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(57) ABSTRACT 

A phase-locked loop (PLL) is provided. The PLL comprises 
a dithering circuit that is configured to receive a second tuning 
signal, and dither the second tuning signal to generate a dither 
signal to decrease a magnitude of a spur of the PLL. The 
dither signal is used by a digitally controlled oscillator (DCO) 
to generate an output signal of the PLL. Operation of the 
dithering circuit is controlled using a spur-cancel control 
circuit. The spur-cancel control circuit receives a frequency 
command word (FCW) signal and determines a value of an 
enable signal based on the FCW signal. In some embodi
ments, the dithering circuit dithers the second tuning signal 
based on the enable signal. 

20 Claims, 4 Drawing Sheets 
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PHASE-LOCKED LOOP (PLL) 

BACKGROUND 

A phase-locked loop (PLL) is a control system that is 
configured to output a signal having a phase that is related to 
an input signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

2 
In some embodiments, a probability of occurrence of a 

periodic spuris a function of the FCW. In some embodiments, 
the periodic spur is caused by a periodic limit cycle of the 
PLL. In some embodiments, the FCW comprises a fractional 
part and an integer part. In some embodiments, the probabil
ity of occurrence of the periodic spur is a function of the 
fractional part. In some embodiments, the fractional part is 
greater than or equal to O and less than 1. In some embodi
ments, if a difference between the fractional part and O is less 

Aspects of the present disclosure are best understood from 
the following detailed description when read with the accom
panying figures. It is noted that, in accordance with the stan
dard practice in the industry, various features are not drawn to 
scale. In fact, the dimensions of the various features may be 
arbitrarily increased or reduced for clarity of discussion. 

10 than a difference between the fractional part and 1, then the 
probability ofoccurrence of the periodic spur increases as the 
fractional part approaches 0. In some embodiments, if the 
difference between the fractional part and 1 is less than the 
difference between the fractional part and 0, then the prob-

15 ability of occurrence of the periodic spur increases as the 
fractional part approaches 1. 

FIG. 1 is an illustration of a schematic block diagram of at 
least a portion of a phase-locked loop (PLL), in accordance 
with some embodiments. 

In some embodiments, if a difference between the frac
tional part and O is less than a difference between the frac
tional part and 1, then the probability of occurrence of the 

FIG. 2 is an illustration of a schematic block diagram of at 
least a portion of a spur-cancel control circuit, in accordance 
with some embodiments. 

FIG. 3 is an illustration of a schematic block diagram of at 
least a portion of a dithering circuit, in accordance with some 
embodiments. 

20 periodic spur decreases as the fractional part approaches 1. In 
some embodiments, if the difference between the fractional 
part and 1 is less than the difference between the fractional 
part and 0, then the probability of occurrence of the periodic 
spur decreases as the fractional part approaches 0. In some 

FIG. 4 illustrates a method of operating a PLL, in accor
dance with some embodiments. 

DETAILED DESCRIPTION 

25 embodiments, if the fractional part is within a minimal occur
rence range, then the probability of occurrence of the periodic 
spur is substantially equal to about 0. In some embodiments, 
the minimal occurrence range is between about 0.1 and about 
0.9. In some embodiments, the minimal occurrence range is 

30 between about 0.2 and about 0.8. 
The following disclosure provides many different embodi

ments, or examples, for implementing different features of 
the provided subject matter. Specific examples of compo
nents and arrangements are described below to simplify the 
present disclosure. These are, of course, merely examples and 35 

are not intended to be limiting. For example, the formation of 
a first feature over or on a second feature in the description 
that follows may include embodiments in which the first and 
second features are formed in direct contact, and may also 
include embodiments in which additional features may be 40 

formed between the first and second features, such that the 
first and second features may not be in direct contact. In 
addition, the present disclosure may repeat reference numer-
als and/or letters in the various examples. This repetition is for 
the purpose of simplicity and clarity and does not in itself 45 

dictate a relationship between the various embodiments and/ 
or configurations discussed. 

FIG. 1 illustrates a schematic block diagram of a portion of 
a PLL, according to some embodiments. In some embodi
ments, the PLL comprises at least one of a phase integrator 
102, a phase error circuit 104, a loop filter 106, a normalizer 
108, a digitally controlled oscillator (DCO) 110, a tuning 
circuit 112, a spur-cancel control circuit 114, a dithering 
circuit 116, a first portion of a time-to-digital convertor 
(TDC) 118, a second portion of the TDC 122 or a signal 
conditioner 120. 

In some embodiments, the phase integrator 102 receives a 
FCW signal Sl. In some embodiments, the phase integrator 
102 is configured to use the FCW signal Sl to determine a 
reference phase. In some embodiments, the DCO 110 is con
figured to output an output clock signal S9 such that there is 
a constant phase difference between an output phase of the 
output clock signal S9 and the reference phase. In some 
embodiments, the output clock signal S9 is an output signal of 
the PLL. In some embodiments, if there is a constant phase 
difference between the output phase and the reference phase, 
then the output clock signal S9 has an output frequency that is 
substantially equal to a target frequency of the PLL. In some 
embodiments, the phase difference is substantially equal to 
about O degrees. In some embodiments, the phase difference 
is substantially equal to a phase between about O degrees and 
about 360 degrees. In some embodiments, the phase integra
tor 102 outputs a reference phase signal S2 based on the 
reference phase. 

In some embodiments, the first portion of the TDC 118 is 
configured to receive an initial clock signal Sll and the out-

In some embodiments, a phase-locked loop (PLL) is pro
vided. In some embodiments, the PLL is an all-digital phase
locked loop (ADPLL). In some embodiments, the PLL is 50 

configured to generate an output clock signal having an out
put frequency substantially equal to a target frequency. In 
some embodiments, the target frequency is constant. In some 
embodiments, the target frequency changes from a first target 
frequency to a second target frequency, and the PLL is con- 55 

figured to change the output clock signal in accordance with 
the change to the target frequency. In some embodiments, the 
PLL is configured to change the output clock signal such that 
the output frequency is substantially equal to the second 
target frequency. 

In some embodiments, a frequency command word (FCW) 
signal representing a FCW is received by a portion of the 
PLL. In some embodiments, the FCW corresponds to the 
target frequency. In some embodiments, a change of the FCW 
corresponds to a change to the target frequency. In some 65 

embodiments, the FCW is used by the PLL to calculate a 
reference phase related to the target frequency. 

60 put clock signal S9. In some embodiments, the initial clock 
signal Sll is used by the first portion of the TDC 118 to 
coordinate one or more operations to generate a first output 
phase signal S14 representing an output phase fraction. In 
some embodiments, the output phase fraction is a calculation 
of a fractional part of the output phase. In some embodiments, 
the signal conditioner 120 receives the first output phase 
signal S14. In some embodiments, the signal conditioner 120 
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conditions the first output phase signal S14 to generate a 
conditioned first output phase signal S15. In some embodi
ments, the second portion of the TDC 122 is configured to 
receive the output clock signal S9. In some embodiments, the 
second portion of the TDC 122 is configured to generate a 
second output phase signal Sl 6 representing an output phase 
integer. In some embodiments, the initial clock signal Sll is 
used by the second portion of the TDC 122 to coordinate one 
or more operations to generate the second output phase signal 
S16. In some embodiments, the output phase integer is a 10 

calculation of an integer part of the output phase. 
In some embodiments, the phase error circuit 104 is con

figured to receive the reference phase signal S2, the condi
tioned first output phase signal S15 and the second output 
phase signal S16. In some embodiments, the phase error 15 

circuit 104 is configured to output a phase error signal S3 that 
represents a phase error. In some embodiments, the phase 
error corresponds to a difference between the output phase 
and the reference phase. In some embodiments, the phase 
error is substantially equal to the difference between the 20 

output phase and the reference phase. In some embodiments, 
the phase error circuit 104 is configured to subtract the output 
phase integer and the output phase fraction from the reference 
phase to determine the phase error. For example, when the 
output phase integer is about 17 degrees, the output phase 25 

fraction is about 0.7 degrees and the reference phase is about 
20 degrees, the phase error is equal to about 20 degrees 
subtracted by a sum of about 17 degrees and about 0.7 
degrees, which is about 2.3 degrees. 

In some embodiments, the loop filter 106 is configured to 30 

receive the phase error signal S3 and a second modified clock 
signal SlO. In some embodiments, the loop filter 106 is con
figured to generate a loop filter output signal. In some 
embodiments, the loop filter output signal is an oscillator 
tuning word (OTW) signal S4 digitally representing an OTW. 35 

In some embodiments, the OTW signal S4 is used by the DCO 
110, such as after being normalized by the normalizer 108, to 
generate the output clock signal S9. In some embodiments, 
the OTW is a function of a parameter of the loop filter 106. In 
some embodiments, the OTW is a function of a loop gain. In 40 

some embodiments, the loop gain is a gain of the loop filter 
106. In some embodiments, the loop gain is programmable. In 
some embodiments, the loop gain is adjustable. In some 
embodiments, the OTW increases when the loop gain 
increases. In some embodiments, the OTW decreases when 45 

the loop gain decreases. 
In some embodiments, the normalizer 108 is configured to 

receive the OTW signal S4. In some embodiments, the nor
malizer 108 is configured to modify the OTW signal S4 to a 
normalized OTW signal. In some embodiments, based on the 50 

modifying the OTW signal S4, an effect of a gain of the DCO 
110 on a loop bandwidth of the PLL is mitigated. In some 
embodiments, the loop bandwidth is a closed-loop bandwidth 
of the PLL. In some embodiments, the normalizer 108 is 
configured to undergo a process-voltage-temperature (PVT) 55 

variation mode of operation to modify the OTW signal S4 into 
a first normalized OTW signal SS. In some embodiments, the 
first normalized OTW signal SS represents a first normalized 
OTW. In some embodiments, the normalizer 108 is config
ured to undergo a tracking mode of operation to modify the 60 

OTW signal S4 into a second normalized OTW signal S6 and 
a third normalized OTW signal S7. In some embodiments, the 
second normalized OTW signal S6 represents a second nor
malized OTW integer. In some embodiments, the second 
normalized OTW integer is an integer part of a second nor- 65 

malized OTW. In some embodiments, the third normalized 
OTW signal S7 represents a second normalized OTW frac-

4 
tion. In some embodiments, the second normalized OTW 
fraction is a fractional part of the second normalized OTW. In 
some embodiments, the second normalized OTW signal S6 is 
a first tuning signal. In some embodiments, the third normal
ized OTW signal S7 is a second tuning signal. 

In some embodiments, when the target frequency changes, 
the normalizer 108 undergoes the PVT variation mode of 
operation for a first period of time. In some embodiments, the 
normalizer 108 does not undergo the tracking mode of opera
tion during the first period of time. In some embodiments, 
after the first period of time, the normalizer 108 undergoes the 
tracking mode of operation for a second period of time. In 
some embodiments, the normalizer 108 does not undergo the 
PVT variation mode of operation during the second period of 
time. In some embodiments, the second period of time begins 
when the PLL is phase-locked. In some embodiments, the 
second period of time begins before the PLL is phase-locked. 
In some embodiments, the DCO 110 uses the first normalized 
OTW signal SS during the first period of time. In some 
embodiments, the DCO 110 does not use the second normal
ized OTW signal S6 during the first period of time. In some 
embodiments, the DCO 110 does not use the third normalized 
OTW signal S7 during the first period of time. In some 
embodiments, the DCO 110 uses the second normalized 
OTW signal S6 during the second period of time. In some 
embodiments, the DCO 110 uses the third normalized OTW 
signal S7 during the second period of time. In some embodi
ments, the DCO 110 does not use the first normalized OTW 
signal SS during the second period of time. 

In some embodiments, the spur-cancel control circuit 114 
is configured to receive the FCW signal Sl and the initial 
clock signal Sll. In some embodiments, the spur-cancel con
trol circuit 114 is configured to generate the second modified 
clock signal SlO based on at least one of the FCW signal Sl 
or the initial clock signal Sll. In some embodiments, the 
spur-cancel control circuit 114 is configured to transmit the 
initial clock signal Sll to the dithering circuit 116. In some 
embodiments, the spur-cancel control circuit 114 is config
ured to generate an enable signal S12 based on at least one of 
the FCW signal Sl or the initial clock signal Sll. 

In some embodiments, the dithering circuit 116 is config
ured to receive the initial clock signal Sll, the third normal
ized OTW signal S7 and the enable signal S12. In some 
embodiments, the dithering circuit 116 is configured to use 
the initial clock signal Sll to coordinate one or more opera
tions to generate a dither signal S13. In some embodiments, 
the dithering circuit 116 is configured to dither the third 
normalized OTW signal S7 to the dither signal S13. In some 
embodiments, the dithering of the third normalized OTW 
signal S7 to the dither signal S13 decreases a magnitude of a 
spur of the PLL. In some embodiments, when the enable 
signal S12 has a first value, the dithering circuit 116 is con
figured to stop the dithering of the third normalized OTW 
signal S7 to the dither signal S13. In some embodiments, 
when the enable signal S12 has a second value, the dithering 
circuit 116 is configured to start the dithering of the third 
normalized OTW signal S7 to the dither signal S13. In some 
embodiments, when the enable signal has the first value, the 
dithering circuit 116 is configured to maintain the third nor
malized OTW signal S7. In some embodiments, when the 
enable signal has the first value, the dithering circuit 116 is 
configured to not dither the third normalized OTW signal S 7. 
In some embodiments, when the enable signal has the first 
value, the third normalized OTW signal S7 and the dither 
signal S13 are substantially equivalent. In some embodi-
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ments, when the enable signal has the second value, the 
dithering circuit 116 is configured to dither the third normal
ized OTW signal S7. 

In some embodiments, the tuning circuit 112 is a combi
national circuit. In some embodiments, the tuning circuit 112 5 

is configured to receive the second normalized OTW signal 
S6 and the dither signal S13. In some embodiments, the 
tuning circuit 112 is configured to sum the second normalized 
OTW signal S6 and the dither signal S13, and is configured to 
generate a fourth normalized OTW signal S8 representing a 10 

sum of the second normalized OTW signal S6 and the dither 
signal S13. In some embodiments, the fourth normalized 
OTW signal S8 represents the second normalized OTW. In 
some embodiments, the fourth normalized OTW signal S8 is 
a DCO input signal. In some embodiments, the fourth nor- 15 

malized OTW signal S8 is received by the DCO 110. In some 
embodiments, the DCO 110 uses the fourth normalized OTW 
signal S8 during the second period of time to generate the 
output clock signal S9. In some embodiments, the DCO 110 
does not use the fourth normalized OTW signal S8 during the 20 

first period of time. 
FIG. 2 illustrates a schematic block diagram of the spur

cancel control circuit 114, according to some embodiments. 
In some embodiments, the spur-cancel control circuit 114 
comprises a bit selector 202, a comparator 204, a clock 25 

adjuster 206 and a multiplexer 208. In some embodiments, 
the bit selector 202 is configured to receive the FCW signal 
Sl. In some embodiments, the bit selector 202 is configured to 
modify the FCW signal Sl to generate a modified FCW signal 
S21 representing a fractional part of a FCW represented by 30 

the FCW signal Sl. In some embodiments, the fractional part 
of the FCW is greater than or equal to O and less than 1. 

In some embodiments, the comparator 204 is configured to 
receive the modified FCW signal S21. In some embodiments, 
the comparator 204 is configured to generate the enable signal 35 

S12 based on the modified FCW signal S21. In some embodi
ments, the comparator 204 is configured to generate the 
enable signal S12 having the first value when the fractional 
part of the FCW is within a specified range. In some embodi
ments, a probability of occurrence of a periodic spur caused 40 

by a periodic limit cycle of the PLL when the fractional part 
is within the specified range is less than the probability of 
occurrence of the periodic spur when the fractional part is 
outside the specified range. In some embodiments, the speci
fied range is between about 0.1 and about 0.9. In some 45 

embodiments, the specified range is between about 0.2 and 
about 0.8. In some embodiments, the comparator 204 is con
figured to generate the enable signal S12 having the second 
value when the fractional part of the FCW is outside the 
specified range. In some embodiments, the first value is equal 50 

to 0. In some embodiments, the second value is equal to 1. In 
some embodiments, the first value is equal to a number other 
than 0. In some embodiments, the second value is equal to a 
number other than 1. 

6 
embodiments, the second frequency is less than the first fre
quency. In some embodiments, the second frequency is equal 
to the initial frequency divided by a specified divisor. 

In some embodiments, the multiplexer 208 is configured to 
receive the initial clock signal Sll, the enable signal S12 and 
the modified clock signal S22. In some embodiments, the 
multiplexer 208 is configured to generate the second modified 
clock signal SlO based on at least one of the initial clock 
signal Sll, the enable signal S12 or the modified clock signal 
S22. In some embodiments, the multiplexer 208 is configured 
to transmit the modified clock signal S22 to generate the 
second modified clock signal SlO having the modified fre
quency when the enable signal S12 has the first value. In some 
embodiments, the multiplexer 208 is configured to transmit 
the initial clock signal Sll to generate the second modified 
clock signal Sl O having the initial frequency when the enable 
signal S12 has the second value. 

FIG. 3 illustrates a schematic block diagram of a portion of 
the dithering circuit 116, according to some embodiments. In 
some embodiments, the dithering circuit 116 comprises a 
plurality of flip-flops, a first combinational circuit 302, a 
second combinational circuit 312, a third combinational cir
cuit 324, a first inverter 322 and a second inverter 334. In 
some embodiments, the plurality of flip-flops is configured to 
use the initial clock signal Sll to coordinate one or more 
operations. In some embodiments, a flip-flop within the plu-
rality of flip-flops is configured to receive an input signal and 
generate an output signal corresponding to a delay of the input 
signal. In some embodiments, the plurality of flip-flops com
prises a first flip-flop 304, a second flip-flop 306, a third 
flip-flop 308, a fourth flip-flop 310, a fifth flip-flop 314, a sixth 
flip-flop 316, a seventh flip-flop 318, an eighth flip-flop 320, 
a ninth flip-flop 326, a tenth flip-flop 328, an eleventh flip-flop 
330 and a twelfth flip-flop 332. In some embodiments, at least 
one of the first flip-flop 304, the second flip-flop 306, the third 
flip-flop 308, the fourth flip-flop 310, the fifth flip-flop 314, 
the sixth flip-flop 316, the seventh flip-flop 318, the eighth 
flip-flop 320, the ninth flip-flop 326, the tenth flip-flop 328, 
the eleventh flip-flop 330 or the twelfth flip-flop 332 is a JK 
flip-flop. 

In some embodiments, the first combinational circuit 302 is 
configured to receive the third normalized OTW signal S 7 and 
a first flip-flop output signal S33. In some embodiments, the 
third normalized OTW signal S7 comprises a plurality ofbits. 
In some embodiments, a number of bits comprised by the 
plurality of bits is equal to a specified number of bits. In some 
embodiments, the plurality of bits of the third normalized 
OTW signal S7 is transmitted using a plurality of charmels in 
parallel. In some embodiments, a number of channels com
prised by the plurality of charmels is equal to a specified 
number of channels. In some embodiments, the specified 
number of channels is equal to the specified number ofbits. In 
some embodiments, the specifiednumberofbits is equal to 8. 
In some embodiments, the specified number of bits is less 

In some embodiments, the clock adjuster 206 is configured 
to receive the initial clock signal Sll having an initial fre
quency. In some embodiments, the clock adjuster 206 is con
figured to modify the initial clock signal Sll to a modified 
clock signal S22 having a modified frequency. In some 
embodiments, the modified frequency corresponds to a first 
frequency. In some embodiments, the first frequency is sub
stantially equal to the initial frequency. In some embodi
ments, the modified frequency is programmable. In some 
embodiments, the modified frequency is adjustable. In some 
embodiments, the modified frequency changes from the first 
frequency to a second frequency. In some embodiments, the 
second frequency is greater than the first frequency. In some 

55 than 8. In some embodiments, the specified number of bits is 
greater than 8. 

In some embodiments, the first flip-flop output signal S33 
has a plurality of bits. In some embodiments, a number of bits 
comprised by the plurality of bits of the first flip-flop output 

60 signal S33 is equal to the specified number of bits. In some 
embodiments, the plurality of bits of the first flip-flop output 
signal S33 is transmitted using a plurality of charmels in 
parallel. In some embodiments, a number of channels com
prised by the plurality of channels is equal to the specified 

65 number of channels. In some embodiments, the first combi
national circuit 302 is configured to sum the third normalized 
OTW signal S7 and the first flip-flop output signal S33 to 
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calculate a first sum. In some embodiments, the first sum has 
a plurality of bits, with a number of bits comprised by the 
plurality ofbits of the first sum equal to a sum of the specified 
number of bits and 1. 

In some embodiments, the first combinational circuit 302 is 5 

configured to generate a first combinational circuit signal S31 
having a first portion of the first sum. In some embodiments, 
the first combinational circuit signal S31 is received by the 
first flip-flop 304. In some embodiments, the first flip-flop 304 
is configured to use the first combinational circuit signal S31 10 

to generate the first flip-flop output signal S33. In some 
embodiments, the first combinational circuit 302 is config
ured to generate a first combinational circuit carryout signal 
S32 having a second portion of the first sum. In some embodi
ments, the first portion of the first sum represents the plurality 15 

of bits of the first sum excluding a carryout bit of the plurality 
of bits of the first sum. In some embodiments, the second 
portion of the first sum represents the carryout bit of the 
plurality of bits of the first sum. In some embodiments, the 
first combinational circuit carryout signal S32 is received by 20 

the second flip-flop 306. 
In some embodiments, the second flip-flop 306 is config

ured to generate a second flip-flop output signal S34 based on 
the first combinational circuit carryout signal S32. In some 
embodiments, the third flip-flop 308 is configured to receive 25 

the second flip-flop output signal S34. In some embodiments, 
the third flip-flop 308 is configured to generate a third flip-flop 
output signal S35 based on the second flip-flop output signal 
S34. In some embodiments, the fourth flip-flop 310 is con
figured to receive the third flip-flop output signal S35. In some 30 

embodiments, the fourth flip-flop 310 is configured to gener-
ate a fourth flip-flop output signal S36 based on the third 
flip-flop output signal S35. 

8 
output signal S40. In some embodiments, the eighth flip-flop 
320 is configured to receive the seventh flip-flop output signal 
S41. In some embodiments, the eighth flip-flop 320 is con-
figured to generate an eighth flip-flop output signal S42 based 
on the seventh flip-flop output signal S41. In some embodi
ments, the first inverter 322 is configured to receive the eighth 
flip-flop output signal S42. In some embodiments, the first 
inverter 322 is configured to generate a first inverter signal 
S43 based on the eighth flip-flop output signal S42. In some 
embodiments, the first inverter signal S43 corresponds to an 
inversion of the eighth flip-flop output signal S42. 

In some embodiments, the third combinational circuit 324 
is configured to receive the fifth flip-flop output signal S39 
and a ninth flip-flop output signal S46. In some embodiments, 
the third combinational circuit 324 is configured to sum the 
fifth flip-flop output signal S39 and the ninth flip-flop output 
signal S46 to calculate a third sum. In some embodiments, the 
third sum has a plurality of bits, with a number of bits com
prised by the plurality of bits of the third sum equal to a sum 
of the specified number of bits and 1. In some embodiments, 
the third combinational circuit 3 24 is configured to generate a 
third combinational circuit signal S44 having a first portion of 
the third sum. In some embodiments, the third combinational 
circuit signal S44 is received by the ninth flip-flop 326. 

In some embodiments, the ninth flip-flop 326 is configured 
to use the third combinational circuit signal S44 to generate 
the ninth flip-flop output signal S46. In some embodiments, 
the third combinational circuit 3 24 is configured to generate a 
third combinational circuit carryout signal S45 having a sec
ond portion of the third sum. In some embodiments, the first 
portion of the third sum represents a plurality of bits of the 
third sum excluding a carryout bit of the plurality ofbits of the 
third sum. In some embodiments, the second portion of the 
third sum represents the carryout bit of the plurality of bits of 
the third sum. In some embodiments, the third combinational 
circuit carryout signal S45 is received by the tenth flip-flop 
328. 

In some embodiments, the tenth flip-flop 328 is configured 
to generate a tenth flip-flop output signal S47 based on the 
third combinational circuit carryout signal S45. In some 
embodiments, the eleventh flip-flop 330 is configured to 
receive the tenth flip-flop output signal S4 7. In some embodi
ments, the eleventh flip-flop 330 is configured to generate an 
eleventh flip-flop output signal S48 based on the tenth flip-

In some embodiments, the second combinational circuit 
312 is configured to receive the first flip-flop output signal 35 

S33 and a fifth flip-flop output signal S39. In some embodi
ments, the second combinational circuit 312 is configured to 
sum the first flip-flop output signal S33 and the fifth flip-flop 
output signal S39 to calculate a second sum. In some embodi
ments, the second sum has a plurality of bits, with a number 40 

of bits comprised by the plurality of bits of the second sum 
equal to a sum of the specified number of bits and 1. In some 
embodiments, the second combinational circuit 312 is con
figured to generate a second combinational circuit signal S37 
having a first portion of the second sum. 

In some embodiments, the second combinational circuit 
signal S37 is received by the fifth flip-flop 314. In some 
embodiments, the fifth flip-flop 314 is configured to use the 
second combinational circuit signal S37 to generate the fifth 
flip-flop output signal S39. In some embodiments, the second 50 

combinational circuit 312 is configured to generate a second 
combinational circuit carryout signal S38 having a second 
portion of the second sum. In some embodiments, the first 
portion of the second sum represents the plurality of bits of 
the second sum excluding a carryout bit of the plurality ofbits 55 

of the second sum. In some embodiments, the second portion 

45 flop output signal S47. In some embodiments, the twelfth 
flip-flop 332 is configured to receive the eleventh flip-flop 
output signal S48. In some embodiments, the twelfth flip-flop 
332 is configured to generate a twelfth flip-flop output signal 

of the second sum represents the carryout bit of the plurality 
of bits of the second sum. 

In some embodiments, the second combinational circuit 
carryout signal S38 is received by the sixth flip-flop 316. In 
some embodiments, the sixth flip-flop 316 is configured to 
generate a sixth flip-flop output signal S40 based on the 
second combinational circuit carryout signal S38. In some 
embodiments, the seventh flip-flop 318 is configured to 
receive the sixth flip-flop output signal S40. In some embodi
ments, the seventh flip-flop 318 is configured to generate a 
seventh flip-flop output signal S41 based on the sixth flip-flop 

SSO based on the eleventh flip-flop output signal S48. In some 
embodiments, the second inverter 334 is configured to receive 
the eleventh flip-flop output signal S48. In some embodi-
ments, the second inverter 334 is configured to generate a 
second inverter signal S49 based on the eleventh flip-flop 
output signal S48. In some embodiments, the second inverter 
signal S49 corresponds to an inversion of the eleventh flip
flop output signal S48. 

In some embodiments, the dithering circuit 116 comprises 
a configuration of variable capacitors. In some embodiments, 
the configuration of variable capacitors comprises a plurality 

60 of variable capacitors connected to a plurality of inductors. In 
some embodiments, the configuration of variable capacitors 
is configured to receive the fourth flip-flop output signal S36, 
the seventh flip-flop output signal S41, the first inverter signal 
S43, the tenth flip-flop output signal S47, the second inverter 

65 signal S49 and the twelfth flip-flop output signal SSO. In some 
embodiments, the configuration of variable capacitors is con
figured to generate the dither signal S13 shown in FIG. 1 
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based on one or more of the fourth flip-flop output signal S36, 
the seventh flip-flop output signal S41, the first inverter signal 
S43, the tenth flip-flop output signal S47, the second inverter 
signal S49 or the twelfth flip-flop output signal SSO. 

10 
Although the subject matter has been described in lan

guage specific to structural features or methodological acts, it 
is to be understood that the subject matter of the appended 
claims is not necessarily limited to the specific features or acts 
described above. Rather, the specific features and acts 
described above are disclosed as example forms of imple
menting at least some of the claims. 

Various operations of embodiments are provided herein. 
The order in which some or all of the operations are described 

A method 400 of operating a PLL is illustrated in FIG. 4, 
according to some embodiments. In some embodiments, at 
402, the bit selector 202 is configured to generate the modi
fied FCW signal S21 based on the FCW signal Sl. In some 
embodiments, the modified FCW signal S21 represents the 
fractional part of the FCW represented by the FCW signal Sl. 
In some embodiments, at 404, responsive to the fractional 
part of the FCW being outside the specified range, the dith
ering circuit 116 dithers the third normalized OTW signal S 7. 
In some embodiments, the third normalized OTW signal S 7 is 
used by the DCO 110 to generate an output signal having an 
output frequency. In some embodiments, the output signal 
generated by the DCO 110 is the output clock signal S9. In 
some embodiments, at 406, responsive to the fractional part 

10 should not be construed to imply that these operations are 
necessarily order dependent. Alternative ordering will be 
appreciated having the benefit of this description. Further, it 
will be understood that not all operations are necessarily 
present in each embodiment provided herein. Also, it will be 

15 understood that not all operations are necessary in some 
embodiments. 

of the FCW being within the specified range, the dithering 
circuit 116 does not dither the third normalized OTW signal 20 

S7. 

Moreover, "exemplary" is used herein to mean serving as 
an example, instance, illustration, etc., and not necessarily as 
advantageous. As used in this application, "or" is intended to 
mean an inclusive "or" rather than an exclusive "or". In addi
tion, "a" and "an" as used in this application and the appended 
claims are generally be construed to mean "one or more" 
unless specified otherwise or clear from context to be directed 
to a singular form. Also, at least one of A and Band/or the like 

In some embodiments, a PLL is provided comprising a 
dithering circuit and a DCO. In some embodiments, the dith
ering circuit is configured to receive a second tuning signal. In 
some embodiments, the dithering circuit is configured to 
dither the second tuning signal to generate a dither signal. In 
some embodiments, the DCO is configured to receive a DCO 
input signal based on at least one of the dither signal or a first 
tuning signal. In some embodiments, the DCO is configured 
to generate an output signal having an output frequency based 
on the DCO input signal. 

25 generally means A or B or both A and B. Furthermore, to the 
extent that "includes", "having", "has", "with", or variants 
thereof are used, such terms are intended to be inclusive in a 
manner similar to the term "comprising". Also, unless speci
fied otherwise, "first," "second," or the like are not intended to 

30 imply a temporal aspect, a spatial aspect, an ordering, etc. 

In some embodiments, a PLL is provided comprising a 
spur-cancel control circuit, a dithering circuit and a DCO. In 
some embodiments, the spur-cancel control circuit is config
ured to receive a FCW signal. In some embodiments, the 35 

spur-cancel control circuit is configured to generate an enable 
signal based on the FCW signal. In some embodiments, the 
dithering circuit is configured to receive a second tuning 
signal and the enable signal. In some embodiments, the dith
ering circuit is configured to dither the second tuning signal 40 

based on the enable signal to generate a dither signal. In some 
embodiments, the DCO is configured to receive a DCO input 
signal based on at least one of the dither signal or a first tuning 
signal. In some embodiments, the DCO is configured to gen
erate an output signal having an output frequency based on 45 

the DCO input signal. 
In some embodiments, a method for operating a PLL is 

provided. In some embodiments, the method comprises gen
erating a modified FCW signal based on a FCW signal. In 
some embodiments, the method comprises responsive to 50 

determining that a modified FCW represented by the modi
fied FCW signal is outside a first range, dithering a second 
tuning signal used by a DCO to generate an output signal 
having an output frequency. 

The foregoing outlines features of several embodiments so 55 

that those of ordinary skill in the art may better understand 
various aspects of the present disclosure. Those of ordinary 
skill in the art should appreciate that they may readily use the 
present disclosure as a basis for designing or modifying other 
processes and structures for carrying out the same purposes 60 

and/or achieving the same advantages of various embodi
ments introduced herein. Those of ordinary skill in the art 
should also realize that such equivalent constructions do not 
depart from the spirit and scope of the present disclosure, and 
that they may make various changes, substitutions, and alter- 65 

ations herein without departing from the spirit and scope of 
the present disclosure. 

Rather, such terms are merely used as identifiers, names, etc. 
for features, elements, items, etc. For example, a first element 
and a second element generally correspond to element A and 
element B or two different or two identical elements or the 
same element. 

Also, although the disclosure has been shown and 
described with respect to one or more implementations, 
equivalent alterations and modifications will occur to others 
of ordinary skill in the art based upon a reading and under
standing of this specification and the annexed drawings. The 
disclosure comprises all such modifications and alterations 
and is limited only by the scope of the following claims. In 
particular regard to the various functions performed by the 
above described components ( e.g., elements, resources, etc.), 
the terms used to describe such components are intended to 
correspond, unless otherwise indicated, to any component 
which performs the specified function of the described com
ponent ( e.g., that is functionally equivalent), even though not 
structurally equivalent to the disclosed structure. In addition, 
while a particular feature of the disclosure may have been 
disclosed with respect to only one of several implementa-
tions, such feature may be combined with one or more other 
features of the other implementations as may be desired and 
advantageous for any given or particular application. 

What is claimed is: 
1. A phase-locked loop (PLL), comprising: 
a dithering circuit configured to: 

receive a first tuning signal; and 
dither the first tuning signal to generate a dither signal; 

a tuning circuit comprising an adder configured to generate 
a digitally controlled oscillator (DCO) input signal 
based upon a combination of the dither signal and a 
second tuning signal; and 

a DCO configured to: 
receive the DCO input signal generated based on the 

dither signal and the second tuning signal; and 
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generate an output signal having an output frequency 
based on the DCO input signal. 

2. The PLL of claim 1, comprising a phase error circuit 
configured to: 

receive a reference phase signal representing a reference 
phase; 

receive a first output phase signal representing a fractional 
part of an output phase of the output signal; 

receive a second output phase signal representing an inte-
ger part of the output phase; and 10 

output a phase error signal based on at least one of the 
reference phase signal, the first output phase signal or 
the second output phase signal. 

3. The PLL of claim 2, the phase error circuit comprising a 
15 

subtractor configured to subtract the fractional part of the 
output phase and the integer part of the output phase from the 
reference phase to generate the phase error signal. 

4. A phase-locked loop (PLL), comprising: 
a spur-cancel control circuit comprising: 20 

a bit selector configured to: 
receive a frequency command word (FCW) signal; 

and 
generate a modified FCW signal representing a frac

tional part of a FCW represented by the FCW sig- 25 

nal; and 
a comparator configured to generate an enable signal 

based on the modified FCW signal; 
a dithering circuit configured to: 

receive a first tuning signal and the enable signal; and 
dither the first tuning signal based on the enable signal to 

generate a dither signal; and 
a digitally controlled oscillator (DCO) configured to: 

30 

receive a DCO input signal generated based on at least 
35 

one of the dither signal or a second tuning signal; and 
generate an output signal having an output frequency 

based on the DCO input signal. 
5. The PLL of claim 4, the dithering circuit configured to 

stop the dithering when the enable signal has a first value. 
6. The PLL of claim 4, the dithering circuit configured to 

start the dithering when the enable signal has a second value. 
7. The PLL of claim 4, the spur-cancel control circuit 

comprising at least one of a clock adjuster or a multiplexer. 
8. The PLL of claim 4, the comparator configured to: 
receive the modified FCW signal; and 

40 

45 

generate the enable signal such that the enable signal has a 
first value when a fractional part of the FCW is within a 
first range and the enable signal has a second value when 
the fractional part of the FCW is outside the first range. 50 

9. The PLL of claim 4, comprising a clock adjuster config
ured to: 

receive an initial clock signal having an initial frequency; 
and 

modify the initial clock signal to a modified clock signal 55 

having a modified frequency. 
10. The PLL of claim 9, the modified frequency corre

sponding to the initial frequency divided by a specified divi
sor. 

11. The PLL of claim 10, the specified divisor changeable 60 

from a first specified divisor to a second specified divisor. 
12. The PLL of claim 9, comprising a multiplexer config

ured to: 
receive at least one of the enable signal, the modified clock 

signal or the initial clock signal; and 65 

generate a second modified clock signal having a second 
modified frequency that corresponds to the modified 

12 
frequency when the enable signal has a first value and 
having the initial frequency when the enable signal has a 
second value. 

13. The PLL of claim 4, the dithering circuit comprising at 
least one of one or more flip-flops or one or more adders. 

14. A phase-locked loop (PLL), comprising: 
a phase error circuit comprising a subtractor and config

ured to: 
receive a reference phase signal representing a reference 

phase; 
receive a first output phase signal representing a frac

tional part of an output phase of an output signal; 
receive a second output phase signal representing an 

integer part of the output phase; and 
subtract the fractional part of the output phase and the 

integer part of the output phase from the reference 
phase to generate a phase error signal; 

a dithering circuit configured to: 
receive a first tuning signal generated based on the phase 

error signal; and 
dither the first tuning signal to generate a dither signal; 

and 
a digitally controlled oscillator (DCO) configured to: 

receive a DCO input signal generated based on at least 
one of the dither signal or a second tuning signal; and 

generate the output signal having an output frequency 
based on the DCO input signal. 

15. The PLL of claim 14, comprising: 
a tuning circuit comprising an adder configured to generate 

the DCO input signal based upon a combination of the 
dither signal and the second tuning signal. 

16. A phase-locked loop (PLL), comprising: 
a spur-cancel control circuit comprising: 

a clock adjuster configured to: 
receive an initial clock signal having an initial fre

quency; and 
modify the initial clock signal to a first modified clock 

signal having a modified frequency; 
a multiplexer configured to: 

receive an enable signal generated based on a fre-
quency command word (FCW) signal; 

receive the first modified clock signal; 
receive the initial clock signal; and 
generate a second modified clock signal having the 

modified frequency when the enable signal has a 
first value and having the initial frequency when the 
enable signal has a second value; 

a dithering circuit configured to: 
receive a first tuning signal and the enable signal; and 
dither the first tuning signal based on the enable signal to 

generate a dither signal; and 
a digitally controlled oscillator (DCO) configured to: 

receive a DCO input signal generated based on at least 
one of the dither signal or a second tuning signal; and 

generate an output signal having an output frequency 
based on the DCO input signal. 

17. The PLL of claim 16, the spur-cancel control circuit 
comprising: 

a bit selector configured to: 
receive the FCW signal; and 
generate a modified FCW signal representing a frac

tional part of a FCW represented by the FCW signal; 
and 

a comparator configured to generate the enable signal 
based on the modified FCW signal. 

18. The PLL of claim 17, the comparator configured to: 
receive the modified FCW signal; and 
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generate the enable signal such that the enable signal has a 
first value when the fractional part of the FCW is within 
a first range and the enable signal has a second value 
when the fractional part of the FCW is outside the first 
range. 

19. The PLL of claim 16, the modified frequency corre
sponding to the initial frequency divided by a specified divi
sor. 

20. The PLL of claim 16, comprising an adder configured 
to generate the DCO input signal based upon a combination of 10 

the dither signal and the second tuning signal. 

* * * * * 

14 


