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SYNCHRONIZATION

1. Quartz Crystal Oscillator (XO)
Refresher
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Frequency Drift Frequency vs.
Due to Ageing Temperature

SC-cut:
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XO Categories rel. Temp. Control

.  TCXO, Temperature
Dilmompensated) Crystal Compensated XO

: : - Resonance frequency is
- LTP centered in the operation modified by a varactor diode so

temperat:Jre range as to compensate temperature
- >1E-7/°C sensitivity
- 5E-8to 5E-7 over [-55°C to
85°C]

: Temp. e
[ SSSSSS ™ c
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XO Categories rel. Temp. Control

e DOCXO, Double Oven

e OCXO, Oven Controlled XO:
- A controltlo_op m?ri]nta;ércl)s t{le Controlled XO:
oven containing the XO a )
(nearly) constant temperature. '(I)'%)ntse’rgﬁgr%tgiaeectﬂgtrootp]%?
- ggo?: to SE-8 over [-30°C to - 5E-11 to 5E-9 over [-30°C to
] 60°C]
Oven

X0
Temp.
ooooooo

Temp.
Control
A

Heating
v

Temp.
Sensor ) Temp.
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PLL: Working principle

\
/+O\§\ Q® ><OQ
NN s
0 > N
3
Ui (t) //\l~<2 \)QQ' Qo\g\

O Voltage out v
Phase Loop
> ) ———— Controlled
Comparator Filter .
» Oscillator

U, (t) = A-sin {Z”UNOM [ £+ Xy (t)]} = A-sin{27v, (t)+ @y |

Uoyr (1) = A-sin {27Z'UNOM [ t+ Xour (t)]} = A-sin {2705, (1) + @y 001 |
A phtas_e |O(|:k loop (PLL) is a control system that generates an output signal whose phase is related to the phase of an
input signa
— Bringing the output signal back to the input signal for comparison is called a feedback loop

By keeping the input and output phase in lock, this implies that the input and output frequencies are the same as well

PLLs generally generate an output frequency that is a multiple, or even a fractional multiple, of the input frequency
— May requires an integer, or fractional, divider on the feedback
— May require an integer, or fractional, divider on the input as well

. . Lol . <3
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PLL: Phase Comparator

Ref (In) ——

-

* The Phase Comparator establishes the “error” between the reference input and the clock output;
using a feedback

Phase

— Phase Error (to Loop Filter
Comparator ( " )

Feedback (from Controlled Oscillator)

* Most Digital PLLs QDPLLS) use a Time to Digital Converter (TDC) and Phase Frequency Detector
(PFD) to measure the phase of the two clocks and produce a digital word representing the error

- TDC can be looked at as a timestamper

+ The TDC timestamps the reference and feedback edges, and the PFD mathematically tracks the
phase offset between the selected reference and feedback clocks

* The measured phase difference can go well beyond 1 period, or Unit Interval (Ul), of the reference
and feedback clocks; thus, the phase comparator must be able to measure over a large range of
multiple input/feedback clock periods

- Various telecom standards define a jitter & wander tolerance requirement - the widest is defined is 18uspp

- For example, if the input clock has a nominal period of 8ns (125 MHz), then the jitter tolerance requirement
equates to = 1125 Ul

i ; ﬁ“{ -8
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PLL: Loop Filter

Loop
Filter

Phase Error (from Phase Comparator) - — Control Signal (to Controlled Oscillator)

» The phase error is processed by the loop filter (LF)

- LFis a combination of proportional and integral (PI) control, which generates a
control signal for controlling the oscillator

* The LF determines the bandwidth (BW) of the PLL

- Other functionality, such as phase slope limiting (PSL), locking range, and
holdover functionality may be done as well

. Egal_se corrections mainly done through proportional path, along with any

* Frequency offset, or drift corrections, is done through the integrator path,
including damping (i.e. gain peaking control)

. . Bl <8
"IDT« © Copyright 2018, IDT Inc. Analog Mixed Signal Systems &= . nnnnnns



http://www.idt.com/application/automotive
http://www.idt.com/application/mobile-personal-electronics
http://www.idt.com/application/high-performance-computing

PLL: Controlled Oscillator

Voltage
Control Signal (from Loop Filter) —»{ Controlled » Clock (Out)

Oscillator

Feedback (to Phase Comparator)

« The controlled oscillator uses the control signal to speed up or slow
down the output clock

* Most DPLLs use a Digitally Control Oscillator (DCO) based on a free-
running crystal oscillator (XO)
Control Signal is a digital word representing the fractional frequency offset (FFO)
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PLL: Jitter & Wander filtering

xin(t)  [s]
Xout(t) [s]

1x10°°

5x 10" —

t [s]

0—
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-1x10°° f
100 200
SyncE Input Wander - Filtered by EEC-Option 1 Clock
1.0E+01
1.0E+00
2
w
i1
o
] — ——EEC Opt 1 Input Wander Tolerance (G.8262 Fig 7)
=
5 Input Wander Filtered by 1.7 Hz SynckE Filter
1.0E-01 ~
1.0E-02 T T T T 1
1.00E-04 1.00E-03 1.00E-02 1.00E-01 1.00E+00 1.00E+01
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PLL: Response to Injected Noise

PLL is a low-pass filter for input noise

Oscillator _\L

Ph Ph Z
ase PD LPF DCO NN ase Phase Noise (Out) \

Noise (In) Noise (Out) Phase Noise (In)

PLL is a high-pass filter for oscillator noise

Phase Noise (Oscillator)

Phase Phase Noise (Out)
Noise (Out) Phase Noise (Osc)

Ref (In)
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3. PLL with 2 Inputs

‘D IDT © Copyright 2018, IDT Inc.

-
}_
—
cH
L1l
—
=
=)

Analog Mixed Signal Systems


http://www.idt.com/application/automotive
http://www.idt.com/application/mobile-personal-electronics
http://www.idt.com/application/high-performance-computing

Combining two PLLs

‘1’ Phase Noise (Out2)

. Phase Phase Noise (In2) E
Noise (Out2) i
Phase Noise (Out2)

Phase Noise (Osc2)

Phase
Noise (In2)

Phase Noise (Osc2)

Phase Noise (Oscl) — Phase Noise (Out1)

4 - |
Phase - |_p|: 3 R Phase Phase Noise (In1)
Noise (In1) Noise (Outl) Phase Noise (Outl) i

Phase Noise (Oscl)

LAY AV
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Two PLLs: Response to Injected Noise

Phase
Noise (In2)

Band-pass filter for In2 Noise to Out

Phase Noise (Osc2)

Phase Phase
Noise (In1) ~ Hanl b hess > Noise (Out)
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Two PLLs: Spectral densities (phase-time)

dBc/Hz
A (log-log scales)

IN1 —»
— OUT

IN2 —b
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Two PLLs: Combined spectral densities

dBc/Hz
A (log-log scales)

IN1 —b
— OUT
IN2 —b

| Sour ()
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Physical Layer Support for Telecom
Boundary Clock

« (G.8273.2 calls for Telecom Boundary Clock (T-BC) to use the
physical layer as the basis for the frequency of the PTP time clock

« (.8273.2 uses PRC/PRTC traceable physical layer frequency
support for long term (24hrs) time holdover

G82732 T-BC

PTP to|PTP flow

» 1 PPS output

PTP time input

output

Physical layer frequency to PTP

——t ihgizcis’ 332‘ ﬁ‘_ﬁuemy to Physical layer frequency flow
Physical layer
frequency

input

Physical layer
frequency

Figure IIL.5: Signal Flows through a T-BC
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Synck + I[EEE 1588: Response to
Injected SyncE Noise

SyncE 1.1Hz
Noise (In) PD DCO > SyncE (Out)
A band-pass filter for Synck Noise to PTP (Out)
TCXO ‘
Amplitude, dB
) 0.035 0.31 1 10 Frequency,:Hz
offsetFromMaster A 4
B DCO > PTP (Out)

/_ .
PTP Stack &> 'me Stamp Unit PTP Very little PDV
(TSU) Network
T-BC1  T-BC2 T-BCO
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