RENESAS FAQs ABOUT THE IDT82V3001A, APPLICATION NOTE
IDT82V3002A, IDT82V3011, AND AN-406
IDT82V3012

INTRODUCTION: UNIT INTERVAL (Ul):

Digital Phase Lock Loops, DPLLs, oftenreferredtoasa WAN PLL, canbe
difficulttounderstand as they incorporate traditional PLLs as well as complex
logic. This application note is designedto setin place some basic terminology,
demystify WAN PLL and clarify commonly asked questions aboutthe functionality
of WANPLL.

Inbasicterms, the WAN PLL contains aninternal Analog Phase Lock Loop
(APLL), digitallogicand internal memory totrack the externalinput clock relative
totheinternal APLL. Fromthe WAN PLL's perspective, the internal APLL is
consideredthe "ideal" clock source. Theinternal APLLis avery narrow band
PLL sothatcan produce avery preciseinternal clock withwhichto characterize
the external clock. Todothis, the APLL requires and external clock oscillator
(20MHz).

TERMINOLOGY:

Before getting into the details ofthe WAN PLL, here are some definitions of
terms that often come upwhendiscussing WAN PLLs.

JITTER:

SONET specifications ITU-T-G.701"Jitteris defined as that short-termnon-
cumulative variations of the significantinstants of adigital signal from theirideal
positionsintime".

WANDER:

ITU defineswander asjitter<10Hz or long term variations in the significant
instants. Other definitions of wander do exist, though this is the most widely
accepted definition.

Jitter Amplitude ismeasuredin Unit Intervals (Ul), where 1 Ulwould be the
phase deviation of one clock period.

UIPP (UNIT INTERVAL PEAK-TO-PEAK):

Peak-to-peak Ulis oftenreferredtoasjitteramplitude. Sincejitteramplitude
isnormalized tothe associated frequency (apercentage), itis easy to compare
jitteramplitude among differentfrequencies.

Example:

Maximum Intrinsic Jitter of F80 (8KHz) is 0.0001UIpp (per Data Sheet)
8KHz =125uSfor 1 UI
0.0001Ulpp x 125uS =12.5ns
This meansthatthe maximumamountofintrinsicjitter youwould expectto see
onthe F8o pinis 12.5ns peak-to-peak.

PARTS PER MILLION (PPM):
Example:

The 20MHz clock oscillator has a frequency accuracy of +/-32ppm.
20MHz =50ns for 1 Ul
50ns x (32/1,000,000) = 1.6pSec
This means that the 20MHz clock oscillator will nominal 50ns clock cycle +/-
1.6pSec

Alternatively:

20MHz x (32/1,000,000) = 640Hz
This meansthat the 20MHz clock oscillator willnominally be 20MHz +/-640Hz.
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Figure 1. The Unit Interval (Ul)
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CYCLE-TO-CYCLE JITTER:

Isacomparisonofperiods betweenadjacentclockcycles. "Thismeasurement
shows the instantaneous dynamics thata down-stream clock-recovery PLL will
encounter." Maximum cycle-to-cycle phase shiftonthe clock outputsinholdover
is0.78ns. Maximum cycle-to-cycle phase shift on the frame pulse outputsin
holdover is 5ns (5 nS/125uS).

PERIOD JITTER:

Isnotreally ajitter measurement. Itis really ameasurementof the period
ofeachclock cycle. Maximumcycle-to-cyclejitter is most often calculated using
period information. The peak-to-peak jitter (Max period-Min period) is the
cycle-to-cyclejitter MAX.

TIE (TIME INTERVAL ERROR):

Measures howfareach active edge ofthe clock varies fromit'sideal position,
where the ideal positionis determined by areference orrecovered clock. On

Ideal Edge Positions

—

AN-406

the DPLL, theideal clockistheinternal APLL. TIEisusedtoshowthe cumulative
effectthat periodjitterhas overtime. TIE is calculated by subtracting the nominal
(oridealinternal) clock period from the measured period for a duration oftime
andthenintegrating overthattime. The WAN PLL stores this TIE data sothat
ifthere isaloss of clock, the WAN PLL can continue to produce output clocks
whichlooklike the oldinput reference. The output characteristics will be based
onthe TIE data stored in the WAN PLL.

PERIODIC JITTER (PJ)/SINUSOIDAL JITTER:

"Repeatsinacyclicfashion. Since a periodic waveform can be decomposed
intoa Fourier series of harmonically related sinusoids, thiskind ofjitter is called
sinusoidaljitter. PJistypically caused by external deterministic noise sources
such as switching power-supply noise or a strong RF carrier. It may also be
caused by an unstable clock recovery PLL."

Measured Waveform
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Figure 2. Period Jitter vs. Cycle-Cycle Jitter vs. Time Interval Error (TIE)
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INDICATORS OF INPUT CLOCK REFERENCE QUALITIES:

The WAN PLL accepts an input clock with which a system will be
synchronized—Fref. The WAN PLL has three different outputindications that
describe the quality of thatinput clock—Lock, Mon_Out, and Normal/Holdover.
These indications can be used by the system designer to meet the clocking
requirements of the system.

LOCK:

The"Lock"indication means thatthe average input frequencyis equal to
the average output frequency +/-0.4ppm over a 2 second interval.
if (timer == 2 seconds & Mode == Normal Mode){
if (|average Input ref freq- average output clock freq | <0.4 ppm){
Lock=H;
}else {

}

Lock=L;

}

Iltshould be notedthat Lockis really only ausefulindication inthe Normalmode.
Whenthe WAN PLL goes into Holdover mode, the internal APLL is used; this
APLL willalways be locked—unless the 20MHz clock oscillator is pulled!

Lock Output Pin:
Inputref<+/-0.4ppm, Lock=L
Inputref>+/-0.4ppm, Lock=H
Freq * (0.4/1,000,000)
8KHz +/-0.0032Hz — 7999.9968Hz-8000.0032Hz
1.544MHz +/-0.6176Hz — 1543.999382KHz-1544.0006184KHz
2.048MHz +/-0.8192Hz — 2047.999181KHz-2048.00081KHz

MONITOR OUTPUT:

The monitor output pin is used most often as the indicator to perform a
reference switch. According tothe Telcordia GR-1244-CORE standard, the
WANPLL should be able torejectreferencesthatare offthe nominal frequency
by more than+12ppm. The IDT82V3002A monitors TIE Control Block input
frequency and outputs a MON_out signal to indicate the monitoring result.
Wheneverthe reference frequency is off the nominal frequency by more than
+12ppm, the MON_out pingoes high. The MON_outsignalis updated every
2seconds. The MON_out pin will give an indication of the quality of the Fref
independentofthe mode ofthe WAN PLL. Inotherwords, ifthe WAN PLL goes
into Auto-holdover, the system can apply anew Frefand the MON_output will
give anindication of the quality of the input. Of course, ifthe inputis good, the
WAN PLL will go back to the normal mode.

MON_outoutput pin (any mode)
Inputref<+/-12ppm, MON_out=L
Inputref>=+/-12ppm,MON_out=H
Freg*(12/1,000,000)
8Kz+/-0.096Hz —7999.904Hz-8000.096Hz
1.544MHz+/- 18.528Hz — 1543.981472KHz - 1544.018528KHz
2.048MHz+/- 24.576Hz — 2047.975424KHz - 2048.024576KHz

NORMAL/AUTO-HOLDOVER INDICATIONS:

Although there are no specific specifications for which the Normal pin and
Holdover pinare designed, these pins do give indications astowhat mode the
WANPLLisactuallyin. Remember, the Model1-0 pins putthe WAN PLL into
aspecific mode—Normal mode forinstance. However, ifthe quality ofthe input
is bad, the WAN PLL can actually be in Auto-holdover mode. In short:

Mode Freerun Pin Normal Pin Holdover Pin
Freerun H L L
Normal L H L
Holdover L L H
Auto-Holdover L L H

Inputref<+/-18Kppm, Normal
Inputref > +/-18Kppm, Auto-holdover
Freq * (18,000/1,000,000)
8KHz +/-144Hz — 7856Hz - 8144Hz
19.44MHz +/- 349.920KHz — 19090080Hz - 19789920Hz
Input ref < +/- 36Kppm, Normal
Input ref > +/- 36Kppm, Auto-holdover
1.544MHz +/- 55.584KHz — 1488.416KHz - 15992584KHz
2.048MHz +/- 73.728KHz — 1974.275KHz - 2121.728KHz

CAPTURERANGE:

The capturerange ofthe Frefinputs ofthe WAN PLL is 230ppm. Thismeans
thatin orderforthe WAN PLL tobringin or starttotrack the Fref, the Fref cannot
exceed 230ppm. Once the WAN PLL has locked oninput Fref, the input can
falloutside ofthe capture range anditis possible thatthe WAN PLL can continue
totrackandlock onthe Fref. Astheinputcrossesthe thresholds ofthe indicators
discussedabove, the outputindicator states will change. Inshort, itis possible
for the WAN PLL to track (be locked on) the Fref inputs even though the
Mon_outpinis high.

TIME INTERVAL ERROR (TIE):

The WANPLL incorporates a TIE block which allows anew or secondary
input to drive the outputs where the inputs is phase shifted. In essence, the
outputs are following the inputs but the inputsis phase shifted. Max TIE need
onlybe based onhalfaclock period. Ifthe phase difference betweenthe input,
Fref, and the corresponding outputis greater then halfthe clock cyclea TCLR
willforce the outputsto phase shiftindirection A. Ifhowever, the phase difference
betweenthe input, Fref, and the corresponding outputislessthan halfthe clock
cycle,aTCLR willforce the outputs to phase shiftinthe directions B—opposite
direction A. In other words, a TCLR will force the outputs through the phase
slopelimitertothe nearest corresponding edge. Since the maximum phase shift
ishalfthe Ul, the TIE storage circuits will only store halfa Ul. See Figure 3 (Phase
Shift Left) and Figure 4 (Phase Shift Right)

8K, TIE Max = 125us/2 = 62.5us
1.544MHz, TIE Max = 648ns/2 = 324ns
2.048MHz, TIE Max = 488ns/2 = 244ns
19.44MHz, TIE Max = 51.4ns/2 = 25.7ns
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Figure 3. WAN PLL Phase Shift Left
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Figure 4. WAN PLL Phase Shift Right
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PHASE SLOPE LIMITER (PSL):

The Phase Slope Limiter is the part of the device which limits how much the
phase canshiftonthe outputswhena TCLRisissued. The Phase Slope Limiter
inthe WAN PLL is 5ns/frame (5ns/125uS) Max. The PSLis designedinsuch
away thatwhenitis usedinasystem, which hasframing devices, these outputs
phase shiftswill not produce any bitloss orframe loss. Inthe case where there
isaphase difference betweentheinputreference andthe corresponding output,
aTCLRwillclearthe TIE block, and force the outputs through the PSL overa
number of frames. Itshould be noted that although the PSLis designated as
5ns/frame, the WAN PLL does not always induce the maximum phase shifton
the outpu.

Example:

The phase difference between the 8KHz input Frefand FOo (8KHz) is 50uS.
[twill require more than 10,000 frames before the outputs are phase aligned
withthe input.

50uSec/ (5ns/frame) =10,000 frames
10,000 frames/ (8000 frames/sec) =1.25 Seconds

HOLDOVER FREQUENCY ACCURACY:

Holdover frequency accuracy isameasure of howaccurate the WAN PLL
willmaintain outputswithoutaninputreference. Forthe WANPLL, itis 0.025ppm.
Thismeans thatthe outputs will not deviate by more than 0.025ppm from their
nominal frequency while in the Holdover mode.

FREQUENCY OFFSET:

Frequency offset can be defined as the real frequency minus the nominal
frequency. Frequency offset=real frequency - nominal frequency

AN-406

Recommended TCXO for stratum 3 requirements:

CMAC information:

Code:E2869

C-MAC PN: CFPT-9006 AC Frequency: 20MHz
7*5mmpackage

Frequency stability; 0.3 Vs Operating Temperature (0-70)
33V

Fordahl:

DFE S4-LH

25x 22 x 11 mm package

20.00 MHz

+/-0.37ppm/24hours Vs -40to 85C
+/-4.6ppm.15years

3.3V

Interquip Limited:

149-2G series

7*5mmpackage

Frequency stability; 0.3 Vs Operating Temperature (0-70)
3.3V

Other TCXO venders existand different operating temperature and board
conditions may require different specifications forthe TCXO. Thisisincluded
inthe document for reference purposes only.
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SCENARIOS:

1) The basic and permanent reference switch using TCLR. TIE is
enable.
a) Ref 1is good
b) Ref2is good
c) Ref1hasalOS
d) WAN PLL goes into Auto-holdover. Output phase continuity is
maintained.
e) SW switches to Ref2 which has a different phase alignment than
Refl.
f) WAN PLL maintains outputs now offset fromthe input.
g) SWissues TCLR to WAN PLL
h) Outputs phase shift over time until the outputs are phase aligned
withthe Ref 2.

Comments:
Thisisthe recommended use of the WAN PLL.

2) The basic reference switch no TCLR. TIE is enabled.
a) Reflisgood
b) Ref2is good
c) ReflhasalOS
d) WAN PLL goesinto Auto-holdover. Output phase continuity is
maintained.
e) SWdoesnotissueaTCLR to WAN PLL. The outputs will be maintained
withaphase offset from the input.
f) WAN PLL maintains outputs now offset from the input
g) SWdoesnotissueaTCLR to WAN PLL. The outputs will be maintained
withaphase offsetfromthe input.

Comments:

The WAN PLL can maintain this offset indefinitely. If the reference switch is
permanent however, a TCLR is recommended.

3) The temporary reference switch. TIE is enabled.
a) Reflisgood
b) Ref2is good
c) ReflhasalOS
d) WAN PLL goesinto Auto-holdover. Output phase continuity is
maintained.

AN-406

e) SWswitchesto Ref2, which has a different phase alignment than
Refl.

f) WAN PLL maintains outputs now offsetfromthe inputs.

g) Ref1comes back (ILOS)

h) SW switches back to Ref 1.

i) Outputs will be maintained in the currents phase position. If Ref 1
has shifted from ts previous position, the WAN PLL willmaintain a
phase offsetwith Ref 1.

Comments:
None.

4) ANALYSIS OF A PHASE SHIFT:
Conditions:

a) Reference switch from Ref 1 to Ref2
b) Ref2 is phase offset from Ref 1 by 50uS

Analysis:
a) First, the clock input must be 8KHz. There can only be a phase
offsetof 59uSec with a 8KHz clock since the cycle time of 2.048MHz
is 488ns and 1.544MHz is 648ns.
b) Whenthe reference switch occurs, the outputs will still be phase
alignedto "Ref 1" but will have a 50uS phase offset.
c) If TCLR=L, the WAN PLL will slowly release phase offset and the
outputs will eventually be phased aligned with Ref 2 input while still
inlock status.
d) Itwilltake > 1.25Sec for the outputs to become phase aligned with
Ref2. 50mSec/(5ns/frame)=100000frames=1.25Sec. The WAN PLL
willnot necessarily induce the maximum phase offset allowable per
frame.

5) A CLOSER LOOK AT A REFERENCE SWITCH:

a) During a reference switch, there will be a short switch
transient.

b) During areference switch the WAN PLL will enter into Auto Holdover
forashort duration.

c) During an interval the WAN PLL will measure TIE value between
feedback and newreference.

d) Ifthe input reference is not LOS (does not have a large frequency
offset) thenthe WAN PLL will enter backin to normal mode.
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FAST LOCK DEMYSTIFIED:
1) The GR-1244-CORE Standard:

a) Normal Mode — Inthe normal mode, the clock is synchronized to
areference. The output frequency of the clock is traceable to the input
reference frequency over the long term, and the phase difference
betweenthe inputand outputis bounded. Itisintended thatall clocks
otherthan stratum 1 clocks operate inthis mode except under the
failure condition of loss of all references.

b) Fast-start mode (Fast LOCK)— This optional fast-tracking mode
may be used for fast pull-in of the clock to a reference (e.g., when
recovering from holdover or when the input reference has an abrupt
changeinfrequency). Afterthe clock achieves lock, the clock
automatically changesto the slower-tracking normal mode.

2) The devices and the Modes:

a) Normal Mode:

The WAN PLL can automatically achieve the GR-1244 normal and
fastlock. Asaresultitis noteven necessary to use the fastlock
mode.

b) Fast Lock Mode:

IDT3002A/3001A/3012/3011 is designed for testing purposes or
special applications where there may be a large frequency offset
(200ppm). Inthe testing case, perhaps frequent and repeated
systemstarts are required to debug another portion of the system.
Tominimize the start-up time the WAN PLL may be putinto Fast Lock
Mode. Again, however, fast startis used at power-up, reset, or start-
up and not during normal operation.

3) The Objective:

Itiswell understood that there is a strong desire to reduce lock time when
switching from auto-holdoverto normal mode. Fastlock howeverisnotgoing
to produce that result or any useful results during normal operation. IfRef2to
the WAN PLL is good, the WAN PLL will lock quickly because the frequency
difference willnotexceed 4.6 ppm between the inputclock and holdover output.
Inshorttrying Lock to FLOCK will not provide any improvementas far as lock
timeis concerned.

The secondary case, and most common case, is using the Normal pinas
anindicationtodoareference switch. Asthe Normalindication acceptsawider
range of input frequency, it willtake longer forthe DPLL to indicate the inputis
good and there should be little to no penalty hits.

4) Negative Consequences of Tying FLOCK to LOCK:

Ifthere is excessive wander or jitter, the LOCK pin will be ifthe LOCK pin
istoggling thenthe FLOCK will be toggling—from a system perspective thisis
undesirable.

5) Whenin Fastlock Mode, the phase slope limiteris disabled and this can have
adverse effect on the outputs—this is usually not desired during normal
operating mode since you do notwant to induce any frame slips ona system.

6) Iflock was achieved, thenlost, and finally regained, usually the WAN PLL
will nottake alongtimetorelock. Accordingtothe GR-1244 requirement, i there
isafrequency difference (e.g. 4.6 ppm) between yourinput clock and the WAN
PLL holdover output, the lock time is significantly faster when going back to
normal mode.

7) IfFLOCK istied to LOCK youmay getfasterlock, butthisis atthe expensive
of potentially causing excessive slip on the output. This is not considered
acceptableinmostdesigns.

8) The WANPLL canbe used asawaytotellif areference inputis "good" but
should not be done using the Lock pin. If the Lock pinis used, some kind of
integration algorithm must be performed by the system. Lock will have to be
sampled multiple times over sometime interval to seeifitistruly good. Thisshould
be done because ifthere is excessive jitter, the WAN PLL may fallin and out
oflock. Inotherwords, if Lock is sampled once, then that sample would be just
that—one sample ofthe quality of the input. Iftheinputis "bad", it may actually
be okay atthe sample pointbutnotreally good. Inotherwords you'llgetafalse
positive on the sample point. That being said, there will be cases in some
systems, where asignalis eithergood or bad, and not somewhere in between.
Giventhese factors FLOCK should notbe tiedto LOCK. The Mon_outpinisthe
bestindicator of the quality of Frefinputs since itwillindicate ifthe inputt exceeds
the GR-1244limits onjitter or frequency.
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