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Key Points and Summary

A TI DPLLs work by controlling APLL VCO frequency by adjusting the fractional numerator

A Any PLL can do jitter cleaning (or jitter adding if PLL has poor performance)

i Cleaning el ement i seée
A APLL: VCXO, VCO, or VCBO
ADPLL: XO, TCXO, or OCXO

A Phase noise and jitter are common clock performance metrics
T When dealing with offsets < 10 Hz, other metrics (such as TIE, MTIE, TDEV) matter

A Holdover
i Can use an averaged history value for APLL numerator
T XO input determines long term stability

A Hitless Switch
i Conditions of DPLL input frequency and DPLL loop bandwidth impact frequency and phase hit

A DCO
i Can be done for frequency lock or done for phase alignment as in IEEE 1588 PTP

A Special Features
i Readback registers can be leveraged to get more information for the application
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Analog Phase Lock Loop (APLL):
High -Level Breakdown

Contents:
A Purpose of an APLL
A APLL Breakdown

A APLL Frequency Planning Examples
with BAW VCO and LC VCO




Purpose of an APLL
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Purpose of an APLL

A Match the phase and frequency between

two oscillating signals:
I Oscill ator 1:
i Oscill ator 2:

frequencies

i Note: A Al ockedo
are phase and frequency synchronized

A Other purposes and features:

i Clock generation (increase or decrease the

output frequency)

i Jitter cleaning (noisy reference becomes a

low-jitter output)

AVCOO
i The two signals can operate at different

Reference

Areferenceo,
or nou

means

]

>

t

> APLL output
APLL s

i m P v Uy, U ﬁXOC‘)

e

he two signal s
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APLL Breakdown
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APLL Breakdown: Block Diagram Hand Drawing

isan reqpery Contralled
OSC:[\Q"—DP
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APLL Breakdown: Block Diagram Overview

1/N
N Divider
Kep Z(s) 1D p—
Loop VCO Output
Reference R Divider Phase Filter Divider

Oscillator Detector/
Charge Pump
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APLL Breakdown: Phase Detector (PD) Frequency

A PD determines the phase error between two inputs of the same frequency .
I Use R and N dividers to bring REF and VCO down to same frequency.
I Refer to the datasheet for PD frequency range. i —————

APLL CHARACTERISTICS
APLL1 Phase Detector
feo1 Frequency 1 80 MHz
APLL2 Phase Detector
Frequency

fooe 10 150 MHz

A Charge pump converts the phase error into current .

pi

[ ]
1

Phase error < PFD output =
v correction current

5 A4

Krp

Phase
Detector/
Charge Pump
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APLL Breakdown: Charge Pump (CP)

A Part of the PD

A Sinks or sources current based on phase error

A Provides the information needed to adjust the VCO

1—41—;

ol

Charge |_|

|

||

Pump

m

+Kop
Tri-State

Kb
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APLL Breakdown: Loop Filter (LF)

A Converts the PD correction current into voltage .

A Sets the APLL loop bandwidth (LBW) for jitter cleaning the reference.
i Can be narrow or wide.
i LBW is where the noise source transitions from APLL dominating to VCO dominating

A Considered a low-pass filter

. ) -

Loop
Filter
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APLL Breakdown: Loop Filter (cont.)

A Narrow APLL LBW A Less XO and APLL noise, more VCO noise dominating output noise
A Wide APLL LBW A More XO and APLL noise, less VCO noise dominating output noise

APLL Output Phase Noise Plot

R }sis Fange | ¥: Band Marker L1
A0.00 y Noize: -33.9758 dbe f 19.69 MHz

00  Noiser A s | APLL Loop
00 RE. e (430072 Tear i Bandwidth
1200 | g
1300 h

5 & iy

-140.0

-150.0

-160.0

Power (dBc/Hz)

3 P il

-170.0

-130.0

15 i W S 2w

ffset fr ncy (Hz
Checkpoint: Which curve has lowest jitter? Why? Offset frequency (Hz)
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APLL Breakdown: Loop Filter (cont.)

LMKO05318B phase noise plots (APLL1, VCBO = 2500 MHz):
Narrow: 45 fs (12 kHz to 20 MHZz)

¢- Agilent ES0524 Signal Source Analyzer
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-100.0 ; 5.1251 moeg )
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-14000 7
-150.0 i Service Menu |
Leng 3 o r"ﬂ Product
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B00 Fy iy L 2l WE 2w 2 l‘ Return
| IF Gain 40dB Freq Band [99M-1.5GHz LD Opt [=150kHz F2dpts Come 2
P rt 100 Hz

Wide: 58 fs (12

¢- Agilent E5052A Signal Source Analyzer

kHz to 20 MHz)

FPhaze Moise 10.00dB )/ Ref -20.00dBc/Hz

Syskem
Print
Abort Printing
Prinker Setup ...

Invert Image
On

Durnp
Screen Image ...
Misc Setup »

Instrument Setup |
Service Menu |

20,00 P r Carier 312 500005 MHz  ~IRE7™) dBmn
= THO=. 340E [dEEHHE
tl14.459F |dEcidHE
=000 TI23. 1518 [HBEHE
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15l ysiz (Range | M: Band Marksr
90.00 1aly=i= [Randge |z Band| Marker
o Inkg Nois +31[J8351 dBg ] L3635 MHz
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APLL Breakdown: Loop Filter (cont.)

LMKO05318B phase noise plots (APLL1, VCBO = 2500 MHz):

Narrow: 45 fs (12 kHz to 20 MHZz) Wide: 58 fs (12 kHz to 20 MHZz)

¥ Agilent E50524 Signal Source Analyzer — ¥ Agilent E5052A Signal Source Analyzer

FPhaze Moise 10.00dB) Ref -20.00dBc/Hz Swskem FPhase Maize 10.00dB) Ref -20.00dB:Hz System
20,00 B r Catrier 212,500003 MHz  ~REF % ¥ 20,00 r Canier 312 500005 MHz  ~[RE7) dBm ¥
= F 2 1DE Hz -Ll0& . 4458 chmz = F 28 1DE Hx 0z, 3405 3chz
El 1| kHz -1l05.03257 dec/H=z i 3: 1 kHz 14 .455F |dBciHE= i
-30.00 4110 kHz | -127.0823 dBc/Hz B -30.00 BE TP kHE (7122 1615 [dEErHE Buns
S: 100 kHz | -147.1886 dBc/Hz S5 100 |kHz || rl43.39590 |[dBckte
-40.00 G800 kHz - 1575426 dBc/Hz . -40.00 G0 hHe - 56 A2 SE- B .
=72 1 MHz -14%.0550 dBcAHz Abort Printing 7 1/ MHz 45,072 |dECkhE Abart: Printing
S0 B: 10 MHz | -158.3638 dEc/Hz 00 BE 10 MHr || [HEE 5795 |dEEbE
9: 20 MHz -l52.0177 chmz 98 20 MHz ThEE.3278 chmz
A0: 40 MHz | -1e0.8135 dec/Hz i A0z A0 |MHz || rLe0. 5052 |dBcidhE r
-60.0 Wr Start 12 kHz Printer Setup ... -60.00 i TEhrt 13 (MG Printer Setup ...
04 Stop 20 MHz - Skop B0 (MHZ
-F0. Center 10,006 MHz -0 Cerrher— OO0 Mz
Span 19,388 MHz AIiertimage Span 13,388 MHz IEItinage
0.0 S Moz ON 000 L Majse LLL oM
Analysiz Range X: Band Marker ————— 15l ysiz (Range | M: Band Marksr —————
90.00 Analysis Range Y: Band Marker Dump 90.00 1aly=i= [Randge |z Band| Marker Dump
e Intg Noise: -83.9767 dBc / 19.69 JHz Screen Image o Titg Noise: 13105351 dbc | 19,69 fHz Sereen Image
RMS Modse: 89,4499 prad e RMZ Nodse: |114/J457 [purad s mem
-100.0 ; 5.1251 moeg ) -100.0 : B S ETEd Moy )
EMS 1itter: 45.556 fsec Misc Setup » i EME Jitter: 55,503 fisec Misc Setup
1100 4 Residual FMi 783,315 Hz -110.0 Fesidual FHi 735,435 Hz
El
-1200 -120.0 ¢ o
OFF
-1z00 -120.0 &
4 4 Instrument Setup
-14000 7 -140.0
-150.0 i Service Menu | -150.0 c Service Menu
bk
Leng 3 o r"ﬂ Product 1600 3 g\ _fr‘-ﬂ Product
b1 L Information B 4 Information

range of interest means best performance for a jitter cleaner.

This is a case example for jitter cleaning PLL loop filter. Setting the LBW less than the integration
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APLL Breakdown: Loop Filter (cont.)

Output Phase Noise Profile

A For APLL outputs with a
DPLL, the XO and REF
noise dominate the
close-in (<1 kHz).

A For APL outputs without
a DPLL, the XO noise
dominates the close-in.

Power (dBc/Hz)

Output Buffer

Carrier Offset Frequency (Hz)

A: DPLL loop bandwidth can be set between 1mHz to 4kHz.
B: APLL loop bandwidth for VCBO can be set between 1kHz and 10kHz.
C: APLL loop bandwidth for LC VCO can be set between 100kHz and 1MHz.

17
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https://www.ti.com/lit/an/snaa396/snaa396.pdf

APLL Breakdown: Loop Filter (cont.)
LBW

Noisy REF Narrow Minimize the contribution of REF
input.

VCO noise dominates.

Use for high quality VCOs.
Clean (low noise) REF Wide REF dominates inside the LBW.

VCO noise is suppressed inside
the loop.

Minimize overall noise profile
and total noise power.

18
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APLL Breakdown: VCO

Afivol tagerol |l ed

OSCcCi

ator o

A Uses the correction voltage to increase or decrease the VCO frequency.
I Refer to the datasheet for the VCO tuning range.

VCO CHARACTERISTICS

fycot

VCO1 Frequency Range

2499.750

2500 2500.250 MHz

fucoz

VCO2 Frequency Range

5500

6250 MHz

A Considered a high-pass filter

VCO

VCO output = Tuned oscillator for
phase-locked output generation

19
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APLL Frequency Planning Example With
BAW VCO
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APLL Frequency Planning: Equations

?
1/N
. N Divider
5 2
48 MHz o 2500 MHz ;
ey 1/D 156.25 MHz
VCO Output
Reference R Divider Phase Divider
Oscillator Detector/
Charge Pump 21
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APLL Frequency Planning: Example 1

EQ

48 MHz

Reference
Oscillator

1/R

R Divider

Charge Pump

PARAMETER | TEST CONDITIONS MIN TYP MAX| UNIT
APLL CHARACTERISTICS
APLL1 Phase Detector
fep1 Frequency 1 80| MHz
APLL2 Phase Detector
fom2 Frequency 10 150  MHz
VCO CHARACTERISTICS
fucor VCO1 Frequency Range 2499750 | 2500 | 2500.250] MHz
fucoz VCO2 Frequency Range 5500 6250 MHz
?
1/N
. N Divider
’ ?
(R /\/ 1/D 156.25 MHz
Output
Phase Divider
Detector/
22
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APLL Frequency Planning: Example 1

- PARAMETER | TEST CONDITIONS MIN TYP MAX| UNIT
Choose the VCO that erIdS at least one APLL CHARACTERISTICS &
i nteger for AVCO ouf put O g o 1 80| Mz
A PLL1 VCO = 2500 MHz fop2 ’;;:bi::fse Detector 10 150| MHz
A 2500 = 156.25 = 16 VCO CHARACTERISTICS
A Use PLL1 fucor VCO1 Frequency Range 2499750 | 2500 | 2500.250] MHz
fucoz VCO2 Frequency Range 5500 6250 MHz
E “Q
— ?2
1/N
N Divider
I - SSbiz 2500 MHz 2
: : - ey @ 1/D 156.25 MHz
VCO Output
Reference R Divider Phase Divider
Oscillator Detector/
Charge Pump 23
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APLL Frequency Planning

. Example 1

EQ ——
—)
1 W Oa —
FO — 52.0833333
FO 52
F— 0. 08333
48 MHz 1
@7 1/R
Reference R Divider
Oscillator

156.25 MHz

52 + 91625968981
240
1/N
N Divider
SSbiz 2500 MHz 2
Kep @ 1/D
VCO Output
Phase Divider
Detector/

Charge Pump

24
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APLL Frequency Planning: Example 1

ZO "W

Zp v w O

EU YY N0
48 MHz 1
Reference R Divider
Oscillator

16

52 + 91625968981
240
1/N
N Divider
IR 2500 MHz
VCO
Phase
Detector/

Charge Pump

1/D

156.25 MHz

Output
Divider

25
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APLL Frequency Planning Example With
LC VCO
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APLL Frequency Planning: Example 2

EQ

48 MHz

Reference
Oscillator

1/R

R Divider

Charge Pump

PARAMETER | TEST CONDITIONS MIN TYP MAX| UNIT
APLL CHARACTERISTICS
APLL1 Phase Detector
fep1 Frequency 1 80)  MHz
APLL2 Phase Detector
fro2 Frequency 10 150 MHz
VCO CHARACTERISTICS
fycot VCO1 Frequency Range 2499.750 2500 2500.250 MHz
fucoz VCO2 Frequency Range 5500 6250 MHz
?
1/N
. N Divider
’ ?
(R /\/ 1/D 155.52 MHz
Output
Phase Divider
Detector/
27
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APLL Frequency Planning: Example 2

- i - PARAMETER | TEST CONDITIONS MIN TYP MAX| UNIT
Choose the "Q _that vields at least one integer for APLL CHARAGTERISTICS b
ﬁ V C-{b ut pu t 6 : fop1 APLL1 Phase Detector 1 80| MHz
A PLL1: 2500/155.52 = 16.0751 X No solution Frequency
A PLL2 P APLL2 Phase Detector 10 150 MH
. PD2 Frequency i
A 5500/155.52 = 35.3652 VCO CHARACTERISTICS
A 6250/155.52 = 40.1877 fucor VCO1 Frequency Range 2499.750 2500 2500.250| MHz
A Choose integer between 36 and 40 fucoz VCO2 Frequency Range 5500 6250 MHz
A 155.52*36 = 5598.72 n A solution
E “Q 8 ?
1/N
N Divider
48 MHz )
48 MHz 1 5598.72 MHz f
i, /\/ 1/D 155.52 MHz
1/R
VCO Output
Reference R Divider Phase Divider
Oscillator Detector/
28
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APLL Frequency Planning: Example 2

Z2°0 8

EO —— ppdprT

ZO ppo TR s

224
F— 1@® 1
1/N
N Divider
48 MHz
48 MHz 1 5598.72 MHz
Kep
VCO
Reference R Divider Phase
Oscillator Detector/

Charge Pump

1/D

155.52 MHz

Output
Divider

29
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APLL Frequency Planning: Example 2

ZO "W

Ep ud @ Oaq

ZO "W

36

52 + 91625968981
240
1/N
N Divider
48 MHz 5598.72 MHz

8
(O ()
48 MHz 1
Reference R Divider
Oscillator

Phase

Detector/
Charge Pump

VCO

1/D

155.52 MHz

Output
Divider
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Analog Phase Lock Loop (APLL):
Fractional -N Divider




Fractional -N Divider: Block Diagram Hand Drawing

Contrlled

JZ&LC(EWR@ —> oscllabr
L GMMW Su 1-

V_ﬁ/\i

edbeck path

F:;L/'ll’ — fQQﬁ@/‘emce //? EN /\/
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Fractional -N Divider: Block Diagram Hand Drawing

(-al"‘fm('Sbr\ —Q‘Q@Je“&y Cnn ‘h’%”ﬂA
7 OSC-:“Q"—DP

m = 1+
| /Vlg,‘ﬁma‘

/‘/—\ —_—
edbeck path

Fout = Relerence /R X N

JZC'LC(CY](@ —
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Fractional -N Divider: Block Diagram Hand Drawing

(ﬂﬂfa(;Saf\ —9‘&4})@“9 Cnn ‘h’%”ﬂA
7 OSC-:“Q"—DP

m = 1+
| /Vlg,‘ﬁma‘

/‘/—\ —_—
edbeck path

JZC'LC(CY](@ —

oot = Compars™ Gregpensy ¢ N/
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Fractional -N Divider: Purpose

A Best PLL performance with has big comparison frequency!

A Systems that need to change Fout by a small amount would then require a
small comparison frequency
I Maybe to step some small channel size. (For example common with GSM, not so
common with MC-GSM).

A How to keep good APLL performance with big comparison frequency and small
step size?
I Fractional N!
I Now you can change by 0.1, 0.01, =etc. N o
i Disadvantage?
AFractional spurs.
ADelta-Sigma Modulator noise

35
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Fractional -N Divider: Example of Delta -Sigma Divider

Changes integer-N
divider value in a pattern
to achieve fractional-N.

The pattern is set by the
Amasho

o fosc 1R fro

Frium +(1z" }an{z)

Fden

O:s

30072110

Frium
Fden

+(1-2")Qu(2)

1-7

Figure 3-3. Third Order Delta Sigma Modulator
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Fractional -N Divider: Example N variation for
different order modulator

Table 3-2. Modulator Output for a Fraction of 1/4

Modulator Order Range Sample Sequence

First (Traditional PLL) 0,1 0.0,0,1 ...
0,0,1,0

Second -1,0,1,2 0,1,0,0 ...
. 0.1,-1.2

Third -3,-2,...3.4 2321, .
0,1,-1,2
-1,0,1,0
Fourth 7,.-6,...,7,8 0.1.0.-1
2-1,1,0

37
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Fractional -N Divider: APLL Noise Components

A AN-1879 (SNAA062) has more details on Frac-N Dividers

Measured Delta Sigma Modulator Noise Integer spurs are at phase detector
(fop = 10 MHz, Strong Dithering, frequency
Fraction = 1/4914303)
A A
-40 TTTTIm -40 TTTTT
4th C_)fder AT 4th Ch)rde
-60 /4 60 W’ |
5 2nd Qrder = 2nd Order
L N L] L | L ?
%’ 50 2-.,‘5-“ é 80 2"*;.#""H
— I Enl' ] — I El" -
L L
5 x X
2 -100 W g -100 W
= =
§ 120 3rd Order. § 120 3rd Order.
I I
o o
140 -140
-160 -160
10* 10° 10° 107 10° 10* 10° 10° 107 10°
OFFSET (Hz) OFFSET (Hz) 38
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https://www.ti.com/lit/an/snaa062b/snaa062b.pdf

Fractional -N Divider: APLL Noise Components
(cont.)

Increasing charge pump Increasing comparison frequency
Improves noise improves (PLL flat) noise
-70 —TTTT -70 ——
Kpp = 1X ”H ’ fep = 6.25 Mtz
-80 L/ Kpp = 2X -80 fop = 3.125 MHz HHH
—_ KPD:4X . ‘ fep = 12.5 MHz
__IZ -90 | Ay “\\‘- x I £ -90 Hl”
S oL Keo = 16X e S é’(f
L N -
% 11 \ ! g ‘-‘_QQHQI
2 110 i Z -110 fp = 25 MHZ R
% 4 T Et\‘.
T -120 \ T 120 fpp = 50 MHz R
o \ o W;
-130 -130
140 5 3 4 5 6 -140
10 10 10 10 10 102 10° 10* 10° 10°
OFFSET (Hz) OFFSET (Hz) 39
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Fractional -N Divider: APLL Noise Components
(cont.)

A Randomized compared with unrandomized Fractional-N Divider

40 -40
IR .

o) i 3
8 Randomlzed 9 60
oy Fraction = 41943/4194303 e
3 ‘ // -
% 80 33 80 Strong Dithering
il
= % ]
8 -100 : 8 -100 B oo
=]
e gt n,
w w =
o -120 S -120{—No Dithering
=z ] =
w Fraction = 1/100 L
2 140 p—miwn ol 2 140
T Unrandomized I

g0 L LU [T 1T 160

4 [ 6 7 a -
10 10 10 10 10 10* 10° 10° 10 108
OFFSET (Hz) OFFSET (Hz)
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Digital Phase -Locked Loop (DPLL
Theory Introduction

Contents:
A Comparison Between APLLs and DPLLs

A DPLL High -Level Overview
A Quiz




DPLL Theory: Comparison Between APLLs and DPLLs

Analog PLL (APLL) Digital PLL (DPLL)
Feedback Feedback
Currelnt V(l)ltaqe qd\luTber meber
arge 00 Digital
LE= o+ LEEo -+
VCO NCO
PFD (Phase frequency detector) TDC (Time to digital converter)

42
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DPLL Theory: Starts with an APLL, APLL REF (XO)
' s the Ahearto

—P x1, x2

fVCCl

>

To post-divider
and

Output Muxes

Pay no attention to the

=N

blocks behind this area 4CLbitFra;}NSDM

APLL REF must be present for a locked, closed-loop, PLL system.

43
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DPLL Theory: Starts with an APLL, this is the NCO

BAW is VCBO (Voltage Controlled BAW Oscillator)

fVCCl

>

To post-divider
and

Output Muxes

Pay no attention to the

=N

blocks behind this area 4CLbitFra;}NSDM

VCO tracks the APLL REF (XO) phase and frequency drift.

44
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DPLL Theory: Starts with an APLL, this is the NCO

Current

Voltage

Pay no attention to the
blocks behind this area

fPD

APLL

: VGO

v

=N
40-bit Frac-N SDM

fVCCl

>

To post-divider
and

Output Muxes

45
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DPLL Theory: The DPLL Steers the APLL (NCO)

Number )

DCO aption
FING/FDEC —

cdNumber Current  Voltage
DPLL APLL
fTDC- ‘ fPD VCO
& : fVCD
TDC_LY» DLF Y PFD [ LF ‘..@ >
r = ] To post-divider
and

‘ 40-bit Frac-N SDM -

=FB

38-bit

—>

DCO
FDEV

Output Muxes

y

\.
E—

A

DPLL Steering

DPLL feedback clock A

46
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The DPLL refe

To APLL numerator

q

Number ) Current  Voltage

DPLL APLL
fTDC- ‘ fPD VCO
ES -
TDC_ Y DLF A PFD % LF ‘..@ >

To post-divider
and

DPLL Theory:

trer | te
TDC sample period

quumber

4

Output Muxes
-FB
‘ 40-bit Frac-N SDM "
T ,‘
38-bit k —
DCO aption 5COo "
FING/FDEC —f— & FDEV A DPLL Stee“ng DPLL feedback clock

TDC converts phase difference between DPLL REF and VCO into a number.
The number is applied to the APLL numerator. r
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DPLL Theory: Quiz

A Which phase noise plot reflects the prior digital PLL diagram?

M > — S
10 100 10 10 100 10 10 100 10
Hz kHz MHz Hz kHz MHz Hz kHz MHz

48
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DPLL Theory: Quiz: Hint

A Which phase noise plot reflects the prior digital PLL diagram?
1
/ /1 /] 3

— T

| ' ' | | | |
—1 | > | | | = | | >
10 100 10 10 100 10 10 100 10
Hz kHz MHz Hz kHz MHz Hz kHz MHz
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DPLL Theory: Quiz: Result

A Which phase noise plot reflects the prior digital PLL diagram?

Plot B: Two stage PLL:
DPLL and APLL. Two
Ahumpso or
curves) observed on the
plot. Each PLL stage
has a loop filter which
results in the roll-off
(hump).

A B

2
phase /noilse

L

| | '

| | | =
10 100 10
Hz kHz MHz
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DPLL Theory: Quiz: Explanation

A Which phase noise plot reflects the prior digital PLL diagram?

N A

1

—_

—H i >

Pl ot A: One stage
Pl ot B: Two stage

Pl ot C: Thr ee

A

=

PLL.

PLL.

stage PLL

Ofr
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2-Loop PLL Phase Noise Profile

Contents:

A Overview

A Open-loop
A Closed -loop




2-Loop PLL Phase Noise Profile: Overview

A APLL causes a change of the ‘ 2-Loop (DPLL and APLL)
voltage on VCO, APLL | o Phase Noise Profile
frequency changes _ P

ARVCOO0 of the DPE|fL
REF (XO) 2

AAPLL REF (XO) dples
or oO6wander o cl ealni -

A The DPLL changes the .
frequency of the APLL e s f'f\ —
numerically, APLL frequency ~ — -
changes Carrier Offset Frequency (Hz)

AXO noise profilea gLellqopgandwﬁ:erawkéeaeg» een 1githzto41 IT(I:'z o

hN H 0) angwi etween Zan Z.
al on go wi t h chan éAPﬁI-_] I;ba dw théo éc betweenlOOkHzandlMHz

53

See app note for more details: SNAA396

w3 TEXAS INSTRUMENTS



https://www.ti.com/lit/an/snaa396/snaa396.pdf

2-Loop PLL Phase Noise Profile: Examples

DPLL LBW set to 10 Hz

£ Agilent E5052A Signal Source
PPhase Noise 10.00dB/f Ref -20.00dBc/Hz

i r Canier 312500001 MHz __4ag22eiem

ol T3 IoE  7elders decris

A5 Y= TH - 1 r4 e . C/HZ

00 DPLL and DPLL 3} 100 Hz  -105.7289 dBc/Hz

4 1 kHz -118.3378 dBc/Hz

-40.00 5} 10 kHz —-125.2758 dBc/Hz

6F 100 kHz -146.0039 dBc/Hz

50,00 7} 800 kHz -159.1750 dBc/Hz

o 8F 1 MHz -159,5908 dBc/Hz

e 9} 10 MHz  -160.9361 dBc/Hz

Baic 10: 20 MHz -160.9672 dBc/Hz
I Xp Start 12 kHz
70,00 Stop 20 MHz

Center 10.006 MHz
an 19.988 MHz
E Noise ==
alysis Range X: Band Marker
klysis Range Y: Band Mark
g Noise: -84.0653 dBc / 19 69 MHz
S Noise: 88,5626
5.07426 mdeg
Jitter: 45,105 fsec
idual FM: 637.241 Hz

-100.0

-110.0

-120,0

s XOI/TCXO/OCXO Output buffer
. and APLL 5 dominates
-140.0 |{dominate approx. k >1 MHz
15000 10 Hz to 5 kHz
N\
H160:0, VCBO dominates approx. 1
-170.0 8 kHz to 400 kHz % 9 1

Start 1 Hz

DPLL LBW set to 100 Hz

¥ Agilent E5052A Signal Source |

PPhase Noise 10.00dB/ Ref -20.00dBc/Hz

-20.00

00

-40,00

-50.,00

-60.00

-70.00

-80.00

-90.,00

-100.0

-110,0

DPLL LBW

set to 100 Hz

-140.0

-150.0

XO/TCXO/OCXO and

IAPLL dominate approx.

100 Hz to 5 kHz

-160.0

v Canier 312.433993 MHz ___44898WIBm

P

b3 1 Hz

S e L R N
[
o
o
=
=
N

Start 12

E Noise =—

VCBO dominates approx.
8 kHz to 400 kHz

Stop 20 MHz
Center 10.006 MHz
Span 19.938 MHz

Anglysis Range X: Band Marker
Anzlysis Range Y: Band Marker
Intg Noise: -83.9572 dBc / 19.69 MHz
RMS Noise: 89 6717 Hrad

RM} Jitter: 45 669 fsec
Rezidual FM: 640.86 Hz

-45.8931 dBc/Hz
-69.4787 dBc/Hz
-88.0927 dBc/Hz
-117.6539 dBc/Hz
-124.,4281 dBc/Hz
-145.8577 dBc/Hz
-158.9787 dBc/Hz

-160.,9284 dBc/Hz

3781 mdeg

Output buffer
dominates

A\
n
i

-y

I
s

Corlcen ovlPow .oy Latn odBlExtRef[5on 54

See app note for more details: SNAA396
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https://www.ti.com/lit/an/snaa396/snaa396.pdf

2-Loop PLL Phase Noise Profile: Open -Loop

PLL REF, APLL REF (XO), or VCO
A
A
(*/ f .
g [  Flves FoM g
e L e
-ANS Ak 3
o £
£ <L
<
4
? | Offset

‘ Offset
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2-Loop PLL Phase Noise Profile: Closed -Loop
Sources

Phase Noise (dBc/Hz)

-130
-140

-110 \\
|

. N
150 High-pass | ™\
160 | Low-pass | L2EP \\}
170

:180 \ \

The size of these regions change depending on LBW and performance of
individual (REF OSC, PLL, VCO) elements

100
PLL
-120 VCO

- Reference

\\ e Total

ANy

0.1 1 10 100 1000 10000 100000

Offset (kHz)
56
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DPLL Product Overview

A DPLL Family

A Product Naming

A LMK5B33216 Overview
A Choosing the APLLx
A VCOx Comparison




More parts on next slid
DPLL Product Overview: Family i

Feb 2018 Dec 2018 June 2020 May 2020 Nov 2020 Mar 2022
Target Market w::gléass Wired Wired {lr\}(ijrtéztrial Wireless Wired
BAW No 2500 MHz 2500 MHz 2500 MHz 2457.6 MHz 2500 MHz
+ 50 ppm + 100 ppm + 100 ppm + 50 ppm + 100 ppm
APLLs 2 2 2 2 3 3
DPLLs 2 1 1 1 3 3
3-Loop Yes No No No No No
Inputs 2 2 2 2 2
Outputs 8 8 8 4 16 + 2x GPIO 16 + 2x GPIO
Output Formats* Includes Includes HCSL Includes HCSL Includes HCSL Includes LVPECL & CML Includes HCSL
HCSL 4 x2 LVCMOS 4 x2 LVCMOS 2 x2 LVCMOS 2 x2 LVCMOS 2 x2 LVCMOS
LDO output option No? No? No? No? Yes Yes
1-PPS Input No* No* Yes No*? Yes Yes
1-PPS Output Yes, x ns Yes, 50% Yes, 50% No Yes, 50% Yes, 50%
ZDM Yes lF(’)ilg)ado (Open E)its;:do (Open s;)d(:tzt)asheet Yes Yes
::'::uc:r‘]tg;t "800 MHz" 1250 MHz 1250 MHz iégéGl\AHJZCML 1250 MHz
*Note on output formats: All devices support AHSDSO whi eoxx (éxample AGLYPECH mach LVPEOLswng | di f f €
level, but not an emitter follower output) 58
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DPLL Product Overview: Family (cont.)

Mar 2022 Sept 2022 Q2 2024 Q2 2024 May 2025
Target Market Wired Wired Wired Wireless Wireless
BAW 2500 MHz 2500 MHz 2500 MHz 2457.6 MHz 2457.6 MHz
+ 100 ppm + 100 ppm + 100 ppm + 100 ppm + 100 ppm
APLLs 3 3 2 2 3
DPLLs 3 3 1 2 2
3-Loop No No No No No
Inputs 2 4 2 2 2
Outputs 16 + 2x GPIO 14 + 2x GPIO 12 + 2x GPIO 12 + 2x GPIO 8 + 2x GPIO
Output formats Includes HCSL Includes HCSL Includes HCSL Includes HCSL Includes HCSL
2 x2 LVCMOS 2 x2 LVCMOS 2 x2 LVCMOS 2 x2 LVCMOS 2 x2 LVCMOS
LDO output option Yes Yes Yes Yes Yes
1-PPS Input Yes Yes Yes Yes Yes
1-PPS Output Yes, 50% Yes Yes, 50% Yes, 50% Yes, 50%
ZDM Yes Yes Yes Yes Yes, OUTO only
?f:;uzl:‘?;t 1250 MHz 1250 MHz 1250 MHz 1250 MHz 1250 MHz
\ Duplicated from last column on previous slide, highlights are deltas from LMK5B33216 59
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DPLL Product Overview: Product Naming

ClockPortfolio

Prefix

ProductFamilies

SubFamiliesType Subfamily 2 (each familynumber of digits might vary)

LMK |5¢DPLL |B:BAW 2500 MHz # DPLLs # APLLs | # of inputs | # of outputs
C: BAW 2457.6 MHz
LMK5C33216 LMK5B33414
C =2457.6 MHz B = 2500 MHz
3 =3 DPLLs 3 =3 DPLLs
3 =3 APLLs 3 =3 APLLs
2 = 2 inputs 4 = 4 inputs
16 = 16 outputs 14 = 14 outputs

60
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DPLL Product Overview

A 3x DPLLs
A 3x APLLs
A 1x Single ended XO input

A 2x REF inputs (4x for -414 variant)
i Single ended or differential input

A 16x OUTPUTSs (14x for -414 variant)
i Bypass, Channel Divider, 1-PPS/SYSREF
divider
A 3x GPIO

T 2x can be used to buffer 1-PPS/SYSREF
continuous signals.

A EEPROM to configure start-up frequencies
(partial register coverage)

A SPI or I12C interface
A Single rail, 3.3 V supply

: LMK5B33216

t]
A

u
H
I

[ BE
Borvens e

s I ]
G

61
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DPLL Product Overview: Choosing the

-10

A Generally, BAW APLL has the best
performance.

A Then APLL2
A Finally, APLL1*
*Not applicable to LMK5B12212 and

Phase Noise (dBc/Hz)

-204

—30 4

—40 1

—50 4

APLLX

—— 5000.0 MHz, -3.13 dBm, vcol, (scaled to 2.4576 GHz)
—— 5625.0 MHz, -1.05 dBm, vco2, (scaled to 2.4576 GHz)
—— 2457.66 MHz, 0.04 dBm, vco3

LMK5C22212
B 100 Hz 1 k‘H 10 i(HZ 100[:;:; 1 N‘IHZ 10 I;’IHZ 100 MHz
lop-oeLL Current consumption per DPLL  |DPLL® 55 mé
lopapLid APLL1 current consumption APLL1 90 mA
lopspLLz APLLZ current consumption APLL2 160 mA
lop-arLLz APLL3 current consumption APLL3 120 mA
62
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DPLL Product Overview: VCOx Comparison

AVCO1 LMK5C/5B

I Good for simple FPG#
cl ocks whi
require high
performance

Phase Noise (dBc/Hz)

\;

/—Tﬁ
AVCO3 LMK5C

—-10
—— 5000.0 MHz, -3.13 dBm, vcol, (scaled to 2.4576 GHz)

—20 4 ——— 5625.0 MHz, -1.05 dBm, vco2, (scaled to 2.4576 GHz)
—— 2457.66 MHz, 0.04 dBm, vco3

_30 -

_40 -

_50 -

_60 -

_?0 -

—80 A '

—90 4

—100 A

—110 -

N

100

I BAW, our outstanding ~140
differentiating VCBO ~150 1 et
performance : 180 I 10 i(H! lOOIkHz 1 I‘u:IHz 10 I'IU'IHz
i Over 10 dB improved! 100 1 o
Hz kHz 12 kHz to 20 MHz MHz .
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DPLL Product Overview: VCOx Comparison

Depending on XO ok,

A Crystal still has better
relative phase noise
performance vs. BAW.

A Some customers have
replaced crystals with
BAW for improved
reliability!

A Because the BAW is
higher frequency, the
noise floor is improved

38.88 MHz
TXC XO

(dBc/Hz)

MNoise

Phase

—30 4

—40 4

—50 4

—60 4

—70 1

—80 4

—-90 4

—100 A

—110

—120

iy i RN
S SRS

TCXO—

122.88 MHz
Crystek VCXO
(LMKO04832EVM)

e —_—

y bty
100 1 10 kHE lg[:f:;z 1 MHz 10 MHz 100
Hz kHz 12 kHz to 20 MHz MHz ..
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Comparison between
APLLs and DPLLs
(APLL vs. DPLLS)

Note: DPLL contains a Fractional -N APLL.
Also comparing jitter cleaner vs. DPLL




APLL vs. DPLLs: Integer and Fractional N Divider
Comparison

Integer -N Frac-N
A Advantage: A Advantage:
I No fractional spurs. I Fine frequency adjustments
I May have higher phase detector Almportant for DCO, DPLL!
frequency limit allowing for lower AAl Il ow narrow O6chant
APLL noise. user changes "Q . Not common
A Disadvantage: for clocking.
i No fine frequency adjustments. A Disadvantage:
AcCannot be used with DPLL I Fractional spurs. Although may not
i Smaller step frequency == more add much jitter. May not be
APLL noise significant.

AOther crosstalk may still dominate!

66
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APLL vs. DPLLs: Comparison

Analog PLL

A Advantage:
I Integer-N APLL
ANo fractional spurs.

A Disadvantage:
I Holdover: must set analog voltage

I Hitless switch: cannot do phase
buildout.

i Loop Bandwidth: Cannot be as
narrow

DPLL

A Our DPLLs still have an analog PLL!
I Itis a fractional APLL

i Advantage: DPLL adds additional
randomization to Fract-N.

A Supports narrow LBW for low
frequency inputs such as 1PPS.

67
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APLL vs. DPLLs: Noise Sources Comparison
Three regions of noise defined by

two low -pass filters

APLL1
Loop

A Three regions

i1) Below the Ajitter cl eawag bandwi dt ho
ADPLL loop bandwidths can be extremely g g
narrow S
.. ~ s == . LNAPLL2
I 2) Between the Ajitte+f- c inng"-l—oban
and the Afrequency mul ti I cati on
bandwi dt ho Jiter
i i ———— i . OutputAPLL . _ _ _ . _._._. _
ALMK5C33216A requires only a single cleaning utput APL

external loop filter capacitor for its APLL.
i3) Above the fAoutput APLY thdhdwidt ho
©

ALMK5C33216A VCBO provides N
outstanding phase noise/jitter 0
performance. 0
-
RED text are noise sources from our jitter cleaner/DPLL Q; TexAs INSTRUMENTS

BLACK text are noise sources from user selected components



APLL vs. DPLLs: Frequency Selection for VCXO or
APLL REF (XO, TCXO, or OCXO)

LMK0482x, LMK04832 LMK5C33216A
A The VCXO frequency is selected to have A The APLL REF frequency is selected to
an integer relationship to the VCO have a non-integer relationship to the VCO
frequency of PLL2. frequency of an APLL actively used with a
i So for 2949.12 MHz, a common frequency DPLL.
selected is 122.88 MHz. i We suggest a fraction of 0.1 to 0.9. For
T N=2949.12 MHz / 122.88 MHz = 24 example, with a 38.88 MHz APLL reference:
T APLL1 N = 5000 MHz [/ 3 ¢
T APLL2 N = 5625 MHz [/ 3
T APLL3 N = 2457.6 MHz |/

A The APLLs do support integer-N operation
when not steered by a DPLL.
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APLL vs. DPLLs: 2 -Loop and DPLL Comparison

(Specifically, LMK0482x/32 and LMKS5C33216A)
PLL1 \

A LMKO04832 has two PLLs in
cascade.

A LMK5C33216A has two PLLs
in cascade, except that each

-

receives feedback from VCO.

Jitter Cleaner DPLL ——»{x1, %2

h —_=R_|
[ =R ]
16-hit

APLL1

APLL1 Phase

Detector
VCXO

VCO

DPLL
TDC

APLL REF
(X0O)

VCO, VCBO

E:xternal
Loop Fitker

i LMKD4832

PLL2

Upto 1 O5Caout

OECout
OSCout”

Loop Fitter

Extarnal

Fhase
Drete ctor

Lrual Iriternd
WE O

'/

Global vSREF
Criwider and [ LY

1
1 1
i | ]
i | ]
]
]
n
1 ! PLL2
i L
1
1
Internal or external loopback, user programmable I

DCO option
FING/FDEG

DPLL \ ‘ APLL
Fog fop VGO
- R ' fyveo
TDC DLF 5-oit PFD || LF Y >
» To post-divider
and
Output Muxes
<FB " =
40-bit Frac-N SOM [ 40-bit Frac-N SOM [®
Y
38-bit ¢
DCO
°| FDEV DPLL feedback clock
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APLL vs. DPLLs: LMK04828 and LMK5C33216A

Phase Noise

=20

E— 5000.0 MHz, -3.13 dBm, VCO1, (scaled from meas at 2500 MHz), (scaled to 2.4576 Griz}
-301 5625.0 MHz, -1.05 dBm, VCO2, (scaled from meas at 2812.5 MHz), (scaled to 2.4576 GHz)
A All scaled to 2457.6 MHz —40  — 2457.66 MHz, 0.04 dBm, VCO3 (VCBO)
— VCO0 | MK04828, PLLatinum Sim simulation
A VCO2 and VCO3 (VCBO) -0 | — veol, (scaled to 2.4576 GHz) L MK04828, PLLatinum Sim simulation
of LMK5C33216A 60 {']
outperform the LMK4828 T 701
% -80 -
B —90 -
z
= —100
o
£ -110 1
=120 A
—130 ~
—140 -
—150 ~
_160 T L | T T Ty T L] T T ML | T L] T T T
100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz
Offset
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APLL vs. DPLLs: LMK04832 and LMK5C33216A

Phase Noise

A All scaled to 2457.6 MHz
A VCO2 matches LMK04832
VCO performance and
VCO3 (VCBO) of

LMK5C33216A
outperforms

Phase MNoise (dBc/Hz)

1
—— 5000.0 MHz, -3.13 dBm, VCO1, (scaled from meas at 2500 MHz), (scaled to 2.4576 GHz)
1 —— 5625.0 MHz, -1.05 dBm, VCO2, (scaled from meas at 2812.5 MHz), (scaled to 2.4576 GHz)
—40 4 —— 2457.66 MHz, 0.04 dBm, vC03 (VCBO)

— VCO0 | MKO04832, PLLatinum Sim simulation

=30 g VCO1, (scaled to 2.4576 GHz) | MK04832, PLLatinum Sim simulation
—60 - }

—70 -
—80 -
—90 -

—100 -

—110 A

=120 A

—130 A

~140 -

—150 ~

=160 T LA R | T T T T TrIT| T LI B | T LI R | T UL T T
100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz
Offset
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APLL Numerator Changes




APLL Numerator Changes

4 |MK5B33216
User Controls
Raw Registers

APLL3, BAW, 2500 MHz + 100 ppm

— PLL3_RDIV_XO_EN
Getting Started X0

|| DFLL3_EN

[f] DFLL3_LOOP_EN

Readback Readback
45812984491 I ‘

PLL Enable [v APLL3_EN

General | Context

Field WName:
APLL3_NUM_STAT

. [APLLS_N UM_STAT
Register Name:

R362

Start Bit: 0
Stop Bit H
Length H:

Register Name:
RART

APLL3_STRT_PRTY

R Divider &
Start Page Doubler
Design Report
EEPROM 12
Inputs 48.0 MHz Bypass
ZDM DELR
SYMCISYSREFM-F PLLT FB
I Outputs 124418 MHz .
Status
validation PLL2 FB MHz
GPIO ~1409.912109 pHz
4 APL]
APLL1
APLLZ PLL Mode Control
APLL3 PLL Mode | APLL 40-bit num (Reg for DPLL) +

Phase Detector
& Charge Pump

96.0 MHz
2.0 mA -
226 kohm ~ Rd

oF]

[+ PLL3_CP_PU_DIS

Fractional N-Bi

Loop Filter
R2  1: 051 kol -

R3 13:55koh ~| C3 7OpF
PLL3 VCO

R4 13:55koh ~ | C4 70pF v
-

2500.0

MHz

DPLL3 reference is REFO

der
Fraction

Num[ 45812084491 E] B

PLL3_MUM_MSB

SDM Settings
Dither Mode | Constant Dither | ~

PLL Order

26
E+ Den 1099511627776

PLLE_VCO_DIV_SEL
Divide-by-1-to-8 direct -

PLL3 P1
1 | p— 2

2500.0

w

MHz
PLL3_CHAN_EM
L 25>

[ FLL3_VCO_DIV_SYNC
75
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APLL Numerator Changes: Freqguency
Calculations

A APLL VCO Output Frequency = XO * (2x_doubler_en+1) / APLL_R * APLL_N
ADPLL VCO Output Frequency = IN * (2x_doubler_en+1) / DPLL_R * DPLL_N

I APLL and VCO Output Frequency should be nominally the same!

MHz
MHz

4 |MK5B33216
User Controls
Raw Registers

Getling Started
Start Page
Design Report

)

SYNC/SYSREF/1-F
4 QOutputs
Cutd_1
Qut2_3
Qutd_ 5
Quts_7T
Cutd_9
Qut10_11
Out12_13

General | Context

btnAPPLY_TO_DEVICE

Inputs

Reference Inputs

REFO 25.0 — -
}I— [] 1= 1st
REF1 |25.0 MHz =

X0 Frequency

O

480
MHz

DPLL1: SP

Selected "
(Readbackf 1: REFD  ~ Auto Revertive « | | REFO

DPLL1 R Div REF Priority DPLL Div Select
~ L M| FB Config1 ~
sl== B |[2nd FE Config 1
> 0% [Notavaila v| [FBConfig1

Not availa v

> o
Reference Doubler Enable
VCO1 Reference to other APLLs

1250.0 mHz O— OFF

VCO1 Reference to other DPLLs

FBE Config 1 ~

625.0 o=
MHz =]
DPLLZ: HP Mo input selected! Holdover!
Selected =
(Readback) | 0: Holdowi Auto revertive ~ | | REFO
DPLL2 R Div REF Priority DPLL Div Select

« | | Register ~

DPLL1 Div#1

5000.0

~ || Register ~

APLL1
SRC: | XO

REF: |48.0

PDF: 96.0

l VCO: |~5000.000000

MHz ‘l—

4 UE REF: |25.0

DPLL1
MHz
gEl TDC: 25.0 MHz
lvco: 5000.0 MHz l

MHz

Truncated to 6 places

Float value = 5000.00000000

Fraction = 171798691839099/34350738368

Mixed Fraction = 4999 + 34359738367,/34359738368

APLL2
SRC: | XO

T—

This is a -0.00582

ppt error! Because
APLL is using fixed
denominator of 240

76
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APLL Numerator Changes: But, by how much?

trer | teg
e S———— To APLL numerator
TDC sample period
_P x1, x2
quumber/ \Number Current  Voltage
DPLL APLL
e o VGO f
TDC » DLF v shit [T PED M LF . VGO s
To post-divider
and

Output Muxes

=FB
40-bit Frac-N SDM

A
38-bit

DCO aption 5CO .
FING/FDEC —f— & FDEV DPLL Stee”ng DPLL feedback clock

7
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APLL Numerator Changes: APLL1 histogram for
4000 to 5000 seconds )

APLL1/ 2/ 3 NUM ANor

_ approximately 0.
APLL1 NUM STAT = ~91.63e9 Delta in APLL NUM = ~500 000

W*WU‘”\“ MMW“"!I“&%W NW%JWM .

2.5
2.0 1 | . | | | | |
T T T T T T
0s 1ks 2ks 3ks 4ks 5ks
Time into test in seconds

You might see it in histogram: reference add some digital artifacts

Any observations about these two diagrams?

78

w3 TEXAS INSTRUMENTS



DPLL LBW:.
How Is the DPLL loop filter designed?

Wi» TEXAS INSTRUMENTS



DPLL LBW: Loop Filter and Bandwidth Inputs

A Loop bandwidth

. . p- . . Step 6: PLLs
I Specrncatlons defl ne ranges Update red fields to control the DPLL characteristics. DPLL1
for IOOp bandwidth The transfer funetion and error function allowed VCO1 Freq. (MHz)
] . peaking can be left at the default values, if there is 5000.0
A Transfer function peaking no application requirement specifying these values. Range: 480086 fo 535065
T i i N i Running the script will yield attenuation values (in dB)
I SpeC|f|Cat|0nS Ilm It peakl ng for the specified transferferror function offsets. Targel Actual
]
: DPLL LBW (H 10
A Error function Key | e ]
[ DPLL Transfer Function Allowed Peaking (dB) 0.1 —_— ]
Paramete S [ DPLL Errar Function Allowed Peaking (dB) 1 —_— ]
| DCO Stap Size (ppb) 0 0 ]
- Offset (Hz)
[ Transfer Function Attenuation 100 -27.12 dB ]
O Utp UtS [ Error Function Attenuation 100 0.35 dB ]

80
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DPLL LBW: Impact of increasing error peaking
from1dBto10dB

{ Closed loop function Error function
A Green ? ——

0 ]

I Forward peaking = 0.]
I Error peaking = 1

A Red
I Forward peaking = 0.]
i Error peaking = 10

~10 4

|
i8]
(=]
NI

)
|
w
(=]

| |
o &
o [=]

Attenuation (dB

|
=]
o

~70 1

1 —— closedloop, ErrorPeaking=1 dB, ForwardPeaking=0.1 dB, LBW=10 Hz

80 _ —— error, ErrorPeaking=1 dB, ForwardPeaking=0.1 dB, LBW=10 Hz

] — closedloop, ErrorPeaking=10 dB, ForwardPeaking=0.1 dB

—— error, ErrorPeaking=10 dB, ForwardPeaking=0.1 dB

_90- T T L T T T T T T T oot T T Tt T T T T
100 mHz 1 Hz 10 Hz 100 Hz 1 kHz 10 kHz

Offset
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DPLL LBW: Measurement

Increasing error o
function peaking s
from 1 dB to 10 dB:,
results in much
sharper roll-off
than increase of .
0.1 dB to 1 dB.

-30
-35
-40
-45
-50
-55
-60

-65

L

—0—0

L

o

100.00

20.000000 MHz

Peak Error = 1

Peak Error = 10

20

oo TﬂW7W
g o

40 60

100

200

400 600

aUoN

Trellis by

mmmmmmmmm

eeeeeeeeeeee

Color by
K _ERR!

.1 »0.1
@121
®i»3
@10»01
@10»1
10»3

Allowed peaking = 0.1
Allowed peaking = 1

Allowed peaking = 3
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DPLL LBW: Impact of increasing error peaking
from1dBto 10dB

0 7
A . 1 Closed loop function Error function
For all: 0 —_—
I Forward peaking = 0.1 z
-10 ]
I Error peaking = 1
-20 4
%— —30 -
ARed =1 Hz :
B 7401
= ]
[= ]
A Green = 10 Hz 5
< 50
A Purple = 100 Hz
—60
—— closedloop, ErrorPeaking=1 dB, ForwardPeaking=0.1 dB, LBW=10 Hz
—70 7 —— error, ErrorPeaking=1 dB, ForwardPeaking=0.1 dB, LBW=10 Hz
E, —— closedloop, ErrorPeaking=0.1 dB, ForwardPeaking=1 dB
80 _ —— error, ErrorPeaking=1 dB, ForwardPeaking=0.1 dB
] — closedloop, ErrorPeaking=1 dB, ForwardPeaking=0.1 dB
—— error, ErrorPeaking=1 dB, ForwardPeaking=0.1 dB
_90- T T L T T T T T T T oot T T AL | T T T T
100 mHz 1 Hz 10 Hz 100 Hz 1 kHz 10 kHz

Offset
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DPLL LBW: 2 -Loop DPLL Noise Profile

DPLL Loop APLL Loop
Bandwidth Bandwidth

Output
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DPLL LBW: Limits of jitter cleaning set by XO
100 Hz noil se wonot be bett

—100

—— 122.88 MHz, 3.56 dBm, 93.62 fs rms, X0=38.88 MHz TCX0, OUT4
—— 38.88 MHz, 10.84 dBm, 119.54 fs rms, TCXO, (scaled to 122.88 MHz)

—110 A

1201 Total PLL Noise at
= /122.88 MHz

;

Region with _

significant XO 160 XO Noige

noise contribution

to total PLL noise % Twe ok ook iwme | Tommz

Offset
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DPLL Stability




DPLL Stablility: Two Loop Bandwidths.
Two nPLLsO

quumber

changing the VC

Number ) Current  Voltage

DCO aption
FING/FDEC —

DPLL
froc
TDC >

4

DLF

APLL

‘ 40-bit Frac-N SDM -

=FB

38-bit

—>

DCO
FDEV

f
| o : VCO o
v \
& PFD P LF I‘@ >

To post-divider
and
Output Muxes

y

\.
—

N\,
DPLL Steering

DPLL feedback clock A
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DPLL Stability: Tracking example (errors
exaggerated)

equency
VCO
REF —_
—
XO
>
AB C D Time

A. The VCO tracks the XO input. Increase in the XO frequency increases the APLL frequency

B. The DPLL corrects the phase error between the REF and XO inputs. DPLL LBW < APLL LBW.
C. The VCO tracks the REF input.

D. The VCO tracks the REF input.
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DPLL Stablility: XO vs TCXO vs OCXO close -In
noise performance

. -20
Phase noise below 30 —— 38.88 MHz, 10.84 dBm, 119.54 fs rms, NDK, NT7050SL, TCXO A
10 Hz is considered o - _cr)xcg'oéh:ic;l;ed to 38.88 MHz) An OFI XO doesnbo
wander 0 necessarily have

. e better phase noise
Note that the XO has 007 at all offsets.

the highest close in
phase noise, then
TCXO, then OCXO
as expected. Lower
wander provides
better long term 140 ]
stability 150

—160 +

Phase Noise (dBc/Hz)
|
A
[=]
[=]

=170 4

_180 T TrororrT T AL | T Tt T o T Tt T oot T Tt
1 Hz 10 Hz 100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz
Offset
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Frequency Stability Data:
Impact of REF Source

Frequency stability analysis with ~ Calnex Paragon T
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Frequency Stability Data: TIE from  SigGen and
TCXO

SMLO3 SigGen vs. two TCXOs

ttttttt

91

w3 TEXAS INSTRUMENTS



Frequency Stability Data: TIE: SMLO3 Signal
Generator

As seen in first summary plot Zoom

11.50
2
<1125
g
w
g
5 11.00 A
10.75 4
10.50 +
10.25 4
3005 310s 3205 330s 340s 3505 360's 370s 3805
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Frequency Stablility Data: TIE: Vendor 1

As seen in first summary plot Zoom

00000

93

w3 TEXAS INSTRUMENTS



Frequency Stablility Data: TIE: Vendor 2

As seen in first summary plot Zoom
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Frequency Stability Data: MTIE

SMLO3 vs TCXO

nnnnnnnn
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Frequency Stability Data: TDEV

A Note even though vendor 1 had worse
MTIE data. The TDEV shows better
performance due to smaller
adjustments.
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Frequency Stability Data: Two Loop Bandwidths
and Stability Requirements
AFrom section A8.2.2 DPLLO in LMK5B3321

The programmed DPLL loop bandwidth (BWqp| | ) should be lower than all of the following:

1. 1/100th of the DPLL TDC rate.
2. 1/10th the APLL loop bandwidth.
3. The maximum DPLL bandwidth setting of 4 kHz.
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Frequency Stability Data: APLL LBW and DPLL LBW

. L | DPLL LBW
A APLL LBW = from:
8.8 kHz g -10 100 Hz to
A DPLL LBW from g 20
100 Hz to 9 kHz ‘é 30
A Impacts of S a0
peaking canbe § |
seen starting O o [9kHz
around 3.98 kHz ™
-70
100 400 1 4 10 40 100 400
Hz Hz kHz kHz kHz kHz  kHz kHz

Offset Frequency from Carrier
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Frequency Stability Overview
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Frequency Stability Overview:
XO, TCX0O, and OCXO Close -In Noise Performance

—20
_30 4 — 38.88 MHz, 10.84 dBm, 119.54 fs rms, NDK, NT7050SL, TCXO

Phase noise below OCXO, (scaled to 38.88 MHz) An OCXO doesno
—40 A —— TXC, 8W, XO

10 Hz is considered
wander.
Note that the XO
has the highest
close in phase
noise, then TCXO,
then OCXO as
expected. Lower
wander provides
better long term —1301
stability ~1401
—=150 1

necessarily have
better phase noise
at all offsets.

Phase Noise (dBc/Hz)
|
A
[=]
[=]

—160 +
=170 4

_180 T TrororrT T AL | T Tt T o T Tt T oot T Tt
1 Hz 10 Hz 100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz
Offset
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Frequency Stability Overview:
TIE (Time Interval Error)

A

_e————O—_ __—— 4'/—\ >

TT— —— \.\_/‘- . "
Time

Time Interval Error (s)

deal 9 e : 5 B . J
e n A R I R B N
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Frequency Stability Overview:
TIE (Time Interval Error): XO vs TCXO vs OCXO

TIE Plot for
TIE Plot AOCX@Q0 and N X OO0
I o A
._% ideal '-'_tJ ¥ 7N} ideal
2 U‘AW”A‘/\\_‘/—‘_ g 0 !?
: , : 5
| Time J Time
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Frequency Stablility Overview:
Quiz: What is the meaning of this plot?
A

M

_—}' Time ?

Time Interval Error (TIE) (s}
<
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Frequency Stability Overview:
MTIE (Maximum Time Interval

& » & »
D » 2 » o
< » < »
<4+ > < >
< » < »
<+ > < »
«C 4 L G ] L
<Z » . T4 »
< » < »

Time Interval Error (TIE) (s)
e
ﬁ_
(]
o

Maximum Time Interval Error (MTIE) (s)

‘ Time

>

! Time Observation Window (s)
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Frequency Stability Overview:
MTIE

A Example MTIE plot. 1000

T Wander Generation
MTIE Stratum ITU-T
G.8262 ECC Option 2 100

10 JEy— ~7

MTIE (ns)
|

Observation Window (s)

0.1 1 10 100 1000 10000 100000

0.1
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Frequency Stability Overview:
More Terms

A ADEV (Allan variance)

The Allan variance is intended to
estimate stability due to noise processes
and not that of systematic errors or
imperfections such as frequency drift or
temperature effects.

A MVAR (modified Allan variance)

The Allan variance has a drawback in
that it is unable to separate the white
phase modulation (WPM) from the flicker
phase modulation (FPM).

Looking at their response to Power-law noise it is clearly seen that WPM and
FPM have almost the same response to tau, but WPM is linearly sensitive to

the system bandwidth fH whereas FPM is only weakly dependent on it. Thus,

by varying the system bandwidth the WPM and FPM noise forms may be
separated.

A TDEV (Time deviation)

i This is a scaled variant of frequency
stability of Allan deviation. It is commonly
defined from the modified Allan deviation,
but other estimators may be used.
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Cascading APLLs

#1 use case: LMK5CA and LMK5B family method of fractional divider
support

#2 other trade -offs for performance

107
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]
4

LF2

CHH
C HHr

Cascading APLLs: Overview ol

A Any APLL can select XO or any other

DPLLATAPLLY APLL1 primary
| [ LF1 post divider
APLL as a reference. 1 - et
A Why? D = I VCO1: 4800 to 5350 MHz APLLA d
i Generation of non-integer divider related PR,
frequencies. N °
ALMK5B33216 doesndt have f
dividers. _’ D‘ = o
A Generate another non-related frequency il ;
with O ppm error from one another. /

.. P f DPLL2/APLL2 Y : APLL2 post
| er Ormance LF2 divider
bl TR b = £ pwns [
ABAW as APLL reference often j E i A e®

outperforms XO as APLL reference Veoz 555 530 Mz

L L

above 10 kHz. e
AXO as APLL reference often outperforms i roc
BAW below 10 kHz. iy
T ST 108
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Cascading APLLs: BAW Cascade Performance
Improvement (Omit Plot)

—110 +

—120 4

—=150 4

—160 4

—— 155.52 MHz, 4.96 dBm, 199.4999 fs rms, XO drives APLL1 at 96 MHz (2x), omit.txt
155.52 MHz, 5.07 dBm, 151.6243 fs rms, VCO3 drives APLL1 at 125 MHz (div10), omit.txt

—— 155.52 MHz, 4.96 dBm, 159,9268 fs rms, VCO3 drives APLL1 at 104.166 MHz (div12), omit.txt

100 Hz

T T T T T
1 kHz 10 kHz 100 kHz 1 MHz 10 MHz
Offset

A When APLL1 takes XO as reference,
close-in noise is good, however the
lower "Q limits overall performance,
particularity at high offset frequencies.

A When APLL1 takes cascaded VCO3
(BAW) as reference, close-in noise is
impacted by close-in BAW noise,
however APLL1 PLL noise is minimized
due to higher APLL1 "Q .

A Configure APLL LBW depending on the
offset regions that are most sensitive to
the application.
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Cascading APLLs: TICS Pro configuration of

APLL pages

XO reference

APLL1, 4800 MHz to 5350 MHz

PLL1_RDIV_XO_EN
Xo

APLLY_STRT_PRTY

2E

R Divider &

Loop Filter

R2 | 9 0.222 kol ~

Phase Detector v
Doubler R3 2 0.657 kol C3 70pF
10 & Charge Pump PLL1VCO
E — w0 o R4 | 2:0.657 kol v C4 TOPF v
48.0 MHz Bypass - -
DELR 6.4 mA - Disconnect C3 and/or C4
PLL2FB C3=Enabled, C4=Enabled 5287.68
14501953125 MHz - 0.707 kohm - |Rd MHz
PLL3FB MHz
1250.0 MHz DFLL1 in holdover
Fractional N Divider
Integer Fraction
PLL Mode Control 671090 =]
BSE + Num
PLL Mode | APLL 24-bit num/den v Den 8388625 %]
PLL Enable [y APLL1_EN [JDPLL1_EN 10
[ PLL1_VCO_PREBUF_EN []DPLL1_LOOP_EN G DL T
SDM Settings =
Readback Readback Dither Mode | Dither Disabled  ~ 264384
APLL1_NUM_STAT = PLL Order | 3rg S PLL1_PRI_DIV_SYNC_EN
¥ PLL1_VM_INSIDE PLL1_PRI_DIV_EN
[ PLL1_VM_HI PLL1_P1_DIV_DRVR_EN 2 E

MHz

APLL3 reference

APLL1, 4800 MHz to 5350 MHz

[JPLL1_RDIV_XO_EN

APLLY_STRT_PRTY

]

Loop Filter

R2 | 9:0222 kol ~

P R Divider & Ph Detector
Doubler ase ctor R3 | 2:0.657 kol v | C3 70pF
12 & Charge Pump PLL1VCO
E 1 [~104.166666 MH; R4 | 2:0657 kol ~| C4 70pF v
480 MHz [] Bypass “
[] DBLR 6.4 mA " Disconnect C3 and/or C4 528768
PLL2 FB C3=Enabled, C4=Enabled
14501953125 pHz VCO3 feedback ~ 0.707 kohm ~ Rd MHz
1250.0 MHz
PLL3FB
1250.0 MHz DFLL1 in holdover
Fractional N Divider
Integer Fraction
PLL Mode Control Num 6391374
PLL Mode i 50E] + tm [ SRR
APLL 24-bit num/den v Den 8390625 E
PLLEnable 4/ APLL1_EN [ DPLL1_EN -
PLL1_VCO_PREBUF_EN [ DPLL1_LOOP_EN PLU-NUMMSS ppp—
SDM Settings =
264384 MHz

Readback

Readback
s
PLL1_VM_INSIDE
[1PLL1_VM_HI

APLLI_NUM_STAT PLL Order

3rd

Dither Mode | Dither Disabled

3 PLL1_PRI_DIV_SYNC_EN
[yl PLL1_PRI_DIV_EN
2

PLL1_P1_DIV_DRVR_EN
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Cascading APLLs: How

A Max APLL phase detector frequency
for APLL operation in fractional mode:
I 125 MHz: APLL1 and APLL2 PDF
I 110 MHz: APLL3 PDF

I When cascading disable the doubler and
enable (uncheck bypass) divider to divide
down to acceptable PDF frequency.

A Choice of frequency can impact
spurious in frequency plan.

Mote: VCO Feedback frequencies
may not be properly updated until after
VCO frequencies are calcualted.

PLL1
VCO3 feedback ~

1250.0 MHz
PLL2
VCO3 feedback ~
1250.0 MHz
PLL3
xo w
48.0 MHz

R Divider & APLL Phase
Doubler Detector Frequency
12 ~104.166666 MHz
[] Bypass
|CoeR | |
12 E ~104. 166666 MHz
[7] Bypass
|ODELR | |
125 96.0 MHz
[« Bypass
[ DELR
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Cascading DPLLs
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Cascading DPLLs: Overview

INO

A DPLL can select any other APLL as a reference i
T Reference valid signal is APLL locked signal

AWwhy? Mostly same as APL
i Generation of non-integer divider related frequencies.
ALMK5(C| B)33216 doesnot
A Generate another non-related frequency with 0 ppm
error from one another.
T Except in terms of performance
A Performance will be with XO as reference to APLL.
Improve phase noise performance at low offsets.
I XO as APLL reference often outperforms BAW
below 10 kHz.

A Why? Unique vs. APLL casade
T You can filter the SyncE and then feed it to the PTP
DPLL. Additional filtering can be added on the PTP
DPLL to limit any SyncE transients to PTP

h a

YAY;

A R div
1w

VCO2: 5585 - 5950 MHz

x1
x2

R div
50

Apoud m
Buiyaums ssajiiy|

I N Div
30 fractional

=

TDC

R div
160

\T DPLL/APLLY APLLY primary
LF1 post divider
n
I RO -
R div
- VCO1: 4800 to 5350 MHz
£5 APLL1 second
= o i ivi
=t I N Div post divider
g =
i; 5 % > I_W_‘ 2to 7
/ TDC Il%
R d'% g
ﬁ; ,_ S FB Div
-0 fractional
ZDM I. 0
L 150
> 7 I3 apL1
| a1 | Gescade D
DPLL2/APLL2 APLL2 post
7 - LF2 divider
1%5b X M div
AL

/JT

FB Div

ZDM OUTD
——o

ZDM OuTa
| ooy
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Cascading DPLLs: How

Step 3: DPLL Clock Input Selection

. - DPLLY [ Use DPLL1 DPLL2 [ Use DPLL2
A In DPLL clock input selection,
Input Select Mode | Auto Revertive - Input Select Made | Auto revertive ~
set REF4 or REF5 as reference _ _
Manual Selection Manual Selection
for D P L L . Pin ! Register Select - Pin / Register Select -
Auto Select Priority Doubler Auto Select Priorty Doubler
REF0 | Mot available for £ ~ [T Enable REF0 | 2nd v [ Enable
REF1 | Mot available fore [] Enable REF1 | 1st - ] Enable
REF4 | ist W n/a (from PLL2) REF4  3rd w n/a (from PLL1)
REF5 | Not available fore + nia (fram PLL3) REFS | Not available forc « nia (from PLL3)
Maximum TDC Maximurm TDC
Frequency (MHz) 26 Frequency (MHz) 26
Actual DPLLTDC 55 Actual DPLLTDC 55 ¢
Frequency (MHz) i Frequency (MHz) i
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Cascading DPLLs: Use Case Comparison

Use Case APLL Cascade DPLL Cascade
APLL XO sourced from another PLL DPLL reference sourced from another PLL

AnFracti onal Di v Yes

DCO of cascaded PLL

Loop bandwidth of cascaded
PLL

APLL in-band performance
(DPLL and APLL cascade can be used
at same time)

PTP benefit

Yes i DPLL DCO if DPLL
enabled, otherwise APLL DCO.

Set by APLL

When sourced from BAW
APLL typically improved at
offsets over 10 kHz.

N/A

Yes

Yes i DPLL DCO

Set by DPLL

APLL or XO reference may be
selected for APLL input for
performance as required

PTP adjustment can be
applied on top of the filtered
SyncE input
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Zero-Delay Mode (ZDM)




ZDM: LMK5x33xxX

AOUTO ZDM path toé
T DPLL1, DPLL2, or DPLL3 TDC

AOUT4 ZDM path toé
I DPLL2 TDC

AOUT10 ZDM path toé
I DPLL3 TDC

A All three DPLLs may operate in ZDM
at the same time.

I Frequency planning must take ZDM
paths into consideration

8C5_ADD

5}

LA
i
o

] EE
™

[ B
Bargen wni

uuuuu
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ZDM: Time error of DPLL Over Process, Voltage

and

‘'emperature Extremes

OUT-REF_Delay vs. TEMP

2.82 ns

qdl20 ps

2.7 ns

2.7 ns

qB80 ps

2.62 ns

2.685 ns

g5 ps

2.62 ns

2635 ns

nnnnnnnn

o of input to output

phase

= A Absolute time can

“w be adjusted with

e reqister,
DPLLX_PH_OFFSET
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ZDM: Time error of DPLL Over Process, Voltage

and

‘emperature Extremes

OUT-REF_Delay vs. TEMP

2.80 ns

g80 ps

2.72ns

2.65ns

/0 ps

2.635ns

2.673 ns

g5 ps

2.62 ns

nnnnnnnn

cccccc A Relative variation

=§§§ of input to output

i phase

>> A Absolute time can

?::: - be adjusted with

o reqister,
DPLLx_PH_OFFSET
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ZDM: Time error of DPLL Over Temperature

Avg{OUT-REF_Delay) vs. TEMP @

1 Trellis by
g InalE] e o s A Relative variation
2775ns 0084 - e A
2 =390 e srugtmeony | ey of input to output

12-0.998 (Nong) ~

21? :i fS/deg ’—‘(_'__,o,—""—_—_ﬂ";\-—-—_ é Colar by: phase

TEMFDIR = +

. ‘ oo A Absolute time can

2.745ns @ @ sTART

: our be adjusted with
. e gt || | register,
g 2o P i P O DPLLX_PH_OFFSET
¢ .. ~300 e s || oo b is the slope.

e A
fs/deg A The delta between
: DOWN and UP

2t62ns I‘_____,-»-"""——; E‘:;‘ﬁg';‘ggggéﬁ‘nclgrﬂ' SuggeStS more time

2.654n; _‘__,-‘—"_-"ﬂ" o Straigl_ﬂline(UP]ﬂ Could ha.Ve been
; sy given to dwell at a

n ~250 A
e fs/deg * particular
et | o i temperature

-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90

a0'e

TEMP ~
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— | 4.1ns/133333 =~31 fs/ code

ZDM: DPLL2 PH_OFFSET of Leader Node

(Green Trace)
Current DPLL2 PH _OFFSET =0

Current DPLL2_PH_OFFSET = 133333

i
A E I B
DPLL2 PH_ OFFSET=133333 1 h, W\w’,ﬁmm,v\wwl 2(5,3 , it / ’ o WW
o\ O S O L DTN WUSUO SO O W | )
i s det B T i s~ I Y
L \_
Same ;

Measure P1:freqiC1) P2 freq(C2) Pa:freqC: —
- - S -4119ns -11.797 nz 7ETEns tl m value -2 ps
-11.69843 ng 732839 ns e mean
-5736ns -12362 n= 5812ns min
10p=s -7 B85 ns 8300 ns

-4
-5.736 ns

mes 10 ps

54145 ps
0 119883846

sdev
num
status

— - 538 75 ps 205 85 p= 56547 ps
a o a 11951 73e+6 1.193173e+8 11981 73e+6

L
F3
" . DI ‘ ' I
a odelay(C2,... PEddelayiCl .. --- o PG - Measwre P1:freq(C1) P2:freq(C2) Pafreq(C4) P4 Ey(C1,

o
o

200 mv
A45my

LeCroy BITI2024 12:12:41 PM LeCroy

Setting of O default, 133333 A ~ O ps error between green and tan.

colelay(C2,...  PEddelay(C1, I PT--- PE- - -

TP s 7B ns
-11.69768 ns 7.32639 n=
-12362ns 5812ns
-TBSSns 8.300 n=
211 43 ps 56536 ps
1.198598e+6 1.1955898e+6

AI7I202412:13:21 PM
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ZDM: Phase Offset Adjust

Description Configuration
ADPLLXx_PH_OFFSET allows adjusting A Set DPLLx_PHS1 EN=1

the input to output phase. AProgram slew rate of
A Resolution of phase adjust can be in i DPLLX_PHS1 THRESH (step size)

the 10s of femto-seconds. i DPLLx_PHS1_TIMER (step rate)

A TICS Pro allows you to set a slew rate
slope by setting ppb error, the two
slew rate adjust fields above are
automatically programmed.

I Recall 1 ppb == 1 ns/s slew.
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DPLL Input Validation




DPLL Input Validation: Overview

Input compared against VCO frequency
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DPLL Input Validation: Options

Early/late clock detect
& phase detect

i

Earlyk—1 5 | ate

Input Frequency

Invalid
Valid

0 ppm

Valid
Invalid

Frequency detect

Amplitude detect*

25 MHz == 40 ns period

40ns*nA ??ms

*LMKO05318B only
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DPLL Input Validation: Summary

1. Early/late clock detect
I Counts input rising edge to next input rising edge using VCO (normally VCBO).

2. Phase valid detection
I Cannot be used with Frequency valid detection is enabled.
i For references O 2 kHz.
I Compares input frequency to XO frequency.

3. Frequency valid detect
i Cannot be used when Phase valid detection is enabled.
i Compares input frequency to XO frequency.
I Measurement time depends on PPM accuracy of measurement and averaging.

4. Amplitude detect
I Checks input clock amplitude.
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DPLL Input Validation: Early and Late
(Missing) Detectors

Input compared against VCO frequency
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Early and Late Detectors: Overview

A Uses VCO as reference to validate the input.
I VCO3 BAW (default, recommended) or VCO2.

A Response time to an invalid clock using early/late

detect can be very fast because it may be much

less than a single cycle of the clock input frequency.

i For low frequencies, the early/late clock detect may
incur a ppm frequency limit.

A Individual adjustment for late and early timing.

A Early detector only works
if late detector is enabled! Input

Locations of expected rising
edge with missing clock =

!

Clock

|

Earl

Y Late

Early< —> Late
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Early and Late Detectors: Overview (cont.)

A Late detect supports missing clocks.
i By using a bigger all owed tolerance for a

A Maximum input frequency for early detect (with VCBO)
I LMK5C: 204.8 MHz
I LMK5B: 208.3 MHz

Location of expected rising

A Maximum input frequency for missing (late) detect edge with missing clock = |
I 400 MHz l
A Minimum input frequency : :
i Less than 600 Hz E -
(with VCBO) Input . :
Clock ; ;
Early—; >' Late

w3 TEXAS INSTRUMENTS
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Early and Late Detectors: Equations

A Measure Clock Frequency

I If 0 == REFO_MISSCLK_ VCOSEL (recommended, default) = VCOS3 Frequency / 2
= VCO2 Frequency / 5

A Early Timeout = REFx_EARLY_CLK_DIV * (1/Measure Clock Frequency)
A Nominal Divide Value = Floor (Measure Clock / Reference Clock Frequency)

I If 1 ==REFO0_MISSCLK_VCOSEL

A Missing Timeout = REFx_LATE_CLK_DIV

_ Reference Period

TEAR LY

v

Late Timeout

TLATE

vV V

* (1/Measure Clock Frequency)

Minimum divide value is 3.
This sets maximum
allowable input frequencies.

EARLY/MISSING CLK DIV
must be O 3 fr.

Divide Value
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Early and Late Detectors: How to Select Margin

A For frequencies above 5 MHz, the
allowable ppm frequency error is very
large, so low or no margin may be
used.

A Below 5 MHz increase margin.

A When VCO?2 is used for Early and
Missing clock detectors, more margin
should be used.

_

Early Clk Window Detector
Enable  Margin Teary

Tearey < Perlod of Reference < T

Mizsing Clk Window Detector

Enable Missing Margin Tiare

Clocks

0 E 0 E 4240 ns

1 E 1@ 8320 ns
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Early and Late Detectors: Impact of DPLL REF

Accuracy

A 25 MHz input. Period = 40 ns.
I (837.6nsi 40ns)/40 ns * 1e6 = -60000 ppm
I (42.4nsi 40 ns)/ 40 ns* 1e6 = 60000 ppm
i EarlyDiv = 47, MissingDiv = 53

A 2.048 MHz input. Period = 488.28125 ns

I (484.8nsT 488.28125 ns) / 488.28125 ns * 1e6
=-5491.2 ppm

I (491.2ns71 488.28125 ns) / 488.28125 ns * 1e6
=4339.2 ppm

I EarlyDiv = 607, MissingDiv = 613

| Tearyy = Period of Reference < T
Early Clk Window Detector Mizsing Clk Window Detector
Enable  Margin Teary Enable Missing Margin Tiare
Clocks
0] 37.60ns 0| o] 4240ns
1F] 36.80ns 1= 1 8320 ns
|

Early Clk Window Detector

Teapwy = Period of Refarence < Tqe

Mizsing Clk Window Detector

Enable  Maragin Tespr Enable  Missing Margin Tioae
Clocks
0] 48560ns | 0] | o[£ 4s0.40ns
i 1[5 48480ns | ¥ 1= 1H5{ 979.20 s
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Early and Late Detectors: Lowering Irr 44 5

||

A 8 kHz Input Period = 125 ¢s. Early Clk m;;ﬁ;a,:::;drbrRgrgrenﬁ:s-lrr:;i:lk Window Detector
i EarlyDiv = 156247, MissingDiv = 156253 e o we PR G2 m e
I (124.9976esi 125¢es)/125es*1e6 =-19.2 ppm 0F5] 125.00us o [ ofF] 12500 us
I (125.0024 SS I 125 SS) / 125 SS * 196 = 19.2 ppm 1% 12500 us 1% 1% I50.00 us
i EarlyDiv = 156246, MissingDiv = 156254
I (124.9968 ¢si1 125¢s)/125¢es* 1e6 =-25.6 ppm
I (125.0032esi 125¢es)/125es* 1e6 = 25.6 ppm
A600 Hz input. Peri od mroed o6 Grrdsscxys
2083330 2083336
i EarlyDiv = 2 083 330, MissingDiv = 2 083 336 - o
REF1_EARLY _CLE_DY REF1_MISSCLE_DIY
i Max divider =2217 1=2097 151 2083329 [ 2083367 [
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Early and Late Detectors: Lowering

A 8 kHz input. Period = 125 ¢s.
i EarlyDiv = 156247, MissingDiv = 156253
T (8000. 153 @&kHz)K 8lkHz * 1e6 = 19.2 ppm
T (8000. 999 8kHz)K 8lkiHz * 1e6 = -19.2 ppm

1
Early Clk Window Detector

B4 pmore

Teary = Perlod of Reference < T .

Missing Clk Window Detector

Enable  Margin Teamy Enable Missing Margin Toare
Clocks
o 0 125.00us | 0pH 0F] 125.00 us
1 E| 12500us | [ 1 E| 1 E| 750,00 us

REFO_EARLY_CLE_DIV

2083330 E

REF1_EARLY_CLE_DIV

2083329 E

REFO_MISSCLE_HMY

2083336 E

REF1_MISSCLE_HY

2083357 E
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Early and Late Detectors: Math

A For LMK5C33216/LMK5B33216:

I Measure clock:
Alf 0 == REFO_MISSCLK_VCOSEL (recommended, default)
I MeasClock = VCO3 Frequency / 2
Alf 1 == REFO_MISSCLK_VCOSEL
I MeasClock = VCO2 Frequency /5
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Early and Late Detectors: Math (cont.) w

A II_EarIyDI_V = roor(_MgasCIock/ Reffreq) A LateDIV = floor(MeasClock / RefFreq) *
i RequiredMargin i EarlyMargin (Late Cycles+1) + LateMargin
I Limits:
AEarlyDIVO [8
AEarlyDIV O 21 1.
A Max RefFreq = MeasClock /
( +
+ A Max RefFreq = 400 MHz

UserMargin) A Time late = LateDIV / MeasClock
T Which is 204.8 MHz for LMK5C

i Which is 208.3é MHz for LMK5B
A Add more margin if <5 MHz. (1 MHz?)
A Time early = EarlyDIV / MeasClock

T Limits:
AMissingDivO 3
ALateDIV O 2% 1.
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DPLL Input Validation: Phase Validation

Input frequency compared against XO frequency

Wi» TEXAS INSTRUMENTS



Phase Validation: Overview

A Only for low frequency inputs,
such O 2 kHz.

A Must account for jitter of input clock
when setting threshold.

Location of Window
expected size of
rising edge expected
i l rising edge
Input ¢ ’1“ _J
Clock ¥ H
N l A l N
Less than Less than Within
expected expected threshold of
period period expected
period
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Phase Validation: Overview (cont.)

Low frequency
input

XO input
frequency

tthreshold (5

\ /

Count of number of edges (106)

A In practice, with 1-PPS input and 48 MHz XO, then number of edges is 48 000 000!

AA tol erance of é
I 48 gives a allowable ppm error of (48 / 48 000 000) * 1e6 = 1 ppm
I 10000 gives a allowable ppm error of (10000 / 48 000 000) * 1e6 = 208.333 ppm
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Phase Validation: TICS Pro Configuration

A Touasevaup = Threshold / XO Frequency
A 10 000 / 48e6 = 208.33e-6 degrees

Frequency Detect Threshold

I 578.7ns/s A 578.7 ppt Enable Valid® Invalid Accuracy Average Meas time
(ppm) (ppm) (ppm) (count)
- [ 100 10 2@ nfa
A 48 | 48e6 = 1e-6 degrees =T 1 1 =i
Ale6 degrees / 360 * 1 s = 2.7¢é ns
T 27 ns / S A - 27 ppt 1 PP5 Phase Detector
Enable Threshold Terase v

‘REF“ 10000F5] 208.33 udeg ‘

‘REF1 48@ 1.00 udeg ‘
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Phase Validation: Math

A Phase Valid Count = (REFx_PH_VALID _CNT_MSB << 28) + REFXx_CNTSTRT
A Phase Valid Count = int(xo_freq / ref_freq)
AREFx_PH_VALID THR is allowable error.

A Allowable error (degrees) =
I REFx PH_VALID THR/XO FREQ
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DPLL Input Validation: Frequency
Validation

Input frequency compared against XO frequency

Bonus: DPLLx_LOFL which is VCO frequency compared against input
frequency

142
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Frequency Validation: Overview

A Different frequency tolerance for valid
and invalid reference.

I Must consider the accuracy of frequency
reference used for measurement.

AMay be XO reference to DPLL. Valid
A Measurement time is a function of

: Oppm--------------------——————
frequency accuracy and averaging
A Averaging enables validation of Valid — « — e —
dithered input clocks Invalid — « — « — « — c — e
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Frequency Validation: Overview (cont.)

L measured
ny-—o
A Both DPLL Frequency Lock Detect and Reference
PPM count how many cycles of the fmedilr edo
clock occur during a number of fdAreferfMBlced cl ocks
i Reference validation -
AINxcl ocks is fAreferenceod (because coulE ow
frequency like 1-PPS) g
AXO clocks is fimeasured?o reference o
T DPLLx Lock ~ 5 S
AReference divided down at H Slenceo

AVCOxcl ocks are fimeasur ed?o

Rate related

o
(O]
ARegisters are programmed toé %

i assert |l ock when the measured > S
within a valid range when the = i x o
reaches 0. o

I Deassertl ock when the measured cf)
is outside a valid range when the reference count
Aixo reaches 0.

i The lock and unlock ranges allows for hysteresis + unlock/

invalid
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Frequency Validation: Overview (cont.)

. Measured = XO =48 MHz
A y—6

A Both DPLL Frequency Lock Detect and Reference

PPM count how many cycl es
clock occur during a numbe
i Reference validation

AINxcl ocks is Areferenced (because coul

frequency like 1-PPS)
INXx = 25 MHz

do

of
r

—_— —+

(0]

AXO clocks is fimeasuredod
T DPLLx Lock

AReference divided down at

AVCOxcl ocks are fimeasuredo

ARegisters are progr ammed
i assert | ock when the mea
within a val.i range whe
reaches 0.

i Deassertl ock whe
is outside a valid range wh
Ax0 reaches

i The lock and unlock ranges allows for hysteresis + unlock/
invalid

nmeasur e

enceo

Rate related
0]

t

h
| i d

Rate related

t he measur ed
the reference count

®
©55
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Frequency Validation: Example

4.17 ms 4.17 ms 4.17 ms 4.17 ms
REF good or  REF good or REF good or REF good or
bad? good bad? good bad? bad bad? bad
or bad.
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Frequency Validation: Calculations

R Soif TDC = 2 MHz and VCO?2 = 5625 A Output frequency from VCOX is divided

MHz down for comparison with TDC.
’ T VCO1=/48
A Using average count = 1 and I VCO2 = ;go
accuracy = 1 ppm g y 9%/
i DPLL2 LOCKDET PPM_CNTSTRT = 21348 F\_’.GSU“S |
i DPLL2_LOCKDET VCO_PPM_CNTSTRT = 1000036 i Using DPLL cascade, typically measured

error = 0, sometimes 1.

A S"o e AExpected as frequencies are the same.
i For VCO feedback I Using external reference.
A5625 MHz /60 /1000036 = 93.746fEcoHz
i For reference A>>> (93,74662411448807-

A2457.6 MHz /4 /307 /21348 = 93.33686%59115608019)/93.6855911560801
A10 MHz /5 /21348 93.68556é Hz Q*1e6

A10 MHz /5 /21334 93.7471é HzAB51.4657980456938
A>>>

147

Wi» TEXAS INSTRUMENTS



Register details of Phase Validation and REF PPM validation

Phase Validation and REFx PPM validation are mutually exclusive in part because they use the same register space

_ Phase Validation, one 31 -bit number REFx PPM validation, two 28 -bit numbers _

R125[6:4] = REFO_PH_VALID_CNT_MSB

R125[3:0] = REFO_CNTSTRT[27:24] R125[3:0] = REFO_CNTSTRT[27:24]
R126[7:0] = REFO_CNTSTRT[23:16] R126[7:0] = REFO_CNTSTRT[23:16]
R127[7:0] = REFO_CNTSTRT[15:8] R127[7:0] = REFO_CNTSTRT[15:8]
R128[7:0] = REFO_CNTSTRT R128[7:0] = REFO_CNTSTRT

R129[3:0] = REFO_HOLD_CNTSTRT[27:24]
R130[7:0] = REFO_HOLD_CNTSTRT[23:16]
R131[7:0] = REFO_HOLD_CNTSTRT[15:8]
R132[7:0] = REFO_HOLD_CNTSTRT

LMKO05318B uses doubler on XO A XO frequency decreases REFx_HOLD_CNTSTRT.
frequency for PH_VALID_CNT! (2024-08) A REFx_FREQ decreases REFx_CNTSTRT.
ph_valid_cnt = self.xo_freq * int(OSCIN_DBLR_EN.iValue + 1) / self.ref_freq[x] A When hlt 0’ then make measurement based

on state of REFXx_HOLD CNTSTRT counter.

LMK05318B uses doubler on XO A Makes sense because REF may be low frequency
frequency for PH_VALID_CNT! (like 1-PPS), so you want resolution of XO
ph_valid_cnt = self.xo_freq * int(OSCIN_DBLR_EN.iValue + 1) / self.ref_freq[x] frequency.
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DPLL Input Selection

Auto revertive, Auto non -revertive
Manual holdover, Manual fallback

149
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DPLL Input Selection: Options

A Auto revertive A Manual Holdover
I Always switches to be locked to the i Selects manually chosen reference
highest priority clock AcChoice by register or pin.
A Auto non-revertive i If reference is not available, enter
I Switches only when active reference is holdover.
lost. A Manual Fallback
I Switches to highest priority valid clock i Selects manually chosen reference

AChoice by register or pin.

T If reference is not available, attempt to
select clock in priority order.

T If not available enter holdover.

150
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Holdover




Holdover: Overview

Frequency 1) Short-term holdover

® >

INX

Two considerations:

2) Long-term holdover

Locked to In holdover, locked to
DPLL inputs XO/TCXO/OCXO input

Figure 5-4. Holdover Functionality

Reference failure is detected by the device as the DPLL references (INx) are lost.
The DPLL enters holdover and outputs remain phase or frequency locked with a small frequency delta.
The output frequency drifts; the long-term holdover stability is based on the XO/TCXO/OCXO input accuracy. 152
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Holdover: Short -Ter m Hol dover Err or €

Small frequency delta

A

Approximately +1 ppb (for full hitless switch)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

INO =1 Hz, IN1=1Hz, frequency
locked. INO and IN1 relative phase
offset-180° < © < 160°. DPLLLBW =
10 mHz

07 +ppb

INO = 1Hz, IN1 =1 Hz, frequency
locked. INO and IN1 relative phase
offset-180° < © < 180°. DPLLLBW =
100 mHz

05 ppb

IINO = 8 kHz, IN1 = 8 kHz, frequency
locked. INO and IN1 relative phase
offset-180° £ © < 180°. DPLLLBW = 1
mHz

IIND = 8 kHz, IN1 = 8 kHz, frequency
Frequency transient during locked. INO and IN1 relative phase
_____ T switchover offset -180° £ @ < 180°. DPLL LBW =
100 ﬁHz

11 +ppb

Holdover
- -frequency,

Output
frequency

11 ppb

(&)
c
o 4 TIE plot
2 Locked t0 In holdover What about phase? .

reference :
H _ TIE plot would —<
+«+— Reference failure devi b d :
Input | k_ Enter holdover eVIate ase on -~ Enter hOldOVBI’

frequency
auen : :\_ ___________________ frequency error. Time

N Time

Time Error
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Holdover: Short -Ter m Ho l

Output
frequency

Holdover

Frequency

Input
frequency

: :frequency‘<

Locked to
referencéi

In holdover

+— Reference failure
| ¥— Enter holdover

dover Err or €

Phase hits for any phase relationship at
different frequencies and DPLL loop
bandwidths.

Reference = 1 Hz, 8 kHz, 25 MHz

DPLL LBW =10 mHz, 100 mHz, 1 Hz, 100 Hz

.
Hitless Switching Characteristics

INO =1 Hz, IN1 = 1 Hz, frequency
locked. IND and IN1 relative phase
offset-180° = © = 180°. DPLL LBW =
10 mHz.

IND = 1 Hz, IN1 = 1 Hz, frequency
locked. IND and IN1 relative phase
offset-180° = © = 180°. DPLLLBW =
100mHz

INO = 8 kHz, IN1 = 8 kHz, frequency
locked. IND and IN1 relative phase
offset-180° =@ = 180°. DPLLLBW =1
mHz

INO = 8 kHz, IN1 = 8 kHz, frequency
locked. IND and IN1 relative phase
offset-180° = © < 180°. DPLL LBW =
100 mHz

IND = 25 MHz, IN1 = 25 MHz,
frequency locked. INO and IN1 relative 7
phase offset -180° = © < 180°. DPLL
LBW =100 mHz

IND = 25 MHz, IN1 =25 MHz,
frequency locked. INO and IN1 relative
phase offset -180° = @ < 180°. DPLL
LBW =1Hz

INO = 25 MHz, IN1 = 25 MHz,
frequency locked. INO and IN1 relative
phase offset -180° = @ = 180°. DPLL
LBW =100 Hz

50 +ps

25 *ps

tHr Phase fransient during switchover
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Holdover:Long -t er m Hol dover Error é

ALMK doesnodt contri

holdover.
AFunction of qualit
A LMK
oupu Holdover I XOis vyorst
frequency .. frequency p T TCXO is better
o oo e 1 TOXO!
o i ~_LT I OCXO is best
S || Locked td ong term .
= || reforonce In holdover J Z‘t’;db‘i)l‘i’t‘;r A TIE plot would is used by
= «— Reference failure 4 specification like G.8262 to
frquZELéty | «— Enter holdover determine holdover acceptability.
I
o N
H -
X Time
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Holdover: Long -term Holdover Error and

LMK5B or LMK5CA

A LMK5C33216A or LMK5B33216 do
not contribute to long-term holdover

error

Time Error

T

TIE plot

<— Enter holdover

Time

TIE (ns)

=00

0 500

Elapsed Time (s)

Min [ns;

2500 3000
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T TIE plot

‘ < Enter holdover

Holdover: Impact of Quality of
APLL REF (XO)

Time Error

| Time

XO, TCXO, OCXO example TIE TIE with frequency error

/\/\/\id/e-;

R il

A

>

Time Interval Error (TIE) (s)
o
@D
L
Time Erfor _
O
% -1
Time Interval Error (TIE) (s)
-

4

| Time ‘ Time
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Holdover: Impact of Quality of
APLL REF (XO) (cont.)

XO, TCXO, OCXO example TIE

A

Time Interval Error (TIE) (s)
o
)E

\ ideal

1 Time

>

Time Error

T TIE plot

‘ < Enter holdover

Time Error

| Time

TIE with frequency error

>

/\/\/\id/e-;

4

Time Interval Error (TIE) (s)
Q)

‘ Time
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Holdover: Diagram Breakdown

= ~
Ml cﬂNumber Number

N

Current  Voltage

DPLL APLL
froc ] fro VCO
ES -
TDC » DLF y PFD % >

a To post-divider
and

4

Output Muxes
-FB
‘ 40-bit Frac-N SDM "
‘ ,‘
38-bit k —
DCO aption 5COo "
FING/FDEC —f— & FDEV A DPLL Stee“ng DPLL feedback clc-ck

Three options f o.r
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Holdover: Diagram Breakdown (cont.)

] 7 K
‘
— agdNumber W
> DPLL i
\ Ei."‘ froc \ g
INy v"‘-' TDC FX» DLF &
Y, \\

Current  Voltage
APLL

fVCO

v,

4

To post-divider
and
Output Muxes

-FB
‘ 40-bit Frac-N SDM
| —
DCO aption Sa_t;tco "
FINC/FDEGC ——F—— > FDEV A DPLL Stee“ng DPLL feedback clc-ck

(1) Last value
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Holdover: Diagram Breakdown_(cont.

—
‘
Wiie ogNumber Number Current  Voltage
> DPLL APLL
il froc \ ) fro | veo f
INy V"" TDC s DLF — & PFD [ LF @ =
. - r ' To post-divider
N and
Output Muxes
=FB
‘ 40-bit Frac-N SDM ‘
| I
DCO option Sa_t;tco -
FING/FDEC ————" Fpgv A DPLL Steerlng DPLL feedback clock)

(2) User specified value

161
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Holdover: Diagram Breakdown (cont.)

DCO aption

FINC/FDEG —

(3) History

—
| Number Current  Voltage
DPLL O APLL
froc l ] frp | VCO
TDC = DLF & PFD [%
‘ -FB ‘
40-bit Frac-N SDM -
T B
38-bit
DCO :
FDEV A\ DPLL Stee”ng DPLL feedback clock

)
’ ' To post-divider

fVCO

and
Output Muxes

162
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Holdover: Timing Diagram

A i i/l DPLL2_HIST_EN
TAVG tl me DPLLA_HIST_GAIN
A Averaging of data in window s
TIGN IS 2X TAVG DPLL3_HIST_TIMER 18 E
T time = 402@ 12%3:\ -1.21s
AVG
Ref Valid Initial start of history Ref Lost Ref Valid
LOR=> 0 / accumulation when LOPL—= 0 LOR=> 1 LOR=> 0
I I
I ' | -
- - - I - -
History : I . . History Valid: | History Valid: . .
Reset ! No Valid FBE’T&_FREE_RUN History Valid Tavaiz in Use by Holdover I Tava(z Stored from Holdover History Valid
| l— Tac(0) > Tac(l) { Tao(2) e Tao3) »eTacd) X |le— Tac5) —»e— Tao(6) —pe— Tas(l) —pe-
I I I I
| : L i
: I I Initial holdover : : Hitl
I I ; itless
: . frequency determined " :
| History Accumulatin q Y I - History Accumulatin
I : v g : by averaged history. u/ switch i g
. I I
Time 1 I Jl m »
| | | I Lai
Free Run I Lock Acq. I: Locked :I: Holdover > e Locked —mM8M8Mm —— - -
LOFL=1, LOPL=1 LOFL=0,LOPL=10 LOPL= 1 LOFL=0,LOPL=0
163

w3 TEXAS INSTRUMENTS



Hitless Switching




Hitless Switching: Overview

A Changing references without any change to the output

INO:
25 MHz

Phas

differencee]—/

IN1:
25 MHz

OUT:
25 MHz

—

165
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Hitless Switching: Overview (cont.)

AiPerfecto hit!l
same frequency.

T Only the phase may differ.

A LMK5C33216A or LMK5B33216 always enter
holdover then switches to new reference.

AExiting holdover is
i phase cancellation for hitless switching (phase
build-out), or
i fastlock

A Terms:

i Phase build -out
ADPLL builds out the phase between two

references to lock to a new reference without any
phase/frequency disturbance on output.

i Phase slew
ADPLL slowly changes the phase between output
and input to allow for phase alignment after a
hitless switch achieved with phase build-out.

€SS

S Wi t C hodeodingenemiisa@ 0 U

done

See Device POR
Configuration Sequence
Flowchart

(1) Holdover frequency stability determined
by XO reference stability.

| Holdbver: ERerfp ™ | No faiid i)t p u t S
Frequency accuracy available
determined by free-run |4 i
tuning word register and
XO accuracy.

Flowchart.

valid Input No
ilable for
Selection? @

. 7
Lock Acquisition
(Fastlock)
- Phase-locked to
Lock A_cqmsmon selected input
(Hitless) v
DPLL Locked
DPLL DCO takes effect.

Valid Input
Available for
Selection? @

Holdover: History ™
Initial holdover frequency
accuracy determined by

averaged history data.

166

w3 TEXAS INSTRUMENTS

a



Hitless Switching: Phase Build -Out (Phase Cancellation)

A What is the allowed phase and frequency variation during a clock switch event?

A Pre-computed values control this algorithm.
I One value is time to spend in phase cancellation.

Voltage
A: OUTx is locked to INO with A
the same phase. -
o (51Hz) N
B: INO is lost and the DPLL
switches reference from INO to \A
IN1 without affecting the phase IN1 (25MHz)
on OUTX. —
C: OUTx is locked to IN1 without ~ OUTx (25MHz)
changing the phase
P Time
A B C

167
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Hitless Switching: Phase Slew Control

A Does system require output clock phase to align with input clock phase?

A. OUTx is locked to INO
with the same phase.

B. INO is lost and the
DPLL switches reference
from INO to IN1.

C. The phase of OUTx
gradually changes at a
rate defined by the
programmed phase slew
rate.

D. OUTx is locked to IN1
with the same phase.

Relationship of frequency error and phase slew rate of change:
1 ppb =1 ns/s

1 ppm =1 us/s

Voltage

INO (25MHz)

INL (25MHz)

OUTXx (25MH2z)

A

DPLL switches
\ reference

Relationship of frequency
error and phase slew rate
of change:

1 ppm =1 us/s

1 ppb =1ns/s

1 ppt =1 ps/s

\

Phase slew rate

¢——|»

1 ppt =1 ps/s

A

P Time

168
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Hitless Switching: Example

5q yae or ansther
Vl“e

| '9 [_t)c.k ﬂJ/
Erkr hslve A Locked

el los +

befecene 1 [ []

chnj( LQC.ICEJ —7

stake [ oce®? ,_ LI X |
LoFL= @ lof LoR-0
LoFL=¥®
LofL =@ LorL =1
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Hitless Switching:
Diagram Breakdown




Hitless Switching: Diagram Breakdown (cont.)

cﬂNumber

Number )

Current  Voltage

DCO aption
FING/FDEC —

DPLL
froc
TDC >

4

DLF

] frp
- & PFD

‘ 40-bit Frac-N SDM -

=FB

38-bit

—>

DCO
FDEV

APLL
VCO
: f
VGO
Y LF ‘E@ >
= 1 ] To post-divider
and

A

‘

\.
—

Output Muxes

DPLL Steering

DPLL feedback clock A
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Hitless Switching: Diagram Breakdown (cont.)

What is the allowed phase and frequency variation during a clock switch event?

INO:

25 MHz ‘3\
Phase‘ﬁ‘
difference
IN1:
25 MHz

OUT:
25 MHz

Nominal TDC error = 0, gNumber = 0.

172
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Hitless Switching: Diagram Breakdown (cont.)

In prior slide, before hitless switch the TDC error between
REF and VCO is nominally 0. The gNumber =0. DPLL
Afast | ockedo with this phase

gNumber Number ) Current  Voltage

DPLL APLL
froc ] fep VCO
ES -
TDC_LY» DLF Al PFD LF ‘..@ >

To post-divider

and
Output Muxes
=FB
‘ 40-bit Frac-N SDM "
k ﬁ
38-bit i
DCO aption IIIJCO "
FINC/FDEC ————— ™ FDEV A DPLL Stee”ng DPLL feedback clc-ck
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Hitless Switching: Diagram Breakdown (cont.)

What is the allowed phase and frequency variation during a clock switch event?

INO:

25 MHz ‘3\
Ph ase,
difference

IN1:

25 MHz

OUT:

25 MHz
Nomi nal TDC error =
oNumber = A5000
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Hitless Switching: Diagram Breakdown (cont.)

qd\lumber

Number

Current

W = .

DPLL
fT

D

=FB

A | 40-bit Frac-N SDM

A

38-bit
DCO aption DICO
FINC/FDEGC ——f——— W FDEV

[—

Voltage
fVCO
>
To post-divider
and

Output Muxes

DPLL Steering

A During or after a hitless switch, the phase buildout works by Tl phase cancellation IP which measures

and redefines the phase error between new DPLL REF and VCO feedback while in holdover.
N5000 i s measur ed,
BOWO. Because

ASuppose a TDC

phase cancellation.

error
n"n5000. This gMembert hein
a hitless switch in which the second reference is already valid, the DPLL is only briefly in holdover for

now DPLL works to
t his, no phase hist
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Hitless Switching: Diagram Breakdown (cont.)

Continuing example, after a swi tiNumbahri c=h fr500u,l & sp hians €T DsA eew rcoo
DPLL to adjust the input to output phase of the new reference back to a TDC erro/lgNu mber = @A 0. 0 This can
in a phase slew-controlled manner using the TICS Pro GUI. Screenshot illustrates programming for 1 ppt slope.

INO:
25 MHz | : | |
' . ' . \DPLL3 ¥ DPLL3_PHS1_EN
Ph aS Phase Slew Slope (ppb) Actual (ppb)
difference 0.001 0.001000000000
IN2: I
25 MHz
—_— DPLL3_PHS1_TIMER
49 E

1Ex2‘ 1?E=41.94m5
OUT: .___-» DPLL3_PHS1_THRESH
25 MHz _H

Relationship of frequency error and phase slew rate of change:
1 ppm =1 ps/s 1 ppb =1ns/s 1 ppt=1ps/s
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Digitally -Controlled Oscillator (DC




DCO: Functionality

Ethernet/PTP

GPS

External Clock

LMK DPLL CLKout

N L CERY,

12C/ Control CLKout
SPI/

pins

\4
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DCO: Example of Boundary Clock System

Follower Leader
Ethernet port FPGA1S0C port Ethernet
Boundary or packets p— packets Boundary or
grandmaster |< PHY | <—>{ | PHY | |€ >| follower clock
clock domain MAC Time stamp vac | fe domain
engine A
(&)
o)
Sevosw | [€ ‘6 ©
loop o x
&) —
SPlor 12C a 5
o c
Network %)
synchronizer
TCXO/
Synck Rxp Oocxo Phase and
clock >
frequency
SyncE RX1 aligned output
clock clocks
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