
METHOD AMP APPARATUS FOR OH-CHIP PHASE ERROR
MEASUREMENT TO DETERMINE JITTER IH PHASE-LOCKED LOOPS
BACKGROUHD Technical Field [0001] The present
invention relates to on-chip diagnostics and
testability, and in particular, to phase-locked loop
circuits with jitter measurement. Description of the
Related Art [0002] A s technology advances, predicting
the behavior of transistor devices and passive
elements such as resistors and capacitors becomes
increasingly difficult. Increased uncertainty in the
modeling of these devices sometimes mandates
integrated circuit designs to function beyond original
targets in order to provide enough performance margin
over process, voltage, and temperature (PVT)
variations. Conservative designs may often result in
more power and area consumption than is needed. [0003]
If internal system parameters can b e measured and
used to adjust the system parameters, the system
design margin can be greatly enhanced. In the past,
system diagnostics were performed by measuring
available off -chip test nodes. However, an external
diagnostic path is slow, and solutions are not always
found. Furthermore, the limited off-chip 



visibility of internal analog/digital waveforms
results inlimited learning rates for yield. Hence, the
demand for onchip testability and diagnostics has
greatly increased. [0004] In phase- locked loop (PLL)
design, key PLL parameters such as jitter, static
phase error, and control voltage range are extremely
difficult to evaluate in integrated systems. Among
these, measuring jitter performance is very
challenging, as timing uncertainty in clock generation
increases with modern technology. SUMMARY [0005]
Jitter measurement methods may detect timing
metastability in a large set of latches. By deploying
the large set of latches and delay lines , timing
uncertainty in a zero- time crossing of some latches
could b e detected. However, a large number of delay
lines could induce additional jitter generation,
possibly degrading jitter measurement performance. For
example, an instantaneous fluctuation of the supply
voltage caused by on-chip digital switching circuits
can prevent the short-term jitter measurement from
being reliably performed. Also, jitter measurements
using an analog charge pump are not favorable due to
mismatch requirements of transistors . [0006] On the
other hand, a long-term jitter measurement is more
immune to instantaneous on-chip variations and
provides a 



more reliable way of evaluating system performance. In
accordance with present embodiments, an illustrative
methodfocuses on phase-locked loop (PLL) circuits,
thus simplifying hardware complexity by using
information already present in the PLL. A monitor
circuit operates by measuring a phase error at each
reference clock cycle with a programmable
errordetection threshold and saves the information in
latches for post processing. [0007] An illustrative
circuit in accordance with the present principles
employs an all-digital instantaneous phase error
detector (IPED) and detects peak phase error amplitude
only instead of measuring metastability in the
zero-time crossing. This makes it possible to make use
of relatively simple lumped delay lines. Further, the
hardware complexity does not depend on a voltage
controlled oscillator (VCO) frequency since the
hardware detects phase error amplitude at the phase-
frequency detector (PFD) output. [0008] An apparatus
includes a phase-locked loop (PLL) circuit including a
phase- frequency detector configured to output phase
error signals. A phase error monitor circuit is
configured to determine instantaneous peak phase error
by logically combining the phase error signals and
comparing pulse widths o f the logically combined
phase error signals to a programmable delay time at
each reference clock cycle to 



determine instantaneous phase error change. A storage
element is configured to store the instantaneous phase
error change. [0009] Another apparatus includes a
phase-locked loop (PLL) circuit including a phase-
frequency detector configured tooutput phase error
signals. A phase error monitor circuit is configured
to determine instantaneous peak phase error. The phase
error monitor circuit includes an exclusive OR gate
configured to logically combine the phase error
signals to provide a first output signal, and a
programmable delay line configured to provide a delay
time to the first output signal as a threshold against
which instantaneous phase error change of the output
signal is measured at each reference clock cycle. A
storage element is configured to store the
instantaneous phase error change. [0010] Yet another
apparatus includes a phase-locked loop (PLL) circuit
including a phase- frequency detector configured to
output phase error signals, and a phase error monitor
circuit configured to determine peak instantaneous
phase error by logically combining the phase error
signals and comparing pulse widths o f the logically
combined phase error signals to a programmable delay
time at each reference clock cycle to determine
instantaneous phase error change. The instantaneous
phase error change includes a difference signal and a
raw signal. A multiplexer is configured to receive as
inputs and 



select one of the difference signal and the raw
signal. An accumulator is coupled to an output of the
multiplexer to accumulate instantaneous phase error
change counts associated with a time window. [0011]
Yet another apparatus includes a phase-locked loop
(PLL) circuit including a phase- frequency detector
configuredto output phase error signals, and a phase
error monitor circuit configured to determine peak
instantaneous phase error by logically combining the
phase error signals and comparing pulse widths of the
logically combined phase error signals to a
programmable delay time at each reference clock cycle
to determine instantaneous phase error change. The
instantaneous phase error change includes a first
signal and a differential signal. A multiplexer is
configured to receive as inputs and select one of the
first signal and the differential signal. A plurality
of counters is coupled to an output of the multiplexer
to accumulate instantaneous phase error change counts
associated a plurality of instantaneous phase error
thresholds such that phase error amplitudes and times
are provided to create a jitter histogram. [0012] An
apparatus for short-term jitter measurement includes a
plurality of programmable delay stages configured to
permit selection of a different amount of delay for a
clock signal to provide a delayed clock signal for
adjustable short-term 



measurement of jitter movement. A phase detector
includes as inputs the clock signal and the delayed
clock signal . The phase detector includes a phase-
frequency detector configured to output phase error
signals. A phase error monitor circuit is configured
to determine peak instantaneous phase error change by
logically combining the phase error signals and
comparing pulse widths of the logically combined phase
errorsignals to a programmable delay time at each
reference clock cycle to determine the instantaneous
phase error change. [0013] These and other features
and advantages will become apparent from the following
detailed description o f illustrative embodiments
thereof, which is to b e read in connection with the
accompanying drawings . BRIEF DESCRIPTION OF DRAWINGS
[0014] The disclosure will provide details in the
following description of preferred embodiments with
reference to the following figures wherein: [0015]
FIG. 1 is a block diagram showing a conventional
phaselocked loop (PLL) ; [0016] FIG. 2 is a block
diagram showing an instantaneous phase error detector
(IPED) connected to a PLL in accordance with one
illustrative embodiment; [0017] FIG. 3 is a diagram
showing a timing reference signal with multiple IPED
thresholds indicated which may b e provided 



by a pattern analyzer in accordance with one
embodiment; [0018] FIG. 4 is a schematic diagram
showing an instantaneous phase error detector (IPED)
in accordance with one illustrative embodiment; [0019]
FIG. 5 is a timing diagram illustratively showing
pulse width comparisons for transitioning an output of
the IPED in accordance with one illustrative
embodiment,-[0020] FIG. 6 is a schematic diagram
showing an IPED with. multi-level thresholds (k=8) in
accordance with another illustrative embodiment;
[0021] FIG. 7 is a diagram showing output values over
time for a plurality o f latches in FIG. 6 ; [0022]
FIG. 8 is a schematic diagram showing a differentiated
an instantaneous phase error detector (IPED) in
accordance with another embodiment; [0023] FIG. 9 is a
block diagram showing an instantaneous phase error
detector (IPED) including a jitter histogram
measurement capability; [0024] FIG. 10 is a block
diagram showing an IPED as a lock detector (LD) and/or
a static phase offset monitor; [0025] FIG. 11 is a
schematic diagram showing a delay calibration scheme
in an IPED in accordance with an illustrative
embodiment; [0026] FIG. 12 is a schematic diagram
showing an IPED 



employing a Vernier method to achieve a finer
resolution in accordance with an illustrative
embodiment; and [0027] FIG. 13 is a block diagram
showing short-term jitter measurement using an IPED in
accordance with an illustrative embodiment .DETAILED
DESCRIPTION OF PKEFERKEiD EMBODIMENTS [0028] A system,
apparatus and method employ phase-locked loop (PLL)
circuits to simplify hardware complexity by using
information already present in the PLL. A monitor
circuit in accordance with present principles operates
by measuring a phase error at each reference clock
cycle with a programmable error-detection threshold
and saves the information in latches for post
processing. An all-digital peak detector may b e
employed, which detects peak phase error amplitude
only, instead of measuring metastability in the
zero-time crossing. Simple lumped delay lines are
preferably employed. Hardware complexity and power
consumption is reduced since phase error amplitude is
detected at a phase-frequency detector (PFD) output,
meaning that the monitor circuit does not need to
operate at the (typically higher) VCO frequency.
[0029] Embodiments o f the present invention can take
the form of an entirely hardware embodiment, an
entirely software embodiment or an embodiment
including both hardware and software elements. In
embodiments implemented in software, 



the software may include firmware, resident software,
microcode, etc. Preferred embodiments are implemented
as circuits in hardware, e.g., as part of an
integrated circuit. [0030] The circuits as described
herein may b e part of the design for an integrated
circuit chip. The chip design may b e created in a
graphical computer programming language, and stored in
a computer storage medium (such as a disk,
tape,physical ard drive, or virtual hard drive such as
in a storage access network) . If the designer does
not fabricate chips or the photolithographic masks
used to fabricate chips, the designer transmits the
resulting design by physical means (e.g., by providing
a copy of the storage medium storing the design) or
electronically (e.g., through the Internet) to such
entities, directly or indirectly. The stored design is
then converted into the appropriate format (e.g.,
Graphic Data System II (GDSII) ) for the fabrication
of photolithographic masks, which typically include
multiple copies of the chip design in question that
are to b e formed on a wafer. The photolithographic
masks are utilized to define areas of the wafer
(and/or the layers thereon) to b e etched or otherwise
processed, [0031] The resulting integrated circuit
chips can be distributed by the fabricator in raw
wafer form (that is, as a single wafer that has
multiple unpackaged chips) , as a bare 



die, or in a p ackaged form. In the latter case the
chip is mounted in a single chip package (such as a
plastic carrier, with leads that are affixed to a
motherboard or other higher level carrier) or in a
multichip package (such as a ceramic carrier that has
either or both surface interconnections or buried
interconnections) . In any case the chip is then
integrated with other chips, discrete circuit
elements, and/ or other signal processing devices as
part of either (a) an intermediate product, such as a
motherboard, or (b) an endproduct. The end product can
b e any product that includes integrated circuit
chips, ranging from toys and other low-end
applications to advanced computer products having a
display, a keyboard or other input device, and a
central processor. [0032] The methods as described
herein may b e used in the fabrication of integrated
circuit chips or in the testing and monitoring of
on-chip processes. [0033] In the drawings included in
this application, like numerals represent the same or
similar elements. Referring initially to FIG. 1 , a
block diagram of a conventional phaselocked loop (PLL)
system 10, which comprises a phase- frequency detector
(PFD) 14, a charge pump (CP) 16, a loop filter (LPF)
18, a voltage-controlled oscillator (VCO) 20, a
frequency divider (DIV) 22, and a lock detector (LD)
24 is shown. The PPD 14 compares the phase of an
incoming reference clock FHEF 



with that of a feedback clock 12, the latter provided
at the output o f the frequency divider (DIV) 22. The
PFD 14 generates logic outputs at varying pulse widths
that are provided to the charge pump 16. The charge
pump 16 generates an error voltage to tune the VCO
frequency. The loop filter 18 between the PFD 14 and
the VCO 20 rejects high frequency noise, and, along
with other loop components, determines characteristics
of the overall PLL behavior. The frequency divider 22
is generally used to enable the VCO frequency FOut to
b e higher than that of the reference clock frequency
FREF .The lock detector 24 is often used in the PLL 10
to provide an indication of the PLL lock status.
[0034] Referring to FIG. 2 , a block diagram of a PLL
100 with an instantaneous phase error detector (IPED)
102 and a pattern analyzer system 104 are
illustratively shown in accordance with present
principles. By employing digitally programmable peak
instantaneous phase error detection boundaries or
thresholds 106, the all-digital IPED 102 enables
multithreshold peak phase error movement detection,-
when combined with post-processing in a pattern
analyzer block which could reside on-chip or off
-chip, sequences of phase error measurements can b e
converted to jitter estimates. Multiple thresholds
(dotted lines 108 in FIG. 3 ) may b e provided by
employing a programmable delay line or lines. 



[0035] The IPED 102 acts as an instantaneous phase
error detector at each reference clock cycle. The
accumulation of the instantaneous phase error
information can b e converted to jitter. The IPED
boundary describes a transition between a delay step
where the IPED output is low and where it is high. An
IPED threshold is the delay beyond which the
instantaneous static phase error would yield an output
1 . The difference between IPED delay boundary and
IPED delay threshold is that the IPED threshold is
input referred (e.g., it is the actual trip point in
pulse width where IPED output goes high) , and the
IPED boundary is output referred.[0036] Since the IPED
102 takes PFD logic outputs, U P and DN, which include
phase error information based on pulse width
modulation, the IPED 102 can b e considered an
extensive timeto- digital converter. The pattern
analyzer 104 collects the digital outputs captured by
the IPED 102 and its post processing provides useful
data analysis such as a jitter histogram, lock
detection, static phase offset and so on, which will
be illustrated later. [0037] Referring to FIGS. 4 and
5 , the operation of the IPED 102 is illustratively
depicted. For simplicity, the IPED 102 includes a
single-level detection as depicted in FIG. 4 . IPED
102 includes an XOR gate 120, an D gate 126, a delay
line 122, and a D-type flip-flop (DFF) latch 124. The
XOR gate 120 



generates a pulse (1) that has net phase-error
information; the width of the pulse is the magnitude
of the arrival time difference between the reference
clock F and the feedback clock 12 . This arrival time
difference will b e reflected in the magnitude of the
difference in width of the UP and DN signals as
labeled in FIG. 1 and FIG. 4 , with the XOR gate 120
output pulse (1) capturing that difference magnitude.
[0038] Referring again to FIG. 4 , the pulse (1) is
delayed by the delay line 122, which is controlled by
a control signal, CTR, and the delayed pulse (2) is
fed into the DFF latch 124 as data input. The clock
input (3) of the DFF latch 124 is generated by the AND
gate 126.[0039] Depending on the pulse width of (1)
which represents the net phase error, the output P of
the DFF 124 can b e high or low as illustrated in FIG.
5 . For example, if the pulse width of (1) is larger
than a delay amount set by the delay line 122 (see
(2)), then the DFF 124 is set high (first case in the
timing diagram) . If the pulse width of (1) is smaller
than the delay amount set by the delay line 122, then
the DFF 124 is set low (second case in the timing
diagram) . That is, the delay amount provided by delay
line 122 sets a threshold of the phase error
detection. Hence, the phase movement which varies over
time can b e detected if a phase detection threshold
is close to an IPED boundary of the phase movement. 



The movement o f the IPED boundary over multiple
samples is a measurement or estimation of the jitter
of the PLL (See FIG. 7 ) . If the delay amount is set
by the programmable delay line 122 or by multiple
delay lines, the phase movement or phase jitter can b
e detected more reliably with post processing (e.g.,
pattern analyzer 104). [0040] Referring to FIGS. 6 and
7 , an example of an IPED implementation 2 00 with
8-level detection thresholds is illustratively shown.
In this case, 8 delay lines 202 are cascaded to set
different detection levels to generate 8 data outputs
(Pi to PB) for each sampling time. It should b e
understood that any number o f levels may b e
employed. In FIG. 7 , an example of data (circles)
stored in registers for five reference clock periods (
W ) is given. The darkened circlesrepresent the IPED
output (P -a) of high, and the clear circles represent
the IPED output (Fi-g) of low. A s seen in FIG. 7 ,
the variation of the number of the darkened circles in
each column represents the phase movement over five
reference clock periods (DTHXF ). The patterns
provided may b e analyzed by pattern analyzer 104 to
discover trends, compute jitter, and potentially to
take appropriate action, if desired. Hence, the
overall operation of the IPED 200 is similar to the
timeto- digital converter (TDC) or a digital lock
detector with variable detection threshold. Note that
the IPED boundarywould 



occur between P and P5 for time step 111, P5 and Ps
for time step 112, etc. [0041] Referring to FIG. 8 ,
another embodiment 300 o f the IPED is shown which
detects only a transition of the IPED data variation.
By adding an XOR gate 302 at the outputs of two
sequential latches 124 and 304, differential jitter
information can be obtained. In this way, the
frequency of alternating phase variation can be also
detected with post processing. [0042] A detailed
post-processing method will b e described below and
may include using counters or accumulators to measure
and record jitter movement. Storing all the data
generated by the IPED 102, 200, 300 may need a large
number of registers, resulting in substantial area
consumption. Instead of storing all the data, counting
the occurrence of datavariation can save hardware area
while enabling a jitter histogram analysis . [0043]
Referring to FIG. 9 , an illustrative system 400 shows
an example o f achieving a jitter histogram using the
IPED 200 (FIG. 6 ) . During certain periods of time in
accordance which are set by a timer circuit 406 with a
timer period control input (TGEN) and a counter clock
input, here provided by the reference clock (REFCLK) ,
counters 404 are activated to count the occurrence of
the IPED 200 outputs based on the multi 



level threshold detection which is illustrated in FIG.
6 . Each counter 404 is associated with a different
threshold amount for the instantaneous phase error
amplitude. A multiplexer (MUX) 402 selects (in
accordance with a select (SEL) signal) either the IPED
outputs (P) (based on the method illustrated in FIGS.
4 and 5 ) or the IPED differential outputs (Pa) (based
on the scheme illustrated in FIG. 8 ) . By counting
each level of the IPED outputs and the IPED
differential outputs (for phase angles) , jitter
histogram information can be obtained. Note that
combinations of direct or raw IPED outputs and
differential outputs could b e provided and processed
simultaneously at the cost of a different counter
allocation or the allocation of additional counters
for these tasks . [0044] Since the IPSD with
multi-level thresholds already includes static phase
information, the IPED can b e used as a lock detector
and/or a static phase offset monitor, asdep icted in
FIG. 10. Static phase offset is the average time
difference between the arrival times of the reference
clock and the feedback clock. It is generally a signed
quantity. The "static" portion implies a DC phase
offset. Informally, static phase offset may in fact
vary over time. Static phase offset may b e thought of
as the average phase offset measured over a relatively
long time . 



[0045] Referring to FIG. 10, a circuit 500 may b e
employed as a lock detector and static phase offset
monitor in accordance with the present principles. By
counting and accumulating, with an accumulator 502,
the occurrence of the IPED output data over a long
period of time, a statistical average of the IPED
boundary (e.g., a measure of jitter amplitude), that
is, the static phase offset information, may b e
obtained. Since on- chip delay variation is
significant over temperature and process variations, a
calibration of the delay circuit is needed to quantify
the static phase offset in terms of standard units
such as picoseconds. [0046] The IPED outputs may
include lPED_r and IPED_d signals . IPED_r and IPED_d
are the raw and difference outputs of the IPED,
respectively. IPED_r thus corresponds to the raw
instantaneous phase error, captured by the output
latch once per reference clock cycle , IPED_j3. thus
corresponds to the absolute value of the difference
between consecutive measurements o f the instantaneous
phase error as captured byoutput latches on
consecutive reference clock cycles (e.g., it acts as a
transition detector on the raw output) . [0047]
Referring to FIG. 11, an illustrative circuit 600 is
shown for measuring {hence calibrating) the delay of
the delay lines, and, if desired using an additional
set of signal inputs, DLY_TUNE<0:k> 614, to enable the
delay line to b e set 



to a desired frequency. Note that the DLY_TUNE signal
could alternately b e implemented and controlled as an
analog level using an analog calibration loop. [004S]
To measure the delay of each delay element, a ring
oscillator 618 is formed using the same kind of delay
circuit (s) 606 as the delay circuits to b e
calibrated. The delayed signal is logically combined
with a calibration mode signal (CALMOD, e.g., on or
off)) using a NAKD gate 608 to enable operation of the
ring oscillator 608. An enable count signal {EN_CWT}
activates a line enable counter (LE_CNT) 602 to count
reference clock cycles to determine a time window 612.
A counter 604 is enabled in accordance with the time
window 612. Using the counter 604, the number of
output clocks from ring oscillator 618 within a
certain timing window 612 (e.g., NXT REF ) is counted.
The delay time of each delay circuit can b e estimated
in this way. [0049] A calibration processing system
610 can also adjust the amount of the delay in
accordance with process, supply, and temperature
variations so that the delay line can provide almost
the same value over in the face of such changes.
Thecalibration processing system 610 provides a
feedback signal that would enable the absolute delay
in the delay elements to b e adjusted to more closely
match a target absolute delay value . 



[0050] The calibration processing system 610 receives
a calibration output signal (CALOUT) to determine
whether a given delay line needs tuning. Specifically,
through knowing the operating frequency of the
calibration ring oscillator, the delay per stage of
the delay element can b e computed, neglecting the
effect of the MID gate delay associated with the
enable path of the oscillator. Note that alternate
means of disabling the ring are possible. In this
configuration, the delay per stage represents a
sensitivity threshold of an IPED. If maintaining a
fixed absolute sensitivity threshold is desired, delay
control signals, such as delay_.tune<Q :k> given in
FIG. 11, can b e adjusted to enable compensation for
process, supply, and/or delay element variation.
[0051] Compared to calibration methods using a
delay-locked loop (DLL.) , the approach o f FIG. 11 is
more favorable to digital systems since it does not
require an analog delaylocked loop, which, in general,
uses a passive loop filter, a phase detector, and a
charge pump. [0052] Since a minimum IPED threshold is
determined by a minimum propagation delay of the delay
line, achieving an IPED with fine resolution using
fixed unit gates such as inverters as delay elements
depends on the intrinsic speed of thetechnology
employed. Alternately, implementing finer analog or
digital controls of the delay elements can enable
higher 



resolution. [0053] Referring to FIG. 12, by adding an
additional delay line, DLY2 702, the insertion delay
associated with the delay line, DLYl 122, which sets a
lower bound on the minimum detectable instantaneous
phase offset, can b e compensated in circuit 700. By
controlling the delay amount of the auxiliarydelay
line, DLY2 702, finer IPED resolution can b e
achieved, by the immediate action of compensating for
the minimum insertion delay associated with DLYl 122,
as well as by enabling the application of Vernier
techniques to set an effective detection threshold.
[0054] Because the reference clock is used to sample
the phase offset behavior of the PLL, the primary
frequency range to which the monitor systems described
thus far apply is from the PLL bandwidth frequency to
the reference clock frequency. Below the PLL bandwidth
frequency, reference clock noise can dominate PLL
noise behavior. Since the reference clock acts as the
time base in the described monitor systems, PLL output
jitter dominated by input reference clock jitter below
the loop bandwidth will not be captured. Variations in
instantaneous phase error (related to jitter) beyond
the reference clock frequency, meanwhile, may also not
b e detected because the described monitor system's
sample rate is limited 



to the reference clock frequency.[0055] It is
therefore the case that the IPED system described thus
far mainly enables measurement of medium- to long-term
jitter in PLL circuits. FIG. 13 presents an
illustrative embodiment showing how the principles set
forth herein can b e generally extended to short-term
jitter measurement. [0056] Referring to FIG. 13,
instead of taking IPED outputs as the IPED input, an
incoming clock CLK and a delayed incoming clock 810
are used as phase detector 806 inputs. The phase error
signals (UP and DN) are then input to IPED 102 (200,
300, etc.) . Using a multiplexer 804 and a select
signal SEL, a different number of delay stages 802 can
b e selected, and the behavior of the clock under
different offset conditions can b e measured. Based on
statistical measurement and processing o f outputs as
generated with different selections of stages 802 in
accordance with a CTR signal, cycle-to-cycle jitter
can b e predicted with post processing (e.g., using
pattern analyzers, etc.). [0057] Having described
preferred embodiments of a system, apparatus and
method for on-chip phase error measurement to
determine jitter in phase-locked loops (which are
intended to be illustrative and not limiting) , it is
noted that modifications and variations can b e made
by persons skilled in the art in light o f the above
teachings. It is therefore to 



be understood that changes may be made in the
particular embodiments disclosed which are within the
scope and spirit of the invention as outlined by the
appended claims . Having thusdescribed aspects of the
invention, with the details and particularity required
by the patent laws, what is claimed and desired
protected by Letters Patent is set forth in the
appended claims.WHAT I S CLAIMED IS: 1 . An apparatus
, comprising a phase-locked loop, PLL, (100) circuit
including a phase- frequency detector (14) configured
to output phase error signals; a phase error monitor
circuit (102) configured to determine instantaneous
peak phase error y logically combining the phase error
signals and comparing pulse widths of the logically
combined phase error signals to a programmable delay
time at each reference clock cycle to determine
instantaneous phase error change; and a storage
element (124) configured to store the instantaneous
phase error change. 2 . The apparatus as recited in
claim 1 , further comprising a plurality of cascaded
delay lines (202) configured to determine and store
instantaneous phase error information. 3 . The
apparatus as recited in claim 1 , further 



comprising a pattern analyzer (104) coupled to the
storage element (124, 404, 502), to determine patterns
in the instantaneous phase error changes to estimate
PLL jitter.4 . The apparatus as recited in claim 3 ,
wherein the pattern analyzer (104) is enabled by a
lock detector (24) of the PLL. 5 . The apparatus as
recited in claim 3 , wherein the pattern analyzer
(104) determines peak phase error thresholds and the
peak phase error thresholds are employed to the adjust
a delay line which provides the delay time. 6 . The
apparatus as recited in claim 1 , wherein the
reference clock includes a logical combination of the
phase error signals . 7 . The apparatus as recited in
claim 1 , wherein the phase error signals are
logically combined with an exclusive OR gate (120) and
the programmable delay time is provided by a delay
line (122) . 8 . The apparatus as recited in claim 1 ,
wherein a first instantaneous phase error change
signal is provided when the pulse widths of the
logically combined phase error signals exceed the
programmable delay time at each reference clock cycle,
otherwise a second instantaneous phase error change
signal is provided.9 . The apparatus as recited in
claim 1 , further comprising: 



at least one additional storage element (304) coupled
to the storage element (124) , the storage element and
the at least one additional storage element outputting
the instantaneous phase error change in accordance
with the reference clock; and a logic gate (302)
configured to logically combine outputs of the storage
element and the at least one additional storage
element to provide a differential instantaneous phase
error change signal. 10. The apparatus as recited in
claim 1 , further comprising a programmable delay line
(122) configured to delay the reference clock signal
to provide a finer resolution for instantaneous phase
error detection. 11. An apparatus, comprising a
phase-locked loop, PLL, circuit (100) including a
phase- frequency detector (14) configured to output
phase error signals; a phase error monitor circuit
(102) configured to determine instantaneous peak phase
error, the phase error monitor circuit including:an
exclusive OR gate (120) configured to logically
combine the phase error signals to provide a first
output signal; and a programmable delay line (122)
configured to 



provide a delay time to the first output signal as a
threshold against which instantaneous phase error
change of the output signal is measured at each
reference clock cycle; and a storage element (124)
configured to store the instantaneous phase error
change. 12. The apparatus as recited in claim 11,
further comprising a plurality of cascaded delay lines
(202) configured to determine and store instantaneous
phase error change information. 13. The apparatus as
recited in claim 11, further comprising a pattern
analyzer (104) coupled to the storage element (124) to
determine patterns in instantaneous phase error change
information. 14 . The apparatus as recited in claim 13
, wherein the pattern analyzer (104) is enabled by a
lock detector (24) of the PLL.15 . The apparatus as
recited in claim 13 , wherein the pattern analyzer
(104) determines peak phase error thresholds and the
peak phase error thresholds are employed to the adjust
the delay line which provides the delay time. 16. The
apparatus as recited in claim 11, wherein the
reference clock includes a logical combination of the
phase error signals . 



17. The apparatus as recited in claim 11, wherein a
first instantaneous phase error change signal is
provided when the pulse width of the first output
signal exceeds the delay time at each reference clock
cycle, otherwise a second instantaneous phase error
change signal is provided. 18. The apparatus as
recited in claim 11, further comprising: at least one
additional storage element (304) coupled to the
storage element (124) , the storage element and the at
least one additional storage element outputting the
instantaneous phase error change signal in accordance
with the reference clock; and a logic gate (302)
configured to logically combine outputs of the storage
element and the at least one additional storage
element to provide a differential instantaneous phase
error change signal.19. The apparatus as recited in
claim 11, further comprising a programmable delay line
(122) configured to delay the reference clock signal
to provide a finer resolution for instantaneous phase
error detection. 20. An apparatus, comprising a phase-
locked loop, PLL, (100) circuit including a phase-
frequency detector (14) configured to output phase
error signals; 



a phase error monitor circuit (200, 300) configured to
determine peak instantaneous phase error by logically
combining the phase error signals and comparing pulse
widths of the logically combined phase error signals
to a programmable delay time at each reference clock
cycle to determine instantaneous phase error change,
the instantaneous phase error change including a
difference signal and a raw signal ; a multiplexer
(402) configured to receive as inputs and select one
of the difference signal and the raw signal; and an
accumulator (502) coupled to an output of the
multiplexer to accumulate instantaneous phase error
change counts associated with a time window. 21. The
apparatus as recited in claim 20, further comprising a
pattern analyzer (104) coupled to the accumulatorto
determine patterns in the instantaneous phase error
change information to provide lock detection. 22. The
apparatus as recited in claim 20, further comprising a
pattern analyzer (104) coupled to the accumulator to
determine patterns in the instantaneous phase error
change information to provide static phase offset
monitoring. 23. The apparatus as recited in claim 22,
further comprising a timer (406) based on the
reference clock to define timing windows. 



24. The apparatus as recited in claim 20, wherein the
phase error signals are logically combined with an
exclusive OR gate (120) and the programmable delay
time is provided by a delay line (122) . 25. The
apparatus as recited in claim 20, wherein a first
instantaneous phase error change signal is provided
when the pulse widths of the logically combined phase
error signals exceed the programmable delay time at
each reference clock cycle, otherwise a second
instantaneous phase error change signal is provided.
26. An apparatus, comprisinga phase-locked loop, PLL,
(100) circuit including a phase- frequency detector
(14) configured to output phase error signals ; a
phase error monitor circuit (200, 300) configured to
determine peak instantaneous phase error by logically
combining the phase error signals and comparing pulse
widths of the logically combined phase error signals
to a programmable delay time at each reference clock
cycle to determine instantaneous phase error change,
the instantaneous phase error change including a first
signal and a differential signal; a multiplexer (402)
configured to receive as inputs and select one of the
first signal and the differential signal; 



and a plurality of counters (404) coupled to an output
of the multiplexer to accumulate instantaneous phase
error change counts associated a plurality of
instantaneous phase error thresholds such that phase
error amplitudes and times are provided to create a
jitter histogram, 27. The apparatus as recited in
claim 26, further comprising a timer (406) based on
the reference clock to define timing windows for the
counters . 28. The apparatus as recited in claim 26,
wherein the phase error signals are logically combined
with an exclusiveOR gate (120) and the programmable
delay time {122) is provided by a delay line. 29. The
apparatus as recited in claim 26, wherein the first
signal includes a first instantaneous phase error
change signal provided when the pulse widths of the
logically combined phase error signals exceed the
programmable delay time at each reference clock cycle,
otherwise a second instantaneous phase error change
signal is provided. 30. The apparatus as recited in
claim 26, wherein phase error monitor circuit includes
at least two storage elements (124, 304) coupled to
each other, the at least two storage elements each
output an instantaneous phase error change signal in
accordance with the reference clock; and 



a logic gate (302) configured to logically combine
outputs of the at least two storage elements to
provide the differential signal. 31. An apparatus for
short-term jitter measurement, comprising: a plurality
of programmable delay stages (802) configured to
permit selection of a different amount of delay for a
clock signal to provide a delayed clock signal for
adjustable shortterm measurement of jitter movement;a
phase detector (806) including as inputs the clock
signal and the delayed clock signal, the phase
detector including a phase- frequency detector
configured to output phase error signals; and a phase
error monitor circuit (102, 200, 300) configured to
determine peak instantaneous phase error change by
logically combining the phase error signals and
comparing pulse widths of the logically combined phase
error signals to a programmable delay time at each
reference clock cycle to determine the instantaneous
phase error change. 32. The apparatus as recited in
claim 31, wherein cycleto- cycle jitter is predicted
using statistical measurement of a different selection
of delay stages. 33. The apparatus as recited in claim
31, wherein the phase error signals are logically
combined with an exclusive 



OR gate (120) and the programmable delay time (122) is
provided by a delay line. 34. The apparatus as recited
in claim 31, wherein a first instantaneous phase error
change signal is provided when the pulse widths of the
logically combined phase error signals exceed the
programmable delay time at each reference clock cycle,
otherwise a second instantaneous phase error change
signal is provided. 


