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Note:

All circuits and tests described in this Application Note have used Raltron LVDS clock oscillator
2.5mmx2.0mm 2.5V 20 ppm 156.250 MHz PN CL2520-156.250-2.5-20-X-T-TR-NS2

This item was used as an example and the same circuits and tests are applicable for the whole family of
Raltron LVDS clock oscillators.

-1-

RALTRON ELECTRONICS = 10400 N.W. 337 Street = Miami, Florida 33172 = U.S.A.
Telephone: +1-305-593-6033 = Fax: +1-305-594-3973 = e-mail: sales@raltron.com = internet: http:/Avww.raltron.com


https://www.raltron.com/wp-content/uploads/optical_page/datasheets/CL2520/CL2520-156-250-25-20-X-T-TR-NS2.pdf
https://www.raltron.com/2020/06/optical/

RALT RO e

Circuit Configuration and PCB Layout Recommendations

Circuit Configuration 0
Complete Circuit

CL2520-156.250-2.5-20-X-T-TR-NS2

Ferrite Choke

1.5 pH, 250 ma LVDS Oscillator
Ve #1v O i Vin Voun 0 AL ‘ Wee DSP
LDO — : 500 Trace: REF clock M
i ouT- ,
C1 NCP16TAFCT 2 ac | g Mernal 10061
330T2G ReSistod
= = = E/D ouT+ J
o l 50 0 Trace BEF elack P
= Cl1=1uF f?u —
C2 =1pF
C3 =0.1pF
Ceramic, 10V

Example of Raltron LVDS clock oscillators: CL2520-156.250-2.5-20-X-T-TR-NS2

*Note: For LVDS signals, 50 Q traces are needed in the circuit or test fixture. If the Ground Plane is on the
same layer as the trace and there is also a Ground plane below on another layer, Coplanar Waveguide is
recommended. If no Ground plane on the trace layer, then Microstrip is recommended. Many CAD programs
for PCBA can be used to design a good 50 Q trace. If the PCB design software does not have this capability,

AppCAD is a free software available from Avago. Please see the following link:

http://www.hp.woodshot.com/

The AppCAD software has multiple options to design a 50 Q trace in the “Transmission Lines” section.

Complete Circuit Configuration using LDO, choke and capacitors.
Offers excellent Power Supply Noise Reduction but uses excessive space and is costly because of the large
number of components used. Recommended only for applications where space is not at a premium.
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Circuit Configuration and PCB Layout Recommendations

Circuit Configuration 1
By-Pass Capacitors Only

CL2520-156.250-2.5-20-X-T-TR-NS2

LVDS Oscillator

Vee O i L Vee DsP
Cl CZ 50 Q Trace REF clock N
OuUT-
Internal 100 Q
Resistor
p— — E/D OouT+
Q 50 Q Trace REF clock P
C1=0.1pF l J_—
C2 =0.01uF E/D
Ceramic, 10V

Simple Circuit Configuration using only filtering capacitors.
Offers reasonable Power Supply Noise Reduction based mostly on the Oscillator internal filtering but uses
optimum space and is not costly because of the limited number of components used. Recommended only
for applications where the on-board power supply is reasonably clean.
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Circuit Configuration and PCB Layout Recommendations

Circuit Configuration 2
Ferrite Choke and By-Pass Capacitors

CL2520-156.250-2.5-20-X-T-TR-NS2

LVDS Oscillator

L1
Vee O AARS ‘ Vee DSP
Cl C2 — 50 Q Trace REF clock N
ouT-
Internal 100 Q)
Resistor
p— — E/D ouUT+
) 50 QTrace REF clock P
C1=0.1pF (L J_—
C2 =0.01uF E/D
Ceramic, 10V
L1 =1.5uH

Simple Circuit Configuration using filtering capacitors and choke.

Offers better Power Supply Noise Reduction than Circuit Configuration 1 because of the additional noise
suppression by the choke. Uses increased space and is more costly because of the additional component
used. Recommended only for applications where the on-board power supply has an average noise level and
space is not at a premium.
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Circuit Configuration and PCB Layout Recommendations

Circuit Configuration 3
LDO and By-Pass Capacitors

CL2520-156.250-2.5-20-X-T-TR-NS2

LVDS Oscillator

Vee +1V O Vin Vout Vee
c1 i c2 i c3 i
put DSP
LDO
L = = REF clock N
E/D NCP167AFC OUT- >0 Q) Trace
T330T2G Internal 100 Q
Resistor
i OUT+
= C1=1pF i 50QTrace REF clock P
C2 =1uF =
C3=0.1pF
Ceramic, 10V

Simplified Circuit Configuration using LDO and filtering capacitors.
Offers better Power Supply Noise Reduction than Circuit Configuration 1 and 2 because of the superior
noise reduction provided by the LDO. PCB space utilization is optimized because of the very small size of
the LDO selected. This solution is recommended for applications such as small format optical transceivers
where space is at a premium and increased PSRR is desired.
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Phase Noise Test Circuit

C1=C4=10puF
C2=C5= 1uF CL2520-156.250-2.5-20-X-T-TR-NS2
C3=C6=0.01pF LVDS Oscillator
Ceramic, 10V
T Vcc
c1 c2 c
. i puT Coaxial connector
our 00Tmes 000 i : 50 Q) Coaxial Termination
UT- < L} e -
: D ' i soQDC
: ' Block at Input
H ' »
E/0 o o E/D OouT+ = ~O- Phase Noise
S0 Q) Trace ! + 500 Coax Cable
: ' Analyzer
a1 s T cel | e 50 Q Input

Analyzer Power Supply
Yy

~ Agilent E5052B Signal Source Analyrer

PFhase Nose 10.00dEf Ref -20.00dBCHe

R . r Carner 196,249900 MH: - -4.9502 db
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Z2: 100 Hz -101. 7230 |[dec/Hz
20,00 3: 1 khz =126.939% dBc/Hz
41 10 kHz ~144.5587 dec/Hz
5 100 knz | -151.6235 des/Hz
10.00 61— 1 MHZ =157, 4593 dEc/nz
7t 5 MHzZ 158. 946l |[dec/Hz
3: 10 MHz -157.1935 |dec/uz
50,00 O: 20 MHZ -150, 2817 dBc/hz
¥ Start 12 kHz
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1] carmter 10,006 MHz
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Wkl‘f Analysis Range v: Band Marker
Intg MNoise: F84.8630 deg /) 16.9% MHzZ
1.00 FMS HOTS&E: BO. 7900 prad
it . 4, 62898 mdeqg
o RMS Jitter: 82,293 fsac
- ‘\‘ rastdual FM:| 873,632 H=
| My

IF Gain 30dB Freq Band [29M-1,5GHz] Eld4pts
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Set RFE ATT 0cB |Phase MNoise: Meas -- Poiw ---|

Correct oscillator phase noise plot obtained using above test circuit
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Output Signal Integrity Test Circuit

= Use clean (low ripple) linear power supply
= Use two 50 Q coax cables connected with the two clock oscillator outputs.
= Test: Output amplitude, rise & fall time, waveform symmetry

CL2520-156.250-2.5-20-X-T-TR-NS2

Ferrite Choke

1.5 uH, 250 mA LVDS Oscillator

Vee +1V O Vin Vour Vee Coanxial connector
LDO ) o 500 Trace [ra——— - i
| I ouT- —
“ NCP167AFCT o o i 50 () Coax Cable SCOPE
0126 P 50 Q Input
' E/D  OUT+ .
C1=1uF Q 0T § 500 Coan Cable
T 1125
€3 =0.1pF o
Ceramic, 10V E/D

ol Setup Display Trigger Measure/Mark Math Analyze Utilities Demos Help

@ omv |[200mv | @[oomv/ [[eomv |@> O

394 mV

294 mvV

194 mv

SE3W |BIIUDA | SEIW SwWi ]

94.0 mv

-106 mV
-206 mV

-306 mV

-406 mV

-10.0 ns -8.00 ns -6.00 ns -4.00 ns 10.0 ns 3

i ‘..°|2.0[| ns/ “B.Ds .

-200 ns 2,00 ns 4.00 ns 8.00ns

© Vtop(1-3)
@ Vbase(l-3)

9 Vp-p(l-3)

@ Duty cycle(1-3)
@ Fall time(1-3)
@ Rise time(1-3)

180.50 mV
-180.34 mV
404.79 mV
500 %
29155 ps
259.87 ps

179.953 mV
-183.054 mV
405,878 mV
409%

273.1798 ps
2747540 ps

17544 mV

-187.09 mV

308.36 mV
497 %
241.22 ps
23934 ps

183.87 mV
-178.66 mV
419.22 mV
502 %
30424 ps
31579 ps

BA3 mV
843 mV
2087 mV
520 m%
63.02 ps
7645 ps

11512 mV
11801 mV
24442 mV
69.4 m%%
87700 ps
96262 ps

15207
15207
15207
15207
15207

LVDS “OUT+” and “OUT-"” Waveform in Eye Diagram

(amplitudes of “OUT+” and “OUT-" around 360mV)
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LVDS Oscillators Power Supply Noise Rejection Optimization

=  Power supply noise rejection defines how well a circuit eliminates the effect of noise of various
frequencies injected in it through its power supply input (Vcc pin). PSRR (Power Supply Rejection
Ratio) is the ratio of the circuit input voltage variation to the circuit output voltage variation.

= Power supply noise rejection can be optimized by utilizing filtering circuitry. The most common
filters are capacitors of various values, inductors(chokes) and linear regulators (LDOs- low drop-out
regulators).

= For best results combinations of several or all these types of filters need to be used. The challenge is
to find the best compromise solution between conflicting parameters: optimum PSRR which in
general is proportional with the number of filtering components used, PCB space which is
increasingly at premium and cost.

= The following Circuit Configurations 1-3 have been tested for PSRR performance using Raltron LVDS
156.250MHz 2520 oscillator PN CL2520-156.250-2.5-20-X-T-TR-NS2

Datasheet: CL2520-156.250-2.5-20-X-T-TR-NS2

The test consisted of injecting into the Oscillator Power Supply pin an AC waveform of 100 mV
amplitude and measuring the Phase Noise Spurs produced at the Oscillator output for input signal
frequencies of 10 kHz, 100 kHz, 1 MHz, and 10 MHz. The spurs amplitudes were then compared for
the three proposed circuit configurations.
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Raltron LVDS Oscillators Power Supply Noise Rejection
Circuit Configurations

Circuit Configuration 1
By-Pass Capacitors Only

Test equipment: Phase Noise Analyzer Agilent E5052B, Signal Generator Agilent 33250A.
Condition: Vcc=2.5V

An AC sinewave signal is injected into the circuit at the point C indicated below and the waveform
amplitude is measured to be 100mV at point C. The signal frequency is sequentially modified from 10kHz to
100kHz, 1MHz and 10MHz respectively and phase noise is measured in each case. The measurements are
made at room temp, utilizing the circuit below,

The following components values are recommended: C1=0.1uF, C2=0.01uF, C3=20.1uF. The by-pass
capacitors must be placed as close to Vcc & GND pins as possible. They are acting as low pass filters. The
inductor L (L=4.7uH) is only part of the test fixture to prevent grounding of injected AC sinewave signal.

Signal Generator

CL2520-156.250-2.5-20-X-T-TR-NS2

c3

LVDS Oscillator
L
Ce Vee
C1 C2
DUT Coaxial connector
50 Q) Trace S0 Q) Coaxial Termination
OurT- 9 AW 500 DC
: Block at Input
: : »
OuT+ = 0 Phase Noise
50 Q Trace : ! 500 CoaxCable
i = 3 Analyzer
S0 Q Input

Analyzer Power Supply

Offset Frequency from Fo Fn =10kHz Fn =100kHz Fn =1 MHz Fn =10 MHz

Phase Noise Spur Value

Induced by Signal Generator -94.6 -120.56 -103.77 -148.18
[dBc/Hz]
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Raltron LVDS Oscillators Power Supply Noise Rejection
Circuit Configurations

Circuit Configuration 2
Ferrite Choke and By-Pass Capacitors

Test equipment: Phase Noise Analyzer Agilent E5052B, Signal Generator Agilent 33250A.
Condition: Vcc=2.5V

An AC sinewave signal is injected into the circuit at the point C indicated below and the waveform
amplitude is measured to be 100mV at point C. The signal frequency is sequentially modified from 10kHz to
100kHz, 1MHz and 10MHz respectively and phase noise is measured in each case. The measurements are
made at room temp, utilizing the circuit below,

The following components values are recommended: C1=0.1uF, C2=0.01uF, C3=20.1uF, L1=1.5uH. The by-
pass capacitors must be placed as close to Vcc & GND pins as possible. The inductor L1 is improving the
circuit PSRR by acting as a low pass filter in connection with the other capacitors. The inductor L (L=4.7 uH)
is only part of the test fixture to prevent grounding of injected AC sinewave signal.

CL2520-156.250-2.5-20-X-T-TR-NS2

Signal Generator

a LVDS Oscillator

"\ Vce
C1
c c puT Coaxial connector
L :: 500 Trace . 50 ) Coaxial Termination
C ouT- o 0—AA
{ 7 i W 500 DC
Block at Input
{ i &
ouT+ o =5 Phase Noise
50 Q Trace ! ' 50 ) Coax Cable

Analyzer
50 Q0 Input

Analyzer Power Supply

Offset Frequency from Fo Fn =10kHz Fn =100kHz Fn =1 MHz Fn =10 MHz

Phase Noise Spur Value

Induced by Signal Generator -95.3 -122.56 -117.12 -156.30
[dBc/Hz]
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Raltron LVDS Oscillators Power Supply Noise Rejection
Circuit Configurations

Circuit Configuration 3
LDO and By-Pass Capacitors

Test equipment: Phase Noise Analyzer Agilent E5052B, Signal Generator Agilent 33250A.
Condition: Vcc=2.5V, LDO Vin= Vcc+1V

An AC sinewave signal is injected into the circuit at the point C indicated below and the waveform
amplitude is measured to be 100mV at point C. The signal frequency is sequentially modified from 10kHz to
100kHz, 1MHz and 10MHz respectively and phase noise is measured in each case. The measurements are
made at room temp, utilizing the circuit below,

The following components values are recommended: C1=1puF, C2=0.1uF, C3=20.1uF, C4=1uF. The by-pass
capacitors must be placed as close to Vcc & GND pins as possible. The inductor L (L=4.7uH) is only part of
the test fixture to prevent grounding of injected AC sinewave signal. The use of an LDO (Low Dropout
Regulator) between the on-board power supply output and the oscillator Vcc pin is recommended. The ON
Semiconductor LDO P.N. CNP167AFCT330T2G has been successfully tested for this purpose. The LDO
performance is superior to the performance of filters used in the previous solutions.

gl Gooi e CL2520-156.250-2.5-20-X-T-TR-NS2
3 VD "
LDO Vin=Vce+1V LVDS Oscillator
\ 4 Vin Vour Ve
¢ c 1
(
ouT Coaxial connector
L LDO
i S0 O Coansal Termination
NCP167AF( our 50 Q Trace P A
o e 0-AM €00 DC
€/o 1330126 : ; v anc: e
: : » )
OuTs H 21 0 1 Phase Noise

SO0 Trace { i 500 Coax Cable ks
H H Analyzer

50 O Input

Analyzer Power Supply
y

Offset Frequency from Fo Fn =10kHz Fn =100kHz | Fn =1 MHz Fn =10 MHz

Phase Noise Spur Value

Induced by Signal Generator -145.20 -153.50 -158.10 -160.00
[dBc/Hz]
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Raltron LVDS Oscillators Power Supply Noise Rejection
Circuit Configurations

Comparison Between the Three Proposed Circuit Configurations

m Recommended Components CL2520-156.250-2.5-20-X-T-TR-NS2

_ Frequency Offset L _10kHz  Fn=100kHz Fn=1MHz Fn=10 MHz
from Fo

#1 By-pass 0201 Caps: 0.6x0.3x0.3mm -94.60 -120.56 -103.77  -148.18

capaCItors

Phase Noise Spur

Y AT TN ICEN{M Ferrite Choke: 1.7x0.9x0.9mm

S S 0201 Caps: 0.6x0.3x0.3mm Amplitude [dBc/Hz] -95.30 -122.56 -117.12 -156.30
Induced by Input
LDO PN. ON SEMI Sinewave Signal of
- . 100 mV
#3 LDO and by-pass NCP167AFCT330T2G: -145.20 Ee A Yeolon

capacitors 0.65x0.65x0.33mm
0201 Caps: 0.6x0.3x0.3mm

Recommendations

Raltron LVDS oscillators show an excellent intrinsic PSRR and could be used with only
external filtering capacitors in most cases where the available power supply is reasonable
clean.

However, for increased performance in case of sub-average power supply output noise
level, the use of an LDO is recommended.

ON SEMI LDO PN NCP167AFCT330T2G is offering a low- cost solution for an excellent PSRR
and a very small size package compatible with the smallest sized applications (example
QSFP-DD optical transceivers)

Datasheet: NCP167AFCT330T2G

Circuit Configuration 3 is recommended for optimum PSRR/size/cost performance when the
available power supply noise level is not optimum.
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