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1
MAINTAINING A VIRTUAL TIME OF DAY

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims the benefit of U.S. Provisional
Application No. 63/250,708, entitled “MAINTAINING A
VIRTUAL TIME OF DAY,” naming Vivek Sarda as inven-
tor, filed on Sep. 30, 2021, and U.S. Provisional Application
No. 63/347,788, entitled “MAINTAINING A VIRTUAL
TIME OF DAY”, naming Vivek Sarda as inventor, filed on
Jun. 1, 2022, which applications are incorporated herein by
reference.

BACKGROUND
Field of the Invention

This invention relates to network systems and more
particularly to improving timing accuracy in network sys-
tems.

Description of the Related Art

Networks compliant with IEEE 1588 provide the back-
bone for 5G wireless applications and require precise time
synchronization. Network communication systems use tim-
ing protocols to ensure time of day (ToD) counters in the
network are synchronized. Synchronization (SYNC) signals
are used to ensure that time of day counters update at the
same time in the network. Any delay/offset and process,
voltage, temperature (PVT) variation between the SYNC
signals being supplied to the ToD counters in each line card
in the network box results in an error that is classified as
Continuous Time Error (CTE). 1588 networks specify the
amount of error allowed. Any time error can result in packet
loss or performance loss in real time applications like video
streaming.

FIG. 1 shows a typical architecture of communication
network system 100 with a slave line card (LC) 101, a
master timing card (TC) 103, and multiple master line cards
105. The data_out 110 from each line card is time stamped
using time stamps from local Time of Day (ToD) counters
111. In system 100, the ToD counters are external to the
integrated circuit on which phase-locked loop (PLL) 121 is
disposed. One challenge in the communication network
system 100 is to keep the ToD counter on the slave line card
aligned with the network timing associated with the incom-
ing data stream on data_in 116. Another challenge is to
maintain the ToD counters across different line cards in
alignment over process, voltage, and temperature (PVT)
variations so that all time stamps associated with data_out
110 are accurately aligned with each other and the incoming
network time associated with data_in 116.

The master timing card 103 generates a synchronization
(SYNC) signal and system clock signal (SYSCLK) using
PLL 117 and dividers (not shown). The master timing card
103 supplies the SYSCLK and SYNC signal (shown as
signals 107) to all of the line cards 101 and 105 over
backplane 109. The SYNC signal is a global signal inside the
network system box 100 that signifies the right moment/
edge for the ToD counters 111 to rollover. The SYNC signal
typically has a frequency range of 8 kHz to PP2S (pulse per
2 seconds). In many network systems the SYNC signal is a
1 pulse per second (1PPS) signal and in such network
systems the SYNC signal indicates when the ToD should
increment by one second. SYNC is an integer divided down
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2

and edge aligned version of the system clock signal SYS-
CLK. The various ToD counters 111 contain the same value
and rollover at the same time based on the SYNC signal.
Each of the line cards 101 and 105 generate the local SYNC
signal by dividing the SYSCLK generated by PLL. 121 in a
divider (not shown in FIG. 1) to the desired frequency.

The exact position of the SYNC edge is derived using a
precision time protocol (PTP) servo loop that uses the time
information inside the incoming Synchronous Ethernet
(SyncE) packet stream to the slave line card 101 on data in
116. FIG. 2 illustrates an example of a time stamp exchange
201 between an upstream PHY and the downstream PHY
(e.g. PHY 123 in FIG. 1). Each of the time stamps t1-t4
represents the departure time (t1, t3) or the receive time (t2,
t4). The timestamps exchange allows determination of one-
way delay (OWD) and error offset between the upstream
PHY and the downstream PHY shown at 203. That time
stamp exchange allows the slave line card to determine the
correct time provided by the upstream PHY even with delays
between the upstream PHY and the downstream PHY. Note
that the high level description of the PTP servo loop is
provided as background information to provide context in
which various embodiments described herein can be uti-
lized.

The slave line card 101 and the master timing card 103
also have a closed loop PTP servo system in accordance with
the IEEE 1588 protocol that corrects the position of the
SYNC signal over process, voltage, and temperature (PVT)
and aligns the SYNC signals distributed by the master
timing card 103 to the timing of the incoming packet stream
to the slave line card. The servo loop ensures that the slave
line card and the master timing card are synchronized. The
slave line card 101 and the master timing card 103 exchange
information in the closed loop system to adjust the SYSCLK
and SYNC pair on the master timing card such that the slave
line card ToD is aligned with the network ToD of the chosen
incoming data stream on data_in 116. The PTP servo loop
adjusts the timing of SYNC by adjusting PLL 117 so that the
slave line card ToD is aligned in frequency and phase to the
upstream ToD received by the slave line card on data_in 116.
The distributed SYSCLK is supplied as a reference clock to
the PLL 121 within each of the line cards and the line card
PLLs generate a local SYSCLK and SYNC signal that is
phase and frequency aligned with the distributed SYSCLK
and SYNC signal. The master line cards 105 are duplicates
(up to 64 copies) of the slave line card 101 but without the
closed loop PTP servo loop. In other words, the distribution
of the CLK/SYNC pair to the master line cards 105 is open
loop (without the PTP closed loop adjustments). The timing
card and various line cards communicate, at least in part,
utilizing a serial communication bus (not shown in FIG. 1)
to transmit various status and configuration information.

As communication systems become faster and timing
synchronization becomes more important, there is a need to
improve timing accuracy within the system.

SUMMARY OF EMBODIMENTS OF THE
INVENTION

Accordingly, in one embodiment a method for providing
a time of day includes generating a heartbeat clock signal
having a frequency higher than a synchronization signal, the
synchronization signal indicative of when to increase a time
of day by a predetermined increment. The method further
includes time stamping the heartbeat clock signal to generate
heartbeat time stamps associated with an internal time
domain and determining the time of day value correspond-
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ing to an edge of a timing signal using one of the heartbeat
time stamps and a time stamp of the timing signal and
storing a time of day value in a time of day storage location,
the time of day value being in a network time domain.

In another embodiment a line card for maintaining a time
of day in a network communication system includes an
oscillator to supply an oscillator output signal and a divider
coupled to the oscillator output signal to divide the oscillator
output signal and supply a heartbeat clock signal associated
with an internal time domain. First time stamp logic time-
stamps the heartbeat clock signal to generate heartbeat time
stamps that are associated with the internal time domain.
Second time stamp logic provides a timing signal time stamp
for an edge of a timing signal, the timing signal stamp
associated with the internal time domain. A time of day
storage location stores a first time of day in a network time
domain corresponding to the edge of the timing signal. The
first time of day is generated using one of the heartbeat time
stamps and the timing signal time stamp.

In another embodiment a network timing system includes
a slave line card and a plurality of master line cards. A
master timing card is communicatively coupled to supply a
clock signal to the slave line card and the plurality of master
line cards. The master timing card includes a first time of day
register storing a first time of day value corresponding to a
first edge of an internal clock signal and the master timing
card includes a second time of day register storing a second
time of day value corresponding to a second edge of an input
clock signal.

In another embodiment a method for providing a time of
day in a timing card of a network communications system
includes storing a time of day in a time of day storage
location. The method further includes generating a heartbeat
clock signal having a frequency higher than a synchroniza-
tion signal. The synchronization signal is indicative of when
to increase the time of day by a predetermined increment.
The heartbeat clock signal is time stamped to generate
heartbeat time stamps.

In another embodiment a timing card in a network com-
munication system includes a time of day storage location
and a digitally controlled oscillator to supply an oscillator
output signal. A divider is coupled to the oscillator output
signal to divide the oscillator output signal and supply a
heartbeat clock signal associated with an internal time
domain and having a frequency higher than a synchroniza-
tion signal indicative of when to increase the time of day by
a predetermined increment. Time stamp logic timestamps
the heartbeat clock signal to generate heartbeat time stamps.
The time of day storage location is updated with an updated
time of day for each occurrence of the heartbeat clock signal.

In another embodiment a line card includes a first clock
source to supply a first timing signal. A second clock source
is coupled to the first clock source and supplies a second
timing signal used to time stamp a plurality of input signals.
A plurality of time stampers are coupled to receive respec-
tive ones of the plurality of input signals and to generate the
respective time stamp values corresponding to edges of the
respective ones of the plurality of input signals. A plurality
of time of day registers store respective time of day values
corresponding to edges of respective ones of the plurality of
input signals. The respective time stamp values are used to
determine the respective time of day values for the plurality
of input signals.

In another embodiment a method for generating time of
day values includes time stamping edges of a plurality of
input signals in time stampers and generating respective
time stamp values corresponding to respective ones of the
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edges of the plurality of input signals. The method further
includes storing the time of day values in respective time of
day registers, the time of day values based on the time stamp
values.

In another embodiment an apparatus for generating a
plurality of time of day values includes a plurality of time
stampers coupled to receive respective ones of the plurality
of input signals and to generate the respective time stamp
values corresponding to edges of the respective ones of the
plurality of input signals. A plurality of time of day registers
store respective ones of the time of day values correspond-
ing to edges of respective ones of the plurality of input
signals. The respective time stamp values are used to deter-
mine the respective time of day values for the plurality of
input signals.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be better understood, and its
numerous objects, features, and advantages made apparent
to those skilled in the art by referencing the accompanying
drawings.

FIG. 1 illustrates a typical communication network sys-
tem with a slave line card (L.C), a master timing card (TC),
and multiple master line cards coupled through a backplane.

FIG. 2 illustrates an example of a time stamp exchange.

FIG. 3 illustrates an embodiment of integrated circuit that
provides a plurality of virtual time of day values.

FIG. 4 illustrates how the conversion factor is determined
at startup.

FIG. 5 illustrates an example of a virtual time of day
register.

FIG. 6 illustrates a timing diagram showing how the
occurrence of an edge of an input clock signal is converted
to a ToD value.

FIG. 7 illustrates examples of ToD registers.

FIG. 8 illustrates how the frequency of the heartbeat
signal varies during a SYNC cycle.

FIG. 9 illustrates a high level block diagram of time stamp
logic utilized in embodiments.

FIG. 10 illustrates another high level block diagram of
time stamp logic utilized in embodiments.

FIG. 11 illustrates a high level block diagram of an
integrated circuit providing time of day values associated
with edges of input signals in which the time stamps are
performed in external UTC time.

The use of the same reference symbols in different draw-
ings indicates similar or identical items.

DETAILED DESCRIPTION

To improve system communications by increasing timing
accuracy and flexibility embodiments emulate high speed
counters utilizing a virtual time of day approach. Rather than
using counters, time stamps are used to provide accurate
time of day values without maintaining actual time of day
counters. Referring to FIG. 3, integrated circuit 300 provides
a plurality of time of day values as described further herein.
In various embodiments, the integrated circuit 300 resides
on the slave line card, the master line cards, and/or the
master timing card. The integrated circuit 300 includes a
PLL 301 and a digitally controlled oscillator (DCO) 302. In
an embodiment, the DCO 302 receives an input signal from
the voltage controlled oscillator (VCO) of the PLL. The PLL
is locked to the system timing signal SYNCE signal 304
while the DCO is adjusted according to a PTP loop. Thus,
there is a frequency difference between the VCO output 306
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of the PLL and the DCO output 309 supplied to the/M
divider 326 and the/R divider. A pulse width modulator
(PWM) and divider logic 303 receives a DCO output and
divides the DCO output in a counter R to generate a SYNC
signal. The SYNC signal is used in various ways by the
system depending on whether the integrated circuit 300 is on
a master line card, a slave line card, or a master timing card.
In an embodiment, with the integrated circuit on a master
timing card, the SYNC signal is distributed to line cards as
part of signals 107 (see FIG. 1) or a serial bus that 305 that
combines the SYNC signal and SYSCLK into a pulse width
modulated signal that can also provide information such as
the time of day as well as other configuration and status
information. Such a system is described in more detail in the
U.S. patent application entitled “Data Protocol Over Clock
Line”, application Ser. No. 17/375,634, filed Jul. 14, 2021,
naming Vivek Sarda as inventor, which application is incor-
porated herein by reference. The SYNC signal, as a separate
signal, or encoded on the serial eToD/SYNC signal line 305
is fed back as an input to integrated circuit 300.

In the embodiment illustrated in FIG. 3, integrated circuit
300 receives four timing related signals through input ter-
minals “X”. Signal 308 is a global positioning system (GPS)
primary signal. Signal 310 is a GPS secondary signal. The
eToD signal 312 is a second source for the SYNC signal
from, e.g., a backup timing card or the slave line card and
eToD/SYNC_ZDB is the feedback 305 of eToD/SYNC. The
ZDB indicates the signal is a zero delay buffer signal that
accounts for the delay through integrated circuit 300 to help
ensure that SYNC signals used by master line cards are
synchronized.

All of the transitions (or at least one edge, e.g., the rising
edge) of the input signals are time stamped by time stamper
314. Time stamper 314 is shown as having discrete time
stamp logic TS1, TS2, TS3, and TS4 for each of the four
inputs but substantial portions of the timestamp logic may be
shared. The time stamper logic is described in additional
detail herein. For now, it is sufficient to understand that the
time stamper runs off an internal clock 306 derived from the
VCO in PLL 301. In an embodiment the time stamper
includes a time stamper counter that resets every 2 seconds.
Note that there are at least two separate time domains of
significance to the time stamp operation. One of the time
domains is the local time domain associated with the DCO
of the integrated circuit 300. The other time domain is the
network time domain associated with the signals that are
received by the integrated circuit 300. For example, the
SYNC signal and the ToD are values in the network time
domain. The time of day is in units of Coordinated Universal
Time (UTC) time of seconds, nanoseconds, and picosec-
onds. The time stamps in local time need to be converted to
UTC time in order to provide an accurate time of day. That
requires a conversion factor, which is used by the conversion
logic 320 to convert from internal time to network time.

FIG. 4 illustrates a way to determine the conversion factor
at startup. Once the PLL 301 is locked to SYNCE 304 and
thus the timing of integrated circuit 300 is stable, the first
edge 401 of the SYNC signal is timestamped. Then the
second edge 403 of the SYNC signal is time stamped and the
first time stamp of edge 401 is subtracted from the second
time stamp of edge 403. That provides the number of time
stamps that occur between edges. Remember that the time
stamp logic is running off of the PLL 301 VCO and the
SYNC signal is running off of DCO 302. Assume the result
is 5000 units of time stamp time are in one SYNC period
405. Assume also that the SYNC signal is a 1 PPS SYNC
signal. That means each time stamp unit is (1 second/5000)
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or 200 ps. That provides the conversion factor to convert
from the internal time domain to the network time domain.
That is, each second of network time is 5000 time stamp
units.

FIG. 5 shows a standardized International Atomic Time
(TAI) format 501 for encoding time in the time of day
registers. The format is 96 bits with a 48 bit seconds bitfield,
a 32 bit nanoseconds bit field, and a 16 bit field for
sub-nanoseconds. The time of day always increases mono-
tonically in steady state operation. The 32-bit nanoseconds
bitfield holds any value from O to 10°~1 ns. Rollover adds
1 into the seconds field when the nanoseconds bitfield is
incremented from 10°-1, and the nanoseconds bitfield resets
to 0. FIG. 5 illustrates the rollover at 503 from 999 ms when
1 ms is added and the ms field resets to 0, where “D”
indicates a decimal value. Each bit of the 16-bit sub nano-
seconds bitfield is %2 of the previous bit value (MSB—LSB)
and thus the MSB=0.5 nanoseconds, LSB=15.2 femtosec-
onds. As shown at 505, where “H” indicates hexadecimal, an
increase in 1.5 ns results in 2 ns in the nanosecond field and
a “1” in the most significant bit of the sub ns bit field
representing 0.5 ns.

The steady state time of day value is the sum of L.SBs
maintained by the integrated circuit 300 plus most signifi-
cant bit (MSB) values initialized at startup from external
sources. In the embodiment of FIG. 3, a serial bus such as
a Serial Peripheral Interconnect (SPI) bus 316 (FIG. 3)
initially provides the MSBs for the time of day register,
which is stored in SPI MSB ToD registers 318. Once the
time conversion factor is determined initially as described
above, based on the number of time stamp units in a period
of'the SYNC signal, the LSBs of the time of day register are
combined with the MSBs provided by the SPI bus to provide
the time of day.

The timing integrated circuit 300 includes an M divider
326, which divides the DCO output signal by a value M to
generate a heartbeat clock signal 328. That heartbeat clock
signal is used in converting the occurrence of edges on the
inputs to time of day values. Each time of day edge (or just
rising of falling edge) is time stamped by time stamper 330.
The time stamper runs off the PLL VCO derived signal 306
that is supplied to time stamper (TS) logic in the integrated
circuit 300 while the M divider runs off the DCO 309. In
addition, the time of day is updated for each heartbeat clock
signal. Each heartbeat edge corresponds to a time period in
real time. That time period is added to the previous base
period to calculate the new ToD time and the corresponding
internal time associated with the ToD time. For example,
referring to FIG. 7, the simplified example shows each
heartbeat period is one fourth of the period of the SYNC
signal. Thus, for a 1 PPS SYNC signal, the heartbeat signal
in the example of FIG. 7 is 0.25 seconds. That amount of
time is added to the time of day register associated with the
heartbeat signal. In an embodiment the conversion factor is
also updated every heartbeat signal. The time stamp differ-
ence between the current heartbeat signal and the previous
heartbeat signal may differ between heart beat signals. For
example, assume the time stamp difference between adja-
cent heartbeat signals has been measured at 10 time stamp
units and the next time stamp shows the time stamp differ-
ence is 11 time stamp units between the current time stamp
unit and the immediately previous time stamp unit. That
change is used to update the conversion factor. Referring to
FIG. 4 again, that would be similar to the number of time
stamp units changing from 5000 to 5001. Remember that the
time stamp logic is running off the PLL. VCO while the
heartbeat signal is running off of the DCO signal. There are
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multiple sources for the conversion factor to change. One
source is the change to the DCO based on the PTP loop.
Another source is drift to the VCO due to, e.g., temperature,
voltage, or aging of PLL 301. In other embodiments, the
conversion factor for conversion logic 320 is updated less
frequently, e.g., when the DCO is adjusted in the PTP loop
or periodically during the SYNC period.

The heartbeat signal time stamped in the time stamper
(TSM) 330 for the M divider along with the other time stamp
values are supplied through an internal interface 332 to the
time stamp registers 324. In an embodiment, the interface is
time interleaved so one of the time stamp values in on the
bus at one time. In an embodiment, there are five time stamp
registers in time stamp register 324, one for each input signal
and one for the M divider time stamp. In other embodiments,
other numbers of input signals are time stamped, some or all
of which are converted to ToD values.

Referring to FIG. 6, shown is an example of the ToD
registers 340 in FIG. 3. In an embodiment, the ToD registers
340 include separate ToD registers for the primary GPS
signal GPS_PRI, the secondary GPS signal GPS_SEC, the
secondary SYNC signal (e€ToD SEC), the primary SYNC
signal (eToD/SYNC_ZDB), and the heartbeat signal. Note
that while one register is shown for each of the clock inputs
and the heartbeat signal, embodiments have multiple regis-
ters to store multiple time of day values for each type of ToD
register. Having separate time of day registers for the various
inputs allows for comparison of the occurrence of, e.g., the
SYNC signal and the primary GPS signal and make sure
they are properly synchronized. Note further that while
described as registers that term is intended to be general and
any suitable storage locations can be used to store the ToD
values. As shown in FIG. 3, adjustments can be made by
adjusting the conversion factor using the SYNC phase offset
registers 342. In addition, the ability to compare secondary
sources can be useful when a primary source fails. The
secondary sources can be monitored and compared to the
primary sources and/or to the SYNC signal using the ToD
registers. Each rising edge (or falling edge or both) of the
inputs is converted to a ToD value and used for synchroni-
zation. The loss of signal (LOS) and out of frequency (OOF)
logic 350 also provide inputs to the conversion logic and
receive converted values. The LOS/OOF logic informs the
conversion logic 320 that the system is not operating at the
expected frequencies and the addition of expected periods
into the equations may cause incorrect answers. Conversely,
when the conversion logic 320 sees a conversion factor that
is out of reasonable bounds, it can inform the LOS/OOF that
the internal voltage controlled oscillator of the PLL 301 to
external SYNC frequency scale is out of bounds and hence
there may be an error.

The heartbeat signals are also used to determine the time
of occurrence of the other input signals, e.g., those input
signals that are time stamped by time stampers T1 through
T3. With reference to FIGS. 3 and 7, the time stamper TS4
timestamps the rising (and/or falling) edges of the SYNC
signal. The TS4 time stamps are used to track any offset
between TS4 and the internal ToD and in some cases, move
the ToD based on the required offset. Note that embodiments
use an internal path from the pin to the time stamper TS4
rather than using an external path. Some embodiments time
stamp both a received SYNC signal on an input pin and a
generated SYNC signal that is fed back on an external or
internal path. For ease of illustration assume the heartbeat
signal 703 has a period that is one quarter of the period of
the SYNC signal. Each edge (or at least rising edge) of the
heartbeat signal is time stamped and the time stamps are
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saved. Note that the heartbeat signal from divider 326 and
the SYNC signal from PWM and divider 303 are aligned and
come from the DCO. Assume the GPS primary input 308 is
shown at 705 and the rising edge of the GPS primary input
occurs at 707. Each rising edge of the heartbeat clock signal
703 is time stamped in time stamper TSM 330 (see FIG. 3)
and saved in time stamp registers 324. In addition, each
heartbeat time stamp value is converted to a time of day
value and used to update the heartbeat ToD register in ToD
registers 340. For this example, the time stamp (TSA) of the
rising edge of the heartbeat signal that occurs at 709 is the
most recent available heartbeat timestamp before the rising
edge of GPS_PRI at 707. Time stamper TS1 time stamps the
rising edge 707 of the GPS_PRI clock signal that occurs at
707 resulting in timestamp TSB and TSB is saved in the time
stamp registers 324 (see FIG. 3). As shown in FIG. 7, the
time that the rising edge 707 occurs is converted to network
time by determining a difference between the time stamps
for rising edges 707 and 709 ((TSB-TSA), multiplying the
difference by the conversion factor, and adding the con-
verted difference to a ToD value corresponding to the rising
edge 709 of the heartbeat signal. That math function can be
part of the conversion logic 320 or separate logic. In
embodiments, a programmed microcontroller performs the
functions of the conversion logic and other calculations
required to update time of day values.

FIG. 8 illustrates that the frequency of the output signal
shown as ideal frequency 801 associated with the PLL 301
in FIG. 3 changes during the SYNC period. As discussed
above, the PTP loop keeps the master timing card and the
slave line card synchronized. Thus, the DCO output signal
in PLL 301 (FIG. 3) changes during the SYNC period to
maintain synchronization with the network timing received
at the slave line card. Thus, assume the heartbeat clock is
nominally 1 MHz. With PTP corrections, the actual fre-
quency 803 of the output signal varies during the SYNC
period. The variations shown in FIG. 8 are exaggerated for
ease of illustration. The conversion factor is adjusted each
heartbeat signal. In the example of FIG. 8, there are 2500
heartbeat cycles per SYNC period. Each heartbeat cycle is
a predetermined portion of the SYNC signal. For the
example shown in FIG. 8, assume the SYNC period is 2500
us. Each heartbeat cycle is 1 us (Y2s00). Each heartbeat edge
adds 1 ps to the ToD, and thus 1 ps is added to the previous
ToD value for the previous heartbeat ToD and the updated
ToD is stored in the heartbeat ToD register as the ToD for the
current heartbeat ToD value.

FIG. 9 illustrates an embodiment high level diagram of a
time to digital converter (TDC) that can be used as a time
stamper in various embodiments described herein. TDCs
often utilize 2-stages, a coarse TDC 901 and a fine TDC 903.
The coarse TDC typically works with a time base set by a
system clock. The coarse TDC generates an integer code of
N course bits <N+M-1:M> and the fine TDC generates a
fractional code of M bits <M-1:0>, which are combined to
produce a result of N+M bits. The fine TDC is often based
on a delay line using N elements with a unit delay associated
with the length of time through one element. Other ways to
implement the fine TDC are described in the U.S. Pat. No.
10,067,478 filed Dec. 11, 2017, naming Raghunandan Kolar
Ranganathan as inventor, which patent is incorporated
herein by reference. The overall resolution is determined by
the fine TDC.

FIG. 10 illustrates another embodiment of a time-to-
digital converter circuit that may be used in the time stamp
logic. Time-to-digital converter 1000 generates an integer
time code TC_INT and a fractional time code TC_FRAC
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that are combined at the output to generate output digital
signal TIMESTAMPS based on clock signal INPUT
CLOCK and clock signal TDC SAMPLING CLOCK. Clock
signal TDC SAMPLING CLOCK controls free running
counter 1002, which generates an output integer count signal
that is synchronized to clock signal INPUT CLOCK by a
storage element (e.g., D flip-flops 1004). The output of D
flip-flops 204 is integer time code TC_INT, which indicates
the integer number of full cycles of clock signal TDC
SAMPLING CLOCK in a period of clock signal INPUT
CLOCK.

Time/phase measurement circuit 1006 generates an indi-
cation of time difference EDGE_DELTA between edges of
clock signal TDC SAMPLING CLOCK and clock signal
INPUT CLOCK. That difference is digitized by analog-to-
digital converter 1008, which provides a digital version of
that difference as fractional time code TC_FRAC. In an
embodiment, the fractional time code is a residue that can
range from O to 1 unit interval (UI) of the sampling clock.
Clock signal INPUT CLOCK has input frequency F,,=F, /
N+a; 0=a<1, where N corresponds to the integer number of
the integer number of full cycles of clock signal TDC
SAMPLING CLOCK in a period of clock signal INPUT
CLOCK and acorresponds to the residue. The residue has a
periodicity of a*F,,, and is sampled at F,,,.

Referring again to FIG. 3, the ToD value associated with
TS4 (the SYNC signal) is provided to PWM and divider
logic 303 and in an embodiment combined with the SYNC
signal provided by divider R 303 and supplied as an external
SYNC signal. In embodiments, the SYNC signal is provided
for use by an external ToD counter without encoding with
the SYSCLK using the PWM logic. Where the SYSLK
signal is pulse width modulated to represent both the SYNC
signal and other information such as ToD, the eToD/SYNC
signal is decoded by a decoder (not shown in FIG. 3) before
being time stamped by time stamper TS4. The pulse width
modulation of SYSCLK is described in the patent applica-
tion entitled “Data Protocol Over Clock Line”, application
Ser. No. 17/375,634, filed Jul. 14, 2021, naming Vivek Sarda
as inventor, which application is incorporated herein by
reference. The various time of day values stored in the time
of day registers can be requested by external sources, e.g.,
from a processor located external to the integrated circuit
300 or can be supplied by the integrated circuit 300 to other
line cards or backup timing cards as requested, e.g., over the
SPI bus.

FIG. 11 illustrates another embodiment in which the time
stampers run on a clock source that is on a UTC time base
(1 ns). PLL 1101 generates a timing signal 1102 that is
supplied to the PWM and /R divider block to generate the
PWM encoded SYSCLK signal, in which SYNC and other
data such as ToD is encoded. The encoded SYSCLK is
supplied to the €ToD signal line 1106 through output ter-
minal 1107. The SYSCLK 1104 (or SYNC signal) is sup-
plied to the 1 GHZ oscillator 1108. Note that the timing
signal 1102 and the SYSCLK 1104 may be the same signal
or related. In an embodiment the SYSCLK is a 10 MHz
signal. Other embodiments utilize a SYSCLK with a differ-
ent frequency. In an embodiment, the oscillator 1108 is a
ring oscillator but other embodiments use other oscillators
including L.C oscillators. The oscillator 1108 generates a 1
GHz signal 1110 used by the time stampers 1111, including
time stampers 1112, 1114, 1116, 1118. Thus, the time stamp-
ers are already in UTC time base. The ToD registers 1119
store copies of time stamps for the various inputs, GPS_PRI
1120, GPS_SEC 1122, eToD_SEC 1124, and ¢ToD/SYN-
C_7ZDB 1126 that are timestamped UTC time. In embodi-
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ments, all of the transitions (or at least one edge, e.g., the
rising edge) of the input signals are time stamped by time
stampers 1112, 1114, 1116, 1118. The time stamps indicate
the time of day associated with the various input signals.
Other embodiments time stamp additional inputs. The time
stamps are supplied through a time interleaved interface
1128 to the ToD registers 1119. Note that no conversion is
required between internal time and external network time
since the time stampers are running on the UTC time base.
The ToD registers can be adjusted by the phase offset
registers 1132. The most significant bits of the time of day
are supplied to the MSB registers 1134 from, e.g., an SPI
bus. In an embodiment, the time stamper uses a physical
counter running at 1 GHz in coarse mode with additional
interpolation available in a fine mode with registers corre-
sponding to the inputs to be time stamped. Thus, the use of
two oscillators can allow UTC time base to be utilized. Note
that there is still an internal clock domain denoted by dashed
lines but no need to translate to external time due to the use
of oscillator 1108.

Thus, various embodiments for providing time of day
information have been described. The description of the
invention set forth herein is illustrative, and is not intended
to limit the scope of the invention as set forth in the
following claims. Variations and modifications of the
embodiments disclosed herein, may be made based on the
description set forth herein, without departing from the
scope of the invention as set forth in the following claims.

What is claimed is:

1. A method for providing time of day values comprising:

generating a heartbeat clock signal having a frequency

higher than a synchronization signal, the synchroniza-
tion signal indicative of when to increase a time of day
by a predetermined increment;

time stamping the heartbeat clock signal to generate

heartbeat time stamps associated with an internal time
domain; and

determining a time of day value corresponding to an edge

of a timing signal using one of the heartbeat time
stamps and a time stamp of the timing signal and
storing the time of day value in a time of day storage
location, the time of day value being in a network time
domain.

2. The method as recited in claim 1 further comprising
generating a conversion factor to convert from the internal
time domain associated with the heartbeat clock signal to the
network time domain.

3. The method as recited in claim 2 further comprising:

updating the conversion factor by subtracting one of the

heartbeat time stamps from an adjacent one of the
heartbeat time stamps and supplying a subtraction
result; and

dividing the subtraction result by a unit time, the unit time

corresponding to a nominal portion a synchronization
period.

4. The method as recited in claim 2 wherein generating the
conversion factor further comprises:

time stamping a first edge of the synchronization signal to

provide a first time stamp associated with the internal
time domain;

time stamping a second edge of the synchronization signal

to provide a second time stamp associated with the
internal time domain;

determining a length of time in the internal time domain

between the first time stamp and the second time stamp;
and
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determining the conversion factor to convert from the
internal time domain to the network time domain using
the length of time between the first time stamp and the
second time stamp and a period of the synchronization
signal.

5. The method as recited in claim 2 further comprising:

time stamping an edge of another timing signal associated
with the network time domain to provide another time
stamp associated with the internal time domain; and

updating another time of day value in another time of day
storage location with a value corresponding to the edge
of the other timing signal using the other time stamp
and another one of the heartbeat time stamps.

6. The method as recited in claim 5 wherein determining
the value corresponding to the edge of the other timing
signal further comprises:

determining a difference between a latest heartbeat time
stamp and the other time stamp, converting the differ-
ence to the network time domain using the conversion
factor to generate a converted difference and adding the
converted difference to a time value of the latest
heartbeat time stamp represented in external time to
thereby provide an updated time of day.

7. The method as recited in claim 2 further comprising
maintaining a plurality of time of day storage locations, each
of the plurality of time of day storage locations storing
respective time of day values corresponding to occurrences
of edges of respective input signals.

8. The method as recited in claim 1 further comprising
initializing most significant bits of the time of day respon-
sive to a write operation on a serial bus and storing the time
of day as a sum of the most significant bits and calculated
least significant bits.

9. The method as recited in claim 1 further comprising
sending the time of day for use by a physical layer (PHY).

10. A line card for maintaining a time of day in a network
communication system, the line card comprising:

an oscillator to supply an oscillator output signal;

a divider coupled to the oscillator output signal to divide
the oscillator output signal and supply a heartbeat clock
signal associated with an internal time domain;

first time stamp logic to timestamp the heartbeat clock
signal to generate heartbeat time stamps, the heartbeat
time stamps associated with the internal time domain;
and

second time stamp logic to provide a timing signal time
stamp for an edge of a timing signal, the timing signal
stamp associated with the internal time domain; and

a time of day storage location to store a first time of day
corresponding to the edge of the timing signal in a
network time domain, the first time of day being
generated using one of the heartbeat time stamps and
the timing signal time stamp.

11. The line card as recited in claim 10 further comprising
conversion logic to generate a conversion factor to convert
from the internal time domain to the network time domain.

12. The line card as recited in claim 11 wherein the
conversion factor is updated each period of the heartbeat
clock signal.

13. The line card as recited in claim 11 wherein the
conversion factor is updated by subtracting one of the
heartbeat time stamps from an adjacent one of the heartbeat
time stamps and supplying a subtraction result and dividing
the subtraction result by a unit time.

14. The line card as recited in claim 11 wherein the
conversion factor is generated according to a length of time
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in internal time between a first time stamp and a second time
stamp of a synchronization signal, the synchronization sig-
nal indicative of when to increase the time of day by a
predetermined increment, the first time stamp and the sec-
ond time stamp corresponding to a beginning and end of a
period of the synchronization signal.

15. The line card as recited in claim 11 further comprising:

an input terminal to receive a second timing signal

associated with the network time domain;

third time stamp logic to provide a second timing signal

time stamp for an edge of the second timing signal, the
second timing signal stamp associated with the internal
time domain; and

a second time of day storage location to store an updated

time of day value in the network time domain indica-
tive of when the edge of the second timing signal
occurred.

16. The line card as recited in claim 15 further comprising
processing logic to determine the updated time of day
corresponding to the edge of the second timing signal by
determining a difference between a most recent heartbeat
time stamp and the second timing signal time stamp, con-
verting the difference to the network time domain using the
conversion factor to generate a converted difference, and
adding the converted difference to a time of day value
corresponding to the most recent heartbeat time stamp.

17. The line card as recited in claim 10 wherein the
heartbeat clock signal has a frequency higher than a syn-
chronization signal indicative of when to increase the time
of day by a predetermined increment.

18. The line card as recited in claim 10 further comprising
a heartbeat time of day storage location that is updated with
an updated time of day for each occurrence of the heartbeat
clock signal.

19. The line card as recited in claim 10 further comprising
a plurality of time of day storage locations, each of the
plurality of time of day locations indicating respective time
of days corresponding to occurrences of edges of respective
input signals.

20. A network timing system comprising:

a slave line card;

a plurality of master line cards; and

a master timing card communicatively coupled to supply

a clock signal to the slave line card and the plurality of
master line cards, the master timing card including a
first time of day register storing a first time of day value
corresponding to a first edge of an internal clock signal
and the master timing card including a second time of
day register storing a second time of day value corre-
sponding to a second edge of an input clock signal.

21. The network timing system as recited in claim 20
further comprising:

a first time stamp register to store a first time stamp

associated with the internal clock signal; and

a second time stamp register to store a second time stamp

associated with the input clock signal.

22. The network timing system as recited in claim 21
wherein the second time of day value is determined using a
difference between the second time stamp and the first time
stamp.

23. The network timing system as recited in claim 22
wherein the second time of day value is determined further
using a conversion factor to convert the difference from
internal time associated with the internal clock signal to
network time associated with the input clock signal.
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