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Abstract

This work explores, by way of example, the application of modern CAD software to the simulation of RF communication
system hardware. We restrict attention to the front-end analog portions of a typical communication link; that is, our
coverage is from IFto-IF. A 915 MHz breadboard system is used in a case study that compares measurements and
simulations of various receiver and transmitter sub-system scenarios; the IF frequency is 70 MHz for both sub-systems.
Performance parameters examined for the transmitter and receiver sub-systems include small signal frequency response, 1
dB gain compression power levels, and third-order-intercept (TOI). In addition, simulated and measurements for the
receiver noise figure are compared.  Finally, the transmitter and receiver are connected together with avariable attenuator
to examine overall link performance, while leaving free-space propagation and channel modeling issues for future work. It
is shown that after “calibrating” the system CAD representations of the transmitter and receiver sub-systems using
component behavior, good predictions of in-band performance can be achieved for al parameters examined. The
differences between CAD library (ideal) filters and measured filters can cause significant out-band discrepancies between
simulated and measured sub-system behavior.
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Motivation and Goals

+ This work explores, by way of example, the application
of modern CAD software to the simulation of RF
communication system hardware.

» A 915 MHz transmitter/receiver system is used in a
series of measurement and simulation comparisons.

+ This effort is part of a longer range effort that involves
students in system level studies that are building
greater understanding of how to effectively model
communication system hardware.
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Motivation and Goals

+ Two different simulators — Agilent ADS and Ansoft Serenede are
exemplified to varying degrees.

+ Considered are swept small signal response, noise
figure/conversion gain, 1 dB compression, third order intercept
(TOI), and mixer intermodulation (spur) analysis.
Antennas/channel modeling not studied here.

+ Goals:

— Illustrate modern CAD solutions to system hardware
simulation.

— Explore which measures and simulations make sense to
compare at sub-system level.

— Determine where problems arise in system hardware
simulations, or answer the question: what works / what
doesn’t?
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= Test-bed at 915 MHz — generic transmit receive pair € Today’s focus
= Test-bed at 2400 MHz — Intersil PRISM Wireless LAN hardware
= Bits-to-bits treatment as goal

= Simulation and measurement comparisons reveal and validiate needed
improvements for system hardware simulations

Simulation and Measurements of Wireless Transmitter
and Receiver Hardware
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Receiver Simulation
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System components are model ed with functional models selected
from the CAD simulator library.
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Similar schematic representations are used to define the sub-systemsin the
two simulators.
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Transmitter Simulation
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Parameters used to define the components are selected initially from component
specifications, then “ calibrated” using measured component data.
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Receiver Measurements and Simulation
Filter effects: Ideal vs. Measured
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Receiver Measurements and Simulation
< Conversion gain and Bandwidth: Simulated vs. Measured
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Transmitter Measurements and Simulation
Conversion gain and Bandwidth: Simulated vs. Measured
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Transmitter Measurements and Simulation
Conversion gain and Bandwidth: Simulated vs. Measured
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Receiver Measurements and Simulation
- Noise Figure: Simulated vs. Measured
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Receiver Measurements and Simulation
- Noise Figure: Simulated vs. Measured
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Receiver and Transmitter Measurements and Simulation
TOI: Simulated vs. Measured
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Receiver and Transmitter, Measurements and Simulation
1- dB Compression point
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Receiver and Transmitter, M easurements and Simulation

1-dB Compression point: Simulated vs. Measured
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Receiver and Transmitter Measurements and Simulation
TOI: Simulated vs. Measured
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» Common Conditions for receiver/transmitter:
LO Frequency 985MHz, +7 dBm

2-Tone Measured TOI Simulated TOI
Frequencies (dBm) with ADS (dBm)
(MHz)
Receiver 915,916 9.65 8.79
Transmitter 70,71 11.78 11.05
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TOI Compression point: Simulated vs. Measured
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Receiver Measurements and Simulation
IMT: Simulated vs. Measured
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Receiver Measurements and Simulation
IMT: Simulated vs. Measured
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Transmitter M easurements and Simulation

IMT: Simulated vs. Measured
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Receiver Measurements and Simulation
IMT: Simulated vs. Measured
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Receiver M easurements and Simulation
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Transmitter M easurements and Simulation
IMT: Simulated vs. Measured
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Transmitter Measurements and Simulation
IMT: Simulated vs. Measured
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Receiver and Transmitter Link
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Summary

Good predictions of in-band performance can be achieved for all
parameters examined.

The differences between CAD library (ideal) filters and measured
filters can cause significant out-band discrepancies.

Mixer product (spur) simulations are much improved after using
custom intermodulation tables; unexplained discrepancies remain
for some frequencies.

The lack of non-linear representation of amplifiers was evident
when amplifiers were included in mixer spur analysis and
measurement. Many frequency components not predicted in
output.

Future work will study 2.4 GHz “Prism” WLAN hardware, extend
consideration to “modulation domain”, and time domain, and
include antenna/channel considerations.
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