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LINEAR FREQUENCY MODULATION 
APPARATUS AND TECHNIQUE 

BACKGROUND OF THE INVENTION 

The present invention relates to the broad ?eld of FM 
Waveform generation and more particularly to the ?eld of 
linear frequency modulation. In even greater particularity, 
the present invention relates to linear frequency modulation 
having a large time-bandWidth product and an extremely 
linear frequency versus time Waveform. 

Previous knoWn methods of linear frequency modulation 
could generate extremely linear frequency versus time 
Waveforms for very short times only, or they could generate 
long frequency versus time Waveforms With relatively poor 
linearity. UtiliZed in some of the prior art Was a 1.0 GHZ 
clock-rate scheme in Which a closed loop system Would be 
clocked at a 1.0 GHZ rate; hoWever, inherent in such a 
scheme are problems With reliable clocking of digital 
devices at the 1.0 GHZ rate. 

Another scheme for achieving the desired time-bandWidth 
product Was digital computation With a single sideband 
generator; hoWever, this method required a 10ns digital to 
analog converter and sample and hold circuits. Also, the 
scheme required phase matching over an 8 megahertZ range 
Within 1° in the ?lters and mixers of the single sideband 
generator. 

Another method is the use of digitally controlled X-band 
phase shifters; hoWever, this method encounters problems in 
the precise timing in the phase shifters and the number of 
bits necessary to drive the phase shifters. 

The closest prior art Would be the use of analog frequency 
modulators using an analog feedback circuit, Wherein the 
major problem is the lock-up time required for the loop 
between LFM strokes Which yields a loWer duty factor than 
desired in utiliZation. 

SUMMARY OF THE INVENTION 

The present invention overcomes the dif?culties in pro 
viding a linear frequency versus time Waveform having the 
required time-bandWidth product by utiliZing a closed loop 
path Which contains a forWard analog path for generating the 
output frequency folloWed by an error signal generator 
utiliZing a surface acoustic Wave device and a digital feed 
back path to said forWard analog path. 

It is an object of the invention to provide an extremely 
linear frequency modulation versus time Waveform With a 
large time-bandWidth product. 

Another object of the invention is to provide such a linear 
frequency modulation With multiple sWeep rates. 

Yet another object of the invention is to provide such 
linear frequency modulation With variable polarity, such that 
an upstroke or doWnstroke frequency modulation versus 
time relationship may be selected. 

These and other objects, features and advantages of the 
invention Will become apparent to the artisan from a study 
of the description of the preferred embodiment and the 
appended Figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a representation of the desired frequency rate of 
change characteristics of the ideal LFM Waveform; and 

FIG. 2 is a block diagram of the mechaniZation of the 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The technique and mechaniZation hereafter described is 
most useful in LFM radar applications, in that it alloWs the 
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2 
formation of range gates With a relatively long ambiguous 
range. Further, the variable slope or polarity aspect alloWs 
the formation of adaptive range gates. Also, the invention 
provides the capability of moving interference such as 
clutter aWay from the target in frequency When the clutter 
has appropriate range and range rates. 
With reference to FIG. 1, the Waveform 10 represents the 

idealiZed linear characteristics of an upslope frequency 
modulation versus time Waveform Where the frequency 
ranges from an fO to f1 over the time interval tO to t1. A 
relatively large time (tl-to) - bandWidth (fl-f0) product may 
be attained through a technique utiliZing the mechaniZation 
shoWn in FIG. 2. 
Ramp generator 21 is a voltage versus time Waveform 

generator. Preferentially it comprises integrators Whose out 
put is a relatively linear voltage versus time Waveform. The 
output of the ramp generator can have ?ve different voltage 
versus time rates, and can be either an increasing voltage 
versus time Waveform or a decreasing voltage versus time 
Waveform. This output is applied to a summing circuit 23 
Whose other input is the feedback error signal from the 
feedback loop. The summing circuit output is the input to a 
highly linear voltage controlled oscillator (VCO) 25 Whose 
output is a linear frequency versus time Waveform, and is 
accomplished using a hyper abrupt varactor. The output of 
VCO 25 is the LFM Waveform supplied to the system of 
Which the present invention is a subassembly. VCO 25 also 
has tWo outputs to the feedback loop. 
One of the VCO 25 outputs is an undelayed output to a 

mixer 27, While the other is a delayed path through a surface 
acoustic Wave (SAW) delay line 29 to mixer 27. SAW delay 
line 29 serves as an error signal generator such that the 
output of mixer 27 is a frequency that is proportional to the 
rate of the frequency change of VCO 25. It may be noted that 
a measure of the linearity of the VCO output could be 
accomplished by measuring the frequency deviation at the 
output of mixer 27. HoWever, folloWing mixer 27 is a Zero 
crossing detector 31 Which converts the analog sinusoidal 
signal output of mixer 27 into a square Wave digital signal 
that can be processed by a digital frequency discriminator 
33. 

Discriminator 33 compares the square Wave from Zero 
crossing detector 31 to a value preset for each available 
slope rate. Discriminator 33 is clocked by a high frequency 
clock 35 that varies up to 48 megahertZ, depending upon the 
slope rate, in the preferred embodiment. The output of 
discriminator 33 is accumulated for each sample time and 
applied to the system through a digital to analog converter 
37. The analog output of converter 37 is applied to a 
correction slope generator 39 Whose purpose is to provide 
loop compensation and stability to the loop. The output of 
generator 39 is the second input to summing circuit 23, thus 
closing the loop. 

Thus it can be seen that in operation the technique 
requires generating an analog signal to output a linear 
frequency modulation Waveform, delaying part of said out 
put to generate an error signal for deriving a signal propor 
tionate to the rate of change of said output frequency; 
converting said proportionate signal into a digital Waveform; 
comparing said digital Waveform to a predetermined value 
to yield a digital variance output; converting said digital 
output to an analog slope correction Waveform and stabiliZ 
ing the generation of said LFM Waveform by the introduc 
tion of said slope correction Waveform. It Will be appreciated 
that each of the steps of the technique may be further 
delineated by the functional performance of the elements 
hereinabove described. 
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While a preferred embodiment has been described, it 
should be understood that said description is intended as an 
illustration rather than a limitation, and that the invention 
encompasses such changes, modi?cations, and alterations as 
are encompassed by the scope and spirit of the appended 
claims. 
What is claimed is: 
1. An apparatus for generating selectable linear frequency 

versus time Waveforms comprising, in combination: 

an analog forWard path having input and output means; 
an error signal generator receiving the output of said 

analog forWard path and having an output that is 
proportional to the rate of change in frequency of the 
output of said analog forWard path; and 

a feedback path receiving the output of said error signal 
generator, connected to an input of said forWard path 
for supplying a feedback signal, and having means for 
providing a sample period determined by the slope 
selected for said Waveform, and digitally comparing 
during said period said error signal to a value deter 
mined by said slope. 

2. The apparatus of claim 1 Wherein said analog forWard 
path comprises: 

means for generating a linear voltage ramp having an 
output; 

means for summing said voltage generating means output 
With said feedback signal; and 

means for varying frequency of a signal over time in an 
extremely linear manner in accordance With a voltage 
signal input thereto from said summing means. 

3. The apparatus of claim 1 Wherein said error signal 
generator comprises: 

a surface acoustic Wave delay line receiving an input from 
said analog forWard path and having an output derived 
from the output thereof; 

means for deriving a signal proportionate to the rate of 
change in frequency of the output of said analog 
forWard path, having inputs from said surface acoustic 
Wave delay line and said analog forWard path. 

4. The apparatus of claim 1 Wherein said feedback path 
comprises: 

means for converting the output of said error signal 
generator into a digital Waveform; 

means for comparing said digital Waveform to a prede 
termined value associated With the linearity of said 
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frequency versus time Waveform, outputting a digital 
signal related thereto; and 

means for converting said digital signal into an analog 
voltage for input into said analog forWard path to 
provide feedback loop stability to the analog forWard 
path output. 

5. Apparatus for producing a linear frequency ramp, 
comprising: 

a voltage controlled oscillator providing a relatively linear 
frequency versus time Waveform at its output respon 
sive to the voltage of a signal at its input; 

a ?rst Waveform generator producing a relatively linear 
ramp signal of voltage versus time at its output, 
Wherein the slope of said ramp is selectable from a 
predetermined set of voltage versus time rates; 

a second Waveform generator providing the error signal of 
a feedback circuit at its output to correct the slope of the 
output signal of said voltage controlled oscillator; 

a summing circuit coupled to said outputs of said ?rst and 
said second Waveform generators for combining said 
error signal With said relatively linear ramp signal of 
voltage versus time, and coupled to said input of said 
voltage controlled oscillator; 

means in said feedback circuit coupled to an output of said 
voltage controlled oscillator for providing a frequency 
signal that is proportional to the rate of the frequency 
change in the output of said voltage controlled oscil 
lator; 

means in said feedback circuit coupled to said frequency 
signal providing means for converting said propor 
tional signal into a square Wave digital signal; 

means in said feedback circuit coupled to said converting 
means for providing a sample period determined by the 
slope selected for the ramp of said ?rst Waveform 
generator, and comparing during said period said 
square Wave digital signal to a value determined by said 
slope; and 

means in said feedback circuit coupled to said comparing 
means for converting the results of said comparison to 
a digital signal and coupling said digital signal to said 
second Waveform generator. 


