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(54) PHASE-LOCKED LOOPS WITH ELECTRICAL OVERSTRESS PROTECTION CIRCUITRY

(57) An integrated circuit with a phase-locked loop
(PLL) is provided. The PLL may include a phase frequen-
cy detector, a charge pump, a source follower circuit, a
variable oscillator, a frequency divider, and a control
block. The phase frequency detector may be configured
to align or lock a feedback clock signal to a reference
clock signal. The control block includes clock loss detec-
tion circuits that are used to determine whether the ref-

erence clock signal or the feedback clock signal has
stopped toggling. In response to detecting a clock loss
event for either the reference or the feedback clock sig-
nal, the control block may disable the phase frequency
detector to place the charge pump in a tristate mode and
may apply a predetermined bias voltage to the source
follower circuit to help minimize electrical overstress.
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Description

Cross Reference to Related Application

[0001] This application claims priority to United States
Patent Application No. 15/187,534, filed on June 20,
2016, which is hereby incorporated by reference herein
in its entirety.

Background

[0002] This relates generally to integrated circuits and
more particularly, to integrated circuits with phase-locked
loops.
[0003] A phase-locked loop is commonly used in radio,
telecommunications, computers, and other electronic ap-
plications to generate an output clock signal whose
phase is related or "locked" to the phase of an input clock
signal. In general, a phase-locked loop (PLL) includes a
phase detector and a voltage-controlled oscillator. The
oscillator generates a periodic signal. The phase detector
compares the phase of that periodic signal with the phase
of the input clock signal and then adjusts the oscillator
to keep the phases in sync. Operated in this way, the
phase-locked loop also keeps the frequencies of the input
and output clock signals matched or at least proportional
to one another.
[0004] A phase-locked loop generally has limited con-
trol over the availability of the input clock source. For
example, the input clock might stop toggling after some
time due to latency issues or some unintentional clock
gating. For a charge-pump-based PPL (i.e., a PLL that
uses a charge pump to directly control the voltage-con-
trolled oscillator), this clock loss event could present a
problem when the charge pump continues to charge or
discharge beyond a desired operating voltage range. Un-
der such scenarios, the voltage-controlled oscillator,
which is typically designed using thin-gate oxide transis-
tors, will be susceptible to electrical overstress.
[0005] In an effort to improve reliability and to protect
against this type of electrical overstress, voltage-control-
led oscillators are sometimes designed using native
thick-gate oxide transistors with zero threshold voltage.
Thick-gate oxide transistors with zero threshold voltage
are able to withstand high levels of electrical overstress
while maintaining operation in the saturation mode.
[0006] However, it may not always be possible or fea-
sible to include thick-gate oxide devices on an integrated
circuit. Forming thick-gate oxide transistors requires ad-
ditional processing steps at the foundry and increases
cost. It is within this context that the embodiments herein
arise.

Summary

[0007] An integrated circuit with a phase-locked loop
is provided. The phase-locked loop (PLL) may include at
least a phase frequency detector, a charge pump, a

source follower circuit, and a variable oscillator coupled
in a loop. In accordance with an embodiment, the PLL
may include a control block that selectively deactivates
the phase frequency detector in response to detecting a
clock loss event.
[0008] In particular, the phase frequency detector may
receive a reference clock signal and a feedback clock
signal. The control block may also receive the reference
clock signal and the feedback clock signal. In addition,
the control block may further receive a sampling clock
signal. The control block may be used to determine when
the reference clock signal has stopped toggling or when
the feedback clock signal has stopped toggling.
[0009] When the control block deactivates the phase
frequency detector, the charge pump can be placed in a
tristate mode such that a pull-up switch and a pull-down
switch within the charge pump are both in the off state.
Moreover, the source follower circuit may include a
source follower transistor. The source follower transistor
has a gate terminal that typically receives a voltage from
the charge pump. When the charge pump is in the tristate
mode, however, the source follower transistor may re-
ceive a predetermined bias voltage at its gate to minimize
electrical overstress via a separate switch that is also
controlled by the control block.
[0010] The control block may include a first clock loss
detector circuit for monitoring the reference clock and a
second clock loss detector circuit that is structurally iden-
tical to the first clock loss detector circuit for monitoring
the feedback clock. The control block may also include
a logic OR gate that receives output signals from the first
and second clock loss detector circuits.
[0011] The first clock loss detector circuit may include
a first flip-flop for generating first reset pulses in response
to rising edges in the reference clock, a first chain of flip-
flops for generating second reset pulses corresponding
to rising edges in the sampling clock, and a first multi-
plexer having inputs coupled to different tap points along
the first chain of flip-flops. Similarly, the second clock loss
detector circuit may include a second flip-flop for gener-
ating third reset pulses in response to rising edges in the
feedback clock, a second chain of flip-flops for generating
fourth reset pulses corresponding to rising edges in the
sampling clock, and a second multiplexer having inputs
coupled to different locations along the second chain of
flip-flops.
[0012] Further features of the present invention, its na-
ture and various advantages will be more apparent from
the accompanying drawings and the following detailed
description.

Brief Description of the Drawings

[0013]

FIG. 1 a diagram of an illustrative integrated circuit
that includes input-output circuitry in accordance
with an embodiment.
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FIG. 2 is a diagram of a phase-locked loop (PLL)
with illustrative with an illustrative PLL control block
for detecting a clock loss event in accordance with
an embodiment.
FIG. 3 is a diagram of an exemplary PLL control block
with two identical clock loss detector circuits in ac-
cordance with an embodiment.
FIG. 4 is a circuit diagram of an illustrative clock loss
detector circuit in accordance with an embodiment.
FIG. 5 is a timing diagram illustrating the operation
of the clock loss detector circuit shown in FIG. 4 in
accordance with an embodiment.
FIG. 6 is a timing diagram illustrating the operation
of a PLL of the type shown in connection with FIGS.
2-5 in accordance with an embodiment.
FIG. 7 is a flow chart of illustrative steps for operating
a PLL of the type shown in connection with FIGS.
2-6 in accordance with an embodiment.

Detailed Description

[0014] The present embodiments provide an integrat-
ed circuit having a phase-locked loop (PLL) that can be
designed without a native thick-gate oxide. In particular,
the phase-locked loop may include a digital PLL control
block that consumes relatively low power, does not re-
quire much area overhead, and can easily be ported from
one process node to another. The digital PLL control
block may be configured to detect for a clock loss event
and may further be configured to, in response to detecting
a clock loss event, output a control signal that breaks the
PLL feedback loop and that applies a fixed bias voltage
to a variable oscillator in the PLL to help prevent electrical
overstress.
[0015] An illustrative embodiment of an integrated cir-
cuit that may include such a PLL in accordance with the
present invention is shown in FIG. 1. As shown in FIG.
1, integrated circuit die 100 may include storage and
processing circuitry 102 and input-output (IO) circuitry
104. Storage and processing circuitry 102 may include
embedded microprocessors, digital signal processors
(DSP), arithmetic circuitry, logic circuitry, microcontrol-
lers, or other processing circuitry. The storage and
processing circuitry 102 may further include random-ac-
cess memory (RAM), first-in first-out (FIFO) circuitry,
stack or last-in first-out (LIFO) circuitry, read-only mem-
ory (ROM), or other memory elements. Internal intercon-
nection resources 106 such as conductive lines and
busses may be used to send data from one component
to another component or to broadcast data from one com-
ponent to one or more other components within device
100. External interconnection resources 112 such as
conductive lines and busses, optical interconnect infra-
structure, or wired and wireless networks with optional
intermediate switches may be used to communicate with
other devices.
[0016] Input-output circuitry 104 may, for example, be
a high-speed serial interface (or HSSI) circuit that receive

serial data from external interconnection resources 112
and that deserializes the serial data before sending par-
allel data over internal interconnection resources 112 to
storage and processing circuitry 102. Interface circuitry
104 may also receive data from storage and processing
circuitry 102 over internal interconnection resources 106,
serialize the received data, and transmit the serial data
over external interconnection resources 112.
[0017] Input-output circuitry 104 may include differen-
tial buffer circuitry, transceiver circuitry 110 such as re-
ceive (Rx) and transmit (Tx) channels and one or more
associated phase-locked loop (PLL) circuits 108, and/or
other suitable communications circuitry for transmitting
and receiving data. Phase-locked loop circuits 108 may
be used to generate clock signals for clocking one or
more buffers within the Tx/Rx channels in transceiver
circuitry 110. Input-output circuitry 104 may also be pro-
vided with physical media attachment (PMA) layer cir-
cuitry which may include one or more Rx/Tx channels for
receiving and transmitting data. Each channel may have
a serializer/deserializer (SerDes), preemphasis and
equalization circuitry, or clock data recovery (CDR) cir-
cuitry. Each channel may optionally include physical cod-
ing sublayer (PCS) circuitry which may include word
aligner circuitry, rate matching first-in first-out circuitry,
8bit/10bit encoding and decoding circuitry, etc.
[0018] The example described herein where IO circuit-
ry 104 is used to support high speed serial communica-
tions is merely illustrative and does not serve to limit the
scope of the present invention. If desired, IO circuitry 104
may be used to support parallel data transmission, sin-
gle-data-rate communications, double-data-rate com-
munications, single-ended-signaling standards, differen-
tial-signaling standards, standard-voltage communica-
tions protocols, low-voltage communications protocols,
etc.
[0019] FIG. 2 is a diagram of an illustrative phase-
locked loop circuit such as PLL 108 in accordance with
an embodiment. As shown in FIG. 2, PLL 108 may include
a phase frequency detector circuit such as phase fre-
quency detector (PFD) 200, a charge pump circuit such
as charge pump 202, a loop filter circuit such as loop filter
204, a source follower circuit such as source follower
206, a variable oscillator circuit such as ring oscillator
(RO) 208, and a frequency divider circuit such as fre-
quency divider 210.
[0020] Phase frequency detector 200 may have a first
input that receives a reference clock signal refclk and a
second input that receives a feedback clock signal fbclk.
Signal refclk may generally be generated off-chip by an
oscillator such as a crystal oscillator. Phase frequency
detector may compare signal refclk with signal fbclk and
generate corresponding up/down signals for charge
pump 202. For example, if signal refclk is leading signal
fbclk, the up output (UP) may be asserted. On the other
hand, if signal refclk is trailing signal fbclk, the down (DN)
output may be asserted.
[0021] The up/down control signals may direct charge
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pump 202 to generate a higher or lower voltage on its
output line 203. When output UP is asserted, pull-up
switch 216 in charge pump 202 may be turned on so that
current source Iup is used to pull output line 203 up to-
wards positive power supply Vcc (e.g., a positive power
supply voltage provided on power supply line 212). When
output DN is asserted, pull-down switch 218 in charge
pump 202 may instead by enabled so that current sink
Idn is used to pull output line 203 down towards ground
power supply Vss (e.g., a ground power supply voltage
provided on ground line 214). The output voltage gener-
ated by charge pump 202 at line 203 can optionally be
filtered using loop filter 204 to produce control voltage
Vctr.
[0022] Control voltage Vctr may be received using
source follower circuit 206. Source follower circuit 206
may include n-channel transistors 220 and 222, resistor
R1, and capacitors C1, C2, and C3. Transistors 220 and
222 may be coupled in series between positive power
supply line 212 and ring oscillator 208. In particular, tran-
sistor 220 may have a gate terminal that is coupled to
power line 212 via resistor R1 and that is coupled to
ground line 214 via capacitor C1. Transistor 222 may
have a drain terminal that is coupled to a first decoupling
capacitor C2 and a source terminal that is coupled to a
second decoupling capacitor C3. Transistor 222 con-
nected in this way is sometimes referred to as a "source
follower" transistor. The voltage at the source terminal of
transistor 222 will generally track or "follow" any change
in voltage at the gate terminal of transistor 222.
[0023] The source terminal of transistor 222 may be
coupled to a power supply terminal of ring oscillator 208.
Ring oscillator 208 may include multiple inverting circuits
connected in a ring. Configured as such, a higher voltage
level at the source terminal of transistor 222 will generally
translate to ring oscillator 208 generating a periodic sig-
nal at a higher frequency, whereas a lower voltage level
at the source terminal of transistor 222 will generally
translate to ring oscillator 208 generating a periodic sig-
nal at a relatively lower frequency (e.g., variable oscillator
208 may output a periodic signal OUT having a frequency
that is dependent on voltage Vctr). The output of ring
oscillator 208 may serve as the output of PLL 108 at
which PLL output signal outclk may be provided.
[0024] Output signal outclk generated by ring oscillator
208 may be fed to frequency divider 210 to generate feed-
back signal fbclk. Divider 210 can be used to divide the
variable oscillator output signal by an appropriate integer
(e.g., by two, by three, by five, etc.). Divider 210 may
contain programmable elements (now shown), so that
the integer setting of the divider may be adjusted. If de-
sired, divider 210 may implement a non-integer division
as well. For example, sigma-delta modulation methods
of oscillating between two integer values may be used
to generate a non-integer divisor.
[0025] The amount by which divider 210 divides the
oscillator output signal determines the ratio between the
frequency of signal refclk and signal outclk. For example,

signal refclk may have a given frequency, whereas signal
outclk may be a locked output clock signal having a fre-
quency that is N times the given frequency. In a typical
scenario, the frequency of signal refclk might be 500 MHz
and the frequency of signal outclk might be 2 GHz (as
an example).
[0026] As described above, a PLL generally has fairly
limited control on the availability of the input reference
signal refclk or on the availability of feedback signal fbclk.
For example, either signals refclk or fbclk may stop tog-
gling if there is an unexpected interruption at the refer-
ence oscillator or some inadvertent gating in the feed-
back path. Such scenarios are sometimes referred to as
a "clock loss" event. During a clock loss event, the phase
frequency detector may continuously assert signal UP,
which results in voltage Vctr rising too high, or may con-
tinuously assert signal DN, which results in voltage Vctr
falling too low. If voltage Vctr is too low, transistor 222 in
the source follower circuit may become electrically over-
stressed (e.g., the drain-to-gate voltage drop may be
greater than desired and can cause reliability issues). If
voltage Vctr is too high, the ring oscillator may also be
exposed to too much stress since the source of transistor
222 will track the voltage Vctrl (e.g., the source voltage
may be greater than desired and can damage any tran-
sistor connected to that source terminal).
[0027] In accordance with an embodiment, PLL 108
may be provided with a control circuit such as PLL control
block 250. As shown in FIG. 2, PLL control block 250
may that a first input that receives signal refclk, a second
input that receives signal fbclk, a third input that receives
an sampling clock signal such as signal slowclk (e.g., a
free-running clock from another oscillator that is used to
continuously sample signal refclk and signal fbclk), a first
output on which output refclkloss is generated, a second
output on which output fbclkloss is generated, and a third
output on which output clkloss* is generated. Signal slow-
clk may have a lower frequency than either signal refclk
or signal fbclk to help reduce power and minimize power
noise. As an example, signal slowclk may have a fre-
quency of 10 MHz or less.
[0028] Control block 250 may assert signal refclkloss
in response to detecting that signal refclk has stopped
toggling. Control block 250 may assert signal fbclkloss
in response to determining that signal fbclk has stopped
toggling. Signals refclkloss and fbclkloss may be fed to
the core logic within integrated circuit 100 for user de-
bugging purposes (as an example). Overall clock loss
signal clkloss* will be asserted if either signal refclkloss
or signal fbclkloss is asserted.
[0029] Signal clkloss* generated in this way may be
used to disable phase frequency detector 200 and to
drive voltage Vctr to a predetermined bias voltage level
Vbias. Still referring to FIG. 2, phase frequency detector
200 may also have an enable-bar (enb) input that re-
ceives signal clkloss* and a switch such as switch 224
that is coupled between the gate of transistor 22 and bias
voltage line 226 (e.g., line 226 on which predetermined
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bias voltage Vbias is provided). When signal clkloss* is
deasserted or low, phase frequency detector 200 may
be active. When signal clkloss is asserted or high, phase
frequency detector 200 may be deactivated so that
charge pump 202 is placed in a tristate mode (e.g., both
the up/down signals will be deasserted). When charge
pump 202 is tristated, charge pump 202 will no longer be
actively driving voltage Vctr. As a result, voltage Vctr can
be driven to voltage level Vbias when switch 224 is
closed.
[0030] Voltage level Vbias may represent a fixed bias
voltage level that prevents transistors 222 from becoming
electrically overstressed. For example, consider a sce-
nario in which the ground power supply voltage Vss is at
0 V and the positive power supply voltage Vcc is at 1.8.
In such a scenario, it may be desirable to fix voltage Vbias
at 0.7 V. This is merely illustrative. In other suitable ar-
rangements, voltage Vbias may be set to 0.6 V or less,
0.8 V or more, or other suitable intermediate voltage level
between Vss and Vcc for minimizing voltage overstress
at source follower transistor 222 during a clock loss event.
Arranged in this way, transistor 222 need not be imple-
mented using a thick gate oxide transistor and may be
protected from electrical overstress (i.e., transistor 222
may be formed using a thin gate oxide like the rest of the
transistors within the PLL).
[0031] FIG. 3 is a diagram of PLL control block 250.
As shown in FIG. 3, PLL control block 250 may include
a first clock loss detection circuit such as refclk detection
circuit 300-1 and a second clock loss detection circuit
such as fbclk detection circuit 300-2. Detection circuits
300-1 and 300-2 may be structurally identical to each
other. Detection circuit 300-1 may be used to determine
when signal refclk has stopped toggling, whereas detec-
tion circuit 300-2 may be used to determine when signal
fbclk has stopped toggling.
[0032] Each of detection circuits 300 may include a
first clock input (clk0), a second clock input (clk1), an
enable-bar (enb) input, a filter control (fltr) input, and a
clock loss output. For example, detection circuit 300-1
may receive signal refclk at its clk0 input, sampling signal
slowclk at its clk1 input, signal enb’ at its enb input, and
filter control bits Fltr[1:0] at its fltr input. Signal enb’ may
be an additional control signal that can be used to selec-
tively deactivate detection circuit 300-1. Control bits
Fltr[1:0] may set the latency for which a clock loss event
is detected. For example, if Fltr[1:0] were set to "00," the
latency and filtering effect is minimized. On the other
hand, if Fltr[1:0] were set to "11," the latency and filtering
effect is maximized to ensure that a clock loss event is
indeed present. Connected as such, circuit 300-1 may
assert signal refclkloss whenever it determines that sig-
nal refclk has stopped toggling and has failed to recover
within the designated filter latency period.
[0033] Similarly, detection circuit 300-2 may receive
signal fbclk at its clk0 input, sampling signal slowclk at
its clk1 input, signal enb’ at its enb input, and filter control
bits Fltr[1:0] at its fltr input. Signal enb’ may also be used

to selectively deactivate detection circuit 300-2. Control
bits Fltr[1:0] may set the latency for which a clock loss
event at signal fbclk is detected. Configured as such,
circuit 300-2 may assert signal fbclkloss whenever it de-
termines that signal fbclk has stopped toggling and has
failed to recover within the designated filter latency peri-
od. Control bits Fltr includes two bits in this example. This
is merely illustrative. In general, filter control Fltr may
include any suitable number of bits to meet the desired
filtering resolution.
[0034] Still referring to FIG. 3, PLL control block 250
may also be provided with a logic gate such as logic OR
gate 302. Logic OR gate 302 may have a first input that
receives signal refclkloss from the output of first clock
loss detection circuit 300-1, a second input that receives
signal fbclkloss from the output of second clock loss de-
tection circuit 300-2, and an output on which signal clk-
loss* is generated. Connected in this way, logic OR gate
302 will assert signal clkloss* whenever at least one of
signals refclkloss and fbclkloss is high (e.g., if either sig-
nal refclkloss or fbclkloss is asserted, signal clkloss* will
be driven to a logic "1"). The example of FIG. 3 in which
logic OR gate 302 is used to generate signal clkloss* is
merely illustrative. If desired, other types of logic gates
or circuits can be used.
[0035] FIG. 4 is a circuit diagram of an illustrative clock
loss detector circuit 300 (e.g., circuit 300-1 and circuit
300-2 of FIG. 3) in accordance with an embodiment. As
shown in FIG. 4, clock loss detector circuit 300 may in-
clude digital flip-flop circuits such as flip-flops 400, 402-1,
402-2, 402-3, 402-4, 402-5, and 402-6, logic gates such
as logic NOR gate 410, logic AND gate 406, and buffers
408, and a multiplexing circuit such as multiplexer 404.
[0036] Flip-flop 400 may have a data input (d) terminal
that always receives positive power supply voltage Vcc,
a clock input that receives a clock signal from the clk0
port of circuit 300, an active-low reset terminal, and a
data output (q) terminal on which signal rst0 can be gen-
erated.
[0037] Flip-flops 402-1, 402-2, 402-3, 402-4, 402-5,
and 402-6 may be connected in series to form a chain.
Leading flip-flop 402-1 may have a data input terminal
that always receives positive power supply voltage Vcc
and a data output terminal at which signal rst1 can be
generated. Each of flip-flops 402 in this chain may have
a clock input that receives a clock signal from the clk1
port of circuit 300. Each of flip-flops 402 in the chain may
also have an active-low reset terminal. In general, a low
voltage at the active-low reset terminal of a flip-flop will
force the data output terminal to a logic "0," whereas a
high voltage at the active-low reset terminal will allow the
flip-flop to operate normally.
[0038] Logic AND gate 406 may have a first input ter-
minal that receives signal rst0 from flip-flop 400, a second
input terminal that receives signal rst1 from flip-flop
402-1, and an output at which a combined reset signal
such as signal rst2 is produced. Combined reset signal
rst2 may be fed to logic NOR gate 410 via a chain of
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buffers 408. The use of buffers 408 may serve to intro-
duce a predetermined amount of delay and is optional.
In particular, logic NOR gate 410 may have a first input
that receives signal rst2 from logic AND gate 406, a sec-
ond input that receives an enable signal from the enb’
port of circuit 300, and an output port that is connected
to the active-low reset terminals of each digital flip-flop
(e.g., flip-flop 400 and all six flip-flops 402) within circuit
300. The signal at the enb’ port can be driven high to
disable circuit 300 or may be driven low to activate circuit
300.
[0039] In the example of FIG. 4, multiplexer 404 may
be a 4:1 multiplexer having a first (0) input that is con-
nected to the data output terminal of flip-flop 402-3, a
second (1) input that is connected to the data output ter-
minal of flip-flop 402-4, a third (2) input that is connected
to the data output terminal of flip-flop 402-5, a fourth (3)
input that is connected to the data output terminal of flip-
flop 402-6, a control input that receives control bits
Fltr[1:0], and an output at which a corresponding clock
loss output signal is generated (e.g., multiplexer 404 may
have inputs connected to different locations along the
chain of flip-flops 402).
[0040] Consider a scenario in which the clk0 port re-
ceives signal refclk and in which the clk1 port receives
signal slowclk (see, e.g., clock loss detection circuit 300-1
of FIG. 3). Connected in the arrangement shown in FIG.
4, flip-flops 400 and 402-1 will constantly be generating
reset pulses at their data output terminals as long as clock
signals refclk and slowclk continue to toggle. For exam-
ple, signals rst0 and rst1 will be driven high following a
positive clock edge of signal refclk and signal slowclk,
respectively, which will assert combined signal rst2 after
some delay through buffers 408 and thereby force both
signals rst0 and rst1 back down to ground to complete a
pulse.
[0041] However, as soon as signal refclk stops tog-
gling, signal slowclk will start to sample logic ones onto
the flip-flop chain. When N successive logic ones are
successively sampled, where N is the setting defined by
Fltr[1:0], the output signal refclkloss will be asserted at
the output of multiplexer 404 to serve as an indicator to
the PLL that the reference clock has stopped toggling.
For example, if bits Fltr[1:0] were set to "00," circuit 300
may be configured to wait for two clock periods of signal
slowclk following a clock loss event before asserting the
clock loss output. If bits Fltr[1:0] were set to "01," circuit
300 may be configured to wait for three slowclk periods
following a clock loss event before asserting the clock
loss output. If bits Fltr[1:0] were set to "10," circuit 300
may be configured to wait for four slowclk periods follow-
ing a clock loss event before asserting the clock loss
output. If bits Fltr[1:0] were set to "11," circuit 300 may
be configured to wait for five slowclk periods following a
clock loss event before asserting the clock loss output.
In general, circuit 300 may be adapted to perform any
amount of filtering by expanding or shrinking the length
of the flip-flop chain and the size of multiplexer 404.

[0042] The operation of feedback clock loss detector
300-2 is similar to the scheme describe above except the
clk0 port monitors signal fbclk instead of signal refclk.
[0043] FIG. 5 is a timing diagram illustrating the oper-
ation of clock loss detector circuit 300 that is shown in
FIG. 4. The example of FIG. 5 shows a scenario in which
the clk0 signal (e.g., signal refclk or signal fbclk) and the
clk1 signal (e.g., signal slowclk) are running at approxi-
mately the same frequency. This is merely illustrative. If
desired, the clk1 signal may run slower than the clk0 sig-
nal.
[0044] A rising clock edge of the clk1 signal (e.g., at
time t1) will assert signal rst1. At time t2, a rising clock
edge of the clk0 signal will assert signal rst0. At this time,
since both signals rst0 and rst1 are high, combined signal
rst2 will be driven high (at time t3). In response to signal
rst2 being asserted, logic NOR gate 410 will pass a low
signal to the active-low reset terminals of each flip-flop
in circuit 300 and as a result, both signals rst0 and rst1
will be reset back down to ground. This type of behavior
may iterate until a clock loss event occurs.
[0045] At time t4, the clk0 signal may stop toggling.
This allows signal rst1 to be driven high by the next rising
edge of the clk1 signal and to remain high since signal
rst0 stays low if there is no subsequent rising edge at the
clk0 port. After N clock cycles of the clk1 signal (as set
by the filter latency control bits), signal clkloss may be
asserted at time t6. In this particular example, bits Fltr[1:0]
may be set to "01" since there is a three clock cycle delay
following the rising edge of signal rst1.
[0046] The signals may persist in these states until the
clk0 signal recovers. At time t7, the clk0 signal may begin
toggling again. This causes signal rst0 to be asserted,
which results in signal rst2 being pulsed high. Whenever
combined signal rst2 is driven high, the state of all the
flip-flops in circuit 300 will be reset to zero, so output
signal clkloss will also be deasserted (at time t8).
[0047] FIG. 6 is a timing diagram illustrating the oper-
ation of a PLL of the type shown in connection with FIGS.
2-5 in accordance with an embodiment. Prior to time t1,
signals refclk and fbclk are not yet locked, as shown by
the uneven frequency of signal fbclk. At time t1, signal
fbclk is locked to signal refclk (e.g., signals refclk and
fbclk are substantially phase and frequency aligned).
[0048] At time t2, signal refclk may stop toggling. This
will also throw signal fbclk out of sync. During a clock
loss event, phase frequency detector may continuously
assert either signal up or down. At time t3, the DN output
may be asserted such that charge pump 202 pulls voltage
Vctr to less than 0.7 V (as an example).
[0049] At time t4, clock loss detector circuit 300-1 may
detect the clock loss event and assert signal refclkloss,
which will assert control signal clkloss* at the output of
PLL control block 250. This will deactivate phase fre-
quency detector 200 and place charge pump 202 in a
tristate mode. At the same time, switch 224 will be acti-
vated to drive voltage Vctr to a predetermined Vbias volt-
age level of 0.7 V (as an example). Applying voltage Vbi-
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as to the gate of source follower transistor 222 during a
clock loss event prevents transistor 222 from being ex-
posed to overly high or overly low voltage levels that may
otherwise be presented at its gate.
[0050] At time t5, signal refclk may begin toggling
again, signifying the end of the clock loss event. This will
cause signals refclkloss and clkloss* to be deasserted.
Once signal clkloss* is deasserted, PLL 108 is re-enabled
and signal fbclk will eventually be locked to signal refclk
so that their phase and frequency are matched.
[0051] FIG. 7 is a flow chart of illustrative steps for op-
erating a PLL of the type shown in connection with FIGS.
2-6 in accordance with an embodiment. At step 700, as
soon as PLL 108 is enabled, PLL control block 250 may
then be used to monitor for a clock loss event (e.g., to
determine when signal refclk or signal fbclk stops tog-
gling).
[0052] In response to detecting a clock loss event, PLL
control block 250 may wait for a preset filter latency period
before asserting control signal clkloss* (at step 704). For
example, if bits Fltr[1:0] were set to "10," the PLL control
block may wait for four slowclk periods before asserting
signal clkloss*. If bits Fltr[1:0] were set to "01," the PLL
control block may wait for three slowclk periods before
asserting signal clkloss*.
[0053] At step 706, signal clkloss* may be asserted to
place charge pump 202 in tristate mode and to bias volt-
age Vctr to a predetermined voltage level (e.g., 0.7 V) to
help prevent the source follower transistor from being
overstressed.
[0054] At step 708, the PLL control block may wait for
the "bad" clock (i.e., the clock that stopped toggling) to
recover or begin toggling again. One the bad clock re-
covers, PLL control block 250 may deassert signal clk-
loss* to re-enable PLL 108 (at step 710). Processing may
then loop back to step 700, as indicated by path 712.

Examples:

[0055] The following examples pertain to further em-
bodiments.
[0056] Example 1 is a phase-locked loop on an inte-
grated circuit die, comprising: a phase frequency detector
that receives a reference clock signal; a variable oscilla-
tor that is controlled by the phase frequency detector and
that outputs a feedback clock signal to the phase fre-
quency detector; and a control block that receives the
reference clock signal and the feedback clock signal and
that selectively deactivates the phase frequency detec-
tor.
[0057] Example 2 is the phase-locked loop of example
1, wherein the control block optionally selectively deac-
tivates the phase frequency detector in response to de-
tecting a clock loss event.
[0058] Example 3 is the phase-locked loop of example
1, optionally further comprising: a charge pump that is
coupled between the phase frequency detector and the
variable oscillator and that is placed in a tristate mode

when the phase frequency detector is deactivated.
[0059] Example 4 is the phase-locked loop of example
3, wherein the charge pump optionally includes a pull-up
switch and a pull-down switch that are both turned off
while the phase frequency detector is deactivated.
[0060] Example 5 is the phase-locked loop of example
1, optionally further comprising: a source follower circuit
coupled between the phase frequency detector and the
variable oscillator.
[0061] Example 6 is the phase-locked loop of example
5, wherein the source follower circuit optionally includes
a source follower transistor with a gate terminal on which
a given voltage is provided, and wherein the given voltage
is driven to a predetermined bias voltage level when the
phase frequency detector is deactivated.
[0062] Example 7 is the phase-locked loop of example
6, optionally further comprising: a voltage bias line; and
a switch that is coupled between the voltage bias line
and the gate terminal of the source follower transistor
and that is only turned on while the phase frequency de-
tector is deactivated.
[0063] Example 8 is the phase-locked loop of example
1, wherein the control block is optionally further config-
ured to receive a sampling clock signal in addition to re-
ceiving the reference clock signal and the feedback clock
signal.
[0064] Example 9 is a method for operating a phase-
locked loop on an integrated circuit, comprising: with a
phase frequency detector within the phase-locked loop,
receiving a reference clock signal; with a variable oscil-
lator within the phase-locked loop, outputting a feedback
clock signal to the phase frequency detector; and with a
control block within the phase-locked loop, receiving the
reference clock signal and the feedback clock signal and
selectively deactivating the phase frequency detector.
[0065] Example 10 is the method of example 9, where-
in optionally selectively deactivating the phase frequency
detector comprises selectively deactivating the phase
frequency detector in response to detecting that either
the reference clock signal has stopped toggling or feed-
back clock signal has stopped toggling.
[0066] Example 11 is the method of example 9, option-
ally further comprising: receiving a sampling clock signal
that is different than the reference clock signal and the
feedback clock signal at the control block; and using the
sampling clock signal to sample the reference clock sig-
nal and the feedback clock signal.
[0067] Example 12 is the method of example 9, option-
ally further comprising: using the control block to monitor
for a clock loss event; and in response to detecting the
clock loss event, waiting for a filter latency period before
deactivating the phase frequency detector.
[0068] Example 13 is the method of example 9, where-
in the phase-locked loop also optionally includes a
charge pump, the method further comprising: placing the
charge pump in a tristate mode when the phase frequen-
cy detector is deactivated.
[0069] Example 14 is the method of example 13,
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wherein the phase-locked loop also optionally includes
a source follower transistor, the method further compris-
ing: using the charge pump to actively drive the source
follower transistor while the phase frequency detector is
activated; and supplying a predetermined bias voltage
to the source follower transistor while the phase frequen-
cy detector is deactivated and while the charge pump is
in the tristate mode.
[0070] Example 15 is the method of example 14, op-
tionally further comprising: using the source follower tran-
sistor to directly control the frequency at which variable
oscillator oscillates.
[0071] Example 16 is a phase-locked loop circuitry,
comprising: a phase frequency detector; a variable os-
cillator coupled to the phase frequency detector in a loop;
a source follower transistor interposed in the loop; and a
control block that selectively applies a predetermined
voltage level to the source follower transistor in response
to detecting a clock loss event.
[0072] Example 17 is the phase-locked loop circuitry
of example 16, wherein the phase frequency detector
optionally receives a reference clock and a feedback
clock, and wherein the control block includes a first clock
loss detector circuit that determines when the reference
clock has stopped toggling and a second clock loss de-
tector circuit that determines when the feedback clock
has stopped toggling.
[0073] Example 18 is the phase-locked loop circuitry
of example 17, wherein the control block further option-
ally includes a logic OR gate that receives output signals
from the first and second clock loss detector circuits.
[0074] Example 19 is the phase-locked loop circuitry
of example 17, wherein the first clock loss detector circuit
optionally includes a single flip-flop for generating first
reset pulses corresponding to rising edges in the refer-
ence clock and a chain of flip-flops for generating second
reset pulses corresponding to rising edges in a sampling
clock that is different than the reference clock and the
feedback clock.
[0075] Example 20 is the phase-locked loop circuitry
of example 19, wherein the first clock loss detector circuit
optionally further includes a multiplexer having inputs
connected to different locations along the chain of flip-
flops.
[0076] For instance, all optional features of the appa-
ratus described above may also be implemented with
respect to the method or process described herein. The
foregoing is merely illustrative of the principles of this
invention and various modifications can be made by
those skilled in the art. The foregoing embodiments may
be implemented individually or in any combination.

Claims

1. A phase-locked loop (108) on an integrated circuit
die (100), comprising:

a phase frequency detector (200) that receives
a reference clock signal (refclk);
a variable oscillator (208) that is controlled by
the phase frequency detector (200) and that out-
puts a feedback clock signal (fbclk) to the phase
frequency detector (200); and
a control block (250) that receives the reference
clock signal (refclk) and the feedback clock sig-
nal (fbclk) and that selectively deactivates the
phase frequency detector (200).

2. The phase-locked loop (108) of claim 1, wherein the
control block (250) selectively deactivates the phase
frequency detector (200) in response to detecting a
clock loss event.

3. The phase-locked loop (108) of any one of claims
1-2, further comprising:

a charge pump (202) that is coupled between
the phase frequency detector (200) and the var-
iable oscillator (208) and that is placed in a
tristate mode when the phase frequency detec-
tor is deactivated.

4. The phase-locked loop (108) of claim 3, wherein the
charge pump (202) includes a pull-up switch (216)
and a pull-down switch (218) that are both turned off
while the phase frequency detector (200) is deacti-
vated.

5. The phase-locked loop (108) of any one of claims
1-4, further comprising:

a source follower circuit (206) coupled between
the phase frequency detector (200) and the var-
iable oscillator (208).

6. The phase-locked loop (108) of claim 5, wherein the
source follower circuit (206) includes a source fol-
lower transistor (222) with a gate terminal on which
a given voltage (Vctr) is provided, and wherein the
given voltage is driven to a predetermined bias volt-
age level (Vbias) when the phase frequency detector
(200) is deactivated.

7. The phase-locked loop (108) of claim 6, further com-
prising:

a voltage bias line (226); and
a switch (224) that is coupled between the volt-
age bias line (226) and the gate terminal of the
source follower transistor (222) and that is only
turned on while the phase frequency detector
(200) is deactivated.

8. The phase-locked loop (108) of any one of claims
1-7, wherein the control block (250) is further con-
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figured to receive a sampling clock signal (slowclk)
in addition to receiving the reference clock signal (re-
fclk) and the feedback clock signal (fbclk).

9. A method for operating a phase-locked loop (108)
on an integrated circuit (100), comprising:

with a phase frequency detector (200) within the
phase-locked loop, receiving a reference clock
signal (refclk);
with a variable oscillator (208) within the phase-
locked loop, outputting a feedback clock signal
(fbclk) to the phase frequency detector (200);
and
with a control block (250) within the phase-
locked loop, receiving the reference clock signal
(refclk) and the feedback clock signal (fbclk) and
selectively deactivating the phase frequency de-
tector (200).

10. The method of claim 9, wherein selectively deacti-
vating the phase frequency detector (200) comprises
selectively deactivating the phase frequency detec-
tor in response to detecting that either the reference
clock signal (refclk) has stopped toggling or feedback
clock signal (fbclk) has stopped toggling.

11. The method of any one of claims 9-10, further com-
prising:

receiving a sampling clock signal (slowclk) that
is different than the reference clock signal (ref-
clk) and the feedback clock signal (fbclk) at the
control block (250); and
using the sampling clock signal (slowclk) to sam-
ple the reference clock signal (refclk) and the
feedback clock signal (fbclk).

12. The method of any one of claims 9-11, further com-
prising:

using the control block (250, 300, 302) to monitor
for a clock loss event (clkloss); and
in response to detecting the clock loss event,
waiting for a filter latency period before deacti-
vating the phase frequency detector (200).

13. The method of any one of claims 9-12, wherein the
phase-locked loop (108) also includes a charge
pump (202), the method further comprising:

placing the charge pump (202) in a tristate mode
when the phase frequency detector (200) is de-
activated.

14. The method of claim 13, wherein the phase-locked
loop (108) also includes a source follower transistor
(222), the method further comprising:

using the charge pump (202) to actively drive
the source follower transistor (222) while the
phase frequency detector (200) is activated; and
supplying a predetermined bias voltage (Vbias)
to the source follower transistor (222) while the
phase frequency detector (200) is deactivated
and while the charge pump (202) is in the tristate
mode.

15. The method of claim 14, further comprising:

using the source follower transistor (222) to di-
rectly control the frequency at which variable os-
cillator (208) oscillates.
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