
A UNIQUE NEW
TECHNOLOGY
FOR RF BUDGET
ANALYSIS

The primary motivation for using a sys-
tem simulator is to establish the right
system architecture and formulate suit-

able specifications for each of the underlying
components. Accomplishing this goal helps
companies to reduce time-to-market by elimi-
nating iterations and rework, and to reduce
system cost by ensuring that components are
not over-specified and thus unnecessarily ex-
pensive. The sooner the engineering team has
an accurate understanding of system perfor-
mance before committing to hardware, the
faster they can move the product into manu-
facturing and ultimately into the hands of the
consumer.

Visual System Simulator2004™ (VSS) is
comprehensive software for the design of
complete, end-to-end communications sys-
tems. VSS uses an advanced time-based simu-
lation engine tightly coupled with AWR’s Mi-
crowave Office™ circuit simulation tool.
These two powerful products are integrated in
the AWR Design Environment™, which en-
ables systems and circuit designers to work to-
gether within a single environment to perform
interactive, top-down analysis of analog and
digital communications systems. 

VSS2004 technology enables designers to
easily make critical system performance mea-

surements, accurately analyze the impact of
RF components on modulated signals, and
make cost-effective “trade offs” between sys-
tem specifications and circuit specifications.
VSS is built on a complex envelope, data-dri-
ven simulation engine, providing blazing sim-
ulation speed and offering an extensive selec-
tion of behavioral blocks for wireless commu-
nications systems design engineers. 

VSS2004 software can incorporate either
high level behavioral models or detailed tran-
sistor-level circuit designs from Microwave
Office software. It also offers seamless inte-
gration with TestWave™ software, AWR’s in-
strument interface, enabling engineers to per-
form analysis at the system level, where hard-
ware measurements are incorporated through
a bi-directional link to popular test and mea-
surement equipment.

VSS2004 effectively gives the entire engi-
neering team the “big picture,” including the
RF impairments in the presence of complex
modulated signals. The solution reduces time-
to-market by providing a single integrated plat-
form wrapped in an intuitive interface. With
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VSS, users can transcend the system
hierarchy and easily move from a high
level of abstraction down to a detailed
level — from simulations that include
layout parasitics to the incorporation
of measured data read in directly
from test instrumentation.

The company takes great pride in
its customer responsiveness and lis-
tens closely to the needs of the con-
sumer. As a result, customer-request-
ed features are continually added to
the product line and the products en-
hanced in a relatively short time by
fully utilizing modern software tech-
nology. Several key new features have
been added to VSS in 2004. 

RF BUDGET ANALYSIS
RF Budget Analysis is a unique

new solution that enables designers
for the first time to calculate cascad-
ed performance of the RF link. This
new addition to VSS system measure-
ments takes the software to a higher
level of RF link system analysis. 

Traditional RF/analog system
analysis commonly requires several
tools to achieve a complete analysis of
end-to-end performance. For exam-
ple, the engineering team may use
one tool for error vector magnitude
(EVM) measurements and another
for calculating cascade noise figure
(NF) and output IP3 (OIP3). With
VSS2004, engineering teams now
have an efficient and comprehensive
platform for making RF cascade cal-
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culations at interior points of the RF
link to perform an EVM measure-
ment, all within a single system dia-
gram, as shown in Figure 1. Working
in one environment provides a seam-
less flow of information between tra-
ditional systems engineers and
RF/analog engineers.

With the integration of RF cas-
cade calculations into VSS2004, not
only do all of the RF VSS behavioral
models now include an NF parame-
ter, but the software can also auto-
matically extract IP3 and NF parame-
ters from Microwave Office and Ana-
log Office™ circuit designs.
Designers can start their VSS design
with RF behavioral models, and as
the design process matures, they can
replace these models with actual cir-
cuit designs and continue with the
same RF link to perform cascaded
measurements.

RF Budget Analysis measure-
ments allow engineers to specify ei-
ther a unique frequency or a set of
frequencies over which to make the
measurements. RF cascade calcula-
tion results can be displayed in a tab-
ular or graphical flow format. The
measurements can be used for mod-
eling the noise, gain, IP3, signal-to-
noise ratio (SNR), intermodulation
performance and compression char-
acteristics of a system of cascaded
components.

VSS2004 and RF Budget Analysis
are powerful tools that give an engi-

neering team the ability to perform
trade-off studies in order to balance
performance parameters such as gain
distribution, spurious levels and re-
ceiver sensitivity. Designers can now
discover systems deficiencies quickly
and eliminate design turns.

PLL SIMULATION BLOCKS
Phase lock loops (PLL) are an in-

tegral part of communications sys-
tems. The integration of dedicated
behavioral PLL blocks into VSS2004
provides the ability to interactively in-
vestigate the dynamics of frequency
synthesizers, frequency/phase modu-
lators and frequency/phase demodu-
lators. 

The PLL models are designed to
give engineers access to high level pa-
rameters such as the charge-pump
current and the voltage-frequency
gain (Kvco) of the voltage control os-
cillator (VCO). Users can choose
from several behavioral filter models
that are representative of both pas-
sive and active topologies. After the
behavioral loop filter parameters have
been determined, engineers can take
the design a step further by replacing
this filter with a Microwave Office
circuit design, as shown in Figure 2. 

Through simulations, engineers can
establish practical PLL design guide-
lines. For example, they can deter-
mine the PLL’s stability, phase margin,
open- and closed-loop frequency re-
sponse, bandwidth, and pole locations.
Transient simulation (both fast and ac-
curate) can be performed to visualize
settling time or an abrupt change in
the divide-by-N ratio. 

Using VSS2004 blocks, the design-
er can account for many of the non-
idealities encountered in practical
PLL implementations. The nonlinear
tuning table of a VCO can be import-
ed into VSS2004 together with its
phase noise. Ultimately, the best loop
bandwidth, phase noise, transient re-
sponse and phase margin can be de-
termined by working with the
VSS2004 PLL behavioral blocks. 

VSS2004 CORE ENHANCEMENTS
Core models such as a lookup

table, variable gain amplifier (VGA)
and align are found in VSS2004. One
use of the lookup table is to simulate
the function of a variable voltage at-
tenuator (VVA) or, more generically,
for simulating a nonlinear transfer

s Fig. 1  RF Budget Analysis and EVM.

               



function. The VGA model can be
used to analyze the behavioral charac-
teristic of an automatic gain control
(AGC) system. The align block ana-
lyzes two signals, a reference signal
and a degraded version of the refer-
ence signal, for timing alignment, and
gain and phase distortion. The signals
are then delayed as necessary to time-
align the signals on output. The cor-
rupted signal is gain- and phase-com-
pensated to minimize the effects of
gain and phase distortion.  Typically
this model is used prior to making an
EVM measurement. 

Additional signal sources intended
for use when performing RF link

want to create 3G wideband CDMA
(WCDMA) frequency division duplex
(FDD)  “bit accurate” signals. 

VSS2004 measurements have
been enhanced as necessary. Root
raised cosine (RRC) filtering is added
to the adjacent channel power ratio
(ACPR) measurement window to
meet the needs of engineers per-
forming 3G WCDMA FDD confor-
mance testing. The direct importa-
tion of spectral masks has also been
added to the VSS measurement win-
dow. This feature is particularly use-
ful for engineering teams performing
conformance tests using today’s wire-
less communication signals. In addi-
tion, through the use of systems an-
notations, engineers can monitor at
each node in the system such metrics
as the SNR, signal power and signal
delay. 

The company continues to enhance
the integration of VSS with Microwave
Office through the AWR Design Envi-
ronment. VSS2004 provides users with
a seamless connection to incorporate
directly into the system diagram both
oscillator phase noise and mixer spur
measurements obtained from circuit
designs. Upon completion of an oscilla-
tor’s phase noise analysis in Microwave
Office, its single-sideband phase noise
profile can be directly imported into
the VSS phase noise model. In VSS, for
example, the effect of the phase noise
on bit error rate (BER) performance
can be determined. A circuit-level mix-
er design can be accurately simulated
in VSS by exporting the Microwave Of-
fice spur analysis results as an MxN
spur table into the system “file based”
mixer, as shown in Figure 3. In addi-
tion, the VSS frequency-dependent
nonlinear model has been improved,
allowing the simulation of a frequency-
dependent amplifier design in Mi-
crowave Office to be realized at the sys-
tem level.

Adaptive behavioral models such
as least mean square (LMS) and re-
cursive least square (RLS) equalizers
have also been added. One use of an
equalization system is to compensate
for transmission-channel impair-
ments such as frequency-dependent
phase and amplitude distortion. Be-
sides correcting for channel frequen-
cy-response anomalies, an equalizer
can be used to cancel the effects of
multipath signal components. The re-
sulting equalizer coefficients that are
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analysis and/or conformance testing
have been added to the extensive list
of VSS2004 models. The new models
are similar to the existing 802.11a/b/g
signal generators in that they use the
proper modulation and have the cor-
rect spectral qualities. The new mod-
els consist of digital video broadcast
(DVB) and code division multiple ac-
cess 2000 (CMDA2000) signal
sources. Engineers can also take ad-
vantage of the wide range of VSS
primitive models such as forward er-
ror correction (FEC) models, and add
additional features to these signal
sources. A third-generation (3G) de-
sign studio exists for engineers who

s Fig. 2  Frequency synthesizer.

s Fig. 3  VSS mixer.

         



generated can be exported to external
files to be used, for example, in a
stand-alone finite impulse response
filter (FIR). 

VSS2004 supports AWR’s ongoing
commitment to deliver to the engi-
neering team a single design environ-
ment that allows for a true top-down

analysis of analog and digital commu-
nications systems. This new software
solution further reduces product de-
velopment costs for designers of
wireless telecommunications equip-
ment, semiconductors, high speed
computers, networking systems and
other electronics-based products.
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