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ABSTRACT

This application note describes the usage of AFFE79XX family of devices as chirp frequency generators.

The AFE79XX is a family of high-performance, wide-bandwidth multi-channel transceivers, integrating four RF
sampling transmitter chains, four RF sampling receiver chains, and up to two RF sampling digitizing auxiliary
chains (feedback paths). Each receiver chain includes a 25dB range DSA (Digital Step Attenuator), followed
by a 3GSPS analog-to-digital converter (ADC). Each transmitter chain includes a single or dual digital up
converters (DUCs) supporting up to 1200MHz combined signal bandwidth. The output of the DUCs drives a
12-GSPS digital-to-analog converter (DAC). The feedback path includes a 25dB range DSA driving a 3GSPS
RF-sampling ADC, followed by a DDC with up to 1200MHz bandwidth. The AFE79xx’s improvement in density
and flexibility enables high-channel-count, multi-mission systems, and makes these devices a very attractive
option for wideband linear chirp frequency applications.
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1 Introduction

A chirp is a signal in which the frequency increases (up-chirp) or decreases (down-chirp) with time. In some
sources, the term chirp is used interchangeably with sweep signal. Chirp is commonly applied to sonar, radar,
and laser systems, and to other applications, such as in spread spectrum communications. A linear chirp
waveform is also referred to as Linear Frequency Modulation (LFM) Waveform.
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Figure 1-1. A Linear Chirp Waveform (A Sinusoidal Waveform that Increases in Frequency Linearly in
Time)

One popular application of this is Linear frequency modulation (LFM) based jamming, also known as chirp
jamming, is a technique used to disrupt communication systems that rely on linear frequency modulation for
transmission. In LFM-based jamming, the jammer emits a signal that continuously varies in frequency over
time according to a linear function. This results in a signal with a continuously changing frequency, resembling
a chirp in the frequency domain. When the jammer's chirp signal overlaps with the frequency range used by
the target communication system, it interferes with the reception of the legitimate signal. This interference can
disrupt the communication link, causing errors in data transmission, loss of synchronization, or complete loss
of communication. LFM-based jamming is effective against communication systems that are not designed to
handle or mitigate frequency-modulated interference. However, some modern communication systems employ
techniques such as frequency agile modulation or advanced signal processing to mitigate the effects of LFM-

based jamming.
Figure 1-2 shows an example of stepped LFM frequency versus time profile.
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Figure 1-2. LFM Frequency versus Time Profile

Here,
Af is the frequency step
At is the dwell time, that is, the time for which one of the frequencies is transmitted.

T =N x AT is the total sweep time.
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2 AFE79XX TX Architecture

The AFE79XX integrates 4 transmitters based on RF sampling DACs. Figure 2-1 shows the TX chain block
diagram for a single DUC. The DAC output can operate at up to 12GSPS and is followed by a TX DSA (Digital
Step Attenuator). The digital section of the TX includes dual or single DUCs to increase the input sample rate to
the DAC sample rate. The digital block also includes gain control and a PA protection block.
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Figure 2-1. TX Chain Block Diagram with Single DUC

3 Numerically Controlled Oscillator

The complex digital mixers in the AFE79XX DDC and DUC include digital quadrature modulator (DQM) blocks
with independent Numerically Controlled Oscillator (NCO) or NCOs. The NCOs convert the complex input signal
to a real output signal with flexible frequency placement between 0 and fpac / 2, where fpac is the DAC sampling
clock frequency. The NCOs have a 32-bit frequency accumulator value that generates the sine and cosine terms
for the complex mixing. Figure 3-1 shows the NCO block diagram.
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Figure 3-1. NCO Block Diagram
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4 Configuring the AFE79XX for Multi-Band Jamming

4.1 Overview of Configurability

AFE79XX has four TX channels, configurable to independently operate in different frequency bands across their
supported output frequencies that is, 600MHz to 12 GHz for AFE7950 and from 5MHz to 7.4GHz for AFE7900.
RF sampling architecture employing digital mixers or NCOs provides high configurability. Multi-band jamming
can be enabled using a single device by configuring all four Tx channels to sweep frequencies with independent
band and bandwidth.

Each transmitter chain has 16 NCO running in parallel whose frequencies can be continuously updated by the
device in chirp generator mode in the steps defined by user. In the chirp mode, the device is configured to give
constant input to the mixer. This DC signal is up converted by the digital mixer as per the NCO value which is
them transmitted from the TX chain through the DAC output.

The dwell time that is, time spent at one of the step frequencies achieved by the device is around 750ns
(Minimum Dwell Time).

4.2 Jamming Related Latte Functions and Parameters
Configuring the device is in this mode is very simple and can be done by following these steps:

1. Install Latte Version 2.4.0 or later from TI's My Secure Resources.
2. While doing the device bringup, set the following parameters with these values in the bringup script:

sysParams.ncoFregMode = "Fcw"
sysParams.autoFcwConvert =1
sysParams.txChainDirectCtrl =1

3. Call the function AFE.txNcoSweep()

AFE. txNcoSweep (en,freqStart1,spani,freqStart2,span2,freqStart3,span3,freqStart4,span4,steps)
With designed for input arguments where:

En= 1 enables jammer mode and 0 brings back the device into default working mode.

freqStart1(MHz)= Start Frequency for Tx channel 1.

_ Fdac GHz
LSB = SEet (1)

span1(MHz)=Bandwidth for Tx channel 1.
freqStart2(MHz)= Start Frequency for Tx channel 2.

_ Fdac GHz
LSB = ~57 (2)

span2(MHZ)=Bandwidth for Tx channel 2.
freqStart3(MHz)= Start Frequency for Tx channel 3.

_ Fdac GHz
LSB = Z5pt ®)

span3(MHz)=Bandwidth for Tx channel 3.
freqStart4(MHz)= Start Frequency for Tx channel 4.

_ Fdac GHz
LSB = Z5 (4)

span4(MHz)=Bandwidth for Tx channel 4.
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Steps = Number of frequency steps in which all the Tx channels cam sweep across the designated bandwidths.

The application of the above function is shown with the below example where the AFE7900’s 3 channels are
configured to jam three different bands and mentioned:

* TX1 is configured to transmit in the 2.4GHz band with BW 85MHz.

* TX2 is configured to transmit in the 0.9GHz band with BW 28MHz.

» TX83 is configured to transmit in the 5GHz band with BW 125MHZ.

AFE. txNcoSweep (1,2400,85,900,28,5000,125,2400,85,87)
Here the last argument that is, the number of frequency steps is given as 87.

4.3 Results
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Figure 4-2. Frequency versus Time from Phase Noise Analyzer (85MHz Sweep at *2.4GHz, in =62ps)
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Figure 4-5. Spectrum Analyzer in Max Hold Mode (125MHz Sweep at *5GHz, in =62pus)
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Figure 4-6. Frequency versus Time from Phase Noise Analyzer (125MHz Sweep at *5GHz, in =62us)
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5 Summary

This application note describes the procedure to use AFE79XX as Linear Frequency Modulated Signal generator
which can be used as multi band Jammer with a single device by configuring all four Tx channels to sweep
frequencies with independent band and bandwidth.

The dwell time, that is, time spent at one of the step frequencies achieved by the device is around 750ns
(Minimum Dwell Time).
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