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A phase locked l&p utilizing digital techniques to con- 
trol the closed loop bandwidth of the RF carrier phase 
locked loop in a receiver provides high sensitivity and a 
wide dynamic range for signal reception. After Falog 
to digital conversion, a digital phase locked loop band- 
width controller provides phase error detection with 
antomatic RF carrier closed loop tracking bandwidth 
control to accommodate several modes of transmission. 
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* tally Samples the oomposite signal+& signal and 
incrass the phrv bcked loop buulwidth by means of 
a numerically amtrolkd orbll.tor m d  multiplier chain 
. ~ t h e d w d s i g n d  kvel hcrase, and d-the 

5 phuc locked loop baadwidth as the received signal 
level d- ' fh~ controller v t a  in the digital 
domain for prrcirC control of the p b  lockcd bop. 

BANDWIDIIiCONIROLtERFOR 
PHAsEun=JcED-uK)P 

ORIGIN OF THE INVENTION 
with Government mpport 

under NASI-918 awuded by NASA. The Government 
has ccrtrin rights in the invention. 

invation 

BRlEF DESCRIPTION OF THE FIGURES 
REFEZEN- TO PRIOR PATENT 

APPLICATIONS 
10 FIG. 1 is a -tic block diagram of the receiver in 

the prior ut rbowinn the asential ctmrmts of the re- 
'fhir patent appliation is  a division of a pending & v k  kluding t k - h t  tad, the rcceiwr chuuds. 

application entitled: RECEIVER FOR COMMUNI- the d g  methods for the carrier and the modula- 
CATIONS SATELLXTE DOWNLINK RECEP- tion spectrums when Elkm in ambinrtion with FIG. 2 
TION, Ser. NO. 074,954, fled Jul. 17,1987 by the same l5 which rhom the digital coatroller. 
inventor, now U.S. Pat. No. 4,956864. FIG. 2 is a block &.gram of the dieitrl controller for 

The propagation path st  the frequenckr of interests 
for the g m d  field of data communicatjom m y  vary 20 
over a diunul period due to ionosphere changes md the 

DETAILED DESCRIPnON OF THE 
PREFERREDEMBODIMENTS 
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The N branch receivers utilize similar techniques to 
provide in each branch receiver a local oscillator con- 
trolled by a carrier phase locked loop to the third bet- 
erodyne mixer with fixed frequency phase stable refer- 
ences and set to the same frequency as reference fre- 
quency 1 in the main receiver to achieve phase lock and 
track out m y  differential phase effects. The closed loop 
bandwidth of the brarch receivers are controlled by 
means similar to the main receiver as shown in branch 
receiver A (receiving system 2) where the averaged 
value of carrier signal Sc2 and receiver noise is applied 
to the sample and average over T2 (SA) such that the 
time between samples T2 decreases as averaged value 
(carrier component ~ 2 )  increases. 

A copy of the application as amended is being for- 
warded under separate cover. 

What is claimed is: 
1. A digital phase locked loop band-width controller 

for a receiver, having a phase locked loop local oscilla- 20 
tor connected to a mixer followed by a bandpass limited 
intermediate frequency amplifier having a carrier and 
receiver noise output, which comprises: 

power limiter means limiting the output of said band- 
pass limited intermediate frequency amplifier, the 25 
limit level being the optimum performance point of 

intermediate frequency amplifier having a narrow 
band signal and receiver noise output at intermedi- 
ate frequency; 

frequency standard reference signal means coherent 
with said intermediate frequency amplifier carrier 
output, providing a frequency standard first refer- 
ence signal output, and including 

means for phase shifting the output of said reference 
signal means 90 degrees with respect to said power 
limited intermediate frequency amplifier output 
carrier signal producing an orthogonal second ref- 
erence signal output, and including 

analog-to-digital Converter means converting said 
first and said second outpkts of said reference sig- 
nal scans from analog to first and second digital 
outputs; 

analog-todigital converter means converting the 45 
power limited output of the intermediate frequency 

cludes the sinusoidal time varying phase of the 
received sinusoidal carrier signal; 

a first COrrelatOr having a digital value output includ- 
ing a + or - sign bit which represents the phase 
error between the poweJ 
limited intermediate frequency amplifier output 
carrier signal and receiver noise and the orthogonal 
frequency standard signal; 

a second correlator having a digital value output 
which represents the correlation between the 
power limited intermediate amplifier output carrier 
signal and receiver noise and the in-phase first 
output of said frequency standard reference signal 
means; 

sampling and averaging means sampling received 
signal carrier level and establishing a sample time 
interval inversely proportional to signal carrier 
level, connected to said second correlator, said 
sampling and averaging means including 

a first digital averaging means receiving digital values 
from said second correlator, averaging digital val- 
ues over each said sample time interval and pro- 
ducing an average value representative of received 
signal carrier level for controlling the sample time 
interval, reducing the interval as received signal 
level increases; 

values from said first correlator, over each time 
interval, and producing the averaged phase error as 
a digital output with a + or a - signal bit as a 
digital output for each sample time period; 

a tracking filter connected to said sampling and aver- 
aging means output, establishing the response time 
of the loop, said filter having an output; 

receiver local oscillator means including a numeri- 
cally controlled oscillator, D/A converter, and 
multiplier chain, changing the phase of said local 
oscillator and bandwidth of said receiver, con- 
nected to said mixer, in accordance with the phase 
error averaged over each sampling interval; and 

delay means receiving said tracking filter output, for 
controlling the time when the phase error averaged 
over each sampling interval is applied to said nu- 
merically controlled oscillator, in said local oscilla- 
tor means, connected to said numerically con- 
trolled oscillator. 
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