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ABSTRACT

In this paper a low phase-noise frequency
multiplier chain from I0MHz to 480MHz, buill
in two stages and intended for use as ¢ base for
the synthesis of frequencies upto the far infrared
(FIR}) region, is presented. Different methods
of frequency multiplication were used and the
associated circuit diagrams given. To investigate
the performance of the chain, its spectral purity
was measured, Measurements were made both
in frequency and time domin and a set of graphs
have been given. It has been verified that this
chain is very stable and that it can be used for
frequency synthesis upto 300G Hz.

INTRODUCTION

The techniques of frequency multiplication
are extensively used in many hranches of Radio
Engineering and applied physics (3]. In fact the
synthesis of extremely accurate fregquency upto
the far infrared (FIR) region has put new vistas
on the metrology of time and frequency. The
measurements of time and fregquency are basic
operations which are influenced by the development
of frequency synthesis techniques [10l. This
development has impact not only on the
measurement of time and frequency but also on
different disciplines such as length standards
and metrology, speciroscopy, cronomety,
communication and  relativistic experiments.
The realization of microwave frequency standards
{cesium, rubidium) and the subsequent development
of new devices in the sub-millimeter (Mg beam,
HCN laser) and the infrared region have imposed
stringent specifications on frequency synthesis.
Consequently, the driving crystal oscillators and
the first multiplier stages must exhibt very reliable
performance so as to be used in this field.

The realization of the desired accuracy and
precision becomes easy and less expensive if there
is careful optimization of the design regarl:'ling
neise., The long term goal of frequency syntbesis
is to create a simple, reliable and less expensive
model for synthesizing frequencies upto FIR and
the visible radiation (VR) with good accuracy,
stability and reproducibility as that of the driving
source. In this way the accuracy and stability
of excellent signal sources in the microwave region
can be transferred into the FIR regions. Conversely,
if in the future, it is discovered that most stable
signal sources are in the FIR, then it will be simpler
to transfer their stability and accuracy into other
frequency spectrum region.

THEORETICAL DESCRIFTION OF
FREQUENCY MULTIPLIE'RS
A. An Oscillator Model
For an ideal oscilator the output signal can
be expressed by:

p(t) = V_sin (2w 1 + ¥ ) (1

where V, and v, are the amplitudes and the
nominal frequency respectively. |4 1is the initial
phase angle. For such a signal the power spectral
density is:

SN = P 8(=v, ) @)

where o 1is Dirac's delta
Pgy; is the emitted power

The total power is:
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For real oscillators, pertur-bations introduced
by noise has to be considered. In such a case:

vt} = {(Vy + eft))sin (2r v, + ¢ft) (4)

where £ and ¢ are the amplitude and phase
fluctuations, respectively

The angular frequency is:

1 d
vt) =y + (22
. 27 dt
di. .. .
and ~¢ if it exicts, ~>presents the angular
frequency fluctuatior .

) (5)
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S¢ (v, f)  power spectral density of the
rhase-noise of the chain referred
to the frequency Yo

The signal to noise ratio (S/N} deteriorates
along the chain as the square of the frequency
multipliction factor, n and for n sufficiently
large, the phase-noise in the side bands reduces
the carrier Fower further such that at a certain
frequency £l the S/N ratio collapses. The collapse
frequency, §°!l can be expressd as {(5):

coll T a —Y
v = ———) B§ (r)
VO{ ( sin {w/a) : 6 0 }
(21)

where §% (v o) Power spectral density of phase-

¢
noise in its "white" region B and & are respectively
the upper cut off frequency of the system and
its asymptotic slope.

At v = pooll the carrier power reduce to e '
of the total power (the rest being transferred

to the side bands of the noisel. Eqn. {21} tells
us that to obtain large » €0, it is necessary to

have low Sw( v) and/or a narrow noise band, 2B.
To have a narrow noise band one has to use a
quartz filter at some appropriate point in the
multiplier chain. From theoretical results shown
in (5):

_L
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S 1 2 o
— = _ { 4 )] e"ﬁf'
N B s
] L (vo) 1—e ¢
¢ (22)
(for BW << B}
where:

[T 2

)

6 = Iy Sy hdr = (=

By = the bandwidth of the filter of the spectrum
analyzer.

while the width of the phase noise pedestal is:

=1
Av, =28 (—f _ya {23)

1—e

The spectral purity is guaranteed at every
point of the chain if and only if
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where P is the signal power at the desired frequency
K TeBy= noise power in the circuit

Te=effective noise temperture

It can also be shownthat (5), the minimum power
at the frequency ¥ must be:

e
P x> ——————: p <oy {25}

THE FREQUENCY MULTIPLIER CHAIN FROM
10MHz to 480MHz

The frequency multiplier chain from 10MHz
to 480MHz was built in two stages (Fig. 1). The
first stage i{s from 10MHz to 60MHz and the second
one is from 60MHz to 480MHz. The chain is driven
with a 10MHz quartz oscillator. The collapse
frequency of this oscillator is calculated {eqgn
21) to be 6.7 THz. Before it can be used to drive
the chain, the quartz oscillator has to be isolated
and also amplified and therefore we need the
isolation amplifier.,

A. The 10MHz to 60MHz Multiplier Chain

The symmetrical transistor configuration was
used to realize this chain., Two chains were built
which will later be used to make phase-noise
measurements by the method of comparison.
The first one is in two stages {3x2) i.e. a tripler
in the push-pull configuration followed by a doubler
in the push-push configuration (Fig. 2), The second
one is built in only one stage (1x6) using a push-push
configuration (Fig. 3). The output is tuned on
the 6th harmonic and then fed into a 60MHz quartz
filter. The quartz filter is not only to filter the
undesired harmonic but mainly to reduce the side
band of the noise (it has @ = 40dB/dec and 2B=
20KHz)

B. THE 60MHz to 480MHz Muiltiplier Chain

To realize this stage a step-recovery (SRDI
circuit is used {Fig.4), The SRD has the advantage
of generating strong harmonics and therefore
has a high efficiency of multiplication in only
one step. However, one has to keep in mind that
the SRD must be used in the last and not in the
first stage because it doesn't satisfy the necessary
spectral purity required in the lst stage,
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To elinnnare spurious harmenics an interdigital
filter tuned at 480MHz 1s wused. This filter
guarantees an  output signal  with  spurious
components not more thatn - 70 dBe inorder to
avoid intermodulation in the followmg stage.
Figures 5 {a} and (b show respectively the 480
MHz signal beforc and after the interdigital filter,

THE PHASE NOISE HMEASUREMENTS
A, Meastrements in the Frequency Domain

What is being done here 1s te measure Sg
s f1. The experimental set up is shown in figure
6 and the measurement is domne on the two 60
MHz multiplier chains, The vector voltmenter
measures the signal level at the inputs of the
mixer {which has to be equall. is a plase displacing
apparatus and it is varied until the two signals
are in quadrature, The FFT 512/5 1s a Jow frequency
spectrum_analvzer and it measares the spectral
density S, (fl of the noise at various Fowrler
frequencies,

The sensitivity of the Meassw ement set up

By sensitivity of the measurement set up we
meat: the nolse m the system

1 } . .
e S (v, f1 = —=— 8 _{ (26)
] 0y EK 1
DZ
w here
Sl_'(f) the neise speciruin at the output
of the mixer (V2 s
rms/Hz
KU the sensitivity of the mixer {V/rad)

This ineasurement is done in the absence of
the two multiplier chains. The signal at the output
of the isclation amplifier 1s fed into both inputs
of the mixer.

Jn the screen ¢f the spectrum analyzer we read
the value of 8 1(.}“) = T‘SV (/i (f':f.”

where “is a calibration factor of the msirument
and 1t depends on the type of noise (see table
11

Tahle 1
- . >
Type of noise ¥
£© white phase noise 1.6 {2dB)
£t flicker phase noise 2 (3dK)
£2 white frequency noise 3.2 (5dB)
£3 flicker frequency noise 5 (7dB)

Expressing Sg‘; (VO, f} in terms of SV {f) we have

S, (f}
1
qu“} ;f) = é —_};—‘_2 {27}
K™~ :
7 G ()

where 5.,(f} is read on the spectrum analyzer

v
v -¥
K= 1 2 = 0,2 volt/rad {measured}
W, ¥,
1(2 = 2dB {from Table 1}

G(f) = 80dB {fixed)

The value of §, (v 5, f) evaluated in this way
for sufficient number of frequencies is plotted

[Fig. 7 (a)].

The phase noise of the Isolation amplifier
is also measured by applying the signal at the
output of the two Isolation amplifiers into the
two inputs of the mixer. The spectrum analyzer
reads Sylf) and $ , {v,, f)is calculated as indicated
in eqn. 27 and then plotted (Fig. 7 bhl, Finally
the phase noise of the two multiplier chains at
60 MHz are measured and the result plotted [Fig.
7 {e)). Since we are interested in the phase noise
referred to the input, the measurement done at
t0MHz has to be referred to the input {i.e. to
10MHz}. Thus we have to subtract the contribution
of the noise due to the multiplication factor M,
which is 10 log N2 = 10 log 36 = 15.6 dB., The
result is plotted in Fig. 7. [d).
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B. Meprsur~ment in the Time Romain

In the freguency domain mesasurement, the
accuracy ot the spectrum aralyzer in the low
Fourier frequency ‘.’very nenr the carrier] is not
raliabln, For this reason time domain measirmement
15 pecessav, The stability meessurement o the
tirce domain cesentially boils deown to measvring
the Allan Vartance, o o f0 0,

Since the Ticker noise of the fresuency nuitiplier
g (1A while that of the gnertz  cscillator

i o L y it me2.s that near the carizr trequency,

the domirant moiee  is that of the quartz.
Counsequently, iu the time domain it is sufficient
to measurs the Allan Varisnce of the guartz
oscillatey. The measrrement set up js given in
Fig. 8.

The measmement of the Allan Variance is
done with the help of 2 computer (HPY815) using
a program  intended for this pwpose. The data
required by the computer ars; the nominal frequency
Mz, the oider of  muoltipliction «»f  the
"difference” wmultinlier {M = 100} and the number
of smmples {M] desired tor each gate time
{ri. By tualing tho wverage for a certain »umher
of szanples, the inllowing results are nhtained
(T-hle 21 which =re then plotted (Fig. 9]

CONCLUSION

In the circuits huilt transistors with high gain
and lov noise are used. Morenver, the currents
in the nwultipliers are made as lew as possible
to reduce noisg. Inspite of these precautions,
the phase noise of the multipliers at 60MHz has
been 11dB f{in the white noise region} above the
sensitivity of thc measuvement set up utilized,
Part of this noise is due to the power amplifiers
used externally to raise the power level inorder
to drive the mixer.

It has bheen verified that this chain is very
stable and can he used for frequency synthesis
upto 2007H=. “v'» =so higher ir {requency it is
neceszary to reduce further the noeise in the first
stage, One way of doing it may be to realize
the 197 gtnee with 5 trpler usine a Hchotthy diode
followe by » normal deutlee,

4.
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