Using Clock Architect as of
2017-03-21 with dual loop devices

This document shows the process of simulating dual loop PLLs in Clock
Architect and the design that’s necessary to achieve best performance.
In this document a design showing 119.6 fs rms can be improved to
84.1 fs rms. Best performance is achieved when only LMK0482x is
contributing to final phase noisel/jitter.

See last slide on using Clock Architect with LMK0482x for single
loop devices.
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Enter conditions, then open design

Advanced Generate Solutions —
Part Filter Solution Design
No filter t] — 150 parts match this filter.
Input LMKO0O4828B_VCOOD
an Entry 125 MH a
ri
1
Fixed Output Frequencies E . " nput
— | 2500.0 MHz
) veco LVPECL
2500 MHz
] Automatically generate input frequencies for each solution.
Input Frequencies E
Name Freq (MHz) Count
I — L)
Solution List
Create | sim | Rank| Cost(1ku)| Area(mm)| Current(ma)| Jitter (rs)| Devices
Open Design Yes 1 $6.49 81 217.3 100 | LMKO49068
Open Design Yes 2 §7.95 a1 184.8 149 LMKO03206B
Open Design Yes 3 $9.25 61 180 165 LMX2541 50
Open Design Yes 4 $9.75 68 184 254 LMX25381, L
Open Design 510.25 LMKO3318,

--m--mm
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Initial sim results

" Enter Custom Phase Noise for Reference or VCONCX0 For device details,see product folder product folder
* Need to set jitter

Outputs LoopFilters

integration range
to n eed ed ran g e Phase Noise and Integrated Phase Noise Metrics as measured at CLKOUT10, LVPECL : 2500.0

Integrated Noise Metrics Phase Noise

. . " , : o

for appl ICatlon Phase Noise Integration Range Click on the legend to turn on/off the series. Get Chart Data

- T a2 kHz  to | 20 MHz @ o
60
(+) Phase Noise Area B et
* Needt dat

ee O u a e () Spur Area 80 B cuxinx

| gt

VCXO information © ot Pmase s ne sur v e

T
S
Noise Metric Value Unit % 420 VexO
—_ Frequency RMS Jitter 1196 fs E B rue
Equivalent Flat Noise -130.5 dBciHz ?g 140 B LcoPFILTER2
m
. SHR 54.5 dB & veo
— Phase Noise

- Loop fllter Phase Noise Values

200
Offser Phase Noise 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz
—— Offset Frequency [Hz)
12 KHZ 9126 dBcHz
* Need to update |
100 KHZ _111.9 dBcHz Scaling
P L L2 |OO p fl Iter 20000 kHZ _150.3 dBclHz X Min 12| kHz XMax 20 MHz Spur display

Sim i - c Ym i dBciHz
dB dBc L
imulation Input ! 200 ax 60

based on updated T — o e

V CX O PLL2 Settings Spur Table
L]
ilter type: Designed Filter | h

Note 12 kHz to 20 MHz integration = 119.6 fs rms
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Our requirements

« Using a VCXO of 125 MHz
— VCXO with phase noise profile as below

«10Hz -76 dBc/Hz

« 100 Hz -109 dBc/Hz
« 1kHz  -137 dBc/Hz
e 10kHz -152 dBc/Hz
* 100 kHz -160 dBc/Hz
1 MHz -164 dBc/Hz
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Updating range of data to analyze

. | Enter Custom Phase Noise for Reference or VCONVCXO | For device details,see product folder product folder
« #1) Changing

Outputs LoopFilters

simulation input  cuouro.2sme

to O 1 k H Z to Phase Noise and Integrated Phase Noise Metrics as measured at CLKOUT10, LVPECL : 2500.0
.

Integrated Noise Metrics Phase Noise

increase #2 Phase Moise Integration Range Click on the legend to turn on/off the series. w

- to | 20| MHz 7 S
amou nt Of data (+) Phase Noise Area o B oo

CLKinX
to analyze O souraro oo
y B ru
(_) Both Phase Noise and Spur Area 5 -100 B LoopriLTER
R Settlng 100 HZ Noise Metric Value Unit % 120 WExO
RMS Jitter 1854 fs 2 N Fue
® #2 U date Equivalent Flat Noise -126.6 dBciHz ; 4 B LooFFILTER2
n
p SHR 50.6 dB £ a0 veo
integration \ W oo

Phase Noise 100Hz  1kHz  10kHz 400kHz 1MHz 10 MHz 100 MHz

range to 100 HZ PhaseNgalues 200

12 kHz 112.6 dBc/Hz Offset Frequency (Hz)

100 KkHI 1119 dBcMz Scaling

#1 20000 KHZ 150.3 dBcHz X Min 0.4 KkHz XWMax 20 MHz Spur display

* Note that VCXO o e e O
noise dominates ﬁ I — o=
below 10 kHz T
and Is impacting | |
our jitter result. Note 12 kHz to 20 MHz integration = 188.4 fs rms
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Update VCXO performance

e #1) Click the “Enter Lo oD #l
Custom Phase Noise for
Reference of

VCO/VCXO”
“ ” Load Custom Phase Noise x
o #2) Select “VCXO |
. Set custom phase noise VCXOD #2| =
o #3) Enter tabulated data xData Units: (2) Kz () Hz
— Note that it is possible to T
past measured data into ' e
this window. Be sure < 10 152 | CLear&ResetNoiseL
the x Data units above {(misicskmnaiacasds
are as required. = #4

| Add row || Delete row |

o #4) Set custom phase — | |
. Tip: You can copy two columns from Microsoft Excel (or a tab-

nOISG delimited dataset) and paste into the grid above. Just click an
- empty row and then use CTRL+V to paste.

 Now you are returned to
an updated simulation.
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Sim result with new phase noise

) U pd ated J Itter reS u It | Enter Custom Phase Noise for Reference or VCO/NVCXO | For device details,see product folder product folder
H Outputs LoopFilters
Is 145.6 fs rms.

CLKOUT10: 2500.0

° It |S noted that the Phase Noise and Integrated Phase Noise Metrics as measured at CLKOUT40, LVPECL : 2500.0

Integrated Noise Metrics Phase Noise

VCXO n Olse prOfI | e Phase Noise Integration Range Click on the legend to turn on/off the series.
01| kHz to 20 MHz Ly g—

Is much lower below -

(=) Phase Noise Area

10 kHz. However O sourarea .o
Stl” most Slgnlflcant () Both Phase Noise and Spur Area s -100 B LoorriLrers
. Hoise Metric Value Unit § 420 VCXO
COntrlbUtor at 100 q RMS Jitter 145.6 s > E B oz
M G ' B LooFFiLTER?
HZ' SHR 52.8 dB £ 150 AW veo

-180

Phase Noise Values

-200

Offset Phase Noise 100 Hz  1kHz  10kHz 100kHz 1MHz 10MHz 100 MHz
* However, must 3 M 1138w ot s
confirm VCXO Scaing
f d b 20000 kHz _150.3 dBcHz X Min 0.1 kHz XMax 20 MHz Spur display
req u en Cy u S e y Ymin | 200 dBc Ymax | 0| dBc () dBeHz

Simulation Input

CIOCk ArChiteCt X Min T 04wz Update © dBe

an d P L L 2 p h ase # Max 20 MHz PLL2 Settings | Spur Table

d Filter type: 1952
etector e s

frequency.
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Default PLL1 Loop

Filter

Current state is 100 MHz

| Enter Custom Phase Noise for Reference or VCONCXO

VCXO. The VCXO we are  owusromes D #1

Considering iS 125 MHz LOOPFILTER1 - Locktime ~ LOOPFILTER2 ~ LOOPFILTER? - Locktime

Ll

Loop Filter Preferences and Device Settings

For device details,see product folder product folder

Bode Plot

For proper loop filter, VCO
Gain must be entered for
your specific VCXO, we
will assume 2 kHz/V is
correct.

VCO Gain:
VCO Input Capacitance
VCO Frequen

Phase Detector Frequency

Note the phase detector is
25 MHz, this may be

N
Filter Order | 2nd Order | v

Charge Pump Gain: 0.45 E] mA Charge
0.002 MHZV| Pump @
-_——rP>Y<YneEE C
0 pF

#3 l%

Loop Parameters

reduced to help reduce

Desiagn Targets Actual

- ) Loop Bandwidth | (075 KHZ [v] Auto 008 Kz
CapaCItor Slzes by Phase Margin deg [+] Auto 70.4 deg
Increasing PLL1 N. Gamma [ 024 @Awo oz

Charge Pump gain may

Choose RC Components for me m

Loop Filter Components

Click on the legend to turn on/off the series.

120
100
80

60
40
20

o

also be altered to impact

loop performance. After ot
making change, clock c2
‘Choose RC Components

for me’

Capacitor Value Step:

68 nF [v] Calculate

3300 nF [V] Calculate

Resistor Value Step:

R2:

22 kO V| Calculate

Update Actual Loop Parameters

o
2
§‘ 20
-20
60
80
-100
-120
100 Hz 1 kHz 10 kHz 100 kHz 1 MHz
Offset Frequency [Hz)
Scaling
X Min 0.1 kHz XMax 10 MH
Y min 420 dBc Ymax 120 dB

Reset to default
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Update PLL1 Loop Filter / VCXO

Frequency

o #1) Updated VCO Frequency
to 125 MHz.

 Changed Loop Bandwidth to

— #2) Force Loop Bandwidth of
40 Hz (default 75 Hz)

» Lower loop bandwidth
provides more filtering of
CLKin (PLL1 reference)
and PLL1 noise.

— #3) Force Phase Margin of
50° (default 70 °)

» Lower phase margin causes the filter to
peak more at loop bandwidth, but ‘cut’
better. Some peaking at loop
bandwidth for loop filters with
bandwidth less than lower integration
typically doesn’t negatively impact jitter.
Keep phase margin > 45 degrees.

« #4) Update the Loop Filter

| Enter Custom Phase Noise for Reference or VCONCXO For device details,see product folde

Outputs LoopFilters
LOOPFILTER1 LOOPFILTER1 - Locktime LOOPFILTER2 LOOPFILTER2 - Locktime

Loop Filter Preferences and Device Settings

Filter type: | Basic | |
Filter Order | 2nd Order | v
Charge Pump Gain: 0.45 E] mA
Char el
VCO Gain: 0.002 MHzV Pumgpl l | JeO

VCO Input Capacitance 0 PF
#1 eorreawns m > T
Phase Detector Frequency 25 | MHz l
Loop Parameters
Desian Targets Actual
#2 Loop Bandwidth 0.04 kHZ [ Auto 043 KHI
#3 %E:Margin :_:50 deg [ | Auio 26 deg

Gamma [v] Auto 0.34

Loop Filter Components

Capacitor Value Step:

C1: 470 nF [] Calculate

c2 4700 nF [v] Calculate
Resistor Value Step:
R2: 1.5 KO [/] Calculate

.ll'n'u"‘ I 'I"'Ii I-ocl'p 'i'-mme em
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Results of updating PLL1 Loop Filter

* Note that because we

| Enter Custom Phase Noise for Reference or VCONCXO For device details,see product folder product folder

narrowed the loop Outputs | LoopFiters

bandwidth of PLL1, the
gap between PLL1
noise and VCXO noise
at 100 Hz is larger, this
is because the VCXO
is filtering the PLL +
Reference noise more
at 100 Hz.

— This shows a VCO

(VCXO) dominant

type loop filter for
PLL1.

Because we changed
our VCXO frequency,
the clock output
frequency has also
increased to 3125 MHz,
we must update PLL2
loop filter.

CLKOUT10:3125.0

Phase Noise and Integrated Phase Noise Metrics as measured at CLKOUT10, LVPECL : 3125.0

Integrated Noise Metrics Phase Noise

Phase Noise Integration Range Click on the legend to turn onioff the series.

Get Chart Data

041 kHz to 20 MHz v —
-60
() Phase Hoise Area | Il
CLKinX
() SpurArea a0 i
| N
(_) Both Phase Noise and Spur Area - -100 . LOOPEILTER
T
Hoise Metric Value Unit § 120 \ VCXO
RMS Jitter 110.0 fs .E \ | e
= . \
Equivalent Flat Noise -129.3 dBciHz @ 140 \ . LOOPFILTER2
m
SR 53.3 dB £ v vCo
-180
Phase Noise Values 200
Offset Phase Noise 100Hz  1kHz  10kHz 100kHz 1 MHz 10MHz 100 MHz
Offset Frequency [Hz)
12 kHZ 4138 dBcHz
100 kHZ 4425 dBcHz Scaling
20000 KHI .150.3 dBciMz X Min 0.1 KHzZ XMax 20 MHz Spur display
i () dBcHz
Y . dBc Y J dB u
Simulation Input min 200 € max 60 €
JE— () dBC

X Max 20 MHz PLL2 Settings ~ Spur Table

Filter type: Designed Filter | v 221.4
s smowen
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Default PLL2 Loop Filter for this design

° N Ote fro m | n |t| al Outputs LoopFilters
simulation ’ the p hase LOOPFILTER1  LOOPFILTER1 -Locktime = LOOPFILTER? | LOOPFILTER2 - Locktime
d etector was Set to 50 Loop Filter Preferences and Device Settings Bode Plot

M HZ th IS IS Su b Optlmal Filter type: _ Click on the legend to turn on/off the series.
1

. Filter Order _m. Order | A e
and was reducing our Charge PumpGain: 52 [+ mA WYy

. Charge a0

jitter performance, the ¥ vco Gain 2235 Wz | Pump (=) "

ma.X|mum pOSS|bIe VCO Input Capacitance 0 pF o1 g C3 ;g c4 a0 Q
VCO Frequency 2500 MHz R2 20

phase deteCtor Phase Detector Frequency | 50| MHZ 0 ;

frequency should

Degrees / dB

-40
normally be used for Loop Parameters o
Design Targets Actual

PLL2 when presented oop Bantc B et 200w

with a clean reference. prosomarsin  [NONEE < @ Mo ens ceq
— LMKO0482x can accept T3MRaio [ 5% ] Auo  7.39304 % SretTresener
up to 155 MHz PDF. TAITS Ratio * [MAuo 2460841 % scaiing

Gamma [v] Auto 0.19 X Min 0.1 kHz X Max 10 MH

Capacitor Value Step: 10% | v

c1: 0.027 nF [¥| Calculate

c2: 27 nF [V] Calculate

C3: 0.01 nF [¥] Calculate [] Integrated
C4: 0.01 nF [¥] Calculate [] Integrated
Resistor Value Step:

R2: 0.82 kQ || Calculate

R3: 0.2 kQ [V Calculate [V Intearated
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Updating PLL2 Loop Filter

« #1) Select Loop Filters tab ouoi ooy #1 #2
LOOPFILTER1 LOOPFILTER1 - Locktime LOOPFILTER2 - Locktime
L #2) Select LOO P FI LTE R2 Loop Filter Preferences and Device Settings

fter type: (passve | v] (e D #3
» #3) Select Advanced Mode Fiter Order (4t oroer |« —

Charge Pump Gain: 73.2@ mA Charge R3 R4
« #4) Update the phase detector frequency ¥ veo Ga: 2235 | Pump - (9
VCO Input Capacitance o0 pF C3 C4
to be the same as VCXO frequency for eotreaens  3a0q i T L J
PLL R = 1_ #4< Phase Detector Frequency 7125 l‘.’IHD

— Note if your VCXO is less than 77.5 MHz,

Loop Parameters

you could enter twice the VCXO frequency Design Taraets pctual
to simulate the effect of the PLL2 Reference Loop Bandwidtn KNI [ Auo 3284 Kz
Doubler, for example 61.44 MHz VCXO Prase taran dea Mawo o ens deg
could have a PDF = 122.88 MHz. e B 2 v
e #5) Calculate updated loop filter. - ' v
— We stick with the auto here, because this Loop Fiter Components
tends to design the optimum loop filter. One Capacitor Value Step:
possibility for tweaking is trying higher c: 0027 nF [V Calcuiate
phase margins like 75, 80, or 85 degrees. e 27 1F [ Catculate
C3 0.01 nF [¥] Calculate [v] Integrated
C4: 0.01 nF [¥] Calculate [v] Integrated
Resistor Value Step:
R2: 056 kQ [| Calculate
R3: 0.2 kO [V] Calculate [v] Integrated
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Final simulation results using LMK04828

VCOO.

e Hereis a link

to the shared

Outputs LoopFilters

CLKOUT10: 2500.0

Phase Noise and Integrated Phase Noise Metrics as measured at CLKOUT10, LVPECL : 2500.0

Integrated Noise Metrics

Phase Noise

project.

Phase Noise Integration Range

041 kHz to 20 | MHz
(=) Phase Noise Area
() SpurArea

(_) Both Phase Noise and Spur Area

Click on the legend to turn on/off the series.

Get Chart Data

___loise Motzic oz | unit
~_ RMS Jitter 162 | s D
Equivalent Flat Noise -130.8 dBciHz
SHR 54.3 dB
Phase Noise Values
Offset Phase Noise
12| kHZ 4158 dBcHz
100 KHI 1165 dBcHz
20000 kHz 1502 dBciHz
Simulation Input
X Min 0.1 kHz

L% T—
-60 B ot
0 B cukinx
| PR
-100
T LOOPFILTER1
T [ |
g 420 VCHO
-E |
= 140
% | LooPFILTER2
& 180 Voo
B cukourio
-180
200
100Hz  1kHz  10kHz 100kHz 1MHz 10 MHz 100 MHz
Offset Frequency [Hz}
Scaling
X Min 01 kHz XMax 20 MHz Spur display
¥ min 200 dBc Y max 60 dBc () dBclHz
(=) dBc
Reset to default
PLL2 Settings Spur Table
Filter type: Designed Filter | v 328.4

Update Simulation

Note 12 kHz to 20 MHz integration = 116.2 fs rms
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https://webench.ti.com/wb5/OpenPublicSharedProject.jsp?id=2D7E8F379AD1D618&s=c
https://webench.ti.com/wb5/OpenPublicSharedProject.jsp?id=2D7E8F379AD1D618&s=c
https://webench.ti.com/wb5/OpenPublicSharedProject.jsp?id=2D7E8F379AD1D618&s=c

Final simulation results using LMK04826
VCOL1.

In the LMK0482x
family, the VCOL1 has
better open loop
performance.
Accordingly I've re-
created the previous
project, but with
LMKO04826. To return
an LMK04826 result, in
the search | set a filter
for LMK04826.

With LMK04826 VCO1
at 2500 MHz, the
simulated integrated
jitter is 102.8 fs rms.

Please find this link to
this shared project.

LMKO04826B_VCO1

Enter Custom Phase Noise for Reference or VCONVCXO

For device details,see product folder product folder

Outputs LoopfFilters

CLKOUT10: 2500.0

Phase Noise and Integrated Phase Noise Metrics as measured at CLKOUT10, LVPECL : 2500.0

Integrated Noise Metrics Phase Noise

Phase Noise Integration Range Click on the legend to turn on/off the series.

04 kHz  te | 20 MMz v —
(s) Phase Noise Area e | e
() Spur Area 80 W cuinx
| B
(_) Both Phase Noise and Spur Area E -100 . LOOPFILTERA
B [ ET-M AT aar ! M Unit é_ﬂg VCXO
__ RMSJitter 102.8 fs 2 B Fuz
Equivalent Flat Noise -131.9 dBciHz E 140 . LOOPFILTER2
SHR 55.8 dB g 180 veo
Phase Noise Values 200
Offset Phase Noise 100 Hz 1 kHz 10kHz 100 kHz 1 MHz 10 MHz 100 MHz
12| KHZ 4156 dBolHz Offset Frequency (Hz)
100 KHZ 1157 dBcHz Scaling
20000 KHI 1503 dBcMz XMin | 04| kHz XMax | 20| MHz Spur display
Ymin | ppop dBc Ymax 60 dBc () dBc/Hz

Simulation Input

X Min 01 kHz

(=) dBc
Reset to default =

PLL2 Settings

Spur Table

Designed Filter | v 2185

Note 12 kHz to 20 MHz integration = 102.8 fs rms

Filter type:
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https://webench.ti.com/wb5/OpenPublicSharedProject.jsp?id=DAA649D22E51D85B&s=c
https://webench.ti.com/wb5/OpenPublicSharedProject.jsp?id=DAA649D22E51D85B&s=c

Final note

* The VCXO in this design is still
limiting performance, as illustrated se Metrics as measured at CLKOUT10, LVPECL : 2500.0
by the cyan line. VCXO is Phase Noise
impacting below 1 kHz. Click on the legend to turn on/off the series. w

LAY

e Also PLL1 would be limiting
performance below 1 kHz.
Increase charge pump current to 20
improve PLL1 noise or decreasing
PLL1 loop bandwidth (more
effective) will filter this noise out.

— Updating from 40 Hz to 10 Hz loop

bandwidth places PLL1 noise about |
10 dB below PLL2 noise. -160 \ - vCo

l CLKOUT10

PLLA1

B cukinx
L
L

LOOPFILTER

VCHO

B ePLLz

P LooPFiLTER2

Phase Noise (dBc/Hz)

-200
100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz
Offset Frequency (Hz)

Scalina
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LMKO0482x phase noise show case

With a VCXO that
doesn’t limit phase
noise performance
and a loop filter
designed such that
PLL1 noise does not
impact final output,
jitter performance is
improved in the 100
Hz to 20 MHz
integration range. By
simulation best case
performance is:

— 84.1fsrms

LMK04826B_VCO1

| Enter Custom Phase Noise for Reference or VCO/VCXO

Outputs

LoopfFilters

CLKOUT10 : 2500.0

For device details,see product folder product folder

Phase Noise and Integrated Phase Noise Metrics as measured at CLKOUT10, LVPECL : 2500.0

Integrated Noise Metrics

Phase Noise

Phase Noise Integration Range

01 KkHz to 20 MHz

(=) Phase Noise Area
(_) SpurArea

. ) Both Phase Noise and Spur Area

Ly

Noise Metric Value Unit
C RMS Jitter 841 fs

Equivalent Flat Noize 1336 dBec/Hz

SHR 57.6 dB

Phase Noise Values

DOifset Phase Noise
12| KHZ 4156 dBcHz

100 KHI 1157 dBcHz
20000 kHz 1503 dBclHz

Simulation Input

Click on the legend to turn onloff the series.

X Min

X Max

0.1 kHz

AV e
60 B ot
a0 B cukinx
| R
7 [ LooPRILTER1
=
g 420 VCXO
@
5 B rue
= 40
u B LooPFILTER2
n
L 160 vco
B cukourio
-180
<200
100Hz  1kHz  10kHz 100kHz 1MHz 10 MHz 100 MHz
Offset Frequency (Hz)
Scaling
X Min 041 kHz XMax 20 MHz Spur display
¥ min 200 dBc Ymax 60| dBc () dBciHz
(=) dBc
Update Reset to default

PLL2 Settings Spur Table

Filter type: Designed Filter | » 2185

Update Simulation
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Other Notes

« LMKO0482x simulations do not include support for the SYSREF divider.
So entering low SYSREF frequencies into the design will cause the
LMK0482x to not show as a solution.
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A Note About Single Loop
Simulations

2017-03-21
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Simulating for a Single Loop

A Dual Loop simulation can be
valid for a single loop. The

VCXO becomes your reference.

In the example above, set the
VCXO for the frequency of your
single loop reference.

Set your reference noise as
VCXO noise

Design the PLL1 loop bandwidth
to be narrow, say 0.001 kHz with
50 degrees phase margin. Now
the VCXO will be dominant most
likely at offsets of 10 Hz and
above (if not lower).

If necessary, CLKin noise is
somehow impacting your plot...
override CLKin noise with a very
low value like:

— 1 kHz =-200 dBc/Hz

— 10 kHz =-200 dBc/Hz

| Enter Custom Phase Noise for Reference or VCONCXO

Outputs LoopFilters

LOOPFILTER1 LOOPFILTER1 - Locktime LOOPFILTER2

Loop Filter Preferences and Device Settings

For device details,see product folde

LOOPFILTERZ - Locktime

| Basic | |

Filter Order | 2pd Order |.
Charge Pump Gain: 0.45 E] mA _l
Charge

VCO Gain: 0.002 MHzV Pump |
VCO Input Capacitance | g pF
VCO Frequency 125  MHz
Phase Detector Frequency 25 | MHz

Loop Parameters

Design Targets

#1 oop Bandwidth 0.001 kHz [l Auto 043 KHrT
R
#2 Phase Margin 50 deg Auto 26 deg

_—

L
Gamma V] Auto

l VCO

Actual

0.34

Loop Filter Components

C1: 470 nF [] Calculate

Capacitor Value Step:

C2: 4700 nF [v] Calculate

Resistor Value Step:

R2: 1.5 kO [+] Calculate

.ll'n'u'" I 'I"'Ii l-m 'i'-mme em
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