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A Low Phase Noise Octave-
Band Synthesizer Using an
X-Band Frequency Reference

Sergey Beltchicov, Andrey Dzisiak and Igor Guletskiy

ELVIRA Production Co. Ltd., Russia

An ultra-low phase noise synthesizer with more than an octave tuning capability

uses an indirect multiple PLL approach based on an X-Band frequency reference.

Measurements of the prototype synthesizer’s phase noise performance are made

and are believed to be among the best results achieved to date.

ny modern microwave system whether
Ain communications, aerospace or de-
fense market could be hardly imagined
without one of its indispensable components —
a frequency synthesizer. The key performance
criterion for any frequency synthesizer along
with requirements for tuning speed, size and
resulting cost is the spectral purity of the gen-
erated signal which can be evaluated in terms
of residual phase noise level and unwanted
signals (harmonics, spurious) rejection. The
spectral purity of the generated signal will most
likely be the prevailing characteristic of a high-
end frequency synthesizer used for research
and reference measurements at the test bench.

A study of modern high-end synthesizer archi-

tectures! reveals several observations:

A high performance microwave synthesizer
will likely use either direct analog synthe-
sis or an indirect synthesis approach using
multiple PLLs (with the latter being a more
frequent case).

e Indirect synthesis using PLLs will likely use
some implementation of frequency con-
version in the voltage controlled oscillator
(VCO)/YIG-tuned oscillator (YTO) feed-
back path to suppress excessive phase noise.

* A major hindrance to further improvement
of high performance synthesizer phase
noise (for both direct analog synthesis and
indirect synthesis using PLLs) is deviation
from the 20logN rule due to non-ideal mul-
tiplication of the 100 MHz oven controlled
crystal oscillator (OCXO) references.

Figure 1 shows the typical phase noise per-
formance of several high-end frequency synthe-
sizers. The blue curve shows the best commer-
cial PLL synthesizer (using a YTO as a tuned
oscillator in a frequency offset scheme) at 10
GHz. The red curve shows the best result of ul-
tra-low phase noise OCXO multiplication up to
10 GHz. This will likely be the best obtainable

Best commercial synthesizer @ 10 GHz
Multiplied OCXO @ 10 GHz
PLL noise floor in a frequency offset scheme

.

£ -30

é -50

N _70\

g N\

2 90—

[*] N

Z -110 ~

w \

Q -130 —

T -150 <""\

@ -170

a 10 100 1k 10k 100k 1M 10M
OFFSET FREQUENCY (Hz)

A Fig. 1 Typical synthesizer phase noise performance.
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A Fig. 2 Phase noise of SLCO reference at 10 GHz.
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result for a direct analog synthesizer
using a 100 MHz OCXO as a reference
oscillator. The green curve shows the
PLL noise floor in a frequency conver-
sion PLL. It is the sum of direct digital
synthesizer (DDS) and phase frequen-
cy detector (PFD) phase noise at an
arbitrarily chosen reference frequency
of 100 MHz (with no frequency divi-
sion in the loop). This green curve also
provides a fair representation of good
phase noise performance for a small
step synthesizer in a direct analog syn-
thesis approach.

From the graphs in Figure 1 it

_\ VCO 3
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50 MHz  |100 MHz 200 MHz 300 MHz

is clear that if there was some way
to increase the quality of the refer-
ence frequency used in a frequency
conversion PLL (or used as a coarse
step synthesizer in the direct analog
approach), dramatic improvements
could be achieved in phase noise per-
formance up to the limitations im-
posed by the PLL noise floor (or by
the small step synthesizer phase noise
in the direct analog approach). The
proposed solution is to use an X-Band
fixed frequency source for the refer-
ence frequency generation instead of
multiplying 100 MHz OCXOs.

FREQUENCY VCO#1
DIVIDER N = 2 HMC511LP5
VIDER 4—|9.95»|D.|5 GHz

FREQUENCY
DIVIDER N
=3,4,5

FCLK

>3 YTO >
9.05-20 GHz

FREQUENCY
DIVIDERN =2, 3

A Fig. 3 Prototype synthesizer simplified block diagram.

DESIGN

For the 10 GHz frequency refer-
ence, a sapphire loaded cavity oscil-
lator was used; however, a 10 GHz
opto-electronic oscillator (OEO) can
be used as well. The 10 GHz fre-
quency reference used in the design
does not represent the state-of-the-art
for SLCO performance; however, it is
sufficient for this design purpose (see
Figure 2). The 10 GHz low phase
noise frequency reference technology
is not addressed here, which has been
thoroughly investigated by others>¥
with results being generally better
than this report.

The prototype is a triple offset loop
synthesizer (see Figure 3). The first
offset loop is used to phase-lock a
Hittite VCO to a 10.2 GHz SLCO to
achieve 200 MHz of synthesized tun-
ing around 10 GHz while preserving
the low phase noise of the sapphire
reference. We use a broadband 3.5

>sps DDS for better spurious in the
tuning range with additional suppres-
sion provided by varying the clock
frequency and by using the PLL as
a spurious filter. The spurious signals
are further suppressed to an accept-
able level of <-80 dBc by dividing the
200 MHz tuning range of the 9.95 to
10.15 GHz first loop synthesizer into
the frequency range of 4975 to 5075
MHz, which is then used as a tunable
reference for the second offset loop.

The second loop increases the 100
MHz tuning range of the first loop
synthesizer by a factor of 11. This is
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accomplished by changing the com-
parison frequency in coarse steps and
using both sidebands of the loop fre-
quency conversion. We use two low
noise VCOs, one for each sideband,
to optimize the resulting phase noise
profile of the second loop synthesizer.
Also, doublers are used in the loops to
additionally lower the phase noise of
the locked VCOs in cases where the
inherent PFD noise floor becomes
high (see Table 1). The fixed refer-
ence signals of 50, 200, 300, 800 and
1000 MHz are all derived from an ul-
tra-low noise 100 MHz OCXO which
is also used to phase-lock the SLCO
for long term frequency stability.

The switched second loop synthe-
sizer provides a 1100 MHz tuning
range with the phase noise perfor-
mance shown in Figure 4. The loop
bandwidth is kept around 3 MHz for
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A Fig. 4 Second loop synthesizer SSB phase

noise.

TABLE I
FREQUENCY AND PHASE NOISE AT SEVERAL LOCATIONS
VCO 1 after IF/REF Phase Noise VCO 2 and Effective Phase
Division Frequency VCO 1:N/REF/ VCO 3 (MHz) Noise
(MHz) (MHz) PFD VCo 2/ vco 3
(dBc/Hz) (dBc/Hz)
4975 to 5075 ~500/1000 ~153/-160/-149 4475 to 4575 —147
4975 to 5075 —400/800 ~153/-162/-150 4575 to 4675 —148
4975 to 5075 —300/300 —153/-164/-148 4675 to 4775 —147
4975 to 5075 —200/200 ~153/-168/-150 4775 to 4875 —148
4975 to 5075 ~100/100 ~153/-174/-153 4875 to 4975 ~150
5025 to 5075 —50/50 —153/-164/-156 4975 to 5025 ~151
4975 to 5025 +50/50 ~153/-164/-156 5025 to 5075 113l
4975 to 5075 +100/100 —153/-174/-153 5075 to 5175 -150
4975 to 5075 +200/200 ~153/-168/-150 5175 to 5275 -148
4975 to 5075 +300/300 —153/-164/-148 5275 to 5375 —147
4975 to 5075 +400/800 —153/-164/-150 5375 to 5475 -148
4975 to 5075 +500/1000 —153/-164/-149 5475 to 5575 —147
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both VCOs. This second loop synthe-
sizer maintains spurious content below
-80 dBc across the entire tuning range.
To achieve an octave tuning range in
the microwave region, the third offset
loop uses the second loop synthesizer
as a tunable offset reference to phase
locka9to 18 GHz YTO. Shown in Fig-
ure 3, dividers are used in the loop to
pull the YTO into the narrower range
of the second loop synthesizer. The di-
vision ratio is kept as low as possible,
with N=3 being the maximum division
value. This is achieved by switching the
IF (comparison {requency at the PFD)
and using double conversion (double
offset) in the loop (see Table 2).

MEASUREMENTS

Phase noise of the synthesizer is
measured by mixing output signals
from two prototype synthesizers in a
Marki MS8-0326MS double balance
mixer and applying the resulting IF
(100 MHz) to the Agilent E5052A
signal source analyzer. Assuming that
the phase noise of both prototype syn-
thesizers is essentially equal, we apply
a 3 dB correction to the measured re-
sults. The measured phase noise per-
formance for output frequencies of 10
and 18 GHz (see Figure 5) is at least
10 dB lower than that of any com-
mercially available general purpose
synthesizer. Spurious performance of
this octave-band synthesizer is better
than -70 dBc. If this synthesized core
is used to provide lower frequency
coverage by means of octave frequen-
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TABLE Il
~ 10 GHz OUTPUT
FREQUENCY AND PHASE NOISE AS A FUNCTION OF THE FREQUENCY DIVIDER RATIO = 18 GHz OUTPUT
O
-] -207
vcozs YTO Output N Phase Noise 2nd Loop IF/PFD S 40|
vCco 3 Frequency Synth/Divider/PFD/REF + Comparison 9 -80
(MHz) (MHz) 20logN (worst case) (dBc/Hz) Frequency g -100 by
(MHz) w —120
2 -140 ——
- - T -160
4475 to 5575 | 9050 to 11250 | 2 —147/-153/-156/-164 = —140 50/50 N R R T ion
wv
4575105575 | 11250 t0 13250 | 2 | —147/-153/-156/~164/~154 = —139 1050/50 “ OFFSET FREQUENCY (Hz)
5325 t0 5525 | 13250 to 13650 | 2 | —147/~153/-148/~164/~154 = —137 1300/300 A Fig. 5 Prototype synthesizer SSB phase
noise.
4500 to 5575 | 13650 to 16875 | 3 ~147/-153/-156/-164 = —136 50/50 (FCS) to the reference SLCO, and
4575105575 | 16875019875 | 3 | —147/-153/-156/~164/~156=-136 1050/50 offering a direct analog core built
around the SLCO to meet require-

cy division and careful subsequent
filtering, its phase noise and spurious
performance will further improve fol-
lowing the 20logN rule.

CONCLUSION

It has been demonstrated that the
use of an X-Band fixed frequency ref-
erence can overcome the phase noise
performance limitations of traditional
multiplicative schemes. The proposed
solution is just the first implementa-

ments for extremely low phase noise
and high switching speeds in a micro-
wave synthesizer. l

tion (and possibly not the best) of an
SLCO-based synthesizer; however, it
offers a significant improvement (>10
dB) over.results Prewously advertised References

as best in the industry for a com- 1. A. Chenakin, Frequency Synthesizers:

mercially available general purpose Concept to Product, Artech House,
synthesizer. Further performance im- Norwood, MA, 2011.

provements are planned: reducing the 2. D.A. Howe and A. Hati, “Low-Noise
spurious performance to <-90 dBc X-Band Oscillator and Amplifier Tech-
providing better phase noise perfor- nologies: - Comparison and Status,

. IEEE International Frequency Control
mance at offset frequencies <10 kHz

) -Hele Y Symposium and the Precise Time and
by adding some fast circuit switching Time Interval Systems and Applica-

YOUR SYSTEM SorLuTion _/ \millitech

ACTIVE UPCONVERTER AND DOWNCONVERTER

FEATURES:

e Pulse/Mute Control

o Up/Downconverters share same outline

e Multiple options for gain, output power,
noise figure.

e Available COTS Bands 57-66, 71-76,

Converter I
Order (BUC)

Block Up- T — — — —

81-86, 92-95 GHz
Small size compared to individual

%4&4

components

e Low VSWR (RF)

APPLICATIONS:
e Test Equipment

Larger Assemblies

zﬂf#

| Eome see us at BootH 555 Enter to win an |Pa5. |

smtths

1
Block bown- mp— — — —
Converter
Order (BDC)

J

Contact info@millitech.com www.millitech.com

110

MICROWAVE JOURNAL m MAY 2014


http://www.mwjournal-digital.com/mwjournal/201405/TrackLink.action?pageName=110&exitLink=mailto%3Ainfo%40millitech.com
http://www.mwjournal-digital.com/mwjournal/201405/TrackLink.action?pageName=110&exitLink=http%3A%2F%2Fwww.millitech.com

g %, k.
[
=
!

8 THE POWER BE\"GN D txftmm&ns

ITAR & 1509000
Registered Manufacdture

Made in USA

LEADING GaN AMPLIFIERS
& SWITCHES SOLUTION

@ Low Noise Amplifier @ RF GaN PIN Switch
® GaN Power Amplifier @ PIN Attenuator Phase Shifter

! 0,01 i'IHI .'ln'-!]i-iert
& —_— Solution to 120GHz Millions

IN STOCK!

187810 Moy 201z e Ultrolwide band 98% e Fast Switching Speed

-_— ® High Power Handling @ High Isolation
® |ow Naise Figure ® Wire Bond Technology

Blma, B S
s ['r{fw%”r e WWW. I'H am bd 0 .com



http://www.mwjournal-digital.com/mwjournal/201405/TrackLink.action?pageName=111&exitLink=http%3A%2F%2Fwww.rflambda.com

TechnicalFeature

tions (PTTI) Meeting Joint Conference 7. ML.E. Tobar, E.N. Ivanov, RA. Woode  of Informatics and Radiotechniques,
Proceedings, August 2005, pp. 481-487. and J.H. Searles, “Low Noise Micro-  Minsk, Belarus, in 1996, and PhD degree
D.A. Howe, A. Hati, C. Nelson, F.L. wave Oscillators Based on High-Q  from the Moscow Technical University
Walls, J.F. Garcia Nava and A. Sengup- Temperature Stabilized Sapphire Res-  of Communications and Informatics,

ta, “W’ide—Range Microwave Frequen- onators,” IEEE International Frequen-  Moscow, Russia, in 2008. His PhD thesis
cy Synthesis Using An Offset Passive cy Control Symposium Proceedings, — involved experimental and theoretical
Resonator,” IEEE International Fre- June 1994, pp. 433-440. studies of phase noise measuring

quency Control Symposium Proceed- 8. ].G. Hartnett, M.E. Tobar, E.N. Iva-  systems for microwave signals. He has
ings, May 2002, pp. 584-589. nov and J. Krupka, “Room Tempera-  been working for ELVIRA Co. Ltd.

C. McNeilage, J.H. Searls, E.N. Iva- ture Measurement of the Anisotropic  since 2007. Since 2009 he has been the
nov, PR. Stockwell, D.M. Green and Loss Tangent of Sapphire Using the  chief of microwave business unit in the
M. Mossamaparast, “A Review of Sap- Whispering Gallery Mode Technique,”  company. His recent interests include
phire Whispering Gallery-Mode Oscil- IEEE Transactions on Ultrasonics Fer-  precision phase noise metrology, low
lators Including Technical Progress and roelectronics and Frequency Control,  noise frequency synthesis, design and
Future Potential of the Technology,” Vol. 53, No. 1, January 2006, pp. 34-38.  manufacture of sophisticated measuring
IEEE International Frequency Control 9. E. Rubiola, Phase Noise andp Frequen-  systems for the frequencies up to 178 GHz

Symposium Proceedings, August 2004,
pp- 210-218.
D. Green, C. McNeilage and J.H.

cy Stability in Oscillators, Cambridge
University Press, Cambridge, UK,
2009.

and their metrology maintenance.

Igor N. Guletskiy received his M.Sc

degree from Moscow Power Engineering
Institute (MPEI, Moscow, Russia). He
has been working for more than 15 years
in R&D department of ELVIRA Co.
Ltd., Zheleznodorozhny, Russia, holding
various positions from engineer to the
chief of the synthesis group. His primary
areas of expertise are RF and microwave
frequency synthesizers, low-noise und
ultra-low noise microwave oscillators and
crystal-controlled oscillators.

Searls, “A Low Phase Noise Micro-
wave Sapphire Loop Oscillator,” IEEE
International Frequency Control Sym-
posium Proceedings, June 2006, pp.
852-860.

6. E.N. Ivanov, M.E. Tobar and R.A.
Woode, “Microwave Interferometry:
Application to Precision Measure-
ments and Noise Reduction Tech-
niques,” IEEE Transactions on Ultra-
sonics Ferroelectronics and Frequency
Control, Vol. 45, No. 6, November
1998, pp. 1526-1536.

Sergey A. Beltchicov received his

M.Sc. degree from Lomonosov Moscow
State University in 2001 and his PhD
degree from Moscow Power Engineering
Institute in 2003. He is vice president of
engineering and co-owner of ELVIRA

Co. Ltd., Zheleznodorozhny, Russia. His
main scientific interests are associated
with ultra-low noise signal generation and
synthesis at microwave frequencies.

Andrey B. Dzisiak received the M. Sc.
from his Belarussian State University

NEW...The Best Performance in Convertibility

Just got better: One Head for Ball/Wedge/Ribbon

Model 7KE delivers Wedge-Wedge and Ball-Wedge Wire Bonding in one machine, with
convertibility for either 45° or 90° wire feed for Wedge, Deep Access Ball and Ribbon Bonding.
Our exclusive X-Y-Z controlled manual Ultrasonic Wire bonding Machine bonds Au, Al Cu:

e 45°and 90° Wire Feed Convertibility
e Wire or Ribbon Bonding

e Ball-Wedge Bonding

e Throatless Chassis

e Patented 8/1 Ratio Micromanipulator
e ESD Protection

e Adjustable Work Platform

e Orthogonal X, Y, and Z Axes

See the West-Bond Model 7KE and other fine West-Bond equipment June 3-5, 2014 at the IMS MTTS Show in
Tampa Bay, FL Booth #1615

www. westbond.com
Ph. (714) 978-1551 Fax (714) 978-0431
e-mail: sales@westbond.com

1551 S. Harris Court Anaheim, CA 92806

112 MICROWAVE JOURNAL m MAY 2014


http://www.mwjournal-digital.com/mwjournal/201405/TrackLink.action?pageName=112&exitLink=http%3A%2F%2Fwww.westbond.com
http://www.mwjournal-digital.com/mwjournal/201405/TrackLink.action?pageName=112&exitLink=mailto%3Asales%40westbond.com

