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TTC NOTE - DRAFT:

Transient states of RF2TTC output clocks

Study made on the behavioral of Bunch Clock outputs of the RF2TTC and of a
connected TTCrg when the clock source changes from internal to the RF Bunch
Clock at 14TeV

15 July 2008
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The scope is triggered on its ext input by the rising edge of the BC1_sel signal
(passive probe on the MC100EP56).
BC1 changes from internal to external

Signal analysis after a BC1 source change (internal=40.0784MHz,
external=40.07897MHz). (BC1_sel register value changes from O to 1)
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Measure Pligkew(C1,... PZiekew(C1... P3ekew(CZ2,... Pdper@h(C2) P5--- PE--- P7--- Pg---
value 1.500ns -6.005ns -7.404ns 24.985ns
mean 184 68 ps -88.01 ps -7.45889ns 248511605
min -12.482ns -12.486ns -7730ns 24.685ns
max 12.488 ns 12.484 ne -7.320ns 25274 ns
sdev 71522Tns T11178ns 3714 ns 1036 ps
num 200.303e+3  200384e+3  200381e+3  200.380e+3
status v v v v
histo Evificdieion of o
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Measure P1:skew(C1, . PZskew(C1, .. P3skew(C2. . Piper@wC2) P&--- PE--- F7--- P8---
value -8.891ns 8549ns -T444ns 24.950ns
mean -4.42193ns 418786 ns -7 44377ns 2485088 ns
min -12.492ng -12.486ns -T.730ns 24.695ns
ax 12.488ns 12,484 ns -6.705ns 25274 ns
sdev £.848089ns B.62273ng 8432 ps 10057 ps
num 400.786@+3 400.788@+3 400.785e+3 400.7838+3
status v v v v
o Bt oibtoend o, b

Measure P
valug -B93ns BA70ns «1.510ns 24950 ns
mean -392444re 3T1194ns  -T42555n3  24.95099n3
min “A1Z486ins “1249Ins <9891 ns 24657 ns
i 124803ns 12488 ns £053ns 25307 ns
sdev 6.80300n% 7.09004n3 4472ps 10.55ps
nurn 2B051100-6  2B051220+8 2E05101e+R 2 BOSORA0+R
status L4 4 v v
o |

B
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Measure Pliskew(C1,... P2skew(C1,... P3skewiC2,.. Pdper@m(C2) P5--- PE--- PT--- Pa---
value -8.928ns 8.587 ns -7.454ns 24.950 ng
mean -5.85717ns 5.67740ns  -7.38582ns  24.85082ns
min -12492ns -12.486ns -7.814ns 24,695 ne
may 12,488 ns 12484 ns -5.556ns 25274 ng
sdeyv 610841 ng 5.82150ns 30327 pe 10.64 ps
num B01.179e+3  601.182e+3  G01.179e+3  B01.176e+3
status L4 v v L4
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Measure Pliskew(C1,... P2iskew(C1,.. P3skew(C2... P4per@iv(CZ) P5--- P@--- P7--- Pg---
value 281 ps -7.204ns -7.484ns 24.950 ns
mean -4.34868ns 4.22223ns  -7.40268ns  24.95098ns
rmin -12.482ns -12.486ns -7815ns 24877 ns
max 12488 ns 12485 ns -5.556ns 25374 ns
stey 6.88616ns 6.66716ns 264.61 ps 10.58 ps
num BO1.672e+3 801.576e+3 801.570e+3 801 566e+3
status v v v v
histo e e Ot S O N
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Measure Pliskew(C1, . PZskew(C1, . P3skew(C2. Pdper@viC2) [ PE--- PT--- Pg---
walue -8478ns 5580 ns -7.430ns 24848 ns
mean -2.08844 ns 2106888ns  -T.465489ns  24.95106ns
min -12.485ns -12.480ns -8842ns 24 65T ns
max 12485ns 12486 ns -6.106ns 25307 ns
sdev 7.35022ns 7.22791ns 21571 ps 1049 ps
num 801.5728+3 801 676e+3  801567e+3  801.663e+3
v v L4

]
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Measure Pliskew(C1,... P2:skew(C1,... P3:skew(CZ,... P4per@h(C2) Pa--- PE--- PT--- P8--- Measure Pliskew(C1,... PZiskew(C1,... PXskew(C2... P4per@h(C2) P2 PB4 Pl Pg---
valug -8.888ns 8624ns -7.438ns 24.051 ng value <3831 ns -11.073ns -T461ns 24.948ns
mean -3.44885ns 3.38628ns  -7.45528ns  24.05101ns mean -3BT089ns 3B03TGns  -742990ns  24.99100ns
min -12.485ns -12.488ns -8.842ns 24.657 ns min -12.485ns -12.489ns -9.8942ns 24.69T ng
mas 12.485ns 12.486ns -6.106ns 25.307 ns max 12489 ns 12486 ns -B.108ns 25.307 ng
sdey 713414ns B.98237ns 205.38 ps 10.54 ps sdev 8.99197 ns 7.05135ns 222.84ps 10.54 ps
num 1.001965e+8 1.001970e+6 1.001061e+6 1.001956e+6 num 1.402751e+6  1.402758e+6  1.402746e+8 1.402730%e+6

v L4 v status v v L4

histo

LeCroy Waiting for Trigger

I - rigwer

Typical behavioral for setupl:

- the BC1-QPLL on the RF2TTC loses the lock, but the QPLL on the TTCrq
manages to track the phase without losing the lock. (cases 1, 5, 8)

- the 2 QPLLs keep tracking the signal without losing the lock

- when there is an unlock, the locking time can be more than 200ms

- Even when the first QPLL is losing the lock, the peak to peak period jitter of
the signal delivered by the second QPLL is not more than 60ps, except a very
narrow peak of about +-300ps when the source of the clock is changing from
internal to external.

- When no lock is lost, the skew between QPLL input and output clocks can
oscillate with an amplitude up to 5-6ns
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Setup?2:
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The scope is triggered on its ext input by the rising edge of the BC1_sel signal
(passive probe on the MC100EP56)
BCmain is always set to BC1, and BC1 changes from internal to external

Differences with the setupl: although the source of the signal is connected to BC1,
the QPLL of the RF2TTC involved in this test is the BCmain QPLL. The delays
between the BC1 and its QPLL, and BC1 and BCmain QPLL are different. In this
case, we can often see a loss of lock of the QPLL on the TTCrqg (the TTCrq is the
same for the 2 setups).
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Measure Pliskew(C1, . F2skew(C1, . PIskew(CZ, . P4 per@w(C2) Ph- - PB--- P7--- P8~ --

value B.236 ns 11.007 ns 4772ns 24961 ns Measure P1:skew(C1,
mean 249.00 ps 90Hps  -212227ns 24.99189ns value -6768ns
min -12.488ns -12.4B4ns -12.485ns 24.685 ns mean -4 TR3BENS
max 12484 ng 12486 ns 12,487 ng 25361 ng min -12481ns
sdev 7.22802ns 6.86413ns 877223ng 10.02ps max 12.480ng
num 200393e+3  200.384e+3  200387e+3  200.38Fe+3 sdev 387601 ns
status v v v v num 200.393e+3
hista P i Yt N N et v
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P2:skew(C1,.. P3:skew(CZ,. .. Pdper@h(C2) P5---
-6.640ns 123 ps 24.948 ns
-79331ps -1.140683ns 24 95083 ns
-12.488ns -12.484ns 24910 ng
12.484ns 12,488 ns 24.993ns
6.93803ns B.39547 ns 993 ps
200.393e+3 200.394e+3  200.393e+3
v v v
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Measure P1iskew(C1,... PZ:skew(C1,.. PI:skew(C2... PAper@vCI) P& -- P--- Rfzsos Pa--- Measure P1oskew(C1, . P2skew(Cl, . PIskew(CZ. . P4per@iicz) P5--- Phi=-- P7m-- [
value -2.879ns -10.262 ns -7.383ns 24951 ns value -B.621ns 8966 ns -7.362ns 24.964 ns
fnean -3.78660ns  1.12814ns 427013 24.05103ns mean 46527208 238915ns -4.89585ns  24.95096ns
min -12.486 ns -12.494ns -12.487ns 24.640ns min -12.486ns -12.484 ns -12.487 ns 24640 N5
max 12483 ns 12.482ns 12488 ns 25.383ns max 12.483 ns 12492 ns 12486 ng 25,353 ng
sdev S01725ns 8.34507ns  552811ns 997 ps sdev 485086ns  B.25086ns  510022ns 10.08 ps
num 801.572e+3  801.47de+3  801.56%e+3  901.565e+3 num 1.001966e+6 1.001963e+6  1.001963e+6 1.001958e+8
slatus v v v L4 "l v v v
fisto it i -
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Measure P1iskew(C1, . PZSKew(Cl, . PIskew(C2, . P4per@mCz) Phi-- PG - - PT:-- Pg:--
value M.M7ns 1.275ns -10.558 s 24.982ns
mean 1.88344ns -71818ps -8.33840ns 24 85165ns
min -12.478ng -12.480ng -10.570ns 2467 ns
max 12.478ns 12.483ns -7.363ns 25374 ns
sdev £.88480ns £.39345ns 78218 ps 10.29 ps
num 40.077e+3 40.073e+3 40.0778+3 40.0768+3
stalus
histo
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Typical behavioral for setup2:

the BCmain-QPLL on the RF2TTC loses the lock, but the QPLL on the TTCrq
manages to track the phase without losing the lock. (case 3)

the 2 QPLLs keep tracking the signal without losing the lock (case 4 — the big
jump of F2 is a change of /2 in the phase and is not a sign of discontinuity)
the 2 QPLLs lose the lock (case 1. 1b is a zoom of the first part of casel)

the BCmain QPLL tracks the signal, but the QPLL of the TTCrq loses the lock
after a while (case 2).

when there is an unlock, the locking time can be more than 200ms

Even when the first QPLL is losing the lock, the peak to peak period jitter of
the signal delivered by the second QPLL is not more than 60ps, except a very
narrow peak of about +-300ps sometimes when the source of the clock is
changing from internal to external.

When no lock is lost, the observed skew between QPLL input and output
clocks can oscillate with an amplitude up to 5-6ns

Conclusion:

When there is a change of clock source, it is possible that some of the QPLLs at the
second level lose the lock while some other ones manage to keep tracking the
signal. If no reset is done, it may result to a mismatch of the BC counters between
sub-systems. It is thus recommended at least to reset the counters 1 second after
the change of clock source.
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