




In Figure 5, the comprehensive data is displayed after selecting a 

specifi c spur in Figure 4. The partial heritage of the wanted signal is 

shown along with the data associated with the unwanted tones.

BUDGET ANALYSIS

Spreadsheets have traditionally been the favorite approach for 

performing budget analysis. They can easily capture the effects of 

channel defects such as noise and two-tone intermodulation, defi ne 

the system block properties, and structure the information in a linear 

fashion. A more obvious reason for their popularity is that they are 

widely and readily available to most people.

However simple and ubiquitous the spreadsheet approach may be, it has 

several disadvantages, the most notable of which are diffi culty in making 

changes to topology and lack of linkage between the frequency planning 

and spur searching tools that should accompany the budget analysis. 

These three views of the system architecture (frequency planning, spur 

searching, and budget analysis) must be synchronized manually by the 

designer, which is nearly impossible in a spreadsheet. A schematic 

diagram is the preferred way to capture system topology and system 

block properties, which has long been the fi rst choice of circuit designers.

The schematic or diagram generated by VSS software captures the intent 

of the system designer in a visually-expressive manner. However, because 

the spreadsheet remains well-suited for presentation during peer reviews, 

VSS offers spreadsheet views to complement its budget tools (Figure 6).

One objective of the budget tool is to defi ne the location of the gain control 

blocks, either the static beginning of life (BOL) adjustments made in the 

factory, or automatic gain control (AGC) blocks to account for variations in 

signal magnitude (target range, distance from antenna, etc). For the BOL 

gain adjustments, knowledge of the spread in system gain is necessary, a 

measurement that is not simple when using spreadsheets. 

For these types of simulations, the voltage standing wave ratio (VSWR) interactions 

between the blocks are accounted for along with fi rst-order parameter changes. Unlike 

the spreadsheet approach, a true parameter sensitivity analysis can be conducted. 

Another important consideration when designing systems is accounting for image noise, 

which is most often overlooked when using spreadsheets for system design. The system 

algorithm within VSS software accounts for image noise, which enables designers to 

make rational judgments about fi lter order and the bandwidth of the pre-mixer fi lter 

to minimize noise fi gure degradations. For some applications, image noise cannot be 

suppressed, but the designer must still account for all noise sources in these calculations.

A versatile approach to system design requires that the fi gures of merit that defi ne 

each block eventually be substituted with simulation data derived from circuit tools, 

and measured data when available. This makes the system simulation more accurate, 

because the calculations are based on real system block data (circuit data) and not 

fi gures of merit. 
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Figure 5. Heritage information of the spur search results.

Figure 6. Spreadsheet display of budget information within VSS.



VSS software is tightly integrated with AWR’s Microwave Offi ce® high-frequency 

design software so that circuit simulation of amplifi ers, oscillators, and mixers can 

be automatically linked to the system simulation. This makes it possible to replace 

block descriptions such as gain and noise fi gure as circuit data becomes available. 

The link between circuit and system tools effects the way circuit and system 

designers interact and share design ideas. The aim of using a system tool 

integrated with a circuit tool is to promote a more productive discussion 

between these two groups. Alternative system design approaches can result in 

the over-engineering of systems that reach the production stage, which leads 

to excessive R&D effort and overly complex and expensive solutions. Conversely, 

systems that are under-engineered can provide unacceptable performance 

when they are fi nally deployed.

CASE STUDY: POWER AMPLIFIER

Figure 7 shows the combination of system and circuit tools using a simple test 

of a power amplifi er as an example.

The amplifi er is actually defi ned using measured data. In this example the 

measured data is being used by the Cardiff model, although nonlinear data 

could also have been NMDG’s S-functions or Agilent’s X-parameters®. The 

spreadsheet approach works well for spot frequencies or narrowband systems 

in which the system block parameters are constant over frequency.

A spreadsheet however does not provide a simple interface when a wideband 

system is being considered. The budget tools in VSS software support the 

simulation of wideband systems (such as electronic countermeasure [ECM] 

applications) over multiple octaves. The example in Figure 8 shows the noise 

fi gure simulation over a fi nite bandwidth. The system block data is provided by 

data fi les that capture noise fi gure, gain, two-tone, and third-order intercept 

point data over a user-specifi ed frequency range. This data can be provided 

either by simulation or from measurements.

SUMMARY

System design entails budget planning, frequency planning, and spur searching. 

While spreadsheets have been used for this purpose for many years and 

provide some benefi ts, they cannot integrate all of the tools required to fully 

evaluate a system. VSS software enables a single system diagram to capture 

the system topology and system block parameters, leading to a smoother, more 

productive, and problem-free design fl ow. It also provides spreadsheet views 

to complement its graphical user interface, so designers need not abandon 

this type of presentation. In addition to its system tools, VSS integration with 

Microwave Offi ce software provides system and circuit designers with a robust 

method of sharing information at all stages of the system design, from initial 

architectural decisions through to the prototype phase, reducing the time and 

materials cost risk of over- or under-engineering.
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Figure 7.  Amplifi er testbench with 16-QAM 
modulation.
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Figure 8. Swept frequency budget analysis.


