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(57) ABSTRACT 
One or more techniques or systems for locking a phase locked 
loop (PLL) are provided herein. In some embodiments, a 
multi-phase time-to-digital converter (TDC) includes a first 
phase finder, a phase predictor, a second phase finder, and a 
phase switch. For example, the first phase finder is configured 
to generate a first fractional phase signal based on a multi­
phase variable clock (CKV) signal. For example, the phase 
predictor is configured to generate a phase select (QSEL) 
signal or a multi-phase CKV select (CKVSEL) signal based 
on a frequency command word (FCW) signal or the multi­
phase CKV signal. For example, the second phase finder is 
configured to generate a second fractional phase signal based 
on the CKVSEL signal or the QSEL signal. For example, the 
phase switch is configured to select the first or second frac­
tional phase signal based on a phase error (PHE) signal. 
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PHASE LOCKED LOOP (PLL) WITH 
MULTI-PHASE TIME-TO-DIGITAL 

CONVERTER (TDC) 

BACKGROUND 

Generally, a phase locked loop (PLL) generates an output 
signal associated with a phase related to a phase of an input 
signal. Some PLLs use a counter to report an integer phase of 
a digitally controlled oscillator (DCO). Additionally, some 10 

PLLs use a time-to-digital converter (TDC) to report a frac­
tional phase of the DCO. However, managing power con­
sumption and area associated with a PLL or a TDC becomes 
challenging with more advanced technology. 

2 
novel features of the disclosure will become apparent from 
the following detailed description when considered in con­
junction with the annexed drawings. 

DESCRIPTION OF THE DRAWINGS 

Aspects of the disclosure are understood from the follow­
ing detailed description when read with the accompanying 
drawings. It will be appreciated that elements, structures, etc. 
of the drawings are not necessarily drawn to scale. Accord­
ingly, the dimensions of the same may be arbitrarily increased 
or reduced for clarity of discussion. 

FIG. 1 is a schematic diagram of an example multi-phase 
time-to-digital converter (TDC), according to some embodi-

15 ments. 
SUMMARY FIG. 2 is a schematic diagram of an example phase locked 

loop (PLL) associated with a multi-phase time-to-digital con­
verter (TDC), according to some embodiments. This summary is provided to introduce a selection of con­

cepts in a simplified form that are further described below in 
the detailed description. This summary is not intended to be 
an extensive overview of the claimed subject matter, identify 
key factors or essential features of the claimed subject matter, 
nor is it intended to be used to limit the scope of the claimed 
subject matter. 

FIG. 3 is a schematic diagram of an example first phase 
20 finder, according to some embodiments. 

FIG. 4 is a schematic diagram of an example phase predic­
tor, according to some embodiments. 

FIG. 5 is a schematic diagram of an example second phase 
finder, according to some embodiments. 

FIG. 6 is a schematic diagram of an example phase switch, 
according to some embodiments. 

FIG. 7 is a flow diagram of an example method for locking 
a phase locked loop (PLL), according to some embodiments. 

One or more techniques or systems for locking a phase 25 

locked loop (PLL) are provided herein. In some embodi­
ments, a PLL comprises a multi-phase time-to-digital con­
verter (TDC). In some embodiments, the multi-phase TDC is 
configured to generate a first fractional phase signal of a 
multi-phase variable clock (CKV) signal based on at least one 

FIG. 8 is a flow diagram of an example method for locking 
30 a phase locked loop (PLL), according to some embodiments. 

of the multi-phase CKV signal or a reference frequency 
(PREF) signal. In some embodiments, the multi-phase CKV 
signal is associated with one or more clock signals and one or 
more corresponding phases. As an example, some CKV sig­
nals are four-phase CKV signals. In this example, a four- 35 

phase CKV signal comprises a first signal associated with a 
first phase, a second signal associated with a second phase, a 
third signal associated with a third phase, and a fourth signal 
associated with a fourth phase. In some embodiments, the 
multi-phase TDC is configured to generate a second frac- 40 

tional phase signal of the multi-phase CKV signal based on at 
least one of the multi-phase CKV signal, a frequency com­
mand word (FCW) signal, or a phase reference (PHR) signal. 
In some embodiments, the phase switch is configured to 
select at least one of the first fractional phase signal or the 45 

second fractional phase signal based on a phase error (PHE) 
signal. In this way, the PLL comprising the multi-phase TDC 
is configured for reduced power consumption, at least 
because the first phase finder is off when the second phase 
finder and the phase predictor are on. Additionally, the second 50 

phase finder and the phase predictor are off when the first 
phase finder is on. Accordingly, power consumption is 
reduced for the PLL or multi-phase TDC, at least because the 
first phase finder toggles on or off based on the second phase 
finder and the phase predictor. It will be appreciated that a 55 

number of inverters associated with the multi-phase TDC is 
reduced, at least because the second phase finder is config­
ured to cover a portion of a clock generated by a digitally 
controlled oscillator (DCO), such as a portion of the CKV. 
Accordingly, it will be appreciated that power consumption 60 

or area associated with the multi-phase TDC is mitigated in 
this way, at least because the number of inverters associated 
with the multi-phase TDC is reduced. 

The following description and annexed drawings set forth 
certain illustrative aspects and implementations. These are 65 

indicative of but a few of the various ways in which one or 
more aspects are employed. Other aspects, advantages, or 

FIG. 9 is a flow diagram of an example method for design­
ing a phase locked loop (PLL), according to some embodi­
ments. 

DETAILED DESCRIPTION 

Embodiments or examples, illustrated in the drawings are 
disclosed below using specific language. It will nevertheless 
be understood that the embodiments or examples are not 
intended to be limiting. Any alterations and modifications in 
the disclosed embodiments, and any further applications of 
the principles disclosed in this document are contemplated as 
would normally occur to one of ordinary skill in the pertinent 
art. 

FIG. 1 is a schematic diagram of an example multi-phase 
time-to-digital converter (TDC) 100, according to some 
embodiments. In some embodiments, the multi-phase TDC 
100 comprises a first phase finder 110, a phase predictor 130, 
a second phase finder 120, and a phase switch. In some 
embodiments, the first phase finder 110 comprises a first 
input, a second input, and an output. For example, the first 
input of the first phase finder 110 is connected to a reference 
frequency (PREF) line 102 associated with a PREF signal. 
For example, the second input of the first phase finder 110 is 
connected to a multi-phase variable clock (CKV) line 104 
associated with a multi-phase CKV signal. In some embodi­
ments, the first phase finder 110 is configured to generate a 
first fractional phase signal at the output of the first phase 
finder 110. In some embodiments, the output of the first phase 
finder 110 is connected to a first fractional phase line 112. In 
some embodiments, the output of the first phase finder 110 is 
connected to a first input of the phase switch 140 via the first 
fractional phase line 112. 

It will be appreciated that the multi-phase TDC 100 is 
configured according to a multi-phase CKV. In some embodi­
ments, the multi-phase CKV is a four-phase CKV. However, 
it will be appreciated that at least one of the multi-phase TDC 
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100 or the multi-phase CKV is associated with a number of 
phases other than four in some embodiments. 

In some embodiments, the first phase finder 110 is config­
ured to generate the first fractional phase signal of the multi­
phase CKV signal based on at least one of the multi-phase 5 

CKV signal or the PREF signal. It will be appreciated that the 
multi-phase CKV signal is associated with one or more clock 
signals and one or more corresponding phases. In some 
embodiments, the first phase finder 110 is configured to gen­
erate a first fractional phase signal of a four-phase variable 10 

clock (CKV) signal based on at least one of the four-phase 
CKV signal or a reference frequency (PREF) signal. For 
example, a four-phase CKV signal comprises a first clock 
signal associated with a first corresponding phase, a second 
clock signal associated with a second corresponding phase, a 15 

third clock signal associated with a third corresponding 
phase, and a fourth clock signal associated with a fourth 
corresponding phase. In some embodiments, the first clock 
signal, the second clock signal, the third clock signal, and the 
fourth clock signal are associated with substantially similar 20 

frequencies. In some embodiments, respective phases are 
defined by increments of three hundred and sixty degrees 
divided by a number of phases. For example, for the four­
phase CKV signal, the first phase is associated with at least 
about zero degrees, the second phase is associated with at 25 

least about ninety degrees, the third phase is associated with 
at least about one hundred and eighty degrees, and the fourth 
phase is associated with at least about two hundred and sev­
enty degrees. In this way, the first phase finder 110 is config­
ured to select a clock signal and corresponding phase from at 30 

least one of the one or more clock signals. For example, the 
first phase finder 110 is configured to select the clock signal 
associated with a phase closest to a phase of the PREF signal. 
As an example, ifthe PREF signal is associated with a phase 
of ten degrees and the CKV is a four-phase CKV, the first 35 

phase finder 110 is configured to select the first clock signal 
associated with the first phase of at least about zero degrees. 
In this way, the first phase finder 110 is configured to generate 
the first fractional phase signal in a quick fashion, at least 
because the first fractional phase signal is generated based on 40 

a number of phases associated with the multi-phase CKV 
signal. 

In some embodiments, the phase predictor 130 comprises a 
first input, a second input, a third input, a first output, and a 
second output. For example, the first input of the phase pre- 45 

dictor 130 is connected to the multi-phase variable clock 
(CKV) line 104 associated with the multi-phase CKV signal. 
For example, the second input of the phase predictor 130 is 
connected to a phase reference (PHR) line 106 associated 
with a PHR signal. In some embodiments, the PHR signal is 50 

a reference phase associated with the PREF signal. For 
example, the third input of the phase predictor 130 is con­
nected to a frequency command word (FCW) line 108 asso­
ciated with a FCW signal. In some embodiments, the phase 
predictor 130 is configured to generate a phase select (QSEL) 55 

signal at the first output of the phase predictor 130. In some 
embodiments, the first output of the phase predictor 130 is 
connected to a QSEL line 132. In some embodiments, the first 
output of the phase predictor 130 is connected to a first input 
of the second phase finder 120 via the QSEL line 132. In some 60 

embodiments, the phase predictor 130 is configured to gen­
erate a multi-phase CKV select (CKVSEL) signal at the sec­
ond output of the phase predictor 130. In some embodiments, 
the second output of the phase predictor 130 is connected to a 
CKVSEL line 134. In some embodiments, the second output 65 

of the phase predictor 130 is connected to a second input of 
the second phase finder 120 via the CKVSEL line 134. 

4 
In some embodiments, the phase predictor 130 is config­

ured to generate at least one of the CKVSEL signal or the 
QSEL signal based on at least one of the multi-phase CKV 
signal, the PHR signal, or the FCW signal. In some embodi­
ments, the QSEL signal is generated based on at least one of 
the PHR signal or the FCW signal. In some embodiments, the 
CKVSEL signal is generated based on at least one of the 
QSEL signal or the multi-phase CKV signal. In some 
embodiments, the QSEL signal is associated with a mapping 
of a fractional portion of the FCW signal. It will be appreci­
ated that the multi-phase CKV signal is associated with one or 
more clock signals and one or more corresponding phases. In 
some embodiments, the CKVSEL signal is generated based 
on a selection of at least one of the one or more clock signals 
and corresponding phases. In this way, the phase predictor 
130 is configured to provide the second phase finder 120 with 
at least one of a clock signal or an associated offset, thereby 
facilitating phase locking for the second phase finder 120. In 
other words, the CKVSEL signal is configured to mitigate 
processing time or power consumption associated with the 
second phase finder 120, at least because the CKVSEL signal 
is a clock signal associated with a phase offset. Additionally, 
it will be appreciated that the QSEL signal is indicative of the 
phase offset according to some embodiments. In this way, at 
least one of the CKVSEL signal or the QSEL signal generated 
by the phase predictor 130 enables quicker processing or 
reduced power consumption. For example, if a PHR signal is 
associated with a fractional part from at least about 0.75 to at 
least about 1.00, the phase predictor 130 is configured to 
select a fourth clock signal associated with a two hundred and 
seventy degree phase from the one or more multi-phase CKV 
signals to be the CKVSEL signal. Additionally, the FCW 
signal is used to generate the QSEL signal and predict a next 
CKV fractional phase. 

In some embodiments, the second phase finder 120 com­
prises a first input, a second input, a third input, and an output. 
For example, the first input of the second phase finder 120 is 
connected to the QSEL line 132 associated with the QSEL 
signal. For example, the second input of the second phase 
finder 120 is connected to the CKVSEL line 134 associated 
with the CKVSEL signal. For example, the third input of the 
second phase finder 120 is connected to the PREF line 102 
associated with the PREF signal. In some embodiments, the 
second phase finder 120 is configured to generate a second 
fractional phase signal at the output of the second phase finder 
120. In some embodiments, the output of the second phase 
finder 120 is connected to a second fractional phase line 122. 
In some embodiments, the output of the second phase finder 
120 is connected to a second input of the phase switch 140 via 
the second fractional phase line 122. 

In some embodiments, the second phase finder 120 is con­
figured to generate the second fractional phase signal based 
on at least one of the PREF signal, the CKVSEL signal, or the 
QSEL signal. For example, the second phase finder 120 is 
configured to determine a phase distance between the 
CKVSEL signal and the PREF signal. In some embodiments, 
the phase distance is a phase difference expressed in units of 
time. In some embodiments, the second phase finder 120 is 
configured for multi-phase CKV operation, at least because 
the second phase finder 120 comprises a number of inverters 
associated with a digitally controlled oscillator (DCO) clock 
period divided by a number of phases associated with the 
CKV clock period of the DCO. For example, if a CKV clock 
period is eighty nanoseconds long, the CKV is a four-phase 
CKV, and an inverter is associated with a ten nanosecond 
delay, the second phase finder 120 comprises at least about 
two inverters, at least because two inverters covers at least 
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about twenty nanoseconds. In other words, the second phase 
finder 120 is configured to cover a quarter of the CKV clock 
period when the CKV is a four-phase CKV. Explained 
another way, the second phase finder 120 is configured to 
cover at least about one fourth of a DCO period based on a 5 

four-phase CKV signal. In this way, area and power consump­
tion associated with additional inverters is mitigated, at least 
because six inverters are not required to cover the other three 
quarters of the CKV clock period. Accordingly, the second 
phase finder 120 is thus not required to cover the CKV clock 10 

period. In some embodiments, the second phase finder 120 
comprises a number of inverters associated with the clock 
period divided by the number of phases associated with the 
CKV. In this way, the number of inverters associated with the 
second phase finder 120 is mitigated, thereby mitigating 15 

power consumption. 

6 
converter (TDC), according to some embodiments. In some 
embodiments, the PLL 200 of FIG. 2 is an all digital phase 
locked loop (ADPLL). In some embodiments, the PLL 200 
comprises a accumulator component 210, an adder compo­
nent 220, a loop filter 230, a digitally controlled oscillator 
(DCO) 240, a sigma delta modulation component 260, a 
frequency divider 250, a counter component 270, and a multi­
phase time-to-digital converter (TDC) 100. 

In some embodiments, the accumulator component 210 
comprises an input and an output. For example, the input of 
the accumulator component 210 is connected to a frequency 
command word (FCW) line 108 associated with a FCW sig­
nal. Additionally, the accumulator component 210 comprises 
a second input connected to the PREF line 102. For example, 
the output of the accumulator component 210 is connected to 
a phase reference (PHR) line 106 associated with a PHR 
signal. In some embodiments, the accumulator component 
210 is connected to an input of at least one of the adder 
component 220 or the multi-phase TDC 100. In some 
embodiments, the accumulator component 210 is configured 
to generate the PHR signal based on at least one of the FCW 
signal or the PREF signal. 

In some embodiments, the adder component 220 com­
prises an input, a second input, a third input, and an output. 

In some embodiments, a unit of time associated with the 
phase difference is based on an inverter delay. For example, if 
the CKVSEL signal is twenty nanoseconds from the PREF 
signal, and an inverter is associated with a ten nanosecond 20 

delay, the second phase finder 120 is configured to determine 
that there is a two inverter difference between the CKVSEL 
signal and the PREF signal. In some embodiments, the sec­
ond phase finder 120 is configured to convert the phase dif­
ference expressed in units of time into a phase difference 
expressed in degrees. Additionally, the second phase finder 
120 is configured to convert the QSEL signal into an offset 
expressed in degrees. Accordingly, the second phase finder 
120 is configured to generate a second fractional phase signal 
indicative of a phase difference between a first clock of the 
multi-phase CKV signal and the PREF signal. In this way, no 
high speed multiplexing or time amplifiers are required, at 
least because the multi-phase TDC 100 is configured to 
switch between the first phase finder 110 and the second 
phase finder 120. 

25 For example, the input of the adder component 220 is con­
nected to the PHR line 106 associated with the PHR signal. 
For example, the second input of the adder component 220 is 
connected to a fractional variable phase correction (PHVF) 
line 142 associated with a PHVF signal. For example, the 

30 third input of the adder component 220 is connected to an 
integer variable phase correction (PHVI) line 272 associated 
with a PHVI signal. For example, the output of the adder 
component 220 is connected to a phase error (PHE) line 138 
associated with a PHE signal. In some embodiments, the 

In some embodiments, the phase switch 140 comprises a 
first input, a second input, a third input, and an output. For 
example, the first input of the phase switch 140 is connected 

35 adder component 220 is connected to an input of at least one 
of the loop filter 230 or the multi-phase TDC 100. 

In some embodiments, the adder component 220 is config­
ured to generate the PHE signal based on at least one of the 
PHR signal, the PHVI signal, or the PHVF signal. In some to the first fractional phase line 112 associated with the first 

fractional phase signal. For example, the second input of the 
phase switch 140 is connected to the second fractional phase 
line 122 associated with the second fractional phase signal. 
For example, the third input of the phase switch 140 is con­
nected to a phase error (PHE) line 138 associated with a PHE 
signal. In some embodiments, the phase switch 140 is con­
figured to generate a fractional variable phase correction 
(PHVF) signal at the output of the phase switch 140. In some 
embodiments, the output of the phase switch 140 is connected 

40 embodiments, the adder component 220 is configured to 
determine a phase difference between the PHR signal and the 
multi-phase CKV signal generated by the DCO 240, at least 
because at least one of the multi-phase TDC 100 or the 
counter component 270 generates at least one of the PHVF or 

45 PHVI signal based on the multi-phase CKV signal. In this 
way, the adder component facilitates a lock for the PLL 200. 

In some embodiments, the loop filter 230 comprises an 
input and an output. For example, the input of the loop filter 
230 is connected to the PHE line 138 associated with the PHE 
signal. For example, the output of the loop filter 230 is con­
nected to an input of at least one of the DCO 240 or the sigma 
delta modulation component 260 via 232. In some embodi-
ments, the loop filter 230 is configured to filter at least some 
of the PHE signal and generate an output at 232. 

In some embodiments, the DCO 240 comprises an input, a 
second input, and an output. For example, the input of the 
DCO 240 is connected to the loop filter 230 via 232. For 
example, the second input of the DCO 240 is connected to the 
sigma delta modulation component 260 via 262. For example, 
the output of the DCO 240 is connected to a multi-phase 
variable clock (CKV) line 104 associated with a multi-phase 
CKV signal. In some embodiments, the DCO 240 is con­
nected to an input of at least one of the multi-phase TDC 100, 
a first phase finder 110, a phase predictor 130, the counter 

to a PHVF line 142. In some embodiments, the phase switch 
140 is configured to select the first fractional phase signal 50 

when the PHE is at least one of greater than or equal to at least 
about ninety degrees. In some embodiments, the phase switch 
140 is configured to select the second fractional phase signal 
when the PHE is less than at least about ninety degrees. In 
some embodiments, the first phase finder 110 is turned off 55 

when at least one of the second phase finder 120 or the phase 
predictor 130 is on. In some embodiments, at least one of the 
second phase finder 120 or the phase predictor 130 is turned 
off when the first phase finder 110 is on. In this way, power 
consumption associated with at the multi-phase TDC 100 is 60 

mitigated. In some embodiments, the phase switch 140 is 
configured to disable the second phase finder 120 when the 
first phase finder 110 is enabled. In some embodiments, the 
phase switch 140 is configured to enable the second phase 
finder 120 when the first phase finder 110 is disabled. 65 component 270, or the frequency divider 250. In some 

embodiments, the DCO 240 is configured to generate the 
multi-phase CKV signal based on at least one of an output 

FIG. 2 is a schematic diagram of an example phase locked 
loop (PLL) 200 associated with a multi-phase time-to-digital 
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from the loop filter 230 or an output from the sigma delta 
modulation component 260. In some embodiments, the DCO 
240 is configured to generate the multi-phase CKV signal 
associated with one or more clock signals and one or more 
corresponding phases. For example, for a four-phase CKV, 5 

the DCO 240 is configured to generate a first clock signal 
associated with a zero degree phase, a second clock signal 
associated with at least about a ninety degree phase, a third 
clock signal associated with at least about a one hundred and 
eighty degree phase, and a fourth clock signal associated with 10 

at least about a two hundred and seventy degree phase. It will 
be appreciated that at least one of the first clock signal, the 
second clock signal, the third clock signal, or the fourth clock 
signal is associated with a same frequency as at least one of 
the other clock signals in some embodiments. Additionally, a 15 

degree increment associated with a phase of a clock signal is 
equal to at least about three hundred and sixty divided by a 
number of phases associated with the multi-phase CKV sig­
nal. 

8 
signal. In some embodiments, the multi-phase TDC 100 is 
connected to a second input of the adder component 220. In 
some embodiments, the multi-phase TDC 100 is configured 
to at least one of generate or report a fractional phase of the 
DCO 240, such as the PHVF signal, based on the CKV 
generated by the DCO 240. In some embodiments, the multi-
phase TDC 100 is configured to lock the CKV generated by 
the DCO 240 to a same phase as at least one of the PREF 
signal or the PHR signal based on the multi-phase CKV 
signal. In some embodiments, an output ofa phase switch 140 
is connected to an input of the adder component 220 via a 
PHVF line 142 associated with a PHVF signal. 

FIG. 3 is a schematic diagram of an example first phase 
finder 110, according to some embodiments. In some 
embodiments, the first phase finder 110 comprises a first flip 
flop (FF) 302, a second FF 304, a third FF 306, a fourth FF 
308, anAND gate 310, an OR gate 320, and an inverter 330. 
In some embodiments, the first phase finder 110 is configured 
to generate a binary code associated with at least one of a first 

20 clock, a second clock, a third clock, or a fourth clock. In some 
embodiments, the first phase finder 110 of FIG. 3 is config­
ured to generate a first fractional phase signal for a four-phase 
CKV. In some embodiments, the first phase finder 110 of FIG. 
3 is configured to operate when the PHE is greater than or 

In some embodiments, the frequency divider 250 com­
prises an input and an output. For example, the input of the 
frequency divider 250 is connected to the CKV line 104 
associated with the multi-phase CKV signal. For example, the 
output of the frequency divider 250 is connected to a second 
input of the sigma delta modulation component 260. In some 
embodiments, the frequency divider 250 is configured to 
divide the multi-phase CKV signal by fixed number. For 
example, the fixed number is selected to be a number of 
phases associated with the multi-phase CKV signal. If the 
multi-phase CKV signal is a four-phase CKV signal, the 30 

frequency divider 250 is configured to divide the multi-phase 
CKV signal by four. That is, if the input of the frequency 
divider 250 is eight gigahertz, the output of the frequency 
divider is two gigahertz. 

25 equal to at least about ninety degrees. In some embodiments, 
the first FF 302 is connected to a PREF line 102 and a 

In some embodiments, the sigma delta modulation com- 35 

ponent 260 comprises an input, a second input, and an output. 
For example, the input of the sigma delta modulation com­
ponent 260 is connected to the loop filter 230 via 232. For 
example, the second input of the sigma delta modulation 
component 260 is connected to the frequency divider 250 via 40 

252. For example, the output of the sigma delta modulation 
component 260 is connected to a second input of the DCO 
240 via 262. 

multi-phase CKV line 104. Similarly, at least one of the 
second FF 304, the third FF 306, or the fourth FF 308 is 
connected to the PREF line 102 and the multi-phase CKV line 
104. In some embodiments, the AND gate 310 comprises a 
first input, a second inverted input, and an output. For 
example, the first input of the AND gate 310 is connected to 
an output of the third FF 316. In some embodiments, the 
second inverted input of the AND gate 310 is connected to an 
output of the second FF 314. In some embodiments, the OR 
gate 320 comprises a first inverted input, a second input, and 
an output. For example, the first inverted input of the OR gate 
320 is connected to an output of the fourth FF 318. For 
example, the second input of the OR gate 320 is connected to 
the output of the AND gate 312. In some embodiments, the 
inverter 330 comprises an input and an output. For example, 
the input of the inverter 330 is connected to the output of the 
third FF 316. For example, the output of the inverter 330 is 
associated with a second bit for the first fractional phase 

45 signal. For example, the output of the OR gate 320 is associ­
ated with a first bit for the first fractional phase signal. In some 
embodiments, the first fractional phase signal comprises the 
first bit and the second bit. In some embodiments, the output 
of the inverter 330 is connected to a second bit line 112B and 

In some embodiments, the counter component 270 com­
prises an input and an output. For example, the input of the 
counter component 270 is connected to the CKV line 104 
associated with the multi-phase CKV signal. For example, the 
output of the counter component 270 is connected to at least 
one of an integer variable phase correction (PHVI) line 272 
associated with a PHVI signal or a third input of the adder 
component 220. In some embodiments, the counter 270 is 
configured to at least one of generate or report an integer 
phase of the DCO 240, such as the PHVI signal, based on the 
CKV generated by the DCO 240. In some embodiments, the 
counter component 270 is configured to lock the DCO 240 to 55 

a same frequency as the PREF signal based on the multi­
phase CKV signal. 

50 the output of the OR gate 320 connected to a first bit line 
112A. 

In some embodiments, the multi-phase TDC 100 com­
prises one or more inputs and an output. For example, an input 
of the one or more inputs of the multi-phase TDC 100 is 60 

connected to at least one of the FCW line 108 associated with 
the FCW signal, the PHR line 106 associated with the PHR 
signal, the PHE line 138 associated with the PHE signal, the 
PREF line 102 associated with the PREF signal, or the multi­
phase CKV line 104 associated with the multi-phase CKV 65 

signal. For example, the output of the multi-phase TDC 100 is 
connected to the PHVF line 142 associated with the PHVF 

FIG. 4 is a schematic diagram of an example phase predic­
tor 130, according to some embodiments. In some embodi­
ments, the phase predictor 130 comprises a phase forward 
component 410 and a multiplexer (MUX) 420. In some 
embodiments, the phase forward component 410 is config­
ured to generate a QSEL signal based on at least one of a FCW 
signal or a PHR signal. In some embodiments, the phase 
forward component 410 is connected to at least one of an 
FCW line 108 associated with the FCW signal or a PHR line 
106 associated with the PHR signal. In some embodiments, 
the MUX 420 is configured to generate a CKVSEL signal by 
selecting at least one of one or more clock signals associated 
with CKV and corresponding phases based on the QSEL 
signal. In some embodiments, an output of the phase forward 
component is connected to at least one of a QSEL line 133 or 
the MUX 420. In some embodiments, the phase predictor 130 
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of FIG. 4 is configured to generate the CKVSEL signal based 
on a four-phase CKV. In some embodiments, the MUX 420 is 
connected to one or more multi-phase CKV lines 104A, 
104B, 104C, or 104D. In some embodiments, the multi-phase 
CKV line is associated with at least one of the one or more 5 

CKV lines 104A, 104B, 104C, or 104D. In some embodi­
ments, an output of the MUX 420 is connected to a CKVSEL 
line 134. In this way, the MUX 420 is configured to generate 
the CKVSEL signal. 

FIG. 5 is a schematic diagram of an example second phase 10 

finder 120, according to some embodiments. In some 
embodiments, the second phase finder 120 comprises one or 
more delay units, a thermometer decoder 510, a time phase 
converter 520, a shift register 530, and an adder component 
540. In some embodiments, a delay unit 590 of the one or 15 

more delay units comprises a first inverter 504 and a first flip 
flop (FF) 514. In some embodiments, an inverter comprises 
an input and an output. For example, the input of the inverter 
is connected to at least one of a CKVSEL line 134 or an output 
of a second inverter 502A of a second time delay unit. In some 20 

embodiments, a FF comprises an output. For example, a FF is 
connected to at least one of the CKVSEL line 134, the output 
of the second inverter 502A, or a PREF line 102. In some 
embodiments, the second phase finder 120 comprises N num­
ber of delay units, where the Nth delay unit comprises an Nth 25 

inverter SON and an Nth FF 51N. In some embodiments, the 
thermometer decoder 510 is connected to one or more output 
ofrespective FFs. For example, the thermometer decoder 510 
is connected to an output of the first FF 512A, an output of the 
second FF 514A, etc. In some embodiments, the time phase 30 

converter 520 is connected to the thermometer decoder 510. 

10 
of the FF 632. In some embodiments, the MUX 610 is con­
nected to an output of the comparator 642. In some embodi­
ments, the MUX 610 is connected to at least one of a first 
fractional phase line 112 or a second fractional phase line 
122. In some embodiments, the MUX 610 is configured to 
select at least one of a first fractional phase signal or a second 
fractional phase signal based on the output of the comparator 
642. 

FIG. 7 is a flow diagram of an example method 700 for 
locking a phase locked loop (PLL), according to some 
embodiments. In some embodiments, the method 700 com­
prises generating a first fractional phase signal of a multi­
phase variable clock (CKV) signal based on at least one of the 
multi-phase CKV signal or a reference frequency (PREF) 
signal at 702. For example, the multi-phase CKV signal asso­
ciated with one or more clock signals and one or more corre-
sponding phases. In some embodiments, the method 700 
comprises generating a second fractional phase signal of the 
multi-phase CKV signal based on at least one of the multi­
phase CKV signal, a frequency command word (FCW) sig­
nal, or a phase reference (PHR) signal at 704. In some 
embodiments, the method 700 comprises selecting at least 
one of the first fractional phase signal or the second fractional 
phase signal based on a phase error (PHE) signal at 706. 

FIG. 8 is a flow diagram of an example method 800 for 
locking a phase locked loop (PLL), according to some 
embodiments. In some embodiments, a frequency command 
word (FCW) is set and a phase locked loop (PLL) is turned on 
at 802. In some embodiments, frequency settling occurs at 
804. In some embodiments, frequency settling is repeated via 
806A until a phase error (PHE) is less than a DCO period. 
Continuing at 806B to 808, phase settling is enabled when a 
multi-phase TDC is enabled. At 810, the first phase finder it 
turned on, and operates continuously 812A until the PHE is 

In some embodiments, the shift register 530 is connected to a 
QSEL line 132. In some embodiments, the adder component 
540 is connected to the timer phase converter 520 and the shift 
register 530. In some embodiments, the thermometer decoder 
510 is configured to determine a time difference between the 
PREF signal and the CKVSEL signal. Generally, an inverter 

35 less than at least about ninety degrees at 812. When the PHE 
is less than ninety degrees, the method continues at 812B. At 
814, the first phase finder is turned off, and the second phase 
finder is turned on at 816. In some embodiments, the second 
phase finder operates until a threshold is met at 818. At 820, 

is associated with a delay time such that an output is produced 
for the inverter the delay time after the input is provided. The 
time difference between the PREF signal and the CKVSEL 
signal is expressed as a number of units, such as a number of 
inverters strung together in series in order for the string of 
inverters to approximate the time difference between the 
PREF signal and the CKVSEL signal. In some embodiments, 
the time phase converter 520 is configured to determine a 45 

degree phase difference between the PREF signal and the 
CKVSEL signal based on an output of the thermometer 
decoder 510A. In some embodiments, the adder component 
540 is configured to determine a degree phase difference 
between the PREF signal and the multi-phase CKV signal. 50 

For example, the output of the shift register 530A is associ­
ated with an offset between CKVSEL and a first CKV clock 
signal. Additionally, the output of the time phase converter 
520 is associated with a phase difference between the 
CKVSEL signal and the PREF signal. Accordingly, the adder 
component 540 is configured to determine a second fractional 
phase signal based on 530A and 520A. 

FIG. 6 is a schematic diagram of an example phase switch 
140, according to some embodiments. In some embodiments, 
the phase switch 140 comprises an adder component 620, a 
flip flop (FF) 630, a comparator 640, and a multiplexer 
(MUX) 610. In some embodiments, the adder component 620 
is connected to a PHE line 138 associated with a PHE signal. 
In some embodiments, the FF 630 is connected to an output of 
the adder component 622. In some embodiments, an output of 
the FF 632 is connected to the adder component 620. In some 
embodiments, the comparator 640 is connected to the output 

40 the PLL is locked. 
FIG. 9 is a flow diagram of an example method 900 for 

designing a phase locked loop (PLL), according to some 
embodiments. In some embodiments, a DCO period is deter­
mined at 902. In some embodiments, a TDC resolution is 
determined at 904. For example, an inverter delay time is 
selected at 904. In some embodiments, a number of DCO 
phases associated with a multi-phase CKV is determined at 
906. For example, a multi-phase CKV is four phases, eight 
phases, etc. In some embodiments, TDC is set at 908. In some 
embodiments, at least one of a phase predictor, first phase 
finder, second phase finder, or a phase switch is designed 
based on the number of phases at 910, 912, 914, and 916. 

According to some aspects, a multi-phase time-to-digital 
converter (TDC) for a phase locked loop (PLL) is provided, 

55 comprising a first phase finder, a phase predictor, a second 
phase finder, and a phase switch. In some embodiments, the 
first phase finder is configured to generate a first fractional 
phase signal of a multi-phase variable clock (CKV) signal 
based on at least one of the multi-phase CKV signal or a 

60 reference frequency (PREF) signal. In some embodiments, 
the multi-phase CKV signal is associated with one or more 
clock signals and one or more corresponding phases. In some 
embodiments, phase predictor is configured to generate a 
phase select (QSEL) signal associated with a fractional fre-

65 quency command word (FCW) signal based on at least one of 
a FCW signal or a phase reference (PHR) signal. In some 
embodiments, phase predictor is configured to generate a 
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multi-phase CKV select (CKVSEL) signal corresponding to 
a clock signal of the one or more clock signals and a phase of 
the one or more corresponding phases based on at least one of 
the multi-phase CKV signal or the QSEL signal. In some 
embodiments, the second phase finder is configured to gen­
erate a second fractional phase signal of the multi-phase CKV 
signal based on at least one of the CKVSEL signal or the 
QSEL signal. In some embodiments, the phase switch is 
configured to select at least one of the first fractional phase 
signal or the second fractional phase signal based on a phase 10 

error (PHE) signal. 
According to some aspects, a phase locked loop (PLL) is 

provided, comprising an accumulator component. In some 
embodiments, the PLL comprises an adder component con­
nected to the accumulator component. In some embodiments, 15 

the PLL comprises a loop filter connected to the adder com­
ponent. In some embodiments, the PLL comprises a digitally 
controlled oscillator (DCO) connected to the loop filter. In 
some embodiments, the PLL comprises a sigma delta modu­
lation component connected to at least one of the DCO or the 20 

loop filter. In some embodiments, the PLL comprises a 
counter component connected to at least one of the DCO or 
the adder component. In some embodiments, the PLL com­
prises a multi-phase time-to-digital converter (TDC). In some 
embodiments, the multi-phase TDC comprises a first phase 25 

finder connected to the DCO. In some embodiments, the 
multi-phase TDC comprises a phase predictor connected to 
the DCO. In some embodiments, the multi-phase TDC com­
prises a second phase finder connected to the phase predictor. 
In some embodiments, the multi-phase TDC comprises a 30 

phase switch connected to at least one of the first phase finder, 
the second phase finder, or the adder component. 

According to some aspects, a method for locking a phase 
locked loop (PLL) is provided, comprising generating a first 
fractional phase signal of a multi-phase variable clock (CKV) 35 

signal based on at least one of the multi-phase CKV signal or 
a reference frequency (PREF) signal, the multi-phase CKV 
signal associated with one or more clock signals and one or 
more corresponding phases. In some embodiments, the 
method comprises generating a second fractional phase sig- 40 

nal of the multi-phase CKV signal based on at least one of the 
multi-phase CKV signal, a frequency command word (FCW) 
signal, or a phase reference (PHR) signal. In some embodi­
ments, the method comprises selecting at least one of the first 
fractional phase signal or the second fractional phase signal 45 

based on a phase error (PHE) signal. 
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 50 

described above. Rather, the specific features and acts 
described above are disclosed as example forms of imple­
menting the claims. 

Various operations of embodiments are provided herein. 
The order in which some or all of the operations are described 55 

should not be construed as to imply that these operations are 
necessarily order dependent. Alternative ordering will be 
appreciated based on this description. Further, it will be 
understood that not all operations are necessarily present in 
each embodiment provided herein. 60 

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 are generally 65 

construed to mean "one or more" unless specified otherwise 
or clear from context to be directed to a singular form. Also, 

12 
at least one of A and B and/or the like generally means A or B 
or both A and B. Furthermore, to the extent that "includes", 
"having", "has", "with", or variants thereof are used in either 
the detailed description or the claims, such terms are intended 
to be inclusive in a manner similar to the term "comprising". 

Also, although the disclosure has been shown and 
described with respect to one or more implementations, 
equivalent alterations and modifications will occur based on a 
reading and understanding of this specification and the 
annexed drawings. The disclosure includes all such modifi­
cations and alterations and is limited only by the scope of the 
following claims. 

What is claimed is: 
1. A multi-phase time-to-digital converter (TDC) for a 

phase locked loop (PLL), comprising: 
a first phase finder configured to generate a first fractional 

phase signal of a multi-phase variable clock (CKV) sig­
nal based on at least one of the multi-phase CKV signal 
or a reference frequency (PREF) signal, the multi-phase 
CKV signal associated with one or more clock signals 
and one or more corresponding phases; 

a phase predictor configured to generate at least one of: 
a phase select (QSEL) signal associated with a fractional 

frequency command word (FCW) signal based on at 
least one of a FCW signal or a phase reference (PHR) 
signal; or 

a multi-phase CKV select (CKVSEL) signal corre­
sponding to a clock signal of the one or more clock 
signals and a phase of the one or more corresponding 
phases based on at least one of the multi-phase CKV 
signal or the QSEL signal; 

a second phase finder configured to generate a second 
fractional phase signal of the multi-phase CKV signal 
based on at least one of the CKVSEL signal or the QSEL 
signal; and 

a phase switch configured to select at least one of the first 
fractional phase signal or the second fractional phase 
signal based on a phase error (PHE) signal. 

2. The multi-phase time-to-digital converter (TDC) of 
claim 1, the first phase finder comprising: 

a first flip flop (FF) connected to a PREF line and a multi­
phase CKV line; 

a second FF connected to the PREF line and the multi­
phase CKV line; 

a third FF connected to the PREF line and the multi-phase 
CKVline; 

a fourth FF connected to the PREF line and the multi-phase 
CKVline; 

an AND gate comprising a first input, a second inverted 
input, and an output: 
the first input of the AND gate connected to an output of 

the third FF; and 
the second inverted input of the AND gate connected to 

an output of the second FF; 
an OR gate comprising a first inverted input, a second 

input, and an output: 
the first inverted input of the OR gate connected to an 

output of the fourth FF; and 
the second input of the OR gate connected to the output 

of the AND gate; and 
an inverter comprising an input and an output, the input of 

the inverter connected to the output of the third FF, the 
output of the inverter associated with a second bit for the 
first fractional phase signal, the output of the OR gate 
associated with a first bit for the first fractional phase 
signal. 
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3. The multi-phase time-to-digital converter (TDC) of 
claim 1, the phase predictor comprising: 

a phase forward component configured to generate the 
QSEL signal based on at least one of the FCW signal or 
the PHR signal; and 

a multiplexer (MUX) configured to generate the CKVSEL 
signal by selecting at least one of the one or more clock 
signals and corresponding phases associated with CKV 
based on the QSEL signal. 

~· The multi-phase time-to-digital converter (TDC) of 10 

claim 1, the second phase finder comprising: 
one or more time delay units, a first time delay unit of the 

one or more time delay units comprising: 
a ~rst inverter comprising an input and an output, the 

mput of the first inverter connected to at least one of a 15 

CKVSEL line or an output of a second inverter of a 
second time delay unit; and 

a first flip flop (FF) comprising an output, the first FF 
connected to at least one of the CKVSEL line the 
output of the second inverter, or a PREF line; ' 20 

14 
a counter component connected to at least one of the DCO 

or the adder component; and 
a multi-phase time-to-digital converter (TDC), compris­

ing: 
a first phase finder connected to the DCO; 
a phase predictor connected to the DCO; 
a second phase finder connected to the phase predictor; 

and 
a phase switch connected to at least one of the first phase 

finder, the second phase finder, or the adder compo­
nent. 

12. The phase locked loop (PLL) of claim 11, an output of 
the DCO connected to an input of at least one of the first phase 
finder or the phase predictor, the DCO configured to generate 
a multi-phase variable clock (CKV) signal. 

13. The phase locked loop (PLL) of claim 11, an output of 
the phase switch connected to an input of the adder compo­
nent. 

14. The phase locked loop (PLL) of claim 11, the phase 
switch configured to disable the second phase finder when the 
first phase finder is enabled. 

a thermometer decoder connected to the output of the first 
FF; 

a time phase converter connected to the thermometer 
decoder; 

a shift register connected to a QSEL line; and 

~5. The phase locked loop (PLL) of claim 11, the phase 
switch configured to enable the second phase finder when the 

25 
first phase finder is disabled. 

16. The phase locked loop (PLL) of claim 11, the first phase 
finder configured to generate a first fractional phase signal of 
a four-phase variable clock (CKV) signal based on at least one 
of the four-phase CKV signal or a reference frequency 

an adder component connected to the timer phase converter 
and the shift register. 

~· The multi-phase time-to-digital converter (TDC) of 
claim 4, the thermometer decoder configured to determine a 
time difference between the PREF signal and the CKVSEL 30 

signal. 
~· The multi-phase time-to-digital converter (TDC) of 

cla~m 4, the second phase finder configured to drive the phase 
switch when the PHE signal is greater than at least about 
ninety degrees. 

'.· The multi-phase time-to-digital converter (TDC) of 
cla~m 4, the first phase finder configured to drive the phase 
switch when the PHE signal is less than at least about ninety 
degrees. 

35 

~· The multi-phase time-to-digital converter (TDC) of 40 

claim 1, the phase switch comprising: 
an adder component connected to a PHE line· 
a flip flop (FF) connected to an output of th~ adder com­

ponent, an output of the FF connected to the adder com­
ponent; 

a com~arator connected to the output of the FF; and 
a multiplexer (MUX) connected to an output of the com­

parator. 

45 

9. The multi-phase time-to-digital converter (TDC) of 
claim 8, the MUX configured to select at least one of the first 50 

fractional phase signal or the second fractional phase signal 
based on the output of the comparator. 

~O. The multi-phase time-to-digital converter (TDC) of 
claim 8, the MUX connected to at least one of a first fractional 
phase line or a second fractional phase line. 

11. A phase locked loop (PLL), comprising: 
an accumulator component; 
an adder component connected to the accumulator compo­

nent; 

55 

a loop filter connected to the adder component· 60 

a digitally controlled oscillator (DCO) conne~ted to the 
loop filter; 

a sigma delta modulation component connected to at least 
one of the DCO or the loop filter; 

(PREF) signal. 
17. The phase locked loop (PLL) of claim 16, the four­

phase CKV signal associated with at least one of: 
a first clock signal and a first corresponding phase; 
a se~ond clock signal and a second corresponding phase; 
a third clock signal and a third corresponding phase; or 
a fourth clock signal and a fourth corresponding phase. 
18. The phase locked loop (PLL) of claim 17: 
the first corresponding phase associated with at least about 

zero degrees; 
the second corresponding phase associated with at least 

about ninety degrees; 
the third corresponding phase associated with at least about 

one hundred and eighty degrees; and 
the fourth corresponding phase associated with at least 

about two hundred and seventy degrees. 
19. The phase locked loop (PLL) of claim 17, the second 

phase finder configured to cover at least about one fourth of a 
DCO period based on the four-phase CKV signal. 

.2?· A method for locking a phase locked loop (PLL), com­
pnsmg: 

gener~ting a first fractional phase signal of a multi-phase 
varrnble clock (CKV) signal based on at least one of the 
multi-phase CKV signal or a reference frequency 
(PREF) signal, the multi-phase CKV signal associated 
with one or more clock signals and one or more corre­
sponding phases; 

generating a second fractional phase signal of the multi­
phase CKV signal based on at least one of the multi­
p~ase CKV signal, a frequency command word (FCW) 
signal, or a phase reference (PHR) signal; and 

selecting at least one of the first fractional phase signal or 
the second fractional phase signal based on a phase error 
(PHE) signal. 

* * * * * 


