used in the test are Signal Vector Generators: the PXI instrument is an Agilent M9381 in 
a M9018A chassis with remote TSC; the reference instrument is a N5182A with LAN connection.  

5.2.1.1 WriteWaveform 
The test times in the tables is for two function calls, because two waveforms of the same size but 

different IQ data are written to the internal memories of the signal generators. This function only needs to 
be run once every time a new package of waveforms is uploaded to the instrument.  
PXI 
Vector size/Number of function calls  2 

100 0.009 
1000 0.009 

10000 0.010 
100000 0.026 

1000000 0.169 
Table 5-1:Test time PXI, WriteWaveform 
Reference Instrument 
Vector size/Number of function calls  2 

100 0.081 
1000 0.135 

10000 0.373 
100000 2.81 

1000000 17.9 
Table 5-2:Test time BOX, WriteWaveform 
 

5.2.1.2 1st SelectWaveform 
The time for the first call to SelectWaveform is measured separately because in the reference instrument 
the RMS value is calculated for a waveform when it is requested for the first time. The calculations require 
a significant time when the vector size is large and will affect the average value of the function calls to 
SelectWaveform. If not separated from the loop it will give a misrepresenting time of how long a typical 
call to SelectWaveform takes for the reference instrument. 
PXI 
Vector size/Number of function calls  2 

100 0.031 
1000 0.031 

10000 0.031 
100000 0.031 

1000000 0.031 
Table 5-3:Test time PXI, 1st SelectWaveform 
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Reference instrument 
Vector size/Number of function calls  2 

100 0.067 
1000 0.200 

10000 0.283 
100000 1.32 

1000000 6.24 
Table 5-4:Test time BOX, 1st SelectWaveform 

 
5.2.1.3 Loop SelectWaveform 

SelectWaveform stops any current RF output, selects a waveform and enables the RF output for the new 
waveform. The values are very close to the same for all vector sizes. This is because the whole waveform 
is not played. The time for disabling, enabling and computing is the focus point since the time the 
waveform is playing is the same for both instruments. The time shown is only for disabling, enabling and 
computing, not for playing the waveform. 
PXI 
Vector size/Number of function calls 1 10 100 1000 

100 0.011 0.109 1.09 10.9 
1000 0.011 0.109 1.09 10.9 

10000 0.011 0.109 1.09 10.9 
100000 0.011 0.109 1.09 10.9 

1000000 0.011 0.109 1.09 10.9 
Table 5-5:Test time PXI, Loop SelectWaveform 
 
Reference Instrument 
Vector size/Number of function calls 1 10 100 1000 

100 0.061 0.561 5.39 53.7 
1000 0.061 0.546 5.37 53.6 

10000 0.061 0.545 5.37 53.6 
100000 0.061 0.545 5.37 53.6 

1000000 0.061 0.544 5.37 53.6 
Table 5-6:Test time BOX, Loop SelectWaveform 
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 Signal Analyzer 
The selected main function for measuring the test time of the signal analyzers is ReadIQ. The reasons 
behind the choice of function was much the same as for the signal generators. ReadIQ transfers a 
significant amount of data in production test and it is possible to vary the number of samples acquired. It 
would have been possible to do SpectrumAcquisition instead, to read spectrum data, with expected similar 
results. But for consistency reasons, IQ was selected.  

Figure 5-3:Flowchart, Signal Analyzer Test time 
 
ReadIQ requires a number of parameters to be set before being able to read the IQ data from the RF input. 
Centerfrequency with a bandwidth decides the section on which ReadIQ will take the samples. The 
parameter samples define the amount of IQ data samples within the section.  
The instruments used for the test are Vector signal analyzers. The PXI instrument is Agilent M9391A and 
the reference instrument is Agilent N9020A. The reference instrument is used in production at Ericsson 
sites. 
PXI 
Vector size/Number of function calls 1 10 100 1000 

100 0.009 0.011 0.032 0.218 
1000 0.009 0.013 0.049 0.422 

10000 0.010 0.024 0.17 1.67 
100000 0.019 0.147 1.49 14.9 

1000000 0.160 1.51 15.1 150 
Table 5-7:Test time PXI, LoadIQ 
 
Reference Instrument 
Vector size/Number of function calls 1 10 100 1000 

100 0.143 0.227 1.07 9.33 
1000 0.152 0.238 1.14 10.0 

10000 0.156 0.311 1.89 17.3 
100000 0.233 1.10 9.74 94.2 

1000000 1.09 10.0 99.4 993 
Table 5-8:Test time BOX, LoadIQ 
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5.3 Requirements on the Test System Controller 
When investigating the requirements on the test system controller, the first step was to study how the test 
system is using the instruments. The communication with the instruments in the test system is serial, with 
very few exceptions. The test system sends a command to one instrument, awaits result, and then goes on 
to the next. The few times instruments are run in parallel it is done with less complex instruments, so it 
has no impact regarding the requirements on the test system controller. 
Because of the serial use of the instruments, the requirements from the PXI Vector Signal Generator 
M9381A and Vector Signal Analyzer M9381A will be the system requirements from the data sheets, see 
chapter 3.3.3, with one addition. Not mentioned in the data sheet is that the controller must follow the 
PCIe standard with no exceptions. In some cases of new controllers the design has been optimized and the 
number of additional slots on the PCIe bus has been limited. If the controller does not follow the standard 
it is not possible to run the 18 slot PXI chassis. 

5.4 RF performance calculations 
The definition of nominal, typical and warranty values is found in chapter 3. 

 Dynamic range 
5.4.1.1 Signal Generator 

TO compare the signal generators the Spurious free dynamic range (SFDR) is compared. The largest non-
harmonic spur over the whole frequency range is less than the values below. The most negative value is 
the instrument with the highest SFDR.  
Keysight M9181A: -66 dBc, nominal 
Keysight N5172B: -65 dBc, nominal 

 
5.4.1.2 Signal Analyzer 

The numbers in the tables 5-9 and 5-10 are calculated with the equations presented in in chapter 2. Values 
are presented in chapter 3. 

 
Settings for M9391A  Pre-amp off  Two -5 dBm tones 

 
Settings for N9020A  Pre-amp off  Two -30 dBm tones 
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Maximum third-order dynamic range 
Frequency Dynamic range 

PXI 
Dynamic range 
PXI, nominal 

Dynamic range 
BOX 

Dynamic range 
BOX, typical 

100 to 400 MHz -108.67 -116.33 -110.67 -116.00 
400 MHz to 1.2 G Hz -110.67 -118.00 -111.33 -116.00 
1.2 to 1.7 GHz -107.33 -116.67 -111.33 -116.00 
1.7 to 2.1 GHz -107.33 -116.67 -111.33 -115.33 
2.1 to 3 GHz -107.33 -116.67 -110.00 -114.00 
3 to 3.1 GHz -108.67 -117.00 -110.00 -114.00 
3.1 to 3.6 GHz -105.33 -115.00 -110.00 -114.00 
3.6 to 5.4 GHz -105.33 -115.00 -109.33 -114.00 
5.4 to 6 GHz -102.00 -114.33 -109.33 -114.00 

Table 5-9:Third-order Dynamic Range 
 
Maximum second-order dynamic range 

Frequency Dynamic range PXI, nominal Dynamic range BOX 
10 to 100 MHz -90 -99.5 
100 to 700 MHz -91 -99.5 
700 MHz to 1.25 GHz -91.5 -99.5 
1.25 to 1.35 GHz -91.5 -97.5 
1.35 to 1.8 GHz -121.5 -97.5 
1.8 to 2.1 GHz -121.5 -109.5 
2.1 to 3.6 GHz -121.5 -108.5 
3.6 to 5.75 GHz -121.5 -109 
5.75 to 6 GHz -120.5 -109 

Table 5-10:Second-order Dynamic Range 
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 Power accuracy 
Signal generator 
The frequency range of the two signal generators differ so the chosen part to study is between 5 MHz and 
3 GHz. 

 
Output power N5172B M9381A 
Max power to –20 dBm ± 0.6 dB 

± 0.3 dB, typical 
±0.4 dB 
±0.15 dB, typical 

<-20 to -60 dBm ± 0.6 dB 
± 0.3 dB, typical 

±0.5 dB 
±0.15 dB, typical 

<-60 to -110 dBm ± 0.8 dB  
± 0.3 dB, typical 

±0.5 dB 
±0.15 dB, typical 

<-110 to -120 dBm ± 0.5 dB, typical ±0.7 dB 
±0.25 dB, typical 

<120 to -130 dBm ± 0.5 dB, typical (-127 dB) ±0.8 dB, nominal 
Table 5-11:Power Accuracy, Signal Generator 
 
Signal Analyzer 

Output power N9020A M9391A 
>- 35 dBm ±0.8 dB 

±0.3 dB, 95th percentile 
± 0.12 dB 
± 0.03 dB, typical 

<- 35 dBm ±0.8 dB 
±0.3 dB, 95th percentile 

± 0.21 dB 
± 0.04 dB, typical 

Table 5-12:Power Accuracy, Signal Analyzer 
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 Amplitude and phase flatness 
Signal Generator 

Frequency N5172B (Bandwidth 120 MHz) M9381A (Bandwidth 160 MHz) 
Amplitude Phase Amplitude Phase 

1 MHz to 5.5 GHz ± 0.3 dB, nominal ± 2.5 °, nominal ±0.3 dB, typical ±0.9 °, nominal 
5.5 to 6 GHz ± 0.3 dB, nominal ± 2.5 °, nominal ±0.5 dB, typical ± 3.0 °, nominal 

Table 5-13:Amplitude and phase flatness, Signal Generator  
Signal Analyzer 

Instrument Analysis bandwidth 40 MHz Analysis bandwidth 160 MHz 
 Amplitude flatness Phase, Peak-to-peak Amplitude flatness Phase, Peak-to-peak 
N9020A + 0.08 dB, nominal 5 degrees + 0.08 dB, nominal 5.3 degrees 
M9391A + 0.08 dB, nominal 1.0 degrees, 

nominal 
+ 0.07 dB, nominal 1.8 degrees,  

nominal 
Table 5-14:Amplitude and phase flatness, Signal Analyzer 
 

5.5 Equipment footprint 
The calculations will only consider the test equipment since other parameters, such as space for the 
operator or maintenance, are expected to remain the same regardless of the test instruments in the cabinet. 

Ericsson’s current test cabinets for radio testing hve the dimensions 600 mm x 900 mm x 42 U. 
If only the PXI instrument on Ericsson’s preferred instrument list would replace box instrument with the 
same functionality, no change in the footprint will be made. All the other instruments and the cabinet 
holding them will still have the same measurements. A possibility would be to lower the height of the test 
cabinet if the PXI instruments were implemented, but that does not affect the equipment footprint since it 
only taken into account the area and not the volume. 

5.6 Total Cost of Ownership 
Calculations regarding TCO for the products includes all costs associated the instruments during its 
lifetime. Ericsson has a pre-defined template for what costs is taken into account for each instrument. It is 
presented in section 2.5. 
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 Signal Generator 
The costs for M9381A consists of four parts. The chassis, PCIe cable interface, desktop adaptor and the 
actual instrument modules. The chassis has 18 slots, 11 of which can be used for other modules and so 
sharing the cost for the chassis, cable interface and desktop adaptor.  

N5272B has no added costs outside the TCO for the instrument.  
Both M9381A and N5272B are considered medium performance vector signal generators. 

 
 M9381A N5172B 
Instrument 360 523.89 319 558.87 
Chassis (PXI, M9018A) 45 897.43    
Cable interface (PXI, M9021A) 3 267.50    
Desktop adaptor (PXI, M9048A) 5,208.36    
S:A 414 897.18 319 558.87 

Table 5-15:TCO, Signal Generator 

 Signal Analyzer 
The PXI vector analyzer M9391A is not, at this time, on Ericsson’s preferred instrument list, so figures 
for calibration and repair do not exist. Since M9391A does not have figures on calibration and repair it is 
an estimated figure based on the costs for M9381A.  
Both M9391A and N9020A are considered medium performance signal analyzers. 

 
 M9391A N9020A 
Instrument 315 575.77 459 925.20 
Chassis (PXI, M9018A) 45 897.43    
Cable interface (PXI, M9021A) 3 267.50    
Desktop adaptor (PXI, M9048A) 5,208.36    
S:A 369 949.06 459 925.20 

Table 5-16:TCO, Signal Analyzer 

 Combined Signal Generator and Analyzer  
A cost comparison between PXI and current test instruments if both M9381A and M9391A was placed in 
the same chassis. The cost for a test cabinet is not included in the price for N5172B and N9020A.  

 M9381A 
M9391A 

N5172B 
N9020A 

Instrument 676 099.66 779 484.04 
Chassis (PXI, M9018A) 45 897.43    
Cable interface (PXI, M9021A) 3 267.50    
Desktop adaptor (PXI, M9048A) 5,208.36    
S:A 730 472.95 779 484.04 

Table 5-17:TCO, Signal Generator and Analyzer 
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Chapter 6  
 
Discussion 

The purpose of this thesis is to evaluate if PXI is a possible future test solution. It is necessary to 
analyze and evaluate the calculations and tests conducted.  

6.1 Compatibility test 
The test to ensure Ericsson’s PXI drivers compatibility with the current test system did not use Ericsson’s 
Test Manager, a test app was created for the test. 

 
What the test did check was if it is possible to  Register PXI driver as any other driver  Link the PXI driver to a driver session in NI MAX  Link the address to the PXI instrument to a driver session  Link a driver session with PXI instrument and driver to a logical name in NI MAX  Establish a connection, initialize and send/receive instructions from the test app to the PXI 

driver  Create and use a SmartPointer within the PXI driver to connect the PXI driver to Keysights 
instrument driver 

Figure 6-1:Compatibility test evaluation 
 

 Software dependencies 
A change to PXI would mean a higher dependency on the manufacturer Keysight to provide good software 
since it is not possible, as of today, to bypass their software in the way that Ericsson is doing with the BOX 
instruments. However since PXI is an open standard, it is not impossible that such a feature will be 
available in the future. 
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 Require further testing 
These tests ensure that the PXI instrument can be reached through the same paths in the driver and NI 
MAX as any other instrument, but not if it is compatible with the test manager. However, since the 
Ericsson DriverShell has the same interface towards the TM, no matter which instrument used, the 
probability is high that it will be possible to make it work.  

The data sent through the drivers was minimal. Neither InitializeDriver, GetFrequency or SetFrequency 
requires a significant amount of data to be sent through the driver layers. The theoretical amount of data 
possible to send between the layers is limited by the addressing capacity of the test manager.  

6.2 Test time evaluation 
The time test is mainly a comparison of transfer speed, but also internal computing speed. Based on 

the theoretical transfer speeds of PCIe and LAN, the PXI instrument was expected to be 32 times faster. 
When comparing the PXI to the reference instruments it was clear that it was indeed faster, but not 32 
times faster continuously. The test time gain for the signal generator is not significant, but the signal 
analyzer could have an impact on the overall testtime. 

There are a several parameters that can affect the measured time when testing an instrument. How 
warm the instruments are, both to cold and to hot can affect the result. What is processed on the test system 
controller can vary and be visible in the test times. 

 

 Signal Generator 
WriteWaveform and 1stSelectWaveform shows a similar pattern, close to linear, as seen in the two charts.  
 

Figure 6-2:Chart, WriteWaveform 
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Figure 6-3:Chart, 1st SelectWaveform 
 
WriteWaveform and 1st SelectWaveform is only made once for each waveform when loading them into 
the instrument and selecting it for the first time. There is a test time gain but it will be minimal if the test 
system will be used as it is used today, since waveforms are not uploaded every test. Waveforms is only 
uploaded when a new instrument is used for the first time or if new waveforms are developed. The time 
in the graphs is for two waveforms. In the table below the time for WriteWaveform and 1st 
SelectWaveform has been added and then divided with two to show the impact for each waveform. A 
typical test is 1500 s long so the gain for each waveform size in percent is as follows. 

 
 M9381A (s) N5182B (s) Difference (s) Difference / 

Test time (%) 
100 0.0135 0.0740 0.0605 0.0040 
1000 0.0135 0.1675 0.1540 0.0103 
10000 0.0140 0.3280 0.3140 0.0209 
100000 0.0220 2.0650 2.0430 0.1362 
1000000 0.0935 12.0700 11.9765 0.7984 

Table 6-1:Evaluation WriteWaveform and 1st SelectWaveform 
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SelectWaveform Loop 

Figure 6-4:Chart, Loop SelectWaveform 
 

For each played waveform the gain in test time is 43 ms, 0.003% improvement of the total test time. 
The number of times a waveform is played for each test is not large enough to create a significant 
improvement in the test time. 
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 Signal Analyzer 
Loading data from the signal analyzer is where a true impact on the test time can be made. There are 
several functions that load measurement data from the analyzer and perform a variety of calculations. 
These functions are collecting data throughout the test and therefore the gain in test time will be noticeable.  
Among the data collecting functions, LoadIQ is found. The test shows, as in the case of the signal 
generator, a linear pattern. The exact number of samples collected in a test is not official, but it is enough 
to make a noticeable difference. 

 

Figure 6-5:Chart, LoadIQ 
 
For each million IQ sample collected a test time gain of 0.84 s is observed. Since the pattern for both 
instrument’s test time is linear, the difference will also grow linearly.  

 N9020A (s) M9391A (s) Difference (s) Difference /  
Test time (%) 

100 0.009 0.0002 0.0088 0.00059 
1000 0.010 0.0004 0.0094 0.00063 
10000 0.017 0.0017 0.0153 0.00102 
100000 0.094 0.0149 0.0791 0.00527 
1000000 0.993 0.1500 0.8430 0.05620 

Table 6-2:Evaluation LoadIQ 
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6.3 Requirements on Test System Controller 
The main difference between the requirements for the test system controller for PXI and BOX instruments 
is that the PXI instrument requires a controller that fully follows the PCIe bus standard and the BOX 
instrument a LAN connection. This leads to the conclusion that when deciding what instrument to acquire, 
the requirements on the controller will be a minor parameter to consider. 

6.4 RF performance analysis 
The method of evaluating the different instruments performance based on figures from the data sheets is 
not ideal. The main drawback is that they do not always present the data in the same types, i.e typical, 
nominal and warranty. A comparison between a nominal value and a warranty value will unfairly favor 
the nominal value since it indicates what the value normally is under ideal circumstances. A warranty 
value is the max/min value for a measurement before you can claim it on the warranty. 

Another drawback is that the settings used in the data sheet are not always relevant for the 
measurements conducted by Ericsson. 
The theory beforehand from Ericsson was that PXI would have a worse RF performance than the BOX 
instruments. It was not true in all cases.  

 Signal Generator 
A summary of the comparison between the PXI and the BOX instruments. 

The difference in SFDR was only 1 dBc, nominal. Since the values were presented as nominal, the 
values have a large range in which they can vary. Consequently, it is not possible to differentiate on 
instrument from the other in terms of performance.  

Amplitude and phase flatness was not presented with the same bandwidth and the amplitude flatness 
was in nominal for the BOX instrument and typical for PXI. The requirements for typical are stricter than 
nominal but PXI and BOX still have the same amplitude flatness for frequencies up to 5.5 GHz, ±0.3 dB. 
For Ericsson the main focus is on frequencies below 3 GHz, therefore it is possible to argue that the PXI 
instrument has marginally better amplitude flatness for the frequencies of interest. Phase flatness is 1.6 
degrees better (nominal) for the PXI instrument up until 5.5 GHz. 
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The accuracy for output power in a signal generator is better for the PXI instrument until somewhere 
between -110 and -120 dBm, but it drops significantly when closing in on the instruments extreme low. 
While the BOX instrument is showing a straighter curve as seen below. 

 

Figure 6-5:Chart, Power Accuracy Signal Generator 
 
The two instruments are very similar in performance when operating the mid-section of the instrument 
range, the PXI instrument having marginally better performance in that range. The BOX instrument still 
has a better performance in the extreme low of the amplitude range and high of the frequency range. An 
explanation might be that the BOX instrument has more room for shielding signals. 
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 Signal Analyzer 
A summary of the comparison between the PXI and the BOX instruments. 
The second-order dynamic range is not possible to compare. For the BOX instrument the values are 
warranty values and for the PXI they are nominal values. It will not be a fair comparison so I leave it out 
from the analysis.  

The third-order dynamic range is larger for the BOX instrument during the whole frequency range. But 
the difference is not significant until 3-6 GHz as seen in the graph below. 

Figure 6-6:Chart, Third-order Dynamic Range 
 
Amplitude flatness is presented in nominal values and the largest deviation between the two instruments 
is 0.01 dB so the flatness can be said to be equal. The phase flatness is not possible to compare since the 
BOX instrument is presenting warranty values and the PXI instrument nominal values. 
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PXI has a better accuracy all through the Amplitude range as seen below 

Figure 6-7:Chart, Power Accuracy Signal Analyzer 
 
The BOX instrument has its strength in dynamic range and the PXI in accuracy. 

6.5 Equipment Footprint 
To change the footprint a majority of the instruments would need to be replaced by PXI modules. It would 
mainly change the height, but if the height is low enough, the test cabinet could be placed under or over 
the test bench for the DUT. That would eliminate the footprint of the equipment since it is shared with the 
bench. The maximum change in height would be from 42 U to 8 U. 
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6.6 Total cost of ownership 
The most fair comparison between the BOX and PXI instrument is if the TCO for both the signal 
generators and signal analyzers is taken into account.  

 
 M9381A 

M9391A 
N5172B 
N9020A 

Difference Reduced cost in 
percent 

TCO 730 472.95 779 484.04 49 011.09 6.3 % 
Table 6-3:TCO evaluation 
 
The monetary gain is, compared to other parameters evaluated, the most significant. No other parameter 
has in the tests been close to improve by 6% compared to the BOX instruments.  

One of the reasons the TCO is lower for PXI is because the maintenance cost is lower. Power and fans 
are among the things that break first in an instrument, and it is moved to the chassis. When the chassis is 
in need of repair or maintenance, the modules are moved to another chassis and continue testing DUTs. 



49 

Chapter 7  
 
Conclusion 

Several more tests need to be conducted before a definitive answer to the question if PXI is a viable test 
solution can be given.  
When investing in a new test instrument two main questions are important: Does the instrument have good 
enough performance? Will the investment pay off?  

The two parameters evaluated in this thesis that indicate reduction of costs is TCO and test time. TCO 
in a direct way, the actual costs for buying and maintaining the instruments is lower by 6%. The test time 
reduces cost indirectly. Reduction of test time will result in monetary gain if used properly.  

Equipment footprint and requirement on TSC has no impact at all if equipment is used as today. The 
drivers for PXI are slightly more complex with the extra layer, so the development time and cost are likely 
to be slightly higher initially. 

When evaluating RF performance in the context of the improvements PXI brings, the question is: Is it 
good enough? And the indication is that in the range that Ericsson is operating in, yes it is. PXI and BOX 
instruments are similar in performance and have different strengths. 
The conclusion is that PXI instruments do not improve the test system enough to change all instruments 
to PXI at once. The investment would be enormous compared to the initial gain. But to gradually introduce 
PXI instruments when old instruments need to be replaced is predicted to improve the test system. 

7.1 Future work 
There are several areas regarding the PXI that need further studying and development.  
A minimum of future work is:  Develop a full set of completed drivers for the signal generator and signal analyzer.  Place the PXI chassis in a test cabinet and test a DUT with the test manager and verify that the 

PXI instruments are functional within the test system.  Evaluate the test time for the PXI instruments when run through the test manager.  Verify the calculations made for the test system controller and RF performance with real time 
measurements.  Do TCO calculations for M9391A.  Place the PXI instrument in a production line and evaluate improvement, if any. 

 
Ideas that would improve a system with PXI instruments: 
PXI has the capacity to handle huge amounts of data and transfer it fast. It is not certain that the current 
TM can handle it so an evaluation and possible upgrade of TM could improve how much of the PXI 
potential is used. It would be a costly undertaking to upgrade the TM, so an evaluation of how much the 
theoretical gain is would be good.  
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A function that today takes up a large amount of time is Spectrum sweeps. The function sweeps over the 
spectrum collecting data. With PXI it might be possible to collect all data in one bulk and process the 
information in the TSC. 
Right now most functions are sent to the DUT in serial, the PXI has potential to work more in parallel. 
Even if it’s not possible to send multiple signals to the DUT, if the collection of data is faster but requires 
calculations in the TSC, perhaps these calculations can be executed while a new function is operating on 
the DUT.  
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